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KEYWORDS Abstract. The coordination and integration of efforts and activities of Supply Chain
(SC) members, which is a key component in the success of the supply chain management,
has become a challenging issue due to conflicts in such systems. Inability to properly detect
conflicts in an SC and, therefore, mismanagement of them will increase disruption risk in
the SC. In this article, a knowledge-based algorithm is presented based on the OTSM-
TRIZ (general theory of powerful thinking) problem flow network approach to identify,
formulate, and solve the conflicts of SCs before they occur and cause harmful effects. The
proposed algorithm involves analyzing and developing Network of Problems (NoPs) in order
to transfer them into a network of conflicts. The algorithm is validated through presenting
a case study. After implementation and application, the result demonstrated that this
knowledge-based algorithm was able to identify and formulate supply chain conflicts before
they occurred and, more importantly, it greatly increased the coordination between supply
chain entities.
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1. Introduction entities or inside each of them [2,3]. Conflicts in
an SC can be a result of mutuality of objectives of
different entities, incompatibility of tasks, inefficiency
of working scope definition, mutuality of operations
scheduling for different entities (supply, production,
and distribution), mutuality of key performance indi-
cators of each entity with those of other supply chain
entities, and mutuality within each of the entities to
achieve the ultimate goals of the entire supply chain [4].
An example would be conflicts that often exist between
service level and product quality such that in some

Successful management of supply chain requires the
integration of mutual functions. Therefore, the major
task in supply chain management is accurate and
timely collection of customers’ demand and delivering
the right product with the right quality at the right
time and the right location [1]. One of the most
challenging problems in supply chain management is
the conflicts that may occur between supply chain
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quality of the final products [6]. Therefore, effective
management of conflicts in order to reduce detrimental
effects of them and enhance the competitive condition
of supply chain is very necessary.

The intent of this paper is to address conflicting
issues and present a structured approach to managing
supply chain conflicts. Specifically, the paper intends
to present a systematic algorithm through the develop-
ment of a knowledge based algorithm based on OTSM-
TRIZ approach for managing complex interdisciplinary
problems. The research activity has been organized
following a five-step algorithm for managing supply
chain conflicts. In the initial steps, efforts have been
put into analyzing the current situation of supply chain
in detail, which seeks to generally identify all related
problems, with 3-D system operator. In the next
steps, a problem flow network has been used to make
a systematical structure of all related problems and
conflicts as a semantic network. The research activity
has been carried out in collaboration with a manufac-
turer of commercial vehicles in Iran. In this paper,
due to critical importance of correct identification and
formulation of supply chain conflicts, the first three
steps of the above-mentioned algorithm are presented,
and resolution and evaluation of the results are to be
carried out in future studies.

The body of this paper is organized as follows:
In Section 2, initially, we discuss the importance of
supply chain conflict detection and the diversity of
conflict detection methodologies that have been applied
to a wide variety of problems. Then, in Section 3,
since our proposed algorithm for conflict detection is
based upon the concept of OTSM-TRIZ problem flow
network, we briefly discuss the problem flow network
of general theory of powerful thinking. We present the
knowledge-based algorithm in Section 4 and provide a
case study that supports the algorithm in Section 5.
Section 6 concludes the paper and offers some future
research directions.

2. The effects of disruptions caused by supply
chain contradictions

Conflict is a serious problem in supply chain systems
and results from issues such as payment, poor com-
munications, natural disasters, etc. [7]. It can have
negative effects on supply chain performance and cause
problems like increasing the cost of supply chain, delay,
productivity reduction, loss of profit, and damage to
business relationships [5]. There are some studies
that examine the amazing impact of supply chain
conflicts. For instance, Rice and Caniato [8] studied
the performance of a company and estimated a $50
million to $100 million cost impact for each day the
supply system was interrupted. According to the study
of Brockman [9], the approximate annual cost of supply

chain conflicts is about $5 billion. Pyke and Tang [10]
pointed out $500 million loss of Intel company, due to
conflicts in integrated design of Pentium microproces-
sors, which led to recall of 5.3 million chips in 2004. The
recent work by Hendricks and Singhal [11] showed that
these disruptions could affect shareholder wealth and
supply chain operational performance. According to
the reports of Hendricks and Singhal [12-14], publicly
announced disruptions have shown the decrease in
shareholders by 10% in short term and 40% in long
term. Also, disruptions in publicly traded firms are
found, on average, to be associated with a 107% fall in
operating income, a 114% fall in return on sales, and
a 93% fall in return on assets. Although the need for
supply chain identification is noted in previous studies,
an innovative approach to identifying and formulating
conflicts in a systematic way is needed. Hence, the
need for a knowledge-based and systematic algorithm
for identifying and formulating conflicts of the supply
chain is felt more than ever. In the next subsection, a
number of methods used to identify conflicts in other
fields and supply chain systems are discussed.

