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Abstract—In this paper we combine Real Options (ROs), Anakc
Hierarchy Process (AHP) and zero-one Goal Programmyg
(ZOGP) in an integrated decision analysis frameworior valuing
and prioritizing a portfolio of ICT infrastructure i nvestments. It
is the first time that ROs are integrated with AHP and ZOGP
providing a single multi-objective multi-criteria model, called
GROAHP. Finally, a case illustration is provided slowing how
the GROAHP can be formulated and solved.
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. INTRODUCTION

The valuation of Information Communication Techryiés
(ICT) investments is a challenging task. It is cederized by
rapidly changing business and technology conditidomg
mainly by intangible benefits, costs and risk fagtowvhich
cannot be quantified in monetary terms. In addititm
intangible attributes there are also other attebuthat are
difficult to quantify as well. Traditional finandbeory suggests

that firms should use a Discounted Cash Flow (DCF)i=2,3...,n, m=1, 2, ...

methodology to analyze capital allocation requedtswvever,
this approach does not properly account for theidikity
inherent in most ICT investment decisions. For eaman
ICT infrastructure project may have a negative Retsent
Value (NPV) when evaluated on a stand-alone basismay
also provide the option to launch future value-adsiervices if
business conditions are favorable. Real OptionssjRalysis
presents an alternative method since it takesantmunt the
managerial flexibility of responding to a change mew
situation in business conditions [14].

Research on ROs for justifying ICT investments tnainly
focused on valuation decisions for a single projgeor
instance, [13] uses an options model to quantiéytibnefits of
switching from SAP R/2 to SAP R/3. Similarly, [18¢velops
options that consider the effect of uncertaintycimsts and
benefits associated with ICT investment opportasijtiusing
data on the deployment of point-of-sale debit s®wias
reported in [3]. Reference [5] examines ROs appliitg in an
actual broadband investment case study.

However, ROs models are strictly quantitative, @HCT
investments experience tangible and intangibleofacand the
latter can be mainly treated by qualitative analyii this work
we integrate ROs, Analytic Hierarchy Process (AR zero-
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one Goal Programming (ZOGP) for prioritizing ICT
infrastructure  projects. The integration of the ethr
methodologies into a common decision analysis fraonke
yields the proposed model, which we call it, GROANRe
extent the work of [1] where ROs and AHP are irdésp in
one decision analysis model called ROAHP providiag
multicriteria analysis for prioritizing portfoliofdCT projects.
It is the first time that ROs are integrated withlA and Goal
Programming (GP) providing a single multi-objectivaulti
criteria model. GROAHP provides a better understanaf
projects’ financial tangible and intangible fact@sd various
goals and constraints enabling these projects teahed and
prioritized with higher accuracy.

PROBLEM DEFINITION

We consider a portfolio df1 ICT projects. They are grouped
into i=1,...,n phases (Figure 1). Let at phase 1 therekare
infrastructure projectsP,y, k=1, 2, ..., K Infrastructure
projects do not have any prerequisites and mayesew
building blocks for future investment opportunitids,,
, M-K) Alternatively, each of them
provides a platform for launching other applicatioby
enabling follow-on projects in future periods. Weat the
launching of these applications as ROs. Typicahkstfucture
projects include telecommunication networks, IC@atforms,
management of shared customer databases and |&Ttisgp
development. Our aim is to prioritize the phase 1
infrastructure projects.

The first challenge is to include intangible fastoelated to
the ROs analysis and combine them with the tandéseors
given by the typical ROs models.

The second challenge is to enhance the proposdibd@bgy
and model, by taking into account various busirgsas and
constraints such as specific budget constraintahadrtfolio’s
project can experience.
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Figure 1. ICT portfolio’s projects deployed in n phases

high level of revenue losses, it may be betterroteeding in
the implementation of the investment instead ofdeig to
invest. More importantly, waiting too long couldaté to
market share gains by competitors who had no jpriesence
in the market. Competition opportunity cost is takiato
account very seriously in the ICT industry espégiafter
early 90's where competition in ICT industry hasregased
dramatically. The same applies for regulatory oheot
environmental issues, which may also eliminate stwent
opportunity during waiting period.

