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High-level customer service, with improved quality at a lower cost, is imperative in today's global supply chain, where
customers have myriad options across borders. This is in line with the primary objective of supply chain management, which
is to enable and deliver high-level customer service with lower costs, reduce lead time, and improve the quality of
products/services. The Supply Chain Operations Reference (SCOR) model based on KPI metrics enables an increase in the
quality of products/services by monitoring and digitalising involved processes. The current paper suggests the structure of
the SCOR database for Supply Chain process improvement by applying the best practices of the SCOR for Business
Processes improvement. We recommend the Bayesian Belief Network (BBN) and Case-Based Reasoning (CBR) methods to
estimate the influence of these improvements on Supply Chain efficiency through key performance indicators before
implementation. Integrating the methods proposed in this article focuses on an approach that minimises supply chain
failures, decreases failure elimination time, understands consumer needs, and offers more accurate price proposals and
lead times to improve customer satisfaction. Accordingly, the integrated SCOR-based Business Process Modelling (BPM)
was not previously combined with BBN to identify the most efficient ways to improve the reliability of a Supply Chain by
applying best practices, which impacts the entire supply chain. Our research is limited to SME companies in electronics
manufacturing, but our ambition is to develop a universal framework suitable for broader areas. The study aims to analyse
how the customers see the company by combining the CDA (Customer Delivery Accuracy) and Customer Complaints
measures and find the optimal way to improve business processes by applying best practices. Still, it is limited to SCOR
reliability performance metrics.

Keywords: Supply Chain (SC); Supply Chain Operations Reference (SCOR),; Key Performance Indicators (KPIs); Bayesian
Belief Network (BBN), Digitalisation,; Reliability; Customer Service Quality; Case Base Reasoning (CBR).
Introduction enabled the case study company to keep track of previous
decisions and related explanations, thereby speeding up the
customer feedback process. With access to existing
knowledge, the company can reject non-valid reclamations

The target of current research work is to contribute to
the customer satisfaction field and to analyse the customer

view of services provided. To achieve the target authors
further develop the Supply Chain digitalisation framework
(Shevtshenko ef al., 2022) by combining CDA (Customer
Delivery Accuracy) and Customer Complaints business
measures. To support this research the authors collected
extensive data related to Customer Delivery Accuracy
(CDA) and reclamations from the Estonian electronics
industry. The authors applied the Supply Chain Operations
Reference database (SCORE DB) to analyse the data and
suggested using Case-Based Reasoning (CBR) to store
previously successful best practices. This improvement

and apply previously successful corrective actions to
improve the reliability of the supply chain.

The authors present how to apply the Bayesian Belief
Network (BBN) methodology for supply chain reliability
improvement, which was previously successfully used for
reverse logistics management (Shevtshenko & Wang, 2009).

Physical and information flows connect the supply
chain's organisations. Supply Chain Management (SCM) is
based on the combined efforts of several intra-organisational
activities covering everything from product development to
delivery to consumers or other businesses. Companies need
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to analyse processes to make the right decisions. Developing
strategies that ensure operatable systems efficiency and
effectiveness is essential for enterprises. At the same time,
maximum customer satisfaction should be accomplished.
(Lebas, 1995; Shevtshenko et al., 2022).

To achieve the goal of customer satisfaction, an efficient
supply chain is needed, it could be done through the
coordinating and controlling of the business processes.
(Ayyildiz & Gumus, 2021; Shevtshenko et al., 2022). "As
firms successfully streamline their operations, the next
opportunity for improvement is better coordination with their
suppliers and customers." (Sunil Kumar, 2016). Supply chain
management improves the partner's collaboration and
increases inventory transparency and turnover (Njoku &
Kalu, 2014).

"Businesses can use the SCOR model to assess how
advanced or mature the supply chain processes are and how
well they aligned with business objectives." (CIO, 2021).
The SCOR reference model can be applied to define process
architecture that aligns with essential business functions and
goals (Taghizadeh & Hafezi, 2012; APICS, 2017). The
accuracy of the SCOR model's definitions enables
companies to standardise the vocabulary and to validate the
performance of the supply chain by benchmarking between
the platforms of customers and logistic services providers
(Ganga & Carpinetti, 2011; Mahmood et al, 2018). This
standardisation helps ensure that all parties involved in the
supply chain use the same terminology, reducing confusion
and misunderstandings. Further, benchmarking provides a
means for companies to compare their performance with
others in the industry, which can help identify areas for
improvement and best practices.

The SCOR model simplifies the standardisation of
business processes, the definition of KPIs, the tracking of
progress, and to track the measurable results. The authors
suggest measuring its performance using key indicators
built based on the SCOR model and standardised supply
chain performance metrics to keep an efficient and effective
supply chain. It may be achieved by developing the SCOR
database to establish the links between processes with
performance metrics and best practices (Shevtshenko et al.,
2020). The suggested approach can be used across industries
using standard definitions for any supply chain process.

Digitalising the supply chain is crucial to breaking
down communication barriers between supply chain
stakeholders. The collaboration between processes in
Digital Supply Chain enables creating and sharing the data
in a suitable format, eliminating bottlenecks, decreasing
failures and minimising the disruption recovery time.
Indeed, effective communication supported by real-time
information over digital platforms enables prompt decision-
making for improved supply chain performance.

According to Tortorella and Fetterman (2017), digital
technologies will help achieve Industry 4.0 and form new
strategies for improving process efficiency. It will also
contribute to the increase in product quality. Proposed
mechanisms for digitalisation of supply chain analyses find
business process improvement areas. It is done based on
customer reclamations and production defects (Shevtshenko
et al, 2022; Shevtshenko et al., 2022). SCOR model
processes are connected with KPIs on a different level. BBN

is used to analyse supply chain reliability and find the best
practise that influence the strategic KPI the most.

SCOR Concept

Measuring and tracking goods is essential for the supply
chain; a SCOR database was developed to do so. To ensure
efficient supply chain management, it is crucial to monitor,
adjust and improve it from the perspective of customer
order. SCOR model provides a standard supply chain
effectiveness measurement process using uniform criteria
(McCann, 2021; Shevtshenko et al., 2022).

As researchers and practictionaries use the SCOR
model to benchmark operations management activities and
can be extended when needed, Quality management is a
cornerstone for improving productivity and applying lean
practices (Muller, 2019). The SCOR model is a base for
supply chain improvement projects in today's business
environment. Several companies have built their production
and supply chains based on the SCOR model to standardise
their processes.

Economic relationships between the SC participants are
shown in the SCOR model. Thus, the model will help to
analyse the supply chain showing bottlenecks and possible
solutions for building or improving an enterprise logistics
system. SCOR is a valuable framework to help firms
achieve their desired supply chain performance when
designing or reworking it. SCOR provides different
performance strategies (Dhanya & Sarmah, 2014).
Performance attributes could be measured in terms of
reliability, responsiveness, agility, costs, and asset
management (APICS, 2017). The first three attributes are
customer-focused, dealing with the effectiveness of the
supply chain processes. In contrast, the others are internally-
focused attributes, dealing with efficiency (Chorfi et al,
2018). Only part of the model is used when selecting one
strategy, consisting of processes and metrics that affect the
top supply chain reliability strategy (APICS, 2017).

The SCOR reference model consists of 4 major
sections:

1. Processes: Standard descriptions of management
processes and process relationships.

2. Performance: Standard metrics to describe process
performance and define strategic goals.

3. Practices: Management practices that produce
significantly better process performance.

4. People: Standard definitions for skills required to
perform supply chain processes (APICS, 2017).

The SCOR processes are those that a supply chain must
execute to meet its primary objective of fulfilling customer
orders. For each unique operation, SCOR only has one
representation. The SCOR model comprises the six primary
management processes: Plan, Source, Make, Deliver,
Return, and Enable (APICS, 2017). These SCOR processes
can design and maintain the supply chains of various
complexities across multiple industries.

Figure 1 introduces the hierarchical processes model
according to SCOR Model.
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Figure 1. SCOR - Hierarchical Processes Model (APICS, 2017)

The four levels include:

Level 1: Six major processes: plan, source, make,
deliver, return, and enable. That defines the supply chain's
scope, content, and performance targets.

Level 2 includes subtype process categories: Make to
Stock, Make to Order, Engineering to Order and Retail, for
the processes described in Level 1. Subtype categories fall
under the "parent" categories in Level 1. This level
described the operations strategy and required capabilities
(C10O, 2021).

