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Nhitng khai niém va tinh chét co ban
Pinh nghia do thi

Dinh nghial.D6 thi vo huéng G = (V, E) gdm:

i) V 12 tap hop khéc rdng ma cac phin tir cia n6 goi
la dinh(vertex) cua G. :

i) E la da tap hop gom cac cap khong sap thir tu
ctia hai dinh. M&i phan tir ciia E duoc goi la mot
canh(edge) ctua G. Ky hiéu uv.

Nhitng khai niém va tinh chét co ban

Chay

Ta néi canh uv ndi U véi v, canh uv ké véi u,Vv.
Néu uv eE thi ta néi dinh u ké dinh v.

Hai canh néi cing mot cap dinh goi la hai
canh song song.

Canh uu ¢c6 hai dau mat tring nhau goi la mot v vy
khuyén.

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Nhirng khai ni¢ém va tinh chat co ban

Pinh nghia 2. D6 thi vd huéng khong cé canh
song song va khéng c6 khuyén goi la don do
thi Vb huong.

Pinh nghia 3. P6 thi v hudéng cho phép co
canh song song nhung khong cd khuyén goi la
da do thi vo hudng.

Pinh nghia 4. B6 thi v hudéng cho phép co
canh song song va cd khuyén goi 1a gia do thi

9

Nhiing khai niémva tinh chatco ban
Simple Graph
Definition . A simple graph G = (V, E) consists of V, a

nonempty set of vertices, and E, a set of unordered pairs
of distinct elements of V called edges.
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Multigraph -A Non-Simple Graph

There can be multiple telephone lines between

two computers in the network.
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Multiple Edges
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Two edges are called multiple or parallel edges
if they connect the same two distinct vertices.

Loops
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An edge is called a loop if it connects a vertex to itself.
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Pseudograph- A Non-Simple Graph
There can be telephone lines in the network from a computer
to itself (for diagnostic use). Detroit

New York
San Francisco

Chicago
Denver
Washington
Los Angeles

uln a pseudograph G = (V, E) two or more edges may
connect the same pair of vertices, and in addition, an
edge may connect a vertex to itself.

Undirected Graphs

pseudographs
multigraphs
simple graphs
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Nhitng khai niém va tinh chét co ban

Pinh nghia 5§
Pa do thi c6 huéng G =(V,E) gdm:

i) V 14 tap hop khéc réng ma cac phan tir ciia né goi
14 dinh cua G.

ii)E I da tap hop gdm céc cap co sip thir tw cua hai
dinh. M0i phi"in tt cia E dugc goi la mot
cung(canh)cta G. Ky hiéu uv.

Ta n6i cung uv di zir u dén v, cung uv ké véi u,v

Nhitng khai niém va tinh chét co ban

chay
« Néu uv la mét cung thi ta noi:
— Dinh u va v ké nhau.

— Pinh u goi 1a dinh ddu(gdc), dinh v 1a dinh cudi
(ngon) ctiia cung uv.Dinh v la dinh sau cta dinh u.

« Hai cung c6 cuing gbc va ngon goi la cung song
song.

« Cung c6 diém goc va ngon tring nhau goi la
khuyén.

CuuDuongThanCong.com
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Khai niém va tinh chat co ban

g “0: Da d thi c6 huéng khong chira
song song goi

A Directed Graph

The telephone lines in the network that operate
in two directions are represented
by pairs of edges in opposite directions.
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A Directed Graph

m In adirected graph G = (V, E ) the edges are
ordered pairs of (not necessarily distinct) vertices.
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Some telephone lines in the network may operate
in only one direction .

A Directed Multigraph

= In a directed multigraph G = (V, E ) the edges are
ordered pairs of (not necessarily distinct) vertices,
and in addition there may be multiple edges.
Detroit
New York

. Chicago
San Francisco

Denver Washington

LosAngeles  There may be several one-way lines in the
same direction from one computer
to another in the network.
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Types of Graphs Nhiing khai niém va tinh chat co ban

= R = X ~ > A .
Biéu dien ma tran cua do thi:
EDGES MULTIPLEEDGES LOOPS = .
ALLOWED? ALLOWED?
Simple graph Undirected NO NO Ta s dung ma trén ke.
Multigraph Undirected NO Cho G = (V,E) v6i V:{l,2,...,n}.
) Ma trdn ké ciia G |a ma tran A = (a;), xac dinh nhu sau:
Pseudograph Undirected )
Directed graph Directed ayi= s6 canh(sb cung) di tir dinh i dén dinh j

Directed multigraph  Directed

Tim ma tran ké Tim ma tran ké
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Nhitng khai niém va tinh chét co ban
Bac cua dinh

» Cho d6 thj v6 huéng G = (V,E). Bdc cua dinh
v, ky hi¢u deg(v), la so6 canh ké véi v, trong
d6 mét khuyén tai mot dinh duge dém hai lan
cho béc cua dinh ay.

