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LOI NOI DAU

Cau triic dit liéu va thudt todn la mén hoc co s¢ nganh cia nganh cong
.nghé théng tin. Chiing ta hdy hinh dung mot toa nha ¢ phdn nén méng,
phdn teong cot (két cdu chiu luc) va nhitng phdn khdc con lgi, néu phdn
két cdu chiu luc khong viing thi tou nha khéng thé vitng dugce. Mén "Cdu
triic dit liéu va thudt todn” chink 1& mén hoc thuge phdn riong cét, phdn
két cdu chiu lue d6 cha toa nha "Cong nghé thong tin". Khi hoc mon hoc
nay doi hoi sinh vién phdi ¢ dau é¢ tw duy logic todn hoc dé hiéu thudt
todn, dong thoi phdi c6 k¥ ndng lgp trinh d€ dién dat so do thudt todn
thanh cdu lénh. C6 thé so dé thudt todn vé hét cd mot trang gidy nhung
chuyén sang ldp trinh chi ¢6 vai dong; c¢6 thé so dé thuadt todn trinh bay
theo kiéu kiém tra diéu kién dé€ 1iép tuc ngay ¢ dau nhung khi chuyén sang
lap trinh c6 thé ditng cdc cau lénh ¢d cdu tric diéu khién ldp voi kiéu kiém
tra diéu kién trudc hodc sau...

Gido trinh ""Céu tric dit liéu va thudt toan" ndy duoc xudt bdn ldn
ddu nim 2006, do Nha xudt bdn Xay dung dn hanh. Tiw d6 dén nay thoi
luong ciing nhut két cdu mén hoc da ¢é nhiéu thay doi. J Truong Pai hoc
Xiy dung tix ndm 2009 mén "Cdu triic dit liéu va thudt todn” dd dugc tach
thanh hai hoc phdn la "Nhdp mon Cdu tric dit liéu va thudt todn” va
“Céu trice dit ligu va thudt todn ndng cao” voi méi hoc phdn 6 2 tin chi.
Ly do la vi trong Khoa Cong nghé thong tin c6 nhiéu chuyén nganh khdc
nhau, ¢é chuyén nganh chi cdn hoc mot hoc phdn, c6 chuyén nganh cdn
phdi hoc ¢d hai hoc phdn. '

Dé ddp ing su thay doi trén, trong mdy ndm qua tdc gid da bién soan
lai dé cuong chi tiét cho ting hoc phdn vi néi dung chitong myc twong
ing, da viét lai mot s6 chuong trinh cho mot s6 thudt todn, trinh bdy lai
mot s6 so dd thugt todn (hodn vi ma trdn thua, danh sdch lién két, sdp
xép theo kiéu chén..), viét thém mgr s6 noi dung cho hoc phdn Cdu tric
dit liéu va thudt todn ndng cao (kién thitc ndng cao vé con 1rd, dé quy,
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duyét cay nhi phan, file ma, file text, danh sich lién két, danh sdch lién
_ két vong va lién két doi...). |

Vi thoi lugng 2 tin chi, noi dung hoc phdn "Nhdp mén Cdu tric dit
liéu va thudt todn” s& dugc trinh bay ¢ chuong I, chitong 2, cde muc 3.1,
3.2, 3.3 ciu chitong 3, riéng cdc myc 3.3 dén 3.8 chi ding & cdc kién thitc
co ban, chuong 4, chitong 5, chuong 7 (myc 7.1, 7.2, 7.3}, chuong 8 (muc
8.1,82).

Vi thoi lwgng 2 tin chi, néi dung hoc phdn "Cdu tricc dit ligu va thudt
todn ndng cao” sé & phdn md rong, ndng cao trong cdc myc 3.3 dén 3.8
et chiong 3, chiwong 6, chuong 7 (muc 7.4, 7.5), chitong 8 (muc 8.3), '
chiong 9.

Ngoai nhitng phdn Iy thuyét va chuong trinh vi dy, trong tdi liéu con
gidi thiéu mot s6 chuong trinh tong hop, gitip cho ban doc tim hiéu sau hon
cdc thudt todn dd trinh bay. Bdy thyc chdt la mot s6 két qud ciia nhiéu
ndm nghién ci va gidng day cong nghé théng tin ciing nhu hudng ddn
sinh vién ciia tdc gid: chwong trinh qudn Iy tién luong duwoc sogn lai trén co
56 phdn mém tinh lwong cho Phong Tai vy truong DHXD nhing ndm 1990,
chuong trinh so d6 mang dugc viét ny nhitng nam 1980-1981 chay trén mdy
tinh Minsk-32, chuong trinh quy hoach dong 1a dién gidi thudt todn cia dé
tai "Thiét ké 167 un két cdu mat diong mém nhiéu lop” dupc tién hanh mot
cdch nung ndiy kién tri trong nhitg ndm 1975-1977, chuong trinh qudn Iy
thi trdc nghiém 1& mot phdn cia dé i "Xy dyng Ngan hang dé thi va
phan mém phuc vy thi trdc nghiém mon Tin hoc dai cuong” ndm 2001.

Quyén sdch nay duge ding lam gido trinh cho hoc vién, sinh vién
nganh cong nghé thong tin va cdc nganh khdc ¢6 hoc cde mon tin hoc wng
dung. Tdc gid rdt cdm on sinh vién va dong nghiép trong qud trinh lam
viéc, giup phdt sinh ¥ tuong hoan thién gido trinh, tuy dd rdt c6 gdng
nhung khong thé tranh khdi thiéu sét. Rdt mong nhdn dugc gop y cua doc
gid d¢ ldn tdi bdn sau sdch duoc hoan thién hon. Moi gép ¥ xin gii vé
B6 mon Cong nghé phan mém, Khoa Cong nghé thong tin Truong dyi hoc
Xdy dung Ha Noi.

Tac gia



Phanl
¢Au TRiC DI LIEV

Chuong 1
NHAP MON CAU TRUC DU LIEU

1.1. KHAI NIEM CAU TRUC DU LIEU

Thuit todn va cdu tric dir liéu dugc coi 1a mén hoc 6t 161 cha nganh
Cong nghé thong tin. Niklaus Wirth - tdc gid cubn "Cdu tric dit liéu +
Gidi thudt = Chuong trinh” da phan tich tAm quan trong cua ciu tric dit
liéu va thuat todn. Chuong trinh 1 nhitng moé ta cu thé cha cdc thuat todn
triru tugng dua vio nhitng biéu dién va cdu tnic dit ligu dac biét. Chuong
trinh vi dit liéu khong thé tach roi nhau duge. Dit liéu duge xit 1y bai
chuong trinh, cin dugc t8 chiic thanh cdc cdu triic sao cho né phan 4nh méi
quan hé giita cdc muc dit liéu va cho phép xir Iy dit liéu c6 hiu qua.

1.1.1. Dir liéu & dang ma may va ¥ nghia cia ching

Trong mdy tinh cdc gid tri dit liéu duge luu trit duér dang cdc bit, la
cdc s& & hé dém nhi phan (0 va 1). Céc bit duge t6 chnic thanh cdc nhém
goi 1a cdc Tir mdy (word), titc 1a mdi word chita mot s6 ¢6 dinh céc bit.
Do dai clia word thay déi theo loai mdy tinh (mdy 16 bit hay 32 bit). Cdc
Tir mdy nay dugce dénh dia chi bat ddu tir 0, vi vay c6 thé truy cap vao mot
word bt k¥ theo dia chi cita né.

Khi & dang mot diy bit, né c6 thé biéu dién nhiéu y nghia khic nhau.

Trong timg ngdn ngit lap trinh cy mé,'ngubi lap trinh s& biéu dién cdc
ddy bit ndy dudi dang céc cu tric xdc dinh, cho phép xir Iy va dién dat
duoce cic dit ligu. S



Nhitng khdi niém quan trong lién quan dén di ligu la Kiéu dir lieu,
C#u tréic di¥ liéu, Cdu tric dif liéu tinh, Cau tric dir liéu dong.

1.1.2. Kiéu dit liéu

Cic kiéu dir lidu trong Pascal nhu integer, real, char, boolean, byte
dugc goi 1a kiéu dir liéu don gian vi chiing 1a cdc di ligu khong phan chia
duoc nita (goi 13 cdc nguyén tir - atom). Tuy vy chiing ¢6 thé duge xem
13 ¢6 edu tric dif liu ma viéc cai dat ching sit dyng cdc word nhu 1a ciu
tritic lwu trit cing v6i cdc thuat todn dé thuc hién nhitng phép tinh thich
hop cho timg kiéu.

Khai niém kiéu di liéu rit quan trong, né xéc dinh t&p hop gia tri ma
bién c6 thé nhan. Mb ta kiéu s& quy dinh loai gié tri cha bién va cung cip
cho chuong trinh dich nhitng théng tin cdn thi€t. Tuong ing véi mbi kiéu,
mdi diy bit s& c6 mot y nghia riéng.

Kiéu dif litu con quy dinh nhiing phép toén ¢6 thé thyc hién duoc d6i
véGi cdc dir ligu.

M&i ngén ngit lap trinh dinh nghia mot tap céc ki€u dit lidu nguyén
thuy, vo hudng cia riéng né, vi du, trong ngén ngit Pascal dé la Integer,
real, boolean, char; trong ngén ngit C dé 1a Int, float, char...

Kiéu dit liéu c6 cée dic diém: |

+ Mot kidu dif liéu s& x4c dinh tap hop gid tri ma mot hang tri (const)
hay mét bi&n s& nhan gié tri thudc mién dé;

+ Kiéu cha mot gid tri duoc chi dinh bdi mét hing tri (const), bién
hodc biéu thitc c¢6 thé suy ra tir dang clia né hodc tir khai bdo ma khong
can phai tién hanh qud trinh tinh toén.

+ M téc tir hay him c6 bién vdi ki€u dinh sin va cho ra két qua cling
c6 kiéu dinh san. Néu mét tic ti nhan mot s6 bi€n c6 kiéu khic nhau (vi
du phép cong + diing hai s6 nguyén hay thyc) thi kiéu cla két qua duge
x4¢ dinh theo quy téc riéng cha ngon ngit. Cdc kiéu integer, real, char,
boolean, c6 thé bidu dién bdi xau cic bit.

Sau day ta xét mét s6 kiéu dir licu dién hinh trong Pascal.

a) Dit liéu kiéu nguyén - integer

Dit liéu ki€u integer dugc huu trif trong céc #ix mdy. Nhu vay d6 dai cua
tir mdy gioi han pham vi ca cdc s6 nguyén luu trit duge. S6 nguyén 16n
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nhét luu trir duge trong mét tir mdy 8 bit 1a 2 - 1 = 127, trong 1 mdy 16
bit1a 2% - 1 = 32767, trong mot tir mdy 32 bit 14 2°' - 1 =2.147.483.647.

b) Dit liéu kiéu thuc - Real
Mot s6 thuc bat ki c6 thé biéu dién béng téng cic s6 vSi mii clia 2:

i=—m
trong do6 a, = 0 hoac 1.
C6 hai cdch huu s6 thuc: ddu cham tinh (fixed point) va dau chdm dong
(floating point). Vi du 110.101 (6.625) hay 0.110101 x 2°,
S6 thuc ddu chdm déng trong 6 nhd duge biéu dién thanh 2 thanh
phidn: mot phan cla tir mdy duge dung dé luu trit mot s8 ¢6 dinh céc bit
ctia phin dinh tri, phan khéc luu trit phdn mii.

<Phén dinh tri>.<phin mii>

c) Dit liéu kiéu ky tu - char

May lwu trit di liéu ky tie dya trén co s gén méi s6 cho méi ky ty. Céc
ky tu dugc biéu dién bing ma nhi phan, méi fit mdy 16 bit chia thanh hai
byte, m&i byte luu trit mét ky tu dudi dang nhi phan. Ky wr duge ma hoa
theo ASCII (American Standard Code for information Interchange - Bé
mi chudn cia M§ ding d& trao @i théng tin) hay EBCDIC (Extended
Binary Code Decimal Interchange Code - Ma BCD mé rong). Phép todn
phé bién cho cdc ky tw 12 so la tudn ty (collating sequence).

Vi du: kj tw A trong bang ma ASCII c6 mi 1a 65, ky 1y B trong bang
ma ASCII cé mé 1a 66.

Khi d6 phép so sénh A>B s€& cho két qua sai.

d) Dit liéu kiéu logic - Boolean

M&i gid tri logic duge biéu dién béi mot chit s ¢ hé d€m nhj phan 12 0
hodc 1. Trong céc ngén ngir thong dung c6 4 phép toin logic 1a AND,
OR, NOT, XOR.

Trén day nhic lai mot s6 kiéu dit liéu co ban, c6 trong moi hé théng
mdy tinh, trong moi loai ngén ngi 14p trinh.



Viéc xdc dinh kiéu di liéu 12 rit quan trong, né giai nghia cho mot xau
bit dit liéu va xéc dinh cic phép todn duge sit dung. |
Tuong ing vét moi kifu dit liéu chi c6 mot s6 phép todn duoce 4p dung,
vi du trong ngén ngir Pascal: _
Véi kiéu Integer chi diing cdc phép: +, -, *, /, A, mod, div
Vi kiéu Real diing céc phép: +, -, *,/, 7 ;
Véi ki€u Boolean dung céc phép: and, or, not, xor
V6i kiéu Char ding céc phép: +, concat.

1.1.3. Cau tric dir liéu - Data Structure

Dinh nghia: Cau tric di ligu la cich thiic t8 chitc dif liéu trong bo nhé
mdy tinh. _

Trong cédc loai cdu triic dit liéu, ngudi ta phan chia ra cfu tric don
gian, céu triic phiic tap, cdu tric tinh, c4u tric déng.

- Cdu trdc dir ligu don gian: 12 céc kiéu dif liéu nguyén thuy dugc dinh
nghia trong cdc ngdn ngit lap trinh, vi du nhu Integer, Real, Boolean,
Char trong ngon ngit Pascal; Int, Float, Char trong ngén ngit C.

Trong thyc t€, c6 nhing bai todn ma cdch t6 chic dir lieu don gidn

khong dap ting dugc, doi héi phai t§ chitc phitc tap hon, vi du nhu m6t
diy s6, mot danh sich céc dit liéu, v.v..

- Cau triic dir liéu tinh: 13 cdch t8 chitc ma kich thuede cha cdc phﬁn tir
dit li¢u 1a c§ dinh, cfu tric ciing c8 dinh trong khi chuong trinh dich 1am
viéc. Trong ngén ngit Pascal, cic kidu array, k:éu du’ lléu liét ke, hay cac
kiéu nguyén thuy nhu Integer, Real, .

- Cdu triic dif liéu déng: 1z céch t6 chiic ma c6 thé thay ddi ca kich
thude va cdu tric cia cdc dit liéu. Céc dit lieu déng ndy duge sinh ra
trong qué trinh chuong trinh thyc hién, Ching khong dugc thé hién khi
dich chuong trinh, vA thudng dugc sir dung con tro dé tao ra dit liéu dong.

Ngodi cdc khéi niém trén, dé phuc vu cho viec hoc tap, nghién ciu va
tri€n khai cdc ting dung, ngudi ta cdfi chia ra: Cou trdc dir liéu tuyén tinh,
cdu triic dit liéu phi tuy&n. Nhitg cfu tric ma khi xir ly duge ti€n hanh &
dang mot day lién tuc céc dit liéu thi dugc nhém g0p vao loai tuyén tinh,

vi du nhu array, stack, queue, list don gian. Nhimg c4u tric con lai duoc
801 chung 12 phi tuyén. '
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1.2. CAC MO HINH DU LIEU

Dé dam bao hiéu qua cdc qua trinh xir 1y thong tin cén phai té chic dit
liéu cho ph hgp. M6 hinh hod dif liéu phai phan dnh dugc thé gidi hién
thuc mét cdch tét nhat va phai cai dat duge trong may tinh.

Tix Data (dit lidu) c6 xudt xi tir thuat ngtt "datum" tiéng Hy Lap ¢6
nghia 12 "su kién". Tuy nhién khéng phai bao gid dif liéu ciing tuong tng
véi mot su kién cu thé nio dé, hién dién trong thé gidi thuc. Chiing ta goi
dit 1iéu 13 mo tA cita mot hién tugng bat ky (hay 12 mot ¥ twdng) ma ding
gid d€ biéu dién né vi x4c dinh né chinh x4c. Tir xa xua con ngudi da sir
dung nhidu loai phuong tién khéc nhau dé ghi nhan cic su ki¢n, ¥ tudng:
d4, gidy,... thong thudng dif liéu (cdc su kién - Data) va dién giai n6 (ngit
nghia - semantic) dugc ghi cing nhau vi ngén ngit tu nhién khd tinh t¢,
phong phu d€ biéu dién hién twong, su kién. Khi ta néi " dung lugng dia
citng 40MB" thi & day 40 la dir liéu, con ngit nghia "dung lugng MB".
Trong mot s6 trudng hop thi dir liéu va ngit nghia (semantic) bi tach roi
(vi du: bang gio tau - dién gidi & bén trén, cdn phia duéi 12 gid chay cua
céc thu & cdc tuyén dudng).

Trong tin hoc thi dif liéu va ngif nghia cang bi phan tach. Trong bé nhd
cBia mdy tinh dién tit, ngudi ta chi lam viéc v6i dit ligu, khong dé y dén
ngit nghia, phén ngi nghia cha dif liéu ban than ngudi 1ap trinh phai ngém
hiéu, luu giit & bd nhé riéng. Thudng trong chuong trinh phai ghi chi vé §
nghia clia cdc loai dif li¢u, thi€u ghi chi nay thi dit ligu chi 1a cdc day bit
don thudn. | o

Su linh hoat ciia biéu dién dit li¢u dat duge nhd hai phuong phép:

- C6 nhiéu c4ch nhin khéc nhau déi véi cing mot doi tugng dit 1idu;

- Biéu dién ddng nhét hod cdc dit liéu khic nhau.

Vi du véi déi tuong la Con ngudi, ta ¢6 hai céch tiép can:

Theo phuong phép thr nhit: cing mét déi tuong con ngudi, nhung
trong danh sdch 16p hoc d6 1a ho tén sinh vién, trong bai todn xét lén
luong dé6 1a ho tén cdn b cOng nhin v1én, trong quan 1y bénh vién dé la
he tén bénh nhan... : : :

* Theo phuong phdp thi hal, ta ¢6 thé coi moi ngudi tir Gidm d6c
trudng phé phong, dén nhan vién... déu 1a cdn bo cong nhén vién.



D6 chinh la nhimg 1y do din dén can phai triu tuong hod dir liéu.
Phuong tién d€ biéu dién dif lieu goi 1a Cic mo hinh dit lieu (Data
model). M6 hinh dit liéu 12 phuong tién dé triru twong hod di liéu, cho
kha nang nhin thdy "ring” (ndi dung théng tin chia dit 1iéu) chit khéng chi
“ting cdy riéng r&" (cdc gid trj riéng 1é cha di liéu). M6 hinh dit liéu cho
kha nang bi€u dién mot phdn ngi¥ nghia (sematic) clia dit lieu. M6 hinh
dit liéu xdc dinh cdc quy tic ma theo dé s& cdu tric hod dit liéu.

Tap hop cdc dit ligu ma ¢6 céu tric twong Gng véi mot so dé dix licu
nhét dinh thi goi 12 mét co s& dit licu.

Nhitng mé hinh dit li¢u co ban da duoc nghién ctu nhiéu 1a:

- M6 hinh phén c4p (thit bac - Hierarchical Model)

- M6 hinh mang 1uéi (Network Model)

- M6 hinh quan hé (Relational Model)

- M6 hinh déi tuong/quan hé (Object/Relational Model)

- M5 hinh huéng d6i tugng (Object - Oriented Model

- M6 hinh nira c4u tric (Semistructured Model)

- M9 hinh hiép hoi (Associative Model) .

- Mo hinh thye thé - thugc tinh - gid tri (Entity - Attibute - Value
(EAV) Model)

- M6 hinh ngit cinh (Context Model).

Dusi day ta s& xem xét mét s6 mé hinh, thit ty duge trinh bay theo
miuc d6 phé dung.

1.2.1. Mé hinh quan hé - Relational Model

M0 hinh dit liéu quan h¢ do Edgar F. Codd dé xuéng nhitng nam 1960,

Edgar F. "Ted" Codd sinh ngay 23 thdng 8 ndam 1923 & Portland, Dorset,
nudc Anh. Ong 16t nghiép Khoa Todn va Hod hoc & Pai hoc Exeter, Oxford.
Nam 1948 chuyén dén New York lom viée cho Céng ty mdy tinh IBM véi twe
cdch ld Igp trinh vién phdn thudt todn. Nam 1952 Ong chuyén dén Otawa -
ndm 1962 lgi quay vé My va lam bdng Tién sy Khoa hoc Mdy tinh & Truong
Dai hoc Michigan & Ann Arbor. Nam 1964, Ong chuyén dén lam viéc & Trung
tdm nghién cieu Almaden ciia Hing IBM & San Jose California. Nhimg nam
1960, 1970 Ong nghién citu Iy thuyét vé cdu tric dit ligu. Nam 1970, Ong cho
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cho cdc Ngdn hang dit liéu & lon - A Relational | ;
Model of Data for Large Shared Data Banks". A

E.F.Codd cé rdt nhiéu déng gép cho nganh Céng . . }
nghé thong tin, nhiéu hé qudn tri dit liéu néi tiéng »I‘) - ‘

hién nay nhuw Oracle, FoxPro,... déu xudt phdt tiy | ’ n m
Iy thuyét ciia Ong. Nguoi ta da Idy tén Ong ddt ' o
cho mot dang chudn dif liéu: Dang chudn Boyce-
Codd. Ong duoc nhin gidi thudng Turing ndm
1981, Edgar F. Codd mdt ngay 18 thing 4 ndm

2003 tai Williams Island, Bang Florida, My, tho
79 tuoi). Edgar F. Codd

dang bai bdo ndi tiéng "Mé hinh dit liéu quan hé | 1
b

Phuong tién duy nhit dé€ céu tnic hoa dir liéu trong m6 hinh quan hé 1a
quan hé (Relation). C4c quan hé dugc hiéu theo ¥ nghia cia todn tap hop
vi dugc thé hién dudi dang cdc bang. M6 hinh dit liéu dua trén cdc quan
hé va duoc bidu dién bing cdc bang 14n ddu tién dugc EF. Codd dé
xuéng trong tai liéu "A relational model of Data for large shared Data
banks". Commun. ACM, 13, p.377-387.

Mot quan hé duge dinh nghia nhu sau:

Cho cdc tdp hop Dy, D, ..., D, (khong nhdt thiét phdi khdc nhau), khi
dé R 1o mot quan hé, dugc cho trén cdc tdp hop nay, néu R- la mét tdp
hop cdc corteges n-dia phwong hay don gidn la tdp hop cdc corteges ma
trong méi cortege dé phdn ti thit nhdt thudée D,, phdn tit thit hai thugc
D,,... Tdp hop D, goi li cdc Domen ciia R. S5 n dugc goi la bdc ciia R, s6
litong corteges la luc lugng ciia R.

Mo hinh dit liéu quan hé 13 dang mé hinh bang - mdi bang 14 mét quan
hé. Mé& rong co s& dit liéu quan hé 12 tap hop cic bang. Céc cot cha bang
goi la cdc thudc tinh, méi hang cha bang tuong ng véi mot cortege cla
quan hé. D& quin 1y mét co s& dit liéu con xay dung mét hé quan tri.
Trong cic hé quan tri co s& dit liéu quan he, cdc thuéc tinh cdn duoc goi
12 cdc trudng - field; cac hang 1a cdc ban ghi - record.

Vi du: C6 5 bang - hé so thl sinh, bdo danh-phach, phachl -dieml,
phach2-diem2, phach3 -diem3.
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Hé& so thi sinh Béo danh phach

S6BD | Hotén Ngay sinh  |[B8i tugng S4 BD| Phach1 | Phach2 | Phach3

Phach1-diem1 _F'hach2-diem2 Phach3-diem3

Phach1 Piém 1 Phach? | Piém2 Phach3 Bidm 3

M®i thi sinh ¢6 1 58 bdo danh duy nhat.

M0i s8 bdo danh chi ¢c6 duy nhét mot phiach mén1, mot phdch mén 2,
mot phach mén 3. Ca 3 58 phédch cha 1 s§ bio danh khong dugc tring
nhau. Méi phich 1 c6 1 diém mon 1, méi phach 2 ¢6 1 diém m6n 2, mbi
phich 3 ¢6 1 diém mén 3.

Tit céc bang nay ta s& két n6i va truy xust ra dugc két qua thi tuyén
cha timg thi sinh, ddm bio khong nhdm l4n.

Céc thao tdc co ban d6i v6i mo hinh dit liéu quan hé [a:

- Trich dit li¢u tir quan hé d€ tao mot quan hé& méi theo diéu kién

- Cap nhﬁt thong tin ' '

- Chén x6a cic tru’o‘ng

- Chén, x6a c4c ban ghi

- Sép x&p céc trubng theo mot trat tu nao d6

- Tim ki€m thong tin theo cdc diéu kién _

Hién nay, céc h¢ co s& dif lieu duge phé cap phan Ién dugc thiét k&
theo m6 hinh quan h¢, ndi bat 13 FOXPRO, ACCESS, ... Céc he quén tri
di kem theo 12 Visual Foxpro, Visual Basic, cic ngén SQL....
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1.2.2. M6 hinh mang luéi

Trong thuc t&€, ¢6 nhiéu bai toin c6 thé mé phoéng dudi dang moét mo
hinh ¢6 nhiéu méi quan hé ngang doc kiéu mang luéi. Nam 1971, Hoi nghi
vé€ cdc ngodn ngit Hé théng Dit lieu (The Conference on Data Systems
Languages - CONDASYL) di dinh nghia mé hinh mang 1u6i. Co s& dé mo
hinh héa mang 1uéi 12 c4u tric tap hop. Mot tap hogp bao gém 1 kiéu ban
ghi cht, 1 tén tap hop, va 1 kiéu ban ghi thanh vién. Kiéu ban ghi thanh
vién (mifc con) cé thé tham gia trong nhiéu tap hgp, nghia 1a cho phép cé
nhiéu ban ghi & mic trén (mic cha). Pén lugt minh, ban ghi chi cling c6
thé 1a ban ghi thanh vién hay ban ghi con trong céc tap hop khdc. M6 hinh
dit liéu ki€u mang CONDASYL dya trén 1y thuyét tap hop clia Todn hoc.

Hai khdi niém quan trong & day 1a ban ghi va m&i lién hé.

Céc kiéu ban ghi dung dé biéu dién bang céc kiéu d6i tuong.

Vi du: D& xay dung phin mém quén ly hé thong cdc bénh vién, ta
diing mé hinh mang lué6i d€ mé ta.

Mot so d6 dit liéu cdu triic mang nhu sau:

. - Bénhvién
Phong g clia banh vién o Vie Phang xét nghiem
Béc sitrong dugc sir dung
danh sach bign ché :
Phong diéu tri Y Beénh vian
_ Bac sf Phéng xét nghiém
4
Nhan vien : Bénh vién
phang diéu tri Bic & phuevy
' didu tri o
Nhan vien Y Phang xét nghigm
Bac s7 diéu tri
Xét nghiém
Bac s s
didu 1 duge guri dén
' Céc phan tich ;
Bénh nhan cg&i gi < Xét nghiém

Chdn doan ] Chédn doan bénh

13



M@i ban ghi ¢6 cdc trudng dit liéu riéng:

- Bénh vién (md bénh vién, chiic nang diéu ui, dia chi, dién thodi, s6
luong givong) _

- Phong di€u tri (md phong, chitc ndng diéu tri, s6 lupng giwong)

- Ngudi lam viéc (6 hiéu, ho tén, chiic vu, ca tryc, mitc luong)

- Béc s1 (s6 hiéu, 56 ddng ky)

- Bénh nhan (s6 ddng ky, s& givong, ho tén, dia chi, ngady sinh, namini,
tén bénh diéu tri)

- Chén doan (md chdn dodn, kiéu chdn dodn, mirc trdm trong, va
phong ngita)

- Bénh vién - phong xét nghiém (md bénh vién, s6'liéu phong xét nghiém)

- Phong xét nghiém (s6" hiéu phong xét nghiém, tén goi, dia chi va
dién thoai)

- Xét nghieém (md xét nghi¢m, kidu, ngay dn dinh, gio dn dinh, s6
phuong dn, tinh trang)

Trong so d6 dit liéu ki€u mang, c6 kiéu ban ghi chii va ban ghi phu, thudc
(thanh vién) vi du: Bénh vién 12 ban ghi ch va Phong diéu tri - phu thudc.

He quan tri dit liéu dang mang dugc cai dit ndi tiéng 12 Condasy! Data
Base Task Group (DBTG) (1971).

1.2.3. M6 hinh phan cép - thit bac (Hierarchical model)

Trong mé hinh phan cép dit lieu duge t8 chitc dang cay, ciing 13 mat
dang clia mé hinh c6 kiéu dé thi véi cdc dinh 12 cac bang. He quan tri dit
liéu dang phan cap néi ti€ng nh4t 14 ho IMS (Information Management
System/Virtual Storage) khi xay dung du 4n dé bo 1én mit tring (Apollo)
cha M¥ trong nhitng nam 1960 - 1970. Trong so dd phan cap, todn d6 ciu
tric 1a mét cay duge sép trat tir (hinh 1.1).

- Bdn ghi géc :
B&nh vién
Carhla | - \
Phéng thl nghiém: I Bac s diéu tri
/ Phong diéu tri \
Nhan vién ' Bénh nhan

Hinh 1.1
14



- Bénh vién (md bénh vién, tén, dia chi, dién thoai, s6 giwong)

- Phong xét nghiém (s6 hiéu phong xét nghiém, tén goi, dia chi, dién thoai)

- Phong di€u tri (md phong, tén goi, s6 givong)

- Nhan vién (s8 hiéu nhdn vién, hg tén, chiic vu)

- Bénh nhan (s6 ddng ky, s6 givong, ho tén, dia chi, ngay sinh, nam/nit,
bénh an)

- Bic sy (s6 hiéu bdc s, ho tén, chuyén mon).

Trong s d6 niy c6 ban ghi cha, ban ghi con. Dit lién 1a 1 day céc ban
ghi, m&i ban ghi chifa cdc trudng gid tri. Mo hinh dit liéu s€ tap hop tit ca
cdc thanh phin dif liéu thinh cdc ban ghi. Cdc kiéu ban ghi ndy tuong
duong cdc bang trong mo hinh dit liéu quan hé, méi ban ghi riéng ré
twong duong 1 dong trong bang. D€ tao cic quan hé giita cac ki€u ban
ghi, mo hinh thit bac diing quan hé - Cha - Con.

1.2.4. Mo hinh Déi tuong/Quan hé

Day 12 mot sy md réng clia cdc Hé théng quan tri dit liéu dang doi
tugng - quan hé¢ (ORDBMSs), chiing cho phép hira trit thém déi tuong mdi
vio hé théng quan hé trong trung tam cua cic hé théng thong tin hién dai.
Nhitng tién ich méi ndy da cho phép tich hop viéc quan 1y cic co s& dit
ligu truyén théng, cdc d&i tugng phic tap nhu cdc day thdi gian, cic dir
ligu vé vii tru, céc dit liéu da phuong tién nhu am thanh, hinh anh, phim,
cic applets (12 nhiing chuong trinh vi€t bing ngdn ngit Java ma cé thé
nhiing vao trang HML). Bang céc phuong phip td hop, déng gbi véi céc
cfu triic dif liéu, mot may chit ORDBMS c6 thé thyc hién céc thao tic xu
Iy dit liéu phic tap d6i véi cdc dit liéu da phwong tién hay céc d6i tuong
phifc tap khdéc.

Mo hinh d6i tuong/quan hé da tich hgp cic wu viét cia mé hinh dif Ligu
dang quan hé v tinh mém déo ctia md hinh dinh huéng ddi trong. K su
thiét k& co s& dit liéu c6 thé 1am viéc v6i cdu tric dang bang dit lidu quen
thuéc va véi ngdn ngit dinh nghia dit lieu DDL (Data Definition
Language) khi xir Iy céc kha nang quan ly d6i tuong méi.

Nhitng ngén ngit xu 1y ORDBMS la cdc ngén ngit quen thudc nhu
SQL, cdc ODBC (Open Data Base Connectivity), JDBC (Java Data Base
Connectivity).
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1.2.5. Mo hinh dinh hudng déi tuong

Hé Co s6 dit liéu dinh huéng d6i tugng OODB (Object-Oriented Data
Base) 12 t6 hop cla hé¢ théng ngon ngit lap trinh huéng déi tuong va he
thong luu trit di liéu. Sitc manh ciia OODB c6 duoe nhd viée it phai xir Iy
dir liéu dang luu trit cling nhu dit liéu duoc truyén dén hay di liéu dang
Xt 1y trong cdc chwong trinh.

Trong H¢ quan tri Co s& dif lieu quan hé, cdc ciu tric diy liéu phitc tap
duoc trdi ra thanh cdc bang dit liéu hodc két hgp céc bang lai theo ciu
tric by nhé, nguge lai, trong hé quan tri dit liéu déi tugng khéng thuc
hign viéc luu trit hay khoi phuc cdc d6i tuong lien két trong cia trang web
hay trong mo hinh thit bac. Véi sy sdp xé&p 1-1 giita cac d6i twong clia
ngén ngit lap trinh huéng d6i tuong vdi céc d6i tugng cla co sd dir liéu s&
¢6 2 lgi ich hon so véi cic cdch luu trit khic: né cho phép thuc hién viéc
quan ly cdc déi twong hoan héo hon, dbng thai né cho phép quan ly tét
hon cdc quan he phic tap giita cac doi tugng. Nhiing tinh wu viét ndy ciia
hé quin tri co s& dit liéu hudng doi tugng da 1am cho né hé trg tich cuc
hon cho cdc phdn mém ting dung nhy phdn mém phan tich rii ro tai chinh
cla cong ty, phin mém dich vu vién théng, cau tric tai lieu WEB, hé
théng ty ddng hod thiét k€ va sin xudt, v.v. ..

~1.2.6. M6 hinh nira c&u tric

Trong mo hinh dif liéu nifa célu triic, thong tin thudng dirge lién ket véi
mdt so d6 ma né chi tudng minh thong qua ban than dit lidu, doi khi con
£o1 1a "ty mé ta". Trong co s& dit lieu loai nay, khong c6 sur phan bigt rd
rang gilfa dit litu va so d6, mic do csu tric cta dit liéu phu thuée vio
phén mém tng dung.

1.2.7. M6 hinh dir liéu lien két . - - .

M6 hinh dit lidu lién két chia céc vat thé ciia the gi6i thue ma dit licu
‘cia chiing dugc ghi dusi 2 dang: cic thyc thé - d6 1 céc dé tong ton tai
mét cdch rdi rac, doc lap; cdc méi lién két - 1a nhimg thit ton tai phu
thude vio mot hay nhiéu vat thé khic. M6t co'so dit liéu lien két bao g6m
2 céu tric diY ligu: S

- Mot tép cdc phén tir, mbi phin i ¢6 mdt tén ky higu riéng - ID, mét
tén va mot kiéu, .
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- Mot tap cac lién ké&t, mdi lién két c6 moét ky hiéu rieng - ID, kém
theo 3 ID thé hién 3 dé&i tugng khic 1a ddi tugng ngudn, déng tir, doi
tuwgng dich (két qua). Mot trong 3 ID nay ciing ¢é thé 1 lién két hay 12
phin tir.

Ngoai cic mo hinh dit liéu trén, hién ¢é thém 2 mdé hinh méi la
M6 hinh Thuc thé - Thudc tinh - Gid tri (EAV) va mé hinh dit li¢u ngit
cdnh - Context Model).
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Chuong 2
CAU TRUC DU LIEU TUYEN TINH

2.1. MANG - ARRAYS

2.1.1. Khai niém mang _

Méng 12 mot diy cdc phdn tir dit liéu ciing kiéu, duoc dat chung 1 tén
mang va cic phén tir dugc phan biét bai céc chi sé6.

Phép todn co ban d6i v6i mang 12 truy nhap truc ti€p dén cic phén tir
cha mang dé x& 1y, huu trit hay doc ra. Vi vy mang phdi ¢6 mot s§ c6
dinh cdc phén tir, phai duge sip thit ty. Truy nhap truc ti€p 14 dén thing
phin tir dif liéu, khong theo mot tmdn ty ndo, vi vay thdi gian truy nhap
tryc ti€p d€n mot phan tir bat ky 1a nhir nhau.

Mang ¢6 tén méang va danh sich chi s6. Mang phai dugc khai bio &
phdn khai bdo ddu chuong trinh. Trong Pascal khai bdo mang c6 dang
téng quét nhu sau:

Type <tén kiu mang> = Array[<danh sich chi s6>] of <kiéu
phén tir>;

Vidu: Const n = 50;

Type mang = array [1..n] of integer;
Var A, B: mang;

Tit khai bio ming, bo dich s& dinh ving bd nhé cho mang ké tir mot
dia chi co s& (base address). Goi co s& (A) 13 dia chi co s& cho mang A,
khi d6 dia chi clia phén tir thet a, & la:

Co s8 (A) + (i-1).-

Néu 1 phén tir méng 13 1 s6 nguyeén, luu trong bo nhd bang mot tir mdy

- word, thi dia chi clia phén tif mang chinh 12 dia chi clia tir méy dé.
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Néu mét mang s6 thue, mdi phan tlr duge huu trong hai z mdy thi viéc
tinh dia chi dé truy nhap ph4n tit mang phai theo cong thic:

Cdsd (B) + (i-1).2

Dia chi Ving nho Phén tir cia mang
) o B1
Cogsg +1 ' W
+92 R
o B2
+3 C
4 o g
+5 ‘ “’“, e
6. } B4
+7

Téng quét: néu mébi phdn tir mang cdn k tir mdy thi phin tir th i cla
mang duge bit ddu & dia chi Co s& (B) + (i-1)k.
Trén day 1a trudng hop chi s6 12 doan con cdc s6 nguyén.
- Khi chi 56 la kiéu thit tu chit cdi:
Vi du: Type Mang = array['A".'"Z'] of integer;
Var M: mang;
Chu: char;
M8i phin tir méng M dugc chita trong mot ti may. Khi d6, xéc dinh
phén tir mang M{chu] nhu sau:
1= ord (chu) — ofd(A')+1
Vi dia chi cia M[chu] 1a:
Cost (M) + (i-1) = Co s& (M) + ord(chu) — ord (A")
- Mdng nhiéu chiéu:
Céc ngén ngit bic cao cho phép sit dung mang nhi€u chiéu. Trong
Pascal khong giéi han s6 chiéu cia mang:
Array [<chi s6 >, <chi s6 ,>, ...<chi s6,> ] of <ki€u phdn tir>
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Vidu:

Réng

Cao

Dai

Mo ta kich thudc mét doi tugng khong gian 3 chiéu (ching han céc
kich thudce d6 gb: th, giudng...):

KT = array[1..10, 1..10, 1..10] of real;

2.1.2, Cac trudng hop dic biét cia mang

a) Mdng ciia mdng

Trong Pascal ¢6 thé sit dung méi phdn tlr mang lai 12 mdt mang.

Vidu: Const Cao = 10; '

Dai = 10;
Rong = 10;

Type mang_cao = array [1..cao] of real;
Méng_dai = array[1..dai] of mang_cao;
kichthuoc = array [1..rong} of mang_dai;

Trong cdc bai todn thuc t&, hay diing nhat 12 mang hai chiéu. Dit liéu
cla cdc mang dugc luu trit trong cic fw mdy (word). Trong b nhé may
tinh céc 1 mdy duge sip x€p mot c4ch trinh ty, tuyén tinh, mét chidu. Vi
vay ching ta can phai bi€u dién duge su twong duong cfia mang dir liéu
mét chiéu trong c4u tric dit liéu v6i mang 2 chiéu chia chuong trinh.

Gia sir ¢6 mang:

Ay 82 33 ay
1821 3p 43 ay

d3) a3 @d33 ay

41 84 43 Ay
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Mang ndy duge luu trit trong b6 nhé bét du tir dia chi coso(A), goi 12
Dia chi co sd ctia mdng, céc phan tir duge b6 trf theo hiing: a;, aja,5a)4
Ay @y9... Ayq Ay... A4y. Khi d6, dia chi clia phdn tlr ddu cia hang thit i duge
x4c dinh theo cong thirc:

Dia chi cha phén tir a;, = coso(A) + (i-1) x 4

Va dia chi cta phén tif a;; trong hang nay s& la:

Cosds (A) + (i-1) X 4 + (j-1)

Uu khuyét diém ciia mdng:

- Uu diém: cho phép tao cic danh sach va tim ki€ém d& dang: mang
dugce sép thit ty.

- Khuyét diém: khi khai bdo mang, phai chi ra kich thudc t6i da song
khi sir dung c6 thé diing khong hét, vi vay sir dung mang thudng lang phi
mot s6 & nhd. ' '

b) Mdng la ma trin thua (Sparse matrices)

Trong céc nganh k¥ thuat, ma tran thua dugc sir dung tuong déi phd
bi€n, né phit hop dé mé phong cc bai todn k¥ thuat, dic biét trong nganh
Xay dung va Co khi. C6 nhiéu loai ma tran thua, sau day ta s& xét mot s6
kiéu dién hinh.

- Kiéu 1. Céc phén tir bing 0 ndm trén dudng chéo chinh - ta goi 1a ma
tran tam gidc dudi, hoic cdc phéan tir bing 0 ndm dudi dudng chéo chinh -
ta goi 1a ma trén tam gidc trén.

a1 42 e Ay & 0

0 ayp . . Ay ay ap 0

0 0 a; .. ay a3 a3 A3y ...

0 0 0 %an Gn1 8p2 Ap 4pn

- Kiéu 2. Ma trgn bang:

C6 cdc bang khic khong: ma tran vuong trong dé cic phén tir khic
khéng nim trén bang dva theo dudmg chéo chinh.
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- Kiéu 3: Mu trdn thita: Thua khong theo quy ludt nao

Dé xir Iy ma tran thira thudng ding céch san day:

Nhap theo mot bang c6 3 cot va (g+1) hang, & day q 14 s6 phan tir khic
khong. Hang thit nhdt 12 m, n, q (s6 hang, s6 cot, s§ phin tir khdc 0 cha
ma trin ban ddu). Nhimg hang ti€p theo la vi tri hang c6t clia

a(i, j] # O va gid tri cha phan tir a[i, j] (1, j, <gid tri>):

m

n

q

i

J

afif]# 0

V{ du: Cho ma trén thira A ¢6 7 hang 6 c6t, ¢6 9 phén tir khdc 0:

1 2
I1[23 0
T200 14
3]0 0
400 o
5085 0
6{0 o
710 5
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4

5 6
46 33
0 0
0 0
0 0
0 0
0 0
0 0]




Ta nhép theo méang 10 hang 3 cot:

A [ 7 6 9
P2 ! 1 23
[3 15 46
[4 1 6 33
[5 2 2 14
[6 2 3 8
[7 i 4 9
[8 5 1 85
[9 6 3 37
(10 7 2 5

c) Cdc phép todn véi ma trdn thua
* Hodn vi ma trdn: khi hodn vi, ta chuyén hang thanh c¢t va nguoc lai.

biij] = afji] khii#j; blij] = alji] khii=]

S
B[1 6 7 9
B=A"= B[2 ] 1 23
B[3 1 5 85
B[4 2 2 14
B[5 2 7 5
B[6 3 2 8
B[7 3 6  -37
B[8 4 3 9
B[9 5 1 46
B[10 6 1 33

* Thudt todn hodn vi ma trdn thua:
C6 thé hoén vi ma tran thira theo mot s6 cach.

- Thuat toén 1: |
1. Tim tAt ca cdc phén tir & cot 1 cho vao hang 1.



2. Tim tat ca cic phz"in tir & c6t 2 cho vao hang 2

q. Ti€p tuc cho dén hét
Nhu vay, ta s&€ hodn vi gia tri & cot 1 (gid tri I) va c6t 2 (gia tri J), sau
dé sdp x€p lai ma tran theo trat tir ting din cot 1 (sdp x&p theo coit).
. Thuit todn 2: |
Ngay tir ddu ta d8 xem xét va sip x€p luodn trat ty cic phin tif clia
méng k&t qua.
Chwong trinh sau day thé hién thuat todn dang 1 & trén.
program hvmt_thua;
var m,n,,}.k,q:integer;
aluu,b:array(1..50,1..3] of integer;
tg:integer;
+ begin
writeln("Nhap ma tran A");
write('So hang(m) :");readln(m);
write('So cot (n) :");readIn(n);
write('So pha_n tu khac 0 (q) :");readIn(q);
aluu[1,1]:=m;alun[1,2}:=n;aluu[1,3]:=q;
fori:=2to q+1 do
begin write('aluu[',i,'1]=");readIn(aluu[i,1]) ;
writealuu[',i,"2]= "y;readln(aluu[i,2]);
write('aluu[',i,'3= ");readIn(aluuli,3]);
end;
Writeln(' hoan vi ma tran : *);
Writeln('Doi cot 1 <->2 : ;
b[1,1]:=n;b[1,2]:=m;b[1,3]:=q;
Fori:=2to g+l do
begin b[i,1] := aluu[i,2);
bli,2] := aluufi,1];



b[i,3} := aloufi,3];
end;
Writeln('Sap xep lai ma tran B theo cot 1:);
Fori;=2 toq do |
For j:=i+1 to q+1 do
If bli,1} > b[j,1] then
Fork:=1to3 do
begin tg:=b[i,k];
b[i,k]:=b[jk];
b{j.k]:=tg
end;
Writeln('Hien ket qua hoan vi : ');
fori:=1to g+1 do
begin
for j:=1 to 3 do write('l \b[i], | ) ;
writeln
end;
readln;
End.

* Nhdn 2 ma trdn thua:
Phép nhan ma tran ¢6 thé 1am bi€n @i tinh ch4t "thua" clia ma tran
k&t qua.
- Tich.hai ma trin thua chua chéc da 1a ma tran thura
1 0 0] |1 11 1 11
Vidu: 1 0 0[x[0 O Of=|1 11
1 0 0] |1 0 0] [1 11

* Cpng hai ma trdn thia: Phép cong hai ma tran thua ciing ¢6 thé 1am
cho ma trin két qua tr6 thanh ma tran khong thwa, tuy theo dang ma trén
thua ma ta xir ly: :
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Vi du: D6i v6i ma tran tam gidc trén, khi dua ra k€t qua ta viét:
fori:=1tondo
forj;=1tondo
if abs(i-j) >1 then C1{ij] := ¢
else if abs (i-j) <=1 then begin
Cl{i,j]:=Cli,j-(0-2)};
Write(C1(1,)]:8:2);

end;
2.2. NGAN XEP - STACKS
2.2.1. Khai niém

Ngin x&p 1a mét cu tric dif lidu triru twong, xir 1y theo ki€u vao sau
ra truéc (last in first out - LIFO) né 1a mét danh sdch hay mét day ban
ghi trong d6 m6i phép todn thém vao hay bét di déu thue hién & mot ddu-
goi 1a dinh ngan xé&p.

Vi du kiéu ngin x&p: Top

1. Chuyén ddi co s6 L
2. Xé&p chéng dia va ldy ra ding - '

3. Goi va két thiic cdc thu tuc :

Cidc phép todn co ban lién quan dén ngan x€p la: i

1. Create(S) - Tao S nhu 12 stack rbng;

2. Add(i, S) - Thém phdn tlri vdo S va cho stask mdi; Stack

3. Delete(S) - B6t di phén tit & dinh ngan xép va tao stask méi;

4. Top(S) - Tim va 14y ra phén tir dinh ngin x&p khong réng

5. IsEmpty(s) - Cho gid trj true néu S réng hay false n€u khong réng.

Xét bai todn di mot s& & hé dém co s6 10 sang hé 2 theo céch sir dung
ngan xé&p.

1. Nhap s6 cin dich déi, tao mot ngin x&p réng.

2. Khi ma s6 <> 0 thi lam céc viéc: |

a) Tinh S6 du: = S6 mod 2;
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b) Nhé 14y s& du (gifi s& du vao dinh ngén x€p);

¢} Thay s6 bang gi4 tri phdn nguyén cha phép chia nguyén cia s6

cho 2 (So: = so div 2).

