
PART II 

Languages 

The need of formal languages for programming is obvious. For the mechani- 
cal processing of a program by a compiler or interpreter a formalized input is 
required. The need of formal languages for the specification of software is less 
obvious. However, if specifications are to be processed by automatic tools to 
check their well-formedness, if specifications serve as a precise basis for under- 
standing, and if specifications are processed by machine supported verification 
tools formal languages are required, too. 

Specification languages are to support the formalization of the requirements 
in an understandable way that is appropriate to form a basis of agreement. They 
have to provide constructs for understanding the requirements in a modular way. 
Most of the activities of correctness directed software development consists in 
writing, transforming, and analyzing of specifications in the specification lan- 
guage. Therefore the specification language has to be carefully adapted to these 
development issues. 

The goal of this part is to present languages with high expressive power, 
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such that the notion of correctness can be integrated smoothly into a method of 
program construction with this languages. The first paper, K o R s o  R e f e r e n c e  
Languages  - Concep t s  and  App l i ca t i on  Domains ,  gives an overview of 
these languages and, at the same time, touches on nearly all the other topics, 
most particularly the case studies. 

The next paper, How to  Cope  wi th  the  S p e c t r u m  of  SPECTRUM, shows 
the syntactic and semantic connections of the specification language SPECTRUM 
with two other existing languages, which can be seen as executable subsets of 
SPECTRUM. 

The paper A F i n e - G r a i n  Sor t  Discipl ine  and  I t s  App l i c a t i on  to  For- 
mal  P r o g r a m  C o n s t r u c t i o n  describes in highly technical terms the synthe- 
sis of functional programs in the framework of a formally based development 
method. This gives a mathematical base for overloading and may be used to 
automate some steps in program development. 

The last paper in this part, TROLL l i g h t  - T h e  Language  and  its Devel-  
o p m e n t  E n v i r o n m e n t ,  gives an informal outline of this specification language 
with its object-oriented features and special development and animation envi- 
ronment. This paper introduces the notion of development environment, which 
leads directly into the next part of this volume. 



KORSO Reference Languages 
Concepts and Application Domains 

H.-D. Ehrich (ed.) 

Abteilung Datenbanken, Technische Universit~t Braunschweig 

Abstract. This paper gives an overview of the three KORSO reference 
languages SPECTRUM, TROLL light, and SPECIAL, exposing their moti- 
vation and background, language concepts, and typical application do- 
mains. The presentation of the different languages is followed by a dis- 
cussion to what extent these languages may complement each other in 
the software development process. 

1 I n t r o d u c t i o n  

H.-D. Ehrich 

Among the KORSO project partners, there are quite a variety of specification 
and programming languages in use. In order to facilitate cooperation and com- 
munication, and to focus on concepts, unnecessary variety has to be avoided. 
However, no single approach was felt to be able to capture all requirements in 
all application areas. In order to span the range of approaches around, three 
conceptually different specification languages were selected and given the status 
of reference languages within the KoRso project. 

These specification languages are the functional language SPECTRUM (TU 
Munich), the object-oriented language TROLL light (TU Braunschweig), and the 
process language SPECIAL (V Oldenburg). As an implementation backend to 
SPECTRUM, the functional programming language OPAL (TU Berlin) was also 
given the status of a KoRso reference language. 

SPECTRUM (TU Munich) is the only language that has been newly developed 
within the KORSO project. It is based on axiomatic algebraic specification. It 
integrates approved functional programming concepts like functions as objects, 
non-strict functions, parametric polymorphism, and sort classes. The main ap- 
plication area is to develop correct complex algorithms, employing functional 
programs for expressing the algorithms. In a sense, SPECTRUM plays a central 
role in the KORSO project since it serves as a representative for the majority 
of algebraic approaches in the project. The SPECTRUM program development 
process is carried out to the level of functional programming where OPAL is 
supposed to take over. 

TROLL light (TU Brannschweig) is a dialect of TROLL, a broad-spectrum 
object-oriented specification language for information systems under develop- 
ment at TU Braunschweig. The approach integrates the traditions of data mod- 
eling, algebraic data specification and process modeling with structuring prin- 

HDEhrich
Schreibmaschinentext
M. Broy and S. Jähnichen, editors, KORSO: Methods, Languages, and Tools for the Construction of Correct Software, Final Report, pages 150–172. Springer, 1995. LNCS 1009.

HDEhrich
Schreibmaschinentext

HDEhrich
Schreibmaschinentext



151 

ciples of object-orientation. The TROLL light dialect is specifically designed for 
studying certification issues in information systems design and development. 

SPECIAL (U Oldenburg) aims at developing applications in which commu- 
nication and distribution aspects play a central role. The target language of 
program development is Occam. The approach offers several language levels, 
ranging from time diagrams close to intuition via MCTL, a variant of tempo- 
ral logic, to explicit specifications in trace logic. There are mathematically well 
founded transformations between these levels. 

The KORSO reference languages cover a wide spectrum of applications. How- 
ever, an obvious question is how to use the languages pragmatically: for which 
application domains should which language be used? Are the languages well 
suited for their respective application domains? Are there application domains 
not well supported by any of these languages? Is it feasible to use more than one 
language in one application? If so, how can partial specifications with different 
languages be integrated? 

Questions like these are discussed in chapter 5. It goes without saying that 
not everything is clear, further investigation is needed. 

