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Gidi thiéeu bai toan

® Bai toan dua ra danh sa}ch tat ca cau hinh to hop
thoa man m(f)g sO tinh chat cho truoc dugce goi la bai
todn liét ké to hop.
® Do 56 luong cau hinh t6 hop can ligt ké thuong 14
rat 16n ngay ca khi kich thudce cau hinh chua 16n:
S6 hoan vi ctia n phan tir 13 n!
S6 tp con m phan tir cia n phan tir 1a n!/(m!(n-m)!
® Do d6 an ¢6 quan niém thé nao 1 giai bai toan
liét ké to hop
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GiGi thiéu bai toan

® Bai toan liét ké t6 hop 1a giai dugc néu nhu
ta cO thé xac dinh mot thudt todan dé theo d6
co thé 1an luot xay dung dugc tat ca cc cau
hinh can quan tam.
® Mot thuat toan i€t ké phair dam bao 2 yéu
cau co ban:
Khong dugce lap lai mot cau hinh,
khong duge bo sot mot cau hinh.
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Khai niém bai toan tinh toan

® Dinh nghia. Bai toan tinh toan F la anh xa tw tdp cac xdu nhi phan

do dai hiru han vao tdp cac xau nhi phan do dai hitu han:
F:{0,1}*—> {0,1}*

® Vidu:

® Moi s0 nguyén x deu c6 thé bicu dién dudi dang xau nhj phén 1a cach
vi€t trong h¢ dém nhi phan cua no.

® H¢ phuong trinh tuyén tinh Ax = b c6 thé biéu dién dudi dang xau la
ghép nodi1 cua cac xau bicu dién nhi phan cua cac thanh phan cua ma
tran A va vecto b.

® Pa thirc mot bién:

Px)=ayta x+..+a,x,

hoan toan x4c dinh béi day sb n, aq, ai, ..., a,, ma dé biéu dién day sb

k nay ching ta co thé sir dung x4u nhi phan.




~

® Pinh nghia. Ta hiéu thudt todn gidi bai toan dat ra la
mot thu tuc xac dinh bao gém mot day hitu han cac buoc
can thue hién dé thu dwoc dau ra cho mét dau vao cho
trieoc cua bai toan.

Khai niém thuat toan

® Thuat toan c6 cac dac trung sau day:
Pau vao (Input): Thuat toan nhan dir licu vao tr mot tap nao
do.
Pau ra (Output): Vi mdi tap cac dir liéu dau vao, thuat toan
dua ra cac dir ligu twong trng vo1 101 giai cua bai toan.

Chinh xac (Precision): Cac budc cua thuat toan dugc mo ta

\ chinh xac. /
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Khai niém thuat toan

Hiru han (Finiteness): Thuét toan can phai dua duoc
dau ra sau mot sd hiru han (co thé rat 16n) budc vol
moi dau vao.

Pon tri (Uniqueness): Cac két qua trung gian cia
tirng budc thuc hién thuat toan dugc xac dinh mot
cach don tr1 va chi phu thudc vao dau vao va cac két
qua cua cac budc trude.

Tong quat (Generality): Thuat toan c6 thé ap dung dé
g1a1 mo1 bai toan co6 dang da cho.

\_ /
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® D¢ phirc tap tinh todn cua thuat toan dugc xac dinh nhu la luong

Do phure tap cua thuat toan

tai nguyén cac loal ma thuat toan doi hoi st dung.

® (o hai loai tai nguyén quan trong do 1a tho1 gian va bo nho.

® Viéc tinh chinh xac dugc cac loai ta1 nguyén ma thuat toan do1 hoi
1a rat kho. Vi thé ta quan tam dén viéc dua ra cac danh 214 sat thuc
cho cac dai lugng nay.

® Trong gi4o trinh ndy ta dic biét quan tim dén danh gia thoi gian
can thiét dé thuc hién thuit toan ma ta sé g01 1a thoi gian tinh cua

thuat toan.

\_ /
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Do phure tap cua thuat toan

® RO rang: Thoit gian tinh phu thudc vao dir 1iéu vao.

® Vi du: Viéc nhan hai so nguyén c6 3 chit s6 doi hoi thoi gian khac
han so v&i viée nhan hai s6 nguyén co 3*10° chit so!

® Pinh nghia. Ta goi kich thwée di liéu dau vao (hay dé dai dir
liéu vao) la s6 bit can thiét dé biéu dién né.

® Vidu: Néu x, y la dau vao cho bai toan nhan 2 s6 nguyén, thi kich
thude di liéu vao cta bai toan 1a n = [log |x|| + [log ] |.

® Ta s€ tim cach danh gia tho1 gian tinh cua thuat toan bo1 mét ham

kcﬁa do dai dir liéu vao. /
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Phép toan co’ ban

® Po thoi gian tinh bang don vi do nao?

® Dinh nghia. 7a goi phép todan co ban la phep
toan co the thuc hién voi thoi gian bi chan boi
mot hang so khong phu thuoc vao kich thuoc dir
lieu.

® Pé tinh toan thoi gian tinh ctia thudt toan ta sé
dém so phép toan co ban ma no phdi thwc hién.

\_ /
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Cac loai thoi gian tinh

® Chung ta sé quan tam dén:

Thoi gian t6i thiéu can thiét dé thuc hién thuat toan véi moi
bo dit liéu dau vao kich thudc n. Thoi gian nhu vay sé dugc
00i 13 thoi gian tinh tot nhdt cua thuat toan voi dau vao kich
thudce n.

Thoi gian nhiéu nhat can thiét dé thuc hién thuit toan voi moi
bd dit liéu dau vao kich thudc n. Thoi gian nhu vay s& dugc
00i 13 thoi gian tinh toi nhdt cua thuat toan voi dau vao kich
thudce n.

Thot gian trung binh can thiét dé thuc hién thuat toan trén tap
hitu han cac dau vao kich thudc n. Thoi gian nhu vy sé dugc
g01 la thoi gian tinh trung binh cua thuat toan. /
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/ Ky hiéu tiém can \

Asymptotic Notation

® 00,2

® Puoc xac dinh doi véi cac ham nhan gia tri nguyén
khong am

® Dung dé so sanh toc do tang cta hai ham

® Puoc str dung dé mé ta thoi gian tinh cua thuat toan

® Thay vi néi chinh x4c, ta c6 thé noi thoi gian tinh 14,
chang han, O(n2)

\_ /
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Ky hiéu ©
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Do6i vai ham g(n) cho trude, ta ky hiu ©(g(n)) 1a tp cac ham

O(g(n)) = {fin) | ton tai cac hang sb c,, ¢, van, sao cho

0 <cghn < f(n) <cgn), voimoin = n, |

Ta néi rang g(n) 1a danh gid tiém cin diing cho fin)

c28(n)

f(n)

crg(n)

n
no

f(n) =0(g(n))
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10n2 - 3n = O(n2)

V&1 gia tr1 nao cua cac hang so ny, ¢, va ¢, thi bat
dang thie sau day la dang vo1 n > ny:

cin2<10n2-3n<c,n2

Ta co theé lay ¢, be hon h¢ s6 cua s6 hang vo1 sO mu

cao nhat, con ¢, lay 16n hon h¢ s6 nay, chang han:

C1:9< 10<C2: 11,]’!0: 10.

