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Abstract— Flexible manufacturing system (FMS) is a 

production system. A flexible manufacturing system (FMS) 

is an arrangement of machines interconnected by a transport 

system. The transporter carries work to the machines on 

pallets or other interface units so that work-machine 

registration is accurate, rapid and automatic. This article 

presents a intelligent heuristic search algorithm (IHSA) for 

solving flow-shop problems with three machines and three 

jobs. Following its initial development the algorithm has 

been modified in two different ways in order to reduce 

backtracking and to improve its performance. The first 

modification concerns the choice of the largest heuristic 

functions to use, and the second modification concerns the 

way in which heuristic estimates at nodes on the search path 

are determined as the search progresses. Experimental 

evidence of the improved performance of the algorithm as a 

result of each of these modifications is presented. 
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I. INTRODUCTION 

“FMS consists of a group of processing work stations 

interconnected by means of an automated material handling 

and storage system and controlled by integrated computer 

control system.” FMS is called flexible because it is capable 

of processing a variety of different part styles 

simultaneously at the workstation and quantities of 

production can be adjusted in response to changing demand 

patterns. Which is worked in the following terms?  

The basic components of FMS are: Workstations, 

Automated Material Handling and Storage system Computer 

Control System. The solution to the general flow-shop 

scheduling problem involving n jobs and m machines 

determines the sequence of jobs on each machine in order to 

complete all the jobs on all the machines in the minimum 

total time (i.e. with minimum makespan) where each job is 

processed first on machine 1 then on machine 2 and so on 

until it is finally processed on machine m. The complexity 

of the general problem is of the order (n!)m. It is known that 

there is an optimal solution where the sequence of jobs is the 

same on the first two machines and the sequence of jobs is 

the same on the last two machines (Conway et al. 1967). 

Consequently, for a flow-shop problem with two or three 

machines there is an optimal solution where the jobs are 

processed in the same sequence on each machine and in this 

case it is among n! possible sequences. 

Early research on flow-shop problems is based 

mainly on Johnson’s theorem [1], which gives a procedure 

for finding an optimal solution with only two machines, or 

three machines with certain characteristics (Johnson 1954; 

Kamburowski 1997). which use intensive computation to 

obtain optimal solutions and are generally not feasible from 

a computational standpoint because the number of variables 

increases exponentially as the number of machines increases 

(Pan 1997). Jeng and Chen [2]  proposed the branch-and-

bound method uses upper or lower bounds to guide the 

direction of the search. Depending on the effectiveness of 

the heuristic and the search strategy this method may return 

only near optimal solutions but with long computation time 

(jeng and Chen 1997). The branch-and-bound method uses 

upper or lower bounds to guide the direction of the search. 

Depending on the effectiveness of the heuristic and the 

search strategy this method may return only near optimal 

solutions but with long computation time (Ignall and 

Schrage 1965; Lomnicki 1965; McMahon and Burton[10] 

1967; jeng and Chen 1997). Angsana and Passino [3] 

developed an adaptive fuzzy controller at each machine 

which can automatically synthesize itself according to 

machine parameter variation. When parts arrive at a 

machine for processing form another machine, they are put 

in a buffer (queue) where they are held before they are 

processed. 

 The genetic algorithm has been applied to these 

problems and, depending on the nature of the problem, it 

may find an optimal solution but, due to the evolutionary 

nature of this approach, the computation time is 

unpredictable (Cleveland and Smith [12] 1989; Chen et al. 

1996). Also, heuristic search methods and methods based on 

fuzzy logic have been applied to the general flow-shop 

problem (Lai 1996; Wang et al. 1996; Hong and Wang 

[11]1999; Hong et al. 2000; Hong and Chuang 1998a, 

1998b, 1999; Hong et al. 1998). In particular, Fan and 

Winley [4]  developed a new intelligent heuristic search 

algorithm which guarantees to find an optimal solution for 

flow-shop problems with arbitrary number of jobs and 

arbitrary number of machine. Fan (1999a, 1999b, 2002) 

developed an intelligent heuristic search algorithm (IHSA) 

for 2 or 3 machine problems based on the Search and 

Learning A (SLA) algorithm (Zamani and Shue[8] 1995, 

1998; Zamani 2001), which is a modified and improved 

version of the Learning Real Time 11. Kim, Y.K., Kim, 

J.Y., Shin, K.S. [5], “proposed a symbiotic evolutionary 

algorithm, named asymmetric multileveled symbiotic 

evolutionary algorithm (AMSEA). The scheduling of FMS 

problem consisting of loading, routing and sequencing sub-

problems are interrelated to each other. AMSEA has the 

strength to simultaneously solve sub-problems for loading, 

routing and sequencing and can easily handle a variety of 

FMS flexibilities.11-22 (Apr. 2006)A (LRTA) algorithm 

(Korf[13] 1990, 1993), which is, in turn, an improved 

version of the original A algorithm (Hart et al. 1968; 

Gheoweth and Davis[9] 1991). 

