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Loi gioi thiéu

woc ta dang bucc vao thoi ky céng nghiép héa, hién
dai héa nham dua Viér Nam trd thanh nuoc céng
nghiép van minh, hién dai.

Trong sy nghiép cdch mang to lom dé, céng tdc dao tao
nhan lue luén giit vai tro quan trong. Bdo cdo Chinh tri ciia
Ban Chdp hanh Trung wong Pdng Céng sdn Viét Nam tai
Dai hoi Ddng toan qudc lan thit IX dd chi ré: “Phat trién
gldo duc va dao tao 12 mét trong nhitng dong luc quan trong
thiic day su nghiép céng nghiép héa, hién dai héa, 1a diéu
kién dé phat trién ngudn luc con ngudi - yé&u 18 co ban dé
phét tri€n xa hoi, ting trudng kinh t€ nhanh va bén ving”.

Qudn triét chu truong, Nghi quyét ciia Pdng va Nha nuéc
va nhdn thite ditng dan vé tam quan trong cia chiong trinh,
gido trinh doi voi-viéc ndng cao chdt liong dao tao, theo dé
ngh: cia §J Gido duc va Pdo tgo Ha Ni, ngay 23/9/2003,
Uy ban nhan dén thanh phé Ha N¢i dd ra Quyét dinh sé
5620/QD-UB cho phép 83 Gido duc va Pao tao thuc hién dé
dn bién soan chuong trinh, gido trinh trong cdc truomg Trung
hoc chuyén nghiép (THCN) Ha Noi. Quyét dinh nay thé hién
sw quan tém sdu sdc cua Thanh iy, UBND thanh phd trong
viéc ndng cao chdt lwong dao tao va phdt trién ngudn nhén
lwc Thit do.

Trén co sd chuong trinh khung cia Bo Gido duc va Dao
tao ban hanh va nhiing kinh nghiém rit ra tix thuc 16" dao tao,
S Gido duc va Dao tao da chi dao céc truomg THCN 16 chitc
bién soan chwong trinh, gido trinh mét cdch khoa hoc, hé



théng va cdp nhdt nhitng kién thice thuc tién phi hop vor doi
tuong hoc sinh THCN Ha Not.

B¢ gido 1rinh nay la tai liéu gidng day va hoc tdp trong
cdc truomg THCN & Ha Noi, dong thoi la tai liéu tham khdo
hitu ich cho cde trudng c6 dao tao cdc nganh ky thugt - nghiép
v va dong ddo ban doc quan tam dén vdn dé huong nghiép,
day nghé. |

Viée t& chite bién soan bo chwong trinh, gido trinh nay
la mér trong nhiéu hoat dong thiét thuc cita nganh gido duc
va dao tao Thii do dé ky niém 50 ndam gidi phéng Thu do”,
“SO ndm thanh ldp nganh " va huong 161 ky niém “1000 ndm
Thdng Long - Ha Noi™.

So Gido duc va Pao tao Ha Noi chan thanh cam on Thanh
iy, UBND, cdc sd, ban, nganh ctia Thanh phd, Vu Gido duc
chuyén nghiép Bé Gido duc va Pao tgo, cdc nha khoa hoc, cdc
chuyén gia dau nganh, cdc gidng vién, cdc nha qudn ly, cdc
nha doanh nghiép da tao diéu kién giup do, déng gop ¥ kién,
tham gia Hoi dong phdn bién, Hoéi déng tham dinh va Hoi
dong nghiém thu cde chuong trinh, gido trinh.

Bay la lan ddu tién S6 Gido dyc va Dao rao Ha Noi to
chitc bién soan chuong trinh, gido trinh. Di dd hét sicc cd
gdng nhung chédc chdn khéng trdanh khéi thiéu sét, bdt cdp.
Chiing 16i mong nhan dugc nhitng ¥ kién déng gép cia ban
doc dé ting bucc hoan thién bé gido trinh trong cdc ldn tdi
bdn sau.
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T in hoc va vién thong la hai thanh phdn cét 161 cla céng nghé thong tin.
Trong nhitng ndm gdn ddy, nhiéu du dn phdt trién cong nghé théng tin
d nude ta da dugc irién khai theo cdc gidi phdp tong thé trong dé tich hop ha
1ang truyén thong mdy tinh véi cdc chitong trinh tin hoc ing dung. Nhu cdu hiéu
biét vé tin hoc ngay cang cao va khong chi dimg ¢ muic nguoi sit dung ma con
di sdu hon dé lam chit hé thong va phdr trién cde phdn mém img dung.

Cau trac dit liéu va giai thuat la mot mén hoc co so rong chuong trinh ddo
tao k¥ thudt vién tin hoc. D¢ tao diéu kién cho ngudi hoc lam quen voi mér s
kién thitc co bdn vé cdu tric dig lidu va gidi thudt xit 1y trén cde cdu tric dit liéu
dé, tao diéu kién cho viéc ndng cao thém vé kj thudt lap trinh, vé phan tich va
plutong phdp giai cdc bai todn.

Gido trinh dugc viét thanh 7 chuong, bao gom cdc vdn dé co bdn phdi gidi
quyét khi thiét ké va cai dat cdc gidi thudt.

Céc chuong 1, 2, 3 bo sung thém mét 56 nhdn thitc vé moi quan hé giita cdu
trie dit liéu va gidi thudt, cdc vdan dé vé phan tich va thiét ké gidi thudt va gidi
thudt dé quy.

Chuong 4, 5, 6 gidi thiéu mét s6 cdu triic dii liéu va gidl thudt co bdn, dién
hinh nhu mang, danh sdch, cdy, dé thi..,

Chuong 7 gidi thiéu vé sdp xép va tim kiém, mot yéu cdu xi 1y rdt phé biéhn
trong cdc bai todn va cdc ung dung tin hoc.

Méi chuong, ngoai cdc kién thitc co bdn, mét sé cde gidi thudt da duge viét
thanh cde chuong trinh minh hoa. Cdc chuong trinh dugc viét bang ngon ngit
Pascal hodc C mo phong theo cdc gidi thudt dd dua ra va hoan toan di duoc
kiém nghiém thuc hién trén may. Hy vong rdng gido trinh sé giip cho ngudi hoc
1Hep thu dé dang cdce kién thite cdn thiél, gép phdn ndng cao trinh dé cia minh

vé tin hoc.



Xin chan thanh cdm on y kién dong gép ciia cdc dong nghiép, ban bé trong
qud trinh bién soan gido trinh nay. Mdc da tdc gid dd rdt & ging song chdc
chdn khong tranh khoi nhitng thicu sét. Ching t6i mong muon nhan duge cde §
kién déng gop dé hoan thién hom nita néi dung cua gido trinh.
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Bai mo dau

1. Giai thuat va cau trac dir liéu

Giai thuat 1a mét day cdc cau lénh duge thao tdc trén mot s6 doi tugng. Sau
mot $6 hitu han cic bude s& cho mét két qua mong muén.

Giai thuat phan danh phép xir 1¥ con d6i tugng xit 1y chinh 13 cdc dir lidu,
ching biéu dién nhitng thong tin cin thiét cho may tinh.

Khong thé néi tdi giai thuat ma khong quan tam téi van dé: giai thuat phai
duge tdc dong trén dit li¢u nao.

Con dif licu khi xét téi cling cdn phai hiéu: dir liéu d6 sé duge xir 1y bing
gial thudt ndo dé dwoc két qua nhu mong muén.

C4c phan i cta dir 1iéu ¢6 quan hé voi nhau néu duge “t6 chifc” maot cich
thich hop thi viéc thuc hién cac phép xir Iy dir liéu s& don gian, dé dang hon.

Ta c6 thé nhan thay rang khi cdu tric dit lieu thay déi din dén giai thuat
cling cédn thay déi theo.

Vi du: Gia st ta ¢6 ¢ mot danh séch cdc d6i tugng: mbi d6i tuong gom
“Tén hang, so luong” (a;,b,} (a;,b,) (a,,b,). Vi€t chuong trinh sao cho khi biét
“Tén hang” mdy tinh s€ cho ta bi¢t “S6 lugng™ ciia mat hang d6. P4 14 moét 16p bai
todn ma phép xir I¥ co ban 1a phép “Tim ki€m™. Ta hdy thir mot vai phuong phép:

- Cach don gian la tim tir ddu dén cudi danh sdach néu trilng t€n hang thi tim
dugce ra 6 lugng; nhu vay kha nang x4u nhit 1a can duyét hét n déi wegng. Do
vay néu n 16n thi rat mat thoi gian,

- Né€u danh sach trén dugc sdp xép (theo thit ty tir dién ching han) thi viéc
tim ki€m s€ don gian hon, vi ta sé dp dung mot giai thuat hiéu qua hon trong
truong hop nay.

- Néu lai t6 chifc thém mot bang muc luc chi din nita nhu theo chit cdi ddu
tién cla “Tén hang” thi chic chdn ring khi cdn tim mot mit hang ching han:
“Ti vi”, ta $& bo qua tat ca cdc mat hang ma tén khong bat ddu bang ky wr T,
néi mot cach cu thé hon ta s& tim dén tat ca tén hang ¢ chi T, sau d6 trong cic
mit hang d6 tim tén hang 1a “Ti vi”.



Nhu vay gitta cdu tric dir liéu va gidi thuat ¢é quan hé mat thiét hai chiéu.
Chinh di¢u nay din t6i su can thict phdi nghiéen citu cic cau tric dit liéu di doi
v4i viec xdc lap cidc giai thuat tdc dong 1én cic cdu tric dé.

2, Cau truc dir liéu va cac vin dé lién quan

Ta dé cap i mot s& van dé nhu sau:

2.1. Dir liéu bao gom cac phan tir ¢cu sé ta goi la dit liéu nguyén tir

(Dit liéu nguyén tir ¢6 thé 12 mot s6, mot LY, mot ban ghi). Chiing ¢é thé lién
két lai theo cic cdch khic nhau.

- Lién két dong

- Lién két tinh.

Lya chon mét cdu triic dir liéu thich hgp dé 6 chitc dit liéu vao (input) va
trén cd s& dé xay dung duge gidi thuat xir Iy ¢6 hiéu qud 12 mét buse quan trong
¢o tinh quyét dinh.

Cén chd ¥ rang trong nhing nim gan day, khi ma cac bai todn phi s6 xuat
hi¢n ngay mot nhicu, véi nhitng dic tinh phiic tap vé phuong dién dit lieu, doi
hdi chiing ta cdn nghién cu sau vé cau tric dit licu.

2.2. Trong cdc bai todn phi s& mot loat cdc phép xir Iy méi xuit hién nhu:
phép tao lap huy boé mot cdu tric, phép truy nhip vao timg phén ti clia cu tric,
phép bd sung hodc loai bd mot phén tir trén ciu tric. Cée phép dé c6 tac dung
khac nhau déi véi titng cdu tric. CS phép hitu hiéu véi cdu tric ndy, khong hitu
hiéu véi cdu tric khdc.

V1 vAy chon cau tric dit }iéu phai nghi ngay cac phép todn tdc dong ciu tric
dir liéu dy va ngugc lai.

2.3. Céch biéu dién mot ciu tric dif lién trong bo nho duge goi 14 cdu triic
L trit. Trén co s6 luu trir nay dé thuc hién cdc phép x1r 1y phai phan biét diroc
cau tric dif liéu va cau trdc lvu triy tuong dng. C6 nhiéu cdch luu trir khac nhau
véi mot cdu tric dir liéu, ciing nhu ¢6 thé ¢d nhiéu kiéu cau tric dif liéu khic
nhau duge tuu trit trong bod nhd cing mot kiéu cdu tride luu trit. _

Khi dé€ cap dén céu tric luu trir ta cdn phan bigt cAu tric luu trit twong g
v6i bo nhé trong - luu trit trong va cau tric huu trit (ng véi bod nhé ngoat - luu
trit ngoai; ching cé nhiing dic diém riéng nén s& kéo theo cdc cich xit 1y khac
nhau.

2.4. Trong mot ngon ngir 1ap trinh bao gio cling ¢é mot cau triic dif lidu tién
dinh. Vi du cdu tric mang dé€ 16 chic cic tap dit lieu c6 6 fuong nhat dinh va
éimg kiéu. N&u cau tric dif li¢u tién dinh phit hop véi cdu triic dit liéu cla ngudi



dung thi t6t nhét. Nhung néu cdu tric dir liéu tién dinh khong duoc sir dung thi
rat khé khan: :

Ching han dé luu trit hd so cdn bo ta dung céc ban ghi. Trong mot ban ghi
c6 nhi€u trudng, méi trudng 1a mot kiéu dit litu. Vi PASCAL ta dc dang thuc
hién duge. Con véi FORTRAN thi gap khé khan vi n6 mo phdng cac muc dit
li¢u dudi dang vécto hay ma tran.

Nhu vay chdp nhan mét ngén ngi 14p trinh titc 1a chdp nhan cdu tric dit licu
kiéu tién dinh.

Ba vén dé ddu tién chinh 12 muc tiéu dé cap dén cla chiing ta trong gido
trinh nay.

3. Ngén ngir dién dat giai thuat

Ngon ngit dugc chon phai Juon ludn tuén thu khéd nang x& 1y cita ngén ngir
V0l bal todn dat ra sao cho don gian nhat phit hgp véi cdu tric dir liéu tién dinh.

Trong mén hoc nay dling ngén ngir twa PASCAL dé€ mo phong nhde larf kién
thitc co ban PASCAL.

3.1. Quy cach vé cau tric chuong trinh

Méi chuong trinh déu bit ddu bang tir khod program va dugc gin mot tén
dé phan biét, tén ¢ do dai khong han ché; vi du:

program tong_2'_so;

Tat cd cdc chi giai duge dat trong cap {...}

Chuong trinh bao gém nhiéu budc, mdi budc s& dugc danh s3..

3.2. Ky tu va biéu thic

Giong nhu ngdn ngit PASCAL.

3.3. Cac cau lénh

Céc cau lénh trong chuong trinh duoc viét cach nhau bdi ddu cham phay (;)
chiing bao gém:

- Lénh gén c6 dang b: = bih;

V&i b chi tén bién, tén ham, con bth chi biéu thirc

0 day cho phép vi€t phép gin kép dang x: = y: =¢;

- Céau lénh ghép

Cé dang: begin s1;s2;...;sn; end;

- Cau lénh diéu kién

C6 dang: if B then S hoic if B then S else S2;



V6i B la biéu thiic diéu kién con S, S1, S2 1 mét lenh khéc
- Cau lénh tuyén
Cé dang:
Case
B1l: S1;
B2: S2:

Bn: Sn;
else: S, .,
end case
0 day B, 1a cac diéu kién, S, 1a céc cau lénh
- Cac lénh ldp (gidng nhua PASCAL)
- Can lénh nhay: C6 dang goto n (n la nhdn cia mét budc trong chuong
trinh;
- Cau Iénh vao, ra: C6 dang giéng nhu PASCAL.
- Lénh két thiic: end
3.4. Chuong trinh con
3.4.1. Chuong trinh con ham

Co dang:

function t¢n_ham (danh sich tham so)
sl; s2:...; sn;

return

Cau lénh ket thiic chuwong trinh con 1a return thay cho end

'3.4.2. Chuong trinh con thi tuc

Giong nhu chuong trinh con ham nhung khac & ché:

- Tir khoa procedure thay cho function

- Ham bao gid cling dugc tra lai két qua, thé hién & lénh gdn ma tén ham
nam & v& trdi, gid tri ndm & v€ phai, con thi tuc thi khong.

L&i goi chuong trinh con ham duge thé hién thong qua tén ham clng danh
sach tham s& thuc. Con véi chuong trinh con thu tuc 161 goi ¢6 dang:

call tén thu tyc (danh siach tham s6 thuc);

Chut y: Trong cic chuong trinh dién dat mét giai thuat phan khai bio dit li¢u
s€ dugc bo qua; né dugc thay the bsi phan mo ta dir liéu bang ngdn ngit tu nhién.
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Chuong 1
THIET KE VA PHAN TICH GIAI THUAT

Muc tiéu:

- Gitip hoc sinh hi€u dugc vé gidi thuat va v nghia cha giai thuat dé giai mot bai toan
b&ng chuong trinh,

- Ngudi hoc biét dugc quy trinh xay dung i giai mot bai toan. £4 1a chia mét bai toan
thanh nhi€u bai toan nho dé gidi réi sau d6 phsi hdp, ghép cac bai toan nho lai v8i nhau
dura trG vé bai toan ban dau.

- Ngudi hoc biét cac phuong phap thiét ke gidi thuat dé gidi cac bai toan lién quan.

- Ngudi hoc biét duge mét s6 khai niém fién quan dén giai thuat nhu théi gian thuc
hién giai thuat T{n); d6 phurc tap tinh toan cla giai thuat; va cac yéu 18 lién quan dén thdi
gian thuc hién giai thuat nhe kich thude cla di liéu vao va ra cla gidi thuat; kiéu diy ligu;
tdc do x Iy cGa may tinh: chuang trinh dich; ngén ngir 1ap trinh;...

- Nam dugc cac quy tac Tdng; quy thc Nhan dé xac dinh do phic tap tinh toan cia giai
thuat; ngoai ra chutong nay con cung cp mét s6 vi du mau dé ngudi hoc cling ¢d kién thirc.

I. TU BAI TOAN PEN CHUONG TRINH

1. Modul hoa viéc giai quyét bai toan

Céc bai todn giai dugc trén mdy tinh dién ti ngay cang da dang va phiic tap;
I€ di nhién 1a cdc gidi thuat va chuong trinh d€ gidi ching cling ngdy cang c6
quy mo va cang kho khi xay dung ciling nhu khi tim hiéu chiing.

Tuy nhién moi viéc s& tré nén dé dang hon néu nhu ta phan chia bii todn
16n thanh cdc bai toan nho. Diéu dé ¢6 nghia la né€u ta coi bai todn ban ddu nhu
la mot modul chinh thi ta can chia né thanh cic modul con va dén luot ching
cdc modul con nay lai dugc phéan chia ti€p thanh cdc modul bé hon,... ¢t nhu
the ta s& thu duge cdc modul ng vdi cdc bai todn co ban ma ta biét cdch giai

Il



quyét. Nhur vay viéc gidi quyét bai todn s&€ dugc thé hién theo mot cdu triic phan
cdp cé dang nhu mo hinh sau:

A . .
\
B C D
/ \
E E G H |

Chia mot bai todn phuic tap thanh cdc phan don gian théo tinh than “Chia dé
tri” > Dé thé hién tinh chién thuat d6 ngudi ta diung chién luge thist k€ tir dinh
xuong (Top - Down); thi€t k€ tir khdi qudt dén chi tiét.

Dé minh hoa ta xét bai todn sau: Xdy dung mét chicong trinh qudn 1y hoc
bong cho mét trucmg dai hoc.

Trudc hét ta phai hinh dung duge céi vao cdi ra cia bai toan:

C6 thé gia sir ring ta d4 ¢6 trong tay mot tip hd so (ma ta goi 12 18p) bao
gom céc ban ghi vé cdc thong tin lién quan t6i hoc bdng ciia sinh vién, ching
han: s6 hiéu sinh vién, diém trung binh,...; chuong trinh phai thue hién duoc cic
cong viéc sau:

1. Tim va hién thi duoc ban ghi cia bat ky sinh vién nio.

2. Cap nhat ban ghi clia moi sinh vién néu cin.

3. In céc loai bao cdo, thdng ké.

Nhu vay giai thuat cdn ddp ung duge 3 yéu cdu sau:

1. Phai doc dugce cédc thong tin v&€ moi sinh vién dd duogc hwu trir trén bd nhd
ngoai (goi 1a “Doc t&p”).

2. Xur ly cdc thong tin nay (goi [& “X{r 1y tép™).

3. Céap nhap céc thong tin khi ¢d su thay d6i (goi 1a “Ghi t&p”).

Ta c6 thé biéu dién ¥ d6 ndy nhu sau: -

QL hoc béng

Poc tép X1y tép Ghi tép
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Céc nhiém vy nay lai dugc phan nho ti€p; chang han, nhiém vy “Xi 1y t¢p”
s&€ dugc phén thanh ba yéu ciu nhu sau:

X ly tf:p
Tim ban ghi ‘Cép nhat in bao cio

Cdch thiét k€ giai thuat theo ki€u Top - Down nhur thé gidp cho viéc giai
quy€t bai todn mot cach thuan lgi ¢ dinh hudng, khong bi sa da vao cdc chi tiét
phu; né ciing chinh 12 nén tang cho ldp trinh cdu triic.

Mt khdc déi voi mot bai todn 1ém, d€ giai duge né phai c6 nhiéu ngudi tham
gia; chinh phuong phap modul ho4 s& cho phép tach bi todn ra nhiéu phin doc
lap tao diéu ki¢n cho nhiéu nhém chuyen gia chit dong giai quyst phan viée clia
minh ma khong lam anh hudng t6i cdc nhém khéc.

2. Phuong phap tinh chinh timg budc

La phuong phdp thi€t k& giai thuat kém véi lap trinh. Tie 14 modul hod va
thiét k& ki€u Top - Down.

Thoat dau chuong trinh duge the hién bing ngon ngit tr nhién sau dé duoc
chi tiét hod dan dén ta goi 1a cic budc tinh chinh. Cing vé sau cdc 1di 18 duge
thay th& dén bing cdc cau lénh ctia ngon ngit lap trinh. G giai doan trung gian
dung ca ngon nglf ty nhién. V&i ngon ngir lap trinh goi 1a gid ngou ngit. Nhu
viy qua trinh thiét k&€ giai thuat bat ddu tir;

- Ngon ngit tu nhién.

- Gia ngdn ngit.

- Ngbn ngir lap trinh.

Tu muc “Lam cdi gi” = “Lam nhu thé ndo” .

Vidu 1: Sap x&€p mot day s6 gom n s6 nguyén theo thi ty tang dan. C6 thé
phac hoa giai thuat nhu sau;

Tir day s6 nguyén chua dugc sip x€p ldy ra s6 nhd nhat 181 degt né vao cudi
day da dwoc sap x€p. Cit 1am nhu the cho dén khi day chua sap xép trd thanh
day rong.
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Pat van dé: Day s6 da sip x€p dit 0 ché cii hay chd méi?
Ta quy uSc day d3 sap x&p van dé & chd cii; diéu nay cé nghia 1a viéc dat

“s& nho nhat” vira 18y ra (& mot lugt nao d6) vao cudi day da duge sap x€p phai
duge thue hién bing cdch déi chd véi s6 dang & vi trf dé.

Giai thudt nhur sau:
For 1:=1 to n do begin
- Xét tir a; d€n a,; tim s6 nho nhat a
- D61 ché a; va a
End;
Toi ddy 6 hai nhiém vu con:
1. Tim s6 nguyén nho nhat a; trong cdc s6 wr a; 6i a,
2. D6i chd a; va a
Nhi¢m vu ddu cé thé thuc hién bang cach:

Goi a; 1a s6 nho nhat sau d6 so sdnh véi a;,, a;,,,... Néu thay s& nao nho

hon thi coi né 1a $6 nhé nhét. Khi da so sdnh véi a, roi thi s6 nhd nhét duge xic
dinh. D€ xac dinh duoc sd nho nhat ta chi cdn ndm duge chi s¢ clia phin tir &y.

14

Ta cé buéc tinh chinh 1:
j=i
For k:=j+1 ton do
If a, < a; then j:=k;
Nhiém vu thit 2 ia d8i ché:
Ta ¢6 budc tinh chinh 2 (461 chd):
- Bi=a; ai=a;; ap=B;
Chuong trinh sdp x€p dudi dang thu tuc sau:
Procedure SORT(A,n);
1. For i:=1 to n do begin
2.{Chon 56 nhd nhdt} j.=i
For k:=j+1 to n do
if Afk]<Al[j] then j:=k;
3.{PoF ché} B:=A[il; Ali]l:=Al[j]; A[j]:=B; end;
4, Return.
Sau day 1a chuong trinh hoan chinh:



PROGRAM SAP XEP;
uses crt;
const
max=100;
type
mang=arrayll..max] of integer;
var
day so:mang;
n, i, Jj, k: integer;
tg: integer;
BEGIN

clrscr;

write {‘Nhap so phan tu day so n= ‘);readli (n);

writeln;
writeln (‘Nhap cac phan tu cua day:’ };
for i:=1 to n do
begin
write {*phan tu thu *,i,"= ');
readln (day so[1]);
end;
clrscr;
writeln(‘*Day so truoc khi sap xep:’ }; writeln;
for i:=1 to n do
write (day soli} :4);writeln;
{ doan chuong trinh sap xep}
for i:=1 toc n-1 do
Begin
Ji=i;
for k:=73+1 to n do

if day so [k] < day so [J] then j:=k

if j<>i then Begin
tg:=day sofi];
day so[i] :=day solj];
day so[3] :=tg;

r
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End;
End;
writeln (‘Day so sau khi sap xep:’); writeln;
for i:=1 to n do .
write (day_sd[i]:4); writeln;
readln;
END.

Vidu 2: Cho mot ma tran vuéng n = 3

3 2 5
6 7 1
8 2 0

In ra cdc phan tir thudc cdc dudng chéo // dudng chéo chinh.
Gia sir in tir trdi qua phai, két qua phai la:

5

2 1
37 0
6 2

8

Ta hudng vao chuong trinh PASCAL
Giai thuat phac hoa nhu sau:
1. Nhapn
2. Nhap cac phan it clla ma tran
3. In cic dudng chéo // duong chéo chinh.
Nhiém vu (1) va (2):

1. Readln(n);

2. Fori=1tondo

_ For j:=1 10 n do Readln (a[i,j]);

Nhiém vu 3: Phan lam hai loai
- Pudng chéo ing véi cot tir n dén 1
- Dudng chéo iing véi hang tr 2 dén n
Vay ta tich 1am 2 nhiém vu con:

3.1 For j=n downto 1 do

in dudng chéo ting véi cot j



3.2 Fori:=1tondo
in dudng chéo dng véi hang i
Toi day phai chi tiét
“In duong chéo ung véi cot j”
j=n in 1 phan to hang 1 ¢ot j
j=n-1 in 2 phan tir hang 1 cot j
hang 2 cot j+1
j=n-2 in 3 phan t& hang 1 cot j
hang 2 col j+1
hang 3 cot j+2. _
S6 lugng cac phan tr duoce in ra chinh 14 (n-j+1); con phén tit duge in chinh
la Ali,j+(i-1)] va4i i lay gid tri tir 1 t6i (n-j+1).
Vay 3.1 ¢6 thé tinh chinh:
For i:=1 to (n-j+1) do
Write(a[i,j+(-1)]);
Writeln;
3.2 For j:=1 to n-i+1 do
Write(a[1+}-1,5]);
Writeln;
Sau day Ia chvong trinh hoan chinh:

PROGRAM IN DUONG CHEC MA TRAN;
Const max=10;
Type mt=array [1..max,1l..max] of integer;
Var '
a:mt;
i, j, n :integer;
EEGIN
Repeat
Write (‘Nhap kich thudc n ma tran A );
Readln(n):
Until (0<n) and (n<=max);
Writeln (‘Nhap cac phén ta:’ );
For i:=1 to n do
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For J:=1 to n do
Readln (a[i,]] }:
Writeln {(‘In dudng chéo’ );
For j:=n downto 1 do begin
for 1:=1 to n-J+1 do
Writeln (ali,j+i-1]};
writeln;
end;
For 1:=2 to n deo Begin
For j:=1 to n-i+l do Writeln (ali+j-1,3);
Writeln;
end;
END.

II. PHAN TICH GIAI THUAT

Yéu cdu: - Tinh ding ddn cla giai thuat
- Tinh don gian.

Phan tich thoi gian thuc hién giai thuat.

Mot bai todn ¢4 nhiéu cdch gidi xong chon giai thuat nao ma thoi gian duge
thuc hién nhanh nhat.

Thai gian thyc hién giai thuat phu thudc vao rdt nhiéu yéu (6:

- Kich thudce dit ligu dua vao: Néu s& luong dit Héu dira vao 12 n thi thoi gian
thyc hién giai thuat nhu mot ham cua n: T(n).

- Céc ki€u lénh, to¢ do xir Iy cha mdy tinh, ngon ngit viét chuong trinh,
chuong trinh dich anh hutng dén T(n). Nhu vay khong thé biéu dién T(n) bing
phit, giay,... nhung ciing khong phai 12 khong thé so sdnh dugc cic giai thuat
vé mit td¢ do.

Néu thoi gian thuc hién mot giai thuat nay 1a T;(n) = C,2 con mét giai thuat
khic l1a T, = Kn, & day C, K 1a hang s&; khi d6 0éu n khd 1én thi T,(n)< T,(n).
(NEu n nho thi khong ¢d ¥ nghia).

