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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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olgfo]Ee] R4 dlolE]d] UL FAIsk= il
783 34 (Strong consistency) A2 28317 wj
—‘:,'—O]D:L 75k d3A] Z—]%uoﬂ/l']L nE 1:-]]0]]5{,] X‘jﬂ—
2 Ao A=l e E F3le] FelElEE AAE
o] gt} & ARSALe] 8o rielA AP A,
2] dlole ~Eole] WA 2] dRolE
AA BASta FHE o] FRoJEeA SRS
Soll dloje]e] HAARNS #E2 22 W (commit)
s =k dlele]e] WiAe] kA o= ¢l
(Read) 2] 739l = dloJe] ~Eole] BA 2 7]
% 2ol ”‘E%‘ﬁ%‘:} nkel, ARgAe] 8 Ao] Frofe
A A=l 749, ZZ2o]E= CreateTransactionS %
slo] rjollAl Al WS o= 2oy}
dlolele] A e 74 WES AEleE 3laL AF
= ]| 3 HAAE Fduto} ofA] AR}l A S
A Er) w2k CRUD w3o] Z2olE X3
dEE Aol Z2olr) e A 238
el AE oA Ahdibs AA el el
Ax| 7] BEAYSHA| Et) ofel] wle} A 3 A
A Ap=e] dleole ol Al Aslo) she 7t sie
Ap=e] PE E]lgk Foll 2lHE E "]—9‘7‘}3]
CRUD 845 Adsh= Zlo] A|dAzke 24 5 ol
= ek

p

Jlm ) rzi 2y 01

4.2.2 232H 37| ¥ A= 2 FH o

CRUD &= 24

B A s 71EEY FEl2Ee] 7] 2 A=
%3 271l w2 CRUD 455 W]ayitAgie}. #iA|

EEy ZElzEe] el e Aes vl
stod Zhzk 3dl, sdie] SeiaEE A, Ak
03 276l wE A s ko] Ak= A7} 8
Uz de]Ee ol A= 343 topology, inventory,
car, people, car-people 52| 2> w9]o] Af=r}
Abslo] == WAL ARE Sl A4S gk
v} Algollx= car AR=9] car entryel] tgF CRUD
845 5003]4 5W Fefslel 7F e 24yt
] X]edA|7F (msec/ request)S E==3}3Ic)

A, & 39 A EEY SeiaE 7] wE AY
A= vl RH, Feae W ZEEe e 9t &
7¥ell wel ARl (Create)/ 54 (Update)/AH]
(Delete) 82| A|AA|7te] F7ksh= s Eld +
sick &, dlolele] Wbt gle $17] (Read) 2342

o r_\&

O
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i) 2Edo|zel B AEER FeaE A 4

2 A o] ulo}

= l

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

73 S 2~Ee] =77} Zolslelm R A|7bel ¢33k 4.2.3 HEEY Z2i2H 2FolMel Routed RPC
A7) ek 74 el & ek ol Ak= el g5 24

o
7} dlole]e] WAAEe Rl 5e] Ak=dl] 57138}
7] $18k A wiito]w, A= Bt ARE 2o 5o
Al delele] M7 RS- BA| (Replication) 3k Z2]
2Elo]] &3 Il o) Afe] BRoJEA] FolE
2 Follok dolele] WA FHFHoZ Mid
(Commit)3}A] Elc}. webr] 71EEe] FeixEle] 2
717} AAFE FolE wolo} shs ZReES] G}
Z7VsHAl ]9, olell uwlz} dlole] WA S wigt
2|AA|zke] Z7YeiAl Hrk wbd, AEZe] FelsE
o] @77} VRS AEEE ] Aol At ulE
IS ZTeA "k dlE B, 3ue] Fels
B A ellx= Hd 197k 9] ZEE Aol AHlE
583 ub, SThe] FeisE] el = A 2
7R 2] AeljAAlE 54 4= gt webA, A5
A B dlole] W] 24 WEr) =2 589
739, 7MY SR E FeleE] F27)e ulE o)
ole] F7|3} ews=g mefsle] Ao FuE]
2715 AR Aol F8sich

w3l AEZ FoiaH 34 30 @l A=
AR ARE FHe] v)aL Alells AREE ofE] TR
sle] A3E wjel] CRUD A|edA|7ke] 2HA] Lel
S 3l 4 9l o= AR= Er]e] dHlele] WA
e wjulc} eaiE]s AR Bal Y 73 2k]oll
Q= A7te] AR=e] Z7)e| wl#HE] wiite]w,
o]} Zh2 o] fr& dlolele] HAl H 73 A b
A e d7] WEe] A9 wd Ap=se} A=
7oA 2lo|7} Yehx] ekerl webd B4 A=
ZdellA] dlelele] FpAbAaAle] Rivlo] WhAs=
& e BAF A= Bew AAle g
A= BA] E F7)3ke] Tl E Aldksls Alo] Aes

