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Letter from the Editor

This issue is on Integrated Software Engineering Systems and Database Requirements. The increasing

complexity in software systems and increasing cost in developing and maintaining them have moti

vated a number of major research and development projects, both in the industrial research laborato

ries and the universities, to find ways to significantly enhance software development productivity and

quality of software. One approach is to develop a system which will integrate software engineering

tools under a friendly user interface and around a shared database of software components, informa

tion about them, and knowledge about software design process. In an attempt to foster a better

understanding of the role of a database system in such an integrated software engineering environ

ment, I invited a fairly diverse mix of papers for this issue. Three (Lehman, Akirna, and Dittrich, et at)

of the seven papers included are from outside of the United States; five (Lehman, Akima, Biggerstaff,

et at, Welch and Konrad, and Delisle and Schwartz) provide industrial perspectives; four papers (Leh

man, Habermann, Dittrich, et at, and Deliste and Schwartz) discuss operational systems; and five

(Akima, Biggerstaff, et at, Dittrich, et at, Welch and Konrad, and Delisle and Schwartz) attempt to

bring out database requirements in software engineering environments.

I would like to thank the authors who contributed their valuable time to this issue. I enjoyed working

with them. I hope the readers will find this issue informative and stimulating.

Mike Carey is presently organizing the June issue on extensible database systems. Sunil Sarin will edit

the September issue on federated database systems. C. Mohan is tentatively scheduled to do the

December issue on bridging database theory and practice.

Z~
Won Kim

Editor—in—Chief

March, 1987



MODEL BASED APPROACH TO IPSE ARCHITECTURE AND DESIGN

- The 1ST ISTAR Project as an Instantiation -

MM Lehman

Department of Computing
Imperial College of Science and Technology

London SW7 2BZ

1 Introduction - The Nature of Software

Software (by definition) contains no physical components. A program is constructed exclusively of

linguistic elements, character strings, words, phrases, sentences, graphical elements, expressed in

some formal or natural language. These are associated to produce representations that model concepts
and properties of the problem to be solved by a computer system, of the domains or environments in

which the problem and its solution are defined and of the solution which is to be implemented and

used. Even where an end product takes a physical form such as a VLSi chip, its functional properties
will have been defined by a formal text (program).

Since all that is being produced during the development of software is purely linguistic the

development process is also non-physical. Definition, design, realization and continuing adaptation of

a computing application and of the system that implements it is obtained by a sequence of

interpretation, manipulation and transformation steps applied to a textual representation to refine it

WIR71]. The process starts with initial verbalization of an abstract (mental) concept and proceeds
down to the production of executable code and its documentation.

Because of the non-physical nature of software, the software development process and its products are

not disciplined, limited or controlled by natural laws or physical constraints. As a multi-person activity
extensive in time, discipline must be applied to that process if chaos is to be avoided. On-time delivery
of products accurately and reliably satisfying the needs for which the process was undertaken can only
be achieved through precise representation of appropriate concepts and their rigorous application.
Linguistic and process constraints replace the controlling factors that dominate other design and

development processes. It is, therefore, vital for concepts, languages, methods and procedures used in

software development to be precisely formulated and specified. If this is not done the process and its

products will continue to suffer all of the problems that have plagued them for the last three decades.

The dominant role of evolution in software and systems development must also be accepted LEH8SJ.
Evolution arises from a variety of related and interlinked factors {LEH86b]. It is experienced as

iteration and backtracking in the development process and as release sequences of its products. Control

and direction of resultant pressures for change is a key concern of software technology. Mastery of the

evolution phenomenon is crucial to management of each stage of the software development proces.
Process management must be viewed as the direction and control of change.

Evolution is not, primarily, a consequence of ignorance, incompetence, sloppy thinking or incomplete
planning. It is intrinsic to the very being of computing applications and, therefore, software. Defming,
developing, installing and using a computerised application clarifies the need, the problems and means

for their solution. All these activities raise the sights and ambitions of both users and implementers.
Installation and exploitation also changes the application domain and, therefore, both the application
and perception of it. And coupling between user and system is tight. Inadequacies, imperfections,
mismatches with a changing environment are all personally experienced and rapidly become

intolerable. Pressure for change mounts and cannot be resisted for long, particularly in the face of ever

present competition. System attributes, its components and the overall system all evolve.

