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* Cac dinh nghia

* Cac thuit ngir vé do thi

* Biéu dién do thi

* Tinh lién thong

* Duwong di Euler va dwong di Hamilton

* Bai toan dwong di ngin nhat
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8.1 CAC PINH NGHIA
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PO THI

* Do thi la mot cau tric ro1 rac gom cdc dinh va cac canh no1 dinh

« Dung d6 thi cho cac linh vuc khac nhau:
v’ Biéu dién sy canh tranh céc loai trong mot moi trudng sinh thai
v’ Biéu dién sy anh huong cuia mot ai d6 trong to chirc
v’ Biéu dién két qua cudc thi thé thao

v Mang hang khong

Toan roirac  huyenvt@tlu.edu.vn 4




PO'N DO THI

Dinh nghia 1:

Mot don do thi G = (V, E) gom mot tap khong rong V ma cac phan
tir cua no goi la cac dinh va mot tap E ma cac phan tir cua n6 goi la
cac canh la cac cap khong sap thir tu ctia cac dinh phan biét.

Vi du:

Detroit

New York

San Francisco Chicago

Washineton
Denver -

Los Angeles

Todn roi rac
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PA PO THI

Dinh nghia 2:

Mot da do thi G = (V, E) gdbm mot tap cac dinh V, mot tap cac canh
E va mot ham f tir E to1 {(u,v)|u,v €V, u =v}. Cac canh e, vae,
duoc goi la canh song song hay canh boi néu f(e,) = f(e,).

Vi du:

Detroit New York

Chicago

San Francisco

Washington

Los Angeles
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GIA O THI

Dinh nghia 3:

Mot gid dé thi G = (V, E) gdm mot tip cac dinh V, mot tip cac canh
E va mot ham f tir E t61 {{u,v}| u,v €V }. Mét canh l1a khuyén néu
f(e) ={ u, u } = {u} vé1 mdt dinh u nao do

Vi du:

Detroit

Chicago New York

San Francisco

Denver :
Washington

Los Angeles
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PO THI CO HUONG

Dinh nghia 4:

Mot dé thi ¢é hwéng G = (V, E) gom mot tap cac dinh V, mot tap
cac canh E la cac cap co6 thtr tu cua cac phan tu thudc V.

Detroit New York

Chicago

San Francisco
_-:

Washington
Denver

Los Angeles

Todn roi rac
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PA DO THI CO HUONG

Dinh nghia 5:

Mot da do thi co huwong G = (V, E) gém mot tap cac dinh V, mot
tap cac canh E va mdt ham f tr E té1 {(u,v)|u, v € V}. Canh e, vae,
la cac canh boi néu f(e,) = f(e,).

Detroit New York

Chicago

San Francisco

Washington
Denver

Los Angeles
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CAC MO HINH PO THI

Eduardo

Vi du 1: Mang xa hoi

Kamlesh

Kamini Ching

Koko

Kari Shaquira

Vi du 2: Po thi anh hwéng

Deborah Fred Yvonne
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CAC MO HINH PO THI

Vi du 3: Do thi cic médun phu thudc

main

display protocol

Vi dl_l 4: Dﬁ thi thi dﬁll abstract page n'.:l':ork

syntax tree

Stanford Connecticut
Georgia lowa State
Team Team Stanford Connecticut
7 r— —®
] = Xavier Florida State
Xavier Florida State
Gonzaga 'Stan ford Cmm;ulic ut  Connecticu 1. Mississippi State
Team Team Oklahoma Stanford Baylor
6 1 Oklahoma Baylor
Motre Dame Tennessee
Oklahoma Baylor
—.
Kentucky Duke
%
5 4 MNebraska San Diego State
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Todn roi rac




BAI TAP

= Bai 1: Xac dinh cac

loai do thi cho hinh bén

Todn roi rac

tn
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8.2 CAC THUAT NGU VE PO THI
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CAC THUAT NG’ cO' SO

Dinh nghia 1:

Hai dinh u va v trong mot dé thi vé hwong G duoc goi 1a lién ké
(hay ling giéng) néu {u, v} la mot canh ciia G. Néu e = {u, v} thi e
g0i 14 canh lién thudc hoic canh néi voi cac dinh u va v. Cac dinh u
va Vv goi 1a cac diém ddau miit ctia canh {u, v}.

