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Abstarct. This paper presents three new heuristic procedures in an attempt to improve the solution’s quality of 
an earlier proposed heuristic in the literature.  The heuristcis are developed to minimize average flow time in 
static and dynamic flexible manufacturing cell environment for n-job m-machine problem.  The first heuristic 
is a modified version of Chan and Bedworth’s heuristic (Inter. J. Prod. Res., Vol 28, pp. 2037-2049, 1990) 
which attempts to improve its solution’s performance. The second heuristic is based on the development of an 
index function to select a job to be appended to a partial sequence. Finally, a simulated annealing algorithm is 
developed to be also used for testing and comparisons.  The three heuristics along with that of Chan and 
Bedworth are tested by solving 180 randomly generated problems.  Based on the results of this experemintal 
work, the improved Chan and Bedworth’s heuristic was superior to the other three heuristics when minimizing 
the average flow time.  With respect to the makespan as an objective function, the  heuristic using the index 
function outperformed the remaining heuristics. 
 
Keywords: Flowshop, Scheduling, Heuristics. 
 

1. Introduction 
 
In many manufacturing settings such as systems with flexible manufacturing cells, the 
most natural performance metric is the flow time since it measures the quality of service 
in terms of the time customers have to wait for their jobs to be processed.  It is also a 
good indication for the cells utilization and the work-in-porcess level. In this context, the 
manufacturing manager would insist that the average time that customers experience to 
receive their jobs is not too high. This manager goal can be achieved by determining the 
processing sequence of the jobs that minimizes the average flow time.  

 
In this paper, we limit our work to the study of static permutation flowshop 

sequencing problems with the average flow time (or equivalently, total completion time) 
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as a performance criterion. We consider the situation where n jobs are available at time 
zero for processing and are processed on  m  machines in the same technological order.  
Moreover, the jobs are processed on every machine in the same order with no 
preemption.  The processing times, Pij (i=1, 2, …, n and  j = 1, 2, …, m) of every job on 
each machine are deterministic. 

 
In recent years, the focus of the scheduling research community has been on the 

development of heuristic procedures for some well known NP-hard scheduling problems 
such as the one considered in this paper. In fact, given that the average flow time 
minimization problem was shown to be NP-hard (Gonzalez and Sahni [1]) for m ≥  2, it 
is necessary to develop computationally efficient heuristic procedures that generate close 
optimal sequences.  
 

From a review of the literature, it can be noticed that several heuristic approaches 
in the field of flowshop scheduling have been designed to minimize both the maximum 
flow time and the makespan.  Some of these approchaes are given by Palmer [2], Ashour 
[3], Campbell, Dudek and Smith [4],  Gupta [5], Baker [6], Dannenbring [7], King and 
Spachis [8], Stinson and Smith [9], Nawaz et al. [10], Hundal and Rajgopal [11], Osman 
and Potts [12], Widmer and Hertz [13], Taillard [14], Ogbu and Smith [15], Ho and 
Chang [16], Sarin and Lefoka [17], Werner [18], Reeves [19], Chen et al. [20], Reeves 
[21], Ishibuchi et al. [22], Zegordi et al. [23], Moccellin [24], Murata et al. [25], 
Nowicki and Smutnicki [26], Koulamas [27], Stützle [28], Ben-Daya and Al-Fawzan 
[29], Reeves and Yamada [30], Suliman [31], Moccellin and dos Santos [32], 
Ponnambalam et al. [33], Davoud Pour [34], Allahverdi and Aldowaisan [35], Framinan 
et al. [36], and Wang and Zheng [37],… etc. However, relatively few papers exist for 
other performance measures such as the average flow time.  Chan and Bedworth [38] 
proposed a heuristic for minimizing average flow time for static and dynamic flexible 
manufacturing cells.  Their paper deals with cell scheduling when minimizing the mean 
flow time for n-job and m-machine problem in static and dynamic environments.   

 
The purpose of this paper is first to develop a heuristic which attempts to improve 

the quality of solution obtained by Chan and Bedworth’s heuristic. Then, another 
heuristic procedure is proposed which is based on an index function to sequence the 
jobs. Finally, a simulated annealing algorithm was developed to be also used for testing 
and comparisons.  

