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Optimizing Algorithm for Resilient Routing Layers
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Abstract The fast rerouting paths of resilient routing layers are not short enough to deliver traffic efficiently.
To solve this problem, a resilient routing sub-layer building algorithm based on Partheno-genetic algorithm is
proposed. The matrix expression of resilient routing layers is given. The optimizing models respectively with
average minimum rerouting path length and weighted minimum rerouting path length are put forward. The method
and steps to solve the optimizing problem based on Partheno-genetic algorithm are given. Experimental results
show that the optimal topology structure of resilient routing layers could be acquired by the optimizing algorithm.
Compared with minimum algorithm and Rich algorithm, the optimizing algorithm can reduce the rerouting path
length and improve the efficiency of traffic forwarding.

Key words fast rerouting; IP network; resilient routing layers; survivability

DRUREMTEBGA . 20, g0, SUSSURRIE  RICIISZ MR il 0 T8 h e R 0. A2 ikt

FHBRBRE RN, RME RN — NI R4,
HAT R IEZ R AWM N AN &R ks
KA TR BN T RAIE R4k 45 (1
RRERt, IPEE B P AE BTt 2 AT R 7 TR0
B, AT R 2 B K BT R T — g B[R]
L B B S B AR, rsesE, B
H LR B S E RN, & VoIP. MAZ: W ST
Yok 55 (AR, fd 15 28 %) v BBk SR e fURE, — A
/I P v B A8 2 3 K B B 5 2R TR K
PR UORSINE . BCRAK, T ToIEH R IX R Ml 55
MIATE TR, RIP s = % AR g2 e

5P % /H JZ (resilient routing layers, RRL)JZIP
PRI B ORI — B, @R ER I T A

WA H . 2013 -05-24; 1&REIHM: 2014-03-10

o] AN A AR AR B RRLI S A FTTE. 1X/ERRL
FORF S AEBTH IR AFZE /) ] &, {H /2 fERRL
FR- 62 B R A TEAS B8] )6 = AR i,
U B AE B — e R b ] G B AR IR 1) A,
AT LLASEFH A FE P i B AR K BE AR S (S B IR &
LA 2% B 2 A U VA Minimum 5% . Sparse
B, RichBiE&0), Ho, Minimum092: DA iR
BANEECOVET, HZ BRI BB T Sparse
SRR TR 22 R I R R ), X 22 B ] N DR A
(PR oz KT HA L, (H 2 DI & B AR K
FERARMT ) RichHVk [ E = AKZ B H T2, f2
PRYBE RSB 2, S5 MinimumH 7% FSparse H 75 AH L
B, STAERSmseEErsbrETE, Hi

BEEUH: EHEAREEHES(61003252,61201209); 4T A5 AERE(20117Y002-524,2012JY002-563)
e fifr: 301985 ), Lo, A, 35BN TERA 4 A A A7 5 T W A



770 SRR S N 5 A N =

43 5

Rich R H M, AU EIerEE, ik
AR HIIRTT 50

N T KPR P DR BR AR AL 1), 4 el o B
AR, AR 1 DA Bl 45 e i It
% 42 09 R R 3k B e JE 10 4K 532 (shortest
rerouting path resilient routing layers optimization
algorithm, SRPRO). 7EA4H T RRLELISHEA 53 (1)
Fefili I, 45t 7 SRPROFLE M Z O ALK B AR AN T
FOORBAL FIRR R EL IR, el HRAE | &
VRIS EAE AT AT AT M

1 RRLEKRIE

ST B HH 2 T DAVA SO — ARk 1 2 0 b % H
J7 UM, HEA AR DUIPE &R it N Ent
ST EERAE ST RIS, XA RN R
“ET, B E o R AT AL, ATTTIA
B0 IR L HE PR B AT IR B H Y, AR R AR
I B30 52 520 R B e 78 B e A () IR b R gk AT
it

BT H T i % 2 AR A — N8, A DAAR
FEERR N B AR o XA FRINEE AL T 34N S i HH JE X B
AR IATIRY, B2l Ry 355, Wkl
FEL 22, B3R, MR IEEARASR, WY
R~ 715 Hd I B R B AR 1 -3 — 6T T & i
BRI 3RS, A E e R, AR
T R A SR R At Y S, T A B AR i 2 2H D)
Fllayerl WP 4k gL 4, FHEAEIP o4 B ARE M 7T BT 7R
P E, FART iR O E 1 S B AR X L
WU 4040, EHER R N 1525557, 45
PR3O RIS, 43 2H AR F T R 30 B V)4 B layer]
AT L%, HEEHEER N3 —-4-6—7. HiEHK6—T
WIS, 2H A% A 2T 6N 4 1) 4 Bl layer3 HH AT
fE5r, B HEEEN6—4—5-T. REZIFEEFZE K]
o3 2 Ak S 7 S A P A AR A

