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Abstract: To construct Reconfigurable Service Carrying Network (RSCN) in Reconfigurable Flexible Network
(ReFlexNet) infrastructure can effectively solve the puzzle faced by traditional internet infrastructure. Resilient
construction problems of RSCN in the precondition of physical link prone to failure are discussed. Mathematics
model of RSCN resilient construction issues are established. To avoid enormous influence because of important
resource failure, a Resource Stress Factor (RSF) Awareness RSCN Construction Algorithm named RSF-ACA is
proposed. To improve success running ratio of RSCN, RSCN Link Failure Recovery Algorithm named RSLFRA is
implemented when single link failure takes place. The efficiency of algorithms is evaluated by emulation
experiments according to RSCN success running ratio and different RSF resource distribution and physical link
utilization under several scenarios.

Key words: Reconfigurable Flexible Network (ReFlexNet); Reconfigurable Service Carrying Network (RSCN);

Vol.34No.2
Feb. 2012

Failure recovery; Resource Stress Factor (RSF)
1 3|8

TR T T IP Ay AT He . BRI GeTES
“COR Dy k7 Mk g5 B R R, Bl BLA
(overlay) « W % 43 &K M %% (Content Delivery
Network, CDN). K¢ #th% JT M £% (Virtual Private
Network, VPN). 2 ilAn2E48 it (Multi-Protocol
Label Switching, MPLS)%:H A KK i 7 HPTHE
AR STEE, —E R B3 TR A
AEAENE S FRA S5 ALY 55 S5 R 3K,

2011-07-03 W&, 2011-10-11 g[ml

% 863 %I H (2009AA01A334, 2008AA01A323, 2008AA01
A326) % iR

MEFEES: 357 benqqn@yahoo.com.cn

{ELIFAR MARAS L figf e L35G A T I 1) i i, AR 22N 5%
Py A B L e Ok, WAL H T
R ELIBE R A R A SR AROR = M & il oK. — 7
T AE 24 7 PR EL IR P A AR SR 8 2 10 Bl 55 R
ARG LIRS 2% R GEHEAT TR SGE 1 ELIPE M Bl K
(A 3 B0 s A L vy o 55— gD, ELHK A
s AR R ) VR AL, 39 e AN TR] AR HLIEE Y
g5 ROt R (ISP) it e Iz E MG HE, AL AMISP
FIE N DB BRI BESRAAR D il 2 » 1110 ZEELARISP
HO ) ROXAE O AR H AR o DRI, BAR H AL
WS PR ERT 2 AT, (ERAE RS BRA G 1)
AR AL T AN AT PR AL B

B Bk, FATEBAL MK EARE R
Wa, HIRT WS RSHHHA, LU k%



F2H

T ATEA RS AR AR AT 469

KRB, HR T 1 n) k25 AR 28 ] A v I 4%
(Reconfigurable Flexible Network, ReFlexNet) A
WHR, BT n EAE A B 68, il il Y
M %5 7% 4% M (Reconfigurable Service Carrying
Network, RSCN) (T Ut o 23 A s 2 o I
PS5 Bt Z AL I I 28 IR 55, HES AR SE LRI HR
Ir) 35— A 00 8% 4K 2R - W v

BT TP 1 0 D e Frg s A kA B4, A
1R RSCON kg5 Hh T, 45 H P s SRANGE (0 FH AR SR
[F) I i g MR 45 FR A 3 1 A BE PR o AL, T Ay
HAREIE AT RSCN RLER i v] 5 1) AR 8k 45 e A
fift ke, XE I ZEHT T RSCN 2848 f) AR R FI AL
il B H A R A I 28 I ot BT 0 v 2K S i T

