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Abstract

This paper presents a tool which goal is aiding the user to choose the best Decision Support Software between a set
of Software residing in a database, according to the features desired, and using multicriteria decision methods.

This application was developed using the C# programming language and allows to save in a file all user data, such as
the set of Decision Software Tools under consideration and its features to be used afterwards.
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Introduction

Nowadays making decisions, especially in the business world, requires a lot of responsibility,
because of the consequences they may bring. To choose a software tool is not an easy task,
because of the available number of alternatives and characteristics under consideration. All
choices must be well thought out. Thus, it becomes increasingly necessary to consider all the
alternatives on the market in order to choose the best one available, for each case under
study.

The number of Decision Support Software available in the market has been increasing
dramatically making the choice of the best option for a particular context a complex task.
We developed an application aimed to assist users (experienced or not) to choose the best
Decision Support Software for each case.

We started by considering the multicriteria methods and the calculations they involve [1][2],
and some review papers on Multicriteria Decision Aid Tools and Applications [3][4] and [5].
The methods used in the software developed will be explained with an illustrative example.
Before starting to develop the application, we also explored Web-HIPRE [6], which is a
software for decision analytic problem structuring, multicriteria evaluation and prioritization.
There are some common features between this software and our application, but while Web-
HIPRE is more general, our application is focused on support selection of decision software
packages, having some characteristics that help in the selection of these applications, like
the possibility to view their webpage.

Our application, called beSmart, is represented by the logo shown in figure 1.

beSMART

Figure 1 - beSmart’s logo

We believe that our application is innovative. Besides the MCDAS Tool [3][4][5] we didn’t find
in the literature any other tools dedicated to the selection of multicriteria software. beSmart
was a completely new developed application, designed to help users to select decision
support software, in a simple and intuitive way, helping the user to make the best possible
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decision. It can also be used with other types of problems. Due to the methodology used,
which is carried out in steps, the user can realise in what stage he or she is in the decision
process, helping to make the decision process more reliable.

Multicriteria methods

To make comparisons between different software we used three multicriteria methods:
SMART [7], AHP [8] and ValueFn, based on the Utility Theory [9][10].

SMART method: is a simple and quick technique to decide the priority between alternatives.
It consists of assigning points to each alternative, where higher scores represent more
important alternatives.

AHP method: is a structured technique for dealing with complex decisions. Consists in filling
a table, by assigning a degree of importance to each criterion, in relation to another. This
method requires the computation of the consistency rate, which is a mathematical value of
reference that shows the consistency of the comparison done. According to Saaty (1980) this
rate should be lower than 0.10 [8].

ValueFn method: corresponds to a function that maps directly to the evaluation of the
alternatives. It can be a maximization or a minimization function, depending on the user's
intention to maximize or minimize the given attribute.

These methods will be further explained bellow.

Application Development

This application was developed in three steps: requirements analysis, modelling using UML
(Unified Modelling Language) [11] and, finally, implementation.

Requirements analysis

The requirements analysis was done through some meetings with the client, where it was
realized what he really wanted, as described next.

The main goal of this application is to make comparisons between a set of software, where
the user may select software and characteristics involved, as well as the methods he wants to
use in his comparison. The beSmart’s task is classifying software according to the user’s
preferences.

Among all the requirements asked, stand out the possibility to edit the software list, allowing
managing contents of the database, which means the database should be dynamic, and also
allow the user to have his own database file.

There are other important aspects required like seeing the software webpage, which allows
visualizing the list of software in the database and its webpage (see figure A7 in appendix A).

Modeling using UML

In order to obtain a good code organization regarding all tasks required, we performed the
problem modeling using UML language [11].

We created a Use Cases diagram (see figure 2), Sequence diagrams that describe how a given
function is performed, and finally a Class diagram that describes the structure of the main
classes of our software (see figure 3).
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Figure 2 - Use Cases diagram

The use cases diagram (figure 2) describes all actions that a user can perform in the
application. Different colors are used to represent different groups of actions.
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Figure 3 - Class diagram

In the class diagram, the ManagementDataBase class (ManagementDa... in figure 3) is
responsible to apply the Decision Support Module to the Database Module.
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Implementation

The application architecture is organized in three layers:

1. Data, which is responsible to provide information to the business layer.
2. Business, which makes all the calculations needed for the final result.
3. Interface, which is responsible for user interaction with the system.

The language chosen for the design of this application was C# [12][13], due to a requirement
imposed by the scope where the project was integrated.

