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Abstract Virtualized service and network functions are deployed on virtual machines (VMs) to realize essential
processing to realize service function chaining (SFC). Issues on SFC is SF allocation to a VM and to minimize
the response time and number of function instances. In this paper, we propose an SF clustering-based scheduling
algorithm, called “SF-clustering for utilizing virtual CPUs” (SF-CUV), to solve the SF allocation and SF selection

problems simultaneously. Experimental results show that SF-CUV can utilize vCPUs to minimize the response

time.
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Detailed information for clustering steps.
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(a)State after the SF clustering. (b) Resultant Gantt chart by the SF ordering phase.
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(c) System spec. (d) Detailed information for SF ordering steps.

O 2 Example of SF Ordering and Actual vCPU Allocation.

gooo0ooooooopoooo SFovecpuooooooo
000000oo0oUo@() 0 SFOovCPUOODOOOOOO
gobooooboooboooooooooobodoooog
gobooooboooooooboooobooooooo

Uin(cr,1) > 1
LSl U (e, vi)

lew,il

) (1)

000 Un(ery) 0 CPUDD ¢, 0000000000000
00000000000000

SFv,00000000000000000 vCPUDOODOO
0c1»00000000000000000000000 (1)
0000000000000000000000000000
00000000000000000 n 0000 CPUDOD
00 vCPUOODOOOOODODO0O0OO0O0O000000000
OD000SF-CUVODO00000vCPUOODOOOODODOOO
0020 02003() 0000000000 a000 100h0
000000000000MmMdO0 Step 10000 fList O
0OAD0OODOOOOOD fList0000000 SFOOOOO
0000000000000 SFOO000000A(A) =ci,1.1
00000000000000000 vCPUO n, 00000
0D0000D00AO0DOODOOODOOO0OO00DO vCPUO
10, 00000000 fList 00 AODDOOO0OStep2 00
0CO fList0000000000 Step50000 DOO
O00O0SF-CUVO DO 1, 0000000000000
000000000000 U(C,a,11)=800000000
O0U(D,c1,1,2) =600 U (mai) =600000 (1) 0000
80460 = 70 > Upp(ma,1) =60 000000D0O ny 000D
vCPUODODOOOODOODO0 vCPUDOOODOODOOO
0000000000 ¢10, 000000000D ¢1,91 0
0000000000000000000000000000
SFOO vCPUODOOOOOODOODO

3. doooo

3.1 0000
ooooooOoOO0OO0OOO0OO0O0OO0O0O0 Ss,COOODODODOOO

-3-

10 | COM-based mummm

COM-based mumm—m

SLR
SLR

[
0.1 0.5 1.0 5.0 7.0 10.0 1 5 10 20
#of SFCs

(a) With varying
CCR

(b) With varying
of SFCs

03 000000000000000

SF-CUVC—

070 CUV-FiXmam
CAP-based mmmmm
0.6} COM-based mumm

COM-based mmmmm

Efficiency
Ave. # of Same Type SFs per vepud

o =N ©w & o o

0.1 0.5 1.0 5.0 7.010.0

0.1 0.5 1.0 50 7.0 10.0

(a) Efficiency (b) Degree of SF

Sharing

04 O0O0OO0OO0OOOOOOOOODOO
oOooooOooOoO0o0ooOoO010000 skFCOODOOOOO

gobooobooobobooobooobooobooboooo
o0oo0oo0oooooOoOoOoo skrCOOODOOOODOO
ooo0oo0:000SsFCO S, =(V;,E;) 000000 SFCO
S=(V,E)=(ViUVaU...Vo, 4 UEU...E,) 00000
o0o0O Sooooooooooooooooo
000000000jdk1.8.0_ 191, and the CPU is Intel(R)
Xeon(R) E-2176M 2.70 GHz with 32 GB RAM 00000
gpoboboboouooboboooobobobobooo
vCPUDOOOOOOOOOOOOODOOOOOOoo SFooOo
gooboobooobobooobboo
 SF-CUVOOOOSFOOOOOOOODOOOOOO
00 (CUV-FIX):

- 00000000 SFOOO0O (CAP-based)[6], [9):

e 0O0OO0OOODOUOUO SFOOOO (COM-based)
51, [10]:

