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Chwong 5 Tai liéu tham khao
» Nguyén Cam -Chu D¢ Khanh, Ly thuyét db thi
. . . ~ NXB Tré Tp. HCM, 1998.
-Bal toamn @@f@)@@ alli ngan » Kenneth H. Rosen: Discrete Mathematics and
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-Thugt toan tim bao dong
& SR
bat cau

e |

1. Giéi thiéu Gi¢i thiéu
ubd thi c6 trong $6: La don dd thi, trong do mdi canh duogc gan mot gia

VSRS i 0 Nhiéu bai toan c6 thé dugc mod hinh hoa béng db thi co trong s6:
tri 80, goi 1a trong sO cua canh

Vi du:Mé hinh héa mot hé thong duong hang khéng néi giita cic

0 Ki hiéu: w(e) 14 trong s6 cua canh e thanh phd

Vidu:

@ Trong sé mdi canh= Khoang cach




Gi&i thiéu

Vi du:Mé hinh héa mét hé thong duong hang khéng ndi gita cdc
thanh pho

Trong sé mbi canh= Thdi gian bay
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Gii thigu

0 D6 dai ciia mdt dudng di trong db thi co trong s6 1a tng trong s6
cua tat ca cac canh co trong duong di do.
0 Tim dudng di ngén nhét gitta 2 dinh trong 6 thi 1a mdt trong
nhiéu van dé lién quan dén do6 thi c6 trong so.
Vi du

" Cac dudng di tir 4 dén 6:

degSec6. DO dai: 5+6=12
4eg5e,7es6. PO dai: 5+3+2=10
4e52e,3e,6. DO dai: 1+4+3=8
Puong di ngén nhét giira 4 va 6 1a
de;2e,3e,6 voi do dai 8.

Gi¢i thiéu
Vi du:Mé hinh héa mét hé thong dwong hang khong néi giita cdc
thanh pho

Trong sé méi canh= Gia vé

San Francisco

$3¢

Los Angeles

@5

Miami

Gii thigu

Vidu: Tim mot dwong di tir San Francisco dén Miami sao cho
tong tién vé la it nhat.

San Francisco

$3¢

Los Angeles

@5

Miami




2. Ma trin trong so

0 Cho db thi ¢6 trong s6 G=<V,E>, |V|=n

0 Ma tran trong s6 cua G duogc dinh nghia:
w({v;,v;}) néu (v, vy)e E

W= (Wisdnxn + VI W=

6 (v6i 6=0,- hodc + =) néu {v,v;}¢ E
Vi du

A 12 3 4 5 6 7
1fow 8 +0 +0 +® +0 +o
208 @ 4 1 4o +® 4o
€ 340 4 0 4w 4 3 4w
440 1 +® ®© 5 +® 4o

5|+ 4o 40 5 ©
6|+ +o 3+ 6 o 2
T+ +0 +0 +0 3

Ma tran trong s6
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3. Dinh ly

0 Néu duongdis. .. r...tla duong di ngin nhat tir s dén t thi
s..rvar.tcling la cidc duong di ngan nhat.

3. Pinh ly
» Chtrng minh:
» Goi p: 1a duong di c6 d6 dai nhé nhét tir s dén t
p,:1a doan duong tir s dén r trén p
p,:1a doan dudng tir r dén t trén p
P \P2

i V[ 1
S ....>.... T ool t

1 Y )
p
O Gia st ton tai dwong di p;’#p; t s dén r nhé hon p,. Khi d6:
I(P)=I(p,")+(po)<I(p))+1(p,)=1(p)
V4 ly, vi p la dueng di ngén nhét tr s dén t= p, 1a ngén nhét
C/m tuong tu: P, ciing 1a dudng di ngén nhét
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4. Thuat toan Dijsktra
(tim duorng dif ngan nhat tie dinh s dén tat ca
cdc dinh khdc)

Bai todn: Cho G=(V,E) don db thi v6 hudng (hoic co huéng),w(e;)=0
la trong s0 ctia canh (cung) e;. Tim dudng di c6 d6 dai ngan nhat tir
dinh dinh s cho trudce dén cac dinh khac trong G?

