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Abstract

Many studies have argued that the modern war pattern will develop as a Network Centric War. In Network
Central War, the superiority of combat power will be dictated by network power, including shorter command and
control times through timely distribution of data between systems connected to the network. It is the data
communication middleware of the defense C4I system that supports network power and its importance is increasing.

Currently, the data communication middleware of the defense C4l systems operates a point-to-point messaging
system based on the Java Message Service (JMS). The point-to-point messaging model has a 1:1 data distribution
structure in the form of a mesh. This has problems such as increased complexity of distribution structure, increased
cost of adding nodes, and reduced efficiency of data distribution.

In order to improve the problem of the JMS-based middleware system, this paper analyzed the data transmission
efficiency by performing a performance comparison experiment with the DDS-based middleware system.

Keywords
information system, data communication, middleware model, DDS

* Bt IT &8t} viAlA * Received: May 19, 2020, Revised: Aug. 16, 2020, Accepted: Aug. 19, 2020
- ORCID: https://orcid.org/0000-0003-3317-7892 + Corresponding Author: Dae-Sik Ko
= Bo|sh IT &8 w214 =p Dept. of Electronic Engineering, Mokwon University, 88 Doanbuk-ro,

- ORCID: https://orcid.org/0000-0002-6232-476X Seo-gu, Daejeon, Korea.

Tel.: +82-42-829-7652, Email: kdsmok@gmail.com


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2020.18.8.73&domain=http://ki-it.com/&uri_scheme=http:&cm_version=v1.5

74 IMS 5! DDS 7]9t vjEdefe] HolH AFEs Hlw

A
&

M

.M B

o =
go 2o orE uetstal A9 SAPAA A
g A Hadt ZXE st AFAA a3
HWEY T A% (Network centric
wa) 0.2 A7NE Zlolgal B ATolA FAs
Aom E=FF HEYA FAAANAY AFY AL
o HEYT AZ" A
B 55 &8 A3 FAXRE
942 55 N vEYT AYE 1Y AE
go] A Eojof gtk FAstal AATHI]2.

% CAIA Al(Command, Control, Communication,
Computer and Intelligence System)ol| A WE<S| A
PowerE A sk= Zlo] Hlo|ElFAl HE9ofolH,
nEdoe FaAde HH F7kska A

A FEAA 7 eloly wghs A A v
dlol= Java RMI, Web Service, CORBA, JMS(Java
Message Service), DDS(Data Distribution Service) &
Tt diolE 54l wEsolso] MEEHAT ol
g ElolEBAl HEddE 449 E4e 7L
Ot S8 ZHdlolA AR Qi

B =RdAe A% 42E 7Hst caAA ol
A AREE AL Y= IMS 71EE HESolet 2t
253 3= DDS 7|t wiEdefe] HolH HEa
w24

DDS 78k HEHo= OMG 3% DCPS(Data
Centric Publish/Subscribe), RTPS(Real-Time Publish/
Subscribe)E F5ok & DDS FIE AEFS
Ag3t9om E4 DDS A FE54E HloW]
93 DDS &% APIE AlFdhe o8& AT
C4IAA e <lEjH o]~ DBl AAH KMTF(Korean
Message Text Format) M|A|A|E DDS EZ O 2 Y
TE3h= ‘DB SESW gl HRAA Mwrt 3
%9 LAN TRtellA $4415= DDS wAASS
WAN F7te2 AZsl= ‘DDS Ao E4 o] (Gateway)’

2 2o A% MR ST

N

@,
)
i
>
L
=

O
ot

&2 v

II. Hlo[ESA nIS4o 7|z 24

2.1 JMS o| =40

IMSE HIAIAL A mlE9ofoltt. WAA] A&
]S4 (MOM, Message Oriented Middleware)st &
b A 2ED Zholl MAAE FaRks F SlE Ve e
71 WEAE Lotk MOMY V]EeAE Fe
O|AE, WA E MOM AlFA, APIS} HYETE
T4ETh MOM AEA= A2 & 725 AHgdt
of HAIAE geHEt dgsiH ol A3l FY
A HAA] AHE ARESEAY 74 SEeldE
rH 28 2 HE 75 Edth MOME
oz MHoA AW AEs= AR Al
25 o Hlg7] ZEEFZTS Adsta vAA
THE BT

JMSE Sun MicrosystemAboll Al THE AR )
AARAE 93 APIZ WIAA AEES 97 RT3
Aeg FPsh= HolHEAl rlEdofot

MSe TAHL.AE 1Y 13 Zo] IMS Provider
o} SeoldER dAS IHsle AYAM, HAA

o o¥ mX
34 ofN

]
=

i

I AT wAA] A2 Message producer), ™A A]
= 201 wAIR] AW A Message
consumer), AA AEE HolEQ WAAZ FAH
o] AR FF4l BE AYS FHITH4)

JMS+=  Point-to-Point$}  Publish/Subscribe  E}F$} <]
T 7 WA 2ES A3t

=% CAIAA S IMS 7% mlE9o] Al 2F(o]s)
IMSA| 28-S CalAlA Y] &S 123t Point-
to-Point *§4}9] ™ E2] Queue ¥4 AHSFHATHS).

