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An Efficient Software Reliability Testing Method for the
Model based Embedded Software

Jang-Seong Park' - Sung-Bong Cho - Hyun-Yong Park - Do-Wan Kim - Seong-Gyun Kim

This paper presents an efficient software reliability testing method for the model based auto-generated code
and reify a dynamic test procedure. The benefits of executing the model-based each static/dynamic reliability test
before the code-based static/dynamic reliability test are described. Also, The correlations of code/model based
reliability test are demonstrated by using model testing tool, Model Advisor and Verification and Validation, and
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the code testing tool, PolySpace and LDRA. The result of reliability test is indicated in this paper.
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Fig. 2. Model/code test procedure
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Table 3. Auto generation/user design advantage /disadvantage

Advantage Disadvantage

1. If the model is complex,
1. Fast enough to case is not created

reach a specific |2. Unable to Reach a 100%
Auto

Generation level of of execution
execution 3. Additional analysis needs
2. Easy to use to be performed via User
Design function
1. For many required
variable models, it takes
1. Able to Reach a lot of time to build the
User " .
Design a 100@ of er}V1ronmegt.
execution 2. Time required for Test

Case analysis in
Complex model
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Table 4. Model/Code static test result and used tool
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Table 5. Working time of dynamic test result

Model Code Auto Code Unit

Working

Time 24hour

12hour 72hour

Automated Integration Test®] Working Time(Table 5

H27H mMis 20184 3% @ED



9] Code Auto)Z A|2Jal L 220z ola)A
APS st dele A oF 36417 Aol

2.3.3 Bd/3E F& AY 2

ol 54 Ao Aol 5t B4 AW datel &
AM3E BlaLs 27] 918l Test caseE E27hH F+ Al@
o] AYE u|w dlal, AR} a5t ZRAE] ATNE
A s

Table 6-& 17}12] Test Caseo]] T3t Rd/FE F2 A]
3 Axolrh

Table 6. Model/code dynamic test result (1 Test Case)

D1(Statement) C1(Branch) MC/DC
I]\B/I:S‘g 80% 73% 43%
g:s‘iz 80% 72% 40%
DI(Statement, 74 A245) 9] - A2 U dut

7} Y4231, Cl(Branch, £7] A8E)7} MC/DC2] 739
ok7ko] Zjol7} Ql=d| o) mE 9] Logical Operatlon
o] AE wflo|A HFE= AT BdoA HFoh=
WA10] zpolof] ofgt A}, FE A4 Al Uint typév# |

o|e|2] Overflow® 57] $J3) #7} i if B Fo&
Qs At Zolck

Table 7, 8 Fig 42| AJEH ol Hlo|x 27|%4
< HHLo] 10, 50719] Test cases A§/dstal o5 o]8-3s}
of HYFE BA AP SuY 2 Lehoick

Table 7. Model/code dynamic test result (10 Test case)

DI (Statement) Cl(Branch) | MC/DC
Model o o N
Based 90% 82% 53%
Code o o N
Based 90% 80% 47%

Table 8. Model/code dynamic test result (50 Test Case)

DI (Statement) Cl(Branch) | MC/DC
Model o o N
Based 96% 93% 83%
Code o o N
Based 95% 91% 1%

ED si=AS0MsE| =2

9, Bt 2R Q) S *15‘—4 2491 ‘401]/\1 A%
7S 53l subsystem®] 3F FiS APAA 5 Q=
Test CaseE =77} Oiaﬂi‘r E3L AA AE s
o= & Ego] HA Feth= A& Table 6~85 5
£ 2 24ael A A e 37
Z 7= B2 718F 58 AE 9] Test caseE ARE-5f
g E3 AR BellA] RE Ju 54 A 4
Y5kl T A|$S E3) Statement, Branch, MC/DCES
100% A3t}
ole Table 9= AAP7} 4343t ZR2AEQ] =4 A3
Axtolt) AR} st z2AEL B2/ Y| AdE
100%8H& 87513 Slo1A o] tfeh AT 45 sl
t}. Model 2 28 E2 A3 A1}l Code= TT =7 A
3 = Automated integration test 235 L3} Result
+= FE 54 Al¥(Automated integration test + Unit

test) @] Ailo|ct

o &

> &

Table 9. Dynamic test result(52 Case)

Model Code Result
Statement 96% 93% 100%
Branch 95% 92% 100%

% ERAE nY 2% A FES ARSHE YA

ATEYo|] AFA AJFE 4857 3t FAje}
/\]@% A& o 35] B A WS AlAlsk
I A @3’4%' 7|&sk%ih

2 wd HA AL Model Advisor® 4=
A]gg agisto 2N A|7F A7) o8 2
A AR Aol &l Tjofl A AleS a8t
Foz W AA Al 28 He Ak

N 2 W ol
o rlr
i} r-ﬂ
tlo |
4y ox I:I
ol
ok

In) [¢]
ME o oft 12
ot oo 1

Ol

ol

w 2

+
50
pas
_r;