Cdach danh gia thol gian thuc hién giai thuat doc 1ap véi mdy tinh va cic yéu
t6 lien quan dén téi khdi niém vé€ “cép do 16n cua thai gian thuc hién giai thuar”
hay con goi la “do phic tap tinh todn cta giai thuat”.
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III. PO PHUC TAP TINH TOAN CUA GIAI THUAT

Hi¢u suat thoi gian cha mot gidi thuat thudng dwoe xem 12 mét yéu t6 quan
trong nhat; v6i hiéu suat thai gian dugc do nhir the nao; thoi gian thuc hién mot
giai thuat phy thuéc vio nhi€u yéu 6. Puong nhién mot yéu 16 quan trong 12
kich thude dau vao, béi vi s6 lugng muc vio s& anh hudng 161 thai gian xw 1y
chiing; chdng han thoi gian can thiét dé sip thé tw mot danh sich cdc muyc chic
chin phuy thudc vio s6 lugng cdc muyc trong danh sich. Nhu vay thoi gian thuc
hién (T) mdt gidi thuat phai duge biéu dién nhu hdm T(n) ciia do 16n ddu vao n.

Céc ki€u lénh va t6c d6 ciia mdy tinh cling anh hudng t6i thei gian thuc
hién; tuy nhién nhimg y€u 6 nay phy thudc vao mdy tinh dang sit dung, vi vay
chiing ta khong thé bi€u dién gid tri chia T(n) mat cdch ddy dii bing céc don vi
thoi gian ching han nhu giay. Thay vdo dé T(n) sé dugc tinh gan diing nhu lg
§6 cdc lénh thuc hién.

Mét yéu 16 khdc c6 anh hudng t6i thoi gian tinh todn l1a chét lugng cia
chuong trinh do b¢ dich tao ra. Khong phai tat ca cdc bo dich déu tao ra nhimg
chuong trinh ¢6 hi¢u sudt nhu nhau, tir d6 suy ra ring T(n) khéng thé dugc tinh
nhu la & cdc [énh cia mdy tinh, ma T(n) s& dwogc tinh nhu s6 14n thuc hién cdc
lénh trong giai thuat.

D¢ minh hoa ta xét giai thuat sau: tim gid tri trung binh ciia n s6.

1. Poc n

2. Khoi dong Sum tai 0.

3. Khai dong i tai 0.

4. while i < n thuc hién cac bude sau:

a. boc so
b. Thém s& vao Sum.
¢. Tang thém 1 vao1

5. Tinh tb=Sum/n

Ta thay
Lénh S& lan thuc hién
1 1
2 1
3 1
4 n+l

19



co =1 v LA
= o R

i
.Téng cong  4n+5
Ta thay thoi gian thuc hién giai thuat nay la:
T(n) = 4n+5
Khi gid tri ctia n tang, T(n) cling ting mot cach tuyén tinh; ching ta néi rang
T(n) ¢6 “bac n”, dieu nay duge ky hi¢u theo “ky phip chir O 16n™:
T(n) = O(n)
Mot céch 16ng quét, thoi gian tinh to4n T(n) cla giai thuat dugc goi 1a “cé
bac f(n)” ky hiéu boi:
T(n) = O(f(n))
Néu tén tai cac s6 duong C va n, sao cho:
T(n) <= Cf(n) vé1 moi n >= ng
B¢ phuic tap coa giai thuat nay duge goi 1a O(f(n)); vi du do phtic tap cua
giai thuat ma ta & trén 1a O(n). vi thoi gian tinh duge la:
T(n) = 4n+5
Vavi:
4n+5 <= 4n+n vét moi n >= 5
ta cé: Tn)<=5nvérmoin>=5
Nhur vay ta chon f(n) = n, ny=5vaC=35,tacé thé viét T(n) = O(n)
Néu thoi gian thuc hién giaj thuat 12 T(n) = Cn2 (C |2 hing s6) ta n6i do phic
tap tinh todn cla giai thuit nay la cip n?.
T(n) = O(n?)
Téng quit ta c¢6 thé dinh nghia: m¢t ham f(n) dugc xdc dinh 12 O(g(n))
f(n) = O(g(n))
Va duoc goi la cap g(n) néu tén tai cdc hang s6 ¢ va ng sao cho:
f(n) <= cg(n) khi n >=n,
Thong thudng cdc ham thé hién mitc do phic tap tinh todn cua giai thuat ¢é
dang: log,n, n, nlog,n, nZ, n3, 27, n!, nn
Cac ham 2, n!, n" duge goi 12 ham s mil, s6 con lai goi la cidc ham loai da
thirc.
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D6 thi

n3 5
n nZ
65536
32768
16384
8192
4096
2048
1024 nlog,n
312 n
256
128
64
32
16 log,n
8
4
2
1 1 | 1 | |
4 16 32 64 128 256
Log,n nLog,n n’ n’ 2"
0 1 | 1 2.
1 2 4 8 4
2 4 3 16 64 16
3 8 24 64 512 256
4 16 96 236 4096 65536
5 32 160 1024 27768 2147483648

IV. XAC PINH PO PHUC TAP TiNH TOAN
Xé4c dinh d6 phifc tap tinh todn clia mot giai thuat bat k¥ cé thé dan t6i
nhitng bai todn phitc tap. Tuy nhién trong thuc t€, ddi vdi mot s6 giai thuit ta

ciing c6 thé phan tich duge bing mot s6 quy tic don gian.

1. Quy tic téng

Gia st T,(n) va T,(n) 1a thdi gian thuc hién cua hai chuong trinh P1 va P2
ma T(n) = O(f(n)); To(n) = O(g(n)) thi thdi gian thuc hién P1 rdi P2 ti€p theo
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s€ 1a: T |(n)+T5(n) = O(max(f(n),g(n)).

Vi dy: Mot chuong trinh ¢é 3 budce thuce hién: Thoi gian thm, hién O(n2);
O(n3) va Of(nlog2n) thi thdi gian thuc hién hai budc dau sé la
O(max(n?,n?)) = O(n3). Th&i gian thuc hi¢n chuong trinh s& 1a:
O(n3,nlog,n) = O(n3). '

Mot ung dung khic cha quy tic nay la néu g(n) <= f(n); v6i ¥n >= n, thi
O(f(n)+g(n)) = O(j(n)); ching han:

O(n? + n?) = O(%), O(n+log,n) = O(n).

2. Quy tic nhan

Néu tuong (ng véi P, va Py 1a T (n) = O(f(n)); T5(n) = O(g(n)), thi thdi gian
thue hién P, va P, 16ng nhau s& la: '

T (0).Ty(n) = O(f(n).g(n))

Viduy: ciu lénh gin x: = x+1 ¢6 thoi gian thyc hién bing hang s6 C nén dinh
gia 1a O(1), suy ra:

* Céu 1énh Fori: = 1 ton do x: = x+1

€4 thot gian thyc hién O(n.1) = O(n).

* Cau l¢nh Fori: =1 tondo

For j: = 1ltondo x: = x+1

C¢ thoi gian thue hién duge danh gid 1a: O(n.n) = O(n?)

Cha y. Khi ddnh gid thdi gian thye hién giai thuat chi cdn chd ¥ té6i cdc bude
twong ¢ng vdi mot phép todn goi 1a phép toan tich cuc. D6 1a phép todn thude
giai thuat ma thoi gian thuc hién né khong it hon thoi gian thuc hién cdc phép
khac, hay n61 mot cach khdc s6 1an thuc hién né khong kém hon cdc phép khéc.

Vi duy: Tinh

ex x|+ x/11 +x2/21 + ... + x0/n! V&i x vd n cho truée.

Program Cl1;

{Tinh tang 56 hang roi cong lai}

1. Read(x); S:=1;

2. For i:=1 to n do

Begin
P:=1;
For j:=1 to 1 do P:=P*x/j
. S:=5+F;
End;
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3. Return.
Ta cé thé coi phép todn tich cuc & day 1a: P: = P*x/j; ta thdy né thuc hién
142+43+...4+n = n(n+1)/2 lan. Vay thoi gian thyc hién giai thuat 12 T(n) = O(n?)
Ta c6 thé dung gia thuat khdc dé gidi quyét bai todn ndy:
Program C2;
{Dua vao sé hang trudc tinh s6 hang sau theo cach x*n! = x*1f(n-1)! * x/n}
1. Read(x); S:=1; P:=1;
2. For i:=1 to n do begin
P:=P*x/i;
S:=S+P;
end;
3. Return

Bay gidy thoi gian thuc hién giai thuat 12 T(n) = O(n) vi phép P: = P*x/i chi
thé€ hién n lan.

Chu y: Thoi gian thyue hién gidl thuat khong phai chi phu thudce vao kich
thudc dir liéu ma con phu thudc vao tinh trang dir li€u do.

Ching han: Sip x€p mot day s6 theo thit tu tang din néu gap diy s6 dua vio
¢ diing thit tu sip x&p rdi khdc v6i diy s6 dua vao chua thit ty sdp xép hoac ¢6
thit t nguoc lai. Lic d6 khi phan tich thoi gian thue hién giai thuat ta phai xét
téi: d6i v6i dit lieu c6 kich thude n thi T(n) trong trudng hop thuan lgi nhat, T(n)
trong truong hop x&u nhat, T(n) trong trudng hop trung binh.

Viéc xdc dinh T(n) trung binh di nhién i khé, phai ding dén ¢ong cu todn
hoc dic biét hon nita. Tinh trung binh ¢6 thé cé nhiéu céch quan niém. Trong
trudng hop T(n) trung binh kho xdc dinh ngudi ta thudng ddnh gia qua giai thuat
X4u nhat cua T(n).

Vi du: Cho vecto V ¢é n phan tir, tim trong V gid tri bang X cho trude.

1. Tim:=false; {Bdo hiéu ngimg tim khi da thdiy)

=1,

2. While 1 <= n and not (Tim) do

if V[i]=X then begin
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Tim: = True;
K:=1i;
Write(* *,K);
return
end
Else i:=i+1;
3. Return
So lan phép todn tich cuc chi phu thudc vao chi s6 i ma V{i]=X
Thuan Igt X = V[1] — | lan
Xau X =V[n] - nlan
Vay T = O(1)
T, 4, = O(n)
Ddnh gia thoi gian thuc hién giai thuat T,,(n) = O(n)



Chuong 2 |
PE QUY VA GIAI THUAT PE QUY

Muc tiéu: .

- Nguoi hoc hiu duge mdt s6 khai niém nhu d& quy; giai thuat dé quy va thl tuc dé
quy. Tir 6 ngudi hoc ¢6 thé 18y duge cac vi du vé dé& quy va giai thuat dé quy.

- Chuong nay cung cap mét s8 bai toan ¢o ban vé viéc thiét k& gidi thuat dé quy nhu
bai toan tim n!; bai toan tim day s& Fibonaci; bai toan “Thap Ha Noéi;... Tu 'dé, ngudi hoc
biét cach thiét k& giai thuat dé quy cho bai toan dé quy.

- Ngudi hoc dugc cung cap mét bai tap mau minh hoa vé giai thuat |ap va gidi thuat
khac d€ c6 thé so sanh dugc v& hiéu Iyc gilta giai thuat d& quy véi mot sé gidi thuat khac
nhu giai thuat 13p:...

I. KHAI NIEM VE PE QUY
Mot déi twong goi 1a dé quy néu né bao gém chinh né nhu mét bé phan
hodc né duge dinh nghia dudi dang clia chinh né.
Vi du: Trong toan hoc ta rit hay gap céc dinh nghia dé quy
* 86 tu nhién c6 thé duge dinh nghia nhu sau:
a) 1 1a s6 tu nhién
b) x 1a s6 ty nhién néu x-1 13 s6 tu nhién
* Ham n giai thira: n!
ayll =1
b) Néun > O thi n! = n(n-1)!

I1. GIAI THUAT PE QUY VA THU TUC PE QUY

Néu 151 giai cha mot bai todn T duge thyc hién bang 10 gidi T° cé dang
giong nhu T, thi d6 1a mot 134 giai dé quy. Gidi thuat tuong ting véi 18 giai nhu
vy goi la giai thuat d&¢ quy. Méi nghe ¢6 vé nhu “da trang xe cdt bién Dong”,
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nhung van dé & day la tuy T’ ¢6 dang giong nhu T nhung theo mot nghia nao d6
T’ phai nho hon T.
D€ minh hoa ta xét bai todn sau: Tim 1w trong mot quyén tix dién; sau day la
mot giai thuat:
if tir dién 12 mot trang thi tim tit trong trang ay
else Begin
M tix dién vio trang “giita”
X4c dinh xem nira ndo clia tir dién chita tir can tim
if tlr 46 & nla trude cha i dién
then tim tir d6 trong nira trudc
else tim tir d6 trong nira sau
End;
Tat nhién giai thuat ndy méi chi & dang khai quat nhdt, ¢ nhieu chd cdn
phai chi tiét hon, chang han:
- Tim tir trong mot trang thi 1lam thé nao
- Lam thé nao dé md tir dién vao trang giita
- Lam thé nao dé biét tlr cdn tim ndm & nira ndo cha tir dién,...
Tra 101 cho cdc cau hoi trén khong phdi 1a kb6, nhung ta s& khong sa vao
¢dc chi ti€t ndy ma nén tap trung vao chién thuat cua 161 giai. Chi€n thudt nay
c6 thé hinh dung nhur sau:

Tim tir trong tir dién

/\

Tim tir trong nira trudc cua tir dién Tim tir trong nita sau cua tir dién

Ta c6 2 nhdn xét sau.

1. Sau méi l4n tdch dai tir dién thi nita thich hop s€ lai dugce tim kiém bang
chi€n thuat di dung trude dé.

2. C6 mot trudng dac biét s& dat duge sau nhiéu 1dn tich déi, d6 1a trudng
hop khi tir dién chi cOn duy nhat mot trang; lic d6 viéc tach doi cham dit va
bai todn di nho dé ta c6 thé tim ngay dugc tir can thiét (bing phuong phip tudn
tu ching han). Trudng hop ndy goi la suy bién.
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R0 rang chiing ta dd dp dung sdch luge “chia d€ tri”. Bai todn dugc tich ra
thanh bai todn nhd hon va bai todn nhd hon nay lai dugc gid quyét bang chién
thuét tich nhé hon nira. Ta s& thé hién giai thuat ndy dudi dang mot thi tuc.

Procedure SEARCH(dict,word);

{dict dwogc coi la ddu méi dé truy nhdp vao tir dién dang xét, word chi tir cin
tim}

L. if chi cOn 12 mét trang

then tim tir word trong trang nay.
else Begin
MG tir dién vao trang “gifia”
Xidc dinh xem nira ndo cla tir dién chifa tir word;
if word nAm & nira trudc ctia nir dién
then call SEARCH (dict!,word)
else call SEARCH (dict2,word)

End;
{dict] va dict2 la ddu méi dé truy nhdp vao nia trudc va nita sau cia ti
dién}
2. Return;

* Néu thii tuc chita ¢ goi dé€n chinh nd, nhu thi tuc SEARCH & trén goi 12
thu tuc dé quy truc tiép.

Thu tuc chifa 1 goi dén thi tuc khdc ma & thi tuc nay lai chita 101 goi dén
né. Trong truong hop nay goi la dé quy gidn tiép.

I THIET KE GIAI THUAT BE QUY

Khi bai todn dang xét hodc dit liéu dang xtr Iy duge dinh nghia dudi dang
dé quy thi viéc thi€t k& cac giai thuat dé quy to ra rat hiéu qua.

Ta s€ minh hoa nhén xét trén bang mot s6 bai to4n dién hinh sau:

1. Bai toan tinh n!

Xuat phdt tir dinh nghia dé quy cta n! nhu sau:

1ifn=0

fact(n) =
() n*fact(n-1}ifn>0

Giai thuat dé quy duge viét duéi dang ham nhu sau:
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Function fact(n);
1. if n=0 then fact:=1
else fact:=n*tact(n-1)

2. Return -

- L&i goi chinh né & day nim sau else
- Sau mdi 14n goi n giam di 1

Ta thdy 3 dac di€ém ctia tha tyc d¢ quy lai xuat hién:

L. C6 trudong hop suy bién fact(0) = 1

2. Loi goi chinh né 1a & 1énh gdn ditng sau else

3. Méi lan goi dé quy dén fact thi gia tri cha n giam di 1 (vi du fact(4) goi
dén fact(3), fact(3) goi dén fact(2),...)

2. Day sb Fibonaci

Dy Fibonaci bét ngudn tit bai todn ¢d vé viéc sinh sdn cia cdc cap thd. Bai
toan dit ra nhu sau:

1. Gia sit cdc con tho khong bao gid chél

2. Hai thang sau khi ra d&i mot cap thd mdi sinh ra mot cap tho con (mot
duc, mot cai).

3. Khi da sinh con réi thi it méi thang ti€p ching lai sinh duge mét cap con
mdi.

Gia sur bat ddu tir mot c@p thd méi ra doi thi dén thang thif n s& ¢6 bao nhiéu
cip?
Vidu: véi n = 6 ta thiy:

Thang thi 1: 1 ¢ip (cip ban dau)

Thang thi 2: 1 cap (cdp diu van chua dé)

Thang thit 3: 2 cap (da ¢6 thém mét cdp con)

Thang thit 4: 3 cap (cap d4u van dé théem)

Théng thit 5: 5 cidp (cép con bét dau dé)

Thang thit 6: 8 cap (cdp con vin dé tiép)

Tinh s6 cédp tho & thang n: F(n)

Ta thay néu mdi cap thd ¢ thang thit (n-1) déu sinh con thi:

F(n)=2%(n-1) |

Nhung thyc ra khong phai nhu vay vi trong cédc cip di ¢6 d thiang thit (n-1)
chi ¢6 nhiing cap tho & thdng thit (n-2) méi sinh con & thang thit n dugc.

Do dé6 F(n} = F(n-2) + F(n-1)
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Vi vay c6 thé tinh F(n) theo cong thifc:

lifne=2
F)="| F@n-2)+Fmn-1)ifn>2

Day s6 thé hién cdc gid tri chia n = 1,2,3,... ¢6 dang

1 123581321 34 55... duoc goi 1a ddy Fibonaci.

Thtl tuc dé quy dé thuc hién giai thuat F(n)

Function F(n);

1. if n<=2 then F:=]

else £:=F(n-2)+F(n-1)

2. Return

J day chi khic truong hop suy bi€n [a cé hai gid tri F(1) =1 F(2) = 1

Chii y: D61 v6i hai bai todn di xét 1a thiy viéc thiét k€ dé quy kha dé dang
vi cd hai déu thudc dang tinh gid tri cia haim ma dinh nghia dé quy cha ham
dugc xac dinh khd thuan loi.

Nhung khong phai khi ndo ta cling gip thuan Igi nhu vay; vin dé ma chiing
ta can luu tam téi khi thiét k€ mot giai thuat dé quy 1a:

1. C6 thé dinh nghia mot bai todn ciing dang nhung “nhé” hon khong.

2. Nhu the nao 1a “kich thudc” cla bai todn duge giam di sau méi lan goi
dé quy.

3. Trudng hop dac biét nao duge goi la suy bién.

Ta x¢t thém mot bai todn phirc tap hon:

3. Bai toan “Thap Ha Néi”

Bai toan dugce trinh bay nhu sau:

C6 n dia kich thuéc khac nhau duge x€p chéng 1én nhau sao cho dia nhod
nam trén dia 16n (tao thanh hinh thép); can chuyén n dia nay (A) dén mot vi tri
mdi (C) theo nguyén tic:

1. Méi budc chi chuyén mot dia

2. Trong qué trinh di chuyén khong duge dé dia 16n 1én trén dia bé.

3. Dugc phép sir dung mot vi tri trung gian (B).

D¢ di (6i 10 giai tdng qudt, trude hét ta xét mot vai trudng hop don gian:

- Trudng hop 1 dia: 101 giai 12 chuyén dia nay tir A sang C

- Trudng hop 2 dia: 101 giai nhu sau:
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+ Chuyén dia ddu tir A sang B
+ Chuyén dia thi 2 tir A sang C
+ Chuyén dia ddu tir B sang C
Bay gid d€ gidi bai todn véi n dia ta gia sit ring da giai dugc bai todn véi
n-1 dia; lic d6 101 giai téng quét cho n dia nhu sau:
+ Chuyén (n-1) dia trén ciing tix A sang B
+ Chuyén dia thit n tir A sang C
+ Chuyén (n-1) dia tix B sang C
Nhu vay bai toan “Thap Ha Noi” véi n dia duge thay thé€ bing bai todn
tuong ty v6i kich thude nhoé hon,... ¢t nhur the cho t6i khi trudng hop suy bién
Xay ra.
Céc dic diém clia mot giai thuat d& quy di duge xac dinh; ta ¢6 thé biéu
dién giai thuat dé quy nay nhu sau:
procedure hanoi(n,A,B,C)
1.if n = 1 then chuyén dia tit A sang C
2. else begin
call hanoi(n-1,A,C,B);
call hanoi(1,A,B,C);
call hanoi(n-1,B,A,C);
end;
3. return

IV. HIEU LUC PE QUY
Dé quy 1a mét cong cu giai cac bai todn, mac dit bén canh né van cé giai
thuat khic d€ thay thé. Khi thay cdc giai thuat dé quy bing cdc giai thuat khong
tr goi chiing goi 13 khir dé quy. P& quy cho phép xédc dinh mot tap vo han cic
doi tugng bing mot phat biéu hitu han. Chéng han:
Giai thuat lap dé€ tinh n! cé thé viét:
function fact(n)
1. if n =0 then fact:= 1
2. else begin
fact ;= 1;
for 1:=2 to n do fact := i*fact
3. return
Gii thuat 1ap dé tinh s6 Fibonaci nhu sau:
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function f(n)
l.ifnc=2thenf:=1
2. else begin
fibl:=1; fib2 :=1:
for i:= 3 to n do begin
fibn := fibl +fib2:

fibl := fib2;
fib2 = fibn;
end;
3. f := fibn;
4. return;

De€ két thiic ta luu ¢ ring trong cdc trudng hop néu tranh dugc dé quy thi
nén tranh. Tai sao?

Vi thuat todn dé quy rat tién loi cai dat bang chuong trinh nhung khi thyc
hién thi t6n rat nhiéu thai gian (vi phai tinh truy héi), do phic tap tinh toan clia
gidi thuat d¢ quy thudng 2 ham mi. Tuy nhién trong nhiéu trudng hop thuat
todn d¢ quy la duy nhat hoac thuan lgi hon nhiéu so véi 101 giai lip (vi du nhu
truong hop bai todn “Thap Ha Noi™).

V. MOT SO BAI TOAN AP DUNG GIAI THUAT BE QUY

1. Bai toan tinh n!

PROGRAM giai thua;

uses crt;
Var

n:longint;

function gt (n:longint):longint:;
Begin
if n=0 then gt:=1 else gt:=n*gt(n-1);
End;

clrscr;

write {‘Nhap n= ‘);readlni(n);writeln;
writeln(n,” !'= Y, gt{n)):
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readln;
END.

2. Bai toan day sé Fibonaci
PROGRAM day so Fibonaci;
uses crt;
Var
n:longint;

function Fn{n:longint):longint;
Begin
if n<=2 then Fn:=1 else Fn:=Fn(n-2)+Fn{n-1);
End;

BEGIN
clrscr;
write (*Nhap n= ‘}ireadln(n) ;writeln;
writeln{‘Day so Fibonaci wvoi n= ,n,” :");
writeln{‘Fn(*,n,’” )= ,Fn{n});
readln; '

END.

3. Bai toan “Thap Ha N&i”
PROGRAM Thap ha noi;
uses crt;
Var
n:integer;
A,B,C:char;

Procedure ThapHN({n:integer;A,B,C:char);
Begin ’
It (n=1) then writeln(‘*Chuyen tu ‘,A,’
sang ', B)
else
Begin
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ThapHN (n-1,A,C,B) ;
ThapHN(1,A,R,C):
ThapHN (n-1,C,B,A};

End;
End;
(* _____________ *)
BEGIN
clrscr;

Ar="A" ; B:= B Ci=
write (50 tang cua thap n='};readln(n);
ThapHN (n,4,B,C};
readln;
END.

Chuong trinh giai bai todn “Thdp Ha Noi” trén duge trinh bay don gian, mo
ta diing 161 giai dé quy bang 131, dé hi€u ding v6i thuat todn da trinh bay, liet
ké qué trinh chuyén chéng dia tir coc A sang coc B. Sau day chiing toi xin trinh
bay thém 15i giai bai todn “Thdp Ha No6i” bing dé hoa mo phdng qui trinh
chuyén dia tir coc A sang coc B dé chiing ta ¢6 thé quan sét qué trinh dé bing
hinh dnh d6 hoa sinh dong. (Chuong trinh dd dvoc kiém nghiém, chay thit va
dugc trinh bay bang ngon ngit ldp trinh C hét sitc ngdn gon, don gidn).

//Chuong trinh mé phdéng bai toadn Thap Ha noi

#include <conio.h>

#include <dos.h>

#include <stdio.h>

#include <stdlib.h>

#include <iostream.h>

#define di chuyen({x,y, k)
tac khoi (x,y,k);delay(t);xca khoi(x,y,k);

int t; //Toc do di chuyen

int a[]={0,3,5,7,9,11,13,15,17,19,21,23,25 ; //Do dai
khoi

int mau[]={1,2,3,4,5,6,7,9,10,11,12,13,14,1%} ;//Mau
cua khoi

33

3.GTCTOL-A



34

int m,mau nen=0;
int x1=13,y1=22,x2=40,y2=22,x3=67,y3=22;

void main ()

{

void ve coc();

void tao khoi(int,int,int);

volid xoa khoil(int, int,int};

void dung thap{int,int,int);

vold chuyen Xheoi(int,int,int,int,int);

vold chuyen thap{int,int, int,int,int,int, int};

clrscr();

gotoxy (15,1);cprintf ("Chuong trinh mo phong
bai toan THAP HA NOI”);

gotoxy (23, 3) ;cprintf ("Nhap du lieu cho bhal toan”);

gotoxy (12, 4) ;cprintf ("So tang cua thap m{0<m<13)=");

cin>>m;

1f(m<l | m>12) exit (1)

gotoxy (12, 5) ;cprintf ("Toc do di chuyen: t{0<t<1000}=")

;oin»>t;

textbackground(mau_nen);Clrscr();

window(l,1,80,2);

texthackground (BLUE) ;clrscr () ;

textcolor {WHITE} ;

gotoxy (34,1);

cerintf (“THAP HA NOI™):

gotoxy(21,2);

cprintf (*(C)Copyright 2004 by Nguyen Thai Ha”);

window (1,23,80,23);

textbackground(0);clrscr();

textcolor (YELLOW) ;

gotoxy {13, 1) ;cprintf (“A”);

gotoxy (40, 1) ;cprintf (“B");

gotoxy (67, 1) ;ecprintf (*C7);

3.GTCTDL-B



dung thap(xl,yl,m);
window (1, 24,80,24);
textbackground(0);clrscr();
textcolor (CYAN);
gotoxy (27,1) ;cprintf ("Bam Enter de xem di chuyen”);:
getch();clrscr{};
chuyen thap(xl,yl,x2,y2,x3,y3,m);
window (1,24,80,24);
textbackground (0} ;clrscr{);
textcolor (CYAN) ;
gotoxy(30,1);cprintf (“Bam Enter de ket thuc”):
getch () ;clrscr();
window{l,1,80,25):
textbackground (mau nen);
textcolor (WHITE) ;clrscr () ;
system(®cls”);
}
void wve coc()
{
int 1i;
window(l,1,80,25);
textbackground{0) ;
textcolor (WHITE) ;
for (1=0;i<=m; i++)
{
gotoxy(xl,yl-i);cprintf ("%c”,179);
gotoxy(x2,y2-1i};cprintf ("%c”,179);
gotoxy (%3, y3-i):cprintf (“%c”,179);

}
void tao khoi(int x,int y,int k)
{
int h=a [k] /2;
window (x-h, vy, x+h, v} ;
textbackground (maufk] } ;
textccolor (maulk]l);clrscr () ;ve coc();
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void xoa khoi(int x,int y,int k)
{
inth=afk] /2;
window (x~h, y, x+h, vy} ;
textbackground (mau_nen) ;
textceolor {mau nen);clrscr();ve coc{);
}
vold dung_thap(int X,int y,int m}
{
int 1i;
for(i=m;i>=1;--1) tao khoi(x,y-m+i,i});ve coc();
1 .
void chuyen khoi{int x1,int yl,int x2,int yZ,int k)
{
static sl chuyen=0;
int x,¥;
window(1l,24,80,24);
textbackground {0} ;clrscr();
textcolor (CYAN) ;
gotoxy (30, 1) ;cprintf (“Bam phim bat ky de dung”};
sl chuyen++;
window (1, 3,80, 3});
textbackground (0} ;clrscri{):
textcolor (LIGHTMAGENTA) ;
cprintf (“Lan di chuyen thu:");
textcolor (YELLOW) ; cprintf (“%d”, sl chuyen);
for (y=yl;y>=4;--vy)
{di chuyen({xl,vy,k);}
1f{x1<x2)
for {(x=x1;x<=x2;++x)
{di_ chuyeni(x, 4, k) }
else
for(x=xl:x>=x2;--%)
{di_ chuyen(x, 4, k) }
for (y=4;y<=y2;++y)
{di chuyen(x2,y, k) ;}
tao khoi (x2,y2,k);



i1f (kbhit{))

{
window(l,1,80,25);
textbackground (mau nen) ;
textcolor {WHITE) ;
clrscr () ;system(“cls™) ;exit (1} ;

}
void chuyen thap(int x1,int yl,int x2,int v2,int x3,int y3,int m)
{
if (m<1l}y return;
alse
if (m==1)
chuyen khoi (x1,v1,x2,v2,1);
else

{
chuyen thap(xl,yl-1,x3,v3,%x2,y2,m-1);
chuyen khoi({xl,yl,x2,v2,m);
chuyen thap(x3,y3,x2,vy2-1,x1,yl,m-1);

Bai tap

1. Viét mot thl tuc dé quy in nguge mat ddng ky tu cho trudg.
2. Giai thuét tinh udc s& chung l6n nhat cla hai s§ nguyén duong p va g (p>q) dude
md t& nhu sau:

Goi r la s6 du trong phép chia p cho q._

- Néur=0thiqla USCLN

- r <> 0 thi gan cho p gia tri cla q, gan cho q gia tri cla r rdi 1ap lai qua trinh.
Hay viét mét gidi thuat dé quy va mot giai thuat lap thé hién ham d6.
3. Viét mét thl tuc dé quy dé in ra hoan vi cla n sé ty nhién.
Vi du: =3 a;=1 a;=2 a3=3

123, 132; 231; 243; 312; 321;

Gai y: Hay dé v nhan xét . ,

123 132 231

213 312 321
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Chu’dng 3
MANG VA DANH SACH

Muc tiéu:
© - Ngudi hoc hiéu dugc mét s6 khai niém vé mang; phén tif cla mang va danh sach.

