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(ABSTRACT) 

Communication is one of the most important aspects in any project. This is especially true 

in the case of projects in the Architecture-Engineering-Construction industry. The 

traditional forms of communication such as drawings and specifications are not adequate 

in achieving the required levels of understanding among project personnel. The concept 

underlying the project, i.e. the collection of arguments and decisions and the thought 

underlying them are not communicated. This may lead to various project personnel having 

differing views about the requirements of the project. 

This research focuses on an attempt to communicate the thought process underlying the 
project to the various project personnel so that they have an unambiguous and clear 

understanding of the essentials of the project and to test the success of this attempt using a 
field example. The thought process or concept underlying a project is defined as the 
design rationale for the project. 

There have been many approaches to the communication of the concept that is the basis of 

a project. After a literature survey of the various approaches, the design rationale 

approach, which attempt to explicitly communicate the rationale was chosen. Considering 

the various definitions and models of design rationale, a model based on the Lee and Lai 
representation was chosen as the basis for this work. 

Making certain adaptations to the Lee and Lai representation based on the requirements of 

the industry, a representation structure consisting of rationale networks was developed. 

Based on the rationale representation, DRARS, an object oriented rationale representation 
tool was developed. The rationale was represented in DRARS using object networks. 
DRARS was then tested on an actual project involving the renovation of a school building. 

Based on the collection and representation of the rationale, DRARS was evaluated for its 

abilities to easily author and represent design rationale. DRARS performed well in 

achieving both the objectives of ease of authoring and the richness of representation. 

DRARS, however stores rationale that is not computer processable and presents the 

rationale for human interpretation. DRARS also uses multimedia to support the richness 

of the representation.
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Chapter 1 

Introduction 

1.1. Background 

Construction is a complex process that involves many people and many skills. The 

construction process in the United States is both vertically and horizontally fragmented 

[Howard et al 1987]. The process is vertically divided into various phases of 

conceptualization, preliminary design, detailed design, construction, retrofit and finally 

decommission. It is also horizontally fragmented in that there are many specialists working 

in each of these phases. Communication among the different people involved is essential 

to construct a structure that is responsive to the needs and requirements of the owner. 
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The traditional and common method of communication among the personnel 

involved in the project is the design drawing supported by specifications [Howard 1991 ]. 

The content of this communication is limited to descriptions and requirements of the 

structure to be constructed. The information about the objectives and assumptions 

underlying the design are not communicated. This information is important because 

without it, personnel downstream may make assumptions and decisions that are 

inconsistent with the objectives and assumptions made earlier in the project. 

This information about the underlying objectives and assumptions is called design 

rationale. Design rationale is implicitly expressed in the design drawings and decisions 

made and is not explicitly available. Design rationale may also be abstract as it is the 

thought processes of the designers. This research focuses on developing a tool that can 

represent design rationale and test it on an actual project, Communicating design rationale 

has many advantages. It helps to gain a better understanding of the issues involved in the 

construction of a project and hence helps to construct a better project. Storing design 

rationale is useful when future decisions on the project require an understanding of the 

initial assumptions and objectives. Another use of design rationale is that it forms a 

historical database. It contains all the assumptions and approaches to the construction of a 

particular project. This information can be of use for designing and constructing similar 

projects. 
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An important component of this research is the emphasis placed on the testing of 

the software tool on a actual project. This is a validation of the various uses of design 

rationale and the assumptions made during the design of the tool. Therefore, this thesis is 

an effort to show the application and usability of communicating design rationale and 

improving communication among the project personnel. 

1.2 Research Objectives 

The objective of this research is to formulate and test the applicability of 

representing and communicating design rationale. This is to be achieved by: 

1. Developing a schema and creating a software for representing design rationale. 

2. Validating the design rationale approach on an actual project using the software tool 

created. 

Developing a schema for representing design rationale involves understanding the 

form and content of design rationale. Once a structure or model is formulated, it has to be 

adapted and implemented into a software tool. The strength of the model and the usability 

of the software can be validated only by applying the tool to an actual project. The testing 

brings out the strengths of the software and verifies the assumptions made during the 

formulation of the model. 
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1.3. Research Scope and Limitations 

Representing and communicating design rationale encompasses a large problem 

space. In order to manage the problem effectively, a clear understanding of the scope and 

the limitations perceived therein is required. 

The first objective involves: 

1. Formulating a representation schema for representing design rationale. The schema 

must be easy to implement and must constitute as much of the design rationale as 

possible. 

2. Development of a software based on the representation schema, in the construction 

domain, that can author, store and retrieve rationale. The software must also have 

modeling capabilities to create models of rationale. 

The limitations perceived for this first.objective are : 

1. The representation created may not be able to completely capture the rationale. The 

structure of the rationale may lead the user to not completely describing the rationale 

underlying the artifact. 

2. The software may be too distracting from the normal process to use in creating design 

rationale. Since rationale is generated by the designer while designing, to temporarily 

suspend the design process and generate rationale may interrupt the thinking of the 

designer. 
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The second objective involves: 

1. Creation of examples and formulation of a testing procedure to test the software 

developed for its capabilities to achieve representation and storage of design rationale 

in a field situation. 

Testing the software in the field based on the procedures developed and validating the 

use of the design rationale approach as a solution to the problem. 

The limitation perceived for this second objective is: 

1. 

1.4 

1.0 Introduction 

The testing process may not adequately test the capabilities of the system as the 

understanding of the software would increase with its use. 

Research Methodology 

The two objectives are accomplished by five distinct work elements. They are: 

Review of literature on representing and testing design rationale ( Chapter 2). 

Formulation of a representation schema based on the Lee and Lai Model (Lee and Lai 

1991) ( Chapter 3) 

Implementation of the model in a software ( Chapter 4 and 5) 

Development of testing procedures ( Chapter 6) 

Testing and validation of the software( Chapter 6)



The methodology to be adopted in performing these five work elements is 

discussed in the following sections. 

1.4.1 Literature review 

Design rationale is a concept that has recently become popular in the field of 

human-computer interaction [Carroll and Moran 1991]. There have been many 

publications about using design rationale to improve concepts, methods and the design 

process. The literature review therefore has two foci. One is to study the various 

publication for the definition, content and models of rationale. The other is to review the 

methods of implementing these models into computer software for use in their respective 

domains. Most of the publications in this area do not include or explain their mechanisms 

for testing and validation of their software. This facet has to be explored by drawing from 

publications about testing in other areas. 

1.4.2 Formulation of representation schema 

Based on the literature survey, a suitable model for design rationale ( The Lee and 

Lai model) was adopted for the purposes of this research. The choice of this model is 

based on various aspects. These aspects include the strength and richness of the model, 

the implementability of the model and the applicability to the construction domain. The 
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view adopted in this thesis has been for a design rationale model that is not too rigid and 

formal. The model also is meant to be human oriented rather than computer oriented. 

This means that the model need not be computer processable. The design rationale 

represented in the model requires human interpretation. This work element requires 

careful consideration as it forms the backbone on which the rest of the research is 

supported. The model chosen also needs to be adapted for application in the construction 

domain. 

1.4.3 Implementation of the model 

This work element involves the development of a computer software that uses the 

rationale model to author, store and retrieve design rationale. The computer 

implementation constitutes a prototype tool called DRARS: Design Rationale Authoring 

and Retrieval System. DRARS is a application developed in an object oriented 

environment called KAPPA-PC that works in Microsoft Windows. This system is a tool 

to achieve the testing of the design rationale communication approach in a field 

environment. Therefore, the design and development of this system embody all the 

objectives and goals of the research. This system is a prototype that is designed both 

efficiently and can be expanded to professional level based on the success of the 

application. 
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1.4.4 Testing 

The methodology to carry out the testing of DRARS on a field project requires 

the following: 

Development of test objectives procedures 

It is important to determine the objectives of the test, so that the testing can be 

designed to best achieve these objectives. Based on these objectives, the procedures for 

conducting the test have been developed. These procedures explore and use most of the 

important facets of the tool. 

Identification of a suitable test project 

A suitable test project that can test the design rationale communication has to be 

identified. The personnel involved in the project have to cooperate and provide the 

rationale in the project. A methodology must be developed to collect the rationale. As of 

the writing of this thesis, a Virginia Tech renovation project that required a lot of 

interpersonnel communication has been identified. The method of collecting rationale 

developed uses video recordings of interviews with the various personnel involved in the 

project. 

The collected rationale is placed in the system and conclusions can be drawn about 

the efficiency and ability of DRARS to store and communicate design rationale. These 

evaluations document the amount of success of DRARS in communicating design 

rationale. 
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1.5 Presentation of this thesis 

This thesis consists of seven chapters. The first chapter explains the focus, 

Objectives, scope, limitations and methodology of the research. It describes the 

background and the need for research in communicating design rationale. 

Chapter two reviews the literature about issues in design rationale, computer 

implementations and the need to communicate design rationale. It focuses on the 

problems in communicating design rationale, the definitions of design rationale, computer 

implementations and testing of these software. 

Chapter three describes the attributes of the model of rationale chosen. It 

elaborates on the various facets of the model and the adaptations required for it to be 

implemented in the construction domain. 

Chapter four explains the development and implementation of the model in the 

form of data structures and objects used in DRARS. It describes how the rationale is 

represented in the form of computer structures in DRARS. 
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Chapter five presents examples to explain the various aspects of using DRARS. 

Included in the descriptions of these example are implementation details of the processes 

used in DRARS. 

Chapter six describes the collection and application of rationale of an actual project to 

DRARS. 

Finally, Chapter seven summarizes the whole thesis and provides the conclusions 

from the research effort. It also provides recommendations for future enhancements and 

research. 
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Chapter 2 

Literature Review 

2.1 Introduction 

The literature review is organized according to the approach to the research. The 

literature that forms the motivation for this thesis and reviews the rationale communication 

problem is discussed in section 2.2. In section 2.3, the various publications on the 

definition, content and models of design rationale are described. The implementations of 

these models in the form of computer tools and their application domains is explained in 

section 2.4. Section 2.5 reviews the literature on testing tools and evaluations in a field 

environment. Finally, section 2.6 summarizes the literature review. Many publications 

were reviewed in the process of studying the approaches to the problem space. Indicative 
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reviews are presented to provide a feel for the research that forms a background for this 

thesis. 

2.2 Construction 

Construction is a purposeful activity that translates a concept in the mind of a 

person into an actual artifact that will satisfy the needs and requirements of that person. 

Construction, in this context, includes the entire spectrum of activities from concept 

through design and execution to final rehabilitation and decommission of a project. One 

of the unique aspects of construction is that there are many uncertainties [CII 1991]. This 

can be seen from the certainty matrix in figure 2.1 (next page). The degree of uncertainty 

as to what is to be done is shown in the vertical axis. The horizontal axis shows the 

degree of uncertainty with respect to how the project is to be constructed. The status of 

the owner, designer and constructor with respect to these two questions is shown in the 

graph. The owner usually has a the lowest certainty about what is to be constructed and 

how its should be constructed. The designer has a higher certainty and the constructor has 

the highest certainty of what is to be done and how it should be done. This is because the 

information received by the constructor has been processed and refined by the owner and 

the designer. However, the question of why should the project be constructed is not 

passed on through the lines of communication. Therefore, it is important that there is 

excellent communication among the construction project personnel. 
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The Architecture-Engineering-Construction (AEC) industry in the United States is 

highly fragmented [Howard et al 1987]. It is vertically fragmented into the various project 

phases of conceptualization, preliminary design, detailed design, construction, retrofit and 

finally decommission. It is also horizontally fragmented in that there are many specialists 

working in each of these phases. 

Low HOW High 
  

  

    

          

Constructor 

High 

Designer 

WHAT 
Owner 

Low \ Means to objectives 

Objectives 
| 

Idea ‘ 

Figure 2.1 The Certainty Matrix [CII 1991, pp. 13] 

The communication among the various personnel is through design drawings and 

specifications [Howard 1991]. The information about the assumptions, objectives and 

constraints underlying the design are not communicated. The content and form of 

communication process are described in the following subsection. 
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2.2.1 The Communication Process 

The form of communication among the various project personnel is through design 

drawings and specification for the construction of the project. These are descriptions of 

the project and give information about what is to be constructed. The objectives, 

assumptions and constraints- what can be called design rationale is not communicated. 

An ideal network of communication for ensuring greater efficiency in construction is 

shown in figure 2.2, This network includes the communication of objectives underlying 

the design and construction of the project. The network shows the devolution of the 

owner’s project objectives from the corporate objectives. The designer and constructor 

also have their own corporate objectives. Their objectives (designer’s and constructor’s) 

combined with the owner’s project objectives leads to the development of the project 

Strategy and procedures. Hence, the communication of these objectives has a direct 

impact on the project. The communication of design rationale is necessary for 

conformance of design standards, ensuring fit of the various components, redesign and 

future case-based designs. The design rationale that is lost and the possible impact is best 

exemplified by the cartoon in figure 2.3. The problem of loss of rationale has been 

identified and many approaches have been made to find a better form of communication. 

These approaches are described in the next subsection (section 2.2.2), 
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Figure 2.2 An Ideal Communication Network [CH 1991, 20] 
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2.2.2 Approaches to the problem 

One of the main approaches to the problem is an international effort called the 

Standard for the Exchange of Product Model Data (STEP, formally called ISO010303) 

[Reed 1992]. The corresponding United States national effort is called Product Data 

Exchange using STEP (PDES). The objective of STEP is to formulate a standard 

communication protocol through which descriptions of various products can be 

communicated. PDES will use STEP as its standard to generate standard product 

descriptions. Using the product descriptions and the communication standard, any 

product can be unambiguously and reliably communicated irrespective of the software and 

hardware considerations. Any construction project can be converted to a series of 

products and described. The key aspect here is the use of the word product. This 

approach does not include any information about the process or the assumptions that 

generated this particular description of the product. This approach tries to address the 

problem by standardizing the communication media between the various personnel 

involved, so that there is no loss of information as in the cartoon (Figure 2.3). The 

cartoon shows the communication among the various personnel involved in a project. The 

information being communicated does not constitute the design rationale underlying the 

product. 

Another approach is to bring about the integration of the various communication 

and software tools being used during the life-cycle of a project [Fenves et al 1988]. Due 
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to differences in the hardware and software being used by different personnel in the 

various phases of construction, there is a large possibility of information being lost. This 

approach again does not address the problem of whether the design rationale is being 

communicated at all. 

The approach adopted by this research, termed the design rationale approach, 

directly addresses the problem of defining what information is being lost and how can we 

communicate it. The problem of communication of design rationale is applicable to all 

fields. The following section describes the various definitions of design rationale and the 

models of design rationale based on these definitions. 

2.3 Design Rationale 

This section is organized in the following manner. The work of many researchers 

is presented to provide a broad view of the field of design rationale. The definition and 

view of the content of design rationale is presented first. Then the models of rationale 

generated based on these descriptions is described. General definitions of design rationale 

describe it as the concept underlying an artifact. It consists of design histories, discussions, 

arguments, functional requirements, code requirements and other components (Lee and 

Lai 1991, De La Garza and Alcantara Jr. 1993, Gruber and Russell 1992, Garcia and 

Howard 1992, Ganeshan et al 1991). Researchers in Human Computer Interaction (HCI) 
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field have been largely associated with the development of the design rationale approach 

(Carroll and Moran 1991). Their objective is to provide improved concepts, methods and 

tools for software design. The design rationale approach includes issues in capturing, 

representing and retrieving explicit rationale for various purposes. Section 2.4 describes 

how the models of rationale have been implemented into software implementations. 

An important aspect of the design rationale approach is the method of capturing 

rationale. Depending on the rationale definitions and models, various implementations use 

different strategies to capture rationale. Some of the research in capturing rationale is 

presented in section 2.5 

2.3.1 IBIS 

One of the earliest work done in design rationale was by Horst Rittel and others 

(Kunz and Rittel 1970 as cited in Fischer et al 1991 ) in the 1970’s. They developed IBIS: 

Issue Based Information System. IBIS is a method for organizing and documenting 

design rationale. Their definition of rationale and hence the basis of IBIS was 

deliberation, i.e. evaluating the various merits and demerits of alternatives solutions to 

questions. The questions whose solutions they were deliberating were called issues. The 

possible solutions- answers or positions. The evaluations were termed arguments and the 

decision to accept a particular solutions to a question was called resolution of the issue. 

The problem was described using an issue space consisting of issues and relationships 
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among issues like “more general than”, “ similar to” and “logical successor of’. Diagrams 

containing the issues and their various relationships were called issue maps. An example 

issue map is shown in figure 2.4. 

logical 
successor 

  

temporal 

temporal Where should __successor. Where should 
Where should successor the sink similar. the stove 
the walls be located? be located? 

       

  

     

be located? similar Similar 

Where should 
temporal the windows imitar ‘temporal 
Successor imilar temporal be located? Successor 

Successor 

Where shoutd oon ae Where shoutd Where should 
the doors the counters ___simiar __ the refrigerator 
be located? be located? be located?     

temporal 
succassor      

  

logical 
Successor 

Figure 2.4 An IBIS Issue Map [ Fischer et al 1991, pp. 399] 

2.3.2 Functional Representation 

Chandrasekaran et al [Chandrasekaran et al 1993] define functional representations 

as design rationale. Functional representation is a model that describes the causal 

processes that lead to the achievement of an artifacts functions. This representation uses a 

top down approach, i.e. it hierarchically describes the function of the overall artifact and 

then describes the function of the components. The main component of design rationale 

therefore, is the function of the artifact and how it achieves these functions. The other 

aspects of design rationale, like the assumptions and constraints are present in the 
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representation, but have to be explicitly derived from it. They use causal process 

descriptions (CPD) which are descriptions of the various processes in the device and how 

the states of the device change. The CPD’s explain the functioning of a device through 

explanations of the processes by which the states of the device are changed. A CPD for 

the transition of a device that handles nitric acid from state2 to state3 is shown in the 

figure 2.5. 

  

  

  

  State2 —> State3 

          

  

(a) 

BY-FUNCTION allow-flow (substance) OF 

pipe2 {end?. end2, space2 } 
QUALIFIER: (substance (property (state-of-matter. “hquid.” acidity: “/ow"))) 

BY-FUNCTION allow-flow (heat) OF 
{SIDES-OF {pipe2 {end1. end2. space2 }} 

DOMAIN-LAW: ZEROTH-LAW-OF-THERMODYNAMICS 

QUALIFIERS: (appropriate enciosures of pipes in chamber 

(b)       

Figure 2.5 A CPD for a nitric acid cooler [ Chandrasekaran et al 1993, pp 52 ] 

The BY-FUNCTION statements describes the functions of the device such as allowing the 

flow of the acid and allowing the flow of heat through a pipe, pipe2. The QUALIFIERS 

enhance or qualify the function description. Developing standard structures for these 

causal process descriptions or CPD’s, and generating rules for manipulating them, a very 

efficient description of how an artifact performs its functions can be created. The 
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drawbacks of this approach is that not all artifacts and their functions can be described by 

the CPD’s. Also, the history of development and certain rules that are implicit in design 

cannot be expressed by the CPD’s. Their claim is that all of design rational cannot be 

completely expressed. Besides, only certain parts of the design rationale, depending on 

the intended use, are important. For example, if redesign is the intended use, then the 

CPD’s give a good description of the existing process of achieving the functionality of the 

artifact. 

