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CHUONG 1: CAC KHAI NIEM CO BAN

Pinh nghia do thi:

. M6t db thj ky hiéu Ia G=(V,E), trong dé
V: tap dinh
E={(u,v) | u,vV}: tap canh
n=|V| goi la cap cua do thi

* PO thi vo huong: La do thi gdm cac canh vd hudng
(khéng thu tu): (u,v) O E; (v,u) OE

)

V={1,2,3,4}
E={(1,2), (1,3), (2,3), (3,4)}




DPinh nghia do thi

* PO thi co hudng: la do thi gdm cac canh co thu tu
duagc goi la cung.

@ .

V={1,2,3,4}
E={(1,2).(2,3),(3,1),(5,3)}

5)

* Pon do thi: Moi cap dinh chi cé duy nhat mét canh (cung)

2 f 2 " 3

© @ @ )




DPinh nghia do thi

* Pa do thi: moi cap dinh co thé cd mét hay nhiéu canh
(cung)

0@6 ORNOO

* PO thi co trong so: trén moi canh (cung) dugc gan mot
gia tri goi la trong so




Mot s6 khai niém

MOt s6 khai niém:
« Khuyén: canh (cung) goi la khuyén néu dinh dau tring

vdi dinh cuoi. %

 Canh (cung) lap: la hai canh (cung) cung tuong Ung
v&i mot cap dinh.

U@ U__ 1@

* Pinh ké: néu (u,v) 1a canh (cung) cla do6 thi thi v goi la
ké cla u. Trong d6 thi vd hudng néu v ké u thi u cling ké
V.




Mot s6 khai niém

e Canh lién thudc: canh e=(u,v) goi la canh lién thudc
v@i hai dinh u, v.

* Bac cua dinh: s6 canh lién thubc véi v goi la bac cla
dinh v, ki hiéu la d(v). Bac cua dinh c6 khuyén duagc
cOng thém 2 cho moi khuyén.

2 3 d(1)=1
d(2)=3

© 0 9‘ d(3)=2
d(4)=3

d(5)=3



Mot s6 khai niém

* Pinh c6 1ap, dinh treo: Binh bac 0 goi la dinh co lap,
dinh bac 1 goi la dinh treo.

2 3
Pinh co lap: 4

Dinh treo: 5

(@)

* Cung vao, ra: cung e=(u,v) goi la cung ra khoi u va la
cung vao v.

@ =@ Cung (1,2) la cung ra cua 1 va la
cung vao cua 2



Mot s6 khai niém

* Ban bac cua dinh:

— SO cung vao cua dinh v goi la ban bac vao cua v, ki

hiéu d-(v)

— S0 cung ra cua dinh v goi la ban bac ra cta v, ki hiéu

d(v)

d-(1)=1;
d-(2)=2;
d-(3)=2;
d-(4)=1;
d-(5)=1;

d*(1)=0
d*(2)=3
d*(3)=1
d*(4)=3
d*(5)=0



Mot s6 khai niém

Pinh ly: Trong do thi vo hudng:
TOng bac céac dinh = 2 1an s6 canh.

Chung minh:

Goi m 1a s6 canh, thi cAn ching minh ) d(v) =2m

M&i canh e=(u,v) dugc tinh mot 1an trong d(u) va mot 1an
trong d(v) trong tong bac cla cac dinh, moi canh dugc
tinh hai lan téng bac bang 2m.

2 3

S6 canh: 5

Tong bac cac dinh: 10

@ 5) 1



Mot s6 khai niém

Hé qua: Trong do thi vé hudng thi:
S6 dinh bac lé la mot s6 chan

Chung minh:

Goi O la tap cac dinh cé bac la s6 1é, va U la tap cac dinh
c6 bac 1a s6 chan.

Ta co:

div)=Y d(v)+ ) d(v) =2m

2,40= 240 g

Do Ov O U, deg(v) channén » d(v) chdn O Zd(v) ch&n
vUO

vUU

Do Ov O O,deg(v) 1é ma tbng Zd(v) chan, nén téng nay phai gbm
mot sé chdncacsé hang

0 s6 dinh c6 béac 1é la mot s6 chan (dpcm). "



Mot s6 khai niém

Pinh Iy 2: Trong do thi c6 hudng:
TOng ban bac ra = tong ban bac vao = sé cung

Chung minh:
Goimlasdcungthicancm: Y d (=Y d (v)=m

vLIV vV

Hién nhién vi moi cung (u,v) ra & dinh u va vao & dinh v
nén duogc tinh moét l1an trong bac ra cua u va mot lan trong
bac vao cua v nén suy ra dpcm.