IR 28 Ao — AN B BT AT D S B — A i
PR, 7D R SO )R 2 A
— M ERAN B B BT S AN 2 AT R . — A
FEPE % B AT ZANEERE T T IR, B
RIPMICRERZ , TSR BT, 00 B AR
K RInEED, Mgtk Z8m %, &t
HEHEPFERENEERZ . BREEZ DR
PR B 2 BT RUPE B — J2 10 20 A7 AR AR S PR v 0
ATHAE . RRLIAERATIE N TFh 58, tHal@E
EVE A . I EVE A RRLE FETR, A%

REZMHEE, FEMRRLEMSR, HEs T A8
[E

Bl RRL/RAI
2 SRPROE:E

BE— MG, HERRLIE R ]I £
FIRRLAE S ZE R, f—MRRLEMZFRK, FK
HH B I A A A I RRILES F VR i A
Vg RO 4 4 B % R R AR KO E, 2 B (R 2 %
s K BB TR I B B O, K R R AT
AL, HRZEN TR TENE RS, &%
()25 o P B R AT SRR . SCHR[9]4E HE
XFF RIS, 4~5)2 18 BT 2 0T DL 2 N 7
K, KEATHEFZI0T, 2R e H
TEZER. FHREZIRE EECN M ERRLL
YENRRLA VLI 4 B b
2.1 RRLHJFEFEZRR

RRLEGAE A 2 ¥) 72 LB TR AR R 1), B
IRIEGAAAET i 55, D Je 45 HRRLIY
HRER R A

IR 264 TP J2 7 2 FH 1T AURTBE B ) 1 TG 1) 11
LN GWV,E), Hr, V RRISCHR IRy
OIS, BRI MR R AR S o
BT AN n o, MIATRIRA—A nxon [AERE,
HD=(d,),, &, Hi:

1 wRG ek
K, (i, j) RN AT A j I — 510,

EX 1 FHIMEED, 5D, D,y -+ D,

R R AR

(D

m=;L2q )



5 3, %5 IPRIZES IR i 2 30 Fh A AR AL 771

s S o e e R e A

FoRE I FIZDLAUEEBI, n MR £,
WHFED, v D+ -+ D FTRRIIMNGIHINLEN
FEBE D, BTN 268 30 $h 28 i) — B e 2
Her, 1 TR EE
2.2 RRLfi{k 5

BB ARFE FE P = (p,),., Ban— A n B h &%
T AV B A B A2, ey, JT3 p, T STHAT
Z IR ia % Bk AN TR S SR
PR AT A -

AP, =P —P_ (3)

K, P ONE KA T Z M B B AR A6 PN
VA S R B AR A R

FESNAFEREA LA - A Hrb, B8k ANERE
A = (@), A EIRAN R B g b
(58— 2 ERS (i) B & TR Mt FED, , W
a, =1, ARSI e, =0.

RRLEE B /1 R A2 3G I RS AP 9

AP =(Ap,),., =D A *AP, )

A, 55« RORFERER BT R AR
W, % R AR IR -

25=3"3ap, )

S5 th 0 L i G L 1875 18 T %L 45
SR B Y T B o B PR B I 1L E BT o
A B T RN, AT S B LA
BRI, AR R R B, T4
55 5 59505 g LA R 2 8 0 L 7 O
W, R TEARAERE N E A RE, Ik
o 6 1 0 DT 5 5 O YRR 8 58 95 B
(R
& B BB B = (b,),» FoiH, b, S
A TR B R L I — A
(i) B TEFE o U i 0P DIV 4 i 72
30 IR A
Q=(q,),,=B*AP ©)
T B S5 A 5. o A

As, = Zn:i ; (7

XFRRLES 4 AL AT EAVAZA D9 LA AR i e -
min  AS or As, (8)
st.  I<L )

1 |
Q:Fj;Dk (10)
iD; :(dk” )nxn N ﬁﬁdkij #0 (11)
o1 L
n n -n idﬁj
Q_Q=@HMMHEZEWW<m1HT
(12)

k=1,2,---,1)

