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Distributed Message Broker
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ABSTRACT

A loosely coupled message broker system is a popular method for integrating distributed software components. Especially, a
distributed broker structure with multiple brokers with active-standby or active—active message replicas are used to enhance availability
as well as message processing performance. However, there are problems in both active-standby and active-active replica structure. The
active-standby has relatively low processing performance and The active-active structure requires a high synchronization overhead. In this
paper, we propose an active-active structure of replicas to increase the availability of the brokers without compromising its high
fault-tolerancy. In the proposed structure, standby replicas process the requests of the active replicas so that load balancing is achieved
without additional brokers, while the distributed coordinators are used for the synchronization process to decrease the overhead. We
formulated the overhead incurred when synchronizing messages among replicas, and the formulation was used to support the experiment
results. From the experiment, we observed that replicas of the active-active structure show better performance than the active stand-by
structure with increasing number of users.

Keywords : Availability, Distributed Broker, Load Balancing, Performance, Replica

B BEAY A FHE AT WA dE
B4 B 74 FEE AR WAA e EeET
oH —-oH ﬂ H
HE|B-NE| B Fx 7|
M 2 §|*‘O:| AF 5", o AF S
2 o
thekgk B 2ZES o] AXUESY] AW wskS 93] ulEy], vtk AR wgke] sbed BRI FR7E BHEA R AMEIL Q)
ohoSwE we AbgA L WAAE Ae] Sla B SRS A WA DA A neAle) e 2 o) 38 B
& PP AR A9 ATANE 800l AL 2Aoke] G2 AR AR 22F AEE] A, 22, Aol
S S 80 B, el oA B s LA W Ao R RAE A 2 RN g 4
o o] ASHRAL B4 AAA A AGAE FHAA] A A N R et
o 84 FaE LTI IEE AR Auvtel lEehEol Ely AFAARYE 84S AeHol hro] ARldozA vz
AR TS w5 50 371 glo] 84 FaHE BAAZ & AT olul A 5718 e B4 srolElE o), B % T
Fomd RE Aen AFdAEel @ el B0 AAHES s 4 AL AT} B8 ¢ Wun 2449 ovdns
AA skitk 2 ARbe] Ao Hrketr] A8 Al 71 V1Ee] dEE-~dute] S VNl R HEA ZREERS Fdstal miA
Aol Ak a8l A Q-4 73 A Aes A vlaeiilal, A ge R g eHE|= £AS AN ST AE AielA &
Ak 7ol B & A viAA Ades BAS Felssitt
JIRE 718, B HET|, Bt 24, M2 d5, HE2Tt

. .M 8

s 01 RS 0ITHE AR@EH AR FIATATE] AL o}
3 AU (NRF- 201:)R1D1A1A01039:)57)

* 4] 5] 25(F) NHN A . e
t ] %:o};mw S MM HESZ o FAE gl AZEd S AXAEE 71
PSS o Fulokn S E oot 1 of Aunge slaA e WA Bl Aekeol g

Manuscript Received : December 15, 2017 _ . B =
First Revision: April 19, 2018 z70d F AXUES] F714 A4S T3 vAAS 7test
Accepted : April 20, 2018 R = = =

# Corresponding Author : Sangyoon Oh(syoh@ajou.ac.kr) 7ﬂ O}t %Z" - }\] Z1 %% (Remote Procedure Ca H RPC)E}



Zol A7t gl FA 5718 e7ske WA RTH, §7]8e]
AdEE S5 sl vls7] B wAA] F(message
queue)t WA A H 27| (message broker)e} #Z& vkt v
gittglo] sk olelgh HlE 7] WAl o] mAAg oA ALE-
gt mAA et e® Adid w2tk (point-to-point)
olv} whe)/= 3 2] thel (publish/subscribe) 5o] AM&-Eth
[1-3].

