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Massive Network Failure Recovery Mechanism Based on Linear Programming
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(School of Information Engineering , Huanghuai University ,Henan ,Zhumadian, Henan 463000 ,China)

[ Abstract] In a scenario of recovery from massive failures, a network is repaired through multiple restoration stages
because availability of repair resources is limited. During repair transition, it is crucial to ensure the accessibility of
important flow for network operators. Therefore, this paper discusses the problem of maximizing the flow recovery ratio
involving transient repairing stages and minimizing the number of switched paths. It formulates the problem as Linear
Programming ( LP) , proposes a heuristic algorithm based on the dividing and impaling idea for networks consisting of a
few hundred nodes,and obtains pareto-optimal solutions of the flow recovery ratio and the number of switched paths.
Simulation results show that the algorithm can produce sub-optimal solutions within a 4% difference from optimal
solutions , produced by LP,and it reduces the number of affected routing entries by about 60% compared with the current
method while ensuring equivalent flow ratio.

[ Key words] massive failure ;network recovery ; flow repair ratio ;number of switched path ;Linear Programming ( LP)
DOI:10.3969/j. issn. 1000-3428.2016.07.018

B =53 P A Dy e e 12 AT, S — i B 19 2 5K

1 H
i LU 6 AR FE 33 T4 2 R 98 1 G e o

W 25 3 15 190 4% R 1) S BB 1 K 5 4T 2 ok
R A AR B R AR AN b T R s
W) % ELA T VT, 9T DA 2 A i I A 3T ) %
{9 BT B b R T 4652 R0 0 R
B BRI M e b AR R AT R 2 A AR
FOpLH Y E bR K R LR o 4k B (L i B g
S E B R L U B R 3 B XU G B RE 41
(SRLG) #ifthix) o SCHR[5 ] 42t — Fh & F D 57 4F
K A TR I i B o B O L E %

E S WA v A B BOCTH R 4 ¥E B H (122102210430) .

PEAT W, A5 H Ao D0 e o i B2 4 A, 52 B O i
FEAL o SCHKL6] A £ e 19 2% BA 6 e (19 ) R 19
PR R SR A7 L3 i P 2 A AR A 4R — PR T
R ADUR JORE 5 1 O AE B = o0 B e/ R AR B Rk
(0 BRB ACE B h He R e T ¥k o SCHRI7 J4R
— T3 T B 1Y 2 A W A T R S Y L B
BB ) Z2 R AR IR 7 58 o SR, 24 0 245 i s Ok L
188 5 A I 2 0 2 2 F I T R AG  dn R A BE
BN W% 5 3k TG A A B R H A

TEZER A X BI(1980 - ), 3B PRIm AL, BT AR B R MK R4,

W %5 B #:2015-02-06 & Bl H #§:2015-03-18

E-mail: 1913938431 @ qq. com



HA2 kBT X

F] B T 2 ML ) DR RS 19 2% i e Ak B2 L i 105

W, A R A R R RO T A AR . BE X
XLEEOR, SCHR [ 8-9 14 Hi — Bl iy 2k K & T & o
207 ZIN B S B UR (A BN N 3 BE IR 19 AT
YA BR HL 32 31 224> ik ] BRI PR ik fis 382 e 5 201 7 mT
BB o %7 R H AR AE 2 A e 2
WEREZ MR A2 R MKE —Fh R [H
I 00 1 40 B A 8 16 52 UK AR i AR5 S — T
R s aE BB S UOF o AR 3X 2 POy B8
T 22 B B3 951 R B KU A is B T B .
un, F At (light) 5 i A YD 4 A 13023 82 i 52 46 HL 1Y
18 8 O, 8 2 R oy A7 X TP B4k X SDN ) 4%
9 LR o 22 A0 D A5 A Y 12 BE B B Ot Bk AR
B, 32 8 0 D A A e A AR A IR i X B el R Y A
FEOCER AT T I, bR e b 2 5 BUIR 5
Wro 07 oRANL BT BRI R AR SO 2 A BB
A2 B U i 18 52 R die R R U 4 g% A R e/
X — IA] BB AT WF 5T, o 3 1) B 5k g £ Ak R Kl
(LP) [A] 80, 41 3 K e A3 5 44 Bl iy 19 4% 42 1 —
b e e R A U K R 3 R A D) A g A R
f14 0 26 6 Fre L7 o

