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Abstract: Gaining the competitive advantage in every supply chain is dependent on the quality of the
production and the desired cost. Therefore, Iran Khodro Company (IKCO) is critical need of decreasing extra
costs through effective planning and cost management in order to stay in the competitive car market. The basis
of each planning is knowledge and prediction. Due to high fluctuation of the amount of the production in Ikco
over time, the use of Artificial Neural Networks is appropriate method to predict the amount of the production
based on non-linear and complex relationships between inputs and outputs. Artificial Neural Network, In this
study, extra parameters such as fuel consumption, machinery and labor (Assembly and Transport) were
employed to assess their effect in improvement structure of ANN model and training performance of generated
model. The monitoring data from 2004 to 2010 are designed to provide the requirements of training and testing
the neural network. Finally, with respect to MAE, MARE, RMSE and R2, suitable models were selected for the
study. After performing the mentioned model, correlation coefficient (R2) and mean absolute relative error
(MARE) in neural network for test achieved were 0.947 and 0.03 respectively. Results point out that artificial
neural network model has more advantages in comparison with traditional methods, in predicting the
productions of IKCO.
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INTRODUCTION Accordingly, in order to reduce logistic costs,

Nowadays, to survive in the present global market, have a comprehensive and purposeful plan. Through
organizations try to achieve  economic  superiority  in a developing and extending these improvements to
variety of ways such as: increasing productivity, manufacturers and suppliers, one can provide good
eliminating any waste, increasing the quality of products, conditions for globalization [4].
final cost reduction and timely delivery of customer Generally speaking, in automobile industry and
demands[1]. In this regard, one of the important ways to similar industries, the price of components and raw
reduce the final cost is overhead minimizing, especially materials is rising. In the meantime, to maintain and
logistics costs as one of the most important costs of enhance the position of this industry in the global
production [2]. markets, there is a need to stabilize and even reduce its

Typically, logistics is part of the supply chain price. Thus, we should reduce the final cost of the
process that plans, controls and performs activities such product. Reducing the price of materials and components
as supplying, transportation, storage, maintenance and is not possible; therefore, we should take efficient steps
inventory management from point of origin to the point of and concentrate more on overhead costs among which
consumption in order to meet customer needs. It has three the logistics and transportation costs are the most
basic characteristics [3]. important ones [5, 6]. The recent rise of the fuel price in

Huge savings in costs. and looking for the ways to optimize it, something that
Customer satisfaction and increased sale was not a must in the past. Therefore, IKCO is in critical
An effective factor in gaining competitive advantage need  of decreasing extra costs through effective planning

especially transportation costs, one should necessarily

the world necessitates evaluating the transportation costs
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and cost management in order to stay in the competitive personnel and fuel cost. The monitoring data from 2004 to
car market [7]. The basis of each planning is knowledge 2010 were designed to provide the requirements for
and prediction[8]. To this end, we will apply ANN Model training and testing the neural network.
to anticipate the exact amount of manufactured products In this model, the weight of production in t+1 week
of Iran Khodro (IKCO). (Wt+1), is a function of product quantity in t (Wt), t- 1

The ANN models area unit essentially designed on (Wt-1)… t-11 (Wt-11) weeks. Other input data consist of
the perceived operating of the human brain. The synthetic the number of trucks, in the week of t (Trt), number of
model of the brain is understood as ANN [9]. Procedure personnel employed (Pr), cost and fuel (Fu).
intelligence strategies have already been employed in a In this research tangent hyperbolic function used for
spread of provide Chain foretelling and optimization tasks. output layers and for input layers the Function used was
Particularly ANNs, as a brand new methodology, are used Y=X.
for transportation management, resources allocation and In this study, artificial model of neurons consists of
planning, for modeling and simulation and call support the three following elements.
[10, 11].

For the task of prognostication SC demand, a range A set of synapses that can be characterized by a
of process intelligence strategies  are  used  as  applied weight or strength of each synapse. Specially, a
mathematics prognostication models for  smoothing  and signal xj at the input of synapse j connected to
classifying rackety information to match the relationships neuron k is multiplied by the synaptic weight wkj.
between difficult SC operations. In general, applied Unlike a synapse in the brain, the synaptic weight of
mathematics prognostication models make up 2 broad an artificial neuron may lie in a range of both negative
classes, univariate and variable. Univariate strategies and positive values.
(also said as time-series methods) work with the past An adder for summing up the input signals which are
history of the variable to be forecasted. They aim to weighted by the respective synapses of the neuron.
capture patterns like the amount, trend and seasonal An activation function or transfer function which
patterns and extrapolate them forward [12, 13]. limits the amplitude of the output of a Neuron.

