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[Abstract]

This study proposes a structured approach to implementing multilingual support for naval combat
management system software. Existing methods require repeated code modification and rebuilding, leading
to high costs and effort that scale linearly as more languages are added. To overcome these limitations,
the proposed design applies database-driven mapping data, dynamic binding for run-time switching,
feature modeling to manage variability, and the singleton pattern to optimize resource usage. The core
mechanism is that, at program initialization, mapping data for the selected language is loaded once, and
each class subsequently references this dataset to obtain the required translated information. Evaluation
results indicate that while the initial setup requires more time, later additions or modifications are handled
through database updates alone, yielding substantial efficiency improvements. The approach thus enhances

export competitiveness and ensures interoperability in multinational naval operations.
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I. Introduction
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II. Preliminaries

1. Naval combat system software
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Fig. 1. Structure of legacy naval combat systems
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2. Related works
2.1 Dynamic Binding
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Fig. 2. Conceptual diagrams of binding
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2.3 Singleton Design Pattern
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III. The Exist Scheme
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IV. The Proposed Scheme

1. Multilingual support method

1.1 Database structure
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Table 2. Example of multilingual term mapping in
the database
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Fig. 7. Dynamic binding in multilingual support

S Hlelge] M 8L oj2] 1A L AFC AN
sfuio] ey melsto 2 oo glofg AU 4 glon
2, §A1U Wgo| GastEch A &g SHolk
71E A A9} el 9lof 571 A) A Wevt gue

o2 7 ARK} e8] FRE. uxjzo R Hze
o2 712 49, 717 golol thgh: cTol Gojat
Jstel SO spapgol WAACL Tl $A uielg
712 3R ey P Bls] 1Tl AlUe] Ay
] oloi, &g FEAL 2ol Chofet Bl 28

S AlAR0] 5] A JPolet & 4 ek

o

mo rlo 44 rQ

P

2.2 Feature modeling for selective language
support

YA R AmEo] AE AN F&/dat
= AARCR Hefsh] ot timA 7[RioR, A
®lo] bt eAlRAe wAsHE o] Adbdold.
Ao S ARAA ATEoof t=o] X 7]
52 A8s7] ol A 2L =siqint. o2 5l

ASE 7lss B4 HA, AH 314, 221 oieh X =

> r&

re

=

A¢tehs 2@ Hol8 AS(Data layer), 5-& AlS
(Application layer), B3 7|Z(Presentation layer)Q]
A B&os s golg AS2 A7 ol A, DB

N

N
o)
o
N
=~
@
<
5
c
@
=
=
ol
i)
m

lo
e
X Tl
N
)

0

-

ook
ol
ol
2

L. = ’
5 4% 1Y 2] 7152 28xfe] oo} W Aol

o v

Read L
I:l Mandatory Config File anguage
" Config File Kor
: Optional
Access 3
E Alternative Write Language

Config File Eng

Language
Chn

Key — Value
Mapping

Multilingual Application Term
Support Layer Translation

Presentation
Layer

Korean Ul |

English Ul
Chinese Ul

Korean Date
YYYY - MM - DD

US Date
MM / DD / YYYY
DD / MM / YYYY

Fig. 8. Proposed multilingual support feature model

ul
Adjustment

Value Display
Format

Fig. 82 A2t 314 298 12802 e So]
U 2o Az eemoe gt Y2, B
NeTiet FIRE Moz PESEC. olE Sol. gol
7h 712 o2 MeE A9, UL Al % 3 2] 3
o] sl 2lojet Latdo] WA M

Agtete Bao) Age ke 2ok A, 712 9
ofg m2AlE ¥ £ oy YA 9, WY P
& YolAl thZo] A9 5% B2 4 9ol 55 1
o} 9R|E4 Beke 37 Fck S, Al o] 371 A
DB % % 1 hguro e tjgo] JRsslu e spol
FHolut. AU, UL % clole] Al Z9Ue HEls 750
2 Batozs, o] % U 28 a7 ot o
23S AR 4 ot AYHOE tFol AU Jo]

X%%%l—gi};ﬂ __rL_7,<__7§| D(ﬂ)]?_,‘]-/ﬂ ]_6‘:]_- SHAFA]

