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Motivation

This equation is not sufficiently general. We do not yet know how to frame

a sufficiently general law without, in a sense, explicating parallelism in terms
of non—determinism. More precisely, this means that we explicate a (parallel)
carposition by presenting all serializations — or interleavings - of its possible
atamic actions. This has the disadvantage that we lose distinction between
causally necessary sequence, and sequence which is fictitiously imposed upon

w————

causally independent actions; we are aware of the theoretical importance of this
distinction, which is thoroughly investigated in the work of Petri and his followers
[61. However, it may be justified to ignore it if we can accept the view that,

in observing {(cammunicating with) a camposite system, we make our observations in

a definite time sequence, thereby causing a sequencing of actions which, for the
system itself, are causally independent.
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Motivation
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Motivation




Labelled transition
coalgebras

Pow o(L x Id)

Thm. B is a bisimulation between (Cy, 1) and (Ca, o) if and only if
for any c; and co such that c1 B cq, the following are true:

. l . l
(a) if co —>+, ¢, then there is ¢ such that co —,, ¢, and ¢ B ¢;

. l . l
(b) if co —> ., ¢, then there is ¢} such that c; —,, ¢} and ¢} B c.




Labelled execution
coalgebras

Pow o Seqo(L x Id)

Thm. B is a bisimulation between (C1,e1) and (Ca,e2) if and only if
for any c1 and cy such that c; B co, the following are true:

(a) if c1 D¢, €1, then there is ea such that cs >, es and e; Seq(L X B) es;

(b) if co D>, e, then there is e1 such that cq >., e1 and e; Seq(L x B) es.




First side-effect

so and so are not bisimilar,

even though the only execution starting from sg
and the only execution starting from ss

are in perfect agreement.




Second side-effect
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so and s5 are bisimilar,
even though the two executions starting from sg diverge right away at s,
whereas those starting from ss diverge after the first step at sg.




Abrahamson coalgebras

(C, e) is Abrahamson if and only if the following are true:

(i) (C,e) is suffix closed: l

(ii) (C,¢e) is fusion closed: ><

Thm. L-LECay, is a (Pow o Seq o (L x Id))-covariety.

Cor. L-LECy, has a final coalgebra.




Underlying labelled
transition coalgebras

for every S € Pow Seq(L x C'), n(C)(S) = {heads | s € S and s # ( )}
C1
Pow Seq(L x C1) new | Pow(L x Cy)
Pow Seq(L X f) Pow(L x f)
Pow Seq\(/L x () > Pow(Lv>< Cs)

n(Cz)



Underlying labelled
transition coalgebras

Thm. If h is a homomorphism from (Cy,e1) to (Ca,e9),
then h is a homomorphism from (C1,m(C1)oeq1) to (Ca,n(Cs) o ea).

Cor. If B is a bisimulation between (Cy,e1) and (Ca,e2),
then B is a bisimulation between (C1,m(C)oeq1) and (Ca,n(C3) o e3).




Not suffix closed

® S0 ® S2
ll [
S1 ® S3
[
e 54

so and so are bisimilar among the two underlying labelled transition systems,
which are identical, but not among the two labelled execution systems.




Not fusion closed
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so and so are bisimilar among the two underlying labelled transition systems,
which are identical, but not among the two labelled execution systems.




Not limit closed

lo O Iy

s is not bisimilar with itself among the overlying labelled execution system
whose executions correspond to all infinite paths in the diagram,

and that whose executions correspond to the infinite paths that go through
each of the two loops infinitely often.




Not limit closed

So is not bisimilar with itself among the overlying Abrahamson system whose
executions starting from sy correspond to all maximal paths in the diagram,
and that whose executions are all the executions of the first system except the
infinite execution stuttering around sy.




Indeterminately
terminating

s is not bisimilar with itself among the overlying labelled execution system
whose single execution corresponds to the only infinite path in the diagram,
and that whose executions correspond to all finite paths and the only infinite
path.




e(c) =

s is not bisimilar with itself among the overlying labelled execution system
that has no execution, and that whose only execution is the empty execution.




