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ABSTRACT 

An abrupt change requires a robust and flexible response from a manufacturing system. Dedicated 

Manufacturing System (DMS) has been a long practiced taxonomy for mass production and minimum 

varieties. In contrast, Flexible Manufacturing System (FMS) has been introduced for responding to quantity 

as well as variety issues. This study considers both production taxonomics by using a multi objective model of 

cost and time. An Integer Linear Programming (ILP) formulation is presented and subsequently validated. 

The analysis procedure is administered in two phases. In the first phase, comparison of production cost and 

process time in DMS and FMS is presented. The model is implemented by using an exact solution approach 

and results show that FMS is a viable option, compared to DMS, according to the criteria of cost, time, and 

productivity. In the second phase, sensitivity analysis is performed by using several FMS (n) and the impact 

of cells selection on the performance of system is studied. It is concluded that n=1 (single cell-based FMS) is 

more relevant for cost minimization; however, n = 6 is a suitable candidate for producing more quantity in 

given time horizon (process time minimization). Lastly, key findings are reported, and future research 

avenues are provided.  
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1. INTRODUCTION 
 

anufacturing systems are constantly under 

pressure to enhance their productivity, 

become more profitable and reduce time 

wastage. The evolution of manufacturing systems due 

to smart technologies and industry 4.0 has enhanced 

the challenges for practitioners. Thus a higher level of 

flexibility and dynamic response is needed from the 

manufacturing systems [1]. The manufacturing 

systems can be made more flexible by grouping the 
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production tasks, shuffling the production facilities 

and changing the layout [2]. 

 

The main goal of such arrangements is to enhance the 

efficiency of manufacturing systems and become more 

flexible in approaches. This will provide an enabling 

environment to accomplish Key Performance Indices 

(KPIs) in the form of cost reduction, ramp-up 

minimization, and improved productivity. In 

production systems literature, different taxonomies 

M 
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have been used overtime for improving the efficiency 

of processes.  

 

For instance, dedicated manufacturing system (DMS) 

is a production taxonomy which provides high 

throughput of single product [3]. It is well suited for 

economy of scale where higher quantity of production 

is accomplished in limited time and reduced cost. This 

taxonomy is, however, not suited to contemporary 

production requirements which are driven by shorter 

life cycles, demand uncertainty, variation, and 

customized product requests [4]. Although DMS can 

provide economy of scale; however, it is not aligned 

with the economy of scope where more variety and 

flexibility are required.  

 

In response to the dynamics of product needs, FMS is 

introduced to effectively address product uncertainty, 

demand variations, variety, and flexibility concerns. 

Its importance was emphasized in the research 

conducted in early 80’s and it was noted that about 

80%-dollar value of metals is accomplished by 

producing them in small batches [5]. FMS can 

optimally exploit the resources designed for mass 

production while retaining the variety flexibility [6]. 

FMS can be implemented using multiple product 

variants and design of interdependent process [7]. This 

study considers efficiency comparison of dedicated 

and flexible systems using a two-phase approach. 

Firstly, comparison of DMS and FMS is performed by 

presenting a multi-objective model of cost and process 

time. The model is implemented on two case studies 

by using an exact solution approach. Secondly, 

sensitivity analysis of number of cells is carried out 

and its impact on performance indices is studied.  

 

A dedicated system comprises of single/multiple 

specialized equipment designed to produce single part 

(Fig. 1). Raw material is fed into the system which is 

transformed to make desired products. DMS has a 

requirement that only one product type can be 

processed at a time, which is an inherent drawback in 

this manufacturing system. Depending upon 

functional differences between product types, 

production line might require minor adjustments 

(machines, tools, operators etc.), or the entire set-up is 

changed to match production requirements.  

 

Fig. 1: DMS designed for multiple products 

FMS addressed the flexibility requirements of 

production planning and process operations [8]. It can 

be classified into cells according to product 

categorization, layout, and process needs. This study 

considers cellular FMS as shown in Fig. 2. Each FMS 

cell (FMC 1-4) can be regarded as a dedicated 

production unit that carries out designated operations 

repeatedly [9]. The division of FMS into cells (called 

flexible manufacturing cells (FMC)) is mainly driven 

by efficiency requirements, product demand and 

optimal exploitation of flexibility.  

