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éT 11 n e
i No1 dung
» Thuat toan tim kiém theo chiéu sau (Depth-First Search) - DFS)

» Thuat toan tim kiém theo chiéu rong (Breadth-First Search - BFS)

» MOt s6 'ng dung cuia DFS va BFS
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é/T;T Tim kiém theo chiéu sau - DFS

» Tu tudng
Trong qua trinh tim ki€m, uu tién “chiéu sau” han “chiéu rong”
Pi xuéng sau nhat cé thé trudc khi quay lai

» Thuat toan

DFS(u){ /lu 1a dinh bat dau duyét
<Tham dinh u>; //duyét dinh u
chuaxet[u] = false; /Ixac nhan dinh u da duyét
for(v € Ke(uw)){
if( chuaxet[v])  //méu v chua duoc duyét
DFS(v); //duyét theo chiéu sau tur v
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é)” DFS sir dung ngan xép

e —

DFS(u){
Buwoc 1: Khoi tao
stack = @; //khéi tao stack la @
push(stack,u); /ldua dinh u vao ngan xép
<Tham dinh u>; //duyét dinh u
chuaxet[u] = false; l[Ixac nhan dinh u da duyét
Buoc 2: Lap
while(stack + @){
s = pop(stack); [/lay dinh ¢ dau ngan xép
for(t € Ke(s)){
if( chuaxet[t]){ //néu t chua dugc duyét
<Tham dinh t>; //[duyét dinh t
chuaxet[t] = false; /It da duyét
push(stack, s); //dua s vao ngan xép
push(stack, t); //dua t vao ngan xép
beak; //chi liy mét dinh t

}
j ,
Buwoc 3: Tra lai két qua

return <tip dinh da duyét>;
}4 httP://www.ptit.edu.vn
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é/Ti D6 phirc tap thuat toan DFS

» DO phu’c tap thuat toan DFS(u) phu thudc vao phuang
phap biéu dién db thi

» Bi€u dién do thi bdng ma tran ké
D0 phutc tap thuat toan 1a 0(n?), n la s6 dinh
» Biéu dién db thi bang danh sach canh
D0 phuc tap thuat toan la 0(n.m), n la s6 dinh, m la s6 canh
» Biéu dién db thi b&ng danh sach k&
PO phurc tap thuat toan la 0(max(n, m)), n la s6 dinh, m la s6
canh
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é/'T Kiém nghiém thuat toan DFS (1/2)

» Vi du 1: Cho db6 thi gdbm 13 dinh nhu hinh vé. H3y kiém
nghiém thuat toan DFS(1).

13 (Phuong ND, 2013)
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Kiém nghiém thuat toan DFS (2/2)
STT

1

1,2

1,2, 4

1,2,4,3

1,2, 4

1,2,4,6

1,2,4,6,7

1,2,4,6

1,2,4,6,8

1,2,4,6,8,10

1,2,4,6,8, 10,5
1,2,4,6,8,10,5,9

1,2,4,6, 8,10, 5,9, 13
1,2,4,6,8,10,5,9,13,11
1,2,4,6,8,10,5,9, 13,11, 12
Lan lugt bo cac dinh ra khoi ngan xép

10
10, 5

10, 5, 9

10, 5,9, 13

10, 5,9, 13, 11
10, 5,9, 13, 11, 12

Két qua duyét: 1, 2, 4, 3,6, 7,8, 10,5,9, 13, 11, 12
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» Cho do thi gom 13
dinh dudc biéu dién
dudi dang ma tran ké
nhu hinh vé. Hay cho
biét két qua thuc hién
thuat toan DFS(1).
Chi ro trang thai cua
ngan x€p va tap dinh
dudc duyét theo moi
budc thuc hién cua
thuat toan.

wy,
o
c—r
Q>
O
—

O OO0 O OO OO === O
I e T e T e T e R T e B R e B I
e R R e T e S i e T e S S SR < S SEN S
S O OO OO OO D =
O =0 OO = =D O =0 O
I e R = R R R S R = I =T =
O OO OO =IO = OO O
O —~— 0 000 —~ 0O~ 0 o0 O
—_0 = - 00 0000 oo O
—_——_ 0 =~ O 000 0 o0 O
o O o= = O O O O O o O O
e R i e R L = T T B =T N R
OO0 = = =0 0000 oo O

[a—

(Phuong ND, 2013)
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[ETAT No6i dung

» Thuat toan tim kiém theo chiéu rong (Breadth-First Search - BFS)
» MOt s6 'ng dung cuia DFS va BFS
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CuuDuongThanCong.com https://fb.com/tailieudientuci


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

PIAT - . X Y n
L’ Tim kiém theo chiéu rong - BFS
» Tu tudng
Trong qua trinh tim ki€m, uu tién “chiéu rong” han “chiéu sau’
Tim ki€m xung quanh trudc khi di xubng sau hon

» Thuat toan
BFS(u)!

