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Po thi, phan loai do thi

e Ly thuyét do thi la nganh khoa hoc dugc phat trién tir 1du nhung lai ¢é
nhiéu &ng dung hién dai

* DO thi dwgc dung dé gidi cac bai todn trong nhiéu Iinh vuc khac nhau
(mach dién, ciu tric cha hop chat héa hoc, mang may tinh, ...)

* D6 thila mdt cau tric roi rac gdm cac dinh va cac canh nbi cac dinh
do

* Nguoi ta phan loai do thi theo dac tinh clia canh ndi cac cap dinh cla
do thi



Phan loai do thi
Pon dd thi

* Don d6 thi G = (V, E), trong d6 tap khdng rong V ma cac phan tl
clia né dwoc goi la cac dinh va mot tap E ma cac phan tir dugc goi la
canh, do la cac cap khong thit tu cua cac dinh phan biét

Deirost

(hico go New York

Jan Froneiso

Wash J}?f.?‘ﬂﬂ

las Angeles



Phan loai do thi
Pa db thi

* DadothiG = (V,E), trong dé V la tap dinh, E 13 tap canh, g‘é thi
gdm cac canh v hudng, nhung co thé cé nhiéu canh ndi moi cap dinh
(canh boi)

* Don d6 thi la mot trwong hop riéng cta da do thi.
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Phan loai do thi
Pé thi khuyén

* DO thi khuyén G = (V, E), trong d6 V la tap dinh, E |a tap canh, do
thi cé thém loai canh ndi tr mdt dinh dén chinh né.

Detrort

Chicago New York

San Fraoncisco

Washinglon

los Angeles



Phan loai do thi
Pon d6 thi cé hudng

* Don d6 thj cé hudng G = (V, E), trong d6 tap khéng rong V ma cac
phan ti cia nd dugc goi la cac dinh va mot tap E ma cac phan tl
duoc goi la canh, do la cac cap co thi tu cua cac dinh phan biét
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Phan loai do thi
Pa dd thi c6 hudng

* Da do thico hudng G = (V,E), trong dé V la tap dinh, E 13 tap canh,
d6 thj gdm cdc canh cé hudng, nhung cé thé cé nhiéu canh néi moi cdp

dinh (canh boi)
* Don d6 thi cd hudng la mot trwong hop riéng clia da doé thi cé hudng.
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Phan loai do thi

Loai Canh Co canh boi Co canh
khong? khuyén khong

Pon do thi VO hudng
Da d6 thi V6 hudng X
Do thi khuyén X

Pon do6 thi cé hudng CO hudng

Da do thicéd hudng  Co hwdng X



Vi du 1. D6 thi "l6n t6" trong sinh thdi hoc. D6 thi duge dimg trong
nhiéu mé hinh cd tinh dén sy tuong tdc cha cdc loai vat. Chdng han su
canh tranh cia cac loai trong mot hé sinh thdi cd th€ mdé hinh hoa bang
dé thj "lan t8". Méi loai duoc bi€u dién biang mét dinh. Mét canh vé
huéng néi hai dinh néu hai lodi duge bifu dién bidng cdc dinh nay la
canh tranh vé&i nhau (tdc la, ching cing chung ngudén thic an). D6 thi
trén Hinh |34 mé hinh cta hé sinh thai ritng. Tit d6 thi nay chung ta
thdy sdc vd gdu tric la canh tranh véi nhau con qua va chu6t tru thi
khong.

