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Virtual Network Mapping Algorithm Based on Node Adjacent-awareness

and Path Comprehensive Evaluation

ZHAO Zhiyuan MENG Xiangru SU Yuze LI Zhentao
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Abstract: To solve the problems of poor correlation in node mapping and link mapping, wide apart of adjacent
virtual node during mapping and imbalance resource consumption of nodes with their adjacent links, a two-stage
Virtual Network Mapping algorithm is proposed based on Node Adjacent-awareness and Path comprehensive
evaluation (NA-PVNM). In the stage of node mapping, firstly, virtual nodes are ranked according to resources
request and breadth-first search, secondly, a node fitness function is set to find the best node in candidates of a
virtual node, which takes resource richness and topology connection feature into account. In the stage of link
mapping, a path fitness function is set to find the best path in candidates, which takes available bandwidth, node
resource and hops of path into account. Simulation results show that the path distances of virtual links are reduced,
the acceptance ratio and revenue/cost ratio of virtual networks are improved using the proposed NA-PVNM
algorithm. The influence of location constraint and substrate topology feature on algorithm performance, and the
resource occupancy of substrate network during mapping are analyzed by experiments. Experimental results show
that, under the constraint of physical resource distribution and virtual network requests, the critical factor of
improving success rate is to reduce resource consumption during mapping.

Key words: Virtual network mapping; Node adjacent-awareness; Path comprehensive evaluation; Performance
analysis

E1E % I,

Vol.39No.8
Aug. 2017

FEAN REDL I 26 T AT IZAT H CURF SE 1R 199 2%

R £ PR % N 2 I N AU R QRN P+ £33

AR, Il SRR . BRSNS
A28 TFAT H AT I T eI 5 (1 i 2 P B

Wk H 39 : 2016-11-17; 8l H = 2017-03-205 FI45 Hiki: 2017-05-02
MEfEVER: BEL  zhaozhiyuan  0815@126.com
FEETH: ER B REAHES(61401499)

Foundation Item: The National Natural Science Foundation of
China (61401499)

PR PR BSCRIRSS o R UL IR 255 I B A ) 8% R FULA K T
TR SRBE I, 50 TR 2 KE . 1%
AR NP e S, H RT3 DL & U
SR SR B sz AN B AU SR 25 H bR, B E K
A B R A o e R sk TSR A0 (el e A
fift o

U A 255 e Bt (] SIS R) L AR kg 1 s e S R
P L ) S, SCRR[3] 4 HY SR AR v, K R



1980 BT 516G 8 %R

DEA) £ RPN NE LA AL/ B = o D
ko B R B AR BRI A T RE B WL o R IR L, SCHER[4]
TEBEAT fUCHE P I R b 2% L8 RO, A6 s
LR AT S B o SRR [6] 3 H P B R kS B
L8 B AR SE R . BRI RO R B AR
FRFRXS T R EE G T, SCER[7)RH TOPSIS J7¥2:5K
DX S Z AR bR HET T LA 54 2 SR gt i
RN o Wi TR o SCHR[S) R FH 1)) AR S %
R I 7R R )0 T SR, P U o8 AT
SURIVEE I RIS, BAIG T R 0L B T Wi B AR K
h B R R AR, Bk B R L
RSN B AT AR . RSN R, R
L0 25 et 5 B PR B, R ET A
JEFULTT R 57 AR b B R AT e ST R PR B 2
N E 2 SR PR T R UL 0 2% I P s T, 0 e
A7 A T B o SCHR[7) AN SCHR [15] 10 BT S5 e 1)
PRS2 O W)L A X I 16 1/2, SCHR[16]8E 25
LYK 1/10, FIREFTORAT B 20 AR N BRI
PF, AHEA T SV ERE IR . At 4aK
22 B SCHRAI 7 IS T AT FH (1 JECJ2 0 8% 4 40 A2 BE AL
i, B —E ) R .

