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Abstract. Industrial clusters bring member �rms the opportunities and advantages to
save resources and increase competitiveness through cooperation and joint activities. One
of these opportunities is knowledge exchange, using shared resources. If cluster �rms want
to create knowledge directly or acquire it out of cluster, it is necessary to spend much
money and time. The aim is to maximize knowledge transfer between �rms of a cluster
regarding the limitation of budget and time, using existing knowledge ow networks. This
problem is formulated with a new model of mixed integer programming and solved by the
CPLEX solver for Semnan plaster production industrial clusters. The results of sensitivity
analysis show that knowledge transfer is much more inuenced by budget than by time
constraints. The results help cluster managers to have a better understanding, regarding
the available resources and business conditions, to maximize the results obtained from
knowledge transfer process in industrial cluster members.
© 2017 Sharif University of Technology. All rights reserved.

1. Introduction

Knowledge is considered to be a critical resource to
create competitive advantage among organizations [1-
4]. Management and implementation of these resources
are important activities in each organization. Cre-
ation, sharing, and using of knowledge e�ectively for
innovation and sustaining competitive advantage are
essential [5]. Knowledge management includes the
process of identi�cation, acquisition, development and
creation, transfer, keeping, evaluation, and application
of knowledge and helps organizations in achieving their
objectives [6]. Huang [7] and Hsu [8] introduced knowl-
edge transfer as a vital issue for organizations, since it
empowers organizations to develop skills and compe-
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tencies and competitive advantages [9,10]. Knowledge
transfer is also considered as a requisite of successful
knowledge management.

Knowledge transfer in intra-organizational and
inter-organizational levels can be carried out [11-13].
The inter-organizational knowledge transfer can be
done horizontally and vertically. The former takes
place among the �rms with similar grounds of pro-
duction and activity so that they can belong to an
industrial cluster and the latter usually occurs among
the organizations existing in a supply chain in di�erent
levels [14]. Since the end of the 20th century, industrial
cluster has been considered as the inection point of
industrial development programs and technology in
most countries of the world. The industrial cluster is a
network of �rms with related industries that are located
in an area [15-17]. These �rms form relationships with
each other to gain economic savings and have joint
activities.

After the business atmosphere became more com-
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petitive, the competition from �rm to �rm changed
into competition from cluster to cluster and chain
to chain [18] and it became inevitable for �rms to
collaborate with each other to do joint activities to
obtain success. Therefore, �rms try to venture joint
activities in integrated groups such as industrial clus-
ters. One collaborative activity is knowledge transfer
among cluster �rms. Acquiring knowledge from outside
or creating it within organization can be costly and
time{consuming. The close relationship between the
�rms helps to facilitate the knowledge transfer and gain
the knowledge from others more cheaply in a shorter
length of time [19,20]. In addition to reduction in time
and cost of knowledge acquiring, knowledge transfer
enhances the synergy between the cluster members, im-
proving the ability of cluster innovation and promoting
the overall competitiveness of the cluster members [21].

There have been di�erent studies about knowl-
edge transfer in industrial clusters, but the academic
research is limited to design and e�ective use of knowl-
edge ow networks [22]. There has not been any special
research on the design of e�ective networks of knowl-
edge transfer in industrial clusters with optimization
approaches. Design of e�ective network of knowledge
transfer among the members of an industrial cluster
based on the existing organizational relationships in the
cluster leads to the facilitation of knowledge transfer
and promotion of productivity of knowledge transfer
in the industrial cluster. This, in turn, provides the
ground to guide the managers to do e�ective actions.
Although there is limited research about design of
knowledge ow networks, the necessity of this subject
demands more studies [22].

In this paper, our focus is on how it is possible to
design e�ective knowledge transfer network based on
the existing social networks between the members of a
cluster, so that the level of knowledge among the cluster
members is maximized regarding the constraint of bud-
get and time. To gain the best result and improve pro-
ductivity of knowledge transfer, the important types
of knowledge are identi�ed for cluster members and
in transfer of knowledge between members, they are
prioritized, because the value of knowledge is the most
important factor in the transfer of knowledge [23,24].
Also, in knowledge transfer, degree of closeness must
be paid attention to and �rms with closer relationships
are better candidates for knowledge transfer [25] as the
knowledge transfer is carried out with lower expenses.
Response to this question shows what knowledge in
what time is transferred between which �rms in an
industrial cluster to maximize the knowledge level of
cluster members regarding the constraint of budget
and time. We formulated the problem in a new
mixed integer programming model, solved it for a real
problem, and presented some insights for managers to
proceed with sensitivity analysis.

