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Abstract

We have developed seven user defined functions (UDF) related to forecasting. The first four functions are for
exponential smoothing. These are simple exponential smoothing, Holt’s fit, Winter’s method and Holt-Winter
method. The next three functions can be used to calculate forecasting errors. These errors are mean square
error (MSE), mean absolute difference (MAD) and mean absolute percentage error (MAPE). These UDFs
eliminate the need for intermediate steps in exponential smoothing and error calculations. These functions are
as easy to use as other forecast related (statistical) functions, such as “Trend” and “Correl”. Moreover, our
functions present users with choices. They can choose to provide (or not to provide) initial values and
seasonal indices (where applicable). These characteristics make our functions user-friendly and flexible, and
therefore enhance the power and usefulness of excel for forecasting.
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Abstract

We have developed seven user defined functions (UDF) related to forecasting. The first
four functions are for exponential smoothing. These are simple exponential smoothing, Holt’s
fit, Winter’s method and Holt-Winter method. The next three functions can be used to calculate
forecasting errors. These errors are mean square error (MSE), mean absolute difference (MAD)
and mean absolute percentage error (MAPE). These UDFs eliminate the need for intermediate
steps in exponential smoothing and error calculations. These functions are as easy to use as
other forecast related (statistical) functions, such as “Trend” and “Correl”. Moreover, our
functions present users with choices. They can choose to provide (or not to provide) initial
values and seasonal indices (where applicable). These characteristics make our functions user-
friendly and flexible, and therefore enhance the power and usefulness of excel for forecasting.

Keywords: Forecasting, Exponential Smoothing, User Defined Function, UDF

1 Introduction

Excel’s formulas and functions relieve students (and managers) from the need to
use complicated mathematics to analyze and solve numerical problems [7]. Experts
argue that many mathematical models and solutions are further constrained by
idealistic assumptions (such as linear relationships) making their usefulness very
limited [2, 4]. On the other hand, Excel can also be used to get answers for what-if
questions as well as various kinds of scenario analyses and simulations [1, 7]. Simple
macros and functions can be used to customize Excel for a particular use. It also
greatly enhances Excel’s capability to experiment and simulate. Students and
decision-makers who require data analysis greatly benefit from this enhanced
capability [1, 5].

This article focuses on user defined functions (UDFs) for forecasting. Excel has
many functions (built-in as well as in the data analysis add-in) related to forecasting
[6]. However, practitioners and academics use varieties of forecasting models (such
as Winter’s or Holt-Winter’s model) which cannot be solved directly by using these
available functions only [5, 7, 9]. Here we use the VBA (Visual Basic for
Applications) program to develop UDFs, to solve these models. Besides, other UDFs
are also developed here for various error measurements in forecasts. UDFs and VBA
are discussed in various business [for example 1, 5], as well as computer
programming [for example 3, 8] books.

1.1 Forecasting Models

We have developed four functions (UDFs) for exponential smoothing and three
for error measurement. In the following paragraphs these forecasting models are
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briefly discussed, as a background to the introduction and discussion of the functions
we have developed. Readers interested in detail descriptions of this topic are
directed to relevant text books [for example 7, 9].

2 Exponential Smoothing

21 Simple Exponential Smoothing

Simple exponential smoothing is used when data do not have underlying trend
and seasonality and are mostly stationery. The formula for exponential smoothing
methods is §; = S;_; + a(A; — S;_1); where, S; and S;_, are the smoothed estimates in
periods t and t — 1 respectively, and A, is actual data in period t and «a is the
smoothing constant, whose value can be from 0 to 1.

The smoothed estimate is equal to old estimate plus some adjustment. The size of
adjustment depends on the size of the error and the value of a. Error is the difference
between the actual data and the smoothed estimate. The estimate for any future
period is equal to the smoothed estimate.

2.2  Winter’'s Method

Winter’s Method is used when the underlying data have seasonality, but no
trend. The number of seasons and seasonal indices vary from case to case. Yet, the
total of all seasonality indices should be equal to the number of seasons. For example
if there are four seasons, the total should be equal to four.

In this case smoothed value and seasonal index must be estimated. The formula
for estimating smoothed value is S; = S;_; + a(4;/I, — S¢—1), where, I, is the
appropriate index for the given season. In addition, seasonal indices have to be
revised. The estimate of new value for seasonal index is Iy = I + Y(A¢/I;, — S¢—1)
and, the forecast for period t is F, = S:I;.

In this case, @ and y are two smoothing constants whose values should be
between zero and one. Here, the smoothed parameter and seasonal index are
estimated by adjusting to their respective old estimates. The adjustments depend on
the size of error and the values of appropriate smoothing constants (a ory ).

2.3 Exponential Smoothing with Trend (Holt’s Fit)

Holt's Fit is used when the underlying data shows trend but not seasonality. The
formula for estimating smoothed value is S, = S;_; + T;_; + a(At + (S;_q + Tt_l)),
where T;_, is the trend of the period t — 1. Similarly, the formula for trend estimate is
Ty = Ty—q + B(S¢ — S¢—1 + T¢—1) and the forecast for period n is F, = S; + nT,, where n
is the number of periods after the last available data. If there are data for 10 periods
and the forecast is to be done for 12 period then n = 2.