Bac ctia cac dinh?

CuuDuongThanCong.com

Bac dinh a: deg(a) =2
Bac dinh b: deg(b) =5

d
Bac dinh c: deg(c) =3

Bac dinh d: deg(d) =2

Nhitng khai niém va tinh chit co ban

Cho db6 thi cé hwéng G = (V, E), veV
1) deg(v):= s6 cung c6 dinh cubi 1a v, goi la bdc
Va0 ciia V.
2) deg *(v):= s6 cung c6 dinh dau 1a v, goi 1a hdc ra
cua Vv
3) deg(v):= deg (v) + deg*(Vv)

U DBinh bac 0 goi la dink cb ldp. Pinh bac 1 goi la
dinh treo
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Nhitng khai niém va tinh chét co ban
Dinh li

Cho db thi G = (V,E), m 1 s6 canh (cung)

1) 2m = "deg(v)

veV

2) Néu G c6 huéng thi:

m :vgl deg—(v) :\%/ degt(v)

3) S6 dinh bac 1é ctia dd thj la sb chén

CuuDuongThanCong.com

. Bac dinh a: deg(a)=1 ; deg*(a)=1
3ac dinh b: deg-(b)=1; deg*(b)=3
b

Bac dinh c: deg-(c)=1; deg*(c)=2
Bac dinh d: deg+(d)=0 ; deg*(d)=0
Bac dinh e: deg-(e)=1; deg*(e)=0
Bac dinh f: deg-(f)=2; deg*(f)=0

Nhitng khai niém va tinh chit co ban

Dang cau

Dinh nghia
Cho hai don db thi G = (V,E) va G’= (V",E”).
Tanoi rang G ddang cau G’, ky hiéu G = G, néu ton
tai song anh f :VV— V’sao cho:
uv la canh ctia G < f(u)f(v) Ia canh ctia G’
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Nhitng khai niém va tinh chét co ban

Chay
ONéu G va G’ la céac don dd thi vd huéng dang ciu
qua anh xa f thi ching co6:
> Cung sb dinh
> Cung sb canh

» Cling s6 dinh voi bac cho san(vd: s6 dinh bac 2
cla G va G’ bang nhau)

> deg v = deg f(v)

Note. Isomporphic simple graphs must have the same
invariants:

The number of vertices

The number of edges

The degrees of the vertices

No vertex of deg 1
b K deg(e)=1

Non-isomorphic graphs

CuuDuongThanCong.com

Graph Isomorphism

Isomorphism Example

4
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Non-Isomorphic Example

e 3

* Same # of
vertices
3 * Same # of
v R edges
a * Different
0 of verts of
degree 2!
1 © (Avs3)

Nhitng khai niém va tinh chat co ban

D6 thj con

Cho hai d6 thi G = (V,E) va G’ = (V’,E")

(cung vO hudng hodc cling c6 hudng).

"G duogc goi 1a do thi con cia G, ky hiéu G’< G
ntfuV’'cVvaE cE

= Néu ¥’ =V VAE’ c E thi G’ duoc goi 1a do thi
con khung cua G.

CuuDuongThanCong.com

NHUNG KHAI NIEM VA TiNH CHAT CO BAN

Subgraphs

e

44
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Puong di, chu trinh, @b thi lién thong:

Cho G = (V,E) la d6 thi v6 hudng u,veV

a) Puong di (day chuyén) co chiéu dai k ndi hai
dinh u,v 1a ddy dinh va canh lién tiép nhau
V(€,V4€,.. .V, 1€,V Sa0 cho:

Vo=U,V, =V, e=v,Vv; ,i=12,...k

ep b [
a (&
€4 3
es /e d .
Chu trinh so
cap nao khong?
f e o o g

U(a, e,,b,e,,c.e5d,e,,b )la duong di tir dinh a tGi dinh b c6
chidu dai 1a 4. Tuy nhién, trong truong hop nay, do thi cia
ching ta 1a don db thi, do vay c6 thé goi duong di nay bang 1
cach ngin gon nhu sau: (a,b,c,d,b)
QChu trinh so cép:
Q(b,c,d,b)
Q(b,f.e,b)

