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Automatic Generation of Protocol Test Sequences from SDL
Hyun-jeong Lee*, Young-il Choi*, Byung-sun Lee* Regular Members
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A APL T2 e FHEQ IUT(Implementation Under Test)?’} Z2EF 747} Uxslex]a AFse
Aoz, o] AYPA A9 AL 4D Agdel &) s|Eoil= AU YAo] AOE o] R X]7] wfEel
259 e UEgel B =Eeale A5k E(tool)q] Design/CPN-& o]4#}d SDL(Specification and
Description Language)2 7]%¥ Z2EZO] AlYdS AAUct SDLZ rled Z2EFg Ag3ES ey
CPN(Colored Petri Nets).2.2 % ¥ Design/CPNol| {83l 215 A% OG(Occurrence Graph)e} T A=13HE]
(descriptor) 2%E] A& g, 71&e A3d A4 bl widl 7 FeAE Y g sled, AR
0] Z¥ APEE d& 5 ok

ABSTRACT

Conformance test verifies that a protocol implementation conforms to the protocol specification. The quality of
the conformance test depends on the test sequences. Existing test sequence generation methods have potential
errors because they are manually done. In this paper, we propose an automatic generation of protocol test
sequences from SDL using Design/CPN, which has extended test coverage. We transform SDL into CPN form
with data flow, and apply it to Design/CPN. Our method has test sequences with partial data flow and reduces
errors compared with existing manual method.
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2 399 2T 9AE dzgael 3P 2}
2580] 329 CPN ¥#lo® Wi F Design/
CPNel| #8314, A1g 49 Azl 0Gs) tiA
AP ZHE APES ATch AU whge o
430, 7|88 gl 23 Aged AN whgel
His 2F 7FsAE Y ¢ 5, AaEgs wd
oz PR AR (coverage)E e A1HE
= AAAE F gk

£ =i AL ogw Aok 24dMe T2
Z°] 7} AR} 9 SDL3} Design/CPNel| s 7]
%33, 34el4= SDL/PRZ ¥8l¥ ZIeg o
AE CPNoZ wiglshs wbyg Adwdich 44404
= Al AF2A, SDL/PRE 7)5% Inres TZE
9] Initiator” o] AQE HPEL Hgale] CPNL
2 y#slw, )& Design/CPNel| #-&3le] 154
L2 A Y AureHe AgdE GAsa
A8 APEE AEzges Y AFgH B
A Bl wkAte R SAexME AE W R
A TS AARHE

I. SDL& Design/CPN

1. HekapE

AAAY Zzege Fur} wsin Bxkee
AA R 27} olgel wielx B FelA
AMgshe 2l vhee) Alhg AR

1) k3] HA=Egivicompletely specified).

2) 7slA A4 =K strongly connected).

3) 24 gg) wAl(minimal Mealy machine)e]t},

4) = =& =4(single module specification)e]

=]
5) 24l 7]g(reset feature)o} Tt

2. SDLZ Design/CPN

SDL2 clelgk B4 Al~sle]  SPC(Stored
Program Control) 7|¥-& AMsHA Hol o} 43
Ede] 74 2 gele] Al gAsie, B4l Al
o] Fahg HEs wAsta Mesly] % 34
Aol2A AMEEs gl o] mule Wiyl A
28E s dZY e BE & E508 74
Ha, 7 B39 B2 shi 22 o e ==
Alzeoll 3 mally] slejAln, o]F Aloje] FAlE
Ada FF L5 FE Sl uFjHLE o
Folzlcl =g dlolel F4bgel dHlold Elgjez
A el gic).
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SDL2] 3 ¥hielE U3 2W]E Ay 3714
Y F AR fAlEe olslsly] dx Aol
801§+  SDL/GR(Specification and Description
Language/Graphical Representation) ¥33), =g
W} fFAksh FAFElZE $£4317] 4013 SDL/PR
EY, 22lz AEHe] T4 #epla] AREE A
#%h& SDL/GR3} Zigt ¥3 okl SDL/PE
(Specification and Description Language/Pictorial
Element) ¥#®o} i}

HEz] Y& Axdg BYIT dAshE 249
7IHeRA, 2HAdE] A 2L e B3
¥ BAAase] Al 2He gl P
2 el Ze W= el dele] Ade 59
aled Alxdle) 2 9 715E oS HEgs Jehy
=& 2%t Ho] CPNeltl.

