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ANOTACUJA

Magistra darba ir veikta analize par akciju volatilitates transmisijas mehanismu laika
pieciem lielakajiem péc pardoSanas apjoma informaciju tehnologiju un servisa uznémumiem
Eiropa un pieciem Sadiem uznémumiem ASYV, izmantojot GARCH saimes modelus. Darba
empiriskaja dala tiek izmantoti dati par laika periodu 01.01.2002. - 23.02.2015., un veidoti
GARCH, TGARCH, EGARCH modeli ar dazadam p un g kartam, lai noskaidrotu modeli,
kurS precizak spéj prognozéet akciju ienesiguma volatilitati. Rezultati liecina, ka parauga
ietvaros veiktajai prognozéSanai Eiropas uzpémumiem labakie ir EGARCH un GARCH
modeli, bet ASV uzpémumiem — TGARCH un EGARCH. Savukart veicot prognozi arpus
parauga, Eiropas uznémumiem labakais ir GARCH, bet ASV uznéemumiem - TGARCH un
GARCH modeli.

Atslegvardi:
Volatilitates modeléSana un prognozeSana, ARMA, GARCH, TGARCH. EGARCH,

informaciju tehnologijas un serviss



ANNOTATION

The master thesis provides an analysis about transmission mechnism of asset returns'
volatility for five largest (by sales) information technology and service companies in USA and
five companies un Europe. GARCH models are used for this purpose. Empirical part of this
study covers data for period from 01.01.2002. to 23.02.2015.. Various GARCH, TGARCH,
EGARCH modells with different p un g orders were made in order to find out which model
shows best performance to forecast volatility of asset returns. Results show that in-sample
forecasting best model for companies from Europe were EGARCH and GARCH models, for
USA — TGARCH and EGARCH. In out-of-sample forecasting GARCH model showed the
best performance among compareded models for companies from Europe, but TGARCH and

GARCH models were the best in case of USA.
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IEVADS

Akciju ienesiguma volatilitates jeb svarstiguma modeléSanas un prognozéSanas loma,
izmantojot ekonometriskos modelus, pédéjas dekades ir pieaugusi. Spéja prognozét akciju
apjomiem, veiktajam un sanemtajam investicijam un turpmakajiem lémumiem, bet arl uz
uzpémumu un valstu konkurétspeju pasaules tirgii, labklajibu. Plasa nozimé — uzpémumi
velas veiksmigi kontrolét sava riska profilu. FinanSu tirgii Sai kontrolei ir pat vél lielaka
nozime, jo liels skaits finanSu uznémumu ir piedzivojusi ievérojamus zaudéjumus pédgjas
dekades.

Sis fakts ir veicinajis milzigu literatiiras piepliidumu saistiba ar ienesiguma volatilitates
model&Sanas un prognozésanas jautajumiem. Laika gaita tehnologiju attistiba mijiedarbojoties
ar datu pieejamibu par arvien 1sakiem ienesiguma periodiem lava parfokuséties no ceturksSna
un ménesSa datu modeléSanas uz nedelas un dienas ienesiguma modeléSanu, padarot analizi
pieejamaku. Lidz ar datu pieejamibas palielinasanos, ir notikusi vairaki uzlabojumi ne tikai
tapéc, ka tagad modeli var izstradat prognozes datiem, kuru novéerojumi ir veikti katru dienu
vai vél smalkaka skala un bieZi vien ir neregulari intervala' (high-frequency data), bet ari
tapéc, ka Sie modeli parasti piedava precizakas prognozes méeneSu un ceturkSnu periodiem,
neka modeli, kuros izmantoti tikai méneSa dati.

Informaciju tehnologiju un servisa nozare ir kluvusi par vienu no stabilakajam nozarém
pasaulé. Informaciju tehnologiju nozarei, vairak ka jebkurai citai nozarei vai ekonomikas
aspektam, verojams produktivitates pieaugums, it IpaSi attistitajas pasaules valstis — tieSi tapéc
informaciju tehnologijas ir galvenais virzitajspeks pasaules ekonomikas izaugsmé. P&dgjos
gados ir noveroti ievérojami uzlabojumi mobilo telefonu, interneta un platjoslas savienojumu
piekluve, pieaug uzsvars uz informaciju tehnologiju piegadi veselibas apripes, izglitibas un
citos sektoros, ka arl uz specializétu lietojumprogrammu izstradi. Informaciju tehnologiju
tirgu, tapat ka citus tirgus, ietekmé dazadi notikumi pasaulé, tapéc ir svarigi noskaidrot, cik
liela meéra ir iespéjams prognozet akciju ienesigumu.

Petijuma merkis, uzdevumi. Magistra darba meérkis ir izpétit akciju volatilitates
transmisijas mehanismu laika. Minéta mérka sasniegSanai ir izvirziti Sadi darba uzdevumi:

1. izpetit zinatniskos darbus un publikacijas par akciju ienesiguma volatilitates
modeléSanu un prognozeéSanu, iepazities ar problemam, ar kadam saskaruSies pétnieki;

2. izmantojot ekonometrisko literatiiru, iepazities un izpétit ARCH, GARCH mode]u un

1 Zivot, E.,Analysis of High Frequency Financial Data: Models, Methods and Software. Part I: Descriptive
Analysis of High Frequency Financial Data with S-PLUS., 2005, pp. 1
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to modifikaciju 1paSibas;

3. izvertét analizei piemérotakos datus, ka ar1 veikt nepiecieSamo datu apstradi;

4. balstoties uz iegitajiem pamatraditajiem un izmantojot GARCH modeli un ta
modifikacijas, modelét akciju ienesiguma svarstigumu un izpétit, cik liela méra ir iespéjams
to prognozet;

5. pamatojoties uz giitajiem rezultatiem, izdarit secinajumus par piemérotako modeli
apskatitajiem datiem.

Pétijjuma izmantotas metodes. Lai sasniegtu uzstaditos darba meérkus, darba izstrade
tika izmantota zinatniskas literatiiras analize, statistiskas un ekonometriskas analizes metodes.
Pétjjuma 1stenoSanai tika izmantotas vairakas kvantitativas metodes un datu apstrades
statistiskas metodes, lai analizétu pétjjuma iegiitos rezultatus. Apréekini un modeléSana tika
veikti ar Eviews 7 un Microsoft Excel datu apstrades programmam. Sis programmas tika
lietotas, jo, autoresprat, tas Skita vispiemeérotakas un tas pilda visas pétijjumam nepiecieSamas
funkcijas.

Pétijjuma struktiira. Pétamais jautdjums tiek izklastits Cetras nodalas. Darba pirma
nodala ir literatiiras un teorijas apskats, jo uz teorétiska pamatojuma bazes tiek biivétas visas
paréjas nodalas, tapéc nodala tiek aprakstiti dazadi modeli un pamatots, kuri modeli un kapéec
tiks izmantoti turpmakaja pétijuma. Otra nodala paredzéta akciju tirgus tendencu un attistibas
noskaidroSanai, salidzinasanai un analizei, tapéec, ka tirgus tendencu kopuma izzinasana
veicina izpratni par pétamo jautajumu un sasaistas ar darba treSo nodalu un palidz izskaidrot,
pieméram, izleco$as vertibas. TreSaja nodala pievérSas analizes metodologijai, lai atrastu
piemérotako modeli konkrétajiem datiem. Ceturta nodala darba izveidota, lai apkopotu
pétijuma noskaidroto, kas ir pamats autores sniegtajiem priekslikumiem darba nosleguma.

Pétijuma periods un datu kopa. Autore apliiko 5 Amerikas Savienotajas Valstis bazétu
informacijas tehnologiju un servisa uznémumu un 5 Eiropa bazétu informacijas tehnologiju
uznemumu akciju nedélas ienesigumus perioda no 2002. gada 1. janvara lidz 2015. gada 23.
februarim, tadejadi par katru aplikoto uznémumu ir 682-686 novérojumi. ST perioda izvéle
tiek pamatota ar datu pieejamibu tieSsaiste, izvéléts laika periods, par kuru pieejami dati par

visiem izveléetajiem 10 uznemumiem.



1. VOLATILITATES MODELESANA

1.1. Volatilitates novertéSanas modelu attistiba

KopS ar ARCH jeb autoregresivo nosacitas heteroskedisticitates modeli iepazistinaja
R.F. Engle 1982. gada’ bet 1986. gada visparinato autoregresivo nosacitas
heteroskedisticitates modeli — GARCH - neatkarigos pétijumos patstavigi defingjusi
T.Bollerslev® un Taylor, un 1991. gada Nelson* izveidojis eksponencidlo autoregresivo
nosacitas heteroskedisticitates modeli — EGARCH, Sie modeli izmantoti volatilitates pétiSanai
un prognozeSanai. ARCH un GARCH modelus, tapat ka So modelu pastavosas dazadas
modifikacijas nereti izmanto akciju vai valiitas kursu pétisanai’. GARCH modeliem piemit
laba prognozéSanas spéja salidzinajuma ar citiem modeliem, kas kalpo par iemeslu tik
sastopamai modela lietoSanai pétnieku aprindas.

GARCH saimes modeli ir sava veida “spekstacija” akciju riska un svarstiguma
meérisana. Ar GARCH metodem péta, ka funkcijas pagatnes ienesigums, t.i., kada konkréta
finan3u laikrinda, biitu jakonstrué un jaattélo nakamaja momenta®. Ar So metodi ir iespéjams
arl prognozét ienesiguma volatilitati, un $1 pieeja tiek izmantota art Saja pétijuma.

Pieejamas daudzas GARCH mode]lu modifikacijas, un lietoti dazadi pienémumi par
sadalljumiem. Hulls un Vaits (1998)” uzskatija, ka liela nozime ir sadalijuma pielago3anai
modeliem, kuros ka datus izmanto pagatnes vértibas, lai prognozétu nakotnes vértibas.
Savukart Mittniks, Paolella un Racevs (2000)° uzskatija, ka vairak asimetrisks sadalijums,
pieméram, Stjidenta t-sadalijums, uzlabo volatilitates aprekinu precizitati. Salidzinot vairakus
GARCH modelus, So un Yu (2006)° uzskatija, ka “resnas astes” sadalljumi parspéj
normalk]iidas modelus, izmantojot dienas datus. Datu, kuru novéerojumi veikti vairakas reizes
vienas dienas ietvaros, lietojamibai, no vienas puses, ir véra nemama nozime, kad izmanto
GARCH modelus akciju ienesiguma prognozéeSana. TaCu raugoties no otras puses — kad

skaitlo risku vienai dienai uz priekSu, GARCH modelu sniegums dienas un smalkak

2 Engle, Robert F., Autoregressive Conditional Heteroscedasticity with Estimates of the Variance of
United Kingdom Inflation. Econometrica 50 , 1982, pp. 987-1007.

3 Bollerslev, T., Generalized Autoregressive Conditional Heteroskedasticity. Journal of Econometrics
31,1986, pp 307-327.

4  Nelson, D. B., Conditional Heteroskedasticity in Asset Returns: A New Approach. Econometrica,1991,
pp 347-370.

5 Zandersons J., Valiitas apmainas kursu volatilitates prognozesana un simuleSana. Latvijas Universitate,
Riga, 2013. 7. lpp

6 Hull, J. C., Options,Futures and Other Derivatives., Prentice-Hall, Upper Saddle River, NJ, 2000.

7 Hull, J., & White, A., Value at Risk when Daily Changes in Market: Variables are not Normally
Distributed. Journal of Derivatives 5, 1998, pp 9-19.

8 Mittnik, S., Paolella, M., & Rachev, S. T., Diagnosing and treating the fat tails in financial return data.
Journal of Empirical Finance 7, 2000, pp 389-416.

9 So, M. K, & Yu, P. L., Empirical analysis of GARCH models in value at risk estimation. International
Financial Markets, Institutions and Money, 2006, pp 180-197.
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sadalitiem datiem tiek uzskatits par lidzvértigu (Giot & Laurent, 2004'°).
Risku var iedalit vairakas apakSkategorijas — stratégiskais, darbibas un finansu risks.

Saja darba autore pievérsas akciju tirgus riskam un svarstigumam jeb finansu riskam.

1.2. Bitiskakie finansu datiem piemitosie efekti

Standarta GARCH modelis pienem, ka pozitivam un negativam zinam ir simetrisks
efekts uz volatilitati. Tacu prakse, it 1paSi saistiba ar akciju ienesigumiem, So pienémumu
nereti parkapj — volatilitate vairak palielinas péc sliktam, ka labam zinam. So sauc par sviras
efektu (leverage effect). Pirmo reizi So terminu lietoja F. Bleks 1976. gada, sakot, ka “kritums
uznémuma veértiba radis negativu ienesigumu un parasti palielinas akciju sviras efektu. [...]
Lidz ar to, kapums parada/ kapitala attiectba nozimé akciju volatilitates palielinaSanos.”"!

FinanSu datiem médz piemist “resnas astes” (fat tail), kas péc biitibas ir statistika
sadalijuma fenomens. Salidzinajuma ar normalo zvanveida sadalijjumu, ir novéerojamakas
resnakas astes. Grafiski resnas astes ir novérojamas gadijumos, kad ir daudz notikumi vai
vertibas, kas atrodas nomalus no videjas vertibas, tadejadi bieZak radot augstas un zemas
vertibas. Péc teorijas finanSu tirgos tiek sagaidits normalais sadalijjums, tacu realitaté
sadalijums nav tik nevainojams, jo cilveku riciba bieZi var atSkirties no prognozétas, kas tad
ar1 rada resno astu sadalijumu. Pieméram, dienas vai méneSa ienesigumiem, kas lietoti ar Saja
pétijuma, sadalijuma likne nereti ir plakanaka, mazak atbilstiga normalam sadalijumam, tacu
ar vairak izlecosam vertibam."

Lietderigi ir apliikot ar1 volatilitates klastereSanos (volatility clustering), kas attiecas uz
novéerojumiem, kur, ka atziméja B. Mandelbrots 1963.gada, “lielam izmainam seko lielas

izmaipas, un mazam izmainam seko mazas.”"

1.3. Volatilitates novertesanas modeli

FinanSu tirgus datiem nereti piemit volatilitates klasteréSanas, kur datu laikrinda ir
noverojami periodi ar augstu un zemu volatilitati. Principa tieSi laika mainiga volatilitate
finanSu un ekonomikas datiem ir biezak novérojama ka konstanta volatilitate, Iidz ar to
precizai un korektai volatilitates modeléeSanai ir biitiska nozime, it 1pasi finanSu inZenierija.

Pastav divas visplasak lietotas volatilitates modelu pamatklases. Pirma tipa klases

10 Giot, P, & Laurent, S., Modelling daily Value-at-Risk using realized volatility and ARCH type models.
Journal of Empirical Finance 11, 2004, pp 379-398.

11 Black, F, Studies in stock price volatility changes, Proceedings of the 1976 Meeting of the Business and
Economic Statistics Section, American Statistical Association, 1976, pp. 177-181.

12 Robb, J.A., Financial Fat Tail Definition, http://www.fattails.ca/ - skatits 06.04.2015.

13 Mandelbrot, B. B., The Variation of Certain Speculative Prices, The Journal of Business 36, No. 4, 1963, pp.
394-419
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modeli definé volatilitati ka funkciju, kas satur ne tikai novérojumus. Sos modelus médz saukt
par latentas vai stohastiskas volatilitates modeliem. Latentas volatilitates modeli var tikt
patvaligi izstradati ar strukturalajiem lizumpunktiem patvaligos laika momentos, ka ari ar
patvaligam amplitidam, vairakiem faktoriem, lécieniem un “resnas astes” Sokiem, un
visparigu veidu nelinearitatém. Sadus modelus parasti var simulét, tacu ir griiti tos novertat un

t."* Otra tipa modeli definé nosacito dispersiju ka funkciju no novérojumiem.

prognoze
Visvienkarsakie piemeéri Sai klasei ir ARCH (auto regresivais nosacitas heterosceditates)
modelis un GARCH (visparigais auto regresivais nosacitas heterosceditates) modelis, kuri

detalizetak tiks apliikoti Sis nodalas turpmakajas apakSnodalas.

1.3.1. ARMA(p,q) modelis

Autoregresivais slidosa videja (ARMA) modelis ir matematisks modelis ar
autokorelaciju laikrinda. ARMA modeli tiek plasi izmantoti hidrologija, dendrahronologija,
ekonometrija un citas nozarés. Ar Siem modeliem var modelét datus; tas var palidzét izprast
fizikalo sistemu, atklajot kadu iemeslu par fizikalo procesu, kas rada noturibu pétamaja
laikrinda. ARMA modeli var tikt izmantoti arT lai laikrindas uzvedibas prognozeSanai atkariba
no pagatnes vértibam. Sadas prognozes var tikt izmantotas ka baze, novertgjot paréjo mainigo
iespejamo nozimigumu. Vel viens ARMA modelu pielietojums ir simulacijas, ar kuru
palidzibu var generét laikrindas ar tadu pasu strukttiru, ka noveérotajai laikrindai.

ARMA(p,q) modelis sniedz nelielu aprakstu par vaji stacionaru stohastisku procesu divu
polinomu gadijuma — viens polinoms AR(p) autoregresijai , bet otrs MA(q) polinoms apzimeé
slidoSo vidgjo. Visparigais ARMA(p,q) modelis tika aprakstits 1951.gada P. Vittla disertacija
“Hipotézu parbaude laikrindu analizé”."

Autoregresivo AR(p) modeli var uzrakstit ar sekojoSu vienadojumu:

14
Vi=CH) 0.y, e, (1.1)

i=1
kur ¢ - konstante, p - autoregresivas dalas karta, o, — koeficienti, bet €, —
balta trokSna process (white noise — patvaliga izlase no normali sadalitas kopas ar konstantu
vidéjo vertibu un konstantu standartnovirzi). SlidoSa vidéja modeli MA(q) izsaka Sads

vienadojums:

14 Engle, R.F, Patton, A.J, What good is a volatility model? Quantitative finance, Volume 1, Institute of Physics
publishing, research paper, 2001, pp 237 -245

15 Whittle, P., Hypothesis Testing in Time Series Analysis. 1951. Almquist and Wicksell. Whittle, P., Prediction
and Regulation. English Universities Press, 1963
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q
yt:‘u+2[5jet7j+et, (1.2)

j=1
kur w ir y, sagaidama vertiba, q - slidosa videja dalas karta, 3, — modela
koeficienti, €_; un €, — balta trokSpa procesi. Apvienojot abus Sos modelus viena, iegust

ARMA(p,q) modeli ( @ - konstante):

y[:w+iai})ti+iﬁjet1‘+et' (1.3)

Literatira Sim modelim ir atrodams] diezgan plass publikaciju klasts ar daZadiem
pielietojumiem, taja skaita arl ekonomikas joma. Ta, pieméram, B. Maity un B. Chatterjee
sava 2012. gada publicétaja raksta apliko Indijas iekSzemes kopprodukta (IKP) pieauguma
tempu.'® Vinu pétijuma meérkis bija divéjads — atklat apsléptas datu IpaSibas un prognozét
Indijas IKP un ta pieauguma tempu 10 gadu periodam. Lidzigi arl Y. Lu modeleja un
prognozéja Kinas IKP sava 2009. gada publikacija.'” Savukart W.S.Chan, M.W.NG un H.Tong
pétija ekonomiskas svarstibas, konkrétak, cenu inflaciju Lielbritanija laika posma no 1265.

lidz 2000.gadam."®

1.3.2. ARCH(p) modelis

ARCH modelis laikrindam tiek lietots, lai raksturotu mainigo, iespejams volatilo,
dispersiju. Sos modelus lieto gadijumos, kad ir pamats uzskatit, ka jebkura laika momenta
klidas izteiksmei bus raksturigs lielums vai dispersija. Konkréti ARCH modeli pienem, ka
pasreizéja kliidas izteiksme vai inovacija (innovation — starpiba starp novérotajam veérttbam
laika ¢ un optimalo prognozi Sai vertibai, balstitu uz informaciju, kas pieejama pirms laika t) ir
funkcija iepriekséja perioda kliidas izteiksmes lieluma. Lai gan ARCH modelus teorétiski ir
iespéjams izmantot, lai aprakstitu pakapeniski laika pieaugoSu dispersiju, visbiezZak Sie modeli
tiek lietoti situacijas, kuras var biit 1slaicigi periodi ar paaugstinatu dispersiju.

ARCH modelis var tikt pierakstits, izmantojot tris vienadojumus — ienesiguma vidéjas
vertibas vienadojumu, kliidas vienadojumu un nosacitas dispersijas vienadojumu:

r.=u+u, (1.4)

16 Maity, B., Chatterjee, B., Forecasting GDP growth rate of India: An empirical study, International Journal

of Economics and Management Sciences, Vol.1, Np. 9, 2012, pp 52-58 , http://omicsonline.com/open-

access/forecasting-gdp-growth-rates-of-india-an-empirical-study-2162-6359-1-082.pdf?aid=17205 ; skatits

22.04.2015

17 Lu, Y., Modeling and forecasting China's GDP data with time series models, Hogskolan Dalarna,
Department of Economics and Society, 2009, http://www.statistics.du.se/essays/D09 Lu Yang.pdf ; skatits
22.04.2015

18 Chan, W.S., NG, M.W.,, Tong, H., On a simple graphical approach to modelling economic fluctuations with
an application to UK price inflation 1265-2000, London School of Economics and Political Science,

research paper, http://www.lse.ac.uk/statistics/documents/researchreport79.pdf ; skatits 23.04.2015
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u,=0,€,€~iid(0,1) (1.5)

14
Gtz:u)+z OLl.uf_1 ) (1.6)

i=1
kur r, —ienesigums, w - ienesiguma videja vertiba, u, —Kklida, €, — balta trokspa

process, o, - klidas locekla standartnovirze ( o, — klidas locekla nosacita dispersija,

konstante w>0 un «,>0,i>0 , p —ARCH novelojumu skaits.

ARCH modela praktiskie pielietojumi literatiira ir atrodami vairaki. Ta, pieméram, D.
Hassan Abdel Hady (2014) centas noskaidrot, kadi GARCH saimes modeli vislabak apraksta,
t.i., modelé volatilitati Egiptes farmacijas kompaniju dienas logaritmétajiem ienesiguma
datiem."” Pétljuma rezultati atklaja, ka priekS vienas kompanijas ARCH modelis bija
vislabakais, jo datos netika novérots ARCH efekts un nepastavéja autokorelacija, kamér citam
divam kompanijam par labakajiem modeliem tika atziti TGARCH(p,q) un EGARCH(p,q)
modeli. Savukart Ganas Universitates pétnieki E.N.N.Nortey, B. Mbeah-Baiden, J.B. Dasah,
F.O.Mettle modeléja inflacijas raditaju Gana, salidzinot vairakus ARCH, GARCH un
EGARCH modelus. Par piemérotako tika atzits EGARCH(1,2), ar vidéjas veértibas
vienadojumu ARIMA(3,1,2).*° Tapat arl zinatnieku grupa no Australijas — A.Valadkhani,
A.P.Layton, N.D. Kuranaratne — pétija Australijas eksporta cenu volatilitati ar dazadiem
ARCH un GARCH modeliem.?! Pétijuma GARCH(1,1) modelis, kas papildinats ar diviem
mainigajiem (pasaules eksporta cenu indeksu un attiecibu starp kop&jo eksportu un
pakalpojumu un servisu eksportu, kas nav primaras nozares raditi), izradijas piemérotakais.
Sie divi papildus mainigie uztvéra gan globalos faktorus, gan attiecigi valsts specifiskas

ipaSibas, kas ietekmé Australijas eksporta cenas un volatilitati.

1.3.3. GARCH(1,1) modelis
Visparigais auto regresivais nosacitas heterosceditates (GARCH) modelis ir ARCH

modela paplaSinajums. Sis modelis izmanto pagatnes novérojumu kvadratu vértibas un

19 Hassan Abdel Hady, D., Modelling volatility with GARCH family models: An application to daily stock log-
returns in Pharmaceutical companies. Pensee Journal, Vol 76, No 9, September 2014, pp. 52 - 66,
http://www.academia.edu/10167218/Modeling Volatility with GARCH Family Models An Application

to Daily Stock Log-returns in Pharmaceutical Companies ; skatits 26.04.2015.
20 N.N.Nortey, E., Mbeah-Baiden, B., B.Dasah, J., O.Mettle, F., Modelling Rates of Inflation in Ghana: An

Application of ARCH Models. Current Research Journal of Economic Theory, 2014, pp. 16 — 21

http://www.maxwellsci.com/print/crjet/v6-16-21.pdf ; skatits 26.04.2015.
21 Valadkhani, A., Layton, A.P., Kuranaratne, N.D., Export Price Volatility in Australia: An Application of

ARCH and GARCH Models, Working papers 05-11, Department of Economics, University of Wollongong,
2005, http://ro.uow.edu.au/cgi/viewcontent.cgi?article=1118&context=commwkpapers ; skatits 26.04.2015.
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pagatnes dispersijas, lai modelétu dispersiju laika t.

GARCH(1,1) modelis ir visvienkarsakais un robustakais no volatilitates modelu saimes,
taCu neraugoties uz to, modeli var paplaSinat un veikt dazadus parveidojumus. Tas var tikt
visparinats 1idz GARCH(p,q) modelim, tas ir, modelim ar papildus novélojumiem. Sadi
augstakas kartas modeli bieZi ir noderigi, lietojot dienas datus par vairakam dekadém vai
stundu datus gada garuma.” GARCH(1,1) modelim vidéjas vértibas un kladas vienadojumi ir
analogiski ka (1.4) un (1.5), atSkiras nosacitas dispersijas vienadojums:

Of=w+(xut2_1+[3 0,2_1 ) (1.7)
kar ©>0 , a=0 , p=0

Lai gan GARCH(1,1) modelis ir paredzéts viena perioda prognozéSanai, ir iespéjams
izveidot divperiodu prognozi, balstoties uz viena perioda prognozi, ka rezultata, atkartojot So
soli, var tikt veidotas ilga laika prognozes. GARCH(1,1) divu periodu prognoze ir nedaudz
tuvaka ilgtermina videjai dispersijai ka vienperioda prognoze, 1idz ar to ilga laika prognoze
periodiem neatSkiras lidz kamér a+p<1 .*

Literatiira ir atrodami vairaki pétijumi, kuros salidzinati dazadi volatilitates modeléSanas
modeli. Ta, pieméram, P. R. Hansen un A. Lunde veiktaja pétijuma, kura izmantotas IBM
akciju cenas un dienas mainas kursa dati, tika salidzinati 330 dazadi modeli, taja skaita
GARCH(1,1). Autoru analizes rezultati nenorada uz kadu vienu konkrétu veiksmigako
modeli, jo katram datu komplektam cits modelis bija piemeérotakais. TaCu pétijjuma tika
novérots, ka Sie labakie modeli nepiedavaja ieverojami labaku prognozi ka GARCH(1,1)
modelis.** Nereti tieSi §1 iemesla dé] pétljumos netiek aplikoti augstaku kartu GARCH
modeli, ka tas ar1 darits K. Wongkhae, S.Sriboonchitta, K.Chokethaworn un C.Chaiboonsri

pétijuma, kura tika model@éts tiristu pieprasijums Taizemé un Singapira.”