3. Hién két qud: 14n lugt hién cic 6 nhé chita s6 du, di nguge tit cusi

dén dau, s& dugc bidu dién hé 2 clia s§ thap phan ban dau. DE lam viéc

ndy, trude hét ki€m tra, néu ngan x&p khong réng thi:
a) L4y s& du tir dinh ngan x&p;
b) Hién 1én man hinh 6 du vira 14y.
Ta ¢6 thé biéu dién theo so d6 sau:

Phép chia 2 Ngan xép

P_12 &t - [[dinn

E=6 du® - dinh
2 11

dinh

[ N =
Il
(OS]
o
=]
e’
J
EEE

dut > dinh

[ )
n
.

\
|.—-|o|o|:—-|

=0 del — dinh

EEEEE

stack[1]
stack[2]
stack[3]
stack[4]
stack{5]
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Céch don gidn nhét dé thé hién stack 12 sit dung mang 1 chiéu, ching
han ky- hiéu stack{l..n]. Phdn tir ddu tién (hay la ddy ngan xé€p) la
stack[1], phdn tir thit 2 1& stack[2], phén t& thi i 1a stack[i]. Ta dung 1
bién rop dé chi phén tir & dinh ngan xép.

2.2.2. Sit dung mang va ban ghi dé cai dat ngan xép

Theo cédch 1am trén, khi thém phén tit & dinh ngén x€p thi phai dich
chuyén cic phén tir & phia dudi dinh xuéng 1 vi tri; khi 18y 1 phén tir thi
phai dich chuyén céc phdn tir 1&n 1 vi trf, diéu ndy 1am mdt thdi gian. Dé
khic phuc, ta s& 1at ngugc ngin x€p, coi phén tit ddu tién, stack[1] s& 12
ddy ngan xép, ding thém 1 bién phy top dé luu phin t& & dinh ngan xép.
Ta s& dung 1 mang d€ luu trit cdc phdn tir clia ngan x&p. Cdch luu nay dan
dén viéc cin sir dung ban ghi:

Ki€u ngan xép
Top phan t

Max Ngan xép
Khi d6 ta c6 thé sir dung ngan x&p d€ viét cac chwong trinh véi mot s6
khai bao nhu sau:
Const n = <1 56 nguyén xé4c dinh>;
Type Kieu_Ptu = <1 kiéu dit liéu x4c dinh>;
Day_NganXep = array[1..n] of Kieu_Ptu;
Kieu_NganXep = record
Top:0..n;
Phantu: Day_NganXep;
end; '
Vi du bai todn déi co s6 10 sang co's6 2:
program doicoso; |
uses dos;

- eonst stacklimit=50;
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type Kieu_Ptu=integer;
Day_NganXep=array[1..stacklimit] of Kieu_Ptu;
Kieu_NganXep=record
top:0..stacklimit;
phantu:Day_NganXep;
end;
var so,sodu:integer;
stack:Kieu_NganXep;
traloi:char;
procedure thietlap(var stack :Kieu_NganXep); -
begin stack.top := 0 end;
function IsEmpty(stack :Kieu_NganXep):boolean;
begin IsEmpty := (stack.top = 0) end ;
procedure Top(var stack :Kieu_NganXep; var Item: Kieu_Ptu);
Begin if IsSEmpty(stack) then hali:
else with stack do
- begin Item := Phantu{top];
top :=top -1
end
End; _ _
procedure Them(var stack :Kieu_NganXep;Item : Kieu_Ptu);
begin if stack.top = stackLimit then halt
else with stack do
begin top := top + 1;
phantu[top] := Item
end
end;
Begin (* chuong trinh chinh *)
repeat

29



write('Dua vao so can doi :");readln(so);
thietlap(stack);
while so <> 0 do
begin sodu := so mod 2;
them(stack,sodu);
so := so div 2
end;
writeln('Bieu dien co s0 2 :");
while not IsEmpty(stack) do
begin top(stack,sodu);
write(sodu:1)
end;
readlin;
write('Co lam tiep khong ?(Y/N)");readln(traloi);
until not(upcase(traloi)="Y")

end.

2.2.3. Thu vién chita céc thao tic co ban trén ngan xép
D€ sir dung céc thao tc co ban trén ngin x&p nhu nhimg ham méu, ta
tao thu vién Stack.tpu nhu sau:
G& tép Stack.pas nay va lwu vao thy muc C:\tp\nnits:
UNIT STACK;
INTERFACE TYPE
StackElement=integer;(* c6 thé thay d61*)
PointerType=AStackNode;
StackNode=record
Du_Lieu:StackElement;
Next:PointerType;
end; '
StackType= PointerType;
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Procedure CreateS(Var Stack : StackType);
Function EmptyS(Stack : StackType):Boolean;
Procedure Pop(Var Stack:StackType;var Item:StackElement);
Procedure Push(Var Stack:StackType; Item:StackElement);
IMPLEMENTATION
Procedure CreateS(Var Stack : StackType); (*Tao ngén x&p réng*)
Begin Stack := Nil end;
Function EmptyS(Stack : StackType):Boolean;
Begin EmptyS := (Stack = Nil) end ;
Procedure Push(Var Stack:StackType;Item:StackElement); (*Ddy item
vao ngian x&p*)
Var TempPtr :PointerType;
Begin
New(TempPir);
TempPtrA.Du_Lieu := Item;
TempPtr*.Next := Stack;
Stack := TempPtr;
End;
Procedure Pop(Var Stack:StackType; Var Item:StackElement);
(* L4y item ra tir dinh ngan x€p Stack*)
Var TempPtr :PointerType; (* TempPtr - con trd tam thoi chi dén
niit dinh Stack *)
Begin
IF EmptyS(Stack) Then halt
Else
Begin Item := Stack*.Du_Lieu ;
TempPtr := Stack;
Stack := Stack”.Next;
Dispose(TempPtr);
End;
End(*pop*);
END.
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Sau d6 khdi dong Turbo Pascal, m¢& tép Stack.pas, chon menu dich
chuong trinh - Compile. Chi y chon Destination = Disk. Két qua dich sé&
cho tép Stack.tpu.

2.3. HANG P01 - QUEUE

2.3.1. Khdi niém

Trong thuyec t€ ta gap nhiéu trudng hop phai xit 1y théng tin theo kiéu
phai x€p hang: x€p hang cho gidi quyét cong vin gidy to, x&p hang vio
lam thG tuc & Cang hang khéng, x&€p hing mua hing hod tai Clra
hang... Ai dén truéc duge giai quyét, phuc vu trude, ai vao sau duogc
phuc vu sau (First in - First out. FIFO), khdc véi Stack la vao sau - ra
trude (LIFO).

Nhu vay, Hang doi 1a mét danh sich dif liéu, trong d6 cdc phép chen,
thém phén tir duge thuc hién & mét ddu danh séch (Front), con cic phép
x0é dugc thuc hién & ddu kia (diém cudi - Rear).

A B c D E
Dau _ Cudi
{Front) (Rear)
(Head) (Tail)

Céac nhiém vy tinh todn, in 4n duge x&p ﬁhng ch& doi xit 1y do hé diéu
hanh quan ly 1a moét vi du vé hang doi duge ap dung trong tlén trinh xw ly
cua may tinh.

Céc phép todn co ban khi x& 1y hang doi 1a:
CreateQ(Q): Khoi tao hang doi;
AddQ(i, Q): Thém phdn tir i vio cudi hang doi;
DeleteQ(Q): Ly ra khéi ddu hang doi mot phén tix:
IsEmptyQ(Q): x4c dinh hang doi c6 réng khéng;
Front(Q): Cho phén tir ddu han g doi.
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Hang doi khd gidng ngan xép, ching ta c6 thé ding mang dé cii dat
hang doi. Ngoai mét mang d[1..n] c¢dn diing thém 2 bién front (ddu hang)
va rear (cudi hang).

front luén chi phén tir ddu tién clia hang doi ma c6 thé 1dy ra duoc, con
rear luon chi vi tri cudi ciing, noi ¢6 thé thém viio mét phin tit.

1) front_'L f rear

Hang dgi réng, méi khdi tao xong

front = rear = 0

2) Dua cong viéc J, vio hang doi:

di1]
5
I .
front=0 rear = 1
3) Cong viéc J, vao hang doi:.
di1] d[2]
L4
front =0 rear=2

4) Coéng viéc J; vao hang doi:

d[1] d[2} d[3]
L k|

J L.

. front=0 rear = 3
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5) Cong viec J, ra khoi hang di:

L1

J L

front =1 rear =3

6) Cong viéc J, vao hang doi:

J3 J3 J‘4

J L

front =1 rear = 4

7) Cong viéc J, ra khot hang doi:

J3 J4

L

front =2 rear = 4

Trong c4u tnic ndy, méi ldn 14y mot cong viéc ra khdi hang doi 13 .phéi
dich sang trdi 1 vi tri. Ta c6 thé mo6 ta lai cich biéu dién trén nhu sau:

*o Q11 [2] (3] [4] [5] [6] Giai thich

0 0 Hang dgi  réng Khéi tac Q
L e
02y, noa
SR SO T S Laa
SR S noh e
o 4 I Iy .7 Jan
S 5L kg
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Véi so d6 nay ta cé thé cai dit mang cho hang doi nhu sau:
- Thui tuc thiét ldp hang doi.
Procedure CREATEQ(var Q: array[1..n} of item ; {n /d const} -

front, rear: 0..n;

Begin front: = 0; rear: = 0 end,;

- Kiém tra hang c6 réng khéng:
Function ISEMPTY(Q);
Begin
 ISEMPTY: = ( front = rear);
End;

- Cho phan ti ¢ ddu cia hang doi:
Procedure FRONT(Q);
Begin if ISEMPTY then Halt

Else front: = front +1
End;
- Thit tuc thém phan tir vao hang doi:
Procedure ADDQ(item: Kieu_Ptu);
Begin if rear = n then Writeln(' Hang ddy );
rear: = rear +1;
Q[rear]: = item;
End;,
- L4y phdn tit ra khoi hang doi:
Procedure DELETEQ(var item: Kieu_Ptu);
Begin if front = rear thea (* Hang réng*) Halt;
front: = front +1;
Item: = Qfrear];
End;
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2.3.2. Thu vién hang doi

Dé tao thu vién Queue.tpu ta ciing 1Am nhu d6i véi Stack. Go tép
Queue.pas sau dé luu vao the mue C\tp\units.

UNIT QUEUE;
NTERFACE TYPE
QueucElement=integer;(* ¢6 thé thay déi*)
QueuePtr="QueueNode;
QueueNode=record
Du_Lieu:QueueElement;
Next:QueuePtr;
end;
QueueType= record
front,Rear :QueuePtr;
, end;
Procedure CreateQ(Var Queue : QueueType);
Function EmptyQ(Queue : QueueType):Boolean;
Procedure AddQ(Var Queue:QueueType;ltem:QueueElement);
Procedure RemoveQ(Var Queue:QueueType:; Var
Item:QueueElement);

IMPLEMENTATION

Procedure CreateQ(Var Queue : QueueType);
Begin Queue.Front := Nil; Queue.Rear := Nil; end;
Function EmptyQ(Queue : QueueType):Boolean;
Begin  EmptyQ := (Queue.Front = Nil) and (Queue.Rear = Nil)end :

Procedure AddQ(Var Queue:QueueType;ltem:QueneElement);
Var Pt:QueuePtr;
Begin
New(Pt);
PtA Du_Lieu := Item;
With Queue Do
If EmptyQ(Queue) Then
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Begin Front :=Pt; Rear ;= Pt End
Else
Begin Rear®.Next:=Pt; Rear:=Pt end;
End;

Procedure RemoveQ(Var Queue:QueneType; Var
Item:QueueElement);
Var Pt :QueuePtr;
Begin
IF  EmptyQ(Queue) Then Writeln(' Hang doi rong ")
Else WITH Queue DO
Begin Item := Front*.Du_Lieu ;
Pt := Front;
IF Front <> Rear THEN Front := Front*.Next
Else Begin Front := Nil; Rear := Nil end;
Dispose(Pt);
End ;(* WITH *)
End(*REMOVEQ*),
END.

Sau dé vao Turbo Pascal, chon menu dich - compile, cho tép két qua 1a
Queue.tpu, chi ¥ d€ Destination 13 Disk.

Chii y:

1. Trong cdc thu vién Stack.pas va Queue.Pas ¢6 sir dung cdc bién con
trd (P) va bi€n dong cia con tro (pM) s& xét & phén sau.

2. Diing méng d€ luu trit hing di cling s& géip trd ngai khi thém phén
tir méi, ca hang phai dich chuyén sang phia trai, sang phai, tinh lai dja chi
cdc phén tir. _ _

Vi du dp dung: Ding cac phép todn co ban trén hang doi va ngin x&p
dé vi€t thh tuc ddo ngugc cdc phén tir cha hang doi.

Bai gidi:
(* Gia thiét d tao 2 thu vien Stack.tpu va Queue.tpu *)
Uses STACK,QUEUE; )
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Procedure TaoHangDoi(var Q:QueueType);
var Linteger,
begin CreateQ(Q);
Writeln('Dua vao cac so nguyen :);
While not eoin Do
begin read(i); AddQ(Q,i) end; readln;
 end;
Var Q:QueueType;
S:StackType;
x:Integer;
Begin TaoHangDm(Q)
CreateS(S); :
While not EmptyQ(Q) Do
begin RemoveQ(Q,x); Push(S,x) end;
While not EmptyS(S) Do
bcgm Pop(S,x); AddQ(Q x),write(x,-' ") end;
readln; '
~end. '

2.4. DANH sACH - LIST

2.4.1. Khai niém.

Ngan x&p va hang doi 121 nhung tnrorng ho‘p dac blét cua danh sich.
Mot dz_mh séch 12 1 day hitu han (c6 thé réng) cac phin ti.
Nhitng thao téc déi véi danh séch bao gém:
1. Tao mét danh séch réng -
2. Xéc dinh danh séch ¢6 réng khéng _
3. Duyét, xit 1y cdc phdn tir thuéc danh séch
4. Them phin tit méi vao danh sach
5. Xof mét phén tir tir danh séch
C6 thé khai bdo danh sdch nhu sau:
Const _
Max = <s8 phén tir Ién nh4t ciia diy >;
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Type Kieu Ptu = < Kkiéu dif liéu>;
DanhSach_Day = array[1..Max] of Kieu_Ptu;
Kieu_Dsach = Record
Size :0... Max;
Phan_tu : DanhSach_Day;
End;
Var List : Kieu_Dsach;
Céc thao tdc 1, 2, 3 d6i véi danh sdch thi don gian.
Déi véi céc thao tic chén xod cdc phédn tir thi cin thyc hién cdc thituc
dich chuyén céc phén tir.
- Thii tuc chén mét phan nir (Item) vao sau 1 Vi tri xdc dinh (pos)
Procedure Insert(var List: Kieu_Dsach; Item: Kieu_Ptu; pos: integer);

Var i: integer;

Begin
If Listfull(List) then Halt
Else

With List Do
Begin
For i:=size to Pos+1 do Phan_tu [i+1] := Phan_tu{i};

Phan_tu[Pos+1] := Item; size := size +1;
End;
End;

- Thii tuc x6a phan it
Procedure Delete(var List: Kieu_Dsach; Pos: integer);
(* Xo4 Item 6 vi tri Pos *)
var iinteger;
Begin
If ListEmpty(List) Then halt
Else With List do
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Begin  size :=size -1;
For i:= Pos to Size do Phan_tufi}:= Phan_tufi+1]}
end;
End;

2.4.2. Vi du ap dung danh sich

Vi dy: Xét bai toan cdng 2 da thitc thua:
A=Cax' =57+ 12x"+7
B=Cbx=x"+8+1

Ta t8 chic dit liéu nhu sau:

a dau acudi b dau b cudi
I A /
Hes6 —» 15 12 7 1 8 | 1 ¢
88 mi —| 970 400 0 15 3 0 \

bién free chifa ¢,= ax' + bx’
Dé viét chuong trinh, ta t6 chic da thitc 1d mot mang cdc nit, méi nit
¢6 2 trubng la h¢ 56 - coef - va 56 mil - exp. Dit ligu duge bé tri trong
mang 14n luot hét da thitc A réi dén da thitc B. Thém théng tin vé dia chi
chifa h¢ s6 chia 56 hang ddu tién cla da thitc A, hé s6 cla s6 hang cudi
ciing cha da thic A, trong tu, hé s6 d4u ciia B, cudi cha B, ddu cha C, va
thém 1 bi€n free luu dia chi 6 tr do. Chuong trinh nhu sau:

Const maxterm =100;
Type Node = record

coef : integer;

exp : 0..maxint;

end;
‘var term : array[1..maxterm] of node;
i, ,n,frce:intégcr;
aB,aE,bB,bE,cB,cE:integer;
function compare(a,b :integer) : char;
begin
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if a < b then compare := <’
else if a=b then compare :='=
else compare := >';

t

end;
Procedure Newterm(c:integer;hs:integer);
label 9999;
begin
if free > maxterm then

begin write(' too many terms '); goto 9999 end;

term|free].coef :=c;
term[free].exp :=hs;
free := free+1;
9999: end;
procedure add(aBegin,aEnd,bBegin,bEnd:integer;
var ¢Begin,cEnd: integer);

var L, free:integer; c:integer;
Begin i:=aBegin; j:==bBegin;cBegin:= free;
While (i <= aEnd) and (j <= bEnd) do
case compare(Term[i].exp,term[j].exp) of
'=":begin
c:=term[i].coef+term[j].coef;
if ¢ <> 0 then Newterm(c,term[i].exp);
i=i+15j:=+1 '
end;
'<': begin Newterm(term|[j].coef,term[j].exp);
j=j+l
end;
>' : begin Newterm(term/[i].coef,term[i].exp);
1:=i+1
) end; o
~ end;(* case & while *)
{ Néu hét B chi cdn A(x))

- While i <= aEnd Do
- begin Newterm(term[i].coef,term[i].exp);
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iimit]
end;
{Néu hét A(x) chi con B(x)}
While j <= bEnd do
begin Newterm(term([j].coef term[j] exp)

Ji=j+l
end;
cEnd := free+1;
end;

(* Chuong trinh chinh *)
Begin
write("Cho so luong terms :' );readln(n);
for i:=1 ton do
begin write(' cho cac he so ");readln(term[i].coef) end;
for i:=1 to n do
begin write(' cho so mu ',i,":");readIn(term[i].exp)end;

write('nhap aBegin,aEnd,bBegin,bEnd,cBegin,free :");
readln(aB,aE,bB,bE,cB, free);
add(aB,aE,bB,bE,cB,cE);

writeln(’hien ket qua :");

for i:=7 to 11 do write(term([i].coef:4,"");writeln;

for i:=7 to 11 do write(term{i].exp:4,1);writeln;
readln;

end.

2.5. BAI TAP
2.5.1. Bai tap vé mé’mg

1. Ma tran tam gidc duéi 1a mét ma trin vudng, trong d6 c4c phén tir
khic ¢ chi c6 thé ndm du6i dudng chéo chinh va céc phén tir ciia dudmg
chéo chinh (tic 13 A[i, j] = 0 néu i<j).

Dé ti€t kiém 6 nh, ta chi lwu c4c phén tir & trong tam gidc dudi trong
cdc tit méy (word) lién ti€p nhau. Hay lap cong thiic tinh dia chi c4c phén
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tif ay, i =j, gid st méi phén tir a;; tuu trif trong 1 tit, luu theo hang ma trén,
bat ddu tir dia chi CosoB.

2. Cho ma tran tam giéc trén, cdc phdn tr khiac khéng ndm trén dudng
chéo chinh va ban than dudng chéo chinh. Nhiém vu 1am nhu bai tap 1,
lap cong thifc tinh dja chi cho a;, i <j. o

3. Ma trin 3 dlrb‘hg chéo: alij] = 0 néu ABS(i-j) = 1. Lap cong thitc
tinh dia chi néu t8 chitc ma tran luu trir 12 dang n hang 3 cot:

| Cotl Cot2  Cot3

0 ap aj
a1 YY) an
A3y a3y a3

‘an—l,n—2 arl—l,n—l an—l,n
an,n—l an,n ) 0

4. Viét chuong trinh hoén vi ma tran thia
Vi€t chuong trinh hodn vi ma trdn thwa ¢6 m hang n cdt, s6 lidu luu
trong mdy duéi dang 3 ct q hang (q la s6 phén tir khac 0):

m n q

i i ali, J]

Hién 1én trén man hinh ma tran luu két qua sau khi hoédn vi
5. Viét chuong trinh tra bang: -

Cho bang s6 liéu:
7 A y vi | v
x.l o f(KI‘! YI) f(x]’ Yz) ) f(xl’ YJ) e . f(x]’ Yn)
x_z' f(x3 y)) f(xp, y2) f(x,, Yj) f(x2y,)
x| foey) | fooy) | o | By | e | Oy
Xn f(xm*.}’l) f(xrm Y2) bl ) f(xrn' yj) . e f(xrn’ Yn)
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Yéu cdu viét chuong trinh dé:

a) Luu bang trén vao | tép trén dia tir;

b) Khi nhép 1 cép gia tri (x, y) thi s& cho két qua ham f(x, y) theo cich
tinh sau:

+ Néu x tring v6i x, y tring v6i y, (i tir 1 dén m, j tit 1 dén n) thi két
qua la;

f(x;, y;)
+ Néu x triing v6i x; vd y ndm trong khoang tit y, dén y,,, thi két qua 1x:

(f(x;, ¥+ (X, y;,0) /2
+ Néu y tring v6i y; va x nim trong khoéng tir x; dén x,,, thi két qua 1

(f(xi, y;) + (x5, YNz
+ Néu x ndm trong khoéng tir x; dén x,,, va y nim trong khoéng tir y,
dén y,,, thi két qua la:
(f(x;, y;) + f(x;, Yierd + (E(x3, ¥ + f(x,,, yih/4
6. Viet chuong trinh kiém tra mot ma trén vudng di cho truéc cé
phai la:
+ Ma tran tam gidc trén khong?
+ Ma trén tam gidc du6i khong?
+ Ma trén 3 vét khong?

2.5.2. Bai tap vé ngan xép

1. Dung ki€u dif liéu ngin x&p viét chuong trinh déi mét s& nguyén co
s6 10 sang co's6 2.

2. V&i mét s6 nguyén n >1 cho trréc, s6 nguyén nhd nhit d (d >1)
chia h€t bdin a1 86 nguyén t&. Ta ¢6 thé im dugc céc thira 6 nguyén t6
cia n bang cich truéc hét tim d r6i thay thé n b thuong sé n chia cho d
va lap iai thao tdc ndy cho dén khin = 1. Ding kiéu dit liéu ngan xé&p viét
chuong trinh xéc dinh c4c thita s6 nguyén t6 nay v2 hién thi chiing theo
thit tw giam dén. | | _

Vidy:n=3960 s& phan tich thanh 11 x 5x3 x 3 x 2 x 2 x 2.
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2.5.3. Bai tap vé hang doi

Ding cho cdc phép todn co ban trén hang doi ISEMPTYQ,
CREATEQ, ADDQ, REMOVEQ dé:

1. Ly ra cdc phén tir & cudi hang doi nhung dé lai nguyén ndi dung
hang dgi;

2. Thém phin tir vdo ddu hang doi.

2.5.4. Bai tap vé danh sach

Ghép ndi, hoan thién va chay thir nghiém chuong trinh d6i véi vi du di
cho.
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Chuong 3
CAU TRUC DU LIEU PHI TUYEN

3.1. BAN GHI - RECORD
3.1.1. Khai ni¢m ban ghi

Xét bai todn: viét chuong trinh quan 1y sinh vién, théng tin vé€ mét sinh
vién gom c6: mi s& sinh vién, ho tén, ngay sinh, qué quan, két qua hoc
tap,... nhimg thong tin nay cé thé ¢é céc kiéu dit lieu khéc nhau: mi s6 1a
ki€u nguyén - integer hodc cé thé biéu dién duéi dang xau, chubi ky ty -
string, ho tén thudng 1a chudi ky tu - string, ngdy sinh c6 thé 1 dang
chuéi hay dang s§ nguyén, qué quan - dang chudi ky tu, két qua hoc tap -
ki€u s6 thyc - real.... Véi cdc dif lieu khong thudn nhét nay khong thé t8
chifc trong mét mang kiéu array. D€ xir 1y nhiing thong tin dang nay,
trong Pascal ding mot kiéu dit liéu c6 c4u tric 12 record - bdn ghi. Ta c6
thé dinh nghia record 1a mot phi€u tin v& mot dsi tuong, mbi record
chifa mot s6 thanh phén dir liéu ddc trung cho déi tuong d6, goi 1 cée
trudong, mdi trudng déu cé mot tén va kidu dit licu rieng.

Ban ghi 12 kiéu dit liéu phic tap, khong tuyén tinh. Ban than record
khoéng ¢ tén.

Vi du 3.1: M6t s d6i tuong trong céc bai todn quéan 1y ¢6 thé té chitc
dit li¢u theo kiéu ban ghi: '

- H6 so nhan sw: ho tén, s6 nha, wéi, nghé nghiep, noi céng tac,
hrong,...;

- Dia chi: ho tén, s6 nha, phé, quan, thanh phé, nuéc;

- Cubn sach thu vién: tén sich, chuyén nganh, tdc gia, nim xudt ban,
tap méy, k¥ hiéu;

- Sinh vién: ho tén, 16p, khoa, khod, diém, hoc béng.

~ Thiét bi: ma thiét bi, tan thiét bi, nhin hiéu, ndm sin xuit, nudc san
xudt, gid, ngay dua vao sir dung, noi sir dung, tinh trang. ..
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3.1.2. Khai bio kiéu record

Dé sir dung ban ghi trong chuong trinh, ban ghi phai dugc khai bdo &
phin d4du chuong trinh. Trong Pascal, ban ghi phai dugc khai béo kiéu &
phdn khai bdo type v6i tit khod record, ti€p theo la cic tén trudng va tén
kiéu cha ching, két thiic boi tir khod end.

Dang téng quét khai bdo kiéu record la:

Type
R = Record
<tén trudong thi nhat>:<kiéu dif liéu trudng thi nhat>;
<tén trudmg thit N >:<kiéu dif liéu rudng tha N >;
end; '

Vi du 3.2: Viét khai bdo record cho mét s8 dif liéu trong vi du 3.1.

Type Type
hosons = record | dia_chi = record
hoten: string {25]; . hoten: string [25];
tuoi: integer; sonha: string [10];
nghe: (moc, ren, xay, co khi); pho: string [10];
donvi: string [30]; quequan: string [60];
luong: real; thanhpho: string [25];
end; end;

Trong nhitng dit liéu c6 c4u tric phifc tap, mot ban ghi c6 thé c6 nhiéu
c4p, nghia |2 trudng cia né lai 1a mot ban ghi.

Vi du 3.3: Ban ghi h6 so nhan sur ¢ trudng Lich sir luong, ma béan than
né lai 12 mét ban ghi chita cdc trudng Tham nién, Ngay 1én luong cudi
cling, Mifc luong hién nay, Khen thudng ky luat.

Mo ta ban ghi nay nhu sau:

Type luong = record .
thamnien: integer;
ngayll: string[8];
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mucluong: real;
kyluat: integer;
~ end;
hosons = record
hoten: string {25];
tuoi: integer;
donvi: string [30];
lichslg: luong;
end;. _

Sau khi khai bao kiéu ban ghi bing Type, trong phdn khai b4o bién var
nhiing bi€n ndo c6 ki€u ban ghi twong \ing thi ta khai béo tén kiéu ban ghi
d6. Trong trudng hop tdng quat, khai béo kiéu ban ghi c6 dang:

var vl,v2,.., vN: <tén kiéu record>;
Vi du 3.4: Hai bién lylich1, lylich2 c6 kiéu hosons, khi dé ta khai bio:
Var lylichl, lylich2: hosons;

3.1.3. Truy nhap ban ghi
Véi ban ghi ¢6 th€ doc hay viét gi4 tri - truy nhap céc trudng cha né.
Viéc truy nhdp ban ghi duge thuc hién bdi céch viét:
<bién kiéu ban ghi>.<tén trrong>

Vidy 3.5: T8 chitc danh myc chiing loai san phdm bé tong theo kiéu
record nhu sau:

Type

Sanpham = record
THUTU: integer;
TENSF: string[15];
XIMANG: real;
SAT: real;
GIASAT: real;
GIAXIMANG: real:

end;
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var COTVUONG, ONGNUOC, PANEL: Sanpham;

Begin (*Chuong trinh chinh*)
COTVUONG.XIMANG : = 0.45;
COTVUONG.GIAXIMANG : = 35500.0;
COTVUONG.SAT : = 10.72;

end;

Trong vi du ndy ta diing phép gén := dé dua gia tri vio cdc trudng cia
record cotviiong. Ciing c6 th€ doc dif 1iéu vao tir ban phim cho ban ghi
boi 1énh read.

Vidu 3.6: Doc dit li¢u vao cho céc trudng clia ban ghi trong vi du 3.4:

write('Ho va ten:'); readin(LYLICH1.HOTEN);
write('Tuoi:"); readln(LYLICH1.TUOI);

write(Muc luong:'); readin(LYLICH1.LICHSLG.MUCLUONG);

Dé y 1a trong 1énh:
readIn(LYLICH1.LICHSLG.MUCLUONG);

Bi¢én MUCLUONG la moét trudng clia ban ghi LICHSLG, ma LICHSLG
13 mot trudng cua ban ghi LYLICHI.

Trong vi du 3.4 hai ban ghi lylichl va lylich2 c6 ciing ki€u ban ghi
HOSONS, ching dugc goi 13 cdc bién record tring ki€u. Cic bién
record triing kiéu c6 thé sao chép cho nhau biang 1énh gdn. D&i véi hai
bién lylich1 va lylich2 ta c6 thé viét:

LYLICHI: = LYLICH2,

Khi lénh nay thyc hién, timg trudng cha record LYLICHI dugc gin
gid tri cha trudng tuong tng cia LYLICH2.

Ngoai phép gén, hai bién record cling kiéu cdn c6 thé so sdnh = hoac
<>. Bién ban ghi ¢6 thé ding 1am tham s6 hinh thitc hay thuc su trong
chuong trinh con. Chiing c6 thé duge 18 chijc thanh mang array.
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Vi du 3.7: Khai b4o kiéu ban ghi cho bai todn quan ly thiét bi.
Type
MANGTB = record {mang thiét bi}

TENVTTB: string[15]; {tén vat t thiét bi}
NUOCSX: string[15];
NGAYNHAP: string[8];
GIATRI: real;
DONVISD: string[20];
TINHTRANG: string[15];

end;

var _

OTO, QUATDIEN, ONAP, MAYDHOAL: array[1..15] of MANG TB;

3.1.4. Cau lénh with

Truy nhéap ban ghi theo céch trén day phai viét lap lai nhiéu l4n tén ban
ghi truéc mdi tén trudng. DE trénh viée viét lip lai nay, trong PASCAL str
dung cau lénh with (véi), cé ci phap:

With<tén bién ban ghi> do
Begin
<Cau lénh vé6i tén trudng 1>;
<Cau Ignh véi tén trudng thit n>;
end;
Nhu vy, t€n bién ban ghi chi viét moét 14n sau tir khod with, trong
vong lap do ... end khong cin viét lai né niva.

Vi du 3.8: Mot ban ghi VATTU ¢6 céc trudng TENVT, NUOCSX,

NGAYNHP, gl&tl‘l donvisd, tinhtrang, ta s& dua dit liéu vao tir bin phim
nhu sau:

With VATTU do

Begin
write("Ten vat tu'); readln (TENVTY;
write('nuoc san xuat'); readin (NUOCSX);
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write('Ngay nhap kho"); readin (NGAYNHP);
write('Gia tri"); readin (GIATRI);
write('Don vi su dung’); readin (DONVISD);
write('Tinh trang"); readin (TINHTRANG);
end;
D4i véi ban ghi nhiéu thit bac:
_ ) |
[ |
R‘1.1 R1r'n
cau lénh with duoc t6 chitc 16ng nhau:

Wwith R1 do
With R2 do

With RN do S

Don gian hon, ta c6 thé viét Iai cdc 1énh with 16ng nhau dudi dang:
with R1,R2,..,Rndo S;

3.1.5. Ban ghi c6 cau tric thay ddi

C4u triic cta ban ghi 1 céc trudng voi tén, kifu dif liéu va kich thuée
cia trudng dit li¢u. Nhitng ban ghi vira xét trén c6 cau tric c6 dinh, khong
thay déi. Néu ban ghi c6 vai chuc trudng, ma trong d6 chi mot sO trudng
str dung cho mot nhém ddi tugng nay, mot s6 trudmg khic cho mét nhém
khdc, thi t8 chifc c8 dinh rat ling phi bo nhé. Chéng han, 16 chic tép két
qué hoc tap clia sinh vién trong mét hoc k¥, véi nhiéu mon hoc, trong dé:

_ Nganh céu: M6 cfu (MC), Nguyén 1y thi€t k& cau (NLTKC), Két
céu thép (KCT), Tin hoc ting dung (TUD), Tiéng Anh (TA), Thi cong
céu (TCC).

- Nganh Pudng: Thiét k& dudng (TKD), Sic bén vit lieu (SBVL), Tric
dia (TDIA), Dia chét cong trinh (DIACHAT), Tin hoc ting dung (TUD),
Gido duc quéc phong 4 (QP4);
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- Nganh Xay dung dan dung va Céng nghiép: Co Iy thuyét (CLT),
Toén cao cap (TOAN), Stic bén vit ligu (SBVL), K€t cdu bé tong cot thép
(BTCT), K thuat thi cong (KTTC), Du todn céng trinh (DUTOAN), Tin
hoc ttng dung (TUD);

- Nganh kién tric: V& k¥ thuat (VKT), Kién tric dan dung (KTDD),
Nguyén 1y thiét k&€ kién tric (NLTK), Céu tac kién tric (CTKT), Toan
(TOAN), Triét hoc (TRIET);

- Nganh Cong trinh Thuy: Co hoc chat 1éng (CCL), Hinh hoc hoa hinh
(HHOA), Toén cao ciap (TOAN), Tin hoc tng dung (TUD), Sitc bén vat
liéu (SBVL), K¥ thuat thi cong (KTTC);

Vi cdch t6 chitc ban ghi c¢6 cdu triic thay déi hay ban ghl ¢d cdu tric
dong, cé thé giai quyét dugc van dé phic tap nay.

Ban ghi ¢6 céu tric thay déi duge chia 1am hai phén: phin c6 dinh va
phdn bi€n déi. Phan bién déi chi dugc 1a mot trudng va dé & cubi (tiéng
Anh goi la trudng dudi - tag fied), dat trong tir khod case... of. Tuy theo
trudong hop (case) truong dudi nhan gia tri ndo thi né s& cau tric tuong ing.

Dang t8ng quat cha ban ghi cdu tric thay déi:

Type
<Tén kiéu> = <Kiéu dif lieu>;
<Tén kiéu ban ghi> = record
{phén cdu tric ¢ dinh}
case <trudng thay d6i> : <tén kiéu> of
<Gid tri cia kiéu> : <danh sich ciia truémg>;
end;

Trong d6 danh séch trudng tuy thudc vao gis tri cu thé trong danh sich
ki€u, déu () bao danh séch trudng 12 bit budc ké ca khi n6 réng.

Vidu 3.9 |

Type
CLASSE = (CAU, DG, TL, KD, MAY, KT);
DSMONHOC = record
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case MONHOC: CLASSE of
CAU: (MC, NLTKC, KCT, TUD, TA, TCC);
DG: (TKD, SBVL, TDIA, DIACHAT, TUD, QP4);
XD: (CLT, TOAN, SBVL, BTCT, KTTC, DUTOAN, TUDY);
KD: (VKT, KTDD, NLTK, CTKT, TOAN, TRIET);
CTT: (CCL, HHOA, TOAN, TUD, SBVL, KTTC);
end;

Trong ban ghi c6 cau triic thay d8i, phan c6 dinh c6 thé ving (nhu
trong vi du trén) nghia 13 ban ghi chi cé mot trudng thay déi. Ban than
trudng thay déi ndy lai 12 mét ban ghi ma trong dé c6 thé chita mot ban
ghi thay d6i khic. Bin ghi c6 cdu tric thay d6i rét tién lgi, thay vi mot
ban ghi c¢6 chita vai chuc mén hoc ta chi cdn diing ban ghi bi€n d6i c6 sd
lwong mén hoc giéng nhu trén thuc t&, thudng mdi hoc ky sinh vién hoc
khong qua 8 mén.

3.2, KIEU DU LIEU TEP

3.2.1. Khai niém tép

Tép 12 mét khdi niém quan trong ctia Cong nghé thong tin. Tép la tap
hop céc dit liéu duge té chitc theo mot cdch x4c dinh. Cin phan biét tep
chuong trinh va tép dif liéu. Tép chuong trinh 12 tip hop cdc cau lénh tép,
tao thinh mot phan mém, thuc hién cdc cong viéc xir 1y thong tin, tép dif
licu 1a tap hop dit lieu, Trong gido trinh nay tim hiéu céch thiic luu trit va
xit 1y tép dit lieu. Tép dit liéu c6 cdu tric théng nhét la tép dugce tao thanh
tir cac ban ghi c6 ciing ciu triic, ngoai ra cdn c6 tép tao thanh tir cic ban
ghi khong cling cau triic.

Viéc t8 chitc t&p va cdch truy nhép tp gin bé v6i nhau va duge goi
chung 13 phwong phdp truy nhap t¢p. Chu yéu cé hai phuong phip truy
nhép tép: tudn ty va truc ti€p.

- Truy nhap tudn ty: trong phuong phdp ndy t¢p duge t6 chic va truy
nh4p mot c4ch tudn ty, thao tdc véi tep phai bat dau tir d4u tép, xong phin
tir truée méi dén phén tir sau. '

- Truy nhap tryc ti€p hay ngil nhién: 13 phuong phép thao tic véi cdc
phén tix tép theo dia chi bét ky, khong theo tudn t.
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Vi du 3.10: Khi xét mot danh séch 1én luong, theo truy nhap tudn ty
thi phai duyét hét tir ddu dén cuéi, theo truy nhap truc tiép thi ta cd thé
Itic d4du chi duyét nhimg ngudi dat moét s6 tiéu chudn nao d6, néu con chi
tiéu thi méi xét thém. '

Trong Pascal chi xét cdc tp tudn tu véi cdc phan tir (ban ghi) cling
kidu dit liéu. Trong mot s6 cai dat cu thé, khdc Pascal chudn, xét thém
truy nhap truc tiép.

Pé nhan biét hét tép khi x{r 1y tudn ty, trong Pascal cé ham EOF(f)
(End of File - két thuc tép), f 12 tén bién tép; ham nay cé gid tri false khi
chua hét tép, true khi hét tép. Trong phdn nay, néi t&p c6 nghia la tép tuan
tu, khi ¢6 viéc véi t8p truc ti€p s& ndi riéng.

Tuy theo céch cdu trnic dif liéu cha t&p ma tép dugc phan thanh céc
loai: tép md, tép vdn bdn va tép khong dinh kiéu.

- Tép md: 1a tép ma thong tin cha né duge liu dudi dang ma 0 va 1.
Mobi phéin tir clia tép duge ty dong danh s6 thit tu tir O tr& di. Mudén truy
cap vao mot phén tif ndo d6 ta ¢6 thé duyeét tudn tu dua cilra s6 di qua cdc
phdn it truée d6 hodc chuyén thang téi s6 thit tr. Nhes vay ta c6 thé sla
chita n6i dung cha tép thuin tién.

- Tép vdn bdn: 1a tép, dit liéu dugc luu trit duéi dang ma ASCII va x&p
theo dong vdi tin hiéu két thic dong EOLN (End of Line). Do dai méi
dong ¢6 thé thay déi khdc nhau. Muéhn truy cip vao phén tir nio d6 phai
ti€n hanh tuan tw. Muén ghi hay thém mdt phén tir vio tép ta cdn phai dit
clta s& vao vi trf cudi tép.

- Tép khong dinh kiéu: 12 kiéu tép dic biet duoc dinh nghia ra trong
Turbo Pascal. Trong khi khai bio tép nay ngudi ding khéng khai bao
kiéu dit liéu clia cédc thanh phén trong tép.

Tép dugc t6 chitc theo kiéu ndo, s& cé cach khai bio theo kiéu dé.
3.2.2. Khai bio tép ma

Tép st dyng trong chuong trinh phai dugc khai bdo. C6 khai bdo kiéu
t¢p va khai bdo bién tép.
Khai béo kiéu tép ma c6 dang:
Type
<tén kiéu tép> = file of <kiéu phén tir>;
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Trong d6 kiéu phan tit c6 thé 1a integer, real, char, boolean, kiéu liét
ké, ki€u mién con, kiéu record, array, set (tap hop). Sau phin khai bdo
kiéu ta khai bdo bién var.

Var
<tén bién tép> : < tén kiéu tép>;

Vidy 3.11: Xét vi du t8 chiic ba kiéu tép: kiéu s6 nguyén, kiéu s6 thue
vi kiéu record. Nhitng tép s& dién thoai 1a tép kiéu s& nguyén, tép dir licu
vé luong cé kiéu s6 thuc, tép hé so sinh vién cé kiéu ban ghi.

Type
KIEUNGUYEN = file of integer;
KIEUTRHUC = file of real;
BANGHI = file of record
HOTEN: string[25];
LOP: string[10];
DIEM.: real,
HOCBONG: real;
end;
Var
SODT: KIEUNGUYEN;
SOLUONG: KIEUTHUG;
HOSOSV: BANGHI;

Chii y: Sinh vién cin phén bigt tén bié’n tép va tén kiéu tép. Trong vi du
trén, SODT, SOLUONG, HOSOSV Ia tén bién tép, con KIEUNGUYEN,
KIEUTHUC, BANGHI 12 t&n kiéu t&p.

Vi du 3.12: Ta c6 thé t6 chic tép trong d6 céc phdn tir 1a méng array
va ban ghi record:

Type
DSLOP = file of record _
HOTEN = array[1..20] of char;
HANHKIEM = char;
_ MON1, MON2, MON3, DTB: real;
end (*hét cuia record™); |
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MUCDTB = file of array[1.. 5] of real;
Var
K51, K52, K53, K54, K55: DSLOP;
MHOCBONG: MUCDTB;
TENTEP: string[8];

Trong vi du niy danh séch 16p ctia cdc khod 51, 52, 53, 54, 55 dugc t6
chitc thanh cdc tép c6 kiu dslop, mdi phén tir 13 m6t ban ghi véi céc
trieong hoten, hanhkiem, monl, mon2, mon3, dtb.

3.2.3. Cac thao tac véi tép ma

Nhitng thao tdc véi t&p gbm cé:

1. M6 t¢p dé€ chudn bi ghi dit liéu lén tép.

2. Md& tép dé doc dit liéu tir tép.

3. Ti€n hanh ghi dit liéu lén tép.

4. Doc dit liéu tir tép.

5. Déng tép. Bao gid ciing phai déng tép ngay sau khi da xir Iy xong
phan tif cuéi cling ca tép dé bao v¢ dif licu. |

Khi di c6 tép trén dia tir, m& tép ndy c6 ¥ nghia la thiét 1ap su [hm viec
giita chwong trinh va b6 nhé ngodi, noi luu trit t8p, cho phép ta lam viée
duogc v6i tép (nhu sao chép, ghi, xo4,..). Péng tép 12 mdy s& hoan tit cong
viéc v6i tép, cit kénh khéng cho lién hé v6i né nira. Néu mét tép chua c6
trén dia, khi tao né 1dn ddu tién ciing twong dwong véi viéc md né.

3.2.3.1. Thii tuc rewrite - M6 tép méi d€ ghi dit liéu vao

- Muén tao 1ap, md t€p ra ta diing hai thii tuc Assign vA Rewrite.
Cii phdp:
ASSIGN (<tén bién t&p>, ' <tén t&p>");
REWRITE (<tén bién t&p>); |

Trong dé:

+ Tén bién tép: 12 t&n bign &p duge khai bio trong phin type va var;

+ Tén tep: tén tep 1a tén dit & thist bi nhé ngoai, tén tép phai dé trong
cap nhdy don va ghi ddy dii tén dudng din thir muc, trong trudng hop
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khong ¢6 tén dudng din thy muc thi dugc ngdm hiéu 12 tép méi tao s& dé
trong thu muc chifa chuong trinh chinh cha phdn mém, d6i véi Turo
Pascal, thu muc d6 [a C:NXTPABIN.

Thii tuc rewrite s& chudn bi mot tép d€ viét dit licu vio, néu tép da tén
tai thi s& duge xod réng trir ddu hiéu két thiic tép EOF.

Vi du 3.13:
Tao tép HOSO.DAT dé viét dit liéu vao & trén 6 dia D\TP, ta viét:

Begin

write (' Hay go tu ban phim; DNTPAHOSO.DAT ');
readln (TENTEP);
assign (K58, TENTEP);
rewrite (k38);
End;

Khi dd khai béo bién tép, ta dd ngdm hinh thanh mét bién dém tp (file
buffer variable) va mot bo chi dinh (indicator) Gng véi n6. Bién dém tép ¢6
kiéu ciing kiéu v6i kiéu phén tir clia tép. Tai méi thdi diém chi c6 the lam
viéc véi mot phin tir clia tép, thong qua bi€n dém ndy, bg chi dinh c6 chic
ning chi ra vi tr clia phan tir tép. Chiing ta c6 thé hinh dung mot tép T cé
ddly cc phén tir X, y, Z,... v6i cdc bién dém tép va bo chi dinh nhu sau:

ptl. pt2........... X y z... .eof

[y

b chi dinh (bién dém tép)

Két hop hai chiic ning nhé dém va chi vi trf, ngudi ta ky hi¢u bién
dém la:
<bién dém tép> = <tén bi€n t€p> )

Chang han, bién t€p 12 H1 thi bién dém twong ding 1 H1T, néu bién tep
13 HS thi bién dém 1a HST. Khi thd tyc rewrite bat ddu lam viéc, xo4 réng
tép s& chi vao ky hiéu két thiic t¢p EOF. '
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3.2.3.2. Thu tuc write - ghi (viét) dit liéu vao tép

- Cii phdp: Write (<tén bién tép>, x);

- Chitc ndng: Viét gid tri bidu thic x vio tép di dugc md véi <tén
bién teép>.

Vi du 3.14: Mot tép HS trude va sau khi thue hién thi tuc write ¢é thé
hinh dung nhu sau:

Trudc khi 4
thite hién tha tuc Viét vao

Sau khi
there hién Vit vao : iy
write(MS, y)

Vi du 3.15: Cho tén t¢p GTGT.DAT, kiéu integer. Viét cic gia tri n!
v6in tir 1 dén 15 cho céc phén tir tép.

Program giatriGT;
Var
i, v: integer;
T: file of integer;
Begin
| assign (T, 'GTGT.DAT');
rewrite (t);
Vi=1;
forl: =1to 15 do
begin V: = V¥j;
write (T, V)
end; -
close (T);
End.

3.2.3.3. Déng tép
- Cii phdp: Close (<tén bién tép>);
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- Chitc ndng: déng tép da 1am viée xong, ¢ vi du trén da sir dung I¢nh
nay déng tép T.

3.2.3.4. Mo tép dd ton tai - reset
- Cii phap:
ASSIGN (<tén bién tép>, ’<tén t&p>’);
RESET (<tén bién t&p>);
Khi tép da tén tai, tht tuc reset s& thiét 14p trang théi sin sang lam viéc
véi né, dua vi tri doc vé dau tép. Ta ¢ thé hinh dung tép T sau khi m&
bai reset:

T: eof

0 doc

Vidu 3.16: assign(t, 'GTGT.DATY);

reset(t);

Giai thich vi du: M tép giai thita GTGT.DAT dé trong thir muc hién
th&i ctia Turbo Pascal.

3.2.3.5. Thu tuc doc dit liéu tir tép - read

- Cii phdp:

READ (<tén bién tép>, v);

- Chitc ndng: Sao chép gié tri phan tit hi¢n thdi clia tép cho bién v, sau
d6 dua vj tri doc dich sang phdn tir k€ tiép. Kiéu phdn tir cla tép phai
tring vé6i kiéu cha bién v.

Ta ¢6 thé hinh dung tép T trudc va sau khi thuc hién read nhu sau:

Trudc:
X
tdoc v
Sau:
X X
1 doc _ oy
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Khi bién v 12 m¢t danh sdch, viéc doc tép s& tién hanh cho dén khi hét
tép hoac hét danh sdch. Ding diéu kién kiém tra két thic tép eof <tén
bién t¢p> & day la cdn thiét. Cdc phdn tif cha tép duoc doc mét cach tuin
tu, hét phén tir trude méSi dén phén tir sau.