55, & guranteed delivery, persistent messaging, ~1&]al
message sequencing?} £ 7]55& Awgel oA we
& 7z Ago] JHse we HEY] = Txrt wHAdol
glou, ol % Be A8AE A Ao] e A
2 Aol kS ) vl BEAS AF

g (broker federation)& A& B

&= A|2do] =7ksta ¢

o
rir
M
2

B BEA PRANE B5 w28 ASFODN B
AeA 93e AT 5 At B A5e YHT 5 do

M, 9d BE7 Fx27} 7HA
failure &A1& 53 4= Qo] A4
2 (fault-tolerance) & 7} T}, ol = 2
ARA UL A BHEA FRAME == Z} JEH- ~H
bfo] F% ALt gt} o] TR = A
gt AMEALY HAIA S BAStY dEEstE WEL, o d
Z27Me o9 2dnfe] ko AGgoRN o 55 F
S AT GEYIES FUIH R dE B WA
S Aulo|E stofof s, whef AE| B} et 5 Hl vt
& JEi7t w9 AE B 7 Tbe /\Eﬂ‘ﬂ}ol l%ﬁlﬂ =
szt 7)€ AERE gAste] AlgAR
getA et o]g A HEjH-2Elnlo] 2
ol S5l 7hEetA, Al ol S5 AT H HAA
AlEle] HA o] HAE B} HEET) ke F718 ]
LA A 7 E BAE xS 5718 F717 4
o7y AP W ~wulo] HEIE E+T 5 ol
, 718 717 HEFE dEY
718} oW =ER Qlal] dA wAA Al="] AT
A= A7 HA gl

o oko a8

e
o

N
-

L
T
o

_Uﬂg_ﬁio&l.gwm‘ﬂéml
WNE g >
o R By
T e © Sk
PR -
rr
£, -
2 o N
Auj jid —}
i} |
l| 12 E
= 12 fuf
| o z
> = 4
i -+ BN
ko N rir
o s o
& g s
=5 R
= o >
;{1; E oL Jlﬂ:
o Mo ol
Ly =
o 1 = 4 -
[ = % =

> L2 g orff M2 oo fo
=

X

rir

b

oo

)

N

oo X mi
e o

A o ofn
ofr
N

%2
rir
e,
=
2
rO
A
2
[z
i
N
-

AIAE T7H M6=(2018. 6)

i

i

i

=2

>
Foose

tjo
J

2.
iy
Ho
o
[z
|
[>

ooy 2
ro
o
2
B
f
off
L)
tlo
N
L
B
X
2
i) IE 4 >
rot
)
o

2
)
14 o
— g
ox,
ol
ol
N

2]

o

d ol

o

N

®E
2

2,

o

|
e
uj

O
SO LA e

QL
Q2
o,
il
i)
N
il
12
ful
T (|
fr
(et
it oo
ol
i
N
Y

|
L
o

fud

N

o
=
S
oy
=) o
&
ﬂllo [E
M
22
R
o
=
S
k)
=2
lo
o

iy
oXx,
ol
o
N

oX
gl fr do gl
ol

J}m_&jgr..i
:?l:

o
fr
(ol
ey
Fy
2
o
-
[fL's
lo
x
oX
2 oo md mx

z [
1=
A
o
~

o off o

™ i o lo
(I O )
N
o

ol
=~

>

oo

N

ko

o
[

B
il
N
)
12
uj
|
o)

37}7} HVF‘-L "1917 o= I
FEZE BT AR BAE A e v
= F5 71 ATl s Astolof
=9 o] % AL T 2k 2%
el of| A] Smgle Point of FailureZ 3
4 L AIRE 7T
o o3y 7“40}7%] afgteh B Aol A
| BEA M8 FdES g W dEHE
At 712 3N A gt 4ol e At
Yssk7] g A3 AnE dHst

ol el A=t

_,4
=
3
Ach
y
Y
N
—_—
O
>,
N
L

>

o N
R
o,
oo

ot

> >

2
. %
i
B

2 ok
2oy
~ S
ggi
o 2o
of
2
2
HJO{NHE
Pt
£ o
o iz |

2,

o
9,
o
-
=2

oz M
4

N _1‘9;
af [ 2= u o
iin)
rft ol

X or
(@)
o3
2
X
HoE W

odt
o o
e

N
e
i+
|-o
-4

B g #4 AZHA SPOFE 1A 9la ol
F3h e A8 A B AL RN WAA ]
32 s ALEE B mrviele Z1Wel sl Ay,

O% SPOFe #igdhs 825 243} 3k WS F2 A

sel, 2 e n-suivlols) e n-olEn P27} QIrks)

