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Abstract - This paper considers the problem of random arrival orders scheduling by minimizing total tardiness with regard 
to agility concept of Industry 4.0.  We analyzed a real life problem and developed a myopic solution for the scheduling of 
jobs. The aim of the study is to minimize total tardiness by reducing machine setups focusing on queuing size. Customer 
orders are released with respect to their due dates and there are sequence dependent setup times. But appropriate queuing 
size allows to reschedule jobs in the production area. The sequence of jobs on the queue could be change by using priority 
rule that depends on current part type in the machine. 
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I. INTRODUCTION 

 
Firms face some challenges due to uncertain 
customer demands. In some cases the randomness 
causes increasing of inventories but this is not a 
solution for job order production systems. Most of the 
studies that have certain demands are deal with 
increase of efficiency by reducing non-value added 
times and reduce costs;[1], [2], [3]. But random 
demands make more difficult to find reasonable 
schedules oppose to setups. Researches try to find 
dynamic schedules under scarce sources. Liu et al. [4] 
worked on a dynamic appointment scheduling 
problem. The scheduling of patient appointments 
includes delays and cancelations with probabilities. 
They proposed a heuristics dynamic policies in a 
simulation study. 
It is assumed that the processing times of jobs are 
fixed and constant in classical scheduling [5]. 
However it is vary in some production systems. For 
instance, row materials quality that are different in 
each part or deterioration changes process times. Wei 
et al. [6] studied on a single machine scheduling 
problem with time-and-resource-dependent 
processing times. They tried to find sequence of jobs 
and the optimal resource allocation separately by 
developing an assignment problem formulation. 
The simulation models allow to see the system 
behavior under different scenarios. Yanga et al. [7] 
emphasized the necessity of modelling and simulating 
production planning and controls with information 
dynamics. Because many uncertainties causes some 
risks such as breakdowns, the scheduling principles 
and quality issues. They could obtain some KPI’s 
quickly. Firstly a system simulation model was 
developed. Then they applied optimization 
experiment to find better KPI’s. Wolfsgruber and 
Lichtenegger [8] presented an optimal configuration 
in production planning and control by using 
simulation based algorithms in the light of Industry 
4.0. 

Scheduling with priority rule-based heuristic methods 
is a simple way to achieve feasible schedules quickly 
with a regular objective. A priority rule-based 
scheduling consists of two different components such 
as a priority rule and a scheduling scheme. Priority 
rule is needed to determine the schedule list for 
various jobs with different types such as volume, 
importance, variety, customer info, due date, 
production time, etc. Then an available job schedule 
can be generated based on the job list for the 
scheduling scheme. 
It is important to understand the effects of the queue 
length in a priority rule-based scheduling system 
because of the heuristic methodology can be an 
adverse effect on larger queue size. This effect can 
occur in different queue lengths according to the 
priority rule. What we try to mention in this paper is 
setting a considerable queue length (an extended 
scheduling period) does not always mean better 
scheduling according to total tardiness. Modern 
production technologies used in Industry 4.0 
environment can extend the period of scheduling by 
using better data transfer with partners or accurate 
calculations. In this paper, we try to analyze the 
effects of queue length and scheduling period over 
total tardiness and better scheduling 
The remainder of this paper is organized as follows. 
In Section 2, we introduce our problem and real life 
data. Section 3 gives the details of solution 
methodology that we proposed. In Section 4, we 
show our simulation study results. Finally, we 
provide our concluding remarks in the last section. 
 
II. PROBLEM DESCRIPTION 

 
As firms getting most out of the Industry 4.0, they 
tend to increase time window for scheduling. 
Development of production technologies and better 
data transaction between suppliers and customers 
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gives companies a powerful opportunity to schedule 
production processes far earlier. 
In these context our study derives its roots from the 
real-life problem. The company produces canisters 
for paint industry and it has also a recycling process 
for second hand cans. Metals are recycled in a special 
CNC machine that is used for three different 
customer demands. Each of them is produced on the 
same machine with different process times. Moreover, 
there are sequence dependent setup times between 
three demand types. The planning department is hard 
put to do scheduling of jobs (parts), because of 
random arrivals. They can just schedule the jobs 
according to their due dates. 
First of all, the order date of the demands are 
analyzed for 16-month period and the distributions of 
the data is calculated by using input analyzer. Also, 
process time of the parts are generally constant due to 
the machine dependent process. But, row material 
type affects the recycling process time. Table 1, 
shows the probability distributions as normal 
distribution with mean and standard deviations in 
terms of hours for both demand arrivals and process 
times. 
 

TABLE I.  Probabılıty Dıstrıbutıon For arrivals of Customer 
Demands and process tımes 

Parts Arrivals Process Times 
Part A (4.0,1.0) (1.6,0.1) 
Part B (7.0,3.0) (1.6,0.1) 
Part C (8.0,2.0) (2.5,0.2) 

 
CNC machine needs to time for setup between parts 
and all setting times are constant as 0.55 hours. The 
company gives standard lead time for all their 
customers. Due dates of the demands are same and 
determined as 2 shifts (16 hours) after order date. The 
system is run 300 hours for all replications. 
 
III. SOLUTION METHODOLOGY 

 
The queue length determination that our main 
motivation of the study is important to reschedule the 
parts to decrease the number of setups, also total 
tardiness. We have changed queue size from scratch 
to a number that is not any effect on the total 
tardiness. 

