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Instituto Tecnológico de Ciudad Madero
{lauracruzreyes,cggs}@hotmail.com

Abstract
The main economic and mathematical models related to the Public Portfolio Problem (PPP)
assume a defined set of N projects, each project perfectly characterized with costs and benefits,
of which the distribution over time is known. The goal is to select projects that maximize
the social benefit without exceeding the total budget. How the government or charities
institutions makes decisions about which projects support. Often it isn’t clear because so many
factors to consider.
In this paper is presented a Visual Analysis Tool for PPP to help the Decision Maker to
choose the best projects (according to their preferences) will be undertaken. Efficient solutions
of PPP, obtained through some algorithms, are represented in a graphical form to make easier
to analyze each solution and compare some or all solutions at a time. It is claimed that it is
easier to make decision if the information is presented graphically. The Visual Analysis Tool
have the possibility to compare solutions if certain problem has a large amount of data. Several
studies have demonstrated the effectiveness of using graphs as tools to read and interpret data
in the decision making process over traditional methods such as tables or reports.
A Decision Support System (DSS) is a computer-based interactive system which aims to
support the DM in make decisions associated to complex decision problems. Therefore, include
Visual Analysis in a DSS help the DM to select better solutions in a easier and intuitive way.
Keywords: Project Portfolio Problem Public; Decision Making; Decision Support Systems;
Multi-objective Optimization.
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Introduction

The selection of public project portfolio is a complex optimization problem involving conflicting
criteria, subjective and difficult to compare. Even when a set of the best solutions is found, the
problem lies in deciding which of all of them will be carried out.
In this paper we present a Visual Analysis Tool that facilitates the selection of solution of
PPP for the DM through the visualization of information using a lot of graphs. Some solutions
of PPP obtained through others algorithms are showed using bar, line and pie graphs. The DM
can analyze the solutions, compare all proposal solutions or only two solutions and finality make
a decision about what is the best solution for his. If any solution satisfies his preferences, he can
make recommendations about the parameters of the problem to generate news solutions.
The desires and beliefs that the DM has about the problem are expressed, in part, in the
aspiration level about some kind of attribute of the problem. In this way many optimization
problems can be represented as a multi-objective perspective. But, even when the multi-objective
problem is solved, the central problem for the DM is not solved.
Studies like Dickson et la [4] have demonstrated the effectiveness of using graphs as tools to read
and interpret data in the decision making process over traditional methods such as tables or reports.
This tool shows the solutions of PPP using bar graphs, pie and line. By means of the graphs it
can be visualize all the details of the problem solutions, from the value of the objective function
to the distribution of the budget between the selected projects to be carried out. Additionally, the
tool allows to compare two or more solutions in order to help the DM thoroughly evaluate their
preferences.
According Weistroffer [14], the implementation of a Decision Support System is in its early
stages and there are few studies regarding this topic. The complexity of the problem alongside
the subjectivity of the objectives and the difficulty for the DM to set the preferences to carry out
the selection process make necessary the use of tools to guide and facilitate the decision making.
According to the no monotonic logical, the DM can change from one end to another with the simple
fact of having new information [2]. Thereby, the goal is to build a DSS to ensure an accurate decision
making process, suitable to the preferences of the DM.
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2.1

Problem Description
Multicriteria Optimization

The problem is that there are no mechanisms that allow the DM a Visual Analysis of the solutions
obtained by the different algorithms that solve the PPP. According to Fernandez et al [5], the final
step of PPP is provide tools to help the DM take the final decision on which solution is the best
(of According your preferences) or, make recommendations or propose changes to the parameters
of the problem to generate new solutions.
In addition be reviewed in detail the PPP. Also be revised as how to governments make decisions
about public projects and systems to support decisions. Is important to know how are made
decisions about public projects because finally the benefit is for people. Proposals indicate a
decision-making involving the government, experts and the general population.

