[ADN.cn][Library]Thesis /N R LEAR B 2756 28 1 N ) Amber

m/PEIRBAEE BT RN A
Applications of Minimum Cut Model
In Informatics

#H{E¥% Amber
[ADN.cn]
& M — 2 Fuzhou No.1 Middle School
hupo001[at]gmail[dot]com

%1 00 3k 45 T



[ADN.cn][Library] Thesis /NI R IR I N H Amber

EE

AT e/ INEREIL PR SCMPE BT, BLSCHAR S FERIREEAT TAIFSE. FLrp a5 J00] e i)
BRALLE DL DUAS I3 T (R B ETFAIE S 1. 3k BN s 2. S KB & s 3. K
ErE; 4 0 NS BB i SR A K GBI AR . IS BT 7 o /N AR R N Y 11 1
Wk B AR R 5 3, DR IX SR Rl VA S840 T R A

REF]
W2k, U, &L OB A, NEE TR, BRI R,
73 P B K BT B

[Abstract]

The purpose of the thesis is to research the definition, properties, and correlated extended
knowledge of minimum cut model.

The thesis sets focus on researching that is in four aspects: 1. the application based on the
minimum cut model; 2. the maximum weight closure of a graph; 3. the maximum density sub graph;
4. the minimum weight vertex covering set and the maximum weight vertex independent set in the
bipartite graph. It shows and analyzes the construction methods and thinking modes of the minimum
cut model. Finally, it summarizes the methods and skills in the applications of the minimum cut

model.
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0. IS Preface

d /R SR YR IR ), (HAESE PR RErp, S W KRR B, BB
TERHATIRE, ANES IR E 5. AR SCE TR N RIEAL SE bR, 7R T B/
AR IR I P AR 35 b Pl g i B AR SR U 3K I I AR N (il T A S B R T R
4.

B, Al SRR S - BORRI AR, O JE SCRE R SR AR I . 5 o)
HONIFR Y5 X225 SCHR[LIUHO4] LK) 0-1 3 BOIRIREAT T 40, 4 J 21— B 73 Ho a7 5
B2, VL2 AR EAGE K M, R SCELE N s NI 5 i 5 508

537, A REBIBA S ERAL, DR A S NI ADRAR R 10 T3 7k SRR IR 2
AT AT

54T, AR T IR SR LA D S KB 5 IR i vk, SR B 1
— AR B N EIRE R A R (R0FT i, S APl ok TAZIR L I 1) s B AN AL 8 AL
BT T o0k, ARAFHE Y T B RZRA (profit) i) il . ARTTRALKFT A, HWEPFFRKEN.

5, A B RN RIBUE H 5 5  K OB A, LR o /N AR R g e 14
Jiike MR AR, E AU B ML AL R R

5567, BATN S N RIS R ) SRR VR B R

ANSCEA 2 FAE SRR (0 AT 5 s B8 M) P /IS R 2R i e o R P A0 BB D 1), T AN 4
PEAREA A, BT LUA SO 1O 0 M T SR8 SR e AL R . R 2 A 0 AR
W CERFEER) O IR I D BAE Y T2, (A TG, HOA ) iR o E W o A
KGR YEL R . X TR S AR RIS I, AR BAE R R, (EE I
£, AhdEARAXEN.

1. 44038 Preliminaries

1.1. M4 5/ Network and Flow

FRZ (flow network) (fAiifkM4%) G =(V,E) & a1, E*%ﬁ(u,We E¥
A Jetipdto(u,v) 20, BlsE: 25(u,v)g B, Wc(u,v) =0. M&Im M. s 5

Ct,
WM G (flow) 22— MSEEKE T - VXV >R, Hili & T o=/

Y HZ %R [PoIS7], FUEHE K G. Polya f) How to solve it TEULIH % 8.3 1, /SRR,

% 4 70 3k 45 T
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(1) ZERE: T VuveV, Zk f(u,v)<c(u,v).

() RXFFRME: *HFvu,veV, sk f(u,v)=-F(v,u).
(3) WFESE: W FvueV —{s,t}, R f(u,v)=0.

veV

Frf(u,v) AUV IR o f fEE XN

1FEY f(s,v) (L1)

veV
— AR BRI (maximum flow) 52 351% M 48 Hr i A B K I .«
AT IR, AR BRI, RIS RIS PR A A& L2
—A A, MZEES T TR BRI ORI . B

FXY) =SS f(u,v)

ueX veY
NTASIIE W s AR RS, Ea T OCTRE AR, XN R S
AR 2 AR,
IHE11 AEAEE) W f 2R G =(V,E) B i— "N, A FHI&E s

(1) HEVX SV, 4 f(X,X)=0
@ MFVX,Y SV, #F(X,Y)=—f(Y,X)
@) MFVX,Y,ZcV, HWhXNY =2, #f(XUY,Z)=f(X,Z)+f(Y,2)
m
1.2. B MK 51 K% Residual Network and Augmenting

Path

BREE LG, AR RIX AR R A R o KT D E R GEHL 1.6) MAEA
MRS, %0 BEIG @bz F 9 285 1) dp /N B SRl g KU IR L

XFRMG =V, E), & f 4G H . 5 M (residual network) LWL L ik thid
AT AN SE Z (il Al . X+ G LPE’Jl%lil(U V> e E, wllw 3% B2 & (residual

capacity) &7 7E AN I A i BRI 24, AT AR A4 ) 09 255 378
¢, (u,v)=c(u,v)— f(u,v) (1.2)

TR M E X e G =(V,E) B f, sEmMah G, =(V,E;),
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BENESBUIE S
E; ={(u,v) eV xV|c,(u,v)>0}
F L, PR MR AN, el C, gt THIMTIEE, 43 TR M 5 R
PIZEIRIDC R, WONTR ) B ARt 7T
112 GRERMS SRR & f Z2RMWaG =V, E) hig—u, 2k

Bz G, —Au, W f+ 52 MG i—ANi.

258 B RUE W 75 IS4 008 5 SCIR) = AN 23 Sl SRAIE T, 3K B DA
B B 42 (augmenting path) p h ik M4 G, S BV E K4 MRSk 2. %R AR (N 5R B
A, AT LU IZ R AR 1 0 1) 3 2 B M
¢, (p) =min{c, (u,v)|(u,v) € p}
HAH™# KT 0.
FIEL3 W B AR 1D 5 S f) b

¢ (p) <UaV>€ p
f,(u,v)=<-c,(p) (v,u)ep
0 else

HEMSG =V ,E) S f, W+ f ViEmaG r—i.

|
o BRI AR 02 N 2t A SO = AMPE R R, b RS M4 G BI—A

Wi, FEARPESIEE 1.2, fERIf3E. 32X MK,

1.3. KR E5E®/)\E] Maximum Flow and Minimum Cut

N HG ARSI %
Wiz G = (V,E) K& Ceut) [S,TIR ALV K ST (T=V-8) PN,

#o

s eS HifteT o 445 [S, TIH & Ak a{(u,v)[(u,v)e E,ueS,veT}. it
[S, T1HI#F (netflow) &% f(S,T), #I[S,T] AR (capacity) & X hc(S,T), K

WA C[S, T]. —ANMLIKE/ME] (minimum cut) &% M % b 2 /MR E],
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1.1 BT
L1 T BB, T ADRS . A ADRT L
[S,T1={(12),(3,4).(5,6)} . TMi#I[T,S]={(2,3),(4,5)} . #&, i4(2,3), (4,5) il

SAEGu £(S,T) W GENMUED, HEMMERIFBAEARI[S, TIWAEREN.
14 CRISRNER) £ MRM%EG =(V,E) b, WHARE—AuHh f, H[S,T]

NG —AEL NEFE Ry £(S,T)= 1.

R :
f(S,T)=f(S,V)-1(5,9) M4 5 71.(1.2)(3)
=f(S,V) M5 (1.2)Q)
= f(s,V)+ f(S—{s},V) WA 51 81 (1.2)(3)
=f(s,V)< f| M e, f(S—{s},V)=0

|
#1815 ORREMETD MR G =(V,E) 1, &HAEE—MRHK f, =

R[S, T], B8] f1<c[S,T]

VES: I 13 FIA R, A
FEfET) =33 fuv <> Y euv)=cs,T]

ueS veT ueS veTl

|

HEWS 1.5 bl 1 25 1) d KA 78 AN I I I 2% d /N R A i . Sl b, dpe DN ) A
RIHIFHERE Cduality) @, x5 ) B AR 1.5 1P

EHL6 (o KU/ N EERD Wk f o2 BATI s AL LI M L G = (V, E) AN,

W B 2 A S A5 A ) «
1 fEGH— AR

(2) BB G, N iz

Y RTHEFIRN KRR, 1S5 CHRAMOIS] A M N4 .
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(3) MG R[S, T], A|f|=c[S,T]

UER -
D= ©2): KkikZk. 8 f 26 K—NEAW, HREMEG, U& &KW #itp . t7l

L3, WA f + f U0 G oA, HE KT [ RS AT E.

