A multi-objective model based on group decision-
making and interval-valued Pythagorean fuzzy sets
for the supplier selection and order allocation
problem

Assistant Professor, Department of

Mehdi Management, Faculty of Humanities
« 1| (Azadshahr Branch), Gonbad Kavous
Keshavarz-Ghorabaee University, 49717-99151 Gonbad Kavous,
Iran
Abstract

Supplier selection and order allocation is one of the most important
issues in supply chain management, which can have a significant impact
on the overall performance and efficiency of an organization. This
research presents a new approach based on group decision-making to
deal with this problem. Firstly, the evaluation outputs of decision-
makers are converted into interval-valued Pythagorean fuzzy sets using
a quantitative procedure. Then, based on these fuzzy elements, the
CRITIC method is employed to determine the weights of the criteria.
Using the Einstein weighted geometric aggregation operator and the
extracted weights, the final performance of each supplier is calculated
as an interval-valued Pythagorean fuzzy set. In the next step, a multi-
objective model is formulated considering the order allocation
parameters and the obtained performances from the suppliers. Finally,
the fuzzy programming technique is used to solve the multi-objective
model. To analyze the efficiency of the proposed approach, a practical
example based on environmental criteria is considered, and a sensitivity
analysis is performed on the criteria weights to evaluate the
reasonableness and efficiency of the results. The obtained results
indicate the performance of the proposed approach in solving the
supplier selection and order allocation problem.
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Introduction

The rapid shift towards globalization, competitive markets, significant
technological advancements, and high customer expectations have
convinced companies to reduce costs and enhance their competitive
advantages. To achieve this goal, researchers and professionals have
concluded that maintaining competitiveness requires collaboration with
supply chain partners to improve supply chain performance.

Suppliers have a significant influence on the strategic and
operational performance of organizations. Moreover, the supplier
selection process plays a crucial role in determining the cost, quality,
and other aspects of the final product. In many cases, the criteria are
conflicting, requiring a trade-off between them. Thus, selecting the best
suppliers becomes a multi-criteria decision-making problem.
Additionally, order allocation to the selected suppliers by determining
the optimal order quantity from each supplier can provide significant
economic benefits to companies.

This study presents a comprehensive and innovative framework for
supplier selection and order allocation, utilizing a combination of
decision-making and evaluation approaches. First, an initial evaluation
of suppliers is carried out by a group of decision-makers. These
qualitative evaluations are then transformed into interval-valued
Pythagorean fuzzy sets through a precise quantitative process. Next,
criteria weighting is performed using the CRITIC method. Following
this, the final performance of each supplier is calculated and ranked as
a fuzzy set using the Einstein weighted geometric aggregation operator
and the obtained weights. Subsequently, the collected data are
integrated into a multi-objective model, and the order allocation
optimization problem is solved and finalized using a fuzzy
programming technique. Finally, to evaluate the model's
comprehensiveness and accuracy, a sensitivity analysis on the criteria
weights is conducted to ensure the stability and reliability of the
proposed approach.

Method
This paper presents a multi-objective model based on group decision-

making and interval-valued Pythagorean fuzzy sets for supplier



selection and order allocation. To develop this model, several options
(suppliers) are evaluated by decision-makers based on multiple criteria.
The opinions of these decision-makers are gathered using a specific
procedure and converted into interval-valued Pythagorean fuzzy
numbers. The weight assigned to each criterion is calculated through
the decision matrix and by employing the CRITIC method. Then, using
the Einstein geometric aggregation operator and the obtained weights,
the performance of each supplier is determined as interval-valued
Pythagorean fuzzy numbers. Based on these fuzzy performances, a
three-objective model for supplier selection and order allocation is
designed. This proposed model is solved using a multi-objective
optimization approach to ensure comprehensive and effective decision-
making for supplier selection and optimal order allocation. In this study,
a procedure is used to gather the opinions of decision-makers for
evaluating options (suppliers) on each criterion and converting them
into interval-valued Pythagorean fuzzy sets. In this procedure, each
decision-maker is asked to assess the desirability of each supplier
concerning each criterion. Three possible responses are considered:
desirable, undesirable, and no opinion. Additionally, each decision-
maker is asked about the degree of confidence in their responses. In this
research, three values are used as input for the CRITIC method
(elements of the decision matrix) to calculate the weight of each
criterion, resulting in three weights for each criterion. Finally, the
average of these three weights is used to derive a more realistic weight
for the criteria.

