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Abstract 

As is well known, when faced with the problem of decision-making, involving several (eventually 
conflicting) objectives evaluated according to several criteria, multi-criteria analysis is one of the 
most appropriate methodologies to support the decision. The flexibility of multi-criteria decision 
analysis/making is one of its most recognized characteristics, which comes from the various methods 
that can be considered. Among them is the so-called MOORA (as the initials of Multi-Objective 
Optimization by Ratio Analysis) method.  
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1. Introduction 

The goal of the MOORA method is to rank the several alternatives to optimize two or 
more conflicting objectives, possibly subject to a certain number of constraints. Given its 
characteristics – to be described below - It is a technique that can be applied to solve various 
types of decision-making problems characterized by a variable degree of complexity. 

That said, it is not surprising the diversity of areas where the MOORA method has been 
used. Among others, it has been used in the following areas: contractor’s ranking, project 
management/selection, privatization in a transition economy, and even an application for 
the, so-called Europe 2020. 

2. Literature 

Let us consider some of the most recent bibliographical references on the subject; see 
also the next section for a brief history of the MOORA method. 

By its characteristics, the MOORA method has been applied more frequently in 
micro/industrial-decision problems (Karuppanna Prasad & Sekar, 2016). For instance, 
Chakraborty (2011) considered the problem of decision making in manufacturing 
environment, whereas Achebo & Odinikuku (2015) analyzed the optimization of gas metal 
arc welding process parameters using standard deviation and multi-objective optimization. 
On their turn, Madić et al. (2015) considered non-conventional machining processes 
selection. 
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Closely related to the previous area is the selection problem, which has also been 
recently targeted by applications of the MOORA method. Among others, El-Santawy & El-
Dean (2012) studied the selection of a consulting firm by using also a standard deviation 
approach, whereas Karande & Chakraborty (2012) also applied multi-objective optimization 
for materials selection. See also Stanujkic et al. (2014) for a grinding circuit selection based 
on MOORA method and/or Shihab & Chanda (2015) for a multi response optimization of 
milling process parameters. 

The problem of spatial location selection can be included in multi-criteria spatial 
analysis, which has been considered in the literature. For instance, Görener et al. (2016) 
applied the multi-objective optimization on the basis of Ratio Analysis for bank branch 
location selection, whereas Hamzaçebi et al. (2016) considered the selection of logistics 
center location for the Black Sea region of Turkey.  

Other areas, such as ranking Serbian banks, were considered by Stanujkic et al. (2013), 
and inner climate evaluation, were also recently considered by Kalibatas & Turskis (2015). 
See also Singaravel et al. (2016) for a relation of MOORA to entropy. 

3. The MOORA Method 

The MOORA method is relatively recent. The bases of the method were established in 
Brauers (2004a), which presented, although separately, three multi-objective optimization 
methods based on dimensionless measurements, namely: a) Ratio System; b) Reference 
Point Method, and c) Full Multiplicative Optimization. Brauers (2004b) combined these two 
first methods by using the ratios obtained in the Ratio System as scores in the Reference 
Point Method. Based on this combination, the name of the method (MOORA as the initials of 
Multi-Objective Optimization by Ratio Analysis) appeared in Brauers & Zavadskas (2006).1 
Since then, as the previous literature review indicates, it has been applied in a significant 
number of distinct areas. 

In addition, the MOORA method was the subject of a theoretical development by 
Brauers & Zavadskas (2010), giving rise to the MULTIMOORA method, i.e. the MOORA 
method in a context of optimization of a purely multiplicative objective function. See, for 
instance, Datta et al. (2013) for a robot selection problem based on grey-MULTIMOORA 
approach, and/or Kundakci (2016) for a combined multi-criteria decision making approach 
based on Macbeth and Multi-MOORA methods. 