Tong quat, de so sanh toc do tang cua cdc da thuec,

can nhin vao so hang voi so mii cao nhat

/
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Ky hiéu O

Doi v6i ham g(n) cho trude, ta ky hiéu O(g(n)) 1a tp cac ham
O(g(n)) = {f(n) | ton tai cac hang s6 duong ¢ va n, sao cho:

f(n) < cg(n) véimoin = ny}

Ta no1 g(n) 1a can trén tiem can cua f(n)
cg(n)

: n
k " f) =0y /

18




e

Vi du: Ky hiéu O Ién
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® Chirng minh: f(n) =n2+2n+11a O(n?)
Can chira: n2+2n+ 1 < c*n2

v6i ¢ 1a hang s6 nao d6 va khi n > n, nao d6

® Ta co:
2n2>2nkhin>1
va n2>1khin>1

® Vivay

m+2n+1<4*n2véi1moin>1

® Nhu viy hang so ¢ = 4, va n,=1

19
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Vi du: Ky hiéu O I&n
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R& rang: Néu fin) 1a O(n2) thi né ciing 1a O(n¥) véi k > 2.
Chung minh: f(n) =n2+2n+ 1€0(n).
Phan chimg. Gia sir tréi lai, khi d6 phai tim dugc hang so
c va so n, dé cho:
n+2n+1<c*nkhin>n,

Suy ra

n<n2+2n+1<c*nvdi moin > n,
Twr do ta thu duoc:

n<cvormoin=>n, ?!
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Ky hiéu Q

Doi véi ham g(n) cho trudc, ta
ky hiéu Q(g(n)) 1a tap cac ham:

Q(g(n)) = {f(n)| ton tai cac hang
sO duong ¢ va n, sao cho

cg(n) = fln)

vOl mol1 n = ny |

n

"0 fn) = 2(gn))

\Ta noi g(n) 1a can dwoi tiem can cho f(n) /
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Vi du: Ky hiéu Q

® Churng minh: f(n) =n2-2000n la Q(n?)
Can chi ra: n2 - 2000n > c*n2

v6i ¢ 1a hang s6 nao d6 va khi n > n, nao dé
® Ta co:

n2-2000n = 0.5*n2vd1 mo1n > 10000
(vin2-2000n -0.5%n2=0.5%n2-2000n

= n(0.5*%n -2000) > 0

khi n > 10000)
\ ® Nhu vay hang s6 ¢ = 1, va ng=1
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R& rang: Néu f(n) 1a Q(n2) thi nd ciing 1a Q(nt) véi k < 2.
Chung minh: f(n) =n2-2000n & Q(n3).
Phan chimg. Gia sir tréi lai, khi d6 phai tim dugc hang so
c va so n, dé cho:

n2—2000n = c*n3 khin>n,
Suy ra

n2 > n2—2000n = c*n3 khin>n,
Twr do ta thu duoc:

l/e =n voimoin>n, ?!
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Lien hé gilra ©, Q, O

® Po6i véi hai ham bat ky g(n) va f(n),
f(n) = 06(g(n))
khi va chi khi
A(n) = O(g(n)) va fln) = Q(g(n)).
tirc la

\ O(g(n)) = O(g(n)) N A(g(n)) /
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Chay

® Gia tri cia n, va ¢ khong phdi la duy nhdt trong chimg minh cong
thirc t1€m can.
® Chimng minh rang 100 + 5 = O(n2)
100n +5<100n + n=101n<101n2 vé61mo1 n>5
no=75vac=1011a cac hang s can tim
100n +5<100n + 5n=1052<105#n2 vO61mo1 n > 1
n,=1va ¢ =105 ciing 1a cac hang sb can tim
® Chi can tim cac hing ¢ va n, nao dé thoa man bat dang thirc trong

\dinh nghia cong thirc ti€ém can. /
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Ky hiéu tiém can trong cac dang thirc

\_

Trong vi du trén, ©(n2) thay thé cho 3n2 + 2n + 1

® Puoc s dung dé thay thé cac biéu thirc chita cac toan
hang vo1 toc do tang cham
® Viduy,
4n3+3n2+2n+1=4n3+ 3n2+ O(n)
=4n3 + O(n2) = O(n3)

® Trong cac dang thirc, O(f(n)) thay thé cho mot sidam ndo
do g(n) € B(f(n))

/
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So sanh cac ham soé

!

feog ~

f(n) = 0gn) ~ a
f(n) =QAgn) ~ a
f(n) = 0B(g(n)) ~ a
f(n) =o(gn)) ~ a
f(n) = w (gn) ~

@‘@@@
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® Noi “Thoi gian tinh 1a O(f(n))” hiéu 1a: Panh gia trong tinh hudng
t6i nhat (worst case) 1a O(f(n)). Thuong noi: “Panh gia thoi gian tinh
trong tinh huéng t6i nhat 1a O(f(n))”

Cach noi ve th&i gian tinh

* Nghia la thoi gian tinh trong tinh hudng t6i nhat duoc xac dinh
bo1 moOt ham nao do g(n)e O(f(n))
® “Thoi gian tinh 12 Q(f{n))” hiéu la: Panh gia trong tinh hudng tot
nhat (best case) 1a Q(f(n)). Thuong noi: “Panh gia thoi gian tinh
trong tinh hudng tot nhat 1a Q(A(n))”

Nghia la thoi gian tinh trong tinh huéng tot nhat dwoc xdc dinh

\ boi mot ham nao do g(n) € Q(f(n)) /
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Po thi ciia mot s6 ham co’ ban
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Tén goi ciia mét so toc dod tang

~

log n log

n tuyén tinh

n log n n logn

n? binh phuong
n’ bac 3

2" ham miu

n* (k1a hang s6 duong)  da thirc
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Vi du phan tich thuat toan

Vi du. Xét thuat toan tim kiém tuan tu dé giai bai toan
Pau vao: nva day SOS|, Sy, + .., S,
Pau ra: Vi tri phan tir ¢6 gia tri key hoic 1a n+1 néu khong tim thay.
function Linear_Search(s,n,key);
begin
1:=0;
repeat
I=i+1;
until (i>n) or (key =s));
Linear_Search :=i;

NG /
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® Can danh gia thoi gian tinh tot nhat, t6i nhat, trung binh cia

Vi du phan tich thuat toan

thuét toan voi do dai dau vao 1a n. R rang thoi gian tinh cia
thuat toan c6 thé danh gia bai so lan thuc hién cau 1énh i:=i+1
trong vong lap repeat.