EIA WU b, A TR . —
SETEH LB E LR ATHE FHR H — R B ) 1y
RURB AT K 5 B AR 2 PR AG TR R 0L 190 8% kS
(NA-PVNM). 2 ib i JsSEm, nlsir 74
SCHEETERE, THE T B L O R B S,
WLV T WP R 28 0 0] S PR e (1) 5
I3 HTHE i R UL ) 2851 SR 52 Ha i) G B R

2 RETLLMD L ARG (a] 4t ik

2.1 MEBIRE
()AELI 2% B0 26 2 Ay BTG T )
G, = (N, L, AN, Al), v, N OWWERAT s

RN |N,|, L sk s a4y, RN L,
AN AT i E S, W e, e N, B
FER A1 55 CPU Y5 e(n, ) FITT A4 E 1e(n,) » Horp

le(n,) = (z,,,) » HT R 2 EARDR, A7 Bk
BB, AR € L, BRI R B A v

IR bw(l,) -

(2) UM 1Kk AN 51 Sk IR A A AL
T G, = (N, L, A ALT,) » b, N,y
WRES, HHGEN N, | L B S, K
AL, AN RERA RUBTEES, M Rn, €N, ,
JEPEALFE T A CPU BT K c(n,) » 19 R 1e(n,)
FIRIHAL B LR D(n,) , AY J TS IR P, X
Wi 1 € L, , JRMONEER T 98 BHIRTE K bw(l,) , T,

39 &
NE T 285 2 A7 ) T]
(3)REFUAPI L it REAUL I 288 WS s S A v A

REPLI 2 YR TG SR 5 BELRN G, B G, T 5
WL R, M: G, — (N, L:,Ry,R,) , 2Hh, N2 e N, ,
I; € L, Ry Fl R, B4 UM G R IG5 & CPU
YT 58 DU o
2.2 I IEER

R 0L 10 285 Bl S [ i A2 1 RURH A B R U 2 R 1)
— A2 U, 3 E H bR AR RO R 2 K
FIAFNAEAFIHRF Gl B b, 7870 R ) BE I 465 B2 U5
PR, NI . AT LAY BRI 2 R K2
2R WCER TEA bR SR I BB PP AN SR PR R

(D)IEREZ R 8 O € IS TR P R st
(1) o FUA 1Y) 5% A v b 230 1) 3 1) READL I 2851 Sk B e 2
=4

T
> OVN,, (%)
lim =2

T
TSTVNGY)
t=0

A, VN A2t N Z BN G REES, VN, (1) A
t I ZI W BE 0 2 RIS AT I RE R 28 4R A
()W EE M s FFA L. o SUIRFZ ¢ R d M)
itk G, gk
R(G,t)= > c(n,)+a)_ bw(,) (2)

n,eN, l,eL,
A, o AT AN SEE IR TR E, A
a=1,
SE SCIZ) ¢ LM 2518 R G, IS A
C(G,t)= > en,)+BY () -bw(l,) (3)

n, ENy l, €Ly
X, (1, ) A RESUBER 1, AT I B AR A B EL B
SEY BT S BEHOT A I ACE, AL s =1,
P ER 2% (P et THA L E SCh
T
> 2 R(G.Y)
R/C = lim t;O G,€VN,, (t) (4)

D DD DNl (ci)

t=0 G,eVN,, (t)
(3)BERE WL T3 E: s SO BRI sk rh
JITAT FEADLEEE R IS PR 40 B A B 250 )~ S8 (B
hG,) =D MM (L)) |L,| (5)

l,eL,

A, M) A RESUBER 1, WS B P PR A2

3 ETFHaERMmEREEESITMHE
LI 2% BR 5 B 3%

3.1 TimBRSd
TR Z B S R BT B, SR KR

(1)