3.2 J0O0OO0OOOOO0OO

O00OD000O0OSFC OO0 00 communication-to-
computation ratios (CCR)[20)0 00000000000
0000000000 0<CCRLI000000000O00O0O
O0o0o0o0ooOooooooooooOo S,rCOOODOOOOO
000000000000 OSchedule Length Ratio (SLR) [20]
gobobooos3sobobooooooooboooooboomannon
cCROOOO0OOODOOMMbOOSFCOOODOOOOODODO
0000o0oDoO03(a)000OSF-CUVOOOOOOOOOO
SLROOO0OO0O0O0DOOOO0OO0ODOOOOODO3 (b)0OOSFC
O000o0ooooSLROOOOOOOOSF-cuvOooooo
OSLROOOOOOOOOOOOOOOOOOOOSF-CUV
oo0oooOoOoO0o0oo0OoO0o0o0ooo0O00 ccrROOO SsrCOODO
gbobooooooobooboooooo



3.3 0000000000
000000000000000000O0vCPUOOO SF
0000000000000000000000002000
000000 (i) Efficiency [20)0 00 (li)vCPUDOODOO
00 SFOOO0O0D0O000O000000000 Efficiency O
vCPUDOODOO Speed Up 000000000 vCPUODOOD
0000000000000000400000000000
0 a00 Efficiency D00 MbOO0 SFOOODOOOO0DO0
00000 4 (a) J00SF-CUVOO00D0 Efficiency 000
0000CAP-based 000000000 Efficiency 00000
CAP-based 100 000000000000 vCPUD SF O
00000000000000000000 vCPUDOOOO
0SFOOOOOOOO0ODOO0O0DOO0O0OCUV-FIXOOODOOO
0000000 vCPUOODOOODOOODOOOO0D00000
0 SF-CUVOOOOO0000SF-CUVOOO00000000
0000000000000000000 Efficiency 01000
0000000000000000000
04(b)000SF-CUVOODO CCROOOOODOD SF
00000000000000000000CAP-based 00
0000000000D00000000SFOD000D000
00000000000000000000000

4. ODO0O0OO40oOoOo

O000OoSFO0DO0OO00O0OO0OOOoOoOogoOoO SFO vCPU
O000000000o0ooooOo0O0ooOogoooo SF-cuvo
Oo0O0ooSF-CUvO0OOooooooogvCPUOOOOODO
oooSsrOO0O0O0O00O0OOOOCOO0O0OOOoOoDooOoO
Oo0ooOooooSsrF-CclvOoO0ooooooooooooon
goboooooboooboooboooooooboooooo

goboooobooooooboobooooboooboooooboo
gooad

00 0000000000O000UOoOoOoooOoOooo (O
gooooo)yooooooooooUuoooouoooo
oboobooboobobDoD leT-0b00b00ob0obOobOOonDOg
(FeddloT)OOOODOOOOUOOODOOODOOOIoTOOO
goboooobooobooooboooooooboooonooo
gooboooooooobooooooooOooobooOoooOom
ooooOooooooOooooocOnoooooooon
goboooobooobooobooooooobooooonooo
goboooobooobooooo

a a

[1] R. Mijumbi, J. Serrat, J-L. Gorricho et al., “Network Func-

State-of-the-Art and Research Chal-
lenges," IEEE Commun. Surv. & Tutorials, vol. 18, no. 1,
Pp. 236-262, Sep., 2016.

[2] A. Belbekkouche, M.M. Hasan, and A. Karmouch, “Re-
source Discovery and Allocation in Network Virtualization,"
IEEE Commun. Surv. & Tutorials, vol. 14, no. 4, pp. 1114—
1128, Feb., 2012.

[3] D. Bhamare, R. Jain, M. Samaka, et al., “A survey on ser-
vice function chaining," J. Netw. Comput. Appli., Vol. 75,
pp. 138-155, Sep., 2016.

[4] P.Quinn and J. Guichard, “Service Function Chaining: Cre-

tion Virtualization:

-4-

(12]

(13]

[14]

(15]

[16]

(17]

18]

[19]

[20]

ating a Service Plane via Network Service Headers," Com-
puter, vol. 47, no. 11, pp. 38—44, Nov. 2014.