Vidu3.17:

program TICH;
Var
TEPNGUYEN : file of integer;
i, J: integer;
Begin
Assign (TEPNGUYEN, 'TICHSN.DAT');
reset (TEPNGUYEN);
I.=1;
while not (eof(TEPNGUYEN) and MAXINT > I do
Begin
read (TEPNGUYEN, I);
I =1*J
end;
writeln ('TICH =", I);
Close (TEPNGUYEN);
readln
end.

Trong vi dy ndy ding diéu kien (MAXINT > 1) dé€ ditng tinh todn khi i
vuot qué kha nang luu trit s6 nguyen trong may. |

Ngudi ta phan biét cdc tép ngoai va tép trong. Tép ngoai tén tai doc
lap, khong phu thudc vao chueng trinh. Chiing ¢6 thé duge dua vao
chuong trinh véi tu céch 1a tham s6 & ddn chuong trinh. Théng thudng
tép ngodi dé & dia mém hay dia cing. T¢p dugc sinh ra va sit dung
trong qud trinh chuong trinh 13m viéc goi 12 tép trong. Tén cia né cé
thé xudt hién & déu chuong trinh néu né c6 lien he véi thiet bi ngoai vi.
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Khi chuong trinh két thiic, cdc tép trong ciling bi xo4 vi vay chiing con
duge goi la cdc tép tam thdi (temporary file) hay cic tép vét (scratch).
Thong thudng cédc tép trong duge sit dung trong cdc chuong trinh con
procedure hay function.

Déi v6i cac tép tudn tu trong PASCAL, trong cling mét thdi diém
khong thé vira doc ra vira viét vio, vi vay khi xir 1y, t6i thiéu cén phai
tao ra hai tép, mot dé doc ra, mot dé viét vao. O nhitng thoi diém
chay chuong trinh khéc nhau, cé thé thay déi vai trd clia hai tép nay
cho nhau.

3.2.3.6. Mot s6 thit tuc xu ly tép md

+ Tim vi tri clha phén tir t¢p.

Cii phap: seek (<t&n bién t&p>, N);

Trong dé N la s§ nguyén, cht phan tir ¢ vi tri N va dua con tro bién
dém tép vé d6 dé cap nhat.

Biing 1énh seek, ta ¢6 thé truy nhap khong tudn tu vao mot tép tudn tu.

+ D€&m s6 phdn tif cia tép.

Cii phdp: filesize(<tén bién t&p>);

K&t qua s& cho mot s& nguyén duong, khi tép réng s& cho két qua 0.

+ Xdc dinh vi tri hién thdi ctia bi€n dém tép.

Cu phdp: filepos(<tén bi&n tép>);

K&t qua s& cho mét s6 nguyén duong, khi tép rong s& cho két qua 14 0.

+ Xoa tép trén dia tur.

Cu phdp: Erase(<tén bién tép>);

+ D6i tén tép

Cii phdp:  Rename(<tén bién tép>, <tén t&¢p mdi. Kidu t&p>);

“Thii tuc nay s€ ddi tén tép cii tuong ing vé6i tén bi€n tép thanh tén méi
Ia <tén tép moi. kidu>. <Tén tép mdi. kiéu> khong dugc tring véi tén

tép da cé trong thur muc dang lam viéc.
+ Ham xo04 bd ch& d6 khong Kiém tra 16i khi 1am vige véi tép
Ciiphap: IORESULT
Ham nay khong c6 tham s6, két qua cho mét gia tri nguyén bing 0
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3.2.4. Tép van ban - TEXT

3.2.4.1. Khdi nié¢m

Tep van ban 1a tép dic biét trong Pascal, né chita c4c ban ghi c6 thé c6
d6 dai khdc nhau, mdi ban ghi 12 mét dong, mdi dong ¢ ky tu két thic 1a
EOL.

Vidu3.18:
Noi dung mot t&p vian ban don gian:
HOANG BAC eol
AN  eol
02/10/75 eol
HA NOI

3.2.4.2. Khai bdo tép vin bdn
Ciiphdp:  Type <tén kiéu tép> = Text;
| Var <tén bién tép>: <tén kiéu tép>;
Hoidc khai béo truc tiép:
Var <tén bién tép> : Text;

Vidu 3.19:
a) Type NS =Text;
SL = Text; .
Var Nhan_sulz NS;
SoLuong: SL;
b) Var Nhan_su, SoLuong: Text;

3.2.4.3. Cdc thao tdc véi tép véin bdn

Nhitng thao tic véi t¢p Text 1a write, writeln, read, readln, eoln. Nhiing
thit tuc nay c6 thé 1am viée véi céc kiéu dit lieu don gian nhu char, string,
integer, real, boolean.

* Ghi dit liéu vao tép vin bdn

Sau khi mé tép dé ghi ra, ta c6 thé ti€n hanh ghi dif lieu 1en tép, méi
phan tir 1ep 12 mot dong, mdi ddng ¢6 ky hieu EOL dé ngan cdch..
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Ci phdp cau lénh d&i véi tép van ban cé phan khdc véi tép ma:

1. WRITE (<bién tép>, <danh sdch biéu thic>);

2. WRITELN (<bién tép>, <danh sich biéu thitc>);

3. WRITELN (<bién tép>);

+ Thit tue WRITE (<bién tép>, <danh sach biéu thirc>); mdy s& xdc
dinh gi4 tri biéu thitc, réi ghi vao tép theo trinh tu tir trdi qua phai.

+ Thi tuc WRITELN (<bién tép>, <danh séch biéu thite>); ciing
hoat déng ging nhu Write nhung sau khi ghi xong gié tri ciia biéu thic
cudi cing may dua thém ddu hiéu hét dong (EOL) vao ¢p.

+ Thi tuc WRITELN (<bién tép>); Chén thém dau hi¢u hét dong
vao tép. Dau hiéu hét dong 1a mot cap ky tr diéu khién CR (Catriage
Return - quay vé ddu dong) va LF (Line Feed - nhay dong).

* Doc dit liéu i tép vdn bdn

- Cii phdp:

1. READ (<tén bién tép>, <danh sich bi&n>);

2. READLN (<tén bi€n tép>, <danh sdch bi€n>);

3. READLN (<tén bién tép>); |

( day danh sich bi€n c6 thé c6 nhi€u bién, ching duge ngén cdch
nhau bing ddu phdy. Kiéu dir liéu cia cdc bign khéng nhat thi€t phai
giéng nhau.

+ Thi tuc READ (<tén bién tép>, <danh sach bién>); s& doc céc gid
tri clia t&p, rdi gén gié tri doc duge cho céc bi€n da chi ra trong cau lénh,
doc xong khéng xudng dong.

+ Thi tuc READLN (<tén bién tép>, <danh sich bién>); s& doc céc
gid tri clia tép, réi gdn k&t qua doc duge cho bién trong cau 1énh. Sau khi
doc xong gid tri cho bién cuéi cing, cira s6 tép tr dong chuyén dén dau
dong dudi, bd qua moi gié tri con thira ciia dong dén EOL.

+ Thd tuc READLN (<tén bién tép>); dua cira 50 tép sang diu dong
ti&€p theo ma khong doc gi ca.

* Ham kiém tra két thiic dong

Cit phadp: eoln(<tén bién t&p>);
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Ham nay cho két qua false khi chua két thiic dong.

Chil y:

- Vi tép vdn bdn khéng thé ding thit tuc SEEK hodc ham FILESIZE
hodc ham FILEPOS dé tim vi tri phdn ti, dé dém kich thudc tép, dé xdc
dinh vi tri bién dém tép. Song, ta ¢6 thé dung cdc ham sau:

+ SEEKEOLN (<bién tép>): Xic dinh xem cia s6 1ép c6 & vao vi tri
cudi dong khong. Gid tri ciia ham la true hodc false. Trudc khi kiém tra
EOLN né nhdy qua cdc ddu cdch va diu Tab.

+ SEEKEOF (<bién t¢p>): Xdc dinh xem cita s6 tép cé & vao vi tri
cudi tép khong. Gid tri cia ham la true hodc false. Truée khi kiém tra
EOF nd nhdy qua cdc ddu cdch va ddu Tab va ddu cdch dong,

Vidu 3.20:

Program Filetext;
Uses crt, dos;
Var tepgoc, tepkq: Text;
Bien, tiep: char;
V, tentep, tepmot: string[12];
Begin
Clrscr;
Write(‘Nhap ten tep goc:’);ReadIn(tentep);
Assign(tepgoc, tentep);
Rewrite(tepgoc);
Repeat
Write(‘Nhap thong tin vao iep goc:’;Readln(v);
Writeln(tepgoc, v);
Write(‘Co Nhap tlep khong(c/k) Y Rcadln(nep);
Until upcase(tlep) =
Close(tepgoc);
Write(‘Nhap ten tep goc:’);Readln(tentep);
Assign(tepgoc, tentep);
Reset(tepgoc);



While not eof(tepgoc) do

Begin
While not eoln(tepgoc) do
Begin
Read(tepgoc, bien);
Writeln({bien:12);
End;
End;
Close(tepgoc);
Readin
End.
Vidu3.21:

St dung ban ghi va tép chuong trinh quan 1y vat tu:

Program quanlyvattu;

Type vttb = record
Matb:integer;
Tentb:string[20];
Nuocsx:string[15];
Namsx:integer;
Giatri:real;
Soluong:integer;
Noisd:string[25];
Tinhtrang:string[10];

End;

Mang = array[1..100] of vitb;

Var

I, j, n, m :integer;

Bfile:text;

Hstb:mang;

Matim:integer;
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Ten:string]15];
Procedure nhap;
Begin
Write(‘Nhap so loai thiet bj - ‘Y;readIn(n);
Fori:=1tondo
With hstb[i] do
Begin .
Write(‘Ma thiet bj thu ¢, I, : “);readIn(matb);
Write(“Ten thiet bi thu <, [, * - *);readIn(tentb);
Write(‘Nuoc san xuat : ‘)ireadIn(nsxb);
Write(*Gia tri : ‘);readln(giatri);
Write(*So luong thiet bi : ‘);readln(soluong);
Write(‘Noi su dung : *);readIn(nsd);
Write(‘Tinh trang : ‘);readln(tinhtrang);
End;
Assign(bfile, "hstb.dat’);
Rewrite(bfile);
WriteIn(bfile, n);
Fori: =1 to n do with hstb[i] do
Begin
Writeln(bfile, matb);
Writeln(bfile, tentb);
Writeln(bfile, nsx);
Writeln(bfile, giatri);
Writeln(bfile, soluong);
Writeln(bfile, noisd);
Writeln(bfile, tinhtrang);
End; -
Close(bfile):
End;



Procedure ds_vttb:
Begin
Assign(bfile, "hstb.dat’);
Reset(bfile);
Writeln(bfile, n);
Writeln(n);
For i: = 1 to n do with hstb[i] do
Begin
Read(bfile, matb);
Read(bfile, tentb);
Read(bfile, nsx);
Read(bfile, giatri);
Read(bfile, soluong);
Read(bfile, noisd);
Read(bfile, tinhtrang);
- Writeln(matb, tentb, nsx, giatri, soluong, noisd, tinhtrang);
End;
Close(bfile);
Procedure timkiem;
Begin
Write(‘Nhap ma thiet bi can tim :’);readln(matb)j
~ Fori:=1tondo
If hstb[i_] .matb = matim then
With hstb{i] do
Begin
Writeln(*ma thiet bi :’, matb);
Writeln(*Ten thiet bi: *, tentb);
Writeln(‘Nuoc san xuat :’, nsx);
Writeln(‘Gia tri :°, giatri);
 Writeln(‘So luong :’, soluong);
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Writeln(‘*Noti su dung :’, noisd);
Writeln(‘Tinh trang :’°, tinhtrang);
End;
Readln
End;
Begin {chuong trinh chinh}
Nhap;
Ds_vitb;
Timkiem
End.

3.3. KIEU DU LIEU TAP HOP

3.3.1. Tap hop va khai bao kiéu tap hop

Trong todn hoc ta da biét tap hop gém nhitng phén tir ¢é cling mot s6
tinh chét nao dé, vi du tap céc s6 tu nhién, tap céc s6 thuc, tap cc s6
nguyén, tap cic chir cdi. Mot tdp khong cé phén tit ndo goi 1a tap tréng,
kyhi¢ula &.

Trong Cong nghé théng tin sir dung tap hop nhu 13 mot loai dit ligu c¢é
* cédu tric, duoc hop thanh tir nhitmg phén tir c6 cung kidu dit lieu v6 huéng
(integer, char, boolean, liét k&, byte, mién con) trir kiéu thuc real khong
dém dugc. S6 luong phén tir cuc dai trong tap hop tuy thudc vao tlmg cai
dat cu thé, vi du Turbo Pascal con s& d6 13 256,

Khi sir dung dit ligu kiéu tap hop thi phai dinh nghia kidu tap hop cho
ching. Kiéu dit lieu vo huéng chia cdc phin tir ciia né phai dvoc xdc
dinh qua khai béo type kiéu dir liéu t4p hgp hodc khai bdo truc tidp
trong phan var.

3.3.1.1. Khai bdo kiéu tip hop
Cit phap:
Type
<Ten kiu tap hop> = set of <kiéu v6 huéng>;
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Khai bdo ndy da gin cho t#n kiéu t4p hop mét mién gid tri xdc dinh -
1a mét tép hop cdc phdn tir, mbi phin tir cé kiéu dit liéu di viét trong cau
lénh. Tén kidu tap hop nay s& dugc ding trong khai bdo bién var. Cling
nhu cdc kidu dif liéu khéc, trong khai béo bién var ¢4 thé ¢ khai bio truc
ti€p kiéu dir liéu cho tén bién kiéu tap hop.

3.3.1.2. Vidu
Vi du 3.22: Mot s6 khai bao kiéu tap hop.
Type |
MAU = (BLUE, BLACK, RED, WHITE); {cdc mau sic}
NGAY = (HAI BA, TU, NAM, SAU, BAY); {thit trong tudn}
NGUYEN = set of 0..256; {tap cic s6 nguyén}
Var
P, Q: NGUYEN;
WORKDAY: set of NGAY; {tap cic ngay lam viéc}
COLOR: set of MAU; {tap cdc mau sic}
CHUSO: set of 0..9; {tap céc chif s6}

Biéu dién tap hop nay thiét lap mot tap hop trong PASCAL duge thuc
hién bang céch biéu di€n liét ké hay biéu dién mién con, dat trong cap
ngoac vuong (dimg nhdm véi ddu ngodc vudng trong phin DOS).

Vi du 3.23:

[ ] (tap tréng), [...256] (tp cdc s6 nguyén tix 0, 1, ... 256)

[true, false] (tap gid tri logic)

['iy ..., 'y, 'x'] (tap hop cdc chir tir i d€n n va hai chit y, x)

[XANH, DO, TIM, VANG, TRANG, DEN] (t4p c4dc mau).

3.3.2, Cac phép toan déi véi dix liéu kiéu tap hop

D6i véi céc dit lieu kiéu tap hop c6 céc phép todn gan tap hop, hop (+),
giao (*), hiéu (-) hai tap hop va cic phép tinh quan hé, phep thudc vé (in).
Ta 1an luot xét ching.
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3.3.2.1. Phép gin

Ciphdp: X =E; |

Trong d6 X I bi€n kiéu tap hop, E.12 biéu thic tap hop, cic phan tir
cta E va tap X phai ciing kiéu co sd,

Vidu 3.24:

Cho P, Q 12 bién tap hop kiéu nguyén tir 0 dén 256 trong vi du 3.22,
khi d6 c6 thé gin

P: =[18..60]; Q: = [50];
D61 véi cdc bién khic:
WORKDAY: = [HAI, BA]; COLOR: = [BLACK];

Tép réng c6 thé gan cho moi bign tap c6 kidu v6 huén g bt k.

3.3.2.2. Cdc phép hop, tuyén ( giao), hiéu (+, *, -)

Ba phép nay gidng nhu trong ly thuyét tap hgp. Néu A va B 13 haj tap
hop cling kidu thi:

A + B 1a mét tap hop gbm nhimg phin tir thudc A hodc thudc B;

A * B 12 mot tap hop gém nhitng phin tir thudc déng thdi A vi B;

A - Blamot tap hop gém nhimg phén tir thuéc A nhimg khéng thugc B.

Vidu 3.25:

Cho A:={1,3,5,7,9, 10}, B: =2, 4,6, 8, 10, 207;

Khidé A +Bsgla [1.20; A*Bse A [10; A-Bla [1,3,5,7,9].

3.3.2.3. Cdc phép tink quan hé

Céc phép todn quan he d6i véi céc tap hap hay biéu thitc tap hop cho
két qua kiéu boolean. Néu E 12 bidu thitc tap hop, A va B 12 hai tap cing
kiéu thi: . |

Ein A cho true néu E thuge A, nguoc lai 1 false: |

A =B cho true néu A tring (bing) B, nguce lai false:
A<>B c¢ho true néu hai tap A vi B khic nhau, ngwoc lai false;
A<=B cho true néu A 13 tap con cha B, 'h'gqué lai'false;' :

A> = B cho tiue néu B 13 tip con clia A, nguoe lai félsé." -
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Vi du 3.26: Viét chuong trinh tim tat ¢ cdc s6 nguyén t6 cia 100 s
tu nhién d4u tién.
Program SNTO;
Const N = 100;
Type THOP = set of 2..N.
Var
N1, NEXT: integer;
SNTO1, STN: THOP;

Begin
STN: = [2..N]; SNTO1: = [1]; NEXT: = 2;
While STN <>[ ] do

Begin N1: = NEXT;
While N1 < =Ndo
Begin
STN: = STN - [N1]; N1: = N1 + NEXT

end;
SNTO1: = SNTO1 + [NEXT];
Repeat NEXT : = NEXT + 1
Until (NEXT in STN) or (NEXT>N)
End, (Viét s6 nguyén t&*)
for N1:=1to Ndo

if N1 in SNTO1 then write (N1);
writeln
~end.

Sir dung kiéu dit liéu tap hop rdt tién loi khi dién dat cic ménh dé tinh
todn. Trong vi du sau ddy, thay vi mét loat phép tinh kiém tra xem ky tu
dura vao tit ban phim c6 phai 14 chit cdi khong;:

' If(KT="A" or (KT ='B) or.... or (KT = 'Z') then <cu lénh>;
-Ta chi cén viét:
If KT in 'A'.."Z' then <ciu lénh>;
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Vidu3.27:
Program nhapDat;
Var
KT : char; Error: boolean;
X:setof 'A'..Z
Begin write ('Dua vao ky tu:"); readln (KT);
Repeat Error: = false;
If not (KT in X) then Error: = true;
Write (‘'Dua vao ky tu:')§ readln (KT);
While KT <> "' do
Begin
if not (KT in ['A"..’Z, '0"..'9']) Then Error: = true;
Write ('Dua vao ky tu:"); readin (KT);
End;
Writeln;
If Error then writeln ('Vao sai’);
Write ('Nhap vao ky tu:"); readln (KT)
Until KT ="' .
End.

3.4. CON TRO VA CAU TRUC DU LIEU PONG
3.4.1. Khai niém

Dung con tré véi cic thi tuc new, dispose s& cho kha nang c4p phat vi
giai phéng céc viing nhé cho cic bign trong khi thuc hién chuong trinh,
khoéng cén gi6i han kich thudc cia ving Iuu trit. Nhiing dit lieu duge x4c
dinh trudc béi khai bio tén trong chuong trinh va tén tai trong suét qué
trinh chuong trinh thue hién goi 1 di lidu fink. Dix liéu ma c6 thé dugc
sinh ra va mét di trong qud trinh thue hién chuong trinh goi 13 dir liéu
dong. Viéc truy nhap dit liu déng phai thong qua mét bign con trd, trd
161 b0 nhé ciia bi€n dong (dynamic variable). 3 méi thdi diém tinh tosn,
s& ¢6 mot viing nhé nao dé lién két véi bign ddng ndy, nguge laj déi véi
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bién tinh, viing nhé lién két véi né duge cap phdt khi dich chuong trinh va
cd dinh trong qud trinh thuc hién chuong trinh.

Ky hiéu p la bién kiéu con trd, p? s& 12 bién déng, chia gia tri dit liéu
& ving nhé ma con tr6 p chi ¢én.

Chiing ta c6 thé mo ta con trd nhu sau:

B nhd:
Contrd P © 1000
1000 //A;/// )
1001
1002

Trong so dé trén, con trd P c6 gid tri 13 1000 - 12 dia chi ciia 6 nhé ma
chita n6i dung cua bién dong PA.

Trong thuc t& chiing ta it quan tdm dén dia chi thuc cta con tré P
(trong vi du trén, la dia chi 6 nhé c6 gid tri 1000) ma chi 12 ndi dung cua
né, titc 1 dia chi cha bién dong P» (la gid tri 1000).

Khi con trd chua duoe dinh nghia hay réng thi bién dong P~ 12 chua
duge xdc dinh.

Déi véi con trd cb thé thue hién cic phép gan va cdc phép so sdnh =, <>.

Phép so sdnh =, < > diing dé so sdnh hai con tré xem chiing ¢6 trd dén
cling mét dia chi hay khéng hoac chiing 6 réng hay khéng.

Céc phép so sdnh sau la hop I§:

P1 =P2;
‘Pl< > Nil;
- Dé6i véi bién dong P* Phép gin 1a gan ndi dung dif lidu:
P17 : =P2%;
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P1 —= P1A

P2 ——w P2

Viéc tao ra bi€n dong ciing nhu xod né di d€ giai phéng bd nhé duge
ti€n hanh nho céc tha tuc NEW va DISPOSE d ¢6 sén ciia Turbo Pascal.
Dé truy nhap vio cdc bién dong, dugc ti€n hanh nhé c6 cic bién con trd
(Pointer Variable). Céc bi€n con tré duge dinh nghia giéng nhu cdc bién
tinh trong phdn khai bdo & ddu chuong trinh. N6 s& duoc dung d€ chia
dia chi cila cdc bién déng.

3.4.2. Khai bao con tro, bién dong

3.4.2.1. Khai bdo con tro

Kiéu con tré 1a mot kiéu trd dén (chi dén) mot viing chia dit liéu chia cic
bién dong, cdc bi€n nay c6 thé c6 céc kiéu dit liéu nhu di hoc nhu Integer,
Real, Char, Boolean, String, Array, Record... D€ phan biét véi kiéu dit liéu
finh, kiéu con trd cé ddu A ding trude. Vi du: Alnteger, "Real, AChar,
ABoolean, AString, AArray, *Record...

Giéng nhu céc kiéu dir liéu da xét, trong chuong trinh néu c6 sit dung
kiéu con tré, né phai dugc khai bdo nhu céc kidu dir liéu khéc bang 1énh
TYPE nhu sau:

TYPE <tén kiéu con tro> = A<kiéu dit lieu >;

VAR <danh sich bién con tré>: <tén kiéu con trd>;
Trong dé:

- Tén ki€u con trd; 1 tén duge dét theo qui tic dat tén ciia ngon ngi
Pascal. : o

- Kiéu dit liéu: 12 mét trong cic kidu dit liéu nhy Integer, Real,
Char, Boolean, Record.., ' :

- Déu / : ding truéce kidu di litu d€ chi d6 Ia kiéu con trd,
Vi dy: Cin khai bdo 4 kiéu con trd c6 tén 13 IntPtr, CharPtr, RecPtr
va DcPtr: C '
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Type IntPtr = Alnteger;
CharPtr = AChar;
RecPir = ARecord
Hoten : String[25];
HSLuong:Real;
NamCongtac:Integer
End; _ _
DcPir = ADiaChi; {Kiéu DiaChi dugc khai bdo sau}
DiaChi = Record
SoNha: String[10];
DuongPho: String[25];
ThanhPho: String[15]
End; -
Var a, b: IntPtr;
c, d: CharPtr;
e, f: RecPtr;
g, h: DcPir;

Chii y: Turbo Pascal cho phép khai bio kiéu con tr6 truée khi khai bdo
kiéu clia dit lieu hoac kiéu cia bién dong (Xem vi du trén DcPtr).
* C6 thé khai bdo truc tiép:
Var  a, b: Anteger;
C, d: AChar;
E, f: ARecord
Hoten : String[25];
" HSLuong: Real;
. ;NainCorigtac:Intcger
L -..G h ’\DlaChl, [Con trod: kha: bdo mrélc kha1 béo D1aCh1 ]

DiaChi = Record
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“ SoNha: String[10];
DuongPho: String[25];
ThanhPho: String[15]

End;

3.4.2.2. Bién dong va truy nhdp bién dong

Cho p la bién ki€u con trd, p* s& la bién dong. D€ truy cip vio mot
bi€n dong cd dia chi ndm trong bi€n con trd ta ding dgu A ditmg 1:én sau
tén cha bién con trd. Vi du: ah, bA, cA, dA, eA, fA, g™ va h

Thong qua khai bdo, chuong trinh dich s& cop ph4t ving nhé cho cdc
bién con trd d€ truy nhap vao bién dong & vi du trén nhur sau:

- Bién con trd a, b chifa dja chi clia bién dong aA, b, 1a céc viing nhé chita
s& nguyén.

- Bién con tr6 ¢, d s& chifa dia chi cta bién dong c*, dA; 1a cic viing nhé chita
ky tu.

- Bi€n con tro e, f s& chita dia chi clia bién dong en, fA; 1a cde ving
nhé chita di liéu ki€u ban ghi.

- Bi€n con trd g, h s& chita dia chi cia bién dong g”, h*, Pé 1a cic
viing nhd.chifa dit li¢u kiéu ban ghi.

* Chis y: DE truy nhap vio bi€n con tré kiu méng ta phai viét dau A
sau tén bi€n mang nhung trudc chi s6, vi du: ati]. Nguge lai, dé truy
nhap dé€n méing cdc con tré ta phéi viet dfu A sau chj 50, vi du: b[i]r
(Xem vi du phan sau).

3.4.2.3. Cdp phdt viing nhé cho con tré

Tru6e khi muén truy c4p dén mét bién dong, ta phéi ti€n hanh cép phat
viing nhd cho con trd clia né bing thi tuc NEW nhut sau:

- Ctt phdp: NEW(p); Vi p 13 con trb.

- Tdc dung: Nho c6 lénh trén, chuong trinh s& tao ra mét ving nhé ¢
kiéu va kich thu6c tuy theo kiéu va kich thute d3 khai béo ciia p. Sau d6
ta méi c6 thé truy cap vio bién dong bang cdch kém theo dfu A sau bién.
Néu trong mét chuong trinh ta ding n 14n New(p) lién tiép, thi may s& tao
ran con trd c6 cling mot kiéu. Khi d6, con trd P ludn trd téi bién dong pA.

- Vidy: Xem vi du & phén duéi.
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3.4.2.4. Gidi phong vang nhé ciia con tré

- Tde dung: Sau khi 1am viéc xong, mét con trd khéng duge dung t6i
nita, ta c6 thé giai phéng né d€ thu héi lai 6 nhd né chi€ém dung danh cho
cong viéc khdc. Mudn vay ta phai diing tha tuc DISPOSE nhu sau:

- Cii phdp: DISPOSE(p); v6i p 14 con tro.

- Vi du: Xem vi du & phan duéi.

3.4.3. Céc thao tac d6i véi bién con tré

3.4.3.1. Phépgdan (: =)
-Vidu: Var pl, p2 : Mnteger;
Begin

Pl: =P2;
Lénh gan nay s& 1am cho hai con trd P1 va P2 cling chi dén mot ving
chira dif liéu:

.
PA - P17
Trude khi gan: {
P2 » P24
San khi gan: P1 P14
¥,
P2 P2~ |

-

3.4.3.2. So sdnh hai bién con tré cang kiéu

Ta chi c¢6 thé so sénh hai bién con trd ciing kidu bang céc phép so sénh
= (bing) va <> (khic). ‘ :

Vidy:  ifa="b then Writcln(‘a bing b");
3.4.3.3. Hdng con tré NIL

Nil 1a mét gi4 tri hing dac bi¢t danh cho bi€n con trd dé bdo con trd
khong chi vao dau ca. N&u ta gén hing Nil nay cho mot bién con tro thi
c6 nghia bién d6 khong chi vao dau ca.

-Vidy: a = Nil; .{ a khong chi vao dia chi no }
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3.4.34.Chiy:

- Céc gid trj cia bién con tr6 khong thé doc tir ban phim bang thi tuc Read
va Readin cfing nhy khong thé dua ra man hinh hoic mdy in bang thi tuc
Write va Writeln.

- Vi dy: Can nhap va in cdc gid tri cho bién con trd kiéu ban ghi.

Program ban_ghi_dong;
uses crt;
Type kbg = Record
Ma_CB:Integer;
ht:string[25];
DonVi:string[5];
HesoLg:real
End;
Var HsCb:array[1..20] of Akbg;
i,n:integer;
Begin
Clrscr;  Write(N= "};Readln(n);
Writeln('Nhap so lieu vao mang dong:');
Fori:=1tondo
Begin
New(HsCb[i]):
Write(Ma_CB['i,'|= "};ReadlIn(HsCb{i]*.Ma_CB);
Write(Ho ten = ');Readln(HsCb[i]A ht);
Write('Don Vi ');Readln(Hst[i]".DonVi);
Write(' HesoLg = ');R_eadln(Hst[i]’\.HcsoLg);
Dispose(HsCb{i]);
end;
- Writeln('Dua du fieu mang dong ra man hinh:');
L e —
Writeln(: Ma_CB: Hoten : DonV1 :He so Luong:");

Writeln(':---cemmee-v: S : ),
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For i:=1 ton do

Begin
Write(HsCbfi]*.Ma_CB:4);
Write(HsCb[i]4.ht:25);
Write(HsCblij*.DonVi:7);
Write(HsCb[i]A HesoLg:8:1);
Writeln;

end;

WriteIn(':-----: smmmmel ¥

Readln;

End.

3.4.4. Mot s6 van dé mé rong, di sau déi voi con tré

3.4.4.1. Nhitng kién thitc ning cao vé con tré

- Cin phan biét sy khdc nhau gitta bién thong thudng va bién kiéu
con tro.

Trong k¥ thuét 1ap trinh, con trd 1a khéi niém tuong d6i trima twgng va
khé hidu d6i véi sinh vién. Thong thudng sinh vién chi quen v&i céc tén
bién cu thé, khi viét c:= a+b thi ho hinh dung 3, b 1a 2 gid tri cu thé v s&
cho ¢ mot gid tri cu thé, 1a tﬁng clia 2 56 a, b. Khi a va b 12 2 bién con trd
thi a trd vé dia chi chifa gid tri a%; b tré vé dja chi chifa gid tri b nén phép
cong a+b khong hop 1¢ nira (khong dugc cong 2 con trd). Phép cong
aMbA s 12 t6ng chia 2 56 G tai dia chi ma a va b tré dén.

- Giatn l;huc suf cua con tro ?

Gié tri thifc sy cia con 1ré 12 dia chi 6 nhé ma s& chifa dit li¢u cla bién
dong ing véi con trd, con dia chi ctia ban than con trd thi do chuong trinh
dich quyét dinh, ban than ngudi 14p trinh khong cén quan tam.

3.4.4.2. Nhiing khdc biét trong ctich su dung con tro trong cdc ngon
ngit C, C* va Pascal _

' - Trong khai bdo:
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Trong Pascal

Trong C va C™

Type
<tén kiéu con tré> = A<kiéu dit lidu>;
Var

<danh séch bién con tro>:<tén kidu
con tro>:

<danh sédch bién con trd>:A<kiéu diy
lidu>;

Trong d6 <kifu dir lidu> cé thé 1
integer, real, char, boolean, record. ..

Vi du: Var intPtr : AMnteger;

<kiéu dit liéu> * <tén bién con tré>;

Trong d6 <kiéu dit liéu> cé thé 1a
int, char, void, double, long, struct,
kiéu 16p, ki€u ham...

Vidu :int *a, ¥b;

- Trong khdi tao gi4 trj cho con trd:

Trong Pascal

Trong Cva C™

Trong Pascal, khai bio bién con trd chi
mdi cung cdp thong tin vé tén bign va
ki€u dit lieu con trd. Dé khoi tao con
tro diing thi tyc:

New(tén bién con trd)

cdp phit ving nhd cho né. Khi khéng
dung con tr6 nita thi sir dyng thii tuc:

Dispose(<ten bién con tré>)
dé thu héi lai b6 nhé clia né.

- Con tr6 duge khoi tao v khoi gén
déng thoi bing 1énh gin <tén con
tré> = <dja chi>;

- St dung thd tuc New va Delete dé
cp phit va thu héi bo nhé d6i véi
con tro;

<tén con tro> = New <tén ki&u dit
lidu;

Delete <tén con trd>;

- Viéc ldy dia chi chia mot bign dé
gan gid tri cho con trd c6 thé ding
todn tr mot ngdi &, vi du:

Intm,n=10, *p;
P=&n; .
M = *p;

- Trong sitr dung con trd;

Muc dich sit dung con trd trong Pascal vi c cH déu giong nhau, déu
quan tam dén bién dong cha con trd, chi khic & céch vi€t. Trong Pascal,
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bi€n dong cha con trd p duge viét 1a p?, con trong C, C™ dugc viét 1a *p.

Ngoai ra trong Pascal khong cé todn tlr mot ngoi &, trong C va C™ lai .

diing &<tén bi€n> dé 14y dia chi cia bién.

- Trong viéc két hgp con trd véi céc kiéu dit liéu khac:

Con trd chi 12 tham chifu dén dia chi viing nhé, con dit liéu tai ving
nhé d6 c6 kidu gi thi phai duge khai béo trong cii phdp khai béo con tro.
Khai niém két hop & day khong phai 1a phép ghép, phép cong ma la
"théng qua", "dua vio". Khi néi con tré p cé kiéu integer thi dugc hiéu la
né trd dén viing dit liéu kifu integer, con trd q c6 ki€u record(struct) thi
duge hiéu 12 né trd dén ving dif liéu kiéu record(struct) véi cdc trudng
xéc dinh.

Ngoai ra trong C va C** c¢dn ¢6 médt con trd dic biét 1a con tro void cé
cu phap:

Void *<tén bién con tro>;

Khi khai bdo béi void, con trd s& dugc hifu 1a con tré khéng kiéu va
né c6 thé nhan dia chi ctia d6i tuong c6 kidu batky. ,

3.5. DANH SACH LIEN KET

3.5.1. Giéi thiéu

Chring ta di xét cdc loai cdu tnic ngin x€p, hang doi, da thic, ma
tran... 12 nhiing loai danh séch tudn ty, c6 trat ty. Pa thic dugc sip x€p
theo trat tu s6 mii, cdc ma tran duge b6 tri theo trat ty hang cot. Chiing ta
d4 sir dung méng dé cai dat cdc danh séch tudn ti, trong phuong phdp nay
ching ta ngdm hiéu thit tr cha méng “chi dit 1d thi ty x 1§ clia cdc phdn
tir dir liéu. Do céch cai dat nay ma méi khi chén hay xod mot phin tr
chiing ta phai dich chuyén cdc phdn ti khdc d xdc dinh lai trét tr cla
méng. Diéu ndy 14t ton thdi gian trong trudng hop phai thudng xuyén
chén - xo0d. '

Dé khic phuc diéu ndy, chiing ta sit dung cdu tric dif ligu ki€u danh
sich lien két. N&u nhur trong danh sdch tudn tw, thit t cde phan tir duge
ngdm hiéu, dugc 4n, thi nguge lai trong danh sich lién két, thit nr céc
phén tir & dang hién, dugc bi€u dién 13,
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Mét danh sdch lién két 1a mot day, mot tap céc nit, mi mit c6 2 phén
1a phdn Dif li¢u va phan Lién két:

Dit ligu Lien ket

Vidu:
Gia sir ta c6 danh sdch luu trong mang 1 chiéu:

An
Khanh
Gidam
Binh
Céu
Loan
Minh

Hing
ba

oo | =2 oy e w ]

D€ thiét 1ap mot trat ty theo van ABC ma khéng cdn phai dich chuyén
lai cdc phén tir, ta thém 1 c6t chi méi lién két:

Du_Lieu Lien_ket

| An 4

2 Khanh 6

3 Giam 8

4 Binh 5

5 Cén 9

6 Loan 7

7 Minh Nil
8 Hing 2

9 Pa -3
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Gia tri cdc phan tit trong cot Lién két nay s& trd dén céc phén tir trong
cOt Dit fiéu. Néu ta bit ddu tir Du_Lieu[1] = AN, va ta dit mot bién con
tré P 6 gid tri ban ddu 1a 1. Theo trat ty, sau An I3 Binh & Du_Lieu{4],
nén dé tré6 dén Binh thi LienKet[1] = 4; sau Binh 12 Ciu & Du_Lieuf5]
nén LienKet[4] = 5,..., cif thé cho dén sau Loan & Du_Lieu[6] 14 Minh &
Du_Lieu[7] nén LienKet[6] = 7, sau Minh & Du_Lieu[7] khéng cé gi nén
ta dat LienKet[7] = Nil.

Ta ¢6 danh séch lién két:

P

ﬁﬁm 4| Binh |B[~™|Cau 9|7 |Pa |3|7"| Gidm [8| "

Hing {2 |~ Khanh {6 ™| Loan |7 || Minh | D

Vi kiéu danh sdch nay khi chén hay xod mot phén tir khong cdn phai
dich chuyén cdc phén tl khéc trong danh sdch.

Dé cfu triic dugc mét danh sdch lién két, trude hét phai dinh vi duoc
phin tir ddu tién trong danh sdch. Khi cho vi tri clia mot niit bt ky trong
danh sdch, ta c6 thé x4c dinh duge nidt ma ndé lién két tdi.

Mot danh séch lién k&t gém:

- Mot tip céc nit

- Méi niit 12 mot ban ghi trong dé c6 hai trudng: trudng di ligu va
trudng lién két - con trd méc néi. |

Phén dif liéu ctia mdi miit luu trif dit li¢u, phdn con trd lién ket s chi
dé€n niit ti€p theo. Khi & cu6i danh sdch, con trd lién két khong chi vio
dau c, ta ndi ring né 12 réng (Nil).

N&u P 1a con trd, trd d&n mot niit ndo d6 trong danh sich lién két, ta ky
hiéu phin dif liéu clia mit nay 1a Du_Lieu(p), phdn lién két 1a LienKet(p).
D€ tao mét danh séch réng ban ddu ta gén gid tri Nil vio dau danb séch.
Dé kiém tra mot danh sdch réng hay khong ta chi viéc xéc dinh ddu danh
sdch c6 gid tri Nil hay khong.
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3.5.2. Cai dat danh sach lién két trén co s6 mang
DE gi6i thiéu céc thao tic véi danh séch lién két, ta cin moét s6 khai béo:
Const Max = 100;
Type Kieﬁ_Ptu = <kiéu dif lidu>;
Kieu_LienKet = 0..Max; (* Kiéu lién két *)
NodeType = Record
Du_Lieu : Kieu_Ptu;
LienKet : Kieu_LienKet;
end;
NodeArray = array[1.. Max] of NodeType;
Var Node : NodeArray;
free :Kieu_LienKet; (*mot bién kiéu lién két chi dén niit tu do *)
List: Kieu_LienKet ;(*Bién chi dén niit ddu tién trong danh
sdch lién két *)

3.5.2.1. Tao mot danh sdch lién két rong

Procedure Create(var List : Kieu_LienKet);
Begin
List : = 0 (*Nil*)
End;

3.5.2.2. Khdi tao vitng cdc niit twdo d¢ luu trit cdc nit

Procedure InitializeStorage;
Vari: 1., Max;
Begin
fori: =1 to Max -1 Do
Nodefi]. LienKet : = i+1; (*chi dén 6 sau *)
Node[{Max ].LienKet: =0; |
free: =1 |
End;



Chis6 mang  Data Next

List — | An 2

Free=2 -2 3
3 4
4
3 5
6 6
7 7
8 8
9 0

Tha tuc nay tao mot tap cdc nit réng dé€ luu trit cdc phdn tir cla
danh sdch.
3.5.2.3. Thii tuc nhdn mét nit d€ tiép nhén dit liéu
Procedure GetNode (var P : Kieu_LienKet);
Begin P: = free;
If Free < > 0 then Free : = Node[free).LienKet
Else Writeln(' vang luu tri¥ 1 réng’ )
End; ' '
MBi khi dua thém 1 phén tir méi vio danh sdch phai thyc hién thil tuc
nay 1 14n va con trd free s& tré vio niit tréng k€ tiép.
Vi dy: DPua An vao mit ¢ dia chi 1, bién List ddu danh sdch chi vao 1,
Itic d6 viing tr6ng bét ddu tir dja chi 2, free dat bing 2:
Chis6 mang Data  Next

: List - 1 An 2

Node[1]. Du_Lieu : ='An’; free=2—2 3
List : = free; i ;1
free : = Node[1].LienKet; 5 p
6 7

7 8

8 9

9 0



Sau day 12 so d6 dit ligu khi thém cédc ndt dif liéu vio viing hnu tri.

Chis6 mang Data Next Chis6 méng Data Next
List — 1 An 2 List > 1 An 2
2 Binh | 0 2 Binh | 3
Free=3 -3 4 3 Ciu 0
4 5 Free=4 54 5
5 6 5 6
6 7 6 7
7 8 7 8
8 9 8 9
9 0 9 0
Thém Node thir | Thém Node thi 3

3.5.2.4. Gidi phong mot nit, trd vé ving luu trit nit tu do

Khi ta xéa mot mit, c4n phai dwa n6 vé ving hwu trit cdc nit tu do dé
dung ti€p sau nay.

Vidu: X6atén "Binh" trong danh sich trén, ta cé so dé:

Chis6 mang  Data Next

List — 1 An 3
Free=2 572 | Binh
Céu

O [ [~ o |w || w
Cl|wiww |~ ]| | e
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Tap niit tréng bay gid 1a:

Chis6 mdng  Data Next
Free=2— 2 | Binh 4

Wi | ~1|ov]h| &
S|lw|lw]| || w

Ta ¢6 thu tuc:
Procedure ReleaseNode( P: Kieu_LienKet );
Begin Node[P]. LienKet : = free ;
Free: =P
End;
Ta khong cén phdi xod dit lieu hién & Node[p]. Du_Lieu. Sau nay néu
nut dugc dung lai, né s& bi dir lieu méi ghi de.

3.5.2.5. Ham kiém tra danh sdch cé rong khong
Function Empty(List : Kieu_LienKet): Boolean;
Begin Empty : = (List = 0)
End; '
3.5.2.6. Thi tuc xu Iy dix liéu cdc nit trong danh sdch
Xir ly dir liéu danh sich Ia ta truy nhap dén dugc timg mit va xu 1y
phin Du_Lieu. Cé nhiéu phép xi 1§ khdc nhau, d€ don gian ta chon céng
viéc x{r 1y 12 hién gi4 tri dit liéu 1én man hinh.
Procedure XuLy(List : Kieu_LienKet);
Var Pht: Kieu_LienKet; (* Bién lién két chi dén node hién thoi dang
xu iy *)
Begin
P,,: = List;
While P,, < > 0 Do
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Begin
Write(Node[P, ].Du_Lieu);
P, : = Node[P, ] LienKet -
End; Writeln
End;

3.5.2.7. Thém nit vao danh sdch

a) Thém vao ddau danh sdach
Dé them mot miit vao diu danh séch, truée hét phéi nhén m6t nit méi
va Iwu trit di¥ liéu vao d6. Ta cdn thiét lap mdt thii tuc dé nhan dugc mot
nat trong mét ving luu trit hién c6.
* Nhén niit, x4dc dinh P,,
* Géan Du_Lieu {P,] : = <dif liéu méi >;
- @ Cheén niit ndy vao ddu danh séch: _
LienKet[P, J: = < D4u danh sich>,
<Ddudanh séch>: =P, .

Ta cé so dé:
Pt l List
Du_ | Lien | -Bu_ | LienkK | Bu_ | Lien
Lieu | Ket Lieu et ™1 Lieu Ket »

b) Chén thém mot mir.i’cicfa éf:?a .danh sdch sau mot niit xdc dinh |

* Nhan mét nit réng |

* DatDu_Lieu[P,): = <Diy l1éu>;
LienKet[Pht]: = LienKet[P
LienKet [P, ]: =P, ;

Ta ¢é so dé:

ll’l.lOC] »
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Dui Lien ) Du_ Lien Du_ Lien
Lieu | Ket ™ Lieu Ket | W ST Lieu Ket [—*
| pu_ | Lien |
Lieu Ket
Pr

Ta gop hai truong hop trén vao trong mét tha tuc nhur sau:

Procedure Insert (var List: Kien_LienKet ; Itemn: Kieu_Ptu;
P, . Kieu_LienKet);
(*P,00: Dién lién két chi dén vi tri trudc vi tri can chén vao *)
Var
Pht: Kieu_LienKet(* bi¢n lien két chi dén nit méi can duoc chén
vao¥)
Begin .Getnode(Ph,);

Node[P, ]. Du_Lieu : = Item; ' Chén
IfP,__. =0 Then - them
Begin Node [P, ].LienKet : = List ; ;gﬁ
List : = Py, , danh
End
Else
Begin e Chén
Node[P,}.LienKet : = Node[P,,,,]. LienKet; vao giita
danh
t; =
Node [P,yoc)- LlenKe P, sich, sau
End Node
End, . : ' [P lruoc]
3.5.2.8. Xod niit |

) Xod & ddu danh sdch
e DatP,:=List
e Dat List chi vao miit thit hai: List : = Node[P,}.LienKet
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¢ Dua niit ddu vé tép cdc niit réng:

PmJ List\

Du_ | Lien Du_ Lien ! Du_ Lien -
Lieu Ket ‘Lieu Ket Lieu Ket
b) Xod nit hién thoi

Chi cén dit lai: P, : =LienKet[P, ]
LienKet{P, ] : = LienKet[P, ]

950

Ta cé so dé:

List

Du_ | Lien | Du_ | Lisn Du_ | Lien Du_ | Lien

Lieu Ket "] Lieu Ket Lieu | Ket "] Lieu Ket
P

Procedure Delete(var List: Kieu_LienKet; P, . : Kieu_LienKet);
Var P,: Kieu_LienKet;
Begin
If Empty(List) then halt
Else
Begin
If Ptruoc = 0 then (*X6a déu danh séch *)
Begin P, : = List;
List : = Node[P,,].LienKet
End .
Else
Begin (*X5a giita danh sdch *)
Py : = Node[P, .. ].LienKet;
Node[P,,..].LienKet ; = Node[P,].LienKet
End;
ReleaseNode(P,,) ;(*Giai phong nut *)
End; '.
End; o



3.5.3. Cai dat danh sdch lién két trén co s& con tro

Chiing ta ding céc ban ghi va mang dé luu trit cdc nit, méi ban ghi c6
hai phan: Dit liéu - Du_Lieu va Lién két - LienKet, cdc niit lién két theo
chi s6 mang. Khic voi cdch cai dat trén, cdch cii dat trén ¢o s& con trd 13
lién k&t con tré chit khéng phai 12 lién két theo chi s6 mang.