Of course, languages cannot be judged without a thorough discussion of a 
methodology for using them, and not without going through many case stud- 
ies either. These issues are addressed in companion KORSO reports [Men+93, 
Wit+92, CHL94, LL94]. 

2 S P E C T R U M  

F. Regensburger, W. Grieskamp, C. Gerke 

2.1 Mot iva t ion  and background 

The specification language SPECTRUM is one of the KORSO reference languages. 
Its development is part of the Technical University of Munich's contribution to 
the KORSO Project. SPECTRUM is an axiomatic specification language. Its de- 
sign was influenced by experiences that the supervisor of the KORSO project, 
Manfred Broy, gained in earlier projects such as CIP [BBB+85] and PROSPEC- 
TRA [KBH91]. SPECTRUM is intended for use in the process of specification and 
development of software and hardware systems. 

In computer science there are two main trends concerning formal meth- 
ods and techniques used in the process of specification and development. The 
first is the algebraic school, surveyed in [Wir90]. The second is the family of 
type-theoretic languages, represented for example by the systems for the non- 
constructive type theories, HOL [GM93] and LCF [WGM79, Pau87], and for 
the constructive type theories, Nuprl [C+86] and LEGO [LPT89]. Both families 
have a long tradition which reaches back to the beginning of this century, and 
all formal methods for specification and development are based on them to some 
extent. We will discuss their influence on SPECTRUM more thoroughly in the 
next section. 



152 

SPECTRUM is a language which permits - within reasonable limits - the de- 
scription on the syntactic level of as many as possible of a data type's intended 
properties. The properties that can only be described using model theoretic tech- 
niques should be minimized. This shift towards the syntactic level emphasizes 
the role of logic as an instrument in the development process. As a consequence, 
the required logic must have at least the expressiveness of full first-order logic 
with induction principles. It should for example be possible to describe not only 
abstract data types and their corresponding functions, but also to some extent 
relations between specifications. A method which makes use of this feature and 
which is a special instance of the KORSO methodology is described in [Bro91]. 

Describing as much as possible on the syntactic level has the advantage that 
most of the reasoning required for establishing relations between specifications 
can be done as a pure calculation in the logical calculus associated with the 
specification language. And this verification in the calculus can be supported by a 
machine, a fundamental prerequisite for the development of realistic applications. 

Correct software has to be feasible as far as executability and efficiency are 
concerned. One possible target implementation language for SPECTRUM is a 
functional language such as OPAL. OPAL is the KORSO reference language for 
functional implementations. It has been developed independently from the KO- 
RSO Project at the Technical University of Berlin under the supervision of Peter 
Pepper. OPAL is influenced by the same historical roots as SPECTRUM, but em- 
phasizes the aspects of implementation design and highly efficient compilation. 
In this chapter we will concentrate on SPECTRUM while outlining concepts and 
applications of OPAL only in so far as it is a target language of SPECTRUM-based 
software developments. 

2.2 Language concepts 

It became apparent that in order to get a specification language that fits our 
purposes, concepts from algebraic languages and type-theoretic languages had 
to be combined. Roughly speaking, SPECTRUM is an association between an 
algebra-oriented axiomatic language like Pannda-S, developed in the project 
PROSPECTRA [KBH91], and a more type theory oriented language like LCF 
[WGM79, Pau87]. An informal presentation with many examples illustrating its 
properties is given in [BFG+93a, BFG+93b]. A description of the syntax and 
formal semantics of its kernel language can be found in JOHN+94, GR94]. We 
now briefly summarize SPECTRUM'S principal characteristics. 

2.3 Influences from algebra in Spectrum 

In SPECTRUM specifications the influence of algebraic techniques is evident. Ev- 
ery specification consists of a signature and an axioms part. However, in con- 
trast to most algebraic specification languages, the semantics of a specification 
in SPECTRUM is loose, i.e. it is not restricted to initial or even term generated 
models. Moreover, SPECTRUM is not restricted to equational or conditional equa- 
tional axioms, since it does not primarily aim at executable specifications. One 
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can use full first order predicate logic to write very abstract and non-executable 
specifications, or only use its constructive part to write specifications which can 
be understood as programs. 

Loose semantics leaves a large degree of freedom for later implementations. 
In special cases it allows a simple definition of refinement as the reduction of 
the class of models. This reduction is achieved by imposing new axioms which 
result from design decisions occurring in the step-by-step development of the 
algorithms. The well-known technique of relating specifications and their models 
with different signatures via signature morphisms and reducts in an institution 
framework provides a general means for refinement of data and algorithms. 

Since writing well-structured specifications is one of our main goals, a flexible 
language for structuring specifications has been designed for SPECTRUM. This 
structuring is achieved by using so-called specification building operators which 
map a list of argument specifications into a result specification. The language 
for these operators was originally inspired by ASL [SW83]. The current version 
also borrows concepts from Haskell [HJW92], LARCH and PLUSS [Gnu86]. 

2.4 Influences from type theory in Spectrum 

The influence from type theory is twofold. On the type level SPECTRUM US- 
es shallow predicative polymorphism with type classes in the style of Isabelle 
[Nip91, NP93]. The theory of type classes was introduced by Wadler and Blott 
[WB89] and originally realized in the functional programming language Haskell. 
Type classes may be used in SPECTRUM to model both overloading [CW85, Str67] 
as well as many instances of parameterized specifications [GN94]. As in object- 
oriented languages type classes can be organized in hierarchies such that every 
class inherits properties from its parent classes. This gives SPECTRUM an object- 
oriented flavour. 

