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[Abstract]

System support software is one of the software that makes up ship combat management system and
has the characteristics of being mounted in the combat management systems of all ships but with little
functional change. However, despite these characteristics, software modifications due to equipment, etc.
are inevitable in the application of new ships. Modification of software causes software reliability
testing which is a key factor in increasing development costs. In this paper, the structure of the
existing system support software was analyzed to identify and supplement the code change factors, and
the system support standardization architecture was designed. The feature model elicited common and
variable elements of system support software, and applied white-box reuse to improve software design.
In addition, the results of comparing existing system support software with the new architecture in
terms of development elements and time to perform reliability test were presented to verify the

effectiveness of the new one.

» Key words: Combat Management System, System Support Software, Standardized Software,
White Box Reuse, Architecture
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I. Introduction

T AFAA Holld AEHAIACMS: Combat
Management System)= Q17t9] Fk|of] siFsh= A=
Fegetozn, SAIAA, AMAIA, F-AA 52 sAlst
AL @]k AL AIAlol. CMS & Al 2 f4fe
228 HAXE $Alst B HAIRE $Alsk 9%
L 4885k A=t O7[5E4(MFC: Multi Function
Console), 2flo|t] H TVE[HQ AJgA] 12]il AAA]
H(System Support) 3} 22 7|52 5385 AJEA 2]
ZR](IPN: Information Processing Node) S0& 4
E]o} QItH1].

oligt 9 AEHYAA] 2017k AZEQS] &
AARYE AmEoj= AEAA 28 Al AXS d&st
Al 238 & 5 Aes P/ AHAE Alsiees AT
Efoj9] mgolt}. AAXE AZEY o= AA 55715
oz suitt gAiE = Ay 249 S77F 22HH A
LEQJo] Aol At AT AmEY0jh= F2] AlA
U 289 92 EA] 7] gzl ZF ol 207k
AZEY0]o] 7|5 HAZo] A UojUA] of=tt

SHAISE o AIAIRIE AZEYOl = st=go] gH|e] o~
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Al AYSHA| ElH, o]2igh ofE/d2 7Y vl&o] S7HE of
7IsHAl €t 3], AAF T WP AmEQ0] A,
T8, 7I5AIg Az Edo] FAAIA(MISRA [2], Code
Sniper [3]) ¥ =AA1&(Quality Scroll Cover [4])o]2}=
AmEof A=l Aldg shletag H2 wz3dat ARE
= Q3 ®5h AnEdol 24 9l AlR)d Al 558
o AAFE 38 9 Holg, /ALY 43T, BAET
AFgOIR, MZYAE 2E B ol 4 5 U 43
of ¥L=2 UAl= Q452 7KL )lou Ardof ofgt A
Yoz QA QRO AIARl Q4® EXRITHS].

2 =woilME AARIE AZEY oIS 28 2 0f He}
o= 2Zast AAFE 70| gl mEeh AnELo]
2 1=sshr] gt o7 |ERE ARt AAIRIE A
EQoj9] f2 5 FAlstol Z& WY Q1 AlEstal, o
£ BT £ e AARIE mEe o [FIAE A5
o E3h 7|E AARAE AnEL0le}t 7Y Q45 vl
sto] AmEe] gaMde A5 AuE AAISHIT:

2 = e e A 7oA iR |
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off Agstal Ao 54 Awsts oAM= Mz Al
ARE Az E o] of7[ElA dAof] tlisl] gttt 4%l

A 2 wwolld AEA AR AARY AZEH 019} 7]
& AnE0l /e 945 H|wsto] 7B &S AlAIsH
o] DR SRJollA A-t2ato] tieh 2E02 uhe|gitt.

II. Preliminaries

1. Related works
1.1 Naval Combat System
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Fig. 1. Function of Combat Management System
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1.2 DSS Communication with Combat System
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Fig. 2. DDS Middleware
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DSS g4l DDS & 7[¥teg Qhs 4l AfH| 2ol
AARY 2z EQo]= DSS HAXE o]&stq 7155 &
Aok=dl Bagt  HlolHE i womy
(Publication/Subscription) A5t o]& Algst7] ¢
gF Y 2255 718N or 23tk DSS B4l /A
GAF HIAIR] W740] Wl A] DSS R ZefA BIEA W
Be|ofoRRitt. Rt DSS S4le ARESH] SsliMe B=
9] NodeAgent 2h= G-&z1310] L Q5HH HA|A] ¥
3 Al NodeAgent = AEE 3 HR|AI]0] B Q5ILHE].

