Report Describing Changes to the Space Station PRA Quantification

Report Status

Although it was initially planned to apply the methodology developed to the Space Station PRA, it was found that this was not possible since Space Station data was not available to the research team.  Our team thus started work on alternative quantification approaches and examples. In particular we decided to explore Expert Opinion Elicitation as a means to gather the data required for quantification. Our efforts during the period from March 31, 2002 to June 30, 2002 covered the development of an expert opinion elicitation questionnaire (see Appendix A).

Appendix A. Final Expert Opinion Elicitation Questionnaire

Expert Judgment

Questionnaire

The following document contains the list of questions we would like answered. The first section of the questionnaire is devoted to the elicitation of P1, the second part to the elicitation of P3 and the last section is devoted to P4. In each case, we first elicit the factors that influence Pi then the causal network, then finally the probabilities. If at any point in this elicitation you believe you are not qualified to answer, do not hesitate to leave the relevant portion of the questionnaire blank. Also, if you need clarification do not hesitate to contact us at the following address:

Ming Li

Phone: (301) 405-6640

Fax: (301) 314-9601

Email: mli@wam.umd.edu
Question 1. Information Required for the Determination of P1 (Failure Of the Software Itself)

Question 1.a. Please provide a list of factors that impact P1 in Table 1.a

Table 1.a. Factors that impact P1 

	Factor ID
	Factor Name
	Description
	Relative Importance


	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Question 1.b. Please graphically describe the (causal) relationships among factors listed in Table 1.a. and P1 using diagram D1 (see below). This diagram should be similar in structure to a BBN and it should show how the factors impact, influence or cause P1. When constructing the diagram we recommend that you build a “deep” structure (multiple levels) (see Figure 1.b) rather than a very “flat” structure (see Figure 1.a). This will reduce the size of the NPT tables. 

Diagrams can be hand drawn and faxed back.
Figure 1.a. A “flat” BBN structure
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Figure 1.b. A “deep” BBN structure 
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Diagram D1

Question 1.c. Please provide the probabilities of the factors and the conditional probabilities of the intermediate nodes and P1 using three discrete levels for each node (High, Medium, and Low) in Table 1s. At the end of this questionnaire, you can find template tables that can be used to answer this question. 

Table 1s. Probabilities of the factors and conditional Probabilities of the intermediate nodes and P1 

Question 2. Information Required for the Determination of P3 (Software Input Failure).

Question 2.a. Please provide a list of factors that impact P3 in Table 2.a. 

Table 2.a. Factors that impact P3 

	Factor ID
	Factor Name
	Description
	Relative Importance


	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Question 2.b. Please graphically describe the relationships among factors listed in Table 2.a. and P3 using the following diagram D2 which should be similar in structure to a BBN and it should show how these factors impact, influence or cause P3. When constructing the diagram we recommend that you build a “deep” structure (multiple levels) (see Figure 2.b) rather than a very “flat” structure (see Figure 2.a). This will reduce the size of the NPT tables. 

Diagrams can be hand drawn and faxed back.
Figure 2.a. A “flat” BBN structure
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Figure 2.b. A “deep” BBN structure 
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Diagram D2

Question 2.c. Please provide the probabilities of the factors and conditional probabilities of intermediate nodes and P3 using three discrete levels for each node of High, Medium, and Low in Table 2s. At the end of the questionnaire, you can find template tables that can be used to fill in this section of the questionnaire. 
Table 2s. Probabilities of the factors and conditional Probabilities of the intermediate nodes and P3

Question 3. Information Required for the Determination of P4 (Software Output Failure)

Question 3.a. Please provide a list of factors that impact P4 in Table 3.a. 

Table 3.a. Factors that impact P4 

	Factor ID
	Factor Name
	Description
	Relative Importance


	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Question 3.b. Please graphically describe the (causal) relationships among factors listed in Table 3.a and P4 using diagram D3 (see below). This diagram should be similar in structure to a BBN and it should show how the factors impact, influence or cause P4. When constructing the diagram we recommend that you build a “deep” structure (multiple levels) (see Figure 3.b) rather than a very “flat” structure (see Figure 3.a). This will reduce the size of the NPT tables. 

Diagrams can be hand drawn and faxed back.
Figure 3.a. A “flat” BBN structure
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Figure 3.b. A “deep” BBN structure 
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Diagram D3

Question 3.c. Please provide the probabilities of the factors and conditional probabilities of intermediate nodes and P4 using three discrete levels for each node of High, Medium, and Low in Table 3s. At the end of the questionnaire, you can find template tables that can be used to fill in this section of the questionnaire. 
Table 3s. Probabilities of the factors and conditional Probabilities of the intermediate nodes and P4 

Template Tables of NPT

Example 1. Two Factors and one Intermediate  Node
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Table 1.  Probability of Factors A, B

	
	High
	Medium
	Low

	A
	
	
	

	B
	
	
	


Table 2 Conditional Probability of Intermediate Node C

	A
	High
	Medium
	Low

	B
	High
	Medium
	Low
	High
	Medium
	Low
	High
	Medium
	Low

	C
	High
	
	
	
	
	
	
	
	
	

	
	Medium
	
	
	
	
	
	
	
	
	

	
	Low
	
	
	
	
	
	
	
	
	


Example 2. Three Factors and one Intermediate  Node
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Table 3.  Probability of Factors A, B, C

	
	High
	Medium
	Low

	A
	
	
	

	B
	
	
	

	C
	
	
	


Table 4. Conditional Probability of Intermediate Node D

	A
	High
	Medium
	Low

	B
	High
	Medium
	Low
	High
	Medium
	Low
	High
	Medium
	Low

	C
	H
	M
	L
	H
	M
	L
	H
	M
	L
	H
	M
	L
	H
	M
	L
	H
	M
	L
	H
	M
	L
	H
	M
	L
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	M
	L

	D
	High
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� "Relative importance” takes values between 1 and 10. The value 10 stands for the most important factor and 1 stands for the least important.


� “Relative importance”  takes values from 1 to 10. The value 10 stands for the most important factor and 1 stands for the least important.


� “Relative importance”  takes values between 1 and 10. The value 10 stands for the most important factor and 1 stands for the least important.
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