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Abstract

Project Code : MRG5080286

Project Title : Development of a function approximation using artificial Neural Network
for the performance and characteristic prediction of the stochastic
systems

Investigator : Mr. Pornthep Anussornnitisarn, Ph.D.

E-mail Address : fengpta@ku.ac.th

Project Period : 2 years

A goal of this research is to investigate the performance of neural network based
approximation function in variation prediction. This research develops a scalable artificial neural
network (SANN) approximation for pull-control production system as a case study. The pull-
control production system in this case study consists of serial workstations and its buffer in which
controlled by Kanban method. Three types of SANN, which are 1) Initial workstation 2)
Intermediate workstation and 3) Final workstation, were developed to approximate the
performance of the production system. This SANN is designed to predict the mean and variance
of the four major production performance measures which are: 1) production cycle time 2) the
amount of work-in-process 3) the number of sales and 4) the number of lost sales. Several
experiments are conducted to investigate the impact of the number of workstations and the

process variation on the performance of SANN.

The results of this research show that SANN effectively predicts (approximates) the
mean and variation of the four performance measures of the pull-control production system. The
recommended train data size is fifty percent of the set of solutions for individual workstation in
developing SANN for the Initial workstation, the intermediate and the final workstation. From the
results, direct approximation of the confident interval of performance measures is not possible.
However, when using SANN to predict the range of variation in all performance measures, the
results indicate the effective prediction. The predictability of variation in cycle time and the
number of sales are about 99%. The predictability of variation in work-in-process is about 80%
due to the impact from the increase of the number of workstations. The predictability of variation
in the number of lost sales is about 90% due to the impact from the small and non continuous
value of measures. In conclusion, SANN has shown a great promised in accessing the
stochastic measures in large production system.

Keywords : neural network, approximation, simulation
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Abstract

The objectives of this research is to develop and
study the scaleable artificial neural network system
for approximating performance function in case study
of the buffer optimizing of pull-control system of
multiple workstations ,the network system separated 3
types of single workstation by training data from
simulation are initial workstation , intermediate work
station and final workstation, approximation by
interconnecting 3 types of network systems and to
study factors that affect the performance function
approximation efficiency, performance measure are
the average number to meet demand (sale) , the
average number to not meet demand (lost sale) , the
average of work-in-process and the average cycle
time. From the study, the neural network system can
use to approximate performance measure of this case
study and from this studying factors that affect the
performance measure efficiency, increasing the factor
of number of workstation make the efficient of
approximation decreased. For sample size used
training network increased make the efficient of
approximation increased. Moreover, we can use this
network system to find the size of appropriate buffer



much more fastly than does the method by general
neural network

Keywords:  Artificial neural network ;
system ; Approximation ; Pull-control system
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Variation Analysis of Neural Network Based Approximation
Function

S. Pongjanlal’c, P. Anussornnitisarn’
2 Department of Industrial Engineering Faculty of Engineering, Kasetsart University, 50,
Phaholyothin Rd., Jatujak, Bangkok 10900, Thailand
€ E-mail: g5065209@ku.ac.th ; Fax: 02-5796804; Tel. 083-9299341

ABSTRACT

Using discrete event simulation is a popular choice in complex system
evaluation. However, to identify the right set of system parameters, which give the best
system performance, is a time consuming process due to stochastic uncertainty
behavior of system simulation. This research demonstrates an alternative method to the
discrete event simulation as a system model where system performance can be
evaluated within a short period of time in comparison to discrete event simulation.
However, typical approximation function based neural network need to be re-trained
when setting environment has changed. This research intends to address both weakness
in the time of simulations and a rigid structure of system learning of neural network.

The objectives of this research is to develop and study the scalable artificial
neural network system for approximating performance function in case study of the
buffer optimizing of pull-control system of multiple workstations, the network system
separated 3 types of single workstation by training data from simulation are initial
workstation, intermediate workstation and final workstation, approximation by
interconnecting 3 types of network systems and to study factors that affect the
performance function approximation efficiency, performance measure are the average
number to meet demand (sale), the average number to not meet demand (lost sale), the
average of work-in-process and the average cycle time.

From the study, the neural network system can use to approximate performance
measures of this case study system. The approximation function based neural network
does not only determine the mean of the stochastic system performance but also its
variation (the length of the mean confidence interval). Therefore, we can use this
approximation function based neural network to find the size of appropriate buffer
much more quick than does the method by simulation optimization.