 

Fig. 2: Flexible Manufacturing Cellular layout for 

multiple product/processes 

 

In literature, optimization of DMS and FMS systems 

has been performed for achieving different objectives 

(cost, time, and scheduling). A literature summary of 

relevant problems using the keywords of “DMS”, 

“FMS” and “optimization” is provided in Table 1. 

Research on scheduling of DMS, change in 

performance by upgrading the production capacity 

(machines/ routes) [10-13], process cost optimization 

[14], modularity and interchangeability [15,16], 

changeover costs [17], process ramp-up time, carrying 

and tooling time [18-21] has been conducted. A similar 

pattern can be found in FMS literature where 

production planning and scheduling, process cost 

optimization and production time have been analyzed 

using simulation, optimization, Analytical Hierarchy 



A Comparison between Dedicated and Flexible Manufacturing Systems: Optimization and Sensitivity Analysis 

Mehran University Research Journal of Engineering  and Technology, Vol. 40, No. 1, January 2021 [p-ISSN: 0254-7821, e-ISSN: 2413-7219] 

 

132 

 

Planning (AHP) and heuristics-based tools [22-32]. 

However, to the best of our knowledge, there is a dearth 

of literature that compares the performance of DMS and 

FMS. Thus, this study is an attempt towards the 

performance comparison of these two well research 

manufacturing taxonomies.  

An ILP formulation is presented in this study for the 

purpose of comparing efficiency of DMS and FMS and 

its objectives are given as:  

 

(a) To optimize the different cost components of 

DMS/FMS. 

(b) To optimize the total time of manufacturing 

systems. 

(c) To understand the impact of different cellular FMS 

(FMC) arrangements. 

(d) To analyze the impact of demand overflow on the 

efficiency of manufacturing system.  

 

2. METHODOLOGY 

  

An Integer Linear Programming (ILP) model is 

presented in this section which is implemented using 

the following assumptions:  

• The product variants are different from each other. 

It means that their functions as well as their 

production routes are somewhat different. This 

indicates that there will be changeover between 

different products.  

• Each production machine works at full capacity 

and there is no idle time. However, different 

processes have different operation time which 

can cause some operations to wait for their 

predecessor operations to complete. This may 

result in a demand overflow at some stations. 

A demand overflow relaxation index (α) is 

used to compensate this aspect.  

• Each product type is processed keeping in 

view its operational precedence. 

• Two products types V1 and V2 are considered 

and both have the same number of operations. 

Depending on the nature of processes, some 

operations may follow similar production rule 

while other may differ. 

• There is no setup cost as the product begins. It 

means that the tools are in place for processing 

the first operation. However, needful changes 

are adapted for subsequent operations. 

• There is no interruption during production, 

and it continues up until demand (d) or 

production time (f) is reached. Table 2 

provides the list of operations needed to 

manufacture each product.  

 

The detailed schematic of considered products is 

provided in Appendix-I. Table 2 provides the list 

of operations needed to manufacture each product. 

The  

List of operations for product1 comprises of 

drilling, reaming, contouring, end milling, face 

milling and taper turning. The production time 

required for each operation is also given in Table 

2. Similarly, the list of operations for product 2 

constitutes taper turning, drilling, pocket milling, 

surface finishing, boring and end milling.   

 

Each product type needs the completion of seven 

operations and the concerned operational 

precedence are provided in Fig. 3. It is important 

to note that the precedence is dependent on a 

manufacturing system used for a product, hence, 

precedence for both DMS and FMS are given. It 

can be observed that DMS requires a strict 

precedence for production. It means that parallel 

operations are not allowed, and tool changeover 

occurs after a respective operation is completed. In 

FMS, some cases may allow parallel production 

whereas others may require processing a 

successive operation once its predecessor is 

completed.  

