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Abstract

From the point of view of combining theories with practice, in order to better realize the effective
management of production workshop scheduling and thus improve the competitiveness of
manufacturing enterprises in the market, this study focuses on the simulation of production workshop
scheduling based on genetic algorithm. Firstly, the study analyses the concept and characteristics of
production workshop scheduling, and then proposes the objective function and scheduling rules of
production workshop scheduling; the study also introduces the genetic algorithm to combine the
scheduling rules, which are regarded as the genetic gene to realize the optimization of the production
scheduling through the simulation calculation; in addition, in order to satisfy the dynamic production
environment of manufacturing enterprises, the study put forward a dynamic scheduling model; finally,
the dynamic simulation of the production workshop scheduling system is realized through the mixed
programming of Matlab and VC. The simulation results show that the dynamic model can reduce the
scheduling times and improve the stability of dynamic scheduling, and has a positive guiding
significance for the production workshop scheduling of manufacturing enterprises.

(Received, processed and accepted by the Chinese Representative Office.)

Key Words:  Production Workshop Scheduling, Genetic Algorithm, Dynamic Model, Dynamic
Simulation

1. INTRODUCTION

The process of global integration leads to the increasingly fierce competition in the enterprise
market. The production cycle and quality of the products are the key factors of manufacturing
enterprises to meet the diversified demands of the customers. How to improve the production
efficiency and reduce the cost under the changeable market environment is the key for
manufacturing enterprises to adapt to the market environment. Manufacture Resource
Planning (MRP) and Enterprise Resource Planning (EPR) are the macro management
methods for modern manufacturing enterprises to achieve lot size, set delivery time,
implement workshop constraints and conduct resource allocation [1, 2]. However, the most
basic unit that affects the efficiency and quality of enterprise production is still the workshop
of the enterprise. Only the realization of the agility of the workshop production and
improvement of the management level and production efficiency is the key to raise the
competitiveness of the enterprise.

At present, with the introduction of foreign advanced management technology and
practice accumulation, the workshop management control work in China has completed
workshop operation planning, process scheduling, operation management, inventory control
and other software, and achieved certain effects [3]. In the simulation research of workshop
scheduling in China, there are rule-based method, intelligent scheduling method, domain
search method, simulated annealing method and so on. However, there are the following
problems in production management: it’s hard to accurately and timely grasp the actual
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production conditions in the plan process, it’s impossible to obtain the practical operation plan
during the production process to guide the management personnel the production workshop,
and operators cannot follow the state data of the products during the production process, and
effectively control the in-process products and inventory, while the users can have no idea
about the execution of the order before the delivery [4]. In simulation research, some
problems such as imperfect modelling method and unclear objective function of production
scheduling affect the accuracy and adaptability of simulation model.

In order to realize the dynamic simulation of production workshop scheduling in
enterprises, based on the analysis of relevant concepts, the study establishes a mathematical
model conforming to the production scheduling rules of the enterprise, and proposes an
optimized solution based on genetic algorithm; at the same time, the dynamic simulation
analysis of relevant parameters of production workshop scheduling is carried out, and the
dynamic simulation and man-computer interaction for production workshop scheduling are
completed under the mixed programming of Matlab and VC [5]. The study realizes the
application of genetic algorithm in the dynamic scheduling of workshops. The simulation
results and system implementation are of great significance in guiding the scientific
scheduling management of workshops.

2. OVERVIEW OF PRODUCTION SCHEDULING AND GENETIC
ALGORITHM

2.1 Production scheduling

(1): Definition of production scheduling

The so-called production scheduling is the reasonable arrangement and plan made by the
enterprise in the process of production management. In particular, the production scheduling
of the enterprise can be described as the right allocation management in a production process,
in which there are N machines in a workshop for production and processing, M processes are
required for a product, each process is distributed on different machines, each of which can
only process specific workpieces, and the next process can be performed only after one
process is completed [6].

(2): Classification of production workshop scheduling

According to the characteristics of workpiece processing, the scheduling can be divided
into static scheduling and dynamic scheduling: in static scheduling, the parts are ready before
starting, without considering the machine damage, new workpiece demand, advance delivery
and other factors; in dynamic scheduling, considering various sudden conditions in the
workpiece process, the scheduling is required to respond to the change of the workshop, and
the re-scheduling can be performed to ensure the optimization of the processing performance
in the event of an emergency [7].

