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XEP HANG PO THI



Sap xép topo (xép hang)

» Thtr tu topd cua mot do thi c6 hudng 1a mot thir tu
sap x€p cua cac dinh sao cho v&1 moi cung tir u dén v
trong do thi, u luén nam trudc v.

> Thuat toan dé tim tht tu topd goi 1a thuat toan sap
xep topo.

> Thir tu topd ton tai khi va chi khi dd thi khong c6
chu trinh. D6 thi c6 hudéng khong cé chu trinh luon
c6 it nhat mot thir tu topo, va co thuat toan dé tim tha
tu to po trong thoi gian tuyén tinh.



Giai thuat xép hang

1)- Khoi tao:
I la tdp hop cac anh cua i (cac dinh di tir 1)
d; 12 s0 tao anh cua i (VieX), (tong so dinh den i)
k=0 S,={s}
2)- Véi méi K thuwe hién:
Sk+1 =J
Vi moi ie€S, thyc hién :
r(i) = k
V6imoi j 12 anh cua i (dinh di tir 1) thuc hién:
dj‘, =d; -1
Néu ¢ =0 thi gan Sy.; = Sy + {U}
k =k+1
Néu S, = & thi giai thuat két thiic, nguoc lai thi quay vé (2).



Giai thuat xép hang




Giai1 thuat Xép hang

2 (4)
Khoi tao: (D

s =1 14 dinh goc

k=0 ?;\

Sq={1}
i 1 2 3 4 6
I | 2,3 |4,96(256]| 7 4.5
di 0 2 1 2 2




| 1| 2 | 3 6
. | 23 |456(256 4,5
dil o | 1| o0 2
1)- Véi k= 0 thye hién: (@) | o
S, =0
Lan lugt xét cac dinh i trong S, ={1}:
e =1:
r(1)=0
Lan luot xét cac dinh j trong T, = {2,3}
j=2: d(2)=d(2)-1=2-1=1
j=3: d(3)=d(3)-1=1-1=0nén S, = S, + {3} ={3}
k=k+1=0+1=1

S, # @ nén quay vé dau vong lap.




1 | 1| 2| 3 §!
I, | 2,3 |456(256 4,5
di| o] 0] O 1
2)- Vi k= 1 thue hién: .
S r(i 1
S,= ] 0
Lan luot xét cac dinh i trong S, = {3}:
* |=3:
r3)=1
Lan luot xét cac dinh j trong T'; = {2,5,6}:
j=2: d(2)=d(2)-1=1-1=0nén : S, = S, + {2} = {2}
j=5: d(5)=d(5)-1=3-1=2
j=6: d(6)=d(6)-1=2-1=1
k=k+1=1+1=2

S, # & nén quay vé dau vong lap.
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VO Tri Thirc




| 1 2 3 6
T, | 23 (456|256 4.5
di| o | 0 | O 0

3)V6i k= 2 thuc hién:

S, = | O 2 1
Lan luot xét c4c dinh i trong S, = {2}
° |=2:
r(2) =2

Lan luot xét cac dinh j trong I',= {4,5,6}:

J=4: d(4)=d(4)-1=2-1=1
j=5: d(5)=d(5)-1=2-1=1

j=6: d(6)=d(6)-1=1-1=0 nén S, = S, + {6} = {6}

k=k+1=2+1=3
S, # @ nén quay vé budc dau vong lap.




I | 23 |456|256| 7 7 |45

ri) | O 2 1 3

Lan luot xét cac dinh i trong S, = {6}:
* =6
r(6)=3
Lan luot xét cac dinh j trong T';= {4,5}:
j=4: d(4)=d(4)-1=1-1=0én S, = S, + {4} = {4}
j=5: d(5)=d(5)-1=1-1=0 nén S, = S, + {5} = {4,5}
k=k+1=3+1=4
S, # @ nén quay vé dau vong lap.



| 1|2 | 3 §!
I | 23 |456|25,6 4,5
di | O 0 0 0
5)- V61 k= 4 thuc hién: !
5§ = ri) | O 2 1 3
Lan luot Xét cac dinh i trongS;=<4,5F
e 1=4:
r(4)=4
Lan luot xét cac dinh j trong T',= {7}
i=7: d(7)=d(7)-1=2-1=1
e |=5;
r(5)=4
Lan luot xét cac dinh j trong T's= {7}:
J=7:d(7)=d(7)-1=1-1=0nén S; =S+ {7} ={7}
k=k+1=4+1=5

St # @ nén quay vé dau vong lip.




i 1 2 3 6
r, | 23 (456|256 4,5
d-| 0 | 0| O 0
6)- Vo1 k=5 thuc hién: r(l) 0 9 1 3
Lan luot xét cac dinh i trong S; = {7}:
° |=7:
r(7)=5
Lan luot xét cac dinh j trong I',= &
k=k+1=5+1=6

S = J: giai thuat két thuc.




