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ABSTRACT 

 Forecasting is the first major activity needed in planning and scheduling 

process. Accuracy measures and the evaluation are the vital points of the 

forecasts.  Many forecasters and decision makers such as executive managers, 

planners, production managers, sales managers, and  inventory  managers  have 

different needs in terms of the following: The timing of an event , e.g., when the 

next recession will start; the magnitude of a variable (e.g., sales volume next 

month); the timing and quantities of some variables (e.g., when and how many 

raw materials to order); and  the monitoring of some quantity (e.g., market 

share).  Managers need the above predictions and are faced with the problem of 

having to select forecasting techniques among the many that are available. 

Forecasting techniques range from  naive models, moving average, exponential 

smoothing (single, double, etc.), adaptive techniques and  econometric models to 

sophisticated techniques (Box-Jenkins, Parzen's Method, etc.). In addition, 

forecasts can be made judgmentally. The obvious question  is what is  the best 

way of predicting the future. This paper deals with the different accuracy 

measures and  forecasting  technique evaluation, based on the past sales data of a 
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manufacturing company. A  review of research studies in the area of forecasting 

methods  and  their implication in evaluating forecasts have been provided and 

the reliability of the data sources available for forecasting is  discussed. The 

different accuracy measures described and the field of their uses are 

summarized. The paper then considers the selection of the few parameters and 

the adjustment of the forecasts through monitoring of forecast accuracy on a 

continuous basis. Finally, a general discussion has been made before drawing a 

conclusions along with future directions of research. 

KEY WORDS:  POM: Production and Operations, Management, Forecasting, 

Demand Data, Regression, TSA: Time Series Analysis, ESM: Exponential 

Smoothing Method, MAD: Mean Absolute Deviation, MSE: Mean Squared 

Error, TS: Tracking Signal SE: Sum Error,   BIAS: Mean Error, CFE: 

Cumulative Forecast Error. 

1. INTRODUCTION 

 Forecasting[1] is a technique for translating past experience into estimates of 

the future.  Forecasting involves careful study of past data and present scenario. 

The main purpose of forecasting is to estimate the occurrence, timing, or 

magnitude of future .events. For example, the trend of past ten years in the 

demand of cars and corresponding purchasing power of the consumers may form 

a basis of forecasting the demand of cars during next year. Once, the reliable 

forecast for the demand is available, a good planning of activities is needed to 

meet the future demand. Forecasting thus provides the input to the planning and 

scheduling process. 

 Precise forecasting of economic activities, such as product demand, is 

almost impossible because of many interactive factors, which are difficult to 

model. Despite the fact that highly reliable forecasting is unrealistic, the 

approximate estimate forms the basis of planning process. 
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 The objectives of this study are:  a.  To identify the characteristics of the 

past sales data  collected and to check  each set of  data for suitability of use in 

the forecast methods according to the  characteristics and to identify which 

model of forecasting would be used to project the future demand of each of the 

items. Precisely and finally b. To show the method of comparison of the 

forecasting methods by calculating the errors associated with each method of 

forecast. 

2. BRIEF REVIEW OF RESEARCH MATERIALS IN THE 

AREA OF FORECASTING ACCURACY AND EVALUATION 

  There have been many research studies which summarize the accuracy and 

the performance of quantitative and qualitative forecasting techniques[1-16]. For 

example, numerous studies have indicated that quantitative techniques[ 1 -11, 13] 

perform better than qualitative techniques while others have found the opposite 

result or that their performance is about the same. Other research has evaluated 

the performance of a particular model relative to other models. Many studies 

have indicated that simple forecasting techniques do as well as sophisticated 

techniques and in some cases they do better. Other researchers have showed the 

importance of using combining forecasting techniques and the impact on 

improving the accuracy whether using a simple combining approach or a 

weighted approach. Detailed information on many of the findings is summarized 

in an article by Mahmoud (1984), summarizes briefly some of the most 

important findings. The past research suggests that quantitative methods out-

perform qualitative methods. This is of obvious significance to practitioners 

wishing to improve their forecasting accuracy. Forecasters or practitioners must, 

however, be aware of the particular circumstances under which empirical 

research has demonstrated the superiority of quantitative methods. Only where 

the circumstances are similar in practice can more accurate forecasts using 

quantitative techniques be expected. For instance, when the forecaster is dealing 

with a limited number of past observations, the applicability of qualitative 



Mr. M A Hannan, Mr. M G Morselin, Mr. M M Rahman an d Mr. M S Islam 4

methods might be more appropriate. Armstrong (1985) suggested that it is 

advantageous to experiment with more than one qualitative method as some are 

more accurate than others. Another interesting conclusion from the practitioners' 

point of view that many past studies have revealed is that simple forecasting 

methods perform equally as accurately as do sophisticated methods. This has 

been illustrated by a variety of studies. Examples are Makridakis and Hibon 

(1979) and Makridakis et. al. (1982). The implication of these findings is to 

encourage  practitioners to view forecasting methodologies as a set of methods 

within their ability to understand and use them. This may be especially so in the 

case of t'mnagers who wish to predict and cope with future uncertainties but do 

not have the training or expertise to deal with the very complex forecasting 

techniques. For theorists, the implications are to concentrate their efforts on the 

development and refining of simplifier forecasting models, and on the 

simplification of more complex techniques.  