Therefore, important and inuential parameters
of this problem were identi�ed and it became possible
to make best decisions to exchange knowledge in cluster
regarding the limitation of resources.

The rest of the paper will be presented as follows.
The second section presents the literature review.
Then, in the third section, the methodology is intro-
duced and the de�nition of the problem and its mathe-
matical formulation are presented in the fourth section.
The �fth section is devoted to describing the case study
and computational results. Finally, concluding remarks
are summarized in the sixth section.

2. Literature review

Literature review of this research contains the previous
research in two parts. The �rst part refers to the
research on knowledge transfer and related issues in
industrial clusters and the second part relates to orga-
nizational social relationship and its use in knowledge
transfer.

2.1. Knowledge transfer in industrial clusters
There are a few studies about the transfer of knowl-
edge in industrial clusters. Majority of studies about
knowledge transfer in clusters are related to the
methods and mechanisms of transfer. Sreckovic and
Windsperger [26] examined the role of trust in using
a knowledge transfer mechanism. Richardson [27]
focused on knowledge sharing through social inter-
action in a policy-driven industrial cluster. Stacke
et al. [28] analyzed knowledge transfer between clus-
tered �rms and its relation to the competitiveness
of tourism destinations in southern Brazil. Sreckovic
and Windsperger [29] argued that \tacitness of the
partners' knowledge determines the information rich-
ness of the knowledge transfer mechanisms in clus-
ters". Lopez-Saez et al. [30] assessed the applicability
of the SECI model (Nonaka and Takeuchi) to the
processes of external knowledge acquisition for �rms
located on knowledge-intensive clusters. Wilson and
Spoehr [31] argued that informal knowledge transfers
between skilled employees working in spatially bounded
industrial clusters might have an association with the
labour relationship between employers and employees.

The next group of studies examines the impact
of various factors on knowledge transfer in industrial
clusters. Ho�mann et al. [32] studied inter-�rm co-
operation, industrial support institutions, workforce
mobility, and social ties in the Brazilian furniture
cluster. Xiong et al. [33] utilized the theory of
system dynamics to analyze the causal relationships
of knowledge transfer in clusters. Four factors were
incorporated in this model: the supplier of knowledge,
the recipient of knowledge, the knowledge gap, and
the transferring knowledge. Power and Lundmark [34]
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focused on the role of labor market and labor mobility
as sources of knowledge and ideas in industrial clusters.
Dayasindhu [35] studied the e�ect of knowledge trans-
fer and tacit factors, such as trust, experience, oppor-
tunism, task complexity, and human asset speci�city,
on international competitiveness of industrial clusters.

Another group of studies deals with knowledge
network in clusters. Guo and Guo [36] explored
the evolution of knowledge network in manufacturing
clusters considering the roles of participating actors
in evolution stages of knowledge network. Chen et
al. [37] studied the impact of the regional socio-cultural
background, depth of the shared knowledge, extent of
the shared knowledge, and attributes of knowledge,
partners, and network on e�ciency of knowledge net-
works in industrial clusters. Giuliani [38] explored the
structural properties of knowledge networks in three
industrial clusters by analyzing social networks.

Other papers have studied di�erent subjects.
Zhou [39] introduced a four-stage spiral cycle model
for knowledge di�usion in high-tech clusters. Yu [40]
studied product knowledge ontology modeling in the
industrial cluster in order to solve the product infor-
mation sharing problem. Ho�mann et al. [41] analyzed
whether �rm innovation was inuenced by the transfer
of knowledge among cluster �rms. Fang et al. [21] took
enterprise clusters as the research object in order to
identify various risks during the process of knowledge
sharing by use of fuzzy mathematics and arti�cial
neural network. Bocquet and Mothe [42] turned to the
government role in integration of knowledge in small
industrial clusters.

The review of studies performed in this area shows
that these studies are of quality type and pay attention
to methods and factors inuencing knowledge transfer
in the cluster. The increasing competition in business
and resource limitation necessitate that we do not
limit ourselves to identify and survey the e�ect of
factors inuential in knowledge transfer. Therefore,
it is necessary to determine the change and proper
combination of these factors along each other to get the
best result. The realization of this goal is possible by
formulating the problem in mathematical optimization
model.

