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Abstract

The analysis and identification of the best choices based on different criteria and alternatives is a difficult task, the
results affect directly the achievement of the organization’s objectives. In this sense, rigorous approaches of Multi-
Criteria Decision Methods (MCDM) assist decision makers in sorting and selecting the best alternatives. Widely used
on the solution of complex problems, the Analytic Network Process (ANP) is a decision-making tool that enables
networking and calculates relationships between different network elements. This paper aims to present the ANSPI
software developed in JavaScript language with the purpose of assisting in the use of ANP for complex decisions.
Related work and tools are presented in order to identify advantages and difficulties. The tool has intuitive features
and an easy-to-use interface, allowing multiple criteria and alternatives, and creating the representation of a networked
system that considers interdependencies, feedbacks and complex relationships between different network elements.
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1. Introduction

Crucial to organizational competitiveness, decision-making must consider different criteria and alternatives to select
the option that provides the best benefits to the organization (Czekster et al. 2019a). Multi-Criteria Decision Methods
(MCDM) (Zavadskas et al. 2014) or Multi-Criteria Decision Analysis (MCDA) (Norheim 2018) are techniques that
help managers to structure and choose the best solutions for problems involving different criteria and alternatives
(Wang and Le 2019). It is noteworthy that the rigorous structuring of MCDM provides a complex approach to
decision-making management, providing greater clarity about the problem studied, and is very indicated to treat
problems with a high degree of complexity (Cohen et al. 2019). Given its advantages, the application of multi-criteria
decision-making techniques has a growing and significant interest from researchers and scientists from different fields
of study (Behzadian et al. 2010) with the purpose of assisting in decision making through classification, ranking and
selection of the best alternatives (Kheybari 2020).

Over the years, different multi-criteria methods to support decision making have been developed, such as AHP
(Analytic Hierarchy Process) (Saaty 1991; Ishizaka and Labib 2011; Ho and Ma 2018), ANP (Analytic Network
Process) (Saaty, 1996; Sipahi and Timor 2010; Chen et al. 2019), TOPSIS (Technique for Order of Preference by
Similarity to Ideal Solution) (Yoon and Hwang 1995; Behzadian et al. 2012; Salih et al. 2018), PROMETHEE
(Preference Ranking Organization Method for Enrichment of Evaluations) (Brans et al. 1986; Behzadian et al. 2010;
Peterkova and Franek 2018), MAUT/MAVT (Multi-Attribute Utility/Value Theory) (Dyer 2005; Allah 2019),
MACBETH (Measuring Attractiveness by a Categorical Based Evaluation Technique) (Costa and Vansnick 1999;
Marcelino 2019), ELECTRE (Elimination and Choice Expressing Reality) and variants (Current 2013; Govindan and
Jepsen 2016), and VIKOR (Multi-criteria Optimization and Compromise Solution) (Opricovic 1998; Mardani et al.
2016; Gul et al. 2016), among others.

Multi-criteria decision-making methods are being used in several organizations, industries and universities worldwide

as a decision-making support tool, helping managers in choosing alternatives that increase productivity and reduce
costs and raw materials (Czekster et al. 2019b). Considering the importance and impact of decision making in
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organizations (Kipper et al. 2020; Furstenau et al. 2021a, 2021b; Furstenau et al. 2020a, 2020b; Sott et al. 2020a,
2020b; Lopez-Robles et al. 2020; Sott et al. 2021), this paper aims to provide the software tool for the ANP method
through an intuitive graphical interface that allows decision makers to model criteria and alternatives for complex
problems. The free software entitled Analytic Network Process Software Tool (ANSPI) and its functionalities are
presented in this article so that professionals and academics from various fields can make use of its resources.

2. Analytic Network Process (ANP)

Proposed in 1996, by Saaty, as an extension of the AHP method, the ANP approach differs from the traditional AHP
hierarchical structure and suggests the construction of a network system. Many decision problems involve the
dependence of higher-level elements on lower-level elements and cannot be hierarchically structured (Saaty 2006). In
this perspective, while AHP defines weights for decision making without considering interdependency and correlation
between decision making factors, ANP gains complexity by more easily representing the complex relationships
between elements of a hierarchical structure (Golciik and Baykasoglu 2016; Zhang et el. 2019). ANP establishes a
system composed of two hierarchies of elements; the first comprises the objectives and decision criteria, while the
second one creates a network hierarchy, which includes dependencies and feedbacks of the elements and between the
network elements (Chen et al. 2019).

In the network, the element clusters influence each other, and the loops indicate the existence of internal dependencies,
so the network extends in different directions and its element clusters do not follow a specific order (Saaty 2004; Chen
et al. 2019). ANP has the flexibility and simplicity of AHP, allowing the use of quantitative and qualitative criteria
simultaneously (Garcia-Melon et al. 2008; Kheybari et al. 2020), but replacing the traditional hierarchical structure of
AHP by a network structure to calculate the complex relationships between different network elements (Saaty 1999).
Hence, when considering interdependent interactions between elements (Lin and Huang 2015), ANP has demonstrated
superiority over AHP in uncertain decision environments, and the judgment elicitation technique guarantees
advantages over other methods because it reduces decision-making errors (Saaty 2005; Latif et al. 2019). Figure 1
shows the hierarchical structure of AHP (a) in comparison with ANP network system (b), highlighting the evolution
from the first to the second method, since ANP allows relationships of greater complexity, interdependence and
feedbacks between network elements (Sipahi and Timor 2010).
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Figure 1. (A) The AHP hierarchy (Adapted from Santos et al. (2018) and Czekster et al. (2019a)). (B) The ANP
network (Adapted from Gkountis and Zayed (2015) and Abdel-Basset et al. (2018)).

