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Abstract - Scheduling optimization problems usually consider regular performance measures such as makespan, flowtime 
and tardiness. This work reviews the just-in-time measures, including the traditional ones and focusing on those with implicit 
due dates, like completion time variance and waiting time variance. These criteria are frequently used with real problems, 
mainly when high quality service and customer satisfaction are strongly desirable. We highlight the theoretical and practical 
relevance of the variance measures in the just-in-time environment, pointing out the research gaps in the existing literature 
and the potential for investigation in this area. 
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I. INTRODUCTION 
 
The scheduling problem to optimize one or more 
performance measures across a wide variety of 
production environments, such as single machine, 
parallel machines, flow shop and job shop systems, has 
been the subject of an extensive research. This work 
aims to review and discuss the just-in-time 
performance measures (both non-regular and those 
with implicit due dates) which are relatively little 
explored in the literature.  
 
Usually, three categories of objectives are considered 
in the publications. These include utilization-oriented, 
such as makespan; material flow/throughput-oriented, 
measured as flowtime; and due date-oriented, like 
earliness and tardiness or lateness [1]. These examples 
of the so called regular performance measures are 
characterized by two criteria: whether the problem is 
minimization; and if the objective function value only 
increases if at least one of the completion times in the 
schedule increases [2], [3].  
 
Since the early 1990s, the interest in just-in-time 
production scheduling has increased. A simplistic 
definition of the just-in-time philosophy is a plan to 
acquire the materials required (input) and start 
production only when delivery on time (output) is 
guaranteed. This philosophy involves broad concepts 
related to the elimination of waste and reductions in 
inventory items, production batches, waiting times and 
internal delays, as well as the establishment of better 
delivery times and improved product quality, processes 
and production programs.  The aim of just-in-time 
scheduling is to achieve a solution that minimizes the 
costs associated with the  earliness and tardiness of 
jobs. Therefore, it is more common to find research 
addressing functions of the (weighted) sum of earliness 
and tardiness of jobs. In practice, these performance  

 
measures are very important for companies as both the 
earliness and tardiness of completing jobs entail 
relatively higher costs of production, such as increases 
in inventory levels, fines, cancellations of orders or 
even loss of customers. [4] and [5] outline more detail 
around this.  
 
However, in certain environments it is desirable to 
reduce the variability of completion times or waiting 
times. For example, if several jobs need to be shipped 
simultaneously to a customer, it may be an internal 
(e.g. an assembly system) or an external customer, the 
closer each other the conclusions of these jobs, the 
better [1]. In a service system it may be important to 
provide customers the same quality of service as 
measured by their time-in-systems or waiting times. So 
for a set of jobs, the variability reduction of the delivery 
times is desired [6]. The completion time variance is 
closely related to service stability, as in Internet data 
packet dispatching. It is critical for computer and 
network resources to provide quality of service, 
particularly regarding stability in timeliness [7].  
 
The objectives of minimizing the completion time 
variance (CTV), waiting time variance (WTV) and 
mean squared deviation (MSD) of job completion 
times from given common due dates are some 
examples of non-regular measures that have attracted 
attention in scheduling problems when jobs require 
uniform treatment, i.e., when each entity spends 
approximately the same time in the system or waits for 
service as every other entity. This problem is very 
relevant when a manufacturing or service system 
places emphasis on the just-in-time philosophy [8].  
 
In recent decades uniformity has been identified as an 
important issue with respect to the performance of 
manufacturing and other systems. Uniformity is often 
referred to in the context of planning and controlling 
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of lean manufacturing, and is intended to smooth 
material or job flow in a production system. Based on 
the fact that every deviation from uniformity requires a 
buffer mix of time, inventory and/or capacity, it may 
have a non-negligible influence on the performance of 
the system under measurement [1].  
The structure of this text is as follows: after this 
introductory contextualization, the traditional 
just-in-time scheduling measures are presented in 
Section 2; the implicit due dates objective functions are 
discussed in Section 3; and the final remarks are stated 
in Section 4. 