Dinh nghia 2:

Bdc ciia mét dinh trong do thi vé hwéng 1 s6 cac canh lién thudc
vO1 nod, rieng khuyén tai mot dinh dugc tinh hai lan cho bac cua no.
Nguoi ta ki hiéu bac cua dinh 1a deg(v)

Todn roi rac
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CAC THUAT NG’ cO' SO

Vi du: Bac cua cac dinh trong cac do thi sau la bao nhiéu?

b C d a b c
® ®

Q
N

* Pinh bac 0 goi la dinh cé ldp

* Dinh bac 1 go1 1a dinh treo
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CAC THUAT NG’ cO' SO

DPinh li 1:
PINH LI BAT TAY. Cho G = (V, E) 1a mot d6 thi vo hudéng c6 e
canh. Khi do:
2e = Z deg(V)
vevV
Pinh 1i 2:

Mot do thi vé hwong c6 mot s6 chan cac dinh bac 1é
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CAC THUAT NG’ cO' SO

Dinh nghia 3:

Khi (u, v) 14 canh ctia mot dd thi c6 hwéng G, thi u duoc goi 1a noi
toi v va v duoc goi la duoc noi tir u. Pinh u g01 la dinh dau, dinh v
g0i 1a dinh cuoi ctia canh (u, v). Pinh dau va dinh cudi cua khuyén
la trung nhau.

Dinh nghia 4:

Trong d6 thi c6 hudng bdc-vao ciia dinh v ki hiéu deg=(v) 1a so cac
canh c6 dinh cudi la v. Bdc-ra cua dinh v, ki hiéu deg*(v) 1a so cac
canh c6 dinh dau la v.

Toan roirac  huyenvt@tlu.edu.vn
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CAC THUAT NG’ cO' SO

Vi du: Tim bac-vao va bac-ra cua moi1 dinh trong do thi sau?

Dinh li 3:
Goi G = (V,E) 1a mot do thi c6 hudng. Khi do:

> deg~ (@)= ) deg*(@) = |E

vev vey
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MOT SO PO THI DAC BIET

Po thi day du:
v Kihiéu K,
v' La don do thi

v' Mot canh ndi mdi cdp dinh phan biét

KE K 3 K 4 K 5 Kt'n

K,
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MOT SO DO THI PAC BIET

P thi vong:

v KihiéuC,,n>3
v Condinhvy, Vv,, ..., v,

v' Cac canh {v,, Vo }, {V,, Va},..., {V,.., V. } va {v,,, v,}

{.-_I_?. {__' 4 {'__| 5 {-—_'tu
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MOT SO PO THI DAC BIET

Po thi hinh banh xe:

W 3 W 4 ]r'll"r:; !

Cac khoéi n chiéu: /g do thi co 2" dinh, moi dinh la 1 xdu

110 111
nhi phdn do dai n ‘
' ) 10 11 100
— ‘
00 01 000 001
O Q> Qs
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PO THI PHAN POI

Dinh nghia 5:

Mot don d6 thi G duogc goi 1a do thi phén dbi néu tap cac dinh V co
the phan lam hai tdp con khong rong, roi nhau V, va V, sao cho moi
canh cua do thi no1 mot dinh cua V,; vé1 mot dinh cua V,.

e
A7 42D

G H
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BAI TAP

= Bai 2: Cac db thi d cho c6 1a 2.
phan doi khong?
24,
21. a b 22. b C
e fiul Fe)
25.
(s il e
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PO THI CON

Dinh nghia 6:

