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ABSTRACT 
 

 The efficiency of an industrial organization is closely related to its location and layout. The location determine its effectiveness in 
terms of its compatibilities of meeting the objectives, the layout ensures optimal utilization of resources. This project has focused on layout 
optimization problem that arise in flexible manufacturing system by heuristic technique. So, for Meta-heuristic technique or two Meta-
heuristic are combine to get global best or local best value is alone employed to achieve objective of flexible manufacturing system. 
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INTRODUCTION 
 
 In this project, the Heuristic technique (Branch 
and Bound algorithm) and Meta-Heuristic technique 
are proposed. Here the Branch and Bound algorithm 
is employed to attain the objective of FMS system. 
The efficiency of an industrial organization is closely 
related to its location and layout. The location 
determine its effectiveness in terms of its 
compatibilities of meeting the objectives, the layout 
ensures optimal utilization of resources. This project 
has focused on layout optimization problem that arise 
in flexible manufacturing system by heuristic 
technique. So, for Meta-heuristic technique or two 
Meta-heuristic are combine to get global best or local 
best value is alone employed to achieve objective of 
flexible manufacturing system. In the case of layout 
problem, a heuristic, Branch and Bound algorithm 
(Assignment method) is employed to attain the 
objective of minimization of total distance travelled 
and number of backtracking in automated guided 
vehicle (AGV). 
 
Flexible Manufacturing System: 
 A flexible manufacturing system is a totally 
automated manufacturing system that consists of 
machining centers with automated loading and 
unloading of parts an automated guided vehicle 
system for moving parts between machines, and 

other automated elements to allow unattended 
production of parts. In a flexible manufacturing 
system a comprehensive computer control system is 
used to run the entire system.  
 
Heuristic Technique: 
 The Heuristics algorithms are used based on 
simplicity and nature of the layout. This algorithm is 
not universally used but it may give better result in 
certain cases like linear layout problems and used in 
certain small scale industries. Some of the Heuristics 
algorithms are listed below, 
• A* algorithm 
• Branch and Bound algorithm 
• Beam search algorithm 
 The Meta-Heuristics algorithms are universally 
accepted for its better layout optimization. Now a 
day’s Meta-Heuristics algorithm are used in many 
large scale industries. Some of the Meta-Heuristics 
algorithms are listed below, 
• Genetic algorithm 
• Petri-Net 
• Particle swarm optimization algorithm 
• Ant colony algorithm 
• Tabu search 
 
Branch And Bound Technique: 
 The branch-and-bound technique involves a 
well-structured systematic search of the space of all 
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feasible solution of constrained optimization that 
have a finite number of feasible solution. Branch-
and-bound algorithm have been used to solve integer 
programming problems, scheduling problem, 
assignment problem and a variety of other problem 
with a finite number of feasible solution. The space 
of all feasible solution is repeatedly partitioned into 
smaller and smaller subset (branching) and a lower 
bound is calculated for the cost of solution within 
each subset (bounding). 
 
Scheduling:  
 To be competitive, corporations must minimize 
inefficiencies and maximize productivity. In 
manufacturing, productivity is inherently linked to 
how well you can optimize the resources you have, 
reduce waste and increase efficiency. Finding the 
best way to maximize efficiency in a manufacturing 
process can be extremely complex. 
 
Gantt Chart:  
 A Gantt chart is a type of bar chart that 
illustrates a project schedule. Gantt charts illustrate 
the start and finish dates of the terminal elements and 
summary elements of a project. Terminal elements 
and summary elements comprise the work 

breakdown structure of the project. Some Gantt 
charts also show the dependency (i.e., precedence 
network) relationships between activities. Gantt 
charts have become a common technique for 
representing the phases and activities of a 
project work breakdown structure (WBS), so they 
can be understood by a wide audience all over the 
world. 
 
Layout Optimization: 
 The objective function is generally carried to 
determine the optimum sequence of the layout. 
Initially the machining and the operation time are 
considered. It is carried out by using a heuristic 
algorithm that we have taken i.e. Branch and Bound. 
From this technique the desired feasible path is 
calculated. Further, distance and back tracking are 
taken from the layout, to calculate the objective 
function. With the help of the branch and bound 
technique the feasible path is calculated. Out of the 
calculated feasible path, the minimum objective 
value is taken as optimum. Finally scheduling for the 
obtained optimum path are taken and Gantt chart is 
drawn by using FIFO and SPM and the performance 
is compared. 

 

 
 
Sample Layout: 
 
Table 1: Sample. 