Gé¢ #ric ‘T
The o 4u7r 0
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Vi du 2. D5.thi dnh huéng. Khi nghién cdu tinh c4ch cia m6ét nhdm
ngudi, ta thdy mot s6 ngudi co thé c¢d dnh hudng lén suy nghi cia nhing
ngudi khdc. D6 thi od hudng duge goi 1a dé thi d&nh hudng cé thé ding
dé mé hinh bai todn nay. M8i ngudi cia nhdm duge bifu dién bing mot
dinh. Khi mot ngudi duge bi€u dién bang dinh ¢ ¢d Anh hudng lén ngutsi
duge bifu dién bing dinh b thi gita dink o va dinh & duge ndi bing
méot canh o hufng.

z i dxﬂ 5:';::11:'

Deborch Fred Yvonne
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Xac dinh loai d6 thi clia cac do thi sau




Do thi giao cua cac tdp A,, A, .. A 1a mdt dé thi ¢ mdt dinh

biéu dién méi tdp va co canh néi cdc dinh bi€u dién cde tdp néu

cac tdp nay ¢o phaAn giao khéc trong. Hay x4y dung dé thi giaoc caa

cac tap hgp sau :

a) A, = {0, 2, 4, 6 8, A, = {0, 1,
Ay = 41,8 5 7,9, A, = {5 6
A; = {0, 1, 8 9}

by A, = {.. -4, -8 -2 -1, 0},
= {., =2, -1, 0 1, 2, .. },
s = {en =B, -4, =2, 0, 2, 4,6, ..},
{
{

2,
7

S >
I

-
|

.y =5, -8, -1, 1, 8 5, ..},
., -6, -3, 0, 3, B, ..},

s
I
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Cac thuat nglr vé do thi (1) — Bac cua dinh

DINH NGHIA 1. Hai dinh © va v trong mot d6 thi vo huéng G dude £0i
1A Zién ké (hay lang giéng) néu {i, v} 12 mét canh cia G. Néu ¢ = {u,
vl thi e goi 1A canh lién thudc vai cdc dinh u va v. Canh e ciing duge
goi 1a canh néi ciac dinh u va v. Cac dinh « va v goi la cdc diém déu
muf cia canh {u, v}.

DINH NGHIA 2. Béc cia ot dinh trong d6 thi vo hudéng 1A s6 cdc canh
lien thude vdi nd, riéng khuyén tai mét dinh duge tinh hai 14n cho bac
cia noé. Ngudi ta ky hiéu bac ctia dinh v la deg).

. Dinh b, clién ké (lang giéng) . .- J “ 2
trong ca 2 do thi.
. Dinh ¢, d lién ké (lang giéng)?
Bac cua cac dinh?

L Ew



Cac thuat nglr vé do thi (2) — Bac cua dinh

DINH LY 1. Pinh Iy Bdt tay. Cho G = (V, E) la mot d6 thi vO hudng
co ¢ canh. Khi dé 2 e = 2 deg(v).
vV

(Dinh 1y nay dung c4 khi d6 thi cd canh bdi hodc cic khuyén).

1) Cé bao nhiéu canh trong d6 thi don c6 10 dinh, moéi dinh cé bac bang 5?
2) Cé bao nhiéu canh trong do6 thi don cé 99 dinh, mdi dinh cé bac bang 57?

= Pinh ly 2: P6 thi do'n c6 mot s6 chan cac dinh bac lé.
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Thach do

* Xay dwng don do6 thi gdbm 10 dinh cé it canh nhat ma ba dinh i, j, k bat
ki thi déu ton tai it nhat 1 canh (i,j) hay (i,k) hay (k,j),



Cac thuat nglt ve do thi (3) — Bac vao ra

DINH NGHIA 3. Khi (&, v) 13 canh cia d6é thi ¢d hudng G, thi u dugc
goi 14 néi t6i v, va v dugc goi 1a duge ndi tic u. Dinh u goi 12 dinh
dau, dinh v goi 14 dinh cudi cha canh (u, v). Dinh diu va dinh cudi cta
khuyén la trung nhau.