 
This paper is organized as follows. The following section describes Chan and 

Bedworth’s heuristic.  In section 3, the improved Chan and Bedworth’s heuristic is 
presented. In section 4, the index function heuristic is discussed.  The simulated 
annealing algorithm is introduced in section 6.  In section 7, the four heuristics are tested 
and compared.  Finally, in section 8, some conclusions and future recommendations are 
given.  
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2. Chan and Bedworth’s Heuristic 
 

The purpose of Chan and Bedworth 's work is to minimize the average flow time or 
other performance measures (e.g. machine utilization, mean throughput, and the 
makespan) for n-job and m-machine problem in static and dynamic environments. Chan 
and Bedworth argue that the mean flow time is a logical criterion in an automated cell 
because it will represent an ongoing streams of parts. The cell scheduling problem for an 
automated manufacturing cell can be classified as follows:  

1) A static cell scheduling problem which determines the job sequence when a 
group of jobs arrive at a cell, usually on a standard-fixture pallet, and 

2) A dynamic cell scheduling problem which determines the job sequence when 
the initial machine in the cell becomes available.  

 
Chan and Bedworth’s heuristic is based on the comparison of the mean flow time 

for all possible pair of jobs.  For two-job, m-machine problem, two sequences are 
evaluated based on the mean flow time, and accordingly one job should proceed the 
other. Their heuristic procedure can be summarized in an algorithmic form as follows: 

 
Algorithm 

Step 1: Retrieve the processing times from the cell database.   
Step 2: Compute temporary, simplified flow times for each pair of jobs using the 

following equation: 

F P P Rm ij i ik m
k

m
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where: R1 = 0  
R2 = Pj2 + max( Pj1, Pi2) 
R3 = Pj3 + max(R2, Pi2 + Pi3) 
R4 = Pj4 + max(R3, Pi2 + Pi3 + Pi4) 

Rm = Pjm + max ( , )R Pm ik
k

m

−
=
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2
 

Rm
* = Rm - Pjm    m ≥ 2 

for example Fm(12), Fm(21), Fm(13), Fm(31), Fm(23), and Fm(32) are 
six temporary flow times for a three-job, m-machine problem.  

 Step 3: Compare each pair of temporary flow times (i.e. Fm(12), Fm(21) is one 
such pair) and pick the smallest; assign an asterisk to the starting job for 
that pair.  Perform this step for all pairs of flow times.  Count the 
number of asterisks assigned to each job when all pairs have been 
evaluated and sequence that jobs with the largest number of asterisks 
first, next largest number of asterisks second, and so on.  
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The following example from Chan and Bedworth 's paper illustrates how the 
heuristic works.  Table 1 shows the job data for four-job four-machine problem. 

  
Table 1. Processing time for 4 jobs on 4 machines 

Job No. M1  M2 M3 M4 

1 22 11 19 21 

2 9 14 16 2 

3 20 19 4 2 

4 10 18 6 7 

 
Since there are four jobs, then the total number of temporary flow times is 

twelve.  For the purpose of illustration, the first two pairs are calculated (i.e. F4(12), and 
F4(21) ).  The calculation for the simplified flow time is as follows:  

F4(12) = (2)(22) + (11 + 19) + 51 = 125 
 
The first term is P11 and the second term is P12 + P13.  The last term is calculated as 
follows: 
 

R1 = 0 
R2 = 14 + max(9, 11) = 25 
R3 = 16 + max(25, 30 ) = 46 
R4 = 2 + max(46, 51) = 53 

Rm
* = 53 -2 = 51. 

 
For the sequence 21 we have  
 

F4(21) = (2)(9) + (14 + 16) + 52 = 100, 
 
where the last term is calculated as follows:  
 

R1 = 0 
R2 = 11 + max(22, 14) = 33 
R3 = 19 + max(33, 30 ) = 52 
R4 = 21 + max(52, 32) = 73 

Rm
* = 73 -21 = 52. 

 
Table 2 shows all temporary flow time values for the 12 pairs. 
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Table 2. Pair of sequences and corresponding temporary flow times 

Sequence pair P* values 

1-2:2-1 125:100 

1-3:3-1 125:115 

1-4:4-1 125:96 

2-3:3-2 91:112 

2-4:4-2 86:92 

3-4:4-3 106:87 

 
Table 3 shows the best sequence in pair. From  this table, it is clear that job 2 has 3 

asterisks, job 4 has 2 asterisks, job 3 has 1 asterisk, and job 1 has none.  Therefore, 
according to the sum of asterisks the best sequence is 2-4-3-1 which has a mean flow 
time of 68.25 (which is optimum). 