Trong muc gidi thi¢u vé con tré va dit litu dong, ta da bigt mdi bién

.con tro dugc khai bdo bang:
TYPE <Tén ki€u con tré> = A<Kiéu dif lieu>;
VAR <Bién con tré> : <Tén kiéu con tré>;
Déi véi danh sdch lién két, ta cé thé khai bao:
Type Kiecu_Ptu = <kiéu dit liéu>;
Kieu_ConTro = A NodeType;
NodeType = Record
Du_Lieu: Kieu_Ptu;
LienKet: Kieu_ConTro
End;
Var
List : Kieu_ConTro;
Chii y: Khi ding con 1o, trong Pascal dd ¢6 2 thit tuc New va
Dispose dé tao con trd mdi, gidi phéng con tro, vi vdy khong phdi viét
cdc thit tuc GetNode va ReleaseNode nhu khi cai ddt trén co so mdng.
Céc thh tuc d6i véi danh sdch lién két trén co s diing con trd, v€ mit
thuat todn vin giéng nhu trong trudng hop ding mang, chi khic & phin
khai bdo con trd.
3.5.3.1. Thiét ldp danh sdch lién két rong
Procedure Create(var List: Kieu_ConTro);
Begin List : = Nil End;

3.5.3.2. Kiém tra danh sich réng
Function Empty(List: Kieu_ConTro ):boolean;
Begin Empty : = ( List = Nil) End;
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3.5.3.3. Xu ly danh sdch

Procedure Xuly(List: Kieu_ConTro );
Var
Py Kieu_ConTro ; (* con trd trd dén niit hién thoi dupe xir Iy *)
Begin '
P,.: = List;
While P, < > Nil Do
Begin
Writeln(P, A.Du_Lieu);
P.: = P,A.LienKet
End
End;

3.5.3.4. Xod nut

Procedure Delete(var List: Kieu_ConTro sPiuoe : Kieu_ConTro );
Var P,: Kieu_ConTro ;
Begin
If Empty(List) Then Halt
Else
Begin If P,,,,,. = Nil then (*xod mir ddu tién*)
Begin
P :=List;
List : = P A LienKet
"End - '
Else (* xod nit hign thoi*)
Begin :
- Py i =P ALienKet;
P LienKet : = P, A LienKet
End;
Dispose (P,,)
El'.ld; o L
End;



3.5.3.5. Chén thém nut

Procedure Insert( var List: Kieu_ConTro; Item: Kieu_Ptu;
P, o Kieu_ConTro );
(*P or - COn tro tro dén vi tri trude vi tri cdn chén vao *)
Var ‘
P,: Kieu_ConTro (* Con 1rd trd dén niit moi cén duoc chén vio*)
Begin New(P,,);
P, . Du_Lieu : = Item; .
If P, = Nil Then Chen

Begin P, M. LienKet : = List ; thém vao
, dau danh
List : =P, sich
End
Else
Begin Chen
P,/ .LienKet : = P, LienKet; ;ﬁohgiﬁ'a
. an
P o LienKet: = Py, sach,
End - _ sau Py

End;

3.5.4. Cac loai danh sich lién két khac

3.5.4.1, Danh sdch lién két vong tron

a) Khdi niém

Danh séch lién két kiu vong tron 12 kiéu danh sich c¢6 phdn tir cudi
ciing lai lién k&t vdi phan tr ddu tién ciia danh sach:

QData Next —=| Data | Next Data | Next |—w| Data | Next :

Néu ta v& lai cdc nit cia danh sich theo kiéu vong tron thi khéng con
phan biét dau 12 mit déu, dau 12 nit cudi, nghia 1A cdc nit déu binh ding
nhu nhau, méi niit déu c6 thé 13 dédu, cé thé 1a cudi:

¥
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Vi céc phén tif nit clia danh sich lién ket vong la binh dang nén dé

khao sét cdc thil tuc d6i véi danh séch nay chi cdn xét trén mé hinh cia 3
niit lién ké:

—» | Data Next Data | Next » Data | Next |—=

b) Chén thém niit vao danh sdch lién ket vong

Tai mét bo 3 nidt bat ky, ta sir dung mot con trd P,, trd téi niit hién thoi
& gitta.
Gia sit cin chén thém mot niit méi vao trudc niit hién thoi.

Nut méi \'

Data q Next

- [jata Next Data | Next Data | Next |—=

P,/

Khi dé:
| | PA e Next : = <dia chi_ cua niit méi>;
<Nit méi>.Next: = PA ..-Next
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Trudmg hop chén thém mdt mit méi vao sau nit hién thoi thi:
PA,, Next : = <dia chi cia nit méi>;
<Nt méi>.Next: = PA Next
(Sinh vién c6 thé tu viét duge hai thli tuc chén thém phén tir cho 2
truong hop trén).
¢) N6i hai danh sdch lién két vong

Gia sir ¢6 2 danh séch lién k&t vong A va B, cin viét cau 1énh dé néi
2 danh sdch d6 thanh mét danh sdch. Ta c6 thé ngit bat ky & mot diém
nao cha timg danh sich d€ néi, dé x4c dinh ta chon mét diém ngét nhu
trén hinh vé& va coi mot niit 12 ddu danh sich A, mét mit 1a cudi danh
sach A, mot nit 12 ddu danh sich B, mét nit 1a cudi danh séch B.
Nhu trén hinh vé, ddu A s& néi sang cudi B, ddu B s& néi sang cudi A,
ta ¢c6 cdc cau lénh hodn déi dia chi <Ddu A.Next> < = > <Ddu B.
Next> nhu sau: '

<Trung gian> : = D4u A .Next;
Pau A Next : = Dau B.Next;

P4u B.Next: = <Trung gian>;

1 -
7 d ~ N
/ A \
" !
Cuoi Pau /
s
il
.
~
Pau AN
Cudi \ B \}
\ /
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3.5.4.2. Danh sdch lién két doi

Danh sdch lién két d6i 14 kiéu danh sdch ma mot niit cé 3 thanh phén ;
Lién ket bén trdi (ky hiéu NextL), Dit liéu (Data), Lién két bén phai (ky
hiéu NextR).

—{ NextL | Data NextR |+—

Khi d€ nhiéu niit ta s& cé so d6:

< NextL| Data [NextR[e] NextL| Data |NextR[3” NextL| Data [Nextr I

Xét thi tyc x6a mét niit, gid sit xéa nit hién thoi(nit & gifta), dé€ tién
Vi€t cau Iénh ta sir dung con trd Py, chi nit cdn x6a, P, chi mit & sau ntt
can x64, P, chi nit & trude niit cin x6a.

PA uoc- NextR : =PA, . NextR;
PA,. NextL : =PA, | NextL
Dispose(P,);

3.5.5. Ung dung cia danh sich lién két

a) Chuong trinh vi du

Ta c6 thé ghép néi céc function va procedures & muc 3.5.2 trén day, b
sung thém mot s& bién va dit li¢u cdn thi€t dé 1am thanh mot chuong trinh
vi du vé& van dung danh séch lién k&t quan 1y mét danh sich sinh vién.

Program dslket; '
uses dos,crt;
const max=100;
type kieuptu=string;
kieulk=0..max;
nodetype=record
di:kieuptu;
lk:kieulk
end;
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nodeArray=array[1..max] of nodetype;
var node:nodeArray;
Ptr.hist, free:kieulk;
Item:string;
m,n,chon,chucnang:byte;
traloi:char;
bg:nodeType;
f:file of Nodetype;
Procedure create(var list:kieulk);
begin list:=0 end;
Procedure InitializeStorage;
var i:1..max;
begin
for 1:=1 to max-1 do node[i].Ik:=1+1;
node[max].lk:=0;
free:=1
end;
Procedure Getnode(var p:kieulk);
begin
p:=free;
if free<>0 then free:=node[free].lk
else writeln('Vung luu tru Rong')
end;
Function Empty(list : kieulk):boolean;
begin empty:=(list = 0) end;
Procedure insert{var list:kieulk;Item:kieuptu;Ptr:kieulk);
var Pht:kieulk;
Begin
Getnode(Pht);
node[Pht].dl := item;
if Ptr=0 then begin node{Pht].lk :=list;
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list:=Pht
end
else
begin node[Pht].lk:=node[Ptr].lk;
node[Ptr]).lk:=Pht

end
end;
procedure Change; | sifa déi thong tin)
begin

\Sinh vién ty thém cdc md lénh d€ siza di thong tin tiy )
end;
Procedure HienDulieu;
var Pht:kieulk;
Begin
Pht:=list;
while Pht <> 0 do
begin writeln(node[Pht].d]:25);
Pht:=node[Pht].lk
end;
readln
end;
Procedure ReleaseNode(p:kieulk);
begin
node[p].lk := free:
free:=p
end;
Procedure Delete(var list:kieu]k;Ptr:kieulk);
var Pht:kiculk;
Begin
If empty(list) then halt-
else begin



if Ptr=0 then
begin Pht:=list;
list:=node[Pht].lk
end
else
begin Pht:=node[Ptr].lk;
node[Ptr].lk:=node[Pht].lk
end;
ReleaseNode(Pht),
end
End;
Begin (*Chuong trinh chinh*)
write("Nhap so phan tu cua danh sach:');
readln(n);
chon:=6;
traloi:="Y";
while upcase(traloi)="Y' do
begin
gotoxy(1,1);

writeln(’ == mzm==; ==
writeln('0.InitializeStorage

writeln('1.Khoi tao danh sachi
writeln("2.Hien du lieu

writeln('3.Them vao danh sach
writeln('4.Sua thong tin d.sh

writeln('5.Xoa |

writeln('6.Ket thuc _
writeln('bam 50 0,1,2,3,4,5,6  déchon

erteln( = ——~. - St e e .



readln(chon);

clrscr;
case chon of
O:InitializeStorage;
1:create(list);
2:HienDulieu;
3:insert(list,Item,Ptr);
4:Change;
5:Delete(list,Pir);
6:halt;
end;

writeln('Co lam tiep khong?(Y/N) %

writeln(’ = == ===");

clrscr;
readln(traloi);
end;
readin
end.

b) Sit dung danh sdch lién két dé viét chuong trink loc ra cde xdu ky tw
bdt ddu bdng mét chit cdi tir A dén Z.
- Chuong trinh s& doc céc chit c4i lun trong file text di ¢6 tir trudc trén
dia tir, xdc dinh xau bat ddu tix chir csi d6 cho dén khi gip dau cich.
Program tcxtCorcordance(input,tcxtfile,ouput);
const MaxString =15;
Type Kieu_Ptu = String;
Kieu_ConTro =ANodeType;
NodeType = Record
Du_Lieu :Kieu_Ptu:
LienKet :Kieu_ConTro;
~end;
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ArrayOfPointer = Array['A".."Z"] of Kieu_ConTro;
Var P, :Kieu_ConTro;
TextFile : Text;
Word :String;
List: ArrayOfPotnter;
Ch:char;
Found,MoreWords: Boolean;
irinteger; .
Procedure CreateList(Var List :Kieu_ConTro);
Begin List:= Nil End;
Function EmptyList(List : Kieu_ConTro): Boolean;
Begin EmptyList := (List = Nil) end;
Procedure Xuly(List:Kieu_ConTro);
Var P,, :Kieu_ConTro;
Begin P,, := List;
While P, <> Nil Do
Begin Write(P,,*.Du_Lieu);
P,, := P, .LienKet
End-;
Writeln

End;
Procedure Search(List:Kieu_ConTro;Item:Kieu_Ptu;

var P, :Kieu_ConTro;var found:boolean);

Var P,:Kieu_ConTro;
Done:boolean;
Begin : o

P, := List; P, := Nil;found := false;Done:= false;

While not Done and (P,, <> Nil) Do
If P,ADu_Lieu >=Item Then
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Begin  Done := True;
Found :=(P, ~.Du_Lieu = Item)
End
Else
Begin
Pioc =Py
P, := P, A LienKet
End
End;
Procedure Insert(Var List:Kieu _ConTro;Item:Kien_Ptu;
P, ee:Kieu_ConTro);
Var Py, :Kieu_ConTro;
Begin
new(P,);
P, A.Du_Lieun := Item;
If P, = Nil Then
Begin P, A.LienKet := List:

List .= P,
End
Else
Begin

P, A LienKet := P LienKet;
P LienKet := P,
.end
end; :
Procedure GetAWord(Var TextFile: Text; Var Word: Strmg,

Var Morewords :Boolean);
Var

Ch :char;
1 :integer;
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Begin
MoreWords := false;

While not MoreWords and not eof(TextFile) Do

Begin

read(TextFile,Ch);

MoreWords := (Ch IN ['A".."Z']);
End;

IF MoreWords Then
Begin
Word[1] := Ch;

For i:=2 to MaxString Do word[i] :="";

i-=1;

If not eof(TextFile) Then read(TextFile,Ch);
While (Ch IN ['A'.."Z'] ) and not eof(TextFile) Do

Begin
1=1+1;
word[0}] := Ch;
word[i]:=Ch;
read{TextF ilc,Ch)
end
end

end; _
Begin (* Chuong trinh chinh *)

For Ch :="'A"to'Z' Do .CreateList(List[Ch]);

Assign(Text.File,'p235.txt');_
Reset(TextFile); |
GetAWord(TextFile,Word,MoreWords}),
WRITELN('Ch =",Ch);
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readln;
(* Lap x4au cdc chit cai *)
While MoreWords Do
Begin
Search(List[word[1]],Word,P, ..found);
IF not found Then Insert(List[word[1]],word,P,..);
GetAWord(TextFile, Word,MoreWords);
end;
For Ch:="A"to 'Z' Do
If not EmptyList(List{ch]) Then
Begin
Writeln('Nhiing tir bat ddu bang ',Ch,"");
Xuly(List[Ch]); '
writeln;
end;
readln

end.

3.6. NGAN XEP VA HANG DQI LIEN KET

3.6.1. Ngan xép lién két

Khi chi cé mit ddu tién trong danh sich lien ket dwge truy nhap truc
ti€p thi ta cé6 mét ca ché 1am viec nhut 13 ngin x€p. Trén co s& con trd, ta
c6 thé khai bdo cho mot ngan x&p lién két nhy sau:

Type Kieu_Ptu = <kiéu dit licu>;
Kieu_ConTro = # StackNode;
StackNode = Record |

Du_Lieu : Kieu_Ptu;

LienKet: Kieu_ConTro

End; ' '
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StackType = Kieu_ConTro;
Var

Stack: StackType;

Cic thao tac chén, 14y ra déu duogc thuc hién & dinh ngén xép.
Procedure Pop(var stack: StackType; var Item: Kieu_Ptu);
(*Th tuc 14y ra Item tir dinh ngan x&p lién két *)
Var P, Kieu_ConTro; (* chi niit & dinh Stack*)
Begin if Empty(stack) then halt (*rong*)
Else
Begin
Item: stack A.Du_Lieu;
P, :=Stack;
Stack:= stack?.LienKet;
Dispose (Pht)
End
End; . _
Procedure Push(Var Stack: StackType ; Item: Kieu_Ptu);
Var
P,: Kieu_ConTro; (* chi miit & dinh*)
Begin
New (Pht);
P, A.Du_Lieu:=Item;
P, M. LienKet:= stack;
Stack = P,
End; : :
Vi du: Chuong trinh ding ngan xép dé chuyén ddi biéu dién thap phan
clia mot s6 nguyén duong sang biéu dién co s6 hai.
Program Coscl0_2;
Type Kieu_Ptu= integer;
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Kieu_ConTro=» StackNode;
StackNode= Record
Du_Licu: Kieu_Ptu ;
LienKet: Kieu_ConTro ;
End;
StackType= Kieu_ConTro ;
Var
So,sodu: integer
Stack: .StackType:
Traloi: char;
Procedure Create(var stack: StackType);
Begin stack: = Nil End;

Function Empty(stack: StackType): Boolean:
Begin Empty := (stack =Nil) End;

Procedure Pop(var Stack: StackType; Var Item: Kieu_Ptu);
Var '
P, Kieu_ConTro;
Begin
if Empty(stack) then Halt (* layra tu ngéin xep rong*)
Else o
Begin
Item: =Stack~.Du_Lieu;
P,: =stack; R
Stack:= stack” LienKet;
Dispose(pht) -
End
End;
Procedure Push(var Stack : StackType; Ttem: I‘(icu_PtLi):;



Var P, Kieu_ConTro;

Begin  New(P,);
P,A.Du_Lieu:= Item;
P, LienKet:= stack;

Stack:= P,
End; '
Begin (*Chuong trinh chinh*)
Repeat

Write (‘Dua vao s@ d€ chuyén déi:");
ReadIn(so); Create(stack);
While so<>0
Begin sodu := sodu Mod 2:
Push(stacks,sodu);
So: =so div 2
End (*while*) ; writeln(‘bi€u dién co 56 2: *);
While not Empty(stack) Do
Begin |
Pop(stack,sodu);
Write (sodu:1)
End;
| Wﬁtélrf; _
Write (‘Lam ti€p hay khong(Y/N)?); ReadIn(traloi) ;
Until not (traloi in ['Y’,’y’]) -
End. o |

3.6.2. Hang doi lién két _
Trong hang dgi lién két, phan tir ‘d4u tién clia danh sdch s& Ja ddu hang
doi, cu6i danh séch 1a cuéi hang doi. Ta sit dung hai con trd cho ddu va

cudi hang dot:

. Déu Cudi
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Type Kieu_Ptu= <kiéu dir liéu>;
Kieu_ConTro=* QueueNode;
QueueNode= Record
Du_Lieu: Kieu_Ptu
LienKet: Kien_ConTro
End;
QueueType = record
Front,
Rear : Kieu_ConTro
End;
Var Q: QueueType
" Cac thi tuc chia hang doi lién két cfing gidng nhu ngan x&p da xét & trén,

3.7. PHEP BE QUY
3.7.1. Khai niém
D¢ quy 1a hign tuong moét thit tuc hay mét ham tham tré dén chinh né.

Mot thu tye dé¢ quy hay ham dé quy gm hai phén:

1. Phan neo (anchor) trong dé tic dong clia ham hay tha tuc dvoc dac
ta cho mot hay nhiéu tham sé.

2. Phén d¢ quy, trong d6 tic dong cdn dugc thyc hién cho gi4 tri hién
thdi cia cdc tham s6 duge dinh nghia bang céc tdc dong hay gi tri duoc
dinh nghia truge dé.

Vi du: D€ tinh giai thira cé thé mé ta dé quy.

- O day phén neo 1a 0! =1

dé quy 12 v6i n>0 thi n! =n(n-1)!
Nl=n*@-1)!
(n-1)! = (n-1)*(n-2)!

0!=I cudi cling di dén phin neo.
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- Viét ham d¢ quy sau:
Function Giaithna(n: integer ) :integer;
Begin if n=0 then Giaithua:=1
Else
Giaithua := n*giaithua (n-1)
End;
Vi du 2: S6 Fibonaci
1
1
2 v6in> 2 méi s6 sau Ia téng cha hai sd trude né
3
5
8 Neo|Fib(1)=1
{Fib(2)=1
Véin>2, Fib(n):Fib(_n—l)+Fib(n—2)

Function Fib(n: integer): integer;

Begin
If (n<=2) then Fib:=l
Else
Fib:= Fib(n-1)+ Fib(n-2)
End;

3.7.2. Vi du vé phép dé quy
Thép Ha Noi:

>
m

I
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Cén phai chuyén cdc dia kich thuéc khdc nhau tir coc bén trdi sang coc
bén phai, v6i cdc luat sau:
1. Khi di chuyén mét dia, n6 phéi dugc dat viio mot trong ba coc di cho
2. Méi 14n chi di chuyén mét dia va phii 1a dia & trén ciing
3. Dia I6n hon khéng duge phép nim trén dia nhé hon. Cho n 13 s6 dia.
Ta lam d¢ quy nhu sau:
Néu n = 1, viéc chuyén dia tir A —» C 12 gii duoc.
1. Gia sit 44 chuyén dugc ddi véi n-1 dia trén ciing & A — B
2. Chuyén dia th n — ¢t C (C 1 coc phu)
3. Chuyén (n-1) dia ti B — C, diing A 1a coc phu:
Chuong trinh:
Program Thap_Hanoi;
Const cocl ='A’;
coc2 ='B";
coc3 ='C,
Var Sodia : integer; _
Procedure Move(n:integer; Dau,Phu,Cuoi :char);
Begin |
If n=1 then writeIn("Chuyen dia tu coc ",Dau,’ sang coc’,Cuoti)
else
begin
Move(n-1,Dau,Cuoi,Phu);
Move(1,Dau,' ",cuoi); _
Move(n-1,Phu,Dau,Cuoi);
end
end;
Begin (*Chuong trinh chinh *)
write('Cho $0 dia : ");readin(sodia);
Move(sodia,cocl,coc2,coc3);
readln
end.
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Nhén xét:
- D& quy tién lgi vé 1ap trinh nhung trong nhi€u trudng hop khong loi
v€ thoi gian tinh:
Khi tinh giai thira theo d& quy, do phic tap la T(n) = O(n); tinh theo
khong dé quy ciing T(n) = O(n). Ta xét lai ham d& quy tinh giai thtra:
Function GT (n: integer): integer;
Var: integer; -

Begin
if(n=0)then GT : = 1
else GT : = n*GT(n-1)
End;
- Tinh d6 phic tap:

+ Véi n = 0, ham phai thuc hién 2 phép toén (so sanh n = 0 va gin
GT: = 1);
. TiclaTO)=2

+ Véi n > 0 thoi gian tinh T(n) bang 2 + thoi gian tinh n*GT(n-1)

T(n) = 2+T(n-1)
Tuongty  T(n-1)=2+T(-2)

T(1) = 2+T(0)
Hay T(n) = 2+2+..+2+T(0) = 2+2+.. A2 (n+1lan) = 2*(n+1)
Hay T(n) = O(n)

Nhung trong thi tuc d¢ quy tinh s& Fibonaci:

T'(n) 22" véi Vn>2.
That vay
V6in>2
T(n) = 2+T(n-1}+T(n-2)
Véin>3

T(n-1) = 2+T(n-2)+T(n-3)
Thay vao T(n): T(n) =4 +2T(n-2)+T(n-3)2 2T(n-2)
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T(n) 2 2T(n-2) 2 2*(2T(n- 4)) = 4T(n- 4) > 2°D7F(1) néu n 18.

T(n) > 2T(n-2) Vn >3
Truy hoi, v6i n >5 : T(n-2) > 2T(n-4)
T(n) 2 2T(n-2) 2 2*(2T(n- 4)) = 4T(n- 4) > 2"*2T(2) néu n chin:

ViT(1) = T(2) = 2 nén trong ca hai trudng hop ta déu c6
T(n) > 2" ¥n>2 - 44 phitc tap luy tien.
Bang dudi day 12 ket qua théng ke thdi gian chay thit ham fib(n) tinh

theo mili giay.
N [w0]15] 2] 2] 22 | 2 28 30
sn | 5| 69 | 784 | 2054 | 2464 | 14121 | 36921 | oeaos

3.8. CAY - TREE
3.8.1. Khii niém
Céu triic dit liéu kidu Tree 1 tap hop cic mit (hay goi 12 dinh) va

nhitng canh ¢6 huéng néi véi cic cap nut vai nhau.

- Niit g6c O khéng c6 canh nio dén né, chi ¢6 tir né di ra
- Niit con - niit di ra tir nit géc

- Ld khéng ¢6 canh nao di ra.
Vi du 1: Cho cay nhu hinh bén,

Nt 1 12 géc

nit 2, 3 12 ntit con vi 1 13 ndt bg
nit 2, 3 con goi 14 niit anh em

nit 7, 8, 9 goi 13 14

Vidu2:Caygiaha.
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3.8.2. Cay nhi phan

Céy nhi phan [a cay trong d6 mdi mit cé nhiéu nhat hai niit con di ra.

/N

Cay nhi phan 13 cong cu mé phong t6t cdc qud trinh 06 2 kha nang xdy
ra: tung hing ddng tién (sdp ngura) va morse:

C6 thé truy nhap d&n mét nuit bat ky clia cay nhi phan néu ta bo trl
mot con trd chi dén miit géc clia cy. Ding céc ban ghi dé bidu dién céc
niit va cdc con trd. Ta ¢é khai bdo cho cay nhi phan:

Type

Kieu_Ptu= <kiéu dif liéu>;
Treepointer= T TreeNode;
TreeNode= Record

Du_Lieu: Kieu_Ptu;

Lchild,Rchild, TreePointer

End;
Var Goc: '_I‘yeePointcr;
Vidu: Cay nhi phan
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C6 thé duoc bidu dién:

|Tréi|5a|Phéi}

L Tai | 30 | eeai | | T | 60 [ enai |

A"

| 16 [ & [ eai | [T

5 | Phai ] | T | o1 | prai |

3.8.3. Khoi (Heap)
Kh6i 1a mot loai cay nhi phan dic biét c6 cac dac diém:

- N6 la mét cay day di, nghia 12 cdc 14 trén cdy nam nhiéu nhat & hai

mifc lién ti€p nhau vi céc 14 & mirc dudi nim & nhig vi tri bén trai nhat
(leftmost positions).

- Gid tri trong méi niit I6n 1én hon céc gia tri & cdc muc con.
Vi dy: Khéi nhy hinh sau:
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D¢ cai dat khdi, ta c6 thé diing cfu tric lidn két nhu déi véi cay nhi
phén, song c6 thé ding mang, ta ddnh s6 thit tr tir trén xudéng, & mdi mic
cic nit duge danh s6 tir trdi qua phai:

Y

5 H® 00 ® 0 ®

i [1f{2] 314|567 8|8 |10]11]12]|13| 14|15
T{i)

Tinh ddy dd clia khéi bao ddm cho cdc muc dif liéu duge luu trir trong
céc vi trf lién ti€p & ddu mang. C6 thé khai bdo méng Heap nhu sau:
const Sonut =... {s6 nit cuc dai trong khoi |
Type
kieuphantu =... { kieu dir lieu}
Heap: Heaptype;

Trong cédch cai dat mang nhu
vay viéc tim con clla mit thit i s&
& vi tri 2% v 2*i+1, bd cha nait
thit i ndm & vi trf (i div 2).

D6i véi cdc loai cay nhi phén
khdc, cai dat méng 13 khéng
hiéu qua: |




3.8.4. S6 lugng nit cha mét cay nhi phan

Ta c6 thé xdc dinh s6 luong t6i da céc niit ctia mét cay nhi phan:

3841 Bidél

1. S8 lugng 6i da céc nit & mitc i chia cdy nhi phan 12 27'v6ii2 1 va

2. 86 luong t6i da céc nit trong cdy nhi phan ¢6 K mic 1a 2%-1, k < 1.

a) Chitng minh quy nap

- Goc § mic i = 1 nhu vay 2"' =2°= | 1a diing !

- Gid st ket qua trén ding v6i Vj, 1 <j <1, s6 luong céc niit & mic j
la 27,

Ta cdn ching minh diéu ndy ding cho i = j+1.

( mitc i-1, theo gia thiét 1 ¢6 22 niit, nhu vay, ¢ mdi niit & mifc nay
lai ¢6 t6i da 12 2 ndt & mic i titc 1a s6 nit & mifc i t6i da bang 2 l4n & nat
gi-1: '

2i-2 X2 = 2i—l

b) D€ tinh s niit 16i da trong cdy K miic ta ldy:

k .
227 =204 2422 e 23 4yt gk
i=l

k,
Chudil +a+a’+...+a"+.. khia=2cé tong la: 11~22
. l‘“ n+! '
vi S, = 2 khia=1
1-a

Trong vi du trén v6i k = 6 ta c6 s6 niit 61 da 14 2° - 1 = 63

- Néu mot cdy nhi phdn ddy di miie k duoc goi 1a cay nhi phan k_mifc
c6 2*-1. (Nguge lai, ta thay, mot cay nhi phan ddy dit N nut thi e6 mdc Ia
[log,N] + 1). Trong cay nhi phan ddy do cdc nit dugc danh s theo trinh
tw tir trén xudng dudi, tt trdi qua phai. Céch dénh s6 nay cho ta dinh
nghia mét cay nhj phan hoan thién. Mat cay nhi phan N ndt véi k mitc 1a
hoan thién khi va chi khi céc nit ciia né tuong duong véi viec danh sé tur
1 dén n trong chy nhi phan ddy d& mitc k. Chiing ta ¢4 thé lwu cdc mit
trong mang tree mot chiéu, nit thir i s& Luu trong phdn ti treefi].

Ta ¢6 bd dé sau:
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Né&u mét cay nhi phan hodn thién N ndt duge biéu dién tudn tu nhu
trén thi véi mét nit 1 bat ky ta cé:

(i) mit b6 (i) s8 & vitri (i div2) véii= 1. Khii=1,isélagéecva
khong cé niit bé.

(i1) ndt con trai (i) s& & vi trf 21 néu 2i < n. Néu 2i > n thi i khong ¢6
nit con trai .

(iii) mit con phai (i) s& & vi tri 2i+1 néu 2i+1 < n. Néu 2i+] > n thii
khong ¢6 nit con phai.

Chitng minh:

Ta chitng minh cho (ii), con (iii) s& suy ra it (ii) va tir viéc danh s& niit
trén cling mot mc tir tréi sang phai. (i) s& suy ra tir (ii) va (ii).

Chimg minh theo quy nap: Véi i = 1, niit con tréi rd rang 12 bing 2, va
khi 2 > n thi 1 khéng c6 niit con tréi.

Gia thiét 12 véi moi j, 1 < <1, nit con tréi j & vi trf 2]. Khi d6 hai nit
& ngay phia tru6c nit trdi (i-1) s& 12 nit phai cha i va nit trdi cha i. Niit
con trai cha i 1a 2i. Nhu vy, ndt con trdi chai+ 112 2i + 2 =2(i + 1) trir
khi trong trudng hop 2(i+1) > n thi i+1 s& khéng €6 nit con tréi.

3.8.5. Pinh nghia dé quy cay nhi phan va duyét cay

M6t cdy nhi phén:

o Hodc la réng (phdn neo)

hodc '

o Chita mot niit goi la géc, né ¢6 hai con tré chi dén hai cdy con nhi
phdn bén trdi, bén phdi.

Viéc duyét cay dé quy c6 ba budc co ban:

1. Xir 1§ niit g&c (D - Du_Lieu)

2. Duyét cay con bén tréi (L. - moving left)

3. Duyét ciy con bén phai (R-moving right)

Ta c6 thé cé 6 thif tu duyét:

LDR, LRD, DLR, DRL, RDL, RLD

Néu ta chi thita nhan chi duyét tir trii sang phéi thi chi c6 ba thif tu
duyét chinh 1: LDR, LRD, DLR va thudng duge goi la- Inorder,
Postorder, Preorder. Xét cy:
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Ta xét ba kiéu duyét niit:

) LDR: Vi kiéu duyét ndy, ta di xuéng bén tréi ciia cay cho dén khi
khong di ti€p dugc nifa. Sau d6 "tham" nit, chuyén 1én "tham” nit gdc
con, sau d6 xudng bén phai va ti€p tuc. Néu khong chuyén dugc xudng
phii nita thi "tham" it réi quay tr& 1én mot niit.

Goi Inorder Gid tri & géc Két qua
gbc chinh +

1 *

2 /

3 A

4 Nil viét ‘A’
4 ~ Nil viét ‘/
3 A

4 B

5 Nil B

5 Nil - A

4~ c -

k] ~ Nil o C

3 - |

Nil~ A *
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D
Nil
Nil
E
Nil
Nil

BRSO — ) L2 M

Két qua: A/BNCHIDHE

Procedure Inoréler(Goc: TreePointer); { LDR}

begin

if Goc <> Nil then

begin
Inorder (Goc ~. Lchild);
write(Goc A.Du_Lieu);
Inorder{Goc”.Rchild)

end (¥*if*)

. end; (* of Inorder)

b) DLR (s& cho két qua +*/A** BCDE)
Procedure Preorcler(Goc: treePointer); {DLR}
~ begin If goc <> Nil then

begin
write ( Goc A.Du_Lieu).
Preorder(Goc”. Lehild);
Preorder ( Goc”. Rehild);
end

end;

c) LRD

Procedure Postorder (Goc: treePointer);
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begin if Goc <> Nil then
begin Postorder (Goc”.Lchild);
Postorder (goc/.Rchild);
write (goc”,Du_Lieu);
end {of if}
end;

S& cho két qua: ABC ** /[D*E+

3.9. BAITAP
3.9.1. Bai tap phan ban ghi
1. Dinh nghia ban ghi, truy nhap ban ghi?
2. Cau lénh with, cho vi du vA giai thich.
3. Thé€ nao la ban ghi ¢6 cdu tric thay déi?
3.9.2. Bai tap vé kiéu di liéu tap hop
1. Thé€ nao 12 kiéu dit liéu tap hgp?
2. Cdc tap hop bing sau c6 bing nhau?
(1,2,3,4,4,51;12,3,5,4,1]; (4, 1, 3, 2, 5]
3. Vi€t chwong trinh kiém tra ky ty nhap vao c6 phai la chif cdi khong ?
3.9.3. Bai tap vé danh sich lien két

1.Viét chwong trinh doc cdc ban ghi trong tép duéi dang mot danh
séch lién két c6 dung con trd

Thitty | Hodem | Ten Diém trung binh Hoc béng
IN2 | CI8 c7 N4.1 N6.1 -
20
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2. Diing con tro viét chuong trinh quan ly th vién:

Ky hieu | Tén sich Téc gia Nam xuft ban Nha xust ban

a) Nhap dit li¢u

b) Thém ban ghi médi

¢) Xo4 bo ban ghi

d) Tim sédch theo ky hiéu

3.9.4. Bai tap vé hang doi lién két

Viét céc thi tuc/ham dé cai dat hang doi lién két trén co s con trd:

1. CreateQ - Tao hang doi

2. EmptyQ - Kiém tra hang dgi réng

3. AddQ - Thém phén ti

4. RemoveQ - Xéa phn tir

3.9.5, Bai tap vé dé quy

1. Viét ham dé quy tinh USCLN ciia hai s6 nguyén.

2. Viét thi tuc dé quy (ham) tinh hé s6 nhi thic
N N!
" T KIN-K)!

3.9.6. Bai tap vé& cay nhi phan

1. Cho cy nhi phén:
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~ Hay hién thi két qua tao bdi kiéu duyeét

- Inorder (LDR)

- Preorder (DLR)

- PostOrder (LRD)

2. V6i méi bi€u thic s6 hoc dusi day, hdy v& cay nhi phan biéu dién
biéu thitc Ay réi ding cac ki€u duyét dé tim bidu thic tién 5 va hau t8
tuong duong.

a) (A-B)-C
b) A- (B-O)
¢) A/(B-(C-(D-(E-F))))
d) ((((A-B)-O)-D)-E)/F
e) ((A*(B + CHAD - E + F)))*(G/(H/(I*))))
3. Kiéu duyet tién ty tao ra ADFG HKLPQRWZ
Kiéu duyet trung ty tao ra GFHKDLAWRQPZ
Hay vé cay nhi phan.
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Phin Il

TI-IIIQT TOAN

Chuong 4
NHAP MON THUAT TOAN

4.1. XUAT XU CUA THUAT TOAN

Thuﬁt ngit “Thuﬁt todn” c6 Xudt X tir tén nha Todn hoc ngudi Thd Nhi
Ky séng O thé ky thd 9 Abu Abdullah Muhammad ibn Musa
Al-Khwarizmi. Nha todn hoc Al- Khwarlzml ¢6 viét quyén sich vé s6 hoc
ma dén th€ ky XVII duge truyén sang dén chau Au, vé sau, ngudi ta da
 goi tén tdc gia (Al-Khwarizmi) kém voi cdc phuong phdp s6 hoc
(Arithmetic) theo phién am tiéng Latin 13 Algorithm - Thuat toén - dé chi
céc thu tuc, céc phuorng phdp . - e

giai quyét vin dé hay céc nhiém vy T

tinh todn.

Abu . Abdullah  Muhammad  bin
Musa al-Khwarizmi vita 1¢ nha todn
hoc, thién vdn hoc, chiém tinh hoc va
dra char hoc. Ong sinh khodng ndm
780 & Khwmnm vd mdt khodng ndm
850. Sau khi Pao Héi da thong tri
viing ‘Ba Tuw, Baghdad tré thanh mot
trung tam nghién ci khoa hoc va

thitong mai, dd ¢6" rdt ‘nhiéu rhz:ang' " AbuAbdullah
gm va cdc’ nhi khod hoc ur cdc mién ~ Muhammad ibn Musa
xa x6i nhu Trung Quoc va-An D¢ ciing -~ ql-Khwarizmi
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dd dén day ldp nghiép. Abu Abdulluh Muhammad bin Musa al-
Khwarizmi ciing dd séng va lam viéc & ddy véi tw cdch Nha hoc gid ciia
Vién Tri thite (House of Wisdom), éng chuyén nghién ctru va dich cdc tai
liéu khoa hoc tir tiehg Hy Lap.

Sdch ciia Ong la cudn sdch ddu tién gidi quyét mot cdch hé théng vé
gidi cdc phuong trink bgc nhdt va bdc hai. Chinh thudt ngit Pai s6
(ulgebra) ciing cé xudt xit tir thugt ngit al-jabr trong cdc tai liéu goc
ciia Ong. |

Su phét trién cha thuat todn gin lién v6i sy phét trién cha céc cong cu
tinh todn, sy phdt trién ciia Cong nghé thong tin. _

Trong s6 céc cong cy ngudi C§ dai ding dé thé hién cach gidi céc bai
todn cta minh phai k€ dén cdc hon soi, céc cdy que. Ngudi C6 dai da ding
chiing dé d&m, tinh todn cdc cudn len, cic bao tai ngii c6c hay tién vang.
Céc loai ddnh d4u va ky hiéu ndy c6 tén goi la ky kiéu Tally. C4c ky hiéu
Tally da déng gép mot phan trong hé théng s6 hoc duge sit dung trong
Miy Turing va h¢ théng tinh todn M4y Post - Turing.

Nhimg sdng ché ti€p theo vao thoi Trung dai la cdc déng hé co khi.
Viéc ch€ tao ra cdc déng hé chinh xic di din dén cic "mdy tr dong
chinh xac" & the€ ky XVIIl va cuéi cing I cic mdy tinh chia’ Charle
Babbage va Countess Ada Lovelace.

Dién tin, dién thoai (nam 1835) va Bia duc 13 Hollerith (1890) la
nhitng budc tién ke tiép vé k§ thuat va co khi héa tinh todn, Nhimg nam
cubi thé ky XIX va nira ddu thé ky XX, To4n hoc di c6 nhiéu déng gép to
16n cho phit trién k¥ thuat tinh toan. Truéc hét phai ké dén cac céng trinh
cia George Boole (1847) vé Dai s6 Boole, vé cdc nguyen tic todn hoc
bidu dién trong ngén ngir ky hiéu ctia Giusep‘pé Peano (1888).

Viéc thé hién céc thuét todn tinh todn bz‘mg mdy tinh duoc céc nha todn
hoc 16i lac ti€p theo mé ta trong nhitng cong trinh ndi ti€ng - M4y Turing
(1936-1937) do nha tin hoc Alan Turing dé xudng. Doc 1ap véi Turing,
Emil Post ciing mé t mot qu4 trinh tuong tu. V& sau ngudi ta goi chung
tén hai nha béc hoc ndy 1a Mdy Post-Turing, S

Nhiing dinh nghia m6i vé thuat toén tinh todn trén méy tinh dién tir
duge cdc nha Tin hoc néi tiéng khac dé Xuéng, d6 1a J Barkley Rosser
(1939) va Stephen C.Kleene (1943), Theo y nghia Todn hoc va Tin hoc,
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mot thuat todn chinh Ia mét th tuc bao gbm mét day céc bude tinh todn
xtt ly da duge xdc dinh rd rang dé thuc hién cdc nhiém vu tinh todn, cho
nhifng két qua xdc dinh trong mot khoang thdi gian xdc dinh. Miic d6
phttc tap cia thujt toan, sy Ung dung ¢ hiéu qua cla né 1 nhitng yéu to
quan trong, v mét phin déng gop khong nho vao su thanh cong nay la
viéc cau triic dif liéu thich hop.

Thuat todn chinh 12 céc chi thi cach thic d& méy tinh xir 1y thong tin,
vi mot chuong trinh mdy tinh chinh 12 mot thuat todn, chi dinh cho may
tinh thye hién timg buéc phai xir 1y cdi gi trude, cél gi sau, phai in két qua
ndo ra giay hay ra dia v.v...

Mot trong nhimg ngudi c6 dong g6p nhiéu cho thuat todn trong Cong
nghé théng tin 1a Donald Ervin Knut. Ong sinh ngay 10 thing Giéng nam
1938 tai Milwaukee, Wisconsin, M.

Tw nam 1958, D.E.Knut da viét
chiong trinh mdy tink phdn tich hogt
déng cia dgi bong basketball ciid
Trucmg trung cdp. Nam 1968, Ong cho
ra mdt cong trinh d6 s¢ "Nghé thudt
ldp trinh mdy tinh - The Art of
Computer Programming", tap 1 "Cac
thudt rodn co bdn - F undamentul
Algorithms". D.E Knut 1 tdc gid ctia
thudt todn Knuth-Bendix- 1a thudt todn
nén tang tink todn cdc cdu tric dgi s6,
ddc biét cho cdu triic nhém va nita -
nhém. Ong ciing 1 tdc gid ciia phdn
mém TeX - la ngon ngik ding cho soan
thdo cdc tai liéu todn hoc va khoa hoc,
tic gid cia METAFONT - phdn mém hé thong dé thiét ké ky font.

Khi nghién citu vé thuat toan, D.E.Knut da liét ké ra 5 tinh chét cin ¢6
d6i véi mot thuat todn: C6 thdi gian thic hién hitu han, c6 s& budc thuc
hién hitu han; Méi budc clia thuat to4n phai hoin todn xdc dinh; Dt ligu
ban ddu phai dugc xdc dinh tru6c; Lugng két qué két xust; Tinh hi¢u qua
xét vé mat thdi gian va do chinh xdc clia két qué tinh todn.

D.E. Knut
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4.2. CAC PHUONG PHAP TRINH BAY THUAT TOAN

Thuat todn 1a meo luat, 1 cdc budc clia qud trinh xit 1y tin. Chuong
nay s¢trinh bay thuit todn theo tu tudng lap trinh c¢é cau tric, dudi géc
d¢ cila ngudi lap trinh. Trong céc tai ligu tin hoc, hai thuat ngit thudt todn
va thudt gidi 1a nhu nhau. Mot thuat tosn t6t phai dim bao duge yéu ciu:
tinh day d0, t6ng quat, chat ché vé& mat logic.

4.2.1. Phuong phap so dé khéi
4.2.1.1. Cdc ky hiéu trong so d khoi

Trong so d6 khéi str dung céc khéi va miii tén chi huéng, trinh ur thuc
hién céc phép toan. Khi v& sinh vién phai v& ding quy dinh:

K{ hieu ¥ nghia

Bat diu so dé
Két thiic so dé

/ DV(..) / Nhap dit liéu
/ DR(...) / - Xuat két qua

Tinh toén, xit Iy

O [ 7 So sdnh, kiém tra

| Ky hiéu chuong trink con |

—OO— K{ hiéu tiép tuc, méc ndi
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4.2.1.2. Vidu
Lap so d6 khoi tinh tung do y va dién tich z ciia phan gach chéo g
hinh 4.1, phu thuéc vao gia tri x khi diém M di chuyén trén AB. Cho biét
AB=2a,BC=b,AE=c.
Tir hinh vé ta thdy:
(= Dble)x néu 0<x<c
Y b néu c<x<a

- (b/2c)x?  néu 0<x<c
bx-bc/2 néu c<x<a

Thuat todn bai trén ¢6 dang:

/ DV(a, b, c, ;M
'

by
Loz

y = (-blc)x y=b C
= 2 = bx - be/2 i
z = (bf2e)x z=hx . / 7, ANy R
\ / ¢ "E X
g a —-—-B

/ PR 2 / Hinh 4.1
n N

Trong so d6 nay sir dung ca ba loai khdi:

Khéi vaofra = 7~

Khéi tinh todn

| Khéi so sdanh [::]

Khi lap so d6 khdi phi luu y:

- Nhitng dai lugng tham gia tinh todn, duoc cho gid tri thi phai dua vao
khdi dua vio, khéi dua ra chia tén nhitng dai lugng hoic ddng théng bdo
s& dua ra man hinh hay méy in, la két qua cia bai todn. -
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- Trén so d6, khéi ki€m tra chi c6 mot 16i vao va hai 16i Ta, iing véi
diéu ki¢n kiém tra ding (dfu +) va sai (). Sau ndy ta s& xét kiém tra theo
nhiéu trudng hop, cé nhiéu 16i ra hon.

- Cdc cau I¢nh tinh todn dugc dé trong cdc kh6i chit nhét. So dé khéi
cho phép ta theo ddi thuat todn mot céch trye gidc, don gian. Nhuoe diém
cia né la cong kénh. Néu so dé khéi kéo dai trén nhiéu trang, ta phai vé

cdc khép no6i cdc khai:
0N
4.2.2. Phuong phap so d6 tuyén

4.2.2.1. Khéi ni¢m, quy dinh

Ngoai so d6 khéi, ta c6 thé ding cdc cdch bidu dién khdc nhir so dé
tuy€n, so d6 todn ti, cdch phac thao chuong trinh...

So d6 tuyén 1a dang so d6 duge trién khai trén mot truc doc, cic phép
tinh dugc trinh bay bén phai clia truc.

4.2.2.2. Vidu

So d6 tuyén cha bai todn trén nhur sau:

@

(DV:a, b, ¢, x)
K{0 =x =c}
+ = K{c <x =<a}
_b, +
y= ¢ . _y:b
b, -Z=bx - bc/2
-.Z:-x "
2c '
(DR:y, 2)

@ '  Hinh42

O day, K{.} 12 kiém tra diéu kién.
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4.2.3. Phuong phap phac thao
Pé 1am vi du cho phuong phép phac thao ta xét bai todn tim uéc s
chung 16n nhat (USCLN) ctia hai s6 x, y.
Vidu4.2:
1. Dua vao x, y;
= |x| (tri tuyét d6i)
=lyh
4. z = x-y*([x/y])}[...]) a 1dy nguyén;
5. Néu z = 0 suy ra y 12 USCLN, két thic;
6. Néu z = 0 tié€p tuc.
1.X=y,y=1
8. Quay lai budc 4.
4.2.4. So sanh cac phuong phép trinh bay thuat toin
Cic phuong phép trinh bay thugt todn déu c6 wu nhugc diém riéng.
Phuong phap so d6 khéi ¢6 uu diém 1a dé nhin, truc quan, cho phép vé
dugc céc so d6 kéo dai trén nhiéu trang véi ky hiéu méc ndi, nhuge diém
clia so dé nay 13 cong kénh.
Phuong phap tuy&n c6 uu diém la gon nhe, nhuge diém 1a khé theo dbi
khi bai toan 16n, phifc tap.
Phuong phdp phéc thio don gidn, gén véi cich viét thong thudng,
nhuge diém 12 bat tién khi thé hién vong lap.

4.3. BAI TAP

1. Ding phuong phép so d6 khéi, so d8 tuyén, céch phéc thao dé trinh
bay thuat todn giai phuong trinh bac hai ax® + bx + ¢ =0; .

2. Ding phu'(mg phép so d6 khéi, so d6 tuyén, cdch phdc théo dé trinh
bay thuat todn giai bax toén tich mot ddy s6 nguyén thanh 2 ddy chan 1é.
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Chuong 5 |
'CAC DANG THUAT TOAN CO BAN

5.1. THUAT TOAN CO CAU TRUC

Trong qud trinh phit trién tin hoc, nghé thuat lap trinh khong ngimg
dugc cii tién, nhicu phwong phdp 1ap trinh mdéi duge dé nghi nhu thiét k&
thuat todn va chuong trinh theo médun, l4p trinh cé cfu tric, cich tiép
can tir trén xubng (top - down), k¥ thuat di 1 dusi 1én (bottm - up) v.v...
Khi giai quy€t cdc bai todn I16n, xay dung thuat todn cho né thudng phai
két hop déng thoi cde ky thuat trén.

5.1.1. Thiét ké theo modun o

Véi nhitng bai todn 16n, hé théng 16n, khi x4y dung thuat todn ta
thuong phdi chia nhé ra thanh timg khéi, méi khdi thuc hién mot s6
nhiém vy x{r 1y nht dinh. Khi chuyén thanh chuong trinh, méi khéi nay
s& 1a mot médun. D6 chinh la tu tudng cha ki thuat 13p trinh theo médun.
Mdi modun ¢6 nhimg dic trung sau:

- Thyc hién tron g6i mot s6 nhiém vy xir Iy tin cu thé;

- Chi c6 moét 161 vao va mot 16i ra;

- C6 thé ghép ndi vao trong qud trinh x&r Iy tin khdc ma khéng cdn thay
d6i gi trir thay ddi dit liéu ban ddu;

- C6 thé goi, st dung cdc modun khiéc.

Lap trinh theo médun 6 Igi & chd cdc modun c6 thé giao cho cic nhém
lap trinh, sau d6 ghép lai trong mét chuong. trinh quan ly chung, mdi
médun ¢6 do phiic tap vira phai cho phép dé theo dai, sua chita, b sung.

Vidy 5.1: St dung ky thuat thiét k& mbdun dé xay dtmg chuong trinh
quan ly dao tao. Day 12 mot bai todn khi phic tap, bao gém nhiéu

phén viéc, chiing duoc t§ chic theo cdc médun trong so dé khdi nhw trén
hinh 5.1.
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Chuén bi cac co s6 dif liéu

!

Cap nhat, két qua hoc tap,
hanh kiém clia hoc sinh

¢

Tinh diém trung binh chung ma rong

!

