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LGOI NOI PAU

Ma hinh hod va mé phong la mét phuong phdp nghién civu khoa hoc duoe
itng dung rdt réng rdi: nr nghién ciu, thiét ké, ché tao dén vdan hanh cdc hé
thong. Ngdy nay nhé sir tro givp cda mdy tinh cé téc do tinh todn cao va bé nho
Ién ma phuong phdp mo hinh hod dwoc phdt trién manh mé, dua lai hiéu qud to
lon trong nghién citu khoa hoc va thuc tién sdn xudt. M6 hinh hod va mé phong
dwoc tng dung khdng nhitng vao inh vuc khoa hoc cong nghé ma con ung dung
cé hiéu qud vao nhiéu linh viee khde nhu qudn su, kinh t6 va xd hoi vy, Ngay
nay cé nhiéu cong trinh nghién cttu vé nhitng vdan dé co bdn cia mé hinkh hod va
mé phong { 1,2, 3,6,7, 12 | ciing nhu itng dung k¥ thudt mé phéng vao céc Inh
vie khde nhau | 8, 9, 10, 20, 26 |.

M¢é hinh hod va mé phong la mot cong cu manh cia cdn bé nghién citu,
cdn bo k¥ thugr dé gidi cdc bai todn ky su, quy hoach, 181 wu hod v.v... Plutong
phdp mé hinh hod va mé phdng duoc dung phé bién trong cdc trucmg dai hoc,
cdc vién nghién citu ciing nhu & cdc co s¢ sdn xudt va da dua lai hiéu qud 1o lon,

Cuén sdach nay trinh bay nhing kién thirc co bdn vé mé hinh hod va mé
phong ciing nhw itng dung cda né trong cdc linh vuc khdc nhau.

Cudn sdch dugc danh cho cde ky su, cdan b ky thudt trong linh vuc khoa
hoc cong nghé dong thoi ciing cé thé lam 1ai liéu tham khdo cho sinh vién cita
cdc triemg dai hoc va cao ddng.

Phan cong viét cuén sdch nay nhu sau:

Nguyén Céng Hién viét tie Chuong 1 dén Chuong 10
Nguyén Pham Thuc Anh viét Chuong 11.

Mo hinh hod va mé phdng la mét iinh vuc rong lén va dang phdt trién. Do
khuon khé cudn sdch cé han, nén tdc gid chi lwa chon mét 56 van dé co bdn dé
trinft bay trong cudn sdch nay. Hy vong s€ cung cdp cho cdc déc gid nhitng ca
s& ban ddu dé nghién ciu va phdt trién ky thudt mé hinh hod va mé phdng.

Cdc tde gid 16 long biét on cdc ¥ kién gbép y va nhdn xét quy bdu cua cdc
ban doc. Cac y kién xin gui vé: Nha xudt bdn Khoa hoc va K¥ thudt, 70 Trdn
Hung Dao, Ha Néi.

Cdc tdc gid
GS. TS. Nguyén Céng Hién
TS. Nguyén Pham Thuc Anh



Chuong 1
VAI TRO CUA MO HINH HOA HE THONG

1.1, Khai niém chung

Ngay nay khé c6 thé tim thdy linh vuc hoat dong nao cla con ngudi ma
khong st dung phuong phdp mo hinh hoa & nhitng miic d¢ khic nhau. Diéu nay
dac biét quan trong d6i véi 1inh vuc diéu khién cdc hé théng k¥ thuat va xad hoi,
bdi vi diéu khién chinh }a qué trinh thu nhan thong tin tir hé théng, nhan dang
hé théng theo mot mo hinh nao dé va dua ra quyét dinh thich hgp dé diéu khién
hé théng. Qué trinh nay dugc tiép dién lién tuc nham dua he théng van dong
theo mot muc tiéu dinh trude [1, 2, 3, 4, 5, 12].

Qu4 trinh phdt trién khoa hoc k¥ thuat di theo cdc bude ¢ ban sau day:
quan sat - thu thap dir liéu - nghién ctu 1¢ thuyét - thuc nghiém - 16 chic san
xuit. Mo hinh hod 12 mét phuong phdp khoa hoc trg gitip cho cc bude néi trén.

Phuong phip mo hinh hod va mo phong duge phit trién tir Dai chién thé
gidi thi hai vio nhitng ndm 40 clia the ky 20. Lic d6 ngudi ta ting dung phuong
phip mé phong dé€ nghién citu phin ung hat nhan nhim ché& tao bom nguyén
tr [3].

Mo hinh hod vd mo6 phdng 12 mot trong nhimg k¥ thuit duge diing rong rdi
nhét trong khoa hoc k¥ thuat ciing nhu khoa hoc quan 1y. Theo diéu tra khao st
tai Trudng Case Wesstern Reserve University (M¥, nam 1978} {1], cho thiy d6i
v3i bac hoc Master thi “mo phong” 12 moén hoc ding thd 5 trong 15 mén hoc
hang diu (ding sau mén phuong phdp thdng ké, khoa hoc du bio, phan tich hé
théng vi he théng thong tin), con déi véi bac hoc Tién si thi m6 phong 1a mon
hoc ding thi 2 cling v&i mon “14p trinh tuyén tinh” (chi sau mén phuong phip
thong keé).

Theo s6 liéu da ddn & [1] thi khao sit & 137 hing san xudt 16n cho thdy
trong 40 Ky thuit ma hang sir dung thi “k§ thuat mé phong” ding thi 2 (84%
hang di sir dung) <hi sau “ phan tich théng ke ” (93% hang da st dung).

Nhirng s& liéu néu trén 1a vio nhitng nam 70 ciia th€ ky 20, ngay nay k¥



thuat mdy tinh, cong nghe théng tin da c¢6 bude ti€n nhay vot nén k§ thuat mé
phong duoc phat trién Jén mot mic cao hon, phong phd hon.

Nho ¢6 mdy tinh dién tir ma phuong phap mo hinh hod v mo phéng phat
trién nhanh chéng va duoe ng dung vao nhiéu linh vyc khoa hoc k¥ thuat ciing
nhu khoa hoc xa hoi khdc nhau. Nh& 6 phuong phdp mo hinh ho& va mé6 phong
ngudi ta ¢é thé phan tich, nghién citu céc hé théng phic tap, xdc dinh cdc dac
tinh, hanh vi hoat déng clia cdc he théng. Cic k&t qua mod phong duge dung dé
thi€t k€, ché tao ciing nhu xdc dinh ché d6 van hanh cla h¢ thong. Nho cé
phuong phip mo hinh hod va mo phéng ma ngudi ta 6 thé dva ra nhiéu “kich
ban” khdc nhau dé tir d6 lya chon phuong dn ti6i wu.

b1 voi cdc hé théng phite tap, phi tuyén, ngdu nhién, cdc tham sé bién d6i
theo thoi gian, phuong phdp gidi tich truyén théng khong thé cho ta 1ai giai
chinh xdc duge. Liic nay phuong phdp mo hinh hod va mé phong phat huy thé
manh ciia minh va trong nhidu trudng hop né 13 gidi phap duy nhat dé nghién
cu cdc heé théng phiic tap néi trén.

Muc 1.2 trinh bay mot sd dinh nghia co bén diing trong mé hinh hod. Mue
1.3 néi v¢ he théng va mo hinh hé théng. Cuéi cing muc 1.4 ban vé trién vong
phat trién ciia phuong phép mé hinh hoa va mo phong.

1.2. M¢ét s6 dinh nghia co bdn

Trude khi di vao nghién ctu chi tiét, ching ta hdy théng nhat mot s dinh
nghia co ban diing trong cudn sdch nay:

* Déi tweng (Object) 12 14t ca nhimg su vat, su kién ma hoat ddng cia con
ngudi cé lién quan t6i va can nghién citu né [1, 2,3 1.

* H¢ thong (System) Thuat ngit hé théhg duge dung v6i nghia rat rong tuy
thugc vac muc dich nghién citu, vi vay khé ¢6 thé dua ra duge mot dinh nghia
ddy 4. Sau day chiing ta bit ddu véi mot dinh nghia twong d6i don gian, vé sau
¢d the md rong tuy thude va muc dich nghién ctru va he théng cu thé. Hé thong
1a tap hop cdc d6i tugng, su kién (con ngudi, mdy méc) ma giita chiing cé mdi
quan hé nhat dinh [1, 2, 3].

* Trang thai cia hé thong (State of System) 12 tap hop céc bién s6, tham
56 ding d€ mo ta hé théng tai mot thoi diém va diéu kien nhat dinh.

* M6 hinh (Model) 14 mot so d6 phin dnh d6i tugng hoic hé théng. Con



ngudi ding so d6 dé dé nghién ctu, thuc nghiém nhim tim ra cic quy luat hoat
dong cua déi tugng hoac hé théng. Hay ndéi mot cdch khdc mé hink 12 doi tugng
thay thé cha d6i tugng géc (d61 twong thuc &) ding dé nghién ciu vé ddi tuong
goc[1, 2, 3].

e Mo hinh hoa (Modeling) 1 thay th€ d6i tugng géc bing mot mo hinh dé
nham thu nhan cde thong tin vé d6i tugng bang cdch tign hanh cdc thuc nghiém,
tinh todn trén mo hinh. Ly thuyét x4y dung mo hinh va nghién cifu mé hinh dé
hiéu biét vé d6i tugng gdéc goi 12 1y thuyét mo hinh hod {1, 2, 3, 4, 5].

Mo hinh hod 1a mot phuong phdp khoa hoc dé nghién cifu déi twong. Néu
nhu cdc qud trinh xay ra trong mo hinh dong nhét - theo cdc chi tiéu dinh trude
— véi cdc qua trinh xay ra trong do6i tugng gdc thi ngudi ta néi ring mé hinh
déng nhat v6i déi tugng. Liic ndy ngudi ta c6 thé tién hanh c4c thye nghiém trén
mo hinh dé thu nhan cdc thong tin vé d6i tuong {1, 2, 3).

e Mo phong (Simulation, Imitation) 1a phuong phdp md hinh hod dya trén
viec xdy dung mo hinh s6 (numerical model) vd dung phuoug phdp s6
(numerical methods) dé (im cac i gidi. Chinh vi vay, mdy tinh s§ 13 c6ng cu
duy nhat va hifu hi¢u dé thuc hién viéc mé phéng hé théng [1, 2, 3, 12].

Ly thuyét ciing nhu thuc nghiém da ching minh ring chiing ta chi c6 thé
xay dung duge cdc mo hinh gdn ding véi ddi tugng ma thoéi, vi trong qua trinh
mo hinh hod bao gidr cling phai chip nhan mot s§ gid thi€t nham gidm bét do
phifc tap clia mo hinh, dé mé hinh c6 thé ng dung thuén tién trong thuc 1€. Mac
ddu vay mé hinh hod luon ludn 12 mot phuong phdp hitu hiéu dé con ngudi
nghién cu doi tugng, nhan bidt cdc qud trinh, cdc quy luat tu nhién. Dac biét
ngiay nay nhd cé sw trg gidp dic luc cha k¥ thuat mdy tinh, k¥ thuart tin hoc,
ngudi ta di phét trién cdc phuong phdp mé hinh hod cho phép xdy dung cdc mo
hinh ngay cang gdn v6i d6i tugng nghién ciiu, dong thoi viéc thu nhan lya chon
XU 1y cac thong tin v€ mo6 hinh rat thuan tién, nhanh chéng va chinh xéc.

Chinh vi vay, mo hinh hod 12 mét phwong phap nghién citu khoa hoc ma (4t
ca cdc k¥ su déu phai nghién ciru va tng dung vao thuc tién hoat dong cla
minkb.

1.3. H¢é thdng va mé6 hinh hé thing

Pdu tién chiing ta xem xét mot s6 vi du vé cdc hé théng tuong d&i don gian.
Hinh 1.1. trinh bay hé théng tu dong diéu khién toc do dong co. Tin hiéu vio



cta he thdng r(r) 12 t6c do dat mong mudn, tin hiéu ra cla hé théng y (1) 1a téc
do thuc t€ clia dong co. Sai lech t6c d6 e(r) = y (1) - r(t) duge dua vio bé diéu
khién BDK d€ tao ra tin hieu didu khién u(f} tdc dong vao dong co HC nhim
duy tri t8¢ do déng co & mitc mong muén.

u() ¥

v

bC

Hinh 1.2. H¢ théng diéu chinh tie déng t6¢ d¢ dong co.

Hinh 1. 2 uinh bay hé théng diéu khién qud trinh sin xust. Heé théng san
Xudt gom nhiu hé con chitc nang nhu: cung cadp vat tu, nang lugng; gia cong,
ch€ bién; Idp rdp, hoan thién san phdm: phan phéi, tiéu thu. Dién khién qui
trinh sdn xuft 1 trung tAm diéu khién. Piu vio cha hé théng 12 don dat hang
cha khdch hang, d4u ra cia he théng 12 sin phdm cudi cling.

Don dat hang —— Trung tam diéu khién

LN

Nguyén

vatlieu | Cung img Gia cong Lip rap Phan phsi | phdm
Ning vitte || ch€bign [ sinphdm [ san phdm
lugng

Hinh 1.2, Hé thong diéu khién qud trinh sdn xudt.

Tir hinh 1.1 v hinh 1.2 chiing ta thdy ring trong hé théng c6 nhiéu phén tir
thuomg duge goi 1a cdc thuc thé' (Entity), mbi mot thuc thé cé cic thugc tinh
(Attribute) chia n6. Mot qud trinh gdy ra thay déi trong hé théng duge goi 1a mot
hoat déng (Activity). Mot tic dong lam thay ddi trang thdi clia he thdng dugc
goi 1a mot su kién (Event). Tap hop céc bién phan 4nh trang thii cua hé théng
tai mot thoi di€m dugc goi 1a biéh trang thdi (State variable).

Tuy theo muc dich nghieén ctiu ma hé théng dugc mé ta véi mite do chi tiét
khdc nhau. Mot s6 he théng véi cdc déc tinh co ban dugc trinh bdy trong bang 1.1.



Bdng 1.1

Hé thong | Thuc thé | Thugc tinh | Hoat | Sukién | Biéntrang
dong thdi
Giao thong | Xe buyt Toc do L4i xe Xe dén | S6 khach hang
Khoing cdch bén chd & bén
Ngan hang {Khdch hang | Kiém tra tai { Rut glti { S6 khach | S6 nhan vién
khoan tién hang phuc vu
Thong tin | Théng tin | Thai lugng | Truyén | Théng tin | S6 ngudi doi
fién lac lién lac tin truyén dén lien lac
Siéu thi |Khdch hing| Danhmuc | Tinhtrda | Khdch |S6 khdch hang
mua sam tién hang dé€n | r&i siéu thi
siéu thi
Tram 14p rdp| San phdm | Kich thudc, | Lap rdp | Sdn phdm |S6 san phdm
san pham trong lugng | sin phm | hoan thién| hoan thién

C6 hai con dudng d€ nghién citu hé théng: nghién cliu trén hé thuc va
nghién citu trén moé hinh thay th& cia né. RS rang ring nghién ciru trén hé thuc
cho ta két qua trung thuc va khach quan. Tuy nhién trong nhiéu trudng hop tién
hanh nghién citu trén hé thye gip nhi€u khé khan nhu s& duge trinh bay dudi
day, do d6 phuong phdp 6t nhat va thuan tién nhét 1a nghién ciu trén mo hinh
cta né. Chinh vi vay phuong phdp mé hinh hod rat dugc chi ¢ nghién ctu va
phdt tri€n va phuong phdp niy déng vai trd quan trong trong sy nghiép phat
trién khoa hoc va k¥ thuat.

1.4. Trién vong phdt trién ciia phuong phdp mé hinh hod hé thong

Trude day phuong phdp giai tich duge dung d€ mo hinh ho4 hé théng. Tuy
mdy tinh da gidp cho viéc tinh todn duge thudn lgi nhu tang khai lugng tinh
todn, giam thoi gian tinh v.v... nhung ban than phuong phdp gidi tich gip nhiéu
khé khan khi mo ta hé¢ théng nhu thudng phai chdp nhan nhiéu gia thist dé don
gian hod mé hinh, do d6 cc két qua nghién cimt ¢é d6 chinh x4c khong cao.

Ngay nay bén canh phuong phap giai tich nét trén, phuong phap mé phong
(Imitation, Simulation) dugc phét trién manh mé va Wng dung 14t rong rii. Cac
mé hinh duge xay dung dua trén phuong phdp mé phong duge goi 1a mé hinh



mo phang (hay con goi ld mé hinh sé). Phuong phdp mo phéng cho phép dina
vac mo hinh nhi€u yéu t8 gan sat vdi thue 1€, Ddng thdi mo hinh duoc gidi trén
cdc mdy tinh ¢6 t6¢ dg tinh nhanh, dung luong 16n, do dé cac két qua thu duge
¢6 d¢ chinh xdc cao. Vi vay phuong phdp mé phong di tao diéu kien dé giai cic
bai toan phic tap nhir bai todn mo hinh hod cdc hé théng 16n, he théng ngiu
nhién, phi tuyén ¢6 cdc thong s6 bién thién theo thdi gian [1, 2, 3, 4.5, 12].

Phudng phdp m6 phong dac biét phat huy hiéu qua khi cn mé hinh hod cic
hé théng 16n ma dac diém co ban cila né 14 ¢é cdu triic phan cdp, cau triic hé
con, gilta cic hé con va trung tam diéu khién ¢6 sit trao déi thong tin véi nhau.
Phuong phdp mé phéng ciing té ra hitu hiéu khi mé hinh hod cac hé théng cé
‘cdc y€u (6 ngdu nhién, cé thong tin khong ddy di, cdc théng tin s& duge bé sung
trong qua trinh mo phong, trong qua trinh trao déi théng tin giita ngudi diéu
khién v6i déi tuong.

Phuong phdp mé phéng duoce tng dung dé mé hinh hod treng nhiéu linh
vuc khdc nbau nhu: k¥ thudr, kinh t€, X3 hoi, sinh hoc, dac biét 1a cic he thdng
16n, phitc tap, cé nhiéu yé&u 16 ngdu nhién tdc dong.

Tom lai, mo6 hinh hod la mot phuong phap nghién citu khoa hoc dang phit
trién va rdt cd trién vong.

e giay doan thi€t k€ hé théng, mé hinh hod gitp ngusi thiét ké lua chon ciu
tric, cdc théng sé cha hé théng dé téng hop he théng. G giat doan ché tao, mo
hinh hod gitip cho viéc lua chon vat lieu va cong nghé ché tao. & giai doan van
hanh hé théng, mé hinh hod giip cho ngudi didu khién gidi cdc bai todn didu
khién t8i uu, dy dodn céc trang thai cda he théng. Pac biét trong trudng hop két
hop he chuyeén gia (Expert System) véi mo hinh hod ngudi ta ¢é thé giai duoe
nhiéu bai todn diéu khién, ti€t kiém dugc thdi gian ciing nhu chi phi vé vat chit
va tai chinh.

Phuong phidp mé hinh hod thuong duge ding trong c¢dc truimg hop sau day:

1. Khi nghién citu trén hé théng thuc gdp kho khdn do nhidu nguyén nhan
gdy ra ninr ;

» Gia thanh nghién ctu trén hé th&ng thuc qud dat

Vi du: Nghién citu két cdu 18i uu, do bén, kha nang chéng dao dong cia
010, 1au thuy, mdy bay ngudi ta phai tdc dong cdc luc dh Ién dén mitc pha huy

10



cdc doi tugng nghién citu néi trén dé tir 46 danh gid cdc chi tiéu ky thuat da dé
ra. Nhu vay gid thanh nghién ctu s& rat dit. Bang cdch mo hinh hod trén mdy
tinh ching ta c¢6 thé thu duge nhiéu phuong 4n khéc nhau dé tir 46 lira chon
phuong dn ttdi wu cla céde thiét bi néi trén,

* Nghién citu trén hé théng thuc doi hoi thi gian qua daj

Vi du: Nghién ciu ddnh gid do tin ciy, ddnh gid tudi tho trung binh cla hé
théng k¥ thuét (thong thudng tudi tho trung binh cila hé théng k¥ thuat khoang
30 ~ 40 nam) hodc nghién ctru qud trinh phdt trién dan s& trong quing thoi gian
20 - 50 nam v.v... N€u cho doi quiang thoi gian dai nhur vay mdi ¢é két qua
nghién citu thi khéng con tinh thoi sy nita. Bang cdch mo phong hé théng va cho
hé thdng "van hanh" tuong duong vdi quing thdi gian nghién ciu. Bang cich
thay d6i cdc dif liéu ban diu va diéu kién van hanh ngudi ta ¢ thé dua ra cic
“kich ban™ khdc nhau dé ddnh gi4, so sdnh va lya chon cde chi tiéu kinh t€ k§
thuat cia hé thong.

e Nghién cttu trén hé théng thuc dnh hudng dén san xudt hodc gay nguy
hiém cho ngudi va thiét bi.

Vi du: Nghién ctu qud trinh chdy trong 10 hei cia nha mdy nhiét dién,
trong 10 luyén clanhke clia nha mdy ximang v.v... ngudi ta phai thay déi ché do
cdp nhién liéu (than, ddu), ting gidm lugng gié cdp, thay déi 4p sudt trong 10
v.v... Viéc lam cdc thi nghiém nhu vay s& can trd san Xudt binh thudng, trong
nhiéu trudng hop c6 thé xay ra chdy, né gay nguy hiém cho ngudi va thiét bi.
Béing cidch mo6 phdong hé théng, ngudi ta ¢6 thé cho hé théng "vin hanh" véi cdc
bo thong sd, cdc ché do van hanh khic nhau dé tim ra 1&i gidi t6i wu. Trong
trudng hop ndy mo hinh ciing duge ding dé€ dio tao va huan fuyén cic cén bo
k¥ thuat trudce khi ho tham gia vao van hanh hé thong thuc.

e Trong mot 8 trudng hop khong cho phép lam thye nghiém trén hé théng
thuc

Vi du: Nghién cdu cdc hé théng 1am viéc & nhilng noi doc hai, nguy hiém,
duéi hdm sau, ddy bién hoac nghién citu trén co thé con ngudi v.v... Trong
nhitng truong hop nay ding phuong phdp mo phong 13 giai phdp duy nhat dé

nghién citu hé thdng.

2. Phuong phdp mé hinh hod cho phép ddnh gid dé nhay cua hé théng khi
thay déi tham s6 hoac cdu tric cha hé thong cling nhu ddnh gid phan ting cha hé
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thong khi thay déi tin hiéu diéu khién. Nhitng s6 litu nay ding dé thist k& he
thong hoac lya chon thong s6 t6i uu dé van hanh hé théng.

Vi du: Cin nghién ctu 46 nhay cta bién dong gid thanh sin phdm khi gid
dién ning ting lén.

3. Phutong phdp mé hinh hod cho phép nghién ciu hé thong ngay cd khi
chita ¢6 hé thong thuc

Trong trudng hop chua ¢é hé thdug thuc thi nghién ciu trén mo hinh 12
bién phép duy nhat dé danh gid céc chi tieu k¥ thuat clia he théng, lua chon cfu
triic va cdc théng s& t6i vu clia hé théng v.v...

Vi du: Trude khi x4y dung nha mdy thuy dién l6n ngudi ta phai ding
phuong phip mo hinh hod d€ nghién citu, lya chon két cfu va théng s6 k§ thuat
dap chinh cia nha may.

Ngay nay nhé& c¢6 nhimng ti€n bo vugt bac ctia k¥ thuit may tinh va cong
ngh¢ théng tin ma phuong phdp mo hinh hod va mé phéng phat trién len mot
muc cao va di theo mét s6 hudng sau day:

+ Mo phdng cdc hé théng 16n phic tap, dac biét 1a cac hé phi tuyén, ngiu
nhien. Ung dung k¥ thuat d6 hoa 3 chiéu, k¥ thuat tao hinh anh dong (hoat hinh)
dé xay dung nhimg chuong trinh mé phéng sinh déng, truc quan rat thuan tién
cho viéc nghién cdu va hién thi cdc két qua mé phong.

+ Mo phong cic h¢ théng san xuat nhu quy hoach nguén lyc san xust, lap
k€ hoach san xudt, quan [y kho v.v...

+ M6 phong cdc hé théng dich vu nhu tram sira chita 6t6, phong khim
bénh, nha hang, siéu thi v.v...

+ MO phong cdc hé théng trd choi (game), linh vuc ndy duge ing dung
trong gidi tri, quan sy, kinh doanh v.v...

+ Mo phong cdc hé théng dao tao nhu phdng thi nghiém 4o, 16p hoc dién ti
(E-Learning), phong dao tao ldi xe 6t6, mdy bay, tau thuy, husn luyén vin hanh
cdc hé théng k¥ thuat phic tap v.v...

Nhin chung ky thuat mé hinh hod va mé phdng ngay cing phat trién khéng
nhitng trong linh vue Khoa hoc k¥ thuat ma cdn duge tng dung thanh cong tronh

nhiéu linh vic khéc nhu kinh 1€, xa hoi, quan su, y t&, gido duc, kinh doanh, gidi
tri vov...
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Bai tdp

1.1. Hay xédc dinh cdc thanh phdn clia h¢ thong 1a thyc thé, thuée tinh, hoat
dong, su kién va bién trang thai clia cing bién sau day: tau dén cing s& cap bén
néu nhu con chd tréng, ngugce lai s& phai sip hang chd dén luor. Tau duoc cdc
cén cdu boc d& hang. Khi hang béc xong tau rdi bén ngay

1.2. Cung nhu cau 1.1 nhung hé théng 14 quén caphé, tram rira xe.

1.3. Hay 14y vi du ching minh nhimg khé khdn gip phai khi nghién ciu
trén hé thye va nhitng wu diém khi chuyén sang nghién ctu bing phuong phép
mo phong.
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Chuong 2
KHAI NIEM CO BAN VE MO HINH HOA HE THONG

2.1, Khdi niém chung

Ngay nay phuong phép 1iép cdn hé thong duge ding d€ phan tich vi téng
hop cdc hé thong 16n. Khdc véi phuong phdp truyén théng trude day di tir phdn
ta dén hé thong, phuong phdp ti€p can hé thdng di tir phan tich chung toan he
thong dén cdu tao timg phén tir, di tir xdc dinh muc tiéu toan hé théng dén chic
nang nhiém vy timg phdn tr cy thé, x4c dinh méi twong quan gilta cac phin tir
trong hé thong, giita hé thdng dang xét véi cdc hé théng khdc v v&i moi trudng
xung quanh. Ngudi ta dinh nghia hé théng § la tap hop cdc phén tir c6 quan hé
vOi1 nhau, dé chinh 14 do6i tugng cdn nghién citu. Mé1 trudng xung quanh E 1a tap
hop c4c thuc thé ngodi he théng, ¢6 tdc dong qua lai v&i hé thong. Tuy thuoe
vao muc dich nghién citu ma ngudi ta xdc dinh hé thdng S va moi trudng E
tuong ung [1, 12].

Khi ti€n hanh mo hinh hod diéu quan trong 13 xdc dinh mue tiéu mo hinh
hod, trén co sd dé xdc dinh hé théng 8, mé1 trudng £ va moé hinh M. Budc tiép
theo 1a xdc dinh c4u triic clia hé théng tic 1a tdp cdc phdn wr vA quan hé giita
ching trong hé théng.

Cdu tric cla hé théng 6 thé dugc xem xét trén hai phuong dién: tir phia
ngoai va tir phia trong. Tir phia ngoai tic 12 xem xét cdc phdn tr cdu tao thanh
hé th6ng va mdi quan hé giita chiing, hay néi cich khéc d6 14 phuong phdp tiép
cdn cdu triic. Tir phia trong, tic 12 phan tich ddc tinh chidc nang cia cdc phén tir
cho phép hé théng dat tdi muc tiéu di dinh, hay néi mot cach khac dé 1a pluong
phdp tiép cdan chitc ndng.

Khi xem xét sy van dong cua hé théng theo thoi gian S(#), ¢ nghia 1a he
théng chuyén tir trang thdi ndy sang trang thdi khdc trong khong gian trang thai
Z, ngudi ta quan (dm dén chiic nang hoat dong cia he thdng. Pé ddnh gid chitc
nang cua hé¢ théng ngudi ta phai xdc dinh cdc chi tiéu ddnh gid, hoic 1a tap céic
chi tiéu riéng, hodc 1a chi tiéu téng hop cho toan hé théng.
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Tigp can hé¢ théng cho phép chiing ta xay dyng mo hinh hé théng 16n cé
tinh dén nhieéu yéu t8 tdc dong trong noi bo he thong S ciing nhu giita hé thdng
v61 moi trudng E.

Ngudi ta o6 thé chia qud trinh mo hinh ho4 ra 1am haj giai doan: giai doan
thi€t k& téng thé (Macro Design) vi giai doan thiét k& cy thé (Micro Design).
Trong giai doan thi€t k& tdng thé, rén ca s& cic dir lieu cha hé thong thye S va
cua méi truong E ngudi 1a xay dung m6 hinh heé théng va mo hinh moi trudng
thoa man cdc chi tiéu dinh gid dinh trude. Con trong giai doan thi€t ké cu thé,
trén cd s& mo hinh da duge lya chon ngudi ta xdc dinh cdc didu kién rang buoc,
xay dung cac chuong trinh mé phong trén may tinh va thuc hién viéc mo phong
dé tim cdc dac tinh kinh t&€ k¥ thut cia he théng thuc.

Muc 2.2 néi vé dic diém cita mo hinh hod hé théng. Muc 2.3 trinh bay
cach phan loai hé théng. Cusi ciing muc 2.4 trinh bay mot s6 nguyen tic khi
xay dung mo hinh.

2.2. Ddc diém cia mé hinh hod hé thong

Ciing vé6i sy phdt trién cha cdc phuong phéap ly thuyét, cdc phuong phip
thue nghiém dé nghién cifu, phan tich va téng hop hé théng ngay cang dugc
hoan thien. D&i véi mot hé thong thuc cé hai phirong phdp co ban dé nghién cim
thue nghiém, nghién ciu wén hé thuc va nghién cdu trén mé hinh ciia né.
Nghién ctu thyc nghi¢m trén hé thuc cho ta cic s6 lidu khéach quan, trung thye,
O day phai gii quyét van dé 14y mau thong ke, udc lugng tham 56, phan tich va
xu 1y dit liéu v.v... Tuy nhién viéc nghién cidu thue nghiém trén hé thuc trong
nhiéu trudng hop gap khé khan nhu di duge trinh bay & muc 1.4, trong trudng
hop nay nghién ciu thye nghiém trén cic mé hinh 14 phuong phdp c6 nhidu
trién vong [1,2, 12 ).

Nhin chung cdc ddi twgng thyc ¢6 cdu tric phiic tap va thudc loai hé théng
16n vi vay mo hinh cla chiing ciing dugc liét vao cdc he théng 16n vi ¢6 nhilng
dac diém co ban sau day [12):

a} Tinh muc tiéu: Tuy theo yéu cdu nghién ctiu ¢é thé ¢6 moé hinh chi ¢é
mot muc tiéu 1a d€ nghién citu mot nhi¢m vu cu thé ndo do, hodc mo hinh da
muc tiéu nhdm khao sdt mot s6 chiic nang, dic tinh cda d6i tugng thuc té.

b} D¢ phiic rap: DO phiic tap thé hién & cdu tric phan cip clia mo hinh, cdc méi
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quan hé qua lai gira cdc hé con vdi nhau va giita h¢ théng S v&1 moi truong E.

¢) Hanh vi ciia mé hinh: Hanh vi ¢cda mo hinh 13 con dudng dé mo hinh dat
dugc muc tieu dé ra. Tuy thudc ¢é y&u 18 ngdu nhién tdc dong vao hé théng hay
khong ma ta ¢6 mo hinh tién dinh hoic ngiu nhién. Theo hanh vi cila hé théng
¢6 thé phan ra mo hinh lién tuc hoac gidn doan. Nghién ctu hanh vi cla moé
hinh ngudi ta biét duge xu hudng van dong cba doi tugng thuc.

d) Tinh thich nghi: Tinh thich nghi 12 dic tinh cla hé théng c6 16 chic cdp
cao, hé théng cé thé thich nghi v6i su thay d6i clia cdc tdc dong vao hé thong.
Tinh thich nghi chia m6 hinh thé hién & kha nang m6 hinh phan dnh dugce cdc téc
déng clia moi trudng t&i hé théng va kha nang giit 6n dinh clia m6 hinh khi céc
tac dong dé thay dai.

e) Tinh diéu khién duoc: Ngiy nay nhiéu phuong phip tu dong hod da dugc
tng dung trong mo hinh hod hé théng. Sit dung cdc bién phédp lap trinh nguoi ta
c6 thé diéu khién mo hinh theo muc tiéu dinh trude, thuc hién Kha nang d6i
thoai gitta ngudi véi mo6 hinh dé€ thu nhan théng tin va ra quyét dinh diéu khién.

g) Khd ndng phdt trién cia mé hinh: Khi ti€n hanh mo hinh hod hé thong
bao git ciing xut hién bai todn nghién citu su phdt trién cha hé théng trong
tuong lai. Vi vay mo hinh phai cé kha nang md rong, thu nap thém cic h¢ con,
thay d6i cau triic dé phid hop véi su phat trién clia hé théng thuc.

h) Dé tin cdy - P6 chink xdc: M6 hinh hod 1a thay thé d8i twgng thuc bang
mé hinh clia né dé€ thuan tién trong viéc nghién ctu. Vi vy mo6 hinh phai phan
anh trung thuc cdc hién tugng xay ra trong d6i tuong. Céc k€t qua thuc nghiém
trén mo6 hinh phai ¢6 do chinh xdc, do tin cay thod min yéu cdu dé ra.

Can phai nhan manh rang két qua mo hinh hod phy thude rat nhiéu vao kha
nang va kinh nghiém cda ngudi nghién cttu. Mot mat, ngudi nghién citu phai am
hiéu d6i tuong, ndm vitng cdc hién tugng, cdc quy luat xay ra trong hé théng
thyc. Mat khdc, ngudi nghién citu phai bi€t lya chon phuong phdp mo hinh hod
thich hop v6i timg d6i teong cu thé, déng thdi phai ¢é kha niang thuc hién mo
hinh trén mdy tinh - titc kha ning lap trinh d€ giai cdc bai todn v& mo hinh ho4.

2.3. Phan loai mé hinh hé thing

C6 thé can cif vio nhiéu d4u hiéu khc nhau d€ phan loai mé hinh. C6 thé
liée ké tirng cdp mo hinh nhu sau:
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Mo hinh tién dinh - Mo hinh ngdu nhién
M6 hinh tinh - Mo hinh déng
Mé hinh tuyén tinh - Mo hinh phi tuyén
Mg hinh lien tue - M6 hinh gidn doan
M¢ hinh vat 1y - Mo hinh todn hoc
Mo hinh giai tich - Mo hinh mé phdng
C6 thé liér ké thém cde cip m6 hinh nhy trén nifa, tuy nhién sau day chiing
ta dwa ra mot cdch phan loai mé hinh nhu trinh by trén hinh 2-1.
Mé hinh duge chia lam hai nhém chinh: mé hinh vat 1y va mé hinh todn
hoc hay con goi 12 mo hinh triru tvgng. Tir hai nhém chinh d6 lai ¢6 thé chia ra
thanh cédc loai mo hinh cuy thé hon.

Mo hinh hé théng

T

Mo hinh vat 1y Mo hinh toan hoc

AN N

Mo hinh thu phé |{ Mo hinh tuong tw| | Mo hinb gidi tich| | Mé hinh s6

Mo hinh méo phong

Hinh 2.1. So dé phdn logi mé hinh.

Mé hinh vdr Iy 1a m6 hinh duge cfu tao bdi cac phén tir vat 1y. Cac thudc
tinh cha d&i tugng duge phan 4nh bang cdc dinh luat vat 1y xdy ra trong mo
hinh. Nhém mo hinh vat 1y duge chia thanh mé hinh thu nhé va mé hinh tuong tu.

Mé hinh vat Iy thu nhd ¢6 cdu tao gidng nhu d6i tugng thue nhung cé kich
thuéc nhéd hon cho phit hop diéu kién ciia phong thi nghié¢m. Vi du ngudi ta ché
tao 10 hoi clia nha may nhiét dién cé kich thudc nho dat trong phong thi nghiém
3¢ nghién citu qua trinh chdy trong 15 hoi, hodc x4y dung mé hinh dap thuy dién
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c6 kich thude nhé trong phong thi nghiem dé nghién citu cic ché do thiiy van
cla dip thily dién. Uu diém cla loai mé hinh nay la cdc qua trinh vat 1y x4y ra
trong mé hinh giéng trong d6i tugng thuc, c6 thé do ludng quan st céc dai
lugng vat 1y mot cdch tryc quan véi d¢ chinh xde cao. Nhrge diém ciia clia loaj
moé hinh vat 1y thu nho 12 gia thanh dét, vi vay chi dugce diing khi that cin thiét.

Mo hinh var Iy ntong ty duge cdu tao bang cac phén tir vat 1y khong giéng
vdi d6i tugng thuc nhung cdc quéd trinh x4y ra trong mo hinh twrong duong véi
qud trinh xay ra trong do6i twgng thyc. Vi du c6 thé nghién ctru qua trinh dao
dong diéu hoa cua con lic don bing mo hinh tuong ty 12 mach dao déng R-L-C
vi dong dién dao dong di€u hoa trong mach R-L-C hoan toan tuong tir qua trinh
dao déng dicu hod elia con 1ac don, hodc ngudi ta ¢é thé nghien citu dudng day
tai dién (c6 théng s phan bs rdi) bang mé hinh tuong ty 13 mach bén cuc R-L-C
(6 thong s6 tap trung). Uu diém cia loai mé hinh nay 1 gid thanh ré, cho phép
chiing ta nghién citu mét s& dac tinh chit y&u ctia déi twong thuc.

Mo hinh todn hoc thudc loai mé hinh tritu twong. Cac thudc tinh cla d6i
tuong dugc phan dnh bang cac bi€u thite, phuong trinh todn hoc. M6 hinh todn
hoc dugc chia thainh mo hinh gidi tich va m6 hinh s&. Mo hinh gidi tich dugc
x8y dung bdi céc bifu thitc gidi tich. Uu di€m cia loai mé hinh nay 1a cho két
qua r6 rang, tdng quit. Nhuoc diém cia mo hinh giai tich 12 thudng phai chap
nhin mot 6 gia thiet don gian hod d€ c6 thé biéu dién d6i tugng thuc bing cdc
bidu thitc gii tich, vi vay loai mé hinh ndy chi yéu duge diing cho cdc hé tién
dinh va tuyén tinh.

Mo hinh s6 duge xay dung theo phuong phdp s6 tic 1a bing cdc chuong
trinh chay tréen mdy tinh s6. Ngay nay nhd sy phdt trién cdia k¥ thuat may tinh
va k¥ thudt tin hoc, ngudi ta da xay dung cdc mé hinh s6 ¢6 thé mo phdng duge
qua trinh hoat dong cilia doi tugng thyc. Nhitng mo hinh loai nay dugc goi 1a mo
hinh mé phong (Simulation). Uu diém cia loai mé hinh mé phong 1a 6 thé mo
ta cdc y€u t§ ngdu nhién va tinh phi tuyén cla d6i tuong thuc do dé mé hinh
cang gin v6i ddi tuong thuc. Ngay ndy mo hinh mé phéng duoc iing dung rat
rong rii.

M6 hinh phai dat dwge hai tinh chét co ban sau day:

*Tinh déng nhat: Mo hinh phai déng nh4t véi d6i tugng thuc ma né phan
dnh theo nhitng tiéu chuén dinh trude.
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® Tinh thyc dung: C6 kha nang sir dung mo hinh d€ nghién cttu dai tuong.

R4 rang rang, d€ tang tinh déng nhét trong mo hinh phai dua vao nhiéu yéu
t6 phan dnh day d0 cdc mat cha d6i wong. Nhung nhu vay nhidu khi mo hinh
tré nén qud phitc tap va c6ng kénh dén ndi khong thé diing dé tinh todn duoc, ¢
nghia la mat tinh chat thyc duyng cia né. Néu qud chi trong tinh thuc dung, xay
dung m6 hinh don gidn thi sai l&ch gita moé hinh va d6i wong thuc s& 16n, didu
dé dan dén két qua nghién ctu khong chinh xdc. V1 vay tuy thudc muc dich
nghién c¢fu ma nguoi ta lua chon tinh déng nhat va tinh IIhl._IC dung cOa mo hinh
moét cdch thich hop.

2.4. Mot s6 nguyén tdac khi xdy dung mé hinh

Viéc xay dung mo hinh todn hoc phu thuoc vao dac diém cia he théng
thuc, vi vay khé ¢4 thé dua ra nhiing nguyen tic chat ché ma chi ¢6 thé dua ra
nhimg nguyén tic ¢é tinh dinh hudng cho viéc x4y ding mé hinh. Sau day 1a
mot s6 nguyén tic chinh

a) Nguyén tdc xdy ding so dé khoi

Nhin chung hé théng thuc 1a mét hé thdng Lén phide tap, vi vay ngudi ta tim
cach phan ching ra thanh nhiéu hé con, méi hé con ddm nhiém mot s& chiic
nang cia hé 1dn. Nhur vay mdi hé con duge biéu dién bing mot khéi, tin hiéu ra
ctta khéi trudce chinh 1a tin hiéu vao cta khéi sau (xem hinh 2 & phdn M& ddu)

b) Nguyén tdc thich hop

Tay theo muc dich nghién ciu ma ngudi ta lya chon mot cach thich hqp
gitta tinh dong nh4t va tinh thye dung cha mo hinh. C6 thé bd bét mot s chi tiél
khong quan trong dé€ mé hinh bét phifc tap va viéc gidi cdc bai todn trén mo
hinh dé dang hon.

c) Nguyén tdc vé doé chinh xdc

Yéu cdu vé do chinh xdc phu thudc vao muc dich nghién citu. 6 giai doan
thiét k& tong thé do chinh xdc khong ddi hdi cao, nhung khi nghién citu thist
k& nhitng bo phan cu thé thi d¢ chinh xdc clha mé hinh phai dat dwoc yéu cdu
cén thiét.

d) Nguyén tdc té hop

Tuy theo muc dich nghién citu ma ngudi ta ¢6 thé phan chia hoac 18 hop
cic bo phan clia mé hinh lai véi nhau. Vi du khi moé hinh hod mot phan xudng
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dé nghien cifu qud trinh san xuat sin phdm thi ta coi cdc mdy méc 1a thirc thé
céa né. Nhung khi nghién cifu qud trinh diéu khién nha m4y thi ta té hop phan
xudng nhu la mot thuc thé cia todn nha mdy.

Bai tap

2.1. Hay néu cdc khé khan gip phai khi ti€n hanh nghign cdu trén cdc he
thong thyc sau day: nghién cifu qua trinh ldo hod cita vat lieu, nghién cdu qud
trinh phdt trién dan s& clia mot qudc gia, nghién ciu qué trinh chdy trong 10 hoi
nha may nhiét di¢n, nghién cttu qud trinh bi€n dang clia cét dién cao thé.

2.2. Hay lay vi du vé m6 hinh vat 1y thu nhd va mé hinh vat 1y wong w.

2.3. Cho cidc hé thong sau day:

a) Siéu thi

b) Dudng day tdi dién cao dp

¢) Tram 1ap rdp thiét bi dien or

d) Mo hinh dong song

e) Ctra hang an

Néu muén mo hinh hod cdc hé théng trén thi nén diing loai m6 hinh nio,
m6 hinh giai tich hay mé phong?
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Chuong 3
PHUONG PHAP MO PHONG

3.1. Khdi niém chung vé mo phong

Khi ¢6 mot mo hinh todn hoc cia hé thdng thuc ngudi ta cé thé tim cdc
thong tin vé h¢ thng bang nhiéu cdch. Trong trudng hop mo hinh tuong d6i don
gian ngudi ta c6 thé ding phuong phdp gii tich, nguoc lai nguéri‘ ta phai ding
phuong phdp s6. Phuong phip gidi tich cho ta 15i giai tdng qudt con phuong
phap s6 cho ta 101 gidi cha ting budc tinh véi nhimg didu kién xdc dinh, mudn
131 giat dat do chinh xdc cao s6 budc tinh phai dwgc tang lén di 16n. D6i véi cdc
h¢ théng 1dn, cé c4u tric phitc tap, ¢6 quan hé tdc déng qua lai gifta cdc hé con
vdi trung tam diéu khién, giita he théng véi moi trudng bén ngoai, cé cdc yéu td
ngdu nhién tic dong v.v. tht phuong phap gidi tich té ra bat lire. Trong trudng
hop nay ngudi ta phai ding phuong phip mo phéng (Imitation, Simulation).
Nhu vay phuong phdp mo phong doi hoi khéi hegng tinh todn rat i6n, didu nay
chi ¢6 thé gidi quyét duoce khi tng dung cdc mdy tinh cd t6c do nhanh. Nha
¢ su phdt trién clla m4dy tinh ma phuong phdp mé6 phdng ngay cang duwge hoan
thién.

Muc 3.2 trinh bay vé ban chat cia phuong phdp mé phéng. Muc 3.3 néi vé
cdc budc mé phong. Muc 3.4 trinh bay vé mo hinh nguyén I¥. Muc 3.5 néi vé
uu phuge diém ctia phuong phip mo phong va so sinh véi phuong phip gidi
tich. Myc 3.6 trinh bay vé cic ngon ngir va thiét bi mo phong. Cuéi cling muc
3.7 1a cdc phuong phdp mo phong va pham vi itng dung.

3.2. Bdn chdt ctia phwong phip mo phong

Phugng phdp mo phong cé thé duge dinh nghia nhu sau [3]:

"Mo phing la qud trinh xdy dung mé hinh todn hoc cia hé thong thuc va
saw d6 tién hanh rinh todn thyc nghiém trén mo hinh dé mé td, giai thich va du
dodn hanh vi ciia hé thong thue "

Theo dinh nghia niy c6 ba diém co bin ma m6 phéng phai dat dugc. Thi

21



nhat 12 phai ¢6 mo hinh tedn hoc t6t tic mo hinh ¢4 tinh déng nhat cao véi hé
thuc déng théi mé hinh dwgc mo ta rd rang thudn tién cho ngudi st dung. Thi
hai 13 phai c¢6 kha nang 1am thyc nghiém trén mé hinh tifc 13 ¢ kha nang thire
hién cdc chuong trinh tinh trén mdy tinh dé€ xdc dinh cédc thong tin v& hé thise.
Cudi cing 13 kha nang dy dodn hanh vi clia hé thuc tite ¢6 thé mo ta su phdt
trién cha hé thuc theo thoi gian.

Phuong phap mé phong dugc dé xudt vao nhitng nam 80 cha thé ky 20, tir
do6 dén nay phuong phdp mod phong da duge nghién citu, hoan thién va iing dung
thanh cong vao nhiéu linh vyc khdc nhau nhu k¥ thuat, kinh €, xa héi.v.v. ‘

Bdn chdt ciia phitenig phiap mé phong 1a xay dung mot mo hinh s6 (Mode!
Numerically), titc md hinh dugc thé hién bing cdc chuong trinh mdy tinh, sao
d6 tién hanh cdc “thuc nghiém” trén mo hinh dé tim ra cdc dac tinh ciia hé
théng duoc moé phong. S8 kdn “thuc nghiém” vé 1y thuyét duoc tang 1én vo cing
16n.