Do thi con ciia do thi G = (V, E) 1a d6 thi H = (W, F), trong d6
WcVvaFcE
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HOP CUA HAI PO THI

Dinh nghia 7:

Hop cua hai don d6 thi G, = (V,, E;) va G, = (V,, E,) 1a mot don
do thi c6 tap cac dinh 1a V; U V, va tap cac canh E; U E,. Ta ki
hiéu hop cua cac do thi G, va G, 1a G, U G.,.

a b
a b ¢ E b E *
d € d I d e
G G Gy U G,
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BAI TAP

= Bai 3: Tim hop cua cip hai don do thi sau

56. a
! b . :
e c
d d
57. a b a / b
¢ ® ¢
: i ¢ g 4
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Todn roi rac




8.3 BIEU DIEN PO THI
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BIEU DIEN DO THI

Biéu dién do thi

e Danh sich ké

e Ma tran ké

 Ma tran lién thudc

Toan roirac  huyenvt@tlu.edu.vn

28



DANH SACH KE

v" Chi r6 cac dinh no6i véi moi dinh cta do thi khong cé

canh bo1
§ % —

Todn roi rac

Danh sach ké caa
don d6 thi

Dinh | Cic dinh ké
a b, c,e
b a
C a.d, e
d c, e
€ a,c,d

Danh sich ké ciia
do thi c6 huwéng

Dinh diu Dinh cudi
a b.c,d, e
b b.d
c a,c, e
d
€ b,e,d
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MA TRAN KE

»  Giasit G = (V, E) 1a mot don d6 thi, trong d6 |V| = n

e Matranké A= [&;], la ma tran nxn trong do:
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MA TRAN KE

« Co6 n! ma tran ké khac nhau cua mot dd thi n dinh

Truong hop da do thi, gia do thi thi phan ttr vi tri (i,j) bang so
canh noi cac dinh a; va g

e Truong hop d6 thi c6 huéng: a;; = {Vi,vi}, v, : dinh diu, v;: dinh

cuor Pinh cudi
¥
Vi V, V3 Y,
Vq 0
Vo |
Pinh dau

Vy

l

10

— V]
0

Toan roirac  huyenvt@tlu.edu.vn 31




£

L
Z
<
<
oc
-
<
=

N

Vidu 1:

L], =

Vidu 2:

<
=
S
o
Q
S
—
S
=
>
S
)
S
S
<

Todn roi rac




MA TRAN LIEN THUOC

Gia st G = (V, E) 1a mot don d6 thi vo hudéng
tap dinh v, V,,...,v, va tap canhe,, e, ..., e,

Ma tran lién thudc gom n cot, m hang,M = [m;;] trong do:

mi]- =

w €j khﬁng noi véi dinh v;

{1 néu ej ndi voi dinh v;

" \d 0 0 0
V1 € 0 0 | m23 — 1
nlo 0 o L
w1 0 1 0 0 0
s 0 1 0 1 1 0

Ma tran lién thudc co6 thé bi€u dién cac canh bd1 va

Khuyén
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Vi du:

MA TRAN LIEN THUOC

V1

V]
V2
V3
V4
Vs

Todn roi rac

0
|
0
|
0

o = D D
—_—0 O O =
—_— 0 D= D
—_— = O D
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BAI TAP

= Bai 4: Biéu dién d6 thi sau bang ma tran ké

2.

i b C
.

c d
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8.4 TINH LIEN THONG
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Dinh nghia 1:

« Puwong di d6 dai n tru tdi v, n € Z* ctia do thi vé hudng 1a day
cac canh ey, €,,..., €, a0 cho f(e,) = {X,, X}, f(€,) = {Xy, X },--,
fle,) = {X,.;, X,} VOixXg=uvax,=v

* Puong di goi 1a chu trinh néu diém dau va diém ket thuc tai mot
diém, u =V

* Puong di hay chu trinh goi 12 don néu né khéng di qua mjt
canh qua 1 lan
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MA TRAN LIEN THUOC

Vi du:

a b C
d e I
e Chira moét duong di1 don do dai 4?