()= @Q): AWK G, MUTH IR, WG, AL S BIt IR, WIETER2:
S={veV|3p,, €G3} Hrhdp,, e G, #RAG, PAAfE—4S FV Millfh: HT =V -S,
W5 [S, TI R —AEl: seS, TG, IS BItINEELE, ilteS . T
VueS,weT, # f(uv)=c(u,v), #W3(uv)eE,, VREBTHEAES . M3 14,
| f|=f(S,T)=c[S,T]-

Q)= (1): i 1.5 vy gn, xF FHrARI[S,T], #4| f |<c[S,T], B4t f |=c[S,T]

IR B i i N

1.4. /MEIBYE X Algorithm for Minimum Cut
TR N E e B GE R 1.6)H, (1)5E@)S, Wi KRMmES TR IR, J
HARE RN EIE P (2) = )&/ HIEW] b, M3 A3 2 T — A —— X N #EI[S, T]
Hp i8S R G, iy sl g T =V =8 . FrRMER B SEEL B, Jekig
R (FELS WA RZENGD; FHERRIER T RN G, 1, S FFIRIREIL L

D1 (DFS), FrA#am 2 sl B RS o
T, BARE/NEI[S, T L Wil (HRAA—E MR B /DNEIF R, (EH

Fek I, IRZHIE A 504, INUAH DFS, sl LA #HAF . Fiizs—A 4Kl
#lrs
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1.2 Kb /hRI o Bl 1
K 1.2(a) AT —ANET A EMIERRINES . T X SEEY S A Rk 1 TE R
(Ria1, HEAS AT RS B R (32, A A S5 s A Ky 5 R B DGR (R U I A 2 B T />
F (124 tB ). RIS I, RIS IR M 4h, 455 2 5 3 MiZ5¥ s &l
(K 1.2(b) i (k45D , it LA/ EIN %2 18] 1.2(b) £ 030

1.5. R KiEBIEZE Algorithm for Maximum Flow

T A SO T /N EN N, 0] A 45 280 dse /N T EL A 1 e KO R AR B AN HEA TR
ANBIRHS . NS 2% F 00 & T — R E R E O L . A DR 5238 W] LUYE S 2% S0k
[AMO93], [CLRSO11*#REIMISCIIAI, Ak, 22 SCHR[ZCWO3] A 5t 5 R 5% 7 S 1)
(e

RN G = (V,E) . filidn=|V

, m=[E|. BU MR AMIARE. 7R

J HARI O R A%, il L O(MaxFlow(G)) , O(MaxFlow(n, m)) 2t O(MaxFlow(n))

(A=
A EEYS |
B ik
Augmenting path method (Ford Fulkerson method)
— R R Ak 0(hmu) TEBR B P 2t oy, BT SR — 251 AL
Labeling algorithm Ay,
R . TERR B I 2t oy, BRI — 2 T B KT S
TR BT e ot ‘
Cﬁfa;ﬁtﬁicaﬁ %iifiithm O(nmlogV) | Z&EFHG) BeAR M), RG99 4 v i
pacty sealing 9 BN AR K i
RS T B B X b
o CETR R, AR A R
oo Aigmening p O(nm?) (OB, EIRRE L T
algorithm (Edmonds Karp ,
. BFS 1t
algorithm)
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7t Edmonds Karp 25 ot . 7EREX
BFS M) BRI, 0 SRR AT R A
O(n’m) 5o FERE BRI BT R R e i L
AW DFS $:384) . Bl —R#r5 2K
W, DRI

S R i
Successive shortest
augmenting path algorithm
(Dinic algorithm)

TR Tk

Preflow-push method

— MR A Y — N, AW R R AT
Generic preflow-push O(n’m) push #1F: 5 relabel #F Sk 1H #IX AN T ,
algorithm BRI A REAE

SeHE S H R MERE S

3 \ UdPT B £E i
FIFO preflow-push algorithm &) ASHEIE H A S R BR 1.

I rerb o RO AR S
Highest-label preflow-push
algorithm (Relabel-to-Front
algorithm)

O(n?/m) RERRY 75 AT B R S VT B 45 4

G s A R BRI A v R EAS RIR o T SRR ] 4%, S
DBAEAEAR A, B MBI DS AR 1, SEFITE SR . PORHEDE 7 i L3 e i AE
L EPURZ, SRy b, PR VAR R IR B AR R . T R
TR RE Ty 32 (0 SE B RORAEAE A g ) B U5

1.6. 2#AX) Fractional Programming

Seeh A BR) (fractional programming) 1%
a(x)

Minimize A:f(x):% (xeS)

st. vxeS, b(x)>0

Horpr, e & X AEMEAST S Y, a(Xx) 5 b(x) # 2 8 i) LI R

il 1R 53 BN o) ) — M 2 A A OB [ R, RSS2 FH 9 D7 VR e g AT S 4048
& (parametric search), RS2 ZEBEATAT I, FH90 UF A DA SRR, KDk il s £ A ) s
e e A R A TR R e E T O IR (R R A, 43 RS A48 o) 40— A B A DM A 1
Sh BAR R AR DG I A, L2 o P g0 o — 5 R PR, B IR n] LAY 2 B R Y T )
PEREY, MBI X

B A = f(X) Wiz, A

O IR M S R /N o R R S R T B SRR 4
@ betun Dinkelbach 5%, AR A b YR ) R AR ) AR S i) R ik 2, S R — AN AR A i
P L2 2 CHR[DINk67],  [MSS92].

45010 7T 3k 45 T
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a(x)

b(x")
= A -b(x)=a(x)

= 0=a(x)-A4 -b(x)

2 =f(X)=

w1 BT B A AN BT g (4) -

9(2) = min{(a(x) - 2-b(x)} (13)
XA RBOE — AR XIRR . SRz et £ g (A1) A5 k)i
PERTL7 CRUaME) g(A) 2 Ak, Bx T A4 <4, —EH9(4)>9(4,)-
UEBR: B e X mMET g(4,) - W

9(4) =min{(a() - 4 -b(x)}

= a(xl) - 21 'b(xl)
> a(xl) - ﬂ“z ’ b(xl)

>min{(a() -4, -b()} = 9(4,)

R HFR, 9(A) BRAMIEX RN () G, R AR, MR
|

AT RN, B LR MR IEEIES K . AR HbEA 4, F

T % i H T 6 45 50 B R S ARG R

18 (DinkelbachizB1”) ¥ A" EUMEIIIRLALAE, M Q(A)=0 Y HMMA=2".

HEB

(1) JEIEBINEA=2" = g(A) =0 WA = F(X) MBI KRR, Wg(A)=0,

MFVXeS, #HARSHX ]

f:%%%g%%%:z a(x)- A -b(x) >0

R X AT LAHLENIX AN T IR

~ax)

 b(X)

= a(x)-1"-b(x)=0

© i A &% CHR[DINk67].

11w

3
&
=

N

~
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e g(A") e M X i, g(47)=0.

) FHFAMEQA)=0= =47 Ffefe— A x, HfHg(A)=0, MA="f(x)H
JE BRI P s DI i«
SOEE . REAFE—NMEA = T (X)), ©RHA=f(X) ERMTHE.
,_ax)
b(x’)
= a(x)-1-b(x)<0

I X AT g (1) <0, %15 g(4) =0 Ff.

|
HHPEDT 1.7 B e BE 1.8, RS 433) NS .
W19 VA NIZIRI B,
g(A) =0 A1=2"
gA) <0 A> 4"
gA) >0 1<’
|

S 1.9, AUATLUGH AR A7 BT A BRIEIT . ARSI AMEE A, A
g(A) e, 1T g(A) 2 MARSEORL, Rl A ] 1, 3R] LABE U R Al AT 2
P . FIEE 2R A AU BRI e g (A) IR ZREIIAR.

DL BB B0 oz /N H FR BR E1) 20 B0, S B BT KAk B As s it — A IE A .
O3 BRI — AR 2 0-1 43 iR (0-1 fractional programming) ©, sl HL# 1) 2 X ik 2
VX €{0,1} GXghZprigm 0-1. Bt LU
Minimize z—fay—gkyi—iﬁ- (xe{0,3")
77 3bx bex ’

st. b-x>0

I ELGSfigh 170 X ] e Ay A A 20 S BRI "IN VG RIR) T, 2 s BUE S EE R A

M (the optimum ratio spanning tree) @,

@ 0-1 HHHRIIASCENR, FES2% CHR[MSSO2) A FE41 4 -
@ P IWL.Z2 CRR[LIUHO4],  303-304 T,

¥ 12 T3k 45 T
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2. T EXMERENA Applications based on the Definition

2.1. 3|\ Introduction

FEIXRIE T fop N8 UM BRI A, S NEURE R R ST AR AT LB AT L, (HH 4 SR —
SRR AR S Ao X R BE L IR, e oy ZEAE ] 28l S 650y,
DK 1R AL A B e N R, ARG ROh S8  B ad A
RN LRI, RARTIFRA R Z M BIETE 4, LRl 50 R S B e
FARIEE H 20 Wb A B A5 LUA L

2.2. A Application

2.2.1. M%K% Network Wars®
iR Description

G ARCERE G = (V,E) , e dT W, o SRS MUt 20 JF K AL

£C, MERZHIERFRIARER D, Rl ME:
2 W

&€ (2.1)
|C|

2% Solution
S B — B U E B BUA A ), ¥ ) 78 W R R I AUE, & mEc=(11,...,1)

RORIEL AR, TR i) 0 -

ZWeXe W - X
Minimize A= f(x)=4%E

D 1x, T oox

ecE

Horp, x3oR—AMign s, X, €{0,1}, BIXF TR LS AR, I Hikl
LSRN s —tiuFg. Bk, #x, =1, WeeC; x,=0, MegC.

BERCH MR, KR 0-1 080N EK . 7616 15 B2y T X MR Al i 4% 1k 7
e WIE—ANB R EL

© HUHKH: Zhejiang University Online Judge - Andrew Stankevich's Contest #8 - 2676 Network Wars

4513 T 4k 45 TN
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g(1) = mxin{(w—/ic)-x}
BixtfpsciivVee B, MHTEBAL: wW,'=w,—4-C, =W, -4 . g(A) [F27EXA TR
BB b, SR/ R S — Ui EISE . W LAl A w, <0, Xl T HARm U
IR NI ERAE, W2 ISR AETLEE N . X TRIT AT A W, "> 0 193,  EHEA e

FIRBA SR Y s —t FIRIA]
WA = (X)) MBIt e, i 1.9 40

g(A) =0 A1=2"
gA) <0 A>4"
gA) >0 1<’

TR IR R AR AT o Ak, AR AR N BRI K g (A) SRAE, HEmigE
NEARTEE, HERWAREER. Ko ERRES K. WIZEEERER
O(k - MaxFlow(N)) .