The other influence of type theory can be seen in the language of terms and 
their underlying semantics. SPECTRUM incorporates the entire notation for typed 
A-terms. The definition of the semantics and the proof system was strongly in- 
fluenced by LCF. Thus, SPECTRUM supports a notion for partial and non-strict 
functions as well as higher-order functions in the sense of domain theory. The 
models of SPECTRUM specifications are assumed to be certain continuous alge- 
bras. All the statements about the expressiveness of LCF due to its foundation 
in domain theory apply to SPECTRUM. 

In addition to type classes there are another two features in the SPECTRUM 
logic which distinguish SPECTRUM from LCF. SPECTRUM uses three-valued logic 
and also allows in a restricted form the use of non-continuous functions for speci- 
fication purposes. These non-continuous functions are an extension of predicates 
and allow to express facts in a functional style that would otherwise have to be 
coded as relations. The practical usefulness of these features is investigated in 
case studies. 
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2.5 Functional Sublanguages and Opal 

SPECTRUM already provides the entire notation for typed A-terms, and thus con- 
talns the base of any functional language as a special case. However, pure func- 
tional languages like HOPE, ML, HASKELL and OPAL [Per88, HMM86, HJW92, 
Gro91, DFG+94] differ with respect to the syntactic sugar around the A-calculus, 
the type system used, and the concepts for structuring in the large. Nevertheless, 
due to its generality SPECTRUM is powerful enough to cope with any of these 
languages as a target implementation language. 

For example, the distinguishing concepts of OPAL are on the level of struc- 
turing in the large and in the type system. OPAL does not provide polymorphic 
types, but instead an enhanced concept of parameterization. The parameter- 
ization concept is inherited from traditional algebraic specification languages 
such as CIP-L [BBB+85] or ACT-ONE [EM85, Cla88], and is augmented by the 
possibility of letting signature morphisms for actualizations be automatically in- 
ferred, much as type instantiations are inferred in languages with polymorphic 
type systems. The parameterization concept of OPAL can be modeled in SPEC- 
TRUM by its own parameterization concept. The effect of automatic inference of 
actualizations can be partially modeled by the use of type classes [GN94]. 

On the level of structuring in the large, OPAL emphasizes a discipline ori- 
ented towards the implementation of already established design specifications of 
large software systems. In OPAL a software system is a collection of structures 
which are connected by persistent import relations, such that each structure can 
be implemented independent of its application context. A structure itself is split 
into two parts: a signature part provides the external visible view, and the im- 
plementation provides the hidden internal view. The semantic relation between 
internal and external view is established by a hardwired forget-restrict-identify 
scheme, as described for example in [Wir90]. This structuring discipline can be 
modeled in SPECTRUM by its ASL-like specification building operations. 

A more detailed discussion of OPAL as a functional sublanguage of SPECTRUM 
c a n  be found in another contribution [WDC+94] to this volume. 

2.6 Appl icat ion domains  

SPECTRUM is a general-purpose specification language not streamlined for any 
special domain of application. It can be used for the specification of basic data 
types, functional programs, database systems or distributed systems. On an 
appropriate level of abstraction SPECTRUM can be applied in all of the above 
examples as a specification language, provided its basic theory is augmented by 
suitable theories for the particular issue at hand. 

Basic Da ta  Types.  Several case studies show the adequacy of SPECTRUM for 
the development of basic data types. In the case study [HNRS94] the step- 
by-step development of a functional program for the data type of AVL-trees 
is shown. The development starts with a very abstract requirement specifi- 
cation of AVL-trees which takes advantage of the full first-order predicative 
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logic supplied by SPECTRUM. This specification is then refined in sever- 
al steps to the well-known algorithmic realization of AVL-trees [Wir76]. A 
purely syntactic translation yields a program in the functional language ML 
[HMM86]. 

F u n c t i o n a l  P r o g r a m s .  Due to its syntax and semantics SPECTRUM is best 
suited for the specification of purely functional software without implicit 
state, using a functional language such as OPAL as the implementation lan- 
guage. For example, in the LEX case study an efficient generic lexical scanner 
is formally developed [BDDG93]. The starting point is a requirement speci- 
fication [Het94] which resembles an informal description of the scanner as it 
is provided by the manual pages of the operating system UMx. This require- 
ment specification is formally transformed into a more abstract  one which 
recovers the underlying problem domain more clearly. The resulting require- 
ments are then transformed into a design specification, which is later on de- 
veloped into an executable functional specification. A syntactic translation 
yields a program in the functional language OPAL. Execution benchmarks 
show, that  this program is only 7-9 times slower than the quite elaborated 
generic scanners available under UNIX. 

D i s t r i b u t e d  S y s t e m s .  SPECTRUM may be augmented by a theory of streams 
and stream-processing functions, serving then as a convenient base for the 
modelling of distributed systems [Bro88]. In this framework a distributed 
system is modeled as a network of stream-processing functions. This tech- 
nique was successfully used in the HDMS-A case study [Nic93, CHL94] which 
shows that  stateless languages like SPECTRUM with higher-order concepts are 
not restricted to applications of a purely sequential nature. The connection 
between this kind of modelling distributed or concurrent systems and other 
description formalisms like S P E C I A L  (described in a later chapter of this 
article) and Petri-nets [Rei85] is still a subject of current research. 

