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La raccolta delle trasparenze usate durante il Corso sui

Linguaggi di Specifica per la produzione di Software e®,

anche se un po® in ritardo, pronta.

Spero che guesta raccolta possa essere utile ai partecipanti
al Corso per poter ripercorrere i wvari interventi e

rimettere a fgpco almeno i punti centrali sviluppati dai

Qocentl.

Nel distribuire questo fascicolo celgo nuovamente
lt*occasione per ringraziare tutti i docenti del corso che
com la loro gualificata presenza hanno determinate i1

successo di questa iniziativa.

Un grazie particolare va al Prof. Ugo Hontanari ed al Dotte.
Barco Bellia per l°impostazione e la discussione circa {1
contenuti del Corso stesso ed alla Sig.ra Elena Lofrese per

aver risolto i vari problemi organizzativi.
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§

Prof. Bgldio Astesiano
Universita® 41 Genova

Dott. Roberto Barbuti
Dipartinmento di Informatica

¢

PISA

botte. Marco Bellia .
Dipartinento di Informatica

PISA

Desza Linda Crimersmols
Etalsliel - ROHA

Dott. Pierpaoclo Degano
Dipartimento di Inforasatica

¢

PISA

Prof. Harco Halocchi

- Ist. di Cibernetica -~ Universita® di dilano

Bott. Maurizio Martelld
CNOCE - PISA

Prof. Ugo Hontanari
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Prof. Knut Ripken
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CNUCE - Istituto del Co.s1gl:n Nazionale Delle Ricerche, Pisa.

Corso "I Linguaggi di Specifica per la Produzione del Software"
Pisa, 5-7 novembre 1984.

Seminario dal titolo

Diapositive per la retroproiezione.

Prof. Ugo Montanari
Dipartimento di Informatica
Universitd di Piss.
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Origin
Special Specific method for Explicit representation and  Very high-level specifica- Strong mathematical
Fesatures obialning operational transformation of concur-  tion language motivated by  foundations
specification rency and distribution expressive power of
English
Maintainabllity stressed Formal and executable Associative retrieval and Historical emphasis on effi-
performance constraints historical reference cient execution of the op-
Operational specification erational specification it-
uses implementation Execution of incompiete Use of constraints to refine  sell, including special-pur-
language, transformations  specifications nondeterminism (as in pose hardware architec-
operate within COMUNON-SeNsa reasoning)  tures
implementation language
Automated Specifications informal, not  Complele integrated Complete integrated Specilication environments
Support executable environmeant possible environment possible exist
and belng planned and belng planned
Transformations language- Transformations being au-
depsendent tomated
Current in real-world use First tools being imple- Many tools implemented Transformations and spe-
Status mented (including natural- cial-purpose hardware in
language paraphraser, research stage, use with-
behavior explainer) out them stable
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DoD Average- ; JYvY
Cost Driver Effort Multipliers ; ! i L [ammon
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[ L“["" “ -
Use of Software Tools 1.05 1.02 0.85 ! !
Use of Modern Programming Practices 0.98 0.95 0.85 I ,
Programming Language EXHérience 1.03 1.02 0.98 +bea YEUIDATION yoaoe - - pROTOTVPE RANTENANCE
Software Environment Experience 1.05 1.03 0.55 )
Computer Execution Time Constraint 1.25 118 1.1 paradi o . ‘
) . sradigm P {a) -baced prradigm znd (b) current paradigm.
Compufer Storage Constraint 1.22 1.15 1.06
Computer Turnaround Time 1.03 1.01 0.90
Reduced Requirements Volatility 1.17 115 1.00
Retool Avoidance 1.06 1.06 1.00
Software Reuse 093 0.90 0.50°
Relative Effort 2.01 154 0.36
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COHERENT DEVELOPMENT METHODS IN AN INDUSTRIAL MHIGH LEVEL LANGAGE
ENVIRONMENT

K. Ripken
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F - 91460 MARCOUSSIS

¥ This paper is published in « NATO AS! Series, Vol. F8, Progrem Transftormation
snd Programming Environments, Edited by P. PEPPER, Springer-Veriag Berlin
Holdelberg 1984, pp. 85-96.

INTRODUCTION

Most of the material presentet here are results of a study entitled "Life Cycle Support in the
Ada Environment” which was sponsored by the CEC and conducted by Systems Designers Limited
{Great Britain) and Tecsl Software (France) in 1982 {SyT 83, McR 84).