2 KHEMESRBRIZSER

AR SO R AU e 3 2 A s s (1) =240
A 10% [ 39 90 45 9 U & AR R L (2) 1B B
L F T L E], AR IR R I, i %
il 1 Z2 A~ B BeiZ A8 IR, A LR

B A A R
B ~
4 Sy
S=H Py
D
1o e Bt H—HrEk BB BB
(A (44 LA) (4H HA]) (4ATH)
TAEGAE DRARVERER AT
) RXiEE Bl )
3 e IR >
O R T W = ik
— (AR WAL [je==

B \B= Wk i
T e \me mE

%8 i B S v B R

Bl AABEEEETSINBEHONEREREE

DA b 3R AR B O JE A, AR SO SR E SCEESR AT

(1) EFR7E 42 34, th 400 4> ~ 500 A>15 51
A o

(2) 224~k 1 49 I 0 0k OR 52 3  1% 5 B de k
o SR, ALt et ] B 25 5 Siad 35 400 1) 5% A
Ao PR, MR AT 8 I e R AT R 25 RS . X
B 500 BE A [ 1A 5B 2, e 1 2e 2 i it A e
il FH AT T3 U5

(3) N T WA IZ 8 G0 0820 I 42k () W B o O

PO AR RO N de /o BN FER 1 AR
P, B 7E NS 1 B Bt i J5 — > B By i 40 )
KA AR o R R 2 8 A A X — 1§ 2l
B m B R — 1 5= N A L8R E K E
M BORZR S H 2 B B Ae P, BB .

3 )&

AT SN M g BRI T S, R E R 2 A it
TEAB 52 B BE T 1 90 45 3 2 WK 02 238 05 R A0 Ay 4 0 )
[R5 LP, , 5 Jo 4 150 00 28 37t o Pk A 6 d5 KAk ke D1) 46
1) 65 A0 5B i /N A i) R A Sy £ M R R ) B8 P,
3.1 MKER

B2 MG RR - M 4% h 2R SC2T
FLCA TP/MPLS 75 530) Mo 5 523740 s 4 e (e, 0y =
R X (EXC/0XC) ) i 2(a) frn . i
2 SL i e Xof 4l SC )2 a5 1) ) H 2 B A B AR R AT
Bo ALK X SRR R B2 B e, P
i B kAR TR SCR T SR AR R 2 (IP) i il 3R
W K% 327 % 1 Ok % i O o

AR 2% B 22 J2 1 SR B, HR AT DL G 2y
A R BZ T LR 2(0) R RS0 AR
B SR A 1] A ) 9, R R (A 2K TP
% PRI s 4R X SDN M 4% ) > B 2 ik SC)Z 1 o
RIG M ERE— D FHE G=(V,E) K,V
FoR— A (S AR ) s E Fon — 4 ) 5

B, FABERK (i) e EMIRRFERH C,.
=
P : }i
ﬁ\ i =
i B SR/ H
N 7 Z
A .
_
958 L5 O Bk G=(VE)
%
SIPH 3 e Ik
()2 JZ W2 1R (b) ¥ A

B2 MERITEE

AR b3 BB, e A e 4 28 CBE B BT D)
Wit K BB BB AR
WA L BOA RS T A 2R BOT BR (K =0)
RIa—ABr B 2B E B (k=K), N T L
WFRY A E R, GIA ZO0H i . R Gk
B CiL D) TERT BE k(k > 0) B2, 0 r, 0 1o AR BE
B (i, ) TR BE O I R & AR R, D) iy 1o 500,
ry 0 BRI 7 B IR 2R A

S S o= |E| (1)

K=0(i,j) eE



106 D2 - N ] A D

2016 4£7 A 15 H

AR SCAR B 2 5 749 s AH 2 1 I A B B ) T I 3%
PR s BB B 5 o A I 45 1 4 i, B ST AR
el Bg AR M Ve Z M, ROR o M. 1% i i AR
RN peP BgEp MBEEMNLR w, RN

w,_,=Bw,,p=1,2,-- P (2)

w, =BpM (3)