2.2.2. BitFrS Optimal Marks®
iR Description

LH—NEME G =(V,E), ARV UM FRIEFREEA 0bs 51, , Bile=(u,v)
(IR W, 28 SOAZ I B A A 5 R e B, B wg, =1, xor |, o B LS b B8 43 s b
SRAFAFZ ) S TR e/ (AR S IR . B/

dw, = > (I, xorl,) (2.2)

ecE (u,v)eE

2% Solution

SeRVEAL IR, ANGTREIT A s M E AR S ) AET . AN, IR B AR T 5
I RIAR 5 0, XL ] (FIBUB AN TN H AR GUBHT 0D
FER BRI T, R IURAE XOor AUFAbEE, MELAFEAL g —SLAIE . BARM, SE%

geRfEXOr E X: axorb=>Y2"-(a xorb) ., Hrha, bauiFra, by dHRE
i=0

AL i XOr s % —BEHIAIZ SN, T LA M7 18] L AE W) . et H

© HiH kY5 Sphere Online Judge - 839 Optimal Marks {E#: Guo Huayang

%14 W 345 W
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PRI AR TR AJEREGEHOR, S A A

['e]

> (lxorl)= > iz‘-(lwi xorl,;)=>"2"- % (I, xorl,)

(u,v)ekE (u,v)eE i=0 i=0 (u,v)ekE
T, EERE MU BERA HERIAL, R T R A AR -

dw,= > (I, xorl,)

ecE (u,v)eE

SR TAZE, (HEREEAmERT: dTvueV, |, e{0,1}. WXL, #B

ST P RIEUIL, 1T LA O ZEH p R 4 BRI 2 70X P 2 28 AR 5, J001 2% 52454 Xor
R S TR AN, AT e TRZRARTGE: 27 EA 15 R AAA 1E 1.

ANTEIXD, BT R TABM—L O AE R s RAEMPOCRTN H R
s Ak BAs M. BB, BUP R T AN BT A BRI Sk—— R AR A
CUEN Y B & SACEARBIRIPE BT 2 %8, IRt dn DRI, e B HPIR——S AT
FI 7RSS S AT AR itk BAst &M, N el iR, Ak RiE
Wre:

K Jit o) A A2 N = (V) , By ) BB/ RN, 70 It P i B At L 384 i s Rt s

IR AT I (U, v) € E BHONPIAZ R M0 c(u,v) =1, c(v,u) =117 i34 (u,v) .
(v,u) € Ey 5 XU s B A D4 BA RS 0 v (I, =0), Bt iia(s,v) e Ey
T AR T N AR, A 260 o(s,v) = 00 FEREBEGA D BATRRS 1 015

v (I, =D ENCE, B R (v, t) € By R, SAEE C(v,t) =00 . ERIULHL, £

V, =V U{s,t}

Ey ={(uV)|(u,v) e E}U{(s,v)|veV,I, =0}U{(v.t)|veV,I, =1}
c(u,v)=1 (u,v)eE

c(s,v) = l,=0

cvit)=0 I, =1

SEHE2.1 (AP L ERARMRMZE N R/ NEI[S, T 252 I o] i (1) e A i -

Vel IbR S U WIS 2 % O(log(U ) - MaxFlow(N)) .

¥ 15 71 3k 45
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3. AHAEE Maximum Weight Closure of a Graph

3.1. 3|\ Introduction

—AMAREG = (V,E) MHAEE C(closure) “EiZAT I EI A ridk, HiZnigkmpi
AR %A o B2 P P9 AR R A AR R Akt e A Pl ep o SR it
VA B RER —A AAEV eV, ST YU eV ' BII Y (u,v) e E, 2 VeV RaL.
SEAT— R SO WA T V(U V) e B, FFueV on, B VeV oL, AR

XA “EE(mply)” FEE5 . R e S, A R vk N E T R
BRIV A — DR W, ((FESH, wIE ). BRAFAAER (maximum weight

closure), s RBCZ g KA E, Rl KAl ZWV o

veVv'

| 3.1 A EIET
1 3.1 RIS 9 NS (frasse): O, {3,4,5), {4,5}, {5}, {2,4,5}, {2,5},

{2,3,4,5}, {1,2,4,5}71{1,2,3,4,5}, Hi A7 H AR 4 2 {3,4,5) . BRI 4.

FEVFZ 5B N HR 28 H AT i B W AT R E3A I (DAG), & B IR B ia 4 I
W T AR R BRI R: SRR, ETTERN T AR R . A
LI s i R AE SR &), e — PR R B DL ) — SRR O B, Xt T
AR E . HE P RRETT 7, S KB A R N T 3R a8 e K BCR A E URH R, A
P T IZAN R, AT A S Mt — A e B B TR R

L) M TN VLS SR = A VNP o s SN < PRI S A B2 L PN I
TR, —ATREWRSAMRZIH, WHZ WA REECR . 472850 H o 2R i
TPk, EARRBIY CRIHHELED . XA, Wl DIM S KB & B, R B 56 I A% 58 B 0 H i
SR A TREA 28— 301

O WG BN EE AR AR closure BT, %41 H H 2% SCIRIAMO93], o WA oAt i SCSCRik (19 %#H 1% - [Jiang01]
BRI BRI, (R R TR B B AR

4016 T 3k 45 T
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3.2. #35& Construction of Algorithm

NS R R R 1 G Ak N gs N = (V, Ey) 592, AT AR S5z N BTS2
75 A IRl A s RN U K SR AR AT 1032 (U, V) € B O 0 A
c(u,v) = oo A i (U, V) € Ey + BRI S S G RV (W, > 0) FIA 1134
(S.V) € Ey o BRI CS,V) = W, + BEIIHEBREIAEA SRV (W, < 0) St it
(V) € By AR C(v,1) =—W, o Fh, TEEM o0 s SOMERE AT S |w | ottt

veV

B,

V, =V U{s t}
Ey =EU{(s.V)[veV,w, >0}U{(v.t)|veV,w, <0}
c(u,v) = oo (s,v)eE

c(s,v) =w, w, >0
c(v,t) =—w,

v

w, <0

3.2 HaEMEmgr
K 3.2 K5Il 3.1 FeAL S IR P 2% . ML S TR0 PN IERCR, 1, 3 33, MR 2, 5 [it

3.3. AR Proof

E X A A s =t RN FI ARSI KA S U s B OGI, FRa R EE] (simple
cut). MAEIZE S, Mg N RREDEA S IR G 1ia b E IR m.

G331 fEA SRR Zs N b, BN R

ER: % N oy 8 SIREGEOCHRKIL, AR IRAE; AN SRR,
R kI 4R E i, AEBONIELR.

FITAT 5505 BRI AT AL R R I A AT BRI, T i B X AT de /B

BB EZ AN SR DN FIATT BEUE AT AN IETC R L, B N fa] f )
|

¥ 017 T 3k 45
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SeRUE — RS W EI[S, TT R Mz N ARV Rl midE S R AME

T (T=V,-S).iiseS, teT RMEEMBV,, EEV TRV, RV, (V, =V -V,) .

OV TV AU IR, VY R S S A, R, TBLE SV, SV, V)

5V, .

T PR A A e T B3 b A B SR, USRI Y o /N B SR Ao
132 (Tt K% N BRAEI[S, T] 5K G M-SV, 7= AL A XK

: V1U{S}=S 0

9
(1) &R Rf g S =V,U{s}, T=V,U{t}, KiE[S,T] hiissl.

RAEE. R (UV) e E, HhueS—{s}=V,, veT —{t}=V,, [, T1& A

LB RERKIL . WS IV A DA ERE RN, FE.

(2) WIPAFEIN N A K BEV, =S —{s} 2 &K X THEEB YueV,, H8ER—

Serhu sl his (uv) e E, T mnsI[S, TIAE E difrens, #veT —{=V,, i

veV,, MG EImE S

D33 N RRMEEMN EF1H 32 1 XWPKRT, H:
S, T1= D w,+ > (-w,) (3.1)

vev,' VeV,

WEH: B[S, TIHR ST (MRS I, T BASY o 3 754
[S. T1=[{s},V,JU[V,.{t}]U[V,,V,]

hFEI[S, TR RE, %V, V,]1=2 .

VTS HSEREL, H{shV,]=[{shV, ]

FRFIIC t S Sk ATil, H V0 = IV, ] -

gk [S,TI=[{shV, TUIV, A}, PR @E.LmT.