2.3.3 Questions, Options and Criteria 

Maclean et al [Maclean et al 1991] describe design rationale as a representation for 

explicitly depicting the reasoning and documentation underlying the design of an artifact. 

Their approach to design rationale is consumer oriented. They base their approach on 

what use the rationale is intended to put to. The main use of the rationale is the need for 

various people involved in the development of an artifact to understand the important 

issues in the design. Using an analysis procedure called Design Space Analysis, the 

problem space counting the various issues and considerations that determine the design 

are studied. The problem space is represented by Questions: which are the key issues in 

the design, Options, which are possible alternative solutions to the questions and Criteria, 

which are the considerations based on which evaluations are made about the relative 

merits of the options as solutions to the questions. The design space analysis can be 
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explained through an example [Maclean et al 1991]. The design artifact is a scroll bar for 

the Xerox Common Lisp (XCL) environment. The main issues in the design are how wide 

should the scroll bar be, how to display the scroll bar and how to make it appear. The 

options for width are narrow and wide. The options for display are permanent and 

appearing and the options for appearance are through cursor movement and through scroll 

button. The related criteria for making evaluations of these options are screen 

compactness and ease of hitting with the mouse, for the issue of width of the scroll bar. 

There are positive and negative assessments of the options based on these criteria. The 

analysis process is depicted in figure 2.6 

O: Narrow -———_, ©: Screen 
. compactness 

    

  

   

Q: How wide? - 

 ¢: Ease of hitting 
with a mouse 

Positive 
C: Low user Assessment 

effort 
Negative 
Assessment O: Permanent      

**. CC: Screen 
‘> compactness 

*-~\ C: Continuous 

feedback to user 

Figure 2.6 The Design Space Analysis Process [ MacLean et al 1991, pp 209] 

One of the disadvantages of using this representation is the absence of information 

about a particular option. These have to be derived from the relationships with the 
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criteria. Also, there may be relationships among the questions. How can these be 

represented ?. On the whole, this representation constitutes the arguments underlying the 

design. How can the functional requirements of the artifact be represented ? These are 

some issues that have to be addressed explicitly by this representation. 

2.3.4 PHI 

Fischer et al [Fischer et al 1991] describe design rationale as statements of 

reasoning underlying the design that explain and justify design decisions. They also feel 

that a complete report of the reasoning is neither possible nor desirable. This is because 

some decisions are implicit in the design and are not available to conscious thinking. 

Capturing all the design rationale would require too many resources that have to be 

diverted from the actual design process itself. Therefore, their model of rationale is based 

on argumentation and IBIS. The aspects they have added on to IBIS are the 

considerations about how the handling of other issues affects the reasoning about a 

particular issue, and how questions that are not deliberated can be included. They use 

PHI, which similar to IBIS, but includes the above two aspects and hence provides a 

broader scope for a problem. PHI does away with logical interrelationships like “temporal 

successor of” between issues and uses relationships like “subissue of’ which are based on 

whether the resolution of an issue affects another. Therefore, unlike IBIS which produced 

tangled issue maps, PHI generates a quasi-hierarchical issue framework with the main 
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issue as the root and the sub issues branching out as a tree. An example issue map from 

PHI is depicted in figure 2.7. 

What should the 
design of this 
kitchen be? 

subissue sudissue 

What types of Where should these 
components need components be 
to be arranged? located? 

sutnssue 

subissue 

Where should the Where should the 
architectural components kitchen equipment 
be located? be located? 

What are the Where should Where should Where should What are the Where should Where shov! various types of — the walls the doors the windows various types of the sink the counte architectural be located? be located? _be located? kitchen be located? be locate components equipment 

What is the 
size of the 
family? 

Figure 2.7 A PHI Issue Map [ Fischer et al 1991, pp 400] 
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2.3.5 ADD 

Garcia and Howard [ Garcia and Howard 1992] propose that design rationale can 

be based on design decision justification. Their model of design rationale consist of three 

components. The design model consists of all the elements that explain a design decision. 

The decision network model consists of a map of the decision tree that describes the 

design. The third component, the domain model, provides strategies, design rules, code 

requirements and environment models. Their model is depicted in figure 2.8. 
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Figure 2.8 ADD Rationale Model [Garcia and Howard 1992, pp 6] 
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2.4 Software Implementations 

The following sections describe the various software implementations of design 

rationale. These implementations provide ideas about the use of design rationale models 

in the form of software tools. The domain of application, the design rationale model 

adopted and the use the tool is intended for determine the implementation. As in the case 

of the rationale model, only a few of the implementations are described in this section. 

2.4.1 MIKROPOLIS 

This software implementation is based on the rationale model described in section 

2.3.4. This system is one of the first issue-based hypertext systems [Fischer et al 1991]. 

The basis of the system is PHI hypertext. The main objective is using hypertext was to 

make the interface with the PHI issue maps intuitive. Given as issue map, the information 

about any particular node can be retrieved by just clicking on it. This system was tested 

by being used to create issue maps of the design of itself. Also, it was tested by a 

physician who developed a issue base for the health care policy. The main problem with 

this implementation and issue based systems is the time required to generate the issue 

bases. For example, the health care issue took 11 weeks to generate a highly structured 

issue base. The overhead of assigning time to create issue bases was too much when 

compared to the actual design time. The advantages of this implementation were is easy 
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and intuitive interfaces. The usability of the system and the usefulness of the issue maps 

were not denied by the test personnel. 

2.4.2 itIBIS & gIBIS 

itIBIS was one of the implementations of IBIS that was successfully incorporated 

into an engineering project [Conklin and Yakemovic 1991]. itIBIS (indented text IBIS) is 

a simple implementation that uses indentation to represent the relationships among the 

nodes in the issue map. The components of the issue map were identified using labels. 

Issues were labeled I, positions-P, arguments supporting-AS and arguments opposing 

were labeled AO. The positions that had been accepted and the issues that were marked 

By asterisks (*). The objective was to keep the whole effort simple so as not to distract 

the designers. This could be done on the word processor or on even pencil and paper. 

gIBIS is also a graphical hypertext software that combined the facets of 

networking and IBIS to generate IBIS issue maps on a local area network so that may 

designers could combine, develop and have access to the issue maps. There was no 

denying the fact that both itIBIS and gIBIS were extremely useful for the time investment 

required because they were very simple. But, they still had a large overhead in 

development time when the projects were smaller, were more ambiguous and required 

many iterations. For greater details, Conklin and Yakemovic [Conklin and Yakemovic 
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1991] provide extensive discussions about the testing process and the impact of the 

software implementations on the design process. 

2.4.3 JANUS ARGUMENTATION 

JANUS CONSTRUCTION was a prototype integrated design environment 

described in Fischer et al [Fischer et al 1991]. JANUS CONSTRUCTION is a 

construction kit that has the various components for the design of kitchens. The basic 

building blocks of the kitchen, like sinks, stoves etc. are placed in a palette. The designers 

move these blocks from the palette to the work area and are thus able to study the 

interaction of the spaces with the various building blocks. JANUS ARGUMENTATION 

is the argumentation part of JANUS CONSTRUCTION. It is based on a PHI hypertext 

system. One of the salient aspects of JANUS ARGUMENTATION is the implementation 

of a domain specific issue base that contains arguments about the construction of various 

types of kitchens. In the integrated environment of JANUS CONSTRUCTION, the 

designers can call for the arguments about any object that they are designing. They are 

transferred to JANUS ARGUMENTATION, where they navigate through the hypertext 

issue maps and explore the issue base. Another important aspect is that, when necessary, 

they can use an inbuilt illustrator called ARGUMENTATION ILLUSTRATOR to 

illustrate with examples, how a particular answer would look like with respect to the issue. 

The shortcomings of this effort were that JANUS ARGUMENTATION did not 
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incorporate the dynamic nature of the design process and its evolution with time. They 

also felt the need to develop a more dynamic issue base. 

2.4.4 ADD 

Augmenting Design Documentation (ADD) is a software implementation of the 

model described in section 2.3.5. ADD is designed such that it acts as an apprentice. It 

watches the progress of the designers along the process of design and asks questions when 

ever it does not understand a decision of the designers. By not understanding, ADD 

means that it could not derive that decision with the existing information and rules. It 

creates decision trees based on the information that its has and when one of its decisions is 

not replicated by the designers, it requests the rationale behind the new decision and 

incorporates it into it knowledge base. A schematic of ADD’s conceptual structure is 

provided in figure 2.9. The actual implementation structure is shown in figure 2.10. 
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Design KB = Codes Component 
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Figure 2.9 ADD’s Conceptual Structure [Garcia and Howard 1992, pp 7] 
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The assumptions underlying the design of ADD include the precepts that the rationale 

transfer should be two-way, between machine and human. The knowledge gained from 

the designers needs to be incorporated along with the rationale generated by ADD. 

Another assumption is that rationale can be best captured by explaining the design 

decisions. ADD is being tested with the HVAC domain as the focus. The tests included a 

study of ADD’s proposed alternatives to various designs designed by the user. The 

advantages of this system are that it is not so obtrusive, it is closely embedded with the 

designing system and that it provides default decision trees and incorporates new 

decisions. The rationale model, however is not complete. It does not have all the 

information that underlies a design. 

  

  

      

      
Documentation 

Capture 
  

  

  

wiertace   Documentation 
Retrieval   

Figure 2.10 ADD’s Implementation Structure [Garcia and Howard 1992, pp 8] 
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2.4.5 SOS and MASS 

Skull Object Space (SOS) was a prototype system developed to create a design 

description of a project and intepret this description in terms of the design rationale 

interactively with the user [de la Garza and Oralkan 1995]. SOS was developed in ART- 

IM, an expert system shell. SOS is used to simulate the ouput of an object oriented CAD 

system. SOS is supported by six libraries. They are the Building Typology library, Space 

Typology Library, Building Assembly Typology Library, Building Assembly Part Library, 

Specifications Library and the Material and Equipment Library. These libraries contain 

prototypical objects of various building types, space types, assembly types, assempbly 

part types,specifcation types and material types. The objects can be related to each other 

through relationships such as “adjacent to”, “ part of’ and “is a”. Through interactive 

screens, SOS can be used to develop descriptions of construction projects. The objects in 

the libraries form the building blocks and together with the relationships they form an 

object network that describes the project. Interactive questioning sessions fill in the 

objects with information consisting of the component names, functional and user 

requirements, performances and physical properties, and material and material brand 

information in the form of specifications. SOS objects from the Building Typology library 

are shown in figure 2.11. MASS ( Material Selection and Substitution ) is a module that 

uses SOS objects as input to provide advice about material selection and substitution. 
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BUILDING 

has-space-types : 
has-space-classes : 
has-spaces : 
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Figure 2.11 SOS objects [ Oralkan 1995, pp 128] 33



Using the information stored in the SOS objects and refering to the Material and 

Equipment Library, MASS proposes the selection of various materials for the building 

component represented by the SOS objects. MASS also uses the performance 

requirments and physical properties included in the SOS objects by the designer to 

compare the performances of other materials and brands and propose brands that can be 

substituted for the one specified by the designer. 

2.4.6 DRIVE 

Design Rationale for the Information phase of Value Engineering (DRIVE) is a 

prototype software tool under development at the Department of Civil Engineering at 

Virginia Tech [de la Garza and Alcantara 1995]. DRIVE’s objective is to assist value 

engineers in suggesting cost saving solutions and provide performance alternatives to an 

existing design. DRIVE is part of CAVE ( Computer Aided Value Engineering), which is 

tool that supports the entire value engineering process. DRIVE uses KAPPA-PC, an 

object oriented expert system prototyping software and AutoCAD, the graphical CAD 

system. DRIVE has two object hierarchies: the Design Entity Hierarchy and the Design 

Rationale Hierarchy. The Design Entity hierarchy consists of hierarchical object 

taxonomies similar to those in SOS. There are three branches in the hierarchy, Buildings, 

Spaces and Assemblies. The structure of this hierarchy is hown in figure 2.12. DRIVE 

also contains five libraries: Buildings Library, Spaces Library, Assemblies Library, 
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Components Library and Performances Library. The objects in these libraries are used to 

form the project shown in figure 2.12. The objects in the project inherit typological 

information including performances and properties from the objects in the libraries. 

The structure of the Design Rationale hierarchy is shown in figure 2.13. The 

Current Rationale consists of the rationale objects which contain the rationale regarding 

the decisions that the value engineer made during the current rationale capture process. 

The Pending Rationale consists of objects which correspond to decisions for which the 

designer has not generated rationale. DRIVE user highly graphical question and answer 

Sessions to extract the rationale from the designer. The rationale capture process is 

triggered off when the designer changes the values stored in the objects that form the 

project. Since DRIVE uses AutoCAD, the designer can develop rationale about the 

current component being designed without having to repetitively provide the properties 

and dimensions of the component. 
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Figure 2.12 The Building Project in DRIVE [de la Garza and Alcantara 1995, pp 4] 
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2.55 Summary 

The objective of the literature survey was to look at the problem and the various 

approaches to it. Based on this objective, literature that referred to various aspects of the 

problem and its approaches were collected and studied. The following points were salient: 

1. Most of the representations were for the design of software interfaces. The 

representation schema and implementation will have to adapted to the domain of 

construction. 

2. The representation of rationale through networks was found to be an excellent idea. 

This clearly modularized the information and presented the various logical 

relationships among them. 

3. The implementations of rationale were not as comprehensive as they could be. The 

rationale needed to be richer. The richness, however, depended on the perceived uses 

of the system and therefore differed. 

4. The existing project documentation and multimedia could be used to support the 

rationale. This aspect was not very popular among the implementations. 

5. Most of the representations were for computer processability and use. For purposes 

of communication, the representation need not be computer processable. The 

rationale can be provided for human consumption, for human beings to interpret and 

understand. 
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Chapter 3 

The Design Rationale Model 

3.1 Introduction 

The design rationale representation model adopted by this thesis is based on the 

model proposed by Lee and Lai [Lee and Lai 1991]. In their paper entitled “What is 

design rationale”, they explain their view of design rationale and develop a framework for 

representing design rationale. This chapter describes the model adopted by this thesis. 

Section 3.2 describes the view of Lee and Lai about design rationale and their definitions 

for design rationale. It also describes the rationale model that they have developed. Their 

definitions and the rationale model have been a great influence on this research. The 
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rationale model used for implementation is very much their model. The implementation of 

the model proposed by Lee and Lai is presented in section 3.3. Their model has been 

adapted to suite certain needs of the AEC domain and has been enhanced for use in this 

research. Section 3.4 describes the various issues that are important when considering a 

rationale implementation in the AEC domain. The adaptations to the model based on the 

consideration of the above issues is explained in section 3.5. Finally, section 3.6 describes 

the implementation of the rationale model in to computer data structures. 

3.2 The Design Rationale Model 

The form and structure of the design rationale model is dependent on the 

envisaged uses of the rationale. Some of the uses that design rationale can be put to are : 

[Conklin and Yakemovic 1991, Lee and Lai 1991, Fischer et al 1991, Ganeshan et al 

1991] 

1. Documentation of the design process 

2. Analysis and explanations of the design process 

3. Debugging and verification 

4. Modifications and automation of the design process 

5. Maintenance and redesign 

6. Critical reflection during the design process 
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7. Communication tool 

8. Integrated reasoning tool 

9. Historical record 

10. Case based knowledge base 

The next issue that has to be addressed, based on the intended use, is the nature of 

the user. The design rationale can be formatted for human use, so that human beings may 

grasp the rationale and understand it. The design rationale can also be made computer 

processable so that computers can use this rationale and reason with it. The model 

created can be computer based but need not be computer processable. Hence there is a 

tradeoff between the factors of computer usability, human usability and the expressiveness 

of the rationale representation based on the application domain. This tradeoff is depicted 

in figure 3.1. 

      

  

human 
“ computer 

usability usability 

Representation 

expressiveness 

Figure 3.1 Tradeoff in Representation of Rationale [Lee and Lai 1991, pp 255] 
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Another tradeoff that has to be considered is the cost-benefit tradeoff. The 

rationale has to be acquired either from the designers or must be automatically collected 

during the design process. The rationale acquired from the designers is more expressive 

as it consciously generated from the thought processes of the designer. The more 

expressive the rationale needs to be, the more involvement and input is required of the 

designer. This leads to interference with the actual design process and hence the benefits 

of an expressive design rationale are nullified by the interfered design process. The cost of 

developing a rich rationale is the obstruction ( however small it may be ) of the design 

process. 

Similarly, in an automated design rationale collection tool, the more articulate and 

useful the rationale needs to be, the greater the difficulty in developing such a tool. There 

is also possibility of incorrect or unwarranted rationale being recorded if there is no human 

intervention. Therefore, the level of expressiveness depends on the overhead being 

placed on the designer. The rationale model must be as unobtrusive as possible so that the 

primary design functions are not affected. 
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3.2.1 Argument Space 

Considering these issues and the work of other researchers in the field, definitions 

of design rationale were generated. Based on the definitions, Lee and Lai developed 

models of design rationale. The definition of rationale that they begin with is “Design 

rationale in the most general sense is an explanation of why an artifact is designed the way 

it is” (Lee and Lai 1991, p 257). Using this definition the first model of rationale was 

generated. This constituted the argument space. The argument space consists of the 

various arguments generated during the design process. The arguments provide reasons 

and explanations about the various aspects of the artifact. This is shown in figure 3.2. 

  

Figure 3.2 The Argument Space [Lee and Lai 1991, pp 258] 

3.2.2 Alternative Space 

The collection of arguments however does not give the reasoning underlying the 

artifact. It is basically a space containing all the arguments. The information about 

various issues like evaluations, alternatives and criteria are not present explicitly. Hence, 
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the next model shows the presence of the alternative space. The alternatives space 

consists of information about the various alternatives. It contains the attributes of the 

alternatives like performance specifications, dimensions etc. The alternatives in the 

alternatives space map on the arguments related to them in the argument space. The 

alternatives space and the mapping to the argument space is depicted in figure 3.3. 

  

Figure 3.3 The Alternative Space [Lee and Lai 1991, pp 258] 

3.2.3 Evaluation Space 

The various kind of evaluations possible among the alternatives, e.g. good, bad, 

better than, constitute the evaluation space. The evaluations are inter-related among 

themselves. The evaluation also map on to certain arguments in the argument space. The 

evaluations are also related to the alternatives space because the evaluations are being 
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made about the alternatives. The evaluation space and its relations are displayed in figure 

3.4. 

  

Figure 3.4 The Evaluation Space [Lee and Lai 1991, pp 258] 

3.2.4 Criteria Space 

The evaluations made on the alternatives are based on certain criteria. These 

Criteria constitute the criteria space. The criteria space therefore is related to the 

alternative and evaluation spaces. The criteria also map on to arguments about criteria in 

the argument space. This model of rationale is presented in figure 3.5. 
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Figure 3.5 The Criteria Space [Lee and Lai 1991, pp 259] 

3.2.5 Issue Space 

The design of the artifact is not only dependent on its function and requirements, it 

is also dependent on other components that it is connected to or supports. Hence, there 

are global issues that arise from the fact that the artifact is part of a whole system of 

artifacts. These issues are depicted in the issue space. Therefore, the issue space 

comprises of issues. An issue contains the alternative space, the evaluation space, the 

criteria space and their relationships. Issues can also be related to each other and map to 

arguments in the argument space. This final model of rationale is depicted in figure 3.6. 
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This model of rationale constitutes all the other models. It is a comprehensive view of the 

rationale from the various spaces. 