DINH NGHIA 4. Trong dé thi ¢d huéng bfic — vae cta dinh v ky hidu ]a
deg(v) la 8§ cdc canh ¢ dinh cuéi 13 v. Bc — ra cta dinh », ky hiéu
1a deg (v) la s6 cdéc canh c¢d dinh ddu la v. (Chi y, mot khuyén tai mot
dinh sé gop thém 1 don vi vao bAc—vao va 1 don vi vao bac —ra cua
dinh nay).
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Cac thuat nglr vé dod thi (4) —

Bac vao ra

Gm;.Cachac:—vanladeg{a :2,

deg (b) = 2, deglc) = 3, degd)
deg(e) = 3 va deg(f) = 0. Cac
bac — ra la deg'(a) = 4, deg’(b) = 1,
deg'(©) = 2, deg' (@ = 2, deg'(e) =
va deg’(f) =

DINH LY 3. Goi G = (V, E) 1a mét d6 thi c¢6 hudng. Khi do

>, deg” (v)

vEV

= Y deg'(v) = |E|.
V-E_V.
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Cac thuat nglr vé dod thi (5) — Do thi day du

Po thj day du n dinh, ky hiéu K, 1a mot don d6 thi ma moi cap dinh
phan biét déu co canh nai.

20



Cac thuat nglt vé do thi (6) — Do thi chu trinh (vong)

Do thi chu trinh C,, (n = 3) la mot d6 thi cé n dinh vy, v,, ..., 1, va cac
canh {vy, v,}, {v,, v3},..., {v,—1, v, }, {vy, V1)

Cac chu trinh Gy, Gy, Cg5 va (.



Cac thuat nglt vé dd thi (7) — Do thi banh xe

Khi thém mot dinh vao d6 thi C,, (n = 3) va ndi dinh nay vai tat ca cac
dinh cua G,

A\

Ws Ay Wy Hs

Cic binh xe W4, W, We va W,
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Cac thuat nglt vé do thi (8) — Cac khdi n chiéu
D6 thi cac khdi n chiéu, ky hiéu @, la cdc d6 thi co 2™ dinh, moi dinh
duoc biéu dién bang xau nhi phan dé dai n. Hai dinh 13 lién ké néu va

chi néu cac xau nhij phan biéu dién ching khac nhau dung 1 bit.

b, 717
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Cac thuat nglt vé dd thi (9) — Do thi phan doi (hai phia)

Mot d6 thi G dugc goi la do6 thi phan doi (d6 thi hai phia) néu tap dinh
V c6 thé phan lam hai tdp con khéng rong, roi nhau V;, V, sao cho moi
canh cta do thi n6i mot dinh cta V; véi moét dinh cha V.
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Cac thuat nglt vé dd thi (10) — Do thi phan dbi day da

Az.3 K23
A5 . Kz



Cac thuat nglr vé dd thi (11) — Do thi con

Do thiconctadothiG = (V,E)ladothiG' = (V',E'), trongdo V' €
VvaE' €E.
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Cac thuat nglt vé dd thi (12) — Hop cla hai do thi

qu? cita hai dé th.'l don Gl = W], El} va G}? = {Vz, EE)
la mot d6 thi don cd tdp cac dinh 1a V, U V, va tap cdc canh la
E, U E,. Ta ky hiéu hgp cua ciac d6 thi G, va G, 14 G; U G,
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Biéu dién dd thi - Danh sach canh, danh sach ké

Danh sach canh: Liét ké tat ca cac canh cla dé thi
Danh sach lién ké: Chi rd cac dinh ndi véi moi dinh cla do thi

o
Danh sach canh I-— Dinh T Dinh lidn k¥ l"
€ 1. {a,b}

) 2. {a,c} | a b, ¢, e
3. {a,e} g a |
4. {c,d} ‘ " |
5. {Cre} (:l a,c,:d

e o 6. {e,d} I - — | I
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Biéu dién dd thi - Danh sach canh, danh sach ké

Danh sach canh?
Danh sach lién ké?

