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Design and Implementation of IoT Simulator for

Real-Time Traffic Bigdata Simulation

Sang Hee An

Department of BigData
Graduate School, Chungbuk National University
Cheongju, Korea

Supervised by Professor Cho, Wan-Sup

Abstract

As the various types of devices that collect IoT-based traffic stream
data increase, the amount of real-time data is increasing every year. Due
to these characteristics, it is difficult to save, manage and analyze with
existing traffic management systems. Therefore, big data technology should
be employed in the traffic management systems. However, there is plenty
of risks in the transition into the big data system because of the
mission—critical traffic management systems in the sites. For this reason, it
1s necessary to implement IoT simulator based on the actual traffic data to

test the stability of the big data platform, real-time analysis without
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interfering with the existing traffic management systems.

In this research, based on the IoT protocol MQTT, we implemented a
web based IoT simulator and designed to be able to simulate using actual
traffic data in Cheongju city. The execution time of the simulator and the
message transfer amount per second has been measured, and the original
performance evaluation was carried out. As a result of the performance
evaluation, the IoT simulator generates and transfers 120 messages per
second and it can cover 10 million of DSRC messages per day, which
seems to be sufficient capability for Cheongju city. Moreover, we
implemented a visual interface based on Marey graph for real-time bus
operation monitoring, and several patterns of bus operation have been

found in the city.

Keyword: Traffic Big Data, Simulator, IoT, MQTT, Visualization
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olt}. 2013y <l OASIS(Organization for the Advancement of Structured
Information Standards)oll 2J3jA AlE QJIEUS $3t wA|X] z2EZ2 A

AE NS W oyl wiH g oA Axe] FWoA &
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["O
[
fr
HT
iy
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o

AZ % 3 QtHM. Prihodko, 2012; The MQTT protocol).
Tk JpHoln WA fgA FES 4 doer dstm A o
Publish/subscribe 7+Z %2 AAE Q7] W&o A 7 o]4e] Feto]AEV} st

o AuA AR o SHER 8| MQTT ZREZL Be i

i

b e AANRE 2= ENT U ARE A5 e 2 3

AE2 FAE BHNA A0l A et

2.2.1 MQIT ZE2EE

Am

&

(1) Publish/Subscribe
MQTT Z2EZF9 714 & EAL Publish/Subscribe T+%E 7H7itt= A

ojtt. dntxow 54 Topicol twha wWAIAE 23 (Publish)sl= T3}

Aot} sk} o]Ate] Subscriber’b 53 TopicS  Subscribedt  AbE| A
Publisherel] 23] &4 TopiceZ Publish® ©l°|EH+= MQTT BrokerE # A

Subscriberol Al A& ¥t}
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(3) QoS(Quality of Service)
MQTTE= ®AIA Aol digt 2=dS BAstr] Qs 3714 @9
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(4) ®WA A ¥ 2= (Message Bus)

MQTTE "wlAIA W2 Al~"olth, MQTT Broker7l WAl A M ~&

l-'lj
il
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WA A S B, W2 B2 5232 Application)E°] WA A

Ll
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MCOTT Broker Message Bus

Meassage
storage

[Z2" 5] WIAA A 555k

2.2.2 MQIT Z2EE F=

MQTT Z2EZE [29 6147 a4 37F4 FEo= olFol4 St A
H A= Fixed Header(12A 3dt]) HE o2 8¢ HE 253, & 2719 nHlo
ER FAEY FA4 24hFE Message Type, Z#HZ1EDUP, QoS Level,
RETAIN)¥ w Al %] =7](Remaining Length)®& TA ¥t} t}S 02 Variable
Header(7}¥ 3 t])= Fixed header$} Payload Abeloll &Aslw zZF 7)o w
g Ze4 gzt dubAE o2 payloade] HIAA Z7] AHRE T glok(
MQTT Tutorial).

upA| 2o 2 Payload it Al dolH(HAANE Ha v FHo|tt st

U olae] UTF-8= d3d d #AES ¥3sla o o Exde ZFg

......



