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Abstract 
This study proposes a look-ahead identical parallel machines heuristic (LAIPM). When a 
machine becomes idle, it selects a job to process from available jobs and near future jobs. 
Experiment shows that the proposed look-ahead heuristic outperforms available look-ahead 
heuristics and some non look-ahead heuristic.  
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Introduction 
 
The configuration of the parallel machines is very common in both service system and 
production system. The task of the Parallel Machines Scheduling (PMS) is to decide each job’s 
starting time and the machine to process it with some predefined constrains, so that a certain 
objective is achieved.  

In literature, the performance measures of the parallel machines scheduling are mostly 
either flow time related or tardiness related. The flow time related measures are closely related to 
job's waiting time to process and inventory level in a shop; while the tardiness related criteria are 
relevant to penalties if manufacturer can not meet the negotiated due dates.  

To measure the quality of a schedule from “tardiness” perspectives, several criteria have 
been used in literatures, such as minimizing the total (weighted) tardiness, minimizing the sum of 
(weighted) earliness and (weighted) tardiness, minimizing the number of tardy jobs and so on. In 
this study, we focus on minimizing total weighted tardiness on the identical parallel machines 
with sequence dependent setup time and unequal ready time. The considered machines are non-
batching machines.  

This study is organized as follows: Section 2 reviews literatures related to parallel 
machines scheduling with sequence dependent setup. The proposed Look-Ahead Identical 
Parallel Machines heuristic (LAIPM) is presented in section 3. Section 4 shows an experimental 
study and its results. Finally, conclusions and future research are discussed in section 5. 
 
Literature review 
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(Allahverdi and Mittenthal 1994) category the parallel machines into three groups: identical 
parallel machines, where the processing time of a job is the same on all machines; uniform 
parallel machines, where the processing time of a job is determined by the speed factor of the 
machine; and unrelated parallel machines, where the processing time of a job is different in 
arbitral way on different machines.  

Sequence dependent setup time is one of important factors in the parallel machines 
scheduling. (Krajewski et al. 1987) claim that effective management of sequence dependent 
setup is one of the critical factors to improve the performance of a manufacturing system.  

For the research approach, (Liao et al. 2012) recently divide the scheduling heuristic 
algorithms into two categories: the constructive approach and the improvement approach. The 
constructive approach builds a schedule by fixing a job in a position one by one until a schedule 
is generated, while the improvement approach starts from creating an initial solution and 
repeatedly strives to improve the current solution by local interchange.   

Using the constructive approach to minimize total (weighted) tardiness on the parallel 
machines, scholars propose a variety of heuristic algorithms, e.g., (Rachamadugu and Morton 
1982), (Lee and Pinedo. 1997), (Pfund et al. 2008) and (Xi and Jang, 2013). To use the 
improvement approach to minimize total (weighted tardiness) on the parallel machines, (Fowler 
and Horng 2003) present a hybrid genetic algorithm to minimize total weighted tardiness on 
identical parallel machines. (Chen 2009) proposes a hybrid method and uses it on unrelated 
parallel machines scheduling. Experiment shows that simulated annealing effectively improves 
the initial solution that obtained by Apparent Tardiness Cost with Setup dispatching rule.   

To minimize the total (weighted completion time), (Kurz and Askin 2001) present an 
integer programming model and a heuristic to minimize total completion time on identical 
parallel machines. (Weng et al. 2001) test several heuristics on unrelated parallel machines. Their 
research shows that the best heuristic assigns one job at a time based on the ratio of a job’s 
processing time plus setup time to its weight. (Fowler and Horng 2003) propose a hybrid genetic 
algorithm to minimize total weighted completion time. Their algorithm is also suggested for 
minimizing the total weighted tardiness. (Munoz et al. 2005) proposes a heuristic which assigns 
jobs iteratively by minimizing the adjusted processing time (sum of setup time and process time). 
(Luis and Ruben 2010) deal with the unrelated parallel machine scheduling. They propose a set 
of simple iterated greedy local search based meta-heuristics to minimize the total completion 
time. (Ying and Cheng 2010) also propose an iterated greedy heuristic for the dynamic parallel 
machine scheduling problems with considering sequence dependent setup times. (Balin 2011) 
proposes a genetic algorithm to minimize total completion time for the non-identical parallel 
machines. He propose a new “crossover operator” and a new “optimality criterion”. 

Besides of above objectives, (Feng and Lau 2008) minimize the sum of weighted 
earliness and weighted tardiness on uniform parallel machines. They suggest using meta-
heuristic approach due to the complexity of the solved problem. (Anglani et al. 2005) use fuzzy 
mathematical programming to minimize total setup time on identical parallel machines. (Berrichi 
and Yalaoui 2013) propose a bi-objective model to deal with production scheduling and 
maintenance planning problems simultaneously. An ant colony algorithm is proposed to solve 
the parallel machines scheduling problem. (Lin and Lin 2013) carry out an experimental study to 
compare performances of several dispatching rules in minimize makespan, total weighted 
completion time, and total weighted tardiness on the parallel machines. 
 
