Vol. 45 No. 6

z B E W &

TR E SFRICES

B

June 2004

SHEICLBUTINEA LAT Y 19 M ERSED

g

iR R Al

S I EREY AT LARRICA T Vo s MERRREAr BT A8 T A0, BAE
BEFNTHS 7 FELESFVTAI L A FT Vs VEREEOEE 22T 5. « §HE
DR ORECEIEL, B VTV 46T TV MEMESE OOLgr OREEVERE
T3, EEEY AT LG BICERNGEEOEEOA TV 2 s P OBFREC L o TEBEN S,
OOLpr 12 L o TEBEY AT A0 EZEMICEAL, BEEGESNA » HEC I - TEOR

FOEBRBICERTHIET, YAT LOBEOHITRPHRIET BT

IHDHEARER D,

A Formal Description of a Real-Time Object-Oriented Language

by the w-Calculus with Time

HiroAKI KUWABARA,! SHOJI YUEN'1t and KIYOSHI AGUSAt

In this paper, we aim at providing a foundational framework of the object- oriented tech-
nique for system development with timing constraints. We formalize timed behavior of objects
via the behavior of n-calculus extended with time. It is common to model a real-time system
by composing concurrent objects with timing constraints. To capture the features of real-time
objects, we define a simple programming language OOLgr to give the operational semantics
by translating a program of OOLgy into a term of our timed w-calculus. By this transla-
tion, we obtain an abstract behavioral model for real-time objects to analyze and verify the

behavioral properties of real-time systems.
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Fig.1 The transition rules.
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Fig.2 The rules for time progression.
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Pdec ::= program P is Cdecs,...,Cdec,
with
Cdec ::= class A is Vdecs, Mdecs
Mdecs ::= Mdeci, ..., Mdecn
Mdec ::= method M(X3,..., X)) is 8
Vdecs ::=var X1,..., Xk
Su=E|X:=E|8,5
| wait B
| return E
| if E then Sy else Sa endif
| while E do S done
| within E do S) timeout So done
E ::= X | true | false | nil
| Numeral
| new(A4)
| BIM(En,..., E)

3 OOLpr ORI
Fig.3 The syntax of OOLgy.
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[Pdec] = (WB)([Cdecr](%) | --- | [Cdecn] (k) | Boolean(kpoot) | (W)IE(, nil, k))
[Cdec](F) =t (wa)(k().I{a).(vE, ) ([Vdeca] (&, ¢ U {a}) | [Mdecs]{#, a, F, k)))
[Vdecs](,E) = [var Xal(z1,c1) | -+ | [var Xzl(mr, cx)

var X1(z, c) = (wl)(=(r, u).(7{c).l{c) | w(c).I(Y) | Vi(e).z(r, w).(7Fe).I{e) | u(c).l{c)))
4 FurIh, 79 AER ERESCHT S « sHEDBOZHRRH
Fig.4 Translation rules for Pdec, Cdec and Vdecs.

[Mdecs](m, a, &, k)= !a(n).ﬁ(’r’ﬁ.).(][Mdecl]](ml,E,E) | - | [Mdecn](mn, 7, &)
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(m(,t, 1) FT{ry, wa) Tilva). - - Tr{re, w) Tiler) Gt 1)
| fvar X1l (ya,nil) | -+ | [var XiB(wo, nit) | o(t, 0081 8, EUF,E))
5 AV y FERCHTS v BIERRN0EHBE
Fig.5 Translation rules for Mdecs.
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[X = Bl 55 = @) ([BIV, k) | (vr,w)(l (2) Fx(r, ). z(v).D))
IE]Q, & &) = @) ([BIW, &, k) | U (v).D)
[51; 521 7, &, F) = (@) ([S10(',r, B, &) | V. [S21( s %, k))
[wait E](,r 5, %) = (U )(EN(, 5, &) | U (n)-t[n].D)
[return E1(L, 7,5, k) = () ([BIW, &) | 1 (v).F{w).T)
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Fig.6 Translation rules for statements.