ZH B IMBUE R B K BERMEEN e w, 5
H RN o
3.2 ZMMRERL(LP,) - mEMKL

B XD RN B ks (L)) g AE p TR, FL
TR B k B p iy B i i i, 20 o AR L
BT 1 190 45 2 K A2 38 e R TR) R N Oy o M TR
)l LP, , BARF AT

K
max Y, ¥ w,F (4)
k=0peP
F? ifi=s(p)
> t.]':(i%EEx,‘;k_/:(j%sEx'?jk: -Fe ifi=1(p)
0 otherwise
peP,ieN,k=0,1,,K (5)

$NSCr, LieEk=01,K  (6)
X =0,F =0 (7)
K (4) Fom Ll 2 b B RBUMALG it e K8 H
PRI AR R M S H w, , WA SE S04 i 19 i 42
TFIRARUCHA SE %42 p e P B9 B& th AR, X (5) 2
PR A B BER RSP R I s (p) A 2(p) oy
MR p MIRE A . X (6) RRAERLAR, W
RBER (1,)) HREATH B b A S BB, I 7 1
MM B, Z R0, F &4 ok ke
0. BT 3(6) , % ] B LRI ] L
3.3 ZMMXIEA2(LP,) REMBERIBRMN
TR 19 2% 3 K A AR e KA [
D48 1) B AR B B /M R R A LRI TR LP, o v,
ESCH bR R (4) p U 08) B AL, Hopre X (9) .

K
LP, minY ¥ ¥

)

k=1peP(i,j)eE
K
+A(KM -3 3w, F") (8)
k=0peP rer
st - S -y, <6
i,jEE,kzl,Z,"‘,K,pEP (9)

FELHE (9) v, A8 i o R A8 B x), E B BE k
k-1 RPEEZ 2. Hik, s 85 1o
K (8) F/RALH X A 2 B Brad I 301 1] 22 {E e /ML
B AR e P LR O S B B AR T BT DA AR
S R PR LA A ) BEOR B T RE AR Y AT B AR . B
AR 5 I AR AE S B R AN AT B DA% T I AR S
BRI SR o AR R X, 2 2 d /b RIVAT [ 4
Mol 2 Zde/he X(8) 5 2 Wi /ML T
A (4) %5 R e Rl - 2%, 2 BB Y

ISR R (0 N S TN & A W B Gy
3 3, BOAR B A T TR R A e 2 T e A

4 BEREE

4.1 AMEEBEEI KRS %

LP_ [0} ] DL i 28 52 1 4 B HE I 5 19 22 T
ViR ORI L R AL T 2R R A R R R
IR AT PR — A A S 0, R Y Y R R LR Y
KO, 2 OB A B K, T 5 i R AE S B P R
ALATE T e, AR SCHR R R SR 4 T R 2 Y
J e A EAE T b O A A R 4

A SCRRAG T B 1Y B4 R W et e K &2 B B R AT
0 TR 43 1) g 2o A Bl B B AR AR B TR R T
SRAR A 0I5 28 3 16 56 G HE 1) 1 22 B i B R U 1) AL
] 8 4Ly Edmonds-karp Bk % HE T E —
X R A BRSO, R RN
OC|VIIE ). $RI, X ) 55 HEAT fA7 20 1 43 50 3 A ik
R 2 W B ok 8 B B A2 0 — b, BRGSO
27 (impale) HLHI, 7EZHLHI T, 1 3 By B0 35 43 i
iy B 2% 9 B 1) B0) 00 06 B B O 1 B0 19 A%
SE , DU 0] AR 1) 46
4.2 HEHE

g TAE T A, 1 A SO R F
(IEER=

F1 HEXFSHRIZE

4 e

G, =(V,,E;) By Be i A6 RV, MR E; (1 1E]
P, B BE @ i A AR LR 4
P K BE @ B AR AL AR
F(p) & [ g% A% p i B

Edmondskarp(p,G) iR G A p KR
iR [E & Gy a] R

IR [ F R R

Available( G)
Requested ( F')