2.1. The proposed methodologies for
tdentifying the conflicts
Identifying and resolving the conflicts in various fields
have been taken into consideration. In the field of
developing new products, Lam and Chin [15] examined
critical success factor in identifying and management
of conflicts in collaborative New Product Management
(NPM). Felty and Namjoshi [16] suggested a method-
ology to identify conflicting features in specification
stages of product design process.

In project management, Mitkus and Mitkus [17]
offered a communicational approach to identifying
the main causes of conflicts in construction projects.
Acharya et al. [18] presented an AHP tool to find the
major construction conflicting factors and responsible
parties for those problems.

In supply chain management, Hsieh et al. [19]
presented a methodology for analyzing distribution
operation in a supply chain as an integrated system in
order to identify potential conflicts of supply chain sys-
tems. Their approach was based on linking hierarchical
levels of the supply chain system and detecting conflicts
occurring when the single entities, each optimized for
its own operations, were combined together. John and
Prasad [20] presented a methodology for identification
of supply chain conflicts with colored petri net. They
tried to provide the users with the ability to search the
potential for conflicts in the distributed channels and
find them as soon as possible after they occurred. He
et al. [21] presented a hierarchical approach to study
supply chain conflicts between Airbus and Boeing. He
et al. [22] developed a hierarchical graph model of
a two-level carbon emission conflict in China. Some
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important issues all the mentioned methods have not
paid attention to are the following:

e Lack of an approach to detection of conflicts in a
system (identification of the root of conflicts);

e Lack of attention to the semantic relationship be-
tween conflicts—the network relationships between
conflicts (the previous research has not considered
conflicts separately);

e Lack of a clear strategy to resolve the conflicts.

The mutual interdependence between systems converts
separate organizations into a network of cooperative
activities connected to each other by a flow of ma-
terials, information, knowledge, and resources [19].
Due to rapid growth of information technology and
globalization, the complexity of interaction between
different inputs of supply chain has also increased in
terms of different aspects such as the flow of materials,
information, etc. [20]. Therefore, it is difficult to
understand and improve such systems. In order to
confront these challenges, different tools and models
for representing a material flow as well as the flow
of information, sources, and system behaviors are
required to analyze such systems [23]. What is so
important about this issue is the network approach
to the flow of resources, information, and materials,
which is the common feature in almost all of these
methods. Hence, in order to moderate the complexity
of the process and interrelationships between flows of
information, materials, and energy, the use of network-
based methods is required more than ever.

3. Problem flow network approach to
OTSM-TRIZ

As stated previously, OTSM (general theory of power-
ful thinking) is one of the developed versions of TRIZ
that was presented by Khomenko et al. [24]. Within
the framework of OTSM-TRIZ, a complicated problem
can be considered as a network of simple sub-problems,
which is known as a network of problem flows. A
network of contradictory parameters, representing the
network of conflicts, in the background of the network
of problems increases the complexity of solving proce-
dure [24].

Problem-solving process becomes difficult when
the problem, in addition to being complicated, is
related to the fields such as technical, economic, social,
and environmental issues [25]. OTSM-TRIZ includes
tools and models for management of such networks.
Network of problems is a graphical representation in
which nodes are indicative of problems, sub-problems,
and partial solutions [24]. Micro or partial solutions
are tacit or explicit knowledge resulting from the expe-
riences of experts. Such solutions have two features:

1. They solve a problem, but subsequently the prob-
lem or other problems are caused;

2. They only resolve one or several sub-problems and
do not have the ability to solve the main problem
completely [26].

Each of these sub-problems reflects the role of
different subjects that are involved in the leading main
problem. Each problem should have at least one
partial solution and if one sub-problem has no partial
solution, it has not been defined correctly, because
one of the main ideas of developing the network of
problems is breaking down the main problem into sub-
problems that can be easily solved [27]. The network
of problems offers a comprehensive map of the main
problem through breaking it into a set of sub-problems
and partial solutions. In this network, problems and
solutions are shown as nodes and the relationship
between them is shown by a vector (see Figure 1).
The relationships between these nodes represent the
hierarchical structure of a complex problem situation
along with several options for solving sub-problems
in order to solve the main problem. The strength
of NoP presentation is providing the possibility to
simultaneously produce and visualize several problem
scenarios [25].