Quid trinh mo6 hinh hod duge tién hanh nhu sau. Goi hé thong dugc mé
phong 14 S. Bude thit nhat ngudi ta mo hinh hod hé thong § véi cdc m61 quan he
ndi tai cia né. Dé thuan tién trong viéc mod hinh hod, ngudi ta thudng chia he §
thanh nhiéu hé con theo cic tiéu chi ndo d6 § = 5, 5 5,... 5 ..., 5. Ti€p dén
ngudi ta moé ta todn hoc cdc hé con ciing cdc quan he gita ching. Thong thudng
gitta cdc hé con ¢6 méi quan hé trao ddi nang lugng va trao d6i thong tin, Budc
thit hai ngudi ta mo hinh hod moi trudmg xung quanh E, noi hg théng § 1am viéc,
vdi cdc méi quan hé tdc doéng qua lai giita § va E. Khi di ¢é mé hinh cia S va E,
ngudi ta tién hinh cdc “thic nghiém” trén mo hinh, téc 12 cho § va E 1am viéc 6
mot diéu kién xdc dinh nio dé. Keét qua ngudi ta thu duge mot bo théng s6 cia
hé thong, hay thudng goi 12 xdc dinh duge mot diém lam viéc cia he théng. Cic
“thyc nghiém” dé dugc ldp lai nhiéu ldn va két qua mo phong duge ddnh gid
theo xéc su4t théng ke. Két qua mo phong cang chinh xdc néu sé 1dn “ thuc
nghieém”, cdn goi 12 “ budc mo phong ™ cang 1dn. VE 1y thuyét “ bude mo phong
" phai tién dén v6 cling 16n, nhung trong thyc t& s6 ** budc mo phong ™ 14 hitu
han nhing phai da 16n va phu thudc vao yéu cdu ciia d6 chinh xdc. Cic bude
nghién cttu mé phdng duge trinh bay & muc 3.3 phan 4nh ban chat cua phuong
phdp mé phong.

Sau day Ia mot s6 linh vec ma phuong phdp moé phong dugc dng dung va
phat huy wu diém cha minh:

22



* Thi€t k& va phan tich he théng diéu khién sin xu4t, lap k& hoach san xuit;

* Danh gid phén cing, phdn mém cda hé théng may tinh;

* Quan 1y va xdc dinh chinh sdch dy trit mua sim vat tu ciia hé théng kho
vt tu, nguyén liéu;

* Dinh giad va phan tich hé théng phong thii quan su, xdc dinh chién luge
phong thi t4n cong;

o Thiét ke va phan tich hé thdng théng tin lién lac, dénh gid kha nang lam
viéc cla mang thong tin;

* Thi€t k¢ va phan tich céc heé théng giao théng nhu duimg sit, dudng bo,
hang khéng, cang bién;

* Danh gid phén tich thiét k& cdc ¢o sd dich vy nhu bénh vién, buu dién,
nha hang, siéu thj;

¢ Phan tich hé thdng tai chinh, kinh t&.

Phuong phdp mé phong duoc iing dung vao cdc giai doan khdc nhau cia
vigc nghién ciu thiét k& va van hanh cdc hé théng:

a) Phuong phdp mé phéng duge ing dung vio giai doan nghién ciu heé
théng trude khi ti€n hanh thiét k€ nhim xdc dinh d6 nhay clia he théng d6i véi
sy thay ddi cdu triic va tham s6 clia hé théng.

b) Phuong phip mo phong dugc ing dung vio giai doan thiét k& h¢ thdng
dé€ phan tich va téng hop cdc phuong dn he théng, chon ciu tric hé théng thoa
man cdc chi tiéu cho trude.

¢) Phuong phdp mo6 phong duge ting dung vao giai doan van hanh hé thong
dé ddnh gid kha nang hoat dong, giai bai todn van hanh t5i wu, chdn dodn cdc
trang thai dac biét cuia hé théng.

Hinh 3.1 trinh bay qua trinh nghi¢n citu bing phwong phdp mo phong va
quan heé giita hé thong thuc v6i cdc két qua mé phong.

Tir hinh 3.1 thdy rang dé nghién ctu hé thye chiing ta phai tién hinh mo
hinh hod titc xay dyng mo hinh m6 phéng. Khi ¢6 mé hinh mo phéng s& tién
hanh lam cdc thye nghiém dé thu dwge két qua m6 phéng. Thong thudmg két qua
mo phéng ¢ tinh tritu tugng clia todn hoc nén phai théng qua xir 1y két qua mo
phong chiing ta mdi thu duge cdc théng tin, két luan vé he thue, Sau dé dang
cdc thong tin va k€t luan trén dé hiéu chinh hé thuc theo muc dich nghién ciu
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dé ra ban ddu. Qua trinh nghién cttu mé6 phong s& duge trinh bay cu thé trong
muc ti€p theo dudi day.

Hé thong Mé hinh hod M hinh
thure | > mo phong
£
&=
T o Z
£z =
22 =
=

Két qua mo
phong

hé théng
thuc

Két lnan vé < Xir 1y két qua md phong
]

Hinh 3.1. Qud trinh nghién citu bdng phwong phdp mé phong.

3.3. Cdc budc nghién citu mo phong

Khi tién hanh nghién ciftu mo phong théng thudng phai thyac hién qua 10
budc nhur duge rinh bay trén hinh 3.2

Budc 1: Xdy dung muc tiéu mo phong va ké hoach nghién citu

Diéu quan trong trudc tién 13 phai x4c dinh r6 muc tiéu nghién ctu mo
phong. Muc tiéu d6 dugce thé hién bang cdc chi tiéu danh gid, bang hé thong cau
hoi cdan duoc tra 1oi.

Buwoce 2: Thu thdp dit liéu va xdec dinh mé hinh nguyén Iy

Tuy theo muc tieu mod phong ma nguoi ta thu thap cdc thong tin, cdc dir ligu
tirong tng cta hé thong § va moi trudng E. Trén cd s& dé xay dung mo hinh nguyén
ly M, M6 hinh nguyén 1y 12 m6 hinh todn hoc phan 4nh ban chdt cia hé théng
S. Cdc mo6 hinh nguyén 1¥ thudng dung diwge trinh bay trong muc 3.4 dudi day.

Budc 3: Hop thitc mé hinh nguyén Iy M

nt
Hop thitc mo hinh nguyén 1y 14 kiém tra tinh ding din hop 1§ clia m6 hinh.
Mo hinh nguyén 1¥ phai phan dnh ding ban chét ciia hé théng S va moi truting £
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nhing déng thoi phai tien dung khong qua phitc tap céng kénh. Néu mo hinh
nguyén Iy M, khong dat yéu cdu phai thu thap thém thong tin va dir ligu dé tién
hanh xay dung lai mo hinh. Phdn hgp thic mé hinh nguyén 1y s& dugc trinh bay
trong Chuong 7.

Bucc 4: Xay ditng mé hinl moé phong My trén may tink

M6 hinh mé phdng M,,, 12 nhing chuong trinh chay trén mdy tinh, con
dugc goi la mé hinh s6 hay moé hinh mé phong. Céc chuong trinh nay duge Vit
bing cdc ngon ngit thong dung nhu FORTRAN, PASCAL, C™" hoac céc ngon
ngit chuyén dung d€ mo phong nhu GPSS, SIMSCRIPT, SIMPLE".v.v,

Biese 5: Chay tiur

Sau khi cai dat chuong trinh, ngudi ta tién hanh chay thir xem mo hinh mé
phong ¢6 phan dnh ding cdc dac tinh clia hé théng S vd moi truong £ hay
khéng. O giai doan niy ciing tién hanh sira chita cdc 161 v& 1ap trinh.

Butde 6: Kiém chimg mo hinh mé phong

Sau Khi chay thit ngudi ta c¢é thé kiém ching vi ddnh gid mo hinh mé
phong ¢é dat yéu cdu hay khong, néu khong phai quay lai tir bude 2.

Kiém ching va hop thite hod mé hinh 13 hai thi tuc quan trong dé xdc nhin
mé hinh ching ta xay dung nén ¢6 thé dung dugc hay kKhong. Kiém chimg 1a
kiém tra xem lap trinh ¢6 diing khéng, chuong trinh tinh ¢6 thé chay duge
khong, dir liéu vao ra ¢ thuin lgi va chinh xdc hay khong. Hop thitc hod mé
hinh 12 ddnh gid xem mo hinh ¢6 phan dnh ban chdt ciia hé thyc hay khong, ket
qui mé phéng ¢6 ddp ung dugc yéu cdu nghién citu hay khong. Kiém chiing va
hop tiuie hod mé hinh s& dugce trinh bay trong Chuong 7.

Bucc 7: Lap ké hoach thicc nghiém mé phong

O buéc nay ngudi ta phii xdc dinh mot s¢ diéu kién cho mo phong. Dau
tién 12 xdc dinh diéu kién ddu, diéu kién cudi hay cdn goi 1a chiéu dai mo phong
(run). Ti€p dén xdc dinh s6 14n thit nghiém hay con goi la s6 lan chay mo phong
dac 1ap (replications). Dé cho cdc dir liéu mo phéng hoan toan doc lap vGi nhau,
méi ldn chay mo6 phdng ngudi ta ditng mot hat gidng ngau nhien (random seed)
khic nhau, Cuéi cing xdc dinh thai gian mo phong cla timg b phén hoac toan
bo mo hinh. Can cit vao két qua mo phong (& budc 9) ma nguoi ta hi¢u chinh k&
hoach thire nghiem dé dat duge k&1 qua véi do chinh xéc theo yéu cdu. Cdc vin
dé vé thuc nghiém mo phong s& duge trinh bay trong Chuong 9.
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1- Muc tiéu mé phong

Y
2- Thu thap dit liéu
Mo hinh nguyén Iy

4- M6 hinh mo phéng

h 4

5- Chay tha

6- Kiém chimg
m& hinh mé phong

7- Lap k& hoach
thir nghiém

L
8- Thuc nghiém
mo phong

k4
9- Xir 1y két qua
méd phong

r

10- Sir dung, luu tri¥
két qua mo phong

Hinh 3.2, Cdc budc nghién citu mo phong.
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Bude 8: Thite nghiém mé phong

Cho chuong trinh chay thirc nghiém thec k€ hoach da dwgc 1ap & budc 7.
Pay 1a budc thue hién viéc mo phong. Cic két qua ldy ra tir bude nay chinb la
dit liéu ddu ra cha mo phong,

Buére 9: Xit 1Y két qud mo phong

Thue nghiém md phdng thudng cho nhiéu dit liéu cé tinh thong ké xdc
xudt. Vi vay dé c6 dugc két qua cubi ciing véi 46 chinh xdc theo yéu cau phai
dung phuong phép xdc sudt théng ke dé xir Iy cdc dif liéu ddu ra. Cdc ket qua
ndy phai duge biéu dién dudi dang tudng minh thuan lgi cho viéc luu trir va sir
dung. Budc xir 1y két qua dong vai trd quan trong trong qud trinh mo6 phong, van
dé nay s& dugc trinh bay trong Chuong 8.

Buoce 10: Sit dung va luw irit két qud

Sir dung két qua méd phong vio muc dich da dinh va luu gilt du6i dang cdc
tai lieu dé c6 thé sir dung nhiéu lan.

3.4. M6 hinh nguyén ly

Trong cidc budc nghién ciru mo phéng & muc 3.3 c6 dé cip d€n mo hinh
nguyén 1y vd mo hinh mo phdng. Sau day trinh by chi ti€t hon vé md hinh
nguyén 1y.

Mo hinh nguyén 13 (hay con got la mé hinh khdi niém - Conceptual Model)
14 mo hinh toin hoc phan 4nh ban chdt cua hé thyc. Pé xay dung moé hinh
nguyén 19, ngudi thuc hién mo hinh hoa cdn phai hiéu biét sau sic vé he thuc va
¢6 trinh do toan hoc cao dé c6 thé ding ngén ngit todn hoc mo ta h¢ thue. Cac
k¥ su cong nghé thudng khé dat dugc ca hai yéu cdu trén, nén trong thuc 1€
ngudi ta chon nhitng moé hinh todn hoc (da duge cdc nha todn hoc nghién ciu va
phdt trién) phlt hop véi hé thuc dé 1am mo hinh nguyén ly. Sau day liét ke mot
s& mo6 hinh todn hoc thudng duge ding dé xay dyng mé hinh nguyeén ly:

- M hinh bai todn t&1 wu hod.

- Mé hinh bai todn quy hoach tuy€n tinh

- M6 hinh bai todn vian tai

- M#6 hinh trd choi

- Mo hinh so d6 mang ludi (PERT)

- M6 hinh do tin cay
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- M6 hinh quan 1y du trir

- M6 hinh hang doi (phuc vu dam déng) v.v...

Trong thuc t&€ c6 nhidu loai mé hinh todn hoc dugc iing dung vao cdc linh
vuc cu thé khdc nhau. Sau day chi trinhk bay tém tit mot s6 mo hinh néi ten.
Cha yéu la trinh bay phuong phap ludn va cdc ing dung cia né dé ban doc ¢¢
dinh huéng trong viee lua chon mo hinh nguyén ly. Ban doc ¢6 thé tim thdy cdc
mo hinh todn hoc duge trinh bay chi tiét trong cde tai lieu tham khio nhuw (22,
23, 24], riéeng mo hinh hang doi sé duge trinh bay k§ trong Chuong 10 ciia cusn
sdch nay.

a). Mé hinh bai todn 161 vu hos (22, 23].

Bai todn 161 uu hod chi€m mot vj tri quan trong trong viéce gidi bai todn diéu
khién. Muc dich clia i v hod 13 nhim chon phuong an diéu khién thoa man
mot fiéu chudn nao d6. Viec lya chen tiéu chudn phu thuoe vao muc tiéu chung
duge dat ra d6i véi van dé diéu khién. Vi du, muc tiéu Ia san lvong nhiéu nhat,
loi nhudn cao nhat, gid thanh san phim thdp nhat v.v..Trong thyc t¢, khi giai bai
todn diéu khién thudng xuat hien nhiéu tiéu chusn, nhiéu khi cc tieu chusn dé
lai mau thudn nhau. Vi dy, khi tang san lugng c6 the lam gidm chit lugng hoac
khi dat duge thai gian san xudt ngén thi chi phi san xu4t lai tang lén. -

Pé gidi bai todn t6i wu hod théng thudng c6 ba cich sau:

- Cach thif nhdt 1a chon mot tieu chudn dé 1si wu hod, con cdc tiéu chudn
khdc thi dat & mot ngudng nao dé. Vi du c6 » tieu chuin Al, A2,.. An, ddu tién
ta tién hanh t6i uu hod theo tiéu chuin Al v cho tri s6 ngudng doi véi cdc tiéu
chudn khac, sau d6 t6i wu hod déi véi A2, A3 v.v...

- Cach thi haj 1a x4y dung mot tiéu chudn hén hop 12 mét ham déi vai cac
tieu chuan ban dau, trong thuc & thudng 1a mot ham tuyén tinh

J(ALL A2 A3,.., An) = AT+ A2+ aGA3+ . +a,An.

Céc he s6 trong lugng ay, aj,..., @, (ching c¢é thé 1a dwong hay am) duge
chon thy theo quan niém cla ngudi dat bai todn vé tAm quan trong clia cdc tiéu
chudn. Theo cdch nay nguoil ta phai gidi nhidu bai todn tai wu hod ting véi cdch
chon cdc h¢ s6 trong luong khdc nhau.

- Céch thit ba 1a bién d6i quy mo bai todn. Khi xét bai todn & quy mo nhod
c6 thé tinh dén nhicu tieu chudn cy thé, nhung khi xét & quy mo 16n hon ngudi
ta chi chon mét s6 tieu chudn chung nh4t dé cho bai todn tré nén don gian hon.
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Giai bai todn 61 uu hod tie 12 giai bai todn tim cye tri cia mot ham f (x,,
X2,e0, X D20 46 trong mién § xdc dinh cla cdc tham s6 x;, x,,..., x,. D& tim cuc
tri ta phai tim cdc diém ma & dé dao ham rigng triét tiéu

of

O.¢i=12,...,n
o,

bicu kién dao ham riéng triét tieu 1A didu kién cdn nhung chua di coa diém
cuc tri vi ¢6 thé chi 1a diém cuc tri cuc bo. Cén phai kiém tra dé tim diém Ién
nhdt hodc nhd nhat d6 12 diém cyc tri tuyér déi. C6 nhiéu phuong phip giai bai
todn tim cuc trj, phdé bi€n nhét 1a phuong phdp thira s6 Lagrang va phuong phap
gradien.

Trong nhiéu trudng hep diém cye tri dat duge ngay trén bién gidi clia mién
§, lic nay ta ¢6 bai todn cuc trj ¢6 diéu kién: tim diém cyc tri clia ham £ v6i diéu
kién thod man hé phuong trinh gidi han sau

g;(x;, B o RN Xn) = 0,..., Em (JC’:, Kayeeer I”) = 0.

Cic bude gidi bai todn nhu sau: thay hAm fbang ham F = f + 4 ,g; + 4,8,
+..+ A8, trongdé Ay, A,,..., 4,12 cdc he s6 Lagring tam thoi chua biét.
Tiép dén giai hé phuong trinh

oF

— =0, (i=12,..nh

dx,
cling v6i hé phuong trinh gi6i han dé tim cdc nghiém x va A, sau d6 tinh gia tri
clia ham f tai tat ca cac diém x = (x}, x3,..., x,) dé tim cyc tri. Phuong phédp nay
doi hdi phai giai nhiéu hé phuong trinh kh4 phuc tap.

Trong thuc t€ phé bién nhét 13 ding phuong phédp gradien. Thi tuc fim cue
tri nhu sau: ddu tien chon mot diém Ay bat ky trong mién S, sau dé tinh gradien
[&l dlém A(}

_ [11.. @f}_

&, ox, T ox,

Ti€p d6 thie hién mot bude di chuyén bing vecto ,Z, wr diém A, dén
diém A, trong d6 hing s6 ¢, > 0 n&€u mudn di chuyén dén diém cuc dai va ¢, <
0 n€u mudn di chuyén dén diém cyc tiéu. Tai A; lap lai thi e trén cho dén khi

tim duge diém cyc tri. Phuong phédp gradien chi cho phép tim duge diém cue tri
cuc bg, sau d6 phai tién hanh so sanh d€ tim difm cyc tri tuyet déi.
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b). M hinh bai todn quy hoach tuyén tinh [22, 24]

Trong thue t€ thudng gap cdc trudng hop riéng clia bai todn 16i vu hod khi
cdn tim cyc tri clia bai todn v6i ham muc tiéu £ vd phuong trinh gidi han clta
mién S 12 g déu 13 nhitng ham tuyé&n tinh. Trong trudng hop nay bai todn ¢é 1én
12 bai todn quy hoach tuyén tinh.

Vi du bat todn duge dat ra 1a fim k€& hoach x; d€ san xudt san phdm thit / sao
cho dat duge lgi nhuan t6i da véi diéu kién 1a tdng s6 cdc sin phdm cha timg
loai khong it hon mét gid tri cho trudc.

c). Md hinh bai todn van tai

M0 hinh bai todn v&n tai 14 trung hop riéng ciia bai toan quy hoach tuyén
tinh. Quan trong nhat 12 bai todn van tai dim bao Héu chudn cé gid thanh nhd
nhdt. Bai toan dat ra nhu sau: ¢6 m dia diém giii hang di, trong d6 tuong ing ¢6
aj, az,..., a4, don vi hing hod va n dia diém nhan hang ¢6 nhu ciu tuong ing la
by, by,..., b, don vi hang hod. Ngoai ra con biét gid thanh ¢ i cua viéc chuyén
chd mot don vi hang tr mbi dia diém gl hang dén méi dia diém nhan hang.
Yéu cdn xédc dinh s6 lugng cdc don vi hang hod x;; ¢dn phai chuyén cho tir diém
gui hang thi i dén diém nh4n hang thi j (i = 7, 2,..m; j = I, 2,...n) sao cho téng

m
gid thanh chuyén chg f = Z Zcuxu 1a cyc tiéu va nhu cdu cla tit ca cic
=1 =l
di€ém nhan hang déu duoc thod man. Thong thudng gid thiét ring 1éng s6 luong
hang hod c6 trong cac dia diém gii hang bing téng s6 nhu cdu cha cic diém
nhan hang. D¢ giai bai todn, ngudi ta x4y dyng ma tran céc gid thanh chuyén
cha C = Hc ; J-|

» trong d6 mot phén i ¢; ; cha ma trin ndy goi 1a duge chon néu
ta xdc dinh duge mot k& hoach chuyen chd x;; tir diém g hang thi i dén diém
nhdn hang thit j. Ma tran k& hoach X = Hx,}. ” chifa cdc phuong dn chuyén chd x;
>0. Muc tiéu giai bai todn Ja 1im ma trin X sac cho ham muc tiéu £ dat cuc tiéu.

d). Mé hinh trd choi [22, 23]

Trong thuc t€ chiing ta thuong phai lya chen cdc quyét dinh trong diéu kién
thi€u thong tin hodc trong tinh th¢ nhitng ngudi tham gia lya chon quyét dinh c6
quyén loi mau thudn nhau. Vi dy nhir gidi bai todn giita ddu tu va loi nhuan,
chon phuong an bo tri luc lwong phong thi v.v.. Mé hinh tré choi 1a cong cu
hitu hiéu dé giai cdc bai todn néu trén trong nhitng tink thé’ xung khdc va céc
bén tham gia theo dudi nhitng muc dich dé&i 1ap.
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Két cuc cia trd chai duge danh gid dinh luong, vi du duge 13 +1, thua 1 -1
va hoa 1a 0. Trd choi ¢6 thé theo cap hay theo nhém (nhiéu ben tham gia),
nhing nguoi tham gia trd choi dudge goi 12 ddu thi. Puoc nghién citu ddy du
nhdt 1a 116 choi theo cdp 6 t6ng 56 bang khong, tiic bén nay duge bao nhicu thi
bén kia thua bay nhieu. Trd choi duge phat trién do thyc hién lién tiép cic mdc
di ndo d6. Nudc di cd nhdn 1a nude di do d4u thit phan tich tinh thé ma dua ra.
Nude di ngdu nhién 12 nuée di phy thudc vio yéu 6 ngdu nhien nao dé. Chién
fige chia dau thi 13 tap hop cic quy tdc ding dé€ phan tich tinh the va chon cic
nudéce di.

Xét trd choi theo cap, néu biét cap chién luoc (4, B) (ciia minh vi cla d6i
phuong) thi hoan toan xdc dinh dwoc k&t cuc cia trd choi tite 12 xdc dinh dugc
phdn dugc clia bén nay va phén thua cha bén kia. Trd choi duge goi 1a hit han
n€u moi dau thi chi ¢6 mét s6 hitu han chién luge. K&t qua cla trd choi theo
cap c6 tdng s6 bing khong c6 thé dua vio mot ma tran ma cdc dong va cic cot
tuong tng vot cdc chién luge khic nhau, con cdc phdn tir ciia ma tran 13 phén
duoc cha mot dau tha (tirc phin thua cla bén kia). Ma tran nay duge goi 1a ma
tran trd tién hay 1a ma trdgn tro choi. Xét trd choi m x n v6i ma trdn sau day:

Bl B]_.- Bl

Al Qs O

Ay ) Uy Oy

Al Lt G- Enn

Néu dau thi thit nhat dp dung chién luogc A, th ddu thi thit hai s& 6 géng
chon maot chién luge tuong ing sao cho phdn dugc cla ddu thil thit nhar 1a cue
tiéu.

Tri 56 cyc tiéu nay bing mjinau. ching ta ky hiéu né 1a «;. Theo quan

diém cla ddu thit thit nhét (khi d6i phuong c6 bat ky ddp ung nao) thi nén ¢8
gang tim dugc chién lugc sao cho o ¢6 gid tri cuc dai. Gid iri cuc dai nay dugc
201 1a gid tri thdp nhdt cia tré choi va ching ta k¥ hiéu la «. Vi gid trj o dugc
tinh theo cong thiic sau:

a= max min g;
! 4
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nén né duoe goi 14 gia tri maximin, va chién luge tuong Gng véi né la chién lwoc
maximin. Néu ddu tha thit nhat duy tri chi€n luge nay khi d6i phuong dp dung
bat ky chién luge nao thi phin duge cla d4u thd tht nhat dwge dam bao khong
nho hon o (tuy theo d4u cha «, day cé thé 12 phin thua vi rong trudng hop nay
1a phan thua nhé nhat). Chién luge maximin c¢6 thé hiéu 1a chién luge dam bio
lgi nhuén 81 da.

Tuong tu nhu vay c6 thé xdc dinh phin thua cuc'tiéu (trong thuc t€ ¢6 thé 1a
phéan dugc) cla d4u tha thi hai:

B= m}in max a;

Tri s6 Sduge goi la gid tri cao cua tro choi hay gid tri minimax. Tuong \ing
voi né 12 chién luge minimax cha d4u thii thi hai. Ngudi ta chitng minh duoge
rang doi véi trd choi theo cap 6 téng s6 bang khong ludn tén tai mot cap chién
lugc 67 wu. Khi dp dung chién luge 161 vu, phan dugc (c6 thé 1a am) cha ddu thi
tht nhit duge goi la gid i ciia tré choi va duge ky hién 1a y. Gia tri cia rd choi
nam gitta gid tri thdp va gid tri cao cla trd choi @ <y < 8. Cic chién luge duoc
dp dung hén hop dé ¢é chién luge t6i wu duge goi la chién lwge hitu ich. Giai
mot trdé choi ¢6 nghia 13 tim ra cap chién luge 01 vu va gid tri tro choi cla né.
M6 phong m6 hinh trd choi s& cho phép chiing ta tim dwgc chién luge t8i uu
treng san xudt, kinh doanh hodc nghién ciiu khoa hoc cong nghe.

¢). Mo hinh so d6 mang ludi (PERT) [22, 23, 24]

Mo hinh so do mang luéi (PERT - Program Evaluation Review Technics)
12 mot cong cu todn hoc diing dé bidu dién, nghién citu va diéu khién cdc t6 hop
phic tap cia nhiing coOng viéc c6 lién quan tuong hd véi nhau. Mot trong nhitng
muc tiéu chil yéu cla viéc diéu khién vd quén 1y he théng 12 trong nhitng diéu
kién rang budc nhat dinh phai hoan thanh nhitng khéi lugng coéng viéc cho trude
vdi khoang thdi gian ngén nhét. Trong cdc [inh vyc kinh t€, cong nghe, thiét k&,
nghién citu khoa hoc v.v. ngudi ta thudng phai 1ap k&€ hoach thuc hién du 4n tir
khi xay dimg muc tiéu, thuc hién cdc giai doan trung gian cho d&n khi két thic
dy 4n. Bai todn quy hoach va t8i uu hod thai han thuc hién mét du 4n cé thé
dugc gidi bing phuong phdp so dé mang ludi.

S¢t d6 mang ludi thuc chdt 1a mot graph ¢é hudng gém ¢6 mot tdp dinh
{neit}

X =Xx;, xy... x, vamOt tdp canh ¢d hudng (cung) A= a,, a,...a,,. Dinh tuong
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ftng vdi chc su kién va canh trong vng voi cdc cong viée. Sw kién 1a k€t qua thye
hién mot s& cong viéc, Su kién chi x4y ra khi tit ca cdc cong viéc lién quan dén
su kien dé duoc hoan thanh, Céng viée & day duge hiéu theo nghia rong: ¢6 thé
12 mot nhiém vu cu thé nao dé, ddi hoi chi phi thue su vé thdi gian va nguén luc
vat chét; ciing cé thé khong phai 12 nhiém vy cu thé ma chi 12 mdi lién hé logic
gilta cdc sy kién, né chi rd khi nang bat ddu mot cong viéc nao dé chi cé thé
thuc hién duoc sau khi mét s6 cong viéc khdc da duoc hoan thanh, trong trudng
hop ndy ngudi ta goi 13 céng viéc biéu kién va duge biéu dién bing canh nét dit
trén so d6 mang ludi; d6 cling c6 thé 1a thoi gian chd doi do quy trinh céng
nghe yéu cdu nhung khéng ddi héi tieu phi nguon lyc vat chat.

Mot dac trung quan trong cla so dé mang luéi 12 cho phép ta xdc dinh
duong gang. Trong so d6 mang lu6i, xét qud trinh béat dau tir sy kién i va két
thic & su kién j, thdi han s6m nhét dé c6 thé bt ddu sy kién j duge goi 12 thei
gian gdng. Dudng ndi cdc sy kién twong tng véi thi gian gang duge goi la
dueng gdng, trén so d6 mang ludi dudng gang duge bicu dién bang mii tén kép.
Céc su kién trén dudng ging phéi dugc hoan thanh diing thoi han da dinh dé
dam bao du dn dugc thyc hién ding han. Pudng gang chi cho ta thdy cdn phai
tap trung nd luc thyc hién nhifng c6ng viéc ndo d¢ hoan thanh du 4n diing ti¢n do.

Khi phan tich so d6 mang luéi theo chi tidu thdi gian ta thdy ring mudn
giam thdi gian hoan thanh du dn thi phai rit ngan thoi gian thyc hién céc cong
viéc tren dudng gang. Nhiing cong viéc khdc khong gang cho phép c6 thai gian
du trif trong mét gigi han ndo d6 ma khong anh hudng toi thai han hoan thanh
du an.

P8 véi mot du 4n, 1 rang t6n tai cic so d6 mang lu6i c6 mifc chi phi khdc
nhau. Bai todn t6i w hod rit ngdn dudng ging nhim dat duoc mot trong hai
muc dich sau day: dam béao hoan thanh du 4n khong qua mot thoi han cho phép
hoac dam bao hoan thanh du 4n v6i thoi han t8i vu trén co s& mot chi phi quy
din ndo d6 cla du 4n. Ngudi ta thyc hién nhidu bién phdp dé rit ngén dudng
ging nhu: phan bé lai lyc luong thi cong va ngudn luc vat chét cho hop 1y, wu
tién cho cdc cong viéc trén dudng gang, ing dung cdc cong nghé tién tién v.v..

d). Mo hinh d6 tin cdy [22, 23]

Po tin cay 1A mét dac tumg quan trong cua hé théng k¥ thuat. Vi vay ngudi
ta thudmg diing phuong phdp mo hinh hod d€ nghién ciu cdc bién phip dam bio
va nang cao do tin cay cla he th6ng k¥ thuat.
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D¢ tin cdy cua he thong k¥ thuat 12 kha nang ciia hé théng dim bio cic chi
tiéu kinh 1& k¥ thuat trong diéu kién lam viéc cho truéc va thoi gian vin hanh
cho trude. Hong héc 1a tinh trang he théng khoéng con lam viéc tin cay dugc
nita, nhu vay hong héc doi Hap véi do tin cay.

Ciéc dic trung co ban cia d6 tin ciy la:

- Xdac suat 1am viéc tin cay P(r) hay thudng duoc goi 1a do tin cdy. Xdc suat
lam viéc tin cay duge tinh nhu sau:
P(t) = P(T>t),
trong dé: ¢ - thdi gian xdc dinh d6 tin cay clia hé théng;
T - thoi gian 1am viéc cha hé thong k€ tir lic bt ddu lam viée dén thoi
diém x4y ra hdng héc déu tién.

- Cudng do6 hong héc A(¢) 1a s6 14n xdy ra hong héc trén mot don v thai
gian. Thong thudng ngudi ta xét he théng dang 1am viéc & giai doan én dinh, ldc
nay ¢ thé coi cudng d¢ héng héc 1a hing s6 A = const.

- Th¥i gian lam viéc tin cdy T, la thdi gian trung binh cia hé théng lam
vi¢c tin cay cho dén khi xdy ra hong héc ddu tien.

Khi 4 = const, ta ¢6 cdc quan hé sau:

1

P(t)=e*; T, = n

Céc he thong k¥ thuat duge chia ra hé théng c6 phuc héi va he théng khong
phuc héi.

H¢ thong c6 phuc héi 1a he théng khi xdy ra hong héc sé duge sira chira,
phuc héi lai chifc nang ban ddu. Viec sita chita phuc héi c6 thé duge thuc hién
nhi¢u 14n. Dic trung quan trong ca he théng ¢ phuc héi 12 hé 56 sdn sang.

H¢ thong khong phyc héi 1a he théng chi 1am viéc wr khi bit ddu cho dén
khi x4y ra hong héc.

Dy phong 1a bién phdp quan trong dé nang cao do tin cdy ciia he thong ky
thuat. C6 hai phuong phdp du phong 13 dw phong néng va du phong nguéi.
Nguti ta diing phuong phdp mo hinh hos dé dénh gid do tin cay cia he théng k§
thudt, tim cdc bién phdp nang cao d¢ tin cay, xdc dinh sg dé d4an day cha he
théng ciing nhu cdc bién phdp dv phdng trong he théng.

e). M¢ hinh quan 1y du triy [22, 24]
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Chinh sdch quan 1y du trit nguyén li¢u, nhién liéu, vac tu k§ thuat, phu ting
thay th€ cé anh hudng rdt 16n d€n hieu qua clha cdc hé théng san xuit.

Ngudi san xuit mong muén c6 dy trit 16n dé dé& dang trong diéu hanh sin
xufl. Nguge 1ai, ngudi quan 1y tai chinh va kinh doanh lai mong mudn cé du trit
thdp dé giam gid thanh, gidm chi phi bao quan sin phdm va ting v6n luu dong.
Mo hinh qudn 1y dy trit s€ giip ching ta thod man cdc yéu cdu trdi ngurge néu
trén v dua ra chinh sdch du trit t6i wu. Chinh sdch quan 1y du trit phai tra 131 hai
cau héi co ban sau day dé dam bao san xudt lién tuc va sir dung déng vén t6i vu:

- Khi nao phai dat hang ?

- Lugng dat hang bao nhiéu ?

C6 hai hé théng du trit v6i chu ki dat hang va lugng d4t hang khic nhau,

Hé théng thit nhét 14 hé¢ théng ¢6 $8 lugng dat hang ¢d dinh va chu ky dat
hang thay d6i. Trong hé thong nay ngudi ta s& dat hang khi luong du tri giam
xuéng dén mitc bio dong hay con goi 1a diém ddt hang con lugng dat hang Ia
mot luong ¢6 dinh ndo d6. Diém dit hang thay déi tuy theo mitc tidu thu du trit.

He thong thif hai 1a hé théng c¢6 chu k¥ dit hang c6 dinh va s& luong dat
hang thay d6i. Trong hé théng nay, cit sau mét chu ky c6 dinh, hang thang hang
quy chang han, ngudi ta dat mét luong hang sao cho luong du trit dat duge mire
c6 dinh nao d6 dugc goi 12 mirc tdi tao du triv. Nhu vay lugng dat hang thay ddi
tu¥y theo mic tiéu thu du triv.

Ngudi ta dung phuong phdp mé hinh hod dé mé phong qud trinh san xuat,
xdc dinh muc tiéu thu dy trir va diém dat hang cling nhy s6 tuong dat hang t6i wu.

3.5. Uu nhuoc diém cia phuong phdp moé phong va so sdnh véi phuong
phdp gidi tich

Nhu da trinh bay & trén, phuong phdp mé phdng ngay cang duge ing dung
rong rii d& nghién cttu, phan tich va téng hgp cdc hé phifc tap.

Phuong phdp mé phdng cd cdc wu diém sau day:

* C6 kha nang nghién cu cdc h¢ thdng phitc tap, ¢6 cdc y&u t6 ngdu nhién,
phi tuy€n, d6i v6i nhitng hé théng nay phuong phdp giai tich thudng khong ¢é
hiéu luc. Uu diém ndi bat cia phuong phdp mo6 phdng 1a tinh linh hoat, ngudi ta
c6 thé dua vao chuong trinh mé phéng nhiéu dac tinh cla hé théng ma phuong
phédp giai tich khong thuc hién duge.
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» C6 thé ddnh gia cdc dac tinh cla hé thong lam viéc trong céc diéu kién du
kién trude, hodc ngay ca khi hé thdng cdn dang trong giai doan thi€t k€ khao
sat, hé théng chua tén tai.

« C6 thé so sdnh, danh gia cdc phuong 4n khdc nhau ciia hé thong.

» C6 thé nghién citu cdc giai phdp didu Khién hé thong.

¢ C6 thé nghién cifu trong mot khodng thdi gian ngin déi véi he théng cé
thot gian hoat dong dai nhu heé théng kinh t€, he thong x3 hoi.

Cac nhuge diém ciia phuong phdp mé phong la:

e Phuong phdp mo phong doi hoi cong cu mé phong dét tién nhu mdy tinh,
phin mém chuyén dung.

e Phuong phdp mé phong thudng san sinh ra khéi lugng 18n céc dit ligu cé
tinh théng ké xdc suat, do d6é doi hoi phai ¢é nhitng chuyén gia thanh thao vé
phan tich dit liéu dé xir 1y két qua mo phong.

Khi quyét dinh dung phuong phdp mo phong dé nghien citu he théng phai
phan tich kj uu nhuge di€ém va diéu kién cdn thiét dé thuc hién phuong phdp
ndy, déng thdi so sdnh v&i phuong phdp giai tich n€u c6 thé duoc.

Khi cho mét moé hinh todn hoc, cé thé ding phuong phip giai tich hoac mo
phong dé thu dugc 1di giai (thong tin) vé mo hinh. Tuy nhién méi mot phuong
phap cé uu nhuge diém rieng clia minh,

Hinh 3.3 trinh bay cdc diém khdc biét cd ban gilta mo hinh giai tich va mo
hinh mo phong.

¢ Phuong phdp giai tich cho mot 1&i gidi téng qudt va tudng minh véi gia
thiét 1 cdc théng s6 clia mé hinh khong thay d6i trong su6t qud trinh dugc khao sat.

» Phuong phdp mé phong (tic phuong phdp s&), chi cho 1oi giai cla ting
budce tinh, mdi budc tng véi mot didu kien nhét dinh clia m6 hinh, muén cé két
qua chinh xdc phai tang s8 budc tinh lén du lén (theo 1y thuyét 12 v6 cling 16n)
va 101 giat nhén dugce ciing chi & dang cdc “ddnh gid” theo xdc sudt.

+ D61 véi phuong phdp giai tich thudng phai chdp nhin nhiéu gia thiét dé co
thé biéu dién cdc hé théng va sy kién bing cdc biéu thic giai tich nhu bd qua
hién tuong phi tuyé€n, bdo hoa v.v... Trong lic dé phuong phdp mé phéng cho
phép tinh dén nhiéu y&u t6 nhw phi tuyén, nglu nhién do d6 mo ta hé théng gin
vdi hé thuc hon.
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Hé thong thue

'

M hinh

M6 hinh pidi tich Mo hinkh mé phong
e L&i gidi téng qudt va e L& gidi s6 timg budc la
wéng minh. cdc “ddnh gid™.
e Mo hinh giai duge khi e Mo hinh gidi duge khong
phai chdp nhan cdc gia thiét cdn nhiéu cdc gid thigt dé
&€ don gian hod mo hinh. don gidn hod mé hinh.
e L&i giai “chinh xac” chi + L& giai mang tinh “ddnh
khi duge biéu dién bing gia” s& cho danh gia chinh
cdc cong thic cé thé tinh xdc néu bude tinh tang 1én
duoc., du lén,
e Pham vi imng dung: hé Pham vi 1ing dung: hé tuyén
tuyén tiph, tién dinh. tinh, phi tuyén, ngau nhién.

Hinlt 3.3. So sdanh gitta mé hinh gidi tich va mé hinh mé phing.

Can phai nhdn manh ring néu trong mo hinh ¢ cdc y&u t6 nglu nhién thi
phuong phap giai tich khong thé giai dugc. Trong trudng hop nay phwong phdp
mo phong 12 giai phdp duy nhat dé nghién citu loai mo hinh ngdu nhién.

3.6. Cdc ngon ngir va thiét bi mo phong
Khi ti€n hanh mo6 phong chiing ta phdi xdy dung moé hinh mé phong M,
trén may tinh, Mo hinh M, 1a mot tap hop cdc chuong trinh chay trén may tinh

dugc goi 1a phidn mém moé phong, nhimg chuong trinh nay thudng dugc viét
béing ngén ngit cap cao thong dung nhir PASCAL, C**, VISUAL BASIC...

Tuy nhién d6i v&i cdc hé thong phitc tap viét cac chuong trinh moé phdng
nhu vy gap rat nhiéu khé khan va mat nhiéu thdi gian.

Trong thuc t&€ nguodi ta da phat trién nhiéu phin mém mo phong chuyén
dung dugc goi la ngén nglt mo phong (Simulation Language) va thiét bi mo
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phong (Simulator).

Ngén ngit mé phéng bao gém nhiéu kh6i chudn, ngudi sit dung chi cén nap
cdc thdng s6 cin thiét, ndi cdc khéi theo mot logic dinh trude, cho mo hinh chay
trong thon gian mé phéng va nhan duge cdc két qua dirdi dang bang s6 hoac dé
thi.

Str dung cdc ngon agld mo phong ¢ rdt nhidu vu diém nhu:

- Th¥si gian xay dung mo hinh ngén.

- D& dang thay déi cdu tric va thong s6 clia m6 hinh.

- Dé g& rdi, sira chita sai st.

- Céc két qua duge x{r 1y tdt, thuan tién cho viéc sir dung.

Sau day s& diém qua cdc ngén nglt mo phéng chinh hién duge sk dung
nhiéu.

a) GPSS - General Purpose Simulation System

Ngon ngit GPSS do IBM san xudt nam 1972. Sau d6 dugc cai tién nhiéu 1dn,
GPSS / H nam 1977, GPSS / PC nam 1984, GPSS / PC ¢6 thé chay trén mdy tinh
PC. GPSS ¢6 trén 60 khéi chudn. Pay 12 ngon ngit hudng qud trinh (Process
oriented language), c6 cdc khéi dé biéu dién qud trinh, cdc hinh dnh mo phong
chuyén dong theo qua trinh mé phong (Concurrent graphics animation) rit
thuan tién cho viéc theo ddi qua trinh mo phong.

b) SIMSCRIPT

 SIMSCRIPT duoc san xuit nam 1962 sau d6 duge cai tién nhiéu ldn véi

nhiéu phién ban (Version) khdc nhau nhu SIMSCRIPT 1.5, SIMSCRIPT IL.5.
Day la ngon ngit huéng qud trinh va s kién (Process and event -oriented).

c) SIMPLE ™" - Simulation Production Logistics Engineering Design.

SIMPLE ** 1a ngon ngir huéng huéng d6i tuong, hién nay ngdn ngit nay
duge diing rét phd bién vi ¢ nhimg dac diém sau:

- Cauv tric hudng d61 twang (Object -Oriented)

- Hinh anh mo phong chuyén dong (Animation).

- K&t qua dugce biéu dién bing bang 6, dé thi d& dang so sdnh.

- Dé dang mo phong cédc hé théng k¥ thust va thuong mai phic tap.

- C6 thé n6i v6i cdc phdn mém chuyén dung khic nhu MRP (Manufuc-
turing Resource Planning).
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- Ngudi sir dung c6 thé dinh nghia cde d6i tugng mdi va d& dang 1ap trinh
méo phong.

Ngoai ra con nhiéu ngon nglt moé phong khic nhu SIGMA, SLAM
(Simulation Language for Alternative Modellingy, MODSIM, AUTOMOD v.v...

Thiét bi mé phong (Sinmuldator) 14 mét phidn mém chuyén dung mé phong
mot hé thong cu thé. Thiét bi mo6 phdng ¢6 rat it hodc khong ddi hdi phai lap
trinh nhu ngén nglt moé phong & trén. Thuodc loai nay cé thi€t bi mo phéng dung
dé hudn luyén 1di may bay, tau thuy, 6t6 v.v... Ngay nay nhiing nha mdy 1én nhu
nha mdy dién, ximang, loc ddu v.v... thutrng dat thi¢t bi mo phong dé huan luyén
cho ngudi van hanh va gidi bai todn tim ch&€ dé van hanh t6i vu. Nhing thiét bi
moé phong loai nay thudng cé gid thanh twong dé6i dat, pham vi ttng dung han
ché& vi chi diing d€ mo6 phdng mot hé théng cu thé nhung dua lai higu qua to 16n
trong huén luyén ciing nhtr van hanh hé théng nén dugc diing & nhitng ndi quan
trong. Mot s6 leai thi€t bi mo phong thuimg ding hién nay 13 SIMFACTORY,
NETWORK v.v...

3.7. Cdc phwong phdp mo phong va pham vi itng dung

Tuy theo trang thdi clia hé théng thay déi lién tuc hay gidn doan theo thoi
gian ma ngudi ta phan biét thanh h¢ thong lién tuc hay gidn doan. Piing v€ mat
mo hinh ma xét, ngudi ta c6 thé chon mét trong hai mé hinh lién tuc hay gidn
doan d¢é mo hinh hé théng. Vi vay khong nhit thigt phai cé sw tuong duong giita
loai h¢ thong va loai md hinh. Viéc phan biét mo hinh lién tuc hay gidn doan trd
nén quan trong khi tién hanh mo phong, dac biét 1a khi 1ap trinh trén mdy tinh
dé thuc hién viéc mo phong boi vi k¥ thuat tinh ding cho cdc loai mo6 hinh s&
rat khdc nhau. Chinh vi vay ¢6 hai phuong phdp mo phong chil yéu 1a plurong

phadp mé phong lién tuc va mé phong gidan doan.

Phuong phip mé phong lién tuc (Continuous Simulation) thudng duge dung
cho hé lién tuc ma mé hinh cia né Ia mo6 hinh giai tich thudng dugc biéu dién
bang cdc h¢ phuong trinh vi phan. Néu phuong trinh vi phin tuong d&i don gian,
né cd thé duge giai bang phuong phdp gidi tich va cho 1&i giai tdng quét 1a mot
ham cua gid tri cta bién trang thdi tai thdi diém ¢ = 0. CS nhiéu trudng hep
phuong phdp gidi tich khéng giai duge. Trong trudmg hop ndy, ngudi ta phai
diing phuong phdp s6 nhur phuong phédp tich phan Runge-Kutta dé giai phwong
trinh vi phin va cho 1&i giai dac biét cha bién trang thai tai thdi diém ¢t = 0.
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Phuong phdp mé phong lién tuc s& duge trinh bay trong Chuong 4 tiép sau day.

Plutong phdp mo phong gidn dogn hay cdn ¢6 én 14 Plurong phdp mé
phong cdc sw kién gidn doan (Discrete-Event Simulation) thudmg dugc ding cho
hé gidn doan. Trong nhitng hé nay si kién xdy ra tai cdc thoi diém gidn doan va
lam thay déi trang thai cia hé théng. Phuong phdp mo phong gidn doan 13 noi
dung chinh ctia cuon séch nay, né s€ dugc trinh bay k¥ trong cdc chuong ti€p theo.

Ngoai hai phuong phdp mé phong chinh ké trén trong cdc tai liéu [1,2,3]
con gidi thiéu cac phuong phdp mé phong khédc nhur:

- Phuong phap mo phong hon hop lién tuc-gidn doan (Combined Discrete -
Continnous Similation)

C6 mot s6 hé thdng khong hoan toan gidn doan cling khong hoan toan lién
tuc, d6 1a cdc hé thdng ma trong dé cic trang thdi cé thé thay déi mot cach lién
tuc hoac gidn doan. Vi du 10 nung phéi thép, trong h¢ théng nay nhiét do Lo
nung thay déi mot céch lién tue nhimg s& phoi thép dua vao hoac 14y ra khéi 1o
nung thay déi thay d6i mot cdch gidn doan. P& m6 phdng hé théng nay ta phai
dung phuong phdp md phong hdn hop.

- Plutong phdp moé phong Monte - Carlo (Monte - Carlo Simulation}

Phuong phdp mé phong Monte - Carlo dya trén s6 ngiu nhién U(0,7) dé
gidi cdc bai todn xdc sult théng ké. Vi du ding phuong phdp nay dé x4c dinh
gid trj t81 han trong phuong phdp thir Kolmogorov - Smirnov dé ddnh gi4 dir lieu
diu vio (xem muc 6.4).

Cac phuong phdp mé phong ndy duge coi nhu 1a nhitng trudng hop riéng
cta hat phrrong phdp mé phong chinh néu trén.

Bai tip
3.1. Hay ké cdc linh vye ¢6 thé ding phuong phdp mé phdng dé nghién ciru
va phan tich uu nhuge diém khi dung phuong phédp nay.