Register(p, P°") R AR p, IRE P

B LR T A B & i e AR R £
TR R TR AR A T 5 i o O H O w, BIR
J¥ , FI il Edmonds-karp %5 3% 31 5 B A2 p 9 5 KA o
SRJE X AT SR BEAT T (56 4 47) 5 p SR iC
AR S A7) o TEARSCHRE o, B e R,
Edmondskarp () FF2 7 Ry #4e p iR 1] 0 {5, I, %
FE RN PRI A B iR I A T BRI

Bk 1 2 U 2 R i e R IR
R B

1:Maxflow(P,G)
2. for (p=0,1,~,P,w, >w,,,)
3. F(p) = Edmondskarp(p,G)



EEEVE I XU H] o BT 2 R A A ) 286 5 Bk 52 L 107
4. Available(G) - = Requested(F(p)) £2 FEHEIE
> Register(p,P™) i o 2 GpE R RRIE
6: @;El P . e 1 | | iR 2 LP, HS,
B2 R TR AR ZE” (impale ) AL 0 ) H - i, s,

O ) Z i Bot Ea . FEREE 1S AT A
5217 SRITE B B K 10 i K. A5, ok /i
) B A (5 4 47 ~ 55 7 47) A ) ad A (5 8 47 ~
55 11 47) RATEB B ~ BB K - 1 318 5 B R o
TE T ) R AT 72 A, T 3 s B B K RVATRE 2 1Y
BEARAE B B kg, BRI, WRTERT B K A
% 22 AT BT EOR B R R AR p B BT IR R, TS
AR AT E O (2R 6 A7), 8 p ik P
(28 7 A7) A 1) B2 #2 2Z2 )5, J5 1) 3 AR AL B B
0 JS AT BE 2 M B ARAE g B B k B o A5 BT ) 8RS
) B R )5, TR R AR U AR R B Bk R OR
IR ARG P 12 47) . B, Bk
A BB AR R & RS &R (3 13 47) .

RIS (] 52 2% P2 05 1T, 31584 2% A% 1 B R U i 7
RFE LI EENE, W IR o([ P VIE']),
A R R A O (I PV ). PRk st
W BT AR ST, BT LAY BE 1 ~ K — 1 I 2B B
AR AT TSR

Hikx2  RH] impale ML 19 2 B B R 15
i

1P = Maxflow (P, ,G,)

2.P)" = Maxflow (P, ,G,)

3.for (k=1,2,,K-1)

4 .for (pePy")

5:if (Available( G, ) > Requested(F(p))
6 :Available( G, ) — = Requested(F(p))
7 :Register(p,P}")

8.for (peP)")
9.if (Available( G, ) > Requested(F(p))

10 : Available( G, ) — =Requested(F(p) )

11 Register(p,P;")

12.P)" =P" UMaxflow(P,,G,)

13.3& 5] P™ k=0,1, K
5 tEREITfh
5.1 BER&EH

ARSCIN 2 A BEPEAG A SCR I B PERE - (1) f2 58
J7 ik R 30y W A 2R Pk MR O T I RE H
(2) PSR fifg s B FOAT 4 e £ B8 DA R S =R vE AR NS
RAMERR 7 2 A R . R 2 X VPR T kAT T
B LGk T R G AN & 3k
IRy LP, FIHS, o TR, B R 2 OMER T
S5 44T ~ 55 11 AT R %" (impale ) 573 ) R H AL S5
TR B R RS, TR K A R0 e A 0 AT O
o, MRS e X5 3 3Rl LP, FIHS,

PEAS SRR 122 P 0 (] AR K (CTR) A
W g2 0. CTR KRG KA Az
AT IE B WX LP, B AT S 5, ow, F)
=1 BRI K A2 ) 6 R B T3 M55 B . A ST ie
2 PRI FR NG 3K 2 B A5 A R s BE (RS9 A
PR B BT ) AN TR] < 5 % B2 Cost239 5 RY (11 > 45 i
25 JRAERE ) B Abilene LAY (11 4S5 f5F0 14 5%
BERK) o T AREERK I O 100 Gb/s, E LT SR A/
WS TP B A A . O T PR AR D) 3 X
IP 2152 , AR SR ST IP B e B oo = 1y
B, BB #A 100 4> ~ 1200 4% h ot % .
o KAB 1 1 5 % F 0 F R . K254 300 000 4% B
W 58 42 % BE T /247 HERES R A T B e, AR
B 2 AR %, Cost239 1 Abilene %I 43 51
7 14(56% ) F5F015(36% ) F4k BRI o X 26 i e it
B 2 & 52 B B I B, L 45 BE B BL YR Y
5 AN B (K =5) #7185 . 162 PR BRI Y e iR
HOSEA 0.1 AR 10,8 3k 10,

