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Demand Modelling

in Telecommunications

Comparison of Standard Statistical Methods
and Approaches Based upon Artificial
Intelligence Methods Including Neural Networks

M. Chvalina

This article analyses the existing possibilities for using Standard Statistical Methods and Artificial Intelligence Methods for a short-term
forecast and simulation of demand in the field of telecommunications. The most widespread methods are based on Time Series Analysis.
Nowadays, approaches based on Artificial Intelligence Methods, including Neural Networks, are booming. Separate approaches will be
used in the study of Demand Modelling in Telecommunications, and the resulls of these models will be compared with actual guaranteed
values. Then we will examine the quality of Neural Network models.
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1 Introduction

Demand can be defined as the relation between price and
the quantity of goods that buyers are willing to purchase. This
correlation is displayed in relation to the global market by
the sold product quantity at one time-point. If we focus on
the telecommunication services sector, we can note the devel-
opment of the sale of cell phones and internet extensions
(ADSL, ISDN, GPRS, Wi-Fi etc.)

Factors affecting the development of demand are for
example technology, price and considerations from the fields
of psychology, sociology and economies.

Generally, demand can be considered as a time series un-
der which the demand model can be defined and develop-
ment trends can be predicted.

2 Construction of the demand model

The demand model can be constructed using standard
statistical methods including Decomposition Time Series,
and the Box-Jenkins Metodology, or by applying Artificial In-
telligence methods, including for example Neural Networks.

2.1 Decomposition time series

The series {y,,¢t=1...,T} is gradually decomposed to
several components: trend, circular component, seasonal
component and residual component (unsystematic compo-
nent). This method is based on work with time series system-
atic components. Features of time series behaviour can be
better observed in separate components than in the unde-
composed original time series.

In this research study from the field of standard statistical
methods, exponential smoothing will be used for demand
modelling.
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Exponential Smoothing

The above defined time series will be written as
{y;,t=1,...,T}. Simple Exponential Smoothing is described
in the recurrent form §;, = oy, + (1 — a)§,_;, §, 1s the Exponen-
tial Average in time ¢, §;_; is the Exponential Average in time

t -1, value « is the Smoothing Constant from the interval
ae <0; 1>. The Exponential Average can be expressed on the
basis of the recurrent form as:

J=ay+d-a)y=ay +(1-a) ay_+1-a)j_o]
=ay +al-a)y_y +(1-a)[ay_s+1-a)f_g]=

= ay, + ol —a)y_ 1+(1—a)2ayt_2+ Fall—a)y,_; +

+(l-a aZ(l—a)ytﬁ(l—a)yo

1=0

Brown’s Simple Exponential Smoothing

The time series v, is constructed with a stationary process
in the form y, = 8 + ¢, B is the mean value of the process,
and ¢; are random values with the features of white noise.
After applying Exponential Smoothing to the Time Series

= [ + ¢; we obtain the relation

yt—az -y =a> 1= a)(F + 1)

1=0

—ﬁ0+a21—a) £

1=0

because

ai(l —a)=1
1=0

applies to the mean value and dispersion

E(3) =E(y) =By,
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Brown’s Linear (double) Exponential Smoothing

Alternatively, we can make a double application of the
Simple Exponential Smoothing method on the time series v,
expression in the form

5P = ay + - w3,
2.2 Box-Jenkins methodology

Unlike classical decompositional methods, which deal
with systematic time series components (trend, circular and
seasonal), the Box-Jenkins methodology deals with a residual
(unsystematic) component. The method involves searching
for relations of individual observations. By this method we
are able to describe time series which are not manageable by
standard methods.

The time series is perceived as a realization of the stochas-
tic process which is defined as a series of accidental quantities
arranged in time {X(s,{),s €S,/ € T}, where S is a selective
space and T is an index series. For each s € S the realization of
the stochastic process is defined on the index series T.

For the Box-Jenkins methodology, the following special
accesses are significant: autoregressive process AR, moving
average process MA, and combined process ARMA. These
processes result from the linear process by resetting all pa-
rameters till the final number. The parameters are chosen
in such a way that the stationarity and invertibility of the
processes will be ensured. A special non-stationary ARIMA

model also exists in the Box-Jenkins methodology.

ARIMA processes

Some integrated processes may be arranged by means of
differentiation to stationary and are expressed in the form of
the stationary and invertible ARMA(p, g) model. The original

integrated process in the form:
6,(B)(1-B)"y, =0, (B)e,

is called the autoregressive integrated process of sliding aver-
ages of the order p, d, ¢. This is called ARIMA (p, d, q). Models
with d =1,2 are usually used.

2.3 Artificial intelligence methods
Neural Networks

The benefit of the Artificial Neural Network lies in its
ability to implement complex non-linear functions. Neural
systems co-execute a large number of operations and work
without an algorithm. Their activity is based upon the learn-
ing process, when the neural network gradually conforms to
calculation. In the course of a learning phase we do not have
to be occupied by the problem of the right selection function,
because the neural network is able to make do only with prac-
tise examples.

This is the main difference in comparison with a tradi-

tional approach (e.g. comparison of traditional non-linear
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Fig. 1: Model of a neurone

models and a back-propagation network). The neurone func-

tion scheme can be demonstrated graphically as follows:
N
y= S Zwixl- +6 R
=1

where y is the output (neurone activity), S demonstrates a
transmission function (jump, linear, non-linear), x; is neurone
input (inputs are in total N), w; represents a level of synoptic
weight, © describes a trigger level.

