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The Analytic Hierarchy Process (AHP) method is one of the oldest and
mostly used multi-criteria decision-making methods. In addition to the
development of a large number of other methods, the AHP method is still
widely applied. More and more often, this method is being modified by the
application of various mathematical tools dealing with the consideration of
uncertainty and indeterminacy. This paper presents an approach to the
modification of the AHP method using triangular interval fuzzy numbers. In
this approach, the confidence interval of the fuzzy number describing the
comparison of criteria differs from one comparison to another. It depends on
the opinion of the decision makers/experts, respectively, on their certainty in
the comparison they make. The modification of the method is presented on
the problem of selecting the course of navigation of vessels in flooded areas,
based on the risk assessment of each predicted course.
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1. INTRODUCTION!

A variety of methods were developed and are still being developed for the purposes of risk assessment.
Due to the necessity of its quantification, multicriteria decision-making (MCDM) methods found its place in
the risk assessment. The MCDM methods are applied in different areas. For example, these are applied in the
supply chain management for the selection of suppliers (Durmi¢ et al., 2020), in the field of logistics
(Pamucar et al., 2021), in telecommunications for the selection of mobile network operator (Boskovi¢ et al.,
2021), in the selection of different types of transport vehicles (Tesi¢ et al., 2022a; Pamucar et al., 2022), in
the military field for the selection of an aircraft (Milovanovi¢ et al., 2021), aircrafts (Djukic¢ et al., 2022) and
locations (Tesi¢ et al., 2022), for the selection of different concepts (Boskovi¢ et al., 2023) and strategies
(Badi et al., 2023), for the ranking of countries by the criterion of economic freedom (Puska et al., 2023), for
the ranking of proofreaders during recruitment (Ali et al., 2023), as well as in other practical problems
(Debnath & Ghosh, 2021; Granados et. al., 2022; Tesi¢ et al., 2022b; Pamucar & Gorcun, 2022; Bitarafan et

al., 2023).

1 The initial version of the research was published at 2nd Security and Crisis Management - Theory and Practice (SeCMan),

Obrenovac, Serbia (Bozani¢ et al., 2016b).
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Having in mind one of the most important characteristics of the risk - uncertainty, a fuzzy logic is
becoming increasingly used in the risk assessment, as a very suitable mathematical support for the treatment
of uncertainty (Bozani¢ et al., 2015; Lyu et al., 2020; Iphar & Cukurluoz, 2020; Si & Ganguly, 2021;
Koohathongsumrit & Meethom, 2021; Lin et al., 2021; Wang et al., 2021; Khodadadi-Karimvand &
Shirouyehzad, 2021; Topal & Atasoylu, 2022; Kozhukhivskyi & Kozhukhivska, 2022; Zhou et al., 2022). In
this regard, the paper presents a new approach to the fuzzification of the Analytic Hierarchy Process (AHP)
method, by applying interval fuzzy numbers and the modified method (interval fuzzy AHP - IFAHP) in the
risk assessment when selecting navigation vehicles directions of the Army of Serbia. The model is developed
with the idea of using it for selection purposes, primarily in operations of providing assistance to civil
authorities in case of floods or other disasters that cause flooding of certain areas.

The Army of Serbia very often takes a significant share in the assistance to civil authorities in cases of
flooding. One of the ways of engagement refers to the use of navigation resources Serbian Army disposes
with (scaffolding, amphibious transporters and boats). This assistance primarily relates to the transport of
persons, animals, material and technical resources from the endangered area to safe places. However, the
specificity of water surfaces resulting in flood can greatly affect the possibilities of navigation vehicles of the
Army of Serbia. Namely, the primary purpose of scaffolding, amphibious transporters and boats Serbian
Army disposes with is overcoming water barriers (rivers, canals, lakes and the like) in combat operations.
Sailing through in flooded areas has a number of specific features which limit possibilities of the vehicles,
such as uneven depth of water, large number of obstacles i.e. facilities and objects located below the water
surface which usually cannot be seen, or visible objects among which is not possible to sail through (due to
short distances), and the like. In that sense, the navigation imposes certain risks, while on the other hand it is
necessary to provide assistance, i.e., to carry out a transport from one location to another. In order to provide
the necessary assistance, the selection of navigation routes would be made based on the degree of assessed
risk. In particular, the direction of navigation or transportation from the flooded area with the smallest risk
would be chosen.

