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Abstract 

This paper presents a knowledge-based approach to facilitate the engineering design 
process relating to spacecrafts.  Because the design evolves over a long time and typically 
involves individuals working at different locations and frequently for different 
organizations, the degree of collaboration across temporal and spatial boundaries plays a 
major role in determining the aggregate time and cost involved in each instance of 
spacecraft design.  A major aspect of such collaboration is the issue of communications – 
the ability to clearly and efficiently explicate and record the detailed needs of every 
stakeholder in the process, as well as the major design decisions and the rationale behind 
these decisions.  The approach described in this paper provides a framework for 
facilitating the decision-making process in engineering design, by eliciting and capturing 
the goals and requirements of every stakeholder in the design process through utility and 
expense functions. An interactive system has been designed that incorporates a four 
faceted knowledge-based framework of knowledge acquisition, knowledge discovery, 
knowledge management and knowledge dissemination to provide designers and 
stakeholders with the capability to develop an evolving knowledge repository about all 
aspects of the design process.  This interactive system includes the ability to capture 
succeeding versions of the detailed design, with zero or minimal human involvement; the 
capability is provided by a set of algorithms collectively named as SSPARCy.  A 
complimentary tool, called MIST, facilitates the Multi-Attribute Tradespace Exploration 
process by enabling stakeholders to express their goals and preferences in a formalized 
manner.  The combination of MIST and SSPARCy paradigms enables one to transform 
crucial applications that are today contingent on geographical proximity to occur with 
equal or superior effectiveness in a virtual world.  While this paper analyzes a situation 
involving engineering design of spacecrafts, the proposed knowledge-based approach can 
be readily adopted to facilitate other applications that involve sustained collaboration 
across geographic and corporate boundaries. 



1 Introduction 

The spacecraft design environment involves sustained effort by multiple teams 

and multiple stakeholders based in various locations.  In such a distributed environment, 

it becomes especially important to be able to clearly and efficiently capture the needs of 

every stakeholder in the process, as well as details of the major decisions and the 

rationale behind these decisions.  By transferring relevant knowledge from one 

environment to another, one can provide major improvements to the design process, and 

also enable leveraging of knowledge from one endeavor to another. 

This paper proposes a multi-faceted approach to provide a common interface to 

assist members of the design process to collaborate, to share goals, and to help formulate 

overall rationale.  In addition to helping to create a knowledge repository for the specific 

design process on an incremental basis, the proposed approach facilitates knowledge 

discovery by immediately presenting and processing data from all stages of the design 

process.  Detailed material on the "why" in spacecraft design is incorporated by capturing 

the true cost and utility to the customer. 

 

 



2 Four Faceted Knowledge Based Approach 

In the specific context of design of spacecrafts, knowledge-based techniques can 

be applied to more effectively achieve engineering goals by leveraging multiple facets on 

a concurrent basis:  These facets are as follows [1]: 

 

• Knowledge Acquisition, which represents the process of capturing information from 

various media, including people's minds and handwritten documents, into computer 

accessible media. 

• Knowledge Management, which deals with mitigating issues relating to 

heterogeneities in underlying contexts of information coming from disparate sources such 

as multiple stakeholders, multiple projects and multiple stages of the process.  

• Knowledge Discovery, which involves using emerging techniques to analyze huge 

amounts of information and to get better insights into such information than is possible 

using the best human domain experts. 

• Knowledge Dissemination, which provides the automated extraction of the most 

relevant pieces of information from a huge computer based information infrastructure, 

with such extraction being tailored to the needs of different constituencies of users in 

each of the relevant set of organizations. 

 

  Based on the above framework, two sets of tools have been developed specifically 

for the spacecraft design environment.  These have been named as SSPARCy and MIST. 

SSPARCy is designed to perform automatic capture of vital information as the 

design evolves over time.  It then allows users to view this information graphically, 



records the history of the states of the code, performs integration integrity checks and 

facilitates the capturing of design rationale associated with important code elements. 

SSPARCy incorporates a suite of features that provide users with a centralized source of 

information regarding a design simulation.  It presents the current state of a simulation.  

In addition, it records the history of the various states of the entities of a simulation to 

allow the designer to examine and analyze the evolution of a simulation over time.  

Furthermore, it performs automatic analysis of system integration integrity to alert an 

integrator of potential problems. 

The MIST system is an interface for capturing, processing, analyzing and storing 

information about utility characteristics for every stakeholder in the design process.  It 

provides a framework for expressing utility through the creation of attributes for every 

stakeholder, as described in the MATE process [2].  The MIST system allows designers 

and stakeholders to use the system to create, define and analyze attribute information.  It 

structures the knowledge, and builds a series of rule-based interviews to elicit the 

stakeholder’s utility.  In addition to making the design process more efficient by 

conducting the interviews, the MIST paradigm incorporates analysis tools that allow 

users to observe links between multiple stakeholders, multiple design phases and multiple 

projects.  Further, emerging data mining techniques are being incorporated into the MIST 

system to provide knowledge discovery capabilities geared specifically to the spaccraft 

design community. 



3 Previous Efforts 

Before we present details of our knowledge-based approach, we present 

information of related efforts by other researchers.   

3.1 Vehicles Knowledge-Based Design Approach 

The Vehicles knowledge-based design environment, developed at the Aerospace 

Corporation [3], is a framework for managing knowledge related to the design 

environment of space systems.  Analysis and modeling tools are combined with a 

historical database of previous projects to assist in building new architectures that benefit 

from the experiences of old architectures.  The issues addressed in Vehicles are similar to 

the issues discussed in this paper, relating to what the best methods are for formalizing 

the knowledge related to the design environment.  Vehicles proposes a flexible 

environment in which to describe systems and subsystems, and to analyze the effects of 

various changes to the design.  The software environment provides a platform for 

designers to build their own tools, tailored for the specific types of analysis they wish to 

conduct.  The design rationale, history and utility capture capabilities described in this 

paper can provide a complimentary value proposition to the Vehicles system. 

3.2 Rule-based Algorithms from Chung-Hua University 

One system, under development at the Chung-Hua University in Taiwan [4], uses 

a rule-based algorithm for transferring an individual customer’s needs directly into 

specifications, by developing a matrix of weights between attributes and design factors.  

The weights are then used to determine rules, or relations, indicating how certain design 

parameters should change their respective values based on other values of parameters.  



The proposed paradigm can build on this approach by incorporating information on the 

goals and needs of multiple stakeholders, as well as by using the evolving knowledge 

repository to facilitate decisions on how specifications can be derived from customer 

preferences. 

3.3 AIDA 

The Artificial Intelligence Design of Aircraft (AIDA) effort at the Delft 

University of Technology applies a case-based reasoning method to delineate initial 

values for an aircraft lay-out using knowledge from previous cases [5].  Once again, 

however, the AIDA approach is dealing with the goals and desires of only one 

stakeholder.  Additionally, the AIDA approach seeks to find one optimal architecture, 

rather than to provide a knowledge-based framework to be used by the designer to 

explore the various options.   

