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Review tir nhitng ngwei da hoc hoi va déi doi tir ebook

1. Ba hang xém nha minh day, trwédc di buén déng nat, tinh c& cé thang sinh vién khoa cntt né ban déng
sach cl. Thé nao ma ba 4y mua "300 bai code thiéu nhi" cam vé doc.

R&i sang di mua doéng nat, tbi vé doc sach, cudi tuan ra quan net thuc hanh.

Sau thang sau ba 4y khan goi Ién HN di phdng van, cling nhd code trén gidy nhiéu ma may bai "white
board" ba 4y lam ngon o. Ciing 5 nadm rbi, gi&* dang lam lead & mét cong ty kha 16n.

Dung la cai nghé nay mang lai co hoi dbi doi cho nhiéu ngudi.

2. Qué t6i mién bién, cé gia dinh canh nha lam nghé chai luéi. Biva di kéo lwdi, thay gi ndng néng tuéng
dwgc mé ca to, ai ngd toan sach la sach. Nao la "300 bai code thiéu nhi", "Lap trinh can ban", " Machine
Learning", "Deep learning", "Al"...

A dinh vat di nhung nha may d&i k biét mat chiv 1a gi nén quyét tam cam vé gbi dau giveng. Di hoc b tuc
van héa ban dém phd cap con chir.

Ay thé ma béng di 6 thang t6i tir th( d6 vé tham A khoe gi& & nha lam freelancer cho cty gi & My &y, to
l&m, lwong xap xi 1 ci Trump/nam.

3. Gan nha minh c6 6ng tAm gan 30. bao lam ca phé, tiéu mét qua.

Thé 1a khan géi xudng tp hoc 1 khéa lap trinh pithon dip leaning gi d6, xong rdi lam 300 bai code thiéu nhi
luyén tap. Blra m&i ndi chuyén khoe dang lam lwong ciing 1 2k gi do!

4. Bac ho tui 46 rdi, chay ba gac hoai mét qua di hoc I&p code cap tbc. Hoc hét 2 thang véi lam hét bai
trong cudn 300 bai code thiéu nhi, xong apply vao cong ty kia lam mang data science méi thang lwong net
hon 400tr.

5. 6ng xe 6m xém minh sinh ndm 82, hém trwdc chay xe & ngé thé nao rét xudng cbng, réi nhat dwoc
cudn 1ap trinh "code thiéu nhi" gi gi d6, vé doc dau hon 1 thang rdi ra HN 1am cho cong ty tri tué nhan tao
to 1dm, mé&i lam 1 ndm mua dwoc nha HN, mua dwoc thém con mazda 6 roi.

6. Gibng t6i, trwdc day xe h tiéu ngoai duweng vo tinh bat gap nha no mé thdi sy vé blocktrain, thé 1a ctv
ngay di ban téi vé coi NTN v&i tranh thi coi clocktrain 1 xiu.

V& nha tdi nao t6i cling lam 3 bai trong "300 bai code thiéu nhi", ma sau 3 thang ciing apply dwgc cong ty
vé tién do. Gid t6i danh sang c& mang Al niva, mai viét app di dong auto deepfake cé ngudi tra 300k$
chwa ban.

7. Nam ngoadi di fuho sml ngoai cong trinh vé tinh nhat dc cubn sach 300 bai lap trinh danh cho thiéu nhi vé
nha luyén tap theo sau 3 thang tw tin apply 1 cty chuyén vé ai, ml & quan 1 lwong 3k chwa thuwéng hay phu
cép day.

8. 6 thang trwdc lam nha hang vat va qua, trong ltc thai thit doc lwét dwoc cudn java can ban véi 300 bai
code thiéu nhi. Bay gid dev full stack lwong 2,2k

9. Me thang chu t6i 1am sales sim s dep cho viettel dot réi d6i &n qua nén véat cho cubn 1ap trinh code
thiéu nhi gi day, 6 thang sau vao lam dev cirng FPT rdi , nghe bao lwong 2k vi nganh nay dang hot

10. Ong gia t6i lam céng nhan than dudi qua, mubn kiém viéc gi nhe hon. Téi gidi thiéu ng khoa hoc HTML
CSS PHP trén ucademy véi lam bai tap trong cudn 300 bai code thiéu nhi.

Sau 6 thang, gi¢& dng & nha lam freelancer rung dui hang thang tai khodn ct bén vao méay ngan $. Pang
tinh bao ba gia khéi di lam niva & nha ma xai tién.



Co sach cai |l y tin nguwoi vkl
Lira ban 1 1an, 1a 16i cla tui
Con dé minh tw bi Itra 2 1an, 1a 16i cua
ban ok!



LE MINH HOANG

Bai giang chuyén dé

Pai hoc Sw pham Ha N¢i, 1999-2002



LoO1 cam on

T6i mudn bay t6 long biét on doi véi nhitng ngueoi thay da chi day tan tinh trong nhitng nam thang
day khé khan khi téi méi bude vao hoc tin hoc va ldp trinh. Sw hiéu biét va long nhiét tinh ciia cdc
thay khéng nhitng da cung cdp cho t6i nhitng kién thite quy bdu ma con la tam gwong sdang cho t6i

noi theo khi téi diing trén buc gidng ciing véi tw cdch la mot ngueoi thay.

Cuén tdi liéu nay duwoc viét dya trén nhitng tai lieu thu thap dvwoc tir nhiéu nguo”‘n khac nhau, boi
cong sike ciia nhiéu thé hé thay tro da tirmg gidng day va hoc tdp tai Khoi Phé théng chuyén Todn-
Tin, Pai hoc Sw pham Ha Ngi, con t6i chi la nguoi tong hop lai. Qua ddy, t6i mudn giri 1o cdm on
16i cdc dong nghiép da doc va déng gép nhitng y kién qui bau, cam on cdc ban hoc sinh - nhitng

con nguoi da truc tiep lam nén cuon sach nay.

Do thoi gian han hep, mét sé chuyén dé tuy da cé nhung chua kip chinh sira va dwa vao tdi liéu.
Ban doc ¢6 thé tham khdo thém trong phan tra ciru. Rdt mong nhén dwoc nhitng 16i nhdn xét va gép

¥ cua cac ban dé hoan thién cuon sach nay.

Tokyo, 28 thang 4 nam 2003

Lé Minh Hoang
Pig

MUC LUC
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Co6 mot s6 bai toan trén thuc té yéu cau chi rd: trong mot tap cac ddi
tuong cho trudc co bao nhidu dbi tugng thoa man nhimng diéu kién
nhat dinh. Bai toan d6 goi 14 bai toan dém.

Trong 16p cac bai toan dém, c6 nhitng bai toan con yéu cau chi &
nhitng c4u hinh tim dugc thoa man diéu kién da cho 1 nhiing cau hinh
nao. Bai toan yéu cau dua ra danh sach cac cau hinh c6 thé c¢6 goi 1a
bai toan liét keé.

Dé giai bai toan liét ké, can phai xac dinh dugc mot thuit toan dé co
thé theo d6 1an luot xay dung dugc tat ca cic cau hinh dang quan tam.
C6 nhiéu phuong phap liét ké, nhung chung can phai dap tng dugc
hai yéu cau duéi day:

* Khong duoc lap lai mot cAu hinh



* Khong dugc bd sot mot cAu hinh
C6 thé noi rang, phuong phap liét ké 1a phuong ké cudi cung dé giai
duoc mot s bai toan td hop hién nay. Kho khan chinh cua phuong
phap nay chinh 1a su bung nd to hop dan t6i sy doi hoi 16n vé khong
gian va thoi gian thue hién chuong trinh. Tuy nhién cung véi su phat
trién ctia may tinh dién tir, bang phuong phép liét ké, nhiéu bai toan to
hop da tim thdy 16 giai. Qua dé, ta ciing nén biét rang chi nén dung
phwong phap liét ké khi khong con mgt phwong phap nao khac
tim ra 101 giai. Chinh nhitng nd luc giai quyét cac bai toan thuc té
khong dung phuong phép liét ké da thic ddy su phat trién cta nhiéu

nganh todn hoc.
Chuyén ® 2 @
de
§1. NHAC LAI MOT SO KIEN THUC PAI SO TO HQP
Cho S 1a mét tap hiru han gém n phén tir va k 1a mot sb tu nhién.
Goi X 1a tap cac sb6 nguyén duong tir 1 dénk: X = {1, 2, ..., k}
1.1. CHINH HQP LAP
M3di anh xa f: X — S. Cho twong tmg v6i mdii € X, mot va chi mot phan tir (i) € S.
Duoc goi 1a mot chinh hgp lap chap k cua S.
Nhung do X 14 tip hitu han (k phan tir) nén anh xa f c6 thé xac dinh qua bang céac gia tri f(1),
f(2), ..., f(k).
Vidu:S={A, B, C, D, E, F}); k= 3. Mt dnh xa f c6 thé cho nhw sau:
i123 @) E CE Viy c6 thé dong nhit f véi diy gia tri (f(1), f(2), ..., f(k)) va coi diy gi tri nay ciing 1a mot
chinh
hop lip chap k ctia S. Nhu vi du trén (E, C, E) 1a mot chinh hop ldp chap 3 ctia S. Dé dang chiing
minh duoc két qua sau bang quy nap hodc bang phuong phap danh gia kha nang lya chon:
S6 chinh hop Lip chip k cia tip gdm n phan tir:
nA %=1.2. CHINH HQP KHONG LAP
Khi f1a don anh c6 nghia 1a véi Vi, j € X ta c6 (i) = f(j) © i =j. N6i mot cach d& hiéu, khi day gia
tri (1), f(2), ..., f(k) gdm céac phan tir thudc S khac nhau déi mot thi f duoc goi 1a mot chinh hop
khong lap chap k cia S. Vi du mot chinh hop khong lap (C, A, E):
i123 (i) C A E S6 chinh hop khong Iip chip k ciia tip gom n phén tir:

Y1kn)...2n)(In(nA %~

- — =+ =)lkn( _ 'n 1.3. HOAN VI
Khi k = n. Mot chinh hop khong lip chap n cia S duoc goi 1a mot hoan vi cac phan tir cta S.
Vidu: mot hoan vi: (A, D, C, E, B, F) cua S ={A, B, C, D, E, F}
i123456f(i)ADCEBFDé}'Iréngkhianthi ) phﬁntﬁ:cﬁatépXZ {1,2,..,n} dﬁngbéng $6 ph?mtfr
cua S. Do tinh



chat d6i mot khac nhau nén day f(1), f(2), ..., f(n) s& liét ké duoc hét cac phan tir trong S. Nhu vy f
1a toan anh. Mit khac do gia thiét f1a chinh hop khong 1dp nén f1a don anh. Ta c¢6 tuong tmg 1-1
Dai hoc Sw pham Ha Npi, 1999-2002

@ Bai toan liét ké

3¢

gilra cac phan tir ctia X va S, do d6 f 13 song anh. Vay nén ta c6 thé dinh nghia mot hoan vi cta S 1a
mot song anh gitta {1, 2, ..., n} va S.

S6 hoan vi ciia tip gdm n phin tir = s6 chinh hop khéng lip chip n:

InP_ =

1.4. TO HQOP

Mot tap con gom k phan tir ctia S duge goi 1a mot td hop chap k cua S.

Lay mét tap con k phan tir ciia S, xét tt ca k! hoan vi cua tap con nay. D& thiy ring cac hoan vi do
1a cac chinh hop khong lap chap k caa S. Vi du ldy tap {A, B, C} 1a tip con cua tap S trong vi du
trén thi: (A, B, C), (C, A, B), (B, C, A), ... 1a cic chinh hop khong lap chap 3 cua S. Piéu d6 tac 1a
khi liét ké tat ca cac chinh hop khong ldp chap k thi mdi to hop chap k s& dugc tinh k! 1an. Vay:

S6 t6 hop chép k ciia tip gdm n phan tir:

)kn('k

Lé Minh Hoang

C

kn
k. 'k=!n _ S0 tap con cua tap n phan ti:

2C..CCo +

ln

+ 4
=n

Chuyén & 4 ¢ ‘ (GENERATION)

§2. PHUONG PHAP SINH

Phuong phép sinh co thé ap dung dé giai bai toan liét ké t6 hop dit ra néu nhu hai diéu kién sau

thoa man:

« C6 thé xdc dinh dwoc mét thir tw trén tip cdc ciu hinh té hop can ligt ké. Tir dé cé thé biét
dwoccdu hinh dau tién va cdu hinh cudi ciing trong thir tw do.

* Xdy dung dwoc thudt todn tiv mét cdu hinh chwa phdi cau hinh cuéi, sinh ra dwoc ciu hinh
ké tiép né.

Phuong phap sinh c6 thé mé ta nhw sau:

<X4ay dung cau hinh dau tién>; repeat
<DPwa ra cau hinh dang c6>; <Tir cau hinh dang c6 sinh ra cau hinh
ke tiép néu con>; until <hét cau hinh>;



Thit ty tir dién

Trén cac kiéu dir liéu don gian chuan, ngudi ta thudng nodi t6i khai niém thi tu. Vi dy trén kiéu sb
thi co quan hé: 1 <2;2<3;3<10; ..., trén kiéu ky tu Char thi cting c6 quan h¢ 'A' <'B";'C' <'c'...
Xét quan hé thur ty toan phﬁn "nhé hon hodc bﬁng" ky hi€u "<" trén mdt tap hop S, 1a quan hé hai
ngdi thoa man bdn tinh chét:

Véi Va,b,c € S

Tinh phd bién: Hodc la a < b, hodc b < a;

Tinh phan xa:a<a

Tinh phan dbi xtmg: Néu a < b va b < a thi bit budc a =b.

Tinh bic cau: Néucoa<bvab<cthia<ec.

Trong truong hop a < b va a # b, ta dung ky hiéu "<" cho gon, (ta ngdm hiéu céc ky hiéu nhu 2, >,

khoi phai dinh nghia)

Vi du nhu quan hé "<" trén céc s6 nguyén ciing nhu trén cac kiéu vo hudng, liét ké 1a quan hé thir tu
toan phan.

Trén céc day hiru han, nguoi ta cling xac dinh mot quan hé thu tu:

Xéta=(a 5 an) va b = (b1, b2, ..., bn); trén cic phan tir ctia al, ..., an, b, ..., bndd co quan hé

tht ty "<". Khi d6 a < b néu nhu

Hodc a4 v4i vi: 1<i<n.
Hodc ton tai mot s6 nguyén duong k: 1 < k <n dé:
A =p1
Dai hoc Sw pham Ha Ngi, 1999-2002
@ Bai toan liét ké
> ¢ 841 < pkr1 TrONE trudng hop nay, ta cd thé

vieta <b.

=2 Thit tw d6 goi 12 thi ty tir dién trén cic diy d¢ dai n.
-+ gk-1= bk-1

A= bk



Khi d6 dai hai diy a va b khong bing nhau, nguoi ta ciing xac dinh duoc thir tu tir dién. Bang cach
thém vao cudi ddy a hodc diy b nhitng phan tir dic biét goi 1a phan tir 2 & d6 dai cua a va b bang
nhau, va coi nhirng phén tor 2 nay nhé hon tat ca cac phén ttr khac, ta lai dua vé xéac dinh thi tu tir
dién ctia hai diy cung d6 dai. Vi du:

(1,2,3,4)<(5,6)

(a,b,c)<(a,b,c,d)

'calculator' <'computer’

2.1. SINH CAC DAY NHI PHAN PQ DAI N

Mot day nhi phan d¢ dai n 1a mdt day x = Xix2..xntrong d6 xi € {0, 1} (Vi: 1 <i<n). Dé théy: mot day nhi phan
x d6 dai n 14 biéu dién nhi phan ctia mot gia tri nguyén p(x) nao d6 nam

trong doan [0, 2"- 1]. S6 cac diy nhi phan do dai n = sb cac s6 nguyén € [0, 2"- 1] =2". Ta s& lap

chwong trinh liét ké cac ddy nhi phan theo thtr tu tir dién c6 nghia 1 s& liét ké 1an luot cc diy nhi phan biéu dién
cac s6 nguyén theo thir tu 0, 1,..., 2"-1.

Vidu: Khin =3, cac day nhi phan do dai 3 duwoc liét ké nhw sau:

px)01234567
x 000 001 010 011 100 101 110 111 Nhur vay diy dau tién s& 13 00...0 va diy cudi cing s& 1a 11...1.

Nhan xét rang neu day x = (X; X, xn) 13 diy dang c6 va khong phai ddy cudi clng thi ddy ké tiép s& nhan dugc

bing cach cong thém 1 ( theo co s0 2 c6 nhd) vao day hién tai.
Vidukhin=28:
Day dang c6: 10010000 Day dang cé6: 10010111 cong thém 1: + 1 cong thém

L+1_ Diy méi: 10010001 Diy méi: 10011000

Nhuw viy ky thudt sinh céu hinh ké tiép tiv cdu hinh hién tai cé thé mé td nhw sau: Xét tiv cudi
ddy vé ddu (xét tiv hang don vi lén), gip sé 0 dau tién thi thay né bang sé 1 va dit tit cd cdc phan
tie phia sau vi tri d6 bing 0.

i :=n; while (i>0) and (X;= 1) g¢ j ;= j - 1; if 1> 0 then
M 9

begin

Lé Minh Hoang
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xfor;._ 1;



j:=i+1tondox;,_ g, end; Dir liéu vao (Input): nhdp tu file van ban BSTR.INP chira s6 nguyén dwong n < 30

Két qua ra (Output): ghi ra file vin ban BSTR.OUT cac day nhi phan d6 dai n.

BSTR.INP 3

Dai hoc Sw pham Ha Npi, 1999-2002 BSTR.OUT 000 001 010 011 100 101 110 111

P_1_02_1.PAS * Thuit toan sinh li¢t ké cac day nhi phin d¢ dai n program Binary_Strings; const

InputFile = 'BSTR.INP'; OutputFile = 'BSTR.OUT"'; max = 30; var

x: array[1l..max] of Integer; n, i: Integer; f: Text; begin

Assign(f, InputFile); Reset(f); ReadLn(f, n); Close(f); Assign(f, OutputFile); Rewrite(f); FillChar(x, repeat SizeOf(x),
{Thuat toan sinh}

0); {Cau hinh ban d4u x, _

x2=..=xn:=0}

for i :=1 to n do Write(f, x[i]); {Inra cAu hinh hién tai} WriteLn(f); i :=n; {x;}; phz“m tr cudi day, lai dan i cho t&i khi gip $6 0

hodc khi i = 0 thi dimg} while (i > 0) and (x[i] = 1) do Dec(i); if i > 0 then {Chua gap phai chu hinh 11...1}
begin

x[i] := FillChar(x[i 1; {Thay + 1], X, (0 pno - 56 1

i) * SiZeOf(X[l]), 0); {Dét Xiv1= Xit2=_ , =xn:

CAC TAP CON K PHAN TU
Ta s& 1ap chuong trinh liét ké cac tap con k phan tir cia tap {1, 2, ..., n} theo thir ty tir dién
Vidu: voin =5, k=3, ta phai liét ké du 10 tap con:
1.{1,2,3} 2.{1,2,4} 3.{1,2,5} 4.{1,3,4} 5.{1,3,5} 6.{1,4,5} 7.{2, 3,4} 8.{2,3,5} 9.{2, 4, 5} 10.{3, 4,5} Nhu vy tip
con dau tién (cAu hinh khéi tao) 1a {1, 2, ..., k}.

-0} end; until i = 0; {ba hét cAu hinh} Close(f); end. 2.2. LIET KE

CAu hinh két thic1a {n-k+1,n-k+2, .., n}.
Nhén xét: Ta s& in ra tip con bang cach in ra lan luot cic phan tir ctia nd theo thir ty ting dan. Tir do,

ta c6 nhan xétnéux = {x; y, Xk} vaxI<x2<, nhén) cua x,

.. < xkthi gi6i han trén (gia tri 16n nhat c6 thé
lan,ciaxkllan-1,ciaxk2lan-2...

® Bai toan liét ké 79
Cu thé: giéi han trén cia x; _ n-k+i Con tat nhién, giéi han duéi cia x, (gi4 tri nh6 nhit xi c6 thé nhan) 1a
xil+ 1. Nhu vay néu ta dang c6 mdt day x dai dién cho mét tap con, néu x 1a cAu hinh két thuc c6 nghia la
tat ca cac phan tir trong x déu da dat toi gidi han trén thi qua trinh sinh két thiic, néu khong thi ta

phai sinh ra mot ddy x méi ting dan thoa man vira dit 16n hon day cii theo nghia khong c6 mot tap

con k phan tir nao chen giita chung khi sap thu ty tir dién.