IRERE A, E AR R O S/ M E B
I As B3 M 1% 55 5 AL F) 25 1% ph i 42 3
A As, » HAEFER— NI TR EHEREE
BRI AL T A B sk i T R 1
BAREHL; Z4RA0MRADRIEE 14 H,
TR T AR BB B 2 s T2 2 (12)
(1) &5t A 1 A — AN L1 2% E T 2 AR 9 1R B % A
Y, ARZERRK, XFEF AR T4 Bk S %5
3 % PR 2 4
23 ETBRFEEEREZENSRPROEE

AR IR (] NP-5E A ), e
T EARAMELS BURE B AR, DRIHCR F — s ke =0 g
S S JLE AT SR AR K R R i
R i) 0 % ] BRSPS ) 353 A% SRR I IR A3 ), R IR B
SEIL IR IE B R AR 0] 8

T ST B A L SR A RRL 7] &5 (1) 9 R g
T 18N R BB T R R T IE

23.1 YREBAX

KAy s i 5 AT it o R SR P i
REBAT SO, @ @B 1T%H T, AR
SRR % o A S SR AT DU B S L AN [R] 98
BT R, XL AR TR, SR
AT ER X R AT ORI . e R T
R PRI BEREUR , R AS 5 LB 20K Uk
A, B PRI — AR R TR R EEER IS O
AR FR i B 2% A N1 2) B R, IR Ll R4 BE R AE
BT R PEIAG, DIRRE R A I BE B A H A
HAR, AXATREAR — AR A HALEC S HAB A A .

232 JEMNERZE

TN JEE AR TR REAT LU FE R MR, A
RRLA: SR 1) g4 SR g b, A H i
H ARG A As B A0 B2 P TN ) i o




772 SRR S N 5 A N =

43 5

TR IME As, B, MDAy IE R e, A ad
JEREN -

f. TR p A K T

f= (13)
KRR HELRE

B

233 BIEHEF

1) ZXHET
LXETFIRN T F=HEFAE, IR R .
AR AR G B R 2 e R e 7 2, AR
AL S B AR = AR AR R A, R A X
VERH sopist L it 7 AT . B — AR 138 X
VEACHHBEANAMATE R, R R 47 (1) 77 AT
N TR RBEAR AR R TEREOEAE — B R b
TRAE, [l SATAS R0 B BB PR 28T 1 B R 2 [
— JF R R S AL AT s A PR R . AR Y
T
1) # :
>
b 1
2)ﬁiﬁsﬁ,

1 TP -
>H,Wﬁﬁ$ﬁﬁﬁﬁm;

WU HEAT P R DRl A

JrARDH, BAMRRERNE f 7R MAOE
JS2JSE AR BT o B TP e, U B A A
FEEh A E L RERYE, 9 TR AT RERAFIZ MAE
FHRIUE R DY, O HR I i R ez T 02)
ANMATEREAR (R SRR, SR P s R PRI
A2 {5 bR A B 2 ) R

P e I R 5 57 R Y e I R 8 7 56 B8 A o 22
WAL R AL E AT, OIS 2 1
S [N 5 R I AE AR PR R AR Lk
L BARERAE 7500 : BRI AR R P B
PRI H FR PR A2k D) B P A R TP A 22 DR S A T
e W RN IRE R BRI

2) EFEHET

PR TE R, RIS T 58 ik 4%
B, AR SRRE 5 4 R 23 58 4 PTG 52 4 oK 5 Bk
Bo AR E R EATH A T AR R — 5
BE, XL FAR LG SA AT SE L %,
FUAF B D BE N R AR, X AR S SE o
BN FBETEFA T MBI A2 584, IR
R 2 B N AR AN, A3 /D B B v R A
M, X EEAEIE AR TR AR AR

KI5 Grife e Oy 1 B I IR T B IE M)

AR oI 3 5 PR R A | SRR X 48 2 BE T AU
SIGEE o B NSRS TR RS H B2,
NSRS R BE o, A B TARIMA T
H 3 N FE B R TN A, SRS R, E S G
NJEEBEAL, DRk PR ) AR X e P e 33 A ) 3
H, RS Eokb, SR siig . Hasigit
B SR BOH SR AR -1, FEAREAT
B B H R BT SRR .