  
Figure 3.6 The Issue Space [Lee and Lai 1991, pp 259] 

3.2.6 Example 

The model can be illustrated using an example. The context of the example in 

figure 3.7 is the design of a structural beam. The arguments about the beam such as the 

beam must have specified depth, are shown in the argument space. These may be 

arguments about one or more alternatives. The alternatives (steel beam, concrete beam 

etc.) themselves are placed in the alternative space. The evaluations made on the 

alternatives based on their merits ( steel beams are very aesthetic, concrete beams are 

cheaper) are shown in the evaluation space. The criteria for these evaluations are cost and 
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aesthetics, contained in the criteria space. The global issues that affect the design of the 

beam and the fact that this beam is connected to column #1 form the issue space. The 

contents of all these spaces and their interrelationships form the rationale for the design of 

the structural beam. 
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Figure 3.7 : Lee and Lai’s Rationale model 

3.3. Implementation 

Using this conceptual model of design rationale, Lee and Lai developed DRL 

(Decision Representation Language). This language is a structure for representing the 

qualitative elements of a decision making process. These qualitative elements consist of 

alternatives, evaluations, criteria and arguments underlying the design. They call these 

elements decision rationale. The basic vocabulary of DRL constitutes the following 

objects. The decision problem is the problem for which rationale is being collected. An 

alternative is one options being considered. A goal is a state or property that is desirable 
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in the solution of the problem. The claim objects describe the relations between the goals, 

alternatives and questions. A questions is a specific query about an aspect of a decision 

problem, goal, alternative or claim. There are relations like achieves, supports, denies, 

presupposes and answers that exist among these objects and give meaning to this network 

of objects. The basic network of objects and their relationships is shown in figure 3.8. A 

self explanatory example in the form of a network is depicted in figure 3.9. Therefore, the 

objects and their relationships form the design rationale about the problem. This 

implementation structure has been implemented in an application called SIBYL [Lee 

1992}. 
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Figure 3.9 An Example for Rationale Representation [Lee and Lai 1991, pp 267] 

3.4 Issues in Using Design Rationale in the AEC Industry 

The AEC industry has many aspects that influence the application of the design 

rationale approach. Even though each project is unique, there are standard procedures to 

be followed in the design. The influence of this aspect is explained in section 3.4.1. 

Section 3.4.2 describes how many people involved in a construction project modify the 

representation of rationale. In section 3.4.3 the dynamic nature of the design process and 

its impact on the rationale approach is explained. One of the important facets of applying 
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any approach to a problem is the testing of the approach on an actual field problem. This 

facet is explained in section 3.4.4 

3.4.1 Models 

Design is not an arbitrary process. Design codes auch as the Nationale Building 

Code and the explicitly define the process and steps necessary to carry out the design of 

an artifact. Though the artifact itself may be unique, the process of design and many of 

the criteria considered remain the same while designing similar artifacts. Therefore, 

models of rationale can also be created for a taxonomy of artifacts. This has two 

advantages. The default rationale created for a class of artifacts is inherited for a member 

artifact and does not have to be recreated. This provides a good foundation on which to 

build the rationale model of the new artifact and incorporate its uniqueness. Secondly, the 

default model also ensures that the issues for the class of artifacts have been addressed for 

the member artifact being designed. 

3.4.2 Views 

The high degree of specialization in the industry is responsible for there being 

many people involved in the construction of an artifact. The conception of the artifact 

rests with the owner who requires the artifact to be constructed. Therefore the owner has 

the first view of the artifact or project. Through consultations between the owner and the 
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Architect-Engineer(AE), the AE develops a view of the project. Similarly, each person 

involved in the project develops a view of the project based on their specialty giving 

considerations to their chosen field. This means that the design rationale solution must 

incorporate facilities to generate multiple views of the project based on the perspective of 

the user. This will help in consolidating all the information and also provide a common 

platform from which any person can view the project from various other perspectives. 

3.4.3 The Time Factor 

The project is a dynamic entity which develops over time. The concept that the 

owner has is a crystallization of ideas that change with inputs from other players in the 

process of construction. Design is an iterative process and assumptions, requirements and 

needs may change over time. Similarly, the contractor's view of the project changes with 

time based on the means and methods adopted in the construction plans. Hence there is 

an indicated need for the design rationale also to be dynamic and show the progress of the 

project through the various stages of its development. The representation therefore must 

project a time sense in the rationale. 

3.4.4 Testing of the Solution 

The significant part of this thesis is an attempt to make the solution real and not 

just a toy solution in a laboratory situation. Design rationale is an abstract concept and a 
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solution based on this approach needs to be tested in a field situation to prove that the 

concept works. There are two aspects involved in the testing. One is whether the 

designer can unobtrusively create rationale models so that the prime function of the 

designer is not impeded. The second is whether the designer can formulate the rationale in 

the form required by the representation. 

Consideration of the above mentioned factors led to the development of a modified 

model of rationale. The conceptual model of Lee and Lai is used as a basis, but the 

implementation of the model in the form of a network was changed. The adaptations are 

explained in the following section, 

3.5 The Adapted Lee and Lai model 

The following modifications were made to the original representation to enhance 

the use of the rationale network. 

1. The various objects form a hierarchy which defines the content and relationships of 

the object. This provides for inheritance to transmit most of the information. 
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2. The argument space is represented by a network of claims and questions which 

articulate the arguments 

3. The claim objects are specifically linked to the alternatives and this describes the 

alternatives 

4. A new object called view has been introduced to provide different perspectives of the 

problem. Hence there is a clear differentiation of global issues. 

5. The relations are also objects. This provides greater querying and processing 

capabilities. 

6. Versioning has been introduced to represent the chronological and dynamic nature of 

the representation. 

The entire network with all the objects and relations form the rationale underlying 

the design object. The network with its objects and relationships is shown in figure 3.10. 

  

has view 

| Design Object PL View 
  

  

                

  

  

             
Figure 3.10 The Adapted Rationale Network 
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The capturing of rationale in the rationale network can be explained by an example. Let 

us consider the rationale for a Staircase. This Staircase is in the lobby space of a high 

school building. The designer’s view of the staircase has the following goals- Aesthetics, 

Minimize cost and Safety. The Minimize cost goal is achieved by the alternatives called 

Steel and Composite. These alternatives are different designs using steel only and using 

both steel and reinforcing concrete. Evaluating the alternatives, there are claims as to their 

cost and their weight. The cost raises the question of the time required for installation. 

Figure 3.11 shows how the above rationale has been set out as a network. Similarly the 

constructor’s view shows the goals, alternatives and claims from the constructors 

perspective. Together the entire network shows the rationale as the designer and the 

constructor understand the issues. 

This chapter described the rationale model of Lee and Lai and how this rationale 

model was modified. The modified rationale model is the basis of this research. The 

implemenatation of this model and all its adaptations in the form of a computer tool is 

explained in the next chapter. 
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Chapter 4 

DRARS Objects and their Implementation 

This chapter describes the development and structure of the objects used in 

DRARS. In section 4.1, the basic concepts underlying the development of DRARS and 

the rationale for choosing KAPPA-PC™ as the development environment are presented. 

Section 4.2 describes the hierarchies of DRARS objects. The representation a project in 

the form of taxonomies of buildings, spaces and assemblies and the implementation of 

rationale models through objects is presented in section 4.3. The implementation of the 

rationale network and the object structures used in DRARS are explained in section 4.4. 

The incorporation of the time factor (described in section 3.4.3) in the form of versioning 

is illustrated in section 4.5. Finally, the multimedia facet of DRARS is described in section 

4.6. In the following sections there are two level of descriptions. One level is a 

description of the conceptual implementation of the rationale in the form of object 
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networks. The other level is the description of the actual computer implementation in 

term of object data structures and programming techniques. 

4.1 Introduction to DRARS 

Design Rationale Authoring and Retrieval System (DRARS) is a prototype 

computer tool applies the design rationale approach to solving the communication 

problem in the AEC industry. DRARS is based on the rationale model adapted from the 

representation proposed by Lee and Lai [Lee and Lai 1991]. The salient features of 

DRARS are: 

e The backbone of the system is the Rationale Network consisting of 

objects like: Design Objects, Goals, Alternatives, Claims and relations 

like: achieves, supports, etc. 

e An object oriented programming paradigm has been used. 

e The development environment chosen was KAPPA -PC™ which runs on 

Microsoft Windows™, 

e The system is based on taxonomies of Buildings, Spaces and Assemblies 

which are used to represent a construction project. 
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The reasoning underlying the choice of the various features and the implementation of 

these features is explained in the following sections. 

4.1.1 Object oriented programming 

The basic tenet of object oriented programming (OOP) is the modularization of 

information in the form of self contained objects. The procedures for manipulation of 

these objects are also included within themselves. The objects are computer data 

structures which can be connected by logical relationships. There are four main concepts 

in OOP as used in KAPPA. They are Classes, Instances, Methods and Functions. Classes 

and instances are objects and information is stored in these objects in the form of 

Object:Slot pairs. Slots are the attributes of an object in which information can be placed. 

The difference between a class and an instance (which are both objects) is that classes 

may have sub classes whereas instances are children of a class and cannot have any sub 

objects. Methods are procedures that can be embedded in an object. Functions are 

general procedures that are not embedded in a object and hence can operate 

independently. The important property among the objects that is very useful is the 

inheritance relationship between classes, subclasses and instances. Not only is the 

information inherited from parent to child, the methods or procedures are also inherited. 
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The structure of the rationale network (described in section 3.5) lends itself to the 

use of object oriented programming. The rationale network is in the form of a hierarchical 

tree structure. There are distinct components to the tree (design objects, goals, 

alternatives etc. ) with relationships between them. The tree can be best represented using 

object networks. The functions and methods that are used for creating and modifying the 

objects and hence forming the rationale tree can be embedded in the rationale network 

itself. 

4.1.2 KAPPA- PC™ 

KAPPA-PC™ is an expert system shell and object oriented programming 

environment that runs on Microsoft Windows™. KAPPA-PC was chosen as the 

development environment for the following reasons: 

e KAPPA-PC works on Windows. 

e KAPPA-PC is an object oriented programming environment. 

e KAPPA-PC has excellent capabilities to produce graphical user 

interfaces (GUI). (section 4.1.3) 

e KAPPA-PC has good communication facilities to communicate with 

other applications that use Windows™ (section 4.1.4) 

e KAPPA-PC has a good interface with C language compilers. 
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KAPPA-PC has the basic needs for a development environment for OOP. It 

works on a popular windowing environment (MS Windows) and has many utilities that 

make it a good object oriented environment. These utilities include debuggers, on-line 

help and class, instance, method and function editors. Besides these basic requirements 

KAPPA has other attractive features which are explained in the following sections. 

4.1.3 Graphical User Interfaces 

One of the essential components of any computer tool is a graphical user interface 

(GUI). The GUI helps the user to communicate clearly and effectively with the tool. The 

need for a GUI is heightened in the case of a design rationale representation tool. An 

important factor in the development of rationale representation system is the 

unobtrusiveness of the system. The software must have an easy interface so that the users 

of the system are not distracted from their primary objectives. Hence, for a design 

rationale representation tool, the GUI influences the effectiveness of the tool to a great 

extent. KAPPA-PC provides graphical images that can be used to build a GUI and encode 

information from the user into the object network. This reduces the programming effort 

needed to develop the GUI which can be used to focus on the representation of rationale. 

Also, the images provided by KAPPA are standard Windows images and therefore should 

be familiar to the users of Windows. 
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The main part of the GUI is KAPPA‘s session windows. These are windows 

which can be created and shown based on the developer’s needs. The windows are also 

objects and hence can be controlled by the developer. Within these windows, graphical 

images like buttons, edit boxes and lists can be placed. These graphical images are also 

objects. Therefore, apart from being controlled by the developer, they can be directly 

linked to objects that form a part of the rationale network and can easily transfer 

information from the interface to the rationale network.. A KAPPA session window with 

various objects is shown in figure 4.1. 

KAPPA-PC also has a utility called Object Browser. This is a tool for displaying 

object networks along with their logical connections. The Browser shows the various 

objects, classes and instances along with their connections in the form of a tree. The 

Browser also offers functions and menus that help the user to show existing sub classes, 

hide sub classes, show and hide instances, focus on different objects and add and delete 

them. This offers the user and easy way of traversing through and manipulating a tree of 

objects. Since the main component that has to be displayed in DRARS is the rationale 

network, the Browser is a good and easy way of display. Figure 4.2 shows the KAPPA 

browser. 
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4.1.4 Communication with other application 

Another of the preferable capabilities of a rationale representation tool is the 

facility to incorporate multimedia. The ability to incorporate scanned images, documents, 

audio and video clips greatly enhances the richness of the rationale. This requires that the 

tool be able to communicate with other applications that can provide multimedia 

capabilities. KAPPA-PC has utilities by which it can communicate with other application 

working on Windows. It uses Dynamic Data Exchange (DDE) processes to communicate 

and control other applications. Using this facility, software like document displays and 

movie players can be controlled within KAPPA to show the necessary documents or play 

videos. 

These features of KAPPA closely correspond with the needs and requirements for 

a design rationale representation tool. The benefits of using KAPPA free more time 

during the research process to focus on the representation and testing of rationale. 

4.2 Overview of Objects in DRARS 

The programming paradigm underlying the implementation of DRARS is object 

oriented and therefore the objects of DRARS form the most important part of DRARS. 

There are three different classes of objects. They are the taxonomy objects, the rationale 
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objects and the interface objects. A construction project in DRARS is represented using 

taxonomies of buildings, spaces and assemblies. The objects that are form these 

taxonomies are classified as taxonomy objects. Their structure and implementation is 

described in section 4.3. The rationale to be authored and stored is represented in the 

rationale class of objects (Section 4.4). The elements of the GUI, such as windows, 

buttons and edit boxes form the interface class of objects. The structure of the objects are 

explained as and when required during the description of the taxonomy and rationale class 

of objects. 

The objects are written in KAPPA’s Application Language (KAL). Any word 

processor or editor can be used to write code in KAL. The lowest or the basic object in 

KAPPA is called Root. All other objects are children or sub objects of Root. KAPPA 

also had an instance called Global which is an instance of Root. This instance can be used 

as a temporary storage space and is available to all classes and instances as it is an instance 

of Root. 

The conventions being followed in the following sections are: 

1. The Object, either Classes or Instances are boldfaced. 

2. The slots in the objects are boldfaced and italicized. 

3. The values of the slots are italicized. 

4. The procedures are underlined. 
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The lowest object in DRARS is called ProgramHierarchies which is a sub class 

of Root. The structure of ProgramHierarchies is shown in figure 4.3. The 

ProgramHierarchies object has many slots as shown in the figure. These slots have been 

created in the ProgramHierarchies object so that all sub objects or children may inherit 

these slots. The ancestor slot holds the name of the ancestor of the object. This slot is 

usually set to ProgramHierarchies. This ensures that all the sub objects or children of 

ProgramHierarchies contain the name of their ancestor object. Each object in DRARS 

has a Title which is the user given name of the object which may have spaces or special 

characters in it. 

  

Object ProgramHierarchies 

ProgramHierarchies: Ancestor 

ProgramHierarchies:Title 
ProgramHierarchies:IntentFile 

ProgramHierarchies: BaseName 
ProgramHierarchies:name 

ProgramHierarchies: NewInstanceNumber 

ProgramHierarchies:NewSubClassNumber     
  

Figure 4.3 The ProgramHierarchies object 

The name slot is used to hold the KAPPA name of the object which is restricted by 

KAPPA to alphanumerics. The BaseName slot is contains a basic name for the object. 

This name is used when sub classes or instance of the object are to be created. The 

creation of sub classes and instances are done by two methods called createsubclass and 
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Createinstance. The slots, NewInstanceNumber and NewSubClassNumber hold the 

number of instances and subclasses that particular object has. For example, if the 

BaseName of ProgramHierarchies was set to Rationale, and a sub class had to be 

created, then the name of the sub class would be Rationale with the 

NewSubClassNumber appended to it 1.c. RationaleS. The NewSubClassNumber is then 

incremented by one. 

The structure of objects that are sub classes of ProgramHierarchies is shown in 

figure 4.4. There are three main subclasses, ProgramDataHierarchies, 

ProjectDataHierarchies and KnowledgeHierarchies. 
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KnowledgeHierarchies 
Has taxonomy objects as sub classes 

        
  

Figure 4.4 Sub classes of ProgramHierarchies 

The ProgramDataHierarchies object contains sub objects that form the rationale 

network. The sub classes of this object are called rationale or intent objects. The 
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BaseName of these objects is IntObj. When a rationale network is to be generated, it is 

created as sub classes of the ProgramDataHierarchies object. The 

ProjectDataHierarchies object has sub classes which form a description of the project in 

terms of the taxonomies of Buildings, Spaces and Assemblies. The 

KnowledgeHierarchies object contains the three taxonomies of Buildings, Spaces and 

Assemblies. This briefly constitutes the basic superstructure of the objects in DRARS. 

The form and content of each class of object is explained in the following sections. 

4.3. Representation of Rationale in Construction 

DRARS is a tool that can represent rationale for construction projects. This 

means that the projects themselves have to be represented in DRARS. This representation 

of the project should be simple and easy to generate. It should also consider the issue of 

modeling of rationale. DRARS therefore uses taxonomies of building types, space types 

and assembly types as the foundation for representing a project. A construction project or 

building is broken down into a lower level, i.e. into the spaces it contains. These spaces in 

turn are described by the assemblies the space contains. The assemblies form a part of the 

space and the spaces form parts of the building. This is the basic structure of a 

construction project shown in figure 4.5. How the taxonomies of building types, space 
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types and assembly types are used to generate this description of a project is explained in 

the following sections. 

  

  

  

  

  

  

Building 

# part_of 

Spaces 

T part_of 

Assemblies             
Figure 4.5 The basic structure of a Construction Project 

4.3.1 Taxonomies of Buildings, Spaces and Assemblies 

In DRARS, the construction domain has been modeled in the form of taxonomies 

of buildings, spaces and assemblies. These are hierarchies or trees of types of buildings, 

spaces and assemblies. The buildings contain spaces and the spaces contain assemblies. A 

part of the building taxonomy with the relationships is shown in figure 4.6. Figure 4.7 

shows a DRARS browser screen with the building taxonomy as created in DRARS. 

Figures 4.8 and 4.9 shows the browser containing the spaces and the assemblies 

taxonomy. 
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. Cultural 
  

    
Buildings — 

  

Buildings       
  

  

  

        

  

High School 

Buildings —     
  

‘Catering 
  

    Buildings     
Restaurants 

      
  

Figure 4.6 A partial view of the buildings taxonomy 

A construction project or building can be broken down in to its constituent parts of 

spaces. Each space can be further described in terms of the assemblies it contains. For 

example, consider a restaurant. It is a type of catering buildings and among the many 

spaces it contains, it has dining and kitchen spaces. The kitchen space has assemblies such 

as sinks and gas ranges. This simplified example of a typical restaurant is shown in figure 

4.10. 