Keywords: Artificial Neural Network, Function Approximation, Stochastic Search,
Variation analysis.

1. INTRODUCTION

Stochastic process is a conveniently mathematical model used for study but there are
some difficult limitations if the system is complicated or has numerous detailed elements.
The limitations, however, could be solved by simulation model used for the study of complex
process. It could adapt to be concordant with real production system also. Finding an optimal
solution for the model of the system required all possible answers which were impossible in a
practical way, especially the system having several related factors due to tremendous
situations that were possible in the future. Nevertheless, a resolution of this problem was
using artificial neural network, a technique for evaluation, to analyze only partial data
gathered from the model. This method did not depend on data distribution and was able to be
applied on incomplete data as well to produce the evaluation with high accuracy (Piromya,
2006)[6]. Notwithstanding, the process study based on uncertainty had to acquire flood of
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data for the artificial neural network. If the system had a large number of input parameters, it
would be hard to simulate the situation for data collection in the network. Process allocation
into subunits of the process study based on uncertainty was very helpful to immensely reduce
quantity of data (Chambers, 2000)[2], especially a queuing system including pull control
system with buffer called Kanban system. Thus, the application of process allocation into
subunits before synthesis of expanded system would obviously decrease time spent on the
large process study with abundant input parameters (Manusak, 2007)[4]. But stochastic
system determine mean and variation, so if require representable real system, we will
approximate mean and variation.

2. THEORY AND RELATED WORKS

The production pull control system had special characteristic such as the data production
would flow reversely to the flow of material (Monden, 1994)[5]. The latter production
process would take necessary material when needed by using Kanban card to bring the
material of the earlier production process. After that, such process had duty to only produce
sufficient amount to reach equal number of taken materials or following the Kanban card. It
could be said that the latter process would control the production rate of the earlier process as
shown in Figure 1.

Customer
Demand

I:I Workstation

Figure 1 Pattern of pull control system

Albino (1995)[1] applied the creation of the queuing system’s model by using Markov
process to evaluate behavior of the pull production process. This method aimed to increase
efficiency of throughput time evaluation and work-in-process for Kanban system analysis and
design to suit real production line. A significant characteristic of this evaluation was simple
allocation of production line used for the queuing system like M/M/1/L. The result found that
the behavior of the pull production process and other greater production lines could be well
evaluated by this method.

The artificial neural network system was a processing technique developed by basic
principles of creature’ neural network. The artificial neural network worked like a brain to
collect knowledge through learning process and keep it as weight which was adjustable when
accepting new things. General aspects of the developed network were different weight of
connection link between each node and signal. The weight value was regarded as the
knowledge gathered for specific problem resolution. There was a function within the node to
determine output signal or called transfer function. The characteristics of node in the artificial
neural network were presented in Figure 2.
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Figure 2 Neural Network Model

Chambers (2000)[2] investigated the buffer size of the queuing system by studying
possibility of single workstation building to forecast the result of the queuing system. The
single workstation was connected following the queuing system of two products and used the
back-propagation artificial neural network to teach the network. According to the situation
simulation, the connected workstations in the queuing system could predict the performance
value of the system which was an approximate with the result of the situation simulation.

Piromya (2006)[6] used the back-propagation artificial neural network to assess the
performance of the pull production process consisting of 3 and 4 workstations. The data
applied for teaching neural network was collected from the situation simulation to examine
the result of different data of entire possible situation of the system. It found that the
evaluation of the artificial neural network was a very good level. Besides, when there were
more data in the network, the efficiency of system’s performance evaluation also increased
too.

Fulya (2006)[3] applied the back-propagation artificial neural network to identify the
buffer quantity in asynchronous assembly systems by using the data from situation simulation
to compare with a prediction method, regression metamodels. The analysis showed that the
back-propagation artificial neural network could be used as the suitable model to identify the
buffer quantity with low sensitiveness.

Manusak (2007)[4] developed and studied the scaleable artificial neural network system
for performance function approximation in case study of the buffer optimizing of pull control
system of multiple workstation ,the network system separate 3 types of single workstation by
training Data from simulation are initial workstation network , intermediate workstation
network and final workstation network , approximation by interconnecting 3 types of network
systems. From the study, the scaleable artificial neural network system can use to
approximate performance measure of this case study and from this studying factors that affect
the performance efficiency, increasing the factor of number of workstation in the system
make the efficient of approximation decreased. For sample size used training network
increased make the efficient of approximation increased.