¥ 18 7T 3k 45
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SEH3A Gt ks N e RN, HO N G P16 BREA 21 5 KA
UEEA: $MEOE S, L B RBURUA A AR A E ATk 2 S AR A
W(\/l) = z Wv - z (_Wv) (32)

veV," vevy
¥ (3.2) 5#Ee 3.3 X @. 1), 1521
W(\/1)+C[S’T] = z W, — Z (_Wv)+ Z W, + Z (_Wv)

veV,* VeV, veV," Vev,”
=2 Wt 2w,
veV,* veV,*

-,

veV™*
AT
w(v;) = > w, —c[S,T] (3.3)

vev?*

WA (3.3), HAR B WOV,) 5 115 TEACS BBUR D w, o qE, o MUt S

vev*

e[S, T], MHrfFalE R w(V,) . W53 3.1, FhRhRE . BT DU/ NS BN 1

(L AP €3 S TL A8 W OE = 2N AV IP S PVA ] i g e

SRS R AT 2 Rk e DRI S 24 . O(MaxFlow(N)) .
3.4. A Application

3.4.1. B ARIRF Profit™
iR Description

ADN 2 FIA3 3] T 3k n AT LB T 5 st i itk oy XS i ik g S A
St AEANIR] R 5 3 T VR el BT s BN I A IE A —FE, BT R A2 eI
SeHR e TN AT T ANEIR R Rl T A o TSN A RN AR T TR A

B, —3emAse ST P BRI P S b e sl @ A rp sl by BEATIEAR, A F)3KE ¢ o ADN

S r) A DU PR N e el (CRLRAR 2 A BREAS) s O — S8 ] P S IR g5 T 3R A3 M 23
W& FR L3 ) o IS A e fi 28 ST 1) v e i A B L A W (R SRR B K 2 (ke
A= il — SO

L HSkys: NOI 2006 Day 2 5 A3k (Profit)

%5019 T 3k 45 T
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2% Solution
HAEHTE H RN R A TN RS, (T DGR ¢, AR I AL SR

VAN R AT B APl a Mt by, [N AR 2 B0 XA il
(R 26, (EATIRAR R P 5 B IPE i . W e AL, A R B AL P 5 T 1 — N5 48
MG REIFE N 1] BB SN A TR D NG 0l 1) AH N P TR e ity @y AN PP ol
b AT L. L b, KR B R SRIZASE I KB 5 B 3R] i A

2% 4 O(MaxFlow(n+m,n+m)) .

A7 ey 4R, vl LUlABHE O(MaxFlow (n, n+m)) [ e i v Xt A

MHBE MR . ALY/ 4.8.2,

o
7

4, B R#EEFE Finding a Maximum Density Subgraph
4.1. 5|\ Introduction

X AT G = (V, E) ity5 B (density) D 4 1144 | E| 15 % 115 5V | (e fi

D:%o Sl A EREG = (V,E), HAHEARIEN TEG = (V' E) Bk

El
T (maximum density subgraph), Bl Kib D'= ||_| .

wicn=N|, m=|g|.

K 4.1 B ST T
2541, fEE 4.1, g T 06 AN K, HrpTE B S S b dl i K T,

%520 7T 3k 45 T



[ADN.cn][Library] Thesis /NI R IR I N H Amber

ﬁﬁﬁ&?@%m%,%ﬁﬁgo

4.2. £H3% Main Algorithm

SRR A T RUA A
2%

Maximize D= f(x)=%<E—

2%

veV
o x,, %, €{0,5, Foxt PR REEEFUESETEG =V, E) F, W
veV'e x, =1, VeeE'e x, =1. JfHXTVve=(uv)eE', ¥fiuveV'.

PERL6 T ok, PL BRIt 2 —A 0-1 20 BRI B o AR 70 B R — ob B8,
NEHEAT Oy ARG, KT ANERNIFIE g » WIE ANk

h(g)zmQX{Zl-xe—Zg-xv}

ecE veV
WD = f(X) MR, diEe 1.9 40

h(g)=0<=g=D"
h(g)<0< g>D"
h(g)>0< g<D’

FIE B HIREE X RAAR DT R, AR AR E ARSI g . LSRR h(g) K
BEAT AT, ANIM4E N HRYEH . B/ Bk EOor K, itk h(g) =228 % Solve(h(g))
WS LS A O(k -Solve(h(g))) -

%%%:ﬁg&Mﬁﬁom$%§$ﬁﬁ?

,EK¢?%,@%EMWﬁ:ﬁ§ﬁ%L
TR Bk, BIE T RO .
%@%1%@EG¢,E%%%Eﬁﬁﬁ%ﬁ%?ﬂq,@,Em%%§£$¢?$w

HEH: KU G I AT G, L. WG, G, HAEs AN, n,, 8% m, ,

m2 o )R“Jﬁ:
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DL B T R R R TR IR, 2 5 R g
B2 W TEAEG h, Y DI TEG', HAELmE G AT s
%ﬁD+%%?E,MG%%ﬁ%E?@O

T, MR 4.2, W AR IREC

m 1

k=0| log 11_n :O(Iog(n“)):O(logn)

n2

WL % R O(logn-Solve(h(g))) -

A TR AE TSR h(Q) » R IAEH T RO ok h(g) -

4.3. I E % Simple Algorithm

B CALAH T AEROAEINE G . R

h(g)zmQX{Zl-xe—Zg-xv}

ecE veV
HIRZAER:, ERER - A~GHTrrEG =V EY), JHXFVve=(u,v)eE", &%
HuveV', Himkit
Maximize > 1-> g=E'|-g:|V'|
ecE’ veV'

TERMREIZ&AE: X ve=(u,v)eE", Bffu,veV' . Hugitid(u,v) MA77E 1R b

BEMEU L VIR WS B, HA SR 3 i s A & I R BR ) 2 AR T 5
DA AR e B ALV, » i BRI SEARRI AR R R, Al A —g s X

Ve =(uv) . WIMAA L (v, U, (v, V). B, FEEERA AR

AEIER.
S, R GV, E) 2 EiE D = (V,, E,y) :

022 T 3k 45
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V, =V U{v, |ecE}

= ={(ve,u>,(ve,v>|e=(u,v)€ E}
er:]- eckE
{Wv:_g veV

W 42@)% 1 AE G, B R, Ly P 4.2(0) I D, A
KRR A, AR h(g) .

g 1
9 1
g 1
-g 1
9 1
@ (b)

Kl 4.2 B KT Byl 5Ll 1
ANFAG——F WO AR LA B, (S ANGE HH RARUE o TR 265 3 4518, vk h(g)

(152 2= )% O(MaxFlow(D)) = O(MaxFlow(n+m,n+m)) . ik Be AN (55 403

O(logn-MaxFlow(n+m,n+m)) .

4.4. BUEE X Improved Algorithm

4.3 IR T S KB B R, R0 el Tk, TR T B, AT gk 1 e, (5
KIS — et TR, SR AR TSR N AZ H AT AR 2 R R R s 242 . NI )
M E DI L

[l KA h(g) , EERIEHEIG K — 7RG =V EY), HHXT

ve=(u,v)eE', ®fiu,veV', HiEKik
Maximize |[E'|—g-|V'|
a4t Ve=(U,v)eE', “fiu,veV' . RN SENREARRR

B, BT HAR R, 7EAV i F, RS, R ARER. T
H9 5 58 AR

23 T3k 45 |
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Amber

F1#43 X TEGCHTEG =V EY), ALV BZEMFLT, E'RV KRETE

ffriadl, EEAR B RITT S, AEh(Q) O H Ax el B SCT AR

TRWDEECE BV 'NRETEMILE CGuddEV M UrEes).

ARG Wk 4.3, Bk R A I LR SRV T IR I Ak ke

M EIRIAEE E . R YR 15 Lk X4 .
AL DA IR 55V ORHK, [ AN B H i

IR XL I LI 2 E ' 2

A DAY ) JEAE R, R T AN e AL
CZLED, SV RIS IL V!

WA T RS HTAT (I IA TR, EATRAT AR STV 5V HAMEV 2

i, EEEIEN V. REARRRI B ANEINR? RIS S AL

1T SRR R H AR R BOZ s R, RS e/ ME e L =1):

Maximize

)

Minimize

:zg_

veV'

veVv'

El-g-M]=21-29

ecE’

veV'

g-VI-E1=29-21

veVv'

ecE’

2.4,

veVv'

H VY]

SDNCEEIR:

oehd, FoRuiEsd, = D) 1o B2 R M T 4BrEE NSRS TR, b Tk

(u,v)ekE

FmA T RS, HEPRUARL 2, 135

% 24 WU J: 45 W1
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> (2g-d,)+2cV'\V 1]

veV'

W Y (2g-d,) s BUZBIET AV, SIS (29 —d,) o TLARUHE R AR AL

veV'
fpid, ALV R A SIE UHIE, S RBURS X IR = .
1T d /R BERE 2 AR TURIIAAL,  EIXLE i BURT REA KL, BT KT BT A s s B
AR, AR AR, fRIEAR

A4 LI I — R, BRI GV, E) B4 N = (V,, Ey) It 725
KRV il 38 IE s ANC b s 44 REAR ISR 120 (U, v) BN P 4 2 B IR 16032 (U, V) A
(V,u)s RIS s SRR SV I (s, V), ARBU o B R E A RV F

It A (v,t) . AN (U+2g-d,). SR, A

V, =V U{s t}

Ey ={(uV)|(u,v) e E}U{(s,V)|veV}U{(v.t)|veV}
c(u,v)=1 (uv)eE

c(s,v)=U veV

c(v,t)=U +2g-d, veV

b, PO TYveV, Efd, Aslid siagom, Hi FAIME g 241w, pr

PAS i R4 U Bem, BI4AU =m, fn]ORAESTA 12 w2 4R 5.
K 4.4@aHRIE G, il BB AR & 4.4(b) M4 N .

e‘@

@

4.4 SO FARIR

4.5. BUHEEXRIIERR Proof of Improved Algorithm

45 25 T 3k 45 T



[ADN.cn][Library] Thesis /NI R IR I N H Amber

WEEMELS, T] 0% N [9—4%1, seS, teT. G' 4G l—AFE. mT%I[S, T
RV BUTERISY, B ST E R AR &
BIE4L (AT W% N 1 AHI[S, TISEG i TRG = (V' EY) &

XK FR: VU{s}=S-
|
SEFAS Gt Mgs N 1— AN B[S, T, el 518 4.3 P v B G' 2 h(g)

(KA AL i o
ER: [ h(g), ZokEE -G TERIG =(V,E), HEARK

Maximize [E'|—g-|V'| 4.1)

W e[S, TI AT N (sl 7. MIESIEE 4.4, MV '=S—{s}, V'=T—{t}. i

AW X or:
c[S,T1= > «c,
ueS,vel
= Z Cs,v + Z Cu,t + Z Cu,v
veV' uev' ueV ' veV',(u,v)eE
=>U+> U+2g-d)+ > 1
vev' uev' ueV'veV ' (u,v)eE
=U |V |+Z(Zg—du + Y 1}
uev' veV',(u,v)eE
=U |V|+Z(29— > 1} *)
ueVv' veV ', (u,v)eE

=U-n+2g|V'|-2|E'|
—U-n-2(|E'|-g|V"|)

g, (%) ot T E CEESCHV "Il T EImIA4E (512 4.3),

U -n e, WS RN RI, | EY =g [V [ IREEK. B

U-n—c[S,T]

h(g) = >

, HA[S,T] M/l
|
Mgk h(g) K 24 % O(MaxFlow(N)) = O(MaxFlow(n,n+m)) . H&AMRE I i 53 2

& O(log n- MaxFlow(n,n+m)) .