0 1 2 3 4 5 6 T

Byte 1 | Message Type DUP QoS Level RETAIN

Byte 2 | Remaining Length (1 - 4 bytes)

Byte 3
Optional: Variable Length Header
Byte n
Byte n#+1
Olptional: Variable Length Message Payload
Byte m

(29 6] MQTT Z=2&& %
2.2.3 MQTT Broker2| &7l ZHA

MQTTE e £79 Broker® 7143 Qlth. 72 Zol A% 714 0540
2 3-8%+= RabbitMQ$% MosquittoS H]nL3kt}h. WA RabbitMQ Broker™=

MQTT, HTTP, STOMP, Web Socket 59| ttds 52z FH2HyHS A

(o,
ol
ol

= el AR, TRae] Ty] WEel &3 tube]e] A

;

o= F&7F Jdth= ©do] Atk Mosquitto Broker= MQTT 78 Broker®

r

ol BrokerZl 7Aook & 2ol Vlea A Addo= Aol 3
s

Awk @l T2 EIV Y3t dHo] ) Ao M= FF uE AlA
TrEFo FH /teAY, Fe2HY 55 13 3te] RabbitMQ BrokerZE Ab
L3 H(AAE 2016). [ 2]= RabbitMQ$} MosquittoS B L3k F o]t}
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[3 2] RabbitMQ<%} Mosquitto H] L

= RabbitMQ Mosquitto
st 2 e F XY O X
Sl 2HY A4 0] X
kel g ) X O
etd = Jt= A4 0] @)
37HA] @ e] QoS A4 X(QoS 0,15+ A ¢) O

2.3 Apache Kafka

Apache Kafkai= LinkedInol A 7§&d #AF WAl A Al2~dl o 25 2011 o
eEAzE FUREAT. dHEFe] AAF maAeed 5stdE Z4F Publish
Subscribe Messaging System©]|th. Kafka: [2™ 7]3 o] = A Producer,

Consumer, Broker® 74 ¥t}

producer producer producer
kafka
cluster

consumer consumer consumer

[1¥ 7] Kafka o}7] € A
= ]: (http://kafka.apache.org/081/documentation.html)
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Producer= WA A S AA 3L Brokerol Al A &3}, brokeri= producer®ll

A Ad wke mAxE EF HZ A dt). Consumeris Brokerd] #%3 g

H= WAAE elo] sk 9de ok ofd [1¥ 8]¥ o] Kafkaol A

;

exe wEd vz w44 2eaHe 4 AWselA Easd Agen

Zzke] AL 14 Frbele =A@ wAAd FEate] 2ze] WA
S e WEe oA ke o gate] A

Anatomy of a Topic

Partition 111
0 o1 (2|3 |4 |56 |7|8]|9

1

Parition 1 o1y o3 |a|s|6|7|a|o! - /Writes
1
i

-1
Partition 1101
5 ol1]2|3]4|5|6|7 (895 ]p:!
__I

Old = Mew

[1¥ 8] Kafka Partition
24 (http://kafka.apache.org/081/documentation.html)

B Ao Kaftkar MQTT Broker 7]+ = Subscriber® &2 3}, ~
Ed dHolHE dewrel Moy ZFAEQ! &Fsw(Hadoop) ¥ 23H(Spark) 2l
TAE A g sk
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M. ToT AIEd0/El MA U 7

w oA IoT Z2EE MQTTE 7|Hte = dtef [oT A& elHe] 4
Aot o s At 318 E AEHH Al2E Fxo e A9
skal, 32404 AAl dolHE MQTT Brokerdll Publish/Subscribe 371 9] g
MQTT Topic AAel i3] Adgiet. npxuto g2 334 A < o] FF A )M

of ATl el ARt

3.1 AlA" = 9 MY

T AlA Algeele Alxgle] 74 22%% AHEAHClient), MS-SQL A,

4 M (Web Server), MQTT Broker AH, Kafka Broker A® = +/d%t}

T84 F87|52 [ 319 Zh
[3% 3] Al=8 4 84
TEeA 9%

) MEE HEste], A EdoIHE
A5 A
MS-SQL A H| WE HolHE At Qe A
434°Wbﬂuﬁiﬂ%a1

n2s) As Bdles A7)

AF-&7H(Client)

2 A8 (Web Server)

st Z2EZ tgsste] d4%
MQTT Broker At NA Apole] HIAIAZ E=7) F=
47
Kafka Broker A4 WA %] BAF 2] &E= A
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(1) AH8AHClient)t= 9 Aol H&ste] AFeloly QAo whep AEd ol

B 7lse Agstm, 24F Awe BA V)% 52 2Asa Aojss A

(2) MS-SQL A % dloleulol o] £¥d HolHE AFstm x
9 Ao 23 wek delgulols AYAL Fakel ol A 4

Aol

Q) AH= AFEA A AlEdoly A AdEe A dEH s AE

e

&

< 5SS EYE MS-SQL Al HelHE a3sH, 44
dolHES MQTT E=Z7A(Broker) A®el] ©lolHE EI(Topic)ol wet