CuuDuongThanCong.com

Puong di, chu trinh, do thi lién thong

b) Buong di khdng c6 canh nao xuét hién qua
mot lan goi la duwong di don

¢) Pudng di khong c6 dinh nao xuat hién quéa
mét lan goi 1a duong di so' cap

d) Puong di duge goi la chu trinh néu no bét dau
va két thic tai cing mot dinh

Puong di, chu trinh, do thi lién thong

Pinh nghia. Cho G = (V,E). Trén V ta dinh nghia
guan h¢ tuong dwong nhu sau:
U~V < u = Vv hay c6 mdt dwong di tir u dén v

a) Néu u~v thi ta néi hai dinh u va v lién thong véi
nhau

Moi 16p twong duong duoc goi 1& mot thanh
phan lién théng cua G

Néu G chi c6 mot thanh phan lién thdng thi G
goi la lién théng

48
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Puong di, chu trinh, do thi lién thong

Pinh nghia. Cho G = (V,E) la d6 thi v huéng

lién théng

a) Dinh v duoc goi la dinh khop néu G — v khong
lién thong (G v 1a dd thi con cta G ¢6 duge
bang cach x0a v va cac canh ké véi v)

b) Canh e dugc goi la cau néu G- e khong lien
thong( G-e la do thi con cua G ¢ dugc bing
cach xo0é canh e).

Puong di, chu trinh, do thi lién thong

Pinh nghia. Cho G = (V,E) v6 hudng lién thong,
khoéng phai K, n>2.
a) So lién thdng canh cua G, ky hiéu e(G) la sé
canh it nhiat ma khi xo& di G khéng con lién
thong nira.
b) So lién thong dink cua G, ky hiéu v(G) la sb
dinh it nhat ma khi xo04 di G khong con lién
thong nira.

https://fb.com/tailieudientucntt
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Puong di, chu trinh, do thi lién thong

b) Duong di khong c6 CUNQG nao xudt hién qua
mét lan goi 1a duong di don

¢) Puong di khong c6 dinh nao xuat hién qua
mot lan goi 1a duong di so cap.

d) Buong di duogc goi 1a mach(chu trinh) néu nod
bat dau va ket thuc tai cuing mot dinh.

CuuDuongThanCong.com

Puong di, chu trinh, do thi lién thong

Pinh nghia. Cho G =(V,E) la d5 thi c6 huéng u,veV

a) Puong di ( day chuyén) c6 chiéu dai k’ ndi hai
dinh u,v la ddy dinh va cung lién tiép nhau
Vg€1V4€,. ...V, 1€ V| Sao cho:

Vo=U, V=V
e=Vy,Vv;,i=12,...k

(=51 2 €2
1 3
£y s
€5 €5
4
5 T
er G =]

Pudng di c6 db dai 4 tir dinh 1 t6i dinh
21a:(1,2,3,4,2)

https://fb.com/tailieudientucntt
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Puong di, chu trinh, do thi lién thong

Dinh nghia. Cho db thi c6 huéng G = (V,E). Trén V ta
dinh nghia quan hé trong duong nhu sau:
U~V < u = v hay c6 mot dudng di tir u dén v va dudng
ditrvdénu.
Néu u~v thi ta néi hai dinh u va v lién théng manh véi
nhau .
MB&i 16p twong duong dugc goi 13 mot thanh phdn lién
théng manh cua G .
Néu G chi c6 mot thanh phan lién théng manh thi G goi
Ia lién thong manh .

Mot s6 do thi dic biét

Mt s6 do thi vé huéong dic biét

4. PG thi lwong phan du: 1a db thi don, ludng

1. Do thi dii cap n: K, 1a don d6 thi cap n ma giira hai N o
phén, m6i dinh trong V,; déu ké véi moi dinh trong V,.

dinh bat ky déu c6 mot canh.

2. DG thi k-déu : 1a d6 thi ma moi dinh déu c6 bac

béng nhau va béng k. 5. Do thi bu

3. Do thi luong phan: ChoK,=(V,E), G (V.E)<K,, G= (V, E\ Ei)
G=(V.E),V=V,UV,,V,nV,= . — ‘ ‘

Moi canh ciia G déu ndi mét dinh trong V; véi mot dinh G goi la do thi bl cua G. Do thi G duoc goi la

trong V, fir bl néu G diang ciu véi do thi bi ctia nd

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Mot s6 do thi dic biét

Complete graph K

Mot s6 dd thi dic biét

Wheele W,

CuuDuongThanCong.com

Mot s6 do thi dic biét

Ky K,

Complete Graphs

LU R

nn—1)

2.

edges.|

|N0te that K, has >i=
=T

e
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3

n-cubes (hypercubes)

CuuDuongThanCong.com

Bipartite Graph

68
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Pé thi

1)2000. PHBK
Cho db thi vo huéng , don G c6 7 dinh trong d6
€6 mét dinh bac 6. Hoi G c6 lién thong khong?

Giai. Dinh bac 6 ndi véi 6 dinh con lai. Do d6
hai dinh bat ky déu c6 mot duong di qua dinh bac
6

DPé thi

Giai .

Gia sir ta x6a canh uv. Ta chi cin chimg minh
van ¢6 duong di tir u dén v.