In a comparative analysis on the utilization of ANNs
and neuro-fuzzy models to forecast demand was given. In this study, the data are divided into 3 parts. The
The effectiveness of their approach was incontestable first part of the data is related to network training, the
victimization real-world knowledge from a commodity second part is used for stopping calculations when the
business in Turkey [14]. integrity error starts to increase and the third part is used

In their study they enclosed neural networks, for the network integrity. 
continual neural networks and support vector machines, To examine the performance of the ANN model, four
to forecast distorted demand at the top of a provide chain statistical indexes are used: the Mean Absolute Error
(bullwhip effect). They compared these strategies with (MAE), the Mean Absolute Relative Error (MARE), the
alternative, additional ancient ones, as well as naïve Root Mean Square Error (RMSE) and correlation
prognostication, trend, moving average and regression coefficient (R2) values that are derived in statistical
toward the mean in 2 knowledge sets (one obtained from calculations of observation in the model output
a simulated provide chain and another from actual predictions.
Canadian Foundries orders). Their results indicated that
whereas continual neural networks and support vector RESULT AND DISCUSSION
machines showed the most effective performance, their
prognostication accuracy wasn't statistically considerably The  statistical  analysis  of  Spare  part  production
higher than that of the regression model. The results of in  Iran  Khodro  during  the  different  seasons  between
these analysis area units evident of the high performance 2004-2010.
of ANN in prediction of varied provide chain factors[15]. This great impact could be explained at certain

Methodology: In this paper, an artificial neural network of feed forward ANN with three layers and a different
(ANN) was trained and tested to model weekly Spare Part number of neurons in the hidden layer were investigated
production in IKCO. Input data consist of WSP to achieve the best ANN structure for estimating
observation and the number of trucks, number of generated    spare part    of    Iran    khodro.   Levenberg-

periods and the economic conditions. Different structures
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Marquadte as a training function and testing as a weekly layers from 1 to 10 Neurons were experimented.(It should
produce average spare part, weekly fuel used for be indicated that the layers more than the 10-Neuron had
transportation of spare part of Iran khodro, weekly truck not enough accuracy).
used for transportation spare part and of the labor work For assessment of validation, ¼ of input data was
force used for collection and transportation spare part of selected as testing data set and the rest of data was
Iran khodro in the weekly. applied as training data set.

At last with respect to MAE, MARE, RMSE and R2 Summation  of  errors  for  each  network presented
suitable models were selected for the study. In other that after  increasing   number   of   the   neurons in
words, to predict the generated spare part in the n-th hidden layers, the error increased. However, all tested
week, generated spare part in twelve previous weeks (N- ANN structures have presented high accuracy.
10 to N-1), mean of spare part of Iran khodro trucks, According to the results ANN structure with 2 neurons in
consumed fuel and number of the employed workers in hidden layers was selected as an optimal one which can
previous 12 weeks were applied as 15-input to ANN with minimize the calculation. However, ANN with 3 to 6
Feed Forward structure. Training of the network was neurons in hidden layers can be employed as the optimal
based on the back propagation algorithm and also it is system.
used tangent Hyperbolic function in this model. Table 3-2 shows the results of training and testing of

Network structure includes the 15-input, 1 hidden ANN. As the table indicates the best results were
layer and 1-output. In order to estimate the number of obtained  from  the  (15-2-1)  and  (15-6-1)  structures.
neuron  in  hidden  layer  for  the  best  prediction,  hidden These  results  are  shown  in Figure 3- 1 until Figure 3- 2

Table 3-1 Analysis of Average weekly spare part production IKCO (2004-2010)
Parameter Total Season Average Max Min
Spr.2004 44808.6 3831.40 3900.3 3750.6
Sum.2004 51163.5 4166.40 4405.69 3866.46
Aut.2004 57076.8 4390.50 4462.08 4321.5
Win.2005 5489.45 4191.49 4458 3858.8
Spr.2005 49811.5 3831.60 3933.17 3756.59
Sum.2005 55806.7 4292.80 4547.3 4167.4
Aut.2005 60157 4627.40 4726 4554.78
Win.2006 52654.4 4050.30 4566.9 3755.8
Spr.2006 50889.9 3914.70 3996.5 3845.9
Sum.2006 56450.9 4342.30 4580.6 4029.5
Aut.2006 58618.37 4509.80 4545.3 4455.2
Win.2007 53144.6 4088.90 4458.22 3758.9
Spr.2007 53601.6 4123.80 4189.4 3941.8
Sum.2007 54991.4 4230.30 4448.3 4082.6
Aut.2007 56821.8 4370.23 4409.8 4350.11
Win.2008 54392.5 4138.90 4351.1 3925.4
Spr.2008 52732.3 4055.70 4179.5 3912.2
Sum.2008 56013.4 4310.80 4499.2 4192.4
Aut.2008 56553.7 4351.90 4407 4311.21
Win.2009 55157.3 4242.85 4346.5 4103.4
Spr.2009 52802.2 4061.60 4119.4 4014.6
Sum.2009 55254.7 4250.30 4273.5 4069.2
Aut.2009 61748.8 4749.20 4906.06 4447.5
Win.2010 55627.9 4279.60 4660.4 4095.8