- Ngudi hoc bi€t mét sd phép tinh v8i danh sach; vé dia chi clia phén i trong danh
séch; dia chi cla bd nhd va céach dinh dia chi clia phan tif trong danh sach.

- Ngugi hoc hiéu dudc ciu trac dir liéu kidu dan gian nhat 1a diing dia chi tinh dudc dé
* Iwu trit va tim kiSm phan tir 12 dir liéu ki€u mang. Tir dé ngudi hoc bit cac cach truy nhap
vao phan tif kiéu mang.

- Ngudi hoce bigt duge cach uu trir dir liéu ké tip kiu danh sach tuyén tinh. Ngudi
hoc biét dugc cach bd sung hay loai bd mét phan tf cfia danh sach.

- Ngudi hoc hiéu dugc thé nac la Stack; luu trit Stack béing mang. Mat khac ngudi hoc
dugc cung cap mot s8 (mg dung cha Stack d8 hiéu 8 hon vé dit liéu kiu Stack,

- Ngudi hoc hiéu dugc khai niém vé Queue hay danh sach kiéu hang dgi. Biét dugc
cach Iuu trir Queue bang mang; dugc cung cip mdt s6 vi du vé viéc bd sung va loai bd
mét phéan & ra khoi Queue.,

I. CAC KHAI NIEM

Mang 12 mot tap ¢ dinh gdbm mot s& ¢6 dinh cdc phan tir. Khong c6 phép
bé sung, loai bd phén tlr cha mang.

Thuong chi ¢6 cdc phép tao lap, tim ki€m, luu trit mét phin tl cha mang.

Ngoai gié tri mot phan ti clla mang con duge dic trung bdi chi s6, thé hién
thit tr clia cdc phan tr 46 trong mang.

Vécto 12 mang mot chiéu, mdi phén tlr a; tng vdi mot chi s6 i.

Ma tran 1a mang hai chi€u, moi phén tlr a;; ting vdi hai chi s i,j.

Danh sach hoi khdc mang & chd: gdm mot tap ¢é thi tu nhung bao gbm mot
s6 bién dong cac phén tir. Phép bd sung hay loai bd mot phin tir thudng xuyén
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téc dong 1én danh sach. Mot danh sdch ma /dn cdn gilta cdc phin tér duoc hién
thi ra thi dugce goi 1a danh sach tuyén tinh.

Cho vi du: tap hgp nhimg nguoi dén phong ¢ong chitng cho ta mot hinh anh
cua danh sdch. \

Vécto chinh Ia trudng hop dac biét ctia danh séch tuyén tinh d6 14 hinh anh
cia danh sdch tuyén tinh xét tai thdi diém nao day.

Nhu vay danh sdch tuyén tinh 1a mot danh séch hoic réng (khong cé phan
1 nao) hoac ¢6 dang (a,, a,,... , a,) v6i a, (1 <1< n)1a mot dir liéu nguyeén 1.
Trong danh sdch tuyén tinh Juén t6n tai mot phan ti dau a,, phan tlr cudi a,. DG
voi mdi phdn tir a; bat ki véi 1 <1< n-1 thi ¢6 mét phén tit a,,, goi 14 phan
sau a;, va v6i 2 < i < n thi ¢é mot phan tlr a; _ | goi la phan tir irudc a,.

a;, dugc goi 1& phdn tu thit i cua danh sich tuyé'ri tinh, n dwoc goi la do dai
hodac kich thuée clia danh sdch, né ¢6 gid tri thay doi.

Méi phan tir trong danh sach thudng 13 mot ban ghi gdm mot hoac nhiéu
trudng (ficlds); d6 1a thong tin nhod nhat ¢6 thé tham khéo duge trong mot ngén
ngif 1ap trinh; vi du danh muc dién thoai 12 mot danh sdch tuyén tinh, mdi phin
tlr ctia né ng véi mot déi tuong thué bao. N6 gém 3 trudng;:

- Tén thué bao

- Dia chi

- SO dién thoat

Da&i véi mot danh sdch ngoai phép bé sung hay loai bo cdn cé cdc phép:

- Ghép hai hoidc nhiéu danh sich

- Tach mot danh séch thanh nhiéu danh sach

- Sao chép mot danh sich

- C4p nhat danh sich

- Sip x€p c4c phén tir trong danh sach theo mot thi tu nhét dinh

- Tim ki€m trong mot danh sdch mot phin tr ma mot trudng nao doé cé gia
tr1 4n dinh.

Céc vdn dé ma ta sdp d€ cap tdi déu lien quan t&i b nhd trong; dé€ hinh dung
ra b nhd trong, ta col né nhu maot diy ¢6 thit tu cAc ti mdy, moi tr may ¢6 mot
dia chi; méi tir mdy thudng chi€m tir 8 dén 64 bit, viéc tham khio dén noi dung
clia né théng qua dia chi.

Cé 2 cach dinh dia chi clia mot phan tir trong danh sich:
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* Cdch ther I: Dua vao dic ta coa dit liéu can tim. Pia chi nay duge goi 1a
dia chi tinh duge. Cich nay thudng duge st dung trong cic ngén ngit lap trinh
dé 1inh dia chi cdc phén tir clia mot vecto, ciia ma tran;

* Cdch thir 2: Luu trit cdc dia chi can thi€t & mot chéd nao do trong bd nhd.
Cén thiét s€ 14y ra. Dia chi néy ¢oi 1a con tré (Pointer) hodc mée ndi (link). bia
chi quay lui dé quay tr& vé chd goi & chuong trinh chinh khi két thuc chuong
trinh con chinh la loai dia chi nay.

IL. CAU TRUC LUU TRU CUA MANG

C4u tric dit liéu don gian nhat dung dia chi tinh dwoc dé thuc hién luu trit
va tim ki€ém phdn tit 12 mang mot chiéu (hay vécto).

Véi cach ndy mot s6 tir mdy ké tiép s& dugc danh ra dé luu gitt cdc phdn tir
chia mang (vi vAy ma nguoi ta goi 1a luu trir k€ tiép).

Gia sir vécto ¢4 n phdn tu, mdi phén tir ¢6 thé luu trit trong mot tir may. Nhu
vay phai ¢é n tir may k& tiép nhau. Do kich thudc cia vécto da dugc xic dinh
nén khong gian nhé danh ra cling duege 4n dinh trudc.

Mot cich tong quét, mot mang A cd n phan tlr néu méi phan tir a; chiém c
tr may thi no s€ chiém dung c*n tik may lién ti€p nhu sau:

a, Qb | e | e a, a

/7

LU

bia chi a; s€ tinh duge béi:
Loc(a;} = Ly + ¢*(i-1)
Ly duge goi 1a dia chi géc, 1a dia chi ciia tt mdy d4u tién trong mién nhé ké
tiép dé luu trit mang vecto (ma ta goi 12 vecto luu tri).
f(i) = c*(i-1) goi 14 ham dia chi
Trong mot s6 ngon ngit (ching hari nhu PASCAL) can dudi chi s6 khong
nhét thi€t phii 1a |, ma cd thé 12 mot s6 nguyén b nao do6; trong trudmg hop niy
dia chi cta a; s& tinh nhu sau:
' Loc(ay) = Ly + c*(i-b)
D6i véi mang mot chiéu, viée 16 chic lvu trit cling thuc hién twong tl.l’ nghia
1a vin bing mot vecto luu trir ké tiép nhur irén.
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Vi du trong FORTRAN mét ma trin 3 hang 4 ¢4t duge Ivru trit ké ti€p nhur
sau;

dyp ) Ay | Ay | A | dy | A | &3 | A | &y | Ay | Ay 7| dy

Ta thay cach luu trit & day 1a luu triy theo cot {Thit tr wu tién cot).

Gia st moi phan tir chi€ém mot tir mdy thi dia chi a;; s€ tinh béi cong thiic
sau; Loc(aij) =L+ §-1)*3 + (3-1)

Mot cdch tong qudt néu ma tran c6 n hang, m cot thi dia chi cia a;; & dugc
tinh boi:

Log(ay) = Ly + (j-1)*n + (-1}

Trong cac ngén ngir khiac (nhwr PASCAL, PL/1....) cach luu trir cac phan ta
lar theo that tu vu tién theo hang. V6i ma tran a ¢6 n hang, m cdt thi dia chi cla
a;; s¢€ duge tinh nhu sau:

Log(ai\i) =Ly + (-1)*m + (j-1)

Nhan xét:

- Khi mang dugc luu trit k€ ti€p thi viéc truy nhap vao phin tir cia mang
duge thuc hién vao dia chi tinh duogc, nén té¢ d6 nhanh va déng déu vdi moi
phan tu.

- C6 nhiéu 6 trong — lang phi bd nhé.

IIL LUU TRU KE TIEP CUA DANH SACH TUYEN TINH

Vi danh sach 1a diy cua cdc muc dif liéu, cho nén mot cach tu nhién ta ¢6
thé ding méng mét chiéu dé luu trit danh sach tuyén tinh nghia 1 c6 thé ding
1 vécto luu trit (V) v6i 1 <i < n dé luu trit mot danh sdch tuyén tinh (a,, a,,..., a,):
phan 1l &, dugc chifa V..

Danh a, a, & e a
sach o

b ' S
Mang L - .._J_M _ l —‘

V(1] V[é] V(3] Vin]
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Do 56 phan tir chla danh sich tuyén tinh thudng bié€n dong nghia la kich
thudc n cé thé thay d6i. Néu ldy max(n) ma khong ding hét thi lang phi bo nhé.
Ngay ca khi 1dy du r6i thi phép bo sung hay loai bd phai dén hoic din danh
sich gay lang phi thdi gian. DE nhan thdy diéu nay ta xét bai todn sau, gia sit
ching ta mudn chén gid tri 56 sau phan tir 48 trong danh sich mudi sé nguyén:

23, 45, 43, 25, 67, 78, 33, 48, 94, 8

Pé tao ra danh sich méi:

23, 45, 43, 25, 67, 78, 33, 48, 56, 94, 8

V1dinh nghia cha danh sdch nhu 1a mot cdu tric khong ¢6 gidi han vé chiéu
dai cho nén thao tic chén luon ludn ¢6 thé thue hién duge mot cich ly thuyét.
Tuy nhién trong cich cai dat tudn ty nay, do dai ¢6 dinh ctia mang lam gidi han
chi¢u dai cua danh sdch; dicu ndy c6 nghia la trieée khi chén moét phan tir méi
vao danh sdch cdn phai kiém tra xem trong mang cdn chd cho né khong.

Diéu phiic tap thit hai xuat hién tir thyc 1€ 13 trong cich cai diat nay cac phan
tir cuia danh sach duge tuu trit tai cdc vi tri lién ti€p clia mang; vi vay dé cheén
mot phin tlr méi vio ta cin phai dich chuyén cdc phan i clia méng dé tao chd
cho né. Vi du déi vé6i bal todn dang xét, cdc phan tir mang tir vi tri thit 8 dén
10 phai dich sang céc vi trf tir 9 dén 11 trudc khi phéin tlr méi duge chen vao vi
tri thit 8:

23 | 45 43 25 67 | 78 53 | 48 94 | 8

NN

23 | 45 43 25 67 78 33 48 | 56 | 94 | §

IV. STACK HAY DANH SACH KIEU NGAN XEP

1. Pinh nghia

Stack 12 mét kidu tuy&n tinh dic biét ma phép
bé sung va phép loai b6 ludn ludn thuc hién & mot
dau goi 1a dinh (TOP).

Nguyén tic “Vao sau ra trudc” hay danh sach
kiéu LIFO (Last In First Qut). Stack c6 thé réng
hay bao gém mot s6 phan ti.
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2. Luu trir Stack bang mang (luu trir ké tiép)

C6 thé luu trir Stack bdi mot vécto luu trit S gdm n phén tir nhé ké tiép. Néu
T la dia chi cia phén tir dinh cta Stack thi T s€& c6 gia tri bi€n déi khi Stack hoat
dong. (T 1a mot bién tro - Variable Pointer)

Néu ta quy udc dung dia chi twong d6i (chang han nhu chi s6) thi khi Stack
rong T=0. Néu mdi phan tir clia Stack Ung v6i mot tir mdy thi khi mot phén tir
méi b6 sung vao Stack, T s& tang lén 1, khi loai bd mot phén tir Stack s& giam
di 1.

Cdu trdc luu trit ki€u Stack nhu sau:

S1 S2 S3 Sn

Déy ctia Stack T
* Sau day 1a giai thuat b6 sung hay loai bd d6i véi Stack

Procedure Bosung(S,T,X);
{Gidi thudt thuc hién bé sung phdn tie X va Stack luu trit boi vécto X c¢é n
phan te. T la con tro tro téi dinh Stack.}
1. {Kiém tra Stack cé tran khong}
If T >=n then
Begin
Write (° Stack tran’);
Return
End;
2. {Chuyén con trd)
T:=T+1
3. { B0 sung phdn tit méi X} S[T]:=X;
4. Return.

Function Loaibo(S,T)

{Ham nay thuc hién loai bo phan ti ¢ dinh Stack S dang tro boi T. Phadn tie
bi loai sé duoc thu nhdn va dua ra}
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1. { Xem Stack cé can khéng)
If T<=0 then
Begin
Write(‘Danh sich can’);
Return '
End;
2. {Chuyén con 416}
T=T-1;
3. {Pua phdn ti loai b6 ra}
Loaibo:=§[T+1];
4. Return

Sau day la chuong trinh mo6 phong su hoat dong clia Stack, ding vects luu
trit cac phan tir, mdi phén tir cba Stack 12 mot's6 nguyeén.

Program = Stack;
uses crt;
const
nmax=>5;
Lype
Stack=object
Xrarray [1..nmax] of integer;
n:integer;
procedure kheoitao;
procedure them;
preocedure xocal(var ptlay:integer);
procedure xem;

end;
var
s:Stack;
chon, phantu:integer;

{Khéi tao Stack)
procedure Stack.khcitao;
begin '
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n:=0;
writeln({*Stack da ducc khoi tao );
readln;

end;

{Thém mdt phan tk vao Stack}
procedure Stack.them;
var
ptthem:integer;
begin
1f n=nmax then
begin
writeln({‘Stack tran'!!l’);
readln;
end
else
begin
write (‘Cho phan tu can them:‘);readln{ptthem);
n:=n+1l;
%x[n] :=ptthem;
writeln{‘Phan tu moi da duoc them vao Stack }:
readln;
end;

{Loal bo mdédt phin td khdéi Stack
procedure Stack.xoa({var ptlay:integer);
begin
if n=0 then
begin
writeln{‘*Stack can!'t!f};
readln
end
else
begin

43



ptlay:=x[n] ;
n:=n-1;

writeln{‘*Phan tu da duoc lay khoi Stack:’,

rhantu:8);
readln;
end,;
end;
(* _____________ *)
{Xem cac phén tui cua Stack)
Procedure Stack.xem;
var
i:rinteger;
begin
if n=0 then writeln{'Stack rcng !!'!7);

for i:=n downto 1 do
write(x[i] :8);
writeln;
readln;
end;

{Tao menu}
Procedure thongbao,
begin

gotoXY (28, 5) ;write { ‘Mo phong su hoat dong cua Stack );
gotoXY {20, 7} ;write('l. Khoi tac Stack’ ):
gotoXY (20, 8) ;write (2. Them mot phan tu vao Stack' );
gotoXY (20,9} ;write (3. Lay mot phan tu tu Stack’ };
gotoXY(20,105;write(‘4. Xem Stack’);
gotoXY (20,11);write (5. Ket thuc');

{Chuong trinh chinh}



repeat
clrscr;
thongbao;
gotoXY (20, 13) ;write {‘Chon cong viec: ') ;readln(chon);
case chon of ‘

1:5.khcitao;
2:5.them;
3:8.%xca (phantu) ;
4:5.x%em;
end;
until chon=5;
clrscr;

END.

3. Mét s4 itng dung cla Stack

3.1. Péi co so
Ta bi€t rang dit liéu trong bo nhd cha mdy tinh dién tr déu duge biéu dién
nhj phan. Diéu ndy ¢ nghia 1a moi s6 xudt hién trong chuong trinh déu phai
chuyén tir dang thap phén sang dang nhi phan truée khi thuc hién cac phép xir
ly. Chang han s& 37 ¢6 biéu dién nhi phan la: 100101
125+ 0.24+0.23 +1.22+ 0.21 + 1.20=37
Khi ddi ta chia s& d6 lién tiép cho 2 14y s6 du viét theo thif tr nguoc lai.

37 12

1 (18 |2
0 9 |2
4

= 100101

Pay chinh 1a co ché Stack.
* Giai thuét nhur sau
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{Gidi thudt nay thuc hién doi sé nguyén co s¢ mudi sang co s6 2}

1. While N<>0 do begin
R:= N mod 2 { Tinh s6 dir R trong phép chia N cho 2}
Call Bosung(S,T,R) {Nap R vao dinh Siack)
N:= N div 2 { Thay n bdng thirong ctia phép chia N cho 2}

end:
2. While S chwa réng do Begin
R := Loaibo(S,T) { Ldy R tir dinh Stack S }

Write(R):
End;
3. Return
Vidu: (37), — (101001) = (100101),
Bo sung:
][] (1]
0 O
| [0 0 0
][] ] [T
0 ol [o] [0o] [0
IR 0 I U5 N O R O
Loai bo:
0
¢ 0
1 L 1]
0 G 0
1 1 1 1 i
1 0 0 1 0 1

Sau day 1a chuong trinh d6i co s6 tir s6 hé thap phan sang s hé nhi phan
Ung dung Stack:

Program Dol co S0;

uses crt;
const
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nmax=16;

type

Stack=array [1..nmax] of integer;
var

s:8tack;

T,phantu, so:integer;

procedure khoitao({vart:integer);
var
i:rinteger;

begin
for 1:=1 to nmax do s [1] :=0;
t:=0;
end;
(* ________________ *)

{thd tuc thém mdét phdn tl vao Stack)
procedure Insert(ptthem:integer;vart:integer);
begin
L:=t+1;
s{t] :=ptthem;

{thd tuc 14y mdébt phdn tr ra khdi stack}
procedure Delete(var ptlay:integer;vart:integer);

begin
ptlay:=s[t] ;
ti=t-1;
end;
(* _______________ *)
BEGIN
clrscr;

write ('Nhap vao so can doi:');readln(soc);
khoitao (t);
while s0o<>0 do begin
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phantu:=so mod 2;
so:=s0 div 2;
Insert (phantu, t);
end; ”
writeln;
write {‘Doi sang so nhi phan la: ')
while t<>0 do begin
delete {phantu, t);
write (phantu);
end;
readln;
END.

3.2. Pinh gia biéu thitc s6 hoc theo ky phap nghich dao Ba Lan

Nhiém vu clia bd dich 14 tao ra cic chi thi mdy can thiét dé thuc hién cac
lénh chuong trinh ngudn viét bang ngdn ngit lap trinh cédp cao.

Vidu: X=A*B+C

B& dich mdy thuce hién:

1. LOAD A: Tim gid tri ca A lwu giit trong bd nhd va tai vao thanh ghi.

2. MUL B: Tim gid tri cia B va nhan véi gid tri dang & thanh ghi.

3. ADD C: Tim gia tri cua C va cOng vdi gid tri dang ¢ thanh ghi.

4. STO X: Dua gia tri trong thanh ghi luu vao vi tri X & bd nhé trong.

Trong ngon ngilt lap trinh biéu thitc s6 hoc duoc viét nhu dang thong thudng
nghia 1a theo trung to (mdi ky hiéu cia phép todn hai ngoi duge dit giita hai
todn hang, cé thé ¢ thém diu ngoic).

Chang han 6*(8-3)

Nha logic hoc Ba Lan 12 Lukasiewicz di dua ra dang biéu thic s6 hoc theo
Ky phdp hdu té" va rién 16, goi chung 1a dang kv phdp Ba Lan.

J dang hau 16 céc toan W di sau cdc todn hang; lic d6 biéu thic trén s& ¢6
dang: 6 8 3-*

Con G dang tién 16 cic todn tir di trude cdc todan hang; chang han biéu thic
trén sé€ ¢6 dang: *6-8 3

Vidu: (5-2)/(9+(2*%3))
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Viét theo hau 16:
52-92 3%/
Biéu thitc nay duoc doc tir trdi sang phéi cho 161 khi tim ra mot ton tir; hai

todn hang duge doc cudi cling, trude todn tr nay sé duge két hop véi né.

Trong vi du dang xét todn tit “-” duge doc trudc tién 2 todn hang tuong dng

vl nd la 5 2 két qua 1a 3. Thay vao c¢6 biéu thite it gon:

392 3%/
Lai doc tir trai qua phai, todn tit ti€p theo 12 “*” v 2 to4n hang cta nd 1a 2,

3, thyc hién phép todn ta cé dang rit gon:

396 +/
Tiép tuc ta thu dugc:
315/
Cuét cung ta co: 3/15
Phuong phép dinh gid tri hau t6 nhu trén doi héi luu trit céc toan hang cho

toi khi mot todn tir doc tir trdi sang phai. Tai thdi diém nay hai todn hang cuéi
cling phai duge tim ra va két hop véi todn tl nay. Nhur vay da xuét hién co ché
hoat dong *“viio sau ra trude”; nghia 12 ta sé sir dung Stack dé lwu trit cic todn
hang; i méi lan doc duge todn tu thi hai gid tri s& duoc 14y ra ti Stack dé két
hop voi todn tir va két qua lai duge ddy vao Stack; giai thuat sau s& thuc hién
cic ¥ do trén:

Program DINH_GIA;
{Giai thudt nay sit dung I Stack S, Tré bdi T, lic ddu T=0)
1. Repeat
Poc phén tix X tiép theo trong biéu thiic;
if X 1a todn hang then Call Bo sung(S, T, X)
else Begin '
Y:=Loaibo(§,T)
Z:=Loaibo(S,T)
Tac dong todn tr X vao Y, Z gdn két qua cho W
Bo sung(S,TW)
End;
until gip ddu két thic biéu thirc;
2. R:=Loaibo(S,T);
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Write(R);
3. Return

V. QUEUE HAY DANH SACH KIEU HANG bOI

1. Dinh nghia

Khac v6i Stack, Quene 12 kiéu danh sdch tuyén tinh, ma phép bd sung durge
thuc hién & mét ddu goi 12 161 sau va phép loai bd thuc hi¢n 6 mot dau khac goi
1a 161 trudc.

Nhu vay co cdu cha Queue giéng nhi mot hang doi vao mot dau ra & dédu
khéc. Vao trude ra trude. Vi vay Queue con duge goi 1a danh sdch kiéu FIFO
(First In First Out).

2. Luu trir Queue bing mang (luu trir ké tiep)

C6 thé ding mot vécto Q c6 n phan tir lam céu tric cda Queue. C6 thé truy
nhap vao Queue ta phai diing hai bién trd: R tro téi 161 sau va F tro tdi 161 trudc.
Khi Queue réng thi R=F=0. Néu méi phdn tir cia Queue duge luu trif cung mot
tir mdy thi khi b8 sung mot phan tf vao Queue R s€ ting lén 1, con khi loai bo
mot phan tr khoi Queue thi F s tang kén 1.

A [ B T ¢ |1 b [ E |
1 T
F R
Cédc phdn tu ban dau c6 trong Queue
A [ B [ ¢ I D | E | G |
y 1
F R
Sau khi b6 sung phan ta G
| B8 [ ¢ [ D | E [ G |
' 1
F R

Sau khi loai bd phan tir A
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C6 thé xudt hién tinh hudng cdc phan tir cia Queue sé di chuyén khap
khong gian nhé khi thuc hién phép bd sung va loai bo. Chéang han cit lién ti€p
thuc hién mot phép bd sung réi loai bd. Do d6 ngudi ta phai khic phuc bang
céach coi khong gian nhé t6 chite theo kiéu vong tron va véi vécto luu trit Q thi
Q[1] ding sau Q[n]. '

Giai thuat bé sung va loai bo nhu sau:

Procedure Bosung(F,R,Q,n,XX);
{Cho F va R la hai con tré lan luot tré vao 16i trudc va 161 sau cua mot
Queue dugc luu trit kiéu vecto gom n phdn tit theo kiéu vong tron. Gidi thudt
nay nhdam bé sung mot phdn i méi vao 16i sau Queue.
Liic ddu Queue réng: F=R=0)
1. {Chinh lai con tré R}
If R=n then R:=1 Q[n] Q11  QIi]
else R:=R+1; .
2. {Kiém tra tran)
If F=R then Begin
Write(‘“Tran’);
Return;

End;
3. {B6 sung X vao)

Q[R]:=X;
4. {Piéu chinh con trd F khi b6 sung
lan ddu) Hinh 3.1
If F=0 then F:=1:
5. Return.

Function Loaibo(F,R,Q,n);
1. {Kiém tra Can)
If F=0 then Begin
Write(* Can °);
Return(0);
End;
2. {Loai bo}
Y:= Q[FI;
3. { Xt ly truong hop Queue trd thanh réng sau phép loai bo)
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If F=R then {Queue chi cé mét phan i)
Begin
F:=R:=0;
Return(Y);
End;
4. {Chinh lai con tré F sau phép loai b3}
if F=n then F:=1
else F:=F+1;
5. Return(Y).

Sau day 1 chuong trinh mé phong su lam viéc cua Queue ndi vong su dung
vecto luu trit cac phdn tir, moi phén tir 12 mét s6 thue.