Job MACHINE SEQUENCES 
A 1 3 5 7 
B 6 2 8 5 
C 3 8 6 2 
D 4 1 3 7 

 
Objective Function:   
 To minimize the total distance travelled by the 
Automated guided vehicle 
Min Z=W1D+ W2B 
Z-Objective function value (no unit) 
D-Total distance travelled (in unit of length) 
B -Number of back-track (no unit) 
W1 - Dimensionless parameter (= 0.6) 
W2 - Dimensionless parameter (= 0.4) 
 To convert the dimension number to the 
dimensionless number we are using two constants 
0.4 and 0.6. Here the objective function value and 
number of back-track are dimensionless value. So, 
total distance travelled by AGV is also converted 
into dimensionless value. Now minimum obtain Z 

will be in number. The factors which make these 
machines flexible also add to the complexities of the 
system. Real time control of FMS is not a trivial task 
.Flexible routings, processing and part mix as well as 
the dynamic nature of a shop floor, place tremendous 
demands upon the control system. Schedules and 
strategies lose validity in a rapidly changing system 
and thus cannot be directly applied over long 
planning. Plant layout is the arrangement of all plant 
facilities to the best advantage of the “total 
manufacturing equation” – men, materials, machines 
and money. In the simple terms, plant layout means 
the disposition of various resources within the area of 
a selected site for the plant. 
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Automated Guided Vehicle Systems: 
 Automated guided vehicles (AGVs) are modern 
material – handling and conveying systems that are 
more appropriate for fames applications and 
automation. It helps to reduce of manufacturing and 
increase efficiency in a manufacturing system. AGVs 
can tow objects behind them in small trailers which 
they can autonomously hook up to. These trailers can 
be used to move raw materials into line to get them 
ready to be manufactured. The AGV can also store 
objects on a bed. The objects can be placed on a set 
of motorized treads and then pushed off by reversing 
them. Some AGVs use forklifts to lift objects for 
storage. They are compatible with production and 
storage equipment. They can handle and transport 
hazardous materials safely. They can operate in 
hazardous environments. 
 They decrease labor costs by decreasing the 
amount of human involvement in material handling. 
AGVs represent a flexible approach to materials 
handling as they can be computer controlled. 
 
 

Machine Sequences: 
 The machine sequence clearly shows the number 
of product and the machine used change the work 
piece to a useful jobs. This sequences clearly said 
path which the job have to be travelled by for 
different job during production. The equipment’s 
works station is arranged according to the sequence 
of operation by which the product is made. The 
efficiency of an industrial organization is closely 
related to its location and its lay-out. The location 
determine its effectiveness in terms of its 
compatibilities of meeting the objectives, the layout 
ensures optimal utilization of resources. 
 
Assignment Problem: 
 Now we going to explain the assignment 
problem of Branch and Bound algorithm with the 
case study and then verify it by solve Petri-net layout 
and compare the results.  
  
For Four Machines And Four Jobs: 
 To solve assignment problem using branch and 
bound algorithm. 

 
Machines And Job Matrix For Four Jobs: 
 

Machine Job Time 
A 1 2 
B 2 4 
D 3 13 
B 4 8 

Total time=27 

 

 
 
Solution: 
 One approach to solution of this problem is the 
branch-and-bound technique 4! =4*3*2*1=24 
feasible solutions for this problem 

 
Note: 
 A feasible solution is reached when one machine 
is assigned to each job. 

 
Step 1 

Machine Job Time 
A 1 2 
B 2 4 
A 3 9 
A 4 7 

Total Time = 22 

 
 This represent the minimum total time for all 
solution: this is not a feasible    solution since 
machine A is assigned to more than one job. 
  
Step 2: 
 Partition the 24 feasible solutions into four 
subset of six feasible solutions each. One way to get 

each of the subset is to assign a certain machine to 
job 1, and then there will be 3! =6 ways each result 
would be feasible.  
 The branch-and-bound algorithm assigns a 
certain machine to job 1 and assign the remaining 
machine to the remaining jobs to minimize the total 
time. The process is then repeated with a different 
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machine assigned to job 1 until all four machines 
have been assigned to job 1. 
 The total time from the resulting assignment is a 
lower bound on all solution with the given machine 
assigned to job 1. The exact procedure is given by 
steps 2A-2D. 
 
