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ABSTRACT

Building design is becoming an increasingly complex process. Technological
advances in building materials and construction methods have necessitated the
specification of more rigourous regulatory constraints to which the designer must
adhere. Although a diverse range of sophisticated computer based design tools,
addressing the formal functional requirements of building design, exist to assist the
designer in the decision making process, as a result of their sophistication, such tools
often require considerable specialist knowledge of the methodologies employed before
they can realistically be utilized on a routine basis.

As a result a growing interest has developed in intelligent user-interfaces in an
attempt to make complex application software more accessible, maintainable and
extendible. However, owing to inconsistencies between front-ends, the current trend
in user interface management systems tends to propagate the encapsulation of
application functionality within a static, esoteric style of dialogue; restricting interaction
to the lowest common user level and therefore denying the designer unrestricted access
to the embedded methodologies required for creative solution synthesis.

By adopting a communications view of the user-interface, this thesis illustrates

how a dynamically adaptable user-interface, coupled to a multi-level knowledge based
system consisting of surface level models derived from human laws, with deep models

of reasoning, employing non-procedural, opportunistic knowledge acquisition
mechanisms, may be utilised to accommodate the dynamically varying nature of the
design process. The resulting object oriented framework is an intelligent design
support system which isolates the user from the low level aspects of CAD tool
management; enabling experts from different sub-disciplines to access the functionality
of a comprehensive range of design tools in manner suited to their individual
conceptual vocabulary, level of expertise, and idiosyncratic design procedures.

Although the framework described within this thesis is generally applicable
across a range of domains, specific examples of user stereotypes and dialogue

templates used to illustrate the principles behind the system are derived from building
performance assessment and prediction.
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Much of the work presented within this thesis has been carried out over a two and a halt
year period of which; two years where spent working on a collaborative, SERC
funded, research program between ABACUS and the Informatics Division of the
Rutherford Appleton Laboratory, to develop an Intelligent Front-end for energy
simulation, and more recently a preliminary investigation has been undertaken to
explore the theme of intelligent design assistance which forms the basis of this thesis.

Owing to the collaborative nature of the research 1t is impossible to descnibe the
contributions made without referring to the work of other individuals. Therefore this
work 1s described in as much detail as is necessary to establish contextual reference
points and is acknowledged accordingly.

Research in the area of user interface design, artificial intelligence, and human
computer interaction in general is extensive and much has been documented. Itis

impossible to reference or even be aware of all the existing, related literature within each
of these domains. Inspiration for the work documented within this thesis has been
drawn from front-line research and existing literature. All attempts have been made to
identify original sources of 1deas which have directly or indirectly influenced this
research. For this purpose a bibliography is provided.

The progression of 1deas generated by this research is difficult to represent
sequentially. Inthe interest of the reader and the production of this thesis it should be

noted that this thesis does not represent the chronological development of ideas but
attempts to present them in a logical coherent manner.
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1. INTRODUCTION



1. INTRODUCTION

Building design has become an increasingly complex process. Technological
advances in building materials and construction methods has necessitated the

specification of more rigourous regulatory constraints to which the designer must

adhere; focussing upon a divers range of issues; from the visual impact of buildings in
their surroundings, through to the efficient utilisation of energy resources.

In response to the increasing demands placed upon the designer a new
generation of design tool has emerged to assist in design decision making; ran ging
from the realistic contextual visualisation of design solutions, to the detailed appraisal
of the operational performance of environmental control systems, such as heating and
lighting.

Despite increasing interest and investment in Computer Aided Building Design
(CABD) within the last two decades, there is still, however, an apparent lack of useful
of CABD packages. Currently substantial investment is directed towards the
development of tools such as computer aided drafting packages which facilitate the
output of production information but which contributes nothing to the activity of
design decision making [MAVER 90].

Although a diverse range of sophisticated computer based design tools,
addressing the formal functional requirements of building design, exist to assist the

designer in the decision making process, as a result of their sophistication such tools
often require more data input before they can realistically be utilized on a routine basis.

