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Visualizing Dynamic Behavior of LOTOS Specifications
Using Multi-rendezvous Mechanism

KEIICHI YASUMOTO,! TERUO HIGASHINO,tt TOSHIO MATSUURA{t
and KENICHI TANIGUCHI

In this paper, we propose a method for visualizing LOTOS specifications using multi-
rendezvous mechanism. For visualization, we have extended LOTOS by introducing some
primitive animation events. Using the extended LOTOS, we describe a visualization scenario
for events which we would like to visualize their execution. Then, we execute the original
specification and its visualization scenario in parallel under LOTOS multi-rendezvous mecha-
nism so that the corresponding animation is activated when each event is executed. The pair
of the original specification and its visualization scenario is converted into the multi-threaded
object code using our LOTOS compiler. In our visualization method, we can specify the vi-
sualization scenario without modifying the original specification, and we can derive an object
code which animates the original specification in real time. We have tried to visualize some
LOTOS specifications and evaluated the performance of the derived object codes. The results
have shown the usefulness of the proposed visualization method.
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Fig.1 Visualization method using multi-rendezvous.
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Ed 500208, %7¢~7u%n%#ﬁ¢%2Am
HHFEEOBTRELZIRDN D LENS 5.

4.2 ﬁ+%®ﬁ$ﬁEmL0Tosﬁﬁ

WHFEEABLT 7+ -0 OEL KT -OUTDO AN

TADIDONIZESTED
21 &0

CINEMAYT L, 2T, &7 4— 2 I3ES LA
LRINDEENSH L0, EHofiirrRyEETLr
»EATL
Ifk'take!r HFEENIPOT7+—2 UK %
WA (k25 r HIOBWEEIZER
HNb)
Ifk!releaselr ¥ EN I MO 7+~ 7 Ak’ %
RT Uk’ 25 r IOBEEHDS
Rahb)
rfk!take!l TREEN PO T F— 7 ofk’ ¥
A (‘efk’ A% 1 OHEHEIZE
Hihh)
rfklrelease!l  HEEX r WO 7+ — 7 ofk’ %
RY (ofk’ 251 BloBEEEHSS
Rahb)
phleat TEE ph EEXITH
ph'think ¥ E ‘ph PEELITH
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FHEOARYFPERBVAIEIZE ST, BFEOH
A RDES  LOTOS D7t AL LCFERTES,
process Philosopher[ph,1fk,rfk]}: noexit:=
( ph!ithink; exit
(]

1fk!take!r;(

rfk!take!l; ph'eat;
rfkirelease!l;
1fk'release!r; exit
[1 1fk'release!r; exit )
) >> Philosopher[ph, 1fk, rfk]
endproc

FRoOSOLRIIBT, BEFIITEELIT
I B ViET7+—7 Ik *BA ) ERAEB. Ik %
a2 EATENE, RIZT 4+ — 7 ofk OEUFZ KA
5. ik DA EATEIE, ARELEITH. 74—
7k BN G oL E 3Ty Oy 7 2@ 57
B, 74—2 Uk X TIRT L)AL TV D

7+ — 27 D7TOE LR X HIEARATES.
process Fork[fk] : noexit :=
( fk'take'l; fkl!releasel!l; exit
[] fk'take!r; fk!release!r; exit

) >> Fork[fk]
endproc

[(H¥EZEOREWE] oLk sBOT¥EN ST
rRAESEDT7 +— D Tat A% LOTOS D5,
FAR~L — S HAVTHEET S I LETRDEHIZE
AT HIENTEL. 5 AOBEELXRBT H720
5f@a 4 — F phl,...,ph5 %, 5 @D 7 +— 2 & XF¥
270, 5EAHY— b ki, k5 ¥ fEHT S (22T,
fk1 12 ph5 £ phl iZfEF s Twb74—7, k2 %
phl L ph2 DETHE SN TVE 7+ —7, .. &F
B)%,

process Philosophers(phil,...,ph5, fki,...,fk5]

: noexit :=
(Philosopher([phl,fk1,fk2] |II ...
111 Philosopher [ph5,fk5,fki])
| [fk1,...,fk5]|
(Fork[fk1] ||] ...
endproc

4.3 TREBI A
[F#ZE0EFEME] O LOTOS ftH#0THRILIZ s
WTiE, BFEBIV 7+ —7IIHIET AHE (Fv
Z M) 2 ToLRRLTEHE, AR Philosophers O
ANY PPEFTENTE ST AT = A—Yar
(74— OBELRY) *BAETLIIEIZLINTND
N &¥ 5. $7:, Philosophers (28T 2 ¥ # phl

11| Fork[fk5])

* - ok T, 778 phl~phd O SRS Jlfidiks T
T,

2NFT T T A BV LOTOS 0 ETOTTHIL 693

~ph5 IR EFEFE L ) ICEE S D L IR ERAT

9 wx,

JeH:#% Philosophers (2BWT, 1 X b [H¥E
T4 — 2 kWD) PETENILEE, ROLILRT
A= arERRLIZV.

o 74— OFROHFEE MPLEDY HBEFEENRI
B#TE ([7+—27%RT] OBEILE, K
FHC BT 5).