Although risk forms an integral part of military operations, the risk assessment is still in the development
phase (Bozani¢ et al., 2015). Therefore, the development of the risk assessment models in military operations
is directed towards the use of knowledge from other fields of human activity. Considering that there are many
different approaches to the identification and evaluation in the risk assessment management, herein is
adopted the method shown in (FM 5-19 Composite Risk Management, 2006). This method consists of the
following steps: (1) Identify Hazard, (2) Assess Hazard (to define risk level), (3) Develop Controls and Make
Decision, (4) Implement Controls, and (5) Supervise and Evaluate. The fuzzy AHP model, which has been
developed in this paper, precedes the development of control measures and decision-making, and it is
realized after the identification of hazards.

After the introduction, in the second section, an overview of earlier approaches to the AHP method
fuzzification, as well as a new modification, is provided. In the third part, the application of the modified
AHP method on a specific problem is presented, and the obtained results are compared with the classic AHP
method.

2. DESCRIPTION OF THE METHODS APPLIED

In the following part of the paper it is described in detail a part of the methods applied. Another part of
the methods is not described (the AHP and fuzzy logic), because these are considered relatively familiar
areas.

2.1. Interval fuzzy numbers

The membership function to the fuzzy set type-2 occurs when the type-1 membership function, Figure 1a,
is displayed in the fuzzy form, Figure 1b. Then it is obtained the type-2 membership function shown in the
Figure 2. For certain values of the variable x' the membership function type-2 has different values of
membership degree, i.e. different degree of membership for each of the points (x'). Repeating presented
procedure for all the elements, it is obtained a three-dimension membership function (type-2 membership
function), which describes type-2 fuzzy numbers (Mendoza et al., 2009; Castillo & Melin, 2008).
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Figure 1. Fuzzy membership function type - 1 (a) and fuzzy membership function type - 2 (b)
(Pamucar et al., 2015)

In the membership function of general fuzzy set type-2 (A), Figure 2, the value of the membership
function in every point of the third dimension is described with two-dimension domain, so called, Footprint
of Uncertainty - FOU. The footprint of certainty presents a blur of the membership function type-1. The type-
2 membership function is described (bordered) with two membership functions type-1, X i X, which are
defined as Upper Membership Function - UMF and Lower Membership Function - LMF, respectively. Both
functions, the UMF and the LMF are presented with the fuzzy set type-1. Therefore, it is possible to use

arithmetic operations of the fuzzy set type-1 for characterization and operation with the fuzzy sets type-2
(Pamucar et al., 2015)
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Figure 2. Triangular membership function of the fuzzy number type-2

2.2. Fuzzification of the Saaty’s scale

The analytic hierarchy process method was developed by Thomas Saaty (1980). For the purposes of this
method he developed a special scale, so-called, Saaty’s scale, which represents the standard of the Analytic
Hierarchy Process (AHP). This method is well known and has been used for long in the practice of
operational researches, more about which can be seen in (Saaty, 1980).

The improvement of the AHP method is mostly based on the improvement of the Saaty’s scale and most
of the examples in the research refer to its improvement by fuzzy theory. The application of this method in
fuzzy environment is presented in many papers using different types of fuzzy numbers. Kahraman et al.
(2020) present different method improvements by using hesitant, intuitionistic, and spherical fuzzy sets
combined with other fuzzy MCDM methods. Yucesan & Gul (2020), Calik (2021) and Ayyildiz & Taskin
Gumus (2021) apply the AHP method improved with Pythagorean fuzzy numbers. The application of
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triangular fuzzy numbers, as the most widely used type of improvement of the Saaty’s scale and most widely
used form of fuzzy AHP method is presented in (Wang et al., 2020; Boral et al., 2020; Ban et al., 2020;
Jumaryadi et al., 2020; Tripathi et al., 2021; Hossain & Thakur, 2021; Coffey & Claudio, 2021;
Sivaprakasam & Angamuthu, 2023; Bhatt et al., 2021; Blyiikdzkan et al., 2021; Nazim et al., 2022), while
Rajabpour et al. (2022) improve subject methodology using trapezoidal fuzzy numbers etc.