® Néu s, = key thi cau 1énh i:=i+1 trong than vong lip repeat thuc
hién 1 lan. Do d6 thoi gian tinh tot nhat cua thuat toan 1a ©(1).

® Néu key khong c6 mit trong diy da cho, thi cau 1énh i:= i+1 thuc
hién z lan. Vi thé thoi gian tinh toi nhat ctia thut toan 1a O(n).

\_ /
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Vi du phan tich thuat toan

® Cuoi cung, ta tinh thoi gian tinh trung binh cta thuat toan.
Néu key tim thay & vi tri thtr i clia day (key = s;) thi cau 1énh
i = i+1 phai thuc hiénilan (i =1, 2, ..., n),
Néu key khong cc:) mat trong day da cho thi cau Iénh i ;= i+1
phai thuc hién z 1an.
® Tu dosuyra s6 lan trung binh phai thuc hién cau Iénh i :=i+1 la
[(1+2+...+n)+n]/(nt+])=[n(nt+1)2+ n]/(nt+1).

® Taco
n/4 < [n(n+1)/2 +n])/(ntl) < n.véimoin = 1.
&Vﬁy thoi gian tinh trung binh cua thuat toan 1a G(n). /

Toan roi rac 33



Chwong 3. Bai toan liéet ké
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1. Gioi thiéu bai toan

2. Thuat toan va do phuc tap
3. Phwong phap sinh

4. Thuat toan quay lul
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3. PHUONG PHAP SINH

Sin

Sin

3.1. So' d6 thuét toan
3.2. Sinh cac cau hinh t6 hop co ban

h xau nhi phan d6 dai n

1 tip con m phan tir clia tip » phan tir

Sin

h hoan v1 cua »n phan tu
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SO DO THUAT TOAN

\_

® Phuong phap sinh c6 thé ap dung dé giai bai toan liét ké to
hop dat ra néu nhu hai di€u kién sau duoc thuc hién:

1) Co thé xdc dinh dweoc mot thir tie trén tap cdc cau hinh
t0 hop cdn liét ké. Tuw do co thé xac dinh duwoc cau hinh
dau tién va cdau hinh cuoi cung trong thir ty da xac

dinh.

2) Xay dung dwoc thuat toan tu cau hinh chua phai la
cuoi cung dang co, dwa ra cau hinh ke tiép no.

® Thuét toan ndi dén trong diéu kién 2) duoc goi 1a Thuat
toan Sinh ké tiép

/
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Thuat toan sinh

~
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procedure Generate;
Begin
<Xay dung cau hinh dau tién>;
Stop:=false,
while not stop do
begin
<Duwa ra cau hinh dang c6>;
if (cau hinh dang c6 chwa la cudi cung)
then <Sinh ké tiép
else Stop.: = true;
end;
End.
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Giai thich

® Sinh ké tiép 1a thu tuc thuc hién thuat toan sinh
ké tiép da xay dung trong diéu kién 2). Thu tuc
nay s& xdy dung cau hinh ké tiép ciia cau hinh
dang co trong thtr tu da xac dinh.

® Chu y: Do tip cac cau hinh t6 hop can liét ké 1a
hitu han nén ludn cé thé xac dinh dugc th tu trén
no. Tuy nhién, thir tu can xac dinh sao cho ¢o thé
xay dung duoc thuat toan Sinh ké tiép.

\_ /

38




s

~

3. PHUONG PHAP SINH

Sin

Sin

3.1. So d6 thuéat toan
3.2. Sinh cac cau hinh t6 hop co ban

h xau nhi phan d6 dai n

1 tip con m phan tir clia tip » phan tir

Sin

h hoan v1 cua »n phan tu

39
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Sinh cac day nhi phan do dai n

® Bai toan: Liét ké tat ca cac day nhi phan do dai n:
b, b, ... b,, trong d6 b; € {0, 1}.

® Thr tu tu nhién:

® Xem mbi day nhi phan b = b, b, ... b, 1 biéu dién
nh1 phan cua modt s6 nguyén p(b)

® Ta nd1 day nhi phan b = b, b, ... b, di trwoc day
nhi phan b’ = b', b', ... b', trong thir tu tu nhién va

\ ky hiéula b < b’ néu p(b) < p(b". /
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Vi du

® Vidu: Khin=3, cac
day nhi phan do dai 3
duoc licét ké theo thir
tu tw nhién trong bang
bon

® Dé thay thi tw nay
trung voi tho tw tw
dién

\_

p(b)

000

001

010

011

100

101

110

111

~N O O A WD -
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Thuét toan sinh keé tiep

® Diy dautiénsé1a 00 ...0,

® Daycudicunglall .. 1.

® Giasu b, b,... b, laday dang co.

® Néu diy nay gdom toan so 1, két thic,

® Trai lai, day ké tiép nhan duoc bé‘ing cach cong thém 1 (theo
modun 2, ¢6 nhé) vao day hién tai.

® Tur d6 ta ¢ qui tac sinh diy ké tiép nhu sau:
Tim i dau tién (theo tht tu i=n, n-1, ..., 1) thoa méin b, = 0.

Gan lai b, = 1 va b; = 0 véi tat ca j > i. Day méi thu duoc sé

\ la ddy can tim. /
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Vi du

® X¢t day nh1 phan d6 da1 10: 5 = 1101011111.
® Tacoi=>5.

® Dodo,diths=1,vab, =0, i=6,7,8,9, 10, ta
thu duoc x4u nhi phan ké tiép 1a 1101100000.

1101011111

\ 1101100000 /
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Thuat toan sinh xau ke tiép

procedure Next Bit String;
(*  Sinh xdu nhi phdn ké tiép theo thir ty tur dién cua

xau dang co b, b,...b,#11..1 *)
begin
i:=n;
while b, =1 do
begin
b, = 0;
i:=i-1;
end;
b,:=1;

\end; /
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Sinh cac tap con m phan ti
cua tap n phan twr
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Sinh cdc tdp con m phan tdr cda tip n phan tir

® Bai toan datrala: Cho X=1{1, 2, ..., n}. Hay
liét ké cac tap con m phan tir cua X.
® MBoi tap con m phan tlr ciia X ¢6 thé bicu dién
boi bo ¢6 thit tr gom m thanh phan
a=(a,a,..,a,
thoa man

| <a<a<..<a,=<n.

