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Abstract

Research background: Project portfolio optimization isa demanding pregen the case of
considering a large number of project intentiond bas so far been the subject of research by
many authors, especially foreign authors. Howetles issue of project portfolio optimization is
an area that is not sufficiently addressed by Hauathors. This was the main impulse to create
a specific mathematical model of integer prograngmwith bivalent variables to optimize the
company's project portfolio with the intention &flect the specific requirements of Slovak com-
panies.

Purpose of the article: The aim of the article is to propose a mathematicatlel of integer
programming with bivalent variables to optimize hject portfolio with a focus on Slovak
companies.
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Methods: In accordance with the aim of the article, a questaire survey was carried out with
the intention of identifying the criteria that grerceived by the managers of Slovak companies as
important in the optimization of the project pofitio These criteria were subsequently reflected
in the mathematical model design using the matheaigirogramming method.

Findings & Value added: Based on a literature review aimed at the projectf@io optimiza-
tion, we have found a gap in considering the coamglé of project intentions and strategic objec-
tives of the company within the optimization of g®ject portfolio. Based on the results of the
questionnaire survey, the significance of the mutwmnpliance of project intentions with the
strategic objectives of the company was confirmedhfthe point of view of Slovak companies.
Given the fact that our aim was to create an intie¥anteger programming model with bivalent
variables orientated to the conditions of Slovakpanies, we included in the resulting model the
criteria that were not considered within the scopexisting research in this area, and which are
perceived as important by the Slovak companies.

I ntroduction

Managers of the companies must choose the begstosohor their future
development in every situation (Kliestk al.,, 2015, p. 5716). Otherwise, it
is not even in relation to ensuring the effectismef project portfolio
management, where optimization of the project pbdfis of great im-
portance. If the company proceeds to the optinomapihase in the project
portfolio management process, it has a large nurmbeptimization mod-
els to choose from. Each optimization model haspexific characteristics,
advantages, or disadvantages, so it is not posgiblenequivocally say
which one is the best and most suitable. Projedfgio managers choose
an optimization model based on their requiremesta/el as a nature and
specifics of specific projects (Miri¢ 2018, pp. 129-135; Hraskova & Bar-
tosova, 2014, pp. 92-96).

In the area of project portfolio management, itpisssible to solve
a number of optimization models, which are aimedgimizing a certain
state according to a given criterion while meetimg restrictive conditions.
The basic task of project managers is then to a#odimited resources
among individual projects in order to achieve tloalg set and to ensure
value for the company (Salagaal, 2015, pp. 484-489). When respecting
the restrictive criteria, it is necessary to des@mproject (projects) that
would, for example, minimize overall execution timrecosts (Ciszewski &
Nowakowski, 2018, pp. 30—43). Optimization modeksymelate to whole
projects or parts of projects, or to a set of prgewhereby the objective of
optimization may be to select the most appropriatgects to meet the
criteria (Coopeet al, 2000, pp. 18-33). It is necessary to pursue ihoiv
vidual combinations of projects affect the changégiven criteria and
what value they bring to the company (Cyrus & Vo@é18, pp. 57-93).
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The aim of the article is to propose a mathematicatiel of integer
programming with bivalent variables to optimize thmject portfolio so
that the proposed mathematical model reflects thetipe of Slovak com-
panies. For the purpose of ensuring the consistehoyr proposed math-
ematical model and practice of Slovak companiescamducted a ques-
tionnaire survey in order to find out the critetiieey consider important in
assessing project intentions. To achieve the aithefirticle, a mathemati-
cal programming method applied to the creationnoinégeger programming
model with bivalent variables to optimize the comga project portfolio
was used.

The literature review summarizes the results ofteg research in the
field of project portfolio optimization. Researctethodology describes the
methods used and the data base necessary totligfiim of the article.
The results include the design of a mathematicalehof bivalent pro-
gramming to optimize the company's project portfddased on the results
of a questionnaire survey. In the discussion, wadlestrate the functional-
ity and applicability of the proposed mathematicaldel in the conditions
of Slovak companies based on its application inliNGO 17.0 software.
In the conclusions, we formulate the options faufe research in this area.