1.3.4. GARCH(p,q) modelis
GARCH(p,q) pieraksta (p,q) pirmais skaitlis p ir attiecinams uz autoregresivo
novélojumu jeb ARCH izteiksmi, kas paradas vienadojuma, bet otrais skaitlis g attiecas uz

ieklautajiem vidéja slidosa novélojumiem, kurus médz saukt ari par GARCH izteiksmi.

22 Engle, R, The Use of ARCH/GARCH models in applied econometrics. Journal of Economic Perspectives,
Volume 15, Number 4, 2001, pp. 157-168

23 Turpat, pp. 160.

24 Hansen, P. R, Lunde, A, A comparision of volatility models: Does anything beat a GARCH(1,1)?, Working
Paper Series No0.84, Centre for Analyrical Finance, University of Aarhus, 2001, pp. 1-51

25 Wongkhae, K., Sriboonchitta, S., Chokethaworn, K., Chaiboonsri, C., Modelling the Tourists Demand to
Thailand and Singapore. A Copula based GARCH approach, Chiang Mai University,

http://www.academia.edu/8339110/Modeling the Tourists Demand to Thailand and Singapore A Copul
a Based GARCH Approach ; skatits 23.04.2015.
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GARCH(p,q) modelim vidgjas vertibas un kliidas vienadojumi ir analogiski ka (1.4) un

(1.5), atSkiras nosacitas dispersijas vienadojums:

Gf=m+zp: aiuf_i+iﬁjof_j ; (1.8)
i=1 j=1

Literatira atrodami vairaki piemeéri ar] GARCH(p,q) modela pielietojumiem, kuros
lietoti augstaku kartu modeli, neskaitot (1,1). Viens no tiem ir M.Casas un E.Cepeda pétijums
(2008) par ARCH, GARCH, EGARCH modeliem saistiba ar finanSu laikrindam, konkréetak,
tika analizétas Gillete akciju cenas un ienesigumi. Autori pétijuma secinaja, ka GARCH(1,2)
vislabak izskaidro akciju cenas, bet EGARCH(2,1) — akciju ienesigumus.*® Vél viens piemeérs
augstaku kartu GARCH pielietojumam ir 2013. gada pétijums, kura autori ir M.Puspa Rahma,
M.Azmi Omar un S.H.Kassim. Autori pétija malaizieSu sukuku (sukuki — islama ekvivalents
obligacijam?) spredu ietekméjoSos faktorus.”® Pétijums atklaja, ka 2/5 sukuku spredu

piemeérotaks bija GARCH(1,2), bet paréjai dalai — GARCH(1,1) modelis.

1.3.5. GJR-GARCH un TGARCH modeli
GJR jeb Glosten-Jagannathan-Runkle GARCH modelis, kurs tika izveidots 1993.gada,
modelé asimetriju ARCH procesa. Modeli var pierakstit, izmantojot vienadojumus (1.4) un

(1.5), papildinot tos ar atSkirigu treSo — nosacitas dispersijas — vienadojumu:

)4 q r
2 2 2 2
0[:w+2aiut_i+zﬁjot_j+2ykut_k1t_k, , (1.9
i=1 j=1 k=1
kuar I, ,= L, Ja u,<0
0, ja u,_,=0

Labajam zinam ( u,_,>0 ) ietekme uz nosacito dispersiju ir o, , bet sliktajam zinam

( u,_;<0 ) ietekme uz nosacito dispersiju ir o,+y, . Gadijuma, ja y;>0 , tad sliktas

zinas palielina volatilitati, un médz teikt, ka pastav i-tas kartas sviras efekts. Savukart, ja
y,#0 , tad zinu efekts ir asimetrisks.”

Pastav loti cieSa Iidziba starp TGARCH modeli un iepriek§ apskatito GJR-GARCH

modeli. GJR-GARCH modelis ir dispersijas procesa rekursivs vienadojums, bet TGARCH ir

26 Casas, M., Cepeda, E., ARCH, GARCH and EGARCH Models: Applications to Financial Series, Cuademos
de Economia, Vol. 27., No. 48, 2008, pp. 287 - 320

27 Islamic Develepoment Bank What is Sukuk?
http://thatswhy.isdb.org/irj/go/km/docs/documents/IDBDevelopments/Internet/thatswhy/en/sukuk/what-is-
sukuk.html ; skatits 26.04.2015.

28 Puspa Rahman, M., Azmi Omar, M., Kassim, S. H., An Application of GARCH Modeling on the Malaysian
Sukuk Spreads. Journal of Islamic Finance, Vol. 2, No. 2, 2913, pp. 26 - 37

29 Foscolo, E, Analysis of Financial Time Series with Eviews, pp. 12,

http://www.rimini.unibo.it/fanelli/EViews Lab.pdf ; skatits 03.04.2015.
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ta pati rekurenta sakariba, tikai pielietota standartkliidas procesam®:

p q

Otzzw+;ai(‘ut—i‘_Yiut—i)-'-ZlﬁjOt—j : (1.10)

Literattra atrodami vairaki pétijumi gan ar "I"GARCH, gan GJR modeliem. S.Alamasi
Monfared un D.Enke pétijuma (2014) izmanto GJR neironu tikla modeli volatilitates
prognozesanai. Autori klasisko GJR modeli modificéja, izmantojot tris popularakos neironu
tiklu modelus, tadéjadi uzlabojot GJR(1,1) sniegumu.®' Savukart Z.Alam un A.Rahman
pétijuma (2012) par BangladeSas un USD valitas kursu volatilitates modeleSanu TGARCH
modelis tika atzits par labako modeli arpus parauga (out-of-sample) prognozéSana bez
transakcijas izmaksam, ka arl tas parspeja citus modelus parauga (in-sample) un arpus

parauga (out-of-sample) prognozésana, ja transakciju izmaksas tiek nemtas véra.*

1.3.6. EGARCH jeb eksponencialais GARCH modelis

EGARCH modelis, ar kuru D. B. Nelsons iepazistinaja 1991. gada, ir GARCH modela
modifikacija, kura modelé nosacitas dispersijas procesa logaritmu.*® Turklat EGARCH
modelim ir papildus nosacijumi sviras efektam, lai varétu attélot asimetriju volatilitates
klasteros. EGARCH(p,q) modelt ir p ARCH koeficienti, kas saistiti ar novéloto standartizéto
inovaciju apjomu, q GARCH koeficienti, kas saistiti ar novéloto dispersijas logaritmu
nosacijumiem, ka arl r sviras koeficienti, kas saistiti ar novélotajam standartizétajam
inovacijam. EGARCH modeli var pierakstit ar tadiem paSiem vienadojumiem ka (1.4), (1.5)

un:

u[ —i
(S k

p
log(?)=0+3. ¢,
i=1

Nosacitas dispersijas logaritms nosaka, ka sviras efekts ir eksponencials un ka nosacitas

q r u._
+Zﬁjlog(0t27j)+z yk—(;t_k (1.11)
j=1 k=1

dispersijas prognozes noteikti biis nenegativas. Sviras efekta esamibu datos var parbaudit ar
hipotézes Yy, <0 palidzibu.Ja y,#0 ,tada gadijuma iespaids ir asimetrisks.*

Literatira ir atrodami plaSa skaita raksti un pétijumi ar EGARCH modelu

30 Ali, G., EGARCH, GJR-GARCH, TGARCH, AVGARCH, NGARCH, IGARCH and APARCH Models for
Pathogens at Marine Recreational Sites , Journal of Statistical and Econometric Methods, vol. 2, no.3, 2013,
pp- 57-73

31 Almasi Monfared, S., Enke, D., Volatility Forecasting Using A Hybrid GJR-GARCH Neural Network
Model., Procedia Computer Science, Volume 36, 2014, pp 246 — 253

32 Alam, Z., Rahman, A., Modelling Volatility of the BDT/USD Exchange Rate with GARCH model.
International Journal of Economics and Finance, Vol. 4, No. 11, 2012, pp. 193 - 204

33 Cizek, P, Hardle, W, Weron R, Statistical Tools for Finance and Insurance. Extensions of the GARCH
Model, 2005. http://sfb649.wiwi.hu-berlin.de/fedc_homepage/xplore/tutorials/sfehtmlnode67.html; skatits
06.04.2015.

34 Foscolo, E, Analysis of Financial Time Series with Eviews, pp. 12,

http://www.rimini.unibo.it/fanelli/EViews Lab.pdf ; skatits 06.04.2015.
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pielietojumiem. Viens no tiem ir H. Ezzata 2012. gada publicétais pétijjums par volatilitates
modeléSanu dienas ienesigumiem masveida triecienu (Soku) perioda Egipté.*® Autori darba
izmanto Cetru Egiptes akciju tirgus indeksus, un EGARCH modela lietoSanas pamatojums
volatilitates modeléSanai bija izpétit ilgtermina efektu, ka arm sviras efektu. Ka vél viens
piemérs EGARCH veiksmigai pielietoSanai jamin slovaku pétnieku V.Gazda un T.Vyrost
veikums, kura autori prognozéja Slovakijas akcijas indeksa (SAX) volatilitati, izmantojot
GARCH, TGARCH, EGARCH modelus (2003).* Vislabako rezultatu $aja pétijuma uzradija

EGARCH modelis, kurs noteica asimetrijas efekta klatbiitni datos.

1.4. Kopsavilkums

Lielako dalu no Saja nodala apskatitajiem modeliem velak aplikosim pétijuma
empiriskaja dala. Tiks aplikots ARMA(p,q) modelis ar dazadam p un g kartam, kas biis par
pamatu GARCH saimes modeliem, jo, ka noskaidrojam, GARCH saimes modeli sastav no
vidgjas vertibas un kliidu dispersijas vienadojumiem. Labakais ARMA(p,q) tiks pienemts ka
videjas vertibas vienadojums, kas tiks izmantots visu paréjo modelu veidoSana.
SalidzinaSanas noliikos tiks aplikoti ARCH(1), GARCH(p,q), TGARCH(p,q) un
EGARCH(p,q) modeli ar dazadam p un q kartam. GARCH(p,q) modeli tiks apskatiti, jo tas ir
visparigais gadijums un no ta tiek atvasinati citi modeli. TGARCH(p,q) un EGARCH(p,q)
modeli tiks apliikoti, jo abi Sie modeli spéj attelot un modelét asimetriju datos, ko savukart

nespéj visparigais GARCH(p,q).

35 Ezzat, H., The Application of GARCH and EGARCH in modelling the volatility of Daily Stock Returns
During Massive Shocks: The Empirical Case of Egypt, MPRA Paper No. 50530, 2012, http://mpra.ub.uni-

muenchen.de/50530/1/MPRA paper 50530.pdf ; skatits 24.04.2015.
36 Gazda, V., Vyrost, T., Application of GARCH models in forecasting the volatility of the Slovak share index

(SAX). BIATEC, Voluume XI, 2/2003, pp 17 — 20;
http://www.nbs.sk/_img/Documents/BIATEC/BIA02 03/17 20.pdf skatits 26.04.2015.
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2. TENDENCES INFORMACIJAS TEHNOLOGIJU AKCIJU TIRGOS

Akciju tirgus tendences kopuma palidz noverot akciju tirgus indeksi. Akciju tirgus
indekss ir mérijumu vertiba akciju tirgus segmentam. Tas tiek aprékinats no izvéléto akciju
tirgus cenam (parasti — vidgjais svertais lielums), un ar So instrumenta palidzibu investori un
finansu vaditaji raksturo tirgu, salidzina ienesigumu konkrétiem ieguldijumiem. Saja pétijuma
tiek pétiti informaciju tehnologiju un servisa uznémumi no ASV un Eiropas, tapéc Saja nodala
kopgjo tirgus tendencu noteikSanai tiks aplikots S&P 500 indekss, kas raksturo ASV akciju
tirgu, un STOXX Europe 600 indekss, kas savukart raksturo Eiropas akciju tirgu. Tapat tiks
sniegts pétijuma ieklauta uznemuma apraksts un piedavato produktu un pakalpojumu klasts,

ka ar aprakstits informaciju tehnologiju tirgus un ta tendences.

2.1. S&P 500 un STOXX Europe 600 indeksi

S&P 500 jeb Standard & Poor's 500 ir ASV akciju tirgus indekss, kas balstits uz 500
lielo uzpémumu, kas kotéti Nujorkas (NYSE) BirZa vai NASDAQ, tirgus kapitalizaciju. S&P
500 indeksa sastavdalas un to svars noteikts ar S&P Dow Jones indeksu. Sis indekss atSkiras
no citiem amerikanu akciju tirgus indeksiem ar ta daudzveidigo konsistenci un véertéSanas
metodiku. S&P 500 indekss ir viens no bieZak lietotajiem akciju indeksiem un daudzi to
uzskata par vienu no labakajiem indeksiem, kas reprezenté ASV akciju tirgu.*” Nacionalais
Ekonomisko pétijumu birojs klasificéjis So indeksu ka noradoSo biznesa ciklu indikatoru.®
S&P 500 izstradaja un uztur S&P Dow Jones Indices — kopuznémums, no kura lielaka dala
pieder uznemumam McGraw Hill Financial. S&P 500 ir brivi peldosa kapitalizacijas sverta
indekss.* S&P Dow Jones Indices publicé daudzus akciju tirgus indeksus, pieméram, Dow
Jones Industrial Average, S&P MidCap 400, S&P SmallCap 600, S&P Composite 1500.

Tikmér STOXX Europe 600 ir akciju tirgus indekss Eiropas tirgum. Indeksu izveidoja
STOXX Ltd., bet ar indeksa uzturéSanu nodarbojas Deutsche Borse Group (Vacijas BirZas
grupa) and SIX Group. STOXX Europe 600 indekss ir atvasinats no STOXX Europe Total
Market indeksa un ir apakikopa no STOXX Global Index 1800. Saja indeksa ir fikséts
komponensu skaits — tas reprezenté 600 lielas, vidéjas un mazas kapitalizacijas uzpémumus
no 18 Eiropas valstim (Austrija, Belgija, Cehija, Danija, Somija, Francija, Vacija, Griekija,

Irija, Italija, Luksemburga, Niderlande, Norvégija, Portugale, Spanija, Zviedrija, Sveice,

37 Investopedia, Standard & Poor's 500 Index — S&P 500, http://www.investopedia.com/terms/s/sp500.asp ,;
skatits 20.05.2015

38 Renshaw, E., The Stock Market, Oil Price Shocks, Economic Recessions and the Business Cycle With An
Emphasis on Forecasting. Some Featured highlights. State University of New York at Albany, 2002.
http://www.albany.edu/cer/bc/bc_essays.html ; skatits 20.05.2015.

39 Standard & Poor's majaslapa, S&P U.S. Indices Methodology, http://us.spindices.com/indices/equity/sp-
500 ; skatits 20.05.2015.

17


http://us.spindices.com/indices/equity/sp-500
http://us.spindices.com/indices/equity/sp-500
http://www.albany.edu/cer/bc/bc_essays.html
http://www.investopedia.com/terms/s/sp500.asp

Lielbritanija),” kas sadalitas 19 “supersektoros” saskana ar ICB nozaru klasifikatoru. Indekss
tiek sverts saskana ar brivi peldoSo tirgus kapitalizaciju, bazes datums — 1991. gada 31.

decembris; indeksu parskata ik ceturksni.
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40 STOXX majaslapa, STOXX Europe 600: http://www.stoxx.com/indices/index_information.html?
symbol=SXXP ; skatits 20.05.2015.

41 Avots: autores veidots, izmantojot dienas datus S&P 500 indeksam par laika posmu 01.01.2002 —
23.02.2015) no Yahoo! Finance, S&P 500 : http://finance.yahoo.com/q/hp?s=AGSPC+Historical+Prices
;skatits 19.05.2015.

42 Avots: autores veidots, izmantojot dienas datus STOXX Europe 600 indeksam par laika posmu 01.01.2002 —
23.02.2015) no STOXX, STOXX Europe 600 : http://www.stoxx.com/indices/index information.html?
symbol=SXXP ; skatits 20.05.2015.

18


http://www.stoxx.com/indices/index_information.html?symbol=SXXP
http://www.stoxx.com/indices/index_information.html?symbol=SXXP
http://finance.yahoo.com/q/hp?s
http://www.stoxx.com/indices/index_information.html?symbol=SXXP
http://www.stoxx.com/indices/index_information.html?symbol=SXXP

Attelos 2.1 un 2.2 redzamas abu indeksu vertibas laika posma no 2002. gada 1.janvara
lidz 2015. gada 23. februarim. Attélos novérojamas kopigas tendences — kritumi indeksa
vertibas ap 2002., 2008. un 2011. gadu; maksimumi ap 2007., 2011. un 2015. gadu.

2002. gada noverotais indeksu vertibu kritums varétu tikt skaidrots ar 2000. gada
sakuma recesiju, kas galvenokart bija jitama attistitajas valstits. Eiropas Savieniba recesija
bija jiitama 2000. un 2001. gada, kamér ASV ta sasniedza 2002. un 2003. gada. So recesiju
prognozgja vairaki ekonomisti, jo 90. gadu uzplaukums (roku roka ar zemu inflaciju un zemu
bezdarba Iimeni) jau 1997. gada izraisija Azijas finanSu krizi. Tomér daZzi ASV ekonomisti
2000.gada sakuma recesiju neklasifice ka recesiju, jo netika noveroti divi secigi ceturksni ar
negativu augsmi. Var noveérot, ka STOXX Europe 500 indeksa laikrinda Saja laika perioda ir
daudz robainaka un ar asaku kritumu, kamer S&P 500 kritums nav tik ievérojams.

Otras tikstoSgades sakums saistas art ar informaciju tehnologiju burbula pliSanu, kura
rezultata daZzas kompanijas zaudéja lielu dalu no tirgus kapitalizacijas, tacu palika stabilas un
ienesigas, pieméram, Cisco.” Tikmér citiem uzpémumiem izdevas atgaties un parsniegt pirms
informacijas tehnologiju burbula sasniegtos raditajus, pieméram, Amazon.com** un eBay.com.

Pastav versija, ka ASV Federalo rezervju daudz apspriesta priekSsedétaja A.Grinspana
(amata no 11.08.1987. Iidz 31.01.2006.) (galvenais stridu jautajums — federalo rezervju
samazinasana Iidz 1% gandriz gada garuma, kas, saskana ar Australijas teorétikiem, finanSu
sistema iepludingja lielu daudzumu “vieglu”, uz kredita balstitu, naudu un radija ekonomikas
parkarSanu*) darbibam laika posma no 2002. lidz 2004. gadam patiesiba motivacija bija
“izvest” ASV no 2000. gada sakuma gadu recesijas, kuru savukart izraisija informaciju
tehnologiju burbula parspragSana, lai gan tagad ir redzams, ka ar $adam metodém A.
Grinspanam izdevas finansu krizi tikai aizkavét, nevis noveérst.*

2007. gada beigas Iidz pat 2009. gadam pasauli skara augsta riska hipotekaro kreditu
krize, kuru ierosinaja lielais majoklu cenu kritums, ka rezultata tika veiktas daZadas ar
hipotekaro kreditu saistitas nolaidibas un ierobeZojumi, ka arl notika majoklu veértspapiru
devalvacija. Dzivojamo eku investiciju kritums uzskatams par lejupslides sakumu, kam sekoja
majsaimniecibu izdevumu samazinajums un uznémumu investiciju samazinajums. Izdevumu
samazinaSana bija jutamaka tajos rajonos, kuros bija augsti majsaimniecibu paradi

apvienojuma ar lielakiem majoklu cenu kritumiem.* Majsaimniecibu parada ekspansija tika

43 Galbraith, J. K., Hale T., Income Distribution and the Information Technology Bubble. University of Texas
Inequality Project Working Paper, 2004.

44 Yahoo! Finance: http://chart.finance.yahoo.com/z?s=AMZN&t=my&I=off&z=1 ; skatits 15.04.2015.

45 Polleit, T., Manipulating the Interest Rate: a Recipe for Disaster" Mises Institute, 2007,
https://mises.org/library/manipulating-interest-rate-recipe-disaster ; skatits 10.05.2015.

46 Pettifor, A., America's financial meltdown: lessons and prospects. OpenDemocracy. 2008

47 Mian, A., Sufi, A., House of debt. University of Chicago, 2014 http://www.wsj.com/articles/book-review-

19


http://www.wsj.com/articles/book-review-house-of-debt-by-atif-mian-and-amir-sufi-1401317803
http://www.wsj.com/articles/book-review-house-of-debt-by-atif-mian-and-amir-sufi-1401317803
https://mises.org/library/manipulating-interest-rate-recipe-disaster
http://chart.finance.yahoo.com/z?s=AMZN&t=my&l=off&z=l

“finanseta” ar hipotekari nodroSinatiem vertspapiriem (mortgage-backed securities) un
nodroSinatam paradsaistibam (collaterized debt obligations), kas sakotngji piedavaja
pievilcigu ienesigumu hipotekaro kreditu augsto procentu likmju dé], tomeér zema kreditu
kvalitate galu gala izraisija masveida paradsaistibu neizpildi.*® Kaut krizes elementi saka kit
redzami 2007. gada, vairakas lielas finanSu iestades sabruka 2008. gada septembrl ar
ieverojami iedragatu kreditplismu uzpémumiem un patérétajiem,* pieméram, Lehman
Brothers, kas pasludinaja bankrotu, nesp&jot atrast pircéju. Sis varéetu bit skaidrojums 2008.
gada tirgus akciju indeksu kritumam.

2009. gada februari ASV uzsaka Amerikas atvese]oSanas un re-investiciju programmu
(American Recovery and Reinvestment Act of 2009 — ARRA), kuras galvenie meérki bija
saglabat esoSas darba vietas un radit jaunas, sniegt 1slaicigas palidzibas programmas tiem,
kurus visspecigak ietekméja lejupslide (dazadi socialie pabalsti un papildus bezdarbnieku
pabalsti), un ieguldit lidzeklus infrastruktiira, izglitiba, veselibas apriipé un atjaunojama
energija, tadgjadi stimulgjot ekonomiku. ARRA logiskais pamatojums tika nemts no Keinsa
makroekonomikas teorijas, kas apgalvo, ka, lai saglabatu darba vietas un apturétu turpmako
ekonomisko lejupslidi, valdibai lejupslides laika vajadzétu lidzsvarot samazinajumu privata
sektora izdevumos ar pieaugumu publiska sektora izdevumos. Tiesa gan, neilgi péc S1
lemuma pienemSanas 2008. gada Nobela prémijas ekonomika laureats Pols Krugmans
atbalstija to, bet tai pat laika kritizéja par parak vaju, jo programma “pat nenosedz vienu
treSdalu no (izdevumu) plaisas”.

Tikmer Eiropa sakot no 2009. gada beigam sakas Eirozonas jeb Eiropas paradu krize,
kas notikusi vairakas eirozonas dalibvalstis. Sis valstis nespé&ja atmaksat vai refinansét valsts
paradu vai izglabt parados nonakusas bankas saskana ar savas valsts nacionalo parraudzibu,
neiejaucoties treSajam personam, pieméram. Starptautiskajam Valiitu Fondam vai Eiropas
Centralajai Bankai. VadoSas Eiropas valstis, bazas par banku maksatspeju valsts parada del,
istenoja virkni ar finanSu atbalsta pasakumiem, pieméram, Eiropas FinanSu stabilitates fondu
un Eiropas Stabilitates mehanismu. Laika no 2010. - 2012. gadam kluva acimredzams, ka
Cetram no astonpadsmit eirozonas valstim (Griekijai, Irijai, Portugalei un Kiprai), saskaroties
ar nemainigi negativu augsmes perspektivu un arvien pieaugosu valdibas paradu, bija griitibas

vai nespéja atmaksat valsts paradu bez atbalsta no iepriek§ minétajam institiicijam. Tacu

house-of-debt-by-atif-mian-and-amir-sufi-1401317803 ; skatits 14.05.2015.
48 Lemke, T. P, Lins, G. T,, Picard, M. E., Mortgage-Baked Securities. Chapter 3, Thomson West, 2013

49 Zandi, M., Mark Zandi on Financial Shock to Financial Panic. Financial Time Press, 2012,
http://www.ftpress.com/articles/article.aspx?p=1944877 ; skatits 14.05.2015.

50 Nobel Laureate Paul Krugman: Too Little Stimulus in Stimulus Plan., Wharton University of Pennsylvania,
2009, http://knowledge.wharton.upenn.edu/article/nobel-laureate-paul-krugman-too-little-stimulus-in-
stimulus-plan/ ; skatits 15.05.2015.
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2014. gada julija Irija un Portugale bija veiksmigi pabeiguSas savu glabSanas programmu, t.i.,
uzlabots strukturalais deficits kombinacija ar atgrieztu ekonomisko izaugsmi nodroSinaja
pilniga tirgus pieejamibas atgiiSanu. Griekija un Kipra tikai dalg€ji ieguva piekluvi tirgum, un
vinu glabSanas programma ir pagarinata lidz 2016. gada martam. Tika izstradatas vairakas
ekonomiskas reformas un atveseloSanas priekSlikumi. Ta pieméram, reforma par banku
tieSajiem aizdevumiem un banku regulacijam, kas atspogulojas ar ilgtermina obligaciju
ienesiguma samazinasanos, kas izdotas tadas dalibvalstis ka Italija un Spanija, un eiro vertibas
pieauguma.”’ IzskanéjuSi arl priekSlikumi palielinat investiciju daudzumu un samazinat
taupibas pasakumus, palielinat valstu konkurétspeju (Eiro-Plus jeb Konkurétspéjas pakts).