EIXF RSCN R i, B e e U M A
R AR AL B SR A 9 B o SR BRI TR A
BHONK, FEARIN 75, ARSI
FVRE B WU R, 3 ol T 0 o 28 R 40 ) i A
1%(D-VINE) FIBEA LR FL I B 5537 (R-VINE) o SCHik
(6] T PRI B RE 0L W i 500, 1 SRR AT
S, SRR B e S, ST 2 R L ) Rk
ATERARAR IR . SCHR[7) DA oA W A A A, LA
Py W At e KA R H b, A5 R 0L 19 A st Al S i) A
SCHR[8) 5 T i A7 A3 K AT R Y R AR B A AR
1 3 I PR B 287 R AUA R A S Ve SR [ 2] LA R A7
LT R SR N O B AR, SRR S
AR B R AR o DL R A0 R AR 7R 3 A
SR LT 0T RO AT S /MR Bl e A B A1
Pl AT 25 G R B e R A I R ZE I (1 Ak
PR .

MU, SCHER[O)ERX RIS IR BhastE, /i T ariE
o [ I 2% 18 109 2 5 4 1 32 4B AR B8 R i D7 vk SRR
[10]HE T~ B S S IR PR b et SR 30
PR R A SN HEAT R 40009 FE SR o SR [11] DA
e 1% 90 UL 09 S ARV T 5 SR e 52 AR AR I A ol
HI, vk T Re T s R i B i 1) S WL SOk
[12)38 3 PO 5504 A B s, 1 A i At o
TR EAR T B4 O ik b, DA TT 38 S iR 55 v T
IR ARERE T M 2% A R AU R AL R AT EORT AL
WIhE, B VAT 2% RS ] IR G A7) B D0 2 R A S
X ReFlexNet 3 i (K152 W A tibreie S S, ity
GBI G IO AR, A K

B0 RSCN ZR45 R e (1) In) i, AS STt ke S
ST, HSCEE G RUFIRERR (I EE 6 AN [ 1 45 %
USAE R 25 T EE VAT 20, A/ RSON Ay it 7
e S Al P DTt ) 3 i I % 23 0 R ORI
By IR, R AP LR IR, o) R Y A B

HEAT O Ak T e g, DA N 1) B B SR AR A 6 L
ReFlexNet % ml 5k o

AR EAR L) ) B S ReFlexNet % %
FEFE AR . ZR U5 RSCN 24l by B AR
DA R e A R 4 i IS () RSCIN Pk S S 45 . AR S
LRGN 25 2 1565 [ P AN I SR AT
Wik 55 3 15X RSON 2848 A4 4 1) LR AT s 56
4 PR B YR S AN RSCN A g pL A& A
W 265 B ) RSCN PS50k 55 5 10 A SR
WEEIATES R FL T 58 6 RS TAEM
Sy
2 RSCN ZEHEIRE

2.1 MLEIREY

T E G" = (N, E?,C?) Ry B &%, o,
NP R E? 53 TR BT i e S5, CP £
B 25 et Pt R S5 AR R 7, kR A TE A .

TmE G = (N",E",R") %/~ RSCN # & 77K,
Hrp, NTHET 5302 m PG K I RSCN H g iy
AR RS, ol NP A E 74, R &
7~ RSCN [y R4 a7t =k o i e 55 7 8 e 0 2K o

RSCN 4 4 ) i@ o] DL IR e — AN AL G7 &Y
WHRMH G B GP ARG, T G FoR:

MiG™ G G = (N, E,C) (1)
HH N C NP, E° CE?, Rt RSCN
27 il
2.2 RREKBE

TRAT R 40 0 ) 2 B 08 A T 1Y) 8% 0 I BB A T RS
DX 73 WA L 2 R S i S L . O T A
(1) X 6% T 05 1 9 20 v ) T PR R AT 200, AR SR 4
$EHH PR S IE % (Resource Stress Factor, RSF)[1##
&, FEAFEANICE : BE A (Connectivity Factor,
CF) AL 1B (Saturation Factor, SF).