The optimization principles to the obtain the optimal solutions applying the MOORA 
method can be performed using minimax or Technique for Order Preference by Similarity to 
Ideal Solution (TOPSIS) methods and comparative calculations of efficiency parameters. This 
is so as the priority is given to the alternative which is nearest to ideal variant under review. 
See, among others, Kecek & Demirag (2016) for a comparative analysis of TOPSIS and 
MOORA in laptop selection, and/or Önay (2016) for a multi-criteria assessment of better life 
via TOPSIS and MOORA methods,2 and/or Önay & Yıldırım (2016) for an evaluation of NUTS 

                                                            
1 Despite the many contributions of several authors, it is fair to acknowledge Brauers and Zavadskas’ primordial 
role in the creation and development of the MOORA method. See also Brauers (2008; 2012) and Brauers & 
Zavadskas (2009; 2012; 2013).  
2 Patel et al. (2015) also combined the MOORA and TOPSIS methods. 
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Level 2 Regions of Turkey by TOPSIS, MOORA and also another MCDM method, VIKOR (from 
Serbian: VIseKriterijumska Optimizacija I Kompromisno Resenje).3 

Besides the crisp situation, the (Multi)MOORA method has also been applied to fuzzy 
situations. Among others examples of fuzzy MOORA applications, Dey et al. (2012) 
considered a MOORA based fuzzy multi-criteria decision making approach for supply chain 
strategy selection, Mandal & Sarkar (2012) analyzed the selection of best intelligent 
manufacturing system, and Li (2014) extended the MULTIMOORA method for multiple 
criteria group decision making based upon hesitant fuzzy sets. The fuzzy MOORA method 
was also used by Seema et al. (2014) for supplier selection and Stanujkić (2016) for an 
extension of the ratio system approach of MOORA method for group decision-making based 
on interval-valued triangular fuzzy numbers;4 see also Pérez-Domínguez et al. (2015).  

4. Mathematical description of the MOORA method 

Based on the methodology of the multi-criteria analysis, the MOORA method consists 
of considering the following steps: 

1. Definition of a matrix X as follows: 

𝐗𝐗 =

⎣
⎢
⎢
⎢
⎡
𝑥𝑥11 ⋯ 𝑥𝑥1𝑗𝑗 ⋯ 𝑥𝑥1𝑛𝑛
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, 

where xij is the response of alternative j on objective or attribute i, being m the number of 
alternatives and n the number of objectives. 

As is well-known, the two components of the MOORA method are the Ratio System and the 
Reference Point. These are to be determined in the subsequent steps. 

2. The normalized response of alternative j on objective or attribute i is given by 

𝑥𝑥𝑖𝑖𝑗𝑗∗ = 𝑥𝑥𝑖𝑖𝑖𝑖

�∑ 𝑥𝑥𝑖𝑖𝑖𝑖
2𝑚𝑚

𝑖𝑖=1
2

. 

3. Assuming that, among the n objectives, the first g are to be maximized and the n-g are to be 
minimized, the normalized assessment of alternative j with respect to all objectives is given by 

𝑦𝑦𝑗𝑗∗ = ∑ 𝑤𝑤𝑖𝑖𝑥𝑥𝑖𝑖𝑗𝑗∗
𝑔𝑔
𝑖𝑖=1 − ∑ 𝑤𝑤𝑖𝑖𝑥𝑥𝑖𝑖𝑗𝑗∗𝑛𝑛

𝑖𝑖=𝑔𝑔+1 , 

where wi is the weight associated to objective i. 

4. The ith coordinate of the reference point, ri, results from a min max metric of Tchebychev as 
follows: 

                                                            
3 Tasci & Gorener (2016) also combined the MOORA method with another MCDM method, the so-called 
Analytic Hierarchy Process (AHP) to evaluate the strategies of medical tourism sector.  
4 Of particular interest in this area, are Stanujkic et al. (2012), which considered interval grey numbers and 
Stanujkic et al. (2012), which considered decision-making problems with interval data. 
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𝑚𝑚𝑖𝑖𝑖𝑖�𝑚𝑚𝑚𝑚𝑥𝑥�𝑟𝑟𝑖𝑖 − 𝑥𝑥𝑖𝑖𝑗𝑗∗ ��, 

i.e. the use a minmax decision criterion applied to the (absolute) differences between the reference 
points and the normalized responses. 