The Reliability of the Data Sources[13]   

 A major consideration in the selection of a forecasting method for a 

particular application is the type of pattern in the data. Normally, there are four 

different data patterns: horizontal, seasonal, cyclical and trend. However, one 

may find that one or more of these patterns could exist in a particular time-

series. Identifying the type of data would enable the forecaster to concentrate on 

a group of methods which is more suitable to a particular data pattern. However, 

before a data pattern is identified, it is important that the forecaster recognizes 

the dependence of any forecasting method upon a 3-reliable database. For 

example, Mahmoud (1982) and Rice and Mahmoud (1985) provided information 

on a variety of data bases available which would be useful for organizations or 

international businesses. The lists identified the type of data available and its 

applicability in forecasting. Also, they discussed the importance of measuring 

the accuracy of the databases and how one would identify their reliability for a 

particular source. Proper operation and maintenance of an accurate and timely 
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data system gives the forecaster an instrument with which to control and 

minimize the shortcomings of various forecasting methods. It is, therefore, 

essential to evaluate the databases available to verify the reliability of the data 

before analyzing the data pattern. Finally, from a practical standpoint, if valuable 

results are to be obtained from applying forecasting models, managers and 

forecasters must remember that a forecast is only as accurate as the data set upon 

which is based.  

 Measures of Forecasting Accuracy plays an important role in evaluating 

forecasting methods. Accuracy can refer to "goodness of fit" which in turn 

measures how well the forecasting model is able to reproduce the data that were 

used to develop the forecasting model. Most importantly, however, it should 

refer to the future (post-sample). that is, for data that have not been used to 

develop the forecasting model. Perceived accuracy varies from one application 

to another or from one decision maker to another as described by Wheelwright 

and Makridakis (1985). For some decision situations, plus or minus 10% may be 

sufficient; in others, a variation of as little as 5% could spell disaster. Thus, 

being familiar with the different accuracy measures and their pros and cons 

would enable those decision makers seeking high levels of accuracy to acheive 

more accurate forecasts. While accuracy is a significant factor in evaluating 

forecasts, it is difficult to define it. The difficulty is associated with the absence 

of a single universally accepted measure of accuracy (Gardner and Dannenbring, 

1980; Mahmoud, 1984; Makridakis and Wheelwright, 1979; Makridakis and 

Winkler; 1985. This is due to the fact that specific accuracy measures are 

appropriate for different types of forecasting applications. For example, accuracy 

measures are defined by Granger (1969) as loss functions and can be in the form 

of linear, quadratic, or non-symmetric functions. Suppose a forecasting model 

could be best fitted using a quadratic model and an accuracy model such as 

Mean Absolute Error (MAE) was used which is more suitable for measuring 

linear or non-symmetric functions. In this case an accuracy measure is not 
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appropriate for the type of data used. This problem can be avoided with a clear 

understanding of the different accuracy measures. Unfortunately, there is no 

single accuracy measure that can be implemented in every forecasting situation. 

Also, it has been shown in many studies that the best model fitted (ex-ante) in 

terms of accuracy does not necessarily provide the best forecast in the forecasted 

phase (ex-post) (see Mahmoud, 1982; Makridakis and Wheelwright, 1979). For 

example, the performance of thirteen forecasting models  tested with a 

representative series of weekly sales data covering a 104 week time horizon, in 

which 12 periods were used for the ex-post phase (Mahmoud, 1984). The 

thirteen forecasting models ranged from the simplistic naive forecasting method 

to the complex Box-Jenkins approach. The thirteen forecasting models are  listed 

in the order of the Mean Square Error (MSE) of forecasting accuracy. The rank 

order of the MSE is from low to high. Note that the rank order of the Mean 

Square Error (ex-ante) and the U-Statistic are usually closely related. There is 

little association between the rank order of the accuracy measures at the ex-ante 

and ex-post phases. The cost of forecasting error does not appear to be related to 

any of the other accuracy measures used at the forecasted phase. Some of the 

most widely applied measures will be discussed to show their advantages and 

disadvantages. It should be noted that one common goal is to minimize the error 

in the forecast.  

 Thus, the error[9] is defined as:  Error = Actual - Forecast or et = At - Ft ,  

where, et represents the error at period t.  At represents the actual value at period 

t  and Ft represents the forecasted value at period t.  

 For a time series of a variable such as the sales of product A,  the actual 

value of the monthly sales of the product from January 1980 to December 1985, 

that is, 72 periods. By identifying the data pattern and choosing the appropriate 

model, the forecaster can measure the performance of the model by calculating 

the total errors from January 1980 to December 1985 (fitted phase). The 
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difference between the two values (actual forecast) is a measure of the error in 

forecasting this variable for each period.  

 In this fashion, t1 = January 2005  and  tn December 2010. Remember that 

December 2011 represents the current  

3. BENEFITS OF FORECASTING ACCURACY  IN INDUSTRY 

 Good forecast of material, labor and other resources for operation are 

essentially needed by the managers. If good projection of future demand is 

available, the management may take suitable action regarding inventory. 