Sophisticated design tools are often the product of academic institutions. While such
developers are expert in their own field, they tend to have only a rudimentary

knowledge of computer science techniques and methodologies relating to the issues of
human computer interaction. The type of data required is usually of a specialist nature
requiring expert knowledge of the methodologies employed. The production of good
(friendly) user-interfaces accounts for more than sixty percent of the development cost
of any application program. Funding for research often only covers the cost of

implementing the most basic of interaction mechanisms. As a result systems tend to be:

¢ discrete and domain specific,

o monolithic, functionally bound, and un-maintainable,

¢ machine dependant,

. unfriendly.



Not surprisingly such design tools are often confined to use as consultation aids,
never reaching design practice.

The solution to complex real world problems requires the coordinated and
incremental efforts of many designers and experts. In order to support the functional
requirements of such a coordinated computer based design environment, a broad
spectrum of computing facilities ranging from simple PCs, through workstations to
supercomputers is required together with an appropriate project data management
system. Idiosyncrasies in the control protocols and a general incompatibility between
the data abstractions of one design tool and another tends to impair computer aided
design practice of this kind.

While standards are being developed to alleviate the transfer of product
information between systems general acceceptance may take some time. With the
specification and introduction of standards for the exchange of production information
historical evidence indicates continued rivalry between vendors; no one seems to be

able to agree on any one particular solution. Consequentially utility tools have to be
provided to filter data between different representations resulting in project

management problems. The designer, rather than being able to concentrate on the task

at hand, is faced with the distracting and often hostile issues of system programming
and administration.

The procedural nature of the dialogue employed by many design tools requires
that a complete description of a solution is provided before any benefits can be gained.
It is often impossible to utilise such design tools with incomplete, partial solutions.
Application programs therefore tend to be used in isolated instances often out of
context of the overall design solution and usually in a post hoc checking mode.

While many attempts at providing integrated design environments in other
problem domains (such as MICON for electrical engineering) have been successful

such solutions often tend to be domain specific and therefore difficult to extend to
other problem domains.

A fundamental dilemma also exists between making an application easy for
inexperienced computer users to employ and ensuring that the design tools are
sufficiently powerful and comprehensive for the more proficient designer.

As a result a growing interest has developed in intelligent user-interfaces, in an
attempt to make complex application software more accessible, maintainable and
extendible. However, owing to the lack of integration and poor front-ends, the current
trend in user interface management systems tends to propagate the encapsulation of
application functionality within a static style of dialogue; restricting interaction to the



lowest common user level and therefore denying the designer unrestricted access to the
embedded methodologies required for creative solution synthesis.

By addressing these fundamental problems this thesis aims to identify a number
of basic generic methodologies for user-interface development based upon the work
undertaken during the IFe project and extend the principles into a generic framework

capable of accommodating and managing existing knowledge resources and design
tools [RUTHERFORD 89] within a coherent user environment

Although this thesis does not aim to solve all of the problems associated with
CABD it aims to 1llustrate how intelligent knowledge based systems (IKBS) and
advanced human-computer interaction (HCI) methodologies may be utilised to provide

an integrated environment and so support intelligent design assistance. Such a system
should:

enable experts from different sub-disciplines to access the functionality of
a comprehensive range of design tools 1n manner suited to their individual
conceptual vocabulary and idiosyncratic design procedures, and enable

designers of different levels of experience to make useful contributions to

emerging design solutions by providing a dynamically adaptable user
interface,

isolate the user from the low level aspects of CAD tool management by

providing a design procedures and domain knowledge layer between the
interface and CAD tool environment,

provide mechanisms to enable designers to access knowledge and tools
from other domains,

provide intelligent, contextually relevant assistance and defaults and hence

accommodate partial design solutions and incomplete knowledge thus
supporting exploratory design,

facilitate the rapid integration of new and existing design methods to
accommodate shifts in design standards and methodologies in a consistent
and totally transparent manner to the end user and knowledge engineer,

automate the acquisition of knowledge and data from incidental design
task tools in order to isolate the designer from the operational

inconsistencies arising as a result of this response to changing design
procedures,