Level 3: includes the process element, which describes
the activities performed in each supply chain process (CIO,
2021). Process eclements define the configuration of
individual processes and the ability to execute them based
on processes, inputs/outputs, skills, performance, best
practices, and capabilities.

Level 4: Improvement tools/activities using Kaizen,
lean, TQM, Six Sigma, benchmarking, etc. Controlling
business processes is an essential part.

Controlling the performance of processes through KPIs
is crucial for improving Supply Chain Management, which
can be defined as coordinating the Supply Chain
stakeholders (Gunasekaran et al., 2004).

The SCOR performances consist of two elements:
Performance attributes and metrics. An attribute is used to
set strategic direction (APICS, 2017).

The SCOR metrics are constructed as a hierarchical
three-level structure to measure supply chain performance.
Performance metrics or KPIs support the visualisation of the
supply chain to analyse the gap between the performance of
planned and actual activities and to discover and solve
possible problems. (Chae B, 2009). Customer-focused
metrics are specific parameters for quantifying and
measuring supply chain performance attributes.

Performance measurement models based on the SCOR
can be used in different industry sectors. Figure 2 and Figure
3 illustrate the level 1 and 2 performance metrics. Lower-
level metrics will serve as diagnostics to identify upper-
level root causes of performance gaps.

Performance attributes
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Figure 2. SCOR Customer-Focused Performance Metrics
Dealing with the Effectiveness of the Supply Chain Processes
Companies are using metrics to plan and measure the
supply chain performance attributes requirements by

priority.
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Figure 3. SCOR Internally-Focused Performance Metrics
Dealing with Company Efficiency

The best practice is guidance to improve the efficiency
of'a process or a set of procedures. Different industry SCOR
practitioners develop the recommendations. Best Practices
can cover process automation, implementation of
technology, application of skills, recommendation of the
most optimal sequence of activities or optimal distribution
and connections of processes within the supply chain
partners. Still, their efficiency can vary for different sectors
or supply chains. (Georgise, et al., 2013).

The people section focuses on supply chain SCOR skills
required for successful implementation, metrics, and practice
reference components (APICS, 2017). Organisations should
be able to develop strategies, make knowledge-based
decisions, and control and manage the business process
development to enable them to reach the supply chain's
highest profitability and effectiveness and customer
satisfaction goals.
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The interconnection of SCOR sections Processes, The Main Idea of the Research
Performance, and Best Practice is introduced in Figure 4.
SCOR framework for "Perfect Order Fulfilment" strategic
metrics, its processes (3 levels), and best practices (several
colours mark several levels of processes) (Shevtshenko et al.,

A manager's objective is to optimise SC performance
for strategic goal fulfilment.

2022).
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Figure 4. Interconnection of SCOR Sections Processes, Performance, and Best Practice, for Example, "Perfect Order Fulfilment"
Strategic Metrics

These objectives could be achieved by quickly findinga  Processes, Performances, Best Practices, and People. This
solution for improving supply chain processes and correcting ~ SCOR-DB is shown in figure 5.
key performance indicators using the SCOR standard's best The benefits of using the SCOR-DB include the following:
practices. o The database allows an SC manager to quickly find a

For operating the SC systems with the highest efficiency ~ failed process due to the process's hierarchical structure and
and effectiveness, our research group suggests a database  the SCOR attributes. (The example of searching the needed
structure based on the Integrated DEFinition Method (IDEF1x)  operation for primary management processes Make is shown
(Mahmood et al, 2019), including all SCOR sections:  in Figure 6).
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o The database suggests all applicable best practices for

processes, metrics, and practice reference components.
e SCOR-DB allows determining the impact of changing

one metric on another performance metric.

o The database allows the addition of new processes and

DB techniques make maintaining large volumes of
information more accessible and apply other data analysis

methods. Figure 5 shows the SCOR database structure with

attributes to a specific process based on enterprise skills.

examples of its table filling.

Processes
Process_KEY [)_ Best Practice
Process_name ¢~ ~ T T T T BP Code
Level_Process pr——————— — — — — — - | BP_Name
Parent_level_KEY | Supply_Chain_Metrics | Process_KEY (FK)

T | SC_Data - — — _I.o Process_name (FK)
| | Process_KEY (FK) *

Performance Process_name (FK) People_Skills
Performens_Code L:l Performens_Code (FK) | skills_Code
Performance_name — Performance_name (FK) —=

BP_Code (FK) Skills_Name
level_Performance BP_Name (FK) Process_KEY (FK)
Process_KEY (FK) Skills_Code (FK) Process_name (FK)
Process_name (FK)

Table “Processes” data Table “Best Practice” data
Level | Parent | Process Process name Process Process name BP Code BP name
Process| level KEY KEY
KEY sM1.1 |Schedule ProductionBP.011 Production Line
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3 M1 Make-to-Stock sM1.1 |Schedule ProductiofBP.088 |360 Degree Closure
— - — Activities
; ﬁi: i::é ls ched;]l: Prit;lduc tion Activities sM1.1 |Schedule ProductionBP.172 Production Scheduling
== [issue ater Activities Optimization Using
3 sM1 sM1.3 |Produce and Test Enabling Technologie
_ _ Table “Supply Metrics
Process (Process mame |Perform. |p  r iy name  [BP Code |BP name Skill Code
KEY Code
sM1.1 Schedule Production Line HS.00635, HS.0082,
Production RL 349 |Schedule Achievemen{BP.011 |Sequencing HS.0103
Activities
sM1.1 Schedule 360 Degree Closure HS . 0065, HS.0082,
Production RL.349 |Schedule Achievemen{BP.088 HS.0103
Activities
sM1.1 Schedule Production Scheduling HS.0065, HS.0082,
Production RL.3.49 |Schedule Achievemen{BP.172 |Optimization Using HS.0103
Activities Enabling Technologies
sM1.1 Schedule . Production Line HS.0065, HS.0082
. Schedule Production - 3 ’
I;ro<_1u_cton RS.3.123 Activities Cycle Time BP.011  |Sequencing HS.0103
Activities -
sM1.1 Schedule . 360 Degree Closure HS.0065, HS.0082,
Production  |RS3.123 |Schedule Production |pp oo HS.0103
Activis Activities Cycle Time
Activities -
sM1.1 Schedule : Production Scheduling HS.0065, HS.0082,
Production  [RS3.123 [joneaue Produchion Ipp 17) | Optimization Using HS.0103
A ctinitine Activities Cycle Time Enabling Technologi

Figure 5. SCOR-DB Structure Performed by IDEF1x Method with an Example of Database Tables Filling

The supply chain optimisation process follow the steps:

1.

All complaints and Customer Delivery Accuracy
(CDA) data should be collected during a selected

period.

The process manager associates each complaint or 5.
missed delivery with a specific SCOR process. It can
be done by process levels, as shown in figure 6.

. Using the Process Code from the database, you can

find out what Best Practices can be used to improve
the process and what metrics it is associated with.

To find ways of process improvement, the authors
suggest using the Bayesian Belief Network (BBN) to
analyse the efficiency of corrective action to SC
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performance indicators. Performance indicators
(reliability,  responsiveness,  agility,  assets
management, and cost) should be considered (all or
some of them) depending on company strategy.

If the company has experience using Best Practices
for supply chain improvement, then the Case Base
Reasoning method (CBR) can be applied to find the
best solution.
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Figure 6. The Sequence of Processes Selection by Levels

Methods Used in Research

This literature review includes an overview of methods
for solving decision problems in business. We focus on
methods for optimising business processes in the supply chain
and their implemented areas by applying techniques on data
to optimise business processes to increase CDA level and to
receive fewer customer reclamations by providing better-
quality goods. SMEs could use our research findings to create
a realistic customer view of the supply chain. The most
commonly used methods for evaluating supply chain
processes are Multi-criteria Analysis Methods (TOPSIS,
AHP, FAHP) and the Graphic probabilistic BBN approach.
Authors use those methods to combine the scores provided by
the supply chain participants to rank alternative solutions and
select the best one. Researchers name such methods as single
analytical and hybrid/mixed.

For our research, selecting the method with the highest
advantages and implementing it efficiently is essential. For
comparison, we grouped the available techniques in Table 1.

