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Abstract:

A good selection is fundamental for the investment projects in the public institution.
It is used economically and efficiently by examining the accuracy of the determination of
strategic goals and objectives is of great importance. Under budget constraints in
considering the project for the solution of transport problems in urban areas, the best choice
is made using multi-criteria decision-making (MCDM) methods. In this study, the selection
criteria were identified for investment projects. Then, it was made the application at the
public institution. The alternative projects of transportation were evaluated using analytic
network process (ANP) and goal programming (GP) methods. This application was made in
the selection of transport projects at Ankara Metropolitan Municipality.
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1. Introduction
It is one of the most important decisions taken by the selection of the project
manager. Physical owned business, financial and manpower resources are limted and the
evaluation of these resources in the right projects increases the fithess value of the project.
Multiple factor that impact the decision to select an appropriate projects include decision-maker
preferences and priorities, benefits, costs, project risk of other scarce resources. While the

managers are evaluating the projects, they choose the greatest contribution projects for the aims of
the institution.

Decision-making problems in the broad sense; according to at least one goal or criterion
can be defined as a set of options to choose the most appropriate option. According to this
definition to members of the decision-making of a decision problem, options, criteria, results,
creates environmental priorities and decision-makers (Dagdeviren, 2001). Project information in
the decision-making process, depends on the use of technical resources and the perception of
decision makers. There are many different techniques that can be used to estimate, evaluate, and
choose project. Classical project selection models focus more on the individual attributes of the
candidate projects. In addition transportation project selection means identifying some alternative
projects in order to maximize the net benefit to the organization.

Made an application in Ankara Metropolitan Municipality and their weighting of the
project is calculated using the analytic network process the selection of transport projects method.
These weights using 0-1 Goal Programming method of project selection made and the amount of
resources used in the given scenario are calculated.

This study, ANP and 0-1 Goal Programming methods were used. The articles were
examined in the selection of projects. About these subjects were given information at literature and
project selection. The steps of the implementation of the ANP and Goal Programming method
were briefly explained.

2. Progject Selection Problem

The resources under certain specific objectives are studies showing that the concept of the
project and in what way should achieve. According to this definition the results of each project has
its own projects and by recognizing the need arises. Each project has a defined start and
conpletion time. In addition, projects are being carried out under limited resources. The real
purpose of the maximum benefit fromthe project outputs is provided by the use of fewer resources
under many constraints (Onursal, 2009). This restricts the system quality, cost, time and resources
are specified as parameters.

The project selection, a single or a group of projects to achieve the objectives of the
project in the company called the selection process. In front of the decision makers in the
evaluation of projects to ensure maximum benefit appears to many criteria. Selection is made
according to different purposes under specified constraints.

There are more project proposals from the constraints given to the resources that they
always have in the organization. To provide maximum benefit within the targets set importantly,
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the selection of projects Decision-makers must determine the priority selection criteria carefully.
Thelack of organization leads to misuse of resources, project selection criteria and wrong.

The main criteria that are of strategic importance in terms of resource requirements and
benefits of the project will provide flexibility that can be realized within the possibilities, usability,
and realism, shown as cost and to meke analytical (Onursal, 2009). This is carried out in
accordance with the criteria set objectives and will provide organizations with the ability to
respond to changes in market contribution will increase.

By decision makers of the entity's mission and vision it must be perceived in agood way.
When done according to the plans set out objectives and strategies comply with the project
selection cannot be caught. Self-recognition company or organization at this point is of great
importance.

3. Analytic Network Process
Decision-meking is a process that incorporates several criteria and alternatives. Criteria
generally have different levels of importance and alternatives are revealed different preferences
across all criteria. We need a measurement while we are choosing these types of decisions.

Criteria decision making problems which have from time to time are available in the
interactions between each other or other criteria. In cases of this type of decision-making problems
where there are frequently used multi-criteria decision-making methods. Multi-criteria decision-
making methods are quite diverse. The two most important models of these various methods of
analytic hierarchy process (AHP) and ANP models. ANP, based on the Analytic Hierarchy
Process itself, is a similar method but ANP 'also has a network approach instead of hierarchical
levels of understanding. The decision problem; purposes, rather than to set priorities among the
criteria and alternatives, is to alow assessment by creating a network structure (Karaa and
Geyikgi, 2015). ANP from internal - to external addiction, attention is paid to the interaction and
feedback. A hierarchy in Figure 1 shows a network structure and the differences between them
(Yurdakul and Yildirim, 2013).
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Figure 1. Hierarchy of network structure differences between
ANP method of implementation steps can be summarized as follows:

Step 1. Defining the Problem and Model Establishment: problems defined objectives in the first
phase, the criteria, sub-criteria and alternatives clearly identified and established relationship
between these internal and external dependencies

Step 2. Creating Binary Comparisons Matrix and Determination of Weight: Decision creates a
comparison matrix using a group of experts who met Saaty's the scale values for the problem Aw
= Amex priority vector equation of war is determined by comparison matrix. In this formula, it
extracts the vector is the largest core values of the comparison matrix A .