At the start of the search using IHSA it is assumed 

in turn that each of the n jobs is placed first in the job 

sequence and in each case an estimate is made of the total 

time needed to complete all the jobs on all the machines. 

Among these n heuristic estimates the smallest estimate is 

selected as the value of the heuristic function and the search 

begins by placing the corresponding job first in the job 
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sequence. If the heuristic function value does not exceed the 

minimum makespan then the heuristic function is admissible 

and IHSA is complete and optimal. The proof of this result 

for IHSA by Fan (2002) is similar to that by Korf (1985a, 

1985b) in relation to the algorithm. 

The purpose of this article is to present and 

illustrate a modified version of IHSA, which incorporates 

two modifications that have been made to it since its initial 

development by Fan (1999a, 1999b, 2002).  

The first modification determines the best 

admissible heuristic function to use for a given problem.  

The second modification determines the procedure to use to 

calculate heuristic estimates at nodes on the search path as 

the search progresses.The third determines multiple optimal 

solutions when they exist.   

Each of these modifications is discussed and proofs 

are given for results related to these modifications. For each 

of the modifications experimental evidence is presented to 

illustrate the improvement in the performance of the 

algorithm.  This algorithm is used for simplicity of 

presentation the development is described in terms of 

problems involving a number of jobs 3 with 3 machines. 

However, the notations, definitions, proofs, and concepts 

presented may be extended to problems involving more than 

3 machines if the job sequence is the same on each machine 

and these extensions are noted at the appropriate places 

throughout the presentation.  

II. HEURISTIC SEARCH ALGORITHM APPROACH TO 

SCHEDULING PROBLEM 

A typical heuristic search algorithm requires a genetic 

representation of the solution and a fitness function to 

evaluate the solution. Initially many individual solutions are 

randomly generated to form an initial population, allowing 

the entire range of possible solutions. The population size 

depends on the nature of the problem, but typically contains 

several hundreds or thousands of possible solutions. During 

successive iterations, a proportion of the existing population 

is selected to breed a new generation. Individual solutions 

are selected through a fitness-based process. The next step is 

to generate a second generation population of solutions from 

those selected through genetic operators: crossover and 

mutation. For each new solution to be produced, a pair of 

"parent" solutions is selected for breeding from the pool 

selected previously. By producing a "child" solution using 

the above methods of crossover and mutation, a new 

solution is created which typically shares many of the 

characteristics of its "parents". For each new child, new 

parents are selected and the process continues until a new 

population of solutions of appropriate size is generated. 

The methodology used here is the modified IHSA. The 

initial version of IHSA is based on search and learning an 

algorithm. At the initial, IHSA computes estimate for the 

total time required to complete all the jobs on the entire 

machine, using different methods; assuming each job is 

placed first in the job sequence. It is observed that for m 

machines there are m different methods which should be 

considered. The method with the smallest estimate is 

considered as the value of the heuristic function and it 

determines the job which should be placed first in the job 

sequence at the beginning of the search if that method is 

used. Heuristic function is said to be admissible if the value 

of the heuristic function does not exceeds the minimum 

make span value for the problem then in such case IHSA 

guarantee to find an optimal solution provided the sequence 

of the job is same on each machine. This method can be 

implemented in progressive type FMS involving arbitrary 

number of machine and job provided job sequences is same 

on each machine. If there are n number of jobs and m 

number of machine then total number of possible schedule is 

(n!)
m
, when job sequence is not same on each machine and 

(n!) when the job sequence is same on each machine. 

III. MODIFIED HEURISTIC SEARCH ALGORITHM 

APPROACH 

The final version of IHSA incorporates each of the 

modifications: 

Step 1: At state level 0, choose the admissible heuristic 

function among H1, H2, and H3 which has the largest value 

and if necessary break ties randomly. In the case where 

machine Mj dominates the other machines select Hj. Expand 

the node identified by the chosen admissible heuristic 

function and move to the nodes at state level 1. If more than 

one node is identified then breakties randomly 

Step 2: At the current state level if the heuristic estimate of 

one of the nodes has been updated by backtracking use the 

updated value as the heuristic estimate for that node and 

proceed to Step 3. Otherwise, at each node use Procedure 2 

to calculate h1, h2, h3 and use max[h1, h2,h3] as the heuristic 

estimate for the node. 

Step 3: At the current state level select the node with the 

smallest heuristic estimate. If it is necessary then break ties  

Step 4: Calculate f = h + k where h is the smallest heuristic 

estimate found in Step 3 and k (edge cost) is the time that 

has elapsed since the preceding state transition occurred. 

Step 5: If f > h’, where h’ is the minimum heuristic estimate 

calculated at the preceding state level, then backtrack to that 

preceding state level and increase the value of h’ at that 

preceding node to the current value off and repeat Step 4 at 

that node. 

Step 6: If f ≤ h’ then proceed to the next state level and 

repeat from Step 2. 

Step 7: If f = 0 and h = 0 then an optimal solution has been 

found. 

