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ABSTRACT : The present investigtion was carried out to study the trends in India’s milk production during the period 1990-91
to 2010-2011 based on fuzzy time series and holt-winters non-seasonal time-series models. Model performances have been
carried out based on the model performance criteriasuch as thelower values of mean square error, variability co-efficient (5) and
correlation co-efficient (r) of the model. It was found that the holt-winters non-seasonal time-series was found suitable to study

the milk production trend.

KEY WORDS: Window based Fuzzy time series, Mean square error, Variability co-efficient, Holt-Winters non-seasonal model

HOW TO CITE THISPAPER : Thirunavukkarasu, M.J. and Rajarathinam, A. (2018). Stochastic modeling for milk production. Res. J. Animal
Hus. & Dairy Sci., 9(2) : 26-35: DOI: 10.15740/HAS/RIAHDS/9.2/26-35. Copyright@ 2018: Hind Agri-Horticultural Society.

I NTRODUCTION
Livestock farming has a increased commercial

can get to a close approximation.

Satya Pal et al. (2007) have employed to forecast -
India’s milk production during the period 1980-81 to 2004-

05 using the statistical time series modeling techniques — :

Double Exponential Smoothing and Auto — Regressive : and holt-winter non-seasonal models have been employed

Integrated Moving Average (ARIMA) models. Thetime - to the trends in India’s milk production data set.

series models often explain the current values of the -
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- dependent variables as functions of past values of the
. dependent and independent variables. These past values

enterprise in India. The milk production numbers have : are referred to as lagged values, and the variables x, is

increased significantly, so hastheuse of milk by-products. - calledlagi of the variable x.. If the data are time series,

With thisincreasing demand for milk thererisesaneed : sothat t indexestime, itispossiblethat €, theerror of the

to forecast the milk production valuein future, We have ; Model a time t, depends on e,; or, more generaly, the

been Congantly researchi ng in improvig'ng theforecasti ng et’S are not identica“y and independently distributed. If

techniques to foresee the crop production, drought and

femine for example. One cannot make a hundred per - error of the estimates of the parameters of the system

cent forecast, but by using efficient statistical toolsone @ Will be inflated. Some times the s are not identically

- distributed because the variance of eisnot constant. This

the errors of a model are autocorrelated, the standard

isknown asHeteroscedasticity which inflate the standard
error of the estimates of the parameters of the model.
Looking to the above drawbacks, fuzzy time series

M ATERIAL AND M ETHODS
In order to achieve the stipulated objectives of the

. present investigation time-seies data on Indian milk
- production pertaining to the period 1990-91 to 2010-2011
- have been collected through the Department of Animal
© Husbandry, Dairying and Fisheries, Ministry of Agriculture,
- Government Agricultre Statistical officein Chennai, Tamil
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Nadu, India. The Fuzzy time series model and Holt- :
Winters non-seasonal model have been employed to study
the milk production trends and the model performances -
have been studied based on the model performance
criteria such as the lower values of mean square error
(MSE), variability co-efficient (5) and correlation co- -
. the milk production data. Sullivan and Woodall (1994)

efficient (r) of the model.

In order to study the trends in India’s milk production -
the window based fuzzy time series models (Jeng-Ren -
Hwang et al., 1998) and holt-winters non-seasonal time- :
series model s have been employed. The details of these -
. invedtigation, thefuzzified variation of the historical milk
- production and the linguistic values viz., (big decrease),
Window based fuzzy time series (Jeng-Ren Hwang -
. big increase) have been used to forecast the milk

procedures are discussed below.

et al., 1998) :

Assume that the milk production of year tisx and -
 milk production between year t and year t— 1 are described

assume that the milk production of year t — 1 is y, then

the variation of the milk production between year t and :

year t-1 is equal to x-y. Firstly, we describe some -
-/ (too big increase)

heuristic ruleswhich are similar to the human thought:

Rule 1:

other past years.

Rule 2

decreasing.