D a t a b a s e  S y s t e m s  a n d  S e m i - F o r m a l  M e t h o d s .  Case studies in the con- 
text of the HDMS-A project also show how SPECTRUM can be used to mod- 
el problems in the area of database systems [Het94] or more generally how 
SPECTRUM can serve as a basis for the formalization of semi-formal methods 
like SSADM [DCC92, Hug93, HUB94]. 

Tools for the formal development of software using SPECTRUM are still under 
development. Besides a language analyzer for SPECTRUM, prototypical machine 
support  for the verification task has been implemented at the Technical Uni- 
versity of Munich. There is an instance of the SPECTRUM logic [Reg94] in the 
generic theorem prover IsabeUe [Nip89] and a backend for the SPECTRUM parser 
[Pus94] that  translates SPECTRUM specifications into Isabelle theories. 

For OPAL, a comprehensive compilation system which produces highly effi- 
cient and portable code has been developed at the Technical University of Berlin. 
The intention is to integrate this system as a backend in an overall development 
system based on SPECTRUM and the KORSO methodology. 
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3 T R O L L  light 

R. Herzig, M. Gogolla, G. Denker 

3.1 Motivation and background 

An information system can be understood as a model of some slice of reality. 
Such a model must be able to capture the things which exist as well as the things 
which may happen. 

Information system development can be roughly split up into two important 
phases. The aim of the requirements engineering phase is to obtain a syntacti- 
cal description of a conceptual model of the information system in mind. This 
description, often called a conceptual schema, is used as input for the design en- 
gineering phase in which a running system is built under consideration of further 
nonfunctional constraints [Lou92]. 

In traditional conceptual modeling structural properties of a desired system 
are described in terms of some kind of semantic data model [HK87, PM88] (e.g. 
the Entity-Relationship (ER) model [Che76]). The schema of a semantic data 
model consists of a set of object types with associated attributes and concepts 
expressing special relationships among object types. By such a schema the state 
space of an information system is fixed. In many semantic data models the state 
space of a system can be further restricted by static integrity constraints which 
may be formulated in a predicate logic style. 

Semantic data models do not attempt to model system behavior. In fact 
behavioral aspects are very often considered first on implementation level when 
writing application programs. In an improved approach as reported in [EGH+92] 
dynamic aspects are made subject to conceptual modeling by adding an evolu- 
tion layer on top of an object layer established by an extended ER model. In this 
layer possible state evolutions of a system can be restricted by means of dynam- 
ic integrity constraints expressible by temporal logic formulae [Eme90, MP92], 
and possible state transitions can be described by event modeling. Thereby dy- 
namic integrity constraints are particularly suited to express everything that is 
forbidden while event modeling is useful to make explicit what is allowed. 

In event modeling it is often convenient to connect events with event pre- 
conditions. Event preconditions may refer to the current state of a system as 
well as to the present state evolution. Hence predicate logic and past tense tem- 
poral logic may be used to formulate event preconditions. Another aspect of 
event modeling is the specification of behavior patterns, e.g. the specification of 
allowed event sequences or event alternatives. This task may be supported by 
process describing formalisms like process algebras [Hen88, BW90] or Petri nets 
[Rei85]. 

In the approach of [EGH+92] static and dynamic properties are described 
in different layers. The separate description of structural and dynamic aspects 
leads to the case that aspects which determine object behavior are dispersed 
over many global events which means to be a serious impediment for schema 
modularization. This can be solved by an integrated description of static and 
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dynamic properties in the framework of objects [SSE87, FSMS92, EDS93]. Se- 
mantic foundations for this approach have been and are being studied in the 
ESPRIT BRA IS-CORE [ES91]. 

At the beginning of the KORSO project we looked for an object-oriented 
specification language meeting the following requirements. On the one hand it 
had to be simple enough to make the study of verification and validation aspects 
feasible, on the other hand it had to be expressive enough to carry out some 
nontrivial case studies. Examples of languages for object-oriented conceptual 
schema specification we had to consider were OBLOG [SSG+91], CMSL [Wie91] 
and TROLL [JSHS91]. 

Since we did not want to re-invent the wheel, we took the specification lan- 
guage TROLL as a basis for our language. TROLL is a voluminous language which 
offers a large variety of modeling concepts to satisfy the user needs for expressing 
real world facts and laws. With this aim in mind it also offers some partially 
redundant concepts. Thus it was necessary to evaluate which concepts are redun- 
dant and could be disregarded for our language purposes. Other concepts, like 
temporal logic for specifying dynamic constraints, were excluded for pragmatic 
reasons (so as to simplify prototyping and to make verification manageable). Fi- 
nally we obtained a language with a small number of basic concepts and hence 
called it TROLL light [CGH92]. 

3.2 Language concepts 

TROLL light is a language for formulating object descriptions called templates 
having the following general structure. 