Gk, AN b [EEEIEESS (24, &
HEITH) ] FEFEINTEEIZE, KDL BT =
A—a rERRLICWV.

ﬁ?%@%%L?IR% ERFBAIGT 5
fﬁ%%ﬁofwélhj&éwufﬁﬁ
%ﬁofwéﬂﬁh.

ML U A RERT A720123, $97 =
x—yayrmwéﬂﬂ(%vxb)®%§#6#b
B, T, 5ERDT A7, 5 N\OBEERO X~
zb%zi?%.tkzu.7¢~71mm%vxb
BRIOTS) IFTATEHOCTROLIIIERTES.

AE?fkid1:cast_t[fkid] =CreateCast(”forkl.xbm”)]

ROAF o TT, T A= 3rORB%* LOTOS

TERT A, ET7+— 7 DOBEOT A3zl
SO TALATERT S, home ¥ 7+ — 7 DMHLE
Y45, left (right) R (GH) OBEFEHNT +—
YEBSIEEDT A=V OBBRLET L. T4 -7
OBBELERT 2720, EHLLANOEFEENT 4 —
Va2 AT/ BRI KX (= e ab) *%EEJTT
B, 74— OB Y S A OBIERIIRT.
“f,%71~7®?%i—ya/mﬁﬁ%tﬂt%
ELTWVD
process MvFork[fk,AE]
(home,left,right:pos_t,fkid:cast_t):noexit:=
( fk'take?dir:direction_t;

( [dir=11->

AE!MoveCast (fkid,home,left,t);exit

[J (dir=r]->

AE!'MoveCast(fkid,home,right,t);exit
)
[] fk'release?dir:direction_t;
([dir=1]->
AE!'MoveCast(fkid,left ,home,t);exit
[J [dir=rl->
AE'MoveCast(fkid,right,home,t) ;exit
)
) >> MvFork[fk,AE] (home,left,right,fkid)
endproc

HHEOMOEE EET L] [REZTI]

HX =T LR LW, o WAERERCH, LD,
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Fig.2 Visualization of “dining philosophers”.

DWTHRIBDFET, FNO5OTEILEL +) +

MvPhilO[ph,AE](...) R A 2 LT b7

ZENTED.
EROTMRILE L F )4 VS EkD X HIZ3ERT

25,

process VS[fk1,...,fk5,phl,...,ph5,AE]

:noexit :=

( Definitions of all Casts ) >>

( MvFork([fk1,AE] (HOME1,LEFT1,RIGHT1,fkid1)

N 1

Il] MvFork[fk5,AE] (HOMES,LEFTS,RIGHTS,fkid5)

11 MvPhilo[ph1l,AE](...)

...

1l MvPhilo[ph5,AE](...)

)

endproc
(2T, E#® HOME,, LEFT,, RIGHT, 1i7+— 7 n
DENETNOHNE, £R/GRMOBBLERTODLTH)

B 1% 12 JCA: B Philosophers & Z D[ #RILEH > + )
A VS 24 RL -5 TROL ) IZEEST 5.

Philosophers |[fk1, ..., fk5, phl, ..., ph5]| VS
MHRIL SN ML 3E TR/ AT AR AWT
FEITLBIER 2 1277,

5. 70 M 2ILORIIRAEH

O bbaroaReFE LT, ST, Ry b7
7 LOBBOGERDS, FREFROFERKR (0
12 LTWHa—HRRGERIID D> TV B 8EHL
E) BL MM CIVET 2L YO oL g
LA, CoTabbaNIIBILZTLT7 b,

May 1996

Y —NOMERLUTOLBYTHE,

o KU F47 Y MI—-EOMMBTEOERE
FHLTW 1 -HEBLUAHEHEN, -,
WEET 5.

o H—NZEIITAT L b 0bI—HE, tERO
A OERY ZTITHLS.

