CHUONG 3
DUYET VA PE QUI
3.1- Pinh nghia bang dé qui

Trong thuc t€, ching ta gdp rat nhi€u dbi tugng ma khé cé thé dinh nghia né
mot cach tuOng minh, nhung 1ai dé dang dinh nghia d6i tugng qua chinh né. Ky thuét
dinh nghia d0i tuong qua chinh né dugc goi 1 ky thuat dé& qui (recursion). P& qui
dugc st dung rOng rii trong khoa hoc mdy tinh va ly thuyét tinh toan. Cic gidi thuat
dé qui déu dugc xay dung thong qua hai budc: budc phan tich va budc thay thé
nguagc lai.

Vi du 3.1. D€ tinh tOng S(n) = 1 + 2 + . . .+ n, chiing ta c6 thé thyc hién thong qua hai
budc nhu sau:

Budc phan tich:

DE tinh todn dudc S(n) trudc tién ta phai tinh todn trudc S(n-1) sau d6 tinh S(n) =
S(n-1) +n.

DE tinh todn dugc S(n-1), ta phai tinh todn trudc S(n-2) sau d6 tinh S(n-1) = S(n-2)
+n-1.

PE& tinh todn dugc S(2), ta phai tinh todn tru'éc S(1) sau d6 tinh S(2) = S(1) + 2.
Vi cudi ciing S(1) chiing ta c6 ngay két qua 1a 1
Budc thay thé nguoc lai:
Xuat phat tr S(1) thay thé ngudc 1ai chiing ta xdc dinh S(n):
S()=1
S22)=S(1)+2
S3)=S2) +3
S(n)=S(n-1)+n
Vi du 3.2. Pinh nghia ham bang dé qui
Ham f(n) = n!
Dé thay f(0) = 1.

Vi(ntl)!=1.23...n(n+1)=n! (n+1), nén ta co:
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f(n+1) = (n+1) . f(n) véi mOi n nguyén duong.
Ham f(n) = a"

Via’ = I; f(n+1) = a*' = a.a" = a. f(n) nén f (n) = a. f(n) v4i moi sO thuc a va sO
tu nhién n.

Vi du 3.3. Tap hop dinh nghia bang dé qui
Dinh nghia dé qui‘tép céc xau : Gid s& * 1a tap cdc xau trén b cht cdi . Khi d6 *
dugc dinh nghia bang dé qui nhu sau:
* trong d6 12 xAu rOng
WX *néu w *vax *
Vi du 3.4. Cau tric tu tré duoc dinh nghia bang dé qui
struct node {
int infor;
struct node *left;
struct node *right;
I
3.2- Gidi thuat dé qui

MOt thudt todn dudgc goi 1a dé qui n€u né gidi bai todn bang cdch rit gon bai
todn ban dau thanh bai todn tUong tU nhu vay sau mOt sO hitu han 1an thuc hién.
Trong mOi 1an thuc hién, d(t li€u dau vao ti€m can tGi tap dr liéu ding.

Vi du: dé€ gidi quyé€t bai todn tim Udc sO chung 16n nhat cla hai s& nguyén
duong a va b vGi b > a, ta ¢6 thé riit gon vé bai todn tim Udc s6 chung 16n nhét cla (b
mod a) va a vi USCLN(b mod a, a) = USCLN(a,b). Diy cdc rit gon lién ti€p c6 th€ dat
dugc cho tdi khi dat di€u kién ding USCLN(0, a) = USCLN(a, b) = a. Sau diy 1a vi du
v€ mOt sO thudt todn d€ qui thong dung.

Thudt toan 1: Tinh a" bang gidi thudt dé qui, véi moi sO thuc a va sO tu nhién

double power( float a, int n ){
if ( n ==0)
return(1);

return(a *power(a,n-1));
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Thudt toan 2: Thudt toan dé qui tinh uGc sO chung 16n nhat cla hai sO nguyén
duong avab.

int USCLN( int a, int b){
if (a==0)
return(b);
return(USCLN( b % a, a));
}
Thuat toan 3: Thudt toin dé qui tinh n!
long factorial( int n){
if (n ==1)
return(1);
return(n * factorial(n-1));
}
Thudt toin 4: Thudt toan dé qui tim ki€m nhi phan:
int binary_search( float *A, int X, int 1, int j){
int mid = (1 +j)/2;
if ( x > A[mid] && i<mid)
return(binary_search(A, x, mid +1,j);
else if (x<A[mid] && j > mid)
return(binary_search(A, x, 1,mid-1);
else if (x == A[mid])
return(mid);
return(-1);
}
Thudt toan 5: Thudt toan dé qui tinh sO fibonacci thtt n
int fibonacci( int n) {
if (n==0) return(0);
else if (n ==1) return(1);

return(fibonacci(n-1) + fibonacci(n-2));
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3.3- Thudt toan sinh ké tiép

Phuong phdp sinh k€& ti€p ding d€ gidi quy€t bai todn liét ké cUa 1y thuyét td
hgp. Thuadt todn sinh k€ ti€p chi dugc thuc hi€n trén 18p cdc bai todn thda man hai
di€u kién sau:

C6 thé€ xdc dinh dugc mOt thr tu trén tdp cac cau hinh t6 hgp can liét ké, tir
d6 xéc dinh dugc cau hinh dau tién va cau hinh cudi cung.

TU mOt cau hinh bat ky chua phai 1a cudi ciing, déu c6 thé xiy dung dugc
mOt thudt todn d€ suy ra cau hinh ké tiép.

TOng quét, thudt todn sinh k€ ti€p c6 thé dugc mo td bang thU tuc genarate,
trong d6 Sinh_K&_Tiép 1a thU tuc sinh cdu hinh k€& ti€p theo thudt todn sinh da dugc
x4y dung. Néu cau hinh hién tai 1a cau hinh cubi cling thi thU tuc Sinh_Ké_Tiép sé&
g4n cho stop gi4 tri true, ngUdc 1ai cdu hinh ké ti€p s& dugc sinh ra.

Procedure  generate;

begin
<Xdy dung c@u hinh ban dau>
stop :=false;
while not stop do
begin
<Pua ra cdu hinh dang cé >;
Sinh_Ké Tiép;
end;
end;

Sau day chiing ta xét mOt sO vi du minh hoa cho thudt todn sinh.
3.3.1- Bai toan liét ké cic tap con cUa tap n phan tu
MO6t tép hop hitu han gdm n phén t( déu c6 thé bi€u dién tudng dudng vai

tap céc sO tU nhién 1, 2, . .. n. Bai todn dugc dat ra 1a: Cho mOt tap hgp gbm n phan
t0 X ={ X, Xa, . ., Xu }, hdy liét ké tat ca céc tap con cUa tap hop X.

D€ liét k& dugc tat ca céc tap con cla X, ta lam tuong Ung mbi tdp Y X vdi
mOt x4u nhi phan c6 dd dainlaB={ B, B, ..,B,}saochoB;=0néuX; Y vaB;=
1 n€u X; Y; nhu vay, phép liét ké tat ca cic tap con cUa mOt tap hop n phan tr
tuong duong v&i phép liét ké tat cd cdc xAu nhi phan ¢6 d6 dai n. SO cic xau nhi phan
c6 d6 dai n 12 2". Bay gi0 ta di xdc dinh th( tU c4c xau nhi phan va phuong phép sinh k&
tiép.
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Né€u xem cic xau nhi phan b = { b;, b, . ., b, } nhu 1a bi€u di€én cla mbt sO
nguyén duong p(b). Khi d6 th( tu hi€n nhién nhat la th( tu tu nhién dudc x4c dinh
nhU sau:

Ta néi xau nhi phdn b= { b;, by, . ., b, } ¢6 th tU truGc xau nhi phan b’ = { b’},
b’,, .., b’ } vaki hiu la b<b’ néu p(b) < p(b’). Vi du v&i n= 4: ching ta c6 2* = 16 x4u
nhi phan (tuong Ung v&i 16 tap con cla tap gbm n phan t&) dugc liét ké theo th(r tu
tUr di€n nhu sau:

b p(b)
0000 0
0001 1
0010 2
0011 3
0100 4
0101 5
0110 6
0111 7
1000 8
1001 9
1010 10
1011 11
1100 12
1101 13
1110 14
1111 15

TU day ta xdc dinh dugc xau nhi phan dau tién 13 00. .00 va xau nhi phan cudi
cting 14 11..11. Qud trinh liét ké dUng khi ta dugc xau nhi phan 1111. X4au nhi phan ké
ti€p 12 bi€u dién nhi phan cla gia tri x4u nhi phan trudc d6 cdng thém 1 don vi. TU d6
ta nhan dugc qui tac sinh k€ ti€p nhu sau:

Tim chi sO i dau tién theo th tU'i=n, n-1, .., 1 sao cho b; = 0.
Gén 1ai b; = 1 va b; = 0 v3i tat cd j>i. Day nhi phan thu dugc 1a ddy can tim
Thudt toan sinh xau nhi phin ké ti€p

void Next_Bit_String( int *B, int n ){
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1=n;
while (b;==1) {
bi = 0

1=1-1;

}
bi=1;
}
Sau diy la vin ban chuong trinh li€t ké céc x4u nhi phan c6 d0 dai n:
#include <stdio.h>
#include <alloc.h>
#include <stdlib.h>
#include <conio.h>
#define MAX 100
#define TRUE 1
#define FALSE 0
int Stop, count;
void Init(int *B, int n){
int 1;
for(i=1; i<=n ;i++)
B[1]=0;
count =0;
}
void Result(int *B, int n){
Int 1;count++;
printf("\n Xau nhi phan thu %d:",count);
for(i=1; i<=n;i++)

printf("%3d", B[i]);

}
void Next_Bits_String(int *B, int n){
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inti=n;
while(i>0 && Bl[i]){
B[1]=0; 1--;
}
if(i==0)
Stop=TRUE;
else

Bli]=1;

}

void Generate(int *B, int n){
nt 1;
Stop = FALSE;
while (!Stop) {
Result(B,n);
Next_Bits_String(B,n);

}

void main(void){
int 1, *B, n;clrscr();
printf("\n Nhap n=");scanf("%d",&n);
B =(int *) malloc(n*sizeof(int));

Init(B,n);Generate(B,n);free(B);getch();

3.3.2- Bai toan liét ké tap con m phan tU cQa tap n phan t

Bai toan: Cho tap hop X = { 1,2, .., n }. Hay liét ké tdt cd cdc tdp con m < n
phan tr cla X.