WE 1 ProsrImsasd, T2 RS AR Y
e, —HAT R e KA, K T EU IR R ) 25 50
g, L IRIBEE PR T 52 sg i g K. PR, 719 A e X
o) 244 TR A A PR 1) 5 e K, Rl i 2 385011 ) 8 T T
PEREIARE B e K. Ak, SIS

EX 1 AW EMSGPh, BT s,

K1 I s R



470 BT 516G 8 %R

%34 %

FIEEHCR d;, W ENL= (1/d,1/ dy,-+,1/d,) AT
SRR AT R SR B ) B, PR RS
EX 2 5 RUBGHIE: P2 SRR A CF
Z T PR T RO R A I 243 ) B R
BEAG) J GP AR #E AL B, I ] B NCF = NI
A(GP) A A5 RURE Y 2% 15l M ) 5 e R
NCF(n,) FMEBRC, 7 fl B Bk, SR = (2) %)
HBATIH— A5, BRI G A
NCF(n,) — min(NCF)
max(NCF) — min(NCF)’
max(NCF) — min(NCF) =0  (2)
1, max(NCF)— min(NCF) =0

NCF(n,) =

TEN 3 HEMGIDOH A B AR SR
A LA S W22 5 WS ) 6 S I (VB R, R
IRCECE, ; = (1/d;, +1/d;) /2, FRZ AHEHBOETE
EX 4 WAL T 20 2 R A
WMBE, 5%/ RSCN £%2805m. w LUH(3)
TIRo
0, k=0

SF(z) = {(PM,)*, z e N’ (3)
(PM)*, e E?

Horp SF(z) RN BHE o IMLFIJE, o W] BLE Y fU%E
U, WATDUE R BT,k Ron T 2 K3 RSCN
AN, PM, R IR o O IR IR B 43 L
EX 5 THREER: LA IR GE

BEHIPOE BN, A BB R A I, IS
()3,

a-NCF(z) + 3-SF(z), =€ N?
¥(z) = , 4

a-ECF(z)+ (-SF(z), z€F

Horh w(z) 2R o (BT EIESE, o F B 25 5 1,
Ha+8=1. U(z) (HBRGR VIR o 150 19 25
SRR o

FERIEE RSON AN ZEZE B AR, IR
I R R I SRR, TR R
S RSCN Hiie o Mok, 454 BH S0 B LU 0t
VILEIAY, 45 HEGH )5 1 RSCN /AR sk s, 4
X (5).

C@ﬂ=§£ﬂﬁ¢ﬂ+§%ﬂﬁﬂﬁ) (5)
o e(e®) Bl e(n®) 23 HIARERRIEE ) RSCN BTt FH I
Py R ER AN SRR . s (5) wT A, BRI
B, BRI RSCN AT HH AR A

9] o

3 RSCN #EFn&EfE 1k S H

3.1 RSCN #E#/l %l

ANk, A0 RSCN Myt 75 R4l ok
RSCN  H&RFE PR AN1T RUREFEIX PR AT R B %
WRMEEAT K, H(st,d) FoR, Hrp, s, t 3R
AREHIPIANTA, & RORBEM A 9T K, BR (s,t,d) N
RSCN #y#t ik,

e RSCN MK /iR 2 5, RSCN gk [
] LA A0 o SR & — K g it #2 . RSCN 14
PR EAEURAE GP PR E R s B¢ R AR, Wl ok
Py H P H2:

Vee P, ble)>d, (6)
For ble) SR He il i 4 o

XIS RSCN Mg eii sk, W REAF1E 2 450
JETT R 2542, IS B e PR AR fe /N IR
(X (E-Srd o

N T A BN EF AT s R ¢ 22 R A B/
P, HSE T I G BUE AR FE WG ) fhcn T ek

00, a;=18be;) < d,

w, - = 4W(e)ee,) + (F(n? )e(n?) (7)

i,] W] 1,] i i
+ Lp(njp)c(n]p))/27 a,; =1
SR JE R B e R, B AR B AR . BRUR SR
0P TR 1) A 1 5 7L (RSF-Aware  Construction
Algorithm, RSF-ACA) % 1 fron.