TEMPLATE <name 
DATA TYPES 

TEMPLATES 

SUBOBJECTS 

ATTRIBUTES 

EVENTS 

CONSTRAINTS 

DERIVATION 

VALUATION 

INTERACTION 

BEHAVIOR 

END TEMPLATE 

of an object description> 
import of data types 
import of other object descriptions 
declaration of local subobjects 
declaration of attributes 
declaration of event generators 
static integrity conditions (invariants) 
rules for derived attributes 
effects of events on attributes 
synchronization of events in different objects 
restriction of possible event sequences 

A template describes static and dynamic properties, i.e. valid states and valid 
state evolutions, of a prototypical object. In an actual object community this 
prototypical object may be instantiated by any number of actual objects. 

In principle, the attribute state of an object is given by a number of da- 
ta values. In contrast to objects as instances of templates, values as instances 
of data types are considered as stateless items. A preferred approach for the 
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implementation-independent description of abstract data types is algebraic spec- 
ification [EM85, EGL89, Wir90]. 

Specifications of standard and user-defined data types can be referred in the 
data types clause of a template. An object description may also depend on other 
object descriptions. These can be imported in the templates clause of a template. 

The declaration of local subobjects, attributes and event generators describes 
the interface of objects to other objects. By subobject relationships objects are 
arranged into an object hierarchy, attributes hold the directly observable state 
information of an object, and events are abstractions of state-modifying opera- 
tions on objects. Subobject, attribute and event symbols define a signature over 
which axioms concerning static and dynamic properties can be specified. 

With respect to static properties we have to mention constraints and derived 
attributes. Constraints are static integrity conditions (invariants) restricting the 
possible states of an object to admissible ones. In the same direction the con-. 
tents of a derived attribute is determined by derivation rules. However, while 
the values of non-derived attributes must be explicitly set in consequence of 
event occurrences, the values of derived attributes are computed indirectly from 
other stored or derived information. For stating static integrity conditions and 
derivation rules TROLL light includes a SQL-like query calculus. 

The query calculus is also needed in the formulation of dynamic properties. 
For instance, the effect of event occurrences on attributes is specified by valuation 
rules, events in different objects can be synchronized by interaction rules, and 
possible event sequences can be restricted to admissible ones by simple process 
descriptions which may include event preconditions formulated as expressions in 
the query calculus. 

Templates can be used to describe simple objects as well as composite objects 
having simple objects as subobjects [HCG94]. In order to install an actual object 
community a certain template must be designated as the schema template and a 
certain object belonging to the schema template must be chosen as the schema 
object. 

The schema object induces a tree of object identifiers building the basic 
structure on which the evolution of an object community can take place. In a 
certain state of an object community each object identifier is associated with 
an attribute state consisting of a complex value and a behavior state. State 
transitions are induced by finite sets of simultaneously occurring events in dif- 
ferent objects. These sets have to be closed against interaction rules. Attribute 
states are altered according to valuation rules and behavior states are changed 
according to process descriptions. Hence an object community is a system of 
concurrently existing and interacting objects. 

A first sketch of an operational semantics of TROLL light appeared in [GCH93]. 
A semantics based on graph grammars is being under consideration. 

3.3 Application domains 

The language TROLL light combines several well-known techniques to achieve 
conceptual modeling of information systems. 
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- Algebraic specifications can be included by importing data types. 
- Ideas of semantic data models are adopted by providing objects with complex 

attributes. 
- Predicate logic plays the central role of the SQL-like query calculus. 
- Principles of process modeling had their influence on the specification of 

objects (objects are processes) and behavior patterns. 

In principle TROLL light might be used whenever object communities of 
concurrently existing and interacting objects are to be described. The gener- 
al method is as follows: Identify objects connected with states and place them 
into an object hierarchy. Describe attributes, events as state-modifying opera- 
tions, and the effects of events on attributes. Restrict possible attribute states 
by constraints and possible event sequences by behavior patterns. Synchronize 
events in different objects by interaction rules. 

The result is a fully formalized description of the system which is to be 
designed. With respect to the methodical framework for software development in 
KORSO [Wir+92] this corresponds to a formal requirements specification. Such 
a specification should be analyzed with respect to certain properties such as 
unambiguity, consistency and completeness. Another aspect is validation which 
means to test a formal specification against the informal user requirements. 

Schema analysis and validation should be supported by corresponding soft- 
ware tools. In this respect we designed and implemented a proof support system 
for verifying formally described propositions about specifications, and an anima- 
tion system allowing rapid prototyping of specifications (see [GCD+94] in this 
volume). 

Because TROLL light is a language for the specification of information systems 
and databases it is only natural to regard database systems or programming lan- 
guages which allow for persistence as candidates for the implementation basis. 
Currently we are working with an object-oriented database system but it is also 
imaginable to employ a relational database system together with an appropriate 
embedding into a modern programming language. The steps which lead from 
the TROLL light specifications to executable programs can surely be done in a 
systematic way, but one cannot expect a complete automatic transformation 
because there are still many design decisions which are open to debate. The gen- 
eral role of TROLL light in a development environment for information systems 
is discussed in [VHG+93]. 

There exist some case studies for TROLL light ranging from the specification 
of a simple database system [Con93] through the specification of a dictionary 
for TROLL light [Her93] object descriptions to the specification of a production 
cell [HV94] and some other examples being all collected in [Ehr93]. 

