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Abstract: This research aims to develop a new Instance Generator for Scheduling Problems (IGSP). There are three
main features differentiating IGSP generator from extant Instance Generators (IGs). Firstly, the IGSP can generate
datasets for various types of production shop (single machine, parallel machines, flow shop, and job shop), while the
extant IGs can generate datasets for only a specific production shop. Secondly, for the multi-stage problem, in the case
of a flow shop and job shop, a number of stages of each job can be unequal. Finally, a number of parallel machines in
each stage of the multi-stage problem can be unequal. The final two features make datasets obtained by the IGSP more
realistic than the extant IGs. In addition, IGSP features a comprehensive graphical user interface and well-organised
output text files. Researchers can use it to evaluate the performances of their scheduling algorithms and determine
benchmark problem instances.
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I. INTRODUCTION researchers prefer the second approach because it saves

time and cost, and avoids having to manage human errors

Mathematical modelling is an important tool for [1, 2, 3, 4, 5]. Furthermore, the datasets obtained by the
operations research. Datasets are normally required to second approach also reflect the actual conditions, assum-

evaluate performances of the developed math models. ing the appropriate random distributions are employed
Generally, one of two approaches is used to obtain these [6, 7].

datasets. The first approach is collecting data from real
industries, reflecting the actual conditions. Unfortunately,
this approach is very time and cost consuming and in-
volves managing human errors. Complications are com-
pounded when many replicate datasets are required. In
the second approach, an IG is used to generate datasets
based on random distributions (hypothetical data). Most

A survey of the extant IGs proposed in the litera-
ture shows that there have not been many IGs developed
in the past three decades. The most famous IG appears to
have been developed by Taillard [8], as many researchers
employ this IG to evaluate their algorithms [9, 10, 11, 12].
Taillards IG generates datasets using a Linear Congruen-
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tial (LCG) equation. It can generate datasets for three
production shops: flow shop, job shop, and open shop.
Unfortunately, Taillard focuses on the makespan. There-
fore, only job processing time is provided. Other data
are ignored, including due date and setup time, which are
essential for determining penalty costs such as those for
tardiness, earliness, and total setup time. In addition, the
single machine and parallel machine production shops are
not presented in this IG [8, 13, 14]. Given the due date is
directly related to penalty costs, it was later included in an
IG developed by Demirkol et al. [13]. This IG provides
both due dates and processing times so that penalty costs
can be determined. However, it generates datasets for
scheduling problems in only the flow shop and the job
shop, without considering setup time. Recently, an IG
with additional resources was developed for scheduling
problems [14]. However, this IG provides only process-

ing times for jobs on unrelated parallel machines. Note
that for all of the IGs in the literature reviewed, every
job is defined for operation in the same number of stages,
ignoring some industries requiring unequal stage.

The extant IGs described were all developed ac-
cording to specific interests and specific problems. This
research presents a new IGSP that addresses the over-
sights of extant IGs. The IGSP provides three important
datadue date, processing time, and SDST for both single-
stage production shops (single machine and parallel ma-
chines) and multi-stage production shops (flow shop and
job shop). Using IGSP, in multi-stage production shops,
a number of stages of each job and a number of paral-
lel machines of each stage are allowed to be unequal.
These two features are considered the novel features of
IGSP. A comparison between IGSP and the extant IGs is
summarised in following figure.

) . Flow shop /
Scheduling problems Parallel machines [ Data
L] % w g v
8 8 a, = B & E‘ E
Authors -?‘3 'lﬂ; 5 ;g; _% “S g E EJ & & B § e
g d b o = H & o o s = 4 P a
tl | 8| B|&|2|S|&|E|&|E|s]|&|7
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and Ruiz
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Fig. 1. Comparison between IGSP and extant IGs

The rest of this paper is organised as follows. The
next section explains how IGSP calculates processing
time (p), due date (d), and SDST. Section 3 presents an
IGSP User Interface (UI) and explains the output file for-
mat. Finally, Section 4 concludes this research and makes
recommendations for further study.