A search path diagram contains nodes drawn at 

each state level and one of the nodes among these is connect 

to the next state level. Each node contains cells equal to the 

number of machines used. When a state transition occurs 

that is when one or more of the operation move from in-

progress state to the finished state then one of the nodes 

having the minimum heuristic estimate is expanded and is 

connected to the next state level. Each node at the state level 

represents one of the different ways of starting operations 

that are in the not schedule state on the available machine. 

The cell j in each node is labeled with Ji and Pij, which is 

either in not scheduled state or in progress, where Ji is the 

job number, Pij is the time required to complete job Ji on 

machine Mj. A blank cell represents that machine is idle at 

this time. 

At each node heuristic estimate is calculated using 

procedure used in step 2 of the algorithm explain below. The 

heuristic estimate calculated is the estimate of the time 

needed to complete the operation at the node as well as all 

of the other operations that are not in the finished state. The 
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node which having the minimum heuristic estimate among 

all of the estimates for the nodes at that state level is 

selected for expansion. The value of f = h + k is calculated 

near the selected node, where the edge cost (k) represents 

the time that has passed since the preceding state transition 

occurred. A comparison is made between f and h’ where h’ 

is the minimum heuristic estimate at the preceding state 

level. Based on that comparison the search path either 

backtracks to the node expanded at the preceding state level 

or moves forward to the next state level. If the backtracking 

occurs then the value of h’ is changed to the current value of 

f and the search move back to that previously expanded 

node and if the path move forward then the value of edge 

cost (k) is recorded and it is the smallest value among all of 

the Pij values in the cells. 

At the state level 0 there are n root nodes 

corresponding to the number of jobs. The search stops at the 

node where f = h = 0, called the terminal node. The final 

search path diagram shows the optimal solution and traces a 

path from one of the root nodes to the terminal node and the 

value of h or f associated with that root node gives the value 

of minimum makespan. The optimal job sequence can be 

obtained by recording the completed operation along the 

final search path. 

A. Notations used 

Consider a flow shop problem involving 3 machine and n 

jobs J1, J2,….,Jn as shown in table 1. Oij is the operation 

performed on the job Ji by machine Mj. Total number of 

operations are 3n. For job Ji the processing times ai, bi and ci 

denote the time required to perform the operations Oi1, Oi2 

and Oi3 respectively and are assumed to be non negative. If 

Oij has started but has not been completed then Pij denotes 

the extra time required to complete Oij and at the time when 

Oij starts Pij is one of the value among ai, bi or ci. Figure2 

shows the processing of the job sequence Φst on n jobs on 

the three machines. The sequence Φst = {Js,….,Jt}, where Js 

is the job which is scheduled first and Jt is the last schedule 

job. T (Φst) is the makespan for the job sequence Φst and S 

(Φst) is the time at which all jobs in Φst are completed on 

machine M2. 

 

 

  

    

 

 

 

 

 

Fig. 1: Processing of the job sequence Φst on different 

machines [3] 

Calculating the heuristic functions by the new heuristic 

equestions 

F1 = min [b1 + c1, b2+ c2,….,bs+cs,.…, bn+ cn] +∑    
               

F2 = min [a1 + c1, a2+ c2,….,as+cs,.…, an+ cn] +∑     
      

F3 = min [a1 + b1, a2+ b2,….,as+bs,.…, an+ bn] + ∑     
    

IV. EXAMPLE 

Consider a flow shop or progressive type FMS involving 

3 jobs and 3 machines. The processing times are shown 

in table below: 

Jobs / Machines M1 M2 M3 

    

J1 4 3 5 

    

J2 2 4 8 

    

J3 5 3 6 

    
 

Table. 1: Machining Time of Jobs 

 

This problem is solved using both initial IHSA  and the 

modified IHSA.  

F1 = min [b1 + c1, b2+ c2,….,bs+cs,.…, bn+ cn] +  ∑     
    

                                                                    = 7 + 19= 26  

                                     F2  = min [a1 + c1, a2+ 

c2,….,as+cs,.…, an+ cn] + ∑     
             

                                           = 6+19 = 25 

                                     F3 = min [b1 + a 1, b2+ a 2,….,bs+ a 

s,.…, bn+ a n] + ∑     
    

 

                                           = 8 + 19= 27  

 

Fig.  2 : The search path diagram for problem using initial 

IHSA 
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Fig. 3: 

 

Table. 2: Performance of IHSA 

V. CONCLUSIONS 

For a flow shop scheduling problem consisting of m 

machines and n jobs, the total number of schedule in which 

job can be processed is given by (n!)
m
 when the job 

sequence is not same. When same job sequence is used on 

each machine then the number of schedule is reduced to n!. 

For problem 1, the total number of schedule is 3! = 6. The 

final version of IHSA finds two optimal solutions with 

expanding less node and with 0 backtracking. the modified 

IHSA  provides better result than the initial IHSA  with less 

execution time. 

1) Improve the heuristic search algorithm and easialy 

solved the flow-shop problem and improve 

heuristicequations. 

2) Improve the equestions of heuristic search algorithm 
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