4,5

v

7

2,3 |4,56(2,5,6

0

L

r(i




4,5

v

7

2,3 |4,56(2,5,6

L




4,5

v

7

6

5

3 14,56|2

2

L




BAI TAP

Pé thi ndm 2013 (Pot 1)
Phan hang c4c dinh ctia d6 thi sau va vé do thi
phan hang




BAI TAP

- Peé thi nim 2013 (Pot 1) —(—(s
AT et

i1 2 8 4 5 6 7T 8
r 3,7

. 2,3,4 3,5 9 6,8 3,4,7,9 6,9
d- 0 1 4 2 1 2 2 1 3



BAI TAP
N
o Pé thi nim 2013 (Pot 1)

I 2,3,4 3,5 6,8 3,4,7,9

d 0 0 3 1 1 2 2 1 3

7 Khoi tao

Gocs=1,k=0,S,={s}

Lapl

S;={}1=1:r(1) =0, ]=2:d(2)=0, S, ={2}

]=3:d(3)=3
j=4:d(4)=1

K

I



BAI TAP

EEC N
- Pé thi nam 2013 (Pot 1)
----------

I 2,3,4 3,5 6,8 3,4,7,9
d- 0 0 2 1 0 2 2 1 3

Lap 2
={hi1=2r(2)=1, J=3:d(3)=2
]=5:d(5)=0,S,={5}
k=2



BAI TAP

20 B
- Pé thi nim 2013 (Pot 1)
B N

I 2,3,4 3,5 6,8 3,4,7,9
d- 0 0 2 1 0 1 2 O 3

Lap 3
={}1=5r05B)=2 j=6:d(6)=1
] =8:d(8) =0, S;={8}
k=3



BAI TAP
T
5 Pé thi nim 2013 (Pot 1)

I, 2,3,4 3,5 6,8 3,4,7,9
d- 0 0 2 1 0 0 2 0 2
Lip4 S,={} i=8:r(8) =3 j=6:d(6)=0,S,={6}
j=9:d(9) =2
k=4



BAI TAP
2
5 Pé thi nim 2013 (Pot 1)

I, 234 35 6,8 3,4,7,9
d 0 0 1 o 0 0 1 o 1
Lap5 S.={},i=6;r(6)=4 j=3:d(3) =1
j=4:d(4)=0,S;={4}
j=7:d(7) =1
]=9:d(9) =1

K

1
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BAI TAP
S
- Pé thi nim 2013 (Pot 1)

I, 2,34 35 6,8 3,4,7,9
d- 0 0 0 o 0 0 0 o 1
Lap 6
={}1=4:r(4)=5 ]=3:d(3) =0, S, ={3}
j=7:d(7)=0,S,={3, 7}
k=6



BAI TAP
N
- Pé thi nim 2013 (Pot 1)

I, 2,34 3,5 6,8 3,4,7,9
d- 0 0 0 O 0 0 0 O 0
Lap 7/
S7T={},1=3:1(3) =6 ]=9:d(9)=0,S,={9}
1=7 :r(7)=6
k=7



BAI TAP

Pé thi ndm 2013 (Pot 1) @—» (8)
Lap 8 0! C/
S8={}1=9:1(9) =7 \ o O
S8 = {} thuat toan dirng (4) (7)
Do thi xép hang:

r(1))=0 r(2)=1
(5 =2 r(8)=3
6)=4 r(4)=5
r(3)=6 r(7)=06
1(9) =7
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BAI TAP

Pé thi ndm 2013 (Pot 2)
Phan hang cac dinh ctia d6 thi sau va vé do thi

phan hang
2 ° '
O OS5=9
\‘Qo
(2

4




BAI TAP

i 1 2 3 4
I, 23,4 3,58 67,9 3,7
d- 0 ] 3 ]

5
6,9
1

6
7,9
2



BAI TAP

i 1 y 3 4 S 6

I 2,3,4 3,5,8 6,7,9 3,7 6,9 7,9 7,9

d o) 0 2 0] 1 2 4 1 4
Khéi tao
Gocs=1,k=0,S, = {s}
Lap 1. S, ={}, 1=1: r(l)

(3) =2

0,

- d(2)=0, S, = {2}

. A

- d(4)=0, S, ={2, 4)
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BAI TAP

i 1 y 3 4 S 6
I, 234 358 67,9 37 69 7,9 7,9
d- 0 0 0 0 0 2 3 0 4
Lap 2: S, = {}, 1=2:1(2) =1
] =3: d(3):1
]=5:d(5)=0 {5}
]=8:d(8)=0, S2={5, 8}
1=4:r(4) = 1,
]=3:d(3)=0,S2={5, 8, 3}
j=7.:d(7)=3



BAI TAP

1 y 3 4 S
I 2,3,4 3,5,8 6,7,9 3,7 6,9 7,9 7,9
d- 0 0 0 0 0 0 ] 0 ]
Lap 3 ={h 1=51r(3) =2
j=6:d(6)=1
]=9:d(9)=3
1=8:1(8) =2
j=7.d(7) =2
]=9:d(9)=2
1=3:1(3) =2
j=6:d(6)=0 = {6}
j=7.d(7) =1
]=9:d(9) =1



BAI TAP

1 y 3 4 S 6
I, 234 358 67,9 37 69 7,9 7,9
d- 0 0 0 0 0 0 0 0 0
Lap 4
S,=1{} 1=6:1(6) =3
j=7:d(7)=0,S,={7}
]=9:d(9)=0,S,={7, 9}