For instance, the specification of a production cell showed that, although a 
production cell is not a typical information system, basic structural and dynamic 
aspects of such a cell could be described by TROLL light in a straightforward 
manner. However, other special aspects, including the description of activity, 
liveness conditions or real-time conditions, could not. Here it comes to the fore 
that TROLL light was developed for the specification of information systems as 
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typical interactive systems. Hence we claim that TROLL light might be used 
whenever static and dynamic aspects of complex-structured interactive systems 
are to be described. 

The specification of such systems may be supported by more expressive lan- 
guage features as provided by TROLL [JSHS91], for instance by conceptually 
different object types, temporal logic, more expressive process specifications. 

4 S P E C I A L  

E.-R. Olderog 

4.1 Mot iva t ion  and background 

The purpose of a reactive system is to continuously react to stimuli from its 
environment so that this is kept in a certain desirable condition. To this end, 
the system may communicate with its environment via input and output chan- 
nels. An adequate specification of reactive components within software systems 
requires a formalism incorporating such concepts like channel, communication, 
trace, environment, synchronization and concurrency. These concepts cannot 
easily be embedded in specification formalisms that are oriented towards se- 
quential programming like SPECTRUM or towards an object-oriented view like 
TROLL light. Therefore a more specific specification formalism is needed to deal 
with reactive system components. 

The KoRso team at Oldenburg aims at developing an integrated specification 
formalism that satisfies the following criteria: 

(1) it should be intuitively understandable for a user, 
(2) it should support verification of implementations by automatic procedures 

(model checking) or - where this is impossible or too inefficient - by inter- 
active tactical reasoning based on compositional verification rules, 

(3) it should - at least for subsets - allow a systematic or even automatic syn- 
thesis of correct implementations via transformation rules. 

To date there is no single specification formalism for reactive systems satisfy- 
ing all these criteria. Rather a variety of specification formalisms have been 
developed, among them Temporal Logic IMP92], iterative programs like action 
systems [Bac90] or UNITY programs [CM88], input/output automata [LT89], 
high-level Petri nets, process algebras [Mi189, BW90] with realistic extensions 
like LOTOS, and stream processing functions [Bro87]. 

Therefore the KORSO team at Oldenburg uses a specification language for 
reactive systems, called SPECIAL, that comprises three language levels describing 
reactive systems at different levels of abstraction. The target implementation 
language is fixed as an OCCAM-like programming language [IN88] where the 
data types are kept as simple as possible. 
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The language levels of SPECIAL are based on previous work within the ES- 
PRIT projects 415 on "Parallel Architectures and Languages for Advanced In- 
formation Processing - a VLSI-directed approach" [Bak89] and BRA 3104 on 
"Provably Correct Systems" (ProCoS) [BLH93]. They are developed further 
within the current ESPRIT projects FORMAT and ProCoS II. 

The aim within Koaso  was to integrate these language levels. To this end, 
semantic links between these different levels have been defined and automatic 
procedures for achieving some of these links have been implemented. These im- 
plementations are part of the TRAVERDI system [BH94]. First case studies with 
SPECIAL have been carried out (see section 4.3) but for a final assessment of its 
concepts more experience is needed. 

4.2 Language concepts 

The three language levels of SPECIAL are timing diagrams, temporal logic and 
trace logic. 

Symbolic Timing Diagrams. At the top-level the graphical specification language 
of timing diagrams [DS93, SH93] is used. Timing diagrams represent an informal 
specification style which is well understood by hardware designers. 

Since in KORSO we are not interested in low level hardware design but rather 
in a system level view where components interact via OCCAM-style message 
passing, we use timing diagrams symbolically for expressing qualitative temporal 
constraints between events in the sense of partial orders rather than quantitative 
timing constraints. This approach enables us to connect timing diagrams with 
the well understood semantic world of temporal logic specifications IMP92/. 

In SPECIAL a timing diagram consists of an interface of channel and variable 
declarations and of a partial order on events. Each event represents a state change 
of an interface channel or variable. States are described by logical formulas. To 
specify temporal dependencies between different events, directed arrows are used. 
A distinction between two types of arrows is made: weak arrows express safety 
constraints and strong arrows express liveness constraints. 

Timing diagrams are given a formal automata-based semantics and an equiv- 
alent one via a translation into Temporal logic (McTL). The details of the syn- 
tactic and semantic definition of timing diagrams have evolved through a number 
of small case studies. 

Temporal Logic. At an intermediate level a branching time temporal logic called 
MCTL standing for Modular Computation Tree Logic is used. MCTL is a logical 
calculus developed by Josko [JosS7/as an extension of CTL [CES86] to deal with 
reactive systems. 

"Modular" refers to an assumption/commitment style logic: each MCTL spec- 
ification consists of an assumption part dealing with the environment and a com- 
mitment part dealing with the desired system reactions. The assumption part is 
restricted to a subset of linear time temporal logic whereas the commitment part 
allows arbitrary positive CTL formulas. CTL formulas describe the full branching 



162 

structure of computations arising from nondeterministic choices and consist of 
subformulas dealing with the computation paths and the states on such paths. 
Optional is an additional fairness part in MCTL specifications. 

The advantages of MCTL are threefold: it has a well-defined semantics in 
terms of Kripke structures, an efficient model checking procedure for finite data 
types, and compositional proof rules for verifying concurrent implementations 
without running into the problem of state explosion [Jos89]. Based on a Kripke 
structure semantics of OCCAM, the model checking procedure can be used to 
automatically verify MCTL properties of OCCAM programs. 