%026 U1 3t 45
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4.6. [EHIOREBYHET Generalization to Edge Weighted Graphs

MR E G = (V,E) , HHRRE&ILA AR asw, (w, 200, % Xl

W,

SUBUTE 1 Pl P 8 BE g i P O ALRUR | W, 5% L 1 5508V | L fE D = % o RARAEXFE

ecE | |
SOT e KB L 1 ], ATAE A /N5 TR P 25
T SIAE U 5 Mo 4.4 TG L . TIAEAEI T, O T AU 2 BRI T A 1)
Breaoh(g) Wy: ZEREH—MGCHTFEIG =V ,E"), HEKL
Maximize > w,-> g=> w,—g-|V'| 4.2)

ecE’ veVv' ecE’

A (4.1)5R(4.2), RATGBCAE, o DA ol ffne L d,, HHESS
5 U KBEPTE OB, BId, = S w, . FREFTE e R N = (Vy, Ey ) i
(u,v)eE

AR R LW, o T AR5 KU I m 3 SRR Y w, o TR g i

ecE

N =V, E,) HokalE, 4

V, =V U{s t}
Ey ={(uV)[(u,v) e E}U{(s,V)|[veV}U{(v.t)|veV}
c(u,v)=w, (uv)eE
c(s,v)=U veV
c(v,t)=U+2g-d, veV
U=>w,
ecE
BT ARAES, 51 4.3 102 Mor ). NindtE e X, HARE R 4.5 1, RIE B
45 M ISR, BV h(g) = U”fc[”] S [S, T] A,

i h(g) R 258 O(MaxFlow (N)) = O(MaxFlow(n,n+m)) . 4R f1 14 %

(5 SUIOHET, 5138 4.0 S5HER 4.2 (FARSL T T 8blE gk RS, A Ak ik sk
TERCR— A2 I AFRAESEBR N R, o0 A 4R R I R R AR R . B o A Rk
BN K, BT L3RR 2% O(k - MaxFlow (n,n+m)) .

4.7. B 5B HENRBIERHET Generalization to Both Node and

Edge Weighted Graphs

927 T3k 45 T
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Yot AR E G = (V,E) . gV AR p, (p,eR, o0
AT, PRSI e AW, (W, 2 00 5 SO P B

i SRR SRR S p, + 3w, Sk V| ke,

veV ecE
2 Pyt W,

D — veV ecE

V|
SRARLEIR R 32 ST I BT T8, (RN 1 1 7.
P SRR 90 P 5 4.6 15 AR PR O SR R S . TZE AL T, S T
PLIA 5 B T M O B B () W e SR —ANG PG = (VL EY), L Af

Maximize > w,+> p,-> g=> wW,-> (3-p,) (4.3)

ecE’ VeV' veV' ecE’ veV'
4.6 b, TR, . HOh S UKL, Wd, = Y w, . g
(u,v)ekE
e 1ML N = (Vy, Ey) A R A&l Lesow, « HEa(4.2)530(4.3), SR
rRAETEAE, @42/ g Hk T @A) (9 - p,) - FTEAMMER SRV BNCURIA RSO

c(v,t) =U +2(g—p,)—d, . i LEERHIEU ek Bl ERH £ 15 M IAURI Al

22' pv |+ZW€ °
veV ecE
e tthes Hogrmes N =V, Ey) MWK, f:

V, =V U{s t}

E, :{<u,v>|(u,v)e E}U{<S,V>|V€V}U{<V,t>|V€V}
c(u,v)=w, (uv)eE
c(s,v)=U veV
c(v,t)=U+2g-d,-2p, veV

U=2>nIl+2w,

veV ecE

T RAR L, 512 4.3 IR ROLIN . R I EE R, AR R 4.5, RBLE P

A5 (RS s, B h(g)zu'n+[s’ﬂ, HoA[S, T] bl Ve

Hefii e h(g) R 258 O(MaxFlow (N)) = O(MaxFlow(n,n +m)) . 4R [4.6 15—

B, HFSBERE X, 1B 4.1 SHES 42 RO T, HEME BRI, %
T EERRECI K, BOEABARL S 2 O (k - MaxFlow (n, n+m))

¥ 28 T 3k 45
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4.8. I Application

4.8.1. EIERIXEIE Hard Life®

iR Description

ADN 2 A n AN R T, R ZMn e SR /NEA Ty, BERFE. AR
u il v ATE, Al v)Er, EmANFE. Kk, ADN 2] NS EA 25, Amber
PE . Amber ARG — MR TG B, ARG BEE N DA AN 1 el m . AN SE R
52 SRR BRI T G BB MR N AU L. OSSR = B N 2 o7 JE B/
(& YNE @)

2% Solution

A AN E5 3R o2 4.1 T T AR I R R R R A T AR I Uy A o BT

4.8.2. B R3RA| Profit

#iR Description

[@3.4.1 .

2% Solution

R PR B, el A s, DSt ] ARG 0 R 2l e AL “WiAL”, WIS
FCRE W, 5 e 2R VT BT, EEL A p, o LRI ALKV T, L

MR E" o iR HBMER AN
Maximize > w,—> p,

ecE’ veV'

BRAIAEAT T WA T B AT B4R Sl rh Rl o AR et by o X T R
BRI A Ve=(u,v)eE", LA UveV " o XA PRI AT R I fs K% B 7 B 1Y

BRAIZA, TR T AR EE i P4 B P PR i K 1
WELA.T AL H b

Maximize > w,+> p,-> =D w,->(g-p,)

ecE’ veV' veV' ecE’ veV'

AL (9 - p,) AAE I p, » 135

12 % H kU5 ACM/ICPC Northeastern European (NEERC) 2006 — H. Hard Life
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Maximize > w,—>'p,

ecE’ veV'

KA P ZER AT o MOAS RS 2 Ak I, FHA.7 35 1 775 mT AAEAY
O(MaxFlow (n, n-+m)) i [a] Py fig vk .

FHX3.4.0 Yigh I O(MaxFlow (n+m,n+m)) , RSB T AR L, ks 1

TN RIS T GRILRECE AR 2 N D

5. Z BB/ ENEREREEHRERKEBMILLE Minimum
Weight Vertex Covering Set and Maximum Weight Vertex
Independent Set in a Bipartite Graph

5.1. 3|\ Introduction

g B S AT SRR E
=AML E G =(V,E) t, A FEX.

RAEDGHE (vertex covering set, VCS) LMK G 11— 4E, (%K BT # & /b
H— Mg i fEIZE SN ke e EmEANV eV, WiEXTV(u,v)eE, #fH

ueV'siveV'ilior, BlueV', veV'a/b—Apior. TR es T4 m “fEim” 7
S IAR I, XA G AR T TR

HMSZER (vertex independent set, VIS) JEm B G —Amide, AT IZES T
R AE B P P AAAHAR . s i e T T ECA R (B stk BRI E SG sl
SAERV eV, WX T Yu,veV !, #5 (U,v) g E lor. SN ERIRAT — RN 1w X

MMSTAEAV eV, e T V(u,v)eE, #iFueV' ' 5veV AR,

B/ EEESE (minimum vertex covering set, MinVCS) Z7ETE I G v, s /D v 4
B,

B K B BST8E (maximum vertex independent set, MaxVIS) J&7E 10K G, A 211
RST A

DL b A ] RS 2 22 L NP C il R, (LA 43 ] Hp T LA P e K DL AR AR R sl e e . 2
AN 2 BB IX PN I OB — AT 2

— AN ERTERE G =(V,E), XTVYWeV, P - MIEfERw, . EiZE T,

S TR YT S 5% CHRAMO93].