% 1 RSF-ACA &%

®3%1 RSF-ACA(G",G",G")

WA GG

it G

(1)¥1#htk G° — NULL ;

(2)5 i RSCN #EET R G ;
X E—A RSCN M IGTE K (s,t,d) » HATHI(3) B (5)8:

)Wtk P — NULL ;

()M () EH W(G") , R BRI T s ¢ Z [ MY
Wi P FAREAEIRBE IS, U G° « NULL , Bh#E1(6);

(5)G" — G+ P"™", HH P BRAR LIS RS AR AR

(6)4F G"! = NULL , WIR[FIMGEER G 4 G° == NULL, &
#Hy RSCN.

BES (3) BN 2R (5) DU B s, ¢ 18] (R B JEL R AR IF N
gk AR B/ P 5 (4) 2 TR E AR
HF HLEE T 0 BOBUE R PR 5 s, ¢ 10 A e T 5 565 (5)
DAEAFRE R s Mt AU e/ % P R fS
P IINE] G rh, I HUSEHTHE R WU 5 7R A 1 45
AEST o X E MIBREA IR, WA B e/
AN, W RSCN # g RIK



2 35 TR Al EA RS AR M A R i ST Y 471

3.2 RSCN #fEik S #1 |

P i I e R B R (1) i AR R, &
h T0% B, AL 5675 R FRRE I R 1Y) RSCN k52
BL o Ah 20 0 SR 2 TR A () RSON 7198 42 5%
i R AT TR, XSS KA 2 A
e, M EASK . Ak, ASSCI TR R e B
WM ) RSON 7L M S5 i b AT #E AT 7S, $R B
RBER, W FITAE KT, BRSNS k31— 400 2 9
R IR, WU REAE A dc /D (1R IS 18] 58 I A7 8 A1)
RSCN FEML; A SRR B AR, 4%
WREERK o FHOR/INEEATHERY RG89 75 Sk dme K
ff) RSCN, X4 RSCN BH{THAKITHE, F5TH I
I, P 98 T SRR RSCN M i i 33047 F e
B, BT, WESHATX D ARSCHH
(B 6 D STHTLARIAS 0 A4S RSCN HEAT I4E, 1 e
X WA e A AT TR, RSN TR EARAN
RSCN  Fu 5% % i b i 52 5715 (RSCN ' Single Link
Failure Recovery Algorithm, RSLFRA) W& 2 i/

% 2 RSLFCA &%

3% 2 RSLFRA(G’,)

AN Gl

Wi GF

(1) 2k e o PR BN G % S 3] 1 ) RSCN AT HE
CHIE R IR M, Hoh M (i) %% i A~ RSCN; 41t
ARG M W%,

(2)V M 3 1 ERIITH RSCN BEI 552 A0, 2k B() 5

(3)%d, = B(), MR EH W(G") , RIS S 573E
B ISR 2 IR MR P JR R IR RN 4%
WG (4)s A5, BREERI(5)s

(4) My M,(1) ¥ M,() I M, BB, 4 B=Y " b(M,() »
BhEE2I(3)s

(5)# M, RAZ, W M, hif—A RSCN [Rbastis, 5 w(G")
JEFHAT 45 R 2 PR M e A 3 70 22 ) P B MR B
A REHE BUIORE 1 — 4 M, WA T E I B I , 5 DU4% M RSF-ACA
VR (3)~(5) 25 T 0 M e B A B [ () D S B 4, AT TR 3 )
WH M4, I RSCN [T I

(6)% M N7, BREEEI(7);

(7)EEH G P RSCN MM % A&, B G .

AR RSLFRA  $3K 32 5055 18 gk % i
B, O T RN 2 B B T DU/ R Lk
1Ty R, 2 BEEi R T LU AT RSLFRA 5
V2, R T DU AR A% AT R 1 B A R
E4 At

4 BEN
4.1 BEEZXENH
X+ RSF-ACA 83, RGP Hf n N7,

G" HH m AT, WEET RSCN A4 77 =k 4 i 1)
BRI AI R 2R 0 O(m?) 5 AR BEA i i 1 G 75 Sk 3%
A kA WIS 6T SKRAEAT A I 58 FH a5
P SR N BN A B AR 2 O(n®) 5 BRIk RSF-
ACA BEVERIRIRI BN O(m® + kn) o 5%
THFEAAAE 2 ) TAEf ok kAL,
PRI (R S 2% B2 R O( + n)