Dinh dau

Dinh cubi

el

b oo d ¢
b, d

h, ¢, d
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Biéu dién do6 thi - Ma tran lien ké (1)

Gid st G = (V, E} la mot d6 thi don trong do|V|= n va cdc dinh duge
liet ké mot cach tuy y v),...,v, Ma trn lién ké A (hay Ag) cia G ng
vdi danh sach cac dinh nay la ma trdn khong-moét cdp n X n cd phén
td hang { cdt j bang 1 néu v, va v, lién ké nhau, va bang 0 néu chung
khong duge néi vdi nhau. Ndi cach khac ma tran lién ké caa dé thi
A ma trdan A = [ai]-] trong do

1 néu {u, U]-} la mdt canh cua G,
;. = |
! O néu khoéng cd canh néi dinh v, vdi dinh Uj.
“ b Foo1 1 1T
[ 1 0 i 0
1 i 0 0
h > 1 0 0 ©
- 30




Biéu dién do thi - Ma tran lien ké (2)

0

1

1

C -4 I 0
Qa b 0
3

0

d ¢ 2

= o
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Biéu dién dd thi - Ma tran lien ké (3)




Su dang cau cla hai do thi (1)

Cac d6 thi don G, = V|, E) va G, = (V,, E,) la dang
cdu néu cd ham song anh f tit V, 1én V, sao cho cdc dinh a va b la lién
ké trong G, néu va chi néu fla) va ffb) 1a lién ké trong G, vdi moi a
va b trong V,. Ham f nhu thé duge goi 14 mdét dang cdu.

Noi cach khac khi hai don dé thy la dang cfiu, sé ton tai mdt phép tuong
ing mot-moét gida cdc dinh cia hai d6 thi biao toan quan hé lién ké.

Uy Uy Vs V2
= $
. !
U U, K I"'-"n!
H 33



Su dang cau cula hai do thi (2)

Cac cap do thi sau cé dang ciu hay khong?

b b
c a A
<
d e d




Su dang cau cla hai do thi (3)

Cac cap do
thi sau c6 dang
cau hay khong?

« U Vs Y
v * —
! “ }
P P
-r r
Uy s Ug
% v

o
LT




buong di, chu trinh

* Duong di do dai s tir u dén v trong don do thi la mdt day cac dinh
Xg, X1, ey Xg Ma Xg = U; X = vV VA (Xg,x1), (X1,%5), ..., (Xs_1,X5) |2
cac canh cla doé thi.

« Puong di dwoc goi la chu trinh néu dudng di c6 bat dau va két thic
tai mot dinh.

* Duong di (hay chu trinh) trong don d6 thi dwoc goi la duong di don
(chu trinh don) néu né khong chira mot canh qua mot lan.

a b C




Tinh lién thong trong do thi vd hudng

Mot do thi vo hudng duoc goi la lién thong néu cé duong di gitta moi
cap dinh phan biét cta do thi.
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Pinh ly: Gitta moi c3p dinh phan biét clla mét do thi
v hudng lién thong ludn cé duong di don.

Chitng minh: Gia sU u va v 1a hai dinh phan biét cia mo6t d6 thi vo
huéng lién théng G = (V, E). Vi G la lién théng nén c6 it nhdt mot
dudng di gitta ¥ va v. Goi x, x,.. , X, vl x, = © va x, = v, 14 diy cdc
dinh cia duong di cd d8 dai ngén nhit. Day chinh-la duang di don cén
tim. That vay, gia st nd khong la dudéng di don, khi d6, x; = x; vdi
0 < { < j. Difu nay cd nghia 1a gita cdc dinh # va v co dudng di ngin
han qua cac dinh Xy X5 -y Xj_pX. .., Y, nhin dudc bang cach xod di cac

. ]
canh tuong Ung voi diy cdc dinh x, .., x.
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Cac thanh phan lién thong
MOt do thi khéng lién thong [a hop cda nhiéu doé thj con lién thdong (cac
do thi con khéng c6 dinh chung). Cac d6 thi con lién thong roi nhau
nhu vay duoc goi la cdc thanh phan lién thong.
6, 2:
G

N

b




Dinh khdp (diém khép)

* M6t dinh duoc goi la dinh khép néu nhu viéc xda di dinh nay va tat ca
cac canh lién thubc vdi né sé tao ra do thi mai ¢ nhiéu thanh phan
lién théng hon do thi goc.