Ttruel (L, B, &) = (1, 8, ) Eroot (V' 1, £)-2.1'(0).1(B))
[false] (1, 7, &) = (U, t, F)(FBoat (Vs t, £)-F-1'(0).1(b))
i, 58 =1
[Numeral](l, T, k) = [(Numeral)
[rew(A)(L E, &) = (wl')(kal).'(0)-1{c))
X102, %, F) = (or, w)(@% () (v).1{v))
[B'm(B, . - ., Ba)l(L &, B) = (Wh ke, o n)
(AB)(h 7 F) | [Bal(h1, 5 8) | -+ | [Bal(hn, T, F)
| h(v).h1(v1). -~ o (vg). (v, U, n) (B (n) n(R) VL, - Uns T "y
| (r(w) () + D))
7 REFCHT S« HERR~OLHRER

Fig.7 Translation rules for expressions.

Boolean(k) = (vby, by)(BoolClass(k, be, bs) | Booly(bs, k) | Bools(bs, k)
BoolClass(k, bs, bg) = k(L ¢, £).(6.1{be) | £1(bs))
Booly (b, k) = (v7i){! BoolBody(b, @) | | BoolVal, (n1)
| | BoolNot(na,n1, k) | 1BoolAnd(ns, n1, k))
BoolBody(b, ) = b(=").(nf, (¢, £) Tt F) | n5 1) A2 | na(¥', D73, 1))
BoolValy(n1) = na{t, )2
BoolValy (n1) = n1(t, £).F
BoolNot(nz, n1, k) = (U, f) (n2 (). 7z lt, £)-(¢.F (L ¢, ATFFELE D)
BoolAnd(na, n1, k) = (v, f) (na(®’, AT, £ (PR, nF
L t.(ot!, £) O () g & £ (8 B 6 £ B L RS £)-F))

8 Boolean 7 J AT 5 w BERBE~OLEHRF
Fig.8 Translation rules for Boolean class.
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Boolean 7 5 X Boolean 7 J AZxT % « §HER
BAOZEHHEIZ E 8 I2/RT. k4% Boolean 7
5 A% RTEH, b BE, by PBERTHET
$ 5. BoolClass {3 Boolean 7 7 AILT7 7R
TREDDAVY T—ATHY, &k EEL
TT77EAT 5,

4. E #

CCTRBELY AT UT T LADBERT.
OOLgr & A7 05T 5% 9 IKRT. start X
vy Rtk VEFTEZHBL, —ERET LI fire 2
vy F 2. RERARE fire AV v FICEE

\—(l‘:

1: program P is

2

3 class Timer is

4 method start() is
5:. while true do
6 wait 10;

7 this!fire()
8 done

9:

10: method fire() is
11:

12:

13: with

14: new(Timer)!start()
B9 #4°DTUTTh
Fig.9 A program of timer.
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TREVOTEETS.

Moo7ursss%H4, M5 K6, BI70%m
HEE BV CRRBIIRL 7o« FHEIC X BREBIC 2
5., EHRERTYE 10 ITRT.

—EBEBEIC fire AVYFPFRFEND Z Ly
LHRBREERACTHRATS. 7077 Ao
wait 10; this!fire() DA TH Y, T I O%Hm
HRTHAH [wait 10;this! fire()] T REAL Xtz
BOZBEE 11 ZRT, HFO ~" i3 n Bl
T KEBEBFRBELLZILERT. aldrip
OBFEDNETrvavERTETS,

WHOREPDL 7 BEN 1 AREEL 2007 0k
A {10177, I.(1") (P | " (v).D) 25 HATICEET 2,
ZHrE, 20O AZ Y CTOv I E3hTn
B ERICEETADE 1 2HOT T AETTS
D, 10 BEHOBEELEL LS. 20K, Tin., T
h, v EVIolR BRI L BEBRFBEL S5 My
L BEBBARAET S, mpe i fire AV v F iR
LTBY, —EEFAEBL BB IND I by
DP5.