Tinh hoc béng

!
r Can d6i, didu chinh J

/ In ké’t qua /
l
'

Hinh 5.1

Lép trinh theo médun cho phép td chiic tinh todn mot cdch t6i wu. Cic
nhiém vu tinh todn, xi Iy khdc nhau duoc té chic thanh cac modun khic
nhau, méi médun 13 moét chwong trinh con, khi cdn tinh todn hay xir 1y chi
viéc goi né. Chiing ta ciing c6 thé sira d8i, bd sung cdc mddun ma khong
anh hudng dén toin bo chuong trinh 16n.

5.1.2. Thuét toan ¢ cdn tric

Mbi mo6dun thuat todn thudng gém nhiéu thi tuc tinh todn, xir 1y. Dién
dat céc thi tyc xir I tin mot cach 1 rang, logic, d& phét hién sai s6t, dé
khing dinh tinh ding dan cba thuat todn 13 diéu quan trong trudc khi viél
chutong trinh; Dijkstra E.-W di dé xwéng mot phurong phdp hitu hiéu, gidp
cho v& thuat todn c6 hiéu qua, d6 Ia phuong phép 1ap trinh céu triic. Theo
quan diém 1ap trinh cdu trdc, c4c thuat todn duoc phan ra 1am 4 dang céu
triic co ban: Tudn tu, r& nhénh don gian, r& nhénh theo nhiéu trudng hop,
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xir Iy 1ap hay thudng goi 1a thuat todn chu trinh; thuat todn ctia bai todn
16n dugc chia thanh nhiéu khéi thugc mét trong bén céu tric co ban trén
va chi ¢c6 mot 161 vao, mot 16 ra.

Thujt todn gbém céc céu tric nhu vay goi 1a thuat todn ¢é cau tric,
chwrong trinh twong ting goi 14 chuong trinh cé céu triic.

Hinh 5.2 gi6i thiéu mot médun thuat todn 6 chita cdc ciu tric co ban.

] Didu kien 1 |

U N R& nhanh
ek Sl |
Tusnty | 1 { 1 K i
| S Se | e !
[ I |
I ——— ] |
R& nhanh theo
nhidu trudng hdp
________________ ]
_______ , i |
| | }
S4 14n 1ap I !
biét trudc | y = f(x} { |'
! |
I [
r _ I
[+ . ¥ = 1 sounmp
! || chua biét trude
N |
: I Khdi xir Iy :
|
| |
S ||
, r
| !
1
Hinh 5.2

D€ cho méi khéi ¢6 tinh doc 1ap, trong né phai cé di ba thanh phén:
chuin bi dit liéu ban ddu, phén tinh todn, phin két thic khéi. Lap trinh
cdu tric han ché t6i da viec chuyén diéu khién dén cic mdc (nhan), chd
nao ¢6 nhin phéi thay bing mét khéi cu tric. Sau day s& xét cdc dang
thuat todn co ban di néu.
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5.2. THUAT TOAN CUA BAI TOAN TUAN TU

Pua vao s8 liéu vé vat liéu, nhan céng, dién nubc, cac hé sé chi phi

¥

Tién béténg = khdi Iigng béténg x don gi4 béténg

(1)

!

Tién sét = khdi lugng sét x don gia sat

(2)

!

Tién day thép = khéi lugng day thép x

don gia

(3)

!

Tién que han = lugng que han x don g

ia

(4)

¥

Tién dau can = lugng déu ¢cin x don gi

ia

(5)

!

Tién gidy xi mang = lugng gidy x dan gia

(6)

!

Tién cdng nhan (z,) = s6 cdng x don g

i4 ngay cong

(7)

'

Chi phi vat liéu (z,) = tién st + tién day thép + tién que han
+ tién ddu can + tién ximang

(8)

1

Téng chi phi (z,) = 2, + Z,* ¢hi phi chung dién nudc

(9)

Y

Téng chi phi san phdm hong (z,) = h% (z,)

(10

!

Gia cbng xudng = z; + 2,

(1)

¥

Gié toan bd = gia cong xudng + chi ph

{ ngoai san xust

(12)

L

Gia ban budn (z,,) = gia ban b (1 + % |8i xi nghiép)

{13)

L

Gia ban cong nghiép = z,,{1 + % thu quéc doanh)

{(14)

¥

" ORZN)

Hinh 5.3

(15)/ |

133



Vi du 5.2: Gid bén moét sin phdm bétong ciu thanh tir cdc khoan muc
chi phi: - bétdng; - sat; - que han; - day thép;- gidy ximang; - dau can;
- di¢n nuée; - chi phi san phdm héng; - chi phi ngoai san Xuat(%); - chi
phi céng xudng(%); - ndp thu quéc doanh(%); - nhan céng;

Mbi logi san phém bétong c6 mot con s8 rieng vé chi phi timg loai vat
ligu (s6 luong, chimg loai, gid c&) vé dign nuéc, vé cac loai chi phf nhu
nhan cong,... Tinh gid cho mét san pham béténg 1a tinh chi phi cu thé cho
timg khodn muc sau dé céng lai. '

Ta ¢6 so d6 nhur trén hinh 5.3. Trong so d6, qué trinh tinh todn di tudn
tur tir Khéi dua di liéu vao, qua céc khéi s6 1, 2... cho dén 15, khong phai
1€ nhénh, khéng tinh l3p. Dang so d6 tudn tr nhu vay con dugc goi la
thuat todn don gian nhat.

5.3. THUAT TOAN RE NHANH DON GIAN

Dang tudn ty thudng chi 12 mét doan, mét buée no dé trong ca bai
toan, con lai phdn 16n 1 thuat todn déu chia met hay nhiéu phén r&
nhinh. So d6 khéi trong hinh 2.4 cho ta mét hinh 4nh 16 rang vé su ré
nhénh. Trong d6, néu 0 <x < c diing (+) thi qua trinh tinh todn s& theo
phia trdi va nguoc lai (+), 1& sang phai.

Vidu 5.3: Hé s6 ting hiéu qua sit dung vén ddu tu vao thist bi dugc
tinh theo cong thic:

Ko=1+ A._—‘—Tkh Ty + LKy = Ky) - _“——Mt —M,

) Tlt Mt
Trong d6 h¢ s6 A s& nhan gi4 tri theo didu kién san:
1 néu 1<T, /T, <11

A=1098 néu LI<T, /T, <12
0,95 néu T, /T, >12
Ta c6 so d6 nhu treén hinh 5.4,
Trong vi dy trén, vi A nhan timg gis tri phu thudc vao titng khoan gi4
trj cua T/T, nén ta phai tién hanh cic khoi ki€m tra cu thé, chit khong

thé kiém tra mot 14n. Néu trong bai todn chi ¢é haj kha ning 1€ nhanh thi
phai kiém tra mét 14n. .
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/_Dvd“uneu /
!

[_ 1.<T, /Ty <11 ]:—

1

| 1,1 =T,/Ty 1.2 |—
" _
¥ P i
A=0098 + Tl Te =1.2 ]
¥ 1L
A=095 Khéng xac dinh
¥ * J
Hinh 5.4
Begin

i ]

/ DV (s, b, 0 /

!

max=>b

min=a

1 in>c¢
max==¢ . _ :
: : S + : min = ¢

/ DR(max, min) /4———

CEnd

" Hinh5.5
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Vi du 5.4: Cho ba s6 a, b, ¢ lgp so d6 thuét todn chon s& nhé nhat vi
16n nhét cua ching. Ta ky hiéu max la bién s& nhan gié tri 16n nhat, min-
bé nhét. Trude hét, so sanh a va b, néu a>b thi max = a, min = b, nguge
lai thi max = b, min = a. Sau d6 ta so sénh max, min véi ¢ d€ chon ra s6
16n nhét va s6 nhé nhat so d6 cé dang nhu trén hinh 5.5.

5.4. THUAT TOAN RE NHANH THEO NHIEU TRUGNG HOP

Vidu 5.5: C6 mudi d6i tuong thi sinh du thi, méi thi sinh chi dang ky
mot d6i tugng:

TT Ho vatén béi tugng
1 H.B.A 9
2 HT.QA 2

Lép so d6 khéi d€ thdng ke méi loai d6i twong ¢6 bao nhiéu thi sinh.
Dé v& thuat todn r& nhdnh theo nhidu trudng hop cho vi du nay, ta 1am
nhu sau:

- Pat bién dt (d6i tuong) dé kiém tra r& nhédnh; Tao 10 b d€m d1 = 0,
- 410 = 0 (Idc ddu gén = 0) d€ méi l4n so sinh gid tri trong cot d6i
tong, s€ tang dk 1&n mot don vi néu dt bing k.

Tai m&i ddng (méi thi sinh) phai thuc hién cong viec ki€m tra va 1&
nhénh theo trudng hop nhy trén hinh 5.6.

Hang thi i
at=1 dt=2 l at=3... dt=10

'

d1=gd1+1 d2=d2 + 1 d3=d3 + 1 910 = d10 + 1

. | l | | '

Hinh 5.6

Trong ngdn ngit 14p trinh Pascal, r& nhanh theo nhiéu trudng hop duge
thuc hién boi cau lenh case... of,
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5.5. THUAT TOAN BAI TOAN LAP (CHU TRINH)

Ta c6 thé chia bai todn lap 1am hai loai: ¢6 s6 14n lap bi€t trudc va cé
s6 14n lap chua biét trude. Trong mbi loai d6 lai chia ra céc dang: dang
tinh téng, dang tinh tich, dang tinh khéc téng va tich.

5.5.1. Lap c6 s 1an 1ap biét trudc

5.5.1.1. Bai todn tinh tich

Vi du 5.6: Tinh giai thira chia n :
n! = 1.23.... (n-Dn. Phén tich bai
todn ndy ta thdy, néu ban ddu ta dat
GT = 1 sau d6 s& tinh lap cong thitc
GT = GT*i, bat ddu i = 2 cho dén n
thi k€t qua s& cho n!. so d6 khéi nhu
& hinh 5.7 (d€ bor phiic tap, trong cdc
so d6 khdng vé khoi Begin va End).

Dic diém clia so d6 lap tinh tich 1a
gid tri ban ddu cha tich dugc gan
bang 1. Trong so dé tinh lap, phai
x4c dinh dugc cong thifc tinh todn
chinh ma s& duge tinh 1ap (¢ day la
GT = GT*i); bién i & day goi I tham
s6 diéu khién vong lap; (i < n) la
kiém tra diéu kién két thic lap.

Vidu5.7:
Tinhy = x*hay y = XXeeooorroX

Ta t8 chic nhu sau: c6 4 dai
luong tham gia gié trinh tinh: y; x; n
vi mot s6 dém chu trinh i, lic ddu
gén x cho y, (y: = x); i nhan gid tri tir
hai (i: = 2) sau d6 sé tinh lip cong
thic y: = y*x. M8i ldn tinh cong
thitc nay, lai tang bo d€m i lén mot

/ DV(n) /
:

GT:=1,i:=2

l

GT: = GT"i = =i+1

+

i<n

/ DR(GT) /

Hinh 5.7

| / DV(n, x} /

y=X; i=1

y=y*x; isi+d

Hinh58
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don vi (i: = i+1) qud trinh nay lip cho dén khi i>n. So dé khéi cho trén
hinh 5.8.

5.5.1.2. Bai toan tinh tong

Vidu 5.8: Lap so d6 thuat todn tinh téng diy s& thuc:

n
S = Zai
i=]
Bai todn trén dugc phan tich nhu sau:
/ DV(n, a,) /
S=a +a,+az+..+a,_ +a, —— '
e .

8,
R — ) Y

Si=s+aii=it+1

Lic ddu S=0,
Khi i=l,S=S+ai=a|

. . +
l i<=n
1=2,8=S+a=a +a, '

i=n;S=S+ai=al+az+...+an_ / DR(s) . /

Céng thic tinh ip1a S=S + a,
So d6 khéi nhu trén hinh 5.9.

Hink 5.9

Dic di€m ctia so d6 thuat tosn tinh tng 12 gié tri ban du cha téng gan
bang 0 (hoac c6 thé gan gi4 tri ban ddu cia téng bing phan tir d4u tién
cua day). C4c phén khéc ciing giéng so dé tinh tich.

Vi du5.9: Chon gid tri thong ke, lap so d6 thuat toan tinh céc gid tri:

- Ky vgng todn hoc: | M= -1~ x: ;
- g
- Phuong sai: D=-_— VY3
g sai: DE LM

- B¢ lech trung binh binh phuong: o =.\/I—) .. R
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So d6 thuat todn trén hinh 5.10.

Nhap di ligu ban dau
N v3 day x;

M = M/n
D = (D+ nM?)/(n-1)
o =+D

Y

/DR(M,D.O’) /

Hinh 5.10

So dé trén c6 thé cai tién hanh so d6 don gian hon (hinh 5.11) bing

cic bién déi sau:

D——_Z(x -M)? x+~—2(x -2x;M+M?)
n—-135

Zx -2M2x +Zl\‘/lz}

Li=l

i

il

nal
-1
1 [& ., 2 2 1 |<
— in—ZnM +nM =—~—1- Z
n-11iS | i=1
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Nhép diriidu ban dau N
va déy X

D=Di(n-1)
=D

/ DR (M,D, o) /

Hinh 5,11
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Vidu5.10:
' LDV(Q/
Tinh tich phan xéc suat:

¥

i

px)= —= fo (5.1) h=2d
= —== | € . = 2x/n
27 -x k=1;t=-%
. . . P s lr=0 5(3‘12’2 +e_(_t)2:2
Truéc hét, ta phan tich dé lap so do - )
thuat toan tinh mot tich phan dinh han .
téng quat:
t=t=h2
b —1+e”
I= Jfxx 52 k=k+ 1
a

Tir todn giai tich, ta da biét cong thic: '
(5.3)

b
I= If(x)dx =h Z f(x,); -

trong dé: h 1a budc chia ' i DRO) /

h=(b-a)/n.

Trién khai cong thic (5.3) (tinh tich
. Hinh 5.12
phan theo phuong phép hinh thang).

1=0,5[f(a)+f(a+0)]+0,5[f(a+h) +f(a+2h)]+..+[a+(n-Dh+f(a)]h

Gop nhitng phén tit gidng nhau ta cé:
' n-1
I= O,S[f(a) +f(b)+h) fa+ ih):\ - (5.4)

i=1

Thay (5.4) vao (5.1) tb s& cé cong thic tinh

-1
P(x) = 0,5{(3-(—1&)2;2 N e#(x}m )+ RZG"(_WMM ] h

5

So d6 khéi cia bai todn trén hinh 5.12.
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5.5.2. Thuat todn ctia bai toan Iap phan nhanh, 16ng nhau

Vidu5.11:

Lap so d6 thuan todn tinh max(t,, t,... t) v6i day t,, t,,... t, cho truée.
D¢ 1am bai todn nay ta phai sit dung mét bién AMAX dé giit 14y gid trj
i6n nhat cla day s6 t), t,,... . Lin thit nhét ta gén t, cho AMAX, sau dé
so sinh AMAX véi t,. Néu AMAX bé hon t,, thi gén t, cho AMAX néu
khong thi khong 1am gi ca, chuyén tiép so sénh AMAX véi t;, v.v... Qud
trinh ldp lai cho dén khi d4 duyeét hét day s6. So dé thuat todn cho trén
hinh 5.13. Nhu ta thdy, & day vira ¢6 l4p, viva ¢6 r& nhdnh. Ct sau mai lan
lip, bién AMAX sé& chira gid tri I6n nhat ciia nhiing ¢, t,,... t, dd duyét.

Ta chi git gi4 tri 16n nhat chit khéng dé y 1a gid tri I6n nhat d6 bing
bao nhiéu. Theo cdch 1am nay, & lén 13p thit n (cui cing) trong AMAX
s€ chita gid tri 16n nhat cla toan diy s6.

Nhép dit liéu ban dau N
va day

¥

AMAX = ;1 =2

.

y

_*'L AMAX <1, ]-

F B ]

AMAX =1, - |- 1=+

/DR(W)/_.

Hinh 5.13
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Vidu 5.12: Cho ma tran vuong:
a5,25...8,

a, &2,

Lap so dé thuat todn hodn vi ma
tran A. Ma tran két qua A c6 céc
phin tir b; = a; Ma tran c6 hai
chiéu, céc phin tir trén dong chiy
theo chi & j, trén cot chay theo chi
s§ i, mdi cahiéu déu bién déi tir 1
dén n. Hodn vi ma tran thuc chit Ia
hodn vi ddong cho c¢6t va ngugc lai,
phén tir & dong i cot j, s& trd thanh
phén tir cét i va dong j trong ma tran
két qua. So dé c6 hai chu trinh 16ng
nhau (hinh 5.14).

Vi du 5.13: Xét vi duy c6 ba chu
trinh 16ng nhau: nhin hai ma tran.

Cho hai ma trin A, B ban diu va ma
tran C két qua:

B=_bll“‘blp C= °n
Lanl"'anp Cal

-+ Cip

C

~Cap

Nhap dif liéu ban diu
m, nva ma tran A,

|

Puarama tran B

Hinh 5.14

Mébi .phﬁn tif ciia ma tran C dugc xdc dinh bang cong thic:

n
CU=Zalkbkj; 1=1-—m, _}=l-p
=l o

(5.5)

Trong bai toin ndy, cdc phin tir clia ma tran C chay theo hai chi s8 i
va j; ban than mi phén tir C;;, lai 12 mét bai todn tinh téng céc tich a;by;
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véi k chay tir 1 dén n. Nhu vy ta ¢6 ba chu trinh 16ng nhau. Chu trinh
trong cing tinh téng C;mébi lan vao chu trinh nay phéi gén lai gi4 tri ban
déu clia né bang 0 (C;= 0) vi b6 dém k bit d4u lai tir (k = 1. Ta ¢6 so dé
khéi nhu trén hinh 5.15. .

Nhap dir liéu ban d4u
M, n,pvazmatrdn A, B

Buarama trah c D

Hinh 5.15
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Vi du 5.14: Xit 1y bang biéu.

Cho danh sich sinh vién véi két qua hoc tap nhu sau (k¥ hiéu ms 1a ma
sd, ht 1 ho tén, mon 1 la diém moén tht i, 4, 1a diém trung binh, hk 1a
muc hanh kiém, d,, 13 diém hanh kiém, hb 1a tién hoc béng)

ms ht mon 1 | mon p hk dy, hk

Ak

trong dé:

- Cot ms 13 moét mang, méi phén tir 12 mot xau chin ky tu, gom hai ky
tir md khoa, hai ky tu mi kho4 hoc, ddu ngan céch /, hai ky tu ma I6p, hai
ky tu mi s& thif tu chia sinh vién trong 16p;

_ht 12 mét mang, mdi phan tir 12 mot xau 25 ky ty chil;

- mon 13 mot méng, méi phén tlr 1a mot s6 thye - diém mén hoc, mdi
diém bon chit s, m6i phan tir 1a mot ky tu chit (c6 b mic hanh kiém
A,B.C, D), _

_ d, 13 mot méng, méi phan tir 1a mot s6 thuc - di€m trung binh
chung m& rong, sé duge tinh trong qud trinh thuc hién chuong trinh,

theo cong thic:
p
3" mon,
_ Ak=l

o p+dpnk

trong dé: dy, duoce tinh nhu sau:

(0,6 néu 13 hk 12 A
0,3 néu la hk la B

10,6 néu 12 hk 2 C

|-0,3néu la hk R D

Gk =

- hb 1a hoc béng, dugce tinh nhu sau: tinh sudt hoc bdng trung binh:
shbtb = (qu¥ hoc béng)/n,
- 1 Ia s6 hoc sinh ducc c&p hoc béng, bing téng sé hoc sinh trir di
nhitng ngudi bi ky luat khong duge cdp hoc béng;
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- Tinh:
y; = (s6 sinh vién c6 4, < 5,0)/n;
¥, = (s0 sinh vién c6 d, tir 5,0 dén 7,0)/n; (*)
y3= (s6 sinh vién ¢6 d,, > 7,0)/n;
Cho sudt hoc bong trung binh I 100%, ta phai xdc dinh x,, X, Xs, 12
phén tram so véi shbtb cha timg loai y,, ¥,, Vs
D€ can d6i quy hoc bdng, phai x4c dinh diéu kién thod mén phuong trinh:
_ Xi¥1+ Xo¥a+ Xsy3= 1 (%)
Ba hé 56 y,, y,, y3 dugc xdcdinh tir (*), ta phai cho hai trong ba 4n x,
gid trj thi m6i xdc dinh dugc 4n thit ba, vi chi ¢6 mét phuong trinh (*%).
Xuat phat tir nghiép vu quan 1y sinh vién, ta cho X, = 80%; x;= 120%.
Thay cdc gid tri nay vio (**) ta tim dugc x,. Nhén x; vdi shbtb ta xdc dinh
duge tien hoc béng cha ting loai sinh vién. Ta phan tich bai toan ra 1am
cde khdi 16n nhu trén hinh 5.16.

Nhap dir (idu ’

|

Tinh frung binh
chung md rdng 2

|

Tinh shbtb, y, 3

Tinh cac x,, tinh hoc
bdng clia timg nguoi 4

i

Dua ra két qua tinh

Hinh 5.16
146



D4 1am vi du, ta trién khai mot trong céc khdi trén, khdi s6 2.

Gia sir trude d6 d3 xé4c dinh diém hanh kiém - dg,, diém trung binh
chung mé rong k¥ hiéu 13 d,. Hinh 5.17 cho ta thuat todn cha khéi 2. Trong
thyc t&, vidc phan b8 hoc béng cho toan trudng rét phic tap, phai xét nhiéu
loai d6i twong, nhidu mic diém khic nhau giita cic 16p, gifta céc khod,
trong khuon khé chi tién hoc béng han ch€ tuy theo ting nam; quy hoc
béng phai chia vira hét, khong dugc thira hodc thi€u.

Hinh 5.17

Vi du 5.15: Héi quy tuyén tinh.

Phan tich héi quy Ia phuong phdp thong ke toan hoc nghién cifu cic
mé6i lién hé gifta cdc dai lwong nglu nhién va khong ngiu nhién, xdc dinh
ham s6 biéu dién cdc méi lién he do. |

Trong mot qué trinh thyc nghiém, \ing véi céc gid tri x, ta thu dugc y;,
i = 1 + n. Khi dudng héi quy thyc nghiém khong qué giy khic thi ta ¢6
thé phén dodn dudng cong 1y thuyét c6 dang tuyén tinh y = ax + b. Van
dé dat ra 12 phai x4c dinh a va b sao cho: '
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2.(F; ~y)* = min,
trong d6: y; la gid trj thuc nghiém;
y; 1a gid tri tinh todn tir phwong trinh.
y, = ax;+ b.
Theo Iy thuyét, ham 3(¥; —y;) = Y(3, —ax, - b)?, dat cyc tiu khi
ham bac nhit theo a va b bing 0:

Z(?i —ax;—-b)=0
(*)
2. %(F; —ax; ~b)=0
Giai hé (*).
Tir phuong trinh thit nhat ta riit a qua b:
(Z Yi~ nb) (**)

Zx
Thay a vao phuong trinh thi hai, qua bién déi, ta thu duoc:
. (fo -Sx, .yi)(ij )
DEEHININ]
Sau khi fim dugc b, thay b vio (*¥) ta tim duoc a:

. (23 -nb)
(X))

Sau khi tinh dugc a, b ta c4n xé4c dinh h¢ s6 tuong quan:

2
r = sign(a) ——-(Yi — M)Z
(vi—M)

So d6 thuat todn nhu trén hinh 5.18, |
(M la ky vong todn hoc).
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Nhap di lig¢u ban dau ¥

M=8,/n, 8=0
r=0;i=1
S,=S5,=$,= S, v
S;=ax, +b-M
') r=r+5;.5;
=1
¥
1 i=i+1
8,= 8,1x;; 8;= Sytyii

i
8,= SytxXys S4= 8t X 'Xi . . +
i= i+1 | =N
¥
r

3
[ isN r = sign{a T
+| \ an(@) 8%, —nM?
L

8182 —-n83 .
b = (84 — SSHNS, + (81)(Sy) DR(a, b, 1)
a = (S, nb)/S, -

Hinh 5.18

5.5.3. Lap c6 s& vong lap chua biét trudc

Trong thuc t€ ¢6 nhiéu bai todn c6 chu trinh khong phau I s& lan lap
ma 13 mét biéu thiic ndo d6, chang han, sai s6 cho phép.

Vi du 5.16: Xét bai todn gidi phuong trinh F(x) = 0 bing phuong phédp
lap. Ta bién ddi phuong trinh F(x) = 0 v& dang f(x) = x. V6i nghiém ban
dfu x, ta thiét 14p chudi.
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X, = f(Xq)
X2 = f(xl)a

X, =f(x, - 1), qué trinh dimg khi [x,, —x,_| <&, v6i € [ gid trj cho trwéic.,

O day ta chi méi xét ham f(x) & dang t8ng quét.

56 1an tinh lap x; = f(x;-)phu thudc vao £. Vi vay ta khéng thé dat n
bién x;, (n chua xdc dinh). Khi d6 ta dat mot bién x nhan gié tri nghiém &
moi thdi diém tinh todn, mot bi€n y nhan gid tri cha ham £ néu trén méi
budc lap chua thod man biéu thic 'x - y| <¢g thi x s& nhan gid tri méi la
(x: =y) cho trude 13p ti€p theo.

Hinh 5.19 va 5.20 mo t& thut todn bai todn trén theo hai cdch kiém tra
di€u kién trude va sau, Khi tinh cu thé chi viéc thay cong thic clia ham s6
vao so do. Ban doc hiy 1dm bai tap véi f(x) = x — cosx + 0,7; x, = 1,

g=1075.
/ DV(x,, £) / / DV(x,, €) /
X = Xo ¥ = f(X) X=Xo ¥Y=X
3 ¥
+- y = f(x)
\ .o
u x=y
y = f(x) L=t ly-xse
_ - _ o+
y : . T —
S /o
Hinh 5.19 -  Hinhs5.20
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Vi du 5.17: Giai hé phuong trinh dai s6 theo phuong phép Gauss.
Cho hé phuong trinh dai s6 tuyén tinh:
Xt aXt o+ 2, X, = 8,

Ay (X T AaXpt o+ 8 X, = 24

.................................. *)
A, Xt 8XpF ot @ Xy = Ay
Theo phuong phap Gauss, tir he thic (*) ta dua vé dang tam gidc:
A Xt 8%t et 3% T 81y
Xyt o+ 3 X = Ay (**)

an.nxn = 4,41
Tix (**) ta s& tinh nguge duge vecto nghiém:
Xp= an. n+l/a'n. n

X1 = (an-l.wl - an-l.n*xn)/an-],n-l""

Nhu vay thust todn c6 hai giai doan: dua ma tran ban ddu v€ dang tam

gidc; giai nguge tim nghiém.

a) Giai doan thit nhdt:

1. Batddutirj=1

2. Néu a;; # 0 thi ding cdch t6 hop tuyén tinh s& khir cdc phan tir & cot
_]kétl!h?mgthu_] +1dénn, saud6 tang j = j+ 1. Néuj < n— 1 thi rd lai

muc 2, néu j > n — 1 thi tr& xubng muc 4.

3. Néu a;;= 0 phai tim trong cft j mot phén tir a, ; # 0 va ddi chb hai

hang X, j cho nhau;

4. Néu a, » = 0 thi suy ra ma tran A suy bién, hé khong c6 nghi¢m duy
nhét, ditng chuong trinh, néu a, , # 0, xong giai doan thit nhat.

b) Giai do(m thit hai:
Tinh cc X,, X,.1 .-

So dé kh6i nhu trén hinh 5.21.
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Nhap di liéu
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ban dau
Y
J=1; kq=1
K
——{ a;#0vakg=1 J_*
Tt
|
i=j+1 - =]+ 1
i —L
k=j+1 _31:0—7_
L ¥]
— =] ! .

a]'k _ ailk _ aij y a]k/am j i1 =j + 1
k=k+1 {‘— _‘
. b=ai1rjf i,ﬂn h

_ i =
kq=0
i=i+1 )
+ =i+ 1
isn
p lr=n *
J=j+1 +
1 kg=1
r‘_'-‘_'-—\
j£n-1 L ‘
T !
) 1
) _ DR ('Ma tran
Tinh x, a.,=0 ¢ suy(bién') ' /
?
Dua ra nghiém End )=
Hinh 5.21




Chuong 6
PHAN TiCH THUAT TOAN

6.1. KHAI NIEM

M&i thuat toan phai dim béo céc tinh chat:

- Céc bude phai duge x4c dinh 3 rang, ranh mach tr bét d4u dén ket thic;

- Téng quét, xét duoc moi kha nang, moi trudng hop cua bai todn;

- Chi tiét, trong timg kha nang, ting truong hop phéi xédc dinh duge
cong thiic tinh todn hay dong thong bao vé két qua xir 1;

- D cai dat chwong trinh may tinh;

- Hitu han: thoi gian thyc hién thuat toén chip nhin dugc.

Trong chuong trude, ta da hoc céc phuong phdp trinh bay thuat todn,
céc dang thugt todn co ban. Mot bai todn c6 thé c6 nhiéu cach gidi khéc
nhau, c6 thé ¢6 nhiéu thut todn khic nhau, viéc chon thudt todn nao dé
vi€t chuong trinh cho méy tinh da duge céc chuyén gia tin hoc dé cap dén
tir au, vd mot Tinh vuc méi da hinh thanh: nghién ciu vA phan tich do
phtic tap, 6 hiéu qué clia thuat todn. |

Vi du: Xét mot thust todn dién hinh:

Bai todn tim ki€m nhi phan.

Cén x4c dinh phdn tix T ¢6 trong mang dugc sip X[1..N] hay khong.

0.Duavao T

1. Found =.false.

2.bdu=1

3.Cubi=N
4. WHILE déu <cu6i AND not found DO

{
a) M = (déu + cudi)/2
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b) IF T<X[M] THEN

cudi : = M-1
ELSE
{IF T>X[M] THEN
Pau M+1
ELSE
Found =.true.

|

O day X[1..N] c6 thé 13 s6, c6 thé 13 xau k¢ tir chit (xem mang - array).

Nhimng véin dé cén quan tam khi xay dung thuat todn:

+ Thuat todn phai ddm bao duwoc 5 tinh cht nhu dd néu & ddu muc
6.1 nay; |

+ Cach trinh bay thuat todn phai gitp cho viéc viét ding chuong trink;

+ Céch trinh bay thuat todn phai gitip cho viéc lua chon k¥ thuat lap
trinh d€ nang cao hiéu sudt ciia chuon g trinh. - :

6.2. O HIEU QUA VA PO PHUC TAP CﬁA THUAT TOAN
6.2.1. Cac loai bai toan

D¢ phic tap cta thuat todn thudng phu thugc vao timg loai bai todn
cin gidi quyét. Cé bai todn cé khéi luong xir 1y théng tin rat 16n (nhif bai
todn thong ké dan s6, ...), ¢6 bai todn cé it théng tin ban d4u nhung lai r4t
phifc tap vé mit todn hoc, logic tinh todn. Ta goi chung cdc bai todn cén
xit Iy trén mﬁy tinh 12 cong viéc tinh todn. _ _

Ta ¢6 thé phan chia cdc cong viee tinh todn cin xir Iy trén mdy tinh ra
céc linh vire sau: _ - '

- Quén ly doanh nghiép, quan 1y nha nuéc - chinh pht vi quan Iy & céc
cap b6 nginh thude chinh php, quan 1y nhi nuéc & cp tinh vi céc 0
thue tinh, qudn 1y tai chinh - k€ to4n - ngan hang, quin Iy tr ph4p, quan
Iy tda 4n, quéan 1y gido duc dio tao.

- Khoa hoc ky thuét thudn tuy.
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- Linh vuc khoa hoc co ban.

- Trong co khi, kién triic, xay dung nha, xay dung cau, dudng, thuy loi,
giao thong, nong nghiép v.v...

- Thudn tuy tin hoc: dich vu tra ctu thong tin trén mang, thu tin dién
tir, thuong mai dién o v.v...

_ Linh vuc trd choi, day hoc, du lich, dich vu cong cOng v.v...

6.2.2. X4c dinh d6 hiéu qua, 4o phic tap cla thuat toan

Céc cfu tric di liéu c6 thé dugc cai dat trong bo nhé mdy tinh theo
nhiéu céch khdc nhau, mdi cdch doi héi phai ding s8 lugng bd nhé va
thdi gian tinh todn nhit dinh. Cich n30 ma st dung it bd nhd nhat va thoi
gian tinh todn it nhét thi nd 1a hi¢u qué nhat. Ngudi ta chi quan tam dén
thdi gian tinh todn. Yéu t6 quan trong nhat anh hudng dén thoi gian tinh
todn 1a khoi luong thong tin ddu vao va k§ thuat lap trinh dugc st dung.

Ky hiéu t 1a thdi gian thyc hién clia thuat todn, khi dé t 1a mot ham s6
phu thudc vao s lugng dau vao n, nén ta viét 1a T(n).

Khai niém d¢ phitc tap ctia thudt todn dugc hiéu theo y nghia la d§
16m ciia T(n), dugc ky hiéu bdng chit O (doc 1a 6 lon) nhit sau: gid s n
la s6 nguyén duong, T(n) va f(r) la cdc ham thyc khong dm, khi dé
T(n) = O(f(n)) néu va chi néu ton tai cdc hdng duong ¢ va ny sao cho
T(n) <cf(n) voi moi n 2 ny _

Theo dinh nghia trén, ham f(n) 12 can trén cha T(n). Thuat todn cé
thdi gian thye hién T(n) = O(f(n))- ta néi ring né c6 thdi gian thuc hién
cép f(n). | |

Trong 1y thuyét phan tich thuat todn, ngudi ta di dua ra mot s& cap
thdi gian chuén thyc hién thuat toin nhu saw:

O(1) - thdi gian thire hién bi chan béi 1 hing s6;

O(logn) - thoi gian thuc hién theo logarit
| O(nIan) - thdi gi_ah thuc hién theo nlogn

O(n) - thii gian thyc hién tuyén tinh

O(n?) - thoi gian thuc hién binh phwong

O(2) - thoi gian thyc hién 1a s6 mi
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V6i cdc chi tieu trén day, ta da c6 mot do do dé danh gid, so sanh thuat
todn nao t6t hon thuat todn nao khi gidi quyét mot bai todn.

6.2.3. Quy tic danh gia thoi gian thuc hién thuat toan

Quy tac téng: néu T\(n) = O(f,(n)) va T,(n) = O(f,(n))

thi T\(n) + T,(n) = O(max(f,(n), f,(n))

That vay:
viT\(n) = O(f(n)) nén 3 ¢,, n, sao cho Ti(n) <cf|(m)) v6i ¥V n=n,,

Ty(n) = O(f,(n})) nén 3 ¢,, n, sao cho Ty(n) < c,f5(n)) v6i ¥ n > n,,

Dit ny = max(n,, n,), khi d6 v6i V n > 1, ta cé:

| Ti() + Ty(n) < (¢, + cmax(f,(n), £,(n)
C6 thé néi mét cdch téng quat nhu sau: khi mot bai todn duge chia

thanh nhi€u bai todn con thi do do cdp do thdi gian thirc hién thuit todn
s& lay theo cAp d6 16n nhét trong céc ¢édp do thanh phin.

6.2.4. Danh gia thei gian thuc hién cac cau 1¢nh Pascal

bé dinh gid thoi gian thuc hién mot chuong trinh, ta phai biét duogc
timg ciu Iénh thire hién bao nhiéu 14n.

Tuy theo loai Iénh, ta ¢6 cdc chi tiéu ddnh gid nhu sau:

1. Lénh gan, lénh read, write, goto ¢6 thdi gian thuc hién 12 O(1);
2. Lénh phitc hop dé trong cap begin... end dugce danh gia theo quy tic
téng & trén; :

3. Lénh IF <diéu ki¢n> THEN S1 ELSE 2, thési gian thuc hién la:

O(max(f,(n), f,(n))

trong dé f,(n), fy(n) 12 c4n trén chia thoi gian thyc hi¢n lénh S1, $2.

4. Lénh CASE duge dénh gid nhu 1¢nh IF.

5. Lénh lap (repeat...until, while..do. for...do): néu thoi gian ih_grc hién
than vong 13p 13 f(n) va s6 l4n lap t6i da 1a g(n) thi thoi gian thyc hién
mot lénh 1ap 1a O(f(n)g(n)). | | o

6. D6i v6i ham dé quy:
Xét ham d¢ quy tinh giai thira sau:
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Function giaithua(n:integer):integer;
Begin if n < = 1 then giaithua : = 1

else giaithua : = n*giaithua(n-1);
End;

Ta dat thdi gian thuc hién ham vdi n la T(n). Véin = 1 thi thoi gian
thye hién ham 1a O(1). Vi n >1, thye hién ham chinh 1a thoi gian thue
hién 1énh gén giaithua: = n*giaithua(n — 1), tifc la biang O(1) cong vdi
T(n—1). Ta ¢6 quan h¢ dé quy:

T(1) = O(1)}

Tn) =01 +Tn-1)

Ta bt ddu tir T(n) cho dén T(n — 1), T(n - 2),... T(2), T(1):

T(n) = O(1) + O(1 + ... +O(1) + T(1) = (n - DO(1) + T(1) = n¢, = O(n).

6.2.5. Phan tich mot s6 thuat todn

6.2.5.1. Ham fibonacy

Function fibonacy(n:integer):integer;
Begin If n<2 then fibonacy : =n
else fibonacy : = fibonacy(n-1) + fibonacy(n-2);

End;
1
1 2
1 2 3
1 2 3 3
1 2 3 5 8
Ta ¢é quan hé:

Véin<?2valhingsdoc, Tn)=c
Véin 22, T(n)=T(n - 1) + T(n~2)
Ngudi ta dd tinh todn thoi gian thuc hién:

A++5)

T(n) = O@"), v6i § ="—
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Thoi gian thyc hién ndy 1a ham mi, vi vAy véi n d0 16n thi hAm nay
khéng hiéu qua.

6.2.5.2. Thudt todn Euclid - tim wéc sé chung

Function Euclid(m, n:integer):integer;

Var r:integer;
Begin
r: =mmod n;
While r <> 0 do
Begin m: = n;
n:=r;
r:=mmod n;
end;
Euclid : = n;
End;

X¢t thoi gian thyc hién trong than thuat ton:
m=nq,+r,0<r,<n
n=r.q,+r,0<r,<r,

Néur, >n/2thisuyragy=1,tkcAn=r, +r, = r; <nf2

Cdn ry < n/2 thi ciing suy ra r, < n/2.

Nghia 1 trong moi truding hop, r, < n/2.

Nhur vy, cit sau hai 14n thuc hién than vong ldp thi s8 du s& gidm di
mot nira clia n.

Gia st k 1a s6 nguyén 16n nhat sao cho 2% < n, s6 14n lap t6i da sé la
2k+1.

Tir bit déng thitc 2% < n ta c6:

k<log,n = 2k <log;n = 2k +1 < log,n +1 |
Thoi gian thuc hién thuat todn s& 1a O(loggn)
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Chuong 7

CAC THUAT TOAN SAP XEP

4 1. SAP XEP BANG CHON LUA DON GIAN CHO MANG

7.1.1. Bai toan

Cho mang Xx,, ..., X, Cic
s& thuc bdt ky, lap thuat
todn sap xép lai mang theo
thit tu tang din.

7.1.2. So d6 thuit toan

DV(n)

g

TG:=ali]; alil:=a[j]; ali:=TG

5
j=i+1

)
+

i:=i+1

TN >

-3

Dua ra mang da sap xép

' .
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Doan c6t 161 clia chuong trinh nhu sau:
for I:=1ton-1do
for j:= 1+1tondo
if xfi] <x[1] then
begin x[i] := x[i] +x[j]
x[jl:=x[i1xj]
x[i]:= x[i] -x[j]

end;

7.2. SAP XEP THEO CHON LUA PON GIAN CHO DANH SACH
LIEN KET

7.2.1. Bai todn

Cho mot darh sdch lién két. Yéu cdu Hp thuat todn sép x&p céc phin
tlr trong danh sdch lién két 36 theo thit tu tang dén.

7.2.2. Thuit toan
O day ta sir dung con trd P dé xir 1y va con tré6 SmallPtr dé huu phan tir
nthé nhdt, méi con trd 13 mét ban ghi ¢é 2 trudng: Du_lieu va Next

1. Khéi dong con trd P tai nit déu tién
2. While P < > Nil 1am céc buéc sau:
a) it con tré6 SmallPtr: = P
b) Dit Smallest : = Du_Lieu(SmallPtr);
¢) Dat con tré q : = Next(p)
d) While q < > nil then begin

if Du_Lieu(q) < Smallest then

begin SmallPtr : = q; Smallest : = Du_Lieu(q) end;
q : = Next(q)
_ end

¢) Du_Lieu(SmallPtr) : = Du_Lieu(p)
f) Du_Lieu(p) : = Smallest
) p : = Next(p)
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So dé thuét todn:

Knéi dong p

SmallPtr:=P

¥

Smallest := Data (smallPtr)

b

q: = Next{p)

Data(q) <
Smallest

SmalIPtr:= q;
Smallest:= Data(q}

Y X

q:=Next(q)

J r

Data(smallPtr):=Data(p)
Data(p):=Smallest:
P:= Nexi(p)
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Theo so d6 ciia Lany NuHoff (Tai liéu tham khao s6 2).
For i:=1ton-1 Do
begin smallpos := i;
Smallest := X[smallpos];
forj:=H1to n Do
if x[j] < smallet then
begin Smallpos := j;
smallest := X[smallpos]
end;
X(smallpos]:=X[i];
x[i]:= smallest;

end;

=0(n?)

b6 phitc tap (n~1)+(n-2)+...+2+1 =___n(n2—1)

7.3. SAP XEP KIEU NOI BOT - SAP XEP DAN
7.3.1. Xét bai tosn

Che day céc s6 thie x,, x,, x4, ..., Xy Yéu cu sap xép lai theo trat tu
tang dén theo kiéu ndi bot.

7.3.2. Phan tich bai toan

Sap xép ndi bot duoc thue hién theo thuat ton: trong méi l4n di qua
néu khong c¢6 thd tr ding thi sdp x€p ngay hai phén tir lién ké. Theo
phuong phdp nay, méi l4n duyét qua mot Iyot danh sdch, mét s6 phan tir
I6n duoc ndi len trén, mot s6 phan tir bé bi chim xuéng duéi.

Bat dau tir so sanh x, va x,. Néu X, > X, thi hodn vi luén x, va x,;

X2 X1 X3..., X, = hodin d6i chi s6, x, & vao vi trf x, va nguoc lai:

két qui: = x, x,, x,..., X,

Ti€p tuc so sdnh x, véi x,... cho dén x ot VAX,

Nhur vay két'thic I4n di qua thit nht, phan tir 16n nhét d3 "néi" len
cudi danh séch, va mot vai phén tir da "chim" vé phia gin d4u danh séch.
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TG = X 3% = Xjuqi Xjeq 7= TG

Pua ra day da sép xép
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Tiép tuc qud trinh ndy, cdc phan tir I6n nhat trong danh sich con con
lai s& & vao cudi ciing ciia danh sich con dé.
- Ta c6 thuat todn sip xép theo trat ty tang din nhu & trang trén. Chuong
trinh sau day viét va chay trén Pascal for Windows:
Program sapxep_noibot;
uses WinCrt;
var 1,),nk:integer;

a:array[1..50] of real;

tg:real;
Begin write("Nhap N:");readln(N);
Fori:=1to N Do

Begin write("Nhap a[",i,"]= "Y;readIn(a[i]) end ;
Fori:=1toNdo
For j:=1 to n-i do if a[j]> a[j+1] then
begin tg:=a[j];
aljl:=a[j+1];
alj+1]:=tg
end;
For i:=1to N do writeIn(a[i]:8:2," ");
End.

7.4. SAP XEP KIEU CHEN

7.4.1. Bai toan

. Thuét todn ndy dung trong truong hop khi ta tao mét danh sich, vi du,
sip xép mot danh sich chita cdc phan tir trong méng x|, x,, ..., x,, theo tha
tr tang dan. Céc phén tif dua vao danh sich dugc dat ding vi trf theo trat
ty gid trj tang ddn. Chi ¥ 1 céc x|, X2, -y X;dutgc dua vao cho dén thai
diém thit i. ' ' '
7.4.2. Phan tich

Vi du: ta c6 cic s6 67, 33, 21,84, 49, 50, 75, ta s& dua vao danh sich
va sap x€p theo chidu tang dan:
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Budc 1: dua vao s6 67
Budc 2: dua vao s6 33: so sdnh va chen phia trude: 33, 67
Budce 3: dua vao 21: chén vao trude: 21, 33, 67
Budce 4: dua vao 84: chén phia sau: 21, 33, 67, 84
Buéc 5: i =35, j = i-1 = 4. dua vio s& 49: ki€m tra tir cudi danh sich da
dua vao, vi 49 < 84 nén s6 84 duoc dich chuyén sang phai 1 vi trf thit 5 dé
tréng vi trf thit 4. Gidm j &€ xét phén tir thit 3, vi 49 < 67 nén dich chuyén
67 1en vi tri thi 4 d€ trdng vi tri thd 3. Giam j, xét phdn wr thit 2, vi
33 < 49 nén khong dich chuyén nifa ma ra khoi 1énh while va gin s6 49
vao vi tri tha 3.
C4c budée tiép theo: qué trinh lap cho dén hét cdc phén tir cln dua vao.
Giai thich so d6 thuét todn:
1. D4u tién cdn nhap vdo s& lugng phan tir N
2. Bét ddu nhap phan tir thit nhat x[1]
3. Cho I chay tir 2 (i:= 2), nhap s6 méi
4. So s4nh: n€u s& méi nhap =x[1] thi x[i]: = <sé mdi>
néu khong thi x[i}:= x[i-1] va x[i-1]: = <s§ mé1>
5. Tang i: = i+1
6. Nhap s6 méi
Jp=i-1
Néu sd méi- 2x[j] thi:
{x[j + 1] := <s6 méi>; goto (5) }
"Néu khong thi:
(x(+1]=x[j+1;j:=j-1}"
Kiém tra: Néu j > 0 thi goto (5), néu khong thi x[1]: = <s6 méi>

7. Kiém tra néu i < n thi goto (4) dé tang i ti€p tuc, néu khéng thi dua
ra day di sip x&p va két thiic.

Ta c6 so d6 thuit todn:
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/Duavéo n,x{1]/

i=2 d

- L
/ Pua vao s8 moi /

 J

ji=ia
-l

_ x[j+1] := 88 mé&i

+
X{i*+1] : = (] !
ji=j-1 i=i+1
. +
+ n
_ Busa ra day da sdp xép

x[1) ;= 8§ mdi

7.5. SAP XEP NHANH

7.5.1. Gidi thich phuong phap

Thuat. todn sip x€p nhanh mot diy s6 do C.AR Hoare dé xuéng.
dugc gii thich nhur sau: : L
- Bu6ce 1: chon 1 phén ti clia danh sdch 1am méc.
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- Buée 2: phan hoach ddy thanh 2 phén, phin dau gém nhing phén tir c6
gi4 tri nhd hon hodc bing phén tir méc, phdn cudi gém nhimg phdn tr 16n
hon gid tri phdn tir m6c. Két thic mot lan phan hoach, phdn tit méc duge
dat ddng vi tri thyc sy clia né va danh sach duge chia lam 2 phan.

Trong qué trinh phan hoach, tai mbi thoi diém chi thuc hién & mot
phan doan, cdn mét phan doan khic phai duge ghi nhé lai. Qud trinh xir li
mot phan doan, ghi nhé mét phan doan dugce ti€p tuc cho téi khi trong
mét phan doan chi con 1 phdn tir. Sau d6 thyc hién tiép cho phéan doan
khéc. Qué trinh dimg khi phan doan cuéi ciing duge xir Ii.

Vi du: Cho diy 10 s6

a

a

a3

ay

a5

40

19

63

15

64

57

91

33

98

89

Pau tién ta chon mdc la a, = 40.

Buéc phan hoach thif nhat:

Chol=1,k=11.Tang1: =1+1 cho t6i khi a[l] > 40.

Giam k: = k-1 cho téi khi alk] <A0.