3.4 SPOOL 

The SPOOL project at the Université de Montréal takes a slightly different 

approach; it uses reverse engineering techniques to analyze existing projects and to 

determine which patterns in the design could be used to infer the rationale behind 

recurring patterns [6].  This minimizes the need for the designer to provide the rationale.  

By combining utility and expense data with the design history, our proposed approach 

will be able to make similar inferences regarding the design rationale at every stage of the 

design process, thereby offering an improvement over both the SPOOL approach and the 

other approaches mentioned above. 



3.5 C-DeSS 

The C-DeSS system developed by Klein proposes a geometric design rationale 

tool [7].  This system provides a language through which a designer can describe the 

design geometry and express reasons for decisions made in forming this geometry.  

Elements of such a structured language can be integrated into the framework described in 

this paper, to form a more concrete representation for the entire design, not just for the 

geometry. 

3.6 DICE 

The DICE (Distributed and Integrated Collaborative Engineering Environment) 

methodology initiated by Sriram offers a platform for collaborative engineering by 

decomposing each engineering project into a set of modules and allowing work to be 

conducted in parallel on each section of the project [8].  When the system encounters 

conflicting decisions about a particular design decision from engineers in different 

modules, it uses the design rationale to help negotiate the outcome.  The approach 

described in this paper would complement the DICE approach by providing a concrete 

relationship between the history of the design parameters and the associated utility and 

expense functions which led to these decisions.  This would allow engineers, working in 

a set of collaborative enterprises, who have conflicting solutions to a given problem to 

gauge the exact implications of each option on the different stakeholders of the system. 

3.7 WAVE 

WAVE is an algorithm to learn information extraction rules [9].  Since it is 

intended to be an algorithm, it does not offer the broad functionality that is available in 

SSPARCy.  However, the incorporation of the WAVE algorithm into SSPARCy would 



augment the latter’s flexibility and ability to adapt to changes in the syntax of the 

designer code.  Further, this could potentially enable the application to analyze other 

programming language by allowing SSPARCy to learn the information extraction rules 

for a new language over time. 

3.8 Utility Evaluation from the University of Massachusetts 

The Trade-off Based Robust Modeling and Design group at the University of 

Masschusetts has developed an online utility evaluation tool which conducts interviews 

to determine stakeholder preferences in a similar fashion to the MIST approach [10].  The 

system incorporates mechanisms to deal with preference consistency and uncertainty and 

risk.  These issues are addressed in the context of a given stakeholder for a given project.  

The MIST approach builds on this methodology by capturing information which will be 

useful in determining the relations between preferences of multiple stakeholders, at 

multiple stages of the design process, for multiple projects.   

3.9 ICAD System 

The ICAD system is a Knowledge Based Engineering software solution used by 

world class manufacturers in aerospace, automotive and industrial equipment 

manufacturing, such as Boeing, British Aerospace, Pratt and Whitney, GM, Ford, Jaguar, 

Lotus and others, to automate system-level design, product design, tooling and product 

configuration [11].  This system uses generative technology to capture and apply generic 

product design knowledge, which includes product structures, development processes, 

and manufacturability rules.  Such a system represents a potential application for the 

knowledge captured and managed by the approach described in this paper. 



3.10 NASA  

The Virtual System Design Environment at NASA addresses the importance of 

facilitating collaborative environments in spacecraft design [12].  One of the focuses of 

the system is to enable the modification of a spacecraft structural component by various 

members of a team in different geographic locations.  This issue can be extended by the 

MIST approach to incorporate the direct involvement of the stakeholders in the system.  

If designers are able to interact at the component design level over a network, the same 

mechanisms can be used to demonstrate concepts, explain the status of the project, and 

gather input from the stakeholders of the system. 

3.11 Design Repositories at NIST 

The National Institute of Standards and Technology Design Repository Project 

addresses the importance of developing formal representations of knowledge in the 

design environment [13].  A specific language is being developed to represent design 

models, and interfaces for creating, browsing and searching for information on these 

models are being developed as well.  The integration of design history and rationale with 

utility information from multiple stakeholders represents a complimentary means of 

representing a design model which addresses many of the same issues.  For systems like 

these to work together, a set of standards must be developed, as described by the 

Engineering Design Technologies group at NIST [14]. 

3.12 Other Design Rationale Tools 

The existing field of design rationale capture tools spans the spectrum from fully 

unstructured rationale to completely modeled rationale.  Meeting minutes represent an 

unstructured, time delineated capture.  QuestMap [15] and DRAMA [16] are examples of 



the next step – they provide basic structural elements and enable the user to devise a 

useful structure.  At the other end of the spectrum from meeting minutes is DRIM [17], 

which is a completely specified model for the rationale underlying the design process.  

As a design rationale capture tool, SSPARCy lies somewhere on the spectrum between 

QuestMap and DRIM.  SSPARCy creates a simple structure for design rationale by 

associating rationale with each simulation entity.  Additionally, SSPARCy captures this 

rationale over time.  Since this rationale can evolve at any level from project to variable 

over time, a minimal logical structure is provided for the user to specify rationale in the 

manner and the level he or she perceives as being most beneficial.  SSPARCy does not 

impose the rigid conceptual structure that DRIM proposes. Therefore, SSPARCy is a 

compromise in terms of design rationale capture between inflexible structure and 

amorphous disorder.  Furthermore, the basic structure it provides is most appropriate for 

the domain-specific design process it endeavors to capture.   

Design reuse is an obvious application for design rationale.  Work at the Tsinghua 

University in Beijing demonstrates a prototype for using design rationale to support 

design reuse [18].  The Tsinghua system incorporates many intelligent mechanisms to 

process design rationale information and relate it to the design of the system.  The 

knowledge captured by the system is used in future projects as a means of decision 

support.  



4 Knowledge Based Module for Design Rationale Aspect 

Consistent with our multi-faceted knowledge based approach, our research team 

has developed concept demonstration prototype tools to illustrate how such tools can 

incorporate growing knowledge over time and offer increasing value to the customers. 

4.1 Architecture for Design Rationale Concept 

We first describe SSPARCy, which is a knowledge-based tool that can facilitate 

design and development steps over time by ensuring that vital design decisions and 

rationale have been encapsulated.  By providing the user with detailed system analysis, 

history reviews, and error checking, SSPARCy attempts to address the void that currently 

exists for methods to automatically capture crucial information with no or little human 

intervention. 

Each simulation exercise can be encapsulated in one major object, which is 

referred to as a project.  The Project object contains all the necessary objects and 

variables that represent the information stored in the application, such as functions, 

constants, design variables, and errors.  The Function objects refer to actual functions in 

the simulation source code.  Similarly, the Constant and Design Variable objects 

represent each global constant and design variable that is defined in the system.  Lastly, 

the Error object refers any possible error in the simulation design that can lead to 

redundant, unused, or misrepresented code in the code files.  A graphical view of the 

architecture of the data model is shown in the figure below. 



Project

ContainsContains ContainsContains

Constant

*

Function

+

Design Variable

*

Error

*
Causes ??

Causes
??

Uses+ *Calls

+

*

Uses

Causes

*? *+

 

Figure 1: A graphical representation of SSPARCY Data Model which shows how 

major system objects can interact over time [20]. 