X7 RSLFRA 8%, B )7 ¥ RSCN
ANECh b SEEE (V) B HE I B R TR B A N
O(h?) s BLIEER (3) A0 AT AN AR A O S 0 e R i B
IR I (R AR R AL O(n®) » BRI UL R 35 (3)
T BEAT h Ik, JITCAE (3) 3125 (4) 28 BB I
2% &K O(hn?) 5 28 (5) 20 AT d5 ol 1% S92 0
RSF-ACA 5.3 (3)- (5) 25 (1) J5e I8 I 1] 52 A% & #5 hy
O(n*), HmZPATh X, FTLLEE(5) BN [H]
PN O(hn?) 5 A RSLFRA S35 1 S UK I 1) 55
AREER O(hn®) o S FEIAE At 2% W) = T A7
Hep A A i Ae, s MR 4250 O(h +n) .
4.2 LWGE

15 L9206 4R Bt & Pentium 4 3.06 G CPU #1 1 G
WAZ I8 PC _EEET, SEBG R BRITE T Bl
FEAE T 100 AN AL N 45 $ b, BRITE 2
¥ % E W F . HS=LS=100, N=100, Model=
WaxMan, Node Placement=Random, « =0.15,
8 =0.2, m=2, Growth Type=Incremental, BWdist
= Unif, MaxBW=100, MinBW=50, Kt, LK
HERE AL 0.02, 417 98 EURAE 50 21 100 [A]13)5) 7341
RSCN #4218 3K 1) 2175 1o R i A IS TR 574 100,
SRIE N = 5 IVARARE R, It e 2 e R R
A BRTERA T R s i B g I 8] 2 300
BT R REAS RSCN [AAEIS T AN 0 = 400 (1)
FRE A . RSCN 5 mi 75 SR ANELAE 5 21 10 2 [0]345)
I3, ST SRAE 0 B 50 Z [R5 A . SRR
o f B IJEL 0.5, TR E N 1, BRI
M A T by 3 02 0 1 7 g R ) R 2 o R B R
Basic VNA! BACA®, RSF-ACA 1 E.f5 RSLFRA
(1) RSF-ACA (85 ) RSLFRA) 4 ML {E RSCN
FRIIEATH . GRS A E A R R A 3 ANy
25 %F Matlab A 50K IR EUE, 175
Matlab 95 5¢ 0, A Tl 45 SR E Wi, 07 BT
10 %, BT LI 45 R I ME .

4.3 RSCN B INIE{TE

RSCN W Iyia AT # i LK IHIE17 /5 RSCN 1
R HAEHAa AT BN E A i SR B T 4y L
I

Ca,ccept = Csuccess/ Call (8)



472

LI I IS S i

% 34 %

15 BLK WS AT J5 19 RSCN R his 47 % m] LA e e
P 5 A S AR 3 1) RSON R 245 1%,
TEAT R R W R i VA S A e,
2 JEAE AN BN FE SN, A7 IS AT I TR 2y
10000 HLAS B[R] B - 38 e Dh s AT % 45

MSEIEAR TR, 24N /A, EBUII B
RER /N TR BA S, LML IS 4T R AR
RS s B N/ N AEIG O, B B 3 28 T
&, RSCN WIRINISAT R ML N, (2R
%5, Hrh, Basic VNA HUARFIE T 75 5 M 5% 1)
S KRR, (RACR ] d i s AR S A T I %
HEAHETIREESE, Ho - EMRiR, my)
BATHRIAK; BACA 7E R Flk b 2% 18 T A
W 28 11 S I HETAR D, R ML A R T 9 245 R 9
MR Z 1 RSCN $24E TORIE, RIhis T R80T
TR TR, HETRASEREEEE, 50
FH BB IR, AE b & A I RSCN 238 i m i %,
DAL R T IE AT A XS A RSF-ACA B % i
RSCN WM HLE], HAeSE e i st i A 2k,
B AT R 5 RSLFRA H T AE b & A4
I REAS 7> RSCN Wb %, HA9%E RSCN
I 7E 0 % P8 T HRIRIM KA RE R, b Ihiz 17 % &%
o
4.4 FRZBE

