Vol.2011-SE-173 No.1

oooooooooo 2011/7/21

IPSJ SIG Technical Report

1. OoOo0oad

gooooboooooooooooooooobooooooooooobooooooooDooboo

LTSAOUOODODOOODDOOoOoOoooooooog

o o o oft 0o o o oft
O 0O 0 12 oo ooofl

gooooouMLOOOOOOQOOOOOOOKMSCOOOOO0OO0O0O0O0DOOO
goo0oobooOo0ooooOoO0o0O0boO0OO0o0o0OoO00O0OO000bOOO0OO000000
000000000 LTsA00O00000000DOO00000000000 LTSA
00000000 FSPOOOOOOOODOOOOOOOOOO hMSCOOOOOO
gooooooooOoooorspOO0OO0O0OOOOOOODOOOOOOOODOOO
goooooooooogoooo

Refinement Check of Sequence Diagrams Using LTSA

Kazuma ASADA,T Tomoyuk:t YOKOGAWA, T
Hisasur MIYAZAKI? and YoicHiro SATOT!

During a software development phase where a product is progressively elab-
orated, it is difficult to guarantee that the refined product retains its original
behaviours. In this paper, we propose a method to detect refinement errors in
UML sequence diagrams using LTSA (Labeled Transition System Analyzer).
In this method, behaviors of sequence diagrams are represented by FSP (Finite
State Process), which is an input language of LTSA. This method can integrate
multiple sequence diagrams using hMSC (high-level Message Sequence Charts)
and can translate it into a FSP description. In addition, this method supports
several combined fragment operators of UML 2.0. We applied the method to
some examples of refined sequence diagrams, and checked the correctness of
refinement. The result shows this method can detect refinement errors in prac-
tical time.
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R = (sync->out->sync->R) .
[IP=(QlIR).

QUROODOODOODODOO syncUO0D00OO0QUOUDO syncUUOO0ODOOOOOPOOO
gb2000000000000000bLO0DODODODbDO

3.2 0OO0O0OO

0000000000000 0000000oooooooooOoOoOoOoODOOOOLTSA
gbooobooboooooboboboobooobobooooooboobooboobobDbo
O00o0obo0ob0ooboobO  property D00 0O0O00ODOOOOODOOODOOODLODOODO
gbogospcOU0x000 yOODOODODODODODOOOOODOOODODODO

property SPC = (x->y->SPC).

gbooobosbooboobooboooooooobobooobDoboobooboubo
gboboboobooooobosecd —100000000O0OODOODODODOO

LTSAOO000O0OO0OOO0000ODO0OO000000O000D0oooooooooooog
gooooooboooooooooboobooooboooobooboobooobUubo
goooboooooooobooooobooboobooooboooboooboboboUubo
goooboouoogoboooobooooobooobDoboobDoboboobUoboUDbo
00000000000000000000000000000000000000 LTSA
gogbobdoooboboobbboobbboobbooobboooobuoooo

05 0OO000spcO0000D0O0OOO

goboooboooobooproobOp200000000 spcObOOOODOOOOOO

(© 2011 Information Processing Society of Japan



gooooboooag
IPSJ SIG Technical Report

gooobobooprPmOxDaO0yOOOooooooO P20 xO0yO0xO00O00000O0O0O0O
goooo
P1 = (x->a->y->P1).
P2 = (x->y->x->P2).
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m! 000 m?000000000000000000 ee,;; 00000000000 m_snd
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Obj-i= (e.i_-1->e_i_2->.--->e_i_j->f k. bgn
->f k_end->e_i_j+1->---->e_i_n->END).
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00000000Un (per)D00D00OU0O0OO0OOOODOOOOODODOUDOOOOO
0000000000 frame, 000000000000 OODOOOOOOOODOOOO
0000000000000 0O000O0O000ODO0O0O0O0O00O0O0DLOO0O0DOOpar
0000000o0O00O0o0oOooOo0oO00DO00oO0o0Oo0OOOoOoOoUoOoOooOO
00000000 fxbgndfkendJOOOOODODODO0OOO0O0O0OOODOOOOO

00 par 0000 frame, 0 nO000 rg,,7h,,-+7, 000000000 7, 000
Obj; 000D prefizy,,~>ENDO0O0O000O00O00O0O0O0OODOOOOOOODOOOOO
gogoboooobbooobbuooobbooobbuooo

Rk 1.i= (f k bgn->prefizy,.;—>f k_end->END) .

par 0000 frame, 00000000000 n, 00000 Obj; 00000000
Rk1i00000000000D00O000O00000 frame, 000000000000
FxOOOOOOOOOOoooOo

[IFx=RXk11|IRk12]]---

Rkn1||IRkn2|]---).

