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Representing and Analyzing Time and Causality 

in HIQUAL 110dels 

Hans Voss 

Abstract: Interest in ferti le representations of complex 
mechanisms is vlidely increasing. For a variety of reasons many 
present AI-systems either anticipate or already have a desperate 
need for a deeper understanding of their respective domains of 
discourse. 

HIQUAL is both a representation language and a tool for the 
anaLysis of the structure and behavior of complex systems. In
dividuaL components may be arranged horizontally as a set of 
highLy moduLar, communicating modeL instantiations, designed to 
represent one leveL of abstraction. Separated from the in
dividuaL models, verticaL reLations between models at different 
levels of abstraction allow for the formation of hierarchical 
representations. This paper focuses on the temporal and causaL 
anaLysis of HIQUAL modeLs. The presentation is mainLy based on a 
simple bat detai led example. 
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1 Introduction 

1 Introductlon 

A common source of many significant problems encountered in 
the fieLd of expert systems and other areas of R&D in AI is the 
Lack of both common sense worLd knowLedge and flexibLe knowLedge 
about the structures and poSsible behaviors in the domains of 
discourse. In accordance with [Hart 82J and simi Lar discussions 
in [Chandrasekaran 83J, this Latter kind of knowLedge wiLL be 
referred to as deep knowledge. 

1.1 Overview on HIQUAL 

HIQUAL has been designed and - by now, that is August '85
partiaLLy implemented as a representation system for hierarchi
caL and quaLitative knowLedge, mostly about technicaL systems. 
Easy deveLopment and anaLysis, versati Le usage, and comfortabLe 
management of deep kno'.'ILedge structures are its major design 
goaLs. The achievements and mechanisms of HIQUAL shall now be 
surveyed with respect to these go~Ls. 

Easy Development: Composite aggregates reflecting the struc
ture of the system to be modeLed may be constructed from in
dividuaL moduLar components. These components in turn may be 
newLy constructed for this appLication, or they may be fetched 
from a Library of aLready existing system components. Of course, 
components of one aggregate may themseLves be aggregates com
prising many other objects. 

Eas~ Analysis: Whi Le it should be possible to model a system 
as conciseLy as needed, the compLexity of the representation 
shouLd not prohibit a detaiLed anaLysis of the possibLe 
behaviors of the system. In HIQUAL, the generaL behavior of each 
component prototype is first analyzed in isoLation, before aLL 
components of one LeveL combine their behavior descriptions 
producing a representation of the overaLL behavior. This com
pLexity reduction, too, is a consequence of the moduLarity of 
the individual components. 

Versatile Usage: In order to support many diverse appLication 
processes, deep kno\~Ledge shouLd be independent from the respec
tive appLication. In other words: different probLem soLving 
s t rat e g i e s Li kef 0 r \'1 a r d/b a c kvi a r d c h a i n i n g 0 r " mi xe d " con t r 0 l , 
suppLemented by appropriate knowLedge for the considered probLem 
cLass (e.g. explanatory, diagnostic, design or pLanning 
knowLedge) shouLd aLL reLy on the same kerneL of deep knowledge. 

For the time being~ HIQUAL has not been fieLd tested in a 
reaListic setting. Therefore, hard facts must be substituted by 
a fair optimism w.r.t. this goaL. 
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1 Introduction 

Comfortable Management: Supporting efficient deveLopment 
cycLes~ individuaL objects as well as (sub-) system hierarchies 
of generaL interest may be stored in libraries. Modification of 
objects for special uses is facilitated by automatic con
siderdtions of mdny consistency checks among the objects in the 
hierarchies. New hierdrchies may be constructed top-down~ 

bottom-up~ or in a free mix of both techniques. 

This paper only discusses the temporaL and causal analysis of 
a system of HIQUAL models. Representing hierarchies of models is 
an additionaL subject of a forthcoming report. 

1 2 Related Work 

The current shape of the HIQUAL language and the HIQUAL 
anaLysis system has been infLuenced by at Least three concepts 
deveLoped in rather diverse fields. 

