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An advantage of describing the specification of communication systems using LOTOS, one of the Fornial
Specification Techniques, is its ability of verification. In this paper, we discuss the formulation and verifica-
tion algorithm of Simulation Relation, which is appropriate concept to verify the relation between another
abstraction levels of the same specifications. Such levels appear in the process of incremental development
of LOTOS specification. In addition, high-reliable development environment for communication systes,

called ITECS is proposed. Also, we show the concept of simulation relation is effective in this development
environment.
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specification Levell[termA,termB] :noexit:=

type Signalis
sotrs signal
opns Setup -» signal
Disc :  -»signal
Rel :  —+signal
endtype
behaviour

Idle[termA, termB]

where
process Idle[termA, termB] :noexit: =
termA?x:signal{x = Setup] ;
termB!Setup;
© Act{termA, termB]

where

process Act{termA, termB] :noexit:=
termA?y:signally = Disc] ;
termB!Disc;
termA!Rel;
(* await Rel *)
termB:z:signallz=rel];
IdleftermA, termB]
8]
termB?y:signal(y = Disc] ;
termA!Disc;
termBIRel;
(* await Rel *)
termB?z:signallz=Rel];
Idle[termA, termB]

endproc

endproc
endspec

T L= (v ~<a) o LOTOS H

IERRREE S A 7 LI X » TREET 2. H8E BRIV =
7 LOETEmTH 5.

RIEKRL LT, BRI TOXS Ay iat—
v a vBRk R #3851 3%,

R ={(1,1),(1,33),(1,35),(2,2),(2,3),(2,4),
(315)1 (3’6)'! (3’8)! (47 11)7(6! 14)) (67 18))
(6,23),(6,27), (6, 32),(8,31), (8,36),(5,7),
(5,10),(7,9),(7,12),(7,15),(7,19), (7,24),
(7,29),(9,28),(9,34) }

BIE R R LTCWE0R, EREhBY Ialb—Va
YBIGRE o T BRBOMTH 2, CCTRENIRK
EOESR. LOTOS 20 BBV A FLDERY XA T 4
KXo THERENABBY AFLKET D, RECES
THb, 9T, VAL EVRA2DFR VAT LD
—He, VRAFLREoTEB bRy Iab—va v
FoA4 A= EFRTS

T, ZAX—ZXDEHR L VET 7 v a v EER
LcEBREhoTnd, A, atRel X termAtRel D
ZCHYH. arsetup (& termA?x:signallx=Setup] &\ 5
FHAEWLADDTH D, ¥y KEIL ZDORDES
. TOREESCEET 0L 2R, BBL AT A
L LT3,

Bohkvyial—va vBERRICR, BB 27
LAOPFPREIBEENRTVEDOT. LA 2D L0-

(s DxiVy=i\ - foinjesh
KoalaX sin Tevell leval2 T

Sinulation Relation Verification Systen Ver 0.1
Copyright 1992 A.1.C.
Loading *laveltvits' ...

done.
Loading " level2.vits' ...
ne.

0.2, (L9, (L4, 15 18, (0. (L9 (112 (8,
(1,19), (sz) oo, (L3, (.38), (L42), (1.34) (129), (1.20). (3,25,
(a0, (16, (L2, (L28). (L) (113). (LD, (O, 22) la) (1 1,
Wy, (e, (n23), (Lan. (13, (n3B), (136), (L40) (143), (1,32),

an. G0, 6.2, (.9, 6.4, 89, 36, @0 (99) @1 ) T I5. "_I

"y

1!

,24), (9,28), (8,33), (3,38), (S.42). (8,34), (9,29), (9 20) (9.25),
(9,30), (3.18). (5.21), {8.26), (8.10), (S,13), (8,11, (9.22), 9,11,
(8. 14), (3 10) (5 23). (9.21), (9,31), (8.35), (3,3). (3,40), (3 43) (3. 32).