From rules 1 and 2, we might have two problems. :
Firstly, if thetrend of the variationsof themilk production -
of the past yearsis not so obvious, how canwe know the :
trend of the variation of the milk production this year? -
Secondly, how to define the degree of variation of this :
year? The solutions of thesetwo problemsare described

by thefollowing heuristic rule:

Rule 3:

L et thevariation of last year be acriterion. Compute -
the fuzzy relationships between last year and the other
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past years based on data variations. From the derived
fuzzy relationships, one can know the degrees of
relationships between the variation of last year and the
variations of other past years. Thevariation of thisyear
can be obtained from the derived fuzzy relationships.
Based onthese heuristic rules, firstly we can fuzzify

and Jeng-Ren Hwang et al. (1998) used the linguistic
values (not many), (not too many), (many), (many many),
(very many), (too many), (too many many) to forecast
the enrollments of the University of Alabama. In this

(decrease), (no change), (increase), (big increase), (too
production of India. Thefuzzified variation of thehistorical

bel ow.

F (t) = u, /(big decrease) + u, /(decrease) + ... +u/(L) +..+u_

()

where, F (t) denotes the fuzzified variation of the

- milk production between year t and year t — 1, u, isthe

The variation of the milk production between this : 9rade of membership to thelinguistic velue L, mis the

year and last year isrelated to the variations of the milk number of the elementsin the universe of discourse, and

production between this year and the past years, and the

relationship of the milk production between thisyear and

last year is closer than the one between this year and the decide how many years of the milk production datawill

- beused,wherethe number of years of themilk production
. datawe usedis called the window basis. Suppose we set
- awindow basistow years, then thevariation of |ast year
If thetrend of the number of milk production of the : iSusedtobeacriterionand the other variations of w past
past years is increasing, then the number of milk : Years are used to form a matrix which is called the
production of thisyear isincreasing. If the trend of the - : _ :
number of milk production of the past yearsisdecreasing, : OPeration matrix O" (f) at year t are given below :

then the number of milk production of this year is :

1<i<m.
Toforecast the milk production of year t, one must

operation matrix. The criterion matrix C (t) and the

(bigdecrease) (decrease) . . . (too big increase)
Ct=F (t-1) =] c c, ...cC.1 ..(2)

1 2

(big decrease) (decrease)...(too big increase)

F(t-2) | [0y Op O |
o" (f) al ¥ (t:- 3) . (Tz] (?23 .:“ O:zm (3)
F(t-w-1)| |[Owy Ow: = Oum|

One can calculate the rel ation between the operation

- matrix O" (t) and the criterion matrix C(t), and get a

relation matrix R(t)[w, m] by performing R(t) = O (1)
®C(t), where
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0,XC, 0, XC,..0,XC, | [Ry Ry R,
Rit)= 0, :k('n 0, :X C; - (:)Em Atm |= 1{:21 R_:z :Rzn.:
Ow1 x(11 Out-x ('.!“' Onm xcm l'{‘\\'1 R-nz s IRun;

whereR =0, xC, 1< i<w, 1< j<m,and“x”
isthe multiplication operation. From the relation matrix -
R(t), we can know the degree of relationships between :
last year and the other past yearsin datavariations. Then, :
wecan get theforecasting variation of themilk production -

data of year t, where

F(t) = [ Max(R,, Ry, - , R,) .. Max(R,, R,,, ...
Max(R,, R, -, R,)] ..(5)
Holt-winters non-seasonal model (Liu Cuicui and
Yun Jun, 2012) :

The holt-winters non-seasonal method is onekind The window based fuzzy time series is now

. presented as follows:
. Sep 1
prediction the future by calculating the exponential :

of time series analysis and forecast method, which
combined with a certain amount of time series

smoothing value. In extended single exponential
smoothing to linear exponential smoothing to allow
forecasting datawith trends. Time seriesdata of India
milk production has trend but non seasonal trends, so
select the appropriate holt-winters non seasonal model
to prediction future. This method is found using two
smoothing constants, o and 3, and make compute
followingthree eq.:
L=aY+(1-a)(L_+b.)

b=b(L,-L,)+(@-b)b,
FHk = LI + b(k

values are calculated by F, =L, + bk.