2.2. Organizational social relationships and
their use in knowledge transfer

Previous studies in knowledge management show that
power of organizational social relationships a�ects the
productivity of knowledge transfer remarkably [43-45].
In these studies, there are two relationships identi�ed,
which are used in knowledge transfer: strong and weak
relationships [46,47]. Hansen proposes a seven-level
scale to determine the power of relationships between
organizations [48]. Using a scale of greater degrees can
be useful in using the resources better. To determine

the power of relationships between �rms, the factors
inuencing them must be known.

The studies of factors inuencing the formation of
social ties are growing [22]. In these studies, di�erent
factors such as trust, resource exchange, communica-
tion method, frequent communications, and physical
closeness are known to be e�ective in formation and re-
inforcement of social ties between organizations and the
sta� [28,49]. In this paper, we focused on factors such
as �nancial relationships between �rms and their levels,
labor force, raw materials and equipment exchange [28],
physical closeness [42], and family relationships be-
tween sta� [50] to determine the power of relationships.
The presence of strong relationship between �rms
increases the knowledge transfer e�ciency [51] and
reduces the cost [25]. On the other hand, researchers
who have studied the social networks and organizations
believe that �rm success is dependent not only on
talents of the sta� and organizational capabilities, but
also on their interactions [52].

Of the research carried out, which turned to the
e�ect of social networks on promotion of knowledge
sharing in organizations, some can be mentioned.
Cowan and Jonard [53], using simulation, studied
the e�ect of di�erent types of network structures on
knowledge distribution in organizations. Levine and
Prietula [54], using agent-based simulation, studied the
e�ect of di�erent types of ties between workers on
knowledge sharing. The results showed that the perfor-
mative ties in organizations reduced the average time
of �nishing tasks. Dong et al. [55] proposed a model
to integrate social network information, knowledge of
employees, and availability of employees to benchmark
managing performance of knowledge-intensive service
organizations. They aimed to maximize the �nancial
performance of organization for a given social network.
The sta� recognized the importance of using social
network information and used it to facilitate knowledge
sharing. In these studies, focus is on integrating
features of sta� and social network information and
e�ective use of the available social network instead of
optimum design and e�ective use of knowledge ow
network.

More recently, research on designing organiza-
tional social network has developed to improve knowl-
edge management in organizations [22]. Leung and
Glissmann [56] designed the organizational social net-
works to improve skills of the sta�. They used cluster-
ing approach to make connections among sta� based
on features and resources. In their clustering approach,
there is no attention to the dynamic nature of sta�'s
knowledge and the type of relationship among the
sta� (in terms of strength and weakness). Zhuge [57]
introduced a frame to combine the organizational social
relationships and capabilities of knowledge sharing in
order to facilitate the design of a knowledge ow
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network. He used trial and error in this framework
and did not maximize the total knowledge level of
organization. Meanwhile, he did not pay attention to
power of relationship amog the sta�, knowledge trans-
fer time, and cost constraints for knowledge transfer
program. In another research, Dong et al. [22] studied
the optimum design of knowledge ow networks among
the sta� and sought to maximize the total knowledge
level of organization in their mathematical model.

In the above studies, while ignored among orga-
nizations, designing of social network among sta� has
been of interest. The closest research to ours is that
of Dong et al. [22] who turned to optimum design
of knowledge ow network among the sta� using a
mathematical model. They sought to maximize the
knowledge level of sta� in the objective function and
did not consider the time and cost constraints for
knowledge transfer in the organization. There are some
constraints in real-life problems on time and cost, which
most organizations face with. To have more attention
to social ties between organizations that facilitate and
reduce the knowledge exchange cost, in addition to
maximization of knowledge level of cluster �rms in the
objective function, another section should be included
to increase the knowledge transfer between �rms that
have stronger relationships with each other. Attention
to �rm power to acquire and transfer knowledge and
capacity of training classes for simultaneous knowledge
transfer to various �rms is e�ective in making the
model real. We tried to consider these issues in our
proposed model to focus on real-life problems. Such a
model can help us to better understand the optimum
design of knowledge ow network between �rms.

3. Methodology

This research is based upon the philosophy of posi-
tivism while it uses quantitative method and follows
deductive approach. Evaluation of results, analysis of
data and modeling, empirical data collection, gener-
ation of models, and development of instruments are
some approaches of quantitative method. The strategy
that is suitable for this study is survey, which is a
technique in which secondary data is collected from
documents of the �rms. In this study, quantitative
approach is preferred as an appropriate tool and all
the results are presented in numbers and mixed integer
programming model as well. Quantitative approach
is a good �t for deductive approaches, in which a
theory or hypothesis justi�es the variables, and the
purpose of quantitative research is imbuing the �ndings
with larger populations through an objective [58]. The
purpose of this study is to carry out a case study.
Population and units of analysis are �rms in Semnan
plaster production industrial cluster and their panels
of experts.