Publish dt= 755 3

(4) MQTT B Z7(Broker) A™+= A% Publisher?} Subscriber?] < 7§<l
© 24 Exchange-Queue FEZ WAIXE FE|slH, WA X] HAE o] &3
At AHFEZE BA1E ALYt WA A W 2ol= “Topic”olghs A& whE

of AU, Aujeh, Sirhel WA AEE sl F

i

(5) Kafka B 27 (Broker) A= MQTT HZ7 o Subscribe 3= 744 0]

W, 753 WAAE Kafka S21AEE Tkl 24F Adsts 7eS
Aol A AFd FA a0l weh Ala"e] dwbHQl TrAAE AA Fia B

A 27 9]9F Zrh

_16_

@ CNUNgDUK



MQTT

http MQTT
TCP
. MS-SQL MQTT Kafka
Client Web Server Server Broker Broker

Simulator option Insert
Conmection Aienpt

Conneced

Data Request

Data Response

Connection Attarnpt
Conned_Ack

EL

—

a7 9] Al ZRAA TE

AHEAH(Client)= AWl httpe Fste] A4 84S vl ) A
Aol ¥ AFEAH(Client)= AlE#olH A& AEste], Start HES F2H
JDBCE MS-SQL AHe| AZ24& 84S ghrh. MS-SQL AlH el dZdo] #H
) AWM= MS-SQL AH e SQL A& HeshA w1, MS-SQL AH+= vt
gyl tlolHES ¢ A dEstA frh vktE diolE &2 doly el

2 ) AWl X HashMap 722 4A A% ok 2 ol % §§ AH= MQTT

ol

Brokerol 9124 23& shal, ddo] W {1 AMu= dolHe FRFol uwet

Topico. 2 T34, MQTT Brokerel| PublishgE 3%t} ©

_—

] Kafka Broker&=

_‘]7_



Topics

MQTT Brokeri= WA A WM2A2E F3}o] Kafka Brokere] H A A
R [29 10139 2

Jo Nee FHA Mg AAHA AFEE

Subscribedtt}. o]

o8z} &

2 Ad@.

Kafka Broker
Partition Topic
| TCP PROTOCOL |
Subscribe ‘ ‘ U Publish
MQTT Broker
 Rabbithg Queve
L Braker Binding
. Server__- Bichange
| MQTTPROTOCOL |
I Publish
WEB Application Simulator option Data FTL MS50L Server
2l ~ "En_t_""\ - "E]_t_"‘\ 7 _T'_ R N — —
o e f = E] 4 f ol 4 f Ime
“" Ha hM " { | | ] | 1'I l ATIIS J
{‘-.- (;h-.F;p _.;I '\\_.--Iﬂe-- .-""r .\'"--.:rﬂe__. 4 ‘H\_%_-TTl- - <: —
o HITP_PROTOCOL TcP
£ PROTOCOL

Collection @

Client

[Z29 10] IoT Al & ol Al=d 7id=
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3.2 MQTT Broker & A

rie

=M= AFESE= RabbitMQ Broker+= ISOUSO/IEC 19464) %<
AMQP(Advanced Message Queueing Protocol) HAIA] HZ7 AZE (o]
(Message Broker Software)® Open Source® &F/MEo] o}, =g
RabbitMQ+= Erlang@ o] ¢} Javadlol2 wrSo] xS vtk oy}, Clustering 3
Failoverg 913 OTP Z#d9az A7 @85 Ut RabbitMQ= &
F HelHE Aesty] /g wix Adolv ARG 2 HF7] HelHE A

o] Aol 9l Brokero|th E Tt A= RabbitMQ BrokerZ A&t sk

H 2] RabbitMQ &3 o] % o)A Window Serverg Az 3d& t}& wk=t}
BrokerE AX3&7] Ao <A (Erlang)e] 7)o AXEojof 3Jtry A
(Erlang) &#o]Ao| A Broker AW *93+4o] W= HHAS X3}, o] %

RabbitMQol A thwte 3dS F3slo] AXsch. RabbitMQol A Al & 3F

s

Management Plugins &4 3}sl7] flsto] AWM= ol [27 11]3 2ol 94

F,
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21 22| AL RabbitMQ Command Prompt (shin dir) = o]

icrosoft Windows [Version 6.3.9600681
(c) 2013 Microsoft Corporation. All rights reserved.

