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FORECASTING OF ELECTRICITY DEMAND USING SARIMA AND FEED FORWARD NEURAL NETWORK
MODELS

CHANDRABHUSHAN KESAVABHOTLA
RESEARCH SCHOLAR
DEPARTMENT OF COMPUTER SCIENCE & ENGINEERING
JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY
HYDERABAD

DR. V. V. HARAGOPAL
PROFESSOR & HEAD
DEPARTMENT OF STATISTICS
OSMANIA UNIVERSITY
HYDERABAD

DR. A. VINAY BABU
PRINCIPAL
DEPARTMENT OF COMPUTER SCIENCE & ENGINEERING
JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY
HYDERABAD

ABSTRACT
In this paper, Seasonal ARIMA and neural network models are compared for short term and long term forecasting. Electricity consumption of California data is
used for modeling, which has a strong seasonal trend. Multiple SARIMA models are considered for forecasting and to compare the results with that of Neural
network model. SARIMA model fits well the data and it resulted small RMSE values. Feed forward neural network model is also fitted the data but RMSE of fitted
data is larger than that of SARIMA models. When 6 months forecast values are compared for SARIMA and Neural network models , the neural network model
resulted lower RMSE than that for SARIMA models. Thus neural network model performed well for short term forecasting when seasonality is low whereas
SARIMA model performed better for long term forecasting for the fitted model since seasonality effect is high.

KEYWORDS
ARIMA, Forecast, Electricity Demand, Feed Forward Neural Network, Forecast, SARIMA, Seasonal ARIMA.

INTRODUCTION

n practice, ARMA models on time series data are applied after removing any trend including seasonality trend as ARMA (Autoregressive Moving

Averages) models do not allow skipping lags. But in the scenarios of monthly observations which depends on both the previous month and the month

one year ago, SARIMA (Seasonal Autoregressive Integrated Moving Average) models can be applied as they allow skipping lags. In this paper , we
compared SARIMA and Neural network models for forecasting electricity demand of California.
Hong-Choon Ong, and Shin-Yue Chan[1] have applied SARIMA and neural network models for forecasting water consumption, both the models performed
well but double layered MLP (Multilayer Perceptron) neural network performed better than single layered MLP. Liu Hong, Cui Wenhua, and Zhang Qingling [2]
have improved RBF(Radial Basis Function) neural network model with a nonlinear relationship mapping by combining single forecasting results with RBF input
layer. Siddarameshwara et al [3], have applied Elman recurrent (feedback) neural network for short term load forecasting using MATLAB tool to allow loops
and backward links in the network. Michael Nelson, Tim Hill, Bill , and Marcus [4] have compared neural network for seasonal and de-seasonal data, they
observed that the neural network was more accurate for de-seasonal than that for seasonal data. Pei Liu et al [5] worked on cement supply chain for
forecasting demand using SARIMA and neural network models, the results indicated that neural network has given more accurate forecast values than that of
SARIMA for the quarterly data. Karin Kandananond[6] found that Neural Network model performed better than ARIMA in forecasting electricity demand of
Thailand. Ramakrishna et al [7] have applied SARIMA and Neural networks to forecast monthly electricity demand of Andhra Pradesh and they have indicated
that Neural Networks has performed better than SARIMA.
In this paper , SARIMA and neural network model are applied for forecasting electricity demand of California and for comparing the models. A data population
of California residential electricity consumption for each month between 1973-2011 is considered for modeling and forecasting. California data is a monthly
data extracted from public domain in internet. A sample data of 72 observations between 2006-2011 is considered where 66 observations are used for model
fitting and 6 observations for comparing with predicted values. SPSS tool is used for neural network modeling and R programming for SARIMA modeling.
Time series plot of California residential electricity consumption in Figure 1 shows that there is an upward and downward trend in the time series and also
some periodicity.

