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Service function chain placement algorithm based on VNF instance sharing
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(College of Computer & Information Sciences, Fujian Agriculture & Forestry University, Fuzhou 350002, China)

Abstract; This paper proposed an SFC(service function chaining) placement algorithm based on VNF(virtual network func-
tion) instance sharing to address the problem of difficult tradeoff between the deployment cost of VNF instances and forwarding
cost in the process of SFC placement. Firstly, for multi-link SFC, it constructed the VNF and virtual link mapping model, and
estimated the upper bound of the path deployment length to ensure the SFC delay. Secondly, within the limit of the path length,
it maximized the number of the reused VNF instance as much as possible to balance the forwarding cost and the deployment
cost of VNF. Finally, it obtained the SFC placement strategy. Compared with the existing SPH ( shortest path heuristic) and GUS
(greedy on used server) placement algorithms, the total operating expense of the proposed algorithm is 6. 6% and 12. 15%
lower ,and when the number of SFC increases, the service acceptance rate of this algorithm can reach 89.33% . The simulation ex-
perimental results show that this algorithm can effectively reduce the SFC placement cost while ensuring the quality of service.
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6 R A8 B 90 5 SR NI A 5 2, R s DA s 2 H 9 54 A
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% 40 %

Le”,,%ﬂﬁjﬁ%j{%mﬁ%ﬁ$ﬁﬁi# P/i_jEP;

7 if wajsjﬁ? then
8 break ;
9 end if
10 for each wa, do
11 P FHSE 1, 1530 SRS 1 VNF Bt Len, B
T
12 if Len % F R BEAR F BT Y VNF %4 then
13 ifx/IPfL/I > g then
14 g=x/1P, I
i
15 end if
16 end if
17 end for
18 T LE AR fe o O P B AR, R B9 2GR Il B AEA
bestpath ;
19 end for
20 if TGHRE J7 4, then
21 a4k
22 end if
23 BB 45 DR
24 end for

25 return F5E A HE
2.2 BERERESH

15 SFC #BB B JE47 111 4 SFC 13k, 3 4 SFC X
1 F VAR R R TR AR I AT Py AT i
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15 EAERE AT , 3-S5 P FP S Ak AT e, s 8 A |
VNF F F 2 AR 55352 5 AT 4007
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AR FAEAT 58 A 87 Sbk BRI M 4R 4, X M
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AN CPU BEUE S 100% , 1 49 B4 3 (1447 55 10 Gbps™
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TR SR, LA R Sk [ 29 5B AR 4 I RET A CPU 3t
BRI, NG 2 R . AN SFC IR 45 4 10 A RS SCik (129 ]
T —2,
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Tab.2 Key parameters & values

28 18 28 Iz

VNF %5 1~5 by, ; /Mbps 10 ~120
17 1~2 rh 10% ~25%
D/ ms 40 ~ 100

3.2 ZWHERSHW
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B, A SCE SCHR 15 ] i iRl R & 25 B AT L8 a) shortest
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FILZE VNF s, DIk G b7 ARSI A IS5 25
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7N, GUS [ 3545 I % R AR 8 T A SCHRL: 50. 38% , iz Bk
S TR AT R AL 5 VNF SE ], A Bl b 0 T B AR K
X F VNF SE556 8 A, A 6 iz, SPH (938 % B A B
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FHER I AR, K T AR ST 23.82% , BARAS SCHY A F R4 T
GUS, [HJZHHE 1853 VNF SR AR , DA TNk e 1 B i e
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_ 100
Lo} = éﬁﬁcﬁoﬁ o0l
08} [= GUS 80 Wm
s ~F I
o6} £ 70} TERH
B EE 6 ~GUS
0.4} -
02} 507
o 40
. . . . 20 . . , ,
51015 20 0 S 10 15 20
iR iERE

K6 VNF AR A K7 VNF Rl
Fig.6  Deployment cost of VNF Fig.7 Utilization rate of VNF

o)A, WE 8 N, XY SFC i 1y K, A I F
VNF 22 (14 Il 55 T g 6 40 38 05 1 R 45 4256 32 e ¥4 = F SPH I
GUS, 424 SFC ¥k 3] 75 1, SPH 1 GUS 1Y IR 55 4252 K 4y
Fh 84% F1 86. 67% , T A< SCHL 15 (W B 55 H: % %K 89.33%
KA SPH {567 [E i 6 (12 05 , S BUM 45 P A7 16 VNF SZ4]
Ml 5 AR S5 28 TR, 1 GUS BARILZE T VNF SE], H 2 K R %
FEA AT e K fofi B AT T W R G VA AL S5 4 SFC, T LU
A CA P AE R 45 ] LSRR 22 1) SFC.