The proposed Look-Ahead Identical Parallel Machines heuristic (LAIPM) 
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1. The LAIPM heuristic 
This section presents the proposed Look-Ahead Identical Parallel Machines heuristic (LAIPM). 
LAIPM generates schedules for all three types of parallel machines. In this study, we only focus 
on the identical parallel machines scheduling. LAIPM uses following steps: 

Step 1. Select the initial job on each machine. We use the ATCRCS rule to select two 
jobs from available jobs and the nearest future job (this is called twofold look-ahead). The total 
weighted tardiness of these two jobs is compared to that of the reverse sequence. The initial job 
on the considered machine is the first job in the sequence which has the smaller total weighted 
tardiness.   

Step 2. Schedule the rest of the jobs on machines. This step starts from checking the 
number of unscheduled jobs:  

(a)  if all jobs are scheduled, go to step 4, pairwise exchange. 
(b) if there is one unscheduled job, LAIPM assigns this job to the machine having the 

smallest finish time and goes to step 3, job switching heuristic. 
(c) if there are two or more unscheduled jobs, use the following procedures:  
(1) LAIPM first identifies the critical machine (the machine having the smallest finish 

time), and then chooses the next selected job (critical job) on it. The job selection procedure used 
here is the same as that in step 1. Reduce the number of unscheduled jobs by one and calculate 
the look-ahead thresh, which is the sum of the finish time of the critical job and the average setup 
time. 

(2) For the rest of the machines or non-critical machines, we consider them by the 
ascending order of the finish time: the non-critical machine with the smallest finish time is 
considered first for its next job selection. After all non-critical machines finish selecting their 
next job, a possible partial schedule is created. After that, go to step 3, job switching heuristic. 
To decide the next selected job on the considered non-critical machine, LAIPM checks the 
number of unscheduled jobs and considers the following cases: 

(a)  if all jobs are scheduled, go to step 3, job switching heuristic. 
(b) if one job is unscheduled, assign this job to the considered non-critical machine. 

Reduce the number of unscheduled jobs by one and go to step 3, job switching heuristic. 
(c) if two or more jobs are unscheduled, we only consider jobs whose ready time is 

smaller than or equal to the look-ahead thresh. These considered jobs are called qualified jobs. 
Twofold look-ahead is used to select at most two qualified jobs: 
            (1) If there are no qualified jobs, the considered non-critical machine has no next selected 
job. go to step 2. (c) (2) (the next job selection for the non-critical machine). 
 (2) If only one qualified job is found, assign this job to the considered non-critical 
machine. Reduce the number of unscheduled jobs by one and go to step 2. (c) (2) (the next job 
selection for the non-critical machine). 
            (3) If more than two qualified jobs are found, twofold look-ahead is used to select two 
qualified jobs and one of them is assigned to the considered non-critical machine. Reduce the 
number of unscheduled jobs by one and go to step 2. (c) (2) (the next job selection for the non-
critical machine). 

Once all machines finish their next job selection, a partial schedule is created. We notice 
that not all machines have the next selected job, because some non-critical machines may not 
have the next selected job. 
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Step 3. Determine the partial schedule. The selected jobs in step 2 are switched on 
machine and among machines in this step. Several partial possible schedules are created by these 
switching. The best possible partial schedule is identified by the job switching heuristic which is 
mentioned in section 3.2. This identified best possible partial schedule is then compared to the 
possible partial schedule generated in step 2. If the identified best possible partial schedule from 
step 3 has a smaller total weighted tardiness and has a smaller sum of the machine finish time, 
we use it as the determined partial schedule, otherwise, use the partial schedule generated in step 
2 as the determined partial schedule. After determining the partial schedule, go to step 2.  
Step 4. Pairwise exchange (Chang et al. 2004). This step is triggered as soon as all jobs are 
scheduled on machines. Pairwise exchange is a technique to further reduce the total weighted 
tardiness of each machine’s schedule.  
 
2. Job switching heuristic  
Job switching heuristic generates another possible partial schedule. It is carried out after all 
machines finish selecting their next job (step 2). Information, like the selected jobs and the last 
scheduled job on machines is used as inputs for this heuristic. 

Consider the following example, suppose after step 2, machines 1 and 2 get their next 
selected job, F and C (Machine 3 do not get assigned job). This possible partial schedule created 
in step 2 is shown in table 1: 

 
Table 1-Input of job switching heuristic (* The critical machine) 

Machine # Last job on machine assigned job on machine 

 1* A F 

2 E                    C  
 
In the job switching heuristic: each selected job has chance to be scheduled before the 

last job of each machine or after the last scheduled job of each machine. In this example, job 
sequence A-F, F-A, A-C, and C-A are considered on machine 1; job sequence E-F, F-E, E-C, and 
C-E are considered on machine 2; job sequence B-F, F-B, C-B, and BC are considered on 
machine 3. Let TWTm,AB donate the total weighted tardiness on machine m where the last two 
jobs of the schedule are A and B. The total weighted tardiness values of the considered 
sequences on machine m can be calculated. For this example, suppose that these total weighted 
tardiness values, TWTm,AB, are calculated and shown in table 2. The task is to determine the 
position of job C and F. 