« Cac dinh nao trong do6 thi dwdi day la dinh khop?

a d SR | g
L , A '

il
b ¢ ¢ h



Cau (canh cat)

* M6t canh dugc goi la cau néu nhu viéc xda di canh nay sé tao ra do
thi md&i cé nhiéu thanh phan lién thdong hon dé thi goc.

* Cac canh nao trong do6 thi dudi day la cau?

e R
Q.
- S
iy

Sl |



Tinh lién thdong trong do thi cd hudng

* DO thi cd hudng goi la lién théng manh néu cé duwong di tlr a tdi b va
tlr b dén a v&di moi dinh a, b clia d6 thi;

* D6 thi cd hudng goi la lién théng yéu néu ludn ton tai duwong di gitra
hai dinh bat ky khi ta khdng quan tdm dén hwdng cldia cac canh. D6 thi
lién théng manh cling 13 d6 thi lién théng yéu.

v, Uy Uz Us
! !
- o Uy U Ug



pém sd dudng di gitta cac dinh (1)

* Cho G la mdt do thi (cé thé c6 canh bdi, khuyén) v&i ma tran lien ké A, khi
d6 so dwong di khac nhau do dai r tir i dén j bang gia tri phan ti (i, j) cua
ma tran A".

e Ch&rng minh bang quy nap

»Gia st phan tr (i,j) cia ma tran A" 1a s6 duwong di khac nhau d6 dair twr i
dénj.

>Vi ATt = A" X A nén phan tlr (i,j) cia A"t bang

r+1 _ \n r — AT r r _ 2 T >
A ;i = k=10 xQkj = A;10q,j + Qj o0 j + -+ a; Ay j, trong doa;, la

phan t& (i, k) cta A", 1a s6 duong di d6 dai r tlr i dén k.



pém sd dudng di gitta cac dinh (2)

el b 0
1
A=
1
|0
e c _
8
NN 4 n 4e $A dss A A4 — |0
bém s6 duwong di do dai 4 tw =l
adénd 3

0 D

— o0 oo O

L e T

O oo oo O

) et e ()

oo O O oo
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Cac d6 thi sau cd bao nhiéu dinh va bao nhiéu canh
1) Kq

2) Cis

3) Wis

1) K3,

5) Q7



Pé thi nao dudi day la d6 thj phan déi (hai phia)

a b b ¢
X a<‘//\a’
¢ d e

b ¢ a
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Duwng va tinh s6 canh cta d6 thi don c6 bac cac dinh nhu sau
1) 4,3,3,2,2
2) 3,3,3,3,2
3) 1,2,3,4,5
4) 1,2,3,4,4

Thach dé:

Co n doi bong, doi thwr i dang ki da b, tran. Hay xép lich da sao cho 2 doi
bat ki da v&i nhau khéng qua 1 tran va véi moi doi so tran da trén san
nha va san khach khong vuot qua 1.



Goi G 1a d6 thi ¢d v dinh va e caﬁh, con M, m tuong dng 13 béc
l6n nhdt vA nhé nhit cha cdc dinh cia G. Chi ra réng

% .
a) — =2 m, b) — <« M.
t v
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Chiing minh réng néu G 1a dé thi don phdn déi cd v dinh va e
canh, khi dd ¢ < v°/4.

Ching minh ring n€u G la d6 thi don cé n dinh, khi dé hgp cla
G va G la K.

49



Chl ra ring néu don d6 thi G cd kthanh phén lién thong vA cic thanh

phdn lién théng nay tuong dng ¢d ny, n,, .., n, dinh, khi d6 s6 céc
k

canh cia G khong wigt qua » C(n,,2)

1=1
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* Chirng to6 rang do thij lién thdong cé n dinh thi cd it nhat n-1 canh.

* Chirng to rang trong mot don do6 thij luén ton tai duong di tir mot
dinh bac lé t&i moét dinh bac lé khac.