2011. gada augusta kritums akciju tirgii bija jutams birzas ASV, Tuvajos Austrumos,
Eiropa un Azija. Tas bija saistits ar bazam par Eiropas valstu paradu krizi saistiba ar Spaniju
un Italiju, ka arl baZzam par Francijas AAA kreditreitinga noslideSanu, léno ekonomisko
izaugsmi ASV un ASV kreditreitinga pazeminaSanu. Standard & Poor's 2011. gada 6. augusta
pirmo reizi kop$ 1941. gada> samazinaja ASV kreditreitingu no AAA uz AA+, ar varbitibu,
ka tas tiks turpmak vél samazinats.”® 2011. gada 4. augusta Japanas valdiba iejaucas valiitas
tirgos, lai palidzetu sasniegt un uzturét mainas kursu; Francija 18. augusta CAC40 indekss
noslideja par 5.5%, Vacijas DAX indekss par 5.8%; Lielbritanijas FTSE 100 indekss nokrita
par 4.5%. Savukart Sveice un Japana saskaras ar valiitas parvértésanu, jo daudzi iegulditaji un
tirgotaji veica ieguldijumus gan zelta, gan arvalstu valiita — Sveices frankos un Japanas jénas
—, kas uzskatamas par drosam.> Sim divam valstim bija nepiecieSsams vajinat valditu. Tikmér
ASV S&P 500 8. augusta nokrita par 6.7%, Kanada Toronto BirZa zaudgja 3.4%, Brazilija
Bovespa indekss nokrita par 8.08%.

Ka tika minéts iepriekS, ASV tirgus indeksa S&P 500 laikrinda visa perioda garuma
vizuali izskatas gludaka ka Eiropas tirgus indeksa STOXX Europe 600 laikrinda, kurai
verojama lielaka svarstibu amplitiida. Tas savukart liek vedinat uz domu, ka ir loti iesp&jams,
ka §1 péetijjuma empiriskaja dala atklasies, ka Eiropas informaciju tehnologiju akciju
volatilitates prognozesanai labak aprakstoSais modelis varéetu but atSkirigs, kads tas bus ASV

uznémumiem.

51 Steven Erlanger; Paul Geitner, Europeans Agree to Use Bailout Fund to Aid Banks. The New York Times.
2002

52 Puzzanghera, J., S&P downgrades U.S. credit rating. Los Angeles Times, 2011.
http://articles.latimes.com/2011/aug/06/business/la-fi-us-debt-downgrade-20110806 ; skatits 20.05.2015.

53 Detrixhe, J., U.S. Credit Rating Affirmed as Moody’s, Fitch Warn of Downgrade on Deficit. Bloomberg,
2011. http://www.bloomberg.com/news/articles/2011-08-02/u-s-aaa-rating-faces-moody-s-downgrade-on-
debt-economic-slowdown-concern , skatits 20.05.2015.

54 Aldrick, P., Japan follows Switzerland by weakening currency. The Telegraph, 2011

55 TMX Group, Toronto Stock Exchange August/July 2011 History, 2011
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2.2. Informaciju tehnologiju uznémumu raksturejums un analize

Lai sasniegtu darba mérki — izpétit akciju volatilitates transmisijas mehanismu laika — ,
tiks empiriski apliikoti un analizéti akciju slégSanas cenu dati desmit daZzam kompanijam, kas
parstav informaciju tehnologiju un servisa nozari. Lai rastos pilnvertigaks prieksstats,
turpmakaja apakSnodala apliikoti pétijjuma ieklautie uzpémumi, to dibinasana, piedavatie
pakalpojumi un aptuvenais darbibas virziens.

Pasaulé lielaka konsultaciju firma (péc iepémumiem) Accenture piedava labi
sabalansétu vadibas konsultaciju portfeli, tehnologiju un biznesa procesu arpakalpojumu
(business process outsourcing) servisu vairakam vadoSajam kompanijam un valsts
organizacijam visa pasaulé. Korporativie klienti aptver plaSa spektra nozares — sakot no
mazumtirdzniecibas 11dz komunikaciju sektoram. Uznémuma komunikaciju, mediju un
tehnologiju segments piedava uznémeéjdarbibas un nozarei pielagotus pakalpojumus tikla
inZenierzinatnés un integracija, IP tikla migraciju, nodroSina tieSsaistes klientu un uznémuma
attiecibu vadibas pakalpojumu, ka ari parveido apraides platformas uz digitalo formatu.
Accenture finanSu pakalpojumu segments piedava pakalpojumus, lai palidzétu klientiem
uzlabot rentabilitati, audzét savu klientu bazi, parvaldit riskus un parveidot savu darbibu. Sis
segments kalpo banku, kapitala tirgus un apdroSinasanas nozarem. Veselibas un sabiedrisko
pakalpojumu segments sniedz veselibas vadibas un administréSanas pakalpojumus, veselibas
informaciju tehnologiju sisttmu veselibas apriipes pakalpojumu sniedzéjiem, ka arl dazadus
pakalpojumus valdibam. Savukart uznémuma produktu segments sniedz risinajumus gaisa,
kravas, celojumu, automobilu, patérina precu un servisu jautajumos, infrastruktira un
transporta, dabaszinatnés un mazumtirdzniecibas nozarés. Accenture resursu segments palidz
kimiskas rtpniecibas uznémumiem izstradat un istenot jaunas biznesa stratégijas, vadit
sareZgitas parmainu iniciativas, integrét procesus un tehnologijas; energétikas klientiem —
optimizét razoSanu, parvaldit oglidenrazu un ne- oglidenraZu piegades kédes, racionalizét
tirdzniecibas operacijas.”® Klienti izmanto Accenture pakalpojumus, ienakot jaunos tirgos,
palielinot esoSo tirgu, uzlabojot darbibas raditajus un piegadajot jaunus produktus tirgum.*
Accenture ir dibinats 1989. gada, bet kops 2009. gada 1. septembra registréts Dublina, Irija.

Accenture pirmsakumi meklgjami 1953. gada, kad Accenture bija biznesa un tehnologiju
konsultacijas nodala gramatvedibas firmai Arthur Andersen (dibinats 1913. gada, Cikaga).
Saja gada Arthur Andersen vérsas General Electric, lidzot automatizét algu apstrades procesu
un izstradat to atbilstoSi kompanijas vajadzibam. Arthur Andersen ieteica uzstadit UNIVAC I

datoru un printeri, kas uzskatams par pirmo komerciali piederoSa datora uzstadiSanu Amerikas

56 Yahoo! Finance. ACN : http://finance.yahoo.com/q/pr?s=ACN+Profile ' skatits 16.05.2015.
57 Accenture Company Profile — Yahoo! Finance : http://biz.yahoo.com/ic/43/43516.html ; skatits 16.05.2015.
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Savienotajas Valstis 1954. gada. 1989. gada Arthur Andersen un Andersen Consulting kluva
par diviem daZadiem uznémumiem. Arthur Andersen palielinaja gramatvedibas pakalpojumu
izmantoSanu, lai palidzetu iegiit klientus vairak ienesigajam Andersen Consulting biznesam.
Gadu gaita spriedze starp Siem abiem uzneémumiem pieauga un 2000. gada Andersen
Consulting lauza visus ligumus ar Arhur Andersen®, un sakot no 2001. gada 1. janvara
nosaukums tika nomainits uz Accenture®. Accenture ir darinats no vardu salikuma "accent on
the future", kas nozimé “nakotnes akcents”. Nujorkas birza (NYSE) uznémuma akcijas pirmo
indeksa komponente. Accenture tieSie konkurenti ir Deloitte Consulting LPP, HP Enterprise
Services LCC, IBM.

Capgemini ir francu daudznacionala vadibas konsultaciju kompanija, kas atrodas
Parizé, Francija, to dibinajis S. Kampfs 1967. gada. Capgemini sniedz konsultaciju,
tehnologiju, profesionalo un arpakalpojumu servisu. Kompanijas pakalpojumi ietver
lietojumprogrammu dzives cikla pakalpojumus, lietojumprogrammu arpakalpojumu servisu,
biznesa analitiku un lielo datu risinajumus, ka ar1 cita veida pakalpojumus. Uzpémums
piedava ar1 biznesa informacijas vadibas, biznesa procesu vadibas pakalpojumus un
arpakalpojumus, makonpakalpojumus, finanses un gramatvedibu, inZenierzinatnes, videi
draudzigos informaciju tehnologiju pakalpojumus. Klat visam minétajam, Capgemini piedava
arl  infrastruktiiras pakalpojumus: mobilos risindjumus, platformveida iepirkumu
pakalpojumus, informaciju tehnologiju pakalpojumu integracijas risinajumus. Uzpémuma
piedavato pakalpojumu vidid ir arl piegades kedes wvadibas pakalpojumi, kvalitates
nodroSinasSanas un testéSanas pakalpojumi, ta plano, projekté un izstrada informaciju
tehnologiju sistemas un lietojumprogrammas, sniedz atbalstu informacijas tehnologiju
komandam klientu uznémumos. Capgemini piedava savus pakalpojumus daZadas nozareés,
tostarp aviacijas un aizsardzibas, automobilu, banku, mazumtirdzniecibas, izplatiSanas un
transportésanas, finanSu, veselibas apriipes, apdroSinasanas, naftas un gazes, publiska sektora,

telekomunikaciju, mediju un izklaides nozares.®

Kompanija darbojas Ziemelamerika,
Dienvidamerika, Eiropa, Azija un Klusa Okeana valstis. Capgemini pirmo reizi Kotéjas

Parizes Euronext Paris birza® 2000.gada 3. janvarl.

58 Mitchell, M., (August 8, 2000). Arbitrator's Ruling Goes Against Accounting Arm : Consultants Win Battle
Of Andersen. The New York Times (New York City: The New York Times Company)., 2000.
http://www.nytimes.com/2000/08/08/business/worldbusiness/08iht-consult.2.t.html ; skatits 16.05.2015;

59 InformationWeek, Andersen Consulting Changing Name to Accenture. 2000.
www.informationweek.com/andersen-consulting-changing-name-to-accenture-/d/d-id/10094007 ; skatits
16.05.2015;

60 Yahoo! Finance: CAP.PA, http:/finance.yahoo.com/q/pr?s=CAP.PA+Profile ; skatits 16.05.2015;

61 Autores piezime: vésturiska Parizes akciju birZa (Paris Bourse) kops 2000. gada zinama ka Euronext Paris
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Arm Atos SE tapat ka Capgemini ir starptautiska informaciju tehnologiju servisa
kompanija, kas registréta Bezonsa, Francija 1988. gada. Atos SE piedava lietojumprogrammu
parvaldibas pakalpojumus, konsultacijas, biznesa integraciju un biznesa procesu risinajumus,
civilas un nacionalas droSibas risinajumus, ka arml makonservisa pakalpojumus. Uzpémums
sniedz arl konsolideSanas, kiberdroSibas, datu centra, parvaldes infrastruktiiras, plaSsazinas
lidzeklu, raZoSanas izpildes sisttmu un raZoSanas vadibas risinajumus, daudzkanalu un
mobilas, tikla un komunikaciju darbibas atbalsta sistémas, informaciju tehnologiju un biznesa
procesu arpakalpojumus, produktu dzives cikla parvaldi, SAP biznesa programmatiras
procesu un industrijas pakalpojumus, socialas sadarbibas un ilgtspgjibas ripinajumus. Bez
iepriekS nosaukta Atos SE nodarbojas arl ar nodoklu, valsts kases un muitas jautajumu
risinajumiem, Telco tikla produktiem un to testéSanu, nodroSina uznémumu programmatiiras
un e-maksajumu pakalpojumus. Uzpemums savus pakalpojumus piedava energétikas un
komunalo pakalpojumu sektoram, raZoSanas, mazumtirdzniecibas, publiskajam sektoram,
veselibas apriipes, transporta, telekomunikaciju, mediju un tehnologiju nozarém. Atos SE ir
stratégiska alianse ar tadam kompanijam ka Cisco, Dell, Hitachi, Microsoft, Oracle, SAP,
Siemens, bet stratégiskas biznesa partnerattiecibas ar HP un IBM.® Atos SE ir atpazistams ar
Sadiem zimoliem — Bull, Worldline, Canocopy, BlueKiwi, Atos Consulting, Atos Worldgrid un
Yunano.® Atos SE pirmo reizi kotéjas Parizes Euronext Paris Birza 2000.gada 3. janvar.

Ka pieminéSanas verts fakts jamin, ka Atos SE kopS 2001. gada ir Olimpisko un
Paralimpisko spélu oficialais informaciju tehnologiju partneris vismaz lidz pat 2020. gadam.*
Turklat Atos SE ir viens no 11 lielakajiem Olimpisko spélu sponsoriem kops 2001. gada.®

Savukart Bechtle AG ir vacu informaciju tehnologiju servisa kompanija, kas 1983. gada
dibinata Nekarsulma, Vacija. Bechtle AG ar saviem meitasuznémumiem sniedz informaciju
tehnologiju un informaciju tehnologiju e-komercijas pakalpojumus Vacija un starptautiska
meéroga. Uznémums darbojas divos lielos segmentos — informaciju tehnologiju sistému majas
un parvaldijumu pakalpojumi, un informaciju tehnologiju e-komercijas pakalpojumi. Pirmais
no minétajiem diviem segmentiem piedava informaciju tehnologiju konsultacijas, aparatiiru
un programmatiru, projektu planoSanu un izpildi, sisttmu integraciju, informaciju tehnologiju
pakalpojumus un apmacibas, makonpakalpojumus, ka arm informaciju tehnologiju

ekspluatacijas pakalpojumus. Sis segments nodro$ina klienta parvaldibu, serverus un datu

62 Yahoo! Finance: ATO.PA, http://finance.yahoo.com/q/pr?s=ATO.PA+Profile ; skatits 17.05.2015.

63 Atos majaslapa, http://atos.net/en-us/home/we-are/company-profile/our-brands.html ; skatits 17.05.2015.
64 Groshmann, K, IOC extends sponsor deal with Atos to 2020, Reuters, 2014,

http://uk.reuters.com/article/2014/02/08/us-olympics-atos-idUKBREA170M420140208 ; skatits 17.05.2015.
65 FACTBOX, Olympics-Who are the global sponsors? , Reuters, 2012,

http://www.reuters.com/article/2012/07/17/oly-sponsors-top-adv-idUSL.6ESIHH0020120717 ; skatits
17.05.2015.
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uzglabasanas ierices, tiklus, virtualizaciju, informaciju tehnologijas droSibu, programmatiru,
apkopi un remontu, ka arl arpakalpojumus. Savukart informaciju tehnologiju e-komercijas
segments ir saistits ar interneta risinajumiem, katalogiem, telemarketinga darbibam saskana ar
ARP, Claxan, Comsoft un Bechtle tieSajiem zimoliem. E-komercijas segments nodroSina
daZadu produktu Kklastu, tai skaita aparatiiru, programmatiiru, periférijas un aksesuarus. Sis
segments piedava arl e-iepirkumus un marketinga pakalpojumus; programmatiiras licences
ietver klienta velmem pielagotus programmatiiras produktus un risinajumus; tiek piedavati arl
programmatiiras aktivu parvaldibas risinajumi. Uzpemums galvenokart apkalpo klientus, kas
parstav rupniecibas, tirdzniecibas, publiska un finanSu sektora nozares.®® Bechtle AG akcijas
pirmo reizi Frankfurtes Birza (XETRA) kotéjas 2000. gada 30. marta.

Computacenter ir uznpemums, kuru 1981. gada Hatfielda, Lielbritanija dibinaja P.
Hulme un P. Ogdens, un kas kopa ar saviem meitasuznémumiem sniedz informaciju
tehnologijas infrastruktiiras pakalpojumus un risinajumus Lielbritanija, Vacija, Francija
Belgija, Luksemburga, Niderlandé, Sveicé, ASV. 1990. gada uznémums atvéra Eiropa lielako
datoru “outlet” (“outlet” - veikals, kura pardod konkréta razotaja vai vairumtirgotaja preces,
nereti ar pazeminatam cenam), 1991. gada laikraksts The Independent raksturoja
Computacenter ka vienu no visatrak augoSajam neatkarigajam kompanijam Lielbritanija, un
jau 1994. gada Computacenter bija izaugusi par lielako privato informaciju tehnologiju
kompaniju Lielbritanija.*” 2012. gada kompanija sanéma visaugstako rezultatu KPMG
veiktaja aptauja starp Lielbritanijas informaciju tehnologiju servisa pakalpojumu sniedzgjiem
par klientu apmierinatibu un inovacijam. Computacenter akcijas pirmo reizi Londonas birza
(LSE) kotgejas 1998. gada 21.maija, un uznémums ir sastavdala no FTSE 250 indeksa (FTSE
250 indekss — kapitalizacijas-svertais indekss, kas sastav no 101. lidz 350. lielakajiem
uznémumiem, kas kotéjas Londonas Birza). Uzpemums piedava fizisko infrastruktiru,
programmatiiru, informaciju tehnologiju transformacijas, datu centru, makonservisu, vienotu
komunikaciju un sadarbibu, tikla pakalpojumus, konsultacijas, programmatiiras aktivu
parvaldibu, drukas pakalpojumus un risinajumus, informaciju tehnologiju aktivu parvaldibu,
starptautisko zvanu centru un informacijas tehnologiju lietojumprogrammu pakalpojumus.
Computatcenter sniedz risinajumus ka publiskajam, ta privatajam sektoram, ka arl
mazumtirdzniecibas un e-spélu nozarém.®® Computacenter konkurenti ir Fujitsu, Getronics,

Capgemini, Computer Science Corporation, ka ar1 talakpardevejs Specialist Computer

66 Yahoo! Finance: BC8.DE, http://finance.yahoo.com/q/pr?s=BC8.DE+Profile ; skatits 17.05.2015 .

67 Compuatencer majaslapa, http://www.computacenter.com/who _we_are/company history.asp ; skatits
18.05.2015.

68 Yahoo! Finance: CCC.L, http://finance.yahoo.com/q/pr?s=CCC.L+Profile ; skatits 18.05.2015.
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Centres. Computacenter klientu vida ir uzpemumi, kas parstav dazadas nozares — aviacija,
banku un finansu sektori, logistikas uzpémumi, plaSsazinas Iidzekli, mediji un telekanali,
valdibas iestades un universitates, razoSanas uznemumi, lielveikalu kédes.

Patlaban Computacenter ir galvenais biznesa partneris un sponsors Regbija Spéléetaju
Apbalvojumu Pusdienam, kuras riko Regbija Spélétaju Asociacija, ka ari sponsors
HertforSiras ugunsdzésibas un ugunsglabsanas dienestam, kur vini finansiali atbalsta vienu no
17 suniem, kurus Lielbritanija izmanto paatrinatas dedzinasanas atklasanai.

IBM ir amerikanu daudznacionala tehnologiju un konsultaciju kompanija, kuras galvena
pardod datoru aparatiiru un programmatiru, ka arl piedava infrastrukttras, uzturéSanas un
konsultaciju pakalpojumus, sakot no lieldatoriem Iidz pat nanotehnologijam.

19. gadsimta 80. gados paradijas tris tehnologijas, kas galu gala veidoja IBM jeb
Internation Business Machines — 1885. gada J. E. Pitrats patentéja skaitloSanas skalu®, 1888.
gada A. Dejs izgudroja zvana ciparnicas diktofonu’™, 1889. gada H. Hollerits patent&ja
elektrisko tabuléSanas maSinu™ un V. Bundijs izgudroja pulksteni, ar kura palidzibu uz papira
lentes registrét darbinieku ieraSanas un prom doSanas laiku.”” 1911. gada 16. junija Sis
tehnologijas un to attiecigas kompanijas apvienoja C.R. Flints, lai veidotu SkaitloSanas-
tabuléSanas-ierakstiSanas kompaniju C-T-R ( Computing-Tabulating-Recording). Kompanija
koncentréjas uz liela méroga pielagotiem tabuléSanas risinajumu nodroSinaSanu uznémumiem,
atstajot citiem tirgii vietu nelielajiem biroja produktiem. Pateicoties T. DZ. Vatsona
prasmigajai darbibai (Vatsons kluva par IBM prezidentu sakot no 1914. gada nogales)
uzpémums paplasinaja savu darbibu Eiropa, Dienvidamerika, Azijas valstis un Australija, un
1924. gada tika parsaukts par IBM, atsaucoties, ka uznémuma nosaukumam ir jasaskan ar
“izaugsmi un paplasinasanos darbibas”.”

IBM globalo tehnologiju pakalpojumu segments nodroSina informacijas tehnologijas
infrastruktiiras un biznesa procesu pakalpojumus, pieméram, arpakalpojumi, apstrade,
integrétas tehnologijas, makonpakalpojumi un tehnologiju atbalsts. ST segmenta ietvaros tiek
piedavatas konsultacijas un sistémas integracijas pakalpojumi stratégijas un transformacijas

jautajumos, specializétas lietojumprogrammas, to uzturéSana un atbalsta nodroSinaSana,

69 Asward, E., Meredith, M, Images of America: IBM in Endicott. Arcadia Publishing, 2005, pp. 39

70 UK Science Museum, Dey dial recorder, early 20th century. http://www.scienceandsociety.co.uk/results.asp?
image=10204421 ; skatits 18.05.2015.

71 Columbia University, Hollerith 1890 Census Tabulator,
http://www.columbia.edu/cu/computinghistory/census-tabulator.html ; skatits 18.05.2015.

72 Florida Time Clock, Employee Pucnh Clock, http://www.floridatimeclock.com/employee-punch-
clocks.htm ; skatits 18.05.2015.

73 IBM majaslapa, http://www-03.ibm.com/ibm/history/history/decade 1920.html ; skatits 18.05.2015
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analitika. IBM programmaturas segments nodroSina starpprogrammatiiru un operetajsistémas
programmatiiru (tostarp WebSphere), informacijas parvaldibas programmatiiru, kas lauj
klientiem integrét, parvaldit un analizét datus no dazadiem avotiem. Sis segments piedava ari
Watson Solutions programmatiiru, kas mijiedarbojas dabiga valoda, apstrada lielos datus un
macas no cilveku mijiedarbibas ar datoriem. IBM programmatiiru segments strada arl ar
programmatiiru izstradi lietojumprogrammam, mobilo droSibu un mobilo ieric¢u vadibu.
Savukart sistemas un tehnologiju segments piedava infrastruktiras tehnologiju, pusvaditaju
tehnologiju produktus un iepakojuma risinajumus. Uzpémuma globalais finanséjuma
segments piedava lizingu un aizdevumus, komercialo finanséSanu dileriem un tirgotajiem.”

2013. gada IBM veltija 6.3 miljardus USD zinatnei un attistibai; atpazistamakie IBM
izgudrojumi ir bankomats, diskeSdzinis, cietais disks, perforators, magnétiskas joslas karte un
virtuala maSina. Ne velti IBM darbinieki ir ieguvusi 5 Nobela prémijas.”” Pirmo reizi
Nujorkas BirZa (NYSE) IBM akcijas kotejas 1962. gada 2. janvari; IBM ir Dow Jones
Industrial Average un S&P 500 indeksu komponente. IBM tieSie konkurenti ir Accenture,
Hewlett-Packard Company, Microsoft Corporation.

Xerox dibinata 1906. gada Rocestera (toreiz ar nosaukumu The Haloid Company), tacu
patlaban kompanija atrodas Norvalka, Konektikuta. Xerox ir daudznacionala dokumentu
parvaldibas kompanija, kas raZzo un pardod virkni melnbalto un krasu printeru,
daudzfunkcionalas sistémas, kopétajus, digitalas raZoSanas iespiedmasSinas un saistitos
konsultaciju pakalpojumus un piederumus. Tikai 1961. gada kompanija tika parsaukta
musdienas pazistamaja varda.”

Pétnieki no Xerox un uzpémumam piederosa Palo Alto Pétniecibas Centra izgudroja
vairakus nozimigus personala datora elementus, pieméram, darbvirsmas metaforu GUI (GUI
— grafiska lietotdja saskarne), datorpeli”’, galddatoru”. Toreizéja valde tikai rauca pieri par
Siem elementiem, un lika Xerox inZenieriem dalities tajos ar Apple tehnikiem. Funkcijas tika
parpienemtas Apple produkcija, velak ar1 Microsoft. Daléji pateicoties Sim, Sie divi uznémumi
vélak duopolizéja personaldatoru pasauli.”® Xerox akcijas Nujorkas Birza (NYSE) pirmo reizi
kotejas 1977. gada 3.janvarl. Arl Xerox ir S&P 500 indeksa komponente tapat ka IBM un

Accenture. Xerox tieSie konkurenti ir Accenture, Canon Inc. un Hewlett-Packard Company.

74 Yahoo! Finance: IBM, http:/finance.yahoo.com/q/pr?s=IBM+Profile ; skatits 18.05.2015.

75 IBM majaslapa, http://www-03.ibm.com/ibm/history/reference/fag_0000000511.html ; skatits 18.05.2015.
76 Xerox majaslapa, http://www.xerox.com/about-xerox/company-facts/enus.html ; skatits 18.05.2015.
77 Shah, D., The first computer mouse. New launches, 2007,

http://newlaunches.com/archives/the first computer mouse.php ; skatits 18.05.2015.
78 The Graphic User Interface. Time for a Paradigm Shift? Sensomatic,

https://www.sensomatic.com/chz/gui/history.html ; skatits 18.05.2015.
79 Landley, R., How Xerox Forfeited the PC War. The Motley Fool, 2000,
http://www.fool.com/news/foth/2000/foth000918.htm ; skatits 18.05.2015.
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Xerox uznemuma pakalpojumu segments piedava dazadus biznesa procesu
arpakalpojumus, pieméram, klientu apkalpoSanu, darijjumu apstradi, cilvekresursu,
komunikacijas, marketinga konsultacijas un analitikas pakalpojumus, ka ar1 finanSu,
gramatvedibas un iepirkumu pakalpojumus. Sis segments nodroSina biznesa procesu
arpakalpojumus veselibas apriipes, transporta, finanSu, mazumtirdzniecibas un
telekomunikaciju jomas; dokumentu arpakalpojumus, tostarp parvalditus un centralizétus
drukas pakalpojumus. Kompanijas dokumentu tehnologijas segments piedava darbvirsmas
melnbaltos, krasainos un daudzfunkciju printerus, kopétajus, digitalas iespiedmaSinas,
gaismas raZoSanas ierices; un produkcijas drukasanu un izdevéjdarbibas sistemas grafiskajam
komunikaciju tirgum un lieliem uznémumiem. Visbeidzot treSais uznpémuma segments pardod
papiru, plaSa formata sistémas, elektroniskas prezentacijas sistémas. Xerox pardod savus
produktus un pakalpojumus tieSi klientiem, neatkarigiem agentiem, dileriem, talaktirgotajiem,
sistému integratoriem.®

Computer Science Corporation (CSC) R. Nuts un F. DZons LosandZelosa, ASYV,
dibindja 1959. gada aprili.*" Patlaban CSC galvena mitne atrodas VirdZinijas Stata, ASV.
Sakotngji CSC piedavaja programmeéSanas rikus, piemeram, kompilatoru un montazas
programmatiru. 20. gadsimta seSdesmitajos CSC piedavaja programmatiras rakstiSanas
pakalpojumus lielakajiem datoru raZotajiem, pieméram, IBM un Honeywell, ka arl nodroSinaja
savus pirmos valsts sektora kontraktus, taja skaita ar NASA.