ANP considers several criteria, sub-criteria and alternatives in a network, and feedbacks and interconnection between
clusters (Kheybari 2020), providing a modeling that allows to deal with complex situations of interdependence in
different scenarios (Smith-Perera et al. 2010). Lin and Huang (2015), Abdel-basset et al. (2018), Latif et al. (2019)
and Kheybari et al. (2020) present the 4 steps of the ANP:

Step 1 - Build a model and develop a network structure: In this step the problem, once identified, is transformed into
a network structure where all elements can communicate with each other.
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Step 2 - Formulation of a Pair Comparison Matrix: In this step, the decision elements are compared in pairs. The
relevance of the elements can be measured on a scale of 1 to 9 (where 1 assigns equal importance and 9 is extreme
importance).

Step 3 - Super Matrix Generation: In this step, a super matrix is created to relate system interactions; this super matrix
must be later transformed into a weighted super matrix.

Step 4 - Choose the best option: This step consists in choosing the best option, which must be based on the highest
weights.

Given its characteristics, benefits and applicability, it is possible to observe that ANP has been widely used in several
areas of knowledge, including sustainability (Lin et al. 2015; Wicher et al. 2019; Ngan et al. 2019 ), energy (Sadeghi
and Larimian 2018; Khan et al. 2018; Hu et al. 2019; Dong et al 2019; Fetanat et al. 2019), risk assessment (Thilini
and Wickramaarachchi 2019), supplier selection (Chen et al. 2018; Wang et al. 2019), project management (Matthies
and Coners 2018; Keskin 2019), Big Data (Latif et al. 2019), and others.

3. Related works

The ANP method allows a more complete and comprehensive modeling of the problem, controlling and estimating
all interconnections between elements (Crimi et al. 2019). The authors considered using AHP as a software to find
shipment truck parking, but reconsidered it and used the ANP, since the nature of the variables involved could not be
resolved hierarchically with AHP. In addition, this ANP structured analysis facilitates the dialogue and integration
among the participants of a group, thereby enabling consensus to be reached, as can be seen in the work of Dano et
al. (2019) about flooding in Malaysia. According to the author, the study demonstrated the robustness of the ANP
decision method coupled with geolocation tools in the mapping of flooding susceptible points.

Lee et al. (2016) addressed in his study key factors for port management and made an analysis of the ports of Incheon
in South Korea, and Bangkok in Thailand. Several criteria were used for analysis for both ANP and AHP techniques.
The ANP demonstrated a more comprehensive modeling stability and, according to the author, it is the technique that
presented the most consistent results. ANP was used to evaluate how specific business practices influence
organizational performance, and how ANP methodology can be used as a mathematical method to collect and
transform data from expert opinions (Ruano Pérez et al. 2018). The ANP is able to generalize the AHP approach,
allowing mutual influence of any kind between the elements (Crimi et al. 2019). Moreover, for Yosritzal et al., (2019),
ANP can be considered a more complete and scientific method than AHP, being the network structure more complex
than the hierarchical structure. It can also be pointed out, as an advantage in this method, the calculation of the scale
proportion, as well as the way to obtain the decisions, because while AHP is a choice, ANP is an influence (Yosritzal
etal. 2019).

The ANP offers a differentiated condition for dealing with decisions without making assumptions about the
independence of top-level elements from lower-level elements and about the independence of elements at one level.
It also allows a more complex level interrelationship between the various levels of decision (Saaty 1990). The main
advantage of using these methods comes from the fact that there are, in general, no decisions that are simultaneously
optimal from all points of analysis, thus making the best selection and option possible (Vincke 1992). According to
Behzadian et al. (2010), multi-criteria decision methods were also developed by the need to provide modern decision-
making techniques that make use of advances in mathematical models and computational technology. Meyer (2003)
prioritizes the importance and quantity of objective and subjective variables for decision-making and that
simplification is the best way, also highlights that it is not necessary to measure the whole but to find the global
variables that really matter and are efficient.

According to Cevriye and Didem (2007), some tools such as Super Decision or Excel among others provide options
for creating and managing AHP and ANP models, entering their judgments, obtaining results, and performing
sensitivity analyzes on results. When a problem arises, ANP can be a tool to find the best solution within the
established criteria. Thus, ANP provides the decision maker with a more realistic definition of existing complex
problems. In the literature, other studies and software related to ANP can be found such as the FDA, a free online
multi-criteria decision tool that assists in decision making in cases where there are several decision makers. The main
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advantage of FDA tool is that it allows it to be used for crisp or fuzzy scenarios (Perzina et al 2018), for its use it is
required internet, and a browser enables the protocol HTML and JavaScript.