L. Wang, Z. Lu, X. Wen, et al., “Joint Optimization of Ser-
vice Function Chaining and Resource Allocation in Network
Function Virtualization," IEEE Access, vol. 4, pp. 8084—
8094, Nov., 2016.

M. C. Luizelli, W. L. C. Cordeiro, L. S. Buriol, et al., “A
fix-and-optimize approach for efficient and large scale vir-
tual network function placement and chaining," Comput.
Commun., vol. 102, 67-77, Nov., 2016.

T-W. Kuo, B-H. Liou, K. C-J Lin, et al., “Deploying Chains
of Virtual Network Functions: On the Relation Between
Link and Server Usage," IEEE/ACM Trans. Netw., vol. 26,
no. 4, pp. 1562-1576, Aug., 2018.

M. Ghaznavi, N. Shahriar, S. Kamali, et al., “Distributed
Service Function Chaining," IEEE J. Sel. Areas Commun.,
vol. 35, no. 11. pp. 2479-2489, Nov., 2017.

D. Bhamare, M. Samaka, A. Erbad, et al., “Multi-Objective
Scheduling of Micro-Services for Optimal Service Function
Chains," in Proc. IEEE ICC 2017 SAC Symp. Cloud Com-
mun. Netw. Track, pp. 1-6, May, 2017.

M. T. Beck and J. F. Botero, “Scalable and coordinated
allocation of service function chains," Comput. Commun.,
vol. 102, pp. 72-88, Oct. 2016.

Y. Sang, B. Ji, G. R. Gupta, et al., “Provably Efficient Al-
gorithms for Joint Placement and Allocation of Virtual Net-
work Functions," in Proc. IEEE Int. Conf. Comput. Com-
mun. (IEEE INFOCOM 2017), pp. 1-9, May, 2017.

S. Sahhaf, W. Tavernier, M. Rost, et al., “Network service
chaining with optimized network function embedding sup-
porting service decompositions," Comput. Netw., vol. 93,
pp- 492-505, Oct., 2015.

H. A. Alameddine, S. Sebbah, and C. Assi, “On the Inter-
play Between Network Function Mapping and Scheduling in
VNF-Based Networks: A Column Generation Approach,"
IEEE Trans. Netw. Serv. Managem., vol. 14, no. 4, pp.
860-874, Dec., 2017.

Z. Li and Y. Yang, “Placement of Virtual Network Func-
tions in Hybrid Data Center Networks," in Proc. IEEE Int.
Symp. High-Performance Interconnects, pp. 73-79, Aug.,
2017.

S. Khebbache, M. Hadji, and D. Zeghlache, “Virtualized
network functions chaining and routing algorithms," Com-
put. Netw., vol. 114, pp. 95-110, Jan., 2017.

H. A Alameddine, S. Sebbah, and C. Assi, “On the Inter-
play Between Network Function Mapping and Scheduling in
VNF-Based Networks: A Column Generation Approach,"
IEEE Trans. Netw. Serv. Managem., Vol. 14, No. 4, pp.
860—-874, Dec., 2017.

V. Eramo, E. Miucci, M. Ammar et al., “An Approach for
Service Function Chain Routing and Virtual Function Net-
work Instance Migration in Network Function Virtualiza-
tion Architectures," IEEE/ACM Trans. Netw., Vol. 25, No.
4, pp. 2008-2025, Aug., 2017.

O. Soualah, M. Mechtri, C. Ghribi et al., “An Effcient Algo-
rithm for Virtual Network Function Placement and Chain-
ing," in Proc. IEEE Annu. Consumer Communications &
Networking Conference (CCNC), pp. 647-652, Jan., 2017.
X. Lin, D. Guo, Y. Shen et al., “DAG-SFC: Minimize the
Embedding Cost of SFC with Parallel VNFs," in Proc. Int.
Conf. Parallel Processing (ICPP 2018), 10 pages, Aug.
2018.

H. Kanemitsu, M. Hanada, and H. Nakazato, “Clustering-
based Task Scheduling in a Large Number of Heterogeneous
Processors," IEEE Trans. Parallel Distrib. Syst., vol. 27, no.
11, pp. 3144-3157, Nov., 2016.