Design/CPNS- CPN9| A48 2|95l § w7)
Z|(package) 24], BAM dlolg] elq] U Eilkt d|
ole] Xz]& sH= CPN =dL A8k, 3 A9
" qeje]~E MAe FEE BE, & Aay
CPN2 |98t} Design/CPN-S #A]7], AlE#H¢]
¥, OG &, Peformance EZ 4j€cl HA7 =
CPN adle] 4, $4), T Al3el] o)&Ey, A
EHoEl= CPN9| el u gzl XEHelxd
£ #4sle, 0OG E& CPN =g ¢1% 0G| A
A BAd AMEsEd, 0Ge XEdvls Ez
(reachability tree)2%= o1& ¢lch  Performance
£ CPN2| Ag H4o 7[uRE AlE#He]AlE Al
F3kek

. SDL/PRZ E#E Z2EHO| CPN ##t

1. SDL/PRE| 718 Arg

SDL/PR-E = 2aflwt fAlRE F8 wpgogn,
TFx4 ¥¥ F%< BNF(Backus Naur Form)3- A}
4%} o] wpHE xR aEw] doE 43 =3
Eao] WA o)4uls] BNF 7A'e ol4dt e
ololE thEe] B AMSAIEA A5 2 Wy
o]z}

SDL =% uiael Fd  #$](behavior)
CPN4 EWA]M(transition) o2 HEFc}, H§3)7]
A¢] SDL 25l v 7ML ot 3.

) 28 3 A9 geiRgelrt: Co,Cy, ., G

2) Cot= 2713} BEollx A" 27)14)eolr.

3) SDLZ 7|e¥ =Z2eF wHAe A3

(normalize)d 3|2 q=¥ch
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2. CPN2| 7Fd Abg
CPN-& #E2] o ze}e] Ad& Fvtsled o
83} o] 6709 FEP, T, G, 1, O, u)2 T4
=%
CPN=®T,C1LO,¢)
1714
P Eelolzg) MY
= {pupzy..ipu}, 020
T: 2449 A%
= {ty, B2, ... , tm}, m=0
C : 2 color) T
C(p)=Zk'c, k=00]3 c&= e}
1 183
0: &3
£ @0, 1, .. D) BEEe] 2] A Ag
PNT = 0 and PUT # 0

3. SDL/PRe| CPN s
SDL/PRE ¥3¥ ZaeZ =42] CPN )
W2 o ga} 2ok

P = CUDUIOP)
o]7]4], C= STATE, D= NEXTSTATE,
I+ INPUT, O+ OUTPUT,P+= PROVIDED
T = {t;.x | c€EC and keJOP)}
C(p)=C(q), if (p€C & p doesn’t have self-
loop)
C(n), if (pEC & p has self-loop)
C(iop), if iobE(I0P)
Itc, 10p) = {C, JOP)}
Ofc.yor) = D
# @ = C0) U x(IOP)
C) : 2714 FHol~

CPN E#o]x Po} =izl T, e} = C,
dHee [ E9¢e 0, M ¢ 2 ¥}
714 FdelA P YEd/EA sHEAd zHY
Ef(cartesian product) . ¥HF EH/FA Fuo]
201 Al Ao} o} AMEE Hehlle dukEal
Al Edolr, ATZTE 713l Ae] F#e]ad
Al F571 gl B =FedAde AdEsls ARE
A 5 S ALFAo| G Fojdl] AT
Edolz MBIk AP A2 AA
ws d=gaxe] yee= ) AT (519} [7]9
71&stck