\_ /
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Thir tw tir dién

~

® Ta nd1 tap con a = (a,, a,,..., a,) di tré6c tap

con a ' =(a’y,as, ..

, a’,) trong thi tu tir dién

va ky hiéu la a < a’, néu tim doc chi so & (1
< k < m) sao cho

’
a,=a,a,=0a5 ...,0.1=0d,

Clk<Cl’k.
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Vi du

~

® (Céc tap con 3 phan tir ciia X = {1, 2, 3, 4, 5} duoc liét ké
theo thur tu tor dién nhu sau

N
w

AW N DN DN A
A A OO PO ODNMD
6) BING) BN, IS S &) BN B N &) I SN
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Thuét toan sinh keé tiep

® Tapcondautiénla (1, 2, ., m)

® Tap con cudi cung 1a (n-m+1, n-m+2, ..., n).

® Giasta=(a, a,..., a,) 1a tip con dang co chua phai cudi
cung, khi d6 tap con ké tiép trong thir tu tir dién co thé xay
dung bang cach thuc hién cac quy tac bién doi sau doi véi
tap dang co:
Tim tr bén phai day a,, a,,..., a, phﬁn tor a;, # n-m+i,
Thay a; bo1a;, + 1,

\ Thay a; bo1 a, +j-1i, vo1j = i+1, i+2,..., m. /
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Vi du

~

®*Vidu: n=
Gia su dang co tap con (1, 2, 5, 6), can Xay
dung tap con ké ti€p no trong thir tu tur dién.

® Ta co i=2:

6, m = 4.

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

thay a, = 3, va a; = 4, a, = 5, ta dugc tap con

\ ké tiép (1, 3, 4, 5).

/
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Sinh m-tap ke tiep

\_

procedure Next Combination,
(*  Sinh m-tdp con ké tiép theo thir ty tir dién

cua tdp con (a,, a,,..., a,) # (n-m+1,...,n)*)
begin

i:=m,

while a, = n-m+ido i:-=i-1;

a:=a; + 1;

forj:=i+tltomdoa; :=a;+j-1i;

end;

52
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Sinh cdc hoan vi cda tap n phan ti

® Bai toan: Cho X= {1, 2, ..., n}, hay liét ké
cac hoan vi tir #n phan tur cua X.

® Mbi hodn vi tir n phan tir ciia X ¢ thé biéu
dién bai bo ¢6 thit tu gdm n thanh phan
a=(a,a,..,a,
thoa man

aw,e€X,1=1,2,...,n,a, #a, p #q.

\_ /
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Thir tw tir dién

~

® Ta n61 hoan vi a = (a,, a,,..., a,) di tréc hoan
via'=(a’y, a’, ..., a’,) trong thi tu tir dién va
ky hiéu la a < a’, néu tim doc chi s6 k (1 <
k < n) sao cho:

’

’ ’
adi=4ad;,a=dy, ..., dr1 = A,

a, < Cl’k.

/
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Vi du

~

® Cac hoan vi tir 3 phan to cua X={1, 2, 3} doc
liet ké theo thi tu tir dién nh sau

2 3

W W NN - -

3 2
1 3
3 1
1 2
2 1
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Thuét toan sinh keé tiep

~

® Hoan vi dau tién: (1,2, ..., n)

® Hoan vi cudi cung: (n, n-1, ..., 1).

® Giasu a = (ay, a, ..., a,) la hoan vi chua phai cudi cung, khi
do hoan vi1 k€ ti€p nod co6 thé xay dung nho thuc hién cac bién

doi1 sau:

Tim tur phai qua trai hoan vi dang co6 chi s6 j dau ti€n thoa man

a; < a;.; (nO1 cach khac: j 1a chi s 16n nhat thoa man q; < a;.+);

Tim a; 1a s6 nho nhat con 16n hon g, trong cac s6 ¢ bén phai g, ;

DPoi1 choé a; vo1 a; ;

Lat nguoc doan tu a,,, dén a,, .

/
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Vi du

~

\_

® Gia su dang co hoan v1 (3, 6, 2, 5,4, 1), can Xay

dung hoan vi ké tiép né trong thtr tu tir dién.

® Tacodchisoj=3(a;=2<a,=5).

® SO nho nhat con 16n hon a; trong cac sd6 bén phai
cua as la as = 4. P61 chd a; vo1 as ta thu duoc (3,

69 49 59 29 1)9

® Cubi cung, lat nguoc thtt tu doan a, as ag ta thu

duoc hoan vi ké tiép (3, 6,4, 1, 2, 5).

/
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Sinh hoan vi ke tiep

procedure Next Permutation,
(*Sinh hodn vi ké tiép (ay, a, ..., a,) # (n, n-1,.., 1) *)
begin

(* Tim j la chi s6 [6n nhat thod a; < a;., *)

j:=n-1; while a; > a;.,do j:=j-1;

(* Tim a, la s6 nho nhdt con Ién hon a; 6 bén phdi a; *)

k:=n; while a;,> a;, do k:=k-1;

Swap(a; ay); (* doi ché a; voi a; *)

(* Lat nguoc doan tur a;. dén a, *)

ro=n,; s:=j+1;

while r>s do begin

Swap(a,, a,); (* doi cho a, véi a, *)
r:=r-1; s:=s+1;

end;
end;
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Chwong 3. Bai toan liéet ké

\_

1. Gioi thiéu bai toan

2. Thuat toan va do phuc tap
3. Phwong phap sinh

4. Thuat toan quay lul

60




Chwong 3. Bai toan liet ke

3. THUAT TOAN QUAY LUI
Backtracking Algorithm



e

NOI DUNG

\_

3.1. So d6 thuat toan

3.2. Liét ké cac cau hinh td hop co ban
_iét k€ xau nhi phan do dain

_iét ké tAp con m phan t& cta tap n phan t
|iét ké hoan vi

3.3. Bai toan xép hau
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SO DO THUAT TOAN

® Thuat toan quay lu1 (Backtracking Algorithm) la mot
thuat toan co ban dugce ap dung dé giar quyét nhi€u van
dé khac nhau.

® Bai toan liét ké (Q): Cho A\, A,,..., A, la cdc tdp hitu han. Ky hiéu
X=AXA, X .. XA,=4{(x1, X%, ..., X,): X; € A;,i=1,2,...,n}.

Gid sir P la tinh chat cho trén X. Vian @é dat ra la 1iét ké tat cd cdc
phdn tu cua X thoa man tinh chat P:

D= {x=(x), X, ... x,) €X: x thod mdn tinh chat P }.