MOdi tép con m phan t& cla X c6 thé bi€u dién nhu mOt bd c6 thr tu

a=(ay, ay, .., ay) thod man 1 <=a,< a,< ..<a,<=n
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Trén céc tap con m phan t& cla X, ta dinh nghia th( tU cUa cdc tap con nhu sau:

Ta ndi tap con a = (a,, ay, .., a,) cO thU tuw rudc tap a’ = (a’1, a’, .., a’y) theo th&
tU tU di€n va ki hi€u a < a’ néu tim dudgc chi s6 k sao cho:

a=a,a=as.,q=a kg, a <ag

ViduX=1{1,23,4,5},n=5 m=3.Céic tap con 3 phan tl cla X dugc liét
ké theo th(r tu tUr dién nhu sau:

1
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Nhu vay, tap con dau tiénla 1,2, . ., m. Tap con culi ciing 1a n-m+1, n-m+2, . .,
n. Gid sU ta c6 tap con chua phai la cudi ciing (nhd hon so v&i tap con n-m+1, n-m+2,
.., n), khi d6 tap con k€ ti€p cUa a dugc sinh bdi cdc qui tac bi€n dGi sau:

Tim tU bén phdi ddy aj, a,, .., a, phantla;  n-m-+i,
Thay thé a; = a, +1;
Thay a;bGi ai+j-1, vOij=i+1,i+2,.., m.
Vi qui tac sinh nhu trén, chiing ta ¢6 th€ mé ta bang thudt todn sau:
Thudt toan liét ké tap con ké ti€p m phan ta cla tap n phan tu:
void Next_Combination( int *A, int m){
1=m;
while ( a; == m-n+1)
1=1-1;
a=a+1;

for (j =1+1; j <=m; j++)
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aj=ai+j-i;
}

Vin ban chuong trinh liét k& tap cic tap con m phan tl clia tap n phan t& dugc thé
hién nhu sau:

#include <stdio.h>

#include <conio.h>

#define TRUE 1

#define FALSE 0

#define MAX 100

int n, k, count, C[MAX], Stop;

void Init(void){
nt 1;
printf("\n Nhap n="); scanf("%d", &n);
printf("\n Nhap k="); scanf("%d", &k);

for(i=1; i<=k; 1++)

Clil=g;
}
void Result(void){
Int 1;count++;
printf("\n Tap con thu %d:", count);
for(i=1; i<=k; i++)
printf("%3d", C[1]);
}
void Next_Combination(void){
int 1,j;
1=k;

while(i>0 && Cli]==n-k+i)
i--;

if(i>0) {
Clil= C[i]+1;
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for(j=1+1; j<=k; j++)
Clj1=Clil+j-i;

}
else Stop = TRUE;
}
void Combination(void){
Stop=FALSE;
while (!Stop){
Result();
Next_Combination();
}
}

void main(void){

clrscr(); Init();Combination();getch();

3.3.3- Bai toan liét ké cic hoan vi cUa tap n phan tu
Bai todn: Cho tap hop X ={ 1, 2, . ., n }. Hay li€t ké tat cd cdc hodn vi cla X.
ng)i hoén vi n phan t cla tdp hop X c6 thé bi€u dién bdi bd c6 th(r tu gdm n
thanh phan a = (a,, a, .., a,) thod min:
a X;i=1,2,..,ma, anéup q.

Trén tap c6 th( tu cdc hodn vi n phan t& cla X, ta dinh nghia th( tu cla cic
hodn vi d6 nhu sau:

Hoén vi a = (aj, a,, .., a,) dUgc goi 1a c6 th( tu trudc hodn via’ = (a’y, a’y, .., ')
va ki hi€u a <a’ n€u tim dugc chi sO k sao cho:

a=a’, aa=a’,.., a4 =a ], a <a’y

Vidu X={ 1, 2, 3, 4} khi d6 cdc hodn vi cUa 4 phan t& dugc sap x€p theo th(r
tu tUr dién nhu sau:
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1 2 4 3
| 3 2 4
1 3 4 2
1 4 2 3
1 4 3 2
2 1 3 4
2 1 4 3
2 3 1 4
2 3 4 1
2 4 1 3
2 4 3 1
3 1 2 4
3 1 4 2
3 2 1 4
3 2 4 1
3 4 1 2
3 4 2 1
4 1 2 3
4 1 3 2
4 2 1 3
4 2 3 1
4 3 1 2
4 3 2 1

Nhu vay, hoan vi dau tién 1a 1, 2, . .,n, hodn vi cudi cling 1a n, n-1,. .1. Gid s
hodn vi a = (a,, a,, .., a,) chUa phai 1a hoan vi culi cung, khi d6 hoan vi ké ti€p cla a
dudgc sinh bdi qui tac sau:

Tim tU phdi qua trdi hodn vi c¢6 chi s6 j dau tién thod min a; < a;,, hay j 1a chi
s0 16n nhat d€ a; < a,;

Tim a, 12 s& nhd nhat con 16n hon a; trong cdc s6 & bén phdi a;;

DGi chO a; cho ay;
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Lat ngugc lai doan tU aj,y, . ., a,.
Thudt toan sinh hoan vi k€ ti€p:
void Next_Permutation( int *A, int n){
int j, k, 1, s, temp;
j=n
while (a; > a;,; )
i=i-L
k=n;
while (a; > ay )
k=k-1;
temp =a;; a; = ax; ax = temp;
r=j+1;s=n;
while (r<s) {
temp = a,; a, = a,; a; = temp;

r=r+l; s=s-1;

Vin ban chuong trinh 1iét k& cdc hodn vi cUa tap hgp gOm n phan t& nhu
sau:

#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
#define MAX 20
#define TRUE 1
#define FALSE 0
int PIMAX], n, count, Stop;
void Init(void){
int 1;count =0;
printf("\n Nhap n=");scanf("%d", &n);

for(i=1; i<=n; i++)
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Pli]=1;

}
void Result(void){
int 1;count++;
printf("\n Hoan vi %d:",count);
for(i=1; i<=n;i++)
printf("%3d",P[i]);
}

void Next_Permutaion(void){

it J, k, r, s, temp;

j=n-1;

while(j>0 && P[j]>P[j+1])
i

if(j==0)
Stop=TRUE;

else {
k=n;
while(P[j]>P[k]) k--;
temp = P[j]; P[j]=P[k]; P[k]=temp;

r=j+1; s=n;

while(r<s){
temp=P[r];P[r]=P[s]; P[s|=temp;
r++; s--;

}

}

void Permutation(void){
Stop = FALSE;
while (!Stop){
Result();
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Next_Permutaion();

}
void main(void){

Init();clrscr(); Permutation();getch();

}
3.3.4. Bai todn chia sO tu nhién n thanh téng cic s6 nhé hon

Bai to4n: Cho n 1a sO nguyén dudng. MOt cich phan chia s6 n 14 bi€u dién n thanh tEng
céc sO tu nhién khong 16n hon n. Chang han 8 =2 + 3 + 2.

Hai c4ch chia dugc goi 1a dOng nhat néu chiing c6 cling cc s6 hang va chi khac
nhau vé th( tu sap x€p. Bai todn dugc dat ra 13, cho sO tU nhién n, hiy duyét moi cich
phan chia s0 n.

Chon céch phéan chia sO n =b; + b, + . . 4+b, vGi b; > b, > .. > by, va duyét theo
trinh tU tU di€n ngugc. Chang han v4i n = 7, ching ta c6 th( tu t& di€n ngugc clla cic
cach phan chia nhu sau:

7

6 1

5 2

5 1 1

4 3

4 2 1

4 1 1 1

3 3 1

3 2 2

3 2 1 1

3 1 1 1 1

2 2 2 1

2 2 1 1 1

2 1 1 1 1 1
1 1 1 1 1 1 1
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Nhu vay, cdch chia dau tién chinh la n. C4ch chia cui ciing la diy n sO 1. Bay
gi0 chiing ta chi can xiy dung thudt todn sinh k& ti€p cho moOi cdch phan chia chua
phai 1a cudi cuing.