II. CALCULATION OF P, D, SDST

This section elaborates on the calculation of p, d, and
SDST. All of the variables and formulas used to calculate
these data are shown in Figures 13. Fig. 2 demonstrates
the use of Taillards concept to calculate the processing
time of job i stage j on machine k (p;,j,k). This calcula-
tion chooses a random number in a range between Umin
and Umax, which are lower and upper limits of a uni-
form distribution specified by the user. Taillard calculates
processing time by applying a LCG along with four im-

portant parameters: a, b, ¢, and m. These parameters are
configured at certain numbers, as shown in Fig. 2, so that
processing time is perfectly randomised [15]. Due date
is a function of p;, j, k, based on the concept proposed
by Hasija and Rajendran [16]. It is randomly generated
using the equations in steps 2 and 3 of Fig. 3. Similarly
to Ruiz and Stutzles IG, the IGSP calculates SDST as
a proportion of maximum processing time (Umax), as
shown in Fig. 4 [17]. Two types of setup times constitute
SDST data: Loading (LD) and Unloading (UD). The time
required to set up a machine before it starts production
is LD, while UD refers to the time required to remove
all essential devices used in production. For the IGSP,
the SDST of jobi, j is randomly generated, but it must
be less than or equal to UDi +LDj. Since the SDST data
represents a sequence of jobs, they are provided in an
easily understood matrix form, as shown in Fig. 8.



Latthawanichphan, J. et al. / International Journal of Technology and Engineering Studies 5(4) 2019

overall procedure: processmz time gensrating approaches

imput: mitial seed (X;; /=0) =X =2
minimm poszible processing time (L) and maumum possible procezzing time (L..)
number of jobs, mmmber of stages, mumber of machmes

output: processing time basad on uniform distribution

/iStep 1: Vanazbles declaration

i = mdexofjob I = number of jobs
J = mdexofstage J = numbar of stagas
k= mdex of machine E = number of machines
X, = mihal seed r = mndexofssed
Construct parameters referrimg to Ta
a=16807 b=127.773 e=21836 m=2"1

/i5tep 3: Find a modification of sead (X,.)
for(i=1 i<l i+
{for (f=1,7=Jj+)
{for (k=1 k=K B
Hor (r=0,r<(T*%*E) - 1, r+)
{

X, =alX mod b}—%c

i (o = 0)
{
Ay=X . +m

h
//Step }3: Fnd a random number betwreen [ and 1 (Rand,,2)
Rand, . = —X’:‘
/iStep 4: Calculate 2 processing time based on umform distnibution
processing time, =L +tme(fand (L -0 +1)
i

1
}

Output: proceszing time basad on wniform distribution

4

Fig. 2. Processing time calculation

overall procedure: dus date generatng approachss
imput: processing time for sach machine
output: due date of job

begin
/i5tep 1: Varizbles declaration

i = indsx of job I = number of jobs

J = indsx of stage J = mumber of stagaz

k = mdex of machms E = number of machines
d, = dusadate of job i

B, = processmg time of job i

Pk = processmg timea of job i, staga j, machine k

random = random mumber wiformly dismbotad  [0,1);

//Step 2: Find proceszing time of job i (P
for (i=11=1 i+

{ B = Z!Z
/fStep X Find due date of job i {d)

d = Bx{+ramdom.3); }

Output: due date of job
end;

Fig. 3. Due date calculation
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overall procedure: SDST generating approaches
output: SDET marctrie

begin
//Step 1: Vanablas declaration

i = index of job I =
g = index of staze J =
k = index of machine K =
LD, = loadmg tima of job i LD, =
percentietypr = maxomum SDST percentage Line =
maSetup = maximmum poszible SDET
S = SD&T if jobj is processad after job i (i Z7);
HStep 2:  Calculate maxinmam poszible SDET (macSstup)
mumcSenup = percentieny ¥ Do
//5tep 3: Generate loadmg and unloading time of job

for(i=1,i=<l i++)

imput: maximum SDET (percentSetup) and maxinum processing time (L)

mumber of jobs
mumber of stages
mumber of machines
unleading time of job i

maximum possible processing time

1 , = random mumber betwaen 0 to maSetup
LTy = random munber betorsen 0 to maxSetup;  }
5tep 4: Generate SDST
for{i=1,i<l i++)
{ for(j=1j=J,+)
{ do
{ 8= random mumber batween 0 to mocSstup
} while (8,, = LDy +1D); ¥ }
Output: SDET mactre
end;
Fig. 4. SDST calculation
III. USER INTERFACE AND OUTPUT FILE °

FORMAT OF IGSP

This section details the user interface, output file fold-
ers and file names, and output text files. These elements
are represented in Fig. 5-8.