1) dE|E-~8ulo] F2

ofibx] shE[6]S WElF WA oFE & B4 WE
Ae TYdYam, B e zz o] deste vF
AR 3 A T FHoRE Q) AMEAZE F7heka Q)
. 359 dlolE A= HDFS(Hadoop Distributed File
System)E A&, HDESE o] B == (datanode) 9} U]
Y- E(namenode) 2 T4 o] gtk HDFSe| dloExti=
718A o R /e HAES FolA SPOFY #A7F gl wk
U= HDFSS vhiE A& shve] wEx FAY
7] W&ol SPOF &A1& 7HItH7]. 3t W7 27 EH= U9

©9] SPOF #AIE sldst7] 84 AE B vdw=ef ~

o] MQeSE FE olF5 WHE ASHT, MYrsE

s it —

2



=0t B2 JtEY gde 21T HAIK] HIZEPt HE[Z-HEIE 7 Ty 147

7HEE F ogle Ase] HY Z®inte] vlql w27t giA| et
JE|E YY) Adiuto] Y Apo]of A 57]3 o
= WH o 2= Quorum Journal Manager 1} NFS 58 A&
gt HDFSO] W=+ dlojE s #2E $8 SlEHE

u UﬂE‘rEﬂ olf] e AL AV HAAE FUH LR Y]
w o] ME|H-winjolo] 37} A d st

Amnesia [8]& £A4F 2EZW ZRAA XA ¢ SPOF
TAE HEB-2winfo] WA 9 o]F3tE AMgste] A}y
el Aoty xfo] E(gap recovery) WHOE Au Hp
Al FEHY oW E =T A2 o] Aol AW B AL
HEH = AEE < o ~giulo] =7} HER

oz, Alere Aol BT Wy

ol
)

M2 0 o

E
g

(T(

ol r» =
>
o
e

ox @,

v
¥
30,
=
I
ot
)
s
o

S

- e

oX, ﬁ_l
i‘-i i
s ;ﬁ
ez rulo
ol
r 2
>~ r_>i
N
T
a
[ N
)
©
£t
i
o
2 H
rlo e
P
to 1o

ofy
e fo
ol
ol
é
o?:,
N
ol
ol
Q2
Az
-
>
)
=)
)
% )
d
1—0
E
71
N
)
=
=
2
rlu

1 3] % (precise recovery)o|t} Zul 24t (rollback recovery)

urh Aol B3 e ALgssl

&

2) dEE-HEBEE ALE3

 AEolA EA o “a”
2lsl7] flelA, AuE ofe 7 H
el 2= WHME Fo *}% 7 Eg =
7t wER BAATE e 718
oz 9 AW A28
glo] 747} w9 ow 93
=o] AP E-dEE FAE FF &l
Aee o] Aot 2 WU S

9Jol| = least connections, hash, I
S5 EYTS EAAI I
7bE 7] wEel gl E sET
WHME AHgate 2ol Fasith
o] 22 74 F oy
S Aol A B ofEn
thoje] BB =R 9HS A

Az o= g
Lo
o
bete)
rlo
0,

by o
&
15

0 4 m
ox
of
E o
I

fi
Z
ok

} r1r
fo
1
2o T
= ko F g
e oo
o = e =
Ho
O
A
i o ko _;Z o o
o e
Moo oo & X 2

o
:?L_‘,
o

=
Q
192}
=
me
to |n
>~
-

E
2 2
40,
ﬂrﬁt_hrlrw
2 so
o
r%m:rﬂi
o M x
= oy oF
ﬁrﬂ;
Co
[t

QL
o[>

fr

fo
Moo e

o

2

o

rir

POURGY

_VE 1ﬂ
_0|L
rir
o,
inj
ol
K3
)
o
Ks)

Ac|diolH

Azdlel e Q945 Al 8% ATal Ay
Qo] BAs] AaAAE AsEE ol FE ofe]
#5715 sekold Sl disl ek Aask
01 B4 Az etdeld el 5

