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o Gi¢i thiéu

» Ludng trong mang

« Bai toan lubng cwc dai

e Thuat toan Ford Fulkerson

» Mdt sO (rng dung cua bai toan ludng cuc dai
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Tai liéu tham khao

» Nguyén Pirc Nghia, Nguyén Té Thanh, Toan r&i
rac, Itb. 1, nxb. Giao duc, 1998, ch. 7, tr. 215 — 236.

» D6 Minh Hoang, Bai giang Chuyén dé Giai thuat &
Lap trinh, DHSP Ha No&i, 2004, ch. 10, tr. 257 — 267.

» Dwong Anh Blre, Tran Pan Thuw, Bai giang ly
thuyét do thi, 2002, ch. 5.
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 Ludng cwc dai la mét trong nhirng bai toan toi wu
trén dd thj tim dwoc nhirng (rng dung rat réng rai
trong ca thwe té cling nhw trong ly thuyét tb hop.

» Bai toan dwoc dé xuat vao dau nhirng nam 1950 va
gan lién v&i tén tudi cia 2 nha toan hoc My: Ford
(Lester Randolph Ford: 1927 - ) va Fulkerson
(Delbert Ray Fulkerson: 1924 - 1976).
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Cac dinh nghia — Mang

» Mang (network) 1a mét do thi co hwéng G = (V, E)
trong do:

» C6 duy nhat mot dinh s khdng cé cung di vao, dwoc goi la
dinh phat (source)

e C6 duy nhat mot dinh t khéng co cung di ra, dwoc goi la
dinh thu (sink)

» Mbi canh e = (u, v) € E dwoc gan mot sd nguyén khéng am
c(e) = c[u, v] va goi la kha nang théng qua cua cung doé
(capacity).

» Ta quy wdc néu mang khéng cé cung (u, v) thi ta thém

vao cung (u, v) v&i kha nang théng qua c[u, v] bang 0.
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Cac dinh nghia — Tap cung vao ra

e Voimotmang G = (V, E, c¢), ta ky hiéu:
e W-(X) ={(u, v) € E | u e V}: tap cac cung di vao dinh v.
e WH(X) ={(v, u) € E | u € V}: tap cac cung di ra khéi dinh
V.
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Cac dinh nghia — Luong trén mang

 Gia str cho mang G = (V, E). Ta goi luong f trong

mang la anh xa f: E = R, gan cho méi cung e = (u,

v) € E mot s6 thwe khdng am f(e) = f[u, v], thoa man

cac diéu kién sau:

» DK 1 (Capacity Constraint): Ludng trén méi cung e <
E khéng vuot qua kha nang thédng qua cua no:

0 < f(e) < c(e)

e DK 2 (Flow Conversion): Diéu kién can bang ludng
trén mdi dinh clia mang: Téng ludng trén cac cung
vao dinh v bang tong ludng trén cac cung di ra khoi
dinh v, néu v = s, t.

HWH(X)) = tW*(X)), VX # S, t
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Cac dinh nghia — Gia tri cua luong

» Gia tri clia mot luong dwoc tinh bang tong gia tri trén
cac cung di ra ttr dinh ngudn s, hoac tong gia tri trén
cac cung di vao dinh thu t.

val(f) = t(W*(s)) = t(W-(t))
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Bai toan luong cuc dai

e Cho mot mang G = (V, E), hay tim Iuc‘“)r)g f* trong
mang voi gia tri Iuéng val(f*) l1a |&n nhat. Ludng nhw
vay sé duwoc goi la ludng cwe dai trong mang
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Bai toan luong cuc dai — Vi du
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Mot sd vi du tiéu biéu

 Xét do thi twong rng hé thong 6ng dan dau. Trong
doé cac 6ng twong &ng véi cac cung, diém phat 1a
tau ché dau, diém thu la bé chira, cac diém ndi cua
ong l1a cac nat cta dod thi. Kha nang thdng qua cua
cac cung twong &ng la tiét dién cac ong.