Benefits Factors Analysis

The paper is organized as follows. In Section 2, we

integrate the ROs and AHP and focus on the invessne

factors applied to the ICT business field. In SmttB, we

e ENPV (Tangible).

It contains the option(s) contribution of futurevéstment

further introduce GP and provide a new model callehpportunities. Without loss of perspective we fhiss factor in

GROAHP. In Section 4, we apply the proposed madel rieal
life case study. Finally, in Section 5, we conclaahel suggest
possible future research.

II. AN AHP STRUCTURE FORROS ANALYSIS

AHP is a multi-criteria decision analysis techniglteaims at

choosing from a number of alternatives based on hai

these alternatives rate against a chosen set ditajive as

well as quantitative criteria [9]. The main advaygaof the

AHP approach is that different criteria with diféet measures
can be easily transformed into a single utility swea. The
adopted criteria are divided into costs and besefit

Costs-Benefits level analysis

The terms costs and benefits mean any factor, lilngind
intangible that can affect overall costs and besedif the
portfolio’s projects. The positive (good) attribsiteare
represented in the benefits hierarchy, while thgatiee
attributes are represented in the costs hierandhgy.consider
the following costs and benefits factors:

Costs Factors Analysis

e One time cost (Tangible).

It corresponds to the sunk, irreversible cost tereise option
and implement project.

e Opportunity cost that is the cost of delay to inwsming

benefits though it integrates both tangible besdfievenues)
and costs.

o Information Effects-Transformation Effects (Intabig).

These benefits apply especially in cases whereegrop
focusing more on internal use and exploitation, ifgthe
goal to reengineer the firm.

e Strategic-Long Term benefits (investment opportasit
modeled as growth options) (Intangible).

They are created by the initial project and itsdefaed
options cannot be clearly quantified.

e Competition Effects-Increase Market Share (Intalagyib

The firm can gain competitive advantage by the qubj
implementation, which can be translated to incretize
market share.

Information Effects emerge primarily from ICT techogy’s
capacity to collect, store, process and dissemin&temation.
Following these effects, business value comes fraproved
decision quality, employee empowerment and enhanced
organizational effectiveness. Transformation Efeatfer to
the value of ICT technology’s ability to facilitassnd support
process innovation and transformation such as basin
process reengineering. The business value relatethese
effects concern reduced cycle times, improved nespeness
and product enhancement as a result of these remgd
processes [7].

from revenues losses due to high customers demand

(Intangible).

e Opportunity cost that is the cost of delay to invesming
from competition threat (Intangible).

e Opportunity cost of delay to invest due to envir@mtal
or regulatory changes (Intangible).

Naturally, by waiting the firm will lose some reuess.

Strategic-Long Term benefits (investment opportasjt that
are born by the initial projects and their predediroptions,
usually, cannot be initially quantified. In partiay beyond
the operational benefits that company is going deehfrom
phase 1 projects, there are certain long-termegfiatgoals
that can be achieved (e.g. the entrance of mongevatided
advanced telecommunication services). In ROs fiteea
investment opportunities, known in advance, basedniial

Learning-by-waitinghelps to resolve market, competition, andinfrastructure projects are treated as growth otiavhile for

organizational risks. However, competitors may pneethe
RO owner. In addition, the customers’ demand maigé
enough to overcome uncertainty “clearness”. If comrs
demand is significantly high during waiting periodlicating

the estimation of their values compound option n®dee
utilized [14]. However, growth investment opportigs in
reality can be hardly defined during decision phdse this



reason, we model qualitatively the existence ofwgho
investment opportunities, which are based on ptejan
previous phases and cannot be defined quantitativrel
advance.

As seen, in our case we use two tangible and sangible
factors. While numerical values pertaining to qitative

objectives have been readily used for tangibleofactAHP

priorities have been elicited and used for quéligat
objectives. In order to achieve homogeneity betwesnous
types of objectives, as we will show next, we haee
normalize the quantitative values into the rangg0gf]. For

the AHP we use the commercial software systemd&bpert
Choice [4].