Table 1
Comparison of Different Calculation Methods
Calculation method Type Description Advantages

BNN - Bayesian Belief Network
(Neapolitan, 2003)
(Shevtshenko & Wang, 2009) Successors of statistical approaches, Al and
(Karaulova et al., 2012) Data Mining.
(Lockamy & McCormack, 2012) The BBN is a flexible tool that can be used in
(Mahdi et al., 2015) Graphic Dependency model many ways.
(Garvey et al., 2015) probabilistic BaSe don st}zlitistical' data BBN allows you to describe the structure of
(Mkrtchyan et al., 2016) method SCOR accurately.
(Qazi et al., 2017) Possible modelling and quantifying the impact
(Wiecki & Kumar, 2019 ) of supply chain disruptions.
(Hosseini & Ivanov, 2021)
(Rolf et al, 2022)
(Qazi et al., 2022)
TOPSIS -Technique for Order of Multi- The utility-based method Good computational efficiency and ability to
Preference by Similarity to Ideal . uses the evaluation matrixes .

. criteria . measure the relative performance for each
Solution . and weights to compare the . . .

Analysis ; . alternative in a simple mathematical form

(Sachdeva et al., 2009) Method alternative depending on
(Shevtshenko et al., 2019). data.
AHP - Analytical Hierarchy Process Multi- . For the aggregation of opinions from a group
(Huan et al.2004) criteria Struct.uyed technique for of respon{ients. _ _
(Saat 200§) Analvsis organising and analysing For selection, the best project with low risk
(Synl}\,/’ain ct.al, 2014) Meth}(l) d complex complex systems. during project selection.
FAHP (Fuzzy Analytical Hierarchy
Process) +TOPSIS . . -
(Mahmoodzadeh et al,, 2007) Multi- The method is applied to Fuzzyf AHP can be utilised as an approach for
(Gumus, 2009) criteria find the importance degree supplier selection problems.
(Joshi et’ al, 2011) Analvsis of each criteria. The method | Fuzzy AHP and Fuzzy TOPSIS are used for
(Mustafa 2 013) Me th}(l) d can b§ used for estimating supplier and partner selection.
(Francisco et al,, 2014) (Ertugrul et suppliers and partners.
al.,2021)

As can be seen from Table 1, the BBN method has been
quite actively used in recent years for supply chain analysis.
Let's consider how other authors used it in Supply Chain
Management.

Bayesian Belief Network (BBN)

A Bayesian network model converts probabilistic
relationships of the different events of the object under

research. It can be applied for data analysis by visualisation
of two or more events co-occurring (Heckerman, 1996).

e The model helps to aggregate the solution by
considering the interrelationships between all
variables under conditions when some data do not
exist. It encodes dependencies among all variables,
aggravating the solution where some data entries are
missing.
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e The Bayesian network supports the research of
causal dependencies, helps to clarify the problem's
domain and can forecast the effect of corrective
action influence on the final result.

e The model includes causal and probabilistic aspects
to consider prior knowledge and data received in a
causal format.

e Bayesian statistical methods used in combination
with Bayesian networks avoid data over-fitting.
(Heckerman, 1996).

Hosseini and Ivanov (2021) discovered the frequent use
of Bayesian methods in SCM applications. In this study (Rolf
et al., 2022), a multi-level Bayesian network model was used
to assess the impact of supply chain disruptions. Other
authors (Garvey et al., 2015; Qazi et al., 2017; Qazi et al.,
2022) found a BBN to be an excellent way to assess supply
chain risks. Example cases are essential as they provide
confidence that they will be suitable also for our research.

There are findings (Mkrtchyan et al, 2016) that
Bayesian is a universal tool used in different contexts.
Researchers stated that it is used frequently in risk analysis
to model multiple, interrelated influences on risk. Our
research does not consider risk management but includes a
SCOR database containing related and dependent matrices.
Bayesian allows the inclusion of all the prior information
about the structure of the problem into the model, so
decision-makers don't have to learn everything from the data
like ML (Machine Learning) will do (Wiecki & Kumar,
2019). Therefore it will skip the ML "black box" problem
and help communicate the findings easily to all supply chain
stakeholders.

There are also combinations of BBN and SCOR found in
(Case-based reasoning (CBR), a technique that solves a
problem using past experiences, where a case stores these
past experiences called cases). It was used to improve
supply chain performance. They used SCOR metrics, and
the Bayesian Network measured the SC performance.

The other technique we applied in current research is Case-
Based Reasoning.

CBR technique

The researchers of Yale University validated that most
people solve problems based on working experience under
similar conditions. Case-Based Reasoning (CBR) solves a
problem by applying previously received knowledge, called
cases. (Barman et al., 2020). Using the knowledge-based
simplify the storage and processing of valuable information.

CBR is described in several research libraries (A.
Aamodt et al. 1994; J. L. Kolodner, 1992; A. Smiti et al.,
2011; Smiti A. et al., 2013). Recurring problem solutions
are optimal to use again when the nature of the problems is
the same. To understand the similarity, cases should be held
somewhere. CBR method can suggest a solution by learning
from similar cases in the past (precedents). It is a way of
solving problems based on already-known solutions.

"CBR should be used whenever possible because it is
often the fastest way to gain an adequate solution among the
available techniques." (Anthony Jnr. & Che Pa, 2016). A
four-step process for CBR includes:

1. Retrieve: To extract the closest case in the past.

2. Reuse: To solve the new problem based on

previously stored knowledge.

3. Revise: To assess the solution under new conditions.

4. Retain: Saving the solution for future use.

Kumar and Viswanadham (2007) applied the CBR
approach to decision-making system development, which
considered past knowledge and risks in the construction
field for new project planning. Jiang-Hong Man and Qing-
Li Da (2003) used CBR for a generalised approximate set of
operations in a supply chain. Chen et al. (2017) used CBR
methodology in merchandise authorisation systems for
supply chain management and for analysing the customer
service behaviour of its customer relationship management.
In our research, we will use the same problem solutions
again as it will be a more optimised way to compute

answers.
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7
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Confirmed ‘Rew’se Proposed - Reuse The most

\ solution solution | similar case/

Figure 7. Case-Based Reasoning Cycle

Our research suggests using the CBR technique to find
the right solution for Best Practices from the SCOR
database. The mechanism of joint use of the SCOR database
and CBR is shown in Figure 7. The authors focused on
customer service and found a gap in assessing effective
supply chain processes. Authors used the previously known
methods in a novel integration framework: developed
SCOR model database applied with best practices and skills
with related supply chain processes, CBR for storage and
selection of best practices, BBN for analysis of corrective
action impact on performance.

Methods Application

For our research, we have developed the Bayesian
Belief Network (BBN) template using the SCOR 3-level
aligned with company KPI-s. The required data can be
received in Excel form and usually includes the data related
to internal and external processes. Bayesian Belief Network
(BBN) is a probabilistic tool to collect and analyse
knowledge visually. The model consists of interconnected
nodes of variables connected by relational arcs. (Neapolitan,
2003; Murumaa et al., 2021). BBN is a valuable tool for
decision-making under uncertainty. "Anything that is not
measurable is not manageable. Risk modelling aims to get
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insight into the system performance, represent or express the
uncertainties, identify the risk contributors and see the effect
of changes". (Abolghasemi et al., 2015).

Shevtshenko et al. (2022) introduced how to use BBN
to visualise the SCOR structure. Third level reliability
metrics were connected to SCOR processes to estimate the
influence of corrective actions on the reliability
performances of the supply chain. BBN analysis connects
problems with SCOR processes, third-, second- and first-
level metrics to select best practices to achieve strategic
reliability targets in the supply chain. The authors continue
with SCOR database development for Perfect Order
Fulfillment (POF) in the current research. The SCOR
database connects the reasons for non-conformities with
business processes, KPIs and best practices.

"The rate of reliability, the operational criterion, is
assessed and measured at level one of the supply chain
based on the SCOR model through the metrics of perfect
order fulfilment. At level two, through the metrics of perfect
order fulfilment, delivery performance to customer commit
date, accurate documentation, and perfect order condition"
(Stephan & Badr, 2007).

The methods are applied in the following order:

1. Development of SCOR Database

2. Mapping of company data with SCOR processes
codes.

3. Selection of most efficient existing company best
practices by CBR knowledge base.

4. Adding SCOR attributes measures: reliability,
agility, responsiveness, cost, asset management
efficiency, best practices, and skills to each
process.

5. Analysis of SCOR best practices by BBN.

6. Business process reengineering was followed by
analysing best practices and adding them to CBR.

—
- List of complains L =

Standard

SCOR codes
including to processe

SCOR-DB

BBN Processes -
Estimation of improvement.
process Best practices BPM DB
efficiency finding

Figure 8. Customer Processes Improvement Based on Complaints

Figure 8 visualises the sequence of steps for identifying
the halting in the supply chain based on user complaints and
customer delivery accuracy data. Based on CBR and BBN
analysis, the decisions for more efficient use of a supply
chain should be taken.