4530 7T 4k 45 T
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Y5 H N e S

B/ EBUEZESE (minimum weight vertex covering set, MinWVCS) J&7E 4l sACT i & G
R RN e R AR

B R AT ZE (maximum weight vertex independent set, MaxWVIS) J& 754 ST [ €]
G, BB AR R I AT AR

AR AEG = (V,E) B, HpV =XUY, XNY =g, HXtFVYveV, #k

i T AR AR W, (W, 20D, EZ B, S fBUE RS R BT AL iR
% AERATT P IHE I 2
52. ZHERR/NEINEBEEZEHEZ Algorithm for MinWVCS in a

Bipartite Graph

5 BRI . LR A I AR 2 43 PR UCIE 6 TR
EIMAT HOMOHES AU, 4UALLA 44 S —U —v—t JEAR VRIS “ BRIE” ok, VLAY
LA L A MR T IR0 B T AU AR b, BN
KU, X R R A B SO0, WL e T B R P AL B N

T ESEIHL, (R ANES B X M A H M, Y HEA A
ICUERL, 18 P AR BT . AR — 4 S BILIOBE S, — & AT S —u—v—t
R BRSNS BILIB B, Mt B =4 (s,u), (Uv), (v t) s

TSR 25 N A (U, V) AR R R, B4 AR IE B o(u,v) = .
WIZAERIAE I (S,u) (v, ) s b — G el B, TEAF 5 AR S BRI PRI TR AR 7

(ueV', veV' ' b Ao, imnHbri MERBCZAM, i s/ IL Hx.
TEAMELL BB RS, K Js il 1 G B 4% N = (V, Ey ) fi PR,

T2 5P A I B R L HINE S ANt s K074 A EIRIA (U, V) € E Bl Ak
c(u,v) = I A (U, V) € Eyy s OIS S B X I U HIA i (s,u) e By, A9 REIIZ A
B C(S,u) =W, HINY M AV ERC LI A (v, t) e By, FIRE, 28R IZ AR

c(v,t)=w,. EHRILH, A

331 W

3
&
=

N

~



[ADN.cn][Library] Thesis /NI R IR I N H Amber

V, =V U{s t}

Ey =EU{(s,u)|ue X }U{(v,t)|veY}
c(u,v) = oo (uv)eE

c(s,u)=w, ue X

c(v,t) =w, veY

K 5. 1(a)?AHj T*’l\ﬁ? MBI =K G, K 5. 1(b)%$’§ﬂc): E’JH%’% N .

>

eO/a Gt Q
s GY NG -

B 5.1 KR BB Hi Eﬁ/ZE‘JWJ?

PR HIZ.3 R R RIS O BB KRB . N I AN IIE Wb as H — AN
P INE S

51851 M N EERI[S, T] 5K G MR maV "= X UY AE—— WK R mE

/

AR B RAE R 26 N TR Y B RGL 2 B — MR e IRAR,
[S.T1=[{s} X TULY " {t}]

|
M58 5.1 Frag th K ——xd 1, I HP A S/ N R d /NP B i (R A0AE 5 1) — 20, BT

A R) AT LA de /N ENE D e AR R AR K PRI R 2. O(MaxFlow(N)) -

ZHEMEXESERMIIERE Algorithm for MaxWVIS in a

Bipartite Graph

FE MRV T S, A ve(u,v) e B, Bl U eV 5 v eV RN .

HERATRRBIIEA, bR R/ AH M. —(ueV'andveV'). #4, 1 De Morgan &

~

i’ /Efiui
—(ueV'andveV’)
< —ueV'or—veV'

< ueV'orveV'

032 71 3k 45
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A o ) ST R R AR BRI A PEAIAT, T HAT T 5.2 1 ST AR RO FER, WP RIST
FHRBERENRR, ARSI, fen sl

SEESD (A HAE MR AN VARG 5 AR A S A
4V % A T 4R

E B

(1) 7ok, B4R = ok

RAF:. RV ABROTAE, BRSO Fu,veV ', 1% (u,v) e E . ki, u,veV',
SRTTI (U, V) BBV SR TS,

(2) LEYE, MM B

RIFE. RV ARBEE, WAL I, V) e B, (755 i A e

uveV'. ki, uveV', &iii(uv)eE, 5V EMTEFE.

(A OO,
¥, 7
o@/ BN ¢/0
y y
& No &Y No
(a) (b)
& 5.2(a)(b) 7 i 4 Ay B T AN & B

K 5.2(@)4 7 o B GE R T 5 KOS AR TR 5.2(0) TP KA (5
kA 5.2(a) i) e B i SR ANEE,  JF A i 2k

W53 CRIMED) 45V AR ST AR R R — AN S AU s, TVt
(KA KRBT 2

WEH: R 52, HV'+V'=V, f:

ZWFENW{ZN

veV veVv' veVv'

SR 0 S BRI [ RE 1Y) BT DL M BB e SRV 5 ] S KA BN ARV
A R AT R b BB R SR I R . O(MaxFlow(N)) «

5.4. A Application

% 33 W 3t 45
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5.4.1. 7 W B AR Destroying the Graph™

iR Description
S WED=(V,E). TN mRu, & XHREEa(), b(u):
Beffa(u): WIS U RIFHAT L, BV (U V)€ E . BAELERACH Cy -
BeED(u) : BB U BT AL, BDV(V,U) € B SRR IILH g,y -

SRR It Vel (RIS PR3 4 ANk 1) e A A

fi#%& Solution

T 5 ARATE (R TE UNT=, 25 A R ek S T3 M 5k PO 155 20 Xﬁ??‘éiﬁ’ﬂ*%&iﬂ(u,v) eE,
SRR a(u) 335 /E b(v) vTLCK LI BR 4, BPERAE a(u) slidfE b(v) 202 — NPT .
ATDABCAR R i S5 e X (ueV'orveV D). #—MEERG G e —A 8, —&KA 0

U BSOS 2 MR, XA AN SRR AR A7
TR UL BRI R, K st i) A 17 B D AL A G = (Vg, Eg ) R/ UBUE L

LB SV RV, 5, AR a(v) s b(v) SR, v, MR P A 4

i1 (u,v) e E BN 138 (U, v, ) € Eg + it

B

MUy KW, =Cyy ARV, K4

W, =Cyy o HIEALH, 17

X ={u, lueV}
Y ={v,|veV}
Vv, =X UY
v ={(U,. %) [{u,v) € E}
W, =Cyy ueV
W, =Cy veV

HI T8 G it B X 53R Y AR RN G2 K, %V, =XUY.
NIRRT a(u) SRS A, I b(u) SAERREE S B o R AN INE M Hi 45 i —

AMEERRE R UKD, W BRI S X R R

14 55 5 kY. ACM/ICPC Northeastern Europe (NEERC) 2003, Northern Subregion — D. Destroying the Graph
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SEES4 I ANV, D) SRV, vy RRER R, BB

A'c A, B'cBHEIGH - AmEsEV, = X UY " ——xh.
|
ARSI RE 12210 U A g — 53 B P 1 /s OBUB e R e i, A 5.2 1 T ad ) it
AR

5.4.2. F#Z 8 Exca®

iR Description
A nxm g, M TR AMMED Y A Amber FTRUH SHER R

TFUGIS ZIA 5 O #b o LUR#RAE, AEREA A ERIRE AT -
1. AR iIMITIRI, Amber ££ (X, y), W Amber W] LLEE (X, Y) EHIE AT,

2. (EABRECIPINT CioAMR%D, W) Amber J& i 4 8 15ATRE 2001 2K
3. HAILITAGI, Amber 7£ (X, Y) » WIZESE (i +1) F2IT4GTHT, Amber 7] LIS R Z) 4R

Ak (x+1,y), (x=1,y), (X, y+1), (x,y-1) SEHAZ)(X,Y).

3K Amber 5% HETG 212 K S E I E AT

1 2
A 4 1
Initial
B 2 3
Second 0 Second 1 Second 2

sl allefofle]o]]e|®]] 1@ |@] o
2 [ o [@f] o |@|[ofof]o]of|[o]o

5.3
B 5.3 45 T 2x 2 MR 5o £E25 0 Fb, EouiksE B2 3N, BUES A 3; T
FEMERr, FE T A2, BLITA 1, 23K A2 EE. 5 18, i A2E6aE
W&, BEAEG W ALES. £ 28, BUE AL S 4. dFRIRE 2 5. =
A1 3FEA 4.

©OEH K P TR A

=

% 35 T 3k 45
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2% Solution

VIR, SR AFAEAET [H]_L (A R A P FARIR N, AR AT DL Bt g A ) »
PrLANZE 5 E PN T NI 5 B2 4 18 H B A R AT R

FI1E5.5 AT B MBI A fEE 254,

WERA: th PR AL E T DMEESE, 52BN, 20 It

00 1 AREIREVIIRE AN, WBIT A XNV O R, 18RI MER, 7o,

0L 2: AR T AREA DR ARKT BI, WEIEA.

SR RBOEAE R A BRI T B REIE AT RIMAESEARS T B AR 180, RIZAH
HALIT, Amber 7E4% 1~ A, X SA% T AMIKERORS T IO AARENE S, WU U B I EAE
BEATTAAAAE T o R BT, oL,

|

HEIR TIXAEFUR, T DUORIH IR B R A

HEIR5.6 FHALH T IS A AN RER R

MEM: SiEvk e OBAFAE ISR RIRS T 5 A # e A . 5 3 6.5 &1, SEHXEIR) A7
PROEAE AR BRI, X S S AARAR I S AR R T, R B P A AN ]
REHEN T o &, Amdlsar.

|

ARV, AR IR ARTER, AR AL, BRACmm—
SEER R, R UK AT ARV T U O, AR R AL, T B A 2
A RO AR, FEARSEOLAL I ], A3 B SR SRR . hER 5.6, AIMER
AN EVERIEBUCE AT T SRS LA RIARSZ AR o AR BE 75 M Y de KRB S AR AR T ) S B A
ARSI A REXT N NGRS, NI — X R R

SERES.7  CRUMSLAEN NI AT 5D 45 AALER, RAFAE— MTE 7 SRAEAHAE s Sr
e SSIEVEE HIIYY ) & 1R

BB ok AMIEYEUEY], ARRTREIRZ AL, (HATLL BATHE LR R AT

MRYEGIEL 6.5, TSGR S5t It 6 200 £ 5 A EORD HE N —ANAE ST R A A% 1o X 25l
A LRI T 2

I B AT RS 1 T REAE IR AR R — M, BB 5 8 P A IOk 7 I — k. G
ZI— N Z I %

b
W
&
=
P
S
o
=
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Kl 5.4

TR 5.4 AT L, BEN A2 I A2 ARERD, #EN A3 A7 HRb . A A S U,
X ANRE HIAEAR B HEN A4, 5 AS 22 2k B4 A3 A5 — 1, (H 2 AEA I I A%
FEREUR B3 Wik T o MOl Z P IR I T BANAAT o SR AT T A — S0 LR A7 H
S AHFEW, ANRETS 2.

