Chuong 5: DO THI

Ths. Pham Thanh An
Bo mon Khoa hoc may tinh - Khoa CNTT
Truong Pai hoc Ngan hang TP.HCM




Muc tiéu cua chuong

“*Trinh bay nhiing kién thic can ban vé ly
thuyét do thi, cach bi€u dien, mot so thuat
toan trén do thi

“*banh gia thuat toan

“* M6t s6 ing dung cua do thi




Dinh nghia

Boston

‘ Anchorage

Seattle

MinneapM

Hartford

Atlanta

Austin




Dinh nghia

Do thi G = (V,E)
" V = tap hop hiru han cac phan tr (dinh hay
nuat)
"E VxV,tap hiru han cac canh (cung)
Pinh

Cung




Cac khai niém

Néu (x,y) E
* X goi la dinh gbc, y la ngon
* Néu x =y, (X,y) goi la khuyén

Mot day u,,u,,...,u,, u V (i=1,n) goi la moét
duong, néu (u_,u) E

D6 dai duong: length(u,,u,,...,u )=n

(Uy,Us,...,u,) dudng di don, n€u ugzu, 1< izj<n (1a
duong di, ma cac dinh phan biét, ngoai trtr dinh dau
va dinh cuoi)




Cac khai niém (it)

“»Chu trinh (cycle) = (u,,u,,...,u.), U, = U,
< Do thi dinh hudng (directed graph)

" Xy E:(xy)Z(y.X)
Do thi vo hudng

" (xy) E:(yx) E

" (Xy) = (¥,x)




VAR

\ /D%g di don

Chu trinh




D6 thi vo huéng D6 thi dinh huéng




Cac khai niém (it)

Tinh lién thdng (connectivity)

" Trong do thi G, hai dinh x,y goi la lién théng
(connected), néu cé mot duwong tir x dén 'y

" P6 thi G lién thdng, néu  (x,y) E, duwdng
dittr x dény

Do thi G goi la co6 trong s6, néu moi cung duoc

gan mot gia tri s6 dac trung




Cac khai niém (it)

D0 thi lién thong DO thi khong lién thong




Cac khai niém (it)

Do thi co trong sO




Bi€u dién do thi

< Bi€u dién bang ma tran ké
" Adjacency matrice

< Bi€u dién bang danh sach ké
" Adjacency list




Bi€u dién bang ma tran ké

< Xét G=(V,E) vGi V={x,,...,x }

“+Biéu dieén G bang ma tran A=(a,), i,j=1..n
= a,=1, néu 3 (x,x) E
= a,=0, néu!'d (x,x) E
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A[ili] 0 1 2 3
0 0 1 1 1
1 0 0 0 1
2 0 0 0 1
3 0 0 0 0
770 1 1 1))
A = 0 0 0 1
0 0 0 1
\_0 0 0 0 _/
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Ai1li] 0 1 2 3
0 0 20 10 1
1 20 0 0 5
2 10 0 0 4
3 1 5 4 0
/770 20 10 1 O\
A 20 0 0 5
10 0 0 4
\_1 5 4 0_J




Bi€u dién bang ma tran ké (it)

Chuy

" P6i v&i do thi khdng dinh huwéng, ma tran ké
la ma tran doi xirng

" P6i v&i do thi dinh hwdng, sb lvong phan tir
0 kha Ion

- Dﬁi v&i do thi co trong s6, thay thé gia tri 1
bang gia tri trong s6




Bi€u dién do thi

bang danh sach ké

La m6t mang cac danh sach
O day, n hang clia ma tran ké thay thé bang n
danh séach lién két dong
Moi dinh clia G ¢c6 mot danh sach, moi nat
trong danh sach thé hién cac dinh l1an can cua
nuat nay
= CAu triic moi nit
e id: tén dinh (chi s6, danh hiéu)
e next: con tré dén nat ké tiép




Bi€u dién dob thl

/7

‘cl' orsifif - .k

0 1 "2 3
1 " 3
2 3




<l Bi€u dién do thi

bang danh sach ké (it)

X[1]
X[2]

X[3]
X[4]

i

X[5]




Bi€u dién dob thl
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‘cl' orsifif - .k

