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LGOI NOI DAU

Hi¢n nay Ky thudt dién ti néi chung, trong dé c6 cte hé théng dién tit s6 néi riéng
6 sy phdt trién v6 ciing manh mé. Céc hé thong dign tit s6 dé xam nhdp vdo hiu hét
chc khia canh cia cubc séng con ngudi, vk trd nén gin giti t6i mic moi nguoi déu quen
thuge, cing nhi thdy binh thutng khi néi toi may tinh, mdy vi tinh, ngoén ngix lgp
trinh, hé théng dién thoai s6, truydn hinh sé, internet, robot...

Vide 36 hoa thong tin, xit ly thong tin cing nhu sé héa tin hiéu dién t trong cic
thiét bi v cdc h¢ thong dien tit s6 dang la xu thé phdt trién cia cde nitée c6 n2n cong
nghiép dién tit manh. Sy phét trién nay di teo ra cdc hé thdng, cdc thiét bi dien tz cho
phép thic hign duge nhitng didu vuot cd tri tuong tuong cila con ngudi, nhu hé théng
maé phéng cbu tgo vat Ly, sinh hoc, héa hoc, khong gian do... Su két hop hoan hdo giita
toan hoc (ton logic) ve ky thugt céng nghe dién ti ¢ trinh d¢ cao cho phép tao ra ly
thuyét otomat, Ky thugt dién tir s6 va Ky thudt xit ly s6 nhu hién nay.

D€ gitip sinh vién, cGc can by nghién ciu hibu biét séu sdc v8 cbe he thong dién i
86 hién dai, lam co sd cho viéc lam chii va c6 thé sing tgo ra che hé théng ditn tit s6
moi, ching toi xin gidi thi¢u quyén sich TOAN LOGIC VA KY THUAT SO. N¢i dung ciia
cudn sdch giup nguvi hoc hidu duoe bdn chdt ciia cée hé théng 6 hién dgi va su lien he
hizu co gite todn IOg;c v6i ky thudt s6, mot kién thize duge coi la ca sd cho nganh ky
thudt di¢n tr 56, ky thuGt tinh toén cing nhu k§ thudt xit 1y tin.

Cudn siach nay duoe viét dya irén dB cuong moén hoc Ky thudt s§ dé duge théng
qua vd théng nhdt trong cd nude, do téc gid duge phan cong lam chi bién, dudi sy
phdn bién ciia Hoi ddng gdm chc gido su, tién si dd tham gia gidng day nhidu nam vd
link vie khoa hoc ndy. Quyén séch duge chia lam hai ph@n chinh :

PHAN ! : Cdu tric to4n logic. Phan nay chii yéu néu lén cic uén d2 co bin ciia
todn logic—todn rdt rgc. Bdn chdt cua dai s6 néi chung véa dai s6 légic néi riéng, cdc hé
co 86 dém. Dai s6 Boole va ham Boole, cic phuong phdp rit gon ham Boole, dao ham
ham Boole dé dénh gid chdt lugng hogt dong ciia hé théng s6, ma ding trong may.

PHAN II : H¢ théng s6 va mach s5. Phlin nay de cop t6i cae oidmat khong ¢6 nho
va otomat c6 nho, cdc mach dién cia hé théng s6, cdc ddc difm hoat dong ciia hé théng
dién ti s6, trong d6 di séu vao hai bai toén chinh dé la bai toan phan tich h¢ théng s6
(diing d€ sita.chita), va bai todn téng hop hé théng s (dung dé thiét k& vi dé li hai
nhiém vu khong thé thiéu cia nguii ky su.

Quyén sGch 6 thé lam tai licu tham khdo cho ky su ngonh Ky thugt dién t Vién
thong, Ky thudt dién tix s6 va ky su Didu khién tu dong cing cde Linh vuc khoa hoc



khdc. Cdc sinh vién nam cudi cing nhu nghién ciu sinh ciia cfic chuyén nganh lién
guan c6 thé ding lam tai liéu tham khdo thiét k€ 16t nghiép.

Trong lan xudi bdn n&y, cudn stch khéng tranh khéi con nhiing sai $6t va ¢6
nhitng hgn ché nhdt dinh. Chung t6i mong nhan duge ctc y kién doéng gép cia bgn doc
dé c6 thé b8 sung va hoan thi¢gn hon. Cdc y kién xin giti v8@ B¢ mén Dién tu—tin hoc,
Khoa Di¢n nt-Vién théng, Trudng Dgi hoc Béch khoa Ha Noi.

Ha N¢i, théng 5 nam 2005

Tac gia
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PHAN |
CAu TRUC TOAN LOGIC (ROI RAC)

GIOI THIEU CHUNG

Phén [ trinh bay toan logic hay "todn rdi rac”, day 1a céng cu, 14 co s& chinh d€ xay
dung nén cdc hé thdng tu dong diéu khi€n s6 cing nhu csc hé théng tu dong s8 o6
nhiing chdc nang Wng dung tuyst voi va rdt hién dai cla con ngudi dang duge so hitu.
Cd th& ndi néu khdng cd todn ldgic—tosn rdi rac thi s& khong cd ky thuat s6, khéng co
cdc hé théng s6. Todn hoc légic dd thay th& hoan toan cdc nhiém vy cta toan hoc cf
dién, 12 co s¢ d€ ch€ tao ra may tinh dién t& va hang loat cic chic nang khéc, thoa
mén nhu clu cufc s6ng cia con ngudi nhu : Cic hé théng tu dong diu khién, khéng
glan ba chifu, rébét, tng dai.. Vi vay, d€ hi€u dugc cfu trdc ciing nhu nguén gée ché
tao cla cdc hé théng hidn dai dd bit bude ching ta phai higu biét vé& todn logic (0,1).
Trong phéin nay, khi phan tich cac quan hé todn hoc cia todn légic chiing ta ding & céc
gdc do khéc nhau ctia nha toan hoc, cing nhu cia nha ky thust, d€ tit dé o6 thé ap
dung toan hoc vao nhiém vu k§ thuat mét cich d& dang. Ban chdt ctta cic hé théng
todn hoc v& ky thuat duge chi ra trén hinh 1.

Fh vdng Frirh toan

Hinh 1. Quan h¢ tdng quat cia Otdmat.

Quan hé phuong trinh toan la mach dién vA ngugc lai mach dién cing chinh 13
phuong trinh toin 13 hé théng cd su thfing nhit mot—mot gilia todn vi mach dién,co
tén chung 14 6témat. Nhd ¢6 quan h8 d6 ma ching ta ¢ th€ x4y dung dugc nhﬁng he
théng dién ti ed cac chdic nang bién héa va hoat dong v6 ciing linh. hoat (bang phan
mém) ma khéng cln phai thay déi linh kién trong mach hay trong may.
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Tit khi hinh thanh x4 héi, con ngudi luén ludn tim céch ché tao ra céc codng cu,
d€ thuc hién céc hoat dong nhdm théa man cdc nhu cfu cudc s6ng ctia chinh minh.
Thong thudng cac cong cu d6 duge ché tao “truc tigp". Nhung khi con ngudi cAn téi
céng cu cd cdc chic nang ky thuadt, ma céc chic ndng dd cd tinh "théng minh®, va
hoat dong gdn gi6ng nhu hoat dong cia con ngudi, nhu : tinh tosn, tay may, rébét,
tu dong hoat ddng v.v... thi khong th€ ch& tao mot céch truc ti€p dugc nia. Luc nay
muén ché€ tao ra cdc "cdng cu thong minh' ding trong cudc séng, con ngudi phai lam
"gidn ti€p" dua vadc mot cbng cu todn hoc mdi, dd 1A todn ldgic—todn roi rac. Csach
lam d6 duge mé td trén hinh 2.

Y dinh, Cach laim Jeuc Hép
nhiém vu,churc
rnarig

{dng cu théng
Vgl iely] '

Toarn Bgic /

(g 1)

Hinh 2. Cach t8ng quit ché tao cOng cy "thdng minh".

Lic nay vin dé duge dat ra 1a phai tim moi cich dé chuy&n y muén, nhiém vy,
chic nang thanh quan hé todn hoc - cic phuong trinh todn hoc (toan logic). R6i ti céc
phuong trinh todn hoc dya vac nd l4p rdp mach dién thuc hién chitc nahg hay nhiém vu
dé ra. DJ 1a ban chét cia vin d8, va dd cing chinh JA tu tudng xuyén sudt quyén sach
nay. Nhu vAy moén hoc k¥ thuat s6 cing chinh 14 : chi ra cach xay dung ciing nhu
phuong phip ché tgo ra céng cu didn ti théng minh, dya trén co sd cia todn hoc logic.
O day tosn logic 1a di€m tua, 1a ban dap, 1a cfu nfi "gidn ti€p" d€ ché ra céng cu théng
minh, va chi ¢d ndm viing todn lbgic—dai s8 Boole méi cd th& hifu duge ban chit cia
hé thdng sd va phuong phip ch& taoc hé théng s6 ma théi

Muc dich ctia phdn | nay 1a gigi thidu ban chdt cia cdu tric dai s6 d€ cd thé higu
dudgc vé ly thuy&t ham roi rac. Todn hoc c¢d nhiéu nganh nhung ta xudt phat ti ly
thuyét tap hgp vi qua dd cd thé mo tAd duge cac chic ndng ky thuat, dong thai tu ly
thuyét tap hgp cd thé dién dat ¥ mudn cla con ngudi va chuyén né thanh quan hé todn
hoc. O day khi ndi dén quan hé hai ngéi gita hai tap vA trén cing mot tip lam co s6
dé€ hi€u ban chét ciu tao ra phdp toan cing nhu dé hi€u méot tuong tdc ky thudt, nhing
quan hé sdp xép va tap sip x&p cling nhu cac tinh chét cia cdc quan hé cla ching ma
nhd d6 ¢é quan hé trat tu di chon duge cde thude tinh cdn thiét trong hé théng Mot
trong nhitng trat ty di€n hinh 1a ly thuyst v& Dan 'cﬁng 58 dugc gidi thiéu trong phén
niy, vi nd la co sd lya chon chu y&u trong qua trinh thue hién cdc hé thdng s6. Trén co
sd hi€u duge quan hé va ciu tric dai s6, tit dd phdn nay cing gidi thiéu phuong phap
ty tao ra phép todn méi trong cdu tric dai s6 dé giadi quyét nhiém vy nao d6, ti dd
ciing néu 1én khai niém he ham diy dd va cdc hé cd sd dém.
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Chuong 1
CAU TRUC pAI SO

_ Trong chuong nay ta sé néu lén nhitng dinh nghia va nhitng khdi niém cd ban cha
ciu tric dai s6, tit do cd thé hifu duge dai s6 r&i rac va ham ri rac 1am co s8¢ d€ higu
dai s6 Boole (dai s8 logic). Cac phuong phap bidu din ham Boole vA iing dung cia nd,
ciing nhu cfu tao mét s6 mach logic co ban dién hinh. Nhing v&n dé& vé ly thuyét tap
hgp va dng dyng cta nd trong viéc mo t4 mdt nhiém vu ki thust.

§1.1. NHUNG KHAI NIEM CO BAN VE LY THUYET TAP HOP

1.1.1. KHAI NIEM VA CAC CACH MO TA

Tap hop la mot khai niém ra&t don gidn cia mot t8 chic, dé 14 su két hop hoac
ghép lai cha cac thyc th& nao d¢. T4p hop mac di: rat don gidn nhung né 1a mét trong
nhitng khdi niém rat quan trong ctia todn hoc. Tap hgp don gidn dén muc ngudi ta
khéng cln ding dinh nghla ma dua ngay cac tién d& dp d4t vao nd. Ta bidt trong toin
hoc ¢6 nhidu nganh, nhanh khac nhau, nhung & day ta dua trén co sd cia Iy thuyét tap
hgp véi tinh ch&t cing nhu cdc tién dé cha ching d€ md t& chdc nang cha mdt ha
th6ng ky thuat nao d6. Vi tap hop 12 mét quan hé khéng cd thi nguyén nén nd c6 thé
k&t hop gilta cac d6i tuong khéc nhau, két hop gitia cic chic ndng khdc nhau dé€ tao ra
mét quan hé mot nhiém vy nao dé ma ta mudn. Ching han ta cd thé€ k&t hop giita tap
ngudi va tip ban gh& d€ tao ra 16p hoe, ciing nhu ching ta c¢d th€ két hgp gitta cac
chie nang (v, gid, vat, sy kho) d€ tao ra cdi may giat, hosic k&t hop giita céc chic
nidng chiéu sdng, quay ddng co, chuyén bang tdi, dém... d€ tao ra mét day chuyén san
xufit. Vay t6ng quat ta cd th€ minh hoa mot tip b&t ky nhu sau :

a) Cach 1 :
T = (a, b, c)
Trong dé : T la mét tap,
a la phén t¥ cta tap T,



b 12 phdn t¥ cua tap T.
Ta cd th€ viét : at T (phdn t¥ a nim trong tap T, hay tap T
bao hadm phén tu a)
ae T {phin ti a thutc t.ap T)
f¢T (phin ti f khéng ndm trong tap T)

Cach ndi va thé hién nhu vay 1a theo cich nhin cia nh3 todn hoc khi mé t3d moét
tap T nao dd. Nhung véi nha ky thuiat ta lai o6 th€ hi€u mét tip nhu sau :

N Mdy giat = (vd, gig, vit)
Nhu vay & day tap T co th€ hi€u dd chinh 1A cai may gigt, do d6 cd thé 1dy tap T
dai dién cho m6t cii may hoac mét chife nang cu thé, con céc chitc ning vod, gid, vat co
thé dugc coi nhu phén ti cia tdp T. Tit dé ta ¢é thé€ ndi tap T chinh 1& mét cai may

hay mot cai r6bdt dong thdi cac phin t¥ (a, b, ¢) cia tap T d6 chinh la cdc chic nang
cia nhidm vu ky thust dd.

Ta cd thé viét : v € may giat (chdc nang vd nadm trong mdy giat hay .
: : may giidt ¢é chic ndng vo)
vdb € may giat (chdic nang vd thufc may giit)
Chitc nang hat & may giat (hat khong thude chdic nang cia mdy giat).
Qua nhiing minh hoa don gidn trén ching ta dé budc déiu th& hién dugc ¥ dinh,
nhiém vu cia minh khi xay dung mét hé théng ndo dd dya trén cd sd cha ly thuyést tap
hep. DS 1a bude ddu rdt don gidn ta cd th& chuyén y dinh thanh quan hé todn hoc d&
thuc hién. O day ciing c&n luu ¥ 14 con cd nhiing y dinh cha con ngudi ma chua cd cich
chuyén thanh quan hé toan hoc.
b) Cdch 2 :
D& minh hoa mot tap ta cdn od cde cdch nhu sau :
' T = (2, 4, 6, 8 10)
D6 1a cach mo ta list ke tuong minh toan bd cic chic nang tap T, nhung tap T
cing ¢6 thé duge moé td dudi dang diéu kién nhu sau :
T=1{&]|t Ia s8 chin = 10)

NGi la : Tap T gdm céc phén tit t théa man diéu kign : t 14 s6 chdn nho hon hogc
bang 10. Day la cdch md ta nhiém vu k¥ thuat hosc giao nhiém vy, nd hay dudc dang
trong thuc t& vi it khi ngudi ta liét ké cu thé cic chic nang cia mot hé théng nao dd.

Vidu: T = {t] t ~_ théa man nhiém vu la lam sach quén do)
Mdy giat = (vd, gia, vit, sfly kho)
Tdng quat c¢d thé& viét :

T = (thyc hién mdt nhiém vu k¥ thuat nao dd)
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Mot tap ma khong chia phén tit nao goi 12 moét tap réng :
Diéu dd Gng vOi mét hé théng ma khong thuc hién maot chdc nang nao, hién tugng

dd tuong ung véi trudng hap hé théng bi m&t dién, hay mot dédu day lo ling khong
dung lam viéc gi, khong néi i d4u,

Do dac diém cda tap hgp 1A o6 th€ gop tily ¥ cdc thuée tinh khdc nhau khdng phan
biét thd nguyén, cho nén cs thé gop tap ngudi véi tap vat, nhung diéu quan trong & day
1a két qua cia sy két hop l4n cac thd nguyén d6 lai cho ching ta ké&t qua 1A mot thude
tinh khdc. Qua d6 ta ciing thdy cac phén t& cta tap khoéng cd mét tinh ch&t chung nae
ca, ndi cach khic mot phdn ti cla t4p niy cd thé 1a mot phiin clia mot t4p khac, vi
du : tap dong co quay & day chuyén cd thé 1a phén t¥ & chite ning déng cd quay trong
mét hé théng nao dd. _ '

c¢) Cdch 3 :
Ching ta cdn cd mot cach khéc nita bi€u hién tap hop, dd 1a céc tap con nhu sau :
T = ((a, b), (c), (@, e, f)) = (A, B, O

Trong d6 : (a, b) = A, Ching ta c6 th€ ndi (a, b) 1a mot tap con, con A goi la mot
kh6i (t4p con = khéi).

T d6 ta c6 the vist tap T gbm cac khéi A, B va C, hay tap T gém céic tap con
{a,b), (c) va (d,ef.

Khi dd ¢d thé vist :
a € A e C C CACT KegT d & A

Qua cich bi€u dién tap con ta c6 thé thiy 1a : mé6t tap con cd thé la mét phan. ti
cia tip 1én hon, vA mot tdp con cd th€ cé mét hay nhidu chic nang. D6 1a cdch bigu
dién todan hoc mét tap ciia cic tap con. Trong ky thuit ta cd th€ hi€u digdu dd nhu sau :

{(a,b) = A N&u ky hiéu a 1a chic nang hinh va b ]a chic nang tiéng, thi A chinh
la cai TV. Vay tap con cd thé hi€u dd chinh 12 mot cii may nhd hoan chinh.

(¢} = B. N&u goi ¢ l& chdc nang hat thi B chinh 13 cii cassette.

Coén ky hiéu d la chic nang vd, e 12 chiie ning gid, f la chdc nang vit thi C chinh
la cai may giat hoan chinh.

Nhu vay khi ta bi€u dién tap T duéi dang tap con digu dé déng nghia véi viéc xé&p

(ghép} cdc chitc nang 16n - 13 cAc may con hoan chinh - vio mot hé théng hay vio mot
ch8, khi dd tap T duge bifu dién :

T = (TV, cassette, may giat)

Lac nay tap T sé théa man cie chic ning nho {(a,bcd,ef) chit ta khong di lip mot
hé thdng cd chimg dé chic nang. Vay y mubn mua céc miy v€ cho mdt gia dinh nhu
trong cuge séng ddi thuong cd th€ duge minh hoa ¢ tap T dudi dang céc tap con. Déng
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thoi trong thuc t& ki thudt cing vay, khong phai lic n2o ta cling di di 14p toan bd mot
hé théng voi ddy du moi chic ning nhd bé nhdt clda nd, ma o6 th€ mua bd xung vac hé

théng nhitng chic nang hoan chinh da cd sdn. Véi cdch bifu difn tAp con & t6n tai cac
quan hé t&t nhidn sau :

aCaA ACT—-acCT
p & T {tap réng thutc tap T)
TCT (T 12 t&p con cia chinh nd)

N&u ta ¢ quan hé N 12 tip con cia N (N € M) ma M lai 1a t4p con cia N (M €
N), khi d6 ta cd thé néi M bing N (N = M). Khi ta két luan hodc goi chinh xéc A 1a
tAp con ciia T (A € T), didu dd cd nghia 1a moi chie ning cla A thi tip T déu cé, cdn
A so v4i T thi A thi€u it nh4t mé6t ph&n ti - mdt chic nang, hay ndi cdch khéc la co
it nhdt mét phin ti cia T khong thudc A, khi do cd thé viét : '

ACT

Nhu vay trong ti&t nay da cho ta nhiing budc dfu tién don gidn nhdt cho phép mé
tad ¥ dinh, chic ning cia minh dudi dang toin hoc - todn tAp hap.

1.1.2. TAP VA CAC QUAN HE TOAN HOC

Chang ta da hi€u tdp hgp chinh 1a mét chidc ning lon — mét hé théng ky thuat nao
dd g6m cdc chic nang nhé thanh phan. Nhu vy sy tdc déng todn hoc lén tép cing nhu
gilta cdc tAp véi nhau, s8 cho ta nhitng hiu biét vé ching nhd d6 cd duge cic két ludn
ky thuat kem theo. Trong ti6t nay s& d& cip d&n cdc phép todn cd ban ctia tip hop. '

1.1.2.1. Phép todn hop cua hai tdp ky hiéu la (U)

Két qua cta phép todn hop giffa hai tap A va B la mot tap gém co cac phin tit cia
tap A hodc cdc phén ti cua t4p B, nd l1a mot tAp bao gém cac phan tu cia ca hai tap
A va B. Diéu d6 duge dinh nghia nhu sau : '

AuB;(x_"EA )

x=B hodc x€EA va B
Vi du : Cho hai tap hgp A v& B nhu sau :

A=1{a b o
B = (e, d, )
Vay : AUB=(abcde

AVU@=(@DbAUIl)=1(D)bo
Két qua dé cd th€ dude minh hoa bing d6 thi Vién va mach dién don gian trén
hinh 2.1 sau :

C6 thé ndi cong tdc E dong hoac cdng tic F déng hosc ci hai cong tic E va F
cing ddng thi tin hiéu duge truyén qua, dd chinh ]a mach dién cia phép todn Hop cla
hai céng tic E va F. Viéc minh hoa d6 mac di rft don gidn nhung ta thdy ducc mot

16



£ | AUSB

. Pt
Vao ¥ Ra
Oy —
_)5___ A
a) F &

b)
Hinh 1.1. Phép to&n hop.
diéu quan trong la : Mot phép toin ¢ mét mach dién tuong dng va nguge lai, dé la
diéu ma khong phai quan hé todn hgc nao cing cé thé cd duge.
1.1.2.2. Phép toin giao cia hai tip k§ hitu la (N)

Két qua cia phép tosn giao giita hai tap A va B 1a mét tap gdm cd c4c phdn tif
cia tap A va B, nd 12 mot t4p bao gdm cac phén t¥ ndm trong phén giac nhau, phan
chung cta hai tap dd. Diéu dé duge dinh nghia nhu sau

ANB=(x]|xZ&A x¢é&€Bmaxec AviB)

Vi du : Co cdc t4p hgp nhu sau :

A =1(a b e
B =(¢ d e
D =(,s t)
Vay : ANB=(@becnNnide = (@

i

AnND (abe) N {r, 5 t) =
ANg=@ban()=0y
Két qua dé dugec minh hoa bang d6 thi Vién vA mach dién don gian duge bi€u dién
trén hinh 1.2. ‘

ANnsg

Vao >§ ¥ Ra

a) | A
b)
Hinh 1.2, Phép todn giac.

Chi khi c6ng tdc E vaA cong tic F cing déng thi tin hiéu mdi dugc truyén qua. Dd
la mach dién méc n6i tiép cla hai cong t4c E va F thuc hién chic ning cia phép todn
VA (phép tosn giao).

1.1.2.3. Phép toin hiéu cua hai tép ky hitu la (\ )

K&t qua cua phép todn hiéu gita hai t4p A va B la mot tap g6m cd cac phdn tu
cia tdp A ma khong chiéa cic phén ti cia tap B. Bi€u d8 dude dinh nghia nhu sau :
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ANB=(x| x€ Anhung x & B va x & A va B)
Vi du : Cho cdc tap sau :

A=1(a b g
B = (g d, e
C=1(,st)
Vay : ANB =1(a b o\ (g d e = (a b

ANC =, b cd\N(r,s t)=1(, b ¢
Két qua cia phép toan hiéu dugc minh hoa bAng d8 thi Vién trén hinh 1.3.
Nhéan thdy cac phép todn méi
gém co cdc ki hiéu khéng quen thudc A\ 8
d&i voi ching ta, diéu dd lam ta khd
nhin ra cic quan hé ham s6 khi bigu

dién trong phuong trinh. Vi vay & day A 8
ta cd quy uéc 1A : Dung lai ki higu
todn cd nhung véi nghia maéi cac phép ' Hinh 1.3. Phép toan hiéu.

todn, cu thé 1a phép todn hgp dng vdi
phép todn cdng (N = +), phép toan giao wng véi phép todn nhan (N = x ) va phép toin
hiéu t4p hop ving véi phép todn trit ( \ = —). M&i mét phép todn déu cd tinh chat rieng
dé la cac tién dé€ cha chung, didu dé duge thé hién trong cdc quan hé sau :
1 I 24. Cac tinh chat hay tién dé cia cdc pkép togn
- Tinh ch&t lay ding :
AUA=A A+ A=A
ANA=A Ax A=A
~ Tinh chidt giao hoén :

AUB=BUA A+B= B+A
ANB=BnNnA A.B=B.A
- Tinh ch4t két hop :
AuBUC = (AUuBYUC A+(B+C) = (A+B)+C
ANBNC) = (ANBNC A.(B.C) = (A.B).C
- Tinh chit phan phéi :
| ANBUC) = ANB)UMANC) A (B+C) = (A.B)+(A.C)
AUBNC = (AUByNAUC) A+@B.C)=(A+B).(A+C)
- Tinh chét loai trit (tinh chdt Nudt) :
ANAUB) = A A.(A+B) =
AUANB) = A A+(A.B) =
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- bﬁng thic De Morgan :
X\(AUB) = X\A)nX\B) X-(A+B) = X—-A) - (X-B)
X\(ANB) = X\AUX\B) X-(A.B) = X—-A)+ (X -B)

Cac tinh chdt trén cd thé dua vao cdc dinh nghla cia cde phép toan d& chitng
minh. Sau day ta sé ching minh mot vai tinh chit trén,

Vi du : Ching minh tinh chft phan phéi d&i v&i phép nhan (.)
A.B+ C =A.B+ A.C

Dé ching minh ta dua vdo quan hé : Néu N € M (N 1a t4p con cia M) ma M C
N (M lai 12 t4p con cia N) thi c6 thé€ viét N = M. Vay ta phai tim cach ching minh :

A.B+ C) € (A.B+ A.C
(A.B + A.C) € A.B + O

That vay, gid st x la mot phén tit ctia tap (A.(B + CJ nghia la x€A déng thai
xEB hoac xeC. N&u x=B cd nghia 1a x€AR .

xEC cd nghia 13 x€A.C
Din dén x phai thugoc A «B hoic A.C tic 1a thoa man :

xE((A‘B)+ (A.C))_
NGi cach khde A.(B+C) la tap con cia ((A.B) + (A.C)). Vay ta ¢6 :
A.B+ e (AB+ A.C

Ngugce lai, gia s x la mét phdn ti cia tap (AB + AC), tic 12 x€AB hoac x€AC,
Ndi cdch khac nhu vay la x cd mat trong hai tap A va tap B hodc x ¢d mat trong hai
tdp A va tap C. Diéu do cd nghia 14 x€A ddng thdi x thude tdp B hoic tap C, tic la :

x€A.(B + ©)
Nhu vdy cé th€ ndi (AB + A.C) 1a tap con cia tip A(B+C), ta co :
AB+ ACCCA B+ O
Ti hai két qua thu duge & trén ta ¢d két qua sau :
A B+ C =@AB + A0

D¢ la diu ta phai ching minh. Bing cdch khdc ta ciing ¢é thé nhan duge két qua

dd dua vac d8 thi Vién bifu dién trén hinh 14. A5

A
A 8

AB+ AcC

A.CB+C)
A.C

c
¢

Hinh 1.4. Tinh phan phoi cia phép nhan.
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Vi du : Co th& ching minh tinh chit phan phéi cia phép toin cong (+) dua vao ds
thi Vién rdt dé dang nhu trén hinh 1.5 sau :

A+ BCO =@A+ B.A+ O

A

Hinh 1.5, Tinh phan phdi cia phép coOng

1.1.2.5. Phép toin hiéu dii xiing
Phép toan higu d6i xing giita hai tap ki hitu la @ .

Két qua cia phép toan hiéu d6i xing gitta hai tap A va B 12 mot t4p gém oo cde
phén ti clia t4p A va cdc phén tit ctia tdp B nhung khéng chita cdc phén tit cha tdp A
vi B, didu dd duge dinh nghia nhv sau

A® B = (x{x€A, xEB nhung x¢ A .B)
Vi du : Cd céc tap :

A=(a b o
B = (c, d, € 8
Hinh 1.6. Phép toin higu ddi xing.
C=1{r s,
Vay : A® B=1(abc @ (c,d e =(ab,d e
A@® C=4abo@® (rbsst)=>(@boerst

A@® A=@bo® (abeo =
Ta ¢6 th€ minh hoa k&t qua ctia phép to&n hiéu d6i xing (& ) ciia hai tap bing
d6 thi Vien trén hinh 1.6. '

1.1.2.6. Quan hé phén phdi cia mot tdp ki hiéu F(A)

Két qua cla quan hé phan phdi cia mot t4p A ]1a mét tap gbm cdc tAp con cd thé
cd cia A, nd cho chiing ta bigét moi kha nang phan ph6i (ghép n6i) cla cdc phén ti voi
nhau thudc t4p A. Didu d6 duge dinh nghia nhu sau :

FA) = X|XCA) X la tap con cia A
Vl du : C6 tap A= (b ¢
Vay : PA) = ((cb), (), ®), (c), (&b, (a,0), (bc), (@,bye))

Quan hé nay cho ta moét hi€u biét quan trong v& moi khi ning nhém hop cua cic
phin ti cla t4p A véi nhau, ma khi bi&t r6 moi kha niang nhom hop ciia cdc phén ti
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(cdc chic nang) trong moét t4p (mot he thong) ching ta sé chi ra duge cdc két hudn ki
thuat chinh xdc. T dac di€m cia quan hé phan phdi ta cd két qua 14 : N&u tap A cd
n phin t thi P(A) s& ¢ dung 2" kha nang nhém hop.

§1.2. QUAN HE VA HAM SO

Trong tiét nay sé ndi dén cdc quan hé don gian nhit ciu tao nén ham sd, cing nhu
tuong tdc don gidn nhdt d€ cfu tao cdc chic nang nhiém vu ky thuat. D6 1a quan hé
hai ngdi cta toan hge vA tuong tac hai ngéi trong viéc thuc hién nhidm vu ky thuat.

1.2.1. QUAN HE HAI NGOI TRONG PHEP TOAN V@I TUONG TAC K¥ THUAT

Ham s6 12 mot khai niém ma bt cf quan hé toin hoc nao cing cd. O day ta phai
chi r6 ban chdt cta ham s6 1a gi? Coé th& hiu don gién bham s 12 sy rang bude, sy phu
thugc tuong dng mot mét giita bién s§ x v6i ham s6 f trong mdt quan hé todn hoc nao
dd, va trong ky thuat ta cing cd su rang bubc, sy phu thude tuong ing d€ thuc hién
mét nhiém vy hay ch€ ra mét sdn phdm nao dd, phai tusn theo mdt trat ty thd ty nhit
dinh mdi thye hién duge. Vi du nhu day chuyén san xuit, hﬁy trinh ty cic lénh trong
chuong trinh... O day néu ta coi ham s§ 13 mét chic nang, mét nhiém vu ky thudt thi
ham s6 khéng cén 14 mot quan hé toan hoc nita, ma nd la mat trat tu d€ tao ra mot
san phdm phuc vy cho con ngudi. Hi€u duge nhu vay cing la bue ddu tién dén tu
tudng chi dao cia quyén sdch nay 1a chuyén moét ¥ mubn, mot chite nang hay mot
nhiém vu k¥ thuit thanh mét quan hé toin hoc d€ di téi thuc hién nd.

Truée hét ta cdn hi€u quan hé don gidn nh4t tao nén ham s3, d6 chinh 1a quan hé
cia mot phép todn, la sy rang budc lin nhau t8i thidu giita cdc d6i tugng vat Iy d€ tao
ra mdt nhiém vu ky thuat don gidn. Nhu vay cd th& coi méi phép toan tucng Ung vdi
mot tuong tac ky thuat don gidn nhédt. Ching ta déu biét quan hé cia méi phép todn
cdn cd hai ddi tugng tic dong dé cho mot két qua. DS chinh 1a quan hé hai ngdi, khai
ni¢m dd dude minh hoa trong vi du sau :

Vi du : Ta cén thuc hién phép céng

5+ 3 =28 (1a két qua ta cén)
Nhung 5 + = Khéng o6 két qua
+ 3 = Khéng cd k&t qua

O day cu thé 1a ng6i 5 va ngdi 3 1a hai ngoi cln cd (hai phén ti) ciia phép toan
cong (cing nhu cda mét phép todn bat ky nao dd) ma chang khéng thé thi€u mot trong
hai ngéi dé.

Trong ky thuat tuong tdc hai ng6i don gidn nh4t ky higu 1a (*) oS th€ duge hidu

nhu sau :

Céng tic * Dén diégn = Anh sdng (la k&t qua ta mubn).
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Ta th&y hai ngdi, ngdi cong tic va ngdi dén dién khéng th€ thigu trong quan hé
tuong tic cia két qua dd. Diéu cin chi ¥ & day Ia : trong k§ thuat d€ ra mot két qua
nhu mong muén edn c6 nhitng tuong tac nhiéu ngdi hon. O day ta chi néi téi tuong tdc
don gidn nhdt : Tudng tdc hai ng6i. '

1.2.2. QUAN HE HAt NGOI GIDA HAI TAP

Sau khi hi€u quan hé hai ng6i gita hai phdn ti ta ¢ thé md roéng thanh quan hé
hai ngti gitta hai tap. Ndi t6i quan hé hai ngoi giia hai tdp cing chinh l& tuong tac
gita hai tap dd voi nhau dé cho ra mét két qud théa man ¥ db cho trudc. Tim hi€u
quan hé hai ngdi gita hai t4p clng chinh 12 tuong tac gilta hai tap d¢ véi nhau dé€ cho
ra k6t qua théa man y d6 cho trude. tim hifu quan hé hai ngéi giita hai tap cing chinh
la tuong téac gitta tap diéu khi€n va tap chfp hanh trong modt nhiém vu ky thuat.

Dink nghia 1.2.1. Cho n tap Al, A2, .., An, tich tryc tiép cia n tap trén duge tinh
nhu sau : :

(Al x Ay x . x A) = Wapag..a) | 8 € A, 8,€A,,., a,€A,)
Vidy:Cocdc tdp A = (a, b)
B = (a ¢, d

Vay tich tryc ti€p (tich chap) cia hai tap dé duge tinh
(A x B) = ((a,a) (a,c} (a,d) (ba) (be) (b,d))

Két qua cho ta bigt moi kha nang ghép phén ti cua hai tap, nhd dd cd duge céic
nhén xét chinh xdc trong su lua chon,

Dinh nghfd 1.2.2. Quan hé hai ngti gida hai tap A va tap B cd k&t qua ky hidu R
la mét tdp con cla tich truc ti€p (A x B) :
R C(A x B)
O day A 1a tap diéu hanh, B 13 tap ch&p nhan cdn R 12 tap théa mén quan hé
tugng tdc gitta hai tép do.
Vidu: A= (a b ¢ d — tép cdéc sinh vién t6t nghiép.
B=(MN,O P, Q : - tap cdc co quan cdn sinh vién.
Giad sl tap théa mian quan hé tuong tiac R cho truée nhu sau :
B = (@N), &P), M), 4Q)
dé dang nhan thdy BC (A x B), quan hé dé cia R cd thé duge bi€u dién trén bang
¢ hinh 1.7. R
Toa do t; cia bing duge xdc dinh nhu sau : |
t; = 1, néu (A, B) € R
t; = 0, néu (4, By € R
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Nhin vao bang d6 ta thay
dugc quan hé phan cbng céng tic X M N 0 P. e
théa min R ciing nhu cdc quan
hé khéng théa man R. Khi nhan
dugec k&t qua R = (a,N) ta hi&u
ring sinh vién a dugc phan cong
vé& ¢g quan N.

o o O o m
(=2 = I =]
o o o 9=
o Qo O O
QO o = o
= a o o

Nhung néu ta coi tap A =
(a,b,c,d) la tap cdc cobng tdc didu
khién, cdn tap B = (M,N,0,P,Q) )
1a tap cic déng cu quay hay den bso sing chdp hanh thi tap R chinh la 'tap thda man
sy hoat ding gita tAp diéu khi€n A va tap ch&p hanh B. Néu nhan duge két qua R =
(a,N) thi biét ring cong tdc a bat thi dong co N sé hoat dong. Vay tap B chinh la tap
dy kién cdc hoat dong ki thuat duge cho trude, va quan hé hai ngdi gitia hai tdp cé thé
dung d& mé td mdt nhiém vu ki thudt nao do.

Hinh 1.7. Bang quan h¢ hai ngoi phan ph6i ngudi.

1.2.3. QUAN HE HAI NGOI TREN MOT TAP

Trong cudc sng doi thudng, trong cic quan hé todn hoc va trong cdac nhidm vu ky
thuat ching ta thudng gip quan hé hai ngsi nhiéu hon ca. Vay quan hé hai ngéi trén
modt tap la g, tinh chdt cta nd ra 5a0 va ¥ng dung cla nd d¢ lam gi sé duge giai dap
trong phan nay.

Trong cuéce .sc‘)’ng quan hé hai ngoéi trén mét tap thdy duge that 1a don gidn va dé
hi€u bdi vi 14y hai quan hé vg chéng gia dinh 1am vi dy, quan hé dd chinh 14 mét quan
hg haj ngoi trén. Trong todn hoc quan hé hai ngdi trén mét tip ¢d thé chi ra dé dang
bang vi du minh hoa sau.

Vidu:Tacd N =1(0,1,2,83,4,56,7,8910 .., n), ds Ia tap cdc s6 nguyén duong.

Vay : 2+ 6 = 8 Ma 2eN, 6&eN. Ta cé the€ ndi phép todn cdng ctia quan hé hai
ngdi 2 va 6 1a quan hé hai ngbi trén mot tap N cic s6 nguyén duong.

BDinh nghia 123 Mot quan hé hai ngdi tt moét tdp A lén chinh ban than ndé duge
goi 14 mét quan hé hai ngéi trén A.

Vi du cho A la mot tap cdc 56 nguyén duong. Chiing ta ¢ thé minh hoa mét quan
hé hai ngéi R = (x,y) véi x€A, yeEA,

Cho trudc quanh hé (x,y) €R néu va chi néu (x—y) = 5. Vay ta ¢d cac quan hé
sau diy théa man (7,2) €R, (94) €R, (28,23) €R, ... ta thdy c§ v $6 cac quan hé hai
ngbi cua (x va y) théa min R cho truéc, déng thdl ta cling thdy o6 vo s6 cac quan hé
cha (x va y) khong théa man R nhu (3,5) €R, (74) €R,.

Quan hé (x, y) € R néu cho x = y, ¢cé thé viét {x, x)ER thi ducc gm Ia quan ha
d6ng nhédt hay quan hé dudng chéo. Vi du cho A = (a, b, c, d, e} quan hé dudng chéo sa
minh hoa trén hinh 1.8.
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Cac quan hé hai ngdi trén A
R a b c d e
c6 nhing tinh chét sau :

a} N6 la quan hé phan xa’ a 1 0 0 0 0
néu : b 0 1 ¢] 0 0
(x,y) €ER ma (x = y} kéo © 0 0 : 0 0

d
theo (x,x)e€R vé&i moi 0 o ° 1 °
cA e 0 0 0 a 1
XEA,

b) La qguan hé ddi xing néu :

(z, DER thi co quan heé Hinh 1.8. Quan h¢ hai ngdi trén mot tép.

(y,x)ER vdi moi x,y thudc A.
¢} La quan hé phan xing (khong d8i xing) néu :

(a, y)ER thi ciing ¢6 quan hé (m, n) ER vdi moi %, y, m, nEA
d) Quan hé& bic cfu néu :

(x, ¥v) ER ma (y, z)ER thl kéo theo (x, z)ER.

Vi du cho A 13 mét tAp cac s6 nguyén, ching ta mudn cd mét quan hé hai ngdi R
trén A thoa méan (a,y) €ER néu (x—y) = 0, v6i xEA va yEA, 16 rang quan hé dd chi
théa man khi x = y, vy c¢d thé ndi quan hé (x,y) €R 12 m6t quan hé phin xa. Truong
hgp khédc cho (x,y) €ER néu va chl néu x > y thi d& dang nhan thdy R khong phai 1a
quan hé phan xa. Qua d6 chiing ta nh4n thdy 13 quan hé hai ngdi trén mot tap chi xay
ra bén tinh ch4t d6 ma theéi.

Mat trong nhitng quan hé
hai ngdi quen thude dign hinh
méa ching ta ai cing biét dé la
bang cliu chuong, nd 1a bang co
s3 cho phép ta tinh toan. D¢
chinh 1a quan hé hai ngbi trén
mot tip B cdc ki hidu chiy s8 tu
0 d&n 9.

= (1,2,3,4,5,6,7,8,9)

Quan hé hai ngdi cia tdp N
ching ta déu bist nhu trén hinh
1.9.

+
o
r
[ 4]
F
[4)]
o
~
o
D

DONDTE®ND=O
DONOT BN O
Dom~woo sl =
ST Bwo~NomawR
RNREITdoewvo o s w
TR EIdowvaun b
FEERITD o vow
FRERTS oo
B RN TBom~
ABRErOGR TS o m
BAFZGTEER TS o

Hinh 1.9. Quan hé¢ 2 ngdi trén
mdt 1ap—Phép cOng.

Diéﬁ quan trong nhit khi tim hiu quan hé hai ngdi trén mét tap la dng dung vio
vidn dé ty tao ra phép todn, tu dinh nghia 14y phép todn d€ gidi quyét mét nhiém vu
nac doé. Didu nay sé duge minh hoa cu thé€ trong nhing phan sau.

1.2.4. CAC QUAN HE TUONG DUONG VA PHAN HOACH

Trong cufc sfng ciing nhu trong kj thuat ching ta thudng ndl nhiém vu A tuong
duang v6i nhiém vu B, hay robot A hoat déng tuong duong voi hoat dong cha robot B,
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nhung ndi sao cho chinh xdc va hi€u sao cho ding thi cfn phai hi€u r6 quan he tuong
duong 1a g, v diéu d6 dugec mo tA chat ché trong quan hé todn hoc cia phin nay.

Dinh nghia 1.2.4. MOt quan hé hai ngdi trén mot tap duge goi 12 mot quan hé
tuong duong néu nd 14 quan hé phan xa, d6i xdng va bic cdu. Vi du : Cho A la mot tap
cac ddy s6 0 va 1 ¢d d0 dai bing hai :

A = (00, 01, 10, 11)

Mot quan hé R trén A goi la tuong duong néu théa mén (x, y)ER véi quan hé x va
y giong nhau. Quan hé d6 dé dang duge minh hoa trén hinh 1.10.

Vi du : C6 mét quan hé hai ngdi trén mot tap A duge mé ta & hinh 1.11, véi A =

(a,b,c,d, e f). Ta cd thé d& dang ki€m tra thfy quan he¢ R = (x,y) 1a mét quan hé
tuong duong. Voi xEA, yEA.

R 00 o 10 Ll R a b c d € f
00 1 1 1 1 a 1 1 0 0 0 0
o1 1 t 0 0 b 1 1 0 0 0 0
10 1 [¢] 1 0 c 0 0 1 0 0 0
1 1 0 0 1 d 0 0 0 1 1 1

€ 0 0 0 1 1 1

f 0 0 0 1 1 1

Hinh 1.10. Quan h¢ tuong duong. Hinh 1.11. Quan h¢ tuong duong.

_ Mot trong nhing khai niém quan trong cia ph4n nay la phan hoach I1. Phan hoach
IT thyc chdt 1a sy nhém hyp tlly ¥ cde phén td cla mot tap A ndo d6, chinh sy nhdm
hop tlly ¥ d6 s& cho phép ta chon duge cic phan hoach (cdc nhém) thich hop trong tap
A. Néu ta ¢d mét rdbot cd tap chic nang 1a A thi viéc nhém hop (phan hoach) tuy ¥ cée
chitc niang cha nd, cé thé cho phép ta chon duge cic chic nang c6 cung thudc tinh vao
trong mot nhom, ti d6 sé cho phép ta xit If ki thuat thich hgp. Y nghia 1a nhu vay
trong ki thust nhung & day ta phai ndi chinh xdc bdng quan hé toan hoc.

Dinh nghia 1.2.5. Mot phan hoach T1 trén mot tap hop A 1a mot tap cua cdc tap
con cua A, cd quan hé sau

M= (X|XCA)
Vidu: A = (abcdefghi,kl T& A ta cd céc phan hoach
M = (@b, © 0) = (a,by,c,e 0 =(5,T,U)
M, = (@b ), @e) = (a,b,&, d,¢) = (M,N)
M = (@ & ®) = @hik=X,Y,32

Ta théy I}, IT,, M5 d6 la nhitng nhém hop tiy ¥ cia tap A, nhung quan sat ky ta
. thdy phén hoach IT| va IT, ¢6 nhitng nhom hop con giao nhau, cdn véi cdc phén hoach
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IT; va P; thi khong thdy cd phén chung'nao. Trudng hdp nay ta ndéi phan hoach I, va
15 1a phin hoach don tach biét, tdc 13 cdc chic nang trong ching khéng l&n 16n vao véi
nhau, diéu dé phit hgp vdéi thue t& ky thuat 1a chdic nang ddng co quay khong lién quan
gl toi chic ning bio sang. Vi vay trong ky thuat ta chi ndi tai cdc phan hoach don tich

biét, dudge dinh nghia nhu sau : n

i=1} :
Noi moét cach khac hop theo i tit 1 t4i n cia IT; bing A, con tich cia cic TF thanh
phan voi nhau bing réng, quan hé d6 cing duge minh hoa trén hinh 1.12.

"
,4 NS

Hinh 1.12. Phin hoach don tach biét,
1.2.5. QUAN HE SAP XEP VA TAP SAP XEP

Sy phét trién cta ty nhién ndi chung cing nhu trong ki thuat ndi riéng déu dua
va trat ty sdp x€p, vi khi ¢ trat tu cd sdp x&p thi cd sy lua chon va phat trién. Nhung
dé sdp x& duge mot tap lai khong don gian dé ching ta lva chon, ma méi mét tap lai
tiong dng voi mot robét hay mdét hé thédng can phai lua chon. D€ c6 thé sdp xép duge
mot tip ta dua vao dinh nghia sau.

Dinh nghia 1.2.6. Mot quan hé < (sip x&p) trén mot tap A goi 1a mot tap sip xép
riéng trén trén A n&u nd thda mén céc tién dé sau day :

- Tinh phan xa nghia 1a :

Vil moi x€A ta ¢f trdt t x < x (x sdp x€p véi x)
- Tinh d6i xdng tde la :

Néu x,y€A, mi x € y vA y € x thi kéo theo x = y.
- Tinh biec cdu nghia la :

Néu x,y,z€A, x € y vi y € 2z thi kéo theo x < =z

Vdi mot tap bat k¥ néu thoa méan dinh nghia trén thi gei 1A mot tap sap xé&p riéng,
vi gquan hé R = (x,y) goi 12 diéu kién thye hién trat tu sdp x&p riéng trén A

Trong tAp sdp x6&p riéng A ta gap trudng hop dic biét goi 14 mdt quan hé lién
thong, khi d6 mét quan hé R trén tap A la lién théng néu x,yEA kéo theo cd quan hé
X € y hoacy s x. '

Dinh nghia 1.2.7. Mot quan hé < trén tap A goi 14 mot sdp x8p toan phédn cia a
néu thoa man
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- N6 1a mdt tap sép x&p riéng A
- D6ng thoi nd théa man thém tinh lién thong tdc 1a :
Néu x,yEA kéo theo trat tv x < y hodc y < x.

Mgt tap A trén nd théa man quan hé lién théng R ma lai la mét quan hé sip x&p
riéng thi dudc goi la mét quan hé sip x&p toan phén. Cac quan hé dé duge minh hoa
nhu sau.

Vi du : cho A = (tap cac s6 chia ctia 36)
A = (1,234,6,9,12 18, 36)
Cho trude quan hé (x, y)ER va déng thdi x la s6 chia cta y, thi ta ¢6 quan hé
x < y D€ théa min dugc quan hé dS ta ¢S cac két qua nhu sau :
(2,4) €R vay 2 4. x <y
(3,9) R 3<9
(6,18} €R vy 6 < 18 ..

va ta con nhin duge nhidu cdc quan hé khéc nita. Toan bd céc quan he¢ théa méan
s€ duge minh hoa trén hinh 1.13.

36 27
i ’2 18 .9
4 g 3
2 3 !
b)
1
a)

Hinh 1.13. Quan h¢ sip xép.
Né&u cho A = (tap cdc s6 chia caa 27)
A=1(1,3927
Cing v6i quan hé (x,y) €R va x 1a s6 chia cua y, thi x £ y.
Ta nhan dugc két qua - (39 €R vay 3 < 9
(9,27) €R 9 < 27 ..
ching théa man quan hé sip xép riéng, nhung lai ¢6 quan hé ciing théa man nhu
sau : .
3,3) €R viy 3 € 83 hay x s yvay < x
(9,9 €R 9 <9 X €y Yy € x,
nhu vay cho thfy tidp A vila théa mén quan l_xe lién théng vita 1a tap sip x6p riéng,

nén ta cd thé ndi A 12 mot tip e quan hé sdp xép toan phé&n, nd dugc minh hoa
trén hinh 1.13b.
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Da 1a mét tap sdp x&p thi luén ludn ¢ eye dai eyc tidu, diéu d6 cho phép chon lya
dé dang. Trong moét tap (m6ét day) sdp x&p thi khai niém v& phan t I6n nh&t va phén
td cuc dai cing nhu khai niém vé phdn td bé nhdt va phan td¥ cue ti€u 12 nhu nhau.

1.2.6. DONG CAU VA DANG CAU

Khi ndi dén mdt hé thdng chidc ning hay mot robét, ta thudng muén so sdnh xem
nd c¢d gi gidng nhau, khdc nhau hay tuong dng véi moét hé théng nao dé. D& th€ hién
chinh xdc diéu d6 ta phai ding quan hé déng cfu va ddng cfu (binh ding v& k&t cfu)
trong todn hoe, do 14 m&t khdi niém quan trong cla todn hoc hién dai. Trong ly thuyét
tap hgp thi hai tap hgp ding cdu v4i nhau 14 hai m6 hinh cu thé€ cia cliing mot khai
niém todn hoc triru tugng. Hai tip ding cfu véi nhau thi ching hoan toan gifng nhau
vé moi phuong dién cdc tinh chit duge mé td. D€ phan biét nhiing khéi niém do ta dya
vao dinh nghia sau. -

Dinh nghia 1.2.8. Cho A va B 1a hai tap hop (hai hé théng). Néu ton tai tuong dng
mét—mot gitta A va B thi tuong dng doé goi 12 ding clu, A v B duge goi 14 ¢6 tinh
dang cfu vdi nhau. Néu sy tudng udng ddé khong phai 14 moét—moét ma la nhidu lén tit A
sang B hoac,nguge lai thi tuong dng d6 goi 1a déng cfu cdn A va B goi la c6 tinh déng
cdu voi nhau. -

D€ hi€u thém dinh nghia quan hé déng cdu va ding cdu duge md ta trén hinh 1.14.

a) Bdng cdis - b) Béng céu

Hirh 1.14, Ddng cdu v ding cdu

Vi du : A = (mét diy s hitu han tit 1 d&n k) thi ding cfu vdi tap
B = (1,2,3, ..., k) vi ching tuong dng mot—mét.

Con cdi TV cd chic nang hinh va chifc ning tiéng nd déng cdu véi mot hé thoéng cé
chitc nang tiéng vA cd nhidu man hinh. Qua dd ching ta nhin thiy n&u hai h¢ théng
ding cdu véi nhau thi khong rut gon hogc thay th& duge chdc ndng clia ching, nhung
n&u hai hé théng chifc nang la déng cfu véi nhau thi ¢d thé rut gon hoac thay thé& cdc
chic nang ma vAn dim bao kha niing hoat déng cia hé théng. Tinh chdt nay s& duge su
dung trong viéc rat gon chic nang cia 6témat cd nhd sau nay.

Mot hé théng ma khong cd tinh ch&t ding cflu eling khong cd tinh chit déng ciu
v6i mdt hé théng khic, tdic 1a nd ¢d nhitng chic nang riéng biét, thi nd ]a mét hé thong
doc iap, loai hé théng nay ta chi cd thé xay dung riéng hosc lap 14y riéng chic nang cho
nd chi khéng thé tim mua hay mugn vé duge.
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1.2.7. CAU TRUC DAl SO

Chiing ta déu biét dai s6 o6 anh hudng rdt 16n dén cfu tric cia hé théng ky thuat.
Nhu tit khi xu#t hién dai s§ l6gic — dai 6 Boole hai tri (0,1), thi chinh nd 13 co & 1a
ngubn géc d€ xay dung nén cdc hé théng s6, he théng tu dong didu khién hién dai, hay
cac rébot chic nang... Vay hé théng hién dai s§ cd anh hudng 16n tdi cdc quan hé ky
thuat. Nhdt 12 khi t6n tai quan hé phuong trinh todn 12 mach dién va mach dién la
phuong trinh todn cta ly thuyst otémat. Vay néu hiu duge chinh x4c ban chit cua cfu
tric dai s6, sé cho phép ta hi€u dudc ban chit ky thust clia cdc hé théng s6 hién nay,
d6ng thoi hi€u duge kha nang chuyén déi gitta cac loai cfu tric dai sf. D6 1a mue dich
nghién cdu & phdn nay. Trudc h&t mot cfu tric dai 6 duge xédc dinh nhu sau :

Dinh nghia 1.2.9. Cho N = (ny, my, ..., np) Ia mdt tap h&u han céc s§ nguyen khong
am va A 1A moét tap nao dd bt ky. Néu wng véi mdi mét phén t¢ nao dé n;EN ta gin
cho mét phép todn a; duge dinh nghia trén A (a; €A), thi ching ta cd mot cfu tric dai
s6 <A,N> - (tap céc phép todn, tap céc con s&).

Nhy viy m§t cfu tric dai s§ 12 mot tap o6 hai phén ti gdm A 1a mét tap bit ki
trong d6 gbm céac phép toan duge gan vao, con N Ja t4p cdc con s8. Vdi tap N con s8 ta
¢d thé hi€u dude, con phdn t4p A khai niém gén céc phép todn cd th€ duge hi€u nhu
sau. Ching ta déu bist mot cfu tric dai s6 don gidn vA quen thudc dd 13 cdu tric :

<A, N> = < +, -, X, =+
A = <+, ) X;—>IamP°éCPhép todn
N

(0,1,2,3,4, ..., n) t&p cdc con s6.

Céu tric dai s6 dd 1a cAu trdc cia dai s6 cf dién, t&p A 12 tdp cdc phép todn co
ban gém (céng, trd, nhan va chia) con N la tip cdc con s8 tu nhién.

Nhin vao tip céc phép todn A ta thdy phép todn dugc gén r6 nh&t 13 phép tosn
nhan (x ), vi phép toan nay hodn toan cd thé thay th& bang phép todan céng (+), bdi vi
két qua cia phép todn nhan ta cd thé nhan duge bing cdch céng nhiéu 14n, tir d6 ta cd
thé bd phép todn nhan ma thay vao dd Ia quan h¢ cong nhiéu 14n, vy c¥ th& ndi phép
toan nhin la phép todn dugc "gan’ thém vao trong t8p céc phép todn A ma théi. Déng
thoi ti phép todn nhan ta con of duge cdc phép todn khac nhu : khai can, lay thia,
ldgarit... ma ching ta quen bi&t viéc tim ra két qua cta chng cling chi cén "eong nhidu
ldn" la xong,

Phép todn chia (+) cing 12 moét phép todn duoc "gan" vao trong tap A, didu dd cod
thé dé dang hi€u duge nho vao vi du sau :

Vidu: Tinh 50 : 2 = 25
Ta cd th€ thu duge két qua d6 biing chch lam sau :

Trude hét ta lfy 5 - 2 = 3 két qua 1a > O ta bao duge 1 lan triy 2.

Sau d6 ldy 3 - 2 = 1 két qua cho dfu = 0 ta bao duge 1 18n 2 nita, ¢ day ta chi
cdn cin o vao diu = 0 ma két luén, v& cif trit mai cho toi khi xuft hién ddu < 0.
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50 55

Khu vye trit [—2

thit nhidu 14n] 3 s 0 duge 1 ldn trit 2

2
1> 0 duge 1 l4n trit 2 nia
2
Khu héi phuc [—1 < 0 nging tri¥ 2 vA d¢m s6 14n da tru duge,
$6 du | +2 d6ng thoi thém 2 d&@ h8i phuc di s6 du
=2
trir thit 8§ » 0 Ha 0 & trén xufng va tiép tuc
tigp | -2 trit thir 2 ti€p mai cho t6i hat
620

Tiép theo ta 14y 1 — 2 = -1 cho ra k&t quad < O thi nging trir 2 vA d&m s8 14n da
trit duge truée dd, rdi ghi vao két qua (cu thé 1a 2 14n tri). Déng théi co/ng két qua tra
trude d6 voi 2 d héi phuc lai s du trude dé -1 + 2 = +1, tiép theo ha 0 xudng thanh
két qua 10, va lai ti€p tuc trit thit cho tdi hét, 6 l8n trit thi duge ghi & bén canh (cu
thé 1a 5 ldn tri). Cach lam tich chia nhu vay la co s& d€ xay dung phép tich chia & bd
s6 hoe ALU cha may tinh dién ti.

Nhu vay phép todn chia chinh la qud trinh trit thd nhidu lan, k&t qua cua phép
toan chia cia 50 cho 2 nhan duge két qua 12 25, ndi cdch khac 50 chia cho 2 nhén duge
két qua 1a 25 18n trit 2 chi khong phai 1A "thuong s6” nhu ching ta vin goi. Vay phép
toan chia cd thé dugc thay thé€ bing phép todn trit ma thuc hién nhiéu ldn. Do d¢ ta
noi phép toan chia 14 moét phép toan dugc "gin” thém vao trong tdp A cdc phép toan
trong cdu trac dai s6 ma théi. Phép todn chia con 13 ngubn géc gdy ra cdc quan hé vi
phan, tich pHan, sin, cos, artg ... va ching cling cd th€ ding phép todn trit dé€ thue hién
duoc.

Lic nay trong tap A chi con lai hai phép tosn cd ban la cong va trit (+, -). O day
phép toan cong cling la mot phép todn dugc "gan" vao trong A, vi phép todn cong clng
c6 thé duge thay bing mét quan hé don gian hon dd 1a "dém", va cdng chinh la k&t qua
cia qué trinh "dém tang" (d&m thuin), con phép trit 12 két qua cla qud trinh "dém
giam" (d&m nghich). Ta cd thé ndi trong tdp A cac phép toin cia mét cdu tric dai s§ c&
di€n cédc phép toan ctia né déu duge "gan" vao, va cA mdt clu tric todn hoc cf dién cg
thé thay thé bing quan hé dém" - b dém, va dd 1a mach dién. T d6 ching ta cd thé
hi€u duge tai sao may tinh dién td¥ lai cd thé thuc hién va tinh todn dua ra cdc két qua
clia toan hoc ¢8 di€n, vi may tinh 124 mét "bd d6m" ma nd ty "dém" ra cho ra duge céc
k&t qua ctia cdc quan hé todn hoc dd, sau dé cho qua bd gidi ma s€ duge k&t qud todn
hoc theo ding yéu cdu cua con ngudi, déng thdi cdn lam duge nhiu diéu hon ca tinh
toan, nhu trd choi dién t&, quan 1y nhén sy, bang bi€u .. nhu ching ta da biét
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Sau khi nghién citu tim hi€u cfiu tric dia s6 <A, N>, tit A ching ta da bigt dugc
la cac phép todn nim trong tap A cd thé dung b dém hay mach dién thyc hién dugc.
Nhung v8i N ]1a tap cdc con s6, vay ching c6 the dung mach dién d€ th€ hién duge hay
khéng?. Mudn trd 181 duge cAu hoi d¢ ta cln xem xét ti&p t6i phén sau ndi vé hé théng
co s§ dém.

Xem xét vé& con s6 (N) trong cfiu tric dai s6 nhé ra dé 1a mét phén ndm trong ciu
tric dai s6, nhung day l1a mét v&n d& kha 16n nén cé thé xem xét nd trong mot muc
riéng tiép sau day. '

§1.3. CAC HE CO SO pEM

Dsi v6i méi mét cfu tric dai s§ ngodi tap chic phép toan (A) cda né thi tap cde con
s6 (N) ciing dong vai trd rét quan trong, né anh hudng trvc ti€p t6i quan hé tinh toan
cia dai s6 dd. Trong phén niy ta nghién ctu t8ng quan céc loai hé co s§ dém va anh
hudng cia né trong toan hoc, va ti dd di tai hé co s8 dém nhi phan (0,1) ciing nhu Anh
hudng cta nd téi dai s6 ndi chung, va tinh todn mod ti con s6 nhu th€ nio & trong may
tinh. :

1.3.1. CACH BIEU DIEN TONG QUAT MOT CON SO
Ching ta quen biét cach bifu difn s6 trong hé co s6 d&m mudi, mdi mét con sf cia
he muii the 10) duge vist nhu sau :

1897=1104+ 810°+ 910' + 7.10°

Trong dé : (1,8,9,7) 1a cdc ky hidu, ky tu hay cdn duge goi la chit s6,
(ban chdt 1a ky higu)

(0,1,2,3) 1a s6 tu nhién tang dén.
(10) 1a hé oo s§ dém.
Nhu véy mdt con s6 N bat ky, ta c6 th€ bifu didn dang téng quat céa nd
N =249+ a.,.q4""+ .+ aq®+ arq' + a,q°
Trong dd : (a, a, ..., ay, 2;, 8y) d6 la cdc ky hiéu chi sé.
(0,12, .., n-1,n) 14 s6 tu nhién tang dén.
(q) 1a he co s6 dém.

Qua cich biéu dién mdt con g6 N bat ky ta nhan duge hé co s§ dém q (hé dém q),
dé 1a hé dém bat ky ding cho co s6 d&m bat ky n3c dé. D6ng thdi do cach bi€u dién
(ay, any .., &y a;, ay) 12 cde ky hidu bst ky, cho nén ing voi mbéi mot hé co s§ dém ta
c6 thé gin cho mdt bo ky hidu rieng nao dé (méi moét hé co s6 dém o6 tuong dng mot
bd ky hiéu chit s6 kém theo), lam nhu vay 1a lam diing ban chédt cach bifu dién con s6
ndi chung, nhung lai lam cho phic tap th8m céch bigu dién hé théng s& ligu, Trong khi
dé ta da cd mot bd ky hiéu chit s6 quen thude 12 (0, 1,2, 3, 4,5, 6,7 8 9), ta c6 thé dung
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bd ky hiéu dd bidu dién cdc con s8 & cdc hé co s6 dém mdi khdac nhau, tit d6 ta cd quy
ude la _ :

Dung lai bd ky hiéu chi s8 nhu cd cia co dém 10 nhung O nghia mdi (viét con 86
ung véi hé co s6 d&m mdi).

Déng thdi ta clng biét ring s6 lugng ky hiéu chu s clia hé dém nao thi tuong Wng

voi hé co s8 d€m dd, tidc 13 - Hé dém mudi cd 10 ky hidu, hé dém tdm thi o6 8 ky hiéu,
va hé dém nam thi chi cd 5 ky hiéu chit s§ ma théi.

Nhu vy mot con s6 duge vigt ¢ hé co s§ dém khac nhau thi ching cd dang :
(25374)4 Hé co s 9
(30651), He co s6 7
(83607)4 Hé co s6 10

Do dung chung bo ky hiéu da c6 cia hé co s6 dém 10, cho nén khi ta vigt moét con
s6 & bd cu 58 d&ém khéc cdn thém chl s§ cho con s§ duge viét, dd chinh 1a co s6 d&€m cha
con s6 dd.

1.3.2. CAC HE CO SO DEM KHAC NHAU VA CACH BIEU DIEN CON sO

Khi ding mét hé co s6 dém bat ky d€ bifu dién con s8, bao gid cing di ti cich
bi€u difn con s§ bé nhdt réi ting din lén, khi d6 cdc ky hiéu cla hé co s6 dém ldn lugt
duge viSt ra theo quy uéc gid tri ting dan cia cdc ky higu dd, nhung khi viét tai ky
hiéu chit s§ cubi cing cia hé cd s6 dém dd, nfu mudn tang thém gid tri thi chﬁyéh
thanh 10 (ghép ky hidu 1 vdi ky hiéu 0), r6i ghép ti€p véi cdc ky hiéu khdc tudng ding
vOi con s8 cd gia tri ting ddn. Tu dd ta ¢6 cich bi€u dién cic con s8 cda cic hé co dém
khac nhau nhu trong vi du sau : '

Luong  He 10 He 8 He 5 He 3 He2 . Helé
0 0 0 0 0 0
1 i 1 1 1 1
2 2 2 2 10 2
3 3 3 10 11 3
4 4 4 11 100 4
_____ 5 5 10 12 101 5
6 6 11 20 110 6
7 7 12 21 111 i
8 10 13 22 1000 8
9 11 14 100 - 1001 9
10 12 20 101 1010 A
11 13 21 102 1011 "B
12 14 22 110 1100 C
13 15 23 111 1101 D
14 16 24 112 1110 R
15 17 30 120 1111 F
16 20 10

31 121 10000
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Véi cach 1am tuong tu ta cd thé vist duge céc con 56 & cac hé co d&m khéc nhau
ma ching cd cdc gid tri ting ddn mai. Qua’cdch viét nhu vay, viéc bi€u difn mét con s&
voi co s6 d&m < 10 rdt dé dang. Nhung khi cfn bi€u difn mot con s6 o6 oo s6 dém >
10, titc 12 Bi thidu cac ky hiu chit s6 néu chi diing cdc ky hisu chit s8 cua co dém 10,
ldc ndy ta cdn phai b6 sung thém cdc ky tu (ky higu) chit s6 mai. Cu thé€ Xkhi ta musn
bi€u dién con s6 & hé co dém 16 (hé co 88 d6m Hecxa decibel) thi phai b8 xung thém
cac ky tu ky hiu chit s6 méi la (A, B, C,D, E, F). Nhu vy mét con s6 & co d6m 16 dugce
viét & dang sau

(2 B 5 Ay hay 1 F F Fy, (A 000),

Trong cdc ky hiéu chit s6 ma con ngudi sit dung thi chit s6 0 Ia ky hiéu quan trong
nhdt vd né dugc tim ra sau cing. Tham chi ¢ dan téc chua cd con s6 0 ma phai mugn
ky tu ndy nhu Trung Quéc, vi ho d&m theo quy luat : (— nhdt, = nhi, = tam, ™ g,
F ng, 5% luc, £ that, A bat, A ciru, + thap) va dung cc ky hiéu d6 d& viet ra cac
con s§ nhu trong céc to lich hang ngay ta vin dung.

Vi du : = + nhi thap 13 20 hay
= + 5¢ iam thap luc 1a 36.

Khi xudt hién ky hiéu chit s6 O thi cich bigu dién con s6 gap phai trudng hop khd
phan biét sau :

000 =0 hoac 00000 = 0

Mot bén la con s8, con mot bén 1a gid tri cia con $8 dé. D& phan biét gitta gid tri
cua con s6 va con s§ dd trong ky thust da dua ra quy udc :

0000 = &

Quy udc nay duge dung trong hé co dém 16, va hay dung nh4t trong cich mé ta
dung luong cta bé nhé cia may tinh.

Vi du : Dung luong bd nhd tit pp¢ dén FFF.
S day (1111 = F.

1.3.3. CACH TINH TOAN O CAC HE CO SO DEM KHAC NHAU

Sau khi ndm duge cach bi€u dién trinh tu cde con s8 & cac co s6 d&m khdc nhau,

ta c6 th€ dua vao d6 d€ thuc hién cdc phép tinh cda cde con s6 trong cung mét hé co
50 dém.

Vi du : thyc hién phép todn cong (+) hai s6 & co s6 8 nhu sau -
1 1 1 « cot 6 nhé

0 6 14
1 7 . 15

2536 2 10. 16

3 7 4 5 « (thém 5) 3 11, 17
(65 0 3 4 12, 20
( Js 5 13 . -
thém 5

33



Bat ddu tit ¢ot ddu tién bén phai (6 + b)g, ti 6 ta dém tang thém 5 don vi nila,
va nhan dude gid tri (13)g, ti d6 ta viét k&t qua 1a 3 vA nhé 1 sang cot s6 bén canh
giéng nhu & co s& 10. V&i cach lam tuong tu v6i cdc cdt s6 con lai, ta s8 nhan duge
toan bo két qua cha phép todn cong gitta hai con s6 & cd s§ 8.

Phép todn tri cta co s6 8 duge thyc hién qua vi du sau :

0 6 con lai 14

52 4 3 1 17/ 15

T 1864 «(votd e 0. 1
3 6 5 Ty 4 121) 20

5 13, \ :

bot 4 -

Bat ddu tit ¢4t ddu tién bén phai (3 ~ 4)g, nhung 3 khoéng trif duge 4 nén ta vay 1
ti edt ditng trude thanh (13}, sau d¢ ta dém 1ui di 4 don vi s8 con du 7 ghi d két qua.
Sau dd tra lai 1 don vi cho gia tri d ¢t ding trudc (nhu lam phép toan trir & co 10),
vA tuong tu tri ti€p & cac cft khac cho tdi k&t qua cudi cﬁﬁg.

Cach lam phép todn nhan gita hai con s ¢ hé co d&m 5, vi du sau :

2 4 8 ' 1 1_3) 30

1334 3 20
T1041 40 21
(12345, 0) 2

Bat ddu tir cot ddu tién (3 x 8)5 = (14)s, ta viét 4 va nhd 1 sang c6t bén canh, sau
dd thuc hién nhan & cbt tiép 1a (3 x 4)5 = (2 2)5 v&i k& qua nhé 1 sang ta cd két qua
la (22 + 1) = (23)5 th d¢ ta viét 3 vao két qua tinh va nhé 2 sang cét bén canh. Cach
lam tuong tu v&i cdc codt con lai khi nhan 3 1&n cho tdi cdt cudi cing.

Sau dd nhan 2 1én, k&t qua ta vigt thut vio (hay dich sang trdi mot c6t} cach tinh
tuong tu. Cudi cing ta céng két qua thu duge & co s8 5, sé duge ddp s6 cta hai con 6
khi nhan & co s6 d&m 5.

Cach 1am phép todn chia giita hai con s6 & hé c¢d dém 5 6 thé duce thue hién nhu

sau, vi du :
| 3 0 11 22
134,0 Zi 5., 1 du 12') 23
- 2 4 2.7 13 24
3 14 30
du 2 0 4') 20 .
1 : 10 21

56 dau tién la (13 : 3); = 2 ldn tr¥ 3 va cdn du 2, ta viét két qua chia 12 2 va s6
du la 2, sau d¢ ha xudng thanh (24 : 3)s = 4 14n trd 3 cdn du 2, ta vidt 4 vao két qua
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chia va du 2, sau d6 ha dfu phdy xuéng va tinh ti€p cho téi két qua cudi cang.
Déi v6i he co s6 2 va co s6 16 ta ciing c6 thé tinh todn duge :

5B62C L1011 o
25A42 | 1113  Hanggia  Hing tré
(8106 E), A1010), 1987

Phép toan nhén hai s§ nhi phan tir hang gia (tif bén phai) va tir hang tré (ti bén
trai):

1011

1011) et

X101 X101

1011 1011

+ 0000 + 0000
1 011 < dich trai dich phai — 1 0 1 1
(110111 (11011 1)

Td cde vi du dd ta nhan thdy viéc tinh todn s6 nhi phan ra cdc két qua la dé
dang va don gian. Nhv & phép nhan céa s§ nhi phan ta chi viéc dich trai s§ bi
nhan (1011) sang trdi, (nfu nhan bat ddu tit hang trd), réi cong lai hosc dich s§ bi
nhin dd sang phdi, (n&u nhan ti hang gia), rdi cong lai va két qud cla hai cach
lam dé cho k& qua 14 nhu nhau, Bang cdch dich 5 bi nhan sang phai ho#ic sang
trdi réi cong két quad lai sé nhan duge dép s6, dd ciing chinh 13 co s ky thuat dé&
thyc hién phép nhan trong bd s6 hoc ALU clia méy vi tinh.

V6i cdc cach lam tinh nhu da néi @ phan trén ding phuong phdp dd téi nay
ta d& cd th€ thyc hién duge bdn phép todn (+ cong, - trid, . nhin va + chia) d6i
véi bat ky con s6 nao du ching duge viet & bat ky cd dém nao. Ddng thdi ching
ta cing hifu duge ring bang ciu chuong chi giop ta tinh todn & co s§ dém 10
thdi, con dai véi cdc co s& d&m khac

thi ta khong thé st dung duoge niia. + | o 1 2 3 3) 0

Nhung & cdc co dém bat ky khac vide
tinh todn thyc hién rit cham va khéng 0
thé nhanh duge, didu nay cd th& giai !
thich nhu sau : 2

O cd s6 10 ta 6 bang quan hé hai 3| — o &
ngbdi trén mot tdp cta mudi ky hidu chi .
s6 (0,1,2,3,4,56,7,89) bang dé ta - '
thudng goi 1a "bang cdu chuong" tdng

18

Y

v6i bén phép todn co ban, vi du ta ¢ 9

bang "cttu chuong cong" (phép toan

cong) nhu sau (hinh 1.15).
Hinh 1.15. Bing "ciiu chuong cong".
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Tuang ty bang citu chudng cdng ta con b cic bang citu chuong khdc 13 : bang "cttu
chuong tru" bang "ciu chuung nhan" va bang "clu chuong chia”.

Cén & co dém 8 ta cing ¢é bang

quan hé hai ngdi cia tam ky hidu chi s6 +| co 1 2 3 ... 7)8
a (0,1,2 84,5, 6,7), bAng nay ta goi
tén la "bang th&t chuong”. Vi du ta co 0
bang "thit chuong céng" (phép toin céng) 1
¢ co s8 8 trén hinh 1.16. 2
T& d6 tudgng tu ta cing cd "thét 3 - 5 6
chuong trit", "that chuong nhan" va "thit
chuong chia®, cdc bang th4t chuong nay ) v
ta hoan toian cd thé€ tinh todn ra dude )
khi da bi6t cach lam bén phép tinh & céc 7 - 16
hé co d8m khédc nhau da duge ndi t&6i &
cac phén trén.

: . Hinh 1.16. Bang "th&t chuong cong”.
Tuong tu & co dém 5 ta cd nam ky :

higu (0, 1, 2, 3, 4), cing cd thé x4y dung
dugc bang "td chuong nhan" (nhu phép

| (0 1 2 3 4)
toan nhan & co s6 5 di tinh & phdn trén) :
bifu dién trén hinh 1.17 0t 00 0 0 0
o 1 01 2 3 4
TU d6 ta cing cd duge bang "td 2 0 2 4 11 13
chudng cdng", "td chuong tri" va "td 3 0 3 11 14 22
4 0 4 13 22 31

chuong chia" cia hé co dém 5.

Nhu vay d&i véi mbi hé co s6 dém
bét ky ta déu cd bdn bang "X chuong" Hinh 1.17
tyong ung voi bSn phép todn cha hé co _
s6 dém dd. V6i s lugng 16n cde bang nhuv vay con ngudi khong thé thudc nbi gidng nhu
thugc bang "clu chuong” cia hé co d&€m 10 ¢€ lam tinh.

. Bang "td chuong nhan".

T¥ do ta dua ra mot bang "X chuong” t8ng quat cho moi hé co s d€m khac nhau,
bang dd cd tén la "bang quan hé ky higu" dugc mé td trén hinh 1.18.

Trong dd : N 1a hé co s6 dém, né cd énh'huéng v quyét dinh tdi k&t qua & bén
trong clia bang quan hé ky higu. Tt d6 ta o6 thé goi nd dudi mot cdi ién khac la : "N
1a diéu kién thue hién quan hé ky hiéu".

"Bang quan hé ky hiéu" cing chinh 12 tuong tdc hai ngéi trén mot tap cdc ky hiéu
chit 6 cita phép todn trong hé co dém dd. TU bang quan hé ky hidu ta hifu dudge rang
& cdc he co s6 dém bat ky khdc co d&€m 10 ta tinh khé va chain 1A vi chua thuéce long
duge bang quan hé ky hiéu cta hé co dém dd. Né&u ta thude long duge bang quan hé ky
higu ctia mét co dém bit ky nhu thudc long bang cltu chuong, thi viée tinh todn & hé co
dém mdi doé cing d& dang va nhanh chdng.
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Hinh 1.18. Bing quan hé ky hiéu.

Qua d6 ta cGng hi€u mudn tinh todn nhanh phai thudc ldng bang "quan hé ky
hiéu". Déng thdi két qua dd con phu thude vao mot tham s6 nita d6 1a co s6 d&m N hay
con goi la diéu kigén thuc hién quan hé ky hiéu. Diéu dé duge minh hoa & vl dy sau :

+ 2 + 2 + 2 +- 10 L ®e
5 5 5 101 sseee
(M = (10);= (1) = 111y = (oooo )=lu:<_jng
seoe

Qua vi dy, ta nhan thiy cling mét tuong tdc céng (phép tosn cbng), cing moét quan
hé ky hiéu gitta 2 va 5 (2 ; 5) nhung diéu kién thye hién quan hé ky hiéu (N) khéc
nhau (co s6 d€m khdc nhau), thi két qua ky hiéu cia quan hé ky hiéu g8 khdc nhau.

Nhung di k&t qua d6 viet & dudi dang cta bét ky co d6m nao thi né véin cd chung mét
gid tri (la két qua chinh xdc nhét) d6 1a "lugng".

Nhu viy ban chét cia viée tinh tosin 13 tim ra “lugng” nao dd tir két qua tinh tosdn
ma théi, vi du nhu lugng tién, lugng vat, lugng nguisi.

Tl d6 ndly ra vin dé 1a : ]am sao o cich nao d6 d€ tim ra "lugng” nhanh nhét va dé
nhdt, va c6 cach nao khdc thay thé& cho bé de ctia con ngudi khi cin tim lugng khong ?

D€ tinh todn tim duge "lugng’ nhanh chong va dé dang ta cd thé ding bang quan
hé ky hiéu voi s6 lugng ky hiéu chir s6 it nhit, va diéu kién thyc hién quan hé ky hiéu
la don gidn nhdt. Bang quan hé ky hiéu d6 chinh la "bang nhét chuong" ctia hé co dém
2, vi né duge minh hoa trén hinh 1.19. '

+‘(0 1), ol (0 1),
5T o 1 0] 0 0
1| 1t 10 10 1

Bang nhét chuong céng Bang nhit chudng nhén

Hinh 1.19. Bang "nhit chuong" cia co dém 2.
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Trong bang "nhét chuong” clia hé co s6 dém nhi phan ta thiy cd s8 lugng ky hiéu
chit s6 khdc nhau 1a it nhat, chi ¢ 0 va 1, déng thdi voi didu kién thyuc hién quan hé
k¢ hiéu la don gidn nhdt, dé 1a 2 (N = 2), vi néu N = 1 thi d¢ 1a diéu kién tién quydt
va khi d6 khong con gi d& tinh todn dudc nia.

"Bang nhit chuang" r&t dé nhé va 48 thude long (khéng khdé nhé khd thuse nhu
bang ciu chuung) nhung kha nang tinh todn dé tim ra lugng cila nd cing tuong duong
nhu "bing ciiu chuong’, dua vao bang nhit chuong ta cd th€ diung tu duy tinh todn tim
lugng nhu moi bang "X chuong” khde, nhung déng thoi bang nhédt chuong con cé thé
dung mach dién d& thuc hién duge, ndi cach khic vise tim ra k&t qua toin hoc (tim ra
lugng) ta cé th€ cdn ding mach dién d€ dua ra, tdc 12 cd thé dung mach dién d& thay
thé viéc tinh todn cta con ngudi.

Diéu dé dang nhaén ra bang "nhit chuong nhan" dd chinh 1a mach VA, con bang
'nhét chuong céng" dé chinh la mach trigs (mach Flip Flop) ma sau nay ta sé ndi dén,
Dung mach dién thay th& cho tu duy tinh todn cia con ngudi dd chinh la wu thé tuyét
déi cia hé co s6 dém 2 hon hén cdc hé co d6m khdc, nd da cho phép ching ta ché ra
dugc cdc mdy tinh, cdc hé théng tinh todn to 16n vA manh mé thay thé cho viéc dung tu
duy d€ tinh todn clia con ngudi tir xua t&i nay, may tinh ngiy nay duge coi nhu ddn béy
cta tri tué con ngudi. Déng thdi ciing tit co dém 2, cho phép con ngudi thue hién duge
bao nhiéu chdc nang ky thuit khde bing cic hé théng ky thuit s6 ma & cde co dém
khac khong thé cd duge.

1.3.4. CHUYEN 98I GIJA CAC HE CO SO DEM

Qua cach bi€u dién con s§ ¢ cdc hé cd dém khic nhau ta nhin thady la cﬁhg mit
gia tri (cung mot lugng) cd thé duge bidu difn bAng cdc con s6 khéc nhau dugc vist &
cdc co s6 d€m khdc nhau. Tt d6 ndy ra vdn dé 1 cln cd sy chuyén d6i qua lai gita cac
con s6 cla cic cd s6 dém khic nhau v8i nhau. Qud trinh chuyén d8i con s§ cia cdc co
s6 dém khdc nhau véi nhau d¢ chinh 1a co sd d&€ x4y dung 'bd chuy&n ddi ma", bo giai
ma ma hay dugc nhdc dén trong cac hé théng s6, cu th€ dé chinh 1a b giai ma tit co
86 2 sang cd s6 10 va nguge lai. Khi ¢6 bo gidi ma cho phép giita ngudi va may (hé
thong s6) hi€u duge nhau va trao ddi théng tin qua lai duge véi nhau.

Cdch chuy&n déi téng quat gilta cdc co s6 d6m khac nhau duge thuc hién nhu sau :

Vi du : Cho trude mét con s6 & hé co dém 10 1a (190),y ta cin chuyén thanh mét
con s0 cd gid tri tuong duong d co dém 8 (X X X)g, cich ldm nhu sau : Ta chia sd cho
trudc 6 hé co 8 10 cho 8 tinh todn d co s8 10, chia mai d€ tim ra s6 du

190 8
(30 23)10

sé’du/@ ®;8

(1 9 0)10 = {2 7 6)3

cdach vi&t s6 theo chidu madi tén.
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Néu mudn chuyén s6 (1 9 0);, thanh mét s6 tuong dng & co d€m 7, véi cdach lam
tuong ty chia s6 dd cho 7 tinh todn & co s6 10 d& tim ra cic s6 du. Vi du :

190 7
( .56 0 27)10

w—® ® g

T&t nhién ta cé thé viét két qua chung la
190,=(2765=1(361,
D€ kifm tra sy chinh xdc ctia cac k&t qua caa sy chuyén ddi ta cd thé dua vao
"lugng” (gid tri chinh x4ac) cla ching :

cach bi€u dién nguysn thay
Luong = ( cua con s6 & co s8 d6m clia nd
Nhu vay :
(190)10 =1.10°+9.10' +0.10° = 190 luong
(276)8 =2.8+7.8+6.8 = 190 lugng
=3.7+6.7+1.7° = 190 higng

(361),
V@i cach lam nhu vay ta cd thé chuy&n d6i gita céc con s6 co s8 10 sang cd s§ 2

va nguoc lai d&€ ngudi va mdy hifu nhau. Vi dy :

~ Chuyén mét con s cla co s6 10 - (12);, sang cd s6 2 :

2
(12 ),
© 2
0 s
Két qua 1a : (12), = (1100),
- Chuy&n mdt con s6 & co s6 2 - (1100), sang co s8 10 1a : -
(1100, = 1.2° + 1.22 + 0.2' + 0.2° = 12 luong = (12),
o) day 23 =8 ; 2% = 4 : 2! = 2, 2% = 1 ¢on duge goi 1&2 "trong s6" ectia co dém
2, va c¢ d8m hai con duge goi 1a ¢d trong <6 (8,4, 2, 1).
Nay ta phai chuyén d6i mét con s§ cha co dém 8 1a (2 7 6)g thanh mot con sd

tuong duong nao dd ¢ co d&m 7, cich lam nhu trén, 1a thuc hién chia s6 dd cho 7 tinh
todn trong co s6 dém 8 d&€ tim ra s6 du. Vi du :

N Lan ddu 1&y con s6 {2 7)g sau do d&ém lui di 7 (14 s6 chia) sé duoc 3 1dn dém lai va
con du la 2. Sau d6 ha 6 xudng thanh (2 6)g lai d6m lbi (trd) di 7 kém s6 du cta ng.
Véi cach lam tuong tu s& cho ta k&t qua cdc s6 du khi chia 7 tinh & co s6 8.
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Phin trén ia d& thyc hién chuyén dfi gita cdc con 86 cia cd s6 d&m khac
nhau tit cd s6 dém to sang co s6 dém nhd. Nhung n&u ta mufn chuyén modt con
sd tit co d8m nhd sang cv d€m lén hon cach lam nhu sau :

N LD = D

Vi du : Chuyén d6i con s6 (2 7 6); thanh mét con s6 tuong tng & co s& 10,
lic ndy ta phai chuy&n co s6 10 thanh (12)g tdic la (10}, = (12)g. Sau d6 ta chia
s8 phai chuyfn d6i v6i s6 (12) tinh & co 8 8. Tdng quét néu mudn chuyfn ddi con
s6 ti co s6 nhd sang co s6 l16n hon thi ta phai dfi co s6 cta s8 16n hon (co s6
I6n hon} thanh mét s6 nio dd tuong dng cda co s6 nhd hon. Sau dd chia sd phai
chuyén d&i véi con s8 dd va tinhk & co s6 bé ¢ s& phai chuyén d8i cu thé 1a :

COI
© |
ST o
@ (276), = (190},

Tai day ta da bigt duge phuong phap tdng quat d€ chuy&n ddi qua lai giva cac
con s6 khi bi€u dién ching ¢ hé co s6 dém nao dé khdc nhau. Nhung sau nay trong
ky thuat thudng chi con quan tam tdi viée chuy€n ddi gilta cdc con sd co s6 dém
10 thanh cdc con s6 cta co s6 d&€m 2, vA nguge lai 14 chuyén con s6 0 co d&m 2
ctia mdy thanh con s8 d co dém 10 - mach gidi ma. Dd ciling 1a cdc b6 phan (mach
dién) co ban cia hé théng s6 cing nhu cla may tinh, ching sé dugc xay dung cu
th€ & cic phdn sau, d6 1a bd tao ma (ban phim clla may) va bs giadi ma (chi thi
két qua) rdt quen thudc v6i ching ta.

1.3.5. CAC CACH BIEU DIEN CON SO KIEU KHAC

Ngoai cac cdch bifu dién sé thong thub.ng, ta ¢dn o6 cac cach bi€u dién con s8 kidu
khac, ma hién nay cédc cich bifu dién dd van dang duge dung ph8 bign trong cudc séng
hang ngay cta ching ta. '

Trude tién dd 1a hé thdng dém va cach bifu dién s6 theo "con giap" rit quen thudc
trong méi mét to lich & nha ching ta.
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Binh Ty 6 . 1
Dinh St 7 2
Mau Dén 8 3
Ky Mao 9 4
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y
"/
quay 10 quay 12 quay 10 quay 10

O co dém 10 ta thdy hang chuc v hang don vi quay dac lap v6i nhau tao ra cdch
viét con s8. Nhung & hé d&m ki€u "con giap" thi cét can quay 10 cdn cdt chi quay 12 va
cad hai c8t cung quay tao ra cdch bi€u dién con s8 cia cich bi€u di&n s6 ki€u con giap.

Ta thdy cdch bi€u dién s6 theo "con giap" phic tap hon va tinh todn khg hon,
nhung théng tin nhan duge ti cach bi€u difn nhu vay cing nhigu hon csch bigu difn sé
thong thudng ca s6 dém 10. Vi cdch bi€u dién s6 theo con gidp cang chi duge "lugng*
nhu & co d&€m 10, khi ta héi nhau sinh tudi con gidp ndo, v méi to lich ta bde di cling
chinh 12 con s6 d&m va ludn ¢ sy khép nhau vé lugng gilta cach bigu dién s8 theo con
giap ciing nhu cich bi€u dién s§ thong thudng. R6i & con gidp con s6 d&m "ty" vira la 1
ciing vita 12 ty, con & co s6 d&m 10 thi 1 chi 1a 1 ma théi. Nhu vay chi riéng cach bigu
dién ky«higu chit s6 thi da cho ta thong tin.

Dya vio co s§ 10 ta tim duge lugng va khéng cd théng tin ndo khéc nita, nhung
con s8 bi€u dién theo con gidp thi ngoai viéc cho ta tim ra lugng (tinh tudi) nd con kém
theo cho thém mot thong tin khéc, d6 chinh 1a quy luat ctia tu nhién, 1a didu ma & co
dém 10 khong cho duge. Ma khi hi€u duge quy luat cda tu thi con ngudi cd thé séng
hoa déng hop véi quy luat dé. Chinh vi thé ngodi ¢g dém 10, & nube ta (viing van héa
phuohg Déng) vin ton tai cdch bigu dién cdc con sd theo con giap khong cd & phuong
Tay. Cach bigu dién s6 kidu ‘con giap” nay 1A dédc trung cho nén van héa clia phuong
Dong ndi chung, va d¢ chinh la mot cich bi€u dién con s6 kidu khac ma con ngudi dang
ding hién nay.

Mot cach bi€u dién s6 ki€u khac nita dé la dﬁng cac nét vach. O phuong Dong
cling nhu & nude ta tit lau r6i cdc cu da ditng cdc nét vach bao gdm vach lién " — "
hdo duong vach dit "=—=—" hao &m, ching dugc ding bi€u difn qué trong Kinh dich
cia cu Ngé Tdt TG. Cu thé hon cach biu didn s6 bing csic vach vigt theo hang
doc duge thfy r6 trong guong 'bit quat’ ma nhan dan hay dung trong doi thu(‘mg,
ching ta s& r4t dé dang hiu cach bifu dién s ki€u vach khi cho quy uéc lagic
vao : Né&u ta quy wdc nét vach lién " «— " 1a logic 1, con nét vach dit " === *
la logic O thi "bat quai' ciing chi 14 mdt cich bi€u didn s6 nhi phin ma thei, didu
dé duge md tad trén hinh 1.20.
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D6 1a céach biéu dién sé
theo chiéu doc.

Hinh 1.20. Con s6 © béat quai.
Cach bi€u dién s6 theo chi®u ngang sé la
(———=—— ) =(01p

Ngoai ra ching ta con quen thudc véi cdc co s6 dém khdc nhau cta nén van hda
phuong Déng nhu : Ngi hanh (kim, moc, thiy, hoa, thd), ngi vi, 1a co dém 5 ; bén mua
1a co dém 4 ; ba thiang mét mua l1a co dém 3 ; bdy n6t nhac 1a co dém 7 ; luc phu ngi
tang la co dém 6 va 5 ; mudi hai thang dng v6i moét nam la co d&m 12... Qua dd ta
thdy cdc cach bi€u dién con s6 ma con ngudi vln dung hién nay la rit phong phd, vi do
la co s§ d&€ con ngudi tim hi€u va nghién cdu tu nhién d& phuc vu cho loi ich ctia minh.

Ngoai ra ta con cd cach bi€u dién con s6 theo ki€u La Ma nita - Chit s6 La Ma, vi
du nhu V, X, C... Day 1a cach biu dién con s6 cia nén vén minh thdi c8 dai La Ma.
Nguyén ly bi€u dién va cach tinh todn cta loai con s§ ki€u nay hién nay ching ta déu
chua biét téi, mac du vAn dung nd. Bdi vi day 1a moét nén van minh c8 dai da bi huy
diét hoan toan tlit lau, ma cho téi nay con ngudi vin chua tim hi€u lai dugc né. Nhu
vdy ching ta da nghién ctu kha ky vé con s8, vé hé co s6 dém va cac cdch biéu dién sd
ki€u khdc ma con ngudi vln ding, con s6 14 mét phdn khong thé thidu duge cia mot
cdu truc dai sé.

Sau khi'nghién ciu ky vé ban chét cia tdp cdc phép todn A va tip cdc con s6 N
cua céu tric dai s6, ta thdy la tap A cing ¢ hé dung mach dién thay thé& (b6 dém), va
tap con s6 N khi chuyén qua nhi phan cing ¢d th€ thyc hién nhd mach dién. Nhu vay
mdt cdu tric dai s6 t6ng quat <A, N> hoan toan cé thé dung mach dién dé mo ta,
minh hoa va lap rdp thay thé& dugc. Diéu dé da ching minh mét cich ré6 rang kha niang
kéy dung nén cdc mach dién, cdc may tinh, né cho phép thay th& viéc dung tu duy, d&
tinh toan cta con ngudi truéc day bing cdc mdy tinh dién ti nhu ching ta cd hién nay.

§1.4. DAN VA CAC HE THONG DAI SO

Trong phdn nay sé ndi tdi mot khai niém co ban cta dai s6 hién dai, dé 1a khai
niém vé dan. Dan khéng chi quan trong trong todn hoc vi tit khadi niém cta ndé sé tao
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ra cic hé thong dai 6, ma quan trong nhat la dai =6 logic — dai s8 Boole, ma dan con
la mot cdng cu quan trong ding d€ gia céng, bign ddi, phan giai 6t6mat ¢ nhé déng
thoi dya vao Dan ta c6 thé thue hién cac hé s6 ciing nhu céc hé théng chic nang mong
mudn.

Dua vao Dan cho phép ta tim dudge toan bd cac dang cua cdc tap cd cing moét
thugc tinh tit mét tap co ban ban ddu, d¢ Ia diéu rit cdn trong viéc nghién ciu khoa
hoc, vi khi ta tim dugc moi tap ¢6 ciing meét tinh chdt, thi diéu d6 cho phép ta dua ra
cac nhén xét hay két luan chinh xdc. Dya vao Dan ta cd thé. t6i thiSu hoa sé lugng
trang thai cia otdmat téng hgp 6témat ¢d nhé & phan sau.

Dan cho phép ta tS chifc va bist dude cae trang thdi cd ciing mét thudc tinh cta
otémat ¢ nhf, ti d6 tao ra duge cde tap tu phy thudc rdt cdn cho qua trinh ma hda
cua &tdmat ¢é nhd, diéu dd cho phép ta thist k& lap rap he théng s8 mét cich mach lac
gon gang, ddng thai didu d¢ thuan lgi cho qud trinh tim kigm bang phdn mém sau nay.
Nhu vay Dan c6 lien quan dén thiét k&€ mach (ph&n cing) ciing nhu trong tim ki€m
(phdn mém) trong hé théng ky thuat s6. C6 the€ ndi Dan la mét khdi niém 1a mét nén
tang quan trong cho linh vuec ky thuat s6 dya vao, va néu khéng cé dan trong todn hoc
thi cing khong ¢ linh vuc ky thuat s5 trong ky thuat. Chinh vi thé ma ta nghién ciu
vé dan trong ph&n nay. Dan thuc chat 14 mét khai niém long léo dugc hifu theo dinh
nghia sau.

1.4.1. DAN DINH NGHIA VA TINH CHAT

Dinh nghia 1.4.1. Dan 1a mot tap sip xép rieng I} ma trong dd hai phén ti bat ky
X va y déu cd hai phép toan giao va hop.

Dé hiu cu thé hon nita vé& dan ta cd thé thdy -dugc trén hinh 1.21.

g
F d
b
c
a) a

Hinh 1.21. Cich mé ta dan.

Dd la cdc dan ma cic phéin t¥ cda né cé cac quan hé todn hoc théa mén dinh
nghia trén, vi du nhu :

Trén hinh 1.21,a ta ¢d e=c¢+ b
| g=e+ d

b =e.d

a=c.b
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Hay trén hinh 1.21,c ta théy :
phén ti {bc) = (e} + (b) va (ac) = (&) + (o)
(b) = (a,b). {b,c)
@.b) = ¢ (c} = (be).(ac) va ..

Nhu vAy moi phdn ti cta ching déu cd thé tuong tac voi phép todn giao va phép
toan hop. Trén hinh 1.21,c ta thdy dan cho biét moi kha ning nhom hop cha tap A
giéng nhu P(a) = ((¢), (), (b), {c), (a,b), (a,c), (b,c), (a,b,c)), ngodi ra dan cdDn cho ta bist
trit tu sip x&p cha ching, ¢ trén cd dudi taoc thanh mot mang chét cing khéng thay
déi, hoan vi cdc phén ti duge. Do dd dan cho ta nhifu théng tin hon d& d& dang quyé&t
dinh mot didu gi dé, hay chon lya mét nhiém vu ndo dd thich hgp. Viée dng dung cu
th€ cda dan nhu th€ nio trong phdn sau quyén sach nay sé dé cap tdi.

Dan 13 mét tap sip x&p vi vy trudc khi ndi t6i tinh chdt cla dan ta phai ndi toi
tinh chit cta trat ty cia sidp x&p. Tinh chit cia sAp x&p c6 lién quan téi cac phép
todn giao va hgp, ti cdc dinh nghia cia ching ta cd thé nhan thﬁy 14 :Trong mét tap
sdp x&p riéng A néu tbn tai hai phép todn giao va hop (+,e) clha hai phiin td x, yEA
thi ching phai thda mén quan hé sau :

Néu x C y thi kéo theo x.y = x
x £y x+ y =y
Tinh chit d6 duge minh hoa trén hinh 1.22.

p . Vay xCy i [ x.y=x
XSy xty=y

Hinh 1.22. Quan h¢ sip xép rieng.

Céc tinh cht co bAn cia hai phép todn giao vA hgp cd th€ duge néu tdm tét trong
dinh ly sau. '

Dinh ly 1.4.1. Trong mot tdp sap x8p riéng A, néu t6n tai cdc phép todn giao va
phép toan hop cta hai phéin ti thuéc A thi ching s& théa man cdc tinh chdt liy déng,
giao hodn, két hgp va loai trit (tinh chit nudt) sau :

D, : Tinh ch4t luy ding.

X.X =X X+t x =X
D, : Tinh chédt giao hodn

.y =Yy.X xty=y+x
D; : Tinh chdt k& hop

x. .y z)=(&x.y).z x+ (y+ z) =+ y+ z



D4 * Tinh chét loai tr¥t (nuét)

x.x+ y) =x x+ (x.y) = x
Céc tinh chédt trén ¢ thé ching minh mét c4ch dé dang va bing nhiéu cich khac
nhau nhu : Dya vao dinh nghia, dya vao d6 thi Vien, hay bing mach dién don gian.

Dinh fy 1.4.2. Trong mét dan bt ky, t&t cA cac phéin t¥ ciia né déu théa man :
a) Cac tinh chét tit D; dén D, & trén.
b) Tinh chdt bdo toan, nghia la :
Né&u x < y thi kéo theo x.z € y.z
x+ z sy + 2
c) Tinh chit b4t ding thic moédun, nghia la
Néu x < zthl x + (z.y9) € x + y).z
d) Tinh chdt bit ding thdc phan b4, nghia 1a
X.(y + 2) =2 x.y) + (x.2)
x+ (.z) £ X+ y).&x+ 2
Ching minh : Vi du ta ching minh tinh ch4t ¢) nhu sau -
Ta bist : x < zvdax<x+y nonedx g (x+ y).z
ys-x+y z.y € (x y).z
Vaytacs (x € (x + y).2) + (zy < (x + y).2) o6 két qua Ia
' x+ (z.9) £ (x + y).z

Tuong ty nhu vay cd thé ching minh cdc tinh chdt khac. Ti cdc dinh nghia vé dan
ta ¢6 th€ nhan thdy ring mot dan hitu han ludbn cd mot phén tir bé nhidt vA mot phén
ti 16n nhft. Phén t& bé nhit nhan duge tir két qua cta phép toén giao tAt ci cic phédn
ti cia dan vdi nhau, con phén t¥ 1n nhdt s& thu duoge bing phép todn hgp tat ca céc
phén t& ctta dan véi nhau

1.4.2. CAC LOP DAN DAC BIET

Dan cd th& duge phan chia ra ba loai l6p dan dac bist 1a : dan moédun, dan phan
b3 va dan phan bd bz (dan Boole). D€ phén biét cac 16p dan ta dua vio dinh nghia toan
hoc ctta ching nhu sau.

1.4.2.1. Dan médun

Dinh nghia 1.4.2. Dan D 1a m6t dan médun ndu no thdéa man bat ding thitc médun
sau

Néu x < z thi kéo theo x + (y.z) = (x + y).z

véi moi x,y, z€D
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B4t k¥ mot dan nado théa man dinh nghia d6 déu goi 14 dan médun, va tir dinh
‘nghia vé dan moédun ta cd th€ nhan duge dinh ly sau.
Dinh Iy 1.4.3. Dan D la mdt dan moédun néu va chi n&u thda man quan hé sau :
Néeux €s zmaedx.y =x.¥%
x+ y = x+ y thi kéo theo x = =z
Truéc hét ta ching minh diéu kién cén : Giad st D 12 mot dan moédun, déng thui

théa min cdc digu kién clia dinh ]y d4 néu thi nhan duge két qua 1a x = z. Véi x,y,zeD
ta cd :

x=x+ x.y (theo tinh chét D)
=x+ z.y (theo dinh 1)
={x+ y).z (theo dinh nghia dan modun)
=(z+ y) .z (theo dinh Iy)
= 2z (theo tinh ch&t Dy, tinh chdt nuét)

Diéu kién da : Ta phai ching minh réng néu théa mién dinh 1y thi kéo theo x = z
thi dan D 12 dan madun.

3

Tacd x+ {y.z) = x+ x.y) (theo dinh ly)
= X (thec tinh chit nudt)
= z (do thdéa man dinh ly)
= z.(y+ z) {(tinh chit nudt)
=z.x+ y) (théa man dinh ly)

Viy x + (y.z) z.(x + y) théa min dinh nghia dan modun.

Mot lop dAn quan trong khédc dd 1a dan phan bs. Tinh chdt phan b3 khong phai
phép toan nao cling ¢d, vAy lop dan phan bé thi cic phédn td cla né cé cdc phép todn cd
tinh phan bg, cu th€ ta ¢ th€ nhan bist qua dinh nghia cia nd.

1.4.1.2. Din phén bé
Dinh nghia 1.4.3. Dan D ]a mét dan phin bd néu né théa man eic phudng trinh
phan bo sau d6i vai moi x,y,z€D

X y+ 2y = .9+ (x.2)
x+ (y.2) = x+ y).&x+ 2z

Céc phén ti c6 tinh phan b6 d6i v8i cd phép toan nhan vA phép todn cong. Ti dinh
nghia dé ta ¢6 thé nhan duge dinh ly.

Dinh Iy 1.4.4. Dan D duge goi 1a dan phan b6 néu va chi néu ddi véi méi phdn ti
x,¥,2€D ta cd :

.y =z.yvax+ y =z + y thi kéo theo x = z
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- Chiing minh dinh Iy nay r&t d& dang thyc hién nhu & trén, chi cdn van dung thém
cac quan hé cla dinh ly. Tit dinh Iy ta suy ra dan phan b8 la mét dan modun va nguge
lai néu dan médun ed tinh phan b6 thi trd thanh dan phan bd. mét 16p dan dac cta dan

phan bd la dan phan b6 bt hay con goi 1a dan Boole nd 1a I6p dan quan trong nhit ma
ta quan tam. :

Cho mét dan D cd phén ti bé nhat 1a 0 va phan ti 16n nhat 1a 1. Vay néu cd phdn
tf x vd y thudc dan D thi luén luén cé quan hé :

xy=0vax+ y=1
Khi dg ching ta ndi : x la phdn bl cta ¥ vA nguge lai
y c6 phéan tid bu la x
D¢ cling chinh 12 diéu kién d€ tim phén biy, va hai phan t¥ bit ky n&u ching théa

man quan hé trén thi ndi ching 1a phén bt cla nhau. Ap dung quan hé d6 ta thdy cd
két qui sau :

0.1 =0vao0o+1=1
Vay ¢ thé€ ndi : 0 c6 phan ba la 1 va
1 ¢ phin bu la 0
Tw d6 ta co quar'l h¢ phi dinh (phép toan phu dinh) 1a :
0 phu dinh 1a 1 ky hiéu 0=1
1 phtt dinh 1a 0 ky hiéu 1=0

Trong cudc sdng ta thudng ndi phil dinh ¥ kién cda nhau diéu d6 ¢ thé hidu la
ching ta l&y phdn bl y kién cta nhau. Cing ti day bat ddu xudt hién phép tosn phu
dinh dé 1a phép tedn méi phép todn mét ngdi. Phép todn phu dinh la mét trong nhimng
phép toan quan trgng nhét cia dai s6 16gic—dai s8 Boole, phép to4an nay s& duge thuc
hién bang mach dao, mach phi dinh trong ky thuat.

Dgc di€m cla dan bu ¢d th€ nhan th&y nhu sau.

1.4.1.3. Din phén b6 ‘bix

Dinh nghia 1.4.5. Dan D 14 mét dan byl n8u nhu tit ci cac phén t cla né déu ed
phéan td bi.
Nhu vay mot cdch téng quat trong mot dan cd thé c6 nhitng phén tt khéng cd

phdn td b, nhung ngude lai ¢ nhitng phin ti c6 nhleu ph&n tit¥ bu. Nhung dic di€m
dd cé thé nhan thay trén hinh sau.

Trong cdc dan vé ¢ hinh trén ta thdy co nhitng phén t khong ¢ phdn ti nao nhu
cdc phan ti h,g,i,... vi khéng théa man diéu kién ctia phdn b@ cia hinh 1.23a. Trong
hinh 1.23b ta thdy c¢d quan hé :

b.(a,c) = ¢
b+ (ac) =1
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Hinh 1.23.

nhu vay b cé phin ti bl 1a (a,c) nhung khéng c6 quan hé :
c.a=?vdct+ a=7?
nhu vy dan D trong hinh 1.23b cd céc phin ti¥ khéng c¢d phdn tit bd 1a a va c
Con trong hinh 1.23c ta théy cdc phén t¥ cda nd déu cd quan hé :

ab=®dvaa+b=1 vy ¢6 a 12 phfin bu cda b.
be=dvab+c¢c=1 vay ¢6 b 12 phén bl cia e

cca=dvaice+ a=1 vy cd ¢ la phdn bl cla a.

Ké&t qua la moi phdn td¥ cia dan D bi€u dién trén hinh 1.23c déu cé phan tix by,

vy dd chinh la dan bu. Nhung moét phén ti khong thé cd nhiéu phin tir bl duge vi vay
cd dinh 1y sau.

Dinh fy 1.4.5. Trong mot dan phan bS bu, néu cd phdn tit bir thi phén td bu dd 1a
duy nhit.

Ching minh : Gia s a ¢d hai phén ti bi 13 b vA ¢, nhu viy ta ¢ quan hé :
a.b =0 at+ b =1
a.c = 0 a+t e¢=1

Mit khac ta cd :

b=D5bl =hi{a+ ¢) = (ba)+ (be) =0+ (be) = (ac) + (be) =
{a+ h.c=c¢

Nhu véy dinh ly 43 duge ching minh.

M6t dan phin b8 bu con duge goi 1A mot din Boole, nd 1a dan hai tri (0,1), gid tri
cuc dai 14 1 va gia tri cyc ti€u 13 0. Nhu vay s8 lugng phén ti ciia mét dan Boole la
ch3n, tic 12 néu c¢6 mot dan Boole thi ta s& tim duge mot s8 nguyén ducng n sao cho
s6 lugng phén i ciia dan Boole nhan duge la 2%

Tém lai tit cdc dinh nghia cia dan ta nhin thdy dan Boeole 14 tap con cta dan phin
b3, nd c6 ddy du cac tinh chdt cia dan phan bs, ma dan phan bd lai 12 t4p con cla dan
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moédun, t4t nhién dan modun phai la tip con cia dan, ta da biét dan la mét tap
mé trong dd cac phin tf cla nd déu ¢S cic phép todn giao va phép toin hgp, ndi
cdch khéc dan 1a mot tap sip x€p ma trong d6 hai phin tit bt ky x vad y c6 phép
todn giao va phép toan hdp, nghia ]a t4p hop cla dan la tap con cla tip sdp xép,
con tAp sap xé&p lai 12 t4p con cia tap hop ndi chung. Nhu vay chiung ta d3 di tu
ly thuyét tap (T), dén tap sdp x&p (TS), réi t4i dan (D), d&én dan médun (DM), dén
dan phan bé (DF), cudi cing
di dén dan phan bé bu
chinh 1a di d&n dan quan
trong nhdt dan Boole (DB).

Nhu vay dan Boole cd
day di cde tinh chét clia cac @
iop dan khac, va cling tit day
tréd di ta s6 chi ndi téi dan
Boole ma théi. Qua trinh dé
di tét dan Boole ciia chiing ta

dugc mo t& trén hinh 1.24. Hirh 1.24. T8 chitc dén dan Boolc.

§1.5. PAI SO BOOLE VA HAM BOOLE

Téi tiét nay ta da cd trong nhitng phép toin co bdn va quan trong nhét cia dai
s6 logic hay 14 dai s6 Boole d6 l1a nhimg phép toan hgp (+) phép toan hai ngoi, phép
toan giao () phép todn hai ngéi, v phép toan phd dinh (=) phép toan mot ngoi. Nhitng
phép todn d6 &d d€ tao nén médt cHu tric dai s8 hoan chinh, ditng ching ta cd thé gia
cong, bién déi ham logic dya vao cdc tinh chdt hay tién dé cta ching Tit cdc phép toan
dd ta cd mot cHu tric dai sé méi—dal sG logic hay 1a dai s8 Boole.

1.5.1. DAl SO BOOLE VA CAC TINH CHAT CUA NO

Dinh nghia 1.5.1. Dai s6 Boole la mot hé théng dai s6 <+ ,.,—, 0, 1, B> trong
dé B bac gdm cdc tap hgp, cdc phép todn hai ngéi cong (+) va nhan (.), vA phép tosn
mot ngoi pht dinh (-), cd gia tri bé nhédt 12 0 vA gid tri 16n nhét ]1a 1, thoa man cac
tién dé sau

b, : x.x = x X.X = X

Dy: x.y =y.x x+y =y+x

By: x.(v.2) = (x.y).2 x+(y+z) = (x+y)+z
D,: x.(x+y) =x x+{x.y) =x

Dy x.(y+2) = (x.y+(x.2) x+(y.2) = (x+y) (x+2)
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D6: xi=0 X+i=l

x.1 =x x+1 =1
x.0=20 T x+0

Il
"

X =x

Céc tién dé trén la co sd d€ bién d6i dai s6 Boole, ta nhan thdy day Ia mot cdu
tric dai s6 manh, vi nd cd nhiéu phép todn, déng thdi csc phép tosn ching hoan toan
doc lap véi nhau. Mot trong nhitng thé manh nita cia dai s6 nay ma cédc dai sd khac
khong thé cd dugc d6 la cac phép toan cla né d&u cd thé thuc hién duge bing mach
dién. Diéu dé cho phép ta lip mach dién cho phuong trinh toan hoc, va nguge lai mét
phuong trinh todn hoc c¢d mét mach dién tuong Ung. P6 1 modt khdi nibm méi ma chi
cé dai s6 ndy méi cho duge, méi c6 duge. T khdi niém d6 ta lai o6 thé nhan duge mét
khdi niém méi nifa 1a : bién d6i phuong trinh todn chinh 14 bign d6i mach dién hay ndi
mdt cdch khédc thay déi mach dién ta ding tién dé toan hoc. P6 la nhitng khai nhiém
rdt méj d8i vi cdc nha todn hoc cing nhu cdc nha ky thuat dién td, nhung nd sé rat
quen thudc véi ching ta sau nay.

Quan hé hai ngodi trén mot tap cia cdec phép toan dé duge minh hoa & vi dy sau
day.

Vi du : Cho dai s6 Boole 4 phén tit B, = (0, a, b, 1), quan hé hai ngéi ciia cic
phép todn thé hién trén cdc bang sau.

. 0 a b 1 + 0 a b 1 - 1
] 0 0 0 0 0 0 a b 1 ¢ 1
a 0 a 0 a a a a 1 1 a b
b 0 0 b b b b 1 b 1 b a
1 0 a b 1 1 1 1 1 1 1 0

Hinh 1.25. Cic phép toan co ban.

Cho t4p A = (a, b), xét moOt tap phan phéi cia tap A 12 P(A) ¢ quan hé véi cac
phép todn trong dai s Boole nhu th& nio.

P(A) = (P}, (a), (b), (a, b))

Tac déng cia ba phép toan lén tap P (A) dugc minh hoa bing cdc bang quan hé hai
ngdi va quan hé modt ngdi trén hinh 1.26.

Nhan thdy P (A) dang cfu véi B, cd th€ minh hoa trén hinh 1.26.

Vi du : Dai s8 Boole véi 4 phdn ti B, = (0, a, b, 1) ding cfu véi tich truc tiép cha
B, va B, trong dé B, = (0,1) va B, = (0,1).

B = B,XB, = (00, 01, 10, 11), diéu dé duge minh hoa trén hinh 1.27).

Mot trong nhing dinh 1¥ quan trong cia dai s6 Boole la dinh Iy De Morgan, quan
hé cta dinh l§ nhu sau.
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s | @ | @ | () |(ab) + [ (@) | @ | (b) {(ab) - 1
@ | ¢ | ¢ | P | ¢ @)y | ¢ | @ | (b) |[(ab) (#) | (ab)
@ ! ¢ | @] ¢ | @ (@) | (@) | (@) |(@b)|(ab) (a) | (b)
M ¢ | & { ®|® (b) | () |(@b)| (b) [(ab) () | @
l_(a,b) ¢ | @ | M [@b) (2,6} ] (a,b) [ (a,b} | (a,b) | (a,b) (ab) | (ab)

Hinh 1.26.
(a,b) 1

H 1t
a b (a) (b) a b o1 10
= <>
7 a) 2 ¢ &) 7

Hinh 1.27. Quan h¢ hai ngdi cia phép todn.

Pink & 1.5.1. Trong dai s6 Boole thi :
(a+b) =3.b
(a.b) =a+b
Ching minh : Ta cd quan hé
(a+b)+(@.b) = ((a+b)+§)‘(a+b)+5)) (Tinh phan phéi)
= ((a+§)+b)‘(a+(b+5))
=(1+b).@&+1)
=1+1=1
Dong thai :
(a+b).@.b) = ((@a.@.B) + (b.@ b))
={a.a).b + (b.b).a

=0+0=20
Viay (a.Db) 1a phan td bl ctia (a + b), do d6 théa mén :
(a+by =a.b

Bigu thic thit hai cia dinh ly ed th€ tu chiing minh theo d8i ngdu hoac dung bang
logie.

Dinh ly De Morgan la dinh ly binh thudng trong todn hoc nhung lai quan trong
trong ky thuat, vi né cho phép chuyén d6i gilta phép todn giao thanh phép toin hgp va
nguoe lai, didu do tuong tng vai vide chuyén d6i gita mach VA (phép giao) thanh mach
HOAC (phép hap) vA nguoc lai, viéec dd trong ky thuat duge dng dung d€ xay dung, lap
rdp cdc hé théng ¢ cliing mét loai mach hay chi ding mét loai mach (todn ding mach
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VA) hay (toan la mach HOAC), hay thay th& mach nay thanh mach khdc. Diéu dé6 cho
phép dé dang lap rdp, dé dang thay thé, dé dang siia chita mach dién trong hé théng
s6. Dd 1& dac diém cta hé thdng s6, mach s6 khdc hdn cac mach dién khic, va ta dé
dang nhan théy la trong nd cd rdt nhiéu mach giéng nhau, hay rdt nhidu IC gidng nhau
cung voOi loai ding trong mach s6 cing nhu trong hé thong sé.

1.5.2. HAM BOOLE VA CAC DANG TONG QUAT CUA NO (DANG CHINH QuY)

Trong phén quan hé va ham s6 ma ta da ndi & trén, mot trong nhitng khai niém
quan trong d8 hi€u ban chdt cia ham Boole la nghién ciu cdc &nh xa ctia Boole tit daj
s6 Boole 16n chinh ban thian nd. Ta di ed edu tric cia dai s8 Boole <+ , ., —, 0,1, B>
vdy ham cta nd dugde cdu tao theo dinh nghia sau.

Dinh nghia 1.5.2. Cho X = (xy, %y, .., x;) 12 t4p cdc bién clta dai s6 Boole B. Mot
dnh xa f cta B vao chinh ban than ndé goi 1a mot ham Boole n bign néu nd duge ciu tao
theo nhitng nguyén tdc sau :

a) Cheo a la mét hang s6 trén B. Ham hidng 86 c¢6 quan hé :
fX) = a
Cho x; 12 mét bién cia B. Ham chi€u cia ham Boole duge viét :

f(X) = x

1
b) Né&u f(X) 12 mot ham Boole thi f(X) cing la mot ham Boole.
c) Néu f(X) va £,(X) 1& cac ham Boole thi f(X). f,(X) va fi(X) + £,(X) cling la cdc

ham Boole.

d) Mot ham s6 dudc clu tao bang cach dp dung mot s6 hitu han ldn cic quy luat
k€ trén déu la ham Boole. Nhu vay ham Boele 12 mét ham sé duge cdu tao tid cdc ham
hang s8 va ham chiéu bang cach 4p dung mét sd hitu han ldn cic phép todn giao (),
phép todn hgp (+) va phép toan phu dinh (5). Tom lai khi tuogng tdc mot phép todn cua
dai s8 Boole thi ta vin nhan dugc ham Boole.

Ta cd th€ hi€u ham Boole mét cach chinh xdc theo dinh nghia todn hoe, nhung
trong ky thuat ching ta clng cdn hi€u ban chit cia ham Boole mét cdch chinh xde dé
ting dung. Ham s6, cd thé ndi ban chdt cia nd chinh ld sy rang bude, sy rang bude
gitta bign x vdi ham s6 f(x), nd clng chinh 1a sy phu thude, 1a quan hg, 1 sy tuong tac
lan nhau giita cdc thanh phén d€ tao nén mét chmic nang Cung oS thé hifu ham s
chinh 14 trat ty, 1a trinh ty ky thudt thuc hién mét chic nang nao 46, vay ham s§ da
duge hiu mat cdch 16ng léo hon. O day khi ta coi quan hé cia ham s8 f(x) léng léo
hon nhung thyc t&€ hon thi ta cng dé dang th& hién ¥ mudn, chuc nang, hay nhiém vy
cia minh thanh ham sé. _

Khi ta coi ham 6 f(x) trong toan hoc khéng cdn cing nhic nhu trudc nita ma coi
dd chinh 14 mot chde nang ky thuat thi ta da budc sang mét khdi niém quan trong
cia quyén sich nay chinh la chuyén y muén, nhiém vu, chde nang ky thuat thanh quan
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hé todn hoc, thanh phuong trinh toan, thanh ham s6 f(x) — ham s& trong todn hoc mdi,
ham s& cua todn hoc hién dai toan lagic.

Truée kia khi ndi t6i ham 6 12 ndi t6i phuong trinh f(x), nhung khi ta coi ham S8
12 mot chic nang ky thuat, thi chic ning cd thé bi€u dién khong & dang f(x) nita. T¥
ddé ching ta nhén thdy mot khai niém méi nita 12 : bi€u difn ham s6 khéng con & dang
f(x), ma & dang bang chic nang, bang chan 1y hay 14 bang that. Quyén sach nay sé cho
ta vai cich biéu dién ham sG duéi dang bang chic nang Lic nay ta hifu bang chdc
nang chinh 132 mot dang méi mé td ham s6, md ta quan hé rang bude, vi dyu nhu sy
rang bugc gitta tin hiéu vao (tin hiéu digu khi€n) véi ddp dng ra (tin hidu chdp hanh)
cta mét mach dién chdc nang logic nao dd.

Vi du : Cho ham Boole biu dién & bang chic ning trén hinh 1.28 : cho ham ba
bién f(x,, x;, x3) hoat déng theo bang.

Xq X2 X3 f3(X) X = (x1,%),%3)

0 0 0 0

0 0 1 0

0 1 0 1 f3, X) = f(xl,xz,x?,)
0 1 1 1

1 0 G 0

1 0 1 1

1 1 0 1

1 1 1 1

Hinh 1.28. Bang chitc nang—bang thuat ham Boole.

Bang d6 cling chinh 1a mét ham Boole theo todn hoe, va né cd modt phuong trinh
toan hoc tuong ¢ng. Nhung déng thdi nd cing chinh 13 mot chue ky thuit cia mach
dién trén hinh 1.29.

I

k Mach | KX o 2
(01) X X2 T diénm ¥ ® 1
XJ —ieg 55’

L

Hinh 1.29, Mach dien—ham Boole.

Mach dién do c¢6 hai thong tin chinh d¢ 1a : tin hiéu vao (X) va d4p ting ra f4(X).
Tin hiéu duge dua vao trén cdc ddu vao X|, Xy, X3, ching 14y céc gia tri 16gic 12 0 ho#c
1 tuong dng voi mic dién 4p 1a thdp hay cao, tin hiéu vio dg déng thdi tuong dng voi
cdc bi¥n 8§ (x, x,, X3) cfia ham s6 3(X) trong phuong trinh toan. Con dfu ra, hay dap
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Wng ra cia mach dién thi tuong Ung vdi k&t quad cla ham s {3(X) & phuong trinh todn,
nd cd gia tri logic 1a 0 hodic 1 dng v6i mic dién dp ra 1A thip hodc cao sé lam cho deén
bao sdng D t6i hay s&ng. Né&u dén bdo sang P ta thay bing mét may céng cu hay mot
quan hé chip hanh nao d¢ thi ta ¢d mot he théng chic nang don gian.

Phuong trinh toan hoc cla bang chic nang dé duge viét :
£, (X) = ((0 10 ©1 1 @go1n @10 a1t 1))

Ti phuong trinh todn hoe dd ta cd thé hi€u nhu sau : Ham s8 f3(X) sé cd gid tri
12 1 néu cho bién s theo quan hé (x,,x,,X;) hoac (x;,x,,%3) hodic (%,%;,Xq) ... cdn
£3(X) = 0 khi bién s8 la (X,,X,, X;). Didu d6 tuong dng véi dép dng ra cla mach dién
1am cho dén D edng khi cho tin hiéu vao 1a (0 1 0) hosic (0 1 1) hodc .., cdn dén D sé
tdt khi gap t8 hop tin hiéu (0 0 0).. |

Trong mach dién néi chung khi ndi téi "tin hiéu vao" 1a chi ndi téi tin higu dién
thuéin tiy nhu tin hidu vao anten TV, tin hiéu d6 hoan toan mang tinh ch&t bj déng.
Nhung trong mach logic thi "tin hiéu vao" thuc chét nd khéng chi 1a tin hiéu dién ma
con 12 ¥ muén clia ta nita, vi th€ trong mach légic tin hiéu vio cd tinh cha dong. Coén
ddu ra cia mach dién dién ap ra chinh 13 két qua dap dng cda ¥ mudn § dau vao. Vi
du ti bang chdc ning trén khi ta chi déng cho tin hiéu vao l1a (0 0 0) thi ddp dng ra
12 0 ding theo ¥ mufn cia ta, trong thuc t&€ khi ta bim lén ban phim cla may vi tinh
cing chinh 1a ta thé hién ¥ muén ctia minh, v man hinh cta mdy sé hién ra dap iung
clia y mufin d6 cha ta. Tuong tu cing giong nhu khi ta choi dién td b&m tay 1én ban
phim céa trd chai thi : y mudn cia ta hic bdm d6 sé tao ra tin hiéu vao dua vao trong
méy tinh, vA& dip tng ra cta no chinh 13 két qua dién ti thé hién trén man hinh. Vi
vay hé théng s6 chinh 14 hé théng th€ hién ¥ mudn cia con nguai t6i hé théng chép
hanh chitc nang théng qua mach lagic voi tin hiéu khép kin, tidc 1a tin higdu duge xi ly
trong ndi bé hé théng chid khong chuyén qua khing gian. ‘

Dac didm cia loai mach logic 14 tin hiéu vao rdi rac, d4p ing ra tin hidu & ddu ra
ciua mach cing § dang rdi rac, chd y&u ding diéu khi€n cdc chie ning.

T bang chic nang trén hinh 1.30 ta nhan thdy bang dé cd hai khu vue, khu tin
hidu vao (x;, %y, 1) va khu dép dng ra f3(X). Trong khu vuc tin hiéu vio bi€u dién toan
bo cic kha ning xdy ra & ddu vao cia hé théng - toan b cdc khd nang cho tin higu
vao. N&u ta cd 3 ddu vao tin hiéu thi 58 ¢ 8 khad nang dua tin hiéu vao khéc mhauy,
dé cling chinh 13 t4t cA toAn b cac kha ning cd thé cd cua tin hiéu vao. Vay néu ta
cé n ddu vao tin hidu thi s& ¢d 2" khd nang cho vao tin hidu. Khi ta néi tdi toan bo
moi khA ning clda tin hiéu diu vao thi cing cd nghia 14 nhitng kb4 nang dé 1a cua
- chung cdc mach dién cd cung sf lugng ddu vio, vay ndé lubn wubn cd dinh voi bit ky
chic ning nao cd cung s ddu vao, nhung & khu vue ddp dng ra f3(X) thi thay d8i gid
tri theo nhiing chdc nang khic nhau, tdc 12 méi mot chiic nang thi khu vyc dap dng
ra cd gia tri khdc nhau, cd dap dng ra khéc nhau. Didu dé dugc minh hoa bing vi du sau.
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Vi du : Bi€u dién bang chidc ning ctia nhifm vu ¢d modt mach dién cd ba dfu vao
ma ci hai ddu vao 6 cing gid tri 1 thi bdo, bang dd duge bi€u dién trén hinh 1.30,a.
Mot vi du khéc diung bang chdc nang md td k6t qua cia bd tdng cd ba ddu vao gia tri,
khi két qua tong bAng 1 thi bao trén ddp dng ra, bang duge minh hoa trén hinh 1.30.b.

31 X7 %3 5(X) Xy X2 X3 £3(X)
0 0 0 0 0 0 0 g
0 0 1 0 0 Q 1, 1
“ 0 1 0 0 0 1 0 1
0 1 1 1 0 1 1 0
1 0 0 0 1 D 0 1
1 0 1 1 1 0 1 0
1 1 0 1 1 1 0 0
1 1 1 0 1 1 1 1
a) b)
Hinh 1.30. Minh hga cic chiic ning cda ham Boole.
Nhén thdy hai ham s8 tuong duong véi
nhau néu ching cé cdc bang chdc nang hoin X £(x)
toan nhu nhauw, ndi cach khac hai chic nang 0 1
tuong duong thi bang that cia ching giéng
nhau. V6i ciach bi€u dién ham s6 nhu viy ta g ? ? = &
: 2=,
thay : 1 0 fa =X
Né&u od mot bign sé tao duge 4 ham bidu 1 1 i, =1
dién trén hinh 1.31,a.
Néu 6 2 bién s& tao duge 16 ham thiy ' Hinh 1.3,

duge trén hinh 1.31%b.

' n
T8ng quéat ndu ¢ n bién s8 nhan duge 22 ham s6 khdc nhau.

Ta da bist ham Boole c¢6 thé duge bifu dién bing bang chite nang ciing nhu bang
quan hé todm hoc, ma bang chuc nang (chic ning ky thuit) lai cd rdt nhiéu cho nén
bi€u thic toin hoc cing s& cd nhiéu. Nhung dudi dang todn hoc ta ¢d thé€ bi€u dién
bing mét bifu thdc tdng quat diung chu cho moi chdc ndng ddé la "dang chinh quy" hay
"dang téng qudt" cia ham Boole (dd 12 didu ma dai s6 khac khong cd). Dang "t8ng quat”
cia ham Boole cd hai dang tuong duong nhau 1a : Dang "tuyén chufin tic" (t6ng cua
cac tich) va dang "hoi chufin tic" (tich cia cic tdng), ching duge bifu dién nhu sau.

1.5.2.1. Dang tuyén chuéin tdc toan phin (tdng quit tich)

00..0

€ =] €.