# sl A, e FEE A 7]

fu
s
> 2

PAo2 dolHE Al F7H A= dolE A%
S e 9T =Z(persistent node), 9JA] =Z(ephemeral
A =E(sequential node)9} o]E9 WIS 7HA

ah oFA (watcher) & Ale @t F7]19& ARg-8ho] 24t A
2~81S FAEE HEtEolE T8 AFsta #E T 5 3o
W, F7190 A AFete oy TR =57 watcher®
S8kl Bab Alzd oA o] SR A gy F &
TAE 5 Sk

3. HE|E-ME|H {LXE FES BN BEEH HS

4 71

R RS eejz A lure] FoF 1%
A E?M 7}/4% =
TAE =

TEEE

m
|

H
FAAT Aol A, 1% A1 A ALl ot
BE BgeE U go] Ayl gtk
Te, el E-ofeln 27} e n-sduke] 2 oy
M a3 S8 4 R 8y Ad S g
S g -olEng gal fd e
= 9 7 el BYEE Ad Q% A4

2 B < , A ZT|e]
HE o83 ik & g3 7 AEn Eertee] vAA
7 2 3 Holl RE HZ7te) 57132

A7A He F

31 HE[E-HEIE B E2|7t = He

HE|H-2Elnlo] TZE suko g HE|H-olE]HE T3}
71 AsA ZF dlEelvte] g9 Aosta de e
A 71E AREAE A B-Zwinto] Fxze] oHElE o
g7ts eeAd dEeste 4osta, 7
b LeAEETE AR a3 S HE
el A&tz Aodn eeAd dEevhe @
25 WEA 7)|5S 2718k maEs ALeA 23S A AY
A e [ o B B = i = bl P R e e
AR 2 4S Aldd el A AeE = A gk

olF 913IM 71Eel B fZeIHSF, LAY d Sz
7he] e E7IRE st V)& 2dnto] HEY IS, Al
A9 ZYHse 2gAd dZgy W oolyg AT
T 59HoE A8 94 AYAs ohE Adde o
Fe7tetE 7185 g ok drh ARl 7IRelA = dE R
gotA A7le 713 FAY F7H4
dZ27tse] viAA 57 #8& A

_u

b
[t

o
f8

= Aa
= =
QW EE Fola,



148 S2EMeStel=2X/ERFH 2 S AL M7 ME=(2018. 6)

HlOlE 3] 93 ok F71me e g mrol S
olgd) B4 Be FAAT ol def AE BL wE 9

&
Y77t 2 =3t WAA g 8 BHEEE
5713 AL BE Ady dEyse F
T )& AFY7 2 wAA 718 JJr <
7b ek 3 AAge dEest s As 7A4
ok E% BE AddYE dEebe VL %7]
A& g8 B Fe AT 5 glen, FA4b
3t watcher] ¢S 3d A7 g Eﬂ—e‘ﬂﬂ«]
Sw o] gl 3 W F718k o] AxtE o] F
AAde AEL7E S8k Folslr] wiel Al
WA 7F5A % wo, AlREAb 9% 71 Al
HozN 7]Ee TU)3 Aol v go R <l
A7 AHA Fert 5713k F717F dEE et
A AZE A 5713 #4, F o] AHHL 57187 o
ot F gho] El= dHe] FHAo] A& dold & o
ok A WA F713 gy T lA F7|3EEe S8 2
238 MAIA o & AR Aol o]|F o] QW=
T2 A gy A oHF ] oJt},

AREARel 8 A FtETLe] AR 8% A
23 Akt 7}47}01]"15 AR E S o o oE]
B HE 7t AGEA e g e WAz T EA o
2 YeE 2HE Algsh, oju wAlA] it £ ghE
7] g ol gk werH wAAE BE FEA
wakslo] B4 AEH g ZE gl 8% Far %
A gkErh 2y wAlA] AAARE dAAE BT 9
7] & AHEE F gla wAlA] AAkAbEe) fﬂrﬂ*ﬂ‘éoﬂ
e AREAY Qe wEl 747 ohE
F FRZ kel o8 AMEE WA A FHE]A Y “””er Lo
et A e d HEIE aH S FAT o) AEEh=
Mol dxFhH 89 ﬂﬁle BaA7IE e s A4 A
A AEYFE vAATE dEE o] Ra BT ol Hl‘gﬂ
Atk lﬂil'ii OF/]X]” 313?47}7} OE Y 9