Generable coalgebras

for every 7 : C'— Pow(L x C), (genT)(c) = {e | e is a T-orbit of ¢}

(C, e) is generable if and only if there is 7 such that e = genr

Prop. The following are true:

(a) N(C)ogenT =1T;
(b) if € is generable, then e = gen(n(C) o ¢).




Characterization

hm. (C,¢) is generable if and only if the following are true:

(a) {C
(b) (C,e) is fusion closed;
(C

(c)

(d) (C,e) does not terminate indeterminately;

(e) for any c € C, &(c) # 0.

3
,€) 15 suffix closed;
)

,€) 18 limit closed;




Characterization

Thm. If (Cy,e1) and (Ca,e2) are generable,
then h is a homomorphism from (C1,e1) to (Ca,e9)
if and only if h is a homomorphism from (C1,n(C71)oeq) to (Cy,n(C2) o e9).

Cor. If (C1,e1) and (Cs,e9) are generable,
then B is a bisimulation between (C1,e1) and (Ca,e2)
if and only if B is a bisimulation between (C1,m(C1)oeq) and (Ca,m(Cs) 0 ea).

Thm. L-LECg., and L-LTC are tsomorphic.




Related work

SAOMETIMET 13 XMETINE "NOT M0t

On the Tesporal Logie of Prograss

Lenile Lasport
(omjuter 3aie000 LAbaratery
5 intaroatioas

b INTCRACTION

Poeld (15] 2as resently AMradeoed he L0 of
usiag temporal logie (18] a8 the dogieal taats for
proviag  owrreoiness properties  &F MWl

prograss ™is s peraitied an elegmat wnifylsg
forauisilon of jrevicea sroof ethods. in tals
pagar, e sttesst W MMy o Logleal

foméations of the applleat
conowrTent pregress, la Oolng o,

clArily e  relatlos  bateess cotcurvency
rondeternirisn, ant Meatify soss  preblems for
furthar ressareh,

Ia Ale gajer, W smmslder Joglae sostaining

the temporal sperators “rerceforts® (or “always*)
and Cevestaniiy® (o "steeilset). = define tae
semantios of aoh & Lemporel Legls i tarss of =
enderiyisg Bodel 1aat Mdelrecis the funtamestal
soacests ocommdn o almeat il e sodals of
FORPULALION WALAR hAve e waad,  Be are cancertad
salnly wita ihe sesantlics of tesporsl logle. s
will sct discess in aay detall the acteal rules fer
Jeluiing eurens .

e W11l Oesaribe Leo dLfTerentl Lemporal icgisa
for reasoning About & olmpetatiess aedes. L)
sane ToPSulas Aggear 18 BOLh logice. B they are
iniergretad differestly. Toe w0 Lzterpretations
sorrespond Lo twe CLffereat waye oF wiewing Vimes
as 8 00t Ameally tesschlag set of jossldilities, o
a5 & slsgle Litelr seqeence of sotsal evnts, Tae
Leaporal oceoWpla of “soeetime® ané "0t sever”
("s0t Aivays 20t°) are eguivilest in the theory of
Lisear time, 3Nt DAt in SAe A6y of teancaisg
time - DERGE, OeF Sitie, e will afgue Lhat Lie
Legle of iissar time in betier for ressining et
COMIWITEIt Dregrens, asd Lhe legle of branchisg
tise 18 deller for reasoning about soadetersirnist
progreas.

The work reported Mareln was fusted by Lee
National Joleass  Fountatima usder  reat be.
MC3TANIRY

Permision 1 make digral or hand copiss of part on all of s work o0
perondl of (lrswonm e S grened a o See geoe dod DU Gophes e
24 Tads o 2aT bl up&namxu;‘v‘nl\.‘mm
et this setuoe ond O ol comn oo the frv page 1o popry olveratw
wn.rpmmm.nwmw:v T
ool pamvaes BT aix.
© 10 ACMO T 1 ?