£(xp,.-00%) = O f(@), .- 8) %X X35 ... X"
11.1
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X (x1,%3)
f{x;,x) Tén goi - Chiic nang
00 0l 10 11
0 0 0 0 fi=0 Ham 0 (hé¢ mach)
0 0 0 1 f = x% Ham AND (mach VA)
0 0 1 0 f3=x P % |Ham kéo theo khong didu kién
0 0 1 ¥ fs = x4 Ham chi€u x;
0 1 0 0 fs = x; € X3 | Ham kéo theo khong dao
0 1 0 1 fg = x Ham chiéu x;
0 1 1 0 |f=x®x; |Ham cong modul 2
0 1 1 L' |5 =X% * % | Ham OR (mach HOAC)
o I O |B=X¥% |in NOR (mach HOAC DAO)
1 0 0 Lo =% =% my tuong duong
1 0 1 0 fu = X3 : L s
Ham chifu x; phi dinh
i (1) (1} [1) fiz2 = X; © X3 | Ham kéo theo dio
fi3 =x Ham chifu x; phu dink
, : ‘1} o |f=x2% | Ham keo theo c6 didu kien
1 1 1 1 105 =%-X | Ham NAND (mach VA DAO
- fie =1 Ham 1 (d6ng mach)
Hink 1.31b.
. g X néu g = 0 )
Trong do : x;' = % néue = 1 (1 £1i=<n)

E = (e;, .., &) 1a s5 nhi phan n ky higu (n bién)

fle), .., e,) My gid tri bing 0 hoac 1 tuong tUng v6i chdc nang

Vi du : Cho mét chic nang ky thust & bang trén hinh 1.32.

T bang chdc nang dd ta cd bi€u thdc todn hoc tuong Ung cd dang :

F(%2:%3) = X)X X3+ X)X X3 + X . %y Xy + %X . %) Xy + X . Xy . X3

Ta co th€ dung dang tuy€n chufin tic toan phén d€ bi€u difn dugc chinh chife

nang ky thuat dé nhu bang chdc nang sau :
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f(xl ,X2,X3) = f(OOO) il iz‘i:;'f' f(OOl) il .§2.x3+ f(OlO) ;1 .X2i3+
+{(011) . X; . %y x5 + £(100) . x; . X, . X5 + £(101) . x, . X, . x5 +
+ P10} . x) x5 Xy + £(111) . x; . %) . x4
V@i chic nang cia bang trén ta thdy : -
f(000) = 0 nén toan bo tich f(000) Xy -Xp . X5 o6 gid tri bing 0. Tuong tu £(001) =
0 va £(101) = O nén tich s8 tuong dng gia tri cing bing 0, & day md&i tich s6 con duge
goi 14 mét implicing hay moét mintéc.
f{010) = 1 theo gis tri cia bang chic ning nén tich f(010) X} . X . X3 khéng bi mst
di trong bi€u thic cia ham s6. Tuong ty £(011) = 1, £(100) = L, £(110) = 1 va f(l111) =
1 cho nén nhitng tich (implicang) tuong dng véi chiing duge t6n tai trong biéu thdc todn

hoc. Két qua ta lai nhan dude bidu thic dang dang tuy€n chudn tic toan phén giéng hét
bi¢u thde da vist & trén :
f(xz,XZ,X3) = il.x2.§3+§1.xz.x3+xl.§2.§3+xl.xz.i3+xl‘x2.x3
Nhu vay khi bi€u difn ham Boole dudi dang tuyén chudn tic t8ng quat, néu nhu
mudn ¢6 nhitng chitc nang khic nhau chiing ta chi cin thay d6i gid tri cua fley,...e,)

bang 0 hogc bing 1 tuong dng voi chic nang ma ta cdn la xong, diéu dd chinh 1a co so
cia phin mém lap trinh trong may tinh sau nay.

1.5.2.2. Dang h$i chudn tdc toan phin : (tich caa cdc t6ng)
11.1

£(x,%0,...,%x) =] (f(el,...,en)+xf1+xe2+ ...+x:")
00.0 i
& X, nfue =0 )
o ox. = - i <
Trong dd : x; % néue = 1 1=is<n

E = (¢, ., e, 1& s6 nhi phAn n ky hisu (n bién)

fle), e, .., &) cd gid tri bing 0 hoac 1 tuong Ung theo bang
' chif¢ nang.

Vi du : Vin v6i chite nang cho & bang chie nang bi€u dién trén bang hinh 1.32, ta
biéu dién no duéi dang héi chufn tic toan phin nhu sau :

f(x,,%;,%3) = (f(000)+x1+x2+x3) : (f(001)+x1+x2+3('3) :
: (f(OlO) + x, +§2+x3) : (f(011)+x1+§2+§3) : (f(lOO) +il+x2+x3) :
: (r(101) + X, + %, +i3) : (f(110) + X%, +§2+x3)'. (f(lll) X X+ )

Do vn mo ta chde nang cho vi du & phén trén nén ta c6 quan hé £(010) = 1, ma
trong dai s6 Boole lai ¢ tinh chdt 1 + x = 1, cho nén téng (1 + x, + X+ x3) = 1

do d6 né khong cén viét trong quan hé tich (coi nhu tdng dd bién mit). Tuong tu nhu
the ta bigt £(011) = 1, £(100) = 1, £(110) = 1 va f(111) = 1 nén t8ng c¢d chda cac gid
tri d6 cd thé bd qua trong phuong trinh.
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Viy chi con cdc gis tri £(000) = 0, ma 0 + x = x, cho nén tdng c6 chuia f(000) s&
ton tai (0 + x; + x, + x9) = (x; + x, + x5). Tuong ty nhy vay cic téng cd chia céc
gia tri £{001) = 0 va £(101) = 0 thl tén tai v duge viét trong dang h{i chufin tic toan
phan ta nhan dugc dang nhu sau -

f(x),%, %) = (x; + x5+ x3) . (%) + X5 + X3) . (%] + X, + X3)
Sau d6 ta pha ngodc va dya vao quan hé x,.x, = 0 d€ rit gon thi s& thu dugc két
" gqua cia ham s8 gidng hét dang tuyén chuin tdc quen thudc cia ham s§ dé. Mdi mot
tdng con duge goi la maxtéc. .

Nhu vay mdt ham Boole cd thé duge, bi€u dién hoan toan nhu nhau & hai dang
"dang tdng quat" 1A tuyén chuén tdc hodn toan phdn va hoi chudn téc toan phén. o)

dang tuyén chufn téc todn phén thi ta chi chd ¥ téi cdc gia tri 1 clia ham s con &
dang héi chudn tic toan phdn thi ta chi chd y t6i c4c gia tri 0 cia ham sd.

1.5.3. HAM BOOLE VA CAC PHUONG PHAP BIEU DIEN

D61 voi cac loai dai 6 khac (dai s6 e8 dign) viée chuyén d8i gitta cdc dang ham s6
cia chding vdi nhau rit phic tap va cin rdt nhidu cdc diéu kién k&ém theo dua trén cic
dinh 1y toan hoc. Mac du vay khi chuyén déi duge d6i khi vn cd sai s6 kém theo,
nhung khéng phai phuong trinh todn hoc nao ching ta cing cd th€ tim duge phuong
trinh tuong duong cia nd bifu dién & dang khac, d¢ I diéu ching ta déu biét. Nhung
vai ham Boole thi cong viée dé lai hoan khéac, ching ta cd thé chuyén d6i dé dang méot
ham Boole ti dang nay sang dang khdc ma khong cén b&t ky mét diéu kién nao, ma két
qua nhan dugce hoan toan chinh xdc.

Ching ta cd rdt nhiéu dang bi€u dién khac nhau cia cing mét ham Boole, diéu d¢
cho phép chiing ta nhin nhan duge t8i da sy hidu biét mét ham Boole dudi céc gdc canh
khac nhau dé hifu ng, va tin dung uu th& d6 d€ st dung thich hgp cho minh.

15.3.1. Dgng bdng chuc ning

Bang chic nang 12 dang rdt quen thude, 14 dang co ban va la dang quan trong
nh4t. NS cho phép chiing ta thé hién ré nhit va d& nhit nhiém vu k§ thuét cia minh,
vi du bang chic nang trén hinh 1.33.

X| X2 X3 1(X) X = (x15%2,%3)
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 0
1 1 0 1
1 1 1 1

Hinh 1.33. Bang chilc ning
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Voi cach bi€u dién bang bang cho phép ta d& dang dién dat cic chde nang ky thuat
theo ¥ muén cia minh. Tit bang chdc nang ta cd thé bifu dién nhiém vu ky thuat d6
mét cach dé dang dudi dang todn hoec nhu sau.

1.5.2.2. Dang biéu thiec toan hoc f(X)

Vin tit bang chuc nang bifu dién trén hinh 1.33 thi dang bi€u thdc todn hoc cia
nd nhan duge dé dang vA quen thudc nhu sau :

f(xl,X2,X3) = il,x2.§3+}_{1.x2.x3+x1.iz.i3+x1.x2.§3+x1.x2.x3

Khi bi€u dién dugc moét nhiém vu ky thust thanh mét bi€u thic tosn hoc tuong
ung, thi ta ¢d thé bién d6i bigu thidc todn hoc dd theo cdc tién dé, diéu dé déng nghia
vGi viée gia cOng chic nang ky thuat, sau ndy viéc 1am dé s& 1a thay déi mach dién
bing bign d8i todn hoc.

1.5.2.3. Dang ma s6 véi cic gié tri (0,1)

Tuong dng voi vi dy trén ham ba bién dd c6 th€ duge bidu dién dudi dang khac -
dang (0,1) nhu sau :

f(x1,%,%3) = ((010) (011) (100) (110) (111

Céch bi€u dién nay dé dang dua s6 liu cia ham s6 vao may v6i s6 lyshg bién l6n
d€ mdy tinh bién ddi, déng th¥i ta cing hi€u cich dua tin hidu vao cla hé théng ky
'*thuat‘ ’

1.5.3.4. Dang gia tri con s6 nhi phin

Ung v6i cdch bi€u dién chic nang ky thuat (ham sé logic) & dang (0, 1) thi né cd
cic gia tri cia con s kém theo nmhu sau
f(x;, %5, X3) = (2, 8, 4, 6, 7

Véi cach bi€u dién nay ta cd thé don gidn héa cach th€ hign ham logic, th& hién
gon ghng hon nhung van chia ddy du cdc théng tin céin thist.

1.5.3.5. Dang bia Kicné (Karnaugh)

Mot trong nhitng cdch bi€u dién ham logic duge Ung dung nhidu nhit trong viéc
bién d8i va gia cong todn hoc la bia Kacnd. D6 13 dang biu dién rdt thuan lgi cho hign
d8i ham légic, diéu d6 sé dugc ndi ky
trong phdn rut gon ham légic sau nay. Bia

XoX
Kécend cia ham 16gic trong vi du & trén cd XKS 00 01 11 10
dang nhu trén hinh 1.34.

Nhin vao bia Kécné théy cd cfu tao 0 1 !
hai truc (truc x; va truc x; x4), tt hai 1 1 1 1
truc dd tao ra cdc toa do trong bang, méi

mdt & trong bang tuong ing véi mot toa .
Hinh 1.34. Dang bia Kécno.

59



do nhét dinh. Trén hai truc cd cdc gid tri (0,1) khi ghdp ching lai thi tao ra toa d6 cta
6 dd ((010) — X, x5 X3), d6ng thai gia tri (010) d6 ciing 1a t8 hop cia tin hidu vao cia
hé théng - nd ciing ing véi mot tich s6 trong bi€u thic toin (hai tryc tuong ing voi
tap tin hiéu vao cta chde ning), con cic 6 bén trong bia K ldy gid tri 1 hoac 0 (thudng
1a 6 bo trfng) tuong dng véi f (x|, x,,x5) trong bang chde ning, d6 cing la dap dng ra’
cia hé thong ky thuat (ddp dng ra cta mach dién).

1.5.3.6. Dang hinh hoc cia ham lbgic

Van véi ham ba bién f(X) trong vi du trén, thi ham d6 c6 thé duge bi€u dién trén
hinh 1.35.

Xy

Voi c4ach biu dién nhu
vay & dinh ¢6 chim dam trén
hinh tuong dng véi dap dng
ra clia ham cd gid trj 1 con
khong cd chdm dng v6i gia
tri 0. Ta cé thé bidu dién 101
ham b6h bién duva trén hinh
1.36.

Bidng cdch chim dam _
vao cdac dinh cia hinh v& oat
ing véi ddap dng clia ham
bén bigén la 1. Hinh v& dd X3
cing 12 dang khéng gian bén

Hinh i.35. Dang hinh hoc him Boole cu thé.

5
1000 1100 A =0
1519
1010 X
oooe ﬂf”\ . _i
H
1801 te
2018 o110
1071 11
\ 8001 101 X‘= 7
%

gor1 o X
4

~‘Hinh 1.36. Ham Boole trong khong gian 4 chidu,
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chiéu cia ham légic bén bién. Tuong tu bing cach v& nhu vay ta cd thé bidu dién
khéng gian n chiéu cua .ham lagic.

§1.6. LY THUYET NHOM, VANH VA TRUONG

Trong t8 chifc todn hoc cling nhu trong t§ chie clia cdu tric dai 88, khong phai lic
n&o ta cing s dung hét cdc phép todn trong t8 chic cia nd dé thé hién mét quan hé
tuong tac tinh toan, ma cd hic ta chi dung mét hoac vai phép tosn dé thé hisn. Tir do
ta ¢d t8 chidc toan hoc nho hon - cdu tric dai 6 nhd hon va cd tén goi cho nd tuong
Ung, diéu do dugc thé hién trong phan nay. Déng thdi dé khi ta tu dinh nghia 14y phép
todn (s€ noi cach thyc hién & phan tigt 1.10 tiép sau) thi bidt duge két qua dd thuse
vung ndo cia quan hé toan hoc, va ciing bigt duge t8 chic toan duge tao ra dé cd la
mot quan hé todn hoc tron ven hay khéng - mét hé ham day da hay khong.

1.6.1. NHOM

Nhém 1a mét cfu tric dai s nim trong hé thdng dai s6 nhé nhdt duge dinh nghia
nhu sau.

Bink nghia 1.6.1. Cho mét he thdng dai s6 (A, *), trong dd A 1a mét tdp cdc con
6, con * la mét phép toan hai ngéi duge dinh nghia trén A thi tao ra mdt hé théng dai
g6 nho nhat.

Vidu:cho N = (0,1,2,34,5,..n) 1a tap céc s6 nguyén dudng.
Ta 6 cac cdu tric dai s6 nhd nhdt do 1a : (N, . ), (N, +) ...

Dinh nghia 1.6.2. Trong hé théng dai s§ (A, *), néu ton tai mdt phdn tU e thude A
(e € A), thi e duge goi 1a phan td don vi néu va chi néu d6i voi mdt x bat ky trong A
ta cd quan hé :

€4 X = X4 € = X
Vidu:Cho N = (0,1,2,3,4,5, ..., n

Ta cé mot hé théng dai s6 la (N, ») thi phan t& don vi cia nd la (e = 1) vi théa
méan :

l.x=x.1=x

Dinh Iy 1.6.1. N&u t6n tai mét phén td don vi e d6i véi mét phép toan hai ngdi trén
A thi phan td dd¢ 1a duy nhat.

Dinh Iy nay c¢ thé ty chitng minh.

Dinh nghia 1.6.3. Cho (A, *) 12 mot hé théng dai s6. Trong dé * la phép todn hai
ngdi trén A. Hé¢ théng dai s6 (A, *) duge goi 12 nita nhém néu thdéa man -

- * ]a mot phép todn ddng trong A
- Phép todn * ¢d tinh chdt két hgp, nghia la :
V abe € A ta cd

(a*b)-*c:a*_ (b,
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Vidy: Cho A = (2,4,6,8,..n) 12 tap s6 chan.
Thi hé théng dai s6 (A, +) goi 12 niéta nhdm.
Con hé thdng dai s6 (A, +) khong duge goi 1a nla nhom.
Vi phép todn chia + khong cd tinh chét két hop.

Dinh nghia 1.6.4. Nia nhom ma t6n tai phén ti don vi thi duge goi 1a moét vi
nhom.

Ta dé dang tu tim ldy vi du vé vi nhém.

Dinh nghiz 1.6.5. Cho t4p A v mot phép todn hai ngsi * trén A voi phan ti don

vi la e. Phén ti ¥€A dude goi 1a phén tl nghich ddo cia xEA, néu ching c6 quan hé
sau : :

x *xX =% *x =¢e
Binh Iy 1.6.2. Trong mot vi nhém (A, *, e) néu t6n tai mot phin ti nghich dao thi
phén tit do ]a duy nhit.

That vay, gid st x 6 hai phdn ti nghich ddo 1a x’ va x”, theo dinh nghia ta ¢d thé
vigt :
¥ =¥ fe=x*@X*x) =@ *x)*x" =¢e*x" =x"
Dinh nghia 1.6.6. M6t vi nhém (A, *, e) ma trong dé mdi phdn td ctia né ¢d mét
phin ti nghich dio tuong dng thi goi 14 mot nhom.

Vi du : Cho N la mét tap tdt cA cac s6 nguyén duong va + la phép toan cong
thong thudng cac sé nguyén. Thi r6 rang hé théng dai s6 (N, +) 12 mét nhém véi phdn
td don vi 1a 0 va phén t¥ nghich ddo cha phidn td x 14 —x (vi x + (-x) = 0 = e).

Dinh nghia 1.6.7. Nhém (A, *) goi 14 mdt nhédm giac hodn néu phép todn * c6 tinh
giao hoan.

Vi du : Nhdm (A, +) 12 nhém giao hodn vi phép todn cdng cd tinh giao hodn.

Nhém (A, +) khéng phai 1a nhém giac hodn vi phép todn chia khong cd tinh giao
hoan.

Pinh nghia 1.6.8. Cho (A, *) 12 mot nhom, B 132 mét tdp con cta A, Hé théng dai
g6 (B, *) goi 1 mdt nhém con cia A néu ban than (B, *) cling l4 mét nhdm.

Sau day ta s&8 xét dén cdc hé théng dai s6 véi hai phép todn hai ngdi, nghia la di
dén cdc khdi nhiém vé vanh, mién nguydn va trudng trong phédn tiép sau day.
1.6.2. VANH
Pinh nghia 1.6.9. Hé thong dai s6 (A, +, «) duge goi 12 mdt vanh V néu théa min
cac didu kién sau : '
- (A, +, 0) 1A mét nhom
- (A, +, 1) 1A mét niia nhom.
- Phép toan nhan cd tinh phin b8 d8i véi phép coHng tide 1 :
X.(yvtz) =x.y + x.z Vx,y,z €A
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Vanh V goi 1a vanh giao hoén néu phép nhan cd tinh giao hoan.

Binh § 1.6.3. Cho x va y 1a hai phén tif thudc vanh V, hai quan hé sau day luén
ding :

- x.0=0.x=0
- x.(=y) = (x).y = -x.y
- (-x).(-y) = x.y
Dinh nghia 1.6.10. Vanh (B, +, ., 0, 1) ¢6 it nh&t hai phin ti duge goi 1a vanh
Boole néu phép todn nhan co tinh chat luy ding, nghia 1a : x . x = x xEB
1.6.3. MIEN NGUYEN VA TRUONG
Dinh nghia 1.6.11. Hé thdng dai s§ véi hai phép toin hai ngti (A, +,.) duoe goi 13
mét mién nguyén néu thod man cac digu kién sau day
-{A, +) 1a m6t nhém

- Phép toan nhan cd tinh giao hodn. Déng thdi nfuc # O ma cé c.a = ¢.b thi
€6 & = b, v6i 0 la phén t& don i,

- Phép todn nhan cd tinh phan b déi voi phép todn céng.

Vidu: Cho A = (tap hgp cac s6 nguyén duong), con cong (+) va nhan (.) I cac
phép toan théng thudmg. Thi hé thdng dai s6 (A, +, .) 1a mot mién nguyén.

Dinh nghia 1.6.12. Hé théng dai s6 véi hai phép toan hai ngoi (A, +, .) duoe goi 1a
mot trudng néu thda man :

~ (A, +, +} 12 mot nhém.
-(A, +, 0,.) ]2 mdt nhém.

- Phép todn (.) cd tinh phan b8 déi voi phép todn cong (+).
1.6.4. HE HAM DAY DU

Bat ky mét hé théng dai s6 nao (A, N) cing cdn cd mot tap A céc phép toan, nd
bao gbm rdt nhiéu cdc phép toan khae nhau véi muc dich 1a tit cdc phép toan d6 ¢S thé
bi€u dién dugc moi quan hé todn hoc (ham s6) ¢6 thé cd thude chu tric dai s6 d6. Khi
do ta ¢d mot quan hé toan hoc hoan chinh tron ven, nhu vay ta da cé mot hé ham ddy
du.

Dinh nghia 1.6.13. Mot ciu tric dai s6 (A, N) véi N 1a tdp cdc con s6 con A 1A tap
cdc phép todn, ma vOi cdc phép toan trong A cd th€ bifu difn dugc moi quan hé todn
hoc ¢S thé ¢6 cha dai s6 dd thi dugce goi 1A moét he ham dby du.

Vi du : Cqu tric dai s8 ((+, — e, ) (0,1,2,3, ., n) - (A, N)) dd 1a moét hé ham
day du, vi v&i b8n phép toan dd ta cd thé bigu dién moi quan hé toan hoc cia dai s6 dd.

Cdu tric dai s6 ((+, -, +), (0,1,2.3, ..., n)) cling 12 mét hé ham ddy du vi phép
todn nhén cd thé duoc thay bing phép toan chng.
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Cau truc dai sb ((—, -, +), (0,1,2,3, .., n)) day khong phai 1a mét hé ham day du
vi thi6u phép todn cdng nén khong thé bifu dién duoc hét cdc quan hé tedn hoc can
thiét.

Tuong ty trong dai s6 légic cling c¢é thé 1ay cac vi du 1.6.2 sau :

Cdu trac dai s6 <(+, ., =) (0,1}, B)) ds 12 mot he ham day da vi bidu didn duge
mol quan hé todn hoc can thiét.

Cau trdc dai s6 ((+, .}, (0,1), B}) 1a hé ham khong ddy ¢ vi thiSu phép todn pha
dinh nén khéng thé bifu didn duge hét cdc quan hé todn hoc dé ra.

Trong phdn nay ta di dua ra mot loat cdc dinh nghia d€ nhéan biét va phan biét cdc
t8 chic dai s6 ndi chung, dua vao d¢ ta cd thé hidu bist cdc hé théng dai 8 mdi nac dd.

§1.7. DAI SO CHUYEN MACH VECTO VA HAM CHUYEN MACH VECTO

Pai s6 Boole hai phdn ti (0,1) cdn dugc goi 1 ham chuyén mach vécto, vi hai gia
tri 0 va 1 c@ia dai s8 tuong dng véi hoat dong cua cong tdc chuyén mach "ddng" va
"md", dong thdi nd cGng duge Ung duﬁg trong cic hé théng chuyén mach dién tu hién
nay. Vay khi nghién citu tdi dai s6 chuyén mach véeto chinh 1a xét t&i dai s6 logic - dai
s6 Boole hai tri, d6ng thdi ndi téi dng dung cia chuyén mach trong hé théng: Ta biét
cdc anh xa Boole tit dai s& chuyén mach véctd vao chinh ban than nd goi 1A cidc ham
chuyén mach vécts, dé cing chinh la mach dién cia chic nang. Ham chuyén mach
ngodi cac phép todn co ban cia nd 1a OR, AND va NOT, thém NOR, NAND, ta con cho
thém vao cdc phép todn mdi theo yéu cdu ky thudt d6 12 phép todn bu tdng quat XP va
phép toan qua'y X tao thanh dai s6 chuyén mach hoan hao, cho phép ta tac ra nhing
linh kién dién ti diéu khién theo chuong trinh. Dd la dng dung quan trong cla dai s6
chuyén mach véctd, cing chinh la su két hop gilta todn logic vdi cong nghé dién tu tao
ra CPU, MP... PROM bo nhd didu khi€n theo chuong trinh. D€ hi€u duge diéu dd trude
hét ta tim higu cac dinh nghia va dinh ly cda dai s8 chuyén mach.

1.7.1. DAl 8O CHUYEN MACH

Cing nhu dai sé Boole hai tri dai s6 chuyén mach cd dang (+,., —, 0, 1, B), trong
d6 cac phép toan hai ngoi (+) duge thay bing mach OR, phép todn nhéan (.) dugc thay
bing mach AND, con phép toan mét ngdi phi dinh duge thay bang mach NOT, déng
thoi ching thod man cac tién dé t¥ D; + Dy cha dai s6 Boole. Dai s6 chuyén mach cd
mot s8 cdc dinh Iy co ban nhu sau.

Pinh Iy 1.7.1. Cho X .= (x|, Xy, .., X,) 14 cdc bién nhi phén thube dai s8 Boole, ching
ta co :

(X, +X+ ... FX) = XX ... Xy

(XIQXZQ.‘..gxn) = i1+§2+ ‘..+§n

Dinh 1y nay duge goi 1a dinh ly De Morgan t8ng quét, nd ¢d thé ching minh mgt
cach dé dang bing phuong phdp truy ching.
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Dinh [y 1.7.2. Dinh ly Shannon cho biét két qua cia phép todn phd dinh mdt ham
chuy€n hach nhu sau :

(f(xl,xz,..‘,xn),-l-,.) = f(il,iz,...,in,.,+)

N6i cach khdc khi phu dinh mét ham chuy&n mach ket qué nhan duge la pht dinh

cua cic bién s6, con phép toan nhan (AND) chuyén thanh phép todn cong (OR) vA nguge
lai.

Vay £(x,,%5,%3) = (X[a%; + Xg)o (%) + X, + X5)

Két qua dé ta cd thé dé dang nhan duge béng cdch bign d8i toan hoc dua viao dinh
Iy De Morgan va cdc tién dé todn logic.

Dinh I 1.7.3. Mot ham chuyén mach bit ky cd thé duge biSu dién dudi dang tuyén
chinh quy :

(11..1)

1= [=
f(x),%5,...,%) = E (xll.xzz...xfl")
(00..0)

YV (e;,e,...,e) nfu cé két qua fle,e9,...,¢) =1

hodc dudi dang hdi chinh quy .
(11..1) _ - _

f(x1,%,...,%x) = H(:-:1 +x2 ..+x§3)
(00..0)
V e ,ep,...,e) néu cd k&t qua fle, ey .., e =0

Binh 1y nay rft d& hi€u vi d6i voi dang tuyén chufin tic thi gid tri cia fle, ey, ...,
e;) = 1 lam cho tich s6 c4c bién tuong dng cia nd t8n tai, cdn ddi véi dang hoi chudn
tdc thi gid tri cia f(e, e, .., e,) = 0 lam cho téng cdc bign sd tuong dng v4i nd tén tai
trong dang hoi.

1.7.2. PHEP TOAN BU TONG QUAT VA PHEP TOAN QUAY

Trong cudc séng con ngudi sit dung nhidu phép todn khéc nhau theo cac nhu cau
khac nhau cla todn hoc, va ching cd cdc ngubn géc khac nhau. O day, tit nhitng nhu
cdu cta thuc t& k¥ thuat ta cd duge nhitng phép toin méi, dd 1a phép todn bu tdng quat
(XP) va phép toan quay X). Nhitng phép todn méi nay két hop véi cic phép toan khac
cua dai s8 chuy&€n mach tao nén mo6t hé théng todn hoe tuyét voi lam co sd toan chad
y&u cho phép ché€ ra cic IC ¢t l4n va quan ly theo chuong trinh, ching duge dinh nghia
nhu sau.

1.7.2.1. Phép todn bu tong qudit (4P)

Dinh nghia 1.7.1. Cho X = (x;, %, .., x,) 12 bién thubc dai s6 boole, phép toan bii
téng quat (XP} cta X theo digu kién p duge thyc hién bing cich b cdc gid tri thanh
phdn cta X theo cdc gid tri thanh phén tuong dng cha p, véi quy dinh x; (1 < i < n)
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sé dugc bl néu p, = 0 va sé khﬁng duge b néu p; = 1, & day p; 12 thanh phén thy i
cia p.

Vi dy : Cho truéc p = 101 (¥ dinh b thudng dugc bigt trudc)
néu bist X = 011 — XP = 011'% = 001 (v bt phén t& tha 2)

X = 100 — XP = 100" = 110 (d6 14 két qua tinh todn)
Phép todn bl tdng quat la phép todn

mdt ngdi, néu bist m?i gia 'tri. cla X ta sé Cho p = 101 X xP
co toan bd két qua tinh todn cha nd theo
p trén bang & hinh 1.37. 000 010
Ta thiy néu cd gia tri cia X va mot g?é g{l)(l]
gia tri cho trudc cua p thi phép todn XP 011 001
cho ta gia tri 1a modt con s6 nhi phan, cdn 100 110
p thuong 14 mét nhiém vu ky thuat phu 101 111
dinh tdng quat da bist trudc. 110 100
. 111 101
Néu cho truge p = (0,0,...,0) thi duge

két qua ciia bit toan phan (b1 toan b cdce
gid tri cua X), ndi cach khic bia toan
phan 1a truong hgp riéng clia phép todn
bl tdng quat.

Hinh 1.37. Phép toan biz tdng hop.

1.7.2.2. Phép toan quay phdi va quay trdi

Pinh nghia 1 7.2, Cho X = (x},%p,..., X) lé vécto bign cua dai s§ Boole hai tri. Phép
toan quay phai (X) va phép todn quay trai (X) cia X dude dinh nghia nhu sau :

X = (X, %1, %p, .-, Xp1)
L =
X = (X3,%4,...,%,,%3)

Vi du : Che X = 110 phép todn quay phai va quay tr4i cta X duge tinh nhu sau.
X =011 vaX = 101

Né&u cho biét cac gia tri cia X thi két qua clia phép toan quay phai va quay trai
cua X nhan duge ¢ bang trén hinh 1.38 sau.

- -
Phép todn "quay phai" va phép todn "quay X X X
trai" ching la phép toan mot ngdi, cho trude
4 bul _— 000 000 000
mét gid tri cia X ta sé tinh duge két qui quay 001 100 010
cia nd, nhan thiy két qua cling cho gid tri nhu 010 001 100
moi phép toan khéc Phép todn quay phai (X) 011 101 110
vid quay trai (X) khong chi duge diang dé tinh - 100 010 001
. X " i 101 110 011
toan ma con két hap vdi phép toan b tdng 110 011 101
quat (XP) tao ra kha ning quan 1y ma trén 111 111 111
di€ém trong kj thuit.

Hinh 1.38. Phép todn quay mot ngoi.
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Dinh nghia 1.7.3. Cho X (x|, x,, ..., x,) I bién ctia dai s6 légic, n#u thuc hién quay
X nhiéu.ldn (n lan) vad khong chi y dén chiéu quay duge viét nhu sau :

n lan
(n) .y '
= (..(X)..)

Toén ti quay n 14n theo dinh nghia trén 13 quay ciing mot chigu quay tdt ci theo
chidu phai hodc tdt cA theo chiéu trai. . ’

Tu khai niém ciia phép todn bu t8ng quit va phép todn quay, va két hgp véi cac
phép todn khdc cla dai s6 légic chung ta da tao ra mét cfu tric ddy di va hodn chinh
cua dai s chuyén mach vécts, né duge dinh nghia nhu sau.

Dinh nghia 1.7.4. Mot cdu tric dai s6 (+ . X X, 0, 1, B) trong dd cd hai
phép todn hai ngdi 1a cong (+) va nhian (.}, va ba phép toan mdt ngdi 14 phu dinh (=)
bu téng quat (XP) va phép todn quay (X) vdi gid tri 16n nhét la 1, gia tri bé nhat 12 0
con B 1a t4p cac bién duge goi 12 dai s6 chuyén mach vécto.

1.7.2.3. Cdc tinh chét va tién d¢ cdic phép toin

Céc tinh chét (tién d6) cia phép todn bl tng quat va phép todn quay nhu sau :
-x* =X, X'=Xagday & =(0,0,..,0, I=¢,1,.., 1
_pp=1,;=pﬁ='ﬁp=0 '

-pPP=X®&p

p, néu va chi néu XP1 = XM

-p
- XPP = (XP)P = X(Pp) = X

2n—1
- XP = XP

-pf =1 néu n 1§ pprl = p néu n chin

- X X5 = Xpl sz XE)I.XEZ = XX
f‘.sz) = XU+ X2 Xp1+x; = X'+ X2

- K+ X = XK

- X XYP = (il+§2);}
- (x‘l’1+x§2)p3 = (xfl.xng“
- (XD < (x + x5
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(n)
-X =X

—— -~ o~
- X X)) = X%

——? ~ el
EitXy) =X +X

B (n-1)
— e

-XH.XP),..X?) = 1 n6u X = p, bhng 0 néu X = p
(n-1)

_ L —~—
X+ (XP)+... + X =0 ntu X = p, bing 1 ndu X = p
1.7.3. HAM CHUYEN MACH VECTO

Mot cou tric dai s6 gdm cdc phép todn méi duge dua vao kém theo cdc tién dé cta
ching cho phép ta tao ra ham 86 cla dai 86 méi. Cing nhu céc dai s6 ndi chung ham
chuyén mach vécto duge tao ra dua trén dai s8 chuyén mach vécto va o6 cfu tric téng
quit theo dinh nghia sau.

Dinh nghia 1.7.5. Cho (X, X;, ..,.X)) = X la cdc bién vécto, ham chuyén mach
véctg duge dinh nghia nhu sau :

- Cho A 12 hing s8 cta ham chuyén mach. Ham hing cd cfu tao :
FX) = A (ham hing)

Cho X, Ia tAp cac bi&n, ham chiu duge dinh nghia :
FX) = X, trong dd (1 £ 1 < n) (ham chiéu)

- Néu F(X;, X;, .., X,) 13 ham chuyén mach thi FPXD, %2, ..., X" cang Ia

ham chuyén mach vécto déi v&i cdc gid tri bat ky cua p;. nl n2 nn

- Néu F (X, X,, .., X,) 1a ham chuyén mach vécta thi F (X;,X,,....X,) ciing la
ham chuy€n mach vécto.

= Néu F| (X) va F;(X) 1a ham chuyén mach vécto thi (F; + F,) va (F, . F) cing
la ham chuyén mach vécta.

~ Mot ham s6 dude tao ra bing cich dp dung moét 88 hitu han ldn cac quy luat ké
trén thi cing 12 ham chuyén mach vécto. .

Tu cfu trdec cia ham chuy&n mach ta ¢d mot s4 dinh 1y va cdc dinh lust todn hoc
tdng quat 4p dung cho nd, cdc quan hé toén hoc téng quit dd cing tuong Ung va diing
véi cdc quan hé& clia dai s§ Boole thong thudng nhu sau.

Dinh ly 1.7.4. Dinh ly De Morgan t8ng quat :

p P p P p
. NI ol IR (LR (R o

) o "
XA LX) = (KL XL X
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Dink & 1.7.5. Dinh ly Shannon téng quat.
PPl P2 P TP Pl D2 Pn
F X' X0, X+, ) = P, x32, x4
Céng nhu ham Boole ham chuy&n mach vécto cing cd dang chinh quy dang t8ng

quat cia nd. O day ham chuy&n mach khi c6 thém cdc phép tosin méi phép todn bu
tong quat XP va phép toin quay X da tao thém cho nd cd cfu tréc rit 16n, gém tap cac

tin hiéu vao
X = (Xl’ Xz, ey Xm) trong dd Xl == (xl, X9y -y xn)

voi {1 £ i € n)

vi tap cdc ddp dng ra

F = (f}, f3, .., f,). Mot tin hiéu vao cu thé x; duge xéc dinh dua vao (I < i < m)
va {1 € j < n). Néu méi x; ldy gid tri 0 hoac 1 thi s8 c¢d 2™ 1§ hgp tin hidu vao khéc
nhau, éing s& cd cdc dap Ung ra f tuong Ung v6i (1 < k < n), Mach dién tdng quat

cla dat s§ chuyfn mach vécto duge bi€u dién trén hinh 1.39,

X, | T
xln. ._:__.-.
——a  f
X, —— /
X, N : Mach |——= 1,
2 r .
16" hap .
: : F
gxmr . fn
X .
m x -
mn

.Hinh 1,39, Mach di¢n cia dai s6 chuyén mach.

Mot chdc nang ky thuat hay 12 mét ham légic ¢ thé duge thuc hién bing dai sd
chuyén mach, vd mach légic thuc hién cdc ham d¢ duge goi 14 mach t8 hgp. Cac chie

nang logic ¢ thé bi€u dién trén bang that hay cdn goi 1a bang chan 1y thé hién trén
hinh 1.40,

X4 X, X F
L r - Y ' y ¥ ]
x“ xlz... xln X21 XZz...X2n---xm1 sz...xmn fl f2 o fn
0 0...0 0 0...0 ... 0 0_..0 flo SRR v
0 0..0 0 0...0 ...0 0..1 fi £
1 1...1 1 1t...1... 1 1..1 fiomn  fomn fomn

Hinh 1.40. Béng tng qudl chic ning cia ham chuyén mach.
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Nhén thdy khi c6 thém hai phép toin méi XP va X cfu tric cia dai s chuyén
mach 16n hon lén rit nhiéu, va d6 1a cfu tric dai s6 mach nhdt ma con gudi cd duge
cho tdi nay, vi trong cfu tric ciia né cd nim phép toan hoan toan ddc lap véi nhau va
khéng cd phép todn nao phu thudc hay suy dién ti phép toan kia. Diéu dd cing cd
nghia la ta cd thé thue hién duge moi chdic nang - moi ham légic tit bd dai s manh meé
nay. Dang téng quit cla dai s6 chuyén mach duge th€ hién trong dinh ly sau.

Bink Iy 1.7.5. Cho F (X} 12 ham chuyén mach vécto, trong dé X = (X, X,, . ., X)
la tap cha m bién nhi phan v X; = X, X5, ., X)) v2 (1 € 1 € m) dudc bidu dién
téng quat nhu sau :

1.7.3.1. Dang tuyén chinh quy cia ham F(X)

(.. 1) -1) - E-E:B
PO = 3 Fy b pe)- (X0 G0 GED) .. (P ey o)
(00..0)
1.7.3.2. Dang hdi chinh quy cia him F(X)
@y ' iy )
F) = TI(F( P oo + (XD ++0GY) +.+ (X X+ + (T)

(00.0) «

Vi du : Cho ham chﬁyén mach vécto bifu dién trén bang chic ning cu thé
hinh 1.41.

F(X)

X1 X2 :

f; ) fy
000 001 1 0 1 Hinh 1.41. Minh hoa
001 011 0 1 0 ‘cu thé mot chiflc ning.
100 10 0 0 1
101 110 1 1 1
Cac gia tri khac 0 0 0

Ham d6 e thé duge bi€u dién dudi dang tuyén chinh quy nhu sau. Do biéu dién &
dang tuyén chinh quy cho nén ta chi cha y tdi cdc gia tri 1 cila ham s6, con céc gid tri
khac ham cd gid tri 0 nén ta khéng cin quan tam, vl vy cing khong cin viét hét gid tri
cdc t68 hop bién lam cho bang chic ning qua d.'h Dang cy thé duoc bi€u dién nhu sau :

F(X;,X;) = (101) X% (xl ) X0 (x5 (x"‘”) +
+ (010) X% (Xom) (X{I)m) xgH (X{m) (Xgﬁ) +
+ (010X} (x}® )(x X0 (X o +

+ (111) XlOl (XIOK) (X 101 101) (XIOI)
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Qua minh hoa bigu dién cu th€ mét chie nang ki thuat bat ky bing dai s6 chuyén
mach vécto ta thdy duge kha ning cla nd dung d€ thé hién mot nhiém vu k§ thuit ndo
dd, va vé Iy thuyét toan hoc dai s§ chuyén mach véctd khi cd phuong trinh todn hoc.
tong quéit cha nd thi cd nghia 12 ¢6 thé bi€u dién dugc moi phuong trinh todn tuong
Ung voi moi nhiém vu ky thuat (diéu ma ciac quan hé todn hoc khac khd thuc hién
duge). Boi vay néu ta 14p duge mot mach dién ma mach dién dd th€ hién duge phueng
trinh t8ng quat cla dai s6 chuyén mach vécto thi cing c6 nghia 1a ta c6 thé thuc hign
dugc moi nhiém vu dé mot cich cu thé bang mach dién, va diéu d6 ciing 12 dng dung
quan trong cia dai sd chuyén mach vécto.

1.7.4. UNG DUNG CUA DbAl SC CHUYEN MACH VECTO

Ung dung cta dai s§ chuyén mach trong viée tdng hgp mach légic nhdy su ra doi va
phét trién nhanh chong cta ky thuat vi dién td, nhdt 13 trong viée ch& tao ra cdc mach
vi dién t c@ 16n LSI va cuc 16n ELSI, cho phép thay ddi co bAn nguyén 1y thi&t k& hé
théng s6, déng thoi cho phép thay d6i chde nang cla hé théng s8 linh hoat nhu tosn hoc
va dat duge diéu dd nho 1ap trinh. Ngudi ta cing dua theo nhiing thuit todn da duoc
tidu chufn héa d€ ché ra nhitng mach t8 hop ¢d sdn c& nhd SSI, ¢& trung binh MSI, cd
lén LSI...

D¢ hi€u duge didu d6 ta xuit phdt tU phuong trinh t8ng quat cia dai s chuyén
mach, vi du tit dang tuyén chufin tdc toan phén.

(i1.1) (P-:B (9—:2
FX) = 2 (FroPre o P e (X1 KD} oon (X0 GGT)
(00..0)

Két hop véi tien dé _XP =X ®p
Ta cd dang tuyén chinh quy cia dai s8 chuyén mach nhu sau :
11.1 . (n-1)
o
FX) =2 (F@ip2- P (K1 @ p) - Xy & PD)
00..0 (n—l)
T—
o (Fn @ P - Ky © P))
Vai X; = (X, X, .., X)) trong d6 (1 < i € m).

D¢ 1a dang tdng quat bi€u dién dudi dang tdng cta cédc tich, m&i mét tich s& ta co
th€ thyc hién bing so d6 v& trén hinh 1.42,a va chuyén so d8 d6 thanh so d6 tuong
duong bing cach tdch X va p sang mot bén duge thé hién trén hinh 1.42b.

Khi ta chuyén tin higu vao X (X;, .., X ) sang mét bén va tap tin hiéu p = (P
Pm) sang mot bén, thi diéu dé tuong Ung vdai viée tao ra "bus s lidu" va "bus dia chi
cho mach dién, va mach tich nay lam vigéc hay khéng dugc lam viée hoan toan phu thudc
vao tin hiéu digéu khién F (p,, ..., py) 1Ay gid tri 0 hay 1, didu d6 chinh 12 cdc hé théng
s6 sau ndy. D€ tao ra mach dién tuong dng véi phuong trink tdng quat vn dé chi con
la téng cdc mach tich dd lai bAng mach dién (OR) vA mach dién tdng qudt cho phép
thie hién duge moi chic nang mot cich linh hoat hoan toan tuong ing véi phuong trinh
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Hinh 1.42, Mach dien mot tich s6.

todn hoc tdng quat duge minh hoa trén hinh 1.43. So dé mach dién t8ng quét cua dai s6
chuyén mach vécto chinh 13 co s3 d€ ché€ tao ra nhitng mach IC & l6n hoat dong linh
hoat theo chuong trinh nhu bé nhé c§ dinh diéu khién theo chuong trinh PROM, bé xit
ly trung tém CPU.. Dé 1A nhitng mach dién cy thé, hoat déng van ning, st dung linh
hoat va dé dang nhu todn hoc, d6 cling chinh la Ung dung rdt quan trong cda dai s6
chuy&n mach vécto trong ky thuit sé.

F(o0,0..,0) -
X’ e
. ™
X -—im
T -
I | . F(X)
i 15 .
I | :
F(1,1,...,1) .
: >
F—4 ... %

il

Hinh 1.43. So dd mach di¢n téng quat.
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Dua vao phuong trinh todn hoc t8ng quat ta xay dung dugc mdt mach dign téng
quét, va mach dién t8ng quét dé c6 nguyén ly 1dm viéc nhu sau : Tin higu vao X = X,,
Xy, s X duge dua vao lién tuc tity theo nhu cfu didu khi€n hay xi ly, déng thoi do
yéu cdu tfng cda toan hoe chay tit (00..0) t&i{ll..1), tic 1a tuong Ung voi viée quay
quét 18n luot tit 6 dia chi dédu tien (00..0) 6i 8 dia chi cudi cing (11..1), va tuy theo cic
gid tri cla F (00..0) tai F (11..1) ching l&y gia tri O hay 1 ma mach tich tuong dng cia
ching lam vigc hay khéng lam viéc, tit dd cho tin hiéu diéu khin t6i ddu ra F(X). Viéc
thay déi gid tri caa F(p,, p,, .., p,) theo yéu cdu chuong trinh phdn mém cho trudge do
ta lap ra, vi vay ¢ ddu ra F (X) sé cho ra tin hiéu diéu khién Ung voi chuong trinh dé€
thuc hién moét nhiém vu ky thuat nao dg. Tir nguyén ly dé cho phép ché& tac ra mot
mach dién cd két ciu cf dinh nhung thuc hién dugc nhiéu chic nang khéc nhau, nhd
thay d8i chuong trinh diéu khi€n né. Theo 1§ thuy&t 12 c6 thé lam duge vo tan chic
nang, tuy thuge vao gid tri cia m, nhung trong thyc t& ché tao thi m chl co mot gia tri
hitu han, cho nén mach s& cd mot 6 hitu han chic nang theo doé 16n cua bus tin higu
cia nd (VD : m = 8 la 8 Bus).

Tom lai dua vao phuong trinh t6ng quat, 14 phuong trinh cho phép ta md ta duge
moi ham légic - moi chie ning ky thuat, ta 15p rap ra duge mét mach dién téng quat,
nén mach dién d6 cd thé thuc hién dugec mei chitc néing kj thuat mét cach cy thé - chi
cin mdt mach dién dé 1a ham dugc moi chic nang. Tu diéu dd ngudi ta da ch& tao ra
cdc IC ¢8 16n, nhitng mach s6 ¢d th€ lap trinh duge nhu mach CPU cua mdy vi tinh, va
cung chi cdn mét mach dd ta o6 thé lam duge rdt nhiéu chitc nang (viéc) khdc nhau ma
khong cén thay d6i linh kién trong may, didu nay ching ta ai ciing da thiy r5, va do
ciing chinh 12 dng~dung lé4n nh&t cia dai s6 logic hay dai s§ chuyén mach vécto.

Khi ¢d mach dién t6ng quat r6i thi v&n d&€ chi con 12 1am th& nao thay d8i duge
chdc ning cia nd, lam diéu nay phai nhd vao céc chuong trinh phdn mém, ma theo
nguyén ly lam viée clia mach dién t6ng quat nay ta théy 1a chi cédn thay d8i gia tri cia
ham F(p;, p; .- py) trong phuong trinh téng quét 12 ta sé dugc moi ham s6 (chdc nang)
khdc nhau. Qua d6 ta hi§u dugc ring chuong trinh phdn mém cla mdy tinh ma ching
ta ding, nd chi lam thay d6i 18n lugt gia tri O hay 1 cta ham F(py, Py - Py trong
mach dign tdng quat ma thoéi. V6i msi mot chuong trinh ph&n mém cho trudc, thi mach
dién téng quat nay s& dua ra cdc tin hidu diu khi€n & ddu ra F(X) thuc hién chic nang
cia chuong trinh phan mém dé. Tirt d6 cho phép ching ta hidu r4t r6 ban chit la tai
sao mdy tinh (mdy vi tinh) khéng thay d8i gi vé cac linh kién dién td, ma chl cfn thay
d8i chuong trinh phidn mém la s& thuc hién duge nhiéu viéc nhiéu chiic ning khdc nhau.
Cing tit dd ta da hi€u dugc chuong trinh phén mém la gl va tac dong cla nd vao phén
cing nhu th€ nao trong hé théng s8 ndi chung.

D€ x4y dung nén mach dién téng quat, ngudi ta dya vdo cic mach dién thuc hién
cdc phép todn co ban cia dai s6 Boole, ching duge goi 13 cdc mach "dien logic co ban, ds
12 nhitng mach dién cu th&, d€ hi€u duge ching ta ndi ky trong phéin tiép theo.

1.7.5. CAC MACH LOGIC CO BAN

Cac mach logic co ban hay con duge goi 12 cdc phén ti 16gic co ban, dua vao cac
mach logic nay ta cd thé xay dung nén hé théng ngay nay. M6t h¢ théng s§ duge xay
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dung toAn bing cic mach logic thi hé thfng dd dugc goi I3 "6tdmat khéng cé nhd" hay
duge goi la "he legic t§ hop".

He logic t6 hop 1A moét hé théng 88 — mach légic ma tin tdc (tin higu) & ddu ra hay
la dap dng ra clia mach chi phu thufc vao tin tic (tin hidu vao) tai thdi di€m dang xét.
Téc 13 ddp éng ra cia mach phu thude truc tiép tin hi¢u vao. NGi cdch khac ddp dng
ra (tin tdc ddu ra) khong phy thufe vao "lich si" cia tin tic vao truGe dd, nghia 14 nd
lam viéc va hoat dong "khoéng cd nhd" khong luu giit théng tin trude dé. T6ng quét cia
mét hé t6 hop duge mé tA trén hinh 1.44.

Tin hiéu vao Bdp ung ra

_ Y
X A Hé #6" hop |——=

Hinh 1.44. Mach di¢n t6ng quat

Heé t6 hop thyc hién (hoat déng) theo phuong trinh tng quédt sau -

Y = £(X)
trong dd : X = (x|, X3, .., Xy : tAp tin hidu vio
x C X X, € {0, 1}

Y : la ddp vng ra YE{O,I}

Hoat ddng cu th& cta hé t§ hgp dugc mé ti bing cic bang chan ly, bang that hay
bing céc ham chuyén mach dac trung cho quan hé gita tin hidu vao (X) va déap 1ing ra
(Y). Trong mach t8 hop (hé t6 hogp) khdng chita mét thist bi hay mot phdn ti ghi nhé
hay ltu gilit théng tin nao ca. _

Pinh nghia 1.7.1.. Cdc phdn ti logic co ban 12 cac hé logic td hgp nhéd nhét, ching
¢6 hai ddu vao va mét ddu ra thuc hién cdc phép todn légic co ban 1a : AND (Va), OR
(Hoac), con NOT (Phu dinh) 14 mach ¢6 mft dau vio va mdt déu ra.

D& thuc hién duge yéu cdu dd ngudi ta d4 xay dung nén cdc mach légic co ban nhu
sau. C6 nhidu phuong phdp vat Iy d€ thyc hién cac ham logic co ban nhu ding cg hoc
la cac cong tdc, bing cu dién nhu cta hé théng role, bdng thiy lyc, bing ferit, bing ban
dén, bing siéu din v.v. Trong cdc mdy tinh dién t& hién nay cdc phén tit légic co ban
thudng duge thuc hién nh& kj thuit ban dan, cu thé thusng diung diot hay tranzitor.
Sau diy sé dua ra ciu tac cdc mach dién l6gic co ban dung céc linh kién dién tu.

Trude h&t muén thuc hién duge chde nang logic cing nhu muén hi€u duge nguyén
Iy lam viéc cia mach ta phai cd quy u6c ky thuat nhu sau :

gia tri logic 0 dng véi O von
gia tri logic 1 dng v6i +E (+5 von)
Néu khéng cd quy ude logic ky thust nhu vay may sé khong hiu ngudi vd nguge
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lai ngudi ciing khong hi€u may. Cing mét mach dién néu quy udc logic khdc sé co chic
nang khée. M&i ngudi cd quyén dua ra nhitng mdc lagic khac nhau cho riéng minh,
nhung d day ta quy udc muc logic nhu vay 1a mic phd thong va hay gap nhat trong céc
hé théng s6 hién nay.

1.7.5.1. Mach hodc (OR) dung diét dién tro

Bang chuc ning, mach dién nguyén ly, bifu d6 thdi gian va ky hiéu cia mach OR
dimg diét - dién trd duge md ta trén hinh 1.45.

p o, Ug=A+8
A B A+ B 8
0 0 0 -8
o 1 1 R
10 1 b)
ro1 ! Ak 0 19 1
a)
0 . _ -
A gy Y=A+8 B A0 L9 1 1 z
t
88— 0 | -
] 1 "
-c) Ura j[U — ! L t
g e
&) t

Hinh 1.45. Mach Hoac (OR).

Nguyén Iy lam viéc duge hifu qua cde trudng hgp sau :

Khi A = 0, B = 0 tuc Ia cho vao ddu A va B cta mach dién dién dp 0 von, khi dd
D, va D, khong ¢d dién 4p nén hé ra (D), D, khong thong) lam cho U., = 0 von iung
vl légic 0.

Khi A = 1, B = 0 tdc 14 cho vdo ddu A dién 4p +E (+5 von) cdn cho vao ddu B
cia mach dién 4p O von, khi dé D, sé thong (déng mach) vi duge phan cuc thuin, s
dua dién 4p +E tdi ddu ra lam cho U, = +E dng véi ldgic 1 con diot b, s& tAt va hd
ra, né khéng lam anh hudng- t6i k&t qua tai (U_) dbu ra.

V6i cdch lam tuong ty ta sé hi€u duge nguyén ly cia mach & hinh 1.44b. Déng thai
ta thdy miach dién dd thod man bang chdc ning va bifu dé thdi gian ctia nd. Day 1a
mét trong nhitng mach logic ¢ cfu tao co ban nhét va don gian nh4t.

1.7.5.2. Mach va (AND) dung didt - dién tré
Bang chdc nang, mach dién nguyén 1y, bi€u d6 thdi gian va ky hiéu ctia mach AND
ding diét - dién trd duge mé ta trén hinh 1.46.
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T 0 0 ) t
71 H g o ! 1
BA
a) t
o : P , et
o 7]
A ﬁ_ y:A-B Ufﬂ.‘
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Hinh 1.46. Mach Va (AND)

Nguyén 1y ciia mach VA rét don gidn, cach hi€u nguyén 1y lam viéc tuong tu &

phén trén.

1.7.5.3. Mach pha dinh (NOT) diuing tranzitor

Chic ndng vi mach dién pht dinh (NOT) duge mé t4 & hinh 1.47.

+FE
— R
X X Uy
0 ! -~
! 0 K
g 7777
) 5
BX |> 0 X U,.; A ) !
T
a) 0 ' o
Ura 1 H a
+E
\ t
fr} .
¢)

Hinh

16

1.47. Mach Phi dinh (NOT)



Hinh 1.48. Mach logic két hop.

Ay | A+B A B A+ 8
B g 8 8—
OR + NOT = NOR
g iE —
B A. Aﬂ'—*— A'B
88—
AND + NOT = NAND
+£
NOR
RC
h‘Ura
A+8
T A
R R,
b 7777 77
A Uvai'o B
al
% 13 12
‘,écu'f'sv I I

+£
NAND

—d Y
o

SN7400

7 2

|

3

4

L
6

5 . 7 anD

Hinh 1.49. Mach logic ding tranzitor.
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Nguyén ly lam viéc cha mach phd dinh (NOT) ciing chinh A mot "khda tranzitor"
lam vigée & ch& do bao hoa. Tranzitor T déng vai trd nhu mot cong tic (khda) K ddng
hay md trén hinh 1.46.b.

Khi ta che dién 4p vao U,, = 0 von luu y logic 0 thi tranzitor T sé tdt (K hd ra)
khi d6 U, = +E dng légic 1" cdn khi ta cho U, = +E ung véi 1ogic 1 thi lam cho

tranzitor T thong (K ddng lai} khi dé¢ U, = 0 von ing vai logic 0.
1.7.54. Cdc mach logic co bdn két hgp

Day la nhitng mach thuc t& hay gap hon ci trong cdc hé théng s8, chung duge tao
ra bang cach két hgp gifta mach hodc OR, mach v AND vdi mach phid dinh NOT. Chic
nang, ky hiéu, mach dién cta ching d}rqc mo ta trén hinh 1.48.

Nhitng mach NAND va NOR con cé thé duge xady dung bing tranzitor, ching con
dugc ché€ tao thanh cdc IC tiéu chudn duge m6 ta trén hinh 1.49. (VD : IC SN7400
mach NAND),

§1.8. NGUYEN LY TONG HOP VA PHAN TiCH HAM BOOLE

Téng hgp (thi&t k& va phan tich (sita chita) d6 ]2 hai nhiém vu chinh khong thé
thiu duge cia mot ky su khi lam viéc v8i cac hé thdng s8. Trong phin nay sé trinh bay
nhiilng nguyén ly co ban d€ thyc hién hai nhiém vy dd.

1. PHAN TICH HAM BOOLE

Phan tich ham Boole 12 mdt nhiém vu khi phai sita chita mot hé logic t8 hop, nd la
mét bai todn nguge, tde la tit so d6 mach dién cho truée ta phai tim lai duge chdc nang
clla mach dién d6. Ta phai tim duge phuong trinh todn hoc cling nhu bang chic dang -
la hoat dong chinh xac cua mach, tit dé ta mdi stta chita dugc hé thong. Dé hidu duoe
cach lam ta 6 vi du sau : cho truc mét mach logic t6 hop nhu trén hinh 1.50.

4 o Pl
X B |4

3\

../}\

(Xy + XXy + Xy Xy)

Xy Xy

Hinh 1.50. Mach dién cu thé.

Tit mach dién trén hinh 1.50 ta cd phuong trinh chdc ning cda mach nhu sau :
Y =x.(x; t ;x5 + x5%3)

Bing cach tim phuong trinh todn qua tfrng mach 16gic co ban cho t6i két qua cudi

ciing. Sau khi ¢d phuong trinh chic niang ta cd thé dua vao nd lip lai bang chdc nang
cho mach dign dd. '
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1.8.2. TONG HOP HAM BOOLE

Mbt hé légic t8 hygp duge xay dung theo yéu cdu clla mét nhiém vu ky thuat nio
do. D& xay dung hay t6ng hgp nén mot hé t8 hop logic phiic tap c6 th€ nhan duge bang
cach lién két cdc phdn td (mach) légic co ban lai v6i nhau theo kha nang 1a : Diu ra
cia mot phan ti l6gic co ban cd thé duge n6i v6i mot hay nhiSu phén ti logic cd ban
khéc, va cdc ddu ra cia cdc mach légic co ban khdng duge néi truc ti€p vai nhau vi =8
lam mit chic nang logic.

Qud trinh thuc hién tdng hgp mot he logic td hgp ¢d th€ phan chia lam ba budc :
Buéc thi nhdt 12 xay dung bang chan ly - bang that mé td hoat dong cla chdc nang ma
hé légic t§ hop phai thyc hién, Sau d6 bude thd haj vist chde nidng ctia bang that dudi
dang ham f(X), sau ddé dua vao tisn dé cda dai s6 Boole rut gon ham légic dd.

Buée cubi cung 12 bude thi ba X, ’ X X3 (X1 X.X3)
dua vao phuong trinh da rdt gon
chon cac phan ti lagic co ban ndi 0 0 0 0
ching lai vdi nhau thuc hién ham 0 0 1 0
logic d6. Sau diy ching ta sé xét cac g i (1] i
budc da néu qua moét vi du cu thé. 1 0 0 1

Vi du : Ta ¢ mét chic nang ky 1 0 1 0
thu&t hoat dong theo bang chan ly 1 1 0 1
cho & bang trén hinh 1.51. ! 1 ! !

T bang chic dd ta ed bidu thic . . .
. J ) : Hinh 1.51. Bdng chitc nang cu thé.
todn hoc tuong uing cd dang :
FX) = &1, %,%3) = X %X+ Xy X% + X% %y + %%, X3 + x; X, %,

Dén bude tiép theo ta bién déi toan hoc rit gon ham s d6 nhu sau :

f3 (X) = ;1X2(§3+X3) +(§1 +XI)XZX3+X1 (§2+XZ)E3+XIX2(ES+X3) =

O day khi nhém hop dé€ rit gon ta chd y t6i mét kha nang la mét tich s6 — mét
implicing c¢d thé duge nhdm hop nhidu l&n vi : x + x = x hay (né + nd) = nd hay
X| Xy X3+ X Xy Xq = X| X, X4 déng thdi tinh chat giao hoan thi luén tén tai (luén c0),
nhung trong phuong trinh todn légic ta khong ding tinh chat giao hoadn ma viét cac hién
s0 theo trat ty ting dan.

Theo tiéu dé& cda dai s6 Boole : (x+X) = 1 cho nén ta cg quan heé
X)Xy (X3 + X3) = X; %, day goi 12 quan hé Dan. T d6 ta cd két qui :

BEX) =% + X% + %% + x%x, =

= xZ + X2X3 + XI§3 =

Nty + x%3 = x5 + %%,
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O day theo tién dé la (1 +x) = 1 hay 6 thé viét (1 + bét ky) = 1, cho nén
(1 +xy) = 1. Day goi 1a phép todn Nubt. Sau khi rit gon ta ¢é ham t8i thidu cia bang
chic nang cd dang :

f3 K)yn = Xz + X%y
Sau khi ¢d f3(X);, ta di d&n budc cui cing 12 dua vao ham sf duge rdt gon dd,

xdy dung hay t8ng hgp ra mach légic hay 1a hé légic t8 hgp cd dang minh hoa trén
hinh 1.52.

x, 6 %%
i >_| _ X, .
5)_ Hé v
X

—"-—--—-l—i a e . bt
5 = f(x) “ 167 hop
Ay O
A S—
a) b)

Hinh 152, Mach dién ctiia bang chic ning da cho.

D& thuc hién hay t8ng hop ra mét OTOMAT khéng cd nhd — mot hé t8 hop, mot
trong nhitng budc quan trong 13 phai rit gon OTOMAT mach thuc hién s& don gidn hon
rdt nhiéu. Qua dd ta thidy ro duge tdm quan trong cla viéc rat gon ham logic, D& od
phuong phdp it gon duge nhanh chdng va dé dang ta di t6i phan tiép theo do la phin
rit pon ham lagic.

§1.9. RUT GON HAM LOGIC (HAM BOOLE)

Truéc day khi 14p rap xay dung cdc hé t§ hgp dung linh kién roi thi viéc t6i thi€u
héa hay rit gon mach t3 hgp 1a rdt quan trong va cén thiét, ndé 14 mdt trong nhing vdn
dé can ban cda ly thuyét tong hgp 6tdmat khong cd nhs, Nhung ti khi ky thuit vi dién
td ra doi phat tri€n, khi con ngudi cd thé ch& tao ra cdc mach vi dién ti ¢ 16n LSI va
siéu 16n VLSI thi van dé t&i thidu héa ham Boole khéng cdn cd ¥ nghia 16n va quan
trong nhu xua nita, vi viéc téng hgp cdc mach logic dya trén c¢ ed cia cdc IC médul cd
sin, déng thoi gid thanh cia cdc IC cing khéng l16n nén mach cd phic tap hon chdt it
cing khong thanh vin dé lon cén phai quan tAm.

Nhung trong phdn nay khi chding ta quan tam t8i viéc rit gon ham Boole, thi van
dé khéng chi diing & cdc suy nghi dd, ma nd con lién quan tdi nhitng van dé khac cén
thigt ddi véi mot ky su dién ti s8 nhu sau :

Viée rit gon ham logic - ham Boole 1a didu cia mot k§ su dién ti s6 phai biét, vi
khi tim higu vé viéc rit gon ham Boole thi ho nhan duge nhiing hi€u bigt co ban dung
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d¢€ trao d8i théng tin véi déng nghiép, nhat 13 khi phai thiét k& x4y dung nhitng mach
di¢n chuyén dung va riéng bigt. Déng thdi trong qué trinh phan tich va téng hop dtomat

ching ta ludn ding d&n khai niém rdt gon ham légic hay tdi thidu héa cdc bifu thdc
cia ham Boole.

o] day t&i thi€u héa ham chuy&n mach 12 mét phuong phdp nhim lam don gian hda
ham chuyén mach, tit d6 cd thé thyuc hién ldp rdp ham chuy&n mach - ham logic vai s6
lugng phén ti mach dién it nh&t. Thuc chét 12 1am don gian héa cdch bi€u didn ham s6
cia ham chuyén mach trong mot chic nang ky thuat cy thé. Cé nhiéu phuéng phap dé
rut gon ham légic nhu cé thé dua vio cdc tién d§, cdc dinh 1y cde dinh nghia va cdc
tinh chat cia dai s6 Boole nhu da tinh biy & cdc phéin trén (x + x = x ; x+ 1 = 1 ;
x.x=0;%x.0=0;x+ x.y = x.). Phuong phap ding bién ddi toan hoc thusng
dugc goi 12 phuang phap dai s6, dung phuong phap dai s6 d& rut gon chi tién Igi d6i véi
ham it bign, khi s6 lugng bién s6 (tin higu vao) tang qua 16n thi khéng th& dung phuong
phap nay dude, vi thdi gian thyc hién lau.

bBé thuc hién viéc rit gon ham Boole khi ¢d nhiéu bi&n ngudi ta ding phuong phdp
thuat todn, cho phép thuc hién rit gon ham Boole d& dang, dong thai tao ra céc thust
toan cho phép d& dang lap trinh trén may tinh d€ ty dong hda qud trinh rit gon lam
Boole. Cac phuong phap thuét todn hién nay gém : phuong phdp rit gon bing bia Kacnd
{Karnaugh), phwong phdp Quine—Mc.Cluskey, phuong phap Roth...

1.9.1. RUT GON HAM BOOLE THEO PHUONG PHAP BIA KACNO

1.9.1.1. Rit gon bai todn logic hodan todn xdc dinh

Phuong phap dung bia Kécné 1a mét phuong phap dua trén cdch bifu dién ham
l6gic dudi dang bang chan ly. Khi nhin vae bang va dua vado nhén xét vi so sinh ta sé
cd duge dang t6i thifu clia ham Boole mét cdch dé dang. D& hi€u duge cy th€ phuong
phdp nay ta xuft phat tit mét nhiém vu k¥ thuat duoc bi€u didn & bang chén ly (bang
that) bi€u dién trén hinh 1.53.

Tép tim by

vao
X X2 X3 f(X) Jdlp whg ra
iy
0 0 0 0 Mach fCX)
o ) s ——n
0 0 1 0 lagic
0 1 0 1 #—
0 1 1 1
1 0 0 1 b
1 0 1 0 Trong d6 : X = (X1, X9, X4) 1a tap tin
1 1 0 1 £ 1 X3 X3 P
- hiéu vao con f(X) 1a dap ing ra cia
1 1 1 1 mach, ching 4y gid tri 12 0 hoac 1.
a)

Hinh 1.53. Chiic nang ky thuat
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T bang chan Iy ham légic cla né cd dang :
f(X) = f3 = f(xl, Xz,.x'_;‘) = il x2 ES + il x2 X3 + X 5{.2 §3 +
+t X X X3t x| Xp x4

Ta cé thé nhdm hop (dugc goi 14 phép toan Ddn) hai tich s6 ctia ham s6 dd nhu
sau :

1 G] Xz §3 + il x2 X3} = ;1 Xz (i3 + x3) = §1.X2

Dya vho tién dé (x + %) = 1 ta da thue hién duge viéc rt gon hai tich s6 d6 theo
phuong phdp dai s8. Nhung néu ta bi€u dién theo cdch khéc, vist theo hang doc hai tich
d6 ta o6

il X, X3 ) so sanh
- L0100 """ 2 tich
X1 X3 X3 to 1 1 e

- X3 = :

X X5 ( + < ) = XX = 01X

—— 3

/N

1 "
™ nhin thay giéng nhau khéc nhau

nhin thdy gi6ng nhau khic nhau

Khi ta nhin so sanh l4n lugt cdc bién cia hai tich s6 d6, véi nhau ta thdy bién s§
ddu tien (x,) v bién s8 thd hai (x,) ciia ching gi6ng nhau, con bign s8 thd ba 1a (x, véi
X3) thi khdc nhau vi mot gid tri ¢ phi dinh cdn qua trinh kia thi khéng pht dinh. Qua
dd ta cé nhén xét : n&u so sdnh cdc bién s6 cla hai tich s6, néu chiing gibng rnhau thi
két qud cia ching con 6 dbp s6, con néu ching khéc nhau thi 6 dap s6 bién dé khéng
con (bi mit). Nhu vay ching ta d4 chuyén qué trinh tinh to4n theo tién dé thanh viéc
nhin vA so sdnh nhan xét giita hai tich s6, k&t qua thu duge 13 nhu nhau.

Voi cach lam dua viio nhan xét tuong ty ta cd th€ "tinh" duge két qua rit gon cia
cac tich s8 sau :

X X3 X3

. L1110 1Xol
Xp Xy Xg 1 1 1 1 X 00
Xy X2.1 = 1 1 X 1 X 0 X =xli3

khdc nhau gifng nhau khéc

Cha ¥ & mdt s3 sich nudc ngoai ngoai khi viet vé dai s6 Boole ngudi ta o6 thé vist
k&t qua tinh todn hay ham Boole dudi dang 01 X)=(012);(11X)=0Q1192 =
X% ;10 x0x =(1202) = x,x3)

Nhung khi so sanh va nhén xét gitta hai tich s6 ctia ham Boole dé rit gon ching,
thi ta gap phai trudng hop sau :
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Nhén thdy khi so sdnh hai tich.s6 (hai implicing) d€ thuc hién rut gon. ching,
trong trudng hop nay thi s6 luong vi tri khdc nhau cia ching 16n hon ho#c bing hai
(= 2). Khi d6 hai tich s6 ma ta nhém hop v4 muén rit gon s& khong th€ rit gon dugc.
Gap truong hop nay ta phai d€ nguyén hai tich s6 d6. Hay ta c6 th& ndi mét cich khac:
la : néu hai tich s6 (hai implicing) khi so sdnh vdi nhau thdy cd s6 lugng vi tri khdce
nhau 16n hon 2, thi chung khong thé rit gon duge. Vay mudn rit gon cfuqc hai tich s6
(hai implicang) thi ching phai khac nhau chi mét vi trl.

Dinh nghia 1.9.1 : Hai implicang (tich s8) duge goi 1a "k& can, canh nhau, hang
xdm" néu ching khdc nhau chi mét vi tri, khi d¢ ching ¢6 thé nhdm hop va rit gon
duge.

Tu dinh nghia d6 ta nhan thiy n&u cd moét céch nao dé sip x6p duge cdc tich s8
(implicang) cia mot ham logic bat ky via "canh nhau" theo hinh thidc vita "canh phau”
theo dinh nghia vac cing mét khu vue, thi viéc rit gon ham Boole dd s& thuc hién dude
mdt cach dé dang va nhanh chdng. |

Cing t¥ suy nghi dé Kacnd di dua ra mét phuong phap sép xép cac implcang
dugc goi tén 1a bia Kéacno (bia K), bia Kdcné cho phép sdp x&p cdc tich s6 cia ham lagic
vita "canh nhau" theo hinh thic vira "canh nhau" theo dinh nghia vao cing mét khu v,
d€ c6 thé dé dang thuc hién viée nhém hop (rit gon). Didu d6 duge mink hoa trén hinh
1.53 nhu sau d8i voi ham 3 bign :

X2 X3 x2 X3

00 0t 11 '10
N\ XN 0 0 11 10
0| 000 | 001 | 011 | 010 0l 0 1 3 2
1] 100 4 101 | 111 | 110 1 4 5 7 6

Hinh 1.54. Bia Kacno 'ham 3 bién

Chu ¥ nhédt & day 1a cach bi€u dién truc s§ ctia bia Kdcné, vdi cach bidu dién do
cho phép ta nhan thdy 12 : méi mét 6 cua bla dng véi mdt toa do (viét dusi dang s6 khi
phén), cdc 6 dd vita "canh nhau" theo hinh thic & no canh & kia, déng thdi toa do cta
cdc & luon khac nhau chi mét vi tri - théa man "canh nhau" theo dinh nghia. Nhu vay
bia Kdcné da théa man duge yéu cdu la gita cdc 6 vita "canh nhau" theo hinh thic vita
"canh nhau" theo dinh nghia, ma méi moét 6 lai tuong tng véi mét tich s4 ciia ham l6gic
(vi du & ed toa d& (0 1 0) = X, x, X3), ndi cich khac 12 bia Kacns (bla K) cho phép sép
x€p dugc cde tich §8 cha nhau l6gic vita "canh nhau” theo hinh thie vita "canh nhau”
theo dinh nghia vao cliing mot khu vyc. Van dé8 chi con lai 12 wing dung bia K th& nao dé
thuc hign viéc t6i thifu héa ham Boole duge nhanh chéng va d& dang.
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Véi bla Kacnd con cén phai luvu y thém téi trudng hop hai implicang khéng canh
nhau theo hinh thic nhung vén rit gon duge vdi nhau, vi ching chi"canh nhau theo

dinh nghia do chung khac nhau chl mét vi tri. Hién tuong dé dugc minh hoa trén hinh
1.55.

X2x3
Xy 00 01 11 10 X % X3
+ _
0 ' Xp X X3
xg 1 x5 = 1Xx1
1| w0 | . 110 e -_

Hinh 1.55, Cic ¢ canh nhau theo dinh nghia.

Tit dd ta c¢é th€ hinh dung ra 14 hai mép cufi ctia bia K ¢d th€ dugc "cudn lai" dinh
vai nhau, Trén bia Kdcné hai tich s6 c¢6 th€ "khdng canh nhau" theo hinh thdc ma chi
"canh nhau" theo dinh nghia, nfnmg ta vAn quan ly duge ching, nén vin cé thé thuc
hi¢gn viéc nhém hop hay rdt gon ching mot cdch d& dang trén bia Kdacné. _

Ung v8i bla Kdcnd thuc hién rit gon ham Boole duge minh hoa trén hinh 1.56, khi
ta snh xa hai tich s6 (da néu & phin trén) vao bia.

thdy khéac
X2 %3 o
X ,/’77) nhau
i % X o0 01 11 10 )
1 72 73 010 01X)
+ _ f—
X| Xz X3 *t o 11 0 E} X] %,

khde nhaou

Hinh 1.56. Ral gon trén bia K

Gia tri Iogic 1 ta nhin thdy & trong mét 6 cia bia Kécné nd dai dién cho su t6n tai
cha tich sf trong phuong trinh tuong dng véi toa dd cla 8 dS trong bia Kacnd, déng
thoi né chinh 13 'dap dWng ra cda mach dién dng véi tap tin hiéu vao la tich s6 dd. Hai
tich 86 c¢d thé€ nit gon duge nay tuong dng vdi hai con s 1 logic & hai 6“canh nhau trén
bia K, ching cd th€ duge khoanh ddn lai, gop lai hoac rit gon v4i nhau. T d6 viéc so
sénh nhan xét giita cac bién cla hai tich s6 gid diy tuong dng véi viee so sanh foa do
cia hoi 6 duge khoanh din trén bia. Két qua cla viée so sdnh toa do ctia hai 6 tuong
dng v6i k6t qua bién ddi todn hoc. Nhu vay tif nay vigc rit gon ham Boole chi con 1a
viéc 86 4nh toa d¢ clia cdc & cd gid tri 1 canh nhau trong bia Kacné va ci toa d6 ndo
gidng nhau thi t6n tai & két qua viéc rut gon, cdn n&u toa do dung voi ting blén s ma
khac nhau thi bi m4t (viét lé. ddu X} trong k&t qui mit gon thu duce.

Khi gid tri 1 trong bia K xuft hién nhiéu hon nhu trén hinh 1.57.
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Hinh 1.57. Ham Boole nhi%u tich s8. £

Do bia Kdcné cho phép sép xép cdc implicing "canh nhau theo dinh nghia vao
trong cung mdt khi vic cho nén ta 6 thé so sdnh toa d6 cta ca bén 6 hay | khoanh dén
cd bdn & d6 lién mot lic. két qua cho thdy 1a chi cd gia tri x, la giéng nhau & tAt ca
bdn 6 dd (so sanh tir trén xudng dudi) nén gia trj X, 56 xufit hién & két qua (X 1 X =
X) cufi cing. Viéc so sénh toa d clia bén 6 d6 thuc hién rat dé dang khi cdc gid tri 1
clia cic 6 nim canh nhau & mot khu vie, b d6 ra két qua rit gon thu duce rét nhanh
va d6 1& uvu viét ddu tién cda bia Kdcnd coa ta bAt ddu nhén thdy khi thyc hién rdt gon
ham Boole. Nhu viy méi mét & trong bia K dng vdi mot toa d6, dng véi mbt tich s6,
Ung v6i mot s6 nhi phan, dng voi mot gid tri co s8 mudi va dng véi mét tap tin hisu
vac mach lagic. '

Anh xa bai todn rit gon ham Boole da cho & phfin ddu vao bla Kacnd s& cd dang
duge biéu didn trén hinh 1.58.

X3 X3
A ga a1 11 10

0 I i |

o7 0

Hinh 1.58. Rit gon bai todn cu thé.

XX =

Dya vao kha nang khoanh din céic & "canh nhau’ trén bla K ta thu duge két qua
cua méi mét khoanh dan, méi mét khoanh dén dng véi mot mach VA (AND), mach VA
d6 cho tin hiéu ra dng véi tin hiéu vao 1A tpa do trong khoanh dd. Nhu viy mudn thuc
hign duge chic nang (ham logic) d4 dé& ra thi cAn phai cong céc mach va do laj, tir dd
hadm rit gon ma ta cén tim cd dang :

fmin &1 X X3) = x5 + x5 X,

- D6 cling chinh la két qua rit gon ham Boole da duge tinh toan dua vao cdc tién
dé, hay rit gon ham Boole theo phuong phap dai s§ ma ta thu duge & trén. Nhung dua
véo cich rit gon ham Boole dung bia K ngoai két qua f,, (X) ta thu duge, cdn o6 thé
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nhan duge thém cdc théng tin khéc nita nhu biét tich s6 (x; x; X3 = (110)) c6 thé duge
nhém hop ba l4n theo tinh chédt (x + x = x hay nd + nd = ng). '

D& voi ham bén bién bia Kdcndé e dang trén hinh 1.59.
X0X0 =% 7%, TOXT = %% %

Xy X X3 % /

N 0 91/'1 ‘0 x,k oo 01/ 11 1g
B S )

00 | @Y1 101 A (A

o1 11

THW 11 o1 F f .1 ﬂ
w/@si D] el L )

3%, = 1 X0 OXXX =%

Hinh 1.59. Ham 4 bién.
Dua vao nhiing k&t qua td viéc khoanh dan thu duge rit ra nhén xét :
- K&t hop (khoanh dédn) hai 6 canh nhau s& bat duge mot bign.
- Két hop (khoanh dén) 4 & canh nhau s& bét dugc 2 bién.
- Téng quat khoanh dan 2" 6 canh nhau s& bét duge n bién.

N6i céch khéc 1a chi ¢6 2" 6 canh nhau, tdc 1a chi cé (2, 4, 8, 16, 32..) © canh
nhau ma thai. :

Cé vi du minh hoa bifu dién trén hinh 1.60.

Xg Xy
XX oo 0! 1 10

172

( khoanh b€}
0o X1t = 2% %,

01 l’:— [ PH'/

=
/ = I T X1 X1 = x%,
xz'}; = X10X khoanh to)

10

Hinh 1.60. Trudng hop khoanh bé.

& day ta o5 thé thuc hién khoanh 4 6 lai véi nhau, nhung néu ta chi khoanh 2 0
{trong khi cé thé khoanh 4) thi dugc goi la "khoanh bé", néu "khoanh bé" thi s§ luang
bign dugc bot di s8 ft va mach ldp rap s& chua don gidn, hay con duge goi 12 ham Boole
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chua hoan toan t5i ti€u hda. TU do ta rut ra két luan quan trong 1a : Khoanh dan cang
to thi mach dien sé cang don gidn. Khi rat gon ham Boole ding bia K thi khoanh cang
to'cang t6t, difu nay lam duge dua vao tinh chdt 12 : mét implicing (tich) 6 thé duge
nhém hop nhiéu 18n vi x + x = x hay (né + nd) = nd.

Ta cd mot vi du tOng quat vé viéc rut gon ham Boole trén bia K4cnd nhu sau : gia
st cd mdt chic nang ky thuit duge dé ra, ta chuyén chiic ning dé thanh ham Boole &
dang bang thit (bang chén ly), tit bang that ta 4nh xa ham dd (chic nang d6) vao bia
Kdens, vi dy ham d6 duge bi€u dién trén hinh 1.61. Tt d6 cd thé thuc hién duge qua
trinh rit gon ham Boole vA k&t qua thu duge sé 1 :

fmi]‘l(x]? Xz, X3, X4) = ;El §3 + Xl Xz X4 + X1 EZ X.3 §4

XN 00 o1 11 g0

1141 = xx,x,

s I G101 |

/0 ®'_______-7070=x,_3(:,x‘,x4

Hinh 1.61. Mot vi du cu thé,
Sau khi nhan duge ham logic (cia chdc nang dé ra) da rat gon, ta diung mach logic
14p rap thanh mach dién thuc hién duyc chic ning, dé 1a mach dién don gian nhét.
Céch bidu dién bia K & dang nam bién dugc bi€u dién trén hinh 1.62.
X 0 frve J5f xehg '

X, X ' ! o
KN 00 o1 - 11 w10 11 ar oo X3 tryc d6i xiing

EE#EQ oo om0 u'{11 01 00

[:_7}‘[ f[_r-r]\oo01326754
/’_l _TJ_U }0189"11 1014151312

i /
7o ____E1¥__.-® 11124 | 25 | 27 |26 [30 | 31 | 29 | 28

X, X, Xy = OIK K1

a0

a1

i1

SSG
|

16-1 17 { 19 | 18 #22 | 23 | 21 | 20

KX xe= XIX11 10

%, Xy = XKOXXO
' Hinh 1.62. Ham Boole nim bién.
C6 mot vi du rat gon mét ham Boole nam bién b4t 'ky duge mo ta trén hinh 1.63,

fsmin = fmin(%0 %20 X3 X4 X5) = T3%y + XXX + % %) X

+ xleX3§5 + X1i4
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Xy 0 f O0XX0 = X X X,
Xy Ks
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St > (O I (T 1)) 101
o [ G T T io—
I @____ 'I—@_____Hf)(t)s X, Xy Xy Xg

%% = 1 XX0OX—___|
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| O1XXI = K X X,
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Hinh 1.63. Minh hoa rat gon mot ham Boole nam bién.

Két qua f ;. (X) dua vao khoanh dan trén bia K ta thu duge nhanh chdng, chinh
xdc vA dé dang. N&u vén bai todn nay ma 4p dung theo phuong phép dai s6, si dung
tién dé dé bién d6i va rut gon sé khong th€ dé dang cho ta mot két qua nhu vay.

1.9.2. RUT GON BAI TOAN LOGIC KHONG HOAN TOAN XAC DINH

Nhing bai todn da xét cho ta thdy : cdc vi tri 6 trong bla K déu cd gid tri 1 hoac
0 16 rang, ching duge goi mét tén chung la "bai todn logic hoan toan x4c dinh". Nhung
trong thuc t& ky thuat thi khéng phai nhu vay, khéng phai lic nao cac vi trf 6 (dap
Ung ra) cia ham ldgic trong bia K déu cd gid tri l6gic xdc dinh, khi ma ddp dng ra dd
ta cd thé khIOng dung d€ diéu khién gi, hay bd tin hiéu vao cu th€ dng voi d 6 toa d46
dd trén bia khong bao gid xuét hién trong qué trinh lam viéc cia hé théng dign t&. Loai
bai toan logic nay cd tén goi 1a : "bai todn khéng hoan todn xdc dinh", nd dude vi du
minh hoa trén hinh 4.64.

X1 X X3 f(X)
XX

0 0 0 0 vi tri khong Xs Xy
0 0 1 0 / xac dinh X, 0o ot i1 10
0 1 0 | - A : o r)rT

1 — \
0 1 1 1
1 0 o | 1. —
10 1 | o ! @’ 1 1 \®
1 1 0 1 h——
o1 1|1 / N\

"

) b)
Hinh 1.64, Bai todn khOng hoin toan xic dinh

Khi.bai todn 1ogic cd vi tri "khong x4c dinh” (c6 th€ ky hidu Ia "—" hay "X") thi ta
c6 thé€ todn quyén si dung vi tri d6 sao cho o lgi nhit cho ta thi 1am, ¢d thé cho nd
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2 0 hay 1 1a tiy ta. Thong thudng & vi trf khéng xédc dinh ta sé chon sao cho mach
thuc hi¢n ham lbgic dé duge don gidn nhdt. D& thdy rs hisu dng cia cich lam ta cd
thé gid s sau :

- Gia s 18y vi tri khong xdc dinh 14 "1", thi bai todn trd thanh bai toin quen thudc
va da cd két qua la

f3 minr = Xz + % X
- Gia s My vi trl khong xac dinh 1a "0", thi két qua rit gon cla bai tosn dc s& la.
f3min 0 = X2 X3 + x| X4

Tit hai két qua rat gon thu duge cia ham s, ta thdy hai két qua dd ching déu
thuc hién dude chic nang logic d& dé ra vi ching cing cho tin hisu ra & 4 dinh () c6
gia tri la 1. Nhung do phic tap cia ham s& cing nhu cd mach dién khi l4p rdp 1a khac
nhau. Tir d6 ta bigt nén chon vi tri khéng x4c dinh nhu th&€ nao, khi chon vi tri khéng

xac dinh sao cho ¢d lgi nhét cho ta chon. Cu thé & day ta chon fy_;

Ti vigc gid st d6 ta nhan thdy : khi c6 mot vi tri khéng x4c dinh ta s& phai giai
hai bai toan logic khic nhau do phai gia st d€ hai 14n. N&u ¢6 hai vi trl khong xac dinh
ta s& phai gidi 4 bai toan Ung véi 4 t8 hop logic dé tim dugc moi kha nang, vi ti dd
mdi tim duge mach dién don gian nh&t. Téng quéat 1én néu cé n vi tri kh6éng xdc dinh
thi ta s& phai giai 2" bai todn d€ tim mach dién don gidn nhé&t cd loi nhat. Nhan thdy
s6 lugng bai todn s& tang 1én rit nhanh theo ham mi va phu thudc vao s8 lugng cta vi
tri khong xdc dinh. Diéu d6 c6 thé vugt qua kha nang tinh toén cta con ngudi. Nhung
néu ding bia Kdcnd d€ gidi bai todn tim ham rat gon, ta chl cén 1am mst 14n la xong,
k&t qua luén cho ta mach dién 12 don gidn nh&t hay dip s6 12 ham ludn i tiu hda.
Diéu dd duge minh hoa & vi trl chi ra trén hinh 1.65.

Xg X _ =X %

X, X, a0 o1 1t 10

0o | ! fi X
o1 l X f| X /@

= X X, X

. EI]”M
10 on

Hinh 1.65. Rit gon bai toan khong xic dinh.

= X X KK

Bai todn khong x4c dinh nay ta chi cén lam mdt 18n, voi ba khoanh ddn, cho két
qua Ia :

fmin = X1X3 + X3 % x4 + X Xy %3 Xy
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D¢ cling 12 mach don gian nhét dé dang nhan thdy. Trong khi bai todn nay c6 4 vi
trf khong xc dinh tdc 1a ¢6 2* = 16 kha nang lua chon, hay 16 bai todn khédc nhau dé€

giai néu khong dung bai Kdcnd. Qua vi du ndy cho ta higu hon va thfy thém uvu vidt cla
bia K khi mit gon ham Boole.

Dang t8ng quat (thyc t&) cta bai todn rit gon ham Boole 5 bi&n, md ta trén bla K,
duge minh hoa trén hinh 1.66.

7 | / @
o1 I H i 17 ot og /

"]
o [m ) NIR)
10 _LJ

Hinh 1.66. Minh hoa rat gon mt ham logic tdng quat

Qua cach khoanh dan trén bia K ta théy cd nhitng vi tri khong xdc dinh (X) ta lai
st dung trong khoanh d4n, vi ¢d nhitng vi tri khéng xdc dinh ta bd qua.

Muc dich khoanh ddn sao cho ta thu dude mach dién don gidn nhét, sao cho cac vi
tri (1} cla ham ludén ludn duge thue hién khoanh ddn hét.

1.9.3. DINH DAU MUT VA CAC KHOI DAU MUT

Rat gon ham légic ding bia K cho ta thdy réng thyc hién qua trinh rat-gon ham
logic duge thye hién rit don gidn va dé& dang, chi cfn khoanh déan céc 6 “cgin‘l‘h nhau” lai
v8i nhau, vA lam sao khoanh dén dudc cang nhiéu 6 v6i nhau - khoanh dén cing to
cang t6t, vi khi khoanh @#&n. cang to thi mach dién l&p rdap ham l6gic dd cang don gian.

" Nhung trong thuc t& thi viée rat gon ham Boole diing bia Kdcndé (bia K) khéng
chi don gidn nhu vay, vi ching ta ¢d vi du minh hoa ham logic dd cd dang nhu trén

hinh 1.67. %, 0 y
Xy Xy
xxN. 680 01 f 10 16 /11 Bl o0

by

00 W /
o1 A m
-, -’
ez 21N

/|8
10 Y

X2 % %= @ @

Hinh 1.67. C6 mdt chl'I_c nang dac bict.
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Trong qué trinh thyc hién khoanh ddn d€ rit gon ham logic nay (nhiém vu ky
thuat nay) ta thidy khoanh @ = X, X3 X4 la khoanh to nh4t theo ly thuyét, nhung viée

thuc hién chidc nang logic nay ta chi cdn l4p cdc mach VA tng véi cac khoanh (@@
@ @) diéu nay nhin trén bia K rdt rd, cdn yéi khoanh @ khoanh to nhdt ta khéng
cdn quan tdm khong cédn lap rdp mach VA cho né. Nhu vay r6 rang khoanh dé.n@ la
khoanh to nhét thi tré thanh "khoanh thita" hay "mach VA thita".

Néu ta rit gon ham légic nay theo phuong phédp dai s6 dung tién dé d&€ bién d6i va
rit gon, thi két qua rat ggn@ sé khong th€ nhan ra duge dé 1a mach thira, vi két qua
@ la ti tién dé ma ra, tit bién ddi toan hoc ma xuAt hién ra né. Déng thdi "mach thia"
@ khong chi ¢ m6t ma n6 c6 thé xudt hién r&t nhidu trong qua trinh rit gon ham
Boole. N6 1a nhitng mach ¢é hay khong c6 né khéng anh hudng gi t6i chic nang cta
mach. Nhung nhitng "mach thita" d6 vi c6 né s& lam tinh kinh t& cia mach bi gidm, lam
kich thuéc mach to 1én khong cdn thiét, déng thoi lam giam do tin cay hoat dOng cua heé
théng khi cdc "mach thita" nay héng hdc.

Tu d6 xudt hién ven dé 1a : lam sao loai bd duge cdc "mach thita" dé. Nhung viéc
loai bd nhitng mach thita (nhu mach (3)) trong qua trinh rat gon ham logic 1a khong d&
dang, vi cdc mach thita ndy déu xudt phét tit chinh tién dé, tit chinh cic co sd toan
légic (tit dai s Boole) ma ra. Nhung ta bit budc phai tim cich loai bé nhitng mach thita
dé khéi mach thiét k& D& loai bd duge "mach thita" & day ta phai dua ra mot khai niém
todn hoc méi d6 1a : ty tao ra, tu dinh nghia ra mot phép todn méi dé€ giai quyst nhiém
vu ky thuat. Cu thé & day nd 1a phép todn cd tén la "hiéu toa do" ky hicu (#).

Tru6c hét mudn loai bé duge mach thita thi ta phai biét duge vi sao thita? va thia
vi cdi gl thea toan hoc? chu khéng thé chi nhin trén bia K va nhan xét 1a nd thia la

chua dd. D& trd 13i duge cau hdi : cdc mach d6 thita vi cai gi? thi ta c6 thé dua vao
mot vi du don gian duge chi ra trén hinh 1.68.

Xy X3 ' khéi déa mdat”

b 00 o1 11 10 \
?:&N\\\’C @ﬁ @

- = Al % o} [o ¥ )58
x:.xz.=®/ N \m ‘ [___J Sl

. : dinh' déu mdt”
%% = é b = X5 o

Hinh 1.68. M0t ham logic don gian.

Tu bia K ta cd phuong trinh cia ham logic d¢ Ia :

f3 (Xl, Xz, X3) = 5(-1 22;3 + El izx-_,‘ + xl 22 X3 -+ xl x2x3
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= il iz (E3+ X3) + (§l+ Xl) 322 X3 + xl (i2+ Xz) X3
| -@+ @ + @

Ham s8 ¢é 4 dinh dng véi 4 tich s6, nhém hop cic tinh s8 d¢ ting d6i mot theo
tién dé (theo phép todn Dan) ta thu duge cde két qua don gidn hon, goi 13 cdc implicang
don gidn (vi du : XX, ; X, %3 ; X| X3). Cdc implicing don gidn dugc rGt gon theo tién
dé chinh lai tuong dng véi ting khoanh dén trén bia K (vi du : khoanh (1) =%, X, hay
khoanh @ = X; X3 va khoanh @ = x| X4).

Tit cic khoanh ddn thu duge ta cd thd minh hoa ham logic dé thianh mét doan
thdng mo ta trén hinh 1.68b, "Doan thdng" mé t4 ham sd d6 c¢6 hai ddu 1a A va B. Ta
¢ th€ goi 1a hai dinh A va B, ching ¢d gid tri cu thé 14 : A = (000) = x;X,%; v2a B
= (111) = x; x; x5. Tt ddy ta cd mot dinh nghia hay mét tén goi méi la :

Dinh nghia 1.9.2 : "Dinh ddu muat", "dinh t4n cung" "dinh dac biét", "dinh danh dgu"
la dinh chi ndm trong mét implicang don gian.

Vi du : Dinh (101) = %, X, x; khong phai 12 dinh t4n cing, vi dinh d6 vita nim
trong khoanh @ vita nidm trong khoanh @, fyc 1a ching cd thé duge vigt :

X1 X %3 © X %Xy = @
xl Ez X3 g xl X3 = @
Nhu vay dinh (x; X, x3) ndm déng thdi & hai implicing (tich) don gian 1a(2) va (3).

Nhung dinh A = (000) = X, %, x5 la "dinh ddu mit" hay "dinh t4n cing’, vi dinh d¢

chi ndm trong khoanh @ ma théi nd khéng nidm trong bit cit mot khoanh hay mét
imphicang don gidn nao khéac, tie 1a

Tudng ty nhu viy dinh B = (111) = X; X5 X3 cing chi nAm trong khoanh (3) ma

thoi tde la -
B=X1X2X3QX1X3=®

T dinh dfu mit dinh t4n cliing ta cé mot tén g‘c_)i méi nita 1la : Dinh nghia 9.3
implicang don gidn chda dinh ddu mat thl goi 12 "khdi dau mit" (hoic goi extréman)

Vi du : Khoanh (J) 14 implicang don gian chita "dinh ddu mut" 1a A = (%, X, %y thi
nd con duge goi 14 "kh&i dfu mit'. Tuong ty nhu vdy khoanh @ = x| X3 c6 tén goi la
khéi ddu mdt la implicang don gidn thye sy (extréman).

T két qua cd "khéi ddu muit' ching ta d& dang nhan thay rdng : khi 18p mach
dién (hay tim ham logic t6i thifu hda) n€u mach dién 1a khéi ddu mit Ja implicAng don
gian thyc sy khoéng thé€ thi€u duoc, thi bidt buge phai l4p rdp implicing don gian dg
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trong mach (hay phai git lai nd trong ham t&i thigu), vi néu bod khéng dung mach dién
(mach va) l1a khéi ddu muat thi s& bi m&t chie nang diu miit.

Cén néu implicaAng don gian nhu khoanh @ thi ¢6 th€ khoéng cén lip mach VA
ding vdi khoanh s6 @ = X, X3 ma mach vin khong bi thifu chic nang hay thiéu dinh
ndo & nac trong bia K, vi cdac dinh cda khoanh @ da dugc cdc khoanh khac Ia @ va
(® @9 1a cle kh6i ddu mit cic mach VA (D), (D) lam thay cho cA Nhu vay implicang
dan gién@ 12 mét "mach thita” va cd thé bé nd di khéng cén l4p, nhung chic nang

cia ham légic vAn didm bao, hay ndi cich khde 14 chite nang d¢ vln duge thuc hién ddy
du cdc gid tri 1 cta ham s6 & trén bia.

Tir d6 ta c6 thé hiéu khoanh (2) I "mach thita” vi né khong chia *dink diu mit'
hay khong chia "dinh t4n cing”. Nhu vay cic implicing don gian khong chita dinh ddu
mut déu 1a cdc "mach thita", ta cd thé loai bd khéi mach chdc n&ng thuc hién ham logic.

Dén day ta da cd nhitng khdi nidm va cdc tén goli méi nhu sau :

- Tap cédc implicang don gidn khéng thé nhém hop hay rit gon hon (tuong vng véi

cdc khoanh dan), duge goi 12 "khong gian 2" cdc implicing don gidn kh6ng rit gon.
’ n

Z = U Zi
i=1

Trong dd : Z; la implicang don gian khong thé rat gon.
- T tap céc implicing don gian hay tit khéng gian Z, ta tim dugc tp cic dinh diu

mut hay edn duge goi 14 "khéng gian L' cic dinh ddu muat.
n

L= U L
t=1
Trong d6 : L; 1a "dinh dfu mut", hay "dinh tan cung".
- Tit hai tap Z cic implicang don gidn khong rit gon duge va tap L cac dinh ddu
mit, ta tim ra dugc tap cac khéi ddu mit hay cdn duge goi 1a "khéng gian E" cic "khéi
ddu mit" (cdc extréman)

Trong dd : F; 1a khdi ddu mait la implicing don gian thue su.
Vi du trong bai toan da chi ra trén hinh 1.68 ta cé cdc "khéng gian Z" cac

implicAng don gian, "khoéng gian 1" cdc dinh d8u mut va "khéng gian B cac khéi diu
miit nhu sau :

z = ((D ®.@®) = (%1%, X X3, X X3)
L = (A B) = (X[ X3 X3 XjXpX3)
E = (@:@) = (X.%3 X.%3)

Dé cd mach dién don gian nh4t thuc hién dugc chic nang dé ra ta phai tim duge
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cac "kh&i ddu mat" (impliciAng don gidn chda dinh ddu miit), néi cach khéc chinh 12 ta
phai tim ra tap cdc "khéi dfu mut E" ctia ham logic dd. Tit day ta ¢ mot danh t¥ méi
12 : Khi ta tim mach dién don gidn nhét chinh la tim "phd t6i thi€u" C ;. cia ham s8
(cd lic lai goi 1a tim pha t61 dai cia ham s6 khi xét v& khia canh phi dugc nhiéu gia

tri 1 trong bia Kdcné), nhu' viy ta cd thé néi C ;. chinh 1a "khéng gian cdc khdi ddu
mut E", hay vigt :

Cmin = E

Dé tim dugc mach dién don gidn hay phua C;, cia ham légic ta phai dua vao
khéng gian Z, ching c¢d quan hé nhu sau :

Chin € 2

min =

Tai day ta chi con tén tai mdét vén dé 12 lAm sao v blng cich nao loai trit duge
cdc mach thia hay cac implicing don gian khéng cd dinh ddnh dfu (khéng chia dinh
ddu mat). Muén loai trit duge cdc mach thifa, bing to4dn hoc dd 12 mdt diéu khoéng don
gian, vi cdc mach thia @ {trong vi du trén) xu&t hidu do chinh tién dé todn hoc hay
ban chit ctia dai s& Boole ma ra.

1.9.4. LOAI BO CAC MACH THUA DUNG PHEP TOAN HIEU TQOA DO (# )

D€ loai bd duge mach thita hay cdc implicing don gian khéng chita dinh ddu mt,
& day ta phai td dua ra hay ch& ra mét phép toan mdéi cd tén 1& phép "hiéu toa d§" cd
ky hiéu 1a (#). Dinh nghia cta phép toan hiéu toa d6 (#) dugc chi ra & trén hinh 1.69.
Cdn cich ché tao cu thé phép toan hidu toa do (#) nay sé dudc chi ra & phdn sau trong
phuong phap Roth.

iy M
g b ¢ J . p: g déu mat
Y SR - e "
Kh(ﬁ ?'é- rﬂt;'f c d - ’
4 " . ¥
b)
a)

Hinb 1.69. Phép hiéu toa do (#).

Tacd :(a b, c, &, e f g # (a, g = (c, d, &
Trong do : {(a, b, ¢, 4, e, f, g 12 cdc implicang don gidn khéng rat gon duge €2
(a, g 1a cdac khéi ddu mit €E

O day gia st ching ta cong nhén ¢ sy ton tai cha phép toan higu toa dé (#) theo
dinh nghia dé hifu cich dung phép todn hiéu toa dg (#) loai trid hay bd di cdc mach
thita. Viéc xay dung nén phép todn hiéu toa dd mét cach cu th& han s& duge chi ra &
phdn sau. Tl day ta ¢ mdt khdi niém mdi quan trong 13 - dé€ gidi quyét mét nhiém vu
ky thuat cu thé ta cd thé tu dua ra hay ty dinh nghia ra mét phép todn mdi, phép todn
méi nay duge ché tao ra chi cd thé gidi quyét nhiém vu ky thuat theo todn hoc.
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Vige ving dung phép toan hiéu toa do (#) d€ loai bé di chc implicAng don gian thia
co th€ duge thue hién nhu sau. Trd lai bai todn quen thuge da dua ra & phén trén &
hinh 1.70.

X
<% 7 @ 3
% 00 o1 g9
A ] A [a5550 e $5440K1B
0 7 1
A 8
XIXZ - ®/ 7 /’ __,.--"""; b)
1 Qf
7

XX = ®/ ) %-X,xj
a

Hinh 1.70. Bai toan don gian.
Ta dd ¢d két qua :

Z
E

(®> @* @) = (% Xy, Xy %5, X1%3)
@D ®) = X % x%3)
Ap dung phép toan hiéu toa dd ta o két qui

2#E=(D.QO 0@ * (DG =09

= (il-}-('z X3 + izX3 + xl X3) # (gliz + X x3) = ¢

Khi xudt hién két qua la réng (d) thi ta g phu t3i thigu C.; hay ham logic rit
gon la

EminX1%2%3) = Chin = XX, + xix,

Nhu vay c6 thE ndi ham logic rit gon hay phu t6i thi€u Chnin dude tim ra tit khéng
gian cac implicang don gian 2. Déng thai qua dé ciing hi€u dugc ung dung cua phép
toan hidu toa d6 (#).

Trong thuc t& néu ham légic phite tap hon, viéc tim duge khong gian cac khéi diu
mit E sé khong the don gian va chi lam moét 14n nhu vdy. Nho c6 phép toan hisu toa
do (#), qua trinh tim ra tap E cha mét ham l6gic phdc tap, hay con goi thuat toan (cic
bude) tim khéng gian E céc implicing don gidn khong thé thigu duge, cd thé thuc hién
nhu sau trén hinh 1.71.

Tt bai todn ham logic 5 bién don gidn dudge dua ra lam vi du ta cd céc két qua
sau

Z =1(a, b e def g

la tap cdc implicing don gian khéng rit gon duge. Déng thdi cling cd tdp cédc dinh
déu mut L, 1a : ' ' '

L, = (4 B) A
B

(00000)
(10110)

il

95



X,

E )
Ko Xs
%% 00 o n/m w0/ w01 o0

(00000)=A~—~—___} /
250

a0

o = ,

o1 {LLJ , 4

P sinolin

¢ 1 / // {;PVf/}_
/

/ N
d £ \5 8 =C(10710)

x
\§ Q

o
»

o
[

'
[

)
r ]

-

@\“

w1

Hinh 1.71. Cic budc tim khong gian E.

Td tap Z va tap L, ta tim dugc t4p cée khéi ddu mat dot moét 1a By cd két qua la :
. E1 = (a, g)

_Sau khi cé E, dé d& dang k¥ hiéu ta coi tap Z = Z, la tap ban diu. T Z; va E;
dung phép hiéu toa d6 (#) tim duge khdng gian mdi

Z, = 2, # E,
= (a b, c d e f g # (a, g = (a, d, 0
Tit tap Z, = (c, d, e) sé tim duge tip cac dinh ddu muit L, 1a :
L, = (C, D) C (01001)
D (11010)

Tit hai tap Z, va L, ta lai tim dugc tap céc khéi ddu mat ldn hai la E, cd két
qui la

il

E;, = (g, ©)
Sau d¢ lai thuc hién tim khéng gian cdc implicing don gidn mdi Z;
4G day Zy = (¢, d, &) # (¢, &) = & - réng

Chu ¥ : Qud trinh tim cdc khong gian céc implicang don gidn méi cd lam tuong ty
méi cho d&n khi Z; # E; = ¢ thi ding qua trinh tlm khsi ddu madt, két qua nhdn duge

s& la n

Coin = E = By + By = U E,

min

= (a, g + {(c, e)
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Két qua thu duge sé 1a tap cac kh6i ddu. mdt
mein = Cmin = E = (a’ g ¢ E)
DS chinh 1a phi t6i thi€u hay 13 mach dién don gian nh#t cia ham logic da cho.

T6ng quat qua trinh tim cac khsi ddu mit hay cac implicAng don gidn khong thé

thigu duge E: n

i=1

Trong dd : E; 1a tap cdc khéi dfu mit trong qua trinh tim.

Téi day trong qua trlnh rdt gon ham Boole trén bia Kdcnd te cén phai cd hai kién
thic quan trong dé 13 : dinh t4n cing hay dinh dénh dfu (n6 cling chinh !a chic nang
khong the thi6u) va khoanh dén to nh&t d& mach thuc hitn dugc don gidn nhét. Phai
dady di cA hai digu kién trén thi mot khoanh dan méi ¢ gid tri hay duge céng nhan
(duge ton tai & £, (X)), vi nfu khoanh to nhdt ¢ng v6i implicang don gian khong thé
rut gon dugc, ma trong khoanh dé khéng chita dinh ddu mut thi dd chi 12 "khoanh thita"
hay "mach thia" ma thoi.

Vén dé con lai & day 1a cich tim ra duge "dinh ddu mit’ hay dinh tan cing trong
mot bai todn cy thé nit gon trén bia Kacnd. D& hifu duge didu d6 ta lam vi du rit gon
mot ham logic nam bign bi€u dién trén hinh 1.72. -

khaarh ?‘;zi* *s

xg‘ g thida # ! A
X,
AN A
“ 00 o1 Si1g W oo Y a1 Soo
vy
60 ! \é 4

X X, X = . B8
e e
\

it f 1*1_ -

>

10 F ox it ot

\

c
X Xy Xy =
' Hirh 1.72. Cich tim dinh du mut.
Céch tim "dinh d4u miat" hay "dinh danh d4u" cu th&€ nhu sau :

Ta "khoanh thi" mot khoanh to nhéit o6 thé duge trén bla Kécné sau d6 di ki€m
tra lan lugt ting dinh (6) cd gid tri 1 & trong "khoanh thi" d6 xem né cd "canh” hay "k&
can” mot 6 o6 gia tri 1 & ngodi "khoanh thi" dd hay khéng. N&u tén tai chli 1 6 cd gia
tri 1 & ngodi "khoanh thi" k& cAn & ¢d gia tri 1 & trong "khoanh thu" thi 6 c6 gig tri 13
1 & trong "khoanh thi" khong phai 1a dinh ddu mut hay dinh dénh d4u.
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Vidu : 6 cd gia tri 1 dng v6i toa d6¢ (00001) trong "khoanh thita”, 6 dé nam trong
"khoanh thia" lai "canh” & (00101) ndm bén ngoai "khoanh thita" cd gig tri 1. Vay ta két
luan 6 (00001) khéng phai la dinh ddu midt. Néu cac dinh 1 & trong khoanh dd déu
khong phai 1a dinh ddu mit thi khoanh dé la khoanh thira.

Nhung néu cd gid tri 1 ¢ trong khoanh thit khi ta ki€m tra thdy khong "ké& can"
bt k¥ mot & cd gia tri 1 ndm ngoai khoanh thd, thi 6 ¢d gid tri 1 & trong "khoanh thir
ta kiém tra dd duge goi l1a "dinh dfu muit", déng thdi khi ¢d dinh déu mat thi "khoanh
thi" d6 trd thanh "kh6i dfu mit" ma ta phai gitt lai khoanh dd.

Vi du : khoanh thit @ = X; X3 X ta ki€m tra dinh B = (01100) nAm trong

“khoanh tha" @ Ta thiy dinh B dé nd khéng "canh” hay "k& can" vdi bat ky mot 6 cd
gia tri 1 n3o niAm ngoai khoanh th{i.@, vi cAc ® k€ caAn dinh B theo mai tén kiém tra
déu cd gid tri 1a 0. T su ki€m tra d¢ ta két lun dinh B la dinh "ddu muat", "dinh dac
bigt" "dinh dianh dfu" va ta danh ddu (*) vao dinh B dd, ddng thai giit lai khoanh thu
@ vi nd tré thanh "kh6i ddu mat* thudc khéng gian E.

Véi cdch lam tuong tu cho cde khoanh dan khic ma ta cd thé khoanh trén bia
Kécnd. Vi vi du da cho ta tim duge ba "dinh ddu mat" hay ba “dinh ddnh dfu" la cac
dinh (A, B, C). Tit ba dinh ddu muat dé k&ém theo ta ¢6 ba khéi ddu mit d6 1a cdc
khoanh (@;@, @ ). T dd ta cd két qua rit gon ciia ham Boole di cho tim bia K A

Coin = fninX1, %5 X3, %y X9} = X XX x5 + XjXpXs + X X3%s
Tdm lai qua trinh thuc hién rit gon ham Boole diing bia Kdcné la ; khoanh to

nhat, sau dé ki€m tra xem khoanh d¢ c¢d "dinh danh d4u" "dinh d4u muat" hay khong.
Néu c6 dinh ddu miit thi gitr lai khoanh d6 con n€u khéng cd dinh ddu mit thi d¢ 1a

"khoanh thura" cé th€ bé di. Xy 0 y
Xy Xy 4 b 4 Yo Xs
w0001 [ 10 BN\ ot 11 w0y 10 11 o1 00
P A d 1— 7141
g —.-{ =//‘-/ a0 E !l
f—5 141 1 |
11 -1
o -
10 141141
H

Hinh 1.73. Loai bai todn 16gic khong c6 dinh diu mut.
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Nhung trong thyc t& vidc rit gon ham Boole khéng chi don gidn nhu vay, vi cd thé
xuit hién loai ham logic, ham Boole khéng cé 'dinh tan cing" hay khéng ¢é "dinh d&u
mit". Day 1a loai bai todn dac biét cia ham Boole, nd lién quan téi cfu tric cia tu
nhién nhu ham légic cd clu tao ki€u mang t§ ong hay mang giac théng, mang thédn
kinh con ngudi... Véi loai mach légic c6 cfu tric t8 chic nhu vay, chi cd thé dua vao bia
Kécno ta méai hinh dung duge cfu hinh ctia nd, néu chl bién ddi hay rit gon theo toan
hoc - theo dai s8, thi ngoai két qua rit gon phu C, ra, ta khong ¢ dudc thém thong
tin gi khde, va khéng hinh dung ra duge cfu hinh clia bai toan 1a gi. Cé the ldy vi du
minh hoa bai toan logic "khéng cd dinh ddu mat" chi ra trén hinh 1.73.

D€ giai loai bai toan 1ogic "khéng cd dinh d4u muat’ clu phai dung téi phép todn
hiéu toa d& (#), cach giai loai bai todn loai nay ta ¢6 th€ minh hoa bdng vi du chi ra
trén hinh 1.74, tim pha C_;, hay rit gon ham s§ sau.

bni;xs
X‘,XJ
x\. 00 [a1 11,/ 10

- C:szs
|~
o j'l_}‘._._f

/d= xixz [

) | 2
Hinh 1.74. Mot bai todn cu thé.

Tit bia Cacnau ta cd t4p cac implicing don gidn khéng rit gon duge Z la
Z =1( b cde ) =2
L =()=®-réng = 1,

Nhén thdy cdc implicang don gidn dong déu nhau vé muic dé rit gon (ching gitng
hét nhau), tit dd ta c6 th€ chon bét ky trong ching ra mét implicing don gidn lam khéi
ddu mit E,, vi du ta chon :

El = (b)
Sau khi cé E; ta tim tiép khong gian Z, cdc ienphicang don gidn :

=(a, bec d e ) # () = (f ¢ d)
" Cé minh hoa qua trinh Z, nhu sau trén hinh 1.75.
Sau khi ding phép tedn hiéu toa do (#) "chat dut" vong, ta lai thdy xudt hién "dinh

dau madt" (A, B), va tdt nhién ta lai ¢d kh&i ddu mit va cach gidi bai todn lai trd lai
ciach lam ta 44 néu d phén trén.

Toi day ta e6 két qua
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Z, = (f e, d)

L,=AB
Tu hai tap Z; va L, 12 dinh dfu mut ta tim duge khéi ddu mat B, of két qua 1a :
E, = (£, d) '
A
2 N
"o
# |t = .
o
-
d
/ B
Hinh 1.75. Ez
Ta tinh tiép thdy :
' Zy =2, # B,

= (fe,d) # (f,d =
Khi xuft hign két qua Z,,, = Z # E; = & th ta ditng k6t qua tinh todn, va cong
cdc két qud cdc khdi ddu mdait lai :

Coin = B = B + E, = ) + (£, )
D6 chinh 1a két qua rit gon cia ham.légic khong ¢6 dinh d4u mut da cho.

foinlX %o, X3) = X, x3 + x) X + X%y

O day chi dua ra cach si dung phép toan hibu toa do (#) d&€ gidi mot bai toan
logic don gian khong cd dinh t&n cung (dinh d4u mut), cdn trong thuc t& cia ham légic
khi lien quan t6i "eflu tric clia ty nhién" thi bai todn thyc hién s& phite tap hon rét
nhidu , sy phdc tap khong phai vi bai todn to 16n ma vi nhat "ch&t” hay "c&t” ddu tién
cia phép todn higu toa do (#) s& duge dit vao dau? O difm nao d€ sau niy ta 58 nhah
duge pht t6i thi€u hay ham logic don gidn nh&t cia bai todn d¢. Trong quy&n séch nay
khong néu hét duge cic vin dé€ phuc tap x4y ra trong qua trinh rat gon ham Boole.
Dong thdi ngoai pht t8i thi€u C;, néu o6 dugc cic thong tin khéc nita cia ham logic
(cla mach dién), thi ta c6 th€ danh gié dugc do tin cAy cing nhu chat lugng cta ng.
Téi day cing két thic qua trinh rit gon ham Boole ding bia Kécne.

Ding bia K rit gon ham logic nhanh, d§ dang va thuan tién, déng thdi cho ta hinh
dung dugc hinh dang cta ham légic d6 ciing nhy do phie tap cta né. Nhung bia Kacno
cing cd nhitng han ch€ rit 16n, dd 1a khong th€ giai duge cdc bai todn légic c6 nhidu
bién s6, vi khi qua "nhiéu bién s6" hay "nhidu tin hiéu vao" lam cho bia Kicné sé rit
l6n va khong thé vé ndi. Thong thudng chi ding bla Kécnd giai bai tosn logic cé s6
bién < 7. Nhu vay khi cln rit gon nhimg bai todn cd s lugng bién rit lanm, khoang
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hAng tram bién hang tram tin hiéu vao thi ngudi ta phai diung phuong phdp khac, d& o6
th€ lap trinh cho may tinh dé giai, ngudi ta goi dd la phuong phdp thuat toan hay
phuong phap Mec.Cluskey, phuong phap nay duge trinh bdy & phéin tiép theo.

1.9.5. RUT GON HAM BOOLE THEQ PHUONG PHAP QUINEA - Mc.CLUSKEY

Day la mét phuong phdp rit gon ham Boole diung thuat todn, nhd dé ta cd thé lap
trinh cho mdy tinh d& giai duoc bai todn vé&i s6 lugng bign sd rdt 1on téi hang tram
bién. Ngay nay bing may tinh ngudi ta da giai duge nhitng bai toan logic ¢d s8 lugng
bién s6 toi trén nam tram bién. Ngudi ta da xay dung duge mét chuong trinh tu dong
rit gon ham Boole dugc viét bing C++, chuong trinh nay cia My, bat dsu xay dung tir
nhitng nam 1980, tai trudng dai hoc Califonia cla Berkeley, né cd tén la ESPRESSO.
Dén nay chuong trinh ESPRESSO ding d€ ty dong rit gon ham Boole da dugc XAy
dyng hoan chinh, da dugc st dung rét phé bign & nhiéu nudc, chuong trinh ESPRESSO
cd hiéu qua tinh todn rét 16n dua trén kha nang st dung hang loat cdc thuat todn clng
nhu phudng phap tinh toin théng minh. Chuong trinh nay truéc hét d€ si dung t6i
thi€u hda cfu tric cta PLA (Program Logic Array) trong may tinh, déng thdi cd thé
thue hién rit gon cac ham logic bt ky.

Phuong phap Quinéa—Mc.Cluskey gém hai qua trinh : trudce tién 13 qua trinh tim
"khong gian Z" 1a tap cdc implicing don gidn khéng rit gon duge, ti€p theo la qua trinh

xdc dinh tim cdc imphicang that Xy X,
sy khong thé thidu dugc - khéng %% 00 o1 1t 1
gian cdc khéi dde mat, dong thai 00 f {
loai bd di cdc implicing dan gian
thta. Ca hai qui trinh tim kiém 0! ! !
dé cé thé dung bang d€ thuc hién
nhu sau : 1 : :
Vi du : Diung phuong phap 10 !
Quinéa—Mc.Cluskey rit gon ham
Boole cho trén bia Kacnoé & hinh Hinh 1.76. Mot ham logic bt k.
1.76.

Ta cd mot s& ky hidu va tén goi :
K® Goi 1a (khsi - 0) la nhitng implicing céing diy dd
Vi du (00110) ; (10100).. Ja cdc (kh6i - 0)

K' Goi 1a (khéi - 1) la nhitng tich s6 cd mot (X).
Vi du (101X0) ; (11X00).. 12 cdc (khdi - 1}

K? Goi la (kh6i ~ 2) 1a nhiing tich s6 cd hai (X).
Vi du (00X0X) ; (1X10X)... la cdc (khéi - 2).

Téng quat K™ 1a (kh&i - r) trong dd xust hién r ky hiéu (X)
Céch thue hién rit gon ham logic theo Mc.Cluskey trudc hét 1a qua trinh tim khong
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gian Z cdc implicang don gidn. Ta ké mét bang duge chi ra trén hinh 1.77 trong d6 cd
chc oot ing voi cde khéi, ta ké tir cot K, K'.. t6i K. Trong c6t ddu tien K® ta ghi tat
ca cdc (khdi — 0) cta ham logic cdn rat gon vao d6 (cdc 6 hay cac dich ctia ham légic),
tap cac (khdi - 0) cdn duge goi 1A "phi ban ddu" C, T bai toan da cho c6

Co = ((0000) (0001) (0100) (0101) (1101) {1111) (1010))

gooov 000XV 0X0X
0001V 0X00V
o100V 0X01V
0101V 010XV
1101V X 101
1010 11 X1

Hinh 1.77. Bang tim cic khéi.

1.9.5.1. Qud trinh tim khong gian Z cdc implicing don gidn

Sau khi ghi hét K’ "pht ban dau’ hay s6 liéu ban ddu cia ham légic c8n rit gon.
Thuc hién phép gom gi6i han gitta cdc (kh&i —0) v8i nhau, chinh 1a phép so sanh giva
cdc (kh6i —0) voi nhau, néu gitta hai (kh6i —0) ching khdc nhau chi § mét vi tri thi ghi
két qua thanh (khéi —1) vao cdt bén canh va danh dfu (V) & hai (khéi —0) dd, ching
to hai khéi nay da dugc thay th€ bdi mot (kh6i —1) & cot bén canh. Cén néu giita hai
(khgi —0) thdy vi tri khdc nhau cda ching cd s6 lugng = 2 thi bd qua.

Vi du : Ly (0000) so v&i (0001) thi két qua duge (khsi —1) 1a (000X) va ta danh
dfu ddu (V) vao ding sau hai (khGi —0) dd. Tuong tu ta so sinh tiép :

(0000) so vai (0100) duge K' la ( 0X 00)
(0000) so vai (0101)
th&y vi tri khdc nhau = 2 ta bé qua va lai gom gi6i han tiép cho dén hét day K°.

Tiép theo &y (0001) so sanh ldn lugt tGi hét cdc (khéi —0) & cot K° néu ¢ két qua
thi danh d&u (V) va ghi sang K! & c6t bén canh.

Ta cd 1am nhu vAy cho toi h&t est K® sao cho khéng bd st mét cap so sdnh
(kh8i -0) nio,

Sau khi tusin t¥ gom hé&t (so sanh) céc (kh6i —0) trong cot K°, va ¢t K' cing ghi
ddy di k&t qua cia qui trinh so sanh, kifm tra lai toan bo cot K° nhiing (khéi —0) nao
khéng gom duge (khoéng ¢ ddu V & bén canh) tifc 1a dinh dé déc lap khéng nhém hop
duge voi cac dinh khae, thi d6 1a nhitng implicing don gian (kh&i -0) thudc khéng gian
AR
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z° = ((1010))

Khi da cd k&t qua ctia cot K' ta lai coi cot K' d6 la s6 lieu ddu vao d€ gom gidi
han hay so sdnh cdc cép (khéi —1) v6i nhau. Né&u so sanh thdy khac nhau chi mét vi tri
thi ghi k&t qua vao cot K* va danh dfu (V) vao vi tri cac (kh6i —1) da dugc gom. Con
néu s8 lugng vi tri khi so sdnh 2 2 thi bd qua.

Vi du : Lay (000 X) so sanh véi (0 1 0 X) cho két qua (khdi —2) 1a (0 X 0 X) ghi
vao cot K2,

Sau khi tufin ty so sdnh cdc (khdi —1) trong c6t K' va cot K2 cing ghi day dua k&t
qua qua trinh so sinh. Ta ki€m tra lai toan b 6t KI, nhitng (khdi —1) nao khong cd
ddu (V) & bén canh ching td ching khdng duge gom (nhdm hop thanh khéi 16n hon)
thanh K2 thi dd 1a cic implicang don gidn khéng rat gon dugc thube khéng gian Z

Z? = ((X 101) 11X 1)

Khi cd két qua cla cot K> ta lai gom ti6p, cdch lam tuong tu mai cho dén khi gap
cot K = & . Thi ditng qué trinh tim khéng Z. V&i bai todn d4 cho ta thdy K=o viy
implicing don gian thudc K? khéng th€ nhdm thanh khéi 1dn hon vay nd thugc khéng
gian yA

Z? = ((0X0X))
Két thic qua trinh tim khong gian cdc implicing don gidn Z ta s8 cd két qua la tap
hop tdt cd cdc kh6i khong cd ddu (V) trong cdc cdt cia bang
n o
A=U127
i

Trong d¢ Z' 14 tap hop cdc implicAng don gian (kh&i —i) nhitng khoi khong cé ddu
(V).

Vi bai toan di cho ta cd khoéng gian Z 14

Z =2+ 2! + 72
= ((101})) + ((X101) (11X1)) + {((0X0X))

Z ((1010) (X101) (11X1) (0X0X))

Nhan th&y qud trinh tim khong gian Z cdc implicing don gian khéng rit gon
dugc dya trén thuat todn so sanh {gom) gilta cdc implicdng v&i nhau ldn lugt tit tap
cdc (khdi —0), tap (kh6i —1) ... cho tdi hét, didu dd rat thuan lgi cho vide lap trinh
cho may tinh, cho phép tu déng hda qua trinh tim khéng gian Z.

1.9.5.2. Qua trinh fim khong gian cic khéi déu mit E

Sau khi da c¢6 tap implicang don gidn Z, ta coi dd 14 s6 lidu dfu vao d8 ti nd tim
ra tadp cic "khoi ddu mit E" cdc implicing don gidn khong thé€ thiu duge nhu sau :

T bai toin dé ra ta cd cdc 56 lidu :
Z, = ((1010) (X101) (11 X 1) (0 X 0 X))
L, = G, = ((0000) (0001) (0100) (0101) (1101) (1111) (1010))
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Ké mot bang c6 hang Gng véi khong gian Z; con cot thi cing véi cac dinh L, bigu
dién trén hinh 1.78.

z>~L] o000 | 0001 | o000 | owo1 | 1101 | 1111 | 1010
1810 - *
X101 , .

11X1 . .
0X0X * . . .

Hinh 1.78. Bang tim khdi diu mi E.

Sau d¢ so sanh giita hang va odt (i, j) ndu va chi néu implicing hang thd i phu
(chita) dinh cta cot thd j thi danh ddu (*) vao truc toa d6 dd, con khéng chda thi théi.

Vi du so sanh toa d6 ((X101) ; (0101) ) ta thdy (0101) € (X101) nhu vy cé thé
ndi implicAng don gidn (X101) chia dinh (0101), két qua ]a4 danh d4u (*) vao toa d6 dd.

Céch lam tuong tu v8i cic toa d& khiac cua bang khi danh d4u cac toa d¢ xong
ching ta cé nhin xét 1a cd cot (dinh) chi o6 mét ky hidu (*) va ¢S cot ¢S hai (cd thé cd
s6 lugng nhiu hon) ky hiéu (*). qua nhan xét dé cd th€ hifu duge 12 : edt c6 hai dfu
(*) nghia la dinh \ng véi c0t d6 d6ng thdi ndm trong hai implicAng don gian, két luan
dinh dd khong phai 12 dinh du mat (12 dinh chi ndm trong mét implicang don gian)

Nhu v4y nhing dinh chi e mét d4u (*) 1a nhing dinh dau mut. Vi du dinh (1111)
hay (1010} hoéc (0000) la cdc dinh "ddu mit". Vay nhitng implicang don gidn ma o
chiia "dinh dfu mit" thi dd chinh la cdc "kh&i ddu mut", ching thudc khong gian E, 1a
khéng gian cidc implicAng don gidn khong thé€ thi&u duge. T d6 ta cd k&t qua :.

E, = ((1010) (11X1) (0X0X))

Sau khi ¢é E; ta tiép tuc tim khong gian 2, :

Z, = 7, # E,
L, = L # E

Tt k&t qua Z, va L, ta lai ké tiép mot bang véi hang 1a tap khong gian Z, va cbt
la tap cdc dinh L,. Tiép tuc so sdnh toa d6 gitta hang va c6t ctia bang nay d€ tim ra B,

Qué trinh cd ti€p tuc mai cho dén khi :

Zl+1=zl#El=¢‘
Ly =L #E =¢

thi ding két qui tinh todn, va ta thu duge k&t qui cudi cing phdé t6i thidu C
la

min

n .
Coin = E = U E
i=1
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trong d6 : E; 1a tap ciac kh&i ddu mit cia qué trinh tim ki€m thy i.
Véi bai togn dé ra td tinh ti€p nhu sau :
22 = Zl # El )
= ((1010) (X 101) (11X 1) (0X0X)) # (1010) (11X 1) (0X0X)) = o -

Vay Z, = @ ta ding két qua tinh todn, va thu duge ket quid cubi cing cua phu téi
t»hléll Cmin la :

({1010} {11X1) (0X0X))

Vay
foin®1 X5 X30= x| %) %3 X + %) % % + X%y

Theo phuung phdp gom so sinh cua Quinéa—Mc.Cluskey ta ciing thu duge két qui
rat gon cia ham logic da dé ra. K&t qua pha Crin 96 dé dang nhan th&y trén bla Kdcno
& hinh 1.79 sau.

X Ky oo IH 1 10

Y:i;‘ 7 o1 L_IJ //@ = X Ky X,
n ED’

-""""'-‘
10 (@ =5%x%

Hinh 1.78. Minh hoa két qua rat gon.

Thust todn tim pha C_;, cla Mc.Cluskey r&t don gidn, va dé dang lap trinh trén
mdy tinh. Cho phép ta tu dong héa qua trinh rat gon ham Boole, va cho kha nang giai
hay rit gon dugc nhitng ham 1dgic cd rdt nhigu bién trong thyc t& lam cho cac hé théng
chic nang ky thuat thuc hién duge don gian, va cd d6 tin cdy cao trong qus trinh hoat
déng. Trong quyén sach nay chi néu so qua phuang phédp rit gon ham Boole cita
Quinéa-Mc.Cluskey.