Step 2A: 
 Assign machine A to job 1 and assign machine 
B, C, and D to job 2, 3,and 4 to minimize the total 
time,  

 This is not a feasible solution since machine B is 
assigned to more than one job. The lower bound on 
all solution with machine A assigned to 1 is 27 
 
Step 2B: 
 Assign machine B to job 1 and assign machine 
A, C, and D to job 2, 3,and 4 to minimize the total 
time, 

 
Machine Job Time 

B 1 15 
A 2 10 
A 3 9 
A 4 7 

Total Time= 41 

 
 This is not a feasible solution since machine A is 
assigned to more than one job. The lower bound on 
all solution with machine B assigned to 1 is 41 
 

Step 2C: 
 Assign machine C to job 1 and assign machine 
A, B and D to job 2, 3,and 4 to minimize the total 
time, 

 
Machine Job Time 

C 1 13 
B 2 4 
A 3 9 
A 4 7 

Total Time=33 
 
 This is not a feasible solution since machine A is 
assigned [11] to more than one job. The lower bound 
on all solution with machine C assigned to 1 is 33. 
 
Step 2D: 
 Assign machine D to job 1 and assign machine 
A, B and C to job 2, 3,and 4 to minimize the total 
time, 

 This is not a feasible solution since machine A is 
assigned to more than one job. The lower bound on 
all solution with machine D assigned to 1 is 24 
 
Step 3: 
 First branch of solution tree 

 
First Tree Diagram for Four Jobs. 
 
Step 4: 
 Since node 5 has the smallest lower bound, it is 
chosen first for further branching. The constraint that 
person D is assigned to job 1, either machine  A, B, 
or C is assigned to job 2 and remaining are assigned 
to job 3 and 4 to minimize time. 
 
 
 

Step 5: 
 The result of steps (1-4) given in figure3.3.None of 
the solutions are feasible, so all terminal nodes (2, 
3,4,6,7,8) are still machine to lead[5] to the optimal 
solution. The number below each node is a lower 
bound on all solutions emanating from the node. 
Also, the minimum value at all terminal nodes 
provides the lower bound for the problem, 24at node 
7 at this point.   
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Second Branch of Solution Tree For Four Jobs. 
 
Step 6: 
 Branch from node 7 since it has a smaller lower 
bound than any other terminal node. With the 
constraint that machine D is assigned to job 1 and 
machine B is assigned to job 2. Perform steps 6A and 
6B 

Step 6A:  
 Assign machine A to job 3 and machine C to job 
4 for a total time of 28. This is a feasible solution 
(one and only one assigned to each job). Thus, 28 is 
an upper bound on the set of feasible solutions. 

 
Machine Job Time 

A 1 2 
B 2 4 
D 3 13 
D 4 9 

Total time = 28(Non feasible). 

 
 This says that any node with a total time greater 
than or equal to 28 can be ignored. Further 
constraints on a node with a larger total time would 
keep the total time the same or increase it. All nodes 

that have a larger total time can be trimmed from the 
tree. In this case, all solutions emanating from 3, 4, 6, 
and 8 can are ignored in searching for the optimal 
solution. 

 
 
Step 7: 
 Examine all terminal nodes that a have a total 
time that is less than the best upper bound on all 
feasible solutions (node 9 with value 28 at this 

point). Since node 2 is the only remaining terminal 
node (only node with a value less than 28), further 
branching from it is done. 
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Third Branch Of Solution Tree For Four Jobs. 
 
 With the constraints that machine A is assigned 
to job 1, either machine B, C, or D is assigned to job 
2 and the remaining machine[A] are assigned to jobs 
3 and 4 to minimize the total time, ignoring 
constraint. The result corresponding to nodes 11, 12, 
13 are shown in figure. 
 
Step 8: 
 The result of steps 1-7 are given above shows 
that: 
 The node 9 yield a feasible solution with a value 
of 28 and that no other terminal node has a smaller 
value 

 The solution corresponding to node 9 may be 
optimal 
 Node 12 yield a feasible solution, but its value is 
larger than 28, so it cannot be ignored 
 The obtained feasible solutions for this problem 
are 
D-B-A-C 
D-B-C-A 
A-C-B-D 
A-C-D-B 

 
Layout For Four Jobs. 
 