EPJAL TE A Seolar) 4&3/24 E4
ol~g} §H Aslale] ohE AR HolBEE
o},
et Fpal Ce Follolne] el wel deks
Hojgith BEL oAb Fdle]xe) {lEH/EA
o) ~Fell #1218 ok 8EE BEQ| AFE
el Algel, gele pAdck 2ok E9
olzelli: qleje] Zels Jlgl shie] BEe] $3
a4 =, 7t olEH/2z FHelads dEH/E
A v AeLE 7R B3] #x3A Tt E4
o)A Ate) Fdlo) s} slEd/EA FHoliE F
B, Ale ZHo]it xi AZToZ 2z I
#ol2g} zkA] Y= BHo|ng FREch Edo]A
7} A Eelo)ro|iA] Amgxg 73| f=chd
oJe)8) g Zepl =g Al FHolsel Hojww
Z7\A ool atte] Zelel wlE Y9 EEZS
7RIk, AL E zhe Alg Fdlol2 P49
5% Al zhecl wked Z27] A Fdlelart
Az2eg siackd 274 Eelolae A &
fo|~Es} de] nfe] e 9 ESS /A R
o

ARl I €A Al Eelelal Co] BE
7} qlge/=A Feo)ie EEE o
sk}, 29zl 2483pal O of Al
Dell E88 Afaich 27) Aol 4 & 7] A
Hlo) 2o} JE/xA FHo)2e 7zt BFo]
A=e] sl Aleolch

STATE C :

Iz SIHdR ENERA,
FROVIDED &2 Pgl Agatd
Y2/2P ZHo)22 d&
INPUT I :

Ce Ao 4el(control state)Z A,

AAde) Sdo]lmz og

PROVIDED P : P HAojzdezMd F& HY
QUTPUT O : OF &9 ¢HHA
TASK 1 ...

NEXTSTATE D :
Diz Ao} Aef2A, v v Feol22 A

22 1. SDL/PRE] =444

23 17 22 EldAd g9lE Ad A
ele] SDL 3o zmege i 29 2L
CPNo 2 ¥F=r)
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color Q = with q;
color IOP = with iop;

38 2. SDL/PRe] CPNHE&} o

a7 29} 3] SDLE] {13 Qejdiis) 23 <
el@4dal INPUT As} OUTPUT L Alg8.80]
¥ 58 PROVIDED A3} Z¥lsks CPNe] 4l
EH/z7 o)A W= 3, STATE AL 3z
b Z¥lo]~2, NEXTSTATE H& v}e Al &
Helag WHRcl =iz 112 dA A E9
ol&el C7} BEE qF 7IRZ e¥/2q EHelx
Q imsi®] EZ iops} A A3 oE Ad F
#o]22l Dol EE q& AP HoleF 3
v} 2% 29 diddels FeElel] wHRE AJo)(declara-
tion) F-¥o] el gict. #e} Qe EE qF 7
o, 2} IOPE EZ iops 7k Edix4de] g
Ho| sl LE Edo]2d Eo] ¥ A olalelwd
I BERAAL 43 Vst

¥ =FolAs= SDL E&2 CPNog Hg 4
PROVIDED A& ql&8/x71 Fde)Az Fyie
24 ABEEL weiich

V. Al g7

1. 7

2 =i SDLE 714d Inres T2ZEZQ
Initiator A4S CPNog wgh) HE 54 A
AZTEE= AgErts AR AAE e &4
€ 7 Sivke A, & el F A ol 9
EH/2700) EAER o9 ¥ JEH/EAE A
Lo A L 2 S S L o R P
indegree oA AM4-BIERE EEE Perh oA
2 A7 Bdle]AE indegree X7} HoloA)
Hd @ A=} $A=7] ek
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(Chuit4
 ~Sgscneds Orldienun 4 g e o
R ¥ o Y0 ] R T L E-')Emna
1
& L] __Dridiaull g;EL) mﬁ'
o Celemnhul CED Y 5 Oridenn T ] AKDCRUA
Tcolconmun L0 ]  Orl e Totchte a0
. cmtDINor nl 17 ARNuIINum anur
. H
connacied AKNUIIN | D
—_ — -~ F ulINumIisnum
Connegted - 11BN
\hc [eit |

aalor Dissonneciad = with DridiaMull | a;

or = TGrGnlld b,

inecied = with ¢,

with ( | AuldiaCntgad | TDIGnIH4;
CrNull;

