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Abstract: Network virtualization allows multiple isolated virtual networks to run simultaneously on a shared
substrate infrastructure to provide diversifying services to the end user, solving the Internet ossification problem.
However, a major challenge is efficiently mapping multiple virtual networks with different topologies into a shared
infrastruture, named the virtual network embedding problem. This paper surveys the current literature primarily
according to the composition of the infrastructure. Firstly, the concept and feature of network virtualizations are
elaborated, and the corresponding model of virtual network embedding is formulated. Secondly, the latest research
progress of virtual network embedding algorithms is reviewed according to the composing way of infrastructure, the
integrity of problem space, the number of embedding stage and so on. Finally, the potential future research
directions are outlined in the aspects of fairness, scalability, high utilization and trust.

Key words:  network virtualization; virtual network embedding; ossification; next generation Internet; virtual
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Fig.1 An emample of network virtualization
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R R WAL B 41 PlanetLab Y] Jy op 1) 2 AN MBI T35 5 1A 1P Mk, A e i 75 1P i
A 5 e, LUK B s VR B R 3K LR B I AN ARG A S b, 19X 8% 2 0L A LA T R A6
Trellis!"{ifl | GRE(generic routing encapsulation) Fpi3 3at 35 LA W i, 38 i 5 F MAC Huhik 52 4t i 481
DA ) 5 0, 0 O TG P40 I 88 0K 155 000 I, B e P %t e 1) A o 0L 9 4% 308 32 s U1, 3 17
) L Al 12 0L ) 8% A1 AN 2 52 B A A 5 T G A1 R UL A0 TR A 0 ) & B 0L 0 8 SR 41 T Bk v 1) e AR e 0, T
DA TP H A E 7 il Hr L.

(2) =Y R M (scalability): 38 i i AL 43 AR, 0 2 i HDLAL K IR 2 R Al OBl 5 A D e SR B R BRI T
Jo< J2 FE A v il 2 ) () 22 S, A R S A O 24 ) TR LR bk o, Y 4 R LA O b Y AR I T o B g
MIVT IR R AL LD R G — (R m R A B T BoR (1 5230

(3) PR E (deployment): 1% ¢ KIRF W 2 22 AN 1278 T A P 70 DRI AR 19 D9 BT b 308 8 — AN T R W8,
T ZAIBE W I ME SR, BT 2 A28 1 R 285 10 A — S50 0 8 AN — fh ] e 1) i1
4 265 1 P04, L 3 R R A8 8 905 070 v 1 5 AR 22 AN 1 VR ) R A 0 0% A B L % KV L Ll
[REF I

4)  {EREBHT (innovation): £% 4t BRI 9 75 B4 K BB 1D I e, 78 St s i A3 A2 M 45 22 B4 1) 7 SR 4,
A 25 D1 TR B R T SR 1) IR 8% 1 30 o R 5 At 8¢ it 1 i il 2, ™ L BELAS T BB X 4% KB AL
FR)H B SCAR T 3K — TR Y 8% i L B v D A it T A AR i LA DRI 9 Ak A ) o 2
DL FEAR IOTDE 0 5 4L 2 1 o2 s 7 DX 255 A 2R 45 0 (0 300 KT AR W) P ) 3 Ay

1.3 MEER L EAE

JEC JZ Fk At A2 it T o ) 4% R LA B AR WS g 22 AN R LR 45 B 2 BT, IR 8% FULAR ) R DA R AL S 4 Fh
AT 45 £ g4
o JLAH ¥ PR L RS (infrastructure provider): 51 57 535« & BRI 4k 7 6 J2 10 W0 2 X 4% 0% YR L il 152 Bt 4 (1L S
TEAS R FULA0 5 A G 2 9 B 5 U4t 5 J ) R S A i 1 8 — S AR 1 IR ) IF, D b 2 B RS 2 it
Wil 1R 22 5, I A0 B0 5 0 A 22 A K UL D) R AR AN TRD 7 AR 45 4 A1 i A L bk o 5 it e it 4 L R 2 )
FIAHELEAR « AHELYME, R IR 55 PR A 7 1l — A 50 28 1) 5 3 1) i J 2 S itk B .
o FERLM LR AUE T (virtual network provider): 4 T AL IR 45 BT A FR SR LE 1 AN B AN FERE B it R A5 7
Fp R BRI A K 0L U DL I 8 R A i A A S fith A e 4R L v 5 R 45 4R L R S D R o A L TR AL T
it it B 1L T 0 e 5% e A T 2 1) P A DG P A R L D) 8t B A TR R R 0L B IR A B — A P 45
A AEFEANTE X 45 2525 v 350 28 Wil
o RS LT (service provider): 75 i 404 144 45 vh 3B B € I PN I 0 TT IS AT A RN A 47 R 400 4 R 5%
PEOLRI LY IR 25 W FF sl (B0 CPU B, WNAEREUR. alr se Be . IPREZEsk . MR AT 5%, 28 J i 401 9
L5 3K, R SR o i AU P 4% % 4L 1, bl I A S R L D 45 TS 0 R UL T 4% 2 T I T 2 A St e it
P 0938, Mk 25 H AL 7 60 4 AN R UL 28 A — D — AL L.
o 25 i )7 (end users): S5 I A W TR0 7 20, 28 dm FH 432 N R 400 9 4% =2 T IR 45 L OX O3 7 R 4%
REAUALIR G vh TG 22 Wk 2% SR A T S 04 P [ 2B e 45, 8 s T P vl DL A A0 R 45 EAT 4N
W 2 FroR AL AL R S Ut T — I RS2 B it L P B B T A SRR S T
AT B I A 8 R R s e AT T B A B LS 5 B o BARER T 438 CPU 8 B AN
el % DU AT R A0 0 290 335 SR b, T T TR BRI BT AR B LYY R CPU R e SR i ik i b ) 8 AR B H0L 8 % 11
5 0 5 K . K DA Y 28 i (UL RSO T P AN IR 5 AL T 1 0L O 28 35 K R 0L IO 8 i 1L T S R 0L 0 48 055 SR i 4
FEA B L 7 I e IC AT BRSNS R TR 45 4R O S A R AU PP 48 b A O A IR 45 e v FH P R DU I A )
AR IR 55485 SR IBORE I P 00 D9 286 2 N i T 1 2 v 28 AP 1 RPN T BN B 48 ) 8¢

© HEBEERAET hipd/ www, jos. org. cn



3048 Journal of Software #AF5#% Vol.23, No.11, November 2012

User 1
End user Q q F
20
Service provider 2 ‘ * p
€ Virtual network request 2
b = —o] 4
Service provider 1 10 /3/0/ )
Virtual network request 1
c
20 30
Virtual network
provider
PRECEN|
oo, S0 1
=
Infrastructure
provider -
/_ -J

Fig.2 An example of virtual network embedding
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Table 1 Notations of virtual network embedding model
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Table 2 Comparison of virtual network embedding algorithms in a single infrastructure provider
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