3.2. Hay phan tich wu nhuge diém va pham vi iing dung clia phuong phdp
giai tich va phuong phdp moé phong.

3.3. Hdy k& ra mot vai ngéa ngit mo phong, phan tich wu nhuge didm va
pham vi ing dung cia chiing.
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Chuong 4
MO PHONG HE THONG LIEN TUC

4.1, Khdi niém chung vé mé hinh hé théng lién tuc

He thong lién tuc la hé thdng ma trong do6 céc trang thai va thuoc tinh cla
hé thong thay dSi mot cdch lién tuc. M6 hinh todn hoc cha h¢ théng lien tuc
thudng 12 hé phuong trinh vi phan. Trudng hgp don gian nhat d6 la hé phuong
trinh vi phan tuy&n tinh véi hé s6 hing va dugc giai mot cdch de dang bang
phuong phdp giai tich. Tuy nhién, khi mé hinh ¢ phdn tir phi tuyén nhu bdo
hoa, tré, ving chét v.v... thi phuong phdp giai tich khé hodc khong thé giai
duoc. Trong trudng hop nay hop 1y nhat 1 dung phuong phdp mé phong dé gidi
bai todn. Ngudi ta c6 thé dung mdy tinh tueng ty [2, 10] hodc may tinh s§
[1, 13] ¢é mo phong hé thong lien tuc. Muc 4.2 va 4.3 trinh bay cach ding mdy
tinh twong ty va s6 dé mo phong hé thong lien tuc. Muyc 4.4 ndi vé bién ddi Z,
co s& dé xay dung ham truyén s8. Muc 4.5, 4.6 va 4.7 trinh bay vé ham truyén
6 clia hé gidn doan va lién tuc cling nhv trinh ty tim ham truyén 6. Muc 4.8
trinh bay vé cich chon budec cit miu, mét thong s6 quan trong trong phuong
phdp ding mdy tinh dé moé phong hé lién tuc. Muc 4.9 va 4.10 trinh bay v¢ todn
tir tich phan s6 va cdch diing todn t nay dé tim phuong trinh sai phén cha hé
diéu khién ty dong. Cudi ching muc 4.11 la vi du minh hoa.

4.2. Ditng mdy tinh tuong tw dé moé phong hé thong lién tuc

Mady tinh tuong ty di cd qud trinh phét trién lau dai va da gop phdn giai cic
bai todn chia hé thong lién tuc tuyén tinh ciing nhu phi tuyén. Mdy tinh tuong tu
duoc diing rong rii nhat 1a mdy tinh tuong ty di¢n tir ma phdn tir co ban clia nd
12 c4c khuéch dai thuat todn. Pién dp cia mdy tinh biéu thi bi€n s6 cia mé hinh
todn hoc. Khu&ch dai thuat todn c6 thé 1am thanh cdc bo cong, bo tich phan va
bo dao ddu dién dp do d6 né c6 thé gidi cdc phuong trinh vi phan dung dé mo
hinh hod hé théng lién tyc. Mdy tinh tvong tu bi han ché€ 1a d¢ chinh xdc kKhong
cao do nhiéu nguyén nhan: do d¢ chinh xdc cla phép do dién dp, do hién wrgng
tr6i diém zero cha kKhuéch dai thuat todn v.v... N6i chung d6 chinh xdc cua miy
tinh tuong ty khong vuot qud 0,1%. Mot han ch€ quan trong khdc clia mdy tinh
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trong ty la doi vdi timg he th6ng cu thé phéi 14p mach may tinh twong tng, néu
he thdng phdc tap thi théi gian 14p rdp va hiéu chinh mdy tinh s& ddng ké, hon
nifa may tinh khong cé kha nang phdt trién mém déo khi mudn thay déi cdu tric
cia hé thong. Tir khi ¢é mdy tinh s6, may tinh twong tir it dugc st dung vao mo
phong. Tuy nhién mdy tinh tvong tu con duge sit dung trong moét sd trudng hop
nhw lam thi€t bi mo phong cha hé théng san xuat hod chat, sinh hoc hoac dang
trong mo phdng hén hop.

Xét mot he thong lién tuc dwoc moé hinh hod bing phuong trinh vi phan
tuyén tinh sau:

—+B—+x = F@ (4-1)
dt
Gia thi€t rang cde diéu kien ddu bing khong va cdc hé s6 trong phuong
trinh vi phan déu 12 hang s4.
V6i B > 1, c6 thé viét (4 - 1) thanh phuong trinh sau:
¥ = -Bix-x+F() (4-2)

Dua vao phuong trinh (4 - 2) 1a ¢6 thé xay dung duae so d6 khéi chia may
tinh tuong tw nhu hinh 4.1 d€ gidi phuong trinh trén

F

Hinh 4.1. So dé khoi ciia mdy tinh tieong ty d¢ gidi
phicong trinh vi phan (4 - 2).

DE nhan dugc dap iing cia hé théng ngudi ta phai dat tin hiéu vae F(t} vao
bo cong. Qua hai khéi tich phan ta nhan duge tin hieu ra x, tic 10 giai cita
phuong trinh. Hieu chinh h¢ s6 B dé dugc dac tinh ra mong muén.

4.3. Diing mdy tinh s6' dé mo phdng hé théng lién tuc

Tir khi may tinh s6 ra doi cho dén nay d3 hon nita the ky, mdy tinh s§ di
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phét trién rdt nhanh va dugc Gng dung vao hdu hét cde linh vyc hoat dong cia
con ngudi. Do ngay nay chil y&€u 1a ding mdy tinh s6 nén tit day vé sau mdy tinh
s6 duge goi tit 1a mdy tinh - MT (Computer). Trong linh vuc moé hinh hod, MT
1a cong cu chi yéu dé thyc hién vi¢c mo phong h¢ thng. Sau day chiing ta sé
nghién ctru MT lam viéc nhu th€ ndo trong viéc mé hinh hod hé théng.

4.3.1. Phuong trinh may tinh

Diing MT dé mo hinh hoa hé théng c6 nghia la dua vao MT cdc dir lieu ban
déu, MT xit 1y cdc dif liéu d6 theo chife nang hoat dong clia h¢ thdng S, ddu ra
ctia MT cho ta cdc trang thdi ciia hé thong § theo théi gian.

Tin hiéu vdo [ X,J va tin hiéu ra [ Yx Jcla MT déu la nhiing tin hi¢u s6
(gidn doan). Sau day chiing ta xét quan h¢ giita ching

[Xk|

MT [)’kl

[x¢]

Hinh 4.2, Quan hé gifta tin hiéu vao ra ciia mdy tinh.

Budc gidn doan hod T (budce cét mau) 1a nhip 1am viéc cha MT.
Day tin hiéu vao [ x; /= x(0), x(T), x(2T)... x(kT ).
Day tin hiéu ra fyg /= ¥(0), y(T), W2T)... y(kT).

Khi khdo st ta chdp nhan gia thiét 1a thii gian tinh cia MT khong ddng ké
nén ¢6 thé bd qua, c6 nghia la ddy tin hiéu ra [y, /hoan toan dong by véi diy
tin hiéu vao fx; /.

43



Tin hi¢u ra & thoi diém k tic y(4T) phu thu6e vao gid tri cha # tin hiéu ra va
m+1 tin hiéu vao xay ra trudc d6. Céac gid tri cia m tin hidu vao va » tin hiéu ra
dugce lvu trit trong bd nhd cia mdy tinh.

Nhir vay quan hé giira tin hiéu ra va tin hiéu vio clia MT dugc vist nhu sau
[13]:

m b1l
y&T)= > 'b x(kT -iT) - Y a, ;v(kT - jT); (4-3)
i=0 =l
trong dé: a,, b, - cic hé s4;
i=0,m j=0,n véim=n
Phuong trinh (4 - 3) duoc goi 12 phuong trinh may tinh, biéu thi quan he
tuyén tinh gitta tin hiéu ra vdi tin hiéu vao clia MT.
Chd ¥ rang trong phwong trinh (4 - 3) luén ludn cé quan hé m < ¢é nghia
1a tin hi¢u ra phu thudc vao m tin hiéu vao trong qué Khi. Néu m > » thi tin hiéu

ra phu thugc ca vao tin hiéu vao trong tuong lai 12 diéu khéng xay ra trong thuc
1€ duoc.

V1 tin higu ra [y, /va tin hiéu vio fx ; Jdéu c6 cing budc gidn doan T nén
dé cho gon phuong trinh (4 - 3) ¢6 thé viét lai:

yk) = ibmhix(k—i)—ian_iy(k—j); (4-4)
i=o =1
Phuong trinh (4 - 4) ¢6 thé trién khai thanh:
y(k} + a,y y(k-1) + a5, y(k-2) +... + a | y(k-n +1) + a,y(k- n) =
= byx(K) + by, %(k-1) + b, ,x(k-2) +... +b, x(k - m) (4-5)
Phurong trinh (4 -5) ¢ dang phwong trinh sai phan bac n,

Céc hé s6 a, ,....a,.b,,..b, dic trung dic tinh dong cla he théng, Néu cic
h¢ s6 13 hang ta ¢6 phwong trinh sai phan tuyén tinh phin anh hé dimg (dac tinh
khong bién déi theo thdi gian), trong trudng hop nguoc lai af7), b(7) - he khong
dimg. O day ta chi khao sat cdc he tuyén tinh ding ma thoi.

Bac cua phuong trinh sai phan 12 sai biét giita bac cha s6 hang tin hiéu ra
1on nhit va bé nhét. Trong trudng hop phuong trinh (4 - 5) bac cla phuong trinh
la (k) - (k-n) = n.
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Vay ta cé thé két ludn rdng phwong trinh mdy tinh c6 dang ctia phuong
trinh sai phan tuyén tinh.

Tir phuong trinh (4 - 5) ta ¢6 thé viét:
}J(k) =- an—l Y(k'l) = an—?. }’(k-Z) T auY(O) + me(k) +
+ by X(k-1)...+ b, x(0) (4-6)

Nhu vay néu biét diéu kién ddu x{0), y(0), bing cich ting din budc k 1a cé
thé tinh dugc y(k) & cdc thei diém khidc nhau. Céc két qua tinh todn dugc hru trit
trong bd nhd va gid tri tin hi¢u ra cha budc ti€p theo phu thudc vao gid tri cla
tin hidu vao va tin hiéu ra cha cdc budc trong qud khit.

4.3.2. Phuong phdp mé phong hé lién tuc bang may tinh s¢

Tir cdc phan tich & trén ta thdy ring mudn diing mdy tinh s¢ dé mo phong
hé lién tuc thi phai mo ta he lién tuc dudi dang phuong trinh sai phan tuyén tinh,
sau d6 dua phuong trinh sai phan tuyén tinh d6 vio mdy tinh d€ tim cdc dic tinh
cia hé lién tuc.

Chi ¥ ring he lién tuc thudng duoc biéu dién bing phuong trinh vi tich
phan. D€ bién déi phuong trinh vi tich phan thanh phuong trinh sai phan tuong
ting ¢6 thé ding phuong phdp s6 Runge - Kutta. Tuy nhién phuong phip nay
c6 khéi lugng tinh todn 1dn, dac biét d6i véi phuong trinh ¢é bac tir 3 trd Ién
thi tinh todn rdt phic tap nhiéu khi khong thyc hién duoc. Vi vay & phin tiép
theo s& trinh bay phuong phdp tién dung dé€ tim phuong trinh sai phan clia hé
lién tuc.

Tl phuong trinh Laplace W(s} cha hé lién tuc, bdng cdch déi bién sd s
thanh z, ngudi ta ¢6 thé tim duge phuong trinh bién d6i Z twong ing W(z), réi
tim nguoc lai phuong trinh sai phan ciia hé dé gidi trén mdy tinh s6.

4.4. Bién doi Z va cdc tinh chdt

e Muc dich clia phép bién déi Z

Khi giai phuong trinh sai phan bac cao ngudi ta gap nhién khé khan, vi vay
ngudi ta thudmg ding bién déi Z dé bién phuong trinh sai phan tuyén tinh cha he
gidn doan thanh phuong trinh dai s6. Piéu ndy hodn toan tuong tw nhu trong
trudng hop hé lién tuc ding bién déi Laplace d€ bién phuong trinh vi tich phan
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thanh phuong trinh dai s6.
* Mot 58 dinh nghia trong phép bién déi Z,

Gia thiét ring khong c6 tin hiéu & phia &m cta truc thdi gian (hinh 4.3).

Xty o x(k) A

Hinh 4.3. Cdc dang cua tin hiéu :

a) Lién tuc; b) Gidgn doan

Dai v6i tin hiéu lién tuc x(r} ta ¢6 dinh nghia vé bi&n déi Laplace nhu sau:
=4}
L [x(1)] = X(s) = I x(t) e "M dt 4-7
0

D6i v6i tin higu gidn doan x/k] ta c6 dinh nghia vé bién déi Z nhu sau:
Zx@1=XZ)=xO Z°+x(NZ " +xK) Z *+..

=Y x(k)Z* 4-8)
k=0

trong d6: Z - 1a bign phiic.
Néu ham x(¢) t6n tai bi&€n d6i Laplace ¢6 dang:

_ B®)

X =
VA

thi chudi (4-8) 12 bién ddi Z cla ham gidn doan x/k} trong ing.

Bang 4-1 ligt ke mot s6 ham thai gian théng dung va cdc bién d6i Laplace
F(s), bién d6i Z F(z) tuong Gng.
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Bdng 4-1

Ham thot gian Fis} F(z)
3¢k) 1 1
i 1 z
s z-1
T 1 TZ
s (Z-1)°
t? 2! T*Z(Z+1)
s’ -1
£ 3t T°Z(Z* +4Z + 1)
3 (Z-1)*
e ™ 1 Z
s+a Z-e?7
e 1 TZe T
sin(wt) 0 Z sin(zer)
s? + o’ Z’ —2Zcos(wT)+1
cos(wt) § 27 ~Zcos(aT)
s'+o’ Z? -2Zcos{@T)+1

e Cdc tinh chdt ciia bién doi Z
1. Tinh chdt tuyén tinh

Z{a [v(k)] + b[w(k)]} = aV(z) + bW(2) 4-9
2. Dich ham géc f(k) vé phia trucc m budc
Theo (4 - 8) ta c6 bign d6i Z cha fik) la:

ZIfk)] =F@y = Y fk)Z*.

k=0

C6 thé chiing minh duge:

Z[f(k+1)] = ZF(z) - Zf(0):
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Z[f(k+2)] = Z. 2 F(z) - Z 2 £(0) - Zf (1)

Téng quét dich m budc

m-j

ZIf(k+m)] = Z"F(Z) - y_f(k)Z"™" (4 - 10)

=0
Véi diéu kién ddu bing khong ta cé
Z[f(k+1)] = ZF(Z)
Z [f(k+m)] = Z " F(2) 4-1D
3. Dich ham géc f(k) vé phia sau m budc
Tuong tir nhu cong thitc (4 - 11) ta cé
Z[ f(k-m)] =Z ™ F(Z) (4-12)
4. Bién déi Z cia sai phdn tién
Af(k)y = f(k+1) - f(k)
ZIAf(K)] = (Z-1)F(Z) (4-13)
5. Bién doi Z cuia sai phéan i

Af(k) = f(k) - f(k-1)

Z[AfK)] = (1- 2" YF(Z) (4-14)
6. Gid tri ddu cita ham géc réi rac f{0)
f(0) = limF(Z) (4-15)

7. Gid tri cudi cua ham gdc rét rac f{0)
f(e0) = lin} (Z-1)F(Z) 4-16)
—

4.5. Ham truyén sé caa hé gién doan

Ham truyén s6 clia h¢ gidn doan tuy€n tinh 13 ty s6 giita bién d6i Z cla day
tin hi¢u ra gidn doan véi bi€n doi Z cla ddy tin hiéu gidn doan vao vdi didu kién
ddu bing khong.

Gia sir mot hé gidn doan dugc mo ta bing phuong trinh sai phan tuyén tinh
sau:

any(k + n) + a,  y(k + n- 1) +.. + a,y(k} = b x(k+m) +... + b, x(k) (4-17)

Trong dé m < n, di€u kién ndy dim bio kha ning gidi phuong trinh (4-17)
trén may tinh.
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Thurc hién bién déi Z cdc phan t& cda phuong trinh (4-17) vdi diéu kién diu
bing 0 va tinh chéit dich ham g&c di # va m budc nhu di néu & phuong trinh
(4-11) ta cé ham truyén so sauw:

-1
Y(Z) _ b Z"+b . ZM T+ +b

W(Z) =
@ X(Z)

0 (4-18)

n n-1
a Z"+a _\Z +o.tag

Né&u tin hiéu vao x(k) 1a xung don vi -> ham Dirac & thi ta c6:
X(Z)y=7Z[8 (k)] =1
Lic nay W(Z)=Y(Z) (4 -19)
Nhu vay ciing giéng nhu trong trudng hop bi€n déi Laplace, ham truyén
W(s) cha he lién tuc 13 phan itng cia hé d6i v6i ham don vi /{z), hAm truyén s
W(z) 1a phin ing cha hé thong gidn doan dai véi tin hiéu vao 1a xung Dirac &k).

4.6. Ham truyén sé cia hé lién tuc

D4i véi hé lien tuc ngudi ta ding bi€n d6i Laplace gidn doan dé tim ham
truyén s& cita hé lién tuc, nhung phép bién déi nay thudng din dé€n ham siéu viét
dai véi bién s, do dé rat khé tinh todn nén khodng duge dung trong thuc t€. Trong
thuc 1€ ngudi ta ding phuong phdp chuyén déi tir ham truyén Laplace W(s) sang
ham truyén s6 bién déi Z 12 W(Z) bing cdch thay bi€n s8.

Z=e™ (4 -20)
Tir biéu thitc (4 - 20) 1a ¢6 thé giai duoc

1
§= —InZ 4-21
T ( )

trong d6:InZ ¢4 thé trién khai thanh chudi
U3 5
InZ=2U+ —+-—+..) (4 -22)
3 5
a day:

_z7b z-
y=1=2 _2z-1
1+271 Z+l

Bd qua cdc s6 hang bac cao trong (4 -.22) ta cd:
nzZ=20=2 221
Z+1
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Vay phép bi€n déi s6 tuong duong (4 - 21) 6 thé viét thanh:
_227-1
T Z+1

trong dé: T - thdi gian cit miu.

(4 -23)

Phuong phdp chon thdi gian cit miu 7 s& duoc trinh bay d muc 4.8 dudi
day.

4.7. Trinh tu tim ham truyén sé

Trinh ty tim ham truyén sé nhu sau:

1. Ttr ham W(s) ta phan tich thanh cdc biéu thitc don gian W (s), Wafs) v.v.,

2. Tim bién ddi Z wong tng cha cc bidu thitc don gian ké trén bing cich
déi bién s6 theo (4- 23) ta duge cdc ham tuong g Wy(Z} Wy(Z) v.v...

Riit gon lai ta dugc ham truyén s6 cia hé lién tuc tuyén tinh.

Khi sir dung phuong phdp nay ngudi ta phai cong nhan nhitng didu kién sau
day (c6 thé chitng minh ducc).

* N¢u h¢ lien tuc €6 ham truyén dat W(s) 1a n dinh thi ham truyén dat s&
trong dwong W(Z) ciing sé dn dinh.

* Néu ham W(s) c6 thé phan tich thanh W(s} = W,(s). W5(s) v.v... thi khj
chuyén sang ham truyén s& van giit tinh nhan nhu trudc, ¢é nghia 1a ta ¢4 thé
viét:

W(Z) = W,(Z). Wy(Z)...
trong d6: W(Z} chuyén t W (s) bing cdch déi bién s6 theo (4 - 23).

* Khi chuyén tir W(s) sang W(Z) cdc hing s6 va hé s6 khuéch dai vin gilt
nguyén.

Vidy:

K

Cho ham W(s) = ————
s+as+K

Hay tim ham truyén Z tuong ing W(Z}
Gidi:

Thay s = 2z
TZ+

l viio W(s) ta ¢é:
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K

W(Z)= -
[2 2—1] 2(2-1]
= —— | +a—|—— |+K
T Z+1 T Z +1
W) = KT°Z* +2KT*Z+KT?
(4-2aT + KT*)Z? + (2KT? - 8)Z + (KT? — 4 - 2aT)
bat
A =kT?
B=4-2aT + kT’
C=2KT>- 8

D =KkT?- 4 - 2aT

Trong d6 T 12 budc ct mau

Ta cé:

AZ} +2AZ+ A
BZ'+CZ+D

W(Z) =

4.8. Cdch chon bude cdt mdau T

Theo 1y thuyét 18y miu cia Shannon, dé dam bao kha nang khoi phuc lai
tin hiéu lién tuc tlr ddy tin hiéu gidn doan thi tdn s¢ 14y mau thdp nhat £, phai
16n hon hoac bing 2f ... trong d6 f ... 1& tdn s6 tin hién vao cao nhat, cé nghia
13 f, >2f,.,. thoa min diéu kién ndy thi c6 thé khoi phuc lai tin hiéu ma khong
bi méo dang. Tir dé suy ra budc cdt mlu phai thoa man bifu thic sau

ot !

fo " 2w
Trong thuc t&€ ngudi ta thudng chon tdn s§ 18y miu f,, 16n hon nhiéu so véi
tdn s6 tin hiéu vio cao nhit f .. Tan s6 14y miu f,, c6 thé chon theo quy tic
sau day [11]:
fm=(6+25)fgr Hz. (4 -24)

trong dé: f g - 1a bang théng cua heé kin.
Pé thuan tién trong tinh todn, ngudi ta chon gid tri bude cat miu T (T = 1/f;,)
phu thudce vao cdc hing s6 thoi gian trong ham truyén clia hé kin {11].

Sau day ta xét mét s& trudng hop cy thé.
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+ D61 véi hé quan tinh bac nhat W(s) =
1+T,s
ta ¢6 bang thong clta hé thong
1
2xT,

fer=fo=

Theo quy tac (4-24), bude cit miu T ¢6 quan he sau [11]:

T,
2 <T<T,

trong dé : T, 12 hang s& thi gian cha hé.
Thoi gian dé dudng dac tinh qud do dat gid tri 16n nhat duoc goilaT, . ta
¢6 quan hé giira budc cat miu T va T, nhu sau
Toax=(229)T
(1)2
+ D6i v6i he bac 2 W(s) = —"2——
W, +2Cms+s

Budc cit miu dugc tinh nhy sau:
025<w, T<1,507<& <1

trong d6: £ - 1a h¢ s6 tét ddn; w, - 12 tdn 56 dao dong tu nhién

Bang 4-2 dudi day cho ta nhing chi din tham khio d€ chon budc cét miu
d61 véi cdc bién hodc qud trinh khdc nhau [11]:

Bdng 4-2
Loai bién hodc qud trinh Budc cdt mdu (s)
Luu lrgng 1-3
Mikc 5-10
Ap suit 1-35
Nhigt do 10- 45
Chung cat 10- 180
Sdy 20 - 45
He thong diéu khién 0,001 - 0,1
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Déi v6i hé thong diéu khién, theo kinh nghiém nén chon budc cit miu nhu
sau:

min

<T =T, . trong 46 T ,,;,, - 12 hang s thdi gian nho nhat trong ham

truyén ctia hé thong. Chon bude cat miu theo quy tic nay ciing tuong duong
nhu chi dan déi véi muc Hé théng diéu khién trong Bing 4 -2,

4.9. Ding phirong phdp todn ti dé' tim phuong trinh sai phdn ciia hé diéu
khién tu dong

Muc 4.3 0 trén da chiimg minh ring phuong trinh mdy tinh ¢é dang phuong
trinh sai phan tuyén tinh. Vi vay dé mo6 phdng hé diéu khién tw dong (DKTD)
trén mdy tinh ngudi ta phai tim cdch viét duge phuong trinh sai phan ciia hé. C6
hat cdch tim phuong trinh sai phén:

e Tir phuong trinh vi tich phan cGa hé ngudi ta viét thanh phuong trinh sai
phan trong ting - D6 1a phuong phdp Runge-Kutta. Phuong phap nay chinh xic
nhung phiic tap.

e Diing phuong phdp todn tir:

Chiing ta cé sg d6 quan hé giita W(s) va W(z) nhu sau: -

(Hé lién tuc)

1
Phlicong trinh vi tich phan —» biéh dét Laplace —» Phicong trinh dai s6 W(p)
, L 2 Z-1
Poi bisn 56 s = — \
T Z+1

(Hé gidn doan)
d

Phuong trinh sai phdn > bién déi Z « Phwong trinh dai s6 W(z)

Nhu vay theo sg dé trén 1a ¢ qud trinh tim phuong trinh sai phan clia mét
hé DKTD ¢6 ham truyén W¢s) nhu sau:

. 2
Ti ham truyén Laplace W(s) déi biéns6s = —

duge ham truyén Wiz).
Z+1

Tir ham W{z) tim ngugc lai dugc phuong trinh sai phan y(k} dé .v‘ié't chuong
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trinh mo phéng he BDKTD trén mdy tinh.

Vi ham truyén W(s) cia h¢ DKTD tuong ddi dé dang tim dugc nén ding
phuong phdp nay dé tim phuong trinh sai phan rdt thuan tién. Phuong phédp nay
goi la phuong phap todn tir.

4.10. Khdi niém vé todn tif tich phdn sé

Phuong phédp todn tir duge ding rdt rong rdi dé tim phuong trinh sai phan
ctia he BKTD. Sau day s& trinh bay vé khdi niém todn t tich phan sé.

Tich phan mét qud trinh lién tuc duoc biéu dién nhu sau:
t

yo = futydt, (4-25)
0
dy(t
trong dé: u(t) = ——)é-(t—)
Bi€n déi Laplace hai v& cha biéu thic (4. 25) v6i diéu kién ddu bing khong.
1
Y(s}) =— U(s) (4 -26)
5
Vay ta ¢6 ham truyén cua tich phan 1y tudng con goi la todn tir tich phan:
Y(s 1
W(s) = Yo 1 (4-27)
U(s) s

So d6 cdu triic cha todn tr tich phan nhw wrén hinh 4.4 a,

Ult) A
Utt)
Up) | 1 | Yp)
> - > Utk+1)
ey | s | Yiy T
Utk |« 5
a) b) KT (K+1)T 1

Hink 4.4, Cdch tinh todn nir Tustin,

Van dé dat ra [ hdy im todn tif s6 I(z) dé khi chuyén tir hé lién tuc sang he

. ! , 1 .
gidn doan ta ¢é thé thay thé todn tu tich phan — bang I(z).
5
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C6 nhiéu phuong phdp dé tim todn ti /(z), sau day s& trinh bay phuong
phap Tustin hay con goi 1a phuong phdp hinh thang.

Tir (4 - 25) ¢6 thé suy ra dao ham cla tin hiéu ra chinh 13 tin hiéu vao.
Trong trudng hop tin hiéu gidn doan ta ¢6 thé viét:

y(k+ 1D~y (k) = g[u(k+1)+u(k)] (4 -28)

Dién tich hinh thang
trén hinh 4.4b

trong d6, v& phai cha (4 - 28) chinh 14 dién tich hinh thang ¢4 hai canh ddy u(k),
u(k+1) va chiéu cao 1a T nhu & trén hinh 4.4b,

Bién déi Z phuwong trinh sai phan (4 - 28) ta dugc phwong trinh sau:

ZY(Z) - Y(Z) = —;:[ZU(Z} +U(2)] (4-29)

Y(Z)(Z-1) = {_(Z+1)U(Z)

Vay ham truyén s trong trudng hgp nay chinh 1a todn tir tich phan so:

i
= 1&B _TZ+ (4 - 30)
Uiz 272-1
Tir (4 - 29) va (4 - 30) ta c6 twong duong giita hai todn tir lién tuc va so:
l=I—Zle hcn:?_lcs=-g~—z_1 (4 - 31)
s 2 7Z-1 TZ+1

Cong thic (4 - 31) ¢6 tén 1a cong thitc Tustin. Céng thitc ndy chinh la cong
thirc (4 - 23) ta da tim thay & muc 4.6.

Hinh 4.5 1a so d6 cfu trdc clia todn tif tich phan s6.

vz | Tz Y(Z)
(U] 2(Z-D (Y]

»
-

Hinh 4.5. So d6 cdu triic ciia tich phdn s6.
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Nhur vay tir ham W(sj ta thay 5 bing biéu thic (4 - 31) ta duge ham W(Z}
Ding phuong phdp bién ddi nh va gde ta tim duge phuang trinh sai phan va tir
d6 viét chuong trinh mo hinh héa hé lien tuc trén may tinh.

Thong thudng ngudi ta ding phuong phap Tustin vi né don gian va cho do

chinh xdc kha cao

4.11. Vi du minh hoa

Cho h¢ diéu khién tr dong sau, hdy mo hinh hod trén mady tinh, viét chuong
trinh trén mdy tinh bang ngon ngir Pascal, tim ham qua d6. In ra 100 két qua
bing so.

V& dudng cong qué trinh qud do y(1)

Dung phin mém MATLAB dé kiém tra k&t qua da tinh.

1. 80 déb cdu tric ciia hé diéu khién tw déng

u(t) - K, y(t) -
'QD * . o (hs+1Fs+1) -

f

F

2. Tham sé cita hé thong
u(t) = I(t) ;

K, =50;K;=0,5;

T, =0,02; T, = 0,03,

Buédc cit miu chon T = 0,001.

3. Tim phuong trinh sai phdan
K,
S(Tys + 1Y(Ty5 + 1)
K, K,
S(Tys + 1)(Tys + 1)

W(s) =

1+
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K,

W(s)= : ;

TT,s +(T, +T,)s’ +s+ KK,
Thay 5= gz___l

T z+1
Wi(z) = By

3 2
T 2270 1+ Ty 2z=D ) 12D, gk,
T(z+1) Tz+1)) | Tz+1)

Bi&n ddi ham truyén trén ta cé:
KT*(Z* +32% +3Z+1)

Wi(z)=
(2) AZ} +BZ?+CZ+D

trong doé:
A=8T, T, + 4T, T+ 4T, T +2T? +K, K, T*
B= 24T, T, - 4T, T - 4T ,T + 2T* + 3K, K, T
C=24T, T, - 4T, T-4T,T-2T° + 3K, K, T’
D =8T, T, + 4T, T + 4T ,T - 2T + K, K, T"
Ta ¢6 ham sai phan nhar sau:
Y(z) KT @ +322+3z+1)
Uy  AZ+B2+Cz+D

AP YD) +BAYD +Cz Y@+ DY@ =K, T* (2 Uz) + 32° U(z) +
+ 32Uz + U{z))

Diing tinh chat dich ham géc cua bién ddi Z ta tim dugc phuong trinh sai
phan twang Ung véi phuong trinh trén:

AY[k+3]+BY(k+2]+CY[k+11+DYk] = K]TS(U[k+3] + 3U[k+2]+3U[k+1]
+ Uk])

Vi tin hi¢u vao [ tin hiéu nhay cap U(t) = 1(t) nén 1a ¢6
Ulk+3] = Uk+2] = Uk+1] =U[k] = 1

vy ta cd:

AY[k+3]+BY{k+2}+CY[k+11+DY[k] = 8K, T .

Cuéi ciing ta tim dugc phuong trinh sai phan cia hé diéu khién uy dong ta:
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Y[k+3] = (-BY[k+2]-CY[k+1]-DY[k] + 8K, T %) / A

Tir phuong trinh sai phan ta viét chuong trinh mdy tinh dé tim dédp g ra
ctia h¢ y(t) khi tin hiéu vao 13 ham nhay cép /(t)

Sau day la chwong trinh Pascal mo hinh héa he DKTD da cho. Chwrong
trinh cho két qua la tin hiéu ra y(k) dudi dang s&, cit cdch 10 s8 in ra mot s
ligu. Chuong trinh cling cho két qua dudi dang dudng cong qué trinh qua d6 ciia
heé DKTD va tinh cde dac tinh qud do nhu: y 00 ¥ sas T e T o T s’ Sau dé
dung phian mém Matlab dé vé dudng dic tinh qui do clia he PKTD nhim doi
ching vdi két qud cua churong trinh mo phong. Két qua cho thdy rang hai dwimg
cong do chuwrong trinh mé hinh hod va phin mém Matlab vé ra tring nhau, diéu
d¢ chimg 16 thuat todn md hinh hod 1a diing.

4. Chuong trinh Pascal

program MO_HINH_HOA;

uses crt,graph;var

a,b,c,max,kl,k2,11,t2,1,tm tod::real;
gd.gm km ky.i:integer;

y:array[0..1000] of real;

st:string;

BEGIN
clrser;
k1:=50; k2:=0.5; 11:=0.02; 12:=0.03;
1:=0.001; y[0):=0; y[1]:=0; y[2]:=0;

ar= 8* L ¥ I2+4% e M4 #2514k 1 ¥R ¥ ¥ %1,

bi= 24% (1 *12-4 ¥t 1 *-4* 2 %4 2% * 1+ 3%k L ¥k 2 ¥+ ¥t
C:= 24% L *2-4¥ 1 -4 %2+ -2 ¥ F 435K [ ¥k2*t**t;
di= -8¥ 11 ¥24+4%t 1 8t+4¥ 2% - 2% t+k 1 ¥k2¥U*t¥1;
for k:=010 997 do
y[k+3):=(-b*y[k+2]-c*y[k+1]-d*y[k]+8%k 1 *t*t*1)/a;
{ in ra 100 gia tri]

writeln('100 gia tri cach nhau");

for k:=1 to 100 do

begin

write('y[ ,k*10:3,')="y[k*10):8:5,");
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if (k mod 4)=0 hten writeln;
if k=80 then readln;
end;
{ tim gia tri ymax}
max:=y[0];
for k:=0te 1000 do
tf y[k] > max then
begin
max:=y[k];
km:=k;
end;
{Tim khoang thoi gian on dinh Ted }
- k:=1000;
write abs((y[k]-(1/k2))/(1/k2)) <= 0.05 do
k:=k-1;
tod:=k*t;
{ in cac gia tri ra man hinh }
writeln("Thoi gian on dinh laTod:" .tod:8:4);
xicma:=(max-1/k2)*100/(1/k2};
writeln('Gia tri cuc dai [a ymax=',max:8;4);
writeln('Do qua dieu chinh xicma=",xicma:8:4,'%");
writeln('Thoi gian dat cuc dai la tm="km*1:8:4};
| Ve hinh }
write{' Hay cho he so gian truc y:ky="); readln(ky);
gd:=detect:
initgraph(gd.gm, C\TPABGI');
setbkcolor(white);
setcolor{blue);
outtextxy(53,5,"Y");
outtextxy{(600,360,'t(s)"); { Ve cac truc toa do }
outtextxy(240,390, KHAO SAT QTQD HE THONG");
strimax:8:4.51);
outtextxy(20,410, GIA TRI CUC DAI LA: Ymax="+st);str(km*t:8:4,st),
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outtextxy(320,410, THOI GIAN DE DAT CUC DAI: Tmax="+st);
str(xicma:8:4,s1);
outtextxy(20,430,'DO QUA DIEU CHINH LA: xicma %="+s1);
str(Tod:8:4,st);
outtextxy(320,430." THOI GIAN ON DINH LA: Yod="+st};
setcolor(3); |
line(50,350,620,350; { Ve truc toa do }
line(50,5,50,350);
1ine(50,5,47,15); { Ve mui ten truc y }
line(50,5,53,15Y,
line(620,350,615,347); | Ve mui ten truc 1 }
line(620,350,615,353);for k:=1 10 6 do ( Khac do truc t }
begin

Str(100*(k-1)*e:2:1,s1);

outtextxy(k*100-60,357 st);

line(k*100-50,347 k*100-50,353);

end;
for k:=0 to 10 do { khac do truc y )

begin

strk/(5%k2):4:2 st};

outtextxy(3,345-round(ky*k/(5%k2)),st);

line(47,3 50-round(ky*k/(5*%k2)),53,350-round(ky*k/(5*k2)));
end;
strimax:6:4 st);
outtextxy(round(tm/t)=60,340-round{ky*max), Y max="+st};
str(l/k2:2:1,st);
outtextxy(360,335-round(ky/k2), Yod="+st);
outtextxy(km+50,330,Tmax’);
outtextxy(round(tod/0)+50,330,Tod'");
outtexixy(round(tod/t)+70,315-round(ky/k2),'5% Yod'");
moveto(50,350);
setlinestyle(DottedIn,0,1);
linc(round(todit)+49,3SO-round(ky*y[round(lodft)]),round(tod/t)+49.350);



line(30,350-round(ky*max),km+50,350-round (ky*max));
line(km+50,350-round(ky*max),km+50,350);
line(50,330-round(1.05%ky/k2),350-round(1.05%ky/k2)); { dueng sai so }
line(50,350-round(0.95*ky/k2),620,350-round(0.95%ky/k2));
setlinestyle(SolidLn,0,1);
line(50,350-round(ky/k2),620,350-round(ky/k2)); { duong on dinh }
line(round(tod/t)+100,350-round(1.05*ky/k2),round(tod/t)+ 100,330
-round{1.05¥ky/k2));
line(round(tod/t)+100,350-round(1.05%ky/k2),round(tod/1}+97,340
-round{1.05%ky/k2)};
line(round(tod/t)+100,350-round(1.05*ky/k2),round(tod/t)+103,340
-round{1.05*ky/k2)).
line(round(tod/t)+100,350-round(0.95*ky/k2).,round(tod/t)+100,370
-round(0.95%ky/k2));
line(round(tod/t)+100,350-round(0.95*ky/k2),round(tod/1)+97,360
-round(0.95%ky/k2));
line(round(tod/t)+100,350-round(0.95*ky/k2),round(tod/t)+103,360
-round{0.95*ky/k2));

{ Ve do thi }
for k=1to 560 do

begin

if GraphResult<>grOK then

halt(1);
setlinestyle(SolidLn,$C3,Thick Width);
setcolor(Blue);lineto(k+50,350-round{ky*y[k1)):

end;
repeat until keypressed;
closegraph;
END.

Sau khi chay chuong trinh ta duge két qua sau:
100 gia wri cach nhau
y[10] =0.00832 y[20] =0.06489 y[30] =0.19076 y[40] =0.38468
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¥[50] =0.63390 y[60] =0.92046 y[70] =1.22483 y[80] =1.52826
y[90] =1.81425 y[100] =2.06938 y[110] =2.28377 y[120] =2.45122

y[930] =2.00113 y[940] =2.00127 y[950] =2.00132 y[960] =2.00129

y[970] =2.00119 y[980] =2.00104 y[990] =2.00085 y[900] =2.00064

Thot gian on dinh Ia: Tod=0.3360

Gia tri cuc dai la: Ymax=2.6603

Do qua dieu chinh:xicma=33.0161%

Thoi gian dat cuc dai: tm=0.1100

Hay cho he so gian truc y: Ky=100
Pudng cong qud trinh qud d9 clia hé théng do chueng trinh mo phong vE ra nhu
trén hinh 4.4.

DAC TINH QUA PO CUA HE THONG DKTD

y(t)
i\
Ymax = 2.6603
Yod=2
\\ -
N A
15 5%Yod
1
0.5
Tmax=0.1 Tod=0.336 t, sec
0 d : L >
Y 0.16 0.32 0.48 0.64 0.8

Hinh 4.6. Puong cong QTQD do mé phdng vé.
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7. Chuong trinh Matlab

num=[k1];

den=[t1*t2,t1+t2,1,k1*k2];

step(num,den); title('Dac tinh qua do cua he DKTD');
ylabel('y(t)"); xlabel('t,sec");

DBuong cong qué trinh qud d¢ cua hé théng do chuong trinh Matlab vé ra
nhur trén hinh 4.7.

Chiing ta dé nhan thdy rang hai dudng cong trén hinh 4.6 va 4.7 trung nhau,
diéu d6 chimg to thuat todn di dung 12 ding dén.

ALY Dac tinh qua do cua he DKTD

Hinh 4.7. Duong cong QTOD do Matlab veé.
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Bai 1dap
1. Hay trinh bay phwong phdp tim ham sai phan cla h¢ DKTD lién tuc.

2. Tim ham sai phan cia he lién tuc c¢é ham truyén sau:

K
Wi(s
) s(s* +2aJK s+K

3. Hiy diing may tinh dé mé phong va khao sdt qu trinh qud d6 clia hé lién

tue ¢ so d6 cdu triic sau day:

u(t) K v
0 (Tis+1)(Tys +1) j
K2 -

trong d6: K, =50,K,=02,T,=0,5T,=0,1.
Budc cit mau T = 0,01.
S8 budc tinh k = 1000.
Tinh va in ra cdc chi tiéu dinh gid chit lugng sau day:
+ Y(K) qax - Gié tri cuc dai cla tin hidu ra ;
+ 8, % -Do qué diéu chinh ;
+y(K)sy - Gid tri 6n dinh cia tin hi¢u ra ;
+ T oux - Thoi gian dat gia tri y(K)paxs
+ Ty - Thi gian dat gid tri y(K)sg.

Ding MALAB vé dudng cong QTQD cta hé di cho. So sdnh cic két qua.
Riit ra két luan vé phuong phap mo phong.

64



Chuong 5
MO HINH HOA CAC HE NGAU NHIEN

5.1. Khdi niém chung vé phuwong phdp mé hinh hod cdc hé ngdu nhién

Heé ngiu nhién 14 h¢ trong d6 ¢6 cdc cdc bién nglu nhién. Cidc bign ngiu
nhién dugc dic trung bdi luat phan phdi xdc sudt. Vi vy nhitng mé hinh mé
phong cia cdc hé ngdu nhién thudng dugc goi 1a mé hinh xdc sudt.

Thuc chdt cha phuong phdp x4y dung mo hinh xdc sudt 1A xay dung trén
mdy tinh hé théng S v6i cdc quan hé ndi tai clia né trong dé ¢6 cdc bign ngiu
nhién. Ddu vao clia h¢ c6 cdc tdc dong mang tinh ngdu nhién nhu s6 luong cic
su ki¢n xdy ra, thoi gian gifta cdc sy kién holic tdc dong cda méi trudng xung
quanh E. Trén co s& d6 phan tich céc dit liéu ddu ra ngudi ta nhan dugce ding
diéu phan tng cla h¢ théng. Phuong phdp nay thudng duge goi 1a phuong phip
mo phong (Simulation). Mol mot ldn thyc hién phép thit ngudi ta thu duge mot
1o giai chda dung nhitng thong tin vé ddng diéu clia hé théng S. Néu s6 phép
thir N du 1én thi két qua thu duge bing cich 14y trung binh theo xdc su4t sé dn
dinh va dat do chinh xac cin thiét.

Phuong phdp mé phong thudng duge diing dé nghién citu cdc hé ngiu nhién
nhung déng thdi trong mot s8 trudng hgp ciing ¢6 thé duge ding dé giai cic bai
todn ddi véi cdc hé 1nén dinh.

Muc 5.2 trinh bay vé phan phdi xdc suft clia cdc bi€n ngiu nhién. Muc 5.3
va 5.4 trinh by vé s6 ngdu nhién phan phéi déu U(0,]) va phuong phép tao cdc
bi€n ngdu nhién cé phan phdi mong muén. Cudi cling muc 5.5 dua ra mot s6 vi
du md phdong mét s& he ngiu nhien.

5.2. Phdn phdi xdc sudt ciia cdc bién ngdu nhién

Trong hé ngdu nhién ¢6 nhién bién ngdu nhién. Bing 5-1 liét k& mot s6
bién nglu nhién trong cac hé khdc nhau.

Céc dac trung quan trong nhét cia bi€n nglu nhién 1A hdm mat d6 xdc sudt,
ham phan phéi xdc sudt, cdc thong s8, k§ vong todn, phuong sai vi mot s6 dac
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trung khac. Sau day s& xem xét mot s6 phan phdoi lién tuc va gidn doan thudng

ding nhét trong mé phong céc he ngiu nhién.

Bdng 5-1
Loai hé thong Cédc bién ngdu nhién
Hé théng san xudt Thoi gian van hanh mdy, ngitng mdy do hong héc, thai
gian thao tdc, s& 14n hong héc...
He thong mdy tinh Thoi gian gita cdc 14n lam viéc, thoi gian gidi cc bai
toan...

lien lac gian lién lac, thdi gian phuc vu...

He ‘hong thong tin S6 khdch hang, théi gian gita cde 14n lién lac, thoi

A. Phdan phéi lién tuc (Continuous Distribution)

a) Phan phoéi déu (Uniform) U(a,b)

Dai lugng ngiu nhién X duge goi 1a tudn theo luat phan phéi déu lién tuc

trén khoang [a,b] ky hiéu X ~ U (a,b), néu X cé cic dac trung sau:

* Ham mit 46 xdc sudt:

1
— <x< Jfix}
fx) =452 nfua<x<b N
0 phédn con lai 1
; b-a
* Ham phan phdi xdc suat
0 nfua<x<b
F(x) = E-a nfux<a -
1 néub < x 0 a

* Théong s6 a< b, a,b - s6 thuc

* Ky vong todn: M (X) = 2 ; b
o (b-a)*
* Phuong sai:  $°(X) = 3

b) Phan phot déu (Uniform) U (0,1)

Pham vi ing dung: Phan ph&i déu trong khoang [0,1] ky hiéu 1a U(0,1) 1a
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trudng hop dac biét cta phan phéi déu Ufa,b} v6i a = 0, b = 1. Phan phéi déu
U(0,1) duge dung nhiéu trong k¥ thuat mo phong dé tao nén cde dai lugng ngiu
nhién khic ¢é phan ph8i mong muén

* Ham mat 46 phan phéi Aix)

] nful0<x<l .
f(X) = s 3 .
0 phén con lai |
* Ham phan phoi
x nfulsx<i
F(x) = )
1 néux:>|] .
*Ky vong todn: M(x) = % 0 1
*Ph i SAx)= —
uong sai (x) =

¢) Phdn phéi mii (Exponential) expo (f3)

* Ham mat d6 phan phéi
am ml J phian pinol f: x phan ba mu expix
Ze P nfux=0 gl
f(xy=<p oef
0 phén con lai

* Ham phan phoi
_a X/ 4t
F(x) = {l e néuxz0 o4

0 phin cdn lar %37
02F

* Théng s6 B ot X
4]

* K¥ vong todn:  M(X) = 5 5

* Phuong sai: Six)=p?

Pham vi iing dung: Thudmg ding dé biéu dién théi gian gita hai su kién
trong dong su kién &1 gian,

Chi y: Ham expo () 1a truong hogp dac biét cia hai ham phan b6 Gamma
va Veibull

d) Phan phéi chudn (Normal) N(1,0%)
* Ham mat do phan phdi
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_(xﬂx)2
2 . \ -
e 29" cho moi x 12 s6 thuc

f(x) = !

2na®

* Ham phan phoi F(x): khong ¢6 cong thic bidu dién

* Thong s6: n> 0,0 € (~w0, )

* K¥ vong todn M(X) =

* Phuong sai  S*(x) = o?

Pham vi ting dung: Phan phd&i chudn con c6 tén 13 phdn phéi Gaoxo (Gauss)
la phan ph6i ¢6 @ng dung rit rong rai trong viéc dinh gid cdc dai luong ngiu
nhién.

B. Phan phéi gian doan (Discrete Distribution)

a) Phan phoi Bernoulli Bernoulli (p)

* Pham vi ting dung: 12 s6 ngiu nhién xay ra v6i hai kha ning khic nhau,

thudng duge dung d€ tao ra cic bi€n ngdu nhién gidn doan nhw: nhj phan, hinh
hoc va &m nhi phan

* Ham khéi hugng

l-p nfux=0 .D(Jlf{IL
p(x) = <p néu x =1
0  phin con lai

* Ham phan phéi

p p—r
0 nfux<0
I-p —
F(x)=41-p néul<x«l x
1 nful<x ' >

* Thong s6: p e (0,1)

* Ky vong todn M(x)=p

* Phuong sai  S*(x) = p(1-p)

b) Phdn phoi déu gidn doan (Discrete Uniform) DU(i,j)

Pham vi ing dung: Ding d€ mé ta cdc s6 ngiu nhién xay ra gidn doan nhur
nhau trén khoang tir i d&n j (j > 1).