Thudt toan sinh cach phan chia k€ ti€p:
void Next_Division(void){
inti, j, R, S, D;
1=k;
while(i>0 && Cli]==1)

i

if(i>0){
C[i] = Cl[i]-1;
D=k-i+l;
R=D/CJi];
S =D % Clil;
k=1
if(R>0){
for(j=i+1; j<=1+R; j++)
C[j1 = Clil;
k = k+R;
}
if(S>0){
k=k+1; C[k] = S;
}
}

else Stop=TRUE;

}
Vin ban chuong trinh dugc thé hién nhu sau:

#include <stdio.h>

#include <conio.h>
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#include <stdlib.h>

#define MAX 100

#define TRUE 1

#define FALSE 0

int n, C(MAX], k, count, Stop;

void Init(void){
printf("\n Nhap n="); scanf("%d", &n);
k=1;count=0; C[k]=n;

}
void Result(void){
int 1; count++;
printf("\n Cach chia %d:", count);
for(i=1; i<=k; i++)
printf("%3d", C[i]);
}

void Next_Division(void){
inti,j, R, S, D;
1i=k;
while(i>0 && Cl[i]==1)
i--;
if(i>0){
Cli] = Cl[i]-1;
D=k-1+1;
R=D/Clil;
S =D % Clil;
k=1;
if(R>0){
for(j=1+1; j<=i+R; j++)
Clj] = CIil;
k = k+R;
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}
if(S>0){
k=k+1; C[k] = S;

}
else Stop=TRUE;

}

void Division(void){

Stop = FALSE;
while (!Stop){
Result();

Next_Division();

}
void main(void){
clrscr(); Init(); Division(); getch();

}
3.4- Thuadt toan quay lui (Back track)

Phuong phdp sinh k€ ti€p c6 th€ gidi quy€t dugc cic bai todn 1iét ké khi ta
nhan biét dugc cdu hinh dau tién cUa bai toan. Tuy nhién, khong phdi cdu hinh sinh ké
ti€p ndo ciing dugc sinh mOt cach don gidn tUr cdu hinh hién tai, ngay k€ ca viéc phat
hién c&u hinh ban dau ciing khong phai dé& tim vi nhi€u khi chiing ta phai chltng minh
su tOn tai cUa cdu hinh. Do vay, thudt todn sinh ké ti€p chi gidi quyét dugc nhiing bai
toan liét ké don gidn. D€ gidi quyét nhitng bai todn tG hgp phlc tap, ngudi ta thuOng
dung thuat todn quay lui (Back Track) s& dugc trinh bay dudi day.

NOi dung chinh cUa thudt todn nay la xdy dung dan cdc thanh phan cla cau hinh
bang céch th(r tat cd cic khd ning. Gid st can phdi tim mdt cdu hinh cla bai todn x =
(X1, X2, . ., Xp) Ma i-1 thanh phan x;, X,, . ., xi; dd dUdc x4c dinh, biy gi0 ta xdc dinh
thanh phén th(t i cUa cdu hinh bdng cich duyét tat cd cic kha ning c6 thé c6 va ddnh
sO cac kha ning tU 1 . .n;. V&i mOi kha niing j, ki€m tra xem j c6 chdp nhén dugc hay
khong. Khi d6 c6 th€ xdy ra hai truOng hop:

Néu chap nhan j thi x4c dinh x; theo j, n€u i=n thi ta dugc mOt cau hinh can tim,
ngUoc 1ai x4c dinh ti€p thanh phan x,,.
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Neéu thUr tat cd cic kha ning ma khong c6 khd ning nao dugc chdp nhan thi quay
lai budc trude d6 dé€ x4c dinh 1ai x,.;.

Di€m quan trong nhat cUa thudt toan 13 phdi ghi nhd lai mOi budc da di qua,
nh(ng khd ning nao da dugc th(r d€ tranh su trung 1&p. PE nhd 1ai nhing budc duyét
trudc d6, chudng trinh can phai dugc t6 chlic theo cO ché ngin x€p (Last in first out).
Vi vay, thudt todn quay lui rat phit hgp v&i nhlng phép g0i dé qui. Thudt toan quay lui
xéc dinh thanh phan th( i ¢6 thé dugc md ta bang thU tuc Try(i) nhu sau:

void Try(inti) {
int j;
for (j=1j<n;j++){
if (<Ch@p nhénj>) {
<Xdc dinh xi theo j>
if (i==n)
<Ghi nh@n cau hinh>;

else Try(i+l);

}
C6 th€ md td qué trinh tim ki€m 10i gidi theo thudt todn quay lui bang ciy tim
ki€m 10i gidi sau:
GOc¢

Kha ning chon x,
Kha niing chon x,
v6i x; dd chon

Khd niing chon x; véi

X1, X2 da Ch(_)n
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Hinh 3.1. Cay liét ké 10i gidi theo thudt toan quay lui.
3.4.1. Thuat toan quay lui liét ké cac xau nhi phan do dai n

Bi€u dién cdc xau nhi phan dudi dang by, b,, . . ., by, trong d6 bi {0, 1 }. Th
tuc dé qui Try(i) x4c dinh bi v&i cdc gid tri d& c(f cho bi 14 0 va 1. Céc gi4 tri ndy mac
nhién dugc chdp nhan ma khong can phdi thod min di€u ki€n gi (do d6 bai todn khong
can dén bién trang thdi). ThU tuc Init khéi tao gia tri n va bi€n dé€m count. Thu tuc
k€t quad in ra day nhi phan tim dugc. Chang han vdi n =3 , cay tim ki€m 10i gidi dugc
th€ hién nhu hinh 3.2.

0 1 1 1
000 001 010 011 100 101 110 111

2 1

Vin ban chuong trinh liét k& cdc xau nhi phan c6 d0 dai n s& dung thuadt todn
quay lui dugc thuc hién nhu sau:

#include <stdio.h>
#include <alloc.h>
#include <conio.h>
#include <stdlib.h>
void Result(int *B, int n){
int 1;
printf("\n ");
for(i=1;i<=n;i++)
printf("%3d",B[i]);
}
void Init(int *B, int n){

int i;
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for(i=1;i<=n;i++)
B[i]=0;
}
void Try(int 1, int *B, int n){
nt j;
for(G=0; j<=1;j++){
Blil=j;
if(i==n) {
Result(B,n);
}
else Try(i+1, B, n);

}
void main(void){
int *B,n;clrscr();
printf("\n Nhap n=");scanf("%d",&n);
B=(int *) malloc(n*sizeof(int));
Init(B,n); Try(1,B,n);free(B);
getch();
}
3.4.2. Thudt toan quay lui liét ké cic tdp con m phan t cla tap n phan tu

Bi€u dién tap con k phén t& dudi dang c,, ¢, . ., ¢, trong d6 1< ¢;<c, .. n.TU
d6 suy ra céc gid tri d& ¢l cho ci 1a ti ¢iy + 1 cho d€n n - k + i. Can thém vio ¢, = 0.
Céc gid tri dé c(f nay mac nhién dugc chap nhan ma khong can phdi thém di€u kién
gi. Céc thU tuc Init, Result dugc xay dung nhu nhitng vi dy trén.

Cay tim ki€m 10i gidi bai toan liét ké tap con k phan t( cUa tap n phan t& vGi
n=>5, k=3 dugc th€ hién nhu trong hinh 3.3.
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A A \ 4{\\ % 5\
145 234 235 245 345

3
123 124 124 134 135
Hinh 3.3. Ciy liét ké t0 hgp chap 3t {1, 2,3,4,5 }
Chuong trinh 1iét ké céc tap con k phan t(f trong tap n phan t& dugc thé hién nhu sau:
#include <conio.h>
#include <stdio.h>
#include <stdlib.h>
#define MAX 100
int BIMAX], n, k, count=0;
void Init(void){
printf("\n Nhap n="); scanf("%d", &n);
printf("\n Nhap k="); scanf("%d", &k);
B[0]=0;
}
void Result(void){
int 1;count++;
printf("\n Tap thu %d:",count);
for(i=1; i<=k; i++){
printf("%3d", B[i]);
}
getch();
}
void Try(int 1){
int j;
for(j=B[i-1]+1;j<=(n-k+1); j++){
Bli]=j;
if(i==k) Result();
else Try(i+1);
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}

void main(void){
clrscr();Init(); Try(1);

}
3.4.3- Thudt toan quay lui liét ké cac ho4n vi cUa tap n phan tu

Bi€u dién hodn vi dudi dang pi, pa, .., pn, trong d6 p; nhan gid trj t& 1 d€n n va
pi p;vOii j. Cic gid tri tU 1 d€n n 1an lugt dugc dé cU cho p;, trong d6 gid tri j dugc
chap nhan néu né chua duge dung. Vi vay, can phai ghi nhé vGi moi gi4 tri j xem né
dd dugc dung hay chua. Diéu nay dugc thuc hi€n nhG mOt diy cdc bi€n logic b;, trong
d6 b; = true né€u j chua dugc ding. Céc bi€n nay phdi dugc khéi dau gi4 tri true trong
thQ tuc Init. Sau khi gdn j cho p; , can ghi nhdn false cho b; va phdi gan true khi thuc
hién xong Result hay Try(i+1). Cé4c thU tuc con lai giOng nhu vi du 1, 2. Hinh 3.4 md
ta cay tim ki€m 10i gidi bai todn li€t ké hodn vicla 1,2, .., nvGin = 3.

1,23 13,2 2,13 2,3,1 3,1,2 32,1
(Hinh 3.4. Cay tim ki€m 10i gidi bai todn liét k& hodn vi cUa
{1,2,3})
Sau ddy 1a chuong trinh gidi quy€t bai todn liét ké cidc hodnvicla 1, 2, . ., n.
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#define MAX 100
#define TRUE 1
#define FALSE 0
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int PIMAX],B[MAX], n, count=0;
void Init(void){

int 1;

printf("\n Nhap n="); scanf("%d", &n);

for(i=1; i<=n; 1++)

B[i]J=TRUE,;
}
void Result(void){
int 1; count++;
printf("\n Hoan vi thu %d:",count);
for (1=1; i<=n; 1++)
printf("%3d",P[i]);
getch();
}
void Try(int 1){
nt j;
for(j=1; j<=n;j++){
ifBjD {
Pli]=j;
B[j]=FALSE;
if(i==n) Result();
else Try(i+1);
B[jI=TRUE;
}
}
}
void main(void){
Init(); Try(1);
}
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3.4.4- Bai toan X€p Hau

Bai to4n: Liét ké tat ca céc cdch x€p n quan hdu trén ban c& n x n sao cho chiing
khong dn duQc nhau.