In this case, @ and B are two smoothing constants whose values should be
between zero and one. As shown above, the smoothed parameter and trend are
estimated by adjusting to their respective old estimates. These adjustments depend
on the sizes of errors and the values of the appropriate smoothing constants (o or f).
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2.4 Exponential Smoothing with Trend and Seasonality (Holt-Winter Method)

For this case, the underlying data should have both trend and seasonality. There
are three estimates in this case; one for the smoothed value, the second for trend and
the third for seasonality.

Here, the smoothed estimate is S; =S;_1+Ti(-1 +a <% — (S, + Tt_1)>
L

Similarly, the trend estimate is T; = T;_; + B(S; — S¢—1 + T;—1) and the seasonal index
estimate is Iy = I} + y(A;/S; — 1), The forecast for the period n is F, = (S; + nT)I;,
where n is the number of periods after the last available data.

a,f and y are three smoothing constants whose values should be between zero
and one. Here the smoothed parameter, trend and seasonality index are estimated by
adjusting to their respective old estimates. As in other cases, the adjustments here
also depend on the sizes of errors and the values of appropriate smoothing constants

(a, B ory).

2.5 Error Estimates

Any forecast is bound to have error. An error is the difference between the actual
and forecasted value. Error can be measured when both the actual value and the
forecasted value are available. Since errors can change from one point to the next, the
mean of such errors are taken as the indicator of the accuracy of forecast. There are
many ways to measure the mean of errors. However, we have confined our
discussions to three such measures.

Mean Square Error (MSE): This is the mean of square of errors, where error (for
the period “t”) is the difference between the actual value and the forecasted value in
that period.

Mean Absolute Difference (MAD): The absolute difference is the absolute value
of the difference between the actual value and the forecasted value. MAD is the mean
of these absolute differences.

Mean Absolute Percentage Error (MAPE): Absolute percentage error is the
percentage of absolute difference compared to the actual value. Mean absolute error
is the mean of all the absolute percentage errors.

3 Advantages of UDFs

It is not an absolute necessity that we need functions developed here to forecast.
However, these functions enhance the power and user-friendliness of the
spreadsheet. In the following sections we discuss some of the advantages.

3.1 Simplicity

The role of any function is to simplify calculation so the users can focus on
understanding and interpreting the result. All seven UDFs developed here simplify
calculations. Users just need to select the right inputs. The functions developed here
are not unlike Excel functions of “Trend” or “Correl”. Without these functions, few
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intermediate steps are needed for calculating the exponential smoothing and the
error measures discussed.

3.2  Flexibility

Forecasted values depend on the choice of smoothing constants (o, p or y as
applicable) and initial values (for the smoothed estimate, trend or seasonality index).
Sometimes functions provide these initial values based on certain assumptions.
While these assumptions are reasonable, they can be restrictive. These assumptions
also determine (to some extent) the output of the functions. It can be confusing for
students when the answers they have in textbooks are different from the one in the
computer. The functions developed here offer users the choice to provide initial
values. They can choose to provide initial values for level and trend (where
applicable). Besides, when seasonality is required, users are given different choices
on how they provide seasonal indices. These choices permit users to conduct
analyses, experimentations and simulations, using different combinations of initial
values and the smoothing constants.

3.3  Error Trapping

Smoothing constants take values from 0 to 1 only. The functions developed
inform users of the error if values beyond this range are chosen. Similarly, if negative
or zero values are entered as the seasonal index then an error occurs. In such cases
the outcome will be an appropriate error message. Other kinds of errors are notified
by a standard error message (Value!) of UDF.

4 User Defined Functions

Four functions are developed for forecasting. Similarly, three more functions are
developed for error measurements. Each of these functions is explained in detail in
the paragraphs below. All the functions discussed here are shown in the workbook
forecast2.xlsm.

41 Simple Exponential Smoothing

There is a function for exponential smoothing in data analysis add-in. Our
function for exponential smoothing is different from that one. The look, feel and
flexibility of our exponential smoothing function is the same as those of the other
three functions discussed here. It has optional “InitialLevel” and “ForecastPeriod”
which make it flexible. Otherwise the outcome of both of these functions should be
the same.

The function for simple exponential smoothing is “ExpSmooth(Alpha As Single,
Actual As Range, Optional InitialLevel As Variant, Optional ForecastPeriod As
Variant)”
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A B | & | D E F G H
alpha 05
Initial Leve 118
Actual  Exp Predict

1 118.13[=ExpSmooth($B32,B56:8535,5853.A6)

Function Arguments |i|—5.:_hj 1
ExpSmooth
Alpha | Bs2 | = 0.5
Actual |B$6:B£35 [[%] = {118.127091337945;108.4291053...
Initiallevel | $B53 |E| = 118
ForecastPeriod | Ag |E| == edl

= 118
Mo help available,

ForecastPeriod

Formula result = 118,00

D s R e e et B v o B P LT =1 =1 Fot = A RS N S EIC () S

Help on this function CK ] [ Cancel
26| 71710004
27 22 110 22

Figure 1: UDF for Simple Exponential Smoothing

For the simple exponential smoothing, users have to provide the o value and a
range with actual data. They also have options to provide “InitialLevel” and the
“ForecastPeriod”. The old smoothed estimate is the last period’s smoothed estimate.
“InitialLevel” replaces the old smoothed estimate when smoothing is done for the
very first time. If the user chooses not to provide the “InitialLevel” the actual data of
the period one is used in its place. The period one is the period from which actual
data is available. Thus, the forecast for “period one” is equal to the “InitialLevel”
when it is provided. Otherwise, it is equal to the actual data of period one.