3. EXPERIMENTAL or COMPUTATIONAL DETAILS

Because of stochastic system determine mean and variation, therefore approximation
function not should consider only mean but it should approximate variation too. This research
used concept of Scaleable Aritifitial Neural Network System : SANN for create pull system
model, in order to be training data for neural network. The situation simulation of the pull
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production control system was divided into three types of single workstation including initial
workstation, intermediate workstation and final workstation. The initial workstation was the
first workstation and the intermediate workstation was the second workstation to the
workstation n-1, n is number of total workstations in the system and the end single
workstation was the last workstation or ‘n” workstation.

After that, two models of the situation simulation were created. The same model was used
for all three types of single workstation. The data collected from the situation simulation of
each workstation was brought for the network teaching to produce the two types of the
networks. The pull production control system with several workstations could be built by
SANNS to link each workstation and evaluate 8 performance values including average
response time of sale, variation response time of sale, average response time of lost sale,
variation response time of sale, average of cycle time (CT), variation of cycle time (CT),
average of work-in-process (WIP) and variation of work-in-process (WIP).

The artificial neural network was a hidden layer with 23 nodes using two levels of data
taught in the network at 30% and 50% of all data. Probability of processing time was normal
distribution with standard deviation at 5% of the processing time (PCT) of each workstation
only. The PCT value was between 0.8-1.2 separated by 0.1 time unit in each interval. The
highest buffer size (B) was 5 while the lowest buffer size was 2. The demand rate (DR) was
dispersed as exponential distribution with average of one processing time at 0.8, 1.0 and 1.2
of time unit. The reliability (R) was 0.75, 0.875 and 0.99 while the down time (DT) occurred
during machine repair and obstructed working. This research defined the down time as the
exponential distribution with the average at 2, 4, 6 and 8 of time unit then compared with the
result from SANNS and computerized situation simulation.

The method of network connection started from checking the pull production control
system if there was any workstation with highest processing time or not. If such workstation
was found, it would be defined as a bottleneck workstation. Then the average of demand rate
of any earlier workstation of the bottleneck workstation would be equal to reverse value of
time to submit into each type of networks. The outcome was the average of production
interval regarded as the input rate for the next workstation. This process would thoroughly run
in whole workstations as demonstrated in Figure 3.

PCT(1)  B(1) B(n-1) B(n) PCT(n) B(n-1) B(n) PCT(n) Sale(n)
[Mean, Variation]
' Y Lost Sale(n)
iti ' ' [Mean, Variation]
Inmal. » CT(-]) > Intermed@te > CT(eD) > Fmal‘
workstation workstation workstation
WIP(n)
A Y [Mean, Variation]
CT(n)
DR(I) DI(1)  R(l) DR(n) DT(n) R(n) DR DT(m) R(m) [Mean, Variation]

Figure 3 Connector of workstation
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4. RESULTS AND DISCUSSION

R-square was used to measure the efficiency of the result as illustrated in Table 1.

Table 1. R-square values of the result

602

3 R? of Mean R? of Variation
workstation | Train 30% Train 50% Train 30% Train 50%
Sale 0.80 0.80 0.77 0.77
Lost Sale 0.81 0.82 0.76 0.76
Cycle Time 0.72 0.72 0.54 0.54
WIP 0.87 0.88 0.58 0.58

5 R? of Mean R? of Variation
workstation Train 30% Train 50% Train 30% Train 50%
Sale 0.55 0.53 0.51 0.53
Lost Sale 0.68 0.71 0.51 0.49
Cycle Time 0.26 0.43 0.03 0.05
WIP 0.32 0.36 0.09 0.07

When consider efficiency value from the test, the result found that variation of cycle time
and work in process are the lowest. The R-square value of variation of lost sale, sale are
highest at 0.76, 0.77 severally. The R-square of the average work in process is highest at 0.88
and the average cycle time is lowest at 0.72.

5. CONCLUSION

The resulted indicated that scaleable artificial neural network approximate mean accurate
than variation. When the tendency of the efficiency value evaluated by SANNS decrease, the
workstations in the pull production control system will increased but when input data train
increased, accuracy will increase too. Even if extend number of work station affect R-square
decrease, tendency of R-square are follow 3 work stations.
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