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Abstract

To improve the success rate of resource allocation for network function virtualization (NFV') , we propose
a virtual network function embedding ( VNFE) algorithm based on the conditional anti-affinity degree to ac-
complish resource allocation for the NFV with high availability requirements of carrier networks. First, it de-
fines the conditional anti-affinity degree to relax the constraints of anti-affinity for designing resource allocation
for the NFV. Then, we construct a backup VNFE model to describe the resource allocation problem for the
NFV of the carrier network. Finally, we use a particle swarm optimization algorithm to obtain the solution of

VNFE to resolve the resource allocation problem for the NFV. Simulation results show that the proposed algo-
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rithm satisfies the user’s availability request for the network, has a high resource utilization, and improves the

success rate of resource allocation for the NFV by approximately 46% .
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Fig.2 The flow chart of the virtual network

function embedding algorithm

B TRV ALY VNFE 4205 1 FAAR R ARy«

Step 1 WERLTFEN 50, I REARIKECH 300.

Step 2 W HGALBIF BB G 10 B ) S HE I o, LA
3 (12) S AR T 38 I 3 R, 7 R T B A HIL
B o, WO, B0 A B R T py 04 SRt ok F py

Step 3 RLFHEALRISS ¢ AR, MHE(8) ~ 2 (10)
TR YA S AR 1 Y VA NN 3 b e e £ A
S o WE, DATE I BE s BT RAS st dee KL pi R0 42 Ry de e
BT py; t=t+1

Step 4 U ¢ PEH R F i KL B, ¥ Step 3; &
N, %% Step 55

Step 5 N FH BB F DL A0 11 52 00099 2% ) 8 Bkt 5 5
LR Pl

4 i rERenPr
P B, SR B A 1 5 15 5 40 B R AE 1) 2 [
Internet2 L& HFME R AN, ZIFMLIE 34 55,
A EARE S RS EE, RS A LR AR M 4 000
F| 5 000 W5, BAIRSS 25 AR AR (0.9, 1)
M43 040, 4G VNF [ SFC A B4l 57, 44> SFC H1 i1
NVF MR (1, 10) (93515045, 44> VNF 35K 115
U AR A IME R 500, J525 R 0.5 IEZSS3AR. SFC #3E M
LR [E] (] B AR NS B A BIEAR A A, BRI BT S
ST IRMASEC R B R85, LU L 120k B/A.
R T ITEE, WE A =1, B P20 £]200 L) 20 Jy[E]
AN, B2 2R AR . N T s D BELEO O EvE
RERRZI, X B — 1 1 25 A 2k, A0 2 10 000
A~ SFC I FLNF 7 A MR 2%, RPE|EPAL 2R, A%} SFC HE
BA, 4niit SFC #EBHIE, Mi% SFC ¥k B %57
B FAS SO W N A 1 S B NFV % IR I,
AT A BT, K I R SR A TR T E AT X E.
BA ST R B ERRIC N C-VNFE, ¥ 5 35 FiPE it bric b
A-VNFE, @t B o | kg5 andhmisid | nl sk —
AFEARATHT TR PR RE  [RIRT 4 BT B Ak i Sk
5317
4.1 BRETEIhES M
B 3 R T T 451 SOGE M VNFE Bk 5 R f
VNFE 5335 (R B 5 B 56 43 #r
1.0
09}
08}
07}t
oo}

fary

C-VNFE
—— A-VNFE

20 40 60 80 100 120 140 160 180 200
P 1 4
B3 west sl Ao

Fig.3 The analysis of the embedding success ratio

M3 AL, TEAR R R 2% 0 2045 7F T, C-VNFE
S WA B R KT A-VNFE B3k B i o . X 2
P24 A-VNFE 83507505 SFC ) VNF I pSFC H ) VNF
WSS TEAN R A Al 55 4 L, ELR 190 2% v ) i 55 4 A B0 FR
USR5 10N SFC R pSFC T VNF R EEL, T
SFC Al pSFC BN 2RI, ¢ SIS I SR ELAIL. 5 Z A XS
9, ASCHTHE C-VNFE 575 BB 7R 2 10 4% 1] 5¢ I 205K 1
BUEE T, 5 SFC RHXSRE pSFC ity VNF B 7 A [7] i iz
Sa% b, SET RGEAIME VNFE St m i 400, w1
SFC Fil pSFC i LI A, LS B3



584 E RS IRE

46 %

Wt 2% G, R I RS A 55 A L) SFC K
XN pSFC MR, IR 55 L 00 A% (9 1530 5% JRUB A
A ETY SFC LR R pSFC BRI, Al 55 2% A AR BE
PEASREN BRI AT REVESE I, AR SO $58 3% 5 % HE
T AW IR AR 2 T .