Di tir bén trii, trong céc phén tir trén: a, = 19 < 40, chi véi | = 3,

a, = 68 > 40.
Di tir bén phai, a,, > 40, a, > 40, chi véi k = 8, a3 < 40. Vil=3<k=8
nén d6i chéd a, cho ag:
a, 8 a; a as g ay dg ay A0
40 19 33 15 64 57 91 68 98 89
Tiép tuc ting 1 va gidm k:

1=4,a, <40;1=35, a; =64 > 40.
Tir bén phai: a7=91>40,a6=57>40,v6ik=4,aq=15<40. Nhung

vil=5 >k = 4 nén phai dit lai méc, hodn vi a, v6i a,:

a,

a;

a3

a,

as

g

a,

4

4y

15

19

33

40

64

57

91

68

08

89
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Két qua clia budc thir nhét cho ta 2 phan doan:

15 ' 19 ‘ 33 l 40 | val 64 | 57 | 91 | 68 | 98

]

Ta ¢4 thit tuc phan hoach nhur sau:

Procedure PH(I'I, Jiinteger ; var k:integer);
Var L, p:integer;
Begin
p:=ali];
Li=i; k= j+1;
Repeat L:= L+1 Until (a[L] > p) or (L>j);
Repeat k:=k-1 Until a[k] < = p;
While L <k do
Begin doicho(a[L}, a[k]);
Repeat L:=L+1 Until (a[L] > p)or(L>j);
Repeatk: =k - 1 Until a[k] < = p
end;
If L>k Then doicho(ali], a[k]);
End;

7.5.2. Chuong trinh

Program SapXepNhanh;
Type mang = array[1..50] of Integer;
var

m, n :integer;

a:mang; _
Procedure Doicho(var w, Z:integer);
var tg:integer;
Begin tg: = w w:=2z; 7: = tg End;
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Procedure PH(, j:integer; var k:integer),
Var L, p: integer;
Begin
p: =ali;L:==1; ki= j+1;
Repeat L:= L+1 Until a[L] > p or (L>j);
Repeat k:= k-1 Until a[k] <p; '
While L. <k do
Begin doicho(a[L], a[k]);
Repeat L:= L+1 Until (a[L] > p) or L>D;
Repeat k:=k - 1 Until a[k] =p
end;
If L>k Then doicho(ali], a[k]);
End;
Procedure QS(i, j:Integer);
Var k:Integer;
Begin If i < j Then
Begin PH(, j, k;QS(, k-1); QS(k+1, J) End;
End;
Begin {Chuong trinh chinh}
Write("Nhap N:"); readln(N);
For m:= 1 To N Do
Begin Write("Nhap a", m,"}="); :Readin(a[m}) end QS(1, n);
For m: = 1 to N-1 Do write(a[m]:3, ", ");writeln{a[n}:3); readln
End.

7.8. SAP XEP TRON - MERGESORT
7.8.1. Giéi thiéu phuong phap

Y tu'omg cha phuong phap sip x&p hoa trén ciing gan gidng voi phuong
phap sép x&p nhanh va phuong phép tim ki€m nhi phén: dé sip xé&p cdc
phén tir cia day a[p, q] thi ta xdc dinh vi tri k = (p + q) div 2 ném gilia p,
q, sap xép 2 day con a[p, k] va alk, q] sau d6 hoa tron 2 diy con nay
thanh ddy dugc sip xép.
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7.8.2. Ghép 2 day da sdp thit tu thanh 1 day sdp thi tu

Phdn ¢6t 16i ctia sip xép theo kiéu trén 12 thuat todn trén 2 ddy 41 sap
thit tu thanh 1 diy duoc sip.

Vidu, ta c6 day: a=1,3,5"728
va diy b=2,4,6,9 10
Keét qua sau khi tron: c=1,2,3,4,5,6,7,8,9, 10.

Cé nhi€u so d6 ghép khéc nhau, sau day ta néu mot trudng hop:
Program SXTron;

{Tron 2 day da sap thu tu thanh 1 day sap thu tu}
uses dos;
var 1Lj,k.n,p,L :integer;
a,b:array[1..20] of integer;
c:array[1..40] of integer;
begin
write("nhap n="};readln(n);
k:= (1+n) div 2;writeln("k="k:3);
fori:=1 to k do
begin
write("nhap a[",1,"]=");readIn(a[i])
end;
for i:=1 to (n-k) do
begin
write("nhap b{".i,"]=");readIn(b[i))
end;
p:=0;i:=1;j:=1;
while (i<=k) and (J<=(n-k)) do
begin
p:=p+1;
if a[i]<=b[j] then -
begin c[p]:=ai];i:=i+1; end
else |
170



begin c[p):=b[j};j:=j+1 end;

end;
1:=i-1;j:=j-1;
if i<k then
for L:=1+1 to k do
begin p:=p+1;¢c[pl:=a[L] end;
if j<(n-k) then
for L:=j+1 to (n-k) do
begin p:=p+1;c[p):=b[L] end;
writeln(" Day sau tron : ");
for i:=1 to n-1 do write(c[i]:3," ,")s
write(c[n]:3);
readln

end.
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Chuong 8
CAC THUAT TOAN TiM KIEM

8.1. TIM KIEM TRONG DANH SACH

8.1.1. Tim phan ti trong mot danh sich tuyén tinh chua duge sép
thit ty

8.1.1.1. Béi todn

Cho mét danh sdch c6 n phén tir chua dugc sip x&p va mot gié tri T,
yéu cdu tim xem c6 T trong danh séch d6 khong.

8.1.1.2. Thudt todn

Tim ki€m tuyén tinh 12 bat ddu tir phan tir ddu tién, tim mét céch tuan
ty trong danh séch cho dén khi tim ra phdn tt d4 cho hoac dat dén cudi
danh sdch. Ki€u danh sdch 12 méng céc phén tir c6 ciu tric dit licu kiéu
Kieu_Ptu.

Céc khéi chinh clia so d8 thuat todn dugc vé trén hinh 8.1,
8.1.1.3. Chuong trinh con thii tuc

Procedure Timkiem1(var X: Kieu_Dsach: n: integer; vitri:integer;
Item: Kieu_Ptu; var Found: boolean) ;
Found.:= false;
Pos := 1;
while not Found and (vitri <=n ) Do
if Item = X[pos] then Found := true
else vitri := vitri +1
End;
8.1.2. Tim trong mot danh séch lién két
Néu la danh séch lién két, ta ding mot con tré chi vi tri xit Iy PosPtr. -
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Procedure Timkiem?2(L: Listpointer; Item: Kieu_Ptu;
Var Found: Boolean; var vitriPtr : Listpointer);
Begin Found : = false ; vitriPtr : = List;
while not found and vitriPtr < > Nil Do
if vitriPtrA.Du_Lieu = Item then Found : = true
else vitriPtr ; = vitriPtrd . Next;

end;

Nhap danh sachvagiati T

\

Found := false; vitri ;=1

Fount:=True

h J

Vitri := vitri+1 Ra khdi chuong trinh con

Hinh 8.1

8.1.3. Tim ki€m tuyén tinh trong danh sach dugc sép thir tu
Cho danh sdch c6 thit t tang dén V€ gid tri X ,Xp, s Xq cén tim phén tr
trong danh séch dé.
1. Found: = false; DoneSearching := false; I=1;Loc:=0;
2. While not DoneSearchihg Do
if Ttem = X[i] then
begin Found:= true; DoneSearching := true; Loc := i end

else
if Item < X[i] or i=n then
_ begin Found: =true, Done Searching := true  end

. Else i:=1+1
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Trudng hop Item < x[1] hodc Item> x[n], vong Hip thodt ra véi vi tri
tim thdy bang Loc = 0.
- 8.1.4. Tim kiém nhi phan
Tim phén ti trong danh sdch x,, x,, ..., X, dugc sép xé&p theo thi tu
tang din. Found s& c6 gid tri ding khi tim duge va Mid 12 vi tri ctia phan
tlit néu tim ra.
1. Found : = false, First: = 1; last: = n;
2. While First <Last and not Found then
begin mid : = (First + last)/2;
if Item < x[mid] then last:= Mid-1
Else
if Ttem > X[Mid] then First := Mid+1
Else Found := true
end;

8.2. CAY TiM KIEM NHI PHAN

Trong mét cay nhi phan ma gi4 tri & méi nit Ién hon gid tri & con bén
trdi cia né (néu c6) va nhéd hon gi tri & con bén phdi cha né thi duoc goi
1a cay tim ki€m nhj phan vi ¢6 thé ding thuét todn gin gidng tim ki€m
nhi phan d€ tim ki€m trén né (Binary Search Tree- BST).

Gié st mu6n tim phan tir 35. Ta bét ddu & nit g0c vi 35 < 50 —» Gi4
tri cdn tim & bén tréi ndt géc — nghia la n6 cay con phia tréi.
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So sénh tiép 35 véi géc cay con: vi 35 > 30 — & phia cay con bén phai:

N6 12 duy nhat —» két thiic.

Viét thd tuc tim kiém trén cay nhi phan: géc - root, va nit tim thay -
LocPtr 12 kidu con trd, trd dén niit ¢6 phén Du_Lieu chifa cling trudng Id
nhu trong Item (phén tix), Item thuoc kiéu Kieu_Ptu.

Procedure BSTSearch(Root : TreePointer ; Item : Kien_Ptu);

Var Found: Boolean; var LocPtr : TreePointer ;
Begin

LocPtr : = Root ; Found: = false;

While not found and (LocPtr < > nil) Do
with LocPtr® Do .

if Item.Id < Du_Lieu.Id then LocPtr: = Lchild

else if Item.Id > Du_Lieu.Id then LocPtr: = Rehild
else Found: = true

end;

$.3. TIM LOI GIAI TOI UU TREN SO PO MANG

Hinh 8.2
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8.3.1. Khai quat vé so d6 mang

So d8 mang dugc sir dung d€ lap va diéu khién tién d6 thi céng cic du
an, tir nhig du 4n x4y dung cong trinh dén ca du 4n ché tao tén lira.
Ngay nay, dé gidi quyét bat ky mot nhiém vu phitc tap no trong nghién
citu khoa hoc, ky thuat, kinh t&, xa hoi, an ninh, quéc phong, ngudi ta déu
st dung So d6 mang nhu mét céng cu quan 1y hitu hiéu.

Cdc du 4n thudng cé rit nhiéu cong viéc. Muén thuc hién du 4n mot céch
khoa hoc, diing tién d¢, dat chat lugng cao, va giam chi phi téi mifc t6i thidu
V€ cong sifc va tién cha bat budc ta phai c¢6 phuong phép quan 1y t6t nhat.
Phuong phdp So d6 mang c6 th€ gilip ta gidi dwgc bai todn ndy. DE tu duy
theo phuong phdp So d6 mang, ta phéi biét chinh xdc cdc thong tin sau:

- Dy dn can bao nhiéu thoi gian d€ hoan thanh.

- Thoi diém bit déu hodc hoan thinh cong viéc, thdi gian thuc hién
timg céng viéc.

- Nhiing céng vi¢c nao 12 trong tam, cdn tip trung stic tai vat luc dé
hoan thanh diing tién dé.

S¢ d6 mang dugc x4y dyng trén mé hinh todn hoc hién dai, d6 1a Ly
thuyét do thi v6i hai y€u t6 logic co ban 13: céng viéc va su kién.
Trong so d6 mang, cdc cong viec duge bidu didn mét céch sinh dong
va cu thé. Khéng chi thdy tén cong viéc ma né con cho thdy méi lién
hé gilta cong vi¢e nay véi cong viec khdc. Dé 1ap duge so dé mang cdn
phan tich ti mi trinh tu, cong viéc, nhitng m&i lién hé bit budc vé cong
nghé hodc logic vé& t§ chic.

C6 nhi€u phuong phap so d6 mang, ph§ bign nhat Ia phuong phdp
dudng gang (Critical Path Methol - CPM) va phuong phip so d6 PERT .
(Program Evaluation and Review Technique). So d6 mang CPM gém
nhiing dudng va niit trong d6 cdc nit 13 cdc sy kién, cdc dudng la cdc
cong viéc; con trong so dé mang PERT thi phdn tir chinh I3 cdc cong
viéc, con cac dudng chi 12 nhitng mili tén don thudn dé lien hé cdc niit la
cdc cong viéc lai v6i nhau,

8.3.2. Cong viéc
Cong viéc & day thé hién mot qué trinh ndo d6, cé thé chi 13 méi lién
h¢ phy thugc. Méi cong viée dugc thé hien bang mot miii tén va duge goi
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tén bing ky hiéu ciia hai sy kién truéc va sau, cdc Ky higu nay vé thit e 1a
rat quan trong vi né chi dinh cong viéc d6 bit ddu tir sy kién nao va két
thdc & su kién ndo. C6 hai dang cong vigc.

8.3.2.1. Céng viéc thuc: L cong viéc cdn sut chi phéi v& thai gian va
tai nguyén, nhan lyc hodc chi la thdi gian chd dgi, duge thé hién bang
mot nét lién.

8.3.2.2. Cong viéc do: Cong viéc o 1 cong viéc chi thé hién méi lién
he logic giita hai hogc nhiéu cong viée, khong doi hoi chi phi thai gian va
vat tu, nhan luc. Trén so d6, cong viéc a0 biéu dién boi nét dit.

Hinh 8.3

8.3.2.3. Cac quak hé: La moi lién hé g.ifra c4c viéc véi nhau. D6 chinh la
su phu thudc 1in nhau cia céc cong viée trong qué trinh thi cong xay dung.

8.3.2.4. Su kién

Sur kién 1 c4i méc danh gid sy bit ddu mot cong viéc, con di vao la
hodn thanh cong viéc. Sy kién ddu khéng c6 cong viée di vao goi la su
kién xuft phét (fuén k¥ hiéu 1a s§ 1). Su kién cudi cling khong c6 cong
viéc di ra 1a si kién k&t thiic hay hoan thanh; Su kién hoan thanh lu6n 1a
" sy kién c6 chi s6 cao nhat trong tdt ca cic su kién.

8.3.2.5. Puimg

Pubng 13 mot chudi cdc cong viée duge sip x&p sao cho sy kign cudi
clia cong viéc nay 13 sy kién ddu cla cong viée kia. Chiéu dai ciia dudng
tinh theo gi4 tri thdi gian (nghy', gid, thang). Dudng trong s d6 mang bao
gid ciing di tir diém xudt phdt dén diém hodn thanh nén cé rét nhiéu
dudng nhu vay. Dudng cé do dai 16n nhat di tir su kién ddu tién dén sy
kién cudi cung la dudng gdng. '
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8.3.2.6. Thoi gian sit dung cho cong viéc

Thoi gian sir dung cho céng viéc 1a khoang thdi gian d€ hoan thanh céng
viéc. Théng thudng thdi gian sir dung cho céng viée duge ky hiéu 1a t;.

8.3.2.7. Tai nguyén

Tai nguyén trong so d6 mang dugc hiéu 1a thoi gian v cdc vattu can
thiét cho qud trinh thue hién dy én, nhu: Tién v6n, cong nhan, vat lieu,
vat tu, trang thiét bi, mdy mdc.

8.3.3. Céc thong s6 ciia so d6 mang

Khi m6 hinh mang da duogc thiét 1ap, ngudi ta s& tinh duoc thoi gian
cia cong viéc trén co s& cic dinh miic vé lao dong. Tuy nhién, thoi gian
hoan thanh dy 4n 1a bao nhiéu thi phai c6 phuong phdp tinh todn dé xéc
dinh. Mu6n tinh dugc diéu d6 cdn phai biét cic thong s6 sau:

- Th¥ii diém xudt hién sém va muodn cia timg sy kién (sau day sé goi
tat 1a thdi gian sém, thdi gian muén cha sur kién).

- Thoi di€m khéi cong sém va khdi cong muén nhét cia timg c6bng viéc.

- Thi diém hoan thanh s6m va hoan thanh mu6n nh4t cia titng cong viéc.

- Pudng ging. ' '

8.3.3.1. Thoi gian sém cia su kién ( I’T;)

Thai gian xudt hién sém nhat cha mot sur kién 1 12 thoi diém tinh tr lic
khéi céng dén khi xdy ra sy kién thd i sau khi d3 hoan thinh t4t ci cdc
cong viéc di tnede i theo trinh tu logic. :

Vi du: Cho so dé mang v6i cdc tham s& théi gian cong viéc ghi bén
canh titg cong viée (i, j) nhu trong hinh 8.4
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S kién 5: Chi c6 thé xay ra sém nhd khi cdc cong vige 1-2,2-3, 1-3, déu
i hoan thanh, do d6 thdi gian sém phat cila sy kién 313 + 8 =11 ngay.

Tuong tu cho cic sy kién khdc, néu sy ki¢n i ¢6 nhiu con dudng di
dén thi thdi gian xuit hién sém cia sy kién (T¥) s& 1a "con dudng 16n
nhat di tit sw kién 1 dén su kién i".

D4 thiét 1ap cong thitc tinh todn ta ding ky hiéu sau:

i: Su kién; |

TS : Thoi gian sém coa sy kign i

T™: Thoi gian muén cBa sy Kién i;

t; Thoi gian cha cong viéc ij;

P, q: Sy kién di dén i ¢ con dudng
dai nhat. _ | Hinh 8.5
Céc cong viéc trude khi dén su kign dang xét duge ky hiéu 1a 1), 1, 3
vi cdc cong viee sau khi di ra tit sy kién 1a S, S5 S
Chiéu d3i cliia mdi dudng di trong so d6 mang t(L) Ia tong thdi gian
chc cong viec nam trén dudng d6, va dugc tinh bing cong thirc:

t(L) = t;

D¢ tinh thdi gian xust hién sém cla s kién, ta bat dau tir su kién xudt
phét clha so d6 mang, sau d6 tinh truy héi qua céc sy kién cho dén sy kién
cudi cling.

Trong qué trinh trung gian, néu ta dang & sy kién thit i thi thoi gian
xudt hién sém cha sit kién j ngay sau d6 s& dugc tinh biing cong thic:

. Tjs = Tis + tl.l

(Titc 12 thdi gian xuft hién sém cha sif Ki¢n | bing thdi gian xuat hién
sém chia sy kién i tru6e né cong véi thdi gian thwc hién cong viée (i, j).)

Néu trude sy kién j c6 nhiéu sy kién di dén no thi T; s& bdng con
dudng 16n nhat tir cic sy kién d6 t6i j:

T; = max {(Tis + t‘.l ); (Tﬁ + thU);'}
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Trong d6 sy kién nio cé con dudng 16n nhét di qua nd dén j (va su
kién phai ditng ngay trudc nd) s& dugc ghi vao 6 dudi vong tron sy kién
(vi du: p). Néu cé nhiéu sy kién di dén j c6 con dudng bang nhau thi ta
ciing ghi vao 6 dudi céc sy kién do6.

8.3.3.2. Thoi gian mugn cia su kién (1" ;17" )

Mot su kién chi duoc phép xdy ra mudn nhit vio ngy xdc dinh dé
khong 1am anh hudéng dén thoi gian hoan thinh du dn. Nhu vay 13 dé dam
bao ti€n do, sy kién cudi cung 13 hoan toan xdc dinh (né chinh 12 th&i
gian phdp 1énh cua cong trinh, dy 4n), thdi gian xuét hién sém va xudt
hién mudn cla né phai tring nhau:

T =T

Viéc tinh thei diém xuat hién muon cha su kién sé& duoc bat ddu tir s
kién cu6i ciing, 1di vé cdc su kién trudc né, theo cich tinh: thei di€ém xust
hién mudn cla su kién i s& bing thdi diém xudt hién muén cha s kién |
sau né trir di thoi gian thue hién cong viéc (i, j) ta thiét 1ap duge cong thic:

Tim = ij - tl]
~ Néu ding sau su kién i c6 nhiéu su kién c6 the di dén i thi T™ béng

hiéu 56 nho nhét tinh tir thdi diém muodn cha cac sy kién 10 d6 trir di thoi
gian cong viéc dé.

T = Min{(T;" - t;:); (Ty" +t).3
8.3.3.3. Thoi gian sém ctia cong viée (T, ; T})

Mot cong viéc c6 hai sy kién ddu (i) va cuéi (§) cho nén thdi gian clia
coéng viéc gin v6i thdi gian clia sy kién. Mot cong viec 6 hai thoi diém
som 1a khéi som (hay goi 12 bat ddu s6m) ky hiu T* va hoan thanh sém
ky hiéu 1a T;"°.

Ta c6 thé thdy ring mot cong viéc 1a khéi sém néu né bit ddu tai
thdi di€m sém cla sy kién ddu; :

T =T (tai sy kién déu i)
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v né s& hoan thanh sém néu né hoan thanh tai thdi diém sém cha sy
kién sau dé:

Ti}“ =T} (tai swkién sau;j) va T, =T} +1
nén: Ti;“’ = Ti}‘s +1

Khi thoi gian clia mét cong viéc khong déi thi né s& hoin thinh sém
nhat n€u né khéi cong sém nhit.

8.3.3.4. Thoi gian muén ciia coéng viéc ( 7};”” ;T,-;"" )

Mot cong viec c6 hai thoi diém muén Ia khoi cong muon (bat déu
muon) ky hieu 1 T{™ va hoan thanh mu6n ky higu la Ti™ tuong ing véi
thoi diém muén ciia hai su kién ddu va cudi.

Ciing nhu thoi gian sém, mot cong viéc 1a khéi mudn néu né bat ddu
vao thoi diém mudn cia sy kién dau.

Ty™ =T," (tai sy kien ddu: i)
va 13 hoan thanh muén néu né hoan thanh & thdi diém mudn cla sy
kién sau;

T™ =T (tai sy ki¢n sau: j)

Tuong tu khi thdi gian cong viéc khong déi, ta c6 cong thife:

k h
T =Ty" -ty

8.3.3.5. Puong gdng va y nghia

Dudng ging la dudng tir diém xust phét dén diém hoan thanh c6 chiu
dai l6n nhét. Cdc cong viéc nam trén dudng gang 1a "cong viée gang” trén
so d6 mang; cdc cong viéc ging duge ddnh ddu bing céch v& mau do hay
t6 dam. Thoi gian cba dudng ging ciing 12 thdi gian hoan thanh du én,
hoac thoi gian x4y dung cong trinh. Trong so d6 mang thudng c6 mot
dudng gang nhumg ciing ¢6 thé c6 nhiéu dudng géng.

Nhimg c6ng viéc ging trén phai duge hoan thanh ding thdi gian quy
dinh, nghia 13 phai khéi va két ding thdi diém dd duge xdc dinh. Khi déa
xéc dinh dugc cdc cong viée ging, ngudi chi huy cong trinh cén phai ap
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trung stc tai vat lyc d€ hoan thanh cdc cong viéc gang ding tién do, khi
dé mdi dam bao diing ti€n do cho cd cong trinh.

Trong khi cdc cong viéc khong ging c6 thé kéo dai theém thdi gian 1
hodc thay ddi thai diém khdi két cong viéc trong gi6i han thdi gian ndo
dé6. Céc gi6i han nay goi 1a "du trit thoi gian™.

8.3.3.6. Thoi gian du trit ciia su kién

M6t sur kién c6 hai thdi diém sém va mudn. N6 khéng thé xudt hién
truée thdi diém sém nh4t (TF) va ciing khong thé xust hién sau thoi diém
muén nhit (T™). Nhung, né ciing ¢6 thé xudt hién bt ky lic ndo giita
hai thoi di€m d6. Khoang thdi gian chénh léch giita thoi han sém va
muén 1a khodng thoi gian du trit clia s kién. D6 chinh 13 thoi gian ma su
ki¢n c6 thé cham lai ma khong 1am anh hudng dén thoi han hoén thanh
du én. Ta tinh dugc dy trir clia sy kién bang cong thic:

D =T"-T;

Néu duy trif clia sit kign i khong thay ddi D, =0, thi ta goi d6 12 su kién
gang. Cic cong viéc ging phai gém hai sy kién ddu va cuéi déu ging.
Nhung déy chi 1a diéu ki¢n cin ma chua d0, béi vi nhiéu khi néi hai sir
ki¢n ging lai nhung chwa chic dd duge mot cong viéc gang, Tuong tu,
dudng gang s€ di qua tét cd cdc su kién gang va nguge lai s& khong ding,
nghia 14 n&u néi tat ci cdc sy kién gang ta s& duge mot dudng chua chéic
12 duong gang.

8.3.3.7. Thai gian dy trit ctia cong viéc

Mot cong vigc c6 hai sy kién. M&i sit kién cé hai thdi diém sém v
muén. Vi vay, cong viéc c6 bon thoi diém: Khéi cong sém - hoan thinh
sém, khéi cong muén - hoan thinh muén.

- Tuong ty, mot cong viéc ciing cé bdn loai du trir, mdi loal dy trit cé
lién quan t6i bén thoi di€m néi trén,

a) Dy trit todn phdn ciia cong viéc .

Dy trit 16n nhat (Dy): cdn goi 12 dy tri¥ todn phdn 12 loai dy tr vé thi
gian néu ta sit dung n6 dé thay déi céc thoi diém khoi s6m - két sém,
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khoi muon - két muon, hodc kéo dai thdi gian t; thi chi lam anh hudng
chc cong viéc trude vi sau né ma khong lam anh hudng dén thoi han
hoan thanh du 4n né duge tinh theo cong thifc:

Dij = ij - Tis - tU

b) Du trit riéng clia cong viéc

Du trit riéng hay con goi 12 dy trit bé nhdt (dy): 1a loai du trif thdi gian
néu ta sit dung s& khong lam 4nh hudng dén cdc cong viée trudc va sau
n6, duoc tinh theo cong thiic:

dl] = TJS - T‘m - tl]

3
Cong viéc ndo cé dy trit todn phin = 0 va dy trif riéng t = 0 la cong
viéc gang.
¢) Du trit do khdi som
Dy trif do khdi sém (L), cdn goi 1a dy trif phy thudc: 12 dy tri¥ khi sir
dung s& tu do khoi sém hoic kéo dai thoi gian cong viéc ma khong anh
hudng dén sit khéi sém cha cong viée ti€p theo:

s =T - T - t;

d) Du trit do khdi mudn
Du trit do khi muén (dE™) Ia sy trit lién quan, 12 dy tri khi sir dung
s& tu do khdi muén va kéo dai thdi gian cong viéc ma khéng anh hudng
dén sy khéi mudn ti€p theo:
A" =T - T ~t;

8.3.4. Cac phmmg:phép tinh so 46 mang
~‘Hién nay c6 2 phuong phdp co ban dé tinh so d6 mang d6 la: tinh so
dé mang truc tiép trén sy kién: tinh so dé mang bang lap bang.
8.3.4.1. Tinh so d6 mang truc tiép trén su kién |
Theo phuong phép ndy ngudi ta chia sy kién ra lam 4 6. Sy kién dudc
biéu difn bing dudng tron nén c6 tén goi 1 "vong trdn syt kién". Cac
théng s6 duge k¢ hiéu nhu san: '
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i: Su kién dang xét;

T*: Thoi gian s6m cha su Kién i;

T": Thot gian mudn sém cua sy kién i; i
t;: Thoi gian cia cong viée ij;

P, q: Su kién di dén i ¢ dudng dai nhat.

3 X\
Hinh 8.6

Xét vi du di cho trong hinh 8.3.

Trinh tir tinh todn theo 3 budc nhu sau:

Bucc 1: Luot di tinh tix trii sang phai

Tinh thoi diém sém cia sy kien (T )

- Bat ddu tir s ki¢n xudt phét 61 T =0

- Sukién ti€p theo néu chi c6 mét cong viéc di dén s& tinh theo cong thic.
ﬁ=ﬁ+%

Néu c6 cong viec di dén s& tinh nhu sau:
T} =max [(T] +t;);(T; + ty,);..]

- S ki¢n ndo ditng trudc ma di dén sy kien dang xét bing con dudmg
dai nhdt s& dugc ghi & 6 dudi (N&u c6 hai hodic nhiéu. sy kién ding trudc
di dén sy kién dang xét déu c6 chiéu dai bing nhau, s& duoc ghi tat ca
vao 6 dudi) . - o .

- C& nhu vay tinh dén lén theo thu ty ting dén cla ch1 s@ sur kién, cho
dén su kién hoin thanh cu61 cling (Ts) thl s& ho?m thémh buéc thi nhat.

Két qua budc thit nhﬁt tinh vao 6. trél cua sy k1én (‘ ) va céc chi sd’ 60
duéi su kién. -
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Hinh 8.7

Bude 2: Tinh thai diém mubén cha sy ki¢n (T™)

- Bét ddu tir sy kién cudi cing Ty =T,

Nghia 12 d2t s6m hay muodn ciing phai hodn thanh k€ hoach tién do
diing thoi han. Do d6, thdi diém sém hay mugn ctia su kién cudi cing
bang nhau. ,

- Tinh nguoc lai sw kién (n-1), (0-2), ..., iy -0y 1.

Ta ¢6 cong thiic:

T =T" - t;

Néu ¢6 nhiéu sy kién ding sau sy kién dang xét 1 ¢6 thé 1i dén sy kién

i bing nhiéu cong viéc thi T dugc tinh bang cong thdc:
T = Min{(T" - ;) (Tc" + tic)s--

- Ctt nhu vy tinh lui vé su Kién xudt phat s6 1 ta két thic budc 2. Két
qua budc 2 tinh duge 6 phai cha sy kign T '

Buide 3: Xéc dinh dudng gang '

Diéu kién cdn va di clia dudng gang 1a dudng di qua céc su kién gang
va la duong dai nhét..

Mot cich don gian dé xdc dinh céc sy kién gang 1a c4c su kién c6 dy
trit D, = T" ~TF = 0; nghia 12 0 trdi va 6 phai cha sy kién bang nhau.
Ngoai ra, con phéi xét xem dudng ndi céc syt ki¢n gang c6 phai 1a dudng
dai nhat khong. Trong vi du & hinh 8.7, cic cong viéc gang ndi cic sy
kién gang dugc to6 dam. '
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8.3.4.2. Tinh so 46 mang bing phuong phap lip bding

Theo phuong phép nay ta lap bang dé tinh todn céc théng s thoi gian:
khéi sém, két sém, khoi muén, két mudn ciia timg cong viéc. Tinh dy triv
toan phan va dy tri riéng cia timg cong vide, qua dé ta ciing c6 thé xac
dinh dudng géng. Trinh tu ti€n hanh tinh todn theo cic bude sau:

Budc 1: Lap bang tinh todn

Cac cong viéc duge sip xép theo thit tu ting ddn cla su kién ddu va
cudi clia su kién.

Cong
Tén | K¢ | Thei | Nhan Sém Mudn Dy trit | viéc
TT | cong | higu | gian t; | cong ' - géng
viée | (ji) (ngay) | (ngudi) X h km | mh
T | T | T | T | Dy dy
1 2 2 4 5 6 | 7 8 9 11011 12

Bucc 2: Tinh thoi gian khoi sém ciia cong viéc:

Véi diéu kién cdc cong viéc déu 1a kh&i sém, tite 14 khoi cong tai
thdi di€m sém ciia sy kien diu:

Ti}{s = Tiﬁs = Ti]_l:s = '_'"Tis
Bugc 3: Tinh thai gian hoan thanh muén cua cong viec:
T =Ty =T =1

Buéc 4: Tinh 'tn,rc ti€p trén bang tinh., Tinh thdi gian két s6m ciia cong
viéc theo cong thic sau va ghi vao bang (cot 7):

hs _ oh
Tijs"Tijs_'-"-tij _ .
Tinh 1bi thoi gian khéi cong muén cong viéc theo cong thifc sau va
ghi vao bang (cot 8): ' ' :

1k hm :
o " =Ty -1y
Tinh dy trit I6n nhit D; ciia cong viéc va ghi vao bang (cot 10); -
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Tinh du trit bé nhét d;; cha cong viéc va ghi vao bang(c6t 11):

dij = '].-‘Js ""'T‘m - tl.]

8.3.5. Cac thuat toan

Cho dén nay & trén thé gidi da ¢6 nhidu thuat todn va chuong trinh vé
so d6 mang (SDM). (J nudc ta mét s6 noi cling di cé céc chuong trinh vé
SDM, song viéc khai thdc sir dung chung c6 nhiéu han ché&. D& phuc vu
cho viéc tinh todn k€ hoach va quéan ly thi cong trong xay dung chiing
s& khio sét thuat todn tinh cdc tham s6 clia SDM: thuét toan SDM.O1 -
tinh tham s6 thdi gian clia dinh, SDM.02 - tinh céc tham s& théi gian
cong viéc.

8.3.5.1. Thudt todn SPM.01
Trong qué trinh xay dung cong trinh dugc md ta dudi dang mot SDM
1a mot dé thj c6 huéng, khong c6 quay vong G(D, T), trong d6 D = {d;}
1a tap céc dinh - sy kién, mi cong tdc xay dung dugc dic trung boi sy
kién khdi ddu i vh su kien két thic j s T=1;latap cdc thdi gian cong viée.
yéu cdu phai tinh thoi diém xuét hién sém T; va thoi diém xuét hién muén
T,", dy tril thoi gian d, ctia méi dinh, vach ra dudng ging cia SDM. Thuat
todn gbm céc budc sau:
Giai doan I: Qué trinh thuén.
1. Mo ta cdc tap sy kién, cong viéc.
2. G4n s6 liéu ban ddu cho cdc tham s6 thoi gian
3. Cho i bit d4u tir 2, thiét lap dinh D;
D, = {dj ( <i) Mt>0) * (T;>0)}
max (Tis +1t ) néuD; =6
4. Tis =¢ jeD
OnéuD;=¢ |
5.N6u i < n thi tang 1én 1 don vi va lp lai tir buéc 3, néu i>nth
chuyén sang giai doan sau.
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Giai dogn 2: Qud trinh nguoc.
I.LT"=T:i=N,
2.1=i-1, tap D;= {d; | (j >i) » (t; >0) A (T">0)},

3. T =4 D
' 0 néuD,=¢

4. Néu i > 1 thi 13p lai budc 2, nguoe lai thi chuyén sang giai doan 3.
Giai doan 3. Tinh dy trit thdi gian chia sy kién.
DT, =(T - T (vi=i,N)
Giai doan 4: Dua ra cic cong viéc gang
SKG = {d,| DT, =0}
8.3.5.2. Thudt todn SPM.02
Ky higu: T} 1a thoi diém khdi cong sém cong viéc ij; cdc ki hiéu
T§", TE,T{™ 1a thoi diém khdi cong mu6n, hodn thanh sém, hoan
thanh muén c_f_la cong viec ij;
Rj;, r;; 12 dut tri¥ thoi gian toan b6, thoi gian t do chia cong viée ij.
Giai doan 1: Qui trinh thuén.
1. Tao céc tap su kién, cong viec, £4n céc gi4 trj ban d4u

2.1=1,t=0 Vj>1vat;#0

h ks
4.1=1+1,1ap CVy = {(i,j) | T =T =0)

CVIG{ (&, )| T >0, T > 0)

s. T_;s =T" =

maxT;® néu CVGT,, # ¢
0 néu CVGT,, = ¢
6. Néu i> N thi lap lai tir buée 3, ngugc lai chuye'n sang giai doz;n 2,
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Giai doan 2: Qua trinh nguoc.

1.i=N, 'ri}’m = toangs

km _ hm
3. F =1, CVy = {G, )l T{"=T;" =0} lap CVGTy = {G, ¥
T >0, T >0},

4 qm _)TD T4" néu CVTGy # ¢
' {0 néuCVTGy =¢

5. Lap lai ti budc 3 cho dén khi j =1

Giai dogn 3: Tinh du trit toan phin va dy trit ty do.

Ry = T" - T 1y = max{ T ) - Ty
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Chuong 9
QUY HOACH PONG

9.1. KHAI NIEN CHUNG
9.1.1. M dau

- Ngay nay quy hoach todn hoc d3 déng mt vai trd quan trong trong
cdc nganh K thugt. Su phiét trién nhw vii bdo.clia ki thuat tinh todn da thic
ddy viéc nghién citu phét trién thém nhiéu mén quy hoach todn hoc méi.
Vi sy gilip sitc ctia mdy tinh dién tir (MTDT), mot s6 phuong phép quy
hoach todn hoc da cho phép gidi quyét duge nhiig bai todn ma d6i voi
phuong phép gidi tich ¢6 dién xem nhr bt lyc.

Mot trong nhiing nét dic trung co ban ciia cudc cidch mang khoa
hoc - ki thuat hién dai 12 viéc todn hoc hod. Todn hoc tng dung d3 trg
thanh nhu c4u cdp thiét. Néu chi ¥y vao vi¢c xudt ban sdch va tai liéu
nude ngodi ta thay cdc cong trinh nghién citu vé 1 thuyé€t, vé \ing dung
cdc phuong phép todn quy hdach ngay cang nhiéu. Viéc giang day céc
mon todn quy hoach trong céc trudng dai hoc di tré thanh phé bién,
ngodai nhitng chwong trinh toan cao cdp co sé. O nuée ta cong viéc dé
dd bt ddu tif sém vh mon quy hoach toan hoc phd bién hon ca 1a quy
hoach tuyén tinh. M6t s6 mén quy hoach todn hoc khac cdn chua dugc
phé bién 14m nhu quy hoach phi tuyé&n, quy hoach hinh hoc, quy hoach
dong v.v... Trong ki thuat thi lai thudng gap nhitmg bai todn khong gidi
duge bang todn hoc tuyén tinh, hodc ¢6 thé giai duge nhung bat 1gi hon
$0 v6i céc phuong phip quy hoach khic. Vi vay viéc nghién ctu 4p
dung chiing 14 rit cdn thiét.

Tixr nhitng nam truéc day, thuat ngit "t6i wu héa" dugc kha phé bién.
Céc phuong phip tosn quy hoach néi chung déu 12 nhitng phuong phip
tim 1 gidi t6i ww, hay "phuong 4n t6i w". Thoi gian ddu dugc coi nhu
nhiing thanh vién cla van tm hoc, ngay nay cdc phuong phép quy hoach
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todn hoc da duoc phat trién thanh ting moén riéng biét. Quy hoach dong
ciing nim trong finh trang chung d6. Quy hoach déng do Gido su Bellman.
R dé xudng va phét trién vio nhiing ndm 50 ciia the ki ndy. Tuy con mai
mé nhung quy hoach dong da chi€ém dugc wu th€ trong mot 16p bai todn
rong 16n. N6 duge sit dung dé gidi quy&t mot s6 bai toan trong cic qud
trinh hoé - ki thuat, trong cdc nganh ki thuat va kinh té.

Richard Bellman (1920 - 1984) 1a mot nha todn hoc tng dung, Ong
d3 c6 nhidu déng gép trong linh vuc todn hoc, nhimg déng gép lén
nhét 1la dé xuéng Quy hoach dong. Ong 13 Gido su Trudng dai hoc
Nam California, 13 thanh vién Vién Han 14m Khoa hoc va Nghé thuat
Hoa ky (1975), di timg duge tang thudng Huy chuong danh du cia
IEEE nam 1979.

9.1.2. Pinh nghia Quy hoach djng

Quy hoach dong 1a mot phuong phép cho phép gidi cdc bai todn t0i
u md c6 thé chia thanh cdc qua trinh nhiéu budc, 18i giai s€ nhan
dugc trén timg budc dé cho cé qud trinh 12 mot phuong 4n t6i vu.

Bén chét ciia quy hoach dong 1a trong mot qué trinh nhiéu budc, 161
gidi nhan duge & budc cudi ciing 12 161 wu \ing v6i moi kha nang, moi
trang théi cla hé & trén buéc thd hai cudi cling va né ciing s€ 14 t6i uu
cho ca qud trinh, _

Nhu vay muén ding quy hoach dong, vige ddu tién la phai dua bai
to4n vé& dang mot qué trinh nhiéu budc va sir dung cach 1ap luan clia quy
hoach déng (s& néi sau), dé tim 10 giai trén ting bude sao cho ham muc
tieu déu dat gid tri t6i wu (cyc dai hay cyc ti€u). Sau nay ta s& thdy quy
hoach dong thudc vio nhilmg phuong phip tim cyc tri.

9,1.3. Vidu

0] day ta s& xét mét vi du don gian dé lam quen vdi mot phuong phép
suy luan cfia Quy hoach dong.

Ta ¢6 bai todn nhu sau:

Tai cong trudng xay dung A phai sir dung céc loai vat lidu c6 thé ldy
& kho B va C. Hé théng dudng sé gifia A, B, C duoc chi trén hinh V&,
gid thi€t la chi phi chuyén chd vat liéu da ducc quy vé gié tri trung
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binh, ghi bén canh cdc tuyén duong. Bai todn yéu cdu chon kho 14y vt
lieu va dudng di sao cho tdng s& chi phi 12 nhd nhat. Diéu kién rang
bugc ¢ day la chi ¢ thé di tir diém nit tht i dén k, i < k, chit khong
duge nguge lai. Néu ding phuwong phép té hop thi bing cdch tinh tat ca
cdc phuong dn, ta ciing tim ra dugc phuong 4n t6i wu, vi & day s6
phuong 4n khong nhiéu lam. Nhung ta s& dung quy hoach déng va chi
ra tinh uu viét ca né trong trudng hop sé phwong 4n kha 16n. Tir hinh
vé ta thay viéc chia timg budc & day duge hinh thanh trén viéc xét ting
diém mat, va khong nhat thiét phuong 4n ndo (tuyén dudng nio) ciing
phéi di qua 5 nit theo thit tw 5 -4 - 3 -2 - 1, ta goi chi phi trén doan
dudng tir i t6i j 12 Gy; chi phi trén tuyén dudng tir j dén B (C) theo
phuong én t&i wu 14 F; (F')).

Hinh 9.1

Tl cdch dinh nghia trén ta c6.

Thit ty ta 1am nhu sau;
F =0
Buéc 1: >
F =0
Bubc2:  F,=miny (G, ,+F;) =min (10+0)=10

Fg = min, (G, 5 + F)=min(I18+0)=18

192



G;s+ F 17+ 0

F;= min = =17
Gy + Fy 15 + 10
Gy s +F 20+ 0

F;.= min & = min 20

Gys + Fs 30+0
F£-=min 623' + F3l = min 12 + 20 =30

Gye+ Fy 13 + 18
Buoc 5:
G+ B 25 + 17
=min {G, 4 + Ft =min {26 + 10 =36

Gy + B 8 + 29

Gpy+ Ex 19 + 30

i1 Gl',3', + F_‘;l = min 8 + 20 = 25

Gps + Fs 25+ 0

Buoc 6:
o |Goa+ B ) 15 + 36

F,= min ~ . p=min =45

o G2+ K 16 + 29
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(G + B ] 14+ 25)
G,, + F, 16+ 30

Fj= min 1 7 min | r =36
Gy + B, 17+ 20
Go,4'+Fe;'J k18+18J

Buoc 7:

F, 45
F,=min = min =36
E 36

Nhu vay, két thic phén tinh todn ta thu duoc gid trj cye tiéu cia ham
myc tiéu 12 36 va dudmg t6i ru 13 A - 4'- C.

Dieu cin chi y & day 1a tir mdi diém miit dén cdc diém cudi cing
(B, C), véi viéc tinh gid tri cuc tiu ta con xéc dinh duge nhitng diém
miit ma dudng t6i wu di qua. Néu ta tinh bang tay thi vi trf ctia chiing
ta phai nhd 14y hoac ghi ra gidy, con trong MTDT thi phai giit chiing
lai trong bo nhé. Khi da tinh dugc gid tri cyc ti€u clia ham muc tiéu tir
diém A, viéc l4n trd lai cdc didm mut ciia dudng t6i wu s& dugc thye
hién bang mot thi tuc, c6 thé gidi tren MTDT. Néu giai bai todn trén
bang phuong phép t6 hop thi s& rat phic tap (g6m trén 20 phuong 4n).
Trong khi d6 ding quy hoach dong chi ¢6 7 bude so sanh va 19i giai
nhin duge didm bao 12 t6i wuy.

9.2. NGUYEN LY TOI UU BELLMAN
9.2.1. Mot s¢ dinh nghia

Trong thi du & chuong truée, ta di diing mét s6 khai niém cia toan
diéu khi€n ma chua dinh nghia, giéi thich. DE tién sir dung trong céc phin
sau, ta s& b8 sung céc dinh nghia cia nhimg khdi niém dé.

- Hé: hé 1a mét khéi niém quan trong va dugc sit dung rong khép trdng
cdc nganh khoa hoc hién dai. C6 18 vi vay, cho dén nay chua c6 mét dinh
nghta nao dugce coi 13 duy nhat chdp nhan duge. Mot trong nhiing dinh
nghia dugc sir dung nhiéu trong todn dién khién c6 thé phét bidu nhir sau:
“Hé 1a mét tap hop cic tham s6 c6 modt méi quan hé tic dong nao 46 va
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c6 mot tinh chat nao dé”. Xét hé bi diéu khién S, phuong trinh chuyén
déng c6 dang:
dx
—=f(x,u,t 9.1
m (x,u,t) 9.1)

Trong d6 x, u, f 1a cdc véctor

f=(f', £, ...,
x = (x!, x%,..., X
u= (' v, u™

3 day véceto x thudc khong gian Ocolit n chiéu E" duogc goi la vécto
trang thdi hay 1a tham s6 trang thai. Véeto u thuoc E™ duge goi la vécto
diéu khién hay 12 tham s6 diéu khién. Trong trudng hop téng quat, Tham
s6 trang thdi dic trung cho sy chuyén doi vi tri clia hé va cho trang thdi
cha hé.

Vécto didu khién u(t) dugc chon trong qud trinh giai dé cho he dat
duge trang thai x(t, u) véi mot tinh chat nao dé. Trong li thuyét diéu
khién t6i uu, thudng ngudi ta xét tap hop {u} cdc vécto diéu khién 1a tap
hop cdc ham lién tyc timg doan. Gia st h¢ chuyén dong tir vi tri X v6i
thoi gian T da bist. Ta goi Ham muc tién 1a cong thic dién ta muc
dich khao sit he. D6i véi he S trén, ham muc tiéu ¢d thé dugce cho bing
phién ham:

T
I(u) = jf”(x(t),u(t)dt) (9.2)
¥

Yau ciu bai todn 12 chon didu khién u(t) thod min phuong trinh
chuyén dong (1) déng thdi cho phién ham (2) gid tri cuc ti€u. Trong thuc
t&, chc vécto x, u thuong chi gidi han xét trong mot m6i rang budc nao
6. Tap hop nhiing vécto diéu khién u thod mén rang budc cla bai todn
1am thanh tap hop cho phép U. D6i voi x cling vay.

Nhur viy, trong mot qua trinh diéu khién gém céc thanh phan:
~ - Phuong trinh phi_lyén déng | '

- Tham s6 diéu khién

" - Tham s8 trang théi
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- Céc rang budc

- Ham muc tiéu

Trong bai toan quy hoach déng, him muc tiéu phai c6 dang ham céng
duge. Céc rang bude déi véi quy hoach dong khong phai 1 nan giai,
chiing ¢6 thé 1a dang bat ki.

- Phuong dn hay chién luoc

Mot phuong 4n 1a mét céch chon céc tham s6 diéu khién he, ing véi
moi phuong 4n hé s€ ¢6 mot trang théi x4c dinh va ham muc tiéu c¢é mot
gid tri xdc dinh. Phuong 4n goi 14 chdp nhan duge khi cdc tham s6 nhan
gid tri trong mién cho phép. Phuong 4n t6i wu 12 mot phuong 4n cho phép
vi n6é cho ham muc tiéu gid trj t6i wu. Trong bai todn quy hoach déng,
viéc chon tham s& nio 1am tham s didu khién la quan trong, chon diing
thi s& 13m cho viéc gidi d& dang hon rét nhidu.

9.2.2. Nguyén Ii toi uu

Phuong phép quy hoach déng dua trén nguyén If co ban sau day, goi la
nguyén Ii t6i vu:

"Mot phuong 4n t6i wu c6 tinh chét nhir sau: Khéng phu thudc vao
trang thi ban ddu va diéu khién ban d4u, diéu khién ti€p theo ciing phai
tao thanh i gidi t6i wu dng véi trang thai sinh ra do két qua tic dong clia
diéu khién ban ddu".

9.2.3. Giai thich nguyén li

Trude khi vi€t phuong trinh todn hoc cho nguyén li, & day ta s& gidi
thich y nghia cda né. Sir dung nguyén 1f t6i wu dim bao 10i gidi nhan
dugc trén timg doan s& lam thinh phuong 4n 6i wu cho ¢ qud trinh.