Integration of ROs and AHP

The structure of the decision analysis frameworktains
three levels: 1) Portfolio level, 2) Options levahd 3) Costs-
Benefits level (Figure 2 in Appendix). In the firgvel, the

portfolio’s M distinct projects are recognized. Our target is to

prioritize the initialK infrastructure projects on which the rest
M-K projects are based. In the second level, we censiht
the initial infrastructure projects posses a numbkrfuture
investment opportunities, (i.84-K), which can be treated as
ROs. We assume various types of ROs, such asnofiio
defer the project, option to expand scale of théstig
infrastructure project, option to implement investih in
stages in order to mitigate risks and option towgho
concerning future investment opportunities. Althoug our
analysis, we are mainly focusing on the option rowgh and
option to defer, other option types may be easitoiporated
in our model. Finally, in the third level, we hatlee AHP
structure of the adopted factors. The overall tytifactor of
AHP structure is divided into costs and benefitddes. These
factors may by further decomposed into their ajpplie sub-
criteria, which are closely related to the ROs atig
investment issues coming from this analysis. Welyagipe
pair-wise comparisons for the intangible factor@r Ehe
ENPV estimation of the initiak infrastructure projects we use
a nested binomial option-pricing model provided[b¥]. The
final result of the analysis, at the top, is thétization of
the ICT projects according to the overall utilitgcfor. The
number and types (tangible and intangible) of #edrs can
be further increased in a future work in order@asider more
practical business issues. Unfortunately, the jization of
the ICT projects using the ROs and AHP methodokgiges
not take into consideration some other issues @fptioblem.
Particularly, sufficient resources may not existstgpport the
investment’'s deployment strategy. Also, applyinge th
combination of ROs and AHP for prioritizing the I@fojects
can result to a non-optimum ranking, since posditriging or
constraining resources as well as keeping desaklgeels are
not directly considered in the evaluation procestas

In the following, we enhance the proposed ROs amtP A
integration by adopting a mathematical
approach for portfolio optimization subject to s’ goals
and constraints. We present a new model called GR&Aor

finding the optimum deployment strategy. GROAHPthe
result of the integration of the ROs, AHP and zene- GP
(ZOGP) into a single multiple objective, multi-enita model.

.  GROAHPDECISIONANALYSIS FRAMEWORK

Goal Programming (GP) is a technique for handlingtipie-
objective situations using linear programming. Eabfective
is viewed as a goal. Then, given the usual resduritations
or other constraints, the decision maker attemptdevelop
decisions that provide the “best” solution in teraiscoming
as close as possible to reaching all goals. Wherd#tision
variables take only the integer values, 0 and &ntlthe
procedure is called zero-one GP (ZOGP). Refererddd [
provides a comprehensive presentation of GP. GPbkasa
used to model problems in all the functional arefalsusiness
such as economics, management and marketing [11].

We use the ZOGP methodology to set specific comssrand
goals targets values. We combine ROs with AHP glepito
structure the evaluation process providing pair ewis
comparison mechanisms to quantify subjective, nonetary,
intangible costs and benefits factors and comhimeent with
the monetary, tangible ones. ROs and AHP combinatio
derives the hierarchy and provides data for the GRP
model. The relevant scores of these factors arautated in a
ZOGP model to generate the final ranking of the [&£djects.
The ZOGP does not require translation of multipled a
conflicting goals into one-dimensional (i.e. nom@mptive)
objective criterion [12].

The GROAHP allows the decision makers to estalgigtrity

levels for the criteria, and to assign weightshe intangible
criteria using the AHP. In addition, for each i@ we
consider an aspiration level or a goal-target dased with the
desirable or acceptable level of achievement aftgective.

Formulating the GROAHP model

The purpose of the decision model is to identifg tinost
appropriate initial infrastructure project of phdseNe define
the following decision variables:

X =1, if project R is accepted for implementation
X =0, otherwise.

We also define the variables that measure the tierirom
the goal target values in a similar way as in [12].

D*; : the positive slack deviation from goal f (indies the
amount of over achievement).

