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Abstract 

The main contribution of this work is to apply Tabu search based algorithms for solution of 

scheduling of jobs in CMS environment. An attempt has been made in this work to vary the 

job sequencing so that optimal sequencing of jobs can be achieved. The idea behind this 

work is to perturb sequences in the search of better results. More the number of sequences 

higher will be the degree of the optimization of objective (COF). This algorithm is suitable 

to explore number of job sequences from a fixed job sequence and its ability to come out 

from local optima. The main objective, which is the combination of maximizing the 

machine utilization by keeping penalty cost nil is achieved by this method. A scheduling 

procedure is developed for a specific FMS to maintain its flexibility and thereby the 

intended performance measures. The mechanism operates based on Tabu search and 

optimizes two contradicting objectives simultaneously. The problem in this research is 

considered as each processing step of job has a processing time with specific operation. Set 

up times of machines and intercellular movement times can be considered while solving the 

scheduling problem in future. 

Keywords: CMS, Tabu search method, lower penalty cost, combined objective function.  

 
1. Introduction  

Cellular manufacturing is an application of Group Technology in which machines or 

processes have been aggregated into cells, each of which is dedicated to production of a part 

or product family or limited group of families. Parts with similar processing requirements 

are identified; these are then placed into logical groups called part families and the 

equipment requirements for each part family are subsequently determined. A part family is a 

collection of parts which are similar either because of geometric shape and size or similar 

processing steps required in their manufacture.  A manufacturing cell consists of several 

functionally dissimilar machines which are placed in close proximity to one another and 

dedicated to the manufacture of a part family. It utilizes the concept of  divide  and  
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conquers  that is  to  break up  a  complex manufacturing facility into several groups of 

machines (cells), each being dedicated to the processing of a part family. Therefore, each 

part type is ideally produced in a single cell. Thus, material flow is simplified and 

scheduling task is made much easier. CM is a hybrid system (incorporates the flexibility of 

job shops and the high production rate of flow lines) in which machines are located in close 

proximity to one another (machine cell) and dedicated to a part family. This, cellular 

manufacturing is limited to two dimensions being part and machine. 

The use of general-purpose machines and equipment in CM allows machines to be changed 

in order to handle new product designs and product demand with little efforts in terms of 

cost and time. So it provides great flexibility in producing a variety of products. In 

conclusion, CM is a manufacturing system that can produce medium volume/medium 

variety part types more economically than other types of manufacturing systems. In the last 

several decades, CM has become increasing popular among manufacturers. 

Group technology is a theory of management based on the principle that similar things 

should be done similarly”. It can be applied to various administrative activities including 

activities involved in manufacturing. Frederick Taylor initiated group technology as a 

manufacturing philosophy in 1919 that uses the similarities of produced parts in order to 

create the factory and shop floor layout design. cellular manufacturing uses the principle of 

group technology by grouping parts with similar characteristics into part-families and 

corresponding machines into machine cell in order to achieve higher production efficiency 

compared to traditional manufacturing. Cellular manufacturing is an integral part of lean 

manufacturing.                                                                         

 Cellular Manufacturing is an approach that helps build a variety of products with as little 

waste as possible. A cell is a group of workstations, machine tools, or equipment arranged to 

create a smooth flow so families of parts can be processed progressively from one 

workstation to another without waiting for a batch to be completed or requiring additional 

handling between operations. Put simply, cellular manufacturing groups together machinery 

and a small team of staff, directed by a team leader, so all the work on a product or part can 

be accomplished in the same cell eliminating resources that do not add value to the product. 