The steps for finding and eliminating failures in the
supply chain include the following:

1. Clearing the complaint list. It is necessary to
highlight complaints that resulted from improper use of

products. In the list of reclamations (see Table 1), they are
marked as not acceptable (not ACC).

2. CBR analysis. Using the CBR archive solution is
possible to find the most effective solution used for the same
cases for similar products. This is possible if the company
has sufficient experience and a database of claims cases.

3. Join the list of reclaims with SCOR-DB. For this aim,
the list of complaints is supplemented with the SCOR
process code (process KEY). The finding of the needed
process KEY is shown in Figure 6. It is possible to find all
information connected with this process in SCOR-DB by
using process KEY. Figure 9 shows joined structure of
SCOR-DB with the complaint list.

4. BBN analysis. BBN is used to estimate the influence
of corrective actions for performance efficiency in the
supply chain. As corrective actions are used, best practices
from SCOR-DB. We should select more suitable practices
from the suggested ones by SCOR best practices or consider
the influence on the supply chain effectiveness.

5. After corrections and implementation, it is necessary
to include new cases in the Case Base Archive of a
solutions database

Case Study

A company from the automotive electronics production
area was chosen to illustrate the current research.

Products have restricted requirements for quality;
expectations are 100 % order fulfilment for the electronic
producing enterprise. Products should be checked before
delivery, and all found defects should be corrected before.
Deviation in quality could lead to a price reduction or delay
in the payment (Murumaa et al., 2021). There could be
external and internal problems occurring with products.
External defects are found by the customer mainly as the
defect is happening by the wrong care procedures or it could
be from physical damage. Internal defects are made during
production. Quality checking could avoid technological
defects during production or before delivery (Shevtshenko
et al., 2022).

Table 2 shows the complaints that require consideration
and action for their correction. As mentioned earlier,
excluding those marked as "not ACC" from the table lines
in the column "Decision" is necessary. These cases should
be included in the CBR database for quick decision finding
next time for similar failures. The CBR method should be
used for all other shortcomings if the enterprise has enough
experience and a case archive database. The current paper
will not impact finding decisions by the CBR method. In the
present research, we try to show how to find solutions in the
face of uncertainty using standard relationships and decision
paths for more effective supply chains. For this aim, it is
necessary to complement the list of reclaims (see Table 2)
with the SCOR process code (KEY) and its name. Tables 2-
4 also contain Customer Delivery Accuracy (CDA) failures.

Defects could be corrected before delivery or when still
occurring proposed mechanism proposes best practices to
eliminate the problems happening again. It will assure the
customer that reorders are free of the same issues. When
defects are discovered too late, delivery without those items
is done. It will also influence how customers see us
regarding reliable partners (Murumaa et al., 2021).
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Figure 9. Connection SCOR-DB Data with Company Complaints List Data Collecting and Ordering

Table 2
List of Complaints
Decision
nfn?l:)eer Product l?t;lta g::lsltolglif; Root cause analysis (ACC or ls)rco(g(;;snljfl:{
y p not ACC)
Component 1 component damaged,
Case 1 Prod 1 2 | Function failure suspect that it happened in the router, ACC sM.1.3: Produce and Test
monitoring
Case 2 Prod 2 3 | Function failure Corpponent 2 burned, suspect that happens ACC sM1.3: Produce and Test
during ICT using an old fixture
Case 3 Prod 3 2 N? commgnlcatlon Customer damage not ACC
with the display
Case 4 Prod 4 5 It cannot be Boot flag wrong value ACC sM1.3: Produce and Test
programmed
Case 5 Prod 4 5 The program Component 8 mode activated, customer ACC sD1.14: Install product
cannot be loaded issue
No .
Case 6 Prod 4 1 | parameterisation Wrong coqﬁgu ration - Component 8 mode ACC sD1.14: Install product
. (customer issue)
possible
Case 7 Prod 5 2 | Missing marking The sub-supplier issue, pass-through ACC $S2.3: Verify product
Case 8 Prod 6 4 The unit does not Fault confirmed, but the claim is not ot ACC
power on accepted because of customer damage
Case 9 Prod 7 2 | Functional error CaQCjclled by the customer since it was ACC sD1.14: Install product
their internal error
1 Display broken — crack between legs, 1
Case 10 Prod 8 2 | Display defect Component Qunfunctional, 1 Component | ACC sM1.3: Produce and Test
10 burned out
The supplier confirmed that the issue is
Case 11 . related to the display PCB, awaiting per . .
Prod 9 3 | Display defect Customer 3ent corrective actions from the ACC $S2.3: Verify product
supplier.
CDA- Customer Delivery Accuracy failures (Continues of Table 2)
. sM1.1 Schedule
Case- 12 Escrcg)tfproductlon Production Activities
CDAI pacity (sM1 Make-to-Stock)
Case- 1 égﬁii?i:;siﬁgler $S3.3 Schedule Product
CDA2 . Deliveries
time
Case- Lack of material
CDA3 9 | from an external sS1.2 Receive product
source

447 -




Rene Maas, Tatjana Karaulova, Eduard Shevtshenko, Janek Popell, Ibrahim Oluwole Raji. Development of SCOR Database...

