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Why decision analysis?

• A number of decision alternatives must be evaluated 
(prioritized).

• The decision maker must perform tradeoffs among a 
number of objectives.

In current practice, we usually deal with a small number of 
objectives, e.g., the minimization of the frequency of an 
undesirable event, the maximization of the reliability of a 
component or system.
If we include attributes such as cost, image, and other 
impacts, the choice of the best decision option is not obvious.

• Several stakeholders may be involved.
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Formal Analysis

• What is important to the decision? (Objectives)
• To what extent are the objectives satisfied?

( Performance Measures; Attributes)
• What is the relative importance of the performance

measures? (Weights)
• How does the decision option rate with respect to each 

of the performance measures? (Utility or Value 
Functions)

• How do I decide? (Decision Rule)
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Value of Formal Analysis

• Provides a systematic way to process large amounts of 
information.

• The decision-making process is explicit and 
communication is enhanced.

• Provides formal rules for quantifying preferences.

• The results should be input to an integrated decision-
making process (deliberation).
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The Analytic-Deliberative Process

• Analysis uses rigorous, replicable methods, evaluated 
under the agreed protocols of an expert community - such 
as those of disciplines in the natural, social, or decision 
sciences, as well as mathematics, logic, and law - to arrive 
at answers to factual questions.

• Deliberation is any formal or informal process for 
communication and collective consideration of issues.

National Research Council, Understanding Risk, 1996.
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Objectives Hierarchy: Environmental Cleanup, 1
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Objectives Hierarchy: Environmental Cleanup, 2
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Objectives Hierarchy: Environmental Cleanup, 3
 

Some stakeholders placed public health & safety under “environment.”



Efficient Prioritization of Infrastructure Renewal Projects 
in MIT’s Department of Facilities

Prioritized List of
Projects

Economic Impact
of the Project

0.233

Coordination with
Policies

Programs &
Operations

0.276

Impact on Health
Safety & the
Environment

0.491

Impact on People
0.295

Impact on the
Environment

0.196

Impact on
Property,

Academic &
Institute

Operations
0.140

Intellectual
Property Damage

0.077

Physical Property
Damage

0.029

Interruption of
Academic
Activities &
Operations

0.034

Interruption Time
0.017

Complexity of
Contingencies

0.017

Impact on Public
Image
0.138

Internal Public
Image
0.055

External Public
Image
0.083

Programs
Affected by the

Project
0.138

Loss of Cost
Savings
0.093
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Constructed Scales

Level Description Value 
4 Extreme interruption (more 

than 6 months) 
1.00 

3 Major interruption 
(1 to 6 months) 

0.57 

2 Moderate interruption 
(1 to 4 weeks) 

0.19 

1 Minor interruption  
(less than 1 week) 

0.06 

0 No interruption 0.00 
 

Interruption of Operations: Interruption Time
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USNRC: Prioritization of
Inspections, Tests, Analyses, and Acceptance Criteria 

(ITAAC)

• Hundreds of ITAACs over the years.

• The ITAACs themselves are not prioritized; rather, the 
value of inspecting an ITAAC so that the NRC’s ability to 
detect a significant flaw is maximized.

• Five Performance Measures are used:
Safety Significance
Propensity of Making Errors
Construction and Testing Experience
Opportunity to Verify by Other Means
Licensee (or applicant) Oversight Attention
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A Constructed Scale

Propensity of Making Errors

High = A high probability of error in the process or activity due 
to inherent difficulties
Medium = Some complexity or difficulty of activity that could 
directly lead to errors
Low = A small probability of error in process or activity as a 
result of its simplicity or the routine-nature of the activity.
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COVERAGE OF TECHNICAL RISK ASSESSMENT

Program Success

Program Technical 
Objectives

Achieve Program 
Critical Functions

Provide 
Program 

Supportability

Objectives 
Hierarchy 

Potential 
Consequences

(Performance 
Measures)  

Model-based 
Analysis of 

Consequences 

Reliability, Availability, and 
Performance Risk Models

Failure to 
Perform 
Function

.….

Failure to 
Support

.….

Stakeholders 
Support Safety

Protect 
Public Health

Protect 
Workforce 

Health

Protect 
Environment

Protect 
Program and 
Public Assets

Local Public 
Death or 

Injury

Astronauts 
Death or 

Injury

Ground Crew/ 
Occupational 

Death or 
Injury

Earth 
Contamination

Planetary 
Contamination

Loss of Flight 
Systems

Loss of 
Ground 

Systems/public 
property

General 
Public Death 

or Injury

System Safety Models (Including Safety Risk Models)
Models to Assess Safety Performance

Realize 
Stakeholders 
Expectations

Loss of 
Public 

Support

Loss of 
Science 

Community 
Support

Stakeholder 
Models

Decision 
Alternative

REQUIRES

Economics and Schedule Models
Models to Assess Life Cycle Cost and 

Schedule Performance 

Meet 
Program 

Schedules

Schedule 
Slippage

Affordability

Meet Program 
Budget 

Constraints

Design & 
Development 
Cost Overrun

Operation 
Cost Overun

NASA Procedural Requirements (NPR: 8715.3A, 2006)
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Decision Rule

• The weights are scaling factors that sum to unity

• They represent trade-offs between PMs.  They can be assessed 
directly or using structured approaches, such as SMART and 
AHP.  The DM has the final approval.
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Deliberation
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Points of Agreement

• Dislike of in-situ vitrification of RAA A.
• Dislike of “no action” alternative F.
• Dislike of RAA E;  do not transport waste to other 

communities.
• Cr is not a primary concern for long-term health, 

consequently, the stakeholders are willing to tradeoff 
more CR left in the ground for less TCE left in the 
ground.
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Final Consensus
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