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CHUONG 6. BAI TOAN LUONG CUC PAI TRONG MANG

NOI DUNG:
e G161 thiéu bai todn
¢ Dinh ly Ford-Fulkerson
e Thuit todn tim ludng cuc dai trong mang
e Mot s bai toan ludng tong quat
e Ung dung
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6.1 Gioi thiéu bai toan

1. Mang

Mang 1a d6 thi ¢6 hudng G = (V, E) thoa man:
- C6 duy nhat dinh s khong c6 cung di vao goi 1a diém phat;
- C6 duy nhat dinh t khong c6 cung di ra goi 1a diém thu;

- Mdi cung e = (u, v) € E ¢6 trong s6 khong am c(e) = c(u, v) goi la kha ning thong qua clia cung

o
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2. Ludng trong mang

Luong f trong mang G = (V, E) 1a anh xa f: E — R gan moi1 cung ¢ = (u, v) € E mot so thuc
khong am f(e) = f(u, v) goi la luong trén cung e thoa man cac dicu kién:

(1) Ludng trén mo1 cung € € E khong vuot qua kha nang thong qua:
0 < f(e) < c(e);

(2) Di€u kién can bang ludng tai méi dinh v € V, v # s, t: Tong ludng trén cac cung di vao v bang
tong ludng trén cac cung di ra khoi v.

Ky hiéu I'"'(v) ={u € V: (u,v) € E},
["(v)={w e V:(v,w) € E}.

Divi(v) = Yuerm W, v) -Yyermf(v,w) =0
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3. Gia tri luong
Gia tri caa luong f1a val(f) =Y, . ref(s,v) = Yuerf(u, t).
4. Bai toan luong cuc dai

Input: Mang G = (V, E);
Output: Ludng f c6 gia tri luong val(f') 16n nhat;
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Vi du vé luong:

- H¢ thong 0ong dan dau bom tir tau cho dau vao bé chira dau.
- H¢ thong cac tuyén duong giao thong noi san bay Noi bai vé H6 Hoan kiém.
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6.2 Dinh ly Ford-Fulkerson

1. Lat cit:

Cho X 1a tdp cac dinh va X = V\X véis € X va t € X = (X, X') goi 1a mot l4t ct.
Kha nang thong qua cua lat cat:
C(X, X ) - ZMEX, ve X* C(l/t, V)'

Lat cat c6 kha ning thong qua nhé nhat goi 1a 14t cat hep nhat.

B0 dé 1. Gia tri cua moi ludng f khong vuot qua kha ning thong qua cua lat cat bat ky:
val(f) < c(X, X).

— Gi4 tri ludng cuc dai khong vuot qud kha ning thong qua cua 14t cat hep nhat.
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2. Mot s6 khai niém

- Cho ludng f trong mang G = (V, E). Xét d6 thi c6 trong s6 G; nhu sau:

(1) Néu e = (u, v) € E véi f(u,v)=0= e =(u, v) € E; v01 trong $O c(u, v);

(2) Néu e = (u, v) € E vdi f(u, v) =c(u, v) = e = (v, u) € E; vd1 trong s6 f(u, v);
(3)Néue=(u,v) e Evgi0< f(u, v) <c(u, v) = e =(u, v) € E; vd1 trong s6 c(u, v) - f(u, v) va
e = (v, u) € E; vdi trong s6 f(u, v).

- Cac cung cua Gy cling la cung cua G goi la cung thuan.
- C4c cung cua Gy khong la cung cua G goi la cung nghich.

- Gy goi 1a d6 thi ting ludng.
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- Go1 P = (s = vg, vy, ..., v, = t) 1a mQt duong di tur s dén t trén Gy va o la gia tri nho nhat cua cac
trong sO trén cac cung thudc P. Xay dung luong f°
(1) Néu (u, v) € P la cung thuan thi f’(u, v) = f(u, v) + 0;
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(2) Néu (u, v) € P 1a cung nghich thi £(u, v) = f(u, v) - 5;
(3) Néu (u, v) ¢ P thi f'(u, v) = f(u, v).