For the path D-B-A-C: 
For job 1 D=16, B=2 
For job 2 D=15, B=1 
For job 3 D=11, B=1 
For job 4 D= 10, B=0 
Min Z = 0.6D + 0.4B = 0.6 (52) + 0.4 (4) = 32.8 
 
For the path D-B-C-A: 
For job 1 D=13, B=1 
For job 2 D=14, B=1 
For job 3 D=22, B=2 

For job 4 D= 14, B=1 
Min Z = 0.6D + 0.4B = 0.6 (63) + 0.4 (5) = 39.8 
 
For the path A-C-B-D: 
For job 1 D=16, B=1 
For job 2 D=13, B=3 
For job 3 D=21, B=0 
For job 4 D= 14, B=1 
Min Z = 0.6D + 0.4B = 0.6 (64) + 0.4 (5) = 40.4 
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For the path A-C-D-B: 
For job 1 D=17, B=1 
For job 2 D=12, B=1 

For job 3 D=19, B=2 
For job 4 D= 15, B=3 
Min Z = 0.6D + 0.4B = 0.6 (63) + 0.4 (7) = 40.6  

 

 
 
 The table show the values of distance travelled 
by AGV, number of backtracking on AGV and 
Minimum objective function value for different 
machine sequences. 
 

Objective Function Value For Four Jobs: 
 By the above obtained feasible solutions, the 
minimum objective function value for the optimal 
sequence is D-B-A-C (Min Z=32.8) 

Sequence Distance Travelled Number of Backtrack Min Z 
D-B-A-C 52 4 32.8 
D-B-C-A 63 5 39.8 
A-C-B-D 64 5 40.4 
A-C-D-B 63 7 40.6 

 

      
 
Optimized Layout for Four Jobs: 
 

 
 
Scheudling: 
 Production Time for Four Jobs. 
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Quantity 
FIFO SPT 

AGV Machine AGV Machine 
1 85.9% 42.0% 88.7% 42.5% 
2 86.3% 42.2% 90.4% 43.0% 

 
 From the above tables and figures shows that 
production time is less in FIFO but machine and 
AGV utilization was high in the SPT. Therefore we 
say that FIFO is best for this four jobs.  

 Although the machine and AGV utilization was 
considerable low the rate of production was high in 
FIFO. For this particular layout of four machine and 
four jobs FIFO is preferred.  

 
Table Machine Utilization For Four Jobs: 
 

 
 
Machine Utilization for Four Jobs. 
 
 From the above tables and figures shows that 
production time is less in FIFO but machine and 
AGV utilization was high in the SPT. Therefore we 
say that FIFO is best for this four jobs layout, 
because the production time is less compare to the 
SPT. Although the machine and AGV utilization was 
considerable low the rate of production was high in 

FIFO. For this particular layout of four machine and 
four jobs FIFO is preferred. 
 
Petri-net layout: 
 To verify the B&B, we taking the Petri-Net 
based modeling and scheduling of a FMS by 
C.W.Cheng’s data and layout. 

 
Solution: 

 
 
 One approach to solution of this problem is the 
branch-and-bound technique 3! = 3*2*1 =6 feasible 
solutions for this problem 
 Note: a feasible solution is reached when one 
machine is assigned to each job. 
 
Step 1: 
 Solve for the minimum total time (relaxation). 
This represent the minimum total time for all 
solution: this is not a feasible    solution since 
machine B is assigned to more than one job. 
 

Step 2:  
 Partition the 6 feasible solutions in to three 
subset of four feasible solutions each. One way to get 
each of the subset is to assign a certain machine to 
job 1, and then there will be 2! =2 ways each result 
would be feasible.  
 The branch-and-bound algorithm assigns a 
certain machine to job 1 and assign the remaining 
machine to the remaining jobs to minimize the total 
time. The process is then repeated with a different 
machine assigned to job 1 until all four machines 
have been assigned to job 1. 
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 The total time from the resulting assignment is a 
lower bound on all solution with the given machine 
assigned to job 1. The exact procedure is given by 
steps 2A-2D. 
 

Step 2A: 
 Assign machine A to job 1 and assign machine 
B and C to job 2 and 3 to minimize the total time,  

 

Slot Job Time 
A 1 45 
B 2 28 
C 3 88 

Total time = 161 

 
 This is a feasible solution since one machine is 
assigned to one job. The lower bound on all solution 
with machine A assigned to 1 is 161. 
 

Step 2B: 
 Assign machine B to job 1 and assign machine 
A and C to job 2 and 3 to minimize the total time 

SLOT JOB TIME 
B 1 32 
C 2 50 
C 3 88 

 
 This is feasible solution since machine A,B,C is 
assigned to more only one job. The lower bound on 
all solution with machine C assigned to 1 is 240. 
(Total Time=170).  

Step 2C: 
 Assign machine C to job 1 and assign machine 
A and B to job 2 and 3 to minimize the total time. 