 

Each Function, Constant, Design Variable, and Error object can be referred to as a 

general Variable object. The architecture has been designed so that each Variable object 

can contain valuable information regarding the Variable’s name, value, units, valid range, 

author, date of creation, and possible aliases which can refer to it in the project.  Also, 

each Variable stores its rationale, so the user can record design decisions and changes 

that relate to each object in the system.  The data that are stored in the object model 

provide significant possibilities for greater functionality in the graphical user interface. 

4.2 Knowledge Acquisition Aspect of SSPARCy 

The graphical user interface has been designed to facilitate knowledge acquisition 

through intelligent capture of simulation exercises.  For example, the history table feature 

visually conveys the degree of stability of parameters in the system.  Users can easily 



identify the volatilities of different parameters across iterative design sessions.  Also, by 

storing Error objects in the data model, the user can analyze potential system problems 

that are currently very difficult to analyze or even recognize. 

Even though the functionality of the system is continuously evolving, several of 

the major components can be seen through the graphical user interface.  Currently, 

SSPARCy has been designed to be compatible with multiple types of simulation files.  

SSPARCy facilitates project management efforts by allowing multiple projects, specified 

in different formats, to be opened, viewed, and saved simultaneously.  The system also 

enables the user to view any Variable object in the current project, and to see all the vital 

information fields that are stored along with that Variable.  As the system design evolves 

over time, variables may be added, removed, or changed from the current status.  The 

graphical user interface enables the user to view the manner in which the project has 

evolved over time, in terms of any of the variables that characterize the project.  Finally, 

the current implementation incorporates functionality for error checking so that users can 

see what possible errors might exist in the project and where those errors might have 

occurred. 

4.3 Knowledge Management Aspect of SSPARCy 

4.3.1 Current Variable Data 

As mentioned before, it is essential that the user be provided with an easy and 

effective way to view the current state of any Variable object in the system.  Whether the 

user wants to see the value and the rationale of a global constant in the project or just the 

author of a specific design variable, SSPARCy provides appropriate display options.  By 

using tables to display a collection of Variable objects, the application allows for quick 



review of essential data in the source files and the rationale behind their existence and 

their respective values.   

A typical variable data table would show the name of each constant in the project 

listed in the first column in alphabetical order.  Next to the name, the second column lists 

the subsystems in which these parameters belong to, followed by the current values of 

these parameters.  This setup represents the display at the default situation.  Note that 

only the parameters in use are kept in this table.  If a parameter had been removed in the 

latest design sessions, it would not show up on this list but would appear on the history 

table instead. 

4.3.2 Variable History Review 

For every Variable object in the system, the user is able to quickly review how 

that variable has changed over time and what variables have been added or removed from 

the current project.  As seen below in Figure 2, a tabular format is once again utilized to 

display such information. 

In this example, the history of the project’s design variables is presented to the 

user.  The first column of the table lists the names of every design variable that has 

existed in the project since it was first created.  The rest of the columns in the table 

represent the state of the project over time.  Each column gives the value of the design 

variables at that time, or leaves the cell blank if that design variable was not present in the 

project at that point in time. 

By adding color codes to the table, the graphical user interface gives the user an 

easy-to-read look at the history for the particular variable.  Based on the coloring of a cell 

in Figure 2,  one can tell if something has changed for the design variable in row x at time 



y.  If the background of the cell is colored green, it indicates that the design variable was 

added to the project at this time.   In the same manner, a dark gray cell indicates that the 

specific design variable in row x was removed from the project at time y.  Finally, a red 

background notifies the user that the design variable has been neither added nor removed, 

just that its value has changed from time y-1 to time y. 

 

Figure 2: The history of Variable values over time can be viewed in a color-

coded table 



By allowing the user to view the history of any Variable object in the system, 

SSPARCy provides an extensible tool for comprehensive analysis of successive 

simulation exercises. 

4.4 Knowledge Discovery Aspect of SSPARCy 

In order to ensure that the design rationale capture aspect imposes zero or 

minimal overhead on the designers, SSPARCy automatically parses parameters’ values, 

units, comments, and timestamps from their source files.  However, if a designer wishes 

to enter additional details regarding a parameter, he or she can do so by selecting the 

parameter from the table and then clicking the button “Edit Info.”  New pop-up windows 

will appear, and the user can enter supplementary information such as rationale and URL 

references (see figure below).  Other users can later access these information by choosing 

the button “View Rationale” or “View URL.” 

A table can be generated for any of the Variable objects in the system.  Therefore, 

with just one selection from the menu bars at the top of the screen, the user can be 

presented with a table that displays all the functions used in the simulation, the global 

constants that exist, and the design variables that are used throughout the project. 

   



Figure 3: Rationale Dialog Windows allow users to input additional details 

regarding specific parameters. 

 

In order to provide better inspection and analysis of the future simulation files, a 

new approach was developed to provide the following functionality: 

- Permit the viewing and storage of important information (name, value, rationale, 

author, etc) relating to the functions that are used in the project 

- Enable the viewing and storage of important information (name, value, rationale, 

author, etc) relating to the global constants that are used in the project 

- Facilitate the viewing and storage of important information (name, value, 

rationale, author, etc) relating to the design variables that are used in the project 

- Permit storage of the history of the above data as it changes over time in order to 

enable the user to have information regarding what information has been updated since 

the last system design 

- Provide for error checking of the current system design to inform the user as to 

where possible errors may exist in the simulation and modeling files and how those errors 

may be fixed. 

5 Multi-attribute Interview Software Tool (MIST) 

Multi-attribute Tradespace Exploration and its follow-on Concurrent Design 

analogue (MATE-CON) are designed to facilitate intelligent interaction with the designer 

and customer.  Using the cumbersome face-to-face Multi-Attribute Utility Analysis 

(MAUA) interview process previously developed by the SSPARC team as a foundation, 

MIST uses an advanced Graphical User Interface (GUI) and a web-based computer 



interface with graphics to speed up and enrich the utility interview process.  The designer 

is able to describe attributes, ranges of values, units and scenarios developed with input 

from the customer.  The system then prepares an interview based on the attributes of the 

tradespace, and allows the designer to conduct the interview and to enter the responses.  

Further, the customer can take the interview independent of the utility facilitator.  The 

MATE interview process consists of multiple stages, dealing first with single attribute 

utility parameters and then with multiple attribute utility parameters.  Each stage also 

contains a set of validation questions to ensure that the variables being considered are 

independent of each other. 

The automated and customized interview sessions present the customer with a 

scenario using the lottery equivalent probability (LEP) approach as developed in the field 

of decision theory.  Each option is a situation with probabilities of two states for attribute 

analysis. The user will usually express preference for one of those states.  In response, the 

system will modify one of the states and ask the question again in a manner very similar 

to the series of dual-value choices given by an optometrist when fine tuning the power of 

the lens.  The system continues in this form until the customer answers that he/she is 

indifferent to the two options.  The software then tallies the indifference points for later 

calculation and moves on to analyze the next attribute.  This entire process can be 

conducted on a single day or over time.  The results of each interview serve as the basis 

for developing functions to assess the utility and the cost of design based on the set of the 

attributes specified by the customer or the set of customers.  The integration of these data 

with the design parameter data collected by the SSPARCy system provides a 



comprehensive assessment of the rationale at various levels of design detail throughout 

the process.  
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Figure 4: Overview of major steps which MIST can automate. 