’

Bwoc 1: Khot tao
queue = @; push(queue,u); chuaxet[u] = false;
Buoc 2: Lap
while(queue # @){
s = pop(queue); <Tham dinh s>;
for(t € Ke(s)){
if( chuaxet[t]){
push(queue,t); chuaxet[t] = false;
}
}
i ,
Buoc 3: Tra lai két qua
return <tip dinh da duyét>;
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é/Ti D6 phic tap thuit toan BFS

» DO phu‘c tap thuat toan BFS(u) phu thudc vao phucng
phap biéu dién db thi

» Bi€u dién do thi bdng ma tran ké
D0 phutc tap thuat toan 1a 0(n?), n la s6 dinh
» Biéu dién db thi bang danh sach canh
D0 phuc tap thuat toan la 0(n.m), n la s6 dinh, m la s6 canh
» Biéu dién db thi b&ng danh sach k&
PO phurc tap thuat toan la 0(max(n, m)), n la s6 dinh, m la s6
canh
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é/! Kiém nghiém thuat to
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» Cho d6 thi gom 13 |5 | 1 1 0 0 0 0 0 0 0 0 0
dinh dugc bieu dién |y o 1 1 01 0 0 0 0 0 0 0
dudidangmatranke |\ ;o 1 1 o 0 0 0 0 0 0 0
nhuhinhvé. Haycho |\ . v o 6 0 1 0 0 0 0 0 0
biét két qua thuc hién 00100111000 1 0
thuat toan BFS(1). Chi
ro trang thai cua hang hg lkhdn Bong O com® O 0 010
doi va tap dinh duge [0 © 0 1 1 1.0 1.0 0 0 0 0
duyét theo méi bugc [0 0 0 0 1T 0 10000 10
thuc hién cda thuat |0 0 0 0 0 0 0 0 0 1 1 0 I
foaM. 00000 0O0O0T1 0 1 1 I

000 00 0O0O0T1 10 0 1
000 01 101010 0 0
000 00000 T 11 0 0

(Phuong ND, 2013)
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Kiém nghiém thuat toan BFS (2/2)

Két qua duyét: 1, 2, 3, 4, 6,

CuuDuongThanCong.com
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é/” Chu y

» VOi do thi vo hudng
Néu DFS(u) = V hodc BFS(u) =V, ta cd thé két ludn do thi lién
thong

» V@i do thi cd hudng

Néu DFS(u) = V hodc BFS(u) =V, ta c6 thé két ludn do thi lién
thong yéu

14 htttP://www.ptit.edu.vn
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&t NoO1 dung

» MOt s6 'ng dung cuia DFS va BFS

CuuDuongThanCong.com
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PTAT : :
Q/ﬁ Xac dinh thanh phan lién théng cua do thi

» Phat biéu bai toan

Cho d6 thi vo huéng G =< V,E >, trong d6 V la tap dinh, E la tap
canh. Xac dinh cac thanh phan lién thong cua G?

» Thuat toan
Duyet-TPLT(){//duyét thanh phan lién thong
Budc 1: Khoi tao
soTPLT = 0; //khdi tao sé6 thanh phan lién thong bang O
Buoc 2: Lap
for(u € V){ /Nlap trén tap dinh
if( chuaxetu]){
soTPLT = soTPLT + 1;//ghi nhan s6 TPLT
BFS(u); I/ c6 thé goi DFS(u)
<Ghi nhin cac dinh thudc TPLT>;
}
j ,
Buwoc 3: Tra lai két qua
return <cac TPLT>;
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Bai tap 2
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éT)"T N 1 . "~ ’ > ~n A .
L7 Tim dwong di githa cac dinh trén 4o thi (1/4)
» Phat bi€u bai toan
Cho d6 thi G =< V,E > (vO hudng hoac co hudng), trong do V la
tap dinh, E la tap canh. Hay tim duong ditUs e V dén t € V?