Program _Queue;
uses crt;
const
max=5;
type
Queue=obiject
theongtin:array([l..max] of real;
LT,LS:integer;
procedure khoitao;
procedure bosung;
procedure loaibo({var infolay:real);
procedure xem;

end;
var
Q:Queue;
chonibyte;
info:real:;

{Kh&i tao Queue}
procedure Queue.khoitao;
begin
1LT:=0;:L8:=0;
writeln(‘Queue da duocc khoi tao!!l!f);
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(* _________________ *)
{(B& xung mét phdn t& vao trong Queue}
procedure Queue.bosung; -
begin
write{‘Cho noi dung can bo sung: ‘);readln{info);
if LS=max then LS:=1 else LS:=LS+1:
if LT=LS then begin
write (*Queue tran'!!?);
readln; LS:=LS-1;
exit;
end;
thongtin[L8]:=info;
write (*Phan tu moi da duoc bo sung!’);
if LT=0 then LT:=1;
readln;
end;

{Loai bo mdt phén t ra khdi Queue)
Procedure Queue.loaibo (var infolay:real);

begin
if LT=0 then begin {Queue rbéng}
write (*Queue can!!!%);
readln;
exit;
end;

infolay:=thongtin[LT] ;
if LT=LS then {co 1 pt sau khi loai bo thi rong)
begin
LT:=0;L5:=0;
writeln(‘'Pa loai bo 1 phan tul’};
writeln{‘Phan tu bi loai bo:",infolay:3:2);
readln;exit;
end;
if LT=max then LT:=1 else LT:=LT+1;
writeln(‘'Da loai bo 1 phan tu!’);
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writeln(*Phan tu bi lcocai bo:’ ,infolay:3:2);
readln;
end;

{Xem cac phan t¥ trong Queue}
Procedure Queue.xem;
var
irinteger;
begin
if LT=0 then begin
' write (*Queue rong!!!f};
readln;
exit;
end;
writeln{‘Cac phan tu cua Queue:’ );writeln;
if LS<LT then begin
for 1:=LT to max do
write (thongtin[i] :6:2);
for 1:=1 to LS do
write (thongtin([i] :6:2);
end
else begin
for 1:=LT te¢ LS do
write (thongtin(i] :6:2);
end;

{Tao menu}
Procedure menu;
begin

gotoXY (28, 5) ;write (*Queue noi wvong };
gotoXY (20, 7);write (‘1. Khoi tac Queue’ ):
gotoXY (20,8);write(*2. Them mot phan tu };
gotoXY (20, 9) ;write (*3. Xem cac phan tu cua Qﬁeuén
gotoXY (20, 10);write('4. Loal bo mot phan tu’);
gotoXY (20,11);write(*5. Ket thuc’ );



{Chugng trinh chinh)
BEGIN
repeat
clrscr;
menu;
gotoXY (20, 13) ;write (‘Chon cong viec: ‘) ;readin{chon);:
case chon of
1:Q0.khoitao;
2:Q.bosung;
3:Q.xem;
4:Q0.1oaibo{info);
end;
until chon=b;
clrscr;
END.

Bai tap

1. Cho ma tran A= (Aj) vl 1 <i <7, 1 <j<6. M&i phan tir clia ma tran chiém 2 tu
mdy. Hay viét cong thire tinh dia chi phan tir (Ay) ing v6i cach luu trid,

a) Theo thor tu uu tién cot.

b) Theo th tu wu tién hang.

2. Gia sif 4 t&r may méi dii luu trf mét phan tif clla ma tran trong PASCAL. Biét ring
mot ma tran A dugc khai bao kidu:

~.. array [1..8,1..3] of integer
Va dugc |uu trif trong mét mién nhé ké& tiep bat dau tir tir may cé dia chi la 2000, Hay
tinh Loc{A{4,2]).
3. Hay lap giai thuat b8 sung va loai bd d8i véi hai Stack hoat déng theo hudng nguge
chiéu nhau trén mdt mién nhé cho phép la mét vecto V cé n phan tr (day clia Stack 1 s&
la V[1], con day cla Stack 2 s& la V[n]). Gia s mGi mét phén t&r cha Stack (g vai mot
phan t& cha V. .
4. Hay viét biéu thic sau day dusi dang hau 16:
{A*8B)
{(C+Dj

Oung hinh anh clia Stack dugc st dung d€ dinh gia tri bidu thirc hau t6 nay (mg véi
A=20,B=4,C=9,D=7.
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Chuong 4
DANH SACH MOC NOI

Muc tiéu:

- Ngudi hoc hiéu dugc thé nao la danh sach ngi don va cau tao clia mot phan t trong
danh sach néi don. Ngudi hoc biét duge méi lién két gilta cac phan tif trong danh sach néi
don. _

- Ngudi hoc duge cung cdp mot s6 phép toan; mdt s6 gidi thuat dé b sung mét nit
mdi vao trong danh sach; loai bo mét nuat ra khoi danh sach: ghép hai danh sach ndi don
v@i nhau.

- Nguoi hoc duge bé tic them kién thirc vé ngdn ngil 1ap trinh Pascal dé viét chuong
trinh cho giai thuat.

- Ngusi hoc hiéu duge thé nao la danh sach ndi vong; sv lién két gilta cac phan tir
trong danh séach néi vong va giai thuat dé duyét danh sach ndi vong.

- Ngudi hoe hiéu dugc cau truc cla danh sach ndi kép; cau tric cha cac trudng cla
céc nit trong danh sach ndi kép. Ngoai ra, ngudi hoc bigt duge mét s& giai thuat lién quan
dén danh sach ndi kép nhur gidi thuat chén mot phan i vao trude mét gia tri; loai bo mdt
gia tri;... d6i vdi danh sach ndi kép.

- Ngoai ra chuong nay con cung cdp mét s vi du va bai thp mau cho ngudi hoc cing
¢6 kién thirc va rén luyén vé cac gidi thuat lién quan dén cac loai danh sach.

Luu trir k& ti€p v6i danh sich tuyén tinh boc 10 nhiéu nhuge di€ém trong
truong hop thudong xuyén cac phép bo sung hodc loai bo phédn tir. Trudng hop
xlr 1¥ d6éng thoi nhiéu danh sdch hoac trudng hop cic ma tran thua.

Viéc st dung con trd hoiic méi néi dé t8 chifc danh sich tuyén tinh ma ta
goi 14 danh sich méc n6i (lién két) nham khic phuc mot s6 nhuoc diém dé.

Danh sdch méc néi 1a mot danh sdch ma cde phéin tir (con goi 12 myc tin hay
niit) dLr(Jc n6i k€t vai nhau nh& vao ving lién két cia ching.
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1. DANH SACH NOI PON

1. Nguyén tic

Moi phan tir ciia danh sdch duge Iuu giit trong mot phan tir nhé goi 12 nat.
M6i nit gém mot s6 tir mdy ké ti€p. Cdc nit nay c6 thé nidm & bat ky vi i nao
trong bo nhd.

M&6i miit gém hai phdn: Phan théng tin va phin chia dia chi cta phén ti
ding sau trong danh sich.

{ DATA | LINK

Truong DATA (DATA) chifa thong tin clia phén tir

Truong LINK chita dja chi cia phén tir tiép theo

Riéng niit cudi cing thi khong cé nit diing sau né nén méi noi & nit nay
phdi la mét “dia chi ddc biét” chi ding dé dénh ddu nit két thiic danh sdch
chit khong nhit cde dia chi & cac nit khdc, ta goi “mdi ndt khong™ va ky hiéu
la Null.

Dé c6 thé truy nhap duoc vao mot niit trong danh sich, phai truy nhap vao
niit dau tién nghia 1a can ¢6 mot con trd L trd t6i nidt dau tién nay,

N€u dung miii tén cht moi ndi, ta s& ¢6 mot hinh anh ciia mot danh sich ndi
don nhu sau:

/LA—HH“BH—» .................... [ ¢ T9—{ D I

L

Dau dé€ chi moi néi khong (con goi i Null).

Néu danh sich réng thi L = Null.

Dé 13 chiic thanh danh sich méc néi thi cdn ¢6 cde diéu kién sau:

1) Ton tai nhitng phuong tién dé€ chia bo nhé thinh cée nit va & mdi niit ¢6
thé truy nhép vao ting trudng.

2) Ton tai mot co ché dé xac dinh duge mot nidt dang duoc sit dung {goi la
nut ban) va khong duge sir dung (goi 12 nit tréng).

3) Ton tai mot co ché “Ngan hang nit tréng” dé cung cdp nit rong khi ¢6
yéu cau sir dung va thu hdi lai cdc nit d6 néu khong cdn thist.

59



Ta xét dén vén dé nay sau; trudc mit d€ tién trinh bay ta goi co ché nay 1a
“Danh sich cho tréng™.

Ta quy udc:
X <— Laytra

L4 phép 1ay mot niit cé dia chi X tir “Danh sdch chd tréng” ra dé sir dung.
X —> Laytra

La phép tra lai mot niit ¢é dia chi X vé danh sich chd tréng (con goi la phép
thu hoi nat X).

2. M&t s& phép toan

Cdc giai thuat sau day thé hién mot sé phép todn thuong duge téc dong vao
danh sich ndi don.

Mot it ¢6 dia chi la P (duoc trd bdi P) thi DATA(P) chi truong DATA cia
nit dy va LINK(P) chi truong LINK ciia né.

2.1. B6 sung mot niat méi vao danh sach néi don

Procedure CHEN(L,M,X);

{L la con tro tro 1ot nit dau tién cua danh sdch noi don, M 1a con tré tro
161 nit dang cé trong danh sdach. Gidi thudt nay thicc hién bé sung vao sau niit
dang tré bdi M mot niit méi ma trudng DATA cia né ¢ gid i ldy i 6 nho ¢é
dia chi la X}

1. Tao mdt nidt méi

NEW <— Laytra;
DATA(NEW):=X;

2. {Thuc hién bé sung: Néu danh sach réng thi bé sung mot nit mdi vao
thanh nit ddu tién, néu danh sdch khong réng thi ndm ldy M va bé sung nit méi
vdo sau niit do

If L = null then Begin
L:=NEW;
LINK(NEW }:=Null;

, End

else Begin
LINK(NEW):=LINK(M);
LINK(M):=NEW,
End:; :

3. Return.
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Minh hoa:
a) Néu L = Null, sau phép bé sung ta cé

CE < e A

b) Néu L < null

¢l —=—1l D] |

o

—A/r
e
—
¥
Ly

el

2.2. Loai bo mét niit ra khoi danh sach néi don
Program XOA(L,M);
{Cho danh sdch néi don tré boi L gidi thudt nay thuce hién loai bo mit tro
bot M ra khoi danh sdch)
\. {Truong hop darh sdch réng)
If L=nuil then Begin Write(‘Danh sich réng’),
Return
end;
2. {Truong hop wit tro boi M la niit ddu tién cua danh sdch)
If M=L then Begin
L:=LINK(M);
M ——> Layira;
Return;
End:
3. {Tim dén niit dving trudc nit tré boi M)
P:=L;
While LINK(P) <>M do P:=LINK(P);
4. {Loai nit tro bdi M}
LINK(P):=LINK(M);
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5. {Puu niit bi loai vé danh sdch ché tréng)

M —> Laytra
6. Return.
\L | M
T e WA o e SO o

2.3. Ghép hai danh sach ndi don

Program GHEP(P,Q);
{Cho hai danh sdch néi don 1ro bot P va Q. Ghép hai danh sdch do thanh
moét danh sdch mdi va cho P iro tdi né)
1. {Truong hop danh sdch wé boi Q réng}
If Q=Null then Return;
2. {Truong hop danh sdch tro boi P réng)
If P=Null then Begin
P:=Q; Return; End,;
3. {Tim dén niit cudi danh sdach)
Pl:=1
While Link(P1l) <> Null do Pl:=Link(Pl)
4. {Ghépj
_ Link(P1):=Q;
5. Return.
Il. DANH SACH NOI VONG
Danh sdch néi vong 1a danh séch tuyén tinh trong dé méi néi cua phan tor
cuoi chng cua danh sdch lai ir6 téi phdn tir ddu tién; diéu nay ¢6 nghia la sé
khong ¢6 phdn tir ddu tién v phan tr cudi cing. Ching ta ¢é thé duyét danh
sdch tr bat ky mot nit nao cling dugc.

L

i T e e
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Kiéu danh sich nay hay duoc sit dung trong cdc hé quan tri co s& dit liéu va
1ap trinh h¢ théng. Cdu tric danh sich cho phép lien két cdc phén tir ¢6 cling
tinh chdt. Vi vay chi can biét mot phin tir ¢6 tinh chét nao d6, ta ¢6 thé liet ke
hét céc phan tlr ¢6 clung tinh chat d6 bang cich duyét wrén danh sich vong.

procedure duyet(L); '

begin
P=1
ok := false;
while khong két thic do
begin
xu_ly(p);
p :=LINK(p);
ok:= P:=L;
end;
end.

I1I. DANH SACH NOI KEP

Trong trudng hop diing mang d€ bidu dién mot danh sich, ta ¢é thé duyet
mang theo ca hai chiéu; trong trudng hop danh sdch ndi don (nhu da trinh bay
¢ trén) ta chi ¢6 thé duyét tir trai qua phai.

Néu ta muén duyét danh sdch tix phdi qua trdi, cdn phdi bé sung thém mot
con tro nika, cho phép truy nhdp t6i phan t dimg truce; ta sé goi loai danh sdch
nay ld danh sdch ndi kép. Méi niit cia danh sdch sé ¢6 céu triic nhit sau:

Ltro DATA Rtro

Trong dé: - Litro la con 6 trdi, ding dé chi dén nit diing trude
- Rtro 1a con tré phdi, ding dé chi dén niit ding sau
- DATA chta dif liéu cta nit.

Hinh anh cha danh séch kép ¢é thé mé ta nhu sau:

L
N\

&
h 4
*
v
]
A
N
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Sau day ta $€ néu ra hat gidi thuat cap nhat mot danh sdch kép; gia sit rang
dd ¢d san ham troX(ds, X) cho phép truy nhap téi phan tir chia 1an xudt hién
dau tién cua X.

1. Chén mét nat vao trudc nat da co trong danh sach

Gia st ta can chen mot phan tir f_tu vao trude vi tri xuat hién dau tién cua
mot gid tri X, 1a sit dung mot bién ok dé biét viéc chén cd thé thuc hieén duge
hay khéng.

Gia thi¢t ring con tro tr_X mang dia chi ctia phén tir chita lan xudt hién dau
tién cia X, con p mang dia chi cia phén tit cin chen.

Trong trudmg hop tdng quat, ta ¢6 tinh hudng sau:

l tr X

L [A
(3N N2 @) )

Can phai thuc hién stra d6i céc con trd (1), (2), (3), (4) theo ding thit tu d6.
Trudng hgp chén vao dau ta co:

.ds _ tr_X\
L 1 | ==

Al

(30, (4) 1)
\\ '
/,! @] | ]
P

Ta can diéu chinh lai cdc lién két (1), (2), (3), (4).
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Giai thuat duge trinh bay nhu sau:
procedure chenX(ds; f tu; X; ok)
begin
r_X = troX(ds,X);
ok:= false;
if tr_X <> null then
begin
oK := true;
p - Laytra;
DATA(p) := f_tu;
LINK(p) :=tr_X; {(1)}
Ltro{p) := Luro(tr_X);  {(2)}
If tr_X = ds then {cheén vao ddu danh sach)

Ds:=p
Else {triuomg hop tong qudt)
Ltro(tr_X)(Rtro) := p; {(3)}
Ltro(Ltr_X) := p; {(4)}
end;
end

Mot cach tuong tu ban doc ¢6 thé tim ra gidi thuat cho céc trudng hop sau:

- Giai thuat chén mot phén tir vo vi tri thit k.
- Chen mot phan tr sau moi ldn xuat hién cta gid tri X.

2. Giai thuat loai bé mot phan tir

Ta c4n loai bo, chang han 14n xust hién dau tién ciia mot gia tri X trong danh

sach kép; ta c6 ba trudng hop:
- B6 phin tir dau.
- B4 phan tir.cusi
- Trudng hop 16ng quat.
Trong trudng hgp téng qudt ta cé:

tr_X

T RRREELEE
—
—
S

-
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Ta thue hién cdc didu chinh (1), (2) theo thit tu bat k.
Trong trudng hop bd phin tir ddu, ta lai ¢ hai trudng hop nho:
1. Danh sdch cé ding mot phan 1, sau khi loai bo thi danh séch rong

tr X

Ta chi can thyc hi¢n ds: = LINK(ds);
2. Danh sdch ¢é hon mét phan tir

Ta chi cén diéu chinh (1) va (2).

Néu cin bd phan tir cudi cling, ta ciing ¢4 hai trudng hop nho:

1. Danh sach chi ¢cé mot phan tr (tuong tu nhu trudng hop vira X€t)
2. Danh sdch ¢6 hon mot phan tir:

tr X
| (1) :

Ta chi can thuc hién (1)
Giai thuat nheu sau:

procedure loai(ds; X; ok);
begin
ok := false;
tr_X := troX(ds,X);
if tr X <> null then
begin
ok = true;
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if ir_X =ds then b6 phan tir ddu)
ds := Rtro(ds)
else {b6 bén trong)

Rto(Ltro(tr_X)) := R_tro(ir_X) {(1)}
if Rtro(tr_X) <> null then {khong phdi la phan ik cudi}
Ltr(Rtro(tr_X)) := Ltro(tr_X)
end;
end.

Doc gia hoan toan ¢6 thé trinh bay giai thuat:

1. Loai bo phén tir thit k

2. Loai bo tat ca cac 1an xudt hién cia gid tri X.

3. Vidu ap dung

Xét bai todn cong hai da thic ctia x dugc 8 chic dudi dang danh sich lien keét.

3.1. Biéu dién da thirc

Da thifc s& dugc bi€u dién duéi dang danh sach néi don, véi méi ndt c6 quy
cdch nhu sau:

| HESO | MU | LINK |

O day trudng HESO chira hé s6 khac O chia mét s hang trong da thifc, trudng
MU chda s6 mii tuong tng trong trudng LINK chita méi néi dén niit ti€p theo.
Vi du da thitc f,(x) = 5x* + 4x3 - 6 s& dugc biéu dién béi:

i
I T i e o e M b

Con da thiic f,(x) = -2x* + 3x* + x* - 5x dugc biéu dién bai:

f,
\rf‘2]4| 33 ] 1 [2] d—f-5]1 D]

f(x) = f,(x) + £,(x) = 3x* + 7x* + x* - 5% - 6 & dugc bidu dién nhu sau:

f
N3 AT 73] G112 D[S 1] 60
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3.2. Giai thuat
Dung hai con trd p v q duyét hai danh sdch f(x,), f(x,) s& xuét hién céc tinh
huong sau:
a) mi (p) = mi (q) ta cong hai gid tri HESO cua hai nit d6, n€u két qua 1a
khéc O thi phéi tao ra nit mdi thé hién s6 hang téng d6 va gan vao f(x).
b) Néu mii (p) <> mii (g)
if mi (p) > mil (q) sao chép nit p va gan vao danh sdch cuta f.
if mii (p) < mil (q) sao chép nit q va gdn vao danh sich cua f.
c) Néu mot danh sdch két thic trude, phan con lai ctia danh sdch kia s& duoc
cit vao f(x).
Mbdi 14n mot nit mGi duge tao ra déu phai gin vao “dudi” cha f. Nhu vay
phai thudong xuyén ndm duge “dudi” cla f bang mot con trd d. Cong viéc nay
1ap di 1ap lai cho nén can dugc thé hién bing mot thll tuc:

Procedure Catdathuc(HM,d); {Gdn vao sau niit 1ré bdi d}
New «<— laytra;
Heso(New):=H;
mu{New):=M;
Link(d):= new:
d:=New; {nut mdi tro thanh nit dudi)
Return.
Procedure Cong_da_thuc(f),f,,f);
L. p:=f; q:=ty;
2. f < laytra;
d:=f {Ldy niit mdt lam “mit dudi gid” dé sit dung thi tuc catdathuc sau sé
bo dif
3. While p <> nil and q <> nil do
Case :
mi(p)=mu(q):  x:=HESO(p) + HESO(q);
if x<>0 then Call Catdathuc(x,mu{p),d),
pi=link(p); q:=link(q);
mii(p)<mil(q): Call Catdathuc(HESO(q),mii(q),d);
q:=link(q);
Else: Call Catdathuc(HESO(p),mii(p),d);
p:=link(p);
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End Case; :

4. {Danh.sdch tng vdi f2(x) da hét}

While p <> nil do Begin
Call Catdathuc(HESO(p), mii(p),d);
p:=link(p); -

End;

5. {Danh sdch g vor fl(x) dad hét}

While q <> nil do begin
Call Catdathuc(HESO(q), mii(q),d);
q:=link(g);

End;

6. {Két thiic danh sdch f}

Link(d):=nil;

7. {Loai b6 niit dudi gid}

t:=f; f:=link(f); t — laytra;

8. Return.

IV. STACK VA QUEUE MOC NOI

Vi danh sdch n6i don trd boi L thi L coi nhu trd t6i dinh cda Stack. BS sung
mot ndt vio Stack chinh 13 bé sung moét niit vao thanh nit ddu tién cta danh
séch. Loai bd mot nit khéi Stack chinh 12 loai bd nit ddu tién trong danh sich

trd boi L. V4i Stack méce néi khong phai kiém tra hién tuong tran nhir Stack ke
ti€p vi kich thudc clia né chi phu thuéde vao kich thude cia bo nhé toan phén.

Dé6i v6i Queue thi loai bd mét ddu va bé sung mot dau khac. Néu coi danh
sach néi don nhu mot Queue va coi L trd 1di 161 trude thi viéc loal bdé mot niit
nhu Stack. Nhung bé sung mot nit thi thue hién vao “dusi” nghia la phai tim
dén ndt cudi cling. Vay cdn tim thém mot con tré nfta (P) trod vao ndt cudi clng.

V. MOT SO CHUGNG TRINH MINH HOA

1. Chuong trinh chén thém mét nat vao danh sach ndi don

Viét chuong trinh chén mot nit mdi vao trong danh sdch néi don. Vdi céc
chic nang:

- Khdi tao danh sdch

- Chen vao déau danh sach

- Chen vao cudi danh sdch
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- Chen vao vi trf bdt ky nhap vao tir ban phim
- Xem danh sach
Chuong trinh dugc té chitc dudi dang menu chite ning

(¥ Khal bao------- * )
uses crt;
type

tro="nut;

Nut=record
' info:integer;
link:tro;
end;
var
L:tro;
X, krinteger;
chon:integer;

{(*-——thu tuc khdi tao danh sach---*)

procedure khoitao({var l:tro);
begin
l:=nil;
writeln(‘Danh sach da duoc khoi taoc!!!’):;
writeln ('Bam phim Znter de tiep tuc!!!’);
end;

(*~——~th tuc chén phin t® vaoc ddu danh sach---*)

procedure insert dau{var l:tro;X:integer);
var
moi:tro;
begin
new (moi);
moi~.info:=¥X;
if 1=nil then begin



moi~.link:=1;

l:=moi;
end
else

begin
moi®.link:=1;
1:=moi;

end;

end;
{(*——-thtd tuc chén phin t vao cudi danh sach---*)

procedure insert_cuoi(var l:tro;X:integer};

moi,prtro;
begin
new {moi) ;
moei”.infor=X;
1f 1=nil then begin

mol”™.link:=1;

l:=moi;
end
else
begin
p:=1;
while p”~.link<>nil do
p:=p”.link;
moi®.link:=p”~.link;
p*.link:=moi;
end; N
ornd;
(*——-thtl tuc hién danh sach---%*)
procedure listing ds(l:tro);
var
piltro;
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begin
p:i=l;
while p<>»>nil do begin
write{p”.info:4);
p:=p”~.link;

end;
end;

(*-chen phén ti vao vi tri bdt ky trong danh sach -*)

procedure insert giua(var l:tro;k,X:integer);
var

moi,p:tro;

~count:integer;
begin

new (moli) ;

moi”.info:=¥X;

if l=nil then begin

moi~.link:=1;

l:i=moi;
end
else
begin
) p:=l;count:=1;
while (p”.link<>nil) and (count<k) do
begin
p:=p~.link;
count:=count+l;
end;
moi”,link:=p”~.link;
p*.link:=moi;
end;
end;



(* -—-chuwong trinh chinh---%)

BEGIN
repeat
clrscr;
writeln; _
writeln (' Bang chon cong viec' );writeln;

writeln(?® 1. Khoi tao danh sach’ );

1

writeln Chen wvao dau danh sach’ };

(
{
{ 2
writeln{® 3. Chen vao cuoi danh sach’ ) ;
( 4
{ 5
(

]

writeln Chen wvao vi tri bat ky' };

1

writeln Xem danh sach’ };
A 6. Ket thuc' ):writeln;
write(® Chon cong wviec: ')i:;readln(chon);

Case chon of

writeln

1:Begin
khoitaoc (L) ;readln;
end;
Z:Begin
write (*‘Nhap so X= V);readin{X);
Insert dau(L,X);
writeln{‘*Da chen xong!!!’);
write (‘Bam Enter de tiep tuc' };
readln
End;
B:Beginh
write('Nhap so X= ‘);readln(¥X):
Insert cuci(L,X);

' writeln(*Da chen xon@!!!’);
write (‘Bam Enter de tiep tuc’ );
readln

End;
4:Begiln
'write(‘Nhap so X= V) ,;readln(X);



write (‘*Cho biet vi tri can chen k= Y}
readln{k};
Insert giua(L,k,X};
writeln{‘Da chen xorg!!!};
write(‘Bam Enter de tiep tuc’ ):
readln
End;
5:Begin
1f 1=nil then write{‘'Danh sach rong!!!}
else listing ds(L);
readln;
End;
End;
until chon=b6;
END.

2. Chuong trinh loai bo mét nit ra khéi danh sach ndi don

Vi€t chuong trinh loai bo mét nit ra khoi danh sach noéi don. Véi cdce chic
nang:

- Kh¢i tao danh sdch

- Xod nit dau danh sach

- Xoa nat cudi danh sich

- Xod mot nit & vi tri bat ky nhap vao tr ban phim

- Xem danh sach.

Chuong trinh duge 10 chite dudi dang menu chic nang.

uses crt;
const
mang:array [1..10} of integer=(5,8,6,7,4,9,1,3,72,23);
Lvype
tro="nut;
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Nut=record
info:integer;
link:tro;

end;
var
L:tro;
X, kiinteger;

chon:integer;

procedure insert cuoi{var 1l:tro;x:integer);forwarc;

(* —~~th tuc kxh&i taoc danh sach---*)

procedure khoitao{var l:tro);
var

i,Xflnteger;

pitro;
begin
l:=nil;

for i:=1 to 10 do
begin
x:=mang [ 1] ;
insert cuoi (1l,x};
end;

end;
(* --~chén them mdt not vaoc cuéi danh sach---*)
procedure insert cucl(var l:tro;X:integer);
Var
moi,p:tro;

begin
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new {moi} ;

moi~.info:=¥;

if 1=nil then begin
moi~.link:=1;

l:=moi;
end
else
begin
p:=1;
while p”.link<>nil do
p:=p”~.link;
moi”.link:=p~.link;
pt.link:=moi;
end;
end;
(*---thd tuc hién danh sach---*)

procedure listing ds{l:tro);:
var
p:itro;
begin
p:=1;
while p<>nil do begin
write(p”.info:4);
p:=p”~.link;
end;
end;

(* -—--X0A nut diu danh sach---*)
procedure Delete dau({var l:tro;var x:integer);
var

p:tro;
Begin
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1f 1=nil then writeln(‘Danh sach rong!!!’)
else begin

p:=1;
l:=1".1link;

z:=p~.info;
dispose (p};
writeln (‘*Phan tu duoc xoa khoi
danh sach: Y, x);
and
End;

(*---Xo& nut cudi danh sach---*)

procedure Delete cuci (var l:tro;var x:integer);
var
P,g-tro;
Begin
if l=nil then writeln(‘Danh sach rong!!!")
else begin

p:=1;qg:=1;
1if 17.1link=nil then

begin
x:=1".info;
l:=1".1link;

dispose (p);
writeln({‘*Phan tu duoc xo0a
khoi danh sach: Y, x);
end
else
begin
while p~.link<>nil do
p:=p~.link;
while g*.link<>p d» g:=gq~.
link:
g®.link:=p~.1link;
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x:=p”*.info;
dispose (p) ;
writeln (‘Phan tu duoc xoa
| khoi danh sach: ‘,x);
end
end
End;

(*---Xo& nut & vi tri k nhédp vao tir ban phim---*)

procedure Delete giua(var l:tro;var X:integer);
var
p,qg:tro;
k,count:integer;
begin
if 1l=nil then
writeln(‘Danh sach rong!!!")
else N
begin
write(‘'Cho vi tri can xoa k= VY);
readln (k) ;
p:=1;g:=1;count:=1; _
while (p”.link<>nil) and (count<>k) do
begin
p:=p”.link;
count:=count+1;
end;
if (p”.link=nil) and (count<>k) then
writeln (‘*Khong tim thay nut o vi
' tri k)
else begin
if p<>1 then
while g”.link<>p do



q:=gq”.link
else l:=1".1ink;
g®.link:=o”.link;
x:=p”.info; disposc{p);
writeln{*Phan tu ducc xca

khoi danh sach: Y, x):

erd
cnd;
end;
____________ * )
BEGIN
repeat
clrscr;
writeln;
writeln (® Bang chon cong viec' );
writeln;
writeln(® 1. Khoi tac danh sach’ ) ;
writeln(:® 2. ¥Xoa nut dau danh sach’ )
writeln(:® 3. Xoa nut cucoli danh sach® )
writeln (® 4. ¥Xca nut o vi tri bat kv );
writeln{® 5. Xem danh sach’
writeln(® 6. Ket thuc’ );writeln;
write(® Chon cong viec: ‘) ;readlni{chon};

Case chon of

T:Begin
khaeoitao (L) ;
writeln(‘Danh sach da ducc khol tacl!!l’);
writeln{'Bam Enter de tiep tuc’ };
readln;

end;

2:Begin

Delete daul{i,x);

write (*Bam Enter de tiep tuc );
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readln
End;
3:Begin
Delete cuoi(l,x);
write (‘Bam Enter de tiep tuc };
readln
End;
4:Begin
Delete giuva(l,x};
write (‘Bam Enter de tiep tuc };
readiln
End;
5:Begin
if 1=nil then
writeln{'‘Danh sach rong!!!’)
else listing ds({L);
readln;
End:;
End;
until chon=6;
END.