% 8 1 BREIEAE BT AR RSN A

/

VAL 10 R 00 190 45 e S5 532% 1981

R R AU e SRR Ry, BT AR S R IX 4
o [, A DRAEREAUA IR £ R AR ST 072 RS 21 4)
B2 JE TR IR FFARILNE, TSI AL R
58 SRR e 75 SR DRI S e A
R(n,)=c(n,) > bw(l,) (6)

l,€L(n,)

SR, L(n, ) R MR A n, 7EHEIL I F A4

A
= o

JEAUT S R, LA R (n, ) S5 R B R AU
RO G 384T JE S8 R 5% (Breadth First
Search, BFS), 3|4 M40 fi4 8 S5 A RO R
BRI A 0 02, 00, b o) AERETESR
L BRI AU AR, IR 0, A

W R R (n, ) L ICKEVNHER S5 A9 2R
RIS I o
BT KR R R B R R R A

ARSI, 58 SRS R WY AR pR 2
__R()
NF@Q_.DWJ+f (7)

Kb, R(n) FHR(G)HEL, « AT
B, WERATIEAE. Din,) APE SRS
THHEAZSHON, T SCEUF WU AT 5 n, T2 AL B
LY CPU 2y H i Yy BE S i 45 Ca(ny,) =
{n,|d(lc(ny;),le(n,)) < D(ny;),c(ny) < c(n,)} > SRFFHL
ny; ?I}ﬁ'UH?%EI’J BE% ped T IR SRS Ty D R UL T
RO N ) BT R 4R A Em(ny,) = {ns|nUTns,
h(n,,n;) =1}, /E\EP n, Tn R n, WG E]n
h(ny, ;) = VARR BRI E 1 n, Bl BHEEY 1 @)E

B he s 8 SR MR B U BER 2 Oh

D(n,)= > h(n,m) n, €Ca(n,)  (8)

ny €Bm(ny;)

AT U SRR E AR K 1 PR,
3.2 $EERRRET

TRV H T i)k Amcpgit, xf
M—4&WiE p, = (N, B, Hd, N oABARLE
NS, B NBARSIHRES, © IARENE
PRI

min bw(l,)

PR(p) =1 9

(#) max c(n,) h(p,) ©)

Horr, §n1nbw( ) A AR AT A yrbnea]\?cc(ns)ﬂﬂﬁﬁ
R Z BN/ I AT E e s R A O W i N [

}Iélglbw /maxc ) FH T34 i B ) 8% v A

LR GRURINAE, N BRI AR BT RE,  h(py)
N ERAE py IBRES . BRI SR R IR 2 B

7No

®1 TRREEE

WA GG,

Hirth: NodeMappingList

(1) for MR n, e N, do

@) W, BEEEK R(n,)

®3)

(4)  BL R BRI 5 ny, AT 2T BFS 53, K
RIS Q02,0

(5) 2 PEIRIY R, R R (n,) AKEVNERHEE, 4
FRAEN VirtualNodeList

(6) for VirtualNodeList H 15— R 21 n, do

(7) HG AL T A ARORS s B A R e e 9 s 5

end for

Ca(n,;)

(8) If Ca(n,) H%* then

(9) Return NODE MAPPING FAILED

(10) else

(11) VA S ) R WO VAT HE /B R P ey
Em(n,;)

(12) for Ca(n,;) THRE—AMEIE Y & n,

(13) P NF (n,)

(14) end for

(15) K n, WU NF Sty s b, IR 45

RAEX NodeMappingList
(16) end if
(17) end for
(18) return NODE_MAPPING_SUCCESS

* 2 SRS HE

fWA: G,,G,, NodeMappingList

4rti: LinkMappingList

(1) for FEACAFFMIL (1 EFUGERS [, € L, do

(2)  BAT kERESARENE, B0 T v () k4R A T
SRR Pathlist

3) if Pathlist 4% then

(4) return LINK_MAPPING FAILED

(5) else

(6) for each p, € Pathlist

(7) IS PF(p;)