Trong nguyén 1i, ménh dé "Khong phy thudc vio trang thdi ban ddu va
diéu khién ban d4u" ta hiéu 12 khéng phy thugc vao qud khit ctia qué
trinh. Nhu vy 13, tai bat ki mét thoi diém nao ciia qud trinh viéc xét t6i
uu ti€p theo chi phu thudc vio trang thi chia hé tai diém d6 va ham muc
tiéu chit khéng phu thudc vio nhiing gi trude d. Cu thé hon, néu tai thoi
diém t he dang & trang th4i x(t) thi vi¢c chon diéu khién u(t) dwa hé tir
trang théi x(t) sang x(t+1) chi phu thugc vao x(t) chit khong phu thuéc
vao x(t-1), x(t-2), v.v... ting véi méi trang théi x(t) 12 két qua tic dong clia
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u(t-1) tuong tng, ta s& chon duge mot diéu khién u(t) dua hé tix x(t) t6i
x(t+1) va cho ham muc tiéu mot gid tri t6i vu.

9.2.4. Quy hoach dong va lvi gidi thong ke

Phwong phdp phan tich lién tyc hay chon 13i gidi lién tuc cdc bai todn
théng ké da dugc A. Wald nghién ciu & M tir nhiing nam cudi 1940.

Mot qué trinh lwa chon lién tuc duge xét nhu sau: Trong moét bai todn
théng ke, nha théng ké phéi ti€n hanh céc khéo sit X;, X, ..., v6i mot
phan bé xdc sudt ndo d6é phu thudc vao moét tham s6 W chura biét. Sau
méi khao sat X, nha théng ke c6 thé dénh gid thong tin vé W, thu dugc
trén co s& khio sit X,, Xy, ..., X,. Trén co s& d6 nha thong ke s& quyét
dinh khéo sat tiép X,,, hay khéng ti€p tuc nita.

R.Bellman va cdc hoc trd cla 6ng di phat trién mot huéng cua phuong
4n phan tich lién tuc, dé xuéng ra quy hoach dong. O Lién Xo,
Mikhalevitre V.C va céc hoc trd clia 6ng ciing phat trién phuong phép ciia
Wald, lap nén "Sy phan tich lién tuc cdc phuong an" da dugc sir dung
cudi nhitng nam 50. Qua thyc tién dp dung cho thdy quy hoach déng cho
phép gidi quyét dugc ca mot 16p bai todn rong 16n, bao gém ca nhimg qué
trinh ngAu nhién va khéng nglu nhién.

9.2.5. Phuong trinh ham Bellman

9.2.5.1. Bai todn roi rac

Phuong trinh ham Bellman la phuong trinh co ban trong quy hoach
dong. DE viét phuong trinh ham ta xét mot bai todn cy thé nhu sau:

Gia st ¢6 mot s6 v6n x, ddu tr vio viec mua thiét bi d€ sn xudt hai
mit hang A, B trong mot khoang thodi gian 1a T nam. Gia thiét qud trinh
sén xudt khéng c6 téi san xudt. Trong nam dau tién, s6 thi€t bi vdi von la
u, duoc danh san xudt mat hang A, va x,—u, ding cho san xudt mit hang
B. Cu6i nam s6 13i cha timg loai v6n dugc cho bing céc ham xéc dinh
g(u,) va h(x,-u,) tong {ng. Sau mot nam lam viéc, gié tri clia thiét bi voi
v6n u, ding dé san xudt mit hang A chi con lai an,, 0 £ a < 1; tuong tu
d6i v6i mat hang B gi4 tri thiét bi chi con lai b(x, - u),0<b<l.

Nhu vdy, cudi nam thi nhat, ddu nim thit hai s6 von dé mua thiét bi
san xu4t trong nam t6i nay con:

197



X,= au; +b(x; —u;) {9.3)

Quaé trinh phan phéi von trén ndm thi hai vA nhilng nam sau ciing
gidng nhu trén nam thi nhat, khi ndo xét hét T nam thi qué trinh két thiic.
Yéu cdu bai todn 1a hdy phan phéi von trén cdc nam sao cho téng s¢ 13
trong ca qud trinh T nam [ cyc dai, hay néi cdch khic 13 chon céc diéu
khi€n u; sao cho ham loi nhuan dat gid tri 16n nh4t. Ta thdy ring néu trén
nam ddu phuong 4n da chon 1 t6i wu thi ham muc tiéu chi phu thudc vao
von ban ddu x,, titc 1

f,(x,) =021;':1£x =[g(u)) +h(x; —u;)] (9.4)
X1Su;

Ta dé dang nhan thdy ring trong mot qua trinh I nim méi vén ban ddu
X, néu phuong én di chon 1a t61 wu thl him muc tiéu chi phu thude vao x
va I ta c6 dinh nghia:”

fix) 1a loi nhudn 167 da thu dugc trong qud trinh I ndm, véi von ban
ddu x va phwong dn di chon 1a 61 wu.

Qud trinh ta xét 1a I nim, nam d4u ta phan phdi v6n ra 1am hai phén u,
va x,—u,. Nhu vay d€ 1 - 1 nam cdn lai ta c6 v6n ddu 1a: x, = au, + (x,—uy),
va lgi nhuén thu duge trong qua trinh I nam béng téng loi nhuan ctia nam
ddu va cha I - 1 nam sau:

g(uy) +h(x; —u)) + £ (au, + (x, - u,)).

Ung véi m&i diéu khién u,, gi4 tri fii(au, + (x, - u,) va loi nhuan t6i da
trén I~ 1 nam sau d6 va téng trén cho mét gi4 tri x4c dinh. Van dé 1
phai chon u, sao cho téng trén dat gid tri cuc dai.

Tir nhiing diéu trén va theo dinh nghia ta viét dugc:

fT(xl.) = Oglax {g(ul)+h(x| —u])+ fT-—I [au] +b(X1 "ul)]} (95)
upExg . -
\ Phuong trinh (9.5) goi 1a phuong trinh ham Bellman. Giai bai to4n
bang quy hoach dong 13 gii hé phueng trinh (9.5), (9.4). - '
Phuang trinh ham (9.5) 4 thé hien duge ban chat cla nguyén If téi wu
1 n€u ca qué trinh d4 nhan phwong én t6i yu thi khéng phu thudc vao x,
va u,, trén qué trinh T - 1 nam sau 19i gidi ciing phai 1am thanh phuong
dn t6i wu 1ing vdi trang thii ban diu X3 = an; + b(x, ~ u;) 12 két qua tic
dong cla diéu khién ban ddu u,. CRR S

198



Néu & nam dau ta chon UT t6i tu cho ca qud trinh thi ung véi né ta
ciing 6 fr_ (au;+ b(x,-u;)) 12 lgi nhuén i6i da trén T-1 nam sau cing
véi viéc sir dung phuong 4n t6i uu cho ca qué trinh I nam. Tit dé c6 hé
qui quan trong sau day: '

(*) Néu cd qud trinh nhdn phuong dan 161 wu thi trén nimg dogn ciing
phdi la 161 wu.

Nguge lai ta khong thé néi riéng trén médi doan t&i wu thi ca qué trinh
i, O day ta c6 thé néi them ring néu tai mot thdi diém ndo ddy clia
‘qué trinh diéu khién dugc chon khong phai 1a t6i wu thi viéc xét ti€p
phuong 4n d6 trén nhiing buéc sau 1a vé ich, vi di trén nhitng budc sau c6
géng dat t6i uu thi c4 phuong dn trong cd qué trinh 1a khong thé t6i uu.

9.2.5.2. Bai todn lién tuc

O day ta s& xét phuong trinh ham cla bai todn Lién tuc, bai todn diéu
khién 161 tu duge néu trong phén 9.2.1 chwong 9. - '

Gia sl x*(t), te [0, I] 12 quy dao t6i wu Ung vGi diéu khién t81 vu U*(t)
bai todn (1), (2). Lay mot diém & = x*(g) trén quy dao t6i wu, theo nguyén

1Y t6i vu:

thi doan tir £ = x*(g) 6 X*(T) cling phai 1 161 w theo nghia cho phi&n
ham sau déy gi4 tri cyc tiéu:

1 |
Ie(gu') = [(xu)d0 (9.6)
0

Tic 1a néu x&p phi€n ham 1.(3,u) trén tat ca céc Lju)'/'dao cho phép
clia phwong trinh (9. 1_:)_.'1_"r'ng-véilcéc diéu khién cho phép u(t), t € {7, T] thi
I (3,u) s& dat gid tri cyc tiéu trén quf dao (), t €[1,T] timg véi diéu
khién u*(t) gidng nhu céch dinh nghia loi nhuan t6i da, & day ta dat:
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T
g(3,c)= (rgn'n J' £0(x(0),u(0))d0 ©.7)
(l)'e fg]"

R& rang v6i ©=0,3 = x,ta c6 g(x,, 0) 1a gid tri cuc ti€u cla phién ham
I(u) trong c6ng thitc (9.2).

Trong bai todn lién tyc ta c6 hai gia thist quan trong sau:

Gid thiét 1: Tix bat ky mot di€m I=x(1), 1 e [0,T] trong khong gian
trang thii, khdc di€m x(t), bao gi¥r cing t6n tai mot quy dao chuyén dong
t6i x(T) gia thi€t ndy dam bio cho ham g(3,¢) duge x4c dinh trong
khong gian trang thdi. Hay néi cdch khic dé cho moi diém x(t) bao gid
cling ton tai mét diém U,(t) dva he ¢ x(1) t6i x(T) va cho phién ham
trong (9.6) gid tri cuc ti€u. Do d6, ta c6 thé xét ham g(x, t),
x&E",0<t<T; Nhé lai ring x 1a vécto n - chiéu: x = x', x2, ..., x").

Vi g(x, 1) 1a mot ham cia t va n bién X’ nén ta o6 thé né tinh lien tuc
va dao ham ciia né.

Gid thiet2:

Ham g(x, t) lién tuc khip noi va c6 dao ham lién tuc theo x/, t:

% % & o

———

oxaxr ok ot

Ham s6 g(x,t), véi nhitng gia thiét trén ta s& thoa man phuong trinh
ham sau day, goi 1a ham phuong trinh BELLMAN.

=08 _ . |0 W dg
p rgg[f (x,u) + ;}:f (x,u)-éx-i- (9.8)
Véi rang bube:
gx,T =0 | (9.9)

Diéu kién (9.9) suy ra tir O néuditt=T.

S s % g og :
St dung ky higu grad g(x, 1) = T e
N 8 ky hi¢u grad g(x, t) {ax' x’ Bt}

~ Phuong trinh (9.8) s dugc viét dudi dang:
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5, .
—Eg= ﬂtg[fo(x,u)ﬂgradg, f(K,U))] 9.10)

§ day phuong trinh (9.10) la phuong trinh vi phan dao ham riéng bac
1, phi tuyén.

Vi di€u khién u cho phién ham trong cong thiic (9.8) gid tri cuc tiéu s&
cé gid tri Ung v6i ting cap gid tri x va gid tri gradg, nén u 12 mot ham cia
X va gradg:

u = u(x, gradg) (9.11)

Phuong phép vira néu trén day c6 thé gidi quyét trong trudng hop thod
min cdc gia thiét 1, 2. Trong thuc t€ thi ham s6 g(x,t) néi chung khéng
kha vi khip noi nén phuong phép trén gap phai kho khan lon.

9.2.6. So d6 chung giai bai toan quy hoach dong

Nhu di n6i & phén trén, dé gii bai todn bing quy hoach ddng trén
mdy tinh dién tir ngudi ta thudng rdi rac hod, thudng chia khong gian -
th¥i gian thanh mang lu6i. Va cling chi ¥ rang nho ¢6 méy tinh dién tir
thi quy hoach déng mdi duge ap dung rong rai.

Tru6e khi néu so d6 chung giai bai todn bing quy hoach dong ta cén
chii y méy nét dac biét sau day:

1. Mu6n ding so dé chung cha quy hoach dong thi bai toan phai dua
vé dang nhiéu budc ndi ti€p nhau.

2. Ham muc tiéu c¢6 dang ham céng duoc.

3. Quy nap ngugc. Bai todn quy hoach dong phai thod mén gia thiét
t6n tai nghiém t6i uu. Phép quy nap ngugc thé hién & ché 1a néu thi w
thdi_gian tang tir 0, 1, 2, ..., T. Thi thir ty bude s& bit ddu tx T, T-1, ..., 0.
song khong nhat thiét khi nao ciing phai sit dung viéc xét budc trong thit
tu nguoc. _

Trong so d6 giai tng quét ta xét cdc phuong trinh ham san day:

00 = max | g(v) + h(x ~w)} - (9.12)

usx

fr(x,) = max {g(w,) +h(x - u)) + fr,au; + bx, - u)l} (9.13)

<u Xy

Phuong trinh (9.12) 12 ting véi qua trinh mot budc, phvong trinh (5.13)
1a ing véi T budc. '

201



9.2.6.1. Qud trink 1 budc: O day ta chi viéc chon u sao cho biéu thitc
trong dau mdc (9.12) dat gid tri cuc dai, véi rang budc: 0 <u<x

9.2.6.2. Qud trinh 2 buéc
Tir phuong trinh (9.13) ta ¢6:

fx;) = [Jnax {8(u)+h(x, —uy) +1, [au; +b(x, -up)j}
Uy =xg

= max {8(u) +hix; —u))+ max [g(u,)+hex, v ]

0] ddy: x,=au, + b(x, - u,)
hay: x,= x,(u,) _

C6 nghia 12 ling véi mébi gid tri x, = au; + b(x, — u,) (trang théi thu
duge do téc dong cha u, twong ting) ta s& chon dugc mot gid trj u; giita
nhiing diéu khién u, ndm trong khodng 0 < U; £X,, sao cho lgi nhuan
trén nam thit hai 1a cao nh4t.

fixo)= max {g(u,)+h(x,~u,)} = gu))+h(x, ~u)
O<uy<xy

vata c6 thém: u, = Uy (x,) hay uy (u,) . | (*)
- DE xét qud trinh cha ca hai nam, thi giita tdt ca nhiing diéu khién u,
thuée {0, x,} ta phai chon vi sao loi nhu4n clia ¢ hai 1a t6i da, nghia la
nhilng gid tri f, (a u; + b(x; - UT)) dd dugc tinh phu thuéce vao u; trén
budc thit nh4t, va béi vi cc ham g, h cho nén viéc 14y cuc dai trén budc
thit hai hoan toan x4c dinh. Hon nita diéu khién u, bién thién trong khoang
xdc dinh {0,, x,} nén & budc cuéi cing nay gid tri u, hoan toan x4c dinh.
Bi€t duoc u; cho gid tri f,(x,) thay vao (*) ta tim dugc u, va nhu vay
(uf, u3) chinh Ia phuong &n t6i wu cho ¢4 qu4 trinh ciia hai buée,
Vi du: Ta xét mét qué trinh h.ai nam chia lam hai budc véi cic s6 lidu
ban ddu nhw sau: |

T=2 0 a=09 " gx)=15
Lo x=10000 b=08 h(x)=2x
Ta vi€t lai phuong trinh ham:
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£,(1000) = max = {1,5u, +2(1000—1u,)+£,(0,9u; +0,8(1000~u;))}

O=suy ¥

fi(xz) = oM {g(u;) + h(x, ~vg)} = max {1,5u, +2(x; - uy)}
U3

= max {2x, — 0,5u, } = 2x,; véi didu kién uy =0
u2
Nhu vay cho moi x, l¢i nhuan t6i da thu duge trén nam thit hai 12 2x,
va diéu khién t6i wu can phai ldy u; = O thay gié tri vifa tinh duge vao
phuong trinh ddu dé xét ta cé (chd ¥: x,= [aul +b(x, - ul')] ).

£,(1000) = max {1,5u; +2(1000-uy)+2[0,9u, +0,8(1000-uy)]}

0=y £xy
= max {3600 - 0,3u,}= 3600;
u’; =0
Nhu vay phuong an t6i wu la u;= 0, u; = 0 v loi nhuén t6i da la:
£,(1000) = 3600
Ta thu duge két qua: véi s6 von ban ddu la 1000° dimg mua thi€t bi san
xu4t hai mat hang A, B véi s6 13i nhu trén thi t6t nh4t 13 dung mua thi€t bi

dé san xudt mat hang B trong ca hai nam. Trudc khi xét trudng hop téng
quét, ta xét thém mot qué trinh 3 budc, 3 nim.

9.2.6.3. Qud trinh 3 buoc
mejhig

Ta bt ddu xét trén nam cudi cling:

- Buée 1: Ung v6i mbi trang thii x; = au, +b(X; -u,)la két qua tic
dong ciia diéu khién u,, ta s& chon dugc diéu khién uj € [0,x,] sao cho
lgi nhuan trén nam th 3 16i da la: | |

O<u3sx3
| = g(u}) + h(x; —u3)
Dﬁhg thos ta thu d'u'qc:' u; = u; (x4) |
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Vi x, I= au, +b(x; —u,) nén x; 14 mot ham ciia u,, va cling nhu vay,
ta co:

u; = u;(uz)

- Buge 2: Ung véi mdi trang théi x, = au ( +b(x; —u;), v6n ban ddu
cho ca hai nam sau ciing (la trang thdi két qua tic dong ctia diéu khién u)
ta s& chon dugc mét diéu khién uj trong khoang [0, x,] sao cho lgi nhuan
thu duge trén ca nam sau cing 12 161 da:

f,(x,) = o fnax {g.(u;,.)+h(x2 —uy)+£) [au, + b(x; —uy)]}

= g(u;)+ h(x, —uj )+, (au} +b(x, —uy))
Déng thai ta thu duge méi phy thuéc:
U; = U;(ul)

Bugc 3: Trén bude cudi cling, dé tim u, sao cho lgi nhuén thu dugc
trén ca 3 nam 12 t6i da thi chi viéc 18y cue dai:

f3(x1)= max {g(u;)+h(xl-u,)+£, au, +b(x, —up ]}
SLIISK|

= g([;")+h()(l -—u‘;)+f2 [au; +b(x, - u])_-‘
V1 & trén bude cusi cling x, la mot gid tri cu thé nén u, cling ¢6 gid

tri cu thé. Biét duoc u2 = uz(u ), u3 = 3(u2) ta s€ tim duge phuong 4n
tdi wu:

(u, 13, u3)
cho lgi nhuan t6i da ciia qud trinh 3 nam:
fi(x0) = g(u]) +h(x, ~u}) +1, [au, +b(x, ~u}) ]

D€ 1am thi du cho tru'b‘ng hop nay, ban doc c6 thé thay T = 3 vao vi du
vira xét & trén day va gidi tim gi4 trj chia 1oi nhu4n t6i da va phumg 4n t01
uu twong ting cho qué trinh 3 nam, 3 buée,

9.2.6.4. Qud trinh T ndm, T buge
Phuong trinh ham téng quit 13:

fr(x)) = 023?5);, {g(ul )+h(x, - ul-_) + fr [au, +b(x, - u )]}
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1. Ta bét ddu xét qud trinh iy ndm cudi T. Ung véi mdi trang théi:
X = aur_y(aw, +b(xp —ur_y)
(v6n ban diu cho nam thit T 12 két qua tic dong cia diéu khién ur,)) ta s&
chon mét diéu khién uy trong khoang [0,x_,] sao cho l¢i nhuén trén

ndm cudi ciing 1a t61 da:

fi(er) = max[g(ur)+ hxr — )] = g(um) +hixy —up)

vi UT =L1*T(u-r_l) (a‘l)
2. Ung véi méi diéu khién ban ddu ur, va trang théi ban ddu x,.,= au,,
+ b(X.,, ~ Up,) (vOn ddu tuw cho 2 nam cudi, 1a két qué tdc dong clia up,) ta
s& chon duge mét diéu khién up_, trong khodng [O,XT_,] sao cho lgi
nhuan cha ci hai nim cuéi ciing 14 téi da: '

f,(Xp_)= max {g(uT_|)+h(xTvl —up )+ [aup_; (X — U )]}
Ogur_18x1

= g(u*T_l )+h(Xy — “:-,, )+ [a“;#, +b(X7_) = U7 )]

Vi ta cé: 0= U (W) (b.1)

3. Trén budc thit k: Ung v6i mbi diéu khién ban ddu ur, va trang théi
ban diu Xr.,, = atq + b(Xg — up) (v6n ddu tu cho k nam cudi, 1a két
qué téc dong clia diéu khién ur,) ta s& chon duge mot Up.y., trong khoang
[0, X,.4,1] sao cho téng loi nhuan thu duge trén k nam cudi la t6i da:

{Q(UT ) F R — W) }

fe(Xy_xp)=  max
fii [auk 141 T PXToiat urﬁm)]

0SUT_ 4 SXTk+
| = g0 1)+ h(X ok ~up_je )+ 1[3“T ket DXkt uT—k+l):l
déng thi ta thu duge m6i phu thute:

uT~k+l = ‘-‘T ke (U1—g) (c.1)

4. Trén budc thie T —1 (tic 1 trén nam thi hal) Ung véi méi diéu
khién u, trén ndm déu va trang thdi ban dau va x, = au, + b(x, ~ u,) (v6n
ddu trf cho T— 1 nam sau, két qua do tdc dong cla diéu khién ban dau u,)
ta chon dugc mét diéu khién:
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u, € [0, xz] sao cho téng l¢i nhuan trén T — 1 nam sau 12 t6i da:

fr_(Xy) = uzr;ﬁg)f‘z]{g(uz )+h(x; —uy) +fr_, [au, +b(x, —uy)]}

= g(uZ) +h(x, - u;) + fr_, [au; +b(x, - u;):l
va uy = uy(u,). (d.1)
5. Trén buce cudi cang ta tré vé ddu qud trinh. G day viéc chon u,
trong [O, x]] dé cho téng lgi nhusn trén nam diu vA T — 1 nam sau 13 t6i
da s&€ gé1 gon trong phép 14y cuc dai: '
fi(x,) = max {u,)+h(x, —u)) +f;_, [au, + bx, ~u)]}

SUsX)

Vi x, 1a v6n ban déu dé cho nén gi4 tri u; hoan toan xdc dinh. Nhu
vay, dén day ta da tinh duoc gi4 tri t6i vu clia ham muyec tiéu f(x,) cia qud
trinh T nam véi von ban ddu 13 x,:

fr(x,) = g(uy) + h(x, - u)+fry [au: +b(x; - u;)]

Viéc xdc dinh phuong 4n t6i wu tuong ting chi con phai thay ur vao
(d.1) im uy, uy, 14n Tuot vao (c.1), (b.1), (a.1) d€ tim céc didu khién
ti€p theo.

9.2.7. Nhan xét va két luan

Trong so d6 gidi chiing ta thdy tir mét bai todn tim nhidu bign i duge
dua vé dang nhiéu bai todn mot bién. '

Trén méi budc trung gian 1&i gidi mang tinh chét quy uGc nghia 12 diéu
khién u, dugc chon tai th&i diém t, t6i wu d6i véi trang thdi x(t) ma thoéi.

56 buéc chia qué trinh 13 tuy thube vio titng bai todn: c6 bai toan s&
budc da cd dinh, ¢6 bai todn s6 budc chua bigt trude. C6 loai bai todn lai
cdn phai xdc dinh s6 bude bao nhiéu thi t6i wy, N

N6i chung diing quy hoach déng rat ru vigt trong cdc qud trinh roi rac.
36 bai todn cho phép thu dirge: 1o giai tich truc ti&p tir phurong trinh ham
Bellman khéng nhiéu. Nhiing bai todn nay cho phép.ta xay dung phuong
én t6iru' moét cich chinh x4c. Nhiing bai todn khong thu duge 167 giai giai
tich th ta ding phwong phdp gén diing. Cyu thé 13 chia mién bién thién ciia
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céc tham s6 vA xét cdc diém nit. G day s& lién quan t6i bai todn nhicu
chidu. S6 chiéu ciia mot bai todn duge x4c dinh bang s6 lugng cac tham
s6 diéu khién va cdc tham s& pha. Néu s6 lugng tham s6 it va s6 diém chia
vira phéi thi s6 lugng phép tinh khong nhiéu 1dm, nhung néu s6 diém chia
tang lén (d6 chinh xdc cao hon) thi 56 lugng phép tinh ting lén r4t nhanh.
Ta ¢6 thé thdy ngay 1a néu trong mién ta xét méi bién nhan 10 gid tri, ddi
véi bai todn 2 chidu phai xét 100 nit, ba chiéu - 1000 nit.

So véi phuong phép t6 hop thi quy hoach dong di giam bt s6 luong
tinh to4n di rdt nhidu. Xét mot qua trinh N bude va trén mdi budc 10i giai
¢6 k kha ning. Nhu vy néu ding phuong phap t8 hop thi phai xét tt ca
13 k™ kh nang. '

Ding quy hoach dong dua vé xét 10i gidi trén ting budc. M3éi bude
phai xét k phuong 4n, toan b N budc la N x k phuong an.

Nxk
KN

Ty s6 = N xk™M*' chi rd m6i quan h¢ giita hai phuong phap.

Ly mot vi du cu thé: N = 10, k = 5 thi 56 t6 hop Ia 5'° titc 12 hon
9,76.10°. Trong khi d6 diing quy hoach d¢ng thi chi can phan tich 50
phuong 4n I dugc. Ngoai viéc giam bét s8 luong tinh toén, quy hoach
dong con rdt uu viét trong viéc xét cic loai rang budc. Trong quy hoach
toan hoc, khé khan thudng gap phai 1a céc loai rang budc phi tuyén, cic
ham muc tiéu phi tuyén. Nhumg d6i v6i quy hoach dong, cai d6 khong
gay khé khan gi, nguge lai né con thu nho, riit bét mién cin xét, giam bét
durge s8 huong cén tinh todn. '

9.3. AP DUNG QUY HOACH DONG TRONG THIET KE XAY
DUNG PUONG
9.3.1. Thiét lap bai toan
- Trong thiét k& dudng, ta c6 bai todn: .
 Cin thiét k€ mit dwomg mém c6 n 16p (hinh 9.2) mbi 16p 1a mot loai
vat lidu v6i cudng do 1ae;, do day 1a h;, gid quy ddi 1a g,. Trong d6 hy, g;
c6.thé 12 cdc. ham phi tuyén phifc tap, dugc tinh todn theo cdc nguyén Iy
thiét k€& dudng, dua trén cc két qua nghién ciu thyc nghi¢m. K&t ciu mit
dudng dugc thiét k€ dya trén nguyén ly tinh tai trong tinh tang dén hodc
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bién dang tich luy sinh ra cho mat dudng chiu tii trong tring phuc nhiéu

lan khong chiu vuot qué tri s8 bién dang cho phép. _ :
Nhu vay, & day ta ldy bién dang )

thing ding 12 chi titu dic trung ki : ' £y

thudt khi thiét k&€ mat dudng. Cong -

nhan nguyén If nay, dwa vao céng

thdc tinh ing sudt trong hé bin - :
khéng gian dan héi cta Butsinet va : fFid
theo dé nghi déi ting cha 3L e

Pokrovski. G. 1 ngudi ta dua ra
céng thic tinh module bién dang
trong duong cho hé hai tdng nhu sau:

E,

1—-2—(1 —-—I-}arct 211
T w & D

Hinh 9.2

Ej = (9.14)

trong d6, E, 1a cudng 46 nén dat, D 13 dudng kinh cia mit ép ciing tron, h
12 bé day chia 16p v4t ligu: :

- w=(e/ Eo)m's

trong d6 e la cudng d6 vat lieu. Tir cong thirc (9.14) qua mét s6 phép
bién déi ta nit ra duoe:
h=2tg 1-E,/E},

(9.15)
w 2
= (1 —I/W?’S)

Trén thuc t€ nhimg doan- dudng cao cip thudng duge ﬁhié’t k€ theo
nhiéu ting, ngudi ta thuwdng 1dm nhu sau: _ B

Néu ta bit ddu tinh tir duéi cung lén thi Ey, h, va e, coi nhur d3 biét. Tir
cong thic (9.14) ta suy ra E};. San d6, gia thié’t'E,d'.déng val trd E, va vdi
nhiing gid tri e,, h, ta lai tinh ra E,. B3i vi chi c6 mot phwong trinh
(9.14) (hoic (9.15)) nén trong bét ki trudng hop nao ciing phét cho bi&t 3
trong 4 tham s6: bé day h, cudng d vat lieu e, cudng d6 E, va E};. Néu
ting trén cing E,; bj gi6i han bing E,, thi ta c6 thé coi 4n s6 11 h. Néu
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cho biét h (thudng 16p trén cling vat liéu rat dit nén ding h 13 bé day t6i
thiéu cho phép) thi 4n s6 s& 13 mét trong ba tham s6 kia.

Tém lai theo cich nay hodic lam tir dudi 1&n, hoidc 1am tir trén xudng,
hoac lam tir hai phia vao gitta vin phéi cho biét 3 trong 4 tham s& va giai
phuong trinh (9.14) hoac (9.15) déi véi tham s6 con lai. Va trong thuc té
thi chi thir dugc mét vai phuong 4n, sau d6 theo kinh nghiém nguoi thiét
k& s& chon ra phurong an sit dung. Vi thé€, diing cich tinh nhu vay chua
cho ta [&i giai t61 wu cho ca qud trinh.

Ap dung quy hoach to4n hoc ta c6 thé cho phuong phép tinh toén céc
dudng theo (9.14) d3 néi & trén mot thudt todn tdi wu két cau cho 16p mat
dudng. Vin dé dugc dit ra nhu sau:

Gia sir phai rai N 16p vat liéu lam dwdng d6i véi cac cudng do e, di
biét, cho biét cudng d6 nén dat E, va E,.. Hoi phai rai méi 16p diy bao
nhiéu dé dam blo diéu kién ki thuat va cho gid thanh x4y dung nho nhat,
gid thanh duoc biéu dién bing ham cong duge:

N .
Ghy, hy, .., h) = D gi(h;) (9.16)
i=1

Viéc dua gi4 thanh v& ham s6 g(h,) 12 co sd, vi ta gia thiét ring tai noi
x4y dung don gi4 vat liéu va thi cong di biét. Nhu vay gid thanh méi 16p
chi phu thudc vio bé day ciia né ma théi. Chi y ring gi(h;) c6 thé 1a mét
ham tuyén tinh hay 13 phi tuyén tinh clia d6i s6 h;. Duéi day s& xac lap
mo hinh todn hoc cua bai todn nay.

9.3.2. Mo hinh toan hgc

Stt dung cong thiic tinh bé day va cudng do vat ligu (9.14) (9.15) ta &
dua bai todn vé dang sau:

Ddi véi he hai tdng (nén dat va mot 16p vat ligu)

n=Lig |- [1-Ey/E]

Wi [3(1—1/»\%5)]
T

Theo c4ch tinh d6i tdng d6i v6i hé nhiéu tdng, trong bai todn N ting
ta c6:

(9.17)
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D [[1-B-VE]
i=1,2,...N [;(1" 1/ w; )]

Trong dé: E,la cudng d6 nén dat;
E lacic E;
E.AE,;

w, = z,s/-]-:i— , &; 3 cudng dé vat lidu thit i.
i-1

Nhur vay ta phai khdo sat moé hinh:

(9.18)

N
min {G(h,,...,hN)=Zgi(hi)} (9.19)
hihy, by | o)
Bo=to (9.20)
EN = Eyc
h, <h, < h,, (9.21)

Day 1a mot bai todn diéu khién t6i wu va duge phét biéu nhu sau:
hdy chon cdc tham s6 diéu khién h, dé€ cho hé chuyén dong tir trang
thdi ban ddu E, = e, téi trang thdi cudi ciung E, = E,, mét cach t6i wu
theo nghia cho ham muyc tiéu (9.16) gié trj nho nhat. G day cdc tham
s6 E; 1a cdc tham s6 trang thai. D€ giai bai todn trén ta s& bién déi chiit
it, tir (9.18) ta dat: |

h = f(E.,, E))

Khi dé:

N N '
G(hy,....hy) = Zgi (f(E;.,Ey)) = ZGi(Ei—]}Ei)
i=I i=1
Ngoai nhitng rang budc (9.20), (9.21) tit thyc t&€ ki thuat ta c6 thém:

E,_ | <E <¢g

E, —_1 <E, nhén gid tri nguyén
f(Ei_,E)
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Cudi ciing ta c6 :

N
min {G(Ey, E;,.. Ey) =D Gi(Ei_, Ep) (9.22)
Eyu Enoy =
E, = ¢ _
9.23
E, =E, ( ')
E._, <E </
(9.24)
En—] = Eyc

fE,,E)=0,1,2, ..,k
Ta di dua bdi todn tim diéu khién t6i wu v& xét trong khong gian
trang théi E;. Gii bai todn (9.22), (9.23), (9.24) s€ cho ta vécto trang thii
161 uu E*= (Ey, E|, ..., Bx_;» Ex) v tuong ting v6i né 1A vécto diéu khién
161 vu; |
* *
h*= (hy,....hy)
9.3.3. Thuat foan

Trong bai to4n trén cdc ham G; (B, E) 12 phi tuyén nén khong thé
ding quy hoach ‘tuyén tinh dwoc. Hon nita né c6 dang tg(x) nén néu
khoang x4c dinh I16n ho‘n 7 thi ciing khong phai 13 ham 16i 16m, s€ c6
diém dac biét gi tri chia ham bing vé ciing, vi vy cling khoéng 4p dung
true ti€p quy hoach phi tuyén dugc. Ta nhan thdy & day ham muc tieu la
mot ham cong dugce, qud trinh chia thanh timg buéc nén ta c6 thé sir dung
quy hoach dong.

Néu ta goi. chi phi cho i 16p theo phuong én t6i'u‘u 1a

Ri (Ena Eb - EN) = max {G, (Em E) + RN—a(Eh wes EN)} (9.25)

:  O<E <k -

Phuong trinh (9.25) s& dugc gidi theo biing mot thuat todn sau dﬁy,
theo phuong phédp gan ding: - -

- Trén mat phing dung truc OE, OT.
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Trén OT ta dung cdc nira dudng thing song song véi OF cich déu
nhau, ching s& 14 mién bién thién cta cdc E; (xem hinh v&). Néu trén mdi
nda dudng thing d6 ta 14y mot diém EJ; thi ta dugc mét vécta trang thii:

E= (E010 ’ E]J, s rery EwuuN_, , Ex)

\/\/ E,=E,

0 Eg E1 E| e EN‘., EN =E
Hinh 9.3

tng v6i né ham G (E,, ..., Ey) c6 mot gi4 tri x4c dinh néu ta néi cdc diém
Ei]. véi S 1 thi s& nhén dwge mot duong gip khiic tix E, dén E,. Mot
céch rat tryc gidc ta c6 thé néi ring bai todn trd vé chon mot con dudng
gdp khiic tir E, dén Ey, sao cho do dai tuong ung (gid tri ham s6 G(E,, ...,
E,)) 14 nhé nhat.

Chii ¥ rang trén méi nita dudng thing E,, gié tri E; ¢6 thé nhan lién tuc,
nhung € tinh todn tren MTDT ta chi 18y mot s6 didm hinu han, cu thé
trén moi E; ta chi ldy q; diém. Thém nita, khoang cich giita cdc dudng
song song E; khong gilt mot vai tro gi trong thuat todn nén d€ cho tién ta
1y chiing béng nhau: A;= A dé cho moi i.

Thit tu cdc bude nhu sau:

Buge 1:

Trén t=0 xic dinhEy=¢,

Pé cho méi diém E elt=3L)e{1,2,3..,q,] =Q,

Ta bi€u dién do dai clia doan thing néi né véi E, theo phuong dn t6i

Vi.dé cho méi E;, chi ¢6 mot dudng ndi né téi E, nén chinh né 12
dubng t6i wu 6i v6i E,

1
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Buge 2:
Sir dung ki hiéu Va, doc 12 d€ cho moi gié tri clia a, ta c6:

VE,, €{t=23},1, e {1,23.,4,} =Q
l(Ey, )= Jxlréi(g {I(EU1 }+Gy(Ey ,Ey )} =I(E}, )+Gy(Ey, , By, )
va ta ¢6 mdi phu thudc:
E, =By, (E) (9.26)
Budc thiti: VE; e {t=i3},5€{1,2,...q}=Q

I(Ey,) = min {I(EHH)+G5(Eiw,J_l,Eij)}

i-1€ -1

= l(E?_,H )+Gi(Biy, HEi)
va ta ¢6 mdi phu thudc: _
Eiyy,, =B, (By) 9:27)

Bute thit N-L: VEy, | e (t=N-Di3), Tar31 125} = Qu

I(EN ~lyng )= Jn_leél&_z = {1(En., ine )+ GN-I(EN-ZJN-Z » Byt et )}

=UE n2 Ing )+ Gy E'na Ina’ Eny It )
va ta ¢é méi phu thudc:
E'n2 g E'ne Ina (En.i i ) (9.28)
. Buéc thit N: o
ViE, = E,, 1a mot gi4 tri duy nhét nén:
(Ey= min ((E,, .E,}

Jn-1eQn-1 .
=1(E y,; - ) +Gy(E v, ot EN) (9.29)
Va ta ¢c6 méi phu thude:
E'xa s | DV Ing (En) (9.30)

- Nhr vay qué trinh xdc dinh gid tri 16i vu cla ham muc tiéu ket
thiic trén budc N nay va né 1a mot gid trj cu thé (cong thitc (9.29)). Viée
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xdc dinh gid tri cdc E;, ma dudng 161 uu di qua s& duge bat ddu tir cong
thitc (9.30). Tir (9.28), véi gid tri cu thé cha Ey ta tim duoc E"N“]JN_1 :

Ti€p tuc nhir vy theo (9.26) ta xdc dijnh cic diém 161 wu ti€p sau d6 ket
qua 1a ta thu duge véeto trang théi t6i vu:
E'=*(E,E,", ... Ey.,, Ey).
Va tuong iing véi né 1a vécto diéu khién t6i wu
h'=(®", ..., k")

O day h*, s& duoc suy ra tir h'=f (E",E")

Thudt todn trén day cho phép ta tinh véi moi s6 16p N bat ky. Loi giai
thu dugc mang tinh chat gdn diing. Két qui cang chinh xdc néu s6 diém
chia cdc E, ddy hon. Nhung nhu ta biét, s6 diém chia K ting lén thi sd
phép tinh ciing ting lén rat nhanh. Vi vay trong khi tinh todn néu véi cach
chia K va K' ma két qua khong khéc nhau my thi c6 thé dimg.

So d6 chung gidi bai todn quy hoach dong dugc dp dung & day theo thit
tr cling tang cla s& bude va s 16p. Dot véi bai nay viéc xét tir E, t6i E,
hay ngugc lai khéng quan trong, tir cch 1am va hinh v& ta thay két qua s&
nhu nhau trong ca hai qu4 trinh.

9.3.4. Vidu

Dé ban doc van dung duge so dé quy hoach dong, trong phdn nay sé
trinh bay thi dy véi nhiing s6 lieu cu thé. :
_ Bai todn 1: Cén phai thi€t ké ket cffu mat dudng 3 16p véi céc loai vat
ligu c6 cuong d6 twong ing. ‘
f =300, 1, = 625, I, = 1000 va don gid g, = 30, g, = 50; g, = 250 déng
trén mdt don vi do. Cudng d¢ nén dat E, 12135, cuimg do E,=390. -
Héy xéc dinh bé day c4c I6p vat lieu dat yéu cau ki thuat cho téng chi
phi 1a bé nhéit. Cho biét: 10 < h, < 30;8 < h, < 25: 4 < h,y < 20. Theo
céch tinh tir trude t6i nay van diing két qua tinh todn cia ki su (khong xét
véin dé t6i wu) 1a: :

3

_ Ew=Eye

By =20 — —

B 3 [ ) : r‘-‘—Etd

_ h, —-.16 _ .} i
hy=6 S - N e Ep=ey

T IT T
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vi tinh téng chi phi 1a 2900 dong.
Ta tinh tay theo phuong phép quy hoach dong, ghi trong bang sau:

E1 175 185 195 205 215 225 235 245 255 | » 265
300 360 420 480 570 630 690 780 840

135 (10} (12) {14) {16} {(19) (21) (23) (26) (28)
E2
E1 285 | 205 | 305 | 315 | 325 { 335 | 345 [ 355 | 365 | 375 | 385 | >385
175 600 | 650 | 700 | 750 | 800 | 850 | 00 | 950 | 1000 | 1000
a2 | 43 | 14 | (15 | ey | (D | (18) | (9) (20) | {20)

185 550 | 600 | 650 | 700 | 750 | 800 | 850 | 900 | 950 | 950 | 1000
0 ] (12 | (43 | (14 | (18) | (18) | (17) (18} | (18} | (19) | (20)
195 550 | 600 | 650 | 7oo | 750 | 800 | 850 | 900 | 80C [ 950
an 1o a3 | o4 | 15 | a8 | D (18 | (18} 1 (19)
205 550 | 600 | 650 | 700 | 750 | 800 | 850 | 850 | 8§50
an | uy | 43 | 4 | (5 | (16) an j (n jan
15 550 | 550 | 600 | 650 | 700 [ 750 | 750 | 80O
Al an ] e %) | (14 ] {19 {15) | {18)
295 550 | 550 | 600 | 650 | 700 ; 750 | 800
| a1y | 12 | (13 | (14) (15} | (16)
935 500 | 550 | 600 | 650 | 650 | 70O
o) | | 12 | 03 | (1) 04
245 500 | 550 | 600 [ 650 | 700
oy | (1) | (12 1 (13 {14)
265 500 | 500 | 550 § 600 | 700
(0 | 10 | (1 | (120 | (19)
190 1750 | 1756 | 1750 | 1500 | 1500 | 1250 | 1000 | 1000
mlojo|[® | ® 6 ] @)@

Céng thiic tinh ham gi4 thanh suy tir cong thite (9.16):

. Gi(Ei‘laEi":gi*R[’g ;__E-‘-Eli
V21w
T

G.
K&t qua trong cdc cét la: { ' }
Trong dé: G, 1a gié thanh t6i wn; H; 12 bé ddy tuong tng.
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Sir dung chuong trinh tinh trén mdy tinh dién tir, két qua cho 1a:
h,=10, h,=18, h,=4.

Va téng chi phi 1a: 2200 déng/1 don vi do. Phin tram loi clia phwong
phdp méi so v6i phuong phép ci dugc tinh nhar sau:

2900-2200
2200

G, -G,
G,
Trong dé: G, - Gid thanh tinh theo c4ch cli; G, - tinh theo cdch méi
Bai todn 2: S6 litu ban diu:
I,= 8000 G,=30 8< h, £ 40 E, =30
I,=10000 G,=40 8< h, < 30 E, =5700
;=20000 G,=100 4<h, £ 15
Tinh theo phuong ph4p cit, 14y theo quy pham:
H,=14,H,= 16, H,= 6 va téng chi phi la 3400 déng/don vi do.
K&t qua tinh toan clia mdy tinh 13:
hy=18,h,= 8, hy=4 téng chi phi Ia 1260 déng/don vi do.
Phin trim loi 14 31,74%
Bai todn 3: S6 litu ban déu:
!, =600 G, =55 10 <h <30 E, =100
I, =867 G,=50 8< h, <25 E. =410
;3=1000 G, =250 3<h <20
Két qua tinh theo phuong phép cii ctia ki su 1i:
H = 15, H,=17,H,=3 va tdng chi phi 11 2425 déng/don vi do.
Két qua tinh todn ciia mdy tinh l3:
H =10,H,=17,H,=3 téng chi phi 1a 2150 déng/don vi do.
Phén tram lgi 13 12,8%,

Theo so d8 Quy hoach déng, viéc tinh todn cc loai b dinh hinh 2, 3,
4 tdng da cho két qua rat kha quan. Theo két qua thu dugc, gia tri % trung
binh 12 xap xi 329, ' ' '

~31,81%

Theo cong thitc chung:
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Phu luc
MOT SO CHUGNG TRINH Vi DU TONG HOP

L CHUGNG TRINH QUAN LY TIEN LUONG - U DUNG CAU
TRUC BAN GHI (RECORD) VA FILE, MANG (ARRAY)

(* chuong trinh quan ly hoc luong can bo 8V thuc hien: Do gia ngoc*}
uses crt,dos;
type
canbo=record

macb:integer,

ten:string[25];
hsl:byte;
pht,luong,Dl:longint;
END;
Var
i:char;

procedure tao_file;

Var

f:file of canbo;

" nguoi:canbo;

K:char,;

x.y.i;integer;

tentep:string[25);

BEGIN cirscr;
gotoxy(5,10);
write('cho ten don vi');
readin{tentep),
assign(f.tentep);
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rewrite(f);
K:='¢';
ngueci.MaCB:=1;
While k='c' do
BEGIN
cirser;
gotoxy(20,5),write{' PROGRAM NHAP SO LIEU"Y;
X:=12;y:=10;
gotoxy(x,y);write('Ma CB.");
gotoxy(x,y+1);write{' TEN.");
gotoxy(x,y+2);write('HSL:";
gotoxy(x,y+3),write('PHT:");
X=X+9;
With nguci do
BEGIN
gotoxy(x,y);readIn(MaCB);
gotoxy(x,y+1);readin(Ten);
gotoxy(x,y+2);readin(hsl);
gotoxy(x,y+3);readIn(pht);
END;
if nguoi.ten<>'" then
BEGIN
write(f, nguoi);
nGuoi. MACB:=nguoi.MACB+1:
END; '
gotoxy(5,20);
write('Co tiep tuc nua khong?(C?K)');
k:=readkey;
END;
write('Dang ghi file');
close(f);
END; ,
{**«nu*ﬂ}
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procedure Cap_nhat;
Var
f:file of canbo;
nguoi:canbo,
k:char;
X.y,ninteger;
st:string[80];
tentep:string[22];
i,erroriinteger;
r:longint;
BEGIN
CirSer,;
gotoxy(5,10);
write('Ban muon cap nhat o don vi (?):');
read{tentep);
assign(f,tentep),
reset(f);
clrscr;
gotoxy(25,2);write("Chuong trinh cap nhat');
gotoxy(25,2);
BEGIN
write('Cap nhat can bo co ma $07(0:Dung lai):");
readin(n},
while (n>=1) and (n<=Filesize(f)} do
BEGIN
seek(f,n-1);
read(f,nguoi);
x=12;
y:=10;
with nguoi do
BEGIN

gotoxy(x,y);
write{'Mcb:',macb);gotoxy(x,y+1);
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write('Ten:' ten);clreol;gotoxy(x,y+2);
write('HsL:' hsl);clreol;gotoxy(x,y+3):
write('PhT:',pht);cireol:
gotoxy(x+39,y+1);
readln(st);

if st<>'* then

BEGIN

ten:=st;
gotoxy(x,y+1);
write(ten:’ ten);clreol:
END;
gotoxy(x+15,y+2);
readin(st);

if st<>" ' then

BEGIN

Vai(st,i.error);

if error=0 then hsl:=i;
END;

gotoxy(x,y+2);
write("Hsl:",hsl};clreol:
clreol;
gotoxy(x+18,y+3);
readln(st);

if st<> "' then

BEGIN

Vai(st,R error);

if error=0 then pht:=R:
END;

gotoxy(x,y+3);
write('PhT: pht);clreol;
END;

if nguoi.ten <> ** than
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BEGIN

seek(f,n-1);

write(f,nguoi);

END;

gotoxy(25,2);

write('Cap nhat nguoi co so thu tu?(0=dung lai) '

readin(n};

END;

END,;

close(f);

END;

[renemenanny

procedure infile;

Var

f:file of canbo;

nguoi:canbo;

k:char;

iinteger;

tong?2,tong,luong,dl:longint;

tentep:string[14);

BEGIN

clrscr,gotoxy(5,10);

write('ln don vi(?).");

readin(tentep);
textbackground(13),

| assign(f,tentep);

reset(f;

clrser;

gotoxy(9,3);

textcolor{YELLOWY),

write(**KET QUA IN BANG LUONG CUA DON VI TENTEP,™),

gotoxy(4,4); TEXTCOLOR(1 1);
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write(' §h

gotoxy(4,5);

write('|Ma cb] Ho & Ten |He so| Luong [Phai tru| Duoc link)");
gotoxy{4,6);

write(" 0
gotoxy(4,7);
tong2:=0;
tong:=0:
for i:=1 o filesize(f) do
BEGIN
seek(f,i-1);
read(f,nguoi);
With nguoi do
BEGIN
luong:=144000*hs|:
di:=luong-pht;
gotoxy(4,i+6);
writeln('r,macb:5,'|‘,ten:20,'[',hs!:?.'l',luong:12,'!',pht:10,‘]',dl:12,'l');
END;
tong:=tong+nguoi.fuong;
tong2:=tong2+nguoi.dl;

END;
gotoxy(4,7+ilesize(f)):
write("--- =),
gotoxy(4,8+ﬁiesize(f));
textco!or(red);highvideo;
write("*Tongcong: “tong,' 'tong2);
readin:
END:

{**ﬂ'* Td ek Wb W Fhde ke Jevrved deve gk W *}

procedure TongHop;
var
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tdv: array[1..20] of string;
l:array[1..20] of longint;
pt:array[1..20] of longint;
diinh:arrayf1..20] of longint;
n.x,v.hti integer,
Tk tendv:string;
f:file of canbo;
nguoi: canbo;
begin
clrscr;
X=2;
yi=2;
gotoxy(x.y); write{'Ten khoa can bao cao’’); readln(tk);
gotoxy(x,y+1); write('So don vi trong khoa"); readIn(n),
h:=1;
while h<=n do
BEGIN
gotoxy(x+16, y+3);
write(! ')
gotoxy(x,y+3),
textcolor(h),
Write('Nhap ten don viZ');
readin(tendv),
tdvlh}.= tendyv;
assign(f.tendv);
" reset();
{[h]:=0; pt[h}:=0; dlinh[h}:=0;
for t:=1 to filesize(f) do
BEGIN
seek(f,t-1);
read(f,nguoi},
with nguoi do
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begin
fuong:=hsl*144000;
dl:=luong - pht;
end;
Ifh):=l[h]+nguoi.luong;
pt[h]:=pt[h]+nguoi.pht;
dlinh{h]:=dlinh[h] + nguoi.dl;
END;
h:=h+1;
END;
BEGIN
clrscr;
textcolor(yellow);
gotoxy(x+12,y);
write(™**TONG HOP BANG LUONG CUA KHOA!', TK," "+
gotoxy(x+3,y+1);

write(' "

gotoxy(x+3,y+2);

write('{MaSo[Ten dvjTong tien luong|Tong phai tru [Tong duoe linh|');
gotoxy(x+3,y+3);

write(' ")

fori:=1tondo

BEGIN

gotoxy(x+3,y+3+i);
write('|',i:4,'|',tdv[i]:8.'|‘,pt[i]:19,'|',d|inh[i]:18,'|'); '

END;

gotoxy(x+3,y+4+i);

write(' ):

readin;
END;
END;
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BEGIN
textbackground(13},
REPEAT,
clrscr;
textcolor(11};
gotoxy(15.7);
writeln{*2: SUA SO LIEU');
gotoxy(15,9);
writen('3: IN BANG LUONG TUNG DON VI,
gotoxy(15,10);
writeln('4:IN BANG LUONG CUA KHOA'),
gotoxy(13,158);
write('can than{!) khi An so<1>'};
gotoxy(13,16);
write('Vi file du lieu cung ten dang ton tai tren dia cua ban se mat);
gotoxy(13,16);
write(13,17),
write('An<k> de thoat ve DOS'};
i:=readkey;
if i='2' then cap_nhat;
if i="1' then tao_file;
if i='3' then infile;
IF i='4' then tonghop;
until i='k";
END.