Table 3
Selection from SCOR-DB for Our Case Study
Performance
Process KEX R i People Best Practices
SCOR name |Reliability oce OISR Agility |Cost  |Asset Manag. Eff.
[
RL.3.36 Fill Rate RS.3.4 Asset Iiﬁ&csﬁo/;()f HS.0043 BP.012 Lot
RL.3.55 Warranty and |Turns fnatelr]ials reuse Engineering Tra.ckin
sM1.3 Produce |Returns RS.3.101 AM3.6 % of HS.0065 Lean BP.152 gAutomated
and Test RL.3.56 Warranty Costs |Produce and o duc s gonsis tin Manufacturing Dat.a Capture
RL.3.58 Yield Test Cycle IO’ e dg HS.0099 (ADC) P
L.3.59 Yield Variability |Time P Y Production
components
HS.0043
sD1.14 Install RL.2.4 Perfect Condition Elsstzlim Engineering
; RL.3.12 % Of Faultless HS.0105
product . Product .
Installations . Project
Cycle Time
Management
HS.0002
RL.3.19 % Orders/ Lines ::‘S’fiiptance BP.011 Production
Received Defect Free RS.3.140 HS OlgOS Line Sequencing
. RL.3.21 % Orders/ lines a L BP.069 Raw
$S2.3 Verify X . Verify Quality .
received with the correct Materials
product Product Management .
content Cvele Time HS.0112 Receiving Process
RL.3.24 % Orders/lines | Re 'uirements BP.147 Receiving
received damage-free d Goods Inspection
acceptance
criteria
sMI.1 HS.0065 Lean |BP.011 Production
Sche; dule RS.3.123 Manufacturing |Line Sequencing
Production RL.3.49 Schedule Schedule AM.3.9 Capacity HS.0082 BP.172 Production
Activities Achievement Production Utilisation Optimisation Scheduling
(sM1 Make-to- Activities HS.0103 Optimisation Using
Stock) Cycle Time Production Enabling
Scheduling Technologies
Logisies  [BP0%3
§5.3-9 Management Consignment
Dverage HS.0074 Inventqry
b ays per. Master Reduction
sS1.1 Schedule [RL.3.27 % Schedules Cr}lli“eee”“g Scheduling BP.122 Vendor
Product Changed within RS3 gl 0 HS.0080 Managed
Deliveries Supplier's Lead Time |5 yorace MSDS/CoC/Bo |BP.144 Purchase
Days I%er L/Environment |Qrder
Schedule ?rllterpretation Management
Change HS.0083 Order EPHIALS Vsndor
Management otlaboration
BP.006
HS.0046 ERP  |Consignment
. Systems Inventory
0
grlz).se.;i (f)CO(;g;rlz/t 6}mes HS.00491ID & |[BP.012 Lot
RL.3.20 % Orders/ Lines Damage Tracking =
Received On-Time t Inspection BP.068 Supplier
ecetved D= 1ME 10— 1pg3.113 HS.0058 Delivery
. Demand Requirement .
sS1.2 Receive . Receiving Inventory Performance
RL.3.22 % Orders/ lines .
product recéi\./e d-with corect Product Management Analysis
g Cycle Time HS.0066 BP.069 Raw
. Legislation and |(Materials
0
ﬁi‘czlsz d/;/g}rldg)s:rscl?es Standards Receiving Process
Shipping Documents HS'(.)O.69 BP. 1(.)4
Logistics Consignment
Management Inventory
Management
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Table 4
Joint Complaints List with Reliability Performances (RL) and Best Practices (BP)
Case Produc Qu Customer Process Performance Best Practices
number | ¢ ant complaint Root cause analysis KEY/Name Code/Name Code/Name
ity P SCOR SCOR SCOR
Component 1 component .
Function damaged, suspect that it il RL.3.55 Warranty F
Case 1 Prod 1 2 failure happens in the router Produce and and Returns Automated Data
ppens ’ Test Capture (ADC)
monitoring
. Component 2 burned; I sM1.3: BP.152
Case 2 Prod 2 3 ?;ﬁfrtelon suspect that happens during | Produce and ;Iaizfu\g:rranty Automated Data
ICT using an old fixture Test Capture (ADC)
sM1.3: BP.152
Case 4 Prod 4 2 Itr(c)arrl:::nl:: A Boot flag wrong value Produce and ;Ta.izgu?n/srranty Automated Data
prog Test Capture (ADC)
0,
The program Component 8 mode sD1.14: Install LS U5 018
Case 5 Prod 4 5 | cannot be . . Faultless
activated, customer issue product .
loaded Installations
No Wrong configuration - . RL.3.12 % Of
Case 6 Prod 4 5 | parameterisatio | Component 8 mode L1143 il Faultless
. . product .
n possible (customer issue) Installations
. . . . RL.3.21 % Orders/ | BP.147
Case 7 Prod 5 1 M1351_ng The sub-supplier issue, pass- eSS lines received with | Receiving Goods
marking through product .
the correct content | Inspection
. Cancelled by the customer . RL.3.12 % Of
Case 9 Prod 7 2 Functional since it was their internal 10T 68 il Faultless
error product .
error Installations
lloelt)vlvsepels};ebrso kleré;nclri)cri(ent hilier RL.3.55 Warrant e
Case 10 | Prod 8 4 | Display defect o8s, P Produce and . Y| Automated Data
9unfunctional, 1 Component and Returns
Test Capture (ADC)
10 burned out
The. suppller confirmed that RL.3.24% Orders/
the issue is related to the $S2.3: Verif lines received BP.147
Case 11 | Prod 9 2 | Display defect | display PCB, awaiting per o y Receiving Goods
. product Damage-Free .
Customer 3ent corrective Inspection
. . Conf. Customer
actions from the supplier.
CDA- Customer Delivery Accuracy
sM1.1 BP.172
Schedule Production
Lack of . .
. . . Production RL.3.49 Schedule | Scheduling
Case- 12 | production Lack of production capacity . . I
CDAI capacit Activities (sSM1 | Achievement Optimisation
pacity Make-to- Using Enabling
Stock) Technologies
Increased sS1.1Schedule RL.3.27 %
Case- 1 customer Increased customer demand the .Pro Juct Schedules Changes | BP.145 Vendor
CDA2 demand near near the time L within Supplier's Collaboration
. Deliveries .
the time Lead Time
0,
Lack of el 1T 063 Supplicr
. . Lines Received .
Case- material from | Increased customer demand | sS1.2 Receive . Delivery
9 . On-Time to
CDA3 an external near the time product Performance
Demand :
source . Analysis
Requirement

The interviews with large electronic companies gave
qualitative data about internal and external faults. Order
failures can be divided into missed order delivery rows and
customer complaints. Technological defect includes the
non-appropriate use of component or programs. Those non-

conformities can be discovered by testing embedded into the
process, during the functional test and after recovering
controlled during final testing. The total order amount
during the considered period (one year) was 6935. The
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number of defects depends on a particular process
connected with SCOR process KEY.

Based on the data, third-level KPIs relevant to the
processes were calculated, and the list of 3-level SCOR
KPIs required for BBN analysis is given in Table 5.
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Table 5
Empirical Data is Structured Accordingly to SCOR Measures
Reliability target 99,5%
Internal (CDA) External (Complaints)

< '§ = "g 2 wn O v O

§'§ o« § OEE l\"jgg mg ~= g _Eié vééﬂ

S 5 F o8 2 Nﬁgo ~a ¥ 355 o> & ~§.9 a S e g S &
£1 @285 | «EB2 | «8Ts| wEE | AEE | «2Z8| « 233
£5 Hi%F | 2558 | HZ2g% | REE | Bs5f | HEZE| mE:ZS

- o - QS = o 3 > 3

5 Lp: z5| F s <35 | =%

Failures 12/32 11/32 6/32 11/26 12/26 1/26 2/26

indexing 37,5% 344 % 8,1% 42,3 % 46,2 % 3,8% 7,7 %
% of failures for| 12*100/6935 11*100/6935 9%100/6935 | 11*100/6935 | 12*100/6935 | 1*100/6935 2*100/6935

the total amount =0,17 % =0,15% =0,13 % =0,15% =0,17 % =0,01 % =0,02 %

Data analysis by using the Bayesian Believe Network

Figure 13 introduces the structure of BBN, created
according to Table 4. The structure includes three levels of
performance metrics (RL), processes level (sS, sM, sD), and
correction actions level (BP) for reliability improvement. To

achieve the highest result for Perfect Order Fulfilment
(RL.1.1), all corrective actions must be performed.
However, even implementing some with the highest failure
index can yield good results.

RL 1.1 Perfect Order

Level 1 )
of KB/ Fulfillment
res
No kil
Level 2 ‘\
of KB ) RL 2.1 % of Orders I RL 2.4 Perfect
Delivered In Ful Condition
es res
Level 3 [ _"RL3.49 Schedule /“U No ki
of KPI Achigvement / f o RL 3.55 Warranty and
Returns
Yes RL 320 % Draers! RL 3.27 % Schedules RL3.12- % Of RL3.21 % Orders/ RL3.24 %
No 7 k= On-Time To Deman O Changes within [ Faultiess O lines received with [ | OrdersiLines es
F Y B Suppliers Lead Time Installations correct content Received Damage F. Mo i
o [res res "res es es
rocesses Mo i He Mo Mo No
Level * * 1l * 1l \W L
3M1.1 Schedule ¢ 8§1.2 Receive Product £51.1 Schedule ') s01.14: Install = M1.3: Produce and
= Broduction Activities ' = Product Deiveries Product 1 s32.3. Verify Product. ] e
Yes ves ves Ves es ‘
No = No 7l Mo ki No 7 No Kl
Correction

actionns
level

BP.172 Production
Scheduling
Optimisation Using
Enabling Technologies

BP.145 Vendor
Collaboration

BP.068 Supplier Delivery
Performance Analysis

BP.152 Automated Data
Capture (ADC)

BP.147 Receiving Goods
Inspection

Figure 10. BBN Structure is Based on Table 4

Third-level SCOR KPIs probabilities are extracted from
data submitted by electronics companies (see Figure 10).
Currently, the impact of related processes equals the
likelihood of related SCOR. By BBN, it is possible to
discover which 3 Level KPI has the highest impact on the 2
Level KPI and strategic target of the supply chain - Perfect
order fulfilment. Finding which SCOR best practice is the
most efficient for reaching the strategic goal is essential.

The highest impact on the second-level KPI for the
current case study is the third-level KPL, "RL 3.49 Schedule
Achievement", RL 3.21 and RL3.24. The SCOR
recommends applying the "BP.0172 -Production Scheduling
Optimisation" B.147 best practice. After implementing this
practice, the companies will solve the problems related to
current returns and, in future, the items will be delivered to
customers on time, see Figure 14.
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Figure 11. Evaluation of Processes KPI BBN Network After Best-Practice Implementation

Discussion

This paper provides an overview of analysing SC
performance using the SCOR database and addresses
challenges related to production. Prior to conducting the
case study in this research, the company regarded
reclamation and internal problems as separate performance
indicators. However, to assess how customers perceive the
company, it is essential to consider both reclamation and
internal problems. From the customer's perspective, whether
the product is defective or if there are issues with the lack of
materials from external sources, the conclusion remains the
same — the reliability of the enterprise is not high.

In the case study, the reclamation score was 99.6 %, and
the internal problems score was 99.8 %. Putting them
together for a better view of how the customer sees the
enterprise, the final score was 99.3 %. It could be concluded
that watching them separately will lead to a biased idea of
how the customer feels about the company's reliability.