1.3 White-Box Reuse

2200 A, 2 =2ollA AZE] HAYS F|4e} 6t
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1.4 Feature Model
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2. Purpose of Study
2.1 System Support Software

AN ATEYole HEA €8 Al S U2
Pl 49 7ks SHeS ¥ HulAg AL &

ZEoZ /= o] 9len] 1 FR{e Table 1 af £t

Table 1. System Support Service

Category IS

Command Control Console Marker Transmission
Support Messenger
Farthest ircl i

arthest On Circle Farthest On Circle Management
Management
Tactical Area Tactical Area Management
Management
A Warni i

rea Warning Area Warning Management
Management
Platf Li ;

atform Library Platform Library Management
Management

Record
Record/Replay
Replay

Vi Distributi i S

idea Distribution Video Distribution Management
Management

AARE A~mEQo] & stego] JAF w7de= |
Tt o] Hagt AnEQol= A h & 7= AE
"ot A" ATZEQol= Marker
Transmission It Messenger, Video Distribution
Management 2 A AAE|0] Ql= AZEY0] X2
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223 € 4740] B7Hsich
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2.2 Analysis with Featrue Model

PH BBL 53] 71E ANY LLEYole] BER
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2.3 Process of Modifying Software
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Fig. 3. Feature Model of System Support Software
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Fig. 3 o AIAXIE AZLE 0] $J&] BN F&A0
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Table 2. Commonalities and Variable Factor of
System Support Software

Identification
Marker Send Part
Marker Receive Part
Marker Stop Part
Msg Send Part
Msg Setting Part

Classification

Commonalities

Variable Factor Console Information Setting Part

Extract
DSS Comm Modify Code Reliability Test Build and Run

L ] 7\

Fig. 4. Process of Modifying System Support Software
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e DSS HAJR] A (Modify DSS Message)
- WA steelo] Al % B oAlA] Be 47
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and Analysis Tool)of[A] DSS 41 ¥ ZojA
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2.4 Expectation Effectiveness
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grA RJAFE{(White-box reuse) 7|H<S A28 AARY
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III. The Proposed Scheme

1. Message Design
1.1 New DSS Message Design
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Table 3. MFC Configuration

Combat System MFC Quantity
Case #1 8
Case #2 8
Case #3 9
Case #4 2
Case #5 9
Case #6 9
Case #7 15
Case #8 9
Case #9 10

Table 3 oA & 4 Q% 7 o E& |5 259
@yol olstel 12 Qs Al Aol AARIY AnE
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A 9} ol2i3t DSS WAIR|e] WAL DSS Tl Zaja
== T2 771 tieol HAK] ¥4 S DSS B4l 2
Bee o] st

AARL AxEo]o] DSS HA|X]+= Table 4 o 7
HAIRIE  fAlske WsE49 ofE 2os
Recevie MFC Field 7} bool TypeQ] 7|24 43 3
7] HE 2 AA Fof QT TebA T 52&e] Fifol
eixe G4 o] 37] 4] Wadc

urlr&
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Table 4. Current DSS Message Configuration of
System Support

Field Name Type Description
Message
stMessageHead Header Message Header
byCommand bool Message Command
Type
usConsoleNo unsigned Send MFC Num
short
byReceiveMFC .
[MFC Quantity] bool Receive MFC

th|s240] &Ato] DRl T tAR] B
HAIRIE ARSI Eles A2 AARIY ALEo0]
DSS WA S A4} bool Typeo] G2 &lof 9l
™ Recevie MFC ZEE Table 5 9F o] AIFAOo 2 4~
Al s 24 ¥ s “éo 2 9l= 2 ynsigned short
Type .2 W735to], DSS WA|X] $41} DSS el =
A RAo] BEQ FHE e JPHSIYC

o o] 71-2

Table 5. New
System Support

DSS Message Configuration of

Field Name Type Description
Message
stMessageHead Header Message Header
byCommand bool Message Command
Type
usConsoleNo unsigned Send MFC Num
short
usReceiveMFC unsigned Receive MFC Num
short

2. Architecture Design
2.1 Separation of Data and Program using File
AR 2ZEo] 22T PISELY WY
W7 02 Q5] YL Wi HEg Ausi. ol A