Phan ching. Gia st khong cé duong di tir u
dén v. Khi d6 thanh phan lién théng G’ chira u
ma khong chira v. Trong G’, u ¢d bac 19, moi
dinh khac déu co bac 20. Téng cac bac trong
G’ lasé1é.Vo ly.

CuuDuongThanCong.com

Dé thi

2)2001,PHBK

Cho d6 thi vd huéng G lién thdng ma mdi
dinh déu c6 bac bang 20. Chirng minh rang
néu xo0é di mot canh bat ky thi d6 thi thu
duoc van con lién thong

D¢ thi
3)2002,PHKHTN.
Do thi G gém n dinh, 41 canh, moi dinh déu c6

bac p. Néu p 1é va p> 1 thi d6 thi G ¢ lién théng
khéng?

https://fb.com/tailieudientucntt
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Pé thi

Gidi. Tu cong thic bac cua dinh ta c6 np=2.41.

Vi p 1& nén p 1a udc cia 41. Ma 41 13 s6 nguyén t6 nén p = 41.
Vayn=2

Do d6 G ¢6 2 dinh ma ca 2 dinh déu c6 bac 41. Néu G khong
lién thong thi G phai tach thanh 2 thanh phan lién théng, ma
mdi thanh phan lién thong déu co bac 41 (18). Vo ly.

DPé thi

Giai .

<Nhan Xét . Pinh bac 5 ndi v6i 5 dinh con lai.
Do d6 ta chi phai quan tdm dén 5 dinh con lai.
Ta xét don d6 thi véi 5 dinh va cac bac la
1,1,2,2,2.

» TH1. Hai dinh bac 1 ndi v&i nhau, 3 dinh bac 2
ndi v6i nhau tao thanh chu trinh

CuuDuongThanCong.com

Dé thi

4)2005, PHKHTN.

V& don db thi vO huéng gdm 6 dinh vai bac
2,2,3,3,35

https://fb.com/tailieudientucntt
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Pé thi

Suy ra d6 thi can tim 1a

DPé thi

« Suy ra db thi can tim la:

CuuDuongThanCong.com

bé thi
»>TH2. Hai dinh bac 1 khéng ndi véi nhau. Khi
d6 hai dinh bac 1 phai ndi voi hai dinh bac 2

khac nhau va dinh bac hai con lai phai ndi véi
hai dinh béc hai dy

Dé thi

5)2006 , PHKHTN.

V& db thi don vo huéng gom 6 dinh véi bac
2,2,3,3,33

https://fb.com/tailieudientucntt
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Pé thi

Giai.
TH1. 2 dinh béc 2 ndi v6i nhau. Néu ching ndi dén
ciing mot dinh bac 3 thi dinh béac 3 nay chi ndi dén
mot trong 3 dinh con lai:khdng thé duge. Nhu vay
hai dinh bac hai ndi dén hai dinh bac 3 khac nhau.
Bo 2 dinh béc hai ta s& dugc mot don dd thi vo
huéng gdm 4 dinh véi bac 2, 2, 3, 3. Dé Y ring
trong dd thi nay mdi dinh béc 2 déu ndi voi 2 dinh
bac 3 va do d6 2 dinh bac 3 ciing ndi véi nhau.

DPé thi

TH2. 2 dinh bac 2 khong nbi voi nhau nhung
nbi dén Cung mdt dinh bac 3. Khi dy néu bo di
hai canh nay ta dugc mét dd thi 6 dinh v6i bac
1,1,1,3,3 3. Néu 2 dinh béac 1 ndi v6i nhau
hodc ndi dén cling mot dinh bac 3 thi bo di 2
dinh nay con lai mot d6 thi dinh véi bac 1, 3,
3, 3 hodc 1, 1, 3, 3: khong thé dugc. Nhu vay
mdi dinh bac 1 ndi dén dinh bac 3 khac nhau.
B6 di dinh bac 1 s€ con lai mot chu trinh 2, 2,
2

CuuDuongThanCong.com

va ta dugc dd thi

https://fb.com/tailieudientucntt
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Pé thi Dé thi

« TH3. 2 dinh bac 2 khong néi v&i nhau 6) Bé thi 07
va mdi dinh n6i dén 2 dinh bac 3 khac Tim tit ca cac don dd thi vo hudng (sai

nhau. Khi ay néu bo di hai dinh nay sé khac mot dang cau) gom 6 dinh véi bac :
con lai mot chu trinh 2, 2, 2, 2 va ta duoc:

