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1.1. Bai toan liét ké

C6 mot sbd bai toan trén thwc té yéu cau chi rd: Trong mot
tap cac dbi twong cho trwéc cé bao nhiéu déi twong théa
man nhirng diéu kién nhat dinh.

Bai toan nay duoc goi la bai toan dém.

Trong I&p cac bai toan dém, c6 nhirng bai toan yéu cau chi
ré nhirng “ciu hinh” tim dwoc théa méan diéu kién la nhirng
céu hinh nao.

Nhirng bai toan nay goi la bai toan liét ké.

Thuat toan giai bai toan liét ké cho phép lan lwot xay dung
dworc tat ca cac céu hinh dang quan tam.
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Bai toan liét ké
C6 nhiéu phwong phap liét ké, nhwng ching can
rng dwoc 2 yéu cau sau:

- Khéng dwoc I&p lai mot cau hinh

— Khéng dwoc bé sét mot ciu hinh

Phwong phép liét ké |a phwong ké cubi cung dé giai
mot s6 bai toan té hop.

Kho khan ctia phwong phap liét ké 1a sw bung né té hop
dan téi sw doi hoi Ioén vé khong gian nhé va thoi gian
thwc hién chwong trinh.

Chi nén dung phwong phap liét ké khi khéng con
phwong phap nao khac dé tim ra l&i giai.
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1.2. M6t sb kién thirc vé dai sé té hop

Cho S |a mét tap hiru han n phan tr va k |12 mét sé tw

nhién.

Goi X |a tap cac s6 nguyén dwong tir 1 dén k:

X={1,2,...,k}

Chinh hop lap:
Mbi anh xa f : X — S. Cho twong rng méi i € X, mét va chi mot
phan t&r (i) e S. Pwoc goi la mét chinh hop 1ap chap k clia S.
Vidu: S={A, B, C, D, E, F}, k = 3. Anh xa f c6 thé cho nhv sau:

i 1 2 3
(i) E c E

f=(E, C, E) la chinh hop Iap chap 3 cia S.

S6 chinh hop 1&p chap k cla tap n phan t la nk.
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Mot s kién thirc vé dai sé té hop

= Chinh hop khdng lap:
Khi anh xa f la mot don anh: Vi, j € X ta c6 f(i) = f(j) < i =]j.
Hay day (1), f(2), ..., f(k) dé6i mot khac nhau.
Vidu: S={A, B, C, D, E, F}, k = 3. Anh xa f c6 thé cho nhw
sau:

i 2 3
£(i) C A E

f=(C, A, E) la chinh hop khdng Iap chap 3 clia S.
Sé chinh hop khong I&p chap k cta tap n phan ti la:
P.* = n(n-1) (n-2)..(n-k+1) = n!/(n - k)!
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M6t s kién thirc vé dai sé té hop

= Hoan vi:
— Khi k = n. M6t chinh hop khéng 1ap chap n clia S dwoc goi la
moét hoan vi cac phan tlr cla S.
- Vidu: S={A, B, C, D, E, F}, k = 6. Anh xa f cé thé cho nhw
sau:

i 1| 2 4
f)| c | A | E | B

- f=(C, A, E, B, F, D) la mét hoan vij ctia S.
— Sb6 hoan vi cia tap S gébm n phan t& bang sb chinh hop
khoéng lap chap n cla S:

Ak = n!
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Mot s kién thirc vé dai sé té hop

= T6 hop:
— M6t tap con gébm k phan tlr clia S dwoc goi 1a mot td hop
chap kcua S.
~ Vidu:S={A B, C,D,E,F} k=3
- f=(A, D, C)lamét td hop chap 3 cua S.
— S6t6 hop chap k cia S:
ck=n!/ [k!'(n - k)!]
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1.3. Phwong phap sinh (generation)

= Phwong phap sinh c6 thé ap dung dé giai bai toan liét ké
t6 hop néu théa man hai diéu kién:

— CO6 thé xac dinh dwoc mot thi tw trén tap cac ciu hinh t6
hop can liét k&. Twr do co thé biét dwoc cAu hinh dau tién va
céu hinh cuébi cung.