Step 3. The matrix of Consistency Analysis done and Super M atrix Development: consistency rate
for the analysis of the consistency of this comparison indicates (C) must be calculated and
requested to be less than 0.10, theratio

Step 4. Super Matrix Development: each section in the super metrix is part of a matrix and the
matrix shows the relationship of the two factors. Super matrix to ensure the equalization weight at
some point in their importance (2n + 1). Force is taken, where n is a large number of randomly
selected limits and new matrix obtained is called the super matrix

Step 5. Selecting the best Alternative: alternative having the highest importance weight in the
decision limits obtained with super matrix problems determined the best alternative.

Operations a research is one of the effective methods of decision-making in many areas of ANPIn
recent years and is widely used in different sectors; providing appropriate and practical solutions
(Yurdakul and Yildirim, 2013).

4. Goa Programming Method
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Goal programming model is one of the most well-known of the multi-purpose
mathematical programming models. In goal programming model, the decision to use the solution
for every purpose from donors and are asked to determine a target value that you want to
reach. Then the objective function formula for each destination and search for a solution that will
minimize deviations from this objective function (Alp, 2008).

To determine the value decided by the decision makers in the models is given the desired
unknown variable name. Decision-makers in the goals it wishes to achieve, there are some
parameters that take into account the situation in the system. They are not likely to change the
system and are referred to as systems constraints. Which it is more flexible than the system
constraints and the function showing the change in the property called target constraints. Target
constraints are the function of indicating the desired target value to be reached (Grginer and
Kaygisiz, 2009).

The function that aims to target the smallest deviation from occurring for any purpose
specified function is called. The formulation used in the target programming is expressed as
follows:

di.dix; =0 i=1...m, j=1L..n

Shape is created. Hereare the decision variables X, the i-th value for the desired
destination, the total number of decision variables n mis the total number of constraints. The
purpose of target programming, these deviations for the variables to be done to minimize the
deviation between the targets is shown in two dimensions, including in both negative and positive
aspects. Objective function is only created those slings variable.

d ;= Positive deviation variable i=1....m
di = Negative deviation variable i=1...m

Simultaneously at least one of the positive and negative deviation variable for deviations will not
occur must be zero. These variables in the minimizing only be requested by one of themmade our
decision makers (Giines and Umarusman, 2003).

5. Literature Review

Many studies were made on the selection of projects in the literature and were often used
mathematical programming and multi-criteria decision-making methods in these studies.

Lee and Kim (2000), used to ANP and 01 integer programming model for
project selection in the information systems. Badri et al. (2001) used the 0-1 goal programming
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method for project selection in information systems. Dagdeviren and Eren (2001) AHP and 0-1
Goal Programming method using have made a practice of for the selection of the suppliers firm
Erdem and Kavrukkoca (2002) applied the AHP method for project selecting the decision making
process. Meade and Presley (2002) applied using the ANP method in the selection of R & D
projects. Dey (2004) used the AHP for oil industry in Indiaevaluated the proposed projects at the
problems in the pipes.

Shang et al. (2004) made the choice of using the AHP in transport projects. Cheng and Li
(2005) made the project selection using the ANP method in industrial practice. Mohanty et al.
(2005) in the selection of R & D projects have used the fuzzy ANP method.

Rabbani et al. (2006) used the R & D target of 0-1 integer programming method of choice
in the project. Su et al. (2006) used the choice of using the AHP sorting and transportation
projects. Wey and Wu (2007) used ANP and 0-1 integer goa programming methods for project
selection in transportation systems. Ares and Serra (2008) they made the selection of the proposed
project for urban waste water management using the AHP. Selih et al. (2008) the selections of road
infrastructure projects used the AHP. Chang et al. (2009) they do project selection using ANP and
goal programming methods to assess the former transport strategy.