1.10

- é!;%ltﬁ?z
1.05 ~ GUS
. 100}
¥4 0.95F
3
090}
0.85}
0803045 0 75
iR At

(RS B S

Fig.8 Service acceptance rate



% 6 EARE,F AT VNF 540 36 F 09 IR 52 At b 30 & SE ik

- 1811 -

4 ZERIF

§1 % SDN/NFV 5445 T SFC 8 BB A Ui 1 8L, A5 S04 7
A BT 45 2 B 25 24 o R AT, WY 1L I/ f
VNF S5 (350 8 A FIBE B 5% % WA LA ) 22 B T 4%
SFC I 4 ) G B 95 ¢ IR 588 CPU R340 JLIR
3% VNF-FP 35 B 7 K J 1B, L P47 B i VN 5201
BT A SE T VN S5 B 1R 95 50 Rl 0 8 00 1K
SFC. LI P21 BRI, L1548 B PR A A
VNF S5, (B4 R, 5 SPH I GUS 514 H, A S
PR T DS A T T VNE S0 2 o 3 5 M
{16 T SEHE R, I LT L P A7 BR A0 9% 60K T 45 56 2 110 T 55
SFC., FEARA 4184 £ VNF Sl KT J Pk 1047
T IR 5 F VR B A2 T 19 R 5 S B RSB M IO BF
5% Ak

[1] Hu Fei, Qi Hao, Bao Ke. A survey on software-defined network and
OpenFlow : from concept to implementation[ J]. IEEE Communica-
tions Surveys & Tutorials,2014,16(4) :2181-2206.

[2] ZaE X, skuem, 33,5 WM&k R R RAR[T]. #
HAFIR,2019,42(2) :415-436. ( Wang Jinwen, Zhang Xiaoli, Li
Qi, et al. Network function virtualization technology:a survey[ J]. Chi-
nese Journal of Computers,2019,42(2) :145-436. )

[3] Mijumbi R,Serrat J, Gorricho J L, et al. Network function virtualiza-
tion ; state-of-the-art and research challenges[ J]. IEEE Communica-
tions Surveys & Tutorials,2015,18(1) :236-262.

[4] Cao Jiuyue, Zhang Yan, An Wei, et al. VNF-FG design and VNF
placement for 5G mobile networks[ J]. Science China Information
Sciences,2017,60(3) :article No. 040302.

[5] Bari F,Chowdhury S R, Ahmed R, et al. Orchestrating virtualized net-
work functions[ J]. IEEE Trans on Network and Service Manage-
ment,2016,13(4) :725-739.

[6] Yang Binxu,Chai W K,Xu Zichuan,et al. Cost-efficient NFV-enabled
mobile edge-cloud for low latency mobile applications [ J]. IEEE
Trans on Network and Service Management,2018,15(1) .475-
488.

[7] Huang Meitian, Liang Weifa, Ma Yu,et al. Maximizing throughput of
delay-sensitive NFV-enabled request admissions via virtualized net-
work function placement [ J]. IEEE Trans on Cloud Computing,
2019,9(4) :1535-1548.

[8] Xia Ming, Shirazipour M, Zhang Ying, et al. Network function place-
ment for NFV chaining in packet/optical datacenters[ J]. Journal of
Lightwave Technology,2015,33(8) :1565-1570.

[9] 4%, &mak, k3, 5. A TIRERT T WORS ) fe st v it
k(] EAm AR ,2020,37 (11) :3456-3460,3466. (Jin
Ming, Li Linlin,Zhang Wenjin, et al. SFC mapping algorithm based on
deep reinforcement learning[ J ]. Application Research of Compu-
ters,2020,37(11) :3456-3460,3466. )

[10] Mebarkia K, Zsoka Z. Service traffic engineering: avoiding link over-
loads in service chains[ J]. Journal of Communications and Net-
works,2019,21(1) :69-80.

[11] Xu Zichuan, Liang Weifa, Huang Meitian et al. Efficient NFV-enabled
multicasting in SDNs[ J]. IEEE Trans on Communications,2018,
67(3) :2052-2070.

[12] B4, R 24k, ki ls 5. A TR bR RALE ST 69 MM &5
REARFHACIER[T]. & F 545 854k ,2021,43(6) : 1724-1732.
(Tang Lun, He Lanqin, Lian Qinyi, et al. Virtual network function
placement optimization algorithm based on improve deep reinforcement
learning[ J ]. Journal of Electronics & Information Technology,
2021,43(6) :1724-1732.)

[13] Aklamanu F, Randriamasy S, Renault E. Utility and A * -based algo-
rithm for network slice placement and chaining[ C]//Proc of IEEE
Global Communications Conference. Piscataway, NJ: IEEE Press,
2019:1-6.

[14] Chen Xiaoxiao,Shi Jiugen,He Yong,et al. Deployment strategy of re-
source optimized service function chain in NFV environment [ C ]//

Proc of International Conference on Cryptography, Network Security,

and Communication Technology. Bellingham: SPIE Press, 2022 ; 130-
137.

