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Fart 1. Global motivation section

in recent wears an acute need has arisen for &
methodology of real-time processesy as occurring in
telecommunication swstems or process control in dgeneral.
This rarer is an attempt to contribute to the develorment of

such 2 methodolosy.

The rarer concerns the descrirtion of real-time

rrocesses and their asunchronous communication bs means of

sidnal (messade) - exchandes in 3 real-time landuade»
CHILL/D-16. For the characterization of these processes and
their communication we develor @ real-time temporal lodic
with two additional orerators. Bs wmeans of these two
orerators we believe to be able to express the real-time and
aswnchrorous communication asrects in 3 most natural was.

As a3 conseauencer by usind a2 proof s¥stem for reasonindg
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about these oreratorsy one can reason about real-time
processes and their cocamunicaticns i.e. one can rrove that

a3 prodram meets its real-time specifications.

0f coursey 3 complete real-time methodolodgy is still
some time offy but we believe that our method applies to

rezl-time processes in deneral thus providind a3 rossible

direction in which such 3 methodolods can develor.

The languase we use to study real-time pProcesses and
their asunchronous communication is CHILL/D-16, 3 real-time
variant of CHILL (CCITT HIgh Level Landuade» see [CHILL1),
the recommended language of CCITT (Comité Consultatif
Internationale de Télgsraphiaue et Télé;honiaue). CHILL 1is
sn  interesting subJect of study as it 1is used bw many
different industries» such as Siemensy NTT(Niepron Telerhone
and Telesdrarh)s ITT(International Telerhone and Teledrarh)

and FTI(FPhilirs’ Telecommunicatie Industrie ReV.) for

telecommunication frFuUrroOses. CHILL/D-16 is a dialect of

CHILL used at FTI.

In the area of distributed processinsg, recent research
focusses on landuades such as CSP (see [HOARE]) and ADA (see
[ADAl)s for which safets and lifeness prorerties etc, have
been extensivelw studied (see e.dg., C[KUIPER &% DE ROEVERJ»

[MANNA % PNUELIJ, CPNUELI & DE ROEVERI, (GERTHI). These

landuagess howevery are based on the rendezvous mechanismy
which reauires ssnchronous comsunication. Furthersorey the

research has wuntil now left the real-time asrpect almost
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completely out of accountr althoush 3 susddgestion has been
m3ade for the ADA-case at the end of L[PNUELI & DE ROEVERJ] and
s first stesr towards a rroof techniaue for real-time
prorerties of concurrent prodrams has been made 1in

CBERNSTEIN & HARTERIJ.

Summarizings this parer has a twofold PUrPOSe

2) to give a3 direction of develorment for a methodolodgy

of real-time processes in deneraly

b) to provide a formal was of reasoning about the

communmication rart of CHILL/L-16 in particular.

Part 2. Techriical section

We take the following real-time aspects into account!

I. a3 time-out mechanism:
in CHILL/D-16 (as in ADA) 3 timer can be rpresent
with the pPurrose of restricting the reriod of
waiting for a message to some fixed amount of
time. Usual temporal logics can not exerress

this as thew consider time aualitative and not

auantitative, The need for a time-out
possibility is obvious when develoring

telecommunication systeamas as in a certain amount

of time there must always be some prodgression in

the system.
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I. a3 medium real-time rrorertul
we impose the condition that the comsunication
medium is not *too lazs'r that is the aedium may
not be too 1long idle as long as there are
outstanding sidgnals to be transmitted (again
this is an obvious reaquirement in 3
telecommunication environment) the forasal

expression of this prorerty is diven furtheron.

The following technical complication concerning 1
pccurs: if erogram control reaches (an occurrence of) an
action which can receive a3 signal (3 RECEIVE CASE-action 1in
CHILL/D-16)s it must be exrressed that 3 timer will run off
within a fixed amount of time. We take care of this bs the
introduction of & srecial 'timerstart®-location (this notion
is exrlained and refined below) for each RECEIVE
CASE-action. Similar cases of having to introduce
*locations® which do not occur actuslly in 3 program in
order to reason (prove prorerties) about that prodram occur
for Brinch Hansen’s DP (see [BRINCH HANSENI, CASTESIANO &

ZUCCAl) and ALIA (see [GERTHI).