* Chi ra mot duong chu trinh do dai 4?

e Chira duong di do dai 5 khong 1a duong di don?
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Dinh nghia 3:

« Mot @0 thi vo huwong duoc goi 1a lién thong néu co duong di
gira mo1 cap dinh phan biét cua do thi

a b

o
Q
LAy
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TiNH LIEN THONG - DO THI VO HUONG

DPinh li 1:
Giira moi cip dinh phan biét ctia mot do thi vo huéng lién thong
ludon c6 duong di don

D0 thi khong lién thong 1a hep cia hai hay nhiéu do thi con lién
thong

Cac d6 thi con lién thong roi nhau goi 1a cac thanh phan lién
thong

« Pinh cit: 1a dinh khi x6a di tao ra dd thi con méi ¢6 nhiéu thanh
phan lién thong hon d6 thj ban dau

 Canh cat: 1a canh néu bd di s& tao ra mot d6 thi c6 nhiéu thanh
phan lién thong hon d6 thi ban dau
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TiNH LIEN THONG - PO THI VO HUONG

Vi du: Tim dinh cat va canh cat cua do thi sau?

b
a d a c d
(] { - 9
- ] [ ]
b c e h I e
Gy G
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TiNH LIEN THONG - O THI CO HUONG

Dinh nghia 4:
Do thi ¢6 hudéng goi 14 lién théng manh néu c6 duodng di tir a téi b
va tu b té1 a vai moi dinh a va b cua do thi.

a b a b
Ly - ® —
A Y »c A A ¢
L i} @ -
e d e d
G H
Dinh nghia 5:

Do thi ¢6 hudng g01 1a lién thong yéu néu co duong di gitra hai
dinh bat ki ctia d6 thi v6 huéng nén
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BAI TAP

= Bai 6: Cac d6 thi sau c6 lién thong khong?
AV
A
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BAI TAP

= Bai 7: Chi ra cac do thi sau day c6 1a lién thong manh khong?

c6 1a lién thong yéu khong? Tim cac thanh phan lién thong

:1);4 b <
e d
b) a b
c
e d
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8.5 PUONG DI EULER VA HAMILTON
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PUONG DI VA CHU TRINH EULER

Bai toan Konigsberg

Thanh pho Konigsberg chia thanh 4 viing bai cac nhanh song
Pregel.

Nguwoi ta dd xdy 7 cdy cau dé noi 4 viing

Hoi c6 thé xuat phat tai 1 diém dé di qua tat ca cac cau, moi
chiéc cau khong di qua nhiéu hon 1 1an ro1 tr& vé diém xuat
phat? C

A fﬂ\\g\
\3@ S
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PUONG DI VA CHU TRINH EULER

Dinh nghia 1:

e Chu trinh don chira tat ca cac canh cua d6 thi G duogc goi 1a chu
trinh Euler.

 Dwong di Euler trong G 1a duong di don chira mo1 canh cua G.

Vi du 1: D6 thi nao sau day co6 chu trinh Euler?

a b a b a b

N
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PUONG DI VA CHU TRINH EULER

Vi du 2: Do thi ndo sau day c6 chu trinh Euler?

=] . BN
Y
L Ry
—

SN

Toan roirac  huyenvt@tlu.edu.vn
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PIEU KIEN CAN VA PU CHO CHU TRINH EULER

Dinh Ii 1:

Mot da do thi lién thong c6 chu trinh Euler néu va chi néu moi
dinh cua n6 déu co6 bac chan.