The authors' purpose is to introduce the digital SCOR
database to help automate and connect problems with
processes in the company. All issues' related processes were
found and associated with corrective actions, and KPIs were
located and connected with corresponding processes. The
solution enables finding KPIs relevant to the company's
strategic goals and defining best practices to improve the
processes. Improvement will lead to better KPI-s results as
expected and helps companies to achieve strategic objectives.

BBN network helps to visualise and analyse the network
of the SCOR model with related processes, KPIs and best
practices, where every problem is connected to processes
and influences different levels of KPIs. The third level is the
second, and the second is the first. Analysing problems and
KPI-s with BBN will determine what process improvement
will influence the first level KPI the most.

When a best practice has been successfully employed,
the problem description and the corresponding best practice
can be stored in the knowledge base. Subsequently, when a

similar problem arises, the knowledge base enables the
application of the previously successful best practice,
thereby expediting the resolution process compared to
analysing it using the BBN. Utilising a knowledge base also
aids in reducing processing time for false reclamations by
maintaining a predefined list of reclamations that can be
automatically rejected. Moreover, the knowledge enables
swift customer responses. Upon receiving a customer
reclamation, an automated lookup can be performed against
the knowledge base, allowing for the communication of
possible lead time to the customer.

Conclusion

The competition in today's global supply chain is intense,
and high-level customer service, with improved quality at a
lower cost, is imperative for the survival of companies.
Customer reclamation/return-related issues due to failure
along the supply chain are a growing concern that can
impact the performance of organisations. As suggested in
the current research, using methods and standards like the
SCOR, BBN, and CBR is appropriate and significant to
select the best practices based on workable solutions for
feedback/reclamation/return-related issues. Therefore, this
research introduced a SCOR database and Bayesian Believe
Network for Supply Chain process improvement by
applying the best practices and skills and subsequently
determining their impact on one or another performance
metric. The proposed method was used to the customer
reclamation data from an automotive electronics production
company. This case was selected because the order amounts
and ordered products in this sector vary significantly;
products have strict requirements for quality and the general
expectation of 100 % order fulfilment and agile deliveries at
aminimised cost. The reclamation and failure data were first
sorted into groups based on the types of failure, after which
the various groups were analysed and mapped with the most
suitable reliability metrics and best practices in line with the
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SCOR model. Subsequently, a BBN structure is created in
three levels of performance metrics (RL), processes level
(sS, sM, sD), and correction actions level (BP) for reliability
improvement. Integrating the methods proposed in this
research minimises the number of supply chain failures and
the time required for their elimination and improves
customer success.

Currently, the case study in this research is limited to
SME companies dealing with electronics manufacturing but
can be adapted to other domains. Also, the reclamation

analyse how the customers see the company but combines
the CDA (Customer Delivery Accuracy) and Customer
Complaints measures. Future work will be dedicated to
Customer Journey mapping and improvement through
related Business Processes.

The originality of the research is the application of a
combination of the SCOR database, BBN and CBR to
improve the reliability of a Supply Chain by applying best
practices, as well as the analysis of the effectiveness of best
practices using BBN, which impacts the entire supply chain.

analysis is limited to reliability performance metrics to

Acknowledgement

This research has been financed by the European Social Fund via the IT Academy programme.

References

Aamodt, A., & Plaza, E.(1994). Case-based reasoning: Foundational issues, methodological variations, and system
approaches. Artificial Intelligence Communications, 7(1), 39-52. https://doi.org/10.3233/AIC-1994-7104

Smiti, A., & Elouedi, Z. (2011). Overview of maintenance for case based reasoning systems," International Journal of
Computer Applications, 32(2), 49-56, October 2011, published by Foundation of Computer Science, New York, USA.

APICS , Supply Chain Operations Reference Model SCOR, Version 12.0, 2017 APICS

Ayyildiz, E., & Gumus, A. T. (2021). Interval-valued Pythagorean fuzzy AHP method-based supply chain performance
evaluation by a new extension of SCOR model: SCOR 4.0, Complex <& Intelligent Systems 2021.
https://doi.org/10.1007/s40747-020-00221-9

Barman, R., Biswas, S. K., Sarkar, S., Purkayastha, B., & Soni, B. (2020). Image Processing Using Case-Based Reasoning:
A Survey. In: Mallick, P.K., Meher, P., Majumder, A., Das, S.K. (eds) Electronic Systems and Intelligent Computing.
Lecture Notes in Electrical Engineering, vol 686. Springer, Singapore. https://doi.org/10.1007/978-981-15-7031-5_62

Bokolo Anthony Jnr., & Noraini Che Pa (2016). A Case-Based Reasoning Architecture and Component-Based Model for
Green IS Implementation and Diffusion in Organisation. International Journal of Digital Information and Wireless
Communications (IIDIWC) 6(2), 97—111. https://doi.org/10.17781/P001979

Chae, B. (2009). Developing key performance indicators for supply chain: an industry perspective. Supply Chain
Management, 14(6). https://doi.org/10.1108/13598540910995192

Chorfi, Z., Benabbou, L., & Berrado, A. (2018). An integrated performance measurement framework for enhancing public
health care supply chains. Supply Chain Forum: An International Journal, 19. https://doi.org/10.1080/162583
12.2018.1465796

Dhanya Jothimani S. P., & Sarmah, (2014). Supply chain performance measurement for third party logistics. International
Journal, 21(6), 944-963. Available from the internet: http://dx.doi.org/10.1108/B1J-09-2012-0064

Ertugrul Ayyildiz, Alev Taskin Gumus. (2021). Interval-valued Pythagorean fuzzy AHP method-based supply chain
performance evaluation by a new extension of SCOR model: SCOR 4.0, Complex & Intelligent Systems.
https://doi.org/10.1007/s40747-020-00221-9

Fasika Bete Georgise, Klaus-Dieter Thoben & Marcus Seifert. (2013). Implementing the SCOR Model Best Practices for
Supply Chain Improvement in Developing Countries. International Journal of u- and e-Service, Science and
Technology 6(4).

Francisco Rodrigues Lima junior, Lauro Osiro, Luiz Cesar, & Ribeiro Carpinetti. (2014). A comparison between fuzzy AHP
and Fuzzy TOPSIS methods to supplier selection. Applied soft computing Journal, 21, 194-209. https://doi.org/10.10
16/j.as0c.2014.03.014

Ganga, G. M. D., & Carpinetti, L. C. R. (2011). A fuzzy logic approach to supply chain performance management.
International Journal of Production Economics, 134. https://doi.org/10.1016/.ijpe.2011.06.011

Garvey Myles, Carnovale Steven, Yeniyurt Sengun. (2015). An analytical framework for supply network risk propagation:
a bayesian network approach, European Journal of Operational Research, 243(2), 618-627. https://doi.org/10.10
16/j.ejor.2014.10.034

-452 -


https://doi.org/10.1007/s40747-020-00221-9
https://doi.org/10.1007/978-981-15-7031-5_62
https://doi.org/10.17781/P001979
https://doi.org/10.1108/13598540910995192
https://doi.org/10.1080/162583%2012.2018.1465796
https://doi.org/10.1080/162583%2012.2018.1465796
http://dx.doi.org/10.1108/BIJ-09-2012-0064
https://doi.org/10.1007/s40747-020-00221-9
https://doi.org/10.10%2016/j.asoc.2014.03.014
https://doi.org/10.10%2016/j.asoc.2014.03.014
https://doi.org/10.1016/j.ijpe.2011.06.011
https://www.sciencedirect.com/journal/european-journal-of-operational-research
https://www.sciencedirect.com/journal/european-journal-of-operational-research/vol/243/issue/2
https://doi.org/10.10%2016/j.ejor.2014.10.034
https://doi.org/10.10%2016/j.ejor.2014.10.034

Inzinerine Ekonomika-Engineering Economics, 2023, 34(4), 439-455

Gumus, A. T. (2009). Evaluation of hazardous waste transportation firms by using a two step fuzzy-AHP and TOPSIS
methodology. Expert Systems with Applications, 36(2). https://doi.org/10.1016/j.eswa.2008.03.013

Gunasekaran A., C. Patel, Ronald E. McGaughey. (2004). A framework for supply chain performance measurement. Int. J.
Production Economics 87. https://doi.org/10.1016/1.ijpe.2003.08.003

Heckerman, D., (1996). A Tutorial on Learning With Bayesian Networks, Technical report, MSR-TR-95-06.