Based on everything previously mentioned and on other research can be concluded that fuzzification of
the Saaty’s scale can be roughly divided in two approaches. The first approach is a "strict fuzzification", in
which the confidence interval of the fuzzy number is predetermined. Therefore, the expert opts in favor of a
comparison in pairs, but it does not affect the values of the previously defined fuzzy number (Table 1,
Column 2). The processes of defining fuzzy number and the degree of certainty present two separate
researches. Another approach is a "soft fuzzification", in which in addition to the comparisons in pairs the
expert performs, the values of fuzzy number also depend on the opinion of the expert (Table 1, Column 3).

Table 1. Presentation of different approaches to the fuzzification of the Saaty’s scale

Classic Saaty’s scale Strict fuzzification Soft fuzzification
(Castilo & Melin, 2008) (John et al., 2014) (Bozani¢ et al., 2016a)
1 (1,1,1) (1,1,1)
3 (2.34) (373,3.(2-7;)3)
S (4,5,6) (57ji’5’(2_7ji)5)
7 (61718) (77“’7’(2_7/“)7)
9 (8,9.9) (97;.9.(2-7,)9)
2,4,6,8 (x=1,x,x+1) (xyji,x,(z_yji)x); Xx=2,4,6,8

Based on the other "soft fuzzification" where the confidence interval of the number depends on the degree
of certainty of the expert in comparison in pairs - y (more detailed explanation can be found in (Bozani¢ et
al., 2016a)), a new fuzzification has been created by the application of interval fuzzy numbers (Table 2). The
form of fuzzy numbers presented is the following:

T=(ly,1,mu,,uy) @

UL

Considering that my=m_ in the expression it is presented as m.

Table 2. Presentation of fuzzyficated values of the Saaty’s scale by the application of interval
fuzzy numbers

Value Fuzzy number
1 (1,1,1,11)

3 (375.3733(2-7,)3.(2-7})3)

S5 (571i'57u' (2 751)5 (2 'i)s)

7 (775773 7.(2=73)7.(2-75)7)

9 (875:97,,9.(2-7,)9.(2-7})9)

2468 (x;/jzi,x;/ji,x,(Z—yji)x,(Z—yfi)x)
Xx=2,4,6,8

The fuzzy numberT , x e [1,9] must meet the following conditions also:

2 2
Xye, V1< Xxy® <X
X72:{7 Y4 (2)

1, Vxi<1
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Xy, V1< xy <X
X7={ ®)

1, Vxy<l

The value vy represents the degree of certainty of the expert in the comparison he performs. The value k
(Figure 2) is the coefficient of the expert’s competence. About the assessment of the expert’s competence
more can be read in (Mili¢evi¢, 2014). Thus, in the case of expert’s competence with k = 0.7 and in the
comparison "3" - "low dominance," a fuzzy number would look like in Figure 3 (with varying degrees of
certainty 1, 0.8 and 0.5).

Degree of membership

3.64.08 0.75 15 3 4.5 5.25>

D ===

3 192 24

Figure 3. Presentation of the interval fuzzy number depending on the degree of certainty of the
expert

Expressions for the calculation of the inverse interval fuzzy number T *are shown in the Table 3.