“ForecastPeriod” is the period for which the forecasting is to be done. The value
provided for this should be an integer starting from one. If this is provided,
forecasting is done for the given period. In case this is not provided, forecast is done
for the first period for which the data is not available. If there are actual data for 30
periods, then forecast is done for the 31 period.

To explore the process of the simple exponential smoothing, open the worksheet
“EXP”. This worksheet has a thirty period long actual data. The period 1 is the
period when actual data is available. After that, choose an appropriate cell on which
the forecast value for period one is to appear. In this case that cell is “Range C6”.
Then open the “Insert Function” dialogue box (as in Figure 1). This dialogue box can
be opened by first clicking the “Formulas” tab on the top of the spreadsheet, and
then choosing the “Insert Function” command. Once it appears, choose the
“ExpSmooth” function.

As can be seen from the dialogue box, the a value is 0.5 (Range B2 is chosen). The
actual data range is from B6 to B35. Choosing “InitialLevel” and “ForecastPeriod” are
optional. However, in this case “InitialLevel” is chosen and the value is 118. The
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Forecast period is period 1. When “OK” is pressed the dialogue box disappears, and
the forecast value is appears in “Range C6”.

Function Library Defined Names Formula Auditin

E19 - k|
A B = D E

1

2 |alpha 0.5

3 | Initial Level 118

o Actual Exp Predict Exp Predict Exp Predict
5 With Initial Level Without Initial Level Without Forecast Period
6 1 118.13 118.00 118.13 110.67
7 2 108.43 118.06 118.13

8 3 78.58 113.25 113.28

9 4 122.84 95.92 95.93

10 5 104.79 109.38 109.39

11 6 98.41 107.08 107.09

12 7 101.95 102.75 102.75

13 8 78.20 102.35 102.35

14 9 84.70 90.27 90.27

15 10 116.09 87.49 87.49

16 11 111.06 101.79 101.79

17 12 101.19 106.43 106.43

18 13 88.60 103.81 103.81

19 14 121.31 96.20 96.20|

20 15 97.39 108.76 108.76

21 16 123.62 103.07 103.07

22 17 94.08 113.35 113.35

23 18 99.84 103.71 103.71

24 19 80.81 101.77 101.77

25 20 83.55 91.29 91.29

26 21 100.04 87.42 87.42

4+ ¥| EXP_~Hoft _ Winter - HoltWinter - Sheet? -~ exp? . Holt2 .~ Sheet4 - Sheets . EXP1 - id [] [

Figure 2: Simple Exponential Smoothing Complete

The forecast for this period (period one) should be equal to the “InitialLevel”
provided. This is equal to 118. The forecast for other periods can be obtained by
dragging the edge of cell all the way down to the desired period. (Note how cell
addresses are made absolute using the $ sign.) When the chosen cell is “Range B36”
then the corresponding period is 31. The column under the heading “Exp Predict
with Initial Level” is completed in this way.

The next column is completed by following a similar process. However,
“InitialLevel” is not chosen here. It assumes the first ever actual data to be
“InitialLevel”. In another column there is only one value. This is obtained by
choosing only the a value, and the range for actual data. The value is the forecast for
the first period for which actual data is not available. The complete output of this
process is shown in Figure 2.

4.2 Exponential Smoothing with Trend (Holt’s Fit)

The function for Holt’s fit is “HoltFit(Alpha As Single, Beta As Single, Actual As
Range, Optional InitialLevel As Variant, Optional InitialTrend As Variant, Optional
ForecastPeriod As Variant)”

For the Holt's fit, users have to provide the a and the § values along with a range
with actual data. They also have options to provide “InitialLevel”, “InitialTrend” and
the “ForecastPeriod”.
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s

[ @21 - 5 |

A B
alpha 0.1
beta 0.2

1

2

3

4 Actual
5 Month

6

I

8

Smoothed Smoothed

Demand Forecast, Ft Trend, Tt HoltFITt Holt FITt (without initilization)

1 100.1678 100 5 =HoltFit($B%$1,$B%$2,B36:B$35,C$6,0%$6,A6) =HoltFit(B$1,B$2,B$6:B335, A6)

2 105.5326 =HoltFit($B$1,$B$2 B$6:B$35,C$6,0$6,A7)  =HoltFit(B$1,B$2 B$6:B$35, A7)