Hosseini, Seyedmohsen, & Dmitry Ivanov. (2021). A Multi-layer Bayesian Network Method for Supply Chain Disruption
Modelling in the Wake of the COVID-19 Pandemic. International Journal of Production Research, 60(17), 5258—
5276. https://doi.org/10.1080/00207543.2021.1953180

Huan, S. H., Sunil, K., Sheoran, S. K., & Wang, G. (2004). A review and analysis of supply chain operations reference
(SCOR) model. Supply Chain Management: An International Journal, 9(1). https://doi.org/10.1108/135985404
10517557

Kolodner, J. L. (1992). An introduction to case-based reasoning. Artificial Intelligence Review, 6(1), 3-34.
https://doi.org/10.1007/BF00155578

Jiang-Hong Man, & Qing-Li Da, A. (2003). CBR model for knowledge sharing in supply chain based on generalised rough
set. Proceedings of the 2003 International Conference on Machine Learning and Cybernetics (IEEE Cat.
No0.03EX693), 3, 1538-1542.

Joshi, R., Banwet, B. K., & Shankar, R. (2011). A Delphi-AHP-TOPSIS based benchmarking framework for performance
improvement of a cold chain, Expert Systems with Applications, 38(8). https://doi.org/10.1016/j.eswa.2011.02.072

Karaulova, T., Kostina, M., & Sahno, J. (2012). Framework of Reliability Estimation for Manufacturing Processes. Scientific
Journal Mechanika. 2029-6983. https://doi.org/10.5755/j01.mech.18.6.3168

Lebas. MJ. (1995). Performance measurement and performance management. Int J Prod Econ 41(1-3). https://doi.org/10.
1016/0925-5273(95)00081-X

Lockamy, A., & McCormack, K. (2012). Modeling supplier risks using Bayesian networks. Industrial Management & Data
Systems, 112(2), 313-333. https://doi.org/10.1108/02635571211204317

Mahdi Abolghasemi, Vahid Khodakarami, Hamid Tehranifard. (2015). A New Approach for Supply Chain Risk
Management: Mapping SCOR into Bayesian Network. Journal of Industrial Engineering and Management 8(1).
https://doi.org/10.3926/jiem.1281

Mahdi Abolghasemi, Vahid Khodakarami, & Hamid Tehranifard. (2015). A New Approach for Supply Chain Risk
Management: Mapping SCOR into Bayesian Network. Journal of Industrial Engineering and Management JIEM, 2015
— 8(1): 280-302 — Online ISSN: 2013-0953 — Print ISSN: 2013-8423. http://dx.doi.org/10.3926/jiem.1281

Mahmood, K, Lanz, M, Toivonen, V., & Otto, T. (2018). A performance evaluation concept for production systems in an
SME network. Procedia CIRP, 72, 603—608. https://doi.org/10.1016/j.procir.2018.03.182

Mahmood, K., Karaulova, T., Otto, T., & Shevtshenko, E. (2019). Development of cyber-physical production systems based
on modelling technologies. Proceedings of the Estonian Academy of Sciences, 68 (4), 348—355. https://doi.org/10.317

6/proc.2019.4.02

Mahmoodzadeh, S., Shahrabi, J., Pariazar, M., & Zaeri, M. S. (2007). Project selection by using fuzzy AHP and TOPSIS
technique. International Journal of Human and Social Sciences, 2(7).

McCann, C. (2021). Supply Chain Transformation: An Opportunity for GBS. Available from the internet:
https://www.ssonetwork.com/global-business-services/articles/supply-chain-transformation-and-opportunity-for-gbs

Mkrtchyan L., Podofillini L., & Dang. V. N. (2016). Methods for building Conditional Probability Tables of Bayesian Belief
Networks from limited judgment: An evaluation for Human Reliability Application. Reliability Engineering & System
Safety, 151, 93—112. https://doi.org/10.1016/j.ress.2016.01.004

Muller, J. M. (2019). Contributions of Industry 4.0 to quality management-A SCOR perspective. /FAC-PapersOnlLine,
52(13), 1236-1241. https://doi.org/10.1016/j.ifacol.2019.11.367

Murumaa, L., Shevtshenko, E., Karaulova, T., Mahmood K, & Popell, J. (2021). Supply Chain Digitalisation Framework
for Servive/Product Satisfaction, Modern Materials and Manufacturing, IOP Conference Series, Materials Science and
Engineering; Bristol 1140, 012041. https://doi.org/10.1088/1757-899X/1140/1/012041

Mustafa Batuhan Ayhan. (2013). A fuzzy ahp approach for supplier selection problem: a case study in a gear motor company.
International Journal of Managing Value and Supply Chains, 4(3). https://doi.org/10.5121/ijmvsc.2013.4302

-453 -


https://doi.org/10.1016/j.eswa.2008.03.013
https://doi.org/10.1016/j.ijpe.2003.08.003
https://doi.org/10.1080/00207543.2021.1953180
https://doi.org/10.1108/135985404%2010517557
https://doi.org/10.1108/135985404%2010517557
https://doi.org/10.1007/BF00155578
https://doi.org/10.1016/j.eswa.2011.02.072
https://doi.org/10.5755/j01.mech.18.6.3168
https://doi.org/10
https://doi.org/10.1108/02635571211204317
https://www.researchgate.net/journal/Journal-of-Industrial-Engineering-and-Management-2013-0953
https://doi.org/10.3926/jiem.1281
http://dx.doi.org/10.3926/jiem.1281
https://doi.org/10.1016/j.procir.2018.03.182
https://doi.org/10.317%206/proc.2019.4.02
https://doi.org/10.317%206/proc.2019.4.02
https://www.ssonetwork.com/global-business-services/articles/supply-chain-transformation-an-opportunity-for-gbs
https://www.sciencedirect.com/journal/reliability-engineering-and-system-safety
https://www.sciencedirect.com/journal/reliability-engineering-and-system-safety
https://ktuedu-my.sharepoint.com/personal/ausrsim_ktu_lt/Documents/Darbalaukis/34(4)/Su%20DOI/151
https://doi.org/10.1016/j.ress.2016.01.004
https://doi.org/10.1016/j.ifacol.2019.11.367
https://doi.org/10.1088/1757-899X/1140/1/012041
https://doi.org/10.5121/ijmvsc.2013.4302

Rene Maas, Tatjana Karaulova, Eduard Shevtshenko, Janek Popell, Ibrahim Oluwole Raji. Development of SCOR Database...

Neapolitan, R. E., Learning Bayesian Networks, Prentice-Hall, (2003).

Njoku, ME., & Kalu, A. (2014). Effective Supply Chain Management: A Strategic Tool for Profitability Enhancement in
the Competitive Marketing Environment (An Empirical Evidence in the Nigerian Food and Beverage Industry 2005—
2014).

Pradeep Kumar Mallick, Preetisudha Meher, Alak Majumder, & Santos Kumar Das. (2020). Presents research in the field
of intelligent computing. Electronic Systems and Intelligent Computing Proceedings of ESIC 2020
https://link.springer.com/book/10.1007/978-981-15-7031-5; https://doi.org/10.1007/978-981-15-7031-5

Qazi Abroon, Alex Dickson, John Quigley & Barbara Gaudenzi. (2017). Supply chain risk network management: a Bayesian
Belief Network and expected utility based approach for managing supply chain risks. International Journal Of
Production Economics. https://doi.org/10.1016/j.ijpe.2017.11.008

Qazi Abroon, Simsekler Mecit Can Emre, & Formaneck Steven. (2022). Supply chain risk network value at risk assessment
using Bayesian belief networks and Monte Carlo simulation. International Journal of Production Economics, Volume
196, 2018, Pages 24-42

Raji, I.; Shevtshenko, E.; Rossi, T.; Strozzi, F. (2021). Industry 4.0 technologies as enablers of Lean and Agile Supply Chain
Strategies: An exploratory investigation. The International Journal of Logistics Management, 32 (4), 1150—1189.
https://doi.org/10.1108/IJL.M-04-2020-0157

Rolf Benjamin, Ilya Jackson, Marcel Muller, Sebastian Lang, Tobias Reggelin, & Dmitry Ivanov. (2022). A review on
reinforcement learning algorithms and applications in supply chain management, International Journal of Production
Research, https://doi.org/10.1080/00207543.2021.1953180

Saaty, T. L. (2008), Decision making with the analytic hierarchy process, International Journal of Services Sciences, Vol. 1
No. 1. https://doi.org/10.1504/1JSSCI.2008.017590

Sachdeva, A., Kumar, P., & Kumar, D. (2009) Maintenance criticality analysis using TOPSIS, Proceedings of the 2009
IEEFE 1EEM, 978-1-4244-4870-8/09, pp.199-203, (2009)

Shevtshenko, E., & Wang, Y. (2009), Decision support under uncertainties based on robust Bayesian networks in reverse
logistics management. International Journal of Computer. https://doi.org/10.1504/IJCAT.2009.028047

Shevtshenko, E., Maas, R., Murumaa, L., Karaulova, T., Raji, 10., & Popell, J. (2022). Digitalisation of supply chain
management system for customer quality service improvement. Journal of Machine Engineering 22.

