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Outline

1. Motivate the development of the RPM methodology
2. RPM methodology

= |Incomplete information on weights and project-specific scores
= Non-dominated portfolios
= Robust project selection

3. Extended RPM

. Project interdependencies
. Incomplete cost information
. Variable budget level

. Benefit-cost analysis

4. The dynamic programming algorithm
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Motivation for the method

» Eliciting preference information is difficult

 We need ways to deal with incomplete preference information in a
simple and transparent way

* Preference Programming accomodates incomplete information in
multi-criteria weighting models but is not directly applicable to
portfolio selection
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Motivation for the method

» Preference Programming allows for incomplete information by set
Inclusion which can be used in portfolio selection as well

 We define a set of feasible weights and scores
* No clear optimal choice in the portfolios Pr due to uncertainty

 Non-dominated portfolios are the interesting ones

 Enumerating the non-dominated portfolios is intractable
 The number of possible portfolios with m projects is 2™
« The RPM dynamic programming algorithm can find them!
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Example problem

» 40 feature development projects (features)
3 customer sections with different value scores for each feature

* Incomplete information on values and weights

» Value score intervals
e Customer 1 more important than customer 2

« Costs ¢; and budget R

Name Customer 1 (v]) Customer 2 (v3) Customer 3 (v}) | Cost (c;)
Feature A7 25, 28] [22, 26] [45, 52] 10
Feature A8 (10, 20] (50, 60] 20, 30] 30
Feature A9 33, 40] [23, 25] 0 60
,, Aalto University
A School of Science 08.10.2021
5

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



A”

Aalto University
School of Science

Robust Portfolio Modeling method

The document can be stored and made available to the public on the open internet pages of Aalto University. All other rights are reserved.




Outline of RPM methodology

Define feasible set of portfolios with incomplete information
Compute non-dominated portfolios (algorithm)

ldentify robust projects and need for additional information
Narrow down your set of non-dominated portfolios

(Repeat 3 and 4 until satisfied)

5. Use decision rules and possible other intuitions to make final
portfolio selection

W
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Feasible portfolios

The goal to maximise overall value over feasible portfolios

V , L <}%7 e 0’1 m
;251;; (p,w,v) = max{ZzJZwv chz_,_ z € { }}

=]

We value the portfolios with an additive value function

Vip,w,v) = Z Vi(a?) = Z sz

xJEp riep =1
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Feasible portfolios

The goal to maximise overall value over feasible portfolios

max V (p, w, v) —mdx{y’zjy‘wv
™S

m

ZCij < R, S {O, 1}77‘1,}

i=1

pePp ol

We value the portfolios with an additive value function

Vip,w,v) = ZV(JEj) = Zsz

.’L‘jEp zJ ep 1=1

,, Aalto University
School of Science 08.10.2021

9

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



Incomplete preference information

Instead of having exact weights w; and scores ”i] , we have

« Set of feasible weights
5., = {'w eR" sz =1, Aw < B“’}

» Set of feasible scores

S, = {’U c R™™

v € [2?»?731}

These form the information set.

S = Sw X SU
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Incomplete preference information

Instead of having exact weights w; and scores vij , we have
« Set of feasible weights Wy > 1w

Sw = {’UJ e R" sz = 1’ A%w < Bw}

» Set of feasible scores

S, = {’U c R™™

v € [2?»?731}

These form the information set.

S = Sw X SU
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Incomplete preference information

Instead of having exact weights w; and scores ”i] , we have

« Set of feasible weights
Zwi =1, A%w < B“’}
e nave

Doy = {'w e R"
o Set of feasible scores Meanm%;“mamoes
«— wos®
o 0
S, = {v e R} ,vf]} :

’Uzj € [v, 7

These form the information set.

S = Sw X Sv
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Dominance

A portfolio p dominates portfolio p" with regard to information set S if

Vip,w,v) > V(p',w,v) forall (w,v) €S and
Vip,w,v) > V(p,w,v) forsome (w,v) €S

Meaning:
min Zw,(ZU — Z )
WE Sy
/ xlep wep
max Zw,(ZU Z’)
wWE Sy
xlep zlep
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Non-dominated portfolios

Non-dominated portfolios are the "best” portfolios. These are the
Interesting ones because a rational DM will choose a non-dominated

portfolio.

Py(S) ={p € Prlp' #s5p VD' € Pr}

These are computed using the RPM dynamic programming
algorithm.
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Core index

Choosing between non-dominated projects is difficult hence, we may
want to elicit additional preference information.

To identify robust projects and guide elicitation of additional
Information we can analyse the core index of projects.