4. De�nition and formulation of the problem

A number of �rms, which are located in a geographic
area with similar activities and products, have the
potential of creating an industrial cluster. If these
�rms make strong relationships and create a network
of cooperation, then an industrial cluster is formed.
Member �rms of an industrial cluster have the op-
portunity of increasing their e�ciency by doing joint
activities like supplying, using distribution networks,
utilizing communications technology, sta� training, do-
ing research, and knowledge development. Knowledge
transfer among members is another opportunity, which
is the subject of this paper. It forms a knowledge
network, which brings member �rms the opportunity of
jointly transferring knowledge with lower costs. Cluster
managers can de�ne an incentive system to form such
knowledge networks. Their objective is maximizing
member �rms level of knowledge through increasing
knowledge transfer in the shortest time and at the
lowest cost.

Since the cluster member �rms are not quite
similar in terms of size, purpose, type of market,
product features, etc., the importance of di�erent types
of knowledge is not the same for them. Also, various
types of knowledge have not the same value for a
�rm. Therefore, prioritization of knowledge types is
necessary when time and budget are limited. At the
beginning of the planning horizon, it is necessary to
determine the knowledge level of each �rm in all types
of knowledge. Three levels are de�ned for each type of
knowledge: beginner, medium, and expert. The �rms
that have a higher knowledge level can transfer their
knowledge to other �rms in the process of knowledge
transfer. The time of the transfer of knowledge is
dependent on complexity and tacitness of knowledge.

A mathematical model is developed to maximize
knowledge level of member �rms with limited budget
and time. This model is presented in the following. In
the �rst part, the assumptions, notations, parameters,
and variables of the model are described. Then, the
mixed integer programming model for this problem is
introduced.

Assumptions
There are some assumptions related to the problem:

- The cost of the transfer of knowledge is dependent
on the type of knowledge and closeness of �rms;

- Member �rms have limited capability of transfer-
ring and acquiring knowledge simultaneously. This
capability is dependent on attributes of the �rm,
such as the number of employees and their level of
experience;

- Knowledge transferring �rm is at higher level of
knowledge than knowledge acquiring �rm;
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- The �rm that is transferring a kind of knowledge
to others cannot simultaneously acquire the same
knowledge from other �rms;

- No �rm can acquire a higher level of the knowledge
that is being acquired until knowledge transferring
period �nishes;

- The level of knowledge for a �rm increases when the
knowledge transferring period �nishes;

- The total cost of knowledge transfers cannot exceed
the total budget allocated for the knowledge transfer
in the industrial clusters.

Notations
i; j; g Firms belonging to cluster 1; 2; � � � ;M
K Types of knowledge 1; 2; � � � ;K
T Time periods 1; 2; � � � ; T
Variables
Xt
ijk If the transfer of knowledge k from

�rm i to �rm j starts in the period t,
the value is one, otherwise zero

Etjk If the �rm j in the period t is
acquiring knowledge k, the value is
one, otherwise it is zero

F tik If the �rm i in the period t is
transferring knowledge k, the value is
one, otherwise it is zero

Ltik Level of knowledge k in the �rm i at
the end of the period t (a positive
integer variable)

Parameters
Dk The number of periods required to

transfer a level of knowledge k
Wik Importance of knowledge k for �rm i
Cijk Cost of transfer of knowledge k from

�rm i to �rm j
C The total budget allocated for the

knowledge transfer in the industrial
clusters

Ai The maximum number of knowledge
types the �rm i can transfer to
other �rms simultaneously (transfer
capability of �rm i)

Bj The maximum number of knowledge
types �rm j can acquire from other
�rms simultaneously (acquiring
capability of �rm j)

� The maximum number of �rms that
can acquire a certain type of knowledge
from a �rm simultaneously (training
class capacity in cluster)

Rij Closeness of �rm i to �rm j

�; � Weight coe�cients to determine the
importance of each part of objective
function, sum of which must be one

4.1. Mathematical model
Objective function and 14 sets of constraints of the
model are the following.

4.1.1. Objective function
The objective function consists of two parts. The
�rst part is to maximize the total knowledge level of
industrial cluster �rms regarding the knowledge values.
The second part is to maximize the knowledge transfer
between �rms that have a closer relationship with each
other.

