
G.J.Oyewole et al., Advances in Industrial Engineering and Management, Vol.3, No.1(2014) 1-12 
 

1 
ISSN: 2222-7059(print), ISSN: 2222-7067(online), http://www.aspbs.com/aiem/ 
DOI: 10.7508/AIEM-V3-N1-1-12 

 

 
Copyright © 2010 American Scientific Publishers 
All rights reserved 
Printed in the United States of America 

 
Minimizing Maximum Stretch on A Single Machine 

with Release Date 
G.J.Oyewole1a,  A.E. Oluleye1b, E.O. Oyetunji2c 

 
1University of Ibadan, 2Lagos State University 

ajohnigbem55@yahoo.com 
bayodeji.oluleye@mail.ui.edu.ng 

ceoyetunji@yahoo.com 

Abstract: This paper considers the scheduling problem of minimizing the maximum 
stretch on a single machine with release dates. The need to give importance to short 
jobs in interactive environments where jobs with long and short processing times are 
involved creates a Scheduling problem. Also this problem, is by nature NP-Hard (difficult 
to achieve optimal solutions in good time).Hence, the John Gbeminiyi Oyewole 1(JGO1) 
heuristic was developed to solve this problem. JGO1 heuristic and two other solution 
methods selected from the literature (First in First out (FIFO) and Branch and Bound 
(BB)) were tested on 1400 randomly generated problems. Twenty Eight different problem 
sizes ranging from 3 to 500 jobs and 50 problem instances under each problem size 
were generated.  Performance evaluation was based on effectiveness and efficiency of 
the solution methods. Experimental results based on effectiveness show that JGO1 
performed competitively with the BB method (BB not significantly different from JGO1 at 
5% level), but far better than FIFO for 3 to 500 problem sizes. However, the JGO1 
achieved a lesser mean best-result than the BB method. Based on efficiency, JGO1 and 
FIFO were faster than the BB method but not significantly different from each other at 5% 
level. 
Keywords: Scheduling, Maximum Stretch, Starvation, Heuristics, Efficiency, 
Effectiveness 

 

1 INTRODUCTION 
Real life application of Soft computing  techniques 
have continued to gain more prominence in twenty -
first century research works such as in Huang et 
al.[1], Wu et al. [2], Zhang et al.[3],Taormina et 
al.[4],  Olya et al. [5] etc. This is due to their 
abilities to simulate, analyze and predict the 
performance of systems for improved managerial 
decisions. Similarly, the field of scheduling 
essentially applies these techniques. Scheduling is 
concerned with efficient allocation of scarce 
resources (machines) over time to tasks (jobs) with 
the aim of minimizing cost or maximizing profit  
Oyetunji and Oluleye, [6]. There are many 
scheduling criteria that are being studied by 
researchers Oyetunji,[7]. Some examples are:        
Makespan(C max), Total flow Time (FT) , Total 

completion time (CT), Maximum Earliness (Emax), 
Maximum Tardines(T max) etc. The development of 
the JGO1 heuristic (achieving near optimal solutions 
in a very short time) have become necessary due  to 
the NP-Hard nature(i.e achieving optimal solutions 
in prohibitive long times) of the scheduling problem. 
Also, to reduce starvation of  short jobs(i.e  jobs 
with comparatively small processing time being 
delayed beyond acceptable bounds) normally 
encountered in interactive environments.  Steckel et 
al.[8] defined  interactive environments as situations 
where individual responsiveness of consumers, 
customer -decision making process , cost per contact 
of consumers etc are being given greater prominence 
by firms and businesses involved in effective and 
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efficient marketing to increase sales and market 
share for their company.  