:WProgram FileszsWRabhitMQ Serverthrabbhitmg_server—3.6 .5Wshin>rabbitmg—plugins ena
hle rabbitmg_management

o] % RabbitMQ Brokere] ¢ A® ¢} Kafka’} &S & A= AAS A
Asta AEE Hojsol st [29¥ 12l AAS AASE HHo] shdolx

[29 1312 Ao A3 Fofst= E o] spolt

= 22| At RabbitMQ Command Prompt (sbin dir)

icrosoft Windows [Version 6.3.76081]
Cc) 2813 Microsoft Corporation. All rights reserwved.

WProgram FilesWRabbhitMd Serverthrabbitmng_server—3 .6 _SWshin>rabbitmget]l add_user
rabbitmg passwordg

[Z29 12] RabbitMQ Al AA Wao] 3pH

m e[ Ak RabbitMQ Command Prompt (shin dir)

icrosoft Windows [Version 6.3.76801
o> 2013 Microsoft Corporation. All rights reserved.

tWProgram FilesWRabhitHQ Serverthrabbitmg_server—3_6_SWshin>rabbhitmgct]l set_user
tags rabbitmg administratorg




RabbitMQ+ AMQP L2 EZS& 7|EAH o=z &3t 7] wid MQTT Xz
EZS5 A8387] 9elA RabbitMQol A MQTT Z=2EZ& dAstE dof s

ok [Z2% 4] MQTT Z2&F @43 Hdo stdo|u)

= 22| AL RabbithvQ Command Prompt (shin dir)
icrosoft Windows [Uersion 6.3.96801
(c> 2013 Microsoft Corporation. All rights reserved.

tWProgram FilesWRabhitHMQ Serverthrabbitmg_server—-3.6.5Wshin>rabbitmg—plugins ena)
hle rabbitmg_mgtt

[728] 14] RabbitMQ MQTT ZZEZ &X43 Hao 3%

Broker ¥ 7} #%3}A4 %W RabbitMQ Plugin(¢] #e]x} #<£)o] Broker
Aol FAE FHHol shssith. 7|E XEE 15672013, ‘http/A1H T
Ai16672 2 HET 5 9

[1¥ 15]% RabbitMQ Plugin H &3k #l g o]t} RabbitMQ Plugin
Connection, Channel, Queue, Exchange®] 4 ejo} WA %] ¢] %4 3(Publish),
AME w==o] 71EAQ AHE EUHY & 5 vk =3 gelA A AA
RV S2E AR BRI A8 A e Awste] dF= AW A

2 glo] nEAL JJEH ML T & v

_2‘]_



. User: rabbitmgq Logat
a |t Cluster: rabbit@WIN-7R355PQ088P (change)
RabbitMQ 3.6.5, Erlang 19.1

m Connections ~ Channels ~ Exchanges ~ Queues  Admin Virtual host: | All v
Overview
v Totals
Queued messages (chart: last minute) (7)
ke Ready 0

Unacked  ©10

Total | WO
Message rates (chart: last minute) (?)
e Publish 0.00/s Publish 0.0/ Acknowledge 0.00/s Get (noack) M 0.00/s
(o) | MO0
Confirm 0.00/s Get | M0.00/5 Return 0.00/s
Deliver | W0.00fs
0.0/s T . - Publish (In) |~ W0.00/s Deliver P
WSHO W0 IO LW 215040 22:50:50 Redelvered | W0.00/s (noack) W 0.00/s
Global counts (7
Connections; 0 Channels; 0 Exchanges; 14 ues: 0 Consumers; 0
v Node
Node: rabbit @WIN-7R355PQ088P (More about this node)
File descriptors (?)  Socket descriptors (?)  Erlang processes Memary Disk space Rates mode Info +
0 0 55MB 304GB basic  Disc 2 Stats
8192 ziaiable 7280 avilable 1368 high watermark | 48MB low watermark

[72¥] 15] RabbitMQ Plugin®] %<3 u

3.3 MQTT Topic AA

o

21 shA

MS-SQLel A 7k & dolEl 53 Ed& FAE EF3tel MQTT Topics
A7AsEATh Publishers= % dlole] FEWEE Topics Z3¥H(Publish)dh,
Subscriberi= ¥4 Sl WF HlolE FE5 75 (Subscribe) . [ 4]0 4]

HE Ay o] wE dolg &F 9 Topics 7FeFstA AA o} [ 5=
MQTT 7|2 AAol tjst 17olr},

(il

0N @ chungbuk
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[ 4] Topic A A