The study investigated methods and tools for supporting the development and maintenance of
large scale software systems written in Ada. In particular, the study emphasized the integration
of the methods and tools for the whole range of software life cycle activities : software
development {(through the various stages from requirements expression 1o module coding),
integration, maintenance, configuration control and project management. The first part of the
presentation- will therefore briefly point out the objective of the study, the second part will
introduce its software development process model, and in the third part the development
methods which have been Investigated will be discussed and the possibilities for tools support will
be pointed out before a few remarks will conclude the presentation.

In fact the title of this presentation gives the necessary clues 1o the understanding of the
objectives of the study and Indicates its emphasis and hypotheses.

Thecoherency of methods is a conditio sine qua non for the automation of the production of

software, for the estimation of the efforts golng into the production, the estimation of impacts

of changes during the development, and also for the verification and validation of the various
so!twarg system’ representations. The plural in "development methods” is to say that we believe

that tfgfc is not just one method existing which tells how to develop software. In fact, in the

industrial situation several teams of people with different skills are needed, decisions have to be
made ln-di!t}crent phases of the development, and therefore different methods and formalisms

are useful in different situations. Methods are also evolving due to progress computer science

and to accumulation of experience. However, all the various methods should be governed by one

overall method which pravides a coherent framework. Talking about an industrial environment

means talking about demanding projects where an important volume of software with a life cycle
of about twenty to fourty years 1s developed by more than 100 people, possibly at several sites.
On such projects, the requirements may change in the course of the development due to changing

political and economical constraints.

As for the high level langage environment, we take the Ada environment in this presentation as
the example. Most of the remarks made below apply equally well to environments based on
comparable high level languages. The development of the Ada language has provided the
important opportunity to place considerable emphasis on integrated environments to support all
aspects of the development and maintenance of large scale software systems written in Ada. The
reason Is that the perspective of Ada as a common high-level language in world-wide use renders
for the first time, eco:wmically and practically, feasible the development of such environments
which are so badly needed in order to improve productivity, quality and reliability of software
production.

The reqtﬁmmen.ts for these environments were first described in the “Stoneman® document (Sto
80). Stoneman Introduced the idea of a Kernel of an Ada Programming Support Environment
{APSE), called KAPSE, which constltutes a portabillty interface between the APSE tools and the
system which hosts the APSE. Furthermore, Stoneman proposed a phased bottom-up approach to
the development of APSEs starting with the KAPSE and a minimal set of tools, i.e. with a
minimal APSE, called MAPSE. Projects to develop MAPSE level environments are in progress in
both Europe and the USA.

Whereas Stoneman Is primarily concerned with the MAPSE and says little about the requirements
for a full APSE, the study by Systems Designers Ltd. and Tecsi considered the APSE as a whole
in a wop-down appreach. It was to perform a first quick iteration of the design of an APSE. This
iteration could, of course, only be preliminary, provide a basis for discussion, and indicate areas
of further study, enhancement, or adaptation to Ada.

The emphasis was on demanding industrial projects and on feasibility. Good existing methods
were 10 be combined in a flexible way, practical techniques were 1o be used, and adaptation was
to be done when necessary. The study was to achieve to be a kind of seminal document which
points out the feasibility, the benefits and the problems of a programming support environment
development, which provides a basis for the classification of terminology, concepts, and
objectives, and which identifies further work.

About at the same time, a study called "Methodman® was performed in the USA which addressed
the same problem area (Met 82). It stated requirements and performed a survey of existing
methodologies. The requirements established match very well with the one of the European
study, and the survey led 1o results which were assumed at the outset of the European study.
These results are that there is a white range of available methodologies also called support

environments but that each alone is rather incomplete, very often closed, and that it has poor






team support ; that most of them are new, in little wide-spread use, and 1n 2 research stage 3
that a combination of thern s generally Incompatible and also incompatible with Ada ; ; that
issues of tools, management and training are not well addressed ; in fact, that the range covered

by the methodologies is rather small and that integration is necessary - if at all possible - to
cover the whole life cycle.

The European study started out with this view of the current land scape and tried to do a
constructive experiment with a few methods which could be combined in a coherent way. In
order to show the feasibility of a coherent integrated programming support environment, the
choice of methods was guided by a couple of principles which had been formulated after
literature studies, on the basis of our own experience, and on the basis of a large number of
interviews with experts In the fleld, mainly in the USA.