[ CHUGNG TRINH SG PO MANG -SUDUNG CAU TRUC ARRAY

B6 chuong trinh SPM.O1 va SDM.03 dugc viét trén ngdn ngi
FORTRANIV nam 1980 - 81, chay tinh trén mdy tinh Minsk - 32. Da
chay tinh thir nghiém dé tai t6t nghiép ciia sinh vién khoa Cau Duong
khéa 23 (thiét k€ Cau Niém, Hai Phong) voi két qué t6t. Dé phuc vu
viéc lap k& hoach va quan 1y thi cong xay dung c6 hiéu qua hon, nam
1987 chiing t6i da cai dat lai cic chuong trinh trén trong ché do hoi
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thoai ngudi mdy béing ngén ngit FORTRAN - 77 trén mdy vi tinh. Vi
nhitng chuong trinh ndy chiing ta c6 thé kip thoi xay dung ké& hoach
ngay sau khi c6 hé so thiét k€. Dén nam 1992, céc thuat todn trén da
dugc vi€t chay trén ngon ngit FOXPRO trong cho hé théng chuong
trinh "Trg gitip 1ap k& hoach san xuat kinh doanh x4y dlmg", s€ duogc
gi6t thiéu dudi day.

* CHUONG TRINH TO CHUC THI CONG CONG TRINH THEO SO DO MANG*

o o — = = — — e — —_— *

set date french

set talk off

close data

clea

voothigong = 1

do while voothicong = 1
anhthicong = 8
* set cofor to / +b, /+b, +g
clear
set color to +w" / +b, +1/ +b+, g+
@ 1, 30 say " LUA CHON "
set color to +w / +h, +r/ +b+, g+
@ 3, 26 say " CONSTRUCTION EXECUTION "
set color to +r /+g, +W/ bg+, g+

@56t07,30

@ 6, 6 PROMPT " QUAN LY FIIES v
@5,38t07,65

@ 6, 38 prompt " NHAP SO LIEU SO DO MANG "
@ 8,8to0 10, 30

*  setcolorto +g/ +b, +rb / bg+, g+

€ 9,6 prompt " TINH THAM SO THOI GIAN *
* setcolorto +gr/ +b, +W / +R

@8, 3810 10,65

* set color to +g / +b, +rb / bgt, g+
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@ 9,38 prompt " TINH VAT TU !
* set color to +gr f+h, +w [ +r

@ 11,60 13,30

* set color to +g / +b, +rb / bgt, g+

@ 12,6 prompt "IN DUONG GANG "

* set color to +rg / +b, +w / +r

@ 11,38 to 13,65

* set color to +g / +b, +rb / bg+,g+

@12,38 prompt " CHINH LY SO DO MANG "
* set color to +gr/ +b, +w / +r

@ 14,610 16,30

* setcolorto r+ /b, rb+/bgt

@ 15.6 prompt " INBANG BIEU "

* set color to +br / +b, +w /+r

@14,38 to 16,65

* setcolortowt/b,wt/r, g

@ 15,38 prompt " VE MENU CHINH "

set color to +gr / +b, +w / +r

@ 18,26 SAY " MENU TO CHUC THI CONG !

menu to anhthicong

@18,19say" =========s=====sS=Z=3===2

set color to +w* /bw+ /1,9
@ 20,20 say " DANG LAM VIEC"
@ 21,1 say"”

@22.1say"

@ 23,1 say”

@ 24,1 say "

do case
case anhthicong = 1
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case anhthicong = 2
close data
et talk off
vaosl ='Y'
do while upper {vaosl) ='Y"
set color to +r/+g, f+g,+b
set date british
clear
set color to +r f +g, / +¢,+b
anthicong = 2
set color {o +W / +b, +r/ +b,+b
@ 2,24 say "CHUONG TRINH NHAP SO LIEU "
@ 3,24 say " BANG THAM SO DO MANG "
@ 7,15 prompt " 1. Vao cac tham so thoi gian "
@ 9,15 prompt " Ketthuc "
menu to anthicong
~ do case '
case anthicong = 1
tc0 =1
thte0 ="' - !
6!ea’f
@ 6,10 say " DANG VAO CAC THAM SO THO! GIAN "
@ 10,10 say " Hay chon ten file du lieu *
@ 11,30 to 17,45 double |
@ 12,36 prompt "mtcv"
@ 14,36 prompt "mtcv1”
@ 186,36 prompt "micv2"
menu to tc0
select 1
iftcO=1
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use mtcv
else

iftcQ =2

use mtecv
else
iftc0=3
use micvz
endif -
endif
endif

copy stru to tctg0
select 2
use tctgd
vthicong = 'Y’ _
do while upper({vthicong ) =Y’

appe blan

iMV=0

MV =0

tijMy =0

tev =’

clea

set color to +w Hr,+r/+b,+b

@ 1,4 say "CHUY :dang vao cac tham so thoi gian”

@ 8,17 say
@ 10,17 say
@ 12,17 say
@ 14,17 say

set color to +w/+b, +w/+r, +b
@ 6,15 to 16,65
* Dinh dau cong viec: " get iMV
* Dinh cuoi cong viec : " get jMV
" Ten cong viec " get tov
" Thoi gian hoan thanh CV ".get iiMV

- set color to tw/+h, r+/+b,+b

READ

repl ski with iMV, skj with jMV, tij with tijMV, tov with tc
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skip
acce " Co vao tiep khong ? (Y/N) " to vthicong
enddo && vthicong

case anthicong = 2
exit
endcase && theo anthicong
clea
acce " Covao solieu tiep (Y/N) "to vaosl
enddo && vaosl
case anhthicong = 3
set color to +w*/b,w+ir,g
@ 20,20 say " DANG LAMVIEC "
@ 21,1 say" "
@ 22,1 say " Tinh cac tham s¢ SO DO MANG "
@ 23,1say " "
@ 24,1 say" "
public MaxT, MinT k
set talk off
set safe off
set data brit
close data
sele 1
~ use micy
* zap
*appe from SLBD
go top
scan forski=1 -
repl Tkslj with 0 , Thsij with Tij

endscan

gotop -
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k=0
do while .not.eof (}
if (Tksij = 0) .and. (Thsij=10)
store SKi tok
bght = recnol)
copy to cvig1 for skj =k
sele 2
use cvig1
calculate Max(Thsij ) to maxT
zap
close data
delete file cvtg . dbf

sele 1
use mtcv
go bght
repl Tksij with maxT , Thsij with Tksij + Tij
endif
if .not. eof()
skip
endif
enddo
close data

* Het qua tring nguoc, sang qua trinh thuan
sele 1
use mtev
calcul Max(Thsij) to Tgang
calcul Max(skj)' to slsk
repl all Thmij with Tgang, Tkmij with Thmij - Tij for skj = slsk
go bottom
do while .not. bof()
if (Tkmij = 0 ) .and. { Thmij = 0}
store SKjto k -
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bght = recnol)

copy to CVTG2 for ski =k
sele 2

use cvig?

caiculate min{Tkmij )} to minT

close data
delete file cvtg2.dbf
sele 1
use mtev
go bght
repl Thmij with minT , Tkmij with Thmij - Tij
endif
if .not. bof()
skip - 1
endif
enddo
sele 1
@ 20,10 say " An phim Ctrl - End de ra khoi Browse "
brow
close data

case anhthicong = 4
DO TinhVT && Tinh vat tu

case anhthicong = 5
close data
use mtov
copy to critical for ditd = 0 .and. ditp=0
clea '
set color to +wib, w+/r, ¢
irg ="'y’ B _
@ 21,10 say " Co in ra giay khong ?(Y/N) " get irg
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read

If upper(irg)="Y'
clea
@ 15,15say " Hay chuan bi may in , giay ! "
set prin on
use critical _

7 chr(27) + "W1" + " CAC CONG VIEC GANG " + chr(27) + "WO0"
list to print
set print off
use
else
use critical
@ 23,15 say " DANG HIEN CAC CONG VIEC GANG "

disp all tcv

endif

use
case anhthicong = 6

DO ChlySDM && Chinh ly so do mang

case anhthicong =7
DO IN && in bang bieu

case anhthicong = 8
clea _ :
@ 5,62 prompt " VE MENU CHINH ™
endcase && anh thi cong
clea
input " Co lam tiep khong ( 1/ 0) " to v0O0thicong
enddo &8& vOOthicong
clese data

return
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III. CHUONG TRINH QUY HOACH DPONG - SU DUNG CAU
TRUC BAN GHI (RECORD) VA FILE, MANG (ARRAY).

Program baitap_lon;
uses cridos;
var
ch,chi: char:
chon, chont: integer;
n,i: integer,;
e:array[0..10] of real;
Etd: array[0..10,0..30] of real;
hmax, hmin:array[0..10] of real;
h:arrayf0..30,0..30] of reat;
g:array[1..10] of real;
hc:array[0..10] of real;
Eyc: real;
D: real;
truoc: array[1..10,0..30] of integer:
truoch: array{1..10,0..30] of real:
f: file of real;
chiphi: array{0..10,0..30] of real;
Procedure nhap;
var i: integer;
begin
write{'Vao so lop cua mat duong’); readin(n);
write('Vao cuong do nen dat e[0]); readin(e[0]);
writé(’vao cuong d6 yeu cau Eyc'), readin(Eyc):
fori:=1to n do
begin
write("Vao cuong do cua lop thu',i,! el'i,J="); readin(e[i]);
end;
for i:=1to n do

begin
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write('Vao do day cuc dai thu',i,’ '), readin{hmax[i]};
write{"Vao do day cuc tieu thu',i,”*); readin{hminfil);
end;
fori:=1tondo
begin
write(' Vao gia thanh thu'i,' '}; readin(gi]);
end;
write(' vao ban kinh cua mat ep cung’); readin{D);
end;
Procedure catdulieu;
var ch: char;
i;integer;
name: string;
begin
write('Ban co muon cat du fieu khong(C/K)"); readin{ch);
if upcase({ch)='¢' then
begin
write('Ten file cat du lieu’),
readin{name),
assign(f,name);
rewrite(f);
write{f, Eyc);
write(f,e{01);
for i:=1 to n do write(f.efi});
for iz=1 to n do write(f,hmaxi]);
for i:=1 to n do write(f,hmin{i});
for i'=1 to n do write(f.gli]);
write(f,D},
end;
end;
{* procedure max_min;

var i. integer;
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m:real,
begin
Etdmin{0}:=e[0);
Etdmax[0}:=e[0];
for i:=1 to n do
begin
i=exp((e[i)/Etdmin[i-1])*2.5;
min[i}:=Etdmin[i-1],f{1-(2!pi)*(1-1fexp(3.5*In(m)))"arctan(m*hmin[i];’d);
i:=exp((ef/Etdmax]i-1])*2.5);
dmax{i]:=Etdmax[i-1]!(1-(2!pi)*(1-1i(exp(a.5*ln(m)))}*arctan(m*hmax[i]ld);
end;
end;, %)
procedure laydulieu;
var  ffile of real;
name:string; -
begin
write('Vao ten file lay du lieu"); readin{name);
assign(f,name);
reset(f);
n:=filesize(f);
n=trunc((n-3)/4);
read(f,e{0));
read{f,Eyc);
for i:=1 to n do read(f efi]);
fori:=1to n do read(f,hmax[i]);
for i:=1 to n do readf, hrmin[i]);
for i:=1 to n do read(F gfi});
read(f,D);
end;
Procedure tinhtoan;
var lamda:real

ij.k: integer:
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chi:array{0..30,0..30] of real;
m:array[0..10,0..30] of real;
min: real;

Binh,Cuc,Ha Hang,Nguyet:real;

begin
lamda:=(Eyc-e[Q])/30;
for i:=1to n-1 do
for j:=0 to 30 do
Etd[i,j]:=e{0)+j*lamda;

Etd[0.0}:=e[0];

Etd[n,30%:=Eyc;

for j:=0 to 30 do
begin

m[1 0]:=exp((1/2.5)"In{e[11/e[0D);

h{0,J:=(D/m[1.Q]*sin((1-e[OVE1d{1 /}){(2/pi)*(1-1/exp(3.5In(m([1.0))))V

cos((1-e[OVEtdD M ((2/piy (1 -1i(exp(3.5"In(m[1,0MM)
‘ if (h[0,j)<=hmax[1}) and (h{0.j)>=hmin[1]) then chiphi[1,i]:=g[1]™n[0.]]
gise chiphi[1,j}:=900000000.0;
end;
for j:=0 to n do truoc1,j:=0;
for J:=0 to n do truoch(1 Jl:=hi0,j);
fori:=2ton-1do
begin
for j:=0 to 30 do
for k:=0to 30 do
begin
mii,jl:=exp(1/1.25"In{e[/Ed[i-1.]));
Binh:= exp(3.5*In{m[i.jl));
Cuc:=(2/pi)*(1-1/Binh);
Ha:= 1-Etd[i-1,j/Etd[iK] ;-
h[j,k]:=(D/mi J])*sm(Har‘Cuc)!cos(Ha!Cuc)
if (h[j,k]>=hmin[i}) and (hil. k]<'hmax[|]) then chilj,k]: "g[l]"h[j Kk} -

237



238

else
chilj.k]:=900000000;
end;
for k:=0 to 30 do
begin
min:=1000000000;
for =010 30 do
if (chiphili-1.j]+ chiphi[j,k]} < min then min:=chiphifi-1,j] + chi[j,k] ;
chiphili,kJ:=min;
for j:=0 to 30 do
if chiphili,k}=chiphifi-1,j} + chi[j k] then
begin
truoc(i.k]:=j;
truoch([i,k]:=h[j,k];
end;
end;
end;
for j:=0 10 30 do
begin
min,j:= exp (1/1.25* In{e[n)/Etd [n-1,));
Binh:= exp(3.5*In{m[n,i);
Cue:=(2/piy*(1-1/Binh);
Ha:= 1-Etd[n-1,j/Etd[},30] ;
h[j,30]:=(Dr'm[n,j])*Sin(HafCuc)fCos(HafCuc);
if (h[i,30]>=hmin[n])and(h[j,30]<=hmax[n]) then chilj,n):=g[n]*hfj,n]
else chilj,n]):=900000000:
end;
min:=1000000000:
for j:=0 o0 30 do
if chiphifn-1,j]+chifj.n]<min then min:= chlphl[n 1,jj+chifj,n);
chiphi[n,30]:=min;
forj=0tondo



if chiphi[n,30] = chiphi[n-1,j]+chij,30] then
begin
truog[n,30):=};
truoch[n,30]:=hlj,30];
end,
writeln{'chi phi nho nhat la ' .chiphi{n,301);
j:=truocin,30);heln]:=truoch[n,30];
for i;:=n-1 downto 1 do
begin
he[i]:=truocii.j];
je=truocli,jl;
end;
end;
{CHUONG TRINH CHINH}
BEGIN
repeat
clrscr;
textbackground(white);
clrscr,;
textcoior(yeliow);
window(3,2,78,24});
textbackground(blue),
clrscr;
chon:=1;
ch:= #80;
window(25,11,55,15);
writeln{'Menu chon lua’),
writeln('1.nhap du lieu’);
writeln('2. Tinh toan');
writeln('3. Thoat khoi chuong trinh’);
repeat
if {chon=1) and {ch=#80) then
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begin
window(24,14,55,14);
textbackground(blue);
write("3. thoat khoi chuong trinh');
window(24,12,55,12);
textbackground(red);
write("1. Nhap du liey");
end;
if {chon=1)and (ch=#72) then
begin
window(24,13,55,13):
textbackground(blye);
write('2, tinh toan");
window(24,12,55,12);
textbackground(red);
write("1. Nhap du lieu');
end;
if (chon=2) and (ch=#80) then
begin
window(24,12,55,12):
textbackground(blue);
write(". Nhap du liew’):
window(24,13,55,13);
_ textbackground(red):
write('2. Tinh toan');
end;
if (¢chon=2) and (ch=#72) then
begin
window(24.14,55.14);
textbackground(blue);
write('3. thoat khoi chuong trinh*);
window(24,13,55,13):



textbackground(red);
write('2. Tinh toan’);
end;
if {chon=3) and (ch=#80) then
begin
window(24,13,55,13);
textbackground{blue);
write{'2. Tinh toan');
window(24,14,55,14);
textbackground(fed);
write("3. Thoat khoi chuong trinh');
end;
if (chon=3) and (ch=#72) then
begin
window(24,12,55,12);
textbackground(blue);
clrscr;
write("1. Nhap du lieu’);
window(24,14,55,14);
textbackground(red);
write("3. Thoat khoi chuong trinh’);
end;
ch:=readkey;
if ch=#80 then
if chon<3 then chon:=chon+1 else chon:=1;
if ch=#72 then
if chon>1 then chon:=chon-1 else chor:=3,
until ch = #13;
if chon=1 then
begin
window(3,2,78,24),
textbackground(blue};
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clrscr;
nhap;
catdulieu;
end;
if chon=2 then
begin
window(3,2,78,24);
textbackground(blue);
clrscr,
window(25,12,55,12);
write(' Chon cach vao du lieu");
chon1:=1;
window(25,14,55,14);
textbackground(blue);
clrscr;
write("2. Vao du lieu tu file");
window(25,13,55,13);
textbackground(red);
write("1. Vao du lieu tu ban phim");
repeat
ch:=readkey;
if (ch=#80) or (ch=#72) then
if chon1=1 then chon1:=2 else chon1:=1;
if chon1=1 then
begin
window(24,14,55,14);
textbackground(blue);
cirscr;
write('2. Vao du lieu tu file');
window(24,13,55,13);
textbackground(red);
write('1. Vao du lieu tu ban phim');
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end
else
begin
window(25,13,55,13)
textbackground(blue);
clrscr;
write("1. Vao du lieu tu ban phim’);
window{24,14,55,14),
textbackground(red);
write("3. Vao du lieu tu file');
end;
until ch=#13;
end;
if chon=1 then
begin
window(3,2,78,24),
textbackground(blue);
clrscr;
nhap;
end;
if chon1=2 then
begin
window(3,2,78,24);
textbackground(blue);
clrscr;
laydulieu;
end;
tinhtoan,
window(3,2,78,24);
textbackground(biue);
clrscr;
write('Be day cua cac lop mat duong');

243



fori:=1tondo
write('h[i,']=",hcli]:4:2);
writeln;
writeIn{'chi phi nho nhat la‘,chiphifn,30});
readin;
until chon=3;
END.

IV. CHUONG TRINH QUAN LY THI TRAC NGHIEM - SUDUNG
CAU TRUC BAN GHI (RECORD) VA FILE, MANG (ARRAY).,
CON TRO (POINTER)

Program Trac_nghiem_pascal:
uses Crt,graph;
type

g="nut;

string 100=string[250];

string30=string[250];

nut=record

cauhoi:string 100;

da:array[1..4] of string30;

tl:1..4;

ds:boolean;

k:q;

end;

Var

anut;

f:text;

iinteger;

d1,c1,d2,c2:q;

a1,b1,a2,b2:integer;

b:char;

{ }
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procedure gwrite(var x,y.integer;gtext:string);
{viet dong text ra man hinh do hoa tai toa do x.y}
begin

outtextxy(x,y.gtext);

x:=x+textwidth(gtext);

procedure gwriteln(var x.y:integer;gtext:string);

{nhu gwrite nbung xuong dong }

begin
outtextxy(x,y.gtext);
y:=y+textheight('H")+10;
x:=110;

End;

{ }

procedure greadin(t.byte;var x,y:integer;var gtext:string);
{doc vao dong text va Xxuong dong}
const enter=#13;x0a=#8;
var ch,ch1: char;
i.integer,
begin
gtext:="";
while (ch<>enter) and (length{gtext) < 1) do
begin
ch:=readkey;
if (ch<>enter)and(ch<>xoa)then
begin
chi:=ch;
setcolor(5);
gwrite(x,y,ch);
gtext:=gtextt+ch;
end
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else if (ch=xoa) and {length{gtext)>() then
begin
i:=length{gtext)-1;
x:=x-textwidth(ch);
setcolor(lightgreen);
gwrite(x,y gtextfi+1]);{xoca}
X:=x-textwidth{ch);
glext:=copy{gtext,1,i);
end;
end;
if{length(gtext))=t then readin;
setcolar(11);
x:=110;y:=y+textheight("H")+20;
End;
{ }

procedure remove(d,c:q);

Var pq;
begin
while d<>nil do
begin
p:=d,
d:=d* Ik;
dispose(p);
end;
end;

{ }
procedure initg(var d1,c1 ,_d2,c2:q)'

L3

begin

d1:=nil;
c1:=nil;
d2:=nil;

c2:=nil;
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end;

{ }

procedure MhDohoa;

var Gd,Gm:integer;
path:string[50];
begin
Gd:=detect,
{ path:="c:\tp\bgi';}
path:="d:\tp(full \ogl";
initgraph{gd,gm,path);
while graphresult<>0 do
begin
write('Loi do hoa, hay go duong dan toi*.BGI, hoac ENTER de thoat);
readin(path);
if (path=" ") then halt(1);
Gd:=Detect,
initgraph(gd.gm,path);
end;
End;
{ }
procedure Cua_so(c1,bf c2,h2,v,m_t,m_d,m_n:integer);
Var

irinteger;.

Begin .

fori:=1tovdo

begin

Setcolor{m_t);
line(c1+i,h1+i,c2-i,n1+i),{Tren}
Line(c1+i,h1+i,c1+i,h2-i);{Trai}

--Setcolor(m_d); R
line(c1+i,h2-i,62-i,h2-i);{duoi}
Line(c2-i,h2-i,c2-i,h1+i);{phai}
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SetFillStyle(1,m_n); Bar(c1+v,h1+v,c2-v,h2-v);
end;

End;
{ }

procedure help(x1,y1,x2,y2:integer,muc:integer);

var bitmap:pointer;

sizeiword;

ch:char;
Begin
size:=imagesize(x1,y1,x2,y2);
getmem(bitmap,size);
getimage(x1,y1,x2,y2 bitmap*);
case muc of
1:begin
cua_so{x1,y1,x2.y2,2,white white,blue);
settextstyle(1,0,1);
setcolor(11);
outtextxy(x1+40,y1+5, Giup do!');
Settexistyle(0,0,1);

setcolor{lightgreen);

outtextxy(x1+5,y1+45,' -Day la chuong trinh thi trac nghiem pascal!);

setcolor(white);

outtextxy(x1+5,y1+textheight('A")+60,' -De su dung hay dung phim');
outtextxy(m+5.y1+textheight('A')+?5,' -De chon muc can su dung");
outtextxy(x1+5,y 1+textheight('A")+90, -sau khi chon duoc muc");
outtextxy(x1+5,y1+textheight('A')+105," - an nut enter de lam'y;
outtextxy(x1+5,y1+extheight('A')+125,' - thoat ra khoi menu';
outtextxy(x1+5,y t+textheight('A')+140," -chon Exit or Esc de thoat)

setcolor(lightred),

chuong trink');
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outtextxy(x1+5,y1+textheight(A')+180, -Bam mot nut bat. ky de tro
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2:begin
cua_so(x1,y1,x2,y2,2 white,white,1 {blue}),
settextstyle(1,0,1);
setcolor{11);
outtextxy(x1+40,y1+5/ Giup dol');
Settextstyle(0,0,1);
setcolor{lightgreen);
outtextxy(x1+5,y1+45,' -Day la chuong trinh thi. trac nghiem pascall’);
setcolor(white);
outtextxy(x1+5,y1 +Hextheight('A)+60,' -De su dung ban hay dung phim');
outtextxy(x1+5,y1+textheight(A)+75, -De lua chon cau tr loi thich hop');
outtextxy(x1+5,y1+textheight{'A’)+90, -sau khi chon duoc cau tra loi thich’);
outtextxy(x1 +5,y1+textheight(A)+105/ -hop ban hay bam enter’);
outtextxy(x1 +5,y1+textheight(A)y+120, -hoac ban co the su dung cac phim');
outtextxy(x1 +5,y1+textheight('A)+135, ~-{A),(B),(C).(D) de lua chon');
setcolor(lightred); |
outtextxy(x1+5,y1+textheight(‘A')+155,' -An nut bat ky de tro ve

chuong trinh'};

end,

3:begin
cua_so(x1,y1 X2,y2,2 white, 8,7);
cua_so{x1+5,y1 +5,x2-5,y2-5,2,1 {blue,blue},1,red);
seteolor(11{yellow});
outtextxy(x 1+10,y1+50,'Ban co muon thoat khong?(c/k):");
end;

end;

b:=readkey; . o

putimage(x1,y1 bitmap®,copyput);

freemem(bitrnap size);

end;
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{

procedure nen_man_hinh;

begin

setfillstyle(9,15);

bar(0,0,getmaxx,getmaxy); ,
cua_so(80,30,550,153,1,0,0,1);{bong den}
cua_so(80,20,540,140,2, white,white lightblue);
settexistyle(1,0,1);

fori:=1to 3 do

begin

setcolor(black);

outtextxy(130+i,40-i, ‘THI TRAC NGHIEM HE DIEU HANH

- DOS+PASCALY;

outtextxy(120+i,80-i,'Bo mon Tin hoc Truong Dai Hoc Xay Dung');
end;

setcolor(14);

outtextxy(130,40,'THI TRAC NGHIEM HE DIEU HANH

DOS+PASCAL";
outtextxy(120,80,'Bo mon Tin hoc Truong Dai Hoe Xay Dung');
settextstyle(0,0,1);
setcolor{white);
setfillstyle(solidfill lightblue);
bar(0,460,640,480);
setcolor(11);
outtextxy(40,470,'An F1 de Giup do");
outtextxy(160,470,'An ESC de Thoat");
end;

{ }
procedure ve_menu(p:q; chon:integer):{hien cac dap an tra foi)
Var

integer;

mang_mn:array[1..4] of string;{dung luu cac dong menu}



begin
for i=1 to 4 do mang_mn[i):=p*.da[i];
Settextstyle(0,0,1);
for i:=1to 4 do
begin
{neu chon =i thi dong i to mau khac}
if i= chon then
cua_so{20,1 90+i*30,605,215+i*30,1 ,lightblue,lightblue,green)
else
cua_so(20,1 00+i*30,605,215+i*30,1 ,|ightblue,Iightblue.!ightblue);
{Viet dong chu vao hinh chu nhat}
setcolor(white):
outtextxy(20,200+i*30,mang_mn[i]);
end;
end,
{ }

procedure Chon__Dod(var chrinteger;p.q;var done:boolean);{chon cau

tra loi}
Var

Sott; integer,;

key: char;

begin

Settextstyle(0,0,1);

cua_s0{20,70,620,100,1 ,Iightbiue.Iighthue,lightblue);

setcolor(11);

outtextxy(20,80,p*.cauhoi);

sott:=1;

ve_menu(p,Sott);

while not done do

~ begin L
key.=readkey, {dieu khieh phim chon menu}

case upcase(key) of
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#13;
case Sott of

1: begin
ch:=1;
exit;

end;

2: begin
ch:=2;
exit;

end;

3: begin
ch:=3;
exit;

end;

4: begin
ch:=4;
exit;

end;

end;

#72:
Begin
if Sott= 1 then Sott:=4
else

Sott := Sott-1

end;

#80:
begin
Sott:=Sott+1:
if Sott>4 then Sott:=1:

end; {go so cung duoc 1}
#6S: begin
ch:=1;
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{#65: ma ASCIl cua chu A}
exit;
and;
#66: begin
ch:=2;
exit;
end;

#67: begin
ch:=3;
exit;

end;

#68: begin
ch:=4,

exit;
end;

#27: begin {neu nhan esc thi quay trove m
help(200,100,500,170.3);
b:=upcase(b).
if p="C' then

begin
remove(d1,c1};
remove({d2,c2),
initq(d1,¢1.d2,c2);
close(f);
nen_man_hinh;

enu chinh }

done:= true;
end;
end;
. #59: help(al,b1.a2,b2,2);
end;
{of case key}
{Tro ve Menu}
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if not done then ve_menu(p,sott);
end; {of while}
End;
{ }

procedure addq(var d,c:g;x:nut); {themmot gia tri vao queue}

var
P:g:
i integer;
begin
new(p);
p*.cauhoi:=x.cauhoi;
for i:=1 to 4 do
p*.da:=x.da;
pAtl=x.t;
pr.ds:=false;
pr.k:= nil;
if d= nil then
begin
d:=p;
ci=p,
end
else
begin
¢t Ik:=p;
ci=p,
end;
end;

{ }

procedure duyetq(d,c.q;var done: boolean; ten:string; maso:string);
{duyet queue)}

var p.q;
ch,diem, count1, count2: integer;
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x:nut;
tg; string;
a: char;
begin
diem:=0,
p:=d;
count1:=0; count2:=0;
while p<>nil do
begin
chon_Doc(ch,p,done);
if done then exit;
if ch=p*.il then
begin
diem:= diem+1;
p*.ds:=true;
count1:= count1+1;
end
else
begin -
x:=ph
- addq(d2,62.X);
end;
p:=prlk;
end;{of while}
p:=d2;

{in ra bang ket qua}
cleardevice;
Cua_so(SO,100.600,400,3.white.8,7);
Cua_so(40,1 10,590,390,2,white,8,7);
cua_so(45,1 15,585,165,2,8,white,1 {blue});
settextstyle{1,horizdir,5);
fori:=1to 3 do
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begin
setcolor(black);
outtextxy(80+i,115-i,'Ket Qua Kiem Tra'");

end;
setcolor(11);
outtextxy(80,115,'Ket Qua Kiem Tra');
cua_so(45,200,585,385,2,8,white,5);
settextstyle(1,horizdir,1);
setcolor(11);
outtextxy(180,210,'Sinh vien :):
outtexixy(180+textwidth('sinh vien *,210,ten);
setcolor(11);
outtextxy(180,230,'Ma so sinh vien :');
outtextxy(180+textwidth('"Ma so sinh vien '},230,maso);
setcolor{11);
outtextxy(60,250," === = ==");
setcolor(white);
outtextxy(80,300,'So cau tra loi dung:),
str{count1ig);outtextxy(80+textwidth('So cau tra loi dung:"},300,tg);
outtextxy(80,330,'Tong so diem %
str(diem,tg);outtexlxy(80+textwidth('tong sodiem :',330,1g);
remove(d1,c1);

remove(d2,c2),
close(f);end:

{ }

procedure doc_file(var a:nut):

var
linteger,
begin
readin(f,a.tl,a.cauhoi);
fori:=1 to 4 do readin(f,a.dafi]);
end;



{ }
procedure Ievel(palh:string;slch:integer;ten:string;mas_o:string);
var
done:boolean;
i,j,minteger;
begin
done:=false;
cua_so(5.10,630,428,3.white,8,7);
cua_so(1 3,20,622,50,2,8,8 lightblue);
seffilistyle(solidfill lightblue);
bar(0,460,640,480);
setcolor(11);
outtextxy(40,465,F1 Giup do",
outtextxy(160,465,'ESC Tro ve menu');
Settextstyle(1,horizdir,1);

form;=1t03do

begin
setcolor(red);
outtextxy(160+m,22-m,'BAl THI TRAC NGHIEM HE DIEU HANH &
PASCAL');
end;
setcolor(14);

outtextxy(160,22,'8Al THI TRAG NGHIEM HE DIEU HANH & PASCALY;
cua__so{13,58.622,420.3.blue,blue,_lightblue);
Setiextstyle(0.horizdir,1);
initq(d1,¢1,d2.62);
assign{f,path),
reset(f);
for j:=1 to 24 do
begin
doc_file(a).
addqg(d1,ct,a);,
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end;
duyetq(d1,c1,done,ten, maso);

if done then exit;

b:=readkey;
nen_man_hinh;
end;
{ }
procedure mainmenu(chon:integer),
Var
izinteger,;

mang_mn:Array[1..2] of string;{dung luu cac dong menu}
begin
mang_mn[1}:="1. Phan bai thi";
mang_mn[2]:='2 Thoat khoi chuong trinh";
setcolor(white);
Settextstyle(0,horizdir,1);
fori:=1t0 2 do
begin
{Neu chon=i thi dong i to mau khac}
if i=chon then
cua_so( 180.200+i*30.430,230+i*30,4,B.White,green)
else
cua_so(1 80,200+i*30,430,230+i*30,4,white, 8, lightblue);
{Viet dong thv vao hinh chu nhat}
§etcolor( 14},
outtextxy(190,210+i*30,mang_mn[i]);
end;
end;
{ }

procedure dan_nhap(var ten,maso:string:var sich:integer);

var

x,yinteger;
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code:word,;
begin
cleardevice;
cua_so(BO.80.520.400.3.white,8,7);
cua_so(95.95,505,385.2,white.8,?);
cua_so(100,100,500.150,4.8.8,5):
cua_so(100,180,500,380,4,8,8,5);
Settextstyle(0,horizdir,1);
setcolor(11);
repeat
x:=110; y:=230;
gwrite(x,y. Ho va ten ).
cua_so(x+10,y-6,x+200, y+10,1,1,1 I1ghtgreen)
x=x+11;
setcolor(1),
greadin(25,x,y.ten);
until length{ten)<25;
x:=110; y:=230+textheight(‘H')+10;
gwrite(x,y,'Ma so sinh vien :");
cua_so(x+8.y—6,x+60,y+1 0,1,1,1,)ightgreen);
x:=X+11;
setcolor(5); .
greadin(6,x,y,maso);
val(maso,sich,code);
cleardevice,
end;
{ -}

Procedure chonmain;

Var Sott:iinteger;
key:char;
slch:integer;

maso,ten:string;
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Begin
Sott:=1;
sich:=0;
.mainmenu(Sott); { Ve hinh chu nhat to mau muc 1}
While true do  {tap khong dieu kien }
begin
key:=readkey; {dieu khien phim chon menu}
case key of
#13;
case Soft of
1:begin
cleardevice;
dan_nhap(ten,maso,sich):
level(cauhoi.txt' slch,ten,maso);
end;
2:exit;
end;
#27:exit;
#72: '
Begin
Sott:=Sott-1;
if Sott<1 then Sott:=2;
End;
#80:
Begin
Soft:=Sott+1;
if Sott>2 then Sott:=1;
End; -
#59:help(a,b1,a2,b2,1)
end; { of case key }
{Tro ve MENU}
mainmenu(Sott);
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end;{of While}
end;

BEGIN {Chuong trinh chinh}
mhdohoa;
setbkcolor(5),
a1:=100; b1:=50; a2:=500; b2:=300;
setbkcolor(6);
nen_man_hinh;
chonmain;
closegraph;

END.



[1]
[2]

(3]
(4]

[5]

[6]

[7]
[8]
[9]

[10]

TAI LIEU THAM KHAO

N.Wirth. Cdlu tric dit liéu + thudt gidi = chuong trinh

Larry Nyhoff, Sanford Leestma. Ldp trinh ndng cao bédng Pascal
VoI cdc cdu triic di¥ liéu. Ban dich cia PTS Lé Minh Trung.
Nguyén Mau Banh. D¢ tai 28B-02-02 "Hoan thién cong tdc ké
hoach hod xdy dung co bdn 3 Viét Nam". Ha Noi, 1991.

Nguyén Van Chon. So sdnh phko’ng 4n va tinh todn hiéu qud
kinh té trong co gidi hod xdy dung. DHXD, Ha N6i, 1987.

Biii Cong Cudng. Khoa hoc hé thong va viée xdy dung cdc hé tro
giup soan thdo ru quyét dinh. Thong tin KHKT, tap Toén - co -
khoa hoc tinh todn. Vién KHVN, s6 1/1990.

Bii Cong Cudng, Hoang Nghia TY. Hé trg gillp quyét dinh ké
hoach cho xi nghi¢p. Bdo cdo Hoi nghi Todn hoc toan quéc, Ha
Noi, 9/1990. |

FOXPRO. Tai liéu dich 1 bdn gbc cia Céng ty Phdn mém
FoxSoftware. Ha Noi 1991,

Hoang Nghia TY. Thudt todn va chuong trinh so d6 mang trong
xdy dyng. Tuyén tap cong trinh khoa hoc, DHXD, s& 1/1989.
Hoang Nghia Ty. Thit nghiém xdy dung hé tin hoc trg gillp quyét
dinh cdp xi nghiép. Théng bdo khoa hoc céc trudng dai hoc. 1991.
Hoang Nghia TY. Thiz nghiém xdy ding tin hoc tro giip quyét

- dinh ké hogch. Tuyén tap céng trinh khoa hoc clia nghién ciu

[11]
[12)

262

sinh PHXD, thdng 11/1991.
Hoang Nghia Ty. BASIC cho may vi tinh. PHXD, 1991.

Hoang Nghia Ty. Co sd tin hoc va ngén ngit ldp trinh Pascal.
Nxb KHKT, Ha Néi, 1991.



[13]

(14]

(15}

(16]
[17]
[18]

[19]

Hoang Nghia Ty, Pham Thi€u Nga. Gido trinh Tin hoc dgi cuong
Nxb KHKT, Ha N¢i, 1995.

ArisR. Discrete Dynamic programming. Blaisdell pud. Cor.
1964.

Dal O.1., Dijkstra E'W., Hoare C.AR. Structured programming,
London, Academic press, 1972.

Date C.j. An introduction to Datebase Systems. 1975.
Gries D. The Science of Programming. Springer - Verlag, 1981.

Grogono P. Programming in PASCAL. Addison - Wesley P- Comp.
1980.

Knuth D.E. The Art of computer programming, Volum I, II, 1IL.
Addison - Wesley, 1973. '

[20] Teorey T.J., Fry J.P. Design of Database structures. Prentice-

(21]

[22]

(23]

Hall, Inc. Engle Wood Cliffs, 1982.

Tschritzis D.C.,Lochovsky F.H. Data models. Prentice- Hall., Inc.
Engle Wood Ciffs, New Jersey 1982.

With N. Systematic Programming. An introduction. Prentice -
Hall Inc. EngleWood Ciffs, New jersey. 1973.

Zadeh L.A. The Concept of a linguistic variable and its
applications to upproximate reasoning. Inf. Science, 1975-1976.

263



MUC LUC

Trang
Loi néi ddu 3
PHAN 1. CAU TRUC DULIEU

Chuong 1. Nhap moén ciu tric dit liéu
1.1. Khdi niém c4u trdc dit lieu 5
1.2. C4c mé hinh dit lidu

Chuong 2. Céu truc dif liéu tuyén tinh
2.1. Mang - Arrays 18
2.2. Ngan x€&p - Stacks 26
2.3. Hang Doi - Queue 32
2.4. Danh sich - List 38
2.5. Bai tap 42

Chuong 3. Cu tric dit liéu phi tuyén
3.1. Ban ghi - RECORD 46
3.2. Kiéu dir lieu t&p 53
3.3. Kiéu di lidu tap hop : 68
3.4. Con trd va cdu tric dif lieu dong 72
3.5. Danh sdch lién két 81
3.6. Ngan x€p va hang doi lién két 104
3.7. Phép de quy 108
3.8. Cay - Tree 112
3.9. Bai tap 120

PHAN IL. THUAT TOAN
| Chuong 4. Nhap mén thuat toan

4.1. Xudt xi cha thuat todn 123

264



4.2. C4c phuong phdp trinh bay thult todn
4.3. Bai tap
Chuong 5. Céc dang thuat toian cg ban
5.1. Thuat todn cé céu tric
5.2. Thuat todn clia bai todn tudn ty
5.3. Thuat todn r& nhénh don gian
5.4. Thuat todn r& nhanh theo nhiéu truong hop
5.5. Thuét todn bai todn lap (chu trinh)

Churong 6. Phan tich thuat toan
6.1. Khdi niém
6.2. Do hiéu qua va dé phiic tap cia thugt todn
Chuong 7. Céc thuat toan sip xép
7.1. Sip x&p bing chon lya don gian cho mang
7.2. Sép xép theo chon lva don gian cho danh sdch lién két
7.3. Sip x&p kidu néi bot - Sip x&p dén
7.4. Sap xép kiéu chén
7.5. Sap x€p nhanh
7.8. Sép x€p tron - Mergesort
Chuong 8. Cac thuat toan tim kiém
8.1. Tim ki€m trong danh sich
8.2. Cay tim ki€m nhi phén
8.3. Tim 10i giai t6i wu trén so d6 mang
Chuong 9. Quy hoach dong
9.1. Khdi nién chung
9.2. Nguyén ly t6i uvu Bellman
9.3. Ap dung quy hoach dng trong thi¢t k&€ xay dung duong

Phy Iyc

126
129

130 -

133
134
136
137

153
154

159
160
162
164
166
169

172
174
175

190
194
207

217

263



CAU TRUC DU LIEU VA THUAT TOAN

Chiu trdch nhiém xudt bdn:

TRINH XUAN SON
Bién tdp: ~ DINH THI PHUONG
Ché bdn: TRAN KIM ANH
Stea bdn in: - DINH THI PHUONG
Vé bia: NGUYEN NGOC DUNG

In 300 cuén khé 17 x 24cm tai Xudng in Nha xust ban Xay dung. Gify
chép nhan ding ky k€ hoach xu4t ban s6 36-2013/CXB/140-158/XD ngay-
5/01/2013. Quyét dinh xuit ban s6 135-2013/QD-XBXD ngay 20/6/2013.
In xong va ndp hwu chiéu thing 8 nam 2013.

266



	Page 1 
	Page 2 
	Page 3 
	Page 4 
	Page 5 
	Page 6 
	Page 7 
	Page 8 
	Page 9 
	Page 10 
	Page 11 
	Page 12 
	Page 13 
	Page 14 
	Page 15 
	Page 16 
	Page 17 
	Page 18 
	Page 19 
	Page 20 
	Page 21 
	Page 22 
	Page 23 
	Page 24 
	Page 25 
	Page 26 
	Page 27 
	Page 28 
	Page 29 
	Page 30 
	Page 31 
	Page 32 
	Page 33 
	Page 34 
	Page 35 
	Page 36 
	Page 37 
	Page 38 
	Page 39 
	Page 40 
	Page 41 
	Page 42 
	Page 43 
	Page 44 
	Page 45 
	Page 46 
	Page 47 
	Page 48 
	Page 49 
	Page 50 
	Page 51 
	Page 52 
	Page 53 
	Page 54 
	Page 55 
	Page 56 
	Page 57 
	Page 58 
	Page 59 
	Page 60 
	Page 61 
	Page 62 
	Page 63 
	Page 64 
	Page 65 
	Page 66 
	Page 67 
	Page 68 
	Page 69 
	Page 70 
	Page 71 
	Page 72 
	Page 73 
	Page 74 
	Page 75 
	Page 76 
	Page 77 
	Page 78 
	Page 79 
	Page 80 
	Page 81 
	Page 82 
	Page 83 
	Page 84 
	Page 85 
	Page 86 
	Page 87 
	Page 88 
	Page 89 
	Page 90 
	Page 91 
	Page 92 
	Page 93 
	Page 94 
	Page 95 
	Page 96 
	Page 97 
	Page 98 
	Page 99 
	Page 100 
	Page 101 
	Page 102 
	Page 103 
	Page 104 
	Page 105 
	Page 106 
	Page 107 
	Page 108 
	Page 109 
	Page 110 
	Page 111 
	Page 112 
	Page 113 
	Page 114 
	Page 115 
	Page 116 
	Page 117 
	Page 118 
	Page 119 
	Page 120 
	Page 121 
	Page 122 
	Page 123 
	Page 124 
	Page 125 
	Page 126 
	Page 127 
	Page 128 
	Page 129 
	Page 130 
	Page 131 
	Page 132 
	Page 133 
	Page 134 
	Page 135 
	Page 136 
	Page 137 
	Page 138 
	Page 139 
	Page 140 
	Page 141 
	Page 142 
	Page 143 
	Page 144 
	Page 145 
	Page 146 
	Page 147 
	Page 148 
	Page 149 
	Page 150 
	Page 151 
	Page 152 
	Page 153 
	Page 154 
	Page 155 
	Page 156 
	Page 157 
	Page 158 
	Page 159 
	Page 160 
	Page 161 
	Page 162 
	Page 163 
	Page 164 
	Page 165 
	Page 166 
	Page 167 
	Page 168 
	Page 169 
	Page 170 
	Page 171 
	Page 172 
	Page 173 
	Page 174 
	Page 175 
	Page 176 
	Page 177 
	Page 178 
	Page 179 
	Page 180 
	Page 181 
	Page 182 
	Page 183 
	Page 184 
	Page 185 
	Page 186 
	Page 187 
	Page 188 
	Page 189 
	Page 190 
	Page 191 
	Page 192 
	Page 193 
	Page 194 
	Page 195 
	Page 196 
	Page 197 
	Page 198 
	Page 199 
	Page 200 
	Page 201 
	Page 202 
	Page 203 
	Page 204 
	Page 205 
	Page 206 
	Page 207 
	Page 208 
	Page 209 
	Page 210 
	Page 211 
	Page 212 
	Page 213 
	Page 214 
	Page 215 
	Page 216 
	Page 217 
	Page 218 
	Page 219 
	Page 220 
	Page 221 
	Page 222 
	Page 223 
	Page 224 
	Page 225 
	Page 226 
	Page 227 
	Page 228 
	Page 229 
	Page 230 
	Page 231 
	Page 232 
	Page 233 
	Page 234 
	Page 235 
	Page 236 
	Page 237 
	Page 238 
	Page 239 
	Page 240 
	Page 241 
	Page 242 
	Page 243 
	Page 244 
	Page 245 
	Page 246 
	Page 247 
	Page 248 
	Page 249 
	Page 250 
	Page 251 
	Page 252 
	Page 253 
	Page 254 
	Page 255 
	Page 256 
	Page 257 
	Page 258 
	Page 259 
	Page 260 
	Page 261 
	Page 262 
	Page 263 
	Page 264 
	Page 265 
	Page 266 