D% : the negative slack deviation from goal f (indé&sathe
amount of underachievement).

Benefits Factors

n,: the number of the components of the tangible and

programmingntangible benefits included in the model.

Brk: the amount of the tangible or intangible benéfiin
choosing project B,



(k=1,2,...Kf=1,2,...n).

TBE: the target (goal) level (aspiration level) foe ttangible or
intangible benefit factor f, given by the decisioaker.

Costs Factors

Ne:
intangible costs included in the model.

Cik: the amount of the tangible or intangible cost €hoosing
project R

(k=1,2,...Kf=1,2,...n).

TCr : the target (goal) level (aspiration level) foettangible
or intangible cost factor f, given by the decisioaker.

The purpose of the proposed model is to choosentbst
appropriate infrastructure project taking into agtiothe goal
levels reflected in the right hand of the followiaguations (1)
to (4). The objective function of this ZOGP probleeeks to
minimize the sum of the undesired absolute deviatifsom
the stated goals. We model the objective functimoeling to
the decision maker’s preference.

We have three options in defining the objectivecfion: (1)
to put both deviation variables in the objectivadiion, (2) to
put only positive deviation variable in the objeetifunction,
or (3) to put only the negative deviation variabte the
objective function. If the goal should be ensurgdctly then
both deviation variables should be included. WHildne goal
is the minimum or maximum accepted threshold them t
negative and positive deviations should be
respectively [11].

The GROAHP is the following:
@)

N N
Min| > 'WTB x DTB; +WTB x DTB;, Y WTC; xDTC; +WTC, x DTC;,
f=1 f=1

subject to the following constraints:

e at most one infrastructure project in phase 1 shdd

selected
X, +X,+..4 X, -D; +D; =1 2)
e for factors of benefits
K 3
> By x X, —DTB; —DTB; =TB, ,forf = 12,..n, @)
k=1
e for factors of costs
(4)

K
D Cyx X, —DTC; -DTC; =TC, ,(forf = 12,..n,
k=1

In addition, the decision variables, ds well as the positive
and negative slack deviation

D',D;,DTB;,DTB;,DTC;,DTC; of the various goals
are considered to be non-negative.

included

The objective coefficientWTB; ,WTB, , WTC; , WTC, are

weights indicating priorities for the goals givery lihe
decision maker through the ROs and AHP methodolagg.
superscript plus indicates the positive deviatidiowe the
goal, while the superscript minus indicates the @moof

the number of the components of the tangible andeviation below the goal. Finally, the terrBs ,C, are also

derived by the combination of ROs and AHP.

The model’s solution will give the decision varieblX as
well as the deviation variables
D",D;,DTB;,DTB;,DTC;,DTC;, where the former will
indicate which project to be selected.

The proposed GROAHP decision analysis frameworo\id
the following steps:

1. Identify portfolio’s projects as well as optionsepence
and type for all projects.

2. Estimate the overall ENPV values for the
infrastructure projects including the follow on @stment
opportunities, treated as ROs.

3. Apply the AHP methodology in order to integrate the

tangible factors as estimated by typical ROs mod#i
the intangible ones as mentioned before and edithat
overall priority of the initial infrastructure pregts.

4. Formulate the GROAHP model taking into account the

tangible and intangible factors as indicated by R@s
and AHP structure.

The first two steps concern the pure ROs analygile the
last two steps concern the AHP and GP integratiorthe
options field.

For the estimation of the ENPV values of the irnftasture
projects we adopt a typical compound and partiular50-
step Log Transform Binomial (LTB) model [14].

IV. A CASE ILLUSTRATION

To illustrate the proposed model we apply it to l&T
portfolio investment decision for a growing Waterpply &
Sewerage Company, which we refer to as WSSC tegirds
identity and its projects. The company’s principakiness is
the supply of water and sewerage services to ogemillion
people. WSSC is interested in prioritizing four
infrastructure projects. Each project will generateumber of
future investment opportunities in order to
automation aspects of its operations, decisiomtaknethods,
customer services as well as new strategic opptigsinin
long-term perspective. Each project owns one oledefined

variables expand/growth option. The management also consithers

there are some possible future investment oppaigsni
however not clearly defined at the time of theiahivaluation.