As mankind places ever more reliance on computers, incorrect, unreliable or unavailable software will

represent an increasing threat to society. Improvement of the software development process SPW84,
86, 87, LEH87c], significant advances in its reliability and timeliness, must be accepted as an urgent
societal priority. The facts summarised above typify the environment within and for which the

technology must be advanced. It is these perceptions and facts that underlie much of the current work
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in formal software d~velopment methods J0N86, MA187], in data modelling, in studies of the

software development process as above], in software evolution LEH85] and in the development of

Integrated Project Support Environments (IPSEs) and their tools STE85, LEH85b, 87, PDS87].

As observed above, disciplining the products of software systems development and evolution requires
a substitute for the natural laws and physical constraints that operate in other engineering fields.

Through their semantics and grammatical rules natural languages provide a limited degree of control.

Unfortunately, and as so succinctly expressed by Koestler*, their use also limits creativity. Moreover,
the meaning of natural language representations in the developing system will be obscured by the use

of primitives that convey meaning by association, hidden persuaders. in Koestler’s words.

Furthermore, natural language is neither precise nor unambiguous but both are vital to success of the

development process. Finally, the basic operation of transformation by which progress is achieved

must also be precise and correct. It should be calculable, not based on human interpretation and

manipulation. The use of formal languages, whose primitives are logical rather than phenomonological
and with operations that are precisely defined, largely solves all these problems.

Formalisation is, however, not sufficient LEH87b]. Humans play an essential, creative, role in

software development. In general, development can only be achieved through the creative activity and

collaboration of many people over a long period. In this they continuously require full and ready
access to information involved in earlier activity. It is, therefore, necessary to capture and make

available full records of all information and data involved in the development process. Furthermore,
the process by which process steps are defined, sequenced and executed, the management of human

and other resources, controlled association and integration of the components developed over the

lifetime of the product in its many instantiations, are also crucial to success. Process design and

control is essential to achieve quality products since the quality of these will be no better than that of

the process producing them. Thus there emerges the concept of process models LEH84, 85, SPW84,
86, 87]. These provide the starting point for achievement of the goals of software engineering and

hence to the concept of IPSEs as an encapsulation of advanced systems and software technology.
IPSEs can be the realization and embodiment of software technology and an instrument for its transfer

and introduction into industrial practice LEH86]. Achievement, depends heavily on their design.

In what has been said above software has not been defined. The relevance of the observations is not

confmed to code. It applies equally to problem and requirements statements, specifications, databases,
documentation etc. All contain information vital to the success of the application over its lifetime. All

must be unambiguous, precise and correct. All must be preserved to be readily accessible in all their

variations and versions if satisfactory system development, build and evolution is to be achieved and

maintained. The crucial property of a software system is its dynamic correctness as the world changes.

The remainder of this paper concentrates on discussion of the development process, on relevant

models and on IPSE architectural concepts. The 1ST ISTAR environment, developed at Imperial
Software Technology Ltd (1ST) in collaboration with British Telecom (BT), is used as a vehicle for the

discussion. This system is particularly appropriate as the basis for such a discussion. Its design
concepts were directly derived from a specific view of the programming process LEH84]. The

process model that resulted from this collaboration provided the initial conceptual basis and framework

for ISTAR.

2 ISTAR Design Goals

The principal goals of the ISTAR project would appear to apply equally to almost all IPSE

development. They included the provision of full support for software development teams rather than

* The prejudices and impurities which have become incorporated into the verbal concepts of a given ‘universe of
discourse’ cannot be undone by any amount of discourse within theframe of reference of that universe. The rules of
the game, however absurd, cannot be altered by playing that game. Among ailforms of menlation, verbal thinking is

the most articulate, the most complex, and the most vulnerable to infectious diseases. It is liable to absorb whispered

suggestions. and to incorporate them as hidden persuaders into the code. Language can become a screen which stands

between the thinker and reality. This is the reason why true creativity often starts where language ends’ KOE64].
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just for individual programmers; such teams being, in general, distributed over distinct geographical or

organisational entities. Hence the target system, and in particular its databases, should be distributable.