. allow the customization of existing design solution plans facilitating rapid
prototyping,

. offer distributed/parallel processing support to speed solution evaluation
and synthesis,

o provide an open system architecture to accommodate the integration of the

different types of knowledge required to support such a design
environment and identify a generic communications protocol; enabling
knowledge modules and tools to be tested in isolation and hence allowing
contributions from a wide range of sources to be incorporated without

disturbing the overall system.

In order to achieve these aims and construct a generic design environment a
suitably powerful and flexible computing platform is required. A distributed multi-
tasking UNIX environment is therefore assumed.

A pilot study, presented to the SERC IT initiative group, was undertaken to
investigate the issues involved in Intelligent Design Assistance [RUTHERFORD 89].
A strategy has been formulated based upon the nature of the design process in terms of
inter-disciplinary communication which, it is hoped, yields a sufficiently flexible
framework.

Chapter 2 of this thesis identifies existing IKBS and HCI techniques and
highlights the deficiencies of existing design principles and methodologies for
software development, proposing that the generic infrastructure of the Intelligent
Front-end (IFe) [Clarke, MacRandal, Rutherford] is sufficiently flexible to provide a
solution to these inadequacies by accommodating the requirements of the brief.

Chapter 3 discusses, in broad terms, the issues involved in human computer
communication placing particular emphasis on the issues involved 1n providing a
generic adaptable user interface an instance of which (forming an integral part of the
IFe), with the necessary control mechanisms for implementing and orchestrating a

dialogue with the user, is described in chapter 4.

The subsequent section documents the collaborative contributions of Damian
MacRandal and Professor Joe Clarke placing the interface in the context of the IFe.
The application of the IFe to energy simulation is illustrated in chapter 6 while chapter
7 extends the principles described in the previous sections and suggests ways in which
this generic infrastructure may be used to support intelligent design assistance. A
number of generic interaction modules are also illustrated in accompanying appendices



2. EXISTING SOFTWARE DESIGN
o METHODOLOGIES AND
'TECHNIQUES.



2.1. COMPUTER APPLICATIONS AS DESIGN RESOURCES /
ASSISTANTS

The role of the designer, is to produce a complete physical specification, product

model, the purpose of which is to provide enough detailed information for the
production of the artifact described therein.

In an attempt to assist the designer in his/her decision making processes, by
identifying sequences of logical operations and phases within the design process that
could easily be mechanised, once generalised, systematic design methods [CROSS
771, such as the structural analysis of building components, have evolved in the form

of computational software systems resulting in a new class of design resource;
computer aided design (CAD) packages.

End

Yes
Analyse Synthesize Evaluate No Modity
problem solution solution .Acceptable? . solution

Figure 2.1.1. A classical, procedural model of the design process [MARKUS, MAVER 72].

Models of design such as the procedural Markus, Maver model, figure 2.1.1,
and the far less formal approaches of the product semanticists [KRIPPENDORF 89]

are mirrored in contemporary software design methodologies. How a software system

is designed and implemented therefore influences the usefulness of that system as a
design tool.

2.2. SOFTWARE DESIGN METHODOLOGIES AND DESIGN
PRACTICE

A software system 1s a set of mechanisms for performing certain actions on certain data
[MEYER 88] and may be categorised by one of two software design methodologies:

1) function onented, and
i)  data/object oriented.



72.2.1. FUNCTION ORIENTED SOFTWARE

A function oriented software system is one whereby sequences of operations are
performed on a given set of data in a pre-defined and systematic way. Such systems
are procedural quantitative data processors and are therefore more suited to analytical
applications where a design solution has already been formulated. The style of
dialogue employed is also often procedural in nature (question answer) and static.
Functionally oriented CABD systems often do not allow solutions to be modified
interactively and applications usually have to be re-initialised from scratch and re-run.
Current CABD systems of this form are therefore difficult to use in creative
exploratory situations where the problem definition may often be changing or
incomplete. Function oriented systems are therefore restrictive in their application to
creative design procedures. Any design framework developed must be capable of

accommodating incomplete descriptions (partial knowledge) of the emerging design
solution.