# non-dominated portfolios including z’

CI(z’,8) =

# non-dominated portfolios
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Robust projects

Core (robust) projects: Cl(x/,S) = 1.
> Select

Example problem

Feature Portfolio 1 Portfolio 2 Portfolio 3 | CI(z7)
Feature Al 1 1 1 1
: : 0 < ( j ) Feature A2 0 0 1 0.33
Borderllne prOJeCtS O CI X S < 1 Feature A3 0 1 0 0.33
> FOCUS on Feature A3 1 0 0 0.33
Feature A7 1 1 1 1
Feature A8 0 0 0 0
. Feature A9 1 1 0 0.66
Exterior projects: Cl(x/,S) =0 - - - ' -
» Disregard
,, Aalto University
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lterative decision support process

Eliciting more preference information reduces information set S.
This should be focused on borderline projects.

g g p Core projects Preceding @
t > . == =
pfzgact? ’ - =>choose o — core il L3
Lomes;&éem%nls mtormatien | b 2
on | ani i
Multiple criteria post :;0 Bl . - p---1 Add.core heuristics
N
Res » projects - -»> Borderline [~ __o |
constraints Corfpute non-dom, | > focus on B L R Negotiation, 4
portiohos Update nd iferation g
Incomplete - portfoiios -
information T=b-_ 2
= -3
Source: Robust portfolio modeling with incomplete cost information
and project interdependencies, Liesio et al. (2008)
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lterative decision support process

Eliciting more preference information reduces information set S.
This should be focused on borderline projects.

.~="]| Core projects Preceding o
Large setof  \ _ .~~~ \4 = choose core Y
projects * Additional Decision ra
Loose stalemenls information | s, -4
on weights and
Multiple criteria mw:: Bordertine  L|.—~=w=--1 Add.core heuristics
N
Res » projects I -»> Borderline [~ __o |
constraints Compute non-dom | > focus on B L R Negotiation, 4
portfolios Update nd iferation g
Incomplete - portfoiios -
information el 2
= -3
Source: Robust portfolio modeling with incomplete cost information
and project interdependencies, Liesio et al. (2008)
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lterative decision support process

Eliciting more preference information reduces information set S.
This should be focused on borderline projects.

,,,, Core projects Preceding o
Large setof  \ _ .~~~ \4 = choose core Y
projects * Additional Decision ra
Loose statements infermation ks 2
D on weights and heuristics
Multiple criteria scores Borderline L. .=~~ p---1 Add.core |
________ I e b
e » projects [- -»> Borderline [Z__o .
constraints Compule non- —focus on i T Negotiation, z
portfolios i i &
Incomplete S portioiios §'
information il T g
i ./
Source: Robust portfolio modeling with incomplete cost information
and project interdependencies, Liesio et al. (2008)
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But what about...

* Project interdependicies,
* Incomplete cost information,
» Variable budget levels,

» Benefit-cost analysis?

,, Aalto University
School of Science 08.10.2021
20

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



A”

Aalto University
School of Science

RPM method - Extended

The document can be stored and made available to the public on the open internet pages of Aalto University. All other rights are reserved.




Project interdependecies with
constraints

We can model interdependencies by manipulating the set of feasible portfolios

PF:{pEPAng}

 Budget constraintcz <R
* Logical constraints — for example z; +z, <1
« Positioning constraints — strategic requirements for the project composition

« Threshold constraints — minimum requirements to be fulfilled (v{)7z > 40

,, Aalto University
School of Science 08.10.2021
22

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



Project interdependencies with dummy

projects

We can add dummy projects x*° into the model
interdependencies between other projects.

Then add logical constraints to ensure that the
the interacting projects are included

that capture the effects of

dummy project is included when

Name Customer 1 (v]) Customer 2 (v3) Customer 3 (v3) | Cost (¢;)
Feature A7 % 22 15 10 ZA8 Z ZSynergyl
Feature A8 10 50 20 30
249 = 2
Feature A9 33 23 0 60 A9 = <Synergyl
Synergy 1 0 0 0 -50 ZA8 + 249 — 1 S ZSynergyl
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Cost uncertainties and soft budgets

Given the following set of costs

S(-—{CERI”CSC<E}

We can model cost uncertainties and "soft” budgets by
(1) removing the budget constraint from feasibility constraints and

(2) adding costs as an attribute-specific score vi for each portfolio and a weight w,
which corresponds to it.

Name Customer 1 (v]) Customer 2 (v5) Customer 3 (v}) Cost (v])
Feature A7 25 22 45 -10
Feature AR 10 50 20 -30
Feature A9 33 23 0 -60
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Efficient portfolios

A portfolio is efficient if no other feasible portfolio gives a higher overall value at a
lower cost.

Notice that efficient portfolios are analogous to non-dominated portfolios.

Vip,,w,v) = V(p,w,v) Y(w,v) € S}

P(S,S.) = cP ' € P such that
6(5,Sc) = {p € Pe| AP € Pr su a{c(p’,c)gc(p,c)vcesc

Since they are essentially non-dominated portfolios with a minimized cost
attribute, an extended version of the RPM algorithm can be used to find them.
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Finding non-dominated portfolios for all
budget levels

Efficient portfolios help analyse how the portfolio overall value changes as a
function of the budget level.