The first of these principles is that complete formal treatments have'only a limited feasibility
for several reasons 5 a complete formal treatment of non-trivial problems is very difficult and
hardly economical ; very often people favour operational descriptions ; different formalisms are
needed to arrive at the most adequate formalization of specific problem domains. However, the
knowledge of formal methods Is beneficial for software development as the knowledge provides a
profound understanding of the task.

The second principle is the need for flexibility, the need for having various representations,
formalisms, methods, and tools which could also be used in parallel on the same project and even
the same project phases. The third principle is that analysis play an important role : analysis
should be avallable at every level of the software development life cycle ; it should allow for
prototyping, and it may be based on processable annotation languages. The fourth principle is the
need for customxzatxon and for reusing of software. In fact, software development is becoming so
expensive that software should always be developed as a family of programs which can be
adapted to various needs and reused as much as possible. The fifth principle is that production

programming is very much different from experimental programming. Production programmlng._v .

especially In an industrial context on demanding projects, needs life cycle management support

and support for feasibility analysis, measurements, and quality assurance. On the basis of these
principles, the study concentrated on the integration of methods, using existing work, and
developing a partially original framework where details could be filled in later on.

2. THE SOFTWARE DEVELOPMENT PROCESS MODEL

Of course, T cannot help Presenting a life cycle model here, but 1 think there are three good
reasons for doing this. First, life cycle models are good for illustrational purposes ; however,

they are just models and uUstnot be over Interpreted. Second many people have one, and if they

have one then they should rather have the good and correct one in order to get on the right track
of thinking. And the third reason why I want to present another life cycle model is that it hints In

the direction of various management aspects in the sense that 1t identifies canonical steps of

production corresponding to the various activities on the various life cycle levels.

. o
].
. 2

The model I'm showing you here is one which you hava't seen so far ; it's much more complicated
than the waterfall model (Boe 76) ; it has more boxes and more arrows.
[5

This life cycle model is based upon recognition of the need to employ multiple levels of
abstractions in the development and maintenance of a software system. Durmg the develoPmem:
process, several distinct representations are produced, one - at each.level of abstract,xon., The
highest level on the left of our diagram must state the requirements for the system. These
requirements should reflect the overall function of the complete system and the environment in
which it Is to operate. This first representation must give the complete picture without obscuring
the description of what the system does with irrelevant detalls. At the lowest level to the right
of the model, of course, there must be a representation which really can be executed. There is an
immense gap between the two levels of requirements expression and of executable system so
that~jt cannot be conveniently or reliably bridged In a single step. Therefore, several
intermediate representations must be developed in order to master the complexity.

Development proceeds from the highest level representation to the lowest level one. It
wansforms each representation to produce its successor in the sequence. Transformation means
taking a representation as the input and producing another representation as the output. it is
important to know that this transformation might invelve taking design decisions so that the
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system specification.

The next transformation step introduces specific programming language dependency. It is the
wransformation of the abstract functional specification to a module specification which is the
language oriented design specification. It states the decomposition of the system into modules
and the functions performed by each module. The transformation is thus a continuation of the
design process refining the abstract functional specification and couching the design in terms of
a specific high level programming language.

The next transformation step is going to specify the internal structure of the modules in the
activity called module design. Agaln this representation is of course in a programming language
orlented rotation. From the .module design the module code Is produced which comprises the
source text for the modules and additional annotations clarifying the semantics of the modules.
The module code Is transformed in the classical way by compilation, linking and loading into an
executable system. The executable system may also include symbol tables for debugging, test
harnesses etc. The veriﬁcation of this last wansformation is usually done by means of testing but
may also occasionally be based on formal verification of the program properties. An
interpretation of the large project management box at the end of the life cycle will be given in
my next talk on the important role of software configuration management in a programming
sdpport environment.