Hence, there are 8 projects clearly defined. Thefqlm’s
projects are grouped into two phases. Phase laginfrcture)

initial

ICT

improve



projects R (i=1,...,4) represent projects that do not have anylrable IV and V in appendix provide the analysisvad as the

prerequisites and serve as building blocks forreufarojects in
phase 2. Phase 2 projectg; K=1,...,4), treated as ROs,
involve significant investment decisions that depem the
capabilities deployed in phase 1. Table | in aplpeprovides
a brief description of the portfolio’s projects. Weh figure 3
represents the portfolio’s structure.

Phase 2
Expansion/Growth
(Options)
e

'H. P2y

Phase 1
Infrastructure
projects

Pl 1

Ca
Option to
expand/growth

Prz |P P2,
CZZ
Option to
Cp, * expand/growth

»
P P
. = One-time
investment cos
C23
Option to
C
18 expand/growth
Pia Pas " One-time
investment cos
iono ¥
Cus Option to

expand/growth

Deferral period for projects of

1 phase | 1 [

It:o It=l It:n
Figure 3. Eight ICT projects for WSSC

Tables Il and IV in appendix present the ROs vafoephase
2 projects and ENPV for phase 1 infrastructure quigj
respectively.

A. Application of the ROs and AHP model

We first apply the ROs and AHP model in order tonpare
the ranking results with these extracted by the GRP
model. Applying the proposed ROs and AHP structtine,
pair wise comparison matrices are derived and #tative
performance measures are computed for both tangibte
intangible factors.

Our example is for intuition purpose only and hemwe
implement the pair wise comparisons ourselves.dditen,
[8] comments that since it is sometimes difficult find
technical people who can compare options it is seary for
the analyst to learn in detail about each optiod do the
scoring alone. We play here the analyst role. ke taito
account the consistency ratio level, as accordmgAHP
method a consistency ratio must be less than 0ol®et
acceptable [9].

resulting weights and consistency ratios for th&arngible
factors of the proposed model. The tangible datahi® ENPV
and One-Time costs are also normalized for comparis
purposes as seen in Table VI of appendix. In oraer
introduce them into the AHP analysis, we use thelative
tangible values between each other for their paisew
comparisons. Since tangible factors are by dediniti
measurable in quantitative units we normalize therder to
maintain parity among all tangible factors includied the
evaluation. In particular, we use the notatifynthat indicates
the normalizedl'F in projectk for k=1,2,3,4and is given by

4
thy =TF, /ZTFIk (®)
k=1

TFkindicates the value of tangible factqt=1,...L) in project
k, (in our modelL=1: ENPV).

It is used to ensure that any tangible benefit emst factor
will be compatible with others in the evaluatiorhelgreater
value a tangible factor has, a relatively largefedf is
considered in the selection process for this factor

Finally, Table VII in appendix presents the crigepair wise
matrices and their relative priorities weights.

After making all paired comparisons, for all altaimes,
according to the principles of AHP with respecttbcriteria
defined in the RO and AHP model, we compute with th
Expert Choice tool the total priorities for the eaftatives.
Figure 4 gives the prioritization result for theagk 1 projects.

Synthesis with respect to: Goal: ICT utility

Owerall Inconsistency =,06

P13 ,349
P11 ,306
P14 196
P12 ,149

Figure 4. Projects prioritization performed with Expert Chotool

As seen, project g has the first priority to be implemented
though project B presents the higher ENPV value. It is the
intangible factors contribution that changes tkedi the final
ranking compared to the result extracted by thepEnROs
analysis where only the ENPV value was taken imioant
(last column of Table IIl in appendix).

B. Application of the GROAHP model

We analyze further the case study by adopting tlopgsed
ZOGP methodology. The purpose of the ZOGP is tasto
the most appropriate ICT candidate for phase l1¢hvbiosely
meets the goals defined by the management ofitime Tiables
IV, V and VI in appendix present the target values.
aspiration levels), which are defined by the mansyg of the
firm. For some factors the goal is the upper tholshio be
met. While for some other factors the goal is toevdr



threshold to be exceeded. Hence, we indicate witand L
that higher and lower values are more preferaldpaetively.

