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1 Abstract syntax

This sectiongivesanabstracsyntaxof temporalexpressions.

1.1 Atoms

Temporakis definedwith respecto anon-emptysetof eventsE, andanon-emptyset
of propositionsP. ‘£ hasadistinguishecelementany; P hasadistinguishectlement
cycle. The setof eventstogetherwith the setof propositionsform the setof atoms:
A4 =FEUP. Wewill usee andq to denoterepresentate elementsof £, and p to
denotearepresentate elemenif 2, anda ato denotearepresentate elemenof 4.

e eganyct
e p,cyclec P
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1.2 Temporal expressions

Lett,t; andt, betemporalexpressionsthenexpressiondistedin thefirst columnof
Tablel alsotemporalexpressions.

2 Semantics

The semanticof temporale is definedwith respecto finite wordsover analphabeth
3 = 27, We denotea letterfrom X by ¢, andanempty or finite word from X by u, v,
or w (possiblywith subscripts.)We denotethe lengthof a word w by |w|. An empty
w = ¢ haslengthO, afinite wordw = (£p¢14>...¢,) haslengthn+ 1. We usei, j, andk
to denotenon-n@ative integers. We denotetheit” letter of w by w1 (sincecounting
of lettersstartsat zero). We denotew'- thesuffix of w startingatw'. Thatis, for every
i < |w], W =wwtl w"-1 We denoteby w1 thefinite sequencef lettersstarting
from w andendingin wl. Thatis, fori < j < |w|, W = ww+1. wi andfor j </,
wHl =€,



Temporalexpression| Name

a atom

(t) parenthesis
tiandt conjunction
tyor to disjunction
;0 sequence
(0] empty

[1..]t true-matctrepetition
t@e sample

fmt first-match
fail t fall

Tablel: Abstractsyntaxof temporalexpressions

2.1 Semanticsof atoms

The semanticf atomsis assumedo be given by a relation |= C X x 4, relating
lettersin X with atoms: (¢,a) € ||= iff a € ¢; we usethe equivalentnotation/ | = a,
andsaythat/ satisfiesa.

2.2 Semantics of temporal expressionsin sampled-normal form

Temporalexpressionsredefinedover finite wordsfrom the alphabe&. Thenotation
w E t, wherew is afinite word andt is a temporalexpressiormeanghatw models
tightly t. The semanticof temporalexpressionsn sampled-normdiorm aredefined
asfollows. Let p bea proposition e, q denoteevents,andt,t;, andt, denotetemporal
expressionsn sampled-normal form. Then:



w E cyde@any <= |w| =21landw® | any (1)

wE cyde@e <= wW 1| eandvi< |w—1:—(W |= € 2
wWE p@e < w"l|= pandw E cycle@e (3)
WEe@q < 3j<|w:wW | eandw £ cyde@e (4)
wWE () < w=wEt (5)
wE ttandt; <= (w E t1) and(w E tp) (6)
wWEtoOt < (WkEt)or(wE ty) (7)
WE t1;t, <= Juvstw=uvand(u E t1) and(v E t) (8)
wE [0 < w=¢ 9)
w E [1.]t <= eitherw £ tor3du,vs.tw=uvandu E tandv E [1..]t (10)
WEt@e < (w=¢teande Et)or (11)
(Ju,4,vs.t.ulv=wandu/ E tandlv E cycle@e)
wWEt@e < (w=¢gande Et)or (12)
(Ju,4,vs.t.ulv=wandu/ E tandlv E cycle@e)
wE fmt <= w E tandvu,vuv=w,|v| >0 : =(u E t) (13)
w E failt < (Yu: -(wu E t)) and (14)

(Mu,vuv=w,|v| >0 : =(u E failt))

2.3 Sampled-normal form

Every top-level temporalexpressiorhasa samplingevent. If the top-level expression
is of theformt @ e, thene is its samplingevent. Otherwiseif thattop-level temporal
expressionis embeddedn a TCM, it inheritsthe samplingeventfrom thatTCM. In a
lastcase the top-level temporalexpressiorappearsinderan event, expector assume
structmemberjn thatcaseits samplingeventis any.

Thefirst stepto uncover the semantic®f atop-level temporalexpressioris to put
it in sampled-normal form. Formallythisis accomplishedby afunction$ thattakesas
firstagumentatemporalexpressiorandassecondargumentanevent,andproduces
temporalexpressiornin sampled-normdbrm asaresult.

For a top-level temporalexpressiort whosesamplingeventis g, S(t,q) givesthe
sampled-normdbrm of t.

S is definedrecursvely asfollows:



S(@g)=a@q (15)

S((1),a) = (5(t,a)) (16)
S(tiand tz,q) = S(t1,9) and S(tz, ) (7)
S(tyor to,q) = S(t1,q) or S(t2,0) (18)
St t2,0) = S5(t,0) 5 S(t2,0) (19)
S([0],a) = [0] (20)
S([1.]t,q) = [1..]5(t,q) (21)
St@eq) =S5(t,e @q (22)
S(fmt,g) =fm S(t,q) (23)
S(failt,q) = fail S(t,q) (24)

24 Semanticsof temporal struct members
24.1 Event declaration

Considetthefollowing structmemberdeclaration:

event eist@

Let w bethetrace,thenthis constructdefinesanevente asfollows:

W | e <= 3Jj<is.t.(either(j=0) or wi!|= g)andw' Et@q

[In otherwords,e holdsatpointi if eitherthe prefix of thetraceendingwith i matches
t @ q, or thereis a earlierpoint j sothatqg holdsat j — 1 andthe part of the trace
startingwith j andendingin i matcheg @ q.]

2.4.2 Expect declaration

Considerthefollowing structmemberdeclaration:

expect Pist@

Thisis equivalentto the definitionof anevent:

event Pisfail t@

Any occurrencef this eventwill bereportedasaviolation of propertyP.



3 Derived operatorsand syntactic sugar

To male it easierto mapthe concretesyntaxontothe abstractsyntax,we definethe

following syntacticsugarfor the abstracsyntax:

Table2 summarizeshe mappingof the concretesyntaxto the abstracsyntax.

ConcreteSyntax AbstractSyntax | Name
cycle cycle True

@ny any Any

@ e Event
true(exp) p Proposition
@@ e@q Sample
true(expr) @ p@q Sample 2

t @ t@q Sample 3
tporto tyort Digunction
tiandt tiandt, Conjunction
{t1; t2} t1;t Sequence
fail t fail t Failure
t1=>t> (fa]ltl) or (tl;tz) Yield

[n] *t [n]t Repeat
T..1*t [..]t True Match
T..n]*t [..n]t True Match
Tn..]*t [n..]t True Match
“[m.n] *t [m..njt True Match
{[..1*tq; ty} fm ([..]t1; t2) First Match
{[..nM*tg;t2} | fm([.mlts; o) First Match
{[ m.]*tq;t 2} fm ([m..]tl ; tz) First Match
{Ilm.n] *tq; t2} | fm([m.njty; t2) First Match

Table2: Summaryof temporale operators

4 Tobedone

e detach

(25)
(26)
(27)
(28)
(29)
(30)



e rise,fall, change
e delay

e Not