= val(f*) = val(f) + o
— Thu tuc ting ludng doc theo P.

- Moi duodng di tir s dén t trén Gy 1a duong tang ludng f.
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Pinh ly Ford-Fullkerson

Cac ménh dé sau la twong duong:
(1) f 1a luong cuc dai trong mang;
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(2) Khong tim duoc duong tang ludng; ’
(3) Gi4 tri ludng f bang kha ning thong qua ciia mot 14t cat nao do: val(f) = c(X, X)).
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6.3 Thuit toan tim luong cwe dai trong mang

Input: Mang G = (V, E) cho b&i ma tran trong s6 c[i][j];
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Dinh phat s; Pinh thu t;
Output: Luéng cuc dai f; gia tri luéng val(f);
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Thuéat toan Max_Flow {

// Khoti tao

foru eV
forv €V {f(u,v)=0;}

/ILap

Stop = 0;

while (!Stop) {

if (Tim duoc dugc duong ting ludng P) {
<Tang ludng f doc theo P>;
}

else Stop = 1;

}
return (f, val(f));

}
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void FindPath(){
int cq, dq, u, v;
int Stop = 1;
for (W= 1; u<=n; u++) vs[u] =
cq=1;dq=1;qlcq]l =s; vs[s] =1; pl[s]=0;d[s] =10000;
while (dg <= cq){
u=q[dql; dg++;
for (v=1; v<=n; v++)
if (!vs[v]) {
if (c[u][v] > 0 && fl[u][v] < c[u][V]) {
plv] =u; d[v]=Min(d[u], c[u][v] - fl[u][v]);
cq++; qlcq] = v; vs[v] = 1;
if (v =t) return;
}
if (c[v][u] > 0 && fl[v][u] > 0) {
plvl =-u; d[v] =Min(d[u], fl[v][u]); cq++; qlcq]l =v; vs[v]=1;
if (v =t) return;

}

frrrrrrrrprrrrrrrryrrrrrrrrrrnerrrrrrrnrnrnrngg

SISEESESEEEESE S S S S S A S S S NN EEEEEEEEEEEEEEEEEESEESEEEEEEEEEEEEEEED

ongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

13

https://fb.com/tailieudientucntt

CuuDuongThanCong.com

rrrrrrrrrrrfrrrrrfrtrrrrrrrrrrrrrrrrrrrrrrrrrrrrrl bl LLLLLLLLL L



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

LLLI_LI_I_I_LI_LI_LI_LI_LI_LI_LI_LI_LI_LI_LI_LI_LI_LI_LI_LI_LLLLLLLLLLLLLLLLLLLLLLLLLLI

6.4 Mot so bai toan luong tong quat
1. Mang c6 nhiéu diém phat, nhiéu diém thu
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Xét mang G c6 p diém phat s, .. ., Spvaq diém thu t, .. , tg. MOt ludng co6 thé xuat phat tir mot
dinh phat bat ky dén mot trong cac dlnh thu va dugc dinh nghla tuong tu nhu trén.

- Bai toan ludng cuc dai trén G duge dua vé bai toan trén bang cach bo sung 1 dinh phat gia s va

1 dinh thu gia t.

Tir dinh phat gia s ¢6 canh n6i dén cac dinh phat s, ..., sp vO1 kha nang thong qua la vo cung
16m.

- Tur cac dinh thu ty, ..., t; c6 canh ndi dén dinh thu gia t vdi kha niang théng qua 1a vo cing 1on.
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Thuat toan tim luong cuc dai:

- Tim ludng cuc dai £* trén mang G U {s, t} bang thuat toan Max_Flow;

- B6 hai dinh giasvat = co luéng cuc dai f* trén G voi val(f*).
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2. Bai toan v¢éi kha nang thong qua cua dinh va canh

Xet mang G.

Ngoai kha nang thong qua c[u][v] trén canh (u, v) € E, con c6 kha nang thong qua cua dinh v
1a s0 nguyén khong am d[v], v € V.