*Ham khéi lugng
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1

néu xei, 1+ 1.

p(x)=q -1+l
0 phin con lai p(x) ‘
*Ham phan phoi 1
0 X<t j-i+1
Feo=d T eicx s
Jj—1+1
1 néuj<x

* Thong s¢: i va j-s6nguyén,i<j
1 - théng s& ddu
j - thong s8 cusi

*K¥ vong todn: M(x) = %-1

(j-i+1)? -1

*Phuong sai: S3(x) = 5

1i+1i+2

Chi y phan phdi Bernoulli (%) chinh 12 DU (0,1)

¢) Phdn phéi Poarxéng (Poisson) Poisson (A)

F2 1]

[
»

X

* Pham vi ving dung: md ta cdc su kién doc 1ap xay ra véi cudng d6 la hing so

* Ham khéi lugng
e M x
p(x) = x!
0 phan con lal

néuxe (0,

* Ham phan phéi
0 néu x <0
Flx)= et 3 i néu 0 2 x
iz 1
* Thong s6 A >0
* K¥ vong todn M(x) = A
* Phuong sai  S$*(x) = A

Sau day [a ham khdi lugng Poisson véi thong s6 A =0,5va A =1
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p(x)
F 3
0,6 |- =05 0.6
0,5 F 0,5 |-
0.4 - 041 A=1
03[ 03[
02 [ 02
0,1 |- . Ol )
0 ] ] \ » O | i »
1 2 3 4 5 1 2 3 4 5

5.3. 8¢ ngdu nhién (Random numbers) phdan phoi déu U (0,1)

Khi mé6 phong hé théng ngui ta thudng cdn ¢6 cdc s6 ngdu nhién phan
phoi theo nhitng 1uat phan phdi nhit dinh dé mo phong cdce su kién ngdu nhién
xay ra trong hé. S6 ngdu nhién phan phéi déu trong khoang [0,1] thudng dugce
ding 1am co s& dé san sinh ra s6 ngdu nhién ¢é cic phan ph6i khdc nhau. Phan
ph6i déu U(0,1) déng vai trd quan trong trong k¥ thudt moé phéng, vi vay da
dugc nhiéu ngudi nghién citu va c6 nhiéu phuong phip tao ra né. Sau day chiing
ta nghién cifu mét 56 phuong phédp thong dung tao ra phan phéi déu U (0, 1).

a) Ding mdy phdt ngdu nhién

Mady phét s6 ngdu nhién dua trén nguyén tic sit dung nhiéu do cdc thiét bi
dién tlr gay ra. Trén hinh 5.1, dién 4p w(z) 1dy trén dién & trong mot mach
khuéch dai dién ur déng vai trd ctia nhidu ngiu nhién. Ngudi ta chon quang thdi
gian lay miu T(a,b) va bien do dién 4p cit U, tuy ¥. Giao diém gifta uf1) va
U4 tao thanh diy s& nglu nhién 7, 15, 14, 1y, ..., 7, Day 12 diy s6 ngiu nhién
phan phdéi déu U(0,1)

Uu diém: Nhan dugc diy s6 hoan todn ngdu nhién vdi s& lugng khong han
ch€ (bing cdch thay ddi thai gian 18y miu T(a,b) va dien dp cit U, ).

Nhiroe didm: Phai lap thém vio mdy tinh may phét s6 ngdu nhién. Khi cén
lam lai qud trinh mé phong thi khong tao dugc diy s6 ngdu nhién gidng ldn
trude nén khong the so sdnh chinh xdc két qua cla hai 14n thir nghiem.
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u(t) 4

\/l/v/\\/)/\ /Av T \/V

LA

b 4

0

4, Lt ty,

bj) Ditng bdng s6 ngdu nhién

Bing nhiéu cdch ngudi ta 14p bang cdc s6 nglun nhién, xem bang 5-2 [21.

10097
37542
08422
99019
12087

66063
31060
85269
63573
73796

98520
11805
83452
88685
99594

65481
80124
74350
69916
09893

L e

i

n

Hinh 5.1. Phieong phdp tae s6 ngdu nhién.

Bdng 5-2. Cdc 56 ngdu nhién c6 phan bé déu U(0,1)

32533
04805
68953
02529
99910

74717
10805
77602
32135
43753

17767
035431
59614
40200
67348

17674
356335
99817
26803
14523

76520 13586
64894 74296
19645 09303
09376 70713
80157 36147

34072 76850
45571 82406
02051 65692
03325 47048
03529 64778

14905 68607
39808 27732
06288 98083
86507 58401
87517 64969

17468 50950
17727 08015
77402 77214
66252 29148
14225 68514

34673
24805
23209
38311
64032

36697
35303
68065
90533
35808

22109
50725
13746
36766
91825

58047
45318
43236
36936
46427

34876
24037
02560
31165
36653

36170
42614
74818
57548
34282

40558
68248
70078
67951
08928

76974
22374
00210
87203
56788

80939 09117
20616 10402
15953 34764
88676 74397
98651 16877

A5813 39885
86799 07439
73053 85247
28468 28709
60933 20344

60970 93433
29405 24201
18475 40610
90364 76493
03785 61368

73039 57186
21115 78253
45521 64237
76621 13990
96297 78822

39292
00822
35808
04436
12171

11199
23043
18623
83491
35237

50500
32775
68711
29609
23478

40218
14385
96286
94400
34382

Nhiéu ngéu nhién

74945
91655
33606
27659
76833

29170
09732
88579
25624
88435

73998
67851
77817
11062
34113

16544
53763
02655
56418
14358
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91499 14523
80336 94598
44104 81949
12550 73742
63606 49329

61196 90446
15474 45266
94557 28573
42418 16213
23523 78317

04493 52494
00549 97654
35963 15307
59808 08391
46058 85236

32197 00597
69234 61406
19565 41430
45155 14938
94864 31994

98086 24826
33185 16232
80951 00406
79752 49140
18633 32537

74029 43902
34178 45611
11644 49883
69074 94138

Khi m6 phong c6 thé 14y cdc s6 ngdu nhien trong bang ra theo mot tht tu

68479
26940
85157
11100
16505

26457
93270
67897
97344
73208

75248
64051
26898
45427
01390

37397
20117
01758
15476
36168

45240
41941
96382
71961
981435

77557
80993
52079
87637

27686
30858
47954
02040
34484

47774
79953
54187
09721
89837

33824
88159
09354
26842
92286

25241
45204
75379
07246
10851

28044
50949
70774
28296
06571

32270
37143
84827
31976

46162 83554
70297 34135
32979 26575
12860 74697
20419 52563

51924 33792
59367 83848
54622 44431
16868 48767
68935 91416

43862 51025
96119 63896
33351 35462
83609 49700
77281 44077

05567 07007
15956 60000
40419 21585
43667 94543
34888 81553

44999 08896
89435 48481
20151 23387
69861 02591
31010 24674

97790 17119
05335 12969
59381 71539
35584 04401

nao d6: 1ay 14n lugt, 18y cdch quing v.v...

Uu diém: ¢6 thé 1ap lai day s6 ngdu nhién dé ding cho céc 14n mo phong

khac nhau,

94750
53140
57600
96694
43651

65394
82396
91190
03071
26252

61962
54692
77974
13021
93910

86743
18743
66674
539047
01540

39094
88695
25016
74852
05455

52527
56127
09973
10518

89923
33340
40881
89419
77082

59593
10118
42592
12059
29633

79335
82391
50024
24892
83647

17157
92423
36806
%0033
35456

73407
41994
25298
20539
61247

38021
19225
33440
21615

Nhitge diém: 16n bo nh¢ dé nhé bang s¢ ngiu nhien.

37089
42050
22222
23707
07207

42582
33211
92927
23701
03322

65337
23287
90103
78565
70617

85394
97118
84962
20826
05014

35441
37548
94624
00187
77938

80814
26040
15020
01848

20048
82341
06413
25815
31790

60527
59446
43973
46670
82562

12472
29529
39333
20160
42941

11838
96338
85207
69541
31176

31880
73043
61171
39579
91936

51748
90234
09994
76918

¢} Ding algorithm tao sd gid ngdu nhién (Pseudorandom Numbers}

Ngay nay ngudi ta thudng ding algorithm tao s6 ngdu nhién. Nhu vay rit
thuan tién vi khi 1ap trinh chi c4n 1ap chuong trinh con tao s6 nglu nhién ma
khong cin phai ght day s6 ngdu nhién vao b nhé clia méy tink. Tuy nhién
ngudi ta chitng minh dwge rang bt ki thut todn nao ciing tao ra s§ ngiu nhién
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¢6 chu k¥ nén né khong hoan toan 12 s6 ngiu nhién ma chi 1a 56  gid ngdu nhién
(Pseudorandom Numbers). Tuy nhién n&u chu k¥ clia s6 gid ngdu nhién du 1én
khoang (1 + 5) 10°s& thi s& gia ngAu nhién dé c6 thé duge coi 1A ngéu nhién ddi
voi cdc bai todn md phdong thong thudng. Cé nhiéu thuat todn tao ra s6 gia ngiu
nhién.

o Thudt todn ldy phan gita cita binh phuong

Cho s6 khdi ddu x5 = 0,2152, vay s6 ngiu nhién X,, X,... ti€p theo s& duoe
tinh nhu sau:

(xg)' = 0,04631104 — x; =0,6311
(x;)= 0,39828721 —> x, = 0,8287

Nhuoc diém ciia phuong phép nay la rat dé xay ra truong hop chu k¥ lap lai
clia s& ngau nhién qud ngin.

Vi du chon x, = 0,4500, vy ta c6
(xy)* = 0,20250000 — x; =0,2500
(x,)’ = 0,06250000 — x, = 0,2500
(X5)* = 0,06250000 — x4 = 0,2500

o Thudt todn nhdn

Thuét todn
Zi = hx
Rieg = ] Z [
trong do:

Xi - s6 ngiu nhién phan b6 déu U (0, 1);

12 .., [ -1aphan1é chass Z,,;

» -héeso;h=8tx3;

t - 56 nguyén duong bat ky.
Viduchont=5->A=8x5%3 ldy A =37
Cho truée x, = 0,37843
Ta cé day s6 ngdu nhién sau

Zi=hXy X = ]Z,[

Zy=AX) Xy = ]Zz[
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Cu thé tinh duoce nhu sau
Z,=37x0,37843 = 14,00191 — x, = 0,00191
Z, =37 x 0,00191 = 0,07067 — x, = 0,07067
Z3=37x0,07067 = 2,61497 — x4 =0,61479
Z4=137x0,61479 =22,74723 — x, = 0,74723
Day s6 ngéu nhién thu duge s& phan phdi déu trong khodng [0,]1). Ngudi ta
chitng minh dugc chu ky lap lai cha diy s6 ngiu nhién nay dit 16n nén cé thé
dung d€ diing trong phép mo phong.
5.4. Phuong phdp tao cdc bién ngdu nhién cd phdn phéi mong mudn

Khi mé hinh hod h¢ théng thudng phai mé phong cac sir kién ngiu nhién cé
phan phdi khdc nhau. PE tao ra cde 56 ngdu nhién nhu vy nguoi 1a thudng diing
cdc s ngau nhién phan phdi déu U(0,1) dé tao ra céc s6 ngdu nhién cé phén
phéi mong muén. Sau day chiing ta nghién citu phuong phdp thudng ding nhét
dugc goi la phuwong phdp bién déi nghich ddo

a) Thugt todn bién déi nghich ddo

Gia thi€t rang ching ta muén tao ra s6 ngdu nhién lién tuc X ¢6 ham
phan phdi lien tyc tang trong khoang 0 < F (x) < 1 ¢6 nghia 1a néu X < X;va
0 < Flx)) < F(x;) < 1 thi F(x;) < F(x,). Goi F "' 12 nghich dio clia F. Vay thuat
todn d€ tao ra bi€n ngiu nhién X c6 ham phan phdi F{x) nhu sau:

a. Lay U~U(0 ,1)
b. VayX=F ' (U)
Trong dé ky hiéu ~ dugc doc 1a “c6 phan ph6i”. Ham F ~'(U) luén luén xdc

dinh trong khodng [0,1]. Sau day s& xem xét mot s& thudt todn tao cic bién ngiu
nhién c¢é phan phéi mong mudn.

b) Thudt todn tao bién ngdu nhién ¢6 phan phoi mii expo ()
Thuat toan

a. Lay U~U0 1)

b. Vay X= - BinlJ

Trong d6 f 14 thong s6 ciia phan phéi mil expo (5)

Ching minh thuat todn néu trén
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Ta c¢6 ham mat do phan phdi mil (xem mue 5-2)
1

- =X
f(x)=IEe B x>0

Goi X, 12 58 ngdu nhién ¢6 phan phdi mi
U, 12 56 ngiu nhién c6 phan phdi déu trong khoang [0,1]

xi xil _lx
U = | o dx = IBe B dx
Q ]

Vay X;=- Bln (1-Uj

Chu ¥ ring néu U, phan phéi déu trong {0 ,1] thi (/-U;) cling phin phdi déu
trong khoang [0,1] nén ta ¢6 thé viét

X, = - By,

¢} Thudt todn tao bién ngdu nhién cé phan phéi déu U(a,b)

Thuit todn

a LiyU~U(0,1)

b. VayX=a+ (b-a) U

d) Thudt rodn tao bién ngdu nhién c6 phdn phdi chudn N (4, &)

Thudt todn tim phan phéi chudn khd phic tap, tuy nhién c6 thé ap dung

dinh 1y gi¢i han trung tam sau day: Phan phoi chuén ¢6 thé duoc coi 12 tdng mot
56 N kh4 lém cdc ngiu nhién U, ¢6 phan phéi déu trong [0,1].

Néu ¢6 U, Uy ., Uy
Ky vong todn My, Ma,..., My
Po léch chuén Gy, O3 ... » ON

Vay 1a ¢6 k¥ vong todn cila phan ph6i chudn p=p N

D6 léch chudn ciia phan phéi chudn ¢ = o, JN
N

Tém lai, tdng > Ui c6 phan phdi gdn vdi phan phoi chudn
=1

Trong thuc t& 1dy N =8 ~ 12 1a di.
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e} Thuat todn tao bién ngdu nhien cé phan phéi Poisson gidn doan,
Poisson (L)

Thuat toan

l.Liya=e" b=1Ivai=0

2. Lay Ui,y ~ U(0 ,1) va thay b bang bU,,, Néu b < a thi ldy X = i néu
khéng dén buge 3.

3. Thay i bang i+/ va 1 v& bute 2.

Chu ¥ rang diéu kién X = i chi xay ra khi va chi khi c¢é

i+l

2Y;s1<3Y,
j=1 i=1

trong dé: Y; = -%ln U~ expo (;C) va 1a cdc 56 ngdu nhién doc lap.

§) Thudt todn tao bién ngdu nhién cé phan phéi déu gidn doan DU, j)
Thuat todn
1. Lay U~U(0, 1)
2. VayX=i+[j-i+DU]
h) Thudt todn tao bién ngdu nhién cé phan phéi Bernoulli {p)
Thuit todn
I Lay U ~ U0, 1)
2. Néu U <p, vay X = I néu khong X = 0.

5.5. Mot 56 vi du vé mo phong cde hé ngdu nhién
Phén nay ching ta nghién ciu phuong phip mo phong mot s6 he nghu nhién.
Vidul: Cdcdong sukién cé phan bo mit expo (A).
Xét mot 86 trudng hop sau:

* Dong cdc cudc goi cha mot tram dién thoai.

¢ Dong cac khdch hang di vao mot co s& dich vu nhu siéu thi, khu vui
choi gidi tri, qudn an, hiéu cit tée v.v...

*» Dong cic khich hang di ra khoi cdc co s dich vy sau khi da ducc
phuc vu.

*» Dong cic nhiéu ngu nhién tdc déng vao hé truyén tin gay ra céc sai s6
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* Dong cdc hong héc xay ra trong hé théng k¥ thuat do tdc dong cha cac

yéu t6 bén ngoai nhu: nhiét d6, d6 4m, rung dong v.v...

Cdc dong sur kién ndi trén thudng c6 tinh chat sau day:

- Dong dimg vi cuéng do xay ra sy kién A = const.
- Cdc sy Kién xay ra hoan toan doc 1ap véi nhau (khéng hau qua).
- Tai mot thai di€m chi ¢6 mot sy kién xay ra.

Mot dong c6 ba tinh chét trén 1a dong Poisson ding hay con goi 1a dong 161
gian. Nhu chiing ta da bi€t khodng cdch giita cdc su kién xdy ra trong dong 161
gidn tudn theo ludt phdn phéi mii expo {4).

Vidu 2: Mo phong d6 tin cdy cua thiét bi dién 1

Gia thiét ring cudmg do xdy ra hong héc cla mot thiét bi dién tir 13 hang s6

X l4n /gi® = const. Hiy xdc dinh d6 tin cay P(t >T) va tudi tho trung binh T
cia thiét bj dién «r.

Do A = const nén dong cidc hong héc la dong t61 gian. Nhu vdy khoang
céch gilta cdc hong héc ¢ tuén theo luat phan phdi mii expo (4). Goi T 1a thoi
gian khao sdt, vay thiét bj duge coi 1a 1am viéc tin cdy néu £, > T. Khi khao sat
mot luong di 16n cdc thiét bi thi d¢ tin ¢4y cia né duge ddnh gid bing x4c sudt
xdy ra sy kién +; 2 T. Nhu vay do tin cay duge dinh nghia 14 xdc suft dé thoi
gian 1am viéc khoéng hong héc 16n hon hoac bang thoi gian khao st P(t; 2T).

o Thuat todn md phong

a. Ldy Ui ~ U(0, 1)

b. Vayt, = -;CmUi

c.Sosdnh; vai T

néut; 2T - thi€t bi lam vi¢c tin cay

néu t; < T - thi€t by lam viéc khong tin cay

d. Thyc hién N “thir nghiém” nhu vay tir budc a dé€n bude ¢
D¢ tin cay cia thi€t bi dugc ddnh gid nhu sau:

S&'thiét bi lam viée tin cdy
S&'thiét bi thit nghiém N

Né&u N cang 16n thi ddnh gid s& cang chinh xdc.

Vidu 3: M6 phdng hé truyén tin

Dotincay=P{t;>T) ~

e Mé phdng ngubn sai:
Xét trudng hop kénh truyén tin 14 nhi phan d6i xing. Nhiéu trong kénh lién
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lac 1a loai nhiéu xung ngiu nhién. Cac xung nhiéu (duong hodac am) cé tham s&
gin bing xung tin hiéu s& gAy ra cdc sai la bién tin hi¢u 1 thanh 0 hoac nguoc
lai bi€n tin hiéu O thanh 1. Do kénh nhi phan d6i xing nén ¢é pyy; = p,0 = p.
Cdc sai xay ra trong kénh lién lac 1 cdc sy kién ngdu nhién doc 13p.

Nhu vay dong sai trong kénh lien lac ¢6 thé dugc mo phéng bang dong t5i
gian c6 cuomg do A = const.

Théng thudng cudng d6 dong sai trong kénh lién lac ndm trong khoang

A=10"T+10"1/giv

Nhu da phén tich & vi du 2, khoang céch gifta cdc sai tuan theo luat phan
phéi mii expo(A), khoang cach giilfa cdc sai duge tinh theo céng thite sau:

1

ti = —xani

trong dé: U, - s6 ngdu nhién ~ U0, 1);
t; - khoang cach giita cac sai i-1 va i.

Vay mé hinh ngudn sai la ddy cdc sai ¢6 cudng do A, khodng cdch giita cdc

sai tudn theo ludt phdn phéi mit expo( A).
» Mo phong qud trinh truyén tin

Gia sir truyén di lién tuc cdc tit ma cd chiéu dai », trong d6 s6 phin tir
mang tin 1d m (m < n). Vay mo hinh hé théng truyén tin S 12 mot ddy lién tuc
cdc tir mi ¢6 chiéu dai n. Mo hinh mo phdng he truyén tin My 1a su xép chdng
cua mo hinh hé théng § va mé hinh moj trudmg E - chinh 13 m6 hinh nguén sai
nhu trén hinh 5.2.

A
N LI |11 [ > E, nguén sai
| I I I > S, he¢ théng
n
N I | A Ao

Hinh 5.2. M6 hinh mé phong qud trinh truyén tin.

¢ Thudi'todn m6 phong: Xem luu d6 mo phong hinh 5.3
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Nap di liéu m,n, i=0;
QU=0, Q1=0X;a=37;
x0=0.37834 5=3000

T

-

h'4

i=i+1

v

Tao s6 ngdu nhién X,
Z=a* x0; X= ]Zl-. x0=X,

\

Tinh Ti = (— 1;"‘1) lnx-,
kheang cédch giita céc sai

1
T,zn Q0= QO+ [T; /n] —
0 v
Ql=Ql+1
3 |
1 ’ Hinh 5.3. Luw d6 mo phong hé truyén tin:
i<$S m - s6 phén t mang tin;
n - chidu dai tir ma;
0 A - cudmg d6 dong sai;
PS = QO/ (Q0+ Q1) T, - khoang c4ch gilfa céc sai,
;?8:8193 Q tun theo luat phan bo mi;
v X, - s6 ngdu nhién phan bg déu
[0.1];
V=m (1-PS)/n S - 56 14n thir nghiém;
QU - 54 tir mi diing;
v QI - s4 tir ma sai;
In két qud {T,/n] - phin nguyén chia ty s6
T T/

It /a[ - phén 1€ chaty s6 T,/ n;
a, Xo - hé s8 dé 1ao s6 nghu
nhién phan b8 déu;

PD - xdc suét truyén tin ding;
PS - xdc sudt truyén tin sai;

V - t6c do truyén tin,
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a. Lay U, ~ U(0,1)

b. Tinh khoang cdch giita cac sai
1
W

¢. So sdnh giita f; va chiéu dai tir mi »

In U;

[i='—

+ Néu t; > n— 56 tir ma diing QO (khong cé sai) sé duoe tang lén

Q0=Q0 + {%J

+ Ki€m tra phéin 1 cta ty s6 ]TIN[. néu ]Tf’N[> 0: s6 tir ma sai Q1 (c6
sai) s& duge tang léen mot don vi, Q1 = Q1 + 1
+ Néu ¢, < n: 88 tir ma sai Q1 s& duge tang 1én mot don vi Q1 = Q1 + |

d. Lap lai tir budc a dén bubce ¢ khi s 14n thir nghiém hdly con nho hon s6 §
da dinh trudc.

Vidu 4: Vi du minh hoa - M6 phong tram xe buyt sinh vién

Sinh vién di tir ky tic x4 dén trudng bing xe buyt, méi xe chira dugc 60
sinh vién. Thai gian di dén trudng bat ddu tir 6 gidy 30 dén 7 gidy 30. Sinh vién di
dén tram xe buyt duoc mo ta bing mot dong t8i gian véi cudng do A = 0.8 51/ .
Cusau T ,, = 15 phit c6 mot chuyén xe buyt di d€n trudng. Néu s6 sinh vién
chtr xe < 60 sinh vién, xe vAn chay diing gid. N&u s6 sinh vién chd xe > 60 sinh
vién thi s6 sinh vién thira ra s& chd chuyén xe tiép theo.

Sinh vién than phién ring khong du xe dé di dén trudng nén sau 7 gid 30
van cdn nhiéu sinh vién bj ket lai khong kip dén trudng ding gid.

Hay cho biét sau 7 gi& 30 trung binh c6 bao nhiéu sinh vién bi ket lai tai
tram Xe buyt?

Dé¢ dam bao khéng c6 sinh vién bi cham giv hoc thi thoi gian gilia céc
chuyén xe buyt 16n nhat T',, .., phai 12 bao nhiéu?

Vi€t chuong trinh mé phong. Xay dung giao dién dé nap thong s6 cia
ddu bai va 18y két qua ra tit man hinh mdy tinh.

o Thudt todn mé phong

a. Xay dung mé hinh dong sinh vién di dén tram xe buyt. Khodng cich

giffa c4c sinh vien di dén tram xe buyt 1, = — % In(U).U,~U@,L).
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b. Xay dung mo6 hinh vin chuyén xe buyt. S6 xe phan b6 déu dan, sau
T,. = 15 phiit cé mot chuyén xe buyt.

¢. Xép chdng hai mo hinh trén véi nhau.

d. Pém s6 sinh vién chy & tram xe buyt.

e. D&m so6 sinh vién con lai tai tram sau méi chuyén xe.

g. Mo phong qué trinh van chuyén sinh vién sau 1 gioy (tir 6 dén 7°7...
Pém s6 sinh vien bi ket lai sau 7 giy 30. Lap lai v6i T,, khdc nhau d€ tim
T e max- Nhan xét?.

o L dd mo phong
Luu dé moé phong nhu trén hinh 5.4, Trong d6 dat cdc bi€n nhu saw:
+tx = T, - thoi gian giifa cdc chuyén xe buyt,
+t - 1a thoi gian moé phong. Pay 12 thoi gian sy kién, £ s€ dugce tang lén
khi c6 su kién sinh vién dén tram xe buyt. Qud trinh moé phong thuc hién khi

t = 0 (5) (lic 6 gidy 30) dén t = 3600 (s) (lic 7 giv 30). Ditng m6 phong trong

truéng hop nguoc lai;
+ ¢ - 12 s0 sinh vién ch& & tram xe buyt.

Nhu vay khi ¢é méot sinh vién di dén tram Xe buyt thi

¢ =c+l

t =t + i, trong dé ti 1a khoang cdch giifa cdc sinh vién di dé&n tram xe buyt

+ dk - 12 bién trung gian.
o Chuong trinh mo phdng viét bang ngon ngit Visual Basic

H*****************************************************

frRdkick chyang trinh viét cho Forml ¥¥%*x
”’****** khai ba’o CdC bléﬂ o e e e ol e e oe e e vkl sk
Dim i, k, tx, txe, times, c, s, dk As Integer
Dim t As Double
Dim ast, bst, at, bt As String
Dim x(160), y(160) As Integer
//***** [hﬁ [UC u’nh Sk ok
Public Sub tinh()

Const ¢=2.7182

a=lamda

U=RND
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t=1t+ (- Log(U)/a*Log(e)
If t< 3600 Then
c=c+]

Else: 1=3600

End If

End Sub

tx=T,, . t=0, c=0, dk=1, a=lamda

dk

\_ée
=}
]
o

M

1X = txe ) 0 0 c=0
1

60

c=¢-
Y
* )

Hinh 5.4. Luw d6 mo phong tram xe buyt sinh vién.

STOP



f*%** thi tuc vé dudng di d&n tram x¢ cla sinh vien¥d¥¥*
Public Sub veduong()
Const 1=50
pictD.Cls
For =1 Toc
pictD.DrawWidth = 6
pictD.Circle (x(j), y(j), r, RGB (0, 0, 0)
Next
End Sub
J/**%%% thil tuc vE 010 chay**#*#
Public Sub vecto()
im.Left =i
iml.Left =k
If i> 14000 Then
1 =-4000
End If
k = k+45000/ txe
End Sub
JrEEFFEMG tuc vE Form2 %% %%
Public Sub hienthi{)
Form2.1bSVCC.Caption = ¢
Form2.1bSCX2.Caption = s
1bSCX2.Caption = Int(t/60)
Form2.pt2.Cls
Form2.ptl.Cls
For j=1 To ¢
Form2.pt2.Line((40*j-30), 10)-((40*j), 365), RGB(0, 250, 50), BF
Next

For j=1 To s
Form2.pt1.Line((200*}-150), 10)-((200%*}), 365}, RGB(0, 250, 50), BF
Next
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End Sub
//F**%% it 1énh hién thi Form2%**
Private Sub cmdBD_Click()
Form2 Left = 6600
Form2.Top = 3000
Form2.Show
End Sub
//*****niit lénh chay chuong trinh* ks
Private Sub cemdChay_Click()
t=0
s=0
¢ = 0i==-7500
k= 1500
times = (
ast = IbSVC.Caption
bst = [bSCX.Caption
If txtTxe.Text = ""Then
MsgBox " Nhap thoi gian giua cac chuyen xe" MB_QOK
Else
txe = CDbl(txtTxe. Text)*60
tx=txe
dk=1
"tao vi tri chi SV choxe
For j=1 To 160
x(J) =200
X(j+ 1) =700
X(j+2)=1200
X(G +3)=1700
X(j+4) = 2200
¥(j) = 50%j
y(J + 1) = 50%j



y(j + 2) = 50%j
y(j +3) = 50%]
y(j + 4) = 50%]
j=j+d
Next
End If
End Sub
[F****nut 1eénh ket tic chuong trinh*****
Private Sub Command 1_Click
Beep
End
End Sub
[/***¥thl tuc diéu khién chuong trinh bing bo Timer]**#++
Private Sub Timerl_Timerl()
Timerl.Interval = 5
If dk = | Then
times = times + 5
If (t<3600) And (t<= times) Then
tinh
End If
If times >= tx The 'co xe buyt den
If ¢ > 60 Then

c=c-60
Else: c =0
End If
s=s5+1

Timerl.Interval = 1000

If tx + txe ;= 3600 Then
tX = tX + txe

End If

If times = 3600 Then
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dk=0
End If
End If
veduong
vecto
hienthi
End If
End Sub
[[*¥****thl tuc diéu khién chuong trinh bing bo Timer2***%**
Private Sub Timer2_Timer2()
a = Left(14.Caption,1)
b = Right(14.Caption, Len(14.Caption) - 1)
14.Caption =b + a
End Sub

e Giao dién cho Forml - Menu chinh

. Md Phong Xe Bus 5V

S6 sinh vién chd
& tram xe buyt

S¢ SVdangchd 32 Thd gian 60 S6 chuyén xe da chay

Thai gian gilta cac chuyén xe | 1% e = P ]

Jga'loué| Thoat l




e Giao dién cho Form2 - Hién thi két qud

‘. Két Qud

O ohuyén xe

8o sinh wién con kel 1ai

Két qud mé phdng
+ NéuT ,. =15 phut, sau 1 gid c6 4 chuyén xe , s6 sinh vién ket lai 1a 42 sv.

+ N&uT . =12 phit, sau 1 gid c6 5 chuyén xe. Cic chuyén xe déu chd ddy
sinh vién va sau méi chuyén xe khong c¢6 sinh vién ket lai.

Nhu vay nén chon T ,, .« = 12 phiit

Bai tdp

1. M6 phong dé tin cdy cua hé théng ky thudt

Ding phuong phdp mo phong dé tinh do tin cdy cla thiét bi k§ thuat, biét
ring cudng d6 hong héc A =2.10°*1/ gid.

Hay vé dudng cong biéu dién do tin cay P(1) 1y thuyét va P(1) moé phong
khi s6 14n thuc nghiém 14n lugt 12 S = 300, 1000, 3000. Rit ra két luan vé
phuong phdp mé phong.

Goi y: D0 tin cay 1y thuyét dugc tinh bing xdc sudt P(t) = expo (-At), trong
dé ¢ - 1a thoi gian khao sit.

2. Ddnh gid do tin cdy ciia hé théng ky thudt cé cdc phdn ti néi song song.

Cho hé théng k§ thuat gébm 3 phdn tlr n6i song song cé do tin cdy ldn
lugt nhu sau: p ;= 0,7; p,=0,75; p3=0,8 '

Hay mo hinh hod dé tinh d6 tin cdy clia hé th6ng.
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So sdnh d6 tin cdy tinh theo cong thiic 1y thuyét Py, v6i do tin cay thuc
nghiém Py, (mo phong)

Goi y thudr gidi:
a.Ppg=1- g(l -Py
b. Ldy s6 ngau nhién U, ~ U (0,1)

FU <(l-pyand Uy<(l-pyandUs <(1-paythen N Ny +]
else Ny= Ny + I repeat untiti = N

c. b6 tin cay thyc nghiéem P, =Ngy/N

d. Chon s6 l4n thir nghi¢ém N = 100, 1000, 3000. Nhan xét vé két qua mé
phong P -

3. Ddnh gid do tin cdy cua hé thing ky thudt cé cde phdn nt néi tiép

Cho mot he théng k¥ thuat gém 3 phén t& ndi ti€p c6 do tin cay 1in luot
lap =08;p,=085,p,=009.

Hay mo hinh hod d€ tinh do tin c4y thuc nghiém ciia hé théng P ,.So
sdnh v&i cong thire 1y thuy8t P,

Goi y thudt gidi:

a Py = ljll Pi

b. Lay s6 ngdu nhién U, ~ U (0,1)

fU, Sprand U, < pyand Uy € pthen Ny.Ny+1 else
Ny =N, + [ repeat untili = N

c. Do tin cay thue nghiém Py, = N/ N

d. Chon s6 ldn thir nghiém N = 100, 1000, 3000. Nhan xét v€ kéf qua mo
phong Ppy,

4. Ria va Tho chay thi

Tho chay nhanh nhung kieu rigao, chii quan. Hé s6 sén sang cia tho 1a 0,2
(hoac wr chon). T8¢ d¢ chay thi clia tho 1a Jm / phar (hoac tu chon).

Rua chay chim, t6c do khoang 0,2 m / phir (hodc ty chon). Nhung rila
khiém ton, cdn man nén hé sd sdn sang cia ria ta 0,9 (hoac tw chon),
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Khodng cdch chay thi la AB =200 m

Rita va thd cling xuit phdt tai diém goc A, tai thoi diém ¢ = 0.

Luét choi (hoidc tur chon): chay timg nhip mot, mdi nhip 1 phit. Sau dé xudt
phat lai ¢6 tinh dé€n hé s& sin sang cta timg dau thi. Quang dudng chay dugc sé
dwoc cong dén. Ai dén diém dich B trude 12 ngudi 4y thing cuoc.

Hiy thiét 14p bai todn va tién hanh mo phong dé riia thang tho.
5. Mady phan loai gach op It

Gach 6p ldt ¢6 4 loai hong hée chinh 12 chiéu dai, chiéu rong, do cong vénh
va hoa van véi xdc sudlt twong tng la py, pa, p3, Pa

M4y phan loai gach &p 14t ¢6 nhiém vu phat hién cdc hong héc va phén loai
gach thee tiéu chuin sau:

- Gach loai mot; Khong ¢é hong héc nao.

Gach loai hai: C6 mot loai hong héc xuat hién.

Gach loai ba: C6 hai loai hong héc dong thoi xudt hién.

Gach loai b&n: C6 ba loai hong héc ddng thdi xuft hién.
- Gach phé phdm: C6 bén loai hong héc dong thii xudt hién.
Hay mé phong qud trinh 1am viéc clia mdy phan loai gach 6p ldt. S6 san
phim cn kiém tra va phin loai [a V.
So liéu (goi ¥): N =50, 100, 150, 200 vién gach
p1 =01 py=01;py=005p,=00l
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Chuong 6
THU THAP VA PHAN TiCH DU LIEU PAU VAO

6.1. Khdi niém chung vé thu thdp va phdn tich di liéu ddu vao

Thu thap va phan tich dit li¢u ddu vao ¢6 vai trd dac biét quan trong trong
qua trinh mo hinh hod va mo phéng hé théng. Béi vi néu dit lieu ddu vao khong
chinh xdc thi mo hinh s& khong phan 4nh ding hé théng thue mi ching ta muén
mé phong. DEi v6i hé nglu nhién, dif liéu ddu vio thudng 1a cdc bign ngiu
nhién (xem bang 5-1) nhu Ia khoang thdi gian gifta cdc khdch hing dén he
théng, khoang thdi gian phuc vy v.v... Vin dé dat ra & day 13 thu thap c4c dif
li¢u ddu vao, phan tich va tim cdc phan ph6i xdc sudt dac trnumg cho cdc bién ngiu
nhién d6. C6 hai phuong phdp dé tim phan phéi x4c sudt chia bién ngiu nhién:

- Dua vao cdc quan s4t truc ti€p trén hé théng thyc d€ lya chon “phan phdi
kinh nghiém” dac trung cho bi€n ngiu nhién trong hé théng.

- Diing cdc dif ligu thu thap duge dé phan tich va lwa chon “phan phéi 1y
thuy€t” dic trumg cho bi€n ngiu nhién trong hé théng.

Cic muc ti€p theo duéi day chli y&u trinh bay phuong phdp thit hai la
phuong phdp dugc ding phd bién hién nay trong mé phong hé théng.

Muc 6.2 trinh bay cdc phuong phdp dé thu thap dit lidu ddu vio. Muc 6.3
trinh bay cdch lva chon phan ph6i xdc sudt cla cdc dir lieu ddu vao. Muc 6.4
trinh bay phuong phadp ki€m ching tinh chinh xdc ciia phan phéi xdc sudt cta
cac dir li¢u ddu vao da duogc lya chon. Cu6i cing muc 6.5 trinh bay vé mo hinh
dong ddu vio.

6.2. Cdc phuong phdp thu thdp dir liéu ddu vao

Thu thap dir liéu 12 mét cong vigc don diéu, budn té nhung rit quan trong vi
néu dit ligu thu thap duge khong chinh x4c thi cic bién ngdu nhién trong mo
hinh mé phong s& khong phan 4nh ding cdc qud trinh trong he thyc. The thap
dir lieu khi nao va béng cdch ndo s& cho ta cdc dit lieu chinh xdc d6 1a nghe
thuat ctia viéc thu thap dif liéu.
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Dé lam vi du chiing ta xem xét viéc m6 phéng mot siéu thi. Dé tién hanh
mo phong chiing ta phai thu thap cdc dif liéu chinh sau :

- 86 lugng khach hang dén sieu thi trén mot don vi thoi gian;
- 86 lugng cdc mat hang khich hang chon mua;
- Thoi gian chd & qudy tinh tién cla cic khdch hang;
- 86 lugng va thoi gian 1am viéc cla cdc qudy tinh tién;
- Thoi gian trung binh dé€ kiém tra va tinh tién m6t mat hang v.v...
S6 hrong cdc dit liéu thu thap duge phai da 1dn, ¢ nghia 13 thoi gian quan

sat phai di dai dé ¢6 thé mo6 phong mot cach chinh xdc cdc bién nglu nhién
trong mo hinh.

Cé ba phuong phdp thu thap dir li¢u ddu vao duge diing vdi cdc muc dich
khdc nhau.

- Phuong phdp dit liéu truc ti€p

béi vdi phuong phap nay, dir lidu thu thap duge ding truc ti€p cho moé
phong. Vi du dif liéu 12 thoi gian stra chita mdy thi di liéu d6 s& cdn d&€n mbi khi
mo phong dén thdi gian slra chita may. Day la phuong phdp mo6 phdng truc tiép.
Do khong c6 tinh téng quit hod cao nén phuong phdp mé phéng nay it duoc sir
dung.

- Phuong phdp phan phoi xdc suat kinh nghiém (Empirical Distributions)

D6i vdi phuong phap niy, dit lieu thu thap duge dung dé€ xic dinh phén
phdi x4c sudt theo kinh nghiém ciia bién ngdu nhién, Do phan phdi dugc chon 13
theo kinh nghiém cla ngudi nghién cifu nén c6 thé xdy ra trudng hop phan phéi
dugc chon khéng chinh xdc, dac biét 1a khi dit li¢u thu thap duge khong ddy du.

- Phuong phap phan phdi xdc sudt Iy thuyét (Theoretical Distributions)

Déi véi phuong phap nay, sau khi thu thap duge cdc dit lieu ddu vao ngudi
ta tim phan phéi xdc suat 1¥ thuyét phu hgp nhat véi dit lidu da ¢é. Phuong phap
nay tranh duge cac han ch€ & phuong phap phan phéi xdc snét kinh nghiém
ddng thoi né cho phép suy dién cdc dir liéu vuot ra ngoai tdp cac dir lidu quan
sat dugc. Chinh vi vy phuong phdp nay duge diing réng rai. Myc 6.3 dudi day
s& trinh bay chi tiét cdc budc tim phan phéi xdc sudt ciia bién ngiu nhién theo
phuong phdp phan ph6i x4c sudt 1y thuyét.
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C6 hai phuong phap phan tich di liéu thudng ding : phuong phép théng ké
mo ta (descriptive statistics) va phuong phdp théng ké suy dién (inferential
stalisstics).

Thé& manh cla phuong phdp théng ké mo ta 14 tir mdt s6 16n cac dit lidu thu
thap dugc c6 thé quy tw lai thanh mot s6 it cdc mo ta rd rang dudi dang cdc phan
bé xdc sudt, do d6 dé si dung trong mo phéng. Phuong phdp théng ké mo ta
duge dung réng rdi trong mo phong.

Muc dich cua phuong phdp théng ké suy dién 1a ddnh gi4 dac tinh thong ké
cua cac dit liéu. Trong trudng hop cdc dit liéu thu thap duge ¢é nhiéu gia trj thi
ngudi ta cdn lam phép thir d¢ ddnh gid xem cdc di li¢u d6 ¢6 mang tinh ngiu
nhién va doc 1ap véi nhau va khong. Trén co sd cdc ddnh gid dé ngudi ta cé thé
loai bo cdc dit ligu * thira ™ 1a cdc dit lieu khong mang tinh déc 14p véi nhau,

Vé nguyeén tic, s6 lugng cdc dit lieu thu thap duge phai cang nhiéu cing tot
dé c¢6 thé ddnh gid dac tinh théng ké cha céc dit lieu mot cich khach quan.
Trong thuc t€, can cit vao dic diém cia dong ddu vio ma ta lua chon s6 lugng
du 16n, thong thudmg phai ¢4 hang tram dit ligu trd 1én.

6.3. Phuong phdp tim phdn phdi xdc sudt cua dir liéu ddu vao

Phuong phdp tim phan phdi xdc suat clha dir liéu diu vao thudc loai phuong
phdp théng ké mo6 ta. Dic diém cila phuong phdp ndy 1a tir mot 6 16n céc di
liéu thu thap dvoc ngudi ta quy tu lai thanh phan phéi xdc sudt. Nhu vay rat
thuén tién trong viéc mé ta bi¢n ngdu nhién 13 cdc dir liéu ddu vio.

Céc budc tim ham phan phdi xdc sudt cia dit liéu ddu vao c6 thé tém (it
nhu sau:

Bieoe | - Thu thap dif lieu diu vao

Bude 2 - Xay dung biéu 44 tdn s6 (Histogram) tit biéu dé d6 chon maot loaj
phan phéi xdc suit 1y thuyét twong d6i phit hop bidu dé t4n s6.

Birce 3 - Xdc dinh thong sd cGa phan phéi xde suit da chen

Budc 4 - Kiém tra tinh phi hgp gifta phan phéi xdc sudt 1y thuyét v&i cdc div
lieu thuc t€ trén biéu d6 tdn s6 bang cach dung phép thir Chi - binh phuong y*
hoac phép tht Kénmogorop - Smirnép (Kolmogoroy - Smirnov).

Sau day s& trinh bay mot vi duy d€ minh hoa cdc bude xir 1y dit liéu ddu vao
clta mot tram sira chita 616:
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Buoc I: Thu thap dir liéu

Dé mo phong dong dit liéu ddu vao cia mot tram sta chira 610, ngudi ta ghi
lai cdc khodng thdi gian, tinh bang phift, giita cdc 6t6 dén tram sira chira uic 13
khodng cich giita cac khich hang cla tram. Cdc dit liéu nay phai duoc ghi lai
hoan toan ngdu nhién va déc 14p véi nhau trong khodng thdi gian di dai dé cé
s4 luong dit licu di 16n.

Keét qua ghi lai duogc 120 dit liéu nhu trén Bang 6-1 n = 120 khoang thoi
gian (phit) grira cac khdch hang.

Bdng 6-1

1,8 1 2.3 4 2,6 9,5
1 1,8 2,5 2.1 6,2 i

| 1,9 14 9,8 6.3 1,2
1,9 3 15,1 3 4.2 1,3
1,8 6,7 3 3 9,2 2,1
3 4,2 6.7 | 3 6,6
3,1 4 4.8 1,9 6,4 2,2
8,2 : 10,1 5 19 1 2,5
8.8 12,1 19,6 7.2 L5 3.1
1 1,9 9.1 5,2 1,5 1,6
1,7 1,9 54 4 1,9 1,7
1,5 2,1 5.4 10,5 6,6 7.8
2.1 1,9 12,6 5,3 7.8 1,5
2,3 3.5 1 13 8,2 7.8
3.8 3,6 1 1 1,9 1,3
5,6 5.6 3 6.2 2,1 1,9
19 16,8 6.8 4,1 16,1 8,2
4,3 3,6 5 10,8 4,2 10,8
4,2 1,8 4 3 1,9 16,7
6.7 6 3,8 2,6 3,5 16,7
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Bitge 2: Xay dung biéu d6 tdn s6

Biéu dé t4n s6 duge ding d€ danh gid mot céch truc quan dang cla ham
mat do ctia phan phdi lién tue. Cin cif vio hinh ddng cla biéu dé tdn s6, chiing
ta c6 thé suy dodn lua chon mot phan phéi 1y thuyét phi hop véi céc dif lien
thuc t& thu thap duoge.

P¢ xay dung biéu dd, trude tien 1ap bang dit lieu theo the ty tang dén nhu &
bang 6.2; n = 120 quing thdi gian (phit) gita cdc khdch hang theo thit tr tang dén.

Bdng 6-2

1 1,8 2,3 38 6 9,1
1 1,8 2,5 4 6,2 9.2
1 1,8 2,5 4 6,2 9.5
1 1,8 2,6 4 6,3 9.8
1 1,9 2,6 4 6.4 10,1
1 1,9 3 4,1 6.6 10,5
1 1,9 3 4,2 6.6 10,8
1 19 3 4,2 6,7 10,8
1 1.9 3 4,2 6,7 12,1
1 1,9 3 4,2 6,7 12,6
1,2 1,9 3 4,3 6,8 13
1,3 1,9 3 4,8 7.2 14
1,3 1,9 3 5 7.8 15,1
1.5 1,9 3,1 5 7,8 16,1
1,5 2,1 3.1 52 7.8 16,7
1,5 2,1 3,5 53 8,2 16,7
1,5 2,1 3.5 5,4 8,2 16,8
1,6 2,1 3,6 5,4 8,2 19
1,7 2,2 3,6 5,6 8,8 19
1,7 2,3 3,8 5,6 2,1 19,6

Sau khi ¢6 bang 6-2 chiing ta s& xay dung bdng tdn s§ cdc di lidu.
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Trude tién xdc dinh gid tri min, max cda cdc dit liew trong bang 6-2, gid tri
min = I, max = 19,6.

Chiing ta chia khoang (min, max) ra lam & khodng khao s4t bang nhau. P6
rong cha khodng khao sit khong nen bé qué vi nhu vay dé thi tén s6 s& qud nhap
nho, néu chon clia khodng khio sdt 16n qui s& bd qua nhiéu théng tin vé dif lidu,
k€t qua s& khé dinh gid chinh x4c vé& him mat do cia phan ph&i.Theo kinh
nghi¢m, gid tri &£ nén 14y wrong khodng k = 10 + 20 . Trong vi du nay chiing ta
chon khoang khao sat bing 2 phut, cé nghia ta k = 10. Tié€p do xdc dinh s6 dif
liéu xuat hién trong cdc khodng khao sét (i, i+1) va tdn su4t trong ing clia né.

Bing cdch dé ching ta xay dung duoc bang tin sudt cic dif kién nhu trén
bang 6-3

Bdng 6-3. Tdn sudt cdc dit lidu

Khodng khdo | 8¢ dit liéu quan Tdn sudt, p; %
sdt sdt duge, x ;

3-2 34 283

2-4 27 225

4-6 19 15,8

6-8 15 12,5

8-10 9 7,5
i 10-12 4 3,3
12-14 3 2,5
14-16 2 1,6
16-18 4 3.3
18-20 3 2,5

Tong : 100%

Tir bang 6-3 chiing ta vé& duge biéu 46 tin s6 (Histogram) nhu & hinh 6.1.
Quan st bi€u dé tdn s6 trén hinh 6.1 chiing ta thdy ring tdn sust dir liéu
giam ddn v€ phfa phai, nhu vay phan ph6i mi c6 thé phit hop véi bidu d6 tn s6.

V1 vay phan ph6i mii duge chon 12 phan phéi 1y thuyét d€ mé ta dif lidu ddu vio
da thu thap duogc.

95



Tdn sudt dit liéu

4\
30 K283
w 225 Phan b6’ Iy thuvét
0 || N
AN 18.5/ f(xy=e "%
10 || S 75
3.3 25 3.3
16 2.5
| | ] ] ] 1 ™ ~

0 2 4 6 8 10 12 14 16 18 20

Khodng khdo sat x
Hinh 6.1. Biéu d6 tdn s6 va phdan bo' 1y thuyét expo (- 0,2 x).