Literaturereview

Project portfolio management has become an impiofétor in the suc-
cess of long-term company's strategies and isecttatthe role of top man-
agers who need to validate relevant investmentsfamaulate objectives
(Alexandrova, 2018, pp. 96—105). Therefore, top agans need to find the
optimal combination of projects that can bring th@aximum value.

The issue of project portfolio optimization hasfao been studied by
many authors. Liu and Zhang (2019, pp. 282-293)gsed a genetic algo-
rithm to optimize the project portfolio with a fldske time horizon while
respecting decision criteria such as risk, projgoe constraint, and rein-
vestment strategy.

Xiao et al (2018, pp. 1-17) have proposed an improved robijgctive
evolutionary algorithm based on decomposition aidrence difference to
optimize a software project portfolio with optimigj 2, 3, 4 objectives.

Vacik et al (2018, pp. 107-123) proposed a method suppodéui
sion-making by SME’s managers in selecting a ptgectfolio by using
stochastic optimization. In optimizing the projemtrtfolio, they empha-
sized the consideration of constraints and strategmpliance. Based on
a case study, the authors confirmed the effectas®péthe chosen method-
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ology for project portfolio optimization, which sidicantly contributes to
the fulfilment of strategic goals and thus to therease of the company's
performance and shareholder value.

Multi-criteria stochastic portfolio optimization idbeen addressed by
Guptaet al (2008, pp. 1734-1755) using mathematical fuzzgiclgro-
gramming, Huang (2007, pp. 396-405), which hasesied the optimiza-
tion of a portfolio with stochastic yields based fozzy information and
Ballesteroet al (2007, pp. 1476-1487) dealing with optimizatiomder
strict uncertainty conditions. Multi-criteria stadtic programming for
project selection in the portfolio was applied blydlazizet al (2007, pp.
1811-1823), and Hanafizadet al. (2011, pp. 661-669) have optimized
investment in selected sectors of the national @ynusing scenarios and
the multi-criteria evaluation method. The issuestofchastic project portfo-
lio optimization was also addressed by Golosnoy @hktirin (2008, pp.
718-734). However, the difficulty of respecting je risk while optimiz-
ing portfolios using the above approaches doeginethope for their wid-
er application in practice. One method of stockagfitimization is linear
programming, which generally represents a matheadatnethod of solv-
ing tasks that makes it easier for managers to rmptimal decisions.

A specific method of linear programming is integeogramming with
bivalent variables. Bivalent variables are of giegtortance as they regu-
larly occur in many model formulations, especiaily issues related to
long-term and costly strategic decisions relatedapital investment plan-
ning. Such a demanding strategic decision is aldecgsion on the compo-
sition of the optimum project portfolio with limile company resource
availability. The application of bivalent programmygito optimize the pro-
ject portfolio was discussed by Fetral (2013, pp. 71-88), who optimized
project portfolio under certainty, as well as stastic optimization for pro-
ject risk. They took into account also the consteabn project resources.
Other authors who have devoted themselves to bivgegramming in
their publications are Doernet al (2006, pp. 830-841) and Tahri (2015,
pp. 339-347), who also considered resource con&tras well as project
risk in optimization.

Resear ch methodology
In order to create a mathematical model of bivafogramming to opti-
mize the project portfolio, a questionnaire surwas conducted to reflect

the practice of Slovak companies in the desigrhefrhathematical model.
The questionnaire was distributed electronically &imail from September
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2018 to December 2018 and was distributed to 12¢é23panies in total.
We received responses from 384 companies. The fathreajuestionnaire
survey was to find out the criteria that managérSlovak companies con-
sider to be the most important in assessing prajgentions in the frame-
work of project portfolio optimization.