In our case there is a free space in front of the CNC 
machine and this temporary stocking area is used for 
queuing of parts. Planning department sends the parts 
one by one with respect to the due dates. If the part 
type that is processing in the machine and the next 
part type on the queue is different, setup time occurs. 
So, the same part types should be successive to 
decrease number of setups. Random orders do not 
allow to classical scheduling, but an agile method 
could be applicable under this condition. The first 
scheduling step related due dates is valid until the 
queuing stage. The parts in queue are rescheduled 
according to current processing part in the machine. 
The same type of parts get priority and rank first on 
the queue. If there is not another same type of part on 
the queue, the next part type that has smallest due 
date goes to the machine and rescheduling process is 
applied again. This method provides simultaneous 
scheduling under uncertain environments. The 
rescheduling method is illustrated on Figure 1. 

 
FIGURE 1. Reschedulıng Algorithm 

 
This myopic and simple methodology that consists of 
two phases as sorting of due dates and rescheduling 
on the queue provides reducing number of setups in 
the system by checking the part type that is 
processing in the machine. 

 
IV. COMPUTATIONAL RESULTS 

 
The real life problem structure is modelled by using Arena 15.10.00000 Simulation Software acquired 
by Rockwell Automation. All runs are performed on a PC with Intel® Core™ 2 Duo CPU @ 2.13GHz and 6.00 
GB RAM. The arrivals, process times, due dates and setup times were given as inputs in the model and behavior 
of the simulation was observed. 
 

TABLE IIIII. The Effects of Queue Length 
Queue Length Max Tardiness Total Tardiness Total Output Average Tardiness 

0 (FIFO) 35 1511 130 11,6 
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1 28 1142 134 8,5 
2 16 326 142 2,3 
3 8 137 145 0,9 
4 11 76 148 0,5 
5 9 71 149 0,5 
6 12 97 148 0,7 
7 14 101 148 0,7 
8 13 101 148 0,7 
9 15 114 148 0,8 

 
To understand the effect of queue length in our 
problem, it is increased one by one and observed the 
change of total tardiness. Queue length increase 
contributes the decrease of total tardiness because of 
the rescheduling possibility and decreasing settings at 
the first appearance. Although queue size increase 
causes decreasing number of setups, parts are 
scheduled by their priorities and due dates are 
disregarded. So, the number of late jobs increases. 
The optimum queue length has the lowest total 
tardiness value and its maximum and average 
tardiness should be reasonable. 
As it can be seen on the Table 2, when queue length 
becomes five, the system obtain maximum output, 
and minimum total tardiness. The more increase of 
queue length has negative effects on our performance 
indicators. The number of parts at the queue has a 
limit because of the arrival times and production time 
relation. So, there is no meaning to increase queue 
length after it is reached the part limit in queue. 
We have tested the effects of setup times on the 
performance indicators. The lower and upper values 
from current setup time that is 0.55 hours were 
determined as 0.35 hours and 0.85 hours. Figure 2 
shows the total tardiness changes under different 
setup times. It can be seen that total tardiness follow 
similar patterns along the queue length increase as we 
expected. But they are not exactly the same for both 
queue lengths and trend of graphs. Because queues of 
machines that have higher and lower setup times 
contain different parts. For instance, while in the case 
of low setup time, second, third and fourth parts are 
in the queue, in higher setups, third, fourth, fifth, 
sixth and seventh parts could be in the queue. 
 

 
Figure 2. Setup Time Effect on Total Tardiness (TT) Changes 

Over Queue Length (QL) 
 
Process and arrival times have a main impact on 
queue length and sequence of the parts. The real life 

instance result gives the queue length that provides 
minimum total tardiness. We want to indicate the 
process time effect and it is analyzed by increasing 
the process time of part A as NORM (4, 0.5) in the 
machine. The graph in Figure 3 has a different pattern 
from the original data results. The planners could 
decide the queue length size with respect to this 
figure. 
 

 
FIGURE 3. Process Time Effect on Total Tardiness (TT) 

Changes Over Queue Length (QL) 
 
If there is enough space in front of the machine, they 
can assign the queue length as 65. Otherwise, they 
can choose stocking 7 or 20 parts in the queue. As it 
can be seen that different data distributions give 
different queue sizes. 
 
CONCLUSIONS 

 
The scheduling of the jobs under agile production is a 
tight process in job order production systems. 
Without any scheduling, first in first out method is 
valid for many cases. But the sequence of jobs that 
depends only on due dates could be rescheduled by 
using queue length system in a simple way. We 
analyzed a real life production system and recycling 
process that has three jobs and single machine were 
rescheduled with respect to queue size. We proposed 
a myopic solution to show the advantage of 
rescheduling jobs on the queue. To reduce the 
machine setups, same type of products get a priority 
and move to first order on the queue. While setup 
times are decreasing, due dates of jobs that is in the 
queue are ignored as a tradeoff. So, it is important to 
find near optimal queue length to obtain the minimum 
total tardiness in our solution approach. We have 
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simulated our system and found the queue size 
according to the real life instance. However, the 
results of rescheduling on queue depend on variables 
such as arrival times and process times. A different 
behavior is observed under different arrival and 
process distributions. Therefore, the system should be 
dynamic and have changeable queue size with data. 
This flexibility provides the agile production. 
Our research has limitations. This study assumes that 
production system has no interruptions in processing 
such as machine maintenance and breakdowns. We 
mentioned about the contribution of increasing queue 
size on total tardiness and tradeoff between queue 
length, and total tardiness because of pushing due 
dates into the background. Future studies could 
provide by taking into consideration of due dates of 
job on the queue and it may be given another priority 
for tardy jobs. 
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