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Content

1. Baseline values – the main issue
2. Methods on assessing the baseline values and their sensitivity
3. An example of Robust Portfolio Modeling – Bridge maintenance

programming at Finnish Transport Agency
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Baseline values – the basics

• Recap:
• Value function of a project, where 𝑥𝑖0,𝑥𝑖∗ are scaled to be between 0 and 1

𝑣 𝑥𝑗 = ෍𝑤𝑖𝑣𝑖(𝑥𝑖
𝑗)

𝑛

𝑖=0
• Value function of a portfolio

𝑉 𝑧 = 𝑉 𝑧1, … , 𝑧𝑚 = ෍𝑧𝑗𝑣 𝑥𝑗
𝑚

𝑗=0

+ 1 − 𝑧𝑗 𝑣B,

• where 𝑣𝐵 is the value when the project is not selected

• So far we have seen 𝑣𝐵 = 0
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Baseline values – implications of 𝒗𝑩 = 𝟎

𝑣 𝑣𝐵 = 𝑣 𝑥10, … , 𝑥𝑛0 = ෍𝑤𝑖𝑣𝑖(𝑥𝑖0)
𝑛

𝑖=0

= 0 + 0 + … + 0

• The scaling of the values implicitly assumes a baseline of 0, least preferred
performance levels on each attribute

• Least preferred levels justified for not selecting a project?
• Community hospital investments example from last week (NPV, [ratings, …]):

𝑣𝐵 = −150, 0, 15, … , 0
• What if all projects have strictly negative levels on the attributes? Strictly

positive?
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Baseline values – simple example

• Paper by Clemen and Smith (2009) walk through a project
selection example originally by Kleinmuntz (2000) with different
baseline values

08.10.2021
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Baseline values – simple example

• When the baseline is changed to 𝑣𝐵 = 𝑣 $0, Safe, 1 = 0.258 ,
• E and H are replaced by A

• The mutual order of project values does not change, but preference
over portfolios of multiple projects can change

08.10.2021
6



MS-E2191 Graduate Seminar on Operations Research: “Introduction to Portfolio Decision Analysis and Efficiency Analysis”

Baseline values – interpretation of 𝑽(𝒛)

𝑉 𝑧 = ෍𝑧𝑗𝑣 𝑥𝑗
𝑚

𝑗=0

+ 1− 𝑧𝑗 𝑣B = ෍𝑧𝑗 𝑣 𝑥𝑗 − 𝑣𝐵 +
𝑚

𝑗=0

𝑣𝐵

= 𝑚𝑣𝐵 + ෍𝑧𝑗 𝑣 𝑥𝑗 − 𝑣𝐵
𝑚

𝑗=0

• The value of implementing a project is its value increase over not
implementing it
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1. Baseline values – the main issue
2. Methods on assessing the baseline values and their

sensitivity
3. An example of Robust Portfolio Modeling – Bridge maintenance

programming at Finnish Transport Agency
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Baseline values – what to do?

• What are the proposed projects? Is there a natural baseline?
• Pre-screening, selecting projects that are at least satisfactory

• Ask the DM, a project they are indifferent between implementing
and not implementing

• Comparing alternatives -> incomplete information (1 dimensional)
-> inequalities of the ‘real’ baseline value

• Sensitivity analysis of the baseline value in its feasible set
• Potentially optimal portfolios and their optimality ranges
• Projects’ value-to-cost rankings

08.10.2021
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Baseline specification – elicitation

• Methodology presented here follows the paper by Liesiö and
Punkka (2014)

• Starting point is to ask if 𝑥0 would be implemented
• Presenting a list of alternatives each dominating the previous one

to limit the 𝑣𝐵 range
• Is there a project that the DM would implement, but wouldn’t

implement the next one?
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Baseline specification – elicitation

08.10.2021
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• 𝑣 $0, Safe, 1 > 𝑣 $0, Probable, 1 > 𝑣 −$13,750; Uncertain, 1
• If the DM would only implement the first project
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Baseline specification – elicitation

• If 𝑣𝐵 < 𝑣 𝑥0 = 0, each project is worth implementing, but at a
portfolio level, which ones to select?