FIGURE 1 — TIME SERIES PLOT FIGURE 2 — ACF PLOT FIGURE 3 — PACF PLOT
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ACF and PACF plots in Figure 2 and 3 respectively indicate that there are autocorrelations and a seasonal trend in the data.
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SARIMA MODELING

Seasonal ARIMA is represented as ARIMA(p,d,q)x(P,D,Q)s where p is the number of autoregressive terms, d is the number of non-seasonal differences, q is the
number lagged forecast errors in the prediction equation, P the number of seasonal autoregressive terms, D the number of seasonal differences, Q the number
of seasonal moving average terms, and s is the periodicity , 12 in this case. R project is used to fit SARIMA model.

In ARIMA(p,d,q)x(P,D,Q):, , the order of p, d, g and P,D, and Q are changed iteratively. For each iteration, AIC and RMSE (Root Mean Square Error) values are
captured in the Table 1.

| SSN 2231-1009

TABLE 1 — SARIMA MODEL IDENTIFICATION

ARIMA/SARIMA.  |AIC  |RMSE ARIMA/SARIMA  [AIC  |RMSE ARIMA/SARIMA  [AIC  |RMSE
(1,0,1) 526.9| 12.16| (1,1,1)  [(0,1,1)12 351.3| 5.193||(1,0,1)  |[L11)22 344.2| 4.758
(2,0,2) 4§7.9| 8.715| (1,1,1)  [[1,1,1)12 21| 4.654||(1,1,2)  |[1.1,2)12 343.1| 4.458
(2,1,2) 4849 8.878| |(1,1,1)  [(1,1.0)12 04| 4.676 21,00  |[1.1.0)22 346.3] 5.109
(2,0,0) 485.5 8.828||[0,1,1)  |(0,1,1)12 348.50 5301 [LL2) 01,142 339.1] 4.457
(2,1,0) 5169 12.08 (1,1,0)  |(0,1,1)12 39.9] 5.324||2,0,2)  |10,2,2)22 3011 3.574
(1,1,0) 560.8| 17.38/ [1,1,0)  |[L,1,1)12 350.6] 5.278|)(2,0,2)  |[0.1,1)12 346 4.654
(2,0,1) 4g7| 8.795| [(L,1,0)  |(1,1,0)1z Ms.8] 5.286|2,0,2)  |[0,2,1)12 303.5)  4.83
(1,1,1) 543.4| 14.87)(2,1,0)  [[0,1,1)22 345.2] 4.978])(3,0,2)  |[0,2,2)1z 492.8) 8.663
(0,1,1) 541.4| 14.87| (2,1,1)  [[1,1,1)12 3415 4.483||(3,0,1)  [[0,2,2)12 489.6| 8.602
(1,0,1) [(0,1,0)22 348.9) 5.215([(2,1,0)  |{1,1,0)12 3407 4.595)((3,0,3)  |[1,2,2)22 474.4] 7.003
(1,0,1) |(0,1,1)12 342| a.654||(2,2,0)  |{0,L,1}12 339.6| 4.47||(3,0,3) 472.4] 7.123
(1,0,1) [[0,2,1)12 299.8 5.007(|(1,1,1)  |[{L21}12 3041 4.81||(3,0,3)  |[0,1,0)12 355.5| 5.059
(1,0,1) 0,3,1)12 247.7| 6.521||{0,0,1)  [[0,1,1)22 340.5) 4.69]((3,0,3)  |[0,2,1)12 304.4] a.371
(1,0,1)  [0,3,2)12 249 7.219/|(0,0,2)  J{0,L1}1z 342 4.656(3,0,3) |[L.2,2)12 306.9] 3.294
(1,0,1) {0,3,3)12 251] 7.275||(1,0,1)  |{0,2,2)12 297.3| 3.569[(3,0,3)  |(0,3,1)12 254.2] 6.278

From the Table 1, it is observed that there are three models of SARIMA identified for comparison with unique characteristics : (1) SARIMA-1 model
(1,0,1)x(0,3,1)1, has the lowest AIC and RMSE of fitted data 6.52 (2) SARIMA-2 model (1,0,1)x(0,2,2);, has AIC 297.32 and RMSE 3.57 (3) SARIMA-3 model
(3,0,3)x(1,2,2)1, has AIC of 306.93 and lowest RMSE of 3.29. AIC and RMSE of SARIMA-2 fall between that of SARIMA-1 and SARIMA-3. These 3 models are
considered for comparison of forecasted values with that of Neural Network model.
Ljung-box Test is carried on the residuals of 3 models identified and p-values are captured in the Table 2. The p-value of 3 models are > 0.05 level of
significance indicate that the residuals are random.