O» -1 O O

g %
o7 Mge SAOl DT 4 ook

N

.3 Singleton pattern for efficient resource usage
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V. Software Evaluation

1. Evaluation environment
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Table 3. Experimental system specifications
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Visual Studio 2008

LDRA

CPU

Memory
Operating System
Development Tool
Reliability Tool

Database Tool Microsoft Access Database
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Table 4. Test applications for evaluation

No. of No. of Build Reliability
App LOC . ;’m uI / time time
€ format (sec) (sec)
A 136,876 360 6 310 51,840
B 26,152 360 1 310 2,710
C 23,577 519 1 270 2,250
D 14,578 98 0 380 10,590
E 23,042 110 0 370 17,620
2 AFo|A+= Table 40f A|¢tsh= 7|8 A8 o Fet
PAIGlo] 2t 3-8 s HE AREE S5 Y
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2. Performance evaluation
2.1 Performance at first language introduction
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Table 5. Example of initialization code insertion

ClInitialApp.cpp

BOOL ClnitialApp::Instance()
{

m_pcMultilingual = new CMultilingual();
m_pcMultilingual->setLanguagelnfo(SW_ID);
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Table 6. Defined processing time per task for first

language introduction

Exist Proposed
Task Type Method Method
(sec) (sec)
Initialization code
/ - 60
init
Database
(add new term) - 15/term
Lap s
Term translation
/ 10/term 10/term
term
Ul / Format modification
i 10/items 20/item
ut

Table 6& 7+ At (Task type)Ez T AQ
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Ty = Toiira t Tou (5)
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Table 7. Comparison of first language introduction
time per application

A Exist Method Proposed Method
e (sec) (sec)
A 55,810 61,330
B 6,630 12,100
C 7,720 15,575
D 11,950 13,480
E 19,090 20,800
70,000
M Exist Method
60,000 ‘ | m Proposed Method
- 50,000
= 40,000 ‘
£ |
F 30,000 |
o 20,000 ‘
10,000 ‘ ( I
. | l\ | l | i
A
Appllcatlon

Fig. 10. Comparison of first language introduction time
per application
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2.2 Performance at additional language extension
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Table 8. Defined processing time per task for

additional language extension

Exist Proposed
Task Type Method Method
(sec) (sec)
Initialization code
tim’t
Database
(add language column) - 5/term
Lav
Term translation
10/term -
tterm
UI / Format modification ) )
t,; 10/item 10/item
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Table 9. Comparison of additional language extension
time per application

Exist P;::zzzd Proposed Method
App Method (No UI change)
(sec) (UI change) (sec)
(sec)
A 55,810 53,960 1,800
B 6,630 4,830 1,800
C 7,720 5,125 2,595
D 11,950 11,470 490
E 19,090 18,550 550
60,000
50,000 M Exist Method
® Proposed Method (Ul change)
g 40,000 Proposed Method (No Ul change)
é 30,000
=
g 20,000
10,000 I ] I
. En-. Hn |
A B C D E
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Fig. 11. Comparison of additional language extension

time per application

Aoz J|E] WAL Qlopt 57Y dholct 4
xoz FWhe 274 8182 Zdsio} oo, ojuidt %S
ehe weet A2y Alde] BAxoR sy i,
3 ol AIAIEF Table 99 Fig. 110JA1 7] WA
) UL % 2% 4 WY s e s 9

LW] 9 AUE SeseR. § 4 AT Aol

1%}— e DB Qelolete Yer uIge st

UL E9 440] EAfslats o] 759 7
s Yole2 vl 2] TR 5

rulm

A 40 ARIo] 29 £ B2 501% 5 3%
U Ol AR 718 U4 £ T

o o 2 oo Pi & rE
[
u%
)
jg
t
2
o
-
E
H:
)
>.
o
2
k>4
:1:1
ol
>,

Nk
Eﬁr__

>

|t
o
ox
o
i
L ==
e
odt
e
>
oo &
_121

Performance in source code modification
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Table 10. Comparison of source code modification
time per application

A Exist Method Proposed Method
°p (sec) (sec)
A 156,480 52 180
B 9,090 3,050
C 7,590 2,550
D 32,940 11,000
E 54,000 18,020
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Fig. 12. Comparison of source code modification time
per application
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3. Results and discussion
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VI. Conclusions
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