PEAGFE bR 208 & B 09 S5 J0 M Fn o H S8 B ]
CTR J7 I () e U1 27 i & XA i) BB A0t i 5 46
PERLRI R B SRR R 2 . YD 4R K Ty T Y
Soe e DU I 47 A Bz, 38 s Sk 4 B R e D) He B AR B
EHREA MUK ELEZ L, Wik, %8k
AR T LR, ek 2 100% o Oh 1 PFAl
A, A SCHE & T A/ L RRE A A A R A9 10 A
FEAS . 830 n] 352, #5 BTH P WP e B AR AR iy
Yl B AR E . o T VR RO R AR R 2 T
2 f9 Waxman # MO B0 B R AR 5
EIE O 400 F1 100, M BE B R BEPL B 50%
Je A B B AR R R A %, S AT 5 AN By B L&
5. AR CPLEX fE 2k LP K2 )7, 3 F U %
Xeon 3.4 GHz,16 GB [N {7 # 5 K I & 1153 B 1]
5.2 RMEMERSHEVIRERZHE(LP, vsLP,)

3451 T CTR ZAgk U) 4 j% 45 %5 i (8] 1) 56
FRo B SH AN, LP, ARG Z 0 2RI m
fift o WAZRFCH A M 2 — FP oK i 4 B RS, %R
AT, TR = — A AR L 5 AN ik 2 —
AFHAD AR A 22, BIR,LP, W fF A2 &R
Ban, kT RIE RS IR KR (CTR 2 1.0) , 5
ARSCHAZAFCHAL i A B, LP, %R Abilene £ iE 47—
WK AR Y], Cost239 B 2 HE1T 14 KK AR D4



108 02 N N ] A D -

2016 %7 H 15 H

1.2

LPcon Abilene

LPcon cost239

0.8

ARMEHREE
(=}

0.4
02 R
0.0 1 1 1 | |
0 5 10 15 20 25
WU R Y B

B3 CTRAMKMBEZLZEEBHXR

W A B8 LP, Bk AR R 2 AR A
fif o M3 AT LA Y, 45 RARM T T % B, v 4%
Cost239 155 R F& 42 ) 5 B0 5 1 B R B 00 35 0 2410
BE b TR P 2% 52 i 3G N 2 45 0 T K, B X
CTR Z AL A 0 fif 25 () 45 LA B . %45 R R W,
PE A CTR AT 0 Ak By A 4 , X 4 U0 0 % 12 B0 i
AT I i 23 [ A5 2 T 9 e

R U6 I 2 A% Hi 2 A VD 4 % TP )2 s, [ 4
45T Cost239 f5 % CTR %Yy 1.0 B IP B§ iy £ rp
R A B TR R

15000
10 000 | J J
2~3 3~4 4~5

5000 [
0~1 1~2
pus/-17¢=13

B4 IPHEEFEIEADLETENRATERYE

— g ARA 100 4> ~ 1200 PITER,LP, Wikt
JUAS I 6 A2 0 22 5 50 e o0 R PR AT 20T IO
AR IR, Bl BT 50 1 AN e B T, R 55 v I A9 XL
IR 2 E T FIFASC LP, 53k, 33K 28 5OH 19 YRR
APIRAEE] 1000 Y LLE (LS B UGS ), BHHIR AL
TREZ 60% FeA7 o ot I 1) i1 SR YRR R T 52 31
SO ) 3 oh A P C SR R BORE . IR AE S LER R
BrEcCELanss 2 BrBe ~ 55 3 BrBL, 26 3 B ~ 55 4 By
Bo) Ul AR Ko BT B B & BT

O e
|

R DY I TR B

5.3 itEmE(LPvs BRXEZX)