BAI TAP

1 2 3 4 S 6
I 2,3,4 3,5,8 6,7,9 3,7 6,9 7,9 7,9
d- 0 0 0 0 0 0 0 0 0
Lap 5
Sc ={}, 1=7.1(7)=4

1=9:1(9) =4 Thuat toan dwng
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Cay khung c6 trong lwong nhé nhat

XLNNTN - tnmtnhu@cit.ctu.edu.vn  8/2/2015



Cay khung co0 trong luong nhé nhat
o Cay:

Do thi vo hudng lién thong khong co chu trinh goi la cay

= Cay 12 mot d6 thi vo hudng don




1.Gidi thiéu vé cay
2.Cay khung

3.Cay ¢6 hudng
4.BT Cay cé hudng

Céc tinh chat ciia Cay

Dinh ly 1:
J=(X,T) 1a dd thi v hudng
J la cay Ifhi va chi khi ton tai duy nhat mot dudng di noi
2 dinh bat ky cua J

37



Cac tinh chat cia Cay

Dinh ly 2
J=(X,T) 14 d6 thi v0 hudng vdi sd6 dinh n > 2
= C4c tinh chat tuong duong
J la cay
J khong c6 chu trinh va co n-1 canh
J lién thong va co n-1 canh.
J khdng co chu trinh, nhu’ng,né’u thém mét canh noi hai dinh
bat ky khong k& nhau thi xuat hién chu trinh.
J lién thdng nhung néu bét di mot canh bat ky thi s& 1am mat
di tinh lién thong.
Méi cap dinh dugc ndi véi nhau bang ding mét duong di so
cap.

38



Cay khung c6 trong luong nho nhat

Bai toan cay khung c6 trong luong nhd nhat
G=(X,U) 1a mot db thi vo huéng
w(u): trong so, véi U € U

Cay khung (cay bao trum) trén G 1a mot d6 thi bd phan lién théng khéng co
chu trinh

=

D) thi Céy khung

Khi d6 thi v huéng G c6 n dinh thi cay khung cta G,neu c6, 1a mot do thi
lién thong c6 n dinh va n-1 canh

Mot d6 thi co thé cd rat nhiéu cdy khung khéac nhau.
Bai toan tim cay khung c6 tong trong sd C4c canh 1a nhd nhat.
39



Giai thuat Kruskal

G=(X,U) 1a mot do thi vo hudng

Sap xép canh thir tu theo trong s6 tang dan (Giai thuat Kruskal)
Ug,Us,Us,.y U

Poc lan luot danh sach thi tu cac canh
Khéi dau T={u,}.

Buoc thir k canh u, dugce doc. Néu T+{u,} khong tao thanh chu
trinh thi thém u, vao T

Chuyén sang canh tiép theo dén hét cac canh
Cay J=(X,T) la cay khung c6 trong luong nho nhat
= trong luong w(J)

40



Cay khung c6 trong luong nho nhat

41



1.Gidi thiéu vé cay
2.Cay khung

3.Cay ¢6 hudng
4.BT Cay cé hudng

Giai thuat Kruskal

G=(X, U) 1a mot do thi vo hudng
Sap xép thtr tu cac canh theo trong
sO tang dan
(1,6), (6,7), (6,4), (1,2), (2,7),
4,7), 3.7), (34), (2,5), (5,7),
(3,5), (1,7)
Khoi dau
T={(1,6)}
w(J)=w(1,6)=1




1.Gidi thiéu vé cay
2.Cay khung

3.Cay ¢6 hudng
4.BT Cay cé hudng

Giai thuat Kruskal

(1,6), (6,7), (6,4), (1,2), (2,7), (4,7), (3,7), (3,4), (2,5), (5,7), (3,5), (1,7)

Budc lap, doc lan lugt danh sach céc

canh

1)- Véi canh (6,7)
Tw{(6,7)} khong tao thanh chu trinh. .
T=Tu {(6,7)} = {(1,6).(6,7)}
w(J)=w(J)+w(6,7)=1+2=3

2)- V61 canh (6,4)
Tu{(6,4)} khdng tao thanh chu trinh.
T=TU{(64) } ={(1,6),(6,7),(6,4)}
w(J)=w(J)+w(6,4)=3+3=6




Giai thuat Kruskal

(1,6), (6,7), (6,4), (1,2), (2,7), (4,7), (3,7), (3,4), (2,5), (5,7), (3,5), (1,7)

3)- Vi canh (1,2)
Tu{(1,2)} khong tao thanh chu trin
T=Tu{(1,2)} =
1(1,6),(6,7),(4,6),(1,.2)}
w(J)=w(J)+w(1,2)=6+4=10

4)- V61 canh (2,7)
Tu{(2,7)} tao thanh chu trinh




Giai thuat Kruskal

(1,6), (6,7), (6,4), (1,2)A27#% (4,7), (3,7), (3,4), (2,5), (5,7), (3,5), (1,7)

4

3)- Vi canh (1,2)
TU{(1,2)} khbng tao thanh chu trin{e)
T=Tu{(1,2)} =
1(1,6).(6,7),(4.,6),(1,2)}
w(J)=w(J)+w(1,2)=6+4=10

4)- V61 canh (2,7)