Arslan (2009) made an application using AHP and fuzzy systems in operation. Kim et al.
(2009) in information systems for project selection were used the ANP. Habib et al. (2009) made
the selection of R & D projects were using the ANP. Rafiei and Rabbani (2009) they used the
Fuzzy AHP in project selection. Amiri (2010) studies have used the AHP and fuzzy TOPSIS
method to the selection of projects and analy ze infrastructure. Teng et al. (2010) they used the
Fuzzy AHP and made an application in transportation projects. Boran et al. (2011) in six sigma
projects they have made the choice of using fuzzy ANP. Bag et al. (2012) used the method of ANP
and 0-1 goal programming for nurse scheduling problems Chang K. (2013) using ANP and
TOPSIS method to project selection in the food companies. Gorgull et al. (2013) used ANP and
TOPSIS method for optimal investment strategy selection problem Jones et al. (2013) used the
AHP in the selection of urban transport projects. Ivanovi¢ et al. (2013) project selection using
ANP is made for transportation in the Balkans. Ozbek and Eren (2013) have made the choice of
third-party logistics company with ANP method. Khalili et al. (2013) studied project selection
problems with fuzzy goal programming and TOPSIS method. Tiwari et al. (2013) in the six sigma
project selection have made an experimental study using fuzzy AHP.

Bedir et al. (2015) using AHP and PROMETHEE method for selection third party
logistics firm. Grady et al. (2015) have used the ANP method for the selection of international
development projects. Hamurcu and Eren (2015a) have made an application using multi-criteria
decision-making methods (AHP and TOPSIS) for monorail route selection in Ankara. Hamurcu et
al. (2015) using ANP and goal programming methods for shift schulding in their work. Hamurcu
and Eren (2015b) using AHP and Goal Programming method for project selection. Ozder et al.
(2015) using TOPSIS and goal programming method for supplier selection. They verified some
criteria about choosing the best supplier. An author uses TOPSIS for weights and uses goal
programming for choosing the best one. Ozder and Eren (2015b) using AHP and Goal
Programming method for supplier selection. According to AHP weights they integrated the model
for selection the best supplier. Ozder et al. (2015) TOPSIS and Goal Programming for supplier
selection for another study. Ozder and Eren (2015b) have used ANP and Goal Programming for
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supplier selection for getting the best supplier for the firm. Oztaysi (2015) they used the AHP and
fuzzy systems for the selection of enterprises in information systems project work. Salehi (2015)
using fuzzy AHP and fuzzy VIKOR method has made the choice of projects. Barfod M. and
Salling K. (2015) Using the methods of AHP and SMARTER have made the choice of transport
infrastructure projects. Vinodh and Swarnakar (2015) Using DEMATEL-ANP-TOPSIS methods
have made the six sigma project selection. Hamurcu and Eren (2016) using multi-criteria decision-
meking methods have made monorail route selection. Ozder et al. (2016) using ANP and
PROMETHEE method for academic staff selection. They specified some criteria for the best
academic staff selection then they applied the weights of the criteriato the PROMETHEE method.

6. A Case Study

In this study, ANP and 0-1 Integer goal programming methods with Ankara M etropolitan
using an application was made for the selection of Transportation Projects in the Municipality.

Many methods have been proposed on the complexity of the decision-making process
ongoing in real life. The population of the region is pretty much the applied "Transport
Infrastructure Development Studies”, which aimed to bring solutions to urban problems are made.
Population growth, transportation, natural disasters and so on taking a multi-criteria decision-
making method for the transportation problem, especialy in cities that will host the forefront of
many of the problems the selection of proposed projects has been used to resolve this problem
Transportation issues that formthe structure of the criteria, sub-criteria and alternatives in bringing
through the best solution alternatives 8 project establishing a relationship between the ANP and
the choice of the project is made with 0-1 Integer Goal Programming. It examined the structure of
the region where this information is determined by the application and in the light. . The
evaluation of the proposed 8 project on the basis of the specified 3 main criteriaand 9 sub-criteria
has been made. Said main criteria; (1) Environment, (2) Economic, (3) Social, is the sub-criteria
based on these criteria; environmental criteria sensitivity in below may be implemented project,
the planning and design of the project, energy use, maintenance costs of the projects under the
economic criteria, investment costs, travel time and finally social criteria under the transport
demand, there is a density integration and improved population. Saaty (1980)’s pairwise
comparison matrices using a 1-9 scale has been formed. These criteria are made on the basis of the
choice of Transportation Projects.

Among the criteria; planning and design criteria for integration, investment costs and
improved population density, energy use, maintenance costs, travel time, transport demand,
transport demand integration, and improved population density affects the integration of the sub-
criteria. A criterion, sub-criteria for the evaluation of candidate projects and expert opinion
because there is a need to structure the relationship to be established depends on the judgment of
the decision makers. A relationship established among the criteria is shown in figure 2.

Criteria for evaluating the interaction between the pairwise comparison matrices have
been created and made calculations taking into account the above figure, the criteria are
determined by weight Super Decisions package program. The weight determined by the ANP
method is illustrated in Figure 3.