The methods investigated by the study were the following : for the requirements expression,
CORE of Systems Oesigners Ltd. was used (SyT 83) ; for the system specification and abstract
tunctional specification, the "A7 methods" developed by Dave Parnas and his colleagues for the
reimplementation of the A7 alrcraft software were used (HKL 80) ; in the area of module
specification, module design and coding the methods were those of structured programming but
using the notations of Ada and ANNA (KBL 80). As the effort for the study was very limited

verification methods could not be studied in detail. . [

The choice of the methods and notations mentloned was Quite subj'ect.i.ve‘but was baséd on th;
possibility of combining these methods in a coherent way. Local alternatives of these methods
were identified but not examined closely. These alternatives are for instance : on the
requirements expression level, the SADT method (Ros 77) 3 on the system specification level, the
Software Requirements Engineering Methodology (SREM) (Alf 77) 3 on the level of the abstract
functional specification, the Hierarchical Development Methodology (Sil 81) and/or Jackson's
Strucxgred Systems Analysis (see this workshop)'; and in the area of module specification, design,
and coding, methods supported by the Program Development System (Harvard University) (Che
81) or the CIP project (Technical University of Munich) (see this workshop),

In order 1o provide more basis for discussion we shall briefly describe the methods used and
investigated.

The CORE method for establishing requirements expression is expected to be used by an analyst
who is trying to establish the requirements expression by illiciting information from a set of user
representatives. CORE provides guidelines for establishing the relationships between the
viewpoints of the system held by these representatives, known as a viewpoint hierarchy. The
CORE method conslsts of establishing the viewpoint, then interviewing the user representatives
or reading documents which describe their view of the system. The representatives are
interviewed in an order based on the viewpoint hierarchy which enables the information, which
they glve, readily to be checked for consistency with the other views. A set of analyses are
performed to ensure that the views are consistent and that they are analytically complete. An
important aspect of the CORE analyses is that they make it clear when the requirements
expression has been completed and the analysis should stop. The notation consists of diagrams
supported by prose, Thiere art.: diagrams showing data relationships, and a further set of dlagrams
which show functions, the functional dependencies, and the data flow between the functions. The
notation Is hierarchic in character and deliberately allows some ambiguity of expression,
particularly goncerning the characteristics of the data flows between functions. This notation is
well-defined but semi-formal. We believe that formality of notation is generally desirable but
that on the other hand the fully formal method is inappropriate to requirements expression. The
CORE verification process is not formal. It consists of checking and acceptance by the customer
authprity. CORE Is amenable to tool support. As the terminology of requirements expression Is
used In different ways It should once more be pointed out that this requirements expression s the
system representation on the very highest level. It identifies the requirements and Identifies the
data and the functions of the system just sufficiently precisely enough to be able 1o document
the understanding the customer authority has of the system to be developed.

The A7 metheds can be used to provide a clear system specification which contains a very large
part i not all of the information necessary to allow the system to be designed and built. The
method uses a notation which Is concerned with data items, functions, and the events which
cause the functlons to be applied to the data items. The notation allows for one level of
functions rather than a hierarchy of functions. The data items are described in three distinct
classes. Real word available information, i.e. data items which are available in the systems
environment ; logical output data items, i.e. data items output by the system to the
environment ; and auxiliary data items, l.e. data items retained by the system.

These data items are all described in a syntatic notation which define their logical form, and
which may be used to specify the values which the data items can take. The functions are classed
as being either demand of periodic with the obvious interpretation. The transfer characteristics
of the functions are defined either by tables similar 1o wuth tables, or by pseudo code, The
mapping between the inputs and the outputs and the peripheral devices attached to the system
are stated in the system specification. Finally, some auxiliary information which may be useful
in the implementation is recorded ; for example, information on expected changes may help the
guidance of the design on information hiding principles. The representation thus combines formal
notation with prose. The verification within the system specification representation is formal
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(SyT 83) where a progressive development plan for a programming support environment is
discussed.

%, CONCLUSIONS

in this presentation, we have hardly been able to provide enough substance to make you accept
our claim that an integrated programming support environment of the kind described is feasible,
and that there Is much benefit from coherence. We believe that rapid progress is possible if the
opportunity given today, especially with the advent of Ada, iz seized to develop coherent
environments, and if this chance is selzed using good existing methods.

It Is very Important to provide industry with rapid Improvements. But industry does need
practical solutions, hot the most sophisticated sofutions. We are furthermore convinced that
aiready clerical support in a flexible way would lead to substantial Improvements, and, therefore,
have a very high pay-off ratio. By clerical support we mean simple support, for instance, for
creating and malntalning documentation about representations on the computer. Today, industry

- still works mainly on paper, controlling thousands of pages of paper in their evolution with a lot

of eifort and difficulty.