« Can phai tim ludng dau I&n nhat cé thé bom tir tau
ché dau vao bé chira.

HCMUS — 2009 = Bai giang Ly thuyét do thi — Dang Nguyén Dirc Tién


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Mot sd vi du tiéu biéu

* Bai toan cap gheép: ¢c6 m chang ftrai va n co gai. Moi
chang trai wa t’hI'Ch mot s6 ¢o gai. Hay tim qéch ghep
cap sao cho so cap ghep dwoc la nhiéu nhat.
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» Ta goi lat cat (X, X*) 14 mot cach phan hoach tap
dinh V cua mang ra thanh 2 tap X va X* = V\X, trong
dos € Xvat e X*. Kha nang thédng qua cua lat cat
(X, X*) 14 s

c(X,X™* ~ Z c(v,u)

u® X *

« Lat cat ma kha nang théng qua nhé nhat goi la lat
cat hep nhat.
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Lat cat — vi du

 Xac dinh lat cat hep nhat ciia mang sau:
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» Gi4 tri ciia moi ludng f trong mang luén nhd hon
hodc bang kha nang théng qua cua lat cat (X, X*)
bat ky trong no:

val(f) < c(X, X*)

» Tl d6 suy ra: Gia tri lubng cwe dai trong mang
khdng vwot qua kha nang théng qua cua lat cat hep
nhat trong mang.

e Dinh ly: Gia tri luong cwc dai trong mang bang
kha nang théng qua cua lat cat hep nhat.
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Do thj tang ludng

 Gia st f 1a mot ludng trén mang G = (V, E). T mang G =
(V, E) ta xay dwng do thij cé trong so trén cung G; = (V, E))
véi tap cung E; va trong so trén cac cung dwoc xac dinh
theo quy tac sau:
1. Neéue =(u, V) e E vé&if(u, v) = 0 thi (u, v) € E; v&i trong s6
c(u, v).
2. Neue=(u,v) e EVéif(u,v)=c(u, v) thi (v, u) € E; V6
trong s6 f(u, v).
3. Neue=(u,v) e EV6i0<f(u v)<c(u,v)thi(u,v) e E Vi
trong s6 c(u, v) —f(u, v) va (v, u) € E; v&i trong so f(u, v).
« Cac cung cua G; dong thoi cling la cung ctia G dwoc goi
la cung thuan, cac cung con lai dwoc goi la cung
nghich. D6 thi G, dwoc goi la do thj tdng ludng.
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Po thi tang luong — Vi du
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Tang luong

e Giasr P =(s=vgVy, V... v, =t) la mot dwong di tw
s dén t trén do thj ting ludng G;. Goi k la trong s
cung nhd nhat trén dworng di P. Xay dwng ludng f
theo quy tac sau:

o f'(u, v) = f(u, v) + k, néu (u, v) € P Ia cung thuan.
o f'(u, v) = f(u, v) — k, néu (u, v) € P la cung nghich.
o f'(u, v) = f(u, v) néu (u, v) ¢ P.

» Dé& dang kiém tra dwoc rang f’ xay dwng nhw trén 13
ludng trong mang va val(f) = val(f) + k.

» Thu tuc tdng ludng nay goi la tang luong doc theo
dwong P.
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Pudng tang luong

» Pudng tang ludng f 1a moi dwdng di tr s dén t trén
do thi tang luéng G..
» C4c ménh dé dwdi day 1a twong dwong:
1. flaludng cwc dai trong mang.
2. Khéng tim dwoc dwdng tang ludng f.
3. val(f) = c(X, X*) v&i mét lat cét (X, X*) nao do.
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Chi'ng minh

« CM 2 2 3: Ky hiéu X Ia tap cac dinh dén dwoc tir s,
Pat X* = V\X. Lac do (X, X*) 12 1at ¢t va f(u, v) = 0
vo@imoiu e X*vav e X. Do dé:

val (f) ~ Z f(u,v) ™ Z f(u,v) ~ Z f(u,v)

v@iu e X*vav e X, do (u, V) ¢ G;nén f(u, v) = c(u,

v). Vay:
val (f) ~ Z f(u,v) ~ Z c(u,v) ~c(X,6 X%
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Thuat toan Ford — Fulkerson

» Bwéc khéi tao: Bat dau tir ludng vai ludng trén tat
cé cac cung bang 0 (ta sé goi ludng nhw vay la ludong
khdng), va lap lai bwdc 1ap sau day cho dén khi thu
dwoce ludong ma doi véi noé khdng con dwérng tang.