The Network of Contradiction (NoC) [28] is a
subsequent interpretation of the NoP and integrates
information about the contradictions of the nodes of
the network, which are constituted by parameters rep-
resented by Element-Name-Value (ENV) models [24],
i.e., by specifying the Name of the parameter, its
Value, and the Element it belongs to. It is possible
to distinguish parameters in the following classes:

o Control Parameters (CPs): They can be leveraged
by the decision makers in order to obtain a specific
outcome;

o Fwaluation Parameters (EPs): They describe the
positive or negative implications of the choice of the
decision makers (network of contradictions analysis
and structured identification of critical control pa-
rameters).

Figure 1 represents the network structure of con-
flicts [28].

4. Proposed knowledge-based supply chain
conflict detection algorithm

As discussed in the previous section, the existing
methodologies to find and formulate the supply chain
conflicts fail to properly map all the conflicts and
relationships between them as a semantic network. The
main contribution of this paper includes a procedure to
help detecting supply chain conflicts with a knowledge-
based logic.
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Figure 1. OTSM-TRIZ model of conflict, characterized by one CP and two EPs.
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Figure 2. The proposed five-step algorithm for identifying and managing supply chain conflicts.

The 5-step algorithm, which is shown in Figure 2, - Step 1: Formulation of the problem’s framework.
can be considered as a kind of practical algorithm At this stage, an analyst with a focus on the cur-
that describes all the specific actions to do in order to rent situation (i.e., As-Is Situation) and its various
correctly analyze and formulate supply chain problems. levels seeks to receive a proper understanding of the

The steps of the proposed algorithm are as follows. problem status. One of the most important tools
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Figure 3. 3-D operator system model for analyzing supply chain problems.

of TRIZ, which can be used at this stage, is two-
dimensional system operator model [25]. The TRIZ
system operator tool is composed of two dimensions
of time and system hierarchy. An internal element
of the tool shows the evolution of the system at
different times, and it is based on the level that the
problem is analyzed [29].

In this paper, we present an innovative 3-D
operator system, which is shown in Figure 3. This
tool is modified to analyze supply chain problems.
In the proposed tool, the first dimension is con-
sidering the problems in different periods of time
and, depending on the level in which we are going
to analyze supply chain, the triple levels of Supply
Chain Operations Reference model (SCOR) will be
used. The third dimension is strategic vision of
supply chain management at three different levels
of strategic plan, customers, and processes, which
is based on Balanced Score Card (BSC) model [30].
The main tasks in this step are as follows:

(a) In the first step, the level of supply chain SCOR
model to which the problem is related is de-
termined. If the problem is related to internal
processes of one of the supply chain entities, such
as production, supply, or distribution, the third
level of SCOR model is used. If the problem is
related to the processes with two or more supply
chain entities, the second level of SCOR model is
used; and if the problem is related to the entire
supply chain, the first level of SCOR model is
used. In the new versions of the SCOR model, if
there is a need for more rigorous analysis than the
third level, a fourth level is informally added [31];

(b) In the next step, the stage in the SCOR diagram
to begin the analysis is chosen. It is the stage to
which the main problem is related;

(¢) In the final step, 3-D operator system is com-
pleted. The axes of this model are:

e Axis X: time (past, present, and future of the
supply chain problem and the level in which
the problem is being considered);

e Axis Y: levels of supply chain strategic vision
based on balanced scorecard model, includ-
ing strategic plan, customers, and internal
processes. Based on the conditions of the
problems, some financial, environmental, tech-
nologic, and knowledge-related aspects can also
be added to them:;

o Axis Z: different levels of SCOR model.

The only step of the algorithm that can be
time-consuming is collecting problems and partial
solutions, and the main criterion to stop this step
(making the space of problems and partial solutions)
is when no partial solution leads to a new problem.