Based on the results of the questionnaire surveywil create a math-
ematical model of bivalent programming to optimilze company's project
portfolio. In the case of multi-criteria optimizati of the project portfolio,
a complex situation arises where several restdctivteria are taken into
account simultaneously. When designing a mathealatimdel, we will
follow the steps recommended by Sakal and JerZ3(26f) 1-336):

— Clear and comprehensible definition of the modattvities, the re-
sources that enter the activities and the outcarht® activities.

— Expressing constraints by linear equations or inéfigls, whereas on
the right side there is a limited available amooininput coefficient or
the required amount of the issuing coefficient. the left side, the
needed amount of input coefficient is.

— Expressing the criterion of optimality in the fowhan objective func-
tion.

For the purpose of this article, we use the matiieaigprogramming
method, integer programming, which represents atisol of linear models
in which all or some variables are limited to ateger. Then, the general
wording of the integer programming task is as feo

n
Max (Min) - Z CjX;
j=1

Yi=1¢ijXj < b; 1)
xj €Z;j=12,..,n

Where the coefficients of the right-hand sides ffadents of the func-
tion and also the elements of the constraint matrexinteger. Under these
conditions, it is the "Pure" integer linear prograimg, where all variables
are integers. If the integer value constraint wapgly only to some varia-
bles, it would be a mixed integer programming task.

A specific task of integer programming is integesgramming with bi-
nary variables, otherwise called bivalent prograngnideveloped by
Ghasemzadelet al. (1999, pp. 745-755). The only difference from the
general role of linear programming is the nature@afables. In the case of
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bivalent programming, variables can only take valoé O or 1, which
means that some investments will be realizedthey will be worth 1, or
will not be realized and will be worth O.

By solving the bivalent programming model, we gsttsa selection of
projects in a portfolio that maximizes the totalueaof the portfolio and it
is possible to realize such a portfolio within dfied limiting criteria. The
condition for the bivalent programming model isoathe additivity of the
selected economic criterion in the objective fumetso that its value can be
summed up through individual projects. Such a domdiof additivity
meets e.g. NPV, profit, as these are absolute atalis, the condition does
not meet the relative indicators such as profitgbihdex, internal rate of
return, etc. (Fotr & Soucek, 2011, pp. 1-416). §keeral formulation of
the bivalent programming task is as follows:

n
Max (Min) - Z CjX;
j=1

Yi=1€ij%; < b; )
Xj = Oorl; j=1,2,..,n

By following the steps in the previous section, finecedure for creat-
ing a mathematical model of bivalent programming have the following
characteristics. In the case of project portfolimization, we will always
assume a situation in which project managers, egetith top managers,
are considering a large number of project intestidach project intention
is characterized from the point of view of its itguactivities as well as
outputs and other areas mentioned in the projeéention proposal. The
second step is to define the limiting criteria lné tmathematical model. As
mentioned above, we will be focused on the critéhé& were evaluated by
companies in the questionnaire survey. The crimtheir evaluation are
shown in Table 1.

The restrictive criteria, together with the chaesistics of the linear in-
equalities they will possess, will be as follows:

1. Budget — information on the amount of the nesmgsbudget (or costs)
for individual project intentions will be taken frothe prepared project
intentions. The budget of the individual projedemtions will represent
the left side of the inequality and the budget ladé will be part of the
right side of inequality.
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2. Human resources neededhformation on the need for human resources

for individual project intentions will also be takéom the drafted pro-

ject intentions. The human resources needed taemmt the individual

project intentions will stand on the left side bktinequality and the
available human resources will stand on the rigle ef the equation.

In addition to the aforementioned limiting criteriahich reflect the
practice of Slovak enterprises, it is necessargake into account the rela-
tionship between project intentions when optimizing project portfolio. It
is necessary to include in the restrictive critaigy of the relationships
between project intentions that may arise:

1. Project intentions can be mutually supportive @hdrefore, one project
intent cannot be realized without the project intfithe other. In such
a case, two situations may arise after the optitnizaof the project
portfolio, either both project intentions will beplemented or no one.

2. Project intentions may be mutually exclusive, tisathere may be two
situations, no project intent, or only one of thiejgct intentions will be
implemented.