 Cho don db thi vé hudng, bac moi dinh >=n/2. Chirng minh do thi
lien thong



Pém sb dudng di d6 dai 4, d6 dai 8 tr vy dén v,

Vs



a) Hay tim ma tran ké cda K, ;.
b) Tim s6 duwong di do dai 3 va 4 tir mot dinh bac 3 dén mot dinh béac 2.



Chu trinh Euler va duong di Euler (1)

* Chu trinh don chira tat ca cac canh cta doé thi G duoc goi la chu trinh
Euler;

* Duong di don chira tat ca cac canh cha d6 thi G duoc goi la duwong di
Euler;




Chu trinh Euler va duong di Euler (2)

Do thi nao co chu trinh Euler? a b a b a b
Po thi nao c6 dwong di Euler? >< >< \\
@
d ¢ d c c d e
( G, (

a b
a b c d
d c s:* Y a b
H, H, Hy



Piéu kién can va da dé do thi cé chu trinh Euler

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




THUAT TOAN  Xay dung chu trinh Euler.

procedure Euler (G : da d6 thi lién théng véi tdt cd cac dinh bic chin)
chu tinh = chu trinh trong G bAt diu tal mdt dinh ducc chon
tly y v& cac canh dudgc thém vao dé xdy dung dudng
di qua cac dinh va cudi cing quay lai dinh nay.

H = G vbi cac canh cla G sau khi bé di chu trinh
while A cbn cac canh
begin
Chu 1inh con = chu trinh trong A bAt dau tai dinh trong H ciing
la dinh déu mit clia mét canh thudc chu tnnh,

H : = H vdi cac canh cla chu tinh con, va tat ea cac dinh ¢o
l&p bt loai bo.
chu trinh @ = chu tinh voi chu trinh con dl.k;!ﬂ chén vao tai mit
dinh thich hgp
end {chu tinh 14 chu trinh Euler}
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Piéu kién can va du dé d6 thi cé dudng di Euler

MOt da do thi lién thong cé duwong di Euler nhung khéng cé chu trinh
néu va chi néu do thj cé dung 2 dinh bac lé.
Thuat toan tim dwong di Euler???

a g f e a b
. I
// / f |
o
b c d e d
G> G;

L
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Thach do

1) Tim diéu kién can dd cho d6 thi cd hudng dé chu trinh Euler va cé
duwong di Euler.

2) Cho mot da do thi vé hudng, vé da do thi dé bang it nét vé nhat.



buong di, chu trinh Hamilton

* Duwong di xq, ..., Xp_1, X, trong do thi G = (V,E),n = |V|, duoc goi la
dudng di Hamilton néu x; # x; voii # j.

* Chu trinh xg, X1, ..., Xy,_1, X, trong d6 thi G = (V,E),n = |V|, duwoc goi
la chu trinh Hamilton néu x; # x; v6ii = 1,2,..,n;j = 1,2,..,n; i # J.

* C6 diéu kién can va da dé dé thi c6 duwdng di, chu trinh Hamilton?
e Co thuat toan tim duwong di, chu trinh Hamilton?

3

61



1) Tim duong
di, hanh trinh
Hamilton

e

2) Chi ra rang K,, luén cé chu trinh Hamilton

o

L Ry

9o

e
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Tim duong di, chu trinh Euler

a b a
e
c e
b a b
- -—
h M
il
d d c




V& bang mot nét

A\
AN
%




1) véigia tri nao cia m, n thi K, ,, 6 chu trinh Euler, duwong di Euler?

2) vai gia tri nao cia m, n thi K,;, , ¢6 chu trinh Hamilton, duwong di
Hamilton?



P thi cd trong s6

* 6 thi ma moi canh clia né dwoc gan moét con sd (nguyén hodc thuc),
dwoc goi la trong s6 &rng vdi canh do.

* Nhiéu bai todn cé thé md hinh bang d6 thj cd trong so.

