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CREATING ROBUST SCHEDULES BASED
ON PREVIOUS PRODUCTION PROCESSES

The development of competitiveness at world markets caused the need to increase the produc-
tion flexibility. An essential tool in achieving this could be production scheduling. However, in this
process there are a lot of complex optimization problems. The paper presents the idea of production
scheduling. First of all, typical scheduling problems and methods of solving them are described.
Moreover, the issues of creating robust schedules are presented. In the final part of the paper the
author offers a concept of creating predictive schedules based on the analysis of previous produc-
tion process.
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JIykam Cobamek, Apkaniym I'ona, Auroni Ceinp
CKIIAJIAHHA TOYHUX I'PA®IKIB HA TTIIJICTABI AHAJII3Y

ITOIIEPEJHIX ITPOLIECIB BUPOBHUIITBA

Y cmammi nokaszano, wio po3eumMoK KOHKYPeHMOCHPOMONCHOCII HA CIMOGUX PUHKAX
cnpuvunue nompeoby y 30iavuwienni eHyuKocmi npodykuii i céoenacrnocmi peaaizauii 6upoOHu“UX
3amoeéaenv. Baxcaueum incmpymenmom y oOocsieneHHi yiei memu moxce cmamu 6ionogione
naanyeanns eupoOuuqux 3aédans. Ilpome, oanuii npouec noe’sa3anuii 3 HUKOI0 CKAAOHUX 3a0a4
onmumizauii. Ilpedcmaeaeno npouec niamyeawns e6upoOHuymea, munosi npobiemu
cucmemamusauii 6upoGHUMUX 3a60aHb, a MaKoxc memoou ix po3eészanns. Kpim moeo,
npo0eMOHCMPOBAHO i0er0 CKAAOAHHA MOYHUX 2pagikKie, a Mmakxoxc KoHuenuio nobyoosu
npoeno306anux epagixie na nidcmasi anaaizy nonepeonvozo nepedizy eupoOHuUH020 npouecy.
Karouogi caosa: naanysanns eupobnuymea; npobaema job-shop; cmiiikuii epaghix; npoenozosame
NAGHYBAHHSA BUPOOHUUMEA.

Puc. 4. Jlim. 21.

JIykam Cobamek, Apkaauym I'ora, Auronu Iy
INOCTPOEHUME YETKUX I'PA@OUKOB HA OCHOBE AHAJIN3A

MPEABIIYIIETO XOJIA TTIPOU3BOJICTBA

B cmamve nokazano, wmo pazeumue KOHKYPEHMIOCHOCOOHOCHU HA MUPOGHIX DPLIHKAX
6b136a.10 HEO0X00UMOCHTb YEeauHeHUs 2UOKOCMU NPou3800CMEA U C80e6PEMEHHOCHIU Pealu3ayuu
npouseoocmeennvix 3axazos. Heobxodumvim uncmpymenmom 0as docmudienus 3moii ueau
MOJHCem cmamo COOMeencmeyiouiee nAaHuposanue npousgoocmeennsix 3ada4. Qdnaro ¢ smum
HpPOUECcoM CBA3aH PAO CAONCHHIX onmumusauuonnotx npobaem. Ilpedcmasaenvt npouecc
HAGHUPOBANUS NPOU3BOOCINEA, MUNUYHbLIE NPOO.AEMbL HAAHUPOBARUS NPOU3BOOCINBEHHbBIX 300ak, A
maxce memoodot ux peuenus. Kpome moeo, npedaoxncena uoes nocmpoenus wvemrkux 2paghuos,
a makce KOHUEnuUsi cO30AHUsL NPOCHO3UPOBAHHBIX 2PAPUKOG HA OCHOBe aHaau3a npedvloyu,e2o
Xo0a npouseoocmea.

Karwueevie caosa: naanuposanue npouszeodcmea; npobaema job-shop; wemkuii epagpux;
npedckasvléaroujee NAAGHUPOBAHUE NPOU3BOOCIEA.

Problem statement. The development of competitiveness at world markets has
caused the need to increase production flexibility. Moreover, there is a need for pro-
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duction optimization. Nowadays it is not enough to produce a lot of a unified prod-
ucts. Production enterprises have to realize customers' needs (Palajova et al., 2011).
An essential tool in achieving this purpose could be production scheduling. However,
in this process there are a lot of complex optimization problems, also associated with
profitability of production (Gola et al., 2013).

In the scheduling process, there is a number of problems that are divided into
several categories (Muhammad Shahrizal et al., 2011). The most often analyzed in
literature is the job-shop problem (called a general job-shop problem). The job-shop
case involves the complete ordering of tasks arising from technological limitations
and its occurence in production cells. Therefore, job-shop problem is associated with
real production systems. Job-shop is an NP-hard problem. This means that finding
the optimal solution is very difficult. Moreover, job-shop problem is a typical theo-
retical problem and there are a lot of simplifying principles (compliance or non-com-
pliance with reality) (Wojakowski, 2012). Therefore, this issue is the subject of
research.