A 2 A sEgolel 542
5 218 A 85kt E5h

FAl(Top-down) =2
A el b

%
3o} 5= 2

o
)

n?i :
mﬁ °



A58} FHsstehs ol Aetelol, 3
%3} Al8](Integration Test)2 253} 3}
F582 247 28 4 ke A2 w9
4 A9 S A w59 B AHS 4
0 A7 AT A0 el ATY

2L offt
>~ _1>4

oft [y

olt rlo

¢

_:.o%‘, Ho2 n R
O g ok
re o o T Hr

4

é_u

7%‘57194 427]]:”' 7]Xﬂ74

Jo n
T
=
.
mO
]
o
ot
é

4
30
4
£
o
ﬁo;
LT
ﬁ—ﬂ
ik
lﬂ
.o

_@mE
offt

= =

HAYEH RS s AR} ulg SHolA v
TEHOE SWO *JQ*J% ShEL g o QML WA
7|7 @5 ane

References

1. Kim, J.W, “A Case Study on Reliability Test of
Embedded Software in the Multi-Function Radar”.
Journal of IKEEE, Vol. 19, No, 3, pp. 431-439,
2015.9

2. Kim, Y.G., Yoon, H.S, Kim, S.H., “A Model-
Based Design and Testing Approach for the UAV
Flight Control Computer”, KSAS Conference, pp.
630-633, 2015

3. Kwon, K.Y., Joo, J.S., Kim, T.S., Oh, J.W., Baek,
JH., “A Study on Quality Assurance of Embedded
Software Source Codes for Weapon Systems by
Improving the Reliability Test Process”, Journal of
KIISE, Vol. 42, No. 7, pp 860-867, 2015.7

4. The MathWorks, “Control Algorithm Modeling
Guidelines Using Matlab, Simulink, and Stateflow
Version 3.0,” The Mathworks Inc., 2012

10.

11.

12.

13.

14.

. The MathWorks,

. The MathWorks, “Do Qualification Kit, Model-

Based Design Workflow for DO-178C,” The
Mathworks Inc., 2015

. The MathWorks, “Managing Model-Based Design”,

The Mathworks Inc, 2015

. The MathWorks, “Model Advisor Checks for High-

Integrity Modeling Guidelines,” The Mathworks
Inc., 2015.

“Simulink Verification and
Validation,” The Mathworks Inc., 2015.

. Han, D.G., Kim Y.G., Yoon, H.S, “Reasearch for

Automated Model Test Method of Model-based
Software”, KSAS Fall Conference, pp. 1208-1209,
2016

Kim, Y.G., Yoon, H.S., Kim, S.H, “Research of
the Effects of the Model Style Guidelines for
Improving Software Reliability through Dynamic
Testing in Model Based Design”, KSAS Fall
Conference, pp. 1707-1710, 2014.11

Kim, Y.G., Yoon, H.S, “Research on Effects of
MAAB Style Guidelines for Weapon System
Embedded Software Reliability Improvement,”
Journal of Korea Institude of Military Science and
Technology, Vol. 17, No. 2, pp. 213-222, 2014
Yoon. S.H., Kim, Y.W., Hwang, S., “Validation
and Verification of Model-based Development”,
KSAS Fall Conference, pp. 1101-1104, 2015.11
DAPA, “F7A|A] 22E]o] 7l 3l e viwdd
A2016-43,” LAY H(DAPA), 2016

Cho, S.0., Choi, K.Y., “A Study on Validation of
OFP for UAV using Auto Code Generation”, Journal
of The Korean Society for Aeronautical and Space
Sciences, Vol. 37, No. 4, pp. 359~366, 2009.4

He7H ®iE 20184 3¥



dF Z+ M (jangseong.park@lignex1.com)
2011 QJsttfsta gH-9-Egstat At

2013 F=slr|ed Tty AA
2013~ @A LIGNEX1 A3 &

Talol : FEEF, FE, I, 2ZES ] A=Y

= M £ (chosb@add.re kr)

2003 BAgelw gaoezastyl sl
2005 e=elrled FE-pFash Aat
2005~ A 2l ta AF =

ol : f=, Aol AAHAeL Fule) 1] W]

ut 8 g

2014 FEeheta Axkgelt ot
2014~2017 LIGNEX1
2018~ &7 ~etEY

PRk QU= AmEYo], AmEo] A4

I

2 = 2t (dkim.bkcg@gmail.com)

2008 QlslTjta FE-oFEst} B}
2010 <l3tletn g-Fastul AAb
2010~ A olslusm L o=Tstyl wat
2013~ A7 AstALe 2] F

Faltol ¢ 2P, vdA, 7Y, £ZES ] A=y

I

Z M # (seonggyun.kim@lignex1.com)
2012 QIsfeheta g9l hi
2014 Qstfstan agogobE At
2014~ &7 LIGNEX1 #j7] %

THIEO} : M&S, T, S, Alo]

2 JEEIEC o