1.9.6. RUT GON HAM BOOLE THEO PHUONG PHAP ROTH

Phén nay s& dua ra mot phuong phap nita ding d€ rit gon ham Boole, hay tim
phu 61 thi€u C,;, cho ham logic do Roth dua ra, duge goi 13 phuong phap Roth. Nhung
phdn nay ngoai viéc dua ra thuat todn cia Roth d€ Hm phi t8i thi€u cho ham légic ra,
thi muc dich chinh cla phén nay la dua ra khéi niém cing nhu phuong phép tu dinh
nghia ldy phép toan, hay tu ché tao ra phép tosn mdi, nhim giai quyét mot nhidm vu ky
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thuat duge dé ra. Déng thdi dua vao phuong phdp clta Roth d€ riat gon ham Boole, ta
_cing s& hiu dude sy Ung dung trong tinh todn cia mét phép todn méi khi duge tao ra
nhu thé€ naoc. Phuong phdp Roth ding d€ rit gon ham Boole cing phai qua cdc budc la
tim khéng gian céc implicing don gian Z, sau d¢ la tim khong gian cac khéi ddu mut E
13 cac implicing khéng thé€ thigu duge

Budc I : Tim khong gian cdc implicing don gian Z théng thudng ham logic thutng
cho duti dang tuy8n chudn tic titc 14 t6ng cla cic tich, thudng dudi dang phu C, ban
ddu gém cac (kh&i —0). Td tdp cde (khéi —0) la s6 liéu ddu vado C, cho trudc ta phai
gom gidi han tdt cd cac cdp (khsi —0) ¢ th€ tao ra cdac (kh&i —1), tu dé lap ra tép
khéng gian cdc (khsi —1). Con nhitng dinh (khdi —0) khong gom (rut gon) dugc thanh
(khéi —1) thi dude goi la cdc implicing don gidn (khdi —0) (cdc dinh ddc lap) tac ra tap
7% cac implicing don gian (kh&i —0).

Sau d¢ t tap cdc (kh6i —1) goi l1a phtt C; ta lai gom céc cap (khéi —1) lai d€ tao
thanh (kh8i —2). Con nhitng (kh6i —1) khéng don gidn duge thi duge goi la céc
implicang don gidn (khdi —1) (cdc (khdi —1) khéng rit gon dudc) tao ra tap Z! cac
implicang don gian (kh&i -1).

R6i lai ti€p tuc tit tap cdc(kh8i —2)goi 1a phu C, lai gom cdc (kh&i —2} lai v6i nhau
thanh (khdi —38) va tim duge tap Z; cdc implicing don gian (khéi —2). '

Qué trinh cd ti€p tuc mai cho dén duge tap X' cdc implicing don gidn va tiép theo
tap 2! = @ thi ding qua trinh tim khéng gian Z va két qua:
T
z=U 7
i=0
Trong d6 Z' 1a tap cac implicing don gian(kh&i —i. )

Nhan thiy quad trinh tim khéng gian Z 12 mot qua trinh bi&n d6i ti cdc khéi nhé
(khéi —0) tao din thanh cac khéi ldn hon (kh6i —1) réi tit (khéi —1) lai tao thanh céc
khéi 16n hon (khéi —2), réi td (kh6i —2) tao thanh (khéi —3) v.v.. ctit tao ra cic khéi
lén mai tir tap s6 liéu ban diu.

D€ tao ra dude nhitng khéi 1on hon tit nhitng khéi nhd hon, ngudi ta da xay dung
nén phép todn mdi diu tién cd tén goi 12 "phép todn sao toa dd" 6 ky hidu 12 (*}, duge
dinh nghia (hay tao ra) nhu sau.

Dinh nghia 1.9.3: Phép todn sao toa d¢ (%)

Che A va b 1a hai implicang b&t ky od ky hidu la :

A = (al, az,..., an)
B = .(bla bz,‘.., bn}
Vai mot bang quan hé ky higu duge bi€u dién trén hinh 1.80.

Con diéu kién thyc hién quan hé ky hiéu duge quy dinh nhu sau :
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P néu (8 * by = Y voi s6 . 0 ) X
lugng Y xudt hign = 2 lan.
A (m (a; * by, m(a, * by), .., 0 0 Y 0
« B =
m(a, * bn)) néu khéng 6 Y, a 1 v ) ]
hay chi ed mot Y xu#t hién
vi : m(0) = 0; m(1) = i X 0 1 X
m({)=mX =X '
C6 cac vi du tinh todn : Hinh 1.80. Phép todn sao toa do.
1001 1X010
+ 1100 Cox11111
1Y0Y= o 11 Y1y =@

K&t qua (d) vi ta thdy Y xudt hién hai l4n (= 2)

Khi nhan duge két qua bang (®) thi ching t6 1a hai implicang d6 céich xa nhau va
khong th& nhom hop (rit gon) duge v&i nhau.

1X01 1010 1X00

+ 110X ] «+ 1110 ] + 1001
1001 ’ 1Y10=1X10 100X

Co két qua nhan duge vi Y khong xudt hién, hay Y chl xuft hién moét 1an. Cach
tinh todn ra k&t qua rdt don gidn, nhung ta thu duge k&t qua 13 cai gl khi si dung phép
todn méi tich "sao toa d0 (*)", muén bit ta cd minh hoa trén hinh 1.8].

% (1Xx)
(10x) 100 110
\\ | —(11X)
N
101 RSN 11
X,
(1x1) o 010 ~

20!
X1
g1t ( )
%

Hinh 1.81., Minh hoa hoat dong cua phép todn sao toa do.

Dua vao hinh vé ta tinh v6i phép todn sao toa d6 (*) :

10X 1X X X11 10X
+ 111 C*011 s 1XX %011
1YX=1XXx' X11 °’ 111 YY1
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11X 1X X X11
*X11 * 11X +10X
11y 11X 1X 1

Tu nhitng k&t qua thu duge ta cd thé rit ra két luan 1a : phép todn sao iga do (%)
cho ta k&t qud 1A ph&n chung 16n nh#t cd thé cd gilta hai implicang.

Diéu quan trong nhdt ma ta thu duge tit két qua tinh clia phép sao toa d¢ (*) 1a oo
the tao ra khéi 16n hon ti hai kh6i nhé hon. Digu nay cho phép ta tim ki&m khong gian
Z tit tdp s6 liéu ban ddu C,.

Cac tinh chit hay tién d& cia phép toan (*) :

- Tinh chét liy déng :
A*A=A
~ Tinh chit giao hoan :
| A*B
- Tinh chat khong két hogp :
A*B*C = A*B *C
~-Nésu ACBthh A*B = A

B*A

Thust toan tim khéng gian Z cdc implicing don gidn, Dua vao phép toan sao toa dd

{(*) ta ¢ th€ tim duge khéng gian Z dua vao vi du cu thé cho trudc duge chl ra trén
hinh 1.82. '

Vi du : Rit gon ham Boole 4 bién sau.

X3 X4
xl"x 00 01 11 10

00 1 1

01 1 1

11 1 1

10 1

Hinh 1.82. Bai toan logic minh hoa.

Td bai todn 1dgic dé ra dd ta cd s6 lidu ddu vao hay pht ban ddu C, Théng thutng
mot bai todn logic bt ky ta chl ¢6 phi Cy ban dfu ngudi ta cho tru6e, nhdt la d6i véi
nhitng bai todn cd s8 lugng bién s6 rdt 16n khong thé vé trén bia K duge. Nhiém vu dé
ra la chi tit ph&i C, ban ddu ciing véi sy giip d& cha phép todn sao toa d (*) ta phai
tim ra dugc khéng gian 7 cdc implicing don gidn khong rit gon duoc.

O day ta o6 :
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C, = {cl,cz,... ?,...,cg}

C ( (0000) (0001) (0160) (0101) (1101} (1111) (1010) )

Truée hét tim khéng gian cdc implicéng don gian (khoi -0) (Zy) ta dua trén b3 dé
la : tap khéng gian céc implicing don gidn (kh6i —0) ia tap hop cac (khéi —0) (c )} sao

I

a

cho (¢ * C,) khong sinh ra (chia) mot (kh6i 1) bat ky nao.

o C G l<is<n
tic 1a : .
2 =[]« Cy ¢ i -1y bt iy )
Vi du ta co :
] = (0000)
[
(0000) + (0000) = (0000)
(0000) = (0001) = (000X) = (Khéi —1)
(0000) = (0100) = (0X00) = (Khsi —1)
(c] * Cg) = ; :

(0000) » (1010) = &

Tu két qua thu dugc ta nhan thdy ring (c? ¥ Cp) da sinh ra (kh6i 1) bat ky, co
nghia 12 (kh6i —0) (c}) d¢ da dugc chda trong mét (khdi ~1) hay ndé da dugc rit gon va
nhdm hop, chd khéng phai 1a kh6i doc 1ap, cho nén o6 thé viet : g z°

Tuong ty ti&p theo c6 ¢ = (0001)
' [ (0001) + (0000) = (000X) = (Kh6i ~1)
(0001) + (0001) = (0001)
(0001) * (0100) =
0001) » (0101) = (0XO01) = (Kh&i ~1
(@ + Cp = { (00D * (0101 = (OX01) = (Khi ~1)

| (0001) . (1010) =
Tit két qua thu duge ta they rdng (c) * C,) da sinh ra mot (kh6i —1) bat ky, vAy
k&t luan la ¢} = (0001) khéng phai 1a implicang don gian (kh&i —0) va cd the viét
G g z°
Cd &p dung tinh nhu vay voi ¢} = (0100) réi ¢ = (0101) v.v... mai cho tsi
= (1010) ta cd:
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(1010) « (0000)
(1010) » (0001)
(1010) * (0100)
(2 » Cp) = 1 (1010) = (0101)
(1010) = (1101)
(1010) » (1111)
| (1010) « (1010) = (1010)

Nhan théy cJ = (1010) khi tinh (¢} * Cp) khong sinh ra (tao ra) duge mot (kh6i 1)

ononm
8906689

bdt k¥ nao, chiing t6 tich s& (implicing) dd cg = (1010) = x, X, x3x, Khéng thé nhém
hop dude voi b4t ky mot implicing khéc trong tdp Cy ban dfu, vi vay nd la implicing
doc lap khéng rat gon duge, vay ta cd thé vist ¢ C Z° hay o6 két qua :
= ((1010))
Bude 2 : Lap phi mdai khong chiya (khdi —0), goi 1a phu C,.
Ban than pht mdi C, khong chita duge ham légic ban ddu, nhung (C; U Zo) phai
phi duge ham logic da cho Trudc hét xac dinh C; bang cich
€ = Cu (G * ¢y
Két qua tinh toan (C, * Cy) (chinh 1a “tich" Décéc cia C, vdi chinh nd), sé& cho tat
ca cac (khéi -1} c6 thé cd, d8ngthéi hop voi Cy trong dd clng cd thé€ cd cac (khéi -1)
khac, vi phit ban dau C; bi€u dién khong phai chi toan (khsi —0) ma con cG thé cd céc
khsi khac, ndé 14 moét phd bat ky cia ham logic bat ky. Sau doé rit gon Cl bang cach loai

bo khdi C1 nhitng (kh&i -0), va nhitng khéi chia trong khoi khdc, khi dd ta sé cd pha C;
rat gen la

>

S
|

._-Q;. >

C, =

trong dé : 6? la cac (kh&i —0)

C* 1a céc khol nim trong khi khéc.

Trude hét ta phai loai bd cdc (khéi —0), vi ta da cd trong tay cdc implicing don gidn,
(kh&i -0) nam trong khong gian 70,

Déong thdi ta phai loai bd di edc kh6i ndm trong cde khéi khac, vi trong két qua
tinh todn (Cy * Cy) 1a "tich" chap cua C; theo phép todn sao toa do (*) véi chinh nd, cd
th& xudt hién ca nhitng kh&i 1dn hon so vdi cac khéi truée d6, nhung cing déng thdi cho
ra k&t qua c¢d thé ra khéi nhd hon so véi cde khéi trudc dd, nhung khi két qua 1a nhd
hon thi két qua d¢ ludn nidm trong cac khéi tao ra nd (A < B thi A * B = A).

Vidu: (IXX) *(X11) = (111). O day (111) 1a két qua tinh todn, nd la khéi nho
hon cdc khéi ban dau hay nim trong cic kh&i ban dédu, tde la (111) © (X11).

Nhu vay nhitng khéi nim trong cdc khéi khéi kigu nhu (111) duge sinh ra trong

qui trinh tinh (Cy * Cy) s& déu nadm trong khdi C] 12 cac khdi ndm trong khéi khéc,
Fa)
ching sé bi loai bd khdi C,.
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Vi du theo bai toan di cho ta cd.

Cy = {(0000) (0001) (0100) (0101) (1101) (1111) (10101))
O day két qua tinh

(Co * Cp = ((7+Co)+(+Co)+ ...+ (] Cy)

d = (0000)
[ (0000) + (0000) = (0000)
(0000) * (0001) = (000X)
(0000) « (0100) = (0X00) = (Khsi —1)
(&8« Cp)={ (0000) + (0101) = @
(0000) » (1101) = &
(0000) » (1111) = &
(0000) » (1010) = &
Ti&p theo tich :
g = (0001) f (0001) = (0000) = (000X) — (KhGi ~1)
(0001) = (0001) = (0001) '
(0001) * (0100) = & _
(€] * Co) = { (0001) + (0101) = (0X01) - (Kh&i —1)
(0001) » (1101) = &
(0001) » (1111) = @
(0001) + (1010) = @

................

Céach lam tuong tu toi :
¢ = (1010)

[ (1010) » (0000)
(1010) » (0001)
(1010) » (0100)

(e » Cyl={ (1010) « (0101)

(1010) = (1101)

(1010) + (1111)

(1010) » (1010) = (1010)

Két qua cudi cing thu‘ duge sau qud trinh tinh
(Co * Cy) = ((0000) (000X) (0X00) (000X) (0001) (0X01)
(010X) (X101) (11X1) (1111) ¢1010))

| I TR O |
e eeso

g

Sau dd tinh tiép ta cg
P
Cp = Gy U (Cy * Cy = ((0000) (0001) (0100) (0101) (1101) (1111) (1010))

U ((0000) (000X) (0X00) (000X) (0001) (0X01) (010X) (X101)
(11X1) (1111) (1010))

61 = ({0000) (0001) (0100) (0100} (0101) (1101) (1111) (1010) (0000)
(000X) (0X00) (000X) (0001) (0X01) (010X) (X101)
(11X1) (1111) (1010))

) P
Tiép theo ta thyc hién rit gon C; biing cach loai bo trong né cic (khéi —0) (C), loai
P
bé di trong nd cdc khéi ndm trong khéi khac C;. K6t qua thu duge lai la :

i11



A ~

¢, = €, -CY-C = ((000X) (0X00) (0X01) (O10X) (X101) (11X1))

Bugc 3. Tit phtt méi C,; tim duge khéng gian céc implicing don gidn (kh&i -1) 1a Z!
(buéc nay 1am gidéng nhu tim Z%

z! = { el | (¢f + C) ¢ (Bh6i —2) b4t ky }
Tic 12 ¢} s& 13 implicang don gian (kh6i —1) (Z") néu nhu (¢! * C,) khong sinh ra
mdt (kh&i -2) (khéng nAm trong) bit ky nao.
Theo d6i ti€p tif vi du da cho ta cd :
C, = ((000X) (0X00) (0X00) (0X01) (010X) (X101) (11X1))

Ta lay ¢] = (000X)

(000X) * (000X) = (000X)
(000X) = (0X00) = (0000)
~ (000X) = (0X01) = (0001)
(000X) » (010X) = (0XO0X) — (Kh&i —2)
(000X) » (X101} = (0X01)
(000X) + (11X1) = ®

T k&t qua nhan thdy (c} * C,) sinh ra mét (kh6i —2) (0X0X) vay c; = (000X)

(c] = C)) = 1

khong nam trong Z'. (¢ & ZY).
14y ¢ = (0X00)

(0X00) = (000X) = (0000)

(0X00) » (0X00) = (0X00)

(0X00) = (0X01) = (0X0X) _
(¢t » C) = { (0X00) « (010X) = (0X0X) — (Khoi —2)
(0X00) = (010X) = (0100)

(0X00) » (X101) = (010X)

(0X00) *+ (11X1) = @

Trong k&t qua thu dugc ta thfy zufit hien mot (khsi —2) (0XO0X) néu C} = (0X00)

khong phai 13 implicing don gidn (kh6i —1), vl n6 bi chéa trong mot (khéi —2) (0X00)
C (0X0X).

i

Cach lam tuong ty véi ¢§ = (0X01) va ¢} = (010X) théy ching déu khéng nim
trong Z! va khéng phai implicang don gian (kh6i -1). Ta tinh tiép :
My ci = (X101)

[ (X101) + (000X) = (0XO1)
(X101) » (0X00) = (010X)
(X101) * (010X) = (0101)
(X101) + (010X) = (0101)
(X101) * (X101) = (X101)

(X101) * (11X1) = (1101)

it

(c; » Cl) = {

i
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Két qua tich da khong théy xudt hién bt ky mot (kh8i -2) no vay ket luan cl =
(X101) la implicang don gian (kh&i -1) hay ¢} € Z'.

Céch lam tuong ty véi c6 = (11X1), khi ta tinh tich sao tga dd cua c6 vai tap C,
(cé C,) cing khong thdy cd mot (kh6i —2) nao duge sinh ra, vay (:6 12 implicang don
gidn (kh6i -1) hay ¢} € 2zt

Tit d6 ta cd tap cdc implicang don gian (kh6i -1) Z! Ia

= ((X101) (11X1))

Budc 4 : Lap pht méi khéng chda (khéi —1), goi la phu C, (c4ch lam tuong ty nhu
budc 2)

Chi ¥ ban than phu mé&i C, khéng chia duge ham logic di cho, nhung Cy v AT
Z') phai pht dugce ham logic ban ddu dua ra Dé xac dinh duge C, ta chi dya vao tap
s6 lidu ddu vao 1a Cl, trudc hét ta tim pha Cz dua theo cong thie :

& =c U@+ .

K&t qua tinh todn (C 1 ¥ C)) chinh’la tich Dé cac cta C, voi chinh nd (con duge goi
14 tich chap cta C)) sé cho it ci cdc (kh6i -2) ¢5 thé cd, day chinh 1a céc khéi 16n hon
duge tao ra tit C; nh® cd phép todn sao toa d§ (*), d6 1a két qua quan trong nh&t khi
dua ra phép toin ndy. T4t nhién phép todn sao toa dd (*) cing cho ra cic két qua ki

cac kh6i nhé hon cac khéi ban d4u, nhung cde khéi nhé hon nay duge chic chin s ndm

trong cde khéi da cho trude d6 nén ¢S th€ dé dang loai bd khdi 02 Khi dé ta cd pht C,
duge rit gor la :

¢, =8, - c:; - c;
trong d6 : C; la cac (kh6i —1)
Fa)
C5 1a cdc khéi nim trong khéi khéc.

Ta phai bé cac (khéi 1), vi nhing implicang don gian (kh6i ~1) da duge giit lai
A '
Tié>» tuc tit két qua bai todn da cho ta od :
_ | = ( {(000X) (OXOO) (0X01) (010X) (X101) (11X1))
Tr fc hét tinh tich chap (C, * C) ta cd :

€ *CP=(1*Cp+ (B*CP+ ...+ (¢ *C
= (000X)
(000X) + (000X) = (000X)
(000X) * (OX00) = (0000)

(000X) « (0XO01) = (0001)

(000X) * (010X) = (0X0X) — (Khé&i —2)
(000X) » (X101) = (0XO1)

(000X) * (11X1) = &

(C{ * C) =
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Tinh tiép theo

d = (0x00)
[ (0X00) + (000X) = (0000)
(0X00) * (0X00) = (0X00)
1 (0X00) * (0X01) = (0X0X)
(2 * € = 1 (0X00) + (010X) = (0100)
(0X00) = (X101) = (010X)
(0X00) '« (11X1) = ®

Tinh tiép theo cho téi hét :

cg = (11X1)
[ (11X1) « (000X) = ®
(11X1) « (0X00) = ®
) (11X1) * (0X01) = (X101)
© * C1) =1 q1X1) « (010X) = (X101)
(11X1) s (X101) = (1101)
(11X1) = (11X1) = (11X1)

Két qua cudi cling thu duge sau qud trinh tinh todn :
(C, * C)) = ((000X) (0000) (000L) (OXO0X) (0X01)

(0000) (0X00) (0X0X) (0100) (010X) (0001) (0X01)
(0101) (X101) (X101) (1101) (11X1))

‘Tinh duge ket qua C, tir bai todn dé ra la :
C, = C, U (C, * C) = ((000X) (0X00) (0X01) (010X) (X101)

(11X1) (000X) (0000} (0001) (0XO0X) (0000) (0X00) (0XO0X) (0100)
(010X) (0001) (0X01) (0101) (X101) (X101) (11)1) (11X1))

Tiép theo rat gon C, thanh C, dua theo cong thic  ta cd két qué la :
-~ e -
C, = C, - C} - C} = ((0X0X))

Budc 5. Tt phi méi C, tim duge khoéng gian cdc implicing don gidn (khéi -2) ia 72
(budc nay giéng cdc bude tim Z°, Z! & trén)

72 = { ¢t | ¢+ C) ¢ (Khoi —3) bt ky }
T¥ k&t qui cta vi du da cho ta cd

C, = ((0X0X))
Vay ¢6

c? = (0XO0X)
¢l * C, = (0X0X) * (0X0X) = ((0X0X))

Két qua khéng tao ra duge (kh8i —3) ndo, vay két luan c% = (0X0X) la implicing
don gian (kh6i -2), thu duge khong gian cac implicing don gian Z° 1a
Z? = ((0X0X)) ‘
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Budc 6. Lai 14p phi méi khéng chia (khéi ~2); goi 12 phi Cy
Tt C, xac dinh 63 theo c6ng thuc :

Sau d¢ lai rit gon G theo quan he

-, ~

N 2 -
trong dé :C3 la cdc (khéi —2)
C3 1a cdc kh6i nim trong khi khdc

Tinh mai cho t4i khi C,; = ¢ thi ding qud trinh tim khong gian Z csic implicing

don gidn, khong gian Z od két qua A :
n

7 =uU 2z
i=0

Vai vi dy tir bai todn da cho ta cd C, = (0XO0X) vay :
Cy= C, U (G, * Cp) = ((0X0X) (0X0X))
Rdat gon 63 ta duge :
A /\2 Al
C3=C3"C3—C3=¢|
Dén day diung két qua tinh tosn , va két qua thu dugec khéng gian cdc implicing
don gidn Z ctia bai toin di cho 13 :

Z =2+ 2! + 72
Z = ((1010) (X101) (11X1) (0X0X))

Z = X XpXgXy + XpXyxy + X %% + X[ Xy

Nhu vay da thuc hién xong va két thic qud trinh tim khdng gian Z céc implicing
don gidn khéng rit gon duge dua trén thudt todn cia Roth. Véi viec dinh nghia ra phép
todn sao toa do (*) Roth da dua ra mot thuat toin d€ tim duge khong gian Z, ti d6 dya
theo thuat todn cd thé lap trinh cho mdy tinh d& tu dong hda qu4 trinh tim khong gian
Z cac implicang don gidn cla bai toan logic (hay chic nang ky thuat) bat ky khi s bién
cha bai todn (hay 56 lugng tin hiéu vao) qua 16n. Dén day vdn dé con lai chi 1a tit khong
gian Z thu duge, phai tim ra duge khong gian cdc khéi du muit E cdc implicing don
gidn khong th€ thifu duge clia ham logic, ti€n t4i tim pha tsi thi€u C_;, ctia ham logic
(hay cia chic nang) dé ra.

_ Tim céc khéi ddu mit khéng gian cdc "khdi ddu mit E", ching ta déu biét cdc khéi
ddu mut (cdc extreman) ciia mot ham logic hay mot chic nang 1a nhitng implicang don
gian that sy, nhing thanh phdn t5i thi€u cdn thi&t khéng th€ bé trong qua trinh tim
phi Cpy,, hay ndi cach khdc d6 1a nhimg mach dién don gidn khong thé€ thigu khi 16p
rap mach dién thyc hién chiic ning clia ham (theo ham) légic da cho. Nhitng implicang
don gidn khac con ¢ th€ bi loai bd néu né khong chia (khéng cd) dinh diu mut, con
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néu implicing don gidn v chda dinh dfu mit (duge goi 1a khi ddu mut) thi bt budc
phai giif lai trong phi Cpy, Vi néu bé di thi s6 b mAt chic ning diu mat, d6 1a khéi
niém rét co ban da dugc néu lén & phén trén. '

Nhu vay mufn tim duge cdc khdi ddu mit (cdc extreman) cén phé.i dua vaoc cac
"dinh dfu mat™ hay cdn goi la "dinh tan cing”, "dinh dac biét". Tap cdc dinh dinh ddu
mit ta goi 14 "khong gian L cdc dinh ddu mit". Vdn dé cu thé ¢ day 1a phai tim duge
khéng gian cde dinh dfu mut L t¥ tap Z céc implicang' don gian da tim duge, tip Z
chinh 1a s6 litu ddu vao dé€ tif dd tim ra tap L.

Z = { 2y Zyeey Zm}
Cdch tim khong gian L cac dinh diu mit :

Ching ta déu bist méi moét implicang don gidn z; € Z déu phu & bén trong d6 céc
dinh d@ng v6i qua trinh nhém hgp cic tich s6 d€ tao ra nd, ndi cé.ch khac méi mot
ienphicang don glé'm déu chda trong nd cac dinh tao ra nd.

Vi dy : Gia sk ta ¢d (010X) la implicing don gian thi (010X) bao gém (0101) va
(0100) hay cd th€ viet (x| x;X;) = (X, %;X3%, + X X, X3 X,)

Gid si (0X0X) 12 implicang don gidn thi ndé sé bao g8m cdc dinh ((0000) (0001)
(0100) (0101)). Qua trinh nay ta goi 1a khai tri€n hay tim cac dlnh clia implicAng don
gidn (implicing da dugc rit gon).

T d6 cd thé khai tri€n hay tim cdc dinh cia khéng gian Z cic implicing don gian,
tit d6 ta cd th€ tim dugc cic dinh dinh dfu mit L cu thé 1a :

Tiép tuc tir bai toan da dé ra, vA qua qua trinh tim khOng gian Z da thu duge két
qud la

= ((1010) (X1010 (11X1) (0X0X))
Khai trién Z sé tim duge t4p cac dinh cia ham l;sgic i 1a
| = ((1610) (0101) (1101) (1101) (1111) (0000) (0001) (0100) (0101))
Sau dd rit gon 1 theo cong thic :
L=1L-1
Trong d6 : 1" 1a t4p cdc dinh xuit hitn > 2 lin trong L.
Vi du : (1101) da xudt hien > 2 lén trong 1.

Ta loai bd cde dinh c6 s6 l4n xufit hién 2 2 Ian, vi dinh d4u mit 13 dinh chl nim
trong mét implicAng don gidn ma khéng nAm trong cdc implicing khéc, nhu viy néu
moét dinh sau khi khai tri€n lai xuft hién > 2 ldn, tdc 1a dinh d6 nAm trong (thude) it
nhét hai implicing don gidn cia khéng gian Z, ti dS cd thé k&t luan 1 cde dinh dé
khong phai 1a dinh dinh dfu mit hay dinh t4n cing, vi th€ 6 th& loai bd ching. Nhu
vy sau khi loai bé céc dinh giéng nhau (hay xufit hién = 2 l4n) trong f., tht két qua
con lai chéc chén d6 13 tap cdc dinh ddu mit ma ta cdn tim.
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T¥ vl du cu thé & trén sau khi loai bd di cac dinh gidng nhau trong i, ta thu duge
khéng gian L cdc dinh dinh ddu mut cia bai todn logic dé ra la :

L = ((1010) (1111) (0000) (0001) (0100) )

D¢ tim duge cdc khéi diu miit, dé 13 csc implicang don gian thuc sy khong thé
thi€u duge trong phu C ;. clia ham logic, ta cén phai cd hai tdp s8 liéu quan trong dé
12 : Tap khong gian Z cac implicang don gian khéng rit gon duge va tap khéng gian L
cac dinh ddu mat hay dinh dac biét, dinh tan cung. Béi vi mot khéi ddu mat hay mot
implicang don giadn khéng thé thiu duge (mach dién khéng thé thisu duge) cua ham
légic nd cAn phai théa man didu kién truéc hét phéi 12 mét implicAng don gian sau d¢
dong thdi phai chita (cd) dinh d&u mut.

Cho dén day ta da cg trong tay két qua cla t4p khong gian Z cic implicing don
gian va t4p cdc dinh-ddu muat L t¥ bai todn dé ra la :

Z ((1010) (X001) (11X1) (0X0X))
L ((1010) (1111} (0000} (0001) (0100))

Tu hai tap s6 ligu ban ddu Z va L dé ta sé tim dugc khéng gian E cic khéi ddu
mut cia ham légic da cho. Mudn tim duge E tit hai t4p Z va L ta cén phai ché€ ra hay
tu dinh nghia ra mét phép to&n méi ¢d tén la "phép todn giao toa d¢" (N), & day chiu
"toa dd¢" cd nghia 1a : néu viét phép todn theo hang doc thl viéc tinh toan két qui o
ting cdt hoan toan doc lap v4i nhau, nghia 1a két qua tinh todn & cdt s6 libu nay khéng
phu thudc vao két qua tinh toan & cot khéc, nhung két qua chung cla cd phép todn vin
ding. Phép todn giao toa dd ducc dinh nghia nhu sau :

Dinh nghia 1.9.4: Phép todn giao toa d6 (N)

Cho A v B la hai implicang (tich s6) bt ky cd ky hiéu 1a :

A = al’az:--"an)
B = by,by, ., by)

Vol mét bang quan hé ky hiéu duge bi€u dién trén hinh 1.83.

G| o1 %) f !

Hinh 1.83. Phép todn giao tpa do.
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Véi didu kién thuc hién guan hé ky hiéu duge quy dinhk nhu sau :
® néu (a; N b) = & v4i i bat ky.
AMB = (ta; N by (ay N by ... (&, N b))
trong cac trudng hgp khac.

Cho vai vi du tinh todn véi phép giao toa 46 {(N)

1101 1X0X X1X0
N1000  N1X10 . Ni1XX
ld0® = ’ 1X®d0=¢ ° 11X0
X1X0 X0X1 0X1X
NOoXO0o0 Noo011 _ No010X
0100 : 0011 ; 019X =0

Co thé viét phép toan theo hang ngang dé tinh nhung nhén bist duge két qua sé
khé khan hon.
(1X00) N 1X10) = @
X1X0 N (11XXr = (11X0)

Cach tinh todn véi phép toan giao toa do (N) gita hai implicAng bdt ky cing rat
don gian va cho ra dip s§ dé dang. Nhung két qua thu duge sau khi tinh 1a gl hay y
nghia clia phép giao toa 46 (N) nhu thé naoc, mudn bist o th€ dua vao minh hoa trén
hinh 1.84.

y 5 (1xx)

(10x) 100 110
(17x)
Hich 1,84, Minh hoa

T hoat dbng ciia phép toan

101 _ m 016 X giao toa d9.
000 -~

001 ! (X11)

X / att

F

Dya vao hinh vé va& kél qua tinh ta bigt duge ¥ nghia cta phép toin mdi giao toa
da (N) :

10X 1XX X 11
nN11X nNoil nN10X

ld X =@ 11 = ° 1o 1 =

1 XX 11X 1XX 011
NX1l NX11 nN111 . nloX
111 ; 111 ; 111 ’ G bl =d
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Tu két qua tinh todn va hinh 1.84 cd thé mit ra két luan la : Phép toan giao toa
do (M) cho ta két qua la phin chung bé nhit cd thé cd giita hai implicing.

N6i cach khac két qua cua phép giao toa d6 (N) cho ta phédn lién quan hay "dinh
dang’ it nhét c6 thé ¢S giita hai implicang bat ky, v khi két qua nhan duce 1a (&) thi
ching té hai implicang (hai tich s6 dd) hoan toan khéng c6 ti gi lién quan hay "dinh
ddng” dén nhau, ching nd hoan toan déc l4p véi nhau. D6 la nhitng nhén %ét va hidu
biét rdt cdn va quan trong nhan dugc ti két qua clia phép toan giao toa do (N), vi tit
tinh chdt do (ctia phép giao toa d6) cho phép ta tim duge kh6i ddu mit E ti tap khéng
gian céc implicing don gian Z va khéng gian cdc dinh ddu mat L.

Cac tinh chdt hay tién dé cta phép toan giao toa do (N) :
~ Tinh chédt ldy dang :
ANA=A

- Tinh chdt giao hodn :

- Tinh chdt két hop :

ANB NC=ANBNDCO
- Néu A C B thi ANB=A

Thuat todn tim khéng gian E cac kh6i dau mit tit hai tp Z cdc implicing don gian
va L cdc dinh ddu mut dua trén phép toan giao toa do dude thuc hién nhu sau :
Tu hai tap Z va L 1a s6 lidu ddu vao
Z = {Z'I, L2y Zjenr Zm}

L = {ll’ 12, iy lj,..., lK}

BDinh i 1.9.1. Mt implicang don gidn z; nim trong Z (z; €7} 88 thudc khéng gian
cdc khéi ddu mut E néu théa man quan hé (tich Décdc) :

zp M L ton tai zy N} = & thi z€E voi I € L

Dé ching minh dinh ly nay rdt don gian, vi z 14 implicang don gian, ma L 1a tgp
cac dinh dfu mut, déng thoi tinh chét cia phép giao toa d6 la tim ra phdn chung bé
nhdt gita hai implicang, cho nén z, N L # & tdc 1a (co nghia 1a) implicang don gian z
cd chia (hay "dinh dang") dén mét dinh didu mit nao dg l; thuge L. Nhu vay z; vira la
implicing don gian vita c¢d chia dinh ddu mdat thi chic chén nd sé 13 khéi diu mut (z
€ E). '- ’

Dé hi€u ky hon dinh ly ciing nhu hi€u duge thuat todn tim khéng gian F cac khéi
ddu mut cdc implicang don gian that sy khong thé thi€u duge trong qué trinh tim phu
Cinin cta ham logic, ta cd thé dwa vao vi dy da néu trén, khi ¢d tap Z vA L nhu sau :

Dit Z) = Z va L; = L dng v6i qua trinh tim E; d4du tién.
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ZI=Z

it

((1010) X101) (11X1) (0X0X))
((1010) (1111) (0000) (VOOL) (0100)

Dya vao dinh Iy ta o6

z; = (1010)

(1010) N (1010) = (1010) = &
(1010) N (1111) = @

(z; N Ly = | (1010) N (0000) = &
(1010) N (0001) = @
(1010) N (0100) = @

Tiu két qua thu duge t.a két luan z; = (1010) la khéi ddu mit, vi cd két qua tich

{zg N L) = & (zy € E)
z, = (X101)

(X101) N (1010)
(X101) N (1111
(z, N L) = { (X101} N (0000)
(X101) N (0001)
(X101) n (0100)

T két qua tinh todn ta thiy (z, N L)) = &, tit dd 6 th€ nsi 2z, = (X101) khéng
phai 12 khéi ddu mit (z, & E;).

"
e & 88 & ©

zy = (11X1)

f(11X1) N (1010} = &

(11X1) N (1111} = (1111) = ®
(zy N L)) = {{11XD) N (0000) = &

(11X1) n (0001) = &

| (11X1) N (0100) = @

Nhu vay (z; N L;) # © cho nén z; = (11X1) 1a khéi ddu mut (z; € E))

z, = (0XO0X)
((0X0X) N (1010) =
(CX0X) 0 (1111) = &

(z, A Ly = { (0X0X) N (0000) = (0000) =
(0XOX) N (0001) = (0001) = o
| (0X0X) N (0100) = (0100) =

Ta cd két qua (z; N L)) # & nhu vay z, = (0X0X) 1a khéi ddu mit (z; € E))

Dén day ta két thac qua trinh tim céc khéi ddu mit ldn thd nhit E; (trong dd z
1a cac khéi diu miit).
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n

E1=21+z3+z4=plzi voi z; € 2
i=
E, = ((1010) (11X1) (0X0X))

D€ tim duoc E, ti6p theo ta phai tim phé méi cac implicang don gian Z, dua vao
guan hé :

Z, = Z, # K,
T vi du di néu trén va két qud thu duge sau khi tinh todn tim E, ta cd :
Z, = ((1010) (X1010) (11X1l) (OXO0X)) #
(¢1010) (11X1) (0X0X)) = @&

Khi ¢6 két qua Z, = @ ta ding qué trinh tim khéng gian cac kh6i ddu mit E va
thu dugc phu t&i thi€u C_ ., la :

n
Couin = E = U E

i=1
V@i bai toan da dé ra ta 6 :

min

Crmin = B, = ((1010) (11X1) (0XOX))

fmin (X1, X2 X3) = X XXX, + X X3 X4 + XXy

Day la két qud rit gon ciia ham Boole quen thufc, vi blng cdc phuong phap rit
gon khac ca Kdcnd hay cia Mc.Cluskey da thu duge & phén trén. Nhung trong thue t&
bai todn téng hop hay thuc hién mét chic nang bing mach dién khong chi don gian va
dé dang nhu vdy, qua trinh tim phd t6i thidu Cinin (hay mach dién don gidn nhé4t) cta
mét ham logic trong thuc t& con phic tap hon nhiéu, d€ hi€u tron ven hon qua trinh
tim C .. theo phuong phép Roth ta cfn phai tao ra hay dinh nghla xay dung phép toan
moi cd tén 14 phép todn "hidu toa do" (#). DAy 1a phép toan ta di cOng nhan va st dung
0 cac phén trén khi ding né d€ loai bé "mach thita® hay "khoanh thita", & day phép toan
hiéu toa do (#) s& dugc biét dén mot cich cu th€ va chinh x4c nhu sau. -

Dinh nghia 1.9.5: Phép todn hitu toa do (#)
Cho A va B la hai implicing b4t ky cé ky hiéu 1a ;

b;
A = {(a}, ay,., a,) , . -
B = (b, by, b, + 1 5 1 "
V6i bang quan h¢ ky hisu dugc biu
dién trén hinh 1.85.. : 0 Z Y | 2z
Véi diéu kién thuc hién quan hé ky a 1 Y 7z Z
higu duge quy dinh nhu sau : (chi y phép
# khong c6 tinh chdt giao hodn nén vi tri X 1 0 1 z
a; vA b; & bang quan hé ky hiéu phai chinh
x4c).

Hinh 1.85. Phép toan hiéu toa do.
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Anéu (a # b) = Y voi i bt ky
® néu (2, # b) = Z véi moi i
APE = Q' @y 8oy @ 8410 2
mlé'u (a, # b) = a; = 0 hoac 1
C6 vai vi du tinh todn st dung phép hiéu toa dd (#) :

1 X
x—\ # X
Z Z

= 1X01

Truomg hop!:

i
# X
Z

O = e

0
1
Y

<l

00
X1 O\
ZY =X100

Két qua nhan duge bling s8 bi trit (hidu) A vi ¢ Y xudt hién & modt cot bat ky.
"Diéu nay ching té s8 bi trit 1a A (vi du A = (1X01)) va 88 trit 14 B (B = X11X) chiing
khong "dinh ddng" lién hé gi v6i nhau, cho nén khi trit (hiéu toa d6 #) di cho nhau thi
s bi trit 12 A van cdn nguyén la A, ma khéng bi mit ti gi ca.

' Truong hop 1:

1
# X
z

N e

X
X
Y/

] el

011X 1
# X X 1X # X
Z 2722 Z

b e e

00
0 X
= ¢ Z Z

Két qua cua phép hidu toa do (#) gilta s6 bi trif A va sd trt B, vai B = (X0XX)
cho ta k&t qua la bang (P), chding td khi trit tit ddu dén cudi déu khéng cdon gi cad toan

la (Z) vay két qua la réng (d), cing la mot trong cdc trudng hgp x&y ra khi ti (hidu toa
do #)

Truémg hop 2 :

=
)
S M
—)

# =100X #

NN.—-)
S e=}
B b

Ké&t qua tinh todan theo nhu dinh nghila cia phép (#) va theo didu kién thuc hién
quan hé ky hiéu, cach thuc hién o day 1a khi ¢d ¢; = 0 hoac 1 thi thuc hién gép cic s6
cla A (ti a; tdi a;_) sau d6 ghi gid tri cla «,, ti€p theo lai gép ti€p cac sé (gia tri) ctia
A (11 a, | toi a.) thi sé nhan duge két qua cha phép todn hidu toa dé (#). Chu ¥ : day
la mét phép todn thé hign sy "gép” ky hiéu chit s& kha dién hinh, cdch lam gidng nhu
khi lam tinh cong (9 + 9) = 18, thi két qua 18 chinh la "su gép” clia hai ky hiéu la ky
hiéu 1 va k¥ hiéu 8 lai v&i nhau, van dé& con lai chl 14 viée gép cac ky hiéu thanh két
quid (ddp s8) ctia phép todn (#) cd ¥ nghia gi 14 duge. Chinh la hi€u duge két qua cua
phép todn. : _

Cé thé tinh ti€p ¢ céc vi du sau khi o; xuft hién gid tri O hosc 1 6 s6 14n nhiéu
hon,

~(ToXo0)u(lx.1 0)-= (10X 0)+(1X10)



Dap s8 cia phép toan ta cing cd thé "tinh" hay nhan duge rdt nhanh theo cich lam
sau,

1 X X0
# X\1X0 /0
Z 012 =(Q0X0)+(1X10)

D& hi€u duge y nghia va céng dung clia moét phép todn méi dinh nghia cd tén la
higu toa do (#) cling nhu viéc "ghép" cdc ky hisu cho ta két qua caa phép toan nay nhu
th€ ndo, ¢S thé dua vao hinh 1.86 va cic k&t qua tinh toan cia né nhu sau :

XX X
"PX, (xta) # X 10
(XXX) 100 rig 110 (XOA‘) 100 Z0 1
_ = (XOX) + (XXT)
‘ (XXX) #
101 NN H = 1ot 11 (X100= (X0x) +xx7)
0004 I\ Lk
oro 010
oz‘?r/J
o11 (xx1)
X3 . go; on .
100 100 1o
XOX
101 F# (XX0) = #* xx0
Z2Z1 =(Xx01)
i,
0 000 010 (XOX)# (XX0) = (X01)
001 (x01)
oa
100 1o
101 117 10X
# # X7iXx
(r0%) vz
(10X
) oio ={10X) =A
o011 (10X) # (X1X) =(10X)

Hinh 1.86. Minh hoa hoat dong cha phép todn hiéu toa d6.

Néu khong cd cdch biu dién ham Boole dudi dang hinh hoc, vA né&u két qua cia
phép todn hidu toa do (#) khong bi€u didn duge dudi dang hinh va, thi ta rit khd cd
thé hinh dung d€ hi€u duge ban chit ciing nhu ¥ nghia cta phép todn (#) la gi. Hinh
vé duge mo ta trén hinh 1.86 gitip ta dé dang nh&n thfy ban ch4t cia phép toan hisu
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toa d (#) gilta hai implicang A va B, d6 14 : loai bd khoi s6 bi trit A di gid tri cia s8
tri B, déng thdi nhidng implicing (hay nhing quan hé todn hoc nio dd) hoi "dinh dang" -
hay cd chit lién hé véi B déu bi loai trit theo. Con néu gita s8 bi trit A khéng ¢ lién
quan gi toi s tri B, thi khi trit di nhau k&t qua vdn la A

Céc tinh chit cia phép hiéu toa d6 (#) :

- Khéng cd tinh chdt giao hodn :

A#B=B#A
- Néu A C B thi A#B =29

Phép toan hidu toa d6 (#) d& dugc néi dén & cdc phén trén, & cdc ph&n dd ta chi
cong nhan cé phép todn (#) dé€ ma ding trong cac thust todan tim phu C,;,, dén day
ching ta di dua ra dugc dinh nghia cia phép higu toa d6 (#), d6ng thdi da xay dung
duge cu thé phép toan mdi nay. Phép toan (#) duge dinh nghia ra né co tinh chét cing
nhu hiéu d@ng riéng khi bi&n ddi todn hoc, khi da hi€u r6 phép hidu toa d6 (#) ta cd thé
diing ndé vao muc dich bi€n d&i todn hoc riéng ciia minh.

Dén day ta da xét dinh nghia ba phép todn mdi theo yéu cdu cia ky thust, dé la
phép todn "sao toa dd" (*), phép toan "giao toa d&" (N) va phép toan "higdu toa d8" (#).
D6 14 cdc phép todn ma Roth da dinh nghia ra dé 4p dung vao ly thuyét hay thuit todn
tim phu C_;, cia ham logic, méi mét phép todn dé cd hiéu dng riéng cta minh, khi higu
chiing ta hoan toan c¢é thé ding ching d& rit gon ham Boole. (0 day ngoai phuong phap
hay cach tim pha C_;, cGa ham l6gic, ta con hi€u duge cdch thite d€ tao ta hay dinh
nghia ra mot phép todn mdi, dd 14 khai niém quan trong. Mudn taoc ra mdt phép todn
méi ta chi cn thay d6i badng quan hé ky hidu va digu kién thyc hién quan hé ky hiéu
clia nd, vi vy dé€ tao ra mot phép todn mdi la khong khd. Van d& con lai 13 trd 10 ciu
héi phép toan dé dung vao diu nita ma théi

bén day phép todan .hiéu toa d6 (#) di c6, vAy d€ cd thé hi€u tron ven thuit todn
ciia Roth va cdng dung quan trong cia phép (#) trong thudt todn ¢tim pha C, ta cd
thé dua vao vi du cho mét ham légic nam bign minh hoa trén hinh 1.87.

%y ¢  (gooox) !
x X, %y Xs
60 01 11 10 10 11 01 go

00 ,3’—‘—/{
(00800} = A { ;:'
1 Al o o = fl__#_,_..h-——--"'“""#(””o)
(xfaa:)/ }
10 \
\B=(muo)

Hinh 1.87. Bai bai todn logic minh hoa.
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Tit bai todn da cha ta cd s liéu ddu vao 1a phu Cy cha ham s8 1a :
Co = ((00000) (00001) (01001) (11001) (110611) (11010) (11110) (10110)).

Dya vao pht Cy cia ham logic da cho cd thé tim duge khéng gian céc implicing
don gidn Z nhd sy giip do cua phép todn "sao toa d¢” (*), bude tim "khong gian 2* céc
implicing don gian d& duge trinh bay ki & phén trén, & day khéng ndi ky tai cdch lam
cu thé ma chi dua ra két qua tim duge khéng gian Z cla bai toan da cho 13 :

Z = ((000X) (0X001) (X1001) (110X1) (1101X) (11X10) (1X110))

Tu Z nht khai tri€n cic implicing don gidn va loai bé di c4c dinh xu&t hién it nhat
la hai l4n (c6 hai dinh ging nhau tit hai implicing don gidn khéc nhau) ta tim duge cdc
dinh ddu mat hay khong gian L cta bai toan dé ra Ia :

L = ({00000) (10110)) = (A, B)

Dén day da cd hai tap s liéu vao quan trong dd 1a tap khéng gian Z cac implicang
don gidn va t4p L cdc dinh du mat cGa bai todn.

Z, = Z = {((0000X) (0X001) (X1001) (110X1) (1101X)
(11X10) (1X110)) = (z;, 23 Zjpoo 2,)
L; = L = ((00000) (10110)) = Q;, L., 1)

Ta dat ky hiéu Z; va 1; ¥ng véi qué trinh tim khéng gian cde kh6i dfu mut
(extréman) 14n thd nhit (E,). Dya vao dinh 1y 91 da néu & phén trén z; € Z 1a
implicAng don gidn néu théa man quan hé :

néu (z N L) t8n tai (5 N 1) = @ thi z; € E
Ta cd két qua td vi du dé ra nhu sau
z; = (0000X)
(0000X) N (00000)
(0000X) N (10110)
Két luéin z; = (000X0)l2 khéi ddu mit nén 2, € E,

(00000) = ¢
¢

(zg N Ly =

Céch lam tuong ty cd :
Z,NL =@ ;,2,N0L =@.
z; = (1X110)
(1X110) N (00000) = @
(IX110) N (10110) = (10110) = &
T két qua thu duge ta of z, = (1X110) la kh&i dau mat z; € B,

(z; N Ly = {

Qu4 trinh tinh todn tim khéng gian cdc khéi dfiu mat ldn thd nhat (E;) cho ta két
qua : ’

E; = ((0000X) (1X110))
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Sau khi tim duge khong gian csc khdi ddu mit (E;) 1a cde implicing don gidn thue
sy - cdc implicang don gidn khong thé thi€u duge trong phu C;, ctia ham logic trong
bude thi nhdt cua qud trinh tim khéng gian céc kh6i du mut. Budc thd 2 ti&p theo ta

phai tim pht méi Z, d€ tir d6 tim tip khong gian cic khéi dfu mut E,. D€ tim duge Z,
ta diung phép todn hidu toa dd (#) theo quan hé sau :

K

Bude tim Z, chinh 14 Wng dung quan trong cia phép toin higdu toa dd (#) trong
thuat toan tim phu C;, cia Roth. D€ hi€u ky thust dng cla (#) trong qu4 trinh tim Z,
cd thé€ cén cd vao vi du di cho khi c¢d hai tép :

Z, = ((000X) (0X001) (X1001) (110X1) (1101X) (11X10) (1X110))
E, = ((0000X) (1X110))

Quan he Z, ‘hieu toa d8 (#) di E| (Z; # E)) thuc hién theo "tich D& cdc” vi 12 hai
tdp tuong tdc vS8i nhau nhu sau :

z, = {(0000X)
(0000X) # (0000X) = &
(z # By =
(0000X) # (1X110) = (0000X)
do o ket qua (z; # E) = @ (5 e bt ky € E)) nen'z; & Z, (z; khong thudc Z,)
z, = (0X001)
(0X001) # (0000X) = (01001)
# B, =
R { (0X001) # (1X110) = (0X001)
2; = (X1001)
(X1001) # (0000X0 = (X1001)
(X1001) # (1X110) = (X1001)
2y = (110X1) |
(110X1) # (0000X) = (110X1)
(110X1) # (1X110) = (110X1)
zs = (1101X)
(1101X) # (0000X) = (1101X)
(1101X) # (1X110) = (1101X)
26 = (11X10)
(IX10) # (0000X) = (11X10)
#E = - - -
o T {{uxm) # (1X110) = (11010)
2, = (1X110)
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(IX110) # (0000X) = (1X110)
X110 # (1X110) = @
Nhu v&y (z; # E) xust hién két qua @ ching t5 12 z; & Z, (z; khong thudc Z,)
Sau khi tinh todn xong s& thu dugc két qua :'7..\2 la phi chwa rat gon nhu sau :
2\2 = ({(01001) (X1001) (110X1) (1101X) (11010)

Tiép theo ta rat gon 22 bing cach loai khdi ﬁz cdc implicing ndm trong implicing
khac (khdi khac) sé thu duge Z,:

Z, = 2, -
trong dd : Z; la cdc implicing nim trong céc implicing khéc.
(vi du (01001) C (X1001)) '
Két qua ta thu dﬁqc pht méi Z, :
Z, = ((X1001) (110X1) (1101X))
Diéu d6 dugc minh hoa trén hinh 1.88.

A 0 ;
Xx X X5
it 00 of 1 w”ra 1w ot oo
c={(01001) og | *--1-¢
‘\.\
(xr1001) ot

1

o VT VTN
/ ' \ \o-_~(uara)

/

Hinh 1.88. Két qud tim khong gian Z,.

Ti pha méi Z, d& dang tim duge L, 12 tap cac dinh ddu mat ldn tha hai, hiéu dng
- cia phép toan hidu toa dd (#) giGng nhu mot nhat "chét” cho phép tao ra duge dinh ddu
mut méi t¥ dd tim duge cde khéi ddu mat méi (cse ei:tréman) cdc implicang don gian
khong thé€ thifu trong phi C.;..
Ta od tap s6 lidu mai :
Z, ((X1001) (110X1) (1101X))
L, ({01001) (11010) = (C, D)

Ti hai tap s8 lidu Z; va L, két hop vdi phép todn giao toa do (N) sé d& dang tim

I
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duge tdp cic extréman E, hay cac implicing don gidn thue sy - cdc kh&i ddu mdt l8n
thd hai cia ham légic di cho 1A :

B, = ((X1001) (1101X))

Tig€p theo tim ti&p phd méi Z; cdc implicang dun gidn, d€ ti dd tim duge khong
gian cdc khéi dfu mdt I4n thd ba E,, thép quan hé sau :

Z, # E,

23
Téi day ta cé tap s8 lidu :
| Z, = ((X1001) (110X1) (1101X))

E, = ((X1001) (1101X))

Pha méi Z; duge xdc dinh :

Tai day k&t thic qud trinh tim khéng gian cdc khéi ddu mit. Nhu vay qua trinh
tim phi méi Z,,, thuc hién méi cho dén khi :

Zn+1 = Zn# En _= @

thi dithg qua trinh tim E, két qua cudi cing thu duge sé 12 :
n

Cmi]’l =E = U Ei
trong dé E; cac khdi ddu mit cha ldn thﬁ‘li trong qua trinh tim pha C ;.
Véi bai todn da cho ta od két qud :
’ E =E + E,
Coin = E = ((0000X) (1X110) (X1001) (1101X))
frin(X1 1 Xy, X3, %4, X5) = X X3 Xq ;4 + Xy X3 X4 X5 + Xy X3 Xy Xg + Xy Xy X3 Xy

Két qua thu duge phu C,;, theo phuong phép cia Roth tit bai todn logic dé ra, ta
cing sé dé dang nhan duge két qua dé dua theo cic phuong phép rit gon ham Boole
cia Mc.Cluskey hay tir bia Kicno.

Dén day ta cing ké&t thic thuat toan tim phd C;, cia Roth. T thut toin dua ra
cha Roth c¢d thé d& dang lap trinh cho mdy tinh dé€ tu dong qua trinh t6i ti€u hod (rit
gon)} ham lbgic 6 lhugng bién lom. DE ty dong rit gon ham Boole thee phuong phdp cua
Rooth, tdc giad da x8y dyng duge mét chuong trinh viét bing ngdn ngl LISP, chuong
trinh nay cd thé thyc hign viéc rit gon ham Boole cd s8 lugng bién vao tuy y két qua
cling gidng nhu chuong trinh rit gon ham loégic XPRESG cta Berkerley viét biAng ngon
ngi C++ theo phuong phip thuat toan. ‘ '

Theo phuong phdp cla Roth.cd thé lap trinh d€ tu dong tim va phi Cg;, cia mdot
ham logic b4t k¥, nhung két qui rit gon ham Boole cia Réth cling khéng quan trong
bing tit ly thuy&t cua Roth, hi€u duge cdch (phuong phap) tu tao ra hay ty dinh nghia
ra mot phép toan méi, cho phép gidi quyst mot nhiém vy ky thust naoc dé, cing nhu cd
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thé tao nén mot ly thuyst giai quyst mot nhitm vu duge dé ra. Phuong phdap Roth la
mot phuong phép ly thuyét (khéng phai phuong phdp thuit todn) cho phép ta ngoai két
qua 1a pha Cp;, thu duge, con o6 thé thu thém duge cdc thong tin khéc nita, nhu dénh
gia duge chit lugng hoat dong cia mét chde nang k¥ thuat (ham logic) hay dd tin cay
cua mach l6gic. Khi tu dinh nghia dugc mét phép todn (nhu phép todn hiéu toa do #)
cho phép thay d6i cdu tric clia mot ham sé, di6u dé sé md ra mét tron.gf nhitng kha ning
‘thuc hign gidi song song bai toan logic.
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Chuong I
PAO HAM VA VI PHAN HAM BOOLE

Chung ta da xem xét viéc thuc hién rut gon ham Boole, sau khi di thu duge két
qud ham Boole & dang tdi thi€u hda ta s& ti€n hanh lip rdp mach dién dua trén dang
t6i thifu hda thu dugc. Mach dién duge xiy dung sé & dang don gian nhét thuc hién
duge chitc nang cta ham logic da dé ra. D6 chinh la qua trinh thist k& hay t6ng hop tao
ra mét chic nang logic ndi chung. Nhung khi chic nang logic da duge 14p rdap thanh
mach dién va di vio hoat dong thi ta lai cdn ddnh gia dude chdt lugng hay "do tin cay"
trong qua trinh hoat dong cia né. Danh gid chit lugng hoat dong clia mach légic 12 mét
cong viéc phic tap va khong dé thyc hién vi ham logic thudng ¢ nhiu bién vao, va phu
thude vao chit lugng cée linh kigén 1ap rdp mach dién. M6t trong nhitng cong cu cd thé
st dung d€ danh gia chédt lugng cing nhu d6 tin cdy cta hé thléng s6 1a dua vao dao
ham va vi phan ham Boole.

Khai niém vé& dao ham va vi phan ham Boole ra ddi vao cudi thap ky 50 cia thé& ky
trude. Cdng nhu déi vdi ham lién tue, khi khdo sit dao ham cia ham lién tuc ngudi ta
tim ra dugc nhitng di€m dic trung hay nhitng difm dac biét cta ham s8 dd nhu diém
uén, cuc tri, buéc nhay v.v.., thi & ham r3i rac (}am Boole) két quid cia dac ham ciing
thdong bdo cho ta mot s8 tinh chdt cia ham s6 logic dé hay cac gid tri ddc trung clia nd.

Nhiing tinh chdt hay cdc gia tri ddc trung ctia ham légic, cing chinh 14 cac tinh
chét hay cdc gia tri dac trung cia mach dién. Do d6 ta cd thé dp dung dao ham vao ky
thuat, trong linh vuc chdn dodn du bao sai nhdm, ddinh gia tin ciy cta hé théng didu
khi€n lbgic, ding trong céc hé théng tu dong, phat hién sai va ty sia sai, dung trong Iy
thuyét nhén dang v.v..

§2.1. PAO HAM RIENG CUA HAM BOOLE

D& hi€u dao ham cda ham Boole cho ta khd ndng dinh gid duge do tin cay hay
chét lugng hoat dong cda mach logic thg nao thi cdn phai ndm vitng ban chédt cta dao
ham. Mot trong nhitng khdi niém co bdn vA quan trong nh4t ctia ham lién tuc la dao
ham cia ham s6 ma ching ta rit quen thude la :
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df(x)

. Af(x)
dx lim ——~

Ax—0 Ax

Ta ¢d thé hi€u mdt cach don gidn hon la dao ham chinh la sy "bién dong' hay "bisn
c8" cia mét ham s6, clia mét quan hé, ma sy bién déng hay bién c8 cho ta cac théng
tin d&€ cd cac k&t luan cdn thiét. Van d6 & day 1a cd thé dua khai nidém dao ham vao

ham r&i rac (ham Bole) duge khong? Vi viéc dao ham ham rdi rac chinh 1a dac ham mbdt
mach dién.

B6i véi ham Boole su bién déng hay bién ddi cia ham s6 nd cing chinh la sy bign
dong hay thay d8i cta tin hiéu & ddu vao cia mach dién, khi ¢d su thay d8i (dac ham)
cia tin hiéu vao thi mach légic s& phai ¢d dap vng tuong dng ra cia nd, ma ddp ung &
ddu ra lai chinh la k&t qua thay d8i ctia tin hidu vao va d6 cing chinh 1a théng tin ma
ta cd thé dva vao nd d€ danh gida duge chdt lugng hoat dong cua mach.

 2.1.1. CAC DINH NGHIA CO BAN

Dinh nghia 2.1.1 : Cho f(z) 12 mét ham Boole clia mot bién s§ Boole x, dao ham
cia ham Boole f{x) moét bién d6i véi bién x duge dinh nghia nhu sau :

as
—a(;’fl = f(x) @ ()

Gia s6 clia bién s6 A x chinh 1a sy thay d6i hay bién déng cda bién x tit x dén %,
cd nghia la

dx = Ax = x &% = 1

chinh 14 buSc nhdy cla x tit 0 dén 1 vA ngudc lai, nén gia s6 cua gia tri bién ddi
do la 1.

T sy bién d8i cha bign s6 hay gia s6 cia bién s6 s& xudt hién sy thay ddi cua ham
s6 hay gia s6 cua ham s6 la;

df {x) = Af(x) = f{x} & &)

O day phép toan "hisu déi xUng" chinh 14 phép toan "ecéng médun” (@), dya vio
phép todn nay ta tim ra duge gia s6 ham s8 Af(x), va gia s bién s6 Ax. Ta chi ¥ ring
trong todn hoc rdi rac - todn hoc hai tri trong dai s§ Boole, thi khai niém vé gidi han
hay tiém can khéng tén tai, do d6 dx vA Ax cd chung mot gia tri. Khi st dung phép
todan "edng moédun” (B) hay "hidu déi xiing" trong dai s8 Boole giita hai bién s6 a va b ta
co quan hé : (a @ b) (ab + ab). Ap dung quan h8 d6 d€ tinh dao ham cho ham s6
trong vi du sau :

Vidy: Cho f(x) = ax + bx, trongdd a, b € B = {0, a b, 1} d day vi 1a dai s6

hai tri nén a = b.

Vay ta cd :
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df (x)
dx = ¢

ax + bX) ® (ax +bx) = 1

Ap dung theo dinh nghia va phép toin cOng moddun s& cho ta két qua cia phép tinh
dac hiam ham s6 di cho trén hinh 2.1 '

X f(x) f(x) | dfx)/dx

0 b a 1 1=10
a 1 0 1 a=>b
b 0 1 1

1 a b 1

Hinh 2.1, K&t qua phép tinh dao ham.

Trong thuc t&€ ham Boole mot bién hay chi ¢ mét tin hiéu vao (gidng nhu mot
cbng tic déng md) it gap, ma théng thuding mdt mach l6glc s& cd s6 luong du vao
nhidu hon. Tt d6 ching ta dua ra dua ra dinh nghia dao ham Boocle nhifu bign hay dao
ham riéng ham Boole trong trudng hop téng quit nhu sau.

Dinh nghia 2.1.2 : Cho f (X) 14 ham Boole n bign [X = (xy, Xp,-., X)}. Pao ham
riéng cha ham f(X) d6i v&i bién x; (1 < i < n) duge dinh nghia nhu sau :

= f(xl,..'.JXi,“‘,xn) 6 f(xl,--.,ii,...,xn)

Véi phuong trinh todn hoc nghia dao ham riéng theo bién x; ta cd th€ hifu theo
quan di€ém cGa mach dién 14 : chi cd tin hiéu vado & chén thd i thay d&i gia tri t& 0
sang 1 (0 — 1) ho&c ngugc lai, con cde chan tin hiéu vao khdc ctia mach dién vin gid
nguyén gid tri légic trude dé. Khi ¢6 moét tin hiéu vio thay d8i gid trj thi mach dién sé
c6 ddp Ung ra trén ddu ra clia nd, ma dua vao dd ta od théng tin d€ danh gid nguge lai
chdt lugng cla mach. Nhu vdy dao ham riéng cia ham Boole nhiéu bi¢én chinh ]a thay
ddi mét tin hiéu vao trén mét ddu vao bat ky clia mach dién, ta ¢6 thé minh hoa trén
hinh 2.2.

b

0 0 Xl. O

! ! T T

- Lo| Mach FOx)

01 X o logic > : .
) . fé" hop Hinh 22. Dao ham ing véi
. . . thay déi tin hiéu vao,

! H id
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2.1.2. CAC CACH TINH PAO HAM RIENG HAM BOOLE

2.1.2.1. Phuong phdp tinh theo dai sé

Vi dy : Cho ham 88 £(X) = f(x;, x5, X3) = % X, + X3, tinh dao ham riéng cta
f(X) theo bign x,.

Phuong phdp tinh theo dai s8 14 4p dung theo dung dinh nghia cua dac ham (cha
¥ dung quan hé¢ cong modun (@) va dinh ly Demorgan.

af (X)

e = (X tx) © (¥x, +x) = A®B =AB+AB
1

(xl XZ + X3) (!_(l X + X3) + (x]_ x2 + X3) (il Xz + X3) =

(x] %5 . X3) (X, X5 + %5) + (%, Xy + R3) (X Xy . X3) =

((il +i2)-§3) (x1 %3 ¥ x3) + (x xz"'xa)((xl*Ez)-Es) =
= (X X3 + X X3) (X; Xy + X3) + (%, X, + X3) (%) X3 + Xy X3) =
= XXX T X X F KRy h X Xy Ky F Xy Xy F Xy =

= XXXy F X XyXy = (X + X)X, Xy = x‘?_’

9 (%)% + x3) -

Kat : —_— =
£t qui o X5 Xq

Két qua tinh todn ndy cing cd thé nhan dugc bing phuong phép khéc cd tén la
phuong phap dé thi hay ding bia Kicné.

2.1.2.2. Tinh dao ham riéng cia ham f(X) bdng phwong phip bia Kdcné
Phuong phap nay dugc minh hoa trén hinh 2.3
Vin v6i vi du ham f(X) = x, x; + x, ta ¢ :

d f(X)

ax, T XX tx) O (X tx) = ADB =xX
1

Ta dnh xa A va B vao bia Kicnd duge k&t qua nhu trén hinh 2.3..
ﬁf—(x
A B K 2%y
3 Ky Xy % Ky Xy
N80 o1 1 18 AT ANY NN o 1 e
T ) 2 %3
0 (1 SN N (@in 0 d
1 l1 i[t 1) f ] 1| 1] P
hY

i Al

XJ Xy x; x3

G

Hinh 2.3. Dao ham theo phuong phdp dd (hi.
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Sau khi énh xa A = (x| x, + %3} vd B = (x; x, + x5) v3o bia Kdcno, ta thuc hién
cong mébdun () hai bia d6 lai véi nhau (chéng khit hai bla K d6 lai v6i nhau) s& thu

duge két qua nhu & bia K dap s§. Két qua thu duge gidng nhu két qua tinh todn theo
phuong phap dai s8.

Dé tinh duge dao ham riéng cda ham f(X) theo bién x; ta con ¢ thé dya vao dinh
ly, dinh 1y nay xufit phat tit ddc di€m cia ham Boole chi ¢§ hai gia tri 1a 0 va 1, cho
nén khi tinh dao ham riéng cta f (X) theo x, ta c6 th€ thay gai tri cia x; 14 0 hoac 1
vAo trong cong thdc nhu sau :

2.1.2.3. Tinh dao ham riéng cia ham f(X) theo dinh ly
Dinh l§ 2.1.1 : Dao ham riéng ctia ham f (X) trong d6 X = (x;, %5, ..., X4) theo bién
x; v0i {1 £ i € n) ¢ th€ dugce tinh theo cong thic sau :

i) _
=f(x,...,1,...,x)® f(x,...,0,...,x))
X i i

Dinh ly nay dya trén dac di€m cia ham Boole cd hai tri cia mét bién x; (nén x; =
1 thi x; = 0), vBy ¢6 thé thay gid tri 0 vA 1 cia bién x, vao dinh nghia tinh dao ham
riéng cua ham f (X} theo x; s& thu dugc cong thic nhu cong thdc cia dinh ly. Két qua
thu duge cta dinh nghia ciing gidng nhu cla dinh 1y 1a diéu don gidn va d& hi€u. Trong
thyc t& thi khi dao ham theo bién x; 14 chan dfu vao thd i cia mach dién s& o6 gid tri
logic 1a 1 khi néi lén nguén +E va la 0 khi néi xuéng d4t.

Ap dung cdng thie tinh dao ham riéng cia ham f(X) theo bién x, cho vi du da néu
d trén ta cd
fX) = f(x}, x5 %X3) = % %5 + x5

3 f (X)

T = (1xtx) & (0.%;+x3) = x5x3
L

(X5 + X3) D x4

il

(X3 X3) . X3 + (% +X3) . X3 =
= (§2§3)X3 + x2§3 = X2§3 .

bay 12 mdt dinh 1y quan trong vi 6 th€ dua vao dinh ly d€ lap trinh cho may tinh
theo phuong phdp thuat toan cho phép tim dao ham riéng ham Boole, d6 sé la mot
trong nhing co s¢ quan trong d€ ddnh gia duoe chét lvgng cia mach ciing nhu danh gia
duge dd tin cdy cha hé thong logic moét cdch ty dong.

Pén day ching da cd ba phuong phdp tinh dao ham riéng cta ham f(X) theo bi¢n
x;, d6 cing chinh 1a hién tugng xdy ra khi mét mach logic ¢ nhidu ddu vao (t& ddu vao
X}, Xz, dén déu vac x,) ma gid tri logic & chan thy i dng véi ddu vao x; thay ddi gia
tri (tU 1 vé 0 hoac nguoc lai tit 0 v& 1). Nhu vy ta chi thay d6i gid tri cia ddu vio x;
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cd mét 14n. Nhung trong thyc t& khong ¢é mach l6gic nao chi thay déi tin hiéu vip o
mét ldn (ing v8i dao ham riéng), ma tin hiéu vio clia mdt mach dién cd thé duge thay
ddi k€ ti€p nhau nhiéu lan hét tir ddu vao nay dén ddu vao khac (hét chan dau vio tin
hiéu nay sang chan ddu vao tin hiéu kia), déng thoi cing cd thé thay d8i tin hiéu logic
v3o § nhiéu dau vao (nhiéu chan) ciing mét lic, theo yéu cau ciia chite nang ky thuat dé
ra. Tu thuc t& thay ddi tin hiéu vao cia mach légic nhu vay ta ¢ khéi niém hay dua ra
khdi niém dao ham béc cao ciia ham Boole. Do céich thay d6i tin hiéu vao cia mach dién
cd thé phan ra lam hai loai 13 : l4n lugt céc tin hisu vao thay ddi gia tri logic ta dua
ra khdi niém "daoc ham riéng bdc cao loai I", con trudng hgp nhidu dfu vao (nhidu tin
higu vao) cing thay d6i gia tri lagic mot ldn thi ta cd khai niém 'dac ham riéng bac cao
loai II".

2.1.3. DAO HAM RIENG BAC CAO CUA HAM BOOLE

2.1.3.1. DPao ham riéng bdc cao logi I

Dinh nghia 2.1.3 : Dao ham riéng bac cao loai I clia ham f(X) véi X = Xy Xgp Xp)
ddi v6i m bién tit bign X, = (X}, X4y Xjpm-1)duge dinh nghia nhu sau : (0 € m < n)

I (X) 2™ (X) __a_( ] ( of (X) )))

0 Xitm-1
O day m 1a bic cia dao ham hay con duge hi€u 14 s 1dn thay d8i cha tin hiéu vao
trén tap dau vao (X).

Dao ham béac cao loai I ¢d thé hi€u 14 nhiéu tin higu vao thay d8i k& ti€p nhau,
diéu ddé duge minh hoa trén hinh 2.4.

;

% 4
U] a ¢ o I |
f 1 H ! Xy 0_.—“"
O-=1 1 1 X o— ol Mach FOX)
| s
Q Q-=1 1 Xioy O——=  Jogic :
1 7 1m0 Kemr o0— t6" hop
5y ool

Hinh 2.4, Dao ham bic cao trén mach dién.

Qua céng thic tinh dao ham béc cao loai I ¢6 thé higu duge 1a : k&t qua cta dao
ham riéng theo bién nay (x) sé trd thanh s6 litu ddu vao (ham ban ddu) cho dao ham
riéng cla bién tiép theo (x;,,). Quan di€m d¢ cit duge thuc hién cho d&n h&t dng véi bac

cia dao ham 1A m (thdc hién m ldn).
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2.1.3.2. Pao ham riéng béc cao loai II

Day la mét khdi niém khéng cd va khéng t6n tai & todn hoc ¢d dign 1a dao ham
nhi€u bién mot lic, nhung & mach légie 18 hop hay ham Boole viéc thay déi déng thai
tin hidu & trén nhidu ddu vao 12 hoan todn cdé thé duge, va céch thay d&i (dao ham)
nhiéu tin hiéu vao (nhiéu hign) mot lac 1a didu cd thé x8y ra theo mot nhu cfu ky thuat
diéu khi€n nao dd. Ta xem xét khai niém dao ham riéng bac cao loai II ctia ham Boole.

Dink nghia 2.1.4. Dao ham riéng bac cao loai II cia ham f(X) véi X = (x1, Xz
Xp) theo m bién ti bign X; = (x;, X;;..., Xjy;m-p dudc dinh nghia nhu sau :
(0 € m € n)

M XK | 2™f (X)

X, (X, Xi4) »- -5 Xjep—1) = G X Xy K gs X) @
1

Xy, s X Xy Kybmeg s s Xy
O day ta chi dao ham mot lan lién mdt lic v6i m bién s6, hay chinh 12 pht dinh

cha cac bién s§ d6. Dao ham bice cao loai II ¢ th€ hifu bdng mach dién mé ti trén
hinh 2.5,

t,
o X oo
1 H I O————ny
o1 % o—= pach
rr x‘ Me f(x)
dbu vao| 1—+d ver © . ? logic e
fhﬂ"y &;" e N ar
X. : 16" hap . -
O—1 i ert-y O Hinh 2.3, Dao ham bac cao
) foat BHren mach dién.,
g v n O

Cc thé€ 4p dung céach tinh dao ham riéng bac cao loai I va loai II d€ tinh dao ham
cho ham s6 logic & vi du trén.

Vidu: Cho (X} = f(x), x5, x3) = x; X3 + x4

a) Tinh dao ham riéng bic cao loai 1 cho hai bi#n s6 1a x; va x,. Tic la che tin
hiéu vio & x; va x, l4n lugt thay déi.

o°f; (X) s X _ _
0%, 0%, axz( %, ) = ax, (2%) = %
. of; (X) _
O trén ta da tinh duge = X, %4

2%
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(X2 X3) (X3 X3) + (X3X3) (X3%X3) =

(iz + x3) (iz ESJ + (x -’.ES) (x; tx3) =

= XXy + XX = X3 (X + %) = Xy

Véi két qua thu duge.khi tinh dao ham riéng bic cao loai I cho ham s6 f13(X) theo
hai bin x; v& x,, ta hiu duge dap dng ra clia mach dién khi thay d8i gia tri logic cia
hai ddv vao tin hiéu x; va x, nhu thé nao.

b) Tinh dao ham riéng bac cao loai I theo hai bign s& {x;, x;) nhu sau. Tic 1a cho
tin hieu vdo & x; va X, cung thay d8i mot hic.

a f3 (X) -

e E (XXt X)) @ Kt xy) = A@B = VNN Ty XX,
kg - TX2 ¥ x3) @ (X%, F x3)

Ta tinh theo phuong phap d8 thj 4nh xa A vA B vao bia Kécné trén hinh 2.6

3t (x)}
3(x, %)
4 %% g X Xy Xp Xy
XN\, %8 061 1 1o NN 09 o1 1w N 00 81 u 10
0 1)t @ 011 i 6|1
! H ! 1 ! I 1 H
Hinh 2.6. Dao ham bing bia Kicno.
¢ f5 (X) o _
Két qua : E;J,Tz) = XXXy F X XXy

Dao ham riéng bac cao loai II ciia ham Boole (mach dién) theo hai bién (x;, x),
cho ching ta biét ddp Wng ra cta ham s6 (phan dng ctia mach dién) khi ta thay déi
dong thdi gia tri logic cla hai tin hiéu vao {x;, x3) trong ham s&. Dya vio dép ting ra
dé cia mach cing chinh 14 cia ham logic, ta ¢ thé danh gid dugc chat lugng hay do
tin c4y cia ching

Tu vi du tinh toan dao ham riéng bac cao loai I va loai II ta c6 két qua ]a :

9 f3 (X)

=x
0x13x, 3

afy Xy _ _ _ N _
T T = X XX X1 X4 X
oy %) 1 %2 X3 1 X2 X3
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T hai k€t qua dao ham nhén duge d6 13 ¢S th€ cd nhan xét ddanh gid hoat ddng
cia mach (ham Boole) 1a :

Khi dao ham riéng bac cao loai I titc 12 ta thay ddi l4n lugt gia tri logic cta x,, sau
dd méi thay ddi gia tri logic cha x,, thi két qua cho ta (x;) tuong duong voi mét mach
dién don gidn hon mach ban ddu (ham s6 cho trude f4(X)). Viy cd thé két luin ]a néu
hoat déng ldn lugt thay d8i gia tri cla tin hidu vao thi d¢ tin cay khi hoat déng cia
mach sé tang lén, hay mach sé& hoat déng t8t hon vA an toan hon,

Con khi dao ham riéng bac cao loai II cha ham s £4(X) da cho (chinh ]a mach dién
cé san), tic la ta thay ddi déng thdi moét lic gia tri légic ctia hai tin hiéu vao (x;, xy),
cliing chinh 12 ta thay d8i (dao ham) déng thdi hai bién sé (x,, x;) cia ham logie, két
qua ta thu dude (X, X, X3 + X X, X;), k6t qua dd tuong duong v6i mach dién phic tap
hon (ra mgt ham logic phic tap hon) mach ban ddu da cho (ham f3(X). Tir d6 ta cd thé
ké&t luan la n&u ta thay d8i ddng thoi gig tri ldgic cua hai tin hiéu vao (x|, x;) cla mach
dién da cho thi do tin cay khi hoat dong cia mach s& gidm xudng, hay mach sé hoat
ddng xfu hon va kém an toan.

Chi ¥ 1a ta chi cd thé k&t ludn d¢ tin cay hoat dong ciia mach tang lén hay df tin
cay hoat dong cia mach gidm di khi cd két qua cu thé cta dao ham hay chi ¢S thé dya
vao k&t qua cta dao ham clia mach cy thé khi d6 ta méi duge két ludn duge l1a tdt hay
xfu. Déng thoi két qua cia dao ham Boole ciing chi duge coi 13 mét. trong nhiing co s&
hay dit kien ma dya vao d6 cd th€ ddnh gid duge chdt lugng clia mach dién cing nhu
dd tin cdy cta hé thdng logic diéu khi€n ma théi.

Trén th& gidi ngudi ta di xAy dung nén nhing mdy tinh chuyén dung, ndé nhu
la mét cai “can”, dé danh gid do tin cdy cha mach diérn. Qué trinh ddnh gid d¢ tin cly
hoan toan ty déng va mdy ludén dua ra s6 liéu danh gid v& d6 phdc tap cia mdt bai
toan logic. Khi ¢ cai "can' d& ddnh gid do tin cdy cia mdy hay d6 phic tap ctia ham
s8, ta cd thé danh gia duge chdt lugng hoat déng hay do tin cay cia mot hé thdng logic
ndi chung (vi du cu thé 1a may tinh) khi 14p rdp ch& tao hay khi ching dugc sdn xuft
hang loat v& hoan todn gidng nhau vé hinh thic, nhung chit lugng va dg tin cay lai
khac nhau.

D& d& dang ddnh gia dinh lugng duge do tin cay hay 46 phidc tap cia két qua dao
ham, ta dua ra khai niém v8& "gida” cia mot ham légic 1a : gia (N} ctia m4t ham logic
bang s6 lugng bién s6 dang diung céng voi s6 lugng phép todn dang cd & ham s6.

N=5+17-=12
Két qua dao ham nao cd "gia N” 16n thi do tin cay sé kém.
2.1.3.3. Cdc tinh chét co bdn cia dao him riéng him Boole

Dao ham riéng ctia ham Boole cé mét s6 cdc tinh chidt co ban nhu sau. Gia st f(X)
va g (X) 1a cdc ham Boole nhidu bién vdi X = (x;, xj,..., X ).
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NCELCSIE ¢S

G SO D ¢

PEX
2 oX, 0%, 0

X)X
CeXjaX, T aXeX

9 {(f(X) . g(X)) v g (X) oif X X)) 9gX)
PTx IO T 08 oy @ x Tox

9 (F(X) + g(X)) g() — X))  fX) 3gX)
> X, =1 e % @ %, Tx
g MUK ®gX)) _ 2f(X) | 2g(X)

X, TAx, X,

Ta cd th€ dua vao céc dinh nghia cta dao ham dé dang ching minh duge céc tinh
chit néu ra.

§2.2. PAO HAM TOAN PHAN VA VI PHAN TOAN PHAN HAM BOOLE

Sau khi da ndm dugc khai niém vé dao ham ham Boole ta cd thé dé dang higu
dugc vé dao ham toan phdn va vi phan toan phéin cia ham Boole.

2.2.1. VI PHAN TOAN PHAN cUA HAM BOOLE

Trude khi ndi t6i vi phan toan phéin ta xét téi vi phéan riéng phin ham Boole.

Dinh nghia 2.2.1 : Vi phan riéng phén dx;. {(X) cta ham f(X) trong dé X = (x,,
Xp, Xp) d61 véi bign x; € X (1 < i < n) la s6 gia cta f (X) theo gia tri cla x; I

dxi f(X) = f(xl,...,xi_l,xi,xi.Fl,‘..,xn) @
f(xl,...,xjﬂ,xi 23] dxi,xi_,_l,...,xn)
Tt dinh nghia ctta vi phan riéng phén ta 6 dinh Iy sau
Dirh i 2.1
f(X)

xl
o X

x, f(X) =

Ta ¢ th€ ching minh dinh 1y nay bing mot vi du cu thé.
Vida :cho f3 (X} = xx;, + x4

Tinh dx, f3(X) = {(x),%,%3) & f{x; © dx;),%;,x3)

= ()%, + %3) D ((xl®dxl)x2+x3) =
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Goxp+xg) & (Gpde +x @) xy + x5) =

(XX, + X3) D (X %A% + x;xd%; + x5) =

X2 i3 dxl

9 f3 (X}

1
axl

Dinh nghia 2.2.2 : Vi phan toan phén df(X) cia ham f(X) la s gia ctia ham s§
theo s8 gia dX cia bign s6 (X) duge tinh
dfX) = fX) & fX & dX)
Tu dinh nghia vi phan toan phdn ta cd dinh ly sau :
Dinh iy 2.2 :

of
e = 27) - @xy

= B dX°. f(X)

Gday : 0 € e £ (2" —1) va P la téng xich ma modun. M6t s tinh chét cd ban -
cia vi phan toan phén.

1. da = 0

2. d(af(X)) = adf (X)

3. dT(X) = df (X)

4. d(df(X)) =0
5. d(f(X)g(X)) fX)dg X) ® gX)df (X) @ df X) dg (X)
6
7

it

CA{I®e®) = TE X @ XA X) & dif (X)dg (¥)
() @ gX) = dfX) @ dg(X)

2.2.2. DAQD HAM TOAN PHAN

Pinh nghia 2.2.3. Cho f [x , y(X)] 1 ham chuy8n mach vécto, & day X va y 1a cac
vécto n va m thit nguyén tuong dng. Dao ham toan phan cda ham f déi vai bién x; duge
dich nghia nhu sau :

% = f[xi,y(xi)] @ f[ii:)'(ii)]

Dao ham toan phdn béc cao cia modt ham Boole duge dinh nghia nhu sau.

Dinh nghia 224, Cho X = (X, X;), Dao ham toan phin bic cac cia ham f(X) doi
véi m bién trong X, duge dinh nghia nhu sau :

df)y  d , d d £ (X)

dX, E(Ex_z(( dx,, )-))
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g day @ Xy = (x5, x,..., %)

Khi da hiéu duge dao ham ham Boole thi cing d& dang hi€u duge dac ham toan
phé&n cia ham Boole

§2.3. PHUONG PHAP DO TH] HAY PHUONG PHAP THUAT TOAN DE
TINH DPAO HAM HAM BOOLE.

Qua cdc phén trén ching ta da biét nhiéu phuong phap khéc nhau diung d€ tinh
dac ham Boole, tif phuong phap tinh dac ham theo dinh nghia, tinh dao ham ham Boole
theo dinh iy va tinh dao ham ham Boole dua vio bia K4cnd nhd &nh xa vao bla K. Cac
phudng phép ding tinh todn dac ham ham Boole ndi trén chu y€u la lam theo dinh
nghia t6n thoi gian. O day s& dua ra mét phuong phép "meo" hay thuat todn cd th& thue
hién tinh dao ham ham Boole dugc d& dang cho két quid nhanh hon va thuan tién hon.
Co s& thuc hién cta phuong phap thuit toan 1a dua vao bia Kacno, khi ding bia K
thong thuding chi duge 4p dung trong trudng hop s6 lugng bi¢n it. D€ thue hién phuong
phép thuit toan tinh dao ham ham Boole ngusi ta dua ra cde bude thuc hién nhu sau :

* Budc 1 : Anh xa ham Boole cfin phai dao ham vio bia K.

* Buée 2 : Xdc dinh tryc quay ]2 tryc qua dd gia tri logic cia bign x; thay d8i gia
tri (t& O thanh 1 va nguge lai).

* Budc 3 : Quay bia K cing vdi ham f(X) theo truc x; Ung v8i bién s8 phai dao
ham.

* Budc 4 : Tinh toan két qua bing cich cong moédun bia K cia ham f(X) véi bia K
cia ham f(X) sau khi da quay theo truc x; (truc quay uUng véi bién s6 phai dac ham).

D& hiu cu thé cdc bude thuc hién trong quéd trinh tich dao ham ham Boole, ta cd
thé dua vdo ham s6 quen biét trong vi du & trén :

Vi dy : Cho trude f3(x;, x5, x3) = x, %, + x4

. i (X)
tinh

ding phuong phdp thuét toan.

Budc 1 4nh xa ham f3(X) vao bia diéu %, 00 o 1 10
nay di duge 1am & phin trén, budc 2 x4c
dinh truc quay la truc qua dé gis tri cia % ~
bién sf x; thay d6i gis tri. hai bude dé duge
md td trén hinh 3.1 sau.

Sau khi &nh xa £3(X) véio bia K, va dua 4;) ,—L\ /ih
theo quy uéc truc quay 1a truc qua d6 bién 3 v %
s6 x; thay d8i gid tri logic (0 «— 1) ta xéc =
dinh ludn cdc tryc quay cho ham sé £2(X)

Hinh 2.7. Xic dinh tru¢ Juay
céa ham f(X).

141



trén bia K. T k&t qua dd védn dé con lai 1a sé quay ham f3(X) theo truc x; ing v6i bién
s6 phai dac ham <6 rdt thuin tién.

Bude tiép theo la buée 3 : Quay bia K cung voi ham fy(X) da dugc 4nh xa theo
~truc x; Ung v6i bién s6 phai dao ham x; cu thé & day ta sé quay bla K cla f3(X) theo
truc x; la tryc tng vai bién s6 phai dao ham la x; theo nhu nhiém vu dé ra. Sau dd
thuc hién tiép budc thd 4 la tinh toan k&t qua bing cdch céng mo dan hai bia K cia
ham f,(X) va cta ham f3(X) da duge quay theo x;, cu thé la "chéng khit" hai bia dé vao
nhau, va tinh thec nguyén Iy chifc néng ciia phép chng mddun 0 0 =0va 1 ¢ 1 = ()

of3 (X}
ta sé thu duge két qua clia phép tinh dao ham

" 3 bia K chda két qua. Minh hoa
1

cac quan hé dd dugc bi€u dién 4 hinh 2.8.

X, Ky X Xs X2 % _
XN\ 00 oar 1t 10 X\ 00 01 i1 19 00 o1 11 10 /&K,

! 1 0 ‘ 1

mol A ol @
I A , )
Hinh 2.8, Két qua dao ham quay theo bién x,.
oty (X} _

Qua cac bude thuc hign ta cing thu duge két quai cudi cing x = 2% nhu

khi tinh dao ham ham f;3(X) theo bién x; bing cdc phuong phdp khac.

Tuong tu ta cing ¢ thé tinh dao ham f3(X) theo bién s§ x, duge tich dva theo cdc
buéc thuc hién duge md tA trén hinh 2.9

%X, X % 2 %5
N X\ 08 gt 11 10 XN\ 00 o 11 1w
0 1A 0 ANEE 9
Tl 1Y e @ | o

Ta sé& thu duge két qua

theo cdc phuong phéap khéc.

Hinh 2.9. Ké1 qua dao ham quay theo bién x,.

af3 (X)
gx

2

X, X3

= X;X3. K& qud nady hoin todn ¢ thé thu duge

Tuong tu cach lam dd ta clng cd thé tinh toin dao ham ham f;3(X) theo bién x;,
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cha ¥ 1a khi dao ham theo bi€n x4 ta phai quay theo hai truc, vi x5 c6 hai truc x5 nhu
dd vé 0 trén, cach tinh duge minh hoa ¢ 2.10.

X2X3 XZXJ x;x_;
NG00 01 1t 10 X a0 o1 it 10 Ay e o1 11 19 j7

o 1 A\ ol 1 /N 0([1_1 1 | 1]
1 @; 7 ®l® ! ! _’L_é)
N\

N c‘l\‘ : %

Hinh 2.10. k€t qua dao ham quay theo bién x,.

of3 (X)

Ta thu duge két qua tinh toan = (X, + X3), két qud nay cing dé dang ki€m

=

tra lai bing cdch tinh khac,

Bing phudng phap thuat todn ta ciing c6 thé 4p dung dé€ tinh toan dao ham bac
cao loai I ddi v6i ham Boole, vi theo dinh nghia cia dac ham bac cao loai I thi ta thdy
no 14 két qua clia dao ham cda bi&n X; 86 13 s6 litu ddu vao d€ tinh dao ham cuia bién
Xj+1» cho nén cd th€ dya vao két qua dao ham cta mot bién nay (x;) d€ tinh tiép dao
ham cho bién tiép theo (x,). Didu dd duge minh hoa tinh todn trén hinh 211, d&i vai

2
. ) oL (X
ham Boole da cho ta phai tinh .
g% 9%y
Ay X3 Xz X3
x\_099 o1 11 10 xN\_00 01 11 1o
0 1] o Pl
s @ =
< N TR ; 1l
X Xy Xy Xg T Xg X3 7
KN\ g0 al 11 10 X\ 00 0! 1 19 xN\_00 o1 11 18 3

_0 1 o] 1 =0f7 f_’T
_: ' f@rr : ;t LLJ

/'
xz‘ﬁ Hinh 2.11. Dao him bac cao theo bién X[, X2

2
9ty (X) ofy (X) of3 (X)
: = > ) nhu vay ta tinh >

Tu quan hé trudc bing cach

Xy dxy dxy\ 3x) Xy
quay bia K theo truc x,, két qua va cach lam da trinh bdy § phén trén, két qua ta cd

% (x,%;), ti day do phai dao ham tiép theo bién x, ta lai quay tisp ket qua cia dao
2

of; (X) Xy
theo truc x, dUng véi bigh x,, sau d6 tinh k& qua thu duge ———— = X3,

ham
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k&t qud nay da dugc tinh & phén trén. Nhu vay cd thé dung phuong phép thuat toan dé
tinh dao ham bac cao loai I cho ham Boole, qu4 trinh tinh tosn theo phuong phap thust
hoan toan don gian va dé dang. Chu y rdng phuong phdp tinh todn chi ¢6 th€ 4p dung
d€ tinh toan cho dao ham riéng va dao ham béc cao loai I cia ham Boole, phuong phéap
thuit toin khéng diing d€ tinh todn dao ham bac cao loai II (cd nhiéu bign sf bién ddi
mét hic). Mubn tinh todn dao ham ham Boole bic cao loai II ta chi ¢ thé tinh toan
theo dinh nghia ma théi.

Sau day ta thiy moét vi du dao ham cho mot ham Boole bén bién d& thdy ré tién
ich cia phuong phdp dao ham ham Boole theo phuong phdp thuat todn.

Vi du : cho ham s6 bdn bién
fo(%),%;,%3,%y) = X[ %3+ X XXy + X X3 Xg + XX, X3 X,

of, (X) 96, (X)

Tinh : ; .
d X dxy 0%,
afy (X)
Trudc hét ta thi tinh " theo dinh nghia
1
of, (X) o - - —
B, = (X %y T X XXy T XXX T X X3%) D

(X X3+ X, %, X, + XXX %X,) = A @ B
Tiép theo d4p dung cong thic A & B = A B+A. Btacs:
afy (X)

a %

= (ili:] + ;l x2§4 + XZ§3X4 + xl§2x3i4).

o (X Xy F X X)Xy F Xy Xy Xy + Xy Xy Xy X, )

T (X X3+ X XXy T XXy % T X X3 X3%y ).

e (X Xy R Ry T ANy F Xy XX Xy) =

Sau dé lai phai 4p dung dinh ly Demorgan tinh tigp, ti d6 ta dé dang nhan thdy
bai todn s& 16n lén rdt nhanh, va voi bai todn don gidn b&n bi&n d6 chi mdi tinh dao

ofy (X)
ham riéng cta nd theo mét bién x, (a—x) ta d4 khd cd thé, tham chi khéng thé
1
0%, (%)
tinh toan duge dén k&t qui cudi cung. D6 1a chua k€ phai tinh P lai cang kho
1 4

tién t6i ddap s6 néu chi tinh theo dinh nghia ma khéng dung phuong phdp thuat todn.
Nhdt 1a v&i bai todn co s6 lugng bign 1én hon va cdc tich s6 ¢d s6 lugng nhiéu hon, thi
viéc tinh dao ham ham Boole lai cang khd khan, dd I2 diéu dé dang nhan thdy.

Nhung néu 4p dung phuung phap thuat todn d€ tinh dac ham ching ta sé thu duge
két qua tinh todn dao ham ridt nhanh chdng va dé dang, diéu dd cd th€ minh hoa trén
hinh 2.12 48i v4i bai todn bon bién da cho nhu sau :
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Budc 1 4nh xa ham f; (X) vao bla K, sau dé x4c dinh truc quay X, r6i quay bia K
cia fy (X} theo truc quay x; Ung véi bién s6 phai dao ham, cudi cing ta tinh k&t qua.

X %
X3 Xy X3 K, Xyky
X\ 00 01 11 10 KN\ 00 01 11 10 %N\ 09 01/;1 10
Z —
ool t |1 o0 ! go B(1]1 1) 1
1
5N AN ! o1 J or |1 \ 1
<) @ N =
11 H {1 1 ! 11 1 f
)
10 ! 10 1 1 10 (1 1] !
%

Hinh 2.12. Dao ham ham 4 bién.
of; (X)

ax

Ta nhan duge két qua : = x4 + X;X%q.

IS LTC hu vay & day ta chi c4 i6p ket qua

Bxlax4_ax4( 2%, ),nllv_y ¥y ta chi cin quay tiép qu

ofs (X)
%

minh hoa trén hinh 2.13.

Tinh nét

cua dao ham ( ) theo truec x, sau d¢ tinh toin k&t qua la xong. Diéu dd duge

KJX‘ X3X4 XJX_‘
%%\ 00 01 11 10 X%\ 00 o1 11 10 %\ 00 o1 11 10
TR
ool 1 |1 ! ooy 1 1 ! 00 1|1
0} ) H @ o1 ! ! ail (I ) 1 t]
it ! 1 141 it [r; s L | 1)
10 ! ? ! jio| 1 H ) 10 / LI‘_ H
’ 7
/
O £
X, X

Hinh 2.13. Budc 1iép theo tinh dao ham bic cao.

2°f, (X)

Ta nhan duge két qua : m = Xy, t+ Xq.

Dén day voi bai todn bon bién dé ra, dp dung tinh todn dao ham theo phuong phdp
thuat todn, di cho ta két qua tinh todn dao ham cia ham 5§ d6 mét céch dé dang va
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nhanh chéng, dé chinh la sic manh cing nhu tién ich cha phuong phdp thuit todn ding

tinh dao ham Boole. V8i cach 1am tuong tu ta ¢ thé€ tinh todn dac ham vdi céc bién
khac.

Phuong phdp thu#t toidn cd nhidu difm thuan tién d€ tinh dac ham ham Boole,
nhung phuong phip ndy cing c¢d nhiing han ché vi nhu chi c6 thé tich toan vai s lugng
bién s khéng nhidu, didu nay cing chinh 1a han ch€ cia bia Kden6. Muén tinh todn
dugc dao ham ham Boole ¢d s& lugng bién ldn hon thi ta phai stt dung dén may tinh, dd
13 phuong phép dao ham ham Boole mot cach tu dong bang cdch lap trinh cho may tinh,
khi 1ap trinh cho méy tinh cing dya tigu cdc dinh nghia hay dinh Iy tinh todn dao ham
ham Boole lam thuit todn viét chuong trinh :

Y nghia va dng dung cia dgo ham vi vi phdn ham Boole

- Dung dac ham ham Boole cd thé phat hién sai, dong thoi x4y dung duge cac "test"
thi diong d&€ danh gia chit lugng cing nhu d6 tin ciy trong kha nang didu khién cia hé
thong dién ti.

- Cd thé phat hién duge sai s6 dong, phat hién sai trong qué trinh diéu khién cing
nhu phat hién sai trong thoi gian thuc.

- Lam co s d8 xay dung cdc 6tdmat tu dong sia saj.

- Téng hgp va phan tich ddnh gid dd tin cay cia hé thdng, cing nhu dy bdo chudn
doén sai nhidm.

- Ap dung trong ly thuyét nhan dang, ciing nhu trong Iy thuy&t phan gidi cdc ham
Boole.

Muc dich chinh clia ching ta khi nghién cidu vé hé t8 hop la xay dung nén céc
mach dién didu khi€n, nhu cdc bé nhé ed dinh, cdc bo didu khi€n chuong trinh dia
phuong, cac chuong trinh logic tiéu chuin (moédun) nhu PAL (Programmable Array
Logic}, PLA (Programmable Logic Array} hay PIA (Programmable Interconnect Array)...
Sau khi da ¢6 duge mach dign, nhiém wvu ti€p theo 13 phai danh gid duge chat lugng
hoat dong cia mach ldgic diéu khi€n d6, d6 tin cdy cia ndé khi nd hoat déng va cd thé
phat hién sai ciing véi sita sai néu cd cho mach dd, nhiém vu nay cd th€ thuc hién dya
vao dzo ham ham Boole. Nhung nhu vay vin chua dt vi ngudi ky su ngodi viéc thigt k&
ra mach dién, ddnh gid chat lugng ctia mach dién d6, con efn phai biét cdch sita chita
mach dién khi nd héng héc. D6i vai mach légic t8 hop ngoai nhiing hién tugng hong hdc
théng thudng nhu moi mach dién khic (nhu héng IC, héng linh kién..}, nd chn cé mét
loai "héng" dac biét, loai "héng" nay chi cd rieng & he logic t8 hgp, viec "hong hdc' dac
biét niy nd cd tén goi la Hazard. D6i vai mach lgic t6 hop thudng duge dung lam cac
hé théng diéu khién, cdc chuong trinh diéu hanh, nhu vy n&u hé théng diéu khi€n bi
"héng” bi Hazard thi day 14 mét sy héng hde rdt nguy hiém, ciAn phai dugc khic phuc va
sia chifa ngay. Hazard 14 hién tugng "héng" cia mach dién trong khi cdc linh kién va
mach dién cia hé théng vin t8t nguyén. Khdi niém Hazard dugc trinh bay & phdn sau

146



§2.4. MA DUNG TRONG KY THUAT (MA MAY)

Ma hay con duge goi 12 "md m4y”, né duge dua ra do nhu cdu "héi thoai gita ngudi
vad mdy", v6i muc dich lam sao cho mdy tinh "hi€u" dugc ngudi va ngudi cing "hiéu”
dugc mdy tinh, lam cho gilta may tinh vA con ngudi o6 thé trao d8i théng tin truc ti€p
duge vdi nhau. Day 1a diéu rdt quan trong ma cdc loai méy cong cu khac khong thé cd
duge. Ti khi ¢é ma, e¢d quy dinh vé ma mdy tic 1a cé quy dinh v8 “ngit nghia" giita
ngudi va mdy tinh, thi giita ngudi vA médy tinh bit ddu cé "ngén ngi” d8 trao déi véi
nhau via dé€ "hi€u nhau". Cho t6i nay viéc "hoi thoai" gifta ngudi va miy duge thiy qua
ban phim hay con chudt rdt dé dang va don gian, ai cing ¢d th€ lam ducgc, nhd mot
khai niém don gidn nhung rdt quan trong dé 1a ma.

Quy wic vé ma cha con ngudi luon ludn kém theo sau la ngit nghia, con ngudi cd
'ma ngi® 14 ngén nglt duge quy udc hay ma hda gita ngudi véi ngudi trao d8i duge
thong tin voi nhau va hi€u nhau. Vay gilta ngudi va may tinh cé quy udc "ngil nghia"
nhu thé€ nao d€ hi€u va trao ddi duge théng tin vai nhau.

2.4.1. MA TIN HIEU TRONG MAY

D6i véi con ngudi khi ndi vé logic vé cdc gid tri 0 hay 1 thi r4t d& hi€u, nhung véi
mdy tinh nd "khéng hiéu" duge vé logic vé& gia tri 1a 0 hay 1 13 gl c&, ma mdy chi ed thé
nhidn bigt va xi ly théng tin théng qua tin hiéu dién. Do d6 con ngudi dwa vao tin hiéu
dién d€ o6 quy udc ma logic theo tin hiéu dién.

2.4.1.1 Quy wéc ma voi dang tin hiéu ki€u dién thé

Hién nay trong ky thuit, ngudi ta thudng quy udc :

- Dién 4p 0 von tudng ung véi logic 0
- Dién 4p +E (+5 Von) tng véi logic 1

Dang tin hiéu ¢6 thé dugc minh hoa trém hinh 1.1.

v 0 1
+£ F————-~ Hinh 2.14. Mi tin hi¢u
dién the,
0 =t

Ta ciing ¢6 thé cd quy udc ma tin hidu dién th& ki€u khac nhu :
- Dién ap 0 von udng vdi logic 1
- Dién 4ap -E (-5 von) tng véi logic 0
Dang tin hiéu dudgec mo td trén hinh 1.2,
Tém lai ta cd thé sit dung dién thé& cao Ung v6i gia tri 1ogic 1, con dién 4p th&p
ung voi gia tri 16gic 0. Nhung chd ¥ 14 quy u6c mic dién 4p dng v6i gid tri logic khac
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nhau thi v&i cing mét mach dién chdc nang s& khéc nhau, cé nghia 12 ta quy udc ma
dién 4p nhd th&€ nao thi phai ¢ mach dién ldgic tuong tng va: mi d6. Quy udc mi kidu
dién th& ung voi viéc bat tat cong téc.

YA, 7
g -1 Hinh 2.15. Ma ftin hiéu
di¢n th€ am.
-5V

24.1.2. Quy wéc ma véi dang tin hiéu kiéu xung
Thong t'hu't‘:lng nguoi ta quy udc mi tin hitu l1a :

- Cd xung tuong uUng vai légic 1

- Khéng cé xung tudng Ung v6i logic 0

Dang tin hi¢u theo quy w6c ma dugec minh hoa trén hinh 2.16.

7 / a v b F1)
o &
a) 5)

Hinh 2.16. Ma tin hi¢u kiéu xung dién.

O day xung ¢6 th€ la mot xung hay mot loat xung, théng thudng la mot xung rieng
biét. Khi dimng xung d€ 1am quy wdc ma logic 0 hay 1 thi bt buéc phai cé mée thii gian
hay 1a ¢d xung nhip lam thdi gian chusn, vi cd xung ng véi gia tri i6gic 1 thi d& phan
biét, nhung gid tri logic O thi phai tring v6i m6e thti gian hay xung nhip khi méi duoc
tinh 12 logic 0.

Loai tin hiéu légic dung xung thudng tuong dng véi tin hidu digu khi€n tit bén
ngoai, nhy cdc cobng tic hay phim b&m trén ban phim diéu khién. Su st dung xung kich
thudng lién quan tdi hé thong s& déng bd theo thdi gian.

D6i véi tin higu dién tu thi ¢6 r4t nhiéu dang tin hidu khdc nhau, nhung cdac tin
hiéu dién khi dung trong hé théng s6 (trong 6tdmat) théng thudng chi 1a cde xung
vudng, hay cac dang tin hiéu quy uéc m#u nhu da nén trén. Ching 13 nhitng tin hiéu
dién don gidn va cd thé tao ra duge rt d& dang, dé chinh 14 thé manh va sy dng dung
sit dung d& dang cha cdc thiét bi ctia hé théng s8, vi du nhu tin hiéu logic (0,1) kifu
dién ap chi cdn b4t hay tit c¢dng téc nhu la bat den dién, tin hiéu lagic (0,1) ki€u xung
thi chi cfn tao ra bing phim b&m hay ding c6ng téc bfm nha nhu khi ta bim tay lén
ban phim cta mdy vi tinh, hay "nhdy chuét' hoac bim tay lén ban phim clia dién thoai
di dong v.v...
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Chinh vi cach tao ra tin hiéu "dién 16gic” (0,1) d6i véi he théng sd qua don gian,
néu viée trao déi tin hiéu gita ngudi va "mdy s§" duge thuc hién dé dang, hay thuc hién
viéc hoi thoai qua lai gita ngudi vA miy khong con khd khin nhu csc loai hé théng tin
hi¢u dign tit khdc, diu dd cho phép sy tng dung ctia h théng s6 hay cic 6tdémat ngay
cang phong phi, dong thdi lam cho "quan hé" giita ngudi va méy gin gui hon. Nhung
cing chinh vi cdc tao ra tin hidu "dién logic” rdt don gidn tho nén con ngudi da od th&
dung cdc hién tugng vat Iy phi dién d€ diéu khign ty dong hé théng s8 thong qua céc
loai bd cAm bi&n (xenso) khac nhau, di6u nay lai cang lam tang thém kha nang ung
dung cta h¢ thong s6, vi du nhu ding snh sing théng qua cdc by cam bién bing phétd
didd hay phétotranzitor d€ déng md cila tu doéng, dung micré dé diéu khign bang 4m
thanh, ding bién trd nhist d6 d€ do ludng chi thi s6, ding bé cam bién dp sudt d& tim
duge &nh hudng cla tai trong lén cfu vv.

Trong quyén sich nay sé dé cap viéc thiét k& cu thé ra cdc hé théng s8 cic otdmat
chi dung cdc gid tri logic 0 va 1. Tuy nhién cén phai hi€u rong hon 1a : cac gis tri logic
dé cd thé 1a tin hiéu dién, nhung cing cd thé ldy ti cdc bd cAm bién (nhu xuc gisc con
nguoi) theo cic hién tugng vat ly xfy ra xung quanh ching ta, 1am tac nhan dé& disu
khién cac hé thdng s6 dugc thiét k& ra dd. Sau khi cd quy wéc v& ma tin hiéu dién, bit
diu tu nay khi ta ndi t6i gia tri 1dgic 0 hay 1 thi d¢ 13 mot tin hiéu dién cu thé va
ngude lai mot tin hiéu cu thé sé dng v6i mot gid tri 16gic. Ti€p theo ta s& dua ra cdc
quy udc ma cao hon v8 quy udc "ngit nghia” d€ trao ddi théng tin gida may va ng‘ufn, dd
la cdc quy wdc vé con s8 dung d& trao d8i v& tinh toan.

2.4.2. MA NHI PHAN (BCD - BINARY CODE DECIBEN -8.4.2.1)

Ma nhi phan 12 m& mAiy don gidn nhit nhung
cling 14 mi hay duge st dung nh&t d€ "hi€u nhau" Nhi phan (BCD) Co 10
trong quan hé giita ngudi vi may tinh. Ma nhi phan
hay ma BCD tuan theo quy luat cda con s6 nhi phan,
theo quan hé 2" trong dd n la s6 ty nhién tiang dén ;
n cing 1a s8 lugng tin hidu vao hay s&§ lugng bit thong
tin cda mdy, vii cdc gia tri cia n tao ra trong s§ cla
m6t s6 nhi phan (2%, 2%, 2 2% = (8-4-2-1). Ma
nhi phan quy udc (tuong ing) vdi cdc ky hidu chit sé @
cy s6 10, ma co s6 10 1a co sf rdt quen thude cla con
ngudi, cho nén dung ma nhi phan gita ngudi vA may
s& dé dang hi€u nhau, quy udc ma nhi phén dugc
minh hoa trén bang & hinh 2.17.

T4t nhién d€ o6 theé ma hda cho 10 ky hiéu chi
s6 cua hé co s6 10, phai cdn cd t6i thiu 4 bit thong
tin thi méi khong bi trung ma, tic 1a cd 2* = 16 kha
nang ma hda (trudc day & ham Boole 2° 1a kha nang

e el it et e i = R e - T e O e R - T i
il T i = - B v B - B S S e Y e B e [
—_ o DD e e D e e OO e e OO
T e (D e (O e O e (O = O e O e (D

LV e - JEE N B R a5 o T e

Hinh 2.17. Ma nhi phan.
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clia tin hiéu vao), nhu vy cdn thi¥a 6 kha nang t8 hgp. V6i ma nhi phan ngudi vaA may
dé dang trac d6i thong tin v6i nhau nhung d¢ 12 ma nhi phan tang d&n theo s6 tha tu
cia co s6 10. Con n&u chi d& ma hoa, thi chi con "quy uéc" gitta mot tin hiéu nhj phan
bt ky tuong dng voi mét ky higu chit s6 cia co s mudi mién ching khéng tring quy
ude 1a duge, tit suy nghi d6 ndy ra cdc loai quy wéc ma khée nhau. Mot trong nhitng
logi ma théng dung hay dugec dung trong k§ thuat sé dugc néu tiép theo.

2.4.3. MA GRAY

Ma Gray (ma theo bia Kacno) 1a ma dugc viét theo quy luit quen thudc cda bia
Kacnd, ma nay con cd tén goi 1a ma "ch6ng nhiu", thyc chit 12 ma chéng chay dua tin
hiéu vao hay 1a ma "ch6ng hazard" thi ¥ nghia sat hon ca, vl ban chét cta cla Gray 1a :
bd tin hiéu nhi phan chi ¢6 mot vi tri logic 1a duge thay d6i tuong Ung voi s6 thd tu
tang dén cua cic ky hiéu (ky tu) chit s§ cta co dém 10. Quy luit quy udc ma hay quy
u6c "ngd¥ nghia” cha ma Gray sang od s6 10 duge bifu dién & bang duge chi ra trén
hinh 2.18. '

Ma Gray Co 10 Mai Gray Co 10

0 0 0 0 0 | 1 0 0 8
0 0 0 1 1 1 1 0 i 9

0 0 1 1 2 1 1 1 1 -

0 0 1 0 3 1 1 1 0 -

0 1 1 0 4 1 0 1 0 -

0 1 1 1 5 1 0 1 1 -

0 1 0 1 6 1 g 0 1 -

0 1 0 0 7 1 0 0 0

Hinh 2.18, M3 Gray.

Bang ma Gray la bang quy uéc "ngit nghia® gilta ngudi va méy ¢S trong s8, vi vi trf
cla cac bit 1ogic 0 hay 1 tuong dng véi gis tri cta trong s6 nhi phan khic nhau tuong
Ung véi vi tri cia bit thong tin dé. Ma ching qua 12 quy uéc "ngit nghia" cho nén ta cd
thé bién d8i hay c¢d cdc quy uéc ma khiac nita nhu sau,

2.4.4. MA NHI PHAN THUA BA

Day cing 12 loai ma quen thu6c, ma ndy phic tap hon cdc bd ma trude, lam cho
viéc tim hi€u hoat dong (chic -nang) ky thuadt cia hé théng khé tim hi€u hon, nhung
do ¢ quy luat la thita 3 nén viée gidi ma cing d& dang hay dé& dang hifu may. B6 ma
thia 3 duge quy ufc theo bang d hinh 2.19.

Bat ddu tit s6 ba nhi phan (0011) thi dng v6i 6 ddu tién 1a chi s6 0 cia ma thia
3. V6i edch lam tuong ty ta cd ma "thita 3 - Gray™.
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Ma nhi phan Ma M4 nhi phan Ma
(BCD) thita 3 ' (BCD) thita 3

Do oc o oo oo
b—lb—-.;—lb—'ODOO
[t == R == R o R )
PR =
[ el e e
— e e e (D OO
[ o B e B o e R e
— D e D e o= O
OO0e ~3 O8N LA

Hinh 2.19. Mi thita 3.
2.4.5. MA THUA 3 - GRAY
Ma nay cd cde tinh chdt nhu ma Gray nhung do thita 3 nén bat ddu ti sd ba Gray

(0010) s& ung vdi chit 58 0 diu tién cda bd ma thita 3 Gray. Quy udc ngit nghia cla mi
thita 3 - Gray duge chi ra & bang trén hinh 2.20.

Thita Thita

Ma Gréay Gray 3 : Mai Gray Gray 3
0 0 0 0 - 1 1 0 ] 5
0 0 0 i - 1 1 0 1 6
0 0 1 1 - 1 1 1 1 7
(] 0 1 0 0] 1 1 1 0 8
0 1 1 0 1 1 0 1 0 9
0 1 1 1 2 1 0 1 1 -
0 1 0 i 3 1 0 0 1 -
0 1 0 0 4 1 0 0 1] -

Hinh 2.20. Ma Gray thila 3. :

Cédc b6 ma da duge quy udc § trén déu od dic diém chung 1a 6 tr'c.)'ng s8 ¢8 dinh,
mébi mot bit thong tin dng v6i mot ot s6 ddu cd gid tri clia trong s6 tuong dng, va gid
{ri cha trong s8 duge gidm din ti trai sang phai. Tiép theo ta s& dua ra khai niém vé
mé cd trong s thay déi.

2.4.6. MA CO TRONG SO THAY PO!

Loai mé cd trong s6 khong tilay d6i vi du nhu ma nhi phan (BCD) ¢d quy luat cia
trong s6 khong thay d8i, gidm ddn td trdi qua phai 1a (8 - 4 -~ 2 - 1). D6i v6i loai ma
¢d trong s "thay ddi" cd nghia 14 chiing ta s& dua ra quy luit trong s6 khac di, khéng
theo quy luat ciia ma nhi phan binh thudng d6 nita.

Vi du : ta od b trong s8 quy ude khac di nhu sau (2 -4 -2 .- 1), khi ¢é6 quy udc
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trong s6 méi thi ma s déi v4i may vln cd hinh thuc 1a s6 nhi phin thong thuing,

nhung gia tri ctia con s§ nhi phan d¢ s& khdc di, vi du nhu ta c6 bd ma trong s8 thay
ddi 1a

(1011) = 1.2 + 0.4+ 1.24 1.1 =24+ 0+ 2+ 1=25
Bang quy udc ma cd trong s6 thay d8i minh hoa trén hinh 2.21.

Ma nhj phan Ma Ma nhi phan M3
(BCD) - 2-4-2.1 (BCD) 2-4-21

OO0 o D
it B i = e I e B o'
[l = I = R e
—C = Do D= D

awwo—\‘c
Ptk ket et ek ek
e e il = B == I = T -
= D e e D 0D
P et (DD e D = D
ND OO ] M Lh

Hinh 2.21. Ma c6 trong s6 thay déi.

Dic difm cla mé cd trong s6 thay d6i 1a ¢ the c6 cling mot gui tri (lugng) nhung
6 thé xust hién hai bd ma khic nhau nhu.

(1011) =5 = (0101) =

Khi gip phai trudng hop ciing mét gis tri o6 hai b0 ma khac nhau thi ta bt buse
phéi loai trit di m6t b6 ma d€ tranh nhim ldn x8y ra & trong mady, diu nay mach ph&n
cing phai thyc hién d€ loai bé di mét bo ma. O day thudng ngudi ta loai di b6 mi quen
thudc cta s6 nhi phan théng thuong, vi du cu thé & day ngudi ta loai bd bs ma (0101).
Véi b6 ma hinh thic 1a con 8 nhi phan nhung trong sd bi thay d8i sé khé hi€u va khé
phan tich chéc nang cta mach hon, tit nhfrﬁg khii niém r4t so gidn nay 46 12 mém
moéng d€ tao ra cdc bd mat ma, cic b ma bi hidm ding trong linh vuc théng tin khdc.
Cic ma duge néu & trén déu lién quan téi con s8 ma chi y&u la co s6 10, tdc la lien
quan t6i viéc tinh todn & trong méy tinh, khi méy tinh tinh todn dai 86 theo con s6 nhi
phan. Sau d6 dua ra két qua tinh toan céng & dang s8 nhij phén, ta chi cin giai ma
sang con s cd dém 10 13 hi€u ngay két qua tinh todn. Ngodi ra lién quan tdi con s§
nguoi ta con dua ra cdc quy udc ma s§ ki€u khéc nita nhu sau.

2.4.7. MA KHONG CO TRONG SO, MA (2-8) HAY MA (2-10)

~ Loai ma khong ¢6 trong s6 quy udc ma cla nd oS thé minh hoa & bang cia hinh
2.22. '

Mot trong nhitng y&u di€m 16n cia s6 nhi phan 12 con s6 dugec vist rdt dai, nhisu
khi khong th€ d€ nguyén nhu viy ma doc duge, déng thoi r&t khd nhd d6i vai con
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ngudi. T dé ngudi ta dua ra quy udc con s
56 d dang ma (2-8) tdc 14 quy uwdc tiing ba Ma khong treng sé thap phan
bit thong tin mét thanh mot s6 di véi nhau,
hay quy @éc ma (2-10) 1a ting bo bén 0yo0jo0 |00 0
thong tin lam thanh modt nhém véi nhau, } (1) g g g ;
vad mbi mot nhdm bit thong tin dd ngudi ta 1 111101l o 3
nhan duge mt gia tri con s6 tuong ing. 1 1 1 1 0 4
Vi du quy uéc ma s6 (2 -3) la gép 3 [1] ; ; } i z
bit lai : 010f1 1 1 7
0|00 1 1 8
(010110100101)=(2645)(2_8) 0 0 0 0 1 9

010110100101 = (2645),4
Ayt gt At et

2 6 4 5 Hinh 2.22. Ma khong o6 trong sd.
Vi du quy véc ma s8 (2 - 10) la gop 4
bit lai.
(0101001110010111) = (5397){2_10)
0101001110010111 =(5397)(2_10)
5 3 9 7

Ta thdy s6 (2 — 8) chi cd th€ bifu didn chit s§ lén nhét la (111) = (7)(2—8)- Con khi
ta bi€u dién con s6 theo ma (2 - 10) thi o6 thé bigu dién duge diy dd 106 ky higu (ky
tu) chit 56 cia co dém 10, tham chi vAn cdn thita 6 bd ma khéng dung dén. Khi bifu
dién con s6 9 ma (2 - 10) ta vin c6 thé tinh todn sd hoc d& dang nhu vi dy sau :

(D s6 nhd sang cot bén '

+ B3 De2-10) = L0011 0111
(2 \5) = 0010 o101 '
(6 '2) 0101 1100 )
+ D.F0.1"1 0 «— thém 6
0110\0010
_ .
6 2

Cho thém 6 d€ tao ra s6 nhé (I) sang cot ben.

Mz nhi phan (2~10) lién quan t6i céc bs tao ma nhu ban phim teléfsn hay ban
phim may céng cu, phin sau s& ndi cach tao ra loai ma nay.

Cac ma ching ta da néu & trén déu lien quan téi con s co d&m 10, tuc la chi dua
ra dugc quy ude s6 nhi phan (ma mdy) tuong Wng véi chit s6 cia cg dém 10, didu nay
chi phuc vy riéng cho qud trinh tinh to&n hoc trong méy tinh hay trong hé théng sé
ndi chung. Nhung con ngudi khéng chi o6 tinh toan don thufin ma cdn muén thong qua
may tinh viét thu¢, viet bdo... trao d6i théng tin véi may qua cdc chit viét. Tit d6 con
ngudi dua ra bd ma cho cic ky tu chit viet, bo ma nay hién nay da phé cap théng dung
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trén khép th& gidi, d6 chinh 12 bd mi cla ban phim mdy vi tinh. Khi ta ¢ quy udc ma
cho chit viét thi quan hé giita ngudi vA may tinh duge ning lén & midc cao hon dd chinh
1a "ngit nghia", va tit dé quan hé gida ngudi va may duge phong phi hon, va mdy tinh
hay caec hé théng s8 s& phuc vu duge dic luc hon cho con ngudi. Ta di tigp tdi b quy
udc ma dg ! :

2.4.8. MA HOA KY Ty CHU VIET HAY MA ASCII

Ma ASCII (American National Code for Information Interchange) cd thé duge goi la
bd qubc t€ ma k§ thuat, vi bd ma nay da duge cdc nha ky thuit s6 trén trai dat chdp
nhan va ting dung rét rong rii, dén mic trd thanh b ma quen thudc khéng thé€ thigu
duge trong mdy tinh cling nhu trong cdc hé théng s6 khac.. DJ 1a bd ma quy udc giva
ma nhi phan 13 cia mAay vai chit vidt cia con ngudi. DAy 1a4 mot quy udc "ma nghia"
gifta mdy va ngudi v0 clng quan trong, khi xudt hién b ma ASCII lam cho hé théng
dién tU s§ (may tinh) vuot xa cdc hé théng dign ti khdc nhu TV hay radio chinh 12 &
chd gilta ngudi va may duge trac d8i vé ngit nghia v6i nhau, th& hién sy "théng minh"
hon ella may tinh dién td so véi cic hé thSng dién td khéc.

Ma ASCII 1a bs ma nhi phan, quy udc gita md mdy va cdc ky tu chit cdi, dude viét
theo quy ludt cia ma (2 - 10) ¢d vi du minh hoa cho vai ky tu chit cdi.

_H—I—Ldz_mg xung dién

cda chix A

Khi bdm phim cd chit A qua bd tao ma sé cd duge bé cla tuong dng (0100 0001)
déng thdi cling tao ra mot tin hidu tuong dng chay trong méy, nhd cd tin hiéu dién dd
ma ky tu cht A dugc hi€n thi 18n man hinh cia may. Nhu viy v6i mdi mét ky tu cua
ban phim ching ta ¢6 dugc b ma nhi phan tudng ing, déng thii ¢d duge tin hiéu dién
ctia ky tu dé & trong may, va cho phép ky tu dd duge hién thi lén man hinh. Bé mi
nhj phan diing cho ban phim chinh 12 ma& ASCII, nd quy udc cho cic chir tit chit A dé&n
chit Z, tham chi ci nhiing ky tu cdn thiét khdc gidng nhu cdc ky hiéu ban phim cla
mdy chit eing duge ma hda.

B6 cta ASCII cho ban phim cia may tinh duge bi€u dién trén bang chi ra § trén
hinh 2.23. :

Cach tim ma dng vdi moét ky tu

Ky tu = (bg by bg bs by by b, by
Vidu: A=100 0001

B

100 0010
3 =011 0011
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" bobgbs ' '
~ 000 [ 001 | oto | 011 | 100 | 101 | 110 | 111

bybsbab) -
0000 NUL | DLE{ SP 0 @ P \ p
0001 SOH | pC1 | 1 1 | Al o | al q
0010 STX | Dc2 | = 2 B |{ R | b r
0011 ETX | DC3 # 3 C S C ]
0100 EOT | DC4 | s 4 | b | T | ¢ t
0101 ENQ [NAK| % | 5 E | U e u
0110 ACK |SYN| & | s F | v £ v
0111 BEL | ETB | 761w | g w
1000 BS |CAN| ¢ 8 | H | x h x
1001 HT | EM | ) 9 I Y i y
1010 LF |SUB | * ] Z i z
1011 VT | ESC | + : K k {
1100 FF | Fs | . < L \ 1 ?
1101 CR|cs | - | = | M ] m }
1110 SO | RS | . > | N t n ~
1111 st | us | v ? 0 i o |DEL

Hinh 2.23. Bang ma ASCII.

SO=000 1110
a=110 0001

Ma ASCII 1a cia 8 bit nhi phan, nhung d€ ma hda duge toan bo ky tu trén
ban phim cta may tinh ta chi cdn dung 7 bit (b; + b;) 1a du, con bit tha 8 1a bit
Parity (ki€m tra chin 18) dung d& phat hién 15i tran ky tu. Ngoai cdac ky tu chil s6
va chlt vi€t clia ban phim, trong bang ma ASCII cén 6 céc ky hitéu "chit ghép"
dung d€ thuc hién cdc chic nang. Y nghia clia cdc "chit ghép" ciia ma ASCII duogc
chi ra trén hinh 2.24. '
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Bang y nghia cac ky higu chit cia mi ASCH

Ky higu Y nghia Ky hi¢u Y nghia
NUL | S6 khong, khong, vo hiéu BS Lui mot khodng ky tud
SOH | Bit diu cia tieu d@ HT | K¢ bang hudng ngang
STX | Bit diu cia hanh van LF Chuyén dong
ETX | Két thic cia hanh van VT | Ké bang hudng doc
EOT | Ké&t thuc truyn tin FF Ditu khién chay gidy
ENQ | Hoi CR | Quay v& d3u dong
ACK | Thita nhan SO Dich ra (shift out)
BEL [ Chudng ' 81 Dich vao (Shiff in)
DLE | Chuyén mé (datakinK escape) EM | Hét pidy
DC1 | Bi2u khién thiét bj 1 SUB | Trit
DC2 _| Di2u khién thiét bi 2 ESC | Chuyén ma
DC3 | Didu khién thi€t bi 3 FS | Ddu phan cich (file separator)
DC4 | Didu khién thiét bi 4 GS Ddu phan cich g6i
NAK [ Phu dinh RS D3au phdn cich ghi
SYN Dbdng bo us Ddu phan cich don vi
ETB | Két thic truy®n goi tin sp Khodng tréng ky tu
CAN | Huy bo DEL | Huiy bo lui

Hinh 2.24. Bang ¢ nghia ky hi¢u "chit ghép"

Cing chinh nh¥ cd bd chit eai (ASCII), 1am cho viéc diéu khi€n mday tinh sé tién lgi
hon théng qua cdc ngon ngit 1lap trinh nhuy FOTRAN, PASCAL... thay vi viéc lap trinh
didu khi€n mdy tinh bing mi mdy hay ngbn ngit mday ASSEMBL. Nhung du la vigt theo
ngén ngi gi, thi may van chi hoat déng truc tiép theo ngdn ngd mAiy (theo ma nhi
phéan) hoat déng theo phén cing cila mdy ma théi, ndi cdch khdc phin cing s& quyét
dinh chinh cho phdn mém cach vigt chuong trinh nhu th& naoc. Nhu vay néu ta truc tiép
lap rdp ra phan cung cla may tinh thi cd thé truc tiép hay tu dua ra duge ngdn ngit
didu hanh cho cai mdy tinh cta mlnh. hay néi mét cach khac m6i nha ky thuat vé phin
ciing cia may tinh dién ti cd thé tu dua ra moét bé quy udc "ma chit cai" cho riéng
minh, v tu ¢d ngén nglt chuong trinh cho riéng cdi miy tinh ma minh tao ra, diéu nay
thugc ban chat. Nhung may tinh "méi” d6 khé trao déi théng tin vi vdi ngudi dung nd
lai phai hoc lai ngébn ngit chuong trinh méi gay phién phuic, cho nén ma ASCII 1a bé ma
da dugc phd cap va quen thudc trén trai dft, vi th& cdc nha ky thuat mdy tinh du thiét
k& ra mdy moéi vOi cta mac hoat dong t6t hon, nhung vin pbai ¢6 ma "tuong thich” véi
cic miy da duge dung quen trudc day, hay bat bude phai ding bd ma ASCII khi xay
dyng thé hé may mdi dg.

Dén day chung ta khao sit song mét phin quan trong cia kién thuc v€ hé thing
s, do 1a toan logic, dai s6 Boole vA ham Boole, vé hé co s6 d€m nhi phén, v& mét cach
bién ddi toan hoc ki€u khdc dung bia Kdcns, hay ndi rong hon 1a da dé cap vé& he logic
t8 hop (Combinatinal Ciruits) chuyen dung dé xay dyng nén cdc hé thong diéu khién cua
hé thing s6. Day la mét hé théng tin hiéu ra phu thuée tryc tiSp vao tin hiéu vae, nd
khong Iuu tri théng tin trudc d6, hay con duge goi 14 hé logic td hgp khéng cd nhd.
Nhung hé logic t8 hgp con cd mot loai macl"n hoat déng nho luu gi thong tin trude dd,
goi 1a "hé logic ¢6 nhd" s& duge trinh bay & phén tiép theo.
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BAI TAP PHAN |

Phiin Iy thuyét tép hop

1) Cac biu théc sau viét ding hay sai?
~® C o - C { ¢}
-b e o - E{ D}
-—aC (a b c) a€(a b ¢
- (a b C (a b, c (a b, )
-f(a b € (a b, ¢ (a, b, e

2) Cd phii méi ménh dé sau 13 dung hay sai v6i cdc tap A, B, C bat ky?
-NéeuA€ Bma BE Cthi AeC
-NeuAe BmaBCCthi AC

C
-Néeu AC BmaBe Cthi A C
-N6uAC Bmia Be Cithi A C

M m

3) Ching minh ring v6i 3 ménh d6 sau day la tuong duong d6i véi cic tap A, B bat ky,
ACB AUB = B ANB=A
4) Né&u cd quan hé
ANCOCBNOVMANGCBAND
thi théa man A C B
5) Trong 16p ¢S 40 hoc sinh, trong d6 ¢ 28 ngudi thich choi béng d4, 15 ngudi thich
choi bdng chuyén ma trong s§ d6 ¢ 8 ngudi via thich choi bdng chuyén vita thich
choi béng da. Hot s8 hoc sinh chi thich chai béng d4 va s6 ngudi via khéng thich
choi bong d4 vita khong thich choi bong chuyén.
Phiin hé co sé dém

1) Céc cdch viét cac con s8 & co s6 deém bAat ky nhu sau déng hay sai? Vi sao?

