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a b s t r a c t

During the life period of Small and Medium Enterprises (SMEs) in incubators they need some training
programs to acquire the required knowledge in order to survive and succeed in the business environ-
ment. This paper presents a heuristic method based on an optimization model to schedule these pro-
grams at the most suitable times. Based on the proposed heuristic, each training program is
implemented in a suitable time by considering the SMEs’ requirements and some other logical con-
straints. The proposed heuristic is described in detail, and its implementation is demonstrated via a
real-life numerical example. The numerical results of the heuristic are compared with other methods.

� 2011 Elsevier B.V. All rights reserved.

1. Introduction

Incubators have become an integral part of business in many
countries, and governors regard them as a crucial tool in the eco-
nomic development. The role of Small and Medium Enterprises
(SMEs) is not negligible in the boom of every economy, and incuba-
tors are one of most effective environments to support SMEs to de-
velop their innovations, commercialize their research results, and
achieve a sustainable growth. This support ranges from providing
office space and physical equipments with low cost to assistance
in developing business plan, capital acquisition, and other special-
ized services with high added-value (Bergek and Norman, 2008;
Grimaldi and Grandi, 2005). The life period of SMEs in an incubator
usually takes 24–36 months. After this incubating period, they are
expected to become independent with a sustainable development
in their business. The early years of the life of SMEs in incubators
have been the focus of considerable research effort. Specially, iden-
tification of the important factors and conditions that expedite
their growth process and success has attracted much attention
from the research community. Today’s competitive world has
diversified the required skills and knowledge to succeed in busi-
ness. Whereas universities usually provide the preliminary skills
from the theoretical point of view, incubators are specialized envi-
ronments to support SMEs’ leaders by providing other necessary

skills and knowledge. Consequently, there exists a gap between
the required knowledge and the possessed knowledge by entrepre-
neurs (Chrisman and McMullen, 2004). The knowledge and skills of
SMEs’ leaders is very important to increase their performance,
competitiveness, and survival chance in the business environment,
and it has been argued that SMEs’ failures are typically due to
the lack of such managerial skills (Feeser and Willard, 1990;
Martocchio and Baldwin, 1997; Zahra and Covin, 1993). For any
SME to be, and to remain, successful over a long period of time
there must be the capability to adapt to new circumstances,
especially in the early years of life in an incubator. During the past
decade, SMEs have been encouraged to utilize the services of
knowledge centers. In spite of these efforts there are still some
questions about the nature and the extent of SMEs’ knowledge
requirements and the efficient ways to transfer this knowledge.
However, there is a common agreement on the necessity of contin-
uous training to update and enhance the required skills of employ-
ees, and even leaders, in all organizations including SMEs (Salas
and Cannon-Bowers, 2001). Implementation of the training pro-
grams for SMEs is one of the main duties of incubators (Aaboen,
2009), but it is not a trivial task to choose the right training pro-
grams at the right times (Banfield et al., 1996). Our literature sur-
vey failed to find many papers directly related to schedule training
programs for SMEs. The most relevant research area in the litera-
ture is course scheduling, which has attracted the attention of
many researchers in the domain of operational research for many
years. Course scheduling problems aim to determine which
courses should be taught on which days, on what times, and in
which rooms, subject to some side constraints (Thompson, 2005).
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There exist many papers related to the course scheduling problem,
and each paper focuses on some specific aspects of this problem.
However, the majority of the existing papers have been devoted
to course scheduling at universities, where professors are assigned
to courses and courses are assigned to time slots and classrooms.
Different objective functions might be considered such as conflict
in teaching hours, professors’ preferences, and continuity of teach-
ing hours. Usually, two types of constraints are defined: those
which must be strictly satisfied under any circumstances (hard
constraints) and those which are not necessarily satisfied but
whose violations should be minimized (soft constraints). Any solu-
tion which satisfies all the hard constraints is called a feasible solu-
tion. Due to the complexity of the real-world course scheduling
problem, the soft constraints may need to be relaxed since it is
not usually possible to generate solutions without violating some
of them. Soft constraints are usually used within the cost evalua-
tion function to evaluate how good the solutions are (Lu and
Hao, 2010). Some exact techniques have been proposed for solving
the course scheduling problem, including constraint programming
(Valouxis and Efthymios, 2003) and integer programming (Das-
kalaki and Birbas, 2005). Course scheduling problem is known as
an NP-Complete problem. Since NP-Complete problems cannot
be solved efficiently as the size of the problem increases (Head
and Shaban, 2007) heuristic approaches (Dimopoulou and Miliotis,
2001) as well as meta-heuristics such as ant colony optimization
(Azimi, 2005), genetic algorithms (Wang, 2003), tabu search (Alva-
rez-valdes et al., 2002), and simulated annealing (Zhang et al.,
2010) have been extensively applied by researchers to find a
near-optimal solution. Although various course scheduling prob-
lems and approaches have been investigated in the literature, no
specific one can be applied universally due to the specific features
of each problem. Some recent works focus to bridge the gap
between research and the real world applications (Zhang et al.,
2010). In practice, course scheduling is not restricted to universi-
ties; many organizations use course scheduling techniques to
schedule the required training programs for their employees.
These training programs are crucial elements of human resource
development in order to follow a sustainable development. They
increase the quality of human resources as well as the organiza-
tional long term efficiency and productivity. The impact of training
programs can be significantly enhanced if they are appropriately
scheduled (Juang et al., 2007). Studies conducted in 2006 show
that in this year, organizations in the United States spent a total
of $55.8 billion on training. However, in spite of such enormous
investment in training, there was little evidence of verifiable return
or of the effective results (Tharenou et al., 2007). In view of the
experts, the main reason of this failure is the lack of needs assess-
ment before implementing the training programs or inappropriate
times to implement them. So, both careful needs assessment and in-
time implementation of training programs are necessary to increase
the efficiency of the training programs. In other words, the training
programs should be implemented not only with a high quality, but
also at a suitable time and based on needs assessment. This paper
proposes a heuristic method based on an optimization model to
specify the most suitable time for implementation of each training
program. The remaining of this paper is organized as follows. The
optimization model to schedule training programs is presented
in Section 2. Then, in Section 3 the proposed heuristic method to
find a solution close to the optimal solution of the optimization
model is discussed in detail. Section 4 explains an equivalent job
scheduling problem in order to show that the application of our
problem is not merely restricted to SMEs. A real-life numerical
example is provided in Section 5 to demonstrate implementation
as well as efficiency of the proposed heuristic. Finally, conclusions
and future studies appear in Section 6.

