Chwong 5: Do thi

1. Cac khai niém

1.1. Pinh nghia d6 thi

Db thi G(V,E) bao gdm mét tap hiru han V céac dinh
(hay nat) va mét tap hiru han E cac cap dinh ma ta
goi la cung ( hay canh).

Vidu 1: M@t mang gébm cac may tinh‘ va cac kénh dién
thoai nGi cac may tinh nay la mét do thi.

Vi du 2: Mot mang gdm cac thanh phé, thi xa va céc
dwdng bd ndi cac thanh phd, thi x& la mot do thi.

1.2. Binh nghia d6 thj vé hwéng

Db thi v hwéng G=(V,E) bao gébm V la tap cac dinh va
E la tap cac cap dinh khbng co th tw goi la cac cung.

Y1du:
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1.3. Binh nghia d6 thi cé hudng

T3 thy ¢d hudng G—(V.,T1) bao gdm V 13 tip cée dinh va T8 13 1@p cac odp dinh cd
thir or eoi 1a cde cung.

Vi dye
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* Néu (v1, v2) la mét cung trong tap E(G) thi v1 va v2 goi la lan
can cla nhau.

Vidutrén 1,2 la lan can, 1,3 la lan can.

* Mot dwdng di tor dinh u dén dinh v trong d6 thj 1a mét day cac
dinh

u=x0, x1, ..., xn-1, xn=v ma day cac canh (x0, x1), (x1, x2), ...,
(xn-1, xn) la cac cung thuéc E(G) .

* S6 lwong cung trén duwdng di goi 1a d6 dai ctia duwong di.

Vi du dwérng di tr 1 dén 4 c6 do dai 1a 2.

* Buong di don: La dwong di ma moi dinh trén do, trir dinh dau va
dinh cudi deu khac nhau.

* M6t chu trinh 12 mét dwdng di don ma dinh dau va dinh cubi
trung nhau.

Vidu:1—» 3 > 5—- 41

* Trong do thi G hai dinh v va v goi 1a lién thing néu cd mt duémg di tir u dén
V.
Vidu: 1,413 licn thong. [, 514 lién thing.
* P thi G goi 12 lign thing néu véi moi cip dinh phin bidt v;, v trong V() déu
co mdt duomg di o v; vai v,
Vi du: D6 thi sau la do thi vo huing lién thing
l
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Vi dy: D& thi sau 13 dd (hi vo hudmg khong lién thang

Vidu: DO th sau la do thi eo hurdmg khong Lién thong
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*Di thi ma mdi cung gn vai | gid tri ndo db dwoe goi 1d do thi eb rong 56.
Vi dy: mang luoi giao thong, mot tuyén dwong ed do dai, nén do 1a do thy ¢d
trong so.

* P thi vd hudng G=(V,E), biic cia dinh v 14 56 cung lién thude voi dinh do.
Kihidu la: deg(v)

Vidu Pé thi vé huong sau

deg(1)-2 1

deg(2)-4
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2, Biéu dién d thi

2.1, Bidu dién bang ma trin lan cin { ma trin ké )

Xétdo thi GV .E), v gom n dinh (n==1), gid sit eac dinh duge danh sé thir tw
theo mdt quy dinh nao dé. Ma 1rdn [an cdn A bidu difn G 13 mét ma trin vudng
kich thuede nxn. Cée phfm tur eua ma trdn co gia w1 0 hode 1

Ajj= L khi ton tai cung (vj, vj ) trong E.

A;i= 0 khikhong 101 tai cung (v;, v; ) rong B

* Néu db thi vo hudng thi ma trin A déi ximg qua dueng chéo chinh

Vidy 1: D4 thi vé hueng sau
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Ma trgn lan cdn A [a ma tran vudng ciip 4 ¢ @id (11 nhue sau




Wi du 2- Db thi dd thi cd hurdmyr sau
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Ma trin ldn cin A Li ma trin vudng cdp 5 6 gid tri nhu sau -
1 2 3 4

0010

1 0
0 0
01
00
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Vi dd thi 6 trong s6 ma triin 1an cdn thay gid tri | bing trong s fwomg g
cua cung dé,

2.2. Biéu difn bing danh sich lin can  danh séch ké)

Trong cich biéu dién nay n hing cia ma trén thay bing n danh séch méc ndi.
M dinh ¢lia G ¢ mit danh sdch twong img. Cic nit rong danh séch i bicu
dicn cac dinh Jin ¢in cia nit i,

MG nit trong danh séch ¢6 chita 2 truimg

| VERTEX | LINK |
VERTEX: La thng tin cia dinh lan cdn dinh 1.
LINK:  Ladia chi nut tigp theo.