3 106.4641 =HoltFit($B$1,$B$2,B$6:B$35,C$6,D0%6,A8)  =HoltFit(B$1,B$2,B$6:8%35,,,A8)
g9 4 106.3257 =HoltFit($B$1,$B$2 B36:B$35,C$6,0$6,A9) —HoltFit(B$1,B%2 B$6:B335, A9)
10 |5 103.2784 =HoltFit($B$1,$B$2 B$6:B$35,C$6,0$6,A10) =HoltFit(B$1,B$2,B$6:B335, A10)
116 105.9517 =HoltFit($B$1,$B$2 B$6:B$35,C$6,0$6,A11) =HoltFit(B$1,B$2 B$6:B%35, A11)
12 |7 105.0688 =HoltFit($B$1,$B$2,B$6:8$35,C$6,0$6,A12) =HoltFit(B$1,B8%2,B$6:8%35,,A12)
13 |8 1126189 =HoltFit($B%$1,$B%$2 B$6:B$35,C$6,0%$6,A13) =HoltFit(B$1,B$2,B$6:B335, A13)
14 9 103.0878 =HoltFit($B$1,$B$2 B36:B$35,C$6,086, A14) =HoltFit(B$1,B$2,B$6:B335, A14)

1

=

1472 27RD

—HnKCiHERS1 ¢RE? REAREIA MER NEAR A1RY

—HAHCiHRE1 RE? REA-RL2A

A4RY

Figure 3: UDF Formula for Holt's Fit

Here besides Old smoothed estimate the old trend estimate is also required. The
old trend estimate is the last period’s trend estimate. When smoothing is done for the
very first time, “InitialLevel” and “InitialTrend” replace the old smoothed estimate
and the old smoothed trend. If the user chooses not to provide these values, the
actual data of the period one is used as the default value of “InitialLevel”; and,
“InitialTrend” is set to zero. The period one is the period from which actual data is
available. For period one, the forecast value is equal to the sum of “InitialLevel” and
“InitialTrend” if both are provided. If not, this value is equal to the actual value of
period one. The explanation of the “ForecastPeriod” is similar to what we described
for the simple exponential smoothing.

Figure 3 shows the worksheet with relevant formulas for Holt’s Fit. The actual
data for thirty periods appears in this worksheet. In this case the a value is 0.1 and
the B is 0.2. The detail of inserting function is the same as above. Column E shows
the Holt’s Fit when all of the optional information are provided. However, Column F
shows the same when initial values (“InitialLevel” and “InitialTrend”) are not
provided. And, Range “G6” shows the outcome when even the forecast period is not
supplied. So, the forecast here is for the period 31. Figure 4 shows the output of this
process.

4.3 Exponential Smoothing with Seasonality (Winter’s Method)

The function for Winter’s fit is “Winter(Alpha As Single, Gamma As Single,
Actual As Range, Season As Range, Optional InitialLevel As Variant, Optional
ForecastPeriod As Variant)”

For the Winter’s fit, users have to provide the a and the y values along with a
range with actual data. In addition, they also have to provide seasonality indices.
There are two ways this can be provided. First, they can enter one value equal to the
number of seasons. For example, if there are six seasons they can enter “6”. Another
way is to enter all the seasonal indices. Again, if there are six seasons then there are
six indices. None of the indices can be negative or zero. If negative or zero values are
entered, an error message appears as the outcome. Also, the total of such indices
should be equal to the number of seasons (i.e. six in this case). If the total is different,
then the function automatically normalizes each of the indices making the total as
required.
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[ H6 - £
A B C D E = G
1 alpha 01
2 beta 02
3
4 Actual Smoothed Smoothed
5 Month Demand Forecast, Ft Trend, Tt Holt FITt Holt FITt (without initilization) Holt Fit (without forecast period)
6 1 10047 100.0 5 105.00 10017 140.33[
7 2 10553 109.42 10017
8 3 10646 113.86 100.81
9 4 106.33 117.80 101.60
10 5 10328 121.10 102.38
11 6 10595 123.41 102.81
12 7 105.07 125.40 103.52
13 & 11262 126.71 104.10
14 9 103.09 128.35 105.55
15 10 11238 128.38 105.85
16 11 1113 129.00 10718
17 12 116.34 129.11 108.36
18 13 115.83 129.45 110.07
19 14 12444 129.44 111.69
20 15 12379 130.19 114.25
pal 16 126.70 130.67 116.69
22 17 126.20 131.31 119.37
23 18 12533 131.74 121.87
24 19 13495 131.91 12411
25 20 126.56 133.08 127.30
26 21 13579 133.17 129.31
27 22 13465 134.23 13218
28 23 12917 135.07 134.70
29 24 13716 135.16 136.30
30 25 13481 136.09 138.56
3 26 137.80 136.66 140.29
32 27 136.74 137.49 142.09
33 28 14010 13812 143.50
34 29 13337 139.07 145.04
35 30 143.88 139.13 145.51
36 3 140.33 146.96
37 32
38
PR EXP | Holt .~ Winter -~ HoftWinter ~“Sheet? exp2 , Hoft2 - Sheet4 Sheet5 . EXPi %1 o ! m

