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MSC—based Test—case Generation Module for Railway Signaling Software Testing
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Abstract — Most of the existing studies on functional safety testing for the railway signaling system software have
focused on verifying the functional safety through the monitoring of internal memory embedded railway signaling system.
However, the railway signaling system is one of the typical embedded control system in the railway sector, and the
embedded software has a characteristic of generating an appropriate outputs through the combination of internal
processing in consideration of the current internal status and external input .Therefore, the test approach of using the
interface communication channel can be effective way for the functional testing for railway signaling system software in
consideration of these characteristic. Since a communication interface specification of the railway signal system has a the
properties of the sequence input and output signals, test-case for software testing is the most effective methodology by
MSC (Message Sequence Chart) language, one of the graphic language. The MSC-based test-case generating
methodology for signaling system software was proposed in this paper.
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type record TRAIN_REGISTER REQUEST_MESSAGE {
integer HEADER _ReceiverClass_1,
integer  HEADER Receiverld_1,
integer  HEADER SenderClass 1,
integer  HEADER Senderld_1,
module Testcase { integer  HEADER ReceiverSequenceNumber 2,

/ integer  HEADER_TransferSequenceNumber_2,
integer  HEADER DataLength_2,
group Messages { hexstring DATA_OPCode 1,
// HAIX| 2E Hol integer  DATA TrainRunningNumber_4,
IAIR] 72 el integer  DATAICTID 3,
/1 AR 22zt Eel gel integer  DATA DriverlD_4,
) integer  DATA TrainCategory_1,

integer  DATA TrainLength_1
b

group Settings {
// S4 t & &H| 1P % Port gt Ho template TRAIN_REGISTER_REQUEST_MESSAGE
) T_TRAIN_REGISTER_REQUEST_MESSAGE := {
HEADER ReceiverClass_1 := 2,
HEADER Receiverld_1 := (0 .. 255),
HEADER SenderClass_1 := 1,
group Testcases { HEADER_Senderld_1 := (0 .. 255),
AE A X4 O] A AA| HEADER _ReceiverSequenceNumber 2 := (0 .. 65535),
/1 HIZEH |2 BOAIAR] S41) HEADER TransferSequenceNumber_2 := (0 .. 65535),
} HEADER DataLength_2 := (0 .. 65535),

DATA_OPCode_1 := '08'H,
DATA TrainRu ngNumber 4 := (0.4294967295),
} .16777215),

DATA TrainLength_1 := (0. ZSSi

}
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Fig. 2 Structure of TTCN-3 script
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Fig. 3 Text file saving of MSC based test-case
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type record TRAIN_REGISTER REQUEST MESSAGE (
integer  HEADER ReceiverSequenceNumber 2,
integer  HEADER TransferSequenceNumber_2,

hexstring  DATA OPCode_1,
integer  DATA TrainRunningNumber_4,

}

* BJAJK| s template TRAIN_REGISTER_ REQUEST_MESSAGE
Message= Message_1(;position=50,20;size=100,15,BBT>OBC| e SQUESTMESSAGE = (
Message_2(;position=50,60size=100,15,08C>BBT Bt =
DATA OPCode =
* AIXIE HE FE DATA TrainRunnNum ~ :=
MessageField= Message_1={int MsgField_1=5,
int MsgField_2: )
Message_2={int MsgField_3: group Setings {
int MsgField_4=14 , — ASXtH HE

- mscTestcase.txt T THA!
- testcase.ttcn T B

testcase TC002_F
system SysteminterfaceType (var TRAIN_REGISTER. REQUEST MESSAGE

trainRegisterRequestMessage = {
HEADER ReceiverSequenceNumber 2 = R SEQ NUM 2,
HEADER TransferSequenceNumber 2 := lastestTSN,

DATA OPCode.1 = '08H,

)
psend(trainRegisterRequestMessage) to sut_addr;

)
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Fig. 4 Conversion of TTCN-
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O
—~
117
=

o o
ol
[ 2 Mg

o
i)

2

29 A HA,
g B oH A BAZAY
Gol et zro] MSC HEl& HIZEA
g 983 sdd MSC
& pEE BEe MSC 7]

| o fmxe [ > oy
AN s 4 re *

)
o
>
o @ rfz

o

i
o

Mo ® & > [U oo & |

s

o ot
)
N
o
)
off it (T i [N o 1o

=
il
L)

o
t

L
S 2

KR
Lo in

Bodo O N W3R MW ol i
® Mo =
2o
o
bl
>
o

o

Fo

Jo 1%
p

B Blick Box Teiting Tool — o —
[Fle] Tool window Help view

New Graphic Testcase
Save Geaphic Testcase
it

T LCCSeT
& OBC LOC 10T
e 2

=TT

Separater

3 Parame.

Hame Type.

S Prooaces 5 MFs= - - o

Propery Value

% 6 MSC 7|8t HAEZH oA
Fig. 6 Windows for MSC-based test-case editing

1L o o
HEY dE=

HzAE £=ZEQof HAES 98 MSC 7Igt HAEAH oA~ MM 25

" jeit)
(@)}
=)
5
o
]
rlo
=
)
')
N
3
1o
=

>~

m

)

o

[

)