Ban cO c6 n hang dugc danh sO tU 0 d€n n-1, n cOt dugc danh sO tUr 0 dén n-1;
Ban cO c6 n*2 -1 duOng chéo xudi dugc danh sO tUr 0 d€n 2*n -2, 2 *n -1 dUdng chéo
ngUogc dugc danh sO tU 2%n -2. Vi du: v4i ban cO 8 x 8, chiing ta c6 8 hang dugc ddnh
sO tir 0 dén 7, 8 cOt dugc danh sO tUr 0 dén 7, 15 duGng chéo xudi, 15 dudng chéo
ngUoc dugc danh sO tir 0 . .15.

Vi trén mbi hang chi x€p dugc ding mOt quan hdu, nén chiing ta chi can quan
tim d€n quan hau dugc x€p G cOt nao. TU d6 dan d€n vi€c xdc dinh bO n thanh phan
X1, X2, . ., X, trong d6 x; = j duoc hi€u 12 quan hdu tai dong i x€p vao cOt tht j. Gid tri
cUa i dugc nhan tU 0 dé€n n-1; gi4 tri cUa j ciing dugc nhan tUr 0 dén n-1, nhung thod
man di€u ki€én 6 (i,j) chua bi quin hadu khic chi€u dén theo cOt, dudng chéo xudi,
dudng chéo ngugc.

Viéc ki€m sodt theo hang ngang 1a khong can thiét vi trén mOi hang chi xép
ding mOt quan hdu. Viéc ki€m sodt theo cOt duQc ghi nhan nhG diy bién logic a; voi
qui Udc a=1 né€u cOt j con trOng, cOt a=0 néu cOt j khong con trOng. PE ghi nhan
duong chéo xudi va dudng chéo ngugc cé chi€u tdi 6 (i,j) hay khong, ta st dung
phuong trinh i + j = const va i - j = const, dUOng chéo th(r nhat dugc ghi nhan béi day
bién b;, dudng chéo th(r 2 dugc ghi nhan bdi diy bi€n ¢; v&i qui Udc néu dudng chéo
nao con trong thi gi4 tri tuong Ung cla nd 1a 1 nguge 1ai 1a 0. Nhu vay, cbt j dugc
chap nhan khi cd 3 bién a;, by,;, c;,; d€u c6 gid tri 1. Cdc bi€n nay phdi dugc khdi dau
gia tri 1 truGc d6, gan 1ai gid tri 0 khi x€p xong quan hau th( i va trd 1ai gi4 tri 1 khi
dua ra két qua.

#include <stdio.h>

#include <stdlib.h>

#include <conio.h>

#include <dos.h>

#define N 8

#define D (2*N-1)
#define SG  (N-1)
#define TRUE 1
#define FALSE 0

void hoanghau(int);
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void inloigiai(int  loigiai[]);FILE *{p;
int  A[N], B[D], C[D], loigiai[N];
int soloigiai =0;
void hoanghau(int 1){
nt j;
for (j=0; j<N;j++){
if (A[j] && B[i-j+SG] && C[i+j] ) {
loigiai[i]=j;
A[j]I=FALSE;
B[i-j+SG]=FALSE;
Cli+j]=FALSE;

if (i==N-1){
soloigiai++;
inloigiai(loigiai);
delay(500);

}

else
hoanghau(i+1);

A[j]I=TRUE;

Bli-j+SG]=TRUE;
Cli+j]=TRUE;

}
void inloigiai(int *loigiai){
int j;
printf("\n LOi gidi %3d:",soloigiai);
fprintf(fp,"\n LOi gidi %3d:",soloigiai);
for (j=0;j<N;j++){
printf("%3d" loigiai[j]);
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fprintf(fp,"%3d",loigiai[j]);
}
}

void main(void){
int 1;clrscr();fp=fopen("loigiai.txt","w"
for (1=0;i<N;i++)
A[i]=TRUE;
for(i=0;1<D; i++){
B[i]=TRUE,;
C[i]=TRUE;

}
hoanghau(0);fclose(fp);

}
3.5.- Bai toan t0i uu

Trong nhi€u bai toan thuc t&, cic cdu hinh t& hgp con dugc gan mOt gia tri bang
sO danh gi4 gid tri st dung cUa cau hinh d6i v4i mOt muc dich s& dung cu thé nao dé.
Khi d6 xudt hi€n bai toan: hiay lua chon trong sO tat cd cdc cau hinh t6 hop cdu hinh
c6 gid tri s& dung tOt nhat. Cdc bai todn nhu vay dudgc goi 1a bai toan tdi Uu t0 hQp.
Chiing ta c6 th€ phat biu bai toan tOi Uu t6 hop dudi dang tGng quat nhu sau:

Tim cuc ti€u (hay cUc dai) cla phi€m ham f(x) = min(max) vGi di€u kién x D,
trong d6 D 12 tap h{tu han cic phan tU.

Ham f{x) duoc g0i 1a ham muc tiéu cUa bai toan, mOi phan t&x D dudc goi la
mOt phuong 4n, tap D dugc goi la tap cac phuong dn cUa bai todn. Thong thuOng tap
D dugc m6 ta nhu 1a tdp cdc cau hinh t6 hgp thda man mot sO tinh chat cho trudc nio
do.

Phuong 4n x* D dem lai gi4 tri nh® nhat (16n nhat) cho ham muc tiéu dugc
g0i 12 phuong 4n tOi Uu, khi d6 gia tri £* = f(x*) duoc goi 1a gid tri tOi Uu cUa bai toan.
DuGi diy chiing ta s€ giGi thi€u m&t s& mo hinh t0i Uu héa tG hop truyén thdng. Céc
mo hinh nay 13 nh{tng mo hinh c6 nhi€u Ung dung thuc t€, dOng thoi chiing gilt vai tro
quan trong trong vi€c nghién cUtu va phit tri€n 1y thuy€t tOi Uu hod t& hop.

Bai toan Ngudi du lich: MOt ngudi du lich mu0n di thim quan n thanh ph& T, T, . . .,
T,. Xudt phat t&r mOt thanh phd nao dé, ngudi du lich muln di qua tat cd cic thanh phd
con 1ai, mOi thanh pho di qua ding mOt 1an, r0i quay trd 1ai thanh phd xudt phat. Biét
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¢; 1a chi phi di tU thanh ph6 T: dén thanh ph6 T, (i=1, 2, .. n),hdy tim hanh trinh voi
tOng chi phi 12 nh® nhat (mOt hanh trinh 12 mOt cich di thod man di€u kién).

RO rang, ta c6 th€ thi€t 1ap dugc mot tuong Ung 1- 1 gilta hanh trinh

T ) T 2) T (n) T (1)) Vél mét hoan Vi = ( (1), (2), R, (n)) CCla n 56 tur nhién
1,2,...,n Dbat
JCO) Cuo Coo + Caunm Cua,
ki hiéu lataptatcdciachoanvi =( (1), (2),..., (n))cUansOtunhiénl,?2,. .,
n. Khi d6 bai todn ngudi du lich c6 thé phat bi€u dudi dang bai toan t0i Uu t6 hgp sau:
min { f( ): }

C6 th€ thdy rang, tong s6 hanh trinh cla ngudi du lich 12 n!, trong d6 chi c6 (n-
1)! hanh trinh thuc su khac nhau (b&i vi c¢6 th€ xudt phat tU mOt thanh phd bat ky nén
c6 thé€ c6 dinh mOt thanh ph6 nio d6 1am di€m xudt phat).

Bai toan cai tdi: MOt nha tham hi€m can dem theo mot cdi tii c6 trong 1ugng khong
qud b. C6 n d6 vat c6 thé dem theo. PO vat th(r j c6 trong 1UQng a; va gid tri st dung c;
(G=1,2,..,n). HOi nha thim hi€m can dem theo nh{tng d6 vat nao d€ cho tOng gid tri
st dung 12 16n nhat ?

MOt phuong an cla nha tham hi€m c6 th€ bi€u dién nhu mOt vector nhi phan
d0 dai n: x = (X1,Xp, . ., Xu ), trong d6 x; = 1 ¢6 nghia 1a @0 vat th(r i dugc dem theo, x; =
0 c6 nghia d6 vat khong dugc dem theo. VGi phuong 4n dem theo x, gid tri st dung cdc
do vat dem theo 1a

£(x) " ¢;x;, tOng trong lugng d6 vat dem theo 1a g(x) " a,x;, nhu vay
bai todn cdi tdi dudgc phat bi€u dudi dang bai todn t0i Uu t6 hgp sau:

Trong sO cdc vetor nhi phan dO0 dai n thod man di€u ki€én g(x) b, hiy tim
vector x* cho gi4 tri 1&n nhat clla ham muc tiéu f(x). N6i cdch khdc:

Max { f(x): g(x) b}
Bai toan cho thué may: MOt 6ng chU c¢6 mOt cdi mdy d€ cho thué. Pau thing ong ta
nhén dugc yéu cau thué mdy clia m khach hang. M6i khach hang i s& cho biét tdp N,
cdc ngay trong thang can st dung mdy (i =1, 2, .., m). Ong chU chi c6 quyén hodc tur
chOi yéu cau cla khach hang i, hodc n€u nhadn thi phdi b0 tri mdy phuc vu khich hang
i diing nhiing ngay ma khach hang nay yéu cau. Hoi rang dng chU phai ti€p nhdn cic
yéu cau cla khich thé nio d€ cho t6ng sO ngay st dung mdy 1a 16n nhat.