3. Project intentions are independent, which meangdhbzation of one
project intent does not depend on the implememaifdhe second pro-
ject intent. In such a case, there may be thrematgins where neither
project intent will be implemented, only one ofth&vill be implement-
ed or both project intentions will be implemented.

The final step in creating a mathematical modebighlent program-
ming is to express the optimality criterion in fleem of an objective func-
tion. One of the following three variants will bersidered as the criterion
of optimality:

1. NPV will be the net present value generatedllbnealized projects, with
the aim of optimizing the project portfolio to menize the net present
value of the project portfolio.

2. Compliance with strategic objectives of the camp whereby the value
of the compliance of individual project intentiongh the strategic ob-
jectives of the company can be obtained by usimgHiiler scoring
model (see Hiller, 2002) (Table 2) and specificdibsed on the values
of absolute strategic importance (ASB) of the imndliial project inten-
tions. The aim of project portfolio optimizationlinthen be to maximize
the value of the absolute strategic importancéefaroject portfolio. As
part of studying the literature aimed at optimizthg project portfolio,
we have noticed that none of the authors considbeedelationship be-
tween strategic objectives and project intentionthie context of opti-
mization. It is, therefore, our aim to include thispect in the optimiza-
tion of the project portfolio and to monitor itgsificance in this pro-
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cess. The importance of including this aspect endptimization of the

project portfolio is also confirmed by the resuitinormalized weight of

this criterion, calculated on the basis of the agervalues assigned to
the criterion by the managers of the companielénguestionnaire sur-
vey.

3. Success — we get the value of success for ghafiproject intentions by
using the proposed fuzzy logic system (Valjasko2@19, pp. 121-
130).The linear equation will include the success vahfesach project
intent, and the aim of optimizing the project politf will be to maxim-
ize the success of the project portfolio.

We have given the characteristics of the mathealatodel we have
created, but we do not consider these charactsristibe fixed. This means
that it is possible to implement optimization withrious objective func-
tions. Managers may first consider a purpose fondthat aims to maxim-
ize net present value. Subsequently, the absdhategic importance of the
project portfolio can be taken into account asahgctive function and its
goal will be to maximize it. Finally, they can ingphent an optimization
with objective function aimed at maximizing the sess of the project
portfolio.

Results
The resulting mathematical model of bivalent prograng to optimize the
project portfolio will have, due to its above-memied characteristics, the
following shape:
Variants of the objective function:
Max - NPV = NPV,x; + NPV,x, + -+ NPV, x,
Max — ASB;x; + ASB,x, + -+ ASB,x, = total strategic importance
Max = Uyxy + Uyx, + -+ + Uyx,, = total success of the project portfolio
For restrictive criteria:
Rix; + Ryx, + -+ Ryx, < available budget
Zixq + Zyxy + -+ Zyx, < available human resources

xj — x; = 0 > mutually supportive project intentions
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xj + x; <=1 - mutually exclusive project intentions
Xj = x; - independent project intentions
X = Qorl;j=1,2,..,n

Where:

Xj ~ — projectintentions,

NPV; — net present value of project intentions,

ASB; — absolute strategic importance of project intentions,

R; — budget of project intentions,
Z; — the need for human resources for project intentions,
Ui — success of project intentions.

In order to demonstrate the functionality and agaidility of the math-
ematical model of bivalent programming designedubyto optimize the
project portfolio, it is necessary to propose thsgibility of solving the
mathematical model.

Since we wanted to create an innovative methodptomize a project
portfolio and the integer programming method withaly variables has
already used for such problems, we tried to inclindiéne optimization the
criteria that are not considered in common pradie theory. These crite-
ria are the strategic importance and success ¢girmtentions. We have
designed a mathematical model of bivalent progrargnaind possibility to
solve it by creating a modelling language in thitvgare LINGO 17.0.