N,

ac)
ek

B Flc 8o Tevtrg Tool s
e ok ppnsow bes Niew

a3 7 MSC 7Iet HAEFHOA 23 2ER
Fig. 7 Windows for MSC-based test results output

711 ols 7t AAEY A4S Yy, ~23HE FH=
AEWE A "k F, AlEAE V)€Y ~23HE R
BAEAoAS A ART IR dsn A A
e g lar, ol wEl AFBANAY 2FE FAE & I
o 29 69 L E2FE MSCY g AANES JYeha
gt 2y 78 HAY ZA3E MSC dHE =438l &
g3t Aoz HAEA~ W, HAHY A 2 FEANLS
g = glom, O] dF%e A HAYS FsEA
G HAAE F5A 3 A YR Qa, ofg FE
o “Adx"ga FHo Qe FEL HAEI oA dAdE
AL Yed Aoz g gHaEA A 93 HAY Az
ERAl Alzawle] s Asta S o sttt
4. 2 B
NE AxAzAxdg Boddtx gHay EgoAe
TTCN-3 23 HE 7oz gArEANAS A 9 A4
o) A HAEAAE AAYE Aoz AT A4
141



S BAE FE 3, EIF o] AAHE doj7|nte] H
2EA O] AREAAA Ha oAl =A"d 5 o A
EABA LG e AAgAe BAAAEE ke 3
HagE A HaEAo)AE 7|24 ox2 MSC FH& o
Alsk o mEba BH2AEH dFeME 2AYHE R
2EA ] ~E AFsts A o ARHor osd 4 3l
= MSC JH2 AAshs 2o 2% 2d 7 de ¢ &
e 7RG ofel weh =Rl As Aol A=dd
A= doje] stupql MSCrINEe] HIZEAC]~E WY H
Agsta Abg o R AAYE ojR WEE F3 H2Hol
TAHES o= Bas MEEA B3 HAE 3 4
2 H2E 23k MSC d 9 ~23HE e F 7HH
2 289 5 d=s A 2 st 2y e s
3 HAEAC] 2] Ao R HAEA ]2 AAEE TH
wotAsta gAE vINke] 2aE AREAE A shr] Hd
FH = =A3tete] Alzstith dE BEe A8 A
Td A¥ MSC FH= 43 HAE Aol ~rt FdHe
2 2AYHE o2 wdgs Asgla, B o] A W
¥l HAEA RS T HAE FdE T NEETe
Agadol gEAT AdATe] ROk MSC gejet ~3
HE Fejo F /A FHR 2E2Ha, 1 F 7HA HAE
2o vuda gAHer F4HAEE Felskdt

gdArtel =

2T 0BUE #FAEALATN Fady
o A7l Agem FAHAFL |

References

[1] Korea Railroad Research Institute, “Development of
safety assessment technology for railway signaling
system”, MOCT R&D research report, June 2011.

[2] Korea Railroad Research Institute, “Development of
technology for safety and efficiency improvement of
train operation”, KRRI research report, Dec. 2014.

[3] LDRA, http://www.ldra.com/

[4] CodeScroll Inspector™, http://www.surecofttech.com

[5] JG.Hwang, H.J.Jeong and B.HKim, “Results of
Coding Rules Testing of Train Control System
Software”, International  Journal of  Software
Engineering and Its Applications, Vol.7, No.3,
pp.249-257, 2013.

[6] J.G. Hwang, J.HBaek, and H.J.Jo, “Interoperability
test methodology for train control system using
interface  channels”, CMEM 2015 international
conference proceeding, May. 1015.

[7]1 J.G. Hwang, et al, “Architecture of software testing
tool for railway signaling through actual use
interface channel”, The Journal of Korea Information
and  Communication Society, Vol.39A, No.9,
pp.880-886, 2014.

[8] John Wiley & Sons, Ltd, “An introduction to
TTCN-3”

[9] Colin Willcock, “An introduction to TTCN-3, 2nd
Edition”, Wiley, 2011

[10] http://www.ttcn—3.org/index.php/downloads/standards

[11] B. K. Song and S. H. Lee, “The development of
interoperability tester for the IEC 61850 based on
TTCN-3", Jouranl of IKEEE, Vol. 14, No. 3, 2010.

[12] H. S. Kim, H. S. Bae, and et al, “Development of a
testing environment for parallel programs based on
MSC  specifications”, KIISE  Transactions on
Computing Practices, Vol.6, No. 2,pp. 135-149, 2000.

[13] E. Rudolph, J. Grabowski, and P. Graubmann,
“Tutorial on Message Sequence Charts(MSC'96)”,
Tutorial of FORTE/PSTV'96 conference proceedings,
Oct. 1996.
[14] ITU-T, “Recommendation X.120
Sequence Chart(MSC)”, Setp. 1994.
[15] J. Graowski, D. Hogrefe, I. Nussbaumer, and A.
Spichiger, “Test case specifications based on MSCs
and ASN.a,” Proc. of the Seventh SDL Forum 1995,
pp.307-322, 1995.

[16] Telelogic Tau, http://www.telecogic.com

[17] ObjectGEODE, http://www.csverilog.org

[18] H.S Bae and Y. R.Kwon, “Validation of timing anf
communication constraints in real-time parallel

Message

programs”, Phd. Dissertation in Computer Science,
KAIST, 1999.

[19] N. H. Lee and et al, “MSCTest :
testing tool for embedded software”, Journal of

an automated

Korea Information Science Society Computing
Practice, Vol. 6, No. 2, pp.187-195, April 2000

1994 A gt Wr)Eed &9
1996\ @ & distd AAEY

20050 g ARE
HALE S

1995~ A @ gt d =7 %
T4, AR5 7EAL
20113720124 : Virginia Commonwealth
Univ. WE<d+4

re
-
0,
)
sl
re

o= H (A&
1995 - A5ty Ao ASTgY £
19973 : 587 HItERY Y
‘J it A £
20093 : AEistw W FtERZY A~F5ty)

upAb £
19973 @A) HF AL/ &7 A
T4

142 Copyright (© The Korean Institute of Electrical Engineers
This is an Open-Access article distriouted under the terms of the Creative Commons Attrioution Non-Commercial License (http://creativecommons.org/
licenses/by—nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