RSF 1] L st I H B 8 R A R0 5 (7 vT e 2
Kl 3 32 (7 FLIZAT I ) 2 10000 FAAZIR ], A, /A, = 0.1
AN ] RSF S Y ) 43 At o

HHSZEGEdE n 411, Basic VNA R & A
SLHTIEY, HWAHEYIERAE, Kok
R, FAT# v RSF %5 EL 8k BACA
T 0% 5 e Iok 2 vp 2% 8 T AN N 245 11 A7 3 34 Al 1
W, B HARAL R T 4R U5, R RSF % Eu g3l
/s RSLFRA H 178 M 5 A2 I e 8 i &2 358 43
RSCN [kt %, HiE RSCN N 70558 T %
PR SEREE, RIS RGPt s, %A
At E, 83U S RSF ORI LIR ZHLHI

RSF-ACA 1% 5 ; RSF-ACA 780 %18 T %k i '&in
FRRE, H¥AE G RSCN R LHE], 25
BEUN, 18 RSF %5 Eo i 5 /)
4.5 YIIBEEREFI X

W) R BE % 1 3 R R 22 R B P A A 1)
RSCN It (555 8 2 A1 55 W P R4 2% BT A5 i % 5 U
W e 2 A LA, BR

> b(e)

— ve'ck®

Ue = =—+
> be”)

TE5EH RSCN R E e, 1350 0 45 B it 1) FH 2% m]
DU e RSCN 4 v o 454 35 5 R FH o ik, 1 4
S EUSATIALY 10000 B R 8] A F T~ 25 e 4 )
FZs2gi gt 9t

A SZae g BAT A, BERR SRR AR, LR
TR PR R A ZE A K, b RSLFRA R 45
&, RSF-ACA #1 BACA X2, Basic VNA F|H %
B fils Bl BE G SR IR, S SV B A
R EI T, I Basic VNA Fl BACA i
A, IR T AE R RSON A 2% 18 0G4
IR, BEM MR AR RSLFRA [RBERS A H %
RS, X SRR SO R A N RE S TR
RSCN [kt %, HiE RSCN N 70558 T %
TSR R,

MR SEEG AR T %0, HA RSLFRA ) RSF-
ACA H¥E{EfE RSON W 7840 % i T Uit &ia
FREE, FE M R AL BE K B384 RSCON [ b
M, RSCN JINIs AT 2R AE s ) FH 26 0 AL T
HoAth 3 PP J7vd, KHWIZAT 5 A RSF %6 Lb il
I, AR TSR A LR .

5 ZHRIE

n] AR PE M SR R IR R PRI . R
Rt g R S5 R B AR IR P 25 IR 55, HESh %4
BRI ) FT A2 R AR . A SCAE ]
LR SR A W 2% ) BELBE i B Okt B IV R 3R T BT

(9)

3 90 —*= Basic VNA 90 | = Basic VNA | 90 —% Basic VNA |
= - BACA 2 - BACA - BACA |
i -~ RSF-ACA ® -~ RSF-ACA e o~ RSF-ACA
% 70 - - RSLFRA i@ 70 [ -a- RSLFRA 1 ET ~&- RSLFRA ]
& Saa z = N ]
9 5 e X5 & 5
= 50 s & 50 y> ﬁ 50
= b /, R
30 &30 % 30
@) I P
2 /
&10 10 {4 10

