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Abstract

Purpose: With the expansion of shared manufacturing platforms, selecting appropriate service providers has become a complex
decision-making problem due to the diversity of alternatives, conflicts among criteria, and the hesitancy of human judgment. The
objective of this study is to propose a hesitant fuzzy Multi-Criteria Decision-Making (MCDM) framework for evaluating and ranking
the quality of shared manufacturing services, with explicit emphasis on managing uncertainty and experts’ subjective judgments.

Methodology: In this study, an initial set of criteria for evaluating the quality of shared manufacturing services was identified
based on a review of the relevant literature. Subsequently, key criteria were screened and finalized using the fuzzy Delphi method,
with participation from academic and industrial experts. The weights of the selected criteria were determined using the fuzzy Step-
wise Weight Assessment Ratio Analysis (SWARA) technique. Finally, service providers were evaluated and ranked by applying the
VIKOR method in a hesitant/intuitionistic fuzzy environment. All model computations were conducted by explicitly accounting
for hesitation in evaluations and divergences in expett opinions

Findings: The results indicate that among the final criteria, accessibility and reliability have the highest weights in assessing the
quality of shared manufacturing services, while green production capacity and provider credibility also play significant roles. Based
on the hesitant fuzzy VIKOR ranking, one setvice provider was identified as the compromise solution, and the acceptance
conditions of the compromise solution in the VIKOR model were fully satisfied.

Originality/Value: The main contribution of this study lies in the coherent integration of fuzzy Delphi, fuzzy SWARA, and
hesitant fuzzy VIKOR methods for evaluating the quality of shared manufacturing services. Unlike deterministic or simple fuzzy
approaches, the proposed framework can model the hesitation and uncertainty inherent in human judgments and serve as a reliable
decision-support tool for managers of shared manufacturing platforms and industrial policymakers operating in complex, uncertain
environments.
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Table 1— Online indicators for co-production services.
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Table 2— Offline indicators for co-production services.
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Table 3— Criteria for evaluating the quality of co-production services.
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Table 4— Definition of linguistic variables for the selection of decision-making criteria.
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Table 5— Mean of experts' perspectives and defuzzification in the first round.
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Table 6 — Mean of experts' views and defuzzification in the second round.
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Table 7— Extent of divergence in experts' views in the first and second rounds of the survey.
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Table 8— Derivation of the final criteria for service quality evaluation.
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Table 9— Derivation of the weights for service quality evaluation criteria.
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Table 10— Results of hesitant fuzzy data analysis for the evaluation of collaborative manufacturing service providers.

CSpl (1) ewpmwd Sl (1) plaebl CalB (1) jw adgi Caud b (1) caspowl)l aislv g jlacl
Company 1 [0.6  0.7] [05 0.6] [05  0.6] [0.5 0.6]
Company2 [0.6 0.7 09] [08 0.9] [04 05 0.7] [0.5 0.6 0.8]
Company3 [02 03 04] [04 04] [0.7  0.8] [0.3 0.5]
Company 4  [0.7  0.9] [0.6 0.8] [03  0.6] [0.7 0.8]

[ [ [
[ [ [

Company 5 [0.8  0.9] 07 08 09] [04 0.5] 0.5 0.7 0.8]
Company 6  [0.7  0.8] 05 06 07 [07 0.8] 04 0.5 0.7]
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h~(x) = Min h(x).
h*(x) = Max h(x).
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Table 11— Values of the resulting criteria s;;.

CSps (F) Oldos Gt g (F) G)algh St (1) SSHline (1) Wit Axawigi

Company 1 0.65 0.55 0.55 0.55
Company 2 0.73 0.85 0.53 0.63
Company 3 0.30 0.35 0.75 0.40
Company 4 0.80 0.70 0.45 0.75
Company 5 0.85 0.80 0.45 0.67
Company 6 0.75 0.60 0.75 0.53
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Table 12— Calculation of the worst and best values for the criteria.

bylee () Oldos ey (+)‘5”‘|—53C.;&).w H) CS)lie (1) bpsiwaw drwgi

s(hy)) 0.65 0.55 0.55 0.55
s(hy;) 0.73 0.85 0.53 0.63
s(hs) 0.30 0.35 0.75 0.40
s(ha)) 0.80 0.70 0.45 0.75
s(hs;) 0.85 0.80 0.45 0.67
s(he)) 0.75 0.60 0.75 0.53

h| {0.2,0.3,0.4} {0.3,0.4} {0.3,0.6} {0.3,0.5}

h'; {0.8,0.9} {0.8,0.9} {0.7,0.8} {0.7,0.8}
s(h") 0.300 0.350 0.450 0.400
s(h®) 0.850 0.850 0.750 0.750
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Table 13— Calculation of the ideal solution.

bleo  (+) Oldos e pw (+)‘5)9793C.¢).w ) Sl (B LEWW’J

s(h™) 0.300 0.350 0.450 0.400
s(h") 0.850 0.850 0.750 0.750
d(h*;,h7;) 0.550 0.500 0.300 0.350
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Table 14- Calculation of metric distance criteria.

blee ) Oldos Sy (1) 6y9lg Sty (F) CSHlio () Bpswuw drwgi

h; 0.850 0.850 0.750 0.750
s(hy)) 0.65 0.55 0.55 0.55
s(hy)) 0.73 0.85 0.53 0.63
s(hs)) 0.30 0.35 0.75 0.40
s(hy)) 0.80 0.70 0.45 0.75
s(hs)) 0.85 0.80 0.45 0.67
s(he)) 0.75 0.60 0.75 0.53

s(h?) 0.850 0.850 0.750 0.750

d(h*j, hy;) 0.200 0.300 0.200 0.200

d(h*j, hy) 0.117 0.000 0.217 0.117

d(h*j, hy) 0.550 0.500 0.000 0.350

d(h*j, hy) 0.050 0.150 0.300 0.000

d(h*j, hs;) 0.000 0.050 0.300 0.083

d(h*j, he;) 0.100 0.250 0.000 0.217
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Table 15— Output of decision criteria weights in fuzzy SWARA.

Jbxe () Gldos Cs (+)‘5”T53C¢.c).w H) CSHlie (1) bpswaw drwgi

4 0.41 0.3 0.18 0.11
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Table 16— Output of decision criteria in hesitant fuzzy VIKOR.

bl (+) Oldos Ce v (1) 59090 S puw ) CSHlie (1) b g dzuwgs S, R, Q,
w 0.41 0.3 0.18 0.11
Company 1 [0.6  0.7] [0.5 0.6] [0.5 0.6] [05 0.6] 0.512 0.180 0.30
Company2 [0.6 0.7 09] [08 0.9] [04 05 07] [05 0.6 0.8 0254 0.130 0.10
Company 3 [0.2 03 04] [04 04] [0.7 0.8] [03 0.5] 0.820 0.410 1.00
Company 4  [0.7  0.9] [0.6 0.8] [03 0.6] [0.7 08] 0.307 0.180 0.80
Company 5 [0.8  0.9] [0.7 0.8 09] [04 0.5] [05 07 0.8 0236 0.180 0.90
Company 6 [0.7  0.8] [05 0.6 0.7] [0.7 0.8] [0.4 0.5 0.7] 0.293 0.150 0.80
h7  [0.2 03 04] [03 04] [o. 0.6] [03 0.5]
hy  [08  0.9] [0.8 0.9] [0.7 0.8] [0.7 0.8]
d(h*].,h—j) 0.550 0.500 0.300 0.350
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