Results

The proposed integrated model is applied to solve a supplier selection
and order allocation problem considering environmental criteria for a
tissue manufacturing company, and the results are analyzed. Initially,
decision-makers identify potential suppliers (five suppliers: Si to Ss)
and determine the environmental criteria. Based on the existing
literature, seven criteria (C1 to C-) are defined by the decision-makers.
The evaluations of the decision-makers regarding each supplier, based
on each criterion, are collected in three possible states. These
evaluations are converted into interval-valued Pythagorean fuzzy sets



through the procedure described in the research methodology section.
Based on the results obtained from solving the proposed mathematical
models, the largest order quantity is allocated to the third supplier, and
since this supplier's maximum capacity is utilized, the corresponding
interval has collapsed into a single point. The same applies to the fourth
supplier, which has been allocated the second-largest order volume.
The second supplier ranks next, and an interval of confidence is
provided for it based on the two solved models. For the first supplier,
an order interval is also determined by solving both models.
Meanwhile, no volume is allocated to the fifth supplier, indicating its
non-selection based on the problem parameters.

Conclusion

This research, aimed at developing a group decision-making approach
for supplier selection and order allocation, significantly contributes to
improving the evaluation and decision-making process. One of the main
advantages of this approach is the integration of subjective supplier
assessments with a precise process for converting these assessments
into interval-valued Pythagorean fuzzy sets. In this process, by defining
desirability and undesirability in terms of membership and non-
membership degrees, the uncertainties inherent in subjective
evaluations are effectively considered. Additionally, the degree of
response confidence is incorporated into the determination of
membership and non-membership intervals, leading to a more
comprehensive treatment of uncertainties at both linguistic and
subjective levels. By employing the CRITIC method for weighting
criteria and using the Einstein weighted geometric aggregation
operator, the final performance of the suppliers is calculated accurately
and reliably. These performance values, along with the order allocation
parameters, are combined into a multi-objective model, which is solved
using fuzzy programming techniques. This set of approaches and
techniques makes this research a powerful tool for optimizing the
supplier selection and order allocation process, ultimately leading to
more precise and efficient decisions. To examine and analyze the
proposed approach, a supplier selection and order allocation problem
based on environmental criteria was investigated. Additionally, a



sensitivity analysis on the criteria weights was conducted to evaluate
the effectiveness and rationality of the results. This analysis
demonstrated that the proposed approach effectively met the specified
objectives and provided logical and efficient outcomes.

Keywords: supplier selection, order allocation, group decision-
making, Pythagorean fuzzy sets, multi-objective programming
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= = 1 u 1 u
Xij = ([Mfijrﬂfij] , [Vfijrvfij])

Ci St ([0.67,0.74],[0.59,0.67])
S ([0.79,0.88],[0.17,0.41])
Ss ([0.9,0.99],[0,0.3])
Ss ([0.3,0.33],[0.83,0.84])
Ss ([0.6,0.66],[0.6,0.66])
Cz S ([0.67,0.74],[0.5,0.59])
S ([0.79,0.88],[0.36,0.52])
Ss ([0.73,0.81],[0.49,0.6])
Ss ([0.42,0.47],[0.69,0.72])
Ss ([0.6,0.66],[0.51,0.58])
Cs S ([0.73,0.81],[0.49,0.6])
S ([0.79,0.88],[0.36,0.52])
Ss ([0.79,0.88],[0.17,0.41])
Ss ([0.67,0.74],[0.39,0.5])
Ss ([0.67,0.74],[0.22,0.39])
Ca S ([0.52,0.57],[0.69,0.73])
S ([0.79,0.88],[0.36,0.52])
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Ss ([0.79,0.88],[0.36,0.52])
Cs St ([0.67,0.74],[0.39,0.5])
S ([0.73,0.81],[0.2,0.4])
Ss ([0.67,0.74],[0.39,0.5])
S ([0.6,0.66],[0.51,0.58])
Ss ([0.52,0.57],[0.61,0.66])
Cs S ([0.42,0.47],[0.69,0.72])
S ([0.6,0.66],[0.51,0.58])
Ss ([0.73,0.81],[0.49,0.6])
Ss ([0.6,0.66],[0.4,0.49])
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Ss ([0.67,0.74],[0.22,0.39])
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Ss ([0.52,0.57],[0.75,0.79])
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C1 C Cs Cs Cs Cs C7
k0.1622 0.1623 0.1610 0.1654 0.1261 0.1161 0.1069