 

3. MATERIALS 

 

A multi-dimensional decision logic [33] was used in the 

current study. It is an exact solution approach which has 

been used for the analysis of relevant problems such as 

closed loop production systems [34, 35]. The presented 

model contains the important variables of cost, and 

time. The model details are provided below.  
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Table1: A review on optimization focus in DMS and FMS literatures 

S.No. Author (s) DMS FMS 

  Scheduling 

& Planning 

Cost 

Optimization 

Process 

Time 

Scheduling 

& Planning 

Cost 

Optimization 

Process 

Time 
1 Maccarthy et al. 

[10] 
√      

2 Li et al. [22]   √    
3 Burnwal et al. [24]    √ √  
4 Jerald et al. [24]    √   
5 Yao et al. [12] √      
6 Rauch et al. [21]    √   
7 Lamothe et al. [16]  √     

8 Keshner et al. [17]  √     
9 Xin et al. [25]    √   

10  Millgrom et al. [26]     √  
11 Diaz et al. [27]     √  
12 Lee et al. [31]      √ 
13 Giret et al. [32]      √ 
14 Shrouf et al. [28]     √  

 

Indexes 

i Set of product types i = {1,2, . . I} 

p Set of operations in product i p = {1,2, . . P} 

j Set of available machines j = {1,2, . . J} 

k Set of tools k = {1,2, . . K} 

c Set of manufacturing cells c = {1,2, . . C} 

 

Parameters 

ot�
�  Operation time of op. p of product i 

st�
� Setup time of machine j for product i 

sc�
� Setup cost of machine j for product i 

oc�
�  Operation cost of op. p of product i 

tt�
�,��

 
Tool changeover time from k to k’ b/w ops. 

on m/c j 

tc�
�,��

 
Tool changeover cost from k to k’ b/w ops. 

on m/c j 

β Incremental cost of adding a new cell 

α Demand overflow relaxation index 

d Demand of product i 

C Budget allocated for production 

f� Maximum time allowed in cell c 

sc� Setup cost of cell c 

st� Setup time of cell c 

δ Index for max. capacity of a call 

 

Cost variables 

PC Production cost 

MC Machine setup cost 

TC Tool changeover cost 

SC Cell setup cost 

 

Time variables 

PT Production time 

MT Machine setup time 

TT Tool changeover time 

CT Cell setup time 

 

Binary variables 

X�� 1, if product i is assigned to m/c j 

Y�� 1, if m/c j is assigned to cell c 

Z�,��
�,��

 
1, if b/w operations, a tool changeover is 

needed 

Table 2: Operational details for each product 
Products Operation Time (Minutes) 

Product 1 Product 2 Product 1 Product 2 

Drilling 
(D) 

    Taper 
turning 

(T) 

2.3 3.8 

Reaming 
(R) 

Drilling 
(D) 

3.4 2.6 

Contouring 
(C) 

Pocket 
milling  

(P) 

4.2 3.5 

End 
milling 

(E) 

Surface 
finish (S) 

3.3 3.0 

Face 
Milling (F) 

Boring 
(B) 

2.9 3.8 

Taper 

turning (T) 

End 

milling   
(E) 

4.1 3.5 
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SM�
�,��

 
1, if m/c j needs setup change between 

products i and i’ 

m�� 1, if op. p belongs to product i 

 

T D R C E F End

T P D B E S End

Product 1

Product 2

DML 

precedence

T

Product 

1 and 2

FMS/FMC 

precedence

D

P

E

RB

E F

S

End

C  
Fig. 3: Operational precedence of DMS and FMS   

 

The mathematical model containing the multi-objective 

functions of total cost and total time is provided through 

eq. 1-23. The models are adapted to DMS and FMS with 

the following considerations. The time and cost of 

setting up machines in FMS are considered negligible. 

On the other hand, since DMS is not designed according 

to cells, its cell setup cost and cell setup time values are 

zero.  

 

Equation (1) and (2) provide the total cost relationships 

for DMS and FMS, respectively. The relationships for 

different cost factors are provided through equations (3) 

to (6). Equation (7) and (8) offer the total time 

relationships for DMS and FMS respectively. The 

concerned relationships for respective components of 

time are produced through equations (9) to (12).  

