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A formal decision-analysis methodology was applied to aid 

the Department of Energy (DOE) in decidmg which of several 

gas transfer system (GTS) options should be selected. The 

decision objectives for this case study, i.e., risk and cost, were 

directly derived from the DOE guidelines. Influence diagrams 

were used to define the structure of the decision problem and 

clearly delineate the flow of information. A set of performance 

matrices were used in conjunction with the influence diagrams 

to assess and evaluate the degree to which the objectives of the 

case study were met. These performance measures were 

extracted from technical models, design and operating data, and 

professional judgments. The results were aggregated to 

provide an overall evaluation of the different design options of 

the gas transfer system. Consequently, the results of this 

analysis were used as an aid to DOE to select a viable GTS 

option. 

INTRODUCTION 

In Spring of 1993, the Department of Energy was faced with 

a critical design decision on GTS options. Urgent input and 

recommendations were sought to find alternative options to gas 

transfer system design to reduce the cost associated with its 

development and maintenance, and at the same time maintain 

or improve the reliability of the defense systems that were 

based on it. To this end, a comprehensive analysis of different 

gas transfer system designs was perfonned by Los Alamos 

National Laboratory (LANL) and Sandia National Laboratories 

(SNL.), in conjunction with the University of New Mexico. The 

objective of this study was to conduct an impartial technical 

assessment of different GTS designs and provide a set of 

recommendations to DOE. In the initial stage of analysis, four 



GTS design options were selected for M e r  analysis from a 

pool candidate systems. In the next stage, comprehensive, 

defensible, and interpretable assessments were conducted to 

provide decision- and policy-makers with the options and 

tradeoffs of the four systems [Garcia, 941. The vast amount of 

issue and facts relating to gas transfer systems dictated the 

assessment be pedormed that incorporated all of the relevant 

tradeoff and attempted to quantify risks associated with the 

options. One additional constraint facing the study team, was a 

the six-week duration. 
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influence diagrams would have required detailed analysis of the 

available data and was not possible within the allotted time. 

Therefore, to quantify the decision alternatives, a simplified 

approach called Performance Matrices was used. This method 

is a variation of the Quality Functional Deployment (QFD) and 

allowed to gather unbiased cost and risk data, perform system 

assessment and sensitivity analysis, and incorporated risk and 

cost information into the decision options in a relative short 

time [Sullivan, 88; Hunter and Van Landingham, 941. 

IDENTIFICATION OF DOE OBJECTIVES 
Two fundamental objectives set the framework for the 

project: improving or maintaining the current level of gas 

transfer system performance and reducing the burden on the 

national economy. To this end, the influence diagram 

methodology was used to develop the structure of the decision 

problem and enunciate the flow of information which was 

collected from DOE and its contractors. Once the structure of 

The gas transfer study had to meet two fundamental 

objectives of maintaining or improving the system performance 

(risk) and, at the same time, reducing the burden on the 

national economy (cost). The second objective was driven by 

cost associated with the production and maintenance of various 

weapon systems. It was also strongly af€ected by the perception 

that there are redundancies among available design options for 
the decision problem was defined, an ad hoc method, 

risWperformance matrix was utilized to quantify and rank 

them. 

Although influence diagrams could have helped in 

evaluating the utility of each of the GTS decision options, this 

feature was not utilized due to the lack of time. The use of 

the gas transfer systems; the elimination of any of these 

redundancies could result in substantial savings in the defense 

spending. With these objectives, the four GTS option were 

analyzed and the results were presented to DOE which made 

the final decision. The conceptual structure of the decision 

problem is shown in Figure 1. 
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FIGURE 1: OBJECTIVES THAT DIRECTLY INFLUENCES THE DOE GTS POLICY. 

INFLUENCE DIAGRAMS 

The thrust of influence diagrams is to represent i 

qualitative structure of the Bayesian model of decision under 

uncertainty. In the form of a directed acyclic graph, the 

collection of nodes, arcs, and probability assignments to the 

nodes in the graph represents the knowledge of the individual 

about the decision problem being analyzed. The nodes in the 

diagram represent the variables in the decision problem. 

Chance nodes represent random variables or uncertain 

quantities. A decision node stands for the collection of actions 

available at a particular time in the decision making process; 

the decision-maker must choose one course of action from this 

collection at that time. The last type of node is the value or 

utility node of the diagram. This node represents the value or 

utility function, such as cost-benefit-risk, associated with the 

decision problem [Howard, 901. 

Arcs connect the nodes of an influence diagram. Arcs carry 

most of the structure and analytic power for decision problems. 

Two types of arc, Informational and conditional, appear in an 

influence diagram. Taken together, the arcs show the flow of 

information and uncertainty through the decision-making 

process. Informational arcs are attached to decision nodes 

while arcs that either go into or come out of chance nodes are 

said to be conditional arcs. Value node has only incident arcs 

because it is the terminal node of the influence diagram. The 

information arcs going into a decision node show what must be 

known at the time of the decision. 