We decided to apply the proposed modelling language model ex-
ample of project portfolio optimization. For therpase of the model ex-
ample, the modelling language will be modified adongly. The same
would apply to the use of a modelling languagehm ¢onditions of a par-
ticular company where the modelling language walgb require adjust-
ments to the actual starting point of the compamyhe model example, we
will consider twenty project intentions whose cleieaistics are shown in
Table 3. The data in Table 3 does not represehdega, but it is just an
example to present the behaviour of the model. Wepvogressively op-
timize the project portfolio always with a diffetevbjective function. First,
we will optimize the project portfolio with the NPWptimality criterion,
and the aim of the objective function will be to ximize it. The second
criterion of optimality will be the strategic imgance, and the aim of ob-
jective function will be to maximize it. The thiaditerion of optimality will
be success, and the aim of the objective functidiho to maximize it. In
all three cases, we will consider restrictive ciitebased on the limited
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availability of human resources to 312 workers arighited budget of 500
000 €. We will also take into account the intetielaships between pro-
jects. The condition for optimization will be thattoject intentions 5 and 6
have the same purpose and are mutually exclusnethe implementation
of project intent 10 is a precondition for the iewplentation of project in-
tent 11, i.e. these two project intentions are mllfsupportive. Optimiza-
tion results are shown in Table 4. The aim of tleeleh example implemen-
tation is to critically evaluate the proposed mbdgllanguage and evalu-
ate the significance of the individual optimalitgteria in the optimization
process.

In the case of the first optimization with a purgfs function to max-
imize net present value, the project intentions P4, P4, P5, P7 — P11,
P13, P15 — P18 and P20 will be included. Projesnitions P3, P6, P12,
P14 and P19 did not get into the portfolio. Thaultesy NPV value of the
created project portfolio is 187 500 €, the strat@mportance of the pro-
ject portfolio is 2.214 and the total success mt®94. Nearly all available
human resources will be used for such a projedfgdior structure, leaving
only three free workers who can provide a resenvease of unexpected
situations in the implementation of the projecttfmdio. As for the final
budget, 46 000 € would remain unused and couldsreserve.

The results of the second optimization with theeobye function of
maximizing the strategic importance of the projeattfolio show that the
project portfolio includes project intentions P1,PZ5, P7, P9 — P18 and
P20. Project intentions P2, P4, P6, P8 and P19 watrencluded in the
project portfolio. The resulting value of the stgit importance of the
project portfolio is 2 712, which is an increase488 points compared to
its value in the previous case. Maximizing stratégiportance has resulted
in a reduction in the NPV value, but on the othendy the success of the
project portfolio has increased by 98 points. Retipg ASB maximization
will require 308 workers (four will be unused orlivde a reserve) and a
budget of 460 000 € (in this case, 40 000 € withae free from the total
budget available).

The resulting project portfolio, in the case of maizing the success of
the project portfolio within the third optimizatipis composed of project
intentions P1 — P3, P7, P8, P10 — P12, P14, PI5;-AA20. Project inten-
tions P4—-P6, P9, P13 and P16 are not part of thjeqirportfolio. The re-
sulting project portfolio success rate is 961. Heave maximizing the suc-
cess of the project portfolio has led to the lowdBY among all the opti-
mizations made. On the other hand, the projectfg@mrtthus created re-
guires the use of all available human resourcegetisas the highest budget
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need among all optimizations. However, in the caiséhe budget, there
will still be free funds available to create a rese