 

TC&'( = PC + MC + TC                                              (1) 

TC*'( = PC + SC + TC                                                    (2) 

PC =  ∑ ∑ ∑ X�� × m�� × OC�
� ×�/0�/1�/2 (1 − α) )        (3) 

MC =  ∑ ∑ SM�
�,��

× sc�
�

�,�60�/1                                          (4) 

TC = ∑ ∑ ∑ Z�,��
�,��

× tc�
�,��

�/1�,��/2�,��/7                           (5) 

SC = ∑ ∑ Y�� × sc� × (1 − δ)(1 + β)�/1�/8                    (6) 

TT&'( = PT + MT + TT                                             (7) 

TT*'( = PT + CT + TT                                               (8) 

RT = ∑ ∑ ∑ X�� × m�� × ot�
� × (1 − α)�/0�61�/2            (9) 

MT =  ∑ ∑ SM�
�,��

× st�
�

�,��/0�/1                                        (10) 

TT = ∑ ∑ ∑ Z�,��
�,��

× tt�
�,��

�/1�,��62�,��/7                         (11) 

CT = ∑ ∑ Y�� × st� × (1 − δ)�/1�/8                               (12) 

∑ Y�� = 1�/8   ∀; =  <1,2, ⋯ , J>                                   (13) 

 ∑ SM�
�,��

=�,�/0 ≤ 1 ∀j =  {1,2, ⋯ , J}                             (14) 

PC + MC + TC + SC ≤ C                                            (15) 

CT + PT + TT ≤ f�                                                      (16) 

PC, MC, TC, SC ≥ 0                                                      (17) 

PT, MT, TT, CT ≥ 0                                                      (18)  

X��        ϵ{0,1}           ∀iϵI, ∀jϵJ                                         (19) 

YCD         ϵ{0,1}           ∀jϵJ, ∀cϵCJ                                     (20) 

Z�,��
�,��

     ϵ{0,1}           ∀pϵP, ∀kϵK                                    (21)  

SM�
�,��

     ϵ{0,1}           ∀iϵI, ∀jϵJ                                   (22) 

EFG     ϵ{0,1}           ∀iϵI, ∀pϵP                                   (23) 

 

The set of constraints are provided through equations 

(13)-(23). Constraints 13 and 14 ensure that each 

machine is assigned to exactly one cell (in the case of 

FMS) and there is at most one machine setup change 

between consecutive products (in the case of DMS), 

respectively. Constraints 15 and 16 impose the budget 

and allowed time constraints, respectively. The domain 

constraints of non-negativity and linear variables are 

provided through equations (17)-(18) and (19)-(23), 

respectively. An overflow relaxation measure is used 

for reducing the queue length of product line-up. 

 

It is important to note that few relationships exhibit a 

non-linear relationship (eq. 3 and 9). These 

relationships were linearized by using linear 

approximation technique. It is an important step that 

enables the exact solution approaches to solve the 

considered problems. The model was implemented in 

LINGO 17.0 using Core i5 CPU, 64 Bit windows 10 

with processing capability of 2.50 GHZ.  

 

4. RESULTS 

 

The Model was separately solved for DMS and FMS 

systems. For an easy illustration, and without the loss 

of generality, a comparison between both systems is 

offered in this section. Fig. 4 provides the results of cost 

solutions of DMS and FMS for both products. Since 

FMS is designed in cells, hence, FMS and flexible 

manufacturing cells (FMC) can be considered 

interchangeable terms in this study. Similarly, DMS 
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and dedicated manufacturing lines (DML) are also 

interchangeable terms.  

The cost breakdown is provided according to different 

operations. It can be observed that different operations 

result in different values of costs. Further, FMC is a 

more viable solution as it has lower values of costs due 

to multiple reasons. FMS/FMC does not require 

machine setup between different operations which 

reduces the overall cost value. Similarly, since FMC 

allows multiple operations in parallel, hence, there is 

little waiting in between the processes. Thus, a demand 

overflow relaxation is no needed. FMC system help 

achieving the cost efficiency of almost 13% in 

producing each product.   