If the influence diagram is used for ranking of the decision 

options, uncertainty analysis, or sensitivity analysis, each node 
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contains a tensor of probabilities conditioned on the states of 

the parent nodes; this tensor quantifies the relationship 

between a node and its predecessors. The assignment of 

probability distributions is also a declaration of the lack of 

complete knowledge about each node and these probabilities 

are also subject to change with the anival of new information 

CHOward, 19901. 

RISIUPERFORMANCE MATRIX 

The risk/Mormance matrix is patterned after Quality 

Function Deployment (QFD) method [Sullivan, 881. It is 

primarily an engineering process to translate the customer’s 

needs first into product specifications and eventually into 

engineering and manufacturing specifications. The QFD 

process is guided by a matrix that relates a list of attributes that 

identify the customer requirements to product requirements 

which satisfy those needs. The matrix is also called QFD 

house of quality [Hunter and Van Landingham, 941. 

The list of attributes in the product, as desired by the 

customer are ranked according to their importance as perceived 

by the customer. The list of design attributes are also listed. 

The cells of the matrix represent the relationship between the 

product attributes as desired by the customer and the list of 

engineering capabilities. This relationship is expressed 

symbolically expressing their strengths, i.e., strong, medium, or 
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weak. An empty cell implies no relationship. Using this 

ranking system, different design options may be evaluated 

either qualitatively or quantitatively while operating within the 

bounds of customer needs and engineering limitations and 

design constraints. 

The QFD methodology is mainly used in the design stage of 

product development. For the purpose of the GTS study, the 

QFD matrix was modified to compare technological risk to the 

expected performance of the different options. This modified 

version of QFD matrix was called risk/pexformance matrix; the 

rows and columns of the matrix represented these two 

attributes. The possible values for each attribute were selected 

and included in the matrix after carem evaluation and 

considerable debate among the participating experts. 

DISCUSSION OF RESULTS 

All factors that a a t e d  the cost of each GTS option and 

thus could have a significant impact on the national economy 

were included in the influence diagram, as shown in Figure 2. 

These factors included research and production costs, social 

and political implications, health and safety effects, and 

environmental impact. Due to short duration of the project, 

however, only the factors that were readily quantifiable, i.e., 

research and production costs, were analyzed. 
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Those factors that could affect the performance of the gas 

transfer systems were also identified and listed in the diagrams 

for risk associated with each GTS option, as shown in Figure 3. 

The gas transfer system performance risk must be minimal. 

This objective is a m m e  of the risk for a GTS to meet 

weapon hctional requirement and is evaluated with respect to 

the ability of the GTS to meet weapon requirements in terms of 

quality, quantity, and timing. The production and delivery 

schedule risk must also be minimized . This is a measure of the 

risk for a GTS to meet delivey requirements based on 

development, technology transfer, and production. The 

strategic raw materials that are required to produce the gas 

transfer system must be in abundant supply and, preferably, 

available from local sources. The logistical burden to the 

client, the Department of Defense (DoD), must also be 

IIuI11IILIzed. This is a measure of burden to DoD required to . .  . 

replace the reservoirs. Another factor that is considered but not 

anal@ is the dependency on foreign technology which must 

be either eliminated or minimized. This node is shaded in 

Figure 3. 

These nodes were supported by other influence diagrams 

that are not shown here. The next step in analyzing GTS 

options was to translate the influence diagram structure into 

attributes and corresponding measurement scales that would 

relate descriptions of criteria impact levels to quantitative 
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because it required detailed information for each node which 

was not possible to obtain in the short time of the project. 

Therefore, influence diagrams were used a front end to 

performance matrices which were used to develop a subjective 

data base on risk and performance information. 

The performance matrix scores were obtained from two 

sour-, if the values were documented and available for use, 

they were used, in situations where lack of data prevailed, 

weapon design experts from DOE, SNL, and LANL were 

interviewed and their opinions were elicited. The overall 

objective of minimization of cost did not play any role in the 

development and evaluation of the performance matrix. Once 

the costs were calculated for each of the four GTS options, they 

were simply listed alongside of the appropriate option. 

CONCLUSIONS 

To effectively and quickly address the challenge that DOE 

was facing, influence diagrams were used to clearly define the 

structure and flow of information in this important decision 

problem. Due to the limited time, however, it was not feasible 

to obtain probability statements and other support data to 

quantify these diagrams. Therefore, a simplified approach, 

based on the quality functional deployment (QFD) was used to 

rank the different options and arrive at a recommendation for 

DOE. 

scores. The use of influence diagram was no longer viable, 
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The use influence diagram of the GTS decision-making 

problem provided a straightforward visual representation of 

flow of information and an effective means of communication 

with the DOE decision-makers. It proved to be intuitively 

appealing because its structure corresponded more closely to 

the way the experk described the decision process of 

evaluating the four GTS options. The influence diagrams also 

proved invaluable in presenting the results to DOE as a 

systematic and tractable mechanism for description and 

evaluation of the four different GTS options. 
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FIGURE 2: FACTORS THAT INFLUENCE THE COST OF GTS OPTIONS. SHADED NODES WERE NOT ANALYZED. 
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FIGURE 3: OBJECTIVES THAT COULD AFFECT THE GTS PERFORMANCE. SHADED NODE WAS NOT ANALYZED. 

7 