Moreover, support had to be effective over the full life cycle of each product or, more strictly, of each
application. Since equipment must inevitably differ between locations and over time, the IPSE had also

to be simple to port. Moreover, to ease transition to new development processes and to conserve

resources, the target system should exploit existing methods and tools wherever reasonable.

More generally, since IPSE development must inevitably be costly, the resultant system should be

suitable for use by a wide variety of users to reduce individual usage costs. Even if initially tailored to

current or anticipated needs and desires of a specific client an IPSE should be readily adaptable to

incorporate methods and tools of interest to other groups or organisations. Moreover, software

technology is advancing rapidly and there is no universal or best method. Any process or environment

locked into one particular development method or into the state of the art at some specific time would

rapidly become obsolete. At the very least, new methods and tools relevant to the interests and

activities of potential users must be integratable as they become recognised and available. Finally,
organisations and their workforce cannot change their way of working or adopt new methods or tools

overnight. An IPSE, when first installed, should make possible the continued use of existing methods

and tools, with new ones introduced as the workforce is trained in their use. An IPSE should,
therefore, be flexible and evolvable accommodating, at any one time, a range of approaches and

methods; the design and construction must be open ended so that both process and IPSE evolution will

be feasible as technology advances and as resources become available.

3 The Process of IPSE Development

An PSE must provide support over the entire life-span of an application in a coherent and integrated
fashion, not just for initial development. Moreover, programming, however broadly defined, is only
one of many activities needed for the creation, maintenance and continuing evolution of a software
based product. Specification and design of a software product; algorithm selection (technical
development); planning, control and evaluation (system management); data capture, storage and

retrieval; component and system build management; work planning; resource management; all are

important activities. They are all intrinsically related and interdependant. When concern with an artifact

ranges over its entire lifetime it is the retained process information that links different activities.

An adequate but parsimonious process model involving a minimum number of concepts and

paradigms is key to achieving integration. It must also be complete, spanning technical and

management activities. This model must be complementedby a project model STE85] which defines

organisational and activity structure for the management and conduct of the process. In the case of

ISTAR, the contractual (section 5) and process (section 4) models played a semenal role in the design.

Where the specification and design of an IPSE is developed from specific models, the system that

results cannot be neutral with respect to processes and project organisations supported. Conversely, it

is always beneficial for an IPSE end-user to adopt an approach compatible with process and project
concepts that have influenced its design. Given sufficiently general underlying models, effective IPSE

exploitation should be achievable in most circumstances. Nevertheless, the need to provide lifetime

support will inevitably lead to an IPSE that is process sensitive. Anyone expecting to use an integrated
environment effectively while following an ad hoc operational process is bound to be disappointed.

Models providing the basis of an IPSE architecture and design may, in turn, be used to guide selection

or development of methods to be supported for use during the various stages of system development.
Existing methods should be adopted whenever possible, by adaptation if need be. In the absence of

already available methods one may have to support new development whilst temporarily using ad hoc

approaches to the satisfaction of immediate needs.

Once process and project models have been defined and methods selected, one may develop relevant

data models. Such models must reflect the structure of process and product information; the nature of

specifications and constraints defining project goals and product properties; information flow;

projected relationships between components and between activities; accountability during process
execution and in the project organisation; the need for management data and so on.
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Identification of (classes of) methods and associated data models, in turn, facilitates definition of tool

attributes and the specification of tools, technical and management, to achieve them. Interplay between
the emerging data models and tool set will provide information for their refinement. The full set of
models may then be applied to guide the development of a framework IPSE subsystem that will

eventually house selected tools and tie them into an integrated whole. This subsystem will normally
include global process facilities such as an information repository and database, interconnection and

communication facilities, work station control, tool building and packaging tools and so on. The

approach to IPSE development described is illustrated by figure 1.