(8) end for

9) i, WO B PR RORINERAE L, JRREMU S RAEA

LinkMappingList
(10) end if
(11) end for
(12) return LINK MAPPING SUCCESS

SOVEI T R AR, 97 R EA TR S
TR R AR, NN O(N, ) » W —A
FEAUT S S M IE T S NF, BN
O(N,||N ) o 5l i Wbt S0 R ) e 5 B 400Kk
KM Yen 5% ] 5 %% 4 OK|N,[(| L+ N,
Ag|N,) o FEVE B IR % B O(N||N,P +



1982 BT 516G 8 %R

%39 %

KN (L, N g | N,|) » 222 T ]y a] i ) )3
XEE
4 THREITEE S

SEEGIETS Matlab HEATH5 VPN . SR ek i
Salam 254 $hBEATL AR BT V2 AR BSGORS J2  BE 1 265 11
REFUMI LG SK o JEJEDFE ML AE L x L = 1000 x 1000
S0 BB P A2 AT A0 AR I 100 AN AL AR 500 434
BEMG, W AN R YRR % A o R R R[50,

5
L0045 4. 45 AT P — 61e[dL] ,

Qy
ooy, B, A9 WESRFIESH, 20 590 42 il W9 285 o o it
FEON % % 1) L A B B i, d WY PR . B
UL 48 5 AE L x L = 1000 x 1000 F 36 i 9 24149 43
Ay AN EUR B, 1535 A, P E < k >=
2|L,|/|N,| ~ 5, 1 kB IEORIE B 98 BRI A (10,
301385104, WE A R EL WK D(ny,) = 150 .
T E AU 28975 SR BRI IR 4> A, BF 100 B[]
AL B)IAEEN 10, AAF IR IAME A 200 FIFEEL
I3 Ao AN EAEATITE] 2 3000 AN TH] BALAT, A K2
300 ANREFADR L5353k o Ay al G Bt AL IR 22 0] S 45 AL
FEAERREN, A ESEIGHERET 10 K, RS 45 R 1)
PRI B ) A5 R

SEB A A ARy, IR TR STVA P fE
TSI Ay WA B LA BRI, RS
55 A AT ) BRI 5 0 PR TG SR M RE TR s e, U2
S A AT AN [ A PF I W Tk v A2 38 Y 4% 0y
FTE L
4.1 BERMERELLER

WA SR NA-PVNM 8 5 S04k 5
G-SVNMPL SCHR[4]% TC-KVNM Sy AfScik [7]
TA-KVNM 535, ML 2037 SRk 8252 /0 T
BY LE AN 5 T AT LR

B 1 sk 4 Mkt RebbAs . B 1(a) il
SRR, NA-PVNM §ykd s, 4k
66%, TSR, A0 61%. Kl 1(b) Wit

B2 L, NA-PVNM Sk e, 294 04,
PR EERAR, 200 0.37 A ELEE 308 NA-PVNM
SL T RERLLT -

B R EIR 4 PEERIREST . TR
A E LT RN, T B R R B, TR
TR Z P EE M 2 0 b LU 5T, AR B £ e T Y
BAREREZEREAN K, SRR S 22 BE N . XA
DR 25 L[] PR T Wi Sk I i A TR Xkl AR Sk
THSIZI BT T 70 BT 57 15 240 SRR B ) 288 2 Joke A v
PEREMISEMT, 43 BT BERS L i K 0L ) 28 LS 1 T 26 1)
5
4.2 FIEARMERMERERIE

M SRR 2 RS TFRS EG . e I e ST 2
LRI A AR A DO MR A AT

HAWSHOARA, 3w ST A A EA R
D(n,;) =400, D(n,)=1000, 1/t 4 FhEvERIMERE
A 2 fios. LR, NA-PVNM SHikMEfe
el R B L RO VAT R 22 SRR R . T
B AL B ARG, NA-PVNM HEH TC-KVNM
S IV SR B 52 R RIS A L o s, M
TA-KVNM 5358 G-SVNM 52 {1 e A8 AN K .