Table 3. Presentation of the fuzzyficated inverse values of the Saaty’s scale by applying interval
fuzzy numbers

Value Fuzzy number
1 (1,1,1,1,1)
13 (1/(2-73)3.11(2-7;)3.1/3,1/3y;,1/ 3y}
1/5 (1/(2-75)5.1/(2-7;)5,1/5,1/ 57,1/ 57}
1/7 (1/2-y5) 71 Q-y )7L T Ty 1 Ty5)
1/9 (1/(2-73)9.1/ (2-7)9,1/9,1/ 97,1197
(17 @=yix 1 @=y )1 X1 Xy, 1 xp5)

1/2,1/4,1/6, 1/8
X=2,4,6,8

The inverse fuzzy number T, x e [1/9,1] must meet the following conditions also:

1/ xy%, ¥V x<xy? <1

Uxy2=4""7 4 )
1L, Vxyi>1
1/xy, VX<xy<l1

Uxy=1""7 4 ®)
1, Vxy>1
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3. PRESENTATION OF THE IFAHP METHOD APPLICATION

The basic idea of the IFAHP method is that it should be applied in group decision-making, although its
application is also possible in individual decision-making. Basic steps in its application (regardless of
whether it concerns defining weight coefficients of criteria or alternatives) are the following:

1) Data collection from the experts (comparisons are made in pairs by using classic Saaty’s scale,
stating the degree of certainty of every comparison made);

C, C, C,
C, Qi Qi o Ty
E=C, |auira @uiZn - 8517 (6)
Cn anl;ynl anz;}/nz ann;ynn

2) Application of the AHP with the fuzzyficated Saaty’s scale for each expert separately;

3) Aggregation of the obtained priority vectors.

Before starting the application of the method, basic criteria for performing the risk assessment should be
defined. The criteria for risk assessment in this model are taken from (Bozani¢ et al., 2015), and adapted to
the specific problem. Basic criteria based on which shall be performed the risk assessment are the following
(Bozani¢ et al., 2015):

- Criterion 1 (C1) - probability of hazard occurrence. This criterion evaluates to what extent it is
possible to occur the damage/adverse effect, i.e., the manifestation of the hazard.

- Criterion 2 (C2) - state of the system. Under this criterion is meant the state of the system in relation
to the potential hazard. In other words, it is considered the vulnerability of the system, as well as the
assessment of possibilities for the defense of the system in case of emergency.

- Criterion 3 (C3) - negative consequences. This criterion includes human and material losses potential
danger can cause.

- Criterion 4 (C4) - ability to generate other hazards. This criterion is defined because it is calculated
the risk for each hazard, and there is no connecting component between hazards.

After defining the criteria, conditions are created for the application of the IFAHP method. The first step
is to define the comparison matrix of criteria in pairs and degrees of certainty, according to the expression 6.

C, o C, C,
. [£100 2100 1/2;70  4;100
1/2;100 1,100  1/3;60 2;80
. |270 360 1100 560
C, |1/4100 1/2;80 1/560 1,100

1

N

C
E =C
C

In the second step it is performed the fuzzification of the previous matrix by applying the expressions
provided in Tables 2 and 3.

C, C, C, C,
C, (11111 2;2,2,2;2 0,33;0,38;0,5;0,71;1 4;4;4,4,4
E,=C, |0,50,5,0,5,0,5,0,5 111511 0,2;0,24,0,33,0,56;0,93  1,28;1,6;2;2,4,2,72
C, [114,2;2,6;302 1,08;1,8;3;4,2;4,92 B e o o 1,8;3;5;7;8,2
C 0,25;0,25;0,25;0,25;0,25 0,37;0,42;0,5;0,63;0,78 0,12;0,14;0,2;0,33;0,56 R e e

~

In further assessment standard steps of the AHP method are applied i.e., weight vectors W are obtained.
After obtaining weight vectors, it is performed the defuzzification of the obtained weight vectors W using the
expression (Kahraman et al., 2014):

(uu _Iu)"'(mu _IU)+|U +k|:(uL_IL)+(mL_IL)+I

3 3 -
W =

- ™
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The obtained weight coefficients of criteria are presented in the Table 4. For comparison purposes, the
values obtained by classic AHP method are shown also.

Table 4. Weight coefficients of criteria obtained by the IFAHP and classic AHP method

Criterion IFAHP AHP
Ci 0.30 0.29
C 0.16 0.15
Cs 0.45 0.48
Cq4 0.09 0.08

From the Table 4, it can be concluded that there are no changes in the rank of criteria, but there are
differences in the obtained weight coefficient values.