5. Application of the MOORA method in the selection of investment projects 

Taking into account the mathematical description of the MOORA method, we now proceed with 
a demonstration of its applicability. To exemplify the applicability of the MOORA method, we will use 
a case from our lectures on MCDM, which consists of 10 investment projects (the alternatives) that 
are classified in accordance to 2 criteria (employment and environment) as the following table shows: 

Table 1. The alternatives and the objectives 

Investment Projects Employment Environment 

1 6.259346 26.20014 

2 95.19333 46.83981 

3 30.83895 67.63207 

4 24.02722 5.056917 

5 9.704886 7.367168 

6 65.04715 33.52458 

7 73.04910 61.16214 

8 2.114933 37.3329 

9 85.50981 45.26811 

10 5.838191 96.51784 

 

Considering both criteria as equally important – but, of course, one can consider other weights – the 
application of the MOORA method leads to the following results:5 

Table 2. The MOORA (Ratio System) results 

Alternatives Employment2 Environment2 Normalized 
Employment 

Normalized 
Environment 

Weighted 
Sum Rank 1 

1 39.179 686.45 0.0376 0.1652 0.1014 8 

2 9061.8 2194.0 0.5726 0.2953 0.4339 1 

3 951.04 4574.1 0.1855 0.4264 0.3059 5 

4 577.31 25.572 0.1445 0.0319 0.0882 9 

                                                            
5 An Excel file illustrating all the steps - as described in section 4 - easily adjustable to other cases, is available 
on request. 
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5 94.185 54.275 0.0584 0.0464 0.0524 10 

6 4231.1 1123.9 0.3912 0.2114 0.3013 6 

7 5336.2 3740.8 0.4394 0.3856 0.4125 2 

8 4.4729 1393.8 0.0127 0.2354 0.1240 7 

9 7311.9 2049.2 0.5143 0.2854 0.3999 3 

10 34.084 9315.7 0.0351 0.6085 0.3218 4 

Sum         27641.27         25157.73 max 0.5726  0.6085 
Square root    166.26             158.61 

Table 3. The MOORA (Reference Point) results 

Alternatives Employment Environment max Rank 2 

1 0.5349 0.4433 0.5349 6 

2 0000.0 0.3132 0.3132 2 

3 0.3871 0.1821 0.3871 4 

4 0.4280 0.5766 0.5766 10 

5 0.5142 0.5621 0.5621 9 

6 0.1813 0.3972 0.3972 5 

7 0.1332 0.2229 0.2229 1 

8 0.5598 0.3731 0.5598 8 

9 0.0582 0.3231 0.3231 3 

10 0.5375 0.0000 0.5374 7 

6. Conclusion 

In this chapter, we considered a multi-criteria analysis approach, namely the so-called 
MOORA (initials of Multi-Objective Optimization by Ratio Analysis) method. Being a 
relatively recent method, its popularity in terms of the various application areas, as the 
literature review has shown, is a sign of its versatility and robustness. As an illustration of a 
possible application of this multi-criteria decision making (MCDM) method, the economic 
decision to select investment projects was considered in this chapter. Before this, the 
process of application of the method was explained, so that it can be easily applied in other 
economic decision problems, particularly business and management problems, usually 
associated with multi-criteria decision analysis. 

Something recently, the MOORA method was extended, giving rise to the MULTI-MOORA 
method. This extension has not in fact been considered (for the time being) in this chapter, 
but can easily be put into operation whenever the problem so requires. For example, using 
the R routine MCDM (Ceballos Martin, 2016), applied to the example above, the results are 
shown in table 4. 
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Table 4. The Multi-MOORA results 

Alternatives Ratio System Rank Reference 
Point Rank 1 Multiplicative 

Form Rank 2 MultiMOORA 
Rank 

1 0.1014 8 0.2675 6 0.0016 7 7 

2 0.4339 1 0.1566 2 0.0423 2 2 

3 0.3059 5 0.1935 4 0.0198 5 4 

4 0.0882 9 0.2883 10 0.0012 8 9 

5 0.052 10 0.2810 9 0.0007 10 10 

6 0.3013 6 0.1986 5 0.0207 4 5 

7 0.4125 2 0.1115 1 0.0424 1 1 

8 0.1240 7 0.2799 8 0.0007 9 8 

9 0.3999 3 0.1616 3 0.0367 3 3 

10 0.3218 4 0.2687 7 0.0053 6 6 

References 

[1] Achebo, J.; Odinikuku, W.E. (2015). Optimization of gas metal arc welding process 
parameters using standard deviation (SDV) and multi-objective optimization on the basis 
of ratio analysis (MOORA). Journal of Minerals and Materials Characterization and 
Engineering, 3, 298-308. 