AR AnEYe] AATRCAN thl5ES FAh B
g 3 3 40| W ot

SSICMMgrDlg.h

rries  guud thls 22 4%
(MAX_CONSOLE_NUM) & ste3do2 define 5tal,

ZHR|Q} HAS ST define & A}23}o] vl 2 AJAdsict
%, WilsEd ol " HY stedd Hof Qe
define &< upYZolof 57| WjSo] F&
Fastt AAFE 2745 sH ¢47] oA sl define

S AAIHY 524 43HData)S oY g whg Ba)s)

ou], 273 AxRcL ofgfe} 2ek

= 270] YreA]

SSICMMgrDlg.h
#include "SSICMSkinDIg.h”

class CSSICMMgrDlg :
{

private:

public CSkinBaseDlg

int m_iMFCMaxNum;
CSSICMSkinDIg * m_icmSkin;
int * iModelnfo:

public:

void SetMFCMaxNum(void):

SSICMMgrDlg.cpp

#include "CSSICMMgrDIg.h”

BOOL CSSICMMgrDlg::0OnInitDialog(void)

{
SetMFCMaxNum();

m_icmSkin = new CSSICMSkinDIg[m_iMFCMaxNum+1];
iModelnfo = new int[m_iMFCMaxNum+1];

#include "SSICMSkinDlg.h”
#define MAX_MFC_NUM 9
class CSSICMMgrDlg :

{

private:

public CSkinBaseDlg

CSSICMSkinDIg m_icmSkin[MAX_MFC_NUM+1];
int iModeInfo[MAX_MFC_NUM+1];

asmls AWEWA o)l goldz b A
(OnlnitDialog &%) € of WA SetMFCMaxNum 4HS
3% 5o m_iMFCMaxNum WH3(t|524 &

3 BRI 1 ok RQIE R MY Ao} s
m_iMFCMaxNum+1 37]9] sjdz Z=Asd sitHl
ojFA HU 7559 F4ol ZEME dat THA(E7
wje) 9 245t o2 Ac 92 ¥ Bast g

ek
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2.2 Architecture Design with White-Box Reuse

712 AARY AZEY0}(Console  Marker
Transmission, Messenger)?] Class Diagrami} Class
Ao olef Fig. b, Fig. 6, Table 6, Table 7 1} 7t}

CD5SAdaptor CDatamanager
T
CSSICMMgrDig | cssicmskinnig

Fig. 5. Console Marker Transmission Software
Class Diagram

~ CDSSAdaptor CDataManager

T |

CSSMsnMgrDlg |

P11

CRichEdit CtriEx

CChatEdit ClserListCtrl

Fig. 6. Messenger Software Class Diagram

Table 6. Console Marker Transmission Software
Class Description

Category name
CDataManager
Class for DSS Communication
CDSSAdaptor

CSSICMMgrDIg
CSSICMSkinDIg

Main Class

Class for Marker Painting

Table 7. Messenger Software Class Description

Category name

CDataManager
Class for DSS Communication

CDSSAdaptor
CSSMsnMgrDlg Main Class

CChatEdit Class for Typing
CRichEditCtrlEx Class for Viewing
CUserListCtrl Class for Participant Viewing

steglo] ¥4 Al S7E|ojof sh= FAE AEs)
ot A AARIE AmEO] 24T Ur7l 289 &
o] HEH DSS HAIX|7} HAE|ojofsty| wizof] DSS
FA T FAPAS 05 Wrjo] Wasich w4 ARA
02 WiE AGIE U FYLE] 2T Wil
C}. Table 6 1} Table 7 & BWH & £ 9)50] Console
Marker Transmission Software = DSS £Al ZefjA
CDataManager 9} CDSSAdaptor o 0ol Z2jA, U}A

A oA F e 2amdz Y] k. o] 5 3

ol 38

Mol axmel = mAO] 75% 470 Wasio,
Messenger  Software = DSS &A1  ZA&

CDataManager 2F CDSSAdaptor @F W9l ZeiA, RjE
A 2o, A A4 282, dlebolrt elAae Sepa
5 6719 AAmAR J/dE]o] Qlul, o] & 379 AAm}
%, 50%2 2780} st Zo2 BAElc

