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Abstract

This paper is concerned with issues associated with enhancements
to software productivity. An Advanced Software and Systems
Engineering Development Environment (ASSEDE) for software
productivity is suggested as a vehicle for enhancement of soft-
ware productivity. One of the major ingredients in supporting
software productivity is the development of a Model Base Mana-
gement System (MBMS) that comprises a number of modules that
support efficiency and effectiveness throughout the system
development life cycle. Prominent among these are software
prototyping and software reusability approaches for what we call
macro-enhancement of software productivity. Associated with
this MBMS and ASSEDE design effort are other issues concerning
knowledge representation and dialog management. An overar-
ching question concerns cognitive issues associated with the
ability of humans to cope with the requirements potentially
imposed through introduction of information and knowledge
support technologies for software productivity improvements.
We suggest allowing those using ASSEDE to structure software
specification tasks in an initially unconstrained way such as to
allow determination of useful descriptions of individual differen-
ces in information structuring and use as a function of experien-
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tial task familiarity. One of the hoped for objectives in so doing
is a general theory of software systems life cycle engineering that
incorporates viable cognitive information processing realities.
Another important objective is the development of tailorable user
MBMS that are best matched to user needs.

Résumé

Cet article s’intéresse aux problémes liés & 'augmentation de la
productivité de logiciels. Un Environnement Evolué pour le Dé-
veloppement de Logiciels et d’Organisation de Systémes (en bref
ASSEDE), est suggéré comme un moyen d’améliorer la producti-
vité de logiciels. L’'un des principaux ingrédients de P'aide & leur
productivité est le développement d’un Systéme de Gestion d’une
Base de Modéles (en bref MBMS) qui comprend un certain nom-
bre de modules pour contribuer au rendement et a efficacité
du systéme tout au long de son développement. Parmi les plus
importants de ceux-ci se trouvent des approches du prototypage
de logiciels ainsi que de leur réemploi, que nous désignons comme
la macro-augmentation de la productivité de logiciels. En liaison
avec cet effort pour concevoir le MBMS et ’ASSEDE, d’autres
questions concernent la représentation des connaissances et la
gestion du dialogue. Un point clef est celui des éléments cognitifs
liés a la capacité des humains de se débrouiller avec les exigences
potentiellement imposées, par Iintroduction d’information et
de technologies du support de la connaissance, en vue de ’amé-
lioration de la productivité des logiciels. Nous suggérons de don-
ner la possibilité & ceux utilisant ASSEDE de structurer les tdches
de spécification de logiciels de fagon initialement libre, par exem-
ple, grice a la possibilité de déterminer des descriptions utiles de
différences individuelles dans la structuration de l'information
et en utilisant la familiarité expérimentale avec la tiche. L'un des
objectifs espérés d’une telle pratique est 1’élaboration d’une théo-
rie générale du traitement des cycles de vie des logiciels, incorpo-
rant les réalités de la gestion de 'information cognitive. Un autre
objectif important est le développement d’un MBMS spécialement
adapté aux besoins des utilisateurs.

1. Introduction

An ideal software and systems engineering development environ-
ment is one in which the enf-user is able to identify system require-
ments [Davis, 1982 ; Sage, Galing and Lagomasino, 1983] through
an interactive human-machine interface that enables visualization of the
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impact of alternative requirements specifications. Through this, the user
should be able to refine these requirements interatively and throughout
the process, so as to produce the software system closest to that requi-
red to fufill identified needs. The ultimate operational goal of a soft-
ware development environment is to enable automated production of
requirements specifications and to be able to ultimately enable these to
be translated into operational code that meets all of the operational
functionality requirements of reliability, maintainability, availability,
portability interoperability, verifiability, validability, and trustability
[Beam et al, 1987 ; Frankel, 1985 ; Harrison, 1958]. This process
implie the need to look beyond the conventional «waterfall life cycle»
[Boehm, 1981] and other production life cycle models to take advanta-
ge of the opportunities afforded by emerging information technology
advances : expert systems, artifically intelligent interfaces, open systems
architectures, distributed data bases, graphic interfaces, and cognitive
interfaces.