Topic A7
DATA TYPE TOPIC
CARD atis-mybi
BIS atis-bis
DSRC atis-dsrc
AVI atis-avi

[ 5] MQTT 7]+ A4

MQTT 7] 474
Exchange amgq.topic
MQTT_Qos 1
Virtual Host /

TaE ThsAdol =7] wikel EAZE vk S, AlgEeld 5 MAA &

i
lo,
N
N
olf
oX,
-
%0,
N
E=)
M
=2
>
i
k1
A\

Holl A Al 9] Al AT

QoS 2% 4-way handshakeE &3l AJ&stA g vk ddeixvr T 7¢
Aol Sojur] wiiol], AATFe R A EHH<] HolHIF Eo& A5 AACE
H])9} MQTT Broker?] 437} 2

dlol el o] Sl stx] 7] wtol AlefA

)

o,
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QoS 1& WMAAE Ha 18 old Adsm Aoy A

PUB ACK #iZle] #4 2 4-¢ wWIAA7 =Z2ast

3.4 & ol==Aold dA AU 34

A oAEgANANREH ) VEHeR Axy =<9 A(Spring
Framework)E &-&3fo] AA 31 F&sk3lt

A oZgANHAE AFHeor ARy, ) g Hol~E HTMLSE CSS,
F-E~E W (Bootstrap), ThymeleafE &-&3te] MVC tAelsjdd oz A7 s}

% 3L, Publish/Subscribe®] ®E9 2 MQTT, MQTT-SNH-& 23

rl
B>
by

elolHe]29l Paho APIZ 8elgith mxgom ¢ ofZel7lol4

rlo
El
off

dolg o F7ol wel Z+zte] Ay =(Thread)’} S@Z o8 AP =

i
o

2 =(MultiThread) W&o 2 AA 2 Fd3H
ool A 1 ofEFE Aol Fadk el ~xE xyde] A (Spring

Framework)¥ MVC Y ui&doel o] 7reFstAl A7f st

s ZYdeas Al FAES A LELA JEAola Ty

A8 rs] AZ Y (Spring)el et R 4 ] Ao ]EE T

_24_
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A oA 7AH MqHl =g Aeta v @Rl FEr|e] ) Aujs A

2
>
>
>
o
ftlo
)
Y
ol
ol
=
%2
i
2

FEEydygas 7uk vz »o|a

=]
1
k. 2=xge] EHown= offgel Zti(Introduction to the Spring
2z A A olH=EZA Anl AAE A3 #AE s zhze] A A,

2 22 o]l AbolFE HEletH AZYomEH dad AAE Ao

J2EE Zeasize] s TaL s 54% dudel~ TARAY ¥&

& We Bart gl J1El EAGE Polneld F& AUl folsu

~xao o&A FA(DI Dependency Injection)2 A {3t} zhzte] A&

ofub A2 ghel S|EAC] EAT A ZadAAt N2 AAAATL

O

x5 o By % 2 7 (AOP: Aspect-Oriented Programming)= A
A9 b EdAAo 27, weksh 2ol o2 REAA FEHO A}

ot 715 A% A7 Ve wdstel 5 Aok
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(2) MVC ¢zl A&

MVC 31€1e Model-View-Controller®] <A} Z X% AZE9|o] FSho| A A}

|5 of7ld A sEoltt. MVColA R (ModeD)2 of &2 Aol o] K (H

olE)E WEtUH, F(View)= H2E Aawx &5 3 22 AR OH

i

Hol~ 245 YElY I, ZAEEH (Controller)= Hlo]EH <} v =Y~ 22 Afo

ﬂl

_—

o] FuzEas #dd. [19 16]2 22 AM e MVC A8 555 WErd
ot

HandlerMapping HandlerAdapter
Client 3 DispatcherServiet | Controller
/ \ ModelAnd\iew
View ViewResolver

[71% 16] =x "o MVC A2 s5%

-
-
oX.
ko
b
1o
J|m
o
o

ool B “DispatcherServlet”& Z&}o] 2 E 9

= ©
=

ko

2
nf
)

o
o
o3
=

o

=)
rlr

ZAEZ# (Controller)7} #®3s A3 g F(View)ol

ko

2
i
ol
i)
9
(14
pl=h
rlo
oo
fl
o
oZ,
X,
ol
rr
12
]
ftlo
ol
=]

5t a1, “HandlerMapping”= 2 &} 9]
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AdES 8% URLES oW AEZH7E ATEA AAsi= 9FTFS g
“HandlerAdapter’+= “DispatcherServlet“©] ServletTypee] AEZHE &
= 9%E 3sH, “Controller’= Fdo|AES 8FHS AHeEgst ¥, AdE

“DispatcherServlet”o| Al €l¥ 3sl+= 93

e

3t} “ModelAndView &= HEZ
7 et 23 R 2 J(View) ddeo] Q3 AHE & 93-S 3
“ViewResolver’t= ZEE# 9 7 Ans AT F(View)s AAs= 4%