1137 a7 7 s oL THLALNTSHS
7DD, VAT ADREERBETIELBIEE

t[10) Fifire. Body}ire
DEHIC LY EENCERATS. &I T Body};,. it
fire AV v FTEESNIMABERT. TOBAE
Bid
t[10]. T Fire. BodyFire
10 t[0].7Fire. Bodyfire

Mrfire

— B Ody;ire

L0, 10 EATEREEBL 28I fire AV v F R
UCHLTWBZ EFTP5.

B 11 OERE BT AL, 10 BAERZEL &
I Mifire L DBBYFREETZRPREALTHS. ¥
AFAEERDOEREELLE, M1l O s, v BE
LI ABRIBEORFEL AT UL AR H LD T
BRTHD. I THEEBS, mspme P& I RERT
A7 vvav, v QAOT IV a vz & »ERHN,
BRI ERSNE Y AT AOBEERTRE, 7
07T AhLERLTELRARETRALKRSD,
SF Y ERLORICL Y EREND T Ok ADEERI &
SEBAEHBIRIC & B DTN B & & CEIfED SR R
TIEHRTES,
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P = (Vkrimer; kBool)
([Timer] (%) | Boolean(kgoat) | (V1) [rew(Témer)lstart()] (L, nit, &)
[Timer](F) = Hva) (krimer (1)-1{a)-(¥EZthis, Mstart: Mpire)
(fvar X¢hisl(2this, a)
| (tla(n).7(m). ([Mdecstars ] (Matart, & &)
| [Mdecgirel(msire, 5 F)))))
[var Xunisl(z, ©) = @) (z(r, v).(F(e) e} | ulc)-Uc"))
| Vi{e).=(r, u).(F(c)j(c) | u(c’).i(c’)))
[Mdecatared(m, 5, F) = (vg) (m(r,).5(r, 1) | g(r,1).[Bodyatar:] (L 5, K))
[Bodystars] (b7, &, k) = (vg, U, 11, 12)
@ | tg-(Ttrue] (', &, F)

| (vt, £) (U (). 3@ 7, £ | 1)

[ 11.[wait 10; this!fire())(g,r %, k)

| 12.1))

[wait 10; this! fire()}(t,r, &, &) = (') ([wait 10J(1', %, %) | U.Jthis! fireQl(l, 7 F, &)
[wait 10, m, %, &) = (') ([100(t', %, &) | U'(n)-t[n].D)
[0, &, k) = I{10)
[this! fireQl (L, &, k) = (') ([this! fireQ1(', &, &) | V' (2).D)
[this! FireO1(L, &, &) = (vh) ([this)(h, &, F)
| h(w).(vr, I, ) (@(n)n(@) mzme(n ') | r().1) | I'.D)
[this] (1,5, &) = (vr, w) (Feris (r, w7 (0)-1(2))
[Mdecyire](m, &, F) = (vg) (m(r,1).3(r, 1) | g(r,1).[Body}sr () %K)
[new(Timer)!start()}(2, &, k) = (vh) ([new(Timer)](h, 3, k)
| h().(vr, U, ) (B(n) (@) Fistar(n, ) | r(v).0(0) | 1'.D)
[new(Timer)] (1, &, &) = (v') Brimen (1)1 (e)-1e))

10 §4=070T I A0 ¢ HEC L BEE
Fig. 10 m-calculus expressions of a timer program.

@) (") @ (10) | 1" (n)tn] ) | (") (P | 17 (0).D))
e ) @OLT | Uty (P (0).D)
=10 Wy @[O).T | V(") (P | U (0).1))
T @) (P (@)D
23 1) (o, 1y ) (@(n) (@) maFime V) | 1) T () | VT7) {17 (0).0)
2% Wl") (v, V) @Fme(n U) | r@) T () | 177 [ 1 (@)D)

T (1) (o, U (r(0) T () | U TT) | 1 (0).T)
=z =T P = (vh) {(vr, w) @ras {r, u).r(0).h(v)) | h().(vT V', n) @n).n(@) mgme (r, ) | r(v).077 (v) | 1.7y

B 11 [wait 10; this! fire()] DER
Fig.11 The transition of [wait 10; this!fire()].
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