5.1 Knowledge Acquisition Aspect of MIST 

By conducting the interview with a software tool, the process can be made fully 

interactive and tailored to the individual responses.  Computations are performed while 

the interview session is proceeding.   Designers are provided with the options for adding 

and modifying attributes, and also for changing the scenario used to describe an attribute 

to the customer.  As an improved communication interface is the core goal of this 

endeavor, the system allows not only the designer, but also the customer to provide 

feedback about the structure of the interview process.  By systematic analysis of the 

choices made during the interview process, one can develop an evolving knowledge 

repository about the design of the system as well as the design of the interview itself.  

The latter allows for future interviews to be conducted in a more efficient manner.  The 



major issue raised in this area is how much control and flexibility is appropriate in 

customization of the interview session in real-time.  Allowing excessive variability in the 

interview process may reduce the reliability and consistency of the results. 

5.2 Knowledge Management Aspect of MIST 

In this concept demonstration prototype endeavor, we have emphasized the 

visualization aspect.  The paradigm of customized visualization alone adds value to 

customers by helping them to understand the way in which their utility estimates evolve 

over time.  The multi-attribute cost and utility functions can be created in graphical 

format.  One can graphically witness how answers elicited during the interview process 

impact the design process.  This impacts the integrity of the interview process in both 

positive and negative ways.  The positive aspect is that with increased knowledge in real-

time, the customer may make more rational decisions:  when faced with a graph which 

plots each of their answers for a given attribute, a customer may be alerted to reconsider 

the answer.  On the negative side, the customer may tend to give conventional and risk 

averse responses, as many individuals probably prefer to give answers which appear to be 

consistent and rational.  Further, a customer's true preferences may be changing over 

time, and it might be harmful to allow the customer to "game" the system.  This is 

another issue which can be explored with the introduction of an interactive tool to 

facilitate the interview.  The optimal level of customization will depend on the 

characteristics of the particular problem domain. 

5.3 Knowledge Discovery Aspect of MIST 

One of the major intellectual questions that MIST attempts to address is the role 

of utility and attribute based design to design rationale.  The two systems, SSPARCy and 



MATE, have a common interest in collecting information on design parameters over 

time, and reacting to the major trends and changes.  By using one integrated system to 

collect both forms of data, one possibility is to relate each moment of the design process 

to a specific interview, thereby associating an interview with each value of a design 

parameter.  Major changes in the design parameters can then be easily mapped against 

the changing preferences elicited during the interviews. 

5.4 Knowledge Dissemination Aspect of MIST 

The MIST system also contains a set of analysis tools to process the data collected 

from the interviews and the SSPARCy design parameter capture process.  First, a set of 

reports can be produced to document both the customer's preferences and the various 

stages of the design process, as well as perhaps the design rationale specified by the 

designer.  The use of an integrated tool allows for a consistent template to be used and for 

a comprehensive knowledge repository to evolve over time.  When a new person joins 

the team, such a knowledge repository will provide an invaluable mechanism for 

transferring the knowledge about the design process to the new member. 

In addition to the reports, algorithms for utility and expense function generation 

are being integrated with the system to produce meaningful and useful tools with the 

interview results.  The results of the interviews will be used to design a specific function 

for each stakeholder at the end of each interview.  This will allow all iterations of an 

architecture to be assessed, and the changing utility of an architecture to be related to the 

changing preferences of the customer.  The algorithms for developing these functions 

have already been delineated by the design team. 



Finally, other data mining tools will be implemented to use the knowledge 

repository as a vehicle to facilitate knowledge discovery within the design process.  Once 

adequate data have been collected about a specific design process or multiple design 

processes, interpreting the patterns within these data can lead to better decisions in future 

endeavors. 

5.5 Attribute Interface 

The MIST system utilizes the notion of attributes to represent the user-defined 

characteristics of the project that describe the important factors for the stakeholder.  

Before the interview process can commence, the engineers and the stakeholder must 

agree on a set of attributes to build the utility functions.  This process involves a series of 

decisions, and a set of discussions between the different members of the engineering 

team, as well as the stakeholder.  The attribute interface has been designed to structure 

the important pieces of knowledge related to each attribute, so that the discussion can be 

focused.  Since the questions for the interviews are generated while the interview session 

is actually “on”, it is technically possible to change the properties of an attribute, or add 

an attribute, at any time during the process.  However, since an interview is given in the 

context of the current state of attributes, any chance in the properties of the attributes 

could invalidate the previously collected interview responses.  For this reason, the 

attributes in the system must be defined before the interview session begins. 

An attribute is represented in the system as a hybrid data type with various 

properties as shown in the figure below.  The figure shows the properties related to an 

attribute, the data type of each property, the description and comments.  Some of these 

properties are directly related to the description of the system, and others were 



implemented in order to facilitate the software system.  When an attribute is created by 

the design team, an instance of the attribute data type is instantiated and modified as 

appropriate.  The interview user forms and the analysis tools base their actions on the 

status of the attribute properties. 



 
Attribute Property Data Type Description Comments 

Name String Name of attribute Understandable to all 
parties involved 

Min Double Lowest value in range  

Max Double Highest value in range  

Units String Units for attribute values Must be very specific 

Increment Integer Number of indifference points 
to be collected 

Enough to avoid large 
jumps in utility 

Direction Boolean Direction of increasing utility Towards max or min 
value? 

Scenario String Scenario for single attribute 
interview 

Describes context in 
which only the single 
attribute is considered 

Resolution Double Probability resolution to which 
utility can be distinguished 

Usually around 5% 

Format String Format in which value of 
attribute is presented to user 

Examples: “5x5”, “6” 

UnitsInc Boolean Include units in format? Usually true. 

Independent Double Attribute value for 
independence interviews 

Usually near middle 
of attribute range 

Definition String Definition of attribute Must be very specific 

LinearScale Boolean Increase indifference point 
questions on linear or 
logarithmic scale? 

 

Threshold Double Difference in utility between 
adjacent indifference points 
which requires more questions 

 

Table 5: Table of properties for the attribute data type in MIST 

5.5.1 Attribute Operations 

A user can add, modify, or delete an attribute as described in the following 

paragraphs. 



The user can add an attribute to the system from the main page.  When the “Add 

Attribute” button is clicked, the Attribute Properties form is presented to the user, and the 

user can enter the properties for the attribute.  Since part of the purpose of this form is to 

enable the engineers to conduct the discussion during the attribute definition period, it is 

not necessary for the user to put in a value for every property of the attribute.  This 

process must be completed by the time the interviews are ready to be conducted – 

otherwise, the interview generation module will search for a value of the attribute which 

will not be there.  The only required element for the attribute is the Name, since it is 

stored based on the name.  After the properties are entered, the user can click on the Save 

button, and the attribute will be added to the system.  At this point, the Attribute 

Rationale form is displayed and the user is asked to enter a rationale for adding the 

attribute to the project.  The name of the attribute is added to the list of attributes on the 

main page, both in the completed interviews matrix and the random values section. 

