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In tro du c tion
Input may be deterministic or probabilistic. Arrival
may come in batches instead of one at a time. The
input is defined to occur in bulk or batches if more
than one arrival joins the system simultaneously.
The behavior of a customer upon entering the
system is also necessary to know. If a customer
decides not to join the queue upon arrival, he is
said to have balked. On the other hand a customer
may enter the queue but after a time, losses
patience and decides to leave, he is said to have
reneged in this situation. Customers may switch
from one queue to another that is jockeying for
position. An arrival pattern that does not change
with time is called stationary arrival pattern. One
that is not time - independent is called non-
stationary. The system is called a delay or loss
system depending on whether a unit that on arrival
finds the service facility occupied, join or leaves
the system. The source from which units come may
be finite or infinite.

Theo re tica l B ackg round
Kishore S Trivedi (2001) Probability and Statistics
with Reliability, Queuing and Computer Science
Applications, Second Edition, offers a
comprehensive introduction to probability,
stochastic processes, and statistics for students of
computer science, electrical and computer
engineering, and applied mathematics. Its wealth of
practical examples and up-to-date information
makes it an excellent resource for practitioners as
well.

A A Kudryavtsev (2016) devoted his work to
Bayesian queuing and reliability models. In the
framework of the Bayesian approach, it is assumed
that the key parameters of classical systems are
random and only their a priori distributions are
known. By randomizing system’s parameters such
as the input flow intensity and the service intensity,

one may randomize system’s characteristics, for
example, system’s loading factor. The Bayesian
approach can be used in the case of studying large
groups of systems and devices or one system with
variable characteristics. The results for probability
characteristics of the system’s loading factor and
the probability that the claim received by the
system will not be lost in the case of the system of
the M|M|1|0M|M|1|0 type where one of the
system’s parameters has a degenerate distribution
and the other has the Weibull distribution are
presented.

Serv ice M echan ism
The service mechanism describes the manner in
which service is rendered. Service pattern can also
be described by a rate (number of customers served
per some unit of time) or as a time (time required to
service a customer). Service rate or service time is
relied on the fact that the system is not empty. In
empty case, the service facility is idle. Service may
also be deterministic or probabilistic. Units may be
served either singly or in a batch. The situation in
which service depend on the service number of
customer waiting, is referred to as state dependent
service. Any queuing system could be non-
stationary and state dependent.

Desc rip tion o f th e Q ueu ing P rob lem
The queue discipline indicates the way in which the
units form a queue and the manner to take-up of
customers for service. The usual discipline is first
come-first served (FCFS) or first in first out (FIFO).
Though sometimes other rules such as last come
first served (LCFS) or random ordering before
service independent of the time of arrival to the
queue (SIRO), a variety of priority schemes are
also adopted.

If the customer with the highest priority is allowed
to enter service immediately the situation is
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Abstract
A Queuing system can be described by the flow of units for service, forming or joining the queue, if service
is not immediately available, and leaving the system after being served (or sometimes without being served).
The arrival pattern or input is often measured in terms of the average number of arrivals per some unit of time
(mean arrival rate) or by the average time between successive arrivals (means inter arrival time). This paper
discuss that the present industrial environment is characterized by markets facing competition from which
customer requirements and expectations are becoming increasingly high in terms of quality, cost and delivery
times.
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referred as preemptive case, even if the customer
with the lower priority is already in service when
the higher priority customer enters the system. On
the other hand the second priority situation is
known as non-preemptive case, the highest priority
customer goes to the head of the queue but cannot
get service until the service of the customer
presently in service is finished, even through this
customer has a lower priority. In some finite
queuing situation, there may be a finite limit to the
maximum queue size. Then a new arrival is forced
to balk if he arrives at a time when queue size is at
its limit. The system may have a single channel or
parallel channels for service. The number of
service channel refers to the number of parallel
service stations. A barber shop with many chairs
and supermarket are few examples of this type.

A queuing system may have only a single stage of
service or it may have several stages. An example
of a multi stage queuing system would be a
physical examination procedure, where each patient
must procedure, where each patient must proceed
through several stages such as medical history: ear,
nose and throat examinations, blood tests,
electrocardiograms, eye examinations and so on. In
some multistage queuing processes recycling may
occur.