&5 4 7 LP, LP,,HS, Fl HS, B350 ]
FERAE R B efr, LP, S 100 A 35 5 1 3 5 it 6] 25 4
S ho AR BL, LP, B3k vh 10 29 B0 2 2 46 B0
K244 50 A1 U 2 fO8cR S 000 e, A
100 />45 3 I 24 KRy 90 000 N ZE Ao 5 — 7
W, 5 HS, AR, HS, 1935 R A BT ERE X
400 A5 5 A5 Al AE 140 s P 58 BT BRAT 55 o MR B
5 A4 IR I ) A2 % B X B AR KR B TR 3T
W] 2P B TE o AR e RN A T SR ]
W HS, n] {1TF 10 000 kA2 5

10° -

LR T7 3%

WHE /s

) e sk
10

——LPp
" —B-LP
10 —A—HSy
—A—HS,
1072 . L 1 . )
100 200 300 400 500
R
5 [M4% Xeon 3.4 GHz,16 GB {7F IR E T # it &/ 15
6 RIE

2 SO I R R R G A R i A D) 8 i 3o 3 XU
ST BT 7 e B S 2P Ml 1) AL, 5
WA AT IR IO A o 0T o 25 2 R4 2% A TR, AR SR 3k 1) 1k
AE S i, 5 AT S IE AR L, RTHF 52 52 W Y By o0 3R
BN R 60% Zi gy, ) PR AE R B LE AT . O TR T
AR AR SCHR A R T Ak . I RA
ALAERC B N 58 B ST 55 AR SO A A S e A
fift 22 4% fedi o T —20 TARH S & U5 2 1)
TR Xk B8 R G BE A R IR ) B BT R Y
Uy R E 2 H AR AL Rl e

S % Uk

[1] Woo S,Kim H. An Empirical Interference Modeling for
Link Reliability Assessment in Wireless Networks [ J .
IEEE/ACM Transactions on Networking,2013,21(1) ;272-
285.

[2] Silval, Guedes L A, Portugal P, et al. Reliability and
Availability Evaluation of Wireless Sensor Networks for
Industrial Applications[ J]. Sensors,2012,12(1) :806-838.

[3] Dhadwal D,Arora A,Singh V R. Optimization of Shared
Path Protection for SONET/SDH Network [ J ].
International Journal of Scientific and Engineering
Research,2014,5(7) :1258-1264.

(FH%5 116 71)



116

12 B ] R D

2016 4£7 A 15 H

Fifr 3 1 T v /N A B AR 8 XU TP Al 1 2 e T T

TEHIAGE B RGN KW 2 4 b, 3l 75 28 1)

Xt 2 G S it RURS WA, 78 22 I PEAG R, 7 7 KR
STARIRAT o A2 5 SE R F T, 8 41 X 4 fag i A 2
FEPPAL 1 P B 45 J 00 Jim S AL 19 A LA K
o] M) P R DAV 9 45 R A = AR 8 4 A T 1Y 0K 4 2k
e

(1]

[2]

[3]

[4]

[5]

S % ik

BB, E LT H A BTN USRI P 22 42 R
B PP AL 5 88 5 07 1 [ ). 7 L D%, 2013, 39(4) - 158-
164.

TG RS, TSR, 45 IT 38 4k B4R KU PR AL 5
BRI C L/ /AT RS =05 STAHAT AR B 2 4 S AR
PHARSEE. AW AL/ THEAR
HRAT B L 2013 :72-75.
Singh A, Picot A, Kranz J.

Management( ISM) Practices: Lessons from Select Cases

Information Security
from India and Germany|[ J]. Global Journal of Flexible
Systems Management,2013,14(4) ;225-239.
Calkins M. Risk Management: Capturing the Right
Situation with Prudent Case Use in Scenario-based
Modeling[ J]. Developing a Virtue-Imbued Casuistry for
Business Ethics,2014,42.225-241.

Wk ooam, HORRR IR AR AF (5 B4 A XU A BILAE £

( E4%%5 108 31)

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Kamamura S, Miyamura T, Pelsser C, et al. Minimum
Backup Configuration-creation Method for IP Fast
Reroute[ C]//Proceedings of GLOBECOM ’ 09. Honolulu,
USAIEEE Press,2009:1-6.

FEWF, R WELRE A, S T U7 AR 6 A R
PR B R AL [T ] T L B 5T, 2013,
30(3) :712-714.