A.  User Interface

Fig. 5 shows the IGSP user interface. It consists of

five main panels:

e Panel 1 is for selecting or creating the target path
where the generated datasets will be sacved.

e Panel 2 is for entering the number of jobs, the num-
ber of replications, initial seed value, and minimum
and maximum processing-time limits (Umin and
Umax).

Instances Generator for Scheduling Problem (IGSP

TARGET PATH GENERATING OPTIONS
SELECT A TYPE OF )
rrODUCTION sHor IRl ok -

Panel 3 is for entering a percentage of Umax,
which is the SDST upper limit. This option can be
switched to On or Off.

Panel 4 is for selecting a production shop. The
Generate button is included in this panel but only
enabled when the essential parameters have been
entered. (Note that the open shop will be added in
the next phase.)

Panel 5 consists of four categories, which are used
separately by specific production shops. Category
5-1 provides instruction to single machine opera-
tors. Categories 5-2, 5-3 and 5-4 allow essential
parameters to be entered for parallel machines, flow
shop and job shop environments.

)

. S
machine € G |frén, micx
SHOPFLOOR OPTIONS
To generate Single machne problem, fil in Target path, Genero
Solect a type of parallel machines
Identical paradel machines
Uniform paralel machines
ag Flow shop Unrelated parallel machines
Select o type of llow shop
Pure flow shop T
s Generd flow shop toge sk
g Jobshop Flexile fow shop
B o Rumber of poratel machines al h
Select a lype of job shop

Job shop
Fexitle job shop

S

umber of poralel machines ara e

Fig. 5. User interface of IGSP
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B.  Output File Folder and File Name

This section explains output file folders and file
names. Six components of the file folder provide in-
formation about the type of production shops, number of
jobs, number of production stages, number of parallel ma-
chines in each stage, lower and upper limits of processing
time, and SDST percentage. Table 1 provides notations

and definitions of each component. Using the table, it is
known that the file folder FFS_J3_S2s M?2u_P1-30_S10
(presented in Fig. 6) describes a job with the following
characteristics: a flexible flow shop, 3 jobs, two-stage
with unequal stages, two machines with unequal machines
at each stage, a 130 processing time range, and maximum
SDST set to 10% of the maximum processing time.

TABLE 1

NOMENCLATURE OF FILE FOLDERS

Component

Description

Notation / Example

1 Type of production shop

2 No. of jobs
3 No. of stages

4 No. of parallel machines

5 Range of processing time
6 SDST percentage

SM : Single Machine

IPM : Identical Parallel Machines

UFP : Uniform Parallel Machines

URP : Unrelated Parallel Machines

PES : Pure Flow Shop

GEFS : General Flow Shop

FFS : Flexible Flow Shop

JS : Job Shop

FIS : Flexible Job Shop

J3 : These are 3 jobs.

S2 : There are 2 stages for each job.

S2s : The maximum stages for each job is 2 (skipping in some stages
is allowed).

M2 : There are 2 parallel machines for each stage.

M?2u : The maximum parallel machines for each stage is 2 (number
of machines for each stage are unequal).

P1-30 : The processing times is in the range of 1 to 30.

S10 : The maximum SDST value is 10% of max processing time.

J 5 | Instances

Share View

Pinto Quick Copy Paste i
access (7] Paste

Clipboard
€ v
v aa Windows (C:)
v Instances
FFS_J3_52s_M2u_P1-30_510
IPM_J4_51_M2_P1-20_55

Intel

2 items

» ThisPC » Windows(C:) » Instances v/ & | Search Instances P

Moveto - X Delete ~ i’“j" \/7‘ M scie

e

Select none

Rename ~ New

Properties
folder %

L—}u Invert selection

Organize New Open Select

Name

FFS_J3_52s M2u_P1-30.510
IPM_J4_S1_M2_P1-20.55

Fig. 6. Example of a file folder

The text files for generated instances are kept in each
file folder. Each file name indicates a replicate number.