1O, (L33, (L), (,18), (1,28), (LZ7). (L3}, (1.38), (1,36),
( 32} (2,2), (2.3), (2.4), (2.38). (2.42), (3.5), (3.6), (3.8), (4,20),
(4 16}, (4 li] (4, H} (6 14), (8,18), (S 23), (6.27), (6.32), (6,3M), (6.41).
(8.31), (8,36). (5.7, (5,10), (5 13) 5, 17), (5.22), (L.9), (1.12). (1.18)
(1.19). (1.28), (1,29), (9 28), I

(L0, (1,33, (1L,35), (2.2, (2.3). (2.4), (3.9, (3.6, (3.8, (411,
(s.M) (6.18), (6.23). (6.21). (6.32), (8.3)), (8.36), (5 7). G0, (1.8),
(1.12). (.19), (.19), (L24), (7,29). (8.28). {8.34) ]
A3 = R2

= L0, (1L33), (1,3), 2.2, @3). @4, @5 66, 3.8 @1
(s 1), (6.18), (5.23), (5.2, (.32), (8.31), (8,36), (8.7, (5.10). (1.9),
(1.12), (1.15), (1.19), (n.24), (7.28), (3.28). (8.34) )

koala¥
.

L

N

B 8: ALY 2 7 L DS

TOS HAftkv =~ 1 » LOTOS (Ht% > S av— LT
w3, DEHELLEHUELT 5 C L BERTT bh
B TCTy LA 20 LOTOS HtEML <AL D LO-
TOSHAEE L Tab—FLTWD EF, LA 1 OHEE
KEWCHEI N ZBER., LA 2BV THIELL
EFTEETH S, EnH T e THB, LT, Bk
LLTRRENAEBED -y v ALMELTVARNE
O, BEOBELET ., fAEcOoBECRANEEY
 OMDOTHBICHET H L, EEOUEEHELIBES
BB B, fhoT, HDoHLLOBFMAEL -7 v 2 ECEK
HEg: LT LR TVwAWE, —HY 2 SMBEFHR R
Wi ehnwC tibdd, CCRYIabL—va Bk
’Ef}ﬁv‘fcﬁ'ﬁfiﬁb Z)o

e L. MMz o TR, ¥ I21—
va YBIRBEIL Lc & LTHOHEPKRES 1B S5
BHH B, PLELROL~A 2 DHETH, A, BR
FOEKH» b DiscEBENFELEONADI LTy Fuy 7 iC
BT EHDD, LrLadb, TOXH REERORD
. LOTOS mbBB L R 7 L~DLHy 27 DN
BRI BHCRENTEETH 5, foT, BMiAEH
LT, YIalb—va VEEAERDILoTw3E L
LEHERLANDL, COXSAF vy Fuy 7EolMo
OB ERIAL T L >T BYDAhVEER
AHEBROMHELNTIRETH D L EL DN D,

6 &HbUIZ
Aifgcrr, LOTOS Hitcdd 3 Iav—va v

Rt EH L. TOHETA+TY XLERLk. &b
. F@EY7 v =T OEERIEXEL X7 4 ITECS



Y—EZREHDTS VTR 2 THBOTS

a?Setup

it {tam)

alRel
6

biDisc
b?Rel

-"‘\..\u (ACM)
- T8

bIReI a7D|sc b?Disc

12,4
e a?Disc blRel ' 15
AN :
/&ﬂ)lsc ! '
19y 20 ;
i '

B9 BELAFLLEYIaL— g VBER

EREL, TOPTEREN AEBROFMIEETS 20 [3] R.Milner : “Communication and Concurrency,” Pren-

K, ¥Iav—va vEROBEXEBHL. REZTS tice Hall (1989). .
CEBBETH BT LERF L, {4] 8 4t : “Graphical-LOTOS t:#¢iest¥# - GLOER :
SBROBEE LT, XOERANEREY X7 408 Graphical-LOTOS Editor-,” # 18 NEEY 7 + ¥ = 7 0
R, EROPE Y 27 L EOEBRITR~DBANE & TeHDFLCHER] 7—2 v a v 7, A2 (1992).
bide ¥k v 3 = v—a YEIRIC L B M— D REE [5] E.Brinksma,, Giuseppe Scollo and Chris Steenbergen
FEOLTR, ELVEEEZTS LCRYV A WES LD : “LOTOS Specifications, Their Implementations and
20T, HoBER L OMASbEK I ZRIELCDOATH Their Tests,” Protocol Specification, Testing, and Ver-
R TH 3, ification VI, pp.349-360 (1987).
‘ {6] N.Shiratori, H.Kaminaga, K.Takahashi and S.Noguchi :
i3e “A Verification Method for LOTOS Specifications and
Its Application,” Proc. of 9th IFIP WG 6.1 Interna-
RBIC, APRETS CH Ty Ka DEBRYE tional S:ymposium on Protocol Specification, Testing