— Xay dwng dwoc thuat toan tr mot cAu hinh chwa phai cau
hinh cuéi, sinh ra dwgc cau hinh ké tiép né.
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Phwong phap sinh (generation)

= Phwong phéap sinh c6 thé mé ta nhw sau:
Generation() {
Xay dwng cau hinh dau tién;
do{
« Pwa ra cau hinh dang co;
« Tt cdu hinh dang c6 sinh ra ciu hinh ké tiép néu con;

} while (chwa hét ciu hinh);
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Phwong phap sinh (generation)

= Thi tw tir dién: Trén cac day hiru han, ngwei ta xac dinh
mot quan hé th tw:

Xét a[1..n] va b[1..n] I hai day c6 d6 dai n.
Trén phan t&r ctia a va b d& cé quan hé thir ty "<". Khi d6 a <
b néu nhuw:

Hoac afil = b[ijveimoii: 1<i<n.

Hodac ton tai 1 sb nguyén k: 1 < k < n dé:

a[1] = b[1]; a[2] = b[2]; ...: a[K] = b[k]; a[k+1] < b[k+1];
Quan hé tht ty a < b nay goi la tht tw twr dién trén cac day
doé dai n.
Khi a, b c6 do dai khac nhau ta thém cac phan t& vao cudi
ddy a hodc b va coi nhitng phan t&r nay nhé hon tat ca
nhirng phan t& khac.
Vidu: (1, 2,3,4)<(5,6);(a, b,c)<(a, b, c, d);
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Phwong phap sinh (generation)

= Sinh cac day nhi phan dé dai n

Day nhi phan d6 dai n la day x[1..n] trong d6 x[i] € {0, 1}, Vi:
1<is<n.

D&y nhi phan x dé dai n 1a biéu dién ctia mét gia tri nguyén
p(x) € [0, 2" —1].

Sé céac day nhj phan do dai n bang sb cac sb tw nhién thudc
doan [0, 2" — 1] va la 2" day.

Vi du: Khi n = 3, cac day nhj phan d6 dai 3 dwoc liét ké:

px)| 0 1 2 | 3| 4| 5 6 7
x | 000 | 001 | 010 | 011 | 100 | 101 | 110 | 111

Mbi day nhi phan twong (ng la mét “cau hinh” can liét ké.
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1.3.1. Sinh cac day nhi phan dé dai n

= Phan tich

— CAu hinh dau tién 12 00...0, cAu hinh cubi cung la 11...1.

— Néu c4u hinh dang c6 x[1..n] khéng phai cu hinh cuéi thi
cau hinh ké tiép nhan dwoc bang cach cong thém 1 (theo co
sO 2 ¢6 nh&) vao cau hinh dang co.

Vidu: Khin=4
Cau hinh dang cé 1010 0111
Coéng thém 1 +1 +1
C4u hinh ké tiép 1011 1000

Nhw vay ky thuat sinh ciu hinh ké tiép 1a: V&i ciu hinh dang
c6, xét tlr cudi vé dau, tim gap sb 0 dau tién.

Néu thay thi thay sb 0 d6 bang 1, dat tat ca cac phan t&r phia
sau n6 bang 0.

Khéng thay s6 0 nao thi day la ciu hinh cudi ciing, toan s 1.
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Sinh cac day nhj phan dé dain

= Thuat toan sinh ma nhij phan
sinh_day_ma_nhi_phan(n) {
1. Khéitao ciu hinh du tién x[1..n] « {0};
2. do{
2.1. Xuét céu hinh x[1..n] dang co;
2.2. Sinh c4u hinh tiép theo tir cdu hinh x[1..n] dang co;
1) Duyét x tir cubi vé dau day, tim x[i] = 0
2) Néu c6 x[i] = 0 thi thay x[i] = 1 va thay tat ca cac
phan t& x[i + 1], x[i + 2], ..., x[n] béng 0.
3) Néu khéng co x[i] = 0 thi d& tim dwoc ciu hinh
cubi
Jwhile (chwa dat cu hinh cubi);
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Sinh cac day nhj phan dé dai n