Scheduling heuristics and algorithms, often times, 
are implemented from the perspective of utilization 
of machines. According to Bender et al.[9] and 
Mastrolilli[10], the Objective functions such as the 
make-span (Cmax),  and Total Flow-time (FT), which 
are very common in scheduling problems, often 
times formalizes the view point of the owner of the 
machines and often times causes starvation of jobs 
(i.e. jobs delayed beyond an acceptable 
bound).However, Mastrolilli[10] stated that if 
attention is turned to the viewpoint of a 
user/customer, the time it takes to finish individual 
jobs may be more important. Bansal [11]and Vivien 
et al.[12] presented some scheduling criteria which 
help to minimize this starvation or dissatisfaction 
problem as Maximum flow time (Fmax),Stretch 
(S),and Maximum stretch (Smax). Bender et al.[9] 
proposed the  First-in First-Out queuing policy  
(FIFO) for solving this starvation problem  by 
minimizing maximum flow time on a single 
machine. However, they further stated that when 
there are job mixes with many short jobs involved, 
(i.e. combination of jobs with long and short 
processing times), other competitive algorithms and 
objectives such as Maximum stretch  that minimizes 
starvation become necessary. They further defined 
Maximum stretch as  S max  =  max (Si, S i+1, S i+2…, 
S n-1, S n) Where    Si ⇒   Stretch of individual jobs   
and n⇒ the number of jobs. 

Therefore, in view of the importance of all 
customers (jobs) to the survival of any business 
endeavours(customer satisfaction) and the fact that 
not all jobs may be available at the same 
time(different release dates), the scheduling problem 
of minimizing Maximum stretch on a single 
machine with release dates becomes necessary and 
thus the focus of this paper. 

2 LITERATURE REVIEW 
According to Pinedo [13], scheduling is a decision 
making process that exists in most manufacturing 
and production systems as well as in most 
information-processing environments. As noted 
above, there are many scheduling criteria that are 
being studied by researchers Oyetunji[7]. Bender et 
al. [9], Bansal [11], Mastrolilli[10], and  Mastrolilli 
and Ambuhl[14], reported the starvation problems 
inherent in well studied objectives like Total flow 
time and presented the  Maximum flow time and 
Stretch objectives as objective functions minimizing 
this problem. Mastrolilli[10]and Mastrolilli and 
Ambuhl[14] presented the importance of minimizing 
this starvation especially in interactive environments. 
Steckel et al. [8]further explained activities in the 

interactive environment as that of listening to and 
responding to the voice of the customer. Therefore, 
the Maximum stretch objective is being explored as 
starvation minimizing objective in this paper. 

Maximum Stretch and Maximum flow, gauges the 
responsiveness of the scheduler to each job. Despite 
the extensive research on scheduling algorithms, 
these metrics are seen to be new Bender et al.,[9]  
and Vivien et al.[12] Mastrolilli[10] described FIFO 
as scheduling jobs in the order they arrive to the 
machine on which they will finish first. He further 
stated that for identical machines with preemption, 
no on-line preemptive algorithm can be 1- 
competitive, but FIFO is a (3-2/m) competitive 
algorithm even if preemption is allowed and the 
bound is tighter (where m is the number of 
machines). He further stated that the bound holds for 
the preemptive and non-preemptive settings.   

According to Bender et al.[9] and Vivien et al. [12], 
different settings of the Stretch problems occur: i.e. 
offline (the job arrival times are specified ahead of 
time), online (jobs are released only at their arrival 
time and the algorithm must decide only based on 
already released jobs), non-preemptive (jobs must be 
processed without interruption), and preemptive 
(jobs may be suspended and resumed latter with no 
cost). Bender et al.[9] reported that no polynomial-
time algorithm can approximate the minimum Max-
stretch to within a factor of    O(n 1-ε) for any 
constant(ε),  ε> 0 unless P = NP(i.e a question 
whether polynomial time algorithms actually exist 
for NP problems) . They stated that in an offline 
preemption case there is a polynomial time off-line 
algorithm that for any fixed constant(ε ) outputs a  
schedule having max-flow at most (1+ε) times the 
optimum. They further presented a deadline 
scheduling approach in which jobs are scheduled 
with the earliest deadline first. Bender et al.[21] 
provided improved heuristics for stretch scheduling 
in the on line preemptive  case in which jobs are 
scheduled by a non-increasing pseudo stretch. 