 
Table 3. The best pair sequence  

Sequence pair The best sequence in pair  

1-2:2-1 2*-1 

1-3:3-1 3*-1 

1-4:4-1 4*-1 

2-3:3-2 2*-3 

2-4:4-2 2*-4 

3-4:4-3 4*-3 

 
To illustrate further the heuristic procedure, another example is solved with 6 jobs 

and 3 machines.  Table 4 shows the job data. 
 

Table 4. Processing time for 6 jobs on 3 machines 
Job no. M1  M2 M3 

1 5 8 20 

2 6 30 6 

3 30 4 5 

4 2 5 3 

5 3 10 4 

6 4 1 4 
 
Since there are 6 jobs, then there are a total of 30 temporary flow times. Table 5 

shows all temporary flow time values for the 30 pairs. 
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Table 5. Pair of sequences and corresponding temporary flow times 

Sequence pair P* values 

1-2:2-1 56:80 

1-3:3-1 52:77 

1-4:4-1 46:17 

1-5:5-1 46:34 

1-6:6-1 46:22 

2-3:3-2 78:100 

2-4:4-2 78:45 

2-5:5-2 82:56 

2-6:6-2 78:45 

3-4:4-3 73:43 

3-5:5-3 78:50 

3-6:6-3 73:43 

4-5:5-4 24:31 

4-6:6-4 17:16 

5-6:6-5 30:22 

 
Table 6 shows the best sequence in pairs. From this table, it is clear that job 6 has 5 

asterisks, job 4 has 4 asterisks, job 5 has 3 asterisks, job 1 has 2 asterisks, job 2 has one 
asterisk, and job 3 has none. Therefore, according to the sum of asterisks the best 
sequence is 6-4-5-1-2-3 which has a mean flow time of 38.67.  

 
Table 6. The best pair sequence  

Sequence pair The best sequence in pair  
1-2:2-1 1*-2 
1-3:3-1 1*-3 
1-4:4-1 4*-1 
1-5:5-1 5*-1 
1-6:6-1 6*-1 
2-3:3-2 2*-3 
2-4:4-2 4*-2 
2-5:5-2 5*-2 
2-6:6-2 6*-2 
3-4:4-3 4*-3 
3-5:5-3 5*-3 
3-6:6-3 6*-3 
4-5:5-4 4*-5 
4-6:6-4 6*-4 
5-6:6-5 6*-5 
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3. Improved Chan and Bedworth’s Heuristic 

 
This section describes an improvement step which can be added to the heuristic 

proposed by Chan and Bedworth to enhance its performance.  In step 3 of the Chan and 
Bedworth’s heuristic, there are two possibilities of improvement, which are raised by the 
following questions: 
1) What would happen if the simplified flow times for a pair of jobs are the same 

in both sequences?  
2)   What would happen if more than one job have the same number of asterisks?    
 
Therefore, the two possibilities of improvement are: 
1) When the simplified flow time for a pair of jobs is the same then give asterisks 

to both jobs. 
2) When the sums of asterisk for two jobs or more are the same then form all possible 

sequences and select the best schedule.  For example, assume that there are five 
jobs (i.e. 1, 2, 3, 4, 5) and the sums of asterisks for the first two jobs (i.e. 1 and 2) 
in the sequence are equal, then two sequences 1-2-3-4-5 and 2-1-3-4-5 should be 
considered.  Next, calculate the average flow time for the two sequences and select 
the sequence with the minimum average flow time. 

 
The two possibilities of improvement are added to the proposed heuristic by 

Chan and Bedworth.  The following numerical example is used to illustrate the proposed 
improvement step.  Assume that there are 4-job 3-machine problem where the job data 
are given in Table 7.  

 
Table 7. Processing time for 4 jobs on 3 machines 

Job no. M1  M3 M4 
1 1 8 4 
2 2 4 5 
3 6 2 8 
4 3 9 2 

 
From the above data, all of the simplified flow times are calculated and are given in 

Table 8. 
 

Table 8. Pair of sequences and corresponding temporary flow times 
Sequence pair P* values 

1-2:2-1 22:20 
1-3:3-1 22:24 
1-4:4-1 27:32 
2-3:3-2 17:24 
2-4:4-2 21:28 
3-4:4-3 26:26 
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Table 9 shows the best sequence in pair. 
 