= Ma tran khoang cach/ma tran trong s6 duoc dinh nghia:

w(ij) Néu (ij)eE
w=(Wij)nxnl Wi;= oo N&u (i J)%E
1.
A 1 2 3 4 5 6 7

+o 8 40 4+ 40 +0 40
8 +o 4 1 4o +0 4o
+0 4 4o 40 +0 3 4o

+0 40 +o0 5 +o0 6 3

1
2
3
4/ +00 1 40 40 5 4o +m
5
6|+ +0 3 +o0 6 +o0 2
7

+o0 40 400 40 3 2 4w

4. Thuat toan Dijsktra
(tim dueeng di ngdn nhat oy source dén tat
ca cdc dinh khac)

= Mot s6 ki hiéu st dung:
v Gén nhén cho dinh v (L(v), P(v)): Duong di tir s dén v co do
dai la L(v), dinh trudc ké véi v trén dudng di 1a P(v).

v' S=Tip céc dinh dd xét, R=V-S

Procedure Dijsktra(G: C6 trong sé va lién théng,s: Pinh ngudn)

Begin R:=V;
For each vin R do
Begin L[v]:=o0;
Pv]:=-;
end
L[s]=0;
While (R£J)
Begin v =Dinh trong R ¢6 L[v] nhé nhét;
R=R-{v}

For each i in (R N Tap dinh k& v&i v) do
If (L[i]> L[v]+w[Vv][i]) then
L[i]=L[v]+w[V][i]; P[i]=v;

Khdi tao
e (0,-) ’
» V A B CDE F G
s\e R A B C D £ F G
L 0 o0 o0 o0 o0 o0 o0
P - - - - - - -

>Trong R, chonv = A
=) >Céc dinh c6 thé dugc cap nhat lai: B
»>R=R-{A}
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Vi du: Tim duéeng di ngan nhét tie dinh
A

»Trong R, chonv =B

(o) »Céc dinh c6 thé dudc cdp nhét lai:
Cac dinh D va C
R=R-{B}

Vi du: Tim du'érng di ngan nhat tiv dinh

'V A B C D E F G
R cC D E F G
L 0 8 12 9 o o o
P - A B B - - -

»Trong R, chonv = D
»>Céc dinh cb thé dudc cap nhét lai: E
R=R-{D}

(12,B)

Vi du: Tim duéng di ngan nhat tiv dinh
A

(9,B)

'V A B C D E F G
& R C E F G
L 0 8 12 9 14 o
P - A B B D - -

e »Trong R, chonv =C
(12.8) >Céc dinh cb thé dudc cap nhét lai: F
R=R-{C}

Vi du: Tim duéng di ngan nhat tiv dinh
A

L 0 8 12 9 14 15 o
p - A B B D C -

e »Trong R, chon v =E
(12.8) >Céc dinh cb thé dudc cap nhét lai: F,G
R=R-{E}




Vi du: Tim duéeng di ngan nhét tie dinh

.1 I S N ) N N
R F G

L 0 8 12 9 14 15 17
P - A B B D C E

»Trong R, chon v =F
»>Céc dinh cé thé dudc cap nhéat lai: G
R=R-{F}

(12,B)

Vi du: Tim duéng di ngan nhat tiv dinh

VA B CDEF G
R

L 0 8 12 9 14 15 17
p - A B B D C E

B 8 A-B
(12,B) C 12 A-B-C
Cay bao trum Dijkstra P 2 A-B-D
E 14 A-B-D-E
F 15 A-B-CF
G 17 A-B-D-E-G
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Vi du: Tim du'érng di ngan nhat tiv dinh

.1 I N ) M N
R G

L 0 8 12 9 14 15 17
P - A B B D C E

»Trong R, chon v =G
»>Céc dinh cb thé dudc cap nhét lai: @
R=R-{G}=0. Két thic

(12,B)

Nhan xét

O Thuét toan Dijkstra ding dugc cho ca db thi vé huéng va co
hudng
O D9 phire tap cua thuat toan Dijkstra 13 O(n?)
0 Thuat toan Dijkstra chi st dung voi G khong cé canh cé trong s6 am
0 2

7 2 Tim duong di ngén nhit tir
dinh 3 dén dinh 5?