Tu{(2,7)} tao thanh chu trinh




Giai thuat Kruskal

(1,6), (6,7), (6,4), (1,2), 2A(4,7), (3,7), (3,4), (2,5), (5,7), (3,5), (1,7)

3)- Vi canh (1,2)
Tu{(1,2)} khong tao thanh chu trin
T=TU{(1,2)} =
{(1,6),(6,7).(4,6).(1,2)}
w(J)=w(J)+w(1,2)=6+4=10

4)- Vo1 canh (2,7)
Tw{(2,7)} tao thanh chu trinh

5)- V61 canh (4,7)
Tu{(4,7)} tao thanh chu trinh

46



1.Gidi thiéu vé cay
2.Cay khung

3.Cay ¢6 hudng
4.BT Cay cé hudng

Giai thuat Kruskal

(1,6), (6,7), (6,4), (1,2), 7% t47% (3,7), (3,4), (2,5), (5,7), (3,3), (1,7)

3)- Vi canh (1,2)
Tu{(1,2)} khong tao thanh chu trin
T=TU{(1,2)} =
{(1,6),(6,7).(4,6).(1,2)}
w(J)=w(J)+w(1,2)=6+4=10

4)- Vo1 canh (2,7)
Tw{(2,7)} tao thanh chu trinh

5)- V61 canh (4,7)
Tu{(4,7)} tao thanh chu trinh




1.Gidi thiéu vé cay
2.Cay khung

3.Cay ¢6 hudng
4.BT Cay cé hudng

Giai thuat Kruskal

(1,6), (6,7), (6,4), (1,2), 2% t47% (3,7), (3,4), (2,5), (5,7), (3,5), (1,7)

6)- V6i canh (3,7)
TU{(3,7)} khong tao thanh chu trin
T=Tu{3,7)}=
{(1,6),(6,7),(4,6),(1,2),(3,7)}
w(J)=w(J)+w(3,7)=10+7=17

7)- V61 canh (3,4)
Tw{(3,4)} tao thanh chu trinh.




1.Gidi thiéu vé cay
2.Cay khung

3.Cay ¢6 hudng
4.BT Cay cé hudng

Giai thuat Kruskal

(1,6), (6,7), (6,4), (1,2), &% t47% (3,7), B4k (2,5), (5,7), (3,5), (1,7)

6)- V6i canh (3,7)
TU{(3,7)} khong tao thanh chu trin
T=Tu{3,7)}=
{(1,6),(6,7),(4,6),(1,2),(3,7)}
w(J)=w(J)+w(3,7)=10+7=17

7)- V61 canh (3,4)
Tw{(3,4)} tao thanh chu trinh.




Giai thuat Kruskal

6)- V&i canh (3,7)

1.Gidi thiéu vé cay
2.Cay khung

3.Cay ¢6 hudng
4.BT Cay cé hudng

TU{(3,7)} khong tao thanh chu trinh.
T=Tu{@B,7)}=

1(1,6).(6,7),(4,6).(1,2),(3,7)}
w(J)=w(J)+w(3,7)=10+7=17
7)- Véi canh (3,4)
TU{(3,4)} tao thanh chu trinh.
8)- Vi canh (2,5)
TU{(2,5)} khong tao thanh chu trinh.

T=Tw{(2,5)} =
{(1,6),(6,7),(4,6),(1,2),(3,7),(2,9)}

w(J)=w(J)+w(2,5)=17+9=26




Giai thuat Kruskal

(1,6), (6,7), (6,4), (1,2), &% t47% (3,7), B4k (2,5), (5,7), (3,5), (1,7)

0 9)- Voi canh (5,7)
Tw{(5,7)} tao thanh chu trinh.




Giai thuat Kruskal

(1,6), (6,7), (6,4), (1,2), 7% t47% (3,7), B#4% (2,5), :5745(3,5), (1,7)

4

9)- Vi canh (5,7)
Tw{(5,7)} tao thanh chu trinh.




Giai thuat Kruskal

(1,6), (6,7), (6,4), (1,2), 7% t47% (3.7), B4k (2,5), (577—),—(3;5), (1,7)

9)- Vi canh (5,7)

Tw{(5,7)} tao thanh chu trinh.
10)- Vi canh (3,5)

TU{(3,5)} tao thanh chu trinh.




Giai thuat Kruskal

(1,6), (6,7), (4,6), (1,2), 7% t47% (3,7), B4h (2,5), 7% Boh(1.7)

9)- Vi canh (5,7)

Tw{(5,7)} tao thanh chu trinh.
10)- Vi canh (3,5)

TU{(3,5)} tao thanh chu trinh.




Giai thuat Kruskal

(1,6), (6,7), (4,6), (1,2), 7% t47% (3,7), B74% (2,5), (57% (—3,—52,—(1 /)

9)- Vi canh (5,7)

Tw{(5,7)} tao thanh chu trinh.
10)- Vi canh (3,5)

TU{(3,5)} tao thanh chu trinh.
11)- V61 canh (1,7)

TU{(1,7)} tao thanh chu trinh.




Giai thuat Kruskal

(1,6),(6,7), (4,6), (1,2), 7% t47% (3,7), 74k (2,5), 7% S5) &7
1 2

9)- Vi canh (5,7)

Tw{(5,7)} tao thanh chu trinh.
10)- Vi canh (3,5)

TU{(3,5)} tao thanh chu trinh.
11)- V61 canh (1,7)

TU{(1,7)} tao thanh chu trinh.