3. Chuong trinh b3 sung va loai bé mét nat cia danh sach ndi kép
Gom céc chirc nang:

- Khdi tao danh sich

- B6 sung mot niit mdi vao trude niit thi k

- Loai bo niit thit k khoi danh sdch

- Hién thi danh sich

Chuong trinh duge t6 chitc dudi dang menu chdc nang.

uses crt;

type
tro="nut;
Nut=record



info:rinteger;
Lptr,Rptr:tro;
end;
var
 L,R:tro;
X, k:integer;
cheon:integer;

procedure khoitao(var 1,r:tro);
begin
L:=nil;R:=nil;
writeln(‘'Danh sach da duoc khoi tao!!!l’)y;
writeln(‘Bam phim Enter de tiep tuc!!!’);
end;

{chen mot nut vao trucc nut tro boli nut cuc trai 1}

procedure insert dau({var 1,r:tro;X:integer):;
var
moi:tro;
begin
new{moi) ;
moi”.info:=X;
if 1=nil then begin
mol”.lptr:=nil;
moli”®.Rptr:=nil;
l:=moi;r:=moi;
end
else
begin

moi”.rptr:=1;

8.GTCTDL-A
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moi”®.lptr:=1".1ptr;
1n.1lptr:=moi;
l:=moi;

end;

{chen mot nut wvao sau nut tro bhel nut cuc phai R

procedure.insert_cuoi(var l,r:tro;X:integer);
var
moi:tro;
begin
new {moi) ;
moi”.info:=X;
if 1=nil then begin
moi~.lptr:=nil;
mol”.Rptr:=nil;

li=moi;r:=moi;

end
else

begin
moi™.rptr:=r~.rptr;
moi”.lptr:=r;
ro.rptri=moi;
ri=moi;

end;

end;

procedure listing ds(l,r:troj;
var
pirtro;
begin

6.GTCTDL-B



p:=1;
writeln;
if 1=nil then begin
writeln (*Danh sach rong!’);
writeln('Bam Enter de ve
menu’ ) ;
readln; exit;
end;
writeln(‘Duyet danh sach tu trai —> phai’ );
while p<>nil do begin
write(p”.info:4);
p:=p”.rptr;
end;
writeln;
writeln(‘Duyet danh sach tu phai —-» trai’);
p:=r;
while p<>nil do begin _
write (p”.info:4);
p:=p~.lptr;
end;
readln;

end;

{chen mot nut vao trucc nut o

vi tri thu k trong danh
sach}

procedure insert giua{var
var

l,r:tro;k,X:integer) ;

mei,p:tro;
count:integer;
begin

new{moi});

moi”.info:=¥;

1f 1=nil then begin
mei”.iptr:=nil;
moi”,Rptri=nil;
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l:=moi;r:=moi;

end
else
begin
p:=l;count:=1;
while {p<>r) and {(count<k) do
begin
p:=p~.rptr;
count:=count+1;
-end;
if p=L then insert dau(l,r,x)
else
begin -

. moit.Rptr:i=p;
moi”.Lptr:=p”.lptr;
p”.lptr:=moi;
moi”.Lptr” .Rptr:=moi;

end

end;
end;

(* _____________ *}

{(Xoa nut cuc trai duoc tro boi I

procedure Delete dau{var l,r:tro;var x:integer);

var
p:tro;
Begin
If 1=nil then
begin
writeln(‘Danh sach rong!!!"});
writeln (*Bam Enter tro ve menu’ };
readln;
end
else



begin

p:=L;

L:=L"~.rptr;

L*.Lptr:=nil;

X:=p~.info;

dispose (p);

writeln(‘Phan tu duoc xca khoi danh
sach X= 1, X);

writeln({‘Da xca.xong! Bam Enter de ve

menu’ ) ;
readln;
end;
if 1l=nil then r:=nil;
End;

{ Xoa nut cuc phai duoc tro boi R}
procedure Delete cuoi(var l,r:tro;var x:integer);

var
prtro;
Begin
If R=nil then
begin
writeln{‘*danh sach rong!!!"};
writeln{‘*Bam Enter tro ve menu };
readln;
end '
else
begin
P:=K;

R:=R"~.1lptr;
R* . Rptr:=nil;
X:r=p~.info;
dispose (p);
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writeln(‘Phan tu duoc xoa khoi danh
sach X= 1, X);
writeln('Da xoa xong! Bam Enter de wve

menu’ ) ;
readln;
end;
if R=nil then L:=nil;
End;

{¥oa nut tail vi tri thu k trong danh sach}
procedure Delete kivar 1l,r:tro; k:integer;var
X:integer);
var
P:tro;
count:integer;
Begin
p:=l;count:=1;
while (p<>r) and {(count<k} do
begin
p:=p”.rptr;
count:=count+l;
end;
if count<>k then
begin
writeln(‘Khong tim thay nut
thu Y, k)
writeln(‘Bam Enter de ve
menu’ ) ;
readln; exit;
end;
if p=1 then begin
delete dauf{l,r,x};
exit;
end;
if p=r then begin
delete cuoi(l,r,x);



Xi=p~.,i

exit;

end;

nfo;

p™.lptrt . rptri=p”.rptr;
pA.rptr“:lptr:=pA.lptr;
dispose (p);
writeln{‘Phan tu ducc xca khoi danh

sach X= 1Y,¥X);:

writeln (‘Da xoa xong! Bam Enter de ve

readln;

BEGIN
repeat
clrscr;
writeln;

A

writeln Bang

writeln(®

b}

writeln

b}

writeln

b}

writeln

bl

writeln

1

writeln

Y

writeln

1

{
(
{
{
writeln{®
{
{
(
(
writeln
write ("

Case chon of

1:Begin

khoitao(L,R) ;readln;

end;
2:Begin

menia’ ) ;

chon cong viec' );writeln;

Khoi
Chen
Chen
Chen
Xoa

[ BT - VR A B

Xoa
Xoa
Xem
Ket

(YT« o TRNES B's

tao
VA
vao
vao

danh sach’);

dau danh sach’ );
cucl danh sach’ );
vi tri bat ky };

nut dau danh sach’ );

nut cuci danh sach’ ) ;
nut o vi tri bat ky };

danh

thuc!

sach’ ) ;
};writeln;

Chen cong viec: V) ;readln(chon);
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write (*Nhap so X= ‘) ;readln({X);:
Insert daul(L,R,X};
writeln{'Da chen xzong!!!’);
write (‘Bam Enter de tiep tuc });
readln ‘

End;

:Begin

write{*Nhap so X= ‘);readln{¥);
Insert cuoi(L,R,X);
writeln({‘*Da chen =xong!!!’};
write (*Bam Enter de tiep tuc };
readln

End;

:Begin

write (*Nhap so X= ') ;readln(X);
write (*Cho biet vi tri can chen k=
Y1;readln (k) ;

Insert giua(L,R,k,X);
writeln(*Da chen xong!!!’};
write (‘Bam Enter de tiep tuc’ );
readln

End;

:Begin

Delete dau{l,r,x);
End;

:Begin

Delete cuol(l, r,x);
End;

:Begin

if r=nil then
begin
writeln(‘*Danh sach rong!!!" };
writeln(‘Bam Enter de tro ve
menu’ ) ;
readln;
end
else



begin _
write('Wi tri can xoca k=
Y}ireadln (k) ;
Delete k(l,r,k,x);
endh
End;
8:Begin
_ listing ds(L,R};
End;
End;
until chon=9;
END.

Bai tap

1. Lap giai thuat thire hién cac phép sau day d6i véi danh sach néi don ma nut dau
tigncland dugc trd bdi L.

a} Tinh s6 luong cac nut cla danh sach.

b) Tim t6i ndt th( k trong danh sach, néu ¢6 nat thir k thi in ra trudng info cla nit do.
néu khéng cb thi théng bao 1a khéng ¢6 nat this k.

¢) B6 sung mét nt vao sau nit thir k

d) Loai bd ndt dimg trude nit thi k.

) Cho thém con tré M trd t6i mét ndt ¢ trong danh sach néi trén va mét danh sach
ndi don khac c6 nat dau tién duge trd bdi P. Hay chén danh sach P aay vao sau nat trd
bdi M.

f) Tach thanh hai danh sach ma danh sach sau tré bdi M (cho nhu & céu e).

g) Bao ngugc danh sach da cho (tao mot danh sach trd bdi Q ma cac nat méce ndi
theo thir tu nguge lai so vai L).

2. Cho mét danh sach néi don c6 nit ddu danh sach trd bdi P. Gia tri cQa trgng Info
trong cac nut gia sit 14 cac sé khac nhau va cac nit da dugc sdp x&p theo thir tu tang dan
cla gia tri nay. Hay lap gidi thuat:

a) BS sung mét nGt mdi, ma trudng Info ¢é gia tri biing X vao danh sach.

b} Loai bd nut ma trudng Info cé gia tri bing K cho trudc.

3. Cho L va R a hai con trd tré téi ndt cuc trai va nat cyc phai clia mét danh sach néi
kép. Hay lap gidi thuat bd sung va loai bé @& danh sach dé hoat ddng nhu médt Queue.

4. Cho mot danh sach ndi don c6 nut dau danh sach tr6 bdi L. Hay Yap gidi thuat bé
sung va loai b d& danh sach dé hoat déng nhtr mét Stack,
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Chuong 5
CAY

Muc tidu:

- Ngusi hoe hidu dudc thé nao 1a cay; cay con; cly rong va cac loai nit cla cay nhu
nat gdc; nat 1a; ...

- Ngudi hoc hiéu dugc mét s8 khai niém khac quan trong vé cay nhuf bac cla nat; bac
ca cay; nut trung gian; nat két thic; mie clia ndt; chiéu cao cla cay; nat frude; nat sau,
nut cha; nat con va dudng di cla cay.

- Ngudi hoc hiéu dugc thé nao 1a cay nhi phan va tinh chat cla nd. Tur d6 ngudi hoc
biét cac cach biéu dién cay nhi phan.

- Ngudi hoc biét dudc cac phép duyét cay khac nhau nhi phép duyét cay theo thir
trudc; duyét theo thir tu gilia va duyét theo thir ty sau.

- Ngusi hoc dudc cung cdp mét sé thi tuc vé dé quy va khong de quy mau mo ta cac
giai thuat duyét cay theo thi tu trudc; theo thir tur gitta va theo thir tf sau dé clng cb kién
thirc vé cay va gitp ngudi hoc hidu rd vé cay va cac phép duyét cay.

L. PINH NGHIA VA CAC KHAI NIEM

1. Pinh nghia

Cay 1a mot tap hitu ban cdc ndt (muc tin) trong dé

- C6 mot nuit dac bigt goi la goc.

- Cac mit con lai duge phan chia thanh m nhém (m = 0), mol nhém lai tuong
trng v4i mot cdu triic cay va duge got la cay con.

- Gifra cdc nilt ¢6 quan hé phan cap goi la “quan hé cha con™.

* Dinh nghia theo dé quy

1. M6t ndt 1a mot cay. Nit d6 cling 1a goc cta cay 4y.

2. Néu n 1a mét nat va Ty, T, ..., Tk 12 cdc cay véi ny, ns..., ng lan luot 1a
¢dc goc thi cay T méi duge tao lap bang cdch cho nit n trg thanh cha cha cic
ndt n,, Ny,..., ng. Lic d6 n(, 0y, ..., ng la con cua nit n.

PE thuan tién, ngudi ta quy udc cho phép ton tai mot cay khoéng cd nit nac
mot cay nhu vay duge goi la cay réng.
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Biéu dién mét cay cé dang nhu sau:

Hinh 5.1

2. Mot sé khai niém

* 56 cdc con ctia mot nit goi 14 edp clia nit d6. Nt ¢6 cap bing khong 20i
la nit /d hay nait tgn cing.

Cép cao nhat cha ndt trén cay goi la cdp clia cdy dé.

* Goc cia cdy 6 s muke 1a 1. Néu mit cha ¢6 s6 midc 1a i thi nit con ¢é s6
muc lai+ 1.

* Chiéu cao hay chiéu sdu clia mét cay 13 s8 muic 16n nhat cla nit ¢é trén

cay do.
Vi du: A
Mirc
1
2
3
4

Hinh 5.2
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Cap cua nit A [a 3, coa nit B la 0, nit D 1a 2.

Cédp cia ciy 12 3

Néu n,, ny,...,n; la ddy cdc nit ma n; la cha cia n;, | v6i 1 <1 <k, thi ddy
d6 got 1a dudomg di tix ny t6i ny. D dai ciia duong di bang s6 nit trén dudng di
trir di 1. _

* Néu thit tir ¢cdc cay con clia mot nit duge coi trong thi cay dé duge goi la
cdy ¢6 thit ty, nguoc lai 1a cdy khong cé thit ty. Thudng thit ty cdc cdy con cua
mot ndt duge dat (r trai qua phai.

* Né€u ¢4 mot tap hitu han cdc cay phan biét thi ta goi tip do la rang. Khai
niém vé rimg & day ta hiéu madt cich tuong déi vi néu ta bod nit g()'c. clia mot cay
thi ta s€ c6 mot rimg.

II. CAY NHI PHAN

1. Pinh nghia va tinh chat

Cay nhi phan 13 mot dang quan trong cla ciu triic cay. N6 cé dac diém la:
moi nit trén cay chi ¢é 61 da 1a 2 con. Pdi véi cay con cua mdt nit ngudi ta

ciing phan biét cdy con trdi va cdy con phdi. Nhu vay cay nhi phan la cay ¢
thi r.

Vi du:

Hinh 5.3
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* Mot s6 dang déc biét cua cay:

(a) {(b) | {c)
Hinh 5.4

Cac hinh trén 1a cay suy bi€n, thyc chét n6 ¢6 dang clia mot danh sach tyén
tinh.

a) Puoc goi la cay léch trdi

b) Buoc goi 1a cay léch phai

¢) Pugce goi 1a cay zic-zac

Mot cay nhi phan duoc goi 13 hodn chinh néu cic niit ing voi cdc muc (trr
mitc cudi) déu cé hai con. : '

Mot cay nhi phan duoc goi la ddy di néu céc niit sing véi cde mic déu c6
hai con.

Lade S

{a) (b)
Hinh 5.5
a) Cdy hoan chinh; b) Cay dav di
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Nhdn xér: Céac cay nhi phan ¢4 sé nit nhu nhau thi cay suy bi€n ¢é chiéu
cao 16n nhat. Cay nhi phan ddy db c6 chi€u cao nhd nhat.
* Mot s tinh chdt
1) S lugng t6i da cdce nidt d mite i trén mot cay nhi phan 1a 2i-1 (1 = 1),
2) Cay nhi phan hoan chinh ¢6 » nit ¢6 chiéu cao h 1a:
2h-1(h=1)
h = [log, (n+1)]
Quy udc:

[x1:s6 nguyén trén ctia X

Ix]:so nguyén dudi cia X
IxJ<x <[x]

2. Bidu dién cay nhj phan

2.1. Luu trix keé tiép

Né&u cé mét cay hoan chinh ddy du, ta ¢6 thé danh sd cac nit trén cay theo
thit tr lan lugt tir mic | trd 1én. HEL mifc nay- dén mude khdc tir trdi qua phai.

Vidu

- Con ndt thy i 1a 2i va 2i+1

_ Cha nit thit j 1a j div 2

Nhur vay ta s& liru trit cay dang ndy bing mat vecto V, theo nguyén tic nit
thit i cta cay duge lwu trit & V[i]; d6 chinh 14 cach luu trit k€ ti€p vdi cdy nhi
phan; v6i cach luu trit nay néu bi€t duge dia chi cha nit cha sé tinh duge dia chi
clia nit con va nguge lai.
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Nhu vay déi véi cay day dd néu trén thi hinh anh luu @it s& nhu sau:

A B C D E F G

Vil VI2]  V[3]  V[4]  V[5]  V[6]  VI[T7]

Ngoai ra cay luon bi€n dong nghia 1a phép bé sung va loai bd thudng xuyén
tdc dong —> Céch luu trit nay cé nhiéu nhuge di€ém. Néu cay khong ddy da thi
luu trit s€ bi ldng phi.

2.2. Lau trit méce ndi

Trong cédch luu trit ndy méi mit Gng vdi mot phan wr nhé ¢ khuén dang
nhu sau:

| LTRO | DATA | RTRO |

Trutmg DATA ing v6i thong tin cha niit.

Trudmg LTRO tng véi con tro, tro téi cay con tréi.
Trudmg RTRO ting véi con trd, trd téi cay con phai.
Vidu:

Cay nhi phan sau:

Hinh 5.7
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S& cé dang luu trlf nhu dudi day:

!/T

A

G H I

Hinh 5.8

Pé cé thé truy nhap céc mit & rén ciy cén con trd T tro téi nit goc cua cay do.
Quy uSe: Cay nhi phan réng thi T = null;

III. PHEP DUYET CAY NHI PHAN _
Thong thudng ta hay phai thue hién cdc phép xir 1Y trén moi nit clia cay theo

mot thit ty nao do.

Phép xit 1§ céc niit trén cAy - ma ta s& goi 1a phép thdm céc nit - mot cdch

hé thdng, sao cho méi nit chi duge tham mot lan, goi la phép duyét cay.
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Ta c6 3 phép duyét cay khdc nhau d6i vdi cay nhi phén.
Céc phép dé dugc dinh nghia mot cdch d¢ quy nhu sau:
1. Duyét theo thir tu trudc

- Tham géc. _

- Duyét cay con trai theo thit ty trudc

- Duyét cay con phai theo thif tu trudc.

2. Duyét cay theo thir tu gitra

- Duyét cay con trai theo thi ty gilta

- Thiam géc '

- Duyét cay con phai theo thit 1 giita.



3. Duyét cay theo thir tu sau

- Duyét cay con trii theo thit tir sau

- Duyét cay con phai theo thit tu sau

- Tham goc.

Vidu:

Xét cay nhi phan o trén, day cdc tén tng vdi nit duge thim trong cdc phép

duyét s€ la:

a) Theo thi tr trude
ABDCEGFHI

b) Theo thit tr gitta
DBAEGUCHTFI

¢} Theo thi tu sau
DBGEHI FCA

Mot vi du khdc xét cay

Hinh 5.9

Duyét trude taduge + - A * B C D

Duyét gitatadugc A-B*C+D

Duyét sautadugc ABC*-D+

Nhur vay cdc phép duyét néu trén d6i v6i cay nhi phan bi€u dién biéu thic
s0 hoc s& cho ta cdc dang ky phédp Ba Lan clia biéu thitc s6 hoc.

Néu viét dudi dang thi tuc dé quy thi cdc giai thuat clia cdc phép duyét cay
nhi phin s€ nhu sau:
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Procedure DUYETTRUOC(T);
{T 14 con tro trd t6i gdc cay, phép tham d day duge dac trung boi in gia tri
trudng DATA cla niit }
1. If T <> null then
Begin
Write(DATA(T)):
Call DUYETTRUOC(Ltro(T));
Call DUYETTRUOC (Rtro(T));
End:
2. Return.

Procedure DUYETSAU(T);
1. if T <> nul! then
Begin
Call DUYETSAU{Ltro(T));
Call DUYETSAU(Rtro(T)):
Write(DATA(T));
End;
2. Return
Tuong tu, ta ¢6 thé viét thi tuc DUYETGIUA.

Procedure DUYETGIUA(T);
1. if T <> nuill then
Begin
Call DUYETGIUA(Ltro(T));
Write(DATA(T));
Call DUYETGIUA(Rtro(T));
End; :
2. Return
Ta thay viét cdc thi tuc dé quy nay la khd don gian vi né phan anh diing
dang céc dinh nghia da néu cla cdc phép duyét bing cac cau lénh tuong ung.
Néu mudn mo ta gidi thuat dudi dang khong dé quy thi c¢6 thé sir dung
Stack, d€ nap vao d6 cdc dia chi cc nit cin thi&t khi “di xu6ng” theo mdt nhdnh
nao dé va lay cdc dia chi ra khoi Stack, d¢ xdc dinh dudng “di 1én” trong khi
thuc hién phép duyét.
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Sau day la giai thuat khong dung dé quy

Procedure DUYETTRUOC(T);

{T 12 con 6 1rd 161 géc, S 1a mot Stack (16 chite theo kiéu k& ti€p), TOP 1a
con tro trd t6i dinh Stack. Bi€n tro P trd t6i niit dang duge xem xét; trong phép
duyét nay khi thdm gbc xong ta dva dia chi cdc niit con phdi vao Stack dé sau
nay ¢é thé quay trd lai cée nit nay truée khi di xudng cay con trdi)

1. {Khdi ddu} '

If T=Null then

Begin
Write(‘Cay rbng’);
Return;
End
Else
Begin
- Top:=0;
Call BOXUNG(S, TOPT);
End;
2. {Thuc hién duyét}
While Top>0 do
Begin
P:=Loaibo(S,TOP); { Ldy mét phan tit ciia Stack ra)
3. {Thdm niit roi xuéng cdy con trdi)
While P<> Nil do
~ Begin
Write(DATA(P)); {Thdm P}
If Rtro(P) <> Null then
Call Boxung(S,Top,Rtro(P));
{ L trit dia chi géc cdy con phdi)
P:=Ltro(P); | Xudng con rrdi)
End;
End;
4. Return.
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Ta ciing ¢6 thé dién dat lai giai thuat duyét trude nhu sau:
Procedure DUYETRUOC(p)
begin
sp:=0;
while p<> null do
begin
write(DATA(p))
if Rtro(p) <> null then
begin
sp :=sp +1;
stack[sp] := Riro(p}
end;
end;
if Ltro(p) <> null then p:=Ltro(p)
else {lay tur stack ra}
if sp = 0 then giai thuét két thic
else begin
p:= stack{sp]; sp := sp-1;
end;
end;
Giai thuat két thic khi Stack rong.
Ta minh hoa giai thuat nay nhu sau: gia sir cay duge chifa trong béd nhd nhu dudi
day:

Dia chi N(f)i dung Ltro -‘ Rtro
1 A 2 3
2 B 4 | s
3 H 8 9
4 C N N
5 D 6 7
6 E N N
7 F N N
8 K N N
9 L N N
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Dién bién giai thuat nhu sau:

Lan Noi dung in Stack p Ltro Riro
1 A R 2 3
> | AB 35 2 4 5
3 | ABC 35 4 null aull
4 |ABCD 37 5 | 6 7
5 | ABCDE 37 6 | null null
6 | ABCDEF 3 7 null null
7 | ABCDEFH 9 3 8 9
8 | ABCDEFHK _ |9 8 null null
9 | ABCDEFHKL null 9 null null

Procedure DUYETGIUA(T);
{Ta ding Stack dé chita ducng da di qua dé sau nay quay 1ré lai tiép tuc
phép duyét)
sp: = 0; pr = GOCG;
repeat
while p <> null do
begin
sp: = sp +1; stack[sp]: = p;
p: = Ltro(p);
end;
if sp <> 0 then
begin
p: = stackfsp]; sp: = sp -1;
write(DATA(p));
p: = Rtro(p);
ok: = true;
end
else ok: = false:
Until not ok;
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Dién bién giai thuat nhu sau:

pcl p méi Stack Noi dung in

: 2 . __Noidur

B C AB

C null ABC

C ull AB | C

B D AD | CB

D E AD | CB

E null ADE | CB

E null AD | CBE

D F A | CBED

F null AF | CBED

F null A | CBEDF

A H null | CBEDFA

H K H | CBEDFA

K null HK | CBEDFA

K | nul | H |CBEDFAK |

H L | nul | CBEDFAKH

L null L | CBEDFAKH

L null null | CBEDFAKHL
null '

Duyét sau khé hon ¢d; & diy ta dua ca mit gée va niit phai vao chéng, nit
phai dua vao sau (d€ lay ra trude) va dé phan biét gilta nit gé¢ va nit phai ta
cho nit g&c chita trong Stack ¢6 gid tri am.

Procedure DUYETSAU(T);
{Trong phép duyét nay niit goc chi duge tham sau khi da duyét xong hai ¢dy
con cita né, nhu vay chi khi tir cdy con phai lén gdp géc mat duge tham, chir
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khong phdi ¢ idn gip khi tx con trdi 1én; do dé dé phdn biét ta dwa thém ddu

am vao dia chi dé danh ddu cho ldn di Ién tir con tro phdi)
1. {Khoi ddu)
If T=Null then
Begin
Write(‘Cay rong’);
Return;
End
Else Begin
Top:= 0,
P:=T
End:
2. {Thuc hién duyét}
While True do {luu trit dia chi g&c¢ va xudng con trai}
Begin
While P <> Null do
Begin {Luu tri goc va xudng cdy con trdi)
Call Boxung(S, TOPRP);
P:= Liro(P);
End:
3. |{Thdm mit ma con trai, con phai dd duyét}
While S[Top] < 0 do
Begin
P:= Loaibo(S,TOP);
Write(DATA(P));
If Top = 0 then Return
End;
4, {Xudng cdy con phdi va ddnh ddu}
P:= Rtro(S['Top]);
S[Top]:= - S{Top); {Ddu dm cho ldn di lén tir con phdi}
End;
5. Return.
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Ta ¢6 thé dién dat giai thuat mot cich khac nhu sau:
Spi=0;

p:= GOC; ps:= 1;
stack[0]:= null;
repeat
while (p<>null) and (ps >0) do
begin
sp:= sp +1;

stack|spl:= Rtro(p);
stsign[spl:= 1;
end:
p:= Ltro(p) _
if p <> null then write(DATA(p));
p := stacki{sp]; ps:= stsign[sp];
sp:i=sp-1;
until p= null;

Iv. MOT SO CHUOGNG TRINH MINH HOA

* Chuong trinh dung cay nhi phan méc néi va cdc phép duyét cay
Uses crt,dos;
Type

~

tro = “nut;
nut

record
gtri : integer;
t trai,t phail :tro
end;
Var
i,J,n: integer;
cay:tro;
mnl: char;
nu, sn:integer;
mn: array (1..251 of integer;
ktmnl:boolean;



Procedure khoi tac{var t: tro):
begin
T:=nil;
end;

Procedure DUYET TRUOC({t:tro);

begin
if t<»>nil then
begin
write(t”.gtri,’” 1Y)
duyet truoc(t”.t trai);
duyet truoc(t”.t phai);
end; :
end;

Procedure DUYET GIUA(t:tro};

begin
if t<>nil then
begin
i duyet giuva(t”.t trai);
write(t”~.gtri,” ‘)
duyet giua(t”.t phai);
End;
end;

Procedure DUYET SAU(t:tro);
begin
if t<>nil then
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begin
duyet sau(t”.t trai);
duyet sau(t”.t phai);
write(t™.gtri,” “);
End;

Procedure Dung_cay np{var t:tro; i:integer);
Var
X,11,12:integer;
Begin '
X:= mn [i] ;
new(t):;
th.gtrir= x;
il:= 2% 1;
A2i= 2% 1+1;
if 1l1<= sn then
begin
dﬁng_cay_np(t“.t_trai,il);v
~end ' |
else
t™.t trai:= nil;
if 12 <= sn then
begin
dung cay np(t”.t phai,i2);
end |
else
t”.t phail:= nil;

Procedure Nhan tp(t:tro);:
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Var
p: tro:
dem: integer;
begin
p:=t;
if p<»nil then
begin

duyet giua(t”.t trai);

if dem = i*2 then

’f \);

begin
write(p”.gtri
dem := dem+l;
i = 1i*2;
end;
duyet giua(t”.t phai);
end;
end;
______________ *)
BEGIN
Repeat

clrscr; ktmnl:=false;
textcolor{yellow) ;
gotoXY (30, 3); write (' CAY NHI
textcolor (lightcyan) ;
gotoXY (25,4); write(}
gotoXY (22,6} ;

write (‘1. Dung cay duoi dang
gotoXY (22,7} ;

write (‘2. Duyet cay theo thu
gotoXYy (22, 8);

write (3. Duyet cay theo thu
gotoXY (22,9);

write (‘4. Duyet cay theo thu

moc noif )

tu truec );

tu giva

tu saon

‘)

*);
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gotoXY (22,10} ; _
write{*5. In nhan cua nut con trai YV
gotoXY (22,11} ;write(*6. Ket thuc );
textcolor (red) ;
gotoXY {22,13); write(‘Chon viec so: ‘);
textcolor{lightcyan) ;
readln(mnl) ;
case mnl of
‘17 ¢ Begin
clrscr;
n:=1;
khoi taof{cay):
writeln (Y ‘):
textcolor(yellow) ;
gotoXY (22,5);
write(*Cho so phan tu <=25 phan tu:’ );
readln{sn}); clrscr;
textcolor(yellow) ;
gotoXY (25,5);
writeln{‘Dua vao *,sn,” s0 nguyen: “};
gotoXY (30,6) ;writeln(® - ————- Yy
writeln;
textceolor (lighteyan) ;
for i:=1 to sn do
begin
write (® Pt - Mi, M Y);
read{nu);
MN[1]:=nu;
end;
readln;
sn:=i;
1:=1;
dung cay np(Cay,1i);
readin;
End;
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\2! .