1. Although the semantic structures differ in many details~ the 
overall syntactic structure and the principal asynchronous 
behavior of different HIQUAL models is similar to agents in the 
actor language CSSA (e.g. [Beilken/Mattern/Spenke 8ZJ~ the de
velopment of which the author has participated in. 

2. The basic terminology for the temporal analysis of in
dividual objects and compound systems is based on the represen
tation of temporal intervals in [ALlen 83J and [Vilain 82J. 
SimiLar techniques for representing temporal reLations between 
events in the physical world have been applied in the KIT 
project in Berlin~ where an event is reg~rded as the meaning of 
part of a naturaL language text [Guenther et al 83J. 

3. The general structure of the HIQUAL representation and 
anaLysis system in some respects resembles the ENVISIONING sys
tem Ce.g. [de Kleer~Brown 83~a4J). Unlike ENVISIONING~ HIQUAL 
does not base its behavioral analysis on qualitative differen
tiaL equations as descriptions of the naive physics of the 
domain. Compared with ENVISIONING~ the modeLing approach 
suggested by HIQUAL is not connected as closely to the models of 
concrete physics. However~ it provides more elaborate faci lities 
for the specification and the automatic synthesis of quaLitative 
temporal reLations between events and the states of the objects. 

The independent deveLopment of QRL [RauLefs 84J intensiveLy 
describes the behaviors of objects and processes by explicitly 
specified structures of temporal intervals. In HIQUAL~ most of 
the corresponding structures wouLd be derived automaticaLLy 
during tile temporaL anaLysis without the need for expLicit 
representations. 
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1 Introduction 

As a general reference to other related work, citing the 'Spe
ciaL VoLume on Qualitative Reasoning about Physical Systems' of 
the journaL 'ArtificiaL InteLLigence' [AI JournaL 84J shouLd 
suffice. 

-4



2 Qualitative Relations Between Temporal Intervals 

2 Qualitative Relations Between Temporal Intervals 

The basic mechanism for the representation of temporal 
knowLedge in HIQUAL models and in HIQUAL's temporal analysis 
(TA) is defined in [ALLen 83~84J. Therefore~ onLy the main char
acteristics are surveyed: 

1. For technicaL reasons and in substance, there exist onLy 
non-zero temporal interval~. NevertheLess~ TA incorporates an 
extended mechanism for designating special intervals as qU~lit~
tive time points (cf. section 4.1). 

2. Between two concrete intervals X and Y, exactly one of 
seven disjoint relations or one of their inverses may hoLd (see 
Fig 1). In the foLLowing, Let RALLEN be the set of aLL 13 possi
bLe reLation names. 

3. Uncertaint~ or missing knowledge about the concrete re
lation between two intervals can be represented by stating aLL 
reLations which migilt hoLd. E.g. for intervaLs 11 and 12~ and 
R~RALLEN~ 11 -- R --) 12 is interpreted as foLLows: if 
11 -- r --) 12 holds for some r€RALLEN~ then r€R. 

4. Given some relations between a subset of intervals, the 
resuLting reduced reLations between aLL intervaLs can be com
puted by constraint pt'opa~ation~ using a compLete transitivity 
matrix for each combination of two of the 13 reLations. 

ExampLe: 11 -- starts-in --) 12 A 12 -- m --) 13 
~ 11 -- starts-before --) 13 

where	 starts-before := {<,m,o,fi,di}, 
starts-in {=,d,oi,s,si,f}. 

Let R~RALLEN; then 

invCR)~RALLEN is the resuLt of SUbstituting every reLation 
in R by its inverse reLation~ 

notCR) := RALLEN\R is the compLement of R. 

