
Formal semantics of temporal e

Draft version– pleasedonotdistribute!

January30,2004

1 Abstract syntax

Thissectiongivesanabstractsyntaxof temporalexpressions.

1.1 Atoms

Temporaleis definedwith respectto anon-emptysetof events
�

, andanon-emptyset
of propositions� .

�
hasa distinguishedelementany; � hasa distinguishedelement

cycle. The setof eventstogetherwith the setof propositionsform the setof atoms:��� ��� � . We will usee andq to denoterepresentative elementsof
�

, and p to
denotea representative elementof � , anda a to denotea representative elementof

�
.

� e � q � any 	 �
� p � cycle 	
�
� a 	 �

1.2 Temporal expressions

Let t � t1 andt2 be temporalexpressions,thenexpressionslisted in thefirst columnof
Table1 alsotemporalexpressions.

2 Semantics

Thesemanticsof temporale is definedwith respectto finite wordsover analphabeth
Σ
�

2� . We denotea letter from Σ by � , andanempty, or finite word from Σ by u � v,
or w (possiblywith subscripts.)We denotethe lengthof a word w by 
w 
 . An empty
w
�

ε haslength0, afinite wordw
��� � 0 � 1 � 2 ����� � n � haslengthn � 1. Weusei � j, andk

to denotenon-negative integers.We denotethe ith letterof w by wi � 1 (sincecounting
of lettersstartsat zero).Wedenotewi � � thesuffix of w startingat wi. Thatis, for every
i ��
w 
 , wi � � � wiwi � 1 ��� w �w � � 1. Wedenoteby wi � � j thefinite sequenceof lettersstarting
from wi andendingin w j. That is, for i � j ��
w 
 , wi � � j � wiwi � 1 ��� w j andfor j � i,
wi � � j � ε.
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Temporalexpression Name

a atom�
t � parenthesis

t1 and t2 conjunction

t1 or t2 disjunction

t1 ; t2 sequence�
0� empty�
1 ��� � t true-matchrepetition

t @ e sample

fm t first-match

fail t fail

Table1: Abstractsyntaxof temporalexpressions

2.1 Semantics of atoms

The semanticsof atomsis assumedto be given by a relation 
�
 � � Σ ! � , relating
lettersin Σ with atoms:

� �"� a � 	#
�
 � if f a 	$� ; we usetheequivalentnotation �%
�
 � a,
andsaythat � satisfiesa.

2.2 Semantics of temporal expressions in sampled-normal form

Temporalexpressionsaredefinedover finite wordsfrom thealphabetΣ. Thenotation
w 
& t, wherew is a finite word andt is a temporalexpressionmeansthatw models
tightly t. Thesemanticsof temporalexpressionsin sampled-normalform aredefined
asfollows. Let p bea proposition,e � q denoteevents,andt � t1, andt2 denotetemporal
expressionsin sampled-normal form. Then:
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w 
& cycle @ any ')( 
w 
 � 1 andw0 
�
 � any (1)

w 
& cycle @ e ')( w �w � � 1 
�
 � e and* i ��
w 
,+ 1 : - � wi 
�
 � e � (2)

w 
& p @ e ')( w �w � � 1 
�
 � p andw 
& cycle @ e (3)

w 
& e @ q '.( / j ��
w 
 : w j 
�
 � e andw 
& cycle @ e (4)

w 
& � t � ')( w
�

w 
& t (5)

w 
& t1 and t2 ')( �
w 
& t1 � and

�
w 
& t2 � (6)

w 
& t1 or t2 ')( �
w 
& t1 � or

�
w 
& t2 � (7)

w 
& t1 ; t2 '.( / u � v s.t.w
�

uv and
�
u 
& t1 � and

�
v 
& t2 � (8)

w 
& � 0�0'.( w
�

ε (9)

w 
& � 1 ��� � t ')( eitherw 
& t or / u � v s.t.w
�

uv andu 
& t andv 
& � 1 ��� � t (10)

w 
& t @ e ')( �
w
�

ε andε 
& t � or� / u �1�"� v s.t.u � v � w andu �2
& t and� v 
& cycle @ e �
(11)

w 
& t @ e ')( �
w
�

ε andε 
& t � or� / u �1�"� v s.t.u � v � w andu �2
& t and� v 
& cycle @ e �
(12)

w 
& fm t ')( w 
& t and* u � v uv
�

w�3
 v 
54 0 : - � u 
& t � (13)

w 
& fail t '.( � * u : - � wu 
& t ��� and� * u � v uv
�

w �3
 v 
54 0 : - � u 
& fail t ���
(14)

2.3 Sampled-normal form

Every top-level temporalexpressionhasa samplingevent. If thetop-level expression
is of theform t @ e, thene is its samplingevent. Otherwiseif thattop-level temporal
expressionis embeddedin a TCM, it inheritsthesamplingeventfrom thatTCM. In a
lastcase,thetop-level temporalexpressionappearsunderanevent,expector assume
structmember;in thatcaseits samplingeventis any.