The GROAHP model formulation, which is based onédtlyht
decision factors using the data seen in Tabled/ldnd VI is
given below. The objective function includes three
expressions of criteria, as we include the objectif/selecting
one project at the end. In particular, the firspression
ensures that only one alternative ICT cluster dfjguts is
selected. The second and third expression enshedsthe
tangible and intangible benefits and costs respagtiare
included. As mentioned before the coefficients seethese
expressions are derived from the pair wise matrioesthe
factors of the AHP structure. Finally, we consider specific
priorities for each level of these three expressioficriteria.

] {Dy + Dy} {0219* D; + 0074* D; + 0549* D, + 0248* D; },
{0151 D; + 0075* D; + 0508* D; + 0265* D; |

subject to:

X+ X,+X;+X,-D+D; =1

006X, + 033X, + 009X, + 052X, - D, + D, =0,10 (ENPV)
0385X, + 0131X, + 0396X, + 0088X, — D, + D, =0,40 (ITE)
0411X, + 0091X, + 0389X, + 0109X, - D, + D, =0,30 (SE)
0152X, + 0217X, + 0065X, + 0567X, — D; + D; =0,10 (SE)
017X, + 022X, + 029X, + 033X, - D; + Dy =0,30 (Cost)
0566X, + 0080X, + 0311X, + 0042X, - D; + D, = 0,50 (OCCD)
0218X, + 0062X, + 0657X, + 0062X, — D, + D, =0,30 (OCCT)
0504X, + 0267X, + 0103X, + 0126X, — Dy + D; =0,50 (OCEC)
X11X2’X3rx4 = (01)

All the deviation variables should be non-negative.

The first constraint ensures that only one clusieriCT
project is selected. The remaining of the constsai@kes into
account the aspiration levels (goals) for the talegiand
intangible costs and benefits factors as preseintéde AHP
structure.

We use the LINDO software package to solve the pode
which is a well-known commercial software tool fwlving
linear optimization problems. We consider thatth# goals
have the same priorities concerning the order ifchkvithe
program will try to achieve the goals fulfilmentvhen no
priorities are considered the program considerdutitiment

of all the goals simultaneously.

Hence, taking into account the various goals antstraints
levels as defined before, the results of the meHelv that the
first priority project to be implemented is projet; since
X=1 and X% =X3=X,=0.

The application of the ROs and AHP model shows phaject
P,3 is considered as the first choice, while with GlBROAHP

the number of projects to be accepted is increasih
deviations from the goals-targets values is indngasTable
VIII presents the ranking of phase 1 cluster ofjgrts as
extracted firstly by ROs and AHP and secondly byG&RIP
methodologies and relative models. As seen, thkimgrcan
change when specific goal and constraints levels ar
considered.

V. CONCLUSION

In this work we integrate ROs, AHP and GP, for fih& time

in the literature, providing a decision analysianfiework for
prioritizing a portfolio of ICT infrastructure pregts. We
analyze the projects on strategic, non-financialemgmise
goals and incorporate these considerations witHittaacial,
tangible goals using ROs. Finally, we provide aecas
illustration showing how GROAHP can be formulatead a
solved. We show that ranking results can changeenwh
tangible and intangible factors are combined, casghdo the
pure tangible factors’ analysis provided by a tgbiROs
model. The ranking results may change further wégetific
goals and constraints for investments are includedhe
analysis making the whole process more efficient.