Table 3-2: Calculated Errors for ANNs with different neurons in hidden Layers applied in training and testing data sets
Training set Testing Set
---------------------------------------------------------------------------------- --------------------------------------------------------------------------------

NO MAE MARE% RSME R MAE MARE% RSME R2 2

15-10-1 101.28 0.010 127.0 0.9472 167.4 0.052 216.9 0.9427
15-9-1 100.61 0.010 143.0 0.9465 152.0 0.046 206.0 0.9435
15-8-1 56.23 0.006 87.1 0.9486 131.0 0.041 163.5 0.9458
15-7-1 198.15 0.021 246.6 0.9399 226.5 0.074 263.7 0.9395
15-6-1 66.14 0.007 90.2 0.9485 113.4 0.033 149.0 0.9465
15-5-1 77.88 0.008 106.7 0.9480 112.4 0.034 115.2 0.9464
15-4-1 100.81 0.010 125.4 0.9472 119.9 0.037 160.6 0.9460
15-3-1 93.98 0.010 115.8 0.9476 90.8 0.028 148.1 0.9466
15-2-1 101.69 0.011 121.8 0.9474 99.9 0.033 144.9 0.9467
15-1-1 79.44 0.008 101.3 0.9481 99.1 0.031 149.9 0.9461
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Fig. 2-1: Overall stage of forecast in IKCO production

Fig. 3-1: Observed amount of spare part and predicted output of ANN Model with 2 neurons in hidden layer for testing
data set.

Fig. 3-2: Observed amount of spare part and predicted output of ANN Model with 2 neurons in hidden layer for training
data set. 
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In the second step, a neural network with two 3. Zhao, M., C. Dröge and T.P. Stank, 2011. The effects
neurons in hidden layer was applied.  Training  and of logistics capabilities on firm performance:
testing data sets are applied to the ANN. The correlation customer-focused versus information-focused
coefficient (R2) of testing set from 0.9474 and the capabilities.     Journal    of    Business   Logistics,
correlation coefficient (R2) of training set 0.9467. 22(2): 91-107.

In the second step, a neural network with two 4. Rogers,     D.S.     and     R.    Tibben-Lembke,   2011.
neurons in hidden layer was applied. Training and testing An examination  of  reverse  logistics  practices.
data sets were applied to the ANN. The correlation Journal of Business Logistics, 22(2): 129-148.
coefficient (R2) of testing set increases from 0.947 to 0.946 5. Lee, Y.H., 2001. Supply chain model for the
and the correlation coefficient (R2) of training set semiconductor industry of global market. Journal of
increases from 0.946 to 0.948. systems integration, 10(3): 189-206.

CONCLUSION after-sales services and entrepreneurial

The most unique part of this model is that for the first African    Journal     of    Business   Management,
time prediction of Spare part production has been done by 5(13): 5152-5161.
the analysis of artificial neural network and combining the 7. Hult, G.T.M., D.J. Ketchen and S.F. Slater, 2004.
amount of production, fuel consumption, total of labor Information processing, knowledge development and
and quantity and quality of transport as input data. strategic supply chain performance. Academy of
Network structure includes 15 inputs, 1 hidden layer and Management Journal, 47(2): 241-253.
1 output. In order to estimate the number of neurons in 8. Khan, J., et al., 2001. Classification and diagnostic
hidden layer for the best prediction, hidden layers from 1 prediction of cancers using gene expression profiling
to 10 neurons were experimented. According to the results and  artificial   neural  networks.  Nature  medicine,
ANN structure with 2 neurons in hidden layers was 7(6): 673-679.

Selected as an optimal one which can minimize the 9. Minis, I.,   2010.   Supply   Chain   Optimization,
calculation. However, ANN with 3 to 6 neurons in hidden Design and Management: Advances and Intelligent
layers can be employed as the optimal system. Effect of Methods. Business Science Reference.
each parameter in the Structure of ANN model and train of 10. Yap,  D.F.W.,  S.  Koh  and   S.   Tiong,   2011.
the model toward the previous model was investigated Artificial Immune System Based Remainder Method
and ultimately new models with different parameters as an for Multimodal Mathematical Function Optimization.
input vector were introduced. The use of variety of input World Applied Sciences Journal, 14(10): 1507-1514.
data decreased the number neurons in hidden layer, which 11. Armstrong, J.S., 2007. Significance tests harm
reduced the calculations performance and curse of progress in forecasting. International Journal of
dimensionality and increased accuracy in prediction the Forecasting, 23(2): 321-327.
amount of produced spare parts. 12. Gardner, H.E., 1985. Frames of mind: The theory of

The methodology or an adapted form of the multiple intelligences. Basic books.
methodology might also be applied to other fields, Subject 13. Efendigil,   T.,   S.   Önüt   and  C.   Kahraman,   2009.
to the study of requirements in each place. A decision support system for demand forecasting
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