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Abstract

This article investigates the selection of a cooperation model with
suppliers and the continuous monitoring of the collaboration strategy
over time by tracking the supplier's performance. A multiple fuzzy
profile monitoring model is proposed and implemented in two stages
to oversee the supplier’s unforeseen costs. In the first stage, criteria
and indicators for evaluating the delivery process and quality are
identified based on literature reviews and expert opinions from
industry leaders. In the second stage, a two-phase monitoring
approach is adopted. First, using the T? method, the model’s
parameters based on successive differences are calculated and
separately monitored for the multiple fuzzy profiles of delivery and
quality processes. In the second phase, the likelihood ratio method is
applied to track the profiles over time, enabling the control chart to
signal any warning in the shortest possible time. In the final stage, the
results from the fuzzy profiles of delivery and quality processes,
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combined with artificial intelligence and the fuzzy inference system
tool, are used to monitor unforeseen costs, make decisions regarding
the supplier, and assess the adopted strategy. This model has been
implemented in Iran's automotive industry, specifically within Iran
Khodro Company and its gearbox parts supplier, Niromoharkeh
Company.

1. Introduction

Most of the reviewed articles focus either on the impact of supplier
selection and cooperation strategies on performance or on the
monitoring and evaluation of supplier performance, without
considering the integration of these two aspects. However, this article
offers a novel approach by combining both the selection of the
cooperation model with the supplier and the continuous monitoring of
the cooperation strategy over time. By doing so, it evaluates the
supplier's  performance while simultaneously assessing the
collaboration strategy, ensuring that performance and strategic
alignment are tracked and optimized throughout the partnership. This
integrated approach allows organizations to avoid the costly
consequences of choosing an unsuitable cooperation strategy. Unlike
previous studies, which primarily monitored and evaluated suppliers
qualitatively, this research introduces a fuzzy regression model to
integrate performance variables. By considering the combined effects
of these variables, the model continuously monitors the supplier's
performance over time. Additionally, the research leverages artificial
intelligence to assist in selecting the appropriate cooperation model
with the supplier. This advanced combination of fuzzy modelling and
Al provides a more accurate and dynamic method for ensuring
optimal supplier performance and strategy alignment over time.

2. Methodology

This article focuses on monitoring supplier performance and selecting
and tracking the cooperation strategy with suppliers. The performance
indicator investigated is the unforeseen costs incurred by suppliers,
which are crucial for understanding supplier reliability. The unknown
factors contributing to these unforeseen costs are evaluated based on
past transaction data, specifically in terms of delivery time and
product quality. A multi-fuzzy profile monitoring model is presented
to control these unforeseen costs by focusing on the delivery and
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quality processes. This model can significantly enhance both the
delivery and quality processes for organizations where supplier
performance in these areas directly impacts production efficiency,
final product pricing, and market competitiveness. By continuously
monitoring the duration of delivery and quality under fuzzy
conditions, the model allows organizations to detect inefficiencies or
potential issues early, enabling them to make informed adjustments in
their cooperation strategies. This helps companies optimize their
supply chain and minimize disruptions that could affect their
competitiveness in the marketplace.

3. Findings

3.1. Monitoring in phase 1

In phase one of control, to monitor a multivariate multiple profile, it is
necessary to estimate the parameters of the regression model. In fact,
estimating these parameters and ensuring the suitability and
correctness of the designed regression model in the condition that the
process is in steady state, makes the process controllers statistically
confident that they can statistically control the process profile in phase
two.

Fig 1. Control chart ofT? andT2statistics
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3.2. Monitoring in phase 2

In phase 2, the emphasis is on the rapid discovery of trends and shifts,
and this issue is usually measured by the parameters of the sequence
length distribution. One of the methods used in phase 2 is the
likelihood ratio method. This method is an extension of for the case of
multiple multivariate linear profiles, which was carried out by Ivzian
et al. (2012).