A multichoice software was developed by the Central Institute of Economics and Mathematics of the Russian
Academy of Science and has the option to solve the AHP and ANP (Milkova 2016). According to the author, the
software has useful tools for exporting and viewing data. To use this software, it is necessary to download it, there is
a version in English and Portuguese language. The SuperDecision software can apply AHP and ANP methods (Berdie
etal. 2017). This software is available for download on Windows and Mac platforms. In the literature, it is the software
that appears in greater use and for several applications, such as: for validation of new concept of automotive electric
system (Tworek 2019), development of hydraulic oils for the new fuel-efficient hydraulic hybrid vehicles (Tang et al.
2018) and measuring of metallurgical supply chain resilience using fuzzy (Wicher et al. 2016).

4. Methodology and development

The software was developed using four procedures that were implemented according to the literature: a) structure the
problem; b) perform the pairwise comparison; ¢) generate the super matrix and; d) present the best alternative. To
illustrate the usage, a fictitious problem was modeled in the software. After the decision maker entered the criteria and
alternatives into the software, the result was presented. To arrive at the result, the software performed a sequence of
steps that are shown on Table 1.

Table 1. Steps for numerical solution using ANP.

Step Activity Description
After the decision maker assigns the variables, the application

! Sum the matrix column values assembles a matrix and sums the values of these matrices
. Based on the sum of the previous activity, the summed values are
2 Normalize array values .
normalized so that they are between 0 (zero) and 1 (one)
. Perform the sum of the row of matrices of each criterion and
3 Total values by matrix row

alternative

Calculate the average of each

4 . Calculate the average of each matrix row
matrix row
To calculate the percentage, the application uses the values obtained
5 Generate the percentage in the previous activity and performs the multiplication by 100 (one
hundred)
6 Generate the super matrix The super matrix is genera}‘ed using the values resu,l’tlng from the
previous step “generate the percentage
7 Generate the boundary matrix After assembling the super matrix, the application generates the limit

matrix, which is built by successively multiplying matrices
Finally, the network graph is generated, showing the relationship
8 Generate the network chart between the alternatives and the criteria and indicating which is the
best alternative

In order to perform step 2 (normalization) we used equation 1 (Montgomery and Runger 2011). Where 7#; and R, are
defined as non-normalized value of the relationship between elements i and j; rt{‘]( corresponds to the normalized value
that will replace 7#;; in Ry, and d is the column dimension of the matrix R;. This normalization ensures that the sum of
all elements for each column of the arrays (Ri, Rz ...) do not exceed 1.

if= EgZI Ttkj (Equation 1)
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5. Implementation, modeling and evaluation

The methods that help in decision making are implemented through computer systems, which facilitate data analysis
and present the results quickly in the form of tables and graphs, as well as allow import and export information. On
the other hand, a software, in general, is likely to be flawed, sometimes featuring unintuitive designs and lacking
functionality (Czekster et al. 2019). Therefore, some features such as simplicity and usability were taken into
consideration in the development of ANSPI. The tool does not have a channel to send feedback. However, users will
be able to interact with the authors through the email addresses that will be made available on the University website,
on ANSPI download page. The Figure 2 represents the data structure used in the software development.
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2 O R

15 [

Figure 2. Operating structure of ANSPI software.

The software structure is divided into an HTML page that contains the interface. In the HTML you will find the call
of the rules, which are in another file, encoded in the JavaScript (JS) language. In the next call, you will find the
Cascading Style Sheets (CSS) writing file that is being used in HTML. Finally, the images (IMG) contained in the
software are in a folder that is called by HTML. To use the tool the user will need a browser to download. However,
the application will run locally, so no internet access will be required for operation. The application will occupy around
2MB in disk space. The software must be run on devices with HTML support and a browser to run the application.
Figure 3 presents the ANSPI home screen.

AN P

Goal: Number of Criteria: Number of Alternatives:

Create Entries

STERS

Figure 3. ANSPI general screen - Variable definition.
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The menu on the left of the screen presents the steps that the software uses to perform the operation. To do this, the
decision maker must first click on definition and enter the parameters of the problem to be solved: the goal, the number
of criteria, and the number of alternatives to create the entries. After performing this procedure, it is necessary to enter
the criteria and alternatives, as illustrated in Figure 4. In the example, we simulate the selection of a car.

Goal: Number of Criteria: Number of Alternatives:

Create Entries

}— — p— e
5 -S> A >
e ™ o ey -t ey

Figure 4. ANSPI intermediate screen - step 1 - definition of variables.

After entering the parameters, the decision maker should click comparison in the menu as indicated in Figure 5. The
software will generate the comparison matrix, where the decision maker must indicate the values for the criteria and
alternatives. Importantly, the values of the diagonals will always be 1 (one), because according to the literature, a
variable when compared with itself must have the value 1 (one) in the matrix.