\3!':

\4}':

‘5!:

Begin

clrscr;

textcolor {(yellow) ;

gotoXY {5, 5);

writeln(‘Duyet cay theo thu tu truoc:’ );
writeln;

textcolor (lightcvan) ;

DUYET TRUOC {cay) ;

readln;

End;
Begin

clrscr;

gotoXY (5,5);

textcolor (yellow)

write(‘duyet cay theo thu tu giua:’);
textcolor{lightcyan) ;

writeln;

DUYET GIUA (cay):

readln;

End;
Begin

clrscr;

gotoXY {(5,5);

textcoloriyellow) ;

write (‘duyet cay theo thu tu sau:’ );
textcolor (lightcyan}) ;

writeln;

duyet sau({cay};

readln;

End;
Begin

i:=1;

clrscr;

textcolor {yellow} ;

gotoX¥Y (10, 5);

writeln(‘Nhan trai,phai cua cay nhi
: phan:’ );
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gotoXY (10,6);
writeln('  ---———- Y
textcolor (lightcyan) ;
writeln;
write (% V) :
Nhan_tp (cay);
readln;
End;

‘6 @ ktmnl := true

End;
Until ktmnl= true;
End.

Bai tap

1. V& cay nhi phan bidu dién cac biéu thitc sau day va viét ching dudi dang tién t&,
hau t6. '
a){fa*b+c){d-e*f
by AB+C)+D*E-A*C
CH{X4 A = Xo) v (R Xy A Xp) v Xa
Vdi ~ la phép va (and)
v |la phép hodc {or)
— la phép khong {(not)
2. Cho cay nhj phan
Hay viét cac nat dugc tham khi
duyét ey nay o

a) Theo th( tr trude /////
b) Theo th( tu gilra o e

¢) Theo thir tu sau
3. Ching t6 rang néu cho biét day o o o
cac nut duge tham cia mét cay nhi phan
khi duyét theo th(r tu trude va thir ty gilta
thi ¢6 thé dung dugc cay nhj phan dé. 9 o o
Diéu nay con dung nira khéng ddi
Véi thir ty trudc va thi ty sau? D6 vos thir (1)
tu gilra va thir by sau?
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Chuong 6
PO THI VA MOT VAI CAU TRUC PHI TUYEN

Muc tiéu: ,

- Ngudi hoc hiéu dugc thé nao ta db thi; thé nao 1a dinh va cung cla dé thi tir dé cod
thé [dy dudc cac vi du thuc t& vé da thi.

- Ngudi hoc biét dugc mét s8 khai niém lién quan dén dd thi nhu dé thi diih hudng:
d4 thi khdng dinh hudng; dinh huéng lién thang va dinh hudng khéng lién thong.

. Ngusi hoc biét cac cach biéu didn da thi nhu bidu dién bing dé thi jan can va danh
sach lan can.

- Ngudi hoc biét duge cac phép duydt mdt dé thi vai cac gidi thuat minh hoa. D6 14
cac phép tim ki€m theo chidu rdng va tim ki€m theo chiéu sau vdi cac dd thi.

- Ngd’c‘!i hac hiéu dugc khai niém vé cay khung va cay khung vai gia tri cuc tiéu. Mat
khac ngudi hoc con dugc cung cap mét s6 gidi thuat minh hoa vé cay khung.

- Chuong nay con cung cdp mét s bai tap mau clng Idi gidi 88 cho ngudi hoc cling
¢ kién thirc vé do thi, v& cay khung.

I. DINH NGHIA VA CAC KHAI NIEM VE PO THI

Mot d6 thi G (V, E) bao gédm mét tap hitu han V cdc niit v mot tap hitu han
E cac cap dinh goi la cung. Sau day 1a mot s6 khdi niém:

- Néu (v, v5) 1a mét cap dinh thudc E thi ta ndi ¢6 mot cung néi v va v,.

- Néu cung (v, v,) khdc cung (v, v,) thi ta ndi ¢cé mot dé thi dinh huéng.
Lic¢ do (v, v,) got 1a cung dinh hudng tir v, tGi v,. |

- Néu thi ty cic nidt trén cay khong duge coi trong thi ta ¢6 d6 thi khong
dinh huéng.

Thi du ta c6 thé biéu dién d6 thi bang hinh v& nhu sau:
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SRR

(b)

Hinh 6.]
¢) D6 thi cd hudng, b) Dé thi khong dinh huong

Mach dién, mang dién, mang mady tinh,... 1a cdc vi du thuc t& clia do thi. Cay
12 mt trudng hop dic biét clia d6 thi.

Néu (v, v,) la mot cung trong tap E(G) thi v, va v, goi la lan can cta nhau.

Mgt duding di tit dinh vp d€n dinh v, trong d6 thi G 1a mét diy cdc dinh vy,
Vils Vizs Vigsews Vg Ma (Vp, Viids (V)5 Vi) (Vi V) 12 cdc cung trong E(G). 56
luong céc cung trén duong di ay goi 1a do dai caa duong di.

Thi du: trong hinh 6.1a: 1, 3, 4 13 dudng di tir dinh 1 dén dinh 4 nd c6 do
dai bang 2.

Hinh 6.1b: 1, 3, 5, 2, 4 ¢4 thé 1a dudng di tir dinh 1 dén dinh 4, n6 c6 do dai
bang 4.

- Mot dudng di don 13 duong di ma moi dinh trén d6, trir dinh dau va dinh
cudi déu khéc nhau. ‘

- Mot chu trinh 14 mot dudng di don ma dinh ddu va dinh cuéi triing nhau.
Trong hinh 6.1a dudng di 1, 3, 4, 1 la mdt chu trinh.

- Trong d6 thi G hai dinh v; va v; gol la lién thong néu ¢6 mot dudng di tir
v, dén v,

- G goi 1a lién thong n€u moi cap dinh phan biét v;, v; trong V(G) déu c6
dudng di tir v, téi v;. Chéng han nhur:
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o

(a) {(b)
0 O) | 9
&) () |
(c) (d)

Hinh 6.2

a) D6 thi khéng dinh huéng lien thong, b) D6 thi khong dink luesng khéng lién thong,
¢} D6 thi dinh huecng lién théng; d) Dé thi dinh futong khéng lién thong.

O méi cung ¢6 thé gin mot gid tri thé hién mot thong tin ndo dé lién quan
tol cung goi la trong & (d6 thi 6 trong s6). Vi du trong d6 thi mo ta mang ludi
giao thong gilta cdc thanh phd trong s ¢6 thé 12 khodng cdch gifra cac thanh phd.

IL. BIEU DIEN PO THI

1. Biéu dién bing ma tran 1an can (ma tran ké)

- Xét mot d6 thi G(V, E) véi v gdm ¢6 n dinh (n = 1). Gia sit cdc dinh dugc
dédnh s6 theo mét quy dinh nio dé. Ma tran A biéu dién G ]a mot ma tran vudng
kich thudc n x n. Cic phén tlr clia ma tran ¢6 gid tri O va . Néu phén t Aji=1
thi ton tai mot cung (v, v;) trong E; n€u A;; = 0 thi khong tén tai cung do.

Vi d6 thi khong dinh huéng thi ma trén lan can biéu dién n6 ¢6 cdc phén
tir d6i xidng qua dudng chéo chinh, nghia 12 néu ¢é phan ti bang 1 & hang i cot
j thi cling ¢6 mét phan 1 bing 1 & hang j cot i. Vi d6 thi dinh huéng thi khong
nhu vay.
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I 2 3 4 5
1fo t 1 0 0]
201 0 1 0 0
301 1 0 1 0
410 0o 1 0 1
stlo o 11 0_
1 2 3 4 5
1fo 1 0o v 0]
2o 0 o0 0o 1
310 1 0 0 O
410 0 1 0 I
sko o o o ol

V@i cdch ddnh s6 khdc nhau $& ¢d cdc ma trdn 1an c¢in khdc nhau cua cling
mot d6 thi G. Tuy nhién mét ma tran ndo dé cia G ciing ¢6 thé duogc lap t mot
ma tran 1an cdn khdc clia G bang cdch d6i chd mot sé hang va cot tuong Ung.
Vi vay thit tu an dinh cho cdc nit c6 thé tuy .

Vi dé thi ¢6 trong s6 thi ma tran 1an can ¢6 thé duge 1ap bing cdch thay
gid tri 1 boi trong 6.

2. Biéu dién bing danh sach lan can

n hang cia ma tran thay boi n danh sach mdc néi.

V&i mbi dinh G ¢é mot danh sdch tuong ting. Cac niit trong danh sach i bic¢u
dién cdc dinh lan can cha mit 1. Mdi nit ¢ hai truong: VERTEX va LINK.

Trudng VERTEX chita chi s6 (s6 thit tr) cha cde dinh lan can cua dinh i.

Truong LINK chitia con trd, tro téi niit tiép theo trong danh séch.

V§i do thi trén bi€u dién nhu sau:
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a)

b)

v[1] > > 3

V2] >[ 2 >{ 3

vi3] > > 2 > 4
v[4] > 3 > 5

v[5] > 3 —> 4

v{l1] > 2 —>| 4

v[2] > 5

v[3] > 5

v[4] > 3 > 5

v[3]

Moi danh sdch c6 moét niit “Ddu danh séch”. Cac niit ddu nay dugc t6 chitc
ke tiép (dudi dang vecto) dé truy nhap dugce nhanh.

Trudng hop dé thi khong dinh huéng c6 n dinh, e cung thi c4n n nidt diu va
2e “niit danh sach”.

Vi d6 thi dinh hudng thi s6 niit danh sdch chi cin e.

IIL. PHEP DUYET MOT PO THI

Xét mot do thi khong dinh huéng G(V, E) va mot dinh v trong V(G), ta can
tham tat ca cdc dinh thuge G ma c6 thé “vor 16~ duge tir dinh v (nghia la tham
moi nit lién théng vai v),

C6 hai cdch dé gidi quyét nhu sau:

- Phép tim kiém theo chiéu sdau (Depth First Search - DFS)

- Phép rim theo chiéu rong (Breadth First Scarch - BFS)

1. Tim kiém theo chiéu sau (DFS)

Tim ki€m thco chi€u sau véi mot d6 thi khong dinh huéng duge thuc hién
nhu sau:
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Xuadt phat tir dinh v dugc tham, ti€p dé 1a dinh © chua duge tham la lan can
clia v s& dugc tham va mot phép tim kiém theo chiéu sau xudt phét tir » dugc
thuc hién.

Khi mot dinh u da duoc “vdi 16i ” ma moi dinh lan can cia né da duge tham
roi thi s& quay ngugc 1én dinh cudi cling vira dugc tham (ma con ¢é dinh © lan
can vdi né chua duge thim) va mot phép tim kiém theo chiéu sau xudt phat tir o
lai dugc thuc hién. Phép tim ki€m sé két thic khi khong con mdt nit nao chua
duoc thaim ma vin c6 the véi 161 duoc
tir mot ndt da duge tham. °

Vi du:

Vi 46 thi nhu hinh 6.3 (2) (3)

Xu4t phét tir dinh vl ta cé diy cédc
dinh dugc tham nhu sau:

vl, v2, v4, v8, vO, v3, vb, v3, v7, v10 o o ° o :

Giai thuat cua phép duyét nay cé
thé dugc xay dung nhu sau:

Procedure DFS(v); °
{Cho mdt d6 thi khong dinh
huéng G(V, E) gébm n dinh va 1 vecto Hinh 6.3

Tham(n) gébm n phin tir bit diu bing
0. Giai thuat nay thuc hién phép tham moi dinh “vdi t6i " dugce tir dinh v}

1. Tham(v):=1 {Tham diing dé ddnh dau céc dinh dd dugc tham}

2. for méi dinh ® lan can ctua v do

if Tham(w) = 0 then Call DFS(w);

3. return

* Thoi gian thue hién giai thudt

Trong trudng hop G dugce bi€u dién bdi mot danh sdch lan cén thi dmh ©
lan can cha v s&€ duge xdc dinh bing cich dya vao danh sich méc néi ung véi
v. Vi giai thuat DFS chi xem xét m&i nit trong danh séch lan can nhiéu nhat mot
l4n ma lai ¢6 2e niit danh sdch (¥ng véi e cung), nén thoi gian dé hoan thanh
phép tim ki€m chi i O(e).

Con néu G duogc biéu dién bdi ma tran 1an can thi thoi gian dé xdc dinh moi
dinh lan can cla v 1a O(n). Vi t6i da ¢6 n dinh duge tham, nén thoi gian tim
ki€m tong quat s¢ 1a O(n?).
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Véi gidi thuat DES ta ¢6 th€ xdc dinh duge G lién thong hay khong, hodc
tim dugc cdc bd phan lién thong cia G néu G khong lien thong.

2. Tim kiém theo chiéu réng (BFS) ‘

Dinh xudt phdt v duge thim ddu tién, sau d6 cic dinh chua duge tham ma
1a lan can cta v s& duge tham k€ ti€p theo nhau, rdi dén cic dinh chira duoc
tham 1a cdc dinh lan can cua céc dinh nay va cif tiép tuc nhu vay.

Vidu nhu d6i v&i d6 thi da xét ¢ hinh 6.3 xuat phat tit dinh v1 thi thit t céc
dinh duge tham 1a; v, v2, v3, v4, v5, v6, v7, v8.

Giai thuat ctia phép duyét nay nhu sau:

Procedure BFS(v);

{Bat dau tir v, cic dinh duge tham sé duoc dianh ddu Tham(v):=1. Ban diu
tdt ca cdc dinh déu chua duge tham cho nén céc Tham(v) déu bing 0. Giaj thuat
nay st dung mot Queue véi 2 con trd F va R trét t6i 181 trude va 161 sau va cac
tha tuc bo sung, loai bd mét phan tir.}

1. Tham(v):=1:

2. Tao Qucue va nap v vao

3. While Q khong r6ng do begin

Call Loaibo(v,Q);  {L4y v ra khoi Q!
for cdc dinh w lan can véi v do
if Tham(w):=0 then

* begin
Call Bosung(W,Q);
Tham(w):=1:
end,
end;

1

4. Return

Méi dinh dugc thim s& dugc nap vao Queue chi mot lan vi vay cau l¢nh
while 1ap lai nhiéu nhat n lan. '

Néu G duge bicu dién bdi ma tran lan can thi cau kénh for s& chi phi O(n)
thon gian véi méi dinh, do d6 thot gian chi phi toan bo s& 1a O(n2).

Trong trudng hop G duoc biéu dién bdi danh sich lan can thi chi phi tdng
quit cling 13 O(e).
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IV. CAY KHUNG VA CAY KHUNG VOI GIA CUC TIEU

Khi dé thi G lién thong thi v6i mot phép tim kiém bat ky, bit ddu tir mot
dinh bat k¥, ta déu c6 thé tham dugc moi dinh ciia G. Trong (rudng hop nay cic
cung cha G duge phén thanh 2 tap:

- Tap T gém céc cung dugc duyét.

- Tap B gém cac cung con lai.

Tat ca cac cung trong T va cac dinh tuong {ing tao thanh mot ciy bao gdm
mot dinh (ndt) caa G. Mot cay nhu vay goi 14 cdy khung cla G.

Sau day 1a moét d6 thi va ba cay khung tuong Gng véi né:

e te

Tuy theo phép tim ki€m theo chiéu sau hay chiéu rong duogc goi Ia:

- Cay khung theo chiéu sau hay cay khung theo chiéu rong.
V6t d6 thi hinh 6.3 ta duoc: '

{a) (b)
Hinh 6.5 '

a) Cdy khung theo chiéu sdu; b) Cay khung theo chiéu rong
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‘Fa nhan thay néu mét cung bat ky (v, w) ndo cia B duge bd sung vao cay
khung T thi mét chu trinh mdéi s& xudt hién. Chu trinh mdi nay bao gébm cung
(v, w) va moi cung trén duong di tir w 16i v trong T.

Sau ddy ta xét mot dng dung cua cay khung, d6 la viéc xic dinh cay khung
vOi gid cuc tiéu cia mot dé thi lien théng c6 trong s6. Gia clia mot cay khung
12 tong cdc trong s6 Gng véi cdc cung cia ciy &y. Bai toan cay khung véi gia
cuc ti€u [a mot trong nhitng bai todn ting dung quan trong trong thuc t€. Chang
han, néu cic dinh cua G bi¢u dién cic thanh phe, cic cung biéu dién dudng néi
giffa hai thanh phd va trong s6 biéu dién gid tién x4y dung hoac do dai cia
dudng néi... thi viéc chon mot cay khung véi gid cuc tiéu 12 tuong itng vdi vice
xay dung mot mang dudng giao thong ¢6 kha nang lién thong véi mei thanh pho
véi gid xay dung tong cong la it nhat hodc véi 16ng do dai 1a ngén nhat. ..

C& nhiéu gii thuat khdc nhau dé xay dung cay khung véi gid tri cuc tidu.
Sau day ta xét hai giai thudt ti¢u bicu 12 giai thuat Kruskal va giai thuat Prim.

1. Giai thuat Kruskal

Cay khung vdi gid cuc tiéu T s& duge xay dung din ddn timg cung mot. Cic
cung dugc xét d€ dua vao T dua theo thit ty Khong gidm cua gid tuong tng véi
ching. Mot cung duge dua vao T néu né khong tao nén mét chu trinh vai céc
cung dé ¢6 trong T. Vi G lién thong véi s6 dinh n>0, nén s€ ¢6 n-1 cung duoc
chon d€ dua vao T.

Hinh 6.0
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Vi du: Véi d6 thi da cho & hinh 6.6, cay khung véi gid cuc tiéu duge xay
dung bdi giai thuat Kruskal duge thé hién timg bude nhu sau:

2do oty gig

{a)

Iinh 6.7

Céc cung cia d6 thi duge xét dé dua vio cay khung véi gid cuc tiéu theo thit
tu: (1, 3), (4, 6), (2, 5), (3, 6), (2, 3). Con c4c cung khic bi loai vi n€u dua thém
bat k¥ mot cung khac vao trong T thi n6 s€ n6i 2 dinh trong T tao thanh mét chu
trinth.

Cay khung ¢6 3 canh va ¢6 gid tri bang 37. Ddy chinh 1a cay khung véi gid
cyc tidu.

Giai thuét Kruskal duge dién ta nhu sau:

1. :=® {Ban dau T rong}

2. While T chia it hon (n-1) cung do

3 Begin chon mot cung (v, @) tir E c6 gia tri thdp nhat

4 loai (v, ®) khoi E.

5. if (v, w) khodng tao nén mét chu trinh trong T

6 then dwra (v, ®) vio T

7 else loai bo(v, ®)
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End
8. Return.

2. Giai thuat Prim

Giai thult Prim vé co bin ¢6 phirong thic gidi thuat tuong tu nhu giai thuat
Kruskal nhung ¢6 diém khic nhau & ché: Khi mot cung duge xét dé dua vio T
néu né khong tao nén mot chu trinh vdi cdc cung di ¢ trong T va phai lién
thude v6i T. Vi G lién thong véi s6 dinh n>0, nén sé c6 n-1cung duoc chon dé
dua vao T.

Vi dy: V6i do thi dd cho & hinh 6.6, cay khung véi gid cuc tiéu duge xay
dung bdi gidi thuat Prim dugc thé hién timg budc nhu sau:

O
@ © ® 5 © @

5 ® 0 v O %

(a) (b) _. (c)

123 o
ON
OO

(d) fe)

Hinh 6.8
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Ciéc cung cta d6 thi duge xét d€ dua vao cay khung véi gid cuc tiéu lan luat
theo thit tw: (1, 3), (3, 6), (6, 4), (3, 2), (2, 5).
Cay khung ¢6 5 canh va ¢6 gid tri bang 37. Day chinh la cay khung vdi gid
cue tiéu.
Giai thuat Prim dugc dién t nhu sau:
1. T:=® {Ban ddu T rbng}
2. While T chira it hon (n-1) cung do
3. Begin chon mot cung (v, ©) tir E ¢6 gia tri thap nhat
4, if (v, ©) khéng tao nén mﬁfn chu trinh trong T and
(v,w) lién thudc véi T then begin
dua (v, ) vao T3
loai (v, ®) khoi E;
end;
End
5. Return.
* Thoi gian thuc hién giai thuat cua ca hai thuat toan 1a nhu nhau
Ofe*logic)) vdi c 1a sb cac cung thude E(G).

V. AP DUNG

D6 thi thudng duge dung dé bicu dién céc bai todn trong thuc ¢ nhu mang
giao thong, mang may tinh, m&t $0 bai todn 161 uu .v.v. Néu duge gan thém trong
s& vao cdc cung thi cic trong s6 d6 s€ mang ¥ nghia thue tién riéng trong timg
truong hop riéng biét nhur dd néu & phan trén. P61 vai cdc bai todn thuc té€ thi
thudng phai tra 161 hai ciu hoi sau:

1) C6 16n tai moét dudsng di tir A — B hay khong?

2) Néu c¢6 nhiéu dudng di tr A — B thi duong nao 1& ngén nhat?

Dé tra 101 cdc cau hoi nay chiing ta xét mot s6 bai todn sau:

1. Bai toan bao déng truyén ung

Bai todn 1 néu trén <6 thé duge gidi quyct dé dang bang cdch st dung ma
tran lan cén cta do6 thi.

C6 thé coi ma tran 1an can nhu mdt tran dang Boolean va cé thé tic dong
Ién ma tran cdc phép todn logic:

- Phép cong (phép hodc): v

- Phép nhan (phép va): A
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a b avb anb
0 0 0] 0
0 1 1 0
| 0 1 0
l 1 1 1

D61 véi 2 ma tran Bool A va B, kich thuée n x n:

Ph¢p cong hai ma trén d€ cho ra ma tran téng C
C=AvB

Dugce thue hién nhu sau:

1<i<n

1</j<n

Phép nhan hai ma tran d€ cho ra ma tran tich D duge thuc hi¢n bang cdch

1

d, = ;(\f|(a”‘ nby ) v6i {:j Iin
<j<n
Ta biét rang véi ma tran 1an can A biéu dién d6 thi, néu a; =1 thi nghia la
ton tai mot cung di tri — j.
Néu ma tran A = A A A ¢6 phdn tlir & hang i ¢ot j bang 1 thi it nhat ¢6 mot
dudng di c6 do dai 2 tir dinh i tdi dinh j, vi:

0= oy na,)
CIU = k\il a, /\akj_

T dé suy ra:
AN =AAATD  viir=34,..

j Ly s - ~ ~ - ~ o+ - - . + . -
a,(; = 1 thi {t nh&t ¢6 mot dudng di do dai la r di tir dinh i — |

Nhu vay, néu lapmatran: P=A vAZ v ... v A" = v Ak

Thi P s€ cho biét: c6 hay khong mot dudng di, do dai 16n nhat 1a n di tiri — j.
P dugc goi 1a ma trén dudng di (Path matrice) clia d6 thi G.

123



Vi du: Véi dé thi

[inh 6.9

Viéc tinh P ¢6 thé dé dang thuc hién bdi giai thuat Warshall

Procedure Warshall (A,P,n);
1. P:= A {Ma tran ban dau}

2. For k:=1 ton do
For i:=1 to n do

3. Return.
Véi d6 thi hinh 6.9 qud trinh tinh P ma ta nhu sau:

oD o D

0
0
0
1

1
1
1
0

A

= e o D

For j=1ton dd
P[i,j]:= P[i.j] or P{i,k] and P[k,j]

T o T e T e

0
0
1
0

£ et s

1
|
1
0

[ T R i [

A(3]

Véi ma tran P d6 thi tuong tng nhr sau:
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Mot d6 thi nhur vay goi 1a bao déng truyén iing cha G.

Chii y:

1. Ma tran dudng di chi cho ta biét cé hay khong it nhat mét duong di tai
mot ¢dp dinh hoac mét chu trinh tai mot cap dinh nao dé, chit né khong chi ra
moi con dudng c6 thé c6 d6, va cling khéng cho ta biét dudng nao ngan nhat.

2. Néu chi quan tam dén vi¢c ¢6 hay khong mot dudng di tir dinh i téi dinh .
Chi cén tinh ma tran dudi day 13 di.

P, =AVA® A® _ AGD

V1 v6i n dinh thi mét dudng di tir mot dinh i dén dinh j ¢ do dai n khong
phai 1a mét duong di don.

2. Bai toan mt nguén, moi dich

Cho mot d6 thi G(V, E) va mot ham trong sé w(e) cho céc cung ¢ ciia G va
mot dinh ngudn v,

Bai toan dét ra la: Xac dinh dudng di ngdn nhat tir v, d€n moi dink cia G.
V6i do dai dudng di a tdng cdc trong s6 tuong dng véi cac cung trén dudng di
va céc trong s6 déu 1 s¢ duong.

Vidu: '

Hinh 6.1

Néu v, 1a nguén thi dudng di ngdn nhdt tr vy — v, vy, v3, v, vs i

Puong di bo dai
VoVs 10
VVaVs 25
VVaVaV, 45
ViV 45

Khong ¢6 duong di t6i vs.

125



* Gidi thuar tim duong di ngdn nhdt

Goi S 1a tap cic dinh (ké cd vy) theo d6 cdc dudng di ngin nhat da duge
xac lap. '

Dai vdi | dinh o khong thuoc S, goi DIST(w) 1a do dai duong di ngén nhat
tir v, qua cdc dinh, chi trong S va két thiic & o.

Ta ¢6 mot 8 nhan xét nhu sau:

1) Néu ducmg di ngdn nhdt tiép theo huémg 161 I dink o, thi duong di d6 bt
ddu tir vy, két thiic 6 o va chi qua nhitng dinh da thugc S.

2) PBich cua duong di sink ra tiép theo phdi la mot dinh @ nao dé hién chia
thuéc S ma o6 DIST(w) ngdn nhdt so voi gid tri ciia DIST ting voi moi dinh khdc
ciing dang khong thudc S.

3) Néu chon duoe mot dinh o phit trong (2) va dd sink ra dirge 1 duong di
ngdn nhdt 1 vy 101 o thi s¢ o thanh 1 phan tr ciia S.

Nhu vay d6 dai dudng di ngdn nhat xudt phat tir vy di qua cic dinh thuée S
va két thic & dinh © khong thudc S, ¢6 kha nang s& gidm di; nghia 1a gia tri
DIST() cé thé thay d6i. Néu né thay doi thi né phai duge lap tir mot duong di
ngan hon, bit dau tir vy dén u va tir u t8i o tat ca phai thude S. Hon nita dudng
di tit vy t6i u phai 12 dudng di ngan nhat vi néu khong thi DIST(w) s& xdc dinh
khong dung. DBudng di tir u tdi © phai chon sao cho nd khong chita 1 dinh trung
glan nao.

Vay DIST{m) s& thay doi vi duong di 1 v t6i u 16i 161 o da c6 doan duong
di tit v, 161 u 12 duong di ngdn nhét va duong di tir u 161 chi 14 cung (u, ). Do
dai dudng di do la: DIST(u) + d¢ dai (u, 0).

Giai thuat dudng di ngén nhét
dita theo quan diém nay dugc dua
ra ddu tién bai Dijkstra. |

Gla thiét n dinh cua G duge
dénh s& tir | dén n. Tap S dugc thé
hién dudi dang vecto bit S{i]=0
néuig SvaS[il=l néui e Scon

1200 -
- 4

d6 thi cé trong s6 duge biéu dién 1:;66"“'%%.

bdi ma tran lan can COST véi phan T

tir COSTI[L]] 1a trong s6 clla cung 10007
(1.j), COSTIi.jl= o néu cung (i) .
khong cé, COST[i,j]=0 néu i=j. Hinh 6.12
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Vi d6 thi hinh 6.12 thi ma tran COST ¢6 dang:

o2« T S B o S T N P

1 2
0

300 0O
10600 800

+ oG

1700

3

0
1200

4 5 6 7 8

+00
0
1500 0 250
1000 0 900 1400
0 10060
U .