= Giai thuat
//Sinh cau hinh moi tu cau hinh dang co
void next config(int x[], int n, int i) {
x[1] = 1;
i ++;
while (1 <= n){//Dat x[i+1],
= 0;
i ++;
1
}
//Hien thi mot cau hinh
void view_config(int x[], int n){
for (int 1 = 1; 1 <= n; 1i++)
cout<x[i];
cout<<endl;
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Sinh cac day nhj phan dé dain
= Giai thuat
//Liet ke cac cau hinh
void listing configs(int n) {
int 1i;
int x[n + 1] = {0}; //Cau hinh dau tien {00..0}
do {
view config(x, n); //In mdt cdu hinh
i = n;
while (i > 0 && x[1] == 1) {
i-=;
}
if (1 > 0) { //Chua phai cau hinh cuoi
next config(x, n, 1);
}
} while (i > 0);
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1.3.2. Liét ké cac tap con k phan ti

= Liét ké cac tap con k phan to
— Liét ké cac tap con k phan t&r cla tap S = {1, 2, ..., n} theo
thwr tw tr dién.
_ Viduy: Khin=5, k=3, ta liét k& di 10 tap con (cAu hinh)
nhw sau:
1.{1, 2, 3} 2.{1, 2, 4} 3.{1, 2, 5};
4.4{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}
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Liét ké cac tap con k phan to

Phéan tich

CAu hinh khéi tao (dau tién) 1a {1, 2, ..., k}

CAu hinh két thac (cudi)la{n—-k+1,n—k+2,...,n}

Biéu dién médi ciu hinh 1a 1 day x[1..k], trong d6 x[1] < x[2] < ...
< x[k], nghia la x la day t&ng dan.

Gidi han trén cta x[k] la n, cda x[k-1] lan — 1, cda x[k-2] lan — 2;
Tbng quét: Gidi han trén cha x[i] lan —k + i;

Gii han dudi cia x[i] 1a x[i-1] + 1;

Vé&i céu hinh x dang c6, x 1a cau hinh két thic néu moi x[i] déu
dat gi&i han trén. Qua trinh sinh két thic.

Néu x chwa la ciu hinh két thic thi sinh ra cau hinh ké tiép tang
dan va “vira dd I&n hon” cu hinh dang co.
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Liét ké cac tap con k phan ti

= Viduun=9,k =6.
Céu hinh dangcé x={1, 2,6, 7, 8, 9}
Céc phan t&r tr x[3] dén x[6] déu dat gii han trén.
Khi sinh cAu hinh ké tiép ta khdng thé tang cac phan tir tw
x[6] vé dén x[3], ta phai tang x[2] = 2 1én thanh x[2] = 3.
Ta dwoc cau hinh méilax={1, 3,6, 7, 8, 9}
Céu hinh mé&i nay théa man Ién hon céu hinh dang co,
nhwng chwa thda mén tinh “vira dd Ién hon” nén ta thay cac
phan t& tt x[3] dén x[6] bang “gi¢i han dwéi” ctia n6. T la:
X[8]=x[2] + 1 =4; X[4]=x[3]+1=5
X[5] =x[4] + 1 =6; X[6] =x[5]+1=7
Ta dwoc cu hinh ké tiép 1a x = {1, 3, 4, 5, 6, 7} vira du 16n
hon cau hinh dang co.
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Liét ké cac tap con k phan to

= Ky thuat sinh cau hinh ké tiép
— Tl céu hinh dang c6 la x.
— Tim ti cubi day x vé dau cho téi khi g&p phan tlr chwa dat
gi¢ihantrénn—k+i.
— Néu tim thay, gia st la x[i]:
o Tang phan t& x[i] d6 lén 1 don vi.
o Dat tat ca cac phan tlr sau x[i] d6 bang gi¢i han dudi
twong (rng cua ching.
— Néu khéng tim dwoc, nghia 1a cac phan tr déu dat gidi
han trén, day la cau hinh ket thac.
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Liét ké cac tap con k phan ti

= Thuat toan
sinh_day_con_k_phan_tu(k, n) {
1. Khéitao x[1..k] = {1, 2, ..., k] |a cAu hinh d&u tién
2. do{
1. Xuét cAu hinh x[1..k] hién c6
2. Sinh c4u hinh ké tiép tir cAu hinh hién c6
1) Duyét tir cubi vé dau tim x[i] chua dat gi¢i han
trénlan—k+i;
2) Tim duoc x[i] thi tang x[i] Ién 1 don vi va dat cac
X[i + 1], ..., X[k] bang gi¢i han dwéi clia ching.
3) Khong tim dwoc thi x[1..k] 1a cdu hinh cubi.