Vidu:n =9, k=6. Cau hinh dang cé6 x = {1, 2, 6, 7, 8, 9}. Cdc phan X3 340 16 da dat 16 giGi han trén nén dé

sinh cdu hinh méi ta khéng thé sinh bang cdch tang mét phan tir trong sé cdc X6, x5, %4, x3 1én dwoc, ta phdi tang x2

— 2 Ién thanh x2 = 3. Puoc cdu hinh méi lax = {1, 3, 6, 7, 8, 9}. Cau Mnh nay dd thoa man lon hon cau hinh truce

nhung chia thod man tinh chdt viea dii I6n muon vy

ta lai thay Y3, x4, x5, X6 bang cac gidi han dwdi ciia né. Tirc la:



i=x2+1=4
e=x3+1=35
*Xsi=xi+1=6

*Xg.= x5+ ] = 7 ladugc cau hinh méix = {1, 3, 4, 5, 6, 7} la cau hinh ké tiép. Néu mudn tim tiép,
ta lai nhan thcfy

Fang X5 — 7 chyg dat gidi han trén, nhuw vy chi can tang xs1én 1 la dwocx = {1, 3,4, 5, 6, 8. Vay ky thudt

sinh tdp con ké tiép tir tip dd c6 x cé thé xdy dwng nhw sau:

Tim tir cubi day 1én d4u cho t&i khi gap mot phﬁn tr x; chua dat giéi han trén n - k + i.

i:=n;while(i>0)and(xi=n_k+i)d0i:=i_1;(1’ 2,6,7,8, 9);

Néu tim théy:
if i > 0 then Tang x; dolen 1

Xi=xi+1;

(1,3,6,7,89

Dit tit ca cac phan tir phia sau Xibing gi6i han dudi:

forj:=i+1tokdox;._ii41.

(I) 3’ 4’ 5’ 6’ 7)
Input: file vin ban SUBSET.INP chira hai s6 nguyén duwong n, k (1 < k < n < 30) cach nhau it nhat
mot ddu cach

Output: file vin ban SUBSET.OUT cac tap con k phan tir cia tap {1, 2, ..., n}

Lé Minh Hoang
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SUBSET.INP 53

Dgi hoc Sw pham Ha Ngi, 1999-2002 SUBSET.OUT {1, 2, 3} {1,2,4} {1,2,5} {1,3,4} {1,3,5} {1,4,5} {2,3,4} {2,3,5}
{2,4,5} {3,4,5}

P_1_02_2.PAS * Thuét toan sinh li¢t ké cac tip con K phén tir program Combination; const

InputFile = 'SUBSET.INP'; OutputFile = 'SUBSET.OUT'; max = 30; var



x: array[1l..max] of Integer; n, Kk, i, j: Integer; f: Text; begin
Assign(f, InputFile); Reset(f); ReadLn(f, n, k); Close(f); Assign(f, OutputFile); Rewrite(f); for i repeat

=1tokdox[i] == {X;.— |, x2.= 2; ; x3:= k (C4u hinh khéi tao)}

{In ra cAu hinh hién tai} Write(f, '{"); for i := 1 to k - 1 do Write(f, x[i], ', '); WriteLn(f, x[K], '}"); {Sinh tiép} i := while k; (i
x>0 13 and ypa, (XM gy cuéi = day, 0 - K qui dan T 1) do j Dec(i);

cho t61 khi gap mét xichua dat gioi han trénn - k + 1}

if i > 0 then (Néu chua lui dén 0 c6 nghia 14 chua phai ciu hinh két thiic}
begin
Inc(x[il); {Tang Xi s |, pjt cac phén tir dtmg sau xi bing giéi han dudi caa no} fori=i+1tokdox[j] :=x[j-1] +1; end;
until i = 0; {Lui dén tan 0 c6 nghia 1a tt ca cac phan tir d3 dat gi6i han trén - hét cAu hinh} Close(f); end. 2.3. LIET KE
CAC HOAN V]
Ta s€ 1ap chuong trinh li¢t ké cac hodn vi cua {1, 2, ..., n} theo thir ty tr dién.
Vidu voi n = 4, ta phdi liét ké du 24 hodn vi:
1.1234 2.1243 3.1324 4.1342 5.1423 6.1432 7.2134 8.2143 9.2314 10.2341 11.2413 12.2431 13.3124 14.3142 15.3214 16.3241 17.3412
18.3421 19.4123 20.4132 21.4213 22.4231 23.4312 24.4321 Nhu vdy hoan vi dau tién s& 1a (1,2, ...,n). Hoan vi cudi
cung la (n, n-1, ..., 1).
Hodan vi s€ sinh ra phai 16n hon hoén vi hi¢n tai, hon thé nira phai 1a hodn vi vira da 16n hon hoén vi
hién tai theo nghia khong thé c6 mot hoan vi nao khac chen giita chung khi sap thir tu.
Gia st hoan vi hiéntailax=(3,2,6, 5,4, 1), xét 4 phﬁn tir cudi cung, ta théy chung dugc xép giam
dﬁn, diéu d6 c6 nghia 1a cho du ta c6 hoén vi 4 phﬁn tr nay thé nao, ta cling dugc mot hoan vi bé
@ Bai toan liét ké 9¢

hon hoan vi hién tai!. Nhu vay ta phai xét dén x2 = 2, thay né bang mot gia tri khac. Ta s& thay
bang gia tri nao?, khong thé 13 1 boi néu vay s& dugce hoan vi nho hon, khong thé 1a 3 vi da co x1 =
3 r0i (phan tir sau khong duoc chon vao nhirng gia tri ma phan tir trede di chon). Con lai cac gid tri

4,5, 6. Vi can mét hoéan vi vira di 1én hon hién tai nén ta chon X, 4 con cac gid tri (x3, x4, X5, x6) S€ lay trong

tap {2, 6, 5, 1}. Ciing vi tinh vira da 16n nén ta s& tim biéu dién nho nhit cua 4 s6 nay

gan cho X; 4 xs xstic 1a (1, 2, 5, 6). Vay hoan vi méi sé 1a (3, 4, 1, 2, 5, 6).

(3,2,6,5,4,1)—>(3,4,1,2,5,6).

Ta c6 nhan xét gi qua vi du nay: Doan cudi cua hoan vi dugc xép gidm dan, s6 x5 — 4 13 sé nhé nhat trong doan

cudi giam dan thoa mén di€u kién 1on hon X, — » N&y ddi chd x5 cho x2 thi ta s& duyoc x2 = 4 Va doan cudi van

dwoe sip xép giam dan. Khi d6 mudn biéu dién nho nhit cho cac gia tri

trong doan cudi thi ta chi can dao nguoc doan cudi.

Trong truong hop hoan vi hién tai 1a (2, 1, 3, 4) thi hoan vi ké tiép s& 1a (2, 1, 4, 3). Ta ciing c6 thé
coi hoan vi (2, 1, 3, 4) c6 doan cudi giam dan, doan cudi nay chi gém 1 phﬁn tor (4)

Viy ky thudt sinh hodn vi ké tiép tiv hodn vi hién tai cé thé xdy dung nhw sau:



* Xac dinh doan cuoi giam dan dai nhat, tim chi so i cua phan tir x; ., g lién trude doan cudi do. Diéu nay

dong nghia voi viéc tim tw vi tri sat cuoi day lén dau, gap chi so i dau tién thoa

Man X; < xi+1. Neu toan day dda la giam dan, thi do la cau hinh cuoi.

i:=n-1; while (i >0) and (x;, xittydoi=i-1;
* Trong doan cuoi giam dan, tim phan ti Xy 1 5 01 54 thod mén dicu kién x> xi. Do dogn €10t giam dan, diéu

nay thuwce hién bang cach tim tir cuéi déy 1én dau gdp chi sé k dau tién

thod man Xy > yi (6 thé dimg tim kiém nhi phan).

k :=n; while X, v q0 Kk := Kk - 1;
e Doi ChO:xk oA . Lo ., ) NN S . 7 . A
va xi, lat nguoc thir tw doan cuoi giam dan (tw xi+1 deén xk) tro thanh tang dan.

Input: file vin ban PERMUTE.INP chira s6 nguyén duong n < 12

Output: file vin bAn PERMUTE.OUT céc hoén vi cua day (1, 2, ..., n)

PERMUTE.O

PERMUTE.}j1 123132

NP3 21323131
2321

Lé Minh Hoang

P_1 02 3.PAS * Thuat toan sinh liét ké hoan vi program

Permutation; const
InputFile = '"PERMUTE.INP'; OutputFile
='PERMUTE.OUT'; max = 12; var

n, i, k, a, b: Integer; x: array[1..max] of

Integer; f: Text;
Chuyén ® 10 @
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procedure Swap(var X, Y: Integer); {Thu tuc déo gi tri hai tham bién X, Y} var
Temp: Integer; begin
Temp :=X; X :=Y; Y := Temp; end;
begin
Assign(f, InputFile); Reset(f); ReadLn(f, n); Close(f); Assign(f, OutputFile); Rewrite(f); for i := 1 to n do x[i] :=i; {Khoi tao
cau hinh dau: repeat



Xi=1;x2:=2; ..., xn:=n}

fori:=1 to n do Write(f, x[i], ' ); {Inra cAu hinh hoan vi hién tai} WriteLn(f); i := n - 1; while (i > 0) and (x[i] > x[i + 1]) do
Dec(i); if i > 0 then {Chua gip phai hoan vi cudi (n, n-1, ... ,1)}

begin

k =13 {Xi 13 phin tir cudi day} While SWap(x[Kl, a := x[k] i + < x[i] x[i]); 1; b := do Dec(k); {Lui dan k n; {P4i {Lat chd
nguoc X 3 doan xi}

cudi de tim g3p X, gay tien 16n hon xi }

giam dan, a: dau doan, b: cudi doan} while a <b do

begin

Swap(x[a], Inc(a); x[b]); {Tién a {P6i va Iui chd b, ddi x, 4 chd X0}

tiép cho to1 khi a, b cham nhau} Dec(b); end; end; until i = 0; {Toan day la day gidm dan - khong sinh tiép dugc - hét cau hinh}
Close(f); end. Bai tap:

Bai 1

Céc chuong trinh trén xir Iy khong t6t trong truong hop tam thuong, d6 13 trudng hop n = 0 d6i véi
chwong trinh liét ké diy nhi phan ciing nhu trong chuong trinh liét ké hoan vi, truong hop k = 0 dbi
v6i chuong trinh liét ké t6 hop, hiy khic phuc diéu do.

Bai 2

Liét ké cac ddy nhi phan d6 dai n c¢6 thé coi 1a liét ké cac chinh hop 13p chdp n cta tap 2 phan ti {0,
1}. Hay lap chuong trinh:

Nhap vio hai s6 n va k, liét ké cac chinh hop lap chap k cua {0, 1, ..., n -1}.

Goi y: thay hé co sb 2 bang hé co sb n.

Bai 3

Hay liét ké cac ddy nhi phan d6 dai n ma trong d6 cum chit s6 "01" xuét hién dung 2 lan.

Bai 4.

Nhap vao mét danh sach n tén nguoi. Liét ké tat ca cac cach chon ra diing k ngudi trong s6 n ngudi
do.

Dai hoc Sw pham Ha Npi, 1999-2002
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Goi ¥: xdy dung mot anh xa tir tap {1, 2, ..., n} dén tap cac tén ngudi. Vi du xay dung mot mang
Tén: Tén[1] := 'Nguyén vin A'; Tén[2] := 'Tran thi B';.... sau d6 liét ké tit ca cac tap con k phan tir
cta tap {1, 2, ..., n}. Chi c6 diéu khi in tip con, ta khong in gia tri s6 {1, 3, 5} ma thay vao d6 s& in
ra {Tén[1], Tén [3], Tén[5]}. Tuc la in ra anh cua cac gia tri tim dugc qua anh xa

Bai 5

Liét ké tat ca cac tip con cua tap {1, 2, ..., n}. C6 thé dung phuong phap liét ké tdp con nhu trén
hoic dung phuong phép liét ké tit ca cac ddy nhj phan. Mdi s 1 trong ddy nhi phan twong tng voi
mot ph'?ln tor dugc chon trong tap. Vi du voi tap {1, 2, 3, 4} thi ddy nhi phan 1010 s€ twong tng vi
tap con {1, 3}. Hiy lap chuong trinh in ra tat ca cac tdp con cta {1, 2, ..., n} theo hai phuong phap.
Bai 6

Nhép vao danh sach tén n nguoi, in ra tat ca cac cach xeép n ngudi dé vao mdt ban



Bai 7

Nhép vao danh sach n ban nam va n ban nit, in ra tat ca cac cach xép 2n nguoi dé vao mdt ban tron,
mdi ban nam tiép dén mot ban nit.

Bai 8

Nguoi ta co thé ding phuong phap sinh dé liét ké cac chinh hop khong 1ap chap k. Tuy nhién c6
mot cach khac 13 1iét ké tat ca cac tap con k phan tir cia tap hop, sau d6 in ra di k! hoan vi cia né.
Hay viét chuong trinh liét ké cac chinh hop khong lip chap k cta {1, 2, ..., n} theo ca hai cach.

Bai 9

Liét ké tat ca cac hoan vi chit cai trong tir MISSISSIPPI theo thit tu tir dién.

Bai 10

Liét ké tit ca cac cach phan tich sé nguyén duong n thanh tong cac sd nguyén duong, hai cach phan

tich 1a hoan vi cta nhau chi tinh 1a mét cach.

Cubi cung, ta c6 nhin xét, mdi phuong phap liét ké déu c6 vu, nhuoc diém riéng va phuong phap
sinh ciing khong nam ngoai nhan xét d6. Phuong phap sinh khong thé sinh ra dwoc cau hinh thi
p néu nhu chua c6 cau hinh tht p - 1, ching t6 rang phuong phép sinh to ra uu diém trong truong
hop liét ké toan bd mot sé lwgng nhé ciu hinh trong mét bd dir liéu 16m thi lai c6 nhugc diém va
it tinh phd dung trong nhitng thuat toan duyét han ché. Hon thé nita, khong phai cau hinh ban dau
lic nao ciing dé tim dugc, khong phai ki thuat sinh cau hinh ké tiép cho moi bai todn déu don gian
nhu trén (Sinh cac chinh hop khong 1ip chép k theo thir tu tir dién chiang han). Ta sang mot chuyén
muc sau n6i dén mot phuong phép liét ké co tinh phd dung cao hon, dé giai cac bai toan liét ké

phuc tap hon do6 la: Thuat toan quay lui (Back tracking).

Lé Minh Hoang
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§3. THUAT TOAN QUAY LUI

Thuit toan quay lui ding dé giai bai toan liét ké cac cu hinh. M§i cAu hinh dwoc xiy dung
biang cach xdy dung tirng phan tir, mdi phin tir dwgec chon bang cach thir tat ca cac kha niing.

Gia thi€t cau hinh can liét k€ co dang (x; , budce sau:
b 9

.., xn), Khi d6 thuat toan quay lui thuc hi¢n qua céac



1) Xét tat ca cde gid tri X, o4 tha nhan, thir cho x! nhan 14n luot cac gid tri d6. V6i mdi gia tri thir gan ©NO X1 ta sé:
2) X&t tat ca cae gid tri X, ¢ thé nhan, lai thir cho x2nhan 1an lugt céc gid trj d6. V&i mdi gia trj thir 41 €0 X; 1

x€t ti€p cac kha nang chon x3... ctr ti€p tuc nhu vay dén budc:

- 1) Xét tit ca cac gia tri xncod thé nhan, thir cho xnnhén lan luot cac gia tri do, thong bao c4u hinh tim duoc (Xl,

X2, ..., xn). Trén phuong dién quy nap, c6 thé néi rang thuét toan quay lui liét ké cac cau hinh n phén tir dang

X1, x2, ., xn) bang cach thir cho x! nhan 1an luot cac gia tri ¢6 thé. Voi mdi gia tri thir gan cho x! lai ligt ke
tiép céu hinh n - 1 phan tir (X2 x3 xn) M6 hinh ciia thuét toan quay lui c6 thé mé ta nhu sau:

{Thu tuc procedure nay thir Try(i: cho Integer);

Xinhén 14n luot cac gia tri ma n6 co thé nhén}
begin
for begin

(moi gi4 tri V c6 thé gan cho Xi) do
<Thir if (xcho ; <Thong | Xphdn i:= V>;
b4o ciu hinh tim dwgc> else

tir cudi cung trong cAu hinh) then
begin

<Ghi Try(i <Néu nhan + cén, 1); viéc {Goi cho dé x; quy nhén aé gi4 chon tri tiép b6 ghi nhan viéc thir x; V (Néu cin)>;

=V, Xi+1}

a6 thir gid tri khac>; ©nd; end; end; Thudt todn quay lui s¢ bit dau bang 10i goi Try(1)
3.1. LIET KE CAC DAY NHI PHAN PO DAI N

Input/Output véi khuon dang nhw trong P_1 02 1.PAS

Biéu dién ddy nhi phan d6 dai N dudi dang (xl’ X2, ..., xn). Ta s& liét ké cac ddy nay béng cach thy dung cac

gia tri {0, 1} gan cho X; v i m3i gia tri thir gan cho xi lai thir céc gia tri c6 thé gan cho Xi+1.Chuong trinh lidt
ké bang thuat toan quay lui c6 thé viét:

P_1 03 _1.PAS * Thuit toan quay lui liét ké cac day nhj phan d¢ dai n program BinaryStrings; const

Dai hoc Sw pham Ha Ngji, 1999-2002
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InputFile = 'BSTR.INP'; OutputFile = 'BSTR.OUT'; max = 30; var

x: array[1l..max] of Integer; n: Integer; f: Text;

procedure PrintResult; {In cAu hinh tim dugc, do thu tuc tim dé quy Try goi khi tim ra mot cAu hinh} var

i: Integer; begin

for i :=1 to n do Write(f, x[i]); WriteLn(f); end;

procedure Try(i: Integer); {Thtr cac cach chon X;y var

j: Integer; begin

for begin

j :=0to 1 do {Xét cac gia tri c6 thé gan cho Xi, véi mdi gid tri do}
x[i] if i :==n j; then {Thtr PrintResult dat Xiy

{Néu i =n thi in két qua}
end;



else Try(i + 1); {Néu i chua phai 1a phan tir cudi thi tim tiép X1}

end;
begin
Assign(f, InputFile); Reset(f); ReadLn(f, n); {Nhap dit li¢u} Close(f); Assign(f, OutputFile); Rewrite(f); Try(1); Close(f);

{Thur cac cach chon gié tri X

end. Vi du: Khi n = 3, cdy tim kiém quay lui nhw sau:
Lé Minh Hoang

X,=0 %~

X,=0 X,=1 X,=0 X,=1

X3=0 y5=1 x5=0 X3™1 X420 X,=1 x3=0 Xz=1

Hinh 1: Cay tim kiém quay lui trong bai toan li¢t ké diy nhi phan

3.2. LIET KE CAC TAP CON K PHAN TU

Input/Output c6 khudon dang nhu trong P_1_02_2.PAS
000

Try(3)

001

Try(2)
010
Try(3)
Try(1)
011
100
Try(3)
Try(2)
101

Try(3)
110
111 Result

Chuyén @ 14 ¢ e

Dé liét ké cac tap con k phan tir ctia tap S = {1, 2, ..., n} ta c6 thé dua vé liét ké cac cau hinh (x,

X2, ..., Xk) & ddy cac xi € S va x1<x2<...<xk. Taco nhin xét:

Xk<n

X1<xk-1<n-1

o xisn-k+i

x1<n-k+1.

TudosuyraX, 4| <xisn-k+i(1<i<k)oday ta gia thiét c6 théem mot sé x0= 0 khi xéti= 1.

Nhu vy ta s& xét tat ca cac cach chon Xigr 1 (=x0+ 1) dén n - k + 1, v&i mdi gia tri d6, xét tiép tat ca céac cach

chon X, y x1 + 1 dén n - k + 2,... cir nhw vay khi chon duge dén xk thi ta c6 mot cu Ninh can li¢t ké. Chuong trinh

liét ké bang thuat toan quay lui nhu sau:

P_1 03 2.PAS * Thuit toan quay lui liét ké cic tap con k phan tir
program Combination; const



InputFile = 'SUBSET.INP'; OutputFile =
'SUBSET.OUT'; max = 30; var
x: array[0..max] of Integer; n, k: Integer;
f: Text;

procedure
var

i: Integer; begin
Write(f, '{"); for i :=1 to k - 1 do Write(f, x[i], ', ');
WriteLn(f, x[K], '}"); end;

procedure Try(i: Integer); {Thtr cac cach chon gia tri cho x[i]} var
j: Integer; begin
forj:=x[i-1]+1ton-k+ido
begin
x[i] :=j; if i = k then PrintResult else Try(i +
1); end; end;

begin

Assign(f, InputFile); Reset(F); ReadLn(f, n, k);
Close(f); Assign(f, OutputFile); Rewrite(f); x[0] :=
0; Try(1); Close(f); end.