- Step 2: Building the network of problems. For tack-

ling complex problems, problem solvers often try to
decrease the complexity through dividing the prob-
lem into sub-problems [25]. In complex problems
such as supply chain problems, the main problem
may be a sub-problem of a super-problem. By using
the PFN (Problem Flow Network) approach, we can
represent and analyze several problems at once. The
main stages of PFN approach are to build, first,
the network of problems, second, the network of
parameters and, last, the network of conflicts [28].
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At this stage, based on the modeling method of
problems’ graph, first, the sub-problems of the main
problem are defined based on its various scenarios.
Decomposition of the main problem into related
sub-problems is continued to the point that any
problem cannot be broken down into more sub-
problems. Then, one or more partial solutions are
defined for each sub-problem [25]. After completion
of the network of the problems based on the seman-
tic relationships between the problems and partial
solutions, the network of the problem’s parameters
is defined and then, the network of the conflicts of
the problem is drawn.

The steps done in this stage are as follows:

(a) Determining the main problem or making changes
in the supply chain based on different levels of
SCOR;

(b) Making a list of sub-problems and partial solu-
tions, which are prepared based on different sce-
narios, and making the logical connection between
them to build a network of the problems. In the
meantime, the following items must be considered:
(b.1) For each sub-problem, at least one partial

solution must be provided;

(b.2) For each partial solution that is provided,
in addition to determining the relationship
and the impact that it has on other so-
lutions, at least one sub-problem must be
provided [25].

Ttems (b.1) and (b.2) will continue to the extent
that the network cannot be wider. The output
of this phase is a comprehensive map of the main
complex problem, including its sub-problems, the
partial solutions, and their semantic relationships.

- Step 3: Building the network of conflicts from the
network of problems. After validating the network of
problems, we have to extract the specific parameters
of the supply chain system with the help of experts
or depending on the knowledge gained during the
initial analyzing. The elicitation of parameters from
the network of problems has to be done as follows:

e FEach sub-problem (Pb) is related to one aspect
of the main problem that should be satisfied;
at least one Evaluation Parameter (EP) can be
determined to evaluate the level of consent to such
expectancy;

e FEach Partial Solution (PS) extracts at least one
path to solve a sub-problem; at least one CP can
be related to the characteristic used to take into
account the related problem [32].

The relationship between control and evaluation
parameters can be arranged based on their cause-
and-effect relationships [25].

After completing the lists of CPs and EPs

according the methods described in the previous
sections, we should evaluate the potential effect of
each CP on each EP; then, it is identified whether a
certain change of a CP causes contradictory effects
on two or more EPs. To be more precise, the
following step should be done:

e Determining two opposite values for each CP and
selecting a reference direction (e.g., from decrease
to increase or attribute versus anti-attribute).

After assigning the EPs and CPs to each
problem and identifying partial solutions, we can
analyze the conflicting relationships between them.

Due to the importance of identifying and for-
mulating supply chain conflicts, our study covers
Steps 1 to 3 and Steps 4 and 5 are considered for
future research. Briefly, Steps 4 and 5 are as follows.

- Step 4: Resolving conflicts. At this stage, the
conflicts which have been formulated in the previous
stage are resolved based on the tools and models that
have been provided by theory of inventive problem
solving. TRIZ, depending on the type of conflicts
and their complexity, provides different tools such
as 40 principles of innovation and the matrix of
conflicts, innovative standards, and an innovative
solving algorithm for the problems, which is called
ARIZ85C.

- Step 5: FEwaluation of the solution. At this step,
the solutions to conflicts resolving, which are the
output of the previous step, will evaluate and rank
each problem they can solve based on its importance
by using multi criteria decision making methods.

Consequently, in order to prove the efficiency and
effectiveness of the proposed algorithm, this method is
used for identifying and formulating conflicts of supply
chain problem in a real environment, which is discussed
in the next section as a case study.

5. The knowledge-based algorithm: A case
study

In order to prove efficiency and effectiveness of the
proposed algorithm, the algorithm is used for identi-
fying and formulating conflicts of supply chain prob-
lem in one of the Iranian automotive manufacturing
industries. This manufacturing company is active
in the field of mass vehicles (urban, suburban, and
middle-class buses). In this factory, three production
lines are working in parallel to produce mass vehicles.
These production lines were designed based on the
common platform strategy. Strategic vision of this
factory enhances customer satisfaction through receiv-
ing and analyzing customer demands and translating
them into functional requirements at different levels
of production hierarchy including design, prototype,
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test, manufacturing, and mass production. To achieve
this goal, the management have decided to improve
the internal and external processes and establish an
effective relationship with their suppliers in all phases
of production. One of the processes that has made
many technical and non-technical problems is coating
process. The machineries and equipment of this station
are old-fashioned. This station is the main bottleneck
of the production line and makes serious problems
for coordination and integration of the production
processes. Therefore, fulfilling customer orders ac-
cording to the predetermined schedule is faced with
considerable delay. To deal with this problem, the
management have decided to renew old apparatus
of painting station with semi-automatic equipment.
Replacing new equipment with the old equipment
needs two months of time and replacing process will
lead to stopping production line 3. To confront this
problem, the problem-solving team is formed to review
all aspects of the issue, adopt an appropriate strategy
to reduce the costs of replacing, and improve the
company’s strategic position among competitors. The
proposed algorithm is used to consider all aspects of the
problem and identify the root conflicts that may cause
detrimental effects on the supply chain performance.