2. Problem statement

The first two or three years of the life of some SMEs is spent in
incubators. During this preliminary, and yet vital, period their basic
needs should be recognized and supplied by the incubator. In fact,
identification and supply of these basic needs is one of the main
responsibilities of incubators. The basic requirements of SMEs
can be divided into two main parts: hard needs and soft needs. Ba-
sic hard needs of SMEs are mostly associated with preparation of
different hardware facilities, whereas their basic soft needs consist
of the required knowledge to survive and to succeed in the busi-
ness environment. One of the main duties of incubators is prepara-
tion of such knowledge for SMEs.

2.1. The training programs

Training programs are the most common tools in incubators to
provide the required knowledge for SMEs. They are effective to en-
hance personal and organizational capabilities of SMEs in different
facets. Indeed, a considerable portion of the required knowledge is
provided by training programs. They can also be accompanied by
other educational tools, as is common, to supply soft needs. In this
paper, we consider the following programs which are usually
implemented in incubators (Saidi-mehrabad et al., 2008): (1) man-
agerial principles, (2) business plan, (3) quality management, (4)
marketing, (5) product development, (6) capital acquisition, (7)
project control and management, and (8) financial management.
One can combine some of the above mentioned programs or add
some other programs. Here, we do not discuss further about the
training programs for two reasons. First, a lot of research has been
devoted to determine the appropriate training programs. Second,
the proposed heuristic in this paper is independent of the number
and the nature of the training programs; so, it can also be used in
incubators with different training programs.

2.2. The effective criteria

The key point is that each training program should be imple-
mented at the most suitable time. To this end, it is a good idea to
consider the desired value of the criteria based on which perfor-
mance of an SME is evaluated. According to the experts’ opinions
(Saidi-mehrabad et al., 2008), the most important criteria to eval-
uate SMEs are: (1) capabilities of managers, (2) strategic plan, (3)
process development, (4) product development, (5) information
and advertisement, (6) plan for capital acquisition, (7) scheduling
and project control, (8) team working, and (9) costs management.
Similarly, because of the two aforementioned reasons about the
training programs, we avoid further discussion about the effective
criteria to evaluate SMEs. The above criteria have dynamic weights
during the life period of SMEs in incubators. For instance, Informa-
tion and advertisement as a criterion is not important in the early
months, but it is much more important in the last months. So, a
weight function depending on the time, t, can be assigned to each
criterion. In addition, there is a correlation between each criterion
and each training program. Some of the criteria have a very close
relation with a specific training program. However, generally, there
is not a one-to-one map between the criteria and the training
programs. Indeed, each training program p can improve each
criterion c to some extent, and the proposed heuristic is based on
this sound idea. For example, the most effective training program
to enhance criterion information and advertisement is marketing;
so, the training program marketing should be implemented before
the last months regarding the desired value of information and
advertisement.
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