Similarly, if production activities are accurately forecasted, then balanced work-

load may be planned. Good labor relations may be maintained, as there would be 

lesser hiring and firing activities by the management with better manpower 

planning. Therefore, forecasting is useful due to following benefits, like: 

 Effective handling of uncertainty, Better labor relations, Balanced work-

load, Minimization in the fluctuations of production, Better use of production 

facilities, Better material management, Better customer service, Better utilization 

of capital and  resources, Better design of facilities and production  

 

Figure 1 : Balance of forecasting Effects 
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 Efforts in forecasting activity involve two types of costs[7]. While more 

effort in forecasting causes increased cost due to data collection and analysis; 

lesser forecasting activity involves lost revenue, which may be due to unplanned 

labor, unplanned material or unplanned capital cost. Therefore, each firm should 

maintain a balance in its forecasting effort and stick to a zone near to accuracy 

cost trade off. Several demolishment (besides some development) have been 

occurred during the past few years in the industrial field that offers all of us an 

opportunity to integrate forecasting and decision-making. This case study 

research work has been done with the aim to improve understanding  and 

awareness about the term “Sales Forecasting”. Almost all managerial decisions 

are based on forecasts. Every decision becomes operational at some point in the 

future, so it should be based on forecasts of future conditions. Forecasts are 

needed throughout an organization -- and they should certainly not be produced 

by an isolated group of forecasters. Neither is forecasting ever "finished". 

Forecasts are needed continually, and as time moves on, the impact of the 

forecasts on actual performance is measured; original forecasts are updated; and 

decisions are modified, and so on. 

 So, Forecasting  is a method  for  translating  past experience into estimates 

of  the future. 

4. LITERATURES SURVEY FOR THE PRESENT WORK 

 The components of time serious demand forecast: 

a. average: the mean of the observations over time  

b.   trend: a gradual increase or decrease in the average over time  

c.   seasonal influence: predictable short-term cycling behavior due to time of 

day, week, month, season, year, etc.  

d. cyclical movement: unpredictable long-term cycling behavior due to 

business cycle or product/service life cycle  
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e.  random error:  remaining variation that cannot be explained by the other 

four components. 

5. VARIOUS METHODS OF FORECASTING [11, 17] 

(i) Simple Moving Average(SMA) Method 

 The Simple moving average is a discrete averaging method, where periods 

in the past beyond a certain number are considered irrelevant for the analysis. 

Simple moving averages technique retires the old data and inducts fresh data in 

to its calculation at every forecasting period. a moving average can be use to 

averages out seasonality if the number of periods included in the averages id 

equal to the amount of time required for the seasonal paten to start to repeat is 

self that is twelve months of monthly  data from quarters  of quarterly data and 

so on if the seasonal paten repeats is year. moving average techniques forecast 

demand by calculating an average of actual demands from a specified number of 

prior periods each new forecast drops the demand in the oldest period and 

replaces it with the demand in the most recent period; thus, the data in the 

calculation "moves" over time simple moving average 

Simple Moving Average computes using the equation, 

 SMAt+1 = (
n

1
) ∑

=+=

t

nti

A
1

i 

Where, 

SMAt+I  =  the simple moving Average at the end of the period. 

At  = Actual demand in period t. 

N  = the number of periods included in each average forecast for  

  period t+1:  

  SMA t+1 = Ft+1 = At  
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Key Decision:  n - How many periods should be considered in the forecast  
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(ii) Weighted Moving Average(WMA) Method[11,17] 

 Equal weights where assigned to all periods in the computation of a simple 

moving Average. A weighted moving average assigns more weight to some 

values than to others. The rationale for varying weights in usually to allow 

recent data to influence the forecast more than older data if there is a long-run 

trend in demand, a weighted average with heavier emphasis on recent data is an 

improvement over a simple average, but it will still lag behind demand. 

 Therefore, weighted moving average is a moving average where each 

historical demand may be weighted differently:  

 Weighted moving average =  At = 
∑

∑

v

tt

w

wD )*(
 

Where, 

Dt= Demand in period n ; Wt = Weight applied to period t’s demand for period n 

Wv  = sum of weights value;  N    = number of observation 

Sum of all the weights = 1 

forecast: Ft+1 = At = forecast for period t+1  

 The choice of weights are some what arbitrary, because there is no any  set 

of formula to determine them.  The most current period weights heavily than 

previous. 

(iii) Exponential Smoothing(ES) Method[11, 17] 

 A smoothing technique in time-series analysis that weights all observations 

prior to the prior in time at which a smoothing value is desired. A modified 

version of the weighted moving average technique is the exponential smoothing 

method.  
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 The new base = previous base + a (new demand previous base) Or stated in 

symbols.  

 The Mathematical Model of Exponential Smoothing Method (ESM) may be 

given as: 

_

tS = 1

_

−tS +α (Dt  - 
_

1−tS ) …  ….  …………………………            (1) 

 Smoothing constant, α, is between 0 to 1, with used of 0.01 to 0.30. 

 Dt= Actual demand for period t. 