Cellular manufacturing a model for workplace design is an integral part of just-in-time 

manufacturing and lean manufacturing with additional applications in administrative 

processes. The cell, or work cell, has roots in group technology, which seeks to align process 

flows by families of component parts or, sometimes, families of target customers. The 

https://en.wikipedia.org/wiki/Just-in-time_manufacturing
https://en.wikipedia.org/wiki/Just-in-time_manufacturing
https://en.wikipedia.org/wiki/Group_technology
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cellular mode of process organization is in contrast to the functional, or “job-shop,” form, 

which “groups similar equipment” (e.g. lathes, mills, drills etc.) into functionally specialized 

units in order to manufacturing a variety of dissimilar parts that may follow highly variable 

routings. A cell, on the other hand, groups dissimilar equipment in order to produce similar 

parts using identical or closely related routings.” The cellular mode may be developed in the 

form of networks of “linked cells” in which manufacturing cells feed parts to subassembly 

cells, which feed subassemblies to final assembly cells. Some machines in a cell may not be 

“used to their capacity, which is a concern if machines are expensive, and a reason to avoid 

expensive machines when possible.” Among the many benefits of cells, “the overall effect is 

to greatly shorten lead times of material through production and  provide excellent visibility 

and immediate feedback among the operation in the cell.”Cellular manufacturing brings 

scattered processes together to form short, focused paths in concentrated physical space. So 

constructed, by logic a cell reduces flow time, flow distance, floor space, inventory, 

handling, scheduling transactions, and scrap and rework (the latter because of quick 

discovery of nonconformities).  

Moreover, cells lead to simplified, higher validity costing, since the costs of producing items 

are contained within the cell rather scattered in distance and the passage of reporting time.  

Cellular production helps to eliminate overproduction. Overproduction impacts the 

environment in three key ways:- 

Increases the number of products that must be scrapped or discarded as waste. 

Increases the amount of raw materials used in production. 

1.1 Aims and objectives              

Scheduling is very important part in CMS, initial investment in facilities grouped into CMS 

is very high so these systems must be scheduled in a manner to realize more utilization of all 

the facilities while meeting customer delivery schedule. Scheduling concerns the allocation 

of limited resources to tasks over time. Production scheduling is concerned with the 

allocation of resources and the sequencing of tasks to produce goods and services. Although 

allocation and sequencing decisions are closely related, it is very difficult to model 

mathematically the interaction between them. However, by using a hierarchical approach, 

the allocation and the sequencing problems can be solved separately. The allocation problem 

is solved first and its results are supplied as inputs to the sequencing problem. The resource 

allocation problem can sometimes be solved using aggregate production planning 
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techniques. The basic aims and objective which are behind the scheduling of cellular 

manufacturing system are given below as follows:-  

Reduction in the production time. 

Due dates fulfilment.  

End planning date fulfilment.  

Machine idle times reduction. 

Cost reduction in manufacturing.  

1.2 Scope of work 

Presently, research pertaining to cell formation problem in CMS is in maturity phase of life 

cycle and the need of hour is that researchers realign their research objectives to the 

emerging business reality. CMS design research has not been able to adequately satisfy user 

requirements. There are many areas in which research in CMS can be done. These include 

developing solution method lies that guarantees product focused  cells  and  the  use  of  

more  production  information  in  solving  the restructuring problems. Adopting a Focused 

Factory is a powerful approach for today's manufacturing enterprise as a focused factory can 

provide many benefits including; reduced inventories and cycle times, improved quality and 

operational efficiencies, better cash flow, greater customer satisfaction , loyalty and a 

happier more productive work force. The investigation of Stanley D. Stone et al. [1998] 

introduces the basic concepts of Focused Factories including: Cellular Manufacturing, visual 

factory techniques in a case study format. It examined a small manufacturer of value added 

plastic components consisting primarily of control knobs for the aerospace, industrial and 

consumer markets and suggests one dozen ways to focus the factory to implement CM. This 

topic can also be extended as a research topic. One of the important research area is 

Scheduling of Cellular Manufacturing Systems. Initial investment in facilities grouped into 

CMS is very high so these systems must be scheduled in a manner to realize more utilization 

of all the facilities while meeting customer delivery schedule. Because of complexity of 

scheduling there are different views of it Problem Solving Perspective views the scheduling 

as an optimization problem. It is the formulation of scheduling as a combinatorial 

optimization problem isolated form the manufacturing planning and control system place. 