‘\Céc phan ttr ctia tip D duoc goi 1a cac 107 gidi chdp nhdn du’.o’c/
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Vi du

~

\_

Tat ca cdc bai toan liét ké to hop co ban déu ¢ thé phat biéu
do61 dang bai toan (Q)

Bai toan liét ké xau nhi phan do dai n dan vé viéc liét ké cac
phan tir cua tap

Br={(x, ..., x,): x; € {0, 1}, i=1, 2, ..., n}.
Bai toan liét ké cac tap con m phan tu cuaa tap N = {1, 2, ...,
n} doi hoi liét ké cac phan tir cua tap:

S(m,n) = {(xy,..., x,)ENm: 1 = x,<..<x, <n}.
Tap cac hoan vi cua cac sO tunhién 1, 2, ..., n la tap

IT, = {(x1,..., x,) €E Nn: x; #& X, 1#] }.

/
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L&i giai bé phan

® Pinh nghia. Ta goi 10i giai bd phan cap k (0<k<
n) la bo co thir tw gom k& thanh phan

(a, a, ..., a;),
trongdoa, €4;,,i=1,2, ..,k
® Khi & = 0, 1oi giai b phan cap 0 dugc ky higu
la () va con duogc goi la 101 g1a1 rong.
® Néu k = n, ta c6 10i giai day du hay don gian 1a

\ mot 101 gia1 cua bai toan. /
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Y twéng chung

Thuat toan quay lui dugc xay dung dua trén viéc xay
dung dan tirng thanh phan cua 101 giai.

Thuat toan bat dau tur 10i giai rong (). Trén co sé tinh
chat P ta xac dinh dugc nhirng phan tir ndo cia tap A4,
c6 thé chon vao vi tri thir nhat cua 101 gidi. Nhing
phan tir nhu vy ta sé goi 1a nhitng Ung cir vién (viét
tat 1a UCV) vao vi tri tht nhat cia 101 giai. Ky hiéu
tap cac UCV vao vi tri thr nhat cta 101 giai 1a S,. Lay

a, € S, bo sung nod vao 10i giai rong dang co ta thu
duoc 101 giai bo phan cap 1: (a)). /
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Bwéc tong quat

® Tai budc tong quat, gia sir ta dang c6 10i giai bo phan
Cé(lp k-1: (al, Aoy vues ak—l)-

® Trén co s& tinh chat P ta xac dinh duoc nhirng ph?m
tir nao cua tap A4, co thé chon vao vi tri tha k cua 1oi
g1al.
® Nhitng phan tir nhu vay ta s& goi 1a nhiing tng cir
vién (viét tat 1a UCV) vao vi tri tha k cta 101 giai khi
k-1 thanh phﬁn dau cua no6 da duoc chon 1a (a;, a, ...,
\ a,.1). Ky hi¢u tap cac ing cu vién nay la §,. /
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Xét hai tinh huong

® Tinh hu("ing 1: S, # ©. Khi d6 léy a, € S, bd
sung né vao 10i giai bd phan cap k-1 dang c6
(a,, ay, ..., ;1)
ta thu duoc 101 giai bd phan cap k:
(a,, ay, ..., Ay, Qy).
® Khi do
Néu k = n thi ta thu duoc mét 1oi g1a1,
Néu k < n, ta tiép tuc di xay dung thanh ph?m thir

\ k+1 cua lo1 giai. /
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Tinh huoéng ngé cut

® Tinh hudng 2: S,=2. Piéu d6 c6 nghia 1a 10i giai bo phan
(a1, @, ..., a;) khong thé tiép tuc phat trién thanh 10i giai
day du. Trong tinh hudng ndy ta quay tro lai tim Gng cur
vién mo1 vao vi tri thir -1 cua 1o1 giai.

® Néu tim thay UCV nhu vay, thi bo sung né vao vi tri tha
k-1 16i lai tiép tuc di xay dung thanh phan thu £.

® Néu khong tim dugc thi ta lai quay trd lai thém mot budce
nita tim UCV mdi vao vi tri thi k-2, ... Néu quay la1 tan
161 gidi rong ma van khong tim dugec UCV méi vao vi tri
thir 1, thi thuét toan két thuc.

\_ /
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Thuat toan quay lui

~

procedure Bactrack(k: integer);
begin
Xay dung Si;
for y € S, do (* Véi mdi UCV y tir S, *)
begin
A =Y,

if k =n then <Ghi nhan lo1 giai (a,, a,, ..., a,) >

else Backtrack(k+1);
end;

end;

kI_(anh goi dé thwc hién thuat toan quay lui la: Bactrack(1)/
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Hai van dé mau chot

~

\_

® Pé cai dat thuat toan quay lui giai cac bai toan to
hop cu thé ta can giai quyét hai van d€ co ban sau:
Tim thuat toan xay dung cac tap UCV §..
Tim cach mo ta cac tp nay dé co thé cai dit thao
tac liet ké cac phan tir cua chung (cai1 dat vong lap
qui udc for y € S, do).
® Hiéu qua cua thuat toan li¢t ké phu thudc vao viéc
ta cO xac dinh dugc chinh xac cac tap UCV nay
hay khong.

/
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g Chay A

® Néu chi can tim mot 101 giai thi can tim cach cham dirt
cac thu tuc go1 dé qui léng nhau sinh bo1 1€nh goi
Backtrack(1) sau khi ghi nhan duoc 101 giai dau tién.

® Néu két thuc thuat todn ma ta khong thu dugc mot 101
giai nao thi diéu d6 c6 nghia 1a bai toan khéng co 10i

glail.

\_ ,/
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g Chay A

® Thuit toan dé dang mé rong cho bai toan liét ké trong d6 161 giai c6
thé mo ta nhu 14 b0 (ay, @, ..., a,,...) d0 dai hitu han, tuy nhién gia
tri cia do dai 1a khong biét trude va cac 101 giai cling khong nhat
thiét phai c6 cung do dai.