_|—’m0
SEEIEL
[o yol‘“ﬁ'
N =

2

mJEH\Jélmo}.

o)
= o &
2

fi 22 O fo ot =

o

fo fo rlf

I UL

v

O

o,
i
e e

it

05

[o
L
I
QL
~
4
gl_“
>
o W X
= o
w0
to ku

=
*F"%H EE 84S A 788 F Ay dEetl
= Ax a3 v vt Sakekiv web Ak 71 el
2%

A= ALgAe A 243 siA
of BAE TS 53 WeblolE 843 g
2@Ad BB A sk

32 &l Z2|7t 2k slAIX] 3715 2ty
AlRE 1AM wAA] §715F gL B s e
S AFor AP o= g Age] dEevtedlA mA

A §71848 A% e S 3 &1

& 2 BE dZgapt AAA sT1E e s A%
st AEYFEAE AAA 5715 25 Al WA 19
EI*E Hge v 2ok WA g dEevte AR
dlo] gl o]l syncStart% ‘syncEnd’, ‘lock’ :==7} QL&A

=50 gl 472 A4 syncStart
¢} syncEnd == ]—E AZg7l50] x| to g 72 wx
A Ao o IHI FA E7)= wEua &= upAe wA
A @A) zkzk A3} Jock wEE gl F7]3E o
e dZ Yo} Apale] Beg] ololt® A =g ke
th lock w=Eo] B2 ofolt]E 747 244 w=2 AT
syncEnd =% 7S Quo|Edtomy A & FEsta,
B go] A9S w RE #HZg 7 573 AHS Al
713} A& o] AEgE Eot ZEHA AHEHA ¢
gt dZertEe] 24 gol ARSE ¢ F
822 7b= syncEnd9] W7} locke] AFaE of 7
& watcherg wHETh #EE7) /\}o]g] uﬂlx]x] =

o]

o

OHT

Lo o o Pﬂ—\l

b = J}m

ARG dZests
6 ¥ w9 watcher® W O]?Prﬂ

FolAH, 74+ dEevte 5713

ﬁr
—(N

W
j%r

syncStart syncEnd lock syncStart syncEnd lock

ole

Zookeeper Zookeeper

B

Kafka Cluster Kafka Cluster

Brokerl Brokerl

| |]00‘101| | | |]00|101| ‘

Broker2 Broker3 Broker2 Broker3

[Tl | el |

‘ . |100|]03l | ‘ . llﬂO‘]OZ‘ |

(a) (b)

syncStart  syncEnd lock syncStart  syncEnd lock

@ @ @

Zookeeper Zookeeper

i Ao

Kafka Cluster Kafka Cluster
Brokerl Brokerl

/2 BooE RN (ool

Broker2 Broker3 Broker2 Broker3

—

(el & (o]
103

‘ |]00‘10]|102‘103| | |100|101|102|103|

(c) (d)
Fig. 1. Message Synchronization Processing

* HAIX] F7]1E WF7] A (before synchronization)
Fig. l(a)& §715 %57 A 2t d&87k9 Zulolg e

PE =59 AHE YEIT syncStart 7S Fall d=
FHE2 S Alo] 10091 WA 7HA] F717F B A glon,
ztzve] HE el e 7185 &g A} des &
T Slrk



H AR 57] A& (after synchronization)

Fig. 1(b)= "A7] 5713 #49 A& Yebdth WA
(1) AxdYel @ZE29k2] Broker3e]l WAIA 5715 ©37]
Al ‘lock’ ol AR Q] B2F ofolt] 5 7h A wE
wHEth (2) Broker3 syncEnd9] g Abalo] 7hxl mf
HAIA] @A ghel 10302 o] Eom M Ak 2ol A
AE lock =20 22 =7 AAEH oA ¥ =g
7t Y A wE gs S oW &gt delddeA

e}, lock’ =Ee] 244 =74 A7]A ‘'syncEnd == gk
o] MAHY o] ZuH, 55T watcherE &3 RE @&
g7tell E4F ol APE Aol deHTt