 
Slot Job Time 
C 1 27 
B 2 28 
B 3 94 

Total Time=147 
 
 This is not a feasible solution since machine B is 
assigned to more than one job. The lower bound on 
all solution with machine B assigned to 1 is 147 
 

Step 4: 
 Since node 4 has the smallest lower bound, it is 
chosen first for further branching. 

Step 3: 

 
 
First Branch of Solution Tree For Petri-Net Layout. 
 

Slot Job Time 
C 1 27 
A 2 53 
C 3 88 

Total time = 168( feasible) 

 
Slot Job Time 
C 1 27 
B 2 28 
C 3 88 

Total time = 143(Non feasible) 
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Step 5: 

 
 
Second branch of solution tree for Petri-net layout. 
 
Step 6: 
 Since node 2 also has the next smallest lower 
bound, it is chosen first for further branching by 

assign machine B to the job 2 and by assign machine 
C to the job 2 to find the feasible path. 

 
Slot Job Time 
A 1 45 
B 2 28 
C 3 88 

Total time = 161(feasible) 

 
Step 7: 

 
 
Third branch of solution tree for Petri-net layout. 
 
Step 8: 
 The result of steps 1-7 are given above shows 
that The node 6 yield a feasible solution with a value 
of 143 and that no other terminal node has a smaller 
value The solution corresponding to node 6 may be 
optimal Node 5 and 8 yield a feasible solution, but its 

value is larger than 120, so it cannot be ignored 
Obtained feasible solutions are: 
A-B-C 
A-C-B 
C-A-B 
C-B-A
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Petri-net layout: 
 

JOB SEQUENCE 
Job 1 A C B 
Job 2 C B -- 
Job 3 B C A 

 
 Now all the feasible path are used in the layout 
to find the distance travelled by AGV and also the 
number of backtracking to the objective function 
value. 
 
FOR THE PATH A-B-C: 
For job 1 D=14, B=1 
For job 2 D=14, B=1 
For job 3 D=14, B=1 
Min Z = 0.6D + 0.4B = 0.6 (42) + 0.4 (3) = 26.4 
 
FOR THE PATH A-C-B: 
For job 1 D=14, B=1 
For job 2 D=14, B=1 

For job 3 D=14, B=1 
Min Z = 0.6D + 0.4B = 0.6 (42) + 0.4 (3) = 26.4 
 
FOR THE PATH C-A-B: 
For job 1 D=14, B=1 
For job 2 D=14, B=1 
For job 3 D=14, B=1 
Min Z = 0.6D + 0.4B = 0.6 (42) + 0.4 (3) = 26.4 
 
FOR THE PATH C-B-A: 
For job 1 D=14, B=1 
For job 2 D=10, B=1 
For job 3 D=14, B=1 
Min Z = 0.6D + 0.4B = 0.6 (38) + 0.4 (3) = 24

 
Sequence Distance Travelled by AGV Number of Backtracking AGV Min Z 
A-B-C 42 3 26.4 
A-C-B 42 3 26.4 
C-A-B 42 3 26.4 
C-B-A 38 3 24.0 

 
Objective Function Value For Petri-Net Layout: 
 

 
 
 By the above obtained feasible solutions, the 
minimum objective function value for the optimal 
sequence is C-B-A (Min Z=24.0). 

 The new Petri-net layout obtained by using 
Branch and Bound algorithm is shown below.  

 

 
 
Optimum layout for Petri-net: 
 Now we going to compare the results of Petri-
net (Meta-Heuristic) and Branch and Bound 
algorithm (Heuristic) and discusses which is best for 
the Petri-net layout. 
 The below table clearly shows that production 
time for Petri-net (Meta- heuristic) layout is high 
while we compare with Branch and Bound algorithm 
(Heuristic) had aided better value. 

 For Petri-net layout we had taken several 
scheduling discipline like FIFO, SPT and priority 
scheduling techniques. But we get minimum 
production time in priority than other disciplines. 
Hence priority is suggested for Petri-net layout and 
also gives better utilization of AGV, robot and 
machines. 
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Conclusion: 
 In the conventional approach only Meta-
Heuristic technique or two Meta-Heuristic techniques 
are combined to give better optimum result in 
flexible manufacturing system to global best or local 
best values. But we proved that, Heuristic technique 
(Branch and Bound algorithm assignment model 
which is taken for study) had given best result while 
we compare it with the Meta-Heuristic technique 
(Petri-net approach). Therefore Heuristic technique 
also can be suggested for the flexible manufacturing 
system to obtain global best or local best value based 
on the layout taken for study. 
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