Giai thuat Kruskal

(1,6), (6,7), (4,6), (1,2), 7% t47% (3.7), Br4h (2,5), 577 Bk A

9)- Vi canh (5,7)

Tw{(5,7)} tao thanh chu trinh.
10)- Vi canh (3,5)

TU{(3,5)} tao thanh chu trinh.
11)- V61 canh (1,7)

TU{(1,7)} tao thanh chu trinh.
Két qua

T =

1(1,6).(6,7),(4,6),(1,2),(3,7),(2,5)}

Cay khung nho nhat J trén do thi c6
trong luong w(J)=26 la:




Bal tap

Pé thi 2012, 1an 1

Tim cay khung c6 trong lugng nho nhat trong do
thi duoc cho bdi ma tran trong s6 sau

A

B

C

D

E

F

G

H

K

1

1

o

N

w

Al T OlTM[{mMO]O| @W| >




Bal tap o
¢ Pé thi 2012, l1an 1

G=(X,U) la mot d6 thi v hudng

Sép Xép thir tu cac canh theo trong sO tang dan

AB,AC,AK,DE,BH,CK,EF,DK,FH,DH,DF,CD,HK,BK,
BG,FG,GH

s e Al A|lB|C|D|E|F|G|H|K
Khoi dau - - .
T={(AB)} : IRE
—_ — C 6 2
w(J)=w(AB)=1 - L —
E 2
F 9 3
G 9
H 7
K




Bal tap Pé thi 2012, lan 1
G=(X,U) la mot d6 thi v hudng
Sép Xép thir tu cac canh theo trong sO tang dan
AB,AC,AK,DE,BH,CK,EF,DK,FH,DH,DF,CD,HK,BK,
BG,FG,GH
Buéec lip, doc lan lugt danh sach cac canh
1)- V61 canh (AC)

TU{(AC)} khbng tao thanh chu trinh.

T=Tu {(AC)} = {(AB),(AC)}

w(J)=w(J)+w(AC)=1+1=2



Bal tap Pé thi 2012, lan 1
G=(X,U) la mot d6 thi v hudng
Sép Xép thir tu cac canh theo trong sO tang dan
AB,AC,AK,DE,BH,CK,EF,DK,FH,DH,DF,CD,HK,BK,
BG,FG,GH
Buéec lip, doc lan lugt danh sach cac canh
2)- Vo1 canh (AK)
TU{(AK)} khbng tao thanh chu trinh.
T=Tu {(AK)} = {(AB),(AC),(AK)}
w(J)=w(J)+w(AK)=2+1=3



Bal tap Pé thi 2012, lan 1
G=(X,U) la mot d6 thi v hudng
Sép Xép thir tu cac canh theo trong sO tang dan
AB,AC,AK,DE,BH,CK,EF,DK,FH,DH,DF,CD,HK,BK,
BG,FG,GH
Buéec lip, doc lan lugt danh sach cac canh
3)- V61 canh (DE)
TU{(DE)} khong tao thanh chu trinh.
T=Tu {(DE)} = {(AB),(AC),(AK),(DE)}
w(J)=w(J)+w(DE)=3+1=4



Bal tap Pé thi 2012, 1an 1
G=(X,U) la mot d6 thi v hudng
Sép Xép thir tu cac canh theo trong sO tang dan
AB,AC,AK,DE,BH,CK,EF,DK,FH,DH,DF,CD,HK,BK,
BG,FG,GH
Buéec lip, doc lan lugt danh sach cac canh
4)- Véi canh (BH)
TU{(BH)} khong tao thanh chu trinh.
T=Tu {(BH)} = {(AB),(AC),(AK),(DE),(BH)}
w(J)=w(J)+w(BH)=4+2=6



Bal tap Dé thi 2012, lan 1
G=(X,U) la mot d6 thi v hudng
Sép Xép thir tu cac canh theo trong sO tang dan
AB,AC,AK,DE,BH,SK,EF,DK,FH,DH,DF,CD,HK,BK,
BG,FG,GH
Buéec lip, doc lan lugt danh sach cac canh
5)- Véi canh (CK)
TU{(CK)} tao thanh chu trinh.
6)- V61 canh (EF)
TU{(EF)} khong tao thanh chu trinh.
T=Tu {(EF)} = {(AB),(AC),(AK),(DE),(BH),(EF)}
w(J)=w(J)+w(EF)=6+2=8



Bal tap Dé thi 2012, lan 1
G=(X,U) la mot d6 thi v hudng
Sép Xép thir tu cac canh theo trong sO tang dan
AB,AC,AK,DE,BH,SK,EF,DK,FH,DH,DF,CD,HK,BK,
BG,FG,GH
Buéec lip, doc lan lugt danh sach cac canh
7)- Vo1 canh (DK)
TU{(DK)} khbng tao thanh chu trinh.
T=Tu {(DK)} = {(AB),(AC),(AK),(DE),(BH),(EF),(DK)}
w(J)=w(J)+w(DK)=8+3=11
8)- V61 canh (FH)
TU{(FH)} tao thanh chu trinh.