[2] Brauers, W.K.M. (2004a). Optimization methods for a stakeholder society. A revolution 
in economic thinking by multiobjective optimization. Boston: Kluwer Academic/Springer. 

[3] Brauers, W.K.M. (2004b). Multi-objective optimization for facilities management. 
Journal of Management Business and Economics, 5:4, 173-182. 

[4] Brauers, W.K.M. (2008). Multi-objective contractor’s ranking by applying the MOORA 
method. Journal of Business Economics and Management, 9:4, 245-255. 

[5] Brauers, W.K.M. (2012). Project management for a country with multiple objectives. 
Czech Economic Review, 6:1, 80-101. 

[6] Brauers, W.K.M.; Zavadskas, E.K. (2006). The MOORA method and its application to 
privatization in a transition economy. Control and Cybernetics, 35:2, 445-469. 

[7] Brauers, W.K.M.; Zavadskas, E.K. (2009). Robustness of the multi-objective MOORA 
method with a test for the facilities sector. Ukio Technologinis ir Ekonominis Vystymas, 
15:2, 352-375. 

[8] Brauers, W.K.M.; Zavadskas, E.K. (2010). Project management by MULTIMOORA as an 
instrument for transition economies. Technological and Economic Development of 
Economy, 16:1, 5-24. 

[9] Brauers, W.K.M.; Zavadskas, E.K. (2012). A multi-objective decision support system for 
project selection with an application for the Tunisian textile industry. Ekonomie a 
Management, 1, 28-39. 

-29-



[10] Brauers, W.K.; Zavadskas, E.K. (2013). Multi-Objective Decision Making with a Large 
Number of Objectives. An Application for Europe 2020. International Journal of 
Operations Research, 10:2, 67-79. 

[11] Ceballos Martin, B.A. (2016). MCDM: Multi-Criteria Decision Making Methods for Crisp 
Data. R package version 1.2. https://CRAN.R-project.org/package=MCDM 

[12] Chakraborty, S. (2011). Applications of the MOORA method for decision making in 
manufacturing environment. The International Journal of Advanced Manufacturing 
Technology, 54:9, 1155-1166. 

[13] Datta, S.; Sahu, N.; Mahapatra, S. (2013). Robot selection based on grey-MULTIMOORA 
approach. Grey Systems: Theory and Application, 3:2, 201-232. 

[14] Dey, B.; Bairagi, B.; Sarkar, B.; Sanyal, S. (2012). A MOORA based fuzzy multi-criteria 
decision making approach for supply chain strategy selection. International Journal of 
Industrial Engineering Computations, 3:4, 649-662. 

[15] El-Santawy, M.F.; El-Dean, R.A.Z. (2012). Selection of a consulting firm by using SDV-
MOORA. Life Science Journal, 9:2s, 126-128. 

[16] Görener, A.; Dinçer, H.; Hacıoğlu, Ü. (2016). Application of Multi-Objective Optimization 
on the basis of Ratio Analysis (MOORA) Method for Bank Branch Location Selection. 
International Journal of Finance & Banking Studies, 2:2, 41-52. 

[17] Hamzaçebi, C.; İmamoğlu, G.; Alçi, A. (2016). Selection of Logistics Center Location with 
MOORA Method for Black Sea Region of Turkey. Journal of Economics Bibliography, 3:1S, 
74-82. 

[18] Kalibatas, D.; Turskis, Z. (2015). Multicriteria Evaluation of Inner Climate by using 
MOORA Method. Information Technology and Control, 37(1), 79-83. 

[19] Karande, P.; Chakraborty, S. (2012). Application of multi-objective optimization on the 
basis of ratio analysis (MOORA) method for materials selection. Materials & Design, 37, 
317-324. 

[20] Karuppanna Prasad, N.; Sekar, K. (2016). Optimal Alternative Selection using MOORA in 
Industrial Sector. International Journal of Fuzzy Logic Systems, 6:2, April, 1-21. 

[21] Kecek, G.; Demirag, F. (2016). A Comparative Analysis of TOPSIS and MOORA in Laptop 
Selection. Research on Humanities and Social Sciences, 6:14, 1-9. 