Progress is being made in the incremental development of such a
software design and management environment, as indicated by the
following advances :

1. The Common Ada Missle Packages (CAMP) project has deve-
loped an environment taht demonstrates the ability to develop and use
Ada parts which are reusable, tailorable, efficient, and portected
[Czarnik, 1987]. This demonstrates the ability to provide automated
assistance to the part user ; and applys DOD-STD 2167 [US DoD
1985] to Ada'™ and the parts selected.

2. Object Oriented Language applications to identify requirements
specifications have been implemented [Nordby, 1986] and produce
full specifications according to de Marco’s [1982] rules including data
flows, hierarchical structure, and date definition.

3. Fourth generation languages (4GL) and automatic program
generators have been applied to the production of code [GSA, 1986].
These have proved to be able to produce code faster and with signifi-
canty fewer errors than coding in a high level language. Problems
with 4GL and automatic program generators genarally are that the
code so produced often requires longer run-time, and has more lines of
code, although it does otherwise improve productivity [Balzer, 1986 ;
Green, 1985].

There are other signifiant environment developments that involve
the translation of user needs to detailed requirements specifications

[Wasserman, 1986]. These latter advances are clearly precursors for the
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future total software systems engineering design and management
environment, and are essential to the work necessary to produce this
environment.

Important work continues in the explication of a coherent soft-
ware development environment, especially through the development
of reusability via libraries of parts, the development of intelligent
interfaces for database management systems [Kerschberg, 1986], direct
translation to code of detailed specifications automatically developed,
implementation of validation and verification procedures early in the
development process, and others. These research and development
programs will have significant impact on the utility of the software
development environment of the future.

Absent from these research and development programs is the
development of the interactive cognitive interface between the user
and the system analyst that will enable the translation of the system
requirements in an effective and efficient manner. The notion of the
ideal software development environment would provide for a MODEL
OF THE USER at the interface so that the system would be tailorable
to meet the needs of the user. This would enable the transfer of infor-
mation between the user and the system development processes in a
continuous way, without serious penalty to the entire process, such as
to facilitate system evolution and modification as user perception
of these needs develop.

In ordre to model the user at the system interface and, as a result,
to tailor the interface to the capability of the user ; it is necessary to
know and understand better those cognitive issues that affect the
interactive process of information elicitation and transfer. Several such
issues have been identified. We will discuss several of these here.

2.  Cognitive issues affecting software productivity

Decisions may be described as structured or unstructured depen-
ding upon whether or not the decision making process can be explicity
described prior to the time when it is ncessary to make a decision.
This taxonomy would seem to lead directly to one in which expert
skills [wholistic reasoning], rules [heuristics], or formal reasoning
[holistic evaluation] are descriptively, or should be normatively, used
for judgment [Sage, 1981]. Generally, operational performance deci-
sions are more likely than strategic planning decisions to be pre-structu-
red. It is important to note that expertise is a relative term which
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depends upon familiarity with task and the operational environment
into which it is imbedded. Since decision environments do change,
and since novices become experts through learning and feedback, it
is clear that there should exist many areas in which the proper form of
knowledge base support is a hybrid of an «expert system» and a «deci-
sion support systemy». This suggests that there will be a variety of
decision-making processes in practice and that an effective support
system should support multiple decision processes. In a similar way,
information requirements for decision-making can be expected to be
highly varied, and an effective support system should support a variety
of date (and knowledge) base management needs.

There are a number of cognitive abilities that a knowledge support
system for software productivity enhancement should embrace. It
should support the software systems engineer in the formulation or
framing of the decision situation in the sense of recognizing needs,
identifying appropriate objectives by which to measure successful
resolution of an issue, and through aiding in the generation of alterna-
tive courses of action that will resolve the needs and satisfy objectives.
It should also provide support in enhancing the abilities of the system
user to identify possible impacts of alternative courses of action. This
analysis capability must be associated with capability to enhance the
ability of the support system user to provide an interpretation of these
impacts on needs and objectives. This interpretation capability will
lead to evaluation of the alternatives and selection of a preferred
alternative option.