12



Mot s6 khai niém

Puaong di, chu trinh, lién thong:

Pbuong di: Buong di c6 d6 dai n tU dinh v, dén dinh v,
la day v,, v,, ...,v.,, V. ; vai (v,v,,)OE, i=0,...,n-1. Buong
di co thé bi€u dién bang moét day n canh (cung): (v,,v.),
(V,\V,),..., (V.,, v.). Pinh v, goi la dinh dau, dinh v_ goi la
dinh cu6i cla dudng di.
Day céac dinh sau la duong di:

1,3,4,5,3,2

5,3,4,1,2

2,3,1,4,5,3

13



Mot s6 khai niém

e Chu trinh: la dudng di c6 dinh dau tring véi dinh cuobi.
Ppuong di (hay chu trinh) goi la don néu khong cé canh
(cung) bi lap lai; goi la so cap néu khéng cd dinh nao bj
lap lai

2 3 Day céac dinh trén do thi vd hudng sau day la cac

chu trinh:
1,2,3,5,4,3,1 (chu trinh don)

0 Q @ 2,3,4,1,2 (chu trinh so cap)

1,3,4,1,3,2,1 (khbng don)

- 3
2 Day céac dinh trén do thi co hudng sau day la
cac chu trinh:
1,2,4,3,2,4,1 (khdng don)

(5) 1,2,4,3,5,4,1 (chu tiinh don) 14



Mot s6 khai niém

* POi chu trinh: Cho G=(V,E) va A1V, doi chu trinh xac
dinh bdi A dugc dinh nghia la:
w(A)={e O E | e c6 mét dinh & trong A}
* POi chu trinh so cap: Cho G lién thong dbéi chu trinh
w=w(A) dudc goi la so cap (hay tap cat) néu:
» G —w khong lién théng va
» Owd w thi G - w' lién thdng

A={2,7} thi w(A)={e,.e,, e,, €., €, khdng sa cap
e, 7 el N AS{L7) thiw(A)={e,, e e} SO cAp
7 & 6 € 5 e, 4 A={35,6}, wA)="?

A={2,5}, W(A)=?

15



Mot s6 khai niém

* DO thi lién théng: M6t dd thi dugc goi la lién thong néu
hai dinh bat ky ludén c6 duong di.

Lién thong

Lién théng

1 {(3)

Khoéng lién thong Khong lién thong 16



Mot s6 khai niém

* PO thilién thong manh: la do thi co hudng lién thdng
PO thi lién thdong yéu: la do thi cd hudng khoéng lién
thong, nhung do thi vd hudng tuong ung lién thdng

* DO thi v hudng lién thong goi la dinh hudng duoc:
néu c6 thé dinh hudng cac canh dé thu duoc doé thi co

hudng lién thong.

V6 hudng lién théng
5 \ dinh hudng duagc

Lién thong manh
G f 5

Lién thong yéu

V6 hudng
lién thong
khoéng dinh
hudng
duac

17



Mot s6 khai niém

e Pinh ré nhanh: Binh v goi la dinh ré nhanh néu viéc
loai bd v cung véi cac canh lién thudc véi né lam tang
sO thanh phan lién théng.

e Canh cau: Canh e goi la cau néu viéc loai bd e lam
tang sO thanh phan lién thong.

9 e Binh 3,4 goi la dinh ré nhanh
Canh (3,4), (3,5) goi la canh cau

18



Mot s6 do thi dac biét

* PO thi du cap n: La don do6 thi vdo hudng cé n dinh, ky
hiéu bdi K, ma gilta hai dinh bat ky cda né ludén c6
canh nodi. K_cd so6 canh la: n(n-1)/2

AA X X

« DO thi vong: D6 thi vong C_,n=3 gobm n dinh v,,v,,...,v,
va cac canh (v,,v,), (V,,V,) . .. (V. ;,V.), (V,,V,).

ANBRSRE

19



Mot s6 do thi dac biét

« PO thi banh xe: PO thi banh xe W_ thu dugc tUr do thi
vong C. bang cach b sung vao mot dinh méi n6i véi tat
ca cac dinh cua C_

AL

« PO thi 1ap phuong: D6 thi Iap phuong Q, la do thi
vGi cac dinh bi€u dién 2" xau nhi phan d6 dai n.

111
10 11 110
10 10

0 1
° °

010 011

01 000 001
Q, Q,

00
Q,

20



Mot s6 do thi dac biét

* PO thi lwuéng phan(hai phia): Don do6 thi G=(V,E) duoc
goi la luéng phan(hai phia) néu nhu tap dinh V cla né
c6 thé phan hoach thanh hai tap X va Y sao cho moi
canh cua do thi chi ndi moét dinh trong X véi moét dinh
trong Y. Ky hiéu G=(X0OY, E)

3

4

2 3

>
1L X<
N

1 4

21




Mot s6 do thi dac biét

* PO thi luéng phan du: B6 thi ludng phan G=(X,Y, E)
v6i |X|= m, [Y| = n dudc goi 1a dé thi lung phan du, ky
hiéu 1a K,,, néu mdi dinh trong tap X dugc ndi vdi tat ca
cac dinh trong tap V.