Bude 3: Xac dinh thong s6 cta phan phdi mii 1y thuyét expo (A)

Trude tién cin tinh thong s& quan trong cla phan phdi xdc sult 1a k¥ vong
todn.

Tl bang 6-3, ta ¢6 thé tinh duge k¥ vong todn (trung binh theo xdc sudt)
cha cdc khoang cach giira cdc khdch hang

10

i=1
trong d6 x; , p,; 1dy trong bang 6-3.
Viy cudmg do dong khdch hang (s6 khach hang trong | phiit) s& la

11
A= =L _02 khich hang / phit
M 502 /P

Tir 46 ta cé thé chon thong s& ciia phan b6 mi A bing cudng d6 dong khich
hang . V4ay phéan phdi mi dugc chon ¢6 ham mat d6 phan phdi nhu sau:

Fe)=et

Buéc 4: Kiém tra tinh phit hop giita phan phdi xdc suft 1y thuyét véi cic dir
lien thuc t& (Goodness of Fit Test)

Sau khi da chon dugc phan ph6i xdc sudt 1y thuyét, ching ta phai kiém tra
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muc do phit hop gitta phén phéi 1§ thuy&t véi cdc dir lieu thie t&. Viec kiém tra
duoe thuc hién theo nhifng tiéu chudn nhit dinh. Néu khong dat phai chon lai
thong s6 chia phan phoi xdc suft hosc khi can thi€t phai chon lai dang phan phéi
khéc. Cach thuc hién budc 4 duogce trinh bay trong muc 6.4 sau day.

6.4. Kiém tra tinh phit hop giita phdn phoi xdc sudt Iy thuyét véi cdc dit
liéu thuc té

Kiém tra tinh phit hop (Goodness of Fit Test) cua cdc dit li¢u thye t€ thu
thap duge (biéu dé tdn s§) véi phan phSi mil 1y thuyét da chon la budc ti€p theo
cha viec xir 1y dit lieu ddu vio. Kiém tra tinh phi hop 1a phép kiém dinh gid
thuyét théng ke nhdm xdc dinh ring cdc dif ligu quan st duge X, X;, ... Xp, ... Xy
¢6 phai 1a cdc dit lieu doc 1ap va 1A cdc mdu clta mot phan phdi xdc sudt hay
khong .

Nhu vay kiém tra tinh phit hop ¢ thé duge ding dé kiém dinh gia thuyét
khong sau day :

H, : Tap di lieu X, 12 cdc dif liéu ngéu nhién dgc 1ap c6 ham phan phéi F.

Gia thuyét H, 12 ding néu phan phdi 1y thuyé&t phit hop véi cdc di liéu ddu
vao quan sat duoc.

Cé hai phuong phap thudng dung dé kiém tra tinh phir hop la phwong phip
Pearson Chi- binh phuong f (Chi -Square Test) va phuong phip Kolmogorov-
Smirnov. Han ché clia phuong phdp Kolmogorov-Smirnov 1a chi dung cho phan
phoi lign tuc vi vay sau day ching ta s€ nghi¢n ctu phuong phap Chi - binh
phuong f

Phuong phdp Chi - binh phiong P

Dé tinh * cho phan phéi lién tyc cing nhu gidn doan ngudi ta chia tap dir
liéu ra thanh ting khodng (ap.a;}, {a;.a)..{ax ;, ax). Goi Ny = s6 sy ki¢n xay

k
ra trong khodng thi j (a;;, ¢} véi j= 1, 2.k (chi ¥ rang ZN} = p, trong dé
j=l
n 12 téng cdc dir liéu quan sat dugc).

Trén bang 6-3 ta ¢6 n = 120, s6 khoang chia k¥ =10, Ny la s6 cdc dTf li¢u
quan sat duge trong khoang thit j e 1a cdc gid tri x; trong cot ™ sd dir lieu quan
sat duoc” trong bang 6-3. Ti€p dén xdc dinh xdc sudt xudt hign dit lieu p; cia
phan ph6i 1y thuy¢t trong khoang thir /.
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D61 v6i truong hop lién tuc
p) = E_lf(x)dx

trong d6: f{x) la ham mat do phan ph&i 1y thuyét.
béi v6i wrudng hgp gidn doan

py = Zla(xi)

aj_l Sxi <aj

trong dé: p(x,) la ham trong luong clia phan phéi 1y thuyét.
Vay Chi - binh phuong s& duge tinh nhir sau
k (N; - np;)*
=

= fp
trong d6: Njla s6 cdc dir lieu quan sdt dugc trong khodng thi j;
np; 12 s6 cc dir liéu ndm trong khodng thit j v&i gia thiét rang céc dir
lieu ¢6 phan phdi theo phan phéi 1y thuyét, ¢ nghia la gia thuyét H,
la ding.

Vé thuc chit ¢ 11 (dng binh phuong sai s6 gita cdc dit liéu quan st dugc
va dir liéu cia phan phéi 1y thuyét. Vi viy néu ;f cang nho thi phan phéi 1y
thuyét da chon cang gin véi cde dif lieu ddu vie quan sdt duge.

D¢ thuan tién cho viéc kiém dinh ngudi ta dua ra gid tri t6i han 224y,
Néu cic dit lieu ddu vao (vf du bang 6.1) 12 céc s6 ngiu nhien doc lap thi 7 s&
c6 gid tri nhd hon mot gia tri t6i han zzuﬁ hen Xac¢ dinh trudc (gid tri zzu—,i nan Cho
truge trong bang, vi du bang T2 clia [11). Néu nguoc lai, ¥ > fmi nan thi phai
chon lai thong s6 cla ham mat d¢ phan phéi hoac tham chi phai chen lai dang
clia ham phan phdi 1y thuyét. Néu viéc chon lai ciing khong dat yéu cdu, didu dé
chitng t6 di li¢u ddu vao khong phai 13 nhitng 56 ngiu nhién déc lap. Céc dir

li¢u ndy phai virt bd, va ngudi ta thu thap di liéu d4u vio méi. Bang 6-4 ghi cdc
s6 liéu tinh todn vé ,1/2 cho vi du néu trén.

Dé 1im gid tri t6i han cla ;(2 cdn x4c dinh hai thong s6 1a s6 bac tw do vcia
Z va xdc sudt dé ,1/2 nho hon hodc bing gi4 tni ,1’2 t6i han, y =P (3_’2 ,(Z,m han)-
86 bac ty do dugce tinh nhusau v=k -1 - 1, trong d6 k- s6 khodng khao sit,
I- sO théng sd clla phan phéi Iy thuyét. Trong vi du trén s6 bac ty do bang
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v=10-1-1=8 vavéiy=0,950 tra bang T2 cha [1] ta ¢c6 gid tri téi han
25 0950 = 15,507. Gid tri ndy 16m hon gid tri £°= 11,18 tinh & bang trén. Tir d6
riit ra két luan ham mi fix) = ¢ ¥ pha hop véi dit lieu ddu vao da thu thap
duge.

Bdng 6-4. Tinh 3/

Khodng dit liéu 0.2 (AI-1AT) (N_; —npj.)z
(ay.;, ay) pp=e fp; N, ———————np
J
0-2 0,33 39,6 34 0,79
2-4 0,22 264 27 0,01
4-6 0,15 I8 19 0,06
6-8 6,10 12,0 15 0,75
8§-10 0,07 8.4 9 0,04
10-12 0,04 4,8 4 0,13
12-14 0,03 3,6 3 0,10
14-16 0,02 2,4 2 0,07
16 - 18 0,01 1,2 4 6,53
18 - 20 0,01 1,2 3 2.7
0 (N —np )2
2 J g
X = ——— = 1LI8
4=l np}

6.5. M6 hinh dong ddu vao (Models of Arrival Processes)

Trong nhiéu bai toin mo phong ching ta cfn tao ra day dir liéu nglu nhién
theo thoi gian 0 = 1, <+, <15 ... sao cho sy kién thit / xdy ra tai thoi diém
ty (1 =1, 2, ...) c¢6 phan b6 xdc dinh nao d6. Ngudi ta goi qua trinh ngiu nhién
{N(1), t >= 0} 1a qud trinh ddu vdo (arrival process) va A, = 1, - t;; la quang
thoi gian gilta s kién thit i va thit i-] (interarrival time). N&u céc su kién 1a
ngdu nhién va doc 1ap thi dong ddu vio 12 mot dong Poatxéng (Poisson
process). Dong Poatxong thudng duge ding dé moé ta dong khdch hang di dén
ca s& dich vu trong mo6 hinh hing dgi (xem Chuong 10).

Mot dong khdch hang (sv kién ngdu nhien) {N(2), ¢ 2 0} dugc goi 1a mot
dong Poatx6ng néu cé cic tinh ch4t sau:
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- Tai mét thai diém chi c6 mot khdch hang xuét hién (su kién don)

- N(t+s) — N(1) (14 s6 khach hang trong quing thdi gian (¢, 1+35)) 1a déc lap
doi voi {N(u), 0 <u <t} (sukién doc 1ap)

- Phan b6 cua N(t+s} — N(t) 1a doc 1ap d6i vé6i ¢ véi moi ¢, s 2 0 (dong
dirng)

P61 vai dong Poatxéng, Khoang thon gian gilta cdc sy kién tuan theo luat
phan ph6i mii v6i thong s& A (A 1a cudmng d6 dong khich hang di dén h¢ théng).

Tinh chat 1 va 2 1a ddc tinh cha nhiéu dong ddu vao thudng gap trong mé
hinh hang doi. Trong khi d6 tinh chat thit 3 khong phai lic nao cling dat duge vi
s8 khach hang dén hé théng trén mot don vi thdi gian 6 thé thay déi theo thoi
gian. Liic ndy chiing ta ¢é dong Poatxong khéng ding (Nonstationary Potsson
Processes) véi dac diém cla dong nay la cuomg d¢ dong khich hang A(r) =
const. Thong thudng trong moé phdng dé don gian hod ngudi ta thudng coi dong
déu vao la dong dimg, uic la dam bao tinh chat tha 3 va Aft) = const.

Bai tip

1. Hiy trinh bay vat trd cla biéu d8 tdn s6 trong viéc tim phéan phdi cia dir
liéu ddu vao.

2. Tai sao cdc dir liéu ddu vao {cdc quan sdt) phai 1a nhimg dif liéu déc lap.

3. Hiy trinh bay cdc budc co ban d€ tim phan ph6i xdc suft cda dir lidu diu
vio.
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Chuong 7
KIEM CHUNG VA HOP THUC HOA MO HINH

7.1. Khdi niém chung

Mot trong nhitng vin dé khé khan nhiat ma mo phong phai d6i mat 1a phai
xdc dinh xem mé6 hinh mé phéng ¢6 phan dnh diing hé théng thue hay khong?
N6i mot cich khic dé 13 van dé kiém chimg va hop thitc hod mé hinh
(Verification and Validation of Simulation Model}.

Kiém chimng 13 xdc dinh xem liéu mé hinh mé phdng tirc mé hinh trén may
tinh ¢6 phix hgp v6i logic cha thuat todn khong, trong chuong trinh ¢6 sai 50t va
chuong trinh ¢6 chay duge khong?

Hop thitc hod mo hinh la xdc dinh xem liéu mo hinh nguyén 1y {Conceptual
model) hay con goi 1d mo6 hinh triru twong (Abstraction model) c6 phan dnh
ddng ban chit cha hé thong thuc hay khong?

Chuong nay dugc danh dé trinh bay cdc van dé vé kiém chimg va hop thie
hod m6 hinh. Muc 7.2 trinh by vai trd cla kiém chimg va hop thic hod mo
hinh trong mo phéng. Muc 7.3 trinh bay phuong phédp ki€ém ching. Muc 7.4
trinh bay phuong phép hop thitc hod md hinh .

7.2, Vai tro ciia kiém chitng va hop thicc hod mé hinh trong mé phong

Qui4 trinh mo phéng phai qua nhién buéc nhu di trinh bay ¢ muc 3.3 va 3.8
Chuong 3. Trude tién, ngudi ta phan tich cdc di liéu thu thap duge tir hé thong
thue dé xay dung mo hinh nguyea 1y. M6 hinh nguyén 1y 1a mé hinh todn hoc
phan dnh ban chat cha he théng thue (xem muc 3.4). Bugc thi hai, dva trén mo
hinh nguyén 1y ngudi ta xay dung mé hinh mo phéng tifc mo hinh trén méy
tinh, Chay mo6 hinh mé phéng ngudi ta nhan duge cdc déc tinh phan dnh hé
théng thue. Qua mdi budc ngudi ta phai kiém ching xem mo hinh ¢ duge xay
dung ding khéng. Cudi cing phai xdc dinh mé hinh c¢6é hop thiic khong, tic la
mo hinh ¢é phan 4nh ding ban chét ctia hé théng thuc hay khong.

Hinh 7.1 trinh bay quan hé giia cdc qué trinh xay dung mo hinh nguyén 1y
vd mo hinh mo phdng.
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Xay dung m6 hinh

. Mo hinh

Phan tich cdc dir Liéu

Chay mo phéng
trén may tinh

Hop thire hod
mé hinh

nguyén ly

Lap trinh

Kiém chitng
ma hinh

M6 hinh mo
phong trén
mdy tinh

Hinh 7.1. Quan hé giita cdc qud trinh xdy dung mé hinh moé phéng.

Kiém ching va hop thic 1a hai thi e quan trong clia qud trinh mo phong.
Bing so sanh dudi day phan tich ban chat clia hai thi tuc néi trén.

Bang 7-1

Kiém chimg

Hop thirc

¢ Mo hinh ¢é 1am viée ding khong

* Mé hinh vé nguyén 1y cé diing
khéng

e Phdt hién cdc sai sét trong khi lap
trinh

¢ Phit hién ché khong phl hop gifta
mo hinh va hé théng thue

® Stra 161, g& r6i

+ Théao luan vé ban chét clla m6 hinh

* Han ché trong pham vi ¢lia mé hinh

¢ Quan hé¢ vai he théng thuc

« Chi lién quan téi ngudi x4y dung
mé hinh

¢ Quan hé v&i toan bd qud trinh mo
phong

 Dé thuc hién nhung doi hoi phai ¢d
nhiéu thdi gian

* Rét khé thuc hién va phu thuoc vao
chit quan cita ngudi nghién cifu

bé kiém chitng va hop thitc hod mé hinh ching ta phai xay dung cdc chi
titu ddnh gid. Khéng c6 chi tieu van nang cho moi bai todn mo phong nhung
cdc chi tiéu ddnh gid phai phan dnh muc tiéu mo phong, phan dnh cdc cau hoi
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dat ra khi ti€n hanh mo ohong. Néi chung c6 ba cau hdi ¢6 thé dat ra dé kiém
ching mé hinh m6 phéng nhu sau:

+ Qud trinh xdy rv cde sy kién trong mo hinh ¢6 ding khong?

+- Cdc cong thife todn hoc va quan hé giira ching c6 ding khong?

+ Céc s6 lieu thong ke vé dac tinh cha hé thdng c6 ding khong?

Di¢u quan trong 1 phii s6m xay dung céc chi tiéu dénh gis dé kiém ching
v hop thic hod mo hinh ngay tir khi méi bit ddu qud trinh mo phong. Déng
thai viéc kiém chitng va hop thitc hod mé hinh dugc thyc hién trong sudt cic
giai doan cla qud trinh phart trién mo hinh mo phong.

Trong giar doan x4y dung mo hinh nguyén ly ngudi ta phai xdc dinh cdc
phan tr chl yéu cila h¢ théng, céc su kién, cdc bién trong va ngoai he thong.
Nhiing y€u t6 nay phai duge dua vio mé hinh va phai kiém chitng xem liéu mo
hinh ¢6 thé tra 1i cdc cau hoi dé ra khi xdc dinh muc tiéu mo phong hay khéng,
Can phai xdc dinh xem mo hinh ¢6 phan 4nh ddng ban chat clia hé thuc ¢
nghia 1a mo hinh ¢ hgp thiic hay khong.

Sau khi mé hinh nguyén 1y da duge hop thitc ngudi ta budc sang giai doan
xay dung mo hinh logic (luu d6 thuat todn) vA moé hinh mé phéng (chuong trinh
tinh trén mdy tinh). Trong luu d6 phai phan 4nh logic clia m6 hinh nguyen ¢,
cdc bién, cdc su kién x4y ra trong hé théng déu phai duge dva vae luu dé. Sau
khi c6 luu d6 hop 1y ngudi ta chuyén sang xay dung mo hinh mé phong ¢6
nghia 1a lap trinh bing ngén ngit da chon. Day 12 giai doan doi hdi c¢6 k§ nang
lap trinh 16t. Chuong trinh mo6 phéng trén mdy tinh khong nhiing phii ding vé
ci phdp dé cé thé chay dugc ma chuong trinh phaj dugce 18 chite 16t, sit dung bo
nhd hop 1y, ti€t kiém, 6 chitc vao ra dit liéu thuan tién va ¢6 thai gian tinh cang
ngan cang tot. N6i chung chuong trinh phii than thién véi ngudi sir dung. Trong
giai doan ndy phéi kiém tra tir cic cau cau lénh, cdc chuong trinh con dén toin
bo chuong trinh. Day chinh Ia thye hién viec kiém chiing chwong trinh. sau khi
chvong trinh chay 161 phai xdc dinh xem két qua mé phéng c6 phin dnh ding
ban chat cla hé thuc hay khong ¢6 nghia 14 mé hinh mo phong ¢d hop thiic hay
khong. Nhu vay kiém chitng va hop thic 12 hai thi wc quan trong phai dugc
thue hién xuyén sudt qud trinh xay dung va phat trién mé hinh mo phong.

Qua trinh thyc hién thu tue kiém chiing va hop thite mé hinh ¢6 thé tém tat
trong bang 7-2 sau day:
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Bdng 7-2. Cdc cdu hdi cho kiém chitng va hop thitc mé hinh

Loai mé hinh

Kiém chitng mo hinh

Hop thitc mo hink

Mo hinh
nguyén 1y

¢ Trong moé hinh ¢é bao gom
cdc phén th, su kién va cdc méi
lién hé chlt y&u khong?

» K&t qua mo phong cd tra 10i
duge cdc cau hodi dat ra khi xdce
dinh muc tiéu mé phéng hay
khong?

Maé hinh logic
(lru d6 thuat
toan)

e Cic s kién cé duge
biéu dién diing khong?

o Cic quan hé va coéng
thitc todn hoc c¢d ding
khong?

¢ Trong m6 hinh c¢é bao goém
cdc su kién cé trong mod hinh
nguyén 1y khong?
e Trong mo hinh ¢6 bao gém
cdc quan hé cd trong mo hinh
nguyén 1y khong?

Mé hinh mé
phong
(Chuong trinh
tinh)

¢ Trong chuong trinh mo
phong ¢é bao gbm céc
thanh phdn chinh clla mo
hinh logic hay khong?

e Cic cong thic todn hoc
cé diing khong?

» Trong chuong trinh cé
161 v& 1lap trinh hay
khong?

» Chuong trinh mo phong cé
phan dnh ban chdt cia hé thuc
hay khéng?

¢ Ké1 qua cua chuong trinh mo
phong ¢6 triing véi dac tinh cla
hé thuc hay khéng?

e Cic chuyén gia ¢6 danh gid
rang mé hinh mo6 phdong phan
dnh ding ban chat clia hé thuc

7.3. Phuong phdp kiém chitng mo hinh

Truge khi viét chuong trinh m6 phong trén mdy tinh ngudi ta thudng phai
xay dung luu d6 tinh todn hay con goi 12 mo hinh logic. Luu d6 1a cdun néi gitra
mo6 hinh nguyén 1y va moé hinh mé phong. Luu d6 phan dnh logic giita cdc budc
tinh tic phan dnh thuit todn mo6 phéong. Dya vio lwu d6 ngudi ta xay dung
chuong trinh mé phdng.

Khi xay dyng mé hinh mo phong trén mdy tinh thudng gip cdc dang sat sét

sau.

o Sai vé dir iéu: vé mai hod, vé cd phdp trong 14p trinh;

104




e Sai vé diéu kién ddu : diéu kién khoi dong, gid tri cta cdc bién ot = 0;

e Sai vé don vi do : thoi gian (phiit, giay) khoang cach (mét);

¢ Sai vé Iuu do6 hoat dong cia mé hinh;

e Téic nghén, dinh tré qud trinh md phdng;

e Sai vé thuat todn sd hoc: sai vé cii phdp, sai vé thut todn;

» Sai vé cdc bién va tinh chit;

e Sai vé nguyén ly cia mo hinh.

Kiém ching la qud trinh ki€m tra va phdt hién cdc sai s6t néu trén dé€ hiéu
chinh lai chuong trinh mé phong.

Sau day trinh bay mot s6 phuong phdp dé kiém ching mo hinh.

7.3.1. Kiém chitng cdc cong thire va quan hé l6gic trong mo hinh

Ching ta biét rdng trong chuong trinh mo phong (chuong trinh mdy tinh)
ludn chifa cdc cong thifc, cdc ham todn hoc va cdc quan hé logic dudi dang
tudng minh hoac dang 4n. Cdn phai tién hanh kiém tra cdn than va phdt hién cdc
sai s6t trong cach bidu dién cdc cong thite va cdc ham tedn hoc ciing nhu trong
viéc lap trinh. Viéc kiém tra nay khong nén chi do mot ngudi lam ma nén giao
cho nhiéu ngudi ciing kiém tra dé d& dang phat hién sai sét trong chuong trinh
mady tinh.

7.3.2. Chuong trinh gé réi

Khi viét chuong trinh mo phdng trén may tinh ngudi ta thudng viét chuong
trinh con ding dé g& rdi, (im sai sét trong qud trinh chay chuong trinh. Chuong
trinh g& ro1 thudng duge diing cho cde chueng trinh 16n ¢6 hang nghin cau 1énh
trds 1én, do phuc tap tuong d6i cao. Cdc ngon ngit mo phong chuyén dung thuong
¢é san chuong trinh g& roi.

7.3.3. Chay thit chicong trinh mé phong

Chay chuong trinh mo phong véi céc dif lieu ddu vao khac nhau va kiém tra
xem két qua ddu ra cé hgp 1y khong. N€u két qua ddu ra 1a hop 1y hodc cé xu
huéng tiém c4n 16i gid tri hop 1y (do s6 lan chay thir bi han ché) thi ¢ thé coi
chuong trinh mo phong la ding. Trong mot s6 trudng hop don gian, gid tri dit
lieu ddu ra cé thé tinh chinh xdc truée duge, ¢é thé dung dir liéu nay A€ va so
sanh v6i k&t qua mo phong nhim két Iuan vé tinh ding dan ciia chuong trinh mo
phong.
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7.3.4. Phuong phdp tim “vét moé phong”

Mot trong nhitng phuong phép hire hicu dé kiém chiing chuong trinh meé
phdng cdc sy kién gidn doan la phuong phdp tim “vét mé phdng™ (Sinriiar. .-
Trace},

“Vét mé phong™ thé hién trang théi ciia he thong duge méd phong nhu: danh
sdch cac sur kién, gid tri cdc bi€n, cdc s6 ligu théng ké v.v... Cit sau méj 1dn xudt
hién mot sy kién (Event) thi “vét mé phdng” duge in ra. Tir dé ta c6 thé so sinh
voi cde dit lieu duge tinh trude bing tay, néu két qua khdc véi mong dgi ngudi
ta tim cdc sai s6t trong chuong trinh, sira chita, bé sung dé chuong trinh mo
phong chay ding hudng. Chi ¥ ring cé thé ¢6 nhitng sai sét khong thé hién ra
khi chi chay thir mé hinh vé6i chiéu dai mé phong tuong doi ngan. Cic ngon ngir
mo phong chuyén dung déu ¢é chuong trinh con dé in ra “vét mé phong™ ghip
cho ngudi sir dung dé dang ki€m chimg tinh ding din ciia mo hinh. Phuong
phip don gian thudng dung 12 in ra trang thdi ban d4u cla cdc ham heac chuong
trinh con quan trong. Bing cidch dé ngudi ta ¢6 thé theo ddi dién bign cha cdc
ham va chuong trinh con trong qué trinh mo phong.

7.3.5. 80 sdnh cdc ddc trung théng ké

Chay mot s6 lan mé phong véi dir liéu ddu vao ngiu nhien. Ung vdi mbi ldn
nhi vay tinh trung binh miu va phuong sai miu cia dif liéu ddu ra va so sdnh
vO1 gia tr1 trung binh va phuong sai mong muén.

7.3.6. Plucong phdp hoat hinh

Mot s6 mo hinh mo phong ¢6 thé chay dudi dang hoat hinh nén c6 thé dé
dang kiém tra logic hoat dong ctia mot s6 phén t( trong cling nhu toan bd mo
hinh.

7.4. Phuong phdp hop thirc hod mé hinhk mé phong

Mo hinh m6 phong clia mot he thdng thuc luon ludn chi la mot mo hinh
gdn ding, phan dnh nhiing dac tinh co ban cla hé théng thuc. Vi vay khong ¢én
thi€t phai cé sy twong tng mot - mot giita cdc phén tir cha hé thdng thue va mé
hinh, do d6 khéng ¢6 khii niém hgp thikc tuyet dsi.

Mot mo hinh mo phéng dugc diing cho mot myc dich nghién cidu nhat dinh.
Vi vay mo hinh hgp thirc d6i v6i myc dich mé phong nay nhung cé thé khong
hop thic v6i muc dich mo6 phéng khdc. C6 nghia 1a thi tuc hop thitc phu thuoc
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vao he thuc duge mo phong va moi trudmg mé hinh hod. Vi du thi tuc hop thitc
mo hinh clia he mdy tinh c6 thé rat khac véi tha tuc hop thite mo hinh clia he
thdng san xuit.

Qué trinh hgp thifc khé hay d& phu thu6c rt nhiéu vao d¢ phitc tap cia he
thue.

Céc van dé cin dugce hop thic 1a:
- Hop thitc vé€ nguyeén Iy cia mé hinh.

Can phai xdc dinh liéu mé hinh nguyén 1y c6é phan dnh diing ban chat cia
h¢ théng thuc khong?

- Hop thifc vé thuit todan

Thuat todn ding trong mé hinh c¢6 phan 4nh 1dgic trong he théng thue
khong?

- Hop thitc vé do tin cay

Li¢u két qua clia mo hinh ¢6 déng tin cay d6i voi ngudi sit dung mo hinh
hay khéng?

Mo hinh ¢6 kha nang hop thitc cao 1 md hinh st dung dugc cdc théng tin
san ¢6, bao gbém:

- D6i thoai v6i chuyén gia clia hé théng. Mo hinh mé phéng duwge xay dung
bdi cdc thong tin gdn lién v6i hé théng thuc. Vi vay khi xay dung mo hinh mo
phong cdn phai ddi thoai véi cdc chuyén gia hiéu biét rd vé hé théng thuc dé thu
nhan duge cic thong tin cdn thiét cho viée xay dung mo hinh,

- Quan sdt hé théng hién ¢6

Néu h¢ thong cn mo phong gifng mot hé thong thuc hién cé thi nhing dit
liéu cha h¢ théng thuc duge ding dé xay dyng mo hinh mé phong.

- Dya vao 1y thuyét hién ¢é

C6 thé sir dung nhitng 1y thuyét hién c6 vé cdc he th6ng mo phong dé lam
can ¢l cho vi¢c x4y dung md hinh mé phong. Vi du: theo 1y thuyét khodng céch
gilta cdc sy kién gidn doan, doc 14p va ngdu nhién tu4n theo luat phan b6 mi. Vi
vy khi mé phong cdc dong dau vao c6 dic tinh nhu trén thi ta 6 thé ding luat
phin bd mil d€ mo6 ta khodng céch gilta cdc sy kién - cdch lam nhu vay 1a hop
thitc vi mo hinh phi hgp véi he théng thuc.
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Hién nay ¢6 nhiéu phuong phdp hgp thic hod mo hinh nhu [ 1, 3]:

Sau day sé trinh bay mot s6 phuong phdp thong dung.

7.4.1. Kiém tra gid thiét ciia mé hinh

Muc dich cita phuong phdp nay 1a kiém tra cdc gia thiét khi xay dung mo
hinh nguyvén 1y

- Kiém tra tinh phi hgp gifta phan bé x4c suit 1y thuyét véi dir léu ddu vao

- Phan tich ¢6 nhay cia dir liéu mé phong ddu ra khi

+ Thay ddi gia tri cla cdc thong s&

+ Thay déi phan b6 xdc sudt cia dif liéu ddu vao

+ Thay d&i mitc do chi ti€t cha cac hé théng con trong mé hinh

Phan tich do nhay la phuong phdp hitu hieu dé€ ddnh gid muc d6 hgp thirc
cla mo hinh mo phong.

Néu dit liéu mé phong dau ra nhay cam véi mét y€u td nao clia mé hinh thi
phai thay déi yéu td dé mét cach thin trong.

Vi du : khi tién hanh mé phong moét hé théng mdéi, qua déi thoai véi
“chuyén gia” hé théng (xem budc 1) gid tri mot thong s6 quan trong clia mo
hinh dugc x4c dinh bing 0,75. D€ xic dinh do nhay cha dit liéu ddu ra doi voi
thong s& nay ngudi ta chay ba ldn mé phong véi gid tri coa thong s6 1a 0,75, 0,7
va 0,8. Néu két qua ctua ba lan m6 phong déu nhu nhau ching td dit liéu ddu ra
khong nhay cdm d6t véi thong sé dd chon trong khoang 0,7 dén 0,8. Nhu vay
gia tri di chen clia thong s6 trén 14 ding va dugc hop thiic hod.

7.4.2. Phuong phdp danh gid dit liéu ddu ra cita mé phong

Mot trong nhitng phuong phdp tot nhit dé€ hop thitc hod mé hinh 13 danh gid
muc do phi hop gitta dit lieu mo phong véi dir lidu dau ra cha hé théng thuc.
Néu hai dir liéu nay la pho hop v&i nhau thi mo hinh mé phdong duge coi la
diing, ttc duge hop thitc hod. Trong trudmg hop mod phong mot hé chua ¢6 thue
thi ¢6 thé 14y dir 1iéu ddu ra cda he théng thue tuong w dé so sanh véi dir licu
dau ra cba md hinh mé phong.

So sdnh giifa mo hinh va hé thuc 14 mot phép so sdnh théng ke nén su khdc
nhau gita cdc dit liéu thu duge tir mé hinh va tir hé thie phai duge xir 1y theo
phuong phap théng ké xdc suft. Cac dir 1iéu thu duge tir mo hinh thudng do mé
phong twong ung thdi gian dai dé ¢é két qua 6n dinh, chang han hang thing
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hang nam. Trong lic d6 dif liéu thu duge tir hé thyc lai thu nhan trong khoang
thoi gian ngan nhu hang ngay hang gid. Vi vAy cdn phai x{r 1y khi dung hai foai
dit liéu nay dé€ so sanh.

Mot van dé khéc ciing cdn duge luu ¥ 13 trong hé thuce ¢é nhiéu yéu t6 nglu
nhién anh huéng dé€n dir ligu ma ching ta quan tAm, tuy nhién nhén dang cic
yé&u 10 ngdu nhién dé thudng rdt khé khan.

Trudrng hop hé thyc chua ¢6 thi viéc thu nhan di liéu tir hé thye 12 diéu
khang thue hién duge. Trong trudng hop nay ngudi ta ¢6 thé ditng mot hé thye
twong ty dé 14y di lidu so sdnh véi dif lieu mo phong, Tuy nhién viéc so sdnh
nay chi ¢é tinh chit tham khao, ngudi ta cin thuc hién cic phuong phdp danh
gid khdc dé cé thém can ci cho viéc hgp thirc mo hinh nguyén ly.

7.4.3. Phitong phdp chuyén gia

Y kién cta cdc chuyén gia ¢6 kinh nghiém 1am viéc trong linh vyc mo
phong heé théng ludn déng vai trd quan trong trong qua trinh kiém ching va hop
thitc hod moé hinh. Theo phuong phdp chuyén gia Delphi [3] ngudi ta 16 chitc
nhém am viéc d€ kiém chiing va hop thitc hod mo hinh bao gém céc chuyen gia
vé st dung va didu hanh hé théng thuc. Ngudi ta gii cho nhom chuyén gia bang
diéu tra gébm cdc cau héi vé hanh vi va kha nang cla hé thdng thuc trong céc
diéu kien 1am viéc dac biet.

Thoéng thudng ¢ ba bude diéu tra.

- Pdu tién ngudi ta g cho cdc chuyén gia bang diéu tra gém cic cau hoi
vé phin ting cha hé thuc khi dif lieu ddu vao hodc cfu tric cia hé ¢ thay déi
dic biet.

- Can cif vio tra 131 & budce 1, ngudi ta xay dung bang diéu tra thit hai véi
cdc cau hoi nhim 1am 16 hon cdc phéan (ng néi trén cia hé thuc.

- Bang diéu tra thit hai dwge gilti lai cho cdc chuyén gia dé nhan duge cdc dur
dodn vé hinh vi clia he khi dit lieu ddu vio hoac c4u tric clia he ¢6 thay d6i.

Ba budc trén duge 1ap lai vai 1dn cho d&n khi nhan duge cdc ddnh gid tuong
d6i chinh xdc vé hanh vi cla hé thuc. Ngudi ta dung cic dif lieu nay dé so sdnh
véi cdc dir lidu thu duge tir két qua mo phong. Can cit vao ket fuln cha cdc
chuyén gia ngudi ta c6 thé kiém ching tinh chinh xdc va mic do hop thiic clia
mo hinh,

Nhuge diém clia phuong phép chuyén gia Delphi 14 doi hoi nhiéu th¥i gian.
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Bai tap

I. D€ ddnh gid tinh trang tic nghén giao thong trong thanh phé ngudi ta
xay dung mo6 hinh mo phéng mot s6 dudng phé chinh vdi he théng dén tin hiéu
giao thoéng.

a) Hay xay dung mé hinh nguyen 1y cta hé théng den tin hieu giao thong.

b) Xay dung luu d6 diéu khién he théng dén tin higu giao thong.

¢) Kiém chitng m¢ hinh mé phéng bing cich nao?

d) Hop thidc hod mé hinh mé phéng bing cich nao?

2. C6 thé phan loai mé6 hinh hé théng thanh mo hinh nguyén 1y, mé hinh
vat ly, mo hinh gidi tich v mé hinh mé phéng. Hay phan tich sy giéng nhau va
khdc nhau khi kiém chiimg va hgp thic hoa cdc loai mo hinh néu trén,

3. Ngon ngit dung d€ viét chuong trinh mé phéng anh hudng nhu the nio
dén qud trinh kiém ching va hop thic hod mé hinh?
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Chuong 8

XU'LY VA PHAN TiCH CAC DU LIEU PAU RA
CUA MO PHONG

8.1. Khdi niém chung

Nhu chiing ta da bi€t trong mo6 hinh m6 phong thudng ¢6 cic bign ngiu
nhi¢n. Vi vdy, phdn 16n n€u nhu khéng muén néi 11 (it ca, céc di ligu déu ra
cla mo hinh déu ¢6 tinh nglu nhien. Xi 1y cdc dir lieu ddu ra d6 dé dinh gid
hanh vi ciia heé thong 12 mot nhiém vu khé khan. C6 nhiéu ly do khién cho viéc
xu 1y dit liéu ddu ra ciia mé phong gap nhidu khé khan, Thit nhét 12 do budc tinh
mé phong thuong phai dit 16n nén dir lieu ddu ra nhiéu. Thit hai 13 cic dit lidu
ddu ra mang tinh ngiu nhién nén phai ding phuong phdp xac suit thong ke dé
xir 1. Do tinh phic tap ctia phuong phép xit 1§ nén rat d& xay ra sai sét va do dé
cac ket ludn rdt ra duge khong phan 4nh ding ban chat clia hé thue ma dugc mo
ta bdi mo6 hinh dang khdo sdt. Xir 1y va phan tich cde dit liéu ddu ra 12 budce cubi
ciing cta mo6 phong nham dat duge muc dich mo phong. Thong thudng ngudi ta
diing phuong phédp théng ke dé thu thap va xir 1y di lidu ddu ra cia mé phong,
Viec phan tich c4n than va hop ly dif lieu ddu ra s& quyét dinh thinh ¢ong cha
mo phong.

Muc 8.2 trinh bay muc dich viéc xir 1y dir lieu ddu ra mo phéng. Muc 8.3
trinh bay phwong phdp dénh gid dir liéu ddu ra. Do tinh ngéu nhién cha dit liéu
nén phuong phdp théng ke dugc ding d€ ddnh gid dir lieu ddu ra mo phong.
Muc 8.4 duoe danh cho phan tich dir liéu ddu ra mo phong cla he gi¢i han. Muc
8.5 duge danh cho phan tich dir lieu ddu ra mo6 phong clia hé khéng gidi han.
Cubi cung muc 8.6 néi vé sir dung két qua mo phong.

8.2. Muc dich cda vigc xit Iy cdc dit li¢u ddu ra ciia mo phdng

Khi x4y dyng moé hinh moé phéng viée quan trong dédu tién 12 x4c dinh muc
dich mo phong, hay néi cich khdc 13 xdc dinh tap céc cAu hdi ma mo phéng
phai tra 18i. Myc dich clia viéc phan tich va xir 1y dit lieu ddu ra ciia mé phong
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12 nham tra 1&i mot cdch rd ring cdc cau hdi dd duge dé ra tir ddu. Dé minh hoa
didu nay ta 1dy vi du vé mo phong hoat dong cia phong giao dich ngén hing.
Gia st phong giao dich ¢é nhiéu nhan vién phuc vy va md cira tir 8 giv sdng dén
4 giy chiéu hang ngay. Vay ¢6 thé ¢6 cdc ciu hoi sau day duge dat ra khi mo
phong hé thdng:

- Thai gian chd dgi trung binh cita khdch hang?

- 86 phdn trim khich hang phai ch¥ dgi khi dén giao dich?

- X4c sudt s8 khdch hang phai chd doi 16n hon 10 phit?

- Tri 6 trung binh khach hang ding trong hang dgi?

- S8 nhan vién phuc vu tang hay gidm anh huéng nhu th€ nao dén thai

gian chd dgi cta khdch hang?

- C6 bao nhiéu khach hang t6n lai khi phong giao dich déng clra?

Néu mé hinh duge xay dung ding thi cdc cu hdi s& duoc tra 1oi ddy di. Ré
rang ring m&i mot ¢au hoi cdn ¢6 cdc dif liéu khdc nhau ma chiing ta phai thu
thap khi mo phdng va méi mot dif ligu c6 thé duge x{r 1y bing nhiéu cdch khic
nhau. Hay néi mot cach khac két qua mo phong, tic cau tra 1di, phu thudc vao
phuong phap phan tich va xir 1y dif li¢u d4u ra cia mo phong.

Muc dich cudi cling cla viéc phan tich va xir 1§ dit lieu ddu ra cha mod
phong 1a thanh 1ap bdo cdo mo phong (Simulation Report).

Bdo cdo md phong gém c6:

- Cac dac trung cla bi€n ngdu nhién trong mé hinh nhu k¥ vong todn, gia

tri max, min va phuong sai ciia ching.

- Cdc ddnh gid vé hanh vi cla hé thuc, tic 1a trd 101 cha cdc cau hoi duge

dat ra khi tié€n hanh mé6 phong.

Sau day ching ta sé phan tich k¥ hon vé ban chit nglu nhién cta dir li¢u
ddu ra mé phong. Gia thiét ¥,, ¥, .. . ¥; 1a ddy dit liéu d4u ra cia mot ldn chay
mo phong. Vi du ¥; ¢6 thé 1a s& khdch hang c6 mat tai ngan hang & gi thit
trong vi du phong giao dich ngan hang néu trén. Goi y;;, y;2, - ¥;, 12 thé hién
cha bign ngdu nhién Y, Y, ... ¥,, khi chay mé phong dung s8 ngiu nhién ;.
Né&u ta ding n s6 ngiu nhién u, , u, ... u, d& thuc hién n 14n chay mo phong cé
ciing didu kien ddu thi s& thu duge bo gid tri quan sit duge (ddu ra) cia mo
phong ¢& chidu dai m la:
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Yipo Yize - ¥im
Yoo Yoz Yom

YutsYu2v oo Yum
Nhiém vu chinh cia xir 1§ ddu ra moé phong la ding phuong phdp théng ké
udc lugng diém v wdc lugng khoang dé xic dinh xem cdc quan sat yli=1,2,
won;j=1,2, .. mjcé phii la doc 1ap v6i nhau va ditng cdc quan sét y;; d€ tim
cdc dac trung cita bién nglu nhién Y,, ¥, ... ¥,, nhu k¥ vong todn, phuong sai,
do léch chudn, khoang tin cay v.v...

8.3. Phuong phdp ddnh gid dit liéu ddu ra

Céc du lieu ddu ra cia mo phong khong hoan toan doc lap véi nhau va
mang tinh ngdu nhién. Sau mdéi mot 14n thi nghiém, tdc 14 mot 14n chay mo
phong, ta thu dugc cdc gia tri “quan sit duge” cha mot bi€n. Cdc gid tri nay &
thoi diém quan sat duge lai phu thude vao gid tri cha nd & cdc thdi di€m trude
dé. Chinh vi vay phuong phdp ddnh gid thich hgp cdc dir liéu ddu ra cia mo
phong 12 phuong phdp xdc sudt théng ké. Phwong phdp danh gid phai dam bdo
d¢ tin cay theo nghia 14 néu budc mé phong duge tang lén thi cdc ddnh gid s&
ti€n dén gid tri thuc cla bién.

Trén quan diém cua 1y thuyét théng ke, dif liéu ddu ra cla m6 phéng la
nhiing bi¢n ngdu nhién va dugc goi 1a mdu (Sample). Mau dugc 14y tir mot 1ap
16n hon duge goi la tdp ddm déng (Population) hay con goi la tdp nén. Nhu vy
1ap méu va tip nén c¢6 cling ban chét, c¢é ciung phan phéi xdc sufit. Dé ¢ dl
théng tin vé mo hinh va vé hé thue ching ta phai nghién cu trén tap nén. Tuy
nhién vi tap nén thudng tuong ddi 16n nén ddi hoi nhiéu chi phi vac chét va thai
gian. Trong thuc t€ ngudi ta chon miu nglu nhién véi s6 lugng du lén thi
nghién citu trén tap miu ciing 6 thé cho ta két qua dat d6 chinh xdc va tin cay
cin thiét.

Trong trutng hop chung, cdc dit lieu ddu ra clila moé phdéng (méu) khong
hodn toan doc 1ap véi nhau. Tuy nhién d€ don gian trong tinh todn ma vin dam
bido d¢ chinh xdc cdn thi&t ching ta c¢6 th€ chdp nhin cdc gid thiét sau day
(3, 171:

- Cdc mAu (dir li¢u) 13 bign ngdu nhien va ddc 14p thong ké véi nhau.

113



- Qua urinh khao st 13 qud trinh dimg,
- Khi s6 lugng mau tuong d8i Ion (30 g 1én), trung binh mau (k¥ vong
todn) la bién ngéu nhién ¢6 phan phéi chudn.

Khi xir 1y dir liéu d4u ra cha mo phong ngudi ta phan biét hai loai hé thong:
hé thong gidi han va khong gidi han (Terminating and Nonterminating Systems)
phu thudc vao viéc cé thé xdc dinh mot cich ré rang chiéu dai mo phéng hay
khéng. Trong hé thong gisi han, ¢6 mot sy kién £ ma khi sy kién ndy xuat hién
thi lam cho hé théng ngiling hoat déng. Diéu d6 c6 nghia 1a chiéu dii mé phong
dugc xdc dinh bdi thoi gian d€ sy kién E xudt hién, néi chung thoi gian dé 1a
mét bién ngdu nhién. Nguoc lai, trong hé théng khong gidi han khéng cé su
kién E nao d€ xdc dinh chiéu dai mo phong. Viéc phan biet hai loai he théng rat
quan trong vi tng v6i méi loai hé théng khdc nhau, phuong phip xir 1y di ligu
ddu ra cia mo phong s& khdc nhau.

Sau day 12 mét 56 vi du minh hoa vé hé théng gidi han va khéng gidi han:

Hé thong gisi han;

Vi du I: Gid st mét nha may ¢é hgp dong san xudt 100 chi€c mdy. Thoi
han giao hang trong vong 12 thing. Linh dao nhd mdy mu6n mo6 phong cic
phuong dn sian xuat khdc nhau dé tim phwong 4n giao hing ding han véi gid
thanh thip nh4t. D4y 12 hé thdng gidi han, su kién cho phép hé thdng ngimg
hoat dong, hay néi cich khic diéu kién ngimg mo phong 12 £ = /00 méay hoin
thanh. Trong hé th6ng ndy trang thdi cia chu k¥ lam viéc trudc khéng anh
huéng dén tranh thdi clia chu k¥ lam viéc sau.

Vi du 2: M6t ngan hang lam viéc tir 9 gid sdng dén S gidy chiéu. Ngudi ta
thire hi¢én mé phong mot ngay lam viéc clia ngan hiang dé€ danh gid khi nang
phuc ve khich hang clia ngan hang béat ddu tir 9 gi& sdng cho d&n khi khich
hang cudi cing duge phuc vu xong trude gid déng clra 14 5 gidy chiéu. Trong
trudng hop nay sy kién E = (két thiic 8 gid m6 phong va hé théng réng). Diéu
kién ddu cia mo phong 14 s6 khdch hang tai thdi diém ¢ = 0.

H¢ théng khong gidi han:

Vi du 3: Mot phin xudng c6 mot s6 mdy gia cong. Chi tiét mdy duge dua
dén phin xudng phai di qua tit ca cdc mdy gia cong mdi hoan thanh va di ra
khoi phan xudng. Gia sir phan xudng 1am viéc hai ca vd 6 ngly trong mot tudn.
Pay la h¢ thdng thudc loai khong gi6i han. Bai vi trang thai cha phan xuéng khi
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ngimg lam viéc, tiic cudi ca thit hai clia ngly th bay, s& 1a trang thdi bt ddu
lam viéc cla ca thif nhét cila ngay thit hai tudn k€ ti€p. C6é nghia 1a trang théi
clta chu ky 1am viée tru6c dnh hudng truc ti€p dén trang théi cia chu ky lam
viéc sau.Trong h¢ thong nay khong c6 su kien E dé xdc dinh thdi diém ngimg
fam viec cna he théng, tirc 1a khong cd sy kién dé xdc dinh thoi gian ngirmg mo
phong. D41 v6i hé thong nay ngudi ta mé phong cho dén khi dit liéu diu ra dat
16i gid tri 6n dinh nao d6.

Vi du 4: Mot cong ty chuéin b} xay dung nha mdy mdi v mudn xdc dinh
ndng sufit trung binh tinh trén git khi nha m4y lam viéc 6n dinh. Gia thist
rang nha mdy 1am viéc lién tuc 16 gid mét ngiy (Jam viéc hai ca) va 5 ngay
mot tudn déng thdi bd qua phe phdm c6 thé sinh ra khi bit ddu va két thic mot
ca san xudt. Goi N, 1a s6 san phfm duoc sdn xudt ra trong giv thit /. Néu qa
trinh ngdu nhién N;, N, N; ... c¢6 phan b6 én dinh ting v6i bién ngdu nhién N
thi ching ta cé thé tim dugc gid tri trung binh cla né E(N}. Trong hé théng
nay khong c6 sy kién £ dé xdc dinh thdi diém nging mo phéng ma ngudi ta
moé phong cho dé€n khi niang sudt trung binh clia nha may dat duge gid tri
mong muén E(N) nao dé.

8.4. Phan tich dit liéu ddu ra mo phdng cila hé gidi han

Gid thi€t ring ching ta thuc hién N 14n chay mo phdng (Replication) e 1a
thyc hi¢n N phép thir doc 1ap d€ xdc dinh céc gia tri miu. Goi x;. 1a bi€n nglu

nhién chi gid tri cda mau thu duge & phép thirthit i, i = i, N. Nhu vay ;. 1 gid
tri quan sdt hay thé hién cha miu. Tap méu nglu nhien {x;, x,, x;,... x;.... x5} dai
dién cho t4p nén 12 toan bo dit lieu ddu ra cha mé phdng. Vi vay nghién cu tren
tap miu dt ddnh gid vé tap nén.