/.f Boston 4-05 . Oy / Boston
TES ___-——"_____ T _f__ - 0-50

— 0:50

MILEAGE —

Mew York

San Francisco ¢=—

1:15

Miani Miami &
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Bai todn tim dudng di ngan nhat

e Bai toan tim duwdng di ngan nhat: Tim duwong di cd d6 dai ngan nhat
gitra hai dinh cda do thi.

e Vi duy, tim dwdng di ngan nhat tr a dén z

Miami &
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Thuat toan Dijkstra tim dudng di ngan nhat (1)

THUAT TOAN 1 THUAT TOAN DIKSTRA.

procedure Dijkstra (G : don d6 thi lién théng coé trong s8, voi
trong so duong)

{G ¢ cac dinh a = vo, Wy, v, = Z va trong s6 w(v, v)),
voi wiv,v) = o néu {vv} khéng la mét canh trong G}

for i = 1to n

L(vi) = o
L{a) = 0
S = ¢

{Ban dau cac nhan dugc khdi tao sao cho nhan cua a béng khéng,
cac dinh khac bing o, tap S 1a ong}
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Thuat toan Dijkstra tim dudng di ngan nhat (2)

while z¢& S
begin
y = dinh khéng thudéc § cé nhan L{u) nhd nhat.
S =85 U {u}
for 14t ca cac dinh v khéng thudc S
if L(v) + wiuv) < L{v) then L{v) = L{u) + w{uyv)

{thém vaoc S dinh cé nhan nhd nhdt, va sla
d6i nhédn clia cac dinh khéng thuéc S}

end {L(z) = dd dai dudng di ngan nhdt tJ a tdi z}.
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Tim duong di ngan nhat bang thuit toan Dijkstra
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(B)

b

Iz, ) d 10 1(a, )

Y 2 (a) e

10(a, 0. b, d)
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(B) 3(a. ) (d)8ia,c,b)

.x.:. )

::-n:'“.ﬁ' 2ia) (ey10(a,c. b, d)

z 13(a,c.b,d,e)

b) 3(a,c) (d)8B(a,c.b)

713 (a.c. b, d, e)
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Po thi phang

* P06 thj phang 1a d6 thi cé thé vé duwoc trén mat phang ma khong cé

canh nao cat nhau (& moét diém khong phai 1a diém mut cda cac canh)

* Viduy, K, 1a d6 thi phang

/]
P

/
-
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Cong thuc Euler (1)

* G la d6 thj don phang lién thong cd e canh va v dinh. Goi r la s6 mién
trong biéu dién mat phang cta G, khidér=e—-v +2

A
iJ
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Cong thuc Euler (2)
* Gia sir mOt don do thi phang lién théng cd 20 dinh, méi dinh bac
bang 3, d6 thi chia mat phang thanh bao nhiéu mian?
v=20;e=(20x3)/2=30 2 r=e—-v+2=30-20+2=12

* Gid sir G 1a mot don d6 thi phang lién théng cé e canh, v dinh (v > 3),
khi d6 e <3v-6

2e/3>r=e—-v+2néne<3v-6

* Chirng minh K; khéng phang
Ks ¢6 5 dinh va 10 canh, ta c6 10 > 3x5-6



Cong thuc Euler (3)

* Gid st G 1a mot don d6 thi phang lién théng cé e canh, v dinh (v > 3),
va khong c6 chu trinh do dai 3, khi d6 e < 2v-4

* Chirng minh K, 5 khéng phang

> K va Kj 5 1a khéng phang, nén néu d6 thj chira K, hodc K, , thi d6
thi khong phang;



binh ly Kuratowski

* MOt d6 thi phang G, moi do thi nhan duoc tir do thi G bang cach bé
di canh (u,v) va thém vao dinh v&i w cung hai canh (u,w) va (w,v) cling
la d6 thi phang va duoc goi la dong phdi vdi G.