2.1.1

How Make Decisions About Public Projects

The implications of uncertainty for public investment decisions remain controversial. The essence
of the controversy is as follows [1]:
• The investment on a group of people or a population should be proportional to the amount
of money they bring to the public coffers.
• A criterion used in private markets. The government should then evaluate the investment
according to some criteria that maximize the impact level and the benefited people.
Another way to make decisions about public projects is involve citizenship, political representatives and experts. This is based on absolutely no confidence in any of them: politicians are
perceived as more preparations that citizenship, but also as less honest that citizens [8]. Furthermore, in [10] proposes a new way to make decisions about how public money is spent. This is to
provide mechanisms for citizen preferences are taken into account.
2.1.2

Multicriteria Optimization

In the real world often optimization problems can be very complex with a very large amount of
alternatives to be evaluated through a set of attributes, also some objectives are to be optimized.
The attributes are quantitative values that describe the problem and are expressed as a function
of the decision variables. The objectives are the directions improvement of attributes and it can be
to maximize or to minimize [3].
Typically, when the multi-objective problem is solved, due to the fact that the level of aspiration obtained of the DM is around the typical level a set of efficient solutions or alternatives are
obtained, the evaluations of these solutions or alternatives build the Pareto Front[3]. Obtaining the
exact Pareto Front or an approximation of the Pareto front is the main purpose of multi-objective
optimization approach [11]. When a Pareto front is calculated, still there could be a large number
of efficient alternatives, a final step should be done to help the decision maker focus on a small
set of the efficient solutions that best reflect the DM beliefs and preference, that is to build the
recommendation [5].
2.1.3

Public Portfolio Problem

The correct selection of projects for a portfolio is one of the most important problems for public and
private institutions. The main economic and mathematical models to solve the portfolio projects
problem assume that exist a set of projects proposals N , from each proposal are known costs and
revenues and the distribution over the time is also well-known. In case of risks the DM has to know
the probability density function of the benefits [6].
According to the next reasons, the selection of projects for a social portfolio projects need an
especial treatment [6]:
a) The quality of the projects is generally described for multiple criterion that are often conflicting.
b) Usually, the requirements are not accurately known. Many concepts do not have mathematical
support because they have totally subjective nature.

c) Due to the heterogeneity or difference between the possible projects of the same portfolio the
comparison between them in very complicated.
Next, a simple formulation for a social portfolio projects problem is shown. In this case the
problem to evaluate the social impact of a portfolio of projects is indicated but not evaluated.
maximize Z =

N
X

bj xj

(1)

j=1

subject to

N
X

xj cj ≤ P

j=1

xj ∈ {0, 1}, j ∈ N = {1, 2, ..., n}
where:
N : the number of projects requiring support.
CJ : is the cost for project j.
P : is the budget for all projects.
xj is such that xj = 0, if j project is not carried out, xj = 1 if the project is carried out.
bj : is the benefit of carrying out the project j. The regular benefit is expressed using multiple
attributes to optimize and adding various restrictions according to each particular problem.
In this work the main objective is to maximize the number of beneficiaries for each project.
However, the benefit is spread in nine categories according of each social class (high, medium, low)
and the impact of the project (high impact, medium impact or low impact). Besides, each project
belongs to some area or region determined and there are some restrictions for an equal distribution
between the different areas and regions.

2.2

Decision Support System

According to DSSResources.com [12] Decision Support System is a computer based interactive
system which aims to help the decision maker to identify and solve problems, to perform tasks
involved in the decision making process. A DSS helps gather, summarize and analyze data relevant
to the decision. The objective of the members of the macro-project is the construction of a DSS
focused on the PPP.
Multi-Criteria Decision Analysis (MCDA) or Multi-Criteria Decision Making is a procedure
aimed at supporting Decision Maker (s) whose problem involves numerous and conflicting evaluations [7] [9]. Visual analytic is “the science of analytical reasoning facilitated by visual interactive
interfaces”. It can attack certain problems whose size, complexity, and need for closely coupled
human and machine analysis may make them otherwise intractable [15].
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Solution Method