TABLE 2 — LJUNG-BOX TEST FIGURE-4 ACF OF SARIMA-1

FIGURE-5 ACF OF SARIMA-2 FIGURE-6 ACF OF SARIMA-3

Series fitsarimasres|duals Series fitsarima2sresiduals Series fitsarima3Sresiduals

Model

oF

p-valle ;E N | ‘ ‘ A I N |||

A
A

SARIMA-1

(L01)x(031)

0.623

SARIMA-2

(L03)x(0,22)

0.501

SARIMA-3

(303)x(031)

0.9%

"
R

Lag

0

Lag

ACF plot of residuals of 3 models are shown in Figure 4, Figure 5 and Figure 6 respectively , indicates that there are no autocorrelations in the residuals except
in one case in SARIMA-1. Thus, the identified models are adequate for fitting the data and for forecasting electricity demand.
The residuals are checked for any heteroskedasticity using McLeod Li Test. The p-values are plotted in Figure 7, Figure 8, and Figure 9 for the 3 models.

FIGURE 7 — MCLEOD-LI TEST OF SARIMA-1

T
10

Lag

FIGURE 8 — MCLEOD-LI TEST OF SARIMA-2

Lag

10

All p-values are >0.05 level of significance. Thus there is no heteroskedasticity in the residuals of all the 3 SARIMA models.
The estimated coefficients of 3 models and standard errors are shown in the Table 3

Lag

FIGURE 9 — MCLEOD-LI TEST OF SARIMA-3
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TABLE 3 - ESTIMATION OF COEFFICIENTS OF SARIMA MODELS

SARIMA-1 SARIMA-2 SARINMA-3
Coefficients |[Estimation |Std error |Estimation |Std error |[Estimation |Stderror
arl -0.2979 0.1916 0.2574 0.289 0.0174a 1.9557
ar2 0.3151 1.3834
ar3 -0.231 0.5226
mal 1 0.3087 0.2903 0.2937 0.5381 1.9905
maz -0.1535 1.8611
mas3 0.056 0.5809
sarl -1.7708 0.814G -0.1486 0.3422
smal -0.999 0.8284 0.9987 0.B278 -1.8045 1.0562
sma 0.9953 1.0592

From the table 3, it is observed that the standard errors of SARIMA-3 are larger than that of SARIMA-1 and SARIMA-2

FORECASTING USING SARIMA MODEL

6 months forecasting is done using SARIMA estimated coefficients. The forecast values are captured in the Table 4 along with the actual values for error

computation.
TABLE 4 — 6 MONTHS FORECAST VALUES OF 3 MODELS AND ACTUAL OBSERVED VALUES

MMonth Observed SARIMA-1 SARIMA-2 SARIMA-3
67 154.8885 180.3524 148.0356 147.219
63 153.6875 174.8095 143.3671 141.0729
69 122.8422( 132.3018 120.4806 118.8860
70 94.57597 92.06967 96.899259 96.05145
71 93.12583 92.27572 92.35208 91.89427
72 116.0872| 141.5576 132.4909 132.3498

The forecast accuracy is the difference between the actual value and the forecast value for the corresponding period.
Et = Yi—F;

Where E is the forecast error at time period t, Y is the actual value at period t, and F is the forecast for period t.

The following measures are widely used in the industry to analyze the accuracy forecast values.