® Khi d6 chi can stra lai cau 1énh
if k= n then <Ghi nhan loi giai (a,, a,, ..., a,) >
else Backtrack(k+1);
thanh
if <(a,, a,, ..., a;) la 10i gidi> then <Ghi nhan (a,, a,, ..., a,) >
else Backtrack(k+1)
kcém xay dung ham nhan biét (a,, a,, ..., a;) da 1a 101 giai hay chu:a/
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a Cay liét ké 1o giai
theo thuat toan quay lui

Gbc (I&i giai réng)

_ ~—_ X
SN

(xl
! ’“
(x,

Tpucys, /“

khi da co (x, x,) »
/]
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Liét ké xau nhi phan do dai n
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Liét ké xau nhi phan do dai »

® Bai toan liét ké xau nhi phan do dai n dan vé viéc liét ké cac phan
tu cua tap
Br={(xy, ..., x,): x; € {0, 1}, i=1, 2, ..., n}.
® Ta xét cach giai quyét hai van dé co ban dé cai dat thuat toan
quay lui:
Rorang tacéd S, = {0, 1}. Gia su da c6 xau nhi phan cap k-1
(b, ..., br.1), kh1 d6 ro rang S, = {0,1}. Nh vay, tap cac UCV
vao c4c vi tri cua 101 giai doc da x4c dinh.
Dé cai dat vong lap liét ké cac phan tir ciia S, dé thay 1a ta co
thé sir dung vong lap for
trén PASCAL: fory:=0to1 do

\ hoac trén C: for (y=0;y<=1;y++) /

76




Chwong trinh trén Pascal

var n: integer;
b: array|[1..20] of 0..1;
count: word;

procedure Ghinhan;

var i: integer;

begin
count := count+1;
write(count:5, '. ');
fori:=1 to n do write(b[i]:2);
writeln;

end;

\

S

procedure Xau(i: integer);
var j: integer;

begin
forj:=0to 1do
begin
b[i] =;

if 1=n then Ghinhan else Xau(i+1);
end;
end;

BEGIN {Main program}

write('n ="); readIn(n);

count := 0; Xau(1);

write('Go Enter dé két thic... "); readln
END.
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Chwong trinh tren C

include <stdio.h> void Xau(int 1){
#include <conio.h> int j;
#include <stdlib.h> for (j = 0; j<=1; j++) {
int n, count; b[i] =7;
int b[20]; if (I==n) Ghinhan();
else Xau(i+1);
void Ghinhan() { )
int i, j; )
count++;

printf(“Xau thu %i. ",count);

int main() {
for (i=1;i<=n ;i++) {

= printf(“n="
J—l? li]; o scanf("%i ",&n); printf("\n");
printf("%i ", j); count = 0; Xau(1);

J printf(““Count = %d ", count);

printf('""\n""); :
getch();
\o } /
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Cay liét ké day nhi phan do dai 3

~

\_

00

ool 010 011 100

101

110

111

/
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Li¢t ké cac m-tap con cua n-tap
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Liét ké cac m-tap con cua n-tap

® Bai toan: Liét ké cac tip con m phan tir

cuatip N= {1, 2, ..., n}.

® Bai toan dan vé: Liét ké cac phan tir cua
tap:
S(m,n)={(x,,..., x, ) ENm: 1 <x,<...<x,<n}

\_ /
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Giai quyet 2 van dé mau chot

® Tuditukién: 1 <a, <a,<..<a,<n
suy ra S, =11, 2, ..., n-(m-1) }.
® Giasudacotap con (ay, ..., ai.).
Tu dieu kién g, <y < ...<a, < n,tasuy ra
S.=1{a.+1, a,+2, ..., n-(m-k)}.
- Dé cai dat vong 1ap liét ke cic phan tir ciia S;, d& thay 1a ta
coO thé su dung vong lap
cua PASCAL: for y:=a[k-1]+1 to n-m+k do ...

\ cua C: for (y=a[k-1]+1;y<=n-m+k;y++) ... /
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Chworng trinh trén Pascal

~

var n, m: integer;
a: array[0..20] of byte;
count: word;

procedure Ghinhan;

var i: integer;

begin
count := count+1;
write(count:S5, '. ');
fori:=1 to m do write(ali]:4);
writeln;

end;

\_

procedure MSet(i: integer);
var J: integer;
begin
for j .= a[1-1] +1 to n-m+1 do
begin
a[1] :=j;
if 1 =m then Ghinhan else MSet(i+1);
end;
end;

BEGIN {Main program}

write('n, m ="); readln(n, m);

count := 0; MSet(1);

write('Go Enter dé két thic... "); readln
END. /
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Chwong trinh trén C

#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
int n, m, count;
int a[20];
void Ghinhan() {
inti,j;
count++;
printf(""Tap con thu %i. ",count);
for (i=1 ; i<=m ;i++) {

j=alil;
printf(" %1 ", j);
}
printf("\n"");

1\

~

void MSet(int 1)
int J;
for (j = a[i-1] +1; j<= n-m+1; j++) {
aft] =j;
if (1==m) Ghinhan();
else MSet(i+1);
h
h

int main() {
printf("n, m =");
scanf("%i %i1",&n, &m); printf("\n");
a[0]=0; count = 0; MSet(1);
printf(“Count = %d ", count);
getch();

| J

—
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Cay liét ké S(5,3)

~

\_
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]
125 124 125

Lrd
T

Lr2
I

134 1% 145 234 235 245

345

/
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Liét ke hoan vi
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Liét ké hoan vi

® Tap cac hoan vi cua cac so tu nhién
1,2, ..., nlatap
II, ={(x,..c, X)) €E Nt x; Z X, 1 # ] .

® Bai toan: Liét ké tat ca cac phan
tww cuaIl,

\_ /
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Giai quyet 2 van dé mau chot

~

® Rorang S, = N. Gia su ta dang c6 hoan vi bo
phan (ay, a,, ..., a.,), tu di€u kién a; # a;, voi

mol i # j ta suy ra
Sc=N\1{ay,a, ..., a1}
® Nh vay ta da c6 cach xac dinh doc tap cac
UCYV vao cac vi tri cua loi giai.

® Mo ta Si7?
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M6 ta S,

Xay dwng ham nhan biét UCV:

var i: integer;
begin
for i:=1 to k-1 do
if jJ = a[i] then
begin
UCV:= false;
end;
UCV:= true;

\\\¥end;

function UCV(j,k: integer): boolean;
(* UCYV nhan gia tri true khi va chi khi j € S, *)

exit;
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M6 ta S,

~

® Cau lénh qui udc “for y € S, do ” c6 thé cai
dat nhu sau
for y:=1 to n do
it UCV(y,Kk) then
begin
(* ylaUCV vaovitrik ¥)

end
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/ Chworng trinh tren

Pascal

var
n, count: integer;
a: array[l..20] of integer;

procedure Ghinhan;
var i: integer;
begin
count := count+l; write(count:5, '. ');
for i := 1 to n do write(a[i]:3); writeln;
end;

function UCV(j,k: integer): boolean;
var i: integer;
begin
for i:=1 to k-1 do
if j = a[i] then begin
UCV:= false; exit;
end;
UCV:= true;
end;
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procedure Hoanvi(i: integer);
var Jj: integer;

begin
for j :=1 to n do
if UCV(j, i) then
begin
ali] := 3;
if i = n then Ghinhan else Hoanvi (i+l) ;
end;
end;
BEGIN {Main program}
write('n = '); readln(n);
count := 0;

Hoanvi (1) ;

\\\\¥write(‘Press Enter to finish... '); readln;
END.