CAIAAIS] IMSAI 2’ 18 29 o] Azl

o]
1

JMS provider

(NDI)

@ @ Message
Connection . .
[ factory ] |]::>[Connect|on}[|:>[5e55|on

Destination } ; Message €
consumer

JMS provider
(ONDI)

3% 1. JMS detMol APl core Interface
Fig. 1. Common API core interface of JMS




Journal of KIIT. Vol. 18, No. 8, pp. 73-80, Aug. 31, 2020. pISSN 1598-8619, eISSN 2093-7571 75

“A" Application Server

ADAPTOR |[jms

“B" Application Server

CORE
DB

& 2. JMSA|AE! HO|ESAl
Fig. 2. Data communication of JMS system

22 DDS o|=4lof

DDSt= oHIE 7|5k mEojo|t}. oJHlE Z]Rt

nEdole UE B4k AIRES S nlEolE,
HAZAE Tto| 84 7Fs4(Scalable)? E&2Q1 &

s BAL AlFdt T3 f-84 (Usability), ¥
2] 4J(Administrability), “&& &-&4(Interoperability)
9 A (Extensibility) 2 22 7]E vEHo] &F
As SEZS 4 SlTHel.

HE 7]8E v e B2 Topic °/HIE
7b WAYEEA T 52 Subscriber)v E 8.3 TopicH

TAZ, oHE FE2L F, oJHEES FAls= Al
282 54 oMIEES 7= FHE FAsHA #
t}. o[MlE W7FAKPublisher) &, ©JHIE AJA AW
S OME TEASNA HEE oHEES LS
o o]t B2 AAAYA oHE iAo}
52k AtolE EEEHAl H2 N 2 NN B2l& A

Uspl Ak 39 33 Lol FEAE oMES A
Fohe A sl ¢ et glom, vk
2 AR 97 oMES BE TEAE )

HE 715 vl 4 dtE 24 A
B S AT 487 AEA NS et
Agate HlE714 LN, NN §2lo] 7hssta #3t
e} FEAF 7F =&l AgEol &85 A4
o thEshE]a QITHs).

DDS HEAY 7EFERE FAS H9she
RTPS(Real-Time  Publish/Subscribe)$} 58X 27
o] Fagh APIS} QoSE AlFsh= DCPS(Data
Centric Publish-Subscribe) Al50.2 FEHT},

DDS "l T4 WAlE Topics HWHT5
(Publish-subscribe) 2102 S-LIEJlolA F2l

=

st HolHE olsld 4 Al £ % X (Contextual
information)E W A| Al E3Fste] HEsTH9).

IMSA| 283} Hlwstat k= DDS 71%E WS4
of AlzEl(o]3} DDSAIZE)S ElolH A FEE
9 49 2.

Subscribers do not need to
know where reparter lives,

Reporter does not need to
know where subscribers live,

—— Middleware —>

Asynchrous
Publisher Subscriber
TOPIC A

TOPIC A TOPIC B
TOPIC B
TOPIC C

18l 3. Publish-Subscribe 7H=
Fig. 3. Concept of public-subscribe

“A" Infomation System

Application
SW

“B” Information System

Application
SW

| DDS-DB Software | | DDS-DB Software |

) )

v v

\‘ DDS Middleware ‘/ ’ DDS Middleware ‘

Publisnubscribe Publish

DDS Communication(Data Bus)

J% 4. DDS AlA” Hlo|H&4A 7=
Fig. 4. Data communication structure of DDS system



76 JMS 5 DDS 7|4t mlEgofe] Holg MFae wal £4

e

i C4IAA Y IMSA 2Bl Rzt 3}%
dlo|EE I/F(Interface) DB A&-gtol] whe}, HU3
2494 4@S 37] 9le} DDSAZHAE
DB = ARE DDS v]EY 2 $44135= DB
A5 SW(Software)E T3l 28319t

DDSA| 2Bl C4IA|A|e] IF DBl & ARE

DDS HE9o1E Bl YAAY C4AAS FAS
= o|t}

%r"*

2.3 JMSet DDS olS¢oiel 54 v

IMS$t DDS mlEdole] §4< Hluwstd o
313 ZTHI[10].