(3): Basic idea of production workshop scheduling system

Plan management system

Mission C(}mplglum, Product requirements,
system operation I » l-——

BOM, instruction list

status and so on Y
Manufacturing Execution
System
Production progress, A ) Production plan,
equipment operation ———————» — production analysis
status \ J report, list

Production control system

Figure 1: Information flow among Plan layer/MES/Control layer.
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In order to make the scheduling result meet the actual production demand as much as
possible, the workshop production should be based on a certain scheduling idea. Fig. 1 shows
the information flow among Manufacturing Execution System (MES) and planning layer and
control layer, reflecting the basic idea of production workshop scheduling [8].

(4): Mathematical definition of production workshop scheduling

The optimization goal of production workshop scheduling is to make the production time
of workpieces shortest, without exceeding the due time. The scheduling of production
workshop can be described as follows [9]:

a) Define P as a set of n workpieces to be processed, and its expression is shown in Eq.

(1):
P={P}i=12..,n 1)

b) Assuming P; has r; processes, define Oj; is its i™ process, and the corresponding
working time quota is tj;, as shown in Eq. (2):

Pi={0i};i=1,2,....ri (2)
Working time quota of the process:
t={t};i=12 ... 3)
c) Define M as a set of m devices, then,
M={M3}; k=12 ....m 4)
d) Due to the difference in processing ability, different machines have different processing
time for the same process. t (j = 1, 2, ..., rj) in M matrices indicates working time quota of
the process for different workpieces in different machines.
t11 tiz . Pty t11 tiz - Pty t11 btz . Pty
] e R K Sl N (O
th1 tnz o Iy th1 tnz oty th1 tpz o lng

e) Define st;; st; (i = 1, 2, ..., n) as delivery time of each workpiece.
) The optimal scheduling objective function is as follows:

MIN ) f(x;)
Z; (6)
f(xi) = 0; x; < st;;

f(xi) = i — st;; Xi > st;;

where, X; is actual completion time of each workpiece and n is the number of workpieces.

(5): Scheduling rules of production workshop

In order to minimize the completion time and address parallel multi-machine scheduling
problem, a genetic algorithm base on combination rule is proposed in this study. The genetic
algorithm is used to optimize the combination of schedule rules, so that different scheduling
rules are adopted in different scheduling stages to improve the performance of the algorithm
[10]. The rules of workshop scheduling mainly include processing amount rules, remaining
time rules, and rules on the ratio of processing quantity to remaining time. The following
focuses on processing quantity rules.

The processing amount of the workpieces is measured by the total time of the machined
workpieces. Its calculation formula is as shown in Eq. (7):

Atij = ;cn=1 tl,j /m (7)
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Totaltime; is used to represent the processing amount product; of the i"™ workpiece. The
scheduling can be divided into three steps:

Step 1: Quantize the processing amount, and prioritize the processing according to the
processing amount, with a larger processing amount having a higher priority.

Step 2: Judge the machine idle rate. If one machine is idle, workpieces of a large
processing amount should be arranged for processing. If several machines are idle, the
machine that can process workpieces with the shortest processing time should be arranged. If
the workpieces with the highest priority cannot be processed by the idle machine, the sub-
priority workpieces should be selected for the idle machine.

Step 3: Re-quantify the processing amount after the completion of a process, that’s,
product; = product; — Atjj. Re-arrange the priority and repeat Step 2 until all processes are
finished.

For example, there are 5 workpieces in total, 3 processes are required for each workpiece,
and the time consumed by each machine for each process can be expressed as:

4 7 0] [0 7 5] [6 9 5]
3 0 7 0 6 9 0 0 8
Tyi=13 0 0|,TM2= 4 5 0...Tym=I|5 0 6 (8)
5 7 0 0 0 6 7 9 5
0 0 4 0 9 0 6 10 7

Table I shows the time when the workpiece is completed, where positive or zero indicates
that the workpiece can be completed on time or in advance, and negative indicates that the
workpiece is not completed on time.

Table I: Scheduling instance based on product.