Real life software systems engineering problems and associated
design and management issues are so complex, unstructured, and
poorly understood initially, that an automated process for knowledge
support must allow and encourage learning so that system users gra-
dually obtain increased understanding of the decision situation, as well
as the personal value perspectives which led to the decision, such as to
be able then to make a morre informed and hence typically better
decision. Thus, support to formal based reasoning results in the learning
of rules and ultimately the skills that augment, and perhaps even
replace, formal reasoning in later performance of these same tasks.
This appears to firmly introduce skill and rule based knowledge into
the judgment situation and to make it very desirable that processes
for model based management and knowledge support incorporate
these forms of knowledge.

It is the desire to provide evaluation and recommendation capabi-
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lity in a knowledge support system that leads to the need for a model
base management systems [MBMS], especially and specifically one
intended to enhance software productivity [Dolk, 1984]. It is through
the use of model base management systems that we are able to provide
for sophisticated analysis and interpretation capability in a knowledge
support system. The single most important characteristic of a model
base management system is that it should enable the decisionmaker to
explore the design situation throught use of the data base by a model
base of algorithmic procedures. This can occur through the use of
modeling statements, in some procedural or nonprocedural language.
It can occur through use of model subroutines, such as mathematical
programming packages, that are called by a management function It
can also occur thourgh the use of data abstraction models. This latter
approach is close to the expert system approach in that there will exist
element, equation, and solution procedures that will together comprise
an inference engine. Advantages to this approach include case of
updating and use of the model for explanatory and explication purpo-
ses. This is especially valuable when a multi-level perspective is appr-
priateto decentralized and distributed decisionmaking.

3. Knowledge support requirements

There are a number of behavioral implications to knowledge
support system introduction into a decision situation, such as soft-
ware systems engineering, that are very important. User involvement
in the design process, management support for the design effort, and
the availability of user training activities are but a few of the many
requisites for success [Sage and Rouse, 1986 ; Sage, 1987a]. It is
especially important that potential system users not regard a support
system as too difficult to learn to use, too hard or too time consuming
to actually use, or as producing inaccurate, incomplete, or dated
recommendations. Perhaps the most damning charges of all that affect
potential user willingness to use a knowledge support system are
feelings that the support system significantly interferes with the «nor-
mal» way of thinking, can not adapt to changes in problem specifica-
tions, does not produce intermediate results of value, or does not really
address the actual problems that exist. Appropriate system designs

avoid these impediments. To determine the extent to which the results

of a sqftware systems design effort yields satisfactory support systems,
operational evaluation of prototype support systems generally neces-
sary.
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There are various kinds of knowledge that comprise expertise.
Among these are : facts about the specific domain of the problem
solvers that are to be aided by an expert or knowledge support system ;
fixed rules and procedures that will always be valid ; problem situations
in which there is imprecision and uncertainty and in which heuristic
rules need to be appled with caution ; skill based perceptions based on
experiential familiarity with the task at hand ; and formal theories of
the domain that need be used when experiential famililiarity with the
task at hand and the environment into which it is imbedded is insuffi-
cient to enable wise use of skill and rule based knowledge. Because of
this great variety of knowledge, it is most likely that experts will be
unable to present a complete and consistent set of fact files and know-
ledge relationships that will enable construction of a «complete»
knowledge base sybsystem. Thus the process of knowledge acquisition
must allow for iterative and incremental identification of knowledge,
and for the potential use of formal reasoning based approaches. It
must allow for expansion, contraction, replacement, and residual
shifts of existing knowledge in a knowledge base as new knowledge
is acquired.