* P6 thi la khong phang néu va chi néu né chira mot d6 thi con dong
phoi voi K; hoac K 5;




T6 mau do thi (1)

* T6 mau ban do T /%_3/\
v'Cac vung ké nhau té bang mau khac nhau |-"":_;:;C D/;;\m | ;f______{\"";‘ )
v'Dung it mau nhat N A

* Biéu dién ban d6 bang do thi
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T6 mau do thi (2)

DINH NGHIA 1. 76 mau mdt don d6 thi la su gén mau cho cdc dinh
cua nd sao cho khong cd hai dinh lién ké dugc gdn cliing mot mau.

DINH NGHIA 2. S§ mau cha mot d6 thi 1a s§ t6i thi€u cde mau cén
thiét dé€ t6 mau d6 thi nay.

DINH LY 1. Dinh Iy Bén Mau. S6 mau cia mét d6 thi phang 1a khong
lIon hon hoén.
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b Blue ¢ Green

Eed

¢ Green - fBlue

g Red
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* S6 mau clia doé thi K,

Brown ¢ ¢ Green

d Yellow

* SO mau clia dé thi K. .

d Blue ¢ Blue FBlue 2 Blue

n \ ? N . a b a b
* SO mau cua do thi C, J frea o
/ \ , \
/ \ f \
/ \ /
/
f“\B toe REd} “ edyellow Reqbe
/
Red Blue W.
e d d
- -
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 Bai todn t6 mau d6 thi cé nhiéu &rng dung
» Ung dung lap lich thi: Lap lich thi sao cho khéng cé sinh vién nao thi 2
mon cung mot luc
> Cac mon la dinh cta do6 thi
»2 mon co sinh phai thi cd 2 moén = canh
> Thaoi gian thi duwoc biéu dién bang cac mau khac nhau
- Viéc lap lich chinh 1a t6 mau dé thi
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Hay néu mdi quan hé giila tdng sf béc cia cdc dinh trong mot d8 thi
vb huéng vd s canh cia nd. Hay gidi thich vi sa0 o6 méi quan hé dd.

Hay néu méi quan hé gitia t8ng s8 bacwvao va tdng cdc bicra cia
cac dinh trong modt d6 thi ¢éd huéng. Hay gidi thich vi sao o mbi
quan hé dd.
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a) D6 thi phan doi 1a gi?
b) D6 thi nao trong cde d6 thi K, C, W, 1a d6 thi phan doi?
¢) Lam th& nao d€ xic dinh dugec médét d6 thi cd 14 phin d6i khong?
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a) Hay mo ta ha phuong phép khdc nhau d€ hi€u dién d6 thj.

h) Hay v& mot don d6 thi ed it nh4t 5 dinh vAd 8 canh. Hay minh
hoa cach dung cdc phuong phidp moé td & ciu a) dé hi€u dién do
thi nay. |
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Lam thé niao d€ cd thé xdc dinh xem mdt dd thi vé6 hudng co
duong di Euler hay khéng?

Lam th€ nao dé cd thé xac dinh xem mot d6 thi voé hudng co
chu trinh Euler hay khdng?
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S6 mién cua C,

S6 mién cta W,



a) Dinh nghia s6 mau cha d0 thj.

b} S6 mau cta d6 thi K, trong d6 n 14 mét sé nguyén duong, bang
bao nhiéu?

¢} 88 mau cia dé thi C,, trong dé » la mét s§ nguyén duong lén
hon 2, bang bao nhiéu?

d) 86 mau cta dd thi K
bang bao nhiéu?

trong do m,n 12 cdc s6 nguyén duong,

.

89



* Cho don db thi vé hudng, bac moi dinh >= n/2. Chirng minh d6 thi cé
chu trinh hamilton



e Cau 4: Phuong trinh sau c6 bao nhiéu nghiém nguyén khéng am?
* X; + X, + X5+ 500X, = 1000

* Cau 5: D6 thj K, 5 c6 bao nhiéu dinh, bao nhiéu canh? D6 thi K, ; c6

chu trinh Euler, dwdng di Euler khdng? Biéu dién d6 thi bing ma tran
ké.



