Chwong 2: Do thi

1. Cac khai niém

1.1. Pinh nghia d6 thi

P6 thi G(V,E) bao gdm mét tap hiru han V cac dinh
(hay nut) va mét tap hiru han E cac cap dinh ma ta
goi la cung ( hay canh).

Vi dy 1: Mét mang gdm cac may tinh va céc kénh dién
thoai néi cac may tinh nay la mét do thi.

Vi du 2: Mdt mang gdm cac thanh phd, thi xa va cac
duwdong bd ndi cac thanh pho, thi xa la mét doé thi.

1.2. Binh nghia dé thi vé hwdng

Po thi vé hwéng G=(V,E) bao gdm V |a tap cac dinh va
E la tap cac cap dinh khong c6 th tw goi la cac cung.
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Vi du:
]
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1.3. Binh nghia d6 thi c6 hudng

DO thi co hudng G=(V,E) bao gom V 13 tip cic dinh va E li tip cdc cdp dinh ¢o
thir tw goi 1a cac cung.

Vidu
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* Néu (v1, v2) 1a mdt cung trong tap E(G) thi v1 va v2 goi la 1an
can cua nhau.

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

* Mot dwong di tor dinh u dén dinh v trong d6 thi la mot day cac
dinh

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

* S8 lwong cung trén dwéng di goi 1a d6 dai cua dwong di.

Vi du dwdng di tor 1 dén 4 c6 do dai la 2.

*Bwong di don: La dwong di ma moi dinh trén d6, tri dinh dau va
dinh cudi deu khac nhau.

* M6t chu trinh 1a mét dwérng di don ma dinh dau va dinh cubi
trung nhau.

Vidu:1—- 3 - 5—- 41
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# Trong @6 thi G hai dinh u va v goi 1a lién thong néu c6 mot duomg di tir u dén
V.
Vidu: 1, 413 lién thong. 1, 5 1 [ién thong,
* Do thi G goi 14 lién thong néu v6i moi cap dinh phan biét v, v; trong V(G) déu
c0 mot duong di tir v; Vo1 v,
Vi du: Do thi sau la da thi vo hudng lién thing
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Vi du: Do thi sau 13 do thi vo hudng khong lién thong
1

2 i 6

L
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Vi du: DA thi sau 1a do thi c6 hudng lién thong

.

2 3
4 5
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Vi du: Do thi sau 12 do thi ¢6 hudng khong lién thong

* D0 thi ma moi cung gan voi | gia tri nao do dugc goi L do thi ¢d trong so.
Vi du: mang ludi giao thong, mo1 tuyén dwong ¢o do dai, nén do [a do thi co

trm-lg S{j Bai gidng CAu tric di liéu va giai thuat 2 - Chuwong 02 2.6
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* P thi vo hudng G=(V,E), bic cta dinh v 1a s cung lién thudc vdi dinh do.
Ki hi¢u la: deg(v)
Vidu: Do thi vO huong sau

deg(1)=2 |
deg(2)—4
2 3
4 5
2. Bidu dién dé thi

2 I. Biéu dién hdng ma tmn 1an cin ( ma tran ké )

XéLdd thi G(V.E), V gum n dinh (n>=1), gia sir cac dinh dugc danh sO (hir tu
theo mot quy dinh ndo do. Ma trén lan cdn A bitu dién G 1a mdt ma tran vuong
kich thudc nxn. Cac ph:f“m tir cua ma trdn ¢o gia tri 0 hodc 1.

A;j=1khi ton tai cung (v;, vj ) trong L.

A;j=0 khikhong ton tai cung (v;, v; ) trong E.

* Neu do thi vo hudng thi ma trin A ddi xing qua dudng chéo chinh,
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Vidy L: D thi vo huong sau

Ma tran lan can A la ma trin vudng cip 4 ¢6 gia tri nhwr sau ;

1 23 4
o111
20100 1
31001
41 110
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Vidu 2: D6 thi do thi cd hudng sau
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Ma trdn lan can A la ma tran vudng cap 5 co gia tri nhu sau :
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* V6i d6 thi c6 trong s0 ma trin lan ¢in thay gid trj | bang trong s0 tuong (ing
cua cung do.