9

i

€
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XAY DUNG CHU TRINH EULER

THUAT TOAN : Xay dung chu trinh Euler

Procedure Euler (G: da d6 thi lién thong vdi tat ca cac dinh bac
chan)
C :=chon 1 chu trinh bat ki
H := G da x6a di canh cua C
while H con cac canh
begin
C’ = chu trinh trong H c6 di qua dinh trong C
H := H x6a di canh cua C’ va dinh treo
C :=C cong thém C’chen vao tai mot dinh thich hop
end
{ chu trinh la chu trinh Euler}

Toan roirac  huyenvt@tlu.edu.vn
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PUONG DI VA CHU TRINH EULER

Vi du: Tim chu trinh Euler ctia do thi sau?

-

L ey

a
¢

i
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PUONG DI VA CHU TRINH EULER

Giai:

Chon C = chu trinh {a, f, c, b, a} .
H = cac canh {c.d}, {c, e}, {e,d} |
C’ = chu trinh {c, d, e, c} p—

H=J
C=chutrinh {a, f,c,b,a}u{c,dec}=
{a,f,c,d,ec,b,a}

Két thic khi H= &

Toan roirac  huyenvt@tlu.edu.vn
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DUONG DI EULER

Dinh li 2:

Mot da db thi lién thong cé dwong di Euler nhung khong co chu
trinh Euler néu va chi néu n6 cé dung hai dinh bac 1é.

Vi du: Do thi nao c6 dudng di Euler?

JEEE
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PUONG DI VA CHU TRINH EULER

Bai toan Konigsberg

Thanh pho Konigsberg chia thanh 4 viing bai cac nhanh song
Pregel.

Nguwoi ta dd xdy 7 cdy cau dé noi 4 viing

Hoi c6 thé xuat phat tai 1 diém dé di qua tat ca cac cau, moi
chiéc cau khong di qua nhiéu hon 1 1an ro1 tr& vé diém xuat
phat? C

A fﬂ\\g\
\3@ S
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PDUONG Pl VA CHU TRINH HAMILTON

Tro choi d6 vui ciia William Rowan Hamilton

(b)
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PDUONG Pl VA CHU TRINH HAMILTON

Dinh nghia 2:

 DPuodng di Xy, Xy,....X, trong d6 thi G(V, E) dugc goi 1a duwong di
Hamilton néu V= {Xg, X{,..., X;.1 X, Fva X; =%, 0<i<j<n

* Chu trinh X5, X4,...,X,, X, trong do thi G duoc goi la chu trinh
Hamilton néu X,, Xy,...,X, 1a duwong di Hamilton.

Vi du: D6 thi ndo c¢6 chu trinh Hamilton?
a b g

huyenvt@tlu.edu.vn
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PDUONG Pl VA CHU TRINH HAMILTON

Pinh 1 3:

PINH LI DIRAC. Gia sir G 1a mot don db thi lién thong véi n
dinh, trong do6 n > 3, G c6 chu trinh Hamilton néu bac cta moi
dinh it nhat bang n/2.

Pinh li 4:

PINH LI ORE. Néu G 1a mot don d6 thi n dinh, trong d6 n > 3,

sao cho deg(u) + deg(v) > n v&i moi cdp dinh khong lién ké u va v,
khi d6 G c6 chu trinh Hamilton.
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BAI TAP

= Bai 8: X4c dinh cac d6 thi sau ¢o6 chu trinh Euler, duodng di1 Euler?

18. a b

e
=
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BAI TAP

= Bai 9: X4c dinh cac do thi sau ¢o6 chu trinh va dudng d1 Hamilton?
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8.6 BAI TOAN DUONG DI NGAN NHAT
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PO THI CO TRONG SO

Do thi co trong so 1a @6 th1 ma moi canh cua n6 dugce gan mot so
(nguyén hoac thuc) goi la trong so cua canh.