Uznemums darbojas tris segmentos vai sektoros — globala biznesa pakalpojumi, globalie
infrastruktiiras pakalpojumi un Ziemelamerikas valsts sektors. Globala biznesa pakalpojumu
segments piedava tehnologiskos risinajumus, tai skaita konsultacijas, lietojumprogrammu
pakalpojumus un programmatiiru. Sis segments piedava optimizet  klientu
lietojumprogrammu portfeli, informacijas ieguves stratégiju un pakalpojumus, riipniecibas
programmatiru, biznesa procesu pakalpojumus, arpakalpojumu servisu galvenokart
apdroSinasanas, banku, veselibas apriipes un dabaszinatnu nozarem. Ka ari konsultaciju
pakalpojumus, kas palidz komercialam organizacijam, publiska sektora struktiram un
vietéjiem uzpémumiem ieviest inovacijas, parveidot un izveidot ilgtspgjigu un
konkuréetspejigu biznesu. Infrastruktiiras segments sniedz virtualas darbvirsmas risinajumus
un parvaldi, vienotu komunikacijas sistému, datu centra vadibu, nodroSina kiberdrosibu,
piedava datu uzglabasanas un parvaldiSanas risinajumus komercialajiem klientiem. Sis
segments piedava arl nakamas paaudzes makonpakalpojumus un privatos makonrisinajumus,

pieméram, CloudMail. Savukart Ziemelamerikas valsts sektors nodroSina informaciju

80 Yahoo! Finance: XRX, http://finance.yahoo.com/q/pr?s=XRX+Profile , skatits 18.05.2015.
81 CSC majaslapa, http://www.csc.com/about us/ds/40546-our_history , skatits 18.05.2015.
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tehnologiju pakalpojumus un ar operacijam saistitos pakalpojumus ASV Aizsardzibas
departamentam, ASV federalas valdibas pilsoniskajam agenttiram, Federalajam Izmekl&Sanas
Birojam, ka arml citam valstim un paSvaldibam. 2012. gada 36% no CSC kopgjiem
ienémumiem sastadija ASV Federalie kontrakti.®

CSC akcijas Nujorkas Birza (NYSE) pirmo reizi kotéjas 1968. gada beigas.. CSC ir
S&P 500 indeksa komponente. Uznémuma tieSie konkurenti ir Accenture, HP Enterprise
Services LLC, IBM Global Services.

NCR Corporation jeb National Cash Register dibinats 1884. gada (1900. gada
apvienota) Deitona, Ohaio. Patlaban galvena mitne atrodas Dulita, DZordZijas Stata, ASV.
Uzpeémums savu darbibu uzsaka ka National Manufacturing Company ar merki pardot un
razot pirmos mehaniskos kases aparatus, kas tika izgudroti 1979. gada. 1884. gada uznemumu
parpirka brali Pattersoni un parsauca to par National Cash Register Company. Brali NCR
izveidoja par vienu no pirmajam modernajam ASV kompanijam, iepazistinot ar jaunam,
agresivam pardoSanas metodém un biznesa tehnikam. Pattersoni 1883. gada nodibindja pirmo
pardoSanas apmacibas skolu, sniedzot darbiniekiem visaptveroSu socialas labklajibas
programmu. NCR sakotngji stradaja T. DZ. Vatsons, un taja laika iepazistinaja savu pardoSanas
dalu ar devizi “THINK” jeb “DOMA?”, tatu Vatsons kopa ar “THINK” devizi 1914. gada
pameta uznémumu un pievienojas IBM, kura drizi vien kluva par prezidentu.

NCR, ka jau tehnologiju kompanija, piedava risinajumus un pakalpojumus, kas lauj
uznémumiem sadarboties un veikt darijjumus ar saviem klientiem visa pasaulé. Uznémums
darbojas caur Cetriem segmentiem: finanSu pakalpojumi, mazumtirdzniecibas risinajumi,
viesmilibas un jaunas, attistoSas nozares. Uzpémums piedava uz finansém orientétas
pasapkalpoSanas tehnologijas, pieméram, bankomatus, bileSu pardoSanas automatus,
programmatiiras risinajumus, naudas apsaimniekoSanu un video novéroSanas programmatru,
ka arT uz klientiem vérstu digitalo banku pakalpojumus un profesionalis pakalpojumus, kas
saistiti ar bankomatu droSibu, programmatiiru un bankas filialu optimizaciju. NCR arl
nodros$ina mazumtirdzniecibas un viesmilibas orientétas tehnologijas, pieméram, tirdzniecibas
vietu terminalus un programmatiru tirdzniecibas vietas, svitrkodu skeneri un citus
mazumtirdzniecibai raksturigus pakalpojumus; paSapkalpoSanas kioskus un ar tam saistitas
programmatiiras; datortehniku, programmatiiru, profesionalos un atbalsta pakalpojumus. Bez
tam, kompanija attista, razo un tirgo divpusejo termalo papiru, bankomatiem domatos papira

rullus, tintes un lazera printeru piederumus, termiskas un tintes lentes, etiketes, lazera

82 ComputerWeekly, CSC’s outsourcing journey has brought it full circle. pp. 3.,
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df ; skatits 18.05.2015.
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piederumus, foto un prezentacijas dokumentus, sniedz tirdzniecibas vietu risinajumus. Bez
visa iepriek§ minéta NCR nodroSina uzturéSanas un atbalsta pakalpojumus, sistémas
parvaldibu, programmatiiru ka pakalpojumu, tieSsaistes, mobilo un transakciju pakalpojumus
un lietojumprogrammas, ka arl uznémums pardod treSo personu tikla produktus un ar to
saistitos piedavajumus telekomunikaciju un tehnologiju nozarés. Uznémums sniedz savus
pakalpojumus finanSu nozarei, mazumtirdzniecibai, celoSanas un viesmilibas nozarém, ka ar1
raZoSanas nozarei.*

NCR Nujorkas Birza (NYSE) pirmo reizi kotéjas vel pirms 1991. gada, kad NCR tika
ieklauts AT&T sastava. 1996. gada 11. decembri NCR atguva neatkaribu un atkal atrodas
Nujorkas BirZa; uznémuma tieSie konkurenti ir Hewlett-Packard Company, IBM un Wincor
Nixdorf Aktiengesellschaft. 2000. gada janvari NCR tika ieklauts S&P 500 indeksa.

Fidelity National Information Services jeb FIS dibinata 1968. gada Dzeksonvilla,
Florida. Toreiz kompanija bija Systematics™ sastava, un izmantojot savu galveno apstrades
sistemu ar tadu pasu nosaukumu — Systematics — atri kluva par pasaulé atzitu tehnologisko
risinajumu sniedzéju finansu iestadém. 1990. gadu sakuma ALLTEL informacijas pakalpojumi
parpirka Systematics un Computer Power, Inc., tacu 2003. gada Santa Barbara, Kalifornija
registrétais apdroSinasanas “milzis” Fidelity National Financial nopirka ALLTEL informacijas
pakalpojumu finanSu nodalu, un parsauca par Fidelity Information Services.*

FIS piedava banku un maksajumu tehnologijas, konsultacijas un arpakalpojumu
risinajumus visa pasaulé. Uznémuma finansu risinajumu segments piedava kodola apstrades
programmatiiras lietojumprogrammas banku procesiem, mazumtirdzniecibas banku darbibas
piegades programmas, kas lauj finanSu iestadem integrét un pilnveidot uz klientiem vérstas
darbibas. Sis segments nodrosina arl administrativos procesus, riska parvaldibu, tehnologiju
un informaciju tehnologiju transformésanas pakalpojumus un risindjumus. FIS maksajumu
risinajumu segments nodroSina elektroniskas naudas pakalpojumus, kas ietver norékinu un
karSu parvaldibas risindjumus finan3u institiicijam, kas laiZ apgroziba kartes. Tapat arl tiek
nodroSinati bankomatu un PIN bazes debeta tiklu piekluves pakalpojumi, karSu risinajumi, e-
maksajumu risinajumi, slégta cikla davanu karSu risinajumi un lojalitates programmas. FIS
starptautisko risinajumu segments piedava maksajumu risinajumus, maksajumu apstradi un
komutacijas pakalpojumus, priekSapmaksas un debetkarSu apstradi, programmatiiras
licenzeéSanu un uzturéSanu, lietojumprogrammu parvaldibu, telpu apsaimniekoSanas un

konsultaciju pakalpojumus.®

83 Yahoo! Finance: NCR, http:/finance.yahoo.com/q/pr?s=NCR+Profile ; skatits 18.05.2015.

84 FIS majaslapa, http://www.fisglobal.com/aboutfis-ourcompany ; skatits 19.05.2015.
85 Yahoo! Finance: FIS, http://finance.yahoo.com/q/pr?s=FIS+Profile ; skatits 19.05.2015.
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konkurenti ir DST Systems Inc., Fiserv Inc. un SunGard Data Systems Inc.. FIS ir S&P 500

indeksa sastavdala.

2.3. Eiropas un Amerikas Savienoto Valstu informaciju tehnologiju un servisa

uznpémumu akciju tirgus attistiba un tendences

Informacijas tehnologiju (IT) nozare ir kluvusi par vienu no stabilakajam nozarém
pasaulé. IT nozarei, vairak ka jebkurai citai nozarei vai ekonomikas aspektam, vérojams
produktivitates pieaugums, it 1paSi attistitajas pasaules valstis. TieSi tapec IT ir galvenais
virzitajspeks pasaules ekonomikas izaugsmé. So strauji augo$o nozari raksturo apjoma raditi
ietaupljumi un nepiesatinams pieprasijums gan no patérétajiem, gan uznémumiem.
Informaciju un komunikaciju tehnologijas turpina parveidot miisu sabiedribu. Pédéjos gados
ir noveroti ieverojami uzlabojumi mobilo telefonu, interneta un platjoslas savienojumu
piekluve. Sis tendences pakapeniski palidz nojaukt $kérslus mérka, kuru noformuléja pasaules
lideri Pasaules Informacijas Sabiedribas Sammita, sasniegSanai — “informaciju sabiedriba
visiem”. Sada sabiedriba ir atkariga no programmatiiras. Pieaug uzsvars uz informaciju un
komunikaciju tehnologiju piegadi valdibas, veselibas apriipes, izglitibas un citos sektoros, kur
aug pieprasijums péc pielagotam lietojumprogrammam. Tadé] valstim ir nepiecieSama spéja
adapteties, pielagoties un izstradat attiecigu programmatiiru; Sada spéja pielagoties ir
nepieciesama ari veiksmigas tehnologiju nodoSanas veicinaSanai.®

Attelos 2.3. un 2.4. redzamas akciju slegSanas cenu laikrindas ASV un Eiropas
informaciju un servisa tehnologiju uznémumiem par laika posmu no 2002.gada 1. janvara lidz
2015. gada 23. februarim. Attélos noverojama kopigas tendences lidzigas tam, kadas tas tika
noverotas ar S&P 500 un STOXX Europe 600 indeksiem — ap 2002. un 2008. gadu akciju
cenas veérojams straujS vai ne tik straujS kritums, péc ka vérojama akciju cenu
paaugstinasanas. Tacu tikai ASV bazétajiem IBM un NCR pédéjos gados vérojama tendence
akciju cenam samazinaties, kamer paréjam pétijuma apskatitajam kompanijam akciju cenas
arvien turpina augt. AtSkirtba no tirgus indeksiem nav tik izteikti un viennozimigi verojams

kritums akciju cenas ap 2011. gada augustu.

86 United Nations conference on trade and development, Information Economy Report 2012. The Software

Industry and Developing Countries. http://unctad.org/en/PublicationsLibrary/ier2012overview en.pdf ;
skatits 10.05.2015.
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2.3. att. Eiropa bazétu informacijas tehnologiju un servisa uzpémumu akciju slégSanas cenas
laika posma no 2002. gada 1.janvara lidz 2015. gada 23.februarim®

87 Avots: autores veidots, izmantojot akciju slégSanas cenas nedélas datus (uzpémumiem ACN, CAP.PA,
ATO.SE, BC8.DE, CCC.L par laika posmu 01.01.2002 — 23.02.2015) no Yahoo! Finance,
http://screener.finance.yahoo.com/b?sc=824&b=1&z=re&db=stocks&vw=4 ; skatits 10.03.2015.
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2.4. att. Amerikas Savienotajas Valstis bazétu informacijas tehnologiju un servisa uzpémumu
akciju slégsanas cenas laika posma no 2002. gada 1.janvara lidz 2015. gada 23.februarim®

Apskatot situaciju nedaudz tuvak, atklajas, ka Eiropa bazeétajiem uznémumiem akciju
cenu minimums tika sasniegts vai nu 2002. gada (CAP.PA, ACN, BC8.DE), vai 2008. gada
(CCC.L, ATO.SE), tacu ASV bazetajiem uznémumiem akciju cenu minimalas vértibas
noverotas posma starp 2002. un 2004. gadu (FIS, IBM, NCR, XRX) un 2011. gada (CSC).
Savukart maksimalas akciju slégSanas cenas Eiropas uznémumiem registrétas posma 2014.-
2015. gads (CCC.L, CAP.PA, ACN, BC8.DE) un tikai vienam uznémumam augstaka akciju
cena bijusi 2002. gada (ATO.SE). ASV uznémumiem maksimalas akciju slégSanas cenas
noverotas 2006. gada (XRX) un perioda starp 2013.-2015. gadu (CSC, FIS, IBM, NCR).
Tatad Eiropa bazetajiem informaciju tehnologiju un servisa uznémumiem minimalas akciju
cenas bijusas 2002. un 2008. gada, bet augstakas — parsvara 2014. un 2015. ASV bazétajiem
informaciju tehnologiju un servisa uznémumiem minimalas akciju cenas parsvara novéerotas
2002. - 2004. gada, bet maksimalas — parsvara no 2013. - 2015. gadam. Detalizétu tabulu
skatit 2. pielikuma.

2002. gada noverotas zemakas akciju cenas Eiropa, ka ar1 ASV tika aprakstitas 2.1
nodala, tapat arl 2008. gada kritums akciju cenas skaidrojams ar notikumiem pasaulé un
ieprieks jau tika apskatits.

SprieZot péc uzpémumu laikrindam, tad no ASV uznémumiem uz 2011. gada augusta
kritumu akciju tirgi visspécigak reagéja Computer Science Coropration, ko savukart varétu

skaidrot ar uzpémuma specifiku. Lielu dalu no uznémuma iepémumiem sastada valdibas

88 Avots: autores veidots, izmantojot akciju slégSanas cenas nedélas datus (uznemumiem IBM, XRX, CSC,
NCR, FIS par laika posmu 01.01.2002 — 23.02.2015) no Yahoo! Finance,
http://screener.finance.yvahoo.com/b?sc=824&b=1&z=re&db=stocks&vw=4 ; skatits 10.03.2015.
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kontrakti, tacu 2011. gada 6. augusta tika samazinats ASV kreditreitings uz AA, kas atsaucas
uznémuma akciju vertibas. Apliikojot Eiropas uznémumu laikrindu ap 2011. gadu, jasaka, ka
reakcija uz ta laika notikumiem pasaule ir izteiktaka. Vislielakais kritums redzams Capgemini
un Computacenter uznémumiem. Computacenter ir registréts Lielbritanija un ieklauts FTSE
250 indeksa, tacu 2011. gada FTSE 250 radniecigais indekss FTSE 100 reaggja uz
negativajiem notikumiem un nokritas par 4.5%. Savukart Capgemini ir Francija registréts
uzpemums, un arl Francija Saja laika izjuta tirgus svarstibas, kad CAC40 indekss divu nedélu

laika nokritas par 20%.%
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2.5. att. Citu nozaru uznémumu akciju slégsanas cenas laika posma no 2002. gada 1.janvara lidz
2015. gada 23.februarim®

Lai uzskatamak paraditu, ka un kad informaciju tehnologiju nozares tendences atskiras
no citu nozaru tendencém, tiek apliikoti Cetri dazadu sektoru uzpémumi — ASV registréta
kimikaliju raZoSanas un pardoSanas kompanija Eastman Chemical Co (EMN), ASV registréta
zalu razoSanas kompanija Johnson & Johnson (JNJ), Kanada registrétais izklaides tehnologiju
biznesa uznemums IMAX Corporation (IMAX) un Japana registrétais masSinu razotajs Honda
Motor Co., Ltd. (HMC). Uznemumu akciju cenu slégSanas (nedélas dati) laikrindas redzamas
attela 2.5. Saja attéla redzams, ka $o nozaru parstavjiem pretstata iepriek$ apskatitajam (gan
abiem tirgus indeksiem, gan ASV un Eiropa registrétajam kompanijam), nav jitams straujs
kritums akciju cenas 2002. gada, atskaitot Johnson & Johnson, kam ir novérojams viens

negativs “pikis”. 2008. gada kritums akciju cenas ir kopigs gan indeksiem, gan informaciju

89 Gatinois, C., La spéculation accusée de faire chuter les actions des banques. Le Monde, 2011
90 Avots: autores veidots, izmantojot akciju slégSanas cenas nedélas datus (uzpémumiem EMN, JNJ, IMAX,
HMC par laika posmu 01.01.2002 — 23.02.2015) no Yahoo! Finance; skatits 19.05.2015.
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tehnologiju uznémumiem, gan Siem Cetriem dazadu nozaru parstavjiem. 2011. gada augusta
akciju tirgus kritums novérojams trim no Cetriem uznpémumiem, un tikai Johnson & Johnson
nav noverojama izteikti negativa reakcija. Johnson & Johnson mereno, t.i., salidzino3i gludo
laikrindu varétu izskaidrot ar nozares specifiku. Medicina un medicinas pakalpojumi ir
pieprasiti praktiski vienmér, pieméram, informaciju tehnologiju burbuli to tik loti neskar, un,
ka zinams, tad sabiedriba, it IpaSi Eiropa, noveco, lidz ar to pieaug veselibas apriipes
pieprasijums. Turpretl izklaides nozare (uzpemums IMAX 2.5. attela) visdrizak patérétajam

nebiis pirmas prioritates, tapéc asak reagé uz izmainam tirga.
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3. INFORMACIJU TEHNOLOGIJAS NOZARES UZNEMUMU
AKCIJU IENESIGUMA VOLATILITATES NOVERTEJUMS

3.1. Izmantotie dati
Petijuma tika izmantoti akciju slégSanas cenas nedelas dati no Yahoo! Finance

majaslapas http:/finance.yahoo.com/ (http://screener.finance.yahoo.com) par 5 lielakajiem

(péc pardoSanas apjoma) informaciju tehnologiju un servisa uzpémumiem Amerikas
Savienotajas Valstis — IBM (uznémuma apziméjums majaslapa — IBM, dati USD valiita),
Xerox Corporation (XRX, USD), Computer Sciences Corporation (CSC, USD), NCR
Corporation (NCR, USD), Fidelity National Information Services (FIS, USD) — un 5
lielakajiem Sada veida uznemumiem, kas bazeti Eiropa — Accenture (ACN, USD), Capgemini
(CAP.PA, EUR), Atos SE (ATO.PA, EUR), Computacenter (CCC.L, GBP), Bechtle AG
(BC8.DE, EUR). Apskatitais laika posms ir no 2002. gada 1. janvara lidz 2015. gada 23.
februarim. Visa datu kopa tika sadalita divas dalas: laika posma no 2002.gada 1. janvara lidz
2013. gada 25. februarim un laika posma no 2013.gada 26. februara lidz 2015. gada 23.
februarim. Modelis tiks izveidots izmantojot garaka laika posma datus (01.01.2002 —
25.02.2013), taCu T1saka laika posma dati (26.02.2013 — 23.02.2015) tiks izmantoti
prognozésanai, lai noskaidrotu, cik veiksmigi izveidotais modelis apraksta datus. Datu analize
tika veikta ar Eviews 7 un Microsoft Excel datu apstrades programmam

Nedelas ienesigums tiek apréekinats pec formulas:

Pt
Pt_l) , (3.1)

kur P, — nedelas akciju slegSanas cena, P, , — iepriekSejas nedelas akciju

R=In(P )-In(P _,)=In(

slegSanas cena.

Tabula 3.1. apkopota Eiropas informaciju tehnologiju un servisa uznémumu akciju
ienesigumu laikrindu statistika.

Accenture asimetrijas koeficients (-0.346156) neatbilst normalajam sadalijumam, tam
biitu jabiit tuvu nullei. Asimetrijas koeficients Saja gadijuma sniedz informaciju, ka zars jeb
aste ir nobidita uz kreiso pusi. Ekscesa koeficients (6.430133) liecina, ka zvans ir vairak
izstiepts uz augSu, jo Sim koeficientam biitu jabiit 3, tacu Jarque-Bera koeficienta p-vértiba
0.0000 liek noraidit nulles hipotézi par normalo sadalijjumu. Laikrindas stacionaritate tika
parbaudita, izmantojot vienibas saknes Augmented-Dickey-Fuller (ADF) testu. ADF testa
statistikas p-vértiba 0.0000 liek noraidit nulles hipotézi, ka laikrinda satur vienibas sakni, 11dz

ar to secinam, ka rinda ir stacionara.
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3.1. tabula

Eiropa bazétu informaciju tehnologiju un servisa uzpémumu akciju ienesiguma
statistikas apkopojums (01.01.2002. — 23.02.2015.)*

ACN CAP.PA | ATO.PA CCC.L BC8.DE
Noveérojumi 685 686 685 686 682
Vidéeja vértiba| 0.002048 | 0.000242 | -0.000312 | 0.001505 0.003491
Mediana 0.003181 | 0.000000 | 0.001416 | 0.003514 0.003704
Max| 0.168594 | 0.322657 | 0.231063 | 0.359717 0.145712
Min| -0.238796 | -0.327318 | -0.287183 | -0.188052 -0.22643
Stand.novirze | 0.040959 | 0.057009 | 0.054061 | 0.056734 0.047047
Asimetrijas koef.| -0.346156 | -0.235719 | -0.596897 | 0.309421 -0.613766
Ekscesa koef.| 6.430133 | 7.680358 | 8.22116 6.371151 5.163591
Jarque-Bera| 349.4959 | 632.4922 | 818.7364 | 335.7864 175.8412
(p-vértiba)]  (0.00) (0.00) (0.00) (0.00) (0.00)
Klodu kvadratu summa| 1.063656 | 2.226276 | 1.999071 | 2.204804 1.50735
ADF tests| -28.70056 | -26.38302 | -27.24327 | -28.52073 -27.15684
(p-vértiba)]  (0.00) (0.00) (0.00) (0.00) (0.00)

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

Capgemini datu laikrindas asimetrijas koeficients ir -0.235719, ekscesa koeficients
7.680358 — , kas neatbilst normalajam sadalijumam, Jarque-Bera koeficienta p-véertiba liek
noraidit hipotézi par normalo sadalijumu, Vienibas saknes ADF testa statistikas p-vértiba
liecina, ka rinda ir stacionara un var tikt izmantota talakai modeléSanai.

Atos SE dati parada, ka laikrinda neatbilst normalajam sadalijumam — ekscesa
koeficents 8.22116, asimetrijas koeficients -0.59689 , ka ar1 Jarque-Bera koeficenta varbiitiba
liek noraidit hipotézi par normalo sadalijumu. ADF vienibas saknes testa varbiitiba liecina, ka
rinda ir stacionara un talakie parveidojumi nav nepiecieSami.

Lidzigi ar1 Computacenter laikrinda ir stacionara, ko var secinat pec vienibas saknes
ADF testa p-vertibas. Tacu laikrinda tapat ka iepriekSejos gadijumos neatbilst normalajam
sadalijumam: sadalijuma zars ir nobidits nedaudz pa labi (asimetrijas koeficients 0.309421),
un izstiepts uz augSu (ekscesa koeficients 6.371151). Turklat Jarque-Bera koeficienta p-
vertiba 0.0000 liek noraidit nulles hipotézi par normalo sadalijumu

Ar1 Bechtle AG dati parada, ka akciju ienesiguma laikrinda neatbilst normalajam
sadalijumam (ekscesa koeficients 5.163591, asimetrijas koeficients -0.613766 neatbilst
normalajam sadalijumam). Jarque-Bera koeficienta p-vértiba 0.0000 liek noraidit hipotézi par

normalo sadalijumu.
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Tabula 3.2. apkopota Amerikas Savienotajas Valstis bazétu informaciju tehnologiju un

servisa uznémumu akciju ienesigumu laikrindu statistika.

3.2. tabula

Amerikas Savienotajas Valstis bazétu informaciju tehnologiju un servisa uzpémumu akciju

ienesigumu statistikas apkopojums (01.01.2002. — 23.02.2015.)*

IBM XRX csc NCR FIS
Novérojumi| 686 636 636 636 636
Videja vertiba| 0.000661 | 0.000659 | 0.000665 | 0.001545 | 0.002154
Mediana 0.000782 | 0.002446 | 0.00256 | 0.002553 | 0.001741
Max| 0.149938 | 0.285491 | 0.232455 | 0.18477 | 0.219001
Min -0.16455 | -0.401582 | -0.220987 | -0.316449 | -0.394579
Stand.novirze | 0.033113 | 0.0519 | 0.04563 | 0.051739 | 0.039382
Asimetrijas koef.| -0.420143 | -1.062484 | -0.345345 | -0.973713 | -1.2219
Ekscesa koef.| 6.879113 | 12.34854 | 6.267981 | 8.036223 | 20.47117
Jarque-Bera| 450.2904 | 2627.112 | 318.8973 | 833.3759 | 8895.536
(p-vértiba)  (0.00) (0.00) (0.00) (0.00) (0.00)
Klodu kvadratu summa, 0.751104 | 1.845104 | 1.426245 | 1.833662 | 1.062408
ADF tests| -26.77996 | -27.54311 | -25.63593 | -25.84468 | -27.4466

(p-vértiba)|  (0.00) (0.00) (0.00) (0.00) (0.00)

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

IBM asimetrijas koeficients (-0.420143) neatbilst normalajam sadalijjumam, tam bitu
jabit tuvu nullei. Asimetrijas koeficients sniedz informaciju, ka sadalijuma zars ir nedaudz
nobidits uz kreiso pusi. Ekscesa koeficients (6.879113) liecina, ka zvans ir vairak izstiepts uz
augSu (Sim koeficientam bitu jabiit 3). Jarque-Bera koeficienta p-vértiba 0.0000 liek noraidit
nulles hipotézi par normalo sadalijumu. ADF testa statistikas p-vértiba 0.0000 liek noraidit
nulles hipotézi, ka laikrinda satur vienibas sakni, 11dz ar to secinam, ka rinda ir stacionara un
nav nepiecieSami turpmaki parveidojumi.