(537 4) (2 6 4 5 (3684 2,
25 A 6) (47D 9, (102 1),
6 E 5 Ay (2 0 A C)y 2 4 3 0)
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2) Tinh todn cdng cdc con 58 sau

6305 2), (52 473), 25 A6 6),
T (3546 5), T (6456 5), T 6 B 25Dy,
( )7 ( )8 ( )16

3) Lam iinh trit cdc con s8 sau :

(5203)6_(2534)4
(7246)9_(3867)9
(D256),, - (983A8) =

4) Tinh todn cdc phép nhan cic s§ sau
(24358)5 x (243)
(3245); x (345); =
(2647 x (312) =

i

5) Lam cdc phép toan chia sau
{2531 : (T)g =
(4325); : (8); =
(2736)g : (12)y =

6) Cac phép todn sau tinh ding hay sai? tai sao?

25376 64271 ,6632¢4 54631
47684 35435 24563 25435
(7427 1) (26735 (1284 20), (2725 6)

7) Chuyén ddi gilta cdc co s§ dém
(254), = ( o 5 (33 1) = ( )s
(373) = ( )7 3 (684) = ( Yo
8) Chuyén ddi gilta co s8 10 sang cd s8 2
(1 3)p = ( )23 (2 3)0 = ( )2
(4 6)9 = ( 2 5 (7T 8) = ( )2
9) Chuyén d8i co sd 2 thanh cao s6 10
(1011), = ( Jio 5 (11010), = ( J10

(110110), = ( )y (1L01101) = ( )y
10} Tinh todn k&t qua sau :
(4 32),x (3 4), + (456 0),

Il
o~

)
((632)+ (45 3))+(6)=1( )
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(€7 835)%-(8438))x(82)y=( )
11) Trong khu vudn cd (26)y con bd, s6 lugng ga nhidu gdp (8)g ln s8 lugng bd. Hoi

trong khu vudn cd bao nhiéu c4i chan ctia bd va cia ga.

12) Mgt cita hang ed (32)y Kg dudng, sau khi ban hét (64 3)y gam dudng. S6 dudng
con lai chia lam (6), tGi. Héi méi tdi c6 bao nhitu Kg dutng va chia xong con du
bao nhiéu gam dutng. Veéi (1000), g dudng = 1 Kg dudng & co s6 9.

13) Khéi phuc lai phép todn sau? né duge tinh & co s6 nac?

607 6 5 3 0 465002
7400678 00 653 4
(147803 2 6)7 (305 03 0)?

Phiin din va hé thong dai sé

1) Cho a, b, ¢ la cac j)hé'n td cta dan D. Ching minh rdng néu a < b thi
a+ (b.c) £ b.(a+ o).

2) Ching minh rdng dan D la mét dan phan b6 néu va chi néu d6i vdi cdc phian ti a,
b, ¢ bat ky thudc dan ta cd :

@+ b).e £ a+ (b.c)

3) Ching minh ring dan D 12 mét dan médun néu va chi néu :
a + (b.(a+c)) = (a+b).(a+c)

4) Cho x, y, z 1a la cdc phdn x¥ cta dan D. Ching minh ring
x.ytyztz.x< x+y).(y+2).(z+x)

5} Ching minh ring dan D 1a dan phan b6 néu va chi néu d6i véi mdi mot tap hop céac
phdn ti x, y, z thuéc dan D, cd quan hé sau :

X.z £y € x+ z
Kéo theo :

xy+t yz=y=&+y.4+ 2
Ph_b‘n dai s6 Boole

1) Mot can nha ¢ ba cita ra vao. Lsp bang chan ly bang that cho chic nang néu cd cs
hai cla ra vio bj md déng thai thi bao hisu.

2) Lap bang chic nang hay bang chan Iy cho ham s6 sau :

By, %0 %3, %) = %) X X3 + X %3 %, + x5 X,
3) Xac dinh ham T (A, B, C, D) néu bit :

fA, B,C, D)= (D+ B, ©.A
4) Trong dai s6 Boole ching minh ring :
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Né&u a € b thi théa man :

i

a(b+c) + ac = a(b+bc)(@a+b)
5) Trong dai s6 Boole ching minh ring
Néu ¢ € b thi ¢ quan hé
(a+c)(@@a+b) =ab+ec
6) Ching minh rdng hai ham B.oole sau day tuong duong
f,(A,B,C) = (A+C)(B+C)
f,(A,B,C) = (A+B)(A+B+C)(A+B+C)
7) Hai ham Boole sau diy cd tuong duong khdong? Vi sao?
f(A,B,C,D) = BC + ABD + ABCD
£,(A,B,C,D) = ABC + ADC + BD

8) Cho R 1a mo6t quan hé phan xa trén tap A. Ching minh ring R 14 mét quan hé
tuong duong néu va chi néu :

(a, b) € R va (a, ¢) € R thi c6 (b, ¢) € R
9) Dung cdc ham logic co ban AND, OR, NOT viét lai ham céng médun sau.
F; = (A® B)y& C .
F4=(A®B)®(C®D)
f; =(A®C)®B
f,=(A@B)® (C®D)
10) Hay ching minh cdc quan hé sau :

A+ AB=A+B
AB+AC+BC=A.B+A.C
AB + AC = (A+C).(A+B)

11) Riat gon cac bigu thuc sau theo tién dé

Y =A+ABC + (A+ABC)(A+ABC)
Y = (AB + ABC + CD)(A.C + B.D)

Y = ACD + ACB + ABC + CD
Y=(A.C+AC).D + AC + AB

12) Véi cac gia tri nao lam cho A.B+C.D = 0 thi théa man quan hé :
C(A+D)+ A.B=B.(A+D)+BD + ACD
13) Lap bang chin 1y cho cic ham Boole sau :
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A.B+ BC + AC
A.B+BC + AC

i

Y
Y
Y=A.B+ABC+AB + A.B.C
(A.B + BU3).(A + B)

14) Chiing minh cac ding thidc sau :

Y

(A+BC+D)= A (B

A+A(B+C)=A+B.C
AB+AB+AB+A.B =1
15) Chitng minh cdc ding thdc sau :
AB + BCD + AC + BC = AB + C
AB + BD + DCE + DA = AB + D
AB(C+D)+D+D(A+B).(B+C) = A+BC+D

ABCD'+K§65=(A§+B_C_+05+DK)

AB + BC + CA=AB + BC + CA

(A®B) (B®C) (C®D) = (AB+ BC+CD + DA)
ABC + ABC + ABC=A@®B®C

16) Ching minh cde ding thic sau :
A6B-A®B=A®B
A®DB=A0B
(AGB®C)=A®B®C
A(A®B) =A.B
_A.B(A®B ® C) = ABC

17) Hay lap bang chan 1y cho cdc ham duéi day. Sau d6 giai thich quan hé cia F, va

=
(3]

I
|
wsi
+

. [ F, = ABC + ABC
F2 = (AB + BC + CA)

FL=A®B®C
F, = ABC + ABC + ABC + ABC
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F, = ACD + AB + BC
F, = ABC + ABD + BCD
18) Dung bia Kacné gidi thich quan hé trong bai tap 17.

19) Hay viét bigu thie toan hoc ANO - OR cho bang chan Iy cda cdc ham logic F, + F;
dudi day hinh 1.1

>
w
0
E
S
5
e
5

[ e il == R = I = e
H.—QIGHHDD
—_— 0O = o= o= D
—_— 0 D e D= =D
L e a = == =]
O DD e O =D
—_—0 O 0 = O
Do O = DD -

Hinb 1.1. Cho ham sé.
20) Hay viét cac ham légic sau thanh bi€u thitc ed 586 hang nhd nhit.

Z = AB + BC + CA

Z
Z =iy + ky
Z

= (AB + AD + BC)

Z = (ABCD + ABC)
21) Bia Kacnéd 1a gi? Quy luat sip xép bién sd trén bia Kdcnd nhu th€ nao va véi mue
dich gi?

22) Hay vigt bi€u thdc todn hoc, bang chan 1y vA bia Kécnd cho mach dign sau & hinh
1.2.

Ao ; ) A o—
™, Y
8 Y
— D—* .
~
C o . CO_DD___

Hinh 1.2. Cho mach

23) Diung cdc quan hé todn hoec gi d& rit gon ham Boole.

24) diing cach bién d8i toan hoc hay dva vao tién dé dé rit gon ham Boole sau.
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A(A+B)+B(B+C)+B
(A+B+C)(B+B+C)(C+B+0C)
AB + AB + AB'+ AB
(A + AB + ABC)(A + B + C)
(AB + AB)(AB + AB)
(AB + D) (A+B)D
AB + C+ ACD + BCD
25) Dya vao tién dé& rit gon ham logic sau dudi dang ham logic co ban AND - OR va
OR - AND.

AB + AB
(A®B).(B®C)

(BC + A)

AB + (Ac + BC)

(AC + BD + ABC)
26) Tim ham phd dinh (NOT) clia cdc ham logic sau

(A+3B). (c+D) '
(AB + BD) . (AC + BD)
A-(_Ii_:E_)*'KD
AB+ BD + BC + CD
D [E + (AB + D).E]
ADdBoC
(A®B).C+ (B®C).D

Rir gon ham logic diang bia Kdcné

1} Hay viét dang OR — AND & dang rit gon cho ham légic trong cac bia Kécnd sau trén
hinh 1.3.

BC . BC BC
AN % 01 11 100 N0 01 11 100 NJT00 01 11 g

0 i 1 g i 1 1 1 0 1 1

1] 1 t |1 | 1|1 11

Hinh 1.3, CO6 ham.

2) Rat gon ham Beole sau & hinh 1.4.
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X3y

X3X4 X3X4
Xo\. 00 01 11 10 XX\ 00 01 11 10 X1X2 0 01 11 10
00 1 1 1 00 1 1 00| !
01 1 1 |1 or| t | 1] 1|1 01| 1|1
11 1 1 1 1| 1 1 1 1 11 1 1
19 1 1 1 10 1 1 10 1 1
Hinh 1.4, Cho ham Boole

3) Dung bia Kdcn6 rat gon ham Boole sau d dang OR~-AND

F(A,B,C) = (0,1,2,5)
F(AsB!C) - (032)4»6:7)
F(A,B,C) =(0,1,2,3,4,5)

F(A,B,C,D) = (0,1,8,9,10)

4) Dung khéi niém dinh dfiu mit va khoanh to nh&t (loai bé mach thita) t&i ti€u hda
ham Boole sau trén bia Kicn6.

F(x;,%;,%;5) (1,2,4,5)

F(x),%;,%3) (2,3,4,5,7)

Fx;,%,%x,%,) =

F(x,%,%3,%4)
F(xl,xz,x3,xé)
F(x),%,%3,%4)
F{x,%,%5,%4)
F(x,%,%;,%,)
5) Téi ti€u hda ham Boole sau
F(x,%,%3) =
F(x),%5,%3) =
Fx1,%,%3,%)

F(x1,%;,%;,%4)

6) Dung phuong phdp bia Kécné rit gon hiam logic ¢é vi tri khéng xde dinh sau :

F(x,x%x,%3) =
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(0,1,9,11,13,14,15)

= (2,8,8,10,11,13,15)

= (0,1,2,3,4,9,10,12,13, 14, 15)
= (1,3,,8,9,10,11, 14, 15)
(3,5,8,9,11,13, 14, 15)

(0,1,2,3,4,9,10,11,12,13, 14, 15)

theo phuong phap Quine—Me.Cluskey :
(0,1,2,3,7) '
(2,3,4,6,7)

= (2,3,5,8,10,11,13,15)
(0,2,3,4,5,7,8,9,10,11,12, 18, 15)

(0,1,2,7)



X

(3,6) « khong xéc dinh
(0,1,8,9,13,15) '

F(xy,%x3,%3,%4)

X

(2,5,14)

F(x;,%;,%3.%4)

(2,3,8,10,11,13,15)
X=(0,4,7,9)
F(x ,x,x,x)=1(0,2,3,4,10,11,12,14,15)
X =(1,9,13)

7) Tim dinh du mGt va t6i ti€u hda cic ham Boole sau trén bia Kdcnd
F(x;,%,%,%,%) = (0,1,2,4,6,8,12,14,20,22,25,27,29,31)
F¢gX)=¢(0,2,3,7,9,11,12,13,15,16,18,19,23,26)

FS(X)' =(1,3,56,7,9,11,13,15,16,18,20,22,25,26,29,31)

8) Dung bia Kdcné t8i ti€u héa ham Boole nam bién cé vi tri khong xdc dinh sau.

F(X) = (1,8,5,8,10,14,17,20,21,27,30,31)

X = (7,12,18,24,26)
FX)=1(0,1,3,4,5,9,12,13,17,21,22,24,28,30)
X = (4,7,8,17,26)

F(X)=(0,1,2,4,6,8,12,14,19,20,22,27,29,31)
X

(7,11,25,28)
Phiin dao ham va vi phdn ham Boole

1) Chitng minh ring diéu kién cén va du d€ mét ham Boole f(x;, x,,.., x,) khing phu
3 £(X)

thuéc vao bién x; (1 < i < n) la
ax;

0 X = (xq, Xp,..%p)

2) Dua vao din_h nghia tinh dao ham riéng cia ham Boole sau
Cho : f(%,%X,%3) = X Xy F X% + X X3 X = (x;, %3 Xy

X)X X

Tinh o axl ! 6}:2 i aX3

3) Diung dinh Iy 2.1 tinh dao ham riéng ciia ham Boole sau.

X2X3
Cho : X3 00 01 11 10
0 1 ' 1
1 1 1 1
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Tinh : af Xy  afX) X

axl ’ BX2 ’ aX3
Cho ham s6 : f(x1,%5,%) = X3 + X%,
. gf(X of (X df
e ®  f® M)

Bxl ! ax2 ! BX3

4) Dung phuong phap bia Kdcnd (dang d6 thi) d€ tinh dao ham riéng cia ham Boole

sau.
Cho : f(x,%y,%3) = X + XX,
af(X) of df
Tinh : () ; &) 3 &)
Bxl axZ aX3
Cho ham : F(x1,%),%3,%) = XX + X X;%Xq + X Xy %y + X;X3%,
. afX o f (X 9 f (X
. ® a0 L)

0 X ’ i} Xz ! d x3
5) Tinh dao ham bac cao loai I cho ham Boole sau dya vao dinh nghia.
Cho ham : f(x;,%,%3) = 51X + X, X3 + X3%3

X)) M HE

Tinh : :
axlaxz’ UXZBX3 axlaX3

6) Dya vao dinh nghia tinh dao ham béac cao leai II cho ham Bocle sau,
Cho ham : fxy,%0,%3) = x;%3 + x,%3 + %%

X)X X

Tinh: ¥ N 1
D(x;,%5) 9(Xy,%q) (xy,%g)

7) Tinh dao ham bac cao loai 1 dya theo dinh nghia cho ham s6 sau. Ré8i dung phuong
phip dd thi ki€m tra lai két qua.

Cho ham : (X)) = x; X3 + X X%; + X X)Xq %,
0%t (X) %t (X) 9t (X)
Tinh : ; ;
Dx 23 ) 3%,9%3) 8 x17%3)

8) Tinh dao ham bac cao loai II dya theo dinh nghia che ham Boole sau. R&i ding
phuong phap d6 thi ki€m tra lai k&t qua

ChO ham : f4(X) = EIX“ + X1X2§3 -+ X1§2X3§4

X & L&)
0(x;,%) " 3(x3,%3) " 8(%,%3)

Tinh

9} Diung phuong phap thuit toan dé€ tinh dao ham riéng ctia ham Boole sau.
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Cho hém : f4(X) = }?1;3 + XIX2X3 + 22X3X4 + X1X3X4

) L RE LX)

Tinh : ; ; ;
ax, Jx, d x4 ax,

10) Dung phuong phap thuit todn d€ tinh todn dao ham riéng ham Boole khong xéc

dinh sau.
Cho : fs(X) =(3,4,6,7,9,13)
X =(2,12,14) — Khong xdc dinh
1,0 LX) I 96X
Tinh : ; ; ;

axl ’ 8x2 ! Bx3 ! 6)(4

11) Ding phuong phap thuat todn dé tinh daoc ham bac cao loai I cho ham Boole sau.

Cho : f4(X) = X ;(-3 + X1 X2 E“ + ;1 X3 Xy + El Ez Xq + ;l iz 23 X4
2 2 2 3
Tinh 91, (X) LX) X 7714 (X)
inh ! ; : Yo
8x16x4 6x28x3 axlax4 ’ dx28x36x4
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PHAN B
HE THONG SO VA MACH SO

GIOI THIEU CHUNG

Phén II dé cap d&n cic mach dién cu th& thuc hién cdc chic nang khéc nhau cta
hé théng s6. Cac mach dién nay duge x4y dung va lap rép dua trén co sd cua todn logic
- todn rdi rac va cdc phuong trinh todan hoc.

Trong phén nay sé trinh bdy chi ti&t v& hai bai toan ky thuat, dé 1 bai tosn phan
tich 6témat diing cho viéc sta chita va bai tosn thiét k& hay thye hién mach dién cho
mot otémat cu thé.

Dé6i véi bai todn phan tich, day 12 mot bai todn nguge, tic 1a tit so d6 mach dién da
cd ta phai tim lai bang chéc nang hay tim lai hoat déng chinh x4c hoat déng cia mach
dién. Dya trén co sd hiu bist chinh x4c hoat dong cia mach dién thi ta méi phét hign
duge ché sai d€ sita chita. Bai vi hé théng s6 1a mét he théng dién t&, nhung csch stta
chita nd khéng gidng cich siéa chita cic mach dign tit khic théng thudng, khéng gi6ng
nhy chita dai, ampli hay TV... Do dai hay TV khi bi héng thi vi tri hong cia ching hoan
toan khong thay d6i, nén ta chi cfn phét hién ra ché héng 1a sia chita thay th€ duoc.
Con déi v6i hé théng s6, nd 12 mdt he théng didn to ty déng van dong, nén khi bi héng
mét ché hay sai mot bit, thi vi trf "hong" dd s& khong ndm im m6t ché ma van dong
theo hoat déng chung cia hé théng, nd ci theo qua trinh tu van dong d6 cho t6i khi
x8y ra hoat dong vo ly, ldc d6 hé théng sé bi ket cing lai khéng lam viée duge niza. Khi
dd ngudi ta thudng goi & hé théng bi héng hay treo mdy. Do dic diém "hdng hdc” cua
hé théng s6 nhu vaj'r néu mudn sia chita nd, ta chl edn cach dua vao hi€u bi6t chinh xsc
chic nang hoat dong cia nd (bang chic nang) thi méi phat hién ra ché hoat dong sai dé
sua chita. Day 1a mot vAn dé& khd khi ti6p xuc t6i cdc thist bi dién t s6, cling nhu mdy
cong cu c6 lién quan t6i ky thuat sé.

Vi bai toan thist k& tng hop hé théng s8 thi nhie'm vu quan trong nhét 1a [am
sao chuyén y mudn, mot nhiém vu, mot chic nang thanh csc phuong trinh toan, réi dya
vao phuong trinh todn dé 1Ap rdp ra mach dién cu thé. Day ciing 14 mdt dic trung, mét
khai niém mé6i mé khi ta mudn ch& ra mot cbng cu méi "thong minh". Khi thiét k& mot
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hé théng s6 cdn phai dua vao khai niém vé dan, v& phan hoach, mi hda trang thai cing
nhu khdi niém vé phan gidi 6témat... nhdm dam bdo cho mach dién ldp rdp gon gang,
mach lae, dé thay thé& sita chita, tién lgi cho viéc quan ly bing phan cing va cd bing
phan mém sau nay. Déng thoi phéi dua ra duge cée bién phdp chdng hazard, ch6ng chay
“dua tin hiéu vao X va chay dua trang thai Y, chéng hoat dong sai nhdm trong hé théng.
D& dam bao tang d¢ hoat ddong tin ciy cho h2 théng, cdc vin dé phic tap d6 s8 duoe
trinh bdy cu thé kém cdc vi du minh hoa nhdm cho ta ¢d dugec mot cach nhin t8ng quat
d8 ché ra mach dién cia hé thdng s6 hoat dong dung chdc nang, nhung dat dugc mach
dién ldp rap gon gang dep dé&, ddng théi dd tin cdy cac khi lam viée.

Ngoai ra trong phdn nay con giéi thidéu vé mach dién cling nhu cac 6tdmat dac biét
hay gip trong cdac hé théng s6. Su ¢d mit cia ching cung v6i phdi hop hai hoa cha
ching, lam cho hé théng s6 hoat dfng phong phu hon, da dang hon, déng théi phuc vy
cho con ngudi tién lgi va dic lue hon. '

Hé théng s& duge chia ra 1am hai loai ¢6 tinh chdt rigng dd la 6témat khéng cé nhé
con duge goi 12 "hé t6 hgp" (Combinational Circuits) va étémat c6 nhd cdn duge goi 14
"hé day” (Sequential Circuits).

170



Chuong III
OTOMAT KHONG CO NHO

§3.1. KHAI NIEM CHUNG VA MO HINH TOAN HOC

3.1.1. KHAI NIEM CHUNG

Otomat khong ¢ nhd hay hé t§ hop da duge dé cdp trong phén todn logic, vi gita
todn logic vA mach t8 hop ¢d quan hé tryc ti&p vai nhau trong qua trinh thuc hién
0todmat.

Hé¢ logic td hgp 1a mo6t hé théng dién ti s§ ma tin tdc (tin hidu) & ddu ra cla nd
chi phu thudc tryc ti6p vao tin tdc & ddu vao cia hé thong tai thdi di€m dang xét. Noi
cach khdc dap dng ra cia mach s6 chi phu thuge truc tigp tin hiéu tdc déng vao ma
thoi, khéng phu thuge vao lich sit ciia thong tin trude dd, vi hé théng mach dién loai nay
khong luu giit trang thai cda théng tin trudc dd hay khéng ghi nhé théng tin truse dd
- hé théng khoéng ¢6 nho.

Chic néng hoat dong cia 6témat khong e nhd duge md tad bAng bang chic nang,
bang chan ly hay bang thit, va mach dién ctia nd chi bao gom cac phén ¥, cdc mach
logic co ban nhu (OR, AND, NOT, NAND, NOR) ma khéng chia bat ky mét phan ti
ghi gitt thong tin nao. Mach dién cta hé théng hoat dong theo nguyén tic cd tin hiéu
vao thi ¢ dép ¥ng tin hiéu diéu khi€n & dfu ra, néu m&t tin hidu vao thi khéng cd dap
Ung ra. D6 14 quan hé rang bugc mét-mot (khong giéng 6tdmat cé nhé), hoat déng d6
ctia hé t6 hgp cling gidng nhu hoat dong cta cdc mach d.ién dén dung nhu dai, hay TV...
Khi mét tin hiéu vio anten thi ciing mét dap dng ra, man hinh & mat hinh anh. Quan
hé phy thugc giita tin hiéu vao va dap ing ra nhu vay thi goi la h¢ théng dién ti khong
¢d nhd.

3.1.2. MO HINH TOAN HOC CUA HE T8 HOP

M& hinh toan hoc hay mach dign téng quat cta hé 8 hop duge mé ta trén
hinh 3.1.
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( A O— it y’
X, O—m — Y,
Mach . Ra Y
Vao | 48" hop . r X |:> Mach fi” hop >
. ' - f
L X, o—in — Y,
/ b
a)

Hinh 3.1. Mo hinh todn hoc 18ng quat hé 5 hop.

Hg thong ¢ n ddu vio vi m déu ra, trong d6 :
X = (x|, X9, X, la tap tin hiéu vio cd gid tri (0,1)
Y = (yy, ¥2 -+ ¥) 12 t4p céc ddp vng ra cd gid tri (0,1).
Tl d6 ta ¢d quan hé toan hoc tdng quat cta hé t8 hgp 1a :
Y = f &)

Téng quat hon cd thé ndi mét otdmat khdéng cs nhé M o cdc quan hé phu thuée
1a .

M = (x: Y! ﬂ
Trong d6 f | ham s6 hay 1a cfu tao mach dién.

§3.2. NGUYEN LY TONG HOP VA PHAN TICH HE TO HOP

3.2.1. BAlI TOAN PHAN TiCH OTOMAT KHONG CO NHO

Bai todn phan tich 12 moét bai toan nguge, tit mach dién logic ¢d truée, thong
thutng 132 mét mach dién bi hdong, ta phai tim lai chiic nang hoat déng tdc 14 bang chéan
Iy hay bang that clia mdch dién dd. Dua vao 46 cd th€ bigt mach dién d6 bit ddu hoat
dong sai ti khfu nao. Viéc phan tich 6tdmat khong cd nhd duge tién hanh qua budce
sau ;

-~ Dat bign s6 (X) cho cdc dfu vao clia mach dién.

- Viét phuong trinh todn d ddu ra cia mdi mach légic theo cdc bién tin hiéu vao.
T d6 tim ra phuong trinh toin hoc chiic nang elda mach dién dd.

~ —Anh xa phuong trinh chéc nang vac bia Kacnd, vi bla Kdcnd cho ta moi tin hiéu
vao va moi dap dng ra clia mach dién cing nhu cla mét ham sé.

~ Sau d¢ tit bia Kacnd chuyén thanh bang that,
Minh hoa cdc budc phan tich mot mach dién l6gic khong ¢ nhd qua vi du sau.
Vi du : Thuc hién phan tich chic nang mach t8 hap 4 bién cho & hinh 3.2.
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N\ %% L
LY S—— y
O—=  Mach Y / )
40— 15" hop +
40 X, Xy X (X %+ X5, %, )
- a) (K X+ X X% X,)

13]518]2

I

)
X X & x &)

Hinh 3.2. So d® mach 18 hop cho trudc.

Td so d6 mach dién cho trudce, sau khi da ky hiéu bign s8 cho cdc tin hiéu vao ta
thu dugc phuong trinh todn hoc ciia mach t8 hgp dudi dang :

Y = x.%3 + x,.(%.% + X5.%,.%,)
Y =% .23 + X %%, + x.%,.%3.%,4

Sau khi ¢6 duge phuong trinh todn hoc ciia mach dign ta anh xa phuong trinh todn
hoc d6 vao bia Kdcné va thu duge bdng chan ly hay bang that cta mach t6 hop dd duge
chi ra trén hinh 3.3.
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Hinh 3.3. Bang chic ning cia mach.

V6i cich lam tuong tu ta cd thé phan tich hay tim lai chic nang hay bang that cla
bdt ky mot mach logic t6 hop nao trén bAt ky ddu ra nao cha hé théng s6.

173



3.2.2. BAl TOAN TONG HOP HE TG HOP

Bai toan thiét k& otdmat khéng ¢d nhd 1a thuc hién tit yéu cdu chic ning hay tu
bang chén ly, xay dung mach dién toi thi€u hay mach don gidn nh4t thuc hién chie
nang dé ra. Cach thist k& he t6 hop da dé cip trong phin todn 1gic. Mudn thigt k& hay
tdng hdp mot 6tdmat khong ¢ nhd cln qua cic bude thyc hién nhu sau :

- Chuyén ¥ mudn chuic ning thanh bang chan ly

~ Rit gon bang chan ly (ham légic). Budc nay cd hai cach : bisn d8i ham s8 theo
todn hoc hodc 4nh xa bdng chan 1y vao bia Kacnd r6i khoanh dan rut gon trén do.

- T phuong trinh toan hoe da duge rat gon, dua vao d6 vé ra mach dién cia
dtdmat cldn thuc hién.

Cac bude thigt k& mach dién duge minh hoa trong vi du sau.

Vi du : Thyc hién 6tdmat khoéng cd nhd voi 3 bién vio ¢ bang chan ly hay bang
that cho truée chi ra trén hinh 3.4.

4 Xz %3
Bing that Xy aa ot /f 10
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b) ) 1 1
1 Lt ! D‘ T X, X
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R
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e
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Y

et b et (D
et (0 0 et ek £ 0
[ e TR o, TSNP o PRPY e
[ N T Y e T oy

C) . Y = ;2 + X] X3
Hinh 3.4, Mach di¢én thyc hién bang chitc nang.

Vai cach lam don gian nhu viy ta ¢d thé téng hgp duge cde hé t6 hgp véi chie
nang logic bit ky. Sau khi ¢d sg d8 nguyén Iy trén hinh 3.4c, tiép theo tim linh kién va

mach logic 14p rdp ra mach dién cu thé cha &tomat.

Vi du trén cho bai todn thigt k& stomat 1A mot vi du don gian. Trong thuc t& s& od
nhirng chitc nang phic tap hon, ¢ nhidu ddu vao (X) va nhiéu ddu ra (Y) hon, sau khi
rit gon ham sd ta ¢d thé nhdm k&t hgp ham s§ thém mot 1an nita (khong phai la thue
hién it gon), khi dd sé tao ra ham hay mach légic ed nhidu tdng mach.

Sau khi cd so d6 mach dién nguyén ly ta chi cdn ldp rap mach dién cho 6tdmat a
xong. Trong thue € khi ldp rdp mach dién ta s& gip mot hién tugng rit dac bist ma
chi ed trong mach dién cda hé td hogp. D6 1a hién tugng hazard, sai nhdm hay con goi
la "dong danh”, 1a hién tugng mach tdt, linh kién khong hdéng nhung hoat dong chic
nang lic duge ldc khéng. Day 14 m6t hién tugng rit nguy hi€m chi x4y ra trong he té
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hgp, vi mach t§ hop thudng duge dang lam mach digu khién. Muc tiép theo ta nghién
cdu ban chit cia hazard va tim bién phip khéc phuc.

§3.3. HAZARD TRONG HE LOGIC TO HOP
3.3.1. KHA! NIEMm

Viée t8ng hop xay dung nén mach logic t8 hop nhin chung khéng cd gi phic tap, vi
chi cdn ¢ phuong trinh todn hoc ta dua vao phuong trinh todn hge dé s& vé ra duge
mach dién, va l4p rdp thanh hé théng diéu khi€n. Nhung trong thuc t&§ khong phai mach
t8 hop nao xay dung lén ciing cd thé hoat dong tét duge, nguyén nhan do két cfu vé
dién ctia hé thong logic t8 hgp gay ra, hién tugng hoat dong khéng én dinh xdy ra trong
hé t8 hop duge goi la hazard.

Hazard cdn ducc goi 12 "sai nhdm", nhung cing ¢ thé duge goi chinh xac hon 1a
"déng danh’, hoat déng lic duge lic khéng cia hé légic. Sy déng danh sai nhdm nay xdy
ra trong mgt mach dién hoan toan khéng c¢é hdng hdc linh kign, khac voi héng thong
thudng nhu & TV hay dai, 3 ddy mach hoan toan t8t vé linh kién, nhung didu khién
chie nang lhie dude léc khong. Hién tuong cta hazard trong mach logic t6 hgp cé thé
gap la :

- Hazard chi xu&t hién mot lan va khong bao gity gap lai nia.

- Hazard c6 th& xu4t hién nhiéu ldn, c6 thé xust hién theo chu ky va cling cd thé
xuft hién phi chu ky.

— Hazard ¢d thé do chinh chic nang ctia mach dign giy ra. Day 1a truong hgp khd
gial quyét nhat khi thigt k& Mudén tim cach khéc phuc hay "sita chira® d6i véi loai "héng"
(hazard) trong hé lagic t8 hgp, trudc tién phai tim hiu ban ch&t cta hazard 1a gi?
Nguyén nhan hazard xudt hién tit dau? Vi sao mach légic lai hoat dong "déng danh"?

Nhu ta da biét, mot trong nhitng &ac tinh quan trong cia mach dién khi lam viée
dé la quan tinh, d6 linh dong hay con duge goi 1a sy cham trd cia mach. Chinh su cham
tré (quan tinh) cia mach lam cho tin hiéu ti ddu vao khong thé duge truyén tic khic
toi ddu ra cta mach dién, didu d6 lam cho cac thigt bi bj diéu khi&n khoéng thé cc phan
Ung tic khéc d6i vai tin hiéu dua vao (X). Do t&t cA cac mach dién déu c6 quan tinh
hay thdi gian tré nh4t dinh, ngay ci & cdc mach vi dién ta cling cd thdi gian tré (1:)
Diéu nay ta cd thé thdy ngay trong cac s6 tay (catalog) sdn xuit IC cia ttmg hang, vi
du hing san xuft IC nédi tiéng "Texas Instruments" thoi gian tré ctia mot khéa IC dong
md T = 5 dén 20 ns, d6 12 quan tinh mach do ché tao, khi dimg cdc IC lng dd xay
dung nén hé thdng dién ti s& lam che he théng ¢d quan tinh hay th&i gian tré cda hé
théng dién ti. Ngay ca su thay d8i nhigt d6 mei trudng ciing lam cho thdi gian tré hay
quédn tinh mach dign thay d8i. Khi thdi gian tré thay d6i s8 lam cho hoat déng cia hé
thdng logic thay ddi giy ra sai léch khi digu khign, d6 chinh 1 hazard.
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Ban chit cta hazard trong hé thdng logic I’A do sy chAm tré cda tin hidu hay qudn
tinh cia mach dién gay ra. Viéc tim hifu ban chdt cta hazard, nguyén nhan xuit hién
hazard, phan tich vd nhan dang hazard c6 mét y nghia r4t quan trong khéng nhiing
trong td hop xay dung cdc hé théng logic, ma cdn trong viéc chufin dodn sai nhd&m hay
du bio do tin céy trang thai lam viéc cia hé théng, cing nhu tim duge cach khic phuc
duge hién tugng hazard trong hé légic t8 hop.

3.3.2. BAN CHAT CUA HAZARD

DE hi€u duge nguyén nhan xuft hién hazard trong hé logic t6 hop, hazard chi xust
hién trong hé t3 hgp ma khéong xuit hién 0 bt ci mot hé théng dién td nao khae, ta
khio sit mot vi du cho mot mach td hgp ma hoat déng cla nd duge mé ti trén bia K
nhu hinh 3.5.

Mach
fagf'c.

.}
|

—_
pX u

00 0 p's«\! 0 % o~ £00)
\G
N
a

Hinh 3.5. Mach chic ning logic.

Gia st tin hiéu vao X = (x|, %y, X3, x¢) thay dfi gid tri tt : (000 1) dén 111 1)
hay c6 thé ndi téng quat 1a (X) thay d6i gi4 tri tir Q sang P (Q — P). Nhin vao bla K
cta ham logic (mach t8 hop) di cho, ta thdy ddp dng ra cia mach logic t8 hgp khi tin
hiéu vao bi thay d8i cd gia tri :
£(@ = foon = (D — @ = £ aun =A\

Nhu vay tin hidu vao (X) thay d8i gia tri tif @ = (0001) dén P = (1111) ( (0001)
— (1111)) lam cho dép ing ra clda mach s& thay d6i giad tri ti @sang&(@lﬂ A),
su thay d8i gia tri diéu khi€n 6 d4u ra cia mach theo sy thay ddi efa tin higu vao (X)
nhu viy 13 hodn todn ding va chmh xac, khi dé hazard hoan toan khéng xudt hién va
khong xdy ra didu khi€n bj sai nhdm.

Nhung thyc t& xdy ra ¢ thé khong nhu viy vi : nhin vao cac gia tri lagic cta tin
higu vao khi thay d8i tt @ = (0001) sang P = (1111) ta thdy cdc gid tri x|, x5 v& x4 bi
. thay d&i, con gig tri x4, (d8u tin hiéu vao x,) vln gill nguyén. Ching ta da biét 14 mach
dién nao cing c¢d qudn tinh o6 thdi gian tré 12 (7) va sy thay d6i gia tri (tit 0 sang 1)
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hay nguge Iai (tt 1 v& 0) cta tin hiu vao déu cd thai gian tré nhdt dinh trudc khi tai
dau ra,

O day ta thdy cdc tin higu vao (x,, Xy, X3) cdc gid tri logic cla ching déu bi thay
d6i, khi ta thay d8i b6 tin hisu vao (dua vao mét bd tin hidu vao mdi), tdt nhién ching
s& cd thai gian cham tré khi toi duge ddu e clia mach dién (mac di thdi gian tré rat
nhé c6 thé hang us hay ns). Déng thai thyi gian tré cia mdi dudng tin hiéu vao (bién
vao x;) lai hoan toan khdc nhau, vi mach dién IC khong th€ ché tac hoan toan gifng
nhau vé thdi gian tré hay quan tinh cta nd, du cing mét ching loai mach IC. T dd
din t6i mbi mot dudng tin hiu vao od thoi gian tré hoan toan khac nhau, cu thé ta cd
(x), %), x3) dugc thay déi gia tri déng thdi, cu the la cung thay déi tit (0 sang 1) (ba tin
hiéu vao cling thay d8i mét idn) va ching cd thoi gian tré khéc nhau khi t8i ddu ra, néi
mot cdch khdc 14 ¢d su "chay dua" cia tin hiéu vao dd t6i ddu ra ctia mach dién.

Vi c6 su "chay dua' giita ba tin hisu vao (%), %3, X3) (v %, khéng thay d6i gia tri
nén coi nhu x; khéng dua) & day ta gia si X, chay nhanh hon (cd thei gian tré nhé hon)
X va x3 (col nhu thti gian tré cia x; vA x, gifng nhau va tré lau hon so véi X7). Quan
hé dd cua cdc tin hidu vao ta od thé viét

(X) = (%3 x5 %q %4) (Dap ing ra)

h=(0 0 0 1) » @ = (D
to — (0 1 0 1) — f£(0101) =[0]

! i 1
H-(1 11 1) - @ = A

Do ta gia thiét x, "chay" nhanh hon X; V& x3 cho nén gid tri clia x, t 0 sang 1
(0 — 1) s& xong trude trong khi gid tri cda (x}, X3} vin gilt nguyén chua kip thay d&i «i
"chay chdm" hon. Sau mét thdi gian thi (%}, X;) méi tit O thanh 1 (0 — 1} theo nhu yéu
cau nhiém vu thay ddi tin hiéu vao (X) da dua ra.

Quan hé "chay dua" giita ba tin hidu vao c¢d thé dugc minh hoa trén bidu d8 thoi
gian & hinh 3.6, vdi chi ¥ khi vé 1a : do chi quan tam tdi thoi gian tré cla mach 1a 7,
cho nén qua trinh thay ddi gia tri logic ((O - 1) va(l — 0)) la nhu nhau va khéng
cin xét dén khi ve, ’

Do gia thiét x, thoi gian tré nhé nén "dén trude’ lam cho bd tin hiéu vao bi thay
déi :

g ty t)
(0001) - (0101) —» (1111)

Lam cho dap dng ra hay ham f(X) thay déi :@ — IE — A , trong khi nha

ra gid tri ham f(X} khong duge thay ddi trong qud trinh chuyén déi t Q sang P gf Q)

= f(P) = 1}. Tdc la tin hidu diéu khién & ddu ra 1a o8 dinh khéng thay ddi mac du ba
tin hiéu vao thay déi gia tri theo yéu cdu cia ham logic (chic nang ciia mach dién).
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Hinh 3.6, Hi¢n tuong hazard.

Do x, "chay nhanh® hon (x;, x;) da lam xufit hi¢én trong khoang thoi gian At mét
xung zérd nhat thai (f (0101) =E) Nhu v4y trong thdi gian qudn tinh hay thdi gian
tré 7 cha mach tin hiéu ra da thay ddi tit 1 d&n O r6i d&€n 1 (m& nhé ra khéng duge
thay d&i), tao ra mét xung kim nhat thoi. Hién tugng xufit hien mot xung zérd & dédu ra
cia mach duge goi 1a hién tugng hazard, va dd chinh 14 hazard nhdt théi. Hazard loai
nay chi xuit hién trong thdi gian tré T sau ddé lai mét di ngay. Nhu viy ta cd thé€ ndi
rang su chay dua cia tin hiéu vao gdy ra hazard, hay thoi gian tré cia mach dién sé
lam xudt hién hazard, 13 tin hiéu xung diéu khién khdng mong muén & diu ra.

Xung hazard 1a mot xung rit bé xudt hién & ddu ra mach logic t8 hop vi (At < T),
ma 7 chi 1A thai gian tré clia mach, chinh vi vy xung hazard cd th€ xu#t hién nhung
khéng nguy hi€m, khéng giy ra diéu khi€n sai nhim dugc, vi xung hazard qui hep nén
nang lugng clia nd khéng dd 16n d€ cd th€ kich nhm hay kich ndi mach dién ti€p theo
d& gay ra diéu khi€n sai,do d6 diu cd xung hazard nhung mach dién vin hoat dong tét.
Xung hazard chi that sy nguy hi€m khi do rong At cia nd duge lén lén, khi d6 xung
hazard sé cd th& cd nang lugng di 16n kich 15t chuyén mach dién ti&p theo gy ra hién
tugng didu khi€n logic sai nham.

Nhu vay cd thé thay véi bs tin hidu vao thay d6i ki€u khac,vsi t8 hop khac sé
khéng xuft hign dudc xung hazard trong vi du trén. Hay v6i mot chic nang khac dit cho
cd chay dua tin hiéu vio gifta (x;, X, vd x4) nhu vi du trén, nhung néu f£(0101) = 1 (v
la chidc nang khde) thi hazard cing khong thé€ xudt hién do xung zéré nhat thdi khong
cd. Qua dé ching ta thdy hazard hay 1a sy "ddng danh" cla mach logic diéu khién xufit
hién rdt ngiu nhién cho du véi mét mach dién cd cac linh kign hoan toan tét.

3.3.3. CAC LOAI HAZARD TRONG HE LOGIC TO HOP

Trude hét ta cd modt s6 dinh nghia tén goi khi ndi vé& hazard nhd sau
Q = &, X Xjy Xjpppeos Xy)
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P = (Xl, Xoyiuuy il f Ei.+1 yoorey X4)

Oday PvaQla tap tin hiéu vao cia mach, nhung yéu cdu gida P va Q cén cd s§
lugng vi tri thay d8i gia tri logic > 2, vi chi khi tap tin hiéu vao thay d&i gia tri logic
dfng thdi vai it nhdt & 2 vi trf (2 bién s6) thi mdéi xudt hién ‘chay dua” tin hiéu vao, va
khi d6 hazard méi cd kha nang xuét hién. Cdn néu tin hidu vao chi thay d6i gia tri 14n
lugt trén ting ddv vao moét (gidng nhu dao ham riéng bac cao loai I) thl sé khéng cd
chay dua tin hiéu va hazard khong th& xu#t hién duge, vl bang chdt cia hazard xust
hién do su chay dua cta tin hiéu vao.

Dinh nghiz 3.1 : Néu tap tin hiéu vao (X) thay ddi tit Q sang P thi duge goi 1a co
su chuyén d6i td Q sang P (Q — P).

Dinh nghia 3.2 : Hazard nhét thoi xust hién trong logic t8 hgp 12 hién tugng tin
hiéu ra (ddp dng ra) cia mach xuft hién gia tri logic (tin hidu didu khién cy thé) khic
vOi cde gia tri lagic quy dinh cho chung theo ham Boole, trong thdi gian chuy&n ddi tit
Q@ — P).

3.3.3.1. Hazard tinh trong mach ligic

Do cd sy "chay dua” gita cdc tin hisu vao véi nhau trong thoi gian ichuyén déi
tff_f_Q_—-P} ma xuft hién hazard. Néu f(Q) = {(P) tic 1a cd sy thay di cia tin higu vao
nhung sy diéu khi€n § déu ra clla mach logic vin khéng d8i (vAn duge giit nguyén) da
1a 0 hay 1 theo chic nang dé ra, nhung xuft hién hazard, khi s6 lugng tin hiéu chay
dua khong nhiéu, thi dd 1a hazard tinh.

Dinh nghia 3.3 : Hazard nhét thoi xufit hién trong mach logic t8 hgp trong thai
gian chuyén ddi (Q — P) dugc goi 12 hazard tinh néu va chi néu f(Q) = f(P).

Theo dinh nghia nay, hazard nh&t th#i ciing chinh 1a hazard tinh, tic 1a loai hazard
chi xudt hién nhu mdt xung khong theo quy dinh ciia ham logic ma théi. Hién tugng cuia
hazard tinh ciing gidng nhu khi xem xét ban chdt ciia hazard nhit thai da néu ¢ phan
trén. Nd khéng nguy hi€m, vi do
rong clda xung hazard tinh At luén

X, % A v T t
nhd hon T quan tinh clia mach (At T'-—-'-i
< 7) hé théng logic hoat déng binh I 0
thutng dit ¢ xuf. hién hazard. 17} I : -
Nhung hazard tinh nguy hi€m X% A E E
@ chd, né cd thé giy ra "sai nhéim" ! ) :
cho diéu khién cta hé thdng légic :/ [
khi gid tri d6 rong hazard (At) lon 0 — ! -
len, diéu nay sé xdy ra khi s o4 Q@ A——t= P
"chay dua" cta tih higu vao qua — !
*khéc list” tdc 1a cd tin hisu vao |~ 4t fe
"chay" qui nhanh cdn tin hiéu khdc o L '
AR

lai "chay” qud cham, hién tugng dd

dugc minh hoa trén hinh 3.7. Hinh 3.7. Chay dua & hazard tinh.
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Ta théy x, trong qua trinh "chay dua” (thay déi gig tri logic) da “chay” nhanh hon
t6c d6 quan tinh ~ tré cta (x;, x,), th& hién & hinh vé do déc xung x, déc hon, diéu do
lam cho At cla xung hazard téng lén. Khi d§ réng At cia xung hazard 16n lén, nang
lugng ctia xung tang theo, khi d6 xung hazard trd nén "nguy hi€m" hon vi né cd thé
kich lat chuy€n moét mach dién 6 ti&p sau hé théng mach logic, gay ra hién tugng diéu
khi€nr "sai nhdm" trong hé thdng t6 hogp légic.

3.3.3.2. Hazard dong trong hé logic t6 hop

Trong thuc t& khi thay déi b tin hiéu vao ctia mach légic Ung véi qué trinh chuyén
ddi (Q — P) c6 thé c6 rdt nhidu tin hidu vao cing thay d6i, giéng nhu hién tugng & dao
ham béc cao loai II ¢d thé dao ham mét tap bién (nhigu bign thay déi gia tri logic) mot

lic. Khi cd sy chay dua cua céc tin hiéu vao téi ddu ra cta mach. Vi du trudng hop
Q = (00000}

P = (01101) d& dang nhén thiy cd dua (X)

(X) = (x; x5 %3 X4 ¥%5)

b= 0 0 0 0 0 — (@ = 1
¥ !
ty, — 0 0 | 0 0 = fX)Y=0
¥ !
t’~ 0 1 1 0 0 —fX" = 1
1 H
tb— 0 1 1 0 1 —f(P) = 0
Hién tugng dd duge minh hoa trén hinh 3.8,
(X) / ¢ T
I ! |
o !/: -
Pl i P ¢
E I N I S B
|
|
0 1 ¥ -
ht gt !

Hinh 3.8, Hazard dong.

Do ¢6 nhiéu tin hiéu vao déng thdi thay d8i gia tri logic tit (0 sang 1 va tit (1 vé
0), ma méi mét tin hidu vao (mot bign x;) ed t6c d6 "chay” khac nhau hay quédn tinh
khdc nhau v tinh lam cho gid tri ham f(X) & ddu ra xuft hién thay d6i nhu hinh 3.8.
Chu ¥ ¢ dy do nhibu tin hiéu vao ¢ thdi gian "chay" khdc nhau nén ta chl bi€u thi qua
trinh bién ddi tin higu (X) voi thoi gian tré ca mach la 7. Hién tugng tin hiéu ra £(X)
thay d8i gia tri (1 — 0 — 1 — 0) dugc goi 1a hazard dong, tdc ]a xuit hién nhiéu xung
khong can thiét trong khodng thoi gian tré cda mach (7). Tit hién tugng dé ta o6 :

Dinh nghia 3.4 : Hazard nhit thdi xudt hién trong mach légic trong thai gian
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chuyén d8i (Q — P) duge goi la hazard dong néu va chi néu f(Q) = T(P), nhung khi
xudt hién hazard nhat thdi dong, thi tin hidu xung hazard phai thay ddi it nhdt ba l4n,
ching han ti (1 =0 — 1 — 0).

Khi ¢6 nhiéu tin hiéu vio ciung thay d8i mot 14n va gitta cdc tln hiéu vao dd co
thoi gian quan tinh khdc nhau nén cc thé gay ra hazard dong. Ma hazard dong trong
thdi gian chuyén ddi (@ — P) c6 thé xu&t hién r&t nhiéu xung khéng cén thiét. Nhu
vy trong thdi gian chuyén mach 7 da rdt nho réi, ma lai xudt hién nhiéu xung hazard
nhé hon trong khodng thdi gian 7 46, tit d6 ta dé dang hi€u rang xung_ hazard dong
khéng cd gi nguy hi€m ca, vi mét xung bi chia thanh nhiéu xXung coh thi niang lugng
cing nhé vad d rdng xung qua bé khéng du kich duge mach khac. Hién tugng hazard
dong ta cd thé tudng tugng nhu la khi dén dang sing ta cho tin hiéu vao thay ddi (Q
— P) d€ tit den (f(Q) = T(P)) thi d&n t&t xong rdi lai hoi sang lén sau dé mdi tét hin.
Hazard déng it e kha nang gay ra diéu khién "sai nham" trong mach logic t8 hop.

3.3.3.3. Hazard ham s6 trong mach 18 hop

Ta da bigt hazard cd thé xudt hién do chinh chyc néng cia mach trong cé hai
trudng hop la ham f(X) 18y gid tri logic 12 0 hosc 1.

Dinh nghia 3.5 : Hazard nh4t thoi duge goi 12 hazard ham sd trong thoi gian
chuyén ddi tin hiéu vao (@ — P) néu thdéa man.

-f@Q) =1®
- Ham f(X} ldy cA hai gid tri 1 va O trong thdi gian chuyén déi tit (Q — P).

Ta cd thé hi€u la : trong thdi gian chuy&n ddi (@ — P) thi ham lagic khong thay
d6i gia tri (f (Q) = f (P)), nhung né&u ldy £(Q) = f(P) = 0 cia ham logic d¢ thi hazard
vdn xuft hién, hay lay f(Q) = f(P) = 1 thi hazard cung vin xdy ra, titc la ham (X)
ldy ca hai gid tri 1 va O trong thdi gian chuyén d8i (Q — P) thi hazard nhét thdi vén
xudt hién. Hién tugng do duge goi 12 hazard ham s6. Trong thyc t& cd nhitng ham 6
hazard nhdt thai chi xudt hién khi didu khign logic 1a 1 (f(X) = 1) con diéu khién l6gic
¢ ddu ra 12 O thi lai khéng c6 hazard nhét thdi xuft hién, va nguge lai cd thé diéu
khién ra thi khong bi hazard.

D6 nguy hi€m ctia hazard ham sd ciing giéng nhu d6i véi hazard tinh, nhung nd
nguy hi€m hon mdt mic nia 1a vi bat k¥ qua trinh diéu khién nao (0 hay 1) thi déu c6
kha nang xuit hién hazard, hay déu cd kha nang gay ra "sai nham" khi diéu khién trong
mach.

3.3.3.4. Hazard logic trong mach t6 hop

Con mot hién tugng hazard nita xudt hign trong mach t8 hgp, day 14 loai hazard
nguy hiém nhdt, hay gay ra diéu khi&n "sai nh&m" nhidu nh&t trong céc hé théng mach
6 hop diéu khi€n, nd c¢d t&n goi 1a "hazard légic". Ban chat xudt hién hazard légic ta cd
th& hi€u nhu sau.
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Khi tap tin hiéu vao hay tap bién vao ctia ham légic thay d8i déng thdi nhiéu bign
s6 hay nhide tin hiéu vao trong thoi gian chuyén déi (Q — P), ma méi mét tin hidu vao
¢ thdi gian tré hay t6c d¢ "chay dua" khac nhau, trong qué trinh chay dua d6, vi du
gap phai trudng hop 14 : & day ta 1dy Q = (00000)

P=(01101)
(X)‘“Xl Xz 3(3 X4 XS
tb— 0 0 0 0 0 — f(Q)=1

i i
ty -0 0 1 0 0 — f(X)=0

! ¥

t’— 0 1 1 0 0 — f(X)=20
¥

ty” — 0 1 1 0 1 =f(X") =0

! ¥

4%, —- 1 1 1 0 1 - f(Py=1

Hién tugng hazard 16gic dugc mo tA trén hinh 3.9.

Tw hién tugng d6 cua -
hazard ta ¢d dinh nghia (Xx) 1l

R e —
Dinh nghic 3.6 : Hazard i :
nhédt thai duge goi la hazard 0 I !
!

)

lagic trong thodi gian chﬁyé’n ! E ?
ORECE Sy =7
d6i tit (@ = P ) néu : L
I
-f (@ = (P) R LA
1
- Ham f (X) chi 16y mot 0 RS ., "t
gia tri ¢hodc 1 hoac 0) v et
— Trong thai gian chuyén Hinh 3.9. Hazard logic.

déi tu (Q — P) xudt hién
mét xung hazard ¢ d6 rong At 1on & ddu ra, khi qud trinh chay dua ngdu nhién cda
cde tin hidu vao tao ra ham f(X) ¢ citng mot gia tri logie,

Nhu vay trong qud trinh chuyén dfi tit (Q — P) cha tap tin hidu vao, cd nhiéu tin
hidu cung thay ddi gid tri v ham légic v0 tinh hay ngiu nhién xiy ra trudng hop cd
cing mot gid tri logic hazard & dau ra f(X) cda mach. Diéu dd tao nén mét xung
hazard ¢ diu ra clia mach cé do rong At 16n 1én rdt nhiéu, khi At l6n lam cho xung
hazard ¢ nang luong 16n du kha nang kich 1at chuyén mdt mach tiép theo sau mach
diéu khi€n, diéu d6 gay ra hién tugng diéu khi€n "sai nhdm" trong hé théng logic td
hop. D6 la didu vé citng nguy hiém déi vdi cde hé théng t6 hop cé I6n ¢ nhidu diu
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vao. Ta thdy ro la hazard logic 1a hazard nguy hi€m nhé4t trong "ho nha hazard" xust
hién trong hé t6 hap. '

Phén trén ching ta da biét duge ban chidt cia hazard xudt hién 1a do su chay dua
clia tin hig¢u vao trong mach logic trong thdi gian chuyén ddi tit (Q — P), vA hién tugng
hazard chi ¢ & trong mach légic t§ hgp, ma khong xuit hién trong bit ky mot mach
dién td cing nhu hé théng dién ti nao khac. Déng thdi ching ta cling nén lén cdc dinh
nghia hay cdc tén goi cGa titng hazard xudt hién tuong iing voi cac hién tuong chay dua
cia tin hiéu vao, nhung trong thyc t&€ hoat déng cia qua trinh chuyén d&i tit (Q — P)
trong mach logic t8 hop td rat phic tap, rat it khi ta gip tung loai hazard riéng biét.
Trong thuc t€ qua trinh chuyén d8i th (Q — P) ta thudng gip sy t8 hop hén loan chc
loai hazard dd, khi thudng gip s lugng tin hiéu vao thay déi rdt lon hay thay dgi nhiéu.
Hién tugng do dudc minh hoa trén hinh 3.10. .

(x) | z E

r-

|

R

fCxh @

Loanr

1 t
Hinh 3.10. Hién tugng tdng quat xuit hién hazard.

o

o

Trén hinh 3.11 12 mét mach dién logic co thé xudt hién hazard, ham lagic trén bia
K va& mach dién cia nd.

X, Xg t; t.' T
e |

ol g |o 1 :@ ' ) T

! -1 T 3

" e ! AN fex)

! r f } o
1 \___A ! 1 0 x o 7
a) 0 1 x ol B

Hinh 3.11. Mach 10gic c6 chay dua tin hiéu vao.

Nhin vao so dé mach dién ta dé dang nhén thdy tin hidu vao x; s& "chay” nhanh
nhit vi nd duge néi truc tiép t6i ddu ra, tiép theo s& 12 tin hiéu x; vi chi phai vugt qua
tré cia mach VA la T cOn x4 sé chay chadm hon ci vi phai qua tré T, cia mach déo sau

dé qua 7, clia mach VA. Ta gid st o6 bd tin hidu vao 1am xuét hién qua trinh chuyén
déi tit (G — P)
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Q=(010)
b
P=+((01)

Qud trinh chuy&n ddi (Q — P) d6 cho phép xu#t hién chay dua déng thoi cac tin
hiéu x|, ¥, vA x5 ¢6 kbA ndng chim tré nhu da bist, hién tugng xay ra 1a :

X (%) X3 Xq)
t 01 0-f@Q =0
i )
to’ 0 0 0-=f(X) =0
) )
ty” 1 0 0-f(X) =1
| 1]
t, i 0 1-f@® =/

Dof{(@ =1vaf(P)=0ticlaf(Q =T(P) mad xudt hién hazard rit ro cho nén
dd xuft hién trong mach hazard nhdt thoi dong. Nhu vay xét vé mat k§ thudt co thé
th&y ngay duge su xuét hién cta hazard déng thoi biét ngay duge mach ¢ thé o6 hazard
hay khong chua cén cho nd hoat dong. Ngudi ta cing cd nhitng phuong phdp khic nhu
phuong phap thuat todn diung dao ham dé€ phat hién kha nang xufit hién hazard. Nhung
bang phuong phdp toan hoc chi phat hién ¢d kha nang xfy ra hazard ma thoi, con tir
khi phat hién duge cd hazard cho téi khi tim duge cach khie phuc dude nd lai khang dé
dang. M&i m¢t mach diéu khi€n cd th€ cd su xudt hién hazard khac nhau, thim chi cd
mach 16gic cho b$ tin hiéu vao (Q — P) cd s8 lugng bién sd "chay dua” rdt lén nhung
hazard lai khéng xu&t hién, nhung ¢ mach rat don gidn va chi vai tin hiéu vao chay
dua thdi thi hazard lai xufit hién va gdy ra "sai nhdm". Vi vy mudn khic phuc duge
hazard thi trude hét phai can cd vao mach dién cu thé cua nd, sau dd dang ky thuat
phén tich phat hién kha nang xuft hién hazard, réi méi tim cich khéc phuc dugc
hazard. Day 1a m§t qua trinh cén ti mi va hi€u r6 mach dién. Dudi day 1a mét vai
p}xdung phap nham khic phuc va han ché sy xuft hién hazard trong hée théng logic diéu
khién.

3.3.3.5. Cdc bién phip khdc phuc hazard

Ta da biét hazard hay "sai 1dm" xu&t hién do ¢6 sy chay dua cGa tin hiéu vao trong
he 1ogic t8 hgp, ndi cach khac hazard xuft hién 13 do sy khdc nhau vé thai gian cta
dudng truyén tin hiéu tit ddu vao dén ddu ra ctia mach, tit dd ta cd nhitng cdch khéc
phuc hazard nhu sau :

- Bién phéap truéc hét va don gidn nhét lam bign m4at hazard la khoéng dé& xu4t hién
qué trinh chay dua ctia cc tin hiéu vao trong mach logic, cd nghia 14 cho tin higu vio
thay d&i gid trj légic chi trén mot ddu vao tin hiéu, hoat déng gi6ng nhv dao ham riéng
bac cao loai 1. Khi chi c6 mot tin hiéu vao "chay” & trong mach logic thi sé khong con
"dua” tin hidu nita va chic chén hazard khéng thé xust hién. Nhung ting tin higu vao
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thay d8i gia tri logic sé lam cho mach hoat déng cham chap, han nita khong phai qud
trinh diéu khién ndo cing cho phép lam nhu vay, théng thudng cd sy thay ddi nhidu tin-
hiéu vao mot lic.

- Tiép theo khi phai chdp nhan qui trinh chuyén d6i (@ -~ P) c¢d nhiéu tin hiéu
thay d8i hay c¢ nhidu bién (X) chay dua. Cach khic phuc 1a chon gid tri linh kién hay
IC c6 thoi gian tré 7 rdt nhé, vi ta bist hazard chi xudt hién trong théi gian quan tinh
T clia mach, khi 7 cang nhd cd nghia 1a xung hazard o6 dd rdng At nhé, khi d6 né khéng
du nang lugng kich lat manh tiép theo hay khéng du "sdc" gay ra diéu khién "sai nham".
Nhung khi chon linh kién ldp rdp hé théng hay chon IC c6 T rst nhé déng nghia voi viée
chon linh kién IC ¢6 chit lugng cao, ma chat luong linh kién cao s& lam cho gia thanh
cia hé diéu hanh tang, day cing la mét vén dé céin phai quan tdm khi thiét k& Dé gia
thanh he diéu khi€n khong cao ma hazard khong xut hién, dam bao chit lugng digu
khién cta mach cao, ta s& phai chon linh kién IC chédt lugng cao & nhitng vi tri quan
trong va cdn thiét nh4t & trong mach dién didu hanh, diéu nay lién quan t&i mach co
chiic ning cy thé.

- Nhung néu ta chip nhan cd sy chay dua tin higu vao (X) trong qua trinh chuyén
ddi (Q - P), déng thoi khéng dung linh kién cd ch&t lugng cao dé€ tigt kiém kinh phi
ma van dam bao hé théng logic didu khién hoat déng tét ma hazard khéng xuit hién, cd
thé dung phuong phép khdc phuc hazard bing cich thém cac mach tré trén dudng
truyén tin hiéu, d€ dam bao cho thdi gian chay dua cta tin hiéu & trong mach tit dau
vao dén ddu ra 4 céc dudng tin hiéu truyén qua 1a nhu nhau hay xdp xi nhau. Phuong
phap dugc minh hoa & trén hinh 3.12.

7,
X o
[7} i —
7,
™\ fex)

P e—

L %

Xy O
Hinh 3.12. Mach chdng chay dua tin hi¢u vao.

Ta da bift x, 14 dudng tin hiéu vao chay nhanh téi ddu ra, vay 'trén dudng truyén
cla x; ta cho thém hai mach dic cd thoi gian tré Ty v& T3 1am cho tin hiu trén x, xudt
hién cting mot lic & dau ra vai %3, khi d¢ hazard sé khéng xudt hién hay gidm bot
hazard. phuong phap nay cd th& gay ra hazard néu dudng tré thém viao lai lam cho Xy
chay qua chdm va lai phét sinh hign twgng dua tin hiéu vio.

Dé tranh xdy ra hién tugng dua tin hidu vao, cln bi6t chinh xdc thoi gian tré ecla
¥}, T, sau d6 phai ché ra fuge mach dio c6 thdi gian tré ding bdng gid tri cia 7; va T,
da biét, tiép theo thém cac mach dédo (NOT) hay mach tré vao trong mach thiét ke
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- O mitc cao hon khi ta phai chdp nhan cd sy chay dua tin hiéu vao trong qua
trinh chuyén d8i (Q — P), khéng mudn ding linh kién cd chit lugng cao (T <<), déng
théi da thém céc mach tré (khong anh hudng tdi chic nang 18gic cta mach) nhung vén
khong thé khdc phuc dugc hét hazard, khi dd ta cd thém mot cdch nita khdc phuc
hazard ]a dimg xung déng b, tic Ia ta b4t chdp cd sy chay dua clia tin hiéu vao, va
gitta cde dudng truyén tin hidu tit ddu vao tdi ddu ra ¢d thoi gian tré hoan toan khac
nhau. Nhung tin hiéu truyén lan trong hé logic di nhanh dh ch&m, da dén trude hay
dén sau thi ching chi duge lan truyén ti€p khi ¢6 sy cho phép cia xung ddng bd. Xung
déng bd thong thudng "chd" theo dudng tin hidu "chay" chim nhdt, khi dd cac tin hiéu
truyén dén sém phai "ch¥” cho ddy du cdc tin hiéu khdc khi dd xung nhip hay xung
déng bd méi cho phép duge truyén ti€p. Néu cho vao mach didu khi€n thém xung déng
bo, ciing cé thé lam giam dang k& anh hudng tdc hai cta hazard.

- Trong truong hgp cac phuong phap da néu & trén déu dugc 4p dung, nhung hién
tugng hazard vdn xudt hién trong hé thdng l6gic didu khién, thl budc phai thay déi chic
nang didu khién, tdc 13 thay d8i chic nang cia ham logic cta hé théng diéu khi€n hay
phai xay dung lai mdt mach dign khdc. Cach khéc phyc hazard nay xu#t phat ti hazard
1a do chinh ehic nang cia hé théng logic giy ra, cho nén chi thay d8i chic nang méi cd
thé khic phuc duge hién tugng hazard. :

Sau khi tim hifu dugc ban chdt cla hazard hay nguyén nhan gay ra diéu khién "sai
nhi&m" trong hé théng diéu khi&n légic t§ hop, ta da dé cdp cdc phuong phdp han ch&
hay cAch khic phuc déng thdi ]1am gidm b6t khd nang xuft hién cla hazard, ti dé 1am
tang thém ch&t lugng cing nhu do tin cay cia hé théng diéu khi€n cia mach légic. Qua
d6 chiong ta cing thdy dé cd duge mét mach dién diéu khién t8t, cho chét lugng cao, thi
phédn cing x4y dung nén mach dién mang tinh quyét dinh.- Ngudi thiét k& phai hi€u rat
ky va siu sic hé théng ky thuat minh thiét k& thi mdi c¢d th€ khiac phuc duge hazard
trong mach dién, cing nhu phai thém hay bét cdac mach dién phu nhu thé nao, ma
khéng lam thay déi chite nang cta hé théng. Ti dé lam cho chit lugng ctia mach sé cao
hon, gia tri kinh t& cha mach s& cao hon. Didu nay cing dé dang nhan thdy trong thuc
t€ la ; vln 12 nhitng mach dién cd cing mot chic nang diéu khién, nhung mdi hing san
xuft dua ra mach khac nhau vA gia tri kinh t& cia cdc mach dd cling khdc nhau, tuy
thudc vao trinh d6 vA su quan tam téi viéc ting do tin cay, tang chét lugng diéu khién
mach ctia hang. Nhung ban chdt vAn chi la lam giam t6i da khd nang xuft hién hazard
trong mach.
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Chuong IV
OTOMAT cO NHO

§4.1. KHAI NIEM CHUNG VA MO HINH TOAN HOC

4.1.1, KHAI NIEM CHUNG

Trong chuong nay chang ta s& ndi dén mét hé théng s ma hoat déng cua hé théng
nay con quan trong hon hoat déng diéu khién cta hé logic t8 hc}p‘(Combinational
Circuits) da duge trinh bay & phén trén. Hé théng nay cd tén goi la 6tdmat ¢é nhd
(Sequential Circuits) hay la "hé day". Hoat ddng cia hé théng mach dién nay c¢ tinh
chét k& tiép nhau, tic 12 trang thdi hoat déng ciia mach dién ngodi viée chiu 4nh hudng
truc ti€p cda tin hiéu tdec dong vao (X) nd cdn phu thude vao su luu trif théng tin trudce
dd cla mach hay trang thai bén trong trudc dé (S) cta chinh nd. Noi cdch khic cde he
ké tigp lam vi¢c theo nguyén ly cd nhé, titc 1a trang thai tiép theo cta hé théng 0 mot
thdi di€m nao dd cd tinh k& tigp cdc trang thai cia hé théng & cdc thdi difm trude do
duge luu git hay ghi nhé lai. '

Déi vai cude sdng cla con ngudi thi cdc hoat dong ke tigp déu tén tai sy phat trién
va cdn cho ta "ngit nghia". Don gian nhédt nhu cude sng tu nhién xung quanh ta khi ta
thdy cdi cAy moc lén - trang thai tisp theo, thi cai esy dé phdi phy thudc vao trang thai
trude do 1a cai mém, dng thoi chiu tac dong cia tin hiéu vao la nudc, khong khi, anh
sang cung khodng chdt .v.v. Nhu vy mot hoat dong trén ca sd k€ tip 1a k& thita nhitng
k&t qua (théng tin) trudc dd, réi ti d6 méi sinh ra ké&t qui tiép theo (trang thai tiép
theo) hay thong tin ti€p theo. Ngoai ra b4t c@ mot hoat dong cd tinh chat k& ti€p nao
dé déu cho ta "nghia Iy" diéu ta muén o6, cing nhu “vo6 nghia” diéu ta khong muén cd.
Gi6ng nhu tiéng ndi hay chit viét déu cin o vao két quad trudc d6 mdi cd (cho ra) két
qué tiép theo, vi du chit HANOI khi ta ddnh may chi thi chit H danh xong va 46 1a
trang théi trude dd, dya vao nd tiép theo ta danh chit A, sau chit A 1a chit N... véi k&
ti6p dén cdc chit khac. Tir d6 cho ta ngi nghia la Ha Nei. Nhung név ta ddnh may cd
cac chit k& ti€p nhau la STDQA lai cho ta mét noi dung v6 nghia dsi véi con nguii. Con
d6i v6i méy thi b6 chit HANOI hay STDQA 1a nhu nhau. Chinh ¥i dua vao dac diém do
cua miy ching ta sé xay dung nén mot 6tdbmat cd nhé hay mot hé théng s6 hoat dong
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k€ tiép nhau theo quy udc "cd nghia" cia con ngudi. Hé théng d6 hoat déng giéng nhu
hoat dong cla con ngudi la lam theo mét "l3i dan dd" hay theo trinh ty cia chuong
trinh dinh sdn do con nguti dua ra. D6 chinh 13 hg day ma ta s& néi dén cing nhu thist
k& xay dung ra nd trong phin nay.

bé xay dung duge oStémat ¢d nhé trudc hét ta phai tim cdch chuy&n cac chiic nang
ciia hé thdng thanh cdc quan hé toan hoc, vi nfu mét chitc nang chua mé ta duge hay
khéng moé ta duge dudi dang toan hoc thi sé khong thuc hién duge. D& moé ta duge "hé
day" dudi dang toan hoc, ngudi ta ding cdc mé hinh todn hoc hay cac bang chic nang
- bang chuyén bién trang thai. D6 1a cach bi€u didn méi cia ham s6 mé ta "sy phu

thude" hay "sy rang bufc’, vi ham s8 trude tién dé 1a su phu thude rang bude 1&n nhau,

4.1.2. MO HINH TOAN HOC CUA OTOMAT CO NHO

D8i véi dtomat 6 nhd, ddp Ung ra cta hé thdéng mach dién (Y) khong chi phu
thudc truc tiép vao tin hidu vae (X) ma cdn phu thuéc vao trang thai bén trong trude
d¢ (8) cda hé théng. Cd thé mod tad so dé khoi tdng quat clia 6tdémat cd nhé nhu trén
hinh 4.1.

(774 hi€u vao) X c:ifa rmra? | Y (dop g ra)
co' nha S, F

Hinh 4.1. So dd khéi cia Otomat ¢ nhd
o] diy : X - tap tin hiéu vao
S - cédc trang thdi trong trude d6 cia mach
Y - dap ing ra cia h¢ théng
f - su phu thu¢c hay mach dién.

Hoat déng cha 6témat cd nhé duge minh hoa bang quan hé todn hoc nhu sau :
Y= X

Quan hé todn hoc trén, cho ta hiéu r6 dugc ban chit hoat déng rat chinh xdc cta
6témat ¢d nhd, ban chdt hoat dfng "ké& tiép" rat ré cha hé théng s6 kifu nay.

Dé hi€u r6 hon nita gita quan hé todn hoc va hoat déng that sy cia 6témat cd
nhd, ta od th€ dua vao bd dém lam vi dy minh hoa, vi bd dém chinh 13 mét 6témat cé nhé
rit dién hinh vé& hoat dong k& ti&p, déng thdi rdt gdn gii vA dé hidu d6i voi ching ta.

Vi dy : C6 mdt bd dém tOng qudt md tA trén hinh 4.2

r <

X 55 gerr Y
(0,1) S, %

Hink 4.2, So dd khdi téng quit cia by dém.
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B d&m ludn ludn chi cd mét ddu vao 1a (x), d8u vao (x) cé thé cb cdc gia tri :

x 0 dng vdi khéng cho gi vao

X

1 dng v&i cho vat d&m vao.

Vi du may d&m tién, néu bo dém ta da dém duge 5 t& tién, tic 1a tai thai diém to
ta cd trang thdi bén trong trudc d¢ cia bé dém 1a S (tg) = B.

Néu tai thoi di€m tiép theo t; > tp ta cho thém mot td tién nita (x = 1) thi trang
thai tiép theo clia b6 dém sé la 6 (B(t)) = 6), déng thdi theo quan hé todn hoc Y = (s,
X) ta cd :

i

6 — cho théem 1 vao

fl

S(t)) £(5,1)
Néu : (x = 0) ta cd :

Stt) = £(5,0)

5 - khéng cho gi vao

Qua dd ta thdy r4t ro trang thdi ti€p theo cia b8 dém (S {t;)) sé phu thugc vao
trang thai trude do (8 (tp)) va tin higu vao (X) 1a 0 hay 1a 1 dua vao bd dé€m. Ndi cdch
khdc trang thai ti€p theo (phan Ung) cla 6témat ¢6 nhd s& phu thudc vao trang thai
trong trude dd (3) va tin hidu vao (X) cia nd. Nhung mébi mét trang thai coa 6témat lai
cd mot ddo dng ra cia nd (tin hidu ra cia mach). Nhu vay ta cing cd th€ ndi : dap
ing ra cla 6tdmat ¢ nhd cing phu thudc vao trang thai trude dd cia 6témat (S) va tin
hiéu tdc dong vao nd.

Trong phuong trinh todn hoc ctia 8témat c¢d nhé cho ching ta hai théng tin. Ds 1a
thong tin vé trang thai tiép theo cia Stomat va théng tin vé& ddp #ng ra hay tin hiéu ra
cia 6témat. Hai thong tin d6 ching cing bi phu thude déng thoi vao trang thdi ban
trong trude dé cia 6tdmat (S) va tin hidu téc dong vao (X) cha nd. Trong phuong trinh
hoat déng téng quat ta chua phan biét va tach riéng hai thong tin d6. Muén hi€u ré sy
tidch bach cia riéng tiing thong tin do trong hoat déng ctia 6tdmat, ta cd thé vist ching
riéng thanh hai quan hé toan hoc nhu sau :

Z=f (s (to), x)
S(t) = f(S (o), x)
Trong d6 : Z : Chinh ] ddp tdng ra cia mach.

S(t;) : La trang th4i tigp theo cua btérat.
S{tp} : La trang thdi trong trudc dé.
X : Tin hiéu téc déng vao.

Dén day chiing ta ¢ mé hinh tosn hoe téng quat cla dtdomat ¢ nhg.
§4.2. CAC PHUONG PHAP MO TA CO BAN CUA OTOMAT CO NHO

Céc mo6 hinh todn hoc cing chinh 13 cdch mo t4 hoat dong clia &tdmat cd nhé, hay
ta cling ¢é thé goi dd 1a “ham s6" ciia nd. Ta da cd cde cich bi€u didn ham 86, dd 1a -
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bidu dién ¢ dang f(X) quen thudc, sau dd ham s6 duge bifu dién dudi dang bang that,
bang chan Iy clia ham lagic, tiép theo 14 mot cdch bifu dién "ham s& kifu khac nita, dd
chinh 1a bang chic niang clda 6tdmat cd nhd s néu ra trong phdn nay.

4.2.1 DANG TONG QUAT CUA OTOMAT CO NHO

Dinh nghia 4.1, B4t ky mot o6tébmat cd nhd nao cing ¢é th€ dude bigdu dién dudi
dang t8ng quit sau :
M=XS,Z2f g
Trong dé : M : La mét ky hidu tudng trung cho 6tdmat M nao dd.
X : La tap khéng trong hiru han cédc tin hidu vao hay cdc bién vao :
X = (X4, Xgpoy Xp)
S : LA mot tap khong trdng hitu han cdc trang thai trong cia 6témat
cd nhd
S = (8, 8y, sp)
Z : La mét tap khong tréng hitu han cdc ddp ing ra, nd chl 18y hai gia
trila 0 val:
Z = (25, 23, Z)

f : La ham chujé’n bién trang thai (1A modt ky hidu toa d9) cho biét sy
phu thudc clia trang thdi ti&p theo vdi trang thai trudc d6 vA tin hiéu
vao (bién vao) :

s(t+ 1) =1 (s (t), )
g : La ham ra (ky hiéu toa do) cho biét dap dng ra cha mach theo
trang thai trudc dé vA tin hiéu vao. Liy hai gia tri ¢ vA 1 :
z{t) = gl 1), x)

o) day ta ky hiéu s(t) la trang thai trudc d¢, s(t+ 1) la trang thdi ti€p theo, x 14 tin
hiéu vao va z(t) 1a dap ¥ng ra cia mach dién.

O day khi ta dung hai ham chuydn bién trang théi f va ham ra g 12 ta da thuc
hién tdach nhd théng tin xdy ra trong hé théng hoat dong k& ti€p thanh hai théng tin
riéng ré nhé hon, dé 1a trang thai ti€p theo phu thuéc vao trang thai trude dé s (t) va
tin hiéu tic déng vao X nhu th& nao dua vao ham f. Dap dng ra cia hé théng dua vao
ham g tuan theo quan hé téng quat Y = f (S5, X) cu thé la :

st + 1) = f (s(t), x)
z {t) = glst), x)

Céac quan hé cua ham chuyén bién trang thai f va ham ra g cla 6tomat cd nhdg la
rdt quan trong, vi ching cho ta biét hanh vi hay dng x& ctia hé théng s6 cu thé ra sao
cung voi cdc théng tin khac nhu (X) tap tin hiéu vao, (5) tap trang thai trong va (Z) tap
cac dap dng ra cha 6tomat.
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4.2.2. OTOMAT MEALY (BANG CHUC NANG M)

M8 hinh Mealy hay 6t6mat Mealy 12 cich mé t4 cy thé hoat dong ciua mot 6témat
cd nhé tai moi thai di€m, nd cho phép ta hi€u chinh x4c hoat déng clia hé théng s8 theo
ting tin hidu tdc dong vao 6té6mat Mealy hay cdn duge goi 14 bang Mealy. Day 1a mét
ciach bi€u dién ham s6 ki€u khdc, nd cdn dude coi 13 mdt biang chic ning md ta hoat
dong cu thé cuha dtomat c6 nhé. Otdmat Mealy duge bi€u dién t8ng qudt nhu sau :

. Ml = (X], Sl! Zl’ f], g‘)
Trong dd s(th1) = fils(t), %
z (1) = g{), x

O day ham chuyé&n bign trang thai f, vh ham ra g; phu thuéc vao trang thdi trong
s(t) v tin hidu vao x Ung vai thdi diém tdc déng cta tin hiéu vao.

Bang trang thai M, hay 6tdmat Mealy m6 t4 hoat déng cu th€ é6témat cd nhd duge
md td trén hinh 4.3.

Bang M, :
Xy s(t+ 1) Z,
S1 X X X X X
1 2 s n 1 e n
Khu vye 59 fi{sy,%) ..., fi(s1. %) g, Gy, x)] .- g1y, %)
toan bd
151“35 §9 fis2.x) ..... ... fi(sy,xdtBi(Sy, %) ..o L
cac
trang S P PP 0,1 .....
that cia e
cua
6tomat sp filspox) oo f@ ICTE ) I g@
Khu vyc Khu vyc trang thai ti€p theo Khu vyc dip ung ra.
trang thai hay trang thdi mdi dugc sinh ra, Khu vyc ham g,.
trude do Khu ham f.

Hinh 4.3. Bing chiic nang t6ng qual cia 0tdmat c6 nhd.

Nhin vao bang chic ning M, ta th&y : (X) 1a cdc tin hiéu vao hay tép bién vao.
S la tap cdc trang thai cia 6témat, d6 cing chinh 13 c6t bifu didn cy thé cic trang
théai truée dd cia né tlt (s; + sp), trong dd p la toan bd cédc trang thdi cha Otdmat,
déng thoi ta cing ¢ duge toan bd céc trang thdi cla 6tdémat cd nhé trong qué trinh
hoat déng cla nd. Khu vue ham f, mé ta cdc trang thai ti€p theo ma duge sinh ra
phu thuée theo trang thai trudc do va tin hiéu vao. Khu vyc ham ra g cling mé ta

dap ung ra Z phu thudc vao trang thai trudc dd va tin hiéu vao th& nao, & day né
chi lay hai gia tri 0 va 1.
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Trang théi trudc dd S ludn mo tA toan bd s6 lugng trang thii c¢d thé od cha 6témat
(khéng dugc thidu trang thai nao), cho nén & khu vue trang thai tiép theo (khu vuc ham
f) khong duge cd trang thai ngoai tap S trang thai ban dfu. Ndi cach khdc 1A : trang
thai tiép theo hay ky hidu mdi duge sinh ra khong duge vuot qud cac trang thdi tride
dé cia otdmat, Day 12 mot didu rdt quan trong cin phai bigt khi thist k& mot 6témat s6
cd nhé, vi néu c¢d trang thdi mdi duge tao ra ma vuot qud cic trang thdi cde ky higu
ban dfu di cho cia 6tdmat, thi chinh 1a da thist k& sai ngay tu déu.

* Nguyén ly lam viéc ctia bdng M, nhu sau :

— Né&u trang théi trudc dd 1a s; dudi tdc dong cia tin hidu vao la x; thi trang thai

ti&p theo sé 1a .

- Néu trang thai trude dd la s, dudi tic déng cha tin hidu vao x, thi trang thai ti&p
theo sé la f) (s, x;). :

- Néu trang thai trude dd la 8p duéi tdc dong cha tin higu vao 1a x, thi trang thai
ti€p theo s& la fy( éé X

Dép ung ra :

- Néu trang thai trude d6 1a s; dudi tdc dong cta tin hiéu vao la x; thi dap dng ra
cia mach s& la . Nhu vay méi mét trang thai mdi (trang théi tiép theo)
sé cd mét dép tUng ra tuong dng véi nd.

~ N&u trang thdi dd 1a Sp dudi tac ddng cla tin hiéu vao 1 x, thi ddp ving ra cta

mach sé& la g, (A )

Nhu vay hoat dgng cta bang M, cho phép ta tich riéng lam hai khu vue, d6 1a khu
trang thai ti€p theo (ham f}) va khu ddp Ung ra cta mach (ham g,}. Trong bang chiic
nang dd da m6 t4 t4t ca céc trang thai ti€p theo cd thé sinh ra, va toan bd cac dap dng
ra cta 6tdmat Ung véi ting trang thai riéng ¢ ting thdi di€m. Didu d6 cho phép ta dé&
dang hi€u dugc hoat déng ciia 6tdmat cé nhd vaA d6 dang nghién cdu timg hoat déng
chuyén déi trang thii cla nd.

M4t diéu quan trong nita khi bi€u dién dugc hoat dong cu th€ cta 6témat ¢ nho
trén bang Mealy (M)) 14 : trang thai tiép theo clia 6tdmat cd nhd sé la (tré thanh) trang
thai truée dd clia trang thdi tiép theo cla nd. Didu dé cho phép ta hidu duge hogt dong
cua hé thong s6 c6 nhd tai moi thoi diém, diéu nay rit cdn va rdt quan trong khi lap
rap thiét k& cy thé otdmat cd nhd ciing nhu stra chita hé théng khi bi héng hdc sau nay.
Déng thoi ching ta cling nhén ra la su hoat dong theo ham fva ham g cia 6témat can
cd theo tung toa d¢ trong bang M, (bang chic nang) vd méi mdt toa 4 trong bang hoat
d6ng hoan toan déc lap v6i nhau.

D¢ hi¢u hon nita céng dung cha bang Mealy diing dé mé ta cu thé cic hoat dong
cla 6tdmat ¢ nhd, ta khao sdt vi du sau.

Vi du : Dung 0tdmat Mealy (bAng M;) moé ti hoat dong cia by dém 5 -e6 5 trang
thai, ma cd d&m dén 3 thi bao (cho tin hiéu den sang & ddu ra Z).
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Sa dé khéi clia bd dém va bang chiic nang duge bi€u dién trén hinh 4.4.

X z X[ st+1) z
B dém S

0, B0 %S ——7 S\ o [ 1 [ o]
a) oo 1]|o0o]o

1| 1] 2]o0]o

2 | 2 | 37T 0 ™1

3| 3 TaT1 | o

4 4|oflo]o

b)

Hinh 4.4. Bang chitc nang M; clia b6 dém 5 ma 3 thi bdo.

Hoat ddng cia b dém dugc mé td cu th€ trén bang M, hoan toan tuan theo
phuong trinh toan hoc téng quat -

Y = (8, X)
Két qua cu th€ & ting toa dé nhu sau. -
Vi la d0 d&m nén chi o6 mot ddu vao X va Iy hai gid tri 0 va 1.
Gid st néu trang thdi truéc dd S = 3, thl khi cho X = 1 ta cd :
s{t+ 1) = £(3, 1) = 4
z(t) = g(3, 1) = 0 khéng bao sing
Khi cho X = 0 ta cd :

s{t+ 1) = £(3, 0) 3

il

z(t) = g(3, 0) = 1 ddu ra 2 dén =6 sdang (s& bdo).

Tién hanh tudng tu ta sé khdo s4t duge hoat dong cia b6 dém 5 & tht ca cac kha
nang cing nhu o tdt ci cdc thoi diém hoat ddng cia nd. Nhin vao bang chie nang ta
cing thiy vi la b dém nén né&u khéng cho gi vao (X = 0), thi trang thai tiép theo (khu
ham f) s& gidng hét trang thdi trude dé & toan bo cdc kha nidng, con néu cho gia tri
dém vao (X = 1) thi trang th4i tiép s& 16n hon trang thai trudc dé mot don vi.

Do yéu cdu ci dém d&n 3 thi bdo (Z = 1), ta thdy khu dap ting ra Z (khu ham g)
cé gid tri 1, tuong dng voi toa d6 cia trang thai tiép theo 13 3, con cde trang thdi khéc
thi khong bdo gl c4d nén gid tri cta Z = 0. N6i cach khic : Stomat Mealy (bang M,)
ding trang théi ti€p theo d€ diéu hanh (cho Z = 1, dén sing hodc lam mét thao tdc ky
thuat ndo dd). Déng thoi ta nhan thiy la khu vuc ham f Ung vdi cdc trang thai méi
duge sinh ra (trang thai ti€p theo), da khéng xu#t hién céc trang thai la hay khéng cd
ky hiéu méi duge xudt hién ma chi lap di lap lai céc trang théi (ky hiéu) trude d6 & S
mi théi.

Vi du trén cho bi€u dién hay cdch md ti hoat dong cu th€ mét 6t6mat cd nhé hay
mot hé théng s6 hoat dong k& tiép, khi da mé6 td duge thanh bang chic nang {chinh la
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mét dang "ham s6" todn hoc) thi tit d6 ta ¢d thé chuyén thanh todn légic d&€ l&p rap
thuc hién duge chie nang dé. Cac phdn sau s& trinh bay dén két qua cudi cing la l4p
rap thanh mach cy thé thuc hién chic nang hay nhiém vu dd dé ra.

4.2.3. OTOMAT MOORE (BANG CHUC NANG M,)
D€ mo tA hoat dong cia mot 6tdmat ¢ nhd, ta ¢d th€ bi€u difn biang bang chic
nang M, hay cdn goi 14 6tdmat Moore.
Otémat Moore cd quan hé t8ng quat :
M; = Xy 8y Zy g)
Trong do¢ : : s(tr1) = f(s(t), x)
z{t) = gy (s(th

So sanh gi¥a 6tdmat Mealy (M) va dtomat, Moore (M,) ta thdy quan hé cta trang
théi tiép theo s(t+ 1) (theo khu vuc ham f) cia ching hoan toan giéng nhau. Nhu vay
bang chic ning cha 6témat Moore sé giSng hét & 6tomat Mealy & khu vic ham f. Bang
M, khédc bang M, & dap ung ra (Z) hay ¢ khu vie ham ra (g).

Béng trang thai M, hay 6t0mat Moore dugc m6 td trén hinh 4.5.

Bang M, :
X s{t+1
: 2 ) 7
2 X| Xa Xy
Sl f2 (51 ,xl) fz (Sl ,XE) ...... fz (S]_ R xn) gz (Sl)
82 f2 (52 » Xl) .................... g2 (52)
Sp f2 (sp . xl) -------------- f2 (SP N xn) gz (sp)

Hinh 4.5. Bang chiic nang &6t0mat Moore.

Nhin vao bang M, ta thdy ham ra (g,) hay ddp Ung ra (Z,) khong phu thudc truc
tiép vao tin hiéu vao (X,).

Chic ning cia bang (Moore) trong khu vye ham f giéng nhu & bang M, (Mealy),
dbng th¥i cdc tinh chdt cia né cing nhu cic yéu clu cia bang M, cling giéng nhu bang
M,, cu th€ la : trang théi ti€p theo tuong dng v6i tiing toa d6 & trong bang, va trang

thai mdi duge sinh ra (trang thaj ti€p theo) khéng dugc vugt qud cde trang thai trude dd
coa Otdmat.

D& higu dugc hoat dong cla otdmat Moore (bang M,) ta cd thé khao sat vi du
minh hoa sau.
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Vi du : Ding 6témat Moore mé ta hoat dong ciia bo d&m 5, ma cd dém téi 3 thi
bdo.

Bang chic ndng cta b dém duge bi€u dién trén hinh 4.6 (chu ¥ 1a sau nay khi da
quen ta ciing khéng cdn viét & khu trang théi tiép theo c6 s (t+ 1) nita).

Bing M, :
X s(t+1
(t+1) 7
S 0 1
0 0 1 0
1 1 2 4] Hinh 4.6. Bang chic ning
2_ "3 | —"“3'\\0 b0 d€m 5 ma dén 3 thi béo.
3 3 4 1
4 4 0 0

Chic néng hoat dong cia bang Moore (M,) cling gidng nhu chic nang bd dém 5 ¢
trén 14 : Gii st trang thai da cd § = 3.

Né&u cho X

1l

1: _ 1

Il
.

s(t+1) = £(3,1)

z(t+ 1) g(3)

I
—

Néu cho X

Il
o]

s(t+1) = £(3,0) = 3
z(t) =g@) =1

Qua bang M, cla bd dém 5 ta thdy khu vuc ham f (khu trang thdi ti6p theo) khong
cd gi thay déi, giéng kbhu vyc ham (f) cda bang M, da duge trinh biy & phén trén,

Ta thdy ham (g) 1a bang M, khic véi bang M,, vi khu vuc ham g (ddp dng ra)
khéng phu thudc truc ti€p vao tin higéu vao (X) ({(X) khoéng thfly cé gia tri & cot
Z), gia tri ldgic cua ham (g) phu thudc tryc ti€p vao trang thai trude dé cia bd dém
cu thé 12 dung trang thai 3 & khu vuc trang thai trudc dé diéu khién cho Z = 1
dung d&€ bdo sing. Ndi cach khac : otomat Moore (M,) diung trang thai trudc dd dé
didu khién (khi Z = 1).

Nhu vgy van 1a bd d€ém 5 ma ci 3 thi bdo, ta cd duge hai phuong phéap bi€u dién
d¢ 1a bang M, (Mealy) va bang M, (Moore), hai cach bi€u dién dé déng kha nang va
tudng duong vOi nhau khi thigt k& Hai phuong phdp tuong duong nhau, cd thd duge
gidi thich nhu sau :

Vi 6témat cé nhd cing nht b dém ludn hoat dong theo nguyén ly "vong quanh”,
cy thé & day bo dém 5 1a mét bé d&m vong, nd lam viéc theo nguyén ly mo ta trén
hinh 4.7.
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Hinh 4.7. B6 d€m vong quanh.

Mot hoat déng quay vong thi viée phan biét "qua khd" va "tuong lai" hay truéc do
va ti€p theo 1a khéng xé&c dinh vi nd phu thuée difm chon lam gbe. Chinh vi gita Mealy
va Moore c6 sy phéin biét vé quan di€m "trudc" va "sau” khic nhau vé trang thai trudc
va trang théi tiép theo. Digu d¢ o6 thé duge minh hoa hoat déng ctia bo d6m 5 (b6 dém
vdng quanh) trén hinh 4.8

~

o
AA
-~

e
““

Hinh 4.8. Sy gi6ng nhau trong cing mot chic ming cia M; va M,

Quan di€m ctia Mealy qua khi (trang thai truée ds) dng thoi diém to va tuong lai
(trang thai tip theo) 1a thoi diém t, ma (t, < t,). Trong khi d6 véi Moore lai c6 quan
di€ém qud khd (trang thai trudc do) la tai tj, con tuong lai (trang thai tisp theo) & thoi
diém t'; ma (t’y < t’;). Nhung néu 8tébmat cd nhd hoat déng khong theo ki€u "vong
quanh", thi haj cach biéu dién theo bang chiic nang M, cta Mealy va theo bang chic
nang M, cia Moore la khong théng nhdt va khéng tuong duong véi nhau nia.

Dén day ta cd duge hai cich (hai bang chdc nang M, va M,) d€ md ti chic nang
hoat dong cta 8tdmat c6 nhd. Day 12 mét viéc 1am hét sic quan trong vl cd mé ta duge
chic nang hoat ddng ctia dtdmat o6 nhd (theo todn hoe) thi mai c6 kha nang thiét k& va
lap rdp ra dugc hé théng chic nang d6. Déng thdi cac k&t lusn sau nay ma ching ta
thu dugc.trong qué trinh nghién cdu vé ky thust s6 ndéi chung chi dya trén nén tang va
ban chit hoat déng cla hai béng chic nang (M), My). Nhung do bang M, va bang M,
chi khde nhau & khu vie ham ra (Z) lai la tin higu diéu khi€n cu th8 m6t d6i tugng bi
diéu khi€n nao dé (nhu dén, quat, déng co..). Nén s¢ dé khdi mach dién téng quat clia
hai cdch bi€u dién 6tdmat c6 nhd sé c6 dang bi€u dién trén hinh 4.9.

N6i mot cach khac 12 : khi ta nhin vao mot mach dién thuc t& va xem cdch didu
khi€n & ddu ra clia mach dién (hé théng s8) dd, cd thé bigt ngay duge ngudi thigt ké ra
mach dién tir hic khdi ddu ho ding é6témat Mealy hay 6tomat Moore d€ bigu dién hoat
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dong cta mach dién. Chu y 1a : vigc l4p rap thist k& ding theo cich bi€u dién bang M,
hay dung bang M, la tiy ¥, va theo y thich cia ngudi thiet k& ma théi, vi gida hai cach
bi€u dién &t6mat ¢ nhé theo Mealy va theo Moore khong c6 cdch bi€u didn nao "lgi"

cdch bidu dién nao, va khi thiét k& cu th€ mach dién thi d6 ‘khé" elia ching 12 nhu
nhau.

i

X o Otomat zZ Otornat | Z
M, — o M, ®

_ )
a)
Hinh 4.9. Mach , tdng quat cia M; va M,.
'4.2.4. BIEU DIEN OTOMAT CO NHG BANG DG HINH (GRAF)

Ta d& cd hai cdch mé t3 hoat déng cia 6t6mat cd nhd bing dung bang M; va bing
M,. Duéi day s& dé edp cdc cach bi€u dién (md ta) 6tdmat ¢ nhd ding phuong phédp dé

hinh.
4.24.1. D6 hinh Mealy (M)) - graf mealy

Dinh nghia 4.2 : D6 hinh Mealy bao gém cdc nut v nhinh cd hudng. Trong cac
nut ¢d ghi trang thai clia 6témat, con nhanh cd hudng chi huéng chuyén bién- trang thai
cha O6tdmat, trén dd cd ghi dap Ung ra va tin hisu vao tuong dng.

Trén hinh moé ta d6 hinh M,

Lo/ X
@ L Em @ Hinh 4,10. Db hinh Mealy.

Vi du : Dung d6 hinh Mealy md t4 hoat déng cia bd dém 5, ci d&m dén 3 thi bao.
Céch bifu didn dugc md ta trén hinh 4.11.

X z

S 0 1 0 1
U«-T?_Q___.-;rl &
1 1 2 ¢ 0
2 2 3 0 (D
3 3 4 1 0
4 4 0 0 0

a) Bang chiic nang

Hinh 4.11. Ding dd hinh Mealy mo ti bo dém.
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Cach v& dé hinh M, Ung v&i qud trinh chuyén bién trang thai tit 0 chuyén sang 0
(trang théi trude do la O trang théi ti€p theo 14 0) dng v6i nét dam (0 — 0), thi ta cd
dip ing ra Z = 0 , vdi tin hiéu viio X = 0 tit d6 vé duge hudng chuyén bién trang
thdi. V4i cach lam tuong tu clia qud trinh chuy&n bién trang thai tii 0 chuy&n sang
1 (0 — 1) nhin vao bang M, ta th&y dap Gng ra Z = [0] véi tin hiéu vao X = 1, tit
dé ta vé dugc hudng chuy&n bién trang thai dé vao d6 hinh va ghi két qua cha ddp ing
ra va tin hiéu vac hudng chuyén bién trang thai dd. )

V&i cach 1am tuong tu ta vé duge d6 hinh Ung v6i cdc qué trinh chuyén bién trang
thai khdc cia 6tdmat hay ciia bd dém 5 dugc dé ra & trén. D& dang nhéan thdy ring do
hinh chuyén bién trang thai cla 6témat cd nhé va bang chitc nang hay bang chuyén
bién trang thai cia nd 1a tuong tng vdi nhau.

4.2.4.2. Db hinh Moore (M2) - graf Moore

Dinh nghia 4.3 : D6 hinh Moore bao gém cdc nit va nhanh cd huéng. Trong cac
nut cd ghi trang thai ciia 6témat va d4p dng ra tuong Gng cta trang thai d6. Nhanh cd
hudng chi huéng chuyén bién trang thai, trén d c6 ghi tin hidu tdc dong vao (hay bién
vao).

D3 hinh M, duge mo ta trén hinh 4.12.

X
5 /z k = 9/ Hinh 4.12. Dd hinh Moore.

£

Vi du : Dung d6 hinh Moore mé t hoat déng ctia be d&€m 5, ma ci dém t4i 3 thi
bdo.

‘Céach bi€u didn dugc md ta trén hinh 4.14.

Bang M, : 0
: f (.y
0 (7AW,
Y

w /"

/%
o

|
'
o
\
\

z
\Z
0
0
i
0

amw.-a;:
f

b) Db hinh M, a) Bang chic nang

Hink 4.13. Ding dd hinh Moore mo6 td bo dém.
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-'.-Céch v& d6 hinh M, : trong ndt ta chi cén ghi trang thai véi dap Wng ra voi méi
nit tudng dng vl mét trang thai cia 6témat. Sau dd vé qua trinh chuyén bién trang
thai. V&i qua trinh (0 — 0) cd tin higu kich vao tuong dng 12 0 (X = 0), con tiép theo
v6i qua trinh chuy&n bién (0 — 1) thi ¢6 tin hiéu kich vao (¢6 cai d&m cho vao) X = 1,
ta ghi trén mii tén chi huéng chuyén bién dé gia tri. Véi cach vé nhu vay ta ding d6
hinh Moore da mé ta duge toan bé hoat déng ¢d nhé ciia bé d6m 5 cd d&n 3 thi bdo
duge dua ra.

Bén day ta da cd bon cdch hay bén phuong phip ding d€ mé tad hoat dong cia
Otomat cd nhé. Viée m6 td dude hoat dong clha 6tdmat cho phép ta lap rap xay dung
mach dién thuc hién 6témat cd nhé. dung bang chic ning hay céon duge goi 1a céch mé
td hoat déng cla G6tdmat cd nhd, dua vao dd cd cde bude tiép theo dé xay dung nén
mach dién cu thé, nhung ding ¢8 hinh d€ mé tid hoat dong cha 6tdmat ¢d nhé thi chua
cd phuong phap dé lam ra mach dién duge. Nhung wu viét cta phuong phap dé hinh la
ta dé dang md td dugc hoat dong ciua 6tdmat, déng thdi dé trao ddi thdo luan vé hoat
déng cia hé théng s cé s8 luong trang thai rdt lon. Chinh vi vay khi bit ddu thiét k&
mot hé théng s6 ngusi ta thudng vé ra hoat déng (md td bing dé hinh) clia nd trude,
sau d6 mdi chuyén ti d6 hinh thanh bang chdc nang, va tit bang chic ning méi di cac
budc tiép theo d€ cd duge mach dign cia hé théng s8. DG cing chinh 12 cdc bude thiét
ké cu thé 6tdmat cd nhd. Phuong phip "md ta" truc tiép hay diing bang chuc néng (M,
M,)} bi€u dién hoat dong clia 6tdmat c6 nhé, chi hay duge dung vai cdc dtoémat s6 c6 s6
lugng trang thai it.

Ching ta déu da biét mot 6tdmat ¢d nhé cd thé duge md td bing bang Mealy (M)
hay bang Moore (M,), tic la mot chic ning ky thudt, ta ¢d thé€ bi€u dién boi hai céch
la dung 6témat Mealy (M;) hay ding &tdomat Moore (M,), nhu viy gida hai 6tdmat M,
va otomat M, cd sy lidn hé vai nhau, ti dé xust hién vdn dé 1a chuyén déi qua lai gitta
hai cach bi€u dién otdomat cd nhé.

4.2.5. CHUYEN p8I GIOA OTOMAT MEALY VA OTOMAT MOORE

Viéc bi€u dién hoat dong otébmat cd nhé dung bang M; hay badng M, cd nhiing tinh
chdt khac nhau vé€ nguyén ly mach dién, hay ndi mot cdch khac la gida hai Otomat
Mealy va 6tdmat Moore vdn cd cdc tinh chdt v& mach khiac nhau. Vin dé 13 ching ta
cAn ¢d phuong phdp dé chuyén déi gita chiing ma khéng cin phai md ta lai tit dau.

4.2.5.1. Chuyén ddi tir bang Mealy sang bing Moore (M1 — M3)

58 lidu ban ddu 13 6tdmat Mealy, nd c6 quan hé :

M = Xy Sy, 2y, §, 89

T sd liéu ban ddu ctia 6tdémat Mealy cé trude d6, ta phai tim duge cde gid tri cha
6tdmat Moore tuong dng la :

M2 = (XZ! SZ: ZZ: fz, gg)
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Do qué trinh chuyén d&i t& (M; — M,) la tuong dng mét mot (1 «— 1) vdi cling
mét bai toin hay cling mot chdc nang didu khi€n, cho nén ching ta cd thé vigt :

2y = I
Tdc la dit e6 chuyén déi th& nao thi cing phai thda man la : tin hidu vio nhu
nhau s& cho ddp Ung ra gi6ng nhau. Nhu vy qua trinh chuyén déi M; — M,) ta da

biét duge X, va Z, theo sd liéu ban déu Xy vad Z; cho trufc. Van dé con lai 14 ta phai
tim (f,, g;) theo s6 lidu ban dfu Ja (f), g,) cho trude ciia M, ma thoi.

Ngudi ta da chiing minh :

N&u ton tai mét trang théi s; € M;, duéi tdc dong cha tin hiéu vido X,, s& sinh ra
trang thdi ti€p theo va ddp dng ra cta M, nhu sau :

fi (5, X)) = s = ung toa dé trong bing M,
g1 (s X = 2
Thi sé t8n tai mot trang thai q; cia M, ma ching ¢ quan hé :
s = q .
Trong d¢ : s; la trang thai tiép theo cia M, cho trudc. _
o; 14 trang thai truéec dd cia M, sé tuong dng phai tim.

Noi cach khac 14 mot trang thai tiép theo (s;) cha badng M, cho trudc (s6 litu ban
ddu) thi chdc chén ta s& cd duge mét trang thii tuong Ung qj ciia bang M, phai tim, va
cing vi M, phai tim nén luén luén cd thé xéc dinh duge trang thai cia nd cdn tim dua
theo bang M, vi d6 13 qua trinh chuyén di (M; — M,).

Do q; 14 trang thai cha bang M, (q; € My) cho nén ta ¢d quan hé :
st+1) = £(q,X) = o
z(t) = g (@) = gz
Tt nhiém vy phai chuyén d8i (M; — M,) nén viéc chuyén bién trang thai (trang
thdi chuy&n bién ti€p theo) cua hai étémat M, va M; phii tuong dng v6i nhau (do khu
vye ham f clia M; va M, la gidng nhau), déng thai dap dng ra cta chiing cing phai 1a
nhu nhau, tlit 46 ta ¢ quan hé :
q; = fZ (qj y X‘k) = fl (S' ’ Xk)
L = 8 (‘:Ij) =g (5,%X) = z,
Ti cac quan hé & trén ta cing 6 thé hi€u 1a trang thai tiép theo ctia bang M, sé&
tuang Ung voi trang thai trude d6 cia M,, day la quan hé (1« 1) do ta cha dong lua
chon. Van dé cdn lai 1a trang thai ti€p theo cia M, c¢ gid tri phai tuong dng voi hoat

dong cia M;, vi khi ta chuyén déi (M, —» M;} thi chic ning céa ching 1a khéng ddi,
khéng duge khdc nhau.
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Xét vi du : Gid st cd mot 6t6mat, hoat dong cla nd dugc bi€u dién & bang Mealy
(M) nhu sau :

Bang M, (sS liéu ban ddu cho trudc) & hinh 4.14. Ta phai chuyén thanh bang M,
tuong iing.

X, Z
51 X] X2 X X2
51 s (41) 84 (4q) ¥ ) Z)
Sz 53(q2) - - -
$3 s2(q3)  s1(gs) z; -
S4 - 52 (Q¢) - 3

. Hink 4.14. Cho mot 016mat theo M,.
Trong bang ta thdy c6 cdc vi tri ky hiéu "—" d6 13 cde trang thai khtng xac dinh
cua 6tdmat di cho,
Tu bang M, da cho ta c6 :
X = (x, xz)l
2y = (zy, 2p)
S) = (51, 8 53, 8y

T nhiém vu chuyén bigén (M, — M,) ching phai ¢6 chitc nang nhu nhau cho nén
ta co :

X = X = (%, xy)
Z, = 4,

Dam bao théa man quan hé tin hiéu vao nhy nhau (X; = X}), thi s& ¢d d4p tng ra
giéng nhau (Z, = Z)). V4n dé la phai tim ham chuyén bién trang thai f, € M, chuyén
bign nhu th€ nao (cin cd theo bang M;) va ddp ing ra ham ra g, € M, ¢ gi4 tri th&
nao ti bang M,.

Do ta da chon trang thai ti€p theo cua M, tuong Wng véi trang thai trude d6 cla
M; {s; = q)) ta sé ¢ cdu tao cla bang M, nhu trén hinh 4.15.

Bing M, (bang phai tim) :

X2 X X

S 1 2 Z

o Al®

42 43 1 - Hinh 4.15. Két qua
a3 92 Z chuyén thanh bing M,.
44 - 96

ds q; Qq -

96 92 - L
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Khi ta c6 céc trang thai ctia bang M, la S, duge ky hiéu 14 (q;) tuong dng voi cac
trang thai tiép theo clia bang M, (da cho trudce) theo quan hé ky higu tuong dng nhu
viét trén bang M, ¢ hinh 4.15. '

Cach dién bang M, tuong dng theo hoat dong (cho truéc) cha M,, tdc 14 dién trang
thai ti€p theo (hoat dong cua M,) theo bang M, cho trudc. Ta s& dién bang M, theo
ting toa dg.

Dua vao bang M, ta cd toa d§ ddu (s, x;) € M, :
fils;, x) = 53 = q (qp € My
tuong dng 0 bang M, ta ¢ :
f,(q;, %) = fi{sy, %) = 83 (theo bang M;)
ma : 83 = (g, theo ky hiéu dit ra
Tém lai co k&t qui
falqy, %)) =

Ti k&t qua thu dugce ta didn trang thai vao bang M, theo toa d¢ ctia nd. Nhu
vay dua vao hoat dong cla bang M; ma ta da c6 trang thai tuong dng & M,.

D4ap ung ra tuong ding M, theo M; ducc xadc dinh & toa dd (s), x)) 12 :
g s, xp = glq) = @ — dién @ vao bang M,.
Véi cach lam tuong tu voi toa d¢ khdc (s;, x;) € M, :
fi(s;, X0} = 84 = g, (ky hiéu}
Vay ta o : |

f2(q4 %9) = Qg
Ta dién gia tri q4 vao bang M, theo toa d6 clia nd & trong bang.
Dap ung ra ctia M2 tinh theo M, duge xdc dinh theo toa do (sy, xp) 1a :
g1(s, %) = golay = —r dién nd vao M,
Tiép tuc v8i toa do khdc nhu (s,, x,) € M, :
f(q;, %) = fi{sy, x) = "—" (khéng xdc dinh)
flan x) = A
Ta dién ddu khong xdc dinh A vao bang M, vdi toa d¢ tuong ung.
Tiép theo ¢ toa do mdi (s, x;) € M, :
filsy %) = 83 = @

fldy, %) = fils3, x) = 83 = g3

flay x) = q3
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Dién gy vao bang M, theo toa do cua nd
g(q3) = glsy, %) = z; -> dién vao M,

Véi cach lam tuong tu ta s& cd toa do tuong tng § M,. Nhu vay da thyc hién qua
trinh chuyén ddi ti otémat Mealy thanh 6tdmat Moore (M; — M,) véi chic néng cia
ching 14 hoan toan gidng nhau.

4.2.5.2. Chuyén d3i tic 0tomat Moore sang 6tomat Mealy (M2 — M)

Ta c¢6 nhan xét ban ddu la : 6témat Moore gia tri hAm ra (Z) chi phu thudc vao
trang thai trude ddé cua nd :
z(t) = g(s(t)
Ddong thai s6 lugng trang thdi clia 6témat Moore ludn ludn ldn hon hodc bing s6
lugng trang thai cia 6tdmat Mealy (S, 2 S)) tuong dng. Bai todn dat ra 12 :

Cho trudc o6tomat Moore : M, = (X;, 8, Z,, f,, &)
Cén phai tim 6tdmat Mealy tuong dng cing chic nang:
M, = X, 8, Z, f,, g1
Do cing 1a mot chife nang (cing mét bai todn) csn tim tuong dng cho nén cd :
X =X
Tin hiéu vao nhu nhau (X; = X;) thi ¢d ddp dng ra phai giéng nhau (2, = Z,).
Tt cdc nhan xét trén va khu vyc ham (f) cia bang M; va bang M, gi6ng nhau cho
nén ta cd thé€ chon :
Vén dé con lai § day 1a phai tim ham ra g, tuong dng ctia bang M, theo cdc s8 litu
ban déu cho trudc & bang M,. Né&u ta 1&y quan hé trang thai :

»

Trong d6 : s; € M; cho truéc

@ .

Thi ta s& ¢ quan hé :

£, &, X) = s; ndo do cia M, cho trudc

s; = f; (s, X ciia M, (phai tim)
Hay hiu cach khac do khu vuc ham f cia bang M, va bang M, 1a giéng nhau cho

nén :

fZ(s;i Xk) = r] (35, Xk) = SJ
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nhu & hinh 4.16.

Tt d6 ta cd quan hé cta ham ra (g;) trong bang M; theo s8 litu ban d&u ti bang
M, nhu sau :

g1 (Si, Xk) = B2 (SI‘) .

Khéo sit vi dy v8 hoat ddng cia mdt Stémat duge minh hoa trén bang Moore (M)

Béng Mz :

S, X2 Xy X; Z;
9. 5 it -
M 2
53 53 ) Z)
s; 83 Sz Z

Tim o6t6mat Mealy tuong dng.

Hinh 4.16. Cho mot 0t6mal
theo bang M,.

Tua bang M, da cho trudc ta cdn phai chuyén nd thanh bang M, tuong iing :

X =% = & %)
2 =12y = (24, 7))
Sl

« * *
S, = (8;1,5,85)

fi = f, (khu vuc ham f cia ching giéng nhau)
Vin dé 1a tim ra ham (g)) cia bdng M, hay khu vuc ddp ving ra {Z, ctia bang M,.

Bang M, phai tim s& c6 cfu tao 13 : Khu vic ham chuyén bién trang thai (f;) sé
gitng hét khu vyc chuyén bién trang thai cla bang M, do (f, = f,).

C4u tao bang M, & trén hinh 4.17

Bing M, :

X Z,
S] Kl XZ X XZ
2 e - @ -
52 53 52 () Zl
8q Sq %) Zy 4]

Hinh 4.17. Bang M, ¢in tim.

Khu vyc (S)) va (f)) cta bang M, phai tim giéng bang M, vi cd quan hé :

Chi cdn phai dién nét khu vuc (Z;) cda bang M, theo bang M, d& cho ¢ trén. Ta

cing tinh theo ting toa dd.
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Tu bang M, xét toa d6 (s), x,} ta cd :

f, (s;, X)) = s, € bang M,, viy ciing chinh 1a s;. Tuong Ung toa 49 dé & bang M,
ta c6

fy(s, x) = s, € bang M,.

Ma ddp dng ra cia bang M, phai gifng nhu dap Ung ra cla bang M), vi (Z; = Z,)
tit 6 ta cd quan hé :

g5, x) = gy(sy) = z; (tit bang M)

@ — didu gia tri @ vao bang M,.
Ti€p theo ta cd toa do khdc & bang M, - (s;, xg) ¢

Hi

g1 (sy, x;)

f,(8;,x) = s3 € M, viy dd ciing chinh la s :
Dép ing ra tuong ung s& la : gy(s3) = z,
Tuong dng vdi toa do d6 & M; ta co :
fi(sz, x3) = s3 — c6 déap dng ra cia bang M, gidng nhu SS4p Ung ra cia bang M,
vay ta cd
816y X) = g(s) = 7
g1y %) = 7
Ta dién z, vao bang M, dng véi toa do (sy, x)) clia nd ¢ vi trl dép dng ra.

Ti€p tuc v6i cdc toa do khdc (s}, x,) € M, :

f; (s;, Xz} = "—" khéng xac dinh trang thai

Vay

g (8, X)) = g(-) = "' khong xdc dinh
£ {51’ x2) = n_mw

Ta dién vao toa dd (s;, x,) & khu vyc dap ung ra (Z)) cta bing M, dfu khéng x4c
dinh (-). :

Véi cdch lam tuong tu nhu viy ddi vai cdc toa d6 khac cta bang M,, ta s& c6 duge
dédp dng ra cta bang M, tuong tng véi ddp Ung ra ctia bang M,.

Nhu vay ching ta da thuc hién duge viéc chuyén d6i mach dién : tit mach dién d4ap
ing ra (Z) phu thuéc tryc ti6p tin hiéu vao (tin hitu vao néi dén tan dau ra) d¢ la
otdmat Mealy thanh mach dién ddp dng ra (Z) (chi phu thuse gian ti€p vao tin hiéu vao
dd la otémat Moore. Déng thofi cing cd thé chuyén ddi nguge lai mach dién l4p rap ki6u
Moore (M;) thanh mach dién l4p rap kidu Mealy (M,). Qua trinh chuyén d8i d6 r&t linh

hoat, d6i véi cdc ky su phén cing khi muén thay d8i két cfu mach chuyén d&i 4témat
dé lua chon cdc mach dién theo yéu cdu k¢ thuit cfn thist,
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Trude khi dé cdp qud trinh thiét k& lAp rdp &témat cd nhé ta can nén thém mot

dang bi¢u dién phu khéc cho céch bi€u dién cia bing Mealy (M) duge mé ta trén hinh
4.18.

Vi du : Dung 6tomat Mealy mé t2 b6 d6m 5 ma ci dém dén 3 thi bio sau.

X Z 3 X 0 1
S 0 1 0 1
. . 1 o ) 0 0/0 1/0
. | ) 0 o 1 1/0 2/0
X ) ; 0 . 2 2/0 31
3 X . X 0 3 3/1 40
X . . . . 4 4/0 0/0

Hinh 4.18. Dang khic cia o6tomat Mealy.

Hai bang chic niahg d6 ciung bi€u dién bd dém 5 ma cit 3 thi bao theo Mealy (M),
hai bang chic nang dé hoan todn nhu nhau va tuong duong nhau, bdng ¢ hinh 4.18a thi
tach ra thanh hai khu vuc riéng 18 14 : Khu trang thai tig€p theo va khu ddp dng ra,
diéu nay cho phép nghién ciu xem xét riéng hoat dong clia 6témat duge dé dang. Con
trén hinh 4.18b thi ngudi ta goép ludn trang thdi 6tdmat kéin theo ddp Ung ra.

Bd d&m chinh 13 moét 6témat cd nhd rdt dién hinh. Déng thoi b d&€m ndi chung
cing nhu by dém vong duge dng dung rdt nhiu trong thye t& khi cdn chi thi s6 cac
két qua (nhi déng ho s6, cén chi thi s8...), déng thoi bd dém ciing tham gia truc tiép tdi
qua trinh tao cdc tin hiéu diéu khién trong cdc hé théng s6 cdc 6tdmat sé ndi chung,
hay cu thé hon 1a dung d€ doc dia chi cdc & nhd trong may tinh, nhing dng dung dé
clia b d&m sé duge ldn ludt trinh biy cu thé€ trong cdc phén sau.

Muén thuc hién hay thist k& mét 6témat cé nhd véi chiic nang cu thé clia nd chid
khong phai 1a thist k& ra bo dém, vi bd dém chi 14 trudng hop riéng cua 6témat cd nhd
ma thdi. Vi thé cdch bifu dién 6témat cd nhd trong bang M; (cling nhu trong bang M,)
khu vyc trang thai tiép theo khu vyc ham (f) s& hoan toan khong theo quy luat "dém”
nita. Khi d6 khu wyc trang thdi tiép theo cla 6tdmat ¢6 nhd sé8 b cdc trang thdi tiép
theo xudt hién (tity ¥) theo titng yéu cdu chic nang cu thé, Dong thdi khu vyc ddp ung
ra hay khu vuc ham ra (g) cla 6tdmat cd nhé, cac gia tri logic didu khién cu thé€ (0 hay
1) d&i tugng bi didu khién clng xudt hién (tuy ¥) khong theo mét quy luat ndo, ma
hoain toan phu thude vao mét nhiém vu diéu hanh cy thé. Van dé con lai § la tir nhitng
cdch mds tA 6témat cd nhé (hé day) ta thyc hién thist k& lap rdp 6tdmat cd nhd nhu thé
nio. Nhu vay chiing ta ¢d thé hiéu 12 : mot otémat ¢S nhé thi khu vue ham
chuyén bign trang thai (f),khu vue ddp Ung ra hay ham ra (g) hoin toan cd thé duge
thay d6i tiy y (khong theo quy luit d&m nita), theo mét chic nang cy thé nao dd duge
dua ra. Viéc otdmat cd kha nang thay d8i cd ¢ khu vye ham f va cd & khu vyc ham g
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da tao nén sy linh hoat dén muc ‘dd tuyét vdi cia hé théng s (vi du : nhu may dét hoa
van tu dong, han chan IC ty déng, cAm linh kién dién tu ty dong, hay théu thna ty
dong..). D6ng thdi cing chinh vige cho phép thay d&i trang thdi & khu vuc ham (f) lan
ddp ung ra ¢ khu vyc ham (g). Khi bifu dién 6témat c6 nhé lai lam ndy sinh ra cée vin
dé ky thuat cdn phai gidi quyst. Diéu 'nfy sinh' méi nay trong hé théng s6 s& duge dé
cap d&n & phin tiép theo sau day.

§4.3. PHAN HOACH THE VA DAN PHAN HOACH THE Dy

o) trong phén dau quyén sich ching ta da ndi ti phan hoach, da hiéu th€ nao la
phan hoach va cac diac di€m clia né. C6 thé nhic lai 1a : phén hoach 13 su nhém hop
tiuy tién cde phén tif (thong thudng 13 cdc trang thai cda otomat) cla mét tap nao dd
cho truéc. Dan 1a mot tap sdp x&p ma cdc phan t cla né déu cd hai phép todn giao va
phép todn hgp (N, U). Dan cho chiing ta bist t&t cai cdc tap ed cing mo6t thude tinh néu
phin ¥ ngudn cla dan cd clng chung mét thude tinh.

Dya vao tinh chdt va dac difm cua phan hoach cing nhu tinh chdt cta dan, & day
ching ta sé dua ra mot khai niém quan trong, mdt budc khong thé€ thigu duge trong qua
trinh thue hién thigt k& stomat cd nhd, dé la van dé rit gon &étémat ¢S nhd. Trudc khi
hi€u duge tron ven qud trinh cue ti€u hda dtomat of nhdg, ching ta phai ndm duge mot
khéi niém quan trong trong ly thuyét dai s6 dé 1a phan- hoach th& Mot phan hoach ma
phan hoach hy vong c6 tinh chat thay thé thi duge goi tat la "phan hoach th&" (PHT).

Phan hoach th& (PHT) 1a mét su nhém hop tiy tién cac phdn ti (théng thudng la

cac trang thii cla 6tdmat) ma hy vong 1a ching cd thé thay th& duge cho nhau. O day
ching ta chi cin cd "hy vong” thay thé trong su nhém hop tiy tién dé ma thoi.

Bai toan tim phan hoach thé (PHT) cha ¥&u dya trén tap trang th4i (S) ctia 6t6mat
(M), théng thudng né duge viét :

S = (s, 85 Sp)
Trong dd : p 12 s6 lugng trang thai cia 6tomat M.
D€ cho don gian tit nay trd di ching ta s& vigt tip trang thai S duéi dang
S =14, 2 3., p) '

4.3.1. MOT SO KY HIEU MO

Trong phén I khi nghién cttu vé cfu tric dai s6 ching ta da dé cap t6i phan hoach
va cdc phép todn co ban cla dai s6 phan hoach. Mat s8 quy udc cach vigt cdc ky higu
mdi vé phan hoach va dan nhu sau -

Vi du : Cho truéc tap trang thai 6tomat :
S =1(,2 8 45 6 7

Tit tap S cho trude dé ta ¢6 thé cd cdc cach nhdm hop hay phan hoach I, va I,
nhu sau :
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l

m = ((123), @), 68)

M = ((23), @, &), ©7)

Hay cd thé viét dudi dang la :

m =(1,2,3,4,5,6)
M, = (2,3,4,5,6,7)

V&i quy ude : cdc khéi cd mot phdn td thi khéng cén viét nhung phai coi nhu nd
ton tai vi trong qud trinh bién d6i todn hoc cia 6tdmat c6 nhé cdic khéi ¢é mot phén tix
sé gilt nguyén gid tri va hinh ddng clia né cho t6i két qua cudi cung khéng thay d6i, ta
lai c6 th€ viét ciac phan hoach dd duéi dang.

n, = (1,2,3),5,6) = (A,B)
M, =(2,3),6,7) = (C,D)
* Ky hiéu Bpys) sé dugc hi€u 14 : phén ti (s) ndm trong khéi (B) ndoc dd ciua phin
hoach I

Vi du : Anl(2) nghia 1A phin t 2 ndm trong khdi A cia phan hoach IT;.
Dl'12(7) 12 phén t& 7 ndm trong kh&éi D cda phén hoach II,.

* Ky hidu a = b ([T) ¢6 nghia 1a : phdn ti a vaA phdn td b ndm trong cing mot
khé&i nao dd cia phan hoach IT. (Vi du theo nhom hop IT;, II, & trén).
Vidu : 1 = 2 (II)) cd nghia 12 phén t& 1 va phén ti 2 nAm trong clng mét
khgi cta phén hoach II,.

6 = 7 (Tl,) c6 nghia 12 phin ti 6 va phén td 7 ndm trong cung moét
khdi ctia phan hoach II,.

V&i ky hiéu mdi a = b ([1) cho ta thong tin 13 : Phan ti a va phén td b nim trong
cung mot kh&i cia phan hoach I Ia du thong tin, cdn muén biét cu thé hon ching nim
trong khéi nao cta phan hoach II, thi ding thém ky hiéu Bps) nita, s& chi duge chinh
xac cac phdn td a vA b nim trong cing mot khdi vd ching niim cu thé€ trong khéi ndo
(A, B hay D) cta phan hoach Il nao do.

Dua vao cac ky hidu mdi dé ching ta sé dua ra dudc quan hé todn hoc hay diéu
kidn d& tim PHT cia 6témat ¢ nhé. Déng thoi sé rit dé dang hi€u duge khai niém
quan trong trong phan nay, dd 1a khai niém tim phan hoach th& (PHT) cla 6tdmat cd
nhdg.

Cing td khdi niém vé& phén hoach 13 sy nhom hop thy tién, ching ta sé cd duge
cac phan hoach dac biét hay con goi 1A cdc phan hoach (nhém hop) t&m thudng, tit vi du
§ trén ta cd phan hoach tim thudng :

I

(1,2,8,4,5,6,7) = & .réng
(1,2,3,4,5,6,7) = L.ddy

it

13
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Ching ta cd hai phan hoach tdm thudng dg la phén hoach réng & phan hoach ddy
I, ching 12 nhitng phan hoach dac biét.

4.3.2. PHAN HOACH THE CUA OTOMAT

Muén tim duge phin hoach th& (PHT) cila 6tdmat c¢d nhd ta cd thé dua vao dinh
nghia hay diéu kién tim PHT sau :

Dinh nghia 4.3 : Mot phan hoach II trén tap trang thai S cia otdmat M, duge goi
12 mot phan hoach thé& (cd tinh ch&t thay thé) néu va chi néu Ung vOi mbi bd chir vao

(tdp tin hiéu vao), ham chuyén bién trang thdi f anh xa cdc khéi cta I1 vao chinh cde
khéi cia nd.

Noi cich khic : phan hoach IT duge goi 1a mot phéan hoach th€ (PHT) néu nd thoa
min quan hé sau :

M= (s;,5) voi t > t,

2

i = §5) - t
f(s, 0 = f(s, x) - ¢t

Trong dd : s, 5;, € S va x € X

Ta cd thé higu "cdong thic" (quan hé) hay dinh nghia tim (PHT) nhu sau : Tu tap
56 hiéu vao 5 ta chon ra mét phan hoach b&t ky I1 véi hai phén t la (s; va 5;), sau do
g0p ching vao thanh moét kh&i hay mét nhom hop I1. Khi ta nhom hop hai trang thai s,

s; € 3 tao ra mdt phan hoach (I = (Si:sj) theo ky hidu ta cd thé vist :

si= 5 (D) - tg

Cc nghia 1a s va 8 ndm trong cung mét kh&i (t4p con) cia phan hoach II & thai
diém ban ddu t,

Tai thdi di€m t; ta ¢ thé vist ky hidu quan he 5| = § (IT) ¢d nghia 12 : & trang
thai ban dau hai trang thai s, va 8j ndm trong cing mot khéi (mét boc) ciia phan hoach
I1.

Tai thoi di€ém tiép theo t; (t; > t;) dudi tdc ddng cia tin hidu vio x (x € X) s& tao
ra trang thij méi ti€p theo d6 12 : f(s, x) va f (8;, x) tuong dng v6i hai trang thédi ban
dau 14 5 va 5. N&u tai thdi diém méi t, ma c6 quan hé hay c6 the viet :

f(si y x) = f{s} + x) (H) - t] .

Nghia 1a dudi tdc dong cta tin higu vao (x) tao ra trang thai méi, ma cic trang thii
mdi nay ching vdn ndm trong cung mot khsi (nao d6) ctia phan hoach II. Diéu d6 cho
phép ta ket lusn phan hoach 11 = (s;,5) la phan hoach the (PHT). Con néu dudi tac
dong cla tin hiéu vao (x) sinh ra trang thai méi khong théoa mén didu Lkién cta PHT

hay khong viét dugc theo quan hé trén, thi ching té phan hoach IT d¢ khéng phai 1a
phan hoach thé.
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Sau khi ¢ diéu kién tim phan hoach th€ (PHT), ta sé 4p dung nd d€ tim phéan
hoach th& cho mét 6témat cd nhdé nhu sau.

Vi du : Tim phan hoach th& cho &témat hoat ddng theo bang chdc ning trén hinh
4.19.