) _ZE 8
Mean Absolute Percentage Error MAPE = —%
MSFE = T B
Mean Squared Error TRy
Zii |5

MADR - == -—

Mean Absolute Error N
N 2
RMSE = (/2= B

Root Mean Squared Error N

The above measures are computed for 6 month forecast values of 3 SARIMA models. The computed measures are captured in Table 5.

TABLE 5 — FORECAST ACCURACY - MEASURES OF AGGREGATE ERROR

SARIMA-1 SARIMA-2 SARIMA-3
Sum of Squared Error [SSE) 1839.7777 434.1280 501.7612]
Mean Absolute Error (MAE) 14.1454 65.5059 7.2015
Mean Squared Error{ MSE) 306.6296 72.3547 83.6269
Root Mean Squared Error (RMSE) 17.5108 5.5062 9.1448
Mean Absolute Percentage Error (MAPE) 0.1056 0.0508 0.0555

1

()
(3)
(4)
(5)

One can notice from the Table 5 that RMSE of forecast values is lowest in the case of SARIMA-2, thus, SARIMA-2 is the best fit model from forecast accuracy
perspective. The forecast values are plotted with the fitted data , shown in Figure 10, Figure 11, Figure 12 for SARIMA-1, SARIMA-2, and SARIMA-3 respectively.

The forecast values are within 95% confidence boundaries for all models but the boundary range is larger in the case of SARIMA-1.
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FIGURE 10 — SARIMA-1 WITH FORECAST VALUES
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FIGURE 12 — SARIMA-3 WITH FORECAST VALUES

FIGURE 11 — SARIMA-2 WITH FORECAST VALUES

Forecasts from ARIMA(3,0,3)(1,2,2)[12]

Forecasts from ARIMA(1,0,1)(0,3,1)[12] Forecasts from ARIMA(1,0,1)(0,2,2)[12]
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It is observed from Table 1 that RMSE of entire fitted data is lowest in the case of SARIMA-3 whereas RMSE of only Forecast values in the Table 5, is lowest in
the case of SARIMA-2. And AIC is the lowest for SARIMA-1. The 3 SARIMA models were selected in the beginning to analyze the impact of AIC, significance of
coefficients, and RMSE. Thus , a model needs to be chosen based on the data and it is important to analyze the forecast accuracy measures for fitted model and
forecast values apart from AIC as the criteria for selection of a model. Since most of the statistical computations are automated in the tools, the iterative
process is faster using any data mining tool and thus it is advised to look for lowest AIC as a guideline to select a model in the initial stages but subsequently it
is useful to carry out an iterative method to look for accuracy measures such as RMSE to arrive at a suitable model for a given data.

From the above analysis it is observed that the relationships between inputs and outputs are playing important role to identify an appropriate model. Neural
Networks are widely used modeling technique in the case of complex relationships between inputs and outputs and also to analyze complex patterns in data. If
the underlying process of how the results are achieved , is not important then Neural Networks is a good modeling technique since it has inherent flexibility in
dynamically interpreting the relationships between inputs and outputs to select linear regression or non-linear regression models but the synaptic weights of a
neural network are not easily interpretable.

NEURAL NETWORKS MODELING

The most common neural network model[8] is the multilayer perceptron (MLP) which is a function of predictors/inputs/independent variables that minimize the
error of outputs. MLP neural network model has been chosen to fit electricity consumption data of California and for forecasting monthly electricity demand.
MLP consists of 3 layers — input, hidden, and output. MLP with Feed Forward Architecture is considered for forecasting California monthly electricity demand.
IBM SPSS tool is used for neural network modeling and forecasting.

The scale-dependent variable is a time series data of monthly electricity consumption of California for 72 months. Two more inputs are considered ,one month
lag and 12 month lag scale dependent variables, these two variables lagl and lagl2 are taken as covariates. The data is partitioned into training, testing and
holdout. The training sample is used to train the neural network. The testing sample is used to track errors during training in order to prevent overtraining.
The holdout sample is another independent group of records used to assess the final neural network. The covariate variables are rescaled using standardized
method to improve network training. The training parameters are set in the tool as shown in Table 8. The architecture selection is automatic with 1 to 50 max
units.