According to Vivien et al.[12][15],  the Maximum 
weighted flow or Maximum stretch can be 
minimized in polynomial time when release dates 
and jobs are known in advance (off-line setting). 
According to them, the off-line heuristics are 
implemented based on the framework of the 
problem scenario being considered. They stated two 
weaknesses in approaches adopted by Bender et al. 
[9] in computing on-line optimal Maximum stretch.  
Firstly they didn’t know how to compute offline 
optimal Maximum stretch and secondly their 
heuristic tries to optimize the stretch of the most 
constraining jobs i.e. the heuristic may very easily 
schedule all jobs so that their Stretch is equal to the 
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objective, even if most of them could have been 
scheduled to achieve far lower stretches. Vivien et 
al.[12] presented the deadline scheduling, Maximum 
weighted flow and pareto optimality as heuristic 
approaches for solving the offline preemptive case. 

 Vivien et al[15] and Mastrolilli and Ambuhl[16] 
also reported FIFO to be an on–line p-competitive 
algorithm for the on-line case. This could be 
extended to the offline since jobs are scheduled as 
first-come first-serve. French (1982) noted that it is 
not easy to state our objective in scheduling. They 
are numerous, complex and conflicting. According 
to Oyetunji and Oluleye [16], a vast number of 
scheduling problems remain intractable due to the 
computational complexity required to obtain optimal 
solutions. They further stated that while solutions 
approaches such as mathematical programming, 
branch and bound assure optimality, they usually 
require prohibitively long times to reach optimality. 
Thus, the search for practical solution procedures 
has encouraged the use of heuristics which provide 
satisfactory solutions in good time while not 
assuring optimality. 

The literature on the general scheduling problem of 
minimizing Maximum stretch on a single machine 
without pre-emption in which release dates and 
processing times are known with fixed positive 
integers  i.e (1| r i | S max) , having  a polynomial time 
heuristic appears sparse Therefore, this paper seeks 
to propose  a polynomial-time solution method to 
minimize the Maximum stretch scheduling problem 
in the offline and non- preemptive case and also  to 
give some importance to short jobs occurring in 
interactive environments. 

3 THE PROBLEM 
For a single machine scheduling problem (1|ri |S 
max) , the followings are given: 
A set of n jobs⇒J1, J2, J3, …, J n      where (3 ≤ n ≤ 
500) 
The processing time of each job ⇒ Pi 
The release or ready time of each job⇒ri 
The Flow time (Fi ) of each job  iis defined   as:   F i 
= Ci − ri 
Also, the   Stretch of a job (i) is defined as:  Si=

Fi
pi

    
=     Ci−ri

pi
∴ 

Therefore, the Maximum stretch  S max  for a  job set 

n (1,2,3….,n)  is defined as: 

Smax = Max (F1
 p1

 ,  F2
 p2

,  F3
 p3

,…, Fn
 pn

)  or Smax = Max ( C1−r1
p1

 ,  C2−r2
p2

 , 

C3−r3
p3

 ,  …, Cn−rn
pn

) 

3.1 Modeling Parameters and Assumptions 
(𝐧𝐢,𝐩𝐢,𝐫𝐢) 

(1) The number of jobs (ni). 
The number of jobs ranges from 1 to n. Where n is a 
variable, and can reach thousands of jobs in some 
instances. The complexity of scheduling problems is 
greatly influenced by the number of jobs and 
machines. The scheduling complexities increase 
with job size.  For this study, jobs were assumed to 
be in the range 3 to 500 such as in Oyetunji and 
Oluleye (2012). 

(2 ) The processing time (pi) 
The processing time is the time the job will spend on 
the machine or in receiving a particular service. The 
processing time is equal to the flow time when the 
job waiting time is zero. The processing time is a 
variable. It may follow uniform, non-uniform or 
exponential distribution. The values utilized 
followed the discrete uniform distribution and 
randomly generated between (1 and 100)  using 
Microsoft Visual studio 2008 such as employed in 
Oyetunji and Oluleye [17].  

(3 )  The release date (ri) 
This is the time a job is ready to be processed by a 
machine. It is also the earliest time the processing of 
a job can start. The release date is a variable. It can 
range from zero to any operation time. Generally, 
the job release date may follow uniform, non-
uniform or exponential distribution. Similarly with 
pi ,  ri used in this research work followed the 
discrete uniform distribution and randomly 
generated between (1-24) by using the random 
number generator of Microsoft Visual studio 2008. 