Decision making Perspective is the view that scheduling is a decision that a human must 

make. Schedulers perform a variety of tasks and use both formal and informal information to 

accomplish these. Schedulers must address uncertainty, manage bottlenecks, and anticipate 

the problems that people cause Organizational Perspective. It is a systems-level view that 
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scheduling is part of the complex flow of information and decision-making that forms the 

manufacturing planning and control system. 

2. Literature review 

In order to achieve the  objectives of this  research a  literature review was  conducted. The 

literature included  information on  scheduling for cellular manufacturing system. Using  

Tabu  search  method.  In today‟s  business world, competitiveness  defines  an industry 

leader. The drive toward maximum efficiency is constantly at the forefront of such 

companies‟ objectives. Managers across the country are striving to adopt lean manufacturing 

practices to help address worries about their bottom line. Cellular Manufacturing is one 

staple of lean manufacturing. Cellular Manufacturing is an approach that helps build a 

variety of products with as little waste as possible. A cell is a group of workstations, 

machine tools, or equipment arranged to create a smooth flow so families of parts can be 

processed progressively from one workstation to another without waiting for a batch to be 

completed or requiring additional handling between operations. Put simply, cellular 

manufacturing group‟s together machinery and a small team of staff, directed by a team 

leader, so all the work on a product or part can be accomplished in the same cell eliminating 

resources that do not add value to the product. How to incorporate cellular manufacturing? 

The implementation process of shedding the traditional manufacturing processes and 

embracing the drastically different cellular manufacturing techniques can be a daunting task. 

Management must deal with many issues including cell design and set up, team design and 

placement, employee training, teamwork training, as well as other company functional 

issues. A project team should be put together that consists of management and production 

employees to handle these changes. 

Fahad AI- Mubarak et al. [2000] studied focused cellular manufacturing (FCM). The results 

indicate that the FCM scheme has a batching advantage (i.e., it has to wait less time to batch 

components before assemble). This advantage dominated the balanced machine utilization 

benefit of the job shop (JS) layout scheme. The Job Shop was only able to overcome the 

batching advantage when there were small batch sizes or large setup time magnitude. 

B. Mahadevan et al. [2000] is an effort in this direction. The study has provided a 

quantitative basis for resolving this conflict. The result indicates the need for including the 

product dimension to the CMS design problem. 

Satya S. Chakravorty & Douglas N. Hales [2002] extends the Hayer‟s work by performing a 

case study in millwork manufacturing industry and developing a sequential cell design 
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approach considering structural and operational issues. The work describes how analysis of 

the existing system and the assignment of operators to cells were performed. It also deals 

with the implementation issues in changing from conventional to CM. Traditional cellular 

manufacturing system (CMS) considers only two dimensions i.e. “machine-component”. 

However, when the problem is addressed in a context of product - part - machine" 

dimension, it provides a different perspective to the problem. Practitioners often face the 

difficult choice of what machines to dedicate to the cells and what to keep centralized. 

Chao-Hsien Chu et al. [2006] found Cellular manufacturing (CM) is an approach that can be 

used to enhance both flexibility and efficiency in today‟s small-to-medium lot production 

environment. The design of a CM system (CMS) often involves three major decisions: cell 

formation, group layout, and group schedule. Ideally, these decisions should be addressed 

simultaneously in order to obtain the best results. However, due to the complexity and NP-

complete nature of each decision and the limitations of Traditional approaches, most 

researchers have only addressed these decisions sequentially or independently. In this study, 

a hierarchical genetic algorithm is developed to simultaneously form manufacturing cells 

and determine the group layout of a CMS. The intrinsic features of our proposed algorithm 

include a hierarchical chromosome structure to encode two important cell design decisions, 

a new selection scheme to dynamically consider two correlated fitness functions, and a 

group mutation operator to increase the probability of mutation. From the computational 

analyses, these proposed structure and operators are found to be effective in improving 

solution quality as well as accelerating convergence. 