But even such clerical support should be provided in a flexible way which is independent of
specific mc;hods or tools as far as possible since each organization uses different methods,
different overall methodologies, and different hardware with different tools. This is the situation
today, which we cannot change completely from one day to the other. The transition has to be
smooth, and can only take place over quite a long period.

Developing clerical support in a flexible way means avoiding turnkey solutions which would stifie
progress. The environment tools today should mainly be generic components and generators of
specific components which could be adapted to evolving needs, notations and methods. There
should be a whole range of such generic components so that a customization of support
environments becomes possible. In fact, this means, and this may a good conclusion, that the

development of support environments has, in the first place, to be guided by the principles for
engineering large software systems.

-
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O IL PROBLEMA

SPECIFICHE DI APPLICAZIONI CHE ‘
USANO BASI DI DATI Noti

o i requisiti di piu classi di utenti.

e le garattemstlche deif DBMS.

ANTONIO ALBANO
Dipartimento di Informatica
Universita di Pisa !
Corso Italia, 40 - 56100 Pisa Ricavare

e {2 descrizione della struttura logica della BD
( schemas fogico e schemi estrernl).

o {2 descrizione dell’organizzazione fisica della
Sommario BD ( schema fisico).

t
s || problema : e | programmi per le applicazioni.

o I1 Progetto Galileo
» | linguaggi Galileo e Galileo/R

e Conclusioni






[0 ASPETTI DEL PROBLEMA
o Cosa si modella

e Con quali meccanismi di astrazione

( modello concetivale)

e Come si procede

( metodologia di progettazione)

 Con quali linguaggi e strumenti

[J COSA MODELLARE

La conoscenza concrela,

cloé i fatti specifici che si vogliono rappresenta-
re come dati: le entita, le loro caratteristiche e le
associazioni fra entita. -

La conoscenza asirafia,

cioe 1 fatti generali che descrivono la conoscenza
concreta rappresentata ( vimcoli d’integritd) e
limitano il modo in cui essa pud evolvere.

La conoscenza procedurale,

ciog i modi in cui si pud operare sulla conoscen-
za concreta-per modificaria o per ricavare altri
fatti con un procedimento di calcolo.
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Natural languaje requirements

Data
glossary

A 4
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schemata

v

Gilobal
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schema
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o

L h Vi
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Overall structure of the DATAID-1 methodology.

___ondAnalysis

Operalions
glossary

A 4

| _ Views Conceptual Design_|

Operations
schemata

Global -
operalions
schema

an |

Evenis
glossary

v

Evenls
schemata

Global
events
schema

|| Physical Design |
(elana

[0 OSSERVAZIONE

LA SPECIFICA DEI REQUISITL IL PROGETTO
CONCETTUALE E IL PROGETTO LOGICO VENGONO
VISTI COME MODELLI DEL SISTEMA DA REALIZ-
ARE, AD UN DIVERSO LIVELLO DI COMPLETEZZA:

DA UNA VISIONE PIU' AD ALTO LIVELLO,
ORIENTATA AGLI UTENTL CONCETTUALE, AD
UNA VISIONE PIU" ORIENTATA ALLA MACCHINA

H

O L/MITT DELL "APPROCCIO

o Orientato sostanzialmente allanalisi dei dati,
e al progetto logico e fisico della base di datil.

o Molta attenzione sulla rappresentazione grafica
degli aspetti da specificare, con la speranza che
cid possa agevolare la validazione del requisiti
da parte dei committenti,

ma poca attenzione alle possibilita di prova
delle specifiche, perché date in un linguaggio
non esegulibile.

o La codifica delle applicazioni rimane un
processo manuale esirameo al processo di
progettazione.
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Natural Ianguaie requirements

___and Analysis_

Data Operations  Evenis
glossary glossary glossary

A 4 v

Daia Operations  Evenls
schemata  schemata  schemala

l o -V v

Global Global . Global

data operations evenis
schema schema schema

Logical § Logical schema
{Codasyl) (Relational)

hysical Design
gﬁod,asyl)

]
ey

Overall structure of the DATAID-1 methodology.