Model performance measures :

error indicators.
X, X,

predictionvaueis X, % ... X, .
Mean square error(MSE) is

1 n :
MSE =— Y.(x; —%;)°
nmij-y

Variability co-efficient () is

@

R
. non-seasona models have been employed to study the
- milk production trend and the results are discussed in
- detail inthefollowing sections.

evenlengthintervalsu,, u,, ...
. of discourse U into six intervals, whereu,= [0, 1.1], u=

Model performance have been carried out based on lel[éé] GUé]_ 22,33, u,=[33,44] u=[44,53], and
accuracy of the different forecast models. Accuracy : ° T
refers to the extent consistent with the predicted result - Sep 3:
with the actual situation, which can be reflected by the :

REsULTSAND DiscussioN
Window based fuzzy time series and holt-winters

From the historical milk production data, compute

. thevariationsin milk production the milk data between
- any two consecutive years. For example, if the milk
- production in 1992 is 58 and the milk production in the
© previous year 1991 is 55.6, then the variation of years
- 1992 = 58 — 55.6 = 2.4. Based on the historical milk
. production data, the variations of the milk data between
- any two continuousyearsaregiven in Table 1. Fromthis
- one can find the minimum increase D, - and maximum
. increase D__ . Then define the universe of discourse U,
. U=[D
where L, is the intercept, and b is the slope and Fl)%?tgigirﬁgoeﬁ (I:—lair (ke)eS?teErnége_ntlec? ag U'=[0, 6.5].
k>0, a=1, B=1 is smoothing constant. So the smoothing - 2
constant giving larger weightsto recent observationsand Sep 2:
smaller weights to long-term observation. Predictive :

-D, D, +D,], where D, and D, are suitable
=6.1,D,=-

min

Partition the universe of discourse U into severd
., U_. Partitionthe universe

Define fuzzy sets on the universe of discourse U.

, _ - First, determine some linguistic values represented by
-+ X, ISobservation data. The corresponaing - fuzzy sets to describe the degree of variations between
. any two consecutive years. In thisinvestigation, six fuzzy
- sets which are A = (big decrease), A,= (decrease), A =
- (no change), A= (increase), A= (big increase), A = (too
. bigincrease) have been considered. Then, definefuzzy sets
: A, A, ... A ontheuniverseof discourseU asfollows:
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A= Uu, +05/u, + 0/u, +0/u, +0/u; + Ol : A= 0lu, + Olu, + Olu, + O/u, +0.5 /u, + Lu,,

A,=05/u, + Yu, +05/u, +0/u, +0/u, + Olu, :

A= 0/u, + 0.5/u, + Yu, + 05/u, +0 /u; + Olu, :

A= 0, +0/u,+05/u, + Lu, +0.5 lu, + Olu, . Sep 4:

A= 0lu, + Olu, + Ofu, + 0.5/, +1 fug + 0.5/u;, : Fuzzify the values of historical milk data. If the

Table1: Milk production and variations of historical data

Y ear Milk production Variation
1991 55.6

1992 58.0 24
1993 60.6 26
1994 63.8 32
1995 66.2 24
1996 69.1 29
1997 721 3.0
1998 75.4 33
1999 78.3 29
2000 80.6 23
2001 84.4 338
2002 86.2 18
2003 88.1 1.9
2004 92.5 44
2005 97.1 4.6
2006 102.6 55
2007 107.9 53
2008 112.2 43
2009 116.4 42
2010 121.8 54
2011 127.9 6.1

Table 2: Fuzzified milk production in India

Year Milk production Fuzzified variations
1991

1992 24 As
1993 2.6 As
1994 32 As
1995 24 As
1996 29 As
1997 3.0 As
1998 33 A4
1999 29 As
2000 23 As
2001 38 Al
2002 18 A,
2003 1.9 Az
2004 44 As
2005 46 As
2006 55 As
2007 53 As
2008 43 As
2009 42 Ay
2010 54 As
2011 6.1 As
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number of variation of the milk dataof year i isp where -
@, xCM)[j] wherel<i<4,and1<j<6. Then,
- based on formula (3.4), we can get

then pistrandated toA, . The fuzzified variations of the -

peu, andif thereisavalue represented by fuzzy setA,
in which the maximum membership value occurs at u,

milk dataisgiveninthe Table 2.