The following step is to evaluate alternatives, i.e., to select the most favorable one from the set of possible
solutions. As well as in obtaining weight coefficients, the initial matrices are defined first, comparing each
other for each criterion separately, and the degrees of certainty are defined for each comparison. Further is
performed the fuzzification by the application of conventional steps of the AHP method and the
defuzzification. In the abstract example of six alternatives are obtained the results shown in the Table 5. Also,
in the table are shown the results that would be obtained by using classic AHP method.

Table 5. Rank of alternatives

Criterion AHP Rank IFAHP Rank
A 0,17 4, 0,19 4,
A 0,26 6. 0,23 6.
As 0,24 5. 0,21 5.
Ay 0,14 3. 0,13 3.
As 0,10 2. 0,10 1.
As 0,09 1. 0,12 2.

Analyzing the obtained results it is noticed that the rank of alternatives in case of using the IFAHP and
classic AHP is uneven. The alternatives one and two have changed places. It is also noted that in case of the
application of the IFAHP three alternatives are at the top, having very close values, which is not the case in
the application of classic AHP method. Relying on the IFAHP method, the decision-makers would choose
the alternative number five as the least risky, while by using classic AHP method, the decision-makers would
choose the alternative six as a solution. In this specific case, it can be considered more logical to select the
sixth alternative, because within the IFAHP method the level of certainty of the decision makers/experts was
considered, while this was not the case with the classic AHP method. In other words, the persons who make
comparisons using classic AHP method, even when they know for sure that they are not sure about
something, do not have the opportunity to declare it, but have to decide on one of the possibilities. On the
other hand, observing the three first-ranked alternatives, it can be seen that the difference in the obtained
values is small. Unfortunately, the AHP method does not provide a special mathematical tool to establish
whether the first-ranked alternative is sufficiently dominant in relation to the others, as is the case with some
other methods (for example, with the VIKOR method).

4. CONCLUSION

In the paper has successfully been presented the application of the modified AHP method on the example
of individual decision-making, based on the risk assessment performed. In a similar way, the application
would be conducted in group decision-making. The displayed fuzzification may affect the output values, but
also the rank of alternatives. The impact on the rank of alternatives is possible in close values, based on what
the comparison in pairs remains the most important element of the method. The degree of certainty is only an
additional element that has the capacity to reduce the output result or increase it for a relatively small value.

Practical importance of the paper is reflected in successful decision-making on the basis of the risk
assessment of possible navigation vehicles directions of the Army of Serbia in the flooded areas. In this paper
it is ignored the decision-making on the basis of the length a particular vehicle should cross over in the
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course of navigation, the fuel consumption and the like, because differences are small from one to the other
alternative. Also, the urgency of actions taken during floods affects to ignore a large number of parameters,
which in other situations would be of great importance.

Further research should be directed towards the application of the presented modification to solving other
problems. Also, the development of a mathematical tool for determining the degree of dominance of the first-
ranked alternative would be an important subject of the authors’ research in case of the AHP method.

References

Ali, A., Ullah, K., & Hussain, A. (2023). An approach to multi-attribute decision-making based on
intuitionistic fuzzy soft information and Aczel-Alsina operational laws. Journal of Decision Analytics and
Intelligent Computing, 3(1), 80-89.

Avyyildiz, E., & Taskin Gumus, A. (2021). Pythagorean fuzzy AHP based risk assessment methodology for
hazardous material transportation: an application in Istanbul. Environmental Science and Pollution
Research, 28, 35798-35810.

Badi, L, Stevi¢, Z., & Bayane Bouraima, M. (2023). Overcoming Obstacles to Renewable Energy
Development in Libya: An MCDM Approach towards Effective Strategy Formulation. Decision Making
Advances, 1(1), 17-24.

Ban, A. I, Ban, O. I., Bogdan, V., Popa, D. C. S., & Tuse, D. (2020). Performance evaluation model of
Romanian manufacturing listed companies by fuzzy AHP and TOPSIS. Technological and Economic
Development of Economy, 26(4), 808-836.