max

0BB@� MX
i=1

KX
k=1

Wik:LTik+�
TX
t=1

MX
i=1

MX
j=1;
i 6=j

KX
k=1

Rij :Xt
ijk

1CCA :
(1)

4.1.2. Constraints
The constraints of this model can be listed as follows:

� If the level of �rm i in knowledge k is higher than
�rm j at the beginning of the period t, then Xt

ijk
can be one (M 0 is a large enough number):

(1 +M 0):Xt
ijk � Ltik � Ltjk +M 0

i; j = 1; � � � ;M; i 6= j; k = 1; � � � ;K;
t < (T �Dk + 1): (2)

� If Xt
ijk at the beginning of period t is one, then �rm

j cannot acquire knowledge k from another �rms in
the next Dk � 1 periods:

MX
i=1;i6=j

t+Dk�1X
q=t+1

Xq
ijk �

0@1�
MX

i=1;i6=j
Xt
ijk

1A
j = 1; � � � ;M; k = 1; � � � ;K;
t � (T �Dk + 1): (3)

� In the last Dk � 1 periods of planning horizon, the
transfer of knowledge k cannot be started, because
there is not enough time to transfer it completely:

TX
q=T�Dk+1

Xq
ijk � 0 i; j = 1; � � � ;M;

i 6= j; k = 1; � � � ;K: (4)

� Knowledge level of �rm j remains the same for
every type of knowledge in the initial Dk periods
of planning horizon:

Lt+1
jk =Ltjk j=1; � � � ;M; k=1; � � � ;K;
t < Dk: (5)
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� The knowledge k of �rm j increases one level after
completion of transfer period (Dk period):

Ltjk = Lt�1
jk +

MX
i=1;i6=j

Xt�Dk
ijk j = 1; � � � ;M;

k = 1; � � � ;K; t > Dk: (6)

� The knowledge level k of �rm i in all periods cannot
be higher than the de�ned maximum level (expert
level):

Ltik�Lmax i=1; � � � ;M; k=1; � � � ;K;
t = 1; � � � ; T: (7)

� No more than � �rms can acquire knowledge k from
�rm i in period t simultaneously:

MX
j=1;j 6=i

t+DkX
q=t

Xq
ijk � � i = 1; � � � ;M;

k = 1; � � � ;K; t = 1; � � � ; T: (8)

� Constraints 9 and 10 control the capability of a
�rm in simultaneous knowledge transferring. Every
�rm i can transfer maximum Ai types of knowledge
to other �rms simultaneously in each period:

KX
k=1

F tik�Ai i=1; � � � ;M; t=1; � � � ; T;
(9)0@ MX

j=1;j 6=i

tX
q=t�Dk+1

Xq
ijk=M

0
1A � F tik

i = 1; � � � ;M; k = 1; � � � ;K;
t = 1; � � � ; T: (10)

� Constraints 11 and 12 control the capability of a �rm
in simultaneous knowledge acquiring. Every �rm j
can acquire maximum Bj types of knowledge from
other �rms simultaneously in each period:

KX
k=1

Etjk�Bj j=1; � � � ;M; t=1; � � � ; T;
(11)0@ MX

i=1;i 6=j

tX
q=t�Dk+1

Xq
ijk=M

0
1A � Etjk

j = 1; � � � ;M; k = 1; � � � ;K;
t = 1; � � � ; T: (12)

� Firm j cannot acquire higher levels of knowledge k

from other �rms as long as it receives it from �rm i:

MX
i=1;i6=j

t+DkX
q=t

Xq
ijk � 1 j = 1; � � � ;M;

k = 1; � � � ;K; t = 1; � � � ; T: (13)

� Firm i cannot acquire knowledge k from other �rms
if it transfers the knowledge to �rm j:

Xt
ijk +

MX
g=1;g 6=i

t+Dk�1X
q=t

Xq
gik � 1

i; j = 1; � � � ;M; i 6= j; k = 1; � � � ;K;
t = 1; � � � ; T: (14)

� The total costs of knowledge transfer from transfer-
ring �rm i to acquiring �rm j in planning horizon
cannot exceed the allocated budget C:

TX
t=1

MX
i=1

MX
j=1;i6=j

KX
k=1

Cijk:Xt
ijk � C: (15)

5. Case study

In this section, the proposed model for a real prob-
lem is applied and the results from the model and
sensitivity analysis are presented while denoting the
cluster characteristics. The studied industrial cluster is
Semnan production plaster that has 35 industrial active
�rms in the production of plaster and its products.
The distribution of �rms is seen in Figure 1. Around
1000 and 4000 persons work in this cluster, directly
and indirectly, respectively. Semnan, with an annual
production of 6 million tonnes of plaster, produces
80% of the production of plaster in Iran. Averagely,
29 people are employed in each �rm. At this stage,
according to the idea of cluster managers, it is decided
to incorporate 10 highly prioritized types of knowledge
of clusters in the knowledge transfer program.