 
_

1−tS  = Forecast of the demand made for the present period t =Ft 

 
_

tS = Forecast for the next period made during the present period t =Ft 

  α = Weighted factor for the current demand 

  The equation – (1) is:   New basic  = α (new demand) + (1- α) (previous 

basis) 

 Or,   
_

tS = α Dt + (1- α) 
_

1−tS  

 Or,    Ft-1= αDt + (1-α) Ft   ……………………………..             (2) 

 The advantage of this method over the moving average method is that one 

needs to have only two figures one for the old forecast and another for the actual 

sales observations It is not necessary to store the on a number of periods. 

Smoothing  constant focuses more on present period than that of previous 

periods. Exponential smoothing(1st) order smoothing method): 

 Ft-1 = α Dt + (1- α) Ft   = α Dt + (1- α) { α Dt-1+(1- α) Ft-1 }  

 The weightages for each of the demands in the past is discounted by a factor 

of (1- α). The last term is negligible for a very large ‘n’. In effect exponential 
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smoothing is a weighted average of  all the demands in the past, the weight ages 

decreasing exponentially by the factor (1- α). 

 The extend of smoothing. that is , the filtering out process for random 

fluctuation, depend upon the alpha factor, When this factor is small, it leads to 

giving lower weight ages to recent demands and more consideration to old 

demands. If alpha is large, the reverse is true. 

 An approximate relation of alpha factor (α) to the moving average, which 

needs to mention: 

 Alpha factor (α) = 
1

2

+n
 

Where,  n = Number of periods in the moving average. 

(iv) Double Exponential Smoothing  (Trend Adjusted Exponential 

Smoothing) Method[17] 

 When a trend exists, the forecasting technique must consider the trend as 

well as the series average ignoring the trend will cause the forecast to always be 

below (with an increasing trend) or above (with a decreasing trend) actual 

demand  double exponential smoothing  smoothes (averages) both the series 

average and the trend forecast for period t+1:   Ft+1 = At + Tt  

Where,  average: At = aDt + (1 - a) (At-1 + Tt-1) = aDt + (1 - a) Ft  

              average trend: Tt = β  CTt + (1 - β ) 1  

              current trend: CTt = At - At-1  

              forecast for p periods into the future:  Ft+p = At + p Tt  

where:  

     At = exponentially smoothed average of the series in period t  

      Tt = exponentially smoothed average of the trend in period t  
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    CTt = current estimate of the trend in period t  

       a  =  smoothing parameter between 0 and 1 for smoothing the averages 

       β = smoothing parameter between 0 and 1 for smoothing the trend. 

(v) Linear or Additive Trend Model [11,17] 

 The apparent linear trend in exponentially smoothing averages is the 

difference between the successive values,  

     
_

tS - 
_

1−tS  

 By being can smooth 
_

tS - 
_

1−tS  series with component β (beta)  which  is 

not same as the value of α. Equation (2) modified, 

 
_

tS = α Dt+ (1- α) (
_

1−tS +Tt-1)   …………………………                     (3) 

 The upward value of Tt, the smoothed is 

 Tt =  β (St-1+Tt-1) (1- α) + (1- α) Tt-1  ………………………..                 (4) 

Where,    

Tt = The smoothed trend in present period  t, 

Tt+1 = The smoothed trend in previous period of t. 

 Forecast the upcoming period by adding Tt to the current smoothed average  

_

tS , as  Followings: 

 Forecast for the next period  = Ft,1=  
_

tS + Tt 

 Forecast for in period ahead    = Ft,m= 
_

tS + mT …………………..….      (5) 
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(vi) Linear Regression(LR) Model [11,17] 

 The regression forecast is based on the assumption of a model consisting of 

a constant and a linear trendstraight line equation:  

  

 For the purposes of a forecast where the parameters of the model may 

change, it is more convenient to express the model as a function of , where 

is the positive displacement from a reference time T. 

 The forecast is based on estimated parameters. 

  

6. MEASURING  FORECASTING   ERRORS  

 Diagnostic Measures of Forecast Accuracy [8] 

 is almost impossible to obtain in exactly right forecast every time. This is 

due to many factors, which affect the trend in data. It is difficult to capture the 

exact interrelation of these influencing factors. Therefore, some error in 

forecasted value and actual value is quite common. Sometimes, it is important to 

know if the forecaster (a forecasting technique) is unbiased or not. An unbiased 

model should overestimate or underestimate the forecast in almost equal ratio.  

 Four useful measures of forecast accuracy often referred to as measures of 

forecast error, are discussed below. 

 There are mainly  two aspects of forecasting errors to be concerned about - 

Bias and Accuracy  

 Bias - A forecast is biased if its errors are more in one direction than in the 

other:  

 - The method tends to under-forecasts or over-forecasts.  
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 Accuracy - Forecast accuracy refers to the distance of the forecasts from 

actual demand ignore the direction of that error.  

Criteria for  selecting a Forecasting Method [16] 

 Objectives are 1. Maximize Accuracy and  2. Minimize the Bias 

 However, potential Rules for selecting a time series forecasting method is to 

select the method that 

i. gives the smallest bias, as measured by cumulative forecast error 

(CFE); or,  

ii.  it gives the smallest mean absolute deviation (MAD); or  

iii.  gives the smallest tracking signal; or  

iv. supports management's beliefs about the underlying pattern of demand  

or  

v. others. 