Bhatt, N., Guru, S., Thanki, S., & Sood, G. (2021). Analysing the factors affecting the selection of ERP
package: A fuzzy AHP approach. Information Systems and e-Business Management, 19, 641-682.

Bitarafan, M., Amini Hosseini, K., & Zolfani, S. H. (2023). Identification and assessment of man-made
threats to cities using integrated Grey BWM- Grey MARCOS method. Decision Making: Applications in
Management and Engineering, 6(2), 581-599.

Boral, S., Howard, I., Chaturvedi, S. K., McKee, K., & Naikan, V. N. A. (2020). An integrated approach for
fuzzy failure modes and effects analysis using fuzzy AHP and fuzzy MAIRCA. Engineering Failure
Analysis, 108, 104195.

Boskovi¢, S., Radonji¢-Djogatovi¢, V., Ralevi¢, P., Dobrodolac, M., & Jov¢ié, S. (2021). Selection of mobile
network operator using the CRITIC-ARAS method. International Journal for Traffic & Transport
Engineering, 11(1), 17-29.

Boskovi¢, S., Svadlenka, L., Dobrodolac, M., Jovéi¢, S., & Zanne, M. (2023). An Extended AROMAN
Method for Cargo Bike Delivery Concept Selection. Decision Making Advances, 1(1), 1-9.

Bozani¢, D., Pamucar, D., & Karovi¢, S. (2016a). Use of the fuzzy AHP - MABAC hybrid model in ranking
potential locations for preparing laying-up positions. Military Technical Courier, 64 (3), 705-729.

Bozani¢, D., Pamucar, D., & Komazec, N. (2016b). Application of the fuzzy AHP method in Risk
Assessment in the selection of navigation vehicles directions of Serbian Army in flooded areas.
In Proceedings of the Security and Crisis Management - Theory and Practice (SeCMan) (pp. 39-46),
Obrenovac, Serbia.

Bozani¢, D., Slavkovi¢, R., & Karovi¢, S. (2015). Model of fuzzy logic application to the assessment of risk
in overcoming the water obstacles durin an army defensive operation. VVojno delo, 67(4), 240-260.

Biiytikdzkan, G., Havle, C. A., & Feyzioglu, O. (2021). An integrated SWOT based fuzzy AHP and fuzzy
MARCOS methodology for digital transformation strategy analysis in airline industry. Journal of Air
Transport Management, 97, 102142.

Calik, A. (2021). A novel Pythagorean fuzzy AHP and fuzzy TOPSIS methodology for green supplier
selection in the Industry 4.0 era. Soft Computing, 25(3), 2253-2265.

Castillo, O., & Melin, P. (2008). Type-2 Fuzzy Logic: Theory and Applications. Heidelberg: Springer.

Reports in Mechanical Engineering, Vol. 4, No. 1, 2023: 131 — 140



Reports in Mechanical Engineering ISSN: 2683-5894 a 139

Coffey, L., & Claudio, D. (2021). In defense of group fuzzy AHP: A comparison of group fuzzy AHP and
group AHP with confidence intervals. Expert Systems with Applications, 178, 114970.

Debnath, S., & Ghosh, S. (2021). Experimental investigation of Electro discharge machining process by
AHP-MOORA technique. Journal of Industrial Engineering and Decision Making, 2(1), 1-7.

buki¢, ., Petrovié, 1., Bozanié, D, & Delibasi¢, B. (2022). Selection of Unployed Aircraft for Training of
Small-Range Aircraft Defense System AHP — TOPSIS Optimization Methods. Yugoslav Journal of
Operations Research, 32(3), 389-406.

Durmié, E., Stevié, Z., Chatterjee, P., Vasiljevi¢, M., & Tomasevi¢, M. (2020). Sustainable supplier selection
using combined FUCOM — Rough SAW model. Reports in Mechanical Engineering, 1(1), pp. 34-43.

FM 5-19 Composite Risk Management. (2006). Washington DC: Headquarters Department of the Army.

