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ADAPTATIVE HOLT’S FORECASTING MODEL
BASED ON IMMUNE PARADIGM

B coBpeMeHHBIX YCIOBHAX TPUHATHE YIPABICHUCCKUX PEIICHUN BBI3BIBAET HEOOXOIUMOCTh
MPOTHO3UPOBaHUS (C MPUMEHEHUEM COOTBETCTBYIOIIMX METOMOB) TS TOCTHKEHHSI PUOBLTHHO-
CTH U CTaOMIBHOTO ()YHKIIMOHUPOBAHHS MaJbIX U CPETHUX KoMMaHui ik dupm. Mosenp XoJ-
Ta — 3TO METOJ, KOTOPBIA MOXET ObITh MPUMEHEH ISl IPOTHO3UPOBAHHS OHPIKEBBIX KOTHPOBOK.
OH OCHOBBIBAETCS HA 3HAUCHUSX JIBYX NMEPEMEHHBIX, KOTOPhIE OTPAKAIOT OKUIAEMOE 3HAYCHHE H
ero TeHaeHIwo. [ co3/aHus AMHAMUYECKON MO MPOrHO3UPOBAHUS HEOOXOIUMO TpHMe-
HEHHE aJANTHBHBIX MPAaBHJI YTOUYHEHHUs MEPEMEHHBIX. PaccMaTpuBaeTcs NPHMEHUMOCTh HMMYH-
HO¥ TIapaJIurMbl Ha IPUMeEpE aaanTUBHOM Momean Xonta. [IpencraBieHHbIe pe3yIbTaThl pACUeTOB
C MPUMEHEHUEM COCTABJICHHOI'O aJrOpUTMa MOATBEPIKAAIOT, YTO UMMYHHYIO MAPaJUrMy MOXHO
paccMaTpuBaTh KaK MEPCIEKTUBHBINA CMOCO0 MOBBIMICHUS HAIEKHOCTH (TOYHOCTU) PE3YIIHTATOB
nporuozupoBanus. OHU HE3HAYHMTETIBHO MPEBOCXOAAT PE3YJIbTAThI, MONYUSHHbIE C MPUMEHEHHEM
KJIACCHYECKOTO MeTojia XOJTa, ¢ YIeTOM HEKOTOPBIX (haKTOPOB, TAKHX KaK HHTEPBAT HCXOTHBIX
JIAHHBIX, XapaKTEePUCTHKA METO/Ia U MOCTPOCHUE aJIrOpUTMa, KOTOPhIE BCE €Ile HAXOSTCS B CTa-
JIMH pa3pabOTKH.

In modern management, decision making causes necessity of forecasting (with appropriate
methods) to reach profitable and smooth functioning of companies as well as of small and medium
businesses. The Holt’s model is a method that can be used to predict exchange quotations. It is
based on values of two parameters that estimate expected value and its trend. To construct dy-
namic forecasting model it is necessary to apply adaptive rules of the parameters adjusting. The
paper shows applicability of an immune-based paradigm on the example of adaptive Holt’s model.
Presented results of computations with the constructed algorithm show that immune paradigm can
be thought as promising way to improve results (accuracy) of forecasting. They are not absolutely
better than the results acquired with the classical Holt’s method because of some factors like the
length of input data, characteristic of the method and construction of algorithm that is still devel-

oped.

1. INTRODUCTION

Decision making problem is one of main
management issues. Any economical choice
generates appropriate results that could be posi-
tive or negative for each company or small and
medium business. An information about past,
present and future is necessary to profitable
existing and functioning. Information about
present is relatively ease to get, for example by
exploring own information or buying data. To
predict relevant factors in future one of fore-
casting methods may be used, which differ in
some features like precision, complexity, etc.

The Holt’s model is a forecasting method
based on extrapolation of smoothes time series.
Usually, two parameter exponential smoothing
is applied. The model is flexible and it can be
used as adaptative one; then its parameters are

not constants, they adapt dynamically to new
information and changeable environment.

The main objective of this paper is to
show a possibility of applying an adaptative
immune paradigm to improve classical fore-
casting methods. The Holt’s model is exploited
as the example, where two parameters, o and 3
are being adjusted (adapted). Prediction errors
of classical model and immune-based adapta-
tive one are analysed and compared. The study
gives answers whether the immune paradigm
can be successfully used to adapt Holt’s pa-
rameters and which of these methods is better.

2. CLASSICAL AND IMMUNE-BASED
ADAPTATIVE HOLT’S MODEL

In Holt’s method polynomial of 1st degree
is used to describe a development tendency
(linear trend) in a time series. The variable
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level and its rate of changes (represented by a
linear trend coefficient) are smoothed exponen-
tially. Two parameters: o and B, called smooth-
ing constants, are real numbers between 0 and
1. o parameter smoothes variable level F; and 3
represents the smoothed trend coefficient 7.
General equations of the model for time ¢ and
forecast period t (t equals 1 for one-day-
forecasting) are [2]:

F=ay, +(1-a)F_ +T_);

T, =B(F, - F_)+(1-B)T,,;
Vi =F +1T,, 1>0.