Example: - 11 -- <~m~o~fi~di --) 12 ~
 

11 <-- inv«,m~o,fi,di) -- 12 ~
 

11 <-- )~mi,oi~f~d -- 12
 

- 11 notCstarts-before) --) 12 
~ 11 -- =~>~mi~oi~f,d,s,si --> 12 
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2. Qualitative Relations Between Temporal Intervals 

relation symbol inverse graphics 

X before y < > xxx 1'1'1' 

X 

X 

equal 

meets 

y 

Y 

I 
= 

m 

= 

mi 

xxx 
1'1'1' 

xxxyyy 

X overlaps y 

, 

0 oi xxx 
yyy 

X during Y d d i xxx 
yyyyy 

X starts y s si xxx 
1'1'1'1'1' 

f iX finishes y f xxx 
1'1'1'1'1'I 

Fig.1 : The temporal relations of Allen. 
(F i g. taken from [ALLen 83] ) 

COIL 

CLAPPER 

(2a) 

C.v [I.. it ( ~) i'
.-------.....-.-._--,...------'--.......<....---, 

'-----....J·_..Ti \ S. I Q~:> 
--~,~ -...__._----.~ 

(Zb) 

Fig.2a: 
Fig.2b: 

A naive picture of a buzzer 
A two-LeveL buzzer hierarchy 
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3 Defining Models in HIQUAL 

3 Defining Models in H!QUAL 

An example being adopted from [de Kleer/Brown 83] describes 
the behavior of a buzzer with its two components: a coil and a 
clapper. Fig. Za shows a naive picture of the buzzer structure. 
A two-LeveL hierarchy of the buzzer is depicted in fig. 2b. 

The HIQUAL model definitions for COIL and CLAPPER (fig. 3 and 
4) wiLL be first expLained informalLy. The following presen
tation of the resuLt of the temporaL analysis in essence can be 
viewed as a formal definition of the semantics of the modeLs. 

A model of type CLAPPER has an input port TENSION-I of type 
FORCE and two output ports CUR-O and NO:SE. NOISE of type SOUND 
has three possible vaLues: usually, there is no noise (quiet); 
and onLy for instants of time, the noise may rise to a low or 
high vaLue, resp. (The is-inst-construct is used here merely for 
demonstration without the objective of realistic modeLing). In 
the development of large systems, commonly used type and func
tion definitions (functions are not needed in this example) may 
be stored to and fetched from gLobal databases [Scherer 85]. 

A CLAPPER modeL is either in facet CLOSED or OPENED. Both 
facets are termed as okfacet~. The distinction between okfacets 
and eXfacets (exception facets) as their counterparts is onLy 
relevant for special appLication processes such as diagnosis or 
monitoring. Exception facets are not further needed and dis
cussed in this paper. Each facet consists of only one ruLe. 
Facet CLOSED is Left when a vaLue high is received in port 
TENSION-I. For Later reference in the reLations-clause the 
precondition TENSION-I=high has been provided with the LabeL 
'a'. The comma between the two actions of CL indicates that the 
syntactic ordering of the actions in the right hand side (rhs) 
of a ruLe is semanticalLy not important. The effect of rule CL 
is a switch to the new state OPENED, and issuing a 
'CUR-O=O' - message to the modeL connected with port CUR-D. 

RuLe OP of CLAPPER and the definition of COIL work according 
to the same scheme. In all cases, the interpretations of the 
relations-clauses will be explained later. Finishing the in
formal expLanation, each instantiation of CLAPPER (COIL) 1S 

restricted to be initialLy in facet OPENED (OFF). 
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3 Defining ModeLs in HIQUAL 

type CLAPPER is modeL 

types CURRENT 
FORCE 
SOUND 

is (neg;O;pos); 
i s (l 0 \'J ; h i 9 h) ; 
is (quiet; low is inst; high 

ports in TENSION-I is FORCE; 
out NOISE is SOUND, 

CUR-O is CURRENT; 

okfacet CLOSED is 
CL is preconds (TENSION-I=high a); 

actions enter OPENED, CUR-O=O; 
relations facet is im with a; 

fi,o,d; 
i rn v} i t h 
i m \'J it h 

a is 
b is 
c i s 

OPENED is 
preconds (TENSION-I=Lo\'J a); 

actions enter CLOSED, (NOISE>quiet 
(CUR-O>O c); 
\'Jith facet, 
facet, 
facet; 

relations 

okfacet 
OP is 

initially OPENED; 
end CLAPPER; 