Figure 4: Holt’s Fit Complete

They also have options to provide “InitialLevel” and the “ForecastPeriod”. These
terms have the same meanings as discussed in the cases of exponential smoothing

and Holt's fit.
A B o] D E 1=
1 alpha 0.5 Number of Seasons 6 |
2 gamma0.5
3 Time [Sales Season| Forecast [ Forecast I
4 PeriogData [Level |Factor {with Initial Level, with # of seasons) chout Initial Level , with seasons seasonal indicd With
5 1 106.66 1.1 =winter($C$1,$C$2,5B%$5:3B$34,F$1,$C$10,$A5) =winter($C$1,5C$2,$B$5:$B8$34,0$5:0$10,$A5) =winter($C
6 |2 133.39 13 =winter($C$1,$C$2,$B%5:$B$34 F$1,$C$10,$A6) =winter($C$1,$C$2 $B$5:$B$34,0$5:D$10, $A6)
713 123.45 12 =winter($C$1,5C$2 $B$5:$B$34,F51,$C$10,$A7) =winter($C$1,5C52,$8$5:$8$34,D0$5:0$10,.3AT7)
8 |4 100.27 099 |-winter($C$1,5C$2,$B35:$B%34,F$1,$C$10,$A8) -winter(3C3$1,5C52,$B$5:$8%34,0$5:0$10,3A8)
9 5 72.874 0.75  |=winter($C$1,8C$2,5B$5:$B%34,F$1,$C510,$A9) =winter($C$1,$C$2,$B$5:5B$34,0$5:D0$10,,$A9)
10 |6 65.172{100.31]0.66  |=winter($C$1,$C$2,$B$5:$B$34,F$1,$C$10,$A10) =winter($C$1,5C$2,$B$5:$8$34,0$5:D$10,$A10)
117 104.23 =winter($C$1,5C$2 $B$5:$B$34,F51,$C$10,5A11) =winter($C$1,5C$2,$8$5:$8$34,D0$5:0$10,.3A11)
12 |8 132.17 =winter($C$1,5C$2 $B$5:$B$34,F$1,$C510,$A12) -winter($C$1,5C3$2,$8$5:58$34,D0$5:0$10,.3A12)
1319 115.71 =winter($C$1,$C$2,$B%$5:5B$34,F$1,$C$10,$A13) =winter($C$1,5C$2,$B$5:$8$34,0$5:0$10,$A13)
14 |10 99166 =winter($C$1,$C$2,$B$5:$B$34 F$1,$C$10,$A14) =winter($C$1,5C$2,$B$5:$8$34,0$5:D$10, $A14)
15 |11 73.304 =winter($C$1,5C$2 $B$5:$B$34,F51,$C$10,$A15) =winter($C$1,5C52,$8$5:$8$34,0$5:0$10,.3A15)
16 |12 64.983 =winter($C$1,5C$2 $B$5:$B$34,F$1,$C510,$A16) —winter($C$1,5C3$2,$8$5:58%$34,D0$5:0$10,.3A16)

Figure 5: UDF Formula for Winter’s Fit

Figure 5 shows the worksheet with relevant formulas for Winter’s fit. There is an
actual data for thirty periods in this worksheet as well. In this case the a value is 0.5
and the y is 0.5. There are six seasons in this data. Column E shows the forecast when
“InitialLevel”, number of seasons and “ForecastPeriod” are provided. However,
Column F shows the same when “InitialLevel” is not provided, but the indices of the
seasons and “ForecastPeriod” are provided. In this case also the “period one” is the
very first period from which actual data is available. The outputs for first six periods
(because there are six seasons in this case) are directly dependent on how forecasting
is initialized.
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Finally, in the case of Range “G6” no information that is optional (including the
forecast period) is supplied. So, the forecast is for the period 31. Figure 6 shows the
output of this process.

4.4 Exponential Smoothing with Trend and Seasonality (HoltWinter’s Fit)

The function for HoltWinter’s fit is “HoltWinter(Alpha As Single, Beta As Single,
Gamma As Single, Actual As Range, Season As Range, Optional InitialLevel As
Variant, Optional InitialTrend As Variant, Optional ForecastPeriod As Variant)”

For HoltWinter’s fit, users have to provide @, f and y values along with a range
with actual data. The ways season can be provided is the same as in the case of
Winter’s fit discussed above. And options on providing or not providing
“InitialLevel”, “InitialTrend” and “ForecastPeriod” are also as discussed above.

Figure 7 shows the worksheet with relevant formulas for HoltWinter’s Fit. There
is a data for thirty periods in this worksheet as well. In this case, @, f and y each have
a value of 0.5. There are six seasons in this data. Column F shows the forecast when
initial level, number of seasons and forecast periods are provided.