Bal tap o
bé thi 2012, lan 1

G=(X,U) la mot d6 thi v hudng
Sép Xép thir tu cac canh theo trong sO tang dan
AB,AC,AK,DE,BH,CSK,EF,DK,FH,BH,BFGDBb,HK,BK,
BG,FG,GH
Buéec lip, doc lan lugt danh sach cac canh
9)- V61 canh (DH)

TU{(DH)} tao thanh chu trinh.
10)- Vo1 canh (DF)

TU{(DF)} tao thanh chu trinh.
11)- Vi canh (CD)

TU{(CD)} tao thanh chu trinh.



Bal tap o
bé thi 2012, lan 1

G=(X,U) la mot d6 thi v hudng
Sép Xép thir tu cac canh theo trong sO tang dan
AB,AC,AK,DE,BH,CK,EF,DK,FH,BH,BFCD HK,BK,
BG,FG,GH
Buéec lip, doc lan lugt danh sach cac canh
12)- V6i canh (HK)

TU{(HK)} tao thanh chu trinh.
13)- Vo1 canh (BK)

TU{(DF)} tao thanh chu trinh.



Bal tap Pé thi 2012, 1an 1
G=(X,U) la mot d6 thi v hudng
Sép Xép thir tu cac canh theo trong sO tang dan
AB,AC,AK,DE,BH,CK,EF,DK,FH,DH BEFCD HK,BK,BG,
FG,GH
Buéec lip, doc lan lugt danh sach cac canh
14)- V6i canh (BG)
TU{(BG)} khong tao thanh chu trinh.
T=Tu {(BG)} =
{(AB),(AC),(AK),(DE),(BH),(EF),(DK),(BG)}
w(J)=w(J)+w(DK)=11+9 =20



Bal tap o
bé thi 2012, lan 1

G=(X,U) la mot d6 thi v hudng
Sép Xép thir tu cac canh theo trong sO tang dan
AB,AC,AK,DE,BH,CK,EF,DK,FH,BH,BFCD HK,BK,BG,
FG.GH
Buéec lip, doc lan lugt danh sach cac canh
15)- V6i canh (BG)

TU{(FG)} tao thanh chu trinh.
16)- Vo1 canh (GH)

TU{(GH)} tao thanh chu trinh.

=> Cay co0 trong lwong w(J)=20 véi cac canh AB,AC,AK,DE,BH,
EF,.DK,BG



Bal tap

Pé thi 2012, 1an 1

Tim cay khung c6 trong lugng nho nhat trong do

thi duoc cho bai ma tran trong so sau

GIAI
F

E

)

Trong luong cay : 20




Giai thuat Prim
Khdi tao

s la dinh dwoc chon truéce

S={s} T=0 w(J) =0
Giai thuéat
while S=X do {
M= {j ké clha S}
for jeM {
Tim ieS sao cho i gan j nhat
Gan nhan cho dinhj: ((i,j) , w(i,)))
}endfor
Chon dinh c6 nhan (trong s6) nhé nhat co thé trong cac dinh dwoc
gan nhan v, khi thém vao S khong tao ra chu trinh: ((u, v), w(u, v))
Khi d6 cap nhat
S= S+{v}
T=TH{(u,v)}
w(J) = w(J) + w(u,v)
}endwhile



Giai thuat Prim
Khoi tao 4

s=1 :
S={1}
T=0C
Céac budc lap
1)- V61 S = {1} # X thuc hién
Xac dinh M = {2, 6, 7}. Gan nhan cho cac 8
dinh trong M
2:((1,2),4)
6: ((1,6),1)
7: ((1,7),12) nhén nho nhat
Cap nhat:
S=S+{6}={1,6}
T=T+{(1,6)}={(1.6)}
wlJ)=1




1.Gidi thiéu vé cay
2.Cay khung

3.Cay ¢6 hudng
4.BT Cay cé hudng

Budc 1) e e ~n °
S = S +{6} = {1,6} Giai thuat Prim
T=T+{(1,6)}={(1,6)} )
w(]) =1 1 2
1 5 9
2)- Vi S = {1,6} = X thuc hién 12
7 10 5

Xac dinh M={2, 4, 7}. Gan nhan cho cacSmh 2

trong M A A %
11
:((1,2),4) A 3

1 ((6,4),3)
. ((6,7),2)  nh&n nho nhat
Cap nhat:
S=S+{7}={1,6,7}
T=T+{(6,7)}={(1.6).(6,7)}
w(J)=1+2=3




Budc 2) .o A i
S=S+{7}={1,6,7}

T=T+{(67)} = {{1,6)6.7)} Gial thuat P r!m
w(J)=1+2=3 1

3)-V6iS={1,6,7}# X thuc hién :
Xéac dinh M = {2, 3, 4, 5}. Gan nhén c
dinh trong M
1((1,2),4)
1 ((7,3),7) 8
: ((6,4),3) nhdn nhd nhat
. ((7,5),10)
Cap nhat:
S=S+{4}={1,6,7,4}
T=T+{(4,6)} ={(1,6),(6,7).(4,6)}
w(J)=3+3=6