3 4 5
O Két qua Khi thuc hi¢n thuat toan Dijkstra, ta thu dugc mét cay
bao trum cta G goi la cay bao trum Dijkstra ciia G goc s voi
oang cach ngan nhat tir s dén tung dinh khac
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Mot s6 vi du khac

1) Cho db thi, chay thuét toan Dijkstra, tim duong di ngin nhét
dén cac dinh

QO Bt ddu tir dinh A
O Bét dau tr dinh G
A B C D E F

A 0 2 0 0 0 1
B 2 © 2 2 4 ©
C [o9) 2 [o9) [o9) 3 0
D|fow| 2| ©|w® 4 3
E| o | 4 3 4 | o | ©
F 1 o | o | 3 | o o

Mét s6 vi du khac

2. Chay thut toan Dijkstra, tim duong di ngén nhit dén cac dinh,
bat dau tir dinh v,

Vi V, Vi3 V4 Vs Vg
Vil 0 7| o | 2 | | o
V,| ® | 0 4 | o |1 0
V5| © ) 0 s 0 3
V,| © | 4 © 0 © | ©
Vs 2 o | 2 | o |0 o
A 1 o | o | o |0

Thuéat toan Floyd

0 Xét don db thi dd thi c6 hudng co trong s G=<V,E>:
o Tap dinh: V={v, v,, ..., v,}
° Ma tran khoang cach: W = (w;;)

w(ij) Néu(ij)eE
W=(Widnen> W= 40 Néu (i,j) ¢ E

0 Thuat toan Floyd giup xac dinh tat ca cac duong di ngén nhat
gilra tat ca cac cap dinh.
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Thuat toan Floyd (tt)

Thuat toan Floyd xay dung day cac ma tran nxn W, (0 <k <
n) nhu sau:

Procedure Floyd(G: lién théng c6 ma trin trong s6 W)
Begin

Wy =W

For k=1 ton do

For i=1 ton do
Forj=1ton do
if (Wi [1j > Wi [Lk]+W, [k,j]) then
WilLjIFWia[LKH Wi [k,j]

else

W [i,j1=Wi[ijl;

Thuat toan Floyd (tt)

uBinh ly
Thuat toan Floyd cho ta ma tran W* = W, l1a ma
tran khodng cach nhé nhéat caa dé thj G.

Chirng minh: Bai tap

W

|7 |w0|2|w]|w
w|w|4 || 1l]|w
w|ow|w|w|w|3
0|4 ||| 0|0
20| 2|0|w]|ow
o|1|w|o|w]|w

Tinh W, (k=1)

oo 7 )oo| 2 |o0| o0 0|7 |w|2|w]|w®
0 | oo wo|1l]|w w|lw|4|o| 1|
0 |00 |0 o3 0 |ow|ow|w|w]|3
0|4 | oo o0 |00 |0 [00|4]|o0|w|o|w
@ ©|)2]o0|w|w Z\C‘Q 0| oo | oo
/ao 1 % 0 || w|1|w|ow|w|w©
W,[5,1] W,[5,2] s 1o
Wo[5,2]>Wo[5,1]+w,[1,2] Nén W, [5,2]= wo[5,1]+w,[1,2]
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W=Ww, Vé&i giai thuat trén, ta tinh du'gc:
Tinh W, (k=1) W,
Wo[1,3] 0 7 0 2 0 0
w©|7 oo 20| |7 ]|2]0w]|ow
w|w|4|w|l]|wo w|ow|4 || l]|w o o |4 ]| 1|
0 |oo|oo|w|ow|3 . 0 |w|w|low|ow|3 © 0 o | ® 5 3
0|4 ||| (5044 | o0 | 00| o0 |
i o 4 © | o | © o
W,[5,1] Féi e /2 o0 | 00| 00 219(2)oo| 00|
0 /1/ 00|00 | | 0|1|w|o|o|w 2 9 2| 4| o | o
Wol5,3] |y 4 e o, Wol531<Wo[5,1]+wc[1,3]
0 k=1 i=5 J=3: N&n W, [5,31=W,[5,3] ) 1 © | o | © | ®