All three resulting project portfolios include pegt intentions P1, P7,
P10, P11, P15, P17, P18 and P20. Project intenkd@sand P11 are in-
cluded in all project portfolios due to their mutwelationship, as they are
mutually supportive project intentions, which mhstimplemented both, or
none of them. The project intention P6 was notudet! in the project port-
folio in any case, which again results from thedibon of its relationship
with the project intention P5. These project inimmd are mutually exclu-
sive and therefore only one of them can be impleéatear neither of them
is included in the portfolio. The reason for salegthe project intention P5
in the first optimization results from NPV maximiim, as the NPV of the
project intention P5 is higher than the NPV of hieject intention P6 and
is also less demanding on both human and finanesdurces. As part of
the third optimization, none of the mutually exoklgsproject intentions
was included in the project portfolio due to the/lealue of their success,
which is understandable given the goal of maxingjzine overall success
of the project portfolio. The project intention R&s not included in the
project portfolio in the second optimization, besawf its low ASB value
due to the objective function of maximizing strategnportance. The P3
project intent was not part of the project portiadif first optimization due
to the low NPV value and the high level of neede@ricial and human
resources involved in the case of maximizing NRWthe second and third
optimizations, the project intention P4 did not oo the project portfolio
because of its low success rate in the third optition, and while the se-
cond optimization had a relatively high ASB valités very demanding on
both human and financial resources. Project irbestiP8, P9, P12 — P14
and P16 were not always included in only one ptgpectfolio and it was
always due to the low value of the optimality aiite of the selected ob-
jective functions. Finally, the project intentiod9Pwas not part of the pro-
ject portfolio of first and second optimization, imig due to high resource
demands.

We considered three approaches in the model exa(mpgimizing
NPV, maximizing ASB and maximizing success). Theuts of the differ-
ent approaches are different values of NPV, ASBsamtess of the project
portfolio. We decided to determine which approaubusd be chosen based
on the results of the model example. We used thBSIS multi-criteria
decision method. We decided between the above #meaches based on
three criteria, namely NPV, ASB and success. Basethe final ranking,
we consider the most appropriate use of the approamber three, which
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is aimed at maximizing the success of the projectf@io. The results of
the TOPSIS method are shown in Table 5.

Discussion

In view of the above-mentioned comprehensive imetgtion of the results
of the individual optimizations, we can concludattperforming the opti-
mization as well as the subsequent selection ofitta project portfolio
(after executing corrections by managers baseti@néxperience or intui-
tion) is a truly demanding and responsible prodkas without the use of
analytical tools would be extremely difficult. Thiatwhy we consider the
modelling language we have created to be an imporeal that will great-
ly simplify the entire optimization process withnaimber of restrictive
criteria. The difference between our proposed nmaétieal model and the
models of other authors who have applied bivaleog@amming to opti-
mize the project portfolio lies in the criteria tHeave been taken into ac-
count and in the perception of the same critendnich is risk. While Fotr
et al (2013, pp. 71-88), Doernet al. (2006, pp. 830-841) and Tabhri
(2015, pp. 339-347) respected the risk of projetntions expressed by
the use of Monte Carlo simulation, we in our agtithke into account the
risk expressed from the point of view of the susceSproject intentions
based on fuzzy logic.

Conclusions

In the paper, we focused on filling the gap in sb&ution of project portfo-
lio optimization by Slovak authors. We have prodde literature review
focused on the issue, which was the basis foriageatmathematical mod-
el. In order to reflect the practice of Slovak ca@mggs, we conducted
a questionnaire survey to identify the criterizevaint to the assessment of
project intentions from the perspective of Slovaknpanies. Subsequently,
we reflected the findings into a mathematical moofeinteger program-
ming with bivalent variables to optimize the prajgortfolio of Slovak
companies. An important benefit of our proposahisinclusion of criteria
that have not been used in the mathematical mddether authors so far
and so our proposal offers new possibilities fajget portfolio optimiza-
tion.

Although we have created a mathematical model ithgeared to the
conditions and requirements of Slovak businessescensider it to be
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generally applicable to businesses from other cmmtvhere it is neces-
sary to adapt it to the specific requirements glagicular company. The
issue of project portfolio, its management and rojzation still offers
space for future research. Our future researchisnarea would be to focus
on applying the mathematical model we have desigoe¢de conditions of
particular businesses in order to identify its Hiert benefits or limitations.
Due to the literature review, where foreign authiars and Zhang (2019,
pp. 282-293) and Xiaet al (2018, pp. 1-17) propose to optimize project
portfolio through a modern tool such as genetio@tlgms, the subject of
future research could be to create a genetic altgorio optimize the pro-
ject portfolio, respecting the same constraints thiedoptimality criteria as
is the case with our mathematical model.
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Annex