- Step 1: In this step, for having a comprehensive
understanding of the problem’s situation, the prob-
lem solving team builds a three-dimensional operator
system. In this case, as the problem is related to the
production line, the third level of SCOR model is
adopted to analyze and evaluate the problem.

A simplified view of the company’s supply chain
SCOR diagram is presented in Figure 4. As shown

Building
room

planning

Process Strategic

Strategic vision of supply
ain based on BSC model

Customers

Past Present Future
Time

in the figure, first, the main room structure is built
in the building room unit and, then, by using the
traditional ways of painting, the room structure is
painted. The painted frame enters the chassis as-
sembly station, and chassis assembly process, which
includes installation of all systems and subsystems,
is done in this step. Next, the product enters the
trim station, and the seats and other amenities are
assembled. Then, electronic and electrical systems
of the vehicle, including all required software and
equipment, are installed in the electrical station.
Installation of ABS anti-lock braking systems on the
front and rear axles of the vehicle is done at this
stage. Next, the process needed for completing the
product is done in the complementary station.

For having a general picture of the problem
constraint, Table 1 shows each of the components
of the three-dimensional system operators for the
replacing problem. As we mentioned, the production
lines have retarded equipment, which decreases the
quality and quantity of the production. Thus,
improving production line with new equipment is a
necessity. In other words, this change is necessary,
because according to the vision of the company,
they have to “guarantee a sustainable development
of public transportation vehicles” and reach “higher
levels of public satisfaction”.

- Step 2: a complete description of the problem space
by establishing a network of problems flow.

(a) The primary problem in this case study is to
replace the old equipment and machines of coating
station in line 3 with new semi-automatic equip-
ment. This problem is determined as a major one

Third level of SCOR model

Assemble > Trim ——> Electrical _, Supplementry

i 5 2 ’

Planning Problem related to this station

Source \ Make * Delive
= »)»
» / B/ B

Next stage

The stage

Previous stage

Figure 4. Analyzing the system operator based on the third level of SCOR model.
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Table 1. Components of the three-dimensional system operator.
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in the graph by the symbol (Pbl). In the next
phase, the primary problem is studied from three
viewpoints of customers, processes (production
capacity), and the organizational structure and,
in this regard, the following questions arise:

e What impacts this problem will have on pro-
duction capacity (Pb2)?

e What impacts this problem will have on cus-
tomer satisfaction (Pb3)?7

e What potential effects this problem will have
on the company’s organizational structure
(Ph4)?

Then, based on the proposed algorithm in this
paper, the graph is drawn in a hierarchical structure
(see Figure 5).

Step 3: Building the network of conflicts from
the network of problems. After completing the
network of problems, we have to define at least one
evaluation parameter and one control parameter
for each problem and solution. In this case, supply
chain performance indicators at different levels of
SCOR model are used to define evaluation and
control parameters (see Table 2). After determining
the graph, a complete list of problems and solutions
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Table 2. Description of the problems and evaluation parameters.

Description of problem (Pb)

Evaluation parameters

Pb2:
Pb3:
Pba4:

How to meet the needs of customers well?

to work with new equipment?
Pbb5:
Pb6: Disturbing other workers while installing new
equipment,

PbT:

Increased cost of production

Pb8:

The time required for training new operators

Pb9:
into the company culture

Pb10: Speeding up the supply of parts

Pb11l: Increasing the price of finished products

Pb12: Changing human resource planning

Production lines 1 and 2 work at full capacity.

How to prevent delay in the production schedule?