W, Ws
o | 7111 2] 8 | x o | 7 111| 2| 8 |14
o | o | 4| o] 1] w o | o | 4 || 1 7
0 | o | oo | o | o 3 0 | 00 | o | o | o 3
o | 4| 8|w]| 5] o | 4|8 o | 5|11
21912 |4]10] x 21912 |4]10]|5
o | 2 | © 5w | 2|8




o | 6 (102 | 7 |13
o | 4 || 1|7

o | o || o | 3

4 | 8 o| 5|11
812 (4|9 |5

o | 2|8

W* = W,
91692712
3/713|5]|1
714117119]|5
71417 19|5]10
21612147
411462

DY dai dudng di ngén
nhat tir dinh 4 dén
dinh 6 1a

W*[4,6] =10

*Pd dai dudng di ngén
nhét tur dinh 5 dén
dinh 4 1a

W*[5,4] =4
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Thuét toan Floyd mé réng
(Cé xac dinh dueng di trong thuét toan Floyd)

- Dit Py[i, j] =] néu co cung vivy

= Py[i, j] = oo: khong xac dinh.

. Pk[i, j]: dinh lién sau i trén dudng di ngan nhat tir i
den ;.

- Puodng di ngin nhit tir dinh i dén dinh j dugc xac
dinh bai day:

- 4, P*[LP*[P*[ij],j], P*[P*[P*[L,j]j].1],- -

-

10



Thuat toan Floyd mé rong (tt)

Wo=W;
Fork=1ton do
Fori=1 to n do
Forj=1to ndo
if (Wi [i,j] > Wi [i,k] + W, _,[k,j]) then
begin
W, [i,j] = Wikl + W [k,jl;
Pili.jl = Pyy[i,KI;

end
else
begin
W, [i,j] = Wi [iLj];
Pli.jl = Py Lijl;
end

o | 7 0 o | 2
© | o 6 o | w
Wor | o | o | P = o
41|11 112

21/12/2013

Thi du

o |75

o | |7]6
WS | o | o | o

41 1|9 |w

11



Thi du
o | 75113 o | 2|32
WiSo | oo | oo | 0 Ps = o | o | o o
4,1|8)|7

Thi du
o 5113 o | 2
Wi s, o | o P2 o | o
4 8|7 112
Thi du
W* = W4 = p* = P4 =
17| 7 13 2|3
10| 7 6 4|3
[e 0] [e0] 0 ©
4 7 5> | 2

Nhan xét

» Thuat toan Floyd c6 thé 4p dung cho d6 thi G v6 huéng

» Dmi G c6 huong la lién théng manh < Vu,veV, u#v
WH[u,v]<co.

» Db thi G c6 hudng co6 chu trinh <3 u €V, W*[u,u]< o

» Do phuc tap ctia thuat toan Floyd: O([VP)

-

(thay mdi canh (u,v) béi cip cung c6 hudng (0,v) va (V;u)).
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Thuat toan Bellman-Ford

0 Cho don d6 thi co trong, s6 G, khong c6 chu trinh
am, voi ma tran trong sO6 W

[ Thuét toan Bellman-Ford cho phép tim duong di
ngan nhat tr mot dinh s dén tat ca cac dinh con lai

[0 Ma trén trong sb

w(ij) Néu(ij)eE
W=(Wippens W= 400 Néu (i,j)¢E

Thuat toan Bellman-Ford

Input: W 12 ma trén trong s6 cta don d6 thj G
s: Dinh ngudn
Output: L: L[v]Khoang cach ngén nhét tir s dén cac dinh v
P: P[v] la dinh trudc dinh v

Thuat toan Bellman-Ford

// Khé&i tao
//Mbi dinh i, gan nhan b&i cap (pre[il, I[i])
For i=1to n do

begin
Pli]=-;
if (i=s) then
L[i]=0
else
L[i]=o0;

Thuéat toan Bellman-Ford

stop=false;k=0;
while (not stop) do
begin stop=true;k=k+1;
For each (i,j) in E do
if L[j]>L[i]+wIi][j] then
begin L[jl=LIil+wl[il[j]; Pljl=i;
stop=false;
end
if (k>n) then
begin if (stop=false) print “dd thj c6 chu trinh am”
stop=true;
end

end

-

13



Thuat toan Bellman-Ford (tt)