<D

2,2,2,3,3,4

DPé thi

Giai 2,5 d (vé mbi do thi dugc 0,5d. Ly luan day dd
day 1a 4 15i gidi duy nhat: 0,5d)
Trudng hgp 1: dinh bic 4 ndi dén 2 dinh bac 3 va 2
dinh bac 2. B4 dinh bic 4 va 4 canh tuong ung ta sé&
duge 1 @6 thi don vo huéng gdm 5 dinh vé6i bac 1,
| )

Truong hgp 1a: mdi dinh bac 1 déu ndi véi 1 dinh
bac 2 (phai khdc nhau). Do d6 dinh bac 2 con lai sé&
ndi d&€n 2 dinh bic 2 trén. Chiing tao thinh mot day
chuyén 1,2,2,2,1. Ta dugc 2 dd thi khong ding ciu
nhau

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Pé thi

Trudng hgp 2: dinh bac 4 ndi dén 3 dinh bac
2 va 1 dinh bac 3. Khi 4y néu bé di dinh bac
4 va cdc canh tuong ng ta s& dudc 1 db thi
don vo6 huéng gdm 5 dinh v6i baic 1,1, 1,
2, 3. Khi &y dinh bac 3 chi c¢6 thé ndi dén 2
dinh bac 1 va dinh bac 2. Pinh bic 1 con lai
s& noi dén dinh bac 2, va ta dudc

DPé thi

Trudng hgp 1b: 2 dinh bac 1 ndi nhau. Nhu
vay 3 dinh bac 2 tao thanh mot day chuyén.
Ta dudc dd thi

CuuDuongThanCong.com

Dé thi

PHKHTNOS .Cho d6 thi G don, vo huéng ,10
dinh va ¢6 nhiéu hon 36 canh.Hoi G ¢0 lién
théng khéng ?Tai sao?

Giai(tom tit). G 1a do thi lién thong

Phan chung.

Gia st G khong lién théng .Goi G, la mét thanh

phan lién thong gom k dinh 1< k< 9.Goi m la s6

canh cua G thi m < k2-10k +45 .

Ma max (k2 -10k +45) =36 (v&i 1< k< 9) nén

m < 36.Tréi gia thiét.

https://fb.com/tailieudientucntt
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Pé thi

DPHKHTN 2009.

Xét d6 thi don vo hudng G véi 6 dinh , trong d6 c6 mot dinh bac
1 va 5 dinh béc 3. Chimg minh rang G lién thong.

Giai.

Gia sir G khong lién thong. Goi Gy, G, ...,Gy 1a cac thanh phén
lién thong ctia G (k> 2). Vi G khong c6 dinh ¢6 1ap nén méi
thanh phan lién théng déu phai c6 it nhat hai dinh. Nhu vay mdi
thanh phan lién thong déu phai c6 it nhat mot dinh bac 3. Suy ra
mdi thanh phin lién théng phai c6 it nhat 4 dinh. Vay G phai c6 it
nhét 4k >8 dinh . Trai gia thiét.

Bai toan duong di ngin nhat

D6 thi c6 trong sb

Db thi G = (V,E) goi la @b thi c6 trong s6 (hay chiéu
dai, trong lwong) néu mdi canh(cung) e dwoc gan véi
mot s6 thue w(e).Ta goi w(e) 1a trong hrong cuae.

D¢ dai cna duong di tir u dén v bang téng d6 dai cac
canh ma duong di qua

Khodang cach giira 2 dinh u,v 12 d6 dai ngin nhat cta
céc duong di tir u dén v.

CuuDuongThanCong.com

\
D¢ thi

» Céach khac.

Néu bo di dinh bac 1 va canh k& né ta s& duge don do thi vo

huéng H g6m 5 dinh véi bac 1a 2, 3, 3, 3, 3. RO rang néu H lién

thong thi G ciing lién thong.

Trong d thi H dinh béc 2 phai ndi voi 2 dinh bac 3 khéac nhau.

Bo dinh b nay va bo hai canh ké vdi no ta dugc d6 thi K g6m

4 dinh véi bac 2, 2, 3, 3. RS rang néu K lién thong thi H ciing lién

thong va do d6 G ciing lién thong.

Trong d0 thi K hai dinh béc 3 phai ndi v&i nhau. Bo canh ndi hai

dinh bac 3 nay ta dugc dd thi g6111 4 dinh bac 2, dd thi nay la mot

chu trinh , n6 lién thong . Do d6 G lién thong.

Bai toan duong di ngin nhat

Ma tran khoang cach(trong sd)

Cho G = (V, E), V = {v,,V,,...,v,} |a don db thi c6 trong
s6. Ma tran khoang céach ciia G 13 ma tran D= (d;) xac
dinh nhu sau:

0 khii=j

w(v;v;) khivy; e E

0 khiv,v; ¢ E

https://fb.com/tailieudientucntt
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Bai toan duong di ngin nhat

Phuwong phap
Xac dinh tuan tu cac dinh ¢ khoang cach dén Uo

tir nho dén 16n.