A dE7te e
dl&2] 7kt syncStarto] F-4-H syncEnd”}XH “ﬂf‘] A& A
2 BAg Fig. lo)e 5718 24 5 WAIA dEo] U
U B o R 7|4 = 1015-E 103 Akel9] L2 AS 73l
WA XS FaRk=t) ol Brokerl 2 Al 1012] wAA]
Broker2¢} Broker3ol Al H4:3}a, Broker2te 2 A1 102
9] WAIA] & Brokerl ¥} Broker3ell Al A3}, Broker3< <
Z A 1039] "WAAE Brokerl¥} Broker2¢ll Al A43tc) T2
AEY7HEERE HAAE o 2 g EF7tE ARAE T
230 Asta 7)3hE RHTE 23S ofRd &
Fhol Rt}

il

* AR 57 g=
= AZde dEertee MAA s71skE vhAa b

W oFAd dETNA FIstE dRdrhe 84S Hl
o, SEAE HFTtelA BE A7 dEEZTE
712 3o 23S wod syncStarte] g% syncEnd
o2 WA Jock’ =Eol AAFHAE A2 =25 glge
2H B 28 A Fig. 1(d)E 3 9o WAA 5713
HAol g weo] BFoF WAA Fr37 2d Follv B
€ UZYIES syncStart #6 2Z Al 1032 717 wAA]
7HA A )

gkok WA 7] 5713} Foll tE AdTY dEEI b
2 £7)132 93y lock 2o A4 ==E AgAE o
gt oln] lock == 242 wE=7F A E o] Tt
19 HE7He locke] A4 == Ao R e ‘Wz o
e 53 T Azdde dEgs) SENES 58 F
ety g AATY dZgrte] F13E dAA 1PHn
A= E718 HAo] A gt

N
FU

33 ALEA HAIX] @&l el
® AN oA Bt AR 23 £8
s, gl e AAN dEelsbsel Base] A2

PIE ALK BISE7F AEIE-HEE 7 71 149

=
[‘.‘:ﬂ
:0.1:'
>
il

et 24 dEeste
HsHA EtE s 94 egAd 43287t == A
Hel dze7t AeatA Aok olelel Fig 57914 F &
: BE 1% 28AY #Zelgtoln,
dd B27= Azde dEsevtelth

24 ¢

AgAe WA AR e vest 2e #AZ Aed
®A, (g, 29 14) }%xm Ag BRA%} HAAE

| old &7kl 23S Huok =l sl vE
dole] @3S Btk (Fig. 29 2, 3W) wetdole] 23S
e Be7] mEe AudlelEd A euAd dEeste] 4
BE ¥t (Fig. «1 4W) FjylolE 2 RE ke wEft|o]

Ho A BES Uﬂﬁ}tﬂollﬂg— ol 2E g dZE Tt B
Zich, el olE 84S W o]Fo] AR AXAE Q
g AEFIE v 7] AR F7EA Q) vlEdlo e 2%
glo] Al&aA g xd dEe gt A At 83& Bt
(Fig. 2¢9] 69) A2t o4& we gxd dEFeve dF
g7ke] BE7 ofolt] gho] 22 FAUE et ERISHA
QA& BAAIZIY Fig. 2914+ Brokerl-Broker2-Broker3
o FAUE 8o FAbET (Fig. 29 7H) 834 &4
23E A9 dZggte 24 e ]’\]Z]é Ap21e]
2236 gk T wAA] Ak Al ackE Ft}.

E= AbgAtol Al d2H). (Fig. 29 5¥) HAI R AA 24
4
%

Coordinator

3) 2

Brokerl
()
t 6
a L~ B.r_gkerz Broker3
// .
5)
Producer I

6
Fig. 2. Message Production Request Processing

ECEKERDES

Abgabe] miAA] YA 2 e e e =R ATd

ok WA, (Fig. 39 1) AMEA7E S BEAL WAAE
FANS W= 2HE Y3 WARE 9] 98] doje] B
27 == oW #HZegbel 24 Hujof st i)
webdlolE 24 wWyldh (Fig. 39 2, 3¥W) vlettlo]E &

|
4o WMo vEy] o=

N

sAtdlelgel Al eeAd &7}



150 S2MelStel=2X/ERFH 2 S& AL M7 ME=(2018. 6)

o ARE et (Fig 39 4¥) ZUjvolgzyg we v
Eldlo] €= Al gxtell Al AgH ) (Fig. 39] 58) wlA]A] AH]
8L Ao A W2 vEdolE & T eAd #ZeEst
of Bujzic mEtdlolE] 84S whE o] o] wAIA] AH|A}
= egAd dEFY7t v 7] A7Al F744 21w ER o E
24 glo] A&eA 2gAd dZItel xH 23S B2
o} (Fig. 39 6%) &bzt Al Bl WA 27} 743 239 o
] W o) Fell HeE wAAEE, eEAd HF
g7l g BE Ay dEFsEd A aA4 S

