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Dinh nghia

0 Mang (network) 1a mdt dd thi co hudng c6 trong
s0 G = (V,E) trén d6 ta chon mot dinh goi la dinh

Bai toan luong cuc phéit (source vertex) va 1 dinh goi 1a dinh thu (sink
- ) vertex).
dai ,
= Vi du

(Max flow problem)

e |

source sink




Dinh nghia
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0 Mot mang G = (V,E) v6i dinh phat 1a a, dinh thu 1a
z, ¢(e) € N 1a trong s cua cung e. Vi mdi dinh x,
ta dat:

In(x) = {e € E | e to1 trong x}
Out(x) = {e € E|e tdingoai x}

In(c)={ac, be}

Z —> —>
Out(c)={cd, ce}

Dinh nghia

O Mot ham tai (flow function) trén G dugc dinh
nghia boi anh xa:
¢o:E>N

thoa cac diéu kién
(1) o(e)<c(e), Ve € E
(1) p(e) =0, Ve € In(a) U Out(z)
(111) z p(e) = z p(e),Vx e V\ {a, z}

eeln(x) eeOut(x)

Vi du vé ham tai
a:source, z:sink
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Pinh nghia

0 Mot phép cét (cut) xac dinh boi 1 tap hop con P cua 'V,
ky hi¢u (P, P) 1a tap hop:

(P,P)= { X_};|X6Pvéye}_)}
Trong do P=V\P

OPhép cat (P, P) goi 1a 1 phép cat a-z néu acP va
ze P

OTrong s (capacity) ciia mot phép cit duge dinh
nohia la:

c(P,P)= > c(e)

ee(P,f’)




Z

» P={a,b, c}

»F;{d, e,z}

» (P,P)={bd,be,cd,ce}

Pinh ly 6.2
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Pinh Iy 6.1
Goi ¢ la mét ham tai trén mang G va P < V\{a,z}

S 0w = Yo

ee(P,F) ee(?,P)
Vi du:
P={b,c,d}
D () =2
ec(P,P) z
Y o) =2
ee(P,P)

Yoe) = Y pe? 49

ee(P,P) ee(P,P)
m 10

» Vi moi ham tai @ trén mang G, luong tai khoi a bang
lugng tai vao z, nghia la: S o)=Y o) o]

eeOut(a) eeln(z)

» Kihiéu: |p| goi la tai trong cua ham tai ¢

Pinh ly 6.2
» Vi moi ham tai ¢ trén mang G, lwong tai khoi a bang
lugng tai vao z, nghia la: Z p(e) = z o(e)

eeOut(a) eeln(z)




Chirng minh dinh ly 6.2

» Khong mat tinh tong quat, gia sir G khong chira cung
(a,z). Dat P=V\ {a,z}, khi do:

D)= D ple)= D> ple)= D ¢(e)

eeOut(a) ee(P,P) ee(P,P) eeln(z)

Chirng minh dinh ly 6.3

» Thém vao G mét dinh a, va canh ajpa (hu'éng tir a,
dén a), c(apa)=w. Ta duoc mang G’. Trong G’ dat

0'(@pa) = | @ | va ¢ ’(e) = ¢le), vecE
Ta cé:

loH@ D= D¢

ee(PUfa,},P) ee(P,PUfa,})

- o< Yo =cr.P)

ee(P,ﬁ) ee(Pf)
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Dinh ly 6.3

» V61 moi ham tai ¢ va vai moi phép cat a-z
trong mang G, ta co:

@ | < c(P, P)

ey m

Hé qua

» Vi moi ham tai ¢ va moi phép cét a-z trong mang G.
lp= (P, P) néu va chinéu théa 2 diéu kién:
@) Yee(P.PL o =0
() Vee(® P)o@ =)

- Khil @ 1= €. P) i ¢ 1a ham tai c6 tai trong 16n
nhatva (P, P) 1a phép cat a-z co6 trong s6 nho nhat
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binh nghia:

» Cho mét mang G, dinh phat a va dinh thu z, ¢
la mét ham tai trén G,(P, P):mot phép cat a-z

» Mot chuyén a-z K 1a mot duong di vé huong
noi a voi z

» DO 1éch tai chia cung e: s(e) = c(e)-op(e)

» Xem:

0 :egK
g (e)=41 :eeK va c6 hudng tir a dén z

-1 : ee Kva e co hudng tir z dén a

Thuat toan Ford-Fulkerson
(Tim mot phép cat a-z téi thieu)

Input: Mang G, dinh phat a va dinh thu z
Output: Tap P cla phép cat a-z tbi thiéu p, p)