AT 4 gl elolet & 4 glvk

g o

-1

t%

@ o
[
0 r‘igl n]l

[e5

E AelA= 3ve] Z1EEe] FuixE 304
el Aksy3AE ARE 2718 RPC 8.3 Tt Au]s
A9 A7} (msec/request)= SA3}9] 0, A=
people Ak=2] add-person RPC 23S 50034 51
FY3le] 7k 94 it A|QAAZRE Sk

X 4= ZEET ZFEi2E 346142 Routed
RPC A|dA|7He] AARE vepde, F 714 A=

% AA B 2t) 2] RPC 84l Higk A7k
o] ZFZo]g2e] RPC 8A4o| digh A|QdA7knc} g
718 #eldk 5= it} o]& CRUD A% ¥4 A3}
frAkebAl, ZEolellA] RPCE 833k A% 2lH=
53l dd 84S e F AE o] A 7
HollA F7HAQl A Azke] AYsr] witelr). ul
244 54 RPCel el Hlildh 93o] o3k A=
2 W w8 A4, & RPCE sl A=l
gr]e} e AEZR] Aol $XA17]= 7] A|%dAl
7He Zol= el Eabd 5 ik w3k A= 9
AAe) w2 RPC A7 el 2 2l0]7}F vehdA]
ko, BAb AREE $3%h= 7-9<l= Routed
RPC Al3jel] w2 A5 A3} HAsA] derhe A
5 Felg 4= gk

ZAEZY F#|2E] 33142 Routed RPC A5 4

¥ 4. AEE

Lx: x AE=9] )Y, Fx: x AR=2] FR2o)

Table 4. Latency of Routed RPC in the controller cluster
(Lx: Leader of shard x, Fx: Follower of shard x)

e A o A AA7F (msec/req)
e ZEZe] Zelzae | AEEE ZelaE
° 3eyskel AR 3/ at Ak
RPC E]le Ldefaull Fdefaull Lpeople Fpeople
add-person
10.06 11.39 9.96 11.84
RPC
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4.2.4 2| TME XA X

SEdojgte| E 71 EER] Fr]2E] ARE 2T
AA == Raft SaE|FelME Z2o7) Fr)de=m
2tiellA] stER|E HARE B 2]ee] AeE 3t
o}l Fo}. wkel, Election Timeout (2]t AR &
A17h Eek Ble &2 Ss whA] 23 - 2l
Zhol|7} ihAystdrta sadslar, ARAle] TRz} e
U] Z2e]EolA| £ (Vote) S 843} 7t o]
o] FRE R A9 uR A E= RS 7
Ak 7 2o AAA A AEle A7)
Election Timeout®r} F 7-9, S| A9 =t
A S 2rleka A2 2] AE S A
27 #o}. w2} Election Timeout 72 v 244
A AQAA7Ye| deFE mA= defr]Ee]n, £ A
o413 Election Timeout kol wh 2]t 2|44 %]l
A7 SR o] wl, 2t A AAXATR
7|2l Bt 2 52 A EEEE vhREAAl AR
23 2le7t A = wzbR|e] Alzke s Ao
sk

3 5|4 Election Timeoutell & 2]t] #|414
Zled A7) # Ayt H ehgks A8k Election
Timeout F-2 Ed|o|gfe|E AEZE A 7]&EC
2 AAE] 9l 10x ¥ 5%, 1% 0.1%2 4A3}
o] s=3)3}9ic}. Election Timeout Zto] 10%, 5%, 1%
o 7-felli= A2 2] A AAAzRS: H 10.78
%, 5.28%, 1.18%= Election Timeout 3}=} v]=|3-S
gldd 4 glrk

gHH, Election Timeout k< 0.1%% AAE 7
2] WA A Aol 3.8%xE FRIeS &
g 5 glek o= FEAP) BRoERTEH %5
H] Az]&= #]ed A]7to] Election Timeout Z4g Z3}s}
= 757 F HisHA| WhAted, A= 2y A= 3
Aol WHgE7] wigolet. whebA] 2y A A7
F|nslsle] 71 EEe] FeiaEe] 7HAE Eol] 4
#l}4]+= Election Timeout #2 AEZE71] Al #]
AAZEE aredste] HARLE AAshe Zlo] Faslh

I~

fqr 2 4o

E 5. oY A AQARE (328 W)

Table 5. Leader re-election latency (min/avg/max)

Shard 74 EAA EZe/vkd(default) AR=
Election 10 5 1 o1

Timeout (s)

10.04/ 4.85/ 0.63/ 1.19
10.78/ 5.28/ 1.18/ /3.80
31.52 5.80 1.76 16.24

2] A4
A17E (s)
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o] F25 A 2 AAAt 55 £
Zo| whl Azl A% BAupy
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AAA7F (Recovery time) 5 EHAA] 2 w784l
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o
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