Vidy | & 1rén duoe bitu ditn bfmg dunh sach lan cin k& sau:

V1]

V[2]

Led—i2 [ o3 | o—f4 [X]
Let—sl1 | of—{4 [X]
Let—1 | o2 X
Lol [ o2 | o+—f3 [X]

Vo VI, V2], V[3], V4] li cac phiin Lir i vée w0V chira cae dia chi dau
danb sach (ird 1n cac danh sach),

P . - A k3 - - a - £
Vidy 2 & irén duye bicu dicn bing danh sach lin ciin k& saw

V(1]
V2]
V[3]
V4]

V5]

L e—i3 X
L et—1 X
L et—s X
[ et—12 X
L e— 1 X

Vi VI, V21, V3], V4], V5] 1 cde phan i cda vée to V chira cde dia chi
dau danh sach (tro tor cac danh sach).

# Mai danh sach co nit diu danh sach, cac nit nay duge tH chie luw i ké tiép
(mang) d& truy nhip duce nhanh.

* B thi v hudng con dinh, ¢ cung thi cdn nnit ddu danh sieh va 2e nit danh

sach:.

F B33 thi wo hwong o n dinh, e cung thi ¢dn n nut ddo danh sach va e nat danh

sach:.




3. Phép duyét do thj
* Xét db thi vd hwéng G(V,E) va mét dinh vi V. Ta can tham tAt c& cac
dinh ctia G ma c6 thé “ véi téi” tr dinh v ( nghia 1a d6 thj lién thong).

C6 2 cach duyét dé thi:

- Phép tim kiém theo chiéu sau ( Depth first search )

- Phép tim kiém theo chiéu rong (Breadth first search )
3.1. Phép tim kiém theo chiéu sau ( Depth first search )

Xét dd thi vd hwéng. Phép tim kiém theo chiéu sau thé hién nhw sau:
- Binh xuét phat v dwoc tham.

- Tiép theo d6 ta ’thém dinh w la dinh c’hu’a dwoc tham va la lan can cda
v. Phép tim kiém theo chieu sau xuat phat tir w lai dwgc thyc hién.
Trong trwdng hc_rp dinh u da duoc thén) ma moi dinh lan can clda né da
dwogc tham roi thi ta quay lai dinh cudi cung vira dwgrc tham ( ma
dir}h nay con ginh w la lan can cua no6 chwa dwgc tham) va phép tim

kiem theo chiéu sau xuat phat tir w lai dwgc thwc hién.

Vidy |- Cho do thj vi hudng sau:
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Phép duyét theo chiéu sau di theo trinh tw sau:

VI® v2® v4® vB® vb ® v6® v3® v7

* Tha tuc phép duyét theo chiéu sau nhw sau:

Cho mét d6 thi G(V,E) v6 huéng cé n dinh va véc to Visited(n) gom n phan ter,
ban dau véc to nay cé gia tri =0. Thuat giai nay thwc hién tham moi dinh “
vOi t&i dwoc “ tir dinh v.

Procedure DFS(v)
1. Visited(v):=1 { danh ddu v duwoc tham }
2. FOR méi dinh w 1an can véiv DO
If Visited(w)=0 then CALL DFS(w);
Return

* Panh gi4 thuat toan:

+ Trwong hop biéu di&n db thi dung danh s&ch méc ni: G c6 e cung, mdi
nut véi téi 1 1an, nén thdi gian tim kiém & O(e).

+ Tru«‘)’n’g hop biéu di&n db thi dung ma tran 1an can : thi thoi gign Xac
dinh moi diém lan can cta v la O(n). C6 n dinh nén th&i gian tim kiém la
o(n?).

3.2. Phép tim kiém theo chiéu réng (Breadth first search )

Xét d6 thi vd huwéng. Phép tim kiém theo chiéu réng thé hién
nhw sau:

- Binh xuét phéat v dwoc tham.

- Tiép theo céc g‘ﬁnh, chwa dwoc tham ma la lan can cta v sé
dwoc tham, roi dén cac dinh chwa dwoc tham la l1an can lan
lwgt clia cac dinh nay va c twong tw nhw vay.