Workpiece number | Delivery time | Completion time | Workpiece completed in advance
1 29 33 -4
2 30 30 0
3 33 22 11
4 34 28 6
5 36 23 13

2.2 Genetic algorithm

(1): Basic concepts and steps of implementation

Genetic algorithm is a search optimization algorithm to simulate the evolution process of
natural organisms. It can improve the adaptability of population through selection, mutation
and heredity [11]. It is widely used in complex problems, production scheduling, non-linear
problems and others [12]. The specific steps of the genetic algorithm are as follows:

Step 1: Randomly generate a set of initial populations;

Step 2: The fitness value of each individual is calculated as an evaluation criterion. If the
given requirement is met, or the set value is reached, the searching process is ended, and the
optimal individual of the population is the solution of the given problem.

Step 3: Individuals are selected according to the probability proportional to their fitness,
and new individuals are formed through exchange and mutation operations.

Step 4: Turn to Step 2 [13].

(2): Application of genetic algorithm in production workshop scheduling

a) Coding and decoding

According to the example in 2.1, the chromosome length of 5 types of workpieces for 3
steps is 15. Their chromosomes can be expressed as:

[2]2]afof1]1]of2[ofof1[1]2]1]2]
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Among them, 0, 1 and 2 represent three kinds of scheduling rules respectively. In
workshop production scheduling, chromosome genes are selected according to sequence, and
scheduling rules are selected through gene coding to arrange the production of workpieces.

b) Population initialization

Preliminary optimization and random generation are methods of population initialization.
There are 100 individuals with chromosome length of 15 in the initialization population, 100
individuals are different and randomly generated.

c) Crossover operator

The chromosomes are divided into two subsets A and B, and the parent 1 genes belonging
to A are classified into son 1 type and those belonging to B into son 2 type; the parent 2 genes
belonging to A are classified into son 2 type and those belonging to B into son 1 type. The
following gene combinations are obtained:

Parent1: {1,1,2,0,0,2,1,2,1,2,1,2,0,1, 2},

Parent2: {0,0,2,2,1,2,0,2,1,0,2,2,0,1, 1};

Son 1: {0,0,2,2,1,2,1,2,1,2,1,2,0,1, 2};

Son 2: {1,1,2,0,0,2,0,2,1,0,2,2,0,1,1}.

The final chromosome is then selected from the four individuals as the individual in the
next population according to the selection strategy.

d) Mutation operator

Randomly select an individual in the population, randomly split it into two rows, and then
swap the order to form a new individual.

e) Selection

Select the best individuals in the population, and eliminate inferior individuals. Wherein,
the adaptation value is a reference index for selection.

f) Terminating conditions

Judge whether the algorithm converges by observing the number of iterations N and the
convergence curve, and adjust it in real time [14].

3. RESEARCH ON PRODUCTION WORKSHOP SCHEDULING
ALGORITHM BASED ON GENETIC ALGORITHM

The internal and external environment of the enterprise is changing all the time, and the
enterprise production is faced with many unpredictable factors. Based on the theory of the
second chapter herein, a dynamic workshop scheduling method is proposed in this study, and
the reliability of the algorithm is analysed with examples.

3.1 Dynamic scheduling calculation model

The dynamic change will disturb the production plan of workpieces, even affect the
production of the whole workshop, and the dynamic adjustment in the face of the change is
the basic requirement of the workshop [15].

The dynamic scheduling of production workshop is to implement a re-scheduling when a
kind of workpieces are finished or finished in advance or delayed, the urgent workpiece are
inserted, and the machine is damaged or repaired, so that the scheduling events occur
frequently. If there is an impact, restart a scheduling. When the rescheduling event occurs
again, the above process is repeated until all the workpieces are finished [16]. The
mathematical model of the dynamic change of the workshop is shown in Eq. (9):

fitness = min(z f(x) 9)
i=1
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{ fx)=0x%<T;
fx)=x—T;, x; > T;

n
X; = te + Z(Cij + tllj)
Jj=
I refers to various workpieces (i = 1, 2, ..., n); j refers to working procedures of various
workpieces; | is the first working procedure of rescheduling i-type workpieces for processing;
k refers to process on the k™ machine; x; represents the actual completion time of the
workpiece; T; is the given delivery time of the workpiece; f(x;) indicates the delay time of
each type of workpieces; fitness is a function of fitness; t. is the start time of rescheduling; t
is the time required by the k™ machine for the j™ process, c;; is difference between the start
time of the " process of processing the i-type workpieces from t.and the completion time of
the j-1 process of the i-type workpieces. If the j-1 process is completed before te, cjj is the
difference between the start time of the j process of processing the i-type workpieces and t,
[17].