To modify an attribute, the user can click on the Modify Attribute button from the 

main page.  This brings up the Attribute Navigator form, which shows a list of attributes 

currently in the system.  The user selects the attribute they wish to modify, and clicks on 

the Modify button.  The Attribute Properties form is displayed with whichever values of 

the attribute are in the system.  Any of these values can be modified, however since the 

attribute is defined by its name, changing the name would result in the system creating a 

new attribute with the new name.  When the Save button is clicked, the user is asked if 

the change to the attribute is a major change, worth cataloging.  If it is, the user is 

prompted for a rationale for the change in the Attribute Rationale form. 



To delete an attribute, the user must click on the Modify Attribute button from the 

main page, select the attribute to be deleted, and then click the Delete button.  Deletion is 

only available under the Modify Attribute form to ensure that the user is certain that he or 

she wishes to delete the attribute, instead of simply modifying it to make it appropriate.  

When an attribute is deleted, the user is prompted for the rationale behind deleting the 

attribute. This rationale is stored along with the final values of the attribute, in the 

attribute’s history page.  While the attribute name is deleted from the main page and all 

interviews, the history of values is still stored within the project, to preserve knowledge 

of the decision making process which led to this deletion.  

 

Figure 6: Attribute Modification interface 



5.5.2 Attribute Storage 

When an attribute is still active in the system, the current states of the properties 

of the attribute are stored in a worksheet.  At all times, the user can know what the 

current values are.  In the leftmost columns, each of the fields in the Attribute Properties 

form is stored in the appropriately labeled cell.  The “Attribute Options” column 

represents the list of values for which the single attribute interview will seek indifference 

points for this specific attribute.  This list is generated by the system every time the 

properties of the attribute are saved, either by adding or modifying the attribute.  It is 

done by splitting the attribute range, specified by the minimum and maximum values, 

into the number of equal segments specified by the number of indifference points, either 

linearly or logarithmically.  This list is then randomized and stored in the worksheet. 

Along with the properties of the attribute, the worksheets are also used to store all 

responses given in interview sessions with respect to this specific attribute.  These 

worksheets help to establish a complete history of the decisions made during the 

interview process.  The history is used by the system to determine which interviews have 

been conducted, and also by the designers.  

Although it is not designed to be modified by the users of the system, the values 

in the attribute worksheet can be modified as a backup method for resolving issues that 

may come up during the interview process.  For example, if the attribute options 

generated are not round numbers, the designer might prefer to edit the values to provide 

the stakeholder with more reasonable questions during the interview process.  Also, 

during the interview, if the stakeholder wishes to go backwards and revise his or her 

answer, the worksheets provide the means for editing or deleting responses.  As the 

system evolves further, it will become less necessary to access the attribute worksheets. 



Each attribute has a corresponding Attribute History worksheet that is created and 

modified along with the attribute.  Since this worksheet can never be deleted, it provides 

a complete history of the entire attribute definition period.  Each column of this 

worksheet contains a list of the properties of the attribute.  It also contains a cell for the 

user-defined rationale for the specific iteration of attribute property values.  These values 

are only stored when the attribute is created, deleted, or the user specifies that a change 

made to the attribute was a major change deserving cataloging. 

5.6 Characteristics of Interview Process 

Each interview is designed to acquire a piece of knowledge intended to help build 

or validate a utility function for the stakeholder being interviewed.  The interviews are 

meant to take place after the attribute definition phase has occurred, and the attributes 

have been approved by the stakeholder.  The interviews can be conducted at multiple 

points throughout the design process, to provide a continuing notion of the important 

goals and requirements of the stakeholder being interviewed. 

5.6.1 Visualization 

The issue of visualization is one that was examined in great detail by the 

designers of the MIST system.  Using the MIST concept demonstration software, it is 

possible to display the curves representing the utility functions for the attributes being 

discussed as the interview is taking place.  The figure below demonstrates this 

functionality for the single attribute interview, where the user’s responses each help build 

the utility function for a single attribute.  Similarly, the utility curves generated for all of 

the attributes can be displayed in any of the multi-attribute interviews. 



 

Figure 7: Single attribute interview with utility curve displayed. 

If a response during the single attribute interview leads to a drastic change to the 

utility curve, the interviewee can see this immediately and think again about whether the 

response accurately represents his or her preferences.  During the multi-attribute 

interviews, when the user is answering questions dealing with the relationships between 

attributes, having utility curves displayed might allow them to help evaluate in their 

minds how they actually feel about the different attributes. 

When this idea was presented to the fellow designers, the decision was made to 

withhold the visualization features from the stakeholder, because it might provide too 

much information leading to bias in the responses.   For example, during the latter part of 

a session, a stakeholder might be inclined to provide responses which fit the initially 



defined utility curve, to avoid appearing irrational.  Another possible downfall of the 

visualization feature is the ability of the user to pre-determine a utility curve in their 

mind, and to provide answers which fit this curve.  Based on further tests, one will decide 

whether to offer the visualization capability as an option in future versions of MIST. 

5 6.2 Bracketing .

Every interview generated by this system is designed to find the value at which 

the interviewee is indifferent between the two situations presented.  The decision is 

basically between one option where the probabilities of certain outcomes are fixed, and a 

second situation where the probability of one outcome as opposed to another is varied.  

The interviews are designed so that this varied probability is between 0% and 50% -- a 

probability greater than 50% would result in one outcome always being better for the 

user.   

The method for obtaining successive values is based on the algorithm used in 

DeLeqeue’s thesis [21]. At any given time, there is a known range of probabilities in 

which the indifference point exists.  For example, when an interview question begins, it is 

known that the indifference point is within the range of 0% to 50%.    The software 

module in the MIST system which generates potential indifference points is described in 

the flow chart below: 



  Indi fference    
Point?  

Inputs 
- range of 

uncertainty 
- attribute value 

- user choice 

Outputs  
- indifference 

point 

Outputs  
- new range of 

uncertainty 
- attribute value 

Bracketing 
Software  
Module 

User input 
- user choice 

yes 

no 

Figure 8: Flow chart describing bracketing software module. 
 

Each successive question asks the user for his or her preference at the midpoint of 

this range.  Based on the user’s response, it will be clear whether the indifference point is 

either equal to, above or below the probability in the interview question.   Either the 

interview ends with an indifference point selected, or the range is modified to reflect the 

latest response, and a new question is asked.  Each probability chosen is a multiple of the 

attribute’s probability resolution, which represents the degree to which the customer can 

distinguish between two situations.  This process continues until the stakeholder declares 

a certain probability as the indifference point, or the size of the range is less than the 

resolution.  At this point, the stakeholder is informed that the indifference point will be 

set to the value exactly between the two endpoints of the range.  A modification to this 

bracketing procedure was made for the implementation described in this paper, as 

described in the Test Implementation section. The figure below describes the example 

from the X-TOS project.  The probability resolution for this example was 5%, and instead 

of using the midpoint of the range, values were chosen closer to the endpoints.  Future 

versions will incorporate a more general version of this strategy. 
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Figure 9: The X-TOS bracketing decision tree.  
 