  

      

      

Catering Bldg Catering Spaces 

Dining 
Cafeteria | Spaces gitchen 

Restaurants-*|-----}rvvtr Spaces” 
HE eee deecee eee eee ee Gas Ranges 

Kitchen Assemblies 

              part_of   
  

Figure 4.10 Representation of a Restaurant in the form of taxonomies 

The advantage of using these taxonomies is that there are part_of relationships between a 

building and its constituent spaces (Restaurants to Dining and Kitchen Spaces) and a 
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space and its constituent assemblies (Kitchen Spaces to Sinks and Gas Ranges). Part_of 

relationships among the building, spaces and assembly objects and the inheritance 

relationships within each of the taxonomies are used to represent a project and its various 

components. New buildings can be added to the taxonomy and the spaces assigned to a 

building can be modified and/or deleted. Similarly, the assemblies assigned to the spaces 

can also be modified or deleted. New spaces and assemblies can also be added to the 

taxonomies. Within a particular taxonomy, there are is_a type inheritance relationships. 

For example, Restaurants is_a Catering Bldg. This allows the typological spaces 

contained within the Catering Bldg to be inherited by Restaurants. Similarly, rationale for 

the class of Catering Bldg object can also be inherited by the subclass of Restaurants. 

4.3.2 Representing Rationale for a Project using the Taxonomies 

The rationale of a project can be thought of as being hierarchical. There 

are certain issues that may pertain to the design of the project as whole. The design of the 

various spaces within the project has its considerations within the framework of the overall 

design of the project. Similarly, the design of the structures and assemblies within a space 

have their own requirements. By representing a project in the form of a part_of hierarchy, 

with a building object at the top, the spaces of the building as the next level and the 

assemblies of the spaces as the lowest level, we have a representation that lends itself to 

the depiction of rationale hierarchically. This icon, <& | is used to represent the rationale 
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network of figure 3.10 in the following sections. Figure 4.12 shows that the rationale 

network pertaining to the Restaurant building as a whole can be stored at the building 

level. The rationale network about each space can be stored at the space level and the 

rationale network about each assembly can be stored at the assembly level. 

  

  

   

  

has view 

) Design Object L-( View 
  

  

            

  

              
  

Figure 4.11 The Adapted Rationale Network (also Figure 3.10) 

  

Restaurant < 

Kitchen space & 

Sinks <& 
Gas Ranges Le 

Dining Space YH 

Tables 

    
  

Figure 4.12 Hierarchical representation of rationale 
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4.3.3 Default models of rationale 

Representing projects using the taxonomies also provides for the development of 

default rationale models. As described in section 3.4.1, some of the rationale in any 

project is generic. Some issues and decisions are made for all projects as a whole. These 

issues can be split into general issues pertaining to the building type, space type and 

assembly type. As an example, many considerations for the building type Hospitals is 

based on the National Building Code specifications. Hence, these considerations can be 

thought of as default rationale for the building type hospitals. Also, construction firms, 

through years of design and construction experience develop their own standard 

guidelines. These can also be incorporated. Using the taxonomies, generic or default 

rationale can be stored hierarchically. The default rationale for the building type 

educational buildings contains issues general to all educational buildings. The default 

rationale for college buildings contains issues specific to all college buildings. The is_a 

relationship between educational buildings and college buildings makes college buildings 

inherit the default rationale from educational buildings along with its own rationale. Also, 

all projects that are of the college building type inherit this rationale( Figure 4.13). 

Figures 4.14 and 4.15 show the corresponding inheritance for spaces and assemblies. 
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Cultural Bldgs 
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Educational Bldgs 
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is_a     
Classroom spaces 
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4.14 Hierarchical inheritance of default rationale models in Spaces 

Therefore, the taxonomies of buildings with their assigned spaces and assemblies 

and the default rationale stored in them form the knowledge stored in the system. The 

knowledge editor is used to generate this system knowledge. The use of creating these 

default models is the formation of a database that has a wealth of information in it. Years 
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of experience and the valuable expertise of project personnel can be incorporated in to this 

database. 

  

     

  

   
is_a 

Classroom assemblies 

is_a 

Blackboards 

4.15 Hierarchical inheritance of default rationale models for Assemblies 

  

       Desks 

  

      
The advantage of creating the default rationale is that, when developing rationale for a 

new project, the default rationale for building and all the spaces and assemblies is inherited 

from the corresponding building type, space types and assembly types. This provides not 

only a starting point for the rationale, it reduces the effort of generating the default issues 

again for each project. It also ensures that the issues in the default rationale, if applicable 

to the project, have been addressed. 

4.3.4 The implementation of Taxonomies 

The taxonomies and rationale network are implemented in the form of objects 
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(object oriented programming). The taxonomies are implemented as children of an object 

called KnowledgeHierarchies which is a child of Root. This structure is shown in figure 

4.16. The parent object for the building taxonomy is called Buildings. Correspondingly, 

the parent objects for the space and assembly taxonomies are Spaces and Assemblies 

  
  

      

  

    

            

    

  

respectively. 

Spaces oe 

ProgramHierarchies | EE ‘KnowledgeHierarchies Buildings nae 

Assemblies a         

  

Figure 4.16 The root structure of the taxonomies 

The Buildings object has different sub-types of buildings like Catering Buildings, 

Cultural Buildings, and Residential Buildings as children. These child objects in turn 

have further classifications of buildings as their children. Hence, the entire tree beginning 

with the Building object forms the buildings taxonomy. The information about the 

building types is stored in slots in the objects. The building object with its slots is shown 

in figure 4.17. 
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Object Buildings 

Buildings: Ancestor Buildings 
Buildings: BaseName BldgType 
Buildings:SpaceList {List} 

Buildings:FileName "\bidgs.kal" 
Buildings:NewSubClassNumber 82 

Buildings:SaveDirectory DRARSDir 
Buildings: Title Buildings 

Buildings:IntentFile “\1 kal”   
  

Figure 4.17 The parent Buildings object 

The meaning of the information stored in the slots is as follows. The Title of the object is 

Buildings. It has a BaseName - BldgType. This means that the name of the children of 

the Building object will begin with this base name and a number will be appended to it. 

For example, the Catering Buildings object will have a name BldgType5. The number 

being appended to the name is the NewSubClassNumber. This number is the number of 

objects in the taxonomy. After a new object is added, this number is increased by one. 

The SpaceList slot contains the list of spaces assigned to the object. Since the Buildings 

object is the parent object of the taxonomy, it does not have any spaces assigned to it. As 

described in section 4.3.1, the advantages of having these taxonomies is that because of 

the is_a relationships between parent and children, the slots of the parent (Buildings) is 

inherited by all the children ( Catering Buildings). The default rationale model for the 

Buildings object is stored in a file called “J.kal’. Again, since Buildings is the parent 

object, it has a very basic form of the rationale tree stored in it for reference. The basic 

structure remains the same through out the taxonomy. Only the values of the slots 
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change. The spaces and assemblies taxonomies are also similar in structure. The Spaces 

object has the slot AsmblyList instead of the slot SpaceList. 

4.4 Rationale Object structures 

The rationale network is also implemented in the form of a hierarchy of objects. 

There are two kinds of rationale object hierarchies. The first type of rationale objects is 

called the reference object hierarchy (ROH). The second is called the user project object 

hierarchy (UPOH). The parent object of the ROH is the design object which is a child of 

Root. The ROH is similar to the rationale network hierarchy of figure 3.10. The ROH 

network is depicted in figure 4.18. The objects in the network form a hierarchy of 

KAPPA objects related by is_a relationships. The significance and meaning of the 

relationships is as follows. 

  

  

  

          Cee) BC ar} Hac >-»( Genin 

     
  

Figure 4.18 Object hierarchy of the rationale network 
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There are two types of relationships possible among objects in KAPPA. These are 

the is_a and instance_of relationships. The is_a relationship exists between a class and its 

sub class. Through this relationship, the slots and the values of the class are inherited by 

the sub class. The instance_of relationship is created between a class and its instance. An 

instance is an object that cannot have any more subclasses and is a particular member of its 

parent class. 

The objects in the rationale network of figure 3.10 are not really classes and 

subclasses or each other. They are objects that form a network and are connected by 

special relationships such as has_view, has_goal and achieved_by. In order to create the 

rationale network with KAPPA objects two object hierarchies are used. The ROH forms 

a reference. The objects in the hierarchy are created as classes and sub classes with is_a 

relationships in KAPPA. As explained above, even though they are created using is_a 

relationships they do not have such a relationships in reality. The reason for creating the 

ROH are to get around the limitations of KAPPA. One aspect of the is_a relationship is 

used in the ROH. Some of the information, such as goal names and alternative names are 

inherited by the alternatives and claims respectively. This make the name of the goal that 

the alternative achieves be available within the alternative object. 

The actual rationale is created using the UPOH. The UPOH is built using a 

primary building block called the rationale object. The rationale objects are basically 
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empty objects with no slots in them. Through referencing the ROH, the rationale objects 

are Cast into view, goal, alternative or claim objects. For example, the rationale consists 

of a view, a goal and two alternatives. To create this network, a rationale object is 

created. Then, the ROH is referenced and the slots of the reference view object are 

created in the rationale object. This way the rationale object becomes a view object. 

Similarly, the goal object is created as a sub class rationale object of the rationale object 

that is a view now. It is then cast into a goal object by copying the slots from the 

reference goal object in the ROH. This way the UPOH, the hierarchy of actual rationale 

objects is formed. These contents of these objects in the UPOH are then filled in by the 

author. 

4.4.1 The View Object 

The rationale is stored in the slots of these objects and the relationships among 

them. Figure 4.19 shows a typical view object. The title slot gives the name of the object, 

“designer’s view’. The name slot holds the name of the actual KAPPA object. The 

Obtype slot contains the type of the object, in this case, View. The Version slot 

incorporates the dynamic nature of rationale through versioning (explained in section 

4.5). The docs, scans and av slots are the multimedia slots of the object (section 4.6). 
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Object IntObj2 

IntObj2:name IntObj2 

IntObj2: Title “designer’s view” 

IntObj2:Obtype View 

IntObj2: version 1 

IntObj2:docs ‘Adocs.doc” 

IntObj2:av ‘\av.mov” 
IntObj2:scans “\scan.scn”       

Figure 4.19 A typical View object 

4.4.2 The Goal Object 

A typical goal object is shown in figure 4.20. Other than slots similar to the view object, 

the goal object has the Des, achieved_by, subgoals and the maxversion slots. The Des 

slot provides a brief description of the goal. The achieved_by slot contains a list of 

alternatives that achieve this goal and the subgoals slot contains a list of goals that are 

secondary to this goal. The maxversion slot contains the maximum version number of 

this goal. 

  

  

Object IntObj3 

IntObj3:name IntObj3 

IntObj3:Title “Min. Cost” 

IntObj3:achieved_by { List} 

IntObj3:Des {Text} 

IntObj3:subgoals { List} 

IntObj3:Obtype Goal 

IntObj3: version 1 

IntObj3:maxversion 1     
Figure 4.20 A typical goal object 
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4.4.3 The Alternative Object 

Figure 4.21 shows a typical alternative object. Relationships of this alternative 

with goals and claims are stored in the achieves and has_claims slots. The rationale is 

formed more by the objects and the relationships rather than the actual information 

available in the object. The information in the object is supported by the multimedia slots 

to provide more details. The objects and the slots in them are made simple and contain 

only brief descriptions. This is to make the rationale network easy to generate and require 

less effort from the designer or person authoring the rationale. 

  

Object IntObj7 

IntObj7:Title “Steel Beam” 

IntObj7:Name IntObj7 
IntObj7: Des - “Steel Beam ASTM 60” 

IntObj7: Version 1 

IntObj7:acheives {cost, aesthetics} 

IntObj7:has_claims {list} 

IntObj7:maxversion 1 

IntObj7:Obtype Alt       
Figure 4.21 A typical alternative object. 

4.4.4 The Claim object 

The next object type is the Claim object. A typical claim object is shown in figure 

4.22. The new slots in the claim object are the supports, denies and the ctext slots. The 
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supports and denies slots contain the names of the claims that this claim supports or 

denies. The ctext slot describes the text of the claim. 

4.4.5 The Question Object 

The claim objects have questions connected to them. A typical question object is 

shown in figure 4.23. The gtext slot contains the text of the question. 

  

Object IntObj_5 

IntObj5:supports {List} 
IntObj5:denies {List} 

IntObj5:ctext {Text} 

IntObj5:name IntObj5; 
IntObj5:Title claim 

IntObj5:Obtype Claim 

IntObj5: version 1 

IntObj5:maxversion 1       
Figure 4.22 A typical Claim object. 

  

Object IntObj_6 

IntObj6:qtext {text} 

IntObj6:name IntObj6 

IntObj6:Title ques 
IntObj6:Obtype Ques 
IntObj6: version 1 

IntObj6:maxversion 1 

      
Figure 4.23 A typical Question object. 
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4.4.6 The Answer object 

A typical answer object is shown in figure 4.24. The atext slot contains a brief 

description of the answer. 

4.4.7 The Relationship Object 

The relationships are also made into objects for increasing the processability of the 

network. The procedures for processing the relations can be embedded within the 

relations objects. This is a simpler and more efficient way of representing the 

relationships. A typical relation object is shown in figure 4.25. 

  

Object IntObj_8 

IntObj8:atext {text} 

IntObj8:name IntObj8 

IntObjg: Title Answer 

IntObj8:Obtype Ans 
IntObj8: version 1 

IntObj8:maxversion 1       
Figure 4.24 A typical Answer object. 

  

Object Relation_1 

Relation_1: first_object IntObj8 
Relation_1:second_object IntObj9 

Relation_1:rel_class other 

Relation_1:rel_type has_view 

      
Figure 4.25 A typical Relation object 
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The relations can be classified into various categories (which are user defined) and stored 

in the rel_class slot. The rel_type slot contains the actual name of the relation. 

Relation_I, therefore defines a relation of class other and type has_view between objects 

IntObj8 and IntObj9. 

4.5 Versioning 

The conceptualization and design of a project is not a one step process. The ideas 

and the design take time to form and gradually the project takes shape. The time dynamic 

nature of this process is also true for the development of rationale. The rationale evolves 

with the project. There are many ways of incorporating this dynamic nature of the 

rationale. One research effort has focused on videotaping the decision makers and hence 

have a record of the progress of the design process. There are two different aspects to the 

dynamic nature. The time progression of the rationale process can be expresses in terms 

distinct design events or milestones. For example, the design of a large building, can be 

split into the design of its constituent spaces with each space forming a milestone. Then, 

the next phase of design may include considering the detailed design of the various spaces 

as milestones. Hence the development of the project and hence that of the rationale is 

visualized as a series of events occurring one after the other. There is no actual time index 

other than their logical temporal relationships. 
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The second method of visualizing the progress of the rationale is through an actual 

time index. The time index starts at the beginning of the project. A suitable scale, in 

terms of days, weeks or months is chosen. The rationale collected at various times is 

marked with a corresponding time index. This provides an absolute time view of the 

rationale of the project. 

For the purposes of this research, the event based time progression has been 

chosen and the methodology of implementing this is through versioning. The status of a 

building or project is captured in the rationale network. This is a view of the project one 

particular time. Therefore all the objects are set to version one. This is done through the 

setting of the version slot. When there is a change in the rationale, i.e. either contents of 

the rationale network or the validity of the objects changes, then the version of the objects 

is changed. For example, the view of the project at TIME 0 is formed by the rationale 

network shown in figure 4.23. The network has a designer’s view, with a goal Minimize 

cost and an alternative called Option 1. Further during the design process, the nature of 

the goal, Minimize cost changes. This probably means the cost minimum or the budget 

has changed. Therefore, a new alternative called Option 2 is now possible. Hence, at 

TIME 1, the view of the project consists of the designer’s view, the Minimize cost goal 

and the two alternatives of Option 1 and Option 2. The goal has changed and therefore 

its version is increased to two. The new network connected to the goal, i.e. Option 1 and 
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Option 2 show that status of the rationale at this new time. This process similarly can be 

extended to all the objects like Alternatives, Claims, Questions and Answers. 

—— Option 
Minimize cost (2) Option 

—_ 

—— 
TIME 1 Designer’ s| viey 

  veers ese RE paige cost CE rea ee opin DO mete die og eesti arene ee Option | eee, 
Je Dee eee, eco aes ° were eee 

wasnt 
eons” oe 
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wee ™ “oO 85, eeaeree st othe, Bh ae sees eon tae ouene men aees eee wet 

Setes weet we ae eee or 
” 

Figure 4.26 Versioning 

4.6 Multimedia 

Design rationale represents a human being’s thought process. Hence it may be 

abstract and may not be easily translated into words. The information stored in the 

rationale network is brief so that the designers do not need too much effort to create the 

rationale network. The rationale stored in DRARS is human oriented. This means that 

the humans who retrieve this information are responsible for the interpretation of this 

information. 
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Another aspect is that the project documentation is generated as a result of the 

design decisions portrays the final picture of the project. The project documentation 

consisting of drawings, design specifications, discussion notes and meeting minutes. This 

documentation is generated as a normal procedure of the design process. These aspects 

can be combined to support the rationale network to make the representation richer. 

Using documents, scans of drawings and photos, and movies to support the rationale 

make it more complete. The supporting documentation is in the form of written textual 

matter, schedules and reports from the various project personnel, photographs and videos 

of site visits and recordings of meetings. Multimedia is incorporated by placing the names 

of these documents, scans and movies in the appropriate slots of docs, scans and av 

present in each object. While looking at the object, the multimedia components, if present 

can be accessed. The software being used for this purpose are MS Word for documents, 

PageKeeper for scanned documents and figures and QuickTime for movies. Using 

KAPPA’s communication facilities with these application, the corresponding software is 

called up to display the documents, scans or movies. 
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Chapter 5 

DRARS Implementation and Use 

This chapter describes the implementation of DRARS. It explains the structure of 

DRARS menus and how they can be used to create rationale. Since the process of using 

DRARS is closely linked with the implementation, the two are combined. The various 

steps in creating taxonomies and rationale is explained along with the internal 

implementation details. The foundation for these descriptions are the objects described in 

chapter 4. The main emphasis of the research effort is not the development of the tool, 

but how such a tool can be used to author rationale. The software tool is a necessary 

accessory for the testing process. Therefore, the descriptions are more oriented towards 

recognizing the various aspects in the authoring and retrieval of rationale in DRARS. 
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5.1 Overview of DRARS 

DRARS has three main components as shown in figure 5.1. These are the 

Knowledge Editor, the Authoring Interface and the Retrieval Interface. These three 

components are connected to a Main Interface. The main interface handles the creation, 

modification and deletion of project files and forms a jump off point to the various 

components. The knowledge editor is used to edit the knowledge stored in the system 

consisting of taxonomies of buildings, spaces and assemblies and default rationale models. 

The rationale from the user for a project is collected and stored in the rationale networks 

through the authoring interface. The retrieval interface is used to retrieve the stored 

rationale and display to the user. 

  

  

  

            
  

    

    
      DRARS 
  

Figure 5.1 Structure of DRARS 

In DRARS, there are three operational paths corresponding to the three 

components. The operational paths are shown in figure 5.2 . 
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The various ways of using DRARS are : 

1. Create the taxonomies of buildings, spaces and assemblies based on the 

needs and requirements. 