 It appears obvious that some measure of both accuracy and  bias should be 

used together. How?  

 What about the number of periods to be sampled? 

• if demand is inherently stable, low values of and  higher values of  N 

are suggested  

• if demand is inherently unstable, high values of   ??? and lower values 

of N are suggested  The main Diagnostic Measures of Forecasting  are: 

6.1 Mean Absolute Deviation (MAD)[5] 

 A common measure of forecast error is the mean absolute deviation, (MAD) 

. The MAD is the mean of the errors made by the forecast model over a series of 

time Periods, without regard to whether an error was an overestimate or an 
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underestimate. The MAD is sometimes called the mean absolute error or MAE. 

To calculate a Interest, change all the signs to positive, adds then and divides by 

the member of Values that were used to obtain the sum. The expression for these 

operations in Equation: 

                MAD= 
n

FD
n

t
tt∑

−

−
1

)(
 

Where, 

 Dt = Actual demand in period t. 

 Ft= Forecast demand in period t. 

 n= Number of periods considered for calculating the error. 

6.2  Mean Square Error (MSE) or,  MSE (Mean Sum of Square 

 Error)  [5]  

 The average of square of all errors in the forecast is termed as MSE. Its 

interpretation is same as MAD. 

 MSE = ∑n
t=1 | Dt - Ft |

2 / n 

 The mean square error (MSE) can also be used as a measure of forecast 

error. The MAE in found by squaring is of a series of errors made by the forecast 

model. Summing these squared errors and dividing by the number of errors used 

in the Calculation. Using the symbols defined above for the MAD, the equation 

for the MAE is: 

 MSE=  
n

FD
n

t
tt∑

−

−
1

2)(
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6.3   BIAS [5] 

 Bias is a measure of over-estimation or under-estimation. A positive bias 

indicated under-estimation while a negative bias indicates over-estimation. 

   BIAS = ∑n
t=1 | Dt - Ft | / n 

6.4 Mean Forecast Error (MFE) [5] 

 The average forecast value several times period, however, should be very 

close to the average of the actual values over these same time periods. the MFE 

is calculate by summing the forecast errors over a series of period and dividing 

this sum by the number of errors used to compute the sum. Again using the same 

symbols, the equation for the mean forecast error as: 

 MFE= 
n

FD
n

t
tt∑

−

−
1

)(
 

6.5 Mean Absolute Percentage Error (MAPE) [5] 

 The mean absolute percentage error (MAPE) is a relative measure that is 

computed by dividing the forecast error for period t by the actual demand for 

period t and thereby computing the Percentage Error in period t. 

 Percentage error in period t= | 
t

tt

D

FD −
|×100 

Where Dt-Ft= Forecast error in period t. 

 The percentage error is now summed by ignoring the algebraic sign (that is, 

by taking its absolute value) and this sum is divided by the number of 

observations to obtain MAPE. 
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        MAPE=  ∑
=

−n

t t

tt

D

FD

n 1

100
 

6.6 Tracking Signal (TS) [5] 

 A tracking signal indicates if the forecast is consistently biased high or low. 

It is computed by dividing the cumulative error by the cumulative mean absolute 

deviation, or MAD: 

  

 The tracking signal is recomputed each period, with updated, "running" 

values of cumulative error and MAD. The movement of the tracking signal is 

compared to control limits; as long as the tracking signal is within these limits, 

the forecast is in control. Control limits of ±2 to ±5 are used most frequently. 

 Some times Tracking Signals (TS) is measured as: 

 It is used to identify those items, which do not keep pace with either 

positive or negative bias or trend.  

 TS = ∑n
t=1 (Dt - Ft) / (MAD)n = (BIAS)n / (MAD)n  

where; 

 (MAD)n = Mean absolute deviation till period n 

 (BIAS)n = BIAS till period n  

 The tracking signal can be thought of as a scaled deviation of the forecast 

from the actual sales figures. The plot of the tracking signal shows it fluctuates 

about zero. If  the company uses ±2 control limits, the forecasting technique has 

to be recalibrated  or changed after period 6, as indicated by the tracking signal 

falling below the lower control limit. 
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1. THE SALES  DATA  PROCESSING  AND  PRESENTATION  

 The Characteristics of data: 

•  Past sales data had been collected and used for forecasting the  next period. 

•  The demand  pattern is time depended -  it varies  with time. 

•  The time series data has two considerable components, i.e., trend and 

seasonal component. 

•  In the company there are two seasonal patterns  in the data, 

 Lot of past sales data have been collected  for all the products. The POM 

Software (By N. Gaither ) was used for calculations of  those  data  for  each  of  

the  Products,  a very small part of them are shown here as a sample, as 

presentation of all the calculations and results are  beyond the scope of this paper. 

Table 1 : The actual quantities of Sales data for the last seven years for 

Item –I 

No. of year Sales actual value(Tons) 

1 15378.000 

2 25769.000 

3 45734.000 

4 61820.000 

5 82195.000 

6 102221.000 

7 120205.000 
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2. RESULTS AND DISCUSSION 

 Using the exponential smoothing method, the forecast errors such as MAD, 

MSE, BIAS, TS and SE were computed and compared with the actual demand 

and forecasted demand. The computer output is shown below in Table 2 .The 

variation of the smoothing constant “ α” is shown  in the Figure no. 1. 