TABLE 8 — SPSS TOOL TRAINING PARAMETER SETTINGS

Wwalu e
AN - Batch

Paramaeter

Traimning Crite ria

O ptimization Algoritbom SGradient descent

Inmitial learming rate .=
Lowvwer Boundarmny of learming rate (o o
rAC e Tt 0.9
Learming rate reduction, in Epochs 10
Intervalcetnaer o
Intermal Offset 0.5
Stopping rule-—error steps o

Mfax Traiminmg tirme defaultc

The partitioning of data is done by assigning relative number to training, testing and holdout sets. The relative numbers are changed iteratively to get best
possible partition , for each iteration RMSE of testing is captured in Table 9. For the given data 70%-25%-5% partition has given lowest RMSE for testing records.
The processed records summary is shown in Table 10 where 46 records considered for training, 10 for testing and 4 for holdout.

TABLE 9 — PARTITION AND RMSE OF TESTING

TABLE 10 - SUMMARY OF DATA PROCESSED TABLE 11 — MODEL SUMMARY

Partition | RMSE of Testing Partition Summary Training  Sum loquuares Errar 2,080
70,2010 0.185 M Fealative Error 137
. Stopping Rule Used

70,25,5 0.118 Bample [Training 46 pis Esm?herc]gtggc?teeapse
80,15,5 0.273 Testi 10 in errof

85,10,5 0.230 esting a Training Time 00:00:00.040
60,30,10 0.252 Holdout Testing  Sum of Squares Erar 140
65,305 0.204 \alid 60 Relative Error 023
75,20,5 0.287 "

Y YD Excluded 12) Holdout  Relative Errar 18.736

L z 72 Dependent Variable: VAROD0O1
50,45,5 0.170 [Total

a. Error computations are baged on the testing sample.
The feed forward neural network model summary is shown in Table 11, computed RMSE of testing is 0.118. The network information is shown in Table 12, it

shows 2-3-1 architecture of one input layer with 2 neurons lagl and lag1l2 , one hidden layer with 3 neurons, one output layer with one neuron of forecast
values, the monthly load is the dependent variable. The network architecture is shown pictorially in Figure 13.

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT

A Monthly Double-Blind Peer Reviewed (Refereed/Juried) Open Access International e-Journal - Included in the International Serial Directories

http://ijrcm.org.in/




VoLUME No. 3 (2013), I ssue No. 06 (JUNE) | SSN 2231-1009

TABLE 12 — NETWORK INFORMATION

Metwork Information

Input Layer Covariate s 1 laal
= lag1z
Murmber of Units= =2

Rescaling Method for Covariates Standardized
Hidden Layveris) rurmber of Hidden Layvers 1

Murmber of Linits in Hidden Laver 17

Activation Function Hyperbalic tangent
Dependent “Yariables 1 mMonthily_Load
MRurmber of Linits 1
Rescalind Method for Scale Dependents

Cutput Laver

Standardized

Ide ity
Surm of Squares

Activation Function
Error Function
a. Excluding the bias unit

FIGURE 13 — NEURAL NETWORK ARCHITECTURE WITH 70-25-5 PARTITION AND 2-3-1 UNITS (EXCLUDING BIAS)
Synaptic Weight = 0
— Synaptic Weight = 0

Monthly_Load

Hidden layer activation function: Hyperbolic tangent

Ciutput layer activation function: ldentity
The estimates of coefficients of neural network model are shown in Table 13, indicate relationships among input layer units ,hidden layer units, and output
layer units .