/
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#include <stdio.h> int UCV(int j, int k)
#include <conio.h> {
#include <stdlib.h> int i;
int n, count; for (1=1; 1<=k-1; 1++)
int b[20]; if (j == b[1]) return 0;
return 1;

int Ghinhan() { b

int1, J;

count++;

printf("Hoan vi thu %i. ",count);

for (i=1;i<=n ;it+) {
printf("%i1 ", b[1]);

b

\ printf("\n"); /
<
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int Hoanvi(int 1){
int J;
for § = 1; j<=n; jt++)
if (UCV(,1)==1)
L bl =J;
if (1=
else Hoanvi(i+1);

=n) Ghinhan();

int main() {

printf(“

— N

printf("n

scanf("%l",&n),

printf("\n");

count =

printf("Count =

getch();

\n");

0; Hoanvi(1);

%d ", count);

/
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Cay liéet ké hoanvicua1, 2,3

\_

1,25 1,52 2,1, 231 3172 3,2,1
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The n-Queens Problem

~




s

The n-Queens Problem

® Gia sty ta co 8 con hau...
® ...va ban c& quoc té
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The n-Queens Problem

C6 thé xép céc con
hau sao cho khéng
co hai con nao an
9

nhau hay khéng 7
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The n-Queens Problem

~

Hai con hau bat ky
khong dwoc xép trén
cung mot dong ...
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The n-Queens Problem

Hai con hau bat ky
khong dwoc xép trén
cung mot cot ...




s

The n-Queens Problem

Hai con hau bat ky
khong dwoc xép trén
cung mot dwong cheo!
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The n-Queens Problem

~

Kich thuwdc n*n n con hau

n cOt
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The n-Queens Problem

~

Xét bai toan xép n con
hau lIén ban co kich
thwde n x n.

103
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Bai toan xep hau

® Tiét ké tat ca cac cach xép n quan Hau trén ban c& nXn
sao cho chung khong an du’crc 1an nhau, nghia la sao cho
khong c6 hai con nao trong s6 chung nam trén cung mot
dong hay mot cOt hay mot dudng chéo cua ban co.
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Biéu dién I1&i giai

® Panh sb cac cot va dong cua ban co tu 1 dén n. Mot
cach xép hau co thé biéu dién bdi bo co n thanh
phan (a,, a,,..., a,), trong d6 a, 1a toa d6 cdt ctia con
Hau ¢ dong i.
® Cac diéu kién dat ra d6i v6i bd (a,, as ,..., a,):
a; # a;, voi moi i #j (nghia la hai con hau ¢ hai
dong i va j khong dwoc nim trén cung mot cot);
|la; —a;| #|i—j|, voi moii # j (nghia la hai con
hau ¢ hai 0 (a; i) va (a; j) khong dwgce nam trén

\ cung mot duwong chéo). /
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Phat biéu bai toan

® Nhw vay bai todn xép Hau dan vé bai
toan liét ké cac phan tl cla tap:
D={(a,, a,, ..., a,)EN":
aiFa;vala,—al #|i—jl, i #J ;.

\_ /

106




4 N

Ham nhan biet trng ctr vién

int UCVh(int j, int k) {
// UCVh nhdn gia tri 1
// khi va chi khi j € S,
int 1i;
for (i=1; i<k; i++)
if ((j == a[i]) || (fabs(j-a[i])== k-1)) return O;

return 1;

\_ /
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/ Chwong trinh tren C \

#include <stdio.h>
#include <math.h>
int n, count;
int a[20];
int Ghinhan() {
int i;
count++; printf("%$i. ",count);
for (i=1; i<=n;i++) printf("%$i ",al[i]);
printf ("\n") ;
}

int UCVh (int j, int k) {
/* UCVh nhédn gid tri 1 khi va chi khi j € s, */
int i;
for (i=1; i<k; i++)
if ((j==al[i]) || (fabs(j-a[i])==k-1)) return O;

\\\\‘return 1;
} /
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int Hau(int i) { int j;
for (j=1; j<=n; j++)
if (UCVh(j, 1i)){
ali] = 3j;
if (i == n) Ghinhan()
else Hau(i+l) ;

}
}
int main() {
printf ("Input n = "); scanf("%i", &n);
printf ("\n==== RESULT ====\n");
count = 0; Hau(l);
if (count == 0) printf ("No solution!\n");
getch() ;
printf ("\n Press Enter to finish... ");

\\\\¥ getchar () ; 4///
}
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Chay

® RS rang 1a bai toan xép hau khong phai 1a ludn
c6 10i giai, chang han bai toan khong c6 10i giai
k
k
® Thuat toan trinh bay ¢ trén la chua hi¢u qua.
Nguyén nhan la ta da khong xac dinh dugc

chinh xac cac tap UCV vao cac vi tri cua 101

g Y,

hi n=2, 3. Do d6 diéu nay can dugc thdng bao

hi két thic thuat toan.
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Thuat toan lam viéc nhw thé nao

112
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Thuat toan lIam viéc nhw thé nao
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Thuat toan lam viéc nhw thé nao

® Xép con hau & dong 1
vao Vi tri cot 1




4 N

Thuat toan lIam viéc nhw thé nao

® Thr xép con hau &
dong 2 vao vi tri g

ROW 2, COL 1

ROW 1, COL 1
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Thuat toan lam viéc nhw thé nao

® Thr xép con hau &
dong 2 vao vi tri g

ROW 2, COL 2
ROW 1, COL 1




4 N

Thuat toan lIam viéc nhw thé nao

® Thr xép con hau &
dong 2 vao vi tri g

ROW 2, COL 3

ROW 1, COL 1




e

~

Thuat toan lam viéc nhw thé nao

® Chap nhan
xép con hau &
dong 2 vao vi
tri cOt 3

ROW 2, COL 3

ROW 1, COL 1




4 N

Thuat toan lIam viéc nhw thé nao

Thtr xép con hau &
dong 3
vao c6t dau tién

ROW 3, COL 1
ROW 2, COL 3

ROW 1, COL 1




s

Thuat toan lam viéc nhw thé nao

Ther cot tiép theo




4 N

Thuat toan lIam viéc nhw thé nao

® Thir cot tiép theo

ROW 3, COL 3
ROW 2, COL 3

ROW 1, COL 1




4 N

Thuat toan lIam viéc nhw thé nao

® Thir cot tiép theo

ROW 3, COL 4
ROW 2, COL 3

ROW 1, COL 1




s

Thuat toan lam viéc nhw thé nao

tri dat con hau
o dong 3.