Using beSmart

The first interaction with the software is the welcome window, which has a welcome message
to the user.

beSMART Software

Welcome to beSmart Software

beSmart is an application for decision problems

J— based on multicriteria evaluation and
” prioritization of decision support software
. . The process is divided in 3 steps
| bQS M H RT | 1. Choose the set of Software

2. Choose the characteristics

3. Choose the multicriteria methods to be used
‘-. / 7
e ‘ Enter

Figure 4 - Welcome Window

After the user presses the enter button, he can start using the application. A small user guide
is presented in appendix A.

A comparison example is given in appendix B.
Decision Process Explanation

To start the decision process, the user must choose the set of software to be compared.
Then, the user is prompted to indicate which features (criteria) he wants the program to
include in the decision process. After this, the user is faced with the task to assign weights to
the features chosen, using SMART or AHP.

If the SMART method is chosen, the program presents the features and the user must assign
10 points to specify the least important feature. Then, he assigns a higher number of points
to other features, depending on their importance compared to the least important one. After
that, it is necessary to normalize the values entered. This is computed by dividing each value
by the sum of all values. The results are shown in a table, as in the following example:

Table 1 - Computing the priority of criteria using SMART

Criteria Points Priority
Interaction with User 10 £=0,4
15
Cost 15 —=0.
25 0.6
Sum 25 1
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If AHP method is chosen, a table is presented to the user allowing pair-wise comparison of
criteria in the achievement of the overall goal (select the best software).

The main diagonal of the table is filled automatically. The user must assign the comparison
values above the main diagonal, respecting the scale proposed by Saaty (1980) [8], although

intermediate values may be used:
Table 2 - Saaty’s scale

So the preference
number to be given is:
The same importance 1
A little more important
A much more important
A far more important
Absolutely more important

If x has/is ... that/than y

O|N|U|w

Values like 1/5, for example, may also be used to represent that y is much more important
than x, while 5 represents that x is much more important than y (as in table 2).

For each column, the sum of all values is computed. Then the result matrix is normalized.
Afterwards, the sum and the average of the values contained in each line are evaluated. The
average values are the final weights of each criterion.

The next step is calculating the consistency rate. Initially, the comparison matrix is multiplied
by the final weight matrix calculated above. Subsequently, each value is divided by the
corresponding value of the weight matrix, resulting in a vector. The average of these values is
very close to its maximum eigenvalue (A,.x). Then it is necessary to calculate the consistency
index, which for a matrix of size N is given by the following formula:

Amax' N
N-1

Consistency index =

Afterwards, Saaty’s Random Index (RI) table (table 3) is used, to check the consistency rate.

Table 3 - Saaty’s Random Index

N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

RI ] 0.00 | 0.00 | 0.58 | 0.9 | 1.12 | 1.24 | 1.32 | 1.41 | 1.45 | 1.49 | 1.51 | 1.54 | 1.56 | 1.57 | 1.58 | 1.60

Depending on the number of features to be compared (N) the Rl is chosen. The maximum
value that we have found was for N=16. Finally, to evaluate the consistency rate, the
consistency index is divided by RI. If the consistency rate is less than 0.1, the matrix is
considered consistent. If the value is greater than 0.1, an iterative method will be applied to
improve the consistency rate.

If we have to iterate to improve the consistency rate, the steps used are described below:

e Multiply the final weight matrix by the matrix containing the values entered, resulting
in another weight matrix.

e Normalize this matrix, and obtain a new matrix of final weights.

e Compare this new final weighted matrix with the one obtained previously.

o If the maximum difference between each value is 0.0001, recalculate the
consistency rate, the same way as before.

o If the difference is higher, the steps are repeated. It means it is necessary to
multiply the last final weight matrix by the matrix that contains the values
entered, normalizing the resulting matrix and re-check the difference with the
previous final weight matrix.
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After this phase has been completed successfully, begins a new one that can be called
Priority Setting. This phase is mainly directed to the feature. For each feature, the user can
choose between these two methods: AHP or ValueFn.

If the user chooses the ValueFn method for each feature, he is prompted to choose if he
wants to maximize or minimize it. For example, in the case of the cost of software feature,
the user would want to minimize it. On the other hand, in the case of the quality of user
interaction feature, the maximization would be more adequate.