@ Bai toan liét ké
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Néu dé y chiwong trinh trén va chwong trinh liét ké déy nhi phdn d¢ dai n, ta thdy vé co ban chiing

chi khac nhau o thu tuc Try(i) - chon thir cac gia tri cho x

tri 0 hodc 1 con o chwong trinh liét ké cac tap con k phcfzn twr ta thir chon x

i, o chwong trinh liét ké day nhi phan ta

thur chon cac gia

ila mot trong cdc gia tri nguyén tr X, ;

[ dénn-k+i Quadstacé thé thdy tinh phé dung cia thudt toan 4% lui: m6 hinh cai dat co the thich hop cho

nhiéu bdi todn, khdc véi phwong phdp sinh tuan tu,

voi moi bai toan lgi phai co mot thudt toan sinh ke tiep riéng lam cho viéc cai dat moi bai mot khdc,

bén canh d6, khéng phdi thudt todn sinh ké tiép ndo ciing dé cai dat.

3.3. LIET KE CAC CHINH HQP KHONG LAP CHAP K

Pé 1iét ké cac chinh hop khong 1ap chap k cuatap S = {1, 2, ..., n} tacod thé dua veé liét ké cac cdu

hinh (x; 4, xK) & day cic xi € S va khac nhau doi mot. Nhu vay tha tuc Try(i) - xét tat ca cac kha ning chon x;

- s€ thir hét cac gia tri tir 1 dén n, ma céc gia
chua dugc chon ta st dung

k¥ thuat dung mang danh dau:

Khé1 tao mot mang c e,

..., cnmang kiéu logic. O day cicho biét gia tri i ¢ con tu do hay da bi

tri nay chua bi cac phan tor ding trude chon. Mudn xem cac gia tri nao

chon ro1. Ban dau



khoi tao tit ca cac phan tir mang ¢ 1a TRUE c6 nghia 1a cac phan tir tir 1 dén n

déu tu do.

Tai budce chon cac gid tri ¢ the cla X; g chj xét nhiing gid tri j c6 ci= TRUE c6 nghia la chi chgn nhimng gia trj ty
do.

Trude khi goi dé quy tim xi+1: ta dat gia tri j vira gan cho xi 1a da bi chon c6 nghia 1a dat ¢;._ FALSE dé cac thu
tuc Try(i + 1), Try(i + 2)... goi sau nay khong chon phai gia tri j d6 nira

Sau khi goi d¢ quy tim Xy, ¢4 nghia 13 sdp t6i ta s& thir gan mot gia tri khac cho xi thi ta s& dat gia tri j vira thu do

thanh tu do (cj := TRUE), boi khi xi dd nhan mot gia tri khac roi thi cac phan tir

dung sau: xi+1, xi+2 ... hoan toan c6 thé nhén lai gia tri j d6. Piéu nay hoan toan hop 1y trong phép
xay dung chinh hop khong lp: x1 ¢6 n cach chon, X2 c6 n - 1 cach chon, ...Luu ¥ rang khi thu tuc
Try(i) ¢6 i =k thi ta khong can phai ddnh dau gi ca vi tiép theo chi c6 in két qua chi khong can phai
chon thém phan tir ndo nia.

Input: file vin ban ARRANGE.INP chira hai s6 nguyén duong n, k (1 < k < n < 20) céch nhau it
nhat mot ddu cach

Output: file vain bAn ARRANGE.OUT ghi cac chinh hgp khong ldp chap k cia tap {1, 2, ..., n}
ARRANGE.
ARRANGE.hyr 12132

NP 32 1233132

Lé Minh Hoang

P_1_03_3.PAS * Thuit toan quay lui liét ké cac chinh hgp khong lip chap k
Chuyén ® 16 ¢
e
program Arrangement; const
InputFile = 'ARRANGES.INP'; OutputFile ='ARRANGES.OUT'; max = 20; var
x: array[1l..max] of Integer; c: array[l..max] of Boolean; n, k: Integer; f: Text;
procedure PrintResult; {Thi tuc in ciu hinh tim dugc} var
i: Integer; begin
for i :=1 to k do Write(f, x[i],' '); WriteLn(f); end;
procedure var

Try(i: Integer); {Thtr cac cach chon Xiy

j: Integer; begin

for j:=1tondo

if c[j] then {Chi xét nhiing gid tri j con tu do}

begin

x[i] :=j; if i = k then PrintResult {Néu di chon dwoc dén xk thi chi viéc in két qua} else
begin



c[jl := False; {Panh dau: j da bi chon} Try(i + 1); {Thi tuc nay chi xét nhiing gia tri con tu do gan cho x,,, tirc 14 s& khong chon

phai j}

end;

¢[jl := True; {B6 danh déu: j lai 13 tu do, boi sép t6i s& thir mot cach chon khéc cua Xiy

end; end;

begin

Assign(f, InputFile); Reset(f); ReadLn(f, n, k); Assign(f, OutputFile); Rewrite(f); FillChar(c, SizeOf(c), True); {Tét ca cac
s6 déu chua bi chon} Try(1); Close(f);

{Thtr cac cach chon gia tri cua x n

end.

Nhan xét: khi k = n thi day la chuong trinh liét ké hoan vi

3.4. BAI TOAN PHAN TICH SO

3.4.1. Bai toan
Cho mét s nguyén duong n < 30, hily tim tat ca cc cach phén tich sb n thanh tong cia cac s6
nguyén duong, cac cach phan tich la hoan vi ciia nhau chi tinh 1a 1 cach.

3.4.2. Cach lam:

Ta s€ luu nghi€ém trong mang x, ngoai ra c6 mot mang t. Mang t xay dung nhu sau: t; 5 15 tdng cac phan tir

trong mang X tr X, gén xi: ti:= x1+ x2+ ... + xi,
Dai hoc Sw pham Ha Npi, 1999-2002
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Khi liét ké cac diy x c6 tong cac phan tir dung bang n, dé tranh sy tring lip ta dua thém rang budc

Xi1< xi Vi s6 phan tir thyc s cia mang x 1a khong cb dinh nén thu tuc PrintResult ding dé inra 1 cach

phan tich phai c¢6 thém tham s6 cho biét s in ra bao nhiéu phan t.

Thu tuc dé quy Try(i) sé& thir cac gia tri c6 thé nhén cia x; (xi= xi-1) Khi nao thi in
két qua va khi nao thi goi dé quy tim tiép ?
Luu ¥ rang t Khit, _ Khi tim

i-11a tong clia tat ca cac phan tir tir x! dén xi-1 do d6 n tic la (xi=n - ti- 1) thi in két qua

1ep, X gz phai 16n hon hoac bang xi. Mt khac ti+1 1a tong cta cac so tur x! tdi xi+1 khong

duoc vuot qua n. Vay ta ¢0 tiy) < ) & til + xi+ xi+1Sn € xi+xi+1<n-ti- 1t 1 xi< (n - ti-1)/2. Vi du don gian

khin =10 thi chon X, — ¢ 7 '8 913 viéc lam v6 nghia vi nhu vay ciing khong ra Nghiém ma cling khong chon tiep

X2 duoc nira.

Mt cach dé hiéu ta goi dé quy tim tiép khi gid tri X dwge chon con cho phép chon thém métphén tir khac

I6n hon hoiic bang né ma khong lam tong vwot qud n. Con ta in két qud chi khi

X; Vay thu tuc Try(i) thu cac gia tri cho

imang gid tri diing bang sé thiéu hut ciia tong i-1 phan tiv ddu so véi n.



Xi ¢ thé mé ta nhu sau: (dé tong quat cho i = 1, ta dat xo= 1
vat,— 0).

Xét cac gia tri cua x
At X~ 1 _ i1 va in két qua tir x1 dén xi.

Input: file vian ban ANALYSE.INP chira s6 nguyén duong n < 30

Output: file vin ban ANALYSE.OUT ghi cac cach phan tich s6 n.

ANALYSE.OUT
ANALYSEIg — 14141414141
NP 6 6=1+1+1+1+2 6

=1+1+1+3 6 =

1414242 6 =

1+1+4 6 = 1+2+3
6=1+56 =2+2+2
6=2+46=3136
=6

Lé Minh Hoang

P_1 03 4.PAS * Thuit toan quay lui liét ké cac cach phan tich sé program

Analyses; const
InputFile = 'ANALYSE.INP'; OutputFile =
'ANALYSE.OUT'; max = 30; var
n: Integer; x: array[0..max] of Integer; t:
array|[0..max] of Integer; f: Text;
Chuyén ® 18 ¢
@@
procedure Init; {Khdi tao} begin
Assign(f, InputFile); Reset(f); ReadLn(f, n); Close(f); x[0] := 1; t[0] := 0; end;
procedure PrintResult(k: Integer); var
i: Integer; begin
Write(f, n, ' ="); fori:=1 to k - 1 do Write(f, x[i], '+'); WriteLn(f, x[k]); end;
procedure Try(i: Integer); var
j: Integer; begin
for j :=x[i- 1] to (n - T[i - 1]) div 2 do begin

{Truong hop con chon tiép Xie1)
x[i] :=j; t[i] :=t[i- 1] + j; Try(i + 1); end; x[i] := PrintResult(i);

itlr xi-1dén (n - ti1) div 2, cap nhat ti:= ti- 1+ xiva goi dé quy tim tiép.

Cuoi cung xét



n - T[i - 115 {NCU X; 13 phan tir cudi thi no bt budce phai 1a ... va in két qua}

end;

begin

Init; Assign(f, OutputFile); Rewrite(f); Try(1); Close(f); end.

Bay gio ta xét tiép mét vi du kinh dién ciia thudt todn quay lui:

3.5. BAI TOAN XEP HAU

3.5.1. Bai toan

Xét ban co tong quat kich thude nxn. Mot quan hiu trén ban cd ¢6 thé an dugc cac quan khac nam
tai cac 6 ciing hang, cing cot hodc cting dudng chéo. Hay tim cc xép n quan hau trén ban cd sao
cho khong quan nao an quan nao.

Vi du mot cach xép voin=§:

Dai hoc Sw pham Ha Ngi, 1999-2002

Bai toan liét ké

Lé Minh Hoang

Hinh 2: Xép 8 quin hju trén ban co 8x8

3.5.2. Phan tich

RO rang n quan hau s& dugc dat mdi con mdt hang vi hau in dugc ngang, ta goi quan hau sé& dit &
hang 1 1a quan hau 1, quan hau ¢ hang 2 1a quan hau 2... quan hau ¢ hang n 1a quan hau n. Vay mot
nghiém cua bai toan s& duoc biét khi ta tim ra dwoc vi tri ¢dt ciia nhirng quin hiu.

Néu ta dinh huéng Dong (Phai), Tay (Trai), Nam (Dudi), Bic (Trén) thi ta nhan thiy ring:

« Mot dudng chéo theo hudng Pong Bic - Ty Nam (PB-TN) bat ky s& di qua mot sb 6, cac 6

d6 c6 tinh chat: Hang + Cot = C (Const). Vi mdi dudng chéo PB-TN ta c6 1 hing s6 C va

v6i mot hang s6 C: 2 < C < 2n xac dinh duy nhat 1 dudng chéo PB-TN vi vay ta c6 thé danh

chi sé cho cac dudng chéo PB- TN tir 2 dén 2n

« M6t dudng chéo theo huéng Pong Nam - Tay Bic (DN-TB) bt ky s& di qua mot sd 6, cac 6

d6 co tinh chét: Hang - Cot = C (Const). V6i mdi duong chéo DN-TB ta ¢6 1 hang s6 C va

v6i mot hang s6 C: 1 -n < C <n - 1 xac dinh duy nhat 1 duong chéo DN-TB vi vy ta c6 thé
danh chi s6 cho cac duong chéo PN- TB tir 1 -ndénn - 1.

WWEE

Hinh 3: Pwong chéo PB-TN mang chi so 10 va dwong chéo PN-TB mang chi so 0

Cai dat:

NNs s

1234567812345678

12345678
D199
Chuyén ® 20 ¢

Ta c6 3 mang logic dé danh diu:

* Mang a[l..n]. a;_ hau khéng ché

TRUE néu nhu ¢t i con tu do, ai= FALSE néu nhu cot i da bi mot quan

* Ming b[2..2n]. b; TRUE néu nhu duong chéo BDB-TN thtr i con ty do, bi= FALSE néu nhu duong chéo d6
da bi mot quan hau khéng ché.

* Mang c[I - n.n - 1]. ¢, = TRUE néu nhu duong chéo PN-TB thu i con tu do, ¢i= FALSE Néu nhu dudng chéo
d6 da bi mot quan hau khéng ché.



Ban dau ca 3 mang danh ddu déu mang gia tri TRUE. (Céc cot va dudng chéo déu tu do)
Thuat toan quay lui:

« Xét tt ca cac cot, thir dit quan hau 1 vao mot cot, véi mdi cach dit nhu vay, xét tit ca cac
cach dat quan hau 2 khong bi quén hau 1 an, lai thir 1 cich dat va xét tiép cac cach dat quan
hau 3...Mdi cach dit duoc dén quan hau n cho ta 1 nghi¢m

* Khi chon vi tri ¢0t j cho quan hau thtr 1, thi ta phai chon 6(i, j) khong bi cac quan hau dat

trudc do an, tic 1a phai chon cdt j con tu do, dudong chéo BDB-TN (i+)) con tu do, dudng

chéo DN-TB(i-j) con tyr do. Dicu ndy o thé kiém tra (a; - b = ¢ij = TRUE)
« Khi thtr dit duoc quan hau thir i vao cot j, néu d6 1a quan hau cubi cung (i = n) thi ta c6 mot
nghiém. Néu khong:
o Trwéc khi goi dé quy tim cach dat quan hau thir i + 1, ta danh dau cot va 2 dudng
chéo bi quan hau vira dit khéng ché (&= pitj= cij = F ALSE) dé c4c 14n goi dé quy tiép sau chon
cach dit cac quan hau ké tiép s& khong chon vao nhitng 6 ndm trén cot
j va nhitng duong chéo nay nira.
o Sau khi goi dé quy tim cach dit quan hau thir i + 1, c6 nghia 1a sip toi ta lai thir mot
cach dat khac cho quan hau thtr i, ta bo danh déu cot va 2 duong chéo bi quan hau
vira thir ddt khong che (3 — ;- i := TRUE) titc la oot va 2 duémg chéo do lai thanh tr do, bot khi
da dat quan hau i1 sang vi tri khéc r6i thi cdt va 2 duong chéo do
hoan toan c6 thé gan cho mdt quan hau khac
Hay xem lai trong cdc chwong trinh liét ké chinh hop khéng Idp va hodn vi vé kj thudt danh dau. O
day chi khac voi liét ké hoan vi la: liét ké hodn vi chi can mot mang danh déu xem gid tri co tw do
khéng, con bai todn xép hdu thi can phdi danh ddu ca 3 thanh phan: Cét, dwong chéo PB-TN,
duwong chéo PN- TB. Trieong hop don gian hon: Yéu cau liét ké cdc cach dit n qudn xe 1én ban co
nxn sao cho khong qudn nao an quan nao chinh la bai todn liét ké hodn vi
« Input: file vin ban QUEENS.INP chira s6 nguyén duong n < 12

« Output: file vin ban QUEENS.OUT, mdi dong ghi mot cach dit n quan hau

Dai hoc Sw pham Ha Ngi, 1999-2002
Bai toan liét ké



P21

QUEENS.IN
P5

JUT (1, 1); (2, 3); 3, 5); (4,

L, 1); (2, 4); 3, 2); 4, 5); (5,

2,4); (3,1); (4,3); (5,5); (1,

3,3); (4, 1)5 (5, 4); (1, 3); (2,

1,2); (5,5); (1, 3)5 (2, 5)5 3,

5, 1); (1, 4);5 (2, 1); (3, 3); (4,

L, 4); (2, 2); (3,5); (4,3); (5,

2,2); 3,4); 4, 1); (5, 3); (1,

3,1); (4,4); (5,2);

Lé Minh Hoang



P_1_03_5.PAS * Thuit toan quay lui giai bai toan xép hau program

n_Queens; const
InputFile = "QUEENS.INP'; OutputFile =
'QUEENS.OUT'; max = 12; var

n: Integer; x: array[1..max]| of Integer; a:

array[l..max]| of Boolean; b: array[2..2 * max] of

Boolean; c: array[1 - max..max - 1] of Boolean; f:

Text;

procedure Init; begin

Assign(f, InputFile); Reset(f); ReadLn(f, n); Close(f); FillChar(a, SizeOf(a), True); {Moi
cot déu tu do} FillChar(b, SizeOf(b), True); {Moi duong chéo Dong Bic - Tay Nam déu tu
do} FillChar(c, SizeOf(c), True); {Moi dudng chéo Dong Nam - Tay Béc déu ty do} end;

procedure PrintResult; var
i: Integer; begin
fori:=1 to n do Write(f, '(, i, ', ', x[i], ); "); WriteLn(f); end;

procedure Try(i: Integer); {Tht cac cach dat quan hau thir i vao hang i} var
j: Integer; begin
for j:=1tondo
if a[j] and b[i + j] and c[i - j] then {Chi xét nhitng cot j ma 6 (i, j) chua bi khdng ché}
begin
x[i] :=j; {Th dat quan hau i vao cét j} if i = n then
PrintResult else
begin
a[j] := False; b[i + j] := False; c[i - j] := False; {Panh déu} Try(i+ 1); {Tim céc cach dat
quéan hau thir i + 1} a[j] := True; b[i + j] := True; c[i - j| := True; {B6 danh diu} end;
end; end;

begin
Chuyén ® 22 @ wwrite(f); Try(1); Close(f); end.

Init; Assign(f, OutputFile);

Tén goi thuat toan quay lui, ding trén phuong dién cai dat c6 thé nén goi 1a k¥ thuat vét can bang
quay lui thi chinh x4c hon, tuy nhién dtng trén phuong dién bai toan, néu nhu ta coi cong viéc giai
bai toan bang cach xét tt ca cac kha ning ciing 1a 1 cach giai thi tén goi Thudt toan quay lui ciing

khong co gi trai logic. Xét hoat dong ciia chuong trinh trén ciy tim kiém quay lui ta thay tai budc

thir chon X; g & goi dé quy dé tim tiép xi+1 co nghia la qué trinh s& duyét tién sau xudng phia dugsi 460 tan nit 14,

sau khi da duyét hét cac nhanh, tién trinh 10i lai thir 4p d&t mot gia tri khéc cho x; 44 chinh 1a ngudn gdc cua tén

goi "thuat todn quay lui"

Bai tap:

Bai 1



Mot sé chuong trinh trén xur Iy khong tdt trong truong hop tam thudng (n = 0 hodc k = 0), hiy khic
phuc cac 16i d6

Bai 2

Viét chuong trinh liét ké cac chinh hop lip chap k ctia n phan tir

Bai 3

Cho hai s6 nguyén dwong 1, n. Hay liét ké cac xau nhi phan do dai n c6 tinh chét, bat ky hai xau con
nao d6 dai 1 1ién nhau déu khac nhau.

Bai 4

Véin=5, k=3, v& cdy tim kiém quay lui ctia chuong trinh liét ké t6 hop chap k cta tap {1, 2, ..., n}
Bai 5

Liét ké tat ca cac tap con cia tap S gdm n sd nguyén {31’ S2, ..., Sn} nhap vao tir ban phim Bai 6
Tuong tu nhu bai 5 nhung chi liét ké cac tdp con c6 max - min < T (T cho truéde).

Bai 7

Mot day X1, x2, .., xn) goi 1a mot hoan vi hoan toan cua tap {1, 2...., n} néu n6 1a mot hoan vi va

thod man x.

i#1v6i Vi: 1 £1i<n. Hay viét chuong trinh liét ké tat ca cac hoan vi hoan toan cua tép trén (n vao tur

ban phim).
Bai 8
Stra lai th tyc in két qua (PrintResult) trong bai xép hau dé co thé v& hinh ban cd va cac cach dat
hau ra man hinh.
Bai 9
Dai hoc Sw pham Ha Ni, 1999-2002
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Mi di tudn: Cho ban cd tong quat kich thude nxn va mot quan Ma, hay chi ra mot hanh trinh cta
quan M3 xudt phat tir 6 dang dung di qua tat ca cac 6 con lai cta ban cd, mdi 6 dung 1 lan.
Bai 10
Chuyén tat ca cac bai tip trong bai trudc dang viét bang sinh tuin ty sang quay lui.
Bai 11

Xét so d6 giao thong gdm n nut giao thong danh sb tir 1 ti n va m doan dudng ndi ching, mdi doan



duong ndi 2 nat giao thong. Hay nhap dit liéu vé mang ludi giao thong dé, nhap sd hiéu hai nit giao

thong s va d. Hiy in ra tat ca cic cach di tir s t6i d ma mdi cach di khong dugc qua niit giao thong

nao qua mat lan.