For this reason, the process of knowledge acquisition cannot be
totally separated form taht of knowledge representation or that of
knowledge utilization. In order to determine consistency and comple-
teness of the knowledge base, it will be necessary for acquired know-
ledge to be subjected to appropriate tests. These will ncessitate repre-
sentation and use of the acquired knowledge, as it is on the basis
of representation and use that such measures as consistency and com-
pleteness are determined. This requirement for iterative and modular
knowledge acquisition will require that a software systems engineering
support facility allow for the use of rapid prototyping and reusability
constructs as needed tools throughout the system design life cycle.

The process of knowledge acquiisition is driven by the identifi-
cation of existing deficiencies in a knowledge base. Without the use of
meta-knowledge to drive knowledge acquisition, the acquisition process
is undirected and there is little that can be done to insure effectiveness
fo the knowledge base, or efficiency in its acquisition. It is this preli-
minary interactive use of the knowledge base that enables an expert to
detect errors in the performance of the expert system. These occur in
the form of reasoning or responses that the expert finds inappropriate.
There must be some capability to work backwards throught the system
in order to detect the location of flaws and allow modification or aug-
mentation of knowledge at that point.
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Knowledge may be acquired from experts in the form of fact
files, action and event knowledge, performance knowledge (know-
ledge about «how to do» things), and meta-knowledge about what is
known and what is not known. Meta level knowledge can be used
to prioritize the relevancy of rules in the data base such that those
rules most likely to be useful, given a current knowledge on the part
of the expert system, are used first. Through the use of strategies
such as this, acquisition of knowledge can be made effective and
efficient. Our efforts concerning the use of meta-level knowledge to
direct the knowledge acquisition process will include detection of
knowledge base representational deficiencies, and diagnosis of
sources of deficiencies, and correction of the knowledge base by
interactive and iterative cycling through the acquisition, represen-
tation, and utilization portions of knowledge base subsystem design.

4. Design requirements for ASSEDE

The ultimate goal of systems design is to provide a certain
function, product, or service within reasonable cost and other cons-
traint conditions such as to enable the fulfillment of some desired
performance goals [Freeman, 1983). These overall performance goals
or objectives are typically translated into a set of expected values of
performance, reliability, and safety [Brooks, 1987 ; Parnas, 1983 ;
Pettijohn, 1986 ; Hecht, 1986]. On the basis of this, it is the task of
the system planner attempting conceptual specification of system
architecture, the system designer attempting concept realization in
the form of operational system specifications, as well as that of a
man-machine intelligent system undertaking operational control,
to examine future issues in such a way as to be able to [Sage, 1977,
1982]. :

1. identify task requirements, such as to be able to determine
sub-issues to be examined further and those not to be considered
further,

2.1identify a set of hypotheses or alternative courses of action
which may resolve the identified issues that are to be resolved,

3.identify the impacts of the alternative courses of action,

4. interpret the impacts in terms of the objectives for the task
at hand,

5.select an alternative for implenmentation and implement
the resulting control or policy, and
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6. monitor performance such as to enable determination of how
well the integrated system is functioning.

There is a major focus and emphasis on human-system, or human-
machine, interaction concerns in the foregoing. Information, and the
appropriate use of information to aid and enhance system planning,
design, and operation is also stressed. There are many questions that
relate to a successful interaction among humans, the integrated tasks
in which they are engaged, and the software system that is to be desi-
gned [Sage, 1987b]. These questions relate to the control of technolo-
gical systems. They concern the degree fo automation possible from an
intelligent machine, especially in flexible task allocaion situations.
They concern the design of computer generated displays that aid the
human supervisory controller. They relate to a number of management
tasks at a variety of organizational levels : strategic, tactical, and opera-
tional. System information requirements exist to varying degrees in
each of these activities. All of them concern, in a very fundamental
way, the effective and efficient use of information. These concerns
appear of particular importance relative to the improvement of soft-
ware productivity.

5.  Imperfect information concerns in ASSEDE

Our research is concerned with the appropriate use of information
for software systems engineering support in planning, problem solving
and decision making activities. Of necessity, we must be especially
concerned with enhancing the value of imperfect information towards
these ends. By imperfect information, we mean information that is
incomplete, imprecise, uncertain, inconsistent, unreliable, or some
combination of these [Stephanou, 1987]. We must be especially concer-
ned with the use of information to enhance requirements specifications
identification for purposes of software prototype design.