AR D(ny) T 4 FEVE R I03R 3 Fios. Al
LLE W, B Dn,) # K, NA-PVNM 5% Al
TC-KVNM S VEM b/, TA-KVNM 5k
G-SVNM SiE M) b ARAN K o 11T 95 2 A R 40145
RO TEARIT, R L R B AR R ek b, AT K
T8 PEIR S REI D s AT AT 5 S FOL I 7 SR LS
BT, TR A S A e, TR
NIRRT M S TS AR IS | S VA=A B DA K= S
PEREI R AR /N o

SEEGR W, AL LA, PO B WS Bk
Wb, AR T i AP 2% 7 Sk 22 52 ORI 25 T4
k.

4.3 YRR I E R ERER I

M SR 252 2 RS Y LU RN % e 1 2

$0 3 AT T T B W9 2 0 P SO SRV MR RE R R

1.0 0.54
0.9
ey ]
0.8 =
g i
0.7 EE
e =
0.6
05 1 1 1 1 1 034 1 1 1 1
0 1000 2000 3000 —— NA-PVNM 0 1000 2000 3000
il (I ] 28 —~ TA-KVNM ] il 26
Eﬂt](ﬂ]fniﬁi) o TORVNAL ETI?(B:J:HEE)
(a)if k22 —~ G-SVNM (b)) 5T L

1 4 MPEIEIERELLER



8 1 BRI A BT RUATUT IR AN AR LA VAN I 0L 19X 24 e St A 1983
1.0
" 0.9 52
X Fre
o8 K
e =
0.7
0.6 : .
0 1000 2000 3000 0 1000 2000 3000
I [ (P ) 24805 ) I i) (i) £
(a) D(ny)=400i% K432 % (b) D(n;)=4004 25 JF44 Lt
1.0 exp] 1.0
3 0.8 5 08
BX &=
0.7 S
2 wE 0.6
#Z 0.6 =
0.5 0.4
0.4 : .
0 1000 2000 3000 — Tﬁ?\%ﬁ 0 1000 2000 3000
N Stas -~ TA- / N N .
BN I (B ] G ) o TOKVNM R ) (B ) 7 )
(¢) D(ny;)=1000 i K %52 F —~ G-SVNM (d) D(ny;)=1000 ¢ &5 FF44LL
2 AR ELAHGAF T 4 T fe He A
F 3 FRMBAREMT 4 ME XA FEMARST TP E
NA-PVNM TA-KVNM TC-KVNM G-SVNM
D(n,;) =150 3.2735 3.3690 3.3287 3.4565
D(n,;) = 400 2.5617 3.2963 2.7699 3.5741
D(n,;) = 1000 1.3590 3.4730 1.5060 3.9085
Wil o 4.1 75 P B DX 5% e R O B B LA O, %, FEEH/>, ND fINL &/, Wik 4.

BOWATT S R, o R AR KRB . X
U, IR o, B SRR AN, DI N L
AR I 25 o oL B AR P b il i 1 B R 2 90 P

Jo 43l 5E M2 ELAR ND FISF- 485 4% NL
ND = max di]. (10)
NL = (11)

ARk

=]

(
A, dy TR R R R R AR R

ic 4.1 YR SN, Az AN B (K4
W2, 3 ANPIBE LR A BERE AL T RURR
FBE RS TR S HOHIT, 20T ND Ml NL. SN1
FHREM %, KaER/D, ND fI NL ik, SN3 KA4%

HAb S HOAAE, W H Dn,) =150, {iE NA-
PVNM LM G-SVNM F35kAE 3 Pl 25 b )
PERE, 45w 3 Fon. MEIHR TR, Y3
LR 1K NL BN, BRI SR B 32 SR 35 T Y
bk . B 3(a)t, ilsk#:2 3% SN2 [ SN1 #2514
10%, SN3 Lt SN2 #2140 10%, K 3(b)H, Ui
BLE SN2 L SN1 4229 0.1, SN3 L SN2 #2525 0.1,
ATCAE AN B LN, WL 44735 5 i 4 K
JEE 45 /N o PR b B B 22 SR AN R