Lé Minh Hoang
Chuyén ® 24 ¢
dé

§4. KY THUAT NHANH CAN

4.1. BAI TOAN TOI UU

Mot trong nhitng bai toan dit ra trong thuc té 1a viéc tim ra mot nghiém thod man mat s6 diéu kién
nao do, va nghiém do la tot nhat theo mot chi tiéu cu thé, nghién ctru 101 giai cac 16p bai toan tdi wu



thudc vé linh vuc quy hoach toan hoc. Tuy nhién ciing can phai néi rang trong nhiéu trudng hop
chung ta chua thé xay dung mot thuat todn nao thuc sy hiru hi¢u dé giai bai todn, ma cho tdi nay
viéc tim nghiém cua ching van phai dwa trén mé hinh liét ké toan bd cac cdu hinh c6 thé va danh
gia, tim ra cu hinh tt nhat. Viéc liét ké cAu hinh c6 thé cai dit biang cac phuong phap liét ké: Sinh
tudn tu va tim kiém quay lui. Dudi day ta s& tim hiéu phuong phap liét ké bang thuét toan quay lui
dé tim nghiém cua bai toan tdi wu.

4.2. SU BUNG NO TO HQP

Mo hinh thuét toan quay lui 1 tim kiém trén 1 cdy phan cap. Néu gia thiét rang tmg véi mdi nit

tuong trng v&i mot gia tri dugce chon cho x thé nhan

is€ g v&i chi 2 nat twong g véi 2 gia tri ma xi+l ¢o
thi cay n cap s€ co tdi 2" ntit 14, con s0 nay 16n hon rat nhicu lan so vai dir liéu dau vao n.

Chinh vi vy ma néu nhu ta ¢ thao tac thira trong viéc chon x thuc thi

i thi s& phai tra gia rat 1on vé chi phi
thuat toan bai qua trinh tim kiém long vong vo nghia trong cac budc chon ké tiép x; +1, X2, . Khi d6, mot
vén d& dit ra 13 trong qué trinh lidt ké 1oi giai ta cAn tin dung nhiing thong tin 93 tim dugc de loai bo som
nhitng phuong an chic chan khong phai t6i wu. Ky thuat d6 goi 1a ky

thuat danh gi4 nhanh can trong tién trinh quay lui.

4.3. MO HINH KY THUAT NHANH CAN

Dua trén mo hinh thuat todn quay lui, ta X8y dung mo hinh sau:

procedure Init; begin
<Khéi tao mdt cAu hinh bit ky BESTCONFIG>; end;
{Thu tuc procedure nay thir Try(i: chon cho Integer);

Xitat ca cac gia tri né c6 thé nhan}
begin
for begin

(Moi gia tri V ¢6 thé gan cho Xi) do
<Thir if cho (Viéc xthir;,_ V>;

trén van con hi vong tim ra cAu hinh t6t hon BESTCONFIG) then if <Cip (x

nhit BESTCONFIG> else
begin <Ghi Try(i <B6 end;

i12 phén tir cudi cing trong cAu hinh) then

nhan + ghi 1); viéc {Goi thir d¢ x; quy, — chon nhan vi€c thir cho x

=V néu ican>;

=UCP v (néu Xi+1 cAn)>;

§
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begin
end;
Init; Try(1); <Théng bao cAu hinh t6i wu BESTCONFIG> end. Ky thuit nhanh cén thém vao cho thuét toan quay lui kha
ning danh gia theo timg budc, néu tai

budc thir 1, gid tri thur gan cho x; khong ¢6 hi vong tim thﬁ.y c4u hinh t6t hon ciu hinh BESTCONFIG thi thtr gia tri
khac ngay ma khong can phai goi dé quy tim tiép hay ghi nhan két



qua 1am gi. Nghiém cta bai toan s& dugc lam t6t dan, boi khi tim ra mot ciu hinh méi (t6t hon
BESTCONFIG - tit nhién), ta khong in két qua ngay ma s& cap nhat BESTCONFIG bang cu hinh

moi vira tim duoc

4.4. BAI TOAN NGUOI DU LICH

4.4.1. Bai toan
Cho n thanh phd danh s6 tir 1 d&én n va m tuyén dudng giao thong hai chiéu gitra chung, mang lui

giao thong nay dugc cho bai bang C cap nxn, & day Cj— cji= Chi phi di doan duong truc tiép tir

thanh phd i dén thanh phd j. Gia thiét ring C thanh phd i dén

i=0v6i Vi, Cii=+e néu khong c6 duong tryc tiép tir
thanh ph j.

Mot ngudi du lich xuét phat tir thanh phd 1, mudn di tham tit ca cac thanh phd con lai mdi thanh
phé ding 1 1an va cubi cing quay lai thanh phd 1. Hay chi ra cho nguoi d6 hanh trinh véi chi phi it
nhat. Bai toan d6 goi 1a bai todn nguoi du lich hay bai toan hanh trinh ctia mot thuong gia

(Traveling Salesman)
4.4.2. Cach giai

Hanh trinh can tim ¢6 dang (x, - 1,x2, ..., xn, xol = 1) & ddy giira xi va xi+1: hai thanh phd lién tiép

trong hanh trinh phai c6 duong di truc tiép (G2 +e0) va ngoai trir thanh phé 1, khong thanh phd nao duoc lap lai

hai lan. C6 nghia la day (x; , xn) 1ap thanh 1 hoan vi ciia (1, 2, ..., n). DUyt quay lui: X5 06 thé chon mot trong
cac thanh phd ma x1 c6 duong di i (tryuc tiép), voi moi cach thir chon X, vay thi x3 ¢6 thé chon mot trong cac
thanh phé ma x2 c6 duong di toi (ngoai X1). Téng quat: xi cd thé chon 1 trong cac thanh phd chwa di qua ma tir xi-1

c6 dwong di truec tiép

téi (1 <i<n).

Nhanh cén: Khéi tao cdu hinh BestConfig c6 chi phi = +%. Vi mdi budc thir chon x duong di cho téi

ixem chi phi
lac d6 ¢6 < Chi phi ctia ciu hinh BestConfig?, néu khong nho hon thi thir gia tri

khac ngay bai co di tiép ciing chi tén thém. Khi thir dwoc mot gia tri x di truc tiép vé

nta kiém tra xem xn c6 duong

I khong ? Néu co danh gia chi phi di tir thanh pho 1 dén thanh pho X, ;5n0 véi chi
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Phi tr X,, i trye tiép vé 1, néu nhé hon chi phi ctia duong di BestConfig thi cap nhat lai BestConfig Pang
cach di moi.

Sau thi1 tyc tim kiém quay lui ma chi phi ciia BestConfig van bang +e thi c6 nghia 1a n6 khong tim

thdy mot hanh trinh ndo thoa man diéu kién dé bai dé cap nhat BestConfig, bai toan khong c6 10i

gidi, con néu chi phi ctia BestConfig < +<o thi in ra cdu hinh BestConfig - d6 14 hanh trinh it ton

kém nhét tim dugc

Input: file van ban TOURISM.INP

« Dong 1: Chira s6 thanh phd n (1 < n < 20) va s6 tuyén dudng m trong mang ludi giao thong

« m dong tiép theo, mdi dong ghi s6 hiéu hai thanh phd c6 duong di truc tiép va chi phi di trén

quing dudng d6 (chi phi nay 1a sé nguyén duong < 100)

Output: file vin ban TOURISM.OUT, ghi hanh trinh tim duoc.

TOURISM.OUT 1->3->2->4->1 Cost: 6

P_1_04_1.PAS * Ky thuit nhanh cidn dung cho bai toian ngudi du lich program TravellingSalesman; const

InputFile = "TOURISML.INP'; OutputFile = "TOURISM.OUT'; max = 20; maxC =20 * 100 + 1;{+«~} var

C: array|[l..max, 1..max] of Integer; {Ma tran chi phi} X, BestWay: array[l..max + 1] of Integer; {X dé thir cic kha nang,
BestWay dé ghi nhan nghiém} T: array[l..max Free: array[l..max] m, n: Integer;

+ 1] of of Boolean; Integer; {Free {T; 43 u chi phi di tir dé danh dau, Free,_ XTrue 1 dén néu Xi}

chua di qua tp i}

MinSpending: Integer; {Chi phi hanh trinh t&i uu}

procedure Enter; var

i, j, k: Integer; f: Text; begin

Assign(f, InputFile); Reset(f); ReadLn(f, n, m); for i := 1 to n do {Khdi tao bang chi phi ban dau}
for j:=1tondo

if i = j then CJi, j] := 0 else C[i, j] := maxC; for k := 1 to m do

begin

ReadLn(f, i, j, C[i, j]); Clj, i] := Cl[i, j]; {Chi phi nhu nhau trén 2 chiéu} end; Close(f); end;
procedure Init; {Khoi tao}

2

34
1

TOURISM.INP46123132141231242344

Chuyén dé
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begin

FillChar(Free, n, True); Free[1] := False; {Cac thanh ph 1a chua di qua ngoai trir thanh phd 1} X[1] := 1; {Xuét phat tir thanh
phd 1} T[1] := 0; {Chi phi tai thanh ph6 xuat phat 1a 0} MinSpending := maxC; end;

procedure Try(i: Integer); {Thtr cic cach chon xi} var

j: Integer; begin

for j :=2 to n do {Thur cac thanh phd tir 2 dén n} if Free[j] then {Néu gip thanh ph chua di qua}

begin

X[i] :=j; {Thir di} T[i] := T[i- 1] + C[x[i - 1], j|; {Chi phi := Chi phi budc trudc + chi phi duong di tryc tiép} if T[i] <
MinSpending then {Hién nhién néu c6 diéu nay thi C[x[i - 1], j] < +e rdi}

if begin



i <n then {Néu chua dén dugc Xu)

Free[j] := False; {Panh d4u thanh phé vira thir} Try(i Free[j] + 1); := True; {Tim {Bo cic danh kha ning dau}
chon x; )

end else

if T[n] + C[x[n], 1] < MinSpending then {Tu x
begin {Cap nhat BestConfig}

BestWay := X; MinSpending := T[n] + C[x[n], 1]; end; end; end;

procedure PrintResult; var

i: Integer; f: Text; begin

Assign(f, OutputFile); Rewrite(f); if MinSpending = maxC then WriteLn(f, 'NO SOLUTION") else

for i := 1 to n do Write(f, BestWayl[i], '->'); WriteLn(f, 1); WriteLn(f, 'Cost: ', MinSpending); Close(f); end;

begin

Enter; Init; Try(2); PrintResult; end. Trén ddy 1a mgt gidi phap nhanh can con rat thé so giai bai toan ngudi du

nquay lai 1 van t6n chi phi it hon trudc}

lich, trén thuc té ngudi ta

con ¢ nhiéu cach danh gia nhanh can chit hon nita. Hay tham khao céc tai liéu khac dé tim hiéu vé
nhiing phuong phap do.

Lé Minh Hoang
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4.5. DAY ABC

Cho trudc mot sb nguyén duong N (N < 100), hdy tim mdt xau chi gém cac ky tu A, B, C thod man
3 diéu kién:

Co6 do dai N

Hai doan con bét ky lién nhau déu khac nhau (doan con 1a mot day ky tu lién tiép cua xau)

C6 it ky tu C nhat.

Céch giai:

Khong trinh bay, d& nghi tu xem chuong trinh dé hiéu, chi chi thich k¥ thuat nhanh can nhu sau:

Néu day Xy, bat ky bao

..Xnthoa min 2 doan con bat ky lién nhau déu khac nhau, thi trong 4 ky tu lién tiép
gid cling phai ¢6 1 ky tu "C". Nhu vay véi mot diy con gom k ky tir lién tiép cua diy X

thi s6 ky tu C trong diy con d6 bat budc phai = k div 4.

Tai bude thir chon X; 14, 5 ¢ ¢6 Ti ky tu "C" trong doan da chon tir X! dén X, thi cho du cac
budc dé quy tiép sau lam t6t nhu thé nao chang nira, s6 ky tu "C" s& phai chon thém bao gio ciing =

(n - i) div 4. Tuc la néu theo phwong &n chon X; 11+ thé nay thi s6 ky tu "C" trong diy két qua (khi

chon dén X 4 nhanh can,

n) cho dii ¢6 lam t6t dén dau cling = Ti+ (n - i) div 4. Ta ding con s6 nay dé danh gi
néu né nhiéu hon s6 ky tu "C" trong BestConfig thi chic chan c6 lam tiép ciing chi duoc

mot cau hinh t4i t& hon, ta bo qua ngay cach chon nay va thtr phuong én khac.

Input: file van ban ABC.INP chira s6 nguyén duong n < 100

Output: file van ban ABC.OUT ghi xau tim duogc

ABC.INP 10

Dai hoc Sw pham Ha Ngi, 1999-2002 ABC.OUT ABACABCBAB "C" Letter Count : 2
P_1 04 2.PAS * Day ABC program ABC_STRING:; const

InputFile = 'ABC.INP'; OutputFile = 'ABC.OUT'; max = 100; var

N, MinC: Integer; X, Best: array[1..max] of 'A"..'"C'; T: array[0..max] f: Text;

of Integer; {T; .o bidt s ky tu "C" trong doan tir X! dén Xi}
{Ham Same(i, 1) cho function Same(i, I: biét xau Integer): gdm 1 Boolean;



ky tw ket thie tai Xi o6 rung vei xau 1 ky ty lidn trude no khong 2}
var

Jj, k: Integer; begin

je=i-1; {jlavitr cudi doan lién trude doan dé} fork:=0tol-1do
if X[i - k] <> X[j - k] then

begin

Same := False; Exit; end; Same := True;

® Bai toan liét ké
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end;

{Ham Check(i) cho function Check(i: biét Integer): X Boolean;

icd lam
hong tinh khong 1dp cua day X1X2 ... Xihay khong}
var
1: Integer; begin
for1:=1toidiv 2 do {Thir cac d¢ dail}
if Same(i, begin
I) then {Néu c6 xau do dai 1 két thuc boi lel tring voi xau lidn trude}
Check := False; Exit; end; Check := True; end;
{Giir lai két qua vira tim dugc vao BestConfig (MinC va mang Best)} procedure KeepResult; begin
MinC := T[N]; Best := X; end;
{Thuét toan quay lui c6 nhanh cén} procedure var
Try(i: Integer); {Thir cac gia tri c6 thé cua Xi}
j: 'A'..'C'"; begin
for j :="'A' to 'C' do {X¢ét tat ca cac gia tri}
begin
X[i] :=j; if Check(i) then {Néu thém gia tri 6 vao khong lam hong tinh khong lap }
begin
if j else ="'C' then TJi] T[i] :=T][i - :=1];
T[i-1] + 1 {Tinh Tiqua Ti-1}
if T[i] + (N - i) div 4 < MinC then {Panh gia nhanh cén}
if i = N then KeepResult else Try(i + 1); end; end; end;
procedure PrintResult; var
i: Integer; begin
fori:=1 to N do Write(f, Best[i]); WriteLn(f); WriteLn(f, '""C" Letter Count : ', MinC); end;
begin
Assign(f, InputFile); Reset(f); ReadLn(f, N); Close(f); Assign(f, OutputFile); Rewrite(f); T[0] := 0; MinC := N; {Khdi tao
chu hinh BestConfig ban diu rat tdi} Try(1); PrintResult; Close(f); end. Néu ta thay bai toan la tim xau it ky tu 'B' nhét
ma van viét chuong trinh twong ty nhu trén thi
chuong trinh s€ chay cham hon chit it. Ly do: thu tuc Try ¢ trén s€ thur 1an luot cac gia tri'A', 'B',
Lé Minh Hoang
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roi méi dén 'C'. Co nghia ngay trong cach tim, n6 da tiét kiém st dung ky tu 'C' nhat nén trong phan
16n cac bd dir liéu nd nhanh chong tim ra 161 gidi hon so vi bai todn tuong tng tim xau it ky tu 'B'
nhat. Chinh vi vy ma néu nhu dé bai yéu cau it ky tu 'B' nhat ta cr 1ap chuong trinh lam yéu cau it
ky tur 'C' nhat, chi c6 diéu khi in két qua, ta d6i vai trd 'B', 'C' cho nhau. Day 13 mét vi du cho thay

strc manh cua thuat toan quay lui khi két hop véi k¥ thuat nhanh can, néu viét quay lui thuan tuy



hozc danh gia nhanh can khong t6t thi véi N = 100, toi ciing khong du kién nhan dé doi chuong

trinh cho két qua (chi biét rang > 3 gid). Trong khi d6 khi N = 100, véi chuong trinh trén chi chay

hét hon 3 gidy cho két qua 1a xau 27 ky ty 'C'.

Noi chung, it khi ta gap bai toan ma chi can str dung mdt thuat toan, mot mo hinh k¥ thuat cai dat 1a

c6 thé giai duoc. Thong thudng cac bai toan thuc té doi hoi phai co sy tong hop, pha tron nhiéu

thuat toan, nhiéu k¥ thuat méi co duoc mot 1oi giai tot. Khong duge lam dung mot ki thuat nao va

ciing khong xem thudng mot phuong phap nao khi bit tay vao giai mot bai toan tin hoc. Thuat toan

quay lui ciing khong phai 14 ngoai 16, ta phai biét phdi hop mot cach uyén chuyén voi cac thuat toan

khéc thi khi d6 n6 méi thue sy 1a mot cong cu manh.

Bai tap:

Bai 1

Mot diy dau ngodc hop 1 1a mot diy cac ky tu "(" va ")" dugc dinh nghia nhu sau:

i. Day rong la mot day dau ngodc hop 18 d6 sau 0

ii. Néu A 1a day du ngodc hop 1¢ d6 sau k thi (A) 1a diy du ngodc hop 16 6 sau k + 1

iii. Néu A va B 1a hay diy ddu ngodc hop 1¢ véi do sau lan lugt 13 p va q thi AB 1a diy dau ngoic
hop 1¢ do sau 1a max(p, q)

Do dai cua mot diy ngodc 1a tong sé ky tu "(" va")"

Vidu: C6 5 diy diu ngodc hop 1¢ a6 dai 8 va dé sdu 3:

1. ((00)) 2. ((DO) 3. (OO 4. (OO) 5. 00y Bai toan dat ra la khi cho biét truée hai so nguyén dwong n va k.
Hay li¢t ké hét cdc day ngoiic

hop 1é c6 dé dai la n va dp sdu la k (Iam dwoc véi n ciang I6n cing toy).

Bai 2

Cho mét bi min kich thuéc mxn 6 vudng, trén mot 6 ¢6 thé ¢ chira modt qua min hodc khong, dé
biéu dién ban d6 min d6, ngudi ta c6 hai cach:

Céch 1: dung ban d6 danh déu: sir dung mot ludi 6 vudng kich thude mxn, trén do tai 6 (i, ) ghi sb

1 néu 6 d6 c6 min, ghi s6 0 néu 6 dé khong c6 min

Dai hoc Sw pham Ha Npi, 1999-2002
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Céch 2: dung ban d6 mat do: sir dung mot ludi 6 vudng kich thude mxn, trén d6 tai 6 (i, j) ghi mot

s6 trong khoang tir 0 dén 8 cho biét tong sé min trong cac 6 1an can véi 6 (i, j) (6 1an can véi 6 (i, j)

13 6 ¢6 chung véi 6 (i, j) it nhat 1 dinh).

Gia thiét rang hai ban d6 duogc ghi chinh x4c theo tinh trang min trén hién truong.

Vé nguyén tic, lac cai bii min phai v& ca ban d6 danh diu va ban dd mat do, tuy nhién sau mot thoi gian
dai, khi ngudi ta mudn g& min ra khoi bai thi van dé hét stc kho khin boi ban d6 danh déu da bi thit lac !1.
Céng vige ciia cdc Igp trinh vién la: Tiv ban do mdt d, hay tdi tao lai bin do danh déu ciia bai min. Div
liéu: Vao tir file vin ban MINE.INP, cac s6 trén 1 dong cach nhau it nhét 1 diu cach

« Dong 1: Ghi 2 s6 nguyén duwong m, n (2 < m, n < 30)

« m dong tiép theo, dong thir i ghi n s6 trén hang i ctia ban d6 mat do theo dung thir ty tir trai

qua phai.