Our assumptions of imperfect knowledge or information may refer
to available information that may be imprecise, relative to the degree
of refinement with which the asessment is made, or information which
may be inconsistent in the sense of being in disagreement with presu-
med principles or laws of an assumed decision situation model, or
information which may be incomplete in that needed elements are
missing.

We need also be especially concerned with representation and
automation of knowledge that arises from various reasoning perspecti-
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ves including skill, rule, and formal reasoning based approaches [Ras-
mussen, 1983, 1985, 1986]. This will enable better representation
and utilization of perceptual knowledge, as well as formal knowledge,
in aids that enhance human performance [Sage and Lagomasino, 1987].

We will alos be concerned with interactive formulation of know-
ledge support processes as learning processes in which the software
systems engineering team through interaction with the support system,
is able to successively gain a better understanding about the operational
situation in which the software should function, and to adapt value
judgements accordingly. This is to be accomplished in such a way as to
enable selective resolution of inconsistencies in the knowledge base
during the search for an appropriate representation of knowledge,
perhaps in the form of schema or a dominance structure among alterna-
tive courses of action, that is sufficient to enable judgement and chojce.
Inconsistencies are, for the most part the result of biases and inade-
quate heuristics used in the acquisition of knowledge. Existing methods
will be extended, and new approaches to identify, avoid, and resolve,
or minimize the effect of, inconsistencies due to the use of flawed
heuristics and cognitive biases [Kahneman, Slovic and Tversky, 1982 ;
Sage 1981] need to be explored. The role of evidential and epistemic
information, as well as aleatory information must be considered.

We are discussing, in a very fundamental way, the used of very
general «value of information» techniques to direct and control the
acquisition, representation, and organization of information required
for judgment and choice. In this, we are necessarily very concerned
with developing inquiry processes and information presentation aids
that allow for multiple perspectives concerning issues and problem
situations [Sage and Lagomasino 1984]. The resulting knowledge
support system is envisioned to have several major components.We will
be concerned with approaches to data base management and model
base management that allow for integrated use of these to aid in human
information processing and, potentially, machine information proces-
sing as well. Development of appropriate theories that enable appro-
priate information processing and judgmental task sharing among hu-
man and machines is an important issue in software systems enginee-
ring. The generalized «value of informationy concepts suggested here
should provide useful guidelines towards this development.

In a design of this sort, one must be especially concerned with
meta level model management of an inquiry system. This inquiry
system will be in charge of directing and controlling the interactive
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nature of a system that allows adaptation and learning. In effect, this
will allow for higher level meta-knowledge, perhaps represented as
formal reasoning based knowledge, to direct and control the use of skill
and rule based knowledge which will typically be schema-like. Through
this approach it should be possible to resolve problems that often inhi-
bit understanding across several knowledge domains, perhaps con-
founded by differing perpsectives relative to the ultimate operational
issues at hand. Of major importance is the accommodation of multiple
knowledge perspectives and the integration of these into a «theory»
of information presentation.

There are several additional research needs that are suggested by
the observations made here. These can be stated in the form of hypo-
theses :

1. The design of support systems that assist humans in cognitive
tasks, such as software design for productivity, requires substantial
comprehension of the human intellectual activities supporting jud-
gement and choice

This involves studies of skill based, rule based, and formal reaso-
ning based judgement and how use of these types of knowledge de-
pends upon the contingency task structure. It also involves a study of
ways in which humans process information, especially in distributed
environments that are subject to considerable message delays, node
failutres, and associated uncertainties and imprecision in the resulting
database.