0 1110 2 (20 31
1 * 0 (10 "3 4
2 10 (20 1315
3 01 14 215




Chuy
" Cac nut dau danh sach duwoc lwu vao mot
mang (truy cap nhanh)
" V@i dob thi khéng dinh hwéng c6 n dinh va e
canh, thi can n nat dau va 2e nut ‘trong’ danh
sach

" V@i dob thi dinh hwéng cb n dinh va e canh, thi
chi can e nat ‘trong’ danh sach
" Thtr tw cac nut khong quan trong




Phép duyét do thi

< Tu moOt dinh, liét ké tat ca cac dinh cua do thi
" Phép tim kiém theo chiéu sau
* Depth first search
" Phép tim kiém theo chiéu réng
* Breadth first search




Phép tim kiém theo chiéu sau

“Y tudng
" Tai dinh v bat ky, duyét dinh v, va xét tap cac
dinh dén dworc tw dinh v

" Lap lai thao tac trén doéi véi dinh w bat ky
trong tap cac dinh tlr v ndi trén




“ ) L, AN n
‘ Phep tim kiem theo chiéu sau (tt)




Phép tim ki€ém theo chiéu sau (it)

Nhan xét

" Thoi gian thwe hién giai thuat ~ (n+e), néu G
dwoc biéu dién bang danh sach ké

" Thoi gian thwe hién gidi thuat ~ n?2, néu G
dwoc biéu dién bang ma tran ké

= Giai thuat nay st* dung dé chirng minh moét do
thi cd lién thong hay khong




Phép tim kiém theo chiéu rong

Tai diém v bat ky, duyét dinh v, thu dugc tap hop
W gbm céc dinh w xuat phat ttr v

Lap lai thao tac trén doi véi tat cad cac dinh w trong
W, thu dugc tap hgp dinh Z

Lap lai thao tac trén doi véi tat ca cac dinh z trong
/

Lap lai cho dén khi tat cd moi dinh déu duoc duyét
qua it nhat mot lan
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Phép tim kiém theo chiéu rong(tt)
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Phép tim kiém theo chiéu rong(it)

“*Nhan xét
" Thoi gian thwe hién giai thuat ~ (n+e), néu G
dwoc biéu dién bang danh sach ké
" Thoi gian thwe hién gidi thuat ~ n?2, néu G
dwoc biéu dién bang ma tran ké




Cay khung (Spanning tree)

T=(V,E') G=(V,E),v6iE FE’ bao gbm céac
cung thuéc mét phép duyét ttr mot dinh dén cac
dinh con lai trong V

Gia cla cay khung T = tong trong s6 cla cac
cung thubc E’

o Cay khung T
Po thi G cla do thi G




Cay khung (Spanning tree)

Chay
= Mot do thi G c6 thé c6 nhiéu cay khung
" Cay khung theo chiéu rong, theo chiéu sau

" Cac cung trong cay khung khong tao nén chu
trinh
* Gilra hai dinh trong mo6t cay khung chi tén tai duy
nhat mot dwong di tir dinh nay dén dinh kia
" Néu do thi c6 n dinh, thi cay khung c6 n-1
canh




Cay khung cuc tiéu




Thuat toan Kruskal

Sap x€p cac cung theo thir tu khéng gidm doi
véi trong so

Bat dau tu T=0
Lap cho dén khi ko con dinh nao ( |E’| = n-1)
" lay ra cung w cO trong s6 nho nhat

" thém cung w vao T v&i diéu kién khong tao
chu trinh trong T




Cay khung (Spanning tree)

“*Vi du: Cho mot doé thi G vo hudng, lién thong,
cé trong sO. Hay tim cay khung cuc ti€u ctia G




Thuat toan Kruskal

< D& ki€m tra xem c6 tao ra chu trinh trong T hay
khéng, chiing ta xem hai dinh cua cung duoc
thém c6 thubc tap cac dinh hién cé trong T
khong, néu co, nghta la sé tao nén chu trinh




Bai toan bao déng truyén Ung

“*Cho d6 thi G = (V,E)
" C6 ton tai duwong di gitra hai nat x va y trong
do thi G hay khong?
= Bai toan nay co thé gidi duwoc dé dang bang
cach str dung ma tran ké cua do thi




Bai toan bao déng truyén Ung

“*Ma tran ké A cua do thi G=(V,E)
= a,=true, néu 3 (x,x) E
= a,=false, néu nguorc lal
“*Phép cong A=(a,), B=(b,)
= AvB=C,voic=a;Vb,
“* Phép nhan A=(a,), B=(b,)
= D=AA B, v&i d;=V(a;\b)

VGi 1<=i, j, <=n !