[ Physical Design |
| (Relational) {

) OSSERVAZIONE

LA SPECIFICA DEI REQUISITI, IL PROGETTO
CONCETTUALE E IL PROGETTO LOGICO VENGONO
VISTI COME MODELLI DEL SISTEMA DA REALIZ-
ARE, AD UN DIVERSO LIVELLO DI COMPLETEZZA:

DA UNA VISIONE PIU" AD ALTO LIVELLO.
ORIENTATA AGLI UTENTL CONCETTUALE. AD
UNA VISIONE PIU' ORIENTATA ALLA MACCHINA

H

O LIMITI DELL 'APPROCCIO

e Orientato sostanzialmente all'analisi dei dati,
e al progetto logico e fisico della base di dati.

o Molta atienzione sulla rappresentazione grafica
degli aspetti da specificare, con la speranza che
cid possa agevolare la validazione del requisiti
da parte dei committenti,

ma poca attenzione alle possibilita di prova
delle specifiche, perché date in un linguaggio
non eseguibile.

e La codifica delle applicazioni rimane un
processo manuale esiraneo al processo di

progettazione.
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SCOPO DELLA PROGETTAZIONE CONCETTUALE

Realizzazione di un prototipo
funzionante, al livello di
definizione desiderato, di
cio’ che va realizzato su

un sistema commerciale.

PROTOTIPO

oE’ una versione semplificata, ma
é. o
funzionante del sistema da
realizzare.

»]1 committente deve fare esperimenti
con il prototipo per decidere se
rivedere i requisiti.

«I] prototipo deve essere poco
gostoso da costruire.

¢]] passaggio dal prototipo al
sistema funzionante deve essere
meccanizzato.

eIl prototipo non e’ del tipo
""usa e getta®, ma e’ 1'oggetto
della manutenzione.
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DIFFERENZE DALL’Edinburgh ML:

— Diversa modalita’ di definizione
dei tipi astratti

- Tipi con asserzioni

~ Gerarchie fra tipi

- Classi

— Ambienti

- Transazioni

— Astrazione dalla persistenza
dei dati

- Prpcessi

s

[ 4

: use type Month <=> Int ossert slth "illegol fonth®

this sithin {1,12)
with nestionth (1 : Int) : fonth := ekilenth (i)
ond HextHenth {81 ¢ Honth) : MHonth :=
use Thistionth := replionth ()
3 In §f Thisflonth < 12
shen sklionth (Thistienth + 1)
else skilonth {1)
end Eqlionth {0 : Honth, B : Homth) : bool :=
pephonth {f1) = replionth (M);

neslype Honth = -

Hestlonth = fun : Int -> Honth
Hextfionth = fun : Honth ~-> Honth
Egilonth = fun : Honth, Honth -> bool
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onen owm oo emm G G

ExomeGiven Givenby
l Studenis } } /}O- Exoms

E: skStudent (StudentMusber := mkSixDigits (222222)

= ond BirthDole :=
.- wkDote {Yeor := 1963
E: use - ond fHonth = 3
rec type Phoneluber <-3 Int ossert this eithin {100000,999999} - and Day := 10)
and type SixDigits <-> int assert this sithin (100000,999999} - and Hose := “Poul Smith®)
ond Students class
Student <-> ~ : Student
{BirthDate : Date
and Cltizenship : defoull “itefian” E: skEsop (GivenBy := gel Students
and ExansBiven : derived all Exoms ®ith GivenBy = this = ' with StudentHusber = akSixDigits (222222}
and Home : string - and Course ;= °C53°
and StudeniBumber : SixDigits . and Dote := skBote {(Yeor := 1983
ond Phone : optlonal Phoneluaber); - and Ponth := 5
key (StudentHusber) . and Doy = 10)
and Exoss class = ond Grode := B9
Exoe <-> = and Honor := <Hod);
{GlvenBy : Student
and Course : string - : Exowm

ond Dete : Dote
and Grade : int ossert this within{1,100)
and Honor : <(Yes or No>
ext StudentHusber := derived StudentBusber of GlvenBy)
key {GivenBy,Courss)
wssert sith “1llegalHonor”
1f Honor of this is Ves then Grode of this = 100
else true;

nesType Phoneliunber = ~

nesTyps SixDigits = -

closs Studentls = ~ @ seq Student
neelype Studsnt = -

closs fxoms = ~ : seq Exom
neglype Exon = -
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rec type PhoneHusber <-> Int assert this sithin {100000,999939)
ond type SixDigits <-> int assert this sithin {100000,999999)
ond Students closs
Student <->