2. Incorporate default rationale in the taxonomies. 

3. Represent a new project in terms of the building, space and assemblies. 

4. Author rationale for the building, spaces and assemblies 

5. Retrieve rationale for the project. 

  

  

  

      
  

      
    

    

  

        
    

    

  

——> 

DRARS 

J 
The Main Interface 

———e——S /F—TT 
The Knowledge Editor | > The Authoring Interface The Retrieval Interface 

Create , modify and Create , modify and Retrieve the rationale of 

delete the taxonomies of 

Buildings Spaces and 

Assemblies       

delete the structure of a 

project in the form of 

building, spaces and 

assemblies 

  
the building, spaces and 

assemblies     

    

    y 

Create , modify and 
delete the default 

rationale models for the   

taxonomies of Buildings 
Spaces and Assemblies   

  

Author and edit the 

    rationale for the building, 
spaces and assemblies       
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Through steps one and two the system knowledge is generated. It is stored and used as a 

knowledge base. Once a firm has formed this rich knowledge base, the authoring of 

rationale for projects is made easier. Section 5.2 describes the use of the knowledge 

editor to create this system knowledge. It provides detailed steps to create the 

taxonomies and then add default rationale models to them. In section 5.3, the 

representation of a project and the process of authoring rationale is described. Section 5.4 

describes the functioning of the retrieval interface. This section provides the foundation 

and describes the various aspects of the main interface. 

DRARS uses KAPPA’s windows and images for its interfaces. These windows 

and images are standard MS Windows images and therefore should be familiar to an user 

of MS Windows. The interface is based on the point and click paradigm and mainly uses 

clickable buttons and menus. The whole interface is browser based as the main focus of 

DRARS is the rationale network. Pull down menus offer the functionality in these 

browsers. The main consideration in the development of the interfaces has been the effort 

required by the user to create the rationale. DRARS however, is not a commercial 

application and therefore, the interfaces may not be the ergonomically the best possible. 

Also, commercial add-ons like help screens are not available. The emphasis of the tool is 

to provide a vehicle to test the design rationale concept. 
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5.1.1 The main interface 

DRARS starts up with a login or access window (Figure 5.3). This 

window is in a browser form and shows the tree of users. An important aspect in creating 

and storing rationale is the accessibility of the rationale. The rationale is not meant be 

assessable to all personnel. The personnel involved in the project should have access to it. 

Rationale can also be sensitive information with legal implications. Also, views of the 

rationale that have been created by an user should not be editable by others. For this 

purpose an access window regulates access of users to edit only documents that they have 

created. This has not been stringently implemented in DRARS as it is not necessary for 

the representation of rationale. However, this importance of the issue has been recognized 

and hence, the access window provides an avenue to implement access and security 

protocols. 

  

    

  

  Lt <0 Uear> 
ete SM, de ka Garza 
i” 

Users “PT, Aleantora, Jr. 
”*: gaifesh 

  

    SSE       
Figure 5.3 The Login Window of DRARS 
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After choosing the user, the main interface or the main window is brought up (shown in 

figure 5.4). This window along with its menus provides access to the other three utilities 

and handles the file operations. A blueprint of the menus in the main window is shown in 

figure 5.5. 

            

    

  

  

      

Figure 5.4 The Main Window 

5.1.2 The filemenu 

The file menu mainly handles the opening, saving and closing of projects. The 

logout option is provided so that one user may leave the system and another user can login 

without restarting the system. The project file structure in DRARS consists of two levels. 

At the top level is the project object file ( with extensions .obj). This file contains all the 

project objects like the building object, the space and the assembly objects. The next level 

is the rationale level where the rationale corresponding to the building, space and assembly 
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objects are stored in files with the *.kal extension. These files are default numbered by an 

internal name generator. 

The New option in the filemenu opens a new project. A window pops up asking 

for the name of the new project. The project name have to have at least 4 characters and 

spaces are not allowed. This is because the project name is used to create the *.obj file 

which will contain the project objects. Once a valid file name has been offered, DRARS 

checks to see if the system knowledge has been loaded. If not, the taxonomies of 

buildings, spaces and assemblies are loaded up. Then DRARS shows the browser 

containing the building taxonomy and prompts the use to indicate the types of building of 

the new project. Once the user selects a building type, a project hierarchy of the building 

and all its constituent spaces and assemblies are created. The new project has now been 

created and loaded up. 

The Open option displays the browser containing the existing projects and 

prompts the user to choose one. The chosen project is then loaded up. This basically 

involves the interpretation of the corresponding project object (*.ob)) file. 

5.1.3 The rationale menu 

This menu branches off from the main interface on to the authoring and retrieval 

interfaces. This menu has two options, Author and Retrieve rationale. The menu 
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becomes operational when a project has been loaded on. In order to make the menu more 

specific and direct, the menu directly leads on to building, space or assembly rationale. 

5.1.4 The utilities menu 

The utilities menu contains the option of going to the knowledge editor. This 

option provides the ability to edit the system knowledge of taxonomies and default 

rationale. The use of the knowledge editor is explained in detail in the next section 

(section 5.2). 

5.2 The Knowledge Editor 

The knowledge editor is an utility to edit the system knowledge. The system 

knowledge consists of two components, the taxonomies of buildings spaces and 

assemblies and the default rationale models stored in them. The knowledge editor is 

accessed from the main interface through the utilities, knowledge editor option. The 

knowledge editor can be accessed in three levels, Buildings, Spaces and Assemblies. At 

each level, the browser showing that particular taxonomy is displayed. In KAPPA, 

customized menus can be set to the browser. There are two types of menus. One set of 

menus are placed in the top menu bar. These mainly handle global operations such as 

moving from one window to another and resizing the browser. The operations on the 
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taxonomies are performed using popup menus which form the second set of menus. The 

main operations that can be performed are: 

5.2.1 Creation, modification and deletion of the taxonomies of Buildings, Spaces and 

  

Assemblies 

Catering Spaces Educational bldgs Kitchen Assemblies 

presesereencorforene | "school bidge Sue 

; Dining Spaces ; Kitchen Spaces "yr 0 7 College bldgs -. cabinets Gas ranges 

New Object Modified object 
4 Deleted Object if             
  

Figure 5.6 Creation Modification and Deletion of Buildings, Spaces and Assemblies 

As explained in chapter 4, the taxonomies of buildings, spaces and assemblies are 

implemented as objects. These objects are displayed in the form of a tree structure in the 

browser. Clicking on any of the objects, menus pop up providing the operations that can 

be performed on the taxonomies. The first operation is the adding of a new object type. 

the process is the same for all the three taxonomies and therefore an example from the 

Space taxonomy is used to explain this process. As shown in figure 5.6, a new space type 

called Dining Spaces is to be added to the space type Catering Spaces. The process 

involves clicking on the Catering Spaces object and choosing the Add Space Type 

option. This option pops up a window querying the name of the new space type. Once 
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the name, Dining Spaces, is provided, the new space type which is a sub class of Catering 

Spaces is created. The conceptual implications of creating the Dining Spaces object are: 

1. All the characteristics of the Catering Spaces, i.e. all the slots are inherited 

by Dining Spaces. 

2. The assemblies assigned to the Catering Spaces object are also inherited by 

the Dining Spaces object. 

3. The default rationale assigned to Catering Spaces is inherited by Dining 

Spaces. 

The creation process uses the createsubclass method and the BaseName and 

NewSubClassNumber of Catering Spaces. The BaseName of Catering Spaces being 

SpaceType, a new object with SpaceType and the NewSubClassNumber value appended 

to it is created. Then, its Title is set to Dining Spaces. The inheritance process is 

handled automatically by KAPPA. The creation of Dining Spaces as a sub class of 

Catering Spaces ensures this. 

Deleting an object from the taxonomy is also simple (Figure 5.6). It involves 

clicking on the object and choosing the delete option from the pop up menu. The delete 

process uses the deletehierarchy function of KAPPA. This means that the object chosen 

for deletion, e.g. School Bldgs, and all its sub classes will be deleted. 
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Modifying the object is also as simple as choosing the object and selecting the 

modify option from the pop up menu (Figure 5.6). In the figure, the title of the assembly 

Cabinets has been modified to Sinks. The only attribute of the object that can be 

modified is the title of the object. The other aspects of modifying the part_of relationships 

and the default rationale are done more explicitly through menu options. 

5.2.2 Creation, Modification and Deletion of part_of hierarchies among the 

  

  

                

taxonomies. 

Catering Bldg Catering Spaces Kitchen Assemblies 

Dining 
Cafeteria wT Spaces Kitchen _.|.--77"" Sinks 

Restaurants-#[-----Jovrtsonterrre Spaces [UP Gas Ranges 

part_of part_of   
  

Figure 5.7 Creation of Part-of Relationships 

There are two main part_of relationships that can be made in DRARS. They are 

assemblies are a part_of spaces and spaces are a part_of Buildings. The operations for the 

creation , modification and deletion of these two relationships is similar. Therefore, as an 

example, the creation, modification and deletion of the part relationship between the 

building Restaurants and the Dining and Kitchen Spaces is explained in this section. To 

create, modify or delete the spaces assigned to Restaurants, the See Spaces option in the 
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pop menu is chosen after clicking on the Restaurants object. If spaces have been 

assigned to the building type, then a browser containing the building and all its spaces is 

shown (figure 5.8). Using this browser, new spaces can be added and spaces can be 

deleted from the list. Choosing the add space option brings up a window containing two 

lists (figure 5.9). One list contains all the available spaces and the other contains the 

spaces that have been assigned to the building. 

In this example, Kitchen Spaces has already been assigned to the Restaurants 

and therefore is present on the selected spaces list. The available spaces list contains the 

lower level space types. The higher level space types can be accessed using the focus up 

button. 

Using the move right (=) and the move left (€) buttons, spaces can be selected 

from the available list and moved to the selected list and viceversa. If a new space type is 

required that is not available in the list, then choosing the New Space button transfers the 

user to the new space type creation browser where a new space type can be created. 

When this is done, DRARS switches back to the space list window and the new space 

created can be assigned as a selected space. Hence, to add Dining Spaces to the selected 

list, the available list is browsed through to find Dining Spaces. The Dining Spaces item 

is then selected and moved to the selected spaces list using the move right (=) button. 
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Window Options 
      

Help 

    

  

   
  

Restaurants 
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Figure 5.9 The Space List Window 
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Now, clicking the accept button, accepts the selected spaces and assigns them to the 

building types. Therefore, figure 5.10 shows the browser containing both the Dining and 

Kitchen Spaces assigned to Restaurants. If there are no spaces assigned to the building, 

the space list window is shown with the selected spaces list empty. Now spaces can be 

assigned to the building. 

Deleting a space from the list can be done simply by choosing the delete option 

from the pop menu in the browser or proceeding to the spaces list window and removing 

the space from the selected list The modify option in the pop up menu also leads to the 

spaces list window and here, the spaces assigned can be modified. 

    

  

    

  

  
Window Options 

     

Help 
  

a Cafeteria Spaces 

.7_.-- Dining Spaces 
f-- --- Kitchen Spaces 

*.."-+ Corridor Spaces 

* Lobby Spaces 

  

Restaurants 

        

  

  

  

  

Figure 5.10 The Spaces of Restaurants (with the Dining Space) 
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Implementation of the part_of relationships mainly involves the setting of the 

SpaceList slot of the building object and the AsmblyList slot of the space object. When 

the accept button is clicked on in the spaces list window, the space type object names 

corresponding to the spaces in the selected list are set to the SpaceList slot of the building 

type. In the case of the example, the space type objects names Spacetypel6 and 

SpaceTypel7 of the Dining and Kitchen Spaces is set to the SpaceList Slot of the 

Restaurant object. 

5.2.3 Creation of default rationale models 

  

me Bldg 

part of      
Catering Space 

<S 

  

    

    
  

Figure 5.11 Creation of rationale networks within the part-of hierarchies 

The default rationale models are the second component of the system knowledge. 

The rationale network described in chapter three is stored in the various components of a 

project. The issues that are common to catering buildings is stored in the form of a 
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rationale network within the Catering Bldg object. Similarly the space, Catering Space 

and the corresponding assemblies, Sinks and Gas Ranges also have rationale networks 

embedded in them. This is depicted in figure 5.11. The objects with their part_of 

relationships and the default rationale form a comprehensive store of reasoning 

knowledge. 

The default rationale can be created using the rationale authoring module. The 

rationale authoring module is the most important component of DRARS. This module is 

used by the Knowledge Editor to create default rationale and by the Authoring Interface 

to create rationale for new projects. The rationale authoring module is entirely browser 

based. Using this module, the various objects of the rationale network, such as 

DesignObjects, Views, Goals and Alternatives can be created to form the rationale 

network. The rationale module can be used to create rationale for buildings, spaces and 

assemblies. The process for all three is the same. 

The use of this module can be illustrated through an example. Consider the 

rationale for a staircase. This Staircase is in the lobby space of a high school building. 

The Owner’s and designer’s view of the staircase has the following goals - Aesthetics and 

Minimize cost. The Minimize cost goal is achieved by the alternatives called Steel and 

Composite. These alternatives are different designs using steel only and using both steel 

and concrete. Evaluating the alternatives, there are claims as to their cost and their 
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weight. The cost raises the question of the time required for installation. Figure 5.12 

shows how the above rationale has been set out as a network. The network shown has all 

the objects of the same version and hence depicts the rationale at a particular time instant. 

Similarly the constructor’s view shows the goals, alternatives and claims from the 

constructors perspective. Together the entire network shows the rationale as the designer 

and the constructor understand the issues for the staircase. 

The rationale can be created in DRARS through the following process. The 

Staircase is an assembly level object. Clicking on the object and choosing the See 

   
  

1 Window Options Help 
  

      

  

Staircase 

  
      

Figure 5.13 The browser showing Staircases 
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Rationale option provides access to the rationale authoring module. The rationale 

authoring module bring up a browser with Staircase as the root or design object ( figure 

5.13) 

Creating a View 

If any rationale existed for the Staircase object it would appear. In this case new 

rationale is being authored. Clicking on the Staircase object brings up the first 

hierarchical menu. This menu contains options for creating and modifying view object. 

To create the Owner and Designer’s View object, the Add a view option is chosen. This 

bring up a pop up window querying the name of the view. Once the name is provided, the 

view object is created and appears on the browser (figure 5.14). 

Creating Goals and Sub goals 

Then, the goals have to be created. Selecting the Owner and Designer’s View 

object provides a pop up menu with the option of adding a goal. Choosing this generates 

a window querying the name of the goal. The goal name, Minimize cost is then accepted 

and a goal is created ( figure 5.15). Automatically, the goal information window pops up 

( figure 5.16). This window contains text input boxes called edit boxes. There are edit 

boxes for the goal title, goal description and goal version. 
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Window Options Help 
  

  Staircase Owner and Designer's View 

    
      

  

Figure 5.14 The View Object 

  

  

Window Options Help 
  

Owner and Designer's View ———— Minimize cost 

      

  

Figure 5.15 The Goal object 
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The buttons present in the window are Accept, Cancel, the version buttons, Sub Goals 

and the multimedia buttons. The goal title box is filled with the goal name as provided. 

The version box is generated based on the information in the system. DRARS checks to 

see if there are any goals by the name Minimize cost attached to this view and based on 

this assigns the version number as the latest version number. This is done through the 

maxversion slot. The maximum version number that has been used is stored in this slot. 

Therefore, when a new goal is created, the goal is assigned a version which is one greater 

that what is stored in the maxversion slot. If there are no goals created then the number 

defaults to one. Using the version buttons of Next Higher Version and Next Lower 

Version, other versions of the goal can be accessed. 

  

GOAL INFORMATION 

  

Geal Name : [Minimize cost 
  

  

Goal Description: [The cost must be reduced as far as possible. 
The budget for the project is $ 300,000. 

        
    

    

    

  

        
  

Figure 5.16 The Goal Information window 
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A brief description of the goal can be typed in the description edit box. Choosing 

the Accept button assigns this information to the goal object. The Cancel button merely 

cancels the information entered and does not delete the goal. The Sub Goal button can be 

used to assign goals as sub goals to the Minimize cost goal. The sub goals have to be 

actually created as goals by the process described in the previous paragraph. Through 

this button they are assigned as sub goals to the Minimize cost goal. The sub goal 

window is shown in figure 5.17. It is a window with two lists with the available goals 

other then the Minimize cost goal in the available list and the selected sub goals in the 

elected list. Using the move right and move left button the goals can be transferred from 

the available list be included in the selected list. Choosing the accept button assigns the 

goals in the selected list as sub goals to the Minimize cost goal. 

  

  

SUB GOAL INFORMATION 

Available Geals Selected Sub Goals 
    

  

            

  

  

        

Figure 5.17 The Sub goal window 
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The multimedia buttons of Scans, Docs and Audio/Visual provide a facility to 

assign names of multimedia files to the goal. Selecting the Audio/Visual button brings up 

a window querying the name of the file to be assigned as shown in figure 5.18. Providing 

the appropriate filename (AVfile.mov) assigns the file to the goal object. The software 

being used for multimedia are PageKeeper for scans, Microsoft Word for documents and 

QuickTime for movies. 

  

Figure 5.18 The Audio/Visual File query window 

Once the goal has been created and is available in the browser, it modified or 

deleted through the pop up menus. Then through the See Alternatives option, alternative 

objects can be created. The procedure to create an alternative is similar to that of the 

goal. The procedures for creation of the claim, question and answer objects are also 
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ALTERNATIVE INFORMATION 

  

Titie : (Composite | 

Description : [This alternative is made of both steel 
nd concrete 

  

    

  

Version : 

  

        

  

  

  

  

  

      

CLAIM INFORMATION 

Title : economical cost 

Textef Claim: The Composite alternative has the most economical 
cost 

Version : 
  

  

           

Figure 5.20 The Claim Information Window 
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QUESTION INFORMATION 

  

Title : [ime frame 

Question Text : at is the time frame for the delivery of 
© components 

  

    

  

  

  

  

      

Figure 5.21 The Question Information Window 

  

  

ANSWER INFORMATION 

  

Title : Answer to Time frame 
  

  

Answer Text: [The time frame foe delivery Is 4 weeks 

      

  

  

venion: ff] 

  

  

      

Figure 5.22 The Answer Information Window 
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similar. The only variation are the contents of their respective information windows. The 

information windows are depicted in figures 5.19 through 5.20. 

The claim information windows have an additional button for creating claim 

relationships. As in the example, relationships such as supports or denies can be created 

between claims. Through the claim relationships button, the claim relationship window is 

brought up. The window consists of a choice box in which claim to which the relationship 

is to be made is selected and the types of claims- supports and denies. In the example, the 

costs less than steel claim supports the claim of economical cost. The relationship is made 

from the claim costs less than steel. From the window showing this claim’s information, 

the claim relationship button is selected. This brings up the claim relationship window. In 

the choice box, the claim economical cost is selected and the relationship type option is set 

to supports. By clicking the Accept button, the relationship is created. 

During the entire process of creating views, goals and other objects, relationships 

are automatically created between the objects. For example, when the Aesthetics goal is 

created for the Owner’s and Designers View, two relationships are created between the 

view and the goal object. A has_goal relation is created from the view to the goal and a 

has_view relation is created from the goal to the view. This is done automatically 

throughout the create_relation function. 