<

K2,3
K4,3

Pinh ly: G la do thi ludng phan néu G khéng co chu trinh
do dai lé

22



Mot sO do thi dac biét

e PO thi con: Cho hai do thi G=(V,E) va G'(V', E’). G’ la do
thi con cia G néu V'O V va E'0 E. Néu V'=V thi G’ goi la
do thi bé phan hay do thi khung cua G.

G Po thi con cua G Do thi bo phan
cua G

23



Mot sO do thi dac biét

. Db thi bu: Cho K =(V,E) va G=(V,E,) I dd thi khung
cia K..G=(V,E,) goila dd thi bu cia G néu E,=E-E,

L

e PO thi dang cau: Hai do thi don vo6 hudng G,=(V,,E,)
va G,(V,,E,) dugc goi la dang cau néu cé mot song anh
f: V,-V,sao cho vai (u,v) O E, = (f(u),f(v)) OE,

B 1
. ; : Song anh f:
A C D E m f(A)=5; f(B)=4; {(C)=3;
* 4 ° f(D)=2; f(E)=1
G, G,

24



Mot sO do thi dac biét

’
¢ Cac cap do thi sau c6 dang cau khong?. Néu co thi hay xay
dung mot song anh f?

B E
C F
G, G,
.-'"’.""-. * 1.
g g r e ; " e
.-"-'"-.. I!I ", " ‘___‘l':- -r". i _,-'-._!_.-"" Y = D" h P
Al L 4 [ A J 4 , Do thiPetersen
i--:.-!':::h- II_- '-_::_.:I:. '.H -._-.'. -\_\.: __,- .:.I_ 1
¥ d h- e T ".__- F 5 ]
..l'. L .I w ‘ .
¥ s

-@ @ Po thi Herschel
25




Mot sO do thi dac biét

* PO thi dong cau:
Phép chia canh (u,v) cla do thi la viéc loai bd canh nay
khdi db thi va thém vao do thi mot dinh mdéi w ciing véi
hai canh (u,w), (w, u) .
Hai d6 thi G=(V,E) va H=(W,F) dugc goi la dong cau
néu ching co6 thé thu dugc tir cing mot do thi nao dé
nhdG phép chia canh.

L1 A

26



Mot sO do thi dac biét

* PO thi phang:

Bai todn 3 can ho:

Cén xay dung moét hé thdéng cung cdp dién, hoi dét va nudc cho ba
cdn hé sao cho moi cdn hd déu duoc néi véi cadc ngudn cung cap
trén va dudng dan cua ching khéng cat nhau

Pé gidi quyét bai toan trén, ta sé st dung khai niém do thi
phang.

27



Mot sO do thi dac biét

Pinh ngHhia: D6 thj dugc goi 1A do thi phang néu ta co
thé v& nd trén mat phang sao cho cac canh cla nd khdng
cat nhau ngoai G dinh. Cach vé nhu vay sé dugc goi 1a
bi€u dién phang cua dé thi.

K, K,

Dinh ly Kuratowski:

(dung kiém tra mét do thj cé la phang hay khéng)

Po6 thi G la phang = G khoéng chida do thi con ddng cau
v3i K, , hodc K,

28



Mot sO do thi dac biét

29



Mot sO do thi dac biét

DPinh ly: (Cong thuc Euler)

G la do thi phang lién théng, G co n dinh, m canh, r la s6
mién cla mat phang bi chia badi biéu dién phang cua G.

TacOo: r=m-n+2

SO canh: 10

SO dinh: 7
r2 r.4 r
r s 5

SOmién: 10-7+2=5

30




Sac soO cua do thi
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Sac so cua do thi

32



Sac so cua do thi

Pinh nghia:

T6 mau mot do thi vo hudng la mot su gadn mau cho cac
dinh sao cho hai dinh ké nhau phai khac mau nhau.

SO mau (sac s0) clia mot do thi 1a s6 mau téi thiéu can
thiét dé t6 mau do thi nay.

Thuat toan t6 mau Welch-Powell

B1: Sap xép danh sach cac dinh theo thu tu bac giam dan

B2: Chon dinh v chua t6 trén danh sach theo thu tu tu trai

sang phai, chon mot mau dé t6 dinh v va cac dinh khéng ké
vai v
B3: Lap lai B2 dén khi tat ca cac dinh déu duoc to.