2.2.2. DATA ORIENTED SOFTWARE

The basic premise behind object oriented methodologies is that a software system
throughout its diverse forms will almost certainly manipulate the same kind of data
[MEYER 88] at least if viewed from a sufficiently high level of abstraction. An object

is the encapsulation of two basic entities, normally kept apart in traditional software
languages, namely [HOPKINS 89]:

o data - the state of the object is maintained within that object,

o code - the functional/behavioural mechanisms for modifying and enquinng
about the current state (data) of the object are also kept within the object.

An object may therefore be seen as a totally self-contained and self-sufficient
data cell; each class of object containing a set of methods for manipulating the data

contained within it may be accessed simply by passing messages to object instances.
Objects may be defined hierarchically,with new object classes inheriting both

functional and behavioural characteristics, from existing object classes.
Data or object oriented software systems are therefore much more open and
flexible. In terms of interaction they are far less procedural than function oriented

software systems and perhaps more appropriate to creative design processes requiring
direct and unrestricted manipulation of ideas and concepts held as data.



The methodology employed can therefore affect the usefulness of a software system as
a mechanism to the creatively manipulate objects and ideas in an unrestricted manner.

2.2.3. THE TRADITIONAL ROLE OF COMPUTERS IN DESIGN

Despite the increasing interest and investment in computer aided building design
(CABD), within the last two decades, there is still an apparent lack of useful CABD
packages for design practice. This is a result of the fact that, spurred by the conviction
that it is possible to isolate, generalise and finally translate design processes and
operations into programs, "architectural CAD researchers have adopted the classical
approaches of industrialized automation" [CARRARA 88], exhibited in Systems
Theory and Operations Research [HASHIMSHONI 78, SHAVIV and GALI 79],
resulting in procedural, function oriented mechanisms. Current investment by
software developers, influenced by academic research, is therefore directed towards
systems such as computer aided drafting packages which facilitate the output of
production information only and contribute nothing to the creative and intuitive activity
of design decision making [MAVER 90].

Packages that do address the formal functional requirements of building design,
although useful in their own right, tend to be discrete and domain specific.
Traditionally developers of CAD packages have concentrated largely on limited
(specialized) aspects of design (eg structural design, energy efficiency and other
quantitative aspects) creating discrete design tools.

Regardless of how design is defined *“solutions to complex real-world problems
result from the combined and incremental efforts of many experts” [WILLIAMS 88]
and designers.



2.3. DESIGN ASSISTANCE AS AN ACTIVITY - A
COMMUNICATIONS VIEW

Design assistance is the utilisation of specialist, expert consultants, design resources!,
to supplement a designers own design experience and expertise, figure 2.3.1.

Figure 2.3.1. Multiple Design resources

An important decision, often made in the early stages of the design process, directly

effecting the outcome of the overall design solution, is one of employing the correct
design resource to solve particular problems.

The need to employ and the choice of specific design consultants is obviously
determined by the deficiencies in the designers own experience. The role of the
designer or design coordinator is to establish what expertise is required to produce a
complete design solution and, based upon the self critical evaluation of the designer’s
own capabilities, identify a number of specific tasks that must be dealt with by other
design resources. In order to identify problem areas and delegate specific tasks to
individual resources the design coordinator must posses knowledge of the capabilitic§
of a number of domain related resources.

Owing to the prototypical nature of design, it is impossible for a design
coordinator to know whether a design resource is capable of handling a specific task.
The knowledge held by the designer about individual resources therefore consists only
of a general categorisation of the functional capabilities of each known resource in
order to aid the identification of potential design collaborators. Each is then invited t0
analyse the problem and provide a more detailed description of the their capabilities in

1 A design resource may be an individual design consultant or a complete design

organisation.



relationship to the required task, which is influential in the final decision to employ a
particular resource.