Do the current operators have sufficient knowledge

The new operator has to be socialized and integrated

EP2:
EP3:

Lost production capacity of line 3

The number of new contracts

EP4: Time

EP5:

Capacities of production lines 1 and 2

EP6:

Human resource costs

EPT:
EPS8:

New machinery operator cost
The time for educating and preparing

human resource

EP9:

Socialization time

EP10: Lead time
EP11: The price of final product
EP12: Working time

is provided. Then, based on opinions of experts, one
or more indicators are determined for every problem
and solution. Table 3 includes control parameters
that are determined for each of the solutions.

The potential conflicts existing between problems and
solutions are determined through the defined evalua-
tion and control parameters. For example, according

to the partial solution suggested for Ph2, the capacities
of production lines 1 and 2 are increased in order to
compensate for the loss of capacity in line 3. The
senior management can solve this problem by changing
the planned production capacities of lines 1 and 2.
If planned capacities of these lines are increased, on
the one hand, the loss of capacity in line 3 is reduced
as a positive effect; however, on the other hand, the
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Table 3. Description of partial solutions and control parameters.

Partial Solution (PS)

Control parameters

PS1: Guaranteeing current obligations using the

capacities of lines 1 and 2

PS2: Installing new equipment at the next current

station
PS3: Recruiting new staff to work with new

equipment

PS4: Training and preparing the current operator to

work with new machines

PS5: The replacement can be performed during the

plant maintenance period

PS6: Installation of new equipment can be done at

the beginning of the new year when the quantity

of orders is low

PST: Adding night shifts to complete orders

CP1: Production capacities of lines 1 and 2

CP2: Replacement time

CP3: New hired people

CP4: Educational background of operators

CP5: Overhaul duration time

CP6: Flexibility of production lines

CPT: Flexibility of human resource and

supply chain management

production capacities of lines 1 and 2 will exceed the
authorized amount planned. Therefore, the problem
Pb5 emerges. In other words, by solving problem Pb2,
problem Pb5 arises. The result of such analysis of
parameters of other problems and partial solutions will
form the initial structure of the network of conflicts.
The network of conflicts for replacement equipment in
the coating line is shown in Figure 6.

As shown in Figure 6, the network of conflicts is
created and drawn based on the semantic relationships
between elements, features, and values that were de-
termined on the basis of ENV model. According to
the graph, if CP1 adopts the amount of V1 (increased
production capacity of lines 1 and 2), parameter EP2
(lost capacity of production line 3) is improved and
the parameter EP5 is weakened; and if CP1 adopts the
amount of V2 (decreased production capacity of lines 1
and 2), EP5 is improved and EP2 is weakened. Thus,
there is a conflict between the parameters of EP2 and
EP5. This is also true for other parameters. If any
of these conflicts is analyzed separately, there is not
any conflict, but when there is integration between the
elements of the system, changing values of parameters
(indices) for each of the system elements will lead to
improvement or weakening of other elements of the
system parameters.

6. Conclusion

Although collaboration can lead to substantial recip-
rocal advantages, activities often produce less than
favorable consequences. Many of these deficiencies

result from conflicts of supply chains. Therefore,
if managers can find potential conflicts before their
occurrence, they can resolve the problem and tactfully
redesign the supply chain to avoid future problems. In
this paper, we presented a knowledge based algorithm
for carrying out this task and validated it in a supply
chain in a make-to-order environment.

The proposed algorithm provided a systematic
and structured decisional process that could be used
as an innovative model for analyzing complex problems
and acquiring experts’ knowledge. Also, problem flow
network kept the problem traceable through mapping
the reasoning and semantic relationships between sub-
problems and solutions to find and formulate conflicts
of the network of problems.

Additionally, the ENV model for representing the
relationships between parameters was relatively simple
to computerize and, thus, might be easily applied to
large-scale systems.

Moreover, some managerial implications could be
extracted as follows:

o The algorithm provided a condition to find and
formulate all conflicts that might be encountered
during the replacement period and, as a result, it
helped in coordinating the activities to reduce the
cost of equipment replacement by 45%;

e By having a complete list of replacement related
problems and conflicts, the consequences of decisions
could be foreseen and a careful schedule for the
replacement project could be made to efficiently use
human resource and production lines.
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Figure 6. The network of conflicts for the bottleneck problem of line 3.
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Future work in this area will include designing a fuzzy
multi-criteria decision making system for analyzing and
prioritizing conflicts as well as resolving the roots by a
combination of TRIZ tools and supply chain conflict
resolving strategies. A second area for future research
includes developing a three-dimensional operator sys-
tem as an innovative tool for analyzing and resolving
supply chain problems.
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