33
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CHUONG 2: BIEU DIEN BO TH]

* Ma tran keé:
Cho G=(V,E), V={1,2,3,...,n}, ma tran ké A=(A,)) cua G
la ma tran vudng cap n xac dinh badi:

A, =s0 canh (cung) turi dén | 1 2 3 4 5

5 3 1701|120

21101 0]0

A= 3|1 1/0/11

412,010 1

- 4 <5>Q 5100111

1 2 3 4 5

@ 9 1/0/1/1/0/0

2100, 1/0]0

/ (5) A= 3|0/0/0 1|0

g a 411,000 1
5(0/1/1/00 35




Ma tran trong so6

e Ma tran trong so:
Cho G=(V,E) la mdt do thj co trong s6, nghia la mbi canh
(i,j) O E déu cé mot gia tri c(i,j) goi la trong s6 cua canh.

trong s canh|cung (i,j) néu (i,) O E
Onéu (i) € E
Trong do la mdt trong cac gia tri: 0, «, +o0, -0

Ma trén trong so A, :{

\

o

oA
~
X\'




Ma tran lién két

 Ma trdn lién két (ma trdn lién thudc dinh-canh):
Cho G=(V,E) vadi V={1,2,3,...,n}; E=(e, e,...., _). Ma tran
lién két cua G la ma tran A=(A,) c6 n dong, m cdt dugc
dinh nghia nhu sau:

Néu G vO hu’dng thi Ai,j: { 1 néu dinh i ké vGi canh e,
0 néu ngudac lai

1 néu e roi khoi dinh i
Néu G vo huadng thi A~ 1 -1 néu e di dén dinh |

0 néu e, khong ké vai dinh i

37
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Danh sach canh (cung)

e Danh sach canh(cung):
Trong trudng hop s6 canh it hon nhiéu so vdi sé canh thi
ngudi ta thuong dung danh sach canh(cung) dé luu tri
dd thi. M&i canh dudgc biéu dién béi dinh dau va dinh

cuoi.

WIWININ NP
al(l~hhjOa|~r OB~

39



Danh sach ké

 Danh sach ke:

Danh sach ké la danh sach luu cac dinh ké cua moét dinh
nao dd. Néu do thj co n dinh thi sé luu tr( vdéi n danh

V4 PN

sach ke
ps2 [3 | 2 =5-
ps3 O

40



Luu trr U'u diém Khuyét diém
-Truy xuat . i o
Ma trén ké nhanh cac dinh | 7 Luon surdung 2" don vi bo nho

ké

cho du sO canh rat it

Ma tran lién két

- Tiét k,iém bcf)‘
nhd doi véi do
thi cé it canh

- Tim dinh ké kho khan

Danh sach canh

-Tiét kiém bd
nhG doéi vai do
thi cé it canh

-Thuc hién nhiéu phép so sanh khi
fim dinh ké

-Trong trudng hop do thi co trong
sO phai thém don vi bd nhé

Danh sach ke

- Phan nhdm
dinh ké ro rang
thanh cac danh
sach

-Thuc hién thao tac cham do phai
truy xuat tuan tu

-Tim mot dinh la ké cua nhing dinh
nao phai duyét hét cac danh sach

41



Biéu dién do thi trén may tinh

/‘

¢ * Viét chuong trinh doc mot do thi vao may tinh bang:

— Ma tran ké .
— Ma tran lién két @

— Danh sach canh
— Danh sach ké

* Viét chuong trinh chuyén doéi qua lai gitta cac hinh thuc
luu trr trén
* Viét chuong trinh tim cac dinh co dinh ké la k v&i k nhap
vao tu ban phim va do thi duoc luu tr& bang danh sach
ké 2
4
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CHUONG 3: CAC THUAT TOAN DUYET VA TIM

KIEM TREN PO THI

1) Tim theo chiéu sau(Depth First Search - DFS)
2) Tim theo chiéu rong(Breadth First Search - BFS)

43



Thuat toan DFS

Y tudng:
e Tu dinh v, nao dé chua tham, tham v, roi tim dinh v,
(chua tham) ké vaiv,, thamv, ...

e NEu tai mot dinh v. nao do khéng con dinh ké chua tham
thi quay trg lai tim dinh ké chua tham khac cua v, va
tham dinh nay.

e Thuat toan lap lai viéc tham cho dén khi tat ca cac dinh
déu dugc tham.

(3) %) Né&u bt dau tir dinh 1 thi thit tu duyét
cothéla: 1,3,2,5,4

44



Thuat toan DFS

Thuat toan:

void DFS1(v)//duyét mobt thanh phan lién thong chira v
{
Tham_Dinh(v);
tham[v]=1; //ghi nhan 1a d& tham v dé vé sau khéng tham n(ita.
For (u O Ke(V)) // xét tat ca cac dinh u ké véi v
If (tham[u]) DFS1(u); //neu u chua tham, tham u
}
void DFS() //duyét tat ca cac thanh phan lién théng
{
for (vOV) tham[v]=0; //ban dau tat ca cac dinh déu chua tham.
for (vOV) //xét tat ca céc dinh
if ('tham[v]) DFS1(v); // neu dinh v chua tham thi tham v

45



Thuat toan BFS

Y tudng:
e TU dinh v nao dé chua tham, cat v vao hang doi.

e Lay tu hang dgi mot dinh v, tham v, réi cat cac dinh u
chua tham ké véi v vao hang doi...

- L&p lai cho tGi khi hang doi réng.