Btk (Fig. 3¢] 7TH) 2&8Ad d&Fg7hs 7H 2 &
718t WAIAZAE B, AH)Ake] 23S e A
Adg] dZIE2 Ao] 71 syncEnd o] F9] HAIAE
FolA An AL dsteE HAIAE Hulh

oft
N
Lo

it

Zookeeper

(3) 2)

Brokerl

()
—— (6™

"

¥

/ Broker? (6‘1 Broker3
= roker2 roker

1) _£A

(3)
Consumer [

(1)
Fig. 3. Message Consumption Request Processing

BN 3o
WOH A rr 2

4
3l Amazon EC2 t2.medium x5 4712 AL&

st om, Table 12 o9 FAA QI AtdS AWsta gl
A BeAE 20, WAIA] AAbRReE wIAIA] W AbE 2t ]
Mol =g Al on, 279 BRA mEs 747 dE B
-HE| B Y EE7tel e B-xdnto] g EegtE TEEI
918l AHE-E AT

B o A= a]v‘i—{ﬂ 7ve] F718e A7IE AAAAA

BE HEgstEe] 22 FU9A4 718E T EE SH4
th o] 5718t F7] AL o5 3% o)A A3t nupe) 2ho)
5ol & Aol 7k QAR AE|H-uiuto] o) oE] K -olE|
BE FY% A v Frlele AES Agsr] 93l
Alolt},
Table 1. Experimental Environment
Amazon EC2 t2.medium
vCPU 2
RAM 4GB
0S Ubuntu 16.04
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Table 2. Experimental Data Set

Experimental data set

‘Alice’s Adventures in Wonderland by

Dataset Lewis Carroll’
from Project Gutenberg [14]
File size 152,331 Byte
Table 3. Message Setup
Number of Topic 1
Partition number per Topic 1
Message size 100 Byte
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Table 4. Description of Configure Parameter

Parameter Description
n Total number of replicas that make up the distributed broker
m Total number of message that need to be synched
r The time when one request is delivered
t (the time the request was received - the time the request was sent)
s The time it takes to save one message(the time immediately after saveing a message to disk - the time
t just before saving a message to disk)
Parameter to consider the synchronization time of all standby replicas in the active-standby configuration
a 1<a<n—1)
b Parameter added for situations in which all replicas send and receive messages in parallel in the active-active
architecture (1 <b<2)
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Table 5. Processing Time of Producer-Consumer Message
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5 15.9828 14.5984 17.5564 16.5332

10 23.2903 21.8962 27.7402 26.4027

20 38.68105 37.0657 51.0738 49.8743

BZAd A
AA A 7S
2 of L11vfell M

< WAAE

Al
sk Aol MAAZE ARtE A g dETtEClA &

=

m mlm

_Yl 1



=0 B2 JtEY gde 21T HAIK HISE7t HEIE-HEIE 7= 7IY 153

of Helgoms 1
L R
+ & B2 Aol g o
& B4 S PARORA RE AL HEEe] @ o)
o %

718he AP Sgla 7k qE e dEest 515

B ogErtR R 23 el o
2AE FAdE = ]

fo 12
=2

SA AE TR MAA E71EE @ A
= eHEES FHORE FHst] AEH-AEHE 729 1
Fe7kEs E8ete Ay, vAA e 7 gopAdete oA
H-zdivpo] 7xo) e Ee 7Rt A2 SHFHER HAX 9
718 %E g v AS Bl A delHet ydd
ZREEYES o8 A A3 AdE e v
Az 23 HAA §7187F dojuhs AelM 7 &
A& e A5oRE AYTSs Btk
w ARt 7l M e F718 Alold Al F F718F vt
FeHA @2 dEIE 18] 9l lD}alt 2=
HE2 7 ol dEe e §713E ZlvhEoktt s A
o3 SlAs et b Bk ned] Az
= oby aldatA] Hata gl of #A g FF ATE F
a SAstes ok

References

[1] P. T. Eugster, P. A. Felber, and R. Guerraoui, “The many faces
of publish/subscribe,” ACM Computing Surveys, Vol.35, No.2,
pp.114-131, 2003.