For example, the files RO1.txt, R02.txt, and RO3.txt in
Fig. 7 refer to replicate numbers 13.
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] ¥ | FFS_J3_S2s_M2u_P1-30_510 . O X
Home Share View (7]
1 = N S o]
_J dh Move t X Delete ~ \/‘ Hj Select all
: W Tl = Select none
Pinto Quick Copy Paste Copy to Rename New Properties o
access folder - (5 Invert selection
Clipboard Organize New Open Select
« v 4 <« |nstances » FFS_J3_S2s_M2u_P1-30_510 v O Search FF5_J3_52s_M2u_P1-30... @
v aa Windows (C) A Name Date modified Type
Y. Instances =| RO1.bdt 5/2562 15:43 Text Document
FFS_J3_52s_M2u_P1-30_510 5] RO2.bt Text Do
IPM_J4_S1_M2_P1-20.55 = RO3.txt Text Document
Intel B 5
3 items .

Fig. 7. Example of a file name
C. Output Text File

IGSP provides a more comprehensive output text file
than all of the IGs reviewed. Fig. 8 shows an example.
The six parts of output text file are:

e Part 1 provides details of the generated data set,

similarly to the file folder name.

e Part 2 provides processing times for each job (3
jobs) in Stage 1 for Machine 1, and 2. “*’ indicates
the unequal stages option. In this example, it means
that Stage 1 is not necessary for Job 3. Please note
that each job must be processed during at least 1
stage.

e Part 3 provides processing times for each job (3
jobs) of Stage 2 for Machine 1 and 2. “-” indicates

ROT.2xt - Notepad

| Hle Edit Format View Help

the unequal machines option. In this example, it
means that there is only one machine (Machine 2)
for Job 3, Stage 2.

e Part 4 provides the due date for each job. In this
example, Job 3 is due in 22 units of time.

e Part 5 provides the LD and UD for each job. The
LD is only used for the first job in the sequence,
while the UD is only used for the last job in the se-
quence. For example, if the sequence on Machine
1is Job 1 Job 3 Job 2, then the LD of Job 1, Stage
1 is 1 unit of time.

e Part 6 provides SDST. It is randomly generated, as
explained in Section II. For example, the SDST is
2 units of time if Job 3 is processed after Job 1.

- o X

FFS_J3_S2s_M2u_P1-30_S10

(Flexible flow shop_3 job{s)_2 stage(s) (stage skipping)_2 machine(s) (unequal)_Processing time 1-30_SDST 10%)

«(D

|

| Job 31 M1 M2 S2 M1 M2
1 1 10 19 2 15 21
2 1 22 19 2 21 14
3 1 * * 2 - 12
[/Due date é é

Job Due date

1 60

2 89 -

3 22

[1SOST

S1 M1

Job Load Unload

1 1 1

2 2 2 «()

3 2 2

Job 1 2 3

1 0 2 2

2 1 0 1 “@

3 1 2 0

Fig. 8. Example of an output text file

IV. CONCLUSION AND RECOMMENDATIONS
FOR FURTHER STUDY

This paper developed a new instance generator for
scheduling problems named IGSP. It can generate hypo-

thetical data set for various production shops, including
new options reflecting real production scheduling envi-
ronments (unequal stages of each job and unequal parallel
machines of each stage). The user interface and output
file obtained from IGSP are more comprehensive than
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the extant IGs. Researchers can use it to evaluate the per-
formances of their scheduling algorithms and determine
benchmark problem instances. At this point, IGSP can
generate datasets for a single machine, parallel machines,
flow shop, and job shop environments. Other production
shops, such as an open shop, cellular shop, and assembly
shop, will be developed for further study to increase the
capacity of the IGSP. The IGSP can be freely downloaded
from http://www.ie.kmutnb.ac.th/upload/IGSP/IGSP.zip.
All user feedback is welcomed in the service of further
developing its utility.
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