(1 ]2[s[a]5s |
1
3
2 5
2 5
5

Thu tu duyét theo BFS la: 1, 3, 4, 2, 5 "



Thuat toan BFS

Thuat toan:

void BFS1(v) /duyét mét thanh phan lién théng

{

queue=0; //khoi tao hang doi rong

push(queue,v); /cat v vao hang doi

tham[v]=1; /ghi nhan la da thdm v dé vé sau khéng tham nifa.
while (queue <>0) // trong khi hang doi con khac rong

{
v=pop(queue); /lay mot dinh v tir hang doi
for (u OKe(v)) // xét cac dinh u ké vdi v
if('tham[u]) /néu u chua thdm
{
push(queue,u); /cat u vao hang doi
tham[u]=1; //ghi nhan u tham roi
}
}

47



Thuat toan BFS

void BFS() /duyét tat ca cac thanh phan lién théng
{
for (v OV) tham[v]=0; /ban dau tat ca cac dinh déu chua tham.
for (v OV) //xét tat ca cac dinh
if ('tham[v]) BFS1(v); // neu dinh v chua tham thi tham v

Dung thuat toan DFS va BFS duyét do thj sau:

48



Tim s6 thanh phan lién théng

Hay cho bi€t do thi c6 bao nhiéu thanh phan lién thong va
moi thanh phan lién théng gobm nhiing dinh nao?

Y tuéng:

Do sO thanh phan lién thong bang s6 lan DFS() goi
DFS1() hodc BFS() goi BFS1(), nén ta dung bién stplt dé
dém s6 thanh phan lién théng, moi lan DFS() goi DFS1()
hodc BFS() goi BFS1() ta tang bién stplt 1én 1.

Khi tham v thay vi gan tham[v] = true (=1) ta gan tham|v] =
stplt (s6 hiéu thanh phan lién thong chia v).

49



Tim s6 thanh phan lién théng

Thuat toan:

void DFS1(v) //duyét mot thanh phan lién théng
{ Tham_Dinh(v);
tham[v]=stplt; /ghi nhan la da tham v dé vé sau khong tham nira.
For (u O Ke(Vv)) // xét tat ca cac dinh u ké véi v
If('tham[u])
DFS1(u); //neu u chua tham, tham u

}
void DFS() //duyét tat ca cac thanh phan lién théng
{ for (v OV) tham[v]=0; //ban dau tat ca cac dinh déu chua tham.
stplt=0;
for (v O V) //xét tat ca cac dinh
if (ttham[v]) {
stplt++;
DFS1(v); // neu dinh v chua tham thi tham v



Tim s6 thanh phan lién théng

void BFS1(v) //duyét mot thanh phan lién thong
{
queue=0; //khoi tao hang dgi rong
push(queue,v); //cat v vao hang doi
tham[v]=stplt; /ghi nhan la da tham v d&€ vé sau khoéng tham nira.
while (queue) // trong khi hang dgi con khéac rong
{  v=pop(queue); //lay v tu hang dgi
Tham_Dinh(v);
for (u O Ke(Vv)) // xét cac dinh u ké véi v
if ('tham[u]) //néu u chua tham
{ push(queue,u); //cat u vao hang doi
tham[u]=stplt; //ghi nhan u tham roi

}
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* Viét chuong trinh duyét do thi vadi thuat toan DFS dung
cau truc stack

* Viét chuong trinh duyét do thi bang thuat toan DFS va
BFS vai do thi dugc luu tr& bang danh sach ké.
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CHUONG 4: O THI EULER VA BO THI HAMILTON

Leonhard Euler (15/04/1707 -18/09/1783)
Nguadi Thuy Si, la nha toan hoc, vat ly hoc

William Rowan Hamilton (04/08/1805
— 02/09/1865), ngudi Ireland, la mot
nha toan hoc, vat ly va thién van hoc
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Po thi Euler

Bai toan bay cay cau:
Co6 thé bat dau tor mot diém va di gua moi cay cau dang mot lan roi
quay lai di€m xuat phéat hay khéng ?

Ban d6 Kénigsberg thoi Euler, mé

ta vi tri thuc cua bay cay cau va

song Pregel.

Nam 1736 Leonhard Euler da ch{ng minh rang diéu dé la khong thé dugc.
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Po thi Euler

 Puong di Euler:
Puong di qua tat ca cac canh cua do thi, méi canh dung
mot lan goi la duong di Euler.

e Chu trinh Euler:
Chu trinh di qua tat ca cac canh cua do thj, méi canh
dung mot lan goi la chu trinh Euler.