Table 9. The best pair sequence 
Sequence pair The best sequence in pair  

1-2:2-1 2*-1 
1-3:3-1 1*-3 
1-4:4-1 1*-4 
2-3:3-2 2*-3 
2-4:4-2 2*-4 
3-4:4-3 4*-3 and 3*-4 

 
From Table 9, it is clear that job 2 has 3 asterisks, job 1 has 2 asterisks, job 3 has 1 

asterisk, and job 4 has 1 asterisk.  Therefore, according to the sum of asterisks there are 
two sequences, the first sequence is 2-1-4-3 which has average flow time of 21.75 and 
the second is 2-1-3-4 which has average flow time of 20.75.  Thus, the second sequence 
is better than the first, therefore it is selected.  

 
4. Index Function Heuristic 

 
In this section, a more complicated procedure is proposed to minimize the 

average flow time. This heuristic is based on an index function to be used for 
determining the position of each job in the sequence. The sequence is generated by 
appending jobs one by one to a partial sequence developed in previous steps of the 
heuristic.  The index function represents the total machine idle times and total waiting 
times for a job u = 1, 2, …, n which is to be processed after a job v ≠ u = 1, 2, …, m  and 
assuming that this pair of jobs are the only jobs to be processed on the  m machines.  
More formally, this index function is defined as follows: 
D(v,u): index assigned to two adjacent jobs v and u where job v precedes job u.  The 

D(v,u) is calculated for a pair of job as follows: D v u P Pv j u j
j

m

( , ) , ,= −+
=

−

∑ 1
1

1

, where   

v ≠ u, v = 1, ..., n, and u = 1,...n.  For n jobs, there are n(n-1) indices.  For example, 
assume that there are three 3 jobs then there will be six pairs of indices to be computed.  
These pairs are: D(1,2) D(1,3), D(2,1), D(2,3), D(3,1), and D(3,2).  Note that when 

jujv PP ,1, >+ , then job u has to wait between machines j and j+1 before it can be 

processed.  On the other hand when jujv PP ,1, <+ , then machine j+1 is kept idle until 
job u is compltely processed on machine j.   

 
Next, a discussion of the different steps of the heuristic is presented.  Prior to 

describing the different steps, some terms that are used in the heuristic need to be 
interpreted. Calculate all D(v,u) implies using the D(v,u) formula presented above.  
Scheduling a job means schedule it at Lth position in the processing sequence.  Index H 
is a counter for the total number of jobs which have been scheduled (i.e. at the end of the 
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heuristic, H = n).  Index L indicates the position of a job in the processing sequence.  
These different steps of the heuristic are outlined as follows: 

 
Step 1: Set H = 0, and L= 0.  

H: index for the total number of jobs that have been scheduled. 
L: index for the job scheduled at Lth position in the processing 
sequence. 

Step 2: Calculate all D(v,u)s by repeating this step  n(n-1) times, where v = 
1,2,...,n and  u = 1,2,...,n where v ≠ u for any D(v,u). 

Step 3: Find the minimum D(v,u), then find the next four minimum D(v,u)s over 
v and u, where v = 1,...,n-H, u = 1,...,n-H, v ∈ U, and u ∈ U.  Where U 
is the set of (n-H) jobs as yet to be scheduled.  If there are more than 
one equal D(v,u), then all the corresponding pairs (v,u) are considered 
as candidates.  Moreover, when determining the next four minimum 
D(v,u), consider all pairs (v, u) in case of equal D(v,u)  

Step 4: For all the (v,u)’s found in step 3 consider them as starting partial 
sequeces.  Set S = number of sequences. 

Step 5: Repeat steps 6 and 7  S times. 
Step 6: Set L = 2 and H = H + 2 then;  

Schedule the first two jobs in positions (L-1)th  and Lth. 
Step 7: (a) Find the next minimum D(v,u) over u, where u = 1,...,n-H and u ∈ U, 

where U is the set of (n-H) jobs as yet to be scheduled. 
If D(v,u) is unique proceed to step 7(b), otherwise increase S by one 
and retrieve all the jobs assigned to this partial schedule and 
consider them as new schedule with pair that is equal to this D(v,u), 
then proceed to step 7 (b). 

(b) Set L = L + 1 
Set H = H + 1  
Schedule job selected on step 7(a) at Lth position, If H = n STOP, 
otherwise go to step 7 (a).  

Step 8: Calculate the average flow times for all schedules generated and select 
the schedule with the lowest average flow time. 