[ F38 - fe | =winter($CS1,$C$2,$BS5:98$34, 0$5:D$10,,$A38)

A B C 5 E F G
1 alpha 05 | Number of Seasons 6 |
2 gamma 0.5
3 [TinSales Seasonal Forecast [ Forecast [ Forecast |
4 Pe|Data |Level |Factor nitial Level,with#ofsedLevel,with seasons sedhoutForecastPeri
5 1] 10667 1.1 106.67 110.34 110.01
6 2] 133.39 13 133.40 130.40
7 3] 12345 1.2 123.46 120.37
8 4] 100.28 099 100.28 99.30
9 5| 7287 0.75 72.88 7523
10 6| 65.17[100.31 0.66 6517 66.20
11 7 104.23 106.67 110.34
12| 8 13217 131.87 126.79
13 9 11572 122.18 119.52
14 10 99.17 96.62 97.04
15 11 73.30 7114 74.32
16 12 64.98 64.59 64.95
17 13 10540 105.42 106.74
18 14 133.71 132.66 128.49
19 15 11872 121.52 118.80
20 16 9578 99.56 99.31
21 17 7314 71.05 73.25
22 18 6244 64.09 64.64
23 19 11432 102.79 104.05
24 20 12702 136.90 134.00
25 21 122.08 119.46 117.08
26 22 9729 99.71 99.11
27 23 7217 72.88 74.38
28 24 6878 63.59 654.18
28 25 11328 111.11 112.39
30 26 134.76 13523 133.48
31 27 11883 125.21 123.22
32 28 9919 99.58 98.81
33 29 7148 73.81 7477
34 30 67.89 65.10 65.65
35 31 110.01 111.18
36 32 131.87 131.59
37 33 120.82 119.52
38 34 99.81 | 98.57 _|
W EXP ~ Holt | Winter .~ HoltWinter Sheetzjqer);az Hoft2 -~ Sheet4 - ShestS ~EXP1 %J 0 ]

Figure 6: Winter’s Fit Complete

However, Column G shows the same when “InitialLevel” is not provided, but
the indices of all the seasons and forecast periods are provided. And in the case of
Range “H6” no information that is optional, including the forecast period is supplied.
So, the forecast is for the period 31. Figure 8 shows the output of this process.
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A B C D E B G H
1 |alpha 0.5
2 |beta 05
3 |gamm 0.5
4 # of seasons 6
4 Time |Actual|Base | ‘S(isol{ Forecast ‘ Forecast ‘ Forecast
6 |PerioqSales |Level |Trend \Fac{o (with Initial Level, with # of ) Iwi[hou( Initial Level , with seasons sea | indicesj Without Forecast Period
71 106.67" 11 =HoltWinter(3851,5852 5B$3,5857-5B536, E57-E$12 $C512,§D512.5A7)  =HoltWinter($B51.5852,5853 $B57-5B536,5G54., 5A7) =HoltWinter(3851,5852 5853 5857 5B%
8|2 131.152 13 =HoltWinter(3B$1,5852,5B83,5B57:3B536,E57:E$12,8C512,50$12,5A8)  =HoltWinter(§B51,56$2,5883,$B57:3B836,5G84,,.5A8)
0813 127.23¢ 12  =HoltWinter(3851,5B852 5853 5B57-5B536,E57 E$12,5C512,§D512 $A3) =HoltWinter($851.5B852,5B853 $B57-5B536,5G54. .,5A9)
10 4 103.22¢ 099  =HoltWinter(3551,5652,5583,5857:35536,E57:E912,5C512, 50512, 5A10) =HoltWinter(5B51,5692,5553,5B57:55536.5G84. .. 5A10)
1115 73.056( 075 =HoltWinter(38$1,5852 5B$3,5B57-5B536, ES7-E$12 $C$12,$0$12 5A11) =HoltWinter($B51.$B52,5853 $B57-5B536 5G4, 5A11)
12 |6 63.736£100.84 0 0.66  =HoltWinter(5B51,5552 5B53,5857.$B536.E57-E512,5C512,5D0512,5A12) =HoltWinter(5851,5852,5853,5557:58536.5G54,,,5412) |
13 |7 99.428¢ =HoltWinter(38$1,5852,5B83,5857:38536,E57-E$12,8C512,$0512,5A13) =HoltWinter(3B$1,58$2,9853,5057:5B836,5G84,,,.5A13)
148 128.17¢ =HoltWinter(3851,5852 5853 5857-5B536,E57-E$12,5C512 $0512 5A14) =HoltWinter(3851 5852 5853 $B57-5B536,5G%4.,.5A14)
Figure 7: UDF Formula for HoltWinter’s Fit
H12 - %]
A B cC |D E F G H
1 alpha 0.5
2 |beta 05
3 gamma 0.5
4 # of seasons 6
5 Time |I-'u:tua| ‘Hase | |5easuna|‘ Forecast Forecast | Forecast |
G Period |Sales |Level |TrelFactor ith Initial Level, with # of seasongl Level , with seasons sea{llithout Forecast Period
7 1 106.67 11 110.9 106.7 1355
8 2 13115 13 1311 131.2
9 3 12724 12 121.0 127.2
10 4 10323 099 99.8 103.2
11 5 T73.06 0.75 75.6 731
12 6 6374 10085 O 0.66 66.6 ES,TI _I
13 79943 110.8 106.7
14 8 12818 1209 1245
15 9 1147 1135 1213
16 10 101.82 93.2 93.4
17 11 7815 748 68.9
18 12 7185 68.8 66.0
19 13 11752 1174 118.4
20 14 182.07 149.3 185.2
21 15 14058 1422 1513
22 16 118.11 1225 1249
23 17 92.38 921 87.2
24 18 8091 828 79.0
25 19 149.83 1335 131.7
26 20 166.95 183.0 186.5
27 21 157.81 161.7 170.0
28 22 128.50 1354 139.6
29 23 9795 100.0 97.3
30 24 90.80 86.1 82.7
31 25 14897 1484 1450
32 26 177.25 176.6 177.4
33 27 158.57 164 8 1709
34 28 13057 1344 1389
35 29 9381 100.5 99.8
36 30 8744 844 82.0
37 kil 139.0 1355
38 32 1611 156.9
39 33 144 .6 1434
40 4 118.5 119.3
41 35 88.1 88.3
42 36 79.2 78.4
qu< » * [ BX¥P . Holt - Winter | HoltWinter ~“Sheet2 ~“exp2 ~“Holt2 “Sheet4 ~“Sheet5 ~EXP1 %7 [
Figure 8: HoltWinter’s Fit Complete
| A B CaliDileE E G H
1 |alpha 05
2 |beta 0.5
3 |gamma 05
4 #ofseasons
§ Time [Actual [Base| [Seasonal | Forecast |
§ Period |Sales [Level|TrefFactor | {with Initial Level, with # of seasons) |
7N 106.671880723 14 =HoltWinter(5B%1,5852 $B%3,3B57-5B$36,E57.E512,5C§12,5D512 5A7T)
8 |2 131.153184252 13 =HoltWinter(5B$1,5B52 $B%3,5B57:5B$36,E57.E512 5C512,5D512,5A8)
913 127.236493308 12 =HoltWinter(5B%1,5852, 5853 5857:58536,E57.E512,5C512,50512,5A9)
10 |4 103.225164520 0.99 =HoltWinter(5851,5852, 5853, 585758536, E57:.E512,5C512,50512 5410)
1116 73.0560768775 0.75 =HoltWinter(5B$1,5852,5B52,5857:5B536, E57.E512,5C512,5D812 3A11) MSE '=m59{B?:B35,F?:F35}
12 |6 63.7369256000 100.8.0 0.68 =HoltWinter(5B51,5852, 853, 585758336 ES7-E512,5C512,50512.5412)  MAD '=mad{BT:BSS,FT:F35]
137 99.4288095757 =HoltWinter(58$1,5852,5B53,58% 758536, ES7.E512,5C512,50512,5413)  MAPE '=MAPE{BT:BSS,F:’:F35
148 128.179578188 =HoltWinter(5851,5B852,5B53,5B57:5B536,E57.E512,5C512,5D512,5414)
1519 114.708075036 =HoltWinter(5B$1,5852 5B53 5857 5B536, E57'E512 5C512 50512 5A15)
16 10 101.819148568 =Holtwinter(5851,5B852,5B853, 585758536, E57.E$12,5C512,5D512 5A16)
Figure 9: UDF Formulas for Error Calculations
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4.5 Error Formulas