 
Table 2-Total weighted tardiness of considered sequence (* The critical machine) 

Machine number Value of TWTm,AB 

 1* TWT3,AF=10 TWT3,FA=8 TWT3,AC=6 TWT3,CA=3 

2 TWT5,EF=5 TWT5,FE=2 TWT5,EC=9 TWT5,CE=2 

3 TWT5,BF=8  TWT5,FB=4 TWT5,BC=12  TWT5,CB=4  
  

To quickly decide the positions of the selected jobs, F and C, we horizontally combine 
every two TWT column (in table 2) into one column. Table 3 reflects this change.  
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Table 3-Combined TWT table (* The critical machine) 
Machine number Modified TWT value 

 1* 18 (10+8) 9 (6+3) 
2 7 (5+2) 11 (9+2) 
3 12 (8+4) 16 (12+4) 

  
Now, the problem becomes simpler. It is changed into the assignment problem: the task is 

to select a value from each column in table 3 and satisfies a constraint: the number of the 
selected value in each row is smaller than or equal to one. The objective here is to minimize the 
sum of the selected values.  

In this example, it is clear that selecting 7 and 9 (table 3) gets the smallest sum value than 
using other selections. Value 7 and 9 in table 3 are then tracked back to determine the position of 
job C and F in table 2: 7 (in table 3) is the sum of 5 and 2 (5 and 2 are values in table 2). 9 (in 
table 3) is the sum of 6 and 3 (6 and 3 are values in table 2). To decide the sequence or the 
position of the selected job C and F, we select the smaller value between 5 and 2 and the smaller 
value between 6 and 3 as solutions. Value 2 in table 2 tells that the last two jobs on machine 2 is 
F-E, similarly, we know that the last two jobs on machine 1 is C-A. Now, we identify another 
possible partial schedule by job switching heuristic. 

 
Performance Evaluation of the proposed LAIPM heuristic 
 
In the experiment design, we use the method of (Pfund et al. 2008) to randomly generate 1701 
problems. Each problem has 120 jobs. The number of machines is set as 6. For the benchmark 
methods, the look-ahead heuristic (Chang et al. 2004) and ATCRCS (Xi and Jang 2012) are 
compared with the proposed new look-ahead heuristic.  

The proposed heuristic, LAIPM, is first compared with Chang’s Look-ahead heuristic. In 
the 1701 tested problems, LAIPM gives better solution on all problems. The average 
improvement to Chang’s method is about 60%. Result shows that LAIPM outperforms Chang’s 
method in the parallel machines scheduling. We also compare LAIPM with ATCTCR, a recently 
proposed non look-ahead ATC-based rule, over the generated problems. Each cell in table 4 
contains three values. (e.g., the cell corresponding to “better” gives the number of better cases 
gained by LAIPM than ATCRCS, the percentage of better cases gained by LAIPM over 1701 
generated problems, and the average of tardiness reduction of these better cases, respectively). In 
this comparison, we notice that the improvement is not that significant. The reason is that the 
job-machine factor in the problem design is not large enough - each machine has less average 
number of jobs on the machine. However, from the results, we tell that the proposed look-ahead 
method is an effective approach. It gives similar or better solution than ATCRCS. Different from 
ATCRCS, LAIPM consider limited number of jobs to generate schedule. 

 
Table 4. Performance comparison (LAIPM vs. ATCRCS) 

6 machines 120 jobs 
Better 944,55.5%,11.01%  

tie 4,0.23%,0%  
Worse 753,44.27%,5.2% 
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Conclusions  
 
This study proposes a look-ahead heuristic, LAIPM, for the identical parallel machines 
scheduling in minimize the total weighted tardiness with sequence dependent setup and unequal 
ready time. LAIPM belongs to the constructive approach in that it fixes a job in a position one by 
one on the parallel machines until a schedule is generated. To determine the partial schedule for 
each machine, LAIPM generates two possible partial schedules, and uses the better one as the 
determined partial schedule. Once all jobs are scheduled on machines, pairwise exchange is used 
to reduce total weighted tardiness for each machine. Different from other look-ahead heuristic, 
like Change’s one step look-ahead method, LAIPM also looks one-step back: each selected job 
has chance to be scheduled before the last scheduled job on each machines.  

Experiment shows the proposed heuristic not only outperforms the look-ahead heuristic 
of (Chang et al. 2004), but also gives similar or better solution than ATCRCS which is an 
effective non look-ahead heuristic. For the future study and research, the proposed look-ahead 
heuristic can be tested on the uniform parallel machines scheduling or on the unrelated parallel 
machines scheduling.  
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