X
3 0 i z
1 2 3 | o
2 A ® 0 Hinh 4.19. Cho 6tomat bt ky.
3 1 4 0
4 1 5 1
5 1 4 1

T tap trang thai S cla 6témat da cho, ta nhém hop tity tién hay 14y ra mét phan
hoach II; nao dé nhu sau :

I, = (1,2)

Theo dinh nghia ¢ thé viét : 1 = 2 {II)) - ¢,

10,0 =2 52 0 = A @)
f(L D =3 = 13 1 = @ () -

Ta thuc hién nhém hop ngiu nhién trang thai (1) va trang thai (2) tao ra phén
hoach I, = (1,2), do ching cing nim trong modt khéi clia phan hoach IT nén ta cd
the viét :

1 =2 (I -t

Nhu vay tai thdi diém ban dfu ty hay trang thai truéc d¢ hai trang thdi (1) va (2)
la & trong cing mot khdi. Dudi tac dong cua tin hiéu vao (x) cu thé€ cd gid tri la (x = 0
va x = 1) theo bang chic nang, tai thoi diém t; dudi tdc dong cta tin hiéu vao x = 0
ta c6 trang thai ti€p theo la :

£(1, 00 = 2 va £2 0 =A\-t
Nhu véy trang thai ti€p theo tai t; theo bang hoat déng cia 6tdmat cd nhé did cho
ta cd trang thai ti€p theo 14 2 va A dc¢ la cac trang thal mdéi sinh ra, so sdnh ching
véi phan hoach I} = (1,2) lic dau thdy trang thdi mdéi sinh ra la (2 va A ) vAn
ndm trong cing mot khéi 1a (1,2) caa I1), tit d6 ta cd th€ vidt :

L0 = 22120 = /A @ -y

Dya vao két qua thu duge 13 2 va A ta dién ky hiéu (=) thé hién chung vin nam
trong cing mét khéi cia TI; d& chon. Nhu véy dusi tic déng cha tin hidu vao (x = 0)
trang thdi tisp theo cua 6témat di cho vin ndm trong cing moét khéi IT, = (1,2) chon
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trude d6. Dd 1a véi tin hidu vao (x = 0), cdn trudng hop voi tin hidu vao (x = 1) ta c6
trang thai tiép theo :
(L, D =3vwafe =) -
Dudi tdc dong cua tin hidu véo (x = 1) ching ta thu duge cic trang théi tigp theo
1a (3 va @ ). Theo quy wdc tir ddu khdi ¢ mot phén ti thi ta khéng cdn viét nhung
phai coi nhu nd tén tai nén ta c6 th€ vist phan hoach 11, dudi dang :

m = (1,2) =(1,2), 3) = (A,B)

Vay khi ta thu duge trang thai ti€p theo 1a (3 va @) dudi tac déng cua tin hidu
vao (x = 1), thi céc trang thdi mdi duge tao ra dé vAn nim trong khéi (3 = B) cla
phén hoach I, nghia 12 ching van nim trong cing mot khéi cta I, nén ching ta cd

thé vist :
f(1,1) = 32 €2, 1) =B @y -t

Chd ¥ : mot cach tdng quat tif trung hop trang thai tigp theo da néu (3 va ) ta
¢6 thé 4p dung coi nhu ching vln ndm trong cing mét khéi khi cac trang thai tigp theo
ctia ching gidng nhau, hay nhu nhau.

Vay ching ta cd th€ két luin phan hoach IT; = (1,2) 14 phan hoach thé (PHT)
(c6 tinh chit thay thé).

V6i cach lam tuong tu ta nhém hop moét phin hoach H; mdi ¢d quan hé :

m = (1,3) t, > t; > tg
1 =3 (M) -t

f(1,0) =272 f(3,0)
f(l,1) =382f(3,1)

I
1l

1l

Ta kich ti€p (kiém tra ti€p) vao cdc trang thai ti€p theo ma ching tao thanh cap
(1,2) va (3,4). Cap (1,2) kich ti&p tin hidu (x = 1 vk 0) két qua ta da biét & trén, chi
con cap (8,4) tip theo ta ki€m tra (kich) tigp.

£(3,0)=1=1f(4,1)=1-t
f(3,1)=47f(4,1) =5 -t

o) day ta kich ti€p tuc dugc vi 6tdémat hoat dong lién tuc theo tdc déng cda tin hiéu
vao, d6éng thai trong "didu kién" tim hay theo dinh nghia tim ph&n hoach th& khéng ndi
anh xa bao nhiéu 18n, vi vay ta cd th& kich tiép tin hiéu (x) vao cdc trang théi tiSp theo
da duge sinh ra, voi hy vong trang thai ti€p d¢ nd lai trd lai vi trang théi trong cing
mot khéi cta II; .

Dén day cac trang thai mdi sinh ra 1a (4, 5) vay chiing ta c6 thé kich tiép (ki€m
tra ti€p), nhung d&n day ching ta khéng cdn ki€m tra ti&€p nira (kich tiép nita) vi
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6témat hoat dong ki€u vong quanh, kich tiép lai trd lai nhu cdc trang thai trudc d6 tai
trang thai ban dau t; déng th¥i dén day ta cing théy trong qu4d trinh kich tip theo
(ki€m tra céc cip ti€p theo) ta thfy todn bd trang thai cia 6tdémat trong vi du néu ra
déu di duge xudt hién, diéu nay tuong duong v6i phan hoach ddy I tdm thudng

(I =(1,2,3,4,5)) dé phan hoach H; = (1,3) tuong duong mdt phan hoach ddy I
nén cd thé k&t luan : phén hoach M = (1,3) khéng phai 14 phén hoach thé.
Nhu vay ta cd th€ nhan thdy 13 dua vao diéu kién tim phan hoach th& (PHT) cd

thé tim duge phén hoach thé hodc khong tim duge phan hoach thé trong bang trang thai
hoat ddng cia 6témat ¢d nhd cho trude. Cdch tim PHT nhu trén thuc hién rdt cham.

Sau day ching ta xét mot phuong phdp nhanh hon d€ tim phan hoach th& :

Vi dy : Ta 6 mét phan hoach méi I, = (4,5), voi hai trang thai 4 va 5 trong
phan hoach ITj, ta thdy tin hiéu _kich vao x cing chi ¢6 hai gia tri 14 0 va 1. Vay chung
ta cd th€ kich 0 va kich 1 vao phan hoach II; = (4,5), s& thu dugc két qua chi ra
trén hinh 4.20.

(#if hidu tac dong vao) 1, <1,

(5 4)
Hinh 4.20. Luu @ chuyén bi€n trang thai.

Qua hinh 4.20 két qua thu dugc sau khi kich, ta thdy trang thai ti€p theo cia
ching duéi tdc dong cha tin hiéu kich vao Ia 0 va 1, tai thdi di€ém t, lai gi6ng hét hay
ndi cach khéc la lai quay trd lai trang thai trudc dé tai ty. Khi thu duge két qua trang
théi truée d6 dudi tédc dong kich tit tin hidu bén ngodi (x), tao ra trang thdi tiép theo lai
quay lai nhu trang thai trude dd ¢ nghia 1a : kich méi thi k&t qud vAn khéng thay déi.
Day 12 mdt hién tugng rdt dic biét cua qud trinh chuy€n bién trang théi cia 6tdmat cd
nhd, khi ma hoat dfng cia nd 1a bdt ky, khong con theo quy luat cia b dém nita. Hién
tugng hoat déng thanh ting cap trang thai, dusi tac déng cta tin hiéu vao sinh ra trang
thai ti€p theo gifng hét cip trang thai trude do, ta cd th€ goi 1a phén hoach th& hay cd
tinh ch4t thay thé&.

Ta cd thé diung cich v& dd hinh d€ kiém tra lai phan hoach thg I, = (1,2) da
tim thdy & trén nhu trén 4.21.

Cang v6i cach 1am nay ta c6 th€ ki€m tra lai TI] = (1,3) da bigt 1a 10 phai Ia
phin hoach thé, nhu trén trén hinh 4.22. o
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(Z2,7) (33)7 .. t,

* N
My=(73 t
(2,7) (3,4) ... t
RN RN
(1,2) (33) (171) (45) ____. %,

Hinh 4.22. Kiém tra khong phdi PHT.

Ta théy trang thai tiép theo ctia ching khéng quay lai {(giéng) trang thai trude do
va ci phdt tri€n mai, vay FII = (1,3) khong phai 12 phan hoach th& Trong thuc t&
qua trinh nhém hop thanh ting cép phan hoach cdc trang thdi clia 6témat cd nhd 1a cdc

cdp khong phai la phan hoach thg, cén néu tim duge ph&n hoach th& (PHT) chi la
trudng hop dac biét.

Dé khong bd sot cdc phan hoach khéng duge ki€m tra chung ta cd thé nhdm hop
cdc trang thai chia 6tdmat cd nhd 1an luot theo moi kha ning cd thé cd trong tap S cha
nd.

Cac phan hoach th& khac cla 6témat da cho cd thé tim duge thém nhu trén hinh
423,

_—— = <}

!

(7a)

Hinh 4.23. Thém mdt PHT.

Két qua IT, = (3,5) la phan hoach th& O day ta ¢ moét phan hoach thé dac biat,
ds la truong hgp phan hoach dic bist tim duge trén hinh 1.24.
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Hinh 4.24, Mot PHT dic biét.

N&u ngay tit ddu ta nhém hop Il = (2,4 , 3,5) thi k&t qua cho ta thdy dui
tac déng cta tin hidu vao (x) thi nhém trang thai m luén luén chuyén vé& nhém
trang thai (hay la khé&i) (375, rhu vy n8u ta nhdm hop ching ngay ti diu tao ra
mét phén hoach cia chiing, thi ludn thdéa mén la trang thai tiép theo luén dugc 4nh xa
vao mot khéi ndo dd cua I, Th d6 ta cd thé€ k&t luan la phan hoach
{I; = (2,4 , 3,5) la m6t phan hoach thé. '

Dén day tu nhiém vu diat ra 1a tim phan hoach th& (PHT) cho mét &tdmat cho

trude trong vi du & trén, ching ta di tim duge mét tdp cac phan hoach th& cia étdmat
dd 1a :

m = (1,2) My = (4,5)

I, = (3,5) s =(2,4, 3,5)

Két qua ta da tim dugc 4 phan hoach th€ cia otomat da cho (I1,,T1,, 11, I1g) con
t&t cad cdc nhom hop khac cd thé€ cd con lai cia 6tdmat déu khéng phai 1a PHT. Tuy
nhién cac PHT d¢6 chi 1a cac phan hoach thé eé 2 phén t& duge nhém hop, trong khi dé
nhiém vu 14 phai tim ra t&t cA cde dang, cdc loai phan hoach thé€ clia &témat dd, tic la
con phai tim duge cdc PHT c¢d 88 lugng trang thdi nhém hop 16n hon 2 (VD :
I, = m nhdm hop bac gfm 3 trang thai). Vay cdc nhém hop ¢d s8 lugng trang
thai nhiéu hon ¢é phai 1a PHT hay khong? Muén tra 1oi duge ciu hdi d6 ta phai 1a dua

v3o dan phan hoach th€ (Dy,). Tit d6 cd thé tim ra duge tdt cid cdc loai PHT cha 6témat
cé nhé,

4.3.3. DAN PHAN HOACH THE - Dy

Phén trén khi ching ta tim phan hoach th€ (PHT) theo dinh nghia, ngudi ta khéng
han ch& s6 phdn t trong mdt khéi clla mét phan hoach. Didu dé cé nghia 14 cac khéi
cta mét phan hoach duge xem xét hay khéng ¢6 thé cd 2 phdn t, 3 phdn ti, 4 phdn
ti v.v.., mién la ching théa méan diéu kién cta phan hoach thé. Nhung né&u ching ta co
mot phén hoach bat ky, trong dd mét khéi cia nd ¢ modt s lugng 19n cde phén ti thi
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sd lugng cdc phan hoach th€ (PHT) la rdt l6n t6i mic khéng thé tim hét duge. Cho
nén ngudi ta dua ra cich tim tip tdt cd cac phan hoach th& nhd nhé&t, réi tit ching
cé thé xay dung va tao ra duge cac phan hoach th& cd s§ lugng phan tit trong mot
kh6i 16n hon (nhiéu hon 2 phdn ti) ma chéc chdn 13 PHT, cich lam nAy s dé
dang thyc hién hon d€ tac ra cidc PHT cd s6 lugng phén ti nhidu hon. Phuong
phip dé dwa vao viéc x8y dyng dan phan hoach th€ Dy,

Dan phan hoach thé duoc xay dung dua trén tap tdt cd cic PHT nhd nhét, tic mét
phan hoach chi ¢6 2 phan ti. Phan hoach c¢d hai phan tit ma cd tinh ch&t la mét PHT,
thi phan hoach d6 ¢ mét tén méi duge goi theo dinh nghia sau.

Dinh nghia 4.4 : Mot cap trang thdi duge goi 1a mét cap nhan dang (p, q) ndu dudi
tdc dong cla tin hiéu vio tao ra trang thaj tip theo, thi trang thai ti6p theo d¢ ching
vin chi ndm trong ciing mét kh6i cua phan hoach ban dau (tdc 12 théa man diéu kién
cta PHT v6i phan hoach cd 2 trang théi).

M6t phan hoach thé nhé nhat ta o6 thé vist ITZ(p,q) trong 46 (p, q) 12 mot cap
trang thai nhén dang. T nhitng csp trang thai nhéan dang hay cdc cfip PHT nhd nhit,
ta cd thé tao ra cic phan hoach thé€ I6n hon bing cdch 14y téng cla ching. Vay budc
diu tién phai tim duge tap cha tdt cd cic cip nhgn dang, hay tap t4t ca csc PHT nhd
nhit, sau d6 dva vao dinh 1y sau dé xay dung dugc cic PHT 16n hon.

Dinh Iy 4.1 : Né&u phan hoach II; va TI, 12 c4c phan hoach thé trén tfp trang thai
S cia otdmat M, thi (I + 11, ) va (I1,.11,) cing 12 phan hoach thé.

Chiung minh : Ta ching minh (II; + I, )12 PHT gia st I = (p,q) 1a PHT va
Hy=(m,n)la PHT nhu vay tai thdi di€m ban dau t, ta ¢ quan hé& theo toan hoc :
t’O - (Hl +H2) = (P,q r m!n)
Do IT; va IT; 14 phan hoach th& (PHT) ¢d nghia la dudi tdc déng cva tin hiéu vao

trang thai tiép theo vin tré lai trang thai trude d¢ (gifng hét trang thai trudc dd) nén

ta cd thé viét : — T
xS x

(p,q) —= (P,q) V& (m,n) —= (m,n)

to £y ‘ to ty
Nhu vay dudi tic dong cda tin hiéu vao (x) tai t, téng cdc PHT (II; +II,) cae
khéi cia nd vAn khéng thay déi, tdc la cd thE vidt :

ty, = (I +M;) = (p,q , m,n)

Nhu vay khi I} va I, 14 cdc phan hoach th& thi tdng cta chiang (II; + II,) ciing
la phin hoach thé&.
Tré lai v6i vi du truée day d€ minh hoa k&t qua clia dinh 1§ nhu sau :
Phan hoach I, = (1,2) va Il = (3,4) la c4c PHT
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Vay _

= (T +1,) = (1,2) + (8,4) = (1,2, 3,4) = (1,2,3,4)
Tt d6 ta cd th€ két luian luén :

= (M +0) = (1,2,3,4) 13 PHT ma khong cin ki€m tra II" nia.
Tudng tu ta o6 :

My = (3,4) va I, = (4,5) la cdc PHT

.Vay :

= (I +T,) = (4,5) + (3,4) = (4,5
Ta cing cd két luan
" = (I, +0;) = (3,4,5) Ia PHT.

T dinh Iy 4.1 cho phép ta thuc hién quan hé téng clia cdc phan hoach thé nhé
nhdét, thu duge cac phan hoach th& 16n hon d6 la :

=(1,2,8,4) - c6 4 phdn t&

= (3,4,5) -co 3 phén tu.

Td dé néu mubn cd nhitng phan hoach thé cd s6 phdn tit trong mot khéi 16n hon
2, hay muén cd cdc loai, cdc dang phan hoach th& clia mdt 6tdmat 6 nhé, ta chi cén
tim ddy du tap cac phan hoach thé nhé nhét v6éi hai phén tl, sau dd cong ching lai véi
nhay sé dugc cdc loai PHT cia 6tomat cho trude. Céch d6 cing chinh la co s& dé xay
dung hén Hén PHT D,, cha 6tdmat ¢6 nhé.

Cach vé dan phan hoach thé (PHT) ciia 6tdmat c6 nhé

Trong phén nay trinh bay phuong phdp vé dan phan hoach thé ciia 6témat cd nhd
Dpg, v mdt phuong phdp c6 th€ tim duge moi t4p ed ciing mét thude tinh tit mot ngudn
tap con ¢6 trude. O phén ly thuyét vé dan da ndi & phdn ddu ta da biét dan la mot tap
sdp sép ma trong dé mei phdn ti cia nd déu cd (chwa) hai phép todn 1a "hop” va "giao".
D€ xay dyng nén dan phan hoach th& Dy ta dua vao dinh ly sau.

Dinfr ly 4.2 : Tap hyp tit ci cdc phan hoach th& (PHT) trén tap trang thai S cta
6tomat M tao thanh dan Dy v6i phén tit 16n nhit vi bé nhdt tuong Ung lalva g va
ching tudn theo sy sip x&p tu nhién cia cdc phan hoach.

Ching minh : Do dan la t4p sip x6p cia cdc phdn tif chia cdc phép todn (+) va
(‘s ), cho nén néu cdc phan ti cia nd la PHT thi viéc thuc hién "cong” cla cdc PHT
{chinh 1a cong vécto) sé tao ra t4p mdi (phdn td mdi) 14 mét PHT nén ohan td méi dd
chic chén thudc (ndm trong) dan D), la dan phan hoach thé.

Ta c6 vi du minh hoa viéc vé dan phan hoach th€ Dy cho 6tomat da duoc néu ra
trong vi du trén.
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Ta c6 tap clia todn bd cdc phan hoach thé, nhé nhét cd hai phén ti la :
I, = (1,2) M, = (4,5)
M, = (3,5 ny; = (2,4, 3,5

Tl cac phin hoach th€ nhé nhdt tim duge dd, ta cd thé tim duge céc phan hoach

thé 1dn hon, hay cdc dang khdc nita cia PHT cta 6tdmat d& cho. Dan phén hoach thé
Dy, duge chi ra trén hinh 4.25.

3- kbt

2. khor

1- khdr

@

Hinh 4.25. Dan phan hoach thé.

Nhin vac hinh 4.25, ta thély cdc phén t& cia dan déu duge tao ra boi tdng cna hai
phin t& nhu cich céng vecto. Do la t8ng cua cic phan hoach thé nén két qua cdc phén
ti¥ cda dan hay cdc phan hoach duge tac ra chéc chin doé 12 mét phan hoach thé.

Vi du nhu :

l-Il + HZ = (1:2) + (3’5) = (1,2, 3:5)

Il
=

M + My = (1,2) + (4,5 = (1,2, 4,5) = I

M, + My = (3,5) + (4,5) = (3,5, 4,5) = II,

Tit cach lam cong cdc PHT (nhut cich cong vectd) ta con nhan duge cic thong tin
khic nita 1a : '

o, + M, = (1,2, 3,5 = (1,2, 3,5 = II,

I, + M, = ( (3,5, (4,5)) = (8,4,5 = II,

Két qua thu duge I, = (1,2,3,55 va Il = (3,4,5) la cac phan hoach th€ c¢6 s
lugng phan t& trong mot khdi 16n hon. Déng thoi ching duge sdp x&p tuan theo quy
luat tang déan, cd nghia la ching ndm & hang c6 2 khéi (& day ta phai hiu 1a hai khéi,
ma moéi khdi cd hai phén t&, hay 1a 2 khdi bé nhat).
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Dinh nghia 4.5 : Céc phan hoach ma tit dé ching ta cd thé xay dung duoe dan
nguyén bing cach ldy t6ng cia chung goi la cdc phédn tit sinh.

Vidy:T, +1,= M, thi ching ta goi II; va IT, 1a phan td sinh cta I, hay tao ra
phaan hoach th& II,.

HS + l'[7 = HIO thi H5 va H’;l la phﬁn t sinh cla HlU'

Dinh nghia 4.6 : Cac phan hoach khéng duge tac thanh td cach 18y t8ng cua céc
phan hoach khac duge goi 13 ecdc phiin iz sinh co bdn.

Vi du : T}, I, IT; va Il & trong dan phén hoach th& Dy, la c4c phdn ti sinh co
bin, vi ching khong duge tao thanh bing cdch ldy t8ng ciia cdc phin hoach thé hay
khéng duge tao ra tif cidc phan hoach thé khac. Ching la cdc PHT duge tim ra theo
dinh nghia. Ching cing phai tuan theo trat tu sip x&p cta ty nhién la : (1T, , 11, ,11,) 1a
cac phan hoach th& cd 1—khdi, méi khdi c¢d 2 phdn ti (khdi bé nhdt) cho nén ching phai

nim & hang 1 khdi, con {II; = (2,4, 8,5) c6 hai kh6i bé nhit nén ndm & hang
2—khéi.

Oinh Iy 4.3 : Tap cla cdc phén tU sinh co ban 13 t4p t6i thifu can thiét d€ xay
dung nén dan Dy, bing cich ldy tdng ciua ching.

Day la diéu tdt nhién khi ching ta muén vé dan hay x4y dung nén dan. Déng thai
ching ta cd thé hi€u la tap cdc phan t sinh co ban 1a t4p hop cia cac phan hoach thé&
nhé nh&t. Td tap toan bd cic phan hoach thé nhé nhdt d6 ta vé hay x4y dung nén dan
phéan hoach thé& Dy, thi dan phan hoach th& Dy, sé& cho ching ta cdc dang, cdc loai phan
hoach th& lén bé cia otdmat dd, ndi cach khac dan Dy cho ching ta todn bé "dong ho"
phén hoach th& cia 6témat da cho. Tém lai khi ¢ dan phan hoach th& Dy, hay khi biét
dugc todn b¢ "dong ho" cla phan hoach thé, thi ching ta s& ¢d duge k&t luan chinh xdc
cho cdng viée tiép theo chia minh.

Dinh nghia 4.7 : Phén td sinh cd ban khéng thude (ndm) hang thd nh&t (I - khéi)
thi duge goi 1a phdn t sinh co ban ty do.

Vi dy : Iy = (2,—4 , 3,_5) la phén tt sinh co ban ty do, ngay t¥ ddu nd da
duge nadm ¢ hang thd hai (2~khéi), cu thé & day I15 cd th€ duge sdp x8p & vi tri bit
ky thugc hang thd hai, nhung né bi ndi vai I, vi H, = (3,5) ma trong Il cd khdi
(3,5) ((5_,_5_)6“5 ) Sau khi sidp x6p xong cdc phdn ti sinh co ban ta chi cdn néi
ching lai (cong vectd) la cd thé v& xong dan phan hoach th& Dy,

Mot diu c&in leu § nita khi vé dan 13 : khi c6ng cdc phan hoach thé lai d& tao ra
cac phén td mdi, khi cd cidc phan td mdéi ed cing gia trj thi ta chdp ching lai v6i nhau,
diéu nay lam cho dar Dy, luén duge chum vé I Diéu nay dugc minh hoa nhu sau.

Ta 6 :

n4 = (-i-:—é: 335)
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H6=

(1 o)
H; = (

5)
Tu ba phén tit sinh d6 ta tao ra phan hoach thé& méi :

ol
513

My =M, +T = (1,2,38,5) + (1,2,4,6)=(1,2,3,56,4,5)

HQ” = n6+n7 = (1!2} 415) + (33531 415) = (112 ] 3:5 ] 4:5)

Két qua gid tri cha Iy’ va T1,” hoan toadn gidng nhau nén ching sé& duge vé& chap
lai voi nhau thanh I,

Iy = Iy =Ny =(1,2,3,5,4,5) - thude 3 - khdi
Co nhitng phan hoach khéng thudc dan phan hoach thé hay ndm ngoai dan Dy,
Vi du : HI = (1,3) khong phaj 13 mot phan hoach thé€ theo két luan & phén

truée, nhiing phan hoach khong phai 14 phan hoach th& nhu H; cia mét 6tdomat cd nhd

cé rdt nhiéu, thdm chi ¢d thé nhiéu hon cic phan hoach khéng phai [a PHT theo cdch
vé dan :

M =M+ = (1,2)+(1,3) = (1,2,3)
Ta c6 the két luan chinh xdc 1a TI" = (1,2,3) khong phai 1a PHT, vi IT} khong

phai 1a phan hoach thg, day 1a mat phan hoach 16n hon nhung khéng phai 1a PHT, hay
ndi cach khac 14 né ndm ngoai dan PHT.

T dan phan hoach th& Dy, ta tim duge tdp cdc phan hoach e¢d kha nang thay thé
nhau, hay con duge goi la "dong ho” nha phan hoach th& ciia 0tdmat ¢d nhé da cho nhu
sau

M = (1,2) ; M, = (3,5) ; My = (4,5)

n, = (1,2,8,5) = (1,2,3,5)
My = (2,4,38,5) = (2,3,4,5)
M, = (1,2,4,5) = (1,2,4,5)

NM; = (3,5,4,5) = (3,4,5)

Mg = (1,2,3,5,2,4,8,6) = (1,2,2,4,3,5)=(1,2,3,4,5)
Ny = (1,2,8,5,1,2,4,5) = (1,2,3,5,4,6) =(1,2,3,4,5)

n](] = (2:433:5)3!5:4s5) = (2’433s5:4,5)= (2!334}5)

Dd 1a toan bd cdc phan hoach cd thé cd clia 6tdmat o6 nhé trong vi du & trén, con
nhiing phan hoach hay cac nhém hop khac cta céc trang thai clia 6tdmat da cho ma
khéng giéng k&t qua do, thi chde chin dé khdng phai 12 phan hoach thé, hay ching nam
ngeai dan phan hoach thé D,
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D& hifu dugc ding dung quan trong ciia dan phén hoach th& Dy, trong qu4 trinh
thuc hién 4t6mat cd nhd, ching ta di téi phdn tiép theo.

§4.4. CUC TIKU HOA SO LUONG TRANG THAI CUA OTOMAT CO NHO

Thuc hién viéc rit gon 6t6mat cd nhé cd nhidu phuong phip khdc nhau, trong dd
cd cd nhiing phuong phdp thuit toan dé thuc hién sy rit gon 6toémat cé nhé. Trong
phén nay ching ta sé dé cap dén moét phuong phap cd tinh chédt ly thuyét d€ rit gon
otdmat cd nhd. Day la mot cdch rit gon don gidn va dé thuc hién.

e} phén trén d6i voi viée mé td mot otdmat cd nhd cho trude, ching ta da dua chu
y&éu vao ham chuy&n bi€n trang thai f d€ tim ra duge cic phan hoach th& va da xay
dyng dugc dan phan hoach th& Dy, Nhung trong bang chic nang ding d€ mé ta hoat
dong cia dtdmat ed nhéd cdn cd ham ra hay ddp d@ng ra, la ham g ma ching ta chua
diung téi. D& thyc hién viéc rat gon 6tdmat cd nhé ta ¢d thé si dung ham g dé€ tim ra
phan hoach tuong duogng (PHTD) cia nd.

4.4.1. PHAN HOACH TUONG DUONG (PHTD) cuA OTOMAT CO NHO

M6t trong cde khai niém quan trong khi nghién cdu cfu tric cda 6tdSmat cd nhd la
khai niém vé tuong duong hay con duge goi 1a "cing chdc nang". D& tim dugc phan
hoach tuung duong (PHTD) clta mét 6tdmat ta dya vao dinh nghia sau.

Dinh nghia 4.7 : Phan hoach Il trén tap trang thai S cta 6tdmat M duge goi 1a
mét phan hoach tuong duong (PHTD) né&u va chi néu ing vai méi bé chir vao (tap tin
hiéu vao), cdc b6 chit ra (ddp dng ra) ddi vdi cac trang thii trong cing mdot khéi cua TI
déu nhu nhau. ‘

Ndi cdch khdc phan hoach IT trén tap trang thai S cia d6tdmat M duge goi 12 phan
hoach tuong duong néu thda min ;

* Voi otémat Mealy M, phan hoach tuong duong la :

M = (s.s5) tg < ty
s = 5 (M) - 1t
g(si,x) = g(sj, x) -4
Trong do : s, 5 € S x € X

J
Tu tap S ta chon ra bit k¥ mdt phan hoach IT ¢é hai phén ta la s; va s; va gop
chiing thanh mét kh&i (mét nhdm hop). Tu dd tai thdi di€m t; ta cd thé viét :
8 = 8§ (11) - %
Tai thi di€m t; (t; > t; dudi tac déng cha tin hiéu vao x (x € X) sé tao ra dap
ing ra cla trang thai s; 12 g(s;, x) v ddp dUng ra cla 8j 1a g(sj, x), thi hal ddp tng ra
dd cia ching phai nhu nhau (tdc 13 cing lam mét vige ging nhau) nén cd thé vist
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gle, x) = gls, ) = 4

Diéu d6 ¢6 nghia la : Truée d6 tai ty thl hai trang thai s; va sj ndm trong cing
mot khéi, nhung duéi téc dong cla tin hidu vao thi dap dng ra cia ching vln nhu
nhau, gidng nhau hay cing lam mot vide.

* V6i otémat Moore M, phan hoach tuong duong phai thda min quan hé :

11 = (8,5) tg <t

8; =g () -t

gls) = gis) -t
Trong dd : 8 5 €ES5vax eX

O day do cach bi€u dién 6témat c6 nhé cia Moore dép tng ra Z khong phu thude
vao tin hidu vao x mot cich truc ti€p, cho nén ham g khéng o6 tin hiéu x tdc dong vio
khi biéu dién tai t,.

Trd lai vi du clia 6témat ¢ nhd da néu & phin trén dé€ tim phan hoach tuong
duong cda ng.

V{ du : Tim phan hoach tuong duong cho 6tdmat cho truGe trén hinh 4.26.

Do hoat dong cta 6tdmat biu dién theo bAng Moore nén muén tim phan hoach
tuong duong (PHTD) cho 8témat da cho ta dya vao diéu kién tim theo quan hé cia

Moore :

Ta chon mot phan hoach bdt ky T, = (1,2).

1=2(0) -4

g(1) = &\_;‘g\(Z_):E - 4

Két qua thu duge ddp dng ra cia ching I2 nhu nhau, déu bang 0.

Véi cach lam tuong tu ching ta tim

ra dudgc cac ph&n hoach tuong duong

(PHTD) cia 6tdmat da cho nhu sau : N 0 1 Z
o, =(1,3) ; Ty=(2,3); 1 i} ) 3 | A
M, = (4,5) 2 1 3 | [©]
Con voi phan hoach T, = (1,4) sé 3 1 4 0

khong phai 14 phén hoach thé& tuong ¢ ! 5 1

duong vi : 3 1 4 1

H = 14 Nt st e
5 (1, ) tp < t’l p; 4
1 =4(H) —~t
Hinh 4.26. M§t ot
g(l) = Od¢ g4y = 1 — 01 O6tdbmat cho trude
w_ =
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Két qua cubi cing, tip cdc phin hoach tuong duong nhd nhit (v6i hai phan td) cta
46tomat da cho la :

I, = (1,2) ' m = (1

o

)

)

T¥ t4p cdc phan hoach tuong duong (PHTD) nhé nhat da tim duge, ching ta cd
thé x4y dung duoc dan phan hoach tudng duong ciia 6t6mat di cho theo cdch vé dan
nhu cach vé dan phan hoach th€ Dy, tit dé tim duge "dong ho” cdc phan hoach tuong
duong cia 6témat di cho.

N
[¥)]

Iy = (2,3) Iy = (

Nhu véy dua vao ham chuyén bién trang thai f va ham ddp dng ra g ching ta da
tim dugc t4p cdc phan hoach thé (PHT) va tap céc phan hoach tuong duwong (PHTD)
ciia 6témat cd nhé két qua thu duge dé nhu sau :

Tap cdc phan hoach thé (PHT) ; Tap céc phan hoach tuong duong (PHTD)

M, = (3,5) I, = (1,3)

N = (4,5) My = (2,8)

Mg =(1,2, 3,5) m, = (4,5)

I; = (2,4, 3,95)

I, = (1,2, 4,5)

I, = (3,56, 4,5)

Mg, My, Iy

1

Tit k&t qua thu dugc clia cdc tAp phan hoach th& va tap cdc phan hoach tuong

duang chiing ta nhan thdy : cd phan hoach chi 12 phan hoach th& (PHT) ma khéng phai
la phan hoach tudng duong (PHTD),

Vidu: I, = (3,5) -0 tap cic PHT.

C6 phan hoach lai chi 1a phan hoach tuong dwong (PHTD) ma khong phai la phan
hoach th& (PHT).

Vidy: T, = (1,3) ~& tap cdc PHTD.

Cé phan hoach lai vita 12 phan hoach th& vita 14 phén hoach tuong duong nhu.
Vidu : I, = (1,2) hay Il; = (4,5)

Cd thé minh hoa két qud nhu & hinh 427,

Dinh Iy 4.4 : Mot phan hoach 11 vira 1a m6t phan hoach th& vita 12 mét phan heach
tuong duong thi duge geoi 14 mdt phan hoach th& tuong duong (PHTTD). Mot phan
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hoach thé€ tuong duong bao gfm t4p cdc khsi va trong mdi khéi bao gém tap cua cic
trang théi tuong duong thay th& duge che nhau,

PHTE

PHT
(PHT vd PHTB)

Hinh 4.27. Quan h¢ gita PHT va PHTD.

Vi du : Ta c6 mét phan hoach th& tuong duong IT nhu sau (ky hidu d4u ~ thé
hién sy tuong duong thay th& duge cho nhau) '

m=((1,2,38),(4,5), (6,7)) = (A,B,C)
Thi ta cd : 1 ~ 2 4 ~ b 6 ~ 7
2~ 3
3~ 1
L .
Khi ta ¢d dugc moét phan hoach (mét nhém hop) 1a phan hoach thé€ tuong duong

(PHTTD) thi ¢d thé khang dinh i cac trang thdi trong ciing mét khéi cliia né 1a ¢ thé
thay th& dugc cho nhau vi :

Trude hét nd 1a mot phén hoach th€ (PHT) tdc 1a cdc trang thai ctia phan hoach c6
kha nang thay thé€, do ching luén hoat dong theo titng cap, hay cd th€ ndi trong titng
khéi cia PHT duéi tac dong cta tin hiéu téc déng vao (x), khi cd tin hidu (x) tac dong
thi trang thai ti€p theo luén trd lai trang thai trudc d6, trd vé& lai khéi cta nd nén cé
kha nang thay th€ duge.

Dong thdi nd lai 124 m6t phan hoach tuong duong (PHTD) tdc la cde trang thai
trong phan hoach hoAn toin gifng nhau vé chiic nang hay tuong duong nhau vé chic
nang.

Nhu viay mét phan hoach thé tuong duong (PHTTD) la mét sy nhém hop dac biét
cia 6témat cd nhd, la sy nhom hop cla cdc trang théi cd th€ thay thé duge cho nhauy,
ma cac trang thai do lai tuong duong nhau vé chdc nang, cho nén ching ta cd thé
khing dinh chinh xdc 1a : hai hay cdc trang thai trong mét khéi cla phan hoach thé
tudng duong 12 hoan toan cd thé€ thay thé& cho nhau.

Dén day tir vi du otomat da néu & trén ta cé duge t4p cdc phan hoach th& tuong
dudng (PHTTD) nhu sau :

’ I1 =(4!5)

m o= (1,2) 3

Dinh ty 4.5 : Tich hay t6ng cta cdc phan hoach th& tuong dwong la moét phan hoach
th& tuong duong.
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Dirh Iy cho phép ching ta vé dugc dan phan hoach th€ twong duong Dy, Cach vé
dan phin hoach th& tuong duong gién hét cich vé dan phan hoach th& Dy,

Dan phan hoach th& tuong duong duge bi€u dién trén hinh 4.28.

Hinh 4.28. Dan phan hoach thé tuong ddong.

Dinh Iy 4.6 : Tap hgp tft cd cac phan hoach th€ tuong duong trén trang thdi S clia
stomat M tao ra dan con Dy, cia dan phan hoach th& Dy,

Dy € Dy

Dinh ly 4.7 : Mb&i mot otdmat hoan toan xdc dinh M cd moét phan hoach duy nhét II
Ung véi 6témat t&i thi€u (6tdémat od t4p trang thai S {t nhat). Phan hoach dé ndm &
mitc cao nhdt ctia dan phan hoach thé tuong duong Dy,

Dinh Iy 4.7 cho chiing ta thiy phuong phap cuc tiu hda hay rit gon o6témat cé nha
hoan toan xdc dinh dya vao viée tim ki&m phan hoach thé& tueng duong (PIITTD) la
phuong phép lam rdt don gian va dé dang. Sau khi tim duge cdc phan hoach th€ tuong
duong nho nht gém cd hai trang th4i, ching ta chi cin v& dan phan hoach th& tudng
duong D;{ cho nd, sau dd tim duge phan hoach cac nhét cia dan phan hoach thé€ tuong
duong thi d¢ chinh 1a 6témat tSi thi§u dtdmat ;. Theo vl du d& cho ta cd 6tdmat t&i
thi€u la :

6t0matmin= n6 (1,2,4,5)

fl

Nhung *do tit ddu ching ta di c6 quy udc 12 khéi ¢ mot phin t& thi khéng cén
viét nhung phai coi nhu nd tén tai. Nay ta d4 cé két qua culi cung cha qud trinh tim
hi€u otdmat t&i thi€u, cho nén két qua ddy du ta phai viét :

otémat ;,, = Il = (1_,2 . 3, 4,58)

Do II; 12 phan hoach thé tuong duong nén ta cd th€ khing dinh dudc cdc trang
thdi thay thé& cho nhau la '

1~ 2 3~ 3 4 ~ b

[ ! 4

Tit sy khing dinh thay th& duge dé ching ta cd két quid minh hoa trén hinh 4.29.

=
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s} day ta chi ¥ 14 ¢d khdi ¢6 mét phin tit (khsi 3) nghia 1a trang thai 3 la trang
thai ma nd chi cd thé thay thé& cho chinh nd, ndi cach khac la trang thai duy nhit quan
trong ma khong thé thay th& duge bing trang thai khic, d6 1a trang thai khong thé
thi€u cia dtdmat cd nhd la trang thdi khong th€ rit gon dugc.

Bang chic nang

,,——L\\_Mf-ﬁ——
}{1 1 3 0 Hinh 4.29. Cach thay thé
1 4 0 rit gon trang thai otomat.
4 1 R 4 1
T — 1

Sau khi thay thé& cac trang thai vao bang chdc ndng cta otdmat cd nhé ching ta
thy c¢d cdc hang cia 6témat ¢d cdc trang thdi hoan toan giéng nhau, nén ta hoan toan
cd thé xda di dugc mét hang, hay rit gon duge mét hang, sau khi xda xong ching ta
thu dugc otdmat t8i thi€u ¢6 =6 lugng trang thai it nhat nhu hinh 4.30.

=~ 0 1 z
i 1 0 )
1 . Hinh 4.30. Ot0mat t5i thicu,
4 1 4 i

Sau khi thye hién qua trinh rat gon 6témat c6 nhé, 6tomat c6 nam trang thai, nay
con ed ba trang thai, nhung chdc nang cta 6témat vAn hoan toan khéng thay ddi, hay
chic nang vin tuong duong 6témat da cho. Ndi mét cdch khdc ching ta da cd duge modt
0tomat t4i thi€u véi s6 lugng trang thai la it nhdt v6i cing chic nang. Toan bé Iy
thuyét tim phan hoach thé (PHT), phan hoach tudng duong (PHTD) trong qué trinh rat
gon Otémat cd nhd hoan toan xic dinh duge minh hoa trén hinh 4.31.

O day ching ta dua ra hai trang thaj téng quat 1a A va B, hinh vé minh hea
trudng hop nao thi hai trang thai A va B ¢d th& thay th& duge cho nhau hay khing
dinh 1a rit gon duge dudi tac dong cha tin hiéu vie (x) va trudng hop nao chiing khong
thé thay th& riut gon duge hay khong thoa man la phan hoach thé tuong ducng.

Tu hinh vé ta thdy cic (hinh 4.31 a, b, ¢) hai trang thai (A, B) nhom hep laj ching
cd th€ rut gon (chap lai) chung lai 1am mét duge vi : dusi tac dong cua tin hiéu vao x
ching sinh ra trang thai ti€p theo lai trd lai trang thai trudc dé 1a (A, B) tic [a thoa
mén quan hé nhdm hop cua ching la mot phin hoach thé (PHT), déng thii ddp ¢ng ra
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Hinh 4.31. Minh hoa qua trinh riit gon 6tomat.

Z cua chiing lai giéng nhau (cing 12 0 hoac cung la 1) nén chung lai théa man thém
diéu kién cla phan hoach twuong duang (PHTD), cho nén nhém hop (A, B) vita cd tinh
chdt 1a (PHT) vira cd tinh chat la (PHTD) nén ching cé th€ thay th€ dude cho nhau
hay ndi cach khdc 1a ching cd thé chap lai 1am mot hay chi tuong duong véi mot trang
thai. '
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Hinh 4.3,d : quan hé nhom hop cia (A, B) duéi tic dong cia tin hiu vao sinh ra
trang thdi méi vin 1 (A, B) vy ching théa mé&n diéu kién 1a phan hoach th& (PHT),
nhung do d6 dép dng ra Z clia ching kh4c nhau nén khéng thda m#n JA phan hoach

tuong duong (PMTD), cho nén trong trudng hop nay ta khong th& thay thé hay rit gon
ching duoge. '

Hinh 4.31,e : nhom hop (A, B) duéi tdc déng cua tin hidu vao lai sinh ra trang thai
(C, D) nhu vay ching khéng phai 1a phan hoach th& (PHT) mic du diu kién dfu ra Z
cta ching ciung gidng nhau (cung 12 Z = 1) théa mian 12 PHTD. Trudng hop ndy su
nhém hop d6 ciing khong thé rat gon duge.

Hinh 4.31,f : st nhdm hop cta (A, B) duéi tac ddng cia tin hidu vao (x) tao ra
quan hé vita khong phai 1a phan hoach th& (vi két qua 14 (C, D), vita khéng phai 1a
phan hoach tuong duong vi diéu khién ddu ra Z clia ching khic nhau, nén trong trudng
.hop nay khong th€ rut gon dugc.

Viée rit gon otémat c¢6 nhd trong qud trinh thuc hién thiét k& hay téng hop 6témat
¢6 nhd la didu bdt bu¢c phdi lam va khoéng thé thifu duge trong cic bude hay trong qua
trinh xdy dung lip rdp 6témat od nhg, vl viéc rit gon 6tdmat s& tranh cho chung ta gap
phai trudng hop bat kha khang khi xay dung 6t6mat, d6ng thdi da 12 m6t hé théng s6
diung dé€ thyc hién hay didu khién mo6t hé théng ky thuat thi cdc trang thai dung dé diéu
hanh phai 14 duy nhat dé tranh sy nh8m l&n nhdm dam bao dé tip cay hoat dong cla
hé théng didu khi€n trong qud trinh vidn hanh.

4.4.2. PHUONG PHAP THUAT TOAN DUNG DE RUT GON OTOMAT CO NHY

Cé mot phuong phép rit gon trang thai cia 6tdmat cd nhd 12 "phuang phdp thuat
todn”, hay phuong phdp "duing meo" va khoéng cé mot ly thuyst ro rét nhu phuong phap
rit gon da duge dé cap.

Dé thyc hién viée rit gon stomat ¢d nhd ching ta da xay dung nén mét ly thuyét
dya vao khdi niém tim ra phan hoach th& (PHT) va phdn hoach tuong duong (PHTD),
sau d¢ vé dan phan hoach th& Dy, hay chinh x4c hon 12 vé dan phan hoach thé& tuong
duong Dy, T dan Dy, & vi trl cao nhdt cda né d6 chinh 13 6témat min (témat cd s6

lugng trang thai nhd nhat). Khi ta v& duge dan déng nghia voi viée ta tim duge nhitng
kha nang thay th& cac nhédt cia cde trang thai cta 8témat cd nhé cho truée.

Phuong phap rit gon 8témat ¢d nhd ding thuat todn dua trén viéc xay dung nén
mét ma trdn céc trang thdi cia hé théng. Ma trin nay cd dang 12 mot tam gidc vubng
can, gébm cdc hang va ¢t duge ké song song voi cac canh cla gdc vubng cla tam gidc
nay. 586 lugng hang va s6 lugng cft ctia ma tran la bing nhau, va bing chinh sd lugng
trang thai (S) clia bang chic nang cta 6tdmat ¢ nhé cho trude. Mue dich cia vige xay
dung ma trdn tam gidc vudng can niy la tim dugc cdc kha niang tuong tédc cd thé cd
clia 6tdmat da cho v0i tdc dong cla tin hiéu vao x cia nd. Thd ty cta hang ta s& ghi
lan luot tit trén xudng cdc trang thai cha dtdmat cdn phai rit gon trang thai vao c6t &
cyc trdi cia ma trdn tam giac vuéng. Thu tu cha cdt ghi 1dn lugt tit trdi sang phai tu
c¢ft thd hai 18n lugt cde trang thai cla 6tdmat da cho.
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Tl quan hé giita hang va c6t cla ma tran tam gidc vubng cin, ta sé k& cac dudng
thdng song song gilla ching tac ra cic & vuéng tuong dng vdi toa d6 gitia hang va cot
hay 1a toa dd clia cac trang thii cha 6t6mat tuong Wng véi nhau. Véi cach lam nay
ching ta thu duge moi kha nang téc dong clha 6t6mat cé nhé véi tin hiéu vao clia nd va
hoan toan khéng thiéu hay bé sét mot truémg hop nao.

Sau khicd duge mét ma tran tam gisc vudng cdn va ké xong cic 0 vudng tuang
ung v6i toa dé cia hang va cdt cla tam giac vubng can, tiép theo titng 6 vudng dng voi
toa db cia hang va cdt la cic trang thai cia 6témat, & day toa do cta & vudng dng v&i
trang thai cia &témat cd nhd, thi (tpa d¢) hay mét cap trang thai do sé duge coi la cap
trang thai ban dau cla 6tdmat Wng voi thoi diém t; Diéu nay gidn nhu mét ecap trang
thdi nhan dang (p, q) hay 12 moét phén hoach nhé nhdt gém hai trang thai ta dd ndi &
phin trén.

Sau dé ta sé dién vao & vudng (ing véi toa do cla hai trang thdi dd) cée cdp trang
thai tiép theo tudng dng voi cdc tin hiéu kich vio x iing véi thdi dim t; (t; < t,). Sau
khi dién xong trang thai tiép theo vao &
vudng dWng voi toa dd cua cap trang thai
truée dd, ta sé ki€m tra xem cap trang thai X
tiép theo dd cd phai 1a cip hoat déng tuong S
duosng hay khéng? Né&u cdc cap trang thdi
tiép theo cd dap ing ra Z gifng nhau hay
tugng duong nhau thi ta dd4nh ddu (V) vao
¢ vudng dé. Con néu céc trang thai tiép
theo trong 6 vudng khéng tuong duong
nhau hay cd dép dng ra Z khac nhau, thi
ta dinh ddu (X) vao & vudng dd.

Bang chic nang

wnoda W N e
(e T T i O |
R T T O T
|l B e R e S

Vi dy : Thuc hién rdit gon 6témat cd Hinh 432. Otomat lam vi du.

nhd cho trong bang chde nang sau trén
hinh 4.32.

Ma tran tam gidc vudng cAn cia 0tdmat d4 cho duge x4y dung nhu hinh 4.33.

Toa d§ clia cdc & vudng trong bang duge xdc dinh nhu sau ;

Ung véi toa do ddu tién (2, 1), d6 cing chinh 12 mét cap trang théi_cﬂif.:_u trudge daé.
Du6i tdc dong ciia tin higu vao (x = 0) sé tac ra trang thai ti€p theo 1a (2, 1) nhu thiy
4 trén bang chic ning. )

Tuong tu cap trang thai ddu (2, 1) dudi tdc dong cta tin hidéu vao x = 1 sé tao
ra cip trang thai tip theo I3 (ﬁ ). Nhu vay trong & vudng ddu tién Ung voi toa do
ddu tién (2,1) ta s& ghi vao trong 0 vudbng da cap cdc trang thai tiép theo xudt hién
dudi tdc déng cla tin hidu vao hay xudt hién § trén bdng trang thdi clia 6tédmat di cho

la |2, 1;3,3 | Sau dd ta ki€m tra tiép xem trang thai tiép theo d6 cg tuong duong
nhau vé dép ung ra hay cd tuong duong vé hoat déng diéu khién hay khong cu thé nhu sau

g2y = g{l) = 0
g (3) 0
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Hinh 4,33, Ma tran tam gidc vudng cin.

Ta thdy hoat déng ddp Ung ra cia ching tuong duong nhau cho nén & vuéng dng
vGi toa do ddu tién (2,1) d6 ta ky hiéu vao 6 dd d&u (V).

Tuong tu ti€p theo ta ¢d toa dd cla 6 vudng khac 1a (3, 1), 3 va 1 dd la trang thai
ban déu trudc dé tao thanh mét cap hay mét phan hoach nhd nh&t. Dudi tac déng cha
tin higu vao x (Ia 0 hodc 1) sé tao ra cap trang thai tiép theo tuong Ung theo bang
trang thai dd cho 1a (2,1 va 3,4 ), cdc cdp trang théi ti€p theo dd ta sé ghi vao trong
6 vuéng cua ma tridn tam gidc vuéng cén nhu trén hinh 4.33. Sau d6 ching ta ki€ém tra
xem cdc trang thai tiép theo méi duge sinh ra d6 ¢d tuong duong hay cling nhau vé dap
ing ra hay khong, cu thé ta co :

gBy=0=g4d) =1
Tiu k&t qua do ching ta thdy (3,4) ching khong tuong duong nhau, nén két qua
1a 6 vubng ung vdi toa d§ (1, 3} la khong tuong duong nhau, nén ching ta ky higu diu
(X} vao & vudng cta toa dé dg.

Sau khi kiém tra ddy da cac 0 trong ma trin tam gidc d6 ta sé chon ra cdc 8 of
ddu (V) d6 1a cac 6 vudng cd cic trang thai ti€p theo hoat déng dap Wng ra 1a tuong
duong nhau, ching tac thanh mot tap P cdc cip trang thai hoat déng tuong duong

nhau.

P
P

(2,1 ;3,3;1,1;4,6;1,1;5,4)=

(2,1 ;3,3;4.,5)

Ti tap P két qua cudi cung dd ching ta ¢d duge k&t luan 1a :
Trang thdi 2 cd th€ thay th€ vao trang thai 1.
Trang thai 3 thi thay vao cho chinh nd. -

Trang thai 4 thi ¢ thé thay cho trang thé&i 5.
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Két qua rit gon 6témat cd nhé theo phuong phip thuat todn hay ma tran tam gidc
vuéng cAn hoan todn giéng nhu 6tdmat t6i thi€u ma ching ta di tim duge & phidn trén
14 cé &tdmat min & trén hinh 4.34.

Bang chic nang 6tomat,

X
X 0 1 z

Hinh 4.34. Otomat min.

P
—
=

4.4.3. TOl THIEU HOA TRANG THAI CUA OTOMAT KHONG HOAN TOAN XAC DINH

Otomat khong hoan toan xac dinh 1A 6témat ma trong bang chic ning ‘cd céc
vi tri hay cac 0 bd trdng, khéng x&c dinh r6 gia tri cu thé, cdc 6 bd tréng nay cd thé
nam trong khu vuc ham f (cdc trang thdi tip theo) ciing cd th& thudc khu vic ham g
(cdc dap dng ra cua OtdOmat).

Ban chadt cia ciac 6 tréng trong khu vyc ham f dd chinh 13 : cdc trang thdi tiép
theo s& khong xuft hién néu tin hiéu vao bi "cdm", tic la tin hidu vao nao dé cia
Stomat bi can khong cho xudt hién hay khong bao giy téc dong vao trong qud trinh hoat
ddng cua 6tdmat. Trong trudng hop trang thai tigp theo du duge sinh ra dudi tdc dong
clia tin hiéu vio nao dd nhung trang thdi ti€p theo dd ciing khéng duoc dang d€ disu
khién hay khéng cd tac dung gi trong qud trinh hoat dong cia 8tbmat. Trong truding
hgp trang thdi ti€p theo sé& duge coi 12 mot 6 tréng khéng xdc dinh trong bing chidc
niang hay bang chuyén bién trang thai cla 6témat.

Ban chét cha 6témat xudt hién trong khu vyc ham g la : trong trudng hgp cd bd
tin hiéu vdo ndo d6 bi cdm khong duge xuit hién, 1am cho trang thai tigp theo tuong
ing cing khéng dude xudt hién, khi d¢ ddp dng ra sé 12 6 trng v6i gid tri khong xédc
dinh. Ho#ic & trong trudng hgp trang thai tiép theo duge xuit hién nhung nd khéng
ding d€ diéu khi&€n gl, thi khi d6 dap dng ra cla nd cling duge coi 1a mot & tréng cd
gia tri 1a khong xac dinh.

Trong bang chic nang hay bang chuy&n bién trang thdi cla &témat né&u thiy cd 6
tréng cd gia tri 1A khong xdc dinh, ta cd th€ chu dong "gin" vao cic 6 trong dd cdc gia
tri khac nhau cia ham chuy&n bién trang thai f hay ham ra g clia 6témat (thy theo
trong tung diéu kién cu thé&) sao cho cd lgi nh&t. Thong thudng ta sé gan vao céc o

tréng cdc gid tri sao cho sé nhan duge otébmat t6i thiu tdc 1a 8tdmat ¢ mach dién don
gian nhidt hay s8 lugng trang thai 14 it nh4t.

Khi ta "gan" cdc gid tri cu thé cla otdmat vAdo cdc 6 tréng cd gid tri khéng xdc
dinh, tdc 12 ta da chuyén mot 6tdmat khong xdc dinh thadnh mot 6tdmat xac dinh, ndi
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cach khdc 13 khi ta gan vao 0 tréng cdc gia tri cu thé 13 ta di chuyén qua trinh rit
gon mot 6témat khoéng xdc dinh thanh qud trinh rit gon mét 6t6mat hoan toan xac
dinh,

Cach gan cic gia tri cu thé vao cdc 6 tréng khong xic dinh 1a cich duy nhit cho
phép ta rat gon duge 6tdmat khong hoan toan xac dinh, vi ddi voi 8témat khong hoan
toan xéc dinh thi quy luat bac cdu cd thé khéng con ding, diu d6 din dén tim ra phan
hoach th& {(PHT) va phan hoach tuong duong (PHTD) sé khong nh4t quan, khi d6 tim
ra dugc tdp phan hoach thé€ tuong duong (PHTTD) lai cang khd va viéc vé dan PHTTD
(D;d) 1a khong thue hién duge cho nén thuat todn tdi ti€u hda otomat cd nhd véi 6tomat

hoan toan xdc dinh khéng con cd thé 4p dung dé rit gon 6témat cd nhd khéng xdc dinh

duge nita bdi vi : thuat toan t6i thiSu hdo trang thai ctia 6tdmat chi ySu xay dung trén
cg s0 phai tim ra tap phin hoach th& tudng duong ndm & mic cao nh&t ctia dan phan
hoach thé& tuong duong (D;A). Nhu vAy mudn rit gon duge O6tdmat cé nhd khdéng xdc
dinh ta bat bude phai "gén" cac gi tri theo moi kha ning dé chuyfn nd vé dang 6témat
hoan toan xac dinh, t& dd mdi thuc hién dugc qua trinh rit gon. Sau khi tim duge
O6tdmat nhé nhét Wng v6i moi khid nang “gan" cdc gia tri khac nhau cta Atdmat, néu
thiy 6témat nao cd s6 lugng trang thai it nh4t trong t&t ca thi ta chon d¢ la 6tomat
t6i thi€u cta 6témat ¢ nhd khong xac dinh da cho. O day ta chl chd y mét digu la :
Otomat t6i thiu sau cing, khi ta so sinh két qua

Bang chic nang
véi cac Otomat rit gon thu duge trong qué trinh

gdn cdc gid tri, thi 6témat nit gon dé ludn ludn S X 0 1 Z
nam & muyc cao nh&t cia dan phan hoach thé&
tuong duong Dy, ! 2 3 0
2 1 3 t]
Vi du rit gon 6témat khong xdc dinh chi ra & 3 1 4 0
hinh 4.35. 4 1 5 1
Ta nhén thdy bang chic nang cla 4témat cd 5 1 4 —
nhé khong hoan tqén xdc dinh da cho cd mot & — ==
tréng (mét vi tri khéng xdc.dinh) thude khu wvuc Hinh 4,35, Cho 6tdmat
ham g la khu vye dép dng ra, con khu vuc ham f khong xic dinh.

thi cdc trang thai ti€p theo d&u cd gis tri cu thé
xdc dinh. Vi tri khong x4c dinh cta ham g chiing ta ¢d th€ gin cho né hai gia tri 1a 0
hoac 1a 1, qua trinh "gin" gid tri cho 6 tréng khéng xdc dinh nhu sau :

Gia sit ching ta 18y gia tri 6 tréng 12 1. Khi ta cho gid tri clia & tréng 1a 1 thi
otomat khéng xéc dinh da cho s& tré thanh 6tdmat hoadn todn xac dinh rit quen thudc
cua ching ta, vi nd d4 duge xem xét nghién cttu va rit gon & phén trén. Két qua ching

ta da thu dugc hai tap cdc phan hoach th&€ (PHT) va phan hoach tuong duong (PHTD)
nhu sau : '
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Tap cac PHT Tap cac PHTD
m, = (1,2) m = (1,2)
n, = (3,5) m, = (1,3)
My = (4,5) Iy = (2,8)
Mg = (2,4, 3,5) M, = (4,5)

Tu tap cdc phan hoach th€ va phan hoach tuong duong nhé nhit dd, ching ta da
tim ra duge tap phan hoach th€ tuong duong nhé nh&t (PHTTD) la :

m, = (1,2) va M, = (4,5)

Tit thp cdc phdn hoach th& tudng duong nhé nhédt dd ta s& vé duge dan PHTTD
(D,,) tuong dUng voi vide ta gin gis tri 1.

Gia sd bay gio ta lai gan gid tri 0 vao 6 tréng. Khi cho gia tri 6 tréng 13 0 ta nhan
thdy khu vuc ham f clia 6t6mat di cho khéng o6 gi thay d8i, didu dé cd nghia la tap cac
phan hoach the (PHT) trong trudng hgp nay sé hoan toan gifng ¢ phidn trén (khi gin
két qud 6 tréng 1a 1), chi ¢é tap cdc phan hoach tuong dudng la cd sy thay d6i, két qui
cu thé ching ta s& thu duge tap cac PHT va tap cdac PHTD nhd nhét 1a :

T4p cac PHT Tap cac PHTD
I = (1,2) m = (1,2)
M, = (3,5) m = (1,3)
M, = (4,5) I, = (1,5)
s = (2,4,3,5) I = (2,6)

Iy = (3,5)

Tit tap cdac phéa hoach th& va tap cdc phan hoach tuong duong nhé nhét thu duge
dd, ta tim ra dugc tip phan hoach th& tuong dwong (PHTTD) nhé nhét la :

N, = (1,2) va n, = (3,5)
Tu tap cdc phan hoach th& twong duong nhd nh&t thu duge dé sé vé duge dan
PHTTD (D}, tuong tng véi viec ta gan gid tri 0 vao 6 trong. Nhu vay ta s6 cd "hai
dan" PHTTD (D;d), tdng quat lén néu dan phan hoach thé tuong duong nao cac hon sé&

Ung voi 6témat duge rut gon hon. O ddy ta vé& chung cd hai dan PHTTD «ng voi vidc
gan g'i:i tri 0 va 1 vao 6 trlng cla 6tdmat cd nhd da cho dugc chi ra @ trén hinh 4.36.

Sau khi vé xong dan PHTTD chung cho ca hai trudng hop ching ta théy : I 1a
6témat min Ung véi truong hyp ta gan cho 6 tréng gia tri 1, con 1, 12 6tébmat min Ung
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Hinh 4.36. Dan PHTTD cia 6t6mat khong xac dinh.

v6i trudng hop gén gia tri cho 6 tréng 1a 0. Hai 6t6mat min cho ca hai truimg hop gén
0 va gan 14 1 cla 6tdmat e nhé khéng hoan toan xéc dinh (I, va Ilg) déu & vi tri cao
nhit cia dan PHTTD (D;,[) nhung d¢ cao cia ching bing nhau, cho nén ching ta cd
thé€ chon IT, hoac [g lam &témat t6i thi€u cho 6témat khéng hoan toan xic dinh da cho
déu dugc, vi day la mot vi du dac biét khong dién hinh. Trong trudng hop téng quat
néu gap trudng hop gia st I, cao hon Tl thi 6t6mat min cia vi du da cho s& 1a I,.

§4.5. MA HOA TRANG THAI CUA OTOMAT CO NHO

4.5.1. KHAI NIEM CO BAN CUA MA HOA TRANG THAI

Budc quan trong tiép theo sau qua trinh t6i thi€u hda (rit gon) trang thdi cia
6tdmat cd nhd la viée thyc hién ma hda trang thai ctia 6tomat da duge rit gon dd. Viec
méa hoa trang thai cho &témat chi tién hanh d6i véi 6témat da duoc rut gon.

Ma hda trang thai cia mot 6témat cé nhé nim trong thuat toan thuc hién hay ldp
rdp chic ning cla 6tdmat cd nhé thanh mach dién cu thé. Qua4 trinh thyc hién thist k&
6tdmat ed nhd duge minh hoa & trén hinh 4.37.

Nhi¢m vu . .
kv thuat o| Bang chic Rt gon Ma héa Mach dien
£ ra. nang Otdmat atémal trang th4i cu thé

Hinh 4.37. Qui trinh t8ng hop o6t0mat ¢6 nhd.

Qué trinh téng hop 6tdmat cd nhé khong thé bo qua budc ma hda trang thdi cla

otdémat.

Dé hi€u r6 ma hda, ta cd thé sit dung vi du don giadn va quen thufe, dd 1a tir bang
chic ndng clia bd dém 5 chi ra trén hinh 4.38.

O hinh 4.88a cho ta biét ket qua cu thé vA cac gia tri tiép theo cia bo dém 5 dudi
tic ddng cla tin hiéu vao (x) 1& 0 hodc 1a 1. Trén hinh 4.38,b cho ta bigt trang thai cta
bé dém 5 néu dung dé didu khién mét hé théng cd tinh ch4t lan lugt kiSu bo dém.
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Hinh 4.38. Cic dang cia bo dém 5.

Trén hinh 4.38,c 1a bd d&ém duyc viét dudi dang s§ nhi phan & ma (B C D) tang
din dudi tac dong cha tin hiéu vao (X). Khi b6 dém duge bi€u didn duéi dang clia céc
con s8 (0, 1) thi & dang dd ngudi ta bao 12 bd d&€m da dudge ma hda.

Nhu vy ma hda trang thai la viée gan cho méi mét trang thai cla 6tdmat mot t8
hgp clia cac con s (0, 1) hay & mot t8 hgp cda s6 nhi phan, v6i muc dich phan biét cac
trang thai dd so véi nhau. Dam bao duy trl hoat ddng. Ndi mot cdch khédc chinh x4c hon
ma héa trang thdi cila 6témat c6 nho la "ddt tén" cac trang thdéi cda otémat dudi dang
nhi phan.

Trén hinh 4.38,d ching ta d4 ma hda trang thai hay "dat tén" cdc trang thai cha b6
dém & theo ma Gray hay quy luat nhi phan cla bla Kdend. V6i cich ma hda b dém 5
theo quy luat clda bia Kacnd ta cing cé thé lip rdp ra duge bé dém 5, ma trang thai
trong clia nd khong ting theo quy luit cia by d&m nhi phan théng thudng, ma thay ddi
thec quy luat cia ma bia Kacné. Nhu vay cing 1a b9 d6m § néu ma hda theo nhi phan
(B C D) s8 ¢d mét cdu tric mach dién, con néu mi hda theo bla Kécnd s& cé dang
mach dién khac. Nhu vay ciing mét chuc nang hay cing mot Stémat, néu md héa khéc
nhau hay "dat tén" cdc trgng thai khdac nhau, s& c6 mach dién khdc nhau.

Qua trinh md hda trang thai cla 6témat cd nhd cd thé khdi quat nhu sau :
Xuit phat tit phuong trinh co ban cha 6tbmat cd nhé :
Y =16 X
Trong dd : X = x4, %y .., X,) 14 tip cdc tin hiéu vao cda Otémat cd nhé.
S = (s 52,...,sp) 14 tap cdc trang thai trong cla 6tdmat cd nhd.

Nhin vao hinh 4.38 bigu dién bo d&m 5 ta thdy trang thdi S cia bd dém 5 ma hda
da dugc chuyén thanh tap cac bit thong tin (0, 1) & dang (y;, ¥, y3). Téng quidt, ta cd
"tap cdc bién cdn dung d€ ma hda” trang thdi S cla 6témat ¢ nho la :

Y = (yh Y25 Yk)

Trong dd : k 14 s& luong bién trang thdi ciAn dung d& ma hda cho tap trang thai
S cia otdmat. Ching c¢d quan hé la :

234



| ‘= fon 1
Trong dé : k 13 s8 lugng bién trang thii cn d€ ma hda.
p 14 86 lugng trang thai cia 6témat cé nhd.
[log; p] la l4y theo phén nguyén tang.
Vi du : Cho mat otémat ¢ nhé ¢d 5 trang thai (p = 5), vay s6 lugng bign trang
thai cén thiét d€ ma hda cho cdc trang thai cla 6témat dd 1A :
k = [1og25] = 2,138 = 3

Nhu vay k ldy theo phin nguyén tang (k = 3) dé dam bao chic chin ma hda
khong bi tring tén, va ta cdn 3 bién trang thai d6 ma hda cho 6témat dd, hay cén ba

bit théng tin cla s6 nhj phan, sau nay dé chinh 1a 3 trigo ding d€ xay dung nén 6témat
nay,

Sau khi da o6 tap bién trang thai cln ding d6 ma hda, tic 1a trang thdi 8 cda
Otdmat da duge thay th& bdi tap cdc trang thai ciAn dung d€ ma hda. Nhu viy ta ¢d
duge phuong trinh co ban cia 6tdmat ed nhé & dang tdng quat la :

Y = f((yl,yz,...,yk) : (xi,xz,...,xn)) = £(8,X)

Trong dé (x|, X,,.., x,) la cac tin hitu vao cla mach dién, con (Y1, Yoo ¥3) 12 cdc
tin hiéu cta trang thai truéc dé clia 6tdmat. Khi t&t cA cdc tham s3 cta phuong
trinh déu la "tin hiéu" dién thi phuong trinh toin hoc téng quat d6 chinh la mot
mach dién.

Vi du : Thyc hién hay tim hé phuong trinh trang thdi ti&p theo bo d&ém 5 ma cu
3 thi bao, ma hoa theo quy luat nhi phan tang din va ding 6témat Moore thé hién
& hinh 4.39.

Trong phuong trinh téng quédt co ban cha mot otémat c6 nhé thi Y 1a trang thai
ti€p theo, con y, la trang théi trude dd va céc x; 1a tin higu vao. Vay & day ching ta sé

X

m 0 1 Z
0 000 000 001 0

1 001 001 010 0

2 010 o[to 011 0

3 011 011 Do o 1

4 100 Ao o 000 0

101 A-- --- -

B0 ma thia 110 -———- —=- -
111 -——— - —~

Y123 Y Y2Y,
Hinh 4.39. Bing ma héa cia by dém 3.
235



tim hi€u hé phuong trinh trang thai tiép theo phu thudc vao trang thabi trudc dd va tin
higu vao nhu th€ naoc bing cach : Anh xa Y, vao bla Kicné duge md ti trén hinh 4.40.

% Y
xy, 00 o1 11 10

ge

a1 @ A _ '“J
1 - F}”’:"
10 @J]

Hinh 4.40. Anh xa Y; vdo bia K

|y

L X% %

Khi thuc hién viéec 4nh xa Y, vaio bia Kacnd thi ta thuc hién énh xa ca vi trl khong
xéc dinh (A ), vi tri ¢ gia tri logic 1a 1 ( A vﬁ@) chn lai 1A cde gid tri logic 0.
M6i mét gid tri ca Y, trén bing méa hda cd moét toa dd cia nd, toa do dd tuong ung
voi mét toa d6 trén bla Kacné (vi du : toa 46 (x y; y; y3) = (0101) cing chinh 1a toa
dd cia (A) trén bia Kacnd). Véi cach 1am tuong tu ching ta sé cd duge cdc gid tri
logic trén bing ma hda tuong dng voi cdc toa d¢ khac cla nd trén bia Kacnd.

Sau khi d4nh xa xong moi gid tri ti vi tri khong xdc dinh, vi tri xde dinh logic 1 va
vi tri cd gid tri logic 0 cia Y, lén bia Kacng, ta thyc hién viéc rit gon va cd duge két
qui

Vdi ciach lam tuong ty ta anh xa Y, vao bla K, md ta trén hinh 4.41.

Sau khi 4nh xa Y, vao bai ching ta cd duge két qua :

Y, = Xy, + 7a¥3 + X%,

Y,
%%

xy, 00 or 11 10 /;J&

0g |:

N e
ng.g, _
LA
\”\\l_] _ _"/23

o W] L

Hinh 4.41. Anh xa Y, vdo bia K.
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Sau dd ta anh xa n6t Y5 vao bla Kdcné duge két quad trén hinh 4.42.

<

i
x|
e

Xy 0 o b /a

T
AENEE
o |7 T

Hinh 4.42, Anh xa Y, viao bia K.

ng

Két qua thu duge sau rit gon 1a :
Y3 = Xy3 + x¥1¥;
Tt cac k&t qua da rut gon ching ta thu duocc hé cac phuong trinh cac trang thai
ti&p theo Y; phu thudc vao trang thai trude d¢ {y;) va tin hiéu vao x cGa bé dém 5 la :
Y, = Xy, + x¥,¥,
Yo = xy2 + yo¥3 + x¥,73
Yy = Xy + xy; 3y
Z = ¥1¥2¥3

Hé phuong trinh chuyén bién trang thai cla b6 dém 5 ma hda theo quy luiat nhj
phan tang ddn ma ta thu duge cing chinh 1a mach dién cu th€ ma ta sé 1&p rdp ra bd
dém 5 ma cd dén 3 thi bdo sau nay.

Mot diéu cén cha y nita & ddy 1a : Trong hé phuong trinh trang thdi tigp theo,
ta c6 mo ta thém dap ding ra Z (Z = y,y,y5 = O11), d6 la dap dng ra cua hé d&m
phy thuéc vao trang thai trude d6 (theo y,) va tin hidu vao, x. Do b d€m 5 nhung ed
dém dén 3 thi bdo duge mé ta theo 6témat Moore, nén Z khong phuy thuéc truc tiép
vae tin higu vao x, vi thé trong phuong trinh mé ta dép Ung ra Z = ¥2 ¥, ¥4 khong

thdy xuét hién bién vio x. Tin hidu vao x chi tac dong gian ti&p khi tac ra ddp dng ra
Z d bd dém 5.

Bo dém 5 cit d6m dén 3 thi bdo néu ching ta ma hda hay "dat tén" cdc trang thai
cua né cdch khac, thi tdt nhién s& nhan duge hé phuong trinh chuyén bién trang thai
cia nd cé dang khac Ung véi mach dién khac.

Vi du : Tim he phuong trinh cdc trang théi tiép theo clia bé dém 5 ma cd dém dé&n
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3 thi bdo, ma hda theo quy lust cia bla Kfend (ma hda theo mi ch6ng nhidu Gray)
diung 6té6mat Moore. B6 dém 5 s& dugc mo ti trén hinh 4.43.

X 0 1 Z
Yi¥2¥a

0 000 000 001 0
1 001 001 011 0
2 011 011 010 0
3 010 010 110 1
4 110 110 000 0
111 ——_—— - _
Bd mi thia 101 - - - —— —
100 -——- - — = -

Y, Y2 Y3 Y, Y, Y,

Hinh 4.43. Bd d8m 5 ma héa theo bia K

D& tim dugc hé phuong trinh chuy&n bién trang thai cia b6 d6m 5 ma hda theo bia
Kécnd, ching ta ctng thyc hién anh xa (Y,, Y, Y3) vao bia K nhu phén trén da lam.
K&t qua 6 duge trén hinh 4.44.

Y,
A

X, a0 of 1T 10

oo

o1 [_J . ’]

It —/ - -

0 / ®
7 A
%, 53,

¥, ¥, % 4 %
“o o1 n/ 10 .
XY, —— b )
00 HZ ! 00
i
oty T |~ E__’J o1
1| — F_ - | 1
10 Lf_ " \?j 10
P p
x3, %%
b)

Hinh 4.44. Anh xa Y; vao bia Kicno.

chuyén bién trang thédi cd dang :
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Y, =Xy + 2¥1¥273

Y, = Xy, + xy3 + ¥ ¥z

¥, EA
‘oo o1 H/J'O
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Sau khi thuc hién anh xa ching ta rit gon cdc Y; va thu duge hé phuong trinh



Z= ‘)-’1)'2}’3.

Tu két qua thu duge nhan thdy : vin ciing 12 bo d&m 5 cd d&m 3 thi béo nhung
mi hda trang thai khdc nhau (theo nhi phan tang ddn, hay ma theo bla Kdend) thl ta
thu dugc h¢ phuong trinh chuyén bién trang thdi o dang hoan toan khac nhau. Ta cing
biét hé phuong trinh chuyén bién trang th4i sé 1a mach dién l4p rap cu thé. Nhu vay
ta o6 thé ndi 1a : cing mot chic nang (bd d&m) nhung ma hoa (dat tén) trang thai
khdc nhau thi mach dién thuc hién sé khsc nhau.

Théng thudng ngudi ta s& tim cdch ma hda sac cho cé duge mach dién don gian
nhét, di€u nay vé 1y thuyst thi dé hi€u, nhung thyc hién s& khong don gidn vi : ma hda
(dat tén) s& cd mudn van céch, néu 6tdmat cd s§ trang thdi 1on thl day s& 1 bai toan

khd c6 th€ tim ra két qua cudi cling, vi ta phai thuc hién moi kha nang ma hoa réi
mdaj dua ra duge két luan.

Chinh vi dic di€m dé ma & day ching ta sé ndi t6i mot cdch ma hda sao cho cd
mach "t6t" nhdt (chua chic da 1a gon nhdt), mach t6t nh&t chinh 13 loai mach dién 4&
lap rdp va d& dang tim kim s{a chiia ciing nhu thay th& khi héng hde. )

4.5.2, CAC PHUONG PHAP MA HOA CHO OTOMAT CO NHO

Khi ching ta md mét may vi tinh hay mot hé théng s6 ra d€ nhin vao mach dién
cia nd, thi ta s& thiy mach dién va cdc con IC dugc l4p rép rdt ngan nip va cd trat
tw. Khong giéng nhu mach dién cia TV hay cia radio (cic mach tuong tu) tréng rdt
rac r6i vd phic tap. Didu nay cd lien quan téi cich ma héa cho 6témat. Thyc hién ma
héa trang thai cho 6tdmat khéng chi cho phép ta cd duge mach dién trat tu gon gang,
mé con lién quan téi cA cfu tric & bén trong con IC khi ngudi ta ché& tac ra ndé. Ndi
cach khéc ]a : ma hoa trang thai cta 6témat s& cho ching ta o6 dude sy théng nhit vé
mach di¢én tir trong long con IC cho téi cdc mach dién bén ngodi con IC (mach in), no

cho 'phép lap rap ch& tao mot hé théng s6hién nay duge thue hign bAng toan hoc trudc
khi n6i mach cu thé.

Vi du : Cén lip rdp mot 6témat cd 5 trang thdi ding d€ diéu khién cdc thist bi
khac nhau.

Do ¢6 5 trang thai khéc nhau tidc 1A trang thai S cta 6témat cd 6 lugng trang
thai 12 5 (p = 5). Vay s6 bién trang th&i cdn ding d& ma hda 1a :
k = [log2 p] = [10g2 5] = 2,138 =

Nhu vy cdn 3 bién trang thai (y;, y, y;) d6 m4 hda trang thdi cho Otomat dg.

Néu ta ma hda sao cho cd mach don gidn nhét thi so d6 mach dién téng quat ss
cd dang bi€u difn & trén hinh 4.45. Mach c6 di 5 dfu ra nhung khé sita chita va thay
th&. Ki€u mach gi6ng nhu clia radio hay TV.
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TV g0¢0
% Mach — 2 co1
O™ 997 > 3 9190 Hinh 4.45. Mach di¢n
Y, o——l JIG > 4 g} ] gon nhdt.
> 5 1 00

Do ta dung k = 3 bién d€ ma hda trang thai cho 6tomat cho phép ma hda 23 =8
kha nang vi chi cdn ma hda phan bist cd 5 trang thdi, cho nén cdn 3 by ma bi thia
khong duge stt dung. Néu vdi quan difm m& hda sac cho cd duge mach dién 18t (chip
nhén bi thita) d& quan ly va sia chita thay th& duge dé& dang, thi ching ta cd cach t8
chiic mach nhu duge bi€u dién & trén hinh 4.46 né vin cd ddy da 5 ddu ra dng vai b
trang thdi can ¢ dé diéu khién, nhung quan ly d& hon, chita dé hon.

% oo J.
" —_—m oo o
%o L = 2 Q0 1
IC7
% o = 3 10
— 4 01 1

—Po—

T/ . 5 104

= 1o 1t N
Ic2 B6 md thda
I ti g - -
khibrg dung
— 117

Hinh 4.46. Mach dep df thay thé sita chita.

Mach dién trén hinh 4.46 van dung 3 bién (y,, y,, y3) d€ mé& hda cdc trang thdi, va
mach vin ed & ddu ra hoan toan d6c lap dung d€ didu khign nhu § mach dién duge rit
gon & hinh 4.45.

Khi vigt gia tri ma hda (y; y; y3) ta vAn hi€u r6 va chinh xdc 14 bi€n ma hda dau
tien (y,) ding dé ma hda (hay quan 1ly) cdc IC, nd chl cd mét vide 12 quan Iy caclIC; va
IC,) ma théi. Hai bién con lai (y; yy) dung d€ quan ly ting chan ra cta IC, vA hai bién
d¢ chi quén 1y chan cia IC ma khong lién quan gi d&n bién ddu tién (y,). Cach bd tri
ma hda nhu vay cho phép ta d& dang khi l4p chuong trinh phdn mém cho mdy vi tinh
sau nay. Théng thudng ph&n mém tim kigm la tim ldn lugt tiing thuoc tinh riéng biét,
diéu nay tuong Ung vai viéc chi xét riéng bién (y,) d€ tim ra IC| hay IC,, sau khi tim
xong thudc tinh ddu thi phdn mém sé di sau tim ti€p cdc thude tink ti€p theo... T4 dd
ching ta cd thé ndi viec ma hda trang thai d€ di dén lap rdp mach dién cia hé théng
s8 cd lién quan hitu co téi phdn mém lap trinh trong méy vi tinh,

Khi chung ta cd bign (y,) chi tim ki€m quan ly IC khéng lién quan t4i cdc bién (y,
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¥3) chi quan 1y chan IC, nguge lai cdc bién cua IC (y2 ¥3) chl quén 1§ chan ma khong
lien quan gl t&i bign (y)), ding quan ly con IC, gi6ng nhu mét dia chi gom o6 khéi nha
vA 6 phong. Ta the‘iy khdi nha khéng lién quan gi véi s6 phong va nguoc lai s6 phong
khong lién quan gi t6i khdi nha. Nhung chung nd k&t hop lai voi nhau thi cho ta mot
dia chi chinh x4c nha nao va phong s6 miy.

Tt d¢ ching ta c6 khai niém vé tap bién tu phu thufde tic 1a tap bién ma hoa cho
mét thude tinh ma khong lién quan gi téi phdn ma khic quén ly mét thude tinh khac.
Nhu v@y muén mi hda trang thii cia &tdmat d€ dat duge mach dién "tdt" dé quan ly,
d€ ldp rdp, dé ska chita va thay thé, thl ching ta phai ma hda sao cho tap bi€n trang
thai edn dung d€ ma hda (y,, Y2 --¥i) Phai tao ra duge cdc tip bign tu phu thude. Mot
tip bién ty phu thudc duge dinh nghia nhu sau.

Dinh nghia 4.6 : Tap tu phu thudc cia cdc bién trang thai cdn dung dé mi hda
Oy ¥ oo yk) 12 tap hgp clia cdc bién trang thai (¥ ¥ - ¥ sao cho céde trang thai
ti€p theo (1 < i < k) chi phu thu6c vao cac bién trang thdi truée do (yq, y;,.., v;) va cac
bign vao (tin hléu VA0).

Vi du : Dija chi 16p hoc sinh vién nha C12 phong 306. Ta cd thé€ vist C12306 ti d¢
ta cdn cé 6 bit théng tin 48 ma héa dia chi phong hoc 1a (v, y2 y3 4 ¥5 ¥¢). Nhu vay
khéi nhia C12 cdn 3 bit théng tin d€ ma hda la (¥1y2 ¥2) ¢dn {y4 ¥5 ys) dung méa hda s6
phong. Néu ta muén tim khéi nha bing cich tic dong cta tin hidu vao X. D& thue hién
viéc tim kigm thugc tinh khéi nha, trang thai tidp theo Y, s& cd gid tri méi (vl du la
C16 con 58 phong ta khong d€ y). Ta thdy C16 cing chi lién quan téi t8 hgp clia 3 bit
(y1 ¥2 y3) nhu d6i voi C12 (trang thai trude dd) ma thdi, con cdc bién théng tin khdc (y,
¥s5 ¥¢) quan 1y vé s6 phong thi khong cd lién quan. Nhu vy ta cd th& ndi : cdc bign v
¥2 ¥3) 12 mot tap bién trang thédi tu phu thude tap bin trang thai dd6 chi thay déi vfn
chinh ban than nd theo tin hiéu vao. Tap bién trang thai dd chi lién quan tgi tim ra
thudc tinh khsi nha. Cdang nhu tap bign (4 ¥s ¥s) cling 1a mét tap tu phu thude lién
quan t6i viéc tim ki€m thuéc tinh 1a s6 phong.

Thyc t&€ khong phai bat kj mot 6t6mat nao cing c6 th€ tac ra cdc tap ty phu
thudc.

Dai v6i may tinh hay mét hé théng s8 c6 tap tu phu thuge (cd thuge tinh riéng) ta
s& ¢ mach dién lap rdp ra mach loc vA gon gang cia nd, vl mdy vi tinh c6 che thuse
tinh riéng nhu ROM, RAM, CPU... ching hoan toan doc 1&p nhau trong mot hé théng
théng nhét, nén chéc chidn tén tai tap ty phu thute.

Dén déiy vén dé chi con 1a : 1am sao bi6t dugc 8tdmat c6 nhé nao cd tap bién ma
héa trang thai la tap ty phu thude, con 6témat nao thi tap bién trang thdi cta nd khong
tao ra duge tdp tu phu thude. D& v6i mét. 6tdmat khéhg tao ra duge tap ty phu thuée
cdch ma hda chi 14 1am theo phuong phip ma hda ngdu nhién theo ¥ cia ngudi thigt k&
ma théi. D€ tim dugc hay khing dinh duge ngay tit ddu 6tdmat cdn phai thist k& cd t6n
tai tdp tu phu thufec hay khéng ching ta dua véo dinh ly sau :
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Dinh Iy 4.4 : Cho mot 6tdmat M cd p trang thai véi s8 lugng bi€n trang thai cén
ding d€ ma hda 1a k = [log, p]. Sé ton tai mot ki€u ma héa trang thai cho M voi k
bién nhi phén sao cho i bi€n trang thai ti&p theo (1 < i £ k) chi phu thudc vao i bign
trang thai hién tai tuong dng, néu va chi n&u c6 mot phan hoach thé€ nhan dang t&t ca
cdc trang thai ¢d cing mi nhi phén ti i bit dd.

Ndi mét cdch khdc : 6tomat M cd p trang thai vdi s6 lugng bién trang thai cén
ding d€ mé& hda la k = [log, p). 8& t6n tai mét kifu ma hda trang thai cho M du dé
tao ra mét tap ty phu thufc néu va chi néu tén tai mot phan hoach thé trong tap trang
thai S cia 6témat M. Nhu vay su t8n tai mot phan hoach th& (PHT) la digu kién tién
quyét khdng dinh 6témat d6 o6 tén tai t4p tu phy thudc hay khong?

Vi du : ta ¢6 moét phan hoach th& & dang :

Mm=(1,2;3,4;5,86)

Ta thdy Otdmat cd 6 trang thai nén s6 lugng bign trang thai cin dung dé ma hda

la : )
k = [log26] =3

Ta cén ¢d ba bién (y;, y;, yy) ding d€ mi hda, tit d6 ta chon i = 2 (y; y,)} ding d&
méa hda cho cdc khéi ciia phan hoach thé, ching han ta m& hda khsi nhu sau :

Khéi 1 mda la 00
2 01
3 10

Con bién cudi ciing (y;) ta duing d€ mé& hda cho cdc phfn té cda khéi, vl trong méi
kh6i cd 2 phéan .

Véay ta cd bang ma hda trang thai cho tiing trang thai cia 6témat 13 :

Yi Y2 ¥3
1=000 3 =010 5 =100
2=001 4 =011 6 =101

Vi dy : C6 moét phan hoach th& cs dang

N =(1,2,3; 4,5,6)

Trong trudng hgp nay do phin hoach th& da cho cd hai khdi, cho nén ta c6 thé
ditng mot bign (y;) 6 ma hoa cho kh6i. Con hai bién con lai (y, y;) ding d8 ma hda
cho cdc phén ti trong 1 khoi, vi méi khéi chi cd 3 phén t&. Chidng han ta mi hda cho
phén td nhu sau : phéin ti thit 1 ma hda 1a 00

L2 01
3 10
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Véy ta sé cd bang mé& hda (dat tén) trang thai cho ting trang thdi eta phin hoach
thd da cho 1a

¥Y1¥2 ¥
1=000 4 =100
2=00t 5=101
3 =010 6 =110

Qua cdch ma hda cho mdt phén hoach thg (PHT) nhu viy ta thdy cd thé dung moét
tap bién d€ ma hda cho cac khéi, vA mot t4p bién khac s& duge dung d€ ma hda cho céc
phén t¥ trong mét khdi. Khi dd t4p mid hda cho céc khéi sé tao ra mot tap ty phu
thude duge ding d€ quan ly khéi, va tap bién niy hoan todn khodng cd lién quan gl téi
tdp bién trang thai ding d& méa hda cho phén ti ctia khéi. Tuong ty nhu vay tdp bién
trang thdi dung dé m& hda cho phdn td cia khéi cing tao ra duge mét t&p tu phu
thuge ding d€ quan 1y céc phdn ti clia khéi, va tap bién nay ciing hoan toan khéng lign
quan gi t6i t4p bién diung d€ quan ly cac kh6i. Nhu viy ching ta cd hai tAp bi¢n tu phu
thuge ding quan ly cdc khéi va tap bién trang thai diing d€ quan Iy cdc phén ti cia
kh8i, hai t4p bi&n trang thai dé hodn toan khong cd lién quan gl dén nhau. Nhung khi
gép chung nd lai véi nhau ta s& cd tén chinh x4c cia cdc trang théi cta 6tdmat M ciing
nhu céc trang thai cd mat trong tép phan hoach thé.

4.5.3. PHUONG PHAP MA CHO OTOMAT DUNG MOT PHAN HOACH THE

Nhu ta di bist 14 mét 6témat cd nhé cd thé c6 cd modt dan phan hoach th& (Dyy),
tie 12 s& ¢d rdt nhiéu cé.c.(PHT}. Nhiém vy ciia phuong phdp ma hda nay 1a : tim kigm
sao cho chi ding mét phan hoach th& di d€ ma hoa cho toan bd céc trang thai cia
otémat cd nhd, déng thdi phai tac ra duge tap tu phu thude.

Dinh Iy 4.5. Néu t6n tai moét phan hoach th€ (PHT) kh6ng tdm thudng clia 6témat
M sao che thda méan duge quan hé :

[logzirl]] + [log2 m(H)] = [logz p] =k

Thi t6n tai moét cich mé hda trang thdi cho 8tdémat M véi s6 lugng toi thi€u céc
bién trang thii cén ding dé ma hda du d€ tao ra mot tap tu phu thuée.

Trong dd : |II| la s6 lugng cdc khdi cia phan hoach IT
m (I1} 1a s6 lugng trang thai cha kh&i ldn nhdt ¢ta phan hoach TI.
p l& s8 lugng trang thai clia 6témat M
k = [log; p) 1a s6 bién trang thdi cdn diung d€ ma hda cho 6tdmat.
Ngoai ra ta cd cdc nhén xét them 13 : I:logz | T1 | ] la s6 bién trang thai cén thiét
diung d€ ma hda cho céc khéi cla phan hoach TI, cdn [logz m(H)] 1a s6 lugng bisn
trang thdi cdn dung d€ ma hda cho céc phdn t¥ cia khéi Idn nhdt trong phan hoach
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1. Nhu vay s6 lugng bién cﬁn thlé’t dé ma hda cho khéi cdng (ghép) v6i s6 lugng bien
cdn thigt d€ ma hda cho cac phén ti cia khéi s& tré thanh s§ lugng bién trang thai
cdn thiét ding d€ ma hda cho ca 6tdmat M,

Chiung minh : Do phan hoach th& IT ¢6 |I| céc khéi nén s6 bién trang thdi cén
thiét d& ma hda cho cac khéi s& la

[log2|1'l|] vii r < k
Nht vdy ta cd r bién d€ ma hda cho s§ lugng khéi clia phan hoach II ¥ ¥oooum Vo)

Déng thi vi phan hoach I1 12 phan hoach th& (PHT) cho nén nd thoa man tinh chit
cia mét phan hoach thé la

Tai ¢, : S

i

i o= s; (I thi trang thai ti€p theo

tai t; ' f(s; x)E(sj,x) a1 ¥YyxeX
Cho nén trang théi tiép theo vAn nim trong cing mét khéi cha trang thai trudc dd,
théa man quan hé tao ra tap ty phu thugc v6i t4p bién ding d€ ma hoa :

| | Y = Gbv Y2 Yo Yestrn ¥

Dﬁng thoi ta ed s6 lugng bién trang thai cén dung dé ma hoa cho cac phédn ti

trong kh6i I6n nhdt (4G d6 ma hda cho cdc phén ti cta khéi bé hon) tinh theo quan
hé

s = [mg2 m(H)]
Do d¢ giita cdc bign cdn dung dé ma hda ching cd quan hé
r + 8 =k _
Tde 1a s6 lugng bign cén diing d€ ma hda cho cac khéi cdng voi s8 lugng bién cén

diing d€ ma hda cho phén tif clia khéi bing s6 lugng bién cén thist ding d€ ma hda che
ca 6tomat M. Tap s6 luong bién cdn dung d8 ma hda 1a :

Y = ()’1sY2: ---’yr:yr+11Yr+2s"'syr+s)
Y = (YP .YZ!'--:yk}

Do dan phan hoach th& Dy, s& e¢d nhiéu cic phan hoach th& khdc nhau cho nén bat
cd phan hoach thé nao théa mian duge dinh Iy 4.5, déu ¢ the ding phan hoach th& dd
d&€ ma héa duge cho 6témat, dong thdi cho phép tao ra duge tap tu phu thuée. Ngude lai
néu trong dan phan hoach th& D), ta khéng tim duge bét ky mo6t phan hoach thé& nao
théa min yéu cdu cta dinh ly 4.5, thi chic chén viéc ma hda cho 6témat dé khong thé
tao ra tap tu phu thude. Sau day ching ta s& dua ra vi du minh hoa cho dinh Iy 4.5.-

Vi du : Cho 6t6mat c6 nhé hoat dong theo bang chic nang nhyv sau. Hay ma hda
trang thai cho 0témat d6 theo phuong phép ding mot phan hoach thé dd dé tao ra mét

tdp tu phy thudc (mach gon dep), 6tdmat hoat ddng theo bang chic nang chi ra trén
hinh 4.47.
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Hinh 4.47. Bz‘ing chiic nang mot Gtomat.

Tri6c hét nhin vao bang chic ning hinh 4.47 ta thdy 6tomat nay khéng cd phan
hoach thé& tuong duong (PHTTD) vi ddp dng ra Z cla nd ¢d cac gid tri theo edc hang
khong gi6ng nhau. Tit dd ching ta cd th§ kst lugn bang chic nang cia vi du dua ra dd
1a mot &témat da duge rit gon (6t6mat min). Nhiém vu cta ching ta lic nay la ma hda
trang thdi cho &témat do.

Trinh ty thuc hién ma hda ;
~ Tim phan hoach thé& cho étomat {dan PHT Dy

- Tu tap cdc phan hoach th& tim ra mét phan hoach th& thoéa man yéu ciu
cta dinh ly 4.5.

Trude hét 14 tim tdt cA céc phén hoach th& nhé nhit ctia 6tdmat, sau dé dua vao
cac phan hoach th& rhd nhdt (cdc phén tir sinh co ban) ta vé dude dan phéin hoach th&
Dy Tit dan phén hoach thé& Dy, ta thu duge cdc phan hoach thé ciia 6témat da cho 1a :

M, = (1,4,5,8 ; 2,8,6,7)

N, = (1,2;3,4;5,6;7,8)

D¢ 1a hai phan hoach th& cha 6tomat d4 cho cd thé dung ching ma hda cho cie
trang thai cia 6tdmat n&u nhu ching théa min duge cde quan hé cia dinh ly.

Chung ta chon I} = (1,4,5,8 ; 2,8,6,7) r6i kim tra theo dinh ly 4.5 xem
nd cé thé héa duge cho 6tdmat hay khéng.

Truée tién do s6 lugng trang thai cia 6tdmat 12 8 (p = 8) cho nén s6 bién t8i thidu
cén thiét d6 ma hda cho 6tomat nay 1 :

k = [logzp] = [log28:f =3 = {y; ¥ ¥3
56 lugng cdc khéi cia phan hoach th& I la 2 ( | = 2) viy s8 lugng bién cén

d€ ma hda cho s6 khéi ctia phan hoach thé& 11, sé la :
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r = [logziﬂll] = [log2 2] =1
Trong méi mét kh6i (hay 13 khéi l6n nh4t) cd s6 lugng cac phén td cta khéi 1a 4
{m (IT)) = 4), vay s0 lugng bién trang thai csin thiét d€ ma hda cho s8 phén ti cua khéi
s6 la : '
§ = [logzm(Hl)] = [Iog2 4] = 2
Vay phan hoach thé& IT; thda man duge yéu cfu cla dinh ly la :
r = [1082”11}] + [1082 m(Il;) = [logz P] = k
thay : r+ s =k
14+ 2 =23
Nhu vay ta cd thé dung bi¢én trang thai (y,) d€ ma hda cho s§ khéi cia phéan hoach
I}, con cdc bi€n trang thai 1A (y, y3) duoc ding d€ ma hda cho céc phan tit trong titng
khéi cia phan hoach th& I, va ching tao duge tap tu phu thudc cia cdc bign dung dé

mé hda cdc trang thdi S cha 6tdmat dé ra. bAng ma héa (dat tén) cu thé cho ting trang
thai cda 6tomat da cho dugc chi ra & bang clia hinh 4.48.

Bang ma héa diung mot phan hoach thé&

¥y
273 0 !
00 1 2
01 4 3 Hinh 4.48. Bing mi hod
i0 5 6 cu the trang Lhiii .
11 8 7

Nhin v3o bang hinh 4.48 c6t y; cla bang ldy hai gid tri 1a (0 va 1) d€ ma hda cho
hai khdi riéng biét, con cic hang (y, y3) thl ma héa cho ting phén tit trong mot khdi
cia phan hoach TI). TU d6 ching ta cd duge toa d6 hay gia tri ma hda (tén goi) cu thé
cla titng trang thdi cla étdmat M da cho 1a :

1-000 5~-010
2-100 6-110
3-101 T-111
4 -001 8-011

V6l mdi mét trang thai cla 6tdomat ta cd duge mét quan hé ma hda (mét tén goi),
nhung dic di€m chinh va quan trong & day 1a c4ch ma héa nay tao duge tap tu phu
thuée.

Véi cach lam tuong tu chung ta ciing ed th€ ki€m tra theo diéu kién cta dinh ly
cho phén hoach th& T, = (1,2;3,4;5,6,7,8) xem phén hoach dé c¢d thé dung dé
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méa hda cho 6t6mat dua ra hay khong? Trong trudng hop cu thé nay chiing ta ciing théy
phan hoach th& I, cing théa man duge yu cdu cia dinh l¥ 4.5, cho nén cé thé ding
phan hoach dé d€ ma hoa cho dtémat M dé ra, v6i hai bign (y; ¥,) ding d€ ma hda cho
cac khéi, con bién (y;) ding dé ma hda cho cdc phén ti trong mdot khdi.

Dac di€m cia cdch ma hda dung mét phan hoach th& 1a ma hda trang théi cho
Otdmat chat ché hon ma hda tiy ¥ bdt ky & chd : trang thai gita cde oot (hay gitta cac
khéi) khong th€ trac d6i hay hodn vi sang nhau, nhung trong tung khdi tiing o6t thi
viéc thay d6i vi trf cla cdc trang thai van thue hién duge, didu nay s€ lai tao ra cach
ma hda trang thai ki€u khde, hay ¢é mach dién ki€u khic (vin la tap tu phu thude). Dé
khac phuc diéu dé dan ta t6i mot cach ma hda chat ché hon, d6 12 ma héa t6i wu hay
cdn duge goi 1a mi hda trang thai cho 6t6mat ding mot tap cic phan hoach th& (PHT).

4.5.4, PHUONG PHAP MA HOA CHO OTOMAT DUNG MOT TAP PHAN HOACH THE

Phan ndy ching ta s& xét t4i diéu kién d€ hda trang thai voi sé lugng bign téi
thi¢u dung m¢t t4p csc phan hoach th& Khi ching ta ding mét tap phan hoach th& dé€
mé héa trang thai cho 6tdmat s& dé dang tim duce tap tdi thiu cdc bién trang thai it
phu thugc 14n nhau hon, nén vigc thite hién 6témat cia d& dang va gon gang hon. Tuy
nhién khi ta thyc hién ma hda ding mét tap phan hoach th& s& xu&t hién mot trudng
hgp néu khéng chii y s& dén téi tinh trang s8 bién trang thai su dung s€ bi 16n hon sé
lugng bign t6i thi€u cdn thiét dé ma hda cho 6témat theo c4ch théng thudng.

Vi du cho 6tdmat ¢ cdc phan hoach thé la
I, =(1,2,3;4,5;6,7)

I, = (1,2,3,4,5,6,7)

Day 1a mét Gtdmat cd 7 trang théi, nhu vy s6 lugng bi&n trang thai tdi thi€u cén
thiét theo cich thong thudng sé la 3 ( [log2 7] = 3), nhu vay chi céin cic bign (v, y,
y3) 1a d€ ma hda trang thdi cho 6tdmat.

Nhu do I1) 12 phan hoach th€ nén mudn tao ra tap con tu phu thuéc (ma& hda cho
khéi), & day I1) ed 3 khéi cho nén d€ m4 hda cho cde khdi cta II; ta cdn 6 hai bién d&
ma hda (y, y;). Dong thdi ¢ day khéi 1én nhét cta T, cd 3 trang thai hay cd 3 phan ti,
vy mudn méd hda dugc cho 3 phén ti cia kh6i 16n nhdt ta cdn phai cd 2 bitn la (3
yq). Nhu vay (y; y;) ding d€ mi hod cho khéi ctia I; con (y; y,) s& dung d€ ma héa
cho céc phédn td cia khoi 16n nh&t cia phan hoach th& I1;, vay t8ng lai ching ta cén g
4 bién d€ ma hda (y| y; y; y4). Trong khi néu ma héa nhu binh thudng thi ta chi cin
cd 3 bién d€ ma hoa. Ta bigt mbi mot bién ding d€ ma hda sé 1a mét bit théng tin hay
mot mach trigg, cho nén ma hda cho 6témat theo phan hoach thé IT, c¢ thé lam cho
mach 16n hon so v6i mach céa 6témat dé ma ma hoa theo cach théng thuong. T dd d8
thuec hién duge viéc ma hda ding phén hoach th& sac cho ¢d s6 lugng bign la téi thigu
ching ta dua ra phuong phép dung mét tdp phan hoach th&, ddm bido gidm nhé duge su
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phu thude qua lai giita cdc bién trang thdi déng thdi vin ding véi s6 lugng bién it nhdt
d€ m& hda. Diéu kién d€ tim ra dugc t4p phan hoach th& ma hda cho 6tdmat duge chi
ra & dinh ly sau.

Dinh Iy 4.6 : Cho mét dtémat ¢d nhd da duge rat gon M véi p trang thai, v mét
tap A khoéng tréng hitu han cia m phan hoach th& Tén tai mét cach ma hda voi k bién
(k = [lcog2 p}) trang thai ma t4p con cha cac bién trang thdi ma hda khéi cho ting
phan hoach ctia A 1a tu phu thuéc néu va chi néu théa man :

1. Kry + #p = k VIL € A

O day - k [1og2 p} : 1a tap bién t5i thi€u cdn d& ma hda cho dtdmat.

Kni [10g2|ﬂi|]: la tap bién téi thi€u cén dé€ mi héa cho khéi cla phan
hoach thd I;. l €1 € m
Ary = [log2 m( I1, )] : 12 tap bién t6i thi€u cén thist d8 ma hdéa cho phén

ti thuge khéi lon nh&t cia phan hoach thd IT;.
m - £ ¥ > )
Im = ﬁ]’li : la phan hoach tich (k& qua tich cda m phan hoach cla tap A}
i=1

K™ = [log2|l'lm|] : 1a tap bién cdn thigt d€ ma héa cho céc khéi cua
phan hoach tich
M = [log2 m( 1™ )] : l1a tap bién cén thi6t d€ ma hda cho cac phdn tir
cha khdi cla phan hoach tich.
Nhin vao ting diéu kién cta dinh 1y 4.6 ta ¢6 nhén xét :

- Digu kién 1 dam bio cho m&i mot phan hoach I, € A chi cén ding k bién trang
thdi d€ ma hda 1a du d€ tao ra ma nhi phan déc 1ap cho titng trang thai caa dtémat
trang TIT.. '

— Ditu ki¢én 2 xdc dinh 12 s6 Iugng bién dung d€ ma hda céc phan hoach cia tap A
cdc phan hoach thé ding bing s§ lugng bién t6i thi€u d€ ma hda cho cac trang théi cua
phan hoach tich Im™. '

Vi du cho : Hl=(1,2;3;1)
M, =(1;2;3,4)

Phan hoach tich cda ching duge tinh nhu sau :
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Ta tinh két qua theo cach tinh cta tinh Décsc.

Didu dd cd nghia 1a khéng cdn phai yéu céu thém cdc bign khac (ngoai s8 lugng t6i
thi€u bign k) dé ma hda cho tap A.

~ Diéu kién 3 dadm bao khong cdn dung thém cédc bién frang thdi d€ tao nén ma
cho cdc trang thai cia kh6i 16n nhit cia phan hoach tich TI™. Nhan thdy s8 lugng bién
trang thai cdn dung d€ ma hda cho ph4n hoach tich chinh bing s6 lugng bigén t6i thidu
dung dé€ mia hdéa cho 6témat M.

Vi du : Cho 6témat hoat dong theo bang chidc nang duge chi ra trén hinh 4.49
Dung mot tap phin hoach th& d€ ma hdéa cho 6témat vii =6 lugng bién cdn dung d€ ma
hda 1a t3i thifu du d€ tac ra moét tap tu phu thude.

Lay ra fép A SR 0 1 z
A D c 0
B F C 0
C E B 0
D B B 1
E A D 0
F C D 0
Ddr DM

Hinh 4.49. Cho truéc mot Atomat.
Ching ta thuc hién ma hda dung mot tap phan hoach th& theo cdc buée sau -

~ V& dan phan hoach th& Dy, d€ bist 6t6mat cd tén tai tdp phan hoach th& hay
khéng.

~ Tu dan phan hoach th& chon ra mét tdp A céc phan hoach thé.

- Ki€m tra xem t4p phan hoach th& A c¢d théa man cie diéu kién clia dinh ly (4.6)
hay khong.

- N&u théa man dinh 1y thi ma hda cho tap A theo c4c bign cho ting khoi trong
ting phan hoach th& cta tap A.

Qua cdc budc d trén ching ta s& tim duge hai phan hoach th& cia 6témat da cho
la :

II, = (A,B,C; D,E, F)

M, = (A,F; B,E; C,D)

Tu hai tap phan hoach th& I1,, II, tim dugc t¥ otémat da cho, ta chon tap phan
hoach thé A s¢ dugc ding d€ ma hda cho 8tomat 13 :
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A= (ni,nz)

Do ¢6 hai phan hoach th& trong A cho nén m = 2. Buéc tip theo ta ki€m tra tap

A cédc phan hoach th& dd xem o6 thda man dinh 1y hay théa man diéu kisgn d€ md hda
hay khong.

T otdmat d& cho ta thdy s6 lugng trang thai cia 6t6mat p = 6 (dtdmat 6 6 trang
thai).

Ta tinh duge cdc tham s6 eta tap A theo dinh ly nhu sau :

k = [10g2 p] = [lc«g2 6:[ = 3

Ky, = [1og2|n11] = [10g22] =1

Kp, = [log2|l'12]:| = [10g2 3] =2

p, = [logzm(l'll)] = [1og2 3] =2

A = [1og2m(n2)] = [log22] =1
I

(A,B,C;D,E,F).(A,B;C,D;E,F) =
(A;B;C;D;E;F) - c6 6 khéi ma mdi kh6i o6 1 phin ti
K = [mgzng] = [logz 6] =3

TP = [logzm(Hz)] = I:log2 1]

Thay céc gia tri tinh toan dugc vao céc diéu kién cta dinh ly :

0

1. KIT, + 4T, =1 +2 =38 =k
KM, + ull, = 1 +2=38=k

2. KM, + ull; = 1 + 2 = 8 = KI7?

3. KI? + 41> = 3+ 0 =23 =k

Nhu vay chiing ta th&y cd 3 diéu kién cia dinh ly déu da duge théa man, tit d6 ¢
thé ndi 1a ding tap A céc phan hoach thé c6 thé ma hda cho Otdmat, v&i s6 lugng bién
dung d€ ma hda 1a it nhat, dong thdi dt d€ tao ra tAp ty phu thuoc.

Tiép theo ta ¢d cdch ma hoa (dat

Bang dat tén cu thé.
tén) cu th& cho ting trang thai ctia

6témat nhv sau : Dung mét bién Y1 0 1

trang thai (y;) d€ ma hda cho cac ek

khdi cua I1) va hai bién trang thai (y, 00 A F {(A.F)
yy) ding dé ma hoa cho cac khdi cua 01 B E (B,E)
phan hoach I1,. Tit dd ta ¢d bang mi 10 C D {ﬁ)
héa (dat tén) cu th€ chi ra trén hinh 11 - -

4.50.

Hinh 4.50. Bang dat ¢n trang thdi.
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I, = (A,B,C; D,E,F) ta dung (y,) 4§ ma hda cho céc kh6i cta M), cu thé
thdy tiing c6t trong bang chinh A céc trang thai trong titng khéi cta I1, (y; = 0 ¢d cac
khéi (A, B, C), y; = 1 wng véi cac khsi (D, E, F))

Tuong tu vdi hai bién ma hda (yz ¥3) ta ma hda cho tirng kh6i ciia phan hoach thé&
I = (A,F;B,E;C,D). Nhu vay ching ta ding cdc bién trang thdi chi ma hda cho
ting kh8i cia cic phan hoach thg (11, ;). Tu dd chéc chén tao ra dugc tap tu phu

thudc voi s6 lugng bién dung d€ ma hd la it nhat, nhung vin tim duge ma hay tén goi
cia ting trang thai cda 6témat la .

A = 000 B = 001
C = 010 D = 110
E = 101 F = 100

Ung v6i mét tap cdc phan hoach th& A ta ludn c6 duy nhft mot edach ma hda cho
Cac trang thai cha otdmat, vi giita hai ¢t trang thai khéng hoan vi duge, déng thoi giita
cac hing trang thai cing khéng th€ hodn vi duge do ching phai ndm trong titng khdi
cua IT; va IT,. Cach ma hda ta thu duge la duy nhét nén duge got 12 cach ma hda téi
uu. V@i cich ma hda nhu v4y ding mét tap phan hoach th& di d€ dam bao tao ra khéj
tw phy thudc v6i s§ lugng bién ma hda 13 nhd nhit hay it nhat.

Néu ta khong tim duge tp A ndo dé théa man diu kién cta dinh Iy (4.6) thi chi
con cich 14 ding ma hda (dat tén) ngfu nhién cho 6témat duge ma theéi.

Tém lai vo6i mdt 6témat cd nhé ching ta cd th€ cd ba cdch d€ ma hda hay dat tén
cho céc trang thai )4 : Ma hda ngiu nhién, ma hda ding moét phan hoach th€ va ma
hda ding moét tap phan hoach th&. Thy theo timng trudng hop cu th€ khi thidt k& xay
dung dtdmat c¢d nhé ta cd thé 4p dung mot trong ba cdch ma hda dé.

§4.6 PHAN GIAT OTOMAT CO NHO

4.6.1. KHAI NIEM

Trude hét ching ta cdn hi€u phan giai 6témat c6 nhé la gi va phan giai 8tdmat cd
nhd khi nao va d€ lam gi? Viéc thuc hién phan giai 6témat cé nhé thong thudng chi xdy
ra khi ching ta gip phai mét 6témat qua 16n,. nd c6 s6 lugng trang thai r4t 16n tdi mdc
ching ta khong th€ thyuc hién téng hop truc ti6p néi, vi viée thuc hién otémat sé& doi hdi
mot khéi lugng tinh todn rét 16n cing nhu cdn moét hé théng mach dién rat Ién. Trong
truong hop d¢ ching ta phai tim cdch phan gidi hay phan chia nd ra thanh cdc 6témat
con thanh phan nhé hon, (tao thanh cdc moédun), sau d6. néi ching lai hay ghép chiing
lai thanh otdmat cln phai x4y dung. Khi cg dude cde 6tdmat con thank pha'h nhd hon sé
cho phép ta thuc hién l4p rdp né mét cach dé dang hay con cd thé st dung k& thita cédc
6tomat da duge nd sdn, déng thdi cd th€ tao ra cdc médun tit dé cho phép xay dung
nhad mdy dé san xuit hang loat &tdmat co ban.
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4.6.2. PHAN GIAI NOI TIEP OTOMAT €O NHO

Viéc phan giai néi tiép 6tdmat ¢d nhd lién quan t6i hai bai to4dn : Bai to4n thuan la
cho truéc hai 6témat M; va M, ta ndi ti€p ching lai sé tao ra mét 6témat M 16n hon
(M, @ M, = M). Bai toan thd hai 1a bai todn nguge cho trudc mot dtébmat M ta phai
phan chia dttmat dd ra lam hai 6témat con thanh phén M, va M,, sao cho khi néi tiép
M v M, s6 tao ra Otbmat M (M = M; () My).

4.6.2.1. Bai todn thuln cia phén gidi n6i tiép
Nhiém vu cua bai toan la :
Cho trudc hai 6témat con M, vd M,, ndéi ti€p ching lai v6i nhau & tao ra mot

otomat M 16n hon, ta phai tim ra chde nang cta dtomat M ldn hon duge tao ra nay. So
dé bigu dién néi lién ti€p hai 6tdmat dugec mé tA trén hinh 4.51.

Dinh nghia 4.7 : Cho trudc hai otébmat cd nhé M, = (X, 8}, Z; ¢1, g) va M =
Xy Sy, Zy, £, gp) nbi ti€p M, va M, tao ra 6tdémat M nhu sau :

r———— "~ T TSt T T T - _}
! |
}

g !I I M, 52 o M, ——*—r“—i'-z |
{ S Sz !
! M s |
D J

Hinh 4.51, NGi 1i€p hai otomal.

M = (X: S) Z) f) g)

Ml e Mz = M Z. (Xl’ (Sl X Sz), Zz, f, g}

trong dé : X = X
S = (8, X 8,)- Tich Décac §, va S,
Zy = X, ddu ra M, la ddu vao cha M,

s(t+1)

i

1(s(t), %) = £(s(),%) =
= {f](s(t),xl ; fz(s(t),xz)} =
= {A(s®,x) 5 B(s(O), &3, x1))
= {sl(t+ 1) ; syt + 1)}
z{t) = g(s(t),x) = g (s(t),xy) =
= 2(s (1), 8(s (1), %)) = %(t)
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Tit cde quan hé tinh duge t¥ trong dinh nghia, ta th&y moi tham s6 cta 6témat M
déu duge xédc dinh tit cde tham sd cho truée cila hai 6tomat ban diu M, va M,. Péng
thai viec ndi tiép hai 6témat thanh phén cho trude thanh mot 6tébmat M lén hon khong
cin cd thém didu kién gian_g budc nao ca.

4.5.2.2. Bai todn nguwoc cia phén gidi néi tiép

Nhiém vu dat ra & day 13 tit mot otdmat M cho trudc ching ta tim cdch phan giai
né thanh cdc 6tdmat con thanh phén la M, va M; sao cho khi néi tiép chang lai véi
nhau thi thyc hién duge chic nang cia 6t6mat M. Phén nay ching ta phai dua ra diéu
kién cho phép ta bigt duge mot 6tomat khi nao thi od thé thyuc hién duge phan gidi néi
ti€p khi ndo khong thyc hién duge phan giai n6i tigp, vi khéng phai ci b&t ky mot
6témat c6 nhé ndo cling thuc hién duge phan gidi nsi tiép.

Dinh nghia 4.8 : Otomat M, néi ti€p véi M, dugc goi 1a phan giai n6i ti€p cia
Otomat M néu va chi néu M; ndi'ti€p véi M, thyc hién otomat M (M, @M, = M.
Phan giai d6 1a khéng tdm thudng néu M, vd M, cd 86 lugng trang thai it hon trang
thai cuna M.

Diéu kién cdn va di d€ 6 the thue hién duge phan giai n6i tiép mot 6témat oS
nhd thanh hai 6témat con thanh phén néu théa man dinh 1y sau :

Dink lj 4.7 : Otomét M c6 phan gii n6i ti€p khong tdm thuding néu va chi n&u tén
tal mot phan hoach th€ khong tdm thudng IT trén tip trang thai S cia 6témat M.

Ta thay néi dung cta dinh 1y phdt bi€u cd lien quan tdi phan hoach th& cia 6tomat
cé nhd, day 12 mdt sy nhom hop hay hoat déng déc biét cia otomat ¢ nhé. Do 1a hoat
dong dac biét nén cd thé cd 6témat cd nhé hoat dong clia nd khéng tao ra duge phan
hoach thé (PHT), nhung cing ¢é 6témat sy hoat dgng hay bang chic nang ctia né cho
phép tao ra tap phan hoach thé. Dinh ly (4.7) cho phép ta cd thé thuc hién phan giai
ndi ti€p 8tdmat cd nhd ciing nhu cho bist ngay ti déu 6témat dd cd phan giai duge néi
ti€p hay khong? Sy tén tai cha t4p phan hoach thé& chinh 13 di€u kién tién quyét dé thuc
hién duge phan hoach néi tiép mot stdmat cd nhd. :

Do dac di€m hoat déng ctta ph&n hoach thé la trang thai ti€p theo dudi tic dong
cua tin hiéu vao lai quay vé trang théi trudc dd, cho nén ta cd thé hidu hoat dong cia
phan hoach thé 12 & trong timg bo ting cap riéng biét. Diéu d6 cho phép ta cs the dua
vao tip phin hoach thé& d&€ x4y dyng nén mot 6témat riéng biét M;, sau dd tim cach,
x8y dyng (tim ra) duge thém mét 6t6mat M, ndo d¢ ndi tiep véi M;, tao ra hoat déng
clia otomat M. :

Céde bude thue hién phan giai nsi tiép 6tdmat o nhéd nhu sau :
1. Ve dan phan hoach th& Dy, tir d6 tim ra mot phan hoach the khong tém thudng I,

2. T phan hoach IT tim duge ta tim ra mét phan hoach méi 7 sao cho thda man
diéu kién I1.7 = o,

3. Ti ph&n hoach thé€ IT tao nén Stémat M,, va tir phan hoach 7 tao ra 6tomat M,.
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Céc budc trén od thé tién hanh theo trinh tu :

Cho trudc :

M=(XS52ZTf g
- Tt 6tomat M dd cho ta tim ra dugec mdt phan hoach th€ II. Ti phan hoach 11 ta
tao ra otébmat M; nhu sau :

M = &, Sh-zlr fl, &)

= (%, (30 (o] * (x], e
Trong d¢

S, = {Bn} : Tap cdc khéi cta phan hoach th& T1

X = X, : Vi la tin hiéu vao cla mach méc ndi tiép.

{BH} X {X } : Trang thdi S, tich Décdc véi tin hiéu vao X tao ra ddp ung ra Z,

fr1 - Ham anh xa hay ham chuyén bién trang thai cia M,, né cd quan hé
fn({Bn},Xl) - f({BH},x) cia M da cho

e : La ham #n, 4nh xa t¥ tap tich tryc ti6p (tich Décdc) cia {Bn}x { x} vio

o= ({)x) = ) < (3]

Cing tU phan hoach th&€ IT ta chon duge & trén, ta ilm duge phan hoach T théa
man quan hé .11 = @© . Sau khi tim duge phan hoach 7, dua vao phan hoach T tim
dugc otomat M, co clu tao :

M; = (xz* Sy Zp B gz)

M, = (zl, {B,}, Z, £, gz)
My = ({Ba} x (X}, {B}%.6.5)
Trong dd
S, = {BT} : La tap cdc kh6i cia phan hoach T

Z, = Z : La tap ddp dng ra cta Otdmat M da cho
f : La ham 4nh xa théa man quan hé

& ({3]. {Bn} » (X}) - (3 B0.%)

g, : La ham ra é4nh xa thda m&n quan hé
g ({B:}-{Bn} x {X}) = g (B Bn.X)
Bry. B, : La phén hoach tich.

Nhu vay 12 moi tham s6 cta Otomat M, va M, déu dugc tim ra tir 6tdmat M cho
trude. Ta o6 thé kiém tra lai két qua d6 khi ndi tisp M, va M, (M; (5) My) lai véi
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nhau (nhu coi M;, M, cho truéc & phdn trén) s& lai duge 6tdmat M da cho ban dau.
M DM, = (X, Bux By, 2y, g, £ =
=X 8 2 fg =M
O day do diéu kién 7 . Tl = & cho nén By x B, = S.
Vi du : Thuc hién phan giai néi ti€p 6tdmat cho & bang chidc nang trén hinh 4.52.

Bang chic néang

=
—
=
—

Hinh 4.52. Cho truéc mdt G1omat.

hoLh o W B
Lh O e B W L
L
= BT o B o B e
= O D e e D

Buée 1 : Tim dan phan hoach th& cta 6tdmat da cho, trén co s& tim ra cdc phan
hoach th& nhd nhit ecda nd, két qua thu duge :

0, =(1,2), M =(2,8), Iy=(5,6)
H», = (1,2,3,4)

Dya vao céc phan hoach thé tim duge ching ta v& dugc dan phan hoach th& Dy
chia 6tdmat duge chi ra trén hinh 4.53.

Trong dan Dy, ta cd dugc cdc phan hoach thé.
M= M, +0, = (1,2;2,3) =(1,2,3)

Hinh 4.53. Dan phan hoach thé Dy,
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Mg = M, +T3 = (1,2;5,6)
1'16=1’12+T13=(i_3","§;m)
Og = M, +1I; = (1,2,3;5,6)

My =1, +Tg = (1,2,3,4;5,6)

Dua vao daﬁ phan hoach thé& ta chon phan hoach IT=TIl;. Do tén tai phan hoach
thé nén théa man diéu kién cia dinh 1y (4.7), cho phép ta thyc hién duge phan giai néi

tiép otomat da che. NGi cdch khdc la vi t6n tai ph&n hoach th& cho nén phan giai néi
tiép otdmat cho la thuc hién duge.

Ta ¢d phan hoach th&€ ban déde lya chon la
Mm=1,=(1,2,8,4;5,6) = {4,8} = {®n}

Do phén hoach IT cd s8 ludng phén tr trong moét khdi 1n nhit 1a 4, cho nén phan
hoach T phai c6 it nhdt 1a 4 khéi thi mdi théa man dude quan hé 7.71 = &, bAng cdch
cdc phén ti cia khdi lon nhit cia I1 s&é duge phén chia ra thanh ting phin td nadm
trong ting khdi riéng biét cha 1.

Ta cd : IMT=1(1,2,3,4,5,6) t dé suy ra T
1=(1,56;,2,6;3;4)
T hai phén hoach IT va 7 thu duge d6 chic chdn ching s& théa man I1.7 = @
nNz=(1;2:8,4,5;8) =0
Ciing tU hai phan hoach Il va 7 d¢, dua vao ching cd th€ tao ra hai 6témat M,
vad M,. Néu thyc hién méc. néi tiép ching lai véi nhau s& tac ra 6témat M ban diu da
cho, thuc hién duge chdc ning cla 6tdmat M. Déng thdi s6 lugng trang thai cha hai
otomat M, va M, la it hon 6témat M ban ddu.

T=(1,5;2,6;3;4) =(a,b,c,d) = {B,}
Trudc het dya vao phan hoach IT thuc hisn M, tit 6témat M da cho nhu sau :
= ({30 {on} x (X}, e)
Mm=(1,2,3,4;5,6) = {A,B} = {Bn}
Hay cd thé viét : .
M, = ({0,1},{A,B},{(A,O),(A,1),(3,0),(3,1)}', fii, e)

Chiing ta cd cfu tao cia badng chic nang cia 6tdmat M; nhu trén hinh 4.54.

Vian dé g day 13 dya vao 6témat M cho tru6c (1a s6 lidu ban ddu) ta sé dién vao
bang trang thai cdc trang thai tiép theo cia M; nhu thé nao.
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Bang chic nang M,

Xy Z
5 o | 1 {01
Hinh 4.54. Otomat M,.
A TA@A|]s8
B B A |y | g

Céch dién bdng M, :

Ching ta sé dién theo titng toa do trén bang chic ning M, toa do ddu tién (A, 0),
ta dua vdo quan hé :

fn({Bn},X) = £({Bn}, X}
fi(A,0) = £(1,2,3,4,0) = 3,3,2,1 theo M cho trudec
= m =& do ky hiéu.
Toa do tiép theo (A, 1), cich lam tuong tu trén :
fM(A,1) = £(1,2,3,4,1) =1,1,1,3 theo M cho trudc
=TT 3= @®
Vai toa d6 tiép theo (B, 0) céch lam twong tu
f1(B,0) = £(5,6,0) =
V6i toa dd cudi cung (B, 1)

-
i
>

fni(B, 1) = f(5,6,1) =6,5 =

Do phan hoach IT 1a phan hoach thé, nén trang thai tigp theo dudi tac dong cia tin
higu vao (X) ludn ludn hoat dong theo titng bg ting cap trang thdi, cho nén da tao ra

cdc trang thai ti€p theo M, la A va B dé dang dién vao béng M, & khu vyc trang thai
ti&p theo (ham fp.

Céch dién khu vuc ham ra (e) cia M, : ta dua vao quan hé

°({Bn}.X) = {Bn} x {x}
e (A,x) = (A,x) = (A,o) , (A, 1) a,f
e(B,X) = (B.X) (B,0), (B.1) =7, 4
Do ddu ra Z; clia 6tdmat M, ta khong biét chinh xdc (cho nén goi e 12 ham 4n sd),
ma ta chi bigt chinh xdc la ddu ra cla M, la ddu vao cla stémat M, (2, = X,) do mic
ndi ti€p, cho nén toa dd & ddu ra Z, hay ddp ung ra cla 6tdmat M, chiing ta cho cdc &n
s6laA 0 =a A 1=3@0-=y,(1 = 7. Nhu vay col nhu dién xong hay

tao xong otdmat M;, bang chdc niang ctta 8t6Smat M, dugce tao ra ti ph&n hoach II va
Otomat M cho trude.
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Tiép theo ching ta dya vao phin hoach 7 d€ x4y dung nén Otomat M, & day ta chi

cn cd luu ¥ 1A cac gia tri (a, B, v, 7) d4p dng ra cia M, sé trd thanh tin hiéu vio (X,)
cia otémat M.

M, = (sz{Br}vzz:fzsgz) Si’.:{Br}
v=(1,5,2,6,8,1) = (a,b,c,d) = {B}

Tit d6 ¢6 thé cd otbmat M, 12 : g; = g
My = (X5.8,.25,5.8)

S CHERI LS PEACEY

M = ({«,f,7,1}, {a,b.c.d} , 2,5, 8) Z, = Z

Téi day ta ¢ duge cdu tao bang chic nang cia 6témat M, nhu chi ra trén hinh
4.55.

=
|

Bang chic nang M,

\‘\_\ X2 Z,
o
52 ~ e B v nmla B v 7
a A @ v d|A @ 1 0
b ¢ a a d 0 - 1
c c b @ - 0 1 -
d d a < -0 o @ .-

Hinh 4.55. O16mat M,.

Cich didn bing chic nang otémat M, :

Ta sé& dién trang thai tiép theo cho 6tdmat M, theo titng toa 46 cha nd & trong
bang, d€ dién dugc trang thdi vao bang ta dua vao quan hé.

fz({Br} ) {Bn} X {x}) = r(B,.Bn,x)
Véi toa d6 dau tién (a, «) :
fz(a,a) - fz(a,(A,O)) = f(a_A,o) =
f

f(1,5.1,2,3,4 ,0) = (T,o) = 3 trong bang chic nang M, ma 3 = ¢ ky
hiéu trang thai M,.

Vay : f{a, ) = A
Toa d6 tiép theo {(a, B) v6i cdch lam tucng ty trén :
£, (a,,s) = fz(a,(A,l)) = f(a.A,l) =
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f(1,5 . 1,2,3,4,1) = f(I, 1) =1 =@

V6i cach lam tuong ty ta sé l4n lugt tinh todn tim ra cdc trang thai cé&n dién dng
véi tilng toa d6 d trong bang M,. Sau day chiing ta xem xét t6i mot toa do dic biét.

Toa dd (c, ¥} ching ta cd :
f,(c, ) = £, (c, (B, 0)) =f@.B 0 =
f(4.5,6,0) =f(d,0) = @ khéng xdc dinh.

fZ(c!y) = 6

Tiép theo ta s& dién nét khu vyc ham ra (g;) cia M, cdch lam cing dién theo ting
toa 40, va dua vio quan hé sau :

& ({3} {Bn} x {X}) = & (B: B, X)
Véi toa dd dAu tign trong khu vyc ham ra (a, a) :

g2(a,a) = g(a,(A,0)) = g(@.A,0

g(1,5.1,2,3,4,0)=g(1,0)=1

g(a, a) = A\

Tea do (a, ) :
g(2,8) = g(a, (A, 1)) =g@.A,1)
g(1,56.1,2,3,4,1)=g(1,1)=0

g2(a:ﬁ) =@

V6i cach lam tuong ty chiing ta s& thu duge gia tri cia ddp dng ra cla M, theo
chiic nang cia M da cho trude. Sau day ta xét thém toa do dac biét :

Toa d¢ (c, y) ta cd :

g2(c, ) = g (o (B, 0)) =g.B 0 =

g(z .5,6,0) =g(d,0) =— v khong cd trang thai nén
khéng diga khi€n, khdng xdc dinh
g2 (C, ?) =®

Nhu vay ti phan hoach T tim ra duge tit phén hoach IT ching ta da x3y dung duge
otomat M,, ma hoat dong hay ting trang thai tiép theo cla nd da tim duge déu dua vao
otémat M cho trude (sG liéu ban dédu). Sau khi xiy dung duge mach dién cho hai 6témat
M, va M, ta chi cln n6i ti6p ching lai s& tao ra mot 6tdmat thuc hién chdc nang cta
otomat M ban ddu (M, @ M, = M).

4.6.3. PHAN GIAI SONG SONG OTOMAT CO NHO

Viéc phdn gidi song song 6témat cd nhé cling cd hai bai todn 12 : bai todn thuan va
bai todn nguge. Bai todn thuan la cho truée hai 6témat M; va M,, sau dd chi viéc néi
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song song chiing lai s& tao ra mot 6tdmat M nao d6. Thuc hién vise mic song song
dd ching ta khéng cén ed diu kién nao cj. Bai toin nguge la cho trudc 6témat M,
ta phai chia nd ra thanh hai 6témat con thanh phén 1a M, va M,, sao cho khi thuc
hién néi song song ching lai véi nhau thi thuc hién duge chde nang clia 6témat M
ban ddu. (M; // M, = M).

