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Abstract— The problem of the forecasting stock prices and NI Lo (1)
indexes in the stock market is considered. The application of yo= ZW/

new class of neural networks - cascade neo-fuzzy neural =t
networks for the forecasting is investigated. For the forecasting
data of the company’s stock quote NYSE and the RTS index
and the Dow Jones over the last year have been used. The

— neo-fuzzy neuron of the m-th cascade

h

comparison of results for the cascade neo-fuzzy neural J;["’] = iz [ n ( )

networks with varying types of membership functions with the par— A 2)
classical fuzzy neural networks, Group Method of Data p——

Handling (GMDH) and fuzzy GMDH has been performed. The Z Zw '”]t( [ "])

best results among the fuzzy neural networks showed cascaded r=n+1 j=I

NF network with Gaussian membership functions, their error

does not exceed 3%. Training criterion is the standard mean squared error

(MSE) which is minimized by the gradient method:
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One of the important problems in financial analysis is the ?
problem of stock prices and indexes forecasting. The specific Z}:ZW//:”/:
i Jj=1

features of financial processes forecasting are the following:
nonstationarity of financial processes at stock exchanges and

unknown complex dependencies among the input and out ¥
processes. This prevents to use classical methods of :
statistical analysis for forecasting such as regression analysis
and dispersion analysis and demands the elaboration of novel

predicting methods based on artificial intelligence E

technologies, e.g. neural networks (NN) and fuzzy neural >
4'& NFN®

NI

networks (FNN). One of the new classes of FNN is so-called F
cascade neo-fuzzy neural networks (NFNN) [1]. The goal of

the present paper is the investigation of cascade NFNN for NF@

stock prices and stock indexes forecasting’s, estimation of NG

their efficiency and comparison with known forecasting ";/
methods. jﬁ@

II.  ARCHITECTURE OF CASCADE NFNN 5

Architecture of cascade NFNN is shown at the fig.1. Its '
input-output mapping has the following form: Figure 1.

— neo-fuzzy neuron of the first cascade Therefore a cascade neo-fuzzy neural network [2]
contains /- (n+z [) adjustable parameters and all of them

are linear which is very important for training.

m—1
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Let j(n+m—1)x, —be a vector of membership functions
values of the m-th neo-fuzzy neuron ub! and the

corresponding synaptic weights vector has the same
dimension. Then we can present this expression in the
following vector form:

J‘}[m] — w[m]T [m]

e “)

II1.

The training of cascade NFNN may be performed in
packet mode as well as in on-line mode using recursive
algorithms. [2].

CASCADE NFNN TRAINING ALGORITHMS

Let the case is considered when a learning sample is
determined a priori, that is we have the sample of values

(1), y (0 2(2) p(2)es (k) y (Koo x(N), (V) -
For a neo-fuzzy neuron of the first cascade NFN [1] the
sample membership functions values are estimated

,u['](l),,u[]](Z), ..... ,,u[’](k), ..... ,,u[]](N)- ,
-(hn-x -1-vector)

where
oy (AR, a1 (x1(R)), 21 2(x2(K)).. Y
1| )

s tth2(x2(5))........ 14 (xi(c ) o.....shm (xm (K

Further, after minimizing training criterion (3) synaptic
weights vector may be estimated

wmw):(iuﬂ](kwwk)}gym(k)y(k)

N
= PU(N)S (k)

)

Where (+)" means Moore-Penrose pseudo inverse.
In case of sequential data processing the recurrent LSM
—method is used.

PPyl +1)~
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oMk +1)= 0" (k) + Tl e+ )P0 e+ 1) - k+1) (o)
P+ 1)= pll(i)+ 2 P! ()u [ll(k+1)ﬂ[l]r(k+1)l’[1](k), 2(0)= A

1+ 207 (ke + 1) () (ke + 1)

where B is a great positive number I is identity matrix.

The application of training algorithms leads to reducing
of computational complexity of learning process and cuts
learning time.

After the first cascade learning synaptic weights of neo-
fuzzy neuron NFN [1] are "frozen", all output variables are
determined and we obtain the second cascades which consist
of only one neuron NFN [2]. It has one additional input for
output signal of the first cascade. Then the process of
training is performed for a neuron of this cascade.

In on-line mode all the neurons are trained sequentially.
In case of sequential data processing the recurrent LSM
method is used.