Sep 5:

Chooseasuitablewindow basisO” (t) and cal culated
the output from the operation matrix and the criterion
matrix C(t), wheret is the year for which we want to
forecast value is needed. For example, if we set w = 5,
then we can set a4 x 6 operation matrix O° (t) anda 1 x
6 criterion matrix C(t). Because w = 5, we must use six
past years milk data, so we begin to forecast in 1997. In
this case, the operation matrix O° (t) and the criterion
matrix C(t) are asfollows:

Fuzzy variation of the milk production of 1995 —A_‘

0% (1997)= Fuzzy variation of the milk productionof 1994 | A,
N Fuzzy variation of the milk production of 1993 N Ay

Fuzzy variation of the milk productionof 1992 | A,

(Big decrease)(Decrease)(No change) (Increase)(Big increase) (Too big increase)
0 0.5 1 0.5 0 1

i 0

= ¢ 0.5 1 0.5 0 0

e 0.5 1 0.5 0 0
0 0.5 1 0.5 0 0 |

C (1997) = fuzzy variation of the milk production of 1996 = [A ]

(Big decrease) (decrease) (nochange) (increase) (bigincrease) (too bigincrease)
= o 0.5 1 05 0 0 ]

Calculatetherelation matrix R(t) by R(t)[ i, j] =O"

(Big decrease) (decrease) (nochange) (increase) (bigincrease) (too bigincrease)

] 0.25 1 0.25 0 0
0.25 1 0.25 0 0

R{1997)=
! ) 0.25 1 0.25 o 0
0 0.25 1 0.25 o 0

Based on formula (5), one can get the fuzzified

forecasting variation F(1997) of year 1997 shown as
. follows.

(Big decr ease) (Decr ease) (No change) (I ncrease) (Bigincrease) (Too bigincrease)

- F(1997)=[0 0.25 1 0.25 0 0 ]

Thefuzzified forecasted variationsfor theremaining

: years can be calculated by the same way and al the
- resultsare given in the Table 3.

© Sep 6:

Defuzzify thefuzzy forecasted variationsderived in

: Step 5. In this paper, we use the following principles to
- defuzzify thefuzzified forecasted variations:

— If the grades of membership of the fuzzified

. forecasted variation have only one maximum u,, and the
- midpoint of uism, then theforecasted variationism,. If
. the grades of membership of the fuzzified forecasted
© variation have more than one maximum u,, u,, ...., U
- andtheir midpointsarem,, m,, ...,
. the forecasted variation is (m+ m, + . . . + m,)/k. For

k
m,, respectively, then

Table 3 : Forecasted variationswith the window basisw =5

Membership function of forecasted variations

Years

Uy Uy Uz Uy Us Us
1997 0 0.25 1 0.25 0 0
1998 0 0.25 1 0.25 0 0
1999 0 0 05 0.5 0 0
2000 0 0.25 1 0.5 0 0
2001 0 0.25 1 0.5 0 0
2002 0 0 05 1 0.25 0
2003 0 05 05 0 0 0
2004 0.25 1 05 0 0 0
2005 0 0 0 0.5 0.5 0
2006 0 0 0 0.5 1 0.25
2007 0 0 0 0 0.5 05
2008 0 0 0 0 0.5 1
2009 0 0 0 0.25 1 05
2010 0 0 0 0.5 0.5 0
2011 0 0 0 0.5 1 05
2012 0 0 0 0 0.5 1
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example, from Table 3, we can see that the maximum : forecasted variation are all 0, then we set the forecasted
membership value of F(1997) is 1 which occurs at u,, - variationtoO.

wherethe midpoint of u,is2.75. Theforecasted variation -

of 1997is2.75. - Sep T

- If the grades of membership of the fuzzified : Calculate the forecasted milk production data. The

Table4 : Forecasted results using the fuzzy time-series method with the window basisw="5