Vi du 1 & trén: Phép duyét theo chiéu rdng di theo trinh ty sau:

vi® v2® v3® v4® V5 ® v6 ® v/ ® v8

* Thi tuc phép duyét theo chiéu rong nhw sau:

Chq mot dé‘thi G(V,E) \(6 hwéng cé n dinh va véc to Visited(n)
gom n phan t&, ban dau véc to nay co gia tri =0. Thuat g‘iéi nay
thwe hién tham moi dinh “ v&i toi dwqc “ t‘u’ dinh v. Bat dau tw
dinh v. Moi dinh i dwgc tham danh dau bang Visited(i):=1.

Dung hang doi Q co6 kich thuwéc n; F, R 1a 16i trwéde va 16i sau cla
hang doi. [(hi tham 1 dinh thi loai bé khéi hang doi; khi chwa
tham thi bo sung vao hang doi




Procedure BFS(v)
1. Khéi tao hang doi Q v&i v dwgc dwa vao.
2. Visited(v):=1 { danh dau v dwoc tham }
3. While Q khong réng DO
Begin
Call CQDELETE(v,Q) {loai bo v ra khoi Q}
FOR méi dinh w lan can véiv DO
Begin
If Visited(w)=0 then
Begin
CALL CQINSERT(w,Q); { B4 sung w vao Q}
Visited(w):=1
End
End
End
4. Return

* Panh gia giai thuat: Vong 13p While I&p lai n 1an .
- Néu biéu dién db thj bang ma tran 1an can thi thdi gian thwe
hién la O(n?).
- Néu biéu dién dé thi bang danh sach lan can thi thoi gian thue
hién la O(e).

4. Cay khung va cay khung véi gia tri cwc tiéu

4.1. Cay khung

* Néu G la do thi lién thong thi phép tim kiém theo chiéu sau hoac
theo chieu réng xuat phat ttr 1 dinh tham moi dinh. Nhw vay céac
cung trong G phan thanh 2 tap:
- Tap T chra cic cung da duwoc duyét qua.
- Tap b gébm céc cung con lai.

* TAt ca Cac cung va cac dinh trong T sé tao thanh mét cay con
bao gom moi dinh cia G. Cay con nhw vay goi la cay khung
cua G.

Vidu I: Cho dd thi sau

Céc ciy khung cia né La:
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* Phép duy¢t cdy theo chidu sdu (DFS) cho céy khung theo chi¢u siu.
# Phép duyét theo chidu rong cho cdy khung theo chidu rjng,
Vidu 2: cho do th sau
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4.8 3 s
+ Ciiy khung theo chiéu siu:

+ Cliy khung theo chidu rong:

4.2. Cay khung véi gia tri cwc tiéu

* Bai toan: Xac dinh cay khung véi gia tri cwe tiéu cta db thi lién
thdng c6 trong sb.

Gia tri ctia cay khung 1a téng cac trong s (rng véi cac canh cla
cay khung.

* CO nhiéu giai thuat xac dinh cay khung véi gia tri cwe tiéu nhung
trong phan nay ta chi xét giai thuat Kruskal. V&i gidi thuat nay
cay khung T sé& dwoc xay dwng dan tirng cung mét. Cac cung
dwa vao T thod man:

- Cung c6 gia tri cwce tiéu trong cac cung con lai.
- Khdéng tao ra chu trinh v&i cac cung da c6 cua T.

* Gidi thuat Kruskal dworc viét nhw sau:
1. T=F { T réng
2. While T chtra it hon (n-1) cung Do
3. Begin Chon 1 cung (v,w) ttr E c6 gia tri nhd nhét.
4.  Loai (v,w) ra khdi E

5. If (v,w) khdng tao nén chu trinh trong T Then
dwa (v,w) vao T.

End;
6. Return




Vi dy: Cho d6 thi sau:

Céy khung véi gid i cue 1iéu

* Panh gia giai thuat:
Thoi gian thwe hién giai thuat xac dinh qua thwe hién
buwdc 3 va 4.

Trwong hop xau nhat sé la O(e.log e) trong d6 e la so
cung cua do thi G.