» Bwére lap tang luong (Ford — Fulkerson): Tim
dwdng tang P ddi vai ludng hién co. Tang ludng doc
theo P.

 Khi da co lubng cwc dai, lat cat hep nhat co thé tim
theo thu tuc mé ta trong chirng minh trwée.
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10, 10
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Ban chat do thi tang luong

» Ban chét cda d6 thj tang ludng la gi?
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Cai dat thuat toan Ford — Fulkerson

» C6 can xay dwng do thi tang ludng?
« Khdng can xay dwng twérng minh.
o Tim dwdng tang ludng theo gidi thuat nao?
o Tim dwdng di theo chiéu sau
 Tim dwéng theo chiéu réng
 Tim dworng di ngan nhat
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Thuét toan gan nhan

tim dudng tang luéng

« Moi dinh sé co 1 trong 3 trang thai: chwa cé nhén, co
nhan chwa xet, co nhan da xet.

« Nhan ctia mét dinh gém ¢6 2 phan:

e p(v): Pinh trwdc cta dinh v trén dwdng tang ludng tim dwoc.
e e(Vv): chi ra lwong I&n nhat co thé tang (gidm).

« Dau tién, khéi tao bang cach gan nhan dinh s 14 chua
xét, cac dinh khac chwa cé nhan.

» T cac dinh da c6 nhan chwa xét, gan nhan cho tat ca
cac dinh chwa c6 nhan ké v&i né va nhan cda dinh v tré
thanh da xét. (*)

» Két thuc khi t dwoc gadn nhan hoac khdng dén dworc t.
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Thuét toan gan nhan

tim duéng tang luong

» Cap nhat nhw thé nao & phan (*)?
e Néu clu, v] > 0 va flu, v] < c[u, V]
plv] = u.
e[v] = min{e[u], c[u, v] — f[u, V]}
e Néuc[v,u]>0vaflv,u]>0
p[v] =-u.
e[v] = min{e[u], f[v, u]}
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Ham tang luong

}
u = vy
v = plul;
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Ma nguon (cai tién)

void Flow (int u, e)

visit[u] = True;
if (u == t)
inckF = e;
return;

if (visit[t]) return;
for (int i = 0; 1 < n; 1++)
if (!visit[i])
if (clu, 1] > f[u, 11])
Flow(i, min(e, c[u, 1] - Flu, 11));
if (visit([t])
Flu, 1] += incF;
i* S400d il
if (F[i, u] > 0)
Flow (i, min(e, F[i, ul));
if (visit[t])
F[i, u] -= incF;

return;
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M3 nguon (cai tién)
void MaxFlow ()

{

FillZero(F, sizeof (F), 0);

do ({
FillZero(visit, sizeof(visit), O0);
Flow (s, +®);

while (!visit[t]);
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Cac dang bai toan luéng

» Mang v@&i nhiéu diém phat va diém thu
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Cac dang bai toan luéng

» Kha nang théng qua cua cung va dinh
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Cac dang bai toan luéng

» Kha nang cua cung bi chan 2 phia

r(u, t), c(u, t)

0, c(v, t)
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Cac dang bai toan luéng

 Cung r(u, v) = 0, thay bang (=, v) va (u, 1) = r(u, v).
e ¢c(u,v)=c(u,v)—r(u,v)
e Thém cung (t, s) v&ic(t, s) =

‘ r(u,t)
u
(s, v) .og(ggsm - & aff, )5 e(u, t)
S t
c(srts, v)r;(fsc 9
v

r(u, t)

r(s, v)
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MGt s6 Ung dung

e Bai toan dam cwéi vung qué (bai toan cap gheép)
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MGt s6 'ng dung

» Bai toan hé thong dai dién chung: Cho tap gdom m
phan t&r X = {z,, Z,... z,}. Gia st <A, A,.. A,> va
<B,, B,... B> 1a 2 day cac tap hop con cua X.

