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[Abstract]

This study proposes an object-oriented standard architecture to improve the maintainability of
Identification Friend or Foe (IFF) display software in naval combat systems. In export projects, frequent
equipment replacement and Ul modifications increase the burden of maintenance. To address this issue,
the proposed approach applies a feature model to separate common and variable elements, and adopts
‘enhance extensibility. Furthermore, the Naval Shield Component Platform (NSCP) concept is applied to
IFF display software modules to ensure compatibility with interfacing software, enabling flexible
adaptation to equipment and technology changes through Ul module replacement and strategic algorithm
modification. Evaluation results demonstrate quantitative improvements, including a 35.8% reduction in
average Cyclomatic Complexity (CC), a 12.3% increase in Maintainability Index (MI), and a 42.4%
reduction in maximum Lines of Code (LOC). These findings confirm that the proposed architecture
effectively addresses the requirements of export projects while also alleviating prolonged reliability testing

burdens in domestic projects, thereby contributing to enhanced competitiveness in the defense industry.

» Key words: Naval combat system, Identification Friend or Foe (IFF), Display software,
Object-oriented design (SOLID), Feature model, Standard architecture, Reusability
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I. Introduction
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II. Preliminaries

1. Related works
1.1 Naval Combat Management System
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Fig. 1. System Architecture of Naval Combat
Management System
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6.0 Tactical Data

Communication I Data Link

3.0 Weapon

2.0 Tactical Situation
Control

1.0 Assessment
Information

Processing

Engagement /
Command and
Control

4.0 Simulation & Training

I Training

5.0 Information Processing

System Management Integration Analysis
System
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Fig. 2. Function of Combat Management System
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1.4 NSCP(Naval Shield Component Platform)
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Fig. 3. Simplified Class Diagram of Naval Shield
Component Platform
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Fig. 4. Publish—Subscribe Model of DSS
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III. The Proposed Scheme
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Table 1. Primitive Feature of Variable domain in

IFF HCI Software

Step Description

Identify function of

Identification . .
software in service

Classification Applying of Feature Model

Design the Class Diagram

Design - -
Applying of Design Pattern
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2.3 Application of the Feature Model
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3.1 In-depth Analysis of Problems in the Existing

Structure
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Fig. 6. Pre-Improvement Class Diagram of IFF HCI
Interface SW
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3.2 Improved Design
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Fig. 7. Post-Improvement Class Diagram of IFF HCI
Interface SW

3.2.1 Introduction of the Device Control Strategy
Interface
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3.2.2 Redefining Responsibilities of the Manager
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3.5 Expected Effects and Practical Benefits
& Aol AQtshe oA E E5l that 22 =
= 71(41@} A olt)r
ek 2eja0t wAste] &4t)
7h5si0, AR ST ARE

et
- A 28 AL 7]20] FrtEgete Ak 2
FPA0F 27451 glo 2 A|AEI0] AW R7|2 RIS A

e}

EH02, ¥ Q704 At £FE bR 7]

g HAE ﬂ?ﬂ BEZ o7|EIA(NSCP)of] SA] AL 7H55
7% W73 Al Ul 28 wAQt dualEo] &
Lol sto] YA 4R Zfsto] 7)o

IV. Evaluation
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4.3 Experimental Results of Comparative
Analysis with the Conventional Architecture
4.3.1 Cyclomatic Complexity

Cyclomatic Complexity(CC)= =2 7580] Ajo] 5 &
2 7oz SRS FYkte ABZ, Yol 245

Fco] Briol Ags} Wo} Qx|WAs} o 9AIct



186 Journal of The Korea Society of Computer and Information

Table 2. Complexity Calculation
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4.3.3 Comparison of Code Size
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Table 4. LOC Comparison Analysis

432 MI
MI(Maintainability Index)= FTE=9] BAtw 37|, 7}
4 YR o2 vigelo] gAlEs Bol4e SAIgl
© AR, o] 2245 FAES0] s Yuigt
CH18].
Table 3. MI Calculation Results
MI Grade Pre Post
-Improvement -Improvement
Good o o
(204) 64.1% 70.5%
Moderate o o
(10-20) 0% 2.2%
Poor o o
(0-10) 35.9% 27.3%

Table 30 AA|E ZAuket #o], 74 A Ml #2&=
Good 64.1%, Moderate 0%, Poor 35.9%= L}ERL}T %]

LoC Pre Post
-Improvement -Improvement
Min LOC 167 0
Max LOC 5,122 2,484
Standard 11124 414.7
Deviation
First Quartile 511.5 97
Third Quartile 1,808.2 576
Inter 1296.8 479
-quartile Range
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LOC ®liL ¥4 Zak, 7B & op|EiAoA: 2
5,122 LOCO] Qb thy 25o| FAfst ZEHAP}
111242 )9 o} BE 37| Bart BR4sH Uehy
k. ¥l JiA 5 op|EIRolA = AT LOCT} 2,842
ul olsta 7tAsl, EAHAP} 41478 ZolSo] BE
3719 FRo] A FAHUCE EF AL WSl
(IQR)7T 1,296.8004 4792 ZAEo], AA| &9 7|
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wojzL,

4.3.4 Software Quality Comparison Based on
Standard Metrics

Table 5. Summary of Architecture Improvement Effects.

EVALUATION KEY
METRIC MEASUREMENT CORE LORTTRIZLIEN
Code Avg. . Increa§§s developer
Complexity complexity productivity & reduces
| 35.8% errors.
Maintainability Poor grade LOV\./ers maintenance
(M) modules risk & balances
| 24% workload.
Max. module Improves reliability by
Structural . N ;
Stability S|ze° eliminating oversized
(Coupling/ ! 51./0. modules.
Cohesion) Std. deviation E.n.hances systen‘w.
| 63% stability & predictability.
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4.3.4.1 Improved Development Efficiency through
Reduced Complexity
Cyclomatic Complexity= ZE W oA} AH9]
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4.3.4.2 Risk Mitigation and Enhanced Stability via
Improved Maintainability

Maintainability Index(Ml)= SA|EpA0] A =W
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4.3.4.3 Achieving Extensibility through Reduced
Coupling and Increased Cohesion
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£ AqoHE AlorEl BE opp|elale] A}
o7 7A=s] Ydll CC, M, LOCE AF&Es}o]
cf. 1 2}, Aok oSN 3T 4% e
S ANA AR I EE ol
TAIL 718 W27k Al et )
g g Elsioit. Lot AR 4
gloje] St A S SAll SRE 4

il

W Rl opi

Ll

O ol ok
— —- i
xR 13

il

M
39
fu)

O.
[m oo -

T

l‘LlE
=

|

;

i)
rr
>
e}
i)

2 T M



188 Journal of The Korea Society of Computer and Information

4.5 Discussion and Conclusion
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V. Conclusions
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