ALOTOS 2 2754 1%, %% 7 — b “system”
TRHVAILILEY, kDX )IZUNIX LofggE L
12707 LEFETL, HREELR TS RITRY
WA LNTELLIINWRENT VS,

system?data : data_t[data = program(argy, ..., argy)]

FIT, AEBRICUTA Y LTV BI—FDEFD

&, BIUGBEROAMEZ FNFILEL L7 — 7RI
user_t, load_t IZ¥F L TET UNIX toSo s 5 A
Who(), Load() * & L, LOTOS i SR04
LY A T/, BERALERMEICERL TEY
77Uy 4 Clock() bHET 2. Thoorarsa
(2, csh, perl DO A7) S hE L THEICRT S
EWTEB,

2—H%, AfrFREFR, T, T, 8 X85S
T5%G, 7747 TuvAiR, o AERD L
JWLOTOS TRMTE L., T2 TIE, —NEnf
BHIZ1 204 — b port THWTWA,
process client[port] : noexit :=

hide system in
system?time : int[time = Clock()};

((([(time mod T1) eq 0]— >
system?users : user_t[users = Who()]; portlusers; exit)

[} ([(time mod T1) gt 0]— > exit)
)
[] (([(time mod T2) eq 0]— >
system?load : load_t[load = Load()}; port!load; exit)
[] ([(time mod T2) gt 0]— > exit)
)
)>> client[port]
endproc

2y M= LOGEROBS n DEE, F—N
TOLARENSOGFERED T4 72 P SOtk
EBET S0 n BOY — + from, ..., from, % H
Wa, =T A0 R % RIZRT.

process server[fromy, ..., fromp] : noexit :=
hide system in
(from ?users : user_t; exit
[] from?load : load_t; exit

[} from,, ?users : user_t; exit
[] fromy?load : load_t; exit

) >> server[fromy, ..., fromp)
endproc



Vol. 37 No. 5

TNFT T TRV LOTOS DO ETO T H 1L 695

] sunfish. mformation window [- ]

*simset (gorver)

* tanigachi
* higashing
l morioka

* sirnsima
k VASUMGLN

B3 7okl Hits
Fig.3 Visualization of simple monitoring protocol.

A LOTOS 2754 713, C FiED socket() B
#HAWT LOTOS HHFIZESEN TV AEE Y — |
% TCP/IP O3 5K — ML 3 &5 2 & A0 hE
THhhb. T, nf@Bors75 47 TO0LAD
A—F porty,...,,porty, BE U =70t 2D K-
b fromy, ..., from, {28 L T, & porty & fromy %
socket ) IZ& N EET LI LT, 27747 b, H—
NETHESES.

KiHr—nN7uotAserver x n+ 1 HOAT—
(AEg, AE:, ..., AE,) *HWTHE#HILT 5. RO A
7= (AEp) 121, n BORER* R IMNES L
UERLOMOBERERTLTBE, 7747~
FSOBENH oL BT, REN I TAT Y
FOFEBRY ST - NOFIHOI TV T A-T 3
v (Animi, Animg) ¥ FRT 5 L) THILA S+
F V_comm %8+ 5 (Anim,, Anims 13 FNF1,
I —HIEHEER, BWEROBERHIIRRTST =
A= 3 rT, ghEh, £ BERLHVTVS).
REHEH k OFRRIRIZAT - k (AEy) ZRRT
H, 2—FZEEBL-E X0, B1—HFEKRT
EFAF—JICRRTENDE LS (Anims) TTHILE S
F 1% V_users R34, 7, BEOEHRY IS
Lk &2k, B9 7 ETHREOBRERT A Y
S HEIRIOMNEL SFH L EICEITITC LD
2 (Animg) TTHRAILA S ) 4 Vioad %3k ¥ 5.

process V_comm|fromy, AE,](...) : noexit :=
(fromy ?users : user_t; Animj[AEL](...)
[] fromy?load : load_t; Anima[AEL](...)
) >> V_comm[...](...)
endproc
process V_users{fromy, AE,] : noexit :=
(from?users : user_t; Animz[AEy](...)) >> V_users[...]
endproc
process V_load[fromy, AE\] : noexit :=
(fromj?users : user_t; Animyg[AEL](...)) >> V_oad[..]

endproc

MEDTOE A RCT, 2F0aRILEY F) +
EUFOL)ITHERTE S,
process scenario{AEg, AE1, ..., AEy, fromy, ...fromp]

: noexit :=

(BFY AL (FEHEL GL) OCEB L&)
>>

(V_comm{fromy, AEg](...)|||-..]|]]V-comm[fromp, AEg)]
|||V users[fromy, AE{](...)|||...]]|V-users[fromy, AEn]
|11V doad[fromy, AE{](...)||]... |||V doad[fromp, AEg]

)

endproc

n GOFE#RETERFh client , 1 HOETER
ETafLshit— T oe R,
server|[fromy, ..., fromy][scenario
YETTHIET, 2+ b =7 LOBBOGFERD
FHIKIRPRZ D) TV A LA TRRENS. &
BRPAHGOHEOETHZE 3 IIRT. WTIE, 2.3
EiCHM L 72 hide LEBWT, 2 DO HBOHER
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DHARKLTVA
6. ARt X F LDMEEHM