Xerox Corporation akciju ienesiguma laikrinda ir stacionara, par ko liecina ADF testa
koeficienta p-vertiba, kas ir 0.0000. Tac¢u dati neatbilst normalajam sadaljjumam, par ko
varam secinat péc asimetrijas koeficienta (-1.062484), kas ievérojami parsniedz 0, ekscesa
koeficienta 12.34854, kas ir trisreiz lielaks, ka biitu jabut normala sadalijuma gadijuma, un
Jarque-Bera koeficienta p-vértiba 0.0000 liek noraidit hipotézi par normalo sadalijumu.
(-0.345345) norada, ka

sadalijuma aste ir nobidita uz kreiso pusi un neatbilst normalajam sadalijumam. Tapat arl

Computer Science Corporation asimetrijas koeficients

augstais ekscesa koeficients (6.267981) liecina par datu neatbilstibu normalajam sadalijjumam,
un Jarque-Bera koeficienta p-vértitba 0.0000 liek noraidit nulles hipotézi par normalo
sadalijumu. Savukart DF testa koeficienta p-vértiba liek noraidit nulles hipotézi, ka laikrinda
satur vienibas sakni, tatad laikrinda ir stacionara.

NCR Corporation akciju ienesiguma laikrinda ir stacionara (ADF testa koeficienta p-
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vertiba 0.0000), taCu dati neatbilst normalajam sadalijumam (ekscesa koeficients 8.036223,
asimetrijas koeficients -0.973713, Jarque-Bera koeficienta p-vértiba 0.0000).

Tapat ar1 Fidelity National Information Services dati parada, ka laikrinda ir stacionara
(ADF testa koeficienta p-vértiba 0.0000), tacu dati neatbilst normalajam sadalijjumam
(ekscesa koeficients 20.47117, asimetrijas koeficients -1.2219, Jarque-Bera koeficienta p-
vértiba 0.0000).

lenesiguma laikrindam tika aplikota rindas dinamika laika, konkrétak, procentualas
izmainas. lenesiguma procentualas izmainas tiek apliikotas, jo Sada veida dati tiek attéloti
saspiestak, ar mazak svarstibam, salidzinajuma, ja apliko vienkarSu rindas dinamiku laika.
Procentualas izmainas atlauj novérot iespéjamo datu klasteréSanos, vienlaicigi dodot iespéju
noverot potencialos izlecoSos datu punktus, kas redzams attéla 3.1., kur Accenture akciju
ienesiguma laikrinda ir noverojami Cetri potencialie izlecoSie datu punkti: 2002. gada 26.

augusts, 2006. gada 27. marts, 2011. gada 18. aprilis un 2013. gada 4. marts.

20,000
15,000
10,000
5000 H

. eyl

-5.,000 H

10000 V———7 7 T T T T T T
0z 03 04 05 06 o7 08 09 10 11 12 13 14

3.1. att. Accenture akciju ienesiguma laikrindas procentualas izmainas®

2002. gada izlecosa vertiba varétu tik skaidrota ar otras tiikstoSgades sakuma piedzivoto
informaciju tehnologiju burbuli; 2006. gada 27. marta izlecosa vértiba saistas ar uznémuma
noslégto 5 gadu kontraktu ar ASV Gaisa spekiem 79 miljonu ASV dolaru vertiba; 2011. gada
18. aprila izlecosa vertiba saistita ar bridinajumu par ASV kreditreitinga pazeminasanu; 2013.
gada 4. marta izlecoSo vertibu ir diezgan griiti izskaidrot. 2013. gada 4. marta tiek zinots par

negativu izdevumu samazinasanas ietekmi ASV, istenotajiem budZeta samazinajumiem un ka

91 Avots: autores veidots, izmantojot izmantojot akciju slégSanas cenas nedélas datus uznémuma ACN (par
laika posmu 01.01.2002 — 23.02.2015) no Yahoo! Finance, http://screener.finance.yahoo.com/b?
sc=824&b=1&z=re&db=stocks&vw=4 ; skatits 10.03.2015, izmantojot Eviews 7
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industrialie tirgi $aja diena bija vienigie zaudétaji.”
Analogiski tika apskatitas visu uzpémumu laikrindas, un potencialo izlecoSo vértibu

apkopojums ir atrodams tabula 3.3.

3.3. tabula
Potencialas izlecosas véertibas*
Potencialas izlecoSas veértibas

ACN 26.08.2002 ; 27.03.2006 ; 18.04.2011 ; 04.03.2013
CAP.PA 07.04.2003 ; 28.07.2003 ; 26.09.2005 ; 24.09.2007 ; 11.07.2011
ATO.PA 01.09.2003 ; 09.06.2008 ; 04.06.2012 ; 23.07.2012
CCC.L 28.06.2004 ; 26.02.2007
BC8.DE 30.04.2007 ; 31.08.2009 ; 20.09.2010 ; 09.05.2011 ; 10.11.2014

IBM 21.01.2013

XRX 13.05.2002 ; 24.11.2003 ; 11.04.2005 ; 04.08.2008

CscC 08.12.2003 ; 16.04.2007 ; 31.08.2009 ; 13.12.2010 ; 07.11.2011

NCR 16.07.2007 ; 14.01.2013 ; 02.12.2013

FIS 03.03.2008 ; 16.07.2012 ; 29.04.2013 ; 10.11.2014

*Darba autores veidota tabula, izmantojot datus no Yahoo! Finance un Eviews 7

Accenture potencialas izlecosas vertibas tikko tika jau izskaidrotas. Tapat arl dala no
potencialajam izlecoSajam vertitbam var tikt saistita ar 2. nodala aprakstitajam tirgus
tendencém un attistibu (informaciju tehnologiju burbulis, 2007. - 2009. gada hipotekaro
kreditu krize, 2009. gada Eirozonas krize, 2011. gada augusta akciju tirgus kritums), tapec
saistiba ar minétajiem gadskaitliem lieki netiks atkartots jau aprakstitais, bet gan izskaidrotas
izlecoSas vertibas notikumiem, kas nav minéti 2. nodala. Capgemini abas 2003. gada vértibas
ir diezgan griiti izskaidrot, jo nav pieejama informacija par Siem datumiem. 26.09.2005 gada
vertiba varétu bt saistita Ziemelamerikas veselibas konsultaciju prakses pardoSanu, smagu
finansialo zaud&jumu de].” Atos SE 2003. gada 1. septembra vértiba skaidrojama ar faktu, ka
uzpémums noslédza vienoSanos ar savu lielako klientu Philips uz vél trim gadiem.* 2012.
gada junija un julija vertiba saistita ar UK Border Agency izpilddirektora pazinojumu, ka Atos
SE bijis atbildigs par apjomigajiem agentiiras informaciju tehnologijas sistémas
partraukumiem pédéjo meénesu laika.” Computacenter 2004. gada vértibai netika atrasts
logisks pamatojums; 2007. gada vértiba izskaidrota 2. nodala un sasaistas ar hipotekaro
kreditu krizi. Bechtle AG 2014. gada novembri zinoja par véra pemamu augsmi,” tacu nekads

konkréetaks pamatojums izlecoSai vertibai nav atrodams. IBM 2013. gada 21. janvara zema

92 Zacks majaslapa, http://www.zacks.com/stock/news/93875/stock-market-news-for-march-4-2013 ; skatits
21.05.2015.

93 Accenture majaslapa, Newsroom: http://newsroom.accenture.com/article display.cfm?article id=4221 ;
skatits 21.05.2015.

94 Atos Origin, Half-Year Report 2003, pp. 8, https://atos.net/content/dam/global/documents/investor-financial-
reports/atos-origin-half-year-report-2003.pdf ; skatits 21.05.2015.

95 Leach, A.,The Great Border Agency IT Crash: Just who was responsible? The Register, 2012

96 DGAP.DE majaslapa: http://meldeschwellen.org/dgap/News/corporate/bechtle-reports-significant-growth/?
companyID=396&newsID=823461 ; skatits 21.05.2015.
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vertiba ir saistita ar uzpémuma lémumu atteikties no savas 2013. gada prémijas.”” Xerox 2005.
gada aprila izleco$a vértiba saistita ar 10 miljonu ASV dolaru civila soda apmaksu.®
Computer Sciences Corporation 2007. - 2011. gada vertibas iesp&jams ir saistitas ar krapSanas
izmekleSanu kompanijas gramatvedibas praksé Danija un Australija, ka art ar 2009. gada 31.
augusta iekSejas informacijas launpratigu izmantoSanu, iegadajoties COVANSYS
CORPORATION.*” ' NCR Corporation 2013. gada 14. janvara vértibai netika atrasts logisks
izskaidrojums, tacu S1 paSa gada 2. decembra izlecoSa vertiba saistita ar uznéma noslégto
galigo vienoSanos par Digital Insight Corporation iegadi.' Fidelity National Information
Services 2012. gada 16. jﬁlija vertiba varétu bit saistita ar 2 ménesSu ilgo sadarbibu ar IBM,
gada 10. novembri uzpémums zino, ka “lielaka dala pasaules tirgu sacentas klusa
tirdznieciba”, ar to domajot akciju tirgus indeksu pozitivo pieaugumu $aja diena.'®

Ta ka vairuma gadijuma, ievieSot fiktivos mainigos tika noskaidrots, ka izlecosas

vértibas nav statistiski nozimigas, neviena no izlecoSajam vértibam netika iznemta no datiem.

3.2. Metodologija

Turpmakajas Sis nodalas apaksSnodalas plasak tiks apliikota modela izveide Accenture
akciju ienesiguma datiem; paréjam kompanijam modela izveide ir analogiska. Modelis tiek
veidots, izmantojot datus par laika posmu no 2002.gada 1. janvara lidz 2013. gada 25.
februarim. Otra perioda dati tiek izmantoti prognozéSanai, lai novertétu, cik efektivi modelis
ar pirma perioda datiem apraksta otro periodu. Ka tika minéts 1. nodalas kopsavilkuma, tiks
apskatiti ARMA(p,q), ARCH(1), GARCH(p,q), TGARCH(p,q) un EGARCH(p,q) modeli ar

dazadam p un q kartam.

97 BBC, IBM top executives to forgo bonuses as profits fall. http://www.bbc.com/news/business-25836875 ;
skatits 21.05.2015.

98 Staff, W., KPMG and Xerox Settle Securities Lawsuit. Accounting Today, 2008.

99 SEC majaslapa, SEC FILES INSIDER TRADING CHARGES RELATED TO ACQUISITION OF COVANSYS
CORPORATION. https://www.sec.gov/litigation/litreleases/2009/1r21192.htm ; skatits 21.05.2015.

100 Despotovic, N., CSC (Computer Sciences Corp) Accounting Fraud Extends to Australia. BizCloudNetwork,

2011. http://www.bizcloudnetwork.com/computer-sciences-corp-accounting-fraud-australia/ ; skatits
21.05.2015.

101 NCR Corporation majaslapa, News: http://www.ncr.com/news/news-releases/uncategorized/ncr-announces-
fourth-quarter-2013-results ; skatits 21.05.2015.

102 IBM majaslapa, http://www-01.ibm.com/support/docview.wss?uid=tss1wp102138&aid=1 ; skatits
21.05.2015.
103 FIS rna]aslapa Dally Global Market ReV1ew On 10 November 2014 — Most global markets rallied in a
fi

most-global- markets rallied-in- guret tradlng ; skatlts 21.05.2015.
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3.2.1. GARCH modelis Accenture akciju ienesiguma datiem

Ka pirmie tiks modeléti GARCH(p,q) modeli, jo tas ir visparigais gadijums un no
GARCH(p,q) modeliem tiek atvasinati citi modeli, pieméram, GJR-GARCH.

Ta ka GARCH saimes modeli sastav no vidgjas vertibas un klidu dispersijas
vienadojumiem, vispirms nepieciesams noteikt videjas vertibas vienadojuma formu. Sim
nolikam tiek apskatiti vairaki autoregresivie AR(p), slidosa vidéja MA(q), ka arl
autoregresiva slidosa videja ARMA(p,q) modeli, kas apkopoti tabula 3.4..

Javadas péc principa, ka labs modelis biis tads, kuram informacijas kritériji (AIC —
Akaikes informacijas kritérijs, SBC — Svarca-Beijesa informacijas kriterijs) ir vismazakie. Tad
var salidzinat, kuram modelim vislielakais R® , un mazaka kvadratisko kliidu summa (SSR).
Akaikes informacijas kritérija un Svarca-Beijesa informacijas kritérija veértibas visiem
apskatitajiem modeliem ir negativas. Pozitivas vértibas nozimétu, ka modelis zaudé lielu dalu
informacijas, kas ir ietverta datos. Informacijas kritériji vismazakie ir ARMA(1,2),
ARMA(3,2) un ARMA(3,3) modeliem; no Siem trim modeliem tikai ARMA(3,2) modelim
koeficienti ir statistiski nozimigi (konstante — nav statistiski nozimiga). Determinacijas
koeficients neparsniedz 5,5% nevienam no modeliem, tacu visaugstakais R”> ir ARMA(3,3),
tatu ARMA(3,2) modelim tas biitiski neatSkiras, tapat ka kvadratisko klidu summa. Nemot
véra visus raditajus, turpmakai analizei tiks nemts ARMA(3,2) modelis, kuru var pierakstit ar

sekojoSu vienadojumu, kur iekavas noraditas p vertibas:

R,=0.002478+0.296782 R, ,—0.948276 R, ,—0.082058 R, ,—

(0.1068)  (0.0000) (0.0000) (0.0462)
(3.2)
—0.400298u, ,+0.999836u, ,+u,

(0.0000) (0.0000)
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Novérteto ARMA(p,q) modelu tabula Accenture datiem (01.01.2002. — 25.02.2013.)*

3.4. tabula

AR(p)

1

2

3

0

0

0 1 1 1 2 3 3 2 2 3
MA(q) 0 0 0 1 2 3 1 2 3 1 1 2 2 3 3
c 0.002058 | 0.002098 | 0.001944 | 0.002017 | 0.002018 | 0.002014 | 0.002022 | 0.002826 | 0.002061 | 0.002087 | 0.001947 | 0.002478 | 0.002075 | 0.002052 | 0.001987
(p vértiba) (0.2070) | (0.1866) | (0.2087) | (0.2089) | (0.1971) | (0.1850) | (0.1668) | (0.0000) | (0.1749) | (0.1994) | (0.2090) | (0.1068) | (0.2108) | (0.1870) | (0.1836)
a -0.091944 | -0.095274 | -0.093551 0.52622 | 0.965855 | 0.098666 | -0.670826 | -0.11876 | 0.296782 |-0.787043 | 0.08293 | 1.15125
(p vértiba) (0.0268) | (0.0225) | (0.0246) (0.0573) | (0.0000) | (0.9223) | (0.1004) | (0.7702) | (0.0000) | (0.0542) | (0.6898) | (0.0004)
a, -0.028141 | -0.027916 -0.06048 | -0.030308 | -0.948276 | -0.189648 | -0.751994 | -1.250074
(p vértiba) (0.4992) | (0.5033) (0.2610) | (0.5942) | (0.0000) | (0.5630) | (0.0000) | (0.0000)
Y -0.029418 -0.030035 | -0.082058 0.43435
(p Vértiba) (0.4786) (0.4849) | (0.0462) (0.1517)
m; -0.097472 | -0.096326 | -0.095808 | -0.612277 | -1.082555 | -0.194644 | 0.580716 | 0.025478 | -0.400298 | 0.704682 | -0.17778 | -1.254244
(p vértiba) (0.0188) | (0.0209) | (0.0217) | (0.0174) | (0.0000) | (0.8474) | (0.1553) | (0.9503) | (0.0000) | (0.0876) | (0.3971) | (0.0000)
m, -0.024516 | -0.022723 0.082771 | -0.010604 0.999836 | 0.134328 | 0.749944 | 1.363523
(p vértiba) (0.5557) | (0.5869) (0.0548) | (0.9202) (0.0000) | (0.6837) | (0.0000) | (0.0000)
m, -0.028304 -0.028019 -0.109925 | -0.540643
(p vértiba) (0.4967) (0.5706) (0.0093) | (0.0701)
R? 0.00846| 0.009381| 0.009754| 0.008939] 0.009532( 0.010236| 0.009857| 0.031263( 0.01029 0.013767| 0.009761f 0.042552| 0.014139 0.023323| 0.053216
adj. R? 0.006745| 0.005942| 0.004578 0.007227| 0.006105 0.00509| 0.006425| 0.026218| 0.003405( 0.008621 0.002849 0.034182| 0.007269 0.0148| 0.043267
SSR 1.060734| 1.059171| 1.048119| 1.061085 1.06045 1.059696] 1.05924| 1.03634] 1.058776] 1.054482| 1.048111 1.013404] 1.054084| 1.044265| 1.002117
AlC -3.459294| -3.455576| -3.460859| -3.460697| -3.457853 -3.455122| -3.457255| -3.475663| -3.450796| -3.456559 -3.457407| -3.487621 -3.453482| -3.459387| -3.495361
SBC -3.444249| -3.432979| -3.430689| -3.445672| -3.435316| -3.425072| -3.434688| -3.445573| -3.413184] -3.426429| -3.419694] -3.442366| -3.41582| -3.414192| -3.442563
konst. stat.noz. né né né né né né né ja né né né né né né né
koef. Stat.noz. ja né né ja né né né né né né né ja né né né

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7



Talak secigi nepiecieSams parbaudit noveérteta ARMA(3,2) modela kliidu normalitati,
autokorelaciju (izmanto Breusch-Godfrey Serial Correlation LM testu pie 2 novélojumiem),
un heterosceditati (izmanto White testu). Veicot Sos testus tika secinats, ka kliidas nav normali
sadalitas, jo Jarque-Bera statistikas p vértiba ir 0.0000, kas liek noraidit nulles hipotézi par
normalo sadalijjumu, autokorelacijas Breusch-Godfrey testa F-statistikas p vertiba ir 0.80,
tatad nevar noraidit nulles hipotézi, ka klidam nav autokorelacijas problémas, tacu White
testa F-statistikas p vertiba, kas ir vienada ar 0.0000, kas liek noraidit nulles hipotézi un
secinat, ka klidam pastav heterosceditates problémas.

Pirms GARCH modela izveides vél nepiecieSams parliecinaties, ka Sis klases modelis ir
datiem piemeérots, t.i., javeic ARCH efekta parbaude. Tiek veikts ARCH LM tests, mainot
novelojumu skaitu no 1 Iidz 4. F-statistika ir statistiski nozimiga (p-vertiba — 0.0000) pie
jebkada aplikota novélojumu skaita, kas norada par ARCH efekta klatbiitni datos.
Programmas Eviews izdruka ar So testu (ar novelojumu skaitu 4) ir pievienota 1.pielikuma.

GARCH modela noveértésanai izveido log-ticamibas (log-likelihood) funkciju, un tiek
atrasti parametri, kas funkciju maksimizé. ' GARCH modelu noteik3anai tika izmantots
iterativais Marquardt algoritms. Novéerteto GARCH(p,q) apkopojums atrodams tabula 3.5.
Labakais modelis jaizvelas péec tada paSa principa ka labakais ARMA modelis. Vismazakie
informacijas kritériji ir GARCH(1,2) un GARCH(2,2) modeliem. No Siem modeliem
prieksroka tiks dota GARCH(1,2) modelim, jo determinacijas koeficients ir lielaks, bet klidu

kvadratu summa — mazaka.

104 Brooks, C., Introductory Econometrics for Finance, Cambridge University Press, 2002. p 455 - 460.
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3.5. tabula

Noverteto GARCH(p,q) mode]u apkopojums Accenture datiem (01.01.2002. —

25.02.2013.)*

ARCH 1 1 1 2 0 2
GARCH 0 1 2 1 1 2
Vidéjas vértibas vienadojums ARMA(3,2)
c 0.004161 0.003792 0.003108 0.004392 0.003329 0.004845
(p vertiba) (0.004) (0.0061) (0.0000) (0.0017) (0.0347) (0.0004)
a, -0.221981 0.6308 0.440441 0.607613 -0.613937 -1.742157
(p vertiba) (0.7159) (0.9233) (0.0000) (0.9518) (0.0000) (0.0000)
a, 0.054282 -0.020129 0.456258 -0.026702 -0.8873 -1.048537
(p vertiba) (0.8862) (0.9961) (0.0000) (0.9964) (0.0000) (0.0000)
a, -0.030152 -0.00909 0.043789 -0.004179 -0.050519 -0.102231
(p vertiba) (0.5772) (0.9656) (0.3146) (0.9884) (0.1060) (0.0237)
m, 0.14099 -0.708577 -0.534155 -0.683808 0.556794 1.6868
(p vertiba) (0.8158) (0.9138) (0.0000) (0.9458) (0.0000) (0.0000)
m, -0.106731 0.053993 -0.457039 0.05606 0.905573 0.920703
(p vertiba) (0.7534) (0.9907) (0.0000) (0.9933) (0.0000) (0.0000)
Nosacitas dispersijas vienadojums
(&) 0.00121 0.0000492 | 0.0000859 | 0.0000384 | 0.0000175 | 0.0000595
(p vertiba) (0.0000) (0.0031) (0.0035) (0.0279) (0.0511) (0.0562)
a, 0.36344 0.078921 0.133375 0.22043 0.284408
(p vertiba) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
a, -0.161904 -0.18091
(p vertiba) (0.0052) (0.0145)
B, 0.889729 0.155168 0.91636 0.987582 0.491204
(p vértiba) (0.0000) (0.2957) (0.0000) (0.0000) (0.0182)
B, 0.656998 0.369074
(p vértiba) (0.0000) (0.0285)
R? 0.005733 0.004108 0.029571 0.002056 0.027954 0.005694
adj. R? -0.002959 -0.004597 0.021088 -0.006667 0.019457 -0.002998
SSR 1.052375 1.054094 1.027143 1.056266 1.028855 1.052416
AIC -3.540293 -3.613319 -3.630413 -3.622908 -3.520286 -3.645463
SBC -3.479953 -3.545437 -3.554988 -3.547482 -3.459946 -3.562495
Durbin-Watson| 2.016838 2.020405 2.042506 2.019622 2.048389 2.054797

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

R,=0.003108+0.440441 R, ,+0.456258 R, ,+0.043789R,_,—

(0.000)

(0.0000)

(0.0000)

(0.3146)

—0.534155u, ,—0.457039, ,+u,

(0.0000)

(0.0000)
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Turklat veicot parbaudi par ARCH efekta klatbiitni izmantojot ARCH testu, tiek iegiita F-
statistikas p-verttba 0.50, tatad nulles hipotézi noraidit nevar, un ir izdevies noverst
heterosceditates problému, tacu kliidas joprojam nav normali sadalitas (Jarque-Bera statistikas

p vértiba 0.0000). GARCH(1,2) modeli var pierakstit sekojosa vienadojumu forma:

(3.3)



u,~N(0,0°) (3.4)

02=0.0000859+0.133375u,_,+0.155168 5,_,+0.656998 G, _,

(0.000)  (0.0000)  (0.0000)  (0.3146) (3.5)

kur u, -—kladas loceklis, o, —kludu dispersija. Visiem apskatitajiem GARCH modeliem,
kuros izmantoti noverojumi par laika periodu no 2002.gada 7. janvara lidz 2013. gada 25.
februarim, tiek veikta modelu prognozéSana vispirms parauga ietvaros, tas ir, prognozé
periodu no 2002.gada 7. janvara lidz 2013. gada 25. februarim, ka ar1 tiek veikta arpus
parauga prognoze, tas ir, periodam no 2013. gada 26. februara Iidz 2015. gada 23. februarim.
PrognozéSana parauga ietvaros un arpus ta tiek veikts salidzinaSanas noliikos, ka ari, lai

noskaidrotu, kurS modelis uzrada labakos rezultatus arpus parauga un parauga prognozesana.

Parauga ietvaros veiktas prognozeSanas apkopojums GARCH(p,q) modeliem redzams 3.6.

tabula.
3.6. tabula
GARCH(p,q) model]u parauga prognozesanas apkopojums Accenture datiem*

ARCH 1 1 1 2 0 2

GARCH 0 1 2 1 1 2
RMSE 0.042843 0.042888 0.042601 0.04292 0.042519 0.042865
MAE 0.031146 0.031224 0.031009 0.031233 0.031009 0.03116
MAPE 118.5944 116.7829 113.3574 120.7936 113.6515 125.9832
TIC 0.909429 0.913843 0.906505 0.903471 0.883375 0.872985

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

Modelu savstarpégjai salidzinaSanai un novertésanai tiek izmantota vidéjas kvadratiskas
kliidas kvadratsakne (RMSE), vidgja absoliita klida (MAE) un vidéja absoliita procentuala
klida (MAPE) — jo mazakas ir Sis kliidas, jo mazaka ir starpiba starp modela noveértéto
standartnovirzi un realo nedélas standartnovirzi, jo labaks ir modelis. MAE sniedz informaciju
par to, cik lielas klidas var sagaidit vidéji no prognozém, tacu dazreiz ir sarezgiti noteikt
klidu relativo izmeéru, t.i., atSkirt mazu no lielas kliidas. Tapéc apliko MAPE, kas lauj
salidzinat dazadu laikrindu prognozes dazadas skalas. Pieméram, salidzinat precizitati S&P
500 indeksa prognozei ar Dow Jones Industrial Average indeksa prognozi. Savukart RMSE
salidzinajuma ar paréjiem kritérijiem ir daudz jutigaks pret retam jeb gadijuma lielam klidam.
Tapat arl skatas uz Tila nevienlidzibas koeficientu (TIC) — Sis koeficients norada, cik labi
laikrindas novertéetas vertibas tiek salidzinatas ar attiecigo laikrindu noveéroto vértibu. Ja
koeficients ir 1, tad tas nozimé, ka prognozéjums neatSkiras no naiva minéjuma. 3.6. tabula

redzams, ka vismazaka RMSE ir GARCH(1,2) un GARCH(0,1), tapat arl vismazaka MAE
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unn MAPE ir Siem diviem modeliem. TIC viszemakie ir GARCH(2,1) un GARCH(2,2)
modeliem — attiecigi 0.903471 un 0.872985. Nemot véra iepriekS nosauktos argumentus,
labaka prognozétspéja ir modeliem GARCH(1,2) un GARCH(0,1). Savukart no Siem diviem
modeliem labakas ir GARCH(1,2) modelis. Lai gan TIC nav viszemakais, var noveérot, ka
GARCH(1,2) modelim TIC koeficients ir loti tuvs GARCH(2,1) TIC koeficientam. Tai pat
laika RMSE, MAE, MAPE ir vismazakie, 1idz ar to Sis modelis tomér nedaudz parspéj visus
citus modelus.