TABLE 13 — PARAMETER ESTIMATES OF NEURAL NETWORK MODEL

Fredicted
Hidden Laver 1 Output Laver
Eredictor Hi{1:13 Hi{l:2 Hi{1:3) wWaRooood
Input Laver (Bias) -.108 -.099 -.3149
lag 133 499 1ar
lag12 -.53T 210 -.343
Hidden Layer 1 (Bias) -138
H{1:13 -1.484
H{1 2 7lg
H{1:3h - 277

FORECASTING USING FEED FORWARD NEURAL NETWORK MODEL

The selected Feed Forward Neural Network model is used to forecast the monthly electricity demand of California. The 6 months forecast of neural network
model is compared with SARIMA-1, SARIMA-2, and SARIMA-3 forecast values in Table 14. RMSE computed for all the four models indicate the neural network
model has lowest RMSE for the 6 months forecasts, though RMSE of fitted.

TABLE 14 — 6 MONTHS FORECAST OF SARIMA AND NEURAL NETWORK

Actual SARIMA-1L [SARIMA-2 | SARINMA-3 NN
154.888 180.352 148.026 147.219 149.664
153.688 174.809 143.367 141.072 151.561
122.842 132.302 120.481 118.887 128.793

94.576 92.069 96.899 96.051 98.850
93.126 92.275 92.352 91.854 94.634
116.087 141.558 132.491 132.35 128.578

RMSE values of SARIMA and neural network models of entire series and 6 months forecast values are shown in Table 15

TABLE 15 — RMSE OF ENTIRE SERIES AND 6 MONTHS FORECAST VALUES OF SARIMA AND NEURAL NETWORK

SARIMA-]L SARIMA-25ARIMA-3 NN
RMSE of Fitted Model 6.221 3.569 3.294 56.103
RMSE of 6 Months Forecast 17.511 8.506 9.145 6.374

FIGURE 14 — ACTUAL, FITTED & FORECAST VALUES PLOT OF THREE SARIMA, AND NEURAL NETWORK MODELS
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From the table 15, one can notice that RMSE of fitted models is lowest for SARIMA-3 whereas RMSE of 6 months forecast values is lowest in the case of neural
networks model and SARIMA-2 among SARIMA models . From fitted model perspective, SARIMA has shown lower error than that of Neural network, but from
forecasting perspective neural network model has shown better results. Thus, SARIMA may be a good model for a long term forecasting as seasonality trend
and has influence on the model fitment whereas for short term forecasting neural network model is a better option as it reduces errors with time due to
learning progress from training process and also seasonality trend effect is low for short term. Fitted along with Forecast values vs. Actual values for all the
models are shown in Figure 14, SARIMA-2 and SARIMA-3 fitted values are more closer to Actual than that of Neural network.

CONCLUSION

In this paper, SARIMA and Neural network models are compared with forecasting 6 months electricity demand of California. 3 models of SARIMA are considered
for comparison purpose one with lowest AIC, one with lowest RMSE and another one in between model. And Neural network model is selected with a partition
of data for training and testing based on the lowest RMSE. Forecast from 3 SARIMA and Neural network models are compared along with RMSE. SARIMA-2 has
given the best Forecast among 3 SARIMA models based on RMSE of Forecast values while fitted model(i.e. entire series) of SARIMA-2 has AIC closer to SARIMA-1
and RMSE closer to SARIMA-3. It is observed that among SARIMA models and Neural network model, fitted data of SARIMA models have given better RMSE
than that of neural network model. And in the case of 6 months forecast values, neural network has given lower RMSE compare to that of SARIMA models.
Since error judgment is an important factor in forecasting though the model selection may be done on a different criteria such as AIC or significance level of
coefficients and other factors. The model needs to be fine tuned objectively to reduce the errors hence, it is advisable to select multiple models with multiple
criteria for comparing error level depending on the data. Thus, it is concluded that for forecasting California electricity demand , while neural network is a
better model for short-term forecasting for the given data whereas seasonality trend impact is low, SARIMA is a better model for long term forecasting as
seasonality trend is high for long term.

REFERENCES

1. Hong-Choon Ong, Shin-Yue Chan, Short-A Comparison on Neural Network Forecasting, 2011 International Conference on Circuits, System and Simulation,
IPCSIT vol.7 (2011) © (2011) IACSIT Press, Singapore , pages 56-60.