2 Ao = AAKIE AZEQ0)9] 2782 F| At
W ohjal op|Elxjo] 3F}o]EYFA  RRARE(White-Box

(9]
Ql
=

Reuse)2 A &3}o] A5 vRISH 2 o)L 7| Ao T
2 AR =0l A2he AEislY. Sto]E ¥EA A
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7‘1723}0}5 ?%% et 12]. 22feh SeAe APIXH
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COSSAdaptor Coatamanager MFC
Fig. 9. Environment for Verification
CMSMgr CEHICMMErDIg CSSICMSkinDig
Table 8. Environment for Verification
Item MFC IPN
Intel Core Intel Core
Fig. 7. New Console Marker Transmission Software CPU i7-6700 i7-4700
Class Diagram @3.40GHz EQ
' @2.40GHz
Memory 8 GB 8 GB
C€DSSAdaptor CDataManager _ ;
0S Window 7 RTST Linux
1. Changeability Analysis
1.1 Changeability of DSS Message and Code
e e A AARE AARYE AZEYoje} 7|1E AARY
AT EQ[0]9] DSS WA|X]e} I EWT/Y el o] s+
< 4 A0 tigh &GS Addhs Her tlsE
[ < o] WAEESIZ Al £7d0] Bast DSS HA|A] 7
B 22T 4 223E 20l 25 ulRsks o2 3
CChatEdit CRichEditCtriEx CuserListctri C])_] 6‘}01];} o}m Table 9, Table 10 % % ] J_,F:!_Q_a‘j,

Fig. 8. New Messenger Software Class Diagram

CMSMer & TPI524 432 T2 Re gof ¥4
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A 71 2
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IV. Verification and Test

2 =wolA MEA BASE AARYE AmEQole] &
e Wk gdeted Al ARl thlsad B0l
geRe Al 7IE AARE AZEQ0l9F A2y KWKI
@ AEgojo] DSS UAlA] % AATE 44 a4
2/ Al 98 ARES Blustlt). HluE $fot A _74
o}zff Fig. 9, Table 8 1} 7th.

o

S

o
=

DSS HAIR] 7fpet AAm T4, AATC 2l 5

RN

Table 9. Analysis of Exist Software

- Total Cnt Ch?:nn%mg Reusability
The Number of 2 2 0%
DSS Message Messages | Messages ?
The Number of | g0q 3 files 25%
Source File
The Number of 3,256 262 o
. . . 91%
source code lines lines lines
Table 10. Analysis of New Software
- Total Cnt Ch?:nnimg Reusability
The Number of 2 0 100%
DSS Message Messages | Messages °
The Number of 5 files 0 files 100%
Source File
The Number of 3,360 0 o
. ! . 100%
source code lines lines lines
Table 9, Table 10 & Ahiste] A4S st Ayf= TS
2} ) IR Aol WAHAS Al 7IE AN

ATEQo]2 DSS AR} AAL

Ql

AAJCE

a2, 1 —=

EI:

H7s[|Zofof sl £3], DSS WA= RjARR/d0] 0%=2
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Zrlolet. stAIeh A2 AIKY ATEgols W
Slof & DSS WAIA], AAwel, 2ATE A 71| 2ol
072 100% AjAHgol ZHsdtol SQlElolt &, Aze
oPIEIAS R8T At AAFEEC] BE 100%2, 7E
AzIo] A0 uliLstel 717k 100%, 75%, 9% 7} A
golee =elstoirt

2. Reliability Test Analysis

2.1 Time to Perform Reliability Test

ol Table 11 2 7|& AARY AZLELo]} =&
AARIE AmEYolo] A=) Ao o317 o] Tiigt
Al Agtolct AlZA Al3le AR (MISRA, Code

Sniper) ¥ =AA|&(Quality Scroll Cover)g tjAto 2
AR SRS B9
Table 11. Compare Time to Perform Reliability Test
_ Exist New
Software Software
Static Test 2 days 0 day
Dynamic Test 2 days 0 day

ARG Al 28AIRE Bl SR 7]E AIARY A&
ZEQol AHAIED SHAY 247} 2% A Hale v
N2e AnEQols s 4% Autd(dat oY)
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ol et E A2 AlHS sl Yol
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(e}

e, HJ)‘EI

£2

2.2 Complexity Analysis

Table 12. Compare Maximum Complexity

_ Exist New
Software Software
Maximum Cyclomatic
; 12 9
Complexity

T3t MM A|E £& Axt Table 12 o 7ol ma 7

ol At BT 247 12 o4 9 2 WobEee & &
9lo0] ol solE uiA AAg I A TAL HEI A
22 AARIY oBIEAY el L% 2R

Foll 2Pt lge AT 4 Qo

V. Conclusions
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