• Example, for a budget of 5 units
• 𝑣𝐵 < 0
• 𝑣 𝑥𝑗 = 0  for all 𝑗 ∈ 1, 2, 3
• 𝑐1 = 2, 𝑐2 = 3, 𝑐3 = 5

• Remember:
• 𝑉(𝑧) = 𝑚𝑣𝐵 + ∑ 𝑧𝑗 𝑣 𝑥𝑗 − 𝑣𝐵𝑚

𝑗=0

• How to elicit negative 𝑣𝐵?

08.10.2021
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Baseline specification – elicitation

• Example,
• 𝑚 = 5
• 𝑥0 = $1000, Uncertain, 3 , 𝑥∗ = $6000, Safe, 5

• 1: DM prefers a portfolio (𝑥0,𝑥0)  ≻   (𝑥∗)
• 2: DM prefers a portfolio (𝑥∗,𝑥∗)  ≻   (𝑥0,𝑥0,𝑥0)

𝑉 𝑧 = 𝑚𝑣𝐵 + ෍𝑧𝑗 𝑣 𝑥𝑗 − 𝑣𝐵
𝑚

𝑗=0

• (whiteboard)

08.10.2021
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Baseline specification – elicitation

• Works generally
• P1: 𝑘 times projects with attribute levels 𝑥0

• P2: 𝑘 − 1 times projects with attribute levels 𝑥∗

• Find 𝑘′ that the DM prefers
• P1 when 𝑘 = 𝑘′
• P2 when 𝑘 = 𝑘′ + 1
• -> 𝑣𝐵 ∈ [−𝑘′, 𝑘′ + 1]

• Previous example, 𝑘′ = 2
• Comparison of any two portfolios with unequal number of projects

can be used to elicit constraints on 𝑣𝐵

08.10.2021
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Baseline specification – where to?

• So far, elicitation
• Incomplete information in 1D

• How to investigate the change of optimal portfolio as the 𝑣𝐵 ∈
(−∞, 1] changes?

• 𝑉(𝑧, 𝑣𝐵)

• Incomplete weight information from last week

08.10.2021
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Potentially optimal portfolios

• A portfolio is potentially optimal, if for some feasible baseline value
𝑣𝐵 its value is at least as good as the value of any of the other
portfolios

• A portfolio can either be optimal for a single 𝑣𝐵 or an interval 𝑣𝐵 ∈
[𝑑,𝑑]

• Optimality range
𝑑,𝑑 = 𝑣𝐵 ∈ −∞, 1 𝑧 ∈ argmax𝑧′∈𝑍𝐹𝑉 𝑧′, 𝑣𝐵
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Potentially optimal portfolios

08.10.2021
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• Liesiö and Punkka (2014)
present an algorithm to find all
the potentially optimal portfolios
and optimality ranges
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Potentially optimal portfolios

• The size of the potentially optimal
portfolio determines its relative
location of its optimality range

08.10.2021
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Projects’ value-to-cost ratios

• 𝑉𝐶𝑅𝑗 = 𝑣 𝑥𝑗

𝑐𝑗

• Implicit assumption of 𝑣𝐵 = 0
• Intuition: efficiency of used resources

• 𝑉𝐶𝑅𝑗 𝑣𝐵 = max 𝑣 𝑥𝑗 −𝑣𝐵

𝑐𝑗
, 0

• Intuition: efficiency of gained value
• Works as a project prioritization rule for budgets that are not fixed
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Projects’ value-to-cost ratios

08.10.2021
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• VCR is consistent with
dominance

• At least as good for
all, strictly better for
some

• B has the third largest
value after C and D is
the least expensive

• Ranking of the projects?
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Projects’ value-to-cost rankings
• Liesiö and Punkka (2014)

present an algorithm to
compute the VCR rankings

08.10.2021
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Recap: Sensitivity analysis