Literature review. Production scheduling is the subject of many publications.
J. Herrmann gives a historical overview of the issue — starting from the first methods
of production planning until contemporary solutions (Herrmann, 2006). Currently
the most frequently analyzed issue of scheduling is a job-shop problem. This issue is
considered in many ways. The main subject is the optimization of the job-shop prob-
lem (Golenko-Ginzburg et al., 2002). Different authors propose various approaches
to this issue. A hybrid genetic algorithm (Park et al., 2003), a tabu search algorithm
(Hurink et al., 2002) and a variable neighborhood search for job-shop scheduling are
used (Roshanaei et al., 2009). Moreover, literature discusses the issues of flexible job-
shop problem and robust scheduling problems (Al-Hinai et al., 2011). Robust sched-
uling is a very interesting issue, because a solution to this problem helps implement
robust schedules in real production systems (Yan et al., 2012). There are several meth-
ods to solve this problem (Escamilla et al., 2012), but still this issue is the subject of
many studies.

Importance of production scheduling. The term "production scheduling" means
determining the size of production batches and creating a detailed schedule (taking
into account all limitations). The aim of scheduling is the best use of enterprises
resources and thereby competitiveness increase. The result of scheduling is develop-
ing a schedule of individual tasks (in the form of a chart or a description) (Pajak,
2006). The most commonly used chart in the production scheduling is the Gantt
chart (Figure 1).
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Figure 1. Example of a schedule
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During the a schedule design appropriate criteria are defined and used. The most
commonly used criteria are: the criterion of minimizing the length of a cycle, the cri-
terion of minimal downtime, the criterion of minimal deviation of completion date.
Moreover, the rules of priorities are also employed. In literature there are about 100
such rules — e.g.: "first in — first on" rule, the shortest (the longest) time an operation
rule, the longest time the next operation rule, the longest queue rule (Knosala, 2002).
It helps to achieve the company targets. The main target of enterprise is achieving the
biggest profit at lowest manufacturing costs.

There are two basic production scheduling methods (Pajak, 2006):

- forward scheduling — time of tasks and commencement date of production
are known and then the completion date of the order is determined,

- backward scheduling — time of tasks and completion date of the order are
known and then the commencement date of production is determined.

Although the presented scheduling methods seem very easy, production sche-
duling in real production system is very difficult. It is caused by many factors which
hinder this process — e.g. a great number of jobs, restrictions associated with tasks and
machines, random events causing the disruptions of production.

There are several problems related to scheduling. Production scheduling prob-
lems are divided as follows (Pawlak, 1999):

- In terms of the kind of problem we distinguish: flow-shop, job-shop and
open-shop problem. This kind of problems arises from the characteristics of a pro-
duction system.

- Interms of randomness we distinguish deterministic and stochastic problems.
They occur when a randomness factor appears in the production process.

- Interms of changes we distinguish dynamic and static problems. They depend
on the variability of manufacturing process and the occurrence of tasks unknown at
the time of scheduling.

- In terms of relation to practice we distinguish practical and theoretical prob-
lems. They result from various simplifications used in testing and analysis of research.

In response to production scheduling problems, there are various scheduling
methods. Production scheduling methods are generally divided into optimization and
approximation methods, but more particularly we distinguish (Pawlak, 1999):

- the accurate method of seeking solutions to problems;

- the method of division and limitations;

- expert systems;

- heuristic method,;

- evolutionary algorithms.

Despite the existence of several methods there is still a need to develop new solu-
tions of production scheduling problems and creating more optimal schedules
(Sobaszek et al., 2013).

General job-shop problem. The job-shop problem often analyzed in literature,
sometimes is called the general job-shop problem. Over the years a significantly
increasing interest to this issue is observed (Wojakowski, 2012) (Figure 2).

The job-shop case involves the complete ordering of tasks arising from techno-
logical limitations. Analyzing this problem we operate on 3 sets (a set of machines, a
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set of tasks and a set of operations) and define the relationship between them. The
job-shop problem also takes into account the following assumptions:

- each machine can perform only one operation at a time;

- you can not realize more than one operation of the task;

- operation cannot be interrupted.
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Figure 2. Number of publication on the job-shop problem over the years

Problems in creating production schedules also result from the fact that they
belong to the class of NP-hard problems (Jensen, 2003). That means the great diffi-
culty in finding the exact solution — very long time necessary for the algorithm
implementation. To illustrate the complexity of the general job-shop problem, let's
consider a simple example (Figure 3).

Example. It is assumed that in a production process should be performed 5 production tasks.
Each task should be done in 2 operations by means of 2 machines.

The number of operations to be scheduled: 5x 2 x 2 =20
The number of all possible permutations: 20! = 2 x 10"

Figure 3. Example of complexity of the problem

As we can see in the example, there are many possible permutations. In addition,
finding the optimal solution among so many is very troublesome.