Table 2 : Computer Output of Exponential Method of ( E.S.M) Method 

**EXPONENTIAL SMOOTHING FORECASTING *** 

------------------------------------------------------------------------------------------------- 

PROBLEM NAME: FORECASTING OF AMIT (Item-I) 

------------------------------------------------------------------------------------------------- 

    Sales              Sales     ABSOLUTE 

 PERIOD      ACTUAL         FORECAST           ERROR 

    1         15378.000       15378.000           0.000 

    2         25769.000           15378.000       10391.000 

    3         45734.000           24729.900       21004.100 

    4         61820.000           43633.590       18186.410 

    5         82195.000           60001.359       22193.641 

    6        102221.000         79975.636       22245.364 

    7        120205.000         99996.464       20208.536 

------------------------------------------------------------------------------------------------- 

    8                          118184.146 

THE VALUE OF ALPHA USED IS = 0.9 

BEGINNING FORECAST IS = 15378 

MEAN ABSOLUTE DEVIATION (MAD) FOR THE LAST 7 PERIODS = 16318.436 

MEAN SQUARED ERROR (MSE) FOR ALL PAST PERIODS = 325098496.444 

MEAN ERROR (bias) FOR ALL PAST PERIODS = 16318.436 

TRACKING SIGNAL=1 

STANDARD ERROR (sigmasubyx) IS = 19475.1529 
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 From the calculated forecasted error, the difference in actual demand 

(61820) and forecasted demand (43633.590) is so big. Beside the standard error, 

tracking signal, bias are also high. So the method is not preferable. It is shown 

by using the exponential smoothing method to determine the forecasted error 

MAD, MSE, BIAS, TS and SE given in Table 3 and compared it between the 

actual demand and forecasted demand for the specific Item - I. 

 Using the POM software, the errors were  calculated and those are presented  

in the following Table 3:  

   Table 3 : Presentation of  Errors for Exponential Smoothing (E.S.M) 

Method 

Method  ⁄ 

Error 
M.A.D M.S.E BIAS S.E T.S 

E.S.M 16318.436 3250984

96.444 

16318.436 19475.1529 1 
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Figure 3 : Smoothing constant variation for Exponential Smoothing 

Method for Item-I 
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Figure 4 : Demand in different years  in Exponential Smoothing for a 

particular item (Item- I) 

 

 Figure 4 shows a clear variation of demand with years. Curve 1 of  this 

figure represents the actual value of demand in relation to time variation.. 

Curves 2, 3 and 4 have been drawn by using exponential smoothing  method. 

From these curves, it is observed that the curve 2 (Smoothing value) shows 

better with  α = 0.9  results trend  curves are curve 2 and 3. From it is clear that 

the Mean Absolute deviation between curve 1 and 2, 1 and 3, 1 and 4 are  

moderate. 
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Table 4 : Computer Output of Time Series Regression ( T.S.R) Method 

*** TIME SERIES REGRESSION FORECASTING *** 

------------------------------------------------------------------------------------------------- 

PROBLEM NAME: FORECASTING OF AMIT  (Item -I) 

------------------------------------------------------------------------------------------------- 

 Sales           Sales             ABSOLUTE 

PERIOD  ACTUAL       FORECAST        ERROR 

1         22390.000         15131.500      7258.500 

2         31921.000         32092.143       171.143 

3         41342.000         49052.786      7710.786 

4         61820.000         66013.429      4193.429 

5         82195.000         82974.071       779.071 

6        102221.000       99934.714      2286.286 

7        120205.000      116895.357      3309.643 

-------------------------------------------------------------------------------- 

Sales          CONFIDENCE INTERVAL ( 95%) 

PERIOD        FORECAST     LOWER BOUND    UPPER BOUND 

8                   133856.000    119937.224     147774.776 

REGRESSION EQUATION:  Y = a + bX 

WHERE:    Y = Sales 

X = TIME PERIOD 

a =   -1829.1429 

b =   16960.6429 

R = 0.991 

R-SQUARE = 0.9821 

MEAN ABSOLUTE DEVIATION (MAD) FOR THE LAST 7 PERIODS = 3672.694 

MEAN SQUARED ERROR (MSE) FOR ALL PAST PERIODS = 20934851.735 

MEAN ERROR (bias) FOR ALL PAST PERIODS = 0.0 
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TRACKING SIGNAL= 0 

STANDARD ERROR (sigmasubyx) IS = 5413.7595 

 

 Using the Software POM, the errors were calculated and those are presented  

in the following  Table 5. 

Table 5:  Calculation of Errors  for  the Time Serious Regression (T.S.R) 

Method 

Method  ⁄ 

Error 
M.A.D M.S.E BIAS S.E T.S 

T.S.R 3672.694 20934851.735 0.0 5413.7595 0 

 

 From the calculated forecasted error, the difference between actual demand 

(61820) and forecasted demand (39837.305) is so far. Beside standard error, 

tracking signal, bias are also high. So the method is not preferable.  In the 

similar way, calculations were performed for other methods of forecasting  and 

only the errors were found out for making the forecast optimized with optimal 

deviation. The errors are furnished below in Table -6.  In turn, those errors are 

graphically presented in Figure 4. 