Arart from the real-time prorerts I abover we imrPose in
our formulation furthermore the following conditions for the
communication medium! it may create no ghost messages
(neither original nor copies of real sidnals) and it must be

fair relative to the transmission of sisnals (see below).
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Furthermorer the mediuma need not be error-free (but
fairnesss see belows imposes that it can not be too faulty

either).,

Fairness of the medium must be imposed indeeds as the

prorerties described hitherto do not dguarantee at all that
ansthind will be received. The fairness (liveness)
condition imposed on the medium then is classical: if
infinitely often 3 signal of a8 collection of sisnals is
senty then at least one signal of the collection will arrive
at its destination. (This implies that even infinitelw many
signals of the collection will arrive at their destination.)
Furthermore we decided to impose another fairness conditiony
namelsy fairness relative to the receirt of signals! in
CHILL/D-16 (a3s in ADA) it is possible that wmore than one

signal is choosable for receirt a3t a3 time and we demand that

the choice mechanism is fair (in ADA this fairness 1is
exrlicitely defined in the landuade bw aueuess but this was

shown to be surerfluous in [PNUELI & DE ROEVER1).

To illustrate the two fairness conditions, we now dive

a CHILL/D-16 prodram fradgment (for better readabilits pl1l and

#2 are placed next to each other)?
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SIGNAL s1 TO er2»

27
¢1¢ PROCESS()i} p2! PROCESS{() SINGLE}
'00; 000;
SEND s1j DO FOR EVER/
DO FOR EVER7 RECEIVE CASE SET source?
RECEIVE CASE (s1)) o040
(82)% s SEND s2 TO sources
SEND sii ESACS
ELSE ++0? oL
SEND si END p25
ESAC;
oDy
ENDI P15
p3: PROCESS()j
¢ 0 8?7
0 FOR EVERS
RECEIVE CASE
(s2) ce s ?
ELSE ++44
SEND sl
ESACS
(1} U]
END £33
We first explain the suntax of the fradment. In

CHILL/D-16 signals can be sent by a SEND-action and received
by 3 RECEIVE CASE-~-action., Sidnals are declared in 3
SIGNAL-definition (see the first two lines above). rils r2
and #3 are the names of the three PROCESS-definitions of the
fragment, Thew 311 have an emrty rFarameterlist denoted by
(>, A FPROCESS-definition can have several active frocess
instances at a time. ) stands everuwhere 1in this
fragment for an arbritrary seauence of terminating

CHILL/D-16 actions.
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To each SEND-action @ destinations & uniaue srocess
instances 1is associated. This destination can be srecified
directly in the SEND-action by means of the TO-ortion (see
£2) or alternatively there must be specified a
PROCESS-definition name (by means of another TO-ortion) in
the SIGNAL-definition belonding to the SEND-action (see the
dgefinition of si1). To duarantee uniaueness of the
destirmation in the latter case this FROCESS-definition must
have the SINGLE-attribute (see #2) which means that this
PROCESS-definition can have onlys one active rrocess instance
at 2 time., The DO FOR EVER ... Dhs construct has an
obvious meanindg,. Each RECEIVE CASE-action has & number of
(in the fragment alwaws orne) sidnal names enclosed 1in
rarentheses ard followed by 3 colon and some actions. We
say that a signal is receivable for a RECEIVE CASE-action if
its signal name is one of the signal names listed in the
RECEIVE CASE-action., If prodram control is 3t the besginning
of a RECEIVE CASE-action there are two Possibilities! at
least one receivable sidgnal for the RECEIVE CASE-action has
arrived or no such sidgnal has arrived., In the first case
there will be received 3 uniaue sidgnal (of the receivable
signals for the RECEIVE CASE-action) and control transfers
to the actions specified in the RECEIVE CASE-action after
the sidnal name of the received signal. 1In the second case
(no signal arrived) the undertaken action derpends on the
preserice of an ELSE-rpart in the RECEIVE CASE-action., If no
ElLSE-Part is present control will staw at the RECEIVE