Car A Car B Comfort || price

Comfort

price

technology

12 - Normalize

Figure 5. ANSPI intermediate screen - step 1 - pairwise comparison.
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Figure 5 illustrates the attribution of values for the criteria, where the decision maker assigned the value 3 (three) on
price versus comfort comparison, 4 (four) on technology versus comfort comparison, and 6 (six) on technology
comparison relative to the price. Then, the values for alternative A, alternative B and the price, comfort and
consumption criteria were assigned. In order to perform this procedure, it is necessary to normalize, sum, generate the
total, the average and the percentage per line of the matrix. Figure 6 shows the sequence of what should be done.

Criteria Car A Car B Comfort price technology

Comfort price

O 0909

19 - Normalize 2° - Sum 3° - Row Total 4° - Row Average

Figure 6. ANSPI Intermediate Screen - Step 1 - Normalize, Sum, and Generate Line Totals.

The next step is the super matrix generation. For that, the decision maker must click on super matrix on the left menu.
Figure 7 illustrates the super matrix of the problem.

Create Super Matrix

Figure 7. ANSPI Intermediate Screen - Step 2 - Super Matrix.

Once the above matrix has been generated, the boundary matrix must be generated. Just follow the same procedure as
the previous step, but now by clicking limit matrix on the left menu. The boundary matrix is represented in Figure 8.
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Create Limit Matrix

Figure 8. ANSPI intermediate screen - step 3 - boundary matrix generation.

In order to facilitate interpretation of the result, it is possible to generate the network graph (step 4) by clicking on the
network option on the menu. Figure 9 exemplifies the result of the problem (buy car) modeled on ANSPI. According
to the chart the best alternative is car A.

59.0%

Figure 9. ANSPI Final Screen - Step 4 - Network Chart.
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When modeling the problem, it is possible to realize that the software is a user-friendly tool, intuitive and fast to solve.
These features are extremely important as users are sometimes unfamiliar with technology and do not have time to
understand how a software works.

6. Conclusion

This article points out the advantages of using the ANP method as an improvement to the AHP method, favoring a
more efficient decision making. It considers all the most relevant criteria and alternatives on a scalar basis and as a
network, not just hierarchically, such as AHP. Therefore, the ANSPI software is developed with a fully web and
multiplatform interface. This tool was developed to assist decision makers in identifying and selecting more assertive
options through the Analytical Network Process multi-criteria decision method. Its interface is simple, intuitive and
user-friendly to allow easy data entry, whether by researchers or professionals who want to use the software to support
decision making. The technique used makes it possible to rigorously structure and drive decisions for complex
problems by calculating the best alternatives from multiple criteria.

The results show that the tool is reliable and robust, since from the insertion of criteria, weights and alternatives the
software performs all steps and calculations of the ANP technique, considering the interdependencies between
elements and structuring a networked system. In addition, it demonstrates a response speed in the order of hundredths
of a second, which guarantees it a great performance. All its development was based on simplicity, always thinking
about usability, but covering all the ANP requirements.

The tool is expected to be used by decision makers to build decision models and achieve the benefits offered. An
extension for Fuzzy Analytic Network Process calculations, and incorporation of a level of sub criteria to extend the
network and assist in solving even broader problems, is also considered to be part of the tool. Another proposal for
the software extension is the development of reports to extract each step of technique results. Finally, it is also believed
that the results and discussions presented in this article have expanded the knowledge of multi-criteria decision
methods, especially ANP with the developed software, and can serve as a scientific basis for future work.

Acknowledgements

This study was supported in part by the Coordination for the Improvement of Higher Education Personnel (CAPES),
Brazil - Finance Code 001, and in part by the National Council for Scientific and Technological Development (CNPq),
Brazil (under Grant 303934/2019-0).

References

Abdel-Basset, M., Mohamed, M., and Smarandache, F., A hybrid neutrosophic group ANP-TOPSIS framework for
supplier selection problems. Symmetry, 10(6), 226, 2018.

Allah Bukhsh, Z., Stipanovic, 1., Klanker, G., O’Connor, A., and Doree, A. G., Network level bridges maintenance
planning using Multi-Attribute Utility Theory, Structure and infrastructure engineering, 15(7), 872-885, 2019.

Behzadian, M., Kazemzadeh, R. B., Albadvi, A., and Aghdasi, M., PROMETHEE: A comprehensive literature review
on methodologies and applications, European journal of Operational research, 200(1), 198-215, 2010.

Behzadian, M., Otaghsara, S. K., Yazdani, M., and Ignatius, J., A state-of the-art survey of TOPSIS
applications, Expert Systems with applications, 39(17), 13051-13069, 2012.

Berdie, A. D., Osaci, M., Muscalagiu, I., and Barz, C., A combined approach of AHP and TOPSIS methods applied
in the field of integrated software systems. In /OP Conference Series: Materials Science and Engineering (Vol.
200, No. 1), 2017.

Brans, J. P., Vincke, P., and Mareschal, B., How to select and how to rank projects: The PROMETHEE
method, European journal of operational research, 24(2), 228-238, 1986.

Chen, Y., Jin, Q., Fang, H., Lei, H., Hu, J., Wu, Y., ... and Wan, Y., Analytic network process: Academic insights and
perspectives analysis, Journal of Cleaner Production, 235, 1276-1294, 2019.

