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ABSTRACT

A manufacturing supply chain is a network of suppliers, factories, subcontractors, warehouses,
distribution centers and retailers, through which raw materials are acquired, transformed, produced
and delivered to the end customers. Such a supply chain network must satisfy customers' demands at
specified service levels and at the lowest possible cost. This paper aims to eliminate demand
uncertainty in a two-echelon supply chain network by using artificial neural networks.
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1. INTRODUCTION

“Supply chain management (SCM) is the practice of coordinating the flow of goods, services,
information and finances as they move from raw materias to parts supplier to manufacturer to
wholesaler to retailer to consumer. This process includes order generation, order taking, information
feedback and the efficient and timely deivery of goods and  services’
(http://www.computerworld.com/softwaretopics/erp) [1]. One of the major purposes of supply chain
collaboration is to improve the accuracy of forecasts [2]. Because future demand plays a very
important role in supply chain networks, accurate forecasts are needed.

Artificial neural networks (ANNSs) have been used to solve different kinds of problems such as
classification, regression, optimization, clustering, and forecasting. Based on its capacities, neura
networks have been used to solve problemsin different areas, e.g. time series prediction [1].

In this paper, firstly, supply chain networks and aritifical neural networks are defined. Than, a
numerical example is presented to show the effectiveness of ANNs in demand forecasting for a two-
echelon supply chain.

2. SUPPLY CHAIN NETWORKS

The term of supply chain implies that thereis only one player for each stage. However in practice, it is
possible for a manufacturer to supply material from different companies and working with different
distributors. For this reason, actually most of the supply chains are networks[3].

A SC network is a complicated whole that contains suppliers, manufacturers, distribution centers,
retailers and the systems, sub systems, operations, activities that develop the supply chain and the
relations among them [4]. SC network is a series of processes and echelons, which starts with the
material/information suppliers and ends with the customer as shown in Figure 1 [5,6].
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Figure 1. The echelons of a supply network

3. ARTIFICIAL NEURAL NETWORKS
In this section, the general artificial neural network (ANN) structure is defined shortly and MLP neural
network model isintroduced that it is used for our forecasting system.

The ANN mode development is a technique heavily researched and used in applications for
engineering and scientific fields for various purposes ranging from control systems to artificia
intelligence [7,8]. ANNS represent a connection of simple processing elements capable of processing
information in response to external inputs[9,10,11,12].

Multi Layer Perceptron (MLP) is the most common neural network model, consisting of successive
linear transformations followed by processing with non-linear activation functions. The network
consists of a set of sensory units (source nodes) that constitute the input layer, one or more hidden
layers of computation nodes, and an output layer. Each layer computes the activation function of a
weighted sum of the layer's inputs. The learning algorithm for multilayer perceptrons can be
expressed using generalized Delta Rule and gradient descent since they have non-linear activation
functions [13,14,15,16].

4. ANUMERICAL EXAMPLE

Here, atwo-echelon supply chain, including a warehouse and a distributor, is considered. The monthly
sales data of the distributor, between the years of 1997-2005, are used to train the networks as inputs
and outputs, and then the demand pattern forecasts for 12 months of 2006 are made based on time
seriesanalysis. Matab 7.0 isused for ANN simulation.

The network is trained on 108 data pattern. Then it is checked and tested with 25 samples (25% of the
data set). The considered training error is the mean squared error (M SE) of the training data set at each
epoch. The tangent hyperbolic function is used in the hidden layer of the modeled ANN. The output
layer has linear activation function. The network has 1 input, 1 hidden layer with 10 neurons and 1
output. The training MSE value of this network is gained as 9.95576e-006/1e-005. The learning rate
is 0.1 and the momentum is 0.001. The real values and ANN forecast values are shown in
Table 1.
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Table 1. The comparison of real and ANN forecast values

Months | Thereal values ANN forecast values
1 3900 4059
2 3840 3832
3 3880 3836
4 3940 3897
5 4020 3894
6 4280 4057
7 4400 4214
8 4520 4329
9 4640 4461

10 4720 4531
11 4700 4636
12 4680 4571

5. CONCLUSION

In this paper, the usage of ANNs is examined to eliminate demand uncertainty in a two-echelon supply
chain. It has shown that the forecast results obtained from the network are very successful. Finally, it
can be said that ANNSs can be used such atime series problem effectively.

6. REFERENCES

[1] Aburto, L., Weber, L.: Improved supply chain management based on hybrid demand forecasts, Applied
Soft Computing, 7: 136-144, 2007.,

[2] Carbonneau, R., Laframboise, K., Vahidov, R.: Application of machine learning techniques for supply
chain demand forecasting, European Journal of Operational Research, 184: 1140-1154, 2008.,

[3] Chopra, S., Meindl, P.: Supply chain management: Strategy, planning and operation, Prentice Hall, 2004.,

[4] Shapiro, J.F.: Modeling the supply chain, CA: Duxbury Thomson Learning Inc, 2001.,

[5] Tsiakis, P., Shah, N., Pantelides, C.C.: Design of multi-echelon supply chain networks under demand
uncertainty, Ind. Eng. Chem. Res., 40: 3585-3604, 2001.,

[6] Taskin Gumus, A., Guneri, A.F., Keles, S.: Supply chain network design using an integrated neuro-fuzzy
and MILP approach: A comparative design study, Expert Systems with Applications, Corrected Proof,
2009.,

[7] Taskin, A., Guneri, A.F.: Economic analysis of risky projects by ANNs, Applied Mathematics and
Compuitation, 175(1): 171-181, 2006.,

[8] Guneri, A.F., Taskin Gumus, A.: The usage of artificia neural networks for finite capacity planning,
International Journal of Industrial Engineering — Theory, Applications and Practice, In Press, Corrected
Poof, 2007.,

[9] Hecht-Nielsen, R.: Neurocomputing. MA: Addison-Wesley, Reading, 1989.,

[10] Freeman, J.A., Skapura, D.M.: Neural Networks: Algorithms, applications, and programming techniques,
MA: Addison-Wesley, Reading, 1991.,

[11] Badiru, A.B.: Expert systems applications in engineering and manufacturing, NJ: Prentice-Hall, 1992.,

[12] Haykin, S.: Neural Networks: A comprehensive foundation, Second ed., New Jersey: Prentice Hall, 1999.,

[13] Rumelhart, D.E., Hinton, G.E., Williams, R.J.: Learning internal representations by error propagation. In:
D.E. Rumelhart, JL. McClelland (Eds.). Paralldl distributed processing, vol. 1, Cambridge, MA: MIT
Press, 318-362, 1987.,

[14] Vysniauskas, V., Groen, F.C.A., Krose, B.JA.: The optimal number of learning samples and hidden units
in function approximation with a feedforward network, Technical Report CS-93-15, University of
Amsterdam, November, 1993.,

[15] Zurada, J.M.: Introduction to artificial neural systems, Boston: PWS Publishing, 1995.,

[16] Jondarr, C.G.H.: Back propagation family album, Technical Report C/TR96-05, Department of Computing,
Macquarie University, 1996.

363



364