2.2. Biéu dién bang danh sach lan cin ( danh séich ké )

Trong cach bigu dién nay n hang ciia ma trdn thay bang n danh sach moc ndi.
M dinh ctia G c6 mot danh séch tuong img. Cée nit trong danh séch i biéu
dién cac dinh ln cin cta nit i.

Mai nit trong danh sach ¢6 chira 2 truong :

VERTEX LINK

VERTEX: La thong tin cta dinh lan cfn dinh 1.
LINK:  Ladia chi nit tip theo.
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Vidu 1 ¢ trén dugce biéu dién bang danh sach ldn can ké sau:

V(1] ol 2 » J3 | e o] 4
V(2] o | . » 4
V(3] . o | ® o 4
V(4| . 1 2 o— 5

Vai V[1], V[2]. V[3], V[4] 1a cac phén wr cia vée w V chia cac dia chi dau
danh sach (iré toi cdc danh sach).
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Vidu 2 ¢ trén duoc biéu dién biang danh sach 1in cin ké sau:

V[1] o3
V2] . 1
V[3] o5
V[4] o2

vis) L1 X]

v V1], V[2], V[3], V4], V[5] la ciac phin tir cia vée Lo V chita cac dia chi
dau danh sach (trd to1 cic danh sach).

* M&i danh sach c6 nat dau danh sach, cac nat nay duge to chie luew trit ké tiép
(mang) dé truy nhip duoc nhanh.

* Pd thi vo hudng cé n dinh, e cung thi can n nat diu danh séch va 2e nat danh
sach.

* P6 thi vo hudng c¢d n dinh, e cung thi cdn n nit ddu danh sach va ¢ nat danh
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3. Phép duyét dé thi
* Xét do thj v6 hwong G(V,E) va mét dinh vi V. Ta can tham tat ca cac
dinh cia G ma c6 thé “ v&i téi” tr dinh v ( nghia la do thi lién théng).

C6 2 cach duyét do thi:

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

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

Xét db thj vd hwéng. Phép tim kiém theo chiéu sau thé hién nhu sau:
- Pinh xuét phat v dwoc tham.

- Tiép theo d6 ta tham dinh w 1a dinh chwa dwoc tham va 1a Ian can cla
v. Phép tim kiém theo chiéu sau xuét phat tr w lai dwoc thwe hién.
Trong trwd'ng hgp dinh u da dwgc tham ma moi dinh l1an can cda n6 da
dwoc tham réi thi ta quay lai dinh cudi cing vira dwoc tham ( ma
dinh nay con dinh w la Ian can cta né chua dwgc tham) va phép tim

kiém theo chiéu sau xuéat phat t&r w lai dwoc thwe hién.
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Vidu I: Cho @6 thi v& hudng sau:
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Phép duyét theo chiéu sau di theo trinh tw sau:
VI® v2® v4® vB® v5 ® V6 ® v3® V7
* Tha tuc phép duyét theo chiéu sau nhw sau:
Cho mét do thi G(V,E) v huéng c6 n dinh va véc to Visited(n) gom n phan ti,
ban dau véc to nay co gia tri =0. Thuat giai nay thwc hién tham moi dinh “
voi t&i dwoc “ tie dinh v.
Procedure DFS(v)
1. Write(v); {Tham v}
2. Visited(v):=1 {Panh diu v dwoc tham}
3. FOR méi dinh wlan can véiv DO
If Visited(w) =0 then CALL DFS(w);
Return
* Panh gia thuat toan:
+ Trwong hop biéu dién do thi ding danh sach méc noi: G ¢6 e cung, mai
nat voi téi 1 1an, nén thdi gian tim kiem la O(e).
+ Tru’b’ng hop biéu dién dd thi dung ma tran lan can : thi thoi gign Xac

dinh moi diém lan can cta v la O(n). C6 n dinh nén th&i gian tim kiem la
O(n?).
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3.2. Phép tim kiém theo chiéu réng (Breadth first search )

Xét db thi vd hwdng. Phép tim kiém theo chiéu rong thé hién nhu sau:

- Binh xuét phat v dwoc tham.