The principle of back-propagation network learning

Let us consider a neurone network with L —layers/ =1, ...,
L and as the output i-th neurone in the 1-th layer we use the

indication Vil. Vio means x;, i.e. the i-th output. The indication
[
wij

then be inscribed after separate stages as follows:

expresses a connection from Vil_l to Vil. An algorithm can

1. subranged random numbers based-Weight Initialization.

2. Insertion of ¥ into the network input (layer [ =0), i.e.
Vko = x;f .

3. Network signal propagation:

[ l ly/0-1
Vi=gh)=g Z%‘;‘Vj :
k
4. Calculation of delta for the output layer:
11 P P
s/ =)ot V"]
5. Calculation of delta for previous layers by Error Back-

-Propagation:

-1 repl=1 I ol
o " =g'(h )Zwﬁ oj
i
6. Weight change according to formula:
Awlli = nﬁl-l Vll-_l,

new old’
§ =

7. If all samples have been submitted to the network we con-

tinue in phase no. 8, otherwise we go back to phase no. 2.
p g p

8. If the network error compared to the selected criterion

value was minor or the maximum number of steps was
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exhausted, then the learning process can be completed,
else phase no. 2

2.4 Choice of a relevant model

An appropriate model can be determined on the basis of:

a) the graph of the time series, or from its absolute or
relative characteristics,

b) interpolative criteria (a decisive deviation of resi-
dues, coefficient of determination, coefficient of
autocorrelation of residues, tests of parameters),

c) extrapolative criteria (average characteristics of
“ex post” forecast mistakes, graph forecasts).

Average characteristics of residues

GPRS connection [thousand]

The average square mistake — dispersion
n

S 1IN e 1N,
MSE Z;Z(% _yt)g :;Za?.

t=1 t=1

The root mean square mistake
1 n 1 n
RMSE = |~ —)F ==y af.
” ;(% ) " Z t

The average absolute mistake

1 n l n
MAE:;Z‘% =5 :;Z‘dt"

t=1 t=1

The lower the values of the specified characteristics, the
better the chosen model is.

3 Demand modelling

The above mentioned methods will be used for demand
modelling of a narrowband mobile connection (GPRS,
HSCSD). The GPRS Demand Model (i.e. the number of
households which are using a narrowband mobile internet
connection) is based on the values from the Czech Statistical
Office (between 2003 and 2009) and estimate made by an
expert.

ARIMA Processes

Time sequence plot for GPRS
ARIMA(1,1,1) with constant
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Fig. 2: ARIMA Demand modelling of GPRS
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Fig. 3: Residual autocorrelation for GPRS

Brown’s linear exp. smoothing with alpha = 0.9428

Time sequence plot for GPRS

Brown's linear exp. smoothing with alpha = 0.9428

Residual Autocorrelations for GPRS
Brown's linear exp. smoothing with alpha = 0.9428
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Back-Propagation Neural Network

Neural Network Demand Modelling of GPRS
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Fig. 6: Neural Network Demand Modelling
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4 Conclusions

In this paper, we have described some methods for de-
mand modelling in telecommunications. Within the research
project on demand modelling in telecommunications we ob-
tained the following values for the average characteristics
of residues.

On the basis of the results of RMSE and MAE average
characteristics of residues, the demand model based upon
Neural Networks can be considered as best, but a different re-
sult arises from an evaluation of prediction quality, because

Table 1: Average characteristics of residues

Neural ARIMA Brown’s exp.

Network (1,1,1) smoothing
RMSE 0.96 1.31 1.53
MAE 0.92 0.88 1.02

the best prediction value result was obtained from a demand
model based on Brown's linear exponential smoothing.

Demand Modelling in Telecommunications
Comparison of Prediction quality for GPRS
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Fig. 8: Comparison of the GPRS internet connection used by households in the gnd quarter of 2008, values published on February 1
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2009 by the Czech Statistical Office, and results predicted by demand models for GPRS

© Czech Technical University Publishing House

http://ctn.cvut.cz/ap/ 51



Acta Polytechnica Vol. 49 No. 2-3/2009

The prediction based on the Neural Networks was also
used with other demand courses in the field of telecommuni-
cations for which more accurate results were obtained in
terms of prediction quality.

Future research will focus on improving the prediction re-
sults and a demand model based on the above-mentioned
methods.

5 References

[1] Cipra, T.: Analysis of Time Series with Application in Econo-
my, Prague: SNTL/ALFA, 1986.

[2] Kanok, M.: Statistical Methods in Management, Prague:
CTU in Prague, 2002.

[3] Snorek, M.: Newral Network and Newral Computers,
Prague: CTU in Prague, 2002.

[4] Artl, J., Artlova, M.: Financial Time Series, Prague: Grada
Publishing a.s., 2003.

[6] Artl, J., Artlova, M., Rublikova, E.: Analysis of Economical
Time Series with Examples, Prague: University of Eco-
nomics, 2002.

52

© Czech Technical University Publishing House

[6] Ozekes, S., Osman, O.: Classsification and Prediction in
Data Mining with Neural Networks, Istanbul Commerce
University, 2003.

[7] Crone, S.: Business Forecasting with Neural Networks,
Boston: Institute of Business Forecasting, 2004.

[8] Samuelson , P., Nordhaus, D.: Economy, Prague: Nakla-
datelstvi Svoboda, 1991.

[9] Nau, R.: Introduction to ARIMA, Duke University Dur-
ham, 2007.

[10] Kuba, M.: Neural Networks, Brno: Masaryk University
Brno, 1995.

Martin Chvalina
e-mail: martin.chvalina@email.cz

Department of Economics, Management and Humanities
Czech Technical University in Prague
Faculty of Electrical Engineering

Technickd 2
166 27 Praha, Czech Republic

http://ctn.cvut.cz/ap/





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