Table 1. Statistical values of ELRT, and ELRT},

K| ELRT, | K | ELRT, | K | ELRT, |K| ELRT, ELRT, ELRT,

112.871075| 6 |2.845867| 11 |4.469785| 1 |15.23641| 6 |11.02083| 11 |11.81261

8.200089| 7 [18.55599| 12 |1.605389| 2 (3.610007| 7 |5.128915| 12 |13.87762

1.157885| 8 |11.82122| 13 |4.508461| 3 |15.63346| 8 [6.304939| 13 |3.227308

8.749965| 9 (9.011472| 14 |5.480349| 4 |3.357757| 9 |8.467988| 14 | 6.50861

[S2 B B~ BN T B N ]

4.324868| 10 [6.379532| 15 |5.812649| 5 |10.93463| 10 |12.94285| 15 | 0.25071

3.3. Fuzzy inference system

We use the fuzzy inference system to create a decision support system
for how to interact with the supplier. Figure 1 shows the structure of
the fuzzy expert system.

Fig 2. Fuzzy expert system structure
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In the figure on the right, if the input of the control chart for
monitoring the fuzzy profile of the supplier's delivery time is 0.72
and the input of the control chart for monitoring the quality of the
fuzzy profile of the supplier is considered to be 0.35, the output
value is 0.375, which, due to the unforeseen costs, allows the
organization to continue cooperating with the supplier according to
the contract. In the figure on the left, if the input of the fuzzy profile
monitoring control chart of the supplier's delivery time is 0.757 and
the input of the fuzzy profile monitoring control chart of the
supplier's quality is 0.859, the output value is 0.712, which,
according to the unforeseen costs, allows the organization to
cooperate strategically with the supplier and maintain a long-term
relationship. By changing the control charts for monitoring the fuzzy
profiles of delivery time and supplier quality over time, the strategy
of cooperation with the supplier can change, and the model of
cooperation with the supplier is monitored over time. In case of
changes in the supplier's conditions, by paying attention to the
performance indicators, the cooperation strategy with the supplier
can also change. Figure 4 shows the level diagram between input 1
and input 2 and their effect on the output.

Figure 3. Getting output based on different inputs
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Figure 4. Level diagram between input 1 and 2 and their effect on
output
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4. Discussion and Conclusion

This article focuses on monitoring performance and choosing and
monitoring the cooperation strategy with the supplier. Unforeseen
costs were investigated as a supplier's performance indicator, and the
unknown factors of unforeseen costs were measured based on the data
of the suppliers' past transactions in terms of delivery time and
product quality. A model for multi-fuzzy profile monitoring of
delivery and quality processes to control the supplier's unanticipated
costs is presented, which can improve delivery and quality processes
for organizations where the delivery time and quality of supplier
products play a significant role in their production, final product price,
and market retention. It monitors and checks the length of time in
fuzzy conditions. By reviewing the literature and using the opinions of
elites and industry experts, indicators related to the delivery process
and quality were extracted as independent variables, and delivery time
and quality were considered as response variables in the form of two
multiple-phase regressions separately.

To monitor the fuzzy profile, the T*2 method based on successive
differences was used in phase 1, and the likelihood ratio method in
phase 2. The historical data were graded based on the Likert scale and
converted into fuzzy quantitative data by industry experts by sampling
the process review. Delivery, quality, and risk were evaluated through
persuasion and review. In the first phase, model parameters were
obtained and monitored. In the second phase, by simulating the data in
control, the effectiveness of the model was investigated in finding the
warning. By examining different situations for the control charts of
delivery time and quality and using the tool of the fuzzy inference
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system, the organization may be alerted to investigate any
dissatisfaction with unforeseen costs as quickly as possible and decide
whether to continue or terminate cooperation with the supplier. In this
research, other supplier evaluation indicators, in addition to the
delivery process, quality, and risk indicators, can be used to monitor
the supplier realistically.

Keywords: Cooperation with Supplier, Unforeseen Cost, Multiple
Fuzzy Profile Monitoring, Fuzzy Inference System.
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