Ludng f trén mang G phai théa man thém diéu kién: tong ludng di vao dinh v khong vugt qua
d[v].

Yéu cau: Tim ludng cuc dai giira s va t.
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Thuit toan:
(1) Xay dung mang G’sao cho mdi v € G twong tng hai dinh v*, v’ trong G’ vé&i kha ning
thOong qua:
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c[u][v']=clullv]; c[v]IIw'] = c[v][w]; c[v][v'] = d[Vv];
(2) Tim ludng cuc dai f* trén G’;
(3) Xuat f* trén G va val(f¥);
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3. Mang c¢0 kha nang thong qua bi chan hai phia

Xet mang G
Kha nang thong qua trén canh (u, v) € E c6 can trén la c[u][v] va can dudi 1a d[u][v].
Luong f trén mang G phat thoa man thém diéu kién:

dlu][v] < flu][v] < c[u][V].

Yeéu cau: Tim ludng cuc dai gitra s va t.
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Thuat toan:

(1) Pua vao hai dinh phat gia s, va thu gia t;

Xay dyng mang G, sao cho modi cung (u, v) ¢ d[u][v] # 0 twong tng hai cung (s,, v) va (u, t,)
vo1 kha nang thong qua d[u][v]; kha nang thong qua cua (u, v) 1a c[u][v] — d[u][V];

(2) d* = Zgu, v) e E d[ll] [V]a

(3) Tim ludng cuc dai £* trén G;

(4) Néu val(f¥) = d* = Xuat luong f twong thich f* trén G va val(f);
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6.5 Ung dung

1. Bo ghép cuc dai

Cho d6 thj hai phiaGv6i V=X U Y, XNY =J;
Bo ghep M trén G la cac cap (x, f(x)) vordon anh f: X —> Y.
Yéu cau: Tim M c6 s6 lugng phan tir 1on nhat.

Vi du:
1) Bai toan phan viéc;
2) Bai toan dam cudi vung qué.

frrrrrrrrprrrrrrrryrrrrrrrrrrnerrrrrrrnrnrnrngg
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Thuat toan:

(1) Pua vao hai dinh phat gia s, va thu gia t;

Xay dung mang G, gom cac cung (u, v) € E va thém céc cung (s, u) va (v, t,), u eXvav e Y
vo1 kha nang thong qua 1;

(2) Tim ludng cuc dai f trén Gy;

(3) Xuat cac cip (u, v) néu flu][v]>0,u eX vav e Y va val(f);

Ghi cha ,
- X¢ét do thi hai phia co6 trong s6 khong am;

- Tim b ghép M ¢6 s6 cip 16n nhat va tong trong so 1on nhat;

- Thuat toan tuong tu trén.
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2. Hé dai dién chung

Cho X ={zy, 75, ..., Zyn} va hai day tap con cua X: <A, ..., A>va<By, ..., B,>;
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Day n phﬁn tir khac nhau cua X: (ay, ..., a,) goi la h¢ dai dién chung cua hai day trén <
ton tai hoan vi cua cac s6 {1, ..,n} 1a (hy, ..., hy) thbaman a; € A; "By, vo1i=1, ..., n.
Yéu cau: Tim hé dai dién chung (ay, ..., a,).

frrrrrrrrprrrrrrrryrrrrrrrrrrnerrrrrrrnrnrnrngg
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Thuat toan:
(1) Xay dung mang G = (V, E) voi:

V={s,t} U{xq,...x}u{uy, ..oun} U{vey ooy Vit Uy, ooos Yals
trong do x; twong ung A, y; tuong tng B;, u;, v; twong ung z;;
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E={(G,x)l1=1,...,n} U{X;,ylz e Ao {(u,u)} v {viy)}t v {0},
kha nang thong qua trén cac cung la 1;

(2) Tim ludng cuc dai f trén G;

(3) Néu val(f)=n= Xuét (ay, ..., an), VOl g; trong ung z;;
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