Chen, Y., Wang, S., Yao, J., Li, Y., and Yang, S., Socially responsible supplier selection and sustainable supply chain
development: A combined approach of total interpretive structural modeling and fuzzy analytic network
process. Business strategy and the environment, 27(8), 1708-1719, 2018.

Cohen, B., Blanco, H., Dubash, N. K., Dukkipati, S., Khosla, R., Scrieciu, S., ... and Torres-Gunfaus, M., Multi-
criteria decision analysis in policy-making for climate mitigation and development, Climate and
Development, 11(3),212-222,2019.

© |IEOM Society International 907



Proceedings of the International Conference on Industrial Engineering and Operations Management
Sao Paulo, Brazil, April 5 - 8, 2021

Corrente, S., Greco, S., and Stowinski, R., Multiple criteria hierarchy process with ELECTRE and
PROMETHEE. Omega, 41(5), 820-846, 2013.

Costa, C. A. B. E., and Vansnick, J. C., The MACBETH approach: Basic ideas, software, and an application.
In Advances in decision analysis (pp. 131-157), Springer, Dordrecht, 1999.

Crimi, A., Jones, T., and Sgalambro, A., Designing a Web Spatial Decision Support System Based on Analytic
Network Process to Locate a Freight Lorry Parking. Sustainability, 11(20), 5629, 2019.

Czekster, R. M., De Carvalho, H. J., Kessler, G. Z., Kipper, L. M., and Webber, T., Decisor: A software tool to drive
complex decisions with analytic hierarchy process. International Journal of Information Technology & Decision
Making, 18(01), 65-86, 2019b.

Czekster, R. M., Webber, T., Jandrey, A. H., and Marcon, C. A. M., Selection of enterprise resource planning software
using analytic hierarchy process, Enterprise Information Systems, 13(6), 895-915, 2019a.

Dano, U. L., Balogun, A. L., Matori, A. N., Wan Yusouf, K., Abubakar, I. R., Said Mohamed, M. A., ... and Pradhan,
B., Flood susceptibility mapping using GIS-based analytic network process: A case study of Perlis,
Malaysia. Water, 11(3), 615, 2019.

Dong, F., Ding, X., and Shi, L., Wind power pricing game strategy under the china’s market trading
mechanism. Energies, 12(18), 3456, 2019.

Dos Santos, P. H., Neves, S. M., Sant’Anna, D. O., de Oliveira, C. H., and Carvalho, H. D., The analytic hierarchy
process supporting decision making for sustainable development: An overview of applications. Journal of cleaner
production, 212, 119-138, 2019.

Dyer, J. S., MAUT—multiattribute utility theory. In Multiple criteria decision analysis. state of the art surveys (pp.
265-292). Springer, New York, NY, 2005.

Fetanat, A., Mofid, H., Mehrannia, M., and Shafipour, G., Informing energy justice based decision-making framework
for waste-to-energy technologies selection in sustainable waste management: A case of Iran. Journal of Cleaner
Production, 228, 1377-1390, 2019.

Furstenau, L. B., Sott, M. K., Kipper, L. M., Machado, E. L., Lopez-Robles, J. R., Dohan, M. S., Cobo, M. J., Zahid,
A. Abbasi, Q. H. and Imran, M. A., Link between sustainability and industry 4.0: trends, challenges and new
perspectives. Ieee Access, 8, 140079-140096, 2020a.

Furstenau, L. B., Sott, M. K., Homrich, A. J. O., Kipper, L. M., Al Abri, A. A., Cardoso, T. F., et al., 20 Years of
Scientific Evolution of Cyber Security: a Science Mapping, in Proceedings of the International Conference on
Industrial Engineering and Operations Management, IEOM (Dubai), 2020b.

Furstenau, L. B., Sott, M. K., Homrich, A. J. O., Kipper, L. M., Dohan, M. S., Lopez-Robles, J. R., Cobo., M. J., and
Tortorella, G. L. An overview of 42 years of lean production: applying bibliometric analysis to investigate
strategic themes and scientific evolution structure. Technology Analysis & Strategic Management, 1-20, 2021a.

Furstenau, L.B.; Rabaioli, B.; Sott, M.K.; Cossul, D.; Bender, M.S.; Farina, E.M.J.D.M.; Filho, F.N.B.; Severo, P.P.;
Dohan, M.S. and Bragazzi, N.L. A Bibliometric Network Analysis of Coronavirus during the First Eight Months
of COVID-19. International Journal of Environmental Research and Public Health, 18, 952, 2021b.

Garcia-Melon, M., Ferris-Onate, J., Aznar-Bellver, J., Aragonés-Beltran, P., and Poveda-Bautista, R., Farmland
appraisal based on the analytic network process. Journal of Global Optimization, 42(2), 143-155, 2008.

Gencer, C., and Giirpinar, D., Analytic network process in supplier selection: A case study in an electronic
firm. Applied mathematical modelling, 31(11), 2475-2486, 2007.

Gkountis, 1., and Zayed, T., Subway infrastructure condition assessment. Journal of Construction Engineering and
Management, 141(12), 04015042, 2015.

