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[ Abstract] A hierarchical residual network constructed by the shortest augmented chain algorithm may lead to the loss of
flow values when it faces multiple augmented chains with the same number of directed graphs and overlapped vertices, for
it does not consider the augmented sequence when looking for augmented chains. In order to solve the problem, this paper
proposes an improved network maximum flow algorithm with intersecting vertices in the network graph. It retains the
hierarchical concept of the shortest augmented chain algorithm , and looks for augmented chains in the hierarchical residual
network. On this basis,a rule is added to prioritize the search of the vertices that are related to the source vertex and with
the minimum tolerance, and the vertices are taken as the new source vertices for further search. After an augmented chain
is determined ,the augmented chains with overlapped vertices are considered for further augmentation with the previous
augmented chain. Results of example analysis and BA scale-free network modeling simulation show that,compared with
the shortest augmented chain algorithm, the proposed algorithm can obtain more accurate maximum flow values while
keeping same efficiency.

[ Key words] maximum flow; hierarchical residual network; intersecting vertice; vertice tolerance; BA scale-free network
DOI:10. 19678/j. issn. 1000-3428..0056170

"4 @ 7545 Ford-Fulkerson &35 Edmonds-karp

0 #iik

0 2% d RO 1) AL o 4 iR s 5 2,
iSINA PR N [PE R G (S S SN IR R e
] FE53 M) FH 25 B AT PR 119 75 e of 50 B g O A o K
BExbix — ), AR 2227 S i T N SR i B ik, &2
AL 3 Oy 3 TR SRk N T A R e 22 LIy

HEEWB :ERAARB =L (61304169),

R S T Sk e T A a0 B A B
ERPE " AR AR SEIL L P E R H X W4
Fie RO 1) R A AT 3 — A IR A S R 28
PUIRER I T 2 R Rk T k) A 2 AT
TE IR KU 2F B3k A 4Pk B A1 0 05 K O R A
B B R G R R R R R AR Y 4

PEZ & A F A (1994—) L WL WP 50 A, AT D7 18] Dy B R B vk s AL I, 82 .

W %5 B #3:2019-09-30 f&E B #§:2019-11-28

E-mail:2712261748@ qq. com



a6 11

LR AL U 5 58 ST A, A e R A i Bk 49

o KPR MRk o SOk 12-13 148 i T s
T T RPN

R RE AR 2 R R AR M4 AD(f)
T2 (v, v ) B UG 22 R A M 45 D (f) i) B
Ji(v,,v) o M D(f), £ AD (f) HHE 5 5 3K
(ve,v) i, (HA IE AD (f) o8& A 58 U, W 21T
SRAT T PG ) B 1T AN 25 G TS S U, D AT fE
2RI AD(f) Hh RS K

B v M B B B R R, AR SCHR
ol 58 58 SUTH s ) g L et B 1 o T 00 J2 R A I
2% AD (f) H R U I 5 TOURE 78 22 BN TR, AR —
A O D U e 8 55— A BT BE TR I R A 4R
S ARNE ) AT 5C SCTH R A A G I B, DA T R A
TE AD(f) "Pgt £ 38 ) BE ROAE R, 32 m Bk

1 EARHF

EX 1 FaM

BE—TAME G(V,A),cl2E LTEA LWIE
HRE,VaeA,a=(v,,v,),c(a) =c,, H$ VA c
A3 5 2R A ) LA TR AR DI I B 7R
P4 D = (V,A,c) BE M

EX 2 FRML

R LR D(f) = (VA ,e) , b f A%
WM D=(V,A,c) LR, & XL

AT ={ (v, ,v) I (v,,v,)eA f<c,}

A™(f) ={ (v ,v) 1 (v,,v;)) €A,f, >0}

WA =AT(HUA (), WY (v,v) e

AN 5
ci —fi(vi,v,) e AT (f)

%m‘&mmweAu>
B e, (N ML D) R AR,

PR TR R e R R A R A
I 4% 10 L B 7 ik L ELPAAE BB

S e AU v, R A v 2 D =
(V,A,c) h I8 Vg B B Rk, A h (v,) =0,
I=-1,

SEB2  EAEEC RS R EII S 4% B i
BRI TR, v, 5% 5 B 35 P50 AT B4 5 00 A
SELHEL IR 4

SEB3 B v IITAHIK (v, ), % v, KR
B v B NERR SRR, S h(v,) =h(v,) +1,
L= iy v, ARSI S PR AL B 25 v, B BT AT 1) 9 4 3
H g2 5¢ TS vic NE Ko TR 2,

SEA4 LIk, h(v,) BEREME% D= (V,
Ayo) RS (v, v) BRI

X3 SRR A %

HRHRTR 4 I 4 R 450 , 7T LA 2t 00 4 19 24 (1) —
AT ML, 5 RRIA T AD () HogE LT

AD(f) = (V'(/) ,A"(f) ,c)
V() =1v, i UivieVih(yv,) <h(v,)|
A'(f) =1 (v, v;) e A(H) 1h(v,) =h(v,) +1 <h(v,) | U
[(viv) eA() Th(v,) =h(v,) -1}
EX 4 Timisaz
T v(ve V) BT H A 0 2% 9% TR 19 BT
AN R v(ve V) IIAEZE.