We assume that preemption is not allowed and that 
the problem is static and deterministic i.e number of 
jobs ( ni ), their processing times (pi ) and release 
dates (ri) are all known and fixed. Additionally, the  
assumption  of discrete uniform distribution (i.e  
equal probability of occurrence of the processing 
and release times and their ranges)  in preference to 
other existing distributions were partly done as it 
depicts real life scenario of the scheduling problem, 
facilitates non-complex parameters during computer 
coding and also as utilized in scheduling papers such 
as    Oyetunji and Oluleye [17].  

Using the notation of  Graham et al[18], the 
scheduling problem is represented as 1| ri | Smax   

4 MATERIALS AND METHODS 
The proposed and selected solution methods are 
discussed below. 
Proposed solution methodBender et al.[9] showed 
that the Maximum stretch metric is hard to 
approximate, while Oyetunji and Mashaudu [19] 
reported that the introduction of release date  
constraints for an objective as constraining the 
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problem towards being NP-Hard. They further stated 
that the introduction of release dates represents 
many real life scheduling problems. Since 
minimizing Maximum stretch with release date 
problem has been characterized as NP–hard in 
nature  by Bender et al.[9] and (Oyetunji and 
Mashaudu [19], a heuristic was developed and 
proposed to solve this problem. This heuristic is 
called the JGO1; its brief summary with the steps 
are given below. 

 JGO1 heuristic: The JGO1 heuristic schedules into 
the first position the job that arrives first to the 
machine (when many jobs arrive together, it break 
ties using the job with the shortest processing time if 
there are still ties, break ties arbitrarily).  It then 
schedules the remaining jobs that arrive within the 
completion time of the first job in the order of 
decreasing (p+ r)-1 index.(When Jobs with different 
processing times arrive together at a shop, the 
processing precedence is given to jobs with the 
higher inverse of the sum of processing and release 
time).The next job that arrives after the first set of 
scheduled jobs are processed, takes its turn. This is 
done iteratively until all the jobs have been 
scheduled. The JGO1 steps are described as follows: 

JGO 1    Heuristic steps 
Step 1: Initialize 

Job Set 1 = [J1, J2, J3, …….J n], set of jobs 
arriving over period  r max 
(release date of the last job to 
arrive the shop) 

Job Set 2 = {  }, set of partially scheduled 
job 
Job  Set 3 = {  }, set of scheduled jobs 

rmax= max (ri), i=1, 2, 3,…,n; release date of the last 
job to arrive the shop. 
i = index of jobs arriving into the shop 
k = index of jobs in Job Set 2. Where k ≤ n  

Step 2: Schedule job with the lowest release date (ri) 
with index i=1, into Job Set 3 (break ties 
using the job with the shortest processing 
time if there are still ties, break ties 
arbitrarily). Determine the completion time 
(p1+ r1) of the first scheduled job .Where pi 
is the individual job processing time 

Step 3: If   r max ≤ c 1  (c 1 ⇒completion time of the 
first Job), Compute index i = (Pi + ri) – 1 for 
the remaining jobs in Job_ Set 1 and 
arrange jobs in the order of decreasing 
index (i) into Job_ Set 2. Break ties as 
indicated in Step 4, then go to step 
9.Otherwise, go to step 4(Schedule as a 
group, jobs whose release date fall within 
the completion time of the First job.) 

Step 4:Compute index i= (Pi + ri) – 1 for the  jobs 
having ri ≤ c1in Job _Set 1 and arrange jobs 
in the order of decreasing index (i) into Job_ 
Set 2. When there are ties (i.e. two or more 
Jobs have the same (Pi + ri) – 1   values but 
different processing times). Break ties by re-
arranging the jobs in the order of non- 
decreasing processing time. If there are still 
ties (i.e. two or more jobs have the same (P 
+ r) – 1   values with the same processing and 
release times) break ties arbitrarily. If there 
are still other jobs in Job Set1, go to Step 5, 
otherwise go to step 9 

Step 5: Let the release date of the immediate next 
job be called rkand schedule this job directly 
into Job Set 2.   