= P View'= HEE Y AP 2y S AAsks S ok

3.4.1 & o{EZAo|M =2 A

HoAFo e 1 ofZa Al AN EHIH) Z2AA 52 (27 17]9
2ok, AgAE XML 39S F38he], dolgHol~ A, MQTT Broker 4
A, Topic 274 & stA ). o]F, Web Serveroll F£:38to], Al&E olH
SRS AgstA "o AlEdelH g4 A HAE AAT £ ded,
& deolH B, I, A 1A S AAg 37HA] A8 T AR 7HFel o
3] A stAd, MS-SQLolA vlolH & 7kA 2 ¥, MQTT Brokerel 2 % 3t
Aot} ol 5o 4749 uE

°F 4719] HlolEl & MQTT H=E#Hd

Ao 2 HolEeZE HujEX|(Publish)ol

ol o
e
>

golgol] thale] 125 Aesd, =
Publish &t} wkeF 025 J9std, g dHeoly 4FF/7F A SANE A&
dolH o AEIFE=IN)SZ MQTT Brokerd Publish g},

g Qe ol 2o FACRE HA FES Model Al AEE L, Main

Controller7} o] 9% &

HE
X
(i,
°
c
&4
iy

= MS-SQL A#H ] HelH
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Hol 2ol ddste] SQL AdE AEsta, A sdH= wE HolHE

Repository F# 2o 4 Domain ¥ & HashMap A2 7% FE|2 JA A%

ro

th JAl2 AFH ~EY HolHEL, Send F#i2olA JSON EwWiow Wel
o, MQTT Brokeroll Topic @2 <A d#HE AlZF 7HA < we} Publishgh
=

(2" 17] § A& 7old Z2AL 55 %

3.4.2 4 2HHoO[~ 7+H

¢ Qe ¥ o] A= HTMLS, CSS, FE~E #(Bootstrap), ThymeleafE &

sto] AAeAh “http A ¥ F4/index” ol &8k [ 18]9F 3Eo] AR&A

ol

A e ol a7 HolA #Hrh aE deoly Fieh dx, A t4s dAgstal

StartE& TE% AlEHClE 7} 2HsstA d
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lot Simulator Option

lotMessageType cARDL! BISL] avill psrcl]
Simulator date Input...(YYYYmmdd) £x)20160504

Time interval... ex)1000(=1s)

e

[29 18] § AFSAF AE A o]~

3.4.3 XML MFH

ARG A= AlEE OIS A, XML A4S dlFojoF gt A dA o 3t
T REE AR ok [27 191 XML 474 sdo|t)

(1) MS-SQL A7

MS-SQL®| & Ad FHot, AW F4

T2, HolHHoAE e & 5 UTh

(2) MQTT Broker A%

=2

Broker 8% AR AR 7S 2~E Topic A4, Exchange

AT,

o =L
AdE & F

_29_
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<7xml version="1.0" encoding="UTF=-§"2>
<IDOCTYPE properties SYSTEM "htvp://java.sun.com/dtd/properties.ded”>
<properties>

<caomment.> HQTT</ conment >

<entry key="MSSQL ID">ID</entry>

<ENLry key="MSSQI._PW"‘;-PASSIIORD-:/entry:-

<entry key="JDBC"»com.microsoft.sqglserver. jdbe.SQLServerDriver</entry>

<entry key="MSSQL URL'">jdbe:sqlserver:// ) - | =T >

<entry key="MOTT HOST"> </ =Nt Ly >

<entry key="MOTT PORT">1883</entry>

<entry key="AMQP PORT"»5672</entry>

<ENtryY key-"BRDKER“IB">rabbitrnq</enti:g.'>

<entry key="BROKER PW">rabbitmg</entry>

<entry key="MOTT VirtialHost"»/</entry>

<entry key="OUEUE NAME CARD"-atis-mybi</entry>

<entry key= "QUEUE_RAP!E_BIS">atis-bis«:fentrlp

{BNLrY key-"QUEUE_NME_DSRC";-ati__s-dsr:c</enr,rtp-

<entry key="QUEUE NAME AVI"-atig-avi</entry>

<entry key="USER INBOXES EXCHANGE":-&m.top ig</entry>

<ENLryY key="MESSAGE_CONTENT_TYPE">applic:atinnfvnd.-::c:m.pmg.vujson{fentry:»
</ propert ie3:~|