Pac trung quan trong nhat cta dir li¢u ddu ra mo phong la:

o Trung binh (ky vong) mdu E (Sample Mean)

® Phuong sai mdu S (Sample Variance).

® D¢ léch chudn mau o (Standard Deviation)

* Hé s6 tiong quan k., (Correlation coefficient)

* Khodng tin cdy (Confidence interval) clia trung binh mau va phuong sai miu.

Sau day ldn lugt trinh bay phuong phép tinh cic dic trung néu trén.
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8.4.1. Trung binh (ky vong) mdu EX
Gid thi€t ring ching ta thuc hién N 14n chay mo6 phong. Méi ln chay mo
phong déu c6 ciing didu kién ddu va cing két thiic khi su kién E xuat hién. Dir
lien d4u ra cha mé6 phong chinh la tap miu nglu nhién { x;, x5, X3,... X Xy .
Khi ti€n hanh vdi s6 phép thir hitu han N ta chi ¢6 thé thu dugc danh gid cha ky
vong todn ma thoi.
Pinh nghia: Ky vong cda bi&n ngdu nhién x, ky hiéu Ia EX va duoe xac dinh
nhw sau:
hl'
EX = Zx:' Pi
i=|
trong d6 — p(x;) = p,;1a xdc sudt xudt hién bién ngiu nhién x,.
Trong truéng hop dang khao sdt & day, xdc sudt xuit hién bi€n nglu nhién
(mdn) x; 12 nhu nhau va bang / / N. Vi vay k¥ vong todn c6 thé vigt [ 7,12 )

N
EX:J?:%Zx, 8- 1)

Khi trung binh (k¥ vong) t2p nén & khong biét trude, ching (a ¢ thé dung
trung binh mau d€ ddnh gid trung binh tap nén.

E[x]= E[%ix}
i Elx,]

o N

o

N

Nhu vay k¥ vong todn cha trung binh miu chinh 13 trung binh t4p nén.

8.4.2. Phuong sai mdu §°

Dinh nghia: Phuong sai clia bi¢n nglu nhién x, duge ky hieu 13 §?, duoc
tinh nhu sau:

6

§*=E(x-EXY

Ciing nhu trudng hop trén, xdc sudt xudt hién bi€n nglu nhién (miu) x; 1a
nhu nhau va bing ! / N. Vi vay phuong sai miu duge tinh theo cong thitc sau
[7, 12]:
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1 & -
Sz=—2(x,—x)2, (8-2)
N3
Tir (8 - 2) ta thdy ring phuong sai chinh 1a trung binh cla binh phuong d¢
lech cnia miu so vdi ky vong cha né.

Tinh todn theo (8 - 2) 1a kha phifc tap, vi vay cé thé dung tinh chit clha k¥
vong dé bién ddi vé dang wong duong dé tinh todn hon

S? = E(x)- (Ex)’

1ing v&i trudng hop ta dang khao sét, ¢6 thé viét:
1{&
S? =§[2xf ._.Nf2] (8 - 3)
=1

Tinh phuong sai theo cong thic (8-3) trén [4 khong hop 1y bdi vi gia tri
X thay déi theo qué trinh tich lu¥ clia x; nhu vay phai diing nhiéu 6 nhd cha mdy
tinh.

Thong thudng ¢é thé tinh theo cong thite sau [12]:

§1= — ixhl[ix)z (8.4)
* N i=1 : N i=1 ! ‘

Theo cong thifc (8-4) chi c4n nh¢ téng chia hai gid tri x; va x; ma thoi.
8.4.3. D¢ léch chudn mdu o

Dé ¢ rang phuong sai $° ludn 13 s6 khong am va v& mat vat 1y né khong
cung thi nguyén (cung don vi do) déi véi x, vi vay ngudi ta dua vao khii niém
a6 léch chudn (Standard Deviation),

Pinh nghia: D6 lech chudn cia bién ngiu nhién x, ky hitu Ia o (x), dugc

tinh nhu sau:
olx)=+S? (8-5)

Do léch chudn duge ding thudng xuyén hon phuong sai vi ¢6 cling don vi
do vdi chinh bién x.

8.4.4. Hé s6 tuong quan k , (Correlation coefficient)

Trong trudng hgp cdn dénh gid quan h¢ gifta hai s6 ngiu nhien x , y; thi
ngudi ta dung hé sé tuong quan va duge tinh nhur sau:
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k., =J—L—[i(-‘r, -3y, ~P)] (8-6)

hay thudn ti¢n hon ta ¢6 thé ding dang sau

J\"

1 l N N
k= (_N-_1) (Zx,yx—ﬁgx, Zly) (8-7)

=1

Biéu thic (8 - 7) duoc tinh khi chi cdn nhé hai gid tri X,y trong qud trinh
mé phong ma thoi nén rat thudn tién va tén it bé nhé. Gid tri k xy Cang nho thi
cdc bi€n ngdu nhién x va y cang it phy thudc vio nhau va nguoe lai.

8.4.5. Khodng tin cdy (Confidence interval)

Mbi mot méu x; 1a mot ude lugng diém cha dit lidu ddu ra. Ude lvong diém
cho ta thong tin quan trong vé dir liéu ddu ra, nhung né ¢6 nhvoe diém la khong
thé bi€t dugc d6 chinh xdc va xdc suat dé udc lwgng d9 chinh xdc dé. Nhat 1a
khi kich thuée mau nho thi su saj lech cha udc lwong so véi gid tri that khé 1én
va khé dénh gid dwoc khad ning méc sai ldm khi wde luong 1a bao nhieu. D&
khic phuc han ché dé ngudi ta dua ra khdi niém khodng tin cdy (Confidence
interval). Khodng tin cay (h, , hy, 1a mot khoang gid trj sao cho véi xdc sudt cho
trude ude luong diém s& roi vio khoang dé. Nhu vay ude Iuong khoang duoc
x4y dung xung quanh ugc luong diém va cho phép xdc dinh khich quan sai s6
ude lugng.

Dinh nghia: Che tap miu {x, x5, x3,... x.... Xy} V6i N di 16n, gia thiét c6
trung binh mdu ¥ va d¢ lech chudn miu o, v6i dé tin cay 100 (1 - &) phdn tram
ta ¢6 khodng tin edy d6t ximg sau:

o
ZI-m’Z'ﬁs (8-8)

trong d6: z o 1a di€m t6i han ciia bién ngdu nhién phan b6 chudn tim duoc
bing cich trabang T.1 ctia[ i)

X+

Vidu 5: Ngudi ta muén ude lugng thdi gian trung binh EX d€ sin xudt mot
chi tr€t mdy. Gia sir lugng thdi gian d6 tuan theo luat phan b& chuén véi do lech
chudn I3 ¢ = 0,3 pliit. Trén mot tap miu gém thdi gian dé san xuit 36 chi tiét
may ta ¢6 trung binh mau X = 1,2 phit / chi tiét may. Hay xdc dinh khodng tin
cdy 95% cho thdi gian trung binh EX néi wrén.
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Gidi: Tacod X=12;0=03; N=36;a=1-95% = 5%. Tra bang T.1 cla
[1] tim dugc z | ¢y 5 = 1.96. Tir 46 khodng tin cay d6i xing (8.8) dugc x4c dinh:

_ a — o
x-zl_qu'—ﬁ <EX< x+21,w2__'_"‘

JN
0,3 0,3

12-196—=;12+196—= | = (1102;1,298
pae1se frzeassi] - (i)

Két luan: thoi gian trung binh £X dé san xuit mot chi tiét may 1a 1,2 phit
sé roi vao khoang (1,102 ; 1,298) v&i xdc sudt 95%.

Vi du 6: D€ ddnh gid nang sufit cia mot phan xudng ngudi ta thuc hién
N = 10 14n chay mé phong va thu duge dif ligéu ddu ra nhu sau:

N L] 2 3]alsTse ] 7] 81 9|10
Nang 93 | 113 {107 {103 | 112 | 103 | 112 | 100 | 98 | 105
SUAt, x;

Hiy xdc dinh khoang tin cdy 95% cho nang sudt trung binh EX néi trén.

Giai: St dung bang s6 li¢u trén va (ng dung cong thic (8-1), (8-3), (8-3) 1a
tinh dugc trung binh miu, phuong sai miu va do léch chuin nhu sau
x=104,6; S’=66, o =256

Dung cong thitc (8-8) ta tinh dugc khoang tin ciy d6i xing 95% doi voi
trung binh mau tifc 1a nang sudt trung binh EX clia phén xudng.

— (e} _ o
X-Z1.a2 _ﬁ <EX<X+Z, ) —F7=

JN

Tra bang dugc z |_ g, = 2,26, tir d6 tinh duge khoang tin cay ddi xiing sau
2,56 2,56
1046 -226 "= <FX< 1046+226—— = ( 102,74 ;106,46 )
J10 V10
Nhu vay v6i xdc sudt 95%, nang sudt trung binh EX clia phin xudng nim
trong khodng (102,47 < EX < 106,46).

Dot voi he gidi han, diéu kién ddu (initial conditions) anh huong manh dén
két qua mo phong. Vi vay cdn phai chon diéu kién ddu chinh xdc va thich hop
véi muc dich mé phong. Néu ching ta quan tAm dé€n toan bd hanh vi cla he
théng thi diéu kién dau dugce chon la tham sd trang thdi cha h¢ thong tai thoi
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diém + = 0. Néu chiing ta chi quan tam dén trang thédi 6n dinh ctia hé théng thi
diéu kien ddu duge chon 13 tham s6 trang thdi cha he thong tai thoi diém ké&t
thiic thai ky qud do.

Vi dy: Mo phong hoat déng cia mot ngan hang. Hoat déng cha ngan hang
c6 thé duge mo hinh hod bing mé hinh hiang doi M/M/ 1. Gia sir cuong do dong
khach hang 1a A = 10 nguoi / gi¢. Cudng do phuc vu u = 12,5 nguci / gior (c6
nghia la thi gian phuc vu trunh binh 12 4,8 phat / ngudi). Ngan hang lam viec 8
£16 mot ngdy. Hiy dénh gid thi gian doi cla khach hang khi dén giao dich tai
ngéin hang.

Sau khi thyc hién 10 14n chay mé phong (Replications) ta thu duoge cic dit
lieu v€ thoi gian doi clia khach hang nhu trong bang 8-1 [3].

Bdng 8-1. Thoi gian dgi cuiia khdch hang (phiit)

Lanmo ) xy X2 X3 X i Xis X g X7 X8
phong, | Gid thit| Gios tht | Gidr thit | Gidr thit | Gioy thi | Gidr thit | Giy thit| Gigy thu
t 1 2 3 4 5 6 7 8

1 1,27 8,65 8,43 0 0 3,54 1,27 | 27,16
2 7,06 0,82 0 0 24,06 0 15,81 333
3 0,09 0 19,01 4,74 | 44,12 | 40,69 | 68,65 | 47,65
4 7,21 2,35 0 0 2,36 0 0 2,51
5 7,84 0 23,87 | 0,85 0 2,61 6,38 0
6 7,84 3,23 | 26,02 | 29.96 | 35,58 0 O 0
7 0 0 6,51 0 0 3,54 1.27 | 27.i6
8 2284 | 12,775 | 16,78 0 12,75 0 0 4,49
9 3407 | 38,26 | 0,58 13,02 0 0 0 1,37

10 0 0 13,25 0 1946 | 2,89 0 0

Trong bang 8-1 x,; 1a trung binh miu tirc 14 thoi gian doi trung binh cia
khach hang & gid thtj = 7, 2,..., 8 clia 14n chay mo phéng thd: = 1, 2,..., 10.

St dung di liéu cha bang 8-1 va céc cong thdc (8-1), (8-5), (8-8) chiing ta
c6 thé tinh duge ude lugng diém 12 thii gian doi trung binh X d6 léch chuin

s; va udc lugng khodng tin cdy 95% cia thoi gian doi ciia khich hang, cic udc
lugng nay cho trong bang 8-2,
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Bdng 8-2

Gioy Gio Gio Gior Gie | Gio | Gio | Gio
thir ] thir 2 thir 3 thit 4 thie 5 | thir6 thir 7 | the &
X 734 | 495 8,57 | 12,33 | 1085 | 7,72 | 1465 | 17.18

i

85 8,31 8,05 10,26 | 17,09 | 154 | 18,14 | 24,46 | 22,26
Khoang [ 391 -] 122-|434-|529-| 45- {025-|457-|80l- |
timedy | 10,77 | 8,68 12,8 19,37 | 17,19 | 15,2 | 24,73 | 26,36

Tir bang 8-2 chiing ta thdy rdng & gity thit nhat thdi gian dgi trung binh clia
khdch hang 1a 7,43 phuit, d6 léch chusn 12 8,31, Trong gi& thit nhat ¢é khoang
95% khach hang phai doi trong khoang 3,91 - 10,77 phiit. Hoac néi cdch khic,
vai do tin cay 95% thoi gian doi clia cdc khdch hang trong gid thi nhal nam
trong khoang 7,34 + 3,42 phut (3,42 1a 1/2 khoéng tin cay). Tuong ty nhir vay ta
¢6 cdc dir liéu trong ting véi cdc gid lam viéc ti€p theo ciia ngan hang nhu trong
bang 8-2.D0 rong clia khoang tin ciy ndi 1én mic do tap trung clia thdi gian doi
cia khdch hang. L& dT nhién d6 rong cla khoang tin cay s€ thu hep lai khi tang
$6 1an chay m6 phong. Vi viy tang s& 1an chay mo phong 12 bién phap hitu hiéu
dé tang do chinh xdc clla mo phong.

8.5. Phdn tich dir liéu ddu ra moé phong cria hé khéng gioi han

Khi phan tich dir li¢u ddu ra mé phéng ctta hé khong gidi han ching ta gap
phai mot s6 van dé ma trong hé gidi han khong xay ra. Nhiing van dé dé 1a:

+ Anh ludng ciia diéu kién ddu. Didu kien diu 6 thé gay ra giai doan qua
do khong phan 4nh ding hanh vi clta h¢ thdng & trang thdi 6n dinh. Dir ligu
trong giai doan nay khéng duoc diing dé phan tich va ddnh gid heé théng. Vi vay
cdn phai xdc dinh thoi diém két thic giai doan qud do va chi thu thap dir lieu
ddu ra tir thdi diém d6 rd di ma thot.

+ Tinh khong déc lap gitta cde mdu. N€u cde miu thu thap dugc khong déc
1ap v&i nhau thi danh gid phuong sai s bi sai léch, do d6 khong phan anh duoc
ban chat clia hé thdng.

+ Chiéu ddai mo phong. Mac ddu h¢ thong thudc loai khong gisi han nhung
chiéu dai mé phong 14 ¢6 gisi han. Vi vay phai chon chiéu dai mé phong hop 1y
va nam trong giai doan 6n dinh ciia hé théng.
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C6 nhiéu phuong phap x{r 1y dit liéu ddu ra mé phéng clia hé khong gidi
han nhu phueng phdp trung bink bé (The Method of Batch Means), phuong
phdp ty tiong quan (Autocorrelation Methods), phwong phap tdi sinh
(Regenerative Methods). Diém chung ctia cdc phuong phép trén 14 fim céch
tranh anh hudng cita giai doan qud d9, loat trir tinh phu thuoc giita cic miu va
x4c dinh chiéu dai mo phong hop 1y,

8. 6. St dung két qud mé phong

St dung két qua mo phong a bude tiép theo ciia viec phan tich va xir 1y dit
liéu ddu ra mé phdng. Cic két qua mo phdng khéng cho ta két luan hoac quyet
dinh vé hé théng ma chi cung cip thong tin dé d& dang di dén cde quyét dinh dé.

R6 rang vu diém cita mo phong 1a ¢6 thé cho ta nhiéu phuong 4n d€ lua
chon va do d6 ¢6 thé rit ra két luan va di dén cic quyét dinh chinh xdc.

Cdc k€t qua mé phong phai duge rinh bay mot cdch khoa hoc, hop 1y va
thudn tién cho viéc s dung va luu trit. Céc k&t qua mo phong thudmg duge trinh
bay du6i dang bdo cdo mo phong (Simulation Reports) va tai liéu mo phong
(Simulation Documentations).

a) Bio cdo mo phong

Bédo cdo m6 phong thudng bao gém cdc muc sau:

- Gid tri Max, Min, k¥ vong todn, phuong sai cla cdc théng s6 chil yéu

- Phan loai cdc thong tin phtt hop vdi ngudn lyc va san phdm cla hé théng

- Bdo céo theo ca, tudn, thing, nam theo yéu cdu clia mé phong .

bjTai liéu vé mo phong

Tai lieu vé mo phong bao gém nhitng phén chinh sau day

* MO ta hé théng, muc dich mo6 phong

+ Dif liéu ddu vao

* MO0 hinh: Bao gém mé hinh nguyén 1y, m6 hinh mo phéng

¢ Phan tich va thiét k& thyc nghiém m6 phong

¢ Bao cdo phan tich di liéu ddu ra

e K&t luan - Quyét dinh

e Ki¢n nghi - Tu vdn

Tuy thuéc vio muc dich mo phong va d¢ phic tap cha hé théng ma céc loai
tai liéu ké trén duge phan ra ti mi hoac nhap lai cho gon hon.
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Bai tdp

1. Hay cho biét cdc h¢ théng sau day thuoc he giGi han hay khong gidi han.
Néu la hé gi6i han thi sy kién ndo 12 sy kien E?. Chd ¥ ring cdc vi du sau day
chi nham x4c dinh loai cia hé théng. Doc gia c6 thé them céc dir lieu cdn thiét
d€ x4y dung thanh mot bai todn m6 phdng.

a) Ngdn hang: MOt ngén hang mé clra vio 9 gio sdng vi dong clia vao 4 gidy
chiéu. Luc md clra trong ngan hang chua c6 khach hang. Khich hang dén giao
dich v61 cudng do 2 khich hang / gio va duge phuc vu véi cudng do | khach
hang / gid. Hay ddnh gid tri s6 trung binh khéch hang dugc phuc vu va s& khich
hang cdn lai tai thoi diém ngén hang déng cira?

b) Sdn bay: San bay fam viéc 24 / 24, Mdy bay ha cidnh va khot hanh theo
lich. Nhung do nhiéu nguyén nhan ngiu nhién thdi diém ha canh va khdi hanh
clia mdy bay phdi thay d6i. Vi vy trang théi cla san bay vao ddu git budi sdng
phu thudc vio dém hoém trude da ¢ bao nhiéu chuyén mdy bay ha cdnh va khai
hanh an toan. Hiy xdc djnh gid tri trung binh s§ mdy bay phdi ch& dgi dé ha
cdnh va cdt canh.

c) Bénl vién: Bénh nhan duoc nhap vién khi ¢ giudng tréng, néu khong
bénh nhan phai sap hang chd. 6 bénh nhan dugc nhap vién vao mébi budi sing
phu thudc vao s6 bénh nhan xudt vién ngay hom trude va s6 bénh nhan cé trong
danh sach chd nhap vién. Hiy xdc dinh thdi gian ch& trung binh ca bénh nhan
dé nhap vién.

d) Kho phy ting: Kho phu tiing clha nha mdy ¢6 nhiém vu ddp iing phu ting
thay th€. Mic do dy trit phu tung trong kho phu thudc vio xdc sudt hong hdc
cla timg loai phu ting va thii gian dat hing mua sdm cta né. Hay xdc dinh
lugng phu ting can thiét trong thii gian van hanh clia nhd mdy 12 5 nam. Xdc
dinh lugng du trit 181 thi€u cla timg loai phu ting d& dim bao nha mdy van hanh
an toan khong khi nao phai ngimg san xudt vi thi€u phu ting thay thé.

2. Hay cho biét dac trung quan trong nhét cita dit liéu ddu ra mo phong la
g1? Cong thic tinh cic dac trung d4. Diéu kién ddu anh hudng nhu the ndo di
két qua mo phong?
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Chuong 9
MO PHONG CAC HE THONG SAN XUAT

9.1. Khai niém chung

He thong san xudt dugc chia lam hai loai chinh: hé thdng lién tuc va he
théng gidn doan. Trong hé théng lién tuc qud trinh san xudt xay ra lién tuc nhu
san xuft dién nang, san xuit hod chat, van chuyén ddu khi v.v... Trong hé thong
gidn doan qu4 trinh san xuldt xdy ra véi cdc su kién gidn doan nhu san xudt co
khi, stra chita, 1ap rap, van tai hanh khdch, co s& dich vy v.v...

Hé théng gidn doan rdt phd bi€n va chi€ém ty trong 16n trong cdc hé théng
sdn xudtl. Vi vady méd phong hé thong sin xuit gidn doan c¢é ¥ nghia to 16n trong
thue t€. Trong he théng gidn doan cic sy kién gidn doan cé vai trdo dac biét quan
trong. Nghién ctu mé phéng cdc hé théng san xuit gidn doan d6 1a noi dung
chinh clia chuong nay.

Su kién gidan doan (Discrete Event) duge dinh nghia 13 sy kién xay ra dot
ngot tai cdc thoi diém va lam thay déi trang thdi cfia hé théng. Trong hé théng
san Xuflt ¢6 nhiéu su kién duge coi 12 sy kién gidn doan. Vi du: 66 dén tram stra
chira, 610 roi khoi tram khi dugce stra chita xong, khdach hang dén giac dich tai
ngan hang, cdc chi tiét di dén tram 14p rap v.v... déu la nhiing su kién gidn doan.

Tém lai treng cdc h¢ théng san xult (Manufacturing Systems) thuong cé
nhiéu sy kién gidn doan. Vi vay cdc hé théng san xuft gidn doan duoc mé hinh
hod bing moé hinh gian doan (Discrete Models) vi thuting ding phwong phip
md phong gidn doan (Discrete Simulation) dé nghién ciru hé théng.

Muc 9.2 trinh bay vé nhitng lgi ich dem lai clia mo phong hé théng san xu4t,

Muc 9.3 néi vé phuong phdp xdy dung mo hinh mé phong céc su kién gidn
doan. Muc 9.4 phan tich dong sy kién dau vao va thoi gian phuc vu. Muc 9.5
trinh bay vé phuong phdp thi€t k€ va phan tich thye nghiém mé phong. Muc 9.6
ndi vé s6 ldn chay mo phong va chiéu dai mo phong. Muc 9.7 phan tich diéu
ki¢n khdi dong va ngimg mé phong, Cudi cing muc 9.8 néi vé cdch tao dong
thdi gian mé phong.
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9.2. Nhitng loi ich dem lai ciia mo6 phdng hé théng sdn xudt

M6 phdng hé théng san xult dua lai nhiéu lgi ich, d6 14 1y do ma ngay nay
mo phong duge ing dung nhiéu trong nghién cdu cdc hé théng san xuit. Nhd cé
mo6 phong, ngudi ta ¢ thé nghién citu nhiu kich ban cla qud trinh san xuit,
didnh gia ning luc san xuat coa timg kich ban, tir dé tim ra kich ban t61 wu. Do
d6 mo phong hé th6ng san xudt ¢6 thé dem lai nhiing 15i khuyén ¢é ich dé :

- Tang nang suét lao déng

- Giam lugng vat tr phai du trit trong kho

- Tang hé s8 sir dung mdy

- Giam von diu tu (dat dai, nha xudng, mdy mdc...)

- Tang khad nang cung cap tric tuyén cdc san phdm cho khdch hang

Mo phéng cho ta kha nang dé ddnh gid cdc vin dé sau :

- K€ hoach san xuft

- Mitrc dy trif nguyén vt liéu va phu tung thay thé trong kho

- Phan tich dé tin cdy ciia hé¢ th6ng san xuat

- Chinh sach kiém tra chét lugng

N6i chung mo phong dua lai nhiéu loi ich khi thiét k€ cung nhu khi van
hanh cdc hé théng san xuat. Cac myc ti€p theo dudi ddy trinh bay k¥ hon vé cdc
k¥ ning khi mo phong cdc hé théng san xult cé cdc sit kién gidn doan.

9.3. Phuong phdp xdy dung mé hinh mé phong cdc su kién gidn dogn
(Discrete Event Simulation Model)

Khi x4y dung mé hinh mé phdng cdc hé théng san xudt ¢6 su kién gidn
doan, ngudi ta phai thuc hién ba nhiém vu sauw day, xem hinh 9.1.

Nhiém vu ddu tién la socan thao mo hinh va xdc dinh diéu kién ddu, xic
dinh cdc trang thdi cia hé théng thudng duge goi 12 hinh anh clia he théng, &
phén ndy cdn xdc dinh cdc thd tuc quy dinh viéc thay déi trang thdi, hinh anh hé
thong.

Nhiém vu thit hai 12 xdc dinh thuat todn mé phong tirc xdc dinh bing edch
nao tién hanh viéc mo phong.

Nhiém vu thit ba la thu thap cdc dit lidu, két qua mo6 phong da dugc xit Iy va
soan thao cdc¢ bdo cdo.
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Mo ta hé Cac thu

Soan thao thong tuc

Mo phong Thuat toin mé phing

Bdo cio Soan thao bao cio

Hinh 9.1. Cdc nhiém vy cua chitong trinh mé phong.

Hinh 9.2 trinh bay quan hé logic giita cdc bo phan trong m6 hinh m6 phong.

Trong so d6 9.2:

Trang thdi hé thong (System state): 12 tAp hop cdc dit liéu mo td hé théng &
th&i diém nhat dinh

Daong hé mé phong (Simulation Clock): 12 bi&n cho phép mé ta thoi gian
clia qud trinh mo phong.

Danh sdch cdc sy kién (Event List): Danh séch cdc sy kién xay ra trong qud
trinh moé phong.

Bo dém théng ké (Statistical Counter): 1a bién dé lwu triv céc théng tin
th&ng ké vé dic tinh cha he théng

Thu tuc diéu kién ddu (Initialization Routine}: 12 chuong trinh con dé xic
dinh diéu kién ddu cia mo hinh va thdi gian t = 0.

Thu tuc thoi gian (Timing Routine): 14 chwong trinh con x4c dinh su kién k&
ti€p trong danh sdch cdc su kién va tang thoi gian clia déng hé mo phong khi su
kién xay ra.
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Thi tuc diéu kién diu: |- Ch(.'; opghtl"mh Chél.lg: Thu tuc thai gian:

- Dat déng hé mo - o1 thu tyc dieu - X4c dinh sy Kién

phong bing 0 — klecl.: qa?h, thai Lyl €D theo. ‘

- X4c dinh trang thai .gianol U tuc thot - Tang thtn gian ciha

d4u cua hé théng ~ Goi danh séch su déng hé mo phong
kién

Th tuc su kién:

- C4p nhit trang thai

clia he théng. > Thu vién:

- Cap nhat dif li¢u tinh [« Tao sé ngdu nhién
- Sean danh sdach cdc

s kién

Hét thoi gian mo
phong

Soan thao bdo cdo:
- Xir Iy két qua
- Soan bao cdo

h 4

Hinh 9.2. S0 dé logic cia mé hinh mé phdng cdc su kién gidgn doan.

Thit tyc sy kién (Event Routine): 1a chuong trinh con dé c4p nhat trang thai
hé thdng khi cdc su kién xay ra.

Thit ryc thie vién (Library Routine): 13 chuong trinh con ding dé tao ra cdc
bi€n ngiu nhién ¢6 phan b6 mong muésn.

127



Sean thdo, bdo cdo (Report Generator): 1a chuong trinh con xit 1y, danh gia
cac su kién trong qud trinh mo6 phéng déng théi soan thao cdc bdo cdo vé két
qua moé phong.

Chuong trinh chinh (Main Program): 1a chuong trinh dé goi cdc chuong
trinh con khdc dé thyc hién viec mé phong, déng thoi xdc dinh thii diém keét
thitc mé phong va soan thio cdc bio cdo cin thiét.

Lién h¢ logic dong diéu khién giita cic bo phan trong mé hinh va qud trinh
mé phdng xay ra nhu sau:

e ( thdi diém bic ddu mo phong ¢ = 0, chuong trinh chinh goi thi tuc diéu
ki¢n ddu (fnitialization Routine). O thii wc nay dong hé mé phong ldy gid tri
t = 0 va dat gid tri ban d4u cho trang thdi h¢ thong (System State), bod d€m théng
ke (Statistical Counter) va danh sdch cdc s kién (Event list).

* Sau dé chuong trinh chinh goi th tuc thdi gian (Timing Routine) dé xac
dinh loai sy kién sdp xay ra. Néu su kién loai i s& xay ra thi déng hé mo phdng
s& tang lén quing thai gian theo thdi gian cha sy kién loai i xay ra.

+ Sau dé chuong trinh chinh goi thh tuc su kién i (Event Routine) dé xdc
dinh thoi gian sy kién k& tiép s& xay ra. Théng thudng & day cin phai tao nén
bi¢n ngdu nhién c¢6 ham phin bd dinh trudc dé tim thot gian xdy ra sy kién
ke tiep.

e Sau mot chu ky tinh, chwong trinh chinh s& kiém tra diéu kién ngimg mo
phong. Néu di dat duoc diéu kién d6 qud trinh mé phéng sé ngimg lai va
chuong trinh chinh goi thi tuc bdo cdo (Report Generator), cing véi bo dém
théng ké (Statistical Counter) d€ soan théo bdo cdo vé cdc két qua mo phong.

9.4. Dong su kién ddu vado va thoi gian phuc vu
9.4.1. Dong sy kién ddau vao

Trong thuc t€ ching ta thudng cdn mé phong cdc hé théng trong dé c6
dong cdc su kién ddu vao (Arrivals). Vi dy: dong khdch hing cho & quiy tinh
tién clia siéu thi, dong cdc san phdm di dén gia cong & cdc mdy cong cu, dong
tau bién ch& vio bén cang, dong 6t6 dén tram sira chita v.v... Nhitng su kién ddu
vao nhu vdy la nhiing sy kién gidn doan, thoi gian xudt hién va khodng cdch
gilta cic sy kién mang tinh ngdu nhién. Trong nhiéu trudng hop ngudi ta goi cic
s kién ddu vao 12 cdc “khéch hang” (Customer)
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9.4.2. Thoi gian phuc vu

Khi ¢6 khdch hang dén, h¢ théng s& phuc vu khach hang, thdi gian phuc vu
{(Service Times) cling la mét dai lugng ngiu nhién tuy thudc vao dic diém cla
khdch hang. Vi du: tuy theo khich hang mua nhi€u hay {t hing ma thdi gian
tinh tién dai hay ngan, tuy theo 6 t6 hong nhiéu hay it ma thdi gian sira chita tai
tram sifa chira dai hay ngan.

Trong trudng hop khich hang dén ma hé théng dang ban phuc vu khich
hang dén trude d6 thi khich hang mdi s& sap hing dé che dén luot minh. Nhu
vily s€ xult hién hang doi (Quewe) truéc diém phuc vu. Hé théng nhu vay
thudng cé tén goi la hé théng hang doi (Queueing System) ma sé dugc nghién
cttu k§ hon & cdc mue sau day.

9.4.3. Dong sy kién ddu vao Poatxéng (Poisson Arrivals)

Trong trudng hop chung, dong sy kién ddu vao 12 ddng su kién ngdu nhién
phtc tap. Tuy nhién trong thuc t& cé nhi¢u dong si kién ¢6 thé quy vé déng cé
céc tinh chit sau:

- Tinh chat xay ra cdc sy kién trong sudt quang thdi gian khio sit déu nhu
nhau - d6 1a dong ding.

- Céc s Kién xay ra doc 1ap v8i nhau, - d6 1a tinh chat khong hau qua.

- Tai méi thoi di€m chi c6 mot sy kién xay ra - d6 1a tinh chét su kién don

Mot dong st kién c6 ba tinh chat néu trén duge dinh nghia 14 dong 167 gidn
hay cOn goi la dong Poatxéng. Chi ¥ rang, néu mot dong sy Kién 13 mot dong
t6i gian, thi khoang cich giita cdc sy kién s& tuan theo lust phan phdi mi.

Goi A - cudng do dong su kién, ¢ nghia 1& s6 su kién xay ra trén mot don
vi thdi gian. Vay ham mat do xdc suat cla qung thoi gian giita cdc su kién sé 1a:

f(t) = Ae™; (12 0) ©-1)
Va ham phé4n b6 xac suft Ja:
F)=1-¢e": (120 (9-2)

Nhu viy khoang cdch gilia cdc sy kién chia ddong déu vao s& tuan theo lust
phan phéi mii.

C6 thé lua chon cdc luat phan phéi khdc nhau nhu phan b6 Gamma, phén
phoi Weibull. Tuy nhién phan ph6i Poatxdng va phan ph6i mi 1a hai loai phan
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phoi cé cong thic tinh todn tuong doi don gian ma trong thuc t& phit hop véi
dong ddu vao coa nhiéu he th6ng san xufit. Vi vay hai loai phan phéi mia néu
trén thudng duge ding trong mé phong cdc sy kién gidn doan trong cdc hé
théng san xudt.

9.5. Thiét ké va phdn tich thuc nghiém mé phong (Design of simulation
experiments)

Sau khi dd x4y dung mo hinh mé phong va kiém tra thdy moé hinh lam viéc
t61 ching ta chuyén sang budc thiét ké thyc nghiém mo6 phdng (buée 7 trén hinh
3.2 Chuong 3). Thiét k&€ thuc nghiém mé phdng 1a xac dinh nhitg didu kién dé
thyc hién mo phong nhu diéu kién khot dong va ngimg moé phong, thdi gian
chay mo phong v.v... O phén nay ching ta cing phai thiét k& céc kich bin mo
phong va xdc dinh s& lan chay moé phong cho méi kich ban. Thiét ké thuc
nghiém mé phong (Design of simulation experiments) mo phong c6 vai trd quan
trong vi né anh hudng truc ti€p dén két qua mé phong. Néu thuc nghiém mo
phodng khong hop 1¥, khong t6i wu thi dif liéu ddu ra cla mo phong c6 thé rat
nhiéu nhung chiing ta khéng thu dugc cdc két qua mong mudn.

9.6. S¢ lan chay moé phong (Number of run - Replication) va chiéu dai
mo phong (Run Length)

Nhar da trinh bay & cdc phén trén, trong mé hinh mé phong cd cic yéu t6
ngdu nhién, nén mai 1dn chay mo phong chi cho ta mot b théng s& ing véi mot
didu kién nhdt dinh. Vi vy ngudi ta mudn chay mo6 phong nhiéu 1an véi chidu
dai 16n. Tuy nhién trong thuc t€ do han ch€ vé thdi gian, v&€ kha nang tinh todn
nén s6 lin chay mo6 phong khong thé 16n duge. Theo kinh nghiém ngudi ta
Khuyén ring nén chay mo phong mot s§ it 14n véGi chidu dai mo6 phong 16n 16t
hon 12 chay nhiéu 14n v6i chi€u dai m6 phdng ngin. Bdi vi méi 1dn chay me
phdng phai t6n thoi gian nap diéu kién ddu, va lai n€u chiéu dai moé phong ngén
khong di mé ta dang diéu ciia hé thdng. Thong thudng s§ 1dn chay mé phong
ndm trong khoang 10-30 14n tuy thude do phidc tap cuia he thdng mé phong.

Nhu ching ta déu bi€t méi mot budc moé phong chi cho ta mot bo gid i
cac thong s¢ dng v6i diéu kien nhét dinh. Mudn c6 gid tri trung binh theo xdc
sudlt (k¥ vong toin, Means) cla cac thong s6 md hinh thi s6 bude méd phong
phai du 16n, tic chiéu dai mé phong phai di dai. Theo kinh nghi¢m chiéu dai
md phong phai khodng hang ngan budc tinh,
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Tuy thude vao muc dich mo phdng, vio dic diém cia hé théng duge moé
phong ma ngudi ta chon chiéu dai mo phong thich hgp, dam bao cho céc dit lidu
ddu ra 6n dinh.

9.7. Diéu kién khoi doéng (Starting Coditions) va nging mo phing
(Stopping Rules)

a) Diéu kién khdi déng tuy thudc vao muc dich mo phong. Didu kién khéi
dong chung nhét 13 diéu kién “hé théng dang con réng” (Empry and idle) c6
nghia la cdc su kién ddu vao chua xay ra.

C6 thé chon mot trong ba diéu kién sau day :

- Néu muc dich cia mo hinh 1a phéan tich hanh vi cla clia h¢ thong & trang
th4i 6n dinh thi trong qud trinh mo6 phdng phdi bo qua thoi k¥ qua do
(Transition Period), lic ndy diéu kién khdi dong chi tinh tir khi hé théng bit
ddu 6n dinh. '

- Néu muc dich ¢ciia mo hinh la phan tich hanh vi qua d¢ cla hé thong thi
diéu kién khdi dong chinh 13 diéu kién ddu cla hé théng.

bj Diéu kién nging mé phdng duge xdc dinh bdi mot trong cdc diéu kién
sau day tuy thudc vao muc dich mé phong :

- Khi thoi gian mé phdng (t8ng cdc thdi gian gifta cdc su kién) dat t6i gid
tri Xdc dinh. Trong trudng hop nay s8 sur kién ddu ra s€ khong xdc dinh trude va
trang théi két thic cha mé hinh c6 thé khong phai 12 trang thdi réng.

- Khi s6 su kién ddu vao dat t6i gid tri xdc dinh. Trong trudng hop nay mo
hinh s& dugc chay cho dén khi sy kién ddn vao cudi cing di qua va trang thai
ké&t thiic chia md hinh 13 trang théi réng.

- Khi s6 s kién dfu ra dat téi gid tri xdc dinh . Trong trudng hop nay trang
thdi k&t thiic ciia mo hinh ¢é thé khong phai I3 trang théi réng.

- Khi thong s& clia moé hinh dat t8i gid tri xdc dinh. Trong trudng hop nay
trang thai két thiic ¢cia m6 hinh c6 thé khong phai 12 trang théi réng.

9.8. Céch tao dong thoi gian mé phéng (Time - Advance Mechanisms)

Trong mé hinh mé phéng cdn c¢6 mot bign dé biéu thi thdi gian da tréi qua
cha quéd trinh mé phéng. Ngudi ta goi bién trong m6 hinh m6 phong dé tao ra
gid tri thoi gian mo phong la déng hé mé phong (Simulation Clock). Tai thoi
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diém bat ddu mé phong, déng hé mé phong dat thdi gian ¢ = 0. Sau dé déng hé
mo phong ghi nh4n dong thoi gian va chi ra bao nhigu don vi thdi gian da di qua
trong qua trinh mo phong. M6t don vi thdi gian trong mé phéng s& tuong \tng
v0i bao nhiéu thdi gian trong hé théng thue (giay, phit, gid, thdng, nam v.v...)
la do ngudi lap trinh dinh trude.

C6 hai loai thai gian mo6 phong :
- Thoi gian su kién (Next - Event Time)

Thai gian sy kién dugce tinh bing thoi gian d€ sy kién k& tiép xay ra. Nhu
vay thoi gian m6 phong duoc tinh béing cdch cich cong dén céc quing thoi gian
gila cdc sy kién xay ra trong qud trinh mé phong. Hinh 9.3 trinh bay céch bidu
dién thoi gian su kién. Trong d6, A;, A,... 13 cdc su kién, t;, 15... 12 cac thoi
di€m xdy ra sy kién tuong tng.

Thoi gian sir kién thudng duge diing trong mé phong céc sy kién gidn doan.
Vi du mo6 phong hé hang doi (xem Chuong 10), trong dé su kién gidn doan la
cdc khdch hang dén hé théng dé duge phuc vu.

A, Ap Aj Ay As Ag
/—YY_\/\//—\ -
L L . -
T 19 Iy ty s Is Thot gian t

Hinh 9.3. Cdch bidu dién théi gian su kién.

M6t 1dn chay mo phong déng hé moé phong duoc dat lai gid tri bing khong
va bat d4u tinh thoi gian m6 phong cho 14n chay mé phéng méi.

- Thot gian c6 dinh (Fixed - Increment Time)

Trong trudng hop mo phong ding thdi gian ¢6 dinh, déng hé mé phdng sé
tang lén nhitng quang thdi gian chinh xdc 1A Ar. Sau d6 s& xdc dinh xem trong
quang thdi gian A7 d6 cé bao nhigu sy kién x4y ra, xem hinh 9.4.

At At At A
A, A, A; A, As Thoi giant

Hinh 9.4. Cach biéu dién thei gian o6 dinh.

Thoi gian ¢6 dinh thudmg duge ding trong m6 phong céc he théng lién tuc,
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cac he kinh t€ xd hoi, trong d6 Ar 1a quing thdi gian cén khio sat vi du 1a mot
nidm ke hoach, mot nam tai chinh hay 13 quing thoi gian c6 dinh nao dé tuy
thuéc vao muc dich mo phong.

Bai tdp

1. Hay néu cdc vi dy v€ sy kién gidn doan trong cdc hé théng san xuit. Dac
diém cta cic su kién d6.

2. Hiy neu co ché tang thoi gian trong mé phdng cac sir kieén gidn doan.

3. Hay phan tich vai tro ciia diéu kién ddu trong mo phéng. Cdch x4c dinh
diéu kién ddu va thdi gian mé phong.
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Chuong 10
MO PHONG HE THONG HANG DOI

10.1. Khdi niém chung vé hé thong hang doi (Queuneing System)

Hé thong hang dgi la h¢ théng cé cac bd phan phuc vu (Services) va cic
khich hang di dén hé théng (Arriving Customers) d€ dugc phuc vu. Néu khi
khach hang dén ma c4c bo phan phuc vu déu bi ban thi khidch hang s& sip hang
dé doi duge phuc vu. Chinh vi vay hé théng nay cd tén 1a hé thong hang dgi. Ly
thuyét ton hoc dé khao sat cic hé hang doi duge goi 12 1y thuyét phuc vu dim
dong (cdc khdch hang duge coi 1a mot ddm dong dugc phuc vu). Trong hé hang
doi khich hang 13 su kién gidn doan x4y ra tai cdc thot diém ngdu nhién, vi vay
hé hang dgi thudc loai hé cdc su kién gidn doan.

Muc 10.2 trinh bay vé cdc thanh phdn chinh cia hé hang doi. Muc 10.3 néi
vé dong khdch hang. Muc 10.4 néi vé kénh phuc vu. Muc 10.5 trinh bay vé luat
sdp hang. Mucl0.6 néi vé thdi gian sip hang va chiéu dai hang dgi. Muc 10.7
néi vé hé théng hang doi M/M/1. Cuéi ciing, vi du minh hoa dugc trinh bay
trong muc 10.8.

10.2. Céc thanh phdn chinh ciia hé théng hang doi

Hinh 10.1 trinh bay hé thong hang dgi mét kénh phuc vu.

2 -0 000 O— & O—

Khdch hang Khich hang Khichhang  Kénh  Khdch hang roi
trong hang doi duge phuc vu  phuc vy khoi he théng

Hinh 10.1. Hé thong hdng doi mét kénh phuc vy.
Trong thuc t€ ¢6 r4t nhiéu hé théng ¢é thé duge xem 13 hé théng hang dgi.
Mo phéng hé théng hang doi nhdm dénh gid ning lyc lam viéc clia hé théng,

kha niang m4t khdch hang do phdi chd dgi 1au hodc khong con chd dé sip hang
dgi dén lugt duge phuc vu. Trén co s& nhilng phan tich nhu vay, ngudi ta thiét

134



ké& hé thong, chon s& lugng kénh phuc vu, nang sudt phuc vy, kich thude hang
doi v.v. nham dat dugc hiéu qua t6i wu.

Bang 10-1 trinh bay mot s6 h¢ thdng hang doi thuong gap.

Bdng 10-1

Hé thong Kénh phuc vu Khdach hang
Ngan hang Nhan vién ngan hang Khéch hang
Bénh vién Bic s§, y td Bénh nhan
Hé théng may tinh CPU, thiét bi vao ra Dit liéu
Day chuyén san xudt | Cong nhan, mdy méc San phim
Cang hang khong Dudmg bang, tram kiém sodt | Mdy bay, hanh khich
H¢ théng lién lac Dudmg day, nhan vién Khich hang
Siéu thi Qudy hang, qudy tra tién Khéch hang

Hé théng hing dgi ¢6 ba bo phan chinh la:

1) Dong khdch hang (Arriving Customers, Arrival Patterns). 12 cdc phén
tir, céc su kién di d&n he théng dé duge phuc vu - duge goi chung la khdch hang.
Dic trimg cho ddng khdch hang 1a cudng d6 dong khach hang A 1l don vi thoi
gian. Dong khach hang Ia mot dong céc sy kién gidn doan, ngdu nhién, do d6
khoang céch thdi gian gilfa cdc khich hang ciing 13 mot dai lugng ngiu nhién.

2) Kénh phuc vu (Server): 1a cdc b¢ phan d€ phuc vy khach hang, thuc hién
céc yéu céu cla khach hang. Thoi gian phuc vu (Service Time) va khoang thoi
gian giifa céc 14n phuc vu 12 nhitng bi€n ngdu nhien. Tuy theo hé thong cd mot
hay nhiéu diém phuc vy ma ngudi ta goi 1a h¢ théng mét hodc nhiéu kénh
phuc vu. Pac trung cho kénh phuc vu la ddng phuc vu v&i cudng d¢ phuc vu la
w1/ don vi thoi gian. Cudng do phuc vu 1a s6 khach hang duge phuc vu xong
trén mot don vi thoi gian.

3) Hang doi (Queue): 1a s6 khiach hang cho dén lugt phuc vu. Tuy theo s6
khich hang dén nhiéu hay it (cudng do A 16n hay bé), kha nang phuc vu (s0
kénh phuc vu, thdi gian phuc vy} ma s¢ khach hang phai doi trong hang doi
nhién hay it. Vi vay d¢ dai cia hang doi ciing 12 mot bi€n nghu nhién.

Pic trung cho hang doi ¢6:

- Chiéu dai hang doi: 1a s6 khéch hing c6 trong hang doi dang ch dé duge
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phuc vu.
- Thoi gian doi: 13 khodng thdii gian tir khi khdch hang dén hé thong dén khi
bat ddu dugce phuc vu. Thoi gian dgi ¢6 thé dugc han ché hoac khong han ché.

- Ludt sdp hang: a phuong thic chon khéch hang trong hang doi. Thong
thubng c6 cdc luat sap hang nhu dén uude duge phuc vu trude, dén sau duge
phuc vu trude, ngdu nhién, uu tién... Néu hé théng ¢é nhiéu kénh phuc vi thi
phai c6 ludt phéan chia khdch hang giita cdc kénh phuc vu.

10.3. Dong khdch hang (Customer)

Dong khédch hang 12 mét trong nhiing bo phan quan trong nhét cia hé théng
hang dgi. Mot s6 vi du sau diy la cdc dong khiach hang:

- Dong cdc cude goi cia moét tram dién thoat.

- Dong cdc thiét bi dién gia dung (ban 14, tivi, radio, mdy giit, ndi com
dién v.v...) ndi vao mang dién cung cép.

- Dong cdc hu hong xay ra trong hé théng may tinh, hé théng diéu khién

- Dong cic xe 6td dén tram sia chita.

- Dong bénh nhan dén khdm bénh , khich hang vio nha hang, siéu thi v.v.
Nhitng dong nhu vay duge goi 12 dong sy kién ngdu nhién ¢6 trang thdi

gidn doan xay ra k¢ ti€p nhau trong thdi gian lién tuc, xem hinh 10.2.

1 | | | |

t
Hinh 10.2. Dong su kién gidn doan.

Trén hinh 10.2 ching ta thiy diém g6c thdi gian 0f ¢6 thé 14y & bat k¥ diém
nao trén truc thoi gian. Cic dong khdch hang ma ching ta xem x£t trong chuong
nay thudng cé thé duge quy vé dong sy kién 181 gian. M6t dong t6i gidn c6 ba
tinh chét co ban sau: dimng, khéng hau qua va toa do.

- Dong ditng 1a dong ma xdc xudt xdy ra mét s§ sy kién ndo dé chi phu
thude vao quing thoi gian ¢ (xem hinh 10.2) chit khong phu thute vao vi tri ciia
quang thdi gian 1 trén tryc thoi gian, C6 nghia 14 trén dong dimg xdc sudt xay ra
su kién Id nhir nhau trén ;ufit truc thdi gian.