Shevtshenko, E., Mahmood, K., Karaulova, T., Raji, I. O. (2020). Multitier Digital Twin Approach for Agile Supply Chain
Management. Proceedings of the 2020 ASME International Mechanical Engineering Congress and Exposition, 1—10.
https://doi.org/10.1115/IMECE2020-23760

Shevtshenko, E., Polyantchikov, I., Mahmood, K., Kangilaski, T., Norta, A., Karaulova, T., & Perm, A. (2019).
Collaborative Project Management Framework for Partner Network Initiation in Machinery Domain. Proceedings of
the 18th Online World Conference on Soft-Computing in Industrial Applications (215—223). Springer. (Advances in
Intelligent Systems and Computing; 864). https://doi.org/10.1007/978-3-030-00612-9 19

Singh, P., Smith, A., & Sohal, S. (2005). Strategic Supply Chain Management Issues in the Automotive Industry, International
Journal of Production Research 43(16), 3375-3399. https://doi.org/10.1080/00207540500095738

Smiti, A., & Zied Elouedi. (2013). Modeling Competence for Case-Based Reasoning Systems Using Clustering, Proceedings
of the 26 International Florida Artificial Intelligence Research Society Conference 2013.

Stephan, J., & Badr, Y. (2007). A quantitative and qualitative approach to manage risks in the supply chain operations
reference. 2nd International Conference on Digital Information Management 1, 410—417. https://doi.org/10.1109
/ICDIM.2007.4444258

Sunil Kumar. (2016). A Case Study of Supply Chain Management System., International Journal of Scientific &
Engineering Research, 7(5).

Synlvain Kubler, Alexandre Voisin, William Derigent, & Andre Thomas. (2014). Group Fuzzy AHP approach to relevant
data on communicating material. Computers in Industry, 65, 675-692. https://doi.org/10.1016/j.compind.2014.01.018

Taghizadeh & Hafezi (2012). The investigation of supply chain's reliability measure: a case study. Journal of Industrial
Engineering International 2012 8, 22. https://doi.org/10.1186/2251-712X-8-22

Tortorella, G. L., & Fettermann, D. (2017). Implementation of industry 4.0 and lean production in Brazilian manufacturing
companies. International Journal of Production Research, 56(8), 2975-2987. https://doi.org/10.1080/002075
43.2017.1391420

-454 -


https://link.springer.com/book/10.1007/978-981-15-7031-5
https://doi.org/10.1007/978-981-15-7031-5
https://doi.org/10.1016/j.ijpe.2017.11.008
https://link.springer.com/article/10.1007/s10479-022-04598-3#auth-Mecit_Can_Emre-Simsekler
https://www.sciencedirect.com/journal/international-journal-of-production-economics
https://www.sciencedirect.com/journal/international-journal-of-production-economics/vol/196/suppl/C
https://www.sciencedirect.com/journal/international-journal-of-production-economics/vol/196/suppl/C
https://www.etis.ee/Portal/Publications/Display/42a9e5eb-79df-4343-9fb8-30e851007213
https://www.etis.ee/Portal/Publications/Display/42a9e5eb-79df-4343-9fb8-30e851007213
https://doi.org/10.1108/IJLM-04-2020-0157
https://www.tandfonline.com/author/Rolf%2C+Benjamin
https://www.tandfonline.com/author/Jackson%2C+Ilya
https://www.tandfonline.com/author/M%C3%BCller%2C+Marcel
https://www.tandfonline.com/author/Lang%2C+Sebastian
https://www.tandfonline.com/author/Reggelin%2C+Tobias
https://www.tandfonline.com/author/Ivanov%2C+Dmitry
https://www.tandfonline.com/doi/full/10.1080/00207543.2022.2140221
https://www.tandfonline.com/doi/full/10.1080/00207543.2022.2140221
https://www.tandfonline.com/journals/tprs20
https://www.tandfonline.com/journals/tprs20
https://doi.org/10.1080/00207543.2021.1953180
https://doi.org/10.1504/IJSSCI.2008.017590
https://doi.org/10.1504/IJCAT.2009.028047
https://doi.org/10.1115/IMECE2020-23760
https://doi.org/10.1007/978-3-030-00612-9_19
https://doi.org/10.1080/00207540500095738
https://www.semanticscholar.org/author/A.-Smiti/1713320
https://www.semanticscholar.org/author/Zied-Elouedi/1775842
https://doi.org/10.1109%20/ICDIM.2007.4444258
https://doi.org/10.1109%20/ICDIM.2007.4444258
https://doi.org/10.1016/j.compind.2014.01.018
https://doi.org/10.1186/2251-712X-8-22
https://doi.org/10.1080/002075%2043.2017.1391420
https://doi.org/10.1080/002075%2043.2017.1391420

Inzinerine Ekonomika-Engineering Economics, 2023, 34(4), 439-455

Vinit Kumar, & Viswanadham, N. (2007). A CBR-based Decision Support System Framework for Construction Supply
Chain Risk Management, Proceedings of the 3rd Annual IEEE Conference on Automation Science and Engineering
Scottsdale, AZ, USA, Sept 22-25, 2007. https://doi.org/10.1109/COASE.2007.4341831

White, S. K. (2021). What is SCOR? A model for improving supply chain management. CIO. Available from the internet:
https://www.cio.com/article/222381/what-is-scor-a-model-for-improving-supply-chain-management.html

Wiecki Thomas, & Kumar Ravin. (2019). Using Bayesian Decision Making to Optimise Supply Chains - While My MCMC
Gently Samples.

Authors' Biographies

Rene Maas Rene is a doctoral student at the University of Tartu in the Centre of Science and Technology. The main
research area is the digitalisation of logistics. He is currently working at TTK University of Applied Sciences as a lecturer
in the Institute of Logistics. ORCID 0000-0001-9246-116X

Tatjana Karaulova is a Doctor of Philosophy in mechanical engineering and a researcher at the Department of
Mechanical and Industrial Engineering of Tallinn University of Technology (Estonia) and member of Digital Supply Chain
research group in TTK UAS Department of Logistics. Her main areas of scientific interest are the reliability and
sustainability of production and supply chain processes. ORCID 0000-0002-4467-9161

Eduard Shevtshenko is a Doctor of Philosophy in mechanical engineering. He is working as a Professor, Purchase and
Procurement curriculum manager, Head of the Digital Supply Chain research group in TTK UAS Department of Logistics
and Associate Professor in the Faculty of Science and Technology, Institute of Computer Science at the University of Tartu.
His main areas of scientific interest are the digitalisation of supply chain business processes. ORCID 0000-0002-1389-3245

Janek Popell is a lecturer at TTK University of Applied Sciences, as a lecturer in the Institute of Logistics. Janek is a
board member of Prolog — Estonian Supply Chain Association. Janek is also teaching in TalTech and Mainor.

Ibrahim Oluwole Raji is a Senior Lecturer in Project and Operations Management at the Leeds Trinity University
Business School, Leeds, United Kingdom (UK). His areas of interest include digital operations and supply chain
management topics, lean and agile supply chains, the impact of industry 4.0 technologies on manufacturing and supply chain
operations, and, more recently, sustainable operations and supply chains. He has collaborated on various industrial projects
and published in high-quality international journals on these topics. ORCID 0000-0003-0920-9567

The article has been reviewed.
Received in June 2022; accepted in October 2023.

LA: This article is an Open Access article distributed under the terms and conditions of the Creative

Commons Attribution 4.0 (CC BY 4.0) License http://creativecommons.org/licenses/by/4.0

- 455 -


https://doi.org/10.1109/COASE.2007.4341831
https://www.cio.com/article/222381/what-is-scor-a-model-for-improving-supply-chain-management.html
http://orcid.org/0000-0002-4467-9161