Moreover, in [DS93] a translation of timing diagrams into a subset of MCTL 
iS given which provides a well-defined temporal logic semantics to the graphical 
specification language of timing diagrams. Within Koaso  both the translation 
of timing diagrams into MCTL and the model checking procedure had to be 
adapted to the setting of synchronous communication as present in OCCAM. 

Trace Logic. At a level close to the OCCAM programming paradigm we use a 
specification language SL that combines ideas from trace logic [Zwi89, Old91a], 
process algebra and assertional specification methods. SL was developed in the 
ESPRIT project ProCoS [ORSS92, BLH93]. 

The idea of SL is to split the description of the desired system behaviour 
into a trace part and a state part. The trace part specifies the sequencing con- 
straints on the system channels but ignores the communication values. This is 
done by means of regular expressions over a communication alphabet. The state 
part specifies the communication values by means of local state variables and a 
pre-post style assertional specification of the state transition that each commu- 
nication invokes. Altogether SL can be seen as extending Z specifications [Spi89], 
UNITY programs [CM88] or action systems [Bac90] by explicit communications 
and regular expressions to control their occurrence. 

SL has a well-defined predicative semantics based on a combined state-trace- 
readiness model for reactive systems [ORSS92]. A strong point about SL is that 
it is well suited as a departure point for a transformational design of sequen- 
tial and concurrent OccAM-like programs. In fact, a large subset of SL can be 
transformed in a fully automatic way into sequential programs. 

Within KORSO we have defined a semantic link of SL with MCTL and hence 
timing diagrams. 

4.3 Appl icat ion domains  

The language SPECIAL is designed for the specification of reactive components 
within software systems. It comprises of three language levels. 

The envisaged use of these three language levels is that a user starts to 
specify the requirements as a set of timing diagrams. As a graphical specifica- 
tion language timing diagrams are thought to be intuitively understandable, for 
example to users with an engineering background. Timing diagrams are then 
automatically translated into the temporal logic MCTL. Given an MCTL speci- 
fication one can proceed in two ways: either come up with an OCCAM program 
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thought to implement that specification and verify this implementation rela- 
tion using compositional verification rules and model checking [Hun93], or come 
up with a lower level SL specification which can be proven correct against the 
MCTL specification. SL is close to the programming level and allows a systematic 
transformational design of OCCAM-like programs from SL specifications [OR93]. 
The TRAVERDI system [BH94] supports this dual transformation and verification 
approach to the design of distributed reactive systems. 

Typical applications for the above formalism are the specification of com- 
munication protocols or the design of control programs - both sequential and 
concurrent ones. Within KORSO the case study of a communication processor 
has been performed [Kle94, HR93]. Also a specification and transformational 
design of a part of the object communication mechanism in the KORSO case 
study HDMS-A has been achieved [Sch94]. 

5 D i s c u s s i o n  

H.-D. Ehrich (moderator) 

There are many perspectives along which specification languages can be eval- 
uated and compared: underlying concepts and paradigms, expressive power, syn- 
tax, semantics, the way these are described, ease of use, scopes of application, 
etc. Moreover, a language in isolation is hardly enough to judge its usefulness, be 
it as promising as it may be. An appropriate set of tools, an adequate method- 
ology and some experience in using it are essential. The latter can be given by 
appropriate case studies. 

All these aspects of the KORSO reference languages, and others, have been 
discussed during their development, on general meetings, on special workshops, 
on working meetings within groups and among groups, and via long-distance 
means of communication. Methodology, tools and case studies were addressed 
by separate KORSO working groups, cf. [Men+93, Wir+92, LL94, CHL94]. 

The main focus of the discussion was on correctness issues, especially formal 
and machine supported verification. However, other goals like usability, func- 
tionality, reliability, security, adaptability, etc., were also discussed at times. 

In the initial phase of the project, the role of the KORSO reference lan- 
guages within the project was subject to lively discussion. There was some agree- 
ment that the purpose of the reference languages was to support communication 
among partners without restricting them too much in their work. Also, the ref- 
erence languages were supposed to serve as an integration kernel for the various 
partner activities. However, a single language was not felt enough to cover the 
concepts and paradigms represented in the project. Finally, the partners agreed 
on the languages described in this report. 

Appropriate modelling, structuring and description concepts are essential for 
avoiding errors as much as possible and to localize the errors which inevitably 
remain. In particular, precise syntactic and semantic descriptions played a major 
role in the discussion, due to the emphasis on correctness issues. 
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A comprehensive discussion of all these aspects is beyond the scope - and 
page limit - of this report. Rather, the purpose of the current section is to give 
some arguments about the pragmatic roles of the KORSO reference languages: For 
which application domains should which language be used? Are the languages 
well suited for their respective application domains? Are there application do- 
mains not well supported by any of these languages? Is it feasible to use more 
than one language in one application? If so, how can partial specifications with 
different languages be integrated? 

Looking at SPECTRUM and OPAL as one complex, we have three views of 
system design represented among the KORSO reference languages: the function- 
al view of SPECTRUM and OPAL, the object-oriented view of TROLL light, and 
the reactive view of SPECIAL. The target application areas towards which the 
languages were designed are (functional) programs, information systems, and 
reactive systems, respectively. 