4.6.3.1. Bai todn thuén cia phén gidi song song Otomat

Nhiém vy ctia bai todn nay 13 cho trudc hai 8témat M, vd M,, thuc hién n&i song
song ching lai s& tao ra mot 6tdmat M 16n hon. So d8 bi€u dién n6i song song hai
otémat dugc méo td trén hinh 4.56.

o, o

X .

e o A

S, |

X=Xk | ’ | 2=2,+7

jb—:—a-o I
)

L[ u

S Z t

: X, 2 2 s

- J

Hinh 4.56. NG6i song song hai 6t6mat.

Dinh nghia 4.9 : Cho trudc hai 6tdmat cd nhd
M, = (X, 8, f, g) va M, = Xy Sz 2y, £, gp)
N6i song song M, vd M, tao ra 6témat M nhu sau :
M=(®XS82Zfg
My /IM; =M=, xXp 8 x8,;,2 x2,f g
Trong dg
' X =X x Xy
5 = (8 x 8y
Z = (Zy x Zy
£ s, xy, %)) = (fl CHE SR ACED)
g ((51) 20, (xy, Xz)) = (gl(sl, X)), 808, xz))

Nhu vy cdc tham s6 cla 6tdmat M déu da duge tinh toin hay xac dinh dya vao
cac tham s6 cia hai 6témat M; va M, da cho. Viée néi song song hai 6tdmat c6 sin ta
khdng cin mét diéu kién hay yéu cdu gi ca.

4.5.3.2. Bdi todn nguoc cia phén gidi song song 6tomat

Nhiém vy cta phdn nay 12 mdt 6tdmat M cho truée ching ta phai tim cdch phan
gidi nd ra thanh hai 6témat con thanh phdn 12 M; va M, sao cho sau khi néi song song,
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ching phai thyc hién duge 6tdomat M. Khéng phai bt ky 6tdmat ¢ nhé nao cing thyc
hién duge phan gidi song song. Cho nén & day chiing ta phai dua ra diéu kién ki€m tra
hay cho phép phan gidi song song modt 4témat cé nhé. Didu kién thuc hién phan giai
song sdng Otdmat dugc néu lén & trong dinh ly (4.8).

Dinh nghia 4.10 : Hal 6tomat M; va M, dugc goi la phan giai song song cua
otomat M néu va chl néu M, ndi song song v6i M, thuc hién 6tomat M (M, // M, = M).
Phan gidl d¢ la khong tdm thudng néu M; va M, cd s§ lugng trang thai it hon trang
thdi cta M.

Digu kién cdn va da d€ c6 th€ thyc hién duge phan gidi song song cua 6témat cd
nhd thanh haj 8témat con thanh ph4dn néu thdéa mian dinh ly sau.

Dinh Iy 4.8 : Otomat M cd phén gidi song song khong tdm thudng n&u va chi néu
ton tai hai phan hoach th& khong tdm thudng I; va II, trén tap trang thdai 8 cta
6tdmat M sao cho II, . I, = &,

Dya véo dinh Iy (4.8) cho phép ta bi6t duge ngay ti ddu mot 6tdmat cd nhé o thé
phan gidi song song duge hay khong. D€ thue hién phan gidi song song mot 6témat cd
nhd M cho trudc chiing ta phai qua cdc budc sau :

1. V& dan phan hoach th& Dy cta 6t6mat M

2. Tt dan phén hoach thé Dy ta tim ra hai phan hoach th& 1, va II, sao
cho théa man II, .1, = &,

3. T phén hoach IT; tao ra 6témat M; va ti phan hoach IT, x&y dung nén
6tomat M,.

Dua vao cac budc da néu trén ching ta thyc hign phan gidi song song 6témat M
theo trinh tu sau.

Cho truée -
M=X 82fg

Tl 6témat M da cho ching ta tim ra duge mot phan hoach thé& II,. Tit phan hoach
I1; ta tao ra 6tdmat M, nhu sau :

M, = &, 5, Z}, fi, &)

Ml = (X{Bnl}g,{Bnl} X {X} ’ fnl s e)
Trong dé : -
X, = X vi ddu vio ta o6 th€ néi lai vai nhau.
8, = {Bnl} T4p cac khéi cda phan hoach thé& I1; |
Z, = {Bnl} X {x} Trang thai S, tich Décac véi X tao ra dap ung ra Z,

theo Mealy.
fi = fnl Ham chuyén bién f; 14 hoat dng ciia ham f theo phan hoach IT,.
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g, = e l& ham d6ng nhdt vi ta khong thé néi ddu ra clta 2 &tdmat v6i nhau.
Cing nhu vy tit phan hoach th& I, tao ra duge 6tdmat M, nhu sau :

M, = Xy 8y Zy £, g
M, = ({an} . {Bnl} X {X} . fnz, e)

e
[*]
1

X Vi ddu vao ta cd thé han néi lai.
S, = {an} Tap cac khdi cia phan hoach I,

Z, = {an} X {X} Trang thai S, tlch Décac véi X tao ra dép ing ra Z,
theo Mealy.
£, = fn1 Ham f; hoat déng theo ham f theo phan hoach IT,

g; = e la ham ddng nh4t.

Vi dy : Thyc hién phan gidi song song 6témat cé nhd hoat dong theo bang chde
ning & trén hinh 4.57 sau :

Bang chic nang

X
x o 11|z

Hinh 4.57. Cho mot otdmat.

o R - T o B
LS I o B T R~ N
P R
=T =l

Sau khi vé& dan phan hoach th& cho 6t6mat M ngudi ta tim duge hai phan hoach
thé khéng tAm thudng sau :

m = (1,2,3;4,5,6) = (A,B) = {Bnl}

M,

]

(1,6;2,5;4,8) =(C,D,E) = {an}

Ta thyc hién I, .11, = (1;2;3:6;5;4) = ¢

Tu két qua thu dugc chiing ta thdy hai phan hoach IT; va IT, thda man diéu kién
cua dinh ly.

+ Tu phan hoach th& I1, ta x4y dung duge Otdmat M, dua theo 6t6mat M da cho
nhu sau & trén hinh 4.58, '
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Bang chic nang M,

X

) 1] 0 I A

A Hinh 4.58. Otomat M,
B A B |0

m = (1,2,3;4,5,6 = (A,B) = {Bp }

M; = ((0,1), (A,B), (A,B) x (0,1), fry o)

Céch dién bang M, nhu sau :

Ta sé& dién vado bang M, theo t_iing toa d6 cta nd, d€ dién dugc ching ta dua vao
quan hé

Véi toa d6 diu tién (A, 0) cta bang M, :

fy (A, ) = £(1,2,3,0) =4,6,5 theo bang M.

ma 4,5,6 = B theo ky hiéu cia bang M, Vay f;(a, 0) =(B)
Toa d6 tiép theo (A, 1) :

f(A, 1) =1(1,2,3,1)=23,3,2=A

A 1 =(4)

Theo cach lam nhu trén ta cd

fi(B, ) = A fi(B, 1) = B

O day dau ra hay dap \dng ra Z, ta chua th€ dién ngay dugc gid tri. Sau khi tim
dugc bang chic ndng cho 8tdmat M, tit TI,, chiing ta sé théng nhét cach dién cho Z; va
Z, theo ham e nén dugec goi 12 ham d6ng nh4t s& néu cu thé & phdn sau.

+ Tu phan hoach thé I, ta xay dung dugc 6tdmat M, tit 6témat M da cho nhu sau
¢ trén hinh 4.59.

Bang chidc nang M,

S Xl 112
S2 \“\__‘ 1
Io .
@ A Hinh 4.59, Otdmat M,.
D cC E | o0
E | D D| 1

M, =(1,6;2,5,;4,3) =(C,D,E) = {an}
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M, = ((0,1) . (C,D,E), Z,, ff,, e)
C4ch dién bang M, nhu sau :
Dién vao bang M, theo tling toa do cla nd, chiing ta dwa vac quan hé :
' 6 f, = I,
V6i toa dé ddu tién (C, 0) cha bang M, :
£(C, 0) = £(€,0) = 4,3 theo bang M.

Ma 4,3 = E theo ky hitu trang théi ctia M, vay
£, 0 =®

Toa do tigp theo (C, 1) :
£,C, 1) = £f(1,6,1)=3,4=E
6 € D =A

Vi cach lam tudng ty thu duge cac két qua :
f,(D, 0) = C f,(D, 1) E
f,(E, 0) D f,(C, 1) = D

Tl cac két qua thu duge ching ta dién ddy duge khu vyc trang théi tiép theo cia
Htomat Mz (k_hu fz).

Sau khi dién ddy db cac trang thaj tiép theo cho étdmat M, va 6témat M,, dua vao
dap dng ra Z clia 8tdmat M cho trude, ta dién nst dap dng ra cho M, va M, (khu vuc
ham ddéng nhdt e) nhu sau :

Tt 6tdmat M cho trudc, do otémat bi€u difn theo Moore & dap iing ra nén ta cd
the viet -

gl =1
Do diéu kién I, .TI, = @ cho nén ta tim hai trang théi bt ky ctia I1; va T, nhan

v6i nhau sao cho k&t qua ra khéi c6 1 phén t& 1a 3 (ing véi 6tbmat M). Vi du & 6tomat
M, ldy trang thai A = (1,2,3) cdn ¢ 6témat M, ldy trang thai

E = (4,3), tit hai trang thai d6 ta c6 :
A.E =(1,2,3).(4,3) = 3 ra phdn ti 3

Nhu vay chl ¢6 hai trang thai A va E cda hai 6tdmat M,; va M, tao ra trang thai
3 cla otdmat M bang cach nhén chung lai v6i nhau. Tic 1a chi & 6tomat M; xu&t hién
trang thdi A cd gia tri 1 & ddu ra, va 6témat M, xufit hién trang thdi E cd gid tri 1 &
ddu ra, thi (M; / M,) méi cho dép Ung ra la gia tri 1 tuong duong voi trang thai 3 &
6tomat M. Vay ham d6ng nhdt ¢ day ta sé diing mach va cho hai 6témat M; va M;.

264



chi khi g, (A) = 1 vA g, (B) = 1 thi dfu ra néi song song cua hai otomat (M; // -
M) sé o6 gid tri 1 nhu & 6t6bmat M cho trudc, cdn cdc trang thai khdc thi ddp dng
ra caa M; v& M, déu bang 0. So d§ cich néi song song Gtémat M; va otdmat M,
d€ tao ra dtémat M nhu bi€u dién & trén hinh 4.60.

A M, Z, =1
5 =4
=ZOZ
X g 9 ‘ )——-L-’ 2
M,
XZ 52=E 222;

Hinh 4.60. Cich t6 hop song song hai 616mat.

O day ta chu ¥ do dfiu ra cua hai 6tdmat M; va M, khong th€ han néi lai voi
nhav, vi néu ngi ching lai s& bi chap mach, cho nén viée néi song song hai O6tomat ta
chi ¢6 thé néi han truc ti6p & ddu vao. Con & ddu ra ching ta luén phai ding mach
logic d€ "han néi song song" chung lai véi nhau trén co s déng nh#t. Néu ¢ dap dng ra
clia 6tomat M cho trude cd nhiéu gis tri I (Z ¢S nhidu vi tri 1), lic ndy ching ta khong
thé chi ding mot mach logic d€ "han néi" song song cho hai 6tbmat M; va M, duge nita,
mé ta phai ding td hop cia cdc mach lagic lai v6i nhau sao cho théa man dudge dap ing
ra cua dtomat M ban ddu, hic d6 & ddu ra ta mdi coi nhu néi "song song" dugc cédce
otomat.

Sau khi da phan gidi song song va tim duge hai 6t6mat con thanh phén la M, va
M,, ta s& ma hda cho ching va s& thuc hién Idp rdp mach dién cho hai 6témat con dd.
Khi d3 ¢S mach dién cu thé cta hai 6témat M; va M, ta chl céin néi song song ching
lai s& ra mot 6tdmat thuc hién chite nang cua Otdmat M ban dAu dua ra. Hai 6t6mat
con thanh phéin d¢ ta thdy s6 lugng trang thai cia ching it hon & 6témat M vay thoa
man muc dich yéu cdu dé ra cho nhiém vy phan giai 6témat.

Ta chi cdn thiue hién duge hai nhiém vu la phan gidi ndi tié€p va phan gidi song
song cho otdmat cd nhd. T hai cdch phan giai d¢ ching ta cd thé tao ra nhiing

6tdmat hay nhiing mach dién ¢ kha nang phan giai hén hgp, diéu dé duge minh hoa
trén hinh 4.61.

l—  — i
| |
o —% Hinh 4.61. Phan gidi
hén hop 616mat.
Ms

265



Chuong V
THUC HIEN OTOMAT CO NHO

Nhu da biét mgt hé thing s6 c6 th€ duge x4y dung dua vaoc cic mach logic ca ban,
d6 I cdc 6tdmat khéng cé nhé. Tuy nhién khi thuc hién 6témat cd nhd (hé day) khéng
thé chi dya vao cdc mach logic ma cdn c8n dén cic mach dién ghi giif thong tin hay ghi
gilt trang thai trubc dd, bdi vi hoat déng clia mot 6tébmat cd nhd phai théa mén quan hé
toan hoc la :

Y =15 X)

Trong dé (Y) 14 trang thai ti€p theo phai phu thudc vao trang thdi trude dé hay tin
tie trude dé (S) ciing vdi tin hidu tdc déng vao Ia (X). Déi vai tin hieu vao cia 6tdmat
cé nhé thong thuing 12 mot xung dién kich vao, don gidn nh&t 13 mot xung duge tao ra
khi bdm tay lén phim b&m cia mét ban phim nao dd. Nhung d€ cd duge trang théi
truéc dd hay thong tin trude dd cta 6tdmat ¢d nhd bit bude phai dung t6i céc phén ti
ghi gilt thong tin, ching ¢d tén la “trigo" hay "Flip~Fl6p", v cdn dudc goi la ciac "mach
lat". .

Phéan tiép theo s& dé cap d&n chdic nang cua cic loai trigo dang duge st dung khi
xiy dyng mdét 6tomat cd nhs.

Ngodi ra viéc thiét k& hay thyc hién mot 6témat ¢ nhd cdn phu thude vao cfu trac
cua loat 6tomat cdn duge xéy dung, bdi vi 6tdmat cd nhé duge chia ra 1dm hai loai. Loai
thi nhét 1a 6t6mat déng bg, hoat dong ctha 6tdmat loai ndy duge théng nhit theo mot
xung nhip diéu khién hay hoat déng dugc chufin hda theo thdi gian, loai étémat déng ho
tin hiéu kich vao thudng 1a cdc xung theo thdi gian. Loai th¢ hai 14 6tomat khong dong
bo, hoat déng cia 6tdmat loai nay khéng theo xung nhip hay khéng duce chufn hda theo
thdi gian, doi vdi 6témat loai nay tin hiéu tdc déng vdo cd thé 1a xung dién hay 1a méot
dién th€ duge dua vao.

§5.1. CAC PHAN TU GHI NHO THONG TIN - TRIGO

Cédc phén td nhd ed ban - trige (Flip—Fl6p) thudng dugc ch& tao sin trong cdc chip
dién td IC. Nguyén ly lam viéc va mach dién cu thé cia ching trinh bay trong gido
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trinh mach dién t4 hay ky thust xung, nén o day chi dé clp t4i cdc chde nang hoat
dong cua ching d€ dng dung ching vio viéc xdy dung t6 hgp 6témat ¢S nhd.

Cée trigo thuc chdt 12 moét 6témat cd nhé don gidn nhit, né "dong-md", "bat-tAt"
hay 1 va 0. Do trigo 1a mét 8tdmat cd nhé bé nhét cho nén hoat déng ctia né vdn phdi
tuGn theo céch bidu dién ciia 6témat ¢6 nhd, tic 1a chic ning cta nd phai tuan theo
cach md ta bang chic nang cia Mealy hay Moore.

5.1.1. TRIGO D (D FLIP FLOP-DFF)

Day 1a trigo ddu tién va don gian nhét, né c6 hai ddu kich phu thudce 1dn nhau la
ddu vao (D) vao dfu vao kich xung nhip (XN). N6 ¢6 hai ddu ra la y va y cdn duge goi
1a hai vai cia trige. Ky hiéu cia DFF va bang chdc ning cia nd duge chi ra & trén hinh
6.1

( Vao kick) y ——

XN;;——’

a)

Bang chué nong OFF :

cho X=1.

D ' X
y o / D 5 g {
-
A g g 1 (/) A A B
e ——————
Y Y
C) Y =D d)

Hinh 5.1, Chic nang cia DFF.

Do DFF la 6témat cd nhd cho nén khu vie ham f hay khu trang thdi ti€p theo cia
nd duge phép dién tiy ¥, vi du khu trang thdi ti€p theo Y ctia DFF ta dién theo hoat
dong cua trigs D hay cta chuyén mach trén hinh 5.1b, hoat déng cta chuyén mach dd
duge mé t4 trén bang & hinh 5.1d, dd cing chinh 1A bang chic nang cia DFF. Tu bang
chic nang cd bang ma hda cia trigo D & hinh 5.1c ta o6 duge phuong trinh chuyén bién
trang thai cta né 1a :

Y=D
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Do trigd D cd hai ddu ra 1a y va ¥ dng v6i ddu ra Z cia 6tdmat oS nhd, ta o6 thé
higu (Z = y, Z = y ) vy bang chic nang dfly du cta DFF s& duge bi€u dién trén hinh
5.2a, cdn & hinh 5.2b la d6 hinh cia nd.

AN=1 Moore Z
Y D 0 y y
o a 0 1
{ i) 1 0
_—  ——
a) Y

Céc vl du sau minh hoa viéc Ung dung cdc chic nang cia trigg D.

b)

Hinh 5.2, Chirc nang DFF.

Vi dy : Thyc hién bo dém 5, ci d&6m dén 3 thi bso dung trige D (DFF), ma hda
theo nhi phan tang dd4n v mo ti bing 6tdmat Moore.

Ching ta cd thé viét bang méa hda theo nhi phAn taing ddn cia bo d&m 5 trén bang

& hinh 5.3.
Bang mi héa cia bd dém :
:\\-..H X
YIYZYB\,H 0 i z
£ .
0 000 000 001 0
R @ 1 001 001 010 0
ol 86 dém R Z_ 2 010 010 011 0
X 5 3 011 011 100 1
4 100 160 000 0
101 el -
a) 110 ——= | -=- - b)
111 e -
Y Y, Y3 Y 1YY,
Hinh 5.3. Bang ma héa cia bd dém.
Phuong phdp thi#t k& thuc hién bdng cich 4nh xa Y,, Y, va Y3 vio bia Kdcné, két
thu dugc trén hinh 5.4. Y,
IRy %00 01 4 10 o0 o1 1 10
Xy, g0 or 1t H 7 XYy, Xy
00 g0 byt 00 Tt
| XY,
o i e i 2 el e I el Il
1 - m - 1 - = - 11 - -] -
10 |r | 10 1 ! 1o 1 /
5% a) &) c)
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Sau dd tif c4c bia Kdcnd ching ta rat gon va thu duge hé phuong trinh chuyén
bién trang thai cla Y,, Y, va Y, Két qua ching ta thu duge hé phuong trinh chuyén
bién trang thdi cd dang : '

Y, = xy, + XYY

Yo = xy; + 793 + x¥,,
Yy = Xy3 + x¥1¥3

Z = §1Y2Y3

Do chiic nang cta trigs D hoat déng theo phuong trinh chuyé&n bién trang thaij
(Y = D), vl th& ta c6 thé thay D vao hé phuong trinh chuyén bién trang thai & trén, ma
D lai 1a d4u vao kich ciia trige D, cho nén ta thu dugc hé phuong trinh ham kich cé
dang :

D, =xy + XY, ¥3

Dy =%y + 723 + x¥,73
Dy = xy3 + x¥; x¥, %5
Z=y1¥2¥3

T hé phuong trinh ham kich d6 ching ta cd duge mach dign cu thé cia bo d6m 5
ma ci d&n 3 thi bdo, trang thai trong ctia bo d&m thay déi theo quy luit ctia nhj phan
tang dan. Dya vao hé phuong trinh ham kich ching ta v& ra dugc mach dién cua bd

dém chi ra trén hinh 5.5, é
éLED Qb

: Z
NP
- Y I % %
+£ D, 2 0, 0,
ia 2 %
R 1
2. |
X
AN
a)

+£ 1+E
q]_t@ y Z
| 85 dém 5 Q=

5) o

Hinh 5.5. B) dém 5 ding DFF,
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Sau khi v&8 mach dién chic ning cia by dém 5 dung DFF, ta cd h€ dua theo so
d0 dd tim kiém cdc linh kién va tién t6i l4p rdp duge mach cu th€. C6 mot lvu y 14
ddu ra (y) cta cac DFF néu ching ta ldp thém den LED d€ chi thi, ta goi dd 1a cac
déen LED chi thi trang thdi trong hay trang thdi noi bd ciia bé d&m, céc den chi thi d¢
sé hoat dfng (sdng t6i) theo dung quy luat cta bing ma hda cia by dém 5. Di€u dd cho
phép ching ta ki€ém tra duge hoat déng cla b dém (hay cua Otémat) trong ting xung
bim mdt, khi xay dung cling nhu khi stta chita mét 6témat cd nhd,

Tiu vi du xay dung b dém 5 diung DFF ching ta nhan thiy mudn c¢é duge mach
dién cho otémat c¢6 nhé bt bude ching ta phdi im duge h¢ phuong trinh ham kich cia
o6témat dé. Trong trudng hgp xay dung bo d&€m 5 dung DFF, viéc cd dugc hé
phuong trinh kich cua 6tdmat cd nhé rdt d& dang, vi hoat dfng cia trige D theo
gquan hé (Y = D) néu la loai trigo khac (nhu RSFF hay JKFF..) thi viéc tim ra hé
phuong trinh kich sé phic tap hon, Vi du cho thdy, khi xay dung mot 6tdmat cd nhd
n&u khéng bi rang bude bdi bat ky diéu kién ndc nén st dung DFF.

Vdi cach lam nhu trén, ching ta cd thé ché& tao 6témat cé chdc nang bat ky néu
ching ta c¢6 dugec badng ma hoda chde ning cia Otdmat ¢d nhd, hay chic ning nao dd.

Sau day ching ta khdc sat mot vi du khic vé xdy dung mét 6tdmat cd nhd ding
DFF, khi xay dung bd ghi dich phai 3 bit, dung trigs D. Hoat dong cia bo ghi dich phai
va bang chic ning cta né duge chi ra & trén hinh 5.6,

Bing ma hoa cia by ghi dich :

. X 0 1

YiYa¥a T
-y L >4 000 000 100
= , 001 000 100
e ENENE 010 001 101
' 011 001 101
100 010 110
4 101 010 110
t*’—“"‘ ! ¢ = 110 011 111
4 111 011 111

a) b) Y1Y¥3 YiY2Y;

Hinh 5.6. Bo ghi dich phai va chic ndng.

Bang m4 héa anh xa Y|, Y, va Y, vao bla K duge chi ra trén hinh 5.7.

Tt cac bla Kdcnd ta rit gon bing phuong phap khoanh dan ta thu duge hé phuong
trinh chuyén bién trang thai cia bo ghi dich phai ba bit, he phuong trinh chuyén bién
trang thai dé cing chinh 12 hé phuong trinh ham kich clia b4 ghi dich phai 3 bit :
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o
"
<
|
B4

D, =Y, =y
Dy =Y; =y,

: Y2 % 2% ¢ %%

XN 00 O 11 10 X%N\N00 o0t 11 10 N\ 00 01 i1 1ig
ag oa 00 1 1
ot o1 111711 01 1)1
IR RRR TEREREEEE i} Tt
o rjrjry’? 10 10 1t

a) b) ¢)

Hinh 5.7.

Tu hé phuong trinh kich thu duge, ta v& mach dién chic nang cia bd ghi dich phai
3 bit dung DFF nhu trén hinh 5.8.

*E LED

NI
S|

v
<l

¥
wt

'

Hinh 58. B0 ghi dich phai.

Nguyén 1y 1am viéc cha mach phy thusc vao chuyén mach X va xung nhip (XN)
theo phuong phap : gat chuyén mach X d4u vao xong thi cho (b&m) xung nhip. Khi XN
kich vao déng thoi cac trige D, lam cho trigs D chuyén trang thai theo tin hiéu dang cd
trén déu kich D cha ting trige, cde trigo D theo hoat déng cta XN, dau ra trang thdi
trube dd cua trigd nay lai 12 ddu vao kich cia trigo tiép theo tao nén quan hé dich
trang thdi cta cde trigo. Véi cach néi nhu vay chung ta cd th€ x8y dung bd ghi dich
phai cd do da tiy y. Tuong tu ta ed th€ xay dung duge b ghi dich trai dung trigo D.

Bo ghi dich thudng duge st dung trong quang cio : vi du nhu chiing ta thay céc
den LED chi thj & ddu ra céc trigo bang cic chit phat sdng thi ta s& duge hinh Anh cac
chit chay sang l4n lugt, n€u thay LED bing cic béng dén b6 tri thich hgp, khi dich
chuyén qud trinh sdng cta ching s& tao nén phéo hoa dién ti. Bd ghi dich hay ding
nhat d€ tao bang dén, ma tran céc di€m sing, mai diém sdng duge didu khi€n bing mét

trigg D, do tinh ch4t ghi dich ctia nd néu trén bing dén sang sé& tao ra dugc cac dong
chir chay.
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5.1.2. TRIGO RS (RS FLIP FLOP - RSFF)

Trigo RS 12 mét o6tdmat cd nhé nhd nhét, né ¢é hai trang thii 8n dinh, muén
chuyén d6i duge trang thai cia trigd ta cfin cd hai ddu vao kich 14 8 va R. Trigo RS o6
hai déu ra 1a y vA y luén ngugc pha v8i nhau, duge 14y ra bing dién 4p trén "hai vai
cla trigd, duya vdo mudc dién 4p ra trén ddu ra y ta biét duge trigo dang & trang thai
nao (vi du néu ddu ra y = +E thi trigo dang & trang thai 1). Ky hiéu so d8 mach dién
v bang chic nang cha ASFF dugc minh hoa & trén hinh 5.9.

+E

kich ra
77
a)
-15V) .
b)
Z Bang chuc ndng cla RSFF
(sg}jg); ‘E—O‘S a o0 111 SR
|y 00 01 11 10
. 2«
. / - -OR g1 0|1 g g 0 _
(15i) /] | Ry
7 , ) O 0 (= 7]
7 _Cdm kich - = =
¢ Y=5+Ry Y
d)
)
Y o6—rds yi—=
CLK CLK o—
5 o—1R V¥ s
R )
e) £) I

Hinh 59. Chic nang cia trigo RS.

Khi ta kich vao SR cua trigo ¢& lat chuy&n hay diéu khi&€n nd, thi ta phai kich
bing ci hai tin hidu kich 14 S va R. Né&u kich vao v6i § = 0 (hoac R = 0) thi dude coi
ia e¢d kich nhung kich "nhe nhang", cdn khi cho 8§ = 1 (hay cho R = 1) thi la "kich
mach” bdm mach vao. Quy uéc vé "kich" nhu vdy hgp véi quy dinh lagic la : lagic 0 la
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diéu khi€n 0 (nhu ngdi xufng) logic 1 1a diéu khien 1 (ding lén), con khéng didu khisn
gllaX (X cd ca 0 va 1) tide [ mubn ding lén hay ngdi xudng tiy y. Nguyén Iy lam viée
hay chde ning cta RSFF la -

— Kich (0 0) 12 (S = 0 va R = 0) tic 1a "kich nhe" vao trigo (cOng tdc den) ca trén
ldn dudi, nén dén git nguyén trang thai cid, tic Ia trudc dg ¥ = 0 thl sau khi kich (0 O)
ti€p theo Y = O (vén 1a 0), cdn trude d6 y = 1 thl sau khi kich (0 0) ti€p theo Y = 1
(vén 1a 1) ditu d6 duge viét trong bang chdc nang, qua dd khi kich (SR = 00) duge goi
la "gilt nguyén" trang thai ctia RSFF.

- Kich (0 1) tdc 1a (S = 0 cdon R = 1) nhu vy S ta "kich nhe" cén R ta "bdm
manh”. Két qua 1a den tit thi vAn t&t (y = 0 thi Y = 0), con n&u dén dang sdng thl sé
thanh tdt (y = 1 sau khi kich (01) thi Y = 0). Do d6 c6 thE goi kich (SR = 01) 1a “xda®
hay thigt lap 0 cho RSFF.

—Tuong tu nhu vay khi ta kich (SR = 10) lam cho dén dang sang vén sang (y =
thi Y = 1), cdn néu dén dang t4t thi kich 10 s& sdng lén (y = 0 thi sau khi kich Y =

1). Hoat déng nhu vay cia trigd ta cd thé goi kich (SR 10) Ia "thiét lap 1" cho trang
‘thédi cia RSFF. .-

— Trugng hop kich (11) téc1a (SR = 11) trudng hgp nay giéng nhu ta "b4m manh”
ca trén l4n dudi cia céng téc {trigo) s€ lam hong cong téc /46 voi trigo RS thi trang thai
cla nd ta khéng thé biét chinh xéc s& nhu th& nao?, dléu nady thuéc ban chit mach
dlén cia RSFF, n&u khong bist chinh xac trang thai cta trlguRS $& nhu thé nao ma
dung RSFF d€ digu khién chue nang thi rdt nguy hi€m, trong thuc t& ngudi ta "cAm
kich" t8 hgp (11) déi voi loai trigs nay. Th€ hién di€u d6 & khu trang thai tiép theo
la cdc ddu khong xac dinh.

Tu bang chic nang cia trigs RS ta tim duge phuong trinh chuyén bi&n trang thai
cia nd, hay trang thdi ti€p theo Y phu thudc vao trang thai trude do (y) duéi tac dong
cia tin hiéu vao (SR) nhu th& nao :

Y =8 + Ry
5.1.3. TRIGO JK (JK FLIP FLOP - JKFF)

Trigo JK 12 sy cai tién trigd RS dé dung nét bo tin hieu kich vao (11).

Cing nhu cAc trige khac trigo JK cing 13 mot 6tomat ¢d nhé nhé nhat, né o hai
trang thai 4n cﬁnh, muén chuyén d8i trang thai cia JKFF hay diu khién hoat dong cia
nd ching ta cAn cd hai ddu kich vao dd la ddu J va K. Trigo JK ciing ¢6 hai diu ra y
vd y, ddu ra y diung d€ xdc dinh trang thdi cta trigo néu y = +E (y = 1)_thl trigc &
trang thai "1". Ky hiéu, so d6 mach dién vao bang chic nang cia JKFF dugc ‘mé ta trén
hinh 5.10.

Nguyén 1y lam viéc cia JKFF cing tuong tu nhu & trige RS.

- K{ch vao (J K = 0 0) [am hai mach VA cling khong 1am viéc nén trang th4i cia
trlgc la khﬁng thay déi.
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+E

1 1 Y =J7y + Ky
Hinh 5.10. Trigo JK.

- Khi kich viio (J = 0 va K = 1), néu JKFF dang & 1 tic la (y = 1), mic logic 1
dé dugec dua vé nam chd & ddu vao mach VA khi c6 K = 1 (8 = 0), thi mach VA sé
théng dua tin higu 1 vo ddu R lam cho trigo v& 0 (Y = 0) nhu vay (y = 1 kich SR = 01
thi duge Y = 0). Con néu y = 0 thi logic 0 d6 dua v& ddu vAo nAm chd khi ¢6 K = 1
(5 = 0) thi mach VA d6 khéng lam viéc nén trang théi cia trigo vln giit nguyén tic 1
(y = 0 kich SR = 0 1 thi két qua Y = 0), ciing giéng & RSFF khi kich (J K = 0 1) thi
la "xda" hay "thist 1ap” O cho JKFF.

- Tuong tg nhu vay khi ta kich vao (JK = 10) thi 1a "thist lap" 1 cho trige JK.

— Trudng hop kich (JK = 11) gia sit trigs & trang théi "1' tdc la (y = 1), do cch
néi day tin hiéu 1 d6 dua vé nAm chd & ddu vao mach VA. Khi cd K = 1 (S = 1) thi
mach VA thong dua tin hiéu kich vao ddu R lam cho trigg JK lai vé "0". Khi trigg JK
vé "0" tdc 1A (y = O con y = 1), gid tri logic 1 & dfu ¥ Jai duge dua vé ndm chd sén &
ddu mach VA. Khi ta kich tiép (J = 1 va K = 1) thi khi J = 1 lai ]am mach VA théng
kich tin hiéu vio dfiu S lam trigo lai vé "1”. Néu ta kich tiép WK = 11) thi trigo lai vé
"0"..., nhu vAy khi ta kich t§ hgp 11 (JK = 11) thi trang thdi cia trigo luén "dio lai"
trang thai trudc dd. Hién tugng luén dao lai trang thai trude do gibng nhu khi ta bdm
vao phim cong tdc ngudn ciia TV, nd ludn dao lai trang thai gitta bat va t&t cia TV.
Nhu vay t8 hop kich vao 11 (JK = 11) da duge sit dung § JKFF va hoat déng dé duge
bi€u dién & bang chic nang cia trige JK.

Tl bang chic nang hay hoat dong that su cla trigo JK chung ta tim duoc phuong
trinh chuy&n bién trang thai cia né 14 :

Y=Jy+ K y
5.1.4. TRIGO T (T FLIP FLOP - TFF)

Trigo cudi cung duge st dung trong cdc hé théng s6 hién nay la trigo T, loai trigo
nay cling cé hai trang thai én dinh, muén chuyén dé8i trang thai hay diéu khién hoat
dong cia TFF ching ta ding 1 ddu kich T, d4p Ung ra hay ddu ra cta trigd lay vay.
Trigg T dude minh hoa trén hinh 5.11.
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Hinh 5.11. Trigo T.

Nguyén 1y cta trigo T trinh biy qua bang trang thdi trén hinh 5.11.c.

- Khi kich (T = 0) thi trang thai tiép theo Y giit trang théi do y.

- Khi ta klch (T = 1) thi trang thai ti€p theo Y luén dao lai so véi trang thdi trudc
dd. Nhu vay khi T = 1 thi tdc déng cla né giéng nhu & trigo JK khi ta kich (JK = 11).
Vi v8y néu khéng cd trige T thi ta cf thé€ ding trigo JK khi chap diu J vao ddu K han
chung lai v6i nhau.

Tu bang chic nang cia TFF ta tim duge phuong trinh chuyén bign trang thdi cta
ng la :

Y=T53+ Ty
T6i day ta da tim higu xong nguyén Iy va chic nang hoat dong thuc t& (chinh xic)
cia bén loai trigo (DFF, RSFF, JKFF va TFF). Téng quit d6i v6i mot trigo ching ta cd
th€ kich vao va ldy théng tin ra trén cic ddu ra nhu chi ra & trén hinh 5.12.

! !

M Y

FF

(Cl) Thiél lép 0 ,,_J 1———9: Thiét ldp 1 CPr)

bdu ddo ( Bdiu vao démr)
Hinh 5.12. Trigo tdéng quat,
Mot trigg ngoai hai ddu vao kich d€ lat chuyén thigt lap trang théi cho nd, trige
cdn ¢d thém diu vao ddo (nhu ddu T cta TFF) d& dio lai trang thai trude dé cia ndg,

déu vao ddo cdn cd tén goi 1a “ddu vao d€m’, vi mubn x4y dung hay téng hop bo dém
nhi phan tang ddn, thi ta phai dung t6i ddu kich dao dd.

5.1.5. CHUYEN 08I GIJA CAC LOAI TRIGO

Cé mot s8 cach chuyén di gilta cdc loai trigg nhu trén hinh 5.13.
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Hinh 5.13. Chuyén ddi trigo.

§5.2. PHAN TiCH OTOMAT CcO NHO

- Phan tich chic ning otdmat ¢ nhé la bai toan nguge, titc 1a tit mo6t so d6 mach
dién cia 6tdmat o6 nhé cho trude, ching ta phai tim lai bang chic néng ban ddu ciia
0tomat dé hay clda mach dién dé. Tit truéc t6i nay viéc sita chita mot hé théng dién ti
bi hong thi théng thudng ching ta dua vao cdc hién tugng héng cia hé théng dd, réi tir
hién tugng hdéng ching ta suy dodn ddn d€ din tdi phat hién duge ché sai ma sia.
Nhung d&i véi hé théng s thi hién tugng héng hdu nhy khéng thiy (mé&c du nd dang
hong that sy), vi chi ed déng mé (sdng hay t6i) 12 O hay 1 & d&u ra Z cia hé thdng, vi
vy modt hé théng s8 (mdt dtémat cd nhd) bi hdng ching ta rit khd phat hién ra ché sai
héng d€ sita chiia. '

D& hi€u dugc trinh ty hay cac budc trong qua trinh phan tich mét 6témat véi mach
dién cho trude, ching ta dua vao vi du sau.

Vi du : Phan tich hay tim lai bang chic nang clia #tdmat 6 nhé theo so d6 mach
dién chl ra trén hinh 5.14.

—{>o9¢- R F—i—

Hinh 5.14. Cho m6t so db mach dien,

X,c. DO_D—S ; .
)
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Buoc 1 : T so d6 tim ra hé phuong trinh ham kich :

S = x,.%,
Z=~X_ly+X2§

Bude 2 : Tu hé phuong trinh kich ching ta tinh duge hay lap ra bang kich, né

duge chi ra & hinh 5.15. Do dép dng ra Z trong phuong trinh th&y phu thude truc tiép
vao tin hidu vao (x; va x;) cho nén bang chitc nang sé c6 dang cia 6tdmat Mealy.

Bang kich : (bang kich thé)

Coxxg| o0 |0t |11 | 10 7
y*  |s RI{srRISRISR| 0 o0 11 10
0o (A |se1{0o0]10 @ 1 1 0
1 oo lo1{ool10|l 1 1 o o

Hinh 5.15. Bing kich cia 6tdtmat.

Cach tinh hay cach dién bang kich :
Ching ta tinh toan theo tiing toa d§ (x; x,, y) mot :
~ Vdi toa do dau tién (00, 0) ta cd

X =0, x, = 0 vay = 0 ta thay ching vao hé phuong trinh kich s& tinh dudc két
qua :

Z=%y+xy=00+0.0=0)

V&i cdch lam tuong ty ta tinh cho cdc toa do khdc va dién ddy k&t qua vao bang
kich.

Ta cd bang chuyén bién trang thdi hay bang chiec nang cta trigo RS trén hinh
5.16.

Bang chic ning RSFF.

SR ot 11 10 }-—-———kiCh the
0 0 0 - 1 = thi duoc
1 1 0 ~ 1

Hinh 5,16, Bang RSFF.
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Budc 3 : Tim bang ma hda cla 6tdmat bing cdich két hgp gilta bang kich v6i bang -
trang thai cia RSFF, két qua bang md hda duge chi ra trén hinh 5.17.

Bang ma héa : (bang thi dugc)

XIXZ Z
Y 00 o1 11 10(00 01 11 10

Al o |y o o 10 1

10
31@0111100

Hinh 5.17. Bang ma hoa thu dugc,

Sy ké&t hop gilta bang kich véi bang chife nang clia RSFF tao ra bang ma hda diéu
dd s thdy & cach dién béang ma hda sau,

Céch ditn bdng md héa :

-0 oot déu tién cla bang kich ta cho tin hiéu vao x; x, = 00, tir tin hiéu vao (X)
dd tao ra tin hiéu kich tryc tiép vao trigo 12 : SR = 00, d&i véi trigo RS theo bang
chic nang cia nd khi kich SR = 00 nghia 13 giit nguyén trang thai, cho nén trang thai
trude d6 y -= O thi trang thai tiép theo thu duge Y = W ¢ trén bang ma hda ( bang
"thi dugc"), con khi y = 1 do kich SR = 00 thi thu duge Y = (1)

- V6i cdch 1am tuong ty ta ed & 6t thi hai khi x;x, = 01 cho vao, nd s& tao ra
tin hiéu kich vao RSFF la SR = 01, d8i v4i RSFF kich vao SR = 01 nghia 1a thist lap
"0" cho nén k& qua thu duge Y = 0. _

— Trudng hgp & cot ti&p theo x; %, = 11 ta ¢d SR = 00 la giit nguyén trang thai
nén y = 0 thi Y = 0 con y = 1 thi trang thai tiép theo Y = 1.

- D61 vdi cht cubi cung khi x,x, = 10, tin hidu vado dé da tao ra tin hiéu kich
SR = 10 tdc 1a thigt lap "1". Cho nén két qua trang thai ti6p theo trén bang ma
hda Y = 1 cho di bat ky trang thai trudec dé l1a gi.

Bang mid hoa 1a bang dit tén trang théai cho 6témat, cho nén mudn tim lai bang
chidc nang clia 6t6mat da cho thi ta phai quy u6c cla mA thanh trang thai. Do bang
ma hda chi cd mét gid tri ma y = 0 va y = 1, cho nén fa quy uSc tén trang thai
la 0 = Ava 1l = B (trang thai B).

Budc 4 : Bang chitc nang cta Stémat da cho hay mach dién da cho, hay 1a hoat

dong chinh xdc ciua so d6 ban ddu cho & hinh 5.14 cha vi du da dé ra thu dugc & trén
hinh 5.18.

Nhu vay d€ thue hién phan tich mét 6témat cd nhé hay tim lai badng chic nang
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hoat déng clia mot so dé mach dién da cho, ching ta cfn phai trai qua
tu.

4 budc lam tudn

X1X2 Z
S 01 11 10 ] 00 01 11 10
A A A A B | o 1 1 0
B B A B B |1 1 0

Hinh 5.18. Bang chic nang tim duoc.

Tiép sau day ching ta s& xét mdt vi dy véi mot 6tdmat cd nhé phic tap hon.
Vi du : Phan tich 6tdmat cd nhé duge bi€u din trén hinh 5.19.

e
[
o

l_>}_ )

% 0—17—%——

i
wsl

Dt

Hinh 5.19. C6 mach di¢n cda 6tomat.

D& thuc hién phan tich 6tdmat da cho ta ciing l4n lugt qua céc budc sau

Budc 1 : Td so d6 mach dién ching ta tim duge hé phuong trinh ham kich cd
dang :

Jy=x +¥ Jy = x
K, =x, K; =%y
Z = ?1 ¥2

Buée 2 : Ti hé phuong trinh kich ta tinh todn dé tim ra bang kich nhu trén hinh
5.20. Nhin vac hé phuang trinh thu duge ta thdy ddp wng ra Z khong phu thudc true
ti€p vao tin hiéu vao (x), x,) nén bang chic néng sé md tA theo 6tdmat Moore.

Bang kich (kich thé)

X1%; 00 01 11 10 7
)’IYZ ‘I]. Kl J2 K2 ‘]l K} Jz Kz jl Kl J2 Kz ‘}l Kl JZ Kz
00 A@ 00 10 00 10 10 11 10 0
a)| 01 | ¢ 1 00 00 00 10 10 11 10 1
10 |11 00 10 01 10 10.] 11 10 6
11 |01 00 00 01 10 14 11 10 0
St ot -
Y, Y,
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Bang chitc nang cia JKFF

K 00 01 11 10 }____._ kich thé
0 0 0 1 1 j
b thi dugc
) X 1 0 0 ; }___.___-u- 1 ,
L \_ > —
Y

Hinh 5.20. Bang kich (a) va bang JKFF (b).
Cach tinh tim ra bdng kich :
Ta cing tinh theo ting toa d6 cia bang kich (x; x5, ¥, ¥y
~ Toa dd ddu tién {00, 00) ta od :

V4i cdc gid tri d6 ching ta thay vdo hé phudng trinh kich va tinh dude cdc két
qué

Ji=% +5,=0+0=0+1=A\

2=y .y, vayZ = ! tng v6i y,y, = 0 1
Ta dién cdc k& qua thu dugc vao bang kich dng v6i toa do ddu tién dd.

- Cdc toa do cdn lai cta bang kich ching ta tinh todn tuong tu.

V6i cdch lam nhu vay viée tinh todn dién ddy bang kich sé rdt lau, ta cg cach tinh
toan nhanh hon nhu sau :

T& phuong trinh J, = x; nhan thdy gid tri cia bign x, 1a nhu thé nao thi gid tri
cia J, s& giéng nhu viy, ma khong phu thude vio gia tri cha cdc bién khdc, néu x; =
0 & cOt nao thi toan bd cét s3 cia J 58 bang 0 (J, = 0) 0 bt d6, con néu x; = 1 thi

ca cOt 56 cha J; bang 1 (J, = 1), két qua s& dién ngay dudc cic gia trj cia J, & cdc cft
cua bang kich.

V6i cot K; = x, cach lam ciing tuong ty trén, chi chi y & day 1a gia tri caa cot K,
duge tinh theo pht dinh cia bign x,.

Con tir phuong trinh kich J; = x| + ¥, vige tinh gis trj cia J, bing cach cho luén
gid tri cla x; = 1 hodc x; = 0, ta gia si :
Néu gid tri cia x; = 1 thi J; = x; + y, = 1 + ¥, = 1 ma khong phu thudc vio

cdc bién khac con lai (x;, ¥(), nén toan bé cot cia J, ching ta dién gia tri la 1.
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Néu gia tri cla x; = O thiJ, = x, + y, = 0 + ¥2 = ¥y vay toan bd cdt 6 cva j

sé ldy gia tri cla cot s6 ¥, tuong dng véi cot co x =0

Véi cach lam tuong tu cua cuc kich K; = x; .y, ¢ day ching ta cing cho gia tri
cia X; = 0 vA x; = 1 vao d€ tinh ra K, va dién két qua tinh dugc cia K, vao cot
tugng dng. '

Nhu vay, néu ta kich tin hiéu cho cic trige nhu bang kich, thi thu duge trang thai
clia cdc trigo lat chuyén nhu bang ma hda. Tiép theo 1a tim baing ma héa.

Bude 3 : Bang ma hoa (bang thl duge) cac gid tri cia nd sé thu duge tit bang kich
két hop véi bang chuyén bién trang thai cia trigg JK. K&t qui cia badng ma héa duge
chi ra trén hinh 5.21.

X1*2) g 01 11 10 Z

¥i¥2
A 00 0 10 11 11 0
B 01 01 0 11 11 1
C 10 00 1 11 01 0
D 11 01 1 10 01 ¢

Hinh 5.21. Bing ma héa thu dugc.

Trusc khi tinh hay dién gid tri vao bang ma hda ta can luu ¥ la trigg JK cé hai
déu vao kich la (JK), vi viy mudn cén chuyén trang thdi cia nd ta cén phai cé hai tin
hi¢u kich, nhu vay khi ¢6 hai tin hidu kich vao ta sé duge mdt trang thai cia mot trigo
JK.

Cach dien bdng md héa .

Céach dién bang ma hda duoe thuc hién theo ting toa dé clia bang, véi titng cap tin
hiéu kich (JK) tuong ing, déng thdi cac cap tin hidu kich hoat dong va cho ra két qua
hoan toan déc lap véi nhau :

~ Vai toa d6 ddu tién (x; X5, y1 ¥2) = (00, 00) tite 1a véi tin hiéu vao (x;, x;) va
trang thai trudc do (y,, y,) & trong mach cia otémat, ching da tao ra tin hidu kich déi
véi trigd JK ddu tien 1a (J, K, = A\ (1)). Dong thsi trang thai trude dd cia trigo déu
tien Ja y) = 0, dudi tdc dong cda tin hieu vao J.K, = A\ (D) 1a dao 1ai, thi ta sé thu
dugc trang théi tiép theo cda trigo ddu tién & trang bang méa hda la Y, = .

Tuong tu véi tea d6 ddu tién (00, 00) ta cd bé tin hisu kich J,K, = 00, nhu vay
trang thai trudc dd cua trigo JK thd hai la ¥y, = 0, duéi tde dong cla tin hidu vao
J,K; = 00 tide 1a giift nguyén trang thai, thi két qua thu dugec & trén bing ma hda la
Y, = 0,

- Béng cdch lam tuong tu nhu trén ta tinh todn va xac dinh trang thai tiép theo
(két qua thu dudc) cla cdc trigo & cdc toa d6 khde trén bang mi hda, va ciing bing
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cich d6 ta di dién ddy duge bang mi hda, hay thu duge bang ma hda tu bang kich k&t
hop v&i bang chuyén bién trang thai cla trigo JK.

Tiép theo tit bing ma hda ching ta phai tim lai bang chic ning hay hoat déng that
sy cuia 6tdmat di cho, vi bang ma hda chinh 1a bang dat tén cho cdc trang thai cla
otébmat, cho nén d€ cd duge bang chdc ning cha dtémat ching ta gin tén hay gdn ma

cho &témat nhu sau :
00 = A 01l = B ; 10 = C va i1 = D

Nhu vay ta thdy cd hai trang thai (cd thé nhidu hon) cta hai trigo JK sé cho ta
mét trang thai cia &témat.

Bude 4 : Bang chdc ning cua 6tdmat déd cho hay cta so d6 mach dién da cho trong
vi du dua ra & trén dugc bi€u dién & trén hinh 522

Tt bang chidc nang cla
otomat ching ta cd thé phat hign | gl 2

ra sy sal hong cia mach dién.

2
ol
—
—
—
—_—
=
N

Vi cach lam nhu trén dé tim
ra duge bang chdc nang cha mot
stémat, chiing ta cd thé€ phat tri€n
thanh bai toan ldn hon khi tang s8
lugng cac trigd ¢ trong mach, cling
nhu ed thé téang s§ lugng tin hiéu
vao (ddu vao) clha so d8, dong thoi
cling 6 thé thay d8i cach mic mach tiuy thee hoat dfng ciia mot dtémat bat ky, hay
trong mach dién st dung hon hgp cac loai trigo khéc nhau.

OO W P
w e WO
OI O w0
ORI wER
e -

Hinh 5.22, Bang chifc nang.

§5.3. TONG HOP OTOMAT CO NHO

Téng hgp 6témat cd nhd 13 bai toan thigt k& 6td6mat hay con goi 14 bai todn thuan,
tite 1a tit mot nhiém vu hay chic nang dé ra, ta phai xay dung duge mach dién thuc
hién chdc nang d6. Quy trinh téng hgp mot 8témat c6 nhd duge chi ra & trén hinh 5.23.

Y muén, Bing _
nhi¢nt vy - ] 5 =] Rt gon M3 hoa = Mach di¢n
k§ thuat chiic nang

Hinh 5.23. Quy trinh (6ng hop otomat ¢6 nhd.

5.2.1. BANG CHUC NANG CUA CAC TRIGO (CHUYEN DUNG DE TONG HOP)

Téng hop 6témat cé nhé 1a qua trinh nguge lai cla bai toan phéan tich, gita bai
toan téng hop 6témat cd nhé va bai toan phan tich 6tdmat ¢d nhd ching cd lién hé hiu
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¢d mat thiét véi nhau. D& phan tich 6témat e nhd ching ta da s¥ dung dén trige cu
thé 1a ding bang chuyén bién trang thai hay 14 bang chie nang cla ching - bang chie
néng cta cde trigod chuyén dung dé€ phan tich. D€ téng hop duge mot 6tdmat cd nho
ching ta cting lai phai s dung tdi trigo, va phéai st dung bang chidc nang cia trige
nhung chuyén dung d€ téng hap. Cac bang chic nang cda cdc trigs chuyén dung dé
tdng hogp duge bifu didn trén hinh 5.24.

ty < 4 Mudn chuyén  Thi kich

th 4 tg 4
Y
y Y ¥y Y |[§ R y Y [J K y Y T
"0 oo 0o 8|0 - "0 0 o - "o olao
0 111 0 1 ; 1 0 0 1 1 - 0 1 1
1 olo 1 0101 1 0 |- 1 1 0 1
1 1 | 1 1 1| — 0 1 1 -0 1 1 0
a) b) <) d)
Bang RSFF tq
SRl oo o1 11 10 ),,4 kich thé
y Hinh 5.24. Bang chic nang
0==1*=0 ™0 - 1 cia trigo,
1 0 _ 1 ——wthi dugc
l | W— - vl
0 Y
€)

D& hifu dugc ban chét hoat dong cia bang chuyén bién trang thai (bang chic

néng) cla céc trigo chuyén ding d€ téng hgp 6témat co nhd, ching ta 18y vi du hoat
déng cta trigo RS (RSFF) nhu sau :

T bang chdc nang hoat dong cia RSFF trén hinh 9.24,e ching ta thiy : mudn
chuyén trang thdi cta nd tit trang thai trude dé ty ¥y = 0 sang trang thai tiép theo
t; Y = 0, thi dau kich vae cho trigo RS sé 1a SR = 00 va SR = 01 (kich nhu vay
déu dam bdo y = 0 sé chuy&n thanh Y = 0), tit dd ta thdy d€ co duge (y = 0
chuyén thanh Y = 0) thi S bat bugc phai bang 0 (S = 0) con R thi ¢d thé 1a 0 hoac
1 (R = 0 hodc 1), tir d6 ta cd th& ndi : muén chuyén tif trang thdi truse dd toy =0
thanh trang th4i tiép theo t; 14 Y = 0 thi khi ta kich S phai bing 0 cén diu R thi
kich tuy ¥ (1a 0 hay 1 ciing duoc) hay ky hiéu (R = —). Nhu vay & bang chdc ning
trén hinh 5.24,b cia trigo RS néu ta muén chuy&n trang thai t& (y = 0 sang Y = Q)
thi ta phai kich vae (SR = 0 -).

Tuong tu néu ta mubn chuyén trang thai cta trigg RS tit trang thai trugc d6 y = 0
thanh trang thdi ti€p theo Y = 1, thi ta cén phai kich vao diu kich cia nd (SR = 10).
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Véi cach hi€u nhu vay & cde qua trinh 1at chuyén trang thai khac cia RSFF ta s&
cé cAc tin hidu kich cdn thi&t thich hop d& 1at chuyén trang thai cho nd, nhu chi va &
bang chie nang chuyén diung d€ téng hgp trén hinh 524b.

Cing gi6ng nhu vay, vai cdc trigg khac (DFF, JKFF hay TFF) ching ta cling eé
dugc quan hé gidta tin higdu kich ciia ching d€ cha déng tac ra duge trang thai tiép theo
thich hgp cho tiing loai trigd dd, goi 12 bang chuyén bién trang thai cla céc trige chuyén
diang dé€ thuc hién trong qud trinh t6ng hyp (hay thigt k& otomat cd nhé. Céc bang
chic nang cua ting trigo chuyén dung dé té8ng hgp ching ta di m6 td ddy da trén hinh
5.24. Nhu vay vAn 1A bang chifc nang cua trigd, nhung do nhiém vu la dung d€ phan
tich hay dang d& téng hgp ma ching ¢d dang khdc nhau ma théi.

Sau khi da higu dudc ban chit hoat dong cia bang trang thai cia cac trige sé& duge
dung khi thigt k& 6tdomat cd nhé, dén day van dé con lai 1a sé &p dung cu th€ cdc bang
chite nang d6 cia cdc trigo nhu thé€ ndo trong viée téng hop 6tdmat cd nhé, cling nhu
trong viéc tao ra bang kich cho 6témat ¢é nhd sau nay.

5.3.2, THU TUC THUC HIEN TONG HOP OTOMAT CO NHO

Mudn thuyc hién téng hop mot 6tdOmat cd nhd sé& phai trdi qua nhigu bude, moét
trong nhitng budc quan trong nhit 1a thue hién chuy&n ti mét ¥ mudn cua ta hay mot
nhiém vu ky thuat dugc dé ra trd thanh bang cht nang. Tiép theo sau khi cd bang chd
nang ta phai rit gon trang thai cho nd, r6i mi hda trang thai cho 6témat da duge rit
gon va k&t hop vdi bang chic nang cua trigo dé tao ra bang kich. Tu bang kich ta sé
tim duge hé phuong trinh kich (chuyén mo6t y mufn nhiém vu thanh todn 0, 1) réi lap
rap sg d8 mach dién thyc hién nhidm vu dé ra.

D& minh hoa cdc budc phai thyc hién trong qua trinh x4y dung mét 6tomat cd nhd
ta khao sat mat vl du sau.

Vi du : Téng hgp mot 6témat e6 nhd ¢d mot ddu vao x vd mot dau ra Z hoat dong
theo y&u céu sau ;

- Tin hidu vao 1a 0 hosc 1 xuidt hién ngiu nhién bdt ky, lién tuc va ké ti€p nhau.

- Daura Z = 1 (cd dén bde) néu nhu gap day s6 & ddu vac x 14 0 0 1 1 hosic néu
gip diay s vaio x 14 1 1 00.

Z=1
/ ) o 7
o Gtomal —®——->-
T0 110071010 - M
d j

Hinh 5.25. Chilc ndng 6tomat phdi thyc hicn.
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- Ddu ra Z = 0 trong moi trudng hgp gap khdc d6i véi day s§ ddu vao x,
- Dung trigo JK d€ thuc hién, mo6 ti ot6mat theo cdch bigu didn cta 6tdmat Mealy.
S0 dé khéi cia 6témat cdn phai duge x8y dung duge bifu dién trén hinh 5.25.

Budc 1 : Chuyén ¥ mudn hay mét nhiém vy k¢ thuat thanh bang chic nang. Bang
chic nang phai duge md ta theo cich bi€u dién caa Mealy (M) do nhiém vu yéu ciu.

Trudc khi tim cdch chuyén nhiém vu thanh bang chic ning ching ta cén phai luu
¥ 1a : céc trang théi cla 6témat (hay & bang chic nang) cdn phai ky higu trang thai sao
cho dé dang nhan biét hoat dong, vA chi cdn nhin vio nd {(vao ky higu chdc nang) 1a da
cé thé€ bigt dugc hoat déng cia 6témat da dén dau, tit d6 dé dang theo doi hoat dong
cia nd trong qué trinh dién bang trang thai sau nay.

Do nhiém vu dé ra 1a : tin hiéu vao 1a 0 hoéic 1 xudt hién nglu nhién bat ky, cho
nén ta cd thé gip duge day s6 vao la 0011 (hodc 1100) 1a hoan toan nghu nhién, ¢S the
gép duge day sé dd cing nhu cd thé khéng bao gt gip duge ching. Mudn chuyén chie
nang cho trudc thanh bang ta phai tim duge hét cde kha nidng cd thé gip clia 6tdmat
dd, khong duge bé sot trang thai nao.

Trude h& cdn phai phan biét dude dang cho 0 vdo hay dang cho 1 vac ddu vao x,
ta quy udc trang thai 14 :
qp : la ta dang cho 0 vao ddu x ;

q; : la trang thai dng véi viée cho 1 vao ddu vao x.

Gid st ta da cho 0 vao tai thdi di€m ty, thl tai thoi di€m t; 58 cd the xust hign gia
tri 0 hoac gia tri 1.

0 X

to t b ...

Néu tai t; ta da cd trang thai qo,.thi tai thoi di€m ti€p theo t; ta cd th€ od céc
trang thai 12 qgy hofic qp;. Tuong tu nhv vay tai thdi diém t, cing cd thé cd hai gia
tri hodc 0 hodc 1 xudt hién, va ed duge trang thdi m&i duge tao ra nhu trén hinh 5.26
sau,

Véi cich tim ra trang thai méi theo cic kha ning xuft hién ngdu nhién cia hai

gid tri 0 hoac 1 & ddu vao x, ta thdy s6 lugng trang thdi khic nhau s& rst 16n va khd
cd thé thue hién. '

Nhung nhiém vu dé ra chi ysu cdu (0 0 1 1) tie 12 chl cdn cd hai gia tri (00) d8
con chd doi hai 4n s6 chua bigt (0 0 X X), nhu vy néu xudt hién tai thai difm t, trang
thai qfj g9 thi s6 0 ddu tién ta c6 the bé qua va chi xét Qoo ¢ hai gid tri 00 sau cing.
Nhu viy ta c6 th€ hi€u : trang thai ti€p theo qgyy duge quy vé trang thai la Qo tic 12
trang thai ti€p theo duge quy vé trang thai trudc dd, didu d6 din dén cac trang théi tiép
theo sau nita cha qyyy nhu Yo000» 9001 -~ $€ hodn toan khong thé xuft hién duge nita,
nén s8 lugng trang thai s& giam bét, ma khéng bo st kha nang nao.
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HMinh 5.26, Cic trang thdi cia 6i6mat.

Trudng hop quy vé& tiép theo 1A tai thdi di€m t; néu xudt hién § ddu x, gid tri 0,
trong khi trang thai truéc dé da la qg, (rdt gin t6i yéu clu 0011) sé tgo ra trang thai
1a gggye, thi khi cd trang thai méi nay coi nhu viée tim ki®m khéng cdn téc dung, nén
Qoopp 5& duoe quy vé trang thdi ban déu gy, d€ ri ta lai ki€m tra ti€p cdc gia tri 0 hodc
1 ngiu nhién khic duge dua vao. Tlt d6 cac trang thdi ti€p theo sau cla ggyg cling sé
khéng bao gi¢ xuft hién duge nda.

M6t trudng hgp ta cdn quan tdm nita 12 : tai thoi di€m t; gid st ta da cd trang
thai qy, nhung trang thai ti€p theo tai t, lai cd gid tri déu vao x 12 1 (x = 1) vi xudt
hién ngdu nhién, lam cho k&t qua tao ra trang thdi qq,, trong trudng hgp nay do yéu
cu dé ra 12 céin hai s6 0 (0 0 X X) ma lai xudt hién gy nén trang thal ndy ta cd thé
quy vé q, 46 xét tiép (1 X X X) véi hy vong tim dugc day s6 (1 1 0 0) nhu yéu céu dé
ra cho 6tomat. Khi gy, duge quy vé trang thai trudc dd q; thi cdc trang thdi ti€p theo
nita cla qg nhu ggip 9gp; - cling khong duge xudt hién, nén s6 lugng trang thdi cua
Stomat sé gidm dang ké&.

Tdm lai ti nhiém vu dé ra va cdc trang thai ti€p theo s& duge quy vé cdc trang
thai trude dd (cée trang thai ti€n gdn dén yéu cu), v6i luong thong tin cho méi mét
trang thai sé tang dan 1én, cho nén trang thdi cia 6témat chi con lai la :

x = {0 01 1) ta ¢S cac trang thdi g9, 9o, Qo015 90011

286



= (1 10 0) ta cd cac tmng thai qis 91:: 9110 v 91100

Nhu vdy sau khi xem xét va phan tich thi s6 luong trang thai cla otémat ta phai
xay dung thdy nd chi cdn o6 8 trang thai d6 ma théi, va 8 trang thii dd dai dién cho
moi trang thai cd th€ cd (ed thé xdy ra khi ddu vao x gia trt 0 hay 1 xudt hién ngiu
nhién cla 6tdmat). Dén day v&n dé con lai chi 1a dién vao bang chic nang cdc trang

thdi d6 trong ting trudng hogp cu thé, ta se tim ra dugc bang chidc nang ciia 6témat dé
ra theo yéu cdu 4 trén.

Chi ¥ 1a bing chitc nang phai duge m6 ta theo 6témat Mealy, badng chdic nang d¢
duge chi ra & trén hinh 5.27.

X Z
S 0 1 0 1
99 Y00 q ¢ 0
o3 N an 0 0
900 Qoo 001 0 0
qn Q10 q1 0 0
doo1 99 Qo011 0 1
4110 Q1100 q1 1 0
G011 110 911 0 0
91100 Qoo 9001 0 0

Hinh 5.27. Chic nang ciéa Otomat.

Buoe 2 : Tu bang chic ning cla 6tdmat cén téng hop ta tim duge, buée tigp theo

la thyc hién rdt gon nd theo phuong phap tim phén hoach th€ (PHT) va ph&n hoach
tugng duong (PHTD).

Cap phén hoach thé& ching ta tim duge theo hinh 5.28.

[N ]

(qfl 4 qoon)

7N

( qi:o ¢ q110) (‘i" ' ‘i”)

1‘0" m = (qoas uoa)

RN

(qoa : qoc) ( ?001 4 qﬂﬂf )

Hinh 528, Tim cdc phan hoach ihé.
Qua hoat déng that su cta 6témat ta thiy : dudi téc dong cha tin hidu vao 1a 0 va

Ia 1 thi trang thai ti€p theo lai trd lai v4i trang thdi truée 46, nén ta cd cac phén hoach
th€ la :
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I, = (dgo » 91100)

I, = (411 5 90011}

Tiép theo ta ki€m tra ngay cdc phan hoach th& tim duge d6 xem c¢d phai la phan
hoach tuwong duong (PHTD) hay khong.

Vidy véi IT} = (qgg , Gpi00) ta ki€m tra didu kién cia (PHTD) theo Mealy nhu

s5au @

g (qpp, 00 = 0 = g (qnm, 0 =0

g (g 1 =0 =g (gppo D = 0
Vay ta cd th€ két luan I1; = (q;; , Gy ) 18 phén hoach tuong duung (PHTD).
Tuong tu véi I, = (qy; , 9gopp ) t8 kifm tra tiép :

0 0

]
i
il

g (qy, O g (dop1p, O

0 = giggy =0

g a1

Nhu vay ta cling thdy I, = m ciing 12 phdn hoach tuong duong
(PHTD). .

Tdm lai phan hoach Il, va I, vita 12 phan hoach thé lai 14 phan hoach tuong duong,

nén ching la phan hoac th& tuong duong (PHTTD), hay ndi cach khdc la ta c¢d thé
khing dinh 13 ching ¢d th& thay thé€ trang thai cho nhau, cu th& la :

o0 ~ Qoo V2 4y ™ doon

Tic 14 qgy ¢S thé thay thé cho qyg vA cd chd nio trong bang ghi trang thai la
dyigp thi vi trl trang thai d6 ta s& thay bing gy, Tuong tu nhu vay q,; cd thé dugc thay
vao vi tri cla trang théi ggg;, trong bang chic nang.

Sau khi thay th€& cdc trang thai vao bang chic nang ching ta sé xda di duge cde
dodng giéng hét nhau trong bang chdc nang, ta sé cd duge 6témat cd nhé vdi s kigng

trang thai t6i thiu, hay cén goi 14 6tdmat min. Otémat da rat gon duge chi ra trén
hinh 5.29.

x Z
s 0 1 0 1
o Sp0 Q 0 0
q qp qn 0 0
o0 900 %001 0 0
Qi1 Q110 a5 0 0
Qo01 qo qu3 0 1
10 Q00 q; 1 0

Hinh 5.29. Bang chic naing rit gon.
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Bude 3 : M4 hda trang thdi cho 6témat min hay "dat tén" cho cdc trang thai cha
béng chic nang. Nhu ching ta da bist viéc dat tén hay ma hoa trang thai cho 6témat
¢d nhiéu cdch khdc nhau. Trong phon nay sé& gi6i thiéu cdch ma hda trang thdi cho
6tomat min dung mot phan hoach thé&, khi ding phan hoach th€ d€ ma hda cho phép tao
ra duge tap tu phu thudc, diéu dd cho phép ta o6 thé thuc hién &témat bing mach dep
v gon gang.

a) TU bang 6tdmat min da thu duge ngudi ta tim duge mét phan hoach th€ sau :

I = (9,909 5 91,9); » Yg01)

Do co 6 trang thai 6témat cho nén ta cln cé 3 bign d€ ma hda trang thai (y,, y,,
yy). Gid st ta dung bién (y,) ding d€ ma hda kh6i, con hai bién (y2 ¥y dung dé ma héa
cho cdc phdn tit cia kh6i. Ta cd bdng m& hda hay bang dit tén cu thé€ trang thai nhu
sau & trén hinh 5.30.

il 1 qp — 000

y23 4 - 100
00 ) q Qop — 001
01 Yoo a1 qy ~ 101
L Q110 doo1 q110 — 010
11 - - doo1 — 110

Hinh 5.30. Bang ma trang thai.

Sau khi c6 ma (tén) cho ting trang thai ctia 6tdmat rat cu thé, ta cd dugc bang ma
hda cta 6tdmat nhu chi ra trén hinh 5.31.

Bang mia hda cha 6tdmat (vist theo nhi phan ting dén)

X Z
Y1¥2Y3 0 1 0 1
Q9 000 [“01 100 0 0
Q00 001 001 110 o 0
110 010 001 100 1 0
- 011 - - - - y Y | JK
Q 100 000 101 0 0 — -
0 0 |0 -
Qi 101 010 101 0 0 o1 |1 -
4001 110 000 101 0 1 1 0 | -1
- 111 | - - - - 11 7-20
Y Y2Y;3 Y 1YY, a) b)

Hinh 531. Bang mi héa cia 6tdOmat.
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Sau khi ma hda xong cac trang thai cla é6témat va xay dung xong bang ma hda
chic ning cho 6témat dd, tdc 14 ching ta ¢é bang "mudn thé", mudn cde trigd 14t
chuyén nhu bang ma hda. D& thyc hién duge viéc 18t chuyén trang thai cdc trigg nhu
bang ma hda yéu cfu thi budc tiép theo ching ta phai xdy dyng bang kich.

Budc 4 : Tim bang kich, mubn tim duge bang kich 1a bang "thi kich" ching ta phai
két hop giita hai bang : bang ma héa trang thai chde nang cta 8témat & hinh 1.6a véi
bang chide nang chuyén ding d€ téng hop 6témat cda trigo JK & trén hinh 5.31,b, vi
bang ma hda trang thai cta 6tdmat chinh 12 bang yéu cdu lat chuyén trang thdi cla cdc
trigo, ma mudn 14t chuy&n dude trang thai ctia trigg JK theo y ta, thi phai cin cd vio
bang chuyén bién trang thai cda trigo theo tin hidu kich v3o, hay d6 chinh 1a bang lat
chuy&n trang thai thuc sy cia nd, tit badn chdt nhin qua dd6 ching ta tim duge bang
kich theo yéu clu. Bang kich dude chi ra & hinh 5.32. Trong qud trinh tim bang kich
ching ta ciing sé& biét dugec Ung dung cu th€ cta bang chic ning cua trigo chuyén ding
d€ téng hop nhu thé€ nao.

Bang kich :
X 0 1 Z

@ j000|[o0 -] 0o - 1-]1- 0- 0- 0
Q (00110 - 0= —-o0|l1- 1- -1 0 0
9110 D10 0 - __] 1 - 1 - -1 0 - 1 0
- o1t |~ - - = ——=|= = - - - -1 - -
¢ {100 -1 0- 0~{-0 0- 1-/ 0 0
i O R P -

Hinh 5.32. Bang kich cia Otbmat.

Céch tim ra bang kich, tic Ia tim ra bang cda cde tin hiéu kich cu th&, d€ dam bao
cho cédc trigo 14t chuyén trang thai nhu bing ma hda yéu cfu nhu sau :

Trudc h&t nhin vao bang ma hdéa & hinh 5.31,a thec toa dé dfu tién ta thdy trigo
dau tién (y;) qud trinh chuy&n bién trang thai cda nd ti trang thai truée dé y; = 0
sang trang théi ti€p theo Y, = 0, nhu vay la chuyén trang thai tir 0 sang 0 (y; = O
thanh Y, = 0). Dua theo béng chuyén bién trang thai cia trige JK trén hinh 5.31b
ching ta thdy muén chuyén duge trigo JK tir 0 sang 0 (y = 0 sang Y = 0) thi tin hiéu
kich vao phai théa mén (JK = 0 -), tlt dd ta suy ra véi trigo JK diu tién (yy =0

thanh Y, = 0) cén phai cd tin higu kich vao ddu vao cla trigo ddu tién d¢ 1a (J; K, =
) tin hiéu kich dé duge ghi vao bang kich & hinh 5.32.
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Véi cdch lam tuong ty : tlt bang méa hda ta thdy & toa do6 d4du tién y2 = 0 chuyén
thanh Y, = 0, thi 9 bang kich ta phai kich tin hidu (J,K; = 0 — ) s& dat dugc yéu céu
chuyén déi trang thdi cua trigo thg 2. '

Tuong tu & trigu thd 3 trong toa dd ddu tién & bang ma hda ta thay y3 = 0 phai
chuyén thanh Y; = 1, vay tin hiéu kich & bang kich sé phai la (J3K3 = 1 —) thi trigo
thit 3 sé théa man viée chuyén trang thai.

Ching ta ¢ lam lan lugt nhu vay d6i vai ting toa d¢ cta bang ma hda, cho ting
trige cu thé mot cdch 14n lugt, ta s& dién ddy duge cdc tin hiéu kich rdt cu thé vao
bang kich. :

Tom lai d€ yéu cfiu cdc trigo phai lat chuyén trang thai nhu bang ma hda, thi ta
phéi kich tdt ci cdc tin hidu kich nhu bang kich. Mufn cd duge céc tin hisu kich mot
cach cu thé theo nhu bang kich yéu cdu, thi ta cAn phdi ¢ mach dién cy th&€ hoat dong
theo hé¢ phuong trinh ham kich. Tiéc 1a tit bang kich ching ta phai tim ra hé phuong
trinh ham kich va ta bude sang thi tuc tiép theo.

Bude 5 : Tu bang kich ta tim ra hé phuong trinh ham kich nhu sau : anh xa vao
bia cac tin hidu cha tirng cuc kich mét.

Vi du : Anh xa J;K; vao bla Kdcné, k&t qua thu diuge & trén hinh 5.33.

O

Cay NC00 01 11
oo | o]l o[- o """

0

RIS R 'F—F

LT

Hinh 5.33. Anh xa J|K; vao bia,

0]
\Cb\[‘-I*_|

-
1
g

Sau khi anh xa vao bila Kacnd rit gon ta duge

J; = x K =x
Tiép theo anh xa J;K; vao bia Kdcné & trén hinh 3.34,
Rat gon ta thu duge phuong trinh kich -

dy = Xy1y3 + Xy, 73 K; =1 (néi K| lén +E).
J2 = y3 (Xy; + x¥)) = y3K;

Anh xa Jy Ky vao bla Kdcné & trén hinh 5.35.
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oo =lo -l -1
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Hinh 5.34. Anh xa J,K, vao bia K

5%
”%y’oo o1 11 10 7
t / f
- - T
or [0 OO
%%

drie=OEC S mi

Hinh 535. Anh xa J4K; vio bia K.
Rat gon ta thu duge :

Sau khi rit gon ching ta cd hé phuong trinh kich 13 :

Jp=x d = v3 Ky J3 = K,
Z = E51372 + xyy, = Y2(§§1 tay)) =y J3

Tu hé phuong trinh kich dd duge rit gon ching ta v& ra mach dién clia 6tdmat cd
nhé hoat dong theo yéu céiu dé ra & trén hinh 5.36.

Dén day chung ta da cd mach dién cy thé thuc hién nhiém vu da dé ra cia 6t6mat
cé nhd, vdi yéu cdu Z = 1 hay den sédng lén chi trong truong hgp néu gap day s6 ddu
vio 1a 0011 hosc 1100, déng thdi ciing két thic cde budc thyc hién téng hop Stémat o6
nhé theo mét ¥y mudn hay moét nhiém vu k¥ thuit duge dua ra.
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b)
Hinh 536. So & mach dién cda 6tomat phii thuc hien.

Diéu dang chu ¥y & diy 13 mach dién di duqc‘thuc hién theo ciAch ma hda ding
mot phan hoach thé, va ching ta ¢d cdch tim hé phuong trinh kich bing ciach anh xa
cuc kich vao bia Kacnd. Nhung néu ching ta ma hda bigu khic cho 6témat, thi mach
dién sé khdc di mac di vin cing mot chde nang dé ra.

b} Ph&n tiép theo diy s& vAn thyc hién 0témat c6 nhd da cho, nhung méa hda cich
khac, ddng thsi cho ching ta bi€t thém mét phuong phdp khde ¢d thé tim duge hé
phuong trinh kich. Ching ta xuit phat tif 6tdmat min & trén hinh 5.37.

Buoc 3 : Ma hda trang thii cho 6témat theo quy luat cia bla Kéend nhu trén hinh
{(vi du g4 = 000, q; = 001, .., g9 = 111), ti do ching ta thu dugc bang ma hda bi€u
dién ¢ hinh 5.38 nhu sau :

Bude 4 @ TU bang ma hda ciua 6tdmat va bang chuyén bién trang thai cia JKFF
chuyén diing d€ téng hgp bi€u dién & hinh 5.38b, két hop ching lai, chung ta ¢d bang
"thi kich" bang kich duge bi€u dién trén hinh 5.39 nhu sau.
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001
011
010
110
111

Otomat min :

X Z
3 0 1 0 1
4o Yoo 41 0 0
q; Jo q11 0 0
400 oo 4001 0 0
q1 Q110 13 0 0
Q001 qq 91 0 1
4110 qQo0 q 1 0

Hinh 5.37. Otomat rit gon.

Biang ma hoéa bi€u dién theo bia Kécend, bang "mudn thé&”

X Z
¥i¥ays 0 0 0 1
90 000 011 01| © 0
q 001 000 010 0 0
Go | 011 011 110 o 0 s Y |J K
Qo | 110 {000 o010/ o 1 g (1’ ‘1’“
qo | 111 J0t1 o001/ 1 0 L ol -1
- 101 - - - 1 1 - 0
- 160 A -~ -~
_ b)
a)
Hinh 5.38. Bing ma hoa cia OtOmat.
Bang kich cia 6témat bi€u dién theo bla Kédcné trén hinh 5.39.
XY3 X¥3
X 0 1 ' Z
ywaN| 1 Ky ) I3 K310, K LK 3Ky 0 1
0 0
= 0 0
0 0
0 0 .
P ¥a¥a
0
0
S’ — *
N2 Y3 _
Hinh 539. Bang kich. AN
X ¥a¥3 N



Do bang kich da dugc bi€u dién dudi dang trat tu cia bia Kécnd nén ta od thé
"khoanh dan" hay rit gon truc tiép trén bang kich d¢ (cdn né&u bang kich chua & dang
bia Kdcnd thi ta diung phuang phdp dnh xa vao bia Kdcnd cho titng cuc kich mét), két
qud ta s& thu duge hé phuong trinh ham kich nhu sau :

JI = XY 7+ 27,53 = 5(X¥3 + xy3) = yod,
K, =1 s& néi lén +E

dy = x ?3 + Xy

Ky =Xy1¥y3+ xy173 = 5(X5:; + xy3) = v,
Jy = xy, + ¥,

Ky=xy +%
Z=xXyy3+xy¥=5(Xy+x5) =y,

Sau khi ¢d duge hé phuong trinh kich ta cd thé bién ddi them d€ ret gon nd néu
¢d th€ lam duge, diéu nay chi 1a lam "th¥ thém" ma théi, va khong phai vdi 6tomat bAt
k9 ndo ciing cd thé lam duge, tit d6 ching ta cd duoe hé phuong trinh kich don gian
hon va gon hon nhu sau :

Dya vao hé phuong trinh kich gon nh#t thu duge, ching ta vé ra so dé nguyén ly
cua O0tdmat cd nhé cdn phai t6ng hgp trén hinh 5.40.

Dén day chiing ta da k&t thuc cic bude hay qud trinh t8ng hop mot 6tdmat cd nhé
cd mot diu véao la x vA mot ddu ra la Z ki€u déng bo. Sau khi cd so dé nguyén ly thuc
hién chic ning cta 6témat cd nhd ta ¢ thé tim kigm céc linh kién va l4p rdp ra mot
mach dién, vA mach dién nay khi ta tdc dong tin hiéu vAio 12 (0 0 1 1) hoac (1 1 0 0)
thi den LED bdo siang ¢ ddu ra Z sé& sdng lén, cdn cdc trudng hgp khac thi nd khong
sdng. _

Vi dy trén da cho phép ta hifu 16 céch téng hop va thist k& ra mot 6témat S nhé
déng bg véi mot ddu vao x vad mot ddu ra Z theo moét ma nhi phan (tin hiéu vio) che
trufc. Bang cdch lam tuong tu, chang ta ¢ thé téng hgp ra cic 6tébmat bat ky vai t8
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Hinh 5.40. So do0 mach di¢n nguyén ly cia 6tdmat.

hop ma hda & ddu vao khdc di (khéng phai 12 (0011) hay (1100) nira), ciing nhu ¢d thé
kéo dai thém tang s6 lugng bit thong tin cla t¥ md § ddu vao 6tomat. Nhung cho du
t6 hgp ma & ddu vao bat ky cd dang tuy y nhu th& ndo, hay tit ma dd cé dai dén bao
nhiéu, thi ching ta vln tim ra duge cdc trang thai cdn thigt cia 6témat dd nhu da 1am
trong vi dy, bing cich tang ddn lugng théng tin trong ting trang thai cia otdmat, sau
dé tU cac tfang thai tim duge d6 chung ta Mp ra bang trang thai cia 6tdémat bing each
dién ching theo tUng toa do thich hop trong bang chic nang. Sau khi ¢ bang chic
ning cla mot 6tdmat bat ky tit dd chﬁng ta s8 téng hgp ra duge 6tdmat dé.

Vi du : Thyc hién 6tdmat ¢ nhé véi mot ddu vao x vA mot ddu ra Z, hoat dong
theo yéu cdu : 2 = 1 né&u nhu gap day s6 vao (b6 mé& tin hiéu dua vao) 12 0 0 1 0 hoac
1101, Z = 0 trong cdc trudng hop khéc. Tt mi tin hidu vao dd ta tim ngay duge
cdc trang thai can thigt cha otomat d6 1a : (qq, 9oy, Yoo Yooro V2 4, 911 94100 Q1100
Sau dd lap bang chic nang cia 6témat dd va thyc hién nd theo cic budc da duge néu
trong qua trinh t6ng hgp 6t6mat ed nhé & phén trén,

Trén day 14 cac budc thyc hién 6tdmat ed nhd chi ¢ moét ddu vao (x). Trong thuc
t& kj thuat dau vao kich cho 6témat cd thé ¢6 nhidu ddu vao, d€ thuc hién 6témat cd
nhd ¢ nhiéu dfu vao phai thyc hién 6t6mat e nhé kifu xung.
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§5.4. THUC HIEN OTOMAT CO NHO BANG MACH KIEU XUNG

Tin hiéu dua vao ddu vao cha mot 6tdmat ¢é nhé thong thuing 14 mét tin hidu
dién, tin hiéu dién lai ¢d nhiéu dang khac nhau, & day ching ta xét tdi viéc xay dung
mot 6témat ¢ nhé cd tin hiéu vao 1a cde xung dién.

Dinh nghia 5.1, Otémat cd nhé khong duge chuén hoa thai gian (khdng cd xung
déng bg) lam viéc theo ki€u xung n&u théa man cdc didu kién sau :

* Cac tin hiéu vao la cdc xung cd d6 rong di 1én (di nang lugng) d& cd thé kich
14t chuyén dugc cac trigo & trong mach.
* Tal mot thdi di€m xung kich chi duge xudt hién trén mot ddu vao (néu 6témat

2 dau vao kich x;x; thi ta cén phai cAm kich t§ hgp x;x; = 11, gidng nhu & mach trigo
RS cdm kich t8 hop 11).

* Trang thai bén trong clia 6témat chi thay d6i mét 18n khi mét trong cdc diu vao
clia Gtdmat cd xung kich vao.

Do difu kién xung kich vao khéng duge cing déng thdi xuét hién va méi khi trén
mét dau vAo ¢d xung xudt hién thi 6tdmat chi thay d8i trang thai mét lan, cho nén s8
lwgng t8 hop ctia cac tin hidu vao khac nhau sé chinh bing s6 lugng trang thai cta
6tdmat. Tin higu ra cla 6témat cd thé la xung hay dién thé.

Vi du . Tc‘)’nglhc_sp mot Otémat ¢ nhd ki€u xung ¢ hai ddu vao la (x, X,) va mot
ddu ra Z, hoat dong theo y&u cdu sau :

- Tin hiéu vao 1a cdc xung xuft hién nghu nhién va bat ky k& tiép nhau,

- Trén cdc dau vao x; va x, xung khong duge cling ddng thdi xudt hién (cAm kich

- Khi ¢6 xung xudt hién trén ddu vao x; thi ddu ra Z = 1 néu nhu da cd diung mét
xung x; xudt hién sau xung x; xufit hién sau cing.

- Dau ra Z = 0 trong céac trudng hop khéc.

- Khi Z = 1 thi Z git nguyén gia tri cho dén khi xu&t hién xung %y thi Z trdg vé 0.

- Dung trigg JK thuc hién mé ti theo bang chitc ning Moore.

D€ co thé xay dung dugce bang chic nang cho 6témat da dua ra ching ta ¢ so dé
khsi ctia né duge chi ra trén hinh 541.

X -—L g X, O— —| 7
éfémaf _®e.

Xz ! Xz(y—a— M

Zz ,.~=r

Hinh 5.41. So d6 nguyen ly hoat dong.
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Buéce 1 : Chuyén nhiém vy dé ra thanh bang chic ning.

Dé thyc hién duge budc quan trong 1a tim bang chic nang cia 6témat cd nhé
ching ta cin xem xét k§ va phan tich hoat doéng cia nd véi ddy da moi kha nang xust
hién cla cdc trang thai ¢S thé cd cia 6tdmat. '

Mudn tim duge cdc trang thai cin thist nhdt clia 6témat cdn phai xay dyng ta cd
thé dua vao bi€u dé thdi gian chi ra trén hinh 5.42.

j /
% | ¢
UNIEARLA
NN WO |® &
X, | ¢
Z 1

Hinh 5.42. Bidu dd thoi gian kich xung..

Bigu d3 cho chiing ta bigt moi kha nang xuét hién ctha cAc xung mot cdch ngiu
nhién trén cdc diu vao (x;, x,). Tu dd ta cd cdc trang théi can thiét ctia 6tdmat nhu
sau : ‘

Qo : la trang thai chi ¢d xung xudt hién trén ddu vAo x, ma khéng cho xung
vao ¢ ddu vao x,.

q; : la trang thai cd xung xuft hién & ddu vao x; ma khoéng cd xung & dédu
vAo x,.

g, : la trang thdi c¢d xung x, xuft hién sau xung x; xuft hién sau cing

q3 : trang thai khi cé xung ngiu nhién xuft hién trén ddu vac x; sau ding
méot xung x, xuft hién sau xung x; xudt hién sau cling.

T d6 chang ta c6 thé ed bang chitc nang hay bang chic niang hay bang chuyén
bign trang thdi cua 6tomat cdn phai tdng hgp nhu & trén hinh 5.45. Bang chie nang &
dang &témat Moore.

R Xy Xz Z

. 0
4o 4 4o Hinh 5.43. Bang chifc ning.
q 41 4z 0
qz 43 Y0 0
q3 @ 4z 1
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Bang chic nang cd bing cach ching ta dién l4n lugt titng toa do trong bang cac
trang théi thich hgp, nhu da chi ra trong bi€u dé thai gian ciing nhu da quy ude ky higu
cua ching. Chd ¥ ring do nhiém vu dé ra cho 6tdmat 1a khi Z = 1 th} gia tri cta Z
khong thay d8i cho tdi khi ed xung x, xuft hién thi Z méi tré vé 0. Nhu vy khi chua
¢é xung x; xudt hign ma chl ¢d xung x, ta cho vao, lic nay trang thai cla 4t6mat vin
théa min yéu cfu dé ra, néu ta goi trang thai dd la @ _

Voi baAng chdc ndang thu duge trén hinh 543 ching ta vdn chua ¢d th€ thuc hién
duge otomat vi bang dd vin & dang ly thuyst l1a o6 xung vao (hay kich x, hodc x, vao)
ma chua mo ta duge & dang bang chic nang & dang légic, vy muén téng hop thuc hign
duge 6tomat nay ching ta phai chuy&n bang chéc ning & hinh 5.43 thanh bang chiic
nang légic chi ra trén hinh 5.44.

Bang chie nang :

w 0 o1 1 1w | z

o 4o 90 - ql 0
N q) 92 - q) 0
qz qz 0 - 93 0
q3 93 9 - 43 1

Hinh 5.44. Bing chic nang.

Trén bang chie nang logic hinh 5.44, ta chd § :

- Do nhiém vy dé ra 1a xung khéng duge cung d6ng thdi xudt hién nén t§ hop x,
X = 1 1 bi c8m, hay khéng bao gis ¢d tin hidu kich vao nhu vay, cho nén trang thai
ti€p theo cia 6tdmat 56 1 cdc trang thai khong xdc dinh.

- Khi ¢6 t3 hop x; x, = 0 0 cd nghia 1a khe giita céc xung hic ndy khéng cd xung
kich vio & ddu vao, vi vay trang thdi cla 6tdmat khong duge thay d8i cho tdi khi o6
xung kich tiép theo & ddu vao x; hoac x,, vl v@y trang théi ti€p theo nhu trang thai
trude dd. '

- V6i t8 hop x; x, = 0 1 tdc 1a 3 ddu vao x; khong cd xung, cdn xung kich vio
ddu vdo x,, vay todn bd c6t trang thdi cla xung x; dudc dién v3o bang chidc ning lagic.

Sau khi ¢d bang chdc nang hay bang chuyén bign trang thdi ltgic cita &témat cd
nhg chiing ta di tigp t6i budc tiép theo trong qua trinh tdng hqp Stémat 1a.

Bude 2 : Riut gon 6témat cd nhé.

V6i bang chifc nang cia otdmat ta tim duge thl day da la 6témat min (6tdmat t5i
thi€uw) vi : nd c6 phan hoach th& (PMT) la I, = (4, , q3) nhung lai khéng cé phan
hoach tuong duong (PHTD). Otémat rit gon duge chi ra trén hinh 5.45.
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Do bang kich da duge bifu difn theo dang cla bia Kdcné nén o6 thé khoanh dan
hay rit gon truc ti€p trén bang kich. K&t qua ta s& thu duge hé phuong trinh nhy sau :

dy = %5, d2 = x5y + x; ¥4
K =xy Ky = x5 + xpy
Z = Ylyz

Dya vao hé phuong trinh kich ching ta vé ra so dé nguyén ly cia mach dién thuc
hién chic nang cta 6tdmat trén hinh 5.48,

+£
R 9,
— .
A EA
2
Ky % [ K, _):
Z
a)

H X!Q——-—-;-. ")La }l' z
groma ® 2
M

z 5 Hinh 5.48. So dd mach nguyén ly.

Véi cach lam tuong ty ching ta cd thé tang sf lugng ddu vao cho 6tdmat.

Tigp theo tlt nhiém vu ¢§ xung x, xufit hién thi Z = 1 néu nhu da ed diing mét
Xung x; sau xung x, sau cang, ta cd th€ tang thém chdc nang la co ding m xung x,
sau xung x; sau cung, tht Z = 1 néu nhut c6 xung x; xuft hién. Luc ndy ta phai thém
trang thai cho 6témat d€ dé&m s6 lugng xung x, xudt hién sau xung X; xuft hién sau
ciing.

Bai toan cing cd thé dugc md rong va phat trién dya trén chitc nang : Khi Z = 1
thi Z gilt nguyén gid tri cho dén khi c Xung x; thi Z trd v& 0. T chic nang nay ta ed
thé tang thém digu kién 1a khi Z = 1 thl Z giit nguyén gid tri cho dén khi cd n xung
Xy thi Z trd v& 0. Trong trudng hgp nay ching ta cing phai cho theém trang th4i cha
6tdomat dé d&m s8 lugng xung X, cln thigt d€ dua gid tri Z vé 0.

Hoat déng cla 8tdmat c6 nhd gibng nhu mét khda dién t& cd hai phim b4m, va
phai bdm trén hai phim bfm x, va x, sao cho ding yéu cdu d8 ra cho s6 14n bdm thi
khda méi mé (Z = 1), va ciing phai b&m ding yéu cdu thi cita mdi déng (Z = 0). Nhu
vy thigt k& 6tdmat cd nhé don gian voi hai ddu vao (%}, x3) v2a mot déu ra Z ¢ thé tao
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ra mét Stdmat cd nhd bat ky véi p ddu vaoc va cdc xung kich vao trén cic ddu vaec dé
cd th€ xudt hién bat ky.

Né&u ching ta t8 hgp 1an 10n chdng ch4t hai 8tdmat cd nhd & hai vi du di néu
ching ta sé cd duge moét dtémat cd nhd c6 d6 phic tap hay chie nang phong phd hon
rdt nhidu. So d8 khéi tdng qudt cé th8 ducc chi ra & trén hinh 5.49. V&i 1M 14 6tdmat
1 ddu vao kich va 2M la 4tdmat cd 2 dfu vao kich.

:C‘IMI 7
ZM‘IM‘—%*

O M

Hinh 5.49. So db kh6i 18ng quat.

$5.5. THUC HIEN OTOMAT CO NHO DUNG MACH KIEU PIEN THE

Mot 6tdmat ¢d nhd duge goi 1a mach ki€u dién thé néu hoat ddng ctia nd tuén theo
dinh nghia sau.

Pinh nghia 5.2, Mach c6 nhd khong duge chudn hda thai gian duge goi 1a mach
ki€u dién th& néu va chi néu :

— Cac tin hiéu vao & dang dién th& (khong phai 1a xung).

- Céc tin hiéu vao gilt nguyén khong thay d8i néu bén trong mach trang thii chua
8n dinh.

Nhu vay otémat cd nhd hoat dong theo ki€u dién thé cd tin hiéu vao & dang dién
thé, tic 14 tin hidu vao 88 tén tai lau, khi d6 sé x84y ra trudng hgp 6tdmat da chuyén
sang trang thai mdi réi ma tin hidu vao (ci) vdn con tén tai, cho nén tin hidu vao cd dd
lai tAc dong tifp vao trang thdl mdéi d6 cla 6tdomat, lai lam O6tdémat chuyén tiép sang
trang thai mdi na. Vi trang thai ti€p theo s& trd thanh trang thal trude dd cla trang
thai tigp theo cta nd. Do dd &tdmat ¢ nhd hoat dong theo ki6u dién thé con dude goi
132 mach khéng déng b, hoat déng cda loai mach nay khdc véi mach ddng bo ¢ cac di€m
sau :

a) Otémat cd nho khéng déng bd vila cd cac trang thai 6n dinh vita ¢d cédc trang
thai khéng 6n dinh hay cdn dugec goi la trang thai nhat thoi, Théng thudng otdmat
chuy&n td trang thdi dn dinh niy sang trang thai dn dinh khdac phai qua mot sf trang
thai khéng 8n dinh (trang thdi nhdt thdi) trude khi dat duge dén trang thii 6n dinh cudi

cung.

b} Do ¢ cac trang thai nhdt thoi 14 cdc trang thai khéng &n dinh nén rat khd xdc
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dinh dugc cling nhit dy dodn truéc duge trang thai tiép theo cia 6tdmat. N&u x4y ra
trudng hop khong xdc dinh duge trang thai 8n dinh cho otomat thi phai thiét k& lai
mach khéc d€ loai bo trang thai khong n dinh. Digu nay lam cho 6t6mat cd nhé khong
déng bé hoat déng theo ki€u dién th& khd thigt k& han nhung hoat déng nhanh hon
o6témat cd nhé déng by hay mach ki€u cd xung nhjp.

Dé mé ta hoat déng ciia 6témat khoéng déng bd ngudi ta cé nhiéu mé hinh khic
nhau, nhung ndi chung rdt khd mo6 ti duge hoat dong chinh xac cta mach trong trudng
hgp tdng quat. M6 hinh t8ng quat cia 6témat khéng d6ng bd chi ra trén hinh 5.50.

XI —— ——— 2;‘
X . 4
Ky —ee ch}; S Zm
167 hap
e
I i
= 4, r
| i Y
! |
| "l
I ai, i
! .|
| FPhdnts |
I nhe |
|
Hinh 5.50. M6 hinh t6ng quat.
Trong dé : X = (%,%,...,%,;) 14 tap cdc tfn higu vao.
Z=1(z21,2y,...,2) la tdp cdc ddp dng ra.
Y = (¥1:¥25- 5 %) tdp cdc trang thai trong.

5.5.1. PHAN TICH MACH KHONG DONG BO

Trong mé hinh tdng quat cia 6tdmat khong déng b6 (hé Ioi) trén hinh 5.50 cd
duding phan hdi ti dfu ra vé& diu vao, tin hiéu dua vé ddu vao chinh 1a tap cdc trang
thai trong cia 8tdmat hay cu th€ hon d¢ 1a tap tin hisu ldy ra tlt cac trang thai cla cac
trigd cia h¢ thong dd. Nhu vy mot mach t8 hop bt ky khong cd xung nhip hay chugn
hda thdi gian ma cd quan hé phan héi thi déu cd th€ xem nd 1a mét mach ed nhé ké

ti€p ki€u dién thé. Ching ta xét mach khong dong bd don gian duge chi ra trén hinh
5.51. .

Tu so d6 mach dién t8 hgp cd phan héi hinh 9.51,a ching ta chuyén nd tuong
duong thanh dang cia mé hinh 6témat khéng déng by hinh 5.51.b.

Tit su d8 téng quat ciia mé hinh hé loi hay 6t6mat khéng déng bo ching ta ¢ ham
chuyén bién trang thai ti&p theo nhu sau :
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Y =X.¥;

Y, = 22‘§1

\)o—o—-‘,;—a- z,

%

‘:}
¥,
Z, '
Cha— af

a) L4 ]
b)

<

Hinh 5.51. Mach don gidn nhit.

Trén co s& cac phuong trinh chuy&n bién trang thai dé ta thanh l4p duge bang
chuyén tiép trang thai biu dién trén hinh 552 bing cach tinh todn ra theo toa db.

X2 oo 01 11 10
Yiya
00 11 10 00, | 01
01 01 00 00 01 _ _
11 00 00 00 Hinh 5.52t.ra]iz;n%h:ihuyén ti€p
107 10 | 18 T™o 00 ‘
Y% LA

Cach tinh hay cdch dién bang chuyén tiép :
Toa d& ddu tién :

iy, = 00 Yy =%.5, =0.0=1
T Y, =%.5%=1.0=0

X1 %X = 01 }"YlYZ:w

nx =11 {7  Y,=%.5=T.0=0]  "1727%

V6i cach 1am tuong tu ching ta sé tinh ra va dién ddy dugc bang chuyén tiép trén
hinh 5.52.

Sau khi cd bang chuyén ti€p trang théi ta th8y do mach khéng déng bd nén cd hai
trang thdi ti€p theo 1A :
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— Trang thai 6n dinh.
- Trang thai khong 8n dinh (trang thai nhit thoi),

Hai loai trang thai xuft hién trong 6témat ki€u dién thé& do ban chét hoat déng cda
nd khi tin hiéu kich vao duéi dang dién th&, cd nghia la tin hiéu vao t6n tai lau, nhu
vdy khi otémat chuyén sang trang thai mdi réi thi tin hiéu & ddu vao vln con tdc dung
va kich tiép (d6 la trang th4i nh4t thsi) d€ lam cho 6témat lai chuy&n dén trang thai
tiép theo sau nifa.., viy trang thai &n dinh dude dinh nghia nhu sau,

Dinh nghia 5.3. Trang thai tiép theo (Y, Y,) duge goi la 8n dinh néu nd théa man :
YWY, =y %
Trong dé : (y, y;} 1A trang thai trude dd.

Nhu vay mét trang thai 6n dinh cia mot 6témat cd nhd khéng déng bo hoat dong
ki€u dién th& tiic 1a : trang théi tiép theo giéng trang thai trude dd, trd lai trang thai
trudc dd. Khi trang thai tiép theo trd lai trang théi trude d6 thi cd nghia 1a kich mai tin
hiéu vao thi trang thai clia 6tomat vAn thé, hay cd duy trl mai tin hieu vao dusi dang
dién th€ thi trang thdi cta 6tdmat vdn khong thay ddi, khi dd ta ¢ d& tin hisu vio hay
két thie tin hiéu vao, trang thdl cha 6témat vAn th€ khong thay d8i. Cd thé ndi & hé loi
trang thai ctta nd On dinh trong sy van déng.

Ti dinh nghia trang thai "Sn dinh" cing nhu ban ch&t caa sy 8n dinh trong &tdmat
khong déng bo, ta nhin vao bang chuyén ti&p trang thdi & hinh 5.52 ta thdy cdc trang
thdi 6n dinh duge t6 dm vl trang thai tiép theo gidng trang thai trudc dd, con lai cac
trang thai khdc d6 1a trang thai khong én dinh (trang thai tén tai nhat thai).

Duya vao bang chuy&n ti€p trang thdi dudi tdc dong cia tin hiéu vio (x; %5) & dang
dién th&€ hay tdn tai lau, ching ta c¢ thé xdc dinh duge day trang thai hoat dong cla
otdomat tU trang thai ban ddu cho dén trang thdi 8n dinh cuéi cing duge chl ra trong

cde vi du sau.

Vi du : Xem xét su thay di cta trang théi ban diu y1 ¥2 = 10 dudi téc dong caa
tin hidu vao (x| x,) dudi dang dién thé& trong céc kha ning khdc nhau la :

+ Cho x| x;, = 0 0 hoac 0 1 ¢ dang dién thé tén tai lau, thi ta thdy trang thaj tiép
Viy day la trang thai 6n dinh clia 6t8mat du ta od kich mai x; Xp = 0 O thi trang th4i
d6 vdn khéng thay déi.

+ Nhung né&u vdi tin hiéu vao x; x, = 1 1 thi sy thay d&i trang thai ctia mach trai
qua cdc qud trinh sau :

Yiv2=10->00->00=Y,Y, (4n dinh)

Nhu vay dudi tdc dong cla tin hiéu vao X;X; = 11 otémat s& chuyén tit trang thai
ban ddu y,y, = 10 dén trang thdi 6n dinh Y,y, = 00. Nhu vdy dtdmat phai qua mot
trang thdi khéng 6n dinh hay trang th&i nh&t thsi 1a (00).
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+ Voi trudng hgp kich tin higu vao dién th& theo quan hé x; x, = 1 0 thi sy thay
ddi trang thai cia mach s8 di qua cde trang thai sau :

Tt cdc qua trinh chuy€n bién trang thai duge minh hoa & trén, ching ta cs thd mé
td tdt cd cic qud trinh chuyén bién trang thai cua 6t6mat khéng déng b trén bang ds
thi chuy€n ti&p trén hinh 5.53.

Trong bang dd thi chuyén bién - X%l 00 01 11 10
trang thdi cdc trang thai én dinh
duge danh ddu bing (*), cdn céc 00 .\ ff (* .)
trang thai khong 6n dinh hay trang 01 (*} \') ‘3
thai nhét thoi duge danh dfu bing 11 . . N
(). Tit bang d8 thi chuyén bién 10 . * . .

trang thai ching ta nhan thdy cd
qud trinh chuyén bi&n trang thai
ctia mach tao thanh chu trinh kin,
tic 1a khéng ton tai trang thdi én dinh cbha 6tomat. Vi du dng vdi cot x;x, = 00 khi ta
kich vao v6i tin hiéu nhu vay thi 6t6mat s& khong o6 trang thdi én dinh va trang thai
cudi cing khong thé xac dinh duge.

Hinh 5.53, D0 thi chuyén bién trang thai.

Déng thai ta cing thdy duge cde trang thdi 6n dinh cla 6témat va cd qud trinh
chuy€n bién trang thai cla nd tir trang thai ban dfu téi trang thai dn dinh, va theo
dinh nghia thi 6témat chi cd ba trang thdi &n dinh la cd thé x4c dinh duge sau khi cho
tin hiéu kich vao ma théi.

5.5.2. CHAY DUA TRANG THAI (CHAY BUA Y) VA BIEN PHAP LOAI TRU

O phan I cuén sdch, ching ta di ndi dén hazard va chay dua (x) hay chay dua cta
cdc tin hiéu véo, do hién tugng qui do hay thdi gian tré (quan tinh) cta tin higu vao
gay ra. Hién tugng hazard sai nhdm do tin hidu vao ¢d qudn tinh giy ra hay cd thoi
gian tré cha tin hiéu vao gay ra chi xay ra ¢ hé t§ hgp. Kbi xay dung hé day hay
otdmat cd nhd phdi dung téi trigo hay phédn ti ghi giit théng tin, ma cic trige lai cd
qué trinh lat chuyén trang thai khdc nhau hay thdi gian quén tinh cia trigo 12 khsc
nhau né&n x4y ra qud trinh “chay dua" 16t chuyén trang thdi cia cde trigo khi o6 nhiéu
trige cung lat chuyén trang thai cing moét lic. D6 chinh 12 qué trinh “chay dua y" hay
chay dua trang thai clia 6tomat ¢d nhd. Khi céc trigd ed thdi gian lat chuyén khie nhau
hay 1a "chay dua y", lam cho hoat dong cia 6tdmat ¢d nhd khéng con chinh xdc nita ma
sé xdy ra sai nhdm hazard. D€ c6 thé khdc phyc hién tugng hazard do chay dua v &
Otdmat ¢é nhd, chung ta phai tim hifu ban chit cia chay dua y bing cach trd lai
atomat khéng déng bd da néu d phén trén.

Khi phan tich mach khong déng bd ¢ trén ching ta da coi gia tri cia cdc bién
trang thai y thay d8i déng thai, Nhung nhu di ndi, do thdi gian lat chuy8n cia cdc bién
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trang thai hay cdc trigo 1a khac nhau, nén viéc cdc bién trang théi thay déi ddng
thdi trong thuc t&€ 1a khd cd th€ xdy ra, ma s& gay ra trang thai phu lam gidm d6
tin ciy hoat dong cia 6tdmat. '

Vi du : Theo bang trang thai cia 8tdmat da chi ra & trén hinh 5.52 ching ta thay
c6 hai bi&n trang théi 14 (y; va y,), ching c6 quan hé chuy&n tigp la :

Y, = i2-51

+ Dudi tde dong cua b tin hiéu vao duéi dang dién thé X; X = 0 0 ]Am cho trang
thaj ctia O0tdmat chuy&n tlt trang thai trude dé (y, y, = 0 0) sang trang thdi ti€p theo
(Y, Y, = 1 1). Nhu vy tiing bién trang thdi y, vA y, cing chuy&n tit O sang 1 déng
thdi, géy ra hién tugng chay dua y. Nhung do tfc do 14t chuyén hay thdi gian tré (At)
cia cdc bién y; va y, la khac nhau, tif dd gly ra cdc trang thai phu lam hoat déng cta
6tomat khéng cdn chinh xdc nita (xuft hién hazard), d€ higu ré ching ta xem xét k¥
hon nhu sau.

Do tac déng Xy X; = 0 0 lam cho 6témat chuyén ddi (y, y, = 00 —-11 = Y,
Yy). Nhung do tffe do thay d8i hay trf cla y, vAd y, khdc nhau nén : Gid s y, chay
nhanh hon y, hay quan tinh qud do cla y;, nhé hon y, nén s& xay ra két qua 1 y2 =
00— 10 day la trang thii phu trudc khi di dén trang thai 8n dinh). Tuong tu ta ciing
c6 thé gid s v, chay cham hon ¥ khi dd sé& xdy ra trudng hop (v, y, = 00 — 01).
Nhung néu y, va y, téc d6 chay nhu nhau va ed chay déu mai cho k&t qua 1a ¥y, ¥z =
00 — 11) va cf chay déu mai cho t4i khi xufit hién sy chay dua giira y, va y2. Céc hién
tugng d6 duge minh hoa trén hinh 5.54. '

Lﬁa‘f'/.d‘éb Bd} o

Hinh §.54. Hién tugng chay dua y.
+ Duéi tac dong ctia tin hiéu vao khac nhu x;x, = 01 hay x;x, = 10 ma 6témat cé

xudt hign chay dus y tic 14 (yjy, = 00 — 11 = Y, Y,) thi cdc hién tugng chay dua dg
clia bi€n y s& duge minh hoa trén hinh 5.55.
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d) X,X‘ = g7 ’ b) KXy 7T C) er: = 0
Hink 5.55. Chay dua y khi tin hieu vao khac.

O day ta chd ¥ do tin hiéu vdo 1a & dang dién th& tén tai lau cho nén di cd chay
dua y thé nao thi cudi cing 6tdmat cing s& chuyén t6i trang thai 8n dinh la trang thai
tiép theo gidng trang thai trude d6 (Y; Y, = y, y,) va khéng th& thoit ra duge nita (6n
dinh tai dd) di cho tin hidu tac dong vao x, x, cd cdn ton tai hay da két thic. Cac
trang thdi On dinh trén cdc hinh 5.55 déu duge v& cung véi khoanh tron (vi dy :
hay . V.V,

Qua day ching ta cing thdy didu kién d€ xudt hién chay dua trang thdi hay chay
dua y 1a ¢6 hai hay nhiéu bién trang théi phai thay d8i déng thoi dudi tic déng cva tin
higu vao.

Nhin vao hinh 555 m6 ta qud trinh chay dua y néu duge xdy ra dudi téc dong cla
tin hiéu vao ta thdy qua trinh chuyén bién tGt nhdt bat ch&p cd chay dua gilta y; va y,
la & hinh 5.55,b, vi du cho ¢6 chay dua hay khong thi két qua 6n dinh cu6i cung vin la

iy = @ . = YY,)} ging nhu mong mubn cta ta khi cho tin hiéu vao 1a xx,
= 11. Trong truding hop nay 6tdmat chuyén bién trang thii ding va hoan toan chinh
xde,

Trudng hgp 5.55,a va c ching ta thdy duéi tac dong cia tin hiéu vao x3X; = 01 hay
XX; = 10 déu lam cho 6t6bmat ¢6 xudt hién chay dua y. Nhung sau khi chay dua thi

6témat chuyén trang thai vé trang thai én dinh hoéc ‘ Nhu vay k&t qua thu
duge sau khi kich tin hidu vao 1a :

X1X; = 01 lam cho (y;y, = @ - @ = Y,Yy)

10 lam cho (yy, = (D) — 0D = Y,y

Ké’t qua 1a dudi tdc domg cha tin hiéu vao (x;x,) 1am cho trang thai cia 6témat
chuyén t6i trang thai "6n dirh sai" nhung sau khi ¢d chay dua y 6témat chi chuyén vé
duy nh&t cd mét trang thai 6n dinh sai la . hoac cho nén ta ed thé ndi d6 1A cdc
trang thai 6n dinh sai nhung quén ly duge. Trong trudng hgp nay ed thé coi nhu Stbmat
chuyén trang thai dung. Hién tugng chay dua nhu viy con duge goi 14 chay dua tdi han
tuc la chay dua tdi moét két qua han dinh trude dugc.

XiX)
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Con trudng hop cubi cing xfy ra khi ¢ chay dua y duéi tac déng cia tin hiéu vao
X;X; = 00 hay x;x, = 11 chi ra trén hinh 5.54. Nhin vao hinh vé& ta thiy néu gia sit y,
nhanh hon y, thi y,y, = 10 (trude d¢ ¥1¥2 = 00) sau d6 chuyén dé&n trang thdi 6n dinh
la Y,Y, = , cdn néu nhu ¥; chdm hon y, dudi téc ddng cta tin hiéu vao thi Yy =
01 (trang thdi trung gian hay trang thai phu) sau dd chuyén vé trang thii 6n dinh la
Y Y, = ‘ Trong thuc t& ta khong th& bist duge y1 chay nhanh hon y, hay y, quén
tinh nhé hon y;, nhu vay trang thai 8n dinh sai la hay ta khong bi8t chinh x4c
duge hay khéng thé quan ly duge cac trang thai dé. Trong trudng hgp kich tin higu vao
ma khéng thé€ biét chinh xdc hay chéc chin tr:_ahg thai cla 6témat sé chuyén vé dauy, la
mot diéu khong cho phép khi thiet k& mot hé thong s6. O day ta co hai bién (y,y,) lam
xuéit hién hai trang thai 8n dinh sai khéng quan ly duge, néu ta cd s6 lugng bién y-
nhiéu hon thi s6 lugng trang thai én dinh sai khéng quén 1y hay biét trudc duge sé
nhiéu hon, lam cho hoat déng cla 6tomat sa cung sai nhidu v& nguy hi€m hon. Hién
tuong nay ching ta goi la chay dua trang th4i khéng téi han hay khéng dé&n mot gidi
han chic chin nao ca.

Cac bién phap loai trir chay dua trang thai khong t&i han.
a) Phuong phdp gidi han hay ngdan chdn cdac bién vao

D¢ khong cho xu#it hién chay dua trang thai hay gidm chay dua y, ta chii dong han
ch& hay cdm khéng cho cic tin hidu vao 6témat ma gay ra hién tugng chay dua khéng
téi han. (Vi du : cdm kich t§ hop XX, = 00 d&i v6i 6tdmat néu & phdn trén). Hién
tugng nady x4y ra giéng nhu hoat déng cua trige RS (RSFF) khi ta c&m kich t§ hgp 11
(SR = 11).

b) Phuong phap md héa

Diing cdc trigo khi ching o6 thai gian lat chuyén khong gidng nhau (khéng déng
thoi}) ma khac nhau, d€ tranh hién tugng chay dua y cd th€ dung cach dat tén hay ma
hda trang thai cho 6tomat thich hop.

Cé nhiéu phuong phap ma hda d6 khong xusit hién qua trinh chay dua y hay lam
cho cdc trigo trong 6témat 14t chuy&n khong déng thdi. Ngudi ta cd thé cin od vao sy
1at chuyén trang thai cu thé cta 6témat d€ ma hda, véi muc dich lam sao cho : chuyé&n
ti trang thai ndy sang trang thai khdc cta 6t6mat chi co mot bién trang thai y 13 thay
d6i (chi c6 mét trigo la chuyén trang thdi), .hay lam cho s6 lugng bién trang thai phai
1t chuyén déng thoi 1a {t nh4t, khi d6 sé tranh duge chay dua ¥y hay gidm thiéu dugc
chay dua trang thai cha dtémat. T4t nhién vide lam nay khéng phai lic nao ta clng
thuc hién duge, nhung dd 13 diéu ta phai bi&t khi thist ké &témat.

Thong thudng ngudi ta hay dung ma ké (ma Gray hay mi bia Kacné), né dugc dinh
nghia : hai trang thai duge goi 1a ké nhau néu chiing chl khdc nhau & gia tri cia mét
bién trang thai trong "tén goi' cha nd.

Vi du : Trang thai A 011

B = 001
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Trang thai A 1a k& vdi trang thai B vi mi tén cia ching chi khdc nhau & gia tri
cika mét bién trang thai

Dung phudng phap ma ké cé thé€ khic phuc duge chay dua trang thai, diéu dd duge
minh hoa § vi du sau :

Vi du : Xét bang mé hda cliia bd dém 8 ]a bd d&m vong duge chl ra trén hinh 5.56.

X

Sx ! Yi¥ys ! Y1ya2ys 1
0 1 000 001 000 001
1 2 001 010 001 011
2 3 010 011t 011 010
3 4 011 100 010 110
4 5 100 101 110 111
5 6 101 110 111 101
6 7 110 111 101 100
7 0 111 000 100 000

a) b) Y Y,Ys &) Y(YyYs

Hinh 5.56. B$ dém 8 xét chay dua y.

Trudc hét xem x4t mi hda bo d8m 8§ theo quy luat cha nhi phén tang dén trén
hinh 5.56b, chung ta th&y dusi tac déng cta tin hiéu vao (x = 1) lam cho giita trang
thai truéc dd voi trang thai tigp theo c¢d bifn khd nang chay dua nhu sau.

Vi dy : Yiyyys = 001 - Y, Y,Y, =010
hay yi¥y; =011 - Y,Y,Y, =100

Nhu vay bo dém vong co dém 8 n&u ta mi hda theo nhi phan tang ddn théng
thudng s& chée chdn xfy ra chay dua y do cd nhi6u trigo (bit) ciing thay d&i gid tri hay
chay dua trang théai ctia 6tOmat, do th¥i gian lat chuyén cbta cde trige 13 khac nhau.

Con vén ]a by dém 8 ching ta ma hda theo quy luit cia ma ké hay mad Gray nhu
chi ra trén hinh 5.56,c ching ta thdy du6i tic dong cla tin hiéu vdo (x = 1) lam cho
otdmat (bd d€m) lat chuyén trang thai td trang thai trudc d¢ thanh trang thai tiép theo
la khbng cd chay dua y.

Vi du - ¥¥y3 = 001 = Y, Y,Y, = 011

Vai cach ma héa cho bd diém 8 ding ma ké& thi viéc chuyén bién trang thdi tuin tu
cia Otdmat (b§ dém) sé khong th€ cd chay dua y, vi viéc chuyén d8i gitta trang thai
trude d6 (y,y,y4) thanh trang thai ti€p theo (Y,Y,Y5) ludn chi ¢ mét bién y hay chi cd

mot trige lat chuyé€n trang thai. Khi chi ¢ mét bién trang thai duge 14t chuy€n thi
khong thé€ cd hién tugng chay dua trang thai.
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P& thi chuyén bién trang théi cia bé dém 8 ma hda theo ma Gray chéng chay dua
trang thai duge mo ta trén hinh 5.57.
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Hinh 5.57. Mid Gray chdng chay dua y.

Nhin vao hinh v& ching ta thdy trong trudng hop nay mach khéng cd trang thai én
dinh nao ca.

¢} Ma héa trang thai 6tomat theo phuong phdp mda dém dé tranh chey dua y

Trong thuc t&€ trang thai cia 6témat luén duge rit gon sao cho ed sf lugng trang
théi la it nh&t, vi th€ khi ta thuc hién mi hda cho 6tdmat min ludn xay ra vide tén tai
cac by ma thita (do 2* > p). Chung ta c6 thé ding cdc bé ma thita d6 lam ma dém cho
otomat d€ tranh qua trinh chay dua trang thai cho 6t6mat. Khdi niém méa dém dugce
hi€u nhu sau :

Gid sd cd 6tdmat phai chuyén d8i trang thédi ti trang thai q; toi trang thai tiép
theo 12 q; dudi tdc dong cua tin hiéu vao. Trong qud trinh chuyén dfi truc ti€p q; sang
q; {q; = q)) thi xdy ra hién tugng chay dua trang thai. Mudn trdnh dugc hién tugng nay
ching ta phai tim ra moét t6 hop (cdch tim 1& khong cd 1y thuyét) cac trang thai dém (g
gj) 12 {g;) sac cho qud trinh chuyé&n ddi (g, — q;; — q;) la khong xudt hién chay dua
trang thdi. Ta cd thé minh hoa qud trinh tac ma dém nhu sau :

q -~ —— = = g
\ Qi /
Cd vi du minh hea cy thé qua trinh tim mi dém nhu sau :
 Gia st g = 001 va q; = 010 ta 6 ma dém cua ching la q; = 011
g = 001 ———— - »010 = q

\Chj = 011/

Thong thudng ma dém g; duge tim va 14y ra ti b® ma thia hay khéng diung dén
cia 6tdomat di duge rat gon. Nhing trong thuc t€ k¥ thuat khong phai 8tomat nao eting
c6 thé tim duge ma dém ndm trong khu vyc ma thita khéng ding dén cda nd. Trong
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trudng hop ndy dé€ chéng chay dua trang théi trong 6tdmat khong déng b6 ngudi ta phiu
dung phuong phdp thém bién phu dugc néu ti€p sau.

d) Phuong phdp thém bién phu d€ trank chay dua trang théi trong 6témat cé nhé
kidu dién the

Théng thutng khi ma hoa trang thai cho mot 6tdmat min cd s8 hrgng trang thai it
nhat ching ta'thm‘mg dung s6 lugng trang thai cdn dimg d6 ma hda 1a it nbh4t, lam nhu
viy sé dudgc mach dign thyc hién chdc ning cla 6témat la don gian nhat nhung khd
tranh khéi vide chay dua trang th4i xudt hién trong stomat dd.

Nhung trong phuong phap thém bién phu tdc 12 ching ta cho thém bién cén ding
dé ma héa vao mach, titc 1a chdp nhin mach dién s& phitc tap hon kinh phi cac han
nhung chéng duge chay dua trang thai v hé théng ky thuat hoat déng tét hon. DE higu

r6 ban chét cha viéc cho thém bign phu vao d€ ma hda trang thai cho 6témat ta xét
mdt vi dy sau.

Vi du : Cho 6témat hoat dong theo bang chdc nang va dugc ma hda theo nhj phan
tang din chi ra trén hinh 5.58.

Bang chdc ning Bang ma héa
20 00 | ;1 | 10 | 11 20 00 ] o1 | 10 | 1
S yi¥a
00 90 do Go q; - 00 00 00 01 -
01 4 q; 42 q; - 01 01 10 01 -
10 7] qz Yo q3 - 10 10 00 11 -
11 q3 q3 gz q3 - ' 11 11 10 11 -
A) | b)

Hinh 5.58. Cho bdng chic nang otdmat.

Nhin v2o bang ma hda theo cich ma hda nhi phén théng thudng thi ching ta thdy
cd mét vi tri xuft hién hién tugng chay dua y, tdc 1a o6 hai bién trang thai phai bign
d6i déng thoi duéi tdc déng cha tin hiéu vao (x1x; = 01), k&t qua cu thé€ & (y,y, = 01
— 10 = Y;Y,;) xudt hién chay dua y.

Ding phuong phdp thém bién phu d€ khic phuc hién tugng chay dua trang thai
trong 6témat dd, phuong phap thue hidn cu th€ nhu sau :

Thong thuding, 6tomat c6 4 trang théi, nén chi con cd hai bién trang thai can ding
dé ma hoa (y;y,) 1a di, dé ma hda trang théi cho 6tdmat ma khong bi tring tén nia
(nhung xudt hién chay dua y), vén dé & day ching ta ding thém bién phuy, tic la ting
thém s8 lugng trang thai cfn ding d€ ma hda, chfp nhan mach phite tap han dé chéng
chay dua y. Gid si ching ta tang thém hai bién c&n ding d€ ma hda, (yl ¥a Y3 ¥a)
Béng d4t tén cla trang thai chi ra trén hinh 5.59.
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Trang théi | y; y; y3 v4
o 00D 1
Bd ma cda cic q; 0010
trang thdi co ban 92 0100
43 1600 Hinh 5.59. Cho thém bién
- — hu chéng dua v.
04 0011 P £y
Teén cia cac - 42 01401
trang thai dém ©qiq> 0110
9243 1100

Khi ta cho thém bién phu thl khu vyc ma thita s& nhidu lén va trong dd ching ta
cd thé tim ra dugc cdc ma dém thich hop. Trong bang "dat tén" hay ma hda trang thai
cu thé cho 6témat ta c6 khu vuc ma dém, khu vye ma dém nay ta ed duge dua vao
hoat dong cu thé clia 6témat c¢d nhé chi ra & trén hinh 3.58,a.

Vi du : Kich tin hiéu vao x;x, = 10 thi xust hién qué trinh chuyén bién trang thai
bt trang thdi trude dé {qq) sang trang thai tiép theo la {q)) vy (g4 ~ qy), t¥ d6 ta co
trang thai dém (qqq; hay qg). |

Tuong ty nhu v4y ching ta tim ra cdc bd ma dém khdc cia 6tdémat cAn phai ma
héa.

Ma ta da cS tén ma véi trang thai qo = 0001 va tén ma cta q; = 0010 vay két
hop hai tén mid dd lai ta s& thu duge tén cia ma dem 1A qyq; = 0011. V&i cach lam
tuong tu ching ta sé cd tén cén thigt cho ting b6 ma dém cia 6tomat,

Sau khi ¢6 ddy dt tén mi ca cac trang thdi cén thist ta ¢6 bang ma hdéa cho
6tdmat ¢ nhé & trén hinh 5.58,a, theo phuong phap tang thém bién phu va dung ma
dém dé chéng chay dua trang thai nhu chi ra trén hinh 5.60.

Bang mi hca

N 00 01 10 11
= e
do 0001 0001 000110011 .
4 D010 001010110 go10 |
92 0100 oo 0101 1100 -
Q3 1000/ 1000 1100 1000 o
401 0011 __l__TTTMoe10 |
902 0101 - 0001 - . o
Q12 0110 o 0100 I B
923 1100 - 0100 1000 | — .

Hinh 5.60. Biang ma hoéa 616mat thém bién phu chéng dua y.
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Sau khi ma hda bing phuong phap thém bign phy vA dung ma dém, nhin vao bang
méi hda ching ta thiy khong xuft hién chay dua trang thai, tidc 14 khéng gip trudng
“hgp khi thay ddi trang thdi cia nd cd hai hay nhiéu bién trang thai thay ddi dong thi.

Budc tiép theo ta sé lap bang kich, & day cén chu y 1a phai lap bang kich cho toan
b6 bang ma hda ké ca khu vyc ma dém, khi d6 hé phuong trinh kich s& phiic tap hoan
va mach dién l4p rap sé 16n hon khi ta ting thém bién phu khi ma hda, thay vao dd
mach s8 chéng duge qua trinh chay dua y va hoat ddng cia O6tdmat tin cay hon. Nhung
néu ting s8 lugng bién trang thdi 1én qua ldn, !am cho 6tdmat s& hoat ddng kém di, nhu
vy phuong phdp tang bién trang thai d& chéng dua y cho 6témat chi nén ap dung cho
tiing 6tdmat cu thé va chic chédn ¢d lgi thi ta mdi dung.

5.5.3. HAZARD TRONG OTOMAT CO NHO

Trong ph&n hé t8 hogp hay 8tdmat khéng c¢d nhd, ching ta da dé cap khai niém
hazard hay hoat dong "déng danh" trong mach dién khi xu&t hién chay dua cua cdc tin
hiéu vao (X). Cdc loai hazard trong mach t8 hgp chi xuft hién nh&t thoi khi ta cho tin
hiéu tac déng vao ma x4y ra hién tugng chay dua (nhidu tin hidu vdo cling bign d6i mot
1n). Trong hé diay hay 6témat c¢d nhé cing xudt hién hién tugng hazard nhung hién
tvong hazard trong mach e¢6 nhd phie tap hon va da dang hon.

Trong 6tdmat c¢d nhd ngoai cdc loai hazard tudng ty nhu trong mach t8 hop, thi
trong mach c¢é nhé con ¢ nhiéu loai hazard khac nhau nhu hazard trang thai én dinh,
hazard chu trinh v.v.. Do tinh ch&t phdc tap cta hién tugng hazard xudt hién trong hé
day nén ph&n nay ching ta chi néu lén nhitng hién tugng co ban nhit, tif dd sé cé bién
phdap khdc phuc khi ta phai t6ng hgp hai thigt k& mét stémat cd nhé. Sau day la céc
dinh nghia tén goi cho mot vai loai hazard nhu sau.

Dinh nghia 5.4. Sau khi cd tin hiéu t4c dong vao néu cd sy chuyén dbi trang thai
ti Q sang P (Q — P), va sau khi d4 xdc lap trang thai cufi cing ma 6tdmat chuyfn dén
mot trang thai 6n dinh sai, thi hién tugng d¢ goi 13 hazard trang thai 6n dinh.

Dinh nghia 5.5. Néu sau khi ¢d su chuyén ddi trang thét tt Q sang P (Q — P), va
sau khi da xdc lap trang thdi cufi cung ma o6tdmat chuy&n dén mot trang thai khong -
xdc dinh (chu trinh), thi hién tugng dd goi la hazard chu trinh.

Pinh nghia 5.6. "Hazard c6t y&u" la sy chay

dau t&i han gilta sy thay d6i cia mot (hoac nhidu) - X 0 i
bién vao ed bl (x thanh x hoac ngugc lai) va bién
trang thai y cta dtomat trén dudng phan héi. 00 01 90
01 01 11
D& minh hoa cho khdi niém "hazard cdt yé&u" T

11 10 ™11
10 16| G0

ching ta xét mét vai vi du sdu :

Vi du : Cho mot 6tdmat khéng déng bd hoat
déng theo bang chic nang chi ra trén hinh 5.61.

Hinh 5.61. Bing chic nang mi hoa.
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Td badng ma hda cia 6tomat ching ta ¢ duge hé phuong trinh chuyén bign trang
thai Ia :

"l

L]

Y2 = .yi + X.yz

DE tranh hazard tinh ching ta thém phén du la cac ham s& phu, vai yéu cdu cée
phdn du thém vac dd khong duge lam thay déi hay anh hudng téi chitc nang cia mach.
Vi du ching ta thém vao nhu sau :

Y, = x.y; tx.y, +y .y

Y, =x.y5 + x.y, + §;.y2

T he phuong trinh dd ching ta sé tinh dugc trang thai tiép theo (Y | Y,) theo toa
dé ctia bang ma hda cla 6témat. Gid s xét qué trinh chuyén bién trang thai cua
Otémat Ung voi toa d6 (x, y; y,) = (1, 11). Nhu vay trang thdi trude do (yiyz = 11) dudi
tde dong cta tin hiéu vao (x = 1) thi trang thai ti€p theo cuia 6tomat theo bang chic
nidng sé la (Y, Y, = 11).

