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ABSTRACT

The OpenDaylight controller has been receiving significant attention as one of the enabling open source
framework for SDN, and this paper analyzes the architecture and procedure of OpenDaylight based controller
cluster. The OpenDaylight controller cluster uses shard based distributed datastore and Raft algorithm to maintain
consistency among controllers inside a cluster. The performance evaluation analyzes the leader re-election time as
well as latencies of CRUD and Routed RPC according to cluster size, shard role, and sharding strategy, and we

discuss the optimal operation strategy for OpenDaylight controller cluster.
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%3 271l w2 CRUD 455 W]ayitAgie}. #iA|
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] X]edA|7F (msec/ request)S E==3}3Ic)
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Mo

¥ 3. FelzE] 2] g A= e A wbE CRUD AQAIE (HdyHd/3d) ¥4 (Lx: x AR=S] 2], Fx: x AR=2] FEo))
Table 3. CRUD Latency (min/avg/max) according to cluster size and shard strategy (Lx: Leader of shard x, Fx: Follower of

shard x)
i 84 3 A AAZE (msec/req)

74 ZEZe] Feiay 3yl A= | ZAEEY ZelaE 3ol A= | ZEEE FelaE SR A=
CRUD e} Lear Feur Lear Feur Lear Feur
(CRUD 3 (car-entry) (car-entry) (car-entry) (car-entry) (car-entry) (car-entry)

Create 8.18/12.6/17.11 |13.58/16.73/21.28| 7.59/8.85/10.99 |11.4/13.21/16.32| 11.93/13.67/59.57 | 14.17/16.02/19.47

Read 1.26/1.48/1.78 4.21/4.65/5.46 1.23/1/42/1.64 | 3.88/4.38/5.26 1.38/1.48/4.67 4.15/4.81/5.33

Update 9.31/12.43/17.33 | 10.60/15.52/25.35| 7.52/8.53/10.25 |10.06/10.72/11.67| 11.99/12.25/69.68 | 12.61/17.24/24.20
Delete 6.94/8.98/12.84 | 7.99/10.21/11.39 | 7.02/7.95/9.77 | 7.52/8.36/11.19 | 11.63/12.37/55.01 | 11.99/14.71/15.01
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Table 4. Latency of Routed RPC in the controller cluster
(Lx: Leader of shard x, Fx: Follower of shard x)

A 84 °F XAAZE (msec/req)
e ZEZe] Zelzae | AEEE ZelaE
° 3o/l AR= 3efjAk AR=
RPC E]le Ldefaull Fdefaull Lpeople Fpeople
add-person
10.06 11.39 9.96 11.84
RPC
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Table 5. Leader re-election latency (min/avg/max)
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1808

o Z25 AHE Y XAt 55 &
29| te] AP Ay Bauby
2EZ7e 7] A4 E<] Cbench "= o] g-3l9ich
= e 2 dleleelE AEEE FH2EHE
T=3la, FelaE W ZEE]S] gl mE il A
2] (Throughput) ¥ AEZ2] Aolldl] u}E B |
AAA7F (Recovery time) 5 EHAA] 2 w784l

Jalsick A|F7A1Y ATE
Tz g, E =R AEEY FeisE 330l
18] AE HlolE] ~Bo] Fxel| S wFe] A
= A3l om, Bt/ gRe] 5o A= o3 A EE
B FejxE =27], Wl AR/ ARE 5o ARE -
o A Ak ] A AQAZE Sl gk s
PA1E FEsiinh B =tol|x]e] AEZE] FeaH
T5 2 As 1A 3L oEdolgle]E mjd

ﬁ
o= eEsrPIE Bedgon, B

-

> 2] = o Mz

ZAE wk=o0] A 2519
E

N2
fo
SEIY
i)
o
K0

VI.E B
£ =oll4i= SDN H#ofe] tfEA]l 8F 4 =
APzl eEdolele]E ZEZR] F|2E]Y] T+
Z 2 F2F uel digle] EAsisl o, 2B &
2] A Y A3E npElow AEZe e

2 N
Al Aol A AHE AAY 7 EEe] S22E Y
717} S7VEE Sl aE ] A ol Hl
W, ZAEE 7t dole] 2] A3dS fAslof
Sz Alfrleko® qlale] dHloJe] A~Eoe] Wi A
of| |7 Fr sk A Felalgi) 53], dle]
E] 2~Eole] 7et A fA] AR SR Qlale] Al
ZFe] CRUD ¥ Routed RPC 842 Akt g2 Al
A= AEZH A 8= Aol EEAE ol
Htolels AS Eeldlelon, Raft dae|Ee]
Election Timeout 3t Al we} Ak= 2]t 2414
A7 Ao 2 FAEEE Y WA s A
A = vk A HAEGIch 2 =ield] =&3h
SZdelzle|E A EEY FE|aH e 24 2 3
# ] Hele] eEZdolzle|E 7|Hke] tleksl &



) o Edoletol = AEH FesE A% 24 U A

o )

Mo

ellx 282 5 1S 73k

(1]

[2]

[3]

[4]

[5]

[6]

[7]

8]

[9]

[10]

[11]

[12]

References

G. Lee, I. Jang, W. Kim, S. Joo, M. Kim, S.
Pack, and C. Kang, “SDN-Based middlebox
management framework in integrated wired
and wireless networks,” J. KICS, vol. 39B, no.
6, pp. 379-386, Jun. 2014.