[ 19] XML 24

3.4.4 sQL #H2

MS-SQL DBMSell SQL #HelE deatr] 913 SQL A= [& 619 2o

[ 6] SQL #A ¢

7 2
SELCET =*
FROM DATABASE. TARGET_TABLE
WHERE DATE
ORDER BY DATE

- 130 -
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SQLO &= stk ag dlolH B W A Holls Hol=elA
g dAE VEeR BE AYPS /ML & F @A 2EAEoR Ho

HE Aol Hol¥ FHo=

—.~
2
to
rlr
)
ik
o
)

3.4.5 HE|AY =

= Aol AlEdeIHE HEAHE vite 2 AAFHAY. S s oy
g 2RO YA ZRAlav APEHE E5] 9els weth JdyrHo s
oF X R

e el ~Y=g A YA, 22 A0 mE E o
Fel zdEE FAd AdFT F Ao o Ay WS dH

(Multithread)2}arl stth, 1 o EFgAlold 2 wE dolHe F/ol uwe} zh7z;

>

o] ~Y =(Thread)’} S@A o2 AP == HE A~y =MultiThread) 2] 2

= 44 2 Fasa

B oApeA AgE wEsdE m=

e,
1

= e [2" 201
Controller &2~ Card u-gdolE EfYY 2¥=E FTEE 2= dFolth
[Z2% 2112 Send Selz=olA uE dHely Fiol wet 3id Method7} 4

e A= diolth
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ExecutorService exfervice = Executorsz.newFixedThraadPool (fixedThreads)
ThreadPoolExecutor threadPoolExecutor = (ThreadPoolExecutor) exService:
Logger logger = Logger.getLogger(getClass(}):

try
if (chkDaca. is0kCARD() £& flagValue == true) {

logger.info("[Fo=t] isOHCARD input™):
Send sendCard thread = new Send() ;

sendCard cthresd.cype parameter (“CARD™):
sendCard thread.txtDate parsmeter ([ticDate)
sendCard thread,txtTimeInterval parameter (CxtTimelnterval):

exdervice. submit (sendCacd thread) -
Lomer,in:nt"card_thread inpuc gueuve..."):

[1% 20] 28lE8 523 3=

BCwverride
public String call() throws MgttException, InterruptedException {
switch (type) {
case "CARD™:
try {
sendCardMessage (txtDate, txctTimelnterwval):

} catch ([(IQException | TimeoutException =) {
S/ TODOD Auco-generated catch block
e.princtStackTrace() :

}

break;

case "BIS"™:
try {
sendBisHNessage (txtDate, txtTimelnterwval):
} catch (IOException | TimeoutException &) {
/f TODOD Aucto-generated cactch block
e.princScvackTrace () :
}

[29 21] wE HolE FFel wet Method7}t &4Hsh= A=

_32_
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3.4 .6 Publish/Subscribe

MS-SQL A HolA dd & doleE MQTT Topic AAel wet
Publisher= MQTT X2 =7 Avlo] Publish 3sjoF 3t} T3l EH o F-of A
Subscriber?]l Kafka Brokere= #4 9l Topics Subscribe 3lfloF tt}, o]

w2} Publish®} Subscribe$} ##EE F 8 MethodE A3 Eth MQTT Zg}o]

s

AE &22% Paho & &2 #olBelglE &3t

(1) Connection Set Method
[2¥ 22]+= MQTT Broker?] Connection 3}7] 9&] ¥4& AA3slar, Set 3}

+= Method©]| t}.

private wvoid setConCpts(MgttConnectOptions conlpts) |
/4 provide authentication if the broker needs it
conopts. secllzerlame (properties. getProperty ("BROKER _ID™) ) :
conopts.setPassword (properties. getProperty ("BROEER PUW™) . coChardrray(]);
confpts.setCleaniession(true) ;
contpts.setBeepllivelnterval (60)

[2¥ 22] Connection Method

(2) MQTT Setup Method

[29 23] MQTT 7]+ A}a} #d3E Methodol o,

_33_
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public void setUpMgtt() throws NogttException

clientlId = getClass () .getlimpleName () + ((int) (10000 * Math.razdom(i)l):

zlient = new MgttClient (brokerUrl, clientId):
condpt = new MyConnOpts():

setCon0pts (condpt) ;

receivedMessages = new Arraylist<MgttMessage:();
expectConnectionFailure = false;

(29 23] MQTT Setup Method

(3) Publish Method

[29 24]+= Client9}, Topic, QoSE & Hrol Publish 3Fi= Method®] t}.

byte[] pavload) throws MNgttException {
Mottt Topic topic = client.getTopic(topicHsamme) ;
HogttHMessage message = new NgttMessage (pavload) ;
message.setQos (qos) ;
HottDeliveryToken token = topic.publish(message) :
token.waitForCompletioni) ;

private wvoid publish(MgttClient client, 3tring topiclamwe, int gos,

[72¥] 24] Publish Method

(4) Subscribe Method

[2¥ 25]+= AAE Clients 7|¥Fe 2 3Fo], MQTT Brokerell Connect

Subscribedt= Method®] t}.