» MO ta thuat toan
Néu t € DFS(s) hodc t € BFS(s) thi ta ¢ thé két luan c6 dudng di
tUr s dén ¢t trén do thi, ngugc lai sé khong c6 dudng di
Pé ghi nhan dudng di ta si dung mang truoc[] gébm n phan tdr
(n=1V])
Khdi tao ban dau truoclu] = 0 v8i moi u
MOi khi dua v € Ke(w) vao ngdn xép (néu sir dung DFS) hodc hang dgi
(néu s dung BFS) ta ghi nhan truoc[v] = u
NEu DFS va BFS khong duyét dugc dén dinh t, khi d6 truoc[t] = 0 thi
ta két luan khong co dudng di tU s dén ¢t

httP://www.ptit.edu.vn
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éJT.i—_T Tim dwdng di gitva cac dinh trén do thi (2/4)

S dung thuat toan DFS

DFS(s){
Buwoc 1: Khoi tao
stack = @; push(stack,s); chuaxet[s] = false;
Buoc 2: Lap
while(stack # @){
u = pop(stack); /Mlay dinh ¢ ngan xép
for(v € Ke(u)){
if( chuaxet[v]){ //néu v chua dugc duyét
chuaxet[v] = false; /v da duyét
push(stack,u); //dua u vao ngan xép
push(stack, v); /ldua v vao ngan xép
truoc|v| = wu; //Ghi nhan truoc[v] 1a u
beak; //chi liy mot dinh t

}
J ,
Buoc 3: Tra lai ket qua
return <tap dinh da duyét>;
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S dung thuat toan BFS
BFS(u){
Buwoc 1: Khoi tao
queue = Q; push(queue, s); chuaxet[s] = false;
Buoc 2: Lap
while(queue # 0){
u = pop(queue);
for(v € Ke(u)){
if( chuaxet[v]){
push(queue, v);
chuaxet[v] = false;
truoc[v] = u;
}
}
i ,
Buoc 3: Tra lai két qua
return <tip dinh da duyét>;
b
20 htt
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éTiT N . . "~ ’ > ~ A .
L’ Tim dwdng di gitra cac dinh trén dé thj (4/4)
Ghi nhan dudng di
Ghi-Nhan-Duong-Di(s, t){

if( truoc[t] == 0){
<Khong co6 duong di tu s téi t>;

}
else{
<Pua ra dinh t>;// Pua ra dinh t truéc
u = truoc[t]; // u la dinh truéc khi dén duoc t
while(u # s){
<Pva ra dinh u>;
u = truoc[u];// 1an nguoc lai dinh trudéc u
}
<Pva ra dinh s>;
)

httP://www.ptit.edu.vn
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A\ A Bai tap 3

» Cho do thi gom 13 | 1 | |1 0 0 0 0 0 0 0 0 0
dinh dugc bieu dien |\, o 1 | o 1 90 0 0 0 0 0 0
dugidangmatranke |\ o 1 1 o 0 0 0 0 0 0 0
nhu hinh Ve " TIm /0 0 0 1 00 0 0 0 0

duong di tu dinh 1
dén dinh 13 cia @6 |© O 1 0o 0 Tl 0000
o 01 00 1 010000 1 0
- 00 0 1 1 101 000 0 0
00 0 0 1 010000 1 0
000000 O0O0UO0T1 1 0 1
000 0 0000 1 0 1 1 1
000 0 00O0O0T1 1 0 0 1
000 0 1 101 010 0 0
0 0000000 T1T1 10 0

(Phuong ND, 2013)
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PTAT >
Q/ﬁ Tinh lién thdng manh trén do thi co hwdng

» Phat biéu bai toan

Do thi co hudng G =< V, E > la lién thong manh néu gilra hai dinh
bat ky cua no d‘éy ton tai dudng di. Cho trudc do thi cd hudng
G =<V,E >. Kiém tra xem G co0 lién thong manh hay khong?