42 REB[EZZRSN

i 55 2R I AR IR 45 Kk 3 pSFC H VNF Bk S5 #8150 5
TR SFC KX R pSFC iy VNF (¥ 55 1R L
{H, FAFESE L VNFE X0 Il o5 (9 L= R . 18T 4 9 o
7 RS PO NEAC REN )i S R R T

1.0

—— A-VNFE
09T —+~ C-VNFE
0.8

0.7
0.6
0.5
0.4
03+
0.2+
0.1+

0

s e ¢

60 80 100 120 140 160 180 200
BEEIE
(a)

20 40

1.0
09+
08+
0.7 F
0.6
0.5
041
03}
02}
0.1}

0 L L L L L L L L L
1000 3000 5000 7000 9000

TR R
(b)
SRS 5 S ik T

Fig.4 The analysis of server sharing ratio

——A-VNFE
——C-VNFE

e

Jie g5 #

M 4 AL, TEARAT R 25 S 45 1F T, A-VNFE
SR 55 2R LR AR L 50% , X JE N pSFC 2y & il
SFC JITf%, - H 2 H] A-VNFE 5535 SFC Al pSFC H
() VNF iif, H 2 SFC 1 pSFC #RREAE WL sl , 7R#K SFC
A pSFC w1 VNF f AR 55 B 24 A 4. C-VNFE S9% 11
il 55 s o SR AR AT A 9 255 97 2% 1R B EE A-VNFE B3k
i, XN C-VNFE SRk v 1 ROR MRS i 29 5%
P, (45 SFC w935 VNF 1 pSFC H 957> VNF B B
WRETTEARIR A A 5548 b, Bim TR A5 Rk sy TR 4%
AT FE RN, A2 0 A C-VINE S35 5K il XU
VNFE f#i], sl 7e il — 4>l 55 4 LAY SFC Hi VNF 4

B pSFC ) VNF MNECRWTAE L, 125805 1 iR 55 g L=
R 2 BB Bh.
4.3 FIEEDH
ATEEVEAR B 5 SFC K H X B ) pSFC 4 e 5 A 2y
Ja » HOR B A A ME SR RRAS TG f2 45 i m] S R oK. [R5
S RS 556 B - B A R A 3R % L 451
Y] SERE R OR % 2K
1.00
0.99
ijé 0.98
i 097}
E 096t
& 095

—o— A-VNFE
091 + —a— A[EEFEFR 1
—o— C-VNFE

20 40 60 80 100 120 140 160 180 200
I 19 4% 6 e 0
@

= —s— A-VNFE
0.94 —e AR [
—+ C-VNFE
093 I I I I I I
1000 3000 5000 7000 9,000
TRAEL
(b)

K5 AR
Fig.5 The analysis of reliability

MBS AT i, FEAL ] 25 T2 1F T, A-VNFE
AR PSR R IR T 0, X2 SFC g VNF 5
pSFC H1 ¥y VNF RS A R 9 e 55 &% b, AT AT — A~ e 55
for S HE BRI AN 2R B R S5 # LR E K VNE. it
5 VNFE [fiif, C-VNFE 53 L) SFC Hl pSFC 2% /i FRitlf
HUNT W2 AT HE LR N AR, DL TSR A d R
NI EAR, 4% C-VNFE 53509 2 F i B R AR KT
0, {HZREAZ AL 45 f) Al 52 B 20K,

44 HRESES

H T A ST SR S0 0 R TR AL R A T 21
SR VNFE (6, 6 45 R R 28 5 s 26 16 T, A
TN T 2 505 5K i VNFE BpRL T 3 53 75 i Wi i th
2. b, TEFTHRRRL TR I, OB ROR R R AL
SRBEA 50 1300, WA AR A0 & FE R (0, 1) Z