The main forthcoming of the GROAHP is the assunmpttmat
infrastructure projects are mutually exclusive. real life
cases, portfolio’s projects may experience inteeteencies.
In this case, the implementation of one project imdlyence
negatively or positively another one. In real lifases, further
analysis is required for portfolio’'s projects ramii before
adopting the final solution. In particular, the h&mn makers
should perform extended sensitivity analysis fdrasoting the
amount of influence of each priority as well as gieifactor
before adopting the final solution of ranking. ldd#ion,
growth investment opportunities are often difficuti be
clearly identified and quantified in advance, ageal-world
settings emerging technologies and standards chamigly.
In this work, we model qualitatively the possiblastence of
growth investment opportunities, which are basegimjects
in previous phases and cannot be defined quamétstin
advance. An extension of our work would be to tah®
account the qualitative interactions between carpojects
and follow on ones that are mainly coming in a lagn
basis and cannot be modeled in advance. We takeaaount
a relatively small number of intangible factors. dnfuture
work more detail intangible factors can be includadthe
proposed model. The model can be used for findimg
optimum deployment strategy for a cluster of prtgedn
particular, instead of considering a portfolio GfTl projects to
be optimized, we can consider only one cluster @ingle
mega project and examine the various alternativiestso
deployment strategy. As alternatives, here we arssidering
the various deployment scenarios for the same girdignally,
the model can be enhanced by the introduction wfegdneory

—

model R, project takes the leadership. In addition, when wdor modeling competitive interactions between ptaym the

consider 2 projects to be selected then projegtail R, are
qualified. Finally, when three projects are accdptben
project R, is also included in the selection list. Howeves, a

ICT market.



APPENDIX

ICT utility
AHP decision structure
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Figure 2. Portfolio optimization framework — Analytical vieof the ROs-AHP structure

TABLE I. PORTFOLIO OF8 ICT PROJECTS FORVSSC

Project Description

P11 StruMap - a Hydraulic Analysis Application, whidtelps the Water Network Modeling and therefore the
Water Management. It is focusing on the outsideKbane network) water network. Revenues from the
project are related to more efficient network aselyand decrease of operation and maintenance cost.

Py, GIS Platform - a Geographical Information Syste@1S) that allows users to create, view, access and
analyze map (geo-referenced) data. The developrménsuch system increases the efficiency in
organization’s overall operation.

P13 Siebel/Asset Management — An ICT application firat/ides capabilities for efficient asset manageraed
customers services support. This application véttrease the cost of assets operation and maingnanc

P14 ICAT-Telemetry — Information Communication and Amtation Technology Infrastructure to enable WSSC
to perform more efficiently water network manageténis the main telemetry and supervising system
which it will ensure the decrease of operation gasiainly the personnel costs.

P, StruMap - Extension of StruMap on Internal (distition network) optimization

P,, Extension of GIS platform application to Equipm&fdanagement providing an information portal fortéas
affecting customers demand and support.

Po3 Extension of Siebel to information portal for ausers support providing also on line question amsier
service to WSSC customers.

P,y Expand Operation Capability of the Existing ICARtorm

TABLE II. REAL OPTIONS ANALYSIS FOR PHASHI PORTFOLIOS PROJECTADPTIONS(VALUES IN K€).

Projects volatilitiesd€) as well as correlation levgl)(between benefits and costs are given in thedoktmn.

Investment Opportunity and risk level One-time c@Styonw V ENPV/OV
expanc@l t = 1 (PV at t=0) (revenues — operating (NPN with option value) -
costs) at t=0 Only Revenues uncertainty

(LTB model 50 steps)

Project/Option 21 (), o, = 30%,0c = 30%,p,c = 0,5 900 (855) 1000 197




Project/Option 22 (), o, = 20%,0c = 20%,pwc = 0,5 2000 (1900) 2000 209

Project/Option 23 (R), o, = 30%,0c = 20%,p.c = -0,5 1200 (1140) 1100 114

Project/Option 24 (R), o, = 40%,0c = 30%,p.c = -0,5 2500 (2375) 1900 155

TABLE III. REAL OPTIONS ANALYSIS FOR PHASEL PORTFOLIO'S PROJECTYVALUES IN K€).