» Thuat toan

bool Strong Connected (G =< V,E >){//kt tinh lién thong manh cua G
Relnit(); Il Yu € V: chuaxet[u] = true;
for(u € V){ /Nlap trén tap dinh
if(BFS(u) # V) // c6 thé kiém tra DFS(u) =V
return false; // @6 thi khong lién théong manh
else
Relnit(); // khoi tao lai mang chuaxet(]
b

return true; / d6 thi lién théng manh
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CuuDuongThanCong.com https://fb.com/tailieudientucnt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Bai tap 4
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éJTj Duyét cac dinh tru

» Phat biéu bai toan

Pinh u € V cua do6 thi vo hudng ¢ =< V,E > dudc goi la tru néu
loai bo dinh u cung vd&i cac canh ndi v&i u lam tang thanh phan
liéen thong cua G. Cho truGc d6 thi vo hudng (lién thong)
G =< V,E >, tim cac dinh tru ctia G?

» Thuat toan

Duyet_Tru (G =<V,E >){
Relnit(); Il Yu € V: chuaxet[u] = true;
for(u € V){ //lay mdi dinh u
chuaxet[u] = false; /| cAm BFS hoic DFS duyét u
if(BFS(v) = V\{u}) // c6 thé kiém tra DFS(v) # V\{u}
<Ghi nhan u la tru>;
Relnit(); // khéi tao lai mang chuaxet|]
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Bai tap 5
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duoc

» Cho do thi vO hudng
G=<V,E>

bi€u dién dudi dang

ma tran ké nhu hinh
bén. Tim cac dinh tru

cua G?

(Phuong ND, 2013)
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PTiT aL - A
LJ_ Duyét cac canh cau

» Phat biéu bai toan

» Canh e € E cua d6 thi vo huéng ¢ =< V, E > dudc goi la canh cau
néu loai bo e lam tang thanh phan lién thong cia G. Cho trudc do
thi vo hudéng (lién thong) G =< V, E >, tim cac canh cau cla G?

» Thuat toan

Duyet_Cau (G =< V,E >){

Relnit(); /Il Yu € V: chuaxet[u] = true;

for(e € E){ //liy mdi canh cua &6 thi
E = E \ {e}; /| 1oai bo canh e ra khéi @b thi
if(BFS(1) = V) I/ c6 thé kiém tra DFS(1) # V

<Ghi nhan e 1a cau>;

E = E U {e}; // hoan tré lai canh e
Relnit(); // khéi tao lai mang chuaxet|[]
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Bai tap 6
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» Cho do thi vO hudng
G=<V,E>

duoc

biéu dién dudi dang

ma tran ké nhu hinh
bén. Tim cac canh cau

cua G?

(Phuong ND, 2013)
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éT*fT <. ) : Y A :
L’ Bai toan dinh chiéu do thi (1/2)
» Dinh nghia
Phép dinh chiéu d6 thi vd hudng lién thong la phép bién ddi do thi
vO hudng lién thong thanh do thi cd hudng lién thong manh.
Do thi vo hudng ¢ =< V,E > dudc goi la do thi dinh chiéu dugc
néu cd thé dich chuyén dugdc thanh do thi c6 hudng lién thong
manh bang cach dinh chiéu moi canh vo hudng thanh moét cung
cé hudng.

» Vidu
2) 5 (2)- 5
(Phuong ND, 2013)
3 (4 G<§ 4
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)
é/“_T Bai toan dinh chiéu &b thi (2/2)

» Dinh ly
P06 thi vo hudng lién thong ¢ =< V, E > dinh chiéu dudc khi va
chi khi tat ca cac canh e € E cua ¢ déu khong phai la cau.

» MOt sO van dé can quan tam
Ch{’ng minh mot do thi vo hudng la dinh chiéu dugc
Viét chuang trinh kiém tra mét do thi vo hudng co dinh chiéu
dugc hay khong?
Chi ra mot phép dinh chiéu trén mot do thi vo hudng
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Tom tit

» Thuat toan duyét theo chiéu sau bat dau tai dinh u e v,
DFS(u)

» Thuat todn duyét theo chiéu rong bat dau tai dinh u € V,
BFS(u)

» Ung dung cac thuét todn DFS(u) va BFS(u)
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Duyét tat ca cac dinh cua do thi

Duyét tat ca cac thanh phan lién thdng cua do thi
Tim dudng di tu dinh s dén dinh t trén do thi
Kiém tra tinh lién thdng manh cda do thi

Duyét cac dinh tru cta do thi

Duyét cac canh cau cua do thi

Kiém tra mot do thi co dinh chiéu dugc hay khdng
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é)_T Bai tap

» Lam mot so bai tap trong giao trinh
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