 
II. PERFORMANCE MEASURES WITH 
EXPLICIT DUE DATES 
 
Although the just-in-time philosophy involves broader 
concepts, until recent decades, it was considered that 
scheduling problems in this area were variations of 
earliness and tardiness minimization, as can be seen in 
the review by [9]. Examples presented of many 
earliness-tardiness problems are in [4] and [5]. 
Non-regular just-in-time measures fall into the 
following two categories: (1) explicit due date and (2) 
inexplicit due date. The first case contain the due date 
in explicit form in its objective function, such as 
absolute due date deviation, common due date variance 
and asymmetrical weighted due date schedule. These 
objectives are often considered desirable because the 
functions become separable at the point of the 
corresponding due dates. It makes both mathematical 
treatment and algorithm design simpler. The second 
category does not have the date in explicit form as the 
scheduling objective, and includes such measurements 
as mean absolute deviation, absolute completion time 
deviation, completion time variance and waiting time 
variance. Problems with inexplicit due date are not 
endowed with the property of function separation and 
are usually found to be more difficult to solve [10]. 
This section examines the first case while the 
following section considers the second case. 
Consider a set of n independent jobs (J = {J1, J2, …, 
Jn}), and let dj be the due date of job Jj, Cj its 
completion time, Ej its earliness and Tj its tardiness, 
Ej=max{0,dj–Cj} and Tj=max{0,Cj–dj}. The most 
common just-in-time objective functions found in the 
literature, represented generically as )(Sf , are [3]: 
 total earliness and tardiness (with equal weights): 
   


n

j jj TESf
1

)( ;             (1) 

  total weighted earliness and tardiness with 
asymmetric weights: 

  


n

j jj TESf
1

)(   ,           (2)  

where α and  represent the costs of earliness and 
tardiness, respectively (in general, α+=1); 
 

 total weighted earliness and tardiness with 
individual weights for jobs: 

  


n

j jjjj TESf
1
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where αj and j represent the costs of the earliness and 
tardiness of Jj, respectively (in general, αjj); 

 earliness and tardiness with quadratic costs: 
    


n

j jj
n

j jj dCTESf
1

2
1

2)( 2 .      (4) 

 
Some research studies, such as those of [11] and [12], 
consider the objective function as: 
 maximum earliness and tardiness: 
 

maxmax)( TESf  .             (5) 
 

Unlike all of the minimization objective functions 
presented above, there are in general two 
maximization performance measures: 
 number of just-in-time jobs: 

 


n

j jUSf
1

)( ,              (6) 

 where  Uj=1 if job Jj is just-in-time and Uj=0 otherwise 
(as in [13], that also address the weighted function); 
and 
 weighted number of just-in-time jobs:  

 


FJ jj
J

UwSf )( ,              (7) 

where F is a subset of J composed by just-in-time jobs 
and wj the presumed gain (income) of completing job Jj 
just-in-time (as in [14] and [15]). 

 
Recently, Shabtay and Steiner [16] published a review 
of the literature addressing the problem of maximizing 
the number of just-in-time jobs demonstrating the 
minimal exploration of this theme in the literature.  
In addition to these measures, in relation to problem 
constraints, there may also be a common due date (d) 
for all jobs instead of an individual due date (dj) for 
each job (Jj). There are also works considering a due 
window instead of a due date, where there is a range 
that defines the starting and ending times within 
which completion of the job avoids earliness or 
tardiness. And there can be a due window for each job 
([ej, dj]) or a common one for all jobs ([e, d]). 
 
In this sense, the basis of the following performance 
measure is the common due date of the jobs: 

 mean squared deviation: 

n

dC
Sf

n

j j 


 1
2)(

)(  ,           (8) 

(as can be seen in [17] and  [18]). 
 

All the measures presented in this section are with 
explicit due dates (common or individual) and are 
more frequently discussed within the literature than 
those with implicit ones, which are discussed in the 
next section.  

 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 6, Issue-2, Feb.-2018, http://iraj.in 

A Short Review of Just-in-Time Scheduling Problems with Implicit Due Dates 
 

58 

III. PERFORMANCE MEASURES WITH 
IMPLICIT DUE DATES 
 
The non-regular and implicit due dates referred to in 
just-in-time performance measures focused in the 
present work are as follows. Consider still the set of n 
independent jobs (J = {J1, J2, …, Jn}), and let Cj be the 
completion time of job Jj, C  the mean completion time 
of jobs, Wj the waiting time of Jj and W the mean 
waiting time of jobs. The most common objective 
functions found in the literature with implicit due dates 
are: 
 
 completion time variance:  

 2
1 


n

j j CCCTV ,              (9) 

 where n

C
C

n

j j  1 ;              (10) 

 waiting time variance:  

 2
1 


n
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where n

W
W

n

j j  1 .               (12) 

Xu [10] exemplifies other performance measures with 
implicit due dates: 
 absolute completion time deviation: 
   


n

i

n
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;         (13) 

 mean absolute completion time deviation:  

 


n

j j CCMCTD
1

;            (14) 

 weighted waiting time variance: 
  


n
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1

2 ,           (15) 

where vj is the weight of job Jj. 
 