Ky hi€u,I={1,2,..,m } latap chi sO khdch hang, S la tap hgp cic tap con cla
I. Khi d6, tap hop tat cd cic phuong 4n cho thué mdy la
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J
tOng sO ngay s dung may theo phuong 4n d6. Bai todn dat ra c6 th€ phat bi€u dudi
dang bai toan tOi Uu tG hop sau:
max{f(j):j D}.

Bai toan phan cong: Cé n cong vi€c va n thg. Biét ¢; 1a chi phi can trd d€ thg i hoan
thanh cong viéc thirj (i,j=1,2, ..., n). Can phdi thué thg sao cho cic cong vi€c d€u
hoan thanh va mOi thg chi thuc hién mOt cong vi€c, mOi cdng viéc chi do mdt thg thuc
hién. Hiy tim cdch thué n nhan cong sao cho tOng chi phi thué thg 12 nhd nhat.

R rang, mOi phuong 4n b tri thg thuc hién cdc cong vi€c tudng Ung vGi mot

hodnvi =( (1), 2), ..., (n))chansOtunhién { 1,2, .. n}. Chi phi theo
phuong dntrénla f( ) C ,, C 4, - C ..
Cong viéc Tho thuc hién
1 )
2 2)
n (n)
Bai todn ddt ra dugc dan vé bai todn t8i Uu t6 hgp: min f( ): ).

Bai toan 1ap lich: MOi mot chi tiét trong s6 n chi ti€t Dy, D,, . ., D, can phai 1an luot
dugc gia cong trén m may M,, M,, . ., M,,. Th&i gian gia cong chi ti€t D; trén miy M, 1a
t;. Hay tim lich (trinh tu gia cong ) cdc chi ti€t trén cdc may sao cho viéc hoan thanh gia
cong tat cd céc chi ti€t 1 sOm nhat c6 th€ duge. Biét rang, cic chi tiét dugc gia cong
mOt cich lién tuc. Nghia 1a qud trinh gia cong cla mOi mOt chi tiét phdi dugc tién
hanh moét cich lién tuc hét may nay sang may khic, khong cho phép cé khodng thoi
gian dUng khi chuyén tU cic may khac nhau.

R6 rang, m6i mOt lich gia cong céc chi ti€t trén cdc mdy s€ tudng Ung véi mot
hoanvi =( (1), (2),.., (n))cUansO tuwnhién 1,2, .., n. ThOi gian hoan thanh
theo céc lich trén dugc xac dinh béi ham sO

n 1
f( ) C (G G D kmltk, m » trong do Cij = Sj - Si, Sj l1a thdl dlém bét déu thU'C
i1
hién viéc gia cong chi ti€tj (i, j=1, 2, ... n). Y nghia cla hé sO c; c6 thé dugc gidi
thich nhu sau: né 12 tGng thdi gian gidn doan (dugc tinh tU khi bat dau gia cong chi tiét
i) gy ra bdi chi tiét j khi n6 dugc gia cong sau chi ti€t i trong lich gia cdng. Vi vay, c;
c6 thé tinh theo cong thifc:
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k k1
¢;  max t; ty viL,j=1,2,...,n Vi Véy bai todn dat ra dan vé bai todn

1 k m 11 l1

t0i Uu tO hgp sau:
min { f( ): }.

Trong thuc t€, lich gia cdng con phdi thOa min thém nhi€u diéu ki€n khac nira.
Vi nhitng Ung dung quan trong cUa nh{ng bai to4n loai nay ma trong t&i Uu hod t& hop
da hinh thanh mOt linh vuc 1y thuyét riéng v€ cdc bai toan 1ap lich , d6 1a 1y thuyét 1ap
lich hay qui hoach lich.

3.6.Thuat toan duyét

MOt trong nhitng phuong phép hi€n nhién nhat d€ gidi bai todn t0i Uu tG hgp
dat ra 1a duyét toan b0. Trén cO sG cac thudt todn 16t ké t0 hdp, ta ti€n hanh duyét
tUng phuong 4n cUa bai toan. POi véi mOi phuong 4n, ta d€u tinh gid tri ham muc tiéu
tai né, sau d6 so sanh gia tri cUa ham muc tiéu tai tat ca cdc phuong 4n dia dugc liét ké
dé€ tim ra phuong 4n tOi Uu. Phuong phdp xdy dung theo nguyén tac nhu vy dugc goi
12 phuong phap duyét toan b0. Han ché cUa phuong phip duyét toan bd 1a su biing nd
cla céc cdu hinh t6 hgp. Chang han, d€ duyét dugc 15! = 1 307 674 368 000 cdu
hinh, trén may c6 tOc d0 1 ty phép tinh gidy, n€u moi hoan vi can liét k& mat khodng
100 phép tinh, ta cdn khodng thOi gian 1a 130767 gidy ( 16n hon 36 ti€ng dong ho). Vi
vay, can phai c6 bién phap han ché viéc ki€m tra hodc tim ki€m trén cic cdu hinh td
hop thi m&i c6 hy vong gidi dugc cic bai todn tOi Uu t6 hop thuc t€. Tat nhién, dé€
dua ra duge mOt thudt todn, can phai nghién clru kY tinh chat clla mOi bai toan t6 hgp
cU thé. Chinh nh& nhitng nghién cltu d6, trong mOt s6 truGng hgp ta c6 thé xiy dung
dugc thudt todn hi€u qud d€ gidi quy€t bai toan dat ra. Nhung ciing can phai chd y
rang, trong nhi€u trudng hgp ( bai todn ngudi du lich, bai todn cdi tii, bai todn cho thué
mdy) ching ta van chua tim ra dugc mOt phuong phap hitu hiéu nao ngoai phuong
phap duyét toan b0 da dugc dé cap & trén. Vi du sau day 1a mOt di€n hinh cho phuong
phap duyét toan bd.

Vi du. Duyét moi b0 gia tri trong tap cac gia tri roi rac
Trong thuc t€ rat thudng hay gdp bai todn tdi Uu t0 hgp dudc cho dudi dang sau:
Tim

max f(x,,x,,....x,):x; D;i 12,..n

hoac min f(x,x,,..x,):x;, D;i 12,..n .
Trong d6, D; 1a moét tap hitu han cé4c gid tri rOi rac thda man mOt di€u kién rang
buOc nao do.

Gia sU sO cac phan t cUa tap gid tri r@irac Dy lar (i=1,2,...,n). GOiR =1, +
r,+...+1, 12 s0 cdc phan tU thubc tat cd céc tap Di (i=1, 2, ..., n). Khi dé, ta c6 tat
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cd C(R, n) b0 c6 th(r tu cdc gia tri gdbm n phan tU trong R phan tU. Trong sO C(R,n) cic
b0 n phan tl, ta can 1oc ra cac b0 thod min di€u kién x; D; (i=1, 2, .. ., n) d€ tinh gid
tri cla ham muUc tiéu f(x,, X,, . . ., X,). NhU vay, bai todn dugc dua vé bai todn duyét
cdc b0 gbm n phan t (x4, X,, . . ., X,) tWtdp hgp gdm R =1, + 1, + . . + 1, phan tU thod
min diéu kién x; D..

Vi du: vG6itap D1 = (1, 2, 3),

D2 =3, 4),

D3 =5, 6, 7).
Khi dé ching ta can duyét b0 cic gid tri rOi rac sau:
1 3 5 2 4 5
1 3 6 2 4 6
1 3 7 2 4 7
1 4 5 3 3 5
1 4 6 3 3 6
1 4 7 3 3 7
2 3 5 3 4 5
2 3 6 3 4 6
2 3 7 3 4 7

Vin ban chuong trinh dugc thé€ hién nhu sau:
#include <stdio.h>
#include <stdlib.h>
#include <alloc.h>
#include <conio.h>
#define MAX 2000000
#define TRUE 1
#define FALSE 0
int n, k, H[100]; float *B;int *C, count =0, m;
FILE *fp;
void Init(void){
int 1,;float x;C[0]=0;H[0]=0;

fp=fopen("roirac.in","r");
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fscanf(fp,"%d",&n);
printf("\n So tap con roi rac n=%d",n);
for(i=1; i<=n; i++){
fscanf(fp,"%d",&H[i]);
printf("\n Hang %d co so phan tu la %d",1, H[1]);
}
H[0]=0;
for (i=1; i<=n; i++){
printf("\n");
for(j=1; j<=HI[i]; j++){
fscanf(fp," %f",&x);
B[++k]=x;

}
printf("\n B=");
for(i=1; i<=k; i++){
printf("%8.2f", B[i]);
}
fclose(fp);
}
int In_Set(int 1){
int canduoi=0, cantren=0,j;
for(j=1; j<=i; j++)
cantren = cantren + H[j];
canduoi=cantren-H[j-1];
if (C[i]> canduoi && C[i]<=cantren)

return(TRUE);
return(FALSE);
}
void Result(void){
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int 1;
count++; printf("\n Tap con thu count=%d:",count);
for(i=1; i<=n ; i++){

printf("%8.2f", B[C[i]]);

}
}
void Try(int 1){
nt j;
for(j = C[i-1]+1; j<=(k-n+i); j++){
Clil=j;
if(In_Set(1)){
if (i==n ) Result();
else Try(i+1);
}
}
}

void main(void){
clrscr();
B = (float *) malloc(MAX *sizeof(float));

C = (int *) malloc(MAX *sizeof(int));
Init(); Try(1);free(B); free(C);getch();

3.7- Thuadt toan nhanh can
Gia sU, ching ta can gidi quyét bai toan tOi Uu t6 hgp vGi md hinh tOng quat
nhU sau:
min f(x):x D
Trong d6, D 1a tap h{tu han phan t(r. Ta gid thi€t D dugc mo ta nhu sau:
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D={x=(X,X..-%X) A A, ... A,;xthod min tinh chat P }, véi
A A, ... A,lacdc tap h(tu han, P la tinh chat cho trén tich dé xdc A, A,
A, .