CASE-action wuntil (rossibly never!) 3 receivable signal for
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the RECEIVE CASE-action arrives. If on the other hand an
ELSE-part 1is present prosram control will be transferred to
the actions in the ELSE-rart. Real-time is introduced in
CHILL/D-16 be 8llowind an additional AFTER-rart in the
ELSE-part which specifies how long (measured 1in some
real-time unit) there will be waited for the arrival of 3
receivable signal for the RECEIVE CASE-action before control
ijs transferred to the further actions in the ELSE-part. A
further option of the RECEIVE CASE-action is the
identification of the sender of 3 signal, This is done bsu
the SET-ortion (see #2)., It is used here to send a signsal

back to the sender.

Now we can illustrate bw this fradment the two fairness
conditions above. In our temroral logic system (of which 3
version for CHILL/D-16 1is alreads available and 1in use
internalls in a develorment drour of PTI) we can deduce the

following for this fragment:

1. si1 (both in 1 2s in £3) is infinitely often sent:

2. s1 (both coming from Pl 3s from #3) will infinitely

often arrive at its destination» c.a. #2 (this

follows from 1. and the fairness condition for the

medium) s

2. at the RECEIVE CASE-action of 2 infinitelw often 3
signal is received (this follows from 2. and the

fact that control will be infinitelw often at the

RECEIVE CASE-action of p2)»
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4, s2 will be sent infinitelw often (this follows from

3¢)y

s, at the RECEIVE CASE-action of p2 infinitels often
s1 coming from pl and infinitels often sl comind
from #3 will be received (this follows from 2. and
3. and the fairness condition on the receirt of

signals).

The descrirtion of the semantics of the CHILL/D-16
communication eart consists of an axiom sustem based on 3
srecialized temroral lodic to deal with real-time
rrorerties. This srecialized temroral logic is obtained bs
extending linear time temporal logic (see [LAMPFORTI) with
real-time orferators such as <<t (eventually within
real-time t0 from now)y DZt, (always from real-time t0

from now on) and the orerator (before) referring to the

rast @,

We derive all our real-time orerators from the binary
real-time orerator Umt, (strond until in real-time tO0).
Todether with the before orerator <& this demands for
2 new temroral lodic wmodel. This model has states as in
classical temporal lodicy» but now 3 state has a resl-time
component, concertually rerresentind 3 kind of global clock.
Therefore a3 necessary condition for a3 state transition is

that time can not decrease (we a3llow that a state transition

leaves this real-time component ¢the same! it Prodram

control is at the bedinning of a3 receive signal case action

S
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our axiom sustem stipulates that the next state transition
of this process leaves the reazl-time comronent the same and

transfers program control to the *timerstart®-locationr see

above) .,

The before orerator (which is new in the context of
progranm proving) is wused for the formulation of the
real-time Pprorerty of the wmedium (see furtheron) and
furthermore for the <classical rprorerty that & received
sisnal must have been sent before. In the formulation of
the 1latter prorerts we alreads recosnize the natural wag we
carn exrress this proeperts by an orperator which refers to the

rast.