- Dong khéng héu qua 1a ddng ma cédc sy kién xay ra doc lap véi nhau, cé
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nghia 1a sy kién xdy ra tai thdi diém t; khong kéo theo su kién xay ra tai thoi
diém t, va nguoce lai.

- Dong toa d¢ 1a dong céc s kién chi xay ra tai mot toa do nhét dinh. Cé
nghia 1a tai mot thoi di€m chi c6 mot sy kién xay ra, xdc sudt dé cé hai hay
nhiéu sy kién xay ra citng mot lic 1a rat nhd c6 thé bé qua.

Chii ¥ réng néu si kién xay ra khong phdi 12 ngéu nhién ma theo mot quy
luat nao dé, vi du déu dan cdch mot khoang thoi gian T, nhimg dong nhu vay 1a
dong c6 haw qua. Ngudi ta chitng minh duoc ring tdng mot s6 di 16n dong
(dimg, toa do) cé hau qua han ché s& cho mot dong (8i gian (dirng, khong hau
qua, toa do).

Mot dong ding hoac khong ding, nhung khong hau qua va toa do dwoc goi
la dong Poisson. Trong dong Poisson cudmg do su kign 4 (s6 su kién xay ra trén
mot don vi thai gian) phu thude vao thai glan, wic A = A (t).

N€u A = const thi dong Poisson 1a dimg va lic nay trg thanh dong t6i gian.

Dong 16i gidn c6 vai trd quan trong trong viéc khio sit cic dong khich
hang vi cdc tinh todn dya trén dong t6i gian s& don gian va thuan loi

Xeét mot dong khéach hang 1A mot dong t6i gian, hinh 10.3:
Ay Ay Aj A, Ajyl

] B
I L

!
I
h t t {; fisl t
Hinh 10.3. Dong khdch hang:
ty, t3,...4;2 théri di€m céc khdch hang xudt hién;

Ay, Ay A khodng thdi gian giita cic khdch hang.
Do dong khich hang 1a dong t8i gian nen cudng dd khich hang (sé khich
hang trung binh trén mot don vi thoi gian) 2 hing s6

1
A= —— =const,
A

trong d6: M, - k¥ vong todn cla dai lvgng ngdu nhien A Ay AL

Ngudi ta chiing minh dugc néu dong khach hang 12 moét dong 161 gidn thi
khoang cdch giita edc khdch hang A; s€ 1a bi¢n ngdu nhién tuan theo luat phén
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phoi mil - expo(A).

Nhu vay néu dong khdch hang la dong t6i gian , thoi gian gilta cdc khidch
hang s& tuan theo luat phan phdi mii, gid tri trung binh cla né bing 14, trong
dé A - cuding do clia dong khich hang.

Nhur da trinh bay trén hinh 10.3, tai cdc thoi diém 1,, 1,,...¢; khich hang xudt
hién 1am cho trang thdi clia h¢ théng thay déi. Vi dong khdch hang la dong 161
gidn nén cdc thdi diém ¢;, #,,..; xudt hién hoan toan ngdu nhién khong phy
thudc 14n nhau, tir d6 suy ra qud trinh chuyén trang théi trong he thong ciing 1a
ngiu nhién khéng phu thudc vao cdc trang thél trong qud khit. N&u nhir nguyén
tic sip hang 1a FIFO thi chudi trang thdi ciia hé théng nhu trén duge goi la
chudi Markov. Chinh vi vay ngudi ta diing ky hi¢u M dé chi phan bd mi cla c4c
khodng tho1i gian gifta cdc khach hang.

10.4, Kénh phuc vu (Server)

M6t hé thong c¢6 thé c6 mot hodc nhiéu keénh phuc vy. Tuy tinh chat cia
khach hang ma thdi gian phuc vu khic nhau. Sau day 1a mot vi du vé thoi gian
phuc vu:

- Thoi lugng clia cde cudc goi clia tram dién thoai.

- Thoi gian gia cong cic chi tiét trén may.

- Thoi gian khdm bénh, diéu tri cho bénh nhan.

- Thoi gian tinh tién cho mot khich hang & siéu thi.

Thoi gian phuc vu 1a mot dai lugng nglu nhién. Sau khi khich hang dugc
phuc vu xong thi s& rdi khoi the théng va kénh phuc vu nhan ngay khich hang
méi dé phuc vu néu trong hang doi dang c6 khach hang. Nhu vay s6 cdc khach
hang duge phuc vy tao thanh dong phuc vu. Trong trudng hop thoi gian phuc vu
c6 phan phti mil expo{u), trong d6: g - cudng do dong phuc vu - 1a s6 khach
hang dugc phuc vu urén mot don vi thdi gian - thi dong phuc vu tao thanh mot
dong t6i gian va chudi trang thdi phuc vu 1a mét chudi Markov va ngudi ta ding
ky hieu M dé chi phan phdi mil clia thoi gian phuc vu.

Goi S}, S,... 1a thoi gian phuc vu. Vay:

1
M.i‘

# =
trong d6: M, 12 k¥ vong todn cla thdi gian phuc vu.
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Ngudsi ta thudmg diing cdc ky hiéu sau day dé€ chi cac hé thdng hang dei
khac nhau.

oM/ M/ I - Hé théng hang doi c6 | kénh phuc vu, ddong khich hang va
phuc vu la dong t6i gian.

oM / M /S - He théng hang doi c6 S kénh phuc vy, dong khdch hang va
phuc vy 1 ddng (61 gian.

oGl / G/ S - He thdng hang dgi ¢6 S kénh phuc vy, dong khdch hang la
dong su kién ngdu nhién doc 14p (GI — General Independenr) va dong phuc va
¢é phan phdi bat ky (G-General}.

Trong hé théng hing dgi ngudi ta thudng dinh gid kha nang clia hé théng
bing hé s& sir dung (Utilization factor).

p=t Doiveihe M/ M/ 1
1
A L

p=— Déivoihe M/ M/S
Sp

10.5. Ludt sdp hang
Luat sdp hang 12 luat lya chon khich hang d€ phuc vu. Trong h¢ théng hang
doi cé mot kénh phuc vu thudng c6 céc luat sip hang sau day:

o FIFO (First In First Out) - Khich hiang dén truéc dugc phuc vu trudc,
khich hang dén sau duge phuc vu sau. Luat F/FO thudng duge ding & nhiing
ndi nhu:

+ Séap hang trude qudy tinh tién cha sién thi.

+ S&p hang vio co s& dich vy, phuong tién van tai.

+ Céc thiét bi sap hang trén bang chuyén chdy dén lugt duge 1dp rép.
+ Céc chai sdp hang di vio m4y chiét bia v.v...

e LIFO (Last In First Qut}) — Khich hang dén sau duc_)‘c phuc vu trude. Lut
LIFO thudng duge dung o nhitng noi nh:

+ Ra khdi budng thang mdy: nguii vao sau cling sé ra trude tién.
+ Poc dif lidu trén bang ti: dir liéu ghi san s& dugce doc trude.

+ Hang hod dugc x€p vao thiing chira: hang x&€p sau cung (phia trén cing
clia thing chifa) s€ dugc 14y ra truge v.v...
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¢ Ngdu nhién: Céc khich hang déu c6 do wu tién nhur nhau va duge phuc vu
mot cich ngiu nhién. Luit niy thudng thay & cdc trudng hop sau:

+ Ly linh kién dién tir trong 6 ra d€ 14p rdp.

Ul tién: Mot s6 khich hang ¢6 mot s6 déc tinh nhét dinh s& duge phuc vu
truge. Ludt ndy thudng thay trong cdc truong hop nhu:

+ Phu nir, tré em va ngudi tan tat duge wu tién phuc vu trude.

+ Luat FIFQ, luat LIFO ciing 1a mét trudng hop dac biét véi ddu hiéu vu
tién 14 dén trude hodc dén sau.

+ Thon gian phuc vi ngan duge phuc vu trude (Shortest Job first). Vi du
trén nit giac thong xe nhéd gon di chuyén nhanh duge wu tién di trude so véi xe
to cong kénh di chuyén cham phai di sau, Bai todn ¢6 thai gian gidi ngin dwroc
mdy tinh chon d€ giai trudc.

10.6. Thot gian sdp hang va chiéu dai hang doi

Thoi gian sap hang 1a quing thdi gian khach hang ditng doi trong hang doi
chor dén Tugt phuc vu. C6 loai khdch hang ¢6 thé doi bao lau cing dugce, ngurge
lai ¢6 loai khdch hang chi ¢é thé doi trong khoang thai gian nhit dinh, hét thai
gian d6 khich hang s& roi bd hé théng, mac diu vin con chd dé dirng doi. Trong
trudng hep ndy h¢ théng s& mat khéch hang. D€ giam kha nang mat khéch hang
h¢ théng phai tang cudng d6 phuc vu hoic tang s6 kénh phuc VU

Chiéu dai hang doi 12 s6 khich hang ding doi dé duge phuc vy, Néu s6 vi
tri dé ditng dgi khong han ché thi chidy dai hang doi ¢6 thé daj bat ky. Nguoce
lai n€u 56 vi tri dé ding doi bi han ché thi chidu daj hang doi khong vuot quéd s6
da cho trudce. Trong trudng hgp nay néu khich hang dén ding vao lhic chiéu dai
hang dgi da ddy thi phai roi bd he théng va he théng s& bi m4t khach hang,
Chiéu dai hang dgi 1a mot dai lrgng ngdu nhién phy thugc vio cudng do dong
khiach hiang va dong phuc vu

Sau day dua ra cdch tinh thoi gian sdp hang va chiéu dai hang dgi.

Goi:

D; - thi gian sip hang cla khich hang thy 7;

S; - thoi gian phuc vu ciia khdch hang thi /;

vdy

W; = D; + §;- thdi gian chd doi trong h¢ théng ciia khich hang thi .

140



Q(t) - s6 khdch hang trong hang di tai thdi diém ¢,

L(1} - 56 khdch hang ¢6 trong hé théng tai thdi diém , (JL(t) = Q1) + 6
khach hang dang dugc phuc vu] .

Chiing ta ¢6 thé chitng minh dugc céc quan hé sau day [1]:

Thai gian sap hang trung binh:

Zws
d= lim & (10 - 1)

n—res H

Thoi gian ché doi trung binh trong hé théng

n

2w
w = lim =
n—ot Fl

(10-2)

Tri s6 trung binh khdch hang c6 trong hiang dgi, hay con goi 1a chiéu dai
trung binh cla hang dgi:

Q = Ad, (10 - 3)
trong do6: A - cudng d6 dong khach hang;
d - théi gian sdp hing trung binh.
Tri s6 trung binh khdch hang ¢6 trong hé théng
L= Aw, (10 - 4)
trong dé: @ - thai gian chd doi trung binh cha khich hang trong hé théng.

Xét he thong hang dgi M/ M / [ s6 vi tri trong hang doi hitu han va bing »
Trong trudng hop nay khi khdch hang dén hé thong ma tat ci vi tri trong hing
doi déu bi chi€ém chd thi khdch hang sé rdi bd hé théng. Ta néi h¢ thong mat
khich hang.

Cuong do dong khich hang 1a A. Cudng d¢ dong phuc vu 1a Trang thdi
cta he thng 13 U. Hinh 10.4 mé 14 trang thdi chia hé théng néu trén.

A
> » — —>, . —

Ui—vu U o, T,

y7

»

Hinh 10.4. Trang thdi hé thong hang doi MIMI1.
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Ching ta ddnh s6 trang thdi h¢ théng theo s6 luong khich hang c6 trong hé
théng (dugc phuc vu va dang doi).

+ U, - Diém phuc vu rdi (khoéng cé khich hang)
+ U, - Diém phuc vu ban (moét khich hang dang dwge phuc vu), khong ¢
khdch hang doi

+ U, - Diém phuc vy ban, mot khdch hang dogi

+ U, - Diém phyc vu ban, i-I khéch hang doi.

+ U,,; - Diém phuc vu ban, n khich hang doi

Pos P1» Preve Pusp - Xéc sufit dé he thng & trang thai Uy, Uy, Uy, U,y

Tir hinh 10.4 ta ¢6 thé viét:
A= upy
Apy = Hp2 (10-5)
Apig = HDi

Tl d6 ta ¢é cac quan hé sau:

A
Pr=—pry
H

’ —[ijzp
2 P o
gl
P3=|—| Po
H

n+f
;b +
Prri =[—) Po (10-6)
T

Chii ¥ ring téng xdc sudt cdc trang thai cla hé thdng (trir trang thai Uy Ia
trang thdi khong c6 khdch hang) luon luon bing 7, ta cé:
Pi+pPrtpi+. Pryy=1
D& dang tim dugc sdc Xxudt p, 12 xdc sudt he thdng rdi, khong cé khach hang:
1

i [/1]2 [lJnH’
I+ —+|— | o —
po\uj \u

Po= (10-71
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Miu sé cta (10-7) 1a mot cdp s6 nhén ¢6 cong boi A /i, do d6 c6 thé viet;
1

= n+2 (10-8)
-G
# H
14
Po= £ (10-9)

n+2

2)

J7

Chii ¥ rdng xdc sudt p,,, 12 Xdc sult xdy ra trang thdi tat ca n vi trf trong
hang dgi déu c6 khich hang ding doi. Lic nay cé khach hang méi dén thi s& rai
bo hé thong. Vay xdc sudt dé hé théng bi m4t khach hang P, s& 1a:

Po=past
Thay (10-9) vao (10-6), ta ¢6 thé viét:

A

n+2 n+t 1-—
A A
Py =ppai =(;} Po =('—] —# (10 - 10

H n+?
-(3)
7

Trang thdi ngugc v6i trang thdi mat khdch hang chinh 14 trang thdi phuc vu.
Vi vay kha ning phuc vu tuong déi ctia hé théng duge ddnh gis bing xac sud:

"

i n+/
P,=1—PU=1~[—] — (10 - 11)
H
7
Kha nang phuc vo tuyét d6i duge ddnh gia bing cong thirc sau:
A=AP, (10 - 12)
Gid tri A 14 s6 khdch hang duge phuc vu trén mot don vi thoi gian:
Chitng ta cfing ¢6 thé chimg minh duge réng gid tri trung binh s6 khich
hang cé trong hang doi @ 1a:
2 n
ol
Iz 7 K

0= (10 - 13)

-]
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Theo (10 - 3) thoi gian sdp hang ch® doi trung bink d

d== 10- 14
1 ( )

Thoi gian trung binh cha khdch hang & trong hé théng @ = thai gian sép
hang trung binh d + thoi gian trung binh phuc vu ¢,

Thoi gian trung binh phuc vu ¢, bang thdi gian phuc vy mét khach hang 7/u
nhan véi kha nang phuc vy cta hé théng P, , tic:

r_‘.:iP, (10-15)
M
Vay ta cé:
w=d+1, (1G - 16)
Thay (10-14) va (10-15) vao (10-16) ta cé
.fu:g+i (10-17)
A u

S6 khdch hang nam trong h¢ théng L bing s6 khdch hang nim trong hang
dgi Q cong voi s6 khdch hang trung binh dang duge phuc vu 7,

Tacd: I, = At

Thay (10-15) vao biéu thic trén ta duoc

1, =2p, (10- 18)
H

Viy s6 khach hang trung binh nidm trong hé théng la:

L=0+2p, (10 - 19)
7

Biéu thitc (10-19) chinh 1a ta thay (10-17) vao (10-14).

Vidu: Mét tram slra chita 6t6 c6 mot diém sira chita. Bii dé xe chd phuc vu
chida dugce 3 xe, tiic # =3.

Cudng do6 dong xe dén slra chira 4 = 1 phiit

Thot gian sira chita 1 xe 6t6 1a: 1,25 /phuit

Hay xdc dinh:

- Xdc sudt tram mat khich hang: P,
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- Kha niing phuc vu tuong déi va tuyét déi: PrvaA

- Tri 8 trung binh s§ 6t chd phuc vu: O

- Tri 6 trung binh s& 6t6 ¢6 trong tram (tai mot théri diém); L

- Thai gian trung binh 616 chd trong hang: 4

- Théi gian trung binh 616 ¢é mat tai & tram sira chira: o

Gidi:

Tram stra chita 6t6 néu trén ¢6 thé duge mo ta bing mé hinh M/ M / ] véi
d6 dai hang dgilan = 3.

Cudng do dong phuc vu: 4 =1/1,25 =08

Theo (8.10) tinh dugc xdc sudt tram mat khdch hang Py, ¢ néu da c¢é 3 xe
dang chd sita chita thi xe ti€p theo s& di qua ma khong vao tram d€ sta chifa nita.

n 1-(A/
Py = puyy =A™ _f:”_n)”
1- ()
P, =(1/08)* LI—IO‘—Sszo,zg?
I-(1/0,5)

- Theo (10-11) tinh duge khé nang phuc vu twong d6i
P;=1-P,=0703
- Theo (10-13} tinh dugc tri s6 trung binh s6 616 chd phuc vu (sép hang): Q

1/(08)* [1-(1/08)*G+1-3(1/08))

= 1,56
[1—(1/0.8)5 ](1—1!0,8)

- Theo (10-19) tinh dugc tri s6 trung binh s6 616 c6 mit trong tram sia
chita, L

L=Q+A/m.P;=15+1/0,8.0703 =244

- Theo (10-14) tinh duge thdi gian trung binh 6t6 cho trong hang 4
d=Q0/A=1,56/1=1,56phit

- Theo (10-17) tinh duoc thoi gian trung binh 616 c6 mat & tram stra chita @
0=Q/A+P;/p=1,56+0703/08 =2,44 phit

145



10.7. f1é thong hang doi M | M [/ 1 ¢6 db dai hang doi khong han ché
(n - o)

Sau day xét cdc dac tinh cia he théng khi n — oo, luat sdp hang FIFO.

+ Khé nang phuc vu P;

Khi # — o biéu thitc (10-11) tién 151 P; =1. Diéu nay cé thé dugc giai
thich 13 néu luat sip hang 1 FIFO va d¢ dai hang doi khéng han ché& thi it ca
cdc khdch hang déu duge phuc vu cho nén kha nang phuc vu P, = 1, tic 100%
khéach hang dén hé théng déu duge phuc vy.

+ Xac sudt m4t khdch hang ciia hé théng P, = 0
+ Do dai trung binh caa hang dgi (10-13) khi n — oo la:

(A1 1)*
AT 10 - 20
¢ =4/ ( )
+ Tri s6 trung binh s6 khdch hang c6 mit trong he thdng, (10-19) khi n —
=M (10-21)
1-(4/ 1)

+ Tri s6 trung binh thdi gian khdch hang ch& trong hang doi, (10-14) khi
n—» ®

2
Sl Glw

= M) (10 - 22)
Al=(A] )

+ Tri s6 trung binh thoi gian khdch hang ¢6 mat trong hé théng (10-17) khi
H—» X

w1
AMl=(A/ ) n

Céc hé théng hang doi dugc xem xét & trén déu gia thidt rang thivi gian chy
doi trong hang dgi 13 khong han ch€ . Trong thyc t€ ¢d nhitng hé théng ma thai
gian chd dogi bi han ché€ d < D, - Trong d6 D, 1a thdi gian cho phép doi trong
hang dgi. Trong trudmg hop nay tuy chiéu dai hang dgi khéng han ché, nhung hé
théng vin ¢6 kha ning mat khich hang néu thai gian trung binh chd doi d >D,)

Vidu:

(10 - 23)

- C4c khiach hang clia mot tram ban xang néu phai sip hang lau s& bo di
sang tram khic.
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- Tran dia phdo phdng khong (kénh phuc vy) phai phan tng kip thdi trong
mdt quang thoi gian nhat dinh (thoi gian phuc vu) néu khong mdy bay déi
phuong (khich hang) s& rdi bo tran dia phéo.

- Cédc khdch hang vao ctra hang an nhanh néu phai ch¥ doi lau s& b di sang
cla hang khéc.

10.8. Vi du minh hoa vé hé théng hang doi

M6 phong tram sita chita 6 t6 (Xem vi du & muc 10.9)

1. Mé td d6i tirgng mé phong

Mot tram sira chifa 6t0 ¢6 mét diém sira chita (phuc vu). Bii dé xe phuc vu
chia duge 3 xe, tlic n = 3,

Cuong do dong xe dé€n sira chita , A = 1/phit. Thdi gian trung binh d€ sira
chifa mot xe 6t6 14 1,25 phuit.

Hay mo phong hoat dong cha tram trong quang thdi gian T = 240 phuit, dé
xdc dinh cdc chi tiéu sau day:

- 88 xe dén tram sira chita

- 88 xe dugce phuc vu (dugc sira chira);

- S8 xe phai & bo tram vi khong c6 ché dé sip hang chd dén luot sira chita:

- Xdc sult mat khach hang, Py,

- Kha ning phuc vu twong d6i , P;;

- S8 xe trung binh trong hang doi , Q;

- Thoi gian doi trung binh, d;

- Thoi gian trung binh xe c¢6 mit tai tram (théi gian sip hang + thoi gian
phuc vu);

- Riit ra cdc kién nghi cin thiét.

Nhi¢m vu mé phong trén day da dugc trinh bay & vi du trong muc 10-9 & vi
du nay di ding céc biéu thirc gii tich d€ giai bai todn. O day ching ta ding
phuong phdp mo phong dé giai quyét cung bai todn néu trén nhim so sénh giita
hai phuong phép.

2. Cdc diéu kién ddu

- Dong xe 6t6 dén tram sira chita duge coi 12 ddng 16i gidn, ¢6 cudmg do 4 = /
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xe/phit. Nhu vay khodng cdch gilta cdc xe d&n tram ¢ phan bo mi cé thong sé
1a A

- Tram c6 ba ché dé xe sip hang ch& phuc vy, n = 3. Vay do dai hang doi
bi han ch€ bdi n = 3, nhung thi gian doi khong bi han ché.

- Thoi gian sira ¢hita trung binh bing 7,25 phit, vay cudng dé dong sira
chita bang x#= 1/1,25 = 0,8 1/phit

- Thoi gian stra chifa 13 dai lugng nglu nhién tuin theo luat phan bé mi cé
théng s6 la u .

- Piéu kién kh&i dong mé phong: tai 7 = 0 hé théng réng, tic khéng c6 xe
trong diém sita chita, va cling khong cé xe trong hang doi

- biéu ki¢n nglmg mo phong 14 thdi gian mo phong T, = 240 phiit
N
Tmp = Z Ik
K={

trong d6: 4, - Khoang thoi gian gitta xe thi {k—/) va xe thit (k) c6 nghia la thai
gian mo6 phong dugc tang 1&8n sau mdi Idn xay ra mot sy kién méi 1a ¢é mot xe
dén tram stra chira.

3. Cdc k¥ hiéu trong chuong trinh mé phong

Ay — S8 thit tu clia cdc xe dén tram sira chifa;

T — Khoang th¥i gian gilta xe thit (k-1) va xe thi (k), phiit;
Sy - SO xe duge phuc vuy;

0 - S6 xe cé mait trong hang doi tai cdc budc mo phong;
0, — 56 xe di sip hang trong hang doi;

M — S6 xe phai roi bo tram tite s6 Khdch hang ma tram bi mét vi khong di
chd dé sip hang ch® phuc vu.

Tiép theo 1a chuong trinh mo phdng tram sira chita 616 M/M/I viét bing
ngoén ngit Pascal.

4. Chitong trinh mé phong Pascal
program MO_PHONG_TRAM_SUA_CHUA_OTO
uses ctr;

var k, g, gl, m, al, sl, qtb, d,i: integer;
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u, n, a, s, stb, ai, si, 1d, mu, t, td, ts, tw: real;

f: text;
PROCEDURE Print (l:integer; var f: text);
BEGIN
IF L=0 THEN
BEGIN
clrser,;
gotoxy(1,2); write(f,'Ak"); gotoxy(17,2);
write(f,"Tk'); gotoxy(30,2); write(f,'S1"):
gotoxy(42,2); write(f,'Q"); gotoxy(54,2);
write(f,'Q1"); gotoxy(66,2); write(f, M'};
writeIn(f,"y;
END;
IF L=1 THEN
BEGIN
gotoxy(1,3+1); write(f," ', al:3); gotoxy(15,3+i);
write(f, ', a:8:4); gotoxy(30,3+i); write(f,' ", s1:2);
gotoxy(42,3+i); write(f, ', q:1); gotoxy(54,3+i);
write(f,' ', q1:3); gotoxy(66,3+i); write(f,' ', m:3);
writeln(f,' );
END
PROCEDURE Print_to_screen:
BEGIN
ir=i+1;
Print(1,f);
IF (k MOD 20=0) AND (k <> 0) THEN
BEGIN
i:=0;
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END:;

PROCEDURE Initial;

BEGIN

clrser;

q:=0; ql:=0; m:=0; al:=0; s1:=0;
d1:=0; qtb:=0; 5:=0; stb:=0; a:=0;
Write('CUONG DO DONG KHACH HANG:");Readln(1d);
Write(CUONG DO PHUC VU:');ReadIn(mu);
t:=240;

END;

PROCEDURE Simulation;
BEGIN

k:=0;

Print{0,t);

1:=0;

u:=frac(0.37843);

a:= -In(u)/1d;

s:=a;

REPEAT

IF a<s THEN

BEGIN

al:=al+1,

IF g>= 3 THEN m:=m+1;

ELSE

BEGIN

q:=q+l;

ql:=ql+1

qthr=qtb+1;



d:=d+1;

END:;

ki=k+1;
Print_to_screen;
u:=frac(u*37);
a:=a+{-In(u)/1d);
END

ELSE

BEGIN

IF k<0 THEN sl:=sl+1;
u:= frac(u*37);

IF a =s THEN
BEGIN

al:=al+l;

k:=k+1;
Print_to_screen;
ar=a+(-In(u)/ld);
stb:=s+{-In(u)/mu);
END

ELSE IF q=0 THEN
BEGIN

al:=al+1;

ki=k+1;
Print_to_screen;
s:=a+(-In(u)/mu);
a:=a+{-In{u}/1d);
sth:=stb+(-In(u)/mu);
END
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ELSE

$:=s+(-In{u)/mu);

sth:=sth+(-ln(u¥/mu):

IF q>0 THEN

BEGIN

q:=q-1;

END;

END;

UNTIL a>t;

td:=qtb/(d*1d);

ts:=stb/s1;

tw:=td+ts;

clrser;

writeln(f,'SO XE DEN HE THONG @al,
[xe]);

writeln{f,'SO XE DEN DUOC PHUC VU Ot [xel;

writeln(f, TONG SO XE XEP HANG ql,)
[xe]);
writeln(f, TONG SO XE ROI HE THONG Ym,’ [xe]);

writeln(f,’SO XE TRUNG BINH TRONG HANG POl 2, Qtb/d:4:3,
[xel);

writeln;
writeln(f,’XAC SUAT MAT KHACH HANG Yumfal:4:3) (%))
writeln(f, KHA NANG PHUC VU TUONG DOI dsl/fal:4:3)  [%]):
writeln;
writeln(f," THOI GIAN DOI TRUNG BINH

', Tdfrac(Td):4:0, [phut]');
writeln(f, THOI GIAN PHUC VU TRUNG BINH :', Tsfrac(Ts):4:0,' [phut]");
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writeln(f,"THOI GIAN TRUNG BINH TRONG HE THONG',
Tirac(Tw):4:0, [phut]’);

END;
BEGIN

Assign(f,'a:yp\Thai.txt');

rewrite(f);

Initail;

Simulation:

close(fy;
END.
Két qud sau khi chay chuong trinh
e Trang thdi cla hé théng qua ting bude md phoéng
Ak Tk (phity St Q Q1 M
1 0.9717 0 0 O 0 (616 ddu tién dé€n tram. He thong dang réng)
2 7.2324 0 1 1 0 (trong hang doi c6 mot xe)
3 98821 2 0 1 0 (cd2 xe duge phue vu)

16 24.4177 11 3 12 1 (¢é 16 xe dén hé thdong, da duge phuc vy 11 xe,
dang phuc vy 1 xe, trong hang doi c6 3 xe, vi
hang doi da ddy nén cé 1 xe phai 1o he thong)

235 236.6916 156 3 140 75 (he théng 43 1am viéc 236.6916 phiit, ¢6 235
xe dén he théng, 156 xe dugc phuc vu, 3 xe dang trong hang doi, 140 xe da sip
hang, 75 xe phai rdfi hé théng vi khong con chd d€ sap hang).
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¢ Keét qua sau khi két thic mé phong do chuong trinh in ra:

SO XE DEN HE THONG 1235 [xe]

SO XE DUOC PHUC VU 1156 [xe]

TONG SO XE DA SAP HANG 1140 [xe]

TONG SO XE PHAI ROI HE THONG 1 75 [xe]

SO XE TRUNG BINH TRONG HANG DOI : 1.558 [xe]
XAC SUAT MAT KHACH HANG :0.319 [%]

KHA NANG PHUC VU TUONG DOI 1 0,664 [%]
THOI GIAN DOI TRUNG BINH : 1 [phut]

THOI GIAN PHUC VU TRUNG BINH : 1 [phut]

THOI GIAN TRUNG BINH XE CO MAT TRONG H.T : 3 [phut]

s Nhin xét

Két qua mo phdng gin giong vdi ket qua clia phuong phip gidi tich cho & vi
dy trong myc 10.5. Uu diém ctia phuong phdp mo6 phong 1a ¢6 thé quan sat
trang thai cia he théng qua timg budc mé phong, tir dé c6 thé dua ra cdc nhan
x€ét va bi¢n phdp dé cai ti€n hé théng. Trong khi dé phuong phdp giai tich chi
chi két qua tdng qudt cudi cling ma théi.

Chu ¥ ring ngay nay c6 nhiéu phdn mém dé mo phéng he théng hang doi
rdt thuln ti¢n, ching ta khong phdi viét chuong trinh mo phong nhu & trén nita.
Mot trong nhitng phdn mém nhu vay 12 phdn mém SIGMA (Simulation
Graphical Modeling and Analysis System), xem & Chuong 11 muc 11.6.

Bai tip

I. Héthong M/ M | | Tram 616 buyt

Hanh khéch dén tram 6t6 buyt v6i cudng do A = 3 hanh khdch / phit va sap
hang dé chd lén xe. Vi tri danh dé sap hang khong (hoac ¢6) bi han ché. Ci sau
3 phit c6 mot 6t6 buyt dén tram. Mdi chuyén 6to buyt chd duoe 50 khach hang.
Hay mo phong tram xe buyt sau | gid hoat déng. Tinh tri s& trung binh khich

hang phai chd treng hang dgi. (Xem thém vi du Tram xe buyt sinh vién &
Chuong 5).
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2. Hé thong M | M/ 1 Cdng bién

Tau bién di dén cing véi khodng cdch la quing thdi gian ngdu nhién c6
phan bd mil expo (4). Gid tri trung binh clia khoang thdi gian giita cac tau bién
1a 1,25 ngay - do d6 suy ra A = /1,25 = 0,8. Cang ¢6 mot cén truc dé b6c da
hang hod. Khi dén cang, néu cdn truc dang ban thi tdu bién s& sdp hang theo luit
FIFO. Thoi gian béc d& hang (thdi gian phuc vu) cla can tryc phy thuodc vao 56
luong hang hod ciia tdu bién. Thoi gian bdc d& hang trung binh cho mot tau la
1,5 ngay. Vay thoi gian phuc vy ¢6 phan b8 mil expo (u} v6i p = 1/1,5 = 0,66.
Hay mo phong hoat dong cla cang va xdc dinh xem lieu c6 cin thém cin truc
thit hai dé tau bién khong phai sip hang ch¥ qua mét ngay.

3. Héthéng M/ M/ 5 Siéu thi

Khéch hang dén siéu thi s& 1dn luot thie hién cdc dong tac sau:

L4y gid dung hang. Chon hang trén cic qudy. Tinh tién. Rdi khoi sieu thi.

Déng khich hang dén sigu thi 12 mot dong 161 gidn c6 cudng do A khdch
hanglphiit.

Gia thiét 56 gid dung hang khong bi han ché€ nén khdch hang dén sieu thi la
1ap nc vao sieu thi chon hang khong phdi sip hang. S6 hang duge chon mua Xép
vio cde gid 13 s6 ngiu nhién phy thude vao ting ¥ thich cia khdch hang.

Sau khi chon xong hang, khéch s& dén mét trong nam quay kiém hang va
tinh tién (siéu thi cé 5 kénh phuc vu). Néu qudy bin khdch hang s& sap hang
theo luat FIFO va chd dgi cho dén khi duge phuc vu mdi thoi, tic th&i gian chd
khong han ch&. Thoi gian phuc vu che mot khdch hang la dar luong ngdu nhién
phu thuée vao s6 lugng va do phic tap ki€m hod clia nhiing hang hod khich da
chon. Thai gian phuc vu ¢6 phan bd mii, cudng do phuc vu la u khdach
hanglphiit. Sau khi duge phuc vu xong khach hang s2 r3i khoi siéu thi . Hay mo
phdng hoat dong clia siéu thj sau 4 gio 1am viéc. Xdc dinh tri s8 trung binh
khdch hang sip hang trong hang dgi chd tinh tién. Liéu siéu thi c6 cdn phai m&
thém quiy kiém hang nita khong ?

4. Hé thong M I M [ 10 tram dién thoai

Mot tram dién thoai gédm c6 10 kénh lién lac. 86 khdch hang goi dién thoat
12 mot dai luong ngiu nhién, doc 1ap. Vi vay khoang céch gilta cdc khich hang
tuan theo phin b6 mii. Khi khdch hang goi dén néu con kénh 1éi lap tic duge
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phuc vu -tiic duge néi thong mach dé thuc hién dam thoai. Néu ca /0 kenh déu
ban khdch hang phai sip hang chd dén luot theo luat FIFO.

Thoi gian dam thoai cia khéch hang - titc thdi gian phyc vu - 12 mot dai
lugng ngdu nhién tun theo luat phan bé mii.

Vén dé dat ra & day 1a phai xdc dinh s6 kénh phuc vu bang bao nhieu dé
thoi gian chd doi clia khdch hang khong vuot qua gid tri cho phép

5. Hé théng M I M/ 2 - Tram sita chita 616

M@t tram sira chita 6t6 cha thanh phd g0m ¢6 (xem hinh 10.5)

- Mot ban kiém tra

- Hai qudy sira chita 6t6 1am viéc song song

Khoang cdch giita cdc 616 dén tram sira chira tuan theo luat phan bd mi v&i
gid tri trung binh bing 2 gid.

Ban kiém tra

0,7
— 000 O -
Hang doi 1 Quay sira chira
0,3
—»-
-
Hang dgi 2

Hinh 10.5. Tram sita chita 6t6.

Thoi gian kiém tra twan theo luat phan b déu gira /5 phir dén 1,05 gio.
Oto sép hang trude ban kiém tra theo luat FIFO. Qua kiém tra ¢é 70% oto
khéng phai slra chita va 18p tifc 1di khéi tram. C6 30% ot6 phai dua di slra chifa,
dén sép hang trude 2 qudy sira chita lam viée song song. Luat sip hang vio qudy
stra chita 14 FIFO. Thdi gian sira chifa 6t6 tuan theo ludt phan b déu giita 2,/
giava 4,5 gie.

Hay mé phéng tram 1am viéc trong 160 gidy va tinh:
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- Tht+i gian dgi trung binh trong m6i hang dgi

- Chiéu dai hang dgi trung binh ctia méi hang doi

- Hidu sudt sir dung ciia ban kiém tra

- Hiéu sudt sir dung cha qudy sira chita

- Néu gid tri trung binh ciia khoang cich gita cac 6t6 dén tram sta chita
giam xudng con 30 phit, Didu gi sé xay ra?

6. Hé thong M/ M/ 1 - Phdn xwdng gia céng co khi

Mot phan xudng ¢é mot cong doan gia cong co khi va moét ban kiém tra
nhu & hinh 10.6.

Hang doi 1 Hang doi 2 0,9 tot
Cong doan '
O O—Aswema OO O [
khi
Ban kiém
tra

Hinh 10.6. Phdn xuong gia cong co khi.

Cic chi tiét mdy dua dén cong doan gia cong co khi c6 khoang cidch tuan
theo 1uat phan bd mil va ¢6 gid tri trung binh bing I phit. Thoi gian gia céng co
khi chi ti€t may tuin theo luat phan b6 déu nim trong khoang 0,65 dén 0,7 phiit.
Thoi gian kiém tra san phdm tuean theo luit phan b8 déu ndm trong khodng 0,75
dén 0,8 phit.

C6 90% san phdm dat loai t6t duge dua di déng g6i, cdon 10% san phim 1a
loai xau sé& duge dua trd vé gia cong lai.

Gia thiét rang s6 chd doi cha hai hang doi 1a khong han ché

Hay mo6 phong he thdng lam viéc trong quing thoi gian 240 phiit va tinh.
- Thoi gian doi trung binh trong cdc hang doi

- Chiéu dai hang dgi trung binh cita cdc hang doi

- S6 san phdm phai gia c6ng lai.

7. Hé théng M I M/ 3 - Hé thong xie ly tin

Mot hé théng x{ 1¥ théng tin bao gébm mot kénh truyén tin, mot bo dém
(buffer) va ba mdy tinh (xem hinh 10.7}.
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Cam bién Kénh truyén Bo dém

> S

Hinh 10.7. Hé théng xit Iy théng tin.

Tin hiéu tlr cAm bién di vio kénh truyén tin véi khodng cdch trung binh 13 5
microsec.

Tai bo dém cdc tin hi¢u duge x{t 1y so bo véi thai gian 10 microgidy cho
mot tin hi¢u. Sau d6 tin hi¢u duge dua vio xir 1y & mét trong ba mdy tinh. Thei
gian mdy tinh xir 1y mot tin hidn mat 33 microgidy.

Hiy mo phdng qud trinh xit 1Y thong tin khi cé 500 tin hi¢u tir cim bién
dua tdi va tfnh:

- Thoi gian trung binh tin higu phai chd trong bé dém trudc khi duoc dua
vao mdy tinh dé x{t 1y.

- Chiéu dai trung binh hang dgi ciia cdc tin hiéu trong b6 dém.

- Xdc sudt bo dém bi tran, biét rang dung lugng ctia bo dien 1a 30 tin hiéu

Di€u gi s€ xay ra khi tang t6c do xit I tin hiéu cia céc mdy tinh lén 25
microgidy/tin hiéu,
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Chuong 11

UNG DUNG MATLAB - SIMULINK VA
CAC PHAN MEM CHUYEN DUNG TRONG MO PHONG

11.1. Khdi niém chung vé MatLab va Simulink

Nhu 43 trinh bay & cdc chuong trude day, phuong phdp mo phong duge ding
dung vao nhiéu Iinh vuc khic nhau. C6 rat nhiéu cdc phidn mém chuyén dung
dugc phat trién cho mé hinh hod vd mé phdng nhy Simnon, 20Sim, Alaska,
Pspice, Sigma v.v... Mot trong nhitng phin mém dugce dng dung rong rdi nhét
hién nay 1a Matl.ab .

MatLab dugc phdt trién bdi Cong ty Math Works Inc., 12 ngbn nglt miy
tinh bac cao dugc phat trién cho tinh todn k¥ thuit. N6 tich hop cdc chite nang
tinh todn, hién thy va 14p trinh trong moi trudng dé st dung. Cic fing dung co
ban clia MATLAB bao g6ém:

- Lam cdc phép todn;

- Phat trién thuat toan;

- Thu thap dit liéu;

- M6 hinh hod, mo phdng va tac miu;

- Phan tich dif liéu, khai thdc va hién thi;

-D6 hoa;

- Cac phéat trién \ng dung.

MatLab 14 hé thong tuong tic trong dé dit liéu co ban 1a mang (array)
khéng yéu cdu dinh trudce kich thude. Cic chuyén nganh k¥ thnat nhu dién, dién
tlr, diéu khién ty dong, ky thuit co khi, ning lugng, hod hoc..., cdc chuyeén
nganh todn tng dung nhu k€ todn, thong ké va va chuyén nganh nghién citu sinh
hoc I nhitng dia chi (ing dung quen thudc chia MatLab. Trong cong nghiép,
MatLab 12 céng cu dé chon cdc nghién cifu hiéu qua, phét trién va phan tich.

Thu vién todn hoc clla MatLab bao gém mot tap 16n cdc gidi thuat tinh todn
bao ham tir cdc ham co sé, cdc tinh toan cho s§ phic t6i cdc ham phitc tap hon
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nhu ddo ma tran, bi€n déi Fourier. Ngoai ra, MatLab con cung cdp mot s6 khoi
chuyén dung dac biét khdc d€ giai cdc bai todn chuyen sau duge phit trién trong
cdc ToolBox va Blockser nhu sau:

Fuzzy logic Toolbox Logic m&

Neural Network Blockset Mang Noron

Power System Blockset Cédc hé théng cong sudt
Realtime Workshop Ghép néi v&i thiét bi ngoai vi
Simmechanics Mo phong cdc hé dong lue hoc

Ngoai ra, MatLab ¢6 nhitng chitc nang bac cao cho hi€n thi dir lieu hai
chicu, ba chiéu, xir 1y anh, dé hoa hoat hinh va bi€u dién dé hoa.

SIMULINK 1a m6i trudng mo6 phong dua trén nén MatLab va 13 cong cu
dang cho thi€t ké trén co s& mo hinh. Ngudi sir dyng cé thé xay dung mé hinh
tir cdc khoi chitc nang trong thuw vién cha Simulink hoac tao riéng cdc khoi
chuyén dung thong qua S-functions. Cic mo hinh trén Simulink ¢6 thé tao dang
phan cdp, ngudi sit dung cd thé xay dyng m6 hinh theo chiéu tir tng quan dén
chi ti€t hodc nguge lai. Sau khi tao 14p mo hinh, ban ¢4 thé chay mo phong tir
clra s6 1enh clia MatLab hoac tir cic Menu trong béan than Simulink va quan sdt
k€t qua mo phong trén cdc khéi hién thi mot cdch online. Mat khac, két qué cla
chuong trinh moé phong trén Simulink c6 thé duge dua vao Wok%pace clia
MatLab dé quan st va hau xir ly.

MatLab - Simulink 12 mot phin mém diing dé gii cdc bai todn k§ su trong
nhiéu linh vyc khdc nhau. Do khuon khé ¢6 han cia cudn sich, chiing t6i khong
trinh bay chi tiet vé MarLab-Simulink ma chi tap trung vao gidi thiéu viec ting
dung MatLab - Simulink trong mo phéng cdc h¢ théng diéu khién ty dong. Dé
nam ving va sir dung t6t phdn mém nay ban doc c6 thé tham khdo céc t3i lieu
nhu [14, 21 ]. Ngoi MatLab - Simulink ra, chuong 11 con gi6i thiéu thém hai
phin mém chuyén dung khdc thuong ding trong mo phéng 1 PSPICE va
SIGMA.

Muc 11.2 gi6i thiéu chung vé phin mém MatLab va ung dung trong moé
phdng hé di¢u khién ty dong. Muc 11.3 gidi thi¢u vé Simulink va m6 phéng céc
hé thong dong hoc. Muc 11.4 dva ra cdce vi dy iing dung Simulink mo phong céc
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he théng dién co. Muc 11.5 trinh bay vé Simmechanics- mét Too!Box rét hitu
hiéu cua MatLab. Muc 11.6 gidi thigu phin mém PSPICE va ing dung trong mo
phong cdc mach dién tir cong sudt. Muc 11.7 gi6i thieu phdn mém SIGMA ding
dé mo phdng hé hang dai.

11.2. Gidi thiéu vé g dung MatLab trong mé phdng hé diéu khién tu
déng

11.2.1. Ung dung ciia MatLab d¢ phan tich va khdo sdt hé thong diéu
khién re dong

Trong phdn ndy, ching ta s& biéu dién mot s& lénh trong Control System
ToolBox thudng dugc st dung khi phan tich cdc hé diéu khién kinh dién. Ham
truyén G(s) duge dura vao tir s6 B(s) va méu s A(s) riéng dudi dang cdc da thiec.

a. Mién thoi gian

Chat luong clia hé thng tu dong didu khién trong mién thdi gian thudng
duge danh gia dua trén ddp Ung thoi gian Wng vdi cdc tin hi¢u vao khic nhau.

Vi du 1 dudi day s& minh hoa ddp fing cla hé théng véi ham truyén
Gfs) = 10/(s* + 2s + 10) trong thdi gian tir 0 dén 10 giay, thoi gian 14y miu 1a
0,1 s ing véi 3 truomg hop: (1) tin hieu ddu vao 1a budc nhay, (2) tin hiéu dau

vao 1 xung hodc (3) tin hiéu ddu vao 1a ngdu nhién.

Chuong trinh viét dudi dang Scripts
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W Editor - CAMATLAB7\work\GTMH1 |

D

W O ~J ov 0 b W N =

el e e
o b W=D

-
1]

num=10;den=[1,2,10];

& oe=[030,1410)" 2

- hold off:

- y=impulse (num,den,t);

= subplot(3,1,1); plot(t,y,'m'):

o title('Dap ung voi tin hieu buoc nhay'):
= y= step(num,den,tc);

- subplot(3,1,2); plot(t,v,'b'):

= title('Dap ung voi tin hieu xung'):;

hee noise=rand(101,1):

e v=1lsim(num,den, noise,c);

- subplot(3,1,3): plot(t,y,'a'):

== title('Dap ung voi tin hieu ngau nhien'):
- xlabel{' Time [sec]'):

Chay chuwong trinh

Tir cira s6 1énh, ching ta gd tén Script file 1a GTMHI _re
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D4p ting clia hé théng dugc hién thi trén Figure nhu sau:




Dap ung voi fin hieu buoc nhay

(s 9

5 B 7 9 10
Dap ung voi tin higu xung
2 T T L] L) T L) T L] T
1F
U 1 . L 1 1 1 1 1 1
0 1 2 3 4 5 B 7 B 9 10
Dap ung voi tin hieu ngau nhien
1 T T L T T L) T T L}
_r'-m ™ /_—\ // H\\
05+ 'J I \\~ PR \.\‘_/‘_// ‘*—"—‘\w”/ e e
D "/ 1 1 1 1 1 I 1 1 1

Time [sec]

Hinh 11.1. Ddp iing theo théi gian ciia hé thong theo cdc tin hiéu ddu vao
la budc nhdy, xung va ham ngdu nhién.
b. Mién tén s6

Céc ddp tng tdn s6 cho chiing ta cdi nhin trrc quan vé chét lugng hé thong
va 12 cong cu t6t cho viée hi¢u chinh he théng. C6 thé ding céc lénh sau dé tim
ddp 1ing tdn 56 clia h¢ théng: bode, nyquits va nichols. Tl dudmg dac tinh tén s6
chiing ta ¢6 thé xdc dinh duge cdc chi tieu chat luong nhu sau:

- Cong huong dinh Mp (dB) 12 gi4 tri cyc dai cha dé thi bién do
- Tdn s6 cong hudng @, (rad/s} 12 tdn s6 tai d6 xudt hien cong hudng dinh.

-Tén s6 cat o (rad/s) 1a tdn s6 ma tai d6 dudng dac tinh tdn s& bien do loga
cat truc thuc.

- Bang thong wgfrad/s) 1a giai thong cha tdn s6 tlr tdn s6 bing 0 d&n tdn s6
ma & dé bien do giam di 3 dB.

Cac chi tiéu chdt lugng trong mién thdi gian va tdn s6 c6 quan hé chat cha
v6i nhau. Théng thuong do qua diéu chinh 8% l6n thi M, ciing 16n twong ing.
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Gid tri cong hudng t6i wu nam trong khoang 1,1 <M, <1,5. Thoi gian quéd do ¢,
I6n thi M, nhd, vi vay hé théng tdc dong cham. Bang thong wp rong thi céc tin
hiéu tdn s6 cao dugc dua t6i hé thdng nhiéu hon nén ddp ng cta hé s& nhanh hon.

Vi du 2 s& minh hoa ddp \ng tin s& clia hé théng c6 ham truyén G(s) duoc
mo ta trong vi du 1.