SEBR AN B P AR T BOE N, DAEPAT AN B AR AR
AT, R PIAT RO A IS, BB AT AN TR, DA R AT &
IR, B =AU

1. FH 77 R, ORI A

2. BATIE A, W LA AR I BE AN 13RI

3. BIATHIE AT, W EAEA BRSNS X N S — AT T, AR AT SN
Jo, SCERIRE R ATk T, A,

A 3\
> Phase 1

B J
C 3

— > Phase2
D

Y I
E

[ 1 1

Kl 5.5
Wil 5.5, A A2 BREERD, M A3 ERAH. BEAEAMAN BIWEA, HiRMF, &X
AT 28, FEEAAL. B A RN, FFEAE A3 AEE— N, {EAFWUN K,
FBIMEACERL T, JHBARK. Wik A5 J5, NAEZRFEFNEEAN C6, LMEILE] D6,
5 D6, AR HAP I HEAN C6, C5 M T A kA k.
UERH: N e AR LA b 3 AN R MR I AT B T %8, v] RGBS AR i T R
WA, BrBUAASEARE. BT AN BRCAIE, AR B RATER, A

37 T3k 45 W
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Wi b —ANBY B T BT BOAG RS AT AR S, AN AT, kiR 5.6, T
BB S AT RIREAL A AR BT 5 ) e OSSR AN B

Foxk, AEZRTBT B, s AFAE PR AT P S AR AT AR ) U B . TP 215 5%
FESR—ATIATELE, W TR T, PO RoRLAEM B EN, DA 1 RoR b 20 AE 77 Kb
BN, 27 Rt . IR 2, K55 ATME AT AR bR B 0; ARHEIEIN 3, HEEE AT
AW E—ATARR b 1 BN BRI <27,

K 5.6

T —BOBLE “?7, BOHMEHIETY), B n] DN TRA “27 X T —BOELkmaE
“97, FRYEHEIL 5.6, LTI EAMEAEIELLIEAS 0 B 1, 4R 0L A B, KARE S
PSR PSR TEAE “27 BtS <27 Ifgd b, s alidig.

XFF “-020-7 [, 4“2 7 LB, B “e-010--7;

[FIFEH, X3 “--121---” B, 4 “? 7 B ORI, BO “---101-7

P €02 17 B, IEHGE O AR IS TN IS A, (Et& T8 110, i
A AR IR RIS, 4 “? 7 ho, H “---0(1)01--7;

[FIFEH, X3 “--120--7 (B, WadsuisE e, 4“2 741, B “--1(0) 10--7,

i b, A BUNRAE A I, A BCEANENT, WKIEEAT, B DL ERAE A

A LA ST AR I T
|

LI IXAMIEVEIEY], L T AR SRR R, IR RS 1217
FA J e K BT AR T, 30— P R R R B, AT R BRI B — A2
B PR SR AR G, B i sl AR AN 0 SXRETAT BRAR AT — N8, BT ks
YR AR, (DB BN ORAEHIS.3 YT BIridd i g A ke BTl

6. &4 Summary

S/ NI B U I LA ) A RS A i AL, AE ARG DRt B KL il i 5 . e AR
FEEARS L WY B ARSI, AU B T VUSSR 8] fe /Nl R 0 57k
RIS H A TR, SRR R RO A S5, ABRUARN AL, XA
PU BB i Rerp AT ADL, BUREEA LB S5,

6.1. ¥ {LiZIERIER Transforming Pattern

b
w
&%
=
P
S
o
=
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FEVA L REETT R, A T AT R A U 2 e SRR R A AL o ST Ji )i 5 /N ) —
XS IR AT IR B B K SRR PSR S HA R E VU], R e —
ORI NGEOR,  JF HORUEEAT IR VTR F e B /MR R .

4n3.3 YT AR (] S P 5 T SR RN, IF Hos R e AR R XA
JRIR B EAT T 3 AL

6.2. BRI Property of Cut

7 RS RIIERT, A REAEMF U BEAT S BRIBCAR 5 28 L. Pl R (U B PR
FHABAPE o

PEBR 1 OIS L E TR, LB, WIAFAEAERT— S WIEENC R,

52 1, mTMR L, AEE AR S—u—v—t, #BAEEIEN, WESH &KLk
b Ml SEHENEN, ueV', veV' ' BO—AWAL, BETIENMN GRS A
Lo R IAEE . RIHEES 1, R4 B s et )

PR 2 (W AD (RSB L T, AT — A EPRE s8R0 oy . BUAPE sz
[EIfE) “HRFR7,

FENH 2.2.2797, A s 2K afe LLARFE XOr #RAEHAL N T 1o FIRE miRI50 1T P, T Xor 4
VERE TR R AU I “BRZE” I/ SXFEERIA TP 2, JEAT T & BIELH, iRk T
i) 7 o

6.3. $I5 Skills

B35 1 HIELERARHERAS 5L,
52 W, N T A, TN SRS —u—v—td, (V)RS5

S, IR DL A N IE TR c(u, V) = 0o, (EHA SN BN EIT .

85 2 AEHEI e AR e ALt
HIFHIE SRR I B P ARSI S, AR, Bl M ks W SCE T 1E4.5 1Y
SERL 4.5 OUEW]53.3 Y E B 3.4 IAEWI A Al 1 UK 52 CCRIETT 46 R

B35 3 F IR SRR 34 2 b B A
FEER 3 T AR 5 T R W 2 Ay 3 55 58 5 1Y /s i BB s SR b, OB A% 2]
TIRLE, DA T8 A di N EE A e A T ROR e S i B G

039 7T 3k 45
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V22— JE TP BRI ZR L OB T A ORI N = IR, (e
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8. Fff3x Appendix

8.1. R B%IFE Problem List

L H AR WAz z 7 B R BAHE AL R
Network Wars ZJU 2676 Andrew ZJU_2676.dpr Accepted
Stankevich's Contest
#8
Optimal Marks | SPOJ 839 Guo Huayang's OPTM.dpr Accepted
OPTM Original Problem
B RKIRA] Profit | Testdata NOI 2005 Day 2 Profit.dpr TLE 2 Tests
Profit_2.dpr Accepted(0.71s)
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Hard Life PKU 3155 ACM/ICPC Hard.dpr Accepted
Northeastern Europe | Hard_2.dpr Accepted
2006
Destroying The | PKU 2125 ACM/ICPC PKU_2125.dpr | Accepted
Graph Northeastern Europe
2003, Northern
Subregion

Exca N/A Yao Jinyu's Original | Exca.dpr Accepted
Problem

8.2. EAEILENX 5 AIE Basic Definition and Glossary in Graph

Theory

8.2.1. Bl 5% Graph and Network

— e (V,E) # A B (graph). V A% ki (node) sk T s (vertex) 4. E AV thgh i (a1l

A
R (u, v) BR o3 (edge) sk Fri (arc), Hifru,veV , #ru, viZHA4EK (adjacent), U,

Vv 5121 (u, v) A 5EX (incident) s AH AR o

FEA NS (U, V) B FR A W (directed)iZ, Hodu kA k(head), VRN R (tail). T
T RR 7 1 B (directed graph), = RI—XF1-u Skiid,  (u,v) A& Hid(outgoing arc); %1V
Kii, (u,v) A (incoming arc). 2, UM ERIG T NFR A JE M (undirected) i, T TE K

(1 B #5247 [v) B (undirected graph) .
A BRI A — A BUE (weight),  WIFRARAGL, B % B I FR 4 IR B (weighted graph)ak
M 2% (network). FH =JeZlG(V,E,W) Roxmgs, W RosBUE, e s S5UEE ——Xt

Moo ELMIZE (Flow network)H, AUEEW adfEC, FRIRZEE (capacity).

8.2.2. B RE Glossary of Graph

47 B (simple graph): #EA M. HEA 2 I EIFRER R E
4R35 (neighborhood): 7EKIH1 5 u AHAR K sS4 & {v v eV, (u,v) € E}, FrA U 120,

i N(u) -

¥ 41 7T 3k 45
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J&
BE(degree): —ANTH i RS FiR S AZ AU AT SRR AL M 46 5, T v I EEACAF deg(v) 21 d, .

BEEE: LMK D deg(v)=2|E|: HlE: > deg”(v)=> deg (V).

=y =y Y
NBE(indegree): 7EAT I, — ATV A B AR5 1200 A RIR M NI (RIL R 2 V)
(M4, dfEdeg™(v) .
tH BE (outdegree): 7EA [ lth, — NIRRTV R S48 5 A ORI tHa (BL Sk 2 V)
K150, dfEdeg (V) -
PIL i (isolated vertex): 24 O [, Mr(leaf): J&h 1 (A,
P (source): HEH, deg™(v) =0, Y(sink): A EH, deg (v) =015,

T K

FE (sub-graph): G'FAEEIG M FEIWEV(G)cV(G) LKL E(G) < E(G) -

A5 HFHE(induced subgraph): V'V (G), LAV AT S, LAFb: S8V k4
I BT AR T, Broh G US4V ST, 8 G A ST, dk
GV1.