5.0 DRARS Implementation and Use 117



This section has briefly described the rationale network generation process. 

Several aspects of this process are explained in the next section which describes the 

authoring interface. These aspects are implemented in the rationale authoring module and 

hence are available from both the knowledge editor and the authoring interface. 

The knowledge editor forms the foundation of rationale. Once the default 

rationale is created and made a part of the system knowledge, it forms a historical 

database of the reasoning process. The main uses of this knowledge are: 

1. The knowledge and reasoning of the people about various issues in a project are 

stored and can referred to when needed. 

2. This knowledge and issues can be inherited and used by new projects. This ensures 

that a basic set of issues are addressed for each project. The default rationale inherited 

can then be modified to suit the rationale of the new project. 

The use of the default rationale can the authoring of new rationale is explained in 

the following section that describes the use of the Authoring Interface. 
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5.3. The Authoring Interface 

The second of the three main components of DRARS is the authoring interface. 

This interface is used to author rationale for new projects and edit the rationale for 

existing projects. One of the comprehensive ways of explaining the functioning of the 

interface is to follow its use through an example. For this purpose, the example project 

chosen is a college building. The college building is called Mycollege building. The 

following sections describe the process of authoring rationale for this building. 

One point to note during this process is the structure of the project. All the 

physical components of the project, all its spaces and assemblies need not be created or 

included in the DRARS project model. Only those spaces and assemblies for which the 

user has rationale to author and communicate have to be created. Therefore, the rationale 

model need not completely represent all the components of the building. Only the 

components that the user feel are important need to be created. This procedure reduces 

the effort for the user to focus on the important aspects and not include the unimportant 

ones. The process is creating the rationale is called authoring because the structure and 

form of the project and rationale are decided on and created by the user. Hence the 

rationale created is a responsive communication from the user about the information which 

the user feels is necessary . 
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5.3.1 Creating the project - Mycollege building 

The process of authoring rationale begins with the creation of the project. This is 

done through the main interface. From the filemenu, the New project option is chosen. A 

window querying the name of the project pops up. After providing the name Mycollege, 

DRARS shows the taxonomy of building to assign a typological class for the project. In 

the taxonomy, the college buildings building type is chosen. This creates a project called 

Mycollege as an instance of the typological class College Buildings. This means that an 

instance called Mycollige has been created along with the spaces, assemblies and default 

rationale inherited from the class college buildings. After these steps, the rationale option 

in the main interface is enabled. 

5.3.2 Customizing the Building 

The Author Rationale option of the rationale menu provides access to the 

building, space and assemblies that form the project Mycollege. The Author Rationale 

option has three sub options of Buildings, Spaces and Assemblies which directly lead to 

the project building, spaces and assemblies. Choosing the Author Rationale, Building 

option, a browser pops up showing the building as an instance of the class College 

Buildings. The browser has pop up menus which allow the user to proceed from the 

building to the project spaces browser and from there to the assemblies browser. Another 

option in the pop menu is to see the rationale associated with the building object. Since 
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no new rationale has been added on to the College Buildings, the default rationale model 

inherited from the College Buildings object is shown. This rationale has been inherited 

from the College Buildings object and was created through the Knowledge Editor. It 

consists of the basic structure of the rationale network with one object of each type, i.e. 

one goal, one alternative and one claim, question and answer. It provides the user with a 

template of the rationale based on which the rationale of the building can be developed. 

The project spaces browser shows the spaces that have been inherited from the College 

Buildings object. This is shown in figure 5.23. The spaces shown in the figure are 

classes and individual spaces can be created. For example, one of the space classes is 

Classroom Spaces. Assuming that Mycollge has ten classroom spaces of interest, Le. 

Classroom1, Classroom2 and so on, ten sub spaces of the Classroom Spaces object can 

be created through the option in the popup menu. New spaces can also be added to the 

building if necessary. For example, a new space called Myspace can be added on by 

selecting the Spaces object and choosing the Add Space option. This provides a choice to 

Create a space from the space taxonomy or create an entirely new space. Choosing to 

create an entirely new space, the space, Myspace is added on to the existing spaces in the 

building ( figure 5.24). 

Similarly the assemblies in the building can be created, modified or deleted. 

Through this process the Mycollge building instance has been customized from the 

structure inherited from the College Buildings object. The procedures that perform the 
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creation and deletion of the spaces and assemblies are similar to the ones used in the 

Knowledge Editor. 

5.3.3 Customizing the rationale 

The default rationale inherited from the taxonomies is also customized to form the 

rationale of the new project. Through the See Rationale option in the pop up menu, the 

rationale authoring module can be accessed. The procedures are the same for editing the 

rationale for the building Mycollege, the spaces and the assemblies. Consequently, only 

the customizing of the rationale for the building object is explained in this section. 
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Figure 5.23 The spaces inherited by Mycollege 
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Figure 5.24 Myspace added to the existing spaces 
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Figure 5.25 The rationale inherited by Mycollege 
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Choosing the See Rationale option shows the browser with the default rationale inherited 

from the College Builldings object. This rationale is shown in figure 5.25. This rationale 

can then be modified using the various facilities described in the previous section. The 

contents of the objects, the views, goals, alternatives and so on can be modified. New 

objects, such as new views and goals can also be added. The process is similar to 

authoring the default rationale. The rationale network created uses the default rationale as 

a foundation from which the rationale of the building Mycollege can be created. The 

View object is modified to Designer’s View through the Modify View option. The goal 

Goal is modified through the Modify Goal option.The title is changed to Aesthetics and a 

brief description is added. Similarly, an alternative called Option! is created by modifying 

the existing alternative called Alternative. The rationale now created is shown in figure 

5.26. 

In this section some features of the rationale authoring module, not explained in 

the previous section, are described. The browser showing the rationale has two sets of 

menus. There are menus in the tool bar at the top and there are pop menus that come up 

when objects in the browser are selected. The bar menus four sets of menus. The first set 

contain the options for the window. The options include Save Rationale and Close 

Window. These options save the rationale displayed in the browser in a *.kal file and 

attach this file through the IntentFile slot to the object whose rationale is being authored. 

At any time the rationale for only one object can be authored. This is because KAPPA 
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Figure 5.26 The modified rationale 

provides only one browser window. This browser window is reused for the various 

purposes. Hence, before leaving the browser, DRARS prompts the user to save the 

rationale if required. The second set of menus contain options for changing the display of 

the browser. The options can change the scale used by the browser and hence control the 

number and size of the objects being displayed in the browser. One important option in 

this menu is the Global View option. At any time, only two levels of objects, i.e. views 

and goals or goals and alternatives are shown in the browser. This is for the user to focus 

on the objects that the user is creating or editing. Options are provided for traversing 

back and forth among the objects in the rationale tree. However, if the user requires to 
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see the entire network and continue the authoring process, then the selection of the Global 

View option converts the browser display to show the entire rationale network. 

The next set of menus are the Help menus. As yet help has not been included in 

DRARS, but the need for it has been envisaged. The fourth menu is the History menu. 

This menu provides as options, the names of the objects that have been focuses on. 

Consequently, if the user wishes to go back to an object that has already been traversed 

or edited, then the name of the object is available as an option in the History menu and the 

user can select it to go to that object. 

Another important feature of the rationale authoring module is the versioning of 

the objects. The concept of versioning has been explained in section 4.5 of chapter 4. 

The process of creating new versions of the objects is as follows. Consider the Mycollege 

object with a view called Designer’s View, a goal named Aesthetics and an alternative 

named Option! as created in a previous paragraph . To create a new version of the goal 

Aesthetics, the view object is selected and the Add a goal option is chosen. This pops up 

a menu containing the list of already created goals and an option for new goal. Choosing 

Aesthetics in the menu creates a new version of the goal and the goal information window 

is displayed. The version of the goal Aesthetics is already incremented to 2 as shown in 

figure 5.27. Clicking on the Accept button generates a message asking the user if the 
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objects connected to the goal Aesthetics ( such as Option1) are to inherited by the new 

version. 

  

  

  

GOAL INFORMATION 
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Figure 5.27 The second version of the goal, Aesthetics 

Conceptually, the meaning of the process is that the new version of the goal represents a 

newer understanding of the rationale. Hence, the validity of the alternatives, claims, 

questions and answers that are sub objects becomes indeterminate. If the objects 

connected to the goal are still valid then they can be inherited by the new version. If not, 

then no objects are inherited. Therefore by choosing Yes or No in the message box the 

alternative Option1 can be inherited or not inherited. DRARS also checks for the 

uniqueness of the object being created. Two objects with the same title and version and 

connected to the same view are not consistent and hence not allowed. Hence a warning 

message is flashed to for the user’s attention. 
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Through the three steps of creating the project, customizing it and then 

customizing and authoring the rationale, the process of authoring rationale in DRARS is 

complete. The user can then logout or exit and the project is automatically saved. To get 

a better feel for the usability of the interface, demonstration procedures have been created 

and placed in Appendix A. 

5.4 The Retrieval Interface 

The retrieval interface is the third component of DRARS. This interface is mainly 

used to retrieve the rationale authored by the authoring interface. The retrieval interface is 

accessed through the Rationale, Retrieve Rationale option from the main menu. This 

retrieve rationale option has three sub option, Building, Spaces and Assemblies which 

lead directly to the building, spaces and assembly browsers. From any of these browser, 

the user can go to the other browser and therefore can see the spaces and assemblies in the 

project. Also the rationale for each building, space and assembly can be retrieved using 

the See rationale option. This option leads to a browser similar to the authoring browsers. 

The implementation of the retrieval interface is exactly the same as the authoring interface. 

All the procedures are the same. The only differences are that in the retrieval mode, the 

rationale cannot be created or edited. Therefore, the information windows in the interface 
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do not have edit boxes. Instead, they have text boxes which just display information and 

are not editable. 

has goal 
has view 

achieved by 

  

Aesthetics (2) Option 1   

    
  

  

Mycollege Designer’s View       
achieved by 

Aesthetics |__| Option 1 
  

has goal 

Figure 5.28 The rationale created for Mycollege 

  

  

   
  Mycollege — Designer's View |    

    

  

  
Figure 5.29 The browser with the views during retrieval 

As an example, the process of retrieving the rationale of the Mycollege building 

created in the last section is illustrated in this section. The structure of the rationale 

created is shown in figure 5.28. Choosing the Retrieve Rationale, Buildings option shows 
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the browser with the views as shown in figure 5.29. Selecting the Designer’s View object 

and choosing the See Goals option shows the browser with the view with the goal 

Aesthetics. The caption on the top of the browser also automatically changes to “ Views 

of Designer’s View’. The caption provides the user with information about what is being 

shown in the browser. Selecting the goal Aesthetics and choosing the See Description 

option brings up the goal information window. The user can read the description and 

procede to the sub goals or the next version. The next higher version associated with the 

goal can be accessed by clicking on the Next Higher Version button. This brings up the 

goal information window of version 2 of the goal Aesthetics (figure 5.30). Clicking on the 

Close button brings back the browser with the object that was selected last being 

highlighted. 

The multimedia components associated with the goal can be viewed by choosing 

the appropriate option from the pop up menu. For example, a scanned document is 

associated with the goal. Opting for the See Scans option executes PageKeeper and loads 

up the scanned file Scanfile.pkp. 

One of the important facilities provided in the retrieval interface is the Find utility. 

This is an utility to find any particular object in the rationale network. The information 

needed for this utility is the name of the object and its type. 
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Figure 5.30 The Goal information window during retrieval 

For example, to directly proceed to an alternative entitled Option1, the find option 

is Chosen from the bar menu. A window pops up querying the name and type of the 

object. After providing the name Option] and the type as Alternative, the utility directly 

transports the user to a browser focused on the alternative, Option1. 

The retrieval interface is meant to be used by project personnel other than the 

author of the rationale. Hence, the rationale is not editable. Also, the multimedia options 

are available. By choosing the appropriate options of See Scans, See Docs and See 

Audio/Visual, the person retrieving the rationale can see the multimedia components 

associated with the object. 
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Chapter 6 

Testing DRARS: A Field Example 

The focus of this research has been the testing of the design rationale approach 

through the development of a software tool that can author and retrieve rationale. This 

chapter describes the testing that has been carried out on the prototype tool, DRARS. 

Section 6.1 describes the issues in testing software and various factors that need to be 

considered. In section 6.2, the objectives of the testing process are outlined. The 

procedures that are to be adopted are explained in section 6.3. Section 6.4 provides the 

background for the test project. The incorporation of the rationale in DRARS is 

demonstrated in section 6.5. Finally section 6.6 contains evaluations of the performance 

of DRARS in achieving the objectives. 
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6.1 _—_ Issues in testing software 

There are many issues that have to be considered before designing a test procedure 

for a software tool. They are: 

1. The objectives of the test 

2. The domain or environment of the test 

3. The subjects or personnel involved in the test 

4. The procedures to be used 

5. The evaluation criteria and process. 

Before developing a test procedure, the objectives of the test have to be clearly 

understood. These objectives form the. foundation over which the entire testing process is 

based. The objectives have to be defined clearly and unambiguously. This involves the 

determination of the specific aspects of the software that are to tested and evaluated. 

Once, the objectives have been defined, the next step is to determine the environment and 

the domain in which the test has to be carried out. This is necessary so that the influence 

of the domain on the test can be determined. The domain of the test should be able to test 

the aspects of the software as easily and as close to the actual field environment as 

possible. 
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Another important aspect is the personnel involved in the testing of the software. 

One of the major constraints in testing software in field environments is the availability of 

the required personnel to contribute time to the test procedure. The nature of the 

personnel and their computer literacy also have a direct impact in the testing of the 

software. 

The determination of the objectives, the domain and the personnel involved leads 

to the generation of the test procedures and the evaluation criteria. There are various 

levels of procedures that can be used . At one end of the spectrum, there are full scale 

field tests, where the actual field users participate in testing the tool on real projects and in 

real field situations. These are extensive tests and the resources and time involved are 

very great. However, these tests provide comprehensive and reliable evaluations of the 

software. At the other end are the in-laboratory tests which try to simulate field 

conditions. These tests do not require much preparation or overhead. But, the 

evaluations based on these tests may be as reliable. The reliability of these tests depends 

on the strength of the simulation of the field conditions. 

A good practice before the actual practice of testing is to do a pre test. A pre test 

is a smaller scale test that is used to explore the suitability and viability of the test 

procedures. The results of the pre test can be used as a learning process to ensure the 

success of the actual test. 
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DRARS has been developed based on how a user would need to use the system. 

There are two aspects involved in the development. The first is the conception of how the 

user can best use the system and the second more important aspect is how well the 

rationale can be stored in the system. These two aspects form the usability of the system. 

In order to facilitate the first aspect, the following programming paradigms are being 

followed: 

1. Choice of a Windows based platform for the development of the system 

2. Use of a point and click paradigm for all the interfaces to facilitate the user. 

3. Representing the interface using trees and browsers for the rationale to give 

the user a feel for the system and the relative positioning on the rationale tree 

instead of a screen by screen interface. 

To derive a feel for the efficiency of the system in representation of the rationale 

three example procedures are being developed. These are step by step operational 

examples that try out most of the facets of the system and at the same time also create a 

model for rationale, and create a new project in which this rationale is used and modified. 

Based on these procedures, the system can be further improved. These example 

procedures is included in Appendix A. DRARS was pre-tested using these procedures. 

Another facet that has to be considered is that the more experienced and familiar the user 
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become with DRARS, the greater would be the ease of usability and the quality of the 

rationale created. 

To facilitate the second aspect, an open representation for rationale has been 

Chosen. The success of the combination of the rationale representation and the 

implementation structure in achieving the objective of communicating the rationale of a 

person will have to be concluded from the test. 

6.2 The Objectives of the Test 

There are two main objectives of this test. They are: 

1. The first objective is to study how users can use DRARS to author, store 

and retrieve rationale for a construction project. This basically involves 

the evaluation of DRARS with respect to its ease of use and the 

advantages and disadvantages of the structure of DRARS in achieving its 

objectives. One of the questions that can be answered through this 

evaluation is whether designers and other project personnel would be 

willing to undertake the task of generating rationale through DRARS. 

2. The second objective is an analysis of the rationale that can be created 

through DRARS. The structure of DRARS presents rationale in a 
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particular form. The effectiveness and use of the rationale as created and 

retrieved by DRARS is an important facet of this research. 

6.3 The Procedure of the Test 

The process of testing DRARS involved the following work elements: 

1]. Identification of a suitable construction project. 

A Suitable project had to be identified for the purposes of testing DRARS. The 

main consideration were: 

1. The project duration would have to be within the time constraint of this 

research effort 

2. The personnel involved in the project should be able to cooperate and 

Spare the time. 

3. The project should also involve a great deal of communication so that 

enough rationale can be collected. 

The project chosen for study and use was a renovation project of the basement of 

Patton Hall, a Virginia Tech school building. The architects and designers involved were a 

part of the in-house Physical Plant division. The owner’s role was performed by Dr. 

Widdowson, a professor in the school. The design group consisted of the architect, 

mechanical engineer and electrical engineer from Physical Plant The project was in the 
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design completion stage. Since all the personnel were a part of the school, they were 

willing to spare the time and effort to be a part of this research. The project was at a stage 

where the design knowledge was fresh in the minds of the personnel involved. There was 

also a lot of communication and iterative decision loops among the owners and the 

designers. Hence, this project was suitable in many respects. The salient features of the 

project are described in section 6.4. 

2. Collection of rationale 

A process for collecting the rationale from the personnel involved in the project 

had to be developed. The main issues were: 

1. The procedure of collection - interviews, questionnaires etc. 

2. The media of recording rationale - notes, audio recordings and video tapes. 

3. The development of the structure of the interviews or questionnaires. 

4. The formulation of instructions for the collection process. 

The procedure decided on for collecting rationale was video recording discussion 

sessions with the owner and among the designers. There were two recording sessions, one 

with the owner’s representative, Dr. Widdowson and the other with the designers 

discussing the project. The owner’s rationale was collected through video recording a 

meeting where the owner explained his view of the project. Similarly, the architects and 
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engineers involved in the project were video taped while discussing the various issues in 

the project from their point of view 

The structure for these recording sessions consisted of the following steps: 

A. The objectives of the test were explained to the participants. They were presented 

with the problem of communicating design rationale being addressed by the research 

effort. The structure of rationale and its form and content were explained. Then, the 

Structure of the rationale in the form of goals, alternatives, claims, questions and 

answers was described to them | 

B. The participants were then presented with instructions before the recordings were 

made. These instructions included the preparation of a schedule of events during the 

development of the project to use as a reference. The participants were then 

instructed to keep the structure of the rationale in mind while contributing to the 

discussion. 

C. A lead person was also selected to direct the discussion. Among the designers, the 

mechanical designer and project coordinator, Mr. Rittenhouse was chosen. The 

owners were represented by Dr. Widdowson. 

D. The discussions were then recorded on video tape. At the end of the discussion 

session, a few questions were posed to clarify ambiguous issues and fill in gaps in the 

rationale. 
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Finally, the participants were requested to present their views of the research effort 

regarding the viability of the approach and the usefulness of participating in the session. 