* PO thi Euler, nua Euler:
Po thi cé chu trinh Euler goi la do thi Euler, do thj co
dudng di Euler goi la do thi nda Euler.
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Po thi Euler

Dinh ly Euler

a/ G la do thi vd hudéng lién thong.
G la do6 thi Euler - moi dinh cia G déu c6 bac
chan.

b/ G la do thi cé hudng lién thong.
G la d6 thi Euler < bac vao va bac ra cua moi dinh
la bang nhau

Dinh Iy nta Euler

Cho d6 thi vd huéng lién thong G.
G la nira Euler < G c6 khéng qua 2 dinh bac lé
(c6 0 dinh bac lé hoac c6 2 dinh bac |é).
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Po thi Euler

Thuat toan tim chu trinh Euler

void Euler()

{ stack= 0; CE=0; // CE latap chlra cac dinh cua chu trinh Euler
Chon mot dinh x bat ky, cat x vao stack //x goi la dinh xuat phat.
While (stack # [)

{  x=phantdddinh stack ;
if (x con dinh ké)

{
chon y ké x, cat y vao stack;
loai bo canh (x,y)
}
else //x khong con dinh ke
{
lay x ra khai stack ; cat x vao tap CE }
}
b
xuat tap CE; 57

}



Po thi Euler

1 2
6
3
4 5
3
5 |5 |5 2
1 4 14 14 |4 |4 717 |7
313 (3|3 (3|3 (3|33 6 |6 |6 |6 |6
2 (212 (2 (2|22 (2|2 (2|2 |2 2|2 |2 |2]|2
1|11 }j1 )11 |1 (11 |1 (1111|1141 7|1 |1

CE={1,3,5,4,3,2,7,6, 2,1}
Chu trinh Euler;1->3->5->4->3->2->7->6->2->1 58



Po thi Hamilton

* Puong di Hamilton:
La duong di qua tat ca cac dinh cua do thi, moéi dinh
diing mot 1an goi l1a duong di Hamilton.

e Chu trinh Hamilton:
La chu trinh qua tat cd cac dinh cua do thi, moi dinh
ding mot 1an goi la chu trinh Hamilton.
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Po thi Hamilton

Dinh ly Dirak:
a/ G la don d6 thi vd huéng cé n dinh (n>2).
[ dinh u, deg(u) = n/2 O G la do thi Hamilton

b/ G la don do6 thi cé hudng lién thong véi n dinh.

[ dinh u, deg*(u) =2n/2, deg-(u) = n/2, O G la d6 thi
Hamilton.

60




Po thi Hamilton

Thuat toan liét ké cac chu trinh va duong di Hamilton:

void hamilton(i) //tim dinh th i trén chu trinh hamilton
{
for (j O ké(i — 1))
{
if (i=n+1) va (j=v,) {
Xuat chu trinh x[1], x[2],...,X[1]
else
if(! Thamlj]) {
X[i]=j; //Chon j lam dinh th( i trong chu trinh
tham[j]=1,
Timdinh(i+1);
tham[j]=0;



Po thi Hamilton

void Hamilton()

{

fori=1ton
tham[i]=0; //gan tat ca cac dinh la chua tham
X[1]=Vvy;
tham[v,]=1;
timdinh(2); //goi ham tim dinh tha 2
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Po thi Hamilton

Cay duong di va chu trinh Hamilton
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* Viét chuong trinh kiém tra do thj Euler, do thi Hamilton
 Viét chuong trinh tim chu trinh Euler va duong di Euler

* Viét chuong trinh fim chu trinh Hamilton va duong di
hamilton
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DPinh nghia:

e Cay la mot do thij lién thong khdng co chu trinh
* Rung la mot do thi co nhiéu thanh phan lién théng, moi
thanh phan lién thong la moét cay.

T T, Ts

Runggobm3cay T, T,, T,
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Pinh ly: Cho T la m6t do6 thi co n=> 2 dinh. Nhiing diéu
sau day tuong duong

* Tlacay

» T khbng co chu trinh va co n — 1 canh

* T lién théng va co n — 1 canh

* T lién théng va mbi canh la mot cau

2
7\ Cay T ¢6 9 dinh, 8 canh
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Hé luan: Néu G la mét ring n dinh, p cay thi sé canh
cua G la: m=n-p

T, T, T,

Rung co sb dinh: 16
So cay: 3
S6 canh: 16-3=13
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Cay khung cua do thi

Pinh nghia cay khung:
Cho G=(V,E) la do thi vdé hudng lién théng. Cay khung cuda
G la cay T=(V,F) véi FOE




Thuat toan tim cay khung

Thuat toan DFS:
void DFS1(v)

{
tham[v]=1; //ghi nhan |a d& tham v dé vé sau khong tham nita.
For (u O Ke(v)) // xét tat ca cac dinh u ké véiv
if ('tham|u])
{ /IT la tap chua cac canh cua cay khung
T=TU(v,u); /them canh (v,u)vaotap T
DFS1(u); //neu u chua tham, tham u

}
}
void DFS()
{
for (v O V) tham|v]=0;
T=00; /I T la tap canh cla cay khung, khdi tri ban dau la
rong

DFS1(dxp); // dxp la mot dinh xuat phat nao do cua do thi
xuat tap T;
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Thuat toan tim cay khung

Thuat toan BFS:
void BFS1(v)
{ queue=L; push(queue,v); tham|v]=1;
while (queue # ) {
v=pop(queue);
for (u U Ke(v))
If ('tham]u]) {
push(queue,u); tham[u]=1,
T=TU(v,u); //them canh (v,u) vaotap T

