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Abstract: This study considers the scheduling problem of minimizing the total completion time on a single

machine with release dates. In view of the NP-Hard nature of the problem, one heuristic (called MM ) was

proposed for this problem. The proposed heuristic and two others (AEO and HR1) selected from the literature

were tested on a total of 450 randomly generated single machine scheduling problems ranging from 3 to 500

jobs. Experimental results show that the proposed heuristic outperforms the AEO algorithm with respect to

effectiveness and efficiency. Also, the proposed heuristic outperforms the HR1 heuristic with respect to

effectiveness.
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INTRODUCTION

Scheduling criteria are the basis on which the

performances of scheduling algorithms may be evaluated.

There are many scheduling criteria that are being studied

by researchers  (Oyetunji 2009). The total completion time

criterion appears to have been studied more than any other

scheduling   criterion   (Chakrabarti et al., 1996; Karger

et al., 1997; Philips et al., 1998; Goemans et al., 2002;

Chekuri et al., 2001; Oyetunji and Oluleye, 2007). This is

probably due to its importance (Oyetunji and Oluleye,

2008).

The scheduling problem of minimizing the total

completion time on a single machine when the release

dates are all zeros is trivial as it can be solved using the

shortest processing time (SPT) rule (Karger et al., 1997).

However, the problem is NP-Hard when release dates

constraint is introduced (Oyetunji and Oluleye, 2007). In

many real-life scheduling problems, all jobs may not be

available at time zero, hence the need for the introduction

of the release dates constraint. Because of the NP-Hard

nature of the problem, researchers have been working on

the  development  of  approximation  algorithms (Philips

et al., 1998; Chekuri, et al., 2001; Oyetunji and Oluleye,

2007).

Perhaps the first notable work on this problem was by

Philips et al. (1998). Philips et al. (1998) proposed an

algorithm (called a "-scheduling Algorithm). A total

completion time upper bound that is twice the optimal

value of total completion time was obtained. The work of

Philips et al. (1998) was improved upon by Chekuri et al.

(2001) to yield total completion time upper bound that is

1.58 times the optimal value of total completion time. An

algorithm called Best Alpha (BESTA) achieves this. The

BESTA algorithm has been studied by other researchers

with the conclusion that the upper bound of 1.58 is tight

(Uthaisombut, 2000). The  foregoing has made Best

Alpha a   popular   off-line   deterministic  algorithm  for

the 1| r i |  problem.  An algorithm is said to be off-

line if all the input data (parameters) are  known in

advance (Philips et al., 1998). An algorithm called AEO

was proposed by Oyetunji and Oluleye (2007) for this

same problem. When the performance of the AEO

algorithm was compared with that of the BESTA

algorithm, the AEO algorithm outperformed the BESTA

algorithm with respect to both effectiveness (closeness of

the value of the total completion time to the optimal) and

efficiency (how fast solution can be obtained i.e. speed of

execution) for all the problem sizes (3 to 500 jobs)

considered (Oyetunji and Oluleye, 2007). 

As the quest for better solution methods to scheduling

problems continues, and encouraged by the impressive

performance of the AEO algorithm over the BESTA

algorithm whose approximation ratio was considered tight

by Uthaisombut (2000), we embarked on the search for

further solution methods for this important scheduling

problem. A new algorithm (called M M heuristic) is

hereby proposed for the scheduling problem of

minimizing the total completion time on single machine

with release dates.

MATERIALS AND METHODS

This study was conducted in the Department of

Applied Mathematics and Computer Science, University
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for Development Studies, Ghana between January and

July 2009

Proposed solution method: Since this problem has been

characterized as strongly NP-Hard (Chakrabarti et al.,

1996; Karger et al., 1997; Chekuri et al., 2001; Goemans

et al., 2002), a heuristic (though not optimal but obtains

fairly good solutions) was proposed for solving this

problem. The heuristic is called MM and it is outlined

below.

MM Heuristic: We had a conjecture that the choice of

the job scheduled to the first position must be carefully

made. If this job has the smallest processing  time but its

release date is long, it would create ripple effects on the

value of the total completion time. Similar effects will be

created if this job has the smallest release date but its

processing time is long. Therefore , there is a need to

strike a balance between the processing time and release

date of the job to be scheduled to the first position.

Subsequently, jobs can be scheduled according to

increasing order of their processing time. Thus, the MM

heuristic schedules the job with the smallest value of the

sum of the processing time and the release date (p + r) to

the first position and schedules subsequent jobs according

to increasing order of their processing time. The steps for

MM  heuristic are:

MM Heuristic Steps:

Step 1: Initialize   

J = {1 , 2, …,n  }; This is the set of given jobs

J_S = { }; This is the set of scheduled jobs

k = 1

Step 2:Compute index = p   +  r  for all jobs in set J

Step 3: If k>1 then go to Step 5 otherwise go to Step 4

Step 4: Select the job with the least index from job set J,

schedule the job to the kth position, add the job to

job set J_S and remove it from job set J; 

Step 5: Select the job with the least processing time from

job set J, schedule the job to the kth position, add

the  job  to  job  set J_S and remove it from job

set J;  

Step 6: If job set J is empty then go to step 8 otherwise go

to step 7 

Step 7: k=k+1; go to Step 5

Step 8: The desired schedule is given by job set J_S

Step 9: Stop

Selected solution methods: In order to assess the

performance of the proposed heuristic, two heuristics

(AEO and HR1) proposed earlier for the same scheduling

problem of minimizing the total completion time of jobs

on a single machine with release time were selected for

Oyetunji and Oluleye (2007). The basic idea in the AEO

heuristic consists of choosing a job Ji with the least

processing time among the set of jobs that have arrived

and are available for processing at time t until all the jobs

have been scheduled. The HR1 heuristic schedules jobs

according to the ascending order of the sum of the

processing time and release date of the job (pi + ri ). For

details of the AEO and HR1 heuristics, see pgs. 348 and

349 of Oyetunji and Oluleye (2007).