2. IBM SPSS Neural Networks 19, User guide, 2010

Karin Kandananond, Forecasting Electricity Demand in Thailand with an Artificial Neural Network Approach, Energies 2011, 4, , Page(s): 1246-1257

4.  Liu Hong; Cui Wenhua; Zhang Qingling, Nonlinear Combination Forecasting Model and Application Based on Radial Basis Function Neural Networks, IEEE
Conference Publications, 2009 IITA International Conference on Control, Automation and Systems Engineering, Page(s): 387 —390

5.  Michael Nelson, Tim Hill, Bill Re, Marcus O’Connor, Can Neural Networks Applied to Time Series Forecasting Learn Seasonal Patterns: an Empirical
Investigation, System Sciences, 1994. Proceedings of the Twenty-Seventh Hawaii International Conference, Digital Object Identifier:
10.1109/HICSS.1994.323316 , Page(s): 649 — 655

6.  PeiLiu, Shih-Huang Chen, Hui-Hua Yang, Ching-Tsung Hung, Mei-Rong Tsai, Application of Artificial Neural Network and SARIMA in Portland Cement Supply
Chain to Forecast Demand, IEEE Conference Publications , Fourth International Conference on Natural Computation, Page(s): 97 - 101.

7. R Ramakrishna, Naveen Kumar Boiroju and M Krishna Reddy, Neural Networks Forecasting Model for Monthly Electricity Load in Andhra Pradesh,
International Journal of Engineering Research and Applications, Vol. 2, Issue 1, Jan-Feb 2012, pp.1108-1115

8.  Siddarameshwara N, Anup Yelamali, Kshitiz Byahatti Electricity Short term Load Forecasting using Elman Recurrent Neural Network, IEEE Conference
Publications , 2010 International Conference on Advances in Recent Technologies in Communication and Computing, Page(s): 351 - 354.

w

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT ¢

A Monthly Double-Blind Peer Reviewed (Refereed/Juried) Open Access International e-Journal - Included in the International Serial Directories

http://ijrcm.org.in/




VoLUME No. 3 (2013), I ssue No. 06 (JUNE) I SSN 2231-1009

REQUEST FOR FEEDBACK

Dear Readers

At the very outset, International Journal of Research in Computer Application and Management (IJRCM)

acknowledges & appreciates your efforts in showing interest in our present issue under your kind perusal.

I would like to request you tosupply your critical comments and suggestions about the material published
in this issue as well as on the journal as a whole, on our E-mailinfoijrcm@gmail.com for further

improvements in the interest of research.

If youhave any queries please feel free to contact us on our E-mail infoijrcm@gmail.com.

| am sure that your feedback and deliberations would make future issues better — a result of our joint

effort.

Looking forward an appropriate consideration.

With sincere regards

Thanking you profoundly

Academically yours

Sd/-

Co-ordinator

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT -

A Monthly Double-Blind Peer Reviewed (Refereed/Juried) Open Access International e-Journal - Included in the International Serial Directories

http://ijrcm.org.in/




VoLUME No. 3(2013), I ssue No. 06 (JUNE | SSN 2231—1009

ABOUT THE JOURNAL

In this age of Commerce, Economics, Computer, |.T. & Management and cut throat
competition, a group of intellectuals felt the need to have some platform, where young
and budding managers and academicians could express their views and discuss the
problems among their peers. This journal was conceived with this noble intention in view.
This journal has been introduced to give an opportunity for expressing refined and
innovative ideas in this field. It is our humble endeavour to provide a springboard to the
upcoming specialists and give a chance to know about the latest in the sphere of research
and knowledge. We have taken a small step and we hope that with the active co-
operation of like-minded scholars, we shall be able to serve the society with our humble

efforts.

Oy COlher

Wm

[

INTERNATIONAL JOURNAL OF RESEARCH IN
COMMERCE, IT & MANAGEMENT

D

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT |,

A Monthly Double-Blind Peer Reviewed (Refereed/Juried) Open Access International e-Journal - Included in the International Serial Directories

http://ijrcm.org.in/