FHFEINIE LI, XFEE 3 o 5% 1) ~1- 34 d e
BRE. WML A WL 5 fin. WTUEH, ¥
R 2% F1 ST~ 44) o 8 A K JE T SRV ) B S AR K
PR S EAR G . B I 4% 1~ 350 e R B A2 A BB

F 4 YIEMEARINE S

PrE v, > on.) IL| > bwil,) ND NL
n €N lsel
SN1 100 7581 501 37155 8 3.4844
SN2 100 7481 510 38470 6 2.9293
SN3 100 7563 509 38005 4 2.2149




LI I IS S i

39 %

1984
1.0 ¢ 7
0.9
0.8
s
i“’ﬂ-" 0.7
0.6
0.5
0 1000 2000 3000
I i) (B i) LG )
—— SN3-NA —&— SN2-G
—— SN3-G —— SN1-NA
—¢ SN2-NA —— SN1-G
(a)if 25

W ai T L

- . . L
0 1000 2000 3000

FIF Ji) (R i) 7775
—+— SN3-NA —&— SN2-G
—v— SN3-G —— SNI-NA
—— SN2-NA —o— SN1-G

(b)H 2 TR L

3 ANFWBLR MR BT R A BELL AR

% 5 MEREE T REREKE S EA SRR Tk

NL NA-PVNM %% h G-SVNM H¥% h
SN1  3.4844 3.2735 3.4565
SN2 2.9293 2.8149 2.9770
SN3  2.2149 2.2293 2.4951

T % WL BF BT B A B A R, Vi R B B i o %
ks, T i J5 S U T SR S i Th R, K
AR L T A, TR, T3 = T as TR
k.

SEG AR BRI 4 AT T KRR R I, R
FOUBE s i S B Rl /L, A R e R AL % 1 Sk B
2 H R R TR L
4.4 HENEERLSAER

4.2 IR 4.3 5[ SE 0 8 TR W TR0 a5 LS
B AR m B 2 KR R Y LA, AR TR
1o N2 A0 ) 2407 SR B 52 R IR 2 TR L, X R v
L RMRRAE S, kN T BE B WL Bk AL, Mo N
B 4 IR PTE AE, HETRE s T WL e . AEBEIE
fih b, WFRAFSERELM T, B Ry
W2 Ry I O, B s L M RE TR 25

PONCUNTE = SU VAR B e SN iE: chus

90% 1B B AU v 40 A I S 50 1) L 481 R 5 )
W RRBE I o5 T R AR 6 i S 1 LG AR D N ]S
BIE W 7 AT LA BT —Fabn 2% ISR S 40 &
FHRE SV B /N i T R R 10, PR R S B K
100, AER L% A BGRERE 9096 MR B A i
6o o AR RR T L R 4% R R A ey F R L

LL SN1, D(n,) =150 %A~ G-SVNM 5k
PEAE N IEME, ELE T NA-PVNM SHkrE 3 Fiy Bk
481 D(n,;) = 150 , SN1 I 3 F' D(n,;) 414 iR
2R 4(a), HEGEIS 90% M s s by b an
Kl 4(b), EREERE I 0 o BRI Ta) S 24 4 1
4(c) AT ELIE 4(a), 4(b), R F 5 M EE T 90%
(B B HC 7 EE A SRR, I BIA AR A I I
[AHIE, [RIEF, S8t i 90% 1B ik i LBk,
R U O 265 S 17 SR 42 52 I

XFECE 4(a), 4(c), 1R TR LA
B, JLA BRI R 5 o LG IR IR TR SP R R
I, OISR FIEBEAE, SEbr b I HE M
2R VIR LU, T SR BESZ v I SRR A DR O
[FRE ) REFAM 45, o T B A 45 g s 5 2, i DAAH
A8 Y5 P AR B 22 B I 4% . 2F BAF e, 16
B R AT R UL I 2854 SRS T AR () A R R
T, BRI BRI A AR IA B e K e, T