Boston
191
New York

MILEAGE

Chicago

San Francisco

Los Angeles
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PO THI CO TRONG SO

Bai toan lién quan téi do thi cé trong so:
* Xac dinh dwong di ngdn nhat giira hai dinh cia mot mang
* Tim duong di co chi phi ré nhit

* Tim duong di co thoi gian trd loi nhanh nhdt cho mot cude
truyén thong gitra cac may tinh

Toan roirac  huyenvt@tlu.edu.vn
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PO THI CO TRONG SO

Vl du : Boston

SN -r-l-_'ﬁll':"
FLIGHT TIMES N *3*:5“?'

Mew York

Los Angeles

FARES ' $39

San Francisco

Los Angeles
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THUAT TOAN TIM DUONG DI NGAN NHAT

« Do E.Dijkstra nha toan hoc nguoi Ha Lan dé xuat nam 1959

e Thuc hién tim do dai cta di ngan nhat tir a tdi dinh tha nhat, d6
dai cua duong di ngan nhat t&1 dinh thi 2... cho t61 dinh z
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THUAT TOAN TIM DUONG DI NGAN NHAT
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THUAT TOAN TiM DU'ONG Bl NGAN NHAT

Giai thuit: Tim duong di ngan nhat tir a dén z

Gan cho dinh a nhin bang 0 va cac dinh khac 1a oo. Ki hiéu L,(a) =0
va Ly(v) = oo
Tap S, 1a tap cac dinh dugc gan nhan sau tai budc lap K
L (V) 12 nhan cta v tai budc k, 1a do dai duong di ngan nhat tir a téi v
chi chira cac dinh thugc S,
Pé stra nhin cua v:

L.(a,v) = min{L, ,(a,v), L.(a,v) + w(u,v)}

Lip lién tiép cho t&i khi dat t&i dinh z
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THUAT TOAN TIM DUONG DI NGAN NHAT

THUAT TOAN : Thuit toan Dijkstra

Procedure Dijkstra(G: da d6 thi lién thong c6 trong s6 duong)
{G c6 cac dinh a = v, Vy, V,..., V,, = Z va trong s6 W(V,, Vj), Vo1 W(V;, V;) = 0 néu
{vi,v;} khong c6 canh trong G}
fori:=1ton

L(v;) =
L(a) =0
S=¢
whilez ¢ S
begin

u :=dinh ¢ S ¢6 nhan L(u) nho nhat

S:=Su{u}

for tat ca cac dinh v khong thuoc S

If L(u) + w(u,v) < L(v) then L(v) :=L(u) + w(u,v)
{ thém vao S dinh c6 nhin nho nhat va sira d6i nhan cta cac dinh ¢ S

end { L(z) = d6 dai duong di ngan nhat tir a téi 2}

Toan roirac  huyenvt@tlu.edu.vn
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THUAT TOAN TIM DUONG DI NGAN NHAT

a 4(5) Coo

3(s.b) 10(s.b) 3(s,b) 8(s.b,a)

2(s) 12(s.b)
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THUAT TOAN TIM DUONG DI NGAN NHAT

Todn roi rac

13(s,b.a.c.d)

2(s) 10(s,ba.c)

3(s,b) 8(s.b.a)

2(s) 10(s,b,a,c)

huyenvt@tlu.edu.vn

13(s,b,a,c.d)
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THUAT TOAN TiM DUONG DI NGAN NHAT

u S Z S S a b C d t
%) s,a,b,c dt 0 00 o0 00 o0 00

S, S a,b,cdt |- [4,5] |[2,s]* 00 00 0
L(s)=0
b, s, b a, cdt - [3, b]* |- [10,b] ([12,b] 00
L(b)=2
a, s,b,a c,d,t - - - [8,a]* |[12,b] o0
L(a)=3
C, s,b,a,c d, t - - - - [10,c]*|[14,c]
L(c)=8
d, s,b,a,c,d, |t - - - - - [13,d]*
L(d)=10
L, s,b,a, c,dt |C
L(t)=13

Puong di ngan nhat: s > b>a>c>d >t
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BAI TAP

= Bai 10: Tim d6 dai duong di ngan nhat gitra a va z trong do thi sau:
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Todn roi rac
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