Data Analysis: To assess the performance of the

proposed heuristic (compared with the selected

heuristics), randomly generated single machine

scheduling problems were solved. These consist of 30

problems each for 15 different problem sizes ranging from

3 to 500 jobs. In all, a total of 450 randomly generated

problems were solved. The processing time of the jobs

were randomly generated with values ranging between 1

and 100 inclusive. The ready time of the jobs were also

randomly generated with values ranging between 0 and

(0.1*  ) inclusive while the due dates of the  jobs

were also randomly  generated with values ranging

between (r i + pi) and (r i + 2*p i) inclusive.

A program w as written in Microsoft Visual Basic 6.0

to apply the solution methods (MM, AEO and HR1) to the

problems generated. The program computes the value of

the total completion time obtained by each solution

method for each problem.  The data generated was

exported to Statistical Analysis System (SAS version 9.1)

for detailed analysis.  The hardware used for the

experiment is a 1.73 GHz T2080 Intel CPU with 1024

MB of main memory.

The general linear model (GLM) procedure in SAS

was used to compute the mean value of the normalized

linear composite objective function for each problem size

(30 problem instances were solved under each problem

size) and by solution methods. The test of means was also

carried out using the GLM procedure so as to determine

whether or not the differences observed in the mean value

of the total completion time obtained by various solution

methods are statistically significant.

RESULTS AND DISCUSSION

The mean values of the total completion time

obtained from the various solution methods and for

various problem sizes considered are show n in Table 1 . It

is observed that the new heuristic (MM ) gave the least

values of the total completion time for all the problem

sizes considered. This was followed by the AEO while the

HR1 heuristic lagged behind across various problem sizes

(Table 1). 

When the result shown in Table 1 was subjected to

statistical tests so as to determine whether the differences

observed in the mean values of the total completion time

obtained from the various solution methods are significant

or not, the result obtained is presented in Table 2.  The

differences in the mean value of the total completion time
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Table 1: Mean  of the tota l com pletio n time by  solu tion m ethods and

problem sizes

Mean of the total completion t ime

Problem Size M M AEO HR1

3x1 259.40 279.10 283.37

4x1 552.20 593.03 598.90

5x1 614.60 726.53 760.40

6x1 772.77 937.97 980.30

7x1 967.17 1221.93 1355.10

8x1 998.30 1465.67 1616.10

10x1 1777.70 2363.17 2704.87

20x1 6761.03 8947.80 9603.30

25x1 8657.03 12125.00 14152.30

50x1 28597.47 31365.17 34924.97

100x1 29968.30 37859.63 40068.47

200x1 40631.20 47845.60 50268.30

300x1 76801.63 88055.60 90834.73

400x1 86501.65 98155.60 109814.37

500x1 1020835.00 1241789.00 1447865.00

Sample size = 30

Tab le 2:  Test of means (probabily values) of total completion time for

3 #  n #  500  pro blems 

Heuristics

------------------------------------------------------------------

Heuristics M M AEO HR1

M M - <0.05* <0.01*

AEO <0.05* - <0.05*

HR1 <0.01* <0.05* -

Note* indicate significant result at 5% level;Sample size = 30

-indicate n ot nece ssary

obtained from MM, AEO and HR1 heuristics are
significant (indicating better performance of MM heuristic
over both the AEO and H R1 heuristics) at 5% level for
the various problem sizes considered (Table 2). Also, the
differences in the mean value of the total completion time
obtained from AEO and HR1 heuristics are significant
(indicating better performance of AEO heuristic over the
HR1 heuristic) at 5% level for the same problem loading
(Table 2). This is in perfect agreement with the results of
Oyetunji and Oluleye (2007).

When the ratio of the values of the total completion
time obtained from the MM and HR1 heuristics to that of
the AEO (M M/AEO and HR1/AEO) were computed for
the various problem sizes, the results obtained are shown
in Fig. 1 . The performance of MM is better (by a factor of
about 32%) than that of AEO as the graph is below the
unity line while the performance of HR1 is worse (by a
factor of about 18%) than that of AEO as its graph is
above the unity line  (Fig. 1).  

The mean values of the execution time (seconds)
taken to obtain results by the various heuristics and for
various problem sizes considered are shown in Fig. 2. The
HR1 heuristic took less time (faster) than both the AEO
and MM heuristics (Fig. 2). Also the MM heuristic took
less time (faster) than the AEO heuristic for all the
considered problem sizes (Fig. 2 and 3).  

CONCLUSION

In this paper, the scheduling problem of minimizing the
total completion time on a single machine with release
dates has been explored. Because of the NP-Hard nature

Fig 1: Approximation ratio of the value total completion time
by problem sizes

Fig. 2: Comparison of execution time of MM, AEO and 
HR1for 3 to 500 problem sizes 

Fig. 3: Comparison of execution time of MM, AEO and HR1
for 3 to 200 problem sizes

of the problem, one heuristic (called MM ) has been

proposed for solving this scheduling problem.

Performance evaluation (based on effectiveness and

efficiency) of the proposed heuristic and two other

algorithms (AEO and HR1) selected from the  literature

were carried out. Based on effectiveness, the proposed

heuristic outperformed the AEO and HR1 for all the

considered problem sizes. On the other hand, with focus
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on efficiency, the MM  heuristic is also faster than the

AEO algorithm but the MM heuristic is slower than the

HR1 heuristic . Therefore , based on performance, the MM

heuristic is recommended for the scheduling problem of

minimizing the total completion time on a single machine

with release dates.
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