[22] Kundakci, N. (2016). Combined Multi-Criteria Decision Making Approach Based on 
Macbeth and Multi-MOORA Methods. Alphanumeric Journal, 4:1, 017-026. 

[23] Li, Z.H. (2014). An extension of the MULTIMOORA method for multiple criteria group 
decision making based upon hesitant fuzzy sets. Journal of Applied Mathematics, Article 
ID 527836, 16 pages. 

[24] Madić, M.; Radovanović, M.; Petković, D. (2015). Non-conventional machining processes 
selection using multi-objective optimization on the basis of ratio analysis method. 
Journal of Engineering Science and Technology, 10:11, 1441-1452. 

[25] Mandal, U.K.; Sarkar, B. (2012). Selection of Best Intelligent Manufacturing System (IMS) 
under Fuzzy MOORA conflicting MCDM Environment. International Journal of Emerging 
Technology and Advanced Engineering, 2:9, 301-310. 

[26] Önay, O. (2016). Multi-Criteria Assessment of Better Life via TOPSIS and MOORA 
Methods. International Journal of Business and Social Science, 7:1, 225-234. 

[27] Önay, O.; Yıldırım, B.F. (2016). Evaluation of NUTS Level 2 Regions of Turkey by TOPSIS, 
MOORA and VIKOR. International Journal of Humanities and Social Science, 6:1, 212-221. 

[28] Pérez-Domínguez, L.; Alvarado-Iniesta, A.; Rodríguez-Borbón, I.; Vergara-Villegas, O. 
(2015). Intuitionistic Fuzzy MOORA for Supplier Selection. Dyna, 82:191, 34-41. 

-30-



[29] Patel, P.B.; Patel, J.D.; Maniya, K.D. (2015). Evaluation of FDM Process Parameter for PLA 
Material by Using MOORA-TOPSIS Method. International Journal of Mechanical and 
Industrial Technology, 3:1, April-September, 84-93. 

[30] Sahu, S.K. (2014). Development of decision support systems towards supply chain 
performance appraisement (Master of Technology in Mechanical Engineering 
Dissertation). 

[31] Seema; Kaur, R.; Kumar, D. (2014). Designing a Mathematical Model using Fuzzy based 
MOORA Method for Supplier Selection. International Journal of Advanced Engineering 
Technology, V:I, Jan.-Mar., 16-24. 

[32] Shihab, S.K.; Chanda, A.K. (2015). Multi Response Optimization of Milling Process 
Parameters using MOORA Method. International Journal of Mechanical and Production 
Engineering, 3:4, April, 67-71. 

[33] Singaravel, B.; Selvaraj, T.; Vinodh, S. (2016). Multi-Objective Optimization of Turning 
Parameters using the combined MOORA and Entropy Method. Transactions of the 
Canadian Society for Mechanical Engineering, 40:1, 101-111. 

[34] Stanujkić, D. (2016). An extension of the ratio system approach of MOORA method for 
group decision-making based on interval-valued triangular fuzzy numbers. Technological 
and Economic Development of Economy, 22:1, 122-141. 

[35] Stanujkić, D.; Đorđević, B.; Đorđević, M. (2013). Comparative analysis of some 
prominent MCDM methods: A case of ranking Serbian banks. Serbian Journal of 
Management, 8:2, 213-241. 

[36] Stanujkic, D.; Magdalinovic, N.; Jovanovic, R.; Stojanovic, S. (2012). An objective multi-
criteria approach to optimization using MOORA method and interval grey numbers, 
Technological and Economic Development of Economy, 18:2, 331-363. 

[37] Stanujkic, D.; Magdalinovic, N.; Milanovic, D.; Magdalinovic, S.; Popovic, G. (2014). An 
efficient and simple multiple criteria model for a grinding circuit selection based on 
MOORA method. Informatica, 25:1, 73-93. 

[38] Stanujkic, D.; Magdalinovic, N.; Stojanovic, S.; Jovanovic, R. (2012). Extension of ratio 
system part of MOORA method for solving decision-making problems with interval data. 
Informatica, 23:1, 141-154. 

[39] Tasci, M.E.; Gorener, A. (2016). Evaluating the Strategies of Medical Tourism Sector 
through AHP and MOORA in a SWOT Framework. Journal of Global Strategic 
Management, 10: 2, December, 15-30. 

-31-