Table 6 :  Computed  Errors  in different methods of forecasting models 

Method⁄ 

Error 
M.A.D M.S.E BIAS S.E T.S 

S.M.A 36927.8 136937 36927.8 42729.8 1 

W.M.A 25066.4 63163 25066.4 29020.3 1 

E.S.M 16318.4 32509 16318.4 19475.2 1 

E.S.T 13672 23556 13672 16577.8 1 

T.S.R 3672.69 2093 0 5413.76 0 

 



Mr. M A Hannan, Mr. M G Morselin, Mr. M M Rahman an d Mr. M S Islam 26

0

20000

40000

60000

80000

100000

120000

140000

E
R
R
O
R

S.M.AW.M.AE.S.M E.S.T T.S.R

METHOD

METHOD VS ERROR BAR CHART FOR 
AMIT

M.A.D

M.S.E

BIAS

S.E

T.S

 

Figure 4: Presentation of Forecasting method  vs  Error  bar  00000Chart 

for the specific Item( Item -I). 

 From this graph of  Figure 4, it is clear  that the Simple Average Method  is  

obviously  projecting maximum   errors in all  methods of Forecasting, in case of 

the Item #1..   

3. ANALYSIS OF THE RESULTS 

 The bar chart in Figure 3  Shows the mean square error(M.S.E) of time 

series regression method is smaller than simple moving average, weighted 

moving average, exponential smoothing and exponential smoothing with tread 

method .Beside, mean absolute deviation(M.A.D), mean error (BIAS), tracking 

signal, standard error of time series regression is also smaller than simple 

moving average method, weighted moving average method, exponential 

smoothing method and exponential smoothing with tread method. Selecting the 

time series regression method that gives the smallest bias, as measured by 

cumulative forecast error (CFE); or gives the smallest mean absolute deviation 

(MAD); or gives the smallest tracking signal; or supports management's beliefs 

about the underlying pattern of demand or others. It appears obvious that some 

measure of both accuracy and bias should be used together by demand is 

inherently stable, low values and higher values of  number of period are 
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suggested or demand is inherently unstable, high values and lower values of 

number of period are suggested. If the forecasting model performing well, the 

tracking signal should be nearly zero which would indicate that there have been 

about as many actual data points above the forecasts as bellow. The ability of 

tracking signal to indicate the direction of forecasted error is very helpful 

because whether forecasts should be reduced or increased is indicated. If the 

tracking signal is positive, increase the forecasts, if it is negative, reduce the 

forecasts. In chart the tracking signal is zero then time series regression method 

will be performing well. Among these methods, time series regression method is 

preferable for forecasting. The forecasted value for amit(Item-I) is 133856. 

Let us consider another set of Sales Data for another Item –III 

Table 7: The actual quantities of Sales data for the last seven years for 

Epiclon (Item - III) 

No. of year Sales actual value 

1 54876.000 

2 75342.000 

3 95453.000 

4 133626.000 

5 189118.000  

6 251242.000 

7 295244.000 
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Table 8 : Using Simple Moving Average method with  FOUR  Year-Period  

demand 

:*** SIMPLE MOVING AVERAGE FORECASTING *** 

------------------------------------------------------------------------------------------------- 

PROBLEM NAME: FORECASTING OF EPICLON 

------------------------------------------------------------------------------------------------- 

Sales                     Sales            ABSOLUTE 

PERIOD  ACTUAL            FORECAST       ERROR 

 1        54876.000 

 2        75342.000 

 3        95453.000 

 4       133626.000 

 5       189118.000      89824.250     99293.750 

 6       251242.000     123384.750    127857.250 

 7       295244.000     167359.750    127884.250 

------------------------------------------------------------------------------------------------- 

8                                217307.500 

THE NUMBER OF AVERAGING PERIODS IS = 4 

MEAN ABSOLUTE DEVIATION (MAD) FOR THE LAST 3 PERIODS = 

118345.083 

MEAN SQUARED ERROR (MSE) FOR ALL PAST PERIODS = 

14187035521.563 

MEAN ERROR (bias) FOR ALL PAST PERIODS = 118345.083 
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TRACKING SIGNAL=1 

STANDARD ERROR (sigmasubyx) IS = 145878.5566 

 By using the Simple Moving Average method, the various errors were 

determined. The forecast error (MAD, MSE, BIAS, TS and SE) and compared  it  

between actual demand and forecasted demand. The Software POM, Norman 

Gaither, was used to find the errors were calculated and those are shown in the 

following Table 10. 