R Giri et al. [2007] found the current paper proposes an optimum  clustering  approach for  

automatic generation  of machine cells and part families. The design of a cellular 

manufacturing system begins with a specified „part- machine incidence‟ matrix, showing the 

machine sequence and volume of production. The arrangement of machines in the cells is 

addressed in the present paper by finding an optimal machine sequence, which maximizes 

the overall flow of components between the machines. An optimal number of cells are 

arrived heuristically by accounting the total intercool movements using the obtained 

machines.                                                                                                                              

Sule Itir Satoglu & Nallan C. Suresh [2008] In this study, a goal-programming model is 

proposed for the design of hybrid cellular manufacturing (HCM) systems, in a dual resource 

constrained environment, considering many real-world application issues. The procedure 

consists of three phases. Following an initial phase involving a Pareto analysis of demand 
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volumes and volatility, a machine-grouping phase is conducted to form manufacturing cells, 

and a residual functional layout. In this phase, over- assignment of parts tithe cells, machine 

purchasing cost, and loss of functional synergies are attempted to be minimized. Following 

the formation of cells and the functional layout, a labor allocation phase is carried out by 

considering worker capabilities and capacities. The total costs of cross-training, hiring, 

firing and over-assignment of workers to more than one cell are sought to be minimized. An 

application of the model on real factory data is also provided in order to demonstrate the 

utility and possible limitations. 

In recent years, the process of cellular manufacturing (CM) has received much attention and 

popularity in many developed countries. The fundamental issue in CM is cell design and cell 

formation. It is of strategic and operational importance as it affects the fundamental structure 

and overall layout of a CMS. Thus, amongst the problems of CMS, CF is considered to be 

the first and foremost problem in designing a CMS. The cell formation problem has received 

a great deal of attention, and large number of research papers and practice reports have been 

published 1960s. During the last three decades of research numerous algorithms have been 

developed to solve this problem. However, there is a concern of the widening gap between 

research and practice. 

Cellular manufacturing is an application of Group Technology in which machines or 

processes have been aggregated into cells, each of which is dedicated to production of a part 

or product family or limited group of families. Parts with similar processing requirements 

are identified; these are then placed into logical groups called part families and the 

equipment requirements for each part family are subsequently determined. A part family is a 

collection of parts which are similar either because of geometric shape and size or similar 

processing steps required in their manufacture.  A manufacturing cell consists of several 

functionally dissimilar machines which are placed in close proximity to one another and 

dedicated to the manufacture of a part family. It utilizes the concept of divide and conquers 

i.e. to break up a complex manufacturing facility into several groups of machines (cells), 

each being dedicated to the processing of a part family. Therefore, each part type is ideally 

produced in a single cell. Thus, material flow is simplified and scheduling task is made 

much easier. CM is a hybrid system (incorporates the flexibility of job shops and the high 

production rate of flow lines) in which machines are located in close proximity to one 

another (machine cell) and dedicated to a part family. This, cellular manufacturing is limited 

to two dimensions being part and machine. 
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The use of general-purpose machines and equipment in CM allows machines to be changed 

in order to handle new product designs and product demand with little efforts in terms of 

cost and time. So it provides great flexibility in producing a variety of products. In 

conclusion, CM is a manufacturing system that can produce medium volume/medium 

variety part types more economically than other types of manufacturing systems. In the last 

several decades, CM has become increasing popular among manufacturers.    

3. Formulation of problem 

The combined objective function constitutes of two functions. These functions are related 

addresses the problem of scheduling jobs in a flexible job shop with the objective of 

minimizing total idleness of machine and maximizing the machine utilization. To achieve 

the objective of maximizing the machine utilization we use the minimization of total 

machine idle time. So the combined objective function (COF) becomes to minimize the 

machine idle time by keeping penalty cost zero. To attain our objective of keeping total 

penalty cost nil and maximizing the machine utilization, we have to minimize our Combined 

Objective Function (COF). 