Giai thuat tim dudng di ngin nhat nhu sau:

Procedure SORTEST_PATH(v, COST, DIST, n)

{DIST(i), 1 £j < n: Thé hién do dai dudng di ngdn nhat ti dinh v dén dinh
j trong 46 thi dinh huéng G ¢6 n dinh, DIST(v)= 0. G ducc bidu dién bdi ma
trdn lan can COST kich thudc n x n)

l. For i:=] ton do
begin
S{i]:=0; DIST[i]:=COST[v,i]
end;
2. S[v]:=1; DIST[v]:=0; k=2
3. While k <n do

{dua v vao S}

{xdc dinh n-1 dudng di tir dinh v}

chon u sao cho DIST[u]= min (DIST[u]};

Slui:=1;

ki=k+1;

{dwa u vao tap S}

For Vo v4i S[w]=0 do
DIST[o]:= min(DIST{w], DIST[u] + COST[u,m])

4. Begin
5.
6.
7.

End
8. Return

V&i do thi hd hinh 6.12 va gid st v 1a niit 5 thi dién bién cta téc dong gidi
thuat SORTEST _PATH dugc thé hién qua bang sau:



Budc Dinh '

l5p S dugc [ DIST | (1) 1 (2) | (3) |4 | (B) [ (6) | (7} | (8)

§ chon

Khéi

dau oo | oo | oo {1500 © |25 | oo | oo

1 15 6 @ | 20 | oo [1250 1 O | 250 | 1150| 1650

2 |58 7 o [0 [ oo (12501 O {250 | 1150 1650

3 | 567 4 o0 | oc |2450 [1250 | 0 | 250 | 1150] 1650

4 5874 8 3350| oo 12450 (1250 | O | 250 | 1150 1650

5 | 56748 3 3350|3250 2450 (1250 | O | 250 | 1150 1650

6 |567.483 2 335013250 2450 |1250 | 0 | 250 | 1150| 1650
5,674,832

3. Bai toan s3p xép Topo

Thong thuong mot cong viée 16n bao gio ta ciing phai chia né thanh timng
phén viéc nhé dé thue hién. C6 nhitng phan viéc 6 thé duoc thuc hién doc lap
nhung ciing cé nhitng phan viéc chi thyc hién duge khi mot s& phéan viéc khic

da duge lam xong.

Chéng han dé xay mot ngdi nha can phai hoan thanh nhiing cong viéc sau:

86 hiéu Tén cong viéc Viéc can lam trude
M1 Pao méng Khéng
M2 Xay moéng M1

M3 XAy tuong M?2

M4 Lam 46 gb Khong
M35 Lap clta M3, M4
M6 bat mai M3, M4
M7 Lop mai M6

M8 Trat tuong M3, M7
M9 bat CT phu M7
MI10 Quét voi M7, M&

Nhir vay nhitng cong viée “dao méng” hay “lam dé g&” ¢6 thé hoan thanh
doc lap. Nhung ¢é nhitng viéc nhu “lp clra” s& khong thé bit ddu néu chua “xay
tudng” va chua “lam dé g6”. Nhu vay giita quan hé M35 va M3, M4 ¢6 mot quan

128




hé¢ “dugc 1am trude”. M3, M4 duge 1am trude M5. Quan hé d6 duoe goi 1a mot
“thit ty bo phdn”. DS 1a mot quan h¢ gilia cdc phén tir cia mot tap S, duge ky
hi¢u la *“—=" doc la “diing trucc” va quan hé d6 thod min tinh chat sau déi véi
cdc phan tr phan biét x, y, z cla S:

)NEux ~ yvay —~ zthi x ~ z (tinh bic ciu)

2) Néu x = y thi khong c6 y —~ x (tinh phan xiing)

3) Khong ¢6 x ~ x (tinh khong phan xa)

Do ¥ nghia thyc t¢'ta luon gia thiél S 1a mot tap hitu han, Mot tha tu bo phan
c¢6 thé minh hoa bing mot dé thi dinh hudng trong dé cic dinh ting véi cac phan
tir. Cic cung ing vdi cdc quan hé thir tu.

Vin dé dat ra 1a lam sao sdp xép cdc dinb ciia d6 thi theo mot thit ty tuyén
tinh d¢ sao cho khi xét (i mét dinh nao dé, thi cac dinh trude dé da duge xét
rol (da hoan thanh). Mot thi ty tuyén tinh véi diac diém nhu vay goi a thir 1
Topo va cach sip x€p mot tap d6i tugng cé thit tr bo phan thanh thi tu Topo
diroe goi la sdp xép Topo.

Nhu vay, d61 vdi mot d6 thi dinh hudng khong c6 chu trinh (do tinh chat ciia
thd tu bo phan) thi sap x&p Topo 1& mot qué trinh dinh ra mot thir ty tuyén tinh
lién quan dén cdc dinh clha d6 thi 4y, sao cho néu ¢6 mot cung tir dinh i dén dinh
J. thi i cling xudt hién trudc j trong thd ty tuyén tinh. Trong thye & ¢é nhiing yéu
cau licn quan téi sap xép Topo, sap x&p Topo c6 lién quan (i k¥ thuat PERT
dung trong 1y thuyét guy hoach.

Tu twong cuia giai thudt: Ta bat ddu chon mot cung ma khong ¢6 cung nio
d1 161 nd (khong cé dinh nao “truée™ né), dinh nay sé dugc dua ra. Sau d6 né va
cdc cung xudt phét tir nd s& bi loai khoi d6 thi, qud trinh duge lap lai véi phén
con lai cua d6 thi cho 16i khi cac dinh d6 duge chon ra hét. Néu cing mdt lic
cd nhiéu dinh déu khong ¢6 cung di 16i né, thi vice chon mét dinh nao dé trong
sO ay la tuy .

Hinh 6.13
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Vi du: Vi dé thj hinh 6.13 thi cic budc thuc hién sép xép topo duge thé
hién theo hinh 6.14.

Pinh dugc dua ra Phan dd thi con lai
N

Vi @ \_@

></
(val

|\‘—/, R __-_I'\V_Q

V2

V4
\I

-
L
-
V3 Q{Q
AP
5)

—

Vs (v

V6 (ve)

Iiinhk 6. 14

Nhu vay day duara 1a V,, V,, V,, V3. Vs, Vo md dudi dang do thi cé thé
biéu dién:

SSTMCNE i

Hinh 6 .15
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Vi gidi thuat nay, dé thi coi nhu duge bidu didn duéi dang danh séch lan
can. Tuy nhién nit dau danh séch s& c¢6 hai trudng; COUNT va LINK.

Truong COUNT chifa s6 d€m céc cung di dén dinh d6 (s6 dinh trude né).

Trudng LINK chua con trd, trd t6i nit ddu tién clia danh sdch 1an can tuong
ung v&i méi dinh.

Danh sach lan c4n clia d6 thi nay coi nhu da duge tao lap xong trude khi
thue hi¢n gidi thudt. Danh sdch cdc dinh vdi s6 dém COUNT bang 0, s& duoc t§
chiic dudi dang Stack. D€ ti€t kiém ngudi ta ding luon trudng COUNT & niit
déu danh sdch (iing v6i dinh ma COUNT=0) dé lam trudng moéc ndi clha Stack,
vi khi d6 truong nay khong con cin ding nita.

Gidi thudr nhuie sau.

Procedure TOPO_ORDER(COUNT, VERTEXT, LINK, n)
{Trong giai thudt nay Top la con tré 116 16i dinh Stack)
1. {Khoi tao Stack)
Top:=0;
2.{Tao ldp Stack cua cdc dinh khong cé dinh truée né)
for i:= 1 ton do
3. if COUNT(i)=0 then begin
COUNT(i):=Top;
Top:=i;
end;
4{Dua cdc dinh ra theo thit ne Topo)
for i:= 1 to n do begin

5. if Top = 0 then return;  {c6 chu trinh trong dé thi)
6. J=Top; Top:= COUNT(Top);

Write(j);
7. ptr:= Link(j);

8.{Gidm sé'dém cdc dinh sau j)
while ptr<>0 do begin
k:= VERTEX(ptr);
COUNT(k):= COUNT(k) - I:
A Nap vao Stack phdn tir moi)
if COUNT(k) = O then begin
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COUNT(k):= Top;

Topi=k;
end;
end;
10. ptr:= Link{(ptr};
end;

11. Return

Thot gian thuc hién gidi thugt:

Néu dé thi ¢6 n dinh ¢ cung thi chu trinh for 2) 3) s€ thuc hién véi cdp
thdi gian 12 O(n), con chu trinh while thi v6i O(d;) véi moi dinh i va d; la
s6 cic cung xudt phdt 1 i, ma nd lai ndm trong for 4) nén thoi gian s€ la

0O [Zd,} = O(e). Thoi gian thyc hién gidi thuat trén ¢ cdp la O(n+e) tuyén
1= .

tinh véi kich thudc cia do thi.
Bai tap

1, Cho d8 thi dinh hudng G
Hay lap:

a) Ma tran l1an can cla G,

b) Danh sach 1an ¢an cla G,

2. Cho db thi khdng dinh hudng G,
cb trong s6.

a) Hay xay dung cay khung theo
chiéu sau cla G,.

h) Hay xay dung cay khung theo
chiéu réng clia G,.

¢) Dua theo giai thuat Kruskal, néu .
cac budc dung cay khung véi gia cuc
tiéu cla G,.

d) Dua theo giai thuat Prim, néu cac
budc dung cdy khung véi gia cuc tiéu
cla G,.
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3. Cho do thi G;. Hay lap ma tran tan can A va
tinh A, A®), A4, P. V& db thj ihg vai P.

4. Cho d6 thi G, ¢6 trong s8. Hay 1ap ma tran COST tuong (ng véi d6 thi va dua vao
giai thuat SHORTEST_PATH lap bang biéu dién cac tac dong clta giai thuat qua cac bude
xac dinh dudng di ngén nhat tir dinh 1 16i cac dinh khac cda dé thi.

5. Quan 'hé "‘dl’mg trude” (~) dudi day ¢6 thé coi la mét thir tuw bd phan ddi véi cac
phan tir dugc danh sé tif 1 dén 5 hay khéng? Tai sao?

0200 0I0OIOXOLO1616020

8. Cac cong vigéc va quan hé thit ty duge cho bdi cac dé thj sau;

(3)

o 0
T\ d C

(a) &)
Hay vé lai d6 thi véi day cac nist d4 c6 thit tu Topo.




Chuong 7
SAP XEP VA TIM KIEM

Muc tiéu:

- Ngudi hoe hiéu dugc vai trd va ¥ nghia clia viéc tim kiém va sép x&p trong cac bai
toan quan Iy trong thuc t& cling nhu cac bai toan trong tin hoc.

- Ngudi hoc biét dugc mét s8 phuong phap sap x&p don gidn nhu sép xép kiéu lua
chon; sép x&p kiu chen (thém dan); sip xép kidu ndi bot; sap x&p kiéu phan doan;...

- Cung vdi cac phuong phap s3p xép trén, ngudi hoc dugce cung cdp mét s6 bai toan
mau kém theo giai thuat minh hoa dé ngudi hoc cling ¢6 kién thc,

- Ngudi hoc cé thé danh gia va so sanh dugc thdi gian thuc hién cac giai thuat sip
x&p trén théng qua cac céng thic tinh thdi gian,

- Ngudi hoc biét duge mét s phuang phap tim kiém nhu tim Kim tudn ty; tim kiém
nhij phan hay cay nhi phan tim kiém.

- Chudng nay con cung cdp cac giadi thuat tuong (mg vdi cac phuong phap tim kiém
dé minh hoa céac phuong phap tim kiém dé cho ngudi hoc,

L. SAP XEP

1. Dat van dé

Sap xép 1a qu4 trinh b6 tri lai cdc phén ti chia mot tap doi tueng nio d6 theo
mot thit ty nhdt dinh; chang han thit tv ting ddn (hay giam ddn) d6i véi mot day
sd, thit wr tlr dién d6i voi céc chit...

Yéu cdu vé sap xép thudng xuyén xuat hién trong céc ¢ng dung tin hgc, véi
nhitng myc dich khdc nhau nhu: sap xép cac dit liéu duge hru trif trong mdy tinh
dé tim ki€m cho thuan 1gi, sdp x&p cdc két qué xit 1y d¢€ in ra trén bang biéu. ..

Mot cdch téng quat dir liéu c6 thé xuat hién dudi nhiéu dang khic nhau,
nhung & day ta quy udc: tap doi tugng dugc sap x€p 1 tap cdce ban ghi, mdi ban
ghi bao gébm mét s6 trudng dit liéu tuong ng véi cdc thude tinh khic nhau.

134



Trong chuong nay ta chi xét dén cdc phuong phap sdp xép trong, nghia Ia
cac phuong phiip tdc dong lén mot tép ban ghi luu trlt déng thai trong bo nhd
trong. ma ta goi 12 hdng d¢ phan biét véi tép duge dung dé chi mot tap 16n céde
ban ghi duge luu trit & b nhd ngoai (sip xEp twong tng véi tep s& goi la sdp xép
ngoal).

Nhu viy bai todn duge dat ra & day 1a sap x&p d6i v6i mot bang gém n ban
ghi R, R,, ... R,.

Tuy nhién ciing phéi thdy ring khong phai todn bé cdc truomg dit ligu trong
ban ghi déu duoc xét tdi trong qua trinh sdp x&p ma chi cé mot trudng nio dé
duge chi ¥ t6i thoi. Trudng nhu vay goi 14 khod; sip x&p sé duge tién hanh dua
vao gid tri cia khod nay.

Vidu: bang danh sach can bo trong mot co quan bao gdm mot s6 ban ghi;
méi bdn ghi gdm c6 ba trudng: Ho va tén, Luong, Tudi. P6i v6i danh sich nay
ta c6 thé thuc hién 3 loal sip x€p khdc nhau: cu thé [a sip x&p theo thi tr A, B,
C cua ho va tén (khod sap xép la trudng Ho va tén), sip xép theo thit tu tang din
{hay giam dén) cua tudi (khod sdp x€p s& 12 trudng Tudi), sip x&p theo thi tu
tang dan (hay giam dén) cha lwong (khoa sdp xép s 1a trudng Luong).

Khi sap x&p, cdc ban ghi trong bdng s& duge bé tri lai cdc vi tri sao cho gid
tri khod sap x€p tuwong Ung vdi ching ding nhy thii ty dn dinh. Ta thay kich
thudc cua khod thudng rat nho so v6i kich thude ciia ca ban ghi. Néu sip xép
thuc hién tryc ti€p trén cdc ban ghi cia bang s& kéo theo su chuyén déi vi tri ctia
cdc ban ghi, diéu nay cd nghia [a phai sao chép lai toan bo thong tin ctia cic ban
ghi vao vi trf m&i, gdy ton phi vé thoi gian.

Ngudi ta khic phuc bang cich xay dung mot bang phu, ciing bao gém n ban
ghi nhu bang chinh nhung chi bao gém hai trudng: khod va con 1ro. Trudng
khod chira gid tri chia khod ting véi titng ban ghi trong bang chinh, truong con
tré chifa con tro chi t6i ban ghi tuong dng; bang phu nay goi la hdng khod, sip
x€p s& dugc thuc hién truc tiép trén bang d6. Nhwr vay, trong qué trinh sip x&p
bang chinh khéong hé bj dnh hudng; con viéc truy nhap vao ban ghi nao dé cia
bang chinh, néu ¢in thiét, vin cé thé dua vio con trd ban ghi tuong ing thude
bang khod nay.

135



Bang khoa ‘Bang chinh

89
37
42

(a)

37
42
89

(b)

Hinh 7.1
-a) Trudc khi sdp xép; b) Sau khi sap xép.

Vi khod c6 vai tro quan trong nhu vay nén sau néy, khi trinh bay cédc giai
thuat, cdc thi du minh hoa ta c6 thé coi khod nhu dai dién ctia cdc ban ghi va vi
vay ta chi néi téi gid tri cua khoa. _

Khong lam giam tinh téng quét cua van dé ta hoan toan c6 thé gia skt gla tri
cua khod la cdc s6 nguyén; cdc giai thuat, cic mo ta, cac thi du c6 thé thay déi
dé dang dé xir 1y cdc ban ghi.

2. Mot s6 phuong phap sip xép

2.1. Sap xép kiéu lua chon (selection short)

Y tudng co ban clia cich sip x€p nay 12 duyét qua nhiéu lan danh sich hay
mot phan ctia né, va ctt sau mdi 1an duyét c6 mot phan.tir duge sip xép vao ding
vi tri. Vi du méi lan duyét danh sdach con, phan tr nh6 nhét cua né dugc tim ra
va dugc chuyén dén vi tri ding clia no.

D€ minh hoa, ta gia st ring can sap xép danh sach sau day theo thit tu tang
dan: 67 33 21 84 49 50 75
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Ta duyét danh sich dé tim phén tir nhé nhat va thdy né & vi tri thi 3:

67 33 21 84 49 50 75

Ta hodn vi phén tir nay v6i phan tir ddu tién va nhu vay xéc dinh ding vi tri
cua phan tir nhé nhét 1a & ddu danh sdch:

21 33 67 84 49 50 75

Bay gitr ta duyét con bao gém cde phén tir tir vi tri thit 2 dé tim phan tiy nhod
nhat:

21 33 67 - &4 49 50 75

Va hodn vi n6 véi phan tir thi 2, nhu vay ta da xdc dinh ding vi tri céa phan
tr nhé nhat ti€p theo & vi trf thi 2.

Ctr nhu vay cho dén khi ta thuc hién quy trinh trén véi danh sich chi con
hai phan tlr cu6i cling:

21 33 49 84 67 50 75

21 33 49 50 67 84 75

21 33 49 S0 67 84 75
21 33 49 0 67 75 84
N6i tém lai nguyén tic nhu sau: -
O fuot thit i (i=1, 2, ..., n) s& chon trong day gid tri k;, k,, . ..., k, gid tri nho

[}

1
nhdt va déi chd cho k;. Sau n-1 lugt s& hoan thanh viée sap x&p.

Procedure selection_short(k,n);
{Cho day khod k gom n phdn ni, gidi thudt nay thuc hién sdp xép cdc phan
tr cia k theo thit ne ting ddn, dya vao phép chon phén 1t nhd nhdt trong méi

luot duyét)
I. For i:=1 to n-1 do
2. Begin
m:ii;
3. For j:=i+] to n do
If k[j] < k[m] then m:=j;
4, If m<>1 then
begin {ddi chd)

X:=kli];
k[i]:=k[m];
k[m]:=X;

end
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End:

5. Return

P3¢ phic tap tinh todn:

Trong lan dau tién khi duy¢t qua danh sach, phan tit dau tien duge so sianh
véi n-1 phan tir con lai, lan duyét thit 2 ¢6 n-2 phép so sanh,... nhu vay ¢6 tat
ca:

(n-1) + (n-2) + (n-3) + ... + 2 +1 = n(n-1)2 1an so sanh, nghia la do phitc
tap tinh todn cua phuong phap nay la: O(n?).

2.2. Sdp xép Kkiéu chen dan (thém dén)

Nguyén tic sip x&p & day la dua theo kinh nghiém clia ngudi choi bai: khi
c6 i-1 14 bai dd sip x€p trén tay, 14y thém quan bai thit i nita thi so sdnh véi i-1,
i-2,... dé tim chd thich hop dé chén.

Ta ¢6 thé dién dat “thd” nhu sau: thoat ddu k, duoe coi nhu mot diy chi bao
gém mat phan tir da duge sip th ty; xét thém K, ta so sénh nd véi k| dé xdc dinh
chd chen,... O Twgt thit i, k; s€ dwge chén vao ding vi tri cita né trong ddy ky, k..,
k;_; da dvoc sdp thr ne; diéu nay ta thye hién bang cdch so sanh k,véi ting phan
ek, ks, ki y bat dau nr bén phdi va dich chiing sang phdi khi cdn thiét.

Vi tri 0 cua méang duge gia si bi chi€ém bdi mét gid tri nhd hon moi phan tit
trong mang dé khodi roi sang trdi trong nhitng ldn duyét tir phai sang trai.

Trudc hét ta minh hoa giai thuat nay véi day:

67 33 21 84 49 50 75

Danh sdch con c¢6 thif tu tao ra sau moi lugt duge ddnh dau:

67 33 21 84 49 50 75 Danhsidch con cé thif ty gobm mot phan ur
33 67 21 84 49 30 75 Cheén33décé danh sdch gém 2 phdn
21 33 67 84 49 50 75  Chen 2! dé c6 danh siach gém 3 phdn tir
21 33 67 84 49 50 75

21 33 49 67 84 50 75

21 33 49 50 67 84 75

21 33 49 50 67 75 84

D6 phitc tap tinh toan:
Trudng hop xdu nhat cla gidi thuat nay 14 cdc phdn tr cua day duge sép x&p
hoan toan nguge lai; khi dé viéc chén k, doi hoi 2 1dn so sdnh (v6i k| 16i k),
cheén k; ¢dn 3 phép so sdnh,... tong s6 ldn so sdnh la:
2+3+4+..+n=n{n+1)2-1
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Vay T(n) = O(n,);
Gidi thuat sdp x€p kiéu chén dan nhu sau:

Procedure Insert_short(k,n);

{Trong thi tyc nay, ngudi ta diing X d€ chita gid trt mdi cin chén, -0 1 mot
gia tr1 ndo dé nho hon tat ca cdc gia tri trong danh sdch)

1. k[0]:= - o

2. For i:=2 to n do Begin

3. X:=k[i}; j=i1-1;

4. {Xac dinh ché gid tri mdi duge xét va dich chuyén céc gia tri khi cén
thiét}
While X < k[j] do begin
k(j+11:=k[j);
3=y - 1;
end;
5. {Pwa X vao diing vi tri}
k[i+1]:=X;
End:
6. Return.

2.3. Sap xép theo kiéu ndi bot

Nguyén tic: day gid tri duge duyét tir ddy len dinh. Doc dudng gap hai khoa
k€ can nguoc thi ty thi ddi chd chiing cho nhau.

Gidi thuat n6i bot bt ddu tir cudi bang va tién ddn vé dau bang; né $0 sdnh
timg phan I v6i titng phan tir ding trude. Néu hai phén tir khong ding thi
thi ching s& déi chd. G vong ddu tién phén ti nho nhét s& “néi” 1én dinh; sau
vong 2, phan tlr nho thi 2 s& duge x&p vio vi trf thit hai,...

Ta minh hoa giai thuat ndy béang thi du sau:

67 33 21 84 49 50 75

Bing giai thuat néi bot, thi tu cich phan tir sau timg vong lip s& nhu sau:

21 67 33 49 84 50 7S
21 33 67 49 50 84 75
21 33 49 67 50 75 84
21 33 49 50 67 75 84
21 33 49 350 67 75 84
2l 33 49 50 67 15 84
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Sau day 1a gidi thuat:
Procedure BUBBLE SHORT(K,n);
1. For i:=1ton-1do

2. For j:=n downto i+1 do
3. If k|j] < k[3-1] then
Begin
x:=Kk[jl;
k[j}:= kij-15;
k(j-1]:=x;
¥nd:
4. Return

3. Thai gian thuc hién giai thuét

3.1. Sap x€p lua chon

3 luot thit i (i-1, 2,... n-1) dé tim kho# nho nhat cdn Ci = (n-i) phép so sdnh.
S& lugng ghép so sanh khong phu thude vao ddy khod ban dau. Tu d6 suy ra:

- _ Z] _n(n—l)

min ma'(
=1 2

3.2. Sap x€p chen dan :
S6 luong ghép so sdnh phu thude vao khod ban dau. Truong hop thuan lgi

nhét tng véi diy khod di dugc sip x€p réi. Nhu vay méi luot chi can mot phép
50 sdnh. Do do6:

ijin = Zl = H"l

" Nhung n€u diy khod ban ddu ¢6 thi tu ngugc véi thit tr sap x€p thi ¢ lugt
thit i phai can ¢ C, = (i-1) phép so sanh. Vi vay:

Z( ﬁl)_n(n

i=2

Né&u gid sir moi gid tri khéa déu xudt hién déng kha nang thi trung binh ¢
lugt thit i ¢6 thé coi nhu C, :é phép so sanh. Suy ra:

~d

i omt4+n-2
"EE_ 4
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3.3. Sdp xép néi bot
Vi sdp x€p kiéu néi bot thi tuong tu nhu phuong phéap déu, ta ciing c6:

Coun = Coox = Cop = 5. (n=1y = 1=

min max 2
i=1

Nhin vao két qua ddnh gid & trén ta thdy phuong phap sap x&p ki¢u chén ddn
to ra “t6t hon” so véi hai phuong phdp kia. Tuy nhién, véi n kha 16n, chi phi vé
thoi gian thyc hién dugc dinh gid qua cdp do 16n thi cd ba phwong phip déu c6
cdp O(n?) va day van 1a mot chi phi cao so véi mot s6 phuong phap ma ta s& xét
thém sau day:

3.4. S4p xép ki€u phan doan (Partition_short)/ sip xép nhanh
(Quick_short)

Sap x&p kiéu phan doan 1a mot cai tién cha phuong phap sip x&p kiéu déi
chd. Day la mot phirong phéap khd 16t, do d6 ngudi sang 1ap ra né 1a Hoare da
manh dan dat cho né mét cdi tén hdp dén 1a sap xép NHANH.

Tu twdng ctta phuong phdp nay c6 thé tém tat nhu sau:

Chon mét khod ngau nhién nao d6 1am chét. Moi phdn 1t nho hon chét phai
duoc sdp x€p vao vi trf & trude chdt, moi phéan tir 1én hon khod chot phii dugc
sap xép vao vi trf sau khod chét. Muén vay, cdc phan tir trong day s& duge so
sanh v6i khod chor va s& ddi vi tri cho nhau, hodc cho ¢ho?, néu né 16n hon chot
ma Jai ndm trude chot hodc nhé hon chét ma lai ndm sau chot. Khi viée ddi chd
da thuc hién xong thi day khod lic d6 dugc phan 1am hai doan: mét doan gém
cac khod nho hon chdr, mot doan gém cdc khod 16n hon chét, con khod chét thi
nam giita hai doan néi trén. DG chinh 14 vi tri thuc cba nd trong day khi di duge
sdp xép. Téi day coi nhu két thiic mot luot sdp xép.

O cac luot ti€p theo ciing dp dung k¥ thuat twong tu doi véi méi phan doan
con lai. L€ tdt nhién chi ¢6 mot phan doan dugce xir 1y ngay sau dé, con mot phan
doan phai dé lic khdc, nghia la phai dugc ghi nhd lai.

Qua trinh xir I¥ mét phan doan, ghi nhé phan doan con lai duge thyuc hién
tiép tuc cho dén khi gip mot phan doan chi gdm ¢4 hai phan tir thi viéc ghi nhd
khong can nlfa. Liic d6 mot phan doan mdi s& duge xdc dinh va d6i véi phan
doan nay qua trinh lap lai trong tu. Sip x€p s& keét thic khi phan doan cudi cling
da duge xur ly xong.

141



Véi phuong phap sap x&p niy ngudi ta da chiing minh duge rang cdp do
thuyc hién giai thuat la:

Typ(m) = Otnlog;n)

Nhu vay rd rang Ja khi n kha 16n QUICK_SHORT da t6 ra ¢6 hi¢u lyc hon
hin 3 phuong phap da néu trén.

Sau day la giai thuat:

Giai thuat ndy thuc hién sip x€p cho bang khod k gém n ban ght theo thi
tr tang dan cua khod. O day sir dung mét ban ghi gia c6 khod tuong tng 1a
K[n+1]mak{i] s k[n+1] véi |l <i<n. LB va UBla chi s6 dudi va chi sé trén
(2 bien) cha bang duge x{ 1¥. Lic dau LB = 1 con UB = n. Hai bién chi s61 va |
duoc dung dé lua chon khod trong qué trinh xir 19. KEY 14 bién chita gid tri cla
khod chor. B la bién logic, khi B = FALSE thi bang duge phan thanh 2 bang con.

Procedure Quick short(K, LB, UB);
1. {Khdi dau}
B:=True
2. {Thire hién sap xép)
if LB < UB then
Begin
i:=LB; j=UB+1; KEY:=K[LBI;
While B do
Begin
r=i+1;
While K[j] < KEY do i:=i+1;
=1
While K[j] > KEY do j:=)-1;
if 1< j then KJ[i]) <--> K{[j] {ddi cho giva Kji] va K[j]}
Klse B:=FALSL;
End:
K[LB] <> K[jl;
Call Quick: short{K, LB, J-1);
Call Quick_short(K, j+1. UB);
end;
3. Return



3.5. Sap xép kiéu vun dong (Heap_short)

Sap x&p ki€u phan doan da cho ta thdi gian thuc hién trung binh khd 161,
Nhung trong trudng hgp xdu nhat né van 1a O(n2).

Phuong phidp siap xép ma ta sé& xét sau ddy da dam bao duge trong moi
trucmg hop chi phi thoi gian déu cing 1a O(nlog,n).