...khéng co vi

ROW 3, COL 4
ROW 2, COL 3

ROW 1, COL 1




s

Thuat toan lIam viéc nhw thé nao

~

Quay lai dich
chuyén con hau
¢ dong 2

ROW 2, COL 3

ROW 1, COL 1




s

Thuat toan lIam viéc nhw thé nao

Pay con hau &
dong 2 sang
cOt thwr 4.

ROW 2, COL 4

ROW 1, COL 1




4 N

Thuat toan lIam viéc nhw thé nao

Xép dwoc con
hau ¢ dong 2
ta tiép tuc xép
con hau ¢
dong 3

ROW 2, COL 4

ROW 1, COL 1




4 N

Thuat toan lIam viéc nhw thé nao

Thir xép con
hau ¢ dong 3
vao coOt 1

ROW 2, COL 4

ROW 1, COL 1




e

Thuat toan lIam viéc nhw thé nao

Thir xép con

vao coOt 2

hau ¢ dong 3

ROW 2, COL 4

ROW 1, COL 1




e

Thuat toan lIam viéc nhw thé nao

Xép dwoc con
hau & dong 3
ta tiép tuc xép
con hau ¢
dong 4: Thw
cOt 1

\_

ROW 2, COL 4

ROW 1, COL 1




e

Thuat toan lIam viéc nhw thé nao

Thr xép dwoc
con hdu &
dong 4 vao cot
2

ROW 2, COL 4

ROW 1, COL 1




e

Thuat toan lIam viéc nhw thé nao

Thr xép dwoc
con hdu &
dong 4 vao cot
3

ROW 2, COL 4

ROW 1, COL 1




e

Thuat toan lIam viéc nhw thé nao

4

Thr xép dwoc
con hdu &
dong 4 vao cot

ROW 2, COL 4

ROW 1, COL 1




s

Thuat toan lIam viéc nhw thé nao

Khéng xép
dwoc con hau
& dong 4

ROW 2, COL 4

ROW 1, COL 1




4 N

Thuat toan lIam viéc nhw thé nao

Quay lai tim vi

tri m&i1 cho con
hau & dong 3:

Ther c6t 3

ROW 2, COL 4

ROW 1, COL 1




e

Thuat toan lIam viéc nhw thé nao

Quay lai tim vi

tri m&i1 cho con
hau & dong 3:

Ther c6t 4

ROW 2, COL 4

ROW 1, COL 1




4 N

Thuat toan lIam viéc nhw thé nao

Khong co cach
xép md&i cho
con hau &
dong 3

ROW 2, COL 4

ROW 1, COL 1




4 N

Thuat toan lIam viéc nhw thé nao

Quay lai tim
cach xép moi
cho con hau &
dong 2: Khong
co

ROW 2, COL 4

ROW 1, COL 1




4 N

Thuat toan lIam viéc nhw thé nao

Quay lai tim
cach xép moi
cho con hau &
dong 1:
Chuyén sang
cOt 2

ROW 2, COL 4

ROW 1, COL 1




/~ Mot 18i giai cua bai toan xép

hau khi n = 8

L




Toan roi rac - NBN
........




Questions?




Toan rdi rac 142




	Phần thứ nhất
	Nội dung
	Slide 3
	NỘI DUNG
	Giíi thiÖu bµi to¸n
	Slide 6
	Chương 3. Bài toán liệt kê
	Khái niệm bài toán tính toán
	Khái niệm thuật toán
	Slide 10
	Độ phức tạp của thuật toán
	Slide 12
	Phép toán cơ bản
	Các loại thời gian tính
	Ký hiệu tiệm cận Asymptotic Notation
	Ký hiệu 
	Ví dụ
	Ký hiệu O
	Ví dụ: Ký hiệu O lớn
	Slide 20
	Ký hiệu 
	Ví dụ: Ký hiệu 
	Slide 23
	Liên hệ giữa Q, W, O
	Chú ý
	Ký hiệu tiệm cận trong các đẳng thức
	So sánh các hàm số
	Cách nói về thời gian tính
	Đồ thị của một số hàm cơ bản
	Tên gọi của một số tốc độ tăng
	Ví dụ phân tích thuật toán
	Slide 32
	Slide 33
	Slide 34
	3. PHƯƠNG PHÁP SINH
	SƠ ĐỒ THUẬT TOÁN
	Thuật toán sinh
	Giải thích
	Slide 39
	Sinh các dãy nhị phân độ dài n
	Slide 41
	Slide 42
	Thuật toán sinh kế tiếp
	Slide 44
	Thuật toán sinh xâu kế tiếp
	Sinh các tập con m phần tử của tập n phần tử
	Sinh các tập con m phần tử của tập n phần tử
	Thứ tự từ điển
	Slide 49
	Slide 50
	Slide 51
	Sinh m-tập kế tiếp
	Sinh các hoán vị của tập n phần tử
	Sinh các hoán vị của tập n phần tử
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Sinh ho¸n vÞ kÕ tiÕp
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Lời giải bộ phận
	Ý tưởng chung
	Bước tổng quát
	Xét hai tình huống
	Tình huống ngõ cụt
	Thuật toán quay lui
	Hai vấn đề mấu chốt
	Slide 72
	Slide 73
	Cây liệt kê lời giải theo thuật toán quay lui
	LiÖt kª x©u nhÞ ph©n ®é dµi n
	Slide 76
	Chương trình trên Pascal
	Chương trình trên C
	C©y liÖt kª d·y nhÞ ph©n ®é dµi 3
	Liệt kê các m-tập con của n-tập
	Slide 81
	Giải quyết 2 vấn đề mấu chốt
	Slide 83
	Slide 84
	Cây liệt kê S(5,3)
	Liệt kê hoán vị
	Slide 87
	Slide 88
	Mô tả Sk
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Cây liệt kê hoán vị của 1, 2, 3
	The n-Queens Problem
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Bài toán xếp hậu
	Biểu diễn lời giải
	Phát biểu bài toán
	Hàm nhận biết ứng cử viên
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Thuật toán làm việc như thế nào
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 127
	Slide 128
	Slide 129
	Slide 130
	Slide 131
	Slide 132
	Slide 133
	Slide 134
	Slide 135
	Slide 136
	Slide 137
	Slide 138
	Mét lêi gi¶i cña bµi to¸n xÕp hËu khi n = 8
	Slide 140
	Slide 141
	Slide 142