31 ds dju 4

IMSA| 22¥l3} DDSAI2Ee] A% AL 9
o] 742 YEYIE FAE T =Y ARAA
AuE A5l 2P FAINT F AxE
9 A AFL o ?1 Ay LellA 83k
74 19 59 o] AT

<)

Traffic Aanalyzer

q Software

Switchirlg Hub

"A" System(#1)

A" System(#2)

Data Generator
Software

“K" System
JO% 5 JMSAIAR MEEA F=x
Fig. 5. Experimental environment structure of JMS system

7k FEAA M= 2HHE B8 WAN 731
A AEHM AW 2 % ElolEE 24 A9 IF
DBl A3k %%%E}.

A AERE AH et
AHgstel ARSAE I8 63 ol TASIH

#* 1.JMS Of DDS 0|90 E4 du
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Division JMS DDS
Purpose Message passing | Data distributed
Java language, Language and
Independency dependent on JVM | platform independent
Protocol TCP ubP
Architecture P2P or brokered. | Global de_lta space.
| Centralized Decentralized
style administered. No admin-config.
Architecture Cen?rallzed . Publlsher— .
lexit publisher—subscriber | subscriber direct
compiexity architecture architecture
QOS 3 2
Hard real-time No Yes
Basic _ Pom_t—to—Pomt, . Predefine data
messaging publisher/subscriber
Dynamm No Yes
discovery
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Table 2. Experiment results of response time in node recovery situations
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Middleware | Message size AmEUR & | Bt e Bandwidth | Connection Unit of result Average Standard
messages rate deviation
TCP 1,024 Bytes 200 0 1 Gbps 111 Round trip time (ms) | 52,319 6,104
Core DDS | 1,024 Bytes 200 0 1 Gbps 111 Round trip time (ms) | 2,665 1,481
3 N SAle Y= AlLSE Ay
Table 3. Experiment results of bandwidth usage in 1:N communications
Middleware | Message size ﬁqn;glsjgée(;f B|tra<i(reror Bandwidth | Connection Unit of result Average ?gig?gg
TCP 200 Bytes 1,000 0 1Gbps 111 Bit rate (bps) 1,349,168 5415
TCP 200 Bytes 1,000 0 1Gbps 1:3 Bit rate (bps) 4204790 8,400
TCP 200 Bytes 1,000 0 1Gbps 15 Bit rate (bps) 6,918,271 111,514
Core DDS 200 Bytes 1,000 0 1Gbps 111 Bit rate (bps) 2,186,864 19,617
Core DDS 200 Bytes 1,000 0 1Gbps 1:3 Bit rate (bps) 4,109,042 54,854
Core DDS | 200 Bytes 1,000 0 1Gbps 15 Bit rate (bps) 4477420 199,468
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Table 4. Experiment results on the number of messages processed in 10% data loss situation

Middleware | Message size '?nrggggé e%f B|traet(r%ror Bandwidth | Connection Unit of result Average gg?;%g
TCP 200 Bytes 1,000 0.1 128 Kops 111 Throughput (mps) 69 24
TCP 200 Bytes 1,000 0.1 256 Kbps B Throughput (mps) 147 28
TCP 200 Bytes 1,000 0.1 2 Mbps 141 Throughput (mps) 961 203

Core DDS | 200 Bytes 1,000 0.1 128 Kbps 111 Throughput (mps) 34 45

Core DDS | 200 Bytes 1,000 0.1 256 Kbps 141 Throughput (mps) 59 76

Core DDS | 200 Bytes 1,000 0.1 2 Mbps 111 Throughput (mps) 594 212

I 5. 30% HlolE 74 AMEolM HAIX] Me|Hds ARZn
Table 5. Experiment results on the number of messages processed in 30% data loss situation

Middleware | Message size énmegggé ec;f Bltraetgror Bandwidth | Connection Unit of result Average gg?st%g
TCP 200 Bytes 1,000 03 128 Kbps 111 Throughput (mps) 26 34
TCP 200 Bytes 1,000 0.3 256 Kbps 141 Throughput (mps) 27 49
TCP 200 Bytes 1,000 03 2 Mbps 111 Throughput (mps) 25 57

Core DDS | 200 Bytes 1,000 03 128 Kbps B Throughput (mps) 19 28

Core DDS | 200 Bytes 1,000 03 256 Kbps 111 Throughput (mps) 49 70

Core DDS | 200 Bytes 1,000 03 2 Mbps B Throughput (mps) 334 114
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