Arpus parauga veiktas prognozésanas apkopojums GARCH(p,q) modeliem redzams 3.7.

tabula.
3.7. tabula
GARCH(p,q) modelu arpus parauga prognozésanas apkopojums Accenture datiem*
ARCH 1 1 0 2
GARCH 0 1 2 1 1 2
RMSE 0.027257 0.027228 0.027189 0.027268 0.027172 0.027308
MAE 0.019894 0.019876 0.019886 0.019899 0.019769 0.019925
MAPE 133.3151 129.1422 113.2765 135.8878 111.919 143.1146
TIC 0.866956 0.87649 0.911803 0.86103 0.8742 0.849128

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

Modelu savstarpgjai salidzinasanai un noveértésanai tiek izmantoti tie paSi raditaji, kas
ieprieks - vidgjas kvadratiskas kliidas kvadratsakne, vidéja absoliita kliida, vidéja absoliita
procentuala klida, Tila nevienlidzibas koeficients. Jo mazakas vértibas Siem raditajiem, jo
modelis veiksmigak spéj modelét datus periodam 26.02.2013. — 25.02.2015. Var ievérot, ka
vismazaka RMSE un MAPE, tapat ka ieprieks, ir GARCH(1,2) un GARCH(O0,1), lai gan
paréjiem modeliem vidéja kvadratiska klidas kvadratsakne ir salidzinoSi tuvu So labako
modelu uzraditajam RMSE. MAE vismazakas ir GARCH(1,1) un GARCH(0,1), tacu TIC —
GARCH(2,1) un GARCH(2,2). Nemot véra visu iepriek§ minéto, labaka prognozétspéja ir
modeliem GARCH(1,2) un GARCH(0,1). No Siem diviem modeliem nedaudz labaks ir
GARCH(0,1) modelis.

3.2.2. TGARCH modelis Accenture akciju ienesiguma datiem
TGARCH(p,q) modelu izveidé lieto to paSu metodi un laika periodus, kadus lietoja

GARCH(p,q) modeliem, tacu papildus tiek ieviests asimetrijas loceklis I, , un koeficients

Y , kas notver sevi sviras efektu. Tapat ka GARCH(p,q) modelos, tika apskatiti dazadu
kartu modelu, kas apkopoti tabula 3.8. Labaka modela izvéles kriteriji ir tadi pasi ka ieprieks
— mazakas informacijas kritériju vertibas, lielaka determinacijas koeficienta vertiba, mazaka

klidu kvadratu summa. Vismazakie informacijas kritériji ir TGARCH(1,1) ar slieksni 2,
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TGARCH(1,2) ar slieksni 2, TGARCH(2,1) ar slieksni 2; no siem modeliem R* lielaks ir
TGARCH(2,1) ar slieksni 2. Klidu kvadratu summa Sim modelim nav vismazaka, tacu ta
stipri neatSkiras no paréjiem modeliem. TGARCH(2,1) ar slieksni 2 modelis ir Sads:

R,=0.002826 —1.82046 R, ,—1.12775R, ,—0.102844 R, ,+

(0.0461)  (0.0000) (0.0000) (0.0222)
(3.6)
+1.734467u, ,+0.969615, ,+u,
(0.0000) (0.0000)
u,~N(0,0°) (3.7)
0.=0.0000679—0.0198035u; ,—0.015821 u._,+0.904750, ,+
(0.0013)  (0.6914) (0.7349) (0.0000)
(3.8)

+0.4420221,u’ ,—0.27451,u; ,
(0.000) (0.0077)
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3.8. tabula
Novertéto TGARCH(p,q) modelu apkopojums Accenture datiem (01.01.2002. — 25.02.2013.)*
1 2 2 2 2

ARCH 1 1 1
GARCH 1 2 1 2 1 2 1 2
TRESHOLD 1 1 1 1 2 2 2 2
Vidéjas vertibas vienadojums ARMA(3,2)
c 0.00233 | 0.002748 | 0.002341 | 0.002814 | 0.002837 0.0028 0.002826 | 0.002832
(p vértiba) (0.0782) | (0.0364) | (0.0934) | (0.0397) | (0.0385) (0.0488) (0.0461) (0.0455)
a -0.353707 | 0.068491 |-1.805501 | 0.693601 | 0.222117 | -1.823664 | -1.82046 | -1.819011
(p vértiba) (0.6762) | (0.8782) | (0.0000) | (0.5875) | (0.0499) (0.0000) (0.0000) (0.0000)
& -0.239365 | 0.302189 |-1.101961 | -0.102691 | -0.783253 | -1.133974 | -1.12775 | -1.124418
(p vértiba) (0.6678) | (0.5891) | (0.0000) | (0.8819) | (0.0000) (0.0000) (0.0000) (0.0000)
a -0.056433 | 0.01674 |-0.087671 | 0.019934 | -0.095489 | -0.106764 | -0.102844 | -0.100861
(p vertiba) (0.3646) | (0.8345) | (0.0476) | (0.7635) | (0.0242) (0.0142) (0.0222) (0.0250)
mj 0.258274 | -0.181639 | 1.73679 |-0.790242 | -0.332422 | 1.733779 | 1.734467 | 1.735093
(p vertiba) (0.7603) | (0.6836) | (0.0000) | (0.5346) | (0.0019) (0.0000) (0.0000) (0.0000)
[ 0.159296 | -0.320886 | 0.971044 | 0.123957 | 0.781233 | 0.969085 | 0.969615 | 0.969662

(p vertiba) (0.7901) | (0.5779) | (0.0000) | (0.8774) | (0.0000) (0.0000) (0.0000) (0.0000)
Nosacitas dispersijas vienadojums

® 0.000115 | 0.000152 | 0.000104 | 0.000142 | 0.0000681 | 0.0000687 | 0.0000679 | 0.0000757
(p vértiba) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0012) | (0.0150) | (0.0013) | (0.0116)
o, -0.062901 | -0.059281 | -0.01799 | -0.026309 | -0.035158 | -0.034532 | -0.019803 | -0.011571
(p vértiba) (0.0104) | (0.0823) | (0.7525) | (0.6177) | (0.1172) | (0.1855) | (0.6914) | (0.8289)
a, -0.045697 | -0.061768 -0.015821 | -0.029186
(p vértiba) (0.3581) | (0.1512) (0.7349) | (0.5816)
B, 0.861813 | 0.224298 | 0.873459 | 0.363296 | 0.906419 | 0.904581 | 0.90475 | 0.820384
(p vértiba) (0.0000) | (0.0862) | (0.0000) | (0.0267) | (0.0000) | (0.0000) | (0.0000) | (0.0001)
B, 0.568066 0.45747 -0.00112 0.073585
(p vértiba) (0.0000) (0.0016) (0.9948) (0.6809)
Y 0.250578 | 0.321828 | 0.240332 | 0.336306 | 0.484749 | 0.448294 | 0.442022 | 0.432558
(p vértiba) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
Y. -0.318785 | -0.281525 | -0.2745 | -0.244202
(p vértiba) (0.0056) | (0.0115) | (0.0077) | (0.0486)
R 0.007425 | 0.007767 | 0.020117 | 0.004913 | 0.017612 | 0.01936 | 0.019446 | 0.019457
adj. R? -0.001251 | -0.000906 | 0.011552 | -0.003785 | 0.009024 | 0.010788 | 0.010875 | 0.010886
SSR 1.050583 | 1.050222 | 1.03715 | 1.053242 | 1.039802 | 1.037951 | 1.03786 | 1.037848
AIC -3.656809 | -3.659749 | -3.670886 | -3.65962 | -3.673417 | -3.67456 | -3.674761 | -3.671466
SBC -3.581384 | -3.576782 | -3.587918 | -3.56911 | -3.59045 | -3.584049 | -3.584251 | -3.573414

Durbin-Watson | 1.99719 | 1.957111 | 2.024518 | 1.9869 1.968649 | 1.982776 | 1.990291 | 1.994396

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
Talak analogiski GARCH(p,q) modeliem, tiek veikta prognozéSana izmantojot visa

laika posma datus. Modelu savstarpéjai salidzinasanai un noveértésanai tiek izmantota RMSE,

MAE, MAPE un TIC.
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3.9. tabula

TGARCH(p,q) modelu parauga prognozésanas apkopojums Accenture datiem*

ARCH 1 1 2 2 1 1 2 2

GARCH 1 2 1 2 1 2 1 2

TRESHOLD 1 1 1 1 2 2 2 2
RMSE 0.042812 | 0.04282 | 0.042656 | 0.04285 | 0.042704 | 0.042675 | 0.042673 | 0.042674
MAE 0.031143 | 0.031168 [ 0.03104 | 0.031217 | 0.031045 | 0.031039 | 0.031035 | 0.031035
MAPE 107.0266 | 109.7908 | 114.3765 | 110.555 | 111.3331 [ 116.8331 | 117.0146 | 117.0506
TIC 0.942616 | 0.934288 | 0.883964 | 0.931796 | 0.888915 | 0.879726 | 0.87957 | 0.879847

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

3.9.tabula ir apkopoti TGARCH(p,q) modelu parauga ietvaros veiktas prognozeSanas

rezultati. Vislabakos rezultatus uzrada TGARCH(2,1) ar slieksni 2 un TGARCH(2,2) ar
slieksni 2. Siem modeliem MAE un TIC ir vismazakie, bet RMSE ir apméram tada pasa

limeni, ka visiem paréjiem modeliem.

3.10. tabula
TGARCH(p,q) modelu arpus parauga prognozésSanas apkopojums*

ARCH 1 1 2 2 1 1 2

GARCH 1 2 1 2 1 2 1 2

TRESHOLD 1 1 1 1 2 2 2 2
RMSE 0.0272 | 0.027193 | 0.027238 | 0.027194 | 0.027155 | 0.027188 | 0.027194 | 0.027209
MAE 0.019902 | 0.019881 | 0.019908 | 0.019881 | 0.019845 | 0.019848 | 0.019851 | 0.019864
MAPE 114.8376 | 118.636 | 120.333 | 119.2681 | 118.0467 | 122.7606 | 123.1879 | 123.593
TIC 0.918722 | 0.906044 | 0.91368 | 0.90372 | 0.90232 [ 0.89921 | 0.898595 | 0.898988

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

Tabula 3.10 apkopoti TGARCH(p,q) prognozeSanas, kas veikta izmantojot arpus
parauga datus, rezultati. Arpus parauga prognozésanas gadijuma vismazako RMSE uzrada
TGARCH(1,1) ar slieksni 2, mazakos MAE — TGARCH(1,1) ar slieksni 2, TGARHC(1,2) ar
slieksni 2, vismazako MAPE uzrada TGARCH(1,1) ar slieksni 1, bet vismazakie TIC —
TGARCH(2,1) ar slieksni 2, TGARCH(1,2) un TGARCH(2,1) ar sliekSniem 2. Rezuméjot,
vislabaka prognozétspéja arpus ir modeliem TGARCH(1,1) un

TGARCH(1,2) ar sliekSniem 2.

parauga gadijuma

3.2.3. EGARCH modelis Accenture akciju ienesiguma datiem
EGARCH(p,q) modelu izveide ir lidziga ka ieprieksS aprakstitajos modelos. AtSkiriga ir
nosacitas dispersijas vienadojuma forma, ka ari fakts, ka nosacitas dispersijas vértibas

In(o?)

vienmer bis pozitivas, kas izriet no ta, ka nosacitas dispersijas vértiba biis e
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3.11. tabula

Novérteto EGARCH(p,q) modelu apkopojums Accenture datiem (01.01.2002. — 25.02.2013.)*
ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2
Vidéjas vertibas vienadojums ARMA(3,2)
c 0.001848 | 0.002361 | 0.002405 | 0.00263 | 0.002222 | 0.002189 | 0.002595 | 0.002688
(p vértiba) (0.2029) | (0.0000) (0.1067) (0.0456) (0.1090) | (0.1625) (0.0524) (0.0529)
a 1.777851 | 0.568503 | 1.804196 | 1.685138 | 1.66727 | 1.815778 | 1.683528 | 0.624618
(p vértiba) (0.0000) | (0.2868) (0.0000) (0.0000) (0.0000) | (0.0000) (0.0000) (0.8037)
& -0.851776 | 0.36893 | -0.852537 | -0.802032 | -0.810403 | -0.764217 | -0.799206 | -0.024564
(p vértiba) (0.0000) | (0.4357) (0.0000) (0.0000) (0.0000) | (0.0000) (0.0000) (0.9855)
a -0.058763 | 0.045627 | -0.057351 | -0.096486 | -0.097698 | -0.081966 | -0.098217 | 0.01154
(p vértiba) (0.1704) | (0.5113) (0.2219) (0.0263) (0.0266) | (0.0568) (0.0319) (0.9240)
m, -1.867781 | -0.676203 | -1.888136 | -1.812804 | -1.773192 | -1.933241 | -1.812506 | -0.72553
(p veértiba) (0.0000) | (0.1612) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.7722)
m, 0.993368 | -0.321882 | 0.991144 | 0.995705 | 0.985757 | 0.962204 | 0.995715 | 0.063989
(p veértiba) (0.0000) | (0.5050) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.9680)
Nosacitas dispersijas vienadojums
w -0.425882 | -0.685738 | -0.383782 | -0.529083 | -0.324103 | -0.494673 | -0.289841 | -0.448166
(p vértiba) (0.0000) | (0.0000) | (0.0000) | (0.0001) | (0.0000) | (0.0001) | (0.0002) | (0.0024)
o, 0.086598 | 0.171233 | 0.266295 | 0.160787 | 0.091483 | 0.137581 | 0.169766 | 0.252813
(p vértiba) (0.0135) | (0.0030) | (0.0025) | (0.0226) | (0.0031) | (0.0120) | (0.0475) | (0.0051)
a, -0.190186 | -0.026992 -0.093107 | -0.138705
(p vertiba) (0.0328) | (0.7620) (0.3053) | (0.2101)
1 0.945559 | 0.349737 | 0.951243 | 0.325479 | -0.250447 | -0.267506 | -0.261271 | -0.264547
(p vertiba) (0.0000) | (0.0069) | (0.0000) | (0.0406) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
B, 0.566944 0.610928 0.050597 0.073809
(p vertiba) (0.0000) (0.0001) (0.4819) (0.3407)
A -0.184501 | -0.252161 | -0.180318 | -0.227381 | 0.113941 | 0.377081 | 0.138374 | 0.591395
(p veértiba) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0261) | (0.0295) | (0.0273) | (0.0245)
Y, 0.961943 | 0.564466 | 0.965596 | 0.354721
(p vertiba) (0.0000) | (0.0007) | (0.0000) | (0.1591)
R? 0.021614 | 0.017857 | 0.022581 | 0.038736 | 0.035945 | 0.029942 | 0.038554 | 0.005631
adj. R? 0.013061 | 0.009272 | 0.014038 [ 0.030333 [ 0.027518 | 0.021462 | 0.03015 | -0.003061
SSR 1.035566 | 1.039542 | 1.034541 | 1.017443 | 1.020397 | 1.026751 | 1.017636 | 1.052482
AIC -3.675495 | -3.668796 | -3.683304 | -3.693824 | -3.683076 | -3.675309 | -3.691765 | -3.664614
SBC -3.60007 | -3.585828 | -3.600336 | -3.603314 | -3.600108 | -3.584798 | -3.601255 | -3.566561
Durbin-Watson | 2.029822 | 1.989359 | 2.044239 | 1.986433 | 2.024176 | 1.993539 | 1.983579 | 1.97801

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

Noverteto EGARCH(p,q) modelu apkopojums ir redzams 3.11.tabula. Labaka modela

izvele ir analogiska iepriek$gjiem gadijumiem, lidz ar to, labakais modelis ir EGARCH(2,2)

ar asimetrijas kartu 1, taCu japiezime, ka ari EGARCH(2,1) ar asimetrijas kartu 2 uzraditais

rezultats art ir loti lidzigs.

Talak secigi tiek veikta prognozeSana izmantojot laika posma datus vispirms par

01.01.2002 — 26.02.2013 (parauga), un tad 26.02.2013 — 25.02.2015 (arpus parauga). Modelu

savstarpéjai salidzinaSanai un noveértéSanai tapat ka iepriek$ tiek izmantoti RMSE, MAE,

MAPE un TIC. 3.12. tabula ir apkopoti EGARCH(p,q) modelu prognozéSanas rezultati

parauga ietvaros. Saja gadijuma vislabakais modelis ir EGARCH(1,1) ar asimetrijas kartu 2,
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jo tam gan RMSE, MAE un TIC ir viszemakie, kas liecina par labakam prognozéeSanas

iespejam., pat par spiti tam, ka vidéja absoliita procentuala kliida nav ta zemaka.

3.12. tabula
EGARCH(p,q) modelu parauga prognozeésanas apkopojums Accenture datiem*
ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2
RMSE 0.042769 | 0.042733 | 0.042722 | 0.042881 | 0.042455 | 0.042572 | 0.042882 | 0.042851
MAE 0.031148 | 0.031115 | 0.03117 | 0.031267 | 0.030812 | 0.03114 [ 0.031261 | 0.031221
MAPE 105.812 | 105.8692 | 110.1713 | 109.5975 | 118.8464 | 112.4731 | 109.1225 | 109.8335
TIC 0.934045 | 0.950727 | 0.926362 | 0.934324 | 0.870501 | 0.896232 | 0.934244 | 0.932753

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

Tabula 3.13. ir apkopoti uzraditie rezultati arpus parauga prognozeSanai EGARCH(p,q)
modeliem. Vismazako RMSE un TIC uzrada EGARCH(1,1) ar asimetrijas kartu 1, vismazako
MAE - EGARCH(1,2) un EGARCH(2,2) ar asimetrijas kartu 2; mazaka MAPE piemit
EGARCH(1,2) ar asimetrijas kartu 2. Ka precizakie modeli varétu but EGACH(1,1,1),
EGARCH(1,2,1) un EGARCH(1,2,2), tacu nedaudz paraks ir EGARCH(1,1) ar asimetrijas

kartu 1, jo Sim modelim ne tikai RMSE, bet ar1 TIC ir zemakais.

3.13. tabula

EGARCH(p,q) modelu arpus parauga prognozéesanas apkopojums Accenture datiem*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2
RMSE 0.027059 | 0.027198 | 0.027483 | 0.027375 | 0.027876 | 0.027184 | 0.027382 | 0.027189
MAE 0.020049 | 0.019959 | 0.020279 | 0.020337 | 0.020491 | 0.019899 | 0.020354 | 0.019881
MAPE 117.3413 | 105.0982 | 139.3806 | 144.9295 | 121.0709 | 108.0147 | 145.4853 | 118.0636
TIC 0.86795 | 0.952581 | 0.906558 | 0.889977 | 0.896575 | 0.92396 | 0.889508 | 0.907344

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

3.3. Rezultati
Ieprieks tika veikta detalizéta mode]u izveide Accenture akciju ienesiguma laikrindai.
Analogiska veida tika veidoti modeli paréjam devinam kompanijam, un Saja apakSnodala

atrodams So modelu apkopojums.
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3.3.1. Accenture

Darba gaita tika izstradati GARCH, TGARCH un EGARCH modeli ar daZzadam p un q
kartam. Tabula 3.14 ir apkopoti labakie modeli no labakajiem, kad tika veikta prognozeSana
parauga ietvaros (ar 01.01.2002. — 25.02.2013. datiem tiek prognozeti 01.01.2002. —
25.02.2013. dati). Tacu tabula 3.15 apkopoti modeli, kas uzradija labako sniegumu arpus
parauga prognozeSana (ar 01.01.2002. — 25.02.2013. datiem tiek prognozéti 26.02.2013. —
25.02.2015. dati).

Modelu savstarpéjai salidzinaSanai un noveértéSanai tapat ka iepriekS izmanto vidéjas
kvadratiskas kliidas kvadratsakni (RMSE), vidéjo absoliiti klidu (MAE), vidéjo absoliito
procentualo klidu (MAPE) — jo mazakas ir Sis kliidas, jo labaks ir modelis. Uzmanibu vérs

arl uz Tila nevienlidzibas koeficientu (TIC) — jo zemaka koeficienta vértiba, jo precizaks

modelis.
3.14. tabula
Labako modelu parauga ietvaros prognozésanas apkopojums, Accenture*
GARCG(1,2) | TARCH(2,1,2) | TARCH(2,2,2) | EGARCH(1,1,2)
RMSE | 0.042601 0.042673 0.042674 0.042455
MAE 0.031009 0.031035 0.031035 0.030812
MAPE | 113.3574 117.0146 117.0506 118.8464
TIC 0.906505 0.87957 0.879847 0.870501

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

Apliikojot prognozeSanas rezultatus, kas veikti parauga ietvaros (3.14. tabula), diezgan
parliecinoSi redzams, ka par veiksmigako modeli var tikt atzits EGARCH(1,1) ar asimetrijas
kartu 2. Sim modelim piemit gan vismazaka RMSE, gan MAE, ka ar1 Tila nevienlidzibas

koeficients, kas lauj atzit So modeli par labako starp apskatitajiem.

3.15. tabula
Labako modelu arpus parauga prognozésanas apkopojums, Accenture*
GARCH(0,1) | TGARCH(1,1,2) [ TGARCH(1,2,2) | EGARCH(1,1,1) | EGARCH(1,2,1)
RMSE 0.027172 0.027155 0.027188 0.027059 0.027198
MAE 0.019769 0.019845 0.019848 0.020049 0.019959
MAPE 111.919 118.0467 122.7606 117.3413 105.0982
TIC 0.8742 0.90232 0.89921 0.86795 0.952581

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
Apliikojot prognozeSanas rezultatus, kas veikti arpus parauga (3.15. tabula), vairs nav
verojams tik viennozimigs kada modela parsvars. Vismazaka RMSE ir EGARCH(1,1) ar
asimetrijas kartu 1; vismazaka MAE — GARCH(0,1); MAPE 0 EGARCH(1,2) ar asimetrijas
kartu 1; vismazakais Tila nevienlidzibas koeficients - EGARCH(1,1) ar asimetrijas kartu 1.

GARCH modeli spéj uztvert datu klasterésanos, tacu, ta ka So modelu sadalijumi ir simetriski,
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tie nesp@j uztvert pirmaja nodala jau aprakstito sviras efektu. Saja gadljuma péc Siem Cetriem
kritérijiem labakais Accenture akciju ienesiguma volatilitates prognozéSanas modelis varétu
but GARCH(O0,1), jo, lai gan TIC, MAPE un RMSE raditaji nav pasi labakie, tie nav slikti un
ir vieni no labakajiem. Tacu tas, ka EGARCH modeliem atseviski raditaji ir labaki, savukart
varetu liecinat par asimetrijas efekta klatbutni datos. Japiemin, ka GARCH(0,1) modelim
konstante un koeficienti videjas vertibas vienadojuma, ka ar1 konstante nosacitas dispersijas
vienadojuma nav statistiski nozimigi; informacijas kritériji ir viszemakie, tacu augstakais

determinacijas koeficients.

3.3.2. Capgemini

Tapat ka Accenture gadijuma, vispirms tika noteikts vidéjas vertibas vienadojums. Sim
nolikam tika apliikoti autoregresiva slidosa videja modeli ar dazadam p un g kartam. Visas
programmu izdrukas un veidotas tabulas saistiba ar Capgemini pievienotas 3. pielikuma. Ka
videjas vertibas vienadojums tika izvélets ARMA(3,3) modelis, kuram konstante nav
statistiski nozimiga, tacu visi koeficienti ir. Sim modelim tika noveroti vismazakie
informacijas kritériji un augstakais determinacijas koeficients. Kliidas nav normali sadalitas,
jo Jarque-Bera statistikas p vertiba ir 0.0000, kas liek noraidit nulles hipotézi par normalo
sadalijumu; White testa F-statistikas p vertiba, kas ir vienada ar 0.0000, kas liek noraidit
nulles hipotézi un secinat, ka klidam pastav heterosceditates problémas; Breusch-Godfrey
testa F-statistikas p veértiba ir 0.93, tatad nevar noraidit nulles hipotézi, ka klidam nav
autokorelacijas problemas. ARCH LM tests tika veikts ar 1 un 4 novélojumiem, un abos

gadijumos ARCH efekts datos tika noverots.

3.16. tabula
Labako modelu parauga ietvaros prognozesanas apkopojums, Capgemini*
GARCH(0,1) [TGARCH(1,2,1)] EGARCH(2,1,1)
RMSE 0.059401 0.059819 0.059787
MAE 0.042609 0.042831 0.042804
MAPE 106.2886 105.4939 105.2658
TIC 0.837116 0.872599 0.866003

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
Aplikojot prognozéesSanas rezultatus labakajiem modeliem, kas veikti parauga ietvaros
(3.16. tabula), var noverot, ka GARCH(0,1) modelis parspej paréjos modelus gandriz péec
visiem nosacijumiem — tam ir mazaka RMSE un MAE, ka ar1 TIC salidzinajuma ar paréjiem

modeliem.
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3.17. tabula

Labako modelu arpus parauga prognozésanas apkopojums, Capgemini*

GARCH(1,0) [TGARCH(2,1,2_| EGARCH(2,1,1)
RMSE | 0.031191 0.031279 0.031374
MAE | 0.025131 0.025249 0.025303
MAPE | 98.84747 98.65302 97.94764
TIC 0.885466 0.916119 0.932322

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

Aplikojot prognozeSanas rezultatus labakajiem modeliem, kas veikti arpus parauga
(3.17. tabula), redzam, ka GARCH modelis (tikai ar citam p un g veérttbam ka parauga
ietvaros veiktaja prognozu apkopojuma) arl Saja gadijuma modelé datus veiksmigak. Tas, ka
GARCH modelis ir uzradjjis visakuratako prognozétspéju, liek domat, ka datos varétu biit
klasteri, bet ne asimetrijas, pretéja gadijjuma GARCH modelis netiktu gala ar prognozeSanu
tik veiksmigi. Taja pat laika EGARCH(2,1,1) uzradita zemaka MAPE vértiba liek domat par
asimetriju datos.