_34_
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public void testiubscribegosli) throws MgooException, InterruptedException |
Systewm.err.println(aub™) ;
client.connect (conlpt) ;
client.setCallbackithis) ;
client.subscribe itopic, 1):

try {
System.in.readl(]

} catch ([(IOException =) |
A4 TODO Auto-generated catch hlock
e.printitackTrace() ;

client.disconnect ()

[729 25] Subscribe Method

(18] 26]2 919 Z=E uleo = Publish/Subscribe 3= E<¢F RabbitMQ

Fo1le] il s ot

u:. H ;_'.] ﬁ:') L’;] |- L = B -‘-hhutopw:N-)l{:lhhu-\..\:l;l-l-

Fabbitso 5.0

Wurtual hose Al i
| Cwervine | Connections st Exchanges Queues Admin
Owverwiew

- Totals

sy

e - |

Total - on
at
"
Publisk a0
Comfirmm U e Ty
Publish
10 GOIT6ITO OO0 - Cird = o,
Paiblisr .,
[r=trdl RO,
s i amer | Qe Te P
Pt -] - ooy
Ackrowbedas Gk T,
(o awchk: )
St [ Q= Relaly
— oo
Cr il - A

Crnosamck)

[2¥ 26] RabbitMQ Main 3}#
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V. A= 0lH ds gl

sdlolE el A8 Aty viAA] AEEI AdEste] Hes HIHE 428ddA

s, 43804 HAES 8okl

4.1 AAE & 75

B ERd AL oA AEAT AEdoE §48 Ndan, A4 wE

(1) MQTT Broker A]H]

[ 7] MQTT Broker A}

Broker RabbitMQ Server 3.6.5
0S Windows Serer 2012 R2
CPU Intel(R) Xeon(R) CPU E3-1270 @ 3.50GHz
RAM 32GB
DISK HDD 2TB
- 36 -



(2) MS-SQL AH
[ 8] MS-SQL AW AR

MS-SQL Microsoft SQL Server 2012
0S Windows Server 2012 R2
CPU Intel(R) Xeon(R) CPU E3-1270 v3 @ 3.50GHz
RAM 16GB
DISK HDD 4TB
(3) 4 AH
[ 0] 9 AW A
0S Windows 10 Pro
CPU Intel(R) Core(TM) i7-6700 CPU @ 3.40GHz
RAM 16GB
DISK HDD 2TB
(4) Kafka A1
[¥ 10] Kafka Aw A}k
0S CentOS 6.6
CPU Xeon E5-2630 v2<2.60GHz>
RAM 128GB
DISK SSD 500GB
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4.2 45 4

B Ao E A4 wE HolHE 7|¥vte 2 MQTT QoS Level 12 1174

ol Al = 3

shol Agalolel AN} WAA AsBe 2HL B A

s,

o

o,
N

]_

il

4.2.1 Al=d0lH A Azt

=

>
jaii)

AL BY AR Z St ABdH g4 ddsn

Start HES +2 A H 7 MQTT Broker7F A WA A S HFS A A S ms

ﬂl

Az 2qee], T A9 o & Astele] AANHE ST,

27 1 ABolHY AT W§e MFow 29e AARG
27 2 %7 19 $gale ag oy Hg Auwd
2703 A7 AL 002 FTL(AIRRRE N)

27 4 2 $RE A9, F 108 B

2 ARl A A #HEE 9E&S A E™ MS-SQL Server 744
A8, MS-SQL Serverll A dlo|H & AHslo] Wole = Hlg, Wof2 HlolH
= HashMapo] 9AI A 3= Hl-§, MQTT Broker 7194 H]-& HashMapel
A4 HolEE JSON T Zwoz W3ksla Publish st H]&o] ¢l

=7 1,28 wWgoz wE dolE 7 F o dolg AAwel 4 w

_38_

@ CNUNgDUK



ro

DSRC dHlo|HE Attt DSRC "ol &= 2.1 AolA A A7l = 3}

rlo

dlol B A7k oF 2009 Aolvh. =33, 4o Bt A AlEdlolE A& A

=

ro

T AYEE v 9 2de v A9 Ay [# 119 2o

-
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