Fig.3: The HIQUAL definition of CLAPPER 

is insU; 

b) , 

type COIL is model 

types CURRENT 
FORCE 

is (neg;O;pos); 
i s (l 0 \'J ; h i 9 h) ; 

ports in 
out 

CUR-I is CURRENT; 
TENSION-O is FORCE; 

okfacet ON is 
ON-R is preconds (CUR-I=O a); 

actions enter OFF, (TENSION-O=Low 
reLatior,s b is deL with a; 

okfacet OFF is 
OFF-R is preconds (CUR-I>O c); 

actions enter ON, TENSION-O=high; 
reLations c is fi,o,di \'Jith facet; 

initiaLLy OFF 
end COIL 

b); 

Fig.4: The HIQUAL definition of COIL 
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4 The Temporal Analysis of Single Models 

4 The Temporal Analysis of Single Models 

Before anaLyzing a system of modeLs, each individual modeL of 
the system wi II be examined in separation. 

4.1 Associating Temporal Intervals with States and Events 

TA defines the semantic of HIQUAL modeLs by determining the 
possibLe behaviors of the models. OnLy some of the important 
concepts can be iLLustrated in this paper. 

Behavior is essentiaLly described as a set of reLations 
between the temporal intervals associated with the events and 
states of the model executions. In the ontoLogy of TA, ~tates 

are instantiations of facets. An event is defined as the 
"occurence" of 

an action on the rhs of a ruLe, which is not an enter
action, 

a matching condition on the Lhs of a ruLe. 

States and events are partiaLLy denoted by the syntacticaL 
objects (conditions, actions, facets) of the modeL. Unique deno
tations for states and events, and hence, for the intervals in 
which they are occuring, are obtained by adding the following 
quaLifications: 

the name of a modeL instance, or the name of the modeL type 
if onLy one instantiation is considered; 

the name of the ruLe in which the condition or action 
occurs (not needed for states); 

a number, say i, for the i-th instance of the 
state/condition/action during the (hypotheticaL) modeL ex
ecution. is caLled the index of the intervaL. 

In addition to these parameters, a fourth parameter specifies 
the type of the occurence as one of the values in (in
stantaneous), ni (not instantaneous). The type of an occurence 
is 'in', if its respective facet or value decLaration in the 
modeL incLudes the 'is-inst'-cLause. Unfortunately, there is in
sufficient space to go into the exact detai Ls of the con
sequences of an 'is-inst' specification. PrincipaLLy, the possi
ble temporal relations, say R', of an instantaneous occurence 0 1 

with another occurence O 2 is restricted to a subset of the re
Lation set, say R, which wouLd be estabLished if 0 1 were non
instantaneous. The concrete shape of the restriction depends on 
the type of O 2 : 
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4 The Temporal Analysis of Single Models 

if O 2 is non-instantaneous, then R' := R\{o,=,fi,si,oi,di}; 
i.e. 0 1 must not be equal with O 2 or have both a common 
part and a disjoint part with O 2 , 

i f O 2 is instantaneous, then R' := R\{o,s,d,f,fi,si,oi,di}; 
i . e. two instantaneous events either are equal, or they 
meet, or one is before the other. 

Example: Let	 inst1, inst2 be instantaneous events; 
ninst be a non-instantaneous event; 
inst1 -- m --> ninst <-- m -- inst2; 

then	 inst1 -- = --> inst2 is the result of the 
extended propagation algorithm respecting the 
types of intervaLs. 

AlLen's propagation aLgorithm would estabLish 
inst1 -- f,fi,= --> inst2. In contrast to ALLen, and simi Lar to 
our approach, Vi Lain expands the logic of intervals to incLude 
time points. However, there are two main differences: 

Vi Lain does not aLLow for a meets-relation (m) between a 
time point and another time point or an intervaL. (Hence, 
the e xa mp l e fro In a b0 ve \-10 U Ld not l~ 0 r k be c a use its p r e con d i 
tions cannot be satisfied.) This seems reasonable because 
Vi Lain's time points reaLLy correspond to points - say, on 
the real axis whereas instantaneous states/events in 
HIQUAL are stilL considered as intervaLs, if only very 
smaLL ones. 

For each possible relation between two time points, and 
between a time point and an intervaL, Vi Lain introduces a 
new temporaL relation. ConceptualLy, aLLowing the 'oLd' 
reLations to respect the types of their arguments, and onLy 
manipulating the resuLt of the propagation operation seems 
to be the simpLer idea. 