5.6.3 Single Attribute Interview 

The goal of this interview is to build a utility function for each attribute, similar to 

the graph shown in the Output section of this paper.  This function provides the 

mechanism for assessing the utility provided by differing values of the attribute for any 

proposed architecture.  It provides decision makers with knowledge about whether one 

can obtain a significant gain in utility by increasing values at the lower end of the 

attribute range or at the high end of the range.  The utility functions provide both a visual 

notional idea of the nature of the attribute, as well as a concrete input into a concurrent 

engineering simulation model.  A concurrent engineering simulation can use the utility 



function, combined with a module which calculates the values of each of the attributes 

based on the architecture, to assess the utility provided for each attribute in any proposed 

architecture.  This offers the potential to provide real-time feedback to engineers about 

any considered design decision without having to consult the various stakeholders each 

and every time. 

After the attributes are defined and the properties are agreed upon, the system is 

deployed to the stakeholders with whom the attributes were designed.  Depending on the 

nature of the roles involved, a single set of attributes may apply to a single stakeholder or 

a set of stakeholders with similar roles.  The stakeholder begins an interview session with 

the single attribute interview.   

The stakeholder navigates through the single attribute interview, as shown in the 

figure below, for each attribute. The user is provided with two pieces of information: the 

scenario and the definition of the attribute.  The scenario is written to place the question 

in a context meant to emphasize that the specific attribute in the interview is the only 

aspect of the system to be considered at the time.  Thus, a situation is described, such as 

the discovery of a new technology which has the potential to affect the value of the 

attribute, but carries with it some risk of failure.  Identifying the level of risk that the user 

is willing to take is one of the purposes of the single attribute interview.  The definition of 

the attribute is also displayed because often in engineering situations, the specific 

interpretation of a concept varies among different parties. 



 
Figure 10: Single attribute interview form 

 

The interview begins with a random value extracted from the list of values 

generated with the Attribute Property form.  As described in an earlier section, these 

values represent increments along the attribute range at which indifference points are 



desired.  Using this value, two situations are presented to the user.  Each contains a 

certain chance of a favorable outcome, and a certain risk of an unfavorable outcome.  

Taken from multi-attribute utility theory, these questions are designed in the lottery 

equivalent manner [19].  One situation presents a 50% chance of obtaining the attribute 

value for which the indifference point is desired, and a 50% chance of obtaining the worst 

possible value for the attribute, as defined in the Attribute Property form.  The other 

situation represents a certain probability p% that the best possible value will be obtained, 

and the probability (100-p)% that the worst possible values will be obtained.  The value 

of p is varied based on the bracketing principle described above.  Each time the user 

selects an option, the choice is recorded and the next probability in the bracketing 

sequence is displayed.  This continues until an indifference point is reached – either by 

the user selecting the Indifferent button or by the system declaring an indifferent value.  

At this time, the indifference point is recorded, and the system displays the next random 

attribute value for which it desires an indifference point. 

Once all of the indifference points are collected, the system uses the Utility 

Threshold collected by the Attribute Properties form to determine whether new 

indifference points need to be collected.  If any two consecutive indifference points have 

a difference that is greater than the Utility Threshold, the system goes through the 

interview process for the midpoint value between the two indifference points.  This 

process is continued until no two consecutive indifference points have a difference in 

utility which is greater than the Utility Threshold, thus ensuring that the utility curve is 

captured to a desirable level of fidelity.   



When this process is complete, the single attribute utility interview ends and a 

check mark is placed in the appropriate cell on the main page.   The user is returned to the 

Attribute Navigator form, to conduct further interviews for remaining attributes, as 

appropriate.  The following figure describes this process flow: 
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Figure 11: Process for single attribute interview 
 

5.6.4 Corner Point Interview 

The goal of the corner point interview is to determine the relative importance of 

each attribute with respect to the other attributes in the system by finding the “corner 

points” described in the MATE process [19].  This is done for each attribute by 

presenting the stakeholder with a situation similar to the one shown in the figure below.  

The user interface used for the corner point interview is similar to the interface for the 

single attribute interview, except that individual values are replaced with lists that contain 

values for each attribute. 



 
Figure 12: Multi-attribute interview form, used for corner point and random mix 
interviews. 
 



Further, the certainty equivalent method is used, in place of the lottery equivalent 

method [19].  In the certainty equivalent method, the user has a choice between being 

certain of a particular outcome, or having a chance of another outcome.  In the corner 

point interview, the two choices are as shown below: 

Figure 13: User choices in corner point interview 

User 
choices 

Attribute at 
highest value; 
all others at 
lowest value 

All attributes at 
highest values 

All attributes at 
lowest values 

For each attribute, the above situations are created by populating the interview 

form’s ListBoxes with the appropriate data from the attribute.  Then, the bracketing 

module is used as described in the previous section, to find the percentage at which the 

stakeholder is indifferent between the two situations.  At this point, the probability value, 

or “k-value”, is stored with the attribute’s parameter data.  The “k-value” represents the 

relative weight, from 0 to 1, of the specific attribute being interviewed.  A higher 

indifference point in a corner point interview means that the stakeholder was willing to 

give up a chance at a perfect system at a higher probability in exchange for the certainty 

of having a system where only the given attribute is perfect.  The higher this probability, 

the more important the attribute, and thus the higher the k-value. 

5.6.5 Attribute Independence Interview 

After the data are collected, it is important to validate the selected attributes by 

ensuring that they are independent of each other.  This is done by assessing and 

comparing the utility of two architectures, as described in the table below. 



 
 Architecture 1 Architecture 2 

Attribute Intermediate value from att. def. Intermediate value from att. def. 

All Other 
Attributes 

Set to highest possible values Set to lowest possible values 

Figure 14: Two architectures used to compare utility and determine independance 

In each architecture, the value for the attribute being tested is left constant, at a 

value specified by the users in the attribute definition stage early in the process.  The 

difference between the two architectures is that the remaining attributes are all set to the 

highest values in one, and the lowest values in the other.  The stakeholder is asked to 

consider each system’s utility with respect only to the attribute in question.  If the 

attribute is truly independent, the utility of both architectures should be the same. 

5.6.6 Random Mix Interview 

The Random Mix module was developed to provide data to validate the utility 

functions developed by the MIST system.  Users of the system can specify the number of 

random sets to generate.  For each set, the system employs a random number generator 

which selects a value for each attribute along its range, as specified in the attribute 

definition stage.  The resulting random sets, each representing a random architecture in 

the tradespace defined by the stakeholder and designers, are presented to the stakeholder 

as the culminating questions of the interview.  Using the same interface as the corner 

point interview, the system uses the bracketing module to determine the utility of each of 

the random sets.  These utilities are compared to the utilities generated by calculating the 

utility of each architecture with the utility functions.  It is often the case that these utilities 

do not correlate, leading to the conclusion that humans cannot properly comprehend the 



multi-dimensional problem of determining their own utility.  Accordingly, a system such 

as MIST is invaluable in more accurately distilling the stakeholder’s true utility values 

[19]. 