53] T, A T AR ROCRANEE (9 1 2% D e R AL B A B0k 585

] 3595 43 A B BEALEL.
1.00
2% G128 k20
s AR 100
0.99 | ¥ 2% 171 28,4200
o !
= 0981
=5
i !
= 0971\
= .
0.96 | \
L
0.95 Sl Sl Sl S

1 40 80 120 160 200 240 280
AL
Eo6 st

Fig.6  The analysis of convergence

M6 FTLAF H, SR BT P Sk i s, X g2
PR OO, [l BERY SFC K H i pSFC iR %,
i 554 ERIAY A THEE B IR D, AT PR SFC A pSKC
H VNF R 55 B>, i 48 3803 v o L T A Ak
2 RPNl ) SO N RF L€ SE S 8 N Ci N B
TREFLL AR A A4/, THSHCIE IV E pR RS ) AT AT A A
A, S E .

R 12 AN R AR BRI KOs AU R 1Y
WS ERZ AR, KL IO B R AR R 8 5 5 R
figpAIC A ) R HGE N S BRI 2 SO R D). IR, SRS
ARSI FCER AT Afp AR (9 TR AL, 35 2 o 2 AR [ 0 245 17 2
AT, ANEPRETHOR E R AUCHIO 13 1) 18 HE pR K

ME2 PR RIE L, XA R A 258 003, AN TR] AL
TR 3 R A QU BSOS L7 HR B0k 11 W S5 i 0 — A
kR, B AQRBOE N, Bk m A RE S
AR R RE N 50, FR RIEARUECN 300 1), 5
TERERS WA B I A, (R k7 S0l i 50 HLiR RIEAR
YRR RN, 500 0L 19 385 10 8 pR B (B B AT A2 1k, fH
e AL S AR BE RGN PG, 7EAR SCP 4R 0 HL AR 5T

CEPUN

BHXS SFC Hl pSFC HYMLGT RIS, ek 5% 50, FREAQ
U 300, LR it S 7 HES L 2, b RE S
LR

F2 N R EE T

Tab.2 The analysis of the value of fitness function

EESIE LIARRE BRERWE &N R EUAE
300 0.961 7
20
500 0.957 9
300 0.954 6
20 50
500 0.954 6
300 0.954 6
70
500 0.954 6
300 0.960 9
20
500 0.955 5
300 0.954 3
100 50
500 0.954 3
300 0.954 3
70
500 0.954 3
300 0.960 8
20
500 0.953 3
300 0.952 1
200 50
500 0.952 1
300 0.952 1
70
500 0.952 1
vh 4L
5 .'mﬁ\él:l

AR SCHR R T AR IR 1) 100 2% 2 BE R FUM AL B 0
BCRE, T AR RCERBE R RERE b, BRI 1L
TSR AR LE 1y SFC BT e Ui D5 LA SRR, Bk
SEAEAETE Al 55 3R TSR BE A A L, REASRE K 00 2% 2
REWHT ) BT AR TT 46% , S7Erp {5 19 2% 7 O AR 5 4 9
UL SLpiE SFC R4 T 2N (E. AR DUGRIIE L5 R 4%
A AT SRR EOR , IR RERE PR i P 45 BT DA R, s fF
P 265 (1) 3 BEAA

[ 1] Naudis B, Tavernier W, Verbrugge S, et al. Deploying SDN and NFV at the speed of innovation ; Toward a new bond between standards devel-

opment organizations, industry fora, and open-source software projects[ J]. IEEE Communications Magazine, 2016, 54(3) : 46 - 53.

[ 2] Matias J, Garay J, Toledo N, et al. Toward an SDN-enabled NFV architecture[ J]. IEEE Communications Magazine, 2015, 53(4); 187 —

193.

[ 3] Quinn P, Guichard J. Service function chaining: Creating a service plane via network service headers[ J]. Computer, 2014, 47(11) ; 38 —

44.

[4 ] Faizul M, Chowdhury S, Ahmed R. et al. On orchestrating virtual network functions[ C]//9th International Conference on Network and Serv-

ice Management. Piscataway, NJ, USA: IEEE, 2015: 50 -56.