NhU vay, céc bai todn chiing ta vUra trinh bay & trén d€u c6 th€ dugc md ta dudi
dang trén.

Vi gid thi€t vé tap D nhu trén, chiing ta c6 th€ s dung thudt toan quay lui dé
liét ké cdc phuong 4n cUa bai todn. Trong qué trinh liét ké theo thudt todn quay lui, ta
s€ xay dung dan cic thanh phan cla phuong dn. MOt b0 phan gOm k thanh phan (a,,
a, . . ., ) xuat hién trong qua trinh thuc hién thuat toin s& dugc goi 1a phuong 4n bO
phan cap k.

Thudt toan nhdnh can c6 th€ dugc 4p dung gidi bai todn dat ra, n€u nhu c6 thé
tim dugc mOt ham g xdc dinh trén tap tat cd cic phuong 4n bd phan cla bai todn thod
min bat dang thlc sau:

g(a,,a,,..,a;) min f(x):x D,x, a,,i L2,..,k (*)
v6i moi 10i gidi b0 phan (a;, a,, .., a), vavéimOik=1,2,...

Bat dang thlc (*) c6 nghia 12 gi4 tri cla ham tai phudng 4n bO phan (ay, as, . .,
a,) khong vugt qua gid tri nhd nhat clia ham muc tiéu bai todn trén tap con cic phuong
an.

D(aj,a; ..,a){x D:xi=a,1=1,2,..,k},

néi cach khic, g(ay, a,, .., a) 1a can dudi cla tdp D(a,, a,, . ., a;). Do c6 thé dOng nhat
tap D(a,, a, . . ., a) vOi phuong 4n b0 phan (a,, a,, . . , a,), nén ta cling goi gid tri g(a,,
a, .., a) la can dudi cUa phuong 4n b0 phan (a,, a,, . ., a).

Gid sU, ta di c6 dugc ham g. Ta xét cach s& dung ham nay d€ han ché khoi
luong duyét trong qud trinh duyét tat cd cdc phuong 4n theo thudt todn quay lui. Trong
qua trinh 1iét ké cdc phuong 4n, c6 thé€ di thu dugc mOt s& phudng 4n cla bai todn.
GOi x la gid tri hAm muc tiéu nhd nhat trong sO cdc phuong 4n da duyét, ky hi€u
f  f(x).Tagoi x la phuong 4n t6t nhat hién c6, con f1a ky luc. Gid sU, ta c6 dugc
£, khi d6 néu

g(ay, ay, .., a) > £ thi tir bat dang thic (*) ta suy ra

?< g(a,a,...,a) min{f(x):x D,x=a,i=1,2,...,k},vi thé tép con cac
phuong 4n cla bai todn D(a,, a,, . . ., a) chac chan khong ch(fa phudng 4n tGi Uu.
Trong truGng hop nay, ta khdng can phadi phat tri€n phudng 4n b0 phan (a,, a,, . . .,

a,). N6i cdch khdc, ta c6 thé loai bd cac phuong 4n trong tap D(ay, a,, . ., a,) khoi qué
trinh tim kiém.

Thudt toan quay lui 1iét ké cdc phuong 4n can slta dGi 1ai nhu sau:
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Procedure Try(k);

(*Phdt tri€n phuong 4n b0 phan (a;, ay, . . ., a
theo thudt toan quay lui c6 ki€m tra can dudi
trudc khi ti€p tuc phat tri€n phuong 4n*)

begin
fora, Ayxdo
begin
if < chdp nhan a, > then
begin
Xk 1= A}
if k = n then < cap nhat ky luc>
elseif g(a;, @, ..., a) f then Try (k+1);
end;
end;
end;

Khi dé, thuat todn nhanh can dugc thuc hién nhd thu tuc sau:
Procedure Nhanh_Can;

Begin
f=+

(* N€u biét mOt phuOng 4n * nio d6 thi c6 th& ddt /(¥ *)
Try(1);
if f + then <f lagidtrit0i uu, x 1a phuong 4n tOi Uu >
else < bai todn khong c6 phuOng an>;

end;

Chu y rang, néu trong thU tuc Try ta thay thé cau 1énh
if k = n then < cap nhat ky luc >

else if g(ay, a,, . ., ay) ? then Try(k+1);

if k = n then < cap nhat ky luc >
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else Try(k+1);

thi thU tuc Try sé& liét ké toan b0 c4c phuong 4n cla bai todn, va ta 1ai thu dugc thuat
toan duy€t toan b0. Viéc xay dung ham g phu thudc vio tlng bai toan tOi Uu tG hgp cu
thé. Nhung chiing ta c® gang xiy dung sao cho viéc tinh gid tri cla g phdi don gidn
va gid tri cUa g(ay, a,, . ., a,) phai sdt vGi gia tri cla ham muc tiéu.

3.7.1. Thudt toan nhanh can gidi bai toan cai tii

Chiing ta s€ xét bai toan cdi tdi tOGng quat hon md hinh di duQc trinh bay trong muc
trén. Thay vi c6 n d0 vat, & day ta gid thi€t rang cé n loai d6 vat va sO lugng do vat
mOi loai 1a khong han ché. Khi d6, ta ¢6 md hinh bai todn cdi tdi bi€n nguyén sau diy:
C6 n loai db vat, dd vat th( j ¢6 trong 1ugng a; va gid tri st dung ¢; (j =1, 2, . ., n).
Can chat cac d0 vat nay vao mOt céi tdi cé trong 1Ugng 12 b sao cho tOng gid tri st
dung cla cdc dO vat dung trong tdi 12 16n nhat. Md hinh todn hoc cUa bai todn c6 dang
sau:

f* max f(x) c;X;: ax; b,xj Z ,j L1L2,...n ,(1)
Trong dé, Z+ 1a tap cac sO nguyén khong Am.
Ky hi€u D Ia tap cdc phuong 4n cUa bai todn (1):

n

D x (x,x,,..,x,: ax; b,xj
jl

Z ,j 12,..n .

Khong gidm tinh tOng quat, ta gid thi€t rang, cac d0 vat dugc danh sO sao cho
bat dang thlc sau dugc thod man

a b ¢

- 2)

n

@ @
DPE xay dung ham tinh can dudi, cing vGi bai todn cdi tdi (1) ta xét bai todn cai tdi bién
lién tuc sau: Tim

.
g max c;x;: a;x; b,x,

0,j L2,...n . 3)

Ngudi ta da chltng minh dugc rang phuong 4n tOi Uu cla bai todn (3) 1a vector
v0i cdc thanh phan dugc xdc dinh bdi cong thic:

va gid tri t6i Uu 1a
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Bay gi0, gid s c6 phuong dn bd phan cap k: (uy, u, . ., uy). Khi d6, gia tri sir
dung cUa cdc d6 vat dang c6 trong tii 12

Gy Cylly .. Gl

va trong lugng con 1ai cla tdi 1a

b, b cu, cu, .. cu,,
ta co
max f(x):x D,x; wu,,j 1,2,....n
max C;X;: ax; bk,xj Z,j k Lk 2,..n
jk1 j k1
, Mmax C;X;1  a;x; bk,xi 0,j k Lk 2,..,n
k1 k1 ‘
¢ by
k
a
(NhU vay gid tri sO hang th( hai 1a ¢, b, /a, )
TU d6 ta c6 th€ tinh can trén cho phudng 4n b0 phan (uy, u,, . . ., uy) theo cong
thlc
c, b
guuy,nu,) . K
a;

Chi y: Khi ti€p tuc xdy dung thanh phan th( k+1 cla 10i gidi, cac gia tri d€ cUr
cho X1 €120, 1, .. ., [bi/aw.]. Do c6 k€t qud clla ménh d€, khi chon gid tri cho Xy, ta
s& duyét cic gia tri dé cU theo th(r tu gidm dan. Chang han, gidi bai todn cdi tii sau
theo thuat toan nhénh can trinh bay

f(x) 10x, 5x, 3x, 6x, max

S5x; 3x, 2x; 4x, 8
X, Z.j 1234

J

Qud trinh gidi bai todn dUgc mo ta trong ciy tim ki€m trong hinh 3.5. Thong tin v& mOt
phuong 4n b0 phan trén cAy dugc ghi trong céc 6 trén hinh v€ tudng Ung theo th(r tu
sau:

dau tién 1a c4c thanh phan cla phuong 4n

ti€p dén 12 gia tri cUa cdc dO vat chat trong tdi
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u la trong 1Ugng con 1ai cUa tii
g 1a can trén.
Két thiic thudt todn, ta thu dugc phudng 4n t6i Uu 1a
x*=(1, 1,0, 1),
gid tri t6i Uu = 15.
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Hinh 3.5. Gidi bai todn cdi tiii theo thudt todn nhdnh can.