[15] Zhang Qixia, Liu Fangming, Zeng Chaobing. Online adaptive interfe-
rence-aware VNF deployment and migration for 5G network slice[ J].
IEEE/ACM Trans on Networking,2021,29(5) :2115-2128.

[16] Luo Ziyue, Wu Chuan. An online algorithm for VNF service chain
scaling in datacenters[ J ]. IEEE/ACM Trans on Networking,2020,
28(3):1061-1073.

[17] % A e, BRar. A T B B AL TS A 89 SDN IE L R
st Lk [J]. & F % 4R, 2021, 49 (8):1615-1624. ( Chai
Rong, Xie Desheng, Chen Qianbin. Cost and power consumption joint
optimization based virtual network embedding algorithm for software-
defined networking [ J ]. Acta Electronica Sinica, 2021,49 (8):
1615-1624. )

[18] Liu Junjie, Lu Wei, Zhou Fen, et al. On dynamic service function
chain deployment and readjustment [ J ]. IEEE Trans on Network
and Service Management,2017,14(3) .543-553.

[19] Wang Fangxin, Ling Ruilin,Zhu Jing, et al. Bandwidth guaranteed vir-
tual network function placement and scaling in datacenter networks
[C]//Proc of the 34th International Performance Computing and
Communications Conference. Piscataway ,NJ: IEEE Press,2015:1-8.

[20] Beck M T, Botero J F. Coordinated allocation of service function
chains[ C]//Proc of IEEE Global Communications Conference. Pisca-
taway, NJ: IEEE Press,2015:1-6.

[21] Bari F,Chowdhury S R, Ahmed R, et al. Orchestrating virtualized net-
work functions[ J]. IEEE Trans on Network and Service Manage-
ment,2016,13(4) :725-739.

[22] B, 24, 5. B3 LG LM% T 0I5 s At 30 5 e
FA[T]. A HE AR R A R,2022,39 (10) :3108-3113.  ( Chen
Jialiang, Wang Feng,Zhang Xiao. Optimization design of service func-
tion chain deployment undermobile edge computing network[ J]. Ap-
plication Research of Computers,2022,39(10) :3108-3113.)

[23] AEME,F W, F# 5. K TRt iER & k09 R 5 skt
fowe st ok [J]. 3 FAum A A5, 2022,39 (7) :2120- 2123,
2131. (Zhu Guohui,Jing Wenhuan, Li Shichang. Optimized mapping
algorithm of service function chain based on improved sparrow search
algorithm[ J ]. Application Research of Computers,2022,39(7) :
2120-2123,2131. )

[24] Shang Xiaojun, Liu Zhenhua, Yang Yuanyuan. Network congestion-
aware online service function chain placement and load balancing
[ C]//Proc of the 48th International Conference on Parallel Proces-
sing. New York; ACM Press,2019:1-10.

[25] Shah H A, Zhao Lian. Multiagent deep-reinforcement-learning-based

[

virtual resource allocation through network function virtualization in
Internet of Things[ J]. IEEE Internet of Things Journal, 2020, 8
(5) :3410-3421.

[26] Cong Peijin,Xu Guo, Wei Tongquan et al. A survey of profit optimiza-
tion techniques for cloud providers[ J]. ACM Computing Surveys,
2020,53(2) :article No.26.

[27] Zhang Qixia, Liu Fangming, Zeng Chaobing. Adaptive interference-
aware VNF placement for service-customized 5G network slices[ C]//
Proc of IEEE Conference on Computer Communications. Piscataway ,
NJ:IEEE Press,2019:2449-2457.

[28] Knight S, Nguyen H X, Falkner N, et al. The Internet topology Zoo

[J]. IEEE Journal on Selected Areas in Communications 2011,

29(9) :1765-1775.

Luizelli M C, Bays L R, Buriol L S, et al. Piecing together the NFV

provisioning puzzle ; efficient placement and chaining of virtual network

functions[ C]//Proc of IFIP/IEEE International Symposium on Inte-

grated Network Management. Piscataway, NJ: IEEE Press, 2015 ; 98-

106.

[30] Huang Meitian, Liang Weifa,Xu Zichuan, et al. Throughput maximiza-

[29

[

tion in software-defined networks with consolidated middleboxes
[ C]//Proc of the 41st Conference on Local Computer Networks. Pis-
cataway , NJ : IEEE Press,2016:298-306.

[31] ARIE, ALM, BAEE,F. W%k EIIC T IR fe 44 89 7
RAEBBRER[]]. 3 AR L KK ,2021,58(1) :137-152.
(Zu Jiachen, Hu Guyu, Yan Jiajie, et al. Resource management of
service function chain in NFV enabled network ;a survey[ J]. Journal
of Computer Research and Development, 2021,58 (1) 137-
152.)