234 EELE

THIZE H B SRR R D IR

1) 2R g =0, LRI 25 H W UG
R, AR AMARE An, . Hdn BUEEL, W)
S R RE s, {E RIS A SR A
BRAEE N, n #0538 BUE AR HE K 2% b P R 2 R it
R i

2) i HR2.3.27 45 HA 1103 N B R AU S A A
PREE N, FRAR A SO A8 S P —
AMEEAT B, 25— A TFARAMR L e s
HE D 36 UE S 1 () R R HZAMA AT I B PR BRI
AN R EIR, B BB AN B0E B FARAMASL
HUEE n,, Horn, POBUE AR I W 2% 31 4 5 2%
1T

3) 233 TR n (MR R T IR R —
REEE, BEMEEE AN . ©g=g+1,

4) IR IR SFAR (g KT IEREG ),
SRR, BN, HEPEIR),

3 ThESMRESH
R T WAEASC 4 IFIRRLA BT 42 0 TE

R 2O, 48— 92 BR 1 I 44 NSFNet b 251 k47
Pis, mE2ETR.

K2 NSFNetl 28 $H 45 1)

PLA 3 JERRLAGEAT Ui B, NSFNet/ 2% #
PMLE 14T R, 215638, Win =2, n =5 BI0]
JEIEARER, % 182.3.475 45 H I E P RIT 7 5,
5 Fd FR A BB PR



5 30, 25 TIPS It 2 30 Ah A e Ak S 773
o 5 IR T T YIH BIRRL ER R
e VR <1+ 1 s PHREIE L, MR 5 AR LR TR I AL,

Goso| oyt R ek, FUA R bR A U T ST, TR AL .
;‘_(S)g x‘x*."#.‘*."’::". '...-';. '.c..'oi46 ::’.'\1 E’Xno =2, np =5, ?%iﬂiﬁ’ﬁ%ﬁ?iﬁ‘]’ﬁiﬁﬁfi@
v S e 7
123436780 g 151617181920 METATLLE H, 23 1TUGEAR, 4L e ]
e 7N = y SN )WY H % /A
B3 n=2, n - SHORESEG LR giﬁiﬁad 8 As, =19.77 , BLRS X B2 [ RRLEE #4 4n
B3R TT LU HE, S8 SR i Sk AR 45 e
SUE i/ IME As =332 o KIS F B TR RLZS #) 2 &4 a0,
3518

7INo

1 1 12 12
o 03 e A!»«ﬁm
L R
4 3 g4 3
3 ) o ¢ 6
6
K4 3ZEHERRLE
BHATASHEL 3, on IRy, WE
IEAHERE, % n, =4, n =10, FR0IH3ZRRLE
RGOSR, ST R .

550 —

s00f
450|4¥, 4

(%]

< ’
4008, %

350
300

IARUHL
K5 n,=2, n, =5 EEEN LR

MESHTUE H, FEIEARBLE, FRER
FEH BT R E, ZERBBTRERE] T R/ME
As=332, 5Z404n =2, n =5 M EER
ERPFEER T — . XRE AN n HER
W T ERRAE ), Bl a R R B
EXR

T B et B A, A 6T

6 (00952
K6  #H TN INSFNet M 28 4 4h 25 14
REEFEM(1,3) (3,6)55 A AU 155 1% A2 9 4%

4 30f
25t
20t

1234567 8910111213141516171819202122232425
IEARIEL
B7 T B A (s kA B AR
1 114 12 1 12 1 12
2 8 10 132 » "‘ 13 4 13
%
3 5 14 3 o 14 3 5 14
6 6 6
B8 3N i RRLAS #)

b F4 AT IS RRLEE #), 1 LA H B FFRRL
GERY AR, AR PR 2540 SR ORI R R
X T M EE M H bRt — 80 TR
RREIRRLEE M, A& EI8H RRLAE M5 S T 5

e IR
N T BAIESRPROGVE 1A 241, SRPROKIE

5 A FEVERAT R . B9 A 4A H T SRPROKLVE
Minimum$7%. Rich&yk R A& FMEHL T 1 As 5.

60

501 1

D
40 + g N p(
330 pPoe?]

20}

101

0

2345 Minimum Rich Rich
B BRE Hik Hik 4 )= ik 5
RRO Hik

K9 As{ELbEE

MG DL T I As A A2 1% W 2% f £ 1 E i EH
PRARIE A, S5SRPROFIEAGHIN As (HHHAT LLEL,
Al LA HBEERRLZE 3G N, SRPROFVLM As 1H
R T A R MG DL T 1) As fE, *4SRPROFZ:R
HISJERRLEMIN, C& 5 mERKNAHZET L,

Minimum& 7515 21 &3/ ZRRL, A k5 SRPRO
HIEBI3ZRRLIG B &5 BT . ATLUE H,
Minimum 5515 2 () As {8 9] 2K T SRPROFL1%: 4%



774 SRR S N 5 A N =

43 5

FIf) As 18
RichH A& HE R ERRLES, 15 EH b2 54t
5T 4ZFSERRLAFNEE B, 5 SRPROKZL4)ZHI

S5/EZRRLZE B W3k 4T b 8¢, v LLE i SRPROSZ:HH
AR T Rich& 2.