A similar comparison can be drawn from the analysis 

of time and respective results are provided in Fig. 5. It 

can be observed that FMC is a relative improved option 

as it takes less time in completing the production. In 

fact, it is time efficient for all operations of each 

product. Statistics show that FMC is effective in 

completing all operations in 7% and 9% less time, 

compared to DMC/DML, for product 1 and 2, 

respectively. The reasons behind time efficiency of 

FMC are threefold. Firstly, its setup time in minimal, as 

machine setup is not required in the case of FMC/FMS. 

Secondly, FMC spindle/turret can hold multiple tools 

which reduces the tool changeover time. Thirdly, FMC 

can accommodate parallel operations while respecting 

the precedence constraints, which helps in reducing the 

overall time.  

 
                      Fig. 4: Comparison of cost indices between DMS and FMS 

 

 

                                Fig. 5: Process Time Comparison Between DMS and FMS for Product 1 and 2 
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In the next phase of the study, a sensitivity analysis of 

different variables was performed by changing the 

number of available cells. The number of cells were 

increased/decreased by enhancing/reducing the 

maximum capacity of each cell. The respective results 

of number of cells, incremental cost of extra cell, 

productivity (production quantity) and total cost values 

are provided in Fig. 6. It can be observed that, as the 

number of cells increase, corresponding values of 

incremental cost, productivity and total cost increases 

as well. Thus,  a   manager    may    decide  whether  to 

produce more or to control the total cost solution. 

Further, higher number of cells will need more space. 

A combined analysis of production quantity, cost and 

occupied space is needful on the part of production 

manager. As an illustration, Fig. 7 provides a single, 

two and three cells-based arrangement of FMCs. Each 

arrangement groups together certain operations in a cell 

so that desired objectives can be met. As discussed 

earlier, three-cells arrangement will offer more 

production quantity with higher cost and will require a 

large space for manufacturing.  

 

A demand overflow relaxation was used to 

accommodate the queue length. Fig. 8 provides the 

results of sensitivity analysis of relaxation index and its 

impact on productivity (quantity of products delivered 

by a manufacturing system). The horizontal axis 

contains various levels of demand overflow relaxation 

index while the right and left vertical axes represent 

demand length/queue length and productivity, 

respectively. It can be observed that as the relaxation 

index value increases, the queue length decreases 

whereas the quantity of production increases. In other 

words, a higher quantity of products can be 

manufactured when the waiting time is less. These  

 

 

Fig. 6: Sensitivity Analysis for number of FMS Cells 

 

 

.Fig. 7: Multiple cellular arrangements of FMCs 

 
                 Fig. 8: Product Overflow Rel 
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findings further highlight the advantages of FMC as it 

allows parallel operations which helps in reducing the 

queue length. Thus, it can be concluded that FMC is a 

better solution, compared to DMC, against the criteria 

of cost, time, and productivity.   

 

5. CONCLUSION 

 

Modern manufacturing systems are faced with multiple 

challenges that require it to be more agile and flexible 

in its approaches. Thus, it is imperative to design such 

systems around the aspects of cost-efficiency, product 

variety and high throughput. This study presented a 

comparison between DMS/DML and FMS/FMC and 

proposed a multi-objective model of cost and time. The 

model was implemented using an exact solution 

approach by using two case studies. The results 

suggested that FMC is a viable option as it resulted in 

least total cost, least total time, and high productivity. 

These results will assist the decision makers in selecting 

an appropriate production systemwhen facing the 

challenges of cost, time, productivity and utilizing the 

available space.  

The presented model was deterministic which was 

implemented by using an exact solution approach. 

Future research can add stochastic aspects of demand 

uncertainty, and product arrival to make the model more 

realistic. Further, non-exact and evolutionary 

approaches can be used for solving complex case 

studies. Such approaches can solve higher-order 

complex problems in a considerable time. Lastly, a new 

manufacturing system, called reconfigurable 

manufacturing system, can be modeled and compared 

to the existing manufacturing taxonomies. This will 

enhance the applicability of findings to a wider range of 

manufacturing systems.   
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