EXS5 XA

TEGP 2 AR M 45 AD (f) BRI S0 R Z 50,
U SRAF A — A>T A 35 1 P 2% b P 4% DA i 38 ) i
e AR A5 R 28 SUTH A, o

BX 6 A R s

T 5 A S ST 1) 0 24 P& e ke 5% 3 T B I A

Jo 5 PG B 22 fe /NI TS A S 3 ) B Y
TR R BE — SRR 0 S — A
HAE T I A W BE AT )T

EXT T

wM=(V,A) == A1 EL T ve V,
TS v BT I 0 IR K F R R TR

BA JUhp BE 9 45 I 45 FH SR AR 4BLAS I 384 4 g R 245
TS G b BE 90 5 S TR 20 L gt R A T

D) JF 86 T — A FE mg N0 0 9 45, 3 7 3 —
AT, A EEAH B MR E m (m < my ) B AT
P o

2) BT SRR B p, =k, /S k|
ook, e S BUAIR TS, v, 5 T v, 9
2 EFRXWMANRAREX

2.1 BERERIHEE

=8/S TR DI GRS (N Sl R TN DR U
F AD ()| (v, v,) BEHRIE D (f) PR (v, v,)
e, R4 T 4% B AD (f) AT A7 78 22 2630 ) BE 1Y
ARE, T ELAT LA )T R A — SE G TRAT
TE , QRAE X A BT AR RAE R e £ AD (f) Hh i3
J7HE T RE 23 3 R LI ) B A iR (AR R A R R
RGN /I o B XX — 1% BL , A SR i J 16 ) 8 5
A ARG SR Y B AT RO, R X AD () R 2
RGBSR O[] — 9 Ak 2R 7 X T R R 4 58 S
T D U e 3 4R34 ) %

2.2 HESR

Mgtk FEA R D P ERYIR A AT £ (—
R FAE ARG ATAT ) , % k=1,

FB|1 M D KT AT £ 8RR K 4
D(f,) , I X5 2% 0 2% L T 905 4 A 23 )2 3R 4% ) 4%
AD(f,) o WERFERGHE AD(f,) B v SR A BIBR5
VU B33 25 0 f BRIV DA P9 246 i RO 5 75 U A0 9 2

FB2 e AD(f,) *FAR 3 58 ST S 54 184
JUHE R Cv v B p R IR 35 ANAEAE (v, ) B



50 it &

LT R

2020 £ 11 A 15 H

WA fo o =fik=k+1 FBHT,
SWI  IHE W p X LTI )T LE
8: l?lir}q(p){cij(fk)}ﬂxrj‘V(vivvj) EA(p)yé'\

(vi,vj) e
c;(fe) =c; (fe) =8 M LT A2 =K 0 Mok, 14 5
B Rz A5ic oy AD(f,) JFE DB 2,

3 HEEWITHESERESR

3.1 EEWITHESW

A SR R T B A R S R A B el
WUHE Z A TE T T FR T B e BRSSO
o, BRI BT S, 20 S A B W 4
I — 2B AR, KA RMYZE D=(V,A,c)
A m ZK, E B 2% m RIS G D ORNELE
T5 s BN R 3G ) B R 7E # E 43 )2 00 A% I 4% B
RAFAR B S W RB 2 &k 00 B E A TR
N BV AT Ik AN 2B A TC R A 36
3.2 HESFESW

WHRBEME D= (V,A,c), KT B n, I
hom AR SO R Gy S P 4y, B R oy 2 T 4
W25 RN TR . TR IR 1 bR R AR
ZEAD(f,) Y ZEBE k F a6 AD (f, ) 14 fe i = 2L
BEIE(n-1))2, I E R HE 2 # 0 N )25
ENCE

HY )RR AT, A A 43 2 R A R 4 ) A
FBER O(m) B, 48 SCHE A 8 43 )25 002 I 465 (1)
S HE R O(nm)

TE— N7 IR RR M 2 m 590, T
W1 REDME 1IN H LR Z 8 m K, A
W B R O (n) LA TE— A4 J2 T A )
Zerh SR HER B 2L BEOY O (mn) , T S-S T
HEM R E AE R O(n*m)

ZE BT AR SCRE M AR R

O(nm) +0(n*m) =0(n*m)

4 HELFISHE

LU S0 AR R A D A SRR AL v 3
5 v W f RO, A 1 B s, HErp  9I 09 H e 5%
ZNZEINESS o N N S

Bl FENED
Fig.1 Capacity network D
MR M P 2 AR A ENE A AR, B
IX 2 A 2 18] A, A ) ORI, 23 5l N2 AR S8R

R 5 R0 TR VR AT R A
ARSCRE R AL AR
1) WO S, A D9 90 6 W AT O, A5 2 R0 Ay ) 2%
D(f,) , MR BEME 2R k2 AD(f,) , WL 2.