Figure 1. Distribution of plaster producing �rms in the
cluster.
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Initial knowledge level of member �rms was iden-
ti�ed for each type of knowledge at the beginning of
the horizon as input parameters. This identi�cation of
initial knowledge level was based on the criteria de�ned
by cluster experts and tailored to the performance of
the �rm in the �eld of knowledge.

More complex and tacit knowledge needs more
time to be transferred between two �rms. According
to the view of experts, transfer of identi�ed types
of knowledge in this cluster takes 1 to 3 months,
depending on their complexity and tacitness. Each
month is considered a single period in this model.

The cost of knowledge transfer from one �rm
to another is related inversely to the closeness of
the �rms and directly to the complexity and tac-
itness of knowledge. In other words, the closer
the relationship between the �rms, the less the cost
is; and the higher the complexity and tacitness of
knowledge, the higher the cost of knowledge transfer
would be [59]. The closeness of �rms can be in-
terpreted in terms of �nancial transactions between
the �rms, exchange of labor, raw materials and
equipment, adjacency, and the relationship among
their employees. The closeness of cluster members
is expressed with numbers between 1 and 9, where

number 1 indicates the weakest relationship and num-
ber 9 represents the strongest relationship between the
�rms.

The capability of �rms in simultaneous trans-
ferring or acquiring of knowledge is limited, and is
dependent on the number of employees and their levels
of education and experience. This capability varies
between 2 and 6 types of knowledge for the �rms, which
are incorporated in this study.

Parameter � depends on facilities of the cluster
and possibility of coordinating �rms to participate in
the program. The value of � in the Semnan plaster
production industrial cluster was considered 4.

The values � and � are determined according to
the view of cluster managers. They suggest values �
and � giving the importance of each objective function.
In Table 1, values of parameters and the way of
their measurement in the Semnan plaster production
industrial cluster are presented.

The sum of levels of 10 highly prioritized knowl-
edge types of member �rms in the cluster, which
are considered in the transfer process, is 714 at the
beginning of the planning horizon and would be 1050
in the ideal conditions. It means that the maximum
amount of knowledge that can be transferred is 336.

Table 1. Summary of the model parameters.

Parameters Range/value Average Unit Measurement and calculation basis

L1
ik
� 1-3 2.04 Level Performance of each �rm in the knowledge of

interest based on the de�ned criteria
Dk 1-3 | Period (month) Rate of complexity and tacitness of knowledge
Wik 0.03-0.19 0.1 | Opinion of the managers of each �rm

Cijk 11-49 | Currency Rate of complexity and tacitness of knowledge
and closeness degree of �rms to each other

C 7500 | Currency Financial power of cluster members and the
budget allocated to cluster managers

Rij 1-9 3.2033 |

Factors such as �nancial relationships between
�rms and level of these relationships, exchange
rate of labour force, raw materials and
equipment, adjacency, and kin relationship among
sta� of the �rm

Ai 2-6 3.1428 |
Factors such as number of workers in the sta�,
their education and experience level, facilities,
and the opportunity the �rm considers for education

Bj 2-6 3.2571 |
Factors such as number of workers in the sta�,
their education and experience level, facilities,
and the opportunity the �rm considers for education

� 4 | No. Available software and hardware facilities in the
cluster and the member �rms for education

�, � 0.5-0.5 | | Opinion of the cluster managers
� The value Ltik for t = 1 is a parameter and for t = 2; � � � ; T is a variable.
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5.1. Results
The model is solved with the exact solution method
and solver of CPLEX software of GAMS. The �rst part
of the objective function is related to maximization
of the �rms' knowledge level. The results show that
in a 13-month horizon, knowledge level of �rms in
the cluster, in 10 types, with cost of 7160 monetary
units increases to the expert level (reaching ideal level
of 1050 from the initial sum of 714). Limitation of
resources does not allow the cluster managers to attain
this level of knowledge transfer. Therefore, they can
make decision about the selection of a combination of
budget and time based on the results of sensitivity
analysis and resources available for the best level of
knowledge transfer. The second part of the objective
function is related to enhancing the knowledge transfer
between �rms with stronger relationships. This reduces
the cost of transferring knowledge between members
of the cluster. Figure 2 represents the distribution of
di�erent levels of relationship between member �rms.
Relationship level 1 is the weakest relationship and
relationship level 9 is the strongest relationship. While
majority of relationships between member �rms are
weak (less than 5), knowledge transfers are mainly
done through strong relationships (more than 5). This
reects that existing networks in cluster can be used to
reduce the cost and facilitate the knowledge transfer.