Roughly speaking, the three approaches are rooted in the traditions of pro- 
gram specification and transformation, conceptual data modeling and database 
design, and concurrency, respectively. However, the separation is by no means 
clearcut: SPECTRUM has concepts to cope with concurrency, and there are activ- 
ities to explore its usefulness in the field of entity-relationship modeling. TROLL 
light draws from the tradition of the latter, but goes beyond classical conceptual 
data modeling by incorporating dynamic aspects, and it also inherits quite a few 
ideas from abstract data type theory. SPECIAL is the most specialized of these 
languages: it concentrates on concurrency issues and distributed systems where 
it is more powerful than the other languages. 

Looking at the main emphasis of the approaches, one might say that SPEC- 
TRUM integrates functional program design with concurrency, TROLL light inte- 
grates conceptual data modeling with concurrency, and SPECIAL specializes on 
concurrency. 

Programming paradigms and underlying logics offer other perspectives for 
comparison. SPECTRUM is a functional language based on data abstraction and 
employing higher-order predicate logic. TROLL light is object-oriented and adopts 
the imperative paradigm, i.e., it is state-oriented. For describing system dynam- 
ics, TROLL light employs a CsP-like way of process description. SPECIAL uses 
other means of describing concurrent processes, namely timing diagrams for the 
higher abstraction level, a variant of temporal logic for an intermediate abstrac- 
tion level, and trace logic for the lower abstraction level. 

Still another comparison perspective is the implementation platform envis- 
aged. SPECTRUM specifications can be transformed to OPAL programs which 
in turn translate to efficient C-code. The typical implementation platform for 
TROLL light specifications are (object-oriented) database systems with applica- 
tion programs for the dynamic parts. SPECIAL is designed for using OCCAM as 
its operational basis. 

At the beginning of the project, OPAL was the only reference language which 
was ready to use. The other three, i.e., the high-level specification languages, were 
either new developments within the KORSO project or major adaptations from 
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existing prototypes. Accordingly, language design and implementation activities 
took much time, leaving little time for investigating pragmatic application as- 
pects. The consequence was that the reference languages could not be used from 
the beginning in case studies, and that reference language concepts entered the 
methodology discussion only after a while. 

This point raised considerable discussion, namely that SPECTRUM, TROLL 
light and SPECIAL are still in a preliminary status. Especially the formal se- 
mantics of the languages are not yet fully documented. Consequently, detailed 
analysis and comparison of the languages' semantics could not be performed yet. 
On the other hand, there is a variety of languages developed and used by KORSO 
partners which are in a more mature status concerning formal semantics, tool 
support and case studies, whose concepts, though, may be not as advanced as 
those of the reference languages. These topics, however, are highly important for 
correct software development and hence for KORSO. 

Other algebraic specification languages that have been used by KoRso part- 
ners and that were mentioned or discussed at times are ACT ONE [CEW93, 
Cla92, EM85], OBSCURE ILL87], and ASL with the RAP system [HuB85]. Corre- 
sponding developments outside KORSO were also given due attention, e.g., As- 
SPEGIQUE with the PLUSS language [BC85], OBJ [GCG92] and FooPs [GM87, 
RS92]. 

Returning to the KORSO reference languages, there was some discussion on 
whether it is feasible to use several specification languages based on different 
paradigms for real systems specification, addressing each partial aspect with the 
most appropriate concepts. This way of "taking the best from several worlds" 
might look attractive for specifiers, but there is a problem: how can overlapping 
system properties be proved if they are not formulated in one language, i.e., they 
are not tractable by one proof system? Research is needed whether and how 
proofs across paradigms can be developed from partial proofs within paradigms. 

The above argument might not bother practitioners too much since, in many 
cases if not most, formal correctness proofs will not be feasible, too expensive or 
not necessary for the reliability and security standard envisaged. In many such 
cases, semiformal techniques can do a good job. In fact, semiformal proofs - in 
about the sense as mathematics itself is semiformal - can achieve a high level of 
correctness. 

However, semiformal techniques are largely guided by intuition and cannot be 
better than the intuition of the best experts in the field. Semiformal techniques 
tend to be more reliable in cases where it is known how to do in principle a strictly 
formal proof, because such knowledge helps to develop intuition. Moreover, while 
the amount of work using a semiformal technique might be much less than that 
needed for applying a formal technique, the amount of human work (handwork 
or, rather, headwork) might be more for the former, depending on the availability 
of machine support for the techniques in question. 
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6 Conclusion 

There is some confidence that  the KORSO reference languages cover the possible 
application domains to a large extent. However, it would be interesting to receive 
reactions from application areas which do not feel well represented. Possible such 
areas are real-time systems and embedded systems - they were not represented 
in the KORSO project. 

It was a highly rewarding experience to cooperate on the diverse approaches 
to formal specification and verification represented in the project,  to see the 
languages develop and to discuss their many facets and interrelationships. 

At the end of a successful research project with new insights and results, 
there use to be more questions open than at the beginning. This project is 
no exception. Perhaps the most urgent need is to make the approaches under 
consideration more practical, finishing and consolidating the language design and 
implementations, integrating more tools, designing appropriate methodologies, 
performing ever larger case studies, and give the users more guidance on how 
to use the systems. But also the impact on basic research is obvious. Especially 
the interplay between multiple paradigms and between formal and semiformal 
techniques need further study before they can be safely put  to practice. 
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