Y ear Observed milk production Forecasted milk production Errors (%)
1997 72.1 71.9 0.35
1998 75.4 74.9 0.73
1999 78.3 78.7 0.51
2000 80.6 811 0.56
2001 84.4 834 1.26
2002 86.2 88.3 232
2003 88.1 88.4 0.34
2004 925 89.8 3.06
2005 97.1 96.9 0.21
2006 102.6 102.1 0.54
2007 107.9 108.1 0.19
2008 112.2 1139 154
2009 116.4 117.2 0.64
2010 121.8 120.8 0.83
2011 127.9 126.8 0.91
2012 Forecast 133.9

Table5 : Forecasting milk production with different window bases

Year Actual milk Forecasted milk production

data W=2 W=3 W=4 W=5 W=6 W=7 W=8 W=9
1994 63.8 63.4
1995 66.2 66.6 66.6
1996 69.1 69.0 69.0 69.0
1997 72.1 72.0 71.9 719 719
1998 75.4 749 749 74.9 74.9 74.9
1999 78.3 78.7 78.7 78.7 787 787 78.7
2000 80.6 81.6 811 811 811 811 815 811
2001 84.4 834 83.4 83.4 83.4 83.4 84.5 834 834
2002 86.2 87.7 87.7 88.3 88.3 87.7 88.3 88.3 88.3
2003 88.1 89.0 84.4 90.1 88.4 84.4 88.4 88.4 88.4
2004 92,5 89.8 89.8 89.8 89.8 89.8 89.8 89.8 89.8
2005 97.1 92,5 92,5 96.9 96.9 96.9 96.9 96.9 96.9
2006 102.6 1011 102.1 102.1 102.1 102.1 102.1 102.1 102.1
2007 107.9 108.1 108.1 108.1 108.1 108.1 108.1 108.7 108.1
2008 112.2 114.0 114.0 114.0 114.0 114.0 114.0 114.0 114.0
2009 116.4 117.7 118.3 117.2 117.2 117.2 116.6 117.2 117.2
2010 121.8 120.8 120.8 120.8 120.8 120.8 120.8 120.8 120.3
2011 127.9 126.8 126.8 126.8 126.8 126.8 126.8 126.8 126.8
2012 Forecast 134.4 133.4 1334 134.0 134.0 132.9 134.0 134.0
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forecasted milk production is forecasted variation plus
the number of actual milk production of last year. For
example, if theforecasted in 1997 is2.75, and the actual
milk productionin 1996 is69.1, then the forecasted milk
data of 1997 is69.1 + 2.75 = 71.85. The results of the
forecasted milk production of theIndiaare showninTable
4. The following error of each year by the fuzzy time
seriesmethod under thewindow basisw =5isalso shown
inTable4.

Empirical analysis:

Table 5 shows the forecasting results of different
window bases ranging from 2 to 9. From Table 6 we can
seethat the averageforecasting errorsfor different window
bases range from 1.38 per cent down to 0.86 per cent.
From Table 6, we can see that the biggest average
forecadting error (1.38 %) occurred at w=3, and thesmal lest
forecagting error (0.86 %) occurred at w=7. It isdifficult to

find the relationships between the window basis and the

- and Chissom, 1993) which uses genetic algorithmsto find
. thebetter window basisused to forecast. Wherethedifferent
- window basis aveage forecasting error value, so choose
- window w=3 the biggest average forecasting error based
- forecasting thefuzzy time seriesmodel.