1.

Trudc tién dinh ¢ khoang cach nhé nhat dén u,
1a up.

. Trong V\{u,} tim dinh c6 khoang cach dén u,

nho nhét (dinh nay phai 14 mot trong cac dinh ké
Vi Ug) gia st d6 la u,

CuuDuongThanCong.com

Bai toan dudng di ngan nhat

Thuat toan Dijkstra

Bai toan.

Cho G = (V, E) don, lién théng, c6 trong s6 duong
(w(uv) > 0 véi moi u khac v). Tim dudng di ngin
nhét tir uy dén v va tinh khoang céch d(u ,,v).

Bai toan duong di ngin nhat

. Trong V\{Uo,u;} tim dinh c6 khoang céch dén
Uo nho nhat(dinh nay phai la mot trong céc
dinh ke voi U, hodc u, )gia sir do la u,

4. Tiép tuc nhu trén c,ho dén bao gio tim dugc
khoang cach tir uy dén moi dinh .

Néu G ¢4 n dinh thi:

0 = d(ug,ug) < d(ug,uy) < d(ug,u,) <...<d(ug,Uy, )

100
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Thuéat toan Dijkstra

Budel. i:=0, S:=V\{u,}, L(ug):=0, L(V):= covéi moi vV €S va
danh déu dinh v boi(co,-). Néu n=1 thi xuat d(ug,u,)=0=L(u,)
Budc2. Véimoi v €S va ké voi ui(11é11 b thi c6 hudng thi v
14 dinh sau cua u;), dat L(v):= min{L(v),L(u;)+w(u; v)}.Xéac
dinh k = minL(v) ,veS.

Néu k= L(v; thi Xudt d(ug,v; )= k va dénh déu v;boi (L(v;);uy)

Uirg:= vy S:=SUig}
Bud6ce3 =i+l
Néu i = n-1 thi két thic
Néu khong thi quay lai Budc 2

CuuDuongThanCong.com

Bai toan dudng di ngan nhat

Bai tap 1. Tim dudng di ngén nhét tir uy dén cac
dinh con lai

https://fb.com/tailieudientucntt
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Bai toan duong di ngin nhat

Cay duong di

CuuDuongThanCong.com

Bai toan duong di ngin nhat

Bai tap 2(DHKHTN,2006).

Cau 5. Cho d6 thi c6 trong 6 G = (V,E),

V = { vy, Vy, V3, Vg, Vg, Vg , Vo3X&C dinh bdi ma
tran trong s6 D. Dung thuat toan Dijkstra tim
duong di ngan nhat tir v, dén cac dinh v,,vs,v , Vs,
Vg,V5

https://fb.com/tailieudientucntt
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Bai toan dudng di ngan nhat

Bai toan duong di ngin nhat

-----
SN N O N (G270 EO
11

CuuDuongThanCong.com

Bai toan dudng di ngan nhat

Bai toan duong di ngin nhat

https://fb.com/tailieudientucntt
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Bai toan dudng di ngan nhat

Bai tap3(PHKHTN2005).

Cho mét vi du chung t6 rang thuat toan
Dijkstradé tim duong di ngan nhat tir mot dinh
dén cac dinh khac khong ap dung duogc cho do6
thi c6 trong lugng néu co6 canh ¢ trong lugng
am

Bai toan duong di ngin nhat

BAI 4(D&2007)

Diing thuat toan Dijsktra d€ tim dudng di ngin
nhat tir dinh @ dén dinh z va chiéu dai ctia n6
trong dd thi vd huéng c6 trong lugng sau:

CuuDuongThanCong.com

|

R R I — e — N — )

Bai toan dudng di ngan nhat
C

(0, -)
(4,a)

a b

(0, -)
(5.a)

https://fb.com/tailieudientucntt

(18,f)
(16,g)
(16,g)

116
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Bai toan duong di ngan nhat
Thuat toan Ford — Bellman

Tim duong di ngan nhét tir U, dén cac dinh hodc chi ra do thi
c6 mach am.
Budc 1. Lo(ug) =0 va Lo(v) = o0 WV #U, Danh dau dinh v
bang (0 ,-) ; k=1.
Budce 2. L (uy) =0 va

L, (v) = min{L,,(u)+w(uv)/u la dinh truéc cta v}
Néu L(v) = L 4(y)+w(yv)thi danh diu dinh v bai (L (v),y)

17

Bai toan duong di ngin nhat

« BT1.

CuuDuongThanCong.com

Bai toan dudng di ngan nhat

Budc 3. Néu Ly(v) =Ly (V) v6i moi v, tic Ly (V)
6n dinh thi dimg. Nguoc lai dén budc 4.