Golciik, 1., and Baykasoglu, A., An analysis of DEMATEL approaches for criteria interaction handling within
ANP. Expert Systems with Applications, 46, 346-366, 2016.

Govindan, K., and Jepsen, M. B., ELECTRE: A comprehensive literature review on methodologies and
applications. European Journal of Operational Research, 250(1), 1-29, 2016.

Gul, M., Celik, E., Aydin, N., Gumus, A. T., and Guneri, A. F., A state of the art literature review of VIKOR and its
fuzzy extensions on applications. Applied Soft Computing, 46, 60-89, 2016.

Ho, W., and Ma, X., The state-of-the-art integrations and applications of the analytic hierarchy process, European
Journal of Operational Research, 267(2), 399-414, 2018.

Hu, S., Hoare, C., Raftery, P., and O’Donnell, J., Environmental and energy performance assessment of buildings
using scenario modelling and fuzzy analytic network process. Applied Energy, 255, 113788, 2019.

Ishizaka, A., and Labib, A., Review of the main developments in the analytic hierarchy process, Expert systems with
applications, 38(11), 14336-14345, 2011.

Keskin, F. D., A two-stage fuzzy approach for Industry 4.0 project portfolio selection within criteria and project
interdependencies context. J. Multi-Criteria Decis. Anal, 1-19,2019.

© |IEOM Society International 908



Proceedings of the International Conference on Industrial Engineering and Operations Management
Sao Paulo, Brazil, April 5 - 8, 2021

Khan, M. A, Ali, A., ul Husnain, M. 1., and Zakaria, M., Analysis of power plants in China Pakistan economic corridor
(CPEC): An application of analytic network process (ANP).Journal of Renewable and Sustainable
Energy, 10(6), 065905, 2018.

Kheybari, S., Rezaie, F. M., and Farazmand, H., Analytic network process: An overview of applications, Applied
Mathematics and Computation, 367, 124780, 2020.

Kipper, L. M., Furstenau, L. B., Hoppe, D., Frozza, R., and Iepsen, S. Scopus scientific mapping production in industry
4.0 (2011-2018): a bibliometric analysis. International Journal of Production Research, 58(6), 1605-1627. 2020.

Latif, Z., Lei, W., Latif, S., Pathan, Z. H., Ullah, R., and Jianqiu, Z., Big data challenges: Prioritizing by decision-
making process using Analytic Network Process technique. Multimedia Tools and Applications, 78(19), 27127-
27153, 2019.

Lee, P. T. W., Wu, J. Z., Suthiwartnarueput, K., Hu, K. C., and Rodjanapradied, R., A Comparative Study of Key
Critical Factors of Waterfront Port Development: Case Studies of the I ncheon and B angkok Ports. Growth and
Change, 47(3), 393-405, 2016.

Lin, C., Madu, C. N., Kuei, C. H., Tsai, H. L., and Wang, K. N., Developing an assessment framework for managing
sustainability programs: An Analytic Network Process approach. Expert Systems with Applications, 42(5), 2488-
2501, 2015.

Lin, H. F., and Huang, Y. W., Factors affecting passenger choice of low cost carriers: An analytic network process
approach. Tourism Management Perspectives, 16, 1-10, 2015.

Lopez-Robles, N. G.-R., Otegi-Olaso, J., Cobo, M. J., Furstenau, L. B., Sott, M. K., Robles, R., Lopez-Robles, L. D.,
Gamboa-Rosales, N. K.,. The relationship between project management and industry 4.0: Bibliometric analysis
of main research areas through Scopus. Proc. Res. Educ. Project Manage. 2020, 56-60, 2020

Marcelino, P., Antunes, M. D. L., Fortunato, E., and Gomes, M. C., Development of a Multi Criteria Decision Analysis
Model for Pavement Maintenance at the Network Level: Application of the MACBETH Approach, Frontiers in
Built Environment, 5, 6,2019.

Mardani, A., Zavadskas, E. K., Govindan, K., Amat Senin, A., and Jusoh, A., VIKOR technique: A systematic review
of the state of the art literature on methodologies and applications. Sustainability, 8(1), 37, 2016.

Matthies, B., and Coners, A., Double-loop learning in project environments: An implementation approach. Expert
Systems with Applications, 96, 330-346, 2018.

Milkova, M., and Andreichikova, O., Software announcement: Multichoice as new software for decision making with
Analytic Network Process. International Journal of the Analytic Hierarchy Process, 8(2), 388-400, 2016.

Montgomery, D. C., Runger, G. C., and Hunbele, N. F., Estatistica aplicada a engenharia. LTC, 2004.

Ngan, S. L., How, B. S., Teng, S. Y., Promentilla, M. A. B., Yatim, P., Er, A. C., and Lam, H. L., Prioritization of
sustainability indicators for promoting the circular economy: The case of developing countries. Renewable and
Sustainable Energy Reviews, 111,314-331,2019.

Norheim, O. F., How can MCDA tools improve priority setting? Four critical questions, Cost Effectiveness and
Resource Allocation, 16(1), 44, 2018.

Opricovic, S., Multicriteria optimization of civil engineering systems. Faculty of Civil Engineering, Belgrade, 2(1),
5-21, 1998.