Bai toan bao déng truyén Ung

VGi ma tran A, néu a, =1, cé nghta la c6 mét

cung tui taij.

Xét A® = A A A. Ro rang néu phan t&r & hang i,

cOtj cla A® bang 1, thi c6 it nhat cé mot

duong di c6 do dai 2, tir dinh i dén dinh j, vi

a(Z)ij =V (aik/\akj)

", Aa, 71, khia, =1vaa,=1, =>tkc la co
duwong di do dai 1 tw i t&i k va c6 dwong di do
dai 1 tw k t&i |




Bai toan bao déng truyén Ung

Tu dé suy ra A0 = A A A), R=2, 3,.. Nghia la
a®;= 1, thi cé it nhat 1 dudng di d6 dai r, tUi toi

i
TaldgpmatranP=AV A@ V.. V A"

Thi P sé cho biét c6 hay khéng mot
duong di c6 do dai 16n nhat la n, ti dinh
i 1Gi j. P dugc goi la ma tran duong di.




Bai toan bao déng truyén Ung

“*Thuat toan WARSHALL

Void WARSHALL(A, P, n){
For (int k=0;k<n;k++)
For (int I=0;i<n;i++)
For (int j=0;j<n;j++)
PlLI=PILI]V (PILK] A PLk,J])




Bai toan dudng di ngan nhat

“*Van dé
" Cho mot do thi dinh hwdng, lién théng, cé
trong sO G

" Hay tim dwong di ngan nhat t&r mot dinh dén
tat ca cac dinh khac trong do thi




Thuat toan Dijkstra

< Xét do thi c6 huéng G=(V,E), véi |[V|=n
“*Ma trén trong s6 d[u,v]>0, (u,v) E

s Vla diém xuat phat

“*H[v]=chiéu dai cuc ti€u tus dén v (v V)




Thuat toan Dijkstra

< Bat dau duyét tir dinh s
“* Gan gié tri cho H[v]
= H[v]=d(s,v), néu (s,v) E
* H[v]=, néu nguoc lai
<* Lap lai cho dén khi duyét hét cac dinh
* Chon dinh w chwa duyét cé H[w] nhd nhat
" Duyét dinh w nay
" V@i cac dinh t chwa duyét khac
* H[t] = min(H[t],H[w]+d(w,t))




Thuat toan Dijkstra

“*Hoat dong t6t trén do thj trong sé duong
PO phuec tap giai thuat 1a O(n?)




< Tim dudng di tu v, tGi cac dinh con lai

from node V, to other
node
i nodes
V1 1 0
source V, 5
5
V3
V,
best




Thuat toan Dijkstra

step 1: tim duong di ngan nhat tur 0
® node 2 dugc chon

from node V, to other
node
| nodes
V, 10
source V, 5
5
V3
v,
best V,




Thuat toan Dijkstra

step 2: Tinh toan lai cac dudng di dén tat cd

cac dinh
¥ Tim duong di ngan nhat dén node 0. Node 4
dugc chon
from node V, to other
node
nodes
i V, | 10 | 8
V, 5 5
source 3 V3 14
V, 7
best |V, V,




Thuat toan Dijkstra

step 2: Tinh toan lai cac dudng di dén tat cd

cac dinh

¥ Tim duong di ngan nhat tir node 0. node 1 dugc
chon

from node V, to other

node
nodes

1 10 8 8

source

V
V, 3} 3 5
V

3 14 13




Thuat toan Dijkstra

step 2: Tinh toan lai cac dudng di dén tat cd
cac dinh

¥ Tim duong di ngan nhat tir node 0. node 3 dugc
chon

from node V, to other
node
nodes

V, 10 8 8 8

V, 5 5 5 5

V, 14 13 9

V, 7 7 7
best |\, V, V. V,




“* Chulng ta cé tat ca cac
duadng di tu v,

node from node V, to other nodes
8 8
V, 10 8
(0,2) | (0,2)
5
V, 5 5 5
(0,2)
Y 14 13 9
° (0,2,3) | (0,2,4,3) | (0,2,1,3)
7
Vv, 7 7
(0,2,4)
best Vv, V, V, V,
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