Budc 3)
S=S+{4}={1,6,7,4} PR A T
T=TH{(4, 6]} = {(1,6), (6,7), (4,6)} Glal thu?t P rim

w(J)=3+3 =6

4)-V61S={1,6,7,4}# X thuc hién:
Xéac dinh M = {2, 3, 5}. Gan nhan cho cac
dinh trong M
:((1,2),4) nhdn nhd nhat
: ((7,3),7)
: ((7,5),10)

Cap nhat:
S=S+{2}={1,2,6,4,7}
T=T+{(1,2)}

={(1,6), (6,7), (4,6), (1, 2)}
w(J) =6+4 =10




Budc 4)

S=5+{2}={1,2,6,4,7} Py A i
T=T+{(1,2)}={01.6), (6,7), Glal thuat P Il [n
(416)1 (]I 2)} 1
w(J) =6+4 =10 1 5

5)-V6iS={1,6,7,4,2}+# X thyc hién :
Xéac dinh M = {3, 5}. Gan nhéan cho cac dinh
trong M
1 ((7,3),7) nhén nho nhat 3
1((2,9),9)
Cap nhat:
S=5+{3}={1,2,3,6,4, 7}
T=T+{(7,3)}
={(1,6), (6,7), (4,6), (1,2), (7,3)}
w(J) = 10+7 =17

11




Budc 5)
S=S+{3}={1,2,3,6, 4,7} S A :
T svaen,  Glal thuat Prim
(416)1 (] 12)1 (713)} 4
w(J) = 10+7 =17 .

6)-V6iS={1,6,7,4,2,3}# X thuc hién :
Xéac dinh M = {5}. Gan nhan cho ca e
trong M
: ((2,5),9) nhén nho nhat
Cap nhat;
S=S+{6}={1,2,3,4,6,7,5}
T = T+{(2,5)} = {(1.6), (6,7), (4.6), (1,2),,
(7,3), (2,5)}
w(J) = 17+9 = 26
7)-VisS={1,6,7,4,2,3,5}=X
=>két thic giai thuat

77



BAI TAP
pé thi 2012, l1an 1
Tim cay khung c6 trong lveng nhé nhat trong dé thi dwec cho béi ma tran trong sé

Sau

AlB|C[I[D|E|F[G]|H]|K
A 1 1
B 9 2| 8
C 6 2
D 115 4 1 3
E 2




BAI TAP
Pé thi 2010, lan 2

o Khoit tao
os=1 S={1}
nT=¢ w(l)=0
o Cac budce lap
o 1)- V6i S = {1} # X thuc hién
m Xac dinh M ={2, 3,4,5,6, 7}

Gan nhéan cho cac dinh trong M
= 2:((1,2),7) Cap nhat:

.3 : S=S+{2}={1,2}




Bal tap

Pé thi 2010, 1an 2

Dung giai thuat Prim trinh bay cach tim cay khung
c6 trong luong nho nhat (cAy bao trim toi tiéu) trén
d6 thi vo hudng G cO6 ma tran trong s6 duoc cho
G12345 6 7

nhu sau :

1

1 S\ Ut = W

71819(10] 11|12
1 6
2
3
2
5




Bal tap

Pé thi 2010, 1an 2

Pinh chon trudc 1a 1

Cac canh thém vao cay : (1,7), (1,2), (1,6), (1,4),

(4,3), (4,5)

V& cay khung co trong luone nho2ni$atd 5 6 7
1 71819(10] 11|12

1 6
2

1 SN Ut A W
N




Bal tap

Pé thi 2010, 1an 2

Khoi tao
s=1 S={1}
T=0 w(l)=0
Cac buoc lap
1)- V6i S = {1} # X thuc hién
Xac dinh M = {2, 3,4,5,6, 7}
Gan nhéan cho cac dinh trong M

2:((1,2),7) Cap nhat:

3: ((1,3),8) S=5+{2}={1,2}

4: ((1,4),9) T=T+{(1,2)}={(1,2)}
5: ((1,5),10) w(J])=0+7 =7

6: ((1,6),11)

7:((1,7),12)



Bal tap

Pé thi 2010, 1an 2

Cac budc lap
2)-V6i S ={1,2} # X thuc hién
Xac dinh M ={3,4,5,6, 7}
Gan nhan cho cac dinh trong M

3:((2,3),1)
4: ((1,4),9)
5:((1,5),10) A n
| Cap nhat:
6:((1,6),11) S =S +{3} ={1,2,3}
7:((2,7),6) T=T+{(2,3);={(1,2),(2,3)}

wi))=7+1=8



Bal tap

Pé thi 2010, 1an 2

Cac budc lap

3)- Vi S ={1,2,3} # X thuc hién

Xac dinh M ={4,5,6, 7}

Gan nhan cho cac dinh trong M
4:((3,4),2)
5:((1,5),10)
6: ((1,6),11)
7: ((2,7),6)

Cap nhat:
S=5+{4} ={1,2,3,4}

T=T+ {(3,4)}={(1,2),(2,3)1(314)}
w(J))=8+2=10



Bal tap

Pé thi 2010, 1an 2

Cac budc lap

4)- Vo1 S ={1,2,3,4} # X thuc hién
Xéac dinh M = {5,6, 7}

Gan nhan cho cac dinh trong M

5:((4,5),3)