}
}
void BFS()
{ for(vOV) tham|[v]=0;
T=0; // T la tap canh cua cay khung
BFS1(dxp); //dxp la mot dinh xuat phat nao dd cua do th;
xuat tap T; 20

}



Cay khung ngan nhat

Bai toan xay dung hé thong duong sat:

Can xay dung mét hé thong duong sat ndi n thanh pho
sao cho gita 2 thanh pho bat ky luén cé dudng di va téng
chi phi xay dung la nhd nhat.
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Cay khung ngan nhat

Pinh nghia cay khung ngan nhat:

Cho mot do thi vd hudng G, trén moi canh cua G dugc gan
mot trong s6 c(i,j). Cay khung T cua G dudgc goi la cay
khung ngan nhat néu tdng trong sé cac canh cua T la nho
nhat
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Thuat toan tim cay khung ngan nhat

Thuat toan Kruskal:

Y tudng:

Budc 1: Sap cac canh theo thu tu khdng giam cua trong
sO, T=0

Budc 2: Lan luot duyét trong danh sach canh da sap xép
theo thu tu trong s6 tu nho dén Idn, chon canh b6 sung
vao tap T vdi diéu kién viéc bd sung nay khoéng tao
thanh chu trinh.

Budc 3: Tiép tuc thuc hién budc 2 cho dén khi T co n-1
canh thi dung.
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Thuat toan Kruskal

Sap cac canh theo thi tu khéng giam cua trong so

Canh

13| @5 |65 |@5) | 12| @5 |6

Tron986‘1‘1‘2‘3‘4‘4‘5
T=0

-

B6 sung vao T canh (1,3)

B6 sung vao T canh (4,5)

~

B6 sung vao T canh (1,5)
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Thuat toan Kruskal

void Kruskal()

{
T=0;
while ((|T| < n-1) && (E # 0)) //T chua du n-1 canh va con canh dé
chon

{
Chon e la canh c6 d6 dai nhé nhat trong E;
E = E\{e}; //loai e khai tap canh
if (T O {e}khong chla chu trinh)
T=T U {e};/thémevao T
}
if (|T| <n-1) do6 thi khéng lién théng;

else Xuatcay T
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Thuat toan Prim

Y tudng:

Budc 1: Goi T la tap chura cac canh cua cay khung; T=0.
S la tap chua cac dinh cua cay khung; S={x} (vGi x

& dinh bt ky thudc dd thi)

Budc 2: Tim canh (x,y) O w(s) sao cho canh nay co trong
s6 bé nhat trong w(s).
T=TU(xy); S=SU{y}

Budc 3: Lap budc 2 dén khi T ¢o n-1 canh thi dung.
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Thuat toan Prim

T=0, S={1},
w(s)={(1,2), (1,3), (1,5)}
chon (1,3)
T=T0O(1,3)={(1,3)}

S={1,3,5},
w(s)={(1,2), (2,5), (3,4), (4,5)}
chon (4,5)
T=T0O(4,5)={(1,3), (1,5), (4,5)}

T=TO(1,5)={(1,3), (1,5)}

1

S={1,3} S={1,3,5,4},
w(s)={(1,2), (1,5), (3,4),(3,5)} w(s)={(1,2), (2,5)}
chon (1,5) chon (1,2)

T=TO(1,2)={(1,3), (1,5), (4,5),(1,2)}




Thuat toan Prim

void Prim()

{
/lbude khéi tao

chon s la mot dinh nao do cua do thi;
V,={s}; T= 0 ; d[s]=0; near[s]=s;
for (v V\V,)

{

}
// buoc lap

stop=false;
while (! stop)
{

d[v]=c|v,s]; near[v]=s;

Timu OV \V, thoa man:d[u] =min{d[v]: v O V\V, };
V=V, {u}; T=T10{(u, near[u])} ;
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Thuat toan Prim

it (| Vil ==n)

{
H=(V,T) la cay khung nho nhat cua do thi;
stop:=true;

}

else
for (v OWV\V,)
If (d[v]>c|[v,u]) //neu v gan dinh u mol ket nap vao cay
kKhung

{

d[v]=c[v,u]; //cap nhat lai nhan
near[v]=u;

79



CHUONG 6: DPUONG Bl NGAN NHAT

Mot s6 khai niém:
Cho G=(V,E) la m6t do thi cd hudng duoc biéu di€én bdi ma
tran trong s6 A

* Trong s6 cua mot cung (u,v) ky hiéu la afu,v] la gia tri cia ma tran
trong s6 tai dong u cOt v.

