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LUONG TRONG MANG

Bai giang Ly thuyét do thi




o Gidi thiéu

» Ludng trong mang

» Bai toan luong cuc dai

e Thuat toan Ford Fulkerson

» Mot s trng dung cla bai toan ludng cuc dai




 Ludng cuc dai la mdt trong nhirng bai toan toi wu
trén doé thi tim dwoc nhirng trng dung rat rdng rai
trong ca thuc té cling nhuw trong ly thuyét td hop.

 Bai toan dwoc dé xuat vao dau nhirxng nadm 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).




Cac dinh nghia — Mang

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

e C6 duy nhat mét dinh s khéng c6 cung di vao, dwoc goi la
dinh phat (source)

e C6 duy nhat mot dinh t khéng c6 cung di ra, dwoc goi la
dinh thu (sink)

e M&i canh e = (u, v) € E dwoc gan mét sd nguyén khéng am
c(e) = c[u, v] va goi la kha nang théng gqua cua cung do
(capacity).

» Ta quy wéc néu mang khéng c6 cung (u, v) thi ta thém

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

* Voimétmang G = (V, E, c), ta ky hiéu:
e W-(v) ={(u, v) € E | u € V}: tap cac cung di vao dinh v.
e WH(v) ={(v, u) € E | u € V}: tap cac cung di ra khéi dinh
V.




Cac dinh nghia — Ludng trén mang

» Giad st cho mang G = (V, E). Ta goi luéng f trong
mang la anh xa f: E = R, gan cho mai cung e = (u,
v) € E mot sb thwe khdng am f(e) = flu, v], thod man
cac diéu kién sau:

» DK 1 (Capacity Constraint): Ludng trén mdi cung e €
E khong vwot qua kha nang théng qua cua no:

0 <f(e)<c(e)

« DK 2 (Flow Conversion): Diéu kién can bang ludong
trén méi dinh clia mang: Tong luong 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




Cac dinh nghia — Gia tri cua luong

» Gia tri cia mdt luong dwoc tinh bang tong gié tri trén
cac cung di ra tr 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 m6t mang G = (V, E), hay tim Iui“)r)g f* trong
mang voi gia tri luong val(f*) la lon nhat. Luong nhw
vay sé duwoc goi la ludng cwc dai trong mang
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» Ta goi lat cat (X, X*) 1a mét cach phan hoach tap
dinh V cua mang ra thanh 2 tap X va X* = V\X, trong
dos € Xvat e X*. Kha ndng thdng qua cla lat cat
(X, X*) 14 sb

c(X,X*)= > c(v,u)

ve X
ueX*

« Lat cat ma kha néng thdng qua nho nhat goi a lat
cat hep nhat.




Lat cat — vi du

 Xac dinh lat cat hep nhat ciia mang sau:




» Gi4 tri ciia moi ludng f trong mang luén nhoé 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 cwc dai trong mang
khdng vwot qua kha nang thdng qua cua lat cat hep
nhat trong mang.

e Dinh ly: Gia tri luong cwe dai trong mang bang
kha nang thong qua cua lat cat hep nhat.




Do thj tang ludng

 Gia st f 1a mot ludng trén mang G = (V, E). T mang G =
(V, E) ta xay dwng do thj cé trong so trén cung G; = (V, E))
v&i tap cung E; va trong so trén cac cung dwoc xac dinh
theo quy tac sau:
1. Neéue =(u, V) e Eva&if(u, v) =0 thi (u, v) € E; v&i trong s0
c(u, v).
2. Neue = (u, V) € Ev6if(u, v) = c(u, v) thi (v, u) € E; vOi
trong so f(u, v).
3. Neue=(u,v) e Ev6i0<f(u,v)<c(u, V) thi(u, V) € E Voi
trong s6 c(u, v) —f(u, v) va (v, u) € E; v&i trong so f(u, v).
» Cac cung clia G; dong thoi cling 1a cung ciia G dwoc goi
la cung thuan, cac cung con lai dwoc goi la cung
nghich. Do thi G, dwoc goi la do thj ting luéng.
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Po thi tang luong — Vi du




Tang luong

e Gia st P = (s =vg Vy, V,... v, = 1) la mét dwong di tw
s dén t trén do thj tang ludng G;. Goi k la trong s
cung nhd nhat trén dwdng di P. Xay dwng luéng 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.

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

 Thu tuc tang ludng nay goi la tang ludong 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 ludong G:.
» Cac ménh dé dwodi day la twong dwong:
1. flaluéng cwc dai trong mang.
2. Khéng tim dwoc dwdng tang ludng f.
3. val(f) = ¢(X, X*) voi mot 4t cit (X, X*) nao dob.




Thuat toan Ford — Fulkerson

» Bwéc khéi tao: Bat dau tir lubng véi ludng trén tat
cé cac cung bang 0 (ta sé goi ludng nhw vay 1a ludng
khdng), va lap lai bwée 1ap sau day cho dén khi thu
dwoc lubng ma ddi véi né khéng con dwdng tang.

» Bwée 1ap tang luong (Ford — Fulkerson): Tim
dwong tang P doi v&i ludng hién cd. Tang lubng 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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Thuat toan gan nhan

tim dudng tdang luéng

e M0i dinh sé c6 1 trong 3 trang thai: chwa cé nhén, co
nhan chwa xét, co nhan da xet.

« Nhan ctia mét dinh gém ¢6 2 phan:

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

« Dau tién, khéi tao bang cach gan nhan dinh s Ia chua
xét, cac dinh khac chwa c6 nhan.

o T cac dinh da cé nhan chwa xét, gan nhan cho tat ca
cac dinh chwa ¢ nhan ké v&i né va nhan cla dinh v tré
thanh da xét. (*)

 Két thuc khi t dwge gan nhan hodc khéng dén dworc t.




Thuét toan gan nhan

tim dudng tdang luéng

» 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 Néu c[v,u] >0 vaflv,u]>0
plv] = -u.
e[v] = min{e[u], f[v, u]}
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