J. Jo, S. Lee, J. Kong, and J. Kim, “A
centralized network policy controller for
SDN-Based service overlay networking,” J.
KICS, vol. 38, no. 4, pp. 266-278, Apr. 2013.
Floodlight Project, Retrieved Aug. 26, 2016,
from www.projectfloodlight.org/floodlight
NOX OpenFlow controller, Retrieved Aug. 26,
2016, from www.noxrepo.org

Beacon controller, Retrieved Sept. 30, 2014,
from  https://openflow.standford.edu/display/
Beacon/Home

Ryu controller, Retrieved Aug. 26, 2016, from
osrg.github.io/ryu

IRIS:  The SDN  OpenFlow
Controller by ETRI, Retrieved Aug. 26, 2016,
from openiris.etri.re.kr

Y. Kyung, K. Hong, S. Park, and J. Park,
“Load distribution method over multiple
controllers in SDN,” J. KICS, vol. 40, no. 06,
pp. 1114-1116, Jun. 2015.

A. Tootoonchian and Y. Ganjali, “HyperFlow:

Recursive

A distributed control plane for openflow,”
INM/WREN’10, San Jose, CA, Apr. 2010.
A. Dixit, F. Hao, S. Mukherjee, T. V.
Lakshman, and R. Kompella, “Towards an
elastic distributed SDN
HotSDN’13, pp. 7-12, Hong Kong, China,
Aug. 2013.

P. Berde, et al., “ONOS: towards an open,
distributed SDN OS,” HotSDN’i14, pp. 1-6,
Chicago, Illinois, Aug. 2014.

D. Levin, A. Wundsam, B. Heller, N.
Handigol, “Logically

controller,”

and A. Feldmann,
centralized? State distribution trade-offs in
software defined networks,” HotSDN’12, pp.
1-6, Helsinki, Finland, Aug. 2012.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

B. Yoon, T. Kim, Y. Kim, and S. Yang,
“Technology trends on on transport SDN for
high scalability and high availability,” KICS
Inf. & Commun. Mag., vol. 32, no. 7, pp.
9-16, Jun. 2015.
OpenDaylight project, Retrieved Aug. 26,
2016, from www.opendaylight.org
Akka, Retrieved Aug. 26, 2016,
www.akka.io

Raft algorithm, Retrieved Aug. 26, 2016, from

https://raftconsensus.github.io

from

Moiz Raja, odl-mdsal-clustering, OpenDaylight
Silicon Valley Meetup, Apr. 2015.
C. Dixon, “Consistency Trade-offs for SDN

Controllers,” OpenDaylight Summit, Santa
Clara, USA, Feb. 2014.
Z. Khattak, M. Awais, and A. Igbal,

“Performance
SDN controller,”

Taiwan, Dec. 2014.
Cbench: an OpenFlow Controller Benchmarker,
Retrieved Nov. 10, 2016, from http://www.ope

evaluation of OpenDaylight
ICPADS 2014, Hsinchu,

nflow.org/wk/index.php/Oflops

D. Suh, S. Jang, S. Han, S. Pack, T. Kim, and
J. Kwak, “On performance of OpenDaylight
clustering,” NetSoft 2016, Seoul, Korea, Jun.
2016.

Setting Up Clustering, Retrieved Nov. 10, 2016,
from http://docs.opendaylight.org/en/stable-bor
on/getting-started-guide/common-features/clust
ering.html

OpenDaylight Controller/Clustering, Retrieved
Nov. 10, 2016, from https://wiki.opendaylight.
org/view/OpenDaylight_Controller/Clustering

1809



The Journal of Korean Institute of Communications and Information Sciences *16-12 Vol.41 No.12

Z Ef = (Taechong Kim)

20059 ; o} et AR
ek )

20074 : KAIST AHXREAIZs}h
AAL

2012 : KAIST A4k} ubap

20123~20144 ; AR} A9
A4

201413-20164 : FFAAEAD T AP

2016'~ A : FETSaL A HFAl S

<Al Rol> FAAX U ESZ, [oT, SDN/NFV

' o

M & 2 (Dongeun Suh)

2012 : st AxlEE)
3 At

20123~31A) . sk IT
pER T R I S i e

<¥HlEel> SDN/NFV, ®rjel
HEeju|t]e] ~Eg]|H)

8 Ab 3 (Sangheon Pack)
2000 : Agstal  AH5FE]T
- s}
20054 : AgiEta  A7HSF
E-gEt uha}
20073~ &A : wHH TR 27
";\v‘ 4 AR 2
<Al Hol> SDN/NFV, vl
Qe

-8
-
.

1810

Z ¥ N (Myung-Sup Kim)

19989 EakyIdigta A}

I 7;]]/\]-61-‘;,], zﬂ-/K],

- 20004 : E3FgI}k
Aketat At

2004 : E3Fgo st FiA}
Alirels what

20064 : Dept. of ECS, Univ
of Toronto Canada

2006~ A - skl e A Bkt

<ol vEYD Fe) U nek Eejy w
g %, deeire] YEd=

£l

A4

9l & 3 (Chang-Gyu Lim)

20001 : =l A7)
Axpgst st

20024 : = )ed A7)
AAlgatt Aat

2002 3~3 A : A=A EAS
T Al

<] Hol> SDN, EIAFE
YES=, vl el

8 = & (Soomyung Park)

19901 : wH=T e Z57E 8]
t

1992+ : Z=ro &k 7355E] 55t
A1 /\],

1999\ : A=t 73%E] st
2}

200013~ A : FF=AAHEAA
74 AT

<T ol EfI2EE YESS, SDNNFV

~





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