1 2 3 4 5
1|1 0| 2 |00 |00 | o
2|10 0 |-2|1]| 0
3 || | 0|37
4 |4 00|00 | 0 o0
S| |2 || |0




Mot sO khai niém:

* buong di ngan nhat tu dinh s dén dinh v la dudng di co do dai
nho nhat to' s dén v, ky hiéu la d[s,v] hay d[v] (dugc hiéu ngam
tur's dén v)

dinh 20

XU&t @/\@M

phat d[u,v]=20 + 30

* Néu G co chu trinh do dai am trén duong di tu i dén j thi dudng
di tur i dén j khdng ton tai

e g




Thuat toan Ford-Bellman

Piéu kién: B0 thi khéng co chu trinh am
Thuéat toan:
D(t liéu vao:
Do thi c6 hudng G=(V,E) véi n dinh,
s la dinh xuat phat, a[u,v] Ia ma tran trong so6 thuc;
Gia thiét: Do thi khdng c6 chu trinh am.
DU liéu ra:
d[v] la khoang céach tir dinh s dén tat ca cac dinh v con lai
Trudc[v] ghi nhan dinh di trudc v trong dudng di ngan nhat tir's dén v.




Thuat toan Ford-Bellman

void Ford_Bellman()
{

/I Khdi tao

for (v O V)

{

}

d[s]=0;

for (k=1;k<= n;k++) //s6 budc lap
for (v O V\{s})

d[v]=a[s,v]; Truoc[v]=s; //s la dinh xuat phat

for (u O V)
if (d[v]>d[u] +a[u,V])
{
d[v]=d[u]+a[u,V];
Truoc|v]=u;
}



Thuat toan Ford-Bellman

Tim duong di ngan nhat tu dinh 1 dén cac dinh khac:




Thuat toan Dijkstra

Piéu kién: B0 thi khéng trong s6 am
Thuéat toan:
D liéu vao:
Po thi cé hudng G=(V,E) vdi n dinh,
s la dinh xuat phat, a[u,v] >=0
DU liéu ra:
Khodng cach tU dinh s dén tat ca cac dinh con lai d[v]
Truoclv], dinh di trudc v trong dudng di ngan nhat t's dén v




Thuat toan Dijkstra

void Dijkstra()

{
for (v O V) // Khdi tao
{
d[v]=a[s,v]; Truoc|v]=s;
}
d[s]=0; T:=V\{s}; // T la tap cac dinh c6 nhan tam thoi
while (T '=0)
{
Tim dinh u O T thoa mén d[u]=min {d[z]: z O T} ;
T=T\{u} ; // C6 dinh nhan cla dinh u
for(vOT)
if (d[v]>d[u]+a[u,V])
{
d[v]=d[u]+a[u,V]; Truoc|v]=u;
}
}



Thuat toan Dijkstra

Tim duong di ngan nhat tu dinh 1 dén cac dinh khac:




Thuat toan Floyd

* Tim duong di gitta tat ca cac cap dinh

 CO thé gidi bai toan tim dudng di ngan nhat gira tat ca cac cap dinh
cla db thi bang cach st dung n lan thuat toan mé td & phan trudc,
trong do ta sé chon s lan luot la cac dinh cta do thi. Khi dé ta thu
dugc thuat toan vaGi do phuc tap O(n4) (Ford Bellman) hoac O(n3)
(Dijkstra)

Ta c6 thuat toan Floyd tot hon véi do phic tap O(n3)

DU liéu vao:

P6 thi cho bdi ma tran trong so ali,j], i, j =1, 2,. . ,n.
DU liéu ra:

Ma tran duong di ngan nhat gilta cac cap dinh: d[i,j] cho d6
dai duong di ngan nhat tir dinh i dén dinh j.
Ma tran ghi nhan duong di: q[i,j] ghi nhan duong di ngan nhat ttri dén
j.



Thuat toan Floyd

Y tudng:

Tim duong di gita tat ca cac cap dinh cua G

Su dung 2 ma tran D, (luu trong sd)va Q,; (Iluu dudng di)

Budc khdi tao (budc 1) finh:
D,= D, la ma trén trong so cua G
Q=Q,= {j néu (ij)0 E
0 néu (i,j) OE
Tai budc lap thu k ta tinh D, va Q, nhu sau:

D (1)) = {Dk-l (i,K) + Dy, (kj) néu Dy, (ij) > Dy, (i,k) + D, (k)
D, (i,)) néu nguac lai

Qi) = {Qk-l (k) néu Dy, (i,j) > Dy, (1K) + Dy, (ki)

Q.. (J méunguoc tal
Thuat toan dung khi da thuc hién n budc lap
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Thuat toan Floyd

void Floyd()
{
fori=1ton
for j=1 to n //Budc khdi tao

{
dli]]=aliil;
it (d[i]0l] = e hay d[i][j] = 0)
q[i]h]=0;
\ else  qlilll=s;
for k=2 to n // budc lap
fori=1ton
forj=1ton

if (d[i][]>d[i]k]+d[K][])

{
} dlili]=d[i][K]+d[K]D]; alijbl=alik];



Thuat toan Floyd

Tim duong di ngan nhat gita tat ca cac cap dinh:
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