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Abstract 
A  new  method  is  proposed  to obtain  an optimal  scheduling  sequence  

for  flow-shop scheduling problems involving transportation time, break down time 
and weights of jobs (constrained flow-shop scheduling problems)  with 3-machines.  
The proposed  method  is very simple and easy to understand  and also, provides  an 
important tool for decision makers  when they  design a  scheduling   for constrained  
flow-shop scheduling problems with 3 machines. The proposed method is illustrated 
with help of numerical examples. 
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1  Introduction 

 
Now-a-days, the decision makers for the manufacturing plant must find a 

way to successfully manage resources in order to produce products in the most 
efficient way in the  complex manufacturing setting, with multiple lines of products, 
each requiring many different steps and machines for completion. Also, they  need 
to design a production schedule that promotes on-time delivery  as well as 
minimizes the flow time of a product. Out of these concerns grew an area of studies 
known as the scheduling problems. In the scheduling problem,  one of the central 
tasks in high-level synthesis is the problem of determining the order in which the 
operations in the behavioural description will execute. It involves solving for the 
optimal schedule under various objectives, different machine environments and 
characteristics of the jobs. The number of possible schedules of the flow-shop 
scheduling problem involving n jobs and m machines is mn )!( . The optimal solution  



922                                                                                 P. Pandian and P. Rajendran 
 
 
to the problem is to find the sequence of jobs on each machine in order to complete 
all the jobs on all the machines in the minimum total time  provided  each job is 
processed on machines 1, 2, 3, …, m  in that order. The general flow-shop 
scheduling problem is NP-hard. 
 

The scheduling problem practically depends upon three important factors 
namely, job transportation time which includes loading time, moving time and 
unloading time etc., relative importance of a job over another job and breakdown 
machine time (due to the failure of electric current, the non-supply of raw material 
or other technical interruptions) . These three factors  were separately studied by  
many researchers [ 1-3, 5-8]. Chandramouli [4]  proposed  a  heuristic algorithm  for  
flow-shop scheduling problem with 3-machines  involving transportation time, break 
down time and weights of jobs to find an optimal or near optimal  sequence. 

 
In this paper, we propose a new method  for  flow-shop scheduling problems   

involving transportation time, break down time and weights of jobs ( constrained 
flow-shop scheduling problems) with 3-machines to obtain an optimal  sequence.  
The proposed  method  is very simple and easy to understand  and also, provides  an 
important tool for decision makers  when they  design a  schedule  for constrained  
flow-shop scheduling problems with 3-macines. With the help of the numerical 
examples, the proposed method is illustrated. 
 
 
2  Machine flow-shop  problem 

 
Consider the following constrained flow-shop  problem with 3-machines 

which  can be stated as follows: 
(a)  Let job-n  be processed through three machines C  and  B A,  in the order 

ABC .  
(b) Let ‘i’ denote the job in S where S is an arbitrary sequence.  
(c) All jobs are available for processing at time zero. 
(d) Let each job be completed through the same production stage, that is, ABC, 

in other words, passing is not allowed in the flow shop. 
(e) Let iii C  and  B ,A  denote the processing time of job ‘i’  on  the machine 

C  and  B A,  respectively. 
(f) Let  ii g  and  t  denote the transportation time of job ‘i’ from   B A to and 

from C    toB  respectively. 
(g) Let job ‘i’ be assigned with a weight iw according to its relative importance 

for performance in the given sequence. 
(h) The performance measure studied in weighted mean flow time defined by  
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(i)  Let the break down interval ),( ba  is already known to us , that is, 
deterministic nature. The break down interval length ab −  which is known. 

 
Then,  our aim is to find out the optimal sequence of jobs so as to minimize the 
total elapsed time. 

 
The above stated  problem  (P) in the tabular form may be stated as follows: 
 
 

 
 
 

 
 
 

Let  us assume that  the problem (P) satisfies any one of the following 
structural conditions involving the processing time and transportation time of jobs 
hold. 
Structural conditions: 
1. }{ iAMinimum  ≥  }{ ii BtMaximum +   

or  }{ ii gCMinimum +  ≥ }{ ii BtMaximum + .   
       

2. }{ i itAMinimum +  ≥  }{ iBMaximum   
or   }{ ii gCMinimum +  ≥  }{ iBMaximum . 

 
3. }{ i itAMinimum +  ≥  }{ i igBMaximum +   

or }{ iCMinimum  ≥  }{ i igBMaximum + . 
 
4. }{ iAMinimum ≥ }{ ii igBtMaximum ++  

or  }{ iCMinimum ≥ }{ ii igBtMaximum ++ . 
 