1
Nl

I

ol

1
calof
aalor
olof

1

e

Jl

l

color 3

solor H = AkNullNumisnum;
color | = AkldisCniges;
aolor J w TidisGniged:

3% 3. SDL/PRZ ¥7]9 Inres Initiator2] CPN FH

2. SDL/PR2| CPN g

SDL/PR ¥®ogHEy CPN Hyog wys
Intes T2 &Z Initiator+ 77 3e)] e} glck

a9 3elM 27] A Eeflo]lAal disconnected
Aol 7 EHo)A2A Ze} Disconnected
¢ EZ I'DridisNull-& 7}A)3, wait J#o]~e}
sending Felo] Ak AT Fdo| a2y 7hzh L
g} Waite} Sending-& 7}=]7, connected E&fo]A
£ Al Ee#e]A2A Zejql Connectedd 713tk
7)ol Ae Edlole F 7] Ae Fdlo)a
o] EEE 7lAnk &/ |¥]~4l B, C,
D, E F, G, H, I, I Z}2}9] J&%/327]e] uld
T3 Aol BEEE sk EE] o8] =4
£ Yell+ PROVIDED Ag I33o 24 28
232 =3t

3. dlm 8 H1 24

£ =Pl AE v} o] SDL/PRE 7|4
H Z2eE BAE Afdrs A AAERSE
Az=vs y2dslel CPN 302 W) W
A] SDL/PR#] E#z]4 ¥-F-o|4] PROVIDED H-&
3&8/27 Edolrd FRFoEM AFITFE
aigicl

3.1 AZ i e AME M

A# 552 72/% CPN X3 yhile) =2ri e
Design/CPNel] q]¥s}d I3 4, I3 59 3|
0G2} t|23e)7} A=),

0Ge &7] Ae FHol~=2¥e] Hplsyt =
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a8 4. 2§ 39 0G

AL AR AR F ok AR Aol
tha] 2] AR HEole: ZRE Er PHR
Zd Aok 0GelM 7ZF ke x=HlE, Fix
=9 S, Apeee] Aol W ARE JEIvk

1

New'G 1: 1"Drldisc

New'H 1: 1" AkNullNumisnum
New'T 1: I"AkIdisCntged
New'J 1: 1" TldisCntges
New'B 1:1"IconCrNull
New'wait 1: empty

New'C 1: 1'CelconNull
New'D 1: 1" TIdisCntged
New'disconnected 1: 1'Drldisa
New'E 1: 1'Drldish
New'connected 1: empty
New'F 1: I"IdatDiNull
New'sending 1: empty

Y 5. ¥ 48 k= 1) oy v)aagE

a9 5¢ 2= 19 B8 ARE Yehlle taay
B2A, 068 2E ot tlAzHelE 7R,
UAAYEE o148l 06 kxuo} Al E#le)
20 B28g -soe F 19 32 AHdE A
Al A1¥dE A4 =L (16 el sl

(o)
G
G
(s
@“&
G

a8 6. AelEEE aefyt 0G

¥ 1€ A8EEE 398 AgdE=EA, CPN £
Y A Adzgud APErls A=rt wAEA
NES $£AE oty AxRuy] nt s
55 EZE Aelsle FRF Alge wA]slyh

3.2 Mol &E§ 1248 Al 4

1

New'wait 1: empty
New'comected 1:empty
New'sending 1: empty
New/disconnected 1: 1"Dyldisa

I8 7. 39 62] k= 19 va=le

Mol EFS v29g CPN F3 whAle] z2eF
& Design/CPNol| l&sld 29 62 OGe} 13 7
9] tjaage]r} Aok