Then, for each feature/software, one of the following formulas is used, depending on the
interest to maximize or minimize it. In the case of minimization the following formula is
applied:
_ X-Min
Y= Max - Min

In the case of maximization, the applied formula is:

Min - x

y= Max - Min

Min and Max are the minimum and maximum values presented in the software chosen. The
following example shows how the priorities are evaluated using the ValueFn (in a case of
maximization):

Table 4 - Compute the priority of Interaction with user, maximizing the feature

Software | Interaction with User Priority Normalized Priority
A 1 0 0.000
B 3 0.5 0.333
C 5 1 0.667
Min 1 (A) [ Sum 1.5 1
Max 5 (C)

After the priorities are calculated, they are normalized.
For a case in which it is intended to minimize the feature, the results are:

Table 5 - Compute the priority of Cost, minimizing the feature

Software Cost Priority Normalized Priority
A 100 1 0.818
B 800 0.22 0.182
c 1000 0 0.000
Min 100 (A) | Sum 1.22 1
Max 1000 (C)

AHP method can also be used in this step (setting priorities to software). This works just like
explained above for the criteria.

Final Results

The final ranking of the software is obtained by doing some final calculations. The priorities
for each software, relative to each criterion, are multiplied by the weight of the respective
criteria. Then, for each software, the previously obtained values are summed up. These
values are the final software weights, considering all criteria.
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The software with highest value will appear at the top of the rankings, and the rest in
descending order. This result is finally presented to the user.

Several graphics and tables are showed to the user to support the interpretation of the results
achieved (see figure B8 in appendix B).

beSmart is available for free download and is ready to be installed through the following link:
http://code.google.com/p/besmart/ [14]. All documentation about this application can also
be consulted in the software webpage.

Conclusion and future work

Although its implementation was complex and time consuming, the decision support module is
totally functional, and its success makes the results provided by beSmart safe and reliable.
We consider that beSmart interface is intuitive for a user who does not know the methods
used in a decision-making process. Moreover, this application is generic and can be used to
make any kind of comparison, not only software but also other things like cars, computers,
and so on.

As future work, it is our intention to improve the software by adding new features like
sensitivity analysis, which will allow giving even more confidence to the user on the results
obtained. We also plan to implement a Help Module, with a search system, able to present to
the user some tips to clarify doubts during the decision process.
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Appendix A

beSmart User Guide

£7 beSMART Saftware = @R

DataBase Software Help
Crooe Sciwars | Choowe Ctena | Defntion of Weights | Defnton of Promes | Final Fesuts
Software List
Compatible Interaction Manuals and Examples through

Cost

L Wi L operating systems with the user Tutonals applications

Figure A1 - Software List window

Software List Window

After the welcome window, it appears the Software List window (figure A1). Here it can be
accessed the list of software available and their characteristics.

Menu Bar

The menu bar is presented in all windows except the welcome window. There are three sub-
menus: DataBase, Software and Help.

DataBase sub-menu
In this menu the user can open a file with the appropriate data, “save” or “save as” the data
into a file, and finally exit the application.

Software sub-menu

The main feature of this program is to compare software. So, the user starts a comparison of
software by selecting the option Start a new Comparison, in this menu. When this button is
pressed, it appears in the beginning of each line a check box, which will allow selecting the
set of software to be compared.

The next option is Edit Software List, which allows adding or removing software as well as
their characteristics.

Finally in this menu the user can see the software web page pressing the button View
Software Webpage.

We will further explain these two options bellow.

Help sub-menu

The Help sub-menu presents two options: Tutorials and About.

In the Tutorial option, the user can see the information about how to use each of the
multicriteria methods presented above. Figure A2 shows an example. Figure A3 shows the
About beSmart window with the developers of the application.
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£7 Tutorials

AHP TUTORIAL H About beSmart

beSmart

AHP method:
This methodology divides a decision problem into its constituent parts, using a hicrarchical
structure. The main goal is placed on the top of the hierarchy and criteria, sub-criteria and
alternatives in the next levels. The relative importance of cach criterion is determined by a
pairwise comparison of preferences made by the decision makers. The preference between
two items can be measured on a escale of 1 to 9, as follows on the example (see table 1).

Version 1.0.0.0
Copyright = LI4 Group 13 2011

Universidade do Minho

Table 1: Escale to atribute preference between twa items

Anabela Tereso (Supervisar), Anz Samapaio, Hugo  »

Comparison Preference to be given bE’SMHH Frade, Miguel Costa, Tiago Abreu
If x is as important as y 1
If x is a little more important than y 3 s
I x is much more important than v 5
If x is far more important than y 7 i
If x is absolutely more important than y 9

After atribute the preference, the next step is to build a matrix with the preferences of decision
makers comparing all the elements. The number of comparisons needed to fill a matrix of
onfions is

Figure A2 - AHP Tutorial: explains how to use the method Figure A3 - About beSmart window

Edit Software List

This option gives the chance to the user to manage his software list, by performing the
following actions: add new software or delete software from the list (see figure A4).
This option also allows adding, removing or editing software characteristics.