Két qua: Ghi ra file viin ban MINE.OUT, cac s6 trén 1 dong ghi cach nhau it nhét 1 ddu cich

« Dong 1: Ghi tong s6 lugng min trong béi

* m dong tiép theo, dong thir i ghi n sé trén hang i ctia ban d6 danh dau theo dung thir ty tir

trai qua phai.

Vi du:

MINE.INP MINE.OUT 10150323335344544431435545477756651435435444434551424454
244323541325442232332522323353244342412324332346653312645241335556434
65735355654443244423122233342
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80 10111101111111190100111011101100100100111001110111001000001110001110

010010100001000011010001100100110010010101010111101001101000001111111
1110111100001

Hat nhan cua cac chuong trinh may tinh 1a sy luu trit va xu ly
thong tin. Viéc to chirc dit liéu nhu thé nao c6 anh hudng rat 16n
dén cach thire xtr Iy dit liéu d6 ciing nhu tbe do thuc thi va sy
chiém dung bd nhd cta chuong trinh. Viée dic ta bang cac cdu
trac tong quét (generic structures) va cac kiéu dit liéu triru tuong
(abstract data types) con cho phép ngudi 1ap trinh ¢ thé d& dang
hinh dung ra cac cong viéc cu thé va giam bt cong sirc trong

vi€c chinh stra, nang cap va su dung lai cac thiét ke da co.



Muc dich ctia phan nay 1a cung cap nhimng hiéu biét nén tang
trong viéc thiét ké mot chuong trinh méy tinh, dé thiy rd dugc
su can thiét ctia viéc phan tich, lwa chon cau trac dir liéu phu
hop cho ting bai toan cu thé; dong thoi khao sat mot s6 cau tric
dit lidu va thuat toan kinh dién ma lap trinh vién nao ciing can

phai nam viing.
Chuyén @ 34 @ dé

§1. CAC BUOC CO BAN KHI TIEN HANH GIAI CAC BAI TOAN
TIN HQC

1.1. XAC PINH BAI TOAN Input — Process —» Output

(Dir liéu vao — Xir Iy — Két qua ra)
Viéc xac dinh bai toan tirc 12 phai xac dinh xem ta phai giai quyét van dé gi?, v6i gia thiét nao
da cho va 101 giai can phai dat nhitng yéu cau gi. Khac v6i bai toan thuan tuy toan hoc chi can
xac dinh 16 gia thiét va két ludn chtr khong can xac dinh yéu cau vé 16 giai, doi khi nhimng bai
toan tin hoc mg dung trong thuc té chi can tim 10i giai tt toi muc ndo d6, tham chi 14 toi &
muirc chip nhan dugc. Boi 101 giai tot nhat doi hoi qua nhiéu thoi gian va chi phi.
Vi du:
Khi cai dat cac ham sé phire tap trén mdy tinh. Néu tinh bang cach khai trién chudi vé han thi
do chinh xdc cao hon nhwng thoi gian chdm hon hang ti lan so véi phwong phdp xdp xi. Trén
thue té viéc tinh todn luén luén cho phép chdp nhdn mét sai sé ndo dé nén cdc ham sé trong
may tinh déu dwoc tinh bang phwong phdp xdp xi cua gidi tich sé
Xac dinh diing yéu cau bai toan 1a rit quan trong béi né anh hudng t6i cach thirc giai quyét va
chat luong cua 101 giai. Mot bai toan thuc té thudng cho boi nhitng thong tin kha mo hd va
hinh thirc, ta phai phat biéu lai mot cach chinh x4c va chit ché dé hiéu dung bai toan.
Vi du:
* Bai toan: Mot du dan co n nguoi tham gia thao lugn, ho muén chia thanh céc nhém va moi

nhom thao lugn riéng vé mot phan cua dy an. Nhéom co bao nhiéu nguoi thi dwoc trinh lén



bdy nhiéu y kién. Néu ldy ¢ mdi nhém mot y kién dem ghép lai thi dwoc mot bé ¥ kién trién
khai diw an. Hay tim cach chia dé sé bo y kién cudi ciing thu dwoc la [om nhat.

* Phdt biéu lai: Cho mét s6 nguyén dwong n, tim cdc phén tich n thanh tong cdc sé nguyén
dirong sao cho tich ciia cdac s6 d6 la I6n nhat.

Trén thyc té, ta nén xét mot vai trudng hop cu thé dé thong qua dé hiéu duogc bai toan rd hon

va thay duogc cac thao tac can phai tién hanh. Déi véi nhiing bai toan don gian, d6i khi chi can

qua vi du la tada cé thé dua vé mot bai toan quen thudc dé giai.

1.2. TIM CAU TRUC DU LIEU BIEU DIEN BAI TOAN

Khi giai mot bai toan, ta can phai dinh nghia tap hop dit liéu dé biéu dién tinh trang cu thé.
Viéc lira chon nay tuy thudc vao van dé can giai quyét va nhitng thao tac s& tién hanh trén dir
liéu vao. Co6 nhitng thuat toan chi thich trng véi mét cach td chure dit liéu nhat dinh, d6i véi

Dai hoc Sw pham Ha Ni, 1999-2002
® CAu truc dir lidu va Giai thuat 35¢

nhitng cach td chire dit liéu khac thi s& kém hiéu qué hodc khong thé thuc hién duoc. Chinh vi
vy nén budc xay dung ciu trac dir liéu khong thé tach rdi bude tim kiém thuat toan giai
quyét van de.

Cic tiéu chudn khi lia chon céu tric div ligu

CAu trac dir liéu trude hét phai biéu dién dugce day du cac thong tin nhap va xuét cua bai toan
CAu trac dir liéu phai phu hop véi cac thao tac cua thuat toan ma ta lya chon dé giai quyét bai
toan.

Céu tric dir liéu phai cai dat duoc trén may tinh v6i ngdn ngir lap trinh dang sir dung

DBdi vai mot s6 bai toan, trude khi td chire dit lidu ta phai viét mot doan chuong trinh nhé dé

khio sat xem dit liéu can luu trix 1on t6i mace d6 nao.
1.3. TIM THUAT TOAN

Thuat toan 1a mot hé théng chit ché va rd rang cac quy tic nham xac dinh mot ddy thao tac
trén cAu tric dit liéu sao cho: Vi mot bd dit lidu vao, sau mot s6 hiru han bude thuc hién cac
thao tac da chi ra, ta dat dugc muc tiéu da dinh.

Cac dac trung cua thudt todan



1.3.1. Tinh don dinh
O mdi budc cia thuét toan, cac thao tac phai hét strc 16 rang, khong gay nén sy nhap nhéng,
1on xdn, tuy ti¢n, da nghia. Thyc hién dung cac budc cia thuat toan thi voi mot dir li¢u vao,

chi cho duy nhat mot két qua ra.

1.3.2. Tinh dung
Thuat toan khong dugc roi vao qua trinh vo han, phai dung lai va cho két qua sau mot s6 hiru

han budc.

1.3.3. Tinh dung

Sau khi thuc hién tit ca cac bude cta thuat toan theo ding qua trinh da dinh, ta phai dugc két
qua mong mudn véi moi bo dit liéu dau vao. Két qua d6 duoc kiém ching bang yéu cau bai

toan.

1.3.4. Tinh pho dung
Thuat toan phai dé stra d6i dé thich tmg duoc véi bat ky bai toan nao trong mét 16p cac bai

toan va c6 thé lam viéc trén cac dir liéu khac nhau.
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1.3.5. Tinh kha thi

a) Kich thudc phai da nho: Vi du: Mot thuat toan s& c6 tinh hiéu qua bang 0 néu luong bd nhé
ma nd yéu cau vuot qua kha ning luu trit ciia hé théng may tinh.

b) Thut toan phai duoc may tinh thuc hién trong thoi gian cho phép, diéu nay khac voi 1oi
giai toan (Chi can chimg minh 1a két thiic sau hitu han buéc). Vi du nhu xép thoi khoa biéu
cho mét hoc ky thi khong thé cho may tinh chay téi hoc ky sau méi ra dugc.

c) Phai dé hiéu va dé cai dat.



Vi du:

Input: 2 56 nguyén tw nhién a va b khéng dong thoi bang 0

Output: Udc s6 chung 1om nhdt ciia a va b

Thudt todn sé tién hanh dwoc mé td nhw sau: (Thudt todn Euclide)

Buée 1 (Input): Nhdp a va b: S6 tir nhién

Bu6c 2: Néu b # 0 thi chuyén sang budc 3, néu khéng thi bé qua budce 3, di lam bude 4
Budc 3: Batr := amod b, Bat a := b; Pat b :=r; Quay tro lai buoc 2.

Buc 4 (Output): Két ludn wée s6 chung I6n nhdt phdi tim la gid tri cia a. Két thiic thudt todn.

Yes
b>07?
Output a;
Output a;

Hinh 4: Luu d6 thuit giai (Flowchart)
Khi mo ta thuét todn bang ngon ngit tw nhién, ta khong can phai qua chi tiét cac budc va tién
trinh thuc hién ma chi cin mé ta mot cach hinh thirc di dé chuyén thanh ngén ngir 14p trinh.
Viét so dd cac thuat toan dé quy 1a mot vi du.
Dbi v6i nhitng thuat toan phirc tap va ning vé tinh toan, cic budc va cac cong thirc nén mo ta
mot cach tudng minh va chu thich rd rang dé khi lap trinh ta c6 thé nhanh chéng tra ciru.
Déi v6i nhitng thuat toan kinh dién thi phai thudc. Khi giai mot bai toan 16n trong mot thoi
gian gidi han, ta chi phai thiét ké tong thé con nhimng chd da thudc thi ctr viée 1ap rap vao.
Tinh dung dn cta nhitng mo-dun da thudc ta khong can phai quan tim nita ma tap trung giai

quyét cac phan khac.
r:=amodb;a:=b;b:=r
Input: @, b
Begin



End
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1.4. LAP TRINH

Sau khi da c6 thuat toan, ta phai tién hanh 1ap trinh thé hién thuat toan d6. Mudn 1ap trinh dat
hiéu qua cao, can phai c6 k¥ thuat 1ap trinh tét. K thuat 1ap trinh tt thé hién & k§ nang viét
chuong trinh, kha ning g rdi va thao tac nhanh. Lap trinh t5t khong phai chi can ndm viing
ngon ngit 1ap trinh 14 di, phai biét cach viét chuong trinh uyén chuyén, khon khéo va phat
trién dan dan dé chuyén cac y tuong ra thanh chuong trinh hoan chinh. Kinh nghiém cho thay
mot thuat toan hay nhung do cai dat vung vé nén khi chay lai cho két qua sai hoac tdc do
cham.

Thong thuong, ta khong nén cu thé hoa ngay toan bo chuong trinh ma nén tién hanh theo
phuong phap tinh ché timg budc (Stepwise refinement):

Ban dau, chuong trinh duogc thé hién béng ngon ngit ty nhién, thé hién thuét toan véi cac bude



téng thé, mdi budc néu 1én mot cong viéc phai thuc hi¢n.

Mot cong viéc don gian hodc 1a mot doan chuong trinh da dugc hoc thude thi ta tién hanh viét
mi 1énh ngay bang ngdn ngir lap trinh.

Mot cong viée phirc tap thi ta lai chia ra thanh nhirng cong viéc nho hon dé lai tiép tuc voi
nhiing cong viéc nhd hon do.

Trong qué trinh tinh ché timg budc, ta phai dua ra nhitng biéu dién dir liéu. Nhu vay cung voi
su tinh ché cac cong viéc, dir li¢u cling dugc tinh ché dén, ¢6 ciu tric hon, thé hién rd hon
mdi lién hé giita cac dir lidu.

Phuong phép tinh ché timg budc 1a mot thé hién cua tu duy giai quyét van dé tir trén xudng,
gitip cho nguoi 1ap trinh ¢6 duge mot dinh hudng thé hién trong phong cach viét chuong trinh.

Tranh viéc mo mam, xoa di viét lai nhiéu lan, bién chuong trinh thanh to giay nhép.

1.5. KIEM THU

1.5.1. Chay thir va tim 16i

Chuong trinh 1a do con ngudi viét ra, ma di 1a con ngudi thi ai ciing ¢6 thé nham 1an. Mot
chuong trinh viét xong chwa chic da chay dugc ngay trén may tinh dé cho ra két qua mong
mudn. K§ nang tim 131, stra 131, diéu chinh lai chuwong trinh ciing 1a mét k¥ ning quan trong
ctia ngudi lap trinh. K ning nay chi c6 dugc bang kinh nghiém tim va sira chira 16i caa chinh
minh.

C6 ba loai 16i:

Ldi ¢t phap: Lbi nay hay gip nhat nhung lai d& sira nhét, chi can nam vimg ngén ngit 1ap
trinh 1 du. Mot nguoi dugc coi 1a khong biét 1ap trinh néu khong biét stra 18i ¢ phép.

L4i cai dat: Viée cai dat thé hién khong dung thuat toan da dinh, d6i v6i 161 nay thi phai xem
lai tong thé chwong trinh, két hop véi cac chirc ning g& réi dé stra lai cho dung.
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Ldi thuat toan: Ldi nay it gip nhat nhung nguy hiém nhat, néu nhe thi phai diéu chinh lai

thuat toan, néu nang thi c6 khi phai loai bé hoan toan thuat toan sai va lam lai tu dau.

1.5.2. Xay dung cac bg test



C6 nhiéu chuong trinh rat kho kiém tra tinh dung dan. Nhat 1a khi ta khong biét két qua ding
13 thé nao?. Vi viy néu nhu chuong trinh van chay ra két qua (khong biét dung sai thé nao) thi
viéc tim 151 rat kho khan. Khi d6 ta nén lam céac b test dé thir chwong trinh ctia minh.

Céc b test nén dit trong cac file van ban, boi viéc tao mot file vin ban rat nhanh va mdi 1an
chay thtr chi can thay tén file dir liéu vao 13 xong, khong can gb lai bo test tir ban phim. Kinh
nghiém lam céac bg test la:

Bit dau v6i mot bo test nho, don gian, 1am bang tay ciing c6 dugc dap sé dé so sanh véi két
qua chuong trinh chay ra.

Tiép theo van 1a cac bo test nho, nhung chira céc gia tri dac biét hoac tam thuong. Kinh
nghiém cho thay day 1a nhiing test d& sai nhat.

Cac b0 test phai da dang, tranh sy 1ap di 1ap lai cac bo test tuong tu.

C6 mdt vai test 16n chi dé kiém tra tinh chiu dung cia chuwong trinh ma thoi. Két qua co dung
hay khéng thi trong da s6 truong hop, ta khong thé kiém chimg duoc vai test nay.

Luu ¥ rang chuwong trinh chay qua dugc hét cac test khong c6 nghia 1a chuong trinh d6 da
dung. Boi c6 thé ta chua xdy dung duoc bo test 1am cho chwong trinh chay sai. Vi vy néu c6
thé, ta nén tim cach chting minh tinh dung dan cta thuat toan va chuong trinh, diéu nay

thuong rat kho.
1.6. TOI UU CHUONG TRINH

Mot chwong trinh di chay ding khong c6 nghia 14 viéce 1ap trinh d4 xong, ta phai sira d6i lai
mot vai chi tiét dé chuong trinh c¢6 thé chay nhanh hon, hiéu qua hon. Thong thudng, trudce
khi kiém thtr thi ta nén dat muc tiéu viét chuong trinh sao cho don gian, mién sao chay ra két
qua ding 13 duoc, sau d6 khi tdi vu chuong trinh, ta xem lai nhitng chd nao viét chua tdt thi
t61 wu lai ma 1énh dé chuong trinh ngén hon, chay nhanh hon. Khong nén viét t6i dau t6i wu
ma dén do, boi chuong trinh c6 ma 1énh tdi wu thuong phtre tap va kho kiém soat.

Viéc toi wu chuong trinh nén dya trén céc tiéu chuan sau:

1.6.1. Tinh tin cay
Chuong trinh phai chay ding nhu du dinh, mo ta dung mot giai thuat ding. Thong thuong khi

viét chuong trinh, ta luén c6 théi quen kiém tra tinh dung din cia cac budc mdi khi c6 thé.
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1.6.2. Tinh uyén chuyén
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Chuong trinh phai dé stra d6i. Boi it c6 chuong trinh ndo viét ra da hoan hao ngay duoc ma
van can phai stra doi lai. Chuong trinh viét dé sira d6i s& lam gidm bdt cong strc cua 1ap trinh

vién khi phat trién chuong trinh.

1.6.3. Tinh trong sang

Chuong trinh viét ra phai dé doc d& hiéu, dé sau mot thoi gian dai, khi doc lai con hiéu minh
lam cai gi?. Dé néu c6 diéu kién thi con co thé stra sai (néu phat hién 16i mdi), cai tién hay
bién ddi dé duoc chwong trinh giai quyét bai toan khac. Tinh trong sang ciia chuong trinh phu

thudc rat nhiéu vao cong cu lap trinh va phong cach lap trinh.

1.6.4. Tinh hiru hiéu

Chuong trinh phai chay nhanh va it tdn bd nhd, tire 1a tiét kiem dugce ca vé khong gian va thoi
gian. Pé c6 mot chwong trinh hiru hiéu, can phai c6 giai thuat tt va nhiing tiéu xao khi 1ap
trinh. Tuy nhién, viéc 4p dung qua nhiéu tiéu xao c6 thé khién chwong trinh tré nén réi ram,
khoé hiéu khi stra d6i. Tiéu chuén hitu hiéu nén dung lai @ muc chép nhén dugc, khong quan
trong bang ba tiéu chuan trén. Boi phan cting phat trién rat nhanh, yéu cau hiru hiéu khong

can phai dat ra qua nang.

Ttr nhitng phan tich & trén, ching ta nhan thay rang viéc 1am ra mot chuong trinh doi hoi rat
nhiéu céng doan va tiéu ton kha nhidu cong strc. Chi mot cong doan khong hop 1y sé 1am tang
chi phi viét chwong trinh. Nghi ra cach giai quyét van dé da kho, bién y twong d6 thanh hién
thuc cling khong dé chit nao.

Nhiing cau trac dit lidu va giai thuat dé cap toi trong chuyén dé nay 1a nhing kién thirc rat phd
thong, mot ngudi hoc 1ap trinh khong sdm thi mudn ciing phai biét toi. Chi hy vong rang khi
hoc xong chuyén dé nay, qua nhimg cu tric dit liéu va giai thuat hét sic mau muc, chung ta
rit ra duoc bai hoc kinh nghiém: Pirng bao gio viét chwong trinh khi ma chwa suy xét ky
vé gidi thut va nhirng dir liéu cn thao tac, boi nhu vy ta dé mic phai hai sai 1am trAm
trong: hodc la sai vé giai thuat, hodc la giai thuat khong thé trién khai ndi trén mot cau trac dit
lidu khong phu hop. Chi cdn mic mot trong hai 16i d6 thoi thi nguy co sup do toan bo chuong

trinh 1a hoan toan co thé, cang co chita cang bi roi, kha ndng hau nhu chdc chan 1a phai lam lai



tir dau®.

) T4t nhién, cAn than dén dau thi cling c6 xac suét rai ro nhét dinh, ta hiéu duge muc d6 tai hai cua hai 16 nay dé han

ché no cang nhiéu cang tdt
Chuyén ® 40 ¢

i ) . 2.1. DPQ PHUC TAP TINH TOAN CUA GIAI THUAT
§2. PHAN TICH THOI GIAN THUC HIEN GIAI

THUAT

Véi mot bai toan khong chi c6 mot giai thuat. Chon mot giai thuat dwa t6i két qua nhanh nhat

12 mot doi hoi thuce té. Nhu vay can c6 mot can ¢t nao d6 dé noi réng giai thuat nay nhanh

hon giai thuat kia ?.

Thoi gian thyc hién mot giai thuat bang chuong trinh may tinh phu thudc vao rat nhiéu yéu to.

Mot yéu td can cha y nhét d6 14 kich thudc cua dit liéu dua vao. Dit liéu cang 16n thi thoi gian

xtr 1y cang cham, ching han nhu thoi gian sip xép mot diy sd phai chiu anh hudéng cua sb

luong céac s6 thude diy sé d6. Néu goi n 1a kich thude dir liéu dua vao thi thoi gian thuc hién

cua mot gidi thuat co thé biéu dién mot cach tuong ddi nhu mot ham cua n: T(n).