• Potential optimality and VCR provide insight on the changing
optimal portfolios over different baseline values

• Help in elicitation
• No need for search patterns
• For instance, whether a project(s) corresponding to a ‘critical’ 𝑣𝐵 is

worth implementing
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Content

1. Baseline values – the main issue
2. Methods on assessing the baseline values and their sensitivity
3. An example of Robust Portfolio Modeling – Bridge

maintenance programming at Finnish Transport Agency
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Application of Robust Portfolio Modeling –
bridge repair selection (FTA)
• Road bridges:

• Different profiles, different states in the life cycle
• Repair prioritization required
• Objectives: minimize maintenance costs, maximize safety
• What bridges should be selected for repair, given a (yearly) budget?

• Planning horizon of three years
• Bridge inspections not necessarily up-to-date
• Flexibility in decision timings, not now-or-never

• Repeated application

08.10.2021
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RPM application – Attributes

08.10.2021
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RPM application – Model

𝑉 𝑝,𝑤, 𝑣 = ෍𝑧𝑗 𝑝 ෍𝑤𝑖𝑣𝑖
𝑗

𝑛

𝑖=1

𝑚

𝑗=1

• Incomplete information of the attribute weights
• Sum of damages ≥ traffic, functional deficiencies ≥ exposure to

salt, visual appearance ≥ 0,02
• 𝑣𝐵 = 0 !

• Check with the DM, does 𝑥0 require maintenance?
• Core Index, share of non-dominated portfolios containing a project

08.10.2021
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RPM application – Costs and constraints

• Planning horizon of three years
• Different districts
• Constraints:

• Budget (total)
• Maximum number of bridges (district)
• Minimum damage point sum reduction (total)

• Unit maintenance cost measure €/m2 by the deck area depending
on type, material and condition

• Correlations: size -> traffic -> damage -> cost

08.10.2021
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RPM application – Results

• Different relative size budgets, different Core Index ratios

08.10.2021
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RPM application – Results

• Core bridges have high wear
profiles

• Borderline bridges more
difficult to evaluate without
such a model

• Cost and size budgets:
• Fewer large bridges, but

portfolios of only smaller
bridges infeasible

08.10.2021
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RPM application – Results
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Summary

• Baseline values should be considered in portfolio modelling
applications

• Potential optimality and value-to-cost rankings provide insight on
the result sensitivity

• Core Indexes of the non-dominated alternatives can be used to
provide decision recommendations under incomplete information
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Homework – Potential optimal alternatives,
an iterative approach
• Consider the project selection example of the presentation with slight

changes to the attribute values
• The value functions are linear for each of the attributes (compare to slide 5 if

uncertain)
• Budget for days: 2500

08.10.2021
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Probable 2 850
Uncertain 3 450

• Note that the attribute Fit it is now 1-4, which
affects the scaling

max. ෍ 𝑧𝑗 𝑣𝑗 − 𝑣𝐵 + 𝑣𝐵
𝑗∈{𝐴,𝐵,…𝐻}

s. t. ෍ 𝑐𝑗𝑧𝑗 ≤ 2500
𝑗∈{𝐴,𝐵,…𝐻}

𝑧 ∈ {0, 1}
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Homework – Potential optimal alternatives,
an iterative approach
• What happens now when 𝑣𝐵 ∈ −1, 1 ? Small example like this can be iterated by

testing out “all” of the baseline values (e.g. for vB = -1:0.01:1: …)
• Task 1: Solve the problem, using e.g. Matlab/Julia(/Excel)
• Task 2: comment briefly on the changes, e.g., how is 𝑣𝐵 range affected and what

projects are now preferred (compare slide 17)

08.10.2021
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Probable 2 850
Uncertain 3 450

• The goal is to underline the relation between
scaling and 𝑣𝐵, and to practice optimization

• Submit the results to tommi.anttila@aalto.fi due
15.10. 9:00

• Use headline “MS-E2191 hw7”
• If you end up completely stuck, ask me on

Telegram @tommila or by mail