BAERAME: 0 V' =V -V AV AME,

REERIT

FE(null graph): E=0, BTG AHE . nrEELEH N, .

4y (bipartite graph): # & G [T A &I A ES T4 X fY , BV = X UY
HXNY =G, H&F 4B ANWUSE X B, 15— ATSAEY B, IR ERRAE
—5r.

8.3. (EHMEE) How to Solve it

(EFEfRBER) 72 Polya HE 720 H 15 541 How to solve it (Z%CHR[PoIST]) RS,
RS el R T B0 I — RV At o S o SO S

1. UNDERSTANDING THE PROBLEM
First. You have to understand the problem.

%42 WU F: 45 W
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2.

3.

4.

1

What is the unknown? What are the data? What is the condition?

Is it possible to satisfy the condition? Is the condition sufficient to determine the unknown?
Or is it insufficient? Or redundant? Or contradictory?

Draw a figure. Introduce suitable notation.

Separate the various parts of the condition. Can you write them down?

DEVISING APLAN

Second. Find the connection between the data and the unknown. You may be obliged to consider
auxiliary problems if an immediate connection cannot be found. You should obtain eventually a
plan of the solution.

Have you seen it before? Or have you seen the same problem in a slightly different form?
Do you know a related problem? Do you know a theorem that could be useful?

Look at the unknown! And try to think of a familiar problem having the same or a similar
unknown.

Here is a problem related to yours and solved before. Could you use it? Could you use its
result? Could you use its method? Should you introduce some auxiliary element in order to
make its use possible?

Could you restate the problem? Could you restate it still differently? Go back to
definitions.

If you cannot solve the proposed problem try to solve first some related problem. Could
you imagine a more accessible related problem? A more general problem? A more special
problem? An analogous problem?

Could you solve a part of the problem? Keep only a part of the condition, drop the other
part; how far is the unknown then determined, how can it vary? Could you derive
something useful from the data? Could you think of other data appropriate to determine the
unknown? Could you change the unknown or data, or both if necessary, so that the new
unknown and the new data are nearer to each other?

Did you use all the data? Did you use the whole condition? Have you taken into account
all essential notions involved in the problem?

CARRYING OUT THE PLAN

Third. Carry out your plan.

Carrying out your plan of the solution, check each step. Can you see clearly that the step is
correct? Can you prove that it is correct?

LOOKING BACK

Fourth. Examine the solution obtained.

® Can you check the result? Can you check the argument?
® Can you derive the solution differently? Can you see it at a glance?
® Can you use the result, or the method, for some other problem?
BPEUTF :

. ALl

T SRR 1) R

o RAEREMA? CRBURA? KA A2
® Ui SMRATAIRE? EAE R, KRB AT BEEZR? ERTIE?

43 T3k 45 T



[ADN.cn][Library] Thesis /NI R IR I N H Amber

o i 7KE, FABIAKRS.
o HUEAFM&M, WHELENHE FXK.
2. ATkl
o CANECS R ENBCZ IR IR o RSB FAR IR R, Wb 05 2% re i B PR ). ¢
LARPLZAT B AR o
®  IRULHTMLIL &y ? R A LA [ ) s AR AT AN [ e ) 7 2
o (RETAIEL A RKE? ol LA LI EH?
® EEARIE, WAL AR EAR R EE R
® URA NS IR AT OF H A Ok R, IREESAE ? BREAAER
iRBUTET T AR NIZSe TN B e E ?
PRBE B FTAORIXAN IR, T e MAN IR 3 22 AR 22 I fR b 2 e 1) 5 SO 2
® WURIRABEMF T HR H IR)L,  TT Ll i ok — S S R . IREES R — A
A T IR 8 ——1F 02— AW 10 0 R ok 1, s 3R i)
e
®  REEM MR YL AR — 7> ? DUNRB SR —E T & FHAR, X TR A
BRERA E BT AL ? EILREEHEARAL Y URAET A O S ot #E 5 th 528 A5
B AR SR L B R R AN E? W R A, AR AE A AR E el
Bl (BE ZH R, DU AR SRRSO Sl I 2 B 5 2
® URESAI T HHAT I A ? R SR T i A rE? 2 E T R Eh 4

S PTE B ANE?
3. AT
SATR I K
® SUUVRMMAE TR, RESANPE. REEMEEE BIX DB IEMTE? REES
ik ?
4. [A[E
B PTA B F fi
® RAEIGSHIXAME? RET Rl ?

fe
sl 15 IR AR AR ? s LSRR IR U1k 2
fe 7

°
® REEFTICASEIN 45 R s VAN I+ H e i ) il

~

9. &% Mk References

)

[1] [Gol84] A.V. Goldberg. Finding a Maximum Density Subgraph. Technical report UCB
CSD 84/171. University of California, Berkeley, CA, 1984

[2] [AMO93] R.K. Ahuja, T.L. Magnanti and J.B. Orlin. Network Flows: Theory, Algorithms
and Applications. New Jersey: Prentice-Hall, 1993

[3] [CLRS01] Thomas H. Cormen, Charles E. Leiseison, Ronald L. Rivest and Clifford Stein.
Introduction to Algorithm, Second Edition. MIT Press and McGraw-Hill, 2001, Section 26

[4] [MSS92] T. Matsui and Y. Saruwatari and M. Shigeno. An Analysis of Dinkelbach's
Algorithm for 0-1 Fractional Programming Problems. Technical Report METR92-14,
Department of Mathematical Engineering and Information Physics, Unversity of
Tokyo,1992

[5] [Din70] E. A. Dinic. Algorithm for solution of a problem of maximum flow in a network
with power estimation. Soviet Math, 1970, Doklady Vol 11: 1277-1280

% 44 WU JE 45 T



[ADN.cn][Library] Thesis /NI R IR I N H Amber

[6] [Dink67] Werner Dinkelbach. On Nonlinear Fractional Programming. Management
Science, Vol. 13, No. 7, Series A, Sciences. (Mar., 1967), pp. 492-498.

[7] [Pol57] G. Polya. How to Solve It, Second Edition. Princeton University Press, 1957

[8] [ZCWO3] K7Eke, Wil R, Jrg. (MG BCH BRI R . SN 5 &
J&, Vol 40, No 9, R EHA R Z T HARF: 5HOR FR, 2003

[9] [WWO02] %3CHE, Eafl.  (fF 522 BAKIG o s 38 5 5 — ENe i 5005 5 e ot
(PASCAL hi)) , ¥5H R ikt 2002 4F 8 H

[10] [LiuHO4] Xiictt, 2. (BEEZAREER¥EIR) | RS AL, 2004

[11] [JiangO1] VLS. A\ H RIfiFRIR 1A W9 25 I (1 A6 3 15 5500250 . 2001 4 [F S A2 I BA
w3

%45 T 3t 45

=



	0. 前言 Preface
	1. 预备知识 Preliminaries
	1.1. 网络与流 Network and Flow
	1.2. 残留网络与增广路径 Residual Network and Augmenting Path
	1.3. 最大流与最小割 Maximum Flow and Minimum Cut 
	1.4. 最小割的算法 Algorithm for Minimum Cut
	1.5. 最大流的算法 Algorithm for Maximum Flow
	1.6. 分数规划 Fractional Programming

	2. 基于定义的直接应用 Applications based on the Definition
	2.1. 引入 Introduction
	2.2. 应用 Application
	2.2.1. 网络战争 Network Wars
	描述 Description
	解答 Solution

	2.2.2. 最优标号 Optimal Marks
	描述 Description
	解答 Solution



	3. 最大权闭合图 Maximum Weight Closure of a Graph
	3.1. 引入 Introduction
	3.2. 构造 Construction of Algorithm
	3.3. 证明 Proof
	3.4. 应用 Application
	3.4.1. 最大获利 Profit
	描述 Description
	解答 Solution



	4. 最大密度子图 Finding a Maximum Density Subgraph
	4.1. 引入 Introduction
	4.2. 主算法 Main Algorithm
	4.3. 初步算法 Simple Algorithm
	4.4. 改进算法 Improved Algorithm
	4.5. 改进算法的证明 Proof of Improved Algorithm
	4.6. 向带边权图的推广 Generalization to Edge Weighted Graphs
	4.7. 向点边均带权的图的推广 Generalization to Both Node and Edge Weighted Graphs
	4.8. 应用 Application
	4.8.1. 生活的艰辛 Hard Life
	描述 Description
	解答 Solution

	4.8.2. 最大获利 Profit
	描述 Description
	解答 Solution



	5. 二分图的最小点权覆盖集与最大点权独立集 Minimum Weight Vertex Covering Set and Maximum Weight Vertex Independent Set in a Bipartite Graph
	5.1. 引入 Introduction
	5.2. 二分图的最小点权覆盖集算法 Algorithm for MinWVCS in a Bipartite Graph
	5.3. 二分图的最大点权独立集算法 Algorithm for MaxWVIS in a Bipartite Graph
	5.4. 应用 Application
	5.4.1. 有向图破坏 Destroying the Graph
	描述 Description
	解答 Solution

	5.4.2. 王者之剑 Exca
	描述 Description
	解答 Solution



	6. 总结 Summary
	6.1. 转化过程的模式 Transforming Pattern
	6.2. 割的性质 Property of Cut
	6.3. 技巧 Skills

	7. 感谢 Acknowledgments
	8. 附录 Appendix
	8.1. 涉及题目列表 Problem List
	8.2. 基本图论定义与术语 Basic Definition and Glossary in Graph Theory
	8.2.1. 图与网络 Graph and Network
	8.2.2. 图的术语 Glossary of Graph

	8.3. 《怎样解题表》 How to Solve it 

	9. 参考文献 References