Budc 4. Néu k = n thi ding. G c6 mach am. Néu
k <n-1 thi tro vé bude 2 voi ki=k+1

Bai toan duong di ngin nhat

https://fb.com/tailieudientucntt
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Bai toan duong di ngin nhat

k=n=6.Li) chua 6n dinh nén d thi c6 mach
am. Chang han:
4—2—6—4 c6 do dai -3

CuuDuongThanCong.com

Bai toan duong di ngin nhat

k=n=6.L) chua 6n dinh nén dd thi c6 mach
am. Chang han:
4—2—6—4 c6 do dai -3

https://fb.com/tailieudientucntt
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Bai toan dudng di ngan nhat Bai toan dudng di ngan nhat

« BT2.

Bai toan duong di ngin nhat Bai toan duong di ngin nhat

Thuat toan Floyd.

Tim dudng di ngén nhat gitra tit ca cac cip dinh
hodc chi ra dd thi c6 mach am. Ngoai ma tran
khodng cach D ta con dung ma tran Q = (Qy),

o j khiijeE
" 10 khiij E

trong do

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Bai toan dudng di ngan nhat Bai toan dudng di ngan nhat

Buéc 1. Dy =D, Q,=Q, k=1. « Budc 3. Néu k = n thi dimg. Néu k < n thi tré
Budc 2. Véii= 1 dén n, voi j =1 dén n. Dat lai Buge 2 voi k =k + 1
Ds(i,k)+ Dy (K, 1)
D, (i.k)+ Dy (k. J)
D, (i.k)+ D,y (k. J)
Dy (i.k)+ Dy, J)

Dk ]) iDL ])>

if D, (i, )<
hj)>
j)<

if Dy
i Dk—l(ll J

Bai toan duong di ngin nhat Bai toan duong di ngin nhat

* Cho db thi G ¢6 ma trn khoang cach 1a e Khi d6 ma tran Q s€ la

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Bai toan dudng di ngan nhat

* TacoD; =D, Q, =Qva

Bai toan duong di ngin nhat

CuuDuongThanCong.com

Bai toan dudng di ngan nhat

Bai toan duong di ngin nhat

https://fb.com/tailieudientucntt
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Bai toan dudng di ngan nhat

Bai toan duong di ngin nhat

CuuDuongThanCong.com

Bai toan dudng di ngan nhat

Bai toan duong di ngin nhat
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Bai toan dudng di ngan nhat

Bai toan duong di ngin nhat

« Puodng di ngan nhat tir dinh 1 dén dinh 6 1a
153525556 Vi

Qs(1,6) =3,Q4(3,6) = 2,Q4(2,6) = 5,Q4(5, 6) = 6.
* Duong di ngan nhat tir dinh 4 dén dinh 5 1a
4—-56—>2—>5 Vi

Qs(4,5) =6,Q¢(6,5) = 2,Q4(2,5) = 5.

CuuDuongThanCong.com

Bai toan dudng di ngan nhat

Duong di Euler - Puong di Hamilton

Euler

(1707-1783)

https://fb.com/tailieudientucntt
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DPwong di Euler - BPwong di

Hamilton
Problem. The town of Kénigsberg was divided into
four sections by the branch of the Pregel River

Y/ Y

(1755-1804) /

Duong di Euler - BPuong di Hamilton

These four sections are connected by seven bridges

150

Euler Paths

Question. Can one cross seven bridges and return to
the starting point without crossing any bridge twice?

In the eighteent™ century, Euler: solved this problem
using Graph Theory.

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Euler modeled this problem using the multigraph:
four sections correspond/to C
four vertices A, B, C, D.

each bridge corresponds
to an edge

Duong di Euler - BPuong di Hamilton

Piéu kién cin va du.

i. Cho G = (V,E) la d6 thi v hudng lién thong.
G la 6 thi Euler < Moi dinh cta G déu c6
bac chan.

Néu G c6 hai dinh béc 1é con moi dinh khac déu
c6 bac chan thi G ¢ dudng di Euler

ii. Cho G la db thi c6 huéng lién théng. G la d6
thi Euler < G can bang.

CuuDuongThanCong.com

Duong di Euler - Puong di Hamilton

Puwong di Euler

Dinh nghia.

Puwong di Euler 1a dudong di qua tat ca cac
canh mdi canh (cung) dung mot 1dn.Chu
trinh Euler 14 chu trinh di qua tat ca cac canh
ctia d6 thi mdi canh diing mot lan.

D6 thi duoc goi la do thi Euler néu né ¢6 chu
trinh Euler

Duong di Euler-Duong di Hamilton

Thuat toan Fleury dé tim chu trinh Euler.