Flow shop scheduling problems are mainly
concerned with completion time related objectives,
however, in modern manufacturing and operations
management, on time delivery is a significant
factor as for the reason of upward stress of
competition on the markets. Industry has to offer a
great variety of different and individual products
while customers are expecting ordered goods to be
delivered on time. Hence, there is a requirement of
multi-objective scheduling system through which
all the objectives can be achieved simultaneously.
Also flow shop with sequence dependent setup
times (SDST) are among the most difficult class of
scheduling problems. Effective managing of
sequence dependent setups is one of the critical
factors to improve manufacturing system
performance and hence it must be considered
separately from the processing time when dealing
with scheduling problems.

According to the shop environments, the shop
scheduling problems can be classified as flow shop,
flexible flow shop, job shop, and flexible job shop
scheduling. Shop scheduling problems are
combinatorial optimization class of problems
which means searching for an optimal solution in a
finite set of potential solutions. Exact or complete
algorithms guarantee to find an optimal solution for
every finite size instance of a combinatorial
optimization problem in bounded time. The typical

combinatorial problems like the shop scheduling
problem are usually NP-hard i.e. hardly any
algorithm exist can solve the problem in
polynomial time. Therefore, exact algorithm needs
unexpected computation time leading to
impractical computational burden for large scale
application. Despite the relative success of exact
algorithms and heuristic methods, they are still
incapable of solving medium and large instances
and too complex for real world problems.
Therefore, non-exact but efficient heuristics must
be explored to find the solution in a reasonable
period of time. Efficient meta-heuristics procedures
like tabu search (TS), ant colony optimization
(ACO), artificial immune system (AIS), simulated
annealing (SA), particle swarm optimization (PSO)
and genetic algorithm (GA) have been proposed to
find an approximate solution close to the optimum
with considerably less computational time in
various engineering applications. Extensive
literature review suggests that the flexible flow-
shop scheduling problems (FFSP) and flexible job-
shop scheduling problems (FJSP) are least explored.
As FFSP and FJSP are more complex problems
than the FSP and JSP problems, it encourages the
researchers to apply the meta-heuristic techniques
which will provide high quality solutions in a
reasonable computational time. There are different
systems of production scheduling including flow
shop in which jobs are to be processed through
series of machines for optimizing number of
required performance measures.

PSO is an effective algorithm which gives quality
solutions in a reasonable computational time and
requires less number parameters to be tuned in
comparison to other evolutionary approaches.
However, PSO has an inherent drawback of getting
trapped at local optimum due to large reduction in
velocity values as iteration proceeds and poses
difficulty in reaching at best solution. This
drawback can be effectively addressed using
quantum-behaved particle swarm optimization
(QPSO) due to its advanced global search ability.
Mutation, a commonly used operator in genetic
algorithm, can be introduced in QPSO so that
premature convergence can be avoided. Logistic
mapping can be used to generate chaotic numbers
instead of random numbers to improve the solution
diversity. In this dissertation work, a novel particle
swarm optimization (PSO) and quantum particle
swarm (QPSO) optimization algorithm have been
proposed for solving the single objective as well as
multi-objective scheduling for flexible flow shop
and job shop scheduling problems. Methodology
for obtaining robust schedule is proposed to deal
with uncertain situation in flexible flow shop and
job shop scheduling. It is demonstrated that
solution quality improves when PSO and QPSO
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algorithms are embedded with chaotic numbers and
mutation.

Conc lus ion
The present industrial environment is characterized
by markets facing competition from which
customer requirements and expectations are
becoming increasingly high in terms of quality,
cost and delivery times. This evolution is made
stronger by rapid development of new information
and communication technologies which provide a
direct connection between industries and customers.
Hence, Industry performance is built on two
dimensions:
 A technological dimension, whose goal is to

develop intrinsic performance of marketed
products in order to satisfy requirements of
quality and lower cost of ownership for these
products, technological innovation plays an
important role and can be a differentiating
element for market development and
penetration. In this regard, it is known that
rapid product technological growth and the
personalization requirements for these
products expected by markets often lead
companies to forsake mass production and
instead focus on small or medium sized
production runs, even on-demand
manufacturing. This requires them to have
flexible and progressive production systems,
able to adapt to market demands and needs
quickly and efficiently.

 An organizational dimension intended for
performance development in terms of
production cycle times, respect of expected
delivery dates, inventory and work in process
management, adaptation and reactivity to
variations in commercial orders, etc. This
dimension plays an increasingly important role
as markets are increasingly volatile and
progressive, and require shorter response times
from companies.

Therefore, Industries must have powerful methods
and tools at their disposal for production

organization and control and that focused attention
on satisfying customer needs under the best
possible conditions.
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