2 DEFRMEZ AD(f,)
Fig.2 « Hierarchical residual network AD(f,)

2) % AD(f) it v A CHR T A 1 25 25, JF
o 75 2 (ELOR TR AR L T A5 1) 55 300 o 1 49 5 22 (L e /N I
TR AE D N — AR R AR B 6E p, =y v, vy,
AT, W3, b I A B R A 32 IR
KN, AL

B3 WTiRS
Fig.3 Feasible flow f,
3) 7E AD(f,) kSt 5 p, A S X T AR
HEPEATI) S SR BE py = v v vy, AT S WLIET 4

4 TITRS
Fig.4 Feasible flow f,
4) 7 AD(f;) R ek Sk 55 p, A 58 LTS Y
FEVEATHE) ARENIE ) HE py =v.v vy, , ATATIR £ LI S

5 WTRS
Fig.5 Feasible flow f,



a6 11

LR AL U 5 58 ST A, A e R A i Bk 51

5) MR, 7 AD(f,) A5 p, ~p, A ST A
B8, R BT EE py = vovs vy, BT B AT
T fs WA 6

B 6 TWITiHSfs
Fig. 6 Feasible flow f;

6) Lt , 75 AD(fs) AT (v,v) B, % fs =

R 2R A M4 AD(f) , LI 7, 9F e Hop 4k
PN 85E ps = vov,vsvev,, AT f, WK 8,

B7 SEFREME AD(S,)
Fig.7 Hierarchical residual network AD (f; )

B8 HiTHRS,
Fig.8 Feasible flow f,

7) Bt AD (f) A (v, v) B, 2 f, =f 2

FIAMLE D(f), WK 9. W1 D(f) WAFTE(v,,v,)
L R f, R A R 2% DRI W 19,

9 FERMED(Sf)
Fig.9 Residual network D(f;)

BRI HEA R A I AR T

1) R f, AR D9 00 06 Al AT 3, 4 A o0 T2 R A
% AD(f,), LK 2,

2) AR 2 I BE KBS 8E py ~ py

PL =V VvV ,06, =6
Py =V, V,v,6, =3
P3 =V V,vv,0; =4

Py =V VY5V, 8, =3

WP 2 S AR EI AT £, WL 10,

10 /475 f;
Fig.10 Feasible flow f,

304k 2ty R 45 D(f,), WK 11, KB
D(f3) AL (v, v ) i IR . foi0 o 7 4
2% D WY R, AN 16,

B 11 F&KM% D(f;)
Fig.11  Residual network D(f)

AT LA H A 0 T B B 1 T 0 R TR A R 2% v
VeI AT A AR S B0 B sk, AT A A
Je A B A g AL L i /) o

5 MESERST

5.1 XLWHRESIEIT

AR HT Y 52 3 5 OF 5 52 MATLAB2016a,
b B 28k Intel® Core™ i3-4030U CPU @ 1.90 GHz,
WA 4 GB,Windows7 liAx64 i #:1/E & 5,

{5 FLSE 56 R 02 BA TG A5 B2 Bl AL 99 2%, 8 1)
24 FRAS R SR T 5 %0R 500 .1 000 .1 500 .2 000 .2 500,
3.000.3 500, 7F 25 5 1 I 28 AT, X AR S A
I TR AL AT 10 T ELR g . Hh , 24,
F 1, 4 ) R B MG T B AL Y e KO S s AT
sF 1] B - Y 4E, 2850, R 1, 43 ) 3 R AR SCHR R R ek
T AE K HoAz A7 s ] )7 B4
5.2 ZWHERSW

YA RAMER 1 PR, Ko sl T 2 Ak AE
AN TR) P 28 FRASE T 45 3] 1) fe KU E S B30k 1 7 ¥ a8 47
BFfE) . PR AR SO doe i 15 ) 4k VL 45 R
YRS UE, JT Bz 17 B (R AH 25 8078 o



52

it

LT R

2020 £ 11 A 15 H

F1 AXEEZESREH EEEERRMENRTHERKRER
Table 1 Experimental results of the proposed algorithm and the

shortest extended chain algorithm in different network sizes

. R VBT T/ s
i i 41 I

500 22 118 0.106 3 0.089 9

1 000 74 140 0.075 2 0.077 2

1 500 25 25 0.058 7 0.062 3

2 000 35 96 0.059 9 0.061 5

2 500 71 71 0.079 3 0.083 9

3 000 39 133 0.1055 0.087 4

3500 62 165 0.1326 0.1415
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