Ja salidzinam novertéto modelu deteminacijas koeficientus un informacijas kritérijus,
tad GARCH(1,0) Sie raditaji ir vissliktakie, kamer EGARCH(2,1,1) vislabakie raditaji no Siem
trim modeliem. Tatad, ja izvéelétos modeli izmantojot Sos kritérijus, tad labakais modelis biitu

EGARCH(2,1,1).

3.3.3. Atos SE

Ka vidgjas vertibas vienadojums tika izvelets ARMA(2,2) modelis, kuram konstante nav
statistiski nozimiga, tacu visi koeficienti ir. Sim modelim tika novérots vismazakais Akaikes
informacijas kritérijs, viens no zemakajiem Svarca-Beijesa informacijas kritérija raditajiem,
ka ar1 determinacijas koeficients ir otrs augstakais.

Klidas nav normali sadalitas, par ko liecina Jarque-Bera statistikas p vértiba
(p=0.0000), kas liek noraidit nulles hipotézi par normalo sadalijumu; White testa F-statistikas
p vertiba, arl ir 0.0000, kas liek noraidit nulles hipotézi un secinat, ka klidam pastav
heterosceditates probléemas. Breusch-Godfrey testa F-statistikas p vértiba ir 0.84, lidz ar to
nevar noraidit nulles hipotézi, ka klidam nav autokorelacijas problemas. ARCH LM tests tika
veikts ar 1 un 4 novélojumiem, un abos gadijumos ARCH efekts datos tika novérots (p
vértibas mazakas par 0.05).

Atos SE akciju ienesiguma volatilitates modeléSanai parauga ietvaros (3.18. tabula)
vislabako sniegumu uzradija GARCH(2,1) modelis, kuram novérotas vismazakas RMSE un

MAE kladas. Tila nevienlidzibas koeficients (0.88494) stipri neatSkiras no EGARCH(1,2,2)
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uzradita (0.87576).

3.18. tabula
Labako mode]u parauga ietvaros prognozéSanas apkopojums, Atos SE*

GARCH(2,1) | TARCH(1,2,1) | EGARCH(1,2,2)
0.05688
0.03956

106.96860
0.88494

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

Arpus parauga prognozésanas gadijuma (3.19. tabula) ir divi modeli, kas uzrada labakus
rezultatus, ka citi modeli, nemot véra Sos Cetrus kritérijus — GARCH(0,1) un EGARCH(2,2,1)
modeli. GARCH modelim vérojams labaks Tila nevienlidzibas koeficients, bet EGARCH
modelim labaka vidéja absoliita procentuala kliida. Salidzinot abu modelu determinacijas
koeficientus un informacijas kritérijus, var secinat, ka determinacijas koeficients ir augstaks
GARCH(0,1), kamér EGARCH modelim tas pat ir negativs, un tieSi 51 iemesla de] GARCH
modelis uzskatams par labaku.

3.19. tabula

Labako modelu arpus parauga prognozéSanas apkopojums, Atos SE*

GARCH(0,1) | TARCH(2,1,2) | TARCH(L,2,2) | EGARCH(1,2,1) | EGARCH(2,2,1) | EGARCH(1,1,2)
0.03058 0.03068
0.02326
102.94800
0.97539

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

3.3.4. Computacenter

Ka videjas vertibas vienadojums tika izvelets ARMA(2,3) modelis, kuram konstante nav
statistiski nozimiga, tacu koeficienti — ir. Sim modelim tika novérots vismazakais Akaikes
informacijas kritérijs un augstakais determinacijas koeficients.

Klidas nav normali sadalitas (Jarque-Bera statistikas p vértiba vienada ar 0.0000));
White testa F-statistikas p vertiba art ir 0.0065, kas liek noraidit nulles hipotézi un secinat, ka
klidam pastav heterosceditates probléemas. Breusch-Godfrey testa F-statistikas p véertiba ar
diviem novélojumiem ir 0.82, lidz ar to nevar noraidit nulles hipotézi, ka klidam nav
autokorelacijas problemas. ARCH LM tests tika veikts ar 1 un 4 novélojumiem, un abos

gadijumos ARCH efekts tika noveérots.

56



3.20. tabula

Labako modelu parauga ietvaros prognozésanas apkopojums, Computacenter*

GARCH(0,1) | TARCH(1,2,1) | EGARCH(L,1,2) | EGARCH(2,2,2)
RMSE 0.057665 0.057813 0.057923 0.05819
MAE 0.041306 0.041335 0.041248 0.031329
MAPE 114.5764 103.69 117.469 99.8993
TIC 0.862509 0.905319 0.889993 0.971395

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

3.21. tabula

Labako modelu arpus parauga prognozésanas apkopojums, Computacenter*

GARCH(1,0) | GARCH(0,1) | TARCH(12,1) | TARCH(2,1,2) | EGARCH(1,11) | EGARCH{2,2,2)
RMSE | 0045724 | 0.046137 0.044878 0.045095 0.046317 0.046101
MAE | 0032972 | 0.032536 0.031978 0.032146 0.03275 0.032803
MAPE | 1113123 | 100.8067 102.9648 104.8472 98.0627 97.24778
TIC | 0919231 | 0.948055 0.862726 0.87507 0.944815 0.976209

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

Labakais akciju ienesiguma volatilitates prognozéSanas modelis parauga ietvaros ir vai
nu GARCH(0,1), kuram RMSE, ka ar1 TIC ir viszemakie (3.20. tabula) vai art EGARCH(2,2)
ar asimetrijas kartu 2, kuram ir mazakas MAE un MAPE klidas. EGARCH(2,2,2) modelim
determinacijas koeficients ir mazaks, ka GARCH(0,1) modelim, tacu abi informacijas kritériji
ir mazaki, tatad EGARCH(2,2,2) modelim ir priekSroka attieciba un labaka mode]a izvéli.

Tacu labakais arpus parauga prognozeSanas modelis ir TGARCH klases modelis (3.21.
tabula). TGARCH(1,2) ar slieksni 1 un TGARCH(2,1) ar slieksni 2 uzrada attiecigi divus
labakos rezultatus RMSE, MAE un TIC. Abiem minétajiem modeliem determinacijas
koeficients ir loti l1dzigs, tacu TGARCH(2,1,2) modelim informacijas kritériji ir labaki. Lidz

ar to, So modeli var uzskatit par labaku prognozesanai.

3.3.5. Bechtle AG

Ka videjas vertibas vienadojums tika izvelets ARMA(2,2) modelis, kuram konstante nav
statistiski nozimiga, tacu koeficienti — ir. Sim modelim tika novérots vismazakais Akaikes
informacijas kritérijs, viens no zemakajiem Svarca-Beijesa informacijas kritérija vertibam.
Determinacijas koeficienta vértiba (0.019669) nav pati augstaka, tacu daudz neatpaliek no tas
(0.025376). Kliudas nav normali sadalitas (Jarque-Bera statistikas p vértiba vienada ar
0.0000); White testa F-statistikas p vertiba ar1 ir 0.4876, kas nelauj noraidit noraidit nulles
hipotézi un secinat, ka klidam varétu nepastavét heterosceditates problémas. Breusch-

Godfrey testa F-statistikas p vértiba ar diviem novélojumiem ir 0.76, 1idz ar to nevar noraidit
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nulles hipotezi, ka klidam nav autokorelacijas problemas. ARCH LM tests tika veikts ar 1 un

4 novéelojumiem, un abos gadijumos ARCH efekts tika noveérots.

3.22. tabula
Labako modelu parauga ietvaros prognozésanas apkopojums, Bechtle AG*
GARCH(0,1) | TGARCH(2,1,1) TGARCH(1,2,1)EGARCH(1,1,2)
RMSE 0.048611 0.048666 0.048685 0.048539
MAE 0.035361 0.035392 0.035492 0.035295
MAPE 110.4557 116.4412 108.1697 107.2718
TIC 0.911015 0.911877 0.926225 0.900862

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

3.23. tabula

Labako modelu arpus parauga prognozesanas apkopojums, Bechtle AG*

GARCH(L,2) | GARCH(L,1) [TGARCH(2,11JTGARCH(L1,2)] EGARCH(2,2,2) [EGARCH(2,12)
RMSE | 0.034631 0.034639 0034767 | 0.034775 0.034817 0.034831
MAE | 0.028305 0.028312 0.028508 | 0.028491 0.028561 0.028564
MAPE | 120.9214 120.2046 1240677 | 110.9637 119.6341 118.4411
TIC | 0882784 0.884586 0.884507 | 0913314 0.895769 0.809434

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

Labakais akciju ienesiguma volatilitates prognozéeSanas modelis parauga ietvaros,
spriezot pec RMSE, MAE, MAPE un TIC, ir EGARCH(1,1) ar slieksni 2 (3.22. tabula). Ar1
skatoties péc modelu determinacijas koeficientiem un informacijas kritérijiem
EGARCH(1,1,2) ir paraks par parejiem apskatitajiem modeliem.

Arpus parauga prognozeésana (3.23. tabula) EGARCH modelis vairs neuzvedas tik labi,
spriezot pec RMSE, MAE, MAPE, TIC Akciju ienesiguma volatilitates prognozeSana
izmantojot arpus parauga datus vislabako rezultatu uzrada GARCH(1,2). Augstais
determinacijas koeficients un informacijas kritériji apstiprina So piepemumu par labako

modeli.

3.3.6. IBM
ARMA(3,3) tika izvéléts ka vidéjas vertibas vienadojums. Sim modelim gan konstante,
gan visi koeficienti ir statistiski nozimigi. Tapat art ARMA(3,3) tika novérots visaugstakais
determinacijas koeficients un viszemakie informacijas kriteriji.
Klidas nav normali sadalitas (Jarque-Bera statistikas p vértiba vienada ar 0.0000);
White testa F-statistikas p vertiba arl ir 0.0000, tatad klidam piemit heterosceditates
problémas.. Breusch-Godfrey testa F-statistikas p vértiba ar diviem novélojumiem ir 0.96, lidz

ar to nevar noraidit nulles hipotéezi, ka klidam nav autokorelacijas problemas. ARCH LM
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tests tika veikts ar 1 un 4 novelojumiem, un abos gadijumos ARCH efekts tika noverots.

3.24. tabula

Labako mode]u parauga ietvaros prognozésanas apkopojums, IBM*

GARCH(1,2) [TGARCH(2,2,2)| EGARCH(L,1,2)
RMSE | 0.033944 0.033653 0.034063
MAE 0.023794 0.023676 0.023902
MAPE 130.265 128.5593 124.4699
TIC 0.88485 0.839691 0.932589

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

3.25. tabula

Labako modelu arpus parauga prognozeéSanas apkopojums, IBM*

GARCH(0,1) [TGARCH(2,1,2)] EGARCH(2,1,2)
RMSE 0.026054 0.025718 0.026019
MAE 0.018779 0.018549 0.018583
MAPE 116.9925 115.1129 103.7348
TIC 0.898523 0.881909 0.947281

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

Labakais akciju ienesiguma volatilitates prognozeSanas modelis parauga ietvaros ir
TGARCH(2,2) ar slieksni 2, kuram RMSE, MAE ka arl TIC ir viszemakie (3.24. tabula).
Skatoties uz informacijas kritérijiem un determinacijas koeficientiem Siem modeliem,
TGARCH(2,2,2) arl izradas labakais.

Labakais arpus parauga prognozeSanas (3.25. tabula) modelis ari ir TGARCH klases
modelis — TGARCH(2,1) ar slieksni 2. TGARCH modeli tapat ka EGARCH, uztver
asimetriju datos, kamér GARCH modeli to nespgj. Var secinat, ka IBM akciju ienesiguma

laikrindai piemit asimetrija.

3.3.7. Xerox

Ka vidgjas vertibas vienadojums tika izvelets ARMA(2,2) modelis, kuram konstante nav
statistiski nozimiga, tacu koeficienti — ir. Sim modelim tika noverots vismazakie informacijas
kritériji un augstakais R®. Kladas nav normali sadalitas, par ko liecina Jarque-Bera statistikas
p vertiba, kas vienada ar 0.0000; White testa F-statistikas p vertiba arl ir 0.0398, kas liek
noraidit nulles hipotézi un secinat, ka klidam pastav heterosceditates problemas. Breusch-
Godfrey testa F-statistikas p vertiba ar diviem novélojumiem ir 0.28, 1idz ar to nevar noraidit
nulles hipotezi, ka klidam nav autokorelacijas problemas. ARCH LM tests tika veikts ar 1 un

4 novélojumiem, un abos gadijumos ARCH efekts tika noveérots.
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Labakais akciju ienesiguma volatilitates prognozeSanas modelis parauga ietvaros (3.26.
tabula) ir GARCH, kas uzrada zemako vidéjas kvadratiskas kliidas kvadratsakni, vidgjo
absoliito klidu un mazako Tila nevienlidzibas koeficientu salidzinajuma ar paréjiem
apskatitajiem modeliem. TGARCH(2,2,1) pielagotais determinacijas koeficients ir negativs,
GARHC(0,1) tas ir lielaks ka EGARCH(1,2,1) modelim. Tacu informacijas kritériji labaki ir
EGARCH modelim. Tacu ta ka RMSE, MAE un TIC ir labaki GARCH(0,1), tiks pienemts, ka

Sis ir labakais modelis.

3.26. tabula
Labako modelu parauga ietvaros prognozésanas apkopojums, Xerox*
GARCH(0,1) | TARCH(2,2,1) | EGARCH(1,2,1
RMSE 0.054163 0.05447 0.054591
MAE 0.035892 0.035933 0.036338
MAPE 103.3165 98.84774 106.3063
TIC 0.857397 0.914488 0.90058

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

3.27. tabula
Labako modelu arpus parauga prognozéSanas apkopojums, Xerox*
GARCH(L,0) [ TARCH(2,1,1) | EGARCH(2,2,1)
RMSE 0.030867 0.030958 0.030868
MAE 0.023832 0.024083 0.023965
MAPE 98.71126 99.69576 96.76047
TIC 0.898498 0.936679 0.909982

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

Labakais akciju ienesiguma volatilitates prognozéesanas modelis arpus parauga ietvariem
(3.27. tabula) ir GARCH(1,0), kas uzrada zemako vidéjas kvadratiskas kltudas kvadratsakni,
vidgjo absoliito klidu un mazako Tila nevienlidzibas koeficientu salidzinajuma ar paréjiem
apskatitajiem modeliem. Determinacijas koeficients ir augstakais GARCH modeliem, bet ne
labakie informacijas kritériji. Tacu tapat ka parauga ietvaros, Sis modelis tiks uzskatits par

labako arpus parauga prognozesanai.

3.3.8. Computer Science Corporation

Ka vidgjas vertibas vienadojums tika izvelets ARMA(2,2) modelis, kuram konstante nav
statistiski nozimiga, bet koeficienti ir statistiski nozimigi. Sim modelim tika novérots
vismazakais Akaikes informacijas kritérijs un augstakais R*. Kltadas nav normali sadalitas, par
ko liecina Jarque-Bera statistikas p vertiba (p=0.0000); White testa F-statistikas p vertiba arT ir
0.0237, kas liek noraidit nulles hipotézi un secinat, ka klidam pastav heterosceditates

problémas. Breusch-Godfrey testa F-statistikas p vértiba ar diviem novélojumiem ir 0.59,
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tapec nevar noraidit nulles hipotezi, ka klidam nav autokorelacijas problemas. ARCH LM

tests tika veikts ar 1 un 4 novélojumiem — abos gadijumos ARCH efekts tika novérots.

3.28. tabula
Labako modelu parauga ietvaros prognozesanas apkopojums, Computer Science
Corporation*
GARCH(0,1) | TGARCH(2,2,2) | EGARCH(1,1,1) | EGARCH(1,2,1)
RMSE 0.046544 0.0469 0.046562 0.046598
MAE 0.03281 0.033077 0.032907 0.032981
MAPE 135.797 111.2263 132.4372 141.0155
TIC 0.821153 0.863756 0.815626 0.814481

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

Akciju ienesiguma volatilitates prognozeéSana vismazakas RMSE un MAE ir
GARCH(0,1) modelim (3.28. tabula), MAPE — TGARCH(2,2,2), bet TIC — EGARCH(1,2,1).
Tacu EGARCH(1,1,1) modelim, lai gan nav neviena pati zemaka vértiba kada no Siem
Cetriem kritériem, EGARCH(1,1,1) modeli ir vislabakais determinacijas koeficients un
inforacijas kritériji, tapéc tas tiks uzskatits par labako modeli.

Arpus parauga prognozeésanas (3.29. tabula) modeliem mazaka vidgja absolita klida un
mazakais Tila nevienlidzibas koeficients ir GARCH klases modelim GARCH(1,1). Tacu
TGARCH(1,1) ar slieksni 1

- mazaka RMSE un MAPE. Determinacijas koeficients ir

augstaks GARCH(1,1) modelim, tapat ar1 informacijas kritériji ir labaki §im modelim.

3.29. tabula
Labako modelu arpus parauga prognozeéSanas apkopojums, Computer Science
Corporation*
GARCH(1,1) | TARCH(L,1,1) | EGARCH(2,2,1)
RMSE 0.03305 0.032926 0.033187
MAE 0.025328 0.025555 0.025638
MAPE 116.5339 100.6449 104.26356
TIC 0.895923 0.984249 0.929572

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

3.3.9. NCR Corporation

ARMA(2,2) tika izvéléts ka vidéjas vertibas vienadojums. Sim modelim konstante nav
statistiski nozimiga, bet koeficienti ir statistiski nozimigi. Tapat art ARMA(2,2) tika noveérots
visaugstakais determinacijas koeficients un viszemakais Akaikes informacijas kriterijs.Kladas
nav normali sadalitas, par ko liecina Jarque-Bera statistikas p vértiba (p=0.0000); White testa
F-statistikas p vertiba p=0.0000 liek noraidit nulles hipotézi un secinat, ka klidam pastav

heterosceditates problémas. Breusch-Godfrey testa F-statistikas p vertiba ar diviem
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novelojumiem ir 0.70, tapec nevar noraidit nulles hipotézi, ka klidam nav autokorelacijas
problemas. ARCH LM tests tika veikts ar 1 un 4 novélojumiem — abos gadijumos ARCH

efekts tika noverots.

3.30. tabula

Labako modelu parauga ietvaros prognozésanas apkopojums, NCR Corporation*

GARCH(0,1) | TARCH(L,2,2) | TARCH(2,2,2) | EGARCH(2,2,1)
RMSE 0.052872 0.052873 0.052871 0.052865
MAE 0.037052 0.037053 0.037059 0.037059
MAPE 104.1312 107.2459 106.9506 104.9741
TIC 0.894836 0.887883 0.887616 0.891657

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

Vismazakais RMSE akciju ienesiguma volatilitates prognozéSanas modeliem parauga
ietvaros (3.30 tabula) ir EGARCH(2,2) ar asimetrijas kartu 1 un TGARCH(2,2) ar slieksni 2.
TGARCH(2,2) ar slieksni 2 ir zemakais TIC, tacu GARCH(0,1) modelim labaki ir MAE un
MAPE raditaji. Determinacijas koeficients un informacijas kritériji starp Siem modeliem
labaki ir TGARCH(2,2,2) modelim, kas tad arT tiks uzskatits par labako modeli.

3.31. tabula

Labako modelu arpus parauga prognozeéSanas apkopojums, NCR Corporation*

GARCH(0,1) | TARCH(2,1,1) | TARCH(L,2,2) | EGARCH(L,1,2)
RMSE | 0.042741 0.042657 0.042733 0.042967
MAE 0.032747 0.032687 0.032648 0.032578
MAPE 108.3785 115.5052 111.9495 105.7254
TIC 0.92571 0.913289 0.914576 0.939211

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

Labakais arpus parauga prognozéesanas (3.31 tabula) modelis arT ir

TGARCH klases modelim TGARCH(2,1) ar slieksni 1 piemit mazaka RMSE un
mazakais Tila nevienlidzibas koeficients, EGARCH(1,1,2) modelim savukart MAE un
MAPE ir vismazaka. Tacu td ka EGARCH(1,1,2) modelim pielagotais determinacijas
koeficients ir negativs, TGARCH(2,1,1) tiks pienems par labako modeli arpus parauga

prognozesanai.

3.3.10. Fidelity National Information Services

Ka videjas vertibas vienadojums tika izvelets ARMA(3,3) modelis, kuram gan
konstante, gan koeficienti ir statistiski nozimigi. Sim modelim tika novérots vismazakais
Akaikes informacijas kritérijs un augstakais R’ Kludas tapat ka visiem iepriek$gjiem
uznémumiem nav normali sadalitas, par ko liecina Jarque-Bera statistikas p vértiba

(p=0.0000); White testa F-statistikas p vértiba art ir 0.000,, kas liek noraidit nulles hipotézi un
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secinat, ka klidam pastav heterosceditates problemas. Breusch-Godfrey testa F-statistikas p
vértiba ar diviem novélojumiem ir 0.79, 1idz ar to nevar noraidit nulles hipotézi, ka klidam
nav autokorelacijas probléemas. ARCH LM tests tika veikts ar 1 un 4 novelojumiem — abos

gadijumos ARCH efekts tika novérots.

3.32. tabula

Labako modelu parauga ietvaros prognozésanas apkopojums, Fidelity National
Information Services*

GARCH(0,1) | TARCH(1,2,1) | EGRCH(1,1,1) EGARCH(L,1,2)
RMSE 0.041449 0.041755 0.041373 0.041702
MAE 0.02841 0.028478 0.028501 0.028382
MAPE 114.2313 112.4174 125.4873 126.9353
TIC 0.874177 0.919985 0.8555397 0.879253

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

3.33. tabula

Labako modelu arpus parauga prognozésanas apkopojums, Fidelity National
Information Services*

GARCH(L,2) | GARCH(2,1) | TARCH(2,2,1) | EGARCH(2,1,2)
RMSE 0.021262 | 0.021248 0.021436 0.021507
MAE 0.016673 | 0.016689 0.016715 0.016834
MAPE 162.1673 | 167.7406 135.355 121.1334
TIC 0.826288 | 0.818489 0.877009 0.893634

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

Fidelity National Information Services akciju ienesiguma volatilitates modelé&Sani
parauga ietvaros (3.32 tabula) vismazako RMSE un TIC uzrada EGARCH(1,1,1), MAE -
EGARCH(1,1,2), bet MAPE — TGARCH(1,2,1). Taja pat laika GARCH(0,1) nav nevienas
paSas labakas vertibas, bet tas caurmera visos Cetros raditajos uzrada diezgan labu rezultatu.
Raugoties uz determinacijas koeficientu un informacijas kritérijiem, EGARCH(1,1,1) modelis
parliecinoSi uzrada labako rezultatu, tapéc ari tiks izvéléts.

Arpus parauga gadijuma (3.33 tabula) GARCH(2,1) uzrada mazako RMSE un TIC,
GARCH(1,2) zemako MAE, bet MAPE mazaka piemit EGARCH(2,1,2) modelim. Tacu
abiem GARCH modeliem piemit negativs determinacijas koeficients, TGARCH(2,2,1)
modelim negativs ir tikai pielagotais determinacijas koeficients. Lidz ar to EGARCH(2,1,2)
varétu bt labakais modelis, ja nemam véra arl determinacijas koeficientu un informacijas

kritérijus.
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3.4. Kopsavilkums

Desmit lielakajiem péc pardoSanas apjoma informaciju tehnologiju servisa
uznémumiem — pieciem no Eiropas un pieciem no ASV — tika izveidoti GARCH, TGARCH,
EGARCH modeli un veikta prognozesana, izmantojot arpus parauga datus. Tabulas 3.34 un
3.35 redzams apkopojums labakajiem prognozeSanas modeliem Eiropa un ASV gan parauga
ietvara, gan arpus parauga prognozéSana. Parauga ietvaros veiktaja prognozéSana
prognozéejamie dati ir jau ieklauti modeli, tapéc lielaku uzmanibu gribas pieverst arpus
parauga prognozei, jo taja modelétie dati nav modelr ieklauti.

Eiropas uznémumiem (3.34. tabula) veiksmigakais modelis parauga ietvaros veiktaja
prognozéesana nav visiem uznpémumiem vienads — trim no Siem uzpémumiem (ACN, CCC.L,
BC8.DE) ka labakais modelis tika uzradits EGARCH , bet diviem uzpémumiem (CAP.PA,
ATO.PA) labakie modeli izradijas GARCH klases modeli. Tacu arpus parauga gadijuma tikai
CCC.L uznemuma labakais modelis ir asimetriju uztveroSais TGARCH modelis, kamer
paréjiem Cetriem uznémumiem ka labakie modeli tika atziti GARCH klases modeli. Fakts, ka
arpus parauga prognozeSana vairumam uznémumu piemeérotakais ir GARCH modelis ar
dazadam p un g kartam, nevis modelis, kurS spéj uztvert asimetriju, liek domat, ka biitu
nepiecieSams izveleties vel kadus citus modelus, ar kuriem veikt prognozeéSanu. GARCH
modeli spéj uztvert datu klasteréSanos, tacu, ta ka So modelu sadalijumi ir simetriski, tie
nespéj uztvert sviras efektu. Nemot véra Eiropas tirgus reakciju uz krizém, asimetrija datos
visdrizak, ka varetu bit.

3.34. tabula

Labakie prognozésanas modeli Eiropas
uznémumiem*
Parauga ietvaros | Arpus parauga
ACN EGARCH(1,1,2) | GARCH(0,1)
CAP.PA GARCH(0,1) GARCH(0,1)
ATO.PA GARCH(2,1) GARCH(0,1)
CCC.L EGARCH(2,2,2) |TGARCH(2,1,2)
BC8.DE EGARCH(1,1,2) | GARCH(1,2)

*Darba autores veidota tabula

Savukart ASV uzpemumiem (3.35. tabula) labakais modelis parauga ietvaros veiktaja
prognozesana IBM un NCR ir TGARCH klases modeli, CSC un FIS uznémumiem
EGARCH(1,1,1), bet XRX — GARCH(0,1). Arpus parauga prognozésana TGARCH modeli
joprojam ir labakie IBM un NCR uznémumiem, GARCH klases modelis joprojam ir labakais
XRX uznemumam, ka ari tagad CSC akciju ienesiguma volatilitates laikrindu labak prognoze

GARCH modelis, nevis EGARCH, ka tas bija parauga ietvaros. FIS uznémumam nemainigi
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EGARCH labak prognoze volatilitati. ASV uzpémumu akciju ienesiguma volatilitates
prognozésana arpus parauga ietvariem 3kiet ir ticamaka ka tas bija Eiropas uznémumiem. Saja
gadijjuma Cetriem uzpémumiem labakie modeli parauga un arpus parauga prognozésSana
nemainijas, kas liek domat par veiksmigaku modelu izveidi. Turklat arpus parauga
prognozésanas labakie modeli (Cetri no pieciem) ir TGARCH vai EGARCH, kas spgj uztvert

asimetriju datos.