3. Transcribing the rationale 

The rationale collected was then transcribed and incorporated in to DRARS. This 

involved reviewing the video tapes and converting the various issues discussed in to the 

form of rationale networks. These networks were then created as object networks using 

DRARS. Suitable clips from the video recordings made during the collection process, and 

the documentation about the project such as schedules, drawings, specifications and 

discussion notes were included as the multimedia components to support the object 

networks. The rationale authored was then retrieved through the retrieval interface of 

DRARS. This step is explained in greater detail in section 6.5 

4. Evaluation of the test 

The evaluation of DRARS is based on the criteria of the ease of usability and the 

success in representing rationale. These evaluations were based on the experiences in 

authoring and retrieval of the rationale from the previous step. The evaluations also 

included responses from the project personnel about the structure and implementation of 

the software and their feelings after having gone through the rationale collection process. 

The evaluations made are described in section 6.6 
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6.4 The Test Project. 

The project selected as a test example was the renovation of the east wing 

basement of Patton Hall. Patton Hall houses the Department of Civil Engineering and 

some elements of the Departments of Religion and Philosophy of Virginia Polytechnic 

Institute and State University. The basement was being used for graduate student offices 

and the school photographic services. Since, the photographic services moved out to 

another location, the decision was made to renovate the complete basement. Both the east 

wing and the west wing basements of Patton Hall were to be renovated. A drawing of the 

basement is shown in figure 6.1. The total budget allocation by the Department of Civil 

Engineering for this purpose was $ 250,000. The west wing had already been renovated 

at a cost of around §$ 100,000. Therefore, the money available for the east wing 

renovation was around $ 150,000. In order to increase the amount, an NSF proposal for 

additional funding was formulated, but it was not accepted. The construction of all school 

renovations is handled by the Physical Plant and hence they were responsible for the 

design and construction of the project. The personnel involved in the project can be seen 

from figure 6.2. 

The salient points of the project were: 

1. The basement of an existing school building, Patton Hall, had to be renovated. 

2. The basement was in use by the Dept. Of Civil Engineering and the 

Photographic Services. 
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Figure 6.1 A schematic of the Patton Basement 
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1. The renovation process had to be done during school time. 

2. The basement was to be converted to labs of the Hydrology division of the 

Dept. Of Civil Engineering and graduate student offices. 

3. The role of the owner was performed by Dr. Mark Widdowson of the 

Hydrosystems division. 

4. The design and construction of the project was the responsibility of the 

Physical Plant of Virginia Tech. 

5. The project involved extensive architectural, mechanical and electrical design. 

6. The main constraint was the money involved in the project. 

7. An NSF proposal for funding was submitted but not granted. 

8. The main aspect of the renovation was the case work in the labs. 

  

  

OWNER 

Dr. Mark Widdowson 

  

  
  

    

DESIGNERS DESIGNERS DESIGNERS 
. sttenh 

Harry Ewald Rich Rittenhouse John Merriweather 
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Eddie Linkous 
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Figure 6.2 The project personnel 
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The sequence of events during the project were as follows : 

Table 6.1 Sequence of steps 

  

  

  

  

  

  

  

  

  

  

  

  

  

December 1993 | Request for Renovation 

January 1994 | Programming meeting among the owners and designers. The 

Owners pass on two “wish lists’. 

March 12 1994 | Ball park cost estimate #1 

March 22 1994 | Owner requests separate estimates for a basic design and for a 

design incorporating the NSF grant proposal. 

March 30 1994 | NSF estimate generated 

May 20 1994 | Fine tuning of cost estimates 

July 11 1994 | Basic design completed 

July 26 1994 | Construction cost reported as $ 220,000. Owner responded that 

the figure was too high | 

July 27 1994 | Re estimate of the project : $ 194,000. 

August 2 1994 | Reduction of scope of the project due to excessive cost estimate. 

August 9 1994 | Revised estimate of $175,000. 

August 16 1994 | Further meetings for clarifications and reduction of scope. 

August 17 1994 | Revisions proposed by designers 

    September 1   1994   Revised cost estimate $ 156,000 
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November 7 | 1994 | Preliminary departmental approval 

  

November 22 | 1994 | Revision of design documents 

  

November 30 | 1994 | Final cost estimate of $ 151,000. 

  

December 1994 | Begin construction 

    March 13 1995 | Expected completion based on arrival of case work       
The above information formed the background based on which the rationale was collected. 

The supporting documentation provided by both the owner and the designers included the 

final drawings, the schedule, the specifications and copies of discussion notes and 

communications among the personnel involved in the project. 

6.5 The Rationale 

The Rationale consisted of the video tapes of the meetings with the owner and the 

designers, and all other supporting documentation provided by them. The rationale was 

collected from the various project personnel sometime after the actual decision making 

process had been completed. In other words the rationale was not captured in real time. 

The capture of rationale in retrospect had some disadvantages. Though the main issues in 

the design were still in memory, many of the details (which may be more important) were 

lost. One instance of this loss is described in the rationale of the Cost within Budget 
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goal. The rationale had to be then transcribed to be represented by DRARS. The 

transcription of the rationale involved three steps. The first was the representation of the 

project as a part_of hierarchy of building, spaces and assemblies. The second step was, 

based on the representation of the project, the rationale was partitioned to the relevant 

components of building, spaces and assemblies. Then, the rationale of each component 

was converted into rationale networks of goals, alternatives, claims, questions and 

answers and incorporated into DRARS. 

6.5.1 The representation of the project: The Patton Basement East (PBE) 

The project was first devolved in to its constituent spaces and then the assemblies 

were assigned to the spaces. Only the important components in each space are made a 

part of this representation. The structure of the project as represented the taxonomies of 

building, spaces and assemblies is shown in figure 6.3. The typical assemblies in the labs 

consisted of cabinets, sinks and casework. Since these were similar in all the labs, a 

typical set assigned to the hydraulics lab space are shown in figure 6.3. The office space 

consisted of workstations with desks, cabinets and computers. The main assembly in the 

corridor space was Flooring. The representation of the project was used to partition the 

rationale as pertaining to the respective components. There are two main views of the 

rationale, the owner’s view and the designer’s view. Also, the rationale is hierarchically 

divided into the three levels of building, Spaces and Assemblies. For example, as shown in 
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figure 6.4, the rationale of the project consists of the rationale at the building level, i.e. 

that of PBE, the rationale at the space level, i.e. that of the hydraulics Lab and other 

spaces, and that of the assembly level formed by the rationale of the Casework and the 

Cabinets. 

    

   
   
   

    

  

| Ground Water Lab 

        

  

Office space 
  

Computers 

NDT Lab 
Patton Basement East 

    
  

  

        

  

Hydraulics Lab 
  

  

Case work 

} Corridor space Flooring 

  

) Sediment Transport Lab 

  

  

\ Lecture room space Desks 

Figure 6.3 The Patton Basement East Renovation Project representation 

6.5.2 The owner’s view 

The rationale for PBE. 

The main goals of the building from the owners perspective were: 

1. The complete renovation of PBE for supporting undergraduate education. The labs 

had to achieve standards set by the ABET evaluating body 
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2. Toa lesser extent the labs were to support research. 

3. Creation of graduate student offices 

4. Some space for the Materials division for their labs. 

5. The renovation to be achieved within the budget. 

6. Time constraint due to school being in operation and ABET review in Fall 1995. 

  

  

    
  

Figure 6.4 A partial structure of rationale for Patton Basement East Project 

There were two alternatives for the goal of supporting undergraduate education. 

They consisted of two different organization of spaces as shown in figures 6.5 and 6.6. 

They are called Option1 and Option2. The claim of Optionl was the provision of 

greater space for the sediment transport lab. The claim of Option2 was the greater 

provision of space for the hydraulics lab. The questions generated were the relative 

Strengths of the students using these labs. There were more students (around 120) who 

were expected to use the hydraulics lab. The corresponding network of rationale is shown 
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in figure 6.7. In both of these options, the size of the Lecture room is not changed. This is 

because the lecture room is an important component in the undergraduate education goal. 

  

      

  

  
          

  

  

                    
  

Figure 6.7 The rationale of the Supporting Undergraduate Education goal 

The cost within budget goal also had two alternatives. These were called the Base Plan 

and the NSF Plan. The rationale for this goal is shown in figures 6.8a & 6.8b. The claims 

of the Base Plan were: 

1. Renovations were to be within departmental allocation of $ 150,000. 

2. This would provide the basic necessities of the lab such as work space, new 

drainage systems, new electrical systems and new case work. 

3. It would not provide for advanced requirements of fume hoods, 

compressed air and vacuum generators and air-conditioning. 

The cost estimate was $ 220,000. 
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Figure 6.5 OPTION I 

  

    

  

    

HYDRAULICS I 

  

m
p
 

  

  

VIRGINIA POLYTECH 
STATE UNIVERSITY 
Prolect wocation 

SATU OH wait 

Project Neme 

boa WN 
eS 

NIC INSTITUTE aND 

! 

SQiLe 

ay) Ta0wmM 

Sraen or: 

Ormek Hanes 
wate 

  

Qa / 3s 

150 

1



  

        

  

  

HYDRAULICS t 

—
_
-
—
—
 ~ 
O
e
 
-
—
—
—
-
 
o
l
l
 

  

  

  

  

34.64’ 

e
m
s
 

A
 

  
  ae ath   

! HYDRAULICS | 

- 4   
  

      

| 
‘ 

    

i ‘o
O 

O
r
 

oO 

| 

  

  

    

  

0 zs 

VIRGINIA POLYTECHNIC INSTITUTE AND 

- -- STATE UNIVERSITY 
3 WATER . AUCH Project Location SCALE Oracn by: 

m COLUMN 
PATTON HALL as Shown [Crncl, Hanev 

Proyect Neme vATE 

POOPOHSED LAYOUT 12/04/35     

  
  

Figure 6.6 OPTION 2 

6.0 Testing DRARS: A Field Example 151



The claims of the NSF Plan were: 

1. The budget included the departmental allocation of $ 150,000 and an equal amount 

from NSF. Therefore the total budget was $ 300,000. 

2. This would provide for a full fledged lab with fume hoods, flumes, air-conditioning 

and compressed air and vacuum generators. 

3. The NSF proposal had to submitted and approved and hence was not assured. 

The questions that these claims generated consisted of queries about the cost of the 

components and the time required. Additional claims also provided information about the 

constraints on the project. They included aspects such the limits of the physical 

boundaries i.e. the basement could not be extended in any direction to increase the space 

available. The rationale tree for 

PBE } 

has view   

        

    
   

  

   
     

    

Owner’s View 
achieved by 

Cost within Budget 

achieved 

NSF Plan 

bas claim 

    

the NSF Plan is shown in Fig 6.84 

See Fig 6.8b 

Total budget allocation 

= $ 300,000 

Provides for a full fledged lab 

with fume hoods, flumes, air- 

conditioning and compressed 

air and vacuum generators 

       

     

  

What are the 

cost of these 

additonal 

components ? 

     

   

      
NSF approval required 

bas question      

  

Figure 6.8a Rationale network for the Cost within Budget goal( NSF Plan alternative) 
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As the project progressed, the NSF grant was not available and therefore, it was 

no longer a viable alternative. The only alternative possible was the Base Plan. However, 

the Base Plan was way over the budget allocations. Consequently, five versions of the 

alternative were generated. In version two of the Base Plan, the cost estimate was 

reduced to $ 194,000. The claim of this alternative was that it was closer to the budget of 

$150,000. This reduction in cost was due to the decision to keep the internal walls intact. 

In version three of the Base Plan, the cost estimate was reduced to $ 175,000 by changing 

some of the special flooring to concrete flooring and reducing the quantity of casework. 

In the fourth version, the cost was further reduced to $ 156,000 , by opting for concrete 

floors only in the north side of the basement and reducing the quantity of case work. 
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The fifth version of the Base Plan included reuse of some of the electrical fixtures and the 

flooring in some areas and therefore the estimate was reduced to $ 151,000. The claim of 

this version was that it was within the budget requirements and would be suitable to the 

department. During the reduction in each version, the necessary requirements for the lab 

were maintained. Any reduction of cost below $ 151,000 would result in a compromise of 

the necessary requirements of the lab. The rationale for the Base Plan is shown in Figure 

6.8b. 

The rationale of the spaces 

The rationale for most of the lab spaces was similar and therefore, the rationale of 

the Hydraulics Lab Space is presented as a typical example. The main goals of the 

Hydraulics lab space were : 

1. To provide a lab for undergraduate education 

2. To minimize the cost. 

3. The future of the lab should be considered 

4. Provision of a good working environment. 

The Ground Water and Sediment Transport Labs had the provision for 

research as an additional goal. The rationale is shown in figure 6.9. The lab basically had 

one alternative which was the Hydraulics Lab in the Base Plan (HyLabBP) for these 

goals. 
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This was because the development of the lab configuration was done after the 

choice of the main layout of the building. 

The claims of HyLabBP with respect to the goal of providing a lab for 

undergraduate education were that the lab was spacious to contain two sections of the 

Hydraulics 101 course and there was provision for lecturing the class. One question about 

the size of the lab were about the existence of school guidelines. The guideline from the 

school was an approximate size of 400 sqf. for the lab. The claims corresponding to the 

consideration of the future of the lab were the provision for wall mounted experiments, no 

cabinets hung from the walls, well spread out power sockets and the convenient location 

of water faucets. 

The provision of the good working environment goal corresponded to claims of 

HyLabBP such as good lighting, proper ventilation and a comfortable coloring scheme. 

The corridor and the office space did not have any important rationale and was not 

considered by the owners. 

The rationale of the assemblies 

The only assembly that had rationale from the owner point of view were the case 

work. The main goal of the Casework assembly was to provide students with a 

workspace in the lab. The casework was to be designed on the basis of the requirements 
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of the owner. But from the owner’s perspective there was only one alternative, 

Casework1. The claims of Casework] were: 

1. Comfortable working spaces 

2. Provision for water faucets and gas lines 

3. Hard and durable working surface. 

4. Surface coating that was impervious to water. 

The questions that the owners had about the working surface were about the 

relative cost of various finishes. The rationale network for assemblies is shown in figure 

6.10. 

  

    
   

    

     

Com fortable Spaces 

bas lai 
an Provide Workspace 

has goal 

Provision for water 

faucets and gas lines 
  

  

    What are the 

cost of 

components 7 

   

       

      

    

    

Hard and durable 

working surfaces 

  
achieved by has claim 

Surface coating 

impervious to water       ! 
  

Figure 6.10 The rationale of Casework 
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6.5.3 The Designer’s View 

The Rationale for PBE 

The design of the basement from the designer’s point of view was a standard 

process. The project was renovation project and therefore there were some aspects that 

were already known. For example, the working envelope was confined to the basements 

exterior walls and the dimensions of the space within were known. Also the type and 

condition of the existing mechanical and flooring systems were known. 

But because the project was a renovation, there were also a lot of unknowns. 

Records of previous work done on the basement were not available or not accurate. 

Some of the components of the electrical system had been added on over the years. 

Therefore the exact conditions were not known. 

The main goals from the designer’s view for the building as a whole were to 

reduce the cost within the budget and design a basement that was easily constructable. 

After discussions with the owners, the final layout of the project was determined. This 

layout was then designed for as per the specifications. There was no rationale from the 

designers. Their main contribution to this process was the re-estimation of the various 

layouts and provide them to the owner. However, one aspect did need discussion. One 

layout had floor drains marked out on both sides of the basement. From a cost reduction 
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goal, a second layout was developed that had all the lab spaces that used the floor drains 

on one side. The claim of this alternative was considerable reduction in costs. 

The rationale of the Spaces 

The spaces of the project had more contribution in the form of rationale from the 

designers. The rationale for the spaces were similar and hence the rationale for the 

Hydraulics Lab is provided as a typical example. The main goals for the Hydraulics Lab 

were: 

1. Minimize cost 

2. Provide for heavy duty use 

3. Aesthetics 

4. Lighting 

5. Provide a safe working environment. 

There was only one alternative for each of these goals which was developed from 

the final layout decided on. The claims of this alternative HyLab explain the 

considerations of the designers. 

With respect to the heavy duty use goal, the designers used highly durable and 

shock resistant materials for the structure of the walls and the floor systems. The existing 

conditions in the basement made many spaces dark. Therefore a comprehensive lighting 

system was developed. Also, to improve aesthetics, light colors were to be used. The 
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existing electrical systems were a mess. Therefore a new and extensive electrical system 

was designed. This ensured a safe working environment. The main goal however was 

the reduction of the cost. Therefore, in the designs, the quantities were controlled as far 

as possible and certain of the old components were to be reused after being fixed. 

The rationale of the Assemblies. 

The two main assemblies that required discussions were the floor systems of the 

corridor space and the casework in the other spaces. The goal of the floor system in the 

corridor space were the reduction of cost. There were two alternatives for the floor 

system. One was to cut the floor system through to lay the drains, other was to totally 

replace the floor while laying the water drains. The claim of the Cut Floor alternative 

were that this procedure would cost less. The claim of the Replace Floor alternative was 

that its was easy to construct. It was also found that the time and effort saved did result 

made the alternative much more suitable. This rationale is shown in figure 6.11. 

The transcription process basically converted the rationale collected on video tape 

into rationale networks. These network need to be authored in DRARS. With the 

completion of the transcription, the formulation of the rationale is over. The authoring of 

this rationale is described in the next section. 
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has claim 

Reduction of cost has claim 

achieved by Procedure costs more than 

has goal Replace Floor cut floor 

has claim 

Procedure takes less time, 

therefore, total cost is less 

Figure 6.11 The rationale of the Floor system 

     

  

   

  

has view 

Designer’s View 

   
  

    

      
  

6.5.4 Authoring the rationale 

The process of authoring the rationale is based on the procedure outlined in 

chapter 5. The sequence of steps are as follows: 

1. The DRARS system is started up. 

2. From the Main Menu, the File, New option was chosen to create a new project for the 

Patton basement (PBE) 

3. After providing the name PattonBE, the building type is chosen as College Buildings. 

This created a project called PBE, with the following objects. A building instance was 

created called PattonBE. The spaces inherited from the College Buildings object such 

as Classroom Spaces and Maintenance Spaces were also created. The assemblies from 

the spaces were also inherited. The object structure inherited is shown in figure 6.12. 

4. The next step was to customize the project. Therefore, the inherited spaces were 

modified to include the spaces of PBE such as Hydraulics Lab and Ground Water 

Lab. 
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Figure 6.12 The Inherited Project Structure 
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Figure 6.13 The Modified Structure 
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Similarly, the assemblies were also modified. The structure of the project after 

modifications is depicted in figure 6.13 (previous page). 

5. The object structure now closely maps the layout of the project. The next step was to 

create the rationale. The rationale inherited from the College Buildings objects 

consisted of a basic framework for reference. There objects in the network were 

typical examples of a goal, alternative, claim, question and answer. The inherited 

rationale is show in figure 6.14. 

6. The rationale network development procedure is the same for the building, spaces or 

assemblies. Therefore as an example, the creation of the rationale for the building 

object PBE is explained in this section. The view object created was modified to 

Owner’s view. Then, using the Add Goal option, the goals Undergraduate education, 

Research, Graduate Student Offices, Material Division Labs, Cost within Budget and 

Timely completion were created. The structure of the rationale after the creation of 

these goals is shown in figure 6.15. A brief description of the content of each goal 

was then written in the description slots of the goals. As an example, the Goal 

Information window of the goal Cost within Budget is shown in figure 6.16. A video 

clip containing the owners discussion of the budget was then appended to the goal 

using the Set audio/Visual button. 