- Tiép theq cét; dinh chwa dwoc tham ma la lan can cta v sé duwoc
tham, roi dén céac dinh chwa dwoc tham la lan can lan lwot cla cac
dinh nay va ct twong tw nhw vay.

Vidu 1 & trén: Phép duyét theo chiéu rong di theo trinh tw sau:

VI® v2® v3® v4® V5 ® v6 ® v/ ® V8

* Tha tuc phép duyét theo chiéu rong nhw sau:

Cho mot dd thi G(V,E) v6 hwéng co n dinh va véc to Visited(n) gébm n
phan ttr, ban dau véc to nay co gia tri =0. Thuat giai nay thwc hién
tham moi dinh “ vé’i’ toi gi{u’o’c “tr dinh v. Bat dau tir dinh v. Moi dinh i
dwoc tham danh dau bang Visited(i):=1.

Dung hang doi Q c6 kich thudc n; F, R la 16i trvdc va 10i sau clia hang
doi. Khi tham 1 dinh thi loai bd khéi hang dgi; khi chwa tham thi bo
sung vao hang doi
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Procedure BFS(Vv)
1. Khoi tao hang dgi Q voéi v dwoc dwa vao.
2. Visited(v):=1 { danh dau v dwoc tham }
3. While Q khéac rébng DO
Begin
Call CQDELETE(v,Q) {loai bd v ra khéi Q}
FOR méi dinh w lan can véiv DO
Begin
If Visited(w)=0 then
Begin
CALL COQINSERT(w,Q); { B6 sung w vao Q}
Visited(w):=1
End
End
End
4. Return
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* Panh gia giai thuat: Vong I&p While 1&p lai n 1an .
- Néu biéu dién dé thj bang ma tran Ian can thi thei gian thuc
hién la O(n?).
- Néu biéu dién db thi bang danh sach lan can thi thoi gian thue
hién la O(e).

4. Cay khung va cay khung véi giéa tri cuc tiéu

4.1. Cay khung

* Neu G la do thi lién thong thi phép tim kiem theo chiéu sau hoac
theo chiéu réng xuat phat tir 1 dinh tham moi dinh. Nhw vay cac
cung trong G phan thanh 2 tap:
- Tap T chira cac cung da dwoc 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 cta G. Cay con nhw vay goi la cay khung
cua G.
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Vi du 1: Cho dé thi sau

L
o

Céc cdy khung cua no Ia:

+ + ¢
L .
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* Phép duyét cdy theo chiéu sau (DFS) cho cay khung theo chiu sau.
* Phép duyét theo chiéu réng cho ciy khung theo chicu rong.
Vi du 2: cho dé thi sau
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+ Cay khung theo chiéu sau:

PO
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+ Cay khung theo chiéu rong:
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4.2. Cay khung véi gia tri cwec tiéu

* Bai toan: Xac dinh cay khung véi gia trj cwc tiéu ctia do thij lién
théng co trong so.

Gia tri cha cay khung la téng cac trong sb (rng véi cac canh cla
cay khung.

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

- Cung cO gid tri cwe tiéu trong cac cung con lai.
- Khéng tao ra chu trinh v&i cac cung da cé cua T.

Bai giang CAu tric dir liéu va giai thuat 2 - Chwong 02 2.23

* Gidi thuat Kruskal dwoc viét nhw sau:
1. T=F { T réng
2. While T chta it hon (n-1) cung Do
3. Begin Chon 1 cung (v,w) t& E c6 gia tri nhd nhat.
4. Loai (v,w) ra khoi E

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

End;
6. Return
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Vi du: Cho db thi sau:
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Cay khung vadi gia tri cuc tiéu :

12
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* Panh gia giai thuat:
Thoi gian thwe hién gidi thuat xac dinh qua thwe hién
bwdc 3 va 4.

Truwong hop xau nhat sé 1a O(e.log e) trong d6 e la so
cung cua do thi G.
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