[5] Till M, Botero J. Coordinated allocation of service function chains[ C]//Global Communications Conference. Piscataway, NJ, USA. IEEE,

2015: 1 -6.

[ 6 ] Xilouris G, Kourtis M, McGrath M, et al. T-NOVA ; Network functions as-a-service over virtualised infrastructures| C ]//IEEE Conference on
Network Function Virtualization and Software-Defined Networks. Piscataway, NJ, USA: IEEE, 2015 13 - 14.

[ 7] Ming X, Meral S, Zhang Y, et al. Network function placement for NFV chaining in packet/optical datacenters[ J]. Journal of Lightwave Tech-

nology, 2015, 33(8) ; 1565 — 1570.



586 TERE5RH 46 ¥

[ 8 ] Bellavista P, Callegati F, Cerroni W, et al. Virtual network function embedding in real cloud environments[ J]. Computer Networks, 2015, 93
(3): 506 -517.

[9] Gupta A, Habib M, Chowdhury P, et al. On service chaining using virtual network functions in network-enabled cloud systems[ C]//3rd Inter-
national Conference on Advanced Networks and Telecommuncations Systems. Piscataway, NJ, USA. IEEE, 2016 1 - 3.

[10

[

Powen C, Huang Y C, Lin C L. Efficient NFV deployment in data center networks[ C]//18th International Conference on Signal Processing for
Communications. Piscataway, NJ, USA: IEEE, 2015, 5290 - 5295.
[11

[

Addis B, Belabed D, Bouet M, et al. Virtual network functions placement and routing optimization [ C]//4th International Conference on

Cloud Networking. Piscataway, NJ, USA: IEEE, 2015 1 -7.

[12] Munoz R, Vilalta R, Casellas R, et al. SDN/NFV orchestration for dynamic deployment of virtual SDN controllers as VNF for multi-tenant op-
tical networks[ C]//Optical Fiber Communications Conference and Exhibition. Piscataway, NJ, USA: IEEE, 2015; 1 -6.

[13] Jaeger B. Security orchestrator; Introducing a security orchestrator in the context of the ETSI NFV reference architecture[ C]//IEEE Trustcom/
BigDataSE/ISPA. Piscataway, NJ, USA: IEEE, 2015 1255 —1260.

[14] Kaneko M, Okamoto M, Fukumoto T. A robust VNF allocation method in NFV[ R]. Japan; IEICE technical report, 2015.

[15] Herker S, Ai X L, Kiess W, et al. Data-center architecture impacts on virtualized network functions service chain embedding with high availa-
bility requirements| C]//Global Communications Conference. Piscataway, NJ, USA; IEEE, 2015; 1 -7.

[16] Tam F. Service availability standards for carrier-grade platforms: Creation and deployment in mobile networks[ M]. Tampere, Finland: Tampe-
re University of Technology, 2009 156 —159.

[17] Jiang M, Luo Y, Yang S. Stochastic convergence analysis and parameter selection of the standard particle swarm optimization algorithm[ J]. In-
formation Processing Letters, 2007, 102; 8 - 12.

(18] B, RadE, . FET Bloch BRIEHH R 1T AN [)]. FE5%MH, 2014, 43(6) : 647 - 653.
Yang S Y, Xu Y X, Li P C. Quantum-inspired artificial fish swarm algorithm based on the bloch sphere search algorithm[ J]. Information and
Control. 2014, 43(6) : 647 —653.

[19] FrfR &, £, B —FRAREHE RN AENR T B %], FE 5, 2015, 44(4) : 385 -392.
Qiao J F, Wang C, Wei J. An adaptive particle swarm optimization algorithm with local search[ J]. Information and Control, 2015, 44(4) .
385 -392.

[(20] ML, ZEWhib. Sk ARl AR RO [T ] . (5 854, 2016, 45(2) : 157 - 164.

Xiao H, Li P C. Kinematic parameter identification of parallel manipulator based on improved particle swarm algorithm[ J]. Information and

Control, 2016, 45(2) : 157 —164.

(= E
OF1979-), fr, WL, PRI BRSO AL,
WAH(1979 -), 40, ik, TR SFTEsh D20, a4, RREL.