0 01 02 03 04 05 0 02 04 06 08 0 01 02 03 04 05

BER A L SR B AR A LL A PR B BEBS AR L SR B A I LA

2 RSCN ~“P-¥J i Thig 17 %

3 W BRI I A B

4 BRI £ R



F2H TR

] FAA AR 55 AR 3 A R R SR Y 473

RSCN 245 M 2 I BUHEAT T 40 S AR 3R 40T o
FET X 4% 5 R A A s ] ) 4% 345 i P S R R
PEH T U N, X AN TR 5 1 L
TN . g 7 R R b T R YR 4 P 4% R )
M, Wil T RH KA RSCN M5k
RSF-ACA; & TH#is RSCN istTish#%, it
TR A R R IS ) RSCN Pk 443 RSLFRA,
TSR] LAY i FH T 22 e I W S RN a5 s e R
Wbl fe)s, 8T T5VEME A, I RSCN Rl
IEATHE, WIS R B A R FH 2 3 AN T RIS
UE T ASCHE 5L AR

RSCN [ A7 I A AR 2 0] LA A4 W 90 45 R
R, W DR L. 27 s e K AL
il

2 % X #k

[1]  Turner J and Taylor D. Diversifying the internet|C].
Proceedings of the IEEE Conference on Global
Telecommunications, St. Louis, USA, 2005: 755-760.

[2] %, R, T, S I REN SR R BT A).
PR, 2009, 32(3): 371-376.

Wang Hao-xue, Wang Bin-giang, Yu Jing, et al.. Research on
architecture of universal carrying network [J]. Chinese
Journal of Computers, 2009, 32(3): 371-376.

[3] Iannaccone G, Chuah C, Mortier R, et al.. Analysis of link
failures in an IP backbone. Proceedings of ACM SIGCOMM
Internet Mensurenient Workshop 2002, Marseille, France,
2002: 237-242.

[4]  Markopulou A,
Characterization of failures in an IP backbone. Proceedings
of INFOCOM 2004, Hong Kong, China, 2004: 2307-2317.

[6)  Mosharaf N M, Rahman Muntasir Raihan, and Boutaba R.

Tannaccone G, and Bhattacharyya S.

Virtual network embedding with coordinated node and link

mapping[C]. Proceedings of the 28th Conference on

Computer Communications, Rio de Janeiro, USA, TEEE,
2009: 783-791.

(6]

(7]

(8]

(9]

(10]

(1]

(12]

PEIIvEE

EEW:

Yu Minlan, Yi Yung, Rexford J, et al.. Rethinking virtual
network embedding: substrate support for path splitting and
migration[C]. Proceedings of ACM SIGCOMM on Computer
Communication, Seattle, WA, USA, 2008: 17-29.

Capone A, Elias J, and Martignon F. Routing and resource
optimization in service overlay networks[J].
Networks, 2009, 53(2): 180-190.

Frore, EOREE, R, A%, B A SR T[],
TH {5 B2R, 2011, 33(6): 1301-1306.

Qi Ning, Wang Bao-jin, Wang Bin-qiang, et al.. Research on

Computer

balanced construction algorithm of virtual network[J].
Journal of Electronics & Information Technology, 2011, 33(6):
1301-1306.

FE, TR, FE. AR EITERIDIFLT]. AL
2431, 2010, 33(9): 1533-1540.

Qi Ning, Wang Bin-giang, and Guo Jia. Research on
construction methods of logical carrying network[J]. Chinese
Journal of Computers, 2010, 33(9): 1533-1540.

Zhu Y and Ammar M. Algorithms for assigning substrate
network resources to virtual network components[C].
Proceedings of IEEE INFOCOM, Barcelona, Catalunya,
Spain, 2006: 1-12.

Nabeel B, Chowdhury N M, and Boutaba R. Topology-
awareness and reoptimization mechanism for virtual network
embedding[C]. Proceedings of the 9th

Networking Conference, Chennai, India, 2010: 27-39.

International

Raihan M, Issam A, and Boutaba R. Survivable virtual
network embedding[C]. Proceedings of the 9th International
Networking Conference, Chennai, India, 2010: 40-52.

T U3 1983MFA, b, WFSUTT RIS, Mg

REFAL.

5, 196374, BUR, WLAETIN, FEERIT AT
AR B 4.

95, 19864FAE, WL/, BESCT A S R . A3
R