Phan clig may tinh, ngdn ngir viét chuong trinh va chuong trinh dich ngén ngir dy déu anh

huong t6i thoi gian thuc hién. Nhitng yéu t6 nay khong giéng nhau trén cac loai may, vi vy

khong thé dwa vao chung khi xac dinh T(n). Tirc 12 T(n) khong thé biéu dién bang don vi thoi

gian gio, phit, gidy dugc. Tuy nhién, khong phai vi thé ma khong thé so sanh dugc cac giai thuat vé mat toc
hién ctia mot gidi thuat khac 1a

d9. Neu nhu thoi gian thye hign mot giai thudt 14 Ty — 12 v thoi gian thuc

T2(n) = 100n thi khi n du 16n, thoi gian thuc hién cua gidi thuat Tors rang nhanh hon giai thuét Tt. Khi do,
ndu néi ré“mg thoi gian thyc hién giai thuat ti 18 thuan véi n hay ti I¢ thuan voi n’ cling cho ta mét cach danh
gi4 twong dbi vé toc do thuc hién

cua giai thuat do khi n khé 16n. Cach danh gié thoi gian thyc hién giai thuat doc 1ap voi may

tinh va cac yéu t6 lién quan toi may tinh nhu vdy s& din t6i khai niém goi 1a d§ phire tap tinh

toan cuia giai thuat.

Cho fva g 14 hai ham x4c dinh duong véi moi n. Ham f(n) duoc goi 1a O(g(n)) néu ton tai mot

M A > \ A b4 1
hang s6 ¢ > 0 va mot gia tri nygo0 cho:



f(n) < c.g(n) véi V n2n,

Nghia la néu xét nhiing gid tri n 2 Ny p; ham f(n) s& bi chan trén boi mot hing sé nhan vai 8M)- Khi do, néu
f(n) 1a thoi gian thyc hién cia mot giai thuat thi ta noi giai thuat d6 c6 cap 1a g(n), ky hiéu: O(g(n))"” hay
O(g(n)).

2.2. XAC PINH PO PHUC TAP TINH TOAN CUA GIAI THUAT

Viéc xac dinh d6 phuc tap tinh todn cua mot giai thuat bat ky co thé rat phuc tap. Tuy nhién,

trong thuc té, ddi v6i mot sb giai thuat ta co thé phan tich bang mot sé quy tic don gian:

™K ¥ phip O(.) dugc goi la ky phap chit O 16n (big O notation)
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2.2.1. Quy tic cong

Néu doan chuong trinh Py ¢ ¢h4i gian thuc hién Ti(n) =O(f(n)) va doan chuong trinh P2 c6 tho1 gian thuce

hién 12 Ty 1) = O(g(n)) thi thoi gian thuc hién P1 rdi dén P2 tidp theo s& 1a
Ti(n) + T2(n) = O(max(f(n), g(n))) Chng minh:

Tl(n) = O(f(n)) nén 3 n1va cidé Ti(n) < c1.f(n) véi V n=nl,

To(n) = O(g(n)) nén I n2va c2dé T2(n) < c2.g(n) véi V n = n2, Chonng—

max(nl, n2) va ¢ = max(cl, c2) ta co:

V61 V n2n,.

Titm) + T2(n) < ¢1.f(n) + c2.g(n) < c.f(n) + c.g(n) < c.(f(n) + g(n)) < 2c.(max(f(n), gn))). Y& Ti(n) +
T2(n) = O(max(f(n), g(n))).
2.2.2. Quy tic nhin

Néu doan chuong trinh P ¢6 thoi gian thyc hién 1 T(n) = O(f(n)). Khi d6, néu thyc hién k(n)
lan doan chuong trinh P véi k(n) = O(g(n)) thi d6 phtc tap tinh toan s& 1a O(g(n).f(n))

Chtng minh:



Thoi gian thuc hién k(n) 1an doan chwong trinh P s& 1a k(n)T(n). Theo dinh nghia:
3 ¢> 0 vankdé k(n) < ck(g(n)) v6i V n = n

F Cr2 0 vanrdé T(n) < e1(f(n)) v6i V n = nr

Vay voi V' n 2 max(nr ny) ta ¢6 k(n).T(n) < cT.ck(g(n).f(n))

2.2.3. Mot s6 tinh chét

Theo dinh nghia vé d6 phtrc tap tinh toan ta c6 mot sb tinh chat: a) V&i P(n) 1a mot da thice bac k thi O(P(n))
= O(n"). Vi thé, mot thuat todn c6 do phirc tap cip da thirc, ngudi ta thuong ky hiéu 13 O(n")
b) Véi a va b 1 hai co s tuy ¥ va f(n) 1 mot ham dwong thi logaf(n) — logab.logbf(n). Tirc 1a: O(logaf(n)) -

O(logbf(n)). Vay v6i mot thudt toan cé d6 phirc tap cip logarit cua f(n), nguoi ta ky hi¢u la O(logf(n)) ma

khong can ghi co s6 ctia logarit.
c) Néu mét thuat toan c6 do phuc tap la héng s, tirc 1a thoi gian thuc hién khong phu thudc

vao kich thude dir 1i€u vao thi ta ky hi€u dd phirc tap tinh todn cua thuat toan do6 1a O(1). d) Mdt giai thuat co

cip 1a cac ham nhu 2™, n!, n" duoc goi 1a mot giai thudt c6 do phirc tap
ham mil. Nhitng giai thuat nhu vay trén thuc té thuong co toc do rat cham. Cac giai thuat c6

cép 1a cac ham da thirc hodc nhé hon ham da thirc thi thuong chap nhan duoc. ¢) Khong phai luc nao mot
giai thuat cap O(n?) ciing t6t hon giai thuat cip O(n’). Bi néu nhu giai thuat cap O(n®) c6 thoi gian thyc hién

12 1000n?, con giai thuat cap O(n’) lai chi can thoi
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gian thyc hién 1a n®, thi v6i n < 1000, rd rang giai thuat O(n’) t6t hon giai thuat O(n%). Trén
day 1a xét trén phwong dién tinh toan 1y thuyét dé dinh nghia giai thuat nay "t6t" hon giai
thuat kia, khi chon mot thuat toan dé giai mot bai toan thyc té phai co mot sy mém déo nhat
dinh.

f) Ciing theo dinh nghia vé do phirc tap tinh toan

Mot thuét toan c6 cip O(1) ciing c6 thé viét 1a O(logn)

Mot thuat toan c6 cap O(logn) ciing c6 thé viét 1a O(n)

Mot thudt toan c6 cap O(n) ciing c6 thé viét 1a O(n.logn) Mot thuat toan
c¢6 cip O(n.logn) ciing co thé viét 1a O(n?) Mot thuét toan c6 cap O(n?)
cling c6 thé viét 1a O(n*) Mot thuat toan c6 cip O(n’) ciing co thé viét 1a
o2"



Vay do phtc tap tinh toan ciia mot thuat toan c6 nhiéu cach ky hiéu, théng thuong ngudi ta
chon cép thp nhat c6 thé, ttc 1a chon ky phap O(f(n)) véi f(n) 1a mot ham ting cham nhét
theo n.

Duéi day 1a mot s6 ham sb hay dung dé ky hiéu d6 phirc tap tinh toan va bang gia tri cia
chung dé tién theo doi su tang cua ham theo dbi s6 n.

10825 p nlogen n?n32001011212248424816 64163824 64 512256 4 16 64 256 4096 65536 5 32 160 1024
32768 2147483648 Vi du:

Thuat toan tinh tong céc s tir 1 t6i n:
Néu viét theo so d0 nhu sau:

Input n; S :=0; for i :=1to ndo S :=S +i; Output S; Cac doan chuong trinh & cac dong 1, 2 va 4
c06 do phuec tap tinh toan 1a O(1).

Vong lap & dong 3 1p n 1an phép gan S := S + i, nén thoi gian tinh toan ti 18 thuan véi n. Tirc
l1a do phuc tap tinh toan 1a O(n).

Vay do phuc tap tinh toan cia thuat toan trén 1a O(n).

Con néu viét theo so d nhu sau:

Input n; S :=n * (n - 1) div 2; Output S; Thi d0 phtrc tap tinh toan cia thuat toan trén la O(1), thoi gian tinh toan
khong phu thudc vao

n.
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2.2.4. Phép toan tich cuc
Dua vao nhitng nhin xét da néu ¢ trén vé cac quy tic khi danh gia thoi gian thuc hién giai
thuat, ta chi can cha ¥ dén mot phép toan ma ta goi 13 phép toan tich cuc trong mot doan
chuong trinh. D6 13 mét phép toan trong mot doan chwong trinh ma sé lan thyc hién
khéng it hon cac phép toan khac. Xét hai doan chuong trinh tinh e* bang cong thirc gan dung:

4= ZzLéMinhHodngzl 211710 véi x va n cho trude.

{Chuong trinh 1: Tinh riéng ting hang tir rdi cong lai} program Expl; var i, j, n: Integer;

X, p, S: Real; begin wyyjte'x, n = '); ReadLn(x, n); S = % for i := 0 to n do

begin

p:=1L;forj:=1toidop:=p*x/j;S:=S+p;end; WriteLn('exp(’, x:1:4, ') = ', S:1:4); end.
e

X



1{Tinh hang t&r sau qua hang tir truGc} program Exp2; var i, n: Integer; %> P S: Real; begin Write('x, n = '); ReadLn(x, n);
S:=1;p:=1;fori:=1tondo
begin
p:=p*x/i;8:=S+p;end; WriteLn('exp(', x:1:4, ') =", S:1:4); end.
Ta c6 thé coi phép toan tich cyc o ddy lap:=p * x/j; S4 1an thuc hién phép toan nay la: 0+1+2+..+n=n(n-1)2lan. Vay do
phtic tap tinh todn cta thuat toan la O(n?)
Ta c6 thé coi phép toan tich cuc & day 1a phép p :=p * x /1. S6 1an thuc hién phép toan nay 1a n. Vay d6 phtrc tap tinh toan cua
thudt toan 1a O(n).
2.3. PO PHUC TAP TINH TOAN VOI TINH TRANG DU LIEU VAO
C6 nhiéu truong hop, thoi gian thuc hién giai thuat khong phai chi phu thudc vao kich thudce
dir liéu ma con phu thudc vao tinh trang cua di liéu d6 nira. Chang han thoi gian sap xép mot
diy s6 theo thir ty ting din ma day dua vao chua co thir tu s& khac véi thoi gian sap xép mot
day s di sap xép rdi hodc da sip xép theo thir ty nguoc lai. Liic ndy, khi phan tich thoi gian
thue hién giai thudt ta s& phai xét toi trudng hop tét nhat, truong hop trung binh va truong
hop xau nhat. Khi kho khian trong viéc xac dinh d phtc tap tinh toan trong truong hop trung
binh (boi viéc xac dinh T(n) trung binh thudng phai dung téi nhitng cong cu toan phic tap),
ngudi ta thuong chi danh gia do phtc tap tinh toan trong truong hop xau nhét.
2.4. CHI PHi THU'C HIEN THUAT TOAN
Khai niém do phtic tap tinh toan dit ra 1a dé danh gia chi phi thyc hién mot giai thuat vé mat
thoi gian. Nhung chi phi thyc hién giai thuat con co rat nhidu yéu t6 khac nira: khong gian bo
nhé phai sir dung 1a mot vi dy. Tuy nhién, trén phuong dién phén tich 1y thuyét, ta chi c6 thé
Chuyén ® 44 ¢ e

xét toi van d& thoi gian boi viée xac dinh cac chi phi khac nhiéu khi rat mo hd va phtc tap.
Déi v6i ngudi 1ap trinh thi khac, mot thuat toan voi do phuc tap du rat thap cling s& 13 vo dung
néu nhu khong thé cai dat dugc trén may tinh, chinh vi vay khi bét tay cai dat mét thuat toan,
ta phai biét cach t chire dit liéu mot cach khoa hoc, tranh lang phi by nhé khong can thiét. Co
mot quy luat twong ddi khi to chire dir liéu: Tiét kiém dugc bd nhé thi thoi gian thyc hién
thuong s€ cham hon va nguoc lai. Biét can ddi, dung hoa hai yéu td d6 1a mot k¥ nang can

thiét ctia nguoi 1ap trinh,

Bai tap
Bai 1
Chtrng minh mot cach chit ché: Tai sao voi P(n) 1a da thirc bac k thi mot giai thuat cdp O(P(n)) ciing co thé

coi 1a cap O(n®)



Bai 2

Xac dinh d6 phuc tap tinh toan cta nhiing giai thuat sau bang ky phéap chit O 16n:
a) Poan chuong trinh tinh tong hai da thirc: P(x) = Ay 4 ame1x™ 1+ |+ alx + a0 va Q(X) =

bux" + an-1x™! + __ + bix + ho P€ duge da thirc R(x) = cpxp + CPoaxp !+ ... + cIx + 0

if m < n then p := m else p :=n; {p =min(m, n)} fori:=0top
do c[i] := a[i] + b[i]; if p < m then
fori:=p+1 to m do c[i] := aJi] else

for i := p + 1 to n do c[i] := b[i]; while (p > 0) and (c[p] =0) do p :=p - 1; b) Poan chuong trinh
tinh tich hai da thirc: P(X) = amxm+ am_lxm—l + . +alx+a0va Q(X) = bnx"+ an_lxn—l + . +blx

p :=m + n; for i :=0 to p do c[i] :=0; for i
:=0to m do
for j:=0tondo
cli+j] :=cli+j] +ali] * bjl;
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) . _ 3.1. KHAI NIEM VE DE QUY
§3. PE QUY VA GIAI THUAT DE

QUY

Ta n6i mot ddi tuong 1a dé quy néu né duoc dinh nghia qua chinh né hodc mot dbi twong khac
cung dang v6i chinh n6 bang quy nap.

Vi du: Dat hai chiéc guong cau d6i dién nhau. Trong chiéc guong thir nhat chira hinh chiéc
guong thir hai. Chiéc guong thir hai lai chira hinh chiéc gwong thi nhat nén tat nhién né chira
lai hinh anh cua chinh né trong chiéc guong thir nhat... O mét goc nhin hop 1y, ta c6 thé thiy
mot ddy anh vo han cua cé hai chiéc guong.

Mot vi du khac 14 néu ngudi ta phat hinh truc tiép phat thanh vién ngdi bén may vo tuyén

truyén hinh, trén man hinh ctia may nay lai ¢6 chinh hinh anh ctia phat thanh vién d6 ngdi bén



may vo tuyén truyén hinh va ctr nhu thé...

Trong todn hoc, ta cling hay gip cac dinh nghia d¢ quy:

Giai thira ciia n (n!): Néun =0 thi n! = I; néun > 0 thin! = n.(n-1)!

Ky hiéu s6 phan tir ciia mot tap hop hitu han S 13 [S|: Néu S = 2 thi |S| = 0; Néu S #  thi tat
c6 mot phan tir x € S, khi d6 [S| = [S\{x}| + 1. Py la phwong phéap dinh nghia tap cac sb tu
nhién.

3.2. GIAI THUAT PE QUY

Néu 10i giai ctia mot bai toan P dugc thuc hién bang 101 giai ctia bai toan P' ¢6 dang gidng nhu
P thi do6 1a mdt 101 gidi d€ quy. Giai thuat twong g v6i 101 giai nhu vay goi la giai thuat dé
quy. M&i nghe thi ¢6 vé hoi la nhung diém mau chét can luu y 1a: P' tuy ¢6 dang gidng nhu P,
nhung theo mot nghia ndo d6, n6 phai "nho" hon P, d& giai hon P va viéc giai n6 khong can
dung dén P.

Trong Pascal, ta da théy nhiéu vi du ciia cic ham va thi tuc ¢6 chira 1oi goi d¢ quy tdi chinh
no, bay gid, ta tom tit lai cac phép dé quy truc tiép va twong hd duogc viét nhu thé nao:

Dinh nghia mot ham dé quy hay tha tuc dé quy gém hai phan:

Phan neo (anchor): Phan nay dugc thuc hién khi ma cong viéc qua don gian, c6 thé giai truc
tiép chtr khong can phai nhd dén mot bai toan con nao ca.

Phan d¢ quy: Trong trudng hop bai toan chua thé giai dugc bang phan neo, ta xac dinh nhiing
bai toan con va goi dé quy giai nhitng bai toan con d6. Khi da c6 10 giai (dap sb) ctia nhimng
bai toan con rdi thi phdi hop chiing lai dé giai bai toan dang quan tam.

Phan dé quy thé hién tinh "quy nap" cua 10i giai. Phan neo ciing rit quan trong bdi no quyét

dinh t&i1 tinh hiru han dung cua 161 giai.

Lé Minh Hoang
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dé function Factorial(n: Integer): Integer; {Nhan vao so tu nhién n va tra vé n!}
begin

3.3. Vi DU VE GIAI THUAT PE QUY

3.3.1. Ham tinh giai thira
if n = 0 then Factorial := 1 {Phan neo} else Factorial := n * Factorial(n - 1); {Phan dé quy} end; O day, phén neo dinh
nghia két qua ham tai n = 0, con phan dé quy (img véi n > 0) s& dinh



nghia két qua ham qua gié tri ctia n va giai thira chan - 1.

Vi du: Ding ham nay dé tinh 3!, truéc hét n6 phai di tinh 2! boi 3! duge tinh bang tich cia 3 *
21. Tuong ty dé tinh 2!, no lai di tinh 1! bai 2! duoc tinh bang 2 * 1!. Ap dung budc quy nap
nay thém mot 1an nira, 1! =1 * 0!, va ta dat toi trudng hop cua phan neo, dén day tir gia trj 1
cua 0!, n6 tinh duge 1! = 1*1 = 1; tir gia tri cua 1! n6 tinh dugc 2!; tir gid tri cia 2! nod tinh
duoc 3!; cudi cung cho két qua 1a 6:

3=3F2 =g nrp1r=1%01 00=1

3.3.2. Diy so Fibonacci

Diy s Fibonacci bat ngudn tir bai toan c¢d vé viée sinh san ctia cac cdp tho. Bai toan dit ra
nhu sau:

1) Cac con tho khong bao gior chét

2) Hai thang sau khi ra doi, mdi cap thod mdi s€ sinh ra mot cdp tho con (mdt duc, mot céi)
3) Khi da sinh con roi thi cir mdi thang tiép theo chiing lai sinh dugc mét cip con méi

Gia st tir dau thang 1 c6 mot cap méi ra doi thi dén gitra thang tht n s& c¢6 bao nhiéu cip.
Vidy,n=5, ta théy:

Giira thang thir 1: 1 cdp (ab) (cip ban dau)

Giira thang thir 2: 1 cdp (ab) (cip ban dau van chua dé)

Giita thang thir 3: 2 cip (AB)(cd) (cdp ban dau dé ra thém 1 cip con)

Giira thang thir 4: 3 cip (AB)(cd)(ef) (cdp ban dau tiép tuc dé)

Gitra thang thtr 5: 5 cap (AB)(CD)(ef)(gh)(ik) (ca cap (AB) va (CD) cung d¢)

Bay gid, ta xét téi viéce tinh sb cap tho ¢ thang thir n: F(n)

Néu mdi cip tho ¢ thang thir n - 1 déu sinh ra mot cip tho con thi s6 cip tho ¢ thang thir n s&
la:

F(n)=2*F(n-1)

Dai hoc Sw pham Ha Ni, 1999-2002
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Nhung van dé khong phai nhu vy, trong cac cip tho ¢ thang thir n - 1, chi ¢6 nhing cip tho
da c6 ¢ thang thr n - 2 méi sinh con ¢ thang thr n dugc thoéi. Do d6 F(n) =F(n-1) + F(n - 2)
(= s cii + s6 sinh ra). Vay c6 thé tinh duoc F(n) theo cong thic sau:

F(n)=1néun<2

F(n)=F(n-1)+F@n-2)néun>2

function F(n: Integer): Integer; {Tinh s cip tho ¢ thang thir n} begin
if n < 2 then F := 1 {Phén neo} else F := F(n - 1) + F(n - 2);
{Phan d¢ quy} end;

3.3.3. Gia thuyét ciia Collatz

Collatz dua ra gia thuyét ring: voi mot sé nguyén dwong X, néu X chin thi ta gan X = X div

2: néu X 16 thi ta gan X := X * 3 + 1. Thi sau mot s6 hitu han budc, ta s& c6 X = 1.