This is typical of the traditional tendering process that exists in design practice.
The final decision to employ a particular resource is governed by many factors other
than functional capabilities; cost often features significantly in the final evaluation.

C—) analysis e————————3-description—3> interprelatioD

interpretation <= presentation «g——— gnalysis
Figure 2.3.2. Communication cycle in problem solving

Whether a designer employs his or her own design experience or that of another
designer a significant proportion of the design activity is concerned with

communication, figure 2.3.2., between resources. Any CABD support system must
account for this distribution of design tasks.

When appropriate resources have been selected the designer must provide adequate
detailed descriptions of the product together with additional, specific detailed
information for each consultant employed. The product model is therefore

decomposed into elemental parts (concepts) or layers (meta-concepts) for each sub-
discipline.
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Figure 2.3.3. Four individuals' view of the same design space data [from Vidovic 1990].

Each consultant or resource may express an interest in only one aspect of the
overall product in relation to a view of the entire product or a view one or several



abstraction levels above the area of interest. The design resources, therefore, have
their own view (or schema) of the product model, figure 2.3.3. Vidovic suggests that

"each view is not just a subset, but contains semantic information via the relations set
up among the data objects by the individual”.

For efficient and effective use of a design consultant, both the designer and the
consultant must be able to communicate to each other in a common language; they

must employ the same conceptual vocabulary and symbolic representation and also be

able to communicate their intentions clearly enough to enable information together with
both explicit and implicit relations between objects to be extracted.

2.4. THE QUEST FOR AN INTEGRATED COMPUTER BASED
DESIGN ENVIRONMENT

A fundamental problem encountered by a designer, faced with this new environment,
is one of how well computational methods and traditional manual design procedures
can be integrated together [CARRARA 88]. Many solutions (originating in the 1970s)
to this problem where to create a total design environment within the computer. Early
attempts at providing such an environment where thwarted by limitations in both

software design methodologies and hardware platforms. Integrated design tools where
either implemented as monolithic functionally oriented systems which soon reached the
limits of processing power, or as discrete data processors. When two or more

application programs are utilised, even when they exist within the same computing
environment, a problem of integration between individual systems is usually
introduced often resulting from incompatible data formats.

Despite advances in hardware platforms and therefore a corresponding increase
in the power and sophistication of software, CABD systems continue to be developed
as quantitative data processors, and often as packages become more sophisticated the
amount of data input required before such systems can be usefully utilised, increases
significantly.

The type of data required to initialise the application program and the style of
dialogue employed to communicate to the designer or end-user tends to be of a
specialist nature, literally reflecting the design processes and operation the program
attempts to mechanise. The user is therefore required to posses expert knowledge of
the methodologies encoded within the application program and therefore this approach
to the development of design tools defeats the fundamental aims of computer aided

design. ESP [CLARKE 86} is a typical example of a powerful energy simulation
package requiring a substantial input of energy related information. The dialo gue
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employed is terse and directed towards specialist end-users. As a result ESP, although

powerful, is often rejected by the design profession.
The time consuming procedure of communicating design information between

collaborating consultants is true of computer applications (many computer applications
don’t read drawings). For each application utilised by the designer the information

contained within the product model has to be re-formatted (usually by hand) to suite

the conceptual representation of each application program.
Utility programs for data bridging, the process of converting one data format to

another, are often employed to overcome the immediate isolation between systems but
introduce even more difficulties for the designer:

o data management: several copies of the original data set in different
formats may exist. The designer has the problem of knowing which

particular set is the most current solution.

. storage: each copy of the original data set increases the demand upon the
storage device.

. resolution: detail may be lost between filtering processes due to rounding
errors or a mismatch between data abstractions.

. computer literacy: data filtering is often a low level process and therefore
requires a high degree of operating system knowledge.