and Verificaton (1989).
EFLTHW R AR OB O E—HIZ. &&REIE

KM LE T, Ehe. APFROBAY 5L TA {7) K.Yamano, D.Jokanovic, T.Ando, M.Ohta and
& o I MPIEBT QA B % b UIC HEAS AR % K.Takahashi : “Formal specification and verification

of ISDN services in LOTOS,” IEICE Transactions on
Lrﬁm;‘:glﬂfgﬁ@?e@f;ﬁéo*gﬁmm&nﬁwi-fo Communications, E75-B, No.8 (1992).

i (8] %t ¥, (LEF B—IB, AFH EF : “ 7w RLBORIED
BE K BOBUREHIERE,” TTELER AR D-1 BETR.

(1] 1SO : “Information processing systems - Open Systems
Interconnection - LOTOS - A formal description tech-
nique based on the temporal ordering of observational
behaviour,” ISO8807 (1989).

{2] ISO : “Revised Text of ISO 8807/PDAM 1, Informa-
tion processing systems - Open Systems Interconnec-
tion - LOTOS - A formal description technique based
on temporal ordering of observational behaviour - Draft
Amendment 1: G-LOTOS,” ISO/IEC JTC 1/SC 21 N
6751 (1992).



specification Level2[termA,termB}:noexit:= termA?x:signal(x = Disc];

termA!Rel;
type Signalis cesAs!RLS;
sotrs signal (* await RLC %)
opns Setup :  -»>signal ccsAr?y:isuply=RLC];
Disc :  —»signal Idle__AltemA,ccsAs,cesAr]
Rel :  ~»>signal endproc
endtype
process NodeT[cesAs,cesAr,ccsBs,cesBr) inoexit : =
type ISUPsignal is Link__TlccsAs, ccsBr]
sorts isup i
opns [AM :  -»signal Link__T[ccsBs, ccsAr)
ACM :  —»signal where
RLS :  —»signal process Link__ T[send, receive] :noexit:=
RLC :  —»rgignal send?sig:isup;
endtype receivelsig;
Link__T(send, receive]
behaviour endproc
1dle[termA, termB] . endproc
where . process Idle__B{ccsBs,cesBr,termB) :noexit: =
process Idle[termA, termB] :noexit:= cesBrix:isup{x=RLS];
hide ccsAs, cesAr, ccsBs, cesBr in termB!Setup;
Idle__AltermA,ccsAs,ccsAr} ccsBs!ACM;
| [ccsAs, ccsAr] | Act__BlcesBs,cesBr,termB]
NodeT{ccsAs,ccsAr,cesBs,cesBr] endproc
| {cesBs,cesBr] |
Idle__BlccsBs,ccsBr,termB] process Act__B[ccsBs,ccsBr,termB) :noexit : =
. cesBr?x:isup[x =RLS]; .
where cesBsIRLC;
process Idle__A[termA,ccsAs,cesAr] :noexit: = termB|Disc;
termA?x:signal{x=Setup]; (* await Rel *)
ccsAslIAM; termB?y:signal(y=Rel];
ccsAr?y:isuply=ACM); Idle__B{ccsBs,ccsBr,termB}
Act__AltermA ccsAs,ccsAr] n
endproc termB?x:signal(x= Disc};
termBlRel;
process Act__A[termA ccsAs,ccsAr] inoexit:= - ccsBsIRLS;
ccsAr?x:isup[x=RLS}; (* awaitRLC *)
ccsAs!RLC; ccsBrly:isuply =RLC];
termA!Disc; 1dle__B{cesBs,ccsBr,termB)
(* await Rel *) endproc
termA?y:signally=Rel}; endproc
Idle__AltermA,ccsAs,cesAr] endspec
§]
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