[2] E. Curry, “Message-oriented middleware,” in Middleware for
communications, John Wiley & Sons, pp.1-28, 2004.

[3] G. Banavar, T. Chandra, R. Strom, and D. Sturman, “A case
for message oriented middleware,” In International Symposium
on Distributed Computing, pp.1-17, 1999.

[4] G. Pardo-Castellote, “OMG data-distribution service: Archi-
tectural overview,” In Proc. IEEE International Conference
on Distributed Computing Systems Workshops 03, 2003, pp.
200-206.

[6] A. Fedoruk and R. Deters, “Improving fault-tolerance by

=

replicating agents,” In Proc. Ist International Joint Conference
on Autonomous Agents and Multiagent Systems. Part 2,
ACM, pp.737-744, 2002.

The Apache Software Foundation, “Welcome to ApacheTM
Hadoop!,” The Apache Software Foundation, 2014. [Online].
Available: http://hadoop.apache.org. [Accessed Nov. 30, 2017].
The Apache Software Foundation, “Apache Hadoop 2.9.0 -
HDFS High Availability,” The Apache Software Foundation,
2017. [Online]. Available: https://hadoop.apache.org/docs/
stable/hadoop—project-dist/hadoop~hdfs/HDFSHighAvailabil
ity WithNFS.html. [Accessed Nov. 30, 2017].

[6

=3

[7

—

[8] J-H. Hwang, M. Balazinska, and A. Rasin, “High-availability
algorithms for distributed stream processing,” In Proc. 21st
International Conference on Data Engineering05, pp.
779-790, 2005.

[9] NGINX Inc., “Load balancing with NGINX Plus,” NGINX Inc.,
2017. [Online]. Available: https://www.nginx.com/products/
nginx/load—balancing/#load-balancing—methods. [Accessed
Nov. 30, 2017].

[10] P. Hunt, M. Konar, F. P. Junqueira, and B. Reed, “ZooKeeper:
Wait-free Coordination for Internet-scale Systems,” In Proc.

USENIX Annual Technical Conference, Vol. 8, pp.145-158,
2010.

[11] The Apache Software Foundation, “Samza,” The Apache
Software Foundation. [Online]. Available: http://samza.
apache.org. [Accessed Nov. 30, 2017].

[12] The Apache Software Foundation, “Apache Storm,” The
Apache Software Foundation, 2015. [Online]. Available:
http://storm.apache.org. [Accessed Nov. 30, 2017].

[13] The Apache Software Foundation, “Spark Streaming |
Apache Spark,” The Apache Software Foundation. [Online].
Available: http://spark.apache.org/streaming. [Accessed
Nov. 30, 2017].

[14] Project Gutenberg Literary Archive Foundation Inc.,
“Gutenberg,” Project Gutenberg Literary Archive Foundation
Inc., 2017. [Online]. Available: https://www.gutenberg.org.
[Accessed Nov. 30, 2017].

M 4 3
https://orcid.org/0000-0002-9570-4064
e-mail : algedian@ajou.ac kr
20164 obFTahin 4w FE T

(D)
2018 o}Fudtal 7 FE St (A AL
2018d~3 Al (57) NHN A<

Aok HE/EA A, WA A2

o & =

https://orcid.org/0000-0002-9194-7552
e-mail : soboru963@ajou.ac.kr
2017 olFujEtnl AXE o] F 5T}

(84
20179 ~@ A obFuhgtal e § gt
AAbah

b 22



154 SENEStel=2X/ERFH 2 S& AL M7 ME=(2018. 6)

o
O/é)l-_l,._,_

4

https://orcid.org/0000-0001-5854-149X

e-mail : syoh@ajou.ac.kr

2006 115 Qo oyeta A EE B
(h4})

200611 ~2007 SK=leElF dgr]sH

0079~8 A o}FdjstaL

e

Semantic Web