Granados, C., Das, A. K., & Osu, B. 0. (2022). Weighted Neutrosophic Soft Multiset and Its Application to
Decision Making. Yugoslav Journal of Operations Research, 33(2), 293-308.

Hossain, M. K., & Thakur, V. (2021). Benchmarking health-care supply chain by implementing Industry 4.0:
a fuzzy-AHP-DEMATEL approach. Benchmarking: An International Journal, 28(2), 556-581.

Iphar, M., & Cukurluoz, A. K. (2020). Fuzzy risk assessment for mechanized underground coal mines in
Turkey. International journal of occupational safety and ergonomics, 26(2), 256-271.

John, A., Paraskevadakis, D., Bury, A., Yang, Z., & Riahi, R. (2014). An integrated fuzzy risk assessment for
seaport operations. Safety Science, 68, 180-194.

Jumaryadi, Y., Firdaus, D., Priambodo, B., & Putra, Z. P. (2020). Determining the best graduation using
fuzzy AHP. In Proceedings of the 2nd International Conference on Broadband Communications, Wireless
Sensors and Powering (BCWSP) (pp. 59-63). IEEE.

Kahraman, C., Onar, S. C., Oztaysi, B., Seker, S., & Karasan, A. L. I. (2020). Integration of fuzzy AHP with
other fuzzy multicriteria methods: A state of the art survey. Journal of Multiple-Valued Logic & Soft
Computing, 35, 61-92.

Kahraman, C., Oztaysi, B., Ugal, S. 1., & Turanoglu, E. (2014). Fuzzy analytic hierarchy process with
interval type-2 fuzzy sets. Knowledge-Based Systems, 59, 48-57.

Khodadadi-Karimvand, M., & Shirouyehzad, H. (2021). Well drilling fuzzy risk assessment using fuzzy
FMEA and fuzzy TOPSIS. Journal of fuzzy extension and applications, 2(2), 144-155.

Koohathongsumrit, N., & Meethom, W. (2021). An integrated approach of fuzzy risk assessment model and
data envelopment analysis for route selection in multimodal transportation networks. Expert Systems with
Applications, 171, 114342,

Kozhukhivskyi, A. D., & Kozhukhivska, O. A. (2022). Developing a fuzzy risk assessment model for
erpsystems. Radio Electronics, Computer Science, Control, (1), 106-106.

Lin, S. S., Shen, S. L., Zhou, A., & Xu, Y. S. (2021). Risk assessment and management of excavation system
based on fuzzy set theory and machine learning methods. Automation in Construction, 122, 103490.

Lyu, H. M., Sun, W. J,, Shen, S. L., & Zhou, A. N. (2020). Risk assessment using a new consulting process
in fuzzy AHP. Journal of Construction Engineering and Management, 146(3), 04019112.

Mendoza, O., Melin, P., & Licea, G. (2009). A hybrid approach for image recognition combining type-2
fuzzy logic, modular neural networks and the Sugeno integral. Journal of Information Sciences, 179(13),
2078-2101.

Mili¢evié, M. (2014). Experts' assessment (Only in Serbian: Ekspertsko ocenjivanje). Belgrade: Odbrana
Media Center.

Milovanovi¢, V. R., Aleksi¢, A. V., Sokolovi¢, V. S., & Milenkov, M. A. (2021). Uncertainty modeling
using intuitionistic fuzzy numbers. Military Technical Courier, 69(4), 905-929.

Nazim, M., Mohammad, C. W., & Sadig, M. (2022). A comparison between fuzzy AHP and fuzzy TOPSIS
methods to software requirements selection. Alexandria Engineering Journal, 61(12), 10851-10870.

Interval fuzzy AHP method in risk assessment (BozZani¢ et al.)



140 a ISSN: 2683-5894

Pamucar, D., & Gorgiin, O. F. (2022). Evaluation of the European container ports using a new hybrid fuzzy
LBWA-CoCoSo'B techniques. Expert Systems with Applications, 203, 117463.