Bit dau bang 1 ham tai ¢ bat ky trén G
|. Panh diu moi dinh déu chua xét, gan nhan cho a 1a (-
, A(a)) vdi A(a)=c0. Dat p,;=a.
2. Xét p,.
a. Canh e=p_0c>1 v6i q chua c6 nhan va s(e)>0 thi gan nhan
cho q 1a (p,", min(A(po), s(e)))
b. Canh e=qgp, v6i q chura c6 nhan va ¢(e)>0 thi gan nhan
cho q 1a (py", min(A(po), (e)))
3. Néu dinh z da dugc gan nhan - 4, nguoc lai > 5.
4. Xac dinh mot day chuyén (vo hudng) tira dén z dwa vao
thanh phan thi 1 ctia nhan. Cap nhat lai ¢ nhu sau:
o(e) = p(e) + A(z) x g(e). V& bude 1.
5.Tim 1 dinh p dd c6 nhin nhung chwa xét. Néu ton tai p,
dat p, = p, =2 budc 2. Nguoc lai dung.

Thuéat toan Ford-Fulkerson

» Sau khi thudt toan két thuc. P 1a tap hop cac
dinh da c6 nhan va da xét.
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Vi du: Tim mét ham tai cwe dai trén mang G

»G véi ham tai ban dau:

Xét cac dinh ké véi p:
»Canh el=(ﬁ) c6 s(e;)=0 nén khong xét
> Canh e,=(a,C) ¢6 s(e,)=3>0 nén gan nhin cho dinh
cla: (a";min{A(py).s(ey)}) =(a*,3)
b 6,5 d

C
@3 M ¢
»Dinh z chua dugc gan nhan, dinh ¢ da gan nhan nhung
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«Lap lan 1:

»Gén nhan cho dinh a 1a (-,A(a)), vdi A(a)=c
»bit p,=a

Xét cac dinh ké véi p:

»Canh e3=(a>) c6 s(e;)=0 nén khong xét

»Canh e,=(c,d) c6 s(e;)=2>0 nén gan nhan cho dinh
d1a: (c*,min{A(py),s(e,)}) =(c*,2)

b 6,5 d (c+,2)

C
(@3 1 ¢
»Dinh z chua dugc gan nhan, dinh d da gan nhan nhung
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po=d: .
»Canh eSZ(Q) c6 s(e5)=0 nén khong xét
»Canh e;=(b,d) c6 ¢(e;)=6>0 nén gan nhan cho dinh
bla: (d,min{A(py), ¢(ee)}) =(d~,2)

6,5 q fE2)

e

C
@3
~ »Dinh z chua dugc gan nhan, dinh b da gan nhan nhung
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Po~¢€: .
»Canh eg=(%) c6 s(eg)=5>0 nén gan nhan cho dinh
z1a: (e*,min{A(p,), s(eg)}) =(e*,2)

4 (€"2)

c (b*,2)
(@3 ! % ¢
>Dinh z d3 dugce gan nhin, im chuyén a-z K: acdbez
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po=b: N
»Canh e;=(b,e) c6 s(e;)=3>0 nén gan nhan cho dinh
ela: (b*,min{A(p,), s(e;)}) =(b",2)

2

@) 65 g &2
5,

(-lwé

(b*,2)

e

C
@3
~ »Dinh z chua dugc gan nhan, dinh e da gan nhan nhung
Bmait, 43t po=e
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»Cap nhat lai ham tai: ¢ = +A(z)pk

0 reg K
Qg (e)=+1 1 ee K va cd hudng tur a dén z

-l ieckvaecs hudng tur z dén a

(e*,2)
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«Lap lan 2:

» Gan nhan cho dinh a 1a (-,A(a)), vdi A(a)=c0
> Dit py=a

29
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«Lap lan 2:

> Khéng c6 dinh nao dugc gan nhan thém
b 6,3

a
(-Im)

c
(at,1) (1,1 N

» Dinh z chua gan nhan, , khong tim dugc dinh p, khac.
~Dung. Tap P={a,c} la tdp twong Ung voi phép cat
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«Lap lan 2:

» Gan nhan cho dinh a 1a (-,A(a)), vdi A(a)=c
> Dit py=a

e

(@1 (1,1)
» Pinh z chua gén nhan, dinh ¢ da gan nhan nhung chua
7 dugc xét, dat p,=c
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Pinh ly 6.4
» Khi két thic thuat toan Ford-Fulkerson
thi ¢ 1a 1 ham tai toi dai va (P,P) 1a 1
phép cat a-z toi1 ticu.

32
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. , Bai tap: Tim mét phép cat a-z tdi
Dinh ly 6.5 thiéu trén cadc mang sau:

» Trong mdt mang G, tai trong cia 1 ham
tai to1 dai bang trong s6 ciia mot phép cat
a-z toi tiéu.

binh phat: a
binh thu: z
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binh phat: a=1
Dinh thu: z=9

Dinh phat: a=A
Dinh thu: z=Z
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