174

The logic of Lisesr Llse wes wsed by Pouell W6
[99], WAkl Whe lagie oF PAAGALAE Lise Seeas 16 be
the one waed By moat ccapeter
reAMAOLAL ADINT TARROTS 2 UHS N
LALS 50 OMUSE BoBe CoRfuALlon Macag cur coLlongwee.
20 oae of owr gsals b dewa 18 clarify Wa Torsal
focniations of fucell®s wore.

The f3lowing meitice glves an inteltive
dlaowesion of Teapisel A Le. aad  Seotiem
forsally Sefias the senantite of Lhe two Lesporsi
e, I Metin N, W e that tia two
Lesporal Laglos ars SO% SQUAVALNA, G Giseeas
taelir differences. Seotivn 3 discusses \iw
peebiens of vallgity omepleteness for the
teapiral legies. in Sestice 6, we saow S2at there
are some ispirtant pregertiss of tae competatiesal
wodes TRt sanmet Be eapreseed wits tae tesporal
operators "Desceforth® and Saventealiy®. asd dafise
ore gMAral aperatecs.

2. A8 INTRCOLCTION TU TEMPUML LSl

2.0, Aaarilecs

he weileforned formulas of temporal Jagia Wre
oelled aaaeriliced - Tia et aspertices L0
CAlALEel 38 1he CBVEGee way Tree & el of sbomie
oL ohiied alamic aOedicated tagetrar
VLA The wual logloal cperators A, V. b= T

(oegaticn), aad She wAry Leaperal sperelors S e

3
cs

- Thus,. AF 7. G. a4 F  are stmis
predicates. thes P DO v+ s
SIGrtIONn. AMMPTIONA LAt & sl coshaln eltder
of \he b sl cgerstors © e+ are il

In this sectien, we glve an istsltive
Seaoripaion of hw Thase Lesporal loglic asserticons
are o bte wnderstood s slatenssis abeut  same
apasan.  Farsal sessalics ame treated o the next
sect lon

A prediasia F repressnts & simple Seciarative
slatanest alowi the aie of e ayatem; it W8
Iaterpreted to mean *F  is true o A8 sasertion
Pepresests & Slalesenl aboul e ayates wiion may
refer o L3 MTALA 3OSA v At 1a Lie futere. The
saeartion A represecds the statemest that A
53 tros oow sad wiil always be teve in he Meturs.

lye Gefizme the Lerms *Fredioate® ssd “apsertiise”
Lo be comaistest with thelr we Le Lbe flals of
whioh 4iffers

progre meretisas,
is Jegle.

from Whelr s




Related work

thhﬁ.
lwbcaﬂnlnl \
l«w%l‘l:
\
' Mmmm«wmmmhmdmnw \
Auﬂmdﬁwuu.mmm-c-dmmcukhimnh’:h
( mnmhlﬁvm nmxd-mmmb

ensures that the whole “limit* Path is itsell a legitimate computation. An additional
constraint is the following,

4) Regenerable —the set of paths can be Renerated by some binary relation R
e ,’ll

A setof paths satislying they constraint i, aaturally representable as computation
tree and corresponds. 1o Computations of paraliel Programs executed under pere
non-deterministic scheduling.
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The Power of the Future Perfect
in Program Logics

MATTHEW HENNESSY AND COLIN STIRLING

University of Edinburgh, Edinburgh, United Kingdom

The expressiveness of branching time tense (temporal) logics whose eventually
operators are relativised t0 general paths into the future is investigated. These logics
are interpreted in models obtained by generalising the usual notion of transition

system 10 allow infinite transitions. It is shown that the presence of formulae
expressing the future perfect enables one to prove that the expressiveness of the \

logic can be characterised by a notion of bisimulation on the generalised transition !
systems. The future perfect is obtained by adding a past tense operator 10 the