 
3  New proposed  method 

 
We, now introduce a new method for finding an optimal sequence  to the 

problem (P). 
The new proposed method  proceeds as follows. 

Step 1 :   Reduce the given problem (P) into two machines flow-shop problem by 
introducing two fictions machines, H and  G  whose machine processing times 

n1,2,...,i ,H and  ii =G  are given below: 

Job  Machines with 
Processing  times and transporting times 

Weight  
of  Jobs  

i  iA  it  iB  ig  iC  iW  
1 1A  1t  1B  1g  1C  1W  
2 2A  2t  2B  2g  2C  2W  
M  M  M  M  M  M  M  
n  nA  nt  nB  ng  nC  nW  
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 (a) If  the structural condition (1) is satisfied,  
                                                 then iiii BtAG ++=  and iiiii CgBtH +++= . 
 (b) If  the structural condition (2) is satisfied,  
                                                  then iiii BtAG ++=  and iiii CgBH ++= . 
 
 (c) If  the structural condition (3) is satisfied,  
                                                  then iiiii gBtAG +++=  and iiii CgBH ++= . 
  and 
 
 (d) If  the structural condition (4) is satisfied,  
                                                  then iiiii gBtAG +++=  and iiiii CgBtH +++= . 
 The tabular form of the reduced problem is given below: 
 
 
 
 
 
 
 
 
 
 
 
Step 2.   Compute ),( ii HGMinimum .    

a. If   iii GHGMinimum =),( ,  then define  iii wGG −=′  and   ii HH =′ . 
b. If  iii HHGMinimum =),( , then  define ii GG =′   and  iii wHH +=′  

Step 3.  Formulate a  new  reduced scheduling  problem involving two machines as 
follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
where  ii   and  HG ′′    are obtained from the Step 2. 

Job  Machine  with 
processing times 

Weight of  Jobs  

i  iG  iH  iW  
1 1G  1H  1W  
2 2G  2H  2W  
M  M  M  M  
n  nG  nH  nW  

Job  Machines 
with processing times  

i  iG ′′  iH ′′  
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Step 4. Determine  the optimal sequence  to  the new reduced scheduling problem 
obtained in the Step 3. and also, the total elapsed time  for the given problem (P) by 
using Johnson’s algorithm. ( If the machine processing times of a job are equal,  put 
the job at last in the optimal sequence )   
Step 5. Identify the effect of break-down interval ),( ba on different jobs. 
Step 6. Modify the given problem  using the new  machine processing times iA′ , iB′  

and  iC′  which  are obtained from  one of the following cases. 
(i) If  the break-down interval ),( ba  has no effect on job i ,  at the time of 
processing the machines A , B and C,  then 

ii AA =′ , ii BB =′  and  ii CC =′  . 
(ii) If  the break-down interval ),( ba  has affected on  job i,  at the time of processing 
the machines A, B and C ,  then )(ii abAA −+=′ , )(ii abBB −+=′  and  

)(ii abCC −+=′   
 
Step 7. Using the modified scheduling problem and the optimal sequence of the 
given problem obtained in Step 4., determine the total elapsed time and weighted 
mean-flow time.  
 
 
4  Numerical Examples 
 

The  proposed  method is illustrated by the following examples. 
Example 1:  Consider the following constrained flow-shop scheduling problem of 
4-jobs on  3-machines with  processing times, transportation times and the weights 
of jobs: 
 
 
 
 
 
 
 
 
 
 
given that  the break-down interval (a, b) = (18, 25).  
 Now,  since  }{ i itAMinimum +  = 9 ≥  7 = }{ iBMaximum ,   the structural condition 
(2) is satisfied.  
Then,  using  the Step 1. to the Step 4. of  the  proposed method,  we obtain that 
(2,1,4,3) is an optimal sequence for the given problem.  
Now, the total elapsed time for the optimal sequence (2,1,4,3) is calculated as 
follows: 
 
 

Job  Machines with 
processing times and transporting times 

Weight  
of  Jobs  

i  iA  it  iB  ig  iC  iW  
1 13 1 7 2 5 3 
2 8 3 6 5 9 5 
3 7 2 3 4 5 4 
4 5 5 2 1 6 2 
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Therefore, the total elapsed time is 47 hrs.  
Now,  Job 2, Job1 and Job3  have been affected by the  break down interval (18, 25) 
on the optimal sequence (2, 1, 4, 3). 
Now, using the Step 6. of the proposed  method,  we modify the processing  times  
for affected jobs and we obtain the following new scheduling problem in the tabular 
form: 
 