Table 1. Criteria for assessing project intentions andrthermalized weights

Criteria f1 f2 f3 f4 f5 fs Sum
Average rating 4.26 4.17 3.87 3.73 3.63 3.37 23.03
Normalized weights ~ 0.185  0.181 0.168 0.162 0.158 0.146 1

Table 2. Hillerov scoring model

Resear ch projects Organizational projects

Strategies Weights - - - -
Projectl  Project2 Projectl Project2

Strategyl ++ -
R&D Strategy?2

Strategy n

Strategyl
IT Strategy?2
Strategy n

N O Wl b

ASB

RSB

Note:” ++is 3, +is 1, - is -1 and — is -3

Source: Hiller (2002).

Table 3. Input data to LINGO 17.0.

I?E,;]I'é%T(')\,(lES CONSTRAINTS
| NPTRE?\lJTEl %TNS NPV Risk i rﬁgﬁﬁﬁe r;l;mac; Budget
P1 148 49 193 22 41
P2 63 54 28 19 31
P3 77 60 129 33 36
P4 125 9 120 31 49
P5 159 26 286 24 10
P6 126 28 91 25 14
P7 77 57 175 22 27
P8 84 80 48 21 21

P9 184 10 62 18 25




Table 3. Continued

SS&JIE$T(|)\,<‘ES CONSTRAINTS
I NPTRE?\leEl %TNS NPV Risk i n?gﬁtggﬁie r:elémac; Budget
P10 73 98 74 10 26
P11 82 59 294 33 23
P12 57 100 289 10 33
P13 123 4 77 11 29
P14 53 81 276 27 38
P15 74 91 93 19 32
P16 171 14 166 17 23
P17 163 61 147 18 43
P18 193 30 224 31 49
P19 75 89 59 34 41
P20 156 52 227 13 25
Constraints 312 500

Table 4. Output data of optimization

Project intentions Optimization1  Optimization2  Optimization 3 Frequency of

NPV ASB Success inclusion
P1 1 1 1 3
P2 1 0 1 2
P3 0 1 1 2
P4 1 0 0 1
P5 1 1 0 2
P6 0 0 0 0
P7 1 1 1 3
P8 1 0 1 2
P9 1 1 0 2
P10 1 1 1 3
P11 1 1 1 3
P12 0 1 1 2
P13 1 1 0 2
P14 0 1 1 2
P15 1 1 1 3
P16 1 1 0 2




Table 4. Continued

Project intentions Optimization1  Optimization2  Optimization 3 Frequency of

NPV ASB Success incluson

P17 1 1 1 3

P18 1 1 1 3

P19 0 0 1 1

P20 1 1 1 3
Resulting NPV 1875 1790 1375
Resulting ASB 2214 2712 2256
Resulting success 694 792 961
Human resources 309 308 312
Budget 454 460 466

Table 5. TOPSIS to select the resulting approach of thaxopation

The decision matrix

NPV ASB Success
Approach 1 1875 2214 694
Approach 2 1790 2712 792
Approach 3 1375 2256 961
Thetransposed matrix
NPV ASB Success
Approach 1 0 498 267
Approach 2 85 0 169
Approach 3 500 456 0
The normalized decision matrix
NPV ASB Success
Approach 1 0 0,737522876 0,844962095
Approach 2 0,167595494 0 0,534826195
Approach 3 0,985855847 0,675322151 0
Weights 0,343 0,412 0,245
The weighted normalized decision matrix
NPV ASB Success
Approach 1 0 0,303859425 0,207015713
Approach 2 0,057485254 0 0,131032418

Approach 3 0,338148555 0,278232726 0




Table 5. Continued

Final ranking
d+ d- c
Approach 1 0,338148555 0,49953028 0,596326729
Approach 2 0,420566166 0,440505839 0,511578401
Approach 3 0,208595861 0,347743703 0,625056576