6: ((1,6),11)

7:((2,7),6)
Cap nhat:
S=S+{5}=41,2,3,4,5}
T=T+

{(4,5)}={(1,2),(2,3),(3,4),(4,5)}
wi))=10+3=13



Bal tap

Pé thi 2010, 1an 2

Cac budc lap
5)- V61 S={1,2,3,45}# X
Xac dinh M = {6, 7}
Gan nhan cho cac dinh trong M
6: ((5,6),4)
7: ((2,7),6)

Cap nhat:
S=S+{6} ={1,2,3,4,56}

T =T+ {(5,6)}={(1,2),(2,3),(3,4),(4,5),(5,6)}
w(J)=13+4=17



Bal tap

Pé thi 2010, 1an 2

Cac budc lap
5)-V6iS=4{1,2,3,45,6} =X
Xac dinh M ={ 7}
Gan nhan cho cac dinh trong M
7:((6,7),5)

Céap nhat:

S=S+{7}={1,2,3,4,5,6,7}
T=T+{(56)}={(1.2).(2,3).(3,4),(4,5),(5.,6).(6,7)}
w(lJ) =17 +5 =22

S=X => gidi thuat dirng: cay co6 trong lwong bang 22



Pé thi 2010, lan 2




Bal tap

Tim cay khung co trong s6 nho nhat tir d6 thi sau




Bal tap

Khoi tao
s=A S={A}
T=0 w(lJ) =0
Cac budc lap
1)- V6i S = {A} = X thuc hién
Xéac dinh M = {B,F,H}
Gan nhan cho cac dinh trong M
B: ((A,B),1)
F: (AF),1)
H: ((A,H),3)
Cap nhat:
S=S +{B} = {A,B}
T=T+{(AB)}={(AB)}
wl)=0+1




Bal tap

Céac budc lap
2)- V61 S ={A,B} = X thuc hién
Xéac dinh M = {G,C,F,H}
Gan nhan cho cac dinh trong M
C: ((B,C),5)
G: ((B,G),1)
F: ((AF),1)
H: ((A,H),3)

Cap nhat:
S=S+{F}={AB,F}
T=T+{(AF)}={(AB),(AF)}
wl)=1+1=2




Bal tap

Céac budc lap
3)- Vo1 S = {A,B,F} = X thuc hién
Xéac dinh M = {C,G,D,E,H}

Gan nhan cho cac dinh trong M
C: ((B,C),5)
G: ((B,G),1)
D: ((F,D),6)
E: (FE),1)
H: ((A,H),3)

Cap nhat:
S=S+{G}={ABFG}
T=T+{(B,G)}={(A,B),(AF),BG}
wlJ)=2+1=3




Bal tap

Céac budc lap
4)- Vo1 S = {A,B,F,G} # X thuc hién
X&c dinh M = {C,D,E,H}

Gan nhan cho cac dinh trong M
C: ((G,0),1)
D: ((F,D),6)
E: ((FE),1)
H: ((A,H),3)

Cap nhat:
S=S+{C}={AB,FG,C}
T=T+{(G,C)}={(A,B).(AF),(BG),(GC)}
wlJ)=3+1=4




Bal tap

Cac budc lap
4)- V6i S = {A,B,F,G,C} = X thuc hié
Xac dinh M = {E,D,H}
Gan nhan cho cac dinh trong M
E: (FE),1)
D: ((C,D),2)
H: ((AH),3) :
Cap nhat:
S=S+{E}={AB,FG,C,E}
T =T+ {(FE)}={(A,B).(AF),(BG),(GC),(FE)}
wlJ)=4+1=5




Bal tap

Céac budc lap
5)- Voi S = {A,B,F,G,C,E} = X thuc hié

X4c dinh M = {D,H}

Gan nhan cho cac dinh trong M
D: ((C,D),2)
H: ((A,H),3)

Cap nhat:
S=S+{D}={ABFG,CED}
T=T+{(CD)}={(AB),(AF),(BG),(GC),(FE),(CD)}
wlJ)=5+2=7




Bal tap

Céac budc lap

Xac dinh M = {H}

Gan nhan cho cac dinh trong M
H: ((A,H),3)

Cap nhat:
S=S+{H}={AB,FG,C,EDH}
T=T+
{(AH)}={(A,B),(AF),(BG),(GC),(FE),(CD),(AH)}
w(J)=7+3=10

=> S= X: gidi thuat dirng, cay co trong lwrong = 10




Bal tap

Tim cay khung co trong s6 nho nhat tir d6 thi sau
T ={(A,B),(AF),(BG),(GC),(FE),(CD),(AH)}




BAI TAP

Pé thi nam 2013 (dot 1)

Thuat toan tim cay khung toi thiéu (Prim / Kruskal)

A(B|C|D|E[F|G|H|K

A 2 1] 7

B | 2 6 3|1

C 6 3 71 4

D 3 4 9

E 4 8 7| 6

F |1 3 6 | 3

G| 7] 3 6 2

H 11 7 7|1 3] 2 3

K 496 3




BAI TAP

Pé thi nam 2013 (dot 1)
Thuat toan tim cay khung t6i thiéu (Prim / Kruskal)

F E

J