000000 (seq)UOOD0OU00OOD0OOUOLUOLUOUOOOOOOODOOOUOOOOO
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00000000000 0000000 frame, 000000000000 OOOOOO
0000000000000 0000O0O0000000 fkbgnOfkendODDOOOOOO
O000000seqO0O0O0 frame, 000 Obj; OO0O0O prefixe,~>ENDOOOOOO
000000000000 0000 frame, 0O000O0O000O00DODOOODOOOO
Fk_i= (f k_bgn->prefizry.; —>f_k_end->END).
0000 frame, 00000000000 Fk0O000O0 Obj; 000000000000
OFki0O0O00O000O0O0O0DOOOOOOOOOO
[IFk=(Fk1|IFk2[]|---).

O0000o0oOo (strict) DOOD0OO0O0OO0O0OOOOOOODODOODOOOOOODOO
0000000000000 0000000000000 frame, 0000000000
O0o00o00o0o0oo0o0ooUooooo0oo0oo0oooooooooooooo
0000000000000 000000000000 £fkbgnOfkendDDOOOOO
O00000O0strict 0000 frame, 00000000 ml,m2,--- 000000000
0000000 frame, OO00O0O0O0O0O0O0OOD FxOOOOOOOOOOOOO

Fk = (f k bgn->ml_snd->ml rcv->m2_snd->m2 rcv--- ->f k end->END).

4.3 hbMSCOOOOOOOOOOOOOO

goooonMSCOOODOOOODOO bMSCOOOODO hMSCOOOOOOOO1O
000000000000 00000000O0owWMSCOO0OOOOO BGNOO OO OO ENDO
Oo0ooooooooeceony,---,coNMOOOO0O0O0O00O0O0ODOOMMSCOOOOOO
bMSCh, OO0 OODOOOO Obj; 0O0DODOCOOOOODODOD BGNk1 O ENDkiOOO0O
Oooooo9oonMSCOOO bMSCOOOODODODOOOOOOO

0ooodoooooohMSCOOOO0OOODOODOOODOODO0ODOOOOOOOOg
000000000000 0000000000bLMSCh, 0000 Obj; DO0ODODDOO
OBNkiOOOOODOOOOOOENDkiIOOOOOOOOOOOOODO 900000
00 0Obj; 000000000 0pj.1 000000000
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—hMSC —— — hMSC

— bMSC:bl ——————— i; BGN — bMSCibl ——————

r— bMSC:b3

(a) Examples of hMSC and bMSCs (b) Labeled hMSC and bMSCs

09 hMSCO bMSCOOOOOOO

Obj-1 =BGN,
BGN =BGN_1_1,
BGN_1_.1 = (m1_snd->END_1_1),
END_1.1 = (BGN_2_1|BGN_3_1),
BGN_2_1 = (m2_snd->END_2_1),
END_2_1 =CON_1,
BGN_3_1 = (m3_snd->END_3_1),
END_3.1 =CON_1,
CON_1=BGN_1_1.
0000000000 bOoobOoobOooOoobOoobOo0oboobDoOobDoOoOoobooDoOoon
0000000000000 o0oooooobo seNOOO BN L ODOOOOOOO
gbobobooboboobooobooooo
Obj_1 = (m1_snd->END_1_1),
goboboboboboboboooboooooooboopjrgbooooooooooo
Obj_1 = BGN_1.1,
BGN_1_.1 = (m1_snd->END_1_1),
END_1.1 = (BGN_2_1|BGN_3_1),
BGN_2_1 = (m2_snd->BGN_1_1),
BGN_3_1 = (m3_snd->BGN_1_1).
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000d00DO0000DbOoO000ooboO sysooobooooooobooooooo
oopobooooo
| 18YS = (Obj-1110bj-2|IM-1|IM_2]||M_3).
4.4 O00O00O0O0O0OO
000000sS 0000000 SO0000000o0o0S~ S 00000000000
000 LTSAOOOOO0O0OO0ODO00DOoO00oo0ooooooooogoooooog
0000000o0sS 000000sSO0000000No0Noo0oooooooooooo
gobooodbobooboobbooobobboobooboo sysdobogooobogg see
goboboooboboobobboobobbooobobooo
property |[|SPC= (Obj-11]---).
l1sYs = (Obj-11]---)\{m_snd, ---}.
| IREF = (SYS||SPC).
sysOOoOoooooooo secOfddooobobooooobobobboooooooo
sysOooooood secO000O0O0OD0ODO0O0ODOOOO0ODODODO REFODODOOODO
Jo0obo0obooboooobooooboobbooobDobOo0obOoobOoobDOoobooon
J0o00o0d0o0oboooooDooOoobooOobDoobObooOoobOooboobOooboon
oopooboooo