Inconsistencies in the user interface, resulting from idiosyncratic interface design
methodologies, and the conceptual vocabulary employed by different application
programs can introduce serious problems; a command used to invoke a process in one
system may invoke a completely different, perhaps destructive process in another.

Such mechanised design tools, therefore, tend to be used in isolated situations,
often out of context of a complete design solution, and usually in a "post-hoc”
checking mode, quite often in a consultation role performed by the original design tool
developer.

Packages that do cater for a more diverse range of design topics are either bound
1n to an unwieldy monolithic system that is difficult to extend or are too fragmented

resulting in inconsistencies both in data abstractions and in the user interface, making
them difficult to use.
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While attempting to solve an number of design related issues, current CABD software
therefore introduces more fundamental problems relating to communication and

integration and generally tend to be:

. discrete and domain specific,

. monolithic, functionally bound and un-maintainable,
¢ machine dependant,
. unfriendly.

These fundamental problems have affected the general acceptance of CABD systems 1n

design practice.

For a system to be used successfully as a design tool it must enable a designer to
develop and manipulate design solutions at both conceptual and detail levels and in a
manner suited to the designers own conceptual vocabulary. While current software
systems facilitate detail design, Lansdown suggests a number of relevant
characteristics of the modelling process which takes place during concept design - of
which any design aid must take account [MAVER 88]:

' creativity. concept design requires imagination and inventiveness
. multiplicity: to any design problem many feasible solutions exist
o empiricism: reliable theoretical foundations may be lacking

¢ approximation: fuzziness and uncertainty surrounds the knowledge base

. expertise: some people seem to be good at it.

Crucial to these issues 1s how the user of such a system perceives and manipulates
system modules together with problem specific data. This in turn is determined by the
overall system architecture and software design methodologies.

What is required, in order to achieve a flexible computer based design
environment, is a software design strategy that yields an infinitely extendible
architecture capable of supporting, in parallel, all the resources required for the
definition of a diverse range of products with a consistent user-interface capable of
responding to the differing and idiosyncratic (sub-disciplinary) conceptual vocabularies
of participating members of the design team.

The implications of such inadequacies in current CABD stress the need for
highly familiar command formats and dialogue structures in order to reduce the time

12



required to learn and remember the operation sequence of application packages.
Communication must be fluid enough to enable the user to concentrate on the matter at
hand and not focus the user’s attention on the inadequacies of the style of dialogue
employed

Building design is heavily governed by regulatory guideline's and restrictions.
As opinions change (at the dictates of fashion) so do the standards that represent and

enforce these beliefs. Any CAD framework must therefore be sufficiently flexible and

responsive enough to reflect shifts in design standards without changing the user’s
perception of that framework.

Traditional software design methodologies have been overly based upon the
functional requirements of the system, resulting in a tightly bound and rigid system

architectures that are difficult to modify and extend, and therefore not suitable for such
an environment.

The formulation of a practical symbiosis between designers and computer
systems 1s therefore necessary in order to increase accessibility and fluid dynamic
communication. Many attempts have been made to solve one or more of these

problems. However all have been tailored solutions and as yet no generalised software
design methodologies have been formalised for CABD systems.

The user of sophisticated application programs often requires a particular familiarity
with application specific concepts which is not often possessed by casual users.

Application programmes often have a diverse range of interfaces increasing the

problems of the user and an equally varied number of data formats resulting in data
management problems.

The problems associated with conventional CABD design tools are therefore two
fold:

1)  thelack of natural dialogues between designer and computer application
and

2)  incompatibility between the output of applications.
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These problems may be resolved by:

. the provision of a consistent and friendly user-environment which must
address 1ssues such as the:
. intelligent interpretation of utterances from the user
o presentation and interpretation of results; tailored to the user
. provision of multiple levels of assistance; again directed ata
particular class of user
. mechanisms available for error handling and recovery
o customisation of the interface and definition of task macros
o the seamless integration of numerous CAD resources, achieved by

accommodating the transparent interchange of information and knowledge
between application programs.