Step 6:Compute index i  = (Pi + ri) – 1 for the jobs 
having ri≤ C rk(where C rkis the completion 
time of the job with release date rk. Break 
ties as in step 4 above and schedule jobs into 
Job Set 2 

Step 7  Schedule the immediate next job having r i> 
C rk  directly into Job Set 2.  

 Step 8: If there are still other jobs in Job Set1, go to 
Step 5, otherwise go to step 9 
Step 9: Input all the jobs in Job Set2 into Job set 3. 
Step 10: The desired schedule is given by Job set 3 
Step 11: Stop 

Selected solution method: Two solution methods 
were selected from the literature in order to 
determine the performance of the proposed heuristic. 
These are the First- in First- out (FIFO) rule as in 
Bender et al.[9]and the Branch and Bound (BB) as 
in French[20]. Due to the linear nature of the 
objective function, and assurance of optimality, the 
branch and bound algorithm was developed as a 
reference solution in preference to other feasible 
reference solutions. Also, BB according to French 
[20], is a widely used search technique for 
comparative study. 

4.1 FIFO Rule 
The FIFO rule seems to be fair to all customers. As a 
result it is commonly used in service industries, 
hence its development as a reference solution. This 
rule basically orders and sequences the jobs to be 
processed in the order of their arrival time. 

4.2 Branch and Bound (BB)  
The branch and bound procedure is an implicit 
enumeration method. It involves the use of 
elimination tree diagram in which some classes of 
schedules are eliminated because the value of 
desired objective function obtained from that classes 
are worse than a probable lower bound. The branch 
and bound was thus implemented for all the problem 



G.J.Oyewole et al., Advances in Industrial Engineering and Management, Vol.3, No.1(2014) 1-12 
 

5 
 

sizes (3 ≤ n ≤ 500) and the values obtained presented 
in Table 1. 

4.3 Data Analysis: 
 In order to evaluate the performances of the 
proposed and selected solution methods Twenty 
Eight different problem sizes ranging from 3 to 500 
jobs with 50 problem instances under each problem 
size were generated. A total of 1400 randomly 
generated problem instances were solved in all. The 
processing and release time utilized in this paper 
followed was randomly generated between (1 and 
100) and (1-24) respectively as stated above. 

Simulation methodology with random number 
generation was employed as an alternative to the 
arduous and complex mathematical solution 
procedure which could exist  and may not give 
timely reasonable answers to base decisions on. 
Additionally, because of the assumed randomness in 
the release dates and processing time of the jobs, 
which often depicts many real life scenario. 

 A computer program was written in Microsoft 
Visual Studio 2008 (due to the very interactive user 
interface and coding environment, accurate and 
reliable output, and also familiarity with the 
programing language  in  preference to other feasible 
programming languages which exists ) to apply the 
developed heuristic(JGO1) and solution 
methods(BB and FIFO). The program computes the 
value of the Maximum stretch and execution time 
obtained by each solution method for each problem. 
The generated data was exported to Statistca 8 
software for detailed and reliable statistical T tests in 
preference to the manual T-test and other feasible 
methods that could exist. The hardware used for the 
experiment was a 1.86GHz Centrino Intel CPU with 
1024MB of main memory. 

The test of means for the 1400 problems was done  
to determine whether or not the differences observed 
in the mean value of the Maximum stretch obtained 
by various solution methods are statistically 

significant. In addition, a test that determines the 
number of times a particular solution method 
obtained the best and worst results was carried out to 
further assess the performance of the developed 
heuristics. 

5 RESULTS AND DISCUSSIONS 
The mean values of the Maximum stretch obtained 
from the various solution methods and for various 
problem sizes considered are shown in Table 1. As 
expected, the BB method (being an exact solution 
method) gave the least value of the Maximum 
stretch. This was closely followed by the JGO1 
heuristic.  The FIFO rule lagged behind across 
various problem sizes (Table 1). 
The results shown in Table 1 was subjected to 
statistical tests in order to determine whether or not 
the differences observed in the mean values of the 
Maximum stretch obtained from  the various 
solution methods are significant. The statistical 
results obtained are presented in Table 2. The 
differences in the mean value of the Maximum 
Stretch obtained from (BB and JGO1) are 
significantly different from that of FIFO (indicating 
superior performance over FIFO). However, the 
differences observed in the mean values of 
Maximum Stretch obtained for BB and JGO1 are not 
significantly different at 5% level under the various 
problem sizes considered. 