Vi du: X = 10, cac budc tién hanh nhu sau:

1. X =10 (chin) = X :=10 div 2; (5) 2. X =5 (1é) = X :=5* 3 + 1; (16) 3. X = 16 (chian) = X := 16 div 2; (8) 4. X = 8 (chin)
= X :=8 div 2 (4) 5. X = 4 (chiin) — X :=4 div 2 (2) 6. X = 2 (chiin) - X :=2 div 2 (1) Ct& cho gia thuyét Collatz 1a
dung dan, van dé dat ra 1a: Cho trudc s6 1 cung véi hai phép toan

* 2 va div 3, hdy stir dung mot cach hop 1y hai phép toan d6 dé bién s6 1 thanh mét gid tri

nguyén duong X cho trude.

Vidu: X=10taco 1 *2*2*2*2div3*2=10.

D@ thay rang 101 giai ctia bai toan gan nhu thir ty nguoc ciia phép bién doi Collatz: DE biéu

dién s6 X > 1 bang mot biéu thirc bt dau bang sb 1 va hai phép toan "* 2", "div 3". Ta chia

hai truong hop:

Néu X chén, thi ta tim cach biéu dién s6 X div 2 va viét thém phép toan * 2 vao cudi

Néu X 1¢, thi ta tim cach biéu dién s6 X * 3 + 1 va viét thém phép toan div 3 vao cudi

procedure Solve(X: Integer); {In ra cich biéu dién s6 X} begin
if X =1 then Write(X) {Phin neo} else {Phin dé
quy} )
if X mod 2 = 0 then {X chan}
begin
Solve(X div 2); {Tim cach biéu dién s X div 2} Write(' * 2');
{Sau d6 viét thém phép toan * 2} end else {X 1&}
begin
Solve(X * 3 + 1); {Tim cach biéu dién s§ X * 3 + 1} Write(" div 3'); {Sau d6 viét thém phép toan div 3} end; end;
Trén day 1a cach viét dé quy truc tiép, con c6 mot cach viét dé quy tuwong hd nhu sau:

procedure Solve(X: Integer); forward; {Thu tuc tim cach biéu dién s6 X: Khai bao trude, dic ta sau}
Chuyén @ 48 @ dé



chin} begin

Solve(X div 2);
procedure SolveOdd(X: Integer); {Thu tuc tim cach biéu dién 3¥dite(1 *t2g énding hop X
1¢} begin ‘
Solve(X * 3 + 1); procedure Solve(X: Integer); {Phan dac ta cua tha tuc Solve da khai bao trudc
Write(' div 3'); end; begin

if X =1 then Write(X)
procedure SolveEven(X: Integer); {Thu tuc tim cach biéu dién els& trong truong hop X

if X mod 2 = 1 then SolveOdd(X) else SolveEven(X); end; Trong ca hai cach viét, dé tim biéu dién sd X theo yéu cau
chi can goi Solve(X) 1a xong. Tuy

nhién trong cach viét & quy truc tiép, thu tuc Solve 6 101 goi tdi chinh né, con trong cach
viét dé quy tuong hd, thi tuc Solve chira 16i goi to1 tha tuc SolveOdd va SolveEven, hai thu
tuc nay lai chtra trong no 101 goi nguogc vé thu tuc Solve.

Déi v6i nhitng bai toan néu trén, viée thiét ké cac giai thuat dé quy tuong tng kha thuan loi vi
ca hai déu thudc dang tinh gid tri ham ma dinh nghia quy nap cua ham d6 dugc xac dinh dé
dang.

Nhung khong phai lac nao phép giai dé quy ciing c6 thé nhin nhan va thiét ké d& dang nhu
vay. Thé thi van d¢ gi can luu tAm trong phép gidi dé quy?. C6 thé tim thiy cau tra 16i qua
viéc giai dap cac cau hoi sau:

1. C6 thé dinh nghia dugc bai toan dudi dang phdi hop cta nhitng bai toan cung loai nhung
nho hon hay khong ? Khai niém "nho hon" 1a thé nao ?

2. Trudng hop dic biét nao cua bai toan s& duoc coi 1a trudng hop tam thuong va cé thé giai

ngay dugc dé dua vao phan neo cua phép giai dé quy

3.3.4. Bai toan Thap Ha N¢i

Day 1a mot bai toan mang tinh chat mét tro choi, twong truyén rang tai ngodi dén Benares co ba
céi coc kim cuong. Khi khai sinh ra thé gioi, thuong dé dat n cai dia bang vang chong 1én
nhau theo thur ty gidm dan cta duong kinh tinh tir dudi 1én, dia to nhét dugc dat trén mot

chiéc coc.

Dai hoc Sw pham Ha Néi, 1999-2002

CAu tric dit lidu va Giai thuét



Lé Minh Hoang

123
Hinh 5: Thap Ha Ngi
Céac nha su 1an lugt chuyén cac dia sang coc khac theo luat:
* Khi di chuyén mot dia, phai dat n6 vao mot trong ba co
* Mbi lan chi c6 thé chuyén mot dia va phai 1a dia ¢ trén

* Tai mot vi tri, dia nao méi chuyén dén s& phai dat 1én tr
D49 ¢



* Dia 16n hon khong bao gio dugc phép dat 1én trén dia nho hon (hay néi cach khac:
mot dia chi duoc dat trén coc hoac dat trén mdt dia 16n hon)
Ngay tan thé s& dén khi toan bd chong dia dugc chuyén sang mot coc khac.
Trong trudng hop co 2 dia, cach 1am c6 thé mo ta nhu sau:
Chuyén dia nho sang coc 3, dia 10n sang coc 2 rdi chuyén dia nho tir coc 3 sang coc 2.
Nhitng ngudi méi bat dau co thé giai quyét bai toan mot cach dé dang khi sé dia 13 it, nhung
ho s& gdp rat nhidu kho khin khi sé cac dia nhiéu hon. Tuy nhién, véi tu duy quy nap toan hoc
va mdt mdy tinh thi cong viéc tré nén kha dé dang:
Co n dia.

* Néun = 1 thi ta chuyén dia duy nhat dé tir coc 1 sang coc 2 1a xong.

« Gia str rang ta ¢6 phuong phap chuyén dugc n - 1 dia tir coc 1 sang coc 2, thi cach
chuyén n - 1 dia tir coc x sang coc y (1 < x, y < 3) ciing twong tu.

« Gia sir rang ta ¢6 phuong phap chuyén dugc n - 1 dia giira hai coc bat ky. Dé chuyén n
dia tir coc x sang coc y, ta goi coc con lai la z (=6 - x - y). Coi dia to nhét 1a ... coc,
chuyén n - 1 dia con lai tir coc x sang coc z, sau d6 chuyén dia to nhit d6 sang coc y
va cudi cung lai coi dia to nhat d6 14 coc, chuyén n - 1 dia con lai dang & coc z sang
coc y chong 1én dia to nhat.

Céch lam d6 duoc thé hién trong tha tuc dé quy dudi day:

procedure Move(n, x, y: Integer); {Thu tuc chuyén n dia tir coc x sang coc y} begin
if n =1 then WriteLn('"Chuyén 1 dia tir ', x, ' sang ', y) else {Dé chuyén n> 1 dia tir
coc X sang coc y, ta chia lam 3 cong doan}
begin
Move(n - 1, X, 6 - X - y); {Chuyén n - 1 dia tir coc x sang coc trung gian} Move(l, x, y); {Chuyén dia to nhit tir x sang y}



Move(n - 1,6 - x - y, y); {Chuyén n - 1 dia tlr coc trung gian sang coc y} end; end; Chuong trinh chinh rat don gian,
chi gém c6 2 viéc: Nhap vao s6 n va goi Move(n, 1, 2).
Chuyén ® 50 ¢
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3.4. HIEU LUC CUA PE QUY

Qua cac vi du trén, ta co thé théy dé quy la mgt cong cu manh dé giai céac bai toan. Co nhiing

bai todn ma bén canh giai thuat dé quy van c6 nhiing giai thuat 1ap kha don gian va hiru hiéu.

Ching han bai toan tinh giai thira hay tinh sé Fibonacci. Tuy vay, dé quy van co vai trd ximg

dang ciia né, co nhidu bai todn ma viéc thiét ké giai thuat dé quy don gian hon nhiéu so vai 1o

giai ldp va trong mot sd truong hop chuong trinh dé quy hoat ddng nhanh hon chuong trinh

viét khong c6 dé quy. Giai thuat cho bai Thap Ha Noi va thuat toan sip xép kiéu phan doan

(QuickSort) ma ta s& ndi tdi trong cac bai sau la nhitng vi du.

C6 mdt mdi quan hé khang khit giira dé quy va quy nap toan hoc. Cach giai dé quy cho mot

bai toan dua trén viéc dinh rd 101 giai cho truong hop suy bién (neo) rdi thiét ké 1am sao dé 16

gidi clia bai toan dugc suy ra tir 16i giai ctia bai toan nhé hon cting loai nhu thé. Tuong ty nhu

vay, quy nap toan hoc chtirng minh mét tinh chat nao d6 tmg véi sd ty nhién ciing bang cach

chtrng minh tinh chat d6 ding v&i mot sé trudng hop co s¢ (thuong ngudi ta chirng minh né

dung vai 0 hay ding véi 1) va sau d6 chig minh tinh chat d6 s& diing véi n bat ky néu né da

dung voi moi s ty nhién nho hon n.

Do d6 ta khong lay lam ngac nhién khi thdy quy nap toan hoc duoc dung dé chimg minh céac

tinh chat co lién quan t&i giai thuat dé quy. Chang han: Chimg minh s phép chuyén dia dé giai bai toan
Thép Ha Noi véi n dia 1a 2"-1: R9 rang 1a tinh chat nay ding v6in = 1, bdi ta can 2' - 1 = 1 1an chuyén dia dé
thuc hién yéu

cal g > 1; Gia st rang dé chuyén n - 1 dia giita hai coc ta can 2™ - 1 phép chuyén dia, khi do

dé chuyén n dia tir coc x sang coc y, nhin vao giai thuat dé quy ta c6 thé thdy rang trong trudng hop nay nd
can 2™'- 1)+ 1+ (2"'- 1) =2"- 1 phép chuyén dia. Tinh chat dugc

chirng minh ding véin

Vay thi cong thirc nay s€ dling véi moi n.

That déng tiéc néu nhu chung ta phai lap trinh véi mot cong cu khong cho phép dé quy,

nhung nhu vay khong cé nghia 1a ta bé tay trudc mot bai toan mang tinh d¢ quy. Moi giai



thuat dé quy déu c6 cach thay thé bang mot giai thuat khong dé quy (khtr dé quy), c6 thé noi
dugc nhu vay boi tit ca cac chuong trinh con dé quy s& déu duoc trinh dich chuyén thanh
nhiing ma 1énh khong d¢ quy trude khi giao cho may tinh thuc hién.

Viéc tim hiéu cach khir d¢ quy mot cach "may moc" nhu cac chwong trinh dich thi chi can
hiéu rd co ché xép chdng cua cac thii tuc trong mot day chuyén goi dé quy 1a c6 thé lam dugc.
Nhung mudn khir & quy mét cach tinh té thi phai tuy thudc vao timg bai toan ma khir dé quy

cho khéo. Khong phai tim dau xa, nhitng k§y thuat giai cong thirc truy hdi bang quy hoach
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dong 1a vi du cho thdy tinh nghé thuat trong nhing cach tiép can bai toan mang ban chat dé
quy dé tim ra mot giai thuat khong dé quy day hiéu qua.
Bai tap
Bai 1
Viét mot ham dé quy tinh u6c s6 chung 16n nht cua hai sb tu nhién a, b khong dong thoi
bang 0, chi rd dau 13 phan neo, dau 13 phan dé quy.
Bai 2

N . . C . theo cong thirc truy hoi sau:
Viét mot ham dé quy tinh ~ % g Y

1CC o, =
"= Véi0<k<n: CCC =

1k —1n
+ k

Chimg minh rang ham d6 cho ra dung gia tri )kn('k
Lé Minh Hoang

Néu rd cac budce thue hién cua gidi thuat cho bai Thap Ha Noi trong truong hop n = 3.
Viét chuong trinh giai bai toan Thap Ha Noi khong dé quy
D520

§4. CAU TRUC DU LIEU BHAKBM NIHNNyNH SACH
SACH Chuyén dé



Danh sach 1a mot tip sap thir tw cac phan tir cing mot kiéu. Di véi danh sach, ngudi ta c6
mét s6 thao tac: Tim mot phﬁn tur trong danh sach, chén mot phén tir vao danh sach, xoa mot

phan ttr khoi danh sach, sip xép lai cac phan tir trong danh sach theo mét trat ty nao do v.v...
4.2. BIEU DIEN DANH SACH TRONG MAY TiNH

Viéc cai dat mot danh sach trong may tinh turc 1a tim mot cAu tric dit liéu cyu thé ma may tinh
hiéu dugc dé luu cac phan tir cia danh sach dong thoi viét cac doan churong trinh con mé ta

cac thao tac can thiét doi véi danh sach.

4.2.1. Cai diit biing ming mt chiéu

Khi cai dat danh sach bang mot méang, thi c6 mot bién nguyén n luu s6 phan tir hién c6 trong
danh sach. Néu méang dugc danh sé bat dau tir 1 thi cac phan tir trong danh sach dwoc cit giit
trong mang bang cic phan tr duoc danh sé tir 1 t6i n.

Chén phin tir vio mang:

Mang ban dau:

Néu mudn chén mot phan tr V vao mang tai vi tri p, ta phai:

Don tat cd cac phan tir tir vi tri p toi téi vi tri n ve sau mot vi tri:



¥ ¥ ¥ ¥ ¥ ¥ X ¥ X X X
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bat gia tri V vao vi tri p:
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Tangn1én 1

i phan tir khéi mang

oa

X

N

Mang ban dau:



Mubdn xo04 phan tir thir p ciia mang ma van giit nguyén thir tw cac phén tir con lai, ta phai:

Don tat ca cac phan tu tr vi tri p + 1 téi vi tri n 1€n trude mot vi tri:
A
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Trong trudong hop can x6a mot phan tir ma khong can duy tri thtr tu cua céc phan tir khéc, ta
chi can ddo gia tri cua phan tir can x6a cho phan tir cudi cung roi giam so6 phan tir cia mang (n)

dil.

4.2.2. Cai @it bing danh sach néi don

Danh sach ndi don gém cac nit duoc ndi v6i nhau theo mot chiéu. Mdi nat 13 mot ban ghi
(record) gém hai trudng:

Trudng thtr nhat chira gia tri luu trong nat d6

Trudng thir hai chira lién két (con trd) toi nit ké tiép, tirc 1a chira mot thong tin di dé biét nit
ké tiép nut d6 trong danh sach 1a nat nao, trong trudong hop 13 nit cudi cung (khong ¢ nat ké

tiép), truong lién két nay dugc gan mot gia tri dac biét.
Data

Gia tri

Lién két

Hinh 6: Céu tric mit cia danh sach néi don
Nt dau tién trong danh sach dugc goi 1a chdt ctia danh sach ndi don (Head). Bé duyét danh
sach nbi don, ta bit dau tir chét, dia vao trudng lién két dé di sang nut ké tiép, dén khi gip gia
tri dac biét (duyét qua nut cuéi) thi dung lai

Head

Hinh 7: Danh sach néi don

Chén phin tir vao danh sich ni don:

Danh sach ban dau:



Head

ap

Mudn chén thém mot nit chia gia tri V vao vi tri ctia nut p, ta phai:
A
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a) Tao ra mot nut mdi NewNode chira gia tri V:
Chuyén dé



O 000

b2) Néu khong co nat dimg trude nit p trong danh sach thi tire 14 p = Head, ta chinh 181 lién két:

NewNode lién két t6i Head (cii) va dat lai Head = NewNode
Xo4 phin tir khéi danh sich noi don:
Danh sach ban dau:

Head

qp
Muédn huy nut p khoi danh sach nbi don, ta phai:
Tim nit q 14 nit démg 1lién trude nat p trong danh sach (nat c6 lién két toi p)
Néu tim thay thi chinh lai lién két: q lién két thang t6i nut lién sau p, khi d6 qua trinh duyét
danh sach bat dau tir Head khi duyét t6i q s& nhay qua khong duyét p nita. Trén thuc té khi cai
dit bang cac bién dong va con tro, ta nén c6 thao tac giai phong bd nhé di cap cho nut p

Head

aqp

Néu khong c6 nat ding trude nut p trong danh séch thi tirc 1a p = Head, ta chi viéc dat lai
Head bang nat dtng ké tiép Head (cii) trong danh sach. Sau d6 c6 thé giai phong bd nhé cp

cho nut p (Head cii)

4.2.3. Cai @it bang danh sach ndi kép



Danh sach ndi kép gdom céc nit duoc ndi véi nhau theo hai chiéu. Mdi niit 1a mot ban ghi
(record) gém ba trudng:
b) Tim nat q 1a nat ding trude nit p trong danh sach (nat co lién két t6i p).
b1) Néu tim théy thi chinh lai lién két: q lién két toi NewNode, NewNode lién két t6i p

Head
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» Truong thi nhét chira gia tri luu trong nit d6

Pai hoc Su pham Ha Npi, 1999-2002
p

« Truong thir hai (Next) chira lién két (con tro) toi nit ké tiép, tirc 1a chira mot thong tin
du dé biét nat ké tiép nit d6 1a nit nao, trong truong hop 14 nat cudi cung (khong cd
nut ké tiép), truong lién két nay duoc gan mot gia ti dic biét.

* Truong thur ba (Prev) chua lién két (con trd) toi nit lién trude, tire 1a chira mot thong

tin du dé biét niat dung trudc nat d6 trong danh sach 14 nit nao, trong trudng hop 1a



nut dau tién (khong c6 nat lién trude) trudng nay duoc gan mot gia tri dic biét.

Lé Minh Hoang
Lién két sau

Hinh 8: Céu tric niit cia danh sach ndi kép

Khac voi danh sach ndi don, danh sach ndi kép c6 hai chdt: Nt dau tién trong danh sach



duoc goi la First, nut cudi cung trong danh sach duoc goi la Last. bé duyét danh sach ndi kép,
ta c6 hai cach: Hogc bat du tir First, dwa vao lién két Next dé di sang nut ké tiép, dén khi gap
gia tri dic biét (duyét qua nat cudi) thi dimg lai. Hodc bat dau tir Last, dya vao lién két Prev
dé di sang nut lién trudc, dén khi gip gia tri dic biét (duyét qua nat dau) thi dimg lai

First

Last

Hinh 9: Danh sach noi kép
Viéc chén / xo4 vao danh sach nbi kép ciing don gian chi 1a k¥ thuat chinh lai cac mbi lién két

gitra cac nat cho hop ly, ta coi nhu bai tap.

4.2.4. Cai @it bing danh sach ndi vong mot hwéng

Trong danh sach ndi don, phan ttr cudi cting trong danh sach cé truong lién két duge gan mot

gi4 tri ddc biét (thuong str dung nhét 13 gia tri nil). Néu ta cho truong lién két ciia phan tir cudi
cung tré thing vé phan tr dau tién cua danh sach thi ta s& duge mot kiéu danh sach méi goi 1a

danh sach ndi vong mot hudng.
A

-
-

Hinh 10: Danh sach ndi vong mot huéng



D
D
D
D
D
E
E
E
E
Data
Gia tri
D560
Chuyén dé

D

Dbi voi danh sach ndi vong, ta chi can biét mot nut bat ky cua danh sach 13 ta co thé duyét
duoc hét cac nut trong danh sach bang cach di theo hudng cua cac lién két. Chinh vi Iy do nay,
khi chén xo04 vao danh sach ndi vong, ta khong phai xir 1y cac truong hop riéng khi chén xoé

tai vi tri ciia chot

4.2.5. Cai dit bang danh sach ndi vong hai huéng

Danh sach nbi vong mot hudng chi cho ta duyét cac nut cia danh sach theo mot chiéu, néu cai
dit bang danh sach n6i vong hai hudng thi ta c6 thé duyét cc niit ctia danh sach ca theo chiéu
nguoc lai nita. Danh sach ndi vong hai hudng c6 thé tao thanh tir danh sach ndi kép néu ta cho
truong Prev ctia nit First tro thang téi nut Last con trudng Next ctia nat Last thi tré thang vé

nut First.

Hinh 11: Danh sach ndi vong hai hwéng
Bai tap
Bai 1

Lap chuong trinh quan 1y danh sach hoc sinh, tuy chon loai danh sach cho phu hop, chuong

Lién két truéc



trinh ¢6 nhitng chirc nang sau: (Hé so mot hoc sinh gid st ¢o: Tén, 1op, sb dién thoai, diém
TB ...

Cho phép nhap danh sach hoc sinh tir ban phim hay tur file.