Detailed analysis of the general problem of scheduling shows its high complexi-
ty, and therefore it has become the subject for numerous studies. These studies are
often theoretical, thus also the job-shop problem is a typical theoretical problem
(Pawlak, 1999). There are a lot of simplifying principles (compliance or non-compli-
ance with reality), that is a typical feature of test problems. The following simplifying
principles are used:

1. Tasks of one job can not be executed in parallel.

. A machine can not perform two tasks in parallel.

. Each job has m operations (tasks) — one for each machine.

. Each job must be done to the end.

. Execution time of tasks is independent of the schedule.

. Waiting of the parts for the release of the machine is permitted.
. There is only one machine of each type.

. A period may occur in which machines are unused.
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9. The machine cannot execute more than one task at the same time.

10. Machines never break down and are available throughout the execution
time.

11. Technological constraints are known in advance and unchanging.

12. There is no randomness factor.

The presented principles pose a serious limitation to the use of the proposed
solutions in practice. Therefore, in recent years there appeared several scientific
trends trying to eliminate the general job-shop problem restrictions. An example is
the issue of flexible job-shop, which assumes the existence of a set of several machines
enabling the execution of the process on alternative machines. The other example is
robust scheduling, which tries to eliminate the submission related to the failure rate
of machines in production and the occurrence of random factors.

Robust scheduling of production. The planning of production assumes a static
process, but usually in the production process various disturbances appear (Swic et
al., 2011). Among many changing factors we can distinguish: breakdowns of
machines and robots, interferences associated with orders, interferences associated
with tasks, incorrect estimate of the time of tasks, shortening or lengthening the time
of tasks.

It is very important to prevent disturbances occurring in production process. The
more changes are in the process, the greater is its disorganization. Henry Gantt, the
creator of the charts used in scheduling, used to say that "the most elegant schedules
created by planning offices are useless if they ignore the situation that is observed"
(Herrmann, 2006). Therefore, in literature there is an issue of creating robust sched-
ules.

Robust scheduling is a part of the process called predictive-reactive scheduling.
In this approach there are two stages (Klimek et al., 2008):

- predictive scheduling (associated with the planning stage);

- reactive scheduling (associated with the implementation stage).

Robust schedule is created during the first stage together with a nominal sched-
ule (taking into account the production process parameters). At the reactive stage
schedule is created during production. Therefore, any change in production process-
es results in the formation of an alternative schedule.

The purpose of robust scheduling is minimizing the impact of various distur-
bances on the implemented process. Created schedule will be not susceptible to dis-
ruptions appearing in production processes. Most commonly used techniques of
schedules immunization are (Klimek et al., 2008):

- redundancy techniques;

- conditional scheduling;

- building partially ordered schedules;

- sensitivity analysis.

Robust schedules can improve production processes. A well-made robust sche-
dule is better than modification of existing schedule, which often requires a large
number of complex calculations.

Production scheduling based on previous production processes. Production
process disturbances adversely affect the functioning of production enterprises. An
example is the failure to realize orders on time. A company cannot afford having this
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situation because it will lose customers. Especially breakdowns of machines and
changes in the times of tasks are the most dangerous disturbances. Therefore, using
available tools and methods, we propose the concept of robust scheduling, presented
in 4 stages (Figure 4).
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Figure 4. Block diagram of the considered concept, authors

Stage 1. Production process data analysis (the number of tasks, duration of tasks,
available machines) and creating the nominal production schedule. To create a
schedule appropriate methods of scheduling can be used. For this purpose LiSA soft-
ware can be used — computer program which helps creating schedules by mean of
exact or heuristic algorithms. LiSA is the abbreviation for "A Library of Scheduling
Algorithms".

Stage 2. The use of historical data of the process to determine machines that
could be damaged and tasks the execution time of which may change. For this pur-
pose we can use the tool used to anticipating and predicting events — e.g. statistical
analysis or artificial neural networks.

Stage 3. Creating a robust schedule with time buffers. Schedule will be created
by adding time buffers in vulnerable areas of schedule — the application will find the
technique of redundancy.

Stage 4. The last stage of the presented concept is the robust schedule rating and
comparing the quality of nominal schedule with robust schedule. In case of achieving
the stated purpose robust schedule will be implemented. In case the stated purpose is
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not achieved — rescheduling by means of other algorithm or detailed analysis of the
parameters of the considered disturbances should be performed.

Conclusions and further studies prospects. Production processes are very dyna-
mic and exposed to unpredictable situations. Creating schedules taking into account
the production process disturbances is a very important issue. Every disruption in
production process also affects the economics of this process. Therefore, robust
scheduling certainly can be applied to real systems where there are unplanned
machine breakdowns or change in the time of ongoing operations.

The concept proposed by the authors is the subject of ongoing research and
analysis to develop a methodology of robust scheduling and software for generating
schedules for discrete manufacturing processes.
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