Pamucar, D., Lukovac, V., & Bozanié, D. (2015). Creating a portfolio matrix for the analysis of the human
resources using a fuzzy logic system (Only in Serbian: Izrada portfolio matrice za analizu ljudskih resursa
primenom fuzzy logic¢kog sistema tip-2). In Proceedings of the SYM-OP-1S-2015 (pp. 478-481), Silver Lake,
Serbia.

Pamucar, D., Simic, V., Lazarevi¢, D., Dobrodolac, M., & Deveci, M. (2022). Prioritization of sustainable
mobility sharing systems using integrated fuzzy DIBR and fuzzy-rough EDAS model. Sustainable Cities and
Society, 82, 103910.

Pamudar, D., Zizovi¢, M., Biswas, S., & Bozanié, D. (2021). A new Logarithm Methodology of Additive
Weights (LMAW) for multi-criteria decision-making: Application in logistics. Facta Universitatis, Series:
Mechanical Engineering, 19(3), 361-380.

Puska, A., Stilié, A., & Stojanovi¢, 1. (2023). Approach for multi-criteria ranking of Balkan countries based
on the index of economic freedom. Journal of Decision Analytics and Intelligent Computing, 3(1), 1-14.

Rajabpour, E., Fathi, M. R., & Torabi, M. (2022). Analysis of factors affecting the implementation of green
human resource management using a hybrid fuzzy AHP and type-2 fuzzy DEMATEL
approach. Environmental Science and Pollution Research, 29(32), 48720-48735.

Saaty, T. L. (1980). The analytic hierarchy process. New York: McGraw-Hill.

Si, A., & Ganguly, U. (2021). Drainage and management of offseason rain water in multipurpose reservoir
using fuzzy model. Journal of Industrial Engineering and Decision Making, 2(1), 22-26.

Sivaprakasam, P., & Angamuthu, M. (2023). Generalized Z-fuzzy soft -covering based rough matrices and
its application to MAGDM problem based on AHP method. Decision Making: Applications in Management
and Engineering, 6(1), 134-152.

Tesi¢, D. Z., Bozani¢, D. 1., Pamucar, D. S., & Din, J. (2022a). DIBR - Fuzzy MARCOS model for selecting
a location for a heavy mechanized bridge. Military technical courier, 70(2), 314-339.

Tesi¢, D., Radovanovi¢, M., Bozani¢, D., Pamucar, D., Mili¢, A., & Puska, A. (2022b). Modification of the
DIBR and MABAC Methods by Applying Rough Numbers and Its Application in Making Decisions.
Information, 13(8), 353.

Topal, S., & Atasoylu, E. (2022). A Fuzzy Risk Assessment Model for Small Scale Construction
Work. Sustainability, 14(8), 4442.

Tripathi, A. K., Agrawal, S., & Gupta, R. D. (2021). Comparison of GIS-based AHP and fuzzy AHP methods
for hospital site selection: a case study for Prayagraj City, India. GeoJournal, 1-22.

Wang, X., Zhang, C., Wang, C., Zhu, Y., & Cui, Y. (2021). Probabilistic-fuzzy risk assessment and source
analysis of heavy metals in soil considering uncertainty: A case study of Jinling Reservoir in
China. Ecotoxicology and Environmental Safety, 222, 112537.

Wang, Y., Xu, L., & Solangi, Y. A. (2020). Strategic renewable energy resources selection for Pakistan:
Based on SWOT-Fuzzy AHP approach. Sustainable Cities and Society, 52, 101861.

Yucesan, M., & Gul, M. (2020). Hospital service quality evaluation: an integrated model based on
Pythagorean fuzzy AHP and fuzzy TOPSIS. Soft Computing, 24(5), 3237-3255.

Zhou, B., Chen, J., Wu, Q., Pamucar, D., Wang, W., & Zhou, L. (2022). Risk priority evaluation of power
transformer parts based on hybrid FMEA framework under hesitant fuzzy environment. Facta Universitatis,
Series: Mechanical Engineering, 20(2), 399-420.

Reports in Mechanical Engineering, Vol. 4, No. 1, 2023: 131 — 140