To be able to recosgnize occurrences of signals and
actions (im CHILL/D-16) as different we have to refine the
notion of locationm in 3 rrodram. In Pnueli’s (and also
Lamport’s) works location eredicates are introduced, i.e.
rredicates true inm case control resides at 3 specific
location of a program. For the simple kind of prodgrams they
consider these predicates are characterized suntactically
(e.d. by pointing to & Pplace in the prodgram text). Once
(dunamic) erocess creation is involved this simrle suntactic
characterization 1is not sufficient anumore! one can still
point to 3 srecific place in the textual definition of 3
processs but one can not tell the difference between this
textual eplace in one instance of the process and the same
textual slace 1in another instance of the erocess. To

identify uniauels everuy action of sendind or receivingy as
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is reauired e.d. in the exeression of ‘every sidnal
received has been sent before': we need a3 third comronent
(besides syntactic locations, i.e. textual wmlacer and
rprocess instance). This third comronent identifies the
number of times this specific ssntactic location in this
Frocess instance has been passed (this 1is needed because
e.qd. a send action can textualls be rlaced in 3 loor and

herce it can be ra3ssed several times).

As an example of the use of some new orperators in our

axiom sovstem we now dive the formal exepression of the

real-time medium prorerty (see IJ. above):

IceERI>o0Vs, € SEND [[@after(s;]) A ~ @ arrived(s; )]

= [35, € SEND [~ @arrived(s) A S <o arrived(sy)]
v 0> ¢ ~arrived(s, ))]

We now brieflw. exrlain the notations wused in this
axiom, The domain Bn_?,0 rerresents the non-nedative
part of the rezl-time domain. The domain SEND is the
semantic domain (3as in denotational semantics) corresronding
to the SEND-action. s1.1 stands for the location belonding
to sl and the predicate after has its usual temroral lodgic
meaning. The predicate arrived indicates if a sisgnal has
arrived 3t its destination (arrived has been defined further

in the axiom sustenm).

This axiom reads as follows: there is a3 non-nedative
real-time constant ¢ such that whenever there is a sent» but
not gvet arrivedy sigdnal s1 then EITHER ¢there will arrive

SOME signal before real-time ¢ has passed OR when real-time
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¢ has rassed sl will rnot arrive anvmore.

The only related work we krnow of 1is [HBERNSTEIN 2

HARTERJ. They also describe 3 techniaue for reasonindg about

rezl-time frorerties of concurrent srodrams (of assgnchronous

neture as real-time 1is involved). Howevery their workhk
differs in several asrects from ourss Firstlw, theyg
comnsider no dynamic FTrOCessS creation. Secondly:s they

concider onlg reazl-time orerators related to the temroral
imrlication oreratory while we introduce 3 deneral real-time
orerator Uaﬁc from which many more (much rieeded!)
real-time orerators can be deduced. Thirdlgs their model
for rreogram execution is more comrlicated than ours due to
restrictions concerning interleaved execution and
ingdivisibility of orerations. Also their modeling of
execution time does in no wayg corresrerond to the execution
time 1in rez2litgy while our modelinsg of execution time 1is
directls related to real-time ewxecution indeed. Fourthly,
their work concentraztes on safety rrorerties while owurs is
concerned most with liveness rsrorertiesy sirnce these are

what reasl-time rrogramming is about.

Summarizindgy the contributions of this rarer consist

1. an 3xiomatic semantics of the communication rart of
CHILL/Li-16, 3 languade used in a3 nowadass tuwrical

concurrent Frogramminsg environment: the

telecommunication industru,
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3 study of asgnchronous communication and
distributed rrocessing (irn the literature of the
theory of concurrent rrodramming the emrhasis has
until mow been 1a3id uron sunchronous communication:

ress. multirrodrammed srocess executior):

the extenrnsion of lirear time temroral logic to &

real-time temroral logic bw the inmtroduction of the

deneral rezsl-time orerator Uaﬂ; and the
introduction of the extra orerator <D for
facilitating rarticular kinds of reasonings this

new temroral logic seems to be arrrosriate to
exrFrress recl-time and communication Frrorerties in

general in 3 natural wayw:»

ar accomranuing new model for our temroral losgic
and its associated refinement of the notion
location rFrredicates the model is simrles but seems
nevertheless arrrorriate encugh to be 2 denersl

model for distributed comrutations

our modelind of ewxecution time camn be directly

related to execution time in realityy

3 dereral real-time model of an abstract

tranemission medium.,
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