Véi phuong phdp sap x&p nay, bang khod s& c6 ciu tric cay nhi phan hoan
chinh va dugc luu trii k€ ti€p trong may.

Phuong phdp siap xép ndy dugc thuc hién nhu sau:

Sép x&p vun déng dugc chia lam hai giai doan.

Giai dogn I: Gial doan tao déng. O giai doan nay cay nhi phan biéu dién
bang khod duwoc bién déi dé trd thanh mot déng. Dong & day 1a mot cay nhi
phan hodn chinh ¢6 xu hudng léch trdi ma mébi nit duge gan mot g1a tri khod
sao cho khod & niit cha bao gid ciing 16n hon khod & niit con né. Cay nhi phan
hoan chinh nay duge luu trit k€ ti€p trong may.

Grai dogn 2: Giai doan sap sép, nhiéu lugt xtr Iy duoc thue hicn, mdi luot
ling voi hat phép:

- Pua khod troi vé vi tri thuc el né bang cdch déi chéd cho khoa hién dang
O vi trf d6. Nghia 12 d6i ché khod & dinh déng (nit géc cay) voi khod & cusi
déng (niit 1d cudi clng & vi tri trai nhat).

- Vun lai thanh déng déi véi cay gém cdc khéa con lai sau khi da toai khod
trdi ra ngoai.

Mot hugt ti€p theo sé duge thue hién tuong tu nhu vay va cit nhu thé cho 16
khi moi khod da vio ding ché sip x&p cla né.

Giai thuat nhu sau:

Giai thuat sap x&p vun déng dugc viét thanh hai tha tuc: thi tuc Vundong
thyc hién viéc chinh Iy mot cay nhi phan véi gac i dé né thoa man diéu kien cia
dong va thi tue HEAP_SHORT thuc hién viéc sip x¢p.

Procedure Vundong(i,n);

1.{Khoi dau)

Key:=K[i]; j:=2%i;
2. {Chon con ting véi khod lon nhdt trong hai con ciia i)
While j < n do Begin
if (j <n)and (K[j] < K{j+1]) then j:=j+1;
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3.{8o sdnh khod cha voi khod con Ién nhdt}

if Key < K[} then

begin K[ div 2]:= Key; return; end;
KI[j div 2}:=K[j}; j:==*2;
End; “

4. {Pua K2y vao vi iri cia né)
K[j div 2]:= Key;
5. Return

Procedure HEAP_SHORT(K,n);
1.{Tao déng ban ddu)
for i:=n div 2 downto | do Vundong(l,n);

2.{8dp xép}
for i:= n-1 downto 1 do
Begin
X:=K[i}; K[1]:= K[i+1];
K[i+1]:=X; '
Call Vundong(1,i);
End;
3. Return

3.6. Sap x€p kiéu hoa nhap (Merge sort)

Sédp xép kiéu hoa nhap 13 phép hop nhat cdc ban ghi clia hai bang di dugc
sip x€p dé ghép thanh mot bang, ¢6 kich thudc 16n hon cling dugc sip x€p.
Nguyén tic thue hién cia né khd don gian: so sinh hai khoa nhd nhat (hoac i6n
nhét) ctia hai bang con, chon khod nhé hon (hoic 16n hon) dé dwa ra mién sip
x&p (mot mién nhd phu cé kich thudce bing tdng kich thudc cta hai bang con)
va dat né vao vi tri thich hgp. Khod dugc chon tir ddy bi loai ra khoi bang chita
né. Qua trinh nhu vay ci tiép tuc cho téi khi mét trong hai bang con da can. Lic
d6 chi can chuyén toan bo phdn dubi clia bang con lai ra mién sép x&p la xong.

Vidu: Véi hai bang da sap xép:

17, 42, 50, 76
08, 34, 85
Qua trinh hoa nhap s€ nhu sau:
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Luwot 1: 17, 42, 30, 76

| 08 <---- 34, 85
Lasgr 2: 42, 50,76
| ' 08, 17 <----. 34. 85
Luot 3: 42, 50, 76
08, 17, 34 <--—- 85
Luot 6.
08, 17, 34, 42, 50, 76 <---- 85
Lot 7: -

08, 17, 34, 42, 50, 76, 85

Sau day 1a gjai thuat hoa nhap hai dudng
Procedure Merge short(X, b, m, n, 7))
{Thii tuc nay thie hién hoa nhdp hai bdang con dd duge sdp xép thanh mot
bdang moi duve sdp xép)
L. = k:=b; ji=m+1;
2. while i <m and j<n do
if X[i] £ X[j] then begin

Ztk] == X[i};
1:=1+1;
end
else begin
- ZIK]:= XJj);
Ji=1+1
end;
k= k+_1;
3{Mot trong hail bdng con dd can truéce)
if 1 > m then (7,.....Z):= (X;,... . X)
else (Zy,.....Z )= (X,,... ,.X_,)

4. Return

Van.dé dat ra trong thuc € 1a viéc xdp x&p phai duoc ti€n hanh trén mot
bang khod chua duge sap x€p. Vi vay phuong phép sap xép kiéu hoa nhap 16 ra
bi han ch¢. Tuy nhién tlr phép hoa nhap hai duding ngudi ta da trién khai thinh
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mot s6 phuong phap sdp x&€p mdi xult phad tir nhan xét nhu sau: mai ban ghi ¢6
thé coi 12 mot mach dd duge sép xép ¢ do dai bang 1. Néu hoa nhap hai bang
nhu vay s€ dugc mot mach méi cé do dai bang 2. Lai hoa nhap hai mach ¢6 d6
dai bang 2, ta dugc mot mach ¢6 do.dai 4... Va cif nhu thé, cudi cling ta sé& dirge
mét mach ¢6 d¢ dai n, tiic 12 bang da duge sip x€p hoan toan. Phuong phép sép
x€p nhu vay dugc goi 1a sdp xép hoa nhdp hai duong tr nhién.

1L TIM KIEM

1. Khai niém

Tim ki€m [a mot nhu cau rdt thudng xuyén trong d&i séng hang ngay ciing
nhu trong xu 1y tin hoc. Trong cdc phan trude néi riéng va trong cdc bd mon
khac néi chung ching ta di thay xuat hién nhitng yéu cau vé tim ki€m; & nhiing
chirg muc nhat dinh ching ta da phin nao giai quyét van dé nay. Trong chuong
nay, bai toan tim kieém s& duge xem xét mot cdch doc lap, toan dién; ching ta
¢6 thé trinh bay bai todn nhu sau:

“Cho mét bang (day, danh sdch) bao gém n ban ghi Ry, R,, ..., R,. Mdi ban
ghi R; tuong tdng véi mot khod k;, hdy tim ban ghi ¢ khod bang mot gid tri cho
trude X”. X duoc goi 1a khod tim kiém hay doéi tri tim kiém.

Cong viéc tim ki€m sé& ket thiic khi mét trong hai tinh huéng sau xay ra:

1. Tim duge mat ban ghi ¢6 khod bang X, liic d6 ta néi phép tim kiém thanh
¢ong (thoa).

2. Khong tim duge ban ghi nao ¢6 khod bang X, ldc d6 ta néi phép tim ki€m
khong thanh céng (khong thoa).

Nhu vay trong thuc t€, cdc phan tir cua danh sdch 13 cdc ban ghi, va viéc tim
ki¢m la dua trén cd s& ciia mot trudmg (khod) nao dé; nghia I1a chiing ta tim
trong danh sdch mot ban ghi R; chita mot gid tri cho trude cla trudng khoi cta
né. Tuy nhién d€ ti¢n khi trinh bay cdc gidi thuat ta gia st ring cac R, 12 nhitng
muc di liéu don gian (chi gébm mot trudng).

Sau ddy ta xét mot s6 phuong phap tim kiém.

2. Mét 6 phuong phap tim kiém

2.1. Tim kiém tuan tu
Pay 1a k¥ thuat tim kiém don gian va c6 dién; ndi dung clia né ¢6 thé dién
dat nhu sau:
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“Bit dau tir phén tir ddu tién, 14n luot so sdnh khod tim kiém véi khod tuong
img cha cdc ban ghi trong bang, cho 161 khi tim duwge ban ghi mong mudn hoac
dd heét bang ma chua thay”.

Giai thuat nhu sau:

Function Tuantu(k,n,X)

(Cho day khod k gom n phan tit; xdc dinh xem trong dé 6 phdn tit nao béng
X hay khong,; néu c6 trd vé chi 56 ciia phdn tir dé, néu khong trd vé 0; trong
ham ndy c6 st dung mét phan ti phu k,,,; ma gié tri ciia né chinh 1a X)

V{Khoi ddu )

I=1; k[n+1] :=X;

2.{Tim phan ut trong ddy}

while k[1] <> X do i:= i+1:
3.ATim thdy hay khong}

if i = n+1 then return(0)

else return(i)

2.2. Tim kiém nhi phan
Tim ki¢m nhi phan [2 mot phuong phép tim ki€m kha théng dung. N6 tuong
ter nhu khi ta tim s6 dign thoai clia mot co quan trong bang danh muc dién thoai
hay khi ta tim mot (i trong tir dién. Tim ki€ém nhi phan dugc 4p dung trong
trudng hop mot day khod da ¢6 thit ur; noi dung cta gidi thuat nay 14 so sénh
gid tri cho trudc X véi gid tri khéa & “giita ddy” khod dang xét. Tim kiém sé két
thic néu X=k;. Néu X < k; tim kiém lai dugc [am véi k..., k;.;; néu X > k; im
ki€m lai duge lam v6i ki, ..., k,. V@i day khéa sau, mot k¥ thuat twong ty lai
duge sir dung. Qud trinh tim ki€m dugc ti€p tuc khi tim thdy khod mong mudn
hodc day khda da xét trér nén réng (khong tim thay).
Ta c6 the minh hoa giai thuat nay nhu sau;
Function Binary_search(k,n,X)
{Cho day k gom n phdn uk dugc sdp thit tue; xdc dinh xem trong dé c6 phan
1 ndo bang X hay khéng; néu cé trd vé chi s6 ciia phdn tit dé, néu khéng trd
vé 0}
1.{Khoi dau)
l:=1; r:=n;
2Tim}
while 1 <=r do begin
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3ATinh chi s6 gitta)
m :=(l +r) div 2;

4.{8S0o sanh}

if X <k{m] then r:=m -]

else
if X> k[m] then l:= m+l
else return{m)
end;

5.{Khoéng thanh céng}

return(0)

Giai thuat nay cé thé viét dudi dang d¢ quy nhu sau:
Function RBinary_search(l, r, k, X)
(1, r la chi s6 dudi va chi s6 trén cia day k, m chi s& giita, LOC la chi s6
ding voi khéa can rim; néu khong thanh cong LOC 6 gid tri 0}
1.if 1 > r then LOC:=0;
else m := (l4+r) div 2;
if X <k{ml] then LOC := RBinary_search(l,m.k,X)
else if X < k[m] then LOC := RBinary_search(m+1,r,k,X)
else LOC := m;
2. Return (LOC)

Véi giai thuat nay ngudi ta ching minh duge Ty(n) = O(log,;n).

RO rang 1a so véi tim kiém tudn ty, chi phi tim ki€m nhi phan it hon khd
nhiéu. Tuy nhién ta cling thdy ring trudc khi sit dung tim ki€m nhj phéin day
kho4 da phai dugc sap x&p rdi, nghia 12 (hoi gian sdp x€p ciing phai ké dén. Néu
day khoa luén bien dong thi lic d6 chi phi cho sdp x€p 1a khd ton kém va dé
chinh 12 nhugc diém cilia phuong phap nay.

2.3. Cay nhi phan tim kiém (Binary Search Tree)

Dé khic phuc nhuge diém vita néu trén cua tim ki€m nhi phan va dip tng
yéu cau vdi day khoa bi€n dong, mot pharong phdp méi duge dua ra dua trén ¢d
s ddy duogc 16 chitc dudi dang cay nhi phan, ma ta goi 1a cdy nhi phan tim kiém.

2.3.1. Pinh nghia cdy nhi phdn tim kiém

Cay nhi phan tim ki€m 12 mot cay nhi phan ma khod cta nit trdi nho hon
khod cua nit géc, khod cha niit géc nhd hon khed cla nit phai.
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Vi du:

Hinh 7.2

2.3.2. Gidi thudt tim kiém

D¢ tim ki€m mot gid tri X nio dé trén mot cay nhi phan tim kiém ta c6 thé
thic hién nhu sau:

So sdnh X véi khoa goc va mot trong 4 tinh hudng san day ¢6 thé xay ra:

1) Khong ¢6 géc (cay rong): X khong ¢6 trén cdy, phép tim kiém khong thoa.

2} X tring vdi khod & gée, phép tim ki€m thoa.

3) X nho hon khod & géc: tim ki€m dugce tiép tuc bing céqh X€t cay con trii
cla goc véi k¥ thuat tuong tu.

4) X 16n hon khod & gdc: tim ki€m duge tiép tuc bang cach xét cay con phai
cla géc vai k¥ thuat tuong tu.

Giai thuat c6 thé dién dat nhu sau:

Function BST{(T.X)

{Thit tuc nay thiee hién viée tim kiém trén cdy nhi phan tim kiém, ¢é goc
duwgc tro boi T, gid tri khod cdn tim la X; néu tim kiém digc thod thi dua con tré
q tro vao nit dé; néu tim kiém khong thod thi b6 sung nit méi c6 khod la X vao
T va dwa con tro g tré vao nit moi dé)

1. {Khdi tao con tro)

p:=null; q:=T;
2. {Tim kiém)
while q<> null do
case
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X < key(q): p :=q; q== LPTR(g)
X = key(g): return(q):
X >KEY{(q) p:=q; q:=RPIR(g)
end case;
3.{Bé sung)
q <---- LAYTRA,;
KEY{(qg) = X,
LPTR(q) := RPTR(q} := null;
case
T := null: T:= q; {cdy réng da bo sung)
X < KEY(p): LPTR(p):= q:
else: RPTR(p):=¢q
end case;
write(‘Khong thdy, dd bo sung’);
return{q); :
Vi giai thuat trén ¢ thé suy ra: Ta ¢6 thé dung cay nhi phan (im kiém iing
v&i mot diy khod dua vao bing céch lién tuc bé sung cdc ndt iing véi timg khod,
bit ddu tir mot cdy réng. Tdt nhién ban dau phai dung lén nit goc cay tng véi
khoa dau tién (trudng hop tim ki€m trén cay rong) sau dé doi véi céc khod ticp
theo, tim trén cay khong thay thi bo sung vao.

111 MOT SO CHUONG TRINH MINH HOA

1. Chuong trinh sip x&p kiéu lya chon
PROGRAM Selection sort;
uses crt;
const
max=100;
type
mang=array [l..max] of integer;
Var
day so:mang;
n,i,j,k:integer;
tg:integer:;
BEGIN
clrscr;
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write{*Nhap so phan tu day so n= ") ;readln(n);
writeln;
writeln(‘Nhap cac phan tu cua day:’ };
“for i:=1 to n do
begin
write (‘phan tu thu ', i, = ');readln{day so{i]):
end;
clrscr;
writeln({(‘Day so truoc khi sap xep:’ );:;writeln;
for 1:=1 to n do
write(day so [1i] :4);writeln;
{docan chuong trinh sap xep}
for i:=1 to n-1 do
Begin
Ji=1;
for k:=9+1 to n do
1if day so [kl <day so [j] then j:=k;
1f j<>i then Begin
tg:=day so[i];
day so [i] :=day so {J};
day_so []] :=tg;
End:;
End;
writeln('Day so sau khi sap xep:’ )};writeln;
for i:=1 to n do
write(day so [i] :4);writeln;
readln;
END.

2. Chuang trinh sip xép kiéu chén dan
Program Insertion sort;
uses crt;
const
max=99;
n=20;
var



X,1,]:1integerx;
ararray [1..20] cof integer;

Begin
for i:=1 to n do {tao day ban dau ngau nhienj}
a [i] r=random{max};
clrscr;

writeln{‘day so ban dau };.
for i:=1 to n do write(a [1}:3);writeln;
{doan chucng trinh sap xepj

for i:= 2 to n do
begin
¥:=a [1] :
Jr=1i-1;
while x<a [j] do
begin
a [J+1] :=a (3}
Ji=3-1;
end;

end;
writeln(‘day so da sap xep’ });
for 1i:=1 to n do
write(a [i] :3);
readln;
End.

3. Chuong trinh sip xép kiéu ddi chd (ndi bot)
Program nol bot;
uses crt;
const
max=9%9;
n=20;
var
ararray {1..n] of integer;
i1,],tg:integer;
Begin
for i:=1 to n do {tao day ban dau ngau nhien}
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a [1] :=random{max) ;
clrscr;
wriieln(‘day 50 ban davw’ ):
for 1i:=1 to n do writeta [1] :3);writeln;
{doan chuong trinh sap zep}
for i:=1 to n-1 do

for j:=n downto i+l do

- if a {j] < a [j-1) then

begin
tg:=a []]: )
a {3l :==a [§-1] ;
a {J-1) :=tg;
end;

writeln(‘day sau khi sap xep’);:
for i:=1 to n do
write(a [1] :3);
readln;
End.
4. Chuong trinh sép xép kiéu phan doan (sip xép nhanh)
Program Quick sort;
uses crt;
const
max=99;
n=20;
var
pt:array([l..n] o¢f integer;
m,i,Jj,t,tg:integer;

procedure sort (l,r:integer);
Begin
ie=1; .
Jri=r;
t:=pt [1});
repeat
while pt [i]<t do i:=i+1;



while pt [4l1>t do j:=7-1;
if i<=j then

begin
tg:=pt [i];
pt (1] :=pt [i1;
pt [J] :=tg;

ir=1+1;7):=7-1;
end;
until i>79;
if 1<j then sort(l,]);
if i<r then sort{i,r);

end;
(* __________________ *)
BEGIN
clrscr;
m:=n;

for i:=1 to m do

pt [i] :=random{max) ;
writeln('‘Day ban dau’ };
for i:=1 to m do

write{pt [i] :3):writeln;
sort(l,m); {goi thu tuc sap xep}
writeln('Day sau khi sap xep };
for 1i:=1 to m do
write (pt [1] :3);
readln;

END.

5. Chudng trinh s3p x&p kiéu hoa nhap (Merge sort)
{Tron 2 mang da sap zep thanh 1 mang moi duoc sap xep
theo thuat toan sap xep hoa nhap}
Program Merge sort;
Uses crt;
Const
max=50;
Type
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mang = array [l..max] of integer;
Var

A,B,C:imang;

n,m:integer;

{thu tuc nhap du lieu)

Procedure Nhap (var mang X:mang;n:integer;tenmang:char);
Var

‘l:inteqger;

Begln
writeln;
for 1:=1 to n do
Begin
write(tenmang,’[ Y,i, 1= Y);
readln{(mang X[1i]);
End;
End;

{ Thu tuc in du lieu}
Procedure List(Mang X:mang;n:integer);
Var
i:integer;
Begin
writeln;
for i:=1 to n do
write (Mang X[i] :4);
writeln; |
End;

{Thu tuc sap xep theo thuat toan hoa nhap. A va B
la 2 mang duna vao SX,mang A co m phan tu, mang B co n

phan tu. Ket qua se dua vao mang C,so phan tu cua mang
C la {m+n} phan tu}
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Procedure SX Hoanhap (A, B:mang;var C:mang;m,n:integer);
Var
1,3, krinteger;

Begin .
1f m=0 then {Mang A khong co phan tu}
Begin
k:=1;
for - 1:=1 to n do
begin
C [k] :=B [1i] s k:i=k+1;
end;
End;
if n=0 then {Mang B khong coc phan tu}
Begin
ki=1;
for i:=1 to m do
begin
C [k] :=A [i] ;k:=kt1;
end;

End; _
{Sap xep khi A va B deu co phan tu}
i:=1;3:=1;k:=1;
While (i<=m) and (j<=n) do

Begin
_If A {i)<=B [j] then
Begin
C k] :=A [i] ;
1:=1+1;
End
Else
Begin
C [kl :=B [3];
jr=g+1;
End;
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k:=k+1;
End;
If 1>m then { Truong hop mang A het phan
tu truoch

Begin
while j<=n do
begin
C [k =B [3] ;
Jr=3+1;
Ki=k+1;
end
End
Else { Truong hop mang B het phan tu %“ruoc
Begin
while 1i<=m do
begin
C [k] :=A [1] ;
i:=1i+1;
k:=k+1;
end
End:;
End;
(‘k ______________ *)
BEGIN
clrscr;

write ('Nhap vao so phan tu cua mang A: ‘);
readln(m;;

nhap (A, m," &7 };

write{'Nhap vao so phan tu.cua mang B: Y);
readln(n);

nhap(B,n," B );

clrscr;
Writeln(‘mang ATy List (A, m);
Writeln(‘Mang B }; List(B,n);

SX hoanhap(A,B,C,m,n);
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Writeln(*Mang C"); List{C,m+n};
readln
End.
6. Chuong trinh sip xép kiéu'hoa nhap hai dudng tu nhién
{Chuong trinh sap =xep tep co cau truc bang phuong
phap tron tu nhien)
Program SXTepCTTN;
uses crt;
Type
Pt=record
key:integer;
ten:string [30] ;
end;
tep=file of pt;
Var
A,B,C:tep;
na,nb,nc, SoRun:integer;
kt:boolean;
al,a2,bl,b2,cl,c2:pt;

{Ngoai tep goc can sap xep ky hieu la A, ta can tac
them hai tep phu la B va C co cung cau truc vol A}
Procedure MoCacTep;
var
TenTep:string;
Begin
clrscr; .
write (‘Cho ten tep can sap xep’ );
readln {TenTep) ;
Assign (A, tentep);
Assign(B,” c:\tp\bin\phul.dat’);
Assign(C,’ c:\tp\bin\phu2.dat’ };

(* ________________ ‘k)

{Tep can xem chinh la tep can sap xep va tep nay
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da duocc mo}
Procedure Xemtep;

Begin
Reset (A) ;
while not EOF(A) do
begin
readia,al};
writeln({al.key,” ‘,al.ten);
end;
End;

{Copy 1 Run tu tep A sang tep D: Tep D co the la B
hoac C} '
Procedure'CopyRun(var D:tep);
Begin
Repeat
al:=a2;write(D,al);:;na:=na-1;
if na<=0 then Kt:=true
else begin
read(A,a2);
kt:=al.key>a2.Key;
end;
Until kt;

{Phan phoi cac Run tu A sang B va C}
Frocedure PhanPhoi;
Begin

Reset (&) ;Rewrite (B) ;
Rewrite (C);na:=filesize (&) ;
Read (A, a2) ;
Repeat

CopyRun (B} ;

if na>0 then CopyRun(c);
Until na<=0;
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{Copy 1 phan tu tu tep D vao tep A, m la so phan tu

hien tai cua D} \
Procedure CopyPt{var D:tep;var m:integer;var dl,d2:pt);
Begin
write (A,dl) ;m:=m-1;
if m<=0 then kt:= true
else begin
Read (D, d2) ;
kt:=dl.key>dZ.key;

end;

{ Tron 2 Run bat ky tu B va C vao Aj
Procedure TronRun;

Begin
Repeat
bl:=b2;cl:=c2;
if bl.key<=cl.key then
CopyPt (B, nb,bl,b2)
else CopyPt(C,nc,cl,c2);
Until kt;
If bl.key<=bZ2.key then
repeat
bl:=b2; CopyPt(B,nbk,bl,b2);
until kt:
If cl.key<=cZ.key then
repeat _
cl:=c2; CopyPt(C,nc,cl,c2);
until kt;
End; -

{ Noi phan con lai cua D (la B hoac C)vac A}
Procedure NoiVaoA{var D:tep;var m:integer;p:pt);
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1M.GTCTDL

Begin
SoRun:=S¢oRun+1;
Repeat
write(A,p) ;m:=m-1;
if m>0 then read(D,p);
Until m<=0;

{Tron cac Run tu B va C vao A}
Procedure tron;
Begin
ReWrite (A) ;Reset (B) ;Reset (C) ;
nb:=Filesize (B);nc:=FileSize (C);

SoRun:=0;
if {(nb>0) and (nc>0) then
begin
Read (B, b2) ;Read{C,c2};
Repeat

TronRun; ScRun:=5cRun+1;
until (nb<=0) or (nc<=0);
if nb >0 then NoivaocA(RB,nb,b2);
if nc >0 then NoivaoRA(C,nc,c2);

end
else
begin
if nb >0 then begin .
Read (B, bl);
NoiVach (B, nb, bl) ;
end;
if nc >0 then begin
Read{C,cl};
NoiVacA(C,nc, cl) ;
end;
end;
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Procedure SXTronTN;
Regin
Repeat
PhanPhoi;

Tron;
Until SoRun=1l;

BEGIN
MoCacTep;Writeln(‘Tep trucc khi sap xep’ )’

XemTep;

SxTronTN;
Writeln (‘Tep sau khi sap xep’ ) ;XemTep;

Readln;
END.
7. Chuong trinh tim kiém c6 bd sung trén cay nhi phan tim kiém
theo giai thuat BST
Program BST:;
Uses crt;

Type
P="cay:
cay = record
nutgoc:string {20} ;
trai,phai:P; -
end;

var
Nutmoi:string [20] ;

goc:P;
Procedure Xuli (Nut:P);
begin
write (Nut”.nutgoc,’ ->"});

end;

Procedure duyet truoc{Nut:P);
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begin
if Nut<>NIL then

begin
Xuli (Nut}) ;
duyet truoc(Nut”~.trai);
duyet_truoc(Nut“.phai);
end;
end;
(* _______________ *)

Procedure duyet giua(Nut:P);
begin
if Nut<>NIL then

begin
duyet giua (Nut”.trai);
xuli (Nut);
duyet giua(Nut”~.phai);

end;

Procedure duyet sau(Nut:P);

begin
1f Nut<>NIL then
begin
duyet_sau{Nut”.trai);
duyet_sau(Nut”.phai);
xuli (Nut);
end;
end;
(* _______________ *)

Procedure tim(var goc :P);

{Tim kiem trong cay xem co du lieu trong cay chua.
Neu chua thi chen them vag]
begin
1f goc = NIL then
begin
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NEW (gcc) ;
begin
goc”.nutgoc :=Nutmoi;
goc”.tral:=NIL;
goc”.phai:=NIL;
end;
end
else
if goc <>nil then
with goc” do
begin
if Nutmoi < nutgoc then
tim{goc”™.trai)
else
if Nutmoi > nutgoc then
tim{goc”.phai)
else
writeln (*Tim thay };
end;

Procedure 1in cay(var cnp:p;s:integery};
var
i1rinteger;
Begin
if cnp <> nil then
with cnp” do
begin
in_cay(trai,s+2);
for i:=1 to s do
write({"® Yy
writeln (nutgoc);
in cay(phai,s+2);
end;
End;



BEGIN
clrscr;
writeln (‘Chuong trinh duyet cay nhi phan:’ ) ;
goc:=nil;
repeat
write ("Whap: gia tri nut la 0 de ket thuc nhap:’ );
readln (Nutmoi) ;
1f length (Nutmei)>0 then
tim{goc);
until length{Nutmoi}= 0;
writeln;clrscr;
writeln (*IN CAY NHI PHAN DA SAP XEP' );
in_cay(goc, 0);

readln;
writeln (‘Duyet Truoc : Y);
duyet truoc(goc);
writeln;
writeln (‘Duyet Giua : )
duyet giua{goc};
writeln;
writeln ('Duyet Sau : ‘);
duyet sau{goc);
writeln;
readln;

END.,

Bai tap

1. Cho day khoa

90 08 34 06 98 17 83 25 66 42 21 59 62 71 85 76

Hay minh hoa ba phuong phap s3p xép dudi day qua day khoa trén theo tha tur t3ing
dan, thir tu giam dan:

- Sap x8p lua chon

- S3p xé&p chén dan

- Sap x&p ddi chd (ndi bot)
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2. Hay sita lai ba gidi thuat dudi day d& thyc hién s3p xép theo th(r tyf giam dan.

- S#p x€p va chon

- S&p x&p chen dan

- S#p x&p dbi chd (ndi bot)

3. Vdi day khoa da cho 6 bai 1 hay minh hoa hai phuong phap sap xép phan doan va

sap x€p kifu vun déng.
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4. N&u thyc hién sip x8p theo thif tu gidm dén thi dng s& dugc dinh nghia thé nao?
5. Vdi day khoa cho & bai 1 hay thuc hién sip x&p kiéu hoa nhap hai dusng tu nhién.
6. Hay dung cay nhi phan tim ki€m theo giai thuat BST déi vai day khoa da cho & bai 1.
Hay danh diu dudng di trén cay nay khi thuc hién tim ki€ém khoa 42 va 83.
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3. Thudt todn, Nguyén Xuan Huy, Nha xuat ban Thong ké.
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