Forecasting with Holt’s method is usually
calculated for a few sets of o and 3, compared
with actual data (information) that gives an ac-
curacy level of the forecasting expressed as ap-
propriate error measure. In this paper the author
uses RMSE (Root Mean-Square Error):

n—1

1 R
RMSE, = \/_ Z(yz—i - yl—i)2

ni=g

where n denotes the number of recent data
taken into calculations.

The parameter o, 3 can be found by opti-
mization techniques minimizing an error meas-
ured (e.g. RMSE) for past data. The point is
that both parameters are constant, so when we
add new data (for example periodically, one a
week) a set of a and B for longer (new) time
series could not be optimal.

Thus there is a need to construct and apply
adaptative method where o and 3 will change
dynamically. Generally, it can be performed in
three ways:

arbitrary changes of both parameters (if er-
ror exceeds fixed threshold, o and B will be
modified by a constant value);

random changes (parameters will be modi-
fied by a random value);

genetic changes (o and 3 will be modified
by genetic operators).

In this paper genetic changes of parame-
ters and their structure are inspired by an idea
of artificial immune systems.

Artificial immune system is viewed as a
new form of engineering, when problem

354

doesn’t need detailed specification of a behav-
iour of each of the studied system components.
The system is defined as a program or algo-
rithm based on general rules of natural immune
system [1]. Immune approach foremost treats
clonal selection principle (theory), immune re-
sponse, somatic hyper mutation, negative selec-
tion and immune memory.

This article shows results of forecasting
performed by means of quasi-immune algo-
rithm i.e. an algorithm that use only some fea-
tures of artificial immune system.

3. RESULTS OF COMPUTATION

Quotations of WIG20 (price index of the
20 biggest polish companies) from Warsaw
Stock Exchange (from 22.11.1999 to 28.01.2005)
were used as input data. Forecasting was per-
formed 30 times for 12 different pairs of pa-
rameters o and 3 with 7 fixed to 5 days (week
at stock exchange). Forecasting with classical
Holt’s model and immune-based adaptative are
compared to real (historical) WIG20 data. To
indicate differences between methods RMSE
for five past days was used (n=15). Errors
computed for all recent data at the time ¢ get
similar results for both methods.

Table 1 shows results of computation for
classical Holt’s method (denoted as method C)
and immune-based one (denoted as method /),
where m denotes average RMSE and s — its
standard deviation. Better results have lower
averages and/or lower standard deviations.

Table 1: Results of computation

method C method /

o B m K m K
0.30 | 0.50 42.32 28.82 26.94 21.06
0.30 | 0.70 47.32 33.11 25.68 21.99
0.30 | 0.90 51.70 36.68 36.70 25.85
0.40 | 0.60 43.37 29.84 26.40 21.04
0.45 | 0.55 41.64 28.38 26.11 21.15
0.50 | 0.30 34.15 22.72 26.34 20.41
0.50 | 0.90 50.20 33.33 43.78 29.46
0.55 | 0.45 38.39 25.84 27.02 21.30
0.60 | 0.40 36.78 24.65 26.39 21.65
0.70 | 0.30 33.44 22.26 26.41 21.51
0.90 | 0.50 41.93 28.66 43.50 29.42
0.90 | 0.70 49.82 34.55 48.93 34.01
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Figure 1: RMSE value
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Figure 2: o and 3 changes

For most pairs of a and B results get
with the immune-based method are better or
much better than for classical one. For two
pairs when a parameter is close to 1, average
values and standard deviations are worse than
the others. It can be caused by the fact that
algorithm is sensitive to starting values of a
and . Computed RMSE at the beginning of
computations has a large value being held
during running (the length of input data may
be too short).

The accuracy of performed forecasting is
depicted in Figure 1, which shows changes of
relative RMSE and compares standard devia-
tions of classical and immune-based method.

There are four sub-figures for four differ-
ent starting points (o and 3) which get accept-
able results.

In most cases RMSE standard deviation
for adaptative method is better (what is also
seen in Table 1) especially for first and last 500
quotations.
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Figure 2 presents a and  changes during
running algorithm. As depicted below, im-
mune-based method changes dynamically the
both parameters. Significant changes are for
about first 250 quotations when algorithm be-
gin from starting values and adapt them to such
ones that give the smallest error. From about
500 to 1000 quotation o and B are constant like
RMSE in the same range as shown in Figure 1.

4. CONCLUDING REMARKS

Immune-based paradigm applied to create
adaptative Holt’s model (dynamic changes of
parameters) is promising way to increase fore-
casting accuracy.

At present state the proposed algorithm is
not evidently better than classic one. For some
starting pairs of o and B immune-based method
results are worse. It can be caused by too small
number of input data. Depicted changes of
RMSE, a’s and ’s, suggest that immune-based
adaptative method needs hundreds of iny
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adaptative method needs hundreds of input data
to reach optimal values of parameters for which
RMSE value will be small and relatively con-
stant.

Another problem is the appropriate choice
of a, B starting values and the prediction error
threshold, which are vital for the Holt’s
method.

The wused algorithm is quasi-immune-
based and it is still under study so there is pos-
sibility of improving results when its structure
will be completed.
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