As discussed above, error should be measured for each forecast. The function for
MSE is “MSE(Actual As Range, Forecast As Range)”. Similarly, the function for MAD
is “"MAD(Actual As Range, Forecast As Range”). And, the function for MAPE is
“MAPE(Actual As Range, Forecast As Range”).

Figure 9 is the printout of the worksheet “Errors.” It shows UDF formulas for
error calculations. In Column F the formulas to forecast with Holt-Winter’s Fit are
shown. In the Ranges G11 to G13 there are three functions for MSE, MAD and MAPE
respectively. It is to be noted that, while selecting ranges for error formulas, the first
periods are ignored. The forecasts for the first period are the outcomes of
initializations. Figure 10 shows the completed worksheet.

Holt-Winter’s Fit is used just as an example. Any other forecast method could
have been used. As one more example, error calculations for simple exponential
smoothing is shown in worksheet “Errors1”.

A B c D E F G H
1 alpha 05
2 |beta 05
3 gamma 05
4 # of seasons
5 Time [Actual [Base | [Seasonal | Forecast |
6 Period [Sales [Level [Trend[Factor [ {with Initial Level, with # of seasons) |
T 1 106.67 1.1 110.9
8 2 13115 1.3 13141
5 3 127.24 1.2 121.0
10 4 103.23 0.99 99.3
11 5 T73.08 075 756 MSE "38.22
12 G 6374 10085 0 0.66 66.5 MAD " 4.59
13 7 9943 110.9 MAPE " 3.96
14 8 12818 120.9
15 9 11471 113.5
16 10 101.82 93.2
17 11 7815 748
18 12 7155 G68.8
19 13 117.52 117.4
20 14 152.07 149.3
21 15 140.58 142.2
22 16 118.11 122.5
23 17 92.38 921
24 18 8091 828
25 19 149.83 133.5
26 20 166.95 183.0
27 21 157.81 161.7
28 22 12850 1354
29 23 9795 100.0
30 24 90.80 86.1
Khl 25 14897 148.4
32 26 177.25 176.6
33 27 158,57 164.8
34 28 13057 134.4
35 29 9381 100.5
36 30 8744 84 4

Figure 10: Error Calculations Complete

4.6 Minimizing Error

As mentioned above error is inevitable in any forecasting method. However,
forecasters always endeavor to minimize the size of the error. Solver, which is one
add-in in excel, can be used to minimize the error.