2. Identification of appropriate ways to represent knowledge
in a multiple-agent support system is a critical issue

This requires attention to studies that deal not only with the
formal reasoning methodes common to decision analysis, but also
to studies of how humans can be aided in reasoning wholistically,
such as reasoning by analogy. Perhaps most importantly, it requires
studies of how holistic and wholistic knowledge can each normatively
support one another to aid decision-making processes.
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3. Information fusion studies and studies of the diverse interpreta-
tions that can result from the same knowledge presentation are impor-
tant current issues

There exists the need to blend descriptive and prescriptive approa-
ches in doing this such that the resulting process is behaviorally accep-
table.

4. Acquisition and representation of knowledge from multiple
perspectives are needed, as well as studies of how to accommodate this
within the framework of specific model base and cognitive engine
constructs that enable effective use of the support aids available for
the software development environment

This is needed in order to provide the input to the model manage-
ment, cognitive engine and associated inference mechanisms that
access the knowledge base of a software design and management sup-
port system. These must be designed in such a way as to consider the
special needs associated with the query language structure that will
result in the database, or knowledge base, and the physical locations
for various portions of the data or knowledge base.

5. There exist needs relative to integration of the various know-
ledge bases, model bases, cognitive engines, and the users of the sys-

tem, for appropriate communication within the distributed knowledge
environment

In the situation associated with most large and complex applica-
tion software design issues and environments, it will typically not be
possible, due to time constraints and other complexities, to evolve a
«complete» set of potential alternatives nor even a complete software
requirements specifications so needed for ultimate success in design
and development. For this reason, and others, the ability to deal with
imperfect and ambiguous information is very necessary.

6.  Some hypotheses concerning the ASSEDE facility
The function and purpose of this design support facility is such

that it will enable rapid and interactive cycling through the steps and
life cycle phases of a software design and management activity. The
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facility will enable and enhance application of the macro-enhancement
approaches discussed in Beam, Palmer, and Sage [1987]. It will enable
these approaches to be imbedded into a methodology for systems
design and systems management of trustworthy software.

Contemporary needs associated with the systems engineering
design and management of software for enhanced productivity suggest
that much benefit can be achieved through integration of systems
engineering, cognitive science, and computer science approaches now
made possible by developments in information technology. A principal
goal fo software systems engineering is the organization of knowledge
for the realization of trustworthy software [Fairley, 1985 ; Somerville,
1985]. Human initiative and creativity are best enhanced when the user
of a knowledge support system is able to self direct the system towards
skill based, rule based, or formal reasoning based assistance rather than
having to respond to the dictates of a behaviorally insensitive and
inflexible paradigm that is often used as the basis for support system
development.

We have presented a overview of our conceptual approach to
design of a knowledge support system for software productivity enhan-
cement. This, as we have discussed, is basically a software repository
consisting of reusable software modules and non procedural approaches
that enable rapid system specification and evaluation in a prototype
like fashion [Palmer and Nguyen, 1986]. A critical needed task to
obtain a successful system design product is the integration of these
findings into a cohesive whole that will enable the sought for system
design principles to be evolved into the design of an operational know-
ledge support system. One of the major tasks associated with the
design of a software systems engineering development environment
is the determination of a set of information presentation principles and
a resulting strategy for information presentation that enables judgment
and choice in software productivity areas.

The hypotheses that follow relate to the cognitive aspects of
group and individual interactive processes involving human-computer
interfaces. One of the major goals of the interactive processess at the
human-machine interface is the ability to elicit and transfer information
from the user for implementation in the development of the software.
One of the hoped for achievements in so doing is a better understanding
of the important factors governing the effective, timely, and quality
information transfer characteristics that influence the utilization of
the software systems engineering development environment and the
related tools and activities.
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There are many issues that must be resolved during the course of
design of the facility suggested here. These include : the formulation
of the methods and processes for information transfer, model definition
within the model base management system, reusability trade-offs,
tailoring of the processes, security and control access, interfaces,
expert systems and the application of knowledge based systems and
controllers, interactive languages, comfiguration management, distribu-
ted systems architectures, automation of processes and all management
control areas. The evaluation methodology must address the goal for-
mulation statements, estimation of appropriate metric,s planning,
designing and performing tests and analyzing the outcomes. The proce-
dural questions that arise relate to the quality of the use and the
ability to characterize the quality in definitive terms ; the nature and
extent of the domain ; the cost of the effort compared to conventional
approaches, and the effectiveness of the operational aspects under
actual usage.