Pérez, J. L. R., Rodriguez-Rodriguez, R., Saiz, J. J. A., and Verdecho, M. J., An ANP-based network to measure the
impact of Lean production on organisational performance. Journal of Industrial Engineering and
Management, 11(2), 222-228,2018.

Permana, J., Istijono, B., Hidayat, B., Ophiyandri, T., and Gunawan, H., Analytical Network Process (ANP) for
priority setting of strategic roads handling at Tebo Regency. In IOP Conference Series: Materials Science and
Engineering (Vol. 602, No. 1, p. 012096). IOP Publishing, 2019.

Perzina, R., Ramik, J., and Mielcova, E., FDA-Fuzzy Decision Analyzer. In 2018 IEEFE International Conference on
Fuzzy Systems (FUZZ-IEEE) (pp. 1-7). IEEE, 2018.

Peterkova, J., and Franek, J., Decision making support for managers in innovation management: A PROMETHEE
approach, 2018.

Saaty, T. L., and Ozdemir, M. S., The encyclicon: A dictionary of decisions with dependence and feedback based on
the analytic network process, 2005.

Saaty, T. L., and Vargas, L. G., Decision making with the analytic network process (Vol. 282). Springer Science+
Business Media, LLC, 2006.

Saaty, T. L., Fundamentals of the analytic network process. In Proceedings of the 5th international symposium on the
analytic hierarchy process (pp. 12-14), 1999.

Saaty, T. L., Fundamentals of the analytic network process—Dependence and feedback in decision-making with a
single network. Journal of Systems science and Systems engineering, 13(2), 129-157, 2004.

© |IEOM Society International 909



Proceedings of the International Conference on Industrial Engineering and Operations Management
Sao Paulo, Brazil, April 5 - 8, 2021

Saaty, T. L., The Analytic Hierarchy Process RWS Publications, Pittsburgh, PA, First appeared, 229, 1990.

Saaty, T. L., Decision making with dependence and feedback: The analytic network process (Vol. 4922), RWS Publ.,
1996.

Sadeghi, A., and Larimian, T., Sustainable electricity generation mix for Iran: A fuzzy analytic network process
approach. Sustainable Energy Technologies and Assessments, 28, 30-42, 2018.

Salih, M. M., Zaidan, B. B., Zaidan, A. A., and Ahmed, M. A., Survey on fuzzy TOPSIS state-of-the-art between 2007
and 2017, Computers & Operations Research, 104, 207-227, 2019.

Sipahi, S., and Timor, M., The analytic hierarchy process and analytic network process: an overview of
applications, Management Decision, 43(5) (2010) 775-808, 2010.

Smith-Perera, A., Garcia-Melon, M., Poveda-Bautista, R., and Pastor-Ferrando, J. P., A Project Strategic Index
proposal for portfolio selection in electrical company based on the Analytic Network Process. Renewable and
Sustainable Energy Reviews, 14(6), 1569-1579, 2010.

Sott, M. K., Furstenau, L. B., Kipper, L. M., Giraldo, F. D., Lopez-Robles, J. R., Cobo, M. J., et al. Precision
Techniques and Agriculture 4.0 Technologies to Promote Sustainability in the Coffee Sector: State of the Art,
Challenges and Future Trends, /EEE Access, 8, 149854-149867, 2020a, doi: 10.1109/access.2020. 3016325

Sott, M. K., Bender, M. S., Furstenau, L. B., Machado, L. M., Cobo, M. J., & Bragazzi, N. L., 100 years of scientific
evolution of work and organizational psychology: a bibliometric network analysis from 1919 to 2019. Frontiers
in Psychology, 11, 2020b.

Sott, M.K., Furstenau, L. B., Kipper, L. M., Rodrigues, Y. P. R., Lopez-Robles, J. R., Giraldo, F. D., and Cobo, M. J.,
Process modeling for smart factories: using science mapping to understand the strategic themes, main challenges
and future trends, Business Process Management Journal, 2021.

Tang, G., Chen, Y., Xiao, F., Zhang, S., and Huang, F., The development of hydraulic oils for the new fuel-efficient
hydraulic hybrid vehicles with ANP method. Industrial Lubrication and Tribology, 2018.

Thilini, M., and Wickramaarachchi, N. C., Risk assessment in commercial real estate development. Journal of
Property Investment & Finance, 2019.

Tworek, B., Zastosowanie metody ANP do walidacji koncepcji instalacji elektrycznych w pojazdach
samochodowych. Przeglgd Elektrotechniczny, 95, 2019.

Vincke, P., Multicriteria decision-aid. John Wiley & Sons, 1992.

Wang, C. N., and Le, A. P., Application of multi-criteria decision-making model and gm (1, 1) theory for evaluating
efficiency of fdi on economic growth: A case study in developing countries, Sustainability, 11(8), 2389, 2019.

Wang, C. N., Nguyen, V. T., Chyou, J. T., Lin, T. F., and Nguyen, T. N., Fuzzy multicriteria decision-Making model
(MCDM) for raw materials supplier selection in plastics industry. Mathematics, 7(10), 981, 2019.