{BirthDate : Date

ond Citizenship : defoult *ltolian”®

ond ExemsGiven : derived all Exoms with GivenBy = this

ond Home : string

ond Studentlumber : SixBigits

and Phone : optional Phoneluaber);

key {(StudentHumber}
and Exans closs

Exon <->

{GivenBy : Student

and Course : siring

ond Date : Dote

and Grade : int assert this within(1,100}

and Honer : <Yes or Ho>

ext StudentHusber := derived StudentHusber of GivenBy)

key (BivenBy,Course)

assert with "1ilegalHoner®

1{ Honor of this is Yes then Grade of this = 100
else true;

nesfyp: Phonelusber = -

nesiyps SixDigits = -

class Students = - ; seg Student
nesfype Student = -

closs Fxoss = - : seq Exca
neefypy Exon = -

: mkStudent (Studentlusber := skSixDigits (222222)

ond BirthDote :=
pkDote (Yeor := 1963
ond Month := 5
ond Doy := 10)
and Home := “Poul S=ith®)

~ 5 Student

: nkEsop (GivenBy ;= gel Students

sith StudentHueber = skSixDigits (222222)
ond Course := “(83°
and Dole := sklole (Year := 1983
and Honth = 5
and Doy := 10)
and Grade := B9
and Honor := <Hod);

- ¢ Exom
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Students closs

description « Focls cboul studenis of interest in this
appllcation »
user ReglstrotionDffice
cordinol ity sin = 200
max = 3000
avg = 1500
inserted by EnrolliStudent
roferenced by TokeDuiBook
updated by AHesExon quantity | using Exasms
Student <->
(BirthDole : Dote
ond Citizenship : defoultl “ltollian”
and Home : string
ond StudentHusber : ShxDigils
and Phone : optional Phonelumber
descrliption ¢ phone nusber sith formot ddd-dddd »
ond Exons
association
invert Exams on GivenBy
cardinal ity
ain = 0
mox = 20
ovg = 10
ond BooksBorrowed :
assoclotion derived oll Books sith LoonedTo = this
nosert ¢ o student connot give on exoe more than once »
keys {StudentHumber)

M v
operstlsa { BStudentiusber : SixDigits,
fCal IHumber : BookNusber)
description « To glve o book on lean to @ student »
wser Librorlon
uved in sctivity Leon

pre-condit ion
descript ion
¢ B student exists with the specified StudentHusber,

o book exists with the specified Colilumber, ond
the book Is not on loon »
{exoctly 1 Students with StudentHusber = Astudent Husber
find exactly 1 Books with Calllusber = fiCal iHusber
find LoonedTo of {get Bocks with Calllusber = ACalilusber)
is unbound)

post-condition
' {LoonedTo of {get Books with CoflHusber = ACallHusber) =
{get Students elth Studenthumber = fAStudentHuaber))

exceplions

if Hot exoctly 1 Students with StudentHusber = fStudentHusber
then feilsith “Student Unknown®

If Hot exactly 1 Books with Calllueber = fCaliHumber
then foileith "Book Unknoen®

14 LoonsdTo of {get Books with LollHusber = fiCal Humber)
is bound
then follsith “Book on loon®

closs-noed :
reirieves Students quantity | using StudentHusber
retrieves Books quantity | using CallHueber
updotes Books guontity ! using Loonedlo

‘associal lon-used
podifies LoonedTo from Books to Studenis

act lons
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source \

[ source \
\ module J

° * | module)

(1} read myfile

myfile READ. PRETRANSLATOR
{2) export length/2. T

EXPORT. -—————— d
(3) mode length{+,—). &

MODE. - : biﬂﬁw
(4) type MODULE module

module list__handling. '

export {length/ 2). -—- L JR -1

[*Beject®/. ] i COMPILER §

body. - ]

mode length{+,—). L—— ......,.. ——

length {nil,0)

length (X . L, N} — ' : banary binary
length (LN1), NisN1+ 1. : moduie " module T
endmod /¥ list__handling */.

I

( _ PDss );m:: INTERPRETER
binary program

Fig. 3. The structure of the MPROLOG system

{5) save mvfile _
| SAVING list-_handling <
EACES. . . standard
| length / 2 (bmary modug_—_-’ CONSOLIDATOR
§ SAVED ,
% :
; Fig.2. A dialogue with PDSS {second part)
E ( binary program >
|
|

|
.
|
|
|
{
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