We have shown the procedure in Figure 11. The figure shows the solver dialogue
box. First, H11 is the target cell chosen; it stores the value for MSE. MSE is to be
minimized, so “Min” button is selected. The selection in “By Changing Cells” shows
that values for a, p and y can be changed. The constraints are shown in “Subject to
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constraints” box. There are two constraints. The first one is the values of o, f and
y cannot be more than one. Again, the second is that their values should be more than
or equal to zero. Once these steps are completed, the problem can be solved by
pressing “Solve” button. Figure 12 shows the outcome. Note that the o, and
y values have changed and MSE has gone down to 34.20 from 38.22.

H1l - ﬁr| =mse(B7:B35,F7:F35)

A B C D E F G H
1 alpha 05
2 beta 05
3 gamma 0.5
4 # of seasons
5 |[Time Actual |Base Seasonal Forecast
6 Period [Sales |[Level Trend |Factor (with Initial Level, with # of seasons)
T 1 106.67 1.1 110.9
8 2 13115 1.3 1211
9 3 12724 1.2 121.0
10 4 10323 0.99 998
11 5 T3.06 0.75 756 MSE 38.22
12 6 6374 10085 0 0.66 666 MAD 4.59
13 7 09943 1109 MAPE" 3.96
14 g 12818 120.9
15 9 11471 113.5
1?, Solwver Parameters Iﬁ
1 g Set Target Cell:
20 Equal To: ) Max (@ Min ) Value of: 0 -
M By Changing Cells:
g% $B51:5B53
24 Subject to the Constraints:
25 eBEl1:sBs3 <=1 - Add
26 SBES1:$B53 >= 0,00001 =
2r
2
2s !
30
Ej
32| ™
33 27 158.57 164.8
34 28 13057 1344
35 289 9381 1005
36 30 8744 844
ar 31 138.0

Figure 11: Error Minimization Using Solver

Interested readers can also try to minimize error in simple exponential
smoothing, using worksheet “Errors1”. Here only o value has to be changed. Similar
method can be used to minimize errors in other forecasts as well.

However, it should be noted that this is a non-linear programming. The output
of non-linear programming is the local optimization. That means the minimum value
depends on the starting values of a, B and y. So, before coming to firm conclusion
forecasters should try with different values for these constants and see how
minimum value for error changes. Readers interested in detail discussion on non-
linear programming and error minimization are directed to relevant textbooks [for
example 7].
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H11 ~( Ix | =mse(B7:B35,F7:F35)
A B C D E F G H
alpha 0.391
beta 0.415

gamma 0.43
# of seasons

Time Actual |Base Seasonal Forecast
Period [Sales [Level |Trend [Factor (with Initial Level, with # of seasons)
1 106.67 11 1109
2 13115 13 1311
312724 12 121.0
4 103.23 0.95 99.8
5 73.08 0.75 756 MSE 34.20_
6 6374 10085 ] 0.66 66.6 MAD 4.61
7 9943 110.9 MAPE  4.08
8 12818 1236
9 114.71 114.4
10 101.82 934
11 78.15 T35
12, 71.55 BTi‘

Salver Results

Solver has converged to the current solution. All

| L) | L) | | L [ L L | L PRI P P DI P PP P P S| = | = | | | | | e | [ |
&S0 E G E S S s ;e S o m e B R oo e N ) R R =

constraints are satisfied. Reports
Answer -
Sensitivity
d Limits
() Restore Original Values i
OK ] [ Cancel ] [ Save Scenario... ] [ Help
24 90.80 879
25 148.97 149.4
26 177.25 176.9
27 158.57 163.6
28 13057 1341
29 9381 100.9
30 87.44 86.2
3 1413

Figure 12: Solver Output for Error Minimization

5 Discussions

All of the outputs discussed here are in the workbook Forecast2.xIsm. The data
for these problems are artificially created. Before using the functions to analyze these
data, they were tested to solve problems in textbooks [such as 7, 9].

In using these functions, the convention when forecast period is 1 should be
noted. More importantly, functions developed here are just for illustration and
academic discussions. For any other use, further testing and modification of
functions may be necessary. Users should also see whether the particular forecasting
model (used here) is appropriate for their purpose.

6 Conclusion

This article presents (and describes in detail) seven user defined functions (UDF)
we developed. Out of these, four functions are for exponential smoothing and three
are for error measurements. These functions were developed using visual basic for
application (VBA) in Excel. Users can use these functions and get their desired
output directly. Using these functions removes the need for intermediate steps and
make exponential smoothing models (such as Winter's Model and HoltWinter’s
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model), as well as error measurements, easier to implement. Besides ease of
implementation, these functions are also flexible. Thus, these simple functions

enhance Excel’s usefulness in forecasting.
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