New objective functions were proposed by Leisten and 
Rajendran [1], which aims at the smoothness of a 
permutation flow shop’s output, i.e., at the similarity 
of the gap in completion times of each two 
consecutively scheduled and finished jobs. Let C[j] be 
the j-th job of a given sequence.  
 
 mean of completion time differences: 
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 variance of completion time differences: 
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 variability of completion time differences: 
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 squared variability of completion time differences: 
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(19) 
Leisten and Rajendran [1] include all demonstrations 
of the expressions above.  
 
Merton and Muller [19] have been the first to point out 
the measures of variation, like CTV and WTV. They 
noted that in an organization with large data sets, it is 
desirable to provide uniform response time to users. 
The objective then was to determine the arrangement 
that minimizes variation of access time to different 
records in the file.  
 
The very well-known concept of V-shaped sequence 
was proposed by Eilon and Chowdhury [20]. They 
proved that the optimal sequence to minimize the 
variance of job waiting times must be V-shaped, i.e., 
the jobs must be arranged in descending order of 
processing times if they are placed before the shortest 
job, but in ascending order of processing times if 
placed after it. As can be seen in [9], the existence of a 
V-shaped optimal sequence occurred in many 
earliness-tardiness scheduling problems. 
 
Most of the research in this area concerns a single 
machine case. The CTV problem was considered by 
Schrage [21], Kubiak [22], Cai [23], Ng, Cai, Cheng 
[24], Manna and Prasad [25], Kubiak, Cheng, 
Kovalyov [26], Sharma [27], Viswanathkumar and 
Srinivasan [8], Li et al. [28], while the WTV was 
addressed by Liu et al. [29] and Ye at al. [30]. Tyagi et 
al. [31] addressed the single machine with CTV and 
WTV. Li et al. [32], Nessah and Chu [33] and Xu [10] 
studied the weighted waiting time variance. 
Srirangacharyulu and Srinivasan [34] and Hall [35] 
considered the single and parallel machines problems.  
 
Bagchi [6] proposed efficient algorithms for the 
bi-criteria problem involving mean and variation of 
flow time in a single machine. Such a schedule is 
attractive when the system has the dual objectives of 
minimizing in-process inventory and of providing 
different jobs to the same quality of service. Also, he 
seeks schedules that perform well on both the mean 
and variation of waiting time. De et al. [36] also 
studied the bi-criteria problem with mean and variance 
of job completion times, developing a dynamic 
programming solution technique. The CTV measure 
was focused in various multi-machine environments: 
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identical parallel machines in Cai and Cheng [37], Xu 
and Ye [38], Chen et al. [39], Li et al. [7] and 
Srirangacharyulu [40]; flow shop in Marangos et al. 
[41], Gowrishankar et al. [17], Gajpal and Rajendran 
[42], Mehta et al. [43], Eren [44], Srirangacharyulu 
and Srinivasan [18]; and job shop in Ganesan et al. 
[45]. Besides CTV, Xu and Ye [36] considered also the 
WTV problem at the same paper. 
 
Most of the published papers with implicit due dates 
have considered the CTV measure, few of them related 
to the WTV objective functions. Of four measures 
theoretically proposed by Leisten and Rajendran [1], a 
heuristic solution method was proposed only for the 
SVCTC. No paper was found proposing solution 
procedures for the three measures exemplified by Xu 
[10].  As this review outlines, problems with implicit 
due dates performance measures are relatively little 
explored in comparison to explicit ones, and represent 
considerable potential for research and practical 
applications. 
 
IV. FINAL CONSIDERATIONS 
 
This work discusses the just-in-time performance 
measures focusing on non-regular and implicit due 
dates, especially the completion time variance and 
waiting time variance. This kind of objective functions 
in scheduling problems is not often considered in 
research publications in comparison to regular 
measures, such as makespan, flowtime and tardiness.  
 
Measures of variance are very important in 
just-in-time environments, and have many real 
applications related to quality of service and customer 
satisfaction. Most of the published papers reviewed 
have considered problems with simpler systems, such 
as a single machine. No papers addressed complex 
environments, like hybrid flow shop or even unrelated 
parallel machines. This lack of information indicates 
the great potential of research in this area.   
 
Identifying this research gap, we suggest a more 
in-depth investigation of the various system 
possibilities in fixing scheduling problems (such as 
flow shop, job shop, open shop etc.) with variance 
just-in-time measures, the development of exact and 
heuristic solution techniques and the consequent 
application of results in real environments. 
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