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Agenda

• Additive-linear portfolio value function - recap

• Application 1 - Healthcare capital

• Application 2 - Army bases
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Application 1
Healthcare capital
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Community Hospital - Investments

• How to get the most bang for the buck?
• Financial returns are not enough to assess the whole

situation in many settings
• E.g. healthcare, national defence, environment etc.

• 8 step decision process
• Helps to prevent bias
• Creates transparency and explainability
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8 step decision process

1. Establish evaluation criteria
2. Classify proposals
3. Ensure that proposals are complete and easy to understand
4. Determine costs of proposals
5. Rate proposals with respect to each criterion
6. Set strategic priority weights for each criterion
7. Calculate weighted value scores for each proposal
8. Rank proposals by benefit-cost ratios
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Direct assessment of attribute values

• 12 evaluators assessed each proposal w.r.t. each criterion and
assigned a value between 0 and 100 to them

• These assessments were averaged into the values shown in the
table
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Source: Strategic Approach to Allocating Capital in Healthcare Organizations, Kleinmuntz and Kleinmuntz
(1999)
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Direct assessment of priority weights

• The CEO of the hospital assigned priority values between 0 and
100 for each criterion based on his/her strategic views

• The priority values were then scaled to sum up to 100% as priority
weights
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Source: Strategic Approach to Allocating Capital in Healthcare Organizations, Kleinmuntz and Kleinmuntz
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Calculating the value scores for
proposals
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Attributes onto a scale of [0,1]
Linear interpolation

Source: Strategic Approach to Allocating Capital in Healthcare Organizations, Kleinmuntz and Kleinmuntz
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Benefit-cost ratios and optimal portfolio

• Benefit-cost ratios =
”Bang for the buck”

• Final decisions easily obtained by solving a simple optimization
problem
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Source: Strategic Approach to Allocating Capital in Healthcare Organizations, Kleinmuntz and Kleinmuntz
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8 step decision process

1. Establish evaluation criteria
2. (Classify proposals)
3. Ensure that proposals are complete and easy to understand
4. Determine costs of proposals
5. Rate proposals with respect to each criterion
6. Set strategic priority weights for each criterion
7. Calculate weighted value scores for each proposal
8. Rank proposals by benefit-cost ratios
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Application 2
Army bases
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Army base realignment and closure

• Too much capacity - must get rid of some

• Dealing with interacting attributes
• Elicitations of weights using the ”Swing Weight Matrix”
• Sensitivity analysis
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Multiple dimension attribute
assessment
• What to do when the criteria ”interact” with each other?

• That is, when the additiveness does not hold inside the projects

• One way is to combine the interacting criteria into one
multidimensional attribute in some way
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Constructing a multidimensional
attribute

• First, the 2-dim space is binned
with regards to both dimensions
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• Second, the bins are assigned
corresponding values

• First pass compares increments
between adjacent cells

• Second pass assesses relative
pairwise incrementsSource: Use of Decision Analysis in the Army Base Realignment and Closure 2005,

Ewing et al.
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Eliciting the weights with ”Swing
Weight Matrix”

• Explicitly defines
• Importance
• Variance

• Steps
• Determine dims
• Place the criteria
• Assess the weights
• Normalize the

weights

1st October 2021
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Source: Use of Decision Analysis in the Army Base Realignment and Closure 2005,
Ewing et al.
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Model formulation

Indices:
𝑗 = 𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛
c = 𝑎𝑟𝑚𝑦 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡

Parameters:
𝑣𝑗 = 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝑗
𝑔𝑗𝑐 = 𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝑗´𝑠 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑓𝑜𝑟 𝑎𝑟𝑚𝑦 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 𝑐
𝐾𝑐 = 𝑎𝑟𝑚𝑦 𝑐𝑎𝑝𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑓𝑜𝑟 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 𝑐
𝑁𝑚𝑖𝑛 = 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛𝑠 𝑡ℎ𝑎𝑡 𝑠𝑎𝑡𝑖𝑠𝑓𝑦

𝑎𝑟𝑚𝑦 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 𝑐
Decision variables:

𝑥𝑗 = 1, 𝑖𝑓 𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑡𝑖𝑜𝑛 𝑗 𝑖𝑠 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑑 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑜𝑟𝑡𝑓𝑜𝑙𝑖𝑜
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
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Sensitivity analysis

One single optimal solution is not necessarily enough for the
senior DMs. Prepare for questions!

In this case study:
1. How the number of installations affects the selection?
2. How changing the binding constraints affects the selection?
3. How the number of installations affects the final value?
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Number of installations on selection

Which installations stay and which move in and out?
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Source: Use of Decision Analysis in the Army Base Realignment and Closure 2005,
Ewing et al.
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Binding constraints on selection

If the binding constraints are changed in some way, which
installations leave or enter the portfolio?
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Source: Use of Decision Analysis in the Army Base Realignment and Closure 2005,
Ewing et al.
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Number of installations on final value

How does the final value change if the number of installations
was increased?
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Source: Use of Decision Analysis in the Army Base Realignment and Closure 2005,
Ewing et al.
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Take-home messages

• The importance of good evaluation criteria

• Effective co-operation and communication

• Transparency and explainability
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Homework
• Task 1

• Come up with a simple decision making problem where you are faced with interacting attributes.
Solve the situation by converting them into a single multidimensional attribute. (Slide 22)

• Task 2
• Describe shortly the steps one needs to make while forming a Swing Weight Matrix. Explain

concisely why the Swing Weight Matrix is highly explainable? (Slide 23)

• Submission and possible questions
• Email answers to konsta.holopainen(at)aalto.fi, with subject “OR-seminar HW4”
• If you have any questions regarding the homework, feel free to contact me via email or Telegram

@Jarrupoljin
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