Nhu vy khi tde dong vao x = 1 thi ta c6 vz = 11 = 11 = Y, Y, ta thdy trang
thdi ti€p theo giéng trang thai truéc dé vay day la mét trang thai én dinh.

Ta toa do (x, yy y») = (I, Il taed x = 1, ¥i = 1 va y, = 1. Ta thay cac gia tri
dé vao hé phuong trinh cé thém phan phy dé ki€m tra xem phén phu thém vao ed lam
anh hudng t6i chic nang cua 6témat hay khong. Sau khi thay céc gid tri vao va tinh ra
ta duge k&t qua Y, = 1 v2 Y, = 1 nhu vay (Y, Y, = 11) ding nhu yéu cdu & bang ma
hda. Noi mét cach khdac la phdn phu thém vao khéng anh hudng téi chic nang cta
6tomat.

Sau ddy ta xem xét hién tugng “hazard cét y&u” khi c6 su thay d8i gita x va X,
gita chiing ¢ sy thay d8i gia tri ngdu nhién nén c6 cic trudng hop sau -

+ Truong hep thi nhdt . x va X cd gia tri thay déi déng thdi, hién tugng xfy ra
dugc mod td trén bang & hinh 5.62.

b 4 12 <t <t
X 1 0 0
X ] 1 1
1 1 1
n { { Hinh 5.62. Hicn tong
Y2 1 1 0 " hasard cot yéu
Y, ! 1 1
Y, | 1 | 0} 0 |
Y Y2 11 - 10 - 10
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Tai thoi di€m ty ta c6 cac gid tri ddu vao 1a (x, y;yp) =(1, 11) dng toa d6 & bang
ma hda :

x =1;%x=0;y =1vay =1
Thay c4c gig tri dé vao hé phuong trinh chuy&n bi&n trang thai ta tinh ra duge
Y, =1vaY, =1 tde la (Y,Y, = 11). C4c gid tri dd ta viét dugc cot ddu tién cta
bang la 5.62,

Tai thi di€m t; lde nay gid tri cia x vA x thay d6i d6ng thai nén :

x =0;%x =1;ldc nay Y, Y, = 11 tai thoi dim t, trd thanh (y, y, = 11) tai
thtti di€m t; nén ta ¢ y; = 1 vA y, = 1. Cdc gia tri dS ta lai thay vao hé phuong trinh
chuy&n bién trang thai tinh ra ta thu dwge Y, = 1 va Y, = 0 tuc la (Y,Y, = 10).
Nhitng gid tri v két qua thu dugc ta vist vao cft t;, trong bang trén hinh 562,

Tai thdi diém t; lic nay la qua trinh chuyén bién ndt tit t;, sang t, va gid tri cla
X v X vin gilt nguyén :

x =0;x=1,;y =1vay =0

Thay cic gia tri d6é vao hé phuong trinh va ta tinh ra duge Y, = 1 va Y, = 0 tdc
la (Y,Y, = 10). D4y 1a trang thai 8n dinh vi ¢ ting thém thoi gian nita thi két qua
tinh ra vn nhu thé. Nhing két qua tinh duge ching ta ghi tuong d@ng vao cot t, &
trong bing. T két qua & bang ta cd k&t luan : Khi gid tri x v& x thay d8i dong thoi thi
trang thai cia O0tdmat s& chuyén dén trang thai én dinh la (Y,Y, = 10).

+ Trudng hop thit hai : x vd x khong thay d8i gid tri dSng thai (tde 1a khi x da

thay dfi gia tri X vAn con gift gid tri trude d6 hodc nguge lai). Hién tugng d6 duge mod
td d bang trén hinh 5.63. o

o<l <, <tg<t -
osh<l<lz<ly bW 4 4 5 U

X 1 0 0 0 0
X 0 0 0 1 1

P A Ae Ao AY
. ;{;JEJ ‘I}(?

Y,Y, 11 = 10 — 00 — 61 — 01

Hinh 5.63. Hi¢n tuong "hazard cGt yéu".

Tai thoi di€m ban ddu t, ching ta c¢f gia tri cdc bién :
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T d6 ta tinh ra duge Y, = 1 va Y; = 1 nén (Y; Y, = 11) cde gig tri thu dugc
ching ta ghi ¢ cft t, trong bang trén hinh 5.63.

Tai th¥ti di€m t; ldc nay gia tri ca (x = 0) tuc 12 nd da thay déi gia tri so véi
trudc d6, nhung do gia thiét khong thay di déng thdi nén (x = 0) 12 vdn & gid tri O
trudée d6. Ta c¢d cac gid tri :

xX=0;%X=0;y =1;y =1

Thay vao ta tinh ra duge 12 Y; = 1 va Y, = 0 tdc 1a (Y, Y, = 10). Dién cdc gia
tri vao cft t; cia bang.

Tai thoi di€m t; 12 qud trinh bién d6i nét khi X vAn chua kip thay d6i gid tri va ta
oo

x =0,;,x=0;y =1; 2 = 0

Thay vao hé phuong trinh ta tinh ra duge Y; = 0 va Y, = 0 hay (Y, Y, = 00). K&t
qui ta cd cOt gid tri tai t; & bang.

Tai thti di€m t, lic nay bién x méi thay déi sang gid tri (x = 1) ta ed c4c gi4 tri :

x=0;§=1;y1=0vé.y2=0.

Thay cdc gid tri dé vio phuong trinh ta tinh duge Y =0vaY, =1 hay (Y, Y, = O1).
K&t qua ghi & cot ts. '

Tai thii di€m t, 12 qud trinh chuy&n bi€n nét sau khi X thay d6i gia tri trong
Otomat, ta cd

x=0;x=1;y9 =0,y =1
Thay cdc gid tri vao ham chuy€n bién trang thai ta tinh duge trang thai tiép theo
Y, = 0vaY;, =1 hay (Y; Y, = 01). K& qua ta c6 cot t, trong bang. O day trang thai

ti€p theo (Y, Y, = 01) chinh Ia trang thdi trude dd (y; y3 = 01) tao ra, cho nén nd la
trang thai 6n dinh mii di ¢d kéo dai thém thai gian.

Qua dd ching ta thu duge qua trinh chuyén ddi trang thai cla 6tbmat tit trang thai
ban ddu (y, y, = 11) dudi tac déng cta tin hi¢u vao x nhung gid tri cia x va X thay
ddi khéng déng thai 13 -

11 - 10 - 00 = 01 — 01

6} diy sau qud trinh bién d8i trang th&i ching ta nhan duge mét trang thai 8n dinh
la (¥Y; Y; = 01). DS chinh 12 trang thai 6n dinh sai (nhé ra phai 13 trang thai 10) xdy
ra do x va x khdng thay d6i gid tri déng thdi, hién tuong xdy ra nhu vay ching ta goi
" 1a hazard c6t y&u.

Sau khi biét ban chit ctia hazard cft y&, muén khic phuc duoe nd chﬁng ta chi
cin thém cdc phdn t¥ lam cham (trd) trén dudng phdn héi vé cla cac bisn trang thai
{y) y2) tic 1a ph4 v&# qud trinh bién 4di trang thdi cla 6tdmat trong khoang thdi gian ti
ty dén t3. Cd nghia thue chdt 1a lam sao tré tin hieu (y; y2) d€ ch¥ cho X thay d8i xong
trang thai cia nd thl hazard c6t y&u s& bi loai trix.
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Viéc phan tich va nhan d-ang duge ban chit cia hazard trong ly thuyét Otdmat 1a
rdt quan trgng, nd rdt cdn thiét che qud trinh tng hgp va thigt k& 6tbmat ¢ nhé. Khi
hi€u r6 vé hazard va ban chét cha nd ching ta sé cd cach khic phuc sy anh hudng cia
hazard trong hoat doéng cia hé thing s8, diéu dd cho phép lam tiang chdt lugng hoat
déng ciing nhu ting duge d¢ tin cdy cho cdc hé thdng s6 cing nhu d6i véi Gtémat cd
nhé. D€ nhan dang duge hazard ngoai viéc phaAn tich cu th€ hoat dong cla mach dién,
ngudi ta con dp dung ly thuyét dac ham ham Boole Bc cao hay ly thuyét mé phong dé
phéan tich. D¢ la nhiing vén dé rdt lon va khd, nhidu khi phadi can cd vao mdt bai toan
cu thé hay mot 6tdmat cu th€ d& xem xét, chinh vi vay khéng dé cap dén trong quyén
sach nay. Nhung qua dé ching ta cing hi€u duge 1a cing mot chitc niang ky thuat cing
mot nguyén Iy mach dién co ban, nhung mdi hang sin xuft khéc nhau lai cho ra két
qua vé& chét lugng hoat dong cing nhu d an toadn tin ciy hoat dong cta nd rat khac
nhau, quy&t dinh t8i tinh kinh t&€ cla mach dién d6 do ting hang sdn xuft la khéc
nhau. T4t cd cédc difu dd phédn 16n d8u lién quan t4i vide khdc phuc hazard cua ting
hang d6i v6i mach dién chic nidng ddé nhu th€ nao, vi khic phuc duge hazard cé nghia
la lam tang do tin céy hoat déng cla mach dién, ma mach dién nao cang hoat dong tin
cay thi ngudi st dung mach dién dé sé cang nhiéu.

Viéc phéan tich ban ch#it vd nhan dang hazard trong hé thdng s6 14 mot vin d6 rit
16n va rdt quan trong, & day ching ta sé néu ra mét vai nhin xét chung d&€ luu y khi
phan tich mét hién tugng hazard nédu gap.

* Hazard tinh thudng chi xdy ra trong hé t6 hgp va chung ta ¢ th€ khac phuc nd
bang cach thém cic phdn ti lam tré trén dudng truyén tin hiéu. Muc dich 14 lam sao
tin hiéu vao (dd ¢d chay dua) cing dén duge ddu ra tai cung mot thdoi diém.

* Hazard o6t y&u thudng hay ghp trong mach 8témat cé nhd khong déng bd, cd thé

khdc phuc bing cach thém cdc phdn tit ]Jam chim trén dudng phan héi cda cdc bién
trang thai y.

* Hazard trang thdai dn dinh va hazard chu trinh thudng xdy ra trong cic 6tomat
khéng déng bo, loai hazard nay ta cd thé ding phuong phdp ma hda thich hgp cho céc
trang thai cia 8tdmat, thuc chdt 1a m& hda sac cho khéng d€ xay ra dua trang thai &
trong mach.

* Hazard dong thudng ciing chi xdy ra trong cdc mach t8 hgp, nd khong x4y ra &
cdc mach 16gic hai 16p n6i tiép nhau. Loai hazard nay néu cd cing khéong that su nguy
hiém nhu cée loai hazard khée.

Né&u trudng hgp cudi ciing khi thist k& mét 6t6mat ma ta khong th€ khic phuc hét
hazard hay hoat déng sai nhdm trong nd, thi ta chi con cd thé khac phuc bing cdch
ding xung d6ng bG hay tham chi phai thiét k& lai chic nang cho 6témat do.

5.5.4. TONG HOP OTOMAT CO NHO KHONG DONG BO

Phén trén d4 ndi tdt cd cdc hién tugng cd th€ xay ra trong 6témat khdng déng bg,
ti chay dua trang thai d&€n hazard cd thé xudt hién trong 6témat, tir ma hda trang thai

318



cing nhu mach phai don gian nhé&t v.v.. Trong phén nay trinh bay viéc t8ng hgp hay
thigt k&€ cu thé€ mot 6témat cd nhé khéng déng b, sao cho nd hoat dong tdt nhat vé kg
thuat, tdc 12 phai chéng hazard do chay dua tln hiéu vao (x), d6ng thdi phai ma hda sao
cho trong hoat déng cha otémat chéng duge chay dua (y), déng thdi lai phai rdt gon.
Nhitng hoat dong ki thuat quan trong nhdt dé dam bao cho 6témat hoat dong duge
hoan todn tin cay, sé duge néu trong vi du sau,

D€ t6ng hop duge mét 6tdmat ¢6 nhé ching ta phai trdi qua cdc buéc hay trinh ty
sau :

+ Ti nhiém vy ecda 6tdmat cd nhé ching ta phai lap thanh bang chuyén bién trang
thai hay bang chdc nang cta 6tomat do.

+ Ti€p theo phai thyc hién rut gon hay t6i thi€u hda s6 lugng trang thdi cho
otdmat.

+ Sau d¢ thyc hién ma hda trang thai cho 6témat sao cho trdnh duge hazard ciing
nhu hién tugng chay dua cta tin hiéu vao x cing nhu trang thai cia 6témat y.

+ Rut gon va tim hé phuong trinh ham kich ciing nhu ham ra cia 6t6mat & dang
don gidn gon gang nhit.

+ Xay dung va vé sg d6 nguyén ly thye hién otdmat.

Vi du : Tng hop 8tébmat ¢d nho khong d6ng b6 ¢d hai ddu vao x; va x, v8i mot
dau ra Z. Hoat dong theo yéu c&u sau :

+ Tin hidu vao & ddu vao (x), %) 12 0 hoac 1 xust hién ngiu nhién bat ky.

+ Ddu ra Z = 1 n&u nhu gap 8 hgp cée gié tri bién vao ti€p theo (coi nhu 1a mot
86 nhi phan) 16n hon t6 hop cia gia tri hign tai (hay trude dd). Vi du tai thoi di€m ban
ddu ty ¢S (x; x, = 01) t8 hop d6 o6 gid tri 1A 1, con & thdi didm tigp theo t; t hop cla
tin hidu vao gia st gap lai la (x; X3 = 11) cd gi4 tri 12 3, ta thay (8 > 1) v& gid tri thi
Z =1

+ Z = 0 trong cac trudng hop khic (nhd hon hay béng).

+ Mo ta hoat dong cia 6témat theo 6t6mat Moore va dung trige JK (JKFF) thue
hién.

+ Phai dung va 4p dung cdc yéu cdu ky thuat tét nhat dé chéng hazard do chay
dua tin hiéu vao (x,, x,), va chay dua trang thai (y) nfu gap khi xay dung o6tomat,

Sg d6 khdi cta 6tdmat duge minh hoa & hinh 5.64.

Gtémat —®—Z>

0t 1 0 ot s, o M
paoPX
Z=0 z=!

Hinh 5.64. Chitc nang ciéa Otomat.
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Céc loai otémat déng bd cling nhu 6tdmat ki€u xung ma chiing ta da t8ng hgp, va
thue hién ching qua cdc vi dy da duge néu & cac phin trudc ching ta thdy la cdc tin
hiéu kich vao cho cdc 6tdmat dd 1a cdc gia tri logic (0 hodic 1) hay cdc xung dién thuén
tuy, cac tin hiéu kich vao dd chiing khéng dugc kém theo "nghia Iy" hay ¥ nghia gi &
trong cac tin hiéu vao d6. Nhung d6i vai 6tdmat khong déng bo thi tin higu viao cla
otdmat & mdt mic dé cao hoan (di nd van 13 tin hiéu logic hay tin hiéu dién dua vao),
tic 1A kém theo tin hiéu dua vao O0tOmat ta cdn gin thém vao dé y nghia {(ngd nghia)
cho tin hiéu dd. Cd nghia 14 mét tin hiéu dién kich vao 6tdmat cd "nghia 1¥" kém theo
déi v6i tin hiéu vac dd, Trong vi du ndy ¥ nghia cla tin hiéu vao & dang rat don gian
la (v6i x;x; = 01 cd nghia gid tri 1a 1, cdn véi tin higu vao xx, = 10 lai cd nghia gia
tri 14 2, hay v6i bd tin hiéu x;x, = 11 nd lai ¢ gid trj 14 3). Dua trén cdc quy udc "ngu
nghia" dd c¢hing ta phai thyc hién "so sdnh" cdc ¥ nghia d6 ma quyst dinh tdi dap dng
ra cia Otémat 14 0 hay 1 (d8u ra Z = 0 hay Z = 1). Diéu dd cho phép ching ta xay
dung nén mdt &témat hoat déng gin vo6i hoat dong cla con ngudi hon moét bude, vi dép
tng hay x th& clia con ngudi ¢d thé duge dua trén "y nghia” cha tin hidu vao hay thong
tin vAo ma nd nhan duge, ma cic dép ung hay dng xi d6 clia con ngudi khong chi phu
thudc vao quan hé légic (0 hay 1) hay tdc dong tryc tiép vao con ngudi ki€u nhu mét
tin hiéu (mdt xung) don thufn.

O day luu y thém mot ldn nita 13 cén phai 4p dung tdt cd nhitng yéu cfu k§ thuat
t6t nhdt, d8 dam bao sy hoat dong cho 6témat 1a tin cdy nhdt, khi chung ta x8y dung
va thue hién thigt k& 6tomat duge dua ra.

Dé thyc hién duge 6tomat budc ddu tién ta phai nhan xét va phan tich hoat dong
cia nd trong moi kha nang, dé tit dd tim dugc nhing trang thai cfin thist nhét, dai dién
cho tat cd cdc khd nang cd thé xdy ra cho 6témat. T nhiing trang thai ddé s& x4y dung
duge bang chuc néng hay bang chuy&n bién trang thai cha 6tomat.

Cac kha nang xay ra cho 6tomat khi cho tin hiéu vao duge néu ra nhu sau : o) day
ching ta lan lugt gia s tai trang thai ty cdc t8 hop tin hiéu vao duge xudt hién, sau do¢
ké¢m cdac t6 hgp tai t, cla cdc tin hiéu vao ti€p theo tit dd ta cd cdc quan hé sau :

gis tri gid tri
bttt th 4 t t
x, 0 0 x, 0 0
x, 0 0 OO0 , 1 0 @70 =0
x, 0 0 x, 0 0
e 01 @ D=g e 11 07D
x, 0 1 xy, 0 1
x, 0 0 072 =a x, 1 0 3%
RS 0 -3 -q
x; 0 1 x; 1 1 4
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gia tri gid tri

to 8ty t4 to t t
x3 1L O x; 1 0
- = . 3-0
x 1 0 x 1 0
2-1 - =
x, 0 12D x, 11 G"D=q
x 11 x, 1 1
x, 0 0 372 x, 1 0 =2 =a
x, 1 1 x 11
X, 0 1 (2 - 3) = g X5 1 1 (3 - 3)

Gia sif : tai thdi di€m t, ching ta cho tin hiéu vao trén ddu vao x; X; = 00, do tin
hiéu vao xuft hién nglu nhién nén c¢d bén kha ning x&y ra tiSp theo cia tin hidu vao
tai thdi diém tigp theo t,, ching 1a cac t6 hop gid tri 1a : x; x, = 00, X%, = 01, xix,
= 10 va xjx; = 11. Cédc kha nang cd thé x&y ra dd cua tin hiéu vao tai thdi di€m t;
ching ta viét tiép theo sau gid tri x;x, = 00 & thoi diém to. Déng thdi cdc t hop tin
hiéu vao dd lai duge coi nhu I3 mot ‘gid tri" clla con s6 nhi phén, cho nén ching ta
cing cd dude gia tri cha tin higu vao tai thdi di€m ty trude dd d6i voi gia tri cla bg tin
hiéu vao tai thoi diém t; duge ghi tuong Ung & bén canh. V6i cach lam tuong tu dé6i voi
t6 hgp cta tin higéu vao tai thoi di€m t° nhu cdc trudng hgp x;x, = 01, x;x, = 10 va
XyX; = 11

Sau khi tim duge cde kha nang xdy ra déi véi bs tin higu vao (%, x,) tai thoi di€m
tp va t; chung ta ¢ nh&n xét k§ hon nhu sau : tai thai diém tp néu tin hidu vao xx,
= 00 (ing v6i gid tri bang 0), thi tai thai di€m ti€p theo t; chiing ta cd cde quan hé gia
tri cla s& nhi phan gilta thoi difm truéc dé va thai di€m tiép theo 1a : (0 -0), (0 - 1),
(0 - 2) v& (0 - 3) dva viio quan hé gia tri d6 ta 6 dé& dang nhén ra bé tin hiéu vio tigp
theo (dng v6i mot sd nhi phan) e gia tri 1on hon hay bé han hodc bing nhau so véi gia
tri cia tin hi¢u vao trude dd dé€ dién gia tri cho dédp dng ra Z sau nay & bang chuc
nang.

Trong cdc t6 hop gia tri cla s8 nhi phan Ung v4i bo tin hidu (x,, x,) cho vao cho
ta thady & trudng hgp gip quan hé (0 — 3) | s& xudit hién chay dua cta tin hidu vao X,
vOi x; vi ca hai gid tri cfia chung déu cung thay d8i mot lin vi tai ty ta cd x; x, = 00
con tai thoi di€m ti€p theo t; ta ¢ bo tin hisu X; X = 11. Do nhiém vu dé ra la phai
chéng hazard do chay dua ciia tin hiéu vao, nén trong bang trang thai sau nay khi gap
hién tugng chay dua cua tin hidu vao khi kich tin higu vao tao ra trang thai tiép theo,
thi trang thai méi sinh ra ta sé coi nhu d¢ la trang thai khong xdc dinh (=) tide 13
khéng quan ly trang thai d6 néu xuft hién chay dua x, cd nghia 1& dit tin higu vao
dé co gay ra chay dua (xudt hién hazard) hay khong ta cing khong d&€ y, lam nhu vay
coi nhu ta da chéng duge hazard do chay dua cua tin hidu vao. Tuong ty nhu vay
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chiing ta cling s8 gip cdc trudng hop chay dua cia tin higu vao la : [(1-2)] [ 2 - 1)!,
va , dé la nhitng vi tri s& khong qudn ly trang thai trong bang chic nang hay
bang chuyén bién trang thai sau nay. M6t trong nhitng trudng hgp dic biét nita ma
ching ta gap khi cho t8 hgp cta tin hiéu vao 13 : giita thoi difm trude do t; va thoi
di€m ti€p theo t, ching tao ra cdc gid tri bAng nhau, vi du nhu (0 - 0), (1 - 1}, (2 - 2)
va (3 - 3). Khi gap trudng hop nhu vay chiing ta ¢d thé coi nhu kéo dai tin hitu vao tit
to dén tan t; ma khong thay d8i, néu ching ta coi tin hidu vado & trong trudng hgp dd
(bdng nhau) 1a tén tai lAu va kéo dai tdi tan thdi di€m mdi t;, didu d6 cd nghia la
ching ta coi nhu trang thai clia 6témat 1a gilt nguyén khéng thay d8i tit thai diém t, tdi
trang thai tiép theo 1A thdi di€m t;. Hién tugng dd cing duge th€ hién trén bang chuyén
ti€p hay bang chic nang cia 6tdmat khi ta thuc hién sau day.

Sau khi phan tich va xem xét cdc trudng hop dac bigt xAy ra khi cho bd tin hiéu
vao (x;, x,) thi phdn cdn lai s6 1a cac trudng hgp binh thudng x4y ra déi voi 6témat, do
d6 ching ta chi cdn phan biét cde trang thdi t8 hgp binh thudng dd cta tin hiéu vao
bang trang thai cu th€ cta 8témat nita 12 xong, nghia 14 dya vao trang thdi cia otémat
ching ta clng sé bi&t dugc hoat dong & dau vao tde dong cha né. Cu thé cdc trang thai
cén phan biét hay [a cac trang thai thuc thé c4n thiét cla 6témat can xdy dung la

Néu gip truong hop (0 - 1) cla cde gid tri tin hidu vao ching ta cho nd la trang
thdi q; cla dtomat. Trudng hgp (0 ~ 2) Ung v6i trang thai q,, t8 hop (1 - 0) dng vai
trang théi q3 va v.v... cho dén td hgp (3 - 2) sé Ung vdi trang thai qq. Nhu vay s6 lugng
trang thdi cAn thist cha 6t6mat phai xay dung s& 1A tdm.

T nhitng hi€u biét trén chung ta tim duge bang chitc nang cing nhu bang chuyén
bign trang thai cia 6tdmat duge chi ra & trén hinh 5.65.

t) tg < t’l < iy

X2 0 1 3 2 7
S (00) (01) (11) (10}

LYy
q (0-1) | a3 q1 94 - 1
q(0-2) | 4gs - 96 q2 1
Q3 (1-0) | g3 q - qQ2 0
q4 (1-3) L Vi q4 98 1
95 (2=0) | gs Q) - Q2 0
46 2-3) | = 97 s g | 1
9 (3-1) | a3 q7 4 - 0
g (3-2) | g5 - e qg 0

Hinh 5.65. Bang trang thdi cia Otomat phdi thde hién.
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Céch dién bang trang thai hay cach xay dung bang trang thai ciing rdt don gian, ta
dya theo trat ty thoi gian cta cée gia tri (t, < t; < t;) ma ghi trang thai tudng ing
trong khu vyc trang thai tiép theo hay la khu vuc ham f. Con khu vyc ham g la khu
dap dng ra ta dién gid tri 0 hay 1 theo yéu cfu cla nhiém vu ]a : gid tri ctia bo tin
hi¢u vao tiép theo 16n hon gia tri cia bd tin hiéu vao trude dé thi Z = 1 nén :

ty 4

Vidy : dng v6i 910~ 1) ta thdy 0 < 1 nén théa man diéu kién gid tri tiép theo
lén hon gid tri trude d6 vy d8u ra Z = 1.

Q0 - 2) didu ra Z =1 +vi 0 < 2
Q31 —~ 0 dduraZ =0+vi1l >0

V6i cich lam tuong ty ching ta s8 dién ddy gid tri cho cot Z cac dap ¢ng ra cia
otémat.

Sau khi tim duge bang chdc nang cho 6témat khéng déng bo cdn phai xay dung chi
ra trén hinh 5.65, day 14 buéc quan trong nhét trong qua trinh thuc hién 6témat cd nha.
Ddng thdi trong qud trinh xAy dung bang chic nang ching ta cling da chéng duge hién
tugng hazard do chay dua cha tin hiéu vao (x), x5).

Bude tiép thec ching ta thuc hién rut gon bang chic ning ctia 6témat, d& c6 duce
s6 lugng trang thai it nh&t hay trang thai t6i thi€u cén thist. Ta lai qua cde budc tim
phan hoach th€ (PHT) va phan hoach tudng duong (PHTD) cha 6témat dd.

Nhin vao bang chic nang ctia 6tdomat ching ta d& dang tim dugc céc phan hoach
th& sau :

I, = (q3,45) va I, = (q4,96)

Déng thoi ching ta ciing thdy cac (PHT) tim duge cd tinh chéit ciia phan hoach
tugng duong :

-]

(gz) = g (qs) = 0 va
gy = g g = 1

213

Nhu vay I, = (q3,qs) va 1T, = (q,,qq) vita |2 phan hoach thé vira 1a phan hoach
tuong duong nén ching tao nén tdp phan hoach th& tuong duong, hay néi mot cach
khdc 1a : ching ta cd th€ khdng dinh ting phén t¥ trong cdc khéi cia titng phan
hoach e¢d th€ thay th€ duge cho nhau, tdc 1a :

93 ~ 9j va 94 ~ 44
Cu thé 1a cd vi tri g5 & trong bang chic nang ta viét thanh q,, va vi tri g4 ta thay
bing trang thai q,, sau khi thay th& xong ching ta xda di cac dong (héhg) gidng nhau
va thu duge 6tdmat rat gon (6tdmat min) duge mo ta trén hinh 5.66.
Sau khi thyc hién xong viéc rit gon 6t6mat bude tiép theo la thyc hién ma hda
(dat tén) trang thai cho nd. Nhiém vu dat ra cho budc ma hda nay la do yéu cdu dam
bdo cdc nhiém vu ky thuat t8t nhit cho 6témat, nén ma hda sao cho ldp mach dep va
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Otbmat min

XIXZ
Y
S 00 01 11 10
4 2 T 494 -~ 1 i
4 1 _ qq q2 Hioh 5.66. Owmad o
q g a a 0 thu duge.
3 3 1 - 2
44 - 47 44 qg | 1
q7 3 93 94 ~— | 0
4g Q3 — Y ag | O

gon gang déng thoi phai chéng dude chay dua trang théi (chay dua y do thdi gian lat
chuyén cla cdc trigo 12 khdc nhau) d€ ch6ng hazard chay dua trang thai cho 6témat
duge x4y dung, cu thé cach 1am nhu sau :

Trude hét chiing ta cd nhan xét : Khi nhin vio bing mé ti hoat dong cta 6témat
téi thi€u ta thdy dudi tac dong vao cha tin hiéu x; x, = 00 va x;x, = 11 s& khéng thé
xay ra chay dua trang thai (chay dua y) duge vi duéi tdc dong clia hai cap tin hidu vao
do tao ra trang thai ti6p theo 1a hai c6t 14 cdc trang thai q; vA cot chi toan trang thai
qq Viy ta cd th€ tao dudng thigt lap trang th4i riéng cho 6tdmat d€ tao ra trang thai
q3 hay g4 néu gap t6 hgp cac tin hiéu vao la x;x, = 00 hay x;x, = 11, hién tugng nay
goi 1a "thiét lap trang thai cing” nén khéng th€ xay ra chay dua trang thai hay chay
dua y duge. Sau nay trén mach chﬁﬁg ta s& thfy cu thé hon.

Nhu vay d€ mi hda tranh dude chay dua y cho 6tdémat ching ta chi con phai xem
x6t ma hda cho hai cdt cdn lai cia 6tdmat dng véi bo tin hidu kich vio 1a x;x, = 01 va
X1X2 = 10.

D& dam bao 1ap rap tao nén mach dep, d€ quan 1y, thay th€ va sita chira cho
otomat, ching ta sé ma hda cho &témat ding mot phan hoach th&. Phan hoach thé ding
dé ma hda trang thai cho 6tdmat chiéng ta tim duge cd dang :

M= (q,9,9 ; d.97.9)
Do otéomat rit gon chl cdn cd sau trang thai (1a cac trang thai q;, q5 g3, 84 q7 V2
qg} cho nén s6 lugng bién cdn dang d& m4 hda 1a :
6
k = [log 2] = 3
Ta c&n cd 3 bign trang thai d€ ma hda (d4t tén) cho sAu trang thai ctia Stémat.
Dén day nhiém vy cu th€ d€ ma héa trang thai cho 6témat chl con 1a : mi hda trang
thai sao cho trdnh chay dua y, tic 1a mi héa sao cho khong d€ xfy ra hién tugng cd
hai bién trang thai cing thay d8i dong thdi ( > 2 bién trang thai) khi 6témat chuyén

324



bién trang thdi, dudi téc doéng cia tap tin hiéu vao. (x4, X5). BAng ma hoa (dat té&n) cu
thé cho céc trang thdi cta 6témat chi ra trén hinh 5.67.

Y1
¥2y3 0 !
00
B a4 Hinh 5.67. Bang mi hoa trang thai.
01 9 97
10 92 dg
11 - -

Tt bang ma hda (dat tén) cu thé cho ting trang thai cia dtdmat ta cd két qua tén
{m&) nhu sau :

Yy ¥2 ¥3 Y1 ¥2 ¥3
g3 = 0 0 ¢ q =100
q =001 G =101
Q=010 G =110

Vai cach dat trén ma hdéa nhu vay cho cac trang thai cia 6tdmat s& chéng dugc
hazard trang thdi, chéng duge hién tugng chay dua y cho 6tOmat, hién tugng nay sé
duge minh hoa va chi ra nhu sau :

Nhin vio bang chuyén bién trang thai ctia otdmat trén hinh 5.66 ching ta thdy :
dudi tdc déng ciia tin hiéu vao 1a x;x, = Ol lam cho 6tdmat chuyén tu trang thai truée
dd ty 1& qy sang trang théi tiép theo la q,

xxp = 01 — (g3 - q;) tde la (000 — 001)

nhu vay chi cd moét trigo (y) 14 thay d6i trang thai khi trang thii cha 6Otémat
chuyén t¥ q3 sang q, (q3 — q;). Nhu vay khong xay ra dua trang thai :

Tuong tu nhu vay ta cd tin hiéu vao XX, = 10 :
Xjxp = 10 = (gy — gg) tic la (100 — 110}

ta thdy cing chi c6 mét trigo (y,) mot bién trang thai 1a ¥, lat chuyén trang thai,
khi 6tomat chuy€n trang thai tit q sang qg (q4 — qg) dudi tdc dong cua bd tin hitu
vio x;x; = 10. Khi chl ¢d mdt bign trang thai (mét trigo) bi lat chuyén thi khéng
theé xudt hién hién tuong chay dua y, tic 1a chéng dugec hazard trang thdi cho 6t6mat.
Két qua ta thu dugc nhu vdy nho cdch ma hda trang thai chéng dua y cho 6tdmat
mi cd. |

V6i cdch ki€m tra tuong tu cho cdc qua trinh chuy&n bién trang thdi cd thé x4y ra
déi v6i otdmat, dudi tdc dong cha tin hiéu vdo, ta thdy ma hda trang thai nhu vay cho
otomat hoan toan cd thé€ chdéng duge chay dua y dam bao hoat déng rét t6t cho dtémat.
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Bang ma hda trang thai clda 6t6mat cfn phai thist k& duge chi ra trén hinh 5.68.
Bing ma hda nay chiing ta viét theo bia Kdcnd d€ rit gon dé dang sau nay.

o x| oo

Y1Y2)'3\“-~-..\_x 1 10 z
qs 000 ooo0loo1| —_jo10] O
q 001 poo|loo1|100]| 1 y Y1 JK
_ 011 I . — o —
q 010 (000 | ....|100|010| 1 g0 |-
qg 110 |ooo| . |1o00|110| 0 ¢ 1|1 -
- 111 ENDETE IR PO SN - f 0 = ]
947 101 000101100} ——_ 0 1 _ 0
q4 i 100 — 101100110} 1

a) 6)

Hinh 5.68. Bang ma hoa khong c6 chay dua v.

O day ta cdon cé mét Iuu ¥ nho nita 14 : n&u trang thai trude dd la q, = (001) dudi
téc dong cha tin hiéu vao x;x, = 11 sé chuyén sang trang thai tiép thev g, = (100},
néu trong qua trinh chuyén bién trang thai binh thudng cla 6tdmat thi sé xay ra hién
tugng chay dua trang thai hay chay dua y, do xuft hién hai bién trang théi (y, va y.)
hay hai trigg cling lat chuyén mot 1an, suy nghi nhu v&y 14 chinh xac. Nhung do toan
by cOt trang thdi cda 6témat dudi tac dong cha tin higéu vao x;x, = 11 la g4 = (100}
valy ching thuc hién "thiét lap cing”, ¢ nghia la ldp mach sac cho ci gip tin hiéu x;x,
= 11 thi thiét lap trang thédi cia 6tomat vé q4 = (100). Khi da thuc hién thiét lap cing
(gidng nhu xda trang thai cia otémat) thi hién tugng chay dua trang thdi du cd theo
hinh thdc nhung ciing sé khong bao gid xdy ra duge, hay Anh hudng cta chay dua trang
thai s& khong xu#t hién trong qud trinh hoat dong clia 6témat.

V6i cach lam "thiét lap cing" trang thai cta 6témat, diéu d6 clng =6 duge dp dung
khi giap b6 tin hiéu kich vao la xx, = 00. Khi gap bd tin hidu vao nhu viy mic du
trang thai trude dé cta 6tdmat la gi thi trang thai tiép theo cia nd déu phai chuyén vé
qs = (000), hién tugng ndy giéng nhu xda trang théi cla 6témat. Didu nay chi cd thé
thuc hién duge (thiét lap cdng trang thii cho 6témat) khi todn b6 trang thii cia 6témat
trén mét cot cuia badng chuyén bién trang thai phai gifng hét nhau (t6i cung moét trang
th4i). Didu nay ciing s& dudc t.h;é'y rd trén mach dién cy thé cia 6témat.

Tiép theo ching ta tim bang kich cho 6tdmat bing cich k&t hgp bang ma hdéa voi
bing chuyén bién trang thai cda o6témat chuyén dung dé t8ng hgp. Bang kich duge tim
thdy trén hinh 5.69.
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Bang kich cia &témat phai thyc hién.

X1X2 0d 01 11 10 7
000 (oo oo - o[-~ -/ Ao -]~ o] o
001 |O|=tO|=|—2{O0 = O |=||~fOj1]|— 0j-} —]1
011 |.. _ _ 1
010 0 — —_ 1 0 [— . JU T JR E— ]_ - - 1 0 - 0 - 1= 0 0 -
t1o |—|1| |10 |-f — 0 - 110|-[l-0olq 00|~ o
Y N T O IO | IO | -
101 {— (L O—] —|1)|— 0 0 f—fl=tOf[—0O0 C|—| —|1){ —— j~4— _1_ 0
100 [ | 44 -4+ )|—00|-M]~fi-l0 OF[0O|- ~ |1l — 0}-—

- —

Hinh 5.69. Bang kich cia Otdmat.

Tir bang kich ching ta tim duge hé phuong trinh kich nhu sau :

J = xx,
K1 = X Xy
dy = x %

K, = X, +x,
J3 = X%
Ki = x; +3%;
Z = §1Y3+§1.Y2+Y1.Y~2§3
Tt hé phuong trinh kich ching ta v& mach dién thuc hién chic nang ctia Stomat

dya theo h& phuong trinh kich d6. Ddng thoi lvu y phén tin hiéu "thi&t lap cing" cho
mach dién. Quan hé gilta hé phuang trinh kich va "thiét l4p cing" theo quan h& mach
dién nhu sau.

Thiét 14p cing xdy ra v4i bo tin hidu vao xx; = 00 va x,x, = 11, cu thé€ 12 bd
tin hiéu vao (X;%,) lat chuyén cde trige (y, y, y3 = 000 = q;) trong moi trudng hap
hoat dfng cia 8témat con bo tin hidu (x; x,) 1at chuyén cédc trigo vé frang thai
(y1y2y3 = 100 = qg).

Quan hé cu thé cia cdc tin higu kich 1a :

Jy = x;x, +  Thiét lap cing XXy t XXy = X)Xy

XX + XX = XXy
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Jy = X%,
Ky =x,+% + TLC =x+x% + xx, + X% =x,+%,

Tdm lai hé phuong trinh kich k&€ ci kém theo quan hé cta tin hiéu “thigt lap cing"
(TLC) cua otdmat ta thu duge 13 :

Jl = xl XZ Jz = xl Ez J3 = }_(l X2
Z=yiy3+ Ny F V1 2¥a

Sd d6 mach dién cu thé clia o0tdmat cén phai thuc hién dua theo hé phuong trinh
kich t8ng hgp dugc bi€u didn trén hinh 5.70.

E p —
N A A 3%
Ky 3, Ky I, Ky b
R
| AN A A A A
—o X
LT
. J Xi
e { | 5
7777 a)
g 1 0 1 a

Otémat ® 4
g 0 1 i H M

Z=0 Z =1 5)
Hioh 5.70. So d® mach dién cia 616mat ¢An phai thuc hién.

Véi mach dién d¢, khi ching ta cho t§ hgp tin hiéu vao trén ddu vao (x;, x5), néu
gid tri cha t4p tin hiéu vao ti6p theo 16n hon t6 hgp gia tri cta tin hidu vio trude d¢
(hay hiéu da ecd) thi ddu ra dén s3 sdng (Z = 1), cdn c4c t6 hop khac cla tap tin higu
vao (néu khoéng thda man lén hon gia tri trude d6) thi Z = 0.

Ngoaj viée thuc hién dugce ding chic ndng d& yéu cu, & mach dién d6 da thuc hién
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chéng chay dua tin hiéu vAo x, ddm bao khong xay ra hazard do chay dua tin hiéu vip,
cling nhuy méa hda trang thai cho 6tomat khong d& xust hién chay dua trang thai hay
chay dua y, ddm bao hazard trang thdi cing khéng thé xu&t hién. Viéc ma hda cho
otdmat dung mét phan hoach thé nén so d6 mach dién don gian.

Dén day ching ta da dé cap dén cac loai 6tdmat c6 nhd khac nhau nhu : 6t6mat
déng bd hoat dong theo xung nhip, 6témat kifu xung ) tin hiéu vao & dang xung dién
va dtomat ki€u dién th& la tin hiéu vao 1a dién th& hay cong tac bat. Khi d4 nghién ciu
cac phuong phdp thit k& 6tdmat c6 nhé véi chic nang bat ky, ching ta of thé thist k&
cdc chde néing cia O0tomat véi bdt ky mot loai trige nao (DFF, RSFF, JKFF hay TFF).

§5.6. MOT VAI LOAI OTOMAT CO NHO PIEN HINH

Phén trén ching ta chi ndi t6i "6témat c6 nhé" mét cach téng quat, dng vi hé
thdng s6 thyc hién mot chic nang ki thust duge dé ra, cdc he théng nhu vay khéng cd
duge mot tén goi cu th€ ma chi cd tén chung la 6témat. O day trong phidn nay khi
ching ta ndi tdi vai loai 6tdmat o nho di€n hinh, tie 1a d6 12 chc 6tdmat ¢d nhé cg tén
goi va rit hay gip trong hé théng s8, sau day ching ta sé néu ra cic 6t8mat cé nhd dac
biét nay va tén goi chitc nang va cd ng dung thuc t& cla chﬁﬁg trong hé thdng s6 ndi
chung.

5.6.1. THANH GHI TINH

Day la mét cfu tric otomat c¢d nhd don gidn nhét bao gém cdc trigo sp x&p canh
nhau. Nhiém vy cta thanh ghi tinh 12 ghi giit thong tin vao khéng duge lam mat théng
tin, d6ng thdi cd th€ doc théng tin nhiéu 14n ma thong tin vAn duge duy trl. Thanh ghi
tinh chi m4t thong tin khi bi "xda" hay bi mét ngudn cung cfp. So d6 nguyén ly cua mot
thanh ghi tinh ba bit duge minh hoa trén hinh 5.71.

A

Kung doc” T ]
o ¢ (xb
(xe) o 2 1 0
¥ ¥ ¥ ¥ ¥
AU FE2 y Y e , Y fro J b)
K i K J I's J

Hinh 5.71. Thanh ghi 3 bit va ky hieu.
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Trén hinh v& m6 tad mach dién cia thanh ghi ba bit dung trigo JK (JKFF), ching
ta ¢ thé dung cdc loai trigo khac (DFF, RSFF hay TFF) d€ x4y dung thanh ghi. N&u ta
mudn ghi gitt duge s6 liéu 16n hon hay xay dung thanh ghi cd s6 lugng bit 16n hon chi
cin thém cdc trigo.

DE ghi nhan cdc s§ lidu vao thanh ghi ta ding eic ddu kich (thdong thudng hay
dung céc ddu thist lap 1 va thist lap 0) d€ ghi thong tin vio thanh ghi. Sau khi ghi
xong thi néi dung sé liéu duge ghi gitr trong thanh ghi, mudn doc ndi dung dd ra thi ta
ding "xung doc", mdi khi ¢6 xung doc thi néi dung cilla thanh ghi duge doc ra dudi
dang bit song song qua cac mach VA. Hoat dong ctia thanh ghi thudng la ghi vAo song
song va |y ra théng tin song song. Nhd cd "xung doc" nén ndi dung cia thanh ghi cd
thé doc di dgc lai nhidu 14n ma khong bj m4dt thong tin sau khi doc. Trén sg d6 mach
dién ta doc noi dung cta thanh ghi trén cic ddu ra y nhd o6 cAc mach VA két hgp voi
xung doc, cho chiung ta mé thuén ciia ndi dung thanh ghi. Con néu ching ta dung cac
ddu ra y d€ 14y thong tin ra, thi sé thu duge dudi dang ma nguge cia néi dung thong
tin da duge ghi.

Né&u ching ta sdp x€p that nhidu thanh ghi tinh vao moét khu vyc, thl s& tac ra bo
nhé tinh (RAM) duge chl ra & trén hinh 5.72.

(xp)
(a5--0) o——= 7 2 { 0 (60.--0)
(Q0.--1)
(00--1)  o—=
O
___________________ t1.-1)
(171) o—= 7 2 1 0 :
(XB) b)

a)
Hinh 572, B¢ nhd tinh cia mdy tinh.

Thanh ghi tinh ding d€ ghi git théng tin, nén bd nhd tinh cing diung d€ ghi git
théng tin khéng thay d8i, nhu cdec hing 88, cdc dia chi, cing nhu cdc chuong trinh didu
hanh (vi du : DOS) hay mot chuong trinh phdn mém nac dd. Noi dung s& duge doc ra
tit b6 nho nhd xung doc, doc 14n lugt tit (00..0) téi (11..1) s& tao ra cdc tin hidu diéu
khi€n tir bé nhd, cing nhu ¢ thé doc moét & dia chi ndo dé néu cédn.

Thanh ghi tinh diang d€ ghi gi théng tin, nén ngoai viéc ghi git thong tin nd cdn
duge dung lam cac mach chét (latch) ghim théng tin lai, hay luu giit théng tin chty mét
thei gian néu cén. Ngoai ra cdon ding dé luu git mot théng tin céin thiét cho qua trinh
nhén dang nhu dang van tay, khu6n mat, hinh anh eing nhu Am thanh..
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5.6.2. THANH GHI PONG (BO GHI DICH)

Thanh ghi déng con duge goi 1a thanh ghi dich, ding d€ ghi gitt théng tin déng thai
thong tin dd cd th€ duge dich sang phai hoac dich sang trai néu cfin. Thanh ghi dong
cing nhu thanh ghi tinh c6 th€ duge xay dung va thuc hién bing cdc loai trigo khéc
nhau. Bo ghi dich phai 3 bit dung mot vai leai trigu khic nhau duge mé td trén hinh

5.73 nhu sau.
Ra song sonrg

+£
1] X Y y ¥ OS5 Y [—&~G Yire=5 ¥
D, D, 0, vaio | T, A Ts
G;L ¥ |- v ¥ | o—alR ¥ R Y ~R ¥
4 XN
b6 ] ANED W S
a) b)
\ . Ra né’:‘ f-"é!:"
¥ y ¥ y ¥ y
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Hinh 5.73. Bo ghi dich phai ba bit.

Bo ghi dich ¢6 thé dung vai loai trigg khic nhau d€ x8y dung, mudn cd s6 lugng
bit nhiéu hon ta cd th€ gdp thém cde trigd lai, Toy theo cfu tao ciia céc trigo st dung
ta ¢d th€é si dung xung nhip (XN) hay khéng déu dudc, va chi cdn nhin vao chiéu néi
day tit ddu ra trigs niy kich vio déu vao cla trigd tigp theo 12 chung ta cd thé hifu
ngay dé la bd ghi dich phai hay ghi dich trai. M&i mét trigo trong bé ghi diéh diga khién
mét den chi thi (LED), néu ching ta c6 mot bang dén hay mét ma trimr di€m sdng, thi
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ta c¢d thé€ thuc hién dude bang dén chir chay (chit 1a ky higu ghi trude, cdn chay chinh
la dich nd di), coing nhu diung bd ghi dich lam cdce badng quang cdo, hay lam phdo hoa
dién td v.v...

Ung dung ctia b ghi dich trong thuc t& la rdt phong phy, nhung t8ng quat lai khi
¢6 b ghi dich chung ta ¢d nhitng chde nang chinh sau :

~ Ghi vao néi ti€p — lay ra ndi tiép

Ghi vao néi ti€p — 18y ra song song
- Ghi vao song song — 18y ra néi tiép
- €hi vao song song — ldy ra song song,
Dé& théa mén cédc chdc ning tdng quat d6 cia bd ghi dich, ta vita phai ghi s6 lisu
vao vita phai ¢d tin hidu dich tit trigo bén canh sang, nén ching ta phai cd mach légic
d&€ két hgp duge cde tin higu do khi kich vao cyc kich cta trigo. Su két hgp céc tin higdu

duge minh hoa don gian nhu sau & trén hinh 5.74.
gy tin ra song sorg
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Hinh 5.74. B0 ghi dich phdi 3 bit tdng quat

Vi du : Xay dung bd ghi dich phai 3 bit ding trigo JK (JKFF)} cd kha nang ghi vao

song song rhu sau.

Ngoai cac chic nang chinh cla b6 ghi dich nhu di néu bé ghi dich cdn ¢d thém cac
chite nang phu nhu xda, déng bd theo xung nhip (XN), vita dich sang phai vita cd thé
dich sang trdi bing cdc tin hiéu cho phép dich phai hay cho phép dich trdi v.v... Ching
ta chi cén dﬁng.. thém cdce mach té8 hop (mach Va (AND), mach hodc (OR)) két hgp cac
tin hidu d6 vao la xong. Trong thuc t&€ ngudi ta da x4y dung b ghi dich téng quét bang
cdc IC chudin ¢d sin, so d3 nguyén ly cla ching ddu duge v& va chi ra cu thé trong cdc
quyén s8 tay tra ciu IC (vi du : bd ghi dich tdng qudt 4 bit 12 con IC SN 7495). B6 ghi
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dich hay thanh ghi dich duge sdn xudt hay ché& tao r&t nhidu loai khac nhau, tiy theo
nhu cdu cy thé ching ta cé thé tu thiét k€ xay dung hay tim cac IC da c6 s&n ma su
dung.

Mot s6 vi mach (IC) ghi dich théng dung.

- B ghi dich 4 bit, vAo song song hosc néi ti€p ding JKFF, cd ddu xda
54/ 74 195 ; 54/74 5195

— Bd ghi dich 4 bit, vAo song song hodc néi ti€p dung JKFF, khéng cé dgu vio xda :
54/74 199,

— Bo ghi dich 8 bit vao néi tiép, ra néi ti€p :
54/74 91A ; 54/74 LS9l

-Bo ghi dich 5 bit, ghi vao song song hogsic néi tiép, c6 diu xda :
o4/74 96 ; 54/74 LS96.

- B4 ghi dich 8 bhit, "ghi vao ndi ti€p, ra song song, dimg RSFF, c6 ddu xda :
54/74 164 ; 54/74 LS 164.

- Bd ghi dich 8 bit, vio song song hosic néi tifp, ra song song, ding JKFF, ¢6 dfu
xda 54/ 74 199.

Vi du minh hoa cfu tac IC 74195 Ia b6 ghi dich 4 bit duge chi ra trén hinh 3.75.

Ra song song

%o & @ Q Qp R CcLock LoAG
) S5N74135
[ " Hinh 5.75. Mixh hoa mot IC
CLEAR I K A 8 c D GnD 1a bd ghi dich.
h..,v._,._v ' LY - - g
Voo ndr fige Vao song song

Tt thanh ghi dong hay bo ghi dich, ching ta cd thé sdp xé&p chiing lai d€ x4y dung
nén by nhd dong, cd duge bd nhé déng va ching ta quan Iy dudc n¢, doc théng tin ra
td bd nhé dong r8i dua 1én man hinh cia mdy vi tinh, s8 tao ra duc. cac hinh anh
"dong" hay chuy€n dich trén man hinh theo ¥ muén citia ta. DS chinh 13 co sd d& tao
nén cac tro choi dién tu, cting nhu cde k§ xdo hinh anh, cde ninh anh sinh déng trén
TV cing nhu trén man hinh cta may vi tinh v.v...
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5.6.3. BO) DEM

Bé dém la mot 6témat ¢d nhd di€n hinh, cho ching ta biét rat r6 trang thai tigp
theo phu thu¢c vao trang thai truéc dé dudi tdc doéng ctia tin hiéu vao nhu th& nao.
Quan hé d6 cing chinh 14 co sd d€ ching ta o6 thé thiét k& ra cdc b6 dém khdc nhau
v0i cdc co s6 d&m (Kd) bat ky. Cang gidng nhu 6tdmat cd nhd muén xay dung duge thi
phai ding t6i cac phéin tlt nhé (cde trigo) d€ cd duge bo dém ching ta cing cdn d&m
cdc trigo. Nhung & day d€ x4y dung nén bd dém (Kd = 2") ching ta dung déu dao (ddu
vio dém) d€ thyc hién.

B6 dém la mét mach dién rdt quan trong trong hé thdng s6, ching dugc dung dé
dém thoi gian dung trong hen gi%, dung chia tin hay phan tdn, ding diéu khién céc
mach dién khic nhu b¢ giai ma v.v.. B6 dém o6 thé d6m tang didn hay dém cong, cing
nhu ¢d thé dém gidm dan hay goi 1a dém trit, cd thé dém thugn nghich vira tang va via
gidm, ¢ th€ d&ém theo cdc quy uéc ma khdc nhau nhu ma Gray (ma bia Kdcné), ma
vong, ma BCD vwv...

Trong phén nay ching ta sé& ndi téi tat cd cac phuong phdp x4y dung bo d6m ciing
nhu nguyén ly lam viée cda cde bd dém. D& hi€u ré ching ta s& l4n lugt xét toi cdc bo
dé€m sau, cdc bd dém ching chu y&u 1 cde b) dém vdong quanh sau mot s6 14n d8m nhit
dinh trang thai cia bd dém lai trd lai trang théi ban ddu. Bé d&8m 2 mét 6témat ¢d nhd
voi mot ddu vao x (0 hoac 1) vA mot dau ra Z, s trang thai cha b dém chinh bing co
s0 dém (Kd) ctta nd. Tiép theo chung ta xét 14n lugt cdc loai bd dém khdc nhau.

5.6.3.1. B( dém nhi phdn tdng didn - b6 dém cong

B& d&m nhi phan (BCD) tang dan dung ddu vao dém (d4u dao) t§ hop ta dung ddu
ra y. Trang thai trong cia bo dé€m thay d8i 14n lugt theo quy luat clia ma nhi phén tang
dédn, t6 hgp nén bd dém ching ta chi ding dfu ra thuan y clia cdc trigo két hop voi dau
vao dém. So d6 cia bo d&m dung 3 trigg JKFF (TFF) ¢d cd s6 dém Kd = 8 (Kd = 27
duge chi ra trén hinh 5.76.

Trudc hét ching ta od quy ude la néu td hgp :

- Diung d&u ra y thi trigo chuyén tit {1 — 0) s& cho ra xung chuy&n sang cot bén
canh, ¢d tac dung kich lat duge trigo dd.

- Dung ddu ra y thi khi trigo chuyén tit (0 — 1) s6 ¢ xung chuyén cd tac dung
kich sang trigoc bén canh.

Véi \:quy ude nhu vay khi néi thyc t& mach dién ching ta phai ndi sao cho théa
man. Quy udc d6 cing xudt phat tid chidu cha diét & cdc ddu vao kich cla trige, ma
chiéu cha didt kich (D,, D,)) da dugc chi ra cu thé trong sa d6 mach dign cia trigo RS
0 hinh 5.9b, chidu cta dist (D;; D;) sé quy&t dinh trigo duge kich bing xung am (sudn
dot bién am) hay kich bing xung duong (dng véi sudn xung kich cd dot bién duong).
Nguyén.ly hoat dfng ciia mach trigg dd duge ndi rdt ki trong gido trinh ky thuit xung
ma & diy ching ta khéng di sdu, T nhing kién thic cg ban d¢ chung ta phai ndi mach
dién cu thé thoa man dudec quy udc néu trén.
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Hinh 5.76. By d€m nhi phan ting dan.

Td quy udc va so d6 mach dién trén hinh 5.76,b ching ta s& néu dudc nguyén ly
lam viéc cla bd d€m nhu chi ra trén hinh 5.76,c.

Trang thdi ban ddu ctia bo dém (0 0 0), khi ching ta "b&m" hay cho xung thd nhit,
xung d6 duge dua vio ddu vao dio, lam cho T, chuyén tit (0 — 1), do t6 hgp dung ddu
ra y nén khong ¢é xung chuyén sang hang bén canh, vi th& trigo T, vAn & 0, cing nhu
trigg T5 cing vln & 0. Sau khi cho xung thd nhAt trang thai cta bo dém 1 (0 0 1),

Ta cho xung thi hai lam T; chuyén (1 — 0), do t& hgp ding ddu y nén xudt hién
xung chuy€n lam cho T, lat tit (0 — 1), khi T, chuy&n t¥¥ (0 — 1) s& khong cd xung
chuyén sang cét bén canh nén T; vin & 0. Sau xung thi 2 trang thai cha b6 dém s& l1a
01 0).

Ta cho tiép xung thd 3 lam cho T, chuyén (0 ~» 1), khong ¢6 xung chuyén sang cot
bén canh, nén trigo T, vdn & 1, cdn T; vln 3 0. Sau xung thyg 3 trang thdi ca bé dém
lic nay 1a (0 1 1).
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Cho tiép xung thd 4 lam cho T; (1 — 0), cho ra xung chuyén lam Ty (1 — 0), lai
cho ra xung chuyén lam T; (0 — 1). Sau xung thd 4 trang thai trong cia bd dém 1a (1
0 0).

V6i cdch lam tuong tu ching ta tiép tuc 14n lugt cho cdc xung dém vao, thi sau 8
xung bd dém lai trd lai trang thai ban ddu 1a (000) vi vay cho Kd = 8, dfng thdi cho
ra mot xung chuyén (carry) kich sang cot ti6p theo. Day la bo d€m vdng quanh c6 =6
dém 14 8, va trang thai trong clia bd d&m bién dbi theo quy luat nhi phan tang dén.

Qua nguyén ly lam viéc cia b6 dém ching ta thdy cde mii tén (* ) d6 chinh la
nguyén ly lat chuyén va hoat dong cia bo dém. Qua nguyén ly lam viéc cia bo d&m
ching ta cd th€ ndi rdng : b6 dém lat chuyén trang thai clia c4c trigs theo nguyén ly
lat chuy€n kifu "domin¢", tic 1a trigo nay 14t chuyfn s§ tao ra xung tran, xung chuyén
(carry) lam 14t chuyén sang trigo 9 cdt tiép theo. D6 hinh trang thdi va biu d6 thoi
gian ctta bé d€m 8 vdi ba trigo duge mé ta trén hinh 5.77.

X oo Jér
nan
a,

a ' o 1+ ¢ + o0 1t o t 0O t o 1t o0 t 0
l & 7 y & & 4 3 y 2 ;! xung vdo dém
0 g 0 o
] ! . H / 5
0
Vo 1 o g r ! o 5,
0 a
b)

Hinh 5.77. Db hinh trang thai cia bhd dém.

Bé dém nhi phan tang t8 hgp chd y6u diung ddu ra y, nhung ngudi ta vln cd thé
t hop bo d&m nhi phan ting theo "cach khac' didu d6 dude md td trén hinh 5.78.

B6 dém nhi phan tang dan ¢d trang thai trong bigén d6i theo mad nhi phan (BCD),
cho nén dau ra cta bg d&m ching ta ¢ thé ndi vao ddu vao bo gidi ma (théng thudng

la gidi ma nhanh), tit d6 tao ra mét cdu trde chi thi s6 trén mét c6t s6 nhu trén hinh
5.79.
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5.6.3.2. B6 dém nhi phén gidam din - b6 dém trir

Bo dém nhi phan (BCD) giam dén té hop dung ddu ra y. Trang thdi cha b d&m sé
thay déi l&n lugt theo quy luét cia ma nhj phan nhung cd k&t qua giam ddn. So dé cta
bd d&ém nguge (d8m trir) dung ba trige JK (cd co s6 d6m Kd = 8) duge chi ra & trén
hinh 5.80.

Khi t6 hgp dung ddu ra ¥y, thi khi trigo 14t chuyfn ti (0 — 1), & d&u ra y sé o6
moét xung chuy&n (carry) sang cft (trigo) bén canh, xung dé cd kha nang lat chuyén
trang thai cta trigo. Sd d6 nguyén Iy clia bd d&€m trinh bay trén hinh 5.80b.

Trang thai ban ddu cta bé dém k (1 1 1), khi ching ta "b&m" tic la cho vao bo
d&m xung thi nhit, xung dé duge dua vac ddu vdo ddo cta trigg T; lam cho T, chuyén
ti (1 — 0), do t6 hop dung ddu ra y nén qua trinh 1at chuyén dd cia T, khéng cd xung
chuyén sang trige (cot) bén canh, vi th& trige T, vln & 1, cing nhu trigo T, lai cang
vin & 1. Nhu vAy sau khi ta cho xung thi nhdt vao trang thai cda bo d&m trix s8 la
(110. '

Ta tiép tuc cho xung thd 2 Jam cho T; chuy&n (0 —» 1) do diing ddu ra y nén qua
trinh 14t chuyén dd eda T, tao ra xung chuyén (carry) lam cho T, 14t chuy&n (1 — 0),
khi T, chuyén tit (1 — 0} s& khéng c¢d xung chuy€n sang cft bén canh nén trige Ty vén

4 1. Nhu vdy sau 2 xung vao (sau khi cho xung thd 2 vao) trang thdi cia by dém sé 1
(101
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Hinh 5.80. Bo d€m nhi phan giam.

Ta cho ti€p xung thd 3 lam cho T, chuyén (1 — 0), khéng cé xung chuyén sang

trigo bén canh, nén trigg T, vin & 0 cdn trigo T; vAn @ 1. Sau xung thi 3 trang thai
cia b dém sé 1a (1 0 0).

Cho tiép xung (trit) thg tu, lam cho T, chuyén (0 — 1) ddu ra ¥y, cho ra mét xung

338



chuyén lam cho T, chuyén (0 — 1), lai cho ra xung chuyén lam cho Ty chuyén tit (1 — 0).
Sau 4 xung vao trang thai cta bo d&m s& 13 (0 1 1).

V6i cdch lam tuong tit ching ta ti€p tuc cho 1an lugt csic xung dém vao, thi sau 8§
xung b d&m s& lai trd lai trang thai ban ddu la (1 I 1 vily cho ta ¢6 co s8 d&m Kd = 8,
d6ng théi & ddu ra ¥, tao ra mot xung chuyén (tran) sang c6t ti€p theo. Day 1a b6 dém
trit, vi céc trang thai clia b dém sau khi ta cho xung dém vao sé gidm ddn gig tri theo
quy lut ctia ma nhi phan, Déng théi day cing 12 bo dém trir dém ving quanh. Do trang
théi cia by dém gidm ddn theo quy lu4t ctia-ma nhi phAn nén ddu ra cta b§ d&m co
thé nbi v6i bo giai ma d€ dua ra chi thj sé.

D5 hinh trang thai cla bd d&m nguge (trir) dude mé ta trén hinh 5.81.

X
100 1ot 1710 I O vao dém

Hinh 5.81. Db hinh trang thdi bo dém trir.

5.6.3.3. By dém & hop két hop ddu ra y va 'y cho Kd (co s6 dém) bat ky

Gid s dung ta cd by dém trong d6 t8 hop chung ca dfu ra y vd y nhy chi ra &
trén hinh 5.82.

Nguyén ly 1am viéc cda by d&m t6 hgp chung ddu ra y va ¥ dua trén didu kién :
Té hgp dung ddu ra y thi khi trigo 14t chuyén tit (1 — 0) thi ddu ra y sé xudt hién mot
xung chuyén {(carry) sang cot bén canh, con néu ta ding dsu ra ¥ thl khi trigo chuyén
tu (0 — 1) s& ¢d xung chuyén kich sang trigs bén canh.

Nguyén 1y lam viéc ctia bo dém nay duge chi ra trén hinh 5.82,b. Trang thdi ban
ddu cia bd dém 1a (0 0 0), khi ching ta cho xung thd nh&t vao (bdm mot xung) lam
cho trigs T, chuyén t& (0 — 1), do t& hop ding d4u ra y nén qua trinh lat chuyén
trang thdt d6 cia T) khong cd xung chuyén sang trigo bén canh, vl th& trigo T, van &
trang thai O, cing nhy trigo T; vdn & 0. Nhu vy sau khi ching ta cho xung tht nhat
vao trang thai cda bd d€m 1a (0 0 1).

Tiép theo ching ta cho xung vao thd 2 lam cho trigo T, chuyén ti (1 — 0), do t3
hop dung ddu ra y nén qua trinh lat chuyén dd cta T, s€ cho ra xung chuyén kich sang
trigo bén canh lam cho trigs T, chuyén tit (0 — 1), do trigy T, t8 hop ding ddu ra y
nén qua trinh lat chuy®n d6 cta T, s& cho ra mdt xung chuyén kich tiép theo lam cho

trigo Ty chuyén tit (0 — 1). Nhu vay sau khi k&t thic xung kich thd 2 trang thai cia
bd d&fm sé 1a (1 I 0).
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Hinh 5.82. Bo dém (6 hop két hop y va y.
Cho ti€p xung kich thd 3 vao lam cho T, chuyén ti (0 — 1), khong cd xung chuyén

sang cft bén canh nén trang thai eta T, vln & 1, con véi trigo Ty vAn & 1. Nhu vay sau
khi cho xung thd 3 trang th4i cia bd dém s& 1a (1 1 1),

Ta cho ti€p xung thd 4 lam cho T, chuy&n tit (1 — 0), s& cho ra xung chuyén lam
cho T, sé& chuyén t (1 — 0), khéng cd xung chuy&n sang cot bén canh nén T; vin & 1.
Nhu vay sau xung thd 4 trang théai cha bd dém la (1 0 0).

Cho tiép xung thd 5 vao lam cho trang thai cta trigo T, chuyén tit (0 — 1), sé
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khong ¢6 xung chuyén sang c6t ti&p theo nén trigo T, vn & 0, cdon trigo Ty vin & 1.
Vay sau 5 xung trang thai cta bo dém s& 1a (1 0 1).

Khi ching ta cho xung th¥ 6 vao lam cho trigo T; chuyén ti¥ (1 — 0), s& cho ra
xung lam cho trigs T, chuyén tit (0 — 1), lai cho ra xung chuy&n ti€p kich sang cft bén
canh lam cho T; chuyén tit (1 — 0), lai tao ra xung chuyén ti€p (xung carry) kich
chuyén sang cft ti€p theo, nhung xung chuyén ti dfu ra ¥3 cua trige Ty lai duge d4u
néi-dua v& kich vaio cdac ddu thist lap 0 (d4u kich K) cta cac trigo lam cho T; & 0 lai
x6a 0 nén T; vln & 0, cdn trigo T, dang & 1 kich vae K, xda nd di lam cho T, chuyén
tt (1 - 0), qua trinh chuyén trang thai nay khéng tao ra xung chuyén nén T, trd vé 0,
véi trigo T; dang & O lai kich xung xda vao K; nén né vin & 0. Day 1a qua trinh chuyén
bién trang thai cua céc trige trong bd dém xay ra do of vong héi tiép vé "xda” cac trang
thai cia cdc trigg. Nhu vay ta thdy sau khi kich xung thd 6 thi trang thdi cia bd dém
la (0 0 0) trd lai trang thdi ban ddu.

Sau khi xem xét nguyén 1y 1am viéc cia bo dém t4 hgp lin 16n ddu ra y va ¥,
ching ta thdy véi cich 1am d¢ s& cho ching ta tao ra duge b d&€m cd co s6 d&€m bat
ky khong theo quy luat 2”. Tao duge bd dém c6 co s6 d&m b4t ky 1a rét quan trong
trong Ung dung cua hé théng s6 d&i vai cubec sdng, vi khong phai lic nao ching ta
cing cln bd dé€m cd co s6 dém nhj phan (Kd = 2", ma ching ta cén ¢6 cdc b dém
cd cdc ¢d dém khac nhau nhu by dé€m co s6 dém Kd = 5 (nam ngdén tay), cn cd cd
88 dém Kd = 6 r6i Kd = 10 d¢ tao ra cd s dém 60 (Kd = 60) dung trong déng hé
dién t& chl thi s6, nhat 12 véi co s6 dém 10 (Kd = 10) rat quen thudc va cin thist
trong cufc sdng ciua ching ta.

Ta thdy vai b dém t8 hgp hén hop ddu ra y va ¥ cho ching ta Kd bat ky,
nhung bd d&ém kifu nay nd c¢d moét nhude di€m rdt 16n la : trang th4ai bén trong cla
cdc trigo cda bd dém khong thay d8i quy luét clla ma nhj phan théng thudng (ma
BCD), cho nén ddu ra cia bo dém khéng thé phdi ghép tryc ti€p duge vdi bo gidi ma
va khong thg chi thi s§ duge. Chinh vi vy trong thuc t& n&u ching ta chl quan tam
tdi két qua dém ma khong quan tam t6i chi thi trang thdi noi bo cta céc trigo, thl
ngudi ta van san xuft cic con IC d&m nhu mét cai hop den dung dé phan chia tén.
s8, vi du : ‘cho vao 6 xung ddu ra cho ra 1 xung v4y ¢ Kd = 6, hay cho vao 10
xung ddu ra cho ra 1 xung, d6 !4 bd chia t4n cé Kd = 10 (hé s6 phan tdn). Loai b
d&m dd duge minh hoa trén hinh 5.83.

+E
T i

Vao 10 xung o g Hop den (— s Ra 1 xung

T77

Hinh 5.83. Bo dém Kd bat ky.
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B6 dém cd co s6 dém bt ky t6 hop hdn hop déu ra y vA 7 mo ta trén hinh 5.84
cd biéu d6 thai gian va d6 hinh trang th4i mo ta trén hinh 5.84.
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Hinh 5.84. Db hinh trang thdi vA bi€u db thdi gian.

Phuong phdp t8 hop hdén hop ddu ra y vad ¥y cia céc trigo cho ching ta b d&m vai
cd s6 dém bt ky. Trong truding hgp t8 hgp hay thuc hién bd d€m o6 co s6 dém (Kd) bit
ky cho trude t6 hgp ding ddu ra y va y dua theo cobng thdc :

né&u

2" = Kd = con s6 = s6 nhi phan =~
nfu = 1 nbi y

Onéiy

Trong dé : n : la s8 trigg caAn ding.
Kd : 1a co s§ dém cho trube.
Vi du : Cho truge Kd = 5.
Do Kd = 5 nén ta cén 3 trigo, ap dung cbng thic
2 -5=3=011-t5hop (y35%7)

Mach dién cia by d&m 5 (Kd = 5) cho trudc co s8 d6m, t6 hgp ding ddu ra y va
y dugc mé ta trén hinh 5.85.
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Hinh 5.85. B0 dém co s6 dém 5 t6 hop y va ¥.

Sau khi ta thu dugc by dém cho co s6 dém bt ky t6 hgp dung ddu ra y va ¥,
nhung trang thii frong clia bé d€m khong theo quy ludt cia s8 nhi phan hay ma nhi
phan (Binary Codes Decimal) thong thudng, nén khéng néi duge véi bo gidi ma va khong
chi thi s6 duge.

5.6.34. B6 dém voi co s6 dém bt ky bién ddi theo quy lugt mia nhi
phdn BCD

Cach thigt k& hay t6ng hop loai b6 d&m kifu ndy gi6ng nhu cach thist ké b dém
5 cd dém dén 3 thi bdo sing & ddu ra Z, diung trige D (DFF). DJ 1a bd d&m cd co s6
dém bat ky nhung trang thii bén trong cia nd bién d6i theo quy lust ctia ma nhj phan
théng thudng. Nhung vén bo d6m cd co s§ dém bit ki trang thai bign d6i theo quy luat
nhi phan dang loai trigo khic (JKFF hay RSFF) thi céch thi&t k& cu thé thé& ndo s&
duge minh hoa cu th€ & vl du sau. Cach thist ké gi6ng nhu & 6t6bmat théng thudng.

Vi du : Thuc hién bd dém 5 (Kd = 5) ¢ trang thai trong bign d6i theo nhi phan
théng thudng, ma cd d&m dén 3 thi bdo sang trén ddu ra Z, dung trigo JK (JKFF) thuc
hién theo md td cia 6tdmat Moore.

. Theo ding ly luan hay phuong phap thit k& mot 6tdmat théng thudng trude tisn
ching ta phai lap bang trang th4i mé ta hoat d6éng cia bs dém nay (Kd = 5). Bang
trang thai cia bo dém 5 dung 6témat Moore md td duge chl ra trén hinh 5.86.

7z
§ 0 1
0 0 1 0
1 1 2 0 Hinh 5.86. Bing chic nang
2 2 3 0 cta bd dfém 5.
3 3 4 1 '
4 4 0 0
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Budc ti€p theo ching ta phai thyc hién rit gon otdmat o6 nhd dya vao bang trang
thai hoat dong ciia nd. O day do bang chic nang 12 hoat déng cla moét bd dém nén
khong thé rit gon duge vi khong cd phan hoach thé khéng t6n tai PHT , ma khong
cé khong tim duge PHT thi khéng o6 phan hoach th& tuong duong (di ¢6 tén tai cic
phan hoach tuong duong), khi khong ¢S phan hoach thé€ tuong duong (khéng t6n tai
PHTTD) thi d6 chinh 12 6témat t6i thi€u réi va khéng thé rat gon hon duge nita. Nhu

vay bang chdc nang cla bd d&m 5 trén hinh 5.85 chinh la 8tdmat t6i thiu da duge rit
gon.

Tu nhén xét trén, tdng quét lai ching ta ¢6 thé ndi bs d&m ludn 1a mot 6témat t6i
thi€u, hay khi thuc hién bé dém ching ta khéng cln quan tam t&i viée rit gon nd nita
(khong giéng nhu d6i véi vigée t8 hgp mot t6mat bat ky).

Sau khi ¢d dugc bang chic nang cia bo dém 5 1a t&i thiéu, bude tiép theo ching ta
thuc hién qua trinh ma hda trang thdi cho nd, hay ndi cach khéc la "dat tén” cho cac
trang théi coa bd dém duéi dang nhi phan. Viée dat tén hay ma hda trang thai cho
Otémat (b¢ dém) theo ydu cdu dé ra cho b dém 1a trang thai trong (trang thdi cdc trigo
cia bd dém) clia né phai theo quy luat cla ma nhi phan thoéng thuimg nén bang dat tén
cing nhu bdng ma hda chifc niing cia b dém duge chi ra trén hinh 5.87.

X 0 1 Z Y |J K
0 =000 Y1¥2¥3 Y
1 =001 000 000 | 001 0 ¢ 0 {0 -
2=010 001 001 010 0 0 1 1 -
3 =010 010 010 011 0 1 0 -1
4=100 011 011 100 1 1 17 -0

100 100 000 0
_ €)
a)
b

Hinh 5.87. Bang mi h6éa bo dém 3.

Cé bang ma hda, budc ti€p theo ta 1ap bang kich cho b6 d&m, vl muén trang thai’
cla trige cia bd dém lat chuyén nhv bang ma hda, thi ching ta cdn cd cdc tin higu kich
cho titng trigo nhu bang kich. Muén o6 bang kich cho 8témat, ta lai k&t hop giita bang
mé hda va bang chuyén bién trang thdi cia trigg JK, vi nhiém vu la dung JKFF thiét
k&€ b d€m 5. Bang kich cta bd d6m chi ra trén hinh 5.88,

Bo dém 5 14 mach dién cy thé, mach dién dd phai tao ra duge tin hiéu kich ging
nhu tin hiéu kicl. cta bang kich, mach dién cy thé d6 chinh 12 he phuong trinh kich cta
bg dém nay. Ching ta nhan thdy bang kich viét khong theo iquy luat cia Lla Kécnd, vi
th& ta khong thé nhém hop hay tim duge phuong trins kich truc ti€p tir bang kich. O
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Hinh 5.88. Bang kich dung JKFF cia bo dém.

d4y muén tim dugc hé phuong trinh kich ching ta phai dnh xa vao bia Kacnd d8i véi
tiung cyc kich hay tliing ddu vao kich cia ting trigo moét. Trudc khi &nh xa cu thé vao
bla Kécné cac cue kich cia bo dém ta con cfin bigt thém la - b$ dém 5 1a moét bd dém
vong quanh cho nén cdc trang thdi thira ctia nd (cdHn 3 trang thai hay 3 bé ma thita)
khong dugc xust hién trong bod d&m, didu d¢ tao thém cho ching ta nhitng vi tr{ khong
xdc dinh ma ta cd th€ chon lya d€ tao ra nhitng mach dién don giin nhA4t.

Tt bang kich da bigt & hinh 5.88 anh xa vao bia K cho titng cye kich cta titng
trige duge chi ra trén hinh 5.89.

D O
oy \00 01 11 10 gy \20__ 01 11 10
ool 0 |o|lolo oo | T | T | T T
or | = =1 = [ =] xyy L S e
X
"
nl = |- |l-H~— 2R IR
010 |0 I_TJ 0 10 L" . _J
a) b)
h=xyy, Ky =x
%% %Y
xyN02 0141 j0 » 00 or 11 10
ool o |ag ) — | — oo — | — [0 0
or| 0| =] - ~ — ==~
o1 T,
1|0 l"// 3 i1 - !— —-"'/:-/
wolo o] -] = 10] ~ l— 1 ' 7
5=

345



-
-
S

X, 4
@k’oo

o1 11 10
xy\_09 g1 __ 11
po 10! -~ }© N L e
01 o e - ot - B B _
i jo |- |~ 1 (_ T _1
— - 10 L_ 1 1 —J
10 [1 - ﬂ \\
N o
e =23 %5 £ K=x X

~ 5%
%%
¥ ao or 11 10

1
oaomo
BBsE

9z

Hinh 5.89. Tim he phuong trinh kich cia bo dé€m S.

Hé phuong trinh kich hay mach dién cu thé cha bs dém 5 1a

Jy = xy3
dy = %y
dy = x¥;
Z = y;¥,

X

X ¥i.

h.4

Tit hé phuong trinh kich ta cé mach dién cu th€ cia b d&m 5, trang thai trong
bién déi theo quy luat nhi phan thong thudng, ma cd dém d&n 3 thi s& cd bdo sing &
ddu ra Z, thiét k& dung trige JK (JKFF) hoat déng theo 6tdmat Moore, tdc 1a dfu ra Z
hoat ddng khéng phu thudc truc ti€p vao tin hidu vio x, mach dién d6 dugc mod ti trén

&

hinh 5.90.

7

&

-

carey
(tran)

h‘(l

+E

Hinh 5.90. B0 dém 5 trang thai trong thco BCD.

Vé8i cach lam tudng ty ta cd thé xAy dung bd d€m 5 vai cdch bi€u dién theo bang

6tomat Mealy.

Vi du nay da trinh bay phuong phdp thist k& mot bd dém cd hé co 6 dém bdt ky,
nhung trang thai trong clia b d&m sé bién d8i 14n lugt theo quy lu4t nhj phan théng
thuting, day la moét yéu cdu rit quan trong khi dng dung d€ thigt k& bd d&m dung dé
chi thi s6 cdc két qua do ludng trong thuc t& nhu : do tdc do chi thi s6, do trong lugng
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chi thi s6, do nhiét do chl thi s6 v.v.. Khi trang thdi trong clia b6 dém thay d8i theo
quy lufit nhi phan théng thudng thi ta hoan toan cé thé ghép bd dém voi bd giai ma
nhénh (7 thanh) chi thi s&.

Trong vi du néu lén cach thiét ké bo d&m dung JKFF, nhung v&i cach lam tuong
tu ta cd thé thiét k& dung cdc loai trigo khac nita, nhu ding DFF, TFF hay RSFF, ciing
nhu cd th€ diung voi cdc loai trige hoat déng tu do hay theo modt xung nhip déng bé,
tuy theo chifc nang cia mét trigo cu thé khi ta ding né d8 thigt k& bo dém.

Nhu vay qua vi du thiét k& bo d&m 5 (co s8 dém bat ky)} ching ta th&y trang thai
trong cla bo d€m duge quyst dinh bdi qua trinh ma héa - qué trinh dat tén cac trang
thal cda bd dém. Né&u ching ta dat tén (ma hda) trang thai cua tiing trang thai cia bo
dém theo quy luat ma nhi phan théng thudng, thi trang thdi trong cta bo dém sé& thay
d8i theo ding quy luat cia ma nhj phan BCD thong thutng. Con néu ching ta ma hda
trang thai cda by dém theo quy luat khic (quy luat nao dd), thi trong qua trinh mach
dién cta bd d€m (co s8 dém b4t ky) hoat dong, trang thdi trong (trang thai cia céc
trigg cda b¢ dém) clia nd s& bign ddi theo quy luat cia méa trang thai dg.

5.6.3.5. Bj dém ding cdic loai ma khic

Bo d&€m co 58 dém 5 (co s6 dém b4t ky) cd trang thai trong thay d6i theo ma Gray
(ma chéng nhiéu), voi khoang céch Hamning gilta hai t& ma (hai trang th4i) canh nhau
cia b d€m chi khac nhau mét bit (bign) thong tin duge bi€u dién trén hlnh 5.91.

S" 0 1 |z yl\h\y“i\; 0 1 z
0 | o 1 0 0 000 000 001 | 0
1 1 2 0 1 001 001 011 0
2 2 3 o 2 011 011 010 | ©
3l 3 4 1 3 010 016 110 | 1
N I 4 110 110 000 | 0

2R 2L

Hinh 591, Bo dém 5 ding ma Gray.

Dua vao bang mi hda cita bo dém 5 theo ma Gréay ta cé thé lap duge bang kich va

thuc hién duge bd dém dg dung trigg JK néu ta mudn dya vio hé phugng trinh kich thu
duge tif bang kich.

Véi cach lam tuong ty chiing ta o6 thé xfy dung b0 d€m 6 (co s6 d&ém bt ky) voi
ma Johnson, hay trang thdi cia b d&m thay d6i theo quy luit cia ma Johnson bing
cach dat tén (ma hdéa trang thai) cia bd dém theo quy luat ctia ma Johnson. Hoat déng
cita by dém 6 ct 4 thl bdo ding ma Johnson duge chi ra trén hinh 5.92,
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Cing ti bing ma hda cla bé d6m 6 vdi ma Johnson ching ta cd thé tim duge

[P ]

[T - N

-0 1 Z
Yi¥a¥3 ™~
000 000 100 9
100 100 110 0
110 110 111 0
111 111 o1 0
011 011 0 1
001 001 000 0
nyYG  Nuh

Hinh 5.92. BY dém 6 dang m3 Johnson.

bang kich vao thie hién duge by d6m dd bang trigo JK n&u ta mubn.

Né&u ding ma vong ching ta ciing c6 thé thyc hién duge bo d&m 6 v6i ma vong chl

ra trén hinh 5.93.

L I R

Khi c6 bang ma héa ciia b d6m 6 ding mi vdng, td dd chung ta l4p ra bang kich
vao dimg JKFF thuc hién cu thé bd dém dd néu ching ta mubn cd, vai viéc thyc hign

X

Hinh 593, Bo dém 6 dung ma vong 6 bit.

12 don gidn vA quen thudc nhu da trinh bay & phan trén.

Tl cdc cach lam néu trén ching ta ¢d thé x4y dung cu thé dude cde bd dém cd co
s6 d&m ldn hon tiy theo ¥y mufn cia minh (bé d&m co s6 d&m bét ky), ma bé d€m dd
c6 thé hoat dong theo quy luat cia ma nhi phan BCD, ma Griy — ma bia Kécnd, ma

Johnson hay m& vdng v.v.. mdt cich d& dang.

Dén day ta cd th€ ndi 1a cach thuc hién hay thiét k& mot bo d&m hoan todn gidng
nht cdch thuc hién mét dtdmat bit ky. B6 dém va 6t6mat bit ky gidng nhau & chd cd
thé ma héa (dat tén) trang thai ctia ching 1a thy y. Nhung gita by dém va 6tdmat cd
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nhd cd sy khdc nhau cd ban 14 & ché : bd d&m chl c6 mot dudng tin hiéu kich vao,
trong khi viéc kich vac 6témat cd nhé cd thé duge thye hién bang nhidu dutng tin hitu
mét lic (tap cdc tin hiéu vao X). Khi thay d6i trang thai dudi tdc dong cda tin hidu vao
thi b d&m thay d6i 14n lugt trang thai ctia nd theo trinh ty dém, trong khi 3 8t6mat cd
nhd khi thay d6i trang thai dudi tac dong cia tin hitu vao 1a khéng thay d8i trang thai
theo trinh ty, ma theo trang théi nao d6 ctia 6témat tiy theo nhiém vu dé ra. Diéu khac
nhau cd bin thit ba gitta ching 1a trong qua trinh thay d&i trang thdi theo quan hé vong
quanh (vi bit ky 6t6bmat c6 nhé nao ciing hoat déng vdng quanh) thi trong qua trinh
hoat dong vdng quanh d6 cde trang thai cha bé dém chi dude xudt hién c6 mot l4n, con
v0i Otdmat cd nhd & trong qué trinh hoat dong vdng quanh cia nd, thi mét trang thai
cia né cd thé duge xudt hién nhidu lan tay theo edng viée duge dé ra.

5.6.3.6. B dém thuidn nghich theo md nhi phén

Bo dém thuén nghich (cong - tri) 1a mot b dém o6 thé thuc hién duge hai chice
nang xen k& nhau, d€m thuan - dém tang va dém nghich ~ dém. triz. DE diu khién dugc
b dém nay ta chi cén diung mot dudng tin hiéu vao 14 x, gid tri cda tin hiéu vao x o6
thé 1a 0 hosc 1 xuft hién tuy ¥ nhung ta cg quy udc

X 1 1a dém thudn d€m ting - dém cong,
x = 0 la dém nghich dém gidm - d&m trir,

Béng chic ning cia bs d&m thuan nghich vdi co s6 dém 1a 8 (Kd = 8) co s6 dém
8 theo ma nhi phan théng thudng (BCD) duge chl ra trén hinh 5.94.

s 0 ! YzYSs\f\; 0 1
0 7 1 g 000 111 001
1 0 2 1 1,011 000 410
2 1 3 2 010 001 011
3 2 4 3 011 010 100
4 3 5 4 100 011 101
5 4 6 5 101 100 110
6 5 7 6 110 101 111
7 6 0 7 111 110 000

Hinh 5.94. B0 dém thudn nghich Kd = 8.

Dua vao bang chic nang trén hinh 5.94, bude ti€p theo la lap ra bang kich cho ba
dém dd, d€ tim ra duge hé phuong trinh kich va thuc hién mach dién cta bd dém.

Trén co s& cia b dém thuan nghich co s6 d&m 8 véi ma nhi phan thudng ching ta
c6 th€ thuc hién dugc bd dém thuan nghich voi co 86 dém bat ky (Kd = 6, Kd = 10
v.v..) v8i ma nhi phan BCD, cing nhu cdé th& thist k& duge bd dém thuin nghich co s6
dém bt ky véi cdc loai ma khdc nhu ma Gray, ma Johnson hay ma vong v.v...
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Bo dém thuin nghich trong thyc t& thudng hay duge sit dung d€ dém sé luong 6t
v30 ra lién tuc ngdu nhién trong bai d€ xe, hay do t6c do tdc thdi cia 6t di trén dudng

V.V...

5.6.2.7. Bo d¥m van nang hay bé dm dibu khifn trang théi

B6 dém van nang 1a mdt b dém da dugc ché tao hoan chinh trong mot IC tieu
chufin. T IC dém da cd sin dd, ching ta chi c4&n mot phép t8 hop don gidn 13 ¢ thé
thyc hién duge mgt bd d&€m véi co s8 d€m bat ky (Kd theo ¥ clia ta mudn va = 2,
déng thdi trang thai trong cda nd bign déi theo quy lust ciia ma nhi phan (BCD), diéu
ndy cho phép ta néi tryc ti€p véi bd giai ma va chi thi duge ngay k&t qua dém. Loai bo
d&€m van nang bang cdc IC duge sin xuAt sdin theo tidu chufin c¢d r&t nhiéu loai khac
nhau va cia nhiu hang san xudt khic nhau, nhung cich st dung ching d€ thuc hién

dém (véi co dém Kd = 2" ¢d co s6 dém bat ky 1 gifng nhau va té hgp d€ chi thi két
qui cling nhu nhau.

Vi du : Sa dung IC dém van ning SN74163.

5S¢ d8 chic ning va so d8 chan cia SN74163 la bo d&m didu khi€n trang thai, dudge
chi ra trén hinh 5.95.

/—~—..---/\-.._._.ﬁ
carry léc carry Q, G @ Q ENT Lood
A [ A O
R, G @ 4, 15 p
SN74163 D SN74163
0. 05 O Op . ,
SN O I TT T T T T 70
load S N cie e EwT L Gy 0 G e e

(xod)

£n

Hinh 5.95. Ciu 1ao0 IC d&m SN74163.
Muén cho IC lam viée ngoai viéc cung cdp nguén V_, déng thdi phai cho ddu vao
nap (load) & dién thé& thip (0 von).

Tin higu vao ding d€ dém (x) duge dua vao ddu Clock 14 cdc xung don, x ciing 6
th€ 12 xung nhip khi diing d€ chia tdn (phan tdn) cing ¢d thé€ 12 xung don cua titng két
qui cln dém.

Dau ra & chén Carry la tin hiéu bdo tran bd d&m, tin hidu chuy&n hay tin hiéu nhd
sang cOt s6 bén canh. Ddu ra Carry cia b dém nay dugc néi tiép vao ddu vao Clok clia
bé dém tiép theo, cho phép ching ta n6i duge nhiéu b d&m v6i nhau dé tao ra duge bo
dém cd ¢ dém 16n hon

n E
Kd = Kd,.Kd,..Kd, = [] Kd,

. i
=1

Céc ddu vao diéu khi€n thém 1a ENP va ENT, ching la ddu tin hiéu cho phép
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dém, chi khi ca hai ddu diéu khi€n ENP va ENT cung cé tln hiéu thi b dém trong IC
méi thyc hién dém. Diéu d6 cho phép chiing ta dung céc chan diéu khign phu ENP va
ENT dé€ thyc hién qud trinh dém duge d6ng bd. Né&u ta khong cén déng bo hay khong
ding cdc cyc ENP va ENT thi nsi ching l18n (+E) ngudn cung cdp Ve Trong trudng
hop nay bs dém SN74163 hoat dong hoan todn doc lap.

Ddu vao Clear (CLR) 1a ddu vao xda néi dung clia bo d&m, day 13 ddu vao kich
khong déng bo. Khi ta cho ddu CLR & muc dién &p thdp (0 von) thi duge k&t qua 1a xda
toan bé b dém bt k€ cdc ddu vao diéu khi€n khic nhu thé nio (khong phu thuse vao
cdc déu diéu khi€n). Dau Clear (xda) cho phép xda by dém dé&€ thuc hién qui trinh d&m
t¥ ddu hay dong b qua trinh d&m. Khi d&m ta chi cfn cho xung vao ddu vao Clock, thi
bo dém thdy d6i mét trang thai theo quy luét nhi phan tang din.

D€ chi thi trang thai trong cda bs d&m ching ta diing cdc ddu ra (Q,, Qm, Qc,
Qp»); t8 hop trang thai cia cic ddu ra theo két qua cua ma nhi phan (BCD), déng thdi
k&t qud chi thi dd ciing chinh 1a két qud dém cia bo dém thu duge. Do cdc diu ra Q
hoat déng theo quy luat cia nhi phan, nén thudng duge néi truc tiép vOi ddu viio cia bod
gidi ma, d& chi thi luon con s6 ma b dém da nhan duge. Diéu dé cho phép chiing ta t3
chic mdt ct chi thi chit s§ tiéu chufn nhu hinh 5.96.

4

Bé giai md

4 4 [

CArrY e & G . G,
Cfram) Kd =10
SN74163

w0 CLock ( ddi vaa dém)

Hinh 5.96. MOt oot chi thi s6.

Khi ta t6 hop b6 dém cd co s6 16n, cén phai k&t hop nhiu bo d&m (vi du Kd = 10)
lai v6i nhau - Ké& hop nhiéu cot s6 dém lai véi nhau, diéu quan trong nh4t khi t8 hop
cdc cft 6 dém lai 1 : xung vao dém (xung CLOK) lutn phai cho vao ddu vao d&m cla
cOt 86 dng véi hang s8 tré nhat, théng thudng phai 14 cot s6 o hang don vi. Néu ching
ta khéng cht ¥ t6i diéu dd thi c6 th8 gap trudng hop con s8 dém bj doc (hay sip xép)
nguge. Khi 14p mach dién that con phai luu ¥ téi didu nay. '

Cac dau kich vao diéu khién D - (D, Dg D¢ Dp) 12 cAc ddu vao digu khien t8 hop,
ciach t8 hgp cdc d&u vao D sé& quyét dinh t6i hé co s6 dém cta bé d&ém nay.

Vi du : T8 hop cdc ddu diu khi€n dé o6 bd dém co s6 10 (Kd = 10).
Cdch Iam 1a : 2" - Kd = 6 nhi phan — 0 ndi tigp 0 von
1 n6i +E
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Vay ta o6 : 2* = 16
16 -10=6=0 1 1 0
Dy Dy D¢ Bp

Céach ndi cu thé s& 13 : cdc ddu vao D, va Dg ta ndi 0 von cdon cdc diu vao Dy va
Dp, ta n6i 1én nguén cung cfip + E. Mach dién cy th€ cia bd dém 10 (Kd = 10) dung
mach IC SN74163 s& dugc bi€u dién trén hinh 5.98.

bcy ra lrang thai

carry e e —
Qy Gg Qe Qp
74163 Hinh 5.97. B6 d€m co sd 10
¥ 3.
A D D D dung SN7416

b w T

{ vaa dém)

Sau khi td hop dfu néi xong cic ddu diéu khién D, déng thdi cdc ddu vao didu
khién khdc thod mén cho phép IC hoat déng, ta chi cAn cho 10 xung vao ddu vaec CLOK
(d4u vao dém) s& nhan dude d ddu ra Carry (ddu ra nhé sang cdt s& bén canh) la 1
xung. Trong qui trinh d&ém cdc xung viio (CLOCK) thi trang thdi trong cia b dém s&
bién d6i theo quy luit cia nhi phan va dugc chi thi ra trén ddu ra Q (Q, Qp Q¢ Qp)
ddu ra chi thi trang thai trong cua b d&m.

Vai cdch lam tuong tu ching ta cd th€ dung SN74163 thuc hién b dém 6 (Kd =
6) vA mach disn cia nd duge chi ra trén hinh 5.98.

16 ~6=10 = 1 0 10
Da Dg Dc Dp
Vay cac ddu diéu khi€n D, va D¢ néi +E, cdn cdc ddu vao Dy va Dy ta sé néi d4t

(0 von).
carry

I

Q @ Q Qp

74163

o, DB DC DD

A

1 Hinh 5.98. B6 dé€m co s6 6

ding SN74163.

CLOCK
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Tt bd dém Kd = 10 va bo dém Kd = 6 ta cd th€ t6 hgp nén bs dém cd co dém
60 (Kd = 60) nhu trén hinh 5.99.

(tran) (frdan) carry?
car;ryz -s——~——-l f
Kd,=6 Kd, =10
1— 1—c) CLocCck ¥
CLOCK 2 :

¢ vas dém )
Hinh 5.99, B6 dfm co s6 dém 60.

Ding IC SN74163 ching ta ¢d th€ t§ hop va thuc hién duge cde bd dém khdc nhau
c6 o 6 d€m tit (0 cho t6i 16). Co s6 dém t6i da cia con IC nay 12 16 sau d6 nd lai
vong tré lai trang thai ban ddu. Loai IC dém SN74163 cd rdt nhiéu loai khdc nhau,
nhung c4ch t8 hop ra cic co s6 dém b4t ky cing nhu nguyén ly 1am viéc la khong o6 gi
khdc nhau. T dd chiing ta ed th€ tiy ¥ tim chon cdc con IC thich hop d€ dﬁng.

5.6.4. BO SO SANH BANG NHAU (GIONG NHAU)

Bo so sanh khéng phai 12 mot 6témat ed nhd, khi két hgp véi 6t6mat cd nhéd cho
phép tao ra céc hé théng s6 hoat dong linh hoat hon, hidu gqud hon va tao ra duge nhiéu
chic nang hon. Chiic nang téng quédt cta bd so sanh duge chi ra trén hinh 5.100.

1 X (vde)

A: = A1 ' Gra Iri tnh

Gig Iri déng o X
(vaa )

b)
Hinh 5.100. Bo so sanh tdng quat.

B so sdnh luén luén phai thyuc hién nhiém vy so sanh "gid tri tinh" (cho trudc) véi
mot "gid tri dong" sé xusit hién, néu ching cd cing gis tri (gi6ng nhau) thi béo 12 ding
(1) cobn néu sai thi b so sanh bao sai (0). Thong thudng “gia tri tinh" dng v&i mét ma
s6 nhi phan duge cho trude, gid tri cho trude nay thudng duge ghi cd dinh vao mot
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thanh ghi tinh. Con "gia tri déng’ thong thudng hay gap 12 mot bd d€m nhj phan ting
ddn (cing cd thé giam dén), nhung gid tri déng cing cé th€ duge 14y tir bd tdng hay bd
ghi dich v.v.. B6é so s&nh lam nhiém vy so sdnh m# s6 cla thanh ghi tinh véi két qua
thu dugc § thanh ghi dong voi nhau. D& hidu cy th€é hon chic niing cia bd so sdnh ta
tim hi€u b so sanh mét bit théng tin.

5.6.4.1. By so sidnh m{t bit théng tin

Bang chdc niang cing nhu mach dién nguyén 1y cda bd so sdnh mot bit duge chi ra
trén hinh 5.101.

Ban g chuc ndng

A o0— = A@&‘ )
A B {A®@BlA®B 5 ® (LOrng mSdun)
o o I
o 1 7 a P
10 ’ 0 @ (B3 50 sdrh)
8 o— /.
H 1 ¢ H
b)
a)

A L S )
) | c)—DO_JDJ‘

Hinh 5.101. Bd so sinh mol bit.

j [ A® B

Bo so sanh mot bit thyc ch&t 1a so sdnh gita mot bit A vA m6t bit B. Néu ddu vio
bit A va bit B giéng nhau (cing cd gi4 tri 1 hay cing cd gid tri 0) thi ddu ra bd so sdnh
co gia tri 1a 1, cdn cdc trudng hop khde giita hai bit A va B thi ddu ra bdo 1a 0. T
bang chdc niang ta cing ¢d duge mach dién cu th€ cha bo so sanh mot bit (hinh
5.101,c). Trén co sd cia by so sinh modt bit chung ta cd thé x4y dung duge bd so sdnh
v&i s6 lugng bit thong tin 18n hon.

5.6.4.2. B¢ so sinh bdng nhau 3 bit

B% so sanh 3 bit dung so sdnh 3 bit thong tin cda mot thanh ghi tinh vai 3 bit
théng tin, vi du cia mdt bd dém nhi phén ting dén. So d6 nguyén 1y clia bd so sadnh ba
bit duge chl ra trén hinh 5.103.

Bd so sdnh ba bit 14 bd so sanh gilta 3 bit cla thanh ghi tinh v6i 3 bit cua thanh
ghi dong (b d€m), blng cich so sanh ting bit cia hai thanh ghi d¢ véi nhau trén co sd
nguyén ly cia b6 so sdnh mdt bit. Ddu ra cia bd so sdnh chi bdo ding khi tdt cA cdc bit
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théng tin t¥ T, dén T, so s&nh thdy hoan todn gi6ng nhau. Trén nguyén ly nhu vay
ching ta cd th€ xiy dung nén bo so sdnh véi s6 lugng bit 1on hon.

Vao oés
f ¢ aem (Thanh ghi tink )
, T 7 7,
BS démn g “yly Tyl ty
I v

T )
P :
—l_ Sai
a ! :@, !
sai diing :@)_‘—‘ dung

1 1
Y |3 ¥ ¥ - gar
e - 7, n e Vao Jdém

ol e

Hinh 5.102. B$ so sdnh ba bit.

Ung dung cia bo so sianh trong thyc t§ rdt phong pha. Ta cd thé dung d& x4y
dung khda dién tit véi mot khda mé cho trudc, néu cdn khda ma nay cd thé thay ddi
mé khda hang ngay ; cd thé ap dung vAo viéc hen gi hay cho truSe gid tri cdn ditng
(vl du bom xéing, dém lugng sdn phdm v.v..) ; cling c6 thé diung didu khi€n cdu thang
may khi so sdnh thdy gidng ma tdng thi thang may ding ; cling nhu ding trong viéc
nhén dang van tay, nhan dang hinh anh hay tiéng ndi v.v..

D& x8y dung bd so sanh nhiéu bit ngudi ta cd thé ding mét cich khdc ma khéng
cAn phdi st dung nhidu mach so sanh mot bit, bAng cdch dung bd ghi dich c¢d didu
khién. Bo so s4nh nay chi cin ding mét bo so sdnh mét bit, sau dd 14n lugt dich ting
bit thdng tin lén d€ so sanh, nu thdy dung thi lai dich ti€p d€ so sinh bit tigp theo va
cd lam lan lugt nhu vay mai cho d&n hét thanh ghi. N&u phdt hién thfy sai & bit nao
dé thi bao sai. B& so sénh lai nay yéu cu déng bd va ¢ mach diéu khi€n, mach thuc
hién s€ gon hon.

5.6.5. B TAO MA

Viée trao ddi théng tin gita ngudi vA may c¢in ¢d bo tac ma d€ may cé th€ "hifu"
duge ngudi khi trao d&i théng tin véi nhau. Vi vay d€ trao di thong tin véi may bat
bugc ta phai xay dung ra "bé tao ma” d€ chuyfn ¥ muén cia con ngudi thanh ma may
réi ‘truyén vao trong mdy trao dfi voi may. Nhiém vy hay chic ning cla bd tac mi
duge minh hoa trén hinh 5.103.

Chic nang cia bd tao ma la khita cho vao mot chit s6 (mot ky ty) & o s6 deém
mudi thl & ddu ra cta bd tao mi ta nhan dugc ma nhi phan tuong dng. Mach dién d€
thuc hién chic nang dd, chinh 12 b6 taoc mi. Mach dién cia bd tac ma duge chi ra trén
hinh 5.104.
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Hinh 5.103. Chitc n2ng b6 tao ma.
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Hinh 5.104. B% tao ma nhi phan ba bit.

Nguyén Iy lam viéc ciia bd tao mé nhi phén ba bit rft don gidn, khi ta b&m vio
mét phim (d8u vao b6 tao ma) thi di cho trube dd trang théi ciia nG trigs tit T, dén T,
& trang thai bat ky ndo dd, sau khi bdm phim thi céc trigo s& vé trang thai tuong ung
v0i mé& nhi phan ctha phim b&m dé. C4c ddu ra y caa céc trigo s& cho ra (ddu ra bo tao
m#) ma nhi phan tudng dng.

Dau ra clia bd tao ma ta nhan duge ma nhi phan (BCD) 4 dang song song, n&u ldy
ra trén cdc ddu ra y cla céc trigo ching ta s& thu duge ma thuan, con néu ta ldy ra
trén cac dlu ra y thl ta s& thu duge ma nguge. DAu ra cta bd tao ma ching ta cd th&
ghi song song vao mot thanh ghi tinh d& huu giit lai ma d¢, d6 chinh 1a co s§ d& ghi
nhén chuong trinh tir ban phim vao bd nhd RAM cia mdy vi tinh.
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Sau khi x8y dung dugc b tao ma ti co d&m 10 sang co dém 2, ta ¢ thé xay dung
duge bd tao mé tit ky ty chit viét sang ma nhi phan nhu sau. Bang céch dya vao bé ma
ASCII ta ¢ méi mét ky ty chit vidt s& cd m6t ma nhi phin tuong Wng. VI du tao mé
cho phim @, so d6 bg tao ma chli A duge chi ra & trén hinh 5.105.

o
¥
S

U X
Gy
i a0
th <f—a=O
ty G- Oy

[7; 4 S,

ol

&~
wH
a4

R s

Hinh 5.105. B& tao ma cho chit A.

Vii edch lam tuong ty ching ta ¢ thé tao ra ma nhi phan cta chit B hay C v.v...
cho tai chit Z.

D€ tao ra mi may ti ban phim hay cdc phim bdm ngudi ta cd th€ rit gon hay néi

mach cho gon hon hay dé bét phai dung nhiéu céc trigo. Digu dé duge minh hoa trén
hinh 5.106.

Ung dung cta bo tao ma la rdt phong phu, nd cd thé dung x4y dung nén khda dién
tlt ma chi bdm ding s6 thi cta mdi md cdn khéng thi s& bdo ddng, cling nhu dung trong
téng dai, trong hé thng dién thoai hién nay, réi & ban phim cia mdy vi tinh v.v... Bo
tac ma phim b&m con duge dung rong rai trong edc mdy dan dung cing nhu cic may
cong cu. Vi du nhu may gidt, mdy dét ty déng v.v...

1o L
2 &

p———0

‘”Dm

-
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&
o

Hinh 5.106.
Bo tao ma don gian.

e
D~
D

&
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Mot diéu cln luu y khi xAy dung cing nhu xem xét mdt bd tao ma 1a : ma 1a do
con ngudi t¥ quy udc ra, cho nén mbi ngudi o6 thé ¢S quyén quy uéc nhitng "ma riéng”
va tao ra ma riéng d€ phuc vu cho viéc riéng ctia minh. Chinh vl 18 dé khong phai lic
ndo bd tao mi cling cho ra by ma nhi phén théng thudng (BCD), ma cd thé 1a mot ma
bét ky ndo dé. Vi th€ mudn hifu duge hoat dong ctia hé théng thong qua bd tao ms, thi
trude h&t ta phai bigt duge quy ufc mi cia ngudi thist k€ ra né nhu thé nao, r6i tit do
mdi hi€u dugc hoat dong cia nd cing nhu sita chita nd n&u cin.

5.6.6. BO GIAI MA

Bo gidi md 14 mot thust ngit rdt quen thudc hay duge diung trong cdc hé thbng s6
cing nhu trong mdy tinh. Nhiém vu ctia bo gidi ma la chuy€n d8i tit ma may du6i dang
ma nhi phan thanh "nghia” & co s6 mudi d8 con ngudi cd th€ "hidu" mdy trong qui trinh
thye hién viéc trao d6i thong tin v4i mdy. B6 gidi mad o th€ chuyén ddi mét ma nhi
phan cia mdy thanh ra chir viét, Mufn x4y dung duge nhitng bo gidi ma nhu vay trudc
hét ta phai hi€u duge cdch xay dung bd gidl ma tdt ma nhi ph&n thanh ra co s§ d&m
mudi. Nhidm vu ctia b9 gidi ma dS duge chi ra trén hinh 5.107.

ch Uva_o q*a s /

o vgo ] . du ra ld

(/aT 56 ) (r01) B¢ gras ma (.sé" thdp phdn
nhi phdn

Hinh 5.107. So dd khGi chic nang b0 gidi ma.

Chic nang cia bé gidi ma 1a néu ta cho vao mét ma nhj phan bat ky thi & ddu ra
cia nd ta s& nhan duge mot chir s6 cia co d6m mudi tuong dng. D& thyue hién duge
nhiém vu dd cda bd gidi ma ta ¢d hai phuong phép :

- Ma nhj phan dua vao tuong Ung v6i s thd tu & déu ra cla bd giai ma.

- Ma nhi phan cho vao qua bd gidi ma sé cho ra chit s§ tudng Ung voi ma dé. Bo
giai ma kiu nay ctn cd tén goi la bd gidi ma& nhdnh hay "bs giai ma 7 thanh".

5.6.6.1. By gidi ma véi mi nhi phin vio twong tng véi sé thir tw ddu ra

Chic nang cia bd gidi ma kiu ndy duge minh hoa bing bd gidi ma ba bit vao (x
%, X3) chl ra trén hinh 5.108.

36 nhi phan dua vao by giai ma phai cho vado & dang song song, vi du ta dua ma
song song (x; x; x3 = 1 0 1) vao thl dfu ra Ung v6i s6 thy tu 12 5 thi deén s& sang lén
tuong \ng, tuong ty n€u ta cho vdo mé nhi phén (x; x; x5 = 0 1 1) thl dén tuong ing
vai 8 thi ty la 3 sé sdng lén. Nhu vay v6i m8i mot ma nhi phan cho vao 8 tuong dng

v6i mét s§ thit ty & diu ra, diéu d6 cho ta két qua 12 mot s6 nhi phan dua vao s& tuong
dng véi mot chit 56_6 cd s8 mudi.
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Hinh §.108. BO gidi ma nhi phan 3 bit vao.

W

Mach dién nguyén Iy bs gidi ma v6i hai ddu vao (x; x,) va tuong Ung s& cd 4 diu
ra duge chi ra ¢ trén hinh 5.109. V6i nguyén Iy xAy dung bd gidi ma 2 ddu vao bAng

cdch lam tuong tu ta od thé x4y dung duge cdc bd gidi ma khde voi s6 Iugng dfu vao
16n hon. '

ATE
LED R LED
@ o —1 :
/p’ P
R 4 < il

"F_{R: 4 #’7 i::r
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o gz
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Hinh 5.109. So d® mach di¢n b gidi ma 2 diu vao.

Nguyén 1y hoat dong ciia bé giai ma nhu sau : cho vao ma nhj phan (x, x, = AB
= 10) nhu vay trigo A & trang thai 1 cho dfu ra A th& cao (ing v6i logic 1), cdn trigo
B & trang thai 0 cd nghia 12 ddu ra B cd thé cao (Ung véi logic 1). Nhu vay chi o6 mach
VA tng v6i dsu ra 2 la lam viéc vi ddu vao cla nd cd hai dién thé cao (ing voi ma 1),
lam cho ddu ra dng v6i mach va s6 2 s& cd th& cao (Iogic 1) din dén den LED tuong
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Ging cua nd s8¢ sdng. nhu véy cho vio AB = 10 thi dng véi s6 2 (dén 2 sang). Thuc hién
tuong tu v6i cac bé ma vao khéc ta s& thu duge den & ddu ra sdng tuong dng véi bd ma
dd.

o day ta sit dung mach va hai d8u vao dung didt - dién trd, cho nén ngudi ta
thuting goi day 1a b6 giai ma ma tran diot — dién trd nhu trén hinh 5.109,b. Céc trigo A
va B dng voi ddu vao b gidi mi ta cd th€ nhan duge tit thanh ghi tinh, bo t6ng hay ti
be dém v.v...

Ung dung ctia bd gidi ma v6i ma nhi phan dua vao tuong ding vai s§ thi ty d dau
ra la rdt phong phd, n€u ta cho ma vao b gidi ma moét cdch 1dn lugt (thudng duge tao
ra tit b5 d&m) thi ddu ra bd gidi ma dén sé& sang lan lugt, didu dé cho phép ta thdc hién
viéc quang cdo vdi cdc chir méi mét chit dng vdi mot dén & d4u ra bd gidi ma hay céc
hinh 1dn lugt sdng t4t theo trinh ty hay theo mét quy luat ma ta dy kién trude.

Nhung #ng dung quan trong nhét cia bd gidi ma ki€u nay 1a bd gidi ma két hop
véi bd dém d€ l4n lugt doc cac & nhd tit bd nhd cha may tinh. So d6 téng quéat dng
dung bo giai ma vao viéc doc ldn lugt (doc quét) bd nhé clia méy tinh duge chi ra trén
hink 5.110.

{ £dc xung doc)
X8
] (00-00)
(0o 01)
56 5ol - :
dém gral .
vong | ° ma
\ (11--17)
1 xo
UvaTo
cLOCK

Hinh 5.110. T6 chic doc bd nhd cia may.

Dung lugng cua bo nhd tit 6 dia chi (00...0) dén 6 dia chi (11...1), bo d&m. cd s§ dém
lan luot tir s6 (00...0) dén gia tri d6m ddy ta (11...1). D4u ra ctia bd d&m ta dua vio diu
vao bd gidi ma, dau ra cia bo giai ma 1a cdc dau duge danh s8 thd ty 1&n lugt tit ddu
ra (00..0) dén ddu ra (11..1) tuong ung voi cdc dia chl cla cdc 6 nhé trong bd nha. Khi
ta cho xung vao (xung CLOCK) ddu vao b® dém lam cho gid tri cla bé d&m tang dan,
day 14 bo dém vdng nd s& d€m tir gid tri (00...0) d&n gig tri (11..1), lam cho d4u ra bd
giai ma xuit hién lan lugt cde xung ra tudng dng, xung dé 13 xung doc dua vao cac ddu
doc cia cdc 6 nhd mot cdch lan lugt, lam cho ngi dung cia cid bd nhé duge ldy ra (doc
ra) mét céch lan lugt. Do day la b d€m vdng quanh nén gia tri cla bd dém sau khi ddy
lai trd lai gid tri ban dau la (00..0) va ndi dung bd nha lai duge doc lai lan khic mot
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cach lan lugt. Néu ta thu lai 14n lugt cde ndi dung duge doc ra tit bé nhd, réi sau dg
dua tin hiéu d6 1én man hinh may tinh thi ta c6 th& hign thi duge toan b9 noi dung cua
b6 nhé 1én man hinh cta mdy tinh. Con néu mubn doc noi dung cia mot & nhé bat ky
nédo dé ma ta cfin, ta chi viéc dua con s6 dém (ing v6i s6 dia chi cla 6 nhé cén doc)
vao bd dém, thi ddu ra bo gidi ma tuong dng xuft hién xung doc d€ doc néi dung cda
& nhéd dd. Ung dung coa bé gidi mé loai nay thi ¢ nhidu va thuan tién, nhung nhuge
di€m cla loai b$ gidi ma ma nhi phan vao tuong ung vai s§ thit tu ddu ra 1a ta phai
dém va ddnh s6 thit tu cta ddu ra ma khong hién thi duge ngay gia tri clia ma nhi
phan vao thanh chil s co d&m mudi & ddu ra. Chinh vi vy d€ thu4n lgi hon cho con
ngudi khi st dung ngudi ta x4y dung bo gidi ma nhanh hay bo gidi ma 7 thanh.

5.6.6.2. By gidgi ma 7 thanh

Nhi¢m vu ciia bd giai ma 7 thanh la chi thi ngay két qua ciia mot ma nhi phan
dua vao thanh mét chit s8 (mot ky tu) céa co s§ dém 10 & dau ra, duge chl ra trén hinh
5.111.

vae u,,
(101) o B3 gidi md <

Hinh 5.111. Chiic nang b0 gidi ma 7 thanh.

Yéu cdu ma nhi phan dua vao bd gidi ma phai cho vao & dang song song (viét theo
hang doc). Cach thi6t k€ hay cach xay dung bo gidi ma nhanh duge thyc hién qua céc
bude nhu sau :

Trugc hét ta phai xfly dung bang ms ta quan hé gilia ky hidu chu 8 (ky tu) tuong
Ung v8i viée hi€n thi trén bang LED 7 thanh. Bang d6 duge chi ra trén hinh 5.113.

Do yéu céiu phai chi thi mudi chit s§ ctia co dém 10 nén bd dém ta phai dung 4
trigg (A B C D), trong d¢ trigo cufi cang D la trigo dng véi hang tré nhdt cda bd d&m,
vAy tin hiéu dém phai dua vao ddu vio d&m cla trigo nay. Déng thdi sé cdn thita ra 6
bd ma Ung voi cdc vi tri khéng xdc dinh, vi bd d6m mudi 1a b6 d&m véng quanh ti 0
dén 9 (tir 0000 dén 1001) sau d¢ lai quay trd lai. Ddu ra cta bo dém co s6 10 sa dude
dua vao ddu vao bd gidi ma 7 thanh.

Theo ky hidu ¢la cdc chit s6 cén phai chi thi ta s& cho cde nhanh cla bo dén LED
7 thanh sdng t6i thich hgp, muén thyc hién duge disu dé trude hét phai ky higu "tén"
cho tiing nhanh ctia bo dén chi thi 7 thanh (vi dy nhu trén hinh 5.112 b). Vi du khi ta
mudn chi thi s6 "0" thi nhanh g phai t&t (ma 0) cdn cdc nhanh khéc sé duge séng lén
(mé 1) ; néu mubén chi thi s§ *1” thi ta cho nhénh a va b sdng lén (mi 1) con céc
nhanh khdc thi tat. V&i cdch lam tuong tu ching ta s& dua vao 7 thanh ma chi thi duge
cdc chit s tit (0 dén 9) cia by dém co 10, déng thdi diédn ddy vao bang chéu khi€n
nhdnh cia b6 gidi ma nhu trén hinh 5.112,a.

361



8¢ dém 7 tharh

Chiitsd]A B C Di!a b ¢ d ¢ [ g a
—a

0o {0 0 60 0|1 1 1 1 1 1 0 "D U;,
1 o o 06 1|A 1 1 0 0o 0o o J

2 o o 1 ol 1 0 1 1 0 1 c—

3 o0 1 1]1 1 11 0 0 1 eﬂ Hf
4 {0 1 0 o0fl0 1 1 0 0 1 1 —

s loe 1 0 1|1 0 11 0 1 1 P

6 lo 1 1 ofl1 0 1 1 1 1 1

7 6 1 1 1371 1 1t 0 0 0 0 5)

8 |1 0 0 01 1 1 1 1 1 1

9 |1 0o 0 1|1 1 11 0 1 1

- l1 0 1 0lA - - - - - -

- 11 0 1 1]- = -« -« = - -7 17
- l1t 1 0 0fl- -~ - - - ~ -~ Lz -
- |11 0 1|- - = = = - -7 _
- |1 1 1 o)~ - = - - - = 17
I R R R e e B

Hinh §.112. Bang quan hé¢ gitla chit s6 vh bdng LED 7 thanh.

Trdng b6 dén chi thi 7 nhdnh thl cdc nhdnk tit (a + g hoat dong sdng t6i hoan
toan dgc 1ap so v6i nhau, nhung ching sing hay ifi theo cung mét tin higu diéu khién
duge 18y ra té bd d6m. Nho hoat dong sdng téi cia cdc nhdnh cing theo mot 18nh didu
khi€n cing mdt "khiu lénh", nén sy két hgp sdng tfi cla tiing nhanh lai véi nhau s&
cho ta cdc hinh Anh ctia m6t ky hiéu nao dé. Tt d6 ta o6 th€ hifu ring néu cdc chit s
do con ngudi ky hiéu rd ma viét kiu khdc thi sé khong th€ dung 7 thanh (v6i s6 lugng
thanh it nhé&t) 48 chi thi duge nita. Ching ta cdn biét viéc diu khién sdng t6i cia mot
thanh theo tin hiéu digu khién ldy ra tit b d6m (A B C D) nhu th€ nao. Hay ndi mdt
cdch khdc phuong trinh todn hoc didu khi€n mot thanh (do hoat dong doc 14p ting
thanh)} theo tin hidu chung dua vao ti¥ bs d€m cd quan hé thé nao ?

Budc tiép theo 1a anh xa hoat dong cta ting nhdnh hay titng thanh vao bia Kécnd
theo tin hiéu diéu khi€n 14 (A B C D) ddu ra cia bd d€m, két qua cu thé nhu sau :

D6i v6i nhdnh a anh xa vao bla Kdcnd ta thu duge bang chi ra trén hinh 5.113.

CD __

AB 00 01 11 10 /C a=A+C+BD+BD

o | t AN 1

01 0 1 1 1

A
I ETTE e
10 | L1 1 - | A .
L 2 Hinh 5.113. Anh xa nhdnh a vao bia Kécno.
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Bang céch lam tuong ty ching ta anh xa nhénh b, nhénh ¢, nhanh d, nhdnh e vao

bla Kacnd két qua chi ra trén hinh 5.114.

b) cp
A8 0o o1 11 10
oollt | 1] o] 1 _
L B
o1 ! !
TN e Bl
rollr 1| = q/
a)
b=8B +C05 +¢p
d co
ABN_ 00 a1 it 10
_ 1 ! -
g&p 00| ! CD\ Fé

i
10 1 {

c)

d=A +CD +BCc+B0 + BCD

nasin r)/BC
g
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cD
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a0

!

1

21

i

10

a1

11

10

(i

d)

¢ = Cb- + 355
Hinh 5.114. Anh xa cic nhdnh vho bia Kdcno.

Dya vao két qua anh xa cdc nhanh cda bo chi thi 7 nhanh vao bla Kécnd ta thu
duge phuong trinh toan hoc cia ting nhdnh, dd chinh 1a sy phu thude (déc lap so véi
nhau} cla tiing nhanh theo tin hiéu diu khi&n chung nhan duge tit b6 dém (A B C D).
Véi cach lam tuong ty ta anh xa n6t nhanh f vA nhanh g vao bia va tim dugc phuong

trinh didu khi€n nhénh cta chiing.

Két qua cufi cing thu duge hé phuong trinh didu khi€n tiing nhanh theo tin hisu

diéu khi€n (A B C D) nhu sau :

A+C+ BD + BD

a =
b=B+CD + CD
c=A+B+C+D
d=A+CD+BC+ BD
f=A+BD+BC+CD
e=CD+ BCD
g=A+CD+BC+ BC
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Buée cubi cing 1a dua vac hé phuong trinh diéu khi€n tdng nhanh da tim dugc ta
vé ra mach dién cua b gidi ma 7 nhanh, mach duge chi ra trén hinh 5.115.

4 86
1 chi' thi
a’ .
- N D r_;
1| < Jo
3 3 |
Gidi g £ b | T3]
7 thanh N a
fy 4 Df g b
|3 .
u% R
L og v T & L]
g » E
™ :
—
Cdiry(_,_t.,.._.__ e HaulS A S A S ___-_-"__7'
fran ) -] 9 o o ,
A A B 8 ¢| |c  t8s i)

T T | ! _:va'bd'é';ﬂ

Hinh 5115, So db bo gidi ma 7 thanh

B9 gidi ma nhdnh ching ta cd thé€ lap ldy duge nd, nhung trong thuc t& bé gidi ma
7 nhanh da duge ldp rdp thanh modt con IC chuéin cd sfn, dd la con SNT7447T,

Duéi day 12 vi du dng dung cach thigt k& bo gidi ma 7 thanh dé thuc hién bd giai
méa diéu khi&n chi thi siang t6i cho mot béng hoa v&i 9 thanh nhu sau, O day méi thanh
khong con 134 mdt khe sang hinh chit nhat nita, ma méi thanh cd thé cd hinh ddng bat
ky nhu cdnh hoa, 14 hay cudng hoa v.v... Déng thoi dvua vao dic di€m co ban cha by giai
ma 7 thanh 1a cd tinh ch&t k& thita cdc nét hay cac nhdnh c6 trude dé d€ tao ra hinh
dang thich hop. T dd ta thiét k& ra dugc bd gidi ma diéu khién sy chi thi sang t6i cho
béng hoa, baAng md t4 quan hé gilta chi thi sang t&i cia timg "nhdnh" cla béng hoa theo
tin hiéu didu khi€n cd dude tit bs dém duge chi ra trén hinh 5.116.

Sau khi ¢6 dugc bang chi thi didu khifn mo6t bdng hoa séng tdi, bude ti€p theo ta
anh xa tling nét v& (nh&nh) vao bla Kdcné d€ tim ra duge hé phuong trinh digu khién
cho tiing nét vé dd. Sau cung 1a ti hé phuong trinh didu khién cta ting nét vé ta lap
rap ra "bd giai ma chi thi hoa". Tiép theo ta 1ap rap cu thé mach dién sé thuc hién duoc
viéc didu khién sang téi cia mot bong hoa theo y ta. Cdc buéc thiét ké & day hoan toan
dua theo cdc budc thiét k& "bo gidi ma 7 thanh” ma ta d& bi&t.

_Bo gidi ma khong chi gidi ma s6 nhi phan thanh co s6 dém 10, khong chi 1a bg giai
ma 7 thanh ma nd ¢dn cd thé gidi ma ra cdc hinh Anh rdi gidi ma ra ca tiéng ndi nua.
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Phén trén ching ta da ndi t6i viee x8y dung b6 gidi ma 7 thanh ding dé chi thj
chit 88 cla co 56 d6m 10 ciing nhu cic bd giAl ma dung didu khi€n cdc nét cic hinh
dung trong quang cdo. Nhung chua ndi téi b6 giai ma chl thi ra chit viét tit chiy A dén
¢ht Z, ma céch thyc hién ra "bo gidi ma chit” cing dua trén cdch thigt k& cua bt giai
mé 7 thanh. Céach thyc hién dugce chi ra trong phan ti€p theo.

Hinh | A B C D|a b ¢ d ¢ f g h i
chi thj 85 den g et vF
4 0 0 0 0/0 0 0 0 6 0 0 0 1
£ 1o o0 1/0 000000 1 1
£lo 01 00 000 0 o0 1 1 1
Alo o 1 1{1 0 06 0 0 0 1 1 1
ﬁ 0 1 0 o0l1 1 0 0 0 0 1 1 1
Blo 1t o111 100001 1 1
#lo 11 01 11100 1 1 1 ;
Fl1 o0 0|1 1 111 01 11 ; / | jé? Ig |
% 1 00 1|1 1 1 11 1 1 1 1 ; AT

Hinh 5.116. Bing mo ti quan hé dizu khién bong hoa.

"BO gidi ma 7 thanh" thuc chét phai ndi d6 chinh 1a "bo giai ma 7 di€m séng’, vi
v6i m6i mot di€m sang ching ta phai nhin qua mot cdi khe hep dai hinh chit nhat ma
théi, diéu nay duge minh hoa trén hinh 5.117.

A a
fﬂTﬂb  fe ; .b
D e ee
o 7 oY

Hinh 5.117. B6 chi thi 7 thanh - 7 diém sdng,

VI bo chi thi 7 thanh 1a chi thi 7 diém sdng
nén ching ta cd thé sip x&p nhiu di€m sdng lai
vOi nhau tao ra mét ma tran di€m sing. 0 day méi
di€m sing ciing gi6ng nhu mét nhanh cla bd giai
mi nhdnh nd sang t6i hoan toan déc lap v6i nhau.

oY &Y O
0z O en
o}

.
Chinh vi la ma tran di€m séng s&p x&p theo trat
tu, déng thdi méi difm lai sing t6i doc Mp so véi o s & .k

nhau, tit d6 tao cho ta kha ning mo ta ra chit vi&t
17 18 18 20

ra cdc ky tu cla chit viét. Di6u d6 duge minh hoa ® O o e

trén hinh 5,118 v4i ma tran diém don gidn (6 hang

va 4 cot). Hinh 5.118. Ma tran diém sing
: mé tad chit A,
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Tit cdch chi thi nhu hinh v& ta s& ¢6 duge bang quan hé didu khién didm séng
thanh chit A nhu trén hinh 5.119.

CiclA B CDE|]1 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20

b
oo
(=

;011 01 0¢0.1 1001111112001
1

[
oo

Z|1 1 0 ¢ 0

Hinh 5,119, Bang quan h¢ di2u khién chiL

V@i cach lam tuong ty ta cd th€ tim duge quan hé didu khién ting diém sing dé
tao ra cdc chit khdc trong bang chil cdi. Sau dé tim hé phuong trinh didu khién cho
tiing di€m sang réi 1Ap mach xay dung "b6 gidi ma chi"

O day véi mot ma tran di€m siang don gidn (5 x 4) 88 cd nhitng ky tu chit viét
kh¢ mé td cing nhu khéng th€ mé td duge trén ma tran dé. Mubn chi thi duge cac ky
tu chit viét ciing nhu céc chil duge viét dep va tu nhign hon, thi s6 di€ém sdang cia ma
trdn di€m sdng ching ta phai tang thém lén. Né&u diém sang cang nhidu thi khdi lugng
thiét k& "bd giadi ma chit" s& nhiéu 1én theo, nhung ta thu dugc chit viét sé duge chi thi
dep hon. Didu cdn liu y & day la khi s6 diém sing (s nhdnh) tang Ién thi sé lugng
cdc trigs (Flip FI&p) trong bd d&m ta ciing phai ting theo tuong Gng. Vi du véi 20 diém
sang thi ta phai ding b¢ dém véi 5 trigg (A B C D E) thi méi diéu khi€n khéng bi
trung tin hiéu.

Khi ndi t&i bo gidi ma chit vist véi cdce di€m sédng trén ma trdn di€m sang, t ma
tran di€m sdng ta lién hé sang ma tran kim, tic la mdi mot di€m sang sé dng vl mot
kim duge dam ra hay thut vao. Khi ndéi t6i ma trén kim ma cdc kim s& duge diéu khién
dam ra hay thut vao, didu d¢ cho phép ta xfy dung duge diu in kim hay cdc méy in
kim. Lic cac kim 6 ma trin kim duge dam ra dap vio mét gidy theo tin hiéu diéu
khifn s& tao ra cdc nét cta ky tu chit vidt trén mat gifly. Ti bd gidi mad chit cho tdi
b6 gidi ma in kim nguyén Iy hoat déng cda ching hoan toan gidng nhau, cach thist k&
ra ching cling trén cd sd cla bd gidi ma 7 thanh,

Sau khi dd ¢6 b6 gidi ma ky tu chit viét, réi ma tran kim cho phép in ra chit viét,
thi viéc trac ddi thong tin giita ngudi vA mdy chuy&n sang mot budc mdi 1a hoat déng
ctia méay ¢d "nghia ly" hon, vA nhd c6 bo gidi ma con ngudi "dé hidu' may hon, didu
khi€n m4y mdc cta hé théng 56 d€ dang hon, hiéu qua hon, déng thti miy mde cling
thue hién duge nhiéu chie nang hon nhu trong vé hinh hay in &n. DS chinh 1a vai trd
quan trong clia bd giai ma ding trong hé théng s6 hién nay.
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5.7. BO CHON SO LIEU (DATA SELECTOR) HAY BO DON KENH
(MULTIPLEXER-MUYX)

Day 12 m0t mach dién dc biét, nd Lién quan t6i bo dém va bo giai ma, thuc chat
MUX chinh 12 su cai tién cia by gidi m4 va nd cb thé thye hi¢n duge nhiéu chite nang

khdc nhau trén cing m¢t mach (MUX). Nhiém vu ciia mach MUX c6 thé thuc hign duge
la :

— Tao ham légic & hé t8 hgp.
— D6n kénh d€ tac ra mot kénh thong tin mai (ghép kénh).
- Phan dudng, cho phép ting lubng théng tin di qua.
Nhiém vy chinh cia mach MUX cd th€ duge chi ra trén hinh 5.120.