} while (chwa tim dwoc céu hinh cudi);
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Liét ké cac tap con k phan tw
= Giai thuat
//Sinh cau hinh moi tu cau hinh dang co
void next config(int x[], int k, int i) ({
x[1] += 1;
i ++;
while (i <= k){//x[i+1], .., x[k] = can duoi
= x[1 - 1] + 1;
i ++;
}

}
//Hien thi mot cau hinh

void view_config(int x[], int k){
for (int 1 = 1; 1 <= k; 1++)
cout<<x[i];
cout<<endl;
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Liét ké cac tap con k phan ti

= Giai thuat
//Liet ke cac cau hinh
void listing configs(int k, int n){
int i, x[k + 1] = {0};
//Cau hinh dau tien {1 2 .. k}
for (i = 1; 1 <= k; i++) { x[1i] = 1i; }
do {
view config(x, k); //In mot cdu hinh
//Tim phan tu dau tien chua dat gh tren
i = k;
while (i > 0 && x[i] == n - k + 1)
i ==
if (1 > 0) { //Chua phai cau hinh cuoi
next config(x, k, 1i);
}
} while (i > 0);
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1.3.3. Liét ké hoan vi

= Liét ké cac hoan vi
- Lic?t ké cac hoan vi clia tap S = {1, 2, ..., n} theo th ty twr
dién.
— Viduy: Khin =3, ta liét k& d4 6 hoan vi (ciu hinh) nhu sau:
1.{1, 2,3} 2.{1, 3, 2}; 3.{2, 1, 3}
4.{2, 3, 1} 5.{3, 1, 2}; 6.{3, 2, 1}
Céuhinh dautiénlax={1, 2, ..., n}
Céu hinh kétthaclax={n, n-1, ..., 1}

Hoan vi ké tiép phai I&n hon va “Ién hon vira d” so véi cau
hinh dang co.
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Liét ké hoan vi

Phéan tich

Gia s cau hinh (hoan vi) dangcé lax = {3, 2,6, 5.4, 1}

Xét 4 phan t& cudi cung x[3] dén x[6], ta thdy ching dwoc xép
theo thir tw giam dan.

Nghia la ta hoan vi 4 phan tlr nay theo bat ky th&r tw nao ciing
déu thu dwoc cau hinh méi bé hon cau hinh dang cé.

Nhuw vay phai xét x[2] = 2; thay n6 bang mét gia tri khac;

Thay bang 1, ciu hinh ké tiép sé& bé hon.

Thay bang 3, khdng duoc vi dang ¢ x[1] = 3 (Phan t&» ding sau
khong dwoc chon vao nhirng gia tri clia cac phan tl ding trwde).
Cac phan ti con lai la 6, 5, 4. Vi cAu hinh ké tiép can viva dd 16n
nén lay x[2] = 4 ta duwoc x = {3, 4, 6,5, 2, 1}

Tw x[3] dén x[6] lay trong tap {6, 5, 2, 1}. Vi tinh chat vira du I16n
nén lay: x[3] = 1, x[4] = 2, x[5] = 5, x[6] = 6;

Vay ciu hinh ké tiép lax = {3, 4, 1, 2, 5, 6}
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Liét ké hoan vi

Nhan xét: V&i cau hinh dang co lax ={3, 2, 6, 5, 4, 1}
Poan cubi ctia x dwoc xép gidm dan.

Phan t&r x[5] = 4 1a s6 nhd nhat & doan cudi, thda man Ién hon
X[2] = 2.

Ta dao gia tri cta x[2] v&i x[5], dwoc x[2] = 4. Poan cubi van
dwoc sap xép giam dan.