 
The heuristic at step 8 is terminated. The proposed heuristic is based on an efficient 

idea since it gives the chance to start the sequence using different starting partial 
sequences. This in turns allows the search to go through different paths and different 
neighborhood of job sequences.  

 
Consider the same example in the improved heuristic section (see Table 7) which 

can be used to illustrate the different steps of the heuristic.  In step 2 we calculate all the 
D(v,u)s.  The following is the D(v,u) matrix values. 
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Table 10.  Matrix of D(v, u) values 
 1 2 3 4 
1 - 6 4 10 
2 6 - 5 5 
3 1 4 - 2 
4 14 9 3 - 

 
From the above matrix, the minimum D(v,u) is for the pair (3,1), and the next four 
minimum D(v,u)’s are obtained for the pairs (3,4), (4,3), (3,2), (1,3), (2,3), and (2,4).  
For the partial sequence (3,1), the next job to be appended is job 2 since D(1,2) is 
smaller than D(1,4). Therefore, the complete sequence starting with pair (3,1) is 3-4-2-1 
with a mean flow time of 33.  For the remaining pairs we have the following sequences: 
3-4-2-1 with F  = 34, 4-3-1-2 with F  = 23.25, 3-2-4-1 with F  = 23.25, 1-3-4-2 with F  = 
21.25,  2-4-3-1 with F  = 20.5, and 2-3-1-4 with F  = 20.5.  Therefore, the last two 
schedules are the best, so that one of these two schedules can be selected.  
 

5. The Simulated Annealing Algorithm 
 

In this section, the simulated annealing approach proposed by Burkard et al. 
[39] is adopted to be used in minimizing the average flow time for the flowshop 
scheduling problem.  The different steps of the adopted procedure are as follows: 

 
Step 1:  Set Restart  = 10, number of repetition for the procedure. 
Step 2: Initialize all variables. 
Step 3: Generate a random schedule, call it S, then transform S into S' 
Step 4: Set t = 100000,  a= 0.5, Trial = n2, and Change = 1, where t represents 

the mobility parameter and a is a positive factor less than one by which 
t is reduced after each trial cycle. According to the number of jobs, the 
value of Trail is set and it is considered to be a large number. 

Step 5: Do while Change = 1 
Comment: as long as changes occur in the objective function value, 
change is set to 1.  The procedure stops if change = 0 during a complete 
cycle of random trails.  
Change = 0. 
Rep = 1 (Rep is counter for Trail number) 
Do while Rep < Trial 

Select two jobs randomly (uniformly distributed (1,n)) in S' and 
swap them. 
Calculate the completion times for the machines in both schedules 
S and S', then calculate the average flow time for both schedules. 
Set MFT(S) = Mean Flow Time for S. 
Set MFT(S') = Mean Flow Time for S'. 
Set Delta = MFT(S') - MFT(S). 
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If Delta < 0 then go to Accept, otherwise continue. 
PDelta = e(-Delta/t). 
Generate random variable x uniformly distributed in (0,1). 
If x < PDelta then go to Accept else go to Exit. 
Accept: S = S', and MFT(S) = MFT(S') 
If Delta ≠ 0 then Change = 1 
Exit: Rep = Rep + 1 

LOOP. 
Trial = Rep * 1.1 (Rep is multiplied after each cycle by 1.1, such that as 
t decreases, more trails are performed at constant t ). 
t = t * a (a is the factor reducing mobility parameter t after each cycle). 
LOOP. 

Step 6: Retain the schedule obtained by the above procedures and, 
If Restart = 10 then select the best schedule and STOP, otherwise go to 
step 2. 
 

6. Experimental Comparison of the Heuristics 
 

To assess the quality of solutions obtained by the four heuristics, they were 
coded in QUICK BASIC.  Then, different computational experiments were performed 
using randomly generated data.  These experimental tests were generated according to 
the following parameters: three levels for the number of machines (m) = 3, 4, or 5, three 
levels for the number of jobs (n) = 15, 20, or 25, and the processing times (Pij) were 
triangularly distributed with a minimum value of 3, a maximum value of 20, and a mode 
value of 10.  Thus, there were three cases for m, three cases for n, and one case for Pij, a 
total of nine combinations of parameters.  Twenty random problems were generated for 
each combination.  For the 180 problems, the tests were performed as follows:  

1) The process times for the jobs were generated; 

2) The computer codes for the four heuristics were run;  

3) The average flow time and the makespan were recorded;  

4) The percentage errors were calculated. 
 