In this paper we present a software tool that analyzes the best Public Project Portfolios generated
by a solution algorithm. Through different types of graphs use, the software allows a simple and
intuitive selection process for the DM in order to chose the best portfolio. The graphs show different
aspects of the solution so as to facilitate selection between two solutions. Additionally, the software
contributes with the analyze of whether the DM preferences in the problem formulation remain the
same or if they have changed due to different selection criteria. Approach to the problem and the
solution algorithm are taken from the work of Rivera et al [13] and Fernndez et al [5].

3.1

Instances and solutions files

To ensure the operation of the software tool, a problem instance file is necessary (description of a
particular problem) along with the best solutions file (generated by some algorithm of solution).
In the problem instance file is described the total budget available and all potential projects to
be undertaken, the amount required to be performed and the benefit (number of beneficiaries) to
conduct the project.

Figure 1: Main Screen of the Software Tool.
In the file of solutions have arrangements of 0s and 1s (one 0 represents that the project was
not carried out and 1 means that the project was carried out) of the best solutions to the problem
given by the algorithms solution, each solution is stored in a line of the file.

3.2

Main Screen

On the main screen, in the left side, show a description of the solution selected of problem previously
loaded. In the description is shown the cost of Solution, number of projects amount for areas and
regions and people benefited. In the right side is shown a list of solutions and some controls to
generate the different graphs. In the center is showed the graphs using tabs. Figure 1 shows the
Main Screen of the Visual Analysis Tool.

3.3

Analysis

Figure 2: Different Graphics Generated by Visual Analysis Tool.
When loading a particular instance ten possible solutions are presented. The solutions are “not
dominated” solutions, that is, wasnt found better solutions than these. Different graphics can be
generated allowing to observe various aspects of the solutions as shown in Figure 2
In Table 1 is resumed the information viewed in the different graphs. It can be observe that in
the solution one, the area that best benefits is Education and region is north but total of benefit
people is only of 6.447 millions. Meanwhile, in solution nine the areas whit best benefits are Health
and Education, the budget is distributed equitably between north and south region and people
benefit are 6.672 millions.
Whit this Visual Analysis Tools is possible to observe that the solution nine may agree more
than other solutions because this solution evenly distributes the budget between different areas and
regions, benefit a greater number of people and used a greater amount of budget. Nine solution is
a good candidate to be selected to perform.

Solution
1
2
3
4
5
6
7
8
9
10

Trend related by area
Education
Healt
Healt
Education
Healt
Healt
Healt, Education
Healt, Education
Healt, Education
Education

Trend related by region
North
North
North
North
North, South
North
North
North, South
North, South
North

Benefit people*
6.447
6.553
6.492
6.366
6.409
6.507
6.375
6.537
6.672
6.485

Cost**
89%
89%
90%
90%
90%
91%
91%
91%
92%
92%

* millions of people ** % of total budget

Table 1: Resume of Information Analyzed from Graphs
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Conclusions

This Visual Analysis contributes with the DSS integration because information of the best solutions
is showed in a graphical form and provides a better way to read, analyze and interpret all the
information.
This Visual Analysis Tool aims to show aspects of the solutions that would be otherwise difficult
to visualize, all with the objective that the decision maker is certain that the solution selected is
in accordance with his preferences, and if the result is unexpected, the decision maker can be fed
back to modify the preferences about the problem and the algorithm of solution.
Although in recent years has been important advances on the PPP, is still much work to do,
especially develop a DSS specific for this problem. With respect to the DSS is necessary:
• Use other graphs to present information like starts graphs.
• Create a wizard that guides the DM to make a decision using a graphs sequence.
• Implement a recommendations mechanism that automatically adjust DM preferences, if necessary.
Also, important work is to integrate all the subsystems of the DSS in a single software tool that
can be packaged and used by the institutions who need it.
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