ARTIX, 70 aLOBRETIRIRE FOETH
EEHINVETFTSRLIERRENTAZEZLD
OHBE LTWA, INEERT 5121, LOTOS =
YA THENFHEORVEN I - FEERTESLZ
&, T A= aryyERIlKRTELIERENE
I, F7, RWHRIILETE, BNISTER L 72TTHAL
HetuA4x ke R sE5 2 L Colfifbedr-
TWBDT, RRBO oD F —/N—~y FAHIH
%95,

R L7 THILY A7 LOENIEXY BT 2720,
(i) LOTOS a2 > 234 SO H i+ 5 B2 — NOEST
WE, (i) 7= A= a y RRBEDOETHE, (i)
RO =D F — /v —~y FIZoWnWT, 8- 5
xir->7:.

¥, a2 IFHFERTAEHNIT - MIIonT
ﬁﬂ,@ﬁ,ﬂ%%ﬁaﬁiég$ﬁ%%m«t.ﬁ
MR I/OANXNY FEMKRENT ST 91470k
A% 100 BIEFNEREITT S LOTOS ks 5%
Sh-HHa— FTi3EH 1500 L Lo <2 ks
EITENLTD. WL oD A XY FEOBIRETEIT
WEREED KT LOTOS fhtE» S o /Bl a —
FizBwTd, B8 1000 B Lo 1 X2k ASET S
N EHEC, T2 74 AT Ov A% 100 @)
AT 270tAPIZDOWT, 2200 P %iifTicE
IFL, #OMTTRTOA XY MIDWTRBIELT S
Hiol A (PP &2EST), B 200 M@ LD A~
FEEFTTELI EMHESNLD

KIS, W OPDF ¥ A MYPETICBHTSL LIS
el 2172 LOTOS i BRy 9 — Pk - £
FL, B L7 A= a s RRBEOETHRL
B ATV AEHTHERBELY 1/108 (10
TL—L/8) CEELIEE, 3.2 BITERLLY
FAUIALT A= 3 KrtEry BV, 10018
DEO*xx X b BiTIBE T 20%, BELLY
L—ALL— FCHBLMPIIERTELILEBEALL
(GATEWAY2000 P5-90, BSD/0S2.0.1).

Bfkil, AL RILA Y ) A oMo RO E
DA —=N—~Ny FEHLID, 4 BT L7 [H¥
ZORBME] 12200 T, THEEOAEZET LS,
BIUTHBETHILA L ) T OMEEITLISEES
DEFHBOLLEEL 72, TXTHOLA XY FZDOW
T, TR E L) A DR TEBAS TS AFIREIC
BWTYL, SOF— =~y FOOIZET LRI

May 1996

BEXYAMIOWTHOT A= 3y OUEE &
B L%\ 54, Joit# Philosophers M & % E47 L 7:
EED1SBEOLLRSTH o1,
DEOERYS, RKITHILS AFLEHWT, 7O
FaNRIEATL AT LOEFTHEE NI EE LTS
ER EDBERRZRENTELZ LW g1,

7. b Y

AH T, LOTOS DV LF5 v 7 7HiEY A /-
LOTOS fhtk o aJH{b Hik 212 L 7.

AFEOE LB, (1) THRIL oD+ 4
% LOTOS TaEdk¥ 578, 5% 5407 LOTOS
BOPBFIIIE LTI 2> TV b 2k, (2)
JHRILAY F ) A 2 TOABREERELE THIERT
&5k, B) BT ATLOBMEL ) TV Y L LI
LT ESL L, (4) THRILA S ) 4 05 A%
DEFTHBIITR AR ETH .

ARk, 3>N45%mwfwéfb BIE:)
SN ERICEITTAHIENTE, 4, 58
Tﬁ«fl?&ﬁﬁ/XTAwﬂﬁﬂ@be:w%
v b= FCEBIERL 25, FO8BERR
FWEEICKRTRTAIEOIEEE 2o TV 5,

kB, K[tk Tit, o001 RE L TR
HARZBTARANC O — PR EARIEEHY
TWwa, BIUARNE Y- FaEHEOARY MHT
HEEOBEBEFRICETATVEE X2, FRLOME
(BLTWATOLALRE) IZIGUTRLEET = A —
TarEFRLEWVEAILR, FRALPXATESL L
I EETEETHLENH S, ATHRILEICE
WTIE, &7 2 A—3 a3 2 IIBGEHOAK, THED A
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FOIODOERENVLETHSL. T, K#LETT
AP ONER A N2 FETTHRILL VB EIZS, 20
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