Table 9 : Forecasting  Errors for the Item –III 

Method  ⁄ 

Error 
M.A.D M.S.E BIAS S.E T.S 

S.M.A 90451.25 8599903713.75 90451.25 107081.9232 1 

 

 From the calculated forecasted error, the difference actual demand (189118) 

and forecasted demand (89824.250) is so far. Beside standard error, tracking 

signal, bias are also high. So the method is not preferable. 
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Figure 5 : Demand in Different Year in Simple Moving Average for Epiclon 
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 Using the Software POM, Norman Gaither, the errors were calculated and 

those are shown in the following table:  

Table 10: Calculation of Errors for (E.S.M) 

Method  ⁄ Error  M.A.D M.S.E BIAS S.E T.S 

E.S.M 37347.147 1900158555.114 37347.147 47083.4541 1 

 

 From the calculated forecasted error, the difference actual demand (189118) 

and forecasted demand (113829.216) is so far. Beside standard error, tracking 

signal, bias are also high. So the method is not preferable. 
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Figure 6 : Errors with respect to smoothing constant variation for 

Exponential Smoothing Method  (for   Epicon: Item-III) 
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Figure 7 : Demand versus year in Exponential Smoothing with trend for 

Epiclon (Item - III) 

 Figure 6 shows The Variation of Demand with Year. Curve 1 of this figure 

represents the actual value of demand in relation to time. By exponential 

soothing method curves 2, 3 and 4 are drawn. From these curves, it is 

experiential that the curve 2 (Soothing value) shows better (0.9) results tread 

curve 2 and 3. 

Table 11 : Computed Errors in different methods of Forecasting 

Method⁄Error M.A.D M.S.E BIAS S.E T.S 

S.M.A 90451.3 859990 90451.3 107082 1 

W.M.A 64297.6 428713 64297.6 75605.4 1 

E.S.M 37347.1 190015 37347.1 47083.5 1 

E.S.T 33684.4 151787 33684.4 42081.5 1 

T.S.R 19668.2 48658 0 26100.2 0 
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Figure 8 : Method versus Error bar Chart for Epiclon 

 From showing the bar chart mean square error(M.S.E) of time series 

regression method is smaller than simple moving average, weighted moving 

average, exponential smoothing and exponential smoothing with tread method 

.Beside, mean absolute deviation(M.A.D),mean error (BIAS),tracking signal, 

standard error of time series regression is also smaller than simple moving 

average method, weighted moving average, exponential smoothing and 

exponential smoothing with trend method. Selecting the time series regression 

method that gives the smallest bias, as measured by cumulative forecast error 

(CFE); or gives the smallest mean absolute deviation (MAD); or gives the 

smallest tracking signal; or supports management's beliefs about the underlying 

pattern of demand or others. It appears obviously  that some measure of both 

accuracy and bias should be used together by demand is inherently stable, low 

values and higher values of  number of period are suggested or demand is 

inherently unstable, high values and lower values of number of period are 

suggested. If the forecasting model performing well, the tracking signal should 

be nearly zero which would indicate that there have been about as many actual 

data points above the forecasts as bellow. The ability of tracking signal to 

indicate the direction of forecasted error is very helpful because whether 

forecasts should be reduced or increased is indicated. If the tracking signal is 
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positive, increase the forecasts, if it is negative, reduce the forecasts. In chart the 

tracking signal is zero then time series regression method will be performing 

well. Among these methods, time series regression method is preferable for 

forecasting. The forecasted value for epiclon is 307451.571. 

 In way, through the measurement of the diagnostic errors, the best method 

of forecasting that bets fits  the trend, can be  found out  to have the best 

projection of the future demand, Item by Item..  

9. STEPS TO BE TAKEN FOR IMPROVING OVERALL 

 CONDITIONS 

 The following measures should be taken in the respective concern 

1.   Organization must know how much demand  it has to satisfy to design and 

run an operating system that will satisfy customers. That leads to two 

important questions 

2.  Important matter is that performance measures are not to be confusing with 

forecast. It is necessary that each manager up the line to reduce the so-called 

forecast slightly so that it can easily met or even exceeded 

3.  Another important issue, who should make the forecast? May be marketing 

section, operations, finance or a central corporation office depending on the 

size of the organization. But important thing is that all managers should have 

an input to and knowledge of the assumption behind the forecasts. And 

company’s strategy should be clear to all. The forecasting activities  must be 

carefully coordinated and monitored ,  otherwise inflated in inventories and 

missed delivery dates could be in result. 

4.  Finally it should be remembered that “prophesy is a good line of business but 

it’s full of risk” smart managers recognize this reality and find ways to 

update their plan when unexpected event occurs. 
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10. CONCLUSION 

 Decision-making process involves the selection of a course of action (means) 

in pursuit of the decision maker's objective . The way that our course of action 

affects the outcome of a decision depends on how  the forecasts and other inputs 

are interrelated and how they relate to the outcome. 

 In Forecasting, overall demand, typically, is originated by marketing. But 

internal customers throughout the organization depend on forecasts to formulate 

and execute their plans. The data found are time dependent, so the related time 

series model is used to find out forecasting the next period, it is clearly known 

that the time series forecasting model used in aggregate planning that is medium 

range in time horizon. 

 The fact that past cannot be a perfect guide to the future. It warns to us that 

sales forecasting should not be thought of as a routine application of some 

techniques and theoretical idea to a list of unchanging variables. Successful 

forecasting requires expert blending of economic theory and through familiarity 

with the relevant statistical data, consequently the economic forecasts, the 

technological forecasts and analyses of a firm’s internal and external 

environments are combined with previous demand data to develop demand 

forecasts. 
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