After every solution move in the TS procedure every solution in the neighborhood of the 

current solution will be evaluated for a Combined Objective Function (COF) of minimizing 

machine idle time and keeping penalty cost zero. 

Our primary objective is to maximize the utilization of the capital-intensive system. Also 

with the emerging trends towards customer orientation in the world of global market, the 

system can not afford to ignore objectives that have direct relation to customer satisfactions. 

So, both of the above objectives (maximizing the system utilization and keeping penalty cost 

nil) are considered for optimization. 

COMBINED OBJECTIVE FUNCTION (COF) 

Minimize 

COF = (W1) * [(Xp * C) ÷ MPP] + (W2)*( Xq ÷TE) 

Where 

W1 = Weight age factor for Customer satisfaction. 

TE = Total Elapsed (make span) Time.  

Xp= Penalty cost incurred 

W2= Weight age factor for machine utilization 

C = Function of penalty cost if completion time CTi increases DDi due date for job, C 

becomes unity which means there will be some penalty cost which is not an acceptable 
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condition. In such condition Tabu search moves will search the neighborhood network to get 

the required result that is value of Idleness and COF by keeping penalty cost zero. 

1)  

X p= Total Penalty Cost incurred 

Xp = ∑ ( CTi - DDi)*UPCi*BSi 

i= Job number 

CTi=Completion Time of job i 

DDi =Due Date for job i 

UPCi = Unit Penalty Cost for job i 

BSi = Batch size of job i 

a)   Ti = Processing time = (1/60*8) *Batch size = time in days  

b)   TE= Total elapsed or Actual time= Processing time + Idle time  

c)    Assuming MPP= 1000  

2) 

W2 =Weight age factor for Machine Utilization 

Xq =Total Machine idle Time of jth machine = ∑ MIjJ 

J=machine number 

MIj = Machine idle time of Jth machine = TE - ∑ PTji 

Processing time of ith job with jth machine 

The values of WI and W2 are weight age factors applied as per demand of the business 

situations such that W1+ W2 =1 

In present situation in our problem we want penalty cost to be Nil so we have given weight 

age factor W1=0.1 and we want machine idle time to be minimized so have given weight 

age W2=0.9. 

4. Methodology of the work 

Step I. 

An initial Job sequence (x_now) is selected at random among the flexible set of job 

sequence (X). The combined objective function value for the solution (x_now) is computed 

and defined as best cost. The history record H is initialized with empty record. 

Step 2. 

A set of neighbourhood solutions of x-now is generated: N(x-now) and all the solutions 

stored in H are identified in N( x_now) and removed to form the set of movable solutions: 

Candidate-N( x_now). 
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Step 3. 

The COF values of all the solutions in the Candidate (x_now) are calculated and the one (x-

next) with the minimum value c (H, x_next) is chosen. 

Step 4. 

If c (H, x_next )<= best-cost then a move performed, best cost is replaced with c(H, x_next 

)and the history record H is appended with the swapped pairs of sequence number. 

Otherwise the history record H is browsed and solution satisfying the aspiration criteria is 

chosen as( x_next) . The H is also updated. 

Step 5. 

If the term iniation criteria are not met, step 2 to step 5 is repeated otherwise the procedure is 

stopped.  

5. Results and discussion 

The performance of the algorithm is measured according to an objective function, which is 

the maximizing the machine utilization by keeping penalty cost nil. The previous work did 

not explore more number of sequences by perturbing fixed sequences. The strength of Tabu 

search lies in the generation of random sequences and in large numbers. A large number of 

sequences are required to get rid of the local minima. In this work we have generated a large 

number of sequences, so that we can get a global optimal solution. Some of the notable 

features proposed algorithm on scheduling: 

Several combinations of job sequencing are to be evaluated by perturbing sequencing 

obtained from fixed job sequence.  