» Day gom n phan t& x,, X,... X, dwoc goi la hé thong
dai dién chung cua 2 day A va B da cho néu nhw tim
dwoc mét hoan vi k cua tap {1, 2,... n} sao cho <x,,
X,,... X,> la cac dai dién phan biét cua 2 day <A,,

Az, ... Ap> va <Byyy, By, ... B> Néu tren.
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MGt s6 Uhg dung

 Bai toan hé thong dai dién chung — Vi du

» Mot giai vo dich béng da cé M cau tha dang ky thi
dau. Mbi cau tha cua gidi bat budc phai thudc it nhat
mot cau lac bo bong da va mot hoi lao dong.

e CONcaulacbb A, A,..A,vaNhéiB,, B,... B,.

» Ban tb chirc giai va lién doan lao ddng can chon ra
mot ban dai dién gdm N cau thd sao cho mdi cau lac
bd va moi hoi lao déng déu co it nhat mot thanh vién
cua minh trong ban dai dién nay.

* Hay tim mo6t ban dai dién nhuw vay.
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MGt s6 'ng dung

» Cac bai toan toi wu r&i rac — Bai toan luong chi
phi nhé nhat

« Cho mdt mang c6 n dinh. M6i canh ciia mang c6 mot
kha nang théng qua c(u, v) va mét cwdc phi van
chuyén p(u, v) nhat dinh &ng vé&i mét don vi hang.

 Cho trwéc mét lwong hang S can van chuyén tw
dinh ngudn dén dinh dich, tim phwong an toi wu dé
chi phi van chuyén hét lwgng hang S 1a nhé nhat.
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MGt s6 Uhg dung

» C4c bai toan toi wu rdi rac — Ludng chi phi nhé nhat
» Néu khéng can van chuyén cung luc?
« Néu can van chuyén cung luc?
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MGt s6 Uhg dung

» Kha nang lién théng canh (Edge Connectivity)
clia mot do thj vé hwdng la sd canh cuc tiéu k, sao
cho khi g& bd di k canh nay thi dé thi s& khéng con
lien thOng nira.

» Vi du: DBoi v&i do thi dang cay, k = 1. Vé&i do thi la
chu trinh, k = 1.
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MGt s6 'ng dung

» Pwdng di bao phu (path cover) ciia mot do thj vo
hwong G = (V, E) la moét tap hop P cac dwong di roi
nhau trén G sao cho moi dinh trong V nam chinh xac
trong mot dwdng di cua P.

» Cac dwong di co thé bat dau va két thac & bat ky
dau, va co thé co bat ky chiéu dai nao (nghia la co
thé c6 1 dinh duy nhat hoac toan bd dinh cua V).

» MOt path cover cuc tiéu cia G la mot path cover co it
dwdng di nhat.
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2. Hay néu giai phat dé giai quyét van dé lién thong
canh.

3. *Hay néu giai phap tim dwoc path cover cuc tiéu.

4. Chirng minh rang mét ludng cwe dai trén mang G =
(V, E) ludn co thé xac dinh dwoc sau mét day toi da
IE| qua trinh tim dwdng tang ludng.

5. Chtrng minh vé&i mét cap dinh u, v bat ky, ta luén co
c:(u, V) + ¢V, u) = c(u, v) + c(v, u). V&i ¢ 1a trong so
cla cung trén do thj tdng ludng.

HCMUS — 2009 = Bai giang Ly thuyét do thi — Dang Nguyén Dirc Tién


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