Wl

wy 01157 0.1985 0.1632 0.1046 0.1677 0.1461 0.1041
w;i 01348 0.2043 0.1829 0.1413 0.0960 0.1378 0.1029
wi 01376 0.1884 0.1690 0.1371 0.1299 0.1333 0.1046

Je 6LAJ,:A\JQJ:{L~)Q@J;;SQ¢L" s Sles O J g

cP df; lt; CAP; Qmin; EWG;
S; 45 025 01 1200 100 ([0.57,0.631],[0.595,0.656])
Sy 6.3 02 025 1500 150 ([0.729,0.807],]0.364,0.502])
S3 6.1 01 025 1700 150 ([0.755,0.836],[0.343,0.487])
S4 3.1 035 0.15 1400 100 ([0.534,0.592],[0.587,0.641])
Ss 58 015 0.1 1500 100 ([0.608,0.673],[0.543,0.617])

Pmax 12

Lmax 18

DmT 5000
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Max A4
Subject to:

Z,1 — 346047
3460.47 — 2999.61

Z,, —2118.86
 2677.52—2118.86

Ze1 — 23930

29870 — 23930
Zy1 = 0.57x11 + 0.729x5, + 0.755x371 + 0.534x4, + 0.608x5,

<1+

LM<l

LM<

ZVI = 0.595x11 + 0.364’le + 0.343.X31 + 0.587X41 + 0.543x51
ZCl = 4.5.7(,'11 + 6.3x21 + 6.1X31 + 3.1x41 + 5.8x51



X1 + X1 + X371 + x41 + x51 = 5000

0.25x11 + 0.2x54 + 0.1x31 + 0.35x4¢ + 0.15x5, < 12
0.1x77 + 0.25x57 + 0.25x31 + 0.15x4; + 0.1x5; < 18
X171 = 100y44, %51 = 150y,4,x31 = 150y34,

X41 2 100y,4, x5 = 100y54

X117 < 1200y44, %21 < 1500y,4,x37 < 1700y34,

X417 < 1400y44,x51 < 1500y54

X11,X21,X31,X41, X517 = 0

Y11, Y21, Y31, Ya1, ¥s1 € 10,1}

¥ Jde

Max 2,
Subject to:

Z,, —3831.36
3831.36 — 3322.13

Z,, — 2699.30
" 3062.23 — 2699.30

Zo5 — 23930
29870 — 23930
Z,2 = 0.631x; + 0.807x,; + 0.836x3, + 0.592x,; +,0.673xs,

<1+

A, <1

A, <1

Z,, = 0.656x1, + 0.502x,, + 0.487x3, + 0.641x,, + 0.617x5,
Zcy = 4.5x; + 6.3x, + 6.1x3 + 3.1x, + 5.8x5

X13 + Xop + X35 + X4 + X5, = 5000

0.25x15 + 0.2x5, + 0.1x3, + 0.35x4, + 0.15x5, < 12

0.1x4, + 0.25x5, + 0.25x3, + 0.15x4, + 0.1x5, < 18

X12 2 100y12, %22 = 150y53, X32 = 150y3,,

X42 2 100y42, x5, = 100ys;

X152 < 1200y45, %55 < 1500y,5,x3, < 1700y3,,

X4 < 1400y,4,, x5, < 15005,



X12,X22,X32,X42, X52 = 0

Y12, Y22, Y32, Ya2, Y52 € {0,1}
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X41 1400
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Z .
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