3.2 Research on simulation of dynamic scheduling model

Different from static simulation, dynamic simulation can adapt to the workshop workpiece
processing environment and respond quickly when the equipment is damaged, the expiration
time of the workpiece is changed, etc. [18, 19].

(1): Advance or delay of the process

For advance or delay of the process, the dynamic scheduling model of workshop
production is simulated as follows:

Step 1: Carry out production according to the plan.

Step 2: After each process is finished, judge whether it is produced according to the
calculation. If it deviates from the plan, the chromosome is regenerated, and the chromosome
length is the sum of the remaining workpiece processes.

Step 3: Return to Step 1 until all the workpieces are processed.

According to the production plan initially formulated, arrange the workpiece 1 to be
processed by the machine 1; arrange the workpiece 3 to be processed by the machine 2;
arrange the workpiece 5 to be processed by the machine 3. According to the production plan,
the completion time of the workpiece 1 is 4 o’clock, that of the workpiece 3 is also 4 o’clock,
and that of the first process of the workpiece 5 is 7 o’clock. If the completion time of the
workpiece 1 is delayed to 6 o’clock, the workpiece 3 to 5 o’clock, and the workpiece 5 to 6
o’clock under the influence of external factors such as sudden power failure or worker's
proficiency degree.

The chromosome of genetic algorithm generated by static scheduling is {1, 2,0, 1,1, 1, 1,
2,1, 1,0 0,0 1, 1}. The fourth gene of chromosome is 1, which represents that the
production is scheduled according to the rules. The fourth scheduling selects workpiece 3 to
be processed by the machine 2. The first 4 schedulings are as below:

part = {1,5, 3,3}
{plan — machine = {1, 3, 2, 2}
Planned scheduling:
plan — part ={1,5,3,2,1,4,2,5,4,3,2,1, 3,4,5}
{plan —machine ={1,3,2,1,2,3,2,3,1,2,1,2,3,2,1}

From the fourth bit of part and machine and the fourth bit of the planned scheduling, it can

be seen that the actual production and schedule have changed and the production plan needs

to be reworked. The re-scheduled chromosome, machine scheduling and workpiece
scheduling plans are as follows:
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chrom={3,3,1,3,2,1,3,3,3, 2,3, 3}; plan-machine={2,1,3,1,2,3,1,2,3,1, 2, 3};
plan-part={3,2,4,1,2,5,4,2,3,5, 1, 4}.
Thus the completion times of workpieces are shown in Table I1.

Table I11: Dynamic scheduling instance aim at delay.

Workpiece number | Delivery time | Complete time | Workpiece completed in advance
1 29 30 -1
2 30 25 5
3 33 29 4
4 34 28 6
5 35 35 0

(2): Machine failure

Machine failure is an unavoidable change in workshop production scheduling. The
specific scheduling steps in case of machine failure in the workshop are as follows:

Step 1: Arrange production according to the plan.

Step 2: After each process is finished, send a completion signal to the scheduling system
to judge whether the machine is faulty or not. In case of the fault, delete the machine from the
candidate machines.

Step 3: After each process is finished, judge whether the production is carried out
according to calculation, if it deviates from the plan, chromosomes are re-generated, and the
chromosome length is the sum of the remaining workpiece processes.

Step 4: Return to Step 1 until all the workpieces are processed.

Consistent with initial conditions of the process advance or delay simulation, the machine
1 has a machine fault at 7 o’clock and is repaired at 17 o’clock.

Table I11: Dynamic scheduling instance aim at machine malfunction.

Workpiece number | Delivery time Complete time | Workpiece completed in advance
1 29 22 7
2 30 24 6
3 33 33 0
4 34 33 1
5 35 39 -4

By applying genetic algorithm to dynamic scheduling of workshop production, making
production plan in time can improve the ability of workshop to deal with emergencies. The
simulation results can effectively track the process environment change of the workshop.