4 25 R IE

AR T — AL RRLEE 1% B A3 14 3 1%
HEAE RS, BT DU SUCGERRL T V2 A7 1 4%
AR R, 2 P % R R AR AR .
SR RRUI AR S #2 DL BRI AR, BE Tk
ST AARRLAE BB RIS R, B Jm R 0%
G EEXAE AT K. ¥4 SRPROFVE S 240
IMREEE B R . Minimum& k. RichH AT
b, LUK ILSRPROGESS B 45 AR F #eik 4>
WA RS, H WS T MinimumB 75 A Rich 5
FEARRME R, £ T 2T/, BEEREED
BRI RIS I, PR R RRLEE B HH A ] S

2 £ X M

[1] STERBENZ J P G, HUTCHISON D, CTINKAYA E K, et al.
Resilience and survivability in communication networks:
strategies, principles, and survey of disciplines[J]. Computer
Networks, 2010, 54(8): 1245-1265.

[2] SU Hui-kai. A local fast-reroute mechanism for single node
or link protection in hop-by-hop routed networks[J].
Computer Communications, 2012, 35(8): 970-979.

[3] XU Ming-wei, YANG Yuan, LI Qi. Selecting shorter
alternate paths for tunnel-based IP fast reroute in linear
time[J]. Computer Networks, 2012, 56(2): 845-857.

[4] e, BAFFIN, XER. EEMNTHETE RIEFIER
BN T]. BRAESHR, 2010, 21(7): 1589-1604.

SU Jin-shu, HU Qiao-lin, ZHAO Bao-kang. Disruption-free
forwarding survivable routing protocols on internet[J].
Journal of Software, 2010, 21(7): 1589-1604.

[5] 1RBAF6, #75c. 1. BABERRBARGAN]. BFFE
R, 2009, 37(12): 2753-2761.

XU Ming wei, YANG Yuan, LI Qi. Survey of intra-domain
self-healing routing[J]. Acta Electronica Sinica, 2009,
37(12): 2753-2761.

[6] KVALBEIN A, HANSEN A F, CICIC T, et al. Fast recovery

from link failures using resilient routing layers[C]//Proceedings

of the 10th IEEE Symposium on Computers and
Communications (ISCC 2005). Cartagena, Spain: IEEE
Press, 2006: 554-560.

[71 HANSEN A F, KVALBEIN A, CICIC T, et al. Resilient
routing layers for recovery in packet networks[C]/
Proceedings of the 2005 International Conference on
Dependable Systems and Networks. Washington, DC: IEEE
Press, 2005: 238-247.

[8] CICIC T, KVALBEIN A, HANSEN A F, et al. Resilient
routing layers and p-cycles: tradeoffs in network fault
tolerance[C]//Proceedings of the 2005 Workshop on High
Performance Switching and Routing. Hongkong, China:
IEEE Press, 2005: 278-282.

[9] KVALBEIN A, HANSEN A F, CICIC T, et al. Multiple
routing configurations for fast IP network recovery[J].
IEEE/ACM Transactions on Networking, 2009, 17(2):
473-486.

[10] QIU Jian, GURUSAMY M, KEE C C, et al. Local
restoration with multiple spanning trees in metro ethernet
networks[J]. IEEE/ACM Transactions on Networking,
2011, 19(2): 602-613.

[11] CHO S, ELHOURANI T, RAMASUBRAMANIAN S.
Independent directed acyclic graphs for resilient multipath
routing[J]. IEEE/ACM Transactions on Networking, 2012,
20(1): 153-162.

[12] BEESR. Bix, Wik BT EEEINERRES

IREMMTTIEN]. BFRHRAFZER, 2012, 41(1):
80-84.
XIONG Yan-min, MAO Lin, YANG Zhan-pin. Novel
calibration optimization method for delay-control systems
based on genetic algorithm[J]. Journal of University of
Electronic Science and Technology of China, 2012, 41(1):
80-84.

[I3]LEE S S W, TSENG P K, CHANG C C, et al. A
non-weighted load balanced fast local protection scheme
for IP networks[C]//Proceedings of the 2010 IEEE
Conference on Computer Communications Workshops
(INFOCOM 2010). San Diego, CA: IEEE Press, 2010: 1-5.

W | R OB