TA does not reaLLy execute the models, but tries to estabLish 
the set of aLL possibLe behaviors. Therefore, TA usually refer~s 

to fixed but undetermined temporaL intervals by using variable 
indices or more general "index expressions". In unambiguous con
texts, the instantiation and the rule parameter are optional. 
Let <caf> be a condition, an action, or a facet; <inst-name> be 
ani n s tan t i a t ion n Cl me ( 0 r a mo·d e l t Ypen a me) ; t y pe € { ni, in} ; 
then 

<caf> [ / [ <inst-name> ] / [ <rule name> ] ] / <type> / <index> 

is the generaL format of event/state-expressions, ES-expre~~ion~ 

for short. Arguments enclosed in square brackets are optionaL. 
For example, 

- 10



4 The TemporaL AnaLysis of SingLe ModeLs 

OFF/COIL/ON-R/ni/1; NOISE>quiet//OP/in/j; CUR-I=O/ni/i-1 

are valid ES-expressions. 

4.2 E$t2blishing Temporal Relation~ 

The generaL format of a temporaL reLation between two ES
expressions is an extension of AlLen's notation: 

where <ont-type> is the "ontological" type of the reLation (see 
below); <arel> is 2 subset of RALLEN; <es i >,i€{1,2}, are ES
expressions. Existing ontoLogical quaLifications must be expLic
i t l Y s Pe cif i e d, 0 the r \.J i s e i t \.J iLL b e ass ume d t hat nos uc h q ua l i 
fications exist. 

The essentiaL resuLt of TA is a set of these relations. In a 
rather crude presentation of the formaL background, an interpre
tation r of this set associates a concrete intervaL r(es) with 
e a c h ES- e xp t~ e s s ion e sin con s i cl e t' a t ion, s uc h t hat for eve r y 
temporaL relation specification (*) the folLowing hoLds: 

PLease notice the dashed arrow (cf. chapter 2) being used for 
the interpreted expressions. A more formaL treatment must take 
some care for gener<ltin9 consistent substitutions of muLtipLe 
occurences of index variables. 

4.2.1 Ontological Re!ation~hio$ 

The foLlowing ontoLogicaL qualifications are distinguished by 
TA: 

if a new state is estabLished in an enter-action of a ruLe 
R, then (the ES-expression for) this state is defined by 
(id) the events denoted by the conditions of R; the 'old' 
state corresponding to the facet encompassing R is left by 
(il) these conditions. 

events denoted by non-enter-actions on the rhs of a rule 
are said 

- to be effected in ~ 

the state in which they are occuring. This state is 
either denoted by the facet name of the enter-action of 
R, or, if no enter-action exists, by the facet R beLongs 
to. 
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4 The Temporal Analysis of Single Models 

- to be caused by ~ 

events denoted by the conditions on the lhs of R. 

an event denoted by a condition in a rule R without 
action is regl$ter"Ed ii...cl. in the state corresponding 
facet in which R is defined. 

enter
to the 

If a relation containing 'id','ie','ic', 'il', or 'ir' is in
verted Cbuilding inv of the temporal relation), then the 
on t 0 log i c <.3 l q LI iJ l i f i c Cl t ion \.} ill a l sob e i n v e r t e d t 0 ~, 'e'--' 
~, ~, or ~, resp. 

TA associates a default temporal relation with each ontologi
cal reLationship: 

the temporaL aspects of id and ic are defined by the 
standard reLation notCstarts-before). Effects may not start 
before their causes. 

the temporaL aspect of ie is represented by the relation 
starts-in. 

'iL' is associated with the relation notC<,mi). 