£7 Edit Software List =8, X
- i
Software List £3 Add Software. e X
D Name — Type
= =8 =
L7 Edit Sohware List - e To identficati webpage. Then, you shouid (| IS
Software List Characteristics List ol clasaly ks characioritios ot Velus ekl 2
1|2 Numeric
D Name E D Name T | = T - T
| . = B3 | Decision La| Name Make Decisons |Qualitative
lectre llI- | |
- a2 B4 |Beckes i) o @ o
o 5| O A|s Electre IS s | Bool
Ojs Ble Equity Link  www makedecions.com [Seach ) =
LIE [=]E2 Expert Chol| |Bool
o o = = Value D Name Type Detais Al S
= Ois Hiview T T Tl
o il e true 1 View Detais
o H = ogical Deg) 2 2
= D10 |maceeTH ' :
= good 3
o [ OnBalance, - T
. false 4
[s] B)12 PrefCalc [
———— 3 false 5
13 Prime Decid||
7 true 6
B4 SANNA [ 7
Add new Soliwaie Add new Chaiaciensics.
Edd Sosware Edi Chasaciensics
Delete Soliware Delete Charactenstcs.

Figure A4 - Edit Software List window Figure A5 - Adding a new software called “Make Decisions”

Add Software

If the user wants to add new software, in addition to name, identification and webpage link,
he must fill in all other characteristics (see figure A5).

Edit Software
To edit Software information, the user has to select which one he wants to edit and fill with
the correct values.

Delete Software
If a software item no longer exists, or simply loses interest to the user, it can be deleted from
the database.

Add Characteristics

There are three types of characteristics: numerical, qualitative and yes/no characteristics. A
numerical characteristic is a number, to be applied to characteristics like cost. A qualitative
characteristic is described by a scale, such as, 1-bad, 2-normal and 3-good. Finally, there are
yes/no characteristics, to be applied to characteristics like on-line help.
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When the user adds a new characteristic, it is added to all the software in the list, but with
the null value. The user then has to complete its values with the option Edit Software (see an
example in figure A6).

Edit Characteristics
This option allows the user to select which characteristics he wants to edit. After that, one by
one, they will appear to be edited with new information.

Delete Characteristics

In the same way that we edit characteristics we remove them, by selecting which ones we
want to remove and pressing the delete button.

View Software Website

The user can see each software website by double-clicking on the software’s name (see figure
A7).

£7 Edit Software List LB 2] £7 beSMART Software | Consult Software Webpage =@ %
Software List  { £ Add Characteristic =] D MNeme - |-
1D Name [T ype 6 Decision Explorer
W I 5 Numeric © Guaitative © Yes o o | 6% |Gtoum Decison Pl Gain insight into your critical thinking 5
B2 Criterium jumeric_| 6|3 | Decision Lab
|B[3  [pecision} Toadd anew tstype and filint Busiiaive | g; :mm :!W I
4 | Etectre ol ‘ ) E::;E V
=2 E Y
B|s Electre IS Name ¢ nctonalty ool | 6@ |BostCraes Home Products D
[Ble [eauiv | s o } Gl [van
3|7 Expert Cl ol ———T— =
A o @42 |Logcal Decisions ®
(] | Hiview Please describe the rating scale for your new qualitative characteristic. ol [wcaEmH B AN X ]l A Overview
O9  |togcal@i™ [vawe VaweOdsr = G4 onbdance ]| SoFTWARE .
|E]10  [maceedil | verybad 1 B 6|45 |PreiCalo DISCOVeI’_ how D¢
‘ bd 2 6% |Pime Decions a clear picture ol
acceptable 2 3 Bl |saina . Decision Explorer® is a proven t
6l |Topsis
| good 4 Buy now surrounds complex or uncertain ¢
| 2 verygood 5 | 6|5 |u=ru online explore them, and gain new unde
I al G50 |V Aralysis through increased productivity, r¢
E 1 I 6|51 |visa developed by academics at the u
E j"‘WT‘Www . At arganisations. This innovative toc
Decision Explorer Click to view the PDF brochure n¢ _
[_ — | K i ] D
Figure A6 - Adding a new qualitative characteristic called Figure A7 - Viewing the Decision Explorer
Functionality Software website

Compare Software Process

As explained before, to start a new comparison we have to go to the software sub-menu, in
the menu bar, and press “Start a new Comparison”.