 
 
 
 
 
 
 
 
 
 
Now,  the elapsed time for the optimal sequence  (2,1,4,3) after applying the 
breakdown time is calculated as follows: 
 
 

 
   
 
 

 
 
 
 
 
 

The mean weighted flow time  =  
4235

40)x4-(6128)x2-(56x3)850(5x38
+++

++−+  = 

30.4. 
Hence,  the total elapsed time is  61 hrs  and the mean weighted flow time is 30.4 
hrs. 

Job  Machines with 
processing  times and transporting times 

Weight  
of  Jobs  

i  iA  it  iB  ig  iC  iW  
2 0-8 3 11-17 5 22-31 5 
1 8-21 1 22-29 2 31-36 3 
4 21-26 5 31-33 1 36-42 2 
3 26-33 2 35-38 5 42-47 4 

Job  Machines with 
processing times and transporting times 

Weight  
of  Jobs  

i    iA  it  iB  ig  iC  iW  
1 20 1 14 2 5 3 
2 8 3 6 5 16 5 
3 7 2 3 4 5 4 
4 12 5 2 1 6 2 

Job  Machines with 
processing  times and transporting times 

Weight  
of  Jobs  

i  iA  it  iB  ig  iC  iW  
2 0-8 3 11-17 5 22-38 5 
1 8-28 1 29- 43 2 45-50 3 
4 28-40 5 45-47 1 50-56 2 
3 40-47 2 49-52 4 56-61 4 
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Example 2:  Consider the following  constrained flow-shop scheduling  problem of  
4-jobs on 3-machines with processing times, transportation times and the weights of 
jobs: 
 
 
 
 
 
 
 
 
 
 
given that  the break-down interval (a, b) = (18, 22).  
Now,  since  }{ i itAMinimum +  = 8 ≥  7 = }{ iBMaximum ,   the structural condition 
(2) is satisfied.  
Then,  using  the Step 1. to the Step 4. of  the  proposed method,  we obtain that 
(3,2,1,4) is an optimal sequence for the given problem.  
Now, the total elapsed time for the optimal sequence (3,2,1,4) is calculated as 
follows: 
 
 
 
 
 
 

Therefore, the total elapsed time is 49 hrs.  
Now,  Job 3, Job 2 and Job 1  have been affected by the  break down interval (18, 
22) on the optimal sequence (3,2, 1, 4). 
Now, using the Step 6. of the proposed  method,  we modify the processing  time  
for affected jobs and we obtain the following new scheduling problem in the tabular 
form: 
 
 
 
 
 
 
 
 
 
 

Job   Machines with 
processing times  and transporting times 

Weight  
of  Jobs  

i  iA  it  iB  ig  iC  iW  
1 10 2 7 2 5 3 
2 8 3 6 5 9 5 
3 7 1 3 4 5 4 
4 5 4 2 1 6 2 

Job  Machines with 
 processing times  and transporting times 

Weight  
of  Jobs  

i  iA  it  iB  ig  iC  iW  
3 0-7 1 8-11 4 15-20 4 
2 7-15 3 18-24 5 29-38 5 
1 15-25 2 27-34 2 38-43 3 
4 25-30 4 34-36 1 43-49 2 

Job  Machines with 
processing  times and transporting times 

Weight  
of  Jobs  

i  iA  it  iB  ig  iC  iW  
1 14 2 7 2 5 3 
2 8 3 10 5 9 5 
3 7 1 3 4 9 4 
4 5 4 2 1 6 2 
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Now, the elapsed time for the optimal sequence  (3,2,1,4) after applying the 
breakdown time is calculated as follows: 
 

 
   
 
 

 
 
 
 
 

The Mean weighted flow time  =  
4235

29)x2-(5115)x3-(45x5)939(4x24
+++

++−+  = 

27.86 hrs. 
Hence  the total elapsed time is 51 hrs and the mean weighted flow time is 27.86 hrs. 
 
Note: The Example 2. can not be solved  using the algorithm given in [4] since both 
structural conditions given in [4] are not satisfied. 
 
 
5  Conclusion 

 
The new method provides an optimal scheduling sequence for constrained 

flow-shop scheduling problems of 4-jobs on 3-machines.  This method is very easy 
to understand and apply  and also,  will help managers in the scheduling related 
issues by aiding them in the decision making process and providing an optimal 
scheduling sequence in a simple and effective manner. Determining  a best schedule 
for given sets of jobs can help decision makers effectively to control job flows and 
to provide a solution  for job sequencing. We have a plan to extend the proposed  
method to constrained flow-shop problems with m-machines. 
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