The aim is to create an intelligent "responsive" user-interface. Additional
benefits, such as improved systems management, will also result.

As the end-user possess a significant body of domain related knowledge the idea
of a CAD resource is extended to include the designer in the overall view of the design

framework. By adopting this view, the issues related to the integration of design tools
with manual techniques, should be accommodated.

Regardless of the domain, there is a need to provide a communications buffer
(user-interface) between the end-user and target application program.

As 1ndividual designers and those from other disciplines each have idiosyncratic
vocabularies, this approach also highlights the need to accommodate several,
potentially different types of end-user. The actual mechanisms and design implications
for implementing a suitable adaptable user-interface are discussed in chapter 3. Here

the discussion will focus upon the general, currently available methods for developing

user-interfaces and will look at current methodologies and methods for bringing
together several different types of knowledge source.

Current trends in interface design methodologies have focused upon the formal
issues of consistency, both in the visual appearance of the interface and the interaction

mechanisms available for inputing data, together with semantic consistency of
command languages.
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2 §. EXISTING SOLUTIONS TO INTERFACE CONSISTENCY AND
SOFTWARE INTEGRATION.

The application developer has to meet both the requirements of the user and satisfy the
application brief. It is often uneconomical or unfeasible to provide anything other than
the simplest of user interfaces; these often being highly inappropriate. A need has

therefore developed for a range of tools to assist in the design, development, and
management of the user-interface.

The solution to the problem of integration, from the point of view of designer,
has been tackled by addressing the issues of communication (chapter 3). In particular
by providing similar interfaces to a number of applications. By addressing the various
aspects of consistency a number, providing partial solutions, of well established

methods to aid the development of user-friendly interfaces have evolved. These
include:

¢ Standardised graphics toolkits or libraries (GL).

User Interface Management system (UIMS)

Expert Systems (natural language interfaces) (ES)

Intelligent User Interface Management Systems (IUIMS = UIMS+ES) or
intelligent front-ends (IFEs)

From the point of view of ensuring compatibility between application data,
numerous standards have been developed usually for the interchange of production
information; DXF, IGES, etc. Recent developments such as STeP and PDES focus

on the more relevant issues of the interchange of product models or complete
descriptions of artifacts and is discussed further in chapter 7.

2.5.1. THE USE OF HIGH-LEVEL GRAPHICS TOOLKITS

The traditional approach to developing a user interface is to acquire data as and when 1t
is required by the application program using various terminal or graphical based
prompting.

There are many high level (and some not so) function libraries and toolkits each

providing functions to handle specific types of representation, interaction and graphical
output (GKS, PHIGS, DORE to name just a few). Most workstations come with

vendors graphics toolkits (Sunview and Core on Sun workstation, Angel with
Whitechapels).
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By utilising a single graphics toolkit, providing a high level of functionality, the
application developer is able to achieve both visual and interaction consistency. While
this approach provides adequate software, the main disadvantage is one of bound
functionality; interface (I/O) and application specific routines and procedures are

intermingled, figure 2.5.1, resulting in an unwieldy monolithic piece of code which is
difficult to maintain and extend.

O application routine

O /O function . .
Application

\\ State transition program

Figure 2.5.1. Intermingled I/O and application specific routines.

Software development has largely been prototypical. A number of solutions
have evolved but tend to focus on providing tools to aid development and management

of software. There 1s a distinct lack of standards, although some are now emerging
such as OPEN LOOK and Andrew for X and NeWS.

Although toolkits standardise the appearance and style of interaction,
inconsistencies in command vocabularies are inevitable owing to the idiosyncratic and
often proto-typical nature of software development.

The standardisation of high level graphics toolkits has lead to the emergence of
User Interface Management Systems which attempt to address the more pertinent
1ssues of consistency within human computer interaction.