4. SIMULATION OF PRODUCTION WORKSHOP SCHEDULING
SYSTEM

For the realization of scheduling system simulation, Matlab is used as the iterative solution
tool of genetic algorithm, and Visual C++ is used as the interface programming tool of man-
machine interaction.

4.1 Functional structure of the system

Fig. 2 shows the main functional structure of the workshop production scheduling system.
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Figure 2: Function configuration of the system.

The composition of workshop scheduling simulation system includes four parts: basic
data entry, random simulation, dynamic data acquisition and system management, which can
satisfy many functions such as algorithm parameter setting, dynamic simulation, and user
setting.

4.2 Introduction of function module interface of the system

Fig. 3 shows a screenshot of basic data entry module of the system. By setting the initial
conditions, the system will calculate the simulation results according to the algorithm rules to
guide the workshop production.

Basic data entry Random simulation Dynamic data acquisition System management
@lnitial condition setting Initial condition setting Evolutionary parameter setting 2
VNV(l)JrrEzieerc(; Employee 1D Group size
Genetic algorithm .
O pl p2 p3 p4 p5 Iterations E
parameters set M1 III
Work process plan ‘ 4 | ’ 3 | | 3 ‘ | 5 ‘ ‘ 0 | Crossing rate
processing time setting ‘ 4 | ] 3 | | 3 ‘ | 5 ‘ ‘ 0 |
Delivery time
M2 0 0 4 0 0
Crrocess routing settings ’ | | | I ‘ I I ’ | sl
o] 5 ][9] . =]
S Do) Do Ce [ . O
O Product information v
| < >
System time: 15th Feb 2018 Production workshop scheduling simulation system

Figure 3: System screenshot.
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4.3 Dynamic workshop scheduling simulation

In terms of workpiece delay and machine failure in the production process, the simulation
analysis is carried out on the workshop scheduling simulation platform based on genetic
algorithm in the system. Set the population size of the genetic algorithm as M = 1000, the
number of iterations as 50, the mutation rate as pm = 0.02, and the crossover rate as po = 0.2.
The process of the algorithm is shown in Fig. 4.
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According to the
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~~_ finished?
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End

Figure 4: Flow chart of the algorithm.

If there is a delay in manufacture of workpieces in the workshop, the chromosome should
be regenerated according to the genetic algorithm and based on the scheduling rules, and the
production plan should be readjusted. Insert urgent workpiece 6 when t = 16; machine 1 is
damaged when t = 9 and repaired when t = 16. The completion time of workpieces is shown
in Table IV.

Table 1VV: Dynamic scheduling instance under dynamic circumstance.

Workpiece number | Delivery time | Complete time | Workpiece completed in advance
1 29 30 -1
2 30 23 7
3 33 35 -2
4 34 36 -2
5 35 39 -4
6 40 42 -2
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It can be seen from the table that under the guidance of genetic algorithm, the dynamic
scheduling of production workshop has the ability to complete production ahead of schedule
in the dynamic production environment. In the simulation research, the overall utilization rate
of the machine is high, only the workpiece 2 is delayed for the production, and the overall
delay time is small, which meets the requirement for actual production of the workshop.

5. CONCLUSIONS

In order to improve the market competitiveness and the workpiece production efficiency of
manufacturing enterprises, it has become an inevitable trend to simulate the production of the
workshop and realize the scientific guidance to the production of the workshop. In this study,
the production workshop scheduling is taken as the research object; the simulation research of
the production workshop scheduling is realized by effectively combining the scheduling rules
and genetic algorithm. The main contents and prospects of this study are as follows:

(1): The principle and rules of workshop scheduling are expounded, and the dynamic
algorithm model of production workshop scheduling is established.

(2): Based on the idea of genetic algorithm, the scheduling rules are taken as the genetic
factors to realize the simulation research of production workshop scheduling. Simulation
results show the stability and effectiveness of the genetic algorithm.

(3): The man-machine interaction of simulation system is realized by VC computer
technology and Matlab tool.

(4): Facing the changeable environment and resource constraints of production workshop,
the simulation research of production workshop scheduling should be further promoted in
order to improve the scientific guidance of production.
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