1.0 £000K0000 = 0.14 0.5
7\ bod Sl P 2o
25V o il A2 _FFIEVRY | L e YRS
0.9 v ;@ #2d 04 o
2010 R i
N‘ B o neo00000RSeT g 0
0.8 # 008 | [ 500099700 i Sz 031 o P el
§ Z oo £k g v
n 07 SV o He 021k &
- 5 0.04 B 55
0.6 ; hy 0.1
’ B 0.02 &
& ¥
05 . . . = 5 . . . .
0 1000 2000 3000 0 1000 2000 3000 0 1000 2000 3000
HSF i) (4R 1) 20276 HSF i) (4R 1) 20276 s o (HRF ) 276
—v— SNI-150-G SN1-400-NA  —0— SN2-150-NA
—0— SNI1-1000-NA  —o— SN1-150-NA  —— SN3-150-NA
(a)TF KL A (b) S 1L 90 % 1 it ok 1y Ll () by FHBE 17 9 7 LE IR IS ) 354

K4 FREMEREELEL



%8 W BRI AR R AR RN B B AR L VP AL PR R 0L 000 2% e S 1985
VORI 250K FOL Y 8% LB s D 2R PR A B ASES 44(8): 1820-1825. doi: 10.3969/j.issn.0372-2112.2016.08.007.

i)
S

B RSO I 8 IR 335 SR A B2 A 1) S BREAE UK
SIS R BRI A o

5 HERiE

2
kb
A
Yy
Y
Yy
H ik

i

AT Bl P BY BOSEAU R 45 WA 5%, S
PSR T AR RS, R T
SARMIAMCELE . SE5 70 HT 1AL B AR AN
20 AR JTOGS SV E 1 5 i LA IS T R
W28 B T I DL SR i 4 id, fEEL
I AT MR AU W) 53 SR AL BT AR S AR LTRT
R RIDAS B S5 By G N 2 e A 2
SO U4 28 WS ) 3N B sl RIS As, B,
2 AL X 2% R SRS 37 SR RSE B 4 (10 SR BEAE T ol D WS
P ASCR — D WA B 7 A Al

MY KT % W 2% R0 1 245 [ T A S v 5 o S (5%

M,
PERE

1]

2]

B3]

(4]

[5]

(6]

(7]

(8]

DA% A0 194 244 PR 0 A5 A% B JFOR R AL 1 2% S
Y.
% x #

WANG A, IYEN M, DUTTA R, et al. Network virtualization:
Technologies, and frontiers[J].
Lightwave Technology, 2013, 31(4): 523-537.
ANDERSON T, PETERSON L, SHENKER S,
Overcoming the Internet impasse through virtualization[J].
Computer, 2005, 38(4): 34-41.
YU M L, YI' Y, REXFORD J, et al. Rethinking virtual
network embedding: Substrate support for path splitting and
migration[J]. ACM SIGCOMM Computer Communication
Review, 2008, 38(2): 17-29.
CUI HY, GAO W J, LIU J, et al. A virtual network

embedding algorithm based on virtual topology connection

perspectives, Journal of

et al

feature[C]. IEEE 16th International Symposium on Wireless
Personal Multimedia Communications, Atlantic City, 2013:
1-5.

HOUDA J and DJAMAL Z. An adaptive load balancing
scheme for evolving virtual networks[C]. 12th Annual IEEE
Consumer Communications and Networking Conference, Las
Vegas City, 2015: 492-498.

FENG M, LIAO J X, WANG J Y, et al. Topology-aware
virtual network embedding based on multiple characteristics
[C]. IEEE ICC  2014-Next-Generation
Symposium, Sydney City, 2014: 2956-2962.
FRKIE, RS, SRSy, S R RN % A R A0 10 4 I S 5
YE[J). AE AR, 2015, 36(11): 180-189. doi: 10.11959/j.issn.
1000-436x.2015272.