Vidu: s=6 2

Khoitao () (=) (=) (=) (=)

Laplan1  (-0) (=,90) (6,1) (=) (6,2) (—,0)
Laplan2  (3,3) (5,6) 6,1) (3,3) 6,2) (-,0)
Laplan3  (3,3) (4,4) 6,1) 3,3) 6,2) (-,0)
Laplan4  (3,3) (4,4) 6,1) 3,3) 6,2) (-,0)

21/12/2013

Thuat todn tinh bao déng bat cau
- WARSHALL

» Cho dan db thi G c6 tap dinh V={v,,v,,...,v,}, dinh
v; goi la kha lién (reachable) ti dinh v, néu c6 mot
du‘ong di tr v, dén Vi

0 Ma tran ké A=(a i) cda G la mét ma trén Boole

0 Ki higu: AW = A<'<-” x A v&i phép cong/nhan cac
phan t& twong ng voi phép toan or/and trén bit:

+for | 0 1 x/and ‘ 0 1
) ) 1 o 0 0
1 1 1 1 ] 1

Nhan xét

» Thuat toan Bellman-Ford tim dudng di ngén nhét
t mot dinh (dinh ngudn) dén tat ca cac dinh con lai
(gibng nhu Dijkstra)

» Thuat todn Bellman-Ford dung duoc cho ca do thi
vo huéng va cé huéng, cho phép c¢6 canh am, mién
l[a khéng c6 chu trinh am

» D6 phirc tap cda thuat toan la O(n3)

Thuat toan tinh bao déng bat cau
- WARSHALL (tt)

v

Dinh Iy: Goi A =(al) 1a ma tran k& cua don db thi G, abi =1
c6 mot duong di do dai k tir dinh vi dén dinh vj

C/m: Sur dung quy nap

° Véi k=1, a00=1 < c6 duong di tryc tiép (d6 dai 1) tir v; dén v,
o Gid sir a®; =1 < c6 duong di d6 dai k tir v; dén Vi

° Tacod

v

(k+1) za(k)

14



Thuét toan tinh bao déng béat cau
- WARSHALL (tt)

n
(k+1) _ (k)
4 = Zan a,
t=1

a(k+])ij =] = Elt,a(k)it=] AN a.tj =]

- al, =1 & c6 duweng di do dai k tr v; dén v,

> ay =1 < 6 duong di do dai 1 tir v, dén dén vj
Vay c6 duong di c6 d6 dai k+1 tir v, dén v;

R T budng di tir v, dén
Dudpg Fl tr v, dén ./\/j c6 d0 dai 1 (canh/cung truc ti€p)
.‘\\ “—
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Thuat todn tinh bao déng bat cau
- WARSHALL

» Input: A: Ma tran ké cta don db thi G
» Output: R: ma tran kha lién cia G

R=A
For k=1 to n do
For i=1 to n do
Forj=1tondo
R[i1[j1=RI[i1[j] or (R[iI[k] and RIK][j]);
Return R

Thuét toan tinh bao déng bat cau
- WARSHALL (tt)

Ma tran kha lién R<k)=(rij):

R¥ = 4D 4 AP 4 44D

Nhan xét: r; =1 < c6 mot duong di tw dinh v; dén dinh

Vi

Thwc hanh

1. Cai dat thuat toan Dijkstra
a) Tim duong di ngén nhét dén tt ca cac dinh khéc trong d6
thi tir mét dinh cho trude. In ra tat ca cac duong di cung
v6i khodng cach tim dugc)
b) Tim duong di ngén nhét tir dinh s &én dinh t cho trude
2. Cai dat thuat toan Floyd
a) Tim ma tran k/c ngén nhét
b) In ra dudng di ciing véi k/c ngin nhit tim duoc giita 2
dinh s, t cho trudc

-

15
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Thwc hanh

3. Cai dat thuat toan :
a) Kiém tra tinh lién thong manh cia db thi c6
hudéng
b) Kiém tra mot dé thi cé chu trinh hay khéng
¢) Kiém tra 2 dinh u, v ¢6 kha lién hay khoéng (c6
dueng di tr u dén v hay khéng)
4. Cai dat thuat toan WARSHALL
5. Cai dat thuat todn
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