The process of neural network growth is repeated until
we obtain the desired accuracy of forecasting or the
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minimum of MSE criterion. For the adaptation of the last
cascade the following expression is used.

Z ﬂ[m]

IV. EXPERIMENTAL INVESTIGATIONS

"(N)= PN (7

In the paper the application of cascade neo-fuzzy neural
networks for forecasting of stock prices and indexes was
investigated.

The companies’ stock prices at the stock exchange New
York stock exchange (NYSE), and Dow Jones and Russian
trade system (RTS) in the last year were used as input data
for forecasting.

As the criteria of forecasting accuracy MSE (mean
squared error) 1 MAPE were used. Some of the obtained
results are in table 1.

TABLE 1. Forecasting results for 9-layered cascade NFNN.
British Petroleum Shares (BP, NYSE)

Criterion BP, NYSE
MAPE 5,05228088
MSE 3,9612744

Consider forecasting results of stock indexes. In this
paper indexes Dow Jones Industrial and RTS were chosen
as the most substantial indexes for stock exchanges in USA
(NYSE) and Russia some of the experimental results are
presented below (tables 2, 3).

TABLE 2. Forecasting results for 9-layered cascade NFNN.

RTS Index
Criterion RTS Index
MAPE 4,470381366
MSE 1,6754807

TABLE 3. Forecasting results for 10-layered cascade
NFNN. Dow Jones Industrial Index

Criterion Dow Jones Industrial Index
MAPE 3,765981607
MSE 4,5277613

Below the experimental results for considered indexes of
Gaussian membership functions are presented in tables 4-6.
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TABLE 4. Forecasting results for 6-layered cascade NFNN.

Shares BP (NYSE)
Criterion Shares BP (NYSE)
MAPE 3,759762101

MSE 3,3054605

TABLE 5. Forecasting results for 9-layered cascade NFNN.

RTS Index
Criterion RTS Index
MAPE 3,210853177
MSE 1,7688684

TABLE 6. Forecasting results for 10-layered cascade
NFNN. Dow Jones Industrial

Criterion Results Dow Jopes
Industrial

MAPE 2,312873953 | 3,76598161
MSE 3,8372695 4,527761

The experimental forecasting results obtained by cascade
NFNN were compared with results of classical fuzzy neural
networks and the results obtained by classical and fuzzy
Group Method of Data Handling (GMDH [2,3]. Some of the
final results obtained by different methods are presented in
tables 7, 8.

TABLE 7. The best results of investigated forecasting
methods. BP (NYSE)

Cascade Fuzzy
| NFNNwith | Gmpu | GMPH
Criterion . . Linear
Gaussian Linear model

MF model
MAPE | 3,759762101 | 1.019151 | 1.019151
MSE | 3,3054605 | 3 153671 | 3,153671
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TABLE 8. The best results of investigated forecasting
methods for Dow Jones Industrial
Fuzzy
Cascade GMDH GMDH
Criterion | NFNN with Chebyshev
. Chebyshev )
Gaussian MF . polynomial
polynomial
MSE 3,8372695 3,9227 4,4157

V. CONCLUSIONS

The investigations of cascade neo-fuzzy neural networks
in the problem of stock indexes and share prices forecasting
have been carried out. The comparison with alternative
forecasting methods was fulfilled. The best results has
showed cascade NFN with Gaussian membership functions.

Its MAPE didn’t exceed 3%. This proves the efficiency
of application of the suggested neo-fuzzy neural network for
forecasting in the financial sphere. But GMDH and fuzzy
GMDH have shown slightly better results: their error had not
exceeded 2%.

REFERENCES

[1] Ye. Bodyanskiy, Ye. Viktorov, I. Pliss. The cascade NFNN and its
learning algorithm // In “Lecture Notes in Computer Science”. —
Berlin-Heidelberg: Springer Verlag, 2005. — 36, pp. 18 — 36.

[2] Yu. Zaychenko. Fuzzy models and methods in the intellectual
systems - Kiev: The Publishing house "Slovo", 2008, 334 p. (in
Russian).

[31 Ye. Bodyanskiy, Yu. Zaychenko, E. Palikovskaya, M. Samarina, Ye.
Viktorov. The neo-fuzzy neural network structure optimization using

GMDH fir solving forecasting and classification problems // Proc, of
IWIM-2009, 2009, pp. 77 — 89.

Baku, Azerbaijan




<<
  /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