GONG Shuiging, CHEN Jing, HUANG Conghui, et al. Trust-
aware secure virtual network embedding algorithm[J].
Journal on Communications, 2015, 36(11): 180-189. doi: 10.
11959/j.issn.1000-436x.2015272.

MERE, TRk, TIEE KRR SR S SVE AT AT [D]. TR,
2016, 44(8): 1820-1825. doi: 10.3969/j.issn.0372-2112.2016.
08.007.

LIU Guangyuan and SU Sen. The research of reliable virtual

Networking

network mapping algorithm[J]. Acta Electronica Sinica, 2016,

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

PRV

G 93, 1990 fEAE,

DING J, HUANG T, LIU J, et al. Virtual network embedding
based on real-time topological attributes[J]. Frontiers of
Information Technology & Electronic Engineering, 2015,
16(2): 109-118. doi: 10.1631/FITEE.1400147.

GONG L, WEN Y, ZHU Z, et al. Toward profit-seeking
virtual network embedding algorithm via global resource
capacity[C]. Proceedings of IEEE INFOCOM, Toronto, 2014:
1-9.

NASHIKD S, REAZ A, SHIHABUR R C, et al. Connectivity-
IEEE 8th IFIP
International Conference on New Technologies, Mobility and
Security, Cyprus City, 2016: 46-54.

BECK M T, LINNHOFF P C, FISCHER A, et al. A

virtual

aware virtual network embedding[C].

simulation framework for network embedding
algorithms|C]. Proceedings of the IEEE Telecommunications
Network Strategy and Planning Symposium (Networks),
Madeira Island, Portugal, 2014: 1-6.

DING J, HUANG T, WANG J, et al. Virtual network
embedding through node connectivity[J]. The Journal of
China Universities of Posts and Telecommunications, 2015,
22(1): 17-23. doi: 10.1016,/S1005-8885(15)60620-3.

SRR, WRYE, TR )75 A 5 10 BERE R 0L ) 2% it S
HIL[T). W5 E R, 2015, 37(8): 2021-2027. doi: 10.
11999/JEIT141527.

GONG Shuiqging, CHEN Jing, and WANG Wei. Energy-
aware  virtual network embedding = algorithm for
heterogeneous nodes[J]. Journal of Electronics & Information
Technology, 2015, 37(8): 2021-2027. doi: 10.11999/
JEIT141527.

REFE, REY. T T 0G0 B W B LHL(I]. T
HHUELE, 2014, 41(6): 69-74.

YU Jianjun and WU Chunming. Randomized algorithm for
virtual network mapping problem based on load balancing[J].
Computer Science, 2014, 41(6): 69-74.

B, B PR M S L ) R T[] S AR R A
i, 2016, 38(3): 728-734. doi: 10.11999/JEIT150656.

JIA Wei and XIA Jingbo. Research on virtual network
embedding across multiple domains[J]. Journal of Electronics
& Information Technology, 2016, 38(3): 728-734. doi: 10.
11999/JEIT150656.

ZHANG Z B, SU S, LIN Y, et al. Adaptive multi-objective
artificial immune system based virtual network embedding[J].
Journal of Network and Computer Applications, 2015, 53(1):
140-155. doi: 10.1016/j.jnca.2015.03.007.

FISCHER A, BOTERO J F, BECK M T, et al Virtual
network embedding: A survey[J]. IEEE Communications

Surveys & Tutorials, 2013, 15(4): 1888-1906.

%, 1989 fE/E,
fetk.

W, 1963 £,
4

[, BIETE5 1 AR 5 IR, 1 2%

2 G W i b/ N M N L 578

T, BFFUTT A R R 2 A L DA
G

%, 1990 E4E,
R .

e, WFFTIT ) A a4 i