5.7 Output of MIST 

The MIST system produces a set of outputs, which can be used to facilitate the 

knowledge discovery and knowledge dissemination facets described earlier.  The outputs 

described here are for one session of the MIST interview process.  These results are 

provided in a generic format to the users, so that they can be imported into any third-

party application for further processing.  Work has begun on extending the MIST system 

to develop knowledge management tools as described in a later section. 

5. 7. 1 Attri but es a nd I nt ervi ew Report s 

Data in the MIST system are stored with respect to each attribute.  As the 

interview is conducted, the responses are stored in the same spreadsheet which contains 

the attribute’s properties as conceived in the attribute definition stage.  Every choice is 

recorded; however, only the indifference points are used to calculate the utility functions 

and k-values.  At any time, the user can choose to have all indifference points collected 

and stored in a separate table for analysis, as shown below. 



 

Figure 15:  Sample table of outputs for one interview session 

5. 7. 2 Si ngle Attri but e Uti lity F unctions  

The core output for the MIST interview system is the utility functions for each 

attribute.  As described in the MATE process, these utility functions describe the 

changing utility of an architecture as the value of the attribute changes.  When the MIST 

user selects the Generate Reports button, they can generate a utility function for any 

attribute.  The utility functions are represented as curves with each indifference point 

plotted and linear interpolation used to determine the function between indifference 

points.  An example of such a curve is shown below. 



Figure 16: Sample utility curve for single attribute 

5. 7. 3 Mu lt i -Attribut e Uti lity F uncti on 

The final output for the MIST system is the multi-attribute utility function, which 

calculates the utility of an architecture, given values for each of the attributes.  The 

derivation of the actual function is described in the MATE process and shown in the 

equation below.  In this equation, ki and Ui(Xi) represent the k-value and utility function 

of a single attribute, and K is the aggregate scalar calculated as described in the MATE 

process [19].  

 
Figure 17: Multi-attribute utility function 
 



In MIST, code modules carry out each step of the derivation on the fly, as shown 

in the flow chart below.  Basically, once the value of each attribute is known, the utility 

of the system for each attribute can be determined by using linear interpolation between 

the two closest indifference points.  Each attribute’s utility is then multiplied by the k-

value, and then a normalized product is produced; this represents the utility for the 

system with the given set of attribute values.  This function can be used in conjunction 

with the knowledge management tools being developed for future versions, as described 

in a later section of this paper. 
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Figure 18: Multi-attribute utility calculation by software 

5. 7. 4 Desi gn r ati onale a nd hi st or y 

One of the goals of the MIST system, especially taken in conjunction with the 

SSPARCy system, is to provide an efficient interface for capturing the history of 

decisions which are made along the design process.  Many of the decisions made in 

defining the attributes and developing the interview process are crucial design decisions.  

The rationale captured for major design decisions by the Attribute Rationale module, as 



described above, is stored in a spreadsheet form very similar in format and structure to 

the SSPARCy method of storing design history.  This allows the SSPARCy suite of tools 

to be used to process the discussion of attribute definition, thus preserving and improving 

this important phase of knowledge exchange. 



6 Test Implementation 

6.1 Project Description 

The approach described in this paper was tested in the Spring of 2002 as part of 

the SSPARC consortium’s X-TOS project.  The project was conducted with support and 

inputs of members of The Aerospace Corporation and Air Force Research Laboratory.   

In previous years, members of the design team assigned to assess the utility of the 

proposed system conducted manual face-to-face interviews with the customer.  By using 

the prototype software system, the gathering of utility data was accomplished in a much 

faster and more efficient manner.  The role of the scientific customer in the X-TOS 

project was played by Kevin Ray, a member of the Air Force Research Laboratory at 

Hanscom Air Force Base.  The knowledge acquisition process was much smoother, as the 

interview process took one-sixth the time required in previous years.  By having the data 

and questions displayed in a visual manner, it was much easier for the Air Force user to 

translate the notions of utility, contained within his mind, to the concrete data structure of 

the MATE approach. 

The software system also allowed this interview to be conducted without the need 

to have all the interacting parties be present in the same geographical location.  In fact, 

the interview session was conducted in stages, as it fit in with the user’s personal 

schedule, and communication between the user and engineers during the interview was 

made via telephone and electronic mail.  The user was also able to take time off to 

consult with other members of the customer team, since he was working on his own 

schedule and his own location.  The flexibility in terms of both time and location enabled 

higher quality of responses by the user.  In previous projects, the burden of conducting 



the interview led to the utility information being collected from one stakeholder only, and 

that too in a piecemeal manner.  With the implementation of the approach described in 

this paper, the utility data are being collected with a higher fidelity, with more 

stakeholders, and at frequent intervals throughout the design process.   

By increasing the frequency of entry of utility data, and by processing of 

successive streams of data, one can accomplish significant levels of knowledge 

discovery.  This approach has also allowed our design team to engage in knowledge 

management, and knowledge dissemination activities as the utility information became a 

continuous driver for the design process rather than being a simple one-time input into 

the system. 

6.2 Issues Encountered 

After using the system, Kevin Ray observed that the system was very intuitive 

and the interview process was much more understandable.  Our experience with him and 

other test users have led to several design refinements in SSPARCy and MATE, and the 

major issues are mentioned here.   

The largest issue revealed by the implementation was the importance of the 

attribute definition stage, and the need for the SSPARCy and MIST paradigms to be 

better applied to this stage.  The knowledge contained within the discussions leading to 

the final attributes is valuable and should be preserved.  Another change necessitated by 

the X-TOS implementation was the incorporation of an interview override mode, which 

raised the issue of the balance of manual input versus automation required by the system.  

This implementation also underscored the importance of a clearer and networked 

interface, to allow the designers to better communicate with the user before and during 



the process.  As the system evolves, it will incorporate the ability to observe the state of 

the interview over the network.  Finally, a scheduling system would reduce the amount of 

knowledge the user must possess about the process itself, and make the system more 

automated and flexible. 

6.3 Lessons Learned 

The issues raised above all suggest one very important theme: the effectiveness of 

knowledge acquisition is heavily dependent on the nature of the software interface.  In 

designing such a system, it is important to consider the type of knowledge being sought, 

the form in which it exists prior to using the system, and the form in which it is to be 

disseminated.  Much of the knowledge being acquired in this system exists on multiple 

levels.  If users of the system are asked the questions our system is trying to answer, such 

as what the relative importance of an attribute, they might give a certain set of answers.  

However, when the interview questions are framed in the certainty equivalent method 

employed by this system, the user may give answers which are closer to their true 

preferences.  Effectively designing software that can negotiate the boundary between 

these two levels is the goal of this system.   The X-TOS implementation helped 

demonstrate that this goal is not as simple as it may seem.  Future versions of this 

software must ensure that it creates an environment that not only enables communication 

across locations but also elicits knowledge which the users may not even be aware of. 