GOc f
A/xlz/l/ x1=0
(1) =10; =0;

w=3; g=15 w=8; g=40/3

=1 x2=0
(L,1) =I15; (1,0) =10;
w=0; g=15 w=3; g=14.5

\Loai vi can trén <ky Iuc
X3=f

(1,1,0)
=15;
xrre—Ne ~—1K

]

x  (1,1,0,0);
f 15

Chuong trinh gidi bai todn cdi tdi theo thudt todn nhanh can dugc thé hién nhu
sau:

#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>
#include <dos.h>
#define TRUE 1
#define FALSE 0
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#define MAX 100

int

float

x[MAX], xopt[MAX];
fopt, cost, weight;

void Init(float *C, float *A, int *n, float *w){

}

int 1;FILE *fp;
fopt=0; weight=0;
fp=fopen("caitui.in","r");
if(fp==NULL){
printf("\n Khong co file input");
delay(2000); return;
}
fscanf(fp,"%d %f", n,w);
for(i=1; i<=*n;i++) xopt[i]=0;
printf("\n So luong do vat %d:", *n);
printf("\n Gioi han tui %8.2f:", *w);
printf("\n Vecto gia tri:");
for(i=1; i<=*n; 1++) {
fscanf(fp," %f", &Cli]);
printf("%8.2f", C[i]);
}
printf("\n Vector trong luong:");
for(i=1; i<=*n; 1++){
fscanf(fp," %t", &Ali]);
printf("%38.2f", A[i]);
}
fclose(fp);

void swap(int n){

nt 1;

for(i=1; i<=n; i++)
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xopt[i]=x[i];

}
void Update_Kyluc(int n){
if(cost>fopt){
swap(n);
fopt=cost;
}

}
void Try(float *A, float *C, int n, float w, int 1){
int j, t=(w-weight)/A[i];
for(j=t; j>=0;j--){
x[il=j;
cost = cost + C[i]*x[i];
weight = weight + x[1]*A[i];
if(i==n) Update_Kyluc(n);
else if(cost + C[i+1]*(w-weight)/A[i+1]> fopt){
Try(A, C, n, w, i+1);
}
weight = weight-A[1]*x[1];

cost = cost-C[i]*x[i];

}
}
void Result(int n){
int 1;
printf("\n Gia tri do vat %8.2f:", fopt);
printf("\n Phuong an toi uu:");
for(i=1; i<=n; i++)
printf("%3d", xopt[i]);
}
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void main(void){

int n;

float A[MAX], CIMAX], w;
clrscr();Init(C, A, &n, &w);
Try(C, A, n, w,1);Result(n);
getch();

3.7.2. Thuat toan nhanh can gidi bai toan nguoi du lich

Bai toan Ngudi du lich. MOt ngudi du lich mubn di thim quan n thanh phd T,
T,, . .., Ta. Xudt phat tU mOt thanh phO nao d6, ngudi du lich muln di qua tat cd céc
thanh ph® con 1ai, mOi thanh phd di qua ding mOt 1an, r0i quay trd 1ai thanh phO xudt
phat. Biét c; 1a chi phi di tUf thanh phd T; dén thanh phd T, (i, j = 1, 2, . ., n), hdy fim
hanh trinh v&i tOng chi phi 1 nhd nhat (mOt hanh trinh 13 mOt cich di thod min di€u
kién).
Gidi: C6 dinh thanh phO xudt phét 1a T,. Bai toan Ngudi du lich dugc dua vé bai todn:
Tim cuc ti€u cla phi€m ham:
f(x,xy,.0x,) cbLx,] clx,,x;] ... clx,,,x,] c[x,,x,] min
vOi diéu kién

Con  Min cli, jl,i,j 12,.,mi j 1achi phi dilai gi(ra cdc thanh phO.

Gia sU ta dang c¢6 phudng 4n bd phan (uj, u,, . . ., u). PhuOng 4n tuong Ung voi
hanh trinh b0 phdn qua k thanh pho:

, Tw,) .. Tw,,) Tu,)
Vi vay, chi phi phdi trd theo hanh trinh b0 phdn nay sé 1a tOng céc chi phi theo tlng
node cUa hanh trinh b phan.
=C[1,UZ] + C[UQ,Ug] +...+ C[uk,l, uk] .

P& phit tri€n hanh trinh bd phan nay thanh hanh trinh day dU, ta con phai di qua n-k
thanh phO con 1ai rdi quay trd v€ thanh phd T, tlc 1a con phdi di qua n-k+1 doan
duodng nira. Do chi phi phdi trd cho viéc di qua moi trong n-k+1 doan dudng con lai
déu khong nhi€u hon ¢, nén cdn dudi cho phuong dn b0 phan (u;, u,, . . ., uy) ¢ thé
dudgc tinh theo cong thlc
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g(uly U, ..., uk) = +(n - k +1) >kain-

Chang han, gidi bai toan ngudi du lich vGi ma trén chi phi nhu sau

0 3 14 18 15
30 4 22 2
C 17 9 0 16 4
6 2 7 0 12
9 15 11 5 O

Ta ¢6 Cmin = 2. Qud trinh thuc hi€n thudt todn dugc mo td bdi cay tim ki€m 10i
gidi dugc th€ hién trong hinh 3.6.

Thong tin vé mOt phuong 4n bd phan trén cdy dugc ghi trong cic  trén hinh vé
tudng Ung theo th( tU sau:

dau tién Ia cdc thanh phan cla phudng 4n
ti€p dén 1 chi phi theo hanh trinh b phan
g 1a can dudi

K&t thiic thuadt todn, ta thu dugc phuong an t0i bu (1,2,3,5,4, 1) tuong Ung
vGi phuong 4n tOi Uu v&i hanh trinh

]-'1 T2 T3 TS T4 ]-‘l
va chi phi nhd nhat 1 22
Hinh 3.6. Cdy tim ki€m 10i gidi bai todn nguoi du lich.

a \
2) =3;g=15 3) =14;g=26 4 =18;g=30 5) =15;g=27
2,3) =7; g=16 2,4) =25;g=34 2,5 =23; g_

| \
2,34) =23; 23,5 =11;
g=29 g_17

!
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Cac nhanh nay bi loai vi ¢6 can

(2,34,5) =41; (2,3,54) =16; dudig> f 22
g=44 g=19
|

l N

Hanh trinh ( 1, 2, 3,4, 5,1) chi Hanh trinh ( 1, 2, 3, 5,4, 1) chi
phi 53. bat ? 53 phi 25(K)’l luc méi) . Pat
72

Chuong trinh gidi bai toan theo thudt todn nhanh cdn dugc th€ hién nhu sau:
#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
#include <io.h>
#define MAX 20
int n, PIMAX], BIMAX], C[20][20], count=0;
int AIMAX], XOPT[MAX];
int can, cmin, fopt;
void Read_Data(void){
int 1, J;FILE *{p;
fp = fopen("dulich.in","r");
fscanf(fp,"%d", &n);
printf("\n So thanh pho: %d", n);
printf("\n Ma tran chi phi:");
for (i=1; i<=n; i++){
printf("\n");
for(j=1; j<=n; j++){
fscanf(fp,"%d",&C[il[j]);
printf("%5d", C[i][j]);
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int Min_Matrix(void){
int min=1000, i, j;
for(i=1; i<=n; i++){
for(j=1; j<=n; j++){
if (i!=j) && min>C[i][j])
min=C[i][j];

}
return(min);
}
void Init(void){
nt 1;
cmin=Min_Matrix();
fopt=32000;can=0; A[1]=1;
for (i=1;i<=n; 1++)
Bli]=1;
}
void Result(void){
nt 1;
printf("\n Hanh trinh toi uu %d:", fopt);
printf("\n Hanh trinh:");
for(i=1; i<=n; 1++)
printf("%3d->", XOPT[i));
printf("%d",1);
}
void Swap(void){
int 1;
for(i=1; i<=n;i++)
XOPT[i]=Alil;
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void Update_Kyluc(void){
int sum;
sum=can+C[A[n]][A[1]];
if(sum<fopt) {

Swap();
fopt=sum;
}
}
void Try(int 1){
nt j;
for(j=2; j<=n;j++){
if(BjD{
Alil=j; B[j1=0;
can=can+C[A[i-1]][A[i]];
if (i==n) Update_Kyluc();
else if( can + (n-i+1)*cmin< fopt){
count++;
Try(i+1);
}
B[j]=1;can=can-C[A[i-1]][A[i]];
}
}
}

void main(void){
clrscr();Read_Data();Init();
Try(2);Result();
getch();
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BAI TAP CHUONG 3

3.1. Duyét moi tap con cUa tap hop 1, 2, ... n. DI li€u vio cho bdi file
tapcon.in, k€t qua ghi lai trong file baill.out. Vi du sau s& minh hoa cho file
tapcon.in va tapcon.out.

tapcon.in tapcon.out

3 1
2
2 1
3
3 1
3 2
3 2 1

3.2. Tim tap con dai nhat c6 th{ tu ting dan, giam dan. Cho diy sO a,, a,, . . ., a,.

Hiy tim ddy con dai nhdt dugc sap x€p theo th(f tu ting hodc gidm dan. DI liéu vao
cho bdi file tapcon.in, dong dau tién ghi 1ai sO tw nhién n (n  100), dong k€& ti€p ghi 1ai
n s0, mbi sO dugc phan biét v&i nhau bGi mOt hodc vai ky tu rOng. K&t qud ghi 1ai
trong file tapcon.out. Vi dy sau s& minh hQa cho file tapcon.in va tapcon.out.

tapcon.in tapcon.out

5 5

713 8 9 6 12 1 3 8 9 12
3.3. Duyét cac tap con thod man di€u kién. Cho diy s0 aj, a,, . . ., a, va s M. Hay
tim tat cd cdc diy con ddy con trong day sO aj, a,, . . ., a, sao cho tOng cdc phan tUf trong

diy con ding bang M. D{r liéu vao cho bdi file tapcon.in, dong dau tién ghi 1ai hai sO
tU nhién N va sO M (N 100), dong k€ ti€p ghi 1ai N s6 m0i sO dudc phan biét vGi
nhau bdi mét va dau trOng. K&t qud ghi 1ai trong file tapcon.out. Vi du sau s& minh
hoQa cho file tapcon.in va tapcon.out

tapcon.in
7 50
5 10 15 20 25 30 35
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tapcon.out