E WG SEAHAN, R AR, S BT OO0 X Bl R
A B0 16 25 TT A A7 SR O vk [T ] B0l 72 S L,
2014,10(2) ;:110-113.

N M PR, B 2T SimCT 19 2 1 B h &
BRI WF5E [T ] . AE RS ,2012,27(12) :90-96.
Wang J, Qiao C, Yu H. On Progressive Network
Recovery After a Major Disruption[ C]//Proceedings of
the 30th IEEE International Conference on Computer
Communications. Washington D. C., USA; IEEE Press,
2011.:1925-1933.

Yu H, Yang C. Partial Network Recovery to Maximize
Traffic Demand [ J |]. IEEE Communications Letters,
2011,15(12) :1388-1390.

Horie T,Hasegawa G,Kamei S,et al. A New Method of
Proactive Recovery Mechanism for Large-scale Network
Failures [ C |//Proceedings of the 23rd IEEE Interna-
tional Conference on Advanced Information Networking
and Applications. Bradford, UK IEEE Press, 2009 :951-
958.

[6]

[8]

[9]

[10]

[11]

[11]

[12]

[13]

[14]

[15]

[16]

b Tl i A8 B e g T BEGE [T ). 5 B W 2% %2 4,
2012(12) :77-79.

faf W SRR PP AN 2R [T ] B R S R,
2014(6) :1176-1177,1196.

MEELBRAH . 5,5 BT D-SIEEMB g
Tl ERNRGEE B Z e RE I [T]. 2 RE TR
2R HARFLA IR ,2014,40(4) :500-505.

BRI WL o8, — RS RO TGE B R AT
B [I]. JE Rt BT R 222241k ,2013,33(5) :500-504.
Lazzerini B, Mkrtchyan L. Analyzing Risk Impact
Factors Using Extended Fuzzy Cognitive Maps [ J ].
IEEE Systems Journal ,2011,5(2) ;288-297.
Papageorgiou E 1. Learning Algorithms for Fuzzy Cognitive
A Review Study [ J]. IEEE Transactions on
Systems,2011,42(2) ;1-14.

% B, WL E), R #E, S BT R TRBOR O
HERFGEE SR [T]. - H AR %, 2013,
40(6) :203-205,210.

JiR 5 SC. AR FE A A ] B A A 25 2 % R e iR R i
FALD]. F KP4 K% ,2013.

Jetter A, Schweinfort W. Building Scenarios with Fuzzy

Maps

Cognitive Maps: An Exploratory Study of Solar Energy[J].
Futures ,2012,43(1) :52-66.
WOV R, F R L e XA R R
TEW N RGEW TSR [T]. M %% a5 AR 5 0T,
2013(4) :71-74.

ik x| vk

Maurras J F, Vanier S. Under
Survivability Constraints [ J |. Quarterly Journal of the

Network Synthesis

Belgian, French and Italian Research
Societies, 2004 ,2(1) :53-67.

Madry A. Faster Approximation Schemes for Fractional

Operations

Multicommodity Flow Problems via Dynamic Graph
Algorithms [ C ]//Proceedings of the 42nd ACM
Symposium on Theory of Computing. New York, USA:
ACM Press,2010:121-130.

Xu K,Liu H,Liu J, et al. LBMP: A Logarithm-barrier-
based Multipath Traffic
Management [ J ]. IEEE Transactions on Parallel and
Distributed Systems,2011,22(3) ;476-488.

Labovitz C, Iekel-Johnson S, McPherson D, et al.
InternetInter-domain Traffic [ J ]. ACM SIGCOMM
Computer Communication Review ,2011,41(4) :75-86.
Edmonds J, Karp R M. Theoreticallmprovements in

Protocol for Internet

Algorithmic Efficiency for Network Flow Problems[J].
Journal of the ACM,2002,19(2) :248-264.

Medina A, Lakhina A, Matta I, et al. BRITE: An
Approach to Universal Topology Generation [ C]//
Proceedings of the 9th International Symposium on
Modeling, Analysis and Simulation of Computer and
Telecommunication Systems. Cincinnati, USA:. IEEE
Press, 2001 ;346-353.

HiiE RBE