Chuwong trinh viét trén Scripts nhu sau
%Dap ung tan so

%Ten chuong trinh: GTMH2
num=10;den=[1,2,10];
bode(num,den)

Chiing ta nhan dugc dac tinh bién do (thit nguyén 1a dB) va pha (d¢) trén
man hinh dé hoa nhu sau:

Bode Diagram
20 : T T ——TT—TTTT — --—.—.-|
o |,
Orr———————————— . .
) N ;
2
'8 a0
VT
%
“E)G L L Ll = L S ST L R J— T L.._L._AA_..I.._I...‘
0 - — T T ————r— T
__\__‘_\_H_--.‘\‘ |
\"‘\
-45 \
g \
A
2 . \
o -80 + \\ l
~135 - \-.\
180 L e . B e
10 10" 10 0

Frequency (rad/sec)

Hinh 11.2. Ddp g tan sé cua hé thong.
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c. Phan tich mé hinh khéng gian trang thai trén MATLAB

Chung ta s€ quan tam dén ba mo hinh co bén cla hé théng tuyén tinh dimg
(linear time-invariant), viét tat 1a LTI nhu sau:

sMé hinh ham truyén (TF)
as" +a,s" +..+a,,

G(s)=
) bs™ +b,s"" +..+b

trong dé: ay,..., a,; by,..., b,, 12 cdc hé s6, 5 1a todn tir Laplace.
Vi du 3: Ham truyén chia mot d6i trgng duge bidu dién nhu sau

s
= ae

Mo hinh ham truyén duge xay dyng trén MatLab nhu sau:
>> num=[1 0]; %Tu so

»> den=[1 2 10]; %Mauso

>> H=tf(num,den) %Ham truyen

Transfer function:
§
5P +2s+10
>>
hoidc duéi dang phan s6 nhu sau
>> s=tf('s");
G=s/(s"2+2%s+10)
Transfer function:
s
sT425+10
>>
oMo hinh diém khong-diém cuc-khuéch dai (ZPK)
(s—z,)s—-2,)..(5-2,)
(s—p)s—p,).(s-p,)
vdi K 1a hé s& khuéch dai;

G(s}=K
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24, 23,0, 2, 12 cdc diém khéng (zeros) clia G(s)
P, P2rr P 12 céc didm cuc (poles) clia Gis)

Vi du 4: Xic dinh trén MatLab him truyén dang ZPK ctia ham truyén G(s)
vGi he s6 khuéch dai K=2, s;= I+, s5= 1-i.

Chuong trinh tim G(s) trén MatLab nhu sau:
>> k=-2;

> 7=0

>> p=[2 t+i 1-i];

»>> G=zpk(z,p.k)

Zero { pole / gain:
-25
(5—2)(33 —2s+2)

>>
& M6 hinh khdng gian trang théi
X () = Ax(t) + Bu(t)

{ ¥(0) = Cx(t) + Du(r)
trong dé:
x(t)={ x,(t), x5{t}),..., x,,(r)}T la vector trang thdi, n chiéu,
() 12 vector tin hiéu vao
y(t}) 1a vector tin hiéu ra
A, B, C, D la cdc ma tran khéng gian trang théi

Vi du §: Lap mo hinh khong gian trang thdi clia mot hé théng ¢é ma tran
khong gian trang thdi A, B, C, D nhir sau

asff ] e]
=) o

Xac lap he phwong trinh trang thdi clia he trén MatLab.
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Lap M-file nhu sau:

%Mo hinh khong gian trang thai
%Ten file:GTMI3

A=[10:-5 -2};

B=[0; 3};

C=[10];

D=0;

G=5s(A,B,C,D)

Dé chuyén tir md hinh TF hoic mé hinh ZPK sang dang phuong trinh trang
thdi hoac ngugc lai, ching ta ¢6 thé dung cdc 1énh sau day ciia MATLAB:

»>[a,b,c.dj=tf2ss(num,den);
>>[a,b,c,d)=zp2ss(z,p,k);
»>[num.den]=ss2tf(a,b,c,d,ui);
>>[z,p.k)=ss2zp(a,b,c.d,ui);

Cic phuong trinh trang thdi nhan duge khi diing cdc 1&nh #f2ss, zp2ss duge
viét dudi dang chudn diéu khién dugc CCF (Canonical controllable form). Khi
bi€t phuong trinh trang thdi c6 thé dung lénh ss2¢f dé chuyén sang dang ham
truyén dat va 1énh ss2zp dé chuyén sang dang diém khong-diém cyc-khuéch dai.
Tham s6 u; 1a s& ddu vao cho hé nhiéu ddu vao ra MIMO.

Vi du 6: Hiy tim phuong trinh trang thédi cla hé thdng ¢é ham truyén nh
sau:

s> +75+2
s° +9s” + 265 + 24

Chuong trinh dugc viét trén M-file nhu sau

G(s)=

%Chuong trinh tim phuong trinh trang thai
%Ten file: GTMH4

num=[1 7 2];

den=[1 9 26 24],
[A,B,C,Dl=tf2ss{num,den)
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Két qua chay chuong trinh

>> GTMH4

A= B= C= D=
-9-26 -24 1 172 0
100 0

010 0

Vi du 7: Hay tim ham truyén cla he théng ¢6 phuong trinh trang thdi nhu
sau:

1o 1 07 x7] [10
X,|=[0 1 1 |x,|+]|0 |u
X, -1 -2 -3 x 0

y={100] x

Chuong trinh duec viét trén M-file nhir sau

% Chuong trinh tim ham truyen

%Ten file: GTMHS

A=[010;01 1;-1-2-3];

B=[10;0;0];

C=[100]:

D=0;

[num,den]=ss2tf(A,B,C,D)

Két qua chay chuong trinh tréen MATLAB nhu sau

>> GTMHS

num =
0 10.0000 20.0000 -10.0000

den =

1.0000 2.0000 -1.0000 1.0000

>>
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11.3. Ung dung Simulink dé mé phong cde hé thong dong hoc

SIMULINK dugc sir dung d€ mé phong cdc hé théng déng hoc bao gom cic
hé thong tuyén tinh, phi tuy&n, lién tuc, gidn doan va két hop lién tuc-gidn doan.
Simulink sir dung giao dién dé hoa dé xay dung mo hinh gém cdc khoi su dung
thao tic “nhén va kéo”. Didu nay cho phép ngudi sir dung khoéng phai 1ap trinh
gidi cac phuwong trinh vi phan va sai phan thuong duge khd phitc tap. Céc khoi
chitc nang co ban cia SIMULINK bao gém

Sources Thir vién ngudn tin hiéu

Sinks Thu vién cac khdi nhan tin hiéu
Nonlinear Thu vién cdc ham phi tuyén
Connections Thu vién cac ddu noi
Continuos Thu vién cdc khdi lién tuc
Discret Thu vién cic khéi gidn doan
Signals & Systems Tin hiéu va hé thong

Math Ciac phép todn

Ngoai ra, ngudi sir dung ¢ thé tao ra cdc khéi riéng cia minh va bd sung
vao thu vién. Cdc mo6 hinh x4y dung trén Simulink dugc phan cdp, ngudi s
dung c6 thé quan st hé théng & mitc tng quan, vira ¢ thé dat duge mic do cu
thé bang cich nhdy kép vio tung khoi dé€ xem xét chi ti€t mé hinh cha timg
kh6i. Cdc thong s6 clia cdc khéi c6 thé duge thay déi tryc ti€p hodc khai bdo lai
theo chuong trinh trong ting 1dn chay thtr mé hinh.

Ti€p theo la mot s§ vi dy vé ung dung Simulink trong khao sat dac tinh cla
céc hé théng thudng gap trong 1y thuyét diéu khién ty dong va hé théng dién co.

Vi du 8: V& ddp ting cia tinh h¢ phi tuyé€n gém khiu khuéch dai bao
hoa duge mo ta trén hinh 11.3. Tin hi¢u ddu vio u = siner, gid tri ban ddu
x{0) =-0,5, ¥0) = 0,5.
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Y

Y
h'r—*

Hinh 11.3. So dé khéi ciia hé phi tuyén c¢é khdu bdo hoa.

Xay dung mo hinh trén Simulink

DEeE& sam 2 P - 100 [Noma v 3 S By
> —» < gl > )
Sine Wave Saturation Integrator Integratort
Scope
XY Graph
|Readv 100% ode4s

Hinh 11.4. M6 hinh hé théng trén Simulink
Céc ddp ng theo thoi gian clia hé¢ thong c6 ham truyén G(s) duoc hién thi

hién thi trén Scope c6 dang nhu hinh v& 11.15a va d6 thij dac tinh pha duoc biéu
dién trén hinh 11.15b.
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«} XY Graph

X Y Plot
L SO
! . A
08 AN
06 :
£ 04 \
S £ <4
D2 \ 1
0
02 Q
04
06 04 202 0 02 04 06
X Axis

Hinh 11.5a. Pdp img ciia hé théng  Hinh 11.5b. D6 thi ddc tinh pha hién thi
theo thoi gian hién thi trén Scope. trén XY-Graph.

11.4. Ung dung MatLab - Simulink trong mé phong va khdo sdt cdc hé
thong dién co

Trong céc hé théng truyén dong tu dong thudng c6 yéu cdu vé diéu chinh
dong dién va téc do. Viéc téng hgp cdc mach vong diéu chinh dong dién va t6c
dé dugc thuc hién nhd viéc 4p dung céc tiéu chudn t6i vu moédun hoac modun
déi ximg [25]. Trén co sd cau triic cdc bo diéu chinh téng hop duge, chiing ta c6
thé tién hanh khao sat cdc dac tinh cla hé théng trén MatLab - Simulink. Cic vi
du duéi day s€ trinh bay va hé théng truyén dong diéu chinh dong dién va téc
do6 dong co dién mot chiéu kich tir doc 1ap.

Vi du 9: VEé dac tinh dong dién va t6c do cua dong co dién mot chiéu kich
tir doc 1ap. Cac thong s6 dinh mitc cua dong co dugc ghi trong 1y lich cta dong
co nhu sau: n

Cong sudt dinh mic Py, = 1,5 kW,
Dong dién dinh muc /,4,= 8,7 A,

bién ap dinh muc Uy, =200V,

Téc do dinh mic ngy, = 1440 vong/phiit.

Phuong trinh can bing dién 4p mach phan ting c6 dang bién déi Laplace
nhu sau:

U(s) = RJ(s) (1 + sTu) + Kdo (11-1)

Ham truyén cta dong co ¢é dang nhu sau
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I(s) _ 1/R,

= (l1-2)
U(s)-E(s) 1+sT,
véi E(s)=K po (11 -3)
Phuong trinh can bdng moémen dién tir va mémen tai
K®I(s)~ M _(5)=Jsw(s) (11-4)
vdi M, la momen can.
Tir cac thong s6 dinh mitc ¢6 thé tinh todn hé s6 sitc dien dong
-1
Kb, = 233U an = L R) =1,23 (11 - 5)
nr.fm
va ham truyén cia dong co nhir sau
I(5) _ 1/ R, _ 0,63 (11 - 6)
U(s)—E(s) 1+sT, 0,006s+1
KO |a
Ey_
l/R 1
4 1: K —
U 1+sT, |l i | e

Me

Hinlt 11.6. S0 d6 cdu triic ciia déng co dién mot chiéu kich nr déc lap.

Chuong trinh m6 phong cho déng co dién mot chiéu kich tir doc 1ap duac
viet trén Simulink nhu trén hinh 11.7. M6émen can M, 13 bude nhay tai ¢ = 2 s

vdi bién d¢ 1a JONm. Dién dp dat vao phén ting 12 200V, cdc dic tinh dong dién
va téc d6 s& duge hién thi trén céc Graph.
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s o alol _;_g

Fllc Ecit 'ﬁew Sm.htm Format Too& Heb

Toc do
- 1
200V 0.0%s 'b_. @
17p) 0.5
K*Phi

Hinh 11.7 . M6 hinh déng co mét chiéu trén Simulink.

bac tinh dong dién va t6c do dong co mot chiéu khao sat duoc hién thi trén
cac Graph dugce hién thi trén hinh 11.8.

Fie Edt WVew Insert Tooks Deskiop W‘U\dow Help » !'b m m lnult Tooks Desktop Window Help -
DEEe & AaAN® W 0B/+0 DS@S8 L QAN W O + O
S 25
L1 LS AN H
Yie] DORUUUUR SR ............. )
5 : oy T
o L :l' 1 o H L i
1] 1 2 3 4 1] 1 2 3 4
Time (Seconde) Time (Seconds)

Hinh 11.8. Pdp ing dong va téc d¢ ciia déng co dién mot chiéu.

Vi du 10: Khao sdt mach vong diéu chinh dong dién va t6c d cla dong co
dién mot chiéu kich tir doc 1ap (cdc thong s6 dinh mitc nhu trong vi du 9) véi
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cdc b diéu khién dong dién va t6c do duoe téng hop theo phuong phap modun
t6i uu va médun d6i xiing. So¢ d6 cdu tric téng quit cita he théng didu chinh
dong dién va t8¢ do clia dong co dién mot chiéu trén hinh 11.9.

Kb |

u, . |1/
—>Rw! Ro R a? Ri Ko | -
- A

£, : s 1+7s }
. am i
K,
1+7;s
K, |
1+T,s |

Hinh 11.9. So dé cdu tric hé didu chinh hai mach vong dong dién
va téc do cho dgng co dién mgt chiéu kich tx déc lap.

Cdc ham truyén clia cdc phén ur trong mach duoc tinh todn, téng hop va
hiéu chinh nhu két qua duéi day:
Ham truyén bo bién déi:
K,, 22

“ T 1+T,s  0,0055+1 (-7
Ham truyén bo do dong dién:
leffj,fo,(?{;jil (-9
Ham truyén bé diéu chinh dong:
Wy =K, +%=O,6+1—Sq=l%§- (11-9)
Ham truyén mdy phat téc:
K, _ 0,9689 (11 - 10)

W = =
1+7,s 0,001s+1

Ham truyén b¢ diéu chinh t6c do:

174



K
WR@ =KP‘, + Lo =2,95+§E= 1+0,056s

(I1-11)
s s 0,019s
M6 men tai M, trong trudng hop nay dugc chon béng 0.
Chuong trinh mé6 phong thuc hién trén Simulink nhu sau:
[=18pcCtocdo i a.lﬂi.!i

2]

i al=!

v

Too do

-l

Hinh 11.10. Mach diéu chinh dong dién
va téc d¢ dong co mét chiéu trén Simulink.

Dong dién va t6c d6 dong co dugc hién thi trén céc scope nhu sau

Hinh 11.11. Ddp itng dong dién va téc dé déng co dién mot chiéu.
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Trén day la vi du don gian vé moé phong hé truyén dong dong co mot chidu.
Ban doc ¢6 thé phét rién mo6 phdng cdc hé théng truyén dong co xoay chidu
phtic tap hon.

11.5. Ung dung ToolBox Simmechanics trong MATLAB mo phong hé
thing déng luc hoc

11.5.1. Gidgi thiéu vé Simmechanics

Cic heé théng déng luc hoc nhiéu bac ty do thudng dirge mo ta todn hoc
bang cdc hé phuong trinh vi phan bac cao. Hai phuong phdp thudng duoe sit
dung dé thiét 14p h¢ phuong trinh dong lyc hoc 12 phuong phdp Newton-Euler
dua trén viéc phin tich lyc vd momen dat 1én cdc phdn to cha hé thong va
phuong phap Euler-Lagrange dura trén ¢an bing nang lugng trong hé théng. Dai
v@1 cac heé thong co khi ¢6 s6 béc tir do nho (£ 3) va két cdu khong phiic tap,
viée sit dung hai phuong phép trén [a hiru hiéu. Tuy nhién khi hé théng co khi
tr& nén phitc tap hay tén tai cdc rang budc co khi hoac cdc khau dan déng trong
hé¢ théng thi viéc sir dung hai phuong phdp trén trés nén hét sitc khé khan va cdc
phuong trinh nhan duge s& ¢d dang todn hoc rat phic tap. Diéu ndy din dén
nhitng khé khan trong viéc khao sdt dac tinh hé théng trén mé hinh mo phong.
ToolBex Simmechanics trong MATLAB 1a giai phdp thay thé hitu hi¢un trong
cOng viéc nay.

Simmechanics 12 phan mém mo hinh hod dang so d6 khéi cho thiét k& va
mo phong k¥ thuat cac hé théng mdy méc v chuyén dong clia ching trén co s&
déng luc hoc Newton chudn. V6i Simmechanics ban ¢6 thé mé hinh hod v mo
phong cdc h¢ théng co khi cling véi cdc cong cu dé khai bdo cdc timg khau véi
cdc dac tinh khéi lugng, cdc chuyén déng clia ching, cdc rang budc dong hoc,
cdc he true toa do, xdc 1ap cdc khéi tao chuyén dong va do chuyén dong ctia cic
khau. Hé th6ng s& dugc bi€u dién nhu mot so d6 khéi trén nén Simulink va cé
thé két hop véi cdc hé théng con.

11.5.2. Thu vién cia Simmechanics

Simmechanics dugc t6 chitc theo thir vién phan cdp, méi c4p bao gém cdc
kh6i ¢6 chifc nang lién quan véi nhau. Simmechanics duge t§ chire theo thu
vién phén cdp, mdi cdp bao gdm cac khdi cé chire n&ng lién quan gin nhau. Céc
thu vién chinh trong Simmechanics bao gdm: -

- Thu vién cdc khau co khi (bodies library)
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- - Thu vién cac khép ndi (joints library)

- Thu vién cac hé truyén dong va rang budc (Drivers and constraints
library)

- Thu vién cac co céu chip hanh va cam bién (Actuators and Sensors
Library)

- Thu vién cac phén tir tao ddng luc (Force elements Library)
- Thu vién cac phan tir phy trg (Utilities library)

- Thu vign céc vi dy mau (Demos library)
E‘ﬂ l._ |t::nr ary. m.t::- libv1
File Edit View
DSES s a8 |

|

SimMachanics 2.2
Copyright (o) 1998-2003 The Mathworks, Inc.

Bodies Joints Constraints & Sensors & Force
Drivers Adtuators Elemants

Hinh 11.12. Thu vién cua ToolBox Simmechanics.

Bodies Library

Thu vi¢gn ndy cung cdp cdc khau co khi vi du nhu thanh ndi trong cic
robot, con lic nguoc hodc céc khau trong hé thong bang tai. Cac tham sb khai
béo cho khau co khi bao goém khéi lugng/mémen quan tinh, vi tri va huéng va
cdc hé truc toa do gén trén né. Thu vién con bao gdm khéi didm gbc (Ground
block) biéu dién mot diém cb dinh va khéi méi trudong may (Machine
environment block) dé bién di&n vj tri ciia hé thong trong khéng gian ba chiéu.

Joints Library

Thu wf;n ndy cung cip céc khéi khop ndi tao chuyen dong tuong ddi cua
céc két cdu co khi. Vi dy nhu cac khép néi trong co cdu robot. Hai loai khép co
ban 1a khép tinh tién (prismatic joint) va khép quay(revolute/spherical joints).
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Constraints & Drivers Library

Thu vién nay cung cdp cc khéi bidu dién cic rang buge vé& chuyén dong
ddc 1ap (sb bic tu do) giira cae khiu co khi. Cac riang bude ndy c6 thé 1a phy
thudc vao khéng phu thude thai gian.

Sensors & Actuators Library

Thu vién cdc co cdu chdp hanh va cam bién diing khéi tao va do chuyén
dong gitra cac khép ndi va khau co khi.

Force Elements Library

Thu vién niy cung cép cac khéi tao luc va mémen gifra cac khau co khi,

Utilities Library

Thu vién ndy cung cdp cac khoéi phu trg thudng sir dung trong viéc xdy
dung mé hinh.

Demos Library

Thur vién ndy bao gdm cic mé hinh bidu didn trén Simulink sir dung cic
khdi ciia Simmechanics va cac khdi Simulink khéc.

11.5.3 Cdc bude co ban dé xdy dvmg mé hinh

Ban c6 thé sir dyng céc tha tuc co ban dé xdy dyng mdt mo hinh trén
Simmechanics tuwong ty nhue mé hinh Simulink théng thudng qua cic bude nhy
sau:

1. Chon cdc khéi diém géc, khdu co khi, khép néi.

T cac thu vién, ban chon cdc khdi gbe, khau co khi, khép ndi cin thiée ,
str dyng thao tdc “nhdn va kéo” dé bidu didn md hinh trong cira s& mé hinh cila
Simulink.

Trude tién ching ta cédn dinh nghia mgt hé tryc toa d6 tuyét dbi dugc qui
ude chuin, goi 1a hé truc toa 46 WORLD. Tam cia hé truc toa 40 WORLD dat
tai diém (0,0,0). Trong Simmechanics, ching ta sir dung khéi Env trong thu
vién Bodies dé dat chidu cia cdc tryc toa db cia WORLD. Cac hé truc toa dé
trong hé thong co thé duge dinh nghia theo hé truc toa 46 WORLD.

Céc tryc toa d6 cia WORLD trong Simmechanics ¢6 chiéu mic dinh nhu

sau:

+ truc x chi sang phai
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+ truc y ngugc chidu véi chidu cua lwe trong trudmg

+ true z duge chon theo qui tic ban tay phai

Vector trong trudmng trong trudng hop nay 1a [0, -9.81, O]T.

Ngoai ra ching ta con ¢6 thé tao thém mot sb didm dat (ground) trang hé
truc toa 46 WORLD. M3i co cAu may ddu cé it nhit mét diém dit duoge bidu
dién trong Simmechanics bai khéi dit (Ground block) va duge ndi véi khdi méi
trirong may (machine environment block).

2. Dinh vi va néi céc khéi.

Lya chon céc khau co khi tir thu vién Bodies, cidc khdp tir thu vién Joints,
c4c cam bién va chflp hanh tir thu vién Sensor& Actuator... Bt cac khiu co khi
va cac khop ndi trong cira s& m6 hinh Simulink va néi n6 theo diing thir ty. Két
qua cha thao tac nay s&€ cho mét so ¢ khdi nhu sau:

Khéi méi truong mday -- Didm gbc c¢d dinh-- khép ndi — khau co khi--
khép -- khau co khi...-- khdu ¢co khi...

3. Khai bdo tham sé cho khdu co khi
Nhay kép vio tirng khiu co khi khai bdo cdc tham s cha né nhu sau:

+ Tham s vé dc tinh khéi lugng: khéi lugng vi mémen quén tinh. Khéi
lugng la s6 thue dwong. Mémen quan tinh 12 ma trin vudng cép 3.

+ Tham sb vé hudng va vi tri clia cde hé tryc toa do gin trén khau co khi
trong hé truc toa 49 WORLD hojc trong céc hé truc toa d dd duge dinh nghia
khac. Céc hé truc toa do gin ¢b dinh trén cac khau va chuyén ddng cting vdi cac
khiu d6. C6 it nhat mot hé truc toa d6 cva mdi khau co khi ghn tai trong tim, sé
legng mic dinh [4 ba.

4. Khai bdo tham sé cho cdc khop

Nhay kép vao cac khéi khép nbi dé ma hdp thoai va x4c dinh truc tinh tién
hay truc quay.

5. Chon, ndi va xdc dink cdu hinh cho céc khéi rruye':n dong va rang bude

Tir thir vién khéi truyén ddng va rang bude, chon, xac dinh cdu hinh va néi
céc khdi truyén dbng va rang bude giira khiu co khi.

6. Chon, néi va xdc dinh cdu hinh cde cam Bién va chdp hanh

7. Chon ché d¢ hién thi
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8. Chay mé phong

Vi du 1. M6 phéng chuyén déng cia con lic don lam bing thanh kim loai
nhur trén hinh v&. Chidu dai con lic 12 Im, mét ddu gén cd dinh tai toa do
[3.4,5] trong hé truc toa d6 WORLD. Ban diu con lic duge kéo léch 90° tir vi
tri cin b.‘ﬁng. Gia thiét thanh kim loai c6 két cu dfing déu, do vay diém trong
tim gén cb dinh tai diém giita thanh ¢4 toa d6 ban diu 1a [2.5,4, 5]

¢
Y
V4 ‘ 34,5
z ( ) CS1
X

CG

Hinh 11.13. Con ldc don.

Bang 11-1. Théng sé ciia con ldc don

Thugc tinh Pon vi do Gia tri
Khéi lugng gam 2490
Momen quan tinh l(g-m2 [1.25¢-4 0O 0;
0 0.208 0;
00 0.208]
Vi tri diém trong tdm m [2.54 5]
Vi tri tdm hé truc toa dd thir nhit m [3 4 5]

Céce bude tién hanh:

1. Xdy dumg mé hinh hé théng trén Simulink
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ﬁmcch"s{n:nl
File Edt View Simulstion Format Tools Help

SRS OB Do sf e =l BB

=101 x|

Joint Sensor

Ready ~ |100% l i odeds 4

Bang 11.14. M6 hinh con ldc don trén Simmechanics.

2. Tién hanh khai bao céc thong sé hé théng
+ Khdi méi truong may Machine Environment. (3 day chung ta s& xac dinh
h¢ truc toa d6 WORLD théng qua viéc khai béo vector trong trirdng [0 -9.81 0].

{f] Block parameters: Mac I'»_i_m:r Environment : e i ! l XI

--lmwlmm{mml

mmtmdﬂbmhmm‘:m d
Tolerances: Maximum permissible misalignment of machine's joints.

Graviy vector  lossg * O N
I oot gaviy sssignl ; ;
Machine dmensionalty: | 30 Only

) X
Linear assembly tolerance:  [1e-3 {m =
Angular assembly tolerance: [16-3 e =l

OpenCuﬁunmPum! g
[0 | nee| e e

Bang 11.15. Khai bdo vecto trong trueong trong hé truc toa dp WORLD.

+ Khéi dat Ground. Con lic dugc gén cé dinh tai diém mut cia thanh kim
loai. Vi tri ciia diém nay trong hé truc toa d6 WORLD 12 [3,4,5]".
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[)slock Parameters: Grou

=10].x}'
-Ground '
Grounds one side of a Joint to a fixed location in the World
coordinate system.
Parameters

Location [xy 2] (relative 1o the World coordinate system) {
i3 4 51 m =

¥ Show Machine Environment port

0K Cancel Help Apply

Hinh 11.16. Khai bdo vi tri diém cé dinh cua con Idc.
+ Khép quay

Con lic dugc kéo ra khoi vi tri can bing va quay xung quanh truc +z cua
hé truc toa 49 WORLD. Do viy chiing ta khai b4o s6 co cdu chip hanh la 0 va
vector truc quay la [0 0 1].

<} Block Parameters . Roveo

- ol x|
Description

| Represents one rotational degree of freedom. The Follower (F) Body
rotales relative to the Base (B) Body about a single rotational axis
going through collocated Body coordinate system origins, Sensor and
actuator ports can be added. Base-Follower sequence and axis
direction determine sign of forward motion.

Connection parameters
- Current base: GND@Ground
. Currentfollower. C81@Body
| Number of sensor f actuator ponts: [0 2]
Parameters
Axes | Advanced |

Axis of rotation
Name | Primitive ey Reference csys
R Revlue 001)  [WORLD — ~]
ok | cancel | Hew | appy |

Hinh 11.17. Khai bdo khép quay.
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+ Théng s6 cta thanh kim loai. Cac gia tri vé khéi lugng va médmen quén
tinh tai diém trong tdm duoc cho trong bang 11.1 vao khai bao tham sé thanh
kim loai. Tiép dén la cac khai bio vé huéng va vj tri ctia hé truc toa d6 CG gin
tai trong tam va hé truc toa d6 CSI gén tai diém cd dinh trén thanh kim loai.

Luu y céc khai bao vé hudng va vi tri & day lay tai thoi diém bit diu chuyén
dong. '

Ellilack Parameters: Rod o ! =10] x|

. BDW e i e i g i FRe = 2 . o . . e
Represents a user-defined rigid body. Body defined by mass m, inertia tensor |, and coordinate origins
and axes for center of gravity (CO) and other user-specified Body coordinate systems. This dialog sets
Body initial position and orientation, unless Body andfor connected Joints are actuated separately.

Mass properties
Mass inertia
2490 o v| ]i125¢-400;002080,000.208) [kgrmr2 v
* with respect to the CO (Center of Gravity) Body coordinate system
Body coordinate syslems

Paosition [ Orientation |

Show . Origin position Translated from | Components in
port Port side |Name vector xyz) Units origin of axes of
- |Right  ~vleco  psas m v|jworlD  w[lworlD  v| _

w  [Rent ~lcer pas m ]fworio " [fworo ~]

OK l Cancel I Help | Apply |

Hinh 11.18. Khai bdo théng s6 cua thanh kim logi.

3. Chon ché do quan sat chuyén dong thuc

Pé quan sat chuyén dong thuc cia hé thdng, ban c6 thé sir dung ché do
"Animate machine during simulation" trong thu muc Simulation/Configuration
Parameters (hinh 11.19). Hinh v& 11.20 md ta chuyén ddng thyc cua con lic
don trong khong gian ba chiéu. Ban c6 thé chon cac dang quan sat khac nhau
trén Menu.
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=] configuration Parameters: mech_spent /Configuration’

Sebect

- Solver

i+ Data Import/E wport
. Optimization

- - Diagnostics

| [~Sample Time
! i....Dsa Integrity
| -Conversion

i~ Cannectraty

L Model Relerencing
- Hardware Implement abion
~Model Referencing
- -RealTime Workshop
| -Comments

184

~Diagnostics -

Enable wamings and automatically cut joints

W Wam # machi hand:

™ Wamn i number of inilial constraints is unstable
™ Mark automatically cut joints

To draw geometrical representation of machine. select Update machine visualization on update diagram *
To arimate machine while unning moded, sslect ‘Arimate machine durng simulation*
™ Update machine visualization on update diagiam

42

34 36

Hinh 11.20. Chuyén déng ciia hé thong thuec.



Hinh 11.21. Dé thi vi tri va téc dé cua con ldc.

Vi du 2: Ung dung tiép theo dugc m& réng cho bai toan diéu khién goc
khép ciia Robot Planar gdm hai khép quay nhu trén hinh vé 11.22.

Hinh 11.22. Robot Planar.
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Céc théng s6 ciia Robot nhur sau
Chiéu dai cc thanh néi: I; = I, = 2 (m)
Khéi lwong céc thanh néi: my= my= 1,696460 (kg)

M6 men quén tinh tai cac diém trong tdm thanh ndi

0,565529 0 0
L =I,=| 0 0,00085 0 (kg-m?)
0 0 0565529

Vitri géc khop ban dau:

o<[iz)-[7]

+ ’ - £
Vi tri géc mong mudn:

| Ga | _ 45°
C _[Q2dj| -|i450j!

B$ diéu khién vi tri duge sir dung 14 PID
T=K,(Q,-0)-K,0+Ki[(Q, -Q)dr

v&i cde théng s6 nhu sau
1 0 5 0
K, = , K, =
01 0 1,5

10 0
K, = ,
’ [0 10]

H¢ diéu khién Robot duge mé hinh hoa nhu trén hinh 11.23. & déy, chiing
ta bd qua bai toin dong luc hoc cha co ciu ché‘ip hanh dya trén gia thiét cac
dong co nay 1a ly tudng, chiing ta ¢6 thé dua ra 1énh dieu khién dé tao md men
bt ky trén truc cic khép. B didu khién PID duge tao béi Subsystem
Planar/control (hinh 11.24), céc tin hidu diu vao bao gom gia tri dat va gia tr
hién tai cla cic géc khép, ddu ra 12 mé men dat 1én tryc cua cdc khép ndi
Robot.

186



—
Ground
Revolute 1 peoy 1

Eo_o' — ] Ak Ty F‘*‘“E

Revelute 2 Body 2

ol \Q > \0 %/, Revoluel | N

gocdatt _‘_
Joint Actuator 1 oint Actuater2
Joint Sensor 2
Joint Angle
N N >
“H Joint Sensor 1 |
g1 ]
™9 T
P qidat 3
»
a5 lad? "
»od Joint Velocity
goc dat2 »{q2 7 —_I‘—
{q2dot : y
Contral

Hinh 11.23. M6 hinh mé phong Robot trén Simulink.
A : _10] x]

*Iplanar/Control

Hinh 11.24. Bé diéu khién PID.
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Két qua khéo sat cho thay cac goc khép dat dén gia trj mong mudn trong
thoi gian rét ngén: q1 —=q14=45° trong 2,2 glay, Q2 —=qpg=45° trong 2,5 gidy
(hinh 11.25). Cac van téc khop ciing hoi tu vé gia trj 0 trong thoi gian tuong
trng (hinh 11.26).

Hinh 11.26. D6 thi vdn téc khép.
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Chon ché do quan sat hé théng thuc trong khong gian hai chiéu ching ta
ciing c6 thé thdy két qua tuong ty. Sau 6 gidy chuyén ddng, thanh ndi thir nhat
nghiéng mét goéc 45° so véi truc x va thanh ndi thir hai nghiéng mot goc 45° so
vGi thanh ndi thir nhat nhu yéu cau diéu khién (hinh 11.27).

Click On Object Tu Dlspiay Information

Y-axis

X-axis
Hinh 11.27.Vi tri con ldc sau 6 gidy chuyén dong.

Trén day 1a nhitng vi du rit don gian vé mé phong hé thong dong luc hoc
trén nén Simmechanics. Ban doc c¢6 thé xdy dung md hinh cac hé thdng co khi
¢6 s6 bac tu do 16n hon, bd sung thém céc hé théng din dong vé co khi va cac
rang budc néu c6. Mat khéc, ban ¢6 thé sir dung ToolBox SimPowerSystems
ciia Simulink dé dwa thém vao mé hinh céc co c4u chap hanh nhu dong co dién
mot chiéu, dong co khong ddng bg, dong co ddng bd va cac hé truyén dong
tuong ing. Didu d6 s& gop phin dua mo hinh cang gan véi hé théng thyc té
hon.
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11.6. Ung dung phin mém PSPICE mé phong mach di¢n tit cong sudt

Phin mém chuyén dung PSPICE (Power Simulation Program with
Itergrated Circuit Emphases) 1a mot phdn mém moé phong mach dién - dién tir
manh va phé bién trén th€ gigi. Phin mém nay cfing théng dung nhu phdn mém
MatLab trong mé phong h¢ th6ng diéu khién tr dong. Sau day chiing ta dua ra
mat vai vi du iing dung PSpice dé mé phéng c4c mach dién tir cong suit (Power
Electronic)

Mot chuong trinh mé phdng trong PSpice 1a mot file ¢6 phin md& rong 1a
.CIR gém b&n phin sau:

1. Tieu dé cha chuong trinh mé phong. Thong thudng day 1a tén cha mach
dien cdn khdo sdt do ngui soan thao dat én. Tieu dé khong bit budc phai ¢6, vi
PSpice khi chay s& chi bat ddu tir dong cha phan thit hai, do d6 phdn tieu dé c6
thé bé.

2. Phdn mo td mach dién va tham s& c4c linh kién c6 trong mach. & phdn

nay ta dua cdc phén tir theo so dé nguyén 1y clia mach cdn khio sit, tuong tr
nhu ta han chiing v4i nhau trong mach thuc.

3. Cic lenh d€ chuong trinh tién hanh khao sit theo yeu cdu.

4. Cic 1enh cho ddu ra nhu v& dé thi, 14p bang cdc séng didu hod theo khai
trién furier, tinh s& diém nit ctia mach ...

5. Lenh keét thiic chuwong trinh (END). M6t chuong trinh bt budc phai két
thiic bang 1énh nay.

Khi chay m6 phong PSPICE trudc tién s& duyét file vao va tao ra mot file
ra c6 ciing tén véi file .CIR nhung cé phin md rong .QUT. Néu file vao khong
¢6 16i thi chuong trinh mo phéng duoc thye hign ngay vA két qui tinh todn duge
dua vao file cling t&n v&i phdn mé réng . DAT

11.6.1. M6 phong chinh luu diéu khién cdu mét pha béng PSPICE [ 20}

Hinh 11. 28 1a so d6 chinh lvu diéu khién cdu 1 pha véi tai 1a RLEd.

Chuong trinh mo phong dudi day viét theo cdc di€ém nit duge danh dfu trén
sg d6. Céc tiristor dugc mo phéng theo dang mach con ki€u TXC, cdn mach
diéu khién xay dyng dudi dang mach con kiéu pha-xung.
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........ . N M
B _/,-03 ; 3
Via 2& T1 KT-:
-« |, el | [] R
4+
4 1 220VAC 32
= , 12 L4
T - ] g
Ré
VRN it Vg 5
M HU wl AWM 3
T 2 1 CQ

Hinh 11.28. S0 d6 chinh luu céu mot pha.

KHAO SAT CHINH LUU DIEU KHIEN CAU MOT PHA (tan so 50 Hz)

Vdk 30 0 PWL(0,-0.01 21m,-0.01 21.2m.7 22m,7 10,8) ; dién 4p diéu khién
XFxa0304434627154 FXl1pha smach phit xung cho pha A
VA 12 SIN(0 311 50) ;dién dp ngudn 220VAC 50Hz

* 4 TIRISTOR

XT1 134 TXC ; van Tl pha A mé hinh dang TXC

XT4071 TXC ; van T4 pha A mé hinh dang TXC

XT3254 TXC ; van T3 pha Bmo hinh dang TXC

XT2062 TXC ;vanT6 pha C mo hinh dang TXC

* Mach bao ve RC

Cl180.2UIC=0

R1 8460

C401102U1IC=0

R411160

C3290.2U1C=0

R39460

C201002U1IC=0

R2 10260

* Tai mot chieu RLEd

Vid431 DCO ; do dong dién moét chidu Id
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Rd31322 ; dién trd tai 2 6m

Ld 320 100m ; dién cam tai 100mH

Vd330DC20 ; siic dién déng tai 20V

LIB C\MSIM_8\USERLIB\1om2.LIB ; goi thir vién cdc phan tir luc

LIB CN\MSIM_8\USERLIBwoem1.LIB ; goi thir vién mach diéu khién

TRAN 20u 0.4 0 50u UIC  ; lénh khéo sat ché do dong

.PROBE ; 1énh cho két qua 46 thi

OPTIONS ABSTOL=100U VNTOL=0.1 RELTOL=0.01 ITL5=0
LIMPTS=100000 NODE

END

K&t qua mo phong thé hién & hinh 11.29

Dién dp ring cua Uy, va dién dp diéu khién U g

T AMARA AAAARARAR AAAARAARAARRRARRAAR

VVVTUTUN VYV VNV VNV VRV VYTV

a via) Dhng dién chinis hai 1,
‘;g: A AVVIVVVVY \TATATATAY e AT A A A A A A AARAARA ARG
Ok Al T T ——
SOAD \(Ral 1 i gt xeady hicie ]
A NN AANNANNNNNNNNNT
JIENAA A9y wRuR vy vjiv§u1 9101 6 ORVAVAVY
e VA P prénran T,
mjvadﬂ 44 LA A4 444
VUVV VUV VVVV VUV TV
_400\!03 V(1,4 1o0ms 200ms 300 400ms

Hinh 11.29. Két qud mé phong chinh luu diéu khién cdu mot pha
voi dién dp diéu khién nhdy cdp.

Mach khao sit vdi tdc dong nhdy c4p cia dién 4p diéu khién U, , trén d6
thi [a di¢n 4p V/(30) va dugc so sdnh v6i dién dp rang cua V(44),
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Céc d6 thi ti€p theo l4n lugt 1a dien &p chinh lwu V(4), dong dién chinh luu
I{Rq), dong dién nguén xoay chiéu /(VA) va dién 4p nguoc trén tiristor T/

Vii4).
D4 thi cho thay ca giai doan qud d¢ va khi mach dat t6i ché d6 xdc lap.
11.4.1. M6 phéng bo diéu dp xoay chiéu mot pha bing PSPICE

B6 diéu chinh dién 4p xoay chiéu mét pha ding hai tiristor ddu song song
ngugc ¢6 tai dién trd va dién cam dugce trinh bay trén hinh 11.30.

Hinh 11.30. Bé diéu dp xoay chiéu mot pha.

Chuong trinh m6 phong duge viét nhw sau

DIEU AP MOT PHA XOAY CHIEU 2 THYRISTOR /f NGUOC , tai RL

Vec30DC 12 ; E=12V dién 4p c4p cho mach diéu khién

Edp208 100.03 ; dién dp déng pha

VDK 40DCS5  ; dién 4p diéu khién

Rre 11 0 Imeg

Xdk 0234567811 DKTX ; mach phat xung diéu khién cho 2 tiristor
T1,T2

* mach luc

Va 8 10 SIN(0 311 50) ; ngudn xoay chiéu 220VAC 50Hz

XT1 856 Ttri ; tiristor T1

XT2 67 8 Turi ; tiristor T2
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* 1ai
RT694
LT91 10m
Vit 1 10DCO

: dién trd tai 4 6m

; dién cam tai 10mH

; do dong dién tai

Rgh 10 0 100meg
.LIB C:\MSim_8\USERLIB\NOM2.LIB
.LIB C\MSim_8\USERLIB\NOM1.LIB
.TRAN 1U 40M 10U 10u UIC

.PROBE
.OPTIONS ABSTOL=1U VNTOL=0.1 RELTOL=0.01 ITL5=20000
.END
Két qua m6 phong trén hinh 11.31 1a d6 thi digén dp vi dong dign trong
mach.
400
tXén dp ngudn
a
-400V - -
o vig,10) Piédn dp ring cita va dign dp dién khin
15
107 Ve jUdk
5V e ¢ e o
Ovn WVid) ° Vi1 1) £ién dp trén tii
400X
oV | /}
ERVIT R T Déng trén tdi
50
N N
¢ k// \_/
-50
400" g l{RT) én dp irén van
ov . ; 0 1/-_?
L =
- ‘E)s 10ms 20ms 30ms 40ms
o V{8,6}

Hinh 11.31. Két qud mé phong diéu dp xoay chiéu mgt pha.

11.7. Ung dung phdn mém SIGMA mé phdng hé hang doi [26]

Phin mém SIGMA (Simulation Graphical Modeling and Analysis system)
1a phin mém diing graph dé phan tich va mé6 phéng cdc mo hinh sy ki¢n rdi rac.
Phin mém cho phép thém, bét, thay déi cdc su kién va diéu kién mé phong ma
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khong cdn dimg chay mo phdng dé dich lai chuong trinh. Phin mém cé kha
nang chay duéi dang hoat hinh nén cho thdy mét cich truc quan qud trinh hoat
dong cua hé théng. Phin mém SIGMA cho két qua mo phéng dusi dang s6 hoac
do thi sau méi budc moé phong, vi vay rdt thudn tién trong viéc theo déi, phan
tich hoat dong cia hé¢ thong duge mo phong.

Phin mém SIGMA mo 14 hé¢ thong bing mot graph gém cde dinh va céc
canh ¢6 huéng. Cic dinh mé 1a cdc trang thai cla hé thong, cdc canh ¢6 huéng
mé ta cdc di€u kién chuyén trang thdi cda heé théng. Cic dinh va cic canh ¢é
hudng dgc néi véi nhau theo logic hoat dong ctia hé théng. Pinh khdi tao c6 tén
1a RUN luén 1a dinh ddu tién cita m6 hinh (graph). Qu4 trinh mé phong bao gio
cling xudt phdt tir dinh RUN, sau d6 14n lugt chuyén sang dinh khadc cho dén
dinh két thiic. Cdc bang chon cho phép dinh nghia va thay déi tham s6 cla céc
dinh va cdc canh c6 huéng ciing nhu thay déi cdc diéu kién ddu va két thiic mo
phong.

Phin mém SIGMA trong Windows (Sigma for Windows) cho két qua bang
bang s& li¢u va d6 thi dudi nhiéu dang khdc nhau (Step plot, Line plot, Array
plot, Ssanller plot, Histegram, Autocorrelation, Standardized Time Series) nén
rdt thuln tién trong viéc phan tich két qui moé phong. M6 hinh SIGMA (graph
mo phéng) ¢é thé ty dong dich (véi mot kich chudt) sang cic ngén ngit khac
nhu C, Pascal va Fortran, thim chi ¢6 thé dich sang mo6 ta bing tiéng Anh.

Diing phdn mém SIGMA d€ mé phéng hé hang doi (xem Chuong 10) rit
thudn tién, vi vay sau day s& trinh bay mét vi du mo phdong hé hang doi.

D€ mo6 phong mot he hang dgi bing phdn mém SIGMA trudc hét phai xay
dung so dé c4u tric cua hé thong titc xAy dung mé hinh hoat déng cda he thong
bang graph mé phong. Tiép d6 xdc dinh cdc bin, cdc y&u t6 cdn mé phong, cic
gid tri ban ddu va diéu kién thay déi cdc bién d6. Sau dé viét lénh cho céc dinh
trang thdi va cdc mii tén cd huéng trén graph mo phong.

Thyc hi¢n chay chuong trinh mé phoéng, nhén két qua mo phéng duéi dang
bang s6 liéu va d6 thi mo phong sau d6 phén tich cdc két qua mo phong va dura
ra cdc giai phap cai ti€n dé hé théng hoat dong 16t hon.

Vi dy: Mot tram sira chifa 6t6 ¢ mot di€m phuc vu. Ddng 6t6 di dén tram
stra chita tudn theo luat phan ph6i mi c6 cudng 40 4 = 1,25 xe / gio. Thai gian
sira chira trung binh (thoi gian phuc vu) tuan theo luit phan phéi mil ¢ cudng
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do u,, = 2 xe /gio . Tram c6 béi db xe chita duge N = 5 xe d€ sép hang chd dén
luot stra chita. Hiy mo phong qud trinh hoat dong cta tram sau 240 gid lam
viéc.

Gidi:

- Dong xe dén tram sira duge coi 1a mot dong t6i gian nén khoang cédch
gilta cdc xe tuan theo luat phan phsi mil va dugc tinh theo biéu thic sau
t; = —1/A*LN(RND), trong d6 RND la s6 ngiu nhién phan ph&i déu trong
khoang (0,1).

- Dong xe dugc phuc vu ciing duge coi 1a mot dong t6i gian nén thoi gian
phuc vu dugc tinh nhu sau 1,, = —//#*LN(RND), trong d6 RND la s6 ngdu
nhién phan phéi déu trong khoang (0,1).

Két qua moé phong sau 240 gio lam viéc nhu trén hinh 11.32. Hinh 11.32 a
la graph m6 phong tram stra xe. Hinh 11.32 b 12 hang doi (Queue) theo thoi gian

=] [ 'Slmulaﬁon Plot !Em Q 0\0
;TBDAMSU.&XE OUT [QUEUE vs. Time) =Y :l
:2 ta
QUEUE=1 =, [
SERVER=1 %15
I

QUEUE
(Hang
doi)

QUEUE=
SERVER«1

Graph mo6 phong tram stra xe

Cimg do dong xe dén tram A = 1,25 xe / gitr
Thai gian phuc vu (sira chita) p pv= 2 xe / gitr

a) 96 144 192 240

o L!;l b) (gio) B

Hinh 11.32. Mé phong tram sua xe:
a) graph mé phong; b) hang doi theo thoi gia
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Nhan xét hinh 11.32 b ta thdy c6 nhiéu thdi diém hang doi vuot qud 5, tai
thoi diém nay tram s& mat khach hang vi khong con chd dé sip hang cho doi.
Dé khéc phuc tinh trang mat khich hang c6 thé chon giai phdp tang nang luc

phuc vu Ién gép doi u,, = 4 xe /gio.

Hinh 11.33 12 két qua mo6 phong sau khi ting nang luc phuc vu lén gdp doi.

QUEUE=1
SEAVER=1

Graph mo phong tram sira xe
Comg do dong xe dén tram A = 1,25 xe / gidr
Thoi gian phuc vu (sira chita) p pv= 4 xe /[ gits

a)

e o

(Hang
dgi)

QUEVE 2

' ‘ Simulation Plot

IRAMSLLA}E.OUT (QUEVE vs. Time)

0 48 96 144 192 240
(git)

mis 3 N

288

Hinh 11.33. M6 phong tram sua xe:

a) graph mé phong; b) hang doi theo thoi gian.

Nhan xét hinh 11.33 b ta thdy sau khi nang luc phuc vu tang lén gdp doi thi
hang doi 16n nhat chi la 4, nhu vay tram khong bi mét khach hang nira.
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