The basic scenario will be to provide the development environ-
ment, establish user goals in the formal sense, and supply data for the
implmentation process. The user will then tailor the interactive inter-
face to the comfort level of the individual and utilize the generated
internal model of the user for all interactive sessions. The process will
be closely monitored to ascertain the selection of tools and metho-
dologies with a trace provided through the expert system at the inter-
face. Concurrently the expert system will trace the preferred tool and
method selection as determined from the internal inference engine and
knowledge base. These will be compared and the outcomes will be
used to drive improvements on the continuing development of the
interactive interface. The major goals will be to determine an assess-
ment of the situation regarding the ease of interaction and the effi-
ciency and effectiveness of the tool and methods selection process.
Strategic and tactical assessment of the situation will be generated
for evaluation purposes.

The Hypotheses that support design and use of a facility such as
thire are :

H1. The quality of the requirements phase of sotfware develop-
ment will improve markedly if the information presentation aids and
other parts of the human-machine interface (HMI) affect a symbiosis
between the user and the interactive interface.

H2. Productivity and quality will improve if the HMI models the
user and tailors the interface to the user needs both intellectually and
operationally.

COGNITIVE MODELS AND USER INTERFACES 209

H3. Small groups develop in a known (based on observations
from small group dynamics studies) and prescriptive way to maximize
individual contributions in a group situation if tailored HMI’s are
utilized.

H4. Use of an Advances Software Systems Engineering Develop-
ment Environment (ASSEDE) will increase the information available
and enhance the effectiveness and efficiency of the software design
and management process.

HS5. Use of an ASSEDE will increase the span of user control
throughout the software life cycle.

H6. Use of an ASSEDE will decrease the number of hierarchical
levels needed in the approval process for identification of requirements
specifications and system level architectures.

H7. Use of an ASSEDE will increase the range of software and
system decomposition levels (phases in the software life cycle) at which
design decisions can be made without increasing the costs that are
caused by imperfect information about the problem situation.

H8. The use of an ASSEDE will enhance the efficiency and
effectiveness of the information systems integration engineering efforts.

6. Summary

In this paper, we have discussed a number of conceptual issues
associated with the integration of systems engineering and information
systems concepts for the design and management of productive and
trustworthy software. An Advanced Software Systems Engineering
Development Environment facility was described that embodies the
principles discussed.
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(suite et fin)

Louis COUFFIGNAL

Nous publions ici la fin de 'article de Louis Gouffignal dont nous
avons donné le début dans le précédent numéro de cette revue. Ce
texte, emprunté au numéro de Thalés consacré a la cybernétique
(tome 7, 1951, paru en 1953, Presses Universitaires de France), présen-
te, en particulier, un intérét historique. Il montre, entre autres, quel
était le point de vue de l'auteur sur certains aspects de la théorie de
linformation. Par ailleurs, il y est parlé d’une machine a calculer,
de type arithmétique (donc non analogique), alors en cours de con-
ception (1950), machine dont la construction fut, par la suite aban-
donnée.

L’ouvrage «Cybernétique», cité pour signaler un texte de Pierre
Chavasse, intitulé plus précisément «la Cybernétique, théorie du signal
et de l'information» (Editions de la Revue d’Optique, Théorique et
Instrumentale, Paris, 1951) réunissait les communications présentées
au cours du Cycle de conférences organisées, au printemps de 1950,
sous la direction de Julien Loeb, dans le cadre du «Séminaire de Théo-
ries Physiques de UInstitut Henri Poincaré», sous la Présidence de Louis
de Broglie (un cycle de ce genre, sous la méme présidence, avait alors

1. Texte publié dans Thalés, tome 7, année 1951 (paru en 1953), pp. 24-36. Nous
remercions les Presses Universitaires de France de nous avoir autorisés a reproduire ce docu-
ment.