Furthermore, the number of times a solution method 
obtained the best and worst results was computed. 
The BB, as expected, gave the best results 100% of 
the time while JGO1 and FIFO gave the best results 
45.6% and 7.57% of the time respectively as shown 
in Tables 3 and 3a. The low percentage values of 
JGO1 and FIFO indicates the possibilities of 
obtaining more and better heuristics. As regards the 
worst results, BB,as expected, produced worst 
results 0% of the times while JGO 1 and FIFO gave 
worst results 0.7857% and 92.4 % of the times 
respectively as shown in Tables 4 and 4a. 

 
 

 

 

 

 

 

 

 



G.J.Oyewole et al., Advances in Industrial Engineering and Management, Vol.3, No.1(2014) 1-12 
 

6 
 

Table 1 Mean values of Maximum Stretch obtained by solution methods and problem sizes 

 
Sample size = 50 

 
 
 

Table   2   Test of means of Maximum Stretch for   3 ≤ n ≤ 500 problem sizes 
 

Group 1 vs.Group 
2 

 

Mean of Group 1 Mean of Group 2 t-value df P Valid N Valid N 

JGO1 vs.  BB 367.819 352.900 0.08099 54 0.935750 28 28 

FIFO* vs. BB* 2782.157 352.900 2.55416 54 0.013499 28 28 

FIFO* vs. JGO1* 2782.157 367.819 2.53678 54 0.014111 28 28 

 
*⇒  t- value >(t-critical = 2.000)  ⇒significant difference  at 95% confidence interval 

 

 
 
 
 
 
 
 

Problem Size BB JGO1 FIFO 
3×1 5.1247 5.137 6.2253 
4×1 6.7320 6.8102 11.9777 
5×1 8.3277 8.4070 19.0271 
6×1 10.0819 10.2465 25.3031 
7×1 11.5217 11.7220 40.5606 
8×1 12.8098 13.0139 42.4154 
9×1 22.5400 23.1770 64.0911 
10×1 14.2906 14.6983 55.4455 
11×1 16.7871 17.2389 80.7258 
15×1 28.9271 29.7300 129.3415 
20×1 35.4373 36.8940 227.4941 
25× 1 37.7306 39.2760 234.6857 
30× 1 47.7222 50.9575 359.3000 
35× 1 48.4439 53.2448 527.5484 
40× 1 65.9764 69.8352 666.4996 
45× 1 146.0948 150.4320 772.6165 
50× 1 96.9429 102.3339 838.4685 
60× 1 104.0727 109.3555 958.0493 
70× 1 156.9408 164.7839 1414.166 
80× 1 303.1836 318.1568 2049.923 
90× 1 191.9119 207.3136 2285.7820 
100×1 362.3201 372.1586 2390.7560 
150×1 539.1323 564.8303 4321.4940 
200×1 743.1650 771.6614 6276.0630 
250×1 712.4832 761.0485 8491.9970 
300×1 1530.5720 1582.3827 10753.6000 
400×1 1555.2460 1639.0847 14730.3500 
500×1 3066.6820 3165.0119 20126.4900 
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Table 3.  Percentage (%) of the times solution methods obtained best results by problem sizes 

 
Sample size =50 

The ratio of the values of the Maximum stretch 
obtained from JGO1 and FIFO heuristics compared 
to that of BB was computed for the various 
problem sizes with the results shown in Figures 1(a) 

and 1(b)  below  The wider the graph is from unity 
the poorer the heuristic (i.e FIFO is poorer than 
JGO 1 and BB). 