Investment One-time V (revenues — PNPV Overall PNPV Overall ENPV

Opportunity  cost C,, Operating costs) (no option value) for with all future (NPN with nested option
nfastucwre @t 10F phase 1 only phase 1 projects investment phasegor value) - Only Revenues
t=0 att=0 comparison purposes) uncertainty

Project (Ry) 1000 850 -150 -5 a7

Project (R;) 1500 1400 -100 0 254

Project (R3) 2000 2100 100 60 69

Project (Rx) 1200 950 250 -225 405

TABLE IV. PAIR WISE MATRICES AND WEIGHTS FORCOSTS INTANGIBLE FACTORS

OCCD (Opportunity Cost due to high Customers’ Det)afiTarget: 0.5 L

Project (Ry) Project (R,) Project (R3) Project (Rs) Weight

Project (Ry) 1 7 3 8 0.566
Project (R;) 1 1/6 3 0.080
Project (R:) 1 8 0.311
Project (Rx) 1 0.042

Inconsistency 0,08

OCCT (Opportunity Cost due to Competition Threatd®nption) Target: 0.3 L

Project (Ry) Project (Ry) Project (R5) Project (Ra) Weight

Project (Ry) 1 4 Ya 4 0.218
Project (R;) 1 1/9 1 0.062
Project (R:) 1 9 0.657
Project (Rx) 1 0.062

Inconsistency 0,02

OCEC (Opportunity Cost due to Environmental Chaphg&sarget: 0.5 L

Project (Ry) Project (Ry) Project (R5) Project (Ra) Weight

Project (Ry) 1 2 4 5 0.504
Project (R;) 1 2 3 0.267
Project (R:) 1 Y 0.103
Project (Rx) 1 0.126

Inconsistency 0,05

TABLE V. PAIR WISE MATRICES AND WEIGHTS FOR BENEFITS INTANGIBLEACTORS

ITE (Information & Transformation Effects) Farget: 0.4 H

Project (Ry) Project (Ry) Project (R5) Project (Ra) Weight

Project (Ry) 1 3 1 3 0.385
Project (R,) 1 1/3 2 0.131
Project (Rz) 1 5 0.396
Project (Rx) 1 0.088

Inconsistency 0,03

SE (Strategic Effects) Farget: 0.3 H

Project (Ry) Project (Ry) Project (R5) Project (Ra) Weight

Project (Ry) 1 4 1 5 0.411
Project (R,) 1 1/3 Y5 0.091
Project (R:) 1 5 0.389
Project (Rx) 1 0.109

Inconsistency 0,06

CA (Competitive Advantage) Farget: 0.1 H

Project (Ry) Project (R,) Project (R3) Project (Rs) Weight

Project (Ry) 1 23 4 1/5 0.152
Project (R;) 1 3 1/3 0.217
Project (R:) 1 1/6 0.065
Project (Rx) 1 0.567

Inconsistency 0,06



TABLE V1.

WEIGHTS FORCOSTS ANDBENEFITS TANGIBLE FACTORS- TARGET COST: 0,30L, TARGET BENEFITS 0,10H

PV Phase I+l One time cost C normalized

OverdINPV normalized

Project (Ry) 0.17 0.06

Project (R;) 0.22 0.33

Project (R:) 0.29 0.09

Project (R.) 0.33 0.52

TABLE VILI. CRITERIA PAIR-WISE MATRIXES AND WEIGHTS

Weights for tangible and intangible cost factoreginsistency 0.07)

Investment One time OCCD OCCT OCEC Priority

Opportunity  cost C

C 1 3 1/3 1/3 0.151

OCCD 1/3 1 1/5 1/3 0.075

OCCT 3 5 1 3 0.508

OCEC 3 3 1/3 1 0.265

Weights for tangible and intangible benefit factGreonsistency 0.07)

Investment ENPV ITE SE CA  Priority

Opportunity

ENPV 1 3 1/5 1/3 0.129

ITE 1/3 1 1/5 1/3 0.074

SE 5 5 1 3 0.549

CA 3 3 1/3 1 0.248

TABLE VIIl.  FINAL ICT PORTFOLIGS PROJECTS RANKING

ROs-AHP GROAHP — when one project to GROAHP — when two projects GROAHP — when three projects to be
be selected to be selected selected

Project (R:) Project (k1) Project (1) Project (k1)

Project (Ry)

Project (Rs)

Project (Rs)
Project (R;)

Project (Rs)
Project (R2)
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