Another important issue that should be noted is
the role of the �rms with expert and medium knowledge
in the transfer of knowledge to other members of the
cluster. The results indicated that 90.5% of the trans-
ferred knowledge in the cluster was from the �rm that
had experts in knowledge and the the share of �rms
with a medium knowledge in transfer was only 9.5%. In
Table 2, the share of transfer of knowledge between the
�rms according to their knowledge level is presented.

The contributions of �rms to knowledge transfer
program are not the same. As seen in Figure 3, 13
�rms with less than 5 cases of knowledge transfer
have the least contribution and 3 �rms with more

Figure 2. The existing relationships between the cluster
members and relationship types used in knowledge
transfer process.

Table 2. The share of �rms in knowledge transfer
regarding their knowledge level.

From medium
to beginner

From expert
to medium

From expert
to beginner

9.5% 82% 8.5%

Figure 3. Firms frequency in terms of number of
knowledge transfers.

than 20 cases of knowledge transfer have the greatest
contribution to knowledge transfer. Close scrutiny
of the input data of the model shows that mostly
�rms with closer relationships with other members
and higher initial levels of knowledge have greater
contributions to knowledge transfer to others.

The results of this section show that the �rms
which are expert in the knowledge of interest and have
a close relationship with other members have the most
inuential role in the knowledge ow network of the
cluster. Strength of network of �rms in a cluster has
prime importance in increasing the cluster potential for
knowledge transfer.

In the next section, the results of examining
the e�ects of model parameters on the �nal solution
are presented so that the managers can choose the
best combination of resources based on conditions and
resources available.

5.1.1. Sensitivity analysis of budget
Without budget constraint, 336 transfers of knowledge
occur and the ideal level of cluster knowledge (i.e.,
1050) at a cost of 7313 monetary units is achievable. In
the case of budget constraint, the number of knowledge
transfers decreases. This relation between reduction of
budget and decreasing number of knowledge transfers
is shown in Figure 4, in which, percentages are de�ned
with respect to the ideal point, i.e. allocation of 7313
monetary units and 336 knowledge transfers between
members.

5.1.2. Sensitivity analysis for planning horizon
Achieving 336 knowledge transfers in the cluster re-
quires a planning horizon of at least 13 periods. Short-
ening the length of planning horizon reduces the total
number of knowledge transfers in the cluster, which
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Figure 4. Sensitivity analysis of budget.

Figure 5. Sensitivity analysis for planning horizon.

in turn leads to reduction in the total level of cluster
knowledge. Figure 5 shows the e�ect of reduction in
the planning horizon on the total knowledge transfers
in the cluster.

5.1.3. Analysis of the relationship between training
class capacity and knowledge transfer cost

The presence of more representatives of �rms in a class
in order to acquire a type of knowledge is allowed if
the facilities to increase the capacity of the classes are
created. This requires spending part of the budget to
increase the capacity of training classes in the �rms.
The increased capacity will help to reduce the cost and
time of knowledge exchange; however, the results of
sensitivity analysis in Figure 6 indicate that the change
in capacity of trainnig classes from the present situation
(� = 4) contributes up to 0.5% to the reduction in the
cost of transfering knowledge, which can be completely
ignored; in facet, it does not have any e�ect on the
change of the knowledge transfer time (horizon of
planning) and is neglected.

5.1.4. Analysis of the relationship between the power
of �rms in simultaneous knowledge exchange
and planning horizon

Capacity of �rms for simultaneous knowledge exchnge
is an important factor in this model. This factor is

Figure 6. Relationship between training class capacity
and knowledge transfer cost.