After that, the user has to select the software that he would like to compare. When the set of
software is selected, the next button has to be pressed. Then, the following window appears
and the stage is increased. Also, the progress bar, which is in the bottom of the page, moves
forward 25% per stage, in the total of 4 stages. This bar only allows the user to realize at
what stage he is, and how far it takes to finish the process.

Now the user has to select the characteristics that he would like to compare, checking the
corresponding boxes.

With all the software and characteristics selected, it is time to start giving weights to criteria
and priorities for the software within each criterion.

Firstly the user selects the method to define criteria weights, between Smart (figure A8) and
AHP (figure A9).
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Figure A8 - Defining weights with Smart method Figure A9 - Defining weights with AHP method

Each method should be filled according to the information given in the tutorial.

Then, the user proceeds to the definition of priorities between alternatives, for each
criterion. Here it can be chosen ValueFn (figure A10) or AHP method (figure A11). The
difference between this step and the previous one is that it can be chosen a different method
for each characteristic, instead of using the same method for all.

— & &
=5

3 nternction wah ha user
3 Invaction wih tha user

i
iy
13

;

o

e et et s 8t st e

Wit wo oo o1 ol o 7 e . o
Tl e b b1 85458 i o

Provaus

Figure A10 - Defining priorities with ValueFn method Figure A11 - Defining priorities with AHP method

At the end of this step, the process can be concluded, by pressing the Finish button. Then,

the results are shown in a ranking table, including the weights given to each software (see an
example in figure B8).

Appendix B

Example of a comparison done using beSmart software

After opening the application, we must go to the DataBase menu and select Open. Then, we
choose a database file with beSmart extension, click Ok and the list of software in the
database will be displayed. To make comparisons, we must go to the Software menu and
choose Start a new comparison (or simply use CRTL+N).

Then, it will be displayed the window presented in figure B1. Here we should choose the set
of software to be compared, between 2 and 16 software.
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Figure B1 - Selecting software

On this example, the selection was Decision Explorer, Expert Choice and Logical Decisions.

- ——
- B =
IR * 4 mEBeas = & —_— = —

DataBase Software Help
||| Choose Scftware ‘ Choose Crteria ‘ Definition of Weights ‘ Definion of Priorties | Final Resuts ‘

[~ Criteria List

H D Name Type

]
\
Compatible operating systems Bool
Cost Numeric
Interaction with the user Qualitative:
Manuals and Tutorials Bool
Examples through applications Bool
On-line Help Bool
Free version Bool

s ) ) fm]

oo
N = EIEN <>~ B

Choose at least one characteristic to be classied.

< Previous Next >

Figure B2 - Selecting characteristics

The next step is to select the characteristics considered important. In this example we
selected Cost, Interaction with user and On-line Help (see figure B2).

Pressing Next button, it is time to give weights to the characteristics or criteria, specifying
the relative importance of each one, compared to others. To do that, we need to choose a
method, which can be Smart or AHP.
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Figure B3 - Giving weights to the characteristics using Figure B4 - Defining priorities for Cost using ValueFn
smart method. method

In this example we choose the Smart method. We give 10 points to the least important
characteristic (On-line Help), 20 points to the most important (Cost), and 15 to Interaction
with the user (see figure B3).
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Then, we move to the next step by pressing Next button. Now, we need to define the
priorities of each characteristic. Here we can choose between ValueFn and AHP method.

For the first characteristic (Cost) we decided to choose the ValueFn method and minimize it
(see figure B4).

Then, we select the next characteristic (Interaction with the user), by pressing Next button.
For this one we choose AHP method.

As we can see in figure B5, the values we gave are not consistent. So, to have better results,
we decided to change these values, until we achieved a good consistency rate (figure B6).

For the last characteristic (On-line Help) we choose ValueFn method again, but this time
maximizing the characteristic (figure B7).
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Figure B5 - Defining priorities for Interaction with

user (bad consistency rate) Figure B6 - Defining priorities for Interaction with

user (good consistency rate)
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Figure B7 - Defining priorities for On-line Help Figure B8 - Final Results

Completing this step, we finish the process and get the final results (see figure B8).

The results we got indicate that we should choose Decision Explorer, with 0.53 of priority;
then Logical Decisions, with 0.35 of priority; and finally Expert Choice, with 0.12 of priority.
To conclude, the software more appropriate in this case, considering the user choices, would
be Decision Explorer.
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