The percentage error measure was used to test the quality of solutions obtained by 
each of the four heuristics.  The percentage of error (α ) is defined in terms of the 
performance measure used in this research, (i.e., the average flow time).  The percentage 
error was calculated for each heuristic as follows: 

 

100
min

min ∗
−

=
F

FFk
kα  
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where the index k = 1 for Chan and Bedworth’s heuristic, 2 for the improved Chan and 
Bedworth’s heuristic, 3 for the index function heuristic, and 4 for the simulated 
annealing algorithm. The Fmin  is the minimum average flow time obtained by one of the 
four heuristics for a specific scheduling problem.  

 
The results for each of the nine combinations obtained by each of the four 

heuristics are summarized in Table 11.  In Table 11, each row represents the averages 
obtained for the twenty problems for each combination. 

 
Also, from Table 11 we can construct the following two tables to rank and sort the 

four heuristics by giving them weight according to their rank in each combination. The 
weights will help us to decide which of the heuristics is the best.   
 

From Table 12, the sum of weights for each heuristic is as follows: for Chan 
and Bedworth’s heuristic the sum of weight is 66, for the improved Chan and 
Bedworth’s heuristic the sum of weights is 89, for index function heuristic the sum of 
weights is 65, and for the annealing heuristic the sum of weights is 62.  Therefore, 
according to these weights the four heuristics can be ranked as follows: improved Chan 
and Bedworth’s heuristic - Chan and Bedworth’s heuristic - index function heuristic - 
annealing.  However, it should be clear and fair to be mentioned that the difference in the 
quality of solutions obtained by Chan and Bedworth, index function,  and annealing 
heuristics is not significant.  
 

From Table 13, the sum of weights for each heuristic is as follows: for Chan and 
Bedworth’s heuristic the sum of weight is 65, for the improved Chan and Bedworth’s 
heuristic the sum of weight is 73, for index function heuristic the sum of weight is 87, 
and for the annealing the sum of weight is 81.  Therefore, according to these weight we 
can rank the heuristics as follows: Index function-annealing-improved-original Chan and 
Bedworth.  It should be clear that none of the heuristics had the same performace for the 
makespan and mean flow time.  

7. Conclusion and Recommendations 
 
The following conclusions are based on the findings from the experimental works 

based on the performance measure addressed in this study, namely the average flow 
time.  Also, based on the makespan which was computed during the experimental work.  

 
The results showed that for the average flow time measure, the improved Chan and 

Bedworth’s heuristic was the best among the four heuristics.  Also, both Chan and 
Bedworth and index function heuristics performed better than the simulated annealing 
algorihtm. 

 
For the makespan computed, the index function heuristic outperformed the 

remaining heuristics.  Also, the simulated annealing algorithm performed better than 
Chan and Bedworth, and improved heuristics.  
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Table 12. Ranks of the four heuristics according to the average flow time measure 

Combination  no. First in rank 
(w*=10) 

Second in rank 
(w=9) 

Third in rank 
(w=8) 

Fourth in rank 
(w=7) 

1 2 4 3 1 
2 2 4 3 1 
3 2 1 3 4 
4 2 4 3 1 
5 3 2 1 4 
6 2 1 3 4 
7 2 4 1 3 
8 2 1 3 4 
9 2 1 3 4 

* w is the weight given to each heuristic according to its rank 
 
Table 13. Ranks of the four heuristics according to the makespan measure 

Combination  no. First in rank 
(w=10) 

Second in rank 
(w=9) 

Third in rank 
(w=8) 

Fourth in rank 
(w=7) 

1 4 2 3 1 

2 3 4 2 1 

3 4 3 1 2 

4 3 4 2 1 

5 3 4 1 2 

6 3 2 4 1 

7 3 4 2 1 

8 3 4 2 1 

9 3 2 4 1 

 
 
In summary, the improved Chan and Bedworth’s heuristic is an effective method of 

scheduling n jobs on m machines when minimizing the average flow time and index 
function heuristic is an effective method of scheduling n jobs on m machines when 
minimizing the makespan.  

 
An attempt to improve the sequence of jobs obtained by the annealing approach can 

be performed as follows: instead of selecting a random schedule as a seed we might start 
with one of the solutions obtained by the other three heuristics. 
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