The curve of the actual milk production and the

. forecasted milk productions are shown in Fig. 1, where

= Observed
~= Estimated

=
A
o

[
N
o

Milk production (1000 MT)
© o
o o

o
o

66T~
S66T~
966T~
166T~
866T-
666T -
0002+
T00C~
2002+
€002~
¥002-
§002
9002
10024
8002
600~
01024
102
210z4

Year

averageforecasting error, but thereisan efficient way (Song Fig. 1: Forecast of Fuzzy time series window base w = 3
Table6: Forecasting errorswith different window bases
Window bases
W=2 W=3 W=4 W=5 W=6 W=7 W=8 W=9
Average forecasting errors 1.19% 1.38% 1% 0.93% 1.20% 0.86% 1.07% 1.11%
Table 7 : Forecasting milk production with different smoothing constant bases
Actual Forecasted milk production
Y ear milk data a=1 a=1 a=1 a=1 a=1 a=1 0=0.9 0=0.9 0=0.9 o=1
=0.6 p=0.7 $=0.8 $=0.3 =0.9 $=0.4 $=0.8 =0.9 3=0.7 p=1
1992 58.0 58.0 58.0 58.0 58.0 58.0 58.0 58.0 58.0 58.0 58.0
1993 60.6 60.4 60.4 60.4 60.4 60.4 60.4 60.4 60.4 60.4 60.4
1994 63.8 63.1 63.1 63.2 63.1 63.2 63.1 63.1 63.1 63.1 63.2
1995 66.2 66.7 66.8 66.9 66.5 66.9 66.6 66.8 66.8 66.7 67.0
1996 69.1 68.8 68.8 68.7 68.8 68.7 68.8 68.9 68.9 68.9 68.6
1997 72.1 71.9 71.9 71.9 71.8 72 71.8 71.9 71.9 71.9 720
1998 75.4 75.0 75.0 75.1 74.9 75.1 74.9 75.0 75.1 75.0 75.1
1999 78.3 78.6 78.6 78.6 78.3 78.7 784 78.6 78.6 785 78.7
2000 80.6 81.3 81.3 81.3 81.2 81.2 81.3 81.3 81.3 81.4 81.2
2001 84.4 83.2 83.1 83.0 83.3 83 83.3 83.2 83.1 83.2 82.9
2002 86.2 87.7 87.8 87.9 875 88.1 875 87.7 87.7 87.6 88.2
2003 88.1 88.6 88.5 88.4 889 88.2 88.8 88.7 88.6 88.8 88.0
2004 92.5 90.2 90.1 90.1 90.6 90 90.4 90.1 90 90.2 90.0
2005 97.1 96.0 96.2 96.4 95.5 96.7 95.7 95.9 96.1 95.7 96.9
2006 102.6 101.3 1014 101.6 100.6 101.7 100.8 1015 101.7 101.3 101.7
2007 107.9 107.6 107.8 107.9 106.7 108 107 107.8 107.9 107.6 108.1
2008 112.2 113.1 113.2 113.2 112.4 113.2 112.7 113.3 113.3 113.2 113.2
2009 116.4 116.9 116.8 116.7 115.6 116.6 116.8 116.9 116.8 117 116.5
2010 120.8 120.7 120.7 120.7 120.8 120.6 120.8 120.7 120.6 120.8 120.6
2011 127.9 126.8 126.9 127.0 126.5 127.1 126.6 126.7 126.8 126.7 127.2
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the window basis is 3. Table 7 shows the forecasting
resultsof different smoothing constant basesranging from
0 to 1. In the Holt-Winters non-seasonal model the
parameter valuesfor o and 3 have been choosen so that
there is a minimum average error. From Table 8 it is
appearing that the average forecasting error rangesfrom
0.78 % (a=1, p=1) t0 0.87 % (a =1, p=0.3).

The following figure depicts the India’s milk
production trend based on the maximum average
forecasting error values 0.87 % (o =1, 3=0.3) using the
holt — winter non-seasonal model.

180.0
160.0
140.0
120.0
100.0
80.0+

= Observed
— Estimated

60.0-+

Milk production (1000 MT)

9661
866T—
0002
2002+
002+
9002
8002
0T0ZH
2102+
102+
9102+
8102
0202+
2202+

66T

Year

Fig. 2: Trends in milk production based on holt-winter non-

seasonal model

and A. Raarathinam

- Comparison of forecast models :

The Fig. 3 depicts trends in India’s milk production

- based on fuzzy times series aswell as holt-winters non-
- seasonal models. The prediction results for both model
- holds good only for short range forecast, comapritively
- model HW has lower error value but the same increases
- with increase in range. The per cent error in 2011 is
- beyond 1.1 per cent. HW Model is predictive and is
- always lower than the actual value however, the
. percentage error is lower. When it comes to model
- stability, for thefitting results, there are subtle differences