Cho phép in ra danh sach hoc sinh gdm c6 tén va xép loai

Cho phép in ra danh sach hoc sinh gdm céac thong tin day du

Cho phép nhap vao tir ban phim mot tén hoc sinh va mot tén 16p, tim xem c6 hoc sinh co tén
nhap vao trong 16p d6 khong 2. Néu c6 thi in ra sb dién thoai cua hoc sinh dé

Cho phép vao mot hd so hoc sinh méi tir ban phim, bd sung hoc sinh d6 vao danh sach hoc
sinh, in ra danh sach mai.

Cho phép nhap vao tir ban phim tén mdt 16p, loai bo tit ca cac hoc sinh cia 16p d6 khoi danh
sach, in ra danh sach méi.

C6 chirc ning sap xép danh sach hoc sinh theo thir tr giam dan cta diém trung binh

Cho phép nhap vao hd so mot hoc sinh méi tir ban phim, chén hoc sinh d6 vao danh sach ma
khong 1am thay doi thir tyr da sap xép, in ra danh sach méi.

Cho phép luu trir lai trén dia danh séch hoc sinh khi d4 thay doi.
A
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Bai 2

Dai hoc Sw pham Ha Npi, 1999-2002
C6 n nguoi danh s6 tir 1 téi n ngdi quanh mot vong tron (n < 10000), ciing choi mét tro choi:
Mot nguoi nao d6 dém 1, nguoi ké tiép, theo chiéu kim dong hd dém 2.... cit nhu vay cho t6i
ngudi dém dén mot s6 nguyén to thi phai ra khoi vong tron, nguoi ké tiép lai dém bat du tir 1:
Hay 1ap chuong trinh
Nhap vao 2 s6 n va S tir ban phim
* Cho biét néu ngudi thir nhét 1a ngudi dém 1 thi ngudi con lai cudi ciing trong vong
tron 1a ngudi thir may
* Cho biét néu ngudi con lai cudi ciing trong vong tron 13 nguoi thir k thi nguoi dém 1 1a
nguoi nao?.
Giai quyét hai yéu cau trén trong truong hop: dau tién tro choi duoc dém theo chidu kim dong

ho, khi c6 mot nguoi bi ra khoi cude choi thi van 1a nguoi ké tiép dém 1 nhung qua trinh dém



nguoc lai (tirc 13 nguoc chiéu kim déng ho)

Lé Minh Hoang
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g ) 5.1. NGAN XEP (STACK)
§5. NGAN XEP VA HANG

1510] 1
Ngin xép 1a mot kiéu danh sach dugc trang bi hai phép toan bo sung mét phan tir vao cubi
danh sach va loai bé mdt phin tir ciing & cudi danh sach.
C6 thé hinh dung ngin xép nhu hinh anh mot chong dia, dia nao duogc dat vao chong sau cung
s& nam trén tat ca cac dia khac va s& duoc 1ay ra dau tién. Vi nguyén tic"vao sau ra trude" do,
Stack con c6 tén goi 1a danh sach kiéu LIFO (Last In First Out) va vi tri cudi danh sach duoc

goi la dinh (Top) cua Stack.



5.1.1. M ta Stack bing méng

Khi mé ta Stack bang mang:

Viée bd sung mot phan tir vao Stack turong duong véi viéc thém mot phan tir vao cudi mang.
Viéc loai bo mét phan tir khoi Stack twong dwong véi viée loai b mot phan tir & cubi mang.
Stack bi tran khi bo sung vao mang da day

Stack 1 rdng khi s6 phan tir thuc su dang chira trong mang = 0.

program StackByArray; const
max = 10000; var

Stack: array[1..max] of Integer; Last: Integer;

procedure StackInit; {Khdi tao Stack rong} begin
Last := 0; end;

procedure Push(V: Integer); {Piy mot gia tri V vao Stack} begin
if Last = max then WriteLn('Stack is full') {Néu Stack di day thi khong day duoc thém vio nita} else
begin
Inc(Last); Stack[Last] := V; {Néu khong thi thém mot phan tir vao cudi mang} end; end;

function Pop: Integer; {Lay mot gi4 tri ra khoi Stack, tra vé trong két qua ham} begin
if Last = 0 then WriteLn('Stack is empty') {Stack dang rdng thi khong 13y duoc} else
begin
Pop := Stack[Last]; Dec(Last); {L4y phan tir cudi ra khoi mang} end; end;

begin
Stacklnit; <Test>; {Pua mot vai 1énh dé kiém tra hoat dong cua Stack}

Dai hoc Sw pham Ha Npi, 1999-2002
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end. Khi cai dat bing mang, tuy cac thao tac d6i v6i Stack viét hét sic don gian nhung & day ta
van chia thanh cac chuong trinh con, mdi chuong trinh con mé ta mot thao tac, dé tir d6 vé
sau, ta chi can biét rang chuong trinh cta ta c6 mot ciu trac Stack, con ta mo phong cu thé
nhu thé nao thi khong can phai quan tam nira, va khi cai dat Stack bﬁng cac céu trac dir liéu

khéc, chi can stra lai cac thu tuc StackInit, Push va Pop ma thoi.

5.1.2. M6 ta Stack biang danh sach néi don kiéu LIFO

Khi cai dit Stack bang danh sach ndi don kiéu LIFO, thi Stack bi tran khi ving khong gian
nhd ding cho céac bién dong khong con du dé thém maot phan tir méi. Tuy nhién, viéc kiém tra

diéu nay rat khé bai n6 phu thudc vao may tinh va ngdn ngir 1ap trinh. Vi dy nhu déi véi



Turbo Pascal, khi Heap con tréng 80 Bytes thi ciing chi dii chd cho 10 bién, mdi bién 6 Bytes
ma thoi. Mit khac, khong gian bd nhé dung cho céc bién dong thuong rat 16n nén cai dat dudi
day ta bo qua viéc kiém tra Stack tran.

program StackByLinkedList; type
PNode = “TNode; {Con trd t6i mot nat cia danh sach} TNode =
record {Cau triic mot nut ciia danh sach}

Value: Integer; Link: PNode;

end; var
Last: PNode; {Con tro dinh Stack}

procedure StackInit; {Khéi tao Stack rong} begin
Last := nil; end;

procedure Push(V: Integer); {Pay gia tri V vao Stack ¢ thém nut méi chira V va ndi nit d6 vao danh sach} var
P: PNode; begin

New(P); PA.Value := V; {Tao ra mot nit méi} PA.Link := Last; Last

:=P; {Moc nat d6 vao danh sach} end;

function Pop: Integer; {Lay mot gi4 tri ra khoi Stack, tra vé trong két qua ham} var
P: PNode; begin
if Last = nil then WriteLn('Stack is empty') else
begin
Pop := Last*.Value; {Gan két qua ham} P := Last*.Link; {Gitr lai nut tiép theo last” (nut duoc ddy vao danh
sach truée nut Last”)} Dispose(Last); Last := P; {Giai phong bo nhé cip cho Last”, cap nhat lai Last méi} end;
end;

begin
Stacklnit; <Test>; {Pua mot vai I¢nh dé kiém tra hoat dong cua Stack}

Lé Minh Hoang
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de
end. 5.2. HANG DOQI

Hang doi 1a mot kiéu danh sach duoc trang bi hai phép toan bo sung mdt phan tir vao cudi
danh sach (Rear) va loai b6 mét phan tir & dau danh sach (Front).
C6 thé hinh dung hang doi nhu mot doan nguoi xép hang mua vé: Ngudi nao xép hang trude

4
SN

s€ dugc mua vé trudce. Vi nguyén tac"vao trude ra trude" do, Queue con co tén goi la danh

sach kiéu FIFO (First In First Out).

5.2.1. Md ta Queue bing mang

Khi mo6 td Queue bang mang, ta cd hai chi so6 First va Last, First luu chi s6 phan tir dau Queue

con Last luu chi s6 cudi Queue, khoi tao Queue r6ng: First := 1 va Last := 0;



Dé thém mot phan tir vao Queue, ta ting Last 1én 1 va dwa gia tri d6 vao phan tir thir Last.
Dé loai mot phan tir khoi Queue, ta ldy gia tri & vi tri First va tang First 1én 1.

Khi Last ting 1én hét khoang chi s6 cia mang thi mang da day, khong thé day thém phan tir
vao nira.

Khi First > Last thi tirc 1a Queue dang rong

Nhu vay chi mot phan ctia mang tir vi tri First toi Last duoc sir dung lam Queue.

program QueueByArray; const
max = 10000; var
Queue: array[1..max] of Integer; First, Last:
Integer;

procedure Queuelnit; {Khoi tao mot hang doi rong} begin
First := 1; Last := 0; end;

procedure Push(V: Integer); {Piy V vio hang doi} begin
if Last = max then WriteLn('Overflow') else
begin
Inc(Last); Queue[Last] := V; end;
end;

function Pop: Integer; {Lay mot gi4 tri khoi hang doi, tra vé trong két qua ham} begin
if First > Last then WriteLn('Queue is Empty') else
begin
Pop := Queue[First]; Inc(First); end;
end;

begin
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Queuelnit; <Test>; {Pwa mot vai 1énh dé kiém tra hoat dong ctia Queue} end. Xem lai chwong trinh cai dit Stack béng
mot mang kich thudc téi da 10000 phan tir, ta thdy

rang néu nhu ta 1am 6000 Ian Push rdi 6000 1an Pop roi lai 6000 1an Push thi vin khong c6

van dé gi xay ra. Ly do 13 vi chi s6 Last lwu dinh cua Stack s& duoc ting 1én 6000 rdi lai giam

dén 0 roi lai ting tro lai 1én 6000. Nhung ddi voi cach cai dit Queue nhu trén thi s& gip thong

bao 16i tran mang, boi mdi 1an Push, chi s6 cudi hang doi Last ciing tang 1én va khong bao gio

bi giam di ca. Do chinh 12 nhugc diém ma ta noi t6i khi cai dat: Chi co cac phan tir tir vi tri

First té1 Last 1a thude Queue, cac phf?m tur tur vi tri 1 téi First - 1 14 vo nghia.

Pé khic phuc diéu nay, ta mé ta Queue bang mot danh sach vong (biéu dién bang mang hoic

cau tric lién két), coi nhu cac phan tir cia mang dugc xép quanh vong theo mot hudéng nao do.



Céc phan tir ndm trén phan cung tron tir vi tri First téi vi tri Last 1a cac phan tir ciia Queue. Co
thém mot bién n luu s phan tir trong Queue. Viéc thém mot phan tir vao Queue twong duong
vé6i viée ta dich chi sé Last theo vong mét vi tri roi dat gia tri mai vao do. Viéc loai bo mot
phan tir trong Queue tuong duong véi viée 1dy ra phan tir tai vi tri First roi dich chi s6 First

theo vong.

Lé Minh Hoang
First

Hinh 12: Dung danh sach vong mo ta Queue
Luu ¥ 13 trong thao tac Push va Pop phai kiém tra Queue tran hay Queue can nén phai cip
nhat lai bién n. (O day dung thém bién n cho d& hiéu con trén thuc té chi can hai bién First va

Last 14 ta c¢6 thé kiém tra duoc Queue tran hay can roi)



program QueueByCList; const
max = 10000; var
Queue: array[0..max - 1] of Integer; i, n, First,
Last: Integer;

procedure Queuelnit; {Khai tao Queue rong} begin
First := 0; Last := max - 1; n := 0; end;

procedure Push(V: Integer); {Diy gia tri V vao Queue} begin
if n = max then WriteLn('Queue is Full') else

Last
Chuyén ® 62 @ begin
dé Pop := Queue[First|; First := (First + 1) mod max; {First chay
theo vong tron} Dec(n); end; end;
begin
Last := (Last + 1) mod max; {Last chay theo vong tron} begin
Queue[Last] := V; Inc(n); end; end; Queuelnit; <Test>; {Pua mot vai 1énh dé kiém tra hoat dong

cua Queue} end.
function Pop: Integer; {Lay mot phan tir khoi Queue, tra vé trong két qua
ham} begin 5.2.2. Md ta Queue bing danh sach ndi don kiéu FIFO
if n = 0 then WriteLn('Queue is
Empty') else

Twong tu nhur cai dit Stack bang danh sach nbi don kiéu LIFO, ta ciing khong kiém tra Queue

tran trong truong hop mé ta Queue bang danh sach ndi don kiéu FIFO.

program QueueByLinkedList; type
PNode = ~*TNode; {Kiéu con tré téi mot nut ciia danh sach} TNode =
record {Cau triic mot nut ciia danh sach}

Value: Integer; Link: PNode; end;

var

First, Last: PNode; {Hai con tré ti nut ddu va nut cudi cua danh sach}

procedure Queuelnit; {Khai tao Queue rong} begin

First := nil; end;

procedure Push(V: Integer); {Diy gi4 tri V vao Queue} var

P: PNode; begin
New(P); PA.Value := V; {Tao ra mot nit méi} P”.Link := nil; if First = nil then
First := P {Moc nat do vao danh sach} else Last~.Link := P; Last := P; {Nut moi
tré thanh nat cudi, cap nhat lai con tr6 Last} end;

function Pop: Integer; {Lay gia tri khoi Queue, tra vé trong két qua ham} var
P: PNode; begin
if First = nil then WriteLn('Queue is empty') else
begin
Pop := First*.Value; {Gan két qua ham} P := First*.Link; {Giir lai nut tiép theo First* (Nut dugc ddy vao
danh sach ngay sau First")}
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63 Dispose(First); First := P; {Gidi phong bo nh cAp cho First”, cap nhat I
end;



begin Bai 1.

Queuelnit; <Test>; {Pua mot vai 1énh dé kiém tra hoat dong

cua Queue} end.

Bai tap

Tim hiéu co ché xép chong cua thu tuc dé quy, phuong phap dung ngin xép dé khir dé quy.
Viét chuong trinh mé ta cach d6i co s6 tir hé thap phan sang hé co s6 R ding ngin xép

Bai 3

Hinh 13 1a co ciu duong tau tai mot ga xe lira

Lé Minh Hoang

A



Hinh 13: Di chuyén toa tau
Ban dau ¢ dudng ray A chira cic toa tau danh sé tir 1 t&i n theo thir ty tir trai qua phai, nguoi
ta mudn chuyén cac toa do sang duong ray C dé dugc mot tha ty méi 1a mot hoan vi cua (1,
2, ..., ) theo quy téc: chi dugc dua cac toa tau chay theo dudng ray theo hudéng mii tén, co
thé dung doan dudng ray B dé chira tam céc toa tau trong qua trinh di chuyén.
a) Hay nhap vao hoan vi can co, cho biét c6 phuong 4n chuyén hay khong, va néu c6 hiy dua
ra cach chuyén:
Vi du: n=4; Tha ty can c6 (1, 4, 3, 2)

1)A — C; 2)A — B; 3)A — B; 4)A — C; 5)B — C; 6)B — C b) Nhitng hoan vi nao cua thir tu c4c toa la co thé tao
thanh trén doan duong ray C vaéi luat di

chuyén nhu trén
Bai 4

Tuong tu nhu bai 3, nhung véi so dd duong ray sau:

Hinh 14: Di chuyén toa tau (2)
® 64 @ Chuyén d&

§6. CAY (TREE)

6.1. PINH NGHIA



CAu trac dir liéu triru tuong ta quan tAm toi trong muc nay 1a cdu trac cay. Cay 1a mot cau tric
dir liéu gém mot tdp hiru han céc nut, gitra cadc nut cé mdt quan hé phan cép goi la quan hé
"cha - con". C6 mdt nut dic biét goi 1a gdc (root).
Co6 thé dinh nghia cdy bang cac dé quy nhu sau:

« Mbi nut 1a mot ciy, nat d6 ciing 1a gde cua cay ay

* Néu n 1a mot niit va 2, ..., nklan luot 1a gbe ctia céc cay T, T2, ..., Tk; cac cay Nay doi mot khong c6
nat chung. Thi néu cho niit n trd thanh cha cua cac nut N 2, ., Mkta s& duge mot cdy méi T. Cay nay co
natn la géc con cac cay T1, T2, ..., Tktrd thanh céc cay con (subtree) cua géc.
Dé tién, ngudi ta con cho phép ton tai mot cay khong co nat ndo ma ta goi la cay rong (null
tree).

X¢ét cay trong Hinh 15:

Hinh 15: Cay

AlachacuaB, C,D, con G, H,I1laconcuaD

Sb cac con ctia mot nut dugc goi 1a cAp ciia nit do, vi du cap ctia A 1a 3, cap cua B 14 2, cép
cuaClao.

Nut co cép béng 0 duoc goi l1a nit 14 (leaf) hay nut tdn cung. Vi du nhu ¢ trén, cac nit E, F, C,
G, J, K valla cac nit la. Nhitng nit khong phai 1a 14 dugce goi 1a nut nhanh (branch)

Cép cao nhét ciia mot nit trén cdy goi la cip ciia cdy do, ciy & hinh trén 13 cay cap 3.

GoOc cua cay nguoi ta gan cho so muc 1a 1, néu nat cha c6 muc 1a 1 thi nat con s€ cé muc lai+



1. Murc cua cay trong Hinh 15 duogc chi ra trong Hinh 16:
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Hinh 16: Mikc ctia cac niit trén cay
Chiéu cao (height) hay chiéu siu (depth) ctia mdt cay la s6 murc 16n nhét cua nat ¢ trén cay
d6. Cay & trén c6 chiéu cao 1a 4
Mot tap hop cac cay phan biét dugc goi 1a rirng (forest), mot cay ciing 1a mot ring. Néu bo
nut gbc trén cay thi s tao thanh mot rimg cac ciy con.
Vi du:
* Muc luc ctia mdt cudn sach véi phén, chuong, bai, muc v.v... c6 cAu tric cla cay
« Céu trac thu myc trén dia ciing c6 cu trac cdy, thu muc gde co thé coi 1a gbe cua cay
d6 véi cac cay con 1a cac thu muc con va tép ndm trén thu muc gdc.
« Gia pha ctia mot ho tc ciing c¢6 ciu tric cdy.
« Mot biéu thirc s6 hoc gdm cac phép toan cong, trir, nhan, chia ciing c6 thé luu trix
trong mt cdy ma cac toan hang dugc luu trit ¢ cac nit 14, cac todn tir dugc luu trir &

cac nut nhanh, moi nhanh 1a mot biéu thic con.

Hinh 17: CAy biéu dién biéu th

+C)*(D-E)

6.2. CAY NHI PHAN (BINARY TREE)

Cay nhi phan 12 mot dang quan trong ctia cau trac cdy. N6 c¢6 dic diém 1a moi nat trén cay chi



c6 tdi da hai nhanh con. Véi mot nit thi nguoi ta ciing phan biét cy con trai va cdy con phai
ctia nut d6. Cay nhi phan 1a cay c6 tinh d&én tht ty ciia cac nhanh con.

Can chu ¥ t6i mot s6 dang dic biét ciia cay nhi phan

/ D
+
E
* E
E
D66 ¢

Chuyén dé

Céc cay nhi phan trong Hinh 18Error! Reference source not found. dugc goi 1a ciy nhi
phan suy bién (degenerate binary tree), cac nut khong phai 1a 1a chi c6 mot nhanh con. Cay a)

duoc goi 1a cay l1éch phai, cay b) dugc goi la cay 1€ch trai, cay c) va d) dugc goi 1a cay zic-zic.
5
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a)b)c) d)
Hinh 18: Cac dang cdy nhi phan suy bién
Céc cay trong Hinh 19 dugc goi 1a cAy nhi phan hoan chinh (complete binary tree): Néu
chiéu cao cua cay la h thi moi nat c6 mitc <h - 1 déu c6 dang 2 nit con. Con néu moi nut cd
mirc < h - 1 déu c6 ding 2 nut con nhu truong hop cdy f) & trén thi cdy d6 duoc goi 1a cAy nhj
phan diy du (full binary tree). Cdy nhj phan ddy du 13 truong hop riéng cia cdy nhi phan

hoan chinh.



e)f)

Hinh 19: CAy nhi phan hoan chinh va cdy nhi phin diy di
Ta c6 thé thdy ngay nhimg tinh chat sau bang phép chimg minh quy nap:
Trong céc cdy nhi phan cé ciing s6 lwong nit nhu nhau thi cy nhi phéan suy bién cé chiéu cao
16n nhét, con cay nhi phan hoan chinh thi c6 chiéu cao nhoé nhit.
S6 luong tbi da cac nit trén muc i cua cdy nhi phan 1a 2™, t6i thiéu 1a 1 (i = 1).

S6 lugng téi da cac nat trén mot cay nhi phan c6 chiéu cao h 13 2"-1, téi thiéu 1a h (h = 1).

Cay nhi phan hoan chinh, khong day du, ¢6 n nat thi chiéu cao ciand lah = [logan + 1)+ 1.
1
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