5. Bai toan tim dwéng di ngan nhat

( Bai todn mét ngudn moi dich)

( Single source all destination )

* Cho do thi c6 huéng G(V,E), mét ham trong sO w(e)
cho cac cung e cta G va mét dinh nguon vO .
Bai toan dét ra la: Xac dinh dwong di ngan nhat tir vO
dén moi din,h con lai cia G ( d6 dai dwong di la tong
crglc trong so trén cac cung dwdng di do va cac trong
sO déu dwong )

Vidy Cho do thi ¢d hudmg san

Xudt phat tir VO, cac duimg di ngéin nhit tir v 16 v w243 vd sip theo thi
ti ting din ( khong cd duomg di tir vo dén v3):

[, viDv2 d dai 10
2, v w2 v3 d6 dai 25
3.v0v2v3i vl dodai 43

4, v,vd Jdé dad 45




* Goi S 1a tap céac dinh ké ca vO ma dwdng di ngan nhat
xac lap.
Péi voi 1 dinh wi S, goi Dist(w) 1a d6 dai cha dwong
di ngan nhéat tir vO qua céc dinh trong S va két thac &
w thi sé& c6 mdt s6 nhan xét sau:
1. Néu dwong di ngan nhét téi w thi dwong di d6 bat
dau ttr vO két thic & w va chi di qua nhirng dinh thudc
S.
2. Pich ctia dwéng di sinh ra tiép theo phai [a mét dinh
wnao d6 1 S ma cé Dist(w) ngan nhat so v&i moi dinh
I S.

3. Néu da chon dwoc mét dinh w nhw trong nhan xét 2
¢ trén va sinh ra mét dwdng di ngan nhat ttr vO dén w
thi w sé tré thanh 1 phan t&r cda S.

* Dwa trén cac quan djém nhu cac nhan xét néu trén Diskstra dwa ra giai thuat
tim dwdng di ngan nhat nhw sau:
- Gia thiét n dinh cta G dwoc danh sb tir 1 t&i n.
- Tap S dwoc thé hién bang véc to bit: S[i] = 0 néu dinhii S
Sli=1néudinhils
- D6 dai trong sé biéu dién bang ma tran lan can Cost:
Cost]i,j] 1a trong sé cung (i,j)
Cost[i,j] = + ¥ néu cung (i,j) khdng co.
Cost[i,jj=0 néu i=j
Vi du trén thi ma tran lan can Cost nhw sau:
vO vl v2 v3 v4 v5

v0O 50 10 +¥ 45 + ¥
v1i+ ¥ 0 15 +¥ 10 +¥
v220 +¥ 0 15 +¥ +¥
v3+ ¥ 20 + ¥ 0 35 + ¥
V4 + ¥ +¥ +¥ 30 0 +¥

VG+¥  +¥  +¥ 3 +¥ 0

* Giai thuat:;
Procedure Shortest Path(v,Cost,Dist,n)
{ Dist(j) 1<=j <=n la d6 dai dwong di ngan nhat tir v dén j trong d6 thi c6
hwéng G cé n dinh, Dist(v)=0. G dwoc biéu dién b&i ma tran lan can Cost cé
kich thwécnxn.}
1. For i:=1 To n Do Begin
S[i]:=0; Dist[i]:= Cost|[v,i];

End;
2. S[v]:=1; Dist[v]:=0; k:=1; {dwavvao S}
3. While k<n {x&c dinh n-1 dwdng di tlr dinh v }
4. Begin

Chon u sao cho Dist[u]= min(Dist[i])) v&i S[i]=0;
5. S[u]:=1; k:=k+1; {dwa u vao S}
6. For moi w v&i S[w]=0 Do
7. Dist[w]:= min(Dist[w], Dist[u]+Cost[u,w]) { tinh lai khoang cach theo
dwong di ngan nhat }

End;

8. Return

Bai tap

1. Néu khai niém d6 thj, b thi vé huéng, dc‘“)’thi c6 huéng, dwong
di, cay khung, cay khung v&i gia tri cwec tiéu.

2. Cho db thj sau day.
a- Hay biéu dién dd thj bang ma tran lan can, bang danh séach
lan can
b- Duyét db thj theo chiéu sau, duyét dd thi theo chiéu rong.
c- Tim cay khung theo chiéu sau, cay khung theo chiéu réng.
d-Tim cay khung véi gia tri cuc tiéu.
e- Viét chwong trinh trong Pascal tim cay khung véi gia tri cwc
tieu.
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3. cho dé thi co hudme san,

a- Xay dung dé thi Cost.

b- Tim dudmg di ngdn nhit tir v0 dén cic dinh con lai trong dé thi

c- Viét chuomg trinh trong Passcal tim duémy di ngin nhat tir dinh v0 dén
mei dinh,
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