Muén biéu dién nhd nhat cho doan cudi, ta ddo ngwoc doan cudi.
Trwong hop cau hinh dang xét 1a x = {2, 1, 3, 4}, thi cAu hinh ké
tiéplax=1{2, 1, 4, 3}
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Liét ké hoan vi

Ky thuat sinh cau hinh ké tiép (néu cau hinh hién tai
chwa |a cau hinh két thic)
Duyét day x ti x[n - 1] vé dau dé xac dinh doan cubi gidm dan
dai nhat, tim chi sb i ctia phan t& x[i] Ia phan t& ding lién trudc
doan cudi do, x[i] < x[i+1].
Néu tim dwoc chi s6 i nhw trén.
Tim phan t& nhd nhét trong doan cubi, gia st 1a x[k], thda
man x[k] > x[i] (duyét doan cubi ttr x[n] vé& dén x[i+1]).
Dao gia tri cua x[i] v&i x[K].
DPao nguwoc doan cubi (x[i+1] dén x[n]) dé dwoc doan cubdi
xép tang dan.
Néu khong tim thay chi sé i thi cAu hinh dang xét da la cAu hinh
két thuc.
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Liét ké hoan vi

sinh_hoan_vi(n) {
1. Khéitao x[1..n] = {1, 2, ..., n} la cAu hinh d4u tién
2. do{
1. Xuét cAu hinh x[1..n] hién c6
2. Sinh c4u hinh ké tiép tir cAu hinh hién c6
1. Duyét tir cubi vé dau tim doan cubi gidam dan dai nhat,
tim x[i] lién trwéc doan cudi giam dan, x[i] < x[i + 1];
Tim dwoc x][i] thi
a) Tim x[k] nhd nhét trong doan x[i + 1], ..., x[n] sao
X[K] > X[i].
b) Dao gia tri cha x[i] voi x[K]
¢) BDao nguwgc doan x[i + 1], ..., x[n]
3. Khéng tim dwoc thi x[1..n] 14 cAu hinh cubi.
} while (chwa tim dwoc cu hinh cubi);

Design by Minh An

14



Liét ké hoan vi
= Giai thuat

//Dao gia tri hai phan tu
void swap(int &a, int &b) {
int tg = a;
a = b;
b tg;
}
//Hien thi mot cau hinh
void view_config(int x[], int n){
for (int 1 = 1; i <= n; 1i++)
cout<<x[i];
cout<<endl;
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Liét ké hoan vi

= Giai thuat
//Sinh cau hinh moi tu cau hinh dang co
void next config(int x[], int n, int i) {
//Tim x[k] be nhat trong doan cuoi 146n hon x[1i]
int k = n;
while (x[k] < x[1i]){
k—-;
}
//Dao gia tri x[i] va x[k]
swap (x[1], x[k]);
//Dao nguoc doan cuoil
int 3 = n; i++;
while (i < j) {
swap (x[1], x[J1); i++; J--;
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Liét ké hoan vi

= Giai thuat
//Liet ke cac cau hinh
void listing configs(int n) {
int i, x[n + 1] = {0};
//Cau hinh dau tien {1 2 .. n}
for (1 = 1; 1 <= n; i++) { x[1i] = 1i; }
do {
view config(x, n); //In mdt cdu hinh
//Tim phan tu lien truoc doan cuoi giam dan
i=n-1;
while (1 > 0 && x[1i] > x[1i + 1]) 1 --=;
if (i > 0) { //Chua phai cau hinh cuoi
next config(x, n, 1i);
}
} while (i > 0);
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Bai 1: Sinh cac chudi ky tw chi chira 2 ky tw'a’, 'b’.

Bai 2: Cho 6 sinh vién {tam, toan, trang, céng, trung, tu}.
Hay liét ké cac cach lay 4 sinh vién tir 6 sinh vién trén.
Bai 3: Cho 6 sinh vién {tam, toan, trang, céng, trung, tu}.
Hay liét ké cac cach xép 6 sinh vién ngoéi vao 6 ghé dat
lién nhau.
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