7 Extending MIST 

The Multi-attribute Interview Software Tool described in this paper reflects the 

initial phase of an effort to build a complete and valuable knowledge-based tool to 

facilitate collaboration and informed design processes.  This initial phase has built the 

core functionality to capture the utility of one stakeholder, at one point in time, and for 

one project.  Each of these dimensions must be extended to enable this knowledge 

acquisition tool to transform into a source of knowledge management and discovery.  As 

the element of time is incorporated into the system, it will be integrated with the 

SSPARCy system to provide a framework for relating utility and expense information to 

the design data and rationale of each project.  Finally, for any of these software modules 

to be effective, the system must include a more user-friendly interface and help 

functionality for all users of the system.  Work has begun in each of these areas and will 

be integrated into the next version of the system.  

7.1 Network Mode 

As one of the main goals of the MIST system is to enable collaboration over 

geographic borders, functionality is being developed to allow the interview to take place 

over a network.  This will reintroduce the possibility of real-time interaction into the 

interview, solving some of the issues described in the test implementation section, 

without requiring the users to travel. 

The network mode has two main roles: observer and user.  The user is the person 

directly interacting with the system, usually the stakeholder taking the interview.  

Observers are interested parties wishing to monitor and provide feedback on the 



discussion surrounding the attribute definition and utility, such as other members of the 

stakeholder’s team, designers, and engineers. 

Stakeholder’s 
team 

Main user 
(Stakeholder) 

Engineers Future 
projects 

Design team 

 

Figure 17: Potential roles for observers. 

This mode is accomplished by building a library of possible actions which could 

take place during the various stages of the interview, and then using this as the basis for 

capturing the flow of the interview.  The library includes a means of representation for 

commands such as opening a form, making a choice, clicking a particular button, etc.  An 

entry in the library has the action, as well as the objects which were acted upon.  When 

the user enables the observation mode, a text file is created and every action performed 

by the user is transcribed using a command from the library.  This effectively creates a 

log file which can be used either in real-time or later in the process to observe the 

progress of the interview.  The log file is made available in a secure manner to the other 

members of the team who wish to observe. 

The observers run in a mode which does not allow user interaction, beyond being 

able to step forward and backwards through the interview.  An observer selects the 

location for the log file, and then watches as the actions taken by the user are “played” on 

their local system.  This allows observers to comment on the choices being made, and 



provide advice on both the interview process and the utility decisions.  Future versions 

will pursue the ability for multiple users to actively interact with the system, as well as 

integrated means of communication such as instant messaging, embedded within the 

MIST system. 

7.2 Multiple Stakeholders 

In order for the MIST system to become an integrated part of the concurrent engineering 

process, functionality must be developed to enable designers to examine the relationships and 

dependencies of each stakeholder’s utility and expense values to the attributes of a system’s 

design.  This would also allow for the discovery of knowledge concerning the optimal attribute 

set that would maximize utility and expense for the entire stakeholder set. 

The figure below demonstrates the main interface to the relationship analysis tool.  This 

facilitates knowledge discovery in two ways.  First, the tool can analyze and calculate utility and 

expense values for each stakeholder of a system design based on a given set of design attributes.  

This is done by using the utility equation as described in an earlier section.  Secondly, by taking 

into account the utility and expense value of a stakeholder to a system design, the tool can 

generate and display all correlating utility and expense values for all stakeholders based on the 

attribute set that is under consideration. 



  

Figure 18: Interface for analyzing multiple stakeholders 

With the relationship analysis tool, the effects of each design decision to system 

attributes can be recorded based on the changes to the utility and expense functions for all 

of the stakeholders in the system.  Relationships between various roles in the design 

process are better explained through their utility and expense data, and future projects 

benefit from knowing how previous members in the same role operated under similar 

conditions. 

Such a system simulates real-time feedback for designers in a concurrent process 

without having to consult every stakeholder with every design change.  With a strong 

knowledge regarding stakeholder dependencies and relations, systems can be designed to 

optimize utility and expense values for all stakeholders involved. 



7.3 Multiple Projects 

Data from multiple spacecraft projects can be analyzed to develop models for 

future spacecraft project direction.  Using data from the entire suite of tools, a complete 

set of design history, rationale and utility can be compiled for each project.  An interface 

is being developed to process data from multiple projects and produce results which help 

determine similarities and differences.  An initial version of the interface is shown below.  

Note that a user can select to compare either specific attributes, or entire projects.  The 

utility curves for the attributes are compared using the least square method, which 

determines how closely the utility of one attribute resembles another.  As a user discovers 

similarities to past projects, he or she can use the design history and lessons learned from 

similar design patterns to make their current design process more efficient. 



 

Figure 19: Interface for analyzing multiple projects 

 



8  Future Research 

With the base functionality developed in each approach, the next step is to 

incorporate "intelligent" functionality to process the knowledge captured by each 

approach.  The ultimate goal is to combine approaches into a single, powerful framework 

for knowledge-based engineering design.  As the extensions described in the previous 

section are developed to provide the functional basis for pursuing these tasks, research 

must be done on effective methods for incorporating emerging methods into this process. 

8.1 Data Mining Techniques 

A major motivation for pursuing this goal is the staged implementation of data 

mining technology to analyze data from multiple perspectives.  One of the major 

knowledge discovery efforts will be to analyze data from multiple design projects, to gain 

better insights into how the ultimate design is related to the set of spatially and 

temporally distributed inputs from the stakeholders.  This would help to formulate the 

strategy for having the system provide “automated” baseline designs that might best 

satisfy a stakeholder's preferences based on past projects and past successes and failures.  

One aspect of this capability is to manage data over multiple stages throughout the design 

process.  As requirements and situations change throughout the design process, it is 

important to capture the changing goals and desires of the stakeholders, and examine 

these data to discover trends in how these changes happen and how the project is affected 

by these changes.   

Another issue to be addressed by data mining techniques is to compare the 

preferences of similar stakeholders.  Relationships between the various roles in the design 



process will be better explained through the preference data, and future projects will 

benefit from knowing how previous members in the same role operated under similar 

conditions.   

8.2 Multimedia 

Another issue for employing these approaches in a virtual design world is the 

need for multimedia forms of input to ease communications over geographic boundaries.  

A text-to-speech engine in the interview system would make the interview process easier 

for those not familiar with the computer interface, as well as provide a human voice to a 

discussion which is usually carried out with humans.  The other component of this is 

voice recognition - once again, this would allow the users to communicate with the 

system in a much more human manner.  The functionality has already been developed to 

allow users from multiple locations to view the status of an interview in real-time.  By 

integrating real-time communication aspects such as chat sessions, audio and video 

conferencing, the interview session could involve a large number of locations.  It would 

then be feasible to involve more stakeholders in the process, because the need for 

geographical proximity is reduced. 



9 Conclusion 

Design environments such as the spacecraft environment are dependant on the 

successful interaction of multiple teams and multiple stakeholders based in various 

locations.  Capturing the needs of every stakeholder in the process, as well as the details 

of the major decisions and rationale, provides a means of enabling knowledge transfer 

between teams without requiring intense interaction.  Such a knowledge-based 

framework can have a tremendous impact on the design process, by providing designers 

with information which saves time, money and effort.  The model presented in this paper 

provides a means for innovating the spacecraft design process by truly exploiting the 

underlying knowledge within a traditional design environment. 
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