20 30

15 35

10 15 25

5 20 25

5 15 30

5 10 35

5 10 15 20

3.4. Cho 1udi hinh ch(t nhat gbm (n m) hinh vudng don vi. Hiy liét ké tat cd céc
duong di tUr di€ém c6 toa dO (0, 0) dén di€ém c6 toa d6 (n  m). Biét rang, di€m (0, 0)
dudc coi 1a dinh dudi cla hinh vudng dudi nhat géc bén trdi, mOi budc di chi dugc
phép thuc hién hodc 1én trén hodc xuGng dudi theo canh cUa hinh vuong don vi. DI
li€u vio cho bdi file bail4.inp, k€t qua ghi 1ai trong file bail4.out. Vi du sau s minh
hQa cho file bail4.in va bail4.out.

bail4.in

2 2

bail4.out

0 0 1 1
0 1 0 |
0 1 1 0
1 0 0 1
1 0O 1 0
I 1 0 0

3.5. Duyét moi tép con k phan tu tU tdp gdm n phan t. D liéu vao cho bai file
tapcon.in, k€t qud ghi 1ai trong file tapcon.out. Vi du sau s€ minh hoa cho tapcon.in va
tapcon.out.

tapcon.in
5 3
tapcon.out

1 2 3
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1 2 4

1 2 5

| 3 4

1 3 5

| 4 5

2 3 4

2 3 5

2 4 5

3 4 5
3.6. Duy@t céc tap con k phan tU thda man di€u kién. Cho diy sO aj, a,, . . ., a, va sO
M. Hay tim tat cd cdc diy con ddy con k phan tf trong day sO aj, a,, . . ., a, sao cho tOng

cdc phan tU trong ddy con diing bang M. D{t liéu vio cho bdi file tapcon.in, dong dau
tién ghi 1ai sO tu nhién n , k va s& M, hai s6 dugc viét ciach nhau bGi mOt vai ky tu
trOng, dong k€ ti€p ghi 1ai n s6 mbi sO dugc viét cich nhau bdi mOt hodc vai ky tu
trOng. K&t qua ghi 1ai trong file tapcon.out. Vi du sau s& minh hoa cho file tapcon.in
va tapcon.out.

tapcon.in

7 3 50

5 10 15 20 25 30 35
tapcon.out

5 10 35

5 15 35

5 20 25

10 15 25

3.7. Duy€t moi hodn vi cUa tr COMPUTER. D{t liéu vio cho bdi file hoanvi.in, két
qud ghi 1ai trong file hoanvi.out.

3.8. Duy&t mOi ma tran cic hoan vi. Cho hinh vuong gdbmn n (n 5, n 1é) hinh
vudng don vi. Hiy di€én cic s6 tU 1, 2, . . ., n vao céc hinh vudng don vi sao cho nhiing

diéu kién sau dugc thod main:
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a) Doc theo hang ta nhan dugc n hodn vi khic nhaucla 1,2, .. ., n;
b) Poc theo cOt ta nhan dugc n hodn vi khdc nhauclal,2,.. ., n;
c) Poc theo hai dudng chéo ta nhan dugc 2 hodn vi khdc nhaucla 1,2, .. ., n;

Hiy tim it nhat 1 (hodc tat cd) céc hinh vudng thod min 3 di€u ki€n trén. DI 1iéu
vao cho bdi file hoanvi.in, k€t qud ghi 1ai trong file hoanvi.out. Vi du sau s minh
hoa cho file input & output cUa bai toan.

hoanvi.in
5

hoanvi.out
5 3 4 1 2
1 2 5 3 4
3 4 1 2 5
2 5 3 4 |
4 1 2 5 3

3.9. Duy€t mQi cich chia sO tuU nhién n thanh tGng cdc sO nguyén nhd hon. D liéu
vao cho bdi file chiaso.in, két qud ghi lai trong file chiaso.out. Vi du sau s& minh hoa
cho file input & output cUa bai toan.

chiaso.in

4

chiaso.out

4

3 1

2 2

2 | |

1 1 1 1

3.10. Duyét moi b0 gia tri trong tap cac gia tri rdi rac. Cho k tap hgp céic s6 thuc
A, As, ..., Ak 10) c6 sO cdc phan tU tuong Ung 1a Ny, N, . . ., Ny ( céc tap c6 thé
c6 nhiing phan tU gidng nhau). Hay duyét tat cd cdc b0 k phan t& a=(ay, a,, . . ., a;) sao0
cho a; Ai=1, 2, . . ., k). DUt li€u vao cho bdi file chiaso.in, dong dau tién ghi lai k+1
sO tU nhién, m6i s6 dugc phan biét vGi nhau bdi mOt vai ddu trong 1a gid tri cla n, N,
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Na, ..., Ni; k dong k€ ti€p ghi 1ai cic phan tU cUa tap hgp A, A,, . . ., A.. K&t qud ghi
lai trong file chiaso.out, mOi phan t{* dudc phan biét vGi nhau bdi mOt vai ddu trOng.
Vi du sau s€ minh hQa cho file input & output cUa bai toan.

Chiaso.inp

3 3 2 2
1 2 3
4 5

6 7

chiaso.out

1 4 6
1 4 7
1 5 6
1 5 7
2 4 6
2 4 7
2 5 6
2 5 7
3 4 6
3 4 7
3 5 6
3 5 7

3.11. Tim b0 gi4 tri r0i rac trong bai 21 d€ ham muc tiéu sin(x+X, + . . .+ X,) dat gid tri
16n nhat. D{ li€u vao cho bdi file bai22.inp, k€t qua ghi 1ai trong file bai22.out.

3.12. Duyét moi phép todn trong tinh toan gid tri bi€u thlc. Vi€t chuong trinh nhép tUr
ban phim hai sO nguyén M, N. Hay tim céch thay cdc ddu ? trong bi€u thUc sau bdi cc
phép todn +, -, *, %, / (chia nguyén) sao cho gi4 tri cQa bi€u thlc nhan dugc bang ding
N:
(((M™™) M)?M)?M)?M)?M
Néu khong dudc hiy dua ra thong bdo 12 khong thé dugc.
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3.13. Bai toan cdi tdi v&i sO lugng dO vat khong han ché€. MOt nha tham hi€m dem
theo mOt cdi tii c6 trong lugng khong qua b. Cé n d0 vat can dem theo, d6 vat
th( i c6 trong lugng tuong Ung 1a moOt sO a; va gid tri sirdung ¢; (1 i n). Hay
tim céch bd cdc d0 vat vao tii sao cho tOng gia tri s& dung cac dO vat 1a 16n
nhat. Biét rang s6 lugng cdc d6 vat 1a khong han ché. DI liéu vao cho bdi file
caitui.in, dong dau tién ghi 1ai sO tu nhién n va sO thuc b hai sO dugc viét cich
nhau b3i m6t dau trOng, hai dong k€ ti€p ghi n sO trén mOi dong, tuong Ung
vGi vector gid tri sU dung c; va vector trong 1uong a.. K&t qua ghi 1ai trong file
caitui.out trén 3 dong, dong dau ghi 1ai gia tri s& dung tdi Uu, dong k€ ti€p ghi
lai loai d6 véat can dem theo, dong cudi ciing ghi 1ai sO 1uong cla moi loai d6
vat. Vi du sau s€ minh hQa cho file input & output cUa bai todn.

caitui.in
4 8

10 5 3

5 3 2 4
caitui.out

15

1 1 0 0

1 1 0 0
3.14. Bai todn cdi tdi v&i sO lugng d6 vat han ché. MOt nha tham hi€m dem theo mOt
cdi tdi c6 trong lugng khong qua b. C6 n dd vat can dem theo, d0 vat th( i c6 trong
lugng tudng Ung 1a mOt sO a; va gid tri s& dung ¢; (1 i n). Hiy tim c4ch bo cdc do
vat vao tii sao cho tOng gid tri s& dung cac dO vat 12 16n nhat. Biét rang s6 1uOng mOi
do vat1a 1. D liéu vao cho bdi file caitui.in, dong dau tién ghi 1ai sO tu nhién n va s
thuc b hai s6 dugc vi€t cach nhau bdi mOt dau trOng, hai dong k€ ti€p ghi n sO trén
mOi dong, tuong Ung vGi vector gia tri sU dung ¢; va vector trong 1UQng a;. K&t qua ghi
1ai trong file caitui.out trén 2 dong, dong dau ghi lai gid tri s dung t0i Uu, dong ké
ti€p ghi 1ai loai d0 vat can dem theo. Vi du sau s minh hoa cho file input & output
cUa bai todn.

caitui.in

4 8

8 5 3 1

4 3 2 1

caitui.out

14
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3.15. Bai to4an ngu0i du lich. MOt ngu0i du lich mudn di tham quan tai n thanh ph®
khéc nhau. Xudt phét tai mét thanh ph6 nio dé, nguGi du lich mulOn di qua tat ca cic
thanh ph® con lai mOi thanh phd ding mOt 1an r6i quay trd 1ai thanh phd ban dau.
Biét Cij 12 chi phi di Iai tif thanh ph6 th( i dén thanh phd th( j. Hay tim hanh trinh c6
chi phi thdp nhat cho ngudi du lich. D{t li€u vao cho bdi file dulich.in, dong dau tién
ghi 1ai sO tuU nhién n, n dong k€ ti€p ghi 1ai ma tran chi phi Cij. K&t qud ghi 1ai trong
file dulich.out, dong dau tién ghi 1ai chi phi tdi Uu, dong k€ ti€p ghi 1ai hanh trinh t6i
Uu. Vi du sau s€ minh hQa cho file input & output cUa bai to4n.

dulich.in
5
00
20
29
06
01
dulich.out
81
1

1

48
00
64
19
28

1

43
30
00
02
07

0

54
63
04
00
18

1

31
22
17
08
00
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