3.35. tabula
Labakie prognozesanas modeli ASV
uzpémumiem*

Parauga ietvaros | Arpus parauga
IBM TGARCH(2,2,2) |TGARCH(2,1,2)
XRX GARCH(0,1) GARCH(1,0)
CSC EGARCH(1,1,1) | GARCH(1,1)
NCR TGARCH(2,2,2) | TGARCH(2,1,1)
FIS EGARCH(1,1,1) [EGARCH(2,1,2)

*Darba autores veidota tabula

Eiropa un ASV bazétajiem uznémumiem atSkiras labakie prognozeéSanas modeli gan
parauga ietvaros, gan arpus parauga. Parauga ietvaros Eiropas uzpémumiem dominéja
EGARCH modeli, bet ASV uzpéemumiem EGARCH un TGARCH. Tapat ar1 labakie arpus
parauga prognozéSanas modeli abam teritorijam ir dazadi — Eiropas uznémumiem ka labakais
modelis vairakuma no apskatitajiem datiem ir GARCH, bet ASV uznémumiem TGARCH un
GARCH. Sis at3kiribas varétu biit izskaidrojams ar tirgus atSkirtbam. 2. nodala tika analizati
S&P 500 un STOXX Europe 600 indeksi, kas raksturo attiecigi ASV un Eiropas tirgus. Jau tad,
apskatot indeksu dinamiku laika, tika noveérots, ka STOXX Europe 600 indeksa laikrinda ir
daudz robainaka, kamer ASV tirgus raksturojosa indeksa laikrinda vizuali izskatas gludaka.
Eiropas tirgus ir mazaks ka ASV tirgus, un visas krizes izjuta asak, kamér ASV tirgus reagéja
uz SIm zinam, tacu ne tik krasi. L1dz ar to bija sagaidams, ka Eiropas un ASV uznemumiem
labakie prognozeSanas modeli biis atSkirigi.

Griitak ir izskaidrot to, kapéc ne visiem Eiropas uznémumiem labakais prognozéeSanas
modelis ir viens un tas pats, un ne visiem ASV uznémumiem labakie modeli ir vienas klases
modeli. Pastav hipotéze, ka ASV uzpémumi ir tirgus lideri un veidotaji; katram no tiem
atseviSki tiek pieveérsta tirgus spélétaju uzmaniba un katra uznémuma individualas veiksmes
un/vai neveiksmes tiek 1paSi analizetas. Darba apskatitie pieci ASV uzpémumi visi ir ieklauti
S&P 500 un/vai Dow Jones Industrial Average indeksos. ASV uzpémumu sasniegtie rezultati
liela mera ietekme art tirgus indeksu virzibu. Savukart Eiropas uzpémumi ir “sekotaji”, no ka

izriet, ka Eiropas uznémumu akciju ienesigumu liela méra ietekmé tirgus tendences, ne tikai
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uzpémumu individualie sasniegumi. So hipotézi par to, kapéc Eiropa uzpémumiem modelu
atSkiribas ir mazak neka ASV uzpémumiem, biitu nepiecieSams parbaudit kada cita darba

ietvaros.
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SECINAJUMI UN PRIEKSLIKUMI

Secinajumi

. STOXX Europe 600 indeksa dinamika laika verojama lielaka svarstibu amplitiida,
kamer S&P 500 laikrinda vizuali attélojas gludaka.

Informaciju tehnologiju un servisa nozarei ir vérojamas atskiribas attistibas tendencés
salidzinajuma ar citam nozarém:

2.1. informaciju tehnologiju un servisa nozarei nav vérojams tik izteikts kritums akciju
cenas, ka tas tiek noverots tirgus indeksu S&P 500 un STOXX Europe 600, un citu
nozaru uznémumiem ap 2011. gada 11. augustu;

2.2. citu nozaru uznémumiem nav novéerojams strauj$ kritums akciju cenas 2002. gada,
kad pasaulé bija jitama informaciju tehnologiju krize.

Eiropas informacijas tehnologiju un servisa uznémumu akciju ienesiguma volatilitates
laikrindas parauga ietvaros vislabak prognozé EGARCH un GARCH modeli, bet
arpus parauga ietvaros — GARCH modeli.

. ASV informacijas tehnologiju un servisa uznémumu akciju ienesiguma volatilitates
laikrindas parauga ietvaros vislabak prognoze TGARCH un EGARCH modeli, bet
arpus parauga ietvaros — TGARCH un GARCH modeli.

. AtSkiriba labakajos prognozeéSanas modelos ASV un Eiropas uznémumiem
skaidrojama ar notikumiem pasaulé un tirgus kopuma reakciju uz Siem notikumiem.
Eiropas uzpemumu labako prognozeSanas modelu atSkiribas ir mazak ka ASV
uznémumiem, kas varétu but skaidrojams ar faktu, ka ASV uznémumi ir tirgus

veidotaji, bet Eiropas uznémumi — sekotaji.

Priekslikumi
Ekonomikas pétniekiem, balstoties uz Saja darba izstradatajiem modeliem un
rezultatiem, nakotné apliikot Sos modelus ar citiem sadalijumiem, ka ari apliikot vél
citus modelus, pieméram, APARCH, GARCH-M, IGARCH, fGARCH.
Ekonomikas pétniekiem parbaudit hipotézi par ASV — tirgus veidotajiem.
Ekonomikas pétniekiem izvéléties dienas vai méneSa datus un salidzinat jauniegiitos
rezultatus un secinajumus ar Saja darba iegiitajiem.
Ekonomikas pétniekiem parbaudit, vai Saja darba iegiitie secinajumi ir speka ari citas

nozares.
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PIELIKUMI

1. pielikums. ARCH efekta parbaude Accenture datiem, 4 novélojumi

Heteroskedasticity Test: ARCH

F-statistic 7489163 Prob. F{4,569) 0.0000
Obs*R-squared 2870845 Prob. Chi-Square(4) 0.0000
Test Equation:

Dependent Variable: RESIDMZ

Method: Least Squares

Date: 041215 Time: 15:15

Sample (adjusted): 3/04/2002 2/25/2013
Included observations: 574 after adjustments

Wariable Coefficient Std. Error t-Statistic Prob.
C 0.001171 0.000218 5367213 0.0000
RESIDA2(-1) 0132122 0.041885 3153642 0.0017
RESIDA2(-2) 0.009061 0.041742 0217067 0.8282
RESIDA2(-3) 0157869 0.041740 3782187 0.0002
RESIDA2(-4) 0.035480 0.041803 0846723 0.3975
R-squared 0.050015 Wean dependent var 0.001760
Adjusted R-squared 0.043336 3.D. dependentvar 0.004402
S.E. of regression 0.004305 Akaike info criterion -5.049301
Sum squared resid 0.010546 Schwarz criterion -8.011386
Log likelinood 2315149 Hannan-Cluinn criter. -5.034512
F-statistic 7489163 Durbin-Watson stat 1.883333
Prob(F-statistic) 0.000007

2. pielikums. Eiropas un ASV informaciju tehnologiju un servisu uzpémumu
minimalas un maksimalas akciju slégsanas cenu dienas perioda no 01.01.2002 lidz

23.02.2015

| min | max
Eiropa

ACN 09/30/02 12/22/14

CAP.PA 09/30/02 02/23/15

ATO.SE 12/01/08 03/11/02

CCC.L 12/01/08 2/9/2015

BC8.DE 07/22/02 01/26/15

ASV

IBM 9/30/2002 03/11/13
XRX 5/24/2004 12/18/2006

CSC 11/21/2011 02/23/15
NCR 2/10/2003 9/30/2013
FIS 9/16/2002 2/17/2015
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3. pielikums. Capgemini tabulas

Noverteto ARMA(p,q) modelu tabula Capgemini datiem (01.01.2002 — 25.02.2013)*

AR(p) 1 2 3 0 0 0 1 1 1 2 3 3 2 2 3
MA(q) 0 0 0 1 2 3 1 2 3 1 1 2 2 3 3
c -0.000794 | -0.000807 | -0.000813 | -0.000958 | -0.000957 | -0.000959 | -0.000794 | -0.000824 | -0.000827 | -0.000827 | -0.000792 | -0.00073 | -0.000759 | -0.000757 | 0.000923
(p value) (0.7486) | (0.7404) | (0.7460) | (0.6986) | (0.6936) | (0.7011) | (0.7490) | (0.7357) | (0.7391) | (0.7338) | (0.7526) | (0.7705) | (0.7626) | (0.7616) | (0.0957)
a -0.014176 | -0.053108 | -0.013681 -0.014475 | -0.790441 | -0.756167 | -0.796105 | -0.736703 | -1.842089 | -1.834773 | -1.83436 | -0.870823
(p value) (0.7328) | (0.7340) | (0.7431) (0.9808) | (0.0000) | (0.0003) | (0.0000) | (0.0001) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
a, -0.018667 | -0.017978 -0.04784 | -0.026414 | -0.973722 | -0.961068 | -0.960692 | 0.810557
(p value) (0.6538) | (0.6670) (0.2676) | (0.6110) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
a 0.026732 0.032861 | -0.006825 0.929719
(p value) (0.5214) (0.4654) | (0.8684) (0.0000)
m, -0.014843 | -0.013387 | -0.01003 | 0.000306 | 0.782255 | 0.748177 | 0.787363 | 0.73254 | 1.860781 | 1.860251 | 1.851852 | 0.866886
(p value) (0.7211) | (0.7477) | (0.8097) | (0.9996) | (0.0001) | (0.0004) | (0.0000) | (0.0001) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
m, -0.020635 | -0.026408 -0.040705 | -0.030081 0.98825 | 0.98817 | 0.972592 | -0.864597
(p value) (0.6203) | (0.5262) (0.3529) | (0.5632) (0.0000) | (0.0000) | (0.0000) | (0.0000)
m, 0.029852 0.01814 -0.008281 | -0.987745
(p value) (0.4739) (0.6937) (0.8451) | (0.0000)
R? 0.000202 | 0.000543 | 0.001246 | 0.00021 | 0.000575 | 0.00143 | 0.000202 | 0.004241 | 0.004456 | 0.008841 | 0.012819 | 0.033989 | 0.033439 | 0.033501 | 0.055073
adj. R? -0.001528 | -0.002928 | -0.003974 | -0.001516 | -0.002883 | -0.003761 | -0.003264 | -0.000945 | -0.00247 | 0.00367 | 0.005928 | 0.025545 | 0.026703 | 0.025067 | 0.045143
SSR 2.111201 | 2.11043 | 2.108872 | 2.120894 | 2.120122 | 2.118307 | 2.111201 | 2.102671 | 2.102218 | 2.092908 | 2.084436 | 2.039735 | 2.040967 | 2.040837 | 1.995217
AIC -2.770998 | -2.766171 | -2.761703 | -2.768151 | -2.765073 | -2.762487 | -2.767549 | -2.76815 | -2.764917 | -2.771054 | -2.769897 | -2.788115 | -2.792731 | -2.78934 | -2.806722
SBC -2.755953 | -2.743573 | -2.731533 | -2.753126 | -2.742536 | -2.732437 | -2.744982 | -2.73806 | -2.727305|-2.7409 | -2.732185 | -2.74286 | -2.755068 | -2.744145 | -2.753925
konst. stat.noz. né né né né né né né né né né né né né né né
koef. Stat.noz. né né né né né né né né né né né né ja né ja

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7




Novértéeto GARCH(p,q) modelu apkopojums Capgemini datiem (01.01.2002 — 25.02.2013)*

ARCH 1 1 1 2 0 2
GARCH 0 1 2 1 1 2
Vidéjas vértibas vienadojums ARMA(3,3)

c 0.002969 0.000959 0.001037 0.000995 0.000915 0.001913

(p value) (0.1559) (0.0483) (0.0278) (0.0358) (0.1394) (0.0153)
a, -1.71507 -0.314654 -0.556843 -0.427541 -0.869958 -0.612648

(p value) (0.0000) (0.0961) (0.0000) (0.0000) (0.0000) (0.0000)
& -1.599806 0.527977 0.4867 0.509674 0.811573 0.54776

(p value) (0.0000) (0.0002) (0.0000) (0.0000) (0.0000) (0.0000)
a -0.656481 0.699519 0.962105 0.821866 0.929876 0.942302

(p value) (0.0011) (0.0003) (0.0000) (0.0000) (0.0000) (0.0000)
m; 1.663999 0.268712 0.529146 0.384229 0.866738 0.611907

(p value) (0.0000) (0.1789) (0.0000) (0.0000) (0.0000) (0.0000)
m, 1.552066 -0.592305 -0.530883 -0.574726 -0.864682 -0.592918

(p value) (0.0000) (0.0001) (0.0000) (0.0000) (0.0000) (0.0000)
m, 0.673289 -0.671109 -0.991556 -0.803929 -0.987744 -0.98507

(p value) (0.0002) (0.0019) (0.0000) (0.0000) (0.0000) (0.0000)

Nosacitas dispersijas vienadojums

(A 0.002182 9.87E-05 0.00013 8.82E-05 0.001382 0.00016

(p value) (0.0000) (0.0056) (0.0614) (0.0158) (0.9020) (0.5138)
a, 0.456405 0.088815 0.111935 0.147355 0.086479

(p value) (0.0000) (0.0000) (0.0190) (0.0073) (0.0117)
a, -0.068479 0.077354

p value (0.2529) (0.7178)
B, 0.883013 0.680564 0.89544 0.600232 0.05748

(p value) (0.0000) (0.1477) (0.0000) (0.8533) (0.9827)
B, 0.167249 0.732065

(p value) (0.6848) (0.7557)
R? -0.001597 0.029366 0.044032 0.026255 0.055061 0.038855
adj. R? -0.012122 0.019167 0.033986 0.016023 0.045132 0.028755
SSR 2.114877 2.049496 2.01853 2.056067 1.995241 2.029461
AIC -2.871237 -2.947245 -2.961799 -2.945291 -2.800026 -2.957186
SBC -2.803355 -2.87182 -2.878831 -2.862323 -2.732143 -2.866675

Durbin-Watson| 1.908609 1.949509 1.96602 1.95948 1.998646 2.02293

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
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Noverteto TGARCH(p,q) modelu apkopojums Capgemini datiem (01.01.2002 — 25.02.2013)*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
TRESHOLD 1 1 1 1 2 2 2 2
Vidéjas vertibas vienadojums ARMA(3,3
c 0.001483 | 0.001539 | 0.001011 | 0.000906 | 0.001638 | 0.001723 | 0.001388 | 0.000881
(p value) (0.4495) | (0.1215) | (0.6213) | (0.6533) | (0.4083) | (0.3538) | (0.4640) | (0.6559)
a, -1.470498 | -0.058628 | -2.076363 | -2.151184 | -1.118579 | -0.461392 | -1.138924 | -1.966808
(p value) (0.0000) | (0.1072) | (0.0000) | (0.0000) | (0.0000) | (0.2744) | (0.0052) | (0.0000)
a, -0.084836 | 0.043708 | -1.373578 | -1.44931 |-0.373141 | -0.374339 | -0.40095 | -1.114076
(p value) (0.2773) (0.2414) (0.0000) (0.0000) (0.0000) (0.3845) (0.5193) (0.0000)
a 0.414455 | 0.915498 | -0.278043 | -0.28194 | 0.35014 | 0.53132 | 0.38445 |-0.127269
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.1836) | (0.3411) | (0.0000)
m, 1.471204 | 0.001637 | 2.034209 | 2.121897 | 1.048071 | 0.369287 | 1.067013 | 1.924678
(p value) (0.0000) | (0.9681) | (0.0000) [ (0.0000) | (0.0000) | (0.3602) | (0.0061) | (0.0000)
m, 0.014524 | -0.044201 | 1.239318 | 1.338923 | 0.251095 | 0.329001 | 0.287868 | 0.972745
(p value) (0.0001) (0.2363) (0.0000) (0.0000) (0.0000) (0.4018) (0.6298) (0.0000)
m, -0.493205 | -0.917251 | 0.180627 | 0.195481 | -0.427445 | -0.564895 | -0.458938 | 0.021379
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.1292) | (0.2371) | (0.0005)
Nosacitas dispersijas vienadojums
(A} 0.000112 | 1.98E-04 | 0.000132 | 0.000141 | 1.03E-04 | 3.91E-05 | 9.03E-05 | 7.83E-06
(p value) (0.0003) | (0.0054) | (0.0000) | (0.0042) | (0.0003) | (0.0677) | (0.0006) | (0.1725)
a, 0.003687 | 0.018494 | -0.032465 | -0.052999 | -0.006711 | 0.000867 | -0.03035 | -0.060377
(p value) (0.8731) | (0.5376) | (0.4476) | (0.2068) | (0.7171) | (0.9297) | (0.6191) | (0.0124)
o, 0.02524 | 0.046511 0.027977 | 0.06198
p value (0.5824) | (0.3114) (0.6481) | (0.0081)
B, 0.882003 | 0.54488 | 0.879488 | 0.550497 | 0.908829 | 1.245509 | 0.912364 | 1.813632
(p value) (0.0000) | (0.1011) | (0.0000) | (0.1486) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
B, 0.268997 0.306238 -0.288341 -0.822888
(p value) (0.3544) (0.3761) (0.1319) (0.0000)
A 0.152117 | 0.220504 | 0.170156 | 0.207145 | 0.296492 | 0.422619 | 0.340191 | 0.21201
(p value) (0.0000) | (0.0004) | (0.0000) | (0.0005) | (0.0033) | (0.0005) | (0.0003) | (0.0000)
Y. -0.167605 | -0.365357 | -0.226435 | -0.202326
p value (0.1308) | (0.0014) | (0.0253) | (0.0000)
R? 0.017653 | 0.022996 | 0.017815 | 0.017849 |-0.000964 | -0.003634 | 0.017209 | 0.015726
adj. R? 0.007331 | 0.01273 | 0.007494 | 0.007529 [-0.011482 | -0.01418 | 0.006882 | 0.005383
SSR 2.074228 | 2.062946 | 2.073887 | 2.073815 | 2.113539 | 2.119176 | 2.075167 | 2.078299
AIC -2.995134 | -2.972444 | -2.977385 | -2.982533 | -2.960674 | -2.979497 | -2.975747 | -2.992998
SBC -2.912166 | -2.881934 | -2.886875 | -2.88448 |[-2.870164 | -2.881444 | -2.877694 | -2.887403
Durbin-Watson | 1.985068 | 1.940155 | 1.901425 | 1.92892 | 1.863898 | 1.83193 | 1.835649 | 1.903327

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
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Novérteto EGARCH(p,q) modelu apkopojums Capgemini datiem (01.01.2002 — 25.02.2013)*
1 2 2 1 1 2 2

ARCH 1
GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2
Vidéjas veértibas vienadojums ARMA(3,3)
c 0.000124 | -0.000763 | 0.001511 | -3.62E-05 | 0.000138 | 0.001026 | 6.17E-06 | -4.04E-06
(p value) (0.8296) | (0.5478) | (0.0280) | (0.9535) | (0.8196) | (0.5180) | (0.9923) | (0.9950)
a -0.05665 | -0.097696 | -0.076578 | -0.053936 | -0.052944 | -0.179834 | -0.050608 | -0.050446
(p value) (0.1309) | (0.0261) | (0.0392) | (0.1817) | (0.2075) | (0.1691) | (0.2305) | (0.2328)
a, 0.062698 | 0.253147 | 0.062427 | 0.065759 | 0.068555 | 0.548115 | 0.070607 | 0.070347
(p value) (0.0678) | (0.0000) | (0.0547) | (0.0734) | (0.0731) | (0.0000) | (0.0658) | (0.0720)
& 0.937564 | 0.811957 | 0.901492 | 0.934572 | 0.930982 | 0.549412 | 0.930714 | 0.930757
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
(il 0.014209 | 0.048549 | 0.00289 | 0.006735 | 0.00152 | 0.136108 | -0.003948 | -0.004118
(p value) (0.7474) | (0.2230) | (0.9451) | (0.8879) | (0.9759) | (0.2577) | (0.9380) | (0.9355)
m, -0.073193 | -0.278352 | -0.071513 | -0.073868 | -0.074825 | -0.595345 | -0.074566 | -0.074401
(p value) (0.0784) | (0.0000) | (0.0591) | (0.0982) | (0.1033) | (0.0000) | (0.1096) | (0.1178)
m, -0.935382 | -0.764724 | -0.906214 | -0.927329 | -0.921111 | -0.505076 | -0.916023 | -0.916013
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
Nosacitas dispersijas vienadojums
() -0.477624 | -5.11E-01 | -6.747686 | -0.636618 | -3.43E-01 | -4.82E-01 | -3.24E-01 | -3.51E-01
(p value) (0.0000) | (0.0001) | (0.0000) | (0.0000) | (0.0000) | (0.0080) | (0.0002) | (0.0513)
o 0.140252 | 0.13103 | 0.455572 | 0.128076 | 0.120406 | 0.192219 | 0.184542 | 0.179334
(p value) (0.0027) | (0.0148) | (0.0000) | (0.1047) | (0.0037) | (0.0033) | (0.0468) | (0.0575)
o, 0.45315 | 0.068476 -0.078145 | -0.06485
p value (0.0001) | (0.4764) (0.4177) | (0.5761)
B, 0.93785 | 0.401894 | -0.04871 | 0.375881 | 0.958138 | 0.646086 | 0.959591 | 0.893779
(p value) (0.0000) | (0.0141) | (0.7853) | (0.0686) | (0.0000) | (0.0703) | (0.0000) | (0.0117)
B, 0.529541 0.542841 0.297149 0.062298
(p value) (0.0010) (0.0067) (0.3812) (0.8523)
A -0.14803 | -0.21666 |-0.173265 | -0.216449 | -0.247869 | -0.176677 | -0.257485 | -0.257118
(p value) (0.0000) | (0.0000) | (0.0010) | (0.0000) | (0.0000) | (0.0009) | (0.0000) | (0.0000)
Y, 0.134455 | 0.052857 | 0.139959 | 0.129938
p value (0.0179) | (0.5274) | (0.0168) | (0.1656)
R? 0.019995 | 0.006601 | 0.02437 | 0.016774 | 0.017434 | 0.027894 | 0.014191 | 0.014095
adj. R? 0.009697 | -0.003838 | 0.014118 | 0.006442 | 0.007109 | 0.017679 | 0.003833 | 0.003735
SSR 2.069285 | 2.097566 | 2.060047 | 2.076086 | 2.074692 | 2.052606 | 2.081539 | 2.081742
AIC -2.991564 | -2.985477 | -2.90258 | -2.991485 | -2.99503 | -2.969795 | -2.992893 | -2.989451
SBC -2.908596 | -2.894966 | -2.81207 | -2.893432 | -2.90452 | -2.871742 | -2.894841 | -2.883856
Durbin-Watson | 1.953837 | 1.923372 | 1.908191 | 1.942182 | 1.937546 | 1.953087 | 1.929106 | 1.929016

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

GARCH(p,q) modelu parauga prognozésanas apkopojums, Capgemini*
ARCH 1 1 1 2 0 2
GARCH 0 1 2 1 1 2
RMSE 0.06029 0.060029 | 0.059381 | 0.060167 | 0.059401 | 0.059819
MAE 0.043272 | 0.042928 | 0.043071 | 0.043019 |0.042609 | 0.043114
MAPE 110.0766 | 101.4464 145.937 101.7316 | 106.2886 | 116.8741
TIC 0.895138 | 0.912222 0.82111 0.914667 | 0.837116 | 0.857879

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
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GARCH(p,q) modelu arpus parauga prognozésanas apkopojums,

Capgemini*
ARCH 1 1 1 2 0 2
GARCH 0 1 2 1 1 2
RMSE 0.031191] 0.031377 0.03126] 0.031333| 0.031322| 0.031541
MAE 0.025131 0.02545 0.025275| 0.025433| 0.025498 0.025373
MAPE 98.84747 102.589 101.354| 102.3648| 119.9087| 104.3916
TIC 0.885466{  0.944428 0.900704] 0.936483| 0.852774| 0.911197

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

TGARCH(p,q) modelu parauga prognozésanas apkopojums, Capgemini*

ARCH 1 1 2 2 1 1 2 2

GARCH 1 2 1 2 1 2 1 2

TRESHOLD 1 1 1 1 2 2 2 2
RMSE 0.060421 | 0.059819 | 0.060164 | 0.060285 | 0.060376 | 0.060192 | 0.059758 | 0.060282
MAE 0.043356 | 0.042831 | 0.043069 | 0.043202 |0.043477| 0.043304 | 0.043402 | 0.043199
MAPE 103.2034 | 105.4939 | 100.3362 | 100.2948 | 103.8216 | 107.2282 | 138.567 | 100.1942
TIC 0.958481 | 0.872599 | 0.928603 | 0.944962 | 0.938616 | 0.915675 [0.8551258| 0.946176

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

TGARCH(p,q) modelu arpus parauga prognozésanas apkopojums, Capgemini*

ARCH 1 1 2 2 1 2 2

GARCH 1 2 1 2 1 1 2

TRESHOLD 1 1 1 1 2 2 2
RMSE 0.031737 0.031477 0.03147 0.031572 0.031336 0.031279 0.031576
MAE 0.025566 0.025378 0.025516 0.025547 0.025321 0.025249 0.025554
MAPE 106.6615 98.64662 106.5888 105.9522 99.94114 98.65302 105.775
TIC 0.900576 0.938246 0.935609 0.931577 0.939221 0.916119 0.934764

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

EGARCH(p,q) modelu parauga prognozésanas apkopojums, Capgemini*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2
RMSE 0.059933 [ 0.060291 | 0.059787 | 0.059967 |0.059953 | 0.05999 | 0.059989 | 0.059991
MAE 0.043011 | 0.043214 | 0.042804 | 0.043031 |0.043009 | 0.042877 | 0.043035 | 0.043037
MAPE 103.6676 [ 98.91749 | 105.2658 | 102.6909 |102.3848 | 102.244 |102.0039 | 101.99
TIC 0.896181 [ 0.931937 | 0.866003 | 0.899331 |0.898988 | 0.900344 | 0.901368 | 0.901484

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

EGARCH(p,