Corresponding to each job sequence, the operation-machine-allocation are carried out to 

achieve the combined objective function of minimizing total tardiness and maximizing the 

machine utilization by satisfying the system constraints (Available machining time at 

different machine for each job and penalty after due date).  

The results show in Tabu search methods the value of penalty is lowest for maximizing 

machine utilization. Our Combined objective function is also minimum in case of Tabu 

search method. Hence it can be said that minimizing penalty and maximizing the machine 

utilization of job sequences are observed here. This corroborates the performance of this 

algorithm is better as compared to other algorithms. 
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6. Appendix 

Graphs for results when w1=0.1,w2=0.9 
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Method Seq.         Penalty Idleness COF 

Tabu Search 
23; 38; 35; 36; 31; 26; 42; 40; 16; 

   

 

3; 11; 1; 7;   34; 25; 24; 15; 41; 

 

       

   

 

19; 28; 37; 12; 18;32; 39; 5; 14; 

  0.0000    0.3986    0.3587 

 

17; 29; 9; 2; 43;33 21; 30; 4; 20; 

   

 

13; 22; 27; 6; 10; 8    
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Results when w1=w2=0.5 
 

Initial sequence 

selected 

Schedule Penalty Idleness COF 

2 1 0.0205 0.4075 0.2140 

8 2 0.0145 0.4113 0.2129 

12 3 0.0180 0.4108 0.2144 

1 4 0.0176 0.4050 0.2111 

0.44 
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3 5 0.0202 0.4161 0.2181 

4 6 0.0187 0.4078 0.2133 

5 7 0.0231 0.4095 0.2155 

6 8 0.0197 0.4069 0.2133 

20 9 0.0184 0.4043 0.2113 

7 10 0.0212 0.4164 0.2188 

9 11 0.0208 0.4003 0.2106 

10 12 0.0152 0.4164 0.2121 

23 13 0.0209 0.4003 0.2174 

16 14 0.0144 0.4090 0.2110 

11 15 0.0185 0.4139 0.2162 

13 16 0.0212 0.4077 0.2160 

14 17 0.0167 0.4135 0.2119 

15 18 0.0170 0.4112 0.2146 

17 19 0.0181 0.4070 0.2178 

 

18 20 0.0177 0.4149 0.2163 

19 21 0.0191 0.4062 0.2026 

21 22 0.0000 0.4010 0.2105 

22 23 0.0223 0.4141 0.2182 

24 24 0.0217 0.4086 0.2152 

25 25 0.0185 0.4079 0.2132 
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26 26 0.0175 0.4062 0.2119 

27 27 0.0175 0.4078 0.2127 

28 28 0.0193 0.4181 0.2187 

29 29 0.0210 0.4138 0.2174 

30 30 0.0495 0.4175 0.2185 

 

Graphs for results when w1=w2=0.5 
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7. Conclusions 

The main contribution of this work is to apply Tabu search based algorithms for solution of 

scheduling of jobs in CMS environment. An attempt has been made in this work to vary the 

job sequencing so that optimal sequencing of jobs can be achieved. The idea behind this 

work is to perturb sequences in the search of better results. More the number of sequences 

higher will be the degree of the optimization of objective (COF). This algorithm is suitable 

to explore number of job sequences from a fixed job sequence and its ability to come out 

from local optima. The main objective, which is the combination of maximizing the machine 

utilization by keeping penalty cost nil is achieved by this method. 

A scheduling procedure is developed for a specific FMS to maintain its flexibility and 

thereby the intended performance measures. The mechanism operates based on Tabu search 

and optimizes two contradicting objectives simultaneously. The schedule obtained by Tabu 

search is compared with the solutions obtained by different scheduling rules i.e. SPT, HPT, 

EDD etc. 

After comparing the results it can be concluded that Tabu search method is by far superior to 

other scheduling rules, as it gives optimal value for penalty. idleness and combined objective 

function (COF). Thus the optimization of scheduling problem can be achieved up to greater 

degree by utilizing Tabu search method. 
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