16



2.5.2. USER INTERFACE MANAGEMENT SYSTEMS (UIMS) AND
FRONT ENDS

UIMS are the result of a number of software development criteria. From the
developers point of view UIMS attempt to:

. free the application developer from the low-level details of the user
interface, enabling the software designer to concentrate on aspects specific
to the user interface and application development

o reduce the cost of software development for the user interface and hence
the overall cost of application development

. separate the user interface code from that of the application. The
separation should ideally allow different interface to the same application.

UIMS must also address the needs of the user in the form of dialogue
sequencing and control:

o the dialogue may be flat allowing commands to be accessed at any time,
alternatively a hierarchical command structure may be employed

. the user may be able to carry out tasks using direct manipulation of
graphical objects or by a formal command language or may be lead by a
procedural question and answer dialogue.

¢ multi-threaded dialogues may be possible, allowing one operation to be
suspended while another is executed. This facility may be extended into a

concurrent environment allowing several, simultaneous operations to be
controlled.

UIMS are also seen as valuable aids in providing a seamless integration across a
range of application software within a coherent and consistent user interface provided
that a single system gains global acceptance.

User interface management systems essentially consist of a library of building
blocks that may be used to assemble a user interface for a particular program
[TANNER 83] and may be thought of as a set of tools to support the design,
implementation, maintenance, and evaluation of the user interface [BAECKER 87]. A

recent report [PRIME 88]2 has been used as a reference for this section on UIMS.

2 User interface Management Systems (UIMS) - a current product review, Martin

Prime, Informatics Division, Rutherford Appleton Laboratory, 1988.
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UIMS attempt to alleviate the problems of traditional (wirewool) software
development by conceptually providing a clear distinction between the application and
the user interface. This is achieved by breaking the interface into three layers:

[presentation] [control] [application]

first suggested by Sehiem [SEHEIM]. Tanner and Buxton provide a more illustrative
generic description of a UIMS, shown in figure 2.5.2.1.

|

Figure 2.5.2.1. Typical UIMS in Context (from [BAECKER 88)).

A typical UIMS consists of two distinct modules:

. a pre-processor used at the dialogue design stage to design and
implement the user interface

¢ interaction handler which manages the interaction between the user and
the application at run time.

A critical feature determining the effectiveness of any UIMS is how these two modules
interact with each other. Typically a user interface, UI, definition 1s used to
communicate between the pre-processor and interaction handler. The Ul
(encompassing the user’s task model and the functional capabilities of the target
application) may be implemented as a shared data structure or a knowledge base. The
Sassafras system [HILL 86], figure 2.5.2.2, provides a more complete overview of a
typical UIMS, highlighting the separation between layers and indicating the
relationship between the various components and stages that comprise the development
graphical user interfaces.
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Figure 2.5.2.2. Sassafras reference model (from [PRIME 88]).
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2.5.2.1. DIALOGUE ORCHESTRATION IN UIMSS

The fundamental difference between traditional application development and that
utilising a UIMS is that operational sequences of the application program are defined
by the interface designer.

password “sorvices"
check ey} O

S — subnet

task

“access

refused” e “incorrect password
respecify”

Figure 2.5.2.1.1. Typical state transition network (from the CONNECT system) [ALTY 83].

Typically a finite state automaton is employed for the definition of the UL.
usually in the form of a table of state transition information, figure 2.5.2.1.1, (such as
that used in SET, described in [PRIME 88], and RAPID/USE by Shewmake and
Pircher, described in [WASSERMAN 84)) This network is then used to orchestrate
the dialogue and control where the application should pause for input (states),
represented by circles. The paths between states are known as transitions, shown as
arcs with arrows pointing to the next state. State transition diagrams are popular for
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the specification of interactive dialogues systems as they can be easily visualized
graphically.

In the majonty of cases networks are usually drawn on paper and translated by
the interface developer into a textual description. Figure 2.5.2.1.2 illustrates a

transition diagram from the USE Data Dictionary system [WASSERMAN 84] and

shows the resulting coded description.
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