'ir' is associated with the relation notC>,m). [Notice that 
invCnotC),m» = notC<,mi), which is the temporal reLation 
for i L. Indeed, i L can be considered as a special case of 
'r' Cregisters). ] 

These standard relations allow for very liberal interval 
relations, i.e. only the start points of the intervaLs are 
restricted, whereas the end points are totalLy undetermined. 
Hence, delayed effects as well as causes and effects occuring 
simultaneously (like e.g. in a system of connected gears) may be 
mod e Led. I n pr act ice, h 0 \-} eve r ,one 0 f ten kn 0 \.J s muc h m0 rea b 0 u t 
the reLative extensions of the states and events to be modeLed. 
For these cases, HIQUAL provides facilities for specifying ~uu
sets of the standard relations. Some special care has to be 
taken that the possibLe reLations are even more restricted if 
instantaneous events or states are part of the relation. The 
definitions of COIL and CLAPPER. in fig. 3 and 4 offer some ex
ampLes making use of these faciLities by means of the temporaL 
reLations-clause. The effects of these restrictions can be ex
amined in fig. 5 and 6. which depict the result of TA for the 
individuaL models of CLAPPE~( and COIL. For better reference in 
the text, the reLations occuring in these figures have been 
labeled. Here are some examples: 

the condition 'a {TENSION-I=Low} is Cfi,o,di) with facet' 
in ruLe OP Leads to reLation CL4 (fig.S). Notice that CL4 
uses invUi,o,di)=(f,oi,d); 
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4 The Temporal Analysis of Single Models 

'c {CUR-O>O} is im with facet' in rule OP generates the 
restricted reLation CL6. 'im' is a shorthand for (=~s~si)~ 

expressing the immediate start of the state w.r.t. the 
event. 

'b {TENSION-O=Low} is deL with a {CUR-I=O}' in ON-R yieLds 
C07 Cfig.6). 'del' as a shorthand for er,oi,d) expresses 
the delayed effect of the tension going down to 'low' due 
to zero current. 

Notice that the expLicit restriction of more than one standard 
relation may lead to inconsistencies recognized by generating an 
empty reLation during the constraint propagation. Unfortunately~ 

the development of aLL reLations occuring in the figures cannot 
be explained in this paper. 

4,2.2 The Continuity Assumption 

Most modeLs of the physical worLd make the general assumption 
of continuity, i.e. they work according to the (simplifying) 
principle of variabLes changing their vaLues continuousLy. 
HIQU~L respects the continuity assumption by controLLing the 
vaLue transitions in in-ports for possibLe departures from can
tin u i t y • The cur r e n t i In P Le men tat ion 0 n Ly aLL 0 \'1 S for e xp Li c i t 
con tin u 0 us t t~ a nsit ion s . AS cl n e x a rr: p l e ~ con s i cl e t' the f 0 LL0 \-! i n 9 
hypotheticaL situation: for a port P of type T=(t1;tZ;t3) TA 
r e cog n i zest hat P c h a n 9 e sit s V 2 LCl e f t~ 0 m t 1 tot 3. TA \-1 iLL i nd i 
cote this situation as a potentiaL fLaw in the modeling. In a 
more advanced impLementation~ Th wi LL probabLy add to its result 
the expLicit information that P must have had the vaLue tZ 
during an intervaL immediateLy between the intervals for the 
values t1 and t3. 

The incorporation of the continuity assumption is one of the 
important differences between TA and "usual" temporaL semantics 
of distributed systems. 
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4 The Temporal Analysis of Single Models 
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Fig.6: Temporal relations of COIL. 
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Fig.7: Interval graphic for the CLAPPER/COIL system 
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5 Analysis of a System of ModeLs 

5 Analysis of a System of Models 

A system of modeLs is defined by instantiating and connecting 
its individual components. E.g., a CLAPPER/COIL system can be 
defined by 

LeveL 8UZZER-1 is 
models C is COIL, CL is CLAPPER; 
connect CUR-I (C) = CUR-O (CL), 

TEr~SION-I (CL) = TENSION-O (C); 

The important effect for TA consists of the "temporal identifi
cations~ of the in- and out-ports, and hence the possible 
propagation of temporaL reLations across the borders of the in
dividual models. In the simplest possible case, an out-event of 
a sender may be exactly identified ('1ith a corresponding in-event 
of its receiver. In the exampLe, the combination of the two 
modeLs can be represented by adding the foLLowing reLations to 
the un ion 0 f the CL A PP ERa nd COl L I' e la t ion s : 