Figure 7. Relationship between strengthening the power
of �rms for simultaneous knowledge exchange and
planning horizon.

entered into the model with parameters Ai and Bj .
Increase in these parameters does not a�ect knowledge
transfer costs, but it may provide the possibility of
reaching the ideal transfer number (336) in a shorter
length of time (Figure 7). For example, 10% increase in
power of knowledge exchnge in the �rms makes transfer
of 336 cases of knowledge become possible in 9 periods
(4 periods fewer).

5.1.5. Analysis of the relationship between closeness
degree of the cluster members and knowledge
transfer cost

The quality of relationship between the �rms is another
inuencing factor on the costs of knowledge transfer in
industrial clusters. Strengthening these relationships
brings the cluster managers the opportunity of reducing
the costs. For example, in Figure 8, 25% increase
in strength of the relationships between the members
causes 13% reduction in the costs of knowledge trans-
fers.

5.2. Discussion
The status of cluster members' level of knowledge in the
most important 10 types of knowledge at the beginning
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Figure 8. The relationship between strengthening
closeness degree of the cluster members and knowledge
transfer cost.

Table 3. Knowledge level of �rms in the commencement
of planning horizon.

Beginner level Medium level Expert level

17.5% 61% 21.5%

of the horizon is presented in Table 3. Results of
Table 3 show that expert-level �rms are the most
inuential members for knowledge transfers and are in
charge of 90% of the total knowledge transfers in the
cluster. It is worth mentioning that an important part
of the expert �rms are those who were at medium level
at �rst and reached the expert level through knowledge
transfer process.

The strength of relationships among members
of the cluster is an important factor that facilitates
knowledge transfer process and reduces the costs.
The results show that the knowledge transfer in the
planning horizon occurs only between �rms with strong
relationships. This suggests utilizing the existing
networks of the �rms for the knowledge transfers.

Table 4 summarizes the impact of model parame-
ters on cost and time of knowledge transfers. Changing
parameters � and � by determining the importance of
parts of each objective function and the increase in the
capacity of the training classes, i.e. parameter �, do
not have a signi�cant impact on cost and duration of
the knowledge transfer in the cluster. Parameter Rij
is an indicator of closeness of �rms, and parameters
Ai and Bj stand for the �rm's power of simultaneous

knowledge transfer that can reduce the cost and time,
respectively. The results show that cluster managers
can focus on strengthening the networks and increasing
the capability of �rms in absorbing and transferring
knowledge to facilitate knowledge exchange with lower
time and costs.

The sensitivity of the model to knowledge transfer
budget is much more than time horizon, according to
Figures 4 and 5. This fact helps cluster managers in
their decision-making and shows that budget cuts can
strongly reduce the chance of implementing a successful
knowledge transfer program.

6. Conclusion

The most important advantage of the formation of
industrial clusters is joint activities of cluster members,
which saves resources and facilitates synergy. An
important instance is knowledge transfer using shared
resources. With the identi�cation of the inuencing
factors, we can design a cost-e�ective knowledge ow
network, which maximizes knowledge transfer in a
given time span. Accordingly, a mathematical model
was developed in this paper for optimal design of
knowledge ow network in industrial clusters. Then,
the proposed model was applied in a real-world case
study.

The results of solving the model revealed several
important facts about the knowledge transfer between
the member �rms. First, expert members were key
players in knowledge ow network and made a mo-
mentum, which accelerated knowledge transfers in the
cluster. Therefore, the importance of these members
should not be neglected in knowledge transfer program.
Second, the process of knowledge transfer in the cluster
depended heavily on knowledge transfer funding and
budget cuts had a great impact on reducing the number
of knowledge transfers among members. Third, in-
creasing the capability of �rms in knowledge absorption
and transfer provided the opportunity of reducing
time horizon of knowledge transfer program in indus-
trial clusters. Fourth, strengthening the relationship
between the �rms signi�cantly reduced the costs of
knowledge transfer in the cluster. These facts help
cluster managers to understand the most important
factors in designing and implementing the knowledge

Table 4. E�ect of model parameters on cost and time of knowledge transfer.

Parameter Knowledge
transfer cost

Knowledge
transfer time

E�ciency

Changes in � and � | | Ignorable

Increase of � | | Ignorable

Increase of Rij Reduction | To 13%

Increase of Ai and Bj | Reduction To 46%
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transfer program in industrial clusters. They also can
design knowledge ow network to maximize knowledge
transfers in the cluster, with minimum cost and time.

In further research, the dynamic nature of rela-
tionships among cluster members should be considered
as the interactions between cluster �rms can cause
them to become closer over time. The horizontal
integration in supply chain is another issue to be
studied in the development of the suggested model.
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