We can find the non-dominated portfolios Py (S) = Py(S, ¢, R) for any costs ¢ and
budget level R from the set of efficient portfolios. We just

(1) Disregard efficient portfolios that do not meet budget constraint C(p,c) < R
(2) Perform pairwise dominance checks

Vip,w,v) > V(p',w,v) forall (w,v)€ S and
V(p,w,v) > V(p ,w,v) forsome (w,v) €S
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Benefit-cost analysis GV(R)

We can for instance analyse how the guaranteed overall value GV (R) develops
when R increases, now that we have the sets of non-dominated portfolios
Py(S,c , Rfor all budget levels R.

GV(R)= m in V(p,w,
( ) pEPﬁ?(déX,E,R) (ul*Tzl*l)IéS (p v U)

The guaranteed overall value for a budget level R is the highest of the minimum
overall values of the non-dominated portfolios achieved with budget R.
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Benefit-cost analysis MV(R)

We could also inspect how the maximal overall value MV (R) develops when R
increases.

MV (R)=  max max V(p,w,v)
pePy(S,c,R) (w,w)eS

The maximal overall value shows the very maximum value that could be
achieved with budget R, given information set S.
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Benefit-cost analysis

« Budget may be set al level R where the guaranteed overall value GV (R) first
exceed a given threshold

» The budget can be set at a budget level when the benefit-cost ratio is high

®
8

1 T T T H ¥ T T H T T
— MVR) T
— GV(R 3 3 z 3 : : H : 5

2

“%0 250 300 30 40 40 0 S0 60 60 700 78 800
Budget level R
Source: Robust portfolio modeling with incomplete cost information

and project interdependencies, Liesio et al. (2008)
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Budget dependent core index

We can analyse robustness of projects w.r.t. budget level R.

# non-dominated portfolios including x7 at budget level R

CI(27,S,R) =

# non-dominated portfolios at budget level R

Feature Al |---
eu:ura A
ealure

Eenmre A4

Fealure AS

Fealure AB i . ot asatsate 14
Fealure A

S — ey S R)
) o o—

0.0

450 500 550 600 650 700 750 @00

Budget level R
Source: Robust portfolio modeling with incomplete cost information and project interdependencies, Liesio et al. (2008)

[ L cspeeas |
250 300 %0 400
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Budget dependent core index
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Outline of dynamic programming
algorithm

« Feasible portfolios using onlyx? ... x* projects

PL={pePrlpC {x,.... ¥}

« Non dominated portfolios when only using x* ... x* projects

Py ={p € Pg| 3P’ € P}, such that p' - p, C(¢') < C(p)}
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Outline of dynamic programming
algorithm

(i) Portfolio p can only be non-dominated in set P* if it is non-

dominated in set P¥~1

pEPy=p\{x}epry

(i) Portfolio p is feasible but dominated if it satisfies the budget

constraint and there exist a portfolio p’ that dominates it

p € PE\ P = 3p' € PY, such that p' = p,C(p') < C(p)
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Outline of dynamic programming
algorithm

1. Py« {{0},{«'}}
2. fork=1..mdo

a) Pk < {p € Pr|z* € p,p\ {z"} € P}}

b) Pr + {p € ]5]’\‘}|p' € P! such that p' = p, C(p') < }

c) Py« {p€ Pff[_1|p' “ 15;\“; such that p’ = p,C(p") < C(p) }
3 Py« {p€ P™|p’ € P" such that p’ > p}

,, Aalto University
School of Science 08.10.2021
35

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



Summary on the RPM method

* Incomplete weight, score, cost and budget information
* Project robustness

* Project interdependices

» Benefit-cost analysis

« Efficient algorithm for finding non-dominated portfolios
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e Liesio, J., Mild, P., Salo, A., 2007: Preference programming for
robust portfolio modeling and project selection, European Journal
of Operational Research 181/3, s. 1488-1505.

* Liesio, J., Mild, P., Salo, A., 2008: Robust portfolio modeling with
Incomplete cost information and project interdependencies,
European Journal of Operational Research 190/3, s. 679-695.
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Set inclusion — feasible set of weights

and value matrices

1. Define feasible set of weights §,, for the example proble

m when Customer 1 is more important than

Customer 2 and Customer 2 is more important than Customer 3. Assume that weights w,, w, and w;

correspond to the importance of the customers 1, 2 and

columns to customers 1, 2 and 3. Modify the score matr

3 respectively.

Given the following score matrices, where the rows correspond to features F1, F2 and F3, and the

ices (and give a brief explanation of how you

did it) so that they model the following preference information:

Customer 3 feels that there might be an increased benefit if both features F2 and F3 are implemented.
They are unsure about this benefit but say that it would be an increase of at most 30 units.

3.
20 30 50 25
v= 125 25 20|, ©v= (30
10 9 8 12

Define the new feasible set of weights S,, corresponding to the new value matrices from part 2.

38 56
29 24
12 12
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Budget dependent core indices

4. Identify the core, borderline and exterior projects (features and synergies) at budget level R = 450
from this graph. Zooming in is easier on the original graph, which is found in Liesit et al. (2008).
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Source: Robust portfolio modeling with incomplete cost information and project interdependencies, Liesio et al. (2008)

Submit homework to helmi.hankimaa@aalto.fi by 9am on 15th of October.
Caption your email as "Homework 6”.
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