Thefirst stepto uncover thesemanticsof a top-level temporalexpressionis to put
it in sampled-normal form. Formallythis is accomplishedby afunction 6 thattakesas
first argumenta temporalexpressionandassecondargumentanevent,andproducesa
temporalexpressionin sampled-normalform asa result.

For a top-level temporalexpressiont whosesamplingevent is q, 6 � t � q � givesthe
sampled-normalform of t.
6 is definedrecursively asfollows:
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6 � a � q � � a @ q (15)

6 ��� t � � q � ��� 6 � t � q �3� (16)

6 � t1 and t2 � q � � 6 � t1 � q � and 6 � t2 � q � (17)

6 � t1 or t2 � q � � 6 � t1 � q � or 6 � t2 � q � (18)

6 � t1 ; t2 � q � � 6 � t1 � q � ; 6 � t2 � q � (19)

6 � � 0�7� q � � � 0� (20)

6 � � 1 ��� � t � q � � � 1 ��� �86 � t � q � (21)

6 � t @ e � q � � 6 � t � e � @ q (22)

6 � fm t � q � � fm 6 � t � q � (23)

6 � fail t � q � � fail 6 � t � q � (24)

2.4 Semantics of temporal struct members

2.4.1 Event declaration

Considerthefollowing structmemberdeclaration:

event e is t@q

Let w bethetrace,thenthisconstructdefinesanevente asfollows:

wi 
�
 � e ')( / j � i s.t.
�
either

�
j
�

0� or w j � 1 
�
 � q � andw j � � i 
& t @ q

[In otherwords,e holdsatpoint i if eithertheprefixof thetraceendingwith i matches
t @ q, or thereis a earlierpoint j so that q holdsat j + 1 and the part of the trace
startingwith j andendingin i matchest @ q.]

2.4.2 Expect declaration

Considerthefollowing structmemberdeclaration:

expect P is t@q

This is equivalentto thedefinitionof anevent:

event P is fail t@q

Any occurrenceof thiseventwill bereportedasaviolationof propertyP.
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3 Derived operators and syntactic sugar

To make it easierto maptheconcretesyntaxonto theabstractsyntax,we definethe
following syntacticsugarfor theabstractsyntax:

� ��� � t �9� � 0� � or
�
1 ��� � t (25)� ��� n � t �9� � 0� � or
�
1� t or ����� or

�
n � t (26)�

n ��� � t � � n + 1� t ;
�
1 ��� � t (27)�

m ��� n � t � �m � t ;
� ��� � n + m � � t (28)�

0� t � � 0� (29)�
n � t � t; t; ����� t: ;=< >

n terms

(30)

Table2 summarizesthemappingof theconcretesyntaxto theabstractsyntax.

ConcreteSyntax AbstractSyntax Name
cycle cycle True
@any any Any
@e e Event
true(exp) p Proposition
@e@q e @ q Sample
true(expr)@q p @ q Sample 2
t@q t @ q Sample 3
t1 or t2 t1 or t2 Disjunction
t1 and t2 t1 and t2 Conjunction? ? ?
t1;t2 @ @ @ t1 ; t2 Sequence
fail t fail t Failure
t1 => t2

�
fail t1 � or

�
t1 ; t2 � Yield

[n]*t
�
n � t Repeat

˜̃̃[..]*t
� ��� � t True Match

˜̃̃[..n]*t
� ��� n � t True Match

˜̃̃[n..]*t
�
n ��� � t True Match

˜̃̃[m..n]*t
�
m ��� n� t True Match? ? ?

[..]*t1 ;t2 @ @ @ fm
� � ��� � t1 ; t2 � First Match? ? ?

[..m]*t1 ;t2 @ @ @ fm
� � ���m � t1 ; t2 � First Match? ? ?

[m..]*t1 ;t2 @ @ @ fm
� �

m ��� � t1 ; t2 � First Match? ? ?
[m..n]*t1;t2 @ @ @ fm

� �
m ��� n � t1 ; t2 � First Match

Table2: Summaryof temporaleoperators

4 To be done
� detach
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� rise,fall, change

� delay

� not
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