1. Bét dau tir mot dinh bat ky ciia G va tudn theo
qui tac sau: Mdi khi di qua mot canh nao do thi
x0a no di, sau do xoa dinh co lap néu co.

2. Khong bao gid di qua mot cau trir phi khong
con cach di nao khac.

https://fb.com/tailieudientucntt
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Duong di Euler-Duong di Hamilton

<

@ €
f

abcfdcefghbga

Duong di Euler - Puong di1 Hamilton

Diéu kién du (cho dé thi don vé hwéng).

i. Dinh ly Ore(1960). Cho db thi G c6 n dinh.
Néu deg(i)+deg(j) > n> 3 vaiivajla hai dinh
khong ké nhau tuy y thi G 1a Hamilton.

ii. Pinh ly Dirac (1952) Cho db thi G c6 n
dinh. Néu deg(i) >n/2 véii tuyythi G la
Hamilton

CuuDuongThanCong.com

Duong di Euler - Puong di Hamilton
DPwong di Hamilton.

Pinh nghia. Puong di Hamilton 1a dudng di qua tat

ca cac dinh cia d thi mdi dinh ding mot lan.

U Dinh nghia twong tu cho chu trinh Hamilton

(mach Hamilton).

Q D) thi goi 1a d6 thi Hamilton néu nd co chu
trinh Hamilton

Duong di Euler - Puong di Hamilton

Qui tic dé xay dung mgt chu trinh Hamilton
H hodc chi ra dé thi vd hwéng khong 1a Hamilton

Qui tic 1. T4t ca cac canh ké v6i dinh bac 2 phai ¢
trong H

Qui tic 2. Khdng c6 chu trinh con(chu trinh ¢é chiéu
dai <n) nao dugc tao thanh trong qua trinh xay dung H

https://fb.com/tailieudientucntt
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Duong di Euler - BPuong di Hamilton

Qui tic 3. Khi chu trinh Hamilton ma ta dang xay
dung di qua dinh i thi x04 tat ca cac canh k& vdi i
mata chua dung(vi khéng duogc ding dén nita).
Diéu nay lai c6 thé cho ta mot sé dinh bac 2 va ta
lai dung qui tacl.

Qui tic 4. Khdng c6 dinh cd 1ap hay canh treo nao
dugc tao nén sau khi &p dung qui tic 3.

Duong di Euler-Duong di Hamilton

DL Ghouila-Houri(1960) Néu G la don db thi
lién thong manh sao cho moi dinh déu c6 bac
khdng nhé hon n thi G Hamilton.

DL Woodall(1972). Cho G 1a don d6 thi thoa
ij E =deg*(i)+deg(j)=n, v6i moi I,j

thi G Hamilton

CuuDuongThanCong.com

Duong di Euler-Duong di Hamilton
Piéu kién dii cho do thi c6 hwéng , don(khong
c6 khuyén va khéng cé canh song song cuing
chiéu)

DK Mevyniel. ij va ji ¢E = deg(i)+deg(j)>2n-1 véi i, j tay y.

DLMeyniel(1973). Néu G 1a d6 thi don, lién théng manh
va thoa DK Meyniel thi G I1a d6 thi Hamilton.

DL Camion(1959). Néu G la don dd thi du, lién théng manh
thi G Hamilton

162

Duong di Euler-Duong di Hamilton

« Dé thi2004(DPHKHTN)
P thi sau day c6 Hamilton khong?

JOMES=EE
~

6

9
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Duong di Euler-Duong di Hamilton

* Gid su G ¢6 chu trinh Hamilton H, theo qui
tacl,tat ca cac canh ké voi dinh bac 2 déu o
trong H:12,14,23,36,47,78,69,89. Ta c6 chu
trinh con 12 1,2,3,6,9,8,7,4,1.

Vay G khong la db thi Hamilton.

Dé thi 2005(PHKHTN).Cho G 14 d thi khong
huéng, don, n> 3(n 1a sb dinh),
deg(i)+deg(j)>n-1. Chirng minh rang G c6
duong di Hamilton.

CuuDuongThanCong.com

Duong di Euler-Duong di Hamilton

» Giai:

Ta thém vao dd thi G mot dinh z va ndi z v6i mdi dinh
cua G boi mot canh, ta thu dugc do thi G* ¢6 n+1
dinh.Béc ctia moi dinh trong G déu 16n hon béc ¢l
cua n6 mot don vi(trirz), con bac cua z bang n.

Do d6 trong G’thi
deg’(i)+deg’(j)=deg(i)+1+deg(j) +1= n-1+1+1 = n+1,
khi ivajkhacz.

deg’ (i) + deg '(z) =deg (i) + 1 + n > n+1 ,v6i ikhic z
Theo DL Ore thi G’ 14 d6 thi Hamilton,suy ra G ¢6
duong di Hamilton
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