7. The next step is the creation of alternatives. Following the rationale of the Cost within 

Budget Goal shown in figure 6.16, the alternatives Base Plan and NSF Plan were 

created using the Add Alternative option. 
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Figure 6.14 The inherited rationale for PattonBE 
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Figure 6.15 The Goals of the Owner’s View 
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GOAL INFORMATION 

  

Geal Name : [Cost within Budget 
  

  

Geal Description: (The cost of construction of the building 
should be within the funds allocated to the 

department 

      
  

        
  

  

  

  

CLAIM INFORMATION 

  

Title : Full Fledged Lab 
  

  
Text ef Claim: The NSF Plan provides for a full fledged lab with 

me hoods, flumes, air-conditioning and compressed 
ir and vacuum generators 

    

  

    

  

        

Figure 6.17 The Full Fledged Lab claim 
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8. The claims of the NSF Plan and Base Plan were then created. Using the claim 

information windows, brief descriptions of the claims were made. The Claim 

Information window of the Full Fledged Lab claim are shown in figure 6.17. 

9. Once the claims of the Base Plan and the NSF Plan were created, the question 

associated with the Full Fledged Lab claim was created. 

10. At this point , the rationale depicts the structure of the design process at the beginning 

of the project. 

11. Since the NSF grant did not come through and the Base Plan was chosen, several 

versions of the Base Plan were developed. To create a new version of the Base Plan, 

the Add Alternative option was chosen after selecting the Cost within Budget goal. 

From the pop up menu, the Base Plan option was chosen. This created a new version 

of the Base Plan alternative with a version number of 2. The description of the 

alternative was made in the description slot and the new version was accepted. This 

brought up the option of inheriting the claims from version one. Since some of these 

claims were not valid and new claims were to be created, the choice was made not to 

inherit the claims. 

12. The new claim of Cost Estimate was then created with a description describing the 

new cost of the Base Plan. Similarly, the questions and answers were also created. 

The structure of the rationale a this point is shown in figure 6.18. 

13. Following the same process, the other versions of the Base Plan were created. In 

each case, the decision was made not to inherit the rest of the claims. 
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Using similar steps, the rationale for the spaces and assemblies shown in figures 

6.9, 6.10 and 6.11 were created. The multimedia components incorporated included video 

clips attached to the Cost within Budget goal and scanned images of the options for 

Option1 and Option2 of the Support Undergraduate Education goal. A window 

showing the attachment of the scanfile, fileOOI.pkp to the goal is shown in figure 6.19. 

The rationale was then saved and the DRARS system was exited. This process basically 

formed the testing of the authoring process. The next step in the testing process was the 

retrieval of this rationale. 

  
  

  

  

    

  

  
  

Figure 6.19 The scan file attached to the goal Support Undergraduate Education 
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6.5.5 Retrieving the rationale 

The retrieving was a more easier task than generating the rationale. After starting 

up the DRARS system and logging in, the Open option was chosen from the File menu. 

From the browser displaying the projects available, the PBE project was selected. This 

loaded up the project files containing the building object, the space and assembly objects. 

The retrieval interface was brought up using the Retrieve Rationale, Buildings option. 

This displayed the browser showing the PBE building instance. To see the rationale 

stored in the building, the See Rationale option was chosen. This loaded up the rationale 

file containing the rationale created in the previous section. The browser containing the 

rationale is shown in figure 6.20. Using the Global View option, the entire rationale can 

be seen. Selecting one of the Base Plan objects and choosing the See Description option 

brought up the Alternative Information window ( figure 6.21). Then, the other versions of 

the alternative were accessed using the Next Higher Version and Next Lower Version 

buttons. After closing the Alternative Information window, the goal Cost within Budget 

was Selected and the See Audio/Visual was chosen. This brought up the QuickTime 

movie player with the video clip of the discussion of the owner. The scanned layouts 

attached to the Option1 and Option2 alternatives can also be seen in figures 6.22 and 

6.23. The find utility was also tested by choosing the Find option from the design 

object’s pop up menu. The name of the object Full Fledged Lab and the type claim were 

entered and the browser changed to show the rationale with the Full Fledged Lab claim 

as the focus. 
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| Owner's View 
PattonBE ——s ue View |   

    
      

Figure 6.20 The retrieved rationale 

  

ALTERNATIVE INFORMATION 

Alternative Name : Base Plaz @) 

Alternative Description : This was the second version ef the Base 
Plan. It was created after themecting of July 27 

Version : 2 

  

    

      

Figure 6.21 The retrieved alternative Base Plan(2) 
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Figure 6.22 The scanned image of Option] (file001.pkp) 
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Figure 6.23 The scanned image of Option2 (file002-9) 
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6.6 Evaluation of the test procedure 

On the basis of the testing of DRARS on the Patton Basement project, two sets of 

observations can be made. The first set of observations relate to the process of 

conducting the test and extracting the rationale from the personnel. The second set of 

observations describe the performance evaluations of DRARS 

The first set of observations are: 

1. The rationale for the project was largely with the owners. The owners, i.e. the faculty 

of the Hydro Systems Division of Virginia Tech, had a clear idea of what was wanted 

and how much the budget was. Through discussions with the designers, they gained 

the knowledge of how much the project would cost. The contributions of the 

designers were mainly in the estimation of the quantities and the choice of materials for 

various assemblies in the project. 

2. One of the main requests of the owners was the specific cost of each assembly or 

component in the space. The designers provided estimates of quantities in bulk, i.e. 

the quantity take off consisted of the cost of all the flooring, all the case work and all 

the electrical work. The owners required the cost of individual components in each of 
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the spaces so that they could decide which ones they could omit and hence control the 

cost. 

3. Even though there were other goals in the project, the main consideration from the 

Owners point of view was the cost of the project. 

4. The thinking process of both the designers and the owners was structured. They did 

analyze their goals and alternatives. But while explaining the rationale on video, they 

where continually moving from one aspect to another. They also took many 

considerations in the project for granted and hence did not feel it necessary to explain 

them. 

5. As far as the designers were concerned, the layout agreed on by the owners was to be 

designed as per the standard specifications. Their only consideration was to check 

their estimates and make sure that their designs would be constructable within the 

estimates. 

6. Even though the documents provided and the project itself were studied, the flow of 

information during the project could not be assessed. Therefore, the best possible way 

of testing the software would have been to follow the project through its various 

meetings as they were happening. However, due to time constraints this was not 

possible. 

7. The participants also agreed on the usefulness of such an exercise. They felt that the 

rationale collection and communication would help all the project personnel to 

understand the issues better especially in case of complicated projects. 
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The second set of observations are: 

1. The most important aspect of the test was the transcription and conversion of the 

rationale into rationale networks. The structuring of the project into spaces and 

assemblies was not difficult. But, problems arose during the classification of the 

rationale to specific spaces and assemblies. The rationale always appeared to be 

general and applicable to all the spaces and assemblies. 

2. Since the process of classification of the rationale is to be done by the user, it appears 

to be a step requiring a good deal of effort. This can be overcome after experience is 

gained with the process. Once rationale for many projects are authored, the 

conversion process of rationale into networks would be relatively simple. 

3. One of the observations of the participants in the test was the effect of the structure of 

the rationale network on their thinking process. Since the rationale was to be in the 

form of goals, alternatives claims, questions and answers, the participants were forced 

to think in these terms. They found the process to be structured and helped in 

Clarifying their own ideas about the project. 

4. The process of creating the rationale in DRARS was very easy once the rationale had 

been transcribed in the form of networks. The user need not necessarily draw up a 

rationale network before creating the rationale. Using the edit facilities in DRARS, 

the structure and content of the rationale can be changed to suit the thinking of the 

author. 
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5. The time required to create the rationale was also not significant. The point and click 

paradigm used and the fact that the objects created are immediately visible in the 

browser make the process convenient. 

6. The inclusion of the video clips and other multimedia components required much more 

time than the actual rationale generation process. A large part of the time was spent in 

choosing and compressing the video clip from the video recording. However, with the 

presence of a full scale multimedia station with all the software being compatible this 

would not be an important consideration. 

7. The retrieval process using the retrieval interface was also straightforward. The 

hierarchies of Building, spaces and assemblies made the classification of the rationale 

very explicit. Hence, the retrieval of rationale of any particular component was simply 

a matter of locating the building, space or assembly and choosing the See rationale 

option. 

8. Within the rationale network, the Global View provided a comprehensive view of the 

rationale. By adjusting the browser scales, the amount of objects displayed could be 

changed to suit the user. The find utility also provided a good means of getting to a 

particular aspect of the rationale. 

9. Most of the rationale collected in the video tape was transcribed and stored in 

DRARS. The DRARS structures provided facilities to incorporate the various inter- 

related issues that formed the rationale. 
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As a summary, the performance of DRARS was good with respect to both the 

objectives of being able to store the rationale and being able to use the software easily 

without much effort. Most of the rationale collected was transcribed and stored. The 

usability of DRARS was good and the rationale was easy to author and retrieve. The 

elucidation of the rationale in the form of goals and alternatives helped to clarify the 

decision process and understand the issues better. 
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Chapter 7 

Summary and Conclusions 

This thesis. focused on one of the abstract aspects of communication among the 

various personnel involved through the various phases by which a project is constructed. 

The traditional methods of communication among the various players in the construction 

process through the media of drawings and specifications has been found to be inadequate. 

The need to explicitly communicate the needs and requirements of a construction project 

from the various views of the personnel involved in the project has been recognized. This 

information consisting of the needs, function, performance requirements and their 

accompanying reasoning and decision making process can be termed as rationale. This 

information is abstract as it constitutes the thought processes of the people concerned. An 

attempt has been made to try and formulate a structure to this rationale can capture it 
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through the means of a computer tool. The viability of the tool has then been tested by 

using it on an actual construction project. Many lessons have been learnt during this 

research, both about the rationale itself and about the viability of using a computer tool to 

attempt to communicate it among the project personnel. 

7.1. Summary 

The various chapters of this thesis describe the progress and development of the 

research effort. The problem of attempting to communicate the rationale has been broken 

down into parts and presented as described below. 

Chapter 1 provided and introduction to the problem. This chapter described the 

objectives of the research, its scope and limitations and the methodology adopted. It 

contains the core aspects of this research. 

Chapter 2 surveyed the literature presented in the field of design rationale. It 

constituted reviews of publications or researchers who have approached the problem in 

many different ways. It also contained descriptions of the computer tools that have been 

developed and used for this purpose. 
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Chapter 3 described the model of rationale used as the backbone of this research. 

The Lee and Lai model was described along with certain aspects of applying this model to 

the construction domain. The final model adopted, which is the Lee and Lai model 

adapted for use in the construction domain was explained. 

These chapters formed the preliminary effort and the foundation for the 

development of the computer tool: DRARS. The implementation of the rationale model in 

the form of networks of objects and their representation of both the construction project 

and its rationale was illustrated in chapter 4. 

Chapter 5 formed the basis for using and testing DRARS. It contained various 

illustrations and implementation details of the rationale capturing and retrieval functions of 

DRARS. 

The testing of DRARS on an actual construction project was demonstrated in 

chapter 6. The various issues in testing the tool in an actual field environment were 

discussed. The procedures used for the collection of rationale and its incorporation into 

DRARS networks was explained. 
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7.2 Conclusions 

There are many conclusions that can be made from this research. They are divided 

into two groups. One group contain the lessons learnt from the research process and the 

conceptual solution to the problem of communicating rationale. The second group 

consists of issues that arise from the development and testing of a software tool. 

One of the main aspects recognized was the usefulness and need for 

communicating rationale. The rationale communicated not only enhances the 

responsiveness of the construction but also generates many other advantages. Historical 

databases of the thought processes can be developed. These can form not only a 

repository of information, but also form a foundation for other knowledge based systems. 

Another conclusion that can be drawn is the inclusion of a rationale component in 

any integrated system. Future computer systems will be integrated with the 

communication, analysis and design software being combined. In this environment, the 

rationale can be more easily and comprehensively collected. 

Conceptually, the representation of rationale in the form of networks is an efficient 

and elegant method. It offers the advantages of being structures along with displaying the 

distribution of the various issues involved in the design and construction of an artifact. 
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The collection and storage of rationale of an entire project may not be as cost 

effective in terms of the effort required. Many components of the project follow standard 

design procedures and there may not be choices or alternatives. Therefore, the collection 

and representation of rationale for those components that are unique or require design 

deliberations and decisions can be much more profitable. However, the communication of 

the basic requirements of the building, space or assembly must be done as unambiguously 

as possible. Consequently, the rationale must include all the components, but must focus 

on the those components that require many iterations of the decision making process. 

The second group of conclusions which relate to the development and testing of 

tool include the incorporation of the rationale module as a part of the design process. 

With the integration of the software tools being used for the various purposes of 

communication and design, this would seem to be the next logical step. 

The rationale collected during testing must be evaluated and a feedback process 

must be evolved to communicate the success of the rationale representation. The test 

project also must be followed through during its development and the rationale should be 

used in real-time. 
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One interesting aspect that was found during the testing was the matching of the 

thinking process with the structure of goals and alternatives. The ability of human beings 

to process information parallely and jump back and forth among the decisons made the 

rationale more complicated. 

7.3 

7.0 

Future Work and Recommendations 

The future work in communicating the rationale can be envisaged in the following: 

Further development of both the rationale model and the computer tool to better suit 

the form and content of rationale. 

The interpretation of the rationale being captured in DRARS is still the responsibility 

of the user retrieving the rationale. The model can be adapted so that the rationale can 

be made more computer processable. This would involve the modification of the 

object structures in DRARS. 

Embed the rationale module as a part of a integrated design and development 

environment and incorporate automatic rationale generation. 

Incorporation of constraint propagation and consistency checking module which can 

analyze the design and evaluate its suitability to achieve the rationale of other users 

involved in the project. 
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Appendix A 

A 10 Step Demonstration of the Design Rationale Authoring, Representation and Retrieval 

Facility in the Utility mode 

To begin this demonstration double click on the DRARS icon . Choose the appropriate user in the 

user screen. The screen now shows the main window of DRARS. 

1. Adding an Assembly type to the Assembly taxonomy 

1. From the Utilities Menu, choose the Knowledge Editor, Coen 

Assemblies option. The screen shows the entire Assemblies 

taxonomy. 
2. Focus on the Assembly sub class Transport Assemblies, and choose the Add Assembly 

option from the popup menu. 

3. A window pops up asking for the name of the new assembly type. Type in the name 

Staircases and the assembly type is created. 

2. Adding default rationale to a Assembly type 

1. From the Utilities Menu, choose the Knowledge Editor, Assemblies option. The screen 

shows the entire Assemblies taxonomy. 

2. Focus on Staircases and choose the see rationale option. This will transfer you to the intent 

authoring window with the focus on Staircases. 

3. Click on Staircases and from the menu choose Add View. (seis) 
4. Type in Designers View in the popup window. 

5. From the view, you can modify, delete or see goals. 

6. Continue similarly and add two goals - Life span and Cost, two alternatives each - Steel 
and Concrete Staircase, a claim - It is strong, a question - What is the design stress and 

an answer 250 

N/sqmm. The 

network looks as 

shown below. 

  

3. Modifying and Deleting Assemblies 

1. From the Utilities Menu, choose the Knowledge Editor, Assemblies option. The screen 
shows the entire Assemblies taxonomy. 

2. Focus on the Assembly sub class Transport Assemblies, S&S 
and add Elevators assembly type Assemblies 

3. Click on Elevators and choose Modify. Change the name (tun 

in the popup window to Escalators. Assemblies} Escalators 
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4. Now click on Escalators and choose Delete. The 
Assembly type is deleted. 

Assemblies 

4. Adding a Space type to the Space taxonomy 

1. From the Utilities Menu, choose the Knowledge Editor, Spaces option. The screen shows 

the entire Spaces taxonomy. 

2. Focus on the Space sub class Transportation Spaces, and 

choose the Add Space type option from the popup menu. Transportation suits 
3. A window pops up asking for the name of the new space Spaces 

type. Type in the name Stairwells and the Space type is 

created. 

5. Adding default rationale to a Space type 

1. From the Utilities Menu, choose the Knowledge Editor, Spaces option. The screen shows 

the entire Spaces taxonomy. 
2. Focus on Stairwells and choose the see rationale option. This will transfer you to the 

rationale authoring window with the focus on Stairwells. 

3. Click on Stairwells and add a view - Designers View. 
The process is similar to the authoring in the (sua 
assembly level. 

4. Continue similarly and add two goals - Space and Comfort, two alternatives each - Square 

and Spiral Stairwells, a claim - It occupies less space a question - What is the available 

Space and two versions of the answer 5sqm and 4sqm. 

5. To add a new version, click on the question What is... Choose Add answer and a menu 

Pops up containing all the answers created. 

6. Choose Ssqm and change its value to 4sqm. Also set the version to 2. The network looks 

as shown below. 

  

6. Assign assemblies to a Space type 

1. From the Utilities Menu, choose the Knowledge Editor, Spaces option. The screen shows 

the entire Spaces taxonomy. 

2. Focus on Stairwells and choose the See Assemblies 
option. 
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3. Two sets of lists appear. Choose Transport Assemblies on the left and focus down. Select 

Staircases and move it over to the right. 

4. The assembly Staircase has been added to space Stairwells. Choose the see assemblies 

option to confirm. 

7. Adding a Building to the Building taxonomy 

1. From the Utilities Menu, choose the Knowledge Editor, Buildings option. The screen 

shows the entire Buildings taxonomy. 

2. Focus on the Buildings sub class Colleges, and choose the 

Add Space type option from the popup menu. 
3. A window pops up asking for the name of the new building 

type. Type in the name State Colleges and the building 

type is created. 

Colleges State Colleges 

8. Adding default rationale to a Building type 

1. From the Utilities Menu, choose the Knowledge Editor, Buildings option. The screen 

shows the entire Buildings taxonomy. 

2. Focus on Colleges and choose the see rationale option. This will transfer you to the 

rationale authoring window with the focus on Colleges. 

3. Click on Stairwells and add a view - Designers View. - ener VY 

The process is similar to the authoring in the igners Vie 

assembly level. 

4. Continue similarly and add two goals - Space and Cost. 

5. Close the window and focus on State Colleges. Choose State Colleges and See rationale. 
The default rationale from colleges is inherited and the rationale windows look as below. 

  

9. Assign spaces to a Building type 

1. From the Utilities Menu, choose the Knowledge Editor, Buildings option. The screen 

shows the entire Buildings taxonomy. 

2. Focus on State Colleges and choose the See Spaces 
option. 

3. Two sets of lists appear. Choose Transportation Spaces on the left and focus down. Select 

Stairwells and move it over to the right. 

4. The spaces Staircase has been added to Building State Colleges. Choose the see spaces 
option to confirm. 

10. Traversing back and forth 
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1. From the Utilities Menu, choose the Knowledge Editor, Buildings option. The screen 

shows the entire Buildings taxonomy. 

2. Using the main menu traversing is possible to the spaces and assembly windows. 

3. In the rationale window traversing is possible up and down the rationale tree. 
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