(Enable) &
(ao---0) L o—n L o—al
J o——==
(001) 5 o - 1 . W
Y Iz [ S v
J;o . D ....L.:'.- Y
MU X ..‘::;
. y S
I, o—
b)
(11---1) Iy o——=~]
No T A L o—— o
Bdu vdao didu khiéh Urg
VGTO l; o gy Y ’
a) ;
Iote e
c)

Hinh 5.120. Nhi¢m vy cia mach MUX.

Mach MUX hoat dong ging nhu méot chuyén mach co khi nhu trén hinh 5.120,c.
Khi chuyén mach quay va ti€p xtc vao cdc ddu tu (I + L) thi tin hiéu tuong dng voi
dau vao dd sé duge truyén tdi ddu ra Y. Ngudi ta thay qua trinh chuy€n mach co khf
bing mét chuyén mach dién td MUX (multiplexer),

Mach MUX bao gfm cac ddu vao tin hidu la (Iy + I) cac ddu vao diéu khién tu
(A + N), voi mét ddu vao disu khién chung cho phép 12 E (Enable} hay 12 ddu chon v&
S (Chip Selector), va hai ddu ra Y va ddu ra dao Y (Y hay W). O day ddu vao (I, + 1)
via diu diéu khién (A + N) ching ed quan hé tudng d6i so v&i nhau, tdc 1a néu ching
ta coi (Iy + L) 1a ddu vao thi ddu (A + N) s& la ddu didu khi€n va nguge lai.
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Thong thudng d4u vao (A + N) 1a ddu didu khi&n, cdc déu diéu khién dd thudng
duge 14y ra trén cdc ddu ra cla cdc trigo trong bd tdng, b ghi dich, thanh ghi tinh v.v...

nhung phd thong nhft ching thudng duge 1y ra trén cic ddu ra cla cic trigo cla bd
dém (ddu diéu khi€n thudng la bo dém).

Viée quay chuy&n mach co khi 18n lugt tit I; t6i I s& tuong dng v6i viéc bo dém sé
dém ldn lugt tU gia tri (00..0) dé&n (11...1), quéd trinh dém l4n lugt s& "quét" hay cho
phép tin hiéu vao tit I; d&n I 14n lugt s8 duge truyén ra dfu ra Y. D€ hi€u dugc ban
chdt hoat ddng cta "chuyén mach dién td" ndy ching ta s& xem xét nguyén 1y lam viéc
cia mach MUX don gian nhft d6 12 mach MUX 4 dfu vao (I, I, I, Iy) va hai ddu vao
diéu khi€n (A, B), cd tén la SN74150.

So d6 nguyén ly cha nd duge chi ra trén hinh 5.121.
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Hinh 5.121. So db nguyén ly MUX 4 diu vao.

Phuong trinh chic néng cia mach MUX 4 dfu vao la :
Y=S.(I4,AB + [AB + LAB + [;AB)
Nguyén ly 1am viée ctia mach MUX 1a : N6u 8 = 1 thi mach hoan todn khéng lAm

viée, dit ¢6 tin hidu vao ddu (I, + I;) cing nhu cd tin hidu vio diéu khién tai dau didu
khié€n (A, B). Tit d6 ddu S chinh la dfu vac cho phép lam viéc (Enable) ctia mach.

Khi ta cho S = 0 12 dfu vao S dude ndi ddt thi mach MUX hoat dong binh thudng.
Gia st ddu didu khién ta cho (A B = 1 0). Khi A = 1 thl ddu ra A s& cd th8 cao (mic
logic 12 1), cdon B = 0 thi ddu ra B s8 ¢ thé cao (muic logic B 1a 1). Tt két qua ddu ra
A va B ¢ thé cao (mic lagic 1) ta théy chl cé mach VA ing voi dfu vio I, lam viéc,
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con cac mach VA khac déu tat, khi dé toan bd tin hidu ta dua vao ddu vao I, s& dugc
truyén t6i ddu ra Y. Qua nguyén ly lam viéc néu trén ta thiy hoat déng diéu khi&n cla

mach MUX hoan toan gifng nguyén ly lam viéc cia b6 gidi ma loai s thd tu dau ra
tudng dng vél ma nhi phan dua vac.

Cach lam tuong tu khi ta cho ddu vao diéu khién (A, B) bang cic t6 hgp khde, thi
ddu vao tin hiéu I tuong dng s& duge truyén téi ddu ra Y theo tin higu diéu khién cia
(A, B).

Néu ta td hgp cdc trigo (A, B) cia ddu diéu khién thanh moét bd dém nhi phan
tang dén, sau dd ta cho tin hidu vao bs dém d6, thi bs dém s& ldn lugt d&m tir t6 hop
ddu tién (AB = 00) t4i t6 hop cudi cung 1a (AB = 11), lam cho cac tin higu vao 14n lugt
tit ddu vae I, t6i ddu vao Iy 8& 1an lugt duge truyén ra tdi ddu ra Y, két qua 1a hoat
ddng chuyén mach diéul khign nhu vay & (A, B) hoan toan tuong dng nhu chuy&n mach
ca khi duge vdn d€ dich chuy&n 18n lugt tiép xuc tit ddu vao Iy t6i dau vao I; cda
chuyén mach c¢ khi trén hinh 5.121,c. Mach MUX chinh 1a chuyén mach dién ttt, nd
duge dng dung phd bién nh4t trong hé théng t8ng dai hién nay.

Véi cdch lam tuong tu ta cd th€ xay dung duge cde mach MUX véi <6 lugng déu
vao 1on hon, nhu MUX 8 ddu vao cd tén la SN74151, réi mach MUX 16 ddu vao
SN74153, Ti cdc mach MUX co ban dd ching ta cd thé xay dung duge cdc mach MUX

¢d 6 ddu vao rdt ldn bang cach t6 hop chung lai. Diéu d6 duge minh hoa trén hinh
5.122.

ety

oI e R

2 &)

Hinh 5,122, Cich tac ra MUX vdi s6 dau vio 1dn.

Sau khi ndm dugc nguyén 1y lam viée clia mach MUX ta di toi phin tng dung
trong thuc t& cia loai mach nay hay ndi téi cic chic nang ma mach MUX cd thé thuc
hién dhigc.

5.7.1. CHUC NANG TAO HAM LOGIC DUNG MUX

Viéc tao ham légic trong hé t8 hgp (hé khong cd nhd), dé <6 duge mot mach dién
thuc hign moét ham l6gic hay mét chie nang cho truse, ngudli ta dua theo phuong trinh
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todn hoc cia ham s& dd, r8i dung cic mach logic (AND, OR, NOT) l4p rap mach tao ra
ham logic d¢. Thay vi 1am céng viée nhu vay ta cd thé dung MUX d§ taoc ham mach
dién cho mot chiic nang logic hay mot ham légic bt ky, cach thue hién s& duge hifu
qua vi dy sau.

Vi du : Thuc hién chdc nang lagic cho ham s§ sau

£(x),%) = X% + XX, = % ® x,

Day 12 mot ham logic 1a ham cdng modun, ham légic nay ta cd thé hoan toan dung
cdc mach logic (AND, OR, NOT). Nhung c6 thé ding MUX v&i 2 dfu vao diéu khién dé
thuc hién (hay tao ra ham s cho trudc) chdc nang cing nhuy ham sé légic cho mach
dién nay.

Muén thyc hién mach dién cho ham 16gic ta ding MUX 4 ddu vao (I, + I3) véi hai
ddu vao didu khién la (A, B). D€ thuc hién chdc nang tao ham, lic nay ta coi hai dfu
vdo (A, B) la ddu vao tin hiéu, cdn cdc diu vao (Iy + Iy) 1a cdc ddu t8 hop diéu khién.
Dya vao phuong trinh t8ng quét chic nang cia MUX 4 dfiu vio la :

Y =S ([,6AB+ LAB + LAB + ,AB)
Ham s8 ta cin ¢d cdn tao ra {cdn cd mach dién) 1a :
f(x,%) = X% + 5%
Néu ta cho 5 = 0 dé mach MUX hoat dong binh thudng va ta coi A = x; va B = x,
1a cac tin hi¢u vao, thi gid tri cha ham s6 Y = f(x;, x,) chl e¢dn phu thudc vao cac diu
diéu khi¢n (Iy + I3). D€ c6 duge ham s6 clin thigt cho truée (tao ham) ta chi cén cho

Ig=1; = 0 (n6i d4t) con I; = I, = 1 (n6i lén +E) ]2 xong. Vay mach dién cia bd
cdng moédun ding MUX duge chi ra & trén hinh 5.123.
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Hinh 5,123, Dung MUX thyc hién mach cOng mddun.

V6i cach lam tuong tu cd thé thyc hién duge cdc ham logic khdc nhau véi hai
ddu vao (x), X,). Néu muén cé ham légic cd s6 ddu vao 16n hon 1a ba (x,, x,, x,) hay
bén (x], x5, X3, X4} ta phai dung cdc mach MUX cd ddu vao digu khién 1a 3 (A, B,C) hay
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1a 4 (A, B, C, D), ching déu 1a cdc mach MUX da duge ché tao sin, rét dé dang si dung
theo phuong phdp thyuc hién d& dudc chi ra & trén.

Nhung néu v6i yéu cu tao ra ham logic v6i lugng ddu vao rft 16n va quan hé phic
tap bt ky, thl cdch thuc hi¢n khong cdn don gidn nhu vdy nita, ma phai thuc hién theo
- phuong phdp t6 hop cde mach MUX co ban o6 sin lai véi nhau. Cach lam cu thé ding
MUX 4 dfiu tac ra ham logic b#t ky cd s6 lugng dfiu vao 16n hon véi quan hé todn hoc
bét ky duge minh heoa nhu sau.

Vi dy : Thyc hién ham logic v6i chdc nang theo ham 4 bién sau :
f(xl,XZ,X3,X4) = ;('1 12i3i4 + ;(‘IX2X3X4 + xl§2§3§4 + x1§2x3x4
Ham 4 bién nay ta cd th€ hoan toan cd th€ dung cdc mach 1dgic co ban hay diung
MUX 4 du diéu khi&n (A, B, C,D) thuc hién d& dang. Nhung néu ta thuc hién ham s6

do ding MUX 2 ddu vao didu khién (A, B) theo phudng phdp t8 hop, thi mach dién cia
ng dw;!c_ tac ra theo cdch nhu sau :

Trudc hét ta bign d8i ham s6 cln tzo ra nhu sau :
f(xl,xZ,X3,X4) = ile§3i4 + i1x2x3x4 + xlizi-_,,;(“ + X1§2X3X4 =
= (X% + XX%) . (X3%X, + %3%,) =Y

Méi mot ngosc don cla ham s8 ta diing m6t mach MUX 4 ddu vao I, + 13)‘th1.1c
hign, sau dd¢ t6 hogp ching lai 58 tao ra duge ham logic da cho. Mach dién cu thé dugc
minh hoa trén hinh 5.124. '

3
L 1
] M w
=—a
+E U —
z X Y S
77 I
4 M
s % U Yo FOX, X0 X5 Ky)
—
g X
b
B 2
Tl
P Hinh 5.124. T hop MUX tao ham
Pt o ~ logic I6n hon.

V6i cdch lam tuong ty ta cd thé t8 hop (thye hign) duge cdc ham logic bit ky bing
td hgp cdc mach MUX di duge ch& tao sin.
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5.7.2. CHUC NANG DON KENH HAY PHAN DUONG DUNG MUX

D4y 12 mét trong nhitng chidc nang quan trong ma mach MUX o6 thé thuc hién
duge. Chic nang dén kénh, ghép kénh hay chic nang phan dudng (phan ludng) tin hiéu
thuc chédt chi 1a mot, vi mach phéan dudng chinh | mach dén keénh dac bist, khi ta dén
kénh t& ddu dén cudi (toan bd tin hiéu cta mot kénh) duge truyén dén cudi (toan bo tin
hiéu cla mat kénh) dugc truyén dén ddu ra Y. D&i voi chic ndng dén kénh hay phan
dudng thi edc ddu vao (I; + 1) 1a dudng tin hieu vao, thong thudng nd cd the ly tir do
ghi dich, tin hiéu hinh hay tin hiéu thoai & dang (0, 1) d6 chinh 1a céc thué bao duge
truyén dén, hay bAt ky mot tin hiéu dich truyén theo thoi gian ndo dugc dua vao cac
dau vao (I, + I). Con dfu vao didu khién (A + N) d6 1a cac dau chon, ndé cho phép
chon bit théng tin nao & cac dfu vao I duge truyén téi ddu ra Y, tit dd cho phép ta tao
duge mft kénh thong tin méi, d6 chinh la chdc néng dén kénh. Cing t chic nang nay
cho phép ta chuyén mét tin hiéu song song thanh mét-tin hisu ndi tiép, dd la diéu rat
quan trong trong truyén thdng tin s8. Cho phép thuc hién chuyén t4t cA cdc kénh théng
tin vao song song thanh mot kénh théng tin néi ti€p truyén vao mot duting truyén théng
tin chung dé 1a cap quang. Qué trinh thuc hién dén kénh tao ra mét kénh théng tin
rieng nh& dau vao diéu khién (A + N) duge minh hoa trén hinh 5.125 bing mach MUX
4 dau vao song song (I, + Iy).

F I \Zi
L 1 It la o9 a

E I,
1 ] ] CZZA . o - M v g £ 5
H 1 u o1 06 11
A 1 I Lo oi... X AB AB AB
L win L 1 013 = 'l Io \l\s
— A O
ﬂ E I
A B A, o al M v E F ©
e
a) H A v o1 00 11
X AB AB AR
G I’

b) Hﬂﬁ

Hinh 5.125. Ung duyng MUX d€ a0 mot keénh {in hiéu.

Kénh théng tin riéng (EFG) thudng duge ching ta du kién trude, dua vio nguyén
ly cia mach MUX c6 thé dung d4u vao didu khién (A, B) d€ chon 14y tin hiéu thich hop
ti cdc ddu vao song song (I, + I,) truyén téi ddu ra Y d€ tao nén médt kénh truyén hay
moét tin hiéu truyén riéng cdn thiét theo y cha ta. Thong thudng tin hidu dén cac diu
vao (I + I3) cd th& xudt hién nglu nhién theo thoi glan (hinh 5.125,a) va ta cd thé
dung ddu vao diéu khign (A, B) d€ tao ra tin hiéu kénh truyén thich hop (E F G), cdn
trudng hgp tin hiéu vio trén cdc ddu vao {I; + I3) xudt hién déng thdi, khi dd cang cg
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thé dya vao ddu vao diéu khién (A, B) dé cho tin higu vao duge l4n lugt truyén téi ddu
ra Y theo yéu cAu (E F G) ma ta dy kién truéc (hinh 5.125,b). Céch thue hién djéu
khi€n nhu vy cho phép ta tao ra tin hidu néi tiép tit cdc tin hiéu vao song song, cling
tit kha nang di€u khi€n mach MUX nhu vay cho ching ta khi nang tng dung ctia nd
rit phong phi trong thuc t&.

Ung dung nhigu nhét cia MUX 1a trong mdy vi tinh. Khi doc quét bd nhg, d€
truyén va hi€n thi b nhé n man hinh médy vi tinh cling ¢d thé ding MUX. Trong
truyén hinh s6 khi ta muén tao ra cdc k§ xa0 hinh anh, hay thuc hien ghép kénh dong
truyén tai eia truyén hinh s6 qua mang cap. Khi tin hiéu hinh ta thu duge tit nhiéu
nguén khac nhau. Chiing cén phai tao thanh mét dudng tin hiéu, thanh mét dong truyén
tai d&€ truyén vio dudng cdp quang ta phai st dung mach MUX.

Trong t6ng dai mach MUX ciing duge sit dyng rdt nhiéu, tham chi khong thé thisu
dugc khi xay dung téng dai. Dung MUX cho phép ta thuc hién viee ghép kénh d€ tang
toc do truyén, ting khd néng hoat dong ciia tuyén cip quang. Tét ci cidc thué bao céc
loai tin hiéu dugc dua vao t6ng dai déu dvoc dén kénh, tao ra mot tin hiéu duy nhét
truyén vao soi cdp quang néi giita cdc thanh phd hay cde quéc gia. Qua dé ching ta
thdy ing dung cia mach MUX la rét 16n va rit quan trong trong cudc séng cia con
ngudi.

Chdic nang phan dudng ding MUX, day la chdc nang don gian nhit va dé hisu
nhit cia mach MUX. Chdc nang phan dudng ciing chi 14 mét dang dac biét cua chic
nang dén kénh ma théi, vl phan dudng chinh 1a chie nang dén kénh nhung dén kénh
td ddu dén cudi hay cho di qua toan bo thong tin xudt hién trén mét ddu vao I, dudi
su diéu hanh cho qua cta tin hiéu diéu khién (A + N). Minh hoa hoat déng cia MUX
trong chdc nang phan dudng dude chi ra trén hinh 5.126.
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Hinh 5.126. Ding MUX cho mot dudng thong tin truydn qua.
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§5.8. BO PHAN KENH DEMUX

Mach DEMUX la mét mach diic biét duge tao ra tit sy k&t hgp gita bo gidi ma, bo
dém. Nhiém vu chinh ctia mach la phan kénh (tach kénh), hay tif mét tin higéu chung
phén kénh truyén tdi mét ddu ra theo y&u cdu dua vao tin hidu didu khi€n. Chéc nang
clia mach DEMUX dugc chi ra trén hinh 5.127.

S (Enatle) ! . =%
= v, (000--0) .
Uva_a *-— };
s =% (000-1)
B . :
Yo [ N
O—am M * - 'n
Data ’ &)
Y
X . %)
L s Y, (177.--1) 4
Data . 'Ur‘ﬂ’
N A L oy
g"-_ﬂ_l .
Bau vao &1l khidh U
Bé dém [e—a o
d) c) dém

Hinh 5.127. Chilc nang cia bd phin kénh DEMUX.

Mach MEMUX cé mét ddu vao Uy, (s6 liéu) hay cdc tin hiéu truyén dén, cd n déu
vao diéu khi€én (A + N) tuong Ung sé c6 2" ddu ra Yy Yy, -y Y

Mach DEMUX hoat déng giSng nhu mét chuyén mach co khi hinh 5.127b, ti&p
diém lan lugt ti€p xic vdi cdc dfu ra Y, Khi ti€p di€m cham vao ddu ra nao thi tin
hieu vao (V ,, hay Data) s& duogc truyén t6i ddu ra dé. Trén hinh 5.128 la mach dién
nguyén ly cta DEMUX.

Nguyén ly lam vigc cia DEMUX gifng nhu ctia bd gidi ma. Khi cho S = 0 thi
mach hoat déng binh thudng néu ta cho d&u didu khi€n ( AB = 1 0) thi ddu ra A va
B 6 thé cao ing vdi muc légic 1, khi d6 tin hidu vao (V,,) sé duge truyén téi ddu ra
Y, tuong Ung, cdn cdc ddu ra khac cdc mach Va s& khéng lam viée nén khong o6 tin
hiéu ra.

Nhy vay chi cén cho tin hiéu diéu khi&n vao ddu vao (A, B) sé cho phép truyén tin
hi¢u ra § ddu ra tuong @ng, diéu nay r4t tién lgi khi diu khign tin hiéu nhan duoc
truyén tdi tiing thué bao theo sy didu khign. O day (A, B) la cdc trigo cd thé ldy tif cdc
mach dién nhu thanh ghi, b¢ ghi dich, by téng v.v... Nhung néu cac trige (A, B) ta td
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Hinh 5.128. So dd nguyén ly cia mach DEMUX 4 diu ra.

hop thanh mot bo dém nhi phan tang din, sau dd cho thuc hién d&m tit (AB = 00) dén
AB = 11), tin higu diéu khi€n d6 s& lam cho tin hiéu vao xu&t hién & dau ra tir Y, dén
Y3 mot cich 14n lugt. Hoat dong d6 cda mach DEMUX hoan toan gifng hoat déng cua
chuyén mach co khi hinh 5.128b. Tit dé tit cé thé goi mach DEMUX la chuyén mach
dién t¥. Chuyn mach dién ti hon hin chuy&n mach co khi 13 ¢6 thé thye hién chuyén
mach v6i téc d rit cao hang trieu 14n chuy€n d6i trong mot giay, diéu ma chuyén mach
co khi hodn toan khéng thé lam duge. Déng thdi chuyén mach dien ta khong cd tiép xic
co khi nén khéng tac ra tia lUa dién gay nhidu cho mach, va cd the chuyén mach véi
hoat dong ngdu nhién ti€p xdc theo diéu khi€n, ma khéng cin phai lan lugt nhu chuyén

mach co khi.
D
) £
¥ Iy,
(data) y
X

i

!

o

{datal

!

MO

_:-.Ya
o
E o
M
U —
X
I ——a-\";
i
};
D
E +——=
M
u ———
X
— %

Hinh 5.129. Tang s6 luong dau ra.
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Ung dung ciia mach DEMUX cing rét phong phi, nhung chi y&u ding trong ddu
ra cia téng dai. Chuyén mach dién t&t MUX va DEMUX 13 hai chuyén mach co ban
thiét yéu cia t8ng dai, tit khau nhén tin hiéu v3o cho t&i phan phéi tin hidu & ddu ra,
ma khong mot tdng dai nao khong cd ching, dd 1a dng dung quan trong trong cude séng
ctia hai mach nay. '

Mach DEMUX cing duge san xu&t theo tidu chufn vdi s6 lugng d4u ra hitu han.

Vay muln tang s8 lugng ddu ra clia mach DEMUX chiing ta c6 th& thue hién theo hinh
5.129,

§5.9. BO TONG

Bo t6ng 12 mét mach dién thuc hién phép toan céng nhi phén cia hai con s6 nhi
phén A va B, nd 12 mét mach dién thuc hién moét phép todn s6 hoc théng thudng, ds la
phép todn edng (cing nhu phép todn trif), ma tit dd cd thé thyc hién duge cdc phép
todn nhan va chia. Diéu dd cho phép ching ta xay dung dugc bd &6 hoc ALU
(Arithmetic Logic Unit) trong mdy tinh s8. B t6ng cGng lién hé rdt chit ché v8i c4c he
théng s6 va la thanh phén khong thé thi6u trong cfu tao clia cdc bd vi xi Iy uP.

Mudn x4y dung duge mach dién ching ta nhéc lai thao tdc chinh ctia mot phép
cong nhi phén cd hai con s8 A va B :

A=(a,,3,,, ..,8,8)
B = (bn’bn—l""’b2=bl)
Phép todn céng cua ching duge thyc hién 13 :
(a,,a ay,4a;) a a a a 1114
A ER it R R R R | 4] n—1 --* 1 1011
+ + + + +

"B (bnsbp-y, o ybyuby) " by by e by bt gqgg
C.= (cn’cn-—l”"’c2’01)= .C]'I C]'l_l - 02 Cl 11010

Do A va B 1a cdc s8 nhi phan nén a€ (0, 1) vad be (0, 1), khi cong 12 cong ting
cHt s6 kém theo s8 nha.

Trudc hét ta xét tdi cot t6ng ddu tién (a; + b;). Day 12 mot cot cOng khéng binh
thuding, va né 12 mdt cot cong dac biét, vl d6 1a cot téng dfu tién cha hai s6 nhi phan.
Do 14 cdt cOng ddu tién cta hai s6 nhi phan nén d6 1a mét cot t8ng chua "hoan chinh",
vi nd khong o6 s6 nhé tit cot bén canh dua sang. Chinh V1 vAy né la ot cong hai s6
nhi phan khéng cd nhd, 1a mét quan hé cong chua hoan chinh nén duge goi la "ban
téng". Hién tugng nay chi cd & cot cong ddu tién.

5.9.1. BO BAN TONG

B6 ban t8ng ¢ bang chitc néng vA mach dién duge chi ra trén hinh 5.130.
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térg

b)

Su)
)

c)

Hinh 5.130, B6 ban 16ng,

B¢ béan tng cd hai dfu vao (a;, b)) dd 1A gia tri nhi phan & cot ddu tién cia phép
todn efng, cung v6i hai ddu ra (¢, va p)), ¢ diy c, 1a diu ra cho k&t qua tng cia cbt
ddu tién va p, la ddu ra nhé (carry) diung d€ chuy&n gis tri nhé (chuyén) ctia cot déu

tién sang cft cong bén canh (a, va by).

Bat déu ti cot tdng hai s6 (a,, b,) cho tdi cot cong clha cap s6 cufi cing (a,, b)),
cdc cot s6 cia by téng con duge cOng thém gid tri cla s6 nhd co dude tit cot bén trudc
dd chuyén sang. Dén lGc nay b tdng cd ddy du cdc gid tri dua vao (cac tin hidu vao)

cho nén duge goi 14 b6 t6ng hay toan tfng,

5.9.2. BO TOGNG MOT COT SO BAT KY

a | by Ipig| & | Pi
0l o] 0| 0|0 i 2
0] o0} 1 1|0 —
0 (1101 ] 0 b; Bé
S| 1 0 | 1 ' tohg
1Liotol 1] o0 Pi_t | &
1701101
1 1100 |1
1 1 1 1 1 b)

a)

G = aibi Py +ab Py +ab Py +ab Py
Pi = aPi- + b, P +ab,

"Hinh 5.131. Bo téng mot cot s6.
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Bo t8ng & cot s8 b&t ky ddy di bao gdm cd ba ddu tin hidu vao dd la : cac gia tri
s6 liéu cln cdng (a; va b)) va moét ddu tln hiéu vao dng voi gid tri nhd cla cot s6 trude
dé chuy&n sang (p.;). CS hai ddu ra ¢; cho két qua téng va p, 1a s6 nhd cta cot dd

chuy&n tdi cét tiép theo. Bang chic nang va so d6 nguyén ly cia bd tdng duge chi ra
trén hinh 5.131.

Sau khi ¢d duge mach dién cda bd téng va bd ban téng chiing ta cd th€ xay dung
mach dién cho m¢t bé t8ng cta hai con s6 nhi phan (A, B) véi d6 dai cia con s& hay s8
lugng cdt s 1a bat ky. Do mach dién clia bd téng dung todn mach t8 hop néu cd thé goi
la bd téng lidn hgp hay bd céng.

5.9.3. BO CONG SONG SONG NHIEU BIT
Dua vao mach dién cla bd téng va bdn téng cd thé x4y dung dugc mach dién thuc
hién chic ndng t8ng va cho ra k&t qui tdng cla hai con s8 nhi phan (A, B).
A= (a, a,—, --. , 83, a;)
B = (by, by, ... 4 by, by)

Mach dign ciia bd coéng song song nhiu bit cla hai con s6 nhi phan (A, B) dugc mé
tad trén hinh 5.132.

G <G C < <
a.l'

2

Térg

a‘DT

-
ban
B

Hinh 5132, Mach dién b0 cOng nhidu bit.

Sau khi ¢6 mach dién cia bd tdng viéc tinh todn két qui cdng cha hai s nhi phan
bat ky (A va B} rdt don gidn, vi ta chi cln cho s6 nhi phan clia con s6 A vao cic dfu
vao a; tudng dng vA cho s6 nhi phin ctia con s6 B vao cde ddu b; (1 < i < n) tuong
ing trong bd cdng, ngay sau dd ta s& nhan duge k&t qua téng cha hai ¢8 (A, B) trén céce
ddu ra tit (C, t6i C) :

+ (an- aAn—1, -+ -,82, al)
{(bnybp_p. -y buby)
= (Cn’cn_l’--.,czjcl)

o

+

ol

Cé mét didu e¢dn luu ¥ 1a 3 cbt cudi cing (a, + b)) néu cd s6 nhd hay k&t qua tdng
tran 6, khi dd trén ddu nhé tuong ding (p,) sé xudt hién tin hiéu nhd sang coét bén canh.
O cot bén canh d6 s& e mot trigo ghi gitt lai két qua tran & cubi clng tng voi cdt téng

378



thit n. Trigo cudi ciing d6 cd thé 1a trigo dfu ctia k&t qua téng hay ghi giit bit cudi cia
két qua téng. D6 dai cta con s& nhi phan A va B tuong Ung vdi cic mach tdng va bdn
téng duge st dung.

Trong thyc t& gid tri cia con s6 nhi phan A va con s6 nhi phan B ta cd thé 14y ra
tit mgt 6 nhé hay mot thanh ghi 3 liu, Don gidn hon 14 ta cd thé ty tao ra gid tri s8
nhi phan A cing nhu B qua b phim b&m. Khi ta b&m phim mét 6, qua bd tac ma, ddu
ra ctia bd tac mi s& cho ra s6 nhi phan tuong dng cia s6 A eling nhu clia con s6 B cén
thue hién cfng, tin higu d6 s& duge dua vao céc cot s6 a; va b; cua bo téng va diu ra
c; s€ cho ra két qud cudi cing. Nhu viy cdc ddu ra tit (c, d&n c) ta cho chung di tiép
qua bd gidi ma 7 thanh, thi k&t qua téng d6 s& duge cho ra dudi dang con s8 cia co
dém 10. K&t qua 14 ta cho vao hai con s6 A vaA B tif ban phim, s& nhan duge két qua
tdng clha ching ngay sau d6 bing con s6 dugc chi thi dugi dang ¢ dém 10. D6 1a thao
tdc don gidn cong hai s§ & mdy tinh nhé b&m bing tay ma ta vén sit dung. Muén thye
hién céng duge con s§ 16n cd nhidu cot s6, ta cd thé dung ma (2 - 10) d€ lap rdp ra
mach thye hién, nguyén ly cach thuc hién da duge néu ra & phdn ma. .

D& thu duge két qua céng cla hai s6 nhi phan A va B ngodi phuong phdp diung
mach t8 hyp, ching ta cén cd cdch khac nita la sit dung phén ti nhd (cac trige) d€ xay
dung bg tdng, Cach thuc hién ciing r&t don gian, vi ta bist s6 qud trinh d€m véi két qua
cdng 14 mét. Mubn thyc hién dudc két qud tdng cda hai s6 nhij phan A va B, ta chi cdn
cho vao "boé d&€m A" gia tri cua con 36 A cén phai cong, réi cho vao "b8 dém B" gia tri
cua con s6 B. Sau dé "bo dém A" thi ta thuc hién dé:m tdng (d&m cdng) con "bd d&m B
thi thue hién d&m giam (dém trir). M&i 14n "b6 d&m B" gidm di mot gia tri thi "bé d&m
A" lai d&m ting (cong thém) mdt gia tri. Qua trinh d6 et thyc hién mai cho dén khi "bd
dém B" cho két qua 1a zero (khong cén gi) thi ding qua trinh dém. Khi d6 ket qua dém
duge luu lai trén ’bo dém A’ 36 la k&t qua téng cta hai con s8 nhi phan A va B, Day
la bd tdng tich liy.

Bo t8ng cd thé thuc hién bing nhi6u cdch va o thé l4p rap bang mach dién d&
thuc hién,

§5.10. BO TRU

B¢ trd hay mach dién thuc hién phép toan trit gita hai s8 nhi phan thuc hién cling
don gidn, ¢ nhidu cich lAm va cach thue hién khac nhau. C6 th& dung bd tdng d&€ tao
ra bd trit théng qua ma bi, cling cd th€ thuc hién phép toan hitu thdéng qua cac bd
d&m. Cing nhut ¢¢ thé l4p rdp mach dién thuc hién chic ndng hién theo bang chan ly
chi ra trén hinh 5.133.

Céach xay dung mach clia bd trit hoadn toan gidng nhu cich xay dung mach cho bd
tong, chi cd mot didu luu ¥ 1a tin hidu P, & b6 tSng d6 1a tin hiéu nhé 1 sang c6t s6 bén
canh, con trong bg tri thi tin hiéu P, & chinh 1a tin hidu tra lai 1 cho c6t bén canh néu
sd bi trif nhd qué ma ta phai "vay" theo nguyén Iy lam phép todn trit, T dd ta cd thé
lap rdp ra mach dién thuc hién pheép todn trit véi do dai bit s6 1a bAt ky.
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Hinh 5.133. Bang that cia phép hicu.
§5.11. BO CHUYEN MA

Bd chuyén ma 1a mdt mach dién duge st dung khong nhiéu va it phd bién trong hé
théng s6 : chiing duge dung khi phai chuyén di m4d may hay ma nhi phan b4t ky thanh
ma nhi phin quen thudc, didu nay cho phép cdc nha ky thult tac ra cdc mach thyc hién
quan hé tuong thich trong ciac hé th6ng mdy tinh cdng nhu trong hé théng s6. Nhiém
vu cia bd chuyén ma 12 chuyfn d6i tir moét ma nhi phéin nay thanh mdt ma nhi phan
khdc. Nhiém vu ctia bd chuyén dfi ma duge chi ra trén hinh 5.134.

Y O] — Ura
ldmegr md o BS A cho rald md!
nhi phdn chuyéh mé ma nhi phé'{?
rngo Jdo 0_;_.___‘ . cdr co

Hinh 5.134. B0 chuyén mi nhi phan

Ta cdn luu ¥ 1a bd chuyé’n mé hoan toan khic bd gidi méa, & chd la ho chuyén ma
thuc hién chuy&n déi tit b6 ma nhi phan nay thanh mot b0 ma nhi phan khic. DAu vao
la mét tin hiéu quan hé nhi phan va dfu ra cing 4 mot tin hiéu quan hé nhi phan.

Trong phin mi hda ching ta cing di noi t8i cic loai mid nhu ma BCD, ma Gray,
ma thita 3, ma thita 3 Gray v.v... D6 14 cac bdé mi ding trong mdy ma do con
ngudi tao ra quy udc ngay tit ddu. Do cd nhidu loai ma ding trong mdy tinh cing nhy
trong hé théng s8 nhu vay, tit d6 ndy ra nhiém vy chuyén ddi giita cac loai ma dd sang
nhau nhy : ' m& BCD thanh ma Gray

ma BCD thanh mi thta 3
md Gray thanh ma BCD
ma thita 3 thanh ma BCD.
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Tt dd cd th& hi€u bd chuyén ma cd thé chuyén ddi rdt nhiéu cdc loai ma khac
nhau thanh cic loai ma cdn thiét. Day 14 mét chic ning cd th€ diing trong nhiéu linh
vye ky thuat khde nhau.

Vi du : Xay dung bd chuyén ma t¥ ma Gray ba bit thanh ma BCD thong thudng.
Chic nang cia bd chuyén dfi d6 duge minh hpa trén hinh 5.135,

r

Uvd' O ——
U
Md O] ile) )
fed :AT —~ ~ f A
Grdy chuyéh mg Md nhi phan
g (BCD)
O—=] I
a)
Ma Gray Ma nhi phan
g3 &2 &y ' b3 b2 b]
0 0 0 0 0 0
g [1] i g [1) % Hinh 5.135. Bo chuyén d6i
0 1 ] 0 1 1 ma Gray thinh mi BCD.
1 1 0 1 0 0
1 1 1 1 0 1
1 0 1 1 1 0
1 0 0 1 1 1

b
Cach thigt k& bs chuyén ma ti ma Gray 3 bit thanh ma nhi phan (BCD) nhu sau.
T& bang chan ly thé hién quan hé chuyén déi giita hai loai ma nhi phén ta 4nh xa vao
bia Kdcnd dé tim quan hé cla tdng ddu ra (by, by, b)) theo cdc tin hisu vao la (g3 &
g1), két qua cta budc anh xa vao bla Kdeno duge thé hi¢n trén hinh 5.136.
b _ ()
8283 8283 %% 8283
g\ 0 01 11 10 BN, 00 01/11 19 BN 00 01 11 10

0 [I_ﬂ 0 m 1 0 1| 1
1 u,__lJ 1 LIJ 1 1 | A\ 1
//a) b} e)

by = g3 b, = geat g by =g mes+8iget
tei &g tg e

Hinh 5.136. K&t qud 4nh xa vac bia Kécno.
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Sau khi d4nh xa bang chan ly b6 chuyén m& ba bit vio bla Kécné, thu duge he
phuong trinh ddp dng ra (b;, by, b)) theo cic tin hidu vao (g3, g,, g) 1a :

by = g
by = g3+ 88
by = g tei s ta Sttt 8858

Dya vao hé phuong trinh thu duge ta ¢d mach dién nguyén ly cia b chuyén mé ba
bit cia Gray sang ma (ABC) dugc thé hién trén hinhk 5.137.
by

D>

“i
1
Ty

f

Md g 8¢
Gray ¢ chuyén md 8co

£

a)

S"b‘

f
:
Cor T

b)
% 4 %
Hinh 5.137. B0 chuyén ma 3 bil ma Gray thanh m3 BCD.

V6i cach 1am tuong ty od thé xay dung duge b¢ chuyén mi tit ma Gray thanh ma
(BCD) véi sd lugng bit thoéng tin 16n hon. Déng thoi v6i cdch lam nhu vay ta cd thé xay
dung va tao nén bd chuyén dfi ma tit mot ma b4t k¥ nay thanh mét ma céin thiét khic
theo yéu cdu k¥ thuit.
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Chuong VI
TONG HOP HE THONG SO DUNG VI DIEN TU

.

Xay dung mot hé théng s6 bao gém hai buéc chinh, budc thd nh4t 12 téng hop
logic, budc nay chi lién quan dén chic néng va khia canh logic cia hé théng s8, tiép
theo dén buéc thd hai 1a t8ng hgp mach lap mach dign, lién quan téi thuc hién dién tu
chic nang l6gic di dua ra. Cée chuong trinh bay & phén trén da phan tich k¥ khia canh
16gic cta bai toan (cda chic nang), va so d6 nguyén Iy cia mot Stdmat cd nhé, trén co
s¥ cdc mach trigo cing nhu cdc mach logic két néi ching lai d€ thuc hién chdc nang.
Bugc ti€p theo trong qud trinh t8ng hop he théng s6 14 l4p rd4p mach dién. Tin higu
dién, thoi gian tré dién tit khi hoat dong, cong sut, tai, tdn s6 hoat dong 1a cac tham sg
co ban, dd 1a chi tieu k¢ thust hoat dong cia hé théng s6 trong thuc t& Khi 14p mach

trong thuc t& ding IC d€ thuc hién 6tdmat cd nhg, phéi than trong d€ khong x4y ra su
c8 héng IC.

§6.1. GIOI THIEU CHUNG VE MACH VI BIEN TU SO

Céac chic nang logic cing nhu cdc otdmat ¢S nhé déu cd thé lAp rap mach bAng
linh kién rti. Nhung do su phat trén rat manh cia ky thuat vi dién ta ciing nhu cong
nghé ché& tao IC nén qua trinh téng hop l4p rdp cdc mach s6 va cac hé thdng s6 cd
nhiéu thay ddi co ban. Dén nay ngudi thist ke mach khong phai ty x4y dung l4p rép cac
mach 16gic co ban nita bdi vi chéng da duge xay dung va ch€ tao sdn dudi dang mach
IC hay cdc mach dién modul. Thyc hién mach dién cho hé théng s6 dung IC dé dang
hon, don gidn hon, d§ tin ciy cao hon, kich thudec nhd hon va duge nhitng chic nang

16n hon hay rdt 16n véi gid thanh ha. Trong chuong nay gi6i thiéu mét s6 mach vi dién
ti co ban. .

6.1.1. MACH Vi DIEN TU VA PHAN LOAI

Viée phan loai IC 1a cn thiét vi cho ta biét cdc tinh ch&t so bo ctia mét mach IC
cing nhu tén goi cta nd. Do ky thuat san xust IC ngay cang phat tri€n nén ngudi ta cd
xu huéng xay dung ludn ca loai vi dién ti va& mach td hap hay céc khéi chdc nang trong
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mét vo (chip). Cho nén cd thé€ coi phdn chu y&u cta mach vi dién t& la IC. Mach t8 hop
IC duge xay dung bing cach trén mot d€ tinh thé ban din o vai mm? tao ra rft nhiéu
cdac phéan tlif mach dién khéc nhau. D€ phin loai mach IC ngudi ta ¢6 nhiéu tiéu chi hay
quan di€m khédc nhau.

6.1.1.1. Phian loai IC sb theo cong nghé ché tao

Dé ch& tao ra mét mach IC hién nay ngudi ta cd hai loai chinh 13 cong nghé ban
din chuyén ti€p PN va cong nghé bian din trudng duge ché tao theo céng nghé MOS
(Metal - Oxide — Semiconductor). Dung cong nghé ban din chuy&n tiép PN ngudi ta ché
tao ra duoe cdc IC ban dén IthOng thudng, v6i loai IC nay cd dic di€m la diéﬁ ap ngudn
cung cdp thudng nhé (V. = +5 von), néu dién dp cung cdp 16n sé dé bj danh thing. Do
nguén cung cfip nhé nén IC loai nay kha nang tai khéng cao.

Cong nghé MOS ch& tao ra cac IC s6 cd thé chiu duge dién 4p cung clp cao téi
hang chuc von, trd khdng vao cta mach dién cuc ky cao cho nén kha ning tii cta loai
IC s6 dung céng nghé MOS la ré&t 16n (do dong dién vao cta mach rdt nho). Nhung do
ddu vac (cuc G) eda mach c¢d chdt dién moéi SiO, day chua dén 1 um céich dién, tao ra
mot dién dung ky sinh. Dién tich trén dién dung vio cd thé€ luu trit rdt lau (khéng tiéu
tdn dugce) do dién trd vao qud 1dn. Didu dd cd Igi khi diing hién tugng dd d€ luwu gii
thong tin, nhung do khéng tiéu tdn duge dién tich nén dién tich § trén dién dung cyc
clfa ngay cang lon, tich tu ca dién tich khong gian vao, tit dd sinh ra dién ap cac & cuc
céng, né cd th€ danh thung 10p dién moi 8i0; va lam hoéng tranzitor trudng. Nhu vay
tranzitor MOS hoan toan cd thé ty hong mic o
du khong sit dung. Qua d¢ phai chd ¥ khi bao
quan 1C loai MOS, phai c6 dé cim trung hoa
dién tich & cdc chan IC.

D€ tranh sy c¢cd ty danh thdang cla
tranzitor trudng do hién tugng tich dién d cuc _ S
ctta ((G) ngudi ta ché tac thém mach bao vé néi
véio chdn vi mach, hinh 6.1 mink hoa céch bao
vé dad.

’

Hinh 6.1. Mach bao v& cyc cbng G.

O déu vao ngudi ta mic thém mot diot Zene D. Né&u dién 4p tinh dién d cye G tich
lai 16n qua thi didt Zene D s& bi danh thdng, tao dudng thoat cho céc dign tich & cuc
cita G, lam cho l8p cdach dién silic SiO, khong bi ddnh thang.

6.1.1.2. Phéan loai theo muc d¢ tdp trung cdc phin b trong mdt vi

Nhu da bist mdi mét con IC khi sdn xudt ¢d chida trong nd s6 lugng phin tit khac
nhau, tif dd dya vao s6 lugng cAc phén tlf chia trong mét vé IC (chip) ngudi ta phan
chia ching thanh cac 1dp khic nhau,

Mach vi dién td ¢& nhd SSI (Small Scale Integration) ¢ hang tram phén ¥, mach
cd 16n LSI (Large Scale Integration) cd ¢ hiang ngan phdn tit, mach ed cdc én VLSI
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(Very Large Scale Integration) c3 hang chuc ngan phdn t¥, mach c& siéu 16n VVLSI
(Very Very Large Scale Integration) hay ELSI (Extra Large Scale Integration) c vai
tram ngan phdn ti trong mot vo (chip) IC.

6.1.1.3. Phan logi theo chitc ndng siv dung

Loai DIC (digital) 1a loai IC s6, 1am vige v6i hai mic tin hiéu dian, guan hé giita
ddu vao va dfu ra ]a quan hé logic r&i rac. Ching thuong duge diang d€ lip rip x4y
dung nén cgc hé théng s6.

Leai AIC (Analog) 1A loai IC tuang tu, 1Am viée véi tin hiéu vao bién d8i lién tuc
theo thdi gian. Quan he gilta ddu vao va ddu ra 1a quan hé lién tuc cta dién ap. Loai IC
tuong tu thudng dugc ding trong dai, trong bd khuéch dai ampli, trong mach TV ...

Loat IC bién d6i tuong tu sang 8 (A/D), hay chuyén tit tin hiéu s6 thanh tin hiéu
tugng ty (D/A). Loai mach nay dugc dung d€ ph6i ghép giita hai hé théng tin hisdu dién
td gita s6 (Digital) va tuong ty (Analog).

Trong ph&n nay chi yéu di sfu vao céch st dung loai DIC (Digital) d€ xay dung
nén cac hé thdng s6, day 1a mach IC dugdc ché tao theo loai TTL (tranzitor, tranzitor
logic).

6.1.14. Phin logi theo hing sdn xuit

Mot mach IC cd cing chic nang nhung c6 th€ do nhiéu hang cling san xudt. Do d¢
cing cd thé dua vao hang san xuit d€ phan loai IC, cling nhu d& danh gid ch4t lugng
cha mot hé théng s khi ta tiép xdc. Trén th& gidi cd nhirng hang 14n chuyén sén xuit
IC nhu sau, méi mot hang ed ky hisu chit rieng cho con IC cia minh sin xust,

Texas Instruments — SN °~ SN 7400

SN 54/74
Motorola - MTRL, MC MC 7400
N;J.tional - IPC [PC 7400

IPC 8200
Siemens - FL FL 7400
Philips —~ FJ FJ 7400
CEMI (Balan) - UCY UCY 7400

Qua do ta hi€u 1a ky hiéu chit dugc in trén con IC la ky hidu cua hing sin xuft,
con con s6 ding sau la quy wdc quéc t& chic nang cda con IC d6 vi du :

SN 7400 1a mach NAND do hang Texas Instruments cia My ché tao
FL 7400 la mach NAND do hang Siemens ctia Ddc ch& tao.
Ngodi cdc ky hiéu chinh la hang san xuft va chic .nang cia con IC d6, ngudi ta
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oon cd thé cd thém céc ky higu khéc d€ chi cong nghé ché& tao, dai nhiét do cho phép,
cich dong vé con IC... duge minh hoa nhu sau :

Vidu: SN T 7400 E D

# j’ 1* Vé si ding 2 hang chan
(-40 + 85 dai nhiet do
Chic nang NAND

Loai TTL

Hang Texas My san xuit

T4t cA cAc ky hiéu vé tén hang sin xudt, chl titu ky thuat ciia cde con IC da san
xufit ludn duge ghi r6 trong edc s6 tay tra citu. Trén cd sd cée ky hiéu d4 néu trén
ching ta o6 th€ ty tim hi€u d€ st dung ching khi xay dyng cdc hé théng s8 cho thich
hgp.

6.1.2. CAC CHi TIEU KY THUAT CUA IC LOAI TTL

Phén nay dua ra céc chi tiéu ky thuat cta mach IC loai TTL (tranzitor tranzitor
logic) 1a loai IC hién dang duge sit dung réng rai nhét trong viéc xAy dung cdc hé théng
s6. Do dd ta cdn tim hi€u va biét chl tiéu ky thuat ctia ching va day 1a loai IC o6 t6c
do hoat dong rdt cao vA gid thanh réd so voi céc loai IC khi4c.

6.1.2.1. Ngudn cung céip Vee = +5V + 5%

Miec dién dp cung cAp yéu cdu +5 von 12 mifc dién ap khéng cao nhung y&u cfu 'do
6n dinh rdt cao. D6 12 yéu cfiu ché€ tao rdt cao khi thiét k& bo ngudn 8n dp cung cdp
cho mdy vi tinh. D¢ 8n dinh cia mach nguén cung cfp phai giéng hét nhu dién dp cua
pin hay clia acquy, vi khéng duge phép cd nhidu cong nghisp theo dudng ngudn cung cp
xuyén vao trong may vi tinh. N&u c6 nhidu cong nghiép lot theo dudng mach ngudn vao
mdy tinh, nd s& lam héng céc théng tin clia méy tinh va lam héng céc di ligu duge ghi
vao mdy (khong gidng nhu TV va dai o6 nhifu ciing khéng anh hudng gi nhidu) d¢ 1a
diéu tai hai cho ngudi s dung mdy tinh, cang nhu d8i véi he théng s6 dung dé diéu
khi€n cée chic ning khac nhau cia hé thdng ty dong 16n. Do dd chi tieu n dinh cua
nguén cung cdp & day duge dua lén hang diu,

6.1.2.2. Mic ldgic
Muc logic 1 dién 4p (24 + 5) von
Mic logic 0 dién &p (0 + 0,4) von.

Diéu kién t6t nhat cia mdc logic 1 dién ap 1a +5 von con mite ldgic 0 lIa O von, vdi
muc dién dp nhu viy chic nang cac mach dién lagic hoat déng rét tin cdy. Nhung do cd
dién dp du khi tranzitor thong ciing nhu dién ap sut trén tai & ddu ra, lam cho mue
logic t6i thi€u cho phép 1a : mic logic 1 1a +2,4 von, con miic logic 0 la +0,4 von, véi
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cdc midc légic nhu viy thi mach 18gic cdn hoat ddng duge. Trudng hop cdc mdc logic
khong théa man gid tri dién ap nhu vay thi mach logic khéng th& hoat dong tin cay

duge nita. V§i gidi dién 4p cia muc 16gic nhu vy ta cd th€ do dac ki€m tra chat lugng
hoat déng cia mach.

6.1.2.3. Tac dong nhanh t ctia mach TTL

Tac dong nhanh cta mach TTL hay 1A quan tinh cla mach duge x4c dinh theo bi€u
d0 thdi gian chi ra trén hinh 6.2,

{ Hinh 6.2. Bitu d®
g thoi gian tré trong mach TTL.

|
}:::f _
=
iy
al

Trong dé6 7, la thyi gian chuyén tit (0 sang 1) cdn thai gian T, 12 thdi gian chuyén
ta (1 v& 0). Tac déng nhanh 7 cia mach duge xdc dinh :

T+

T = 5

Gid tri thai gian tré 7 ctia mach dudc cho trong 6 tay tra cdu. Ta cd th8 dya cha
y&u vao thdi gian tré 7 d€ dinh gid chdt lugng cia mach IC nhu sau. V6i loai IC hoat
dong cuc nhanh 7 < 5 ns, loai nhanh v £ 10 ns, loai hoat déng trung binh 7 khoang (10
+ 100) ns, leai IC tdc dong nhanh cham 7 8 us.

6.1.2.4. Céng sudit to6n hao Pa

Mot con IC loai TTL cong suéit t6n hao khoang P, = (10 + 20) mW. V6i mét con
IC thi cong sudt t6n hao khéng dang k&, nhung néu x4y dung cdc mach dién lén cd mét
do tap trung cla cde IC cao s& lam cho mach bi ndng lén. Chinh vi ¢§ cong sudt tén
hao P, 1am ndng mdy nén cdc mdy tinh cdn cd hé théng quat thong gid va lam ngugi
may. D6 cling 12 mét trong nhing tham s8 k§ thﬁat déng luu tdm khi x4y dung cdc hé
théng s8 dung mach IC.

6.1.2.5. Khd ndng tdi N cua mach

Mé&i mot mach l6gic loai TTL déu cd mot dong didn dbu vao {L;0) vA mot dong dien
cung cdp & ddu ra (I,). Pdu ra mach logic nay lai kich vao ddu vao mach logic tiép
theo, khd néing kich duge bao nhiéu mach ti&p theo chinh la kha nang tai cia mach lagic
loat TTL. Kha nang tai cia mach dude xédc dinh :
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- Iramin
Lo max

Thong thudng moét mach logic loai TTL trong thuc t& chl cé thé c6 kha nang tai
hay kich duge tit 2 dén 3 mach logic tigp theo 1a ciing. Céc phudng phédp ting khi ning
tadi cia mach légic duge minh hoa trén hinh 6.3.

@a Ao >_4._+

N

B o
it e
o
— e
- _*D_H.
= I

—
—_— Ira
O ———a e el
A ) = b
8 o=l
c)

Hinh 6.3. Cic bién phdp tang kha nang tai.

6.1.3. CAC MACH DIEN CUO BAN TRONG IC LOAI TTL

Muén ding mach dién IC d6 x4y dung nén cdc hé théng s6 st dung trong thuc t&
ta phai n6i mach di¢n cho IC, phai cho tin hiéu dién vao va n6i mach tai 1y tin hiéu ra
ti IC. Trong qud trinh lép rap mach dién IC vdi cac linh kién khac & trong mach néu
ta khong ndm vitng mach dién cuy thé€ (ving ddu vao va khu vyc ddu ra) bén trong cia
con IC, thi cd th€ n6i sai hay 1am héng IC ma ta hoan toan khong biét vi sao. D€ tranh
lam héng mach IC, ta cfn bift thém v€ cfu tao vai mach dién co ban thutng hay duge
ding khi ch& tao IC. Khi bi&t dugec cach mAc mach bén trong con IC thi ta ¢ th& chu
dong dua tin hiéu vac va ldy tin hiéu ra ma khong cdn lo IC bi hong nita, vi khi l&p rép
mach dién cd lic phai dung cdc con IC dat tién.

6.1.3.1. Mach dién co bdin hay dwec diung trong con IC logi TTL

Mach dién co ban trong IC loai TTL duge vé& trén hinh 6.4.

Tt sg d6 mach dién dé dang nhan thdy tin hidu vao (V) dua vlo cyc emitd cha
tranzito T; (kh6éng dua vao trigy nhu trong mach khuéch dai) cho nén n&u dua vao dién
ap cao khi T tat (hd ra) toan bs IC khong lam viéc nén IC khéng héng duge. Trudng
hgp khédc U, chdp dét thi T; lai hoat dfng binh thuding vi emito n6i ddt. Qua dé6 ta thdy
tin hiéu dua vao & d4u vao mach IC khé 6 thé lam héng nd (khong gitng nhu & mach
khugch dai cd th€ lam héng mach khi che tin hiéu vio khéng ding).

Ta d€ ¥ tdi khu vuc dfu ra cia mach, thudng ddu ra (V) duge néi voi tai hay b
chi thi. O day ta phai chi y vi viéc néi tai tiép theo ciia IC c6 the lam héng nd. Hien

tugng nhu sau. Ta cd mach chi thj logic 0 va chi thi lagic 1 & ddu ra cia mach dudc vé
trén hinh 6.5.
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Hink 6.5. Mach chi thi diu ra cia IC.
Trudng hop chi thi mic ldgic 1 mach dién nhu hinh 6.5,a thi viée chi thi dung didt
LED méc mach nhu vy mach sé& hoat dong binh thutng, khi U,, = +E s& lam cho dist

ra

chl thi sang lén. Trudng hop nay khong gay hong IC.

Truding hop chi thi logic 0 mach dién méc nhu hinh 6.5,b, chi thi logic 0 1a khi U,
= 0 von thi dén chi thi sang 1én. Khi T, thong (déng mach) lam cho U,, = 0 von, n&u
¢ mach chi thj 'dﬁng dén diod LED ta khong méc néi ti€p thém mot dién trd khoang
300 Q thi c6 thé lam ndng IC hay gy héng IC, vi khi T, théng U, = 0 lam cho di6t
LED phéan cyc thuan cing thong (dong mach) néu khéng cé dién tré han déng 300 Q
thi tré khang & mach chl thi T, théng va dist LED théng sé 1a xfp xI 0 Q, 1am cho
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dong dién chay qua ching s& rdt 16n, hode lam chdy diét LED hoac 1am héng tranzito
T4 Néu tranzito T, héng tuc 1a IC sé bi héng. Hién tugng nhu vAy con cd thé duge goi
la chap tai gy hong IC, vi vy khi l4p mach dién cu thé ta cfin phai luu y t6i trudng
hop nay. N&u phai chi thi myc légic 0 thi phii mic thém mot dién trd 300 O d€ han
ch& dong dién tranh lam héng IC.

Théng thutmg d6i véi IC loai TTL mach vao vA mach dién dfu ra ctia né dugde mic
mach nhu vy. Nhung ciling ¢d th€ ¢6 con IC ddu vio va ddu ra cla nd ngudi ta td chic
theo ki€u khdc. Trong trudng hop nay d€ tranh lam hdng IC ta vin nén tim va biét qgua
vé cfic mach vao ra cia nd, thi ndi mach sé an todn va chi dong hon va khong s¢ bi
chép tai gay héng IC. Cdc mach dién co sd cho cdc loai IC khdc nhau théng thudng déu
dugc chi ra v v& sin trong s tay tra ciu, cic mach dién vao va ra d6 s& dai dien t8
chdc mach cho toan b¢ ddng ho IC duge dua ra trong s tay tra ciu, trude khi l4p mach
cu th€ ta cfin bi€t va nghién ctu k¥ t¥ trude cdc mach nay.

Nhu vay d€ thiét k& va lip rap mach dién thuc t& cho mot hé théng s6, thi ngoai
viéc tim hi€u chdc nang légic clia mach IC s& dung, ngudi ta con phai biét chinh xdc t8
chic cia mach dién dfu vao va dau ra cia con IC dé d€ khéng lam héng IC khi lip
mach thye t&.

6.1.3.2. Cac ki€u mach ra cia IC loai TTL

Mach ra théng thuting nhu da biét cta con IC loai T'TL duge chi ra trén hinh 6.6.a.

Rc Rf:-.fgaﬁ

U

a)

"Hinh 6.6. M¢t vai kidu mach ra cia IC loai TTL.

Loai mach ra binh thudng co tré khing ra thép, nu bi ngin mach ta cd thé gay
hong IC. D€ dam bao an toan hon cho IC khi ta st dung nd, ngudi ta ché ra loai IC
mach ra dang colecto hd nhu trén hinh 6.6b.. Muén st dung duge ]oi_xi IC nay ta phai
mac thém 3 ngoai mét dién trd phu R; = 500 Q, n&u khong cd dién trd méic thém vao
thi IC khong 1am viéc. Khi c¢d thém dién trd phu R; néi vao thi du ¢ bi chap tai mach
IC vAn khong bi héng.
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6.1.4. MACH BA TRANG THAI HAY MACH TR KHANG CAO (TREO)

Mach ba trang thdi, mach trd khang cao hay mach treo 1a mot mach dién khong
phai 12 mach ¢d chic nang légic, nhung né 14 mach dién khong thé thigu duge trong cac
h¢ théng s6, vi né quyst dinh t6i cfu hinh ciing nhy t§ chitc ndi mach ctia hé théng s6.
Cd mach ba trang thai viéc néi mach dién trong cdc hé théng s6 trd nén ré rang va
don gian hon rét nhidu. Di&n hinh 1a viéc sit dyng mach dién trd khdng cao (treo) trong
ciu hinh cla may vi tinh. D€ hi€u dugc vai trd quan trong cta mach ba trang théi, ta
di vao nghién ciu chic niang hoat dong cing nhu ng dung cia ndé trong viée thuc hién
lap rdp hé théng s6. Chic ning clia mach ba trang thii duge minh hoa trén hiph 6.7.
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Hinh 6.7. Mach ba trang thdi U, trd Xhdng cao.

D6i véi mach logic théng thudng ddu ra (U/) ctia mach chi cd hai gid tri 1a 0 hoac
1 tuong Ung v&i cdc cOng tdc hoic dding hoac md. Con trong trudng hgp trd khang cao
§ ddu ra thi hai cong tdc cung md, 1am cho dfu ra (U_) bi "treo" lo liing nhu moé ta
trén hinh 6.7.a.

Trong trudng hop ddu ra bi treo lg ling, cho phép ching ta cd th&€ cho tin hitu vao
ddu ra (U,) ma khéng s¢ bi "chap mach™ (ngin mach) nhu trong trudmg hop & mach
légic thong thudng. Day 1a moét uvu th& tuyét d6i va 1a mot vu vist chi ed duge & mach
ba trang thii ma ta cd thé€ lgi dung trong viéc truyén théng tin trong mach.

D€ cd duge hoat déng cha mach ba trang thai (hai trang thai l6gic 1a 0 va 1, va
mét trang thai treo) nhu chi ra trén hinh 6.7,a, ngudi ta x4y dung mach dién cu thé
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thuc hign duge ba trang théi moé ta & trén hinh 6.7,b. Dya vao so dé mach dién ta c6
thé€ néu nguyén ly lam viéc cia nd hoat dong theo yéu cfu cia mach ba trang thai.

Nguyén Iy lam viéc cia mach dién ;

Mach cd mft ddu vao didu khi€n U, 1a X. Khi ta cho X = 0 (Uy = 0 von) thl
tranzito T; s& tat (hd ra) vi ddu vao bazo cla nd n6i dft. Lic nay mach hoat déng nhu
mot mach légic NAND théng thuting. O ddu ra cta mach sé cho cdc gid tr] logic 1a 0
(Upa = 0 von) hay gid tri logic 1 (U, = V.). O day ta khéng ndi sau téi chic nang
lagie.

Khi ta cho X = 1 (Uyy +E) lam cho tranzito T3 sé théng (dong lai) va xudt hién
mot dong dign chdy qua nd xudng ddt. Khi T, théng lam cho dién ap tai diém A (U, =
0 von) néi dit, ddn dén U 1 = 0 von nhu vay tranzito T, khéng cd ngudn cung cp
nén T, s& tat (hd ra), khdng cd dong dign chdy qua T; nén Ui, = 0 (dién ap trén dién
trd Re). Ma Ug, lai 12 dién &p vao cua tranzito Tg (Uge = Upe 16 = 0 von) nén lam cho
Tq tat (hd ra). DOng thoi véi viee U, = 0 von lam cho dién 4p vao bazo cta Ty, Uy =
Upe1e) n6i d4t, diéu d6 lam cho tranzito T, khéng lam vige (hd ra). Khi T, hd ra lam
cho tranzito T khéng cd dién trd thién dp (bazo treo) nén tranzito Ts tat (hd ra). Két
quéd cubi cing khi cho X = 1 1a Ty tit (hd ra) va T tét (hd ra) di€u d6 gibng nhu hai
cong tde cing md, lam cho diu ra (U_) cta mach bi treo lo ling, goi 1a & muc trd
khéng cao. Nhu vay v6i ddu vao didu khi€n X mach dién da cho thuc hién dude chic
nang ctia mach ba trang thai tré khang cao.

Ung dung co ban va cing 1a Ung dyng co 80 quan trong nh&t cla mach ba trang
thai la : ding mach ba trang thdi d€ thuc hién duge théng tin hai chiéu hay truyén tin
higu dién hai chiu trén mét dudng day hay trén mot soi day dién. Céch thuc hién chi
ra trén hinh 6.8.

X
A L 8
O . & $———————=0
Uvg Hinh 6.8. Thong tin hai chidu trén
X mot soi ddy khi sit dung mach ba
i trang thai.
/]

Trong mach d€ truyén duge théng tin hai chiéu doan day dién AB ngudi ta diung
hai mach ba trang thai (treo) vd mét trigg d€ diéu khién chiéu thong tin khong tring
nhau khi hoat dong. Do d4u ra Up, bi treo nén tin hiéu truyén qua lai khtng bi anh
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hudng gi. Thy theo yéu céu truyén théng tin ma ta dua xung diu khi€n vao vaor NOi
cich khéc ddu vao kich tjvao quyét dinh huéng truyén hay chiéu truyén théng tin trén
doan day AB.

Tu mdt sgi day s thé t8 chic duge truyén thong tin theo hai chiu trén nd, ta cd
thé t8 chic hay ghép nhiéu soi day c6 duge céch truyén théng tin hai chidu, tao thanh
mét BUS théng tin hai chiéu. Mot BUS théng tin hai chidu su dung mach ba trang thai
(treo) duge minh hoa trén hinh 6.9.

A, 0——{ 8
A, o——§ ! jb——-o =4
A <L Bus —6> 8 T T
a) )

b ‘\C Yz, V€0 kbién

Hirh 6.9. Cé4ch 1§ chic BUS thong tin bhai chidu,

Mdt trong nhitmg dng dung quan trong nita cda mach ba trang thdi 1a lam thay ddi

td chdc két cfu coa mang théng tin lién lac hai chiéu trén toan mang. Ung dung dé
duge minh hoa trong vi du sau.

Vidu : Cé 4 difm théng tin (A, B, C, D) cén phal ¢d su lién lac thong tin hai
chiéu gilta cdc di€m d¢. D& ddp Ung dugc yéu ciu théng tin dé ra cin phai cd cach néi
mang md t4 trén hinh 6.10,a.

Nhung cach t6 chdc néi mang thOng tin theo hinh 6.10,a cin ¢d rat nhiéu duding
day ndi mang, nhdt 13 khi s8 didm thong tin céin k&t néi lién lac nhiu hon nia. DE
ti6t kiém day néi va cd k&t cdu td chic mang théng tin hai chiu don gian hon, nhung
chide nang lién lac Ia tuong dudng va khong thay dé6i, ta cd th€ ding mach treo d€ thuc
hién. Mang théng tin ding mach trd khéng cao (treo) dugc chi ra trén hinh 6.10,b. O
day ding mot dudng truyén BUS chung va ¢d cdc cfng 1a mach tro khédng cao (treo).
Chic nang cia mang 13 tuong duong nhau vé két néi, vi du muén lién lac giita hai di€m
(A ~ B) hai .chiéu ta chi cén treo (C, D) lén. Con néu muén lién lac (A - é) thi chi cén
treo (B, D) Ién la xong. Viéc diéu khi€n treo tu ddng céc clng théng tin, ngudi ta ding
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cic bd ma duge truyén vao dudng truyén trude khi trao d8i thong tin cu thé&. Cd thé
hi€u don gidn d¢ 1A m& viung trong t8ng dai ching han.

o) BUS

Hinh 6.10, Mang thong tin hai chi®u cho 4 di€m.

Nhu viy khi xu&t hién mach trd khdng cao ba trang thdi lam cho viéc két néi
thong tin trd nén thuan lgi hon, tiét kiém hon va d& dang hon. Via tigt kiém duge
dudng day vl thong tin hai chiéu chi trén mot sgi d4y, déng thoi t6 chdc mang théng tin
ciing rd rang' mach lac hon phit hgp vai thue t&€ hon. Dd 13 vu viét tuyét d6i ma chi ¢
duge & mach trd khdng cac.

Nhing mang thong tin két ndi theo hinh 6.10a cd wu viét 1a ndi thong tin duge
nhanh va khéng phai chd dgi, t6 chiic nhu vay trong thuc t€ vén duge st dung trong
quan sy khi s8 lugng di€m n&i thong tin it va y8u c8u théng tin phai cd ngay tdc thai

Con céch t6 chic nhu hinh 6.10b ¢ vu diém la don gidn, tiét kiém va cd thé€ két
néi duge rdt nhidu di€m thong tin v6i nhau. Nhung phai dung dudng day BUS chung,
nén téc dé truyén tin bi cham, tham chi c¢ thé x4y ra tédc nghén dudng truyén, ddng
thoi cln o t8 chic didu khi€n dam bao sy déng bd hoat dong rat cao thi méi phit huy
duge hidu qud cia td chic mang Loai t8 chic nhu vdy dang duge st dung rfng rai
trong hé théng théng tin dan dung. O day BUS thong tin théng thudng 1a mét tuyén

cap quang. Loai k&t n8i théng tin kifu nay théng thudng chi cho phép két nsi duge hai
di€m véi nhau.
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T so d6 & hinh 6.10b, ta cd thé chuy&n dsi tuong duong vé dang k&t néi chi ra
nhut ¢ hinh 6.10c. O day cfu hinh mach dién nhu hinh 6.10c 134 m6t cfu hinh t8 chie
lien k&t thong tin r4t co ban va rdt quan trong. Cdu hinh d¢ c6 th€ dung trong cdc
mang théng tin ndi chung, ddé chinh 1 t6 chic cfu hinh cia méy tinh hay cta may vi
tinh hién nay. DG 1a c&u hinh chufin ¢ dugc nhd cd mach ba trang thai, Chinh vi ding
mach tré khang cao trong viéc xay dung mach dién cho mdy vi tinh nén céc mach dién
(duong day BUS) bén trong may vi tinh rét gon, mach lac va 5 rang. Cdu hinh dé duge
minh hga trén hinh 6.11,
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Hinh 6.11. C&u hinh cia méy vi tinh.

o) day ding chung mot BUS théng tin la dudng day gfm 8 bit théng tin hosc 16
bit thong tin tity theo. Trén ddu vao méi khéi chde nang diéu cd céc mach ba trang thai
hay trd khdng cao, cho phép k&t ndi thong tin giita hai khéi cu thé con cdc khéi chic
nang khée thi "treo” 1én. Thuc hién diéu dd ngudi ta ding cac lénh d4u tién cta phén
mém trudc khi c6 lénh thyc hién cu th& viéc trac déi théng tin giita cdc khéi.

Day cing 1a mot trong cdc dng dung rét quan trong cia mach ba trang thai ding
trong cdc hé théng s8, mic di mach trd khéng cao chi 12 m6t mach dién cd nguyén ly
dac biét, ma khong phai la mach dién c6 chdc nang logic. Dén day cac vén dé khai quat
chung vé& mach vi dién ti IC, cdc tham s& co ban cia nd va cée mach dién chinh co ban
cdn biét, cdn luu y khi 14p rap mach s8 dung vi dién tit déu da duge trinh bay. Duéi day
13 viéc téng hogp cu th& hon chic nang logic dung IC:

$6.2. TONG HOP MACH HE THONG SO DUNG IC LOAI TTL

Téng hgp mach cu thé he théng s6 bang IC s6, thue ch4t la bude ti€p theo hay
bube cubi cing trong qua trinh xay dung he théng s6. Sau khi ta da téng két ra hé
théng s6 va cd duge so d6 nguyén ly cta 6tdmat ¢S nhd, dén day chi cén chon cic con
IC thich hgp, cho nguén cung cfip va néi ching lai bing mach theo so dé nguyéen Iy da
cd 12 xong. Sau dé c6 th€ thit cho hé théng hoat dong theo céc tin hiéu vao khac nhau,
hay do dac ki€m tra chdc nang cia mach. Khi ta da thist k& chinh xéc, thi chédc chdn
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mach dién s& thuc hién ding theo yéu cdu dé ra. D6 1A mot didu kién thuin lgi & mach
s8 khi xay dung mach dién cu thé so vOi xdy dung mach dién cho hé théng tuong tu.
Ngoai cac mach dién cu th€ cho ting 6tdmat khi thist k& ngudi ta con ché tao sdn cac
IC thyc hign mot chdic nidng ndo dé dé€ ta tién st dung.

6.2.1. BO NHO €O DINH CHi DOC - ROM (READ ONLY MEMORY)

B6 nhé ROM 1a bd nhé chl cd doc ndi dung da duge ghi sdn & bén trong cia nd
ra, nghia 14 théong tin dd ghi trong bé nhd la c6 dinh biét trudc, théng tin nay khéng
thay dfi ngay cd khi mit ngufn dién cung cfp vd nd duge ghi sdn vao bd nhd ROM ti
nha miy san xuft. Nhitng ndi dung théng tin biét trudc cf dinh théng thudng cd vi du
nhu : B& mé& ASCII ma& cho ban phim cia mdy vi tinh, 46 1a thong tin bigt truée va
maAi méi khdong thay d8i nén dugc ghi ludn vao bd nhé ¢8 dinh, né goi 14 b nhd ban
phim ROMBIOD. Hay nhu mot chuong trinh riéng (dia phuong) ding d&€ diéu khién méy
tinh ma chuong trinh dd khéng thay d8i, vi du nhu chuong trinh ki€m tra (Test} may
tinh ban ddu khi ta bat may, chuong trinh nay cing duge ghi sdn vao mét con IC nhd
ROM, tao ra mdt bd nhd 8 dinh, doc nd sé cho ra chuong trinh riéng d& thd m4y tinh.
Hay & trong mét rébot, trong mdt may cdng cu ¢d cdc nhiém vu khong thay ddi, thi céc
chite nang d6 cling sé duge ghi s&n ¢f dinh vao trong ROM. Khi ta muén thay déi chic
nang lam mét viéc cf dinh khac, thl ta chi c4n nhd con ROM trudc dd ra va thay vao
dé con IC ¢ boé nhé ROM mdi, thi he théng d6 lai hoat déng theo ngi dung cia b nhé
¢8 dinh mai. Vi du nhu hién nay may vi tinh c6 b6 nhd ROM ghi ky tu chif viét tiéng I'
Anh, néu ta thay con ROM tiéng Anh dé bing mét con IC nhd ROM tiéng Viét, thi ta
s6 tao ra ban phim tifng Viet. Khi tao ra ban phim tiéng Viet duge, thi trén co sd dd
ta cé thé tao ra bd nhé ban phim cho tiéng Trung Quéc hay Han Qudc... déu duge. Nhu
vay vé phdn cing ta cd th€ lam thay ddi bd miA cho ban phim cla mdy tinh, hay thay
d8i trinh tu diéu khi€n cia mot chde nang hay médy ecdng cu bing cdch thay d3i ROM
cla nd.

DE hifu rd bd nhé chi doc ROM ta di sfu vac cfu tac cia nd. ROM c6 dinh cé ba
phén co ban : bd gidi ma dia chi, ma trin phén td nhé, va mach dién & déu ra.

B¢ giai ma dia chi dilng d& tim dia chl ctia mét 6 nhé cln doc ra trong ROM. Diéu
dé cho phép ta doc ngiu nhién néi dung cta ting 6 nhé da duge ghi ¢6 dinh, ciing nhu
ta cd thé doc lan lugt tix & (00 ... 0) dén 6 cudi cling (11 ... 1) cia ROM. Néi dung duge
doc ra la tin higu didu khién cu thé cho hé théng s6.

Ma tran phdn ti nhé. diung ghi git thong tin ¢6 dinh c&n duge nhé, nd c6 thé dude
x4y dyng bang di6t hay tranzitor kich c¢@ cla nd phu thude vio ndi dung can ghi git va
do dai tif ma céc bit théng tin. Mach dién d8u ra dung dé dua tin hiéu (n6i dung théng
tin) duge doc ra tlt bd nhd t&i thist bi chdp hanh. Ngudi ta cd thé dung ROM thigt k&
ra mach td hop ciing nhu mach day.

Mach ROM don gian nhdt dang dist duge chi ra trén hinh 6.12.
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Hinh 6.12. Ciu tao cia ROM ding diot.

T¥ s0 d6 mach dién cta ROM don gian nhdt v6i hai ddu vao (A, B) ta o6 quan hé :

=AB ; W =AB ; W,=AB ; W,=AD

s

Ma tran nhd 14 ma tran diét dién trd, né bao gém cdc mach VA dung didt — dién
trd, né hoat déng gidng nhu bd gidi ma thong thudng dung dist (bo gidi ma s§ thd tu
ddu ra tuong dng ma nhi phan dua vao). Nguyén Iy lam viée cta ROM gifng nhu bo
gidi mé nhung nd khong phai 12 bd giai ma, vi & day cdc diot Mp trong mach sip x&p
khong theo mot trat ty nio cA, ma cdc dist dd sép x&p (han mach) theo mot ndi dung
chl dinh trude. Noi dung do cd th€ 1a mét ma nhi phan ludn o6 dinh (vi du ¢d noi dung
ghi la {0101) hay (1011)), ¢S thé la mot chu lénh diéu khién hay mét ham logic nao dd
cdn cd trude va sé diung cf dinh.

Céac ma nhi phan (A, B) cho truéc dua vao 13 mét ham 8 ¢& dinh hay mét dia chi
khong thay ddi ta sé nhan duge va 1y noi dung ra @ trén ddu ra cia bd nhd la (Y 3 Yo

Y, Yy). V8i cdac cach néi cu thé cae dist nhu vay ta c6 th€ tim dugc bé ma ngudi ta da
ghi vao ROM nhu sau :
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Yl = WI.W3 = B

Dudi tdc dong cha tin hiéu vao (A, B) hay cdn duge goi 13 ma dia chi, ddu ra cla

bd nhé ROM (Y;, Y,, Y,, Y, dugc xdc dinh & bang chan ly hay bang chéc néing chi ra
trén hinh 6.13.

A{B Y| Y)Y, | Y,

o0 0| 1|0]1 Hinb 6.13. Noi dung ghi truée
ol1l1y0}1]1 cia ROM.
rlojo|l1]0]o0

111|110

Tu bang that cla b6 nhd c dinh ROM chl ra trén hinh 6.13 thuc chét la bo
chuy&n méi tit ma ddu vao (A, B) thanh ma ddu ra (Y,, Y, Y;, Yy), véi mét dic difm
quan trong l& chuyén d8i mot ma {t bit thanh mét ma nhi phdn nhiéu bit hon ma théi.

Nguyén ly lam viéc cia ROM la : ti bd gidi ma dia chl (bd gidi ma thoéng thudng)
thyc hién chuyén ma nhi phan duva vao (A, B) thanh ra bon cng NAND tao ra céc
dudng day tit ma con duge goi ja dudng day tit, cing 12 tin hidu vao cho ma tran nha
diot ~ dién trd. Ma tran nhé diot - dién trd thue chét dd la cdc mach VA ditt - dién trd
duge ndi theo yéu cdu cho trude, ddu ra cic mach VA d6 13 cdc dudng day bit, m&i mot
dudng day bit tuong dng vdi mot dau ra clia mot mach VA dist - dién trd, nd duge ky
higu tuong ting 13 Y, Cdc dfu ra Y; - (Y5, Y,, Yy, Yy tao ra tap cdc tin hidu ra tuong
ing véi ndi dung cia by nhé cdn duge doc ra, theo yéu cdu cda tin hiéu vao (A, D).

Quan hé gilta ddu vao va ddu ra cla bo nhd ROM la quan hé tuong dng mét méot,
Vi vay, ngudi ta thudng coi nhu ma déu vao (A, B) 14 ma dia chi cia 6 nhd, ma 6 nhé
dé ¢d noi dung (Y4, Y, Y,, Yy) duge ghi nhd c6 dinh (bdng néi didt sin) tit trude. Nhu
vy mudn ¢6 ndi dung & nhd cf dinh ROM khdc di thi ta cdn phai ndi cac didt dé khac
di, con khi doc thi ta chi can cho tin higu tuong ing 9 ddu vao (A, B). V&1 nguyén ly
don gian nhu vay cia mét bd nhé ROM ta of thé xay dung duge cdc bd nhé cb dinh cd
s6 lugng dia chl (tin hidu vao) 16n hon, va dung lugng cla b nhé cling nhu ndi dung
ctia ting & nhé nhiéu han.

Trong ma trAn phdn td nh8, dudng ngang dung d€ chon tit ma nén goi tat 1a day
tit, cdn dudng doc dé chon bit thong tin nén goi 1a dudng day bit. Chd giao nhau gida
day tit va day bit goi la phéin ti nhé. Tai phan td nhé, néu cd dist thi di lidu duoc ghi
la lagic 1, cdon n&u khong ¢d diot thi s léu luu gilt duge nhan 14 logic 0. Noi dung da
lidu luyu gilt trong ma trin nhé 1a khong thé thay d8i sau khi cde diot duge "lam c6

dinh", hay dugc hoan thanh ch& tac ra ROM ti¥f nha mdy. Diéu dé lam cho bd nhd cb
dinh ROM chi c6 thé doc noi dung ra ma thai.
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Phén trén hinh 6.12 ma tran phén t¥ nhé nguoi dung diét d€ thyc hién (ché tao),
nhung ma tran phan td nhé chi ra & phdn trén dd cd th€ duge thyc hien bing tranzito
trugng MOS dugc mé ta trén hinh 6.13.

Tai vi tri giao nhau giwa day ti va day bit ngudi ta ding phén ti nhd 1a tranzitor
MOS. Phén ti nhé 1a noi giao nhau d6 s6 cd ndi dung légic l1a 1 néu ¢$ tranzitor MOS,

con néu khéng cd tranzitor thi nhan noi dung logic 0. Chi luu ¥ cdc dudng day thong
tin & mdc dién th& cao ng véi lagic 1.

T 1T 71t r—>=*
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Muén ché tac ra mét ma trin nhd cia ROM nguoi ta can od vao ndi dung cén luu
giv thong tin (biét trudc) ma thist k& ra "mat na" ding trong phuong phap quang khéc
dé€ ché tao ra IC. Sau khi cd mat na ngudi ta ché tao ra bé nhd ROM hang loat (cing
mét ndi dung ghi gilt) cho phép giam gid thAnh khi san xuft véi s6 lugng lan.

Nhung néu s§ ludng san xust khong lon ngudi ta ding b6 nhé PROM sé kinh t&
hon. B6 nhd PROM la bd nhé chi doc, nhung ed thé "ghi nsi dung" bang cach dac bhist,
ma ngudi st dung cé thé ty ghi ly theo mdt ndi dung riéng. N6 hay duge ding trong

mdy cdng cu ty dong hay méy chuyén dung. D€ hifu va st dung PROM ta tim hifu
cdu tao eta ng.

6.2.2. B NHO CHI DOC CO THE Ty GHI (PROM)

Phan quan trong nh&t cta b6 nhd PROM 13 cfu tao cia phén ti "nhd", 1a ché
giao nhau cia dudng day tit va dudng day bit. Khi ndm duge ciu tac cda phén td
nhé thi cd th€ d& dang s dung (ghi vao) b6 nhé PROM. Phan ti nhd cua PROM
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c6 thé ch& tao blng di6t hay dung tranzitor loai TTL dugc chi ra trén hinh 6.14.

day 7
cdu chi’ £
Jddy
ddy 1 | bif
ddy i cazchir |7
bir
a) b)

Hinh 6.14. Cfu tao phin ti nhé PROM.

IC PROM trédng la con IC ma t4t ca cdc phdn t¥ nhé (ché giao nhau cta hai duong
day toa d9) clia né déu cd diét hosc tranzitor, ma chuing duge néi tiép voi mot day sgi
"cdu chi®. N&u ta muén ghi noi dung cén nhd 6 dinh cia minh vao bo nhé PROM
trdng, thi vin dé chi cdn 12 : loai bé hay "d6t" (lam dut) phan tir nhé tuong ing véi toa
d6 cia dudng day ti giao vdi dutng day bit 12 xong. Qua trinh loai bd, lam dit hay
"d6t" phén ti nhé thyc hién d& dang bang céch cho dong dién vao du l6n lam dit day
"efiu chi" ctia phén ti nhé thich hgp. Do ¢ toa do dudng day tit va dudng day bit rét
chinh xdc nén ta cd thé dét bé duge phdn ti nhé chi dong theo yéu cdu. Khi da bi dét
bd hay lam didt "cdu. chi® thi tai vi tri nhé dd phén ti nhé cé gia tri Iogic 1a O (con lai
khong bi d6t bo logic 1a 1). Khi da d6t b phan tit nhé & trong long con IC thi ta khong
thé héi phuc lai duge nita. Cho nén PROM 1a b6 nhé ¢6 dinh chi doe, chi thuc hién duagc
ghi théng tin vao mot 14n. M6i mét IC nhé PROM cdn ¢d mot dong dién tir i6n theo

Vao nhi phan Ra 7 thanh

Chiisd | A B C D| a b C d e [ 2

74
0 o 0 o o011 1 1 1 1 1 0 -
1 O 0 0 1]1]0 1 1 0 0 0 O
> o o 1 of1 1 0 1 1 o 1| fljg l®
3 o o 1 1/1 1 1 1 0 0 1 —
4 o 1 o0 0l0 1 1 0 0 1 1
5 0 1 0 t|t1t o 1 1 0 1 1 € ¢
6 o 1t 1 o0o|l1 o 1 1 1 1 1 =
7 o 1 1t 1]1 1 1 0 0 0 O 4
8 1 0 6 071 1 1 1 1 1 1
9 1 0 0 14t 1 1 1 0 1t 1 b)

a)

Hink 6.15, Chiic nang chi thi.
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quy dinh d€ lam didt "cdu chl", dong dién d6 ciing nhu chi tiéu ky thuit clia mét con IC
nhd PROM dugc cho sin trong s8 tay tra ctu,

Ngoai cdch thic dung "cfiu chl" d€ loai bd phin t¥ nhé cia PROM, ngudi ta con
ding hi¢u \ding S6tky d& thay th€ "clu chi" bing cdach dung céc diot S6tky. Khi xuét
xudng ta ¢ PROM tring cdc diot S6tky déu nght vad hd ra tuong dng véi bit 0. Mubn
tao ra phén td nhé & gid tri logic 1, ngudi ta phai cho vao IC hay cho vao diot S6tky
mot dién &p ngugc di 16n, d€ dénh thing mat ghép céia né tao thanh chap cuc cia didt
vinh vién, gay néi mach ¢§ dinh mai. Loai PROM nay cing chl ghi duge mét 14n.

Ung dung ctia ROM hay PROM rit phong phi, nhung chi y&u tao ra bd nhé ROM
trong mdy vi tinh. Ngoai ra ching cdn ding d€ thist k& ra mach t& hgp. Sau day s& ndi
téi mot dng dung cu thé cia bé nhéd chi doc ROM hay PROM.

Vi du ding ROM hay PROM xay dung bd gidi ma 7 thanh chi thi cdc chif s6 cla
co 86 10. Bang chdc nang chi thi duge chi ra trén hinh 6.15.

Thyc hién bang chiic nang dé ngusi ta ding bé nhé ROM cd ma tran nhé duge chi
ra & trén hinh 6.16.

So d8 trén hinh 6.16,b dd 1& so d6 ky hiéu v& cho don gidn cGa bd nhé ROM ding
xfly dung bd gidi ma nhanh (7 thanh) chi thi cdc chil s6 clia co s mudi. Cdn so d6 chi
ra & hinh 6.16,a 12 s0 d8 cfu tao hay mach dién cy th& ch& tao cda bd nhé ROM dl_‘mg
diot ~ dién trd thuc hién bd giadi md 7 thanh. Nguyén ly lam viéc cda so d6 mach dién
nay gifng hét nhu nguyén ly 1am vidc cia s¢ d8 mach dién cia bd nhé ROM don gidn
n‘hﬁt, v8i hai d8u vao (A, B) d& duge néu & phén trén. ‘

Véi cach lam nhu vy cd thé ding b nhd ROM hay thiét k&€ PROM thuc hién cac
bo chi thi khdc nhau b&t ky. Nhu cd th€ ding PROM ché€ ta bd chi thi ky tu chi viét, -
ché& ta cdc bang quang cdo hién thi theo ¥y ta. Néu diing s6 lugng 16n c4c bg nhé chi doc
PROM c6 th€ hién thi cA mot ndi dung cAu chit hay bai khda, n&u n6i véi bang chl thij
di€m sdng cd th€ tao ra cdc bang chit chay ¢d ndi dung ctia bai khda. T4t nhién do
ROM ciing shu PROM 1a b nhd chi doc ndi dung ra, cho nén céc ky tu ciing nhu céic
hién thi hay bd chi thi s& cd noi dung khéng thay ddi ma duge lap di lap lai mai ma
thoi. N&u mudn chi thi noi dung khéc phai thigt k& lai b9 ROM hay PROM méi ma thay

vao.

6.2.3. MANG LOGIC LAP TRINH PLA (PROGRAMMABLE LOGIC ARRAY)

Mang logic 14p trinh PLA v& mat cfu tao ciing gifng nhu bd nhé chi dpc ROM gém
¢6 hai ma trin 14 : ma trdn cdc mach AND, ma trAn cdc mach OR. Nhung ching khdc
nhau & ché 1a : ddu ra ma tran AND cia PLA I& céc tich logic clia n bién s§ dng véi
n tin hidu vao tir (X; + X ), con diu ra cia ROM o thé€ 1a tich s6, nhung tich s6 dd
¢6 thé khong cAn dAy di n bién s cia tin hiéu vao.

Viéc ché€ tao ra PLA dya trén phuong trinh tuyén chufn tic toan phdn ddy duo, bao
g6m cd cAc tich toan phdn dya vdo ma trén cdc mach AND. Con ma trdn céc mach OR
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chinh la dang tuyfn hay tfng ctia cdc tich d6. T¥ d6 so d6 tdng qudt clia mach PLA
duge thdy trén hinh 6.17. Mang 16gic PLA cho phép lap trinh v4i ca hai ma tran AND
va ma tran OR, trong khi d6 & ROM ta chl duge 1ap trinh v4i ma tran OR.

Ky 00—
.
du vao & % ° = My trgn AND
dia chi :
K Omrereiany
Fed
P’ F} - = Pr
i i
4
Ma trdn OR .k (odure
: o lidu
' — {,
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] i
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. ' } AND 1
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Hinh 6.17. S0 0 t6ng quit cia mang logic PLA.
Céu tao mot mach PLA don gidn nhit gém ¢ 2 dfu vao X, Xz) dung didt - dién
tré duge chi ra trén hinh 6.18.

T s0 d6 mach’ dign PLA ta thiy ma tr4n AND chl cho ra hai tich s§ P, =
X,.X;, va P, = X,.X,..Con trong ma tran OR chl cd mét téng £ = P, + P, (trong khi
dd of thé cd nhing téng khdc). Nhu viy mach PLA dd thyc hién ham s4§ :

f=X.X, +X.X,

Phuang trinh ta nhin duge d6 chinh 1a b0 so sanh mot bit, hay cd th€ dung PLA
thyc hién chdc ning so sdnh.



+E
& 0 ﬁ.:\ 5

X !
o W
L[> “‘\- L| ~O—
)éz _ ' 'k&‘__ % .
X, A T__D: ' k‘&- ';ﬁ[_{>
-  f A &
AND or
oxia- P 2 _ '\ ) f f_:
A -
a) b) ' R ¢)

/
~ Hinh 6.18. Mach PLA don gidn nhit.

S0 d6 cha modt mach PLA hai didu vao (X,, X;) ddy di diung loai TTL duge chi ra

trén hinh 6.19.
AND
XJ
A A

'
OR =%
_._hf’
a) —-———a—f

S;E
n

»‘:J?»: A ,3\?/
'

RN AN -
5 —= f,
Tt .
1,
D 1=t
T ‘:D:r—a- f C)
b) .
Hinh 6.19. Mach PLA tao ham logic.
Tu so dé cia mach dién nguyén 1y ed quan hé :

Dau ra cha PLA ta ¢d :
fi = PP, = (X.%).(X.X) =X,.% + XX
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fz = Pl._P3 = (iliz)(xliz) - iliz + XII.}_(z

f5= PPy = (X.%).(X.%) = X.X + X,.X,

f4=P3.P4 =(x1.iz).(xl.X2) =x1.iz+xl'.X2

Dfu ra f, cia PLA nhan duge ké&t qua 12 t8ng cla cdc tich s6, tit quan hé d¢ ta lap

bang chic nang cho cdc ham dude tao ra nhu sau, & trén hinh 6.20,
2

X1 | f) K 6 g

Hinh 6.20. Bang chic nang
cdc ham dugc tao ra.

[ R e
o o=
= T R =
e D D

Sau khi d4 ¢ mang lap trinh logic PLA lap rap hay n6i mach theo yéu cdu tao
ham, n&u muén cé ham légic nao ta chi cin s dung ddu ra fi (1 £ i < m) tuong dng
cia ham logic d6. Nhu véy mét ma tran PLA ta o6 th€ o6 nhidu ham logic khdc nhau
hay 6 th€ didu khi€n mét luc nhidu chie nang khac nhau 13 b PLA v6i cing mét dia
chi ddu vao (mot tap tin hiu vao) X s& cho ra tin hig¢u didu khién thich hgp trén cac
diu ra F.

Véi X =X, Xy ..., X) - Tép tln hidu vao
F =1 f . ) - Tap dap dng ra.
Tap tin hiéu dip dng ra fi ¢d th€ la tap tin hiéu di6u khi€n chie nang cho cée

chéc nidng khic nhau, nhung vén tap tin hiéu ra d6 lai c6 thé duge coi 1a cdc bé ma
duge "doc ra" theo dia chi cua tin higu vao.

Vi du : Véi dia chi X, X;) Ia
0 0)tacd bdma (1 10 0
(1 0) taecd bd ma (0101

Nhu v8y mang logic lap trinh PLA ngoai kha ning tao ham logic didu khi€n chdc
n&ng, thi nd cdn cd th€ thuc hién nhiém vu tgo mé theo ydu cdu sit dung cha ta. Qua
dd thdy viéc sit dung mach PLA trong thuc t& ky thuat 1a rdt phong phd va 6 higu
qua.

Phan trén 'da trinh bay phuong phap tao ham ding bd PLA don gian v6i hai ddu
vao (X;, X;). Bang cich lam tuong ty cd thé€ tao ra cdic ham s6 phic tap hon, didu
khi€n cdc chic nang 16n hon véi s6 lugng tin hiéu vao diéu khi&n nhi6u hon. Thoéng
thuong PLA hay dugc ding lam mach diéu khi€n logic chuong trinh, do ddé do tin cly
hoat déng clia PLA 1& cln thist. Noi cdch khdc d6 tin cdy hoat dfng ciing nhu ch4t
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lugng cha ham logic duge tao ra ¢ day la r&t quan trong nhung cdn it duge quan tam
dén. Vi cing mot chic nang cing mot nhiém vu diéu khién cd th€ thuc hién duge bing
nhiéu mach dién khéc nhau, hay t6 hgp trong PLA khéc nhau, vAy céch t8 hgp nao t6t
hon hoat dong cd d6 tin cAy cao hon (nhat I khi s6 lugng tAp bién vao - tin hidu vao
rdt 16n) la didu ta cln phai nghi dén. N6i cdch khdc la cin phai ddnh gid duge chat
tgng lam viéc cia mach PLA hoat ddng trong he thfng s8, day 1a mot vdAn d& 'khc-ng
don gian vi nd chl dugec ndi dén khi o6 mét mach PLA v6i mét chic nang cu thé.
Céc mach PLA ta ¢6 th€ tim mua trén thi trudng, chl tieu ki thust cia mach cd
thé€ tra ciu trong s6 tay (catalog). Dya vao dd ta cé th€ sit dung va diéu khi€n hoat

dong cia mach PLA theo nhiém vu dé ra. Vai mach t8 hgp cda PLA 1a TMS 2000, TMS
2200,

Ky thuat s6 12 moét linh vyc khoa hoc méi va dang ngay cang phdt trién manh mé,
vi vy quyén sdch nay cing khéng th& néu hét duge moi vén dé. Hy vong thoi gian tigp
theo quy&n "Todn logic va k¥ thuit s8" s8 duge b8 sung thém cédc kién thdic méi d€ noi
dung ngay cing phong phi hon.
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PHAN BAt TAP

Phiin étémat khong c6 nho
1) Phan tich mach t§ hop cho & hinh B.1 sau :

) D, 2
o .,
8o j

N

¢ o—

Hirh B.1. M0t otdmat khong c6 nhd.

2) T8ng hop mach t8 hgp ding NAND c6 chiic nang cho & bla Kécnd trén hinh 3.2 sau.

A X3 % fz %, %
% % 00 g1 11 10 x4 N\ 00 0 11 19
00 | r a0 H 1
01 ] - o1
1 1y TR R A
10 1 10| 1 |1
a) b)

Hinh B.2. Cho ham s8.
3) Thist k& ha t8 hop thue hién ba mach t8 hgp c6 chic nang chi ra trén hinh B.3 sau.

f f f
X3 %, X3 Xe X3%y
SN 00 of 11 10 AN 00 81§11 o NN 00 01 1t 10
ae 1 0o t ! i oo ! 1
a1 H ! H o1 ! or
1 11 ! 1t ! !
10 1 ! 10 ! 10 1

Hinh B.3. Cho h¢ t§ hop.
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5) Rat gon ham s§ va ding mach NAND thyc hién chdc nang sau :
fi(xy, %3 x3) = (0, 2, 4, 6, T
LHx, x5, x9) = (2, 3,4 6,7

6) Don gian hda mach. dién légic trén hinh B.4 sau :

X% o— > A
)=
X o [,

[,

= %
] Y1, x>_i—‘j

% oo \r

] ./

Hinh B4, C6 moét mach logic.

7) Tim mach t8 hgp m6 ta ham s6 sau sao cho khi 14p mach, s6 linh kién phai si dung
1a it nh4t,

fa(X) = XX %3% + X Xp%3%y + X XpX3%, + X, XXX, +
X XXXy F X XXXy F X Xy K3 X, X)X Xy Xy

8) Thuyc hién chic nang légic sau bing cdc loai mach khdc nhau.
f,(X) = (1, 3, 4, 5, 6, 7, 12, 13)

9) Xay dung mach t8 hgp 4 ddu vio va 3 ddu ra bing mach NAND ctia ba ham s6 sau :
fi(x;, x5 x5, %) = (3, 4, 5 7, 13, 15)
£y (%), x5 %3, %) = (3, 8, 9, 11, 13, 15)
£3(x;, X5, X3, Xg) = (2, 8, 9, 11, 13, 14)

10) Thyc hién mach t6 hgp béo chin bit cho mét mach dién ¢ 5 tin hiéu vao. Va mét
mach dién bdo bit chin 1a 2 bit trong 5 ddu tin hidu vao.

Phidn o6témat cé nho

11) Cho hai vi du mé td hoat déng cia 6témat cd nhé diung bang Mealy va hai vi du
dung bang Moore.

12) Ching minh réng méi 6tomat Mbaly cd thé chuyfn d6i thanh 6toémat Moore va
ngude lai.

13) Tim tap phén hoach thé€ cia cac 6témat M; va M, cho & bang chidc nang trén hinh
B.5 sau, dng thii vé dan phan hoach th& cho cdc 6témat do.
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Bang M, Bang M,

Z Zz

R a b a b S Xla b ¢ a b ¢
A C B 0 1 A D F B|O0O 1 0

B C E A0 1 0

B A D ! 0 C E A DO 1 0

c A A 1 0 D [F B C|t 1 0
D B B 0 1 E A D Fi1 1 0

F B C E|1 1 0

a)
b)

Hinh B.5. Cho hoat dong cia hai otdmat.

14) Tim cdc phan hoach thé€ tuong duong (PHTTD) cia hai 6témat M; vd M, cd bang
chdc ning trén hinh B.6 sau.

Tim cdc phdn tt sinh co ban va v& dan phan hoach th# tuong duong DR,I cho céce
otémat dd. T6i ti€u hda trang thai cho hai 6témat dd.

Bang M; Bang M,
Z z

X SUX| g 0 1

s | o 1 0 1 g~ 1
A C D 1 1 A A G 0 1
B B C 0 1 B B D 0 0
C C A 1 o C D E 1 0
D D C 0 0 D G E 1 1
E E C 0 0 E E G 0 1
F F C ] 1 F F D 0 0
G C F 0 1

a)
b)

Hinh B.6. C6 hai 6tGbmat.

15) Téi ti€u hda trang thdi cia céec 6tdmat khong hoan todn x4dc dinh cho & trén hinh
B.7 sau. '

Bang chuc nang Bang chic nang
\.ﬁg‘mx a b C
- \\s““‘wﬁ a b ¢ d. e f g

A Al F0 C,0

B - G,0 C0 A - El A- AD DO BO -
C A,O G,O B,O B D’] i AJ' B!O A)' A:' -
D A,O H,l E,] c D’l - - B)O A»I - G,O
E B,U H,]_ D,l D E‘" B)' - - = B;O A)'
F C1 1,0 D,0 E |El - E,- B- A- B- Al
G C,1 10 E0 F [C- H1 GO0 BO -1 Fl1 -
H D,U H,l A,l G Cyl E’l GJO = = - F,O
1 D,O I,l - H E!U B'O E" As]- D,l B!' A,I
‘] E)O le Cj[) b)

a)

Hinh B.7. Cho céc 6tdmat khong xic dinh.
409



16) Chuyén d8i ti 6tdmat Mealy thanh bang chdc ning cia 8tdmat Moore cho céc
otémat cho & hinh B.8 sau.

X Z X Z
S

s o 1|0 1 0 110 1
< s a2lo0 o Alc Blo 1

b | clo o Ala pl1 o

c s al1 o c |la Al1l o

. D |B Bjlo 1

a)

b)
Hinh B.8. Cho hai 610mat.

17) Chuy€n d8i tit bang chic nang 6tdOmat Moore thanh bang chic ndng cia O0tOmat
Mealy cho cdc 6tdmat trén hinh B.9.

T X

Xlo 1)z NN E:
a a < | o A cC B[O

b . b |0 B A DI o

c d b 0 C A A Q

d a o |1 D B B |1

E cC A1

a)

b)
Hinh B.9. Cho cic otdmat.

18) Ching minh ring t6n tai mot phan hoach th& cla 6t6mat cho trén hinh B.10 théa
mén diéu kién ding mot phan hoach th€¢ d€ ma hda, ddng thdi dua ra mét cach mi
hoa cho 6témat dung phan hoach dd.

Bang chiic nang

X

w
oo
[

N

Hinh B.10. Cho trudc 4tOmat.

Mmoo w»
w N oUmm
>w oo U mm
aaomw o U
oS s O o O

19) T6i ti€u hda cdc trang thai clia 6tdmat cho trén hinh B.11. M& hda trang thai theo
phuong phdp ma hda téi uu.
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Bang chtc nang

X Z

S a b c a b C
A A F C 1 1] 0
B oo G B - 0 0
C A G B 0 0 0
D A H E 0 1 1
E B H D 0 1 1
F C I D 1 0 0
G C J E 1 0 0
H D H A 0 1 1
1 D I - 0 1 -
J E J C 0] 1 0

Hinh B.11. C6 Otomat.

20) Phan gidi song song cho 6t0mat chi ra trén hinh B12 sau va xAy dung dan phan
hoach th& che nd.

Bang chic nang

X

%)
o
[
N

Hinh B.12. Phan giai
song song cho OtOmat.

[= LT N N S S R
LN =
W ok N —
N -

21) Phan giai song song cho 0tdmat chi ra trén hinh B.13 sau va tim cdc phdn ti sinh
cho né. V& d6 hinh Moore cho 6tomat.

Bang chic nang

X

3 o 1|z,

1 4 3 0 :

2 6 3 0 Hinh B.13. Cho tridc OtOmat.
3 5 2 0

4 2 5 0

5 1 4 0

6 3 4 1
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22) Phan giai n6i tiép cho 6tdémat chi ra trén hinh B.14 vA v& dan phAn hoach thé& cho
no. V& d6 hinh Mealy cho 6tomat.

X Z

w
=
-t
=

—

1 3 2 1 0

2 3 z 1 0 Hinh B.14. Cho bang
3 2 1 0 1 nhitm vy otdmal.
4 1 3 0 0

5 6 4 1 0

6 5 4 0 1

Phiin thuc hién 6témat c6 nhé

23) Phan tich dtdmat cd nhd dude chi ra trén so¢ d8 & hinh B.15a sau:
— 2z
X o——————] i ’_' @) .
X, o— S oY
*——

Hinh B.154.Cho m§t mach dign.

24) Tim bang chic nang. hoat dong cta 6tdmat cho sd d8 & hlnh B.15,b:

™, Z,

X,c——T [ P m 8 [
|

Lo .
I L) B ) SN

Hinh B.15%.C6 6t6mat.

25) Phan tich hoat déng cta so d8 mach dién 6témat ¢ nhéd cho trén hinh B.16 sau.

b4

Xzf‘ >_K 5’

Hinh B.16, C6 so dbd mach dién.

412



26) Phan tich 6témat ¢6 nhd & hinh B.17 sau.

X, o———-qb—!_—l)-

X

, o——p o]

2|

‘k

D—

Hinh B.17. C6 &10mat,

27) Tim bang chic nang cho 6tdémat ¢d nhé & hinh B.18 sau.

o e ey

L
Ay o---—---n--~~j>»

Hinh B.I8. Cho mo1 mach dien.

28) Tim hoat ddng chinh xdc cta &témat cho trén hinh B.19

Ay O~ ‘_‘EDO‘

4

=3

e

| (3

Do

Hinh B.19. C6 mach dién clia OtOmat.

29) Phan tich 6t6mat ¢ nhé cho & hinh B.20 sau.

x, o—>0- J; J;L__J
Xzo___@__j(’ 3;-

[

[ 4

ae|

+N

]

Hinh B.20. Mach dieén 6tdmat ¢é nhd.
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30) Tim bang chdic ning cho 6témat cé nhé & hinh B.21 sau.

] e

% K Z "“D°—Kz Z—l

Hinh B2l. C6 mach dién.

31) Phan tich chdc ning hoat déng ctia Otémat cho d trén hinh B.22 sau.

& Ty j, j_D'-“ 5,3

[j) D_K.! —:I KJ % |

Sl

Sl
wel

.

Hinh B.22. C5 mot 6tdOmat.

32) Thuc hign otdémat cd nhé chic ndng hoat déng theo bang chi ra trén hinh B.23,
diing JKFF lap rép. '

Bang chic nang

X Z

i
f

Hinh B.23. Cho 0tOmat

OO wr
W0
W Ow
_——r—e o
cocom

33) Dimg trigg D (DFF) thuc hién 4tdmat o nhd chic nidng cho trén hinh B.24 sau.
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Bang chdc nang

X
S 0 1 Z
A C B 0 Hinh B.24. Chitc nang
B A D 1 cia OtOmat.
C A A 0
D B C 0

34) Thye hién 6témat ¢S nhé theo bang chic n&ng cho trén hinh B.25. Dung JKFF thuc
hién.

200 01 11 10z
a a C d b 1
b a 4 ¢ a|l Hinh B25. Cho mot otémat.
c a a a d 0
d a b b c 0

35) Tdng hop 6tdmat c6 nhd hoat dong theo bang chitc nang cho trén hinh B.26. Ma
hda ding mdt phan hoach th& va ding JKFF thyc hién.

Bang chic nang

X
S 0 1 Z
1 4 3 0
2. 6 3 0 Hinhk B.26. Thuc hién 6tdmat.
3. 5 2 1
4 2 5 0
5 1 4 0
6 3 4 0

36) Thuc hién 6tdmat cho & hinh B.26. Ma hda theo nhi phén tang ddn va ding trigo
D thyc hién mach.
37) Cho 8témat cé nhé hoat déng theo bang chuyén bién trang théi trén hinh B.27 sau.

a) Ding phuong phap phan hoach thé& phan gidi song song Otémat da cho thanh hai
O0tomat con thanh phén.

b) Thyc hign 6témat sau khi da phan giai bing trige JK (JKFF).
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BAng chie nang

X1Xy

S 00 | 01 11 | 10 [ Z

a a e i d 0
b b ) h i 0
c a g € b -
d b h f a 0
c b a b h 0
f b b a j i
g a c d f i i
h a [ d | i fe |1 ™~
i a g € b 0 \
i a i d f -

Hinh B.27. Téng hop 0t6mat da cho.

38) T6ng hgp so sénh lién ti€p 1 bit c¢d hai ddu vao.
a) Tim cdc trang thai lam viée cla 6témat cdn cd bing cach t8ng hop ti bd so sdnh

da cho.

b} Thanh lap bang chuy&n bi&n trang thai. Otdmat da t8ng hop la 6tomat kiéu gl ?

c) Vé d8 hinh (graf) trang thai

39) Cho 6tdmat hoat déng theo bang chitc ning hinh B.28.

Bang chiic nang

X z
S o 10 1
A | C B|1 1
B |6 - |o -
c |F A0 0
D |D E {0 0
E |[K 1|0 0
F {D E |1 1
G | F 1|1 1
H |G HJ|1 1
I G H|o0o 0
3 c 1|1 1
K | F J]0 0

Hinh B.28. Cho &10mat.

a) Dung phuong phap phén hoach th€ d€ ma héa trang thédi t6i uu cho 6témat.
b) Thuyc hién &6tdmat dia cho dung trigg D (DFF).

40) T8éng hop bd t8ng 1 bit cd hai ddu vao (x;, x,) v& mdt ddu ra Z. Céac s6 nhi phan
dua vao lién tiép va bat ddu bAng chit s6 cd gid tri bé nhit.
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a) Phan tich tim cdc trang thai lam viéc cla stémat cdn téng hop tit bo tdng da
cho. Day 1a otdmat kifu gi ?

b) Lap bang chuyén bién trang thai cho 6tdmat.
¢) V& dé hinh trang théi (graf) cla oétémat.

41) Téng hgp 6témat o6 nhé ddng bo, c6 mot ddu vao x va mot diu ra Z. Hoat dong
theo yéu cdu sau.

- Tin hiéu vao 12 0 hosic 1 xuft hién ngdu nhién lien tuc k& tiép nhau. -

- Ddu ra Z = 1 néu nhu gap ding ddy s& vio k& ti€p nhau 1a (0010) hoac
(1101).

- Ddu ra Z = 0 trong moi trudng hgp khdc.

~ Diang 6tdbmat Mealy m6 ta bang chifc ning cho 6témat. Thyc hién 6tdmat bing
trigs JK (JKFF).

- Ma hda cho 6tdmat theo bia Kdcnd.

42) Thyc hién 6tdmat cd nhd ddng bo, ¢ mét ddu vao x vA mot ddu ra Z. Hoat dong
theo yéu cfu sau :

- Tin hi¢u vao 12 O hosic 1 xu4t hién ngiu nhién bat ky lién tuc k& ti€p nhau,

- Ddu ra Z = 1 néu nhu gip duge day sd vao k€& ti&p nhau la (0101) hosc
(1010).

- Dau ra Z = 0 trong mei truong hgp khac.
- Diung 6témat Moore md ta chic ning cho 4témat.

- Ding mft phan hoach th& ma hda cho 8témat, sau dd thuc hién stémat bing
trigpg D (DFF).

43) Thyc hién 6témat ¢é nhé déng bé v6i chic niang nhu cia bai tap s6 19 va bai tap
s8 20. Nhung thuc hién ma héa cho otdmat theo ma nhi phan tang dén.

44) Thuc hién 6témat cé nhé ¢ mot ddu vao l1a x vA mét ddu ra Z. Hoat dong theo yéu
cdu sau.

- Tin hiéu vao 14 0 hofic 1 xudt hién ngdu nhidn b4t ky lién tuc k& ti€p nhau,

Bdu ra Z = 1 néu nhu gap day s6 vao k& tiép nhau 12 (0 0 1 1 0),

D&u ra Z = 0 trong mei trudng hop khéc.

t

Dung otémat Mealy m6 t3 bang chic ning.
Ma hda theo bia Kdené va dung JKFF thue hién.

45) Téng hgp 6témat cd nhd déng bo c¢d mét ddu vao x va modt ddu ra Z. Hoat dong
theo y8u cdu sau :

Tin hiéu vao 1a 0 hodc 1 xuét hién ngiu nhién lién tuc k& tigp nhau.

Ddu ra Z = 1 cd tin hiéu bdo néu chl gip dugc day s6 vao 1a (1 0 0 1 0).

Ddu ra Z = 0 trong moi t8 hygp khic.

Dtmg- 6tdmat Moore mod ta hoat déng.
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- Ma hda theo ma nhi phan thudng va dung JKFF lap mach.

46) Thist k& mét khda clha dién t ¢ mét ddu vao x vA mdt diu ra Z md chét cla.
Hoat dong theo yéu ciu

- O ngoai clta cé hai phim méu xanh (0) va d& (1) duge b&m vio ngéu nhién
bat ky k€& tiép nhau.

- Chét clta (d8u ra Z = 1) 58 md néu nhu bdm ding t8 hop tin hiéu la : "xanh
dd d6 db xanh" - tdc la (01 1 1 0).

- Chét cia s& khong md (Z = 0) va cd th€ bio dong néu bfm khéng ding ma
md cia khda.
- Ding 6témat Moore dé md t4 chdc nang hoat dong cia khoa dign ti.

- Ma hda cho 6tdmat theo phuong phédp ding mét phan hoach th&€ Sau dd dung
trigo JK (JKFF} l4p mach.

47) Thyc hign 6tdmat cd nhd déng bd cd mét ddu vao x vA mét ddu ra Z. Hoat dong
theo yéu céu sau.

- Tin hiéu vao 1a 0 hodc 1 xuft hién ngiu nhién b&t kj k& tiép nhau.

-Déu ra Z = 1 sé bao néu nhu gap duge td hgp tin higu vao la : (01 1 0 1)
hoac (1 0 0 1 0).

~ Dau ra Z = 0 néu gip cdc t8 hgp tin hiéu khic.
- Dung dtdmat Moore mé td hoat ddng cia 6témat.
— Diung cdch m& hda t8i uu d€ ma hdéa cho 6témat.
Sau dd thigt k€ mach dién dung trigg D (DFF).

48) Thyec hién mdt 6tdmat cd nhé déng bd cd moét ddu vao x vA mét ddu ra Z. Hoat
dong theo yéu clu sau :

Tin hiéu vao 1a 0 hosc 1 xuft hién ngdu nhién lién tye k& tiép nhau.

Pau ra Z = 1 cho tin hiéu bdo néu nhu gip diy s8 vao 12 (0 1 0 0 1) hosc
10110). ' '

Ddu ra Z = 0 néu gip cdc t6 hop khac.

Ding 6tomat Mealy dé md tA chic nang cho 6témat.

Dung phuong phdp ma hda chéng chay dua y (chay dua trang th4i) dé€ cho
otémat hoat dong duge tin cay.

t

Sau d6 thue hign mach dién bang triga JK (JKFF).
49) Thyc hién dtdmat c6 nhd ki€u xung véi hai ddu vao tin hiéu 1a (x;, x;) v mét ddu
ra Z hoat dong theo yéu cdu sau.

- Tin hiéu vao la cdc xung, xudt hién ngiu nhién lién tuc k& ti€p nhau trén hai
diu vao x; va x,. Nhung cdc xung vao khéng dugc phép xudt hién déng thai
(n€u kich t8 hep x; x, = 11).

- Khi xung trén ddu vio x; dugc xuft hién thi ddu ra Z = 1 cho tin hiéu béo,
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néu nhu da cd ding mét xung vao ddu vao x; xufit hién sau xung x; xufit
hién sau cing.

- Déu ra Z = 0 trong moi trudng hop khac.
~Khi dfu ra z = 1 thi nd s& giit nguyén gis tri cho t6i khi o6 xung vao tigp
theo trén cdc ddu vao thi Z trd vé 0.
~ Ding 8t0mat Mealy mé ta hoat déng.
- Ma hda trang thdi theo ma Gray.
- Dung trigg JK (JKFF) thyc hién 14p rép. _
50) Thiét k& mot khda di¢n tit md va ddng, cd hai phim b&m xanh (x1) va db (x,), voi
mot ch6t cida (ddu ra Z) hoat déng theo nhiém vu sau :

~ Tin hitu mé cita 13 cdc xung b&m duge tao ra tit hai phim b&m xanh va phim
bdm d6. Chung l4n lugt duge b&m ngiu nhién bAt ky k& ti€p nhau bing mot

 tay. Nhung khong duge b#m hai tay cimg mot lic (hai xung khéng dugc phép
cing déng thdi xuft hién).

~ Khi bdm véo phim b&m xanh (x|} thi chét cita s& duge md ra (Z = 1) néu nhu
trube d6 da cd ding hai 18n b&m vao phim dé (x2) sau khi trude d6 da bam
vao phim b&m xanh (x;) sau cing.

- Clia s& khong duge md ( Z = 0) trong cdc trudng hop khdc. Khi clia duge m& (Z =1)
thi né vin cf md mai cho t6i khi ta bfm ding vao phim b&m do (x5) thl canh
clta moi déng lai. Tdce 12 khi cita da md@ néu b&m vdo phim xanh (x,) thi cita
vin ci md va cd thé bdo dfng.

- Diing 6tomat Moore d€ mé ta hoat dong.

- Ma hda trang thai theo ma nhj phan.

~ Dung trigo D (DFF) thuc hién mach.

51) Téng hop mot 6témat ki€u xung cd hai dfu vao la {x; vAd xy) v8i modt ddu ra Z
Hoat d¢ng theo yéu cdu : :

- Tin hiéu vao 1a xung, xuft hién ngdu nhién k& ti€p nhau trén hai ddu vao I

X V2 x;. Nhung cdc xung khéng duge ciing déng thdi xudt hién (cm kich X,
X, = 11).

~ Khi ¢6 xung xudt hién trén dfu vao x, thi ddu ra Z = 1 cho tin hiéu bdo, néu
nhu d& cd ding mét xung x, xuft hién sau xung x; xudt hién sau ciing.
~DPéuraZ =0 trong moi trudng hop khdc.

- Khi d8u ra Z = 1 thl sé giit nguyén trang thai d6 mai cho dén khi cd diing
hai xung x, xudt hién thi dfu ra Z trd vé 0.

- Dung 6tdmat Moore mo ti hoat déng cia 6t6mat.
- Mi héa dung mot phan hoach thé.
- Thyc hi¢én mach dién ding trigy JK (JKFF).
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52) Thi&t k& mdt hé théng s6 hoat déng bing cdc xung cd hai dfu vao (x;, x;) vd mét
diu ra Z. Hoat dong theo yéu cfu sau.
~ Tin hiéu vao 14 cdc xung xuft hién ngdu nhién bdt ky k& ti€p nhau trén cac
dfu vao x, vd x; Nhung ching khong dugc cing déng thdi xufit hi¢n.

- Khi ¢d xung x; xudit hién thi ddu ra Z = 1 n€u nhu di ed ding 2 xung x;
xudt hién sau xung x; xuft hién sau cung.

Ddu ra Z = 0 trong moi trudng hgp khéc.

Khi ddu ra Z = 1 thi nd s& git nguyén gid tri cho t&i khi cd ding 2 xung x,
xuft hién lién tiép thi Z trd vé 0.

Diung 6témat Mealy d€ mé td hoat dong.

i

Ma hdéa chéng chay dua y dé otémat hoat ddng t6t.
- LAp mach dung trigg JK (JKFF).

53) Téng hop 6tdmat cé nhé ki€u dién thé (mach khéng déng bd) cd hai ddu vao x; va
X, v8i mot d4u ra Z. DAu ra Z = 1 néu t8 hop gia tri cac bién vAo ti€p theo {(coi
nhy mét s6 nhi phan cd gid tri) 16n hon va bing gid tri hién tai truée dé. Z = 0
trong moi trudng hop khac. Cung v6i cde yéu cdu ky thuat sau :

- Thiét k& 6témat v6i cdc yéu clu ki thuit t6t nhét 13 : chéng duge chay dua x,

chéng duge chay dua y. Ding mot phan hoach th€ dé mé& hda cho phép ldp
rdp mach duge dep va gon gang.

- Ding 6témat Moore d€ mé ti chic nang.
- Lap rdap mach dung trigo JK (JKFF).

54) Téng hgp 6témat khéng d6ng bd cé hai ddu vao (x;, x;) v mét diu ra Z. Hoat
dong theo nhiém vy sau : )

- Tin hidu vao ddu vdo (x;, x,) 12 day s& 0 hofic 1 xufit hién ngiu nhién k& ti¢p
nhau.

- Pdu ra Z = 1 n&u nhu tdng chc con s6 1 nhén duge k€ ti thai di€m ban dau
{truéc dd) 1a mét s6 18 Con Z = 0 trong moi trudng hop khéc.

- Diung otdmat Mealy d€ mo td hoat dong.

- Thyc hién dtémat d3 cho bing RSFF.

55) Cho 6tdmat c6 bang chde nang m6 ti trén hinh B.29. Ma hda trang thai otémat sao
cho khong xu#t hién hién tugng chay dua téi han, ddm bao khéng cé hazard tinh.

X2l 00 o1 11 101} Z
A A B A D1
B A B B B ] Hink B.29. Cho mot otdOmat
C A C B cCclo
D A ¢ A clo
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56) Téng hop mach khéng déng bd c6 hai diu vao (x;, x,) vA mét ddu ra X. Hoat dong
theo yéu cflu sau : '

- Tin hidu vao la 0 hosic 1 xuft hién ngiiu nhién k& ti€p nhau trén déu vao (xy,
X3), ching duge coi nhu mét s6 nhi phéan.

Ddu ra Z = 1 néu nhu tng cdc gid tri clia bi€n vao trude dd véi gid tri cia
bién vao tigp theo 1& mot s6 16, VI du : tai thoi di€m ty o6 x, x, = 01 of gid
tri 12 1, tai thoi di€m t; (t; < ty) ta cd xx, = 10 o6 gid trj 12 2. Vay tdng
ctaching 1 + 2 = 3 1as6lédnén Z = 1.

Déu ra Z = 0 trong cac trudng hogp khic.

Dang 6témat Mocer mo tad chic nang.

Thyc hién otémat sac cho khong xuft hién chay dua tin hidu véo x, vA ma hda
trang théi sac cho khéng c¢d chay dua y. Mach l4p rdp dep d& gon gang.
- Lap rap mach dung trige D (DFF).
57) Thiét k&€ hé¢ théng diéu khién dén giao théng dung 6tdmat c6 nhd, cho mot ngd tu
cd luu lugng xe can déi. Hé théng o th€ didu khi€n bing tay cing nhu hoat dong
ty dong. .
~ M6 t4 hoat déng ding &tdmat Moore.
- M4 hda tuy y va diung trigo JK (JKFF) l4p rép.
58) Dung bg ghi dich digu khién sdng t6i 14n lugt cée chit D H B K duge dung lam
bang chi thi.
- X4y dung bing ma hoa nhi phan cho b9 ghi dich.
- Thyc hién bd ghi dich chi thi nay bing trige D hosc bdng trige JK (JKFF).
59) Thyc hién boé d€m nhi phan ting ddn c6 co s6 dém Kd = 16 bdng trigo T (TFF)
hodc dung trigy JK (JKFF).

60) Thuc hién bd dém nhj phAn giam dén cd co 36 d8m Kd = 16 ding trige T (TFF)
hosc bang trigg JK (JKFF).

61) Tdng hop bé d&m c6 co s6 d&m Kd = 12 theo phuong phip t§ hgp ldn 16n y va
y bing trigg JK (JKFF).

62) Thuc hi¢n bo phan t4n vi hé sd chia ton & 10 theo phuong phép t8 hcjé 14n 1on y
va y bing triga JK.

63) Thiét k&€ b) dém cd hé sd dém Kd = 60 dung d€ d6m xung gidy theo phuong phép
t6 hgp 1&n n y va y, dung cach n6i tiép hai b dém. S& dung trigec JK l4p mach.

64) T8ng hgp bd dém cd co s8 dém Kd = 19, trang thai trong cia nd thay ddi theo quy
lu4t nhi phan tang dédn, dung trigo JK thuye hién.

65) Thyc hién bd d&m cd co 56 dém Kd = 12, trang thai bén trong clia nd bién d6i theo

quy luat cda nhi phén tang ddn. B9 dém duge diing d€ d&m gid trong dbéng hé.
Diing trigo JK l&p mach dién cu thé.
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66) Thuc hién bd d&m c6 co s6 dém Kd = 10, c6 trang thai bén trong bién d6i theo quy
luat nhi phan giam dédn. Duang trigs JK l4p rap.

67) Thuc hién bd dém cd co s6 d6m Kd = 10, v6i trang thdi bén trong bién déi theo
quy luat m& Gray. 5S¢ dung trigo JK l&p rdp mach,

68) Téng hop bd dém c6 co 56 dém Kd = 10, cS trang thai bén trong blé'n ddi theo quy
luat ma Johnson. Dung trigo JK thuc hién,

69) T6ng hop bo dém cd co s6 dém Kd = 10, ma trang thai bén trong bién d8i theo quy
luat ma bat ky tu ta dua ra. Ding trigg JK hojc trigo RS thuc hién.

70) Thyc hién bo d&€m thuén nghich vai Kd = 8, ¢§ trang thai bén trong thay ddi theo
quy luat cia mid nhi phan. Dung trige JK thuc hién.

71) Thyc hién bé dém thuan nghich voi Kd = 10, véi trang thai bén trong bign d8i theo
quy luat cia ma nhi phan. Dung trige JK hosc trigg RS Mip mach.

72) Téng hgp bd dém gid véi co s6 d&m Kd = 12 sit dung bd d€m van nang didu khién
trang thdi SN74163,

73) XAy dung bd d&m xung gidy c6 co s6 dém Kd = 60 dung bd dém van nang diéu
khi€n trang thai SN74163.

74) Téng hyp bo taoc ma Gray ba bit diung trigo RS (RSFF).
75) Thyc hién b tao ma Johnson ba bit bing trigo JK.
76) Thigt k& bf tao ma vong b6n bit bAng trige RS,

77) Thyc hién bd tao ma nhi phan thira 3 dung trigy RS hoac trigs JK. 78) Tdéng hop
b4 tao mi bdt ky theo y ta ding trigo RS hoac trigo JK.

79) X4y dung b6 gidi ma chi thi di€m sang cho con xde x4c dién td moé td trén hinh
B.30 sau, cho vao 12 ma nhi phan (BCD).

® ® [ ] bt *
o 5) c)

Hinh B.30. B¢ chi thj cia xfic xic dién i,

80) Dung by dém cd trang thdi trong bi€n ddi theo ma nhi phan (BCD), két hop v6i bo
gidi ma chi thj di€m sing cua xic xdc dién ti, tdng hgp va lAp mach cho mot con
xtc xAc dién td. Khi b&m phim choi s& cho chl thi két qui ngfu nhién nhy & con
xde xie.

81) Thiét k& bd gidi ma ma tran di€m sang cd kich thudc (3 x 4), v6i mi dua vao la
nhi phan (BCD), chi thi cho csc chit ci AOCTHP Q va D. V& s d8 nguyén ly
cua b¢ gial ma.
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82) Thyc hién b6 gidi ma ma tran difm sdng cd kich thude 1a (3 x 5), cd ma nhi phan
dua vado, chi thi cho cdc chit s6 clia co d&m 10. Xay dung so d8 nguyén Iy va lap
mach thye hién.

83) Thiét k& bo giai ma 7 thanh chi thi cde chir s6 cia co d&m 10, v6i ma nhj phan dua
vao la md Gray. V& mach dién cta bo gidi ma.

84) XAy dung b6 chuyfn ma ti cla Gray thanh ma nhi phan thudng (BCD). Ve mach
dién nguyén ly.

86) Thi&t k€ b chuyén ma tit ma nhi phan (BCD) thanh m3 Johnson, ¢6 mach dién
thue hién.

87) Thyc hién bd chuyén ma tit ma thira 3 nhj phan thanh m# Gray, cing vé6i mach
dién thyc hién.

88) Thigt k& bs tao ma tit ma nhi phan théng thudng (BCD) thanh ma bt ky theo ¥
ta, kém theo mach thuc hién cy thé.

89) Ding MUX 4 d4u vao tao ham cho ham Boole sau
fs(X) = (0,1,2,3,4,8,9,11,13,14,18,19,20,21,25,26,29,30,31)
f(X) = (0,1,2,4,5,6,8,-9,10,12,14,16,18,22,30)
90) Thuc hién ham Boole 6 bién.
(X)) = (0,1,2,3,5,7,12,14,16,18,20,22, 26, 28, 30, 32
= 34,37,39,40,43,45,50,51,53,60,61,62,63)
a) Ding mach MUX 4 dfu vao vA mach lagic.
b) Bang mach MUX 4 d4u vao va mach MUX 8 ddu vao.
91) Xay dung ROM thuc hién bo chuy&n ma bén bit sau
a) Ma nhi phan (BCD) thanh ma thia 3.
b) M4 nhi phan (BCD) thanh ma Gray.

¢) M& nhi phan (BCD) thanh ma cg trong s (4-4-2-1).
d) Ma Gray thanh ma Johnson.

e) Ma thita 3 Gray thanh m4 nhi phan (BCD).
92) Ding PLA tao ham cac ham Boole sdu bién sau,

fi(X) = ABC DEF + AEF + ABD + B E

i

f,(X) =ABEF +ACD+ BD + E F
f3(X) = ACDEF + BDE + CDE + A F
f4(X) =ABCDE+ADE+BD+EF +AF

fs(X) =BCDEF+ACD+EA+BD
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93) Dung PLA thiét k&€ bd chuyén ma 4 bit sau :

424

a) Ma nhi phan (BCD) thanh mi Gray.
b) M& nhi phan (BCD) thanh ma thita 3.
¢) Ma Johnsen thanh m3 Gray.

d) Ma thita 3 Gray thanh ma nhi phan (BCD).
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