Janguage. Finally the power of various tense languages from the literature are

investigated in this framework. © 1985 Academic Press, Inc:

1. INTRODUCTION

Many varieties of tense (temporal) logics have been suggested for
describing properties of programs (Gabbay, Poueli, Shelah, and Stavi,
1980; Clarke, Emerson, and Sistla, 1983; Emerson and Halpern, 1983; Ben-
Ari, Manna, and Pnueli, 1981; Pnueli, 1979; Manna and Pnueli, 1983;
Harel, Kozen, and Parikh, 1982; Abrahamson, 1979). This prolifcration
suggests that there is no simple criterion for judging the adequacy of such
languages. They should be able to describe all properties which are com-
monly agreed to be of interest. However this class of propertics is difficult
to delineate and the most that one can hope for is to prove that language 4
is more expressive than language B in the sense that there is an interesting
property expressible in A which is not expressible in B. There are of course
other criteria for comparing these logics, such as the simplicity of their
related proof systems. This paper will examine only their descriptive
powers, ie., their expressiveness.

One interesting question posed of such logics is whether they are ade-
quate for expressing the various formulations of fairness (Gabbay et al.,
1980; Lamport, 1980; Emerson and Halpern, 1983). Since this inevitably
involves consideration of infinite sequences the models for these languages
should state which infinite sequences are admissible. Most often these
models are some form of transition system together with some criteria for
admissible infinite sequences through the transition system. This is the
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A Fully Abstract Presheaf Semantics of
SCCS with Finite Delay

Thomas T. Hildebrandt
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Abstract \

We prosent 2 presheal medel for the chservation of infrire 3 wll as finite computatins. !
We apply Rlogve 3 demotational vemantics of SOCS wits finite éelay.i= which the meas \ \
jegs of recunon =% given by fiesl coalgebras 5d measings of Exite delay by misal a

gebeas of the process aquatices for delzy. TR ca= be viewed & & fist siep I8 seprescnling \

falrness in preshenl semenlics. We glve & conoes represenaation of the presheal model =
a category of generalised synchronisanon irees and shorw that it is coredective it a CHeRoTy
of pemeralised rERUTIn syssewns, which ac a special case of the peneral {ransibor syMems
of Memnessy ad Surling. The opes M9 bisimelation is s 10 coincide with the ex
sended bizimadation of Theenewy = Seclimg. Finally we formwlae Milnems apenaticesd
semmartics of SCCS with figite delay is terma of gencalned peamitios yyserms snd PRV

ot the preshes! sementics s fully ahsgract with 2espect 8 extended bisimalation.

1 Introduction

When reasomng #boul and describmg the behaviour of concurrent agents 111 ofien
the cane that sonx infimite computatoss ar¢ cornidered unfair and coascquently
ruled out @ being {radmissible. An economacal Way of studying this situation wa

£ by Mulner in [17) showing Bow o express @ lar paraliel composiios
in his calcslus SOCS (synchronous CCS) by adding 3 fanite, bud unbonded dekay
operaoe Syntactically the finite delay of =0 apent | s wrllen o). The agent «f &=
perform an unbounded number of L-acticas o4 S of (delays) but must eventually
pcﬂum\nu‘hun" s 0l anp:dulmana:hun' %, 1 or stop if | cannot
perform any OIS In other words, s actions arc he same for (1he possibly
infinite delay) &1 = re<¥ (1o a4 1), except that iefiaste unfoldisg of the recuros
is pot allowed.

HRICS, Busic Research i Companer SOence, Cergre of the Dunsh Nanota Rescarch Fooads
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' Yhis work was i aded Guring 8 stay o LFCS, Universay of Edamkungh, Saot ant
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Conclusion

® |abelled execution systems have very rich
branching structure

® must be suffix closed and fusion closed to
be well behaved

® must be not limit closed or indeterminately
terminating to be justified



Future work

® abstraction
® application

® stratification



Questions!