COMB1 : CUR-I=O/ni/i --- = ---) CUR-O=O/ni/i 
C01·\82: CUR-I)O/ni/i --- = ---) CUR-O)O/ni/i 
COr'lB3 : TE I'J S ION - I =l 0 \.J /n i / i -- = --) TEN S ION - 0 = l 0 \oJ /n i / i 
COr'iB4: TENSION-I=high/ni/i -- = --) TENSION-O=high/ni/i 

In generaL, these combination relations are not as simpLe as in 
the example. If, for example, COIL would receive 'CUR-I=1' in
stead of 'CUR-I)O' in OFF-R (a suitabLe definition of CURRENT 
pres up p 0 sed) , 1'/ h i lee LAP PER i s s t ill s end i ng "0 n Ly " , CUR - 0) 0 ' , 
then mony continuations are possibLe, depending on whether CUR-O 
increases up to the vaLue 1 (and if, how often ?) or remains be
L01'). 

Presenting the result of TA as the effect of propagating 
COMB1-COMB4 as a new set of linearLy Listed reLations wouLd be 
boring both for the reader and the author. Instead, fig.7 
visualizes the final relation set by an intervaL graphic 
depicting two cycLes of the BUZZER-1 system. The LabeLing of the 
intervaLs deLiberateLy uses obvious abbreviations. A "sLashed" 
part of an intervaL covers its possibLe starting points, a 
"back-sLashed" part of an intervaL denotes its possible end 
points. 

There are many interesting observations the reader is invited 
to make on her or his own. As a start, one might be attentive to 
the different overLapping reLations between OFF and CLOSED on 
the one hand, and ON and OPENED on the other hahd. One thing the 
graphic shows at any rate, namely that even in such simpLe exam
pLes the combination of individuaLLy simpLe components may ex
hibit sophisticated behavioral detai Ls which scarceLy can aLL be 
recognized in advance. 

1 h 



6 Conclusions 

6 Conclusions 

HIQUAL has been described as a representation language and as 
a system for the quaLitative temporaL and causaL anaLysis of 
(physicaL) systems. The resuLts of the local anaLysis of each 
individuaL model can be merged to obtain the gLobaL behavior of 
a whoLe system of connected modeLs. HIQUAL is distinguished by 
integrating such concepts as 

(systems of) highLy modular models constructed according to 
the message passing paradigm; 

the interpretation of states and events as temporaL inter
vaLs denoted by suitabLy indexing the corresponding syntac
tical eLements in the model definitions; 

the interpretation of messages as continuous fLow of 
materiaL and forces; 

the permission of instantaneous events and states as 
speciaLly handled temporal intervals; 

the bui Lding of hierarchies of object representations (no t 
discussed in this paper). 
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7 Future Work 

7 Future Work 

Much work remains to be done both at the conceptuaL and the 
impLementation LeveL. 

An impLementation of a precursor of HIQUAL incLuding a data 
base system for the management of modeLs~ modeL hierarchies~ and 
gLobaL type and function definitions to be used in different 
modeLs has been compLeted in spring '85 on a SymboLics 
Lispmachine. This system has been tested by a three LeveL 
modeLing of an internaL-combustion engine (without a compLete 
t e In p 0 l~ a L a n a Ly s i sas d i s c us s e cl i nth i spa per) [ S c her e r 8 5 ] • The 
experiences with this first prototype Led to the integration of 
quaLitative temporal relations~ as discussed in this paper. Im
pLementation of the new system is in progress. 

The conceptuaL work wiLL be extended in severaL directions~ 

\.J her e the f 0 c u S \.J iLL be 0 n 

the refinement of the data fLow anaLysis for HIQUAL modeLs~ 

i.e. for generating more accurate index informations; 

the more profound eLaboration of the underlying temporaL 
Logic; 

refinement of the temporaL specifications incLuding du-
ration reasoning; 

extensions of the basic framework in the direction of 
specific appLication cLasses Like expLanation and justifi
cation components being used by "conventionaL" expert sys
t ems . This \'J iLL c e r t a i n Ly i nc Lu cl e the for rn a t ion 0 f 
processes and episodes (cf. [Forbus 84]) as suitabLe 
2bstractions for the behaviors estabLished by TA. 
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