Wicher, P., Zapletal, F., and Lenort, R., Sustainability performance assessment of industrial corporation using Fuzzy
Analytic Network Process. Journal of Cleaner Production, 241, 118132,2019.

Wicher, P., Zapletal, F., Lenort, R., and Sta$, D., Measuring the metallurgical supply chain resilience using fuzzy
analytic network process. Metalurgija, 55(4), 783-786, 2016.

Yoon, K. P., and Hwang, C. L., Multiple attribute decision making: an introduction (Vol. 104), Sage publications,
1995.

Zavadskas, E. K., Turskis, Z., and Kildiené, S., State of art surveys of overviews on MCDM/MADM
methods, Technological and economic development of economy, 20(1), 165-179, 2014.

Zhang, Y., Liu, S. F., and Wang, K., Explorations of Charm Factors and Development of Fishing in Southern Taiwan
Based on Miryoku Engineering and the Analytic Network Process. Sustainability, 11(3), 737, 2019.

Biographies

Michele Kremer Sott holds a degree in Business Administration from the University of Santa Cruz do Sul and is
currently pursuing a Master’s degree in the Graduate Program in Industrial Systems and Processes (University of
Santa Cruz do Sul, Brazil), as well as a Master’s degree in the Graduate Program of Software Engineering (University
of Quindio, Colombia). Her current research interests include industry 4.0, agriculture 4.0, process management, and
sustainability.

Maikel Luis Kolling holds a degree in Computer Science from the University of Santa Cruz do Sul (UNISC), Brazil.
At present, he is a Master's degree student in the Graduate Program in Industrial Systems and Processes at UNISC.
He has experience in data mining, Bl tools, analysis and systems development in the area of educational management
and development of embedded hardware. He is an employee in the IT department at the University of Santa Cruz do

© |IEOM Society International 910



Proceedings of the International Conference on Industrial Engineering and Operations Management
Sao Paulo, Brazil, April 5 - 8, 2021

Sul, where he works as a system analyst. His research interests include Health Data Mining, Machine Learning with
Python tools and embedded hardware development.

Aline Ramos da Silva holds a degree in Business Administration from the University of Santa Cruz do Sul (UNISC),
holds an MBA in Information Technology: Application Oriented by Business Processes and is currently pursuing a
Master’s degree in the Graduate Program in Industrial Systems and Processes - UNISC. Her research interests include
process management, project management and process analytical technologies.

Pablo Venzke Tessmann holds a degree in Computer Science from the University of Santa Cruz do Sul (UNISC),
Brazil. At present, he is a Master's degree student in the Graduate Program in Industrial Systems and Processes at
UNISC. He has experience in systems analysis and development in the area of educational management. He is an
employee in the IT department at the University of Santa Cruz do Sul, where he works as a system analyst. His research
interests include the development of intelligent systems, projects and technologies aimed at the assistance to the
elderly.

Gislene Cassia S. Schwambach holds a degree in Information Systems from Centro Universitario da Estacio da
Bahia, Brazil, and is currently pursuing a Master’s degree in the Graduate Program in Industrial Systems and Processes
(University of Santa Cruz do Sul, Brazil). Her research interests include wearable technologies, technology acceptance
theory and industry 4.0.

Tulio Cicero Haas Corréa Lima holds a degree in Production Engineering from the University of Santa Cruz do Sul
and is currently pursuing a Master’s degree in the Graduate Program in Industrial Systems and Processes (University
of Santa Cruz do Sul, Brazil). His current research interests include industry 4.0, LCI, product development and
sustainability.

Jodo Victor Kothe holds a degree in Mechanical Engineering from the University of Santa Cruz do Sul (UNISC) and
is currently pursuing a Master’s degree in the Graduate Program in Industrial Systems and Processes at UNISC. He
develops research in the area of symbiotic industries and industrial clusters.

Luciano André Alff holds a degree in Business Administration from the Univates University, Brazil, and is currently
pursuing a Master’s degree in the Graduate Program in Industrial Systems and Processes (University of Santa Cruz
do Sul, Brazil). His current research interests include industry 4.0 technologies, process management and
improvement, and sustainability.

Leonardo B. Furstenau holds a degree in Production Engineering from the University of Santa Cruz do Sul (UNISC),
Brazil, where he is currently pursuing a Master’s degree in the Graduate Program in Industrial Systems and Processes.
He has experience in production planning and control, process management, and computerized numeric command
(CNC) machine programming, as well as advisory focused on management strategies for small and medium-sized
enterprises. At present, he does research in lean production, industry 4.0, bibliometric, and science mapping.

Liane Mahlmann Kipper is a full Professor at the University of Santa Cruz do Sul (UNISC) in the Graduate Program
in Industrial Systems and Processes. She has experience in physics, focusing on mechanics, thermal sciences, optics,
and experimental physics. Her research interests include knowledge management, innovation and creativity, process
management and research methods and techniques.

© |IEOM Society International 911



	1. Introduction
	2. Analytic Network Process (ANP)
	3. Related works
	4. Methodology and development
	5. Implementation, modeling and evaluation
	6. Conclusion
	Acknowledgements
	References
	Biographies