 
Table 3a Overall (mean) percentage (%) of the times solution methods obtained best results 

 
 
 

Sample size =1400 
 

 
 
 
 
 
 
 
 
 
 
 
 

Problem  Size BB JGO1 FIFO 
3×1 100 94 72 
4×1 100 94 74 
5×1 100 92 28 
6×1 100 90 10 
7×1 100 86 4 
8×1 100 78 0 
9×1 100 76 8 

10×1 100 80 2 
11×1 100 72 4 
15×1 100 66 4 
20×1 100 54 0 
25× 1 100 56 0 
30× 1 100 36 2 
35× 1 100 28 0 
40× 1 100 36 0 
45× 1 100 38 0 
50× 1 100 24 0 
60× 1 100 40 0 
70× 1 100 24 0 
80× 1 100 32 2 
90× 1 100 6 0 
100×1 100 24 0 
150×1 100 10 0 
200×1 100 4 0 
250×1 100 10 0 
300×1 100 10 2 
400×1 100 12 0 
500×1 100 6 0 

BB JGO1 FIFO 
100 45.64 7.57 
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Table 4 Percentage (%) of the times solution methods obtained worst results by problem sizes 
Problem Sizes BB JGO1 FIFO 

3×1 0 2 28 
4×1 0 4 26 
5×1 0 0 72 
6×1 0 2 90 
7×1 0 14 96 
8×1 0 0 100 
9×1 0 0 92 
10×1 0 0 98 
11×1 0 0 96 
15×1 0 0 96 
20×1 0 0 100 
25× 1 0 0 100 
30× 1 0 0 98 
35× 1 0 0 100 
40× 1 0 0 100 
45× 1 0 0 100 
50× 1 0 0 100 
60× 1 0 0 100 
70× 1 0 0 100 
80× 1 0 0 98 
90× 1 0 0 100 
100×1 0 0 100 
150×1 0 0 100 
200×1 0 0 100 
250×1 0 0 100 
300×1 0 0 98 
400×1 0 0 100 
500×1 0 0 100 

Sample size =50 

 
Table 4a.  Overall (mean)  percentage (%) of the times solution methods obtained worst results 

 
 
 

 

Sample size =1400 
 

 

 

 

 

 

 

 

 

Figure 1(a) Approximation ratio of the value of Maximum stretch by problem sizes

BB JGO1 FIFO 
0 0.79 92.43 
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Figure 1(b) A clearer view of Approximation ratio (JGO1/BB) of Maximum stretch by problem sizes 

However, with regard to the execution 
time(seconds) i.e the time taken to obtain 
results by various solution methods under 
various problem sizes considered. The BB 
gave the longest (exponential) time, as shown 
in Figures2(a) and 2(b).  While FIFO was the 
fastest of the three solution methods with 
JGO1 taking a lesser time than BB for all the 

problem sizes considered. Statistical results of 
the mean value of the execution time showed 
that the performance of FIFO is significantly 
different from that of JGO1 (indicating that 
FIFO is faster than JGO1 as this is clearly 
evident from jobs n=30 to  n= 500). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2a. Comparison of execution time of BB, JGO1, and FIFO  for (3 ≤ n ≤ 500) problem sizes
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Figure 2b Comparison of execution time of JGO1 and FIFO for (3 ≤ n ≤ 500) problem sizes 

6 CONCLUSION 
In this paper, the scheduling problem of 
minimizing the maximum stretch on a single 
machine with release date has been explored 
using simulation methodology.  Due to the 
desire to minimize starvation of short jobs 
occurring in interactive environments and to 
solve the NP-Hard nature of the scheduling 
problem, one heuristic (JGO1) was developed 
and proposed for solving this. A comparative 
performance evaluation based on effectiveness 
and efficiency was carried out on the proposed 
heuristic, FIFO and BB. 

Based on effectiveness, the 
JGO1’sperformance was not significantly 
different from that of BB. However, it lagged 
behind BB with regard to the number of times 
solution method achieved best results In 
addition, JGO1 out-performed FIFO in all the 
problem sizes considered. Based on efficiency, 
FIFO rule was the fastest of the three solution 
methods (BB,JGO1 & FIFO) with JGO1 
performing comparatively the same with FIFO. 
However, BB produced an exponential and 
prohibitive time in achieving results. 

 The low percentage obtained in the number of 
times JGO1 achieved best result  shows the 
possibilities of better heuristics that  could be 
developed to perform more competitively with 
BB in the future. And also, the use of other 
simulation softwares and  faster computing  
hardware in the future could help  produce 
better simulation and faster convergence of 
results. Thus the performance of the JGO1 
opens up the development of more and better 
heuristics to solve the  scheduling problem. 
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