E 2% 0Ge} ti2agielzye AR AAsE
& TR AEEERA, X 14 Jehd Agd 27}
A =} weh PROVIDED Ag Agd
Fo3 mEigeEd o & AvEAE Ze A
Hde] sk

V. R U B AT U

7122 AYd YAPe SpLE 7)4d ZSeF
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' 1. AREEE Y Ak

A1 2 ClFat A5 =E(/OP)
disconnected DR/IDISind/Null
1 . ICONreq/CR/Null
wait T/CR/count<4
wait /! R/cot_mt
disconnected DR/IDISind/Null
g&"ﬁgﬁg DR/IDISind/Null
9 - ICONreq/CR/Null
walt T/CR/count<4
wait .
disconnected T/IDISind/count>=4
ggﬁzﬁ DR/IDISind/Null
wait ICONreq/CR/Null
3 wait T/CR/count<4
CC/ICONconf/Null
connected DR/IDISind/Null
disconnected
disconnected
disconnected
wait DR/IDISind/Null
wait ICONreq/CR/Null
connected T/CR/count<4
sending CC/ICONconf/Null
4 | sending IDATreq/DR/Null
AK/Null/number<>number
and counter<4
T/DT/count<4
sending AK/Null/number<:>number
and counter>=4
disconnected
disconnected :
disconnected DR/IDISind/Null
wait ' ICONreq/CR/Null
wait T/CR/count<4
connected CC/ICONconf/Null
5 sending IDATreq/DR/Null
sending AK/Null/nuymber<>number
and counter<4
T/DT/count<4
sending T/IDISind/count>=4
disconnected
disconnected
disconnected DR/IDISind/Null
wait ICONreq/CR/Null
wait T/CR/count<4
connected CC/ICONconf/Null
6 sending IDATreq/DR/Null
sending AK/Null/number<>number
sending and counter<4
T/DT/count<4
connected DR/IDISind/Null
disconnected

WAlE EFSMo2 ¥ F, ABFole} UIOE A
Asle A7ke] odzE|Eel vt s oyt
e o] wAle] S HAHE FA-leE 5
Bslr] widel W oF Jhede W w2}
A B GTME AsEE BE o4l Ml 7k

1258

E 2. Alzgs zeft A9

Lz %Eﬂo]_}: Ayl =33/0)
disconnected ]
disconnected %%ﬂﬁlsmd

1 wait TIoR req/CR.
wait )
disconnected DR/IDISind
disconnected .
disconnected %RIOINDlsmd
wait req/CR

2 wait T/ICR
connected gCRj/iCD(I)SIEgnf
disconnected
disconnected _

i DR/IDISind
disconnected et
wait T/cR
wait

3 connected CC/ICONconf

i IDATreq/DR
sending

i AK/Null
sending

i T/DT
sending el
disconnected
disconnected ]

i DR/IDISind
disconnected oMy CR
wait TR
wait

CC/ICONconf

) Sonascred IDATreq/DR
sending

i AK/Null
sending

i T/DT
g T/IDISind
disconnected
disconnected
disconnected DR/IDISind
wait ICONreq/CR
wait T/CR

5 connected CC/ICONconf
sending IDATreg/DR
sending AK/Null
sending T/DT
connected DR/IDISind
disconnected

gl EEAeE AHAES 44T + U=EE,
SDL/PRE A8 5] F=¥ CPNoE W§
Design/CPNe|| sl#sled, zHE A Wi AHr
0Ge} Tl zgelgFE Afde A5k e
Aelslsdck wE A PROVIDED g ol&¥xA
22 e Adgd A8 3EE aHsigT,
ﬂﬂ g 3w ﬂ%ﬂw}ﬂ— azste) AslErt

T AR AA 4 7 F2 HJZH g vjehy
air:} CPN ®8 A z}i Z2-2 wEEbd Aei
& 12§k CPNe| uj3) ti w2 AR E 2
© Aldde] ARk Aaks abge Ales =
ZEF AY 72 7k AR

ST Q7 wlERe- TREZE A3 CPNOE A
Asted, ZaEge] dA 2 7, Aje] shie
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