According to the results of aternative weight (P1, P2, P3, P4, P5, P6, P7, P8) =
(0.123257, 0.074294, 0.086262, 0.072196, 0.121943, 0126783, 0.087210, 0.308055) was
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calculated as. These weights are used as Priorities in goal programming formulation that is (P8,
P6, P1, P5, P7, P3, P2, P4 = (0308055, 0.126783, 0.123257, 0.121943, 0.087210, 0.086262,
0.074294, 0.072196). Assumptions can be made available within 8 project selection and targets
have been identified in this study. There is a one obligatory goal: (1) target amount of the budget
alocated for the currently selected project was examined under three scenarios. These scenarios
(S1) maximum budget alocated $ 2 billion ‘is. (S2), the maximum budget allocated $ 750 million
'is. (S3) budget allocated $ 1 billion ‘is. Candidate projects include projects by adding 5 and 6
models project constraints associated with the selected application will be made for one of these
projects in the same area is created. Relevant parameters are given in table 1 and scenarios were
considered deviations are analyzed separately. Scenario 1 (S1) generated formulation are given in

Table 2. In this paper shows decision variables; X = projects to be selected (=1, 2, 3...8). These
variables are used in goal programming formulation.

Figure 2. Interdependent relationship among the criteria

Alternative
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Figure 3. The weight of criteria

Name Graphic Ideals Normals| Raw
Project.1 . 0400113 | 0123257 [0.039072
Project 2 [ | 0241173 [ 007424 0.023551
Project_3 | 0.280021 | 0.086262 |0.027345
Project_4 ] 0.234362 | 0072196 0022886
Project 5 . [0.395848 [ 0121943 |0.038655
Poecs (R 0411560 | 0126783 |0.040190
Project_7 - 0283099 | 008710 |0.027645
Project_8 _[mmm[ 0.308055 [0.097652

Table 1: Cost Resources Usage Information on Transportation Project
Transportation Project resource usage (a;)

X1 X X3 X4 X5 X6 X7 X8

b;

Budgeted cost (* 10° $) 410$ 186 300$ 288 430% 425$ 151$ 7108

S1/S2/S3

Based on these data and the previously computed ANP values, we can formulate the goal
constraints for this problem in Table 2. This 0-1 GP model was solved using LINDO 6.1 in a few

seconds of computer time.
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Table 2: 0-1 GP Model Formulation

0-1 GP model formulation Goals

Min Z=

P1 (d;") + P2 (0.123257d,+0.074294d5+0.086262d,” Satisfy obligatory goal and
+0.072196d5+0.121943dg+0.126783d; +0.087210dg’ Select highest ANP weighted
+0.308055dy) Transportation Projects.
subject to

410x;+186x+300x3+288%,+430x5+425X%5+ 151x7+710xg Avoid over-utilizing max
+d;-d; " =S budgeted dollars
x +dy =1 Select Project 1
% +d3 =1 Select Project 2
X +ds =1 Select Project 3
X +ds =1 Select Project 4
x +dg =1 Select Project 5
X +d;y =1 Select Project 6
X7 +dg =1 Select Project 7
xg +dg =1 Select Project 8
X5+Xe<=1 Select Project 5 or Project 6

X =0or1j=1.2,..8

The above model was adopted in establishing and changing the right solution constant for the
other scenario results was obtained.
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Table 3: Scenario of ANP and 0-1 GP Model Solution

Scenario (*10° $)

Budgeted Cost Select Project Project Resource Usage
Scenario 1 2000 $ X0, X3,%6:X7,%8 1996 $
Scenario 2 750 $ Xg 710 $
Scenario 3 1000 $ X7, %8 861 $

According to the obtained results it is seen that the project has been selected 7 in all
scenarios. On the other scenarios analyzed for scenarios 1 four project, two projects were selected

for scenario 2 and scenario 3. Selected project and the amount of resources used are shown in
Table 3.

7. Conclusions

The application of the ANP- 0-1 GP model to example demonstrates a procedure for
finding weights that considers interdepended among criteria or alternatives. The proposed model
shows a methodology to use in a project selection problemhaving an interdependent relationship.

Transportation Project evaluation problems, have interdependent property. Therefore,
group decision making is more helpful to determine such an interdependent property. Group
discussion is very effective to determine important problems. This results is seen an example
solving project having multiple criteria, interdependence of difficulty. Although there are lots of
difficulties for solving problems considering interdependent property, most of real-word problems.

This paper shows solving project interdependence based on ANP and 0-1 GP by
interviewing groups of experts. Using this M ethod we conclude that we can solve problems having
multiple criteria, interdependence and resource feasibility. In addition, we developed the work on
Transportation Project selection by considering the impact relationship among criteria. All the

selected criteria evaluating alternative transportation projects, has been a solution to correct the
problem that exists in the city.
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