5. 0 0O O

01000000000000000000000D0000D00DDO 10(a)00000O0
OO0 strict 000000000 10(b)0000000ODO Opj20000000000 Oby-3
0000000000000 m4000 M 00000000000 DOODODOO 10(c)
0000o0oO0ooD o) 0000000000000000000strict 00000
seqUO0000000O0O0OOOOODODOOOO 10(c)0O00DOO0ODOODODOOOO
OUooooooog ---m2m3!m2?m3?--- 000000000000 000O000 10(a)
O (cbO0D000000O0O0DO0OOUOUOOOUDUOULTSADOOOOOOO
uoboouobooooooooboooa

gobooooooobobooooooooo sysoogoooooo
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obj_1| [obj_2 obj_1| [obj_2| |Obj3 Obj_1| |0bj_2| |obj_3

ml ml ml
mé4 m4
m5 m5
strict /§ m2 strict m2 seq m2
m3 m3 m3
(a)before refinement (b)a case of refinement (c)another case of refinement

010 0000

Obj-1 = (ml_snd->ml_rcv->f_1 bgn->f_1_end->END).
0bj-2 = (ml_rcv->f_1 bgn->f_1_end->END).
F_1 = (f-1_bgn->m2_snd->m2_rcv->m3_snd->m3_rcv->f_1_end->END) .
M1 = (ml_snd->ml_rcv->M_1).
M_2 = (m2_snd->m2_rcv->M_2).
M_3 = (m3_snd->m3_rcv->M_3).
property| |SPC = (0bj_1|[0bj_2] [M_1||IM_2| IM_3||F_1).
secO00O00O00D0O0O0O0OO0OOO0O0OO0
0000100000000 000o0oooooosys10oo0oooooo
R1.0bj-1 = (ml_snd->ml_rcv->f_1 bgn->f_1_end->END) .
R1.0bj_2 = (m1_rcv->m4_snd->mé4_rcv->m5_rcv->f_1_bgn->f_1_end->END) .
R1.0bj_3 = (m4_rcv->m5_snd->END) .
R1_F_1 = (f_1_bgn->m2_snd->m2_rcv->m3_snd->m3_rcv->f_1_end->END) .
M4 = (m4_snd->m4_rcv->M 4).
M_5 = (m5_snd->m5_rcv->M_5) .
| 1SYS1 = (R1_.0bj-1| |R1.0bj_2| IR1.0bj-3|IM_1] M2 IM-3||M_4|IM5||R1F_1)
\{m4_snd,m4_rcv,m5_snd,m5_rcv}.
010(c)0000000O00D0OO0OO0DOO0ODO0O0O0 S sys200000000
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il _end ml_ter 1 b w2_end waev wid_end v 1 e

011 0000 REF1O0000000O0DO

REF1

REF2 tal_smd 1o 1 b 2_snd 1w £1_end

& o @ @ @ © @ @ ©

ik _end

012 0000 REF2O0000000000

R2_0bj-1 = (m1_snd->ml_rcv->f_1_bgn->f_1_end->END) .
R2_0bj_2 = (m1_rcv->m4_snd->mé4_rcv->m5_rcv->f_1_bgn->f_1_end->END) .
R2_0bj_3 = (m4_rcv->m5_snd->END) .
R2.F 1.1= (£f_1 bgn->m2 rcv->m3_rcv->f_1_end->END).
R2.F 1.2 = (£f_1 bgn->m2_snd->m3_snd->f_1_end->END) .
| ISYS2 = (R2.0bj_1| |R2_.0bj_2| |[R2.0bj_3| IM_1| [M_2]| IM_3| [M_4| |M_5
[IR2.F_1.1||R2.F_1_2)\{m4_snd,mé4_rcv,m5_snd,m5_rcv}.
000000000000 0000000 sys1 000 sys200000000 spcOO
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