—~ ~ Observed
=175+ - Fuzzy time series
= = Holt-wintersnon-
8 seasonal
150
—
51254
i3]
=}
S 100-
(o]
=
o
754
=
T T T T T T T T T T T T T
= = = N n n n N n n N N n
e 88 88888
O N © P O g N © P ow oo N oo
Year
Fig. 3: Comparison of fuzzy time series and holt-winter
non-seasonal model

Table 8 : Forecasting errorswith different smoothing constant bases

Smoothing constant bases

a=1 a=1 a=1 a=1 a=1 a=1 a=0.9 a=0.9 0=0.9 o=1
p=0.6 p=0.7 p=0.8 p=0.3 B=0.9 p=0.4 $=0.8 B=0.9 p=0.7 p=1
Average forecasting errors 0.83% 0.83% 0.80% 0.87% 0.79% 0.84% 0.84% 0.83% 0.85% 0.7%
Table 9 : Observed and forecast value of the two model with error percentage
Milk production in India Fuzzy time series model Holt-Winters non-seasonal model (HW)
Y ear Observed Forecast Error (%) Forecast Error (%)
2009 1164 1183 1.63 115.6 0.68
2010 121.8 120.8 0.82 120.8 0.82
2011 127.9 126.8 0.86 126.5 1.09
Table 10 : India milk production of holt-winters non- seasonal prediction models (in Million Tonnes)
Year 2012 2013 2014 2015 2017 2020
Forecast 133 138.1 143.2 148.3 1585 1738
Table11: Error indicatorsof both models
Error indicator MSE 5 R
Fuzzy time series window basis W=3 3.28160 0.01951 0.9809
Holt-winters non-seasonal model a =1 and $=0.3 1.01301 0.01143 0.9889
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Error comparison of fuzzy time series and holt-winter

non-seasonal models

between model swhichisdifficult to bedistinguished. So -
graphically compare both modelsin Fig. 4.

Although the percentage error of model oneiswithin }
1.1 per cent it is aways lower than the actual value. :
Based on the rapid development of India’s milk production -
andthegrowth of milk productionwill continuetoexpand. :
- of Holt-Winters non- seasonal model was significantly
a=average (-0.0068, -0.0082, -0.0109) = -0.00863~ -
. can be suitably concluded that both the models proved

Thus we define the correction factor:

-0.009. The modified results are shown bel ow:

Using the datafor output value of milk productionin -
. since they have subtle differences in their respective

Indiafrom 1991 to 2011, we model ed thisdatausing fuzzy

time series and holt-winters non-seasonal model. Wethen
analyzed and compared both mode!. The holt-wintersnon- -
seasonal model wasthebest fit. Based on thismodel, we :
- Acknowledgements :

The perusal of the Table 11 revealsthat theMSE of -
holt-winters non-seasonal moddl (1.01301) issmaller than
that of fuzzy time series (3.28160). 8 of holt-wintersnon- -
seasona model (0.01143) is smaller than that of fuzzy
time series (0.01951). R of holt-winters non-seasonal -

model (0.9889) is larger than that of fuzzy time series : oy, GE. and Jenkins, GM. (1976). Time series analysis

conducted concervative prediction values.

(0.9809). Therefore, relative to the selected fuzzy time
seriesmodel, the holt-winters non-seasona model ismore
applicable to trend of India’s milk production.

Conclusion :

Inthisinvestigation, both the forecasting modelscan
be used to study the trends in India’s milk production.
The Holt-Winters Non-seasonal model clearly reflects
thevolatility of milk production trend and simultaneously
maintained the stability of forecast. The prediction error

lower compared to the Fuzzy time seriesmodel. Thus, it
suitablefor the actual forecast of milk production trends
prediction values, where the Holt-Winters non-seasonal

model has an upper edge.

Thefirst author expresses his gratitude to the UGC
for providing fellowship to carry out this work under
scheme of BSR- Fellowship.
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