I, ~
JOFTW2Z T~I~GT1~

Figure 1 The IPSE Development Process

4 The Process of Program Development

4.1 Program Development

The term Software Development is generally interpreted as referring to creation of a program that

realises a new application. In fact, it should include adaptation of an existing program; activities arising
from changes in the operational environment, changed perceptions of that environment, revised

objectives, new technology. There is no need to differentiate between these various situations. Indeed

there is every reason to treat them as variations on a common theme; the further development of a
program or systemfrom its current state (which may be empty) to a new state.

At a high level of abstraction, the process whereby this is achieved may be described as the

transformation of an application concept into an operational system or of a change to an existing
concept into a change to an existing system. The transformation cannot, in general, be attained in a

single step. It is achieved as a sequence of transformations, the many steps yielding representations
R1, R~, ... R~, ...

TS. These span the space from initial verbalization of the application concept, AC,
to realization, TS, of the target system.
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4.2 The Program Step

In the classical process model, the waterfall for example B0E76], individual steps are seen as very

specific. They are normally referred too descriptively by terms such as spec~fication, coding, testing
and so on. Unfortunately, this model is not consistent with the needs of process integration,
coherence, evolution and so on. Nor will it permit development of the global, parsimonious, models

that scientifically based technology demands.

One such model has been described in detail elsewhere {LEH84]. It is based on the observation that

despite the fact that languages and methods used for step activities at different stages will vary, they
satisfy a common paradigm expressed in terms of a base language, a representation in that language, a

target language, a transformation-derived representation in the target language and obligations of

verification and validation. The paradigm also includes provision for decomposition through
partitioning of a base representation and for the recursive introduction of intermediate steps. In the

canonical step as discussed in the source reference, defmition (selection) of the target linguistic system
is the creative act in each step. This is the decision that sets the direction and degree of refmement

desired in that step. Its creation permits derivation of the relationship between base and target
languages. Other forms of creativity can, however, also be visualized.

This paradigm addresses only what is to be achieved, not how. At the highest level of abstraction the

objective of each step is refinement, progressing the dual processes of abstraction from the application
universe and reification to the system universe. It applies equally to early stages of concept
development which might well be conducted in non-formal linguistic systems and to design, that is

stages which should be formalised. Conceptually the paradigm implies a top down analytic approach.
At each and every step the process (as distinct from system) designer will be able to identify methods

and tools that best fit the specified technical and managerial objectives and constraints. He must only
be certain how to fit them into the overall process. The model does not restrict the selection of available

methods and tools. It merely guides that selection.

4.3 Verification

Execution of each transformation step includes an obligation for verification. This must demonstrate

that the target representation is self-consistent and a consequence of the base representation, logical
and extra-logical axioms in the base language, the specified inference rules and the derived relationship
between base and target languages. Verification is automatically achieved when a verified compiler or

other transformation mechanism is used. Alternatively, a sub-step may have been created using the

approaches of constructive correctness. Or a correctness proof may have been generated, perhaps
using a theorem prover. Whatever the approach, the adoption of formal development methods will

simplify the provision of associated verification techniques and tools to support them.

4.4 Validation

Validation is not, in general, a precise, calculable act like verification but involves judgement. It seeks

to confirm that the intent of the original application concept has been correctly interpreted and

preserved during the development process. This judgement will, of course, be made in the light of

improved understanding gained while following that process. Beauty lies in the eyes of the beholder.

His judgement at any stage must include a view of the eventual properties of the operational system.
He will attempt to satisfy himself that, as far as can be determined from current perspectives, the target

system when reached will satisfy the need of the application at the time when the program is invoked.

Such judgement should be made at each step in terms of current observations and knowledge of the

further process. It will seek to demonstrate that, in terms of the linguistic level in which it is

expressed, the derived representation displays or reflects the desired properties of the operational
system. It must also search for implied undesirable properties of the final system. Finally, the

representation should be shown to represent progress towards achievement of the target system; it

must be suitable as a base representation for further development. Such validation may be based on a

comparison of the representation with an image in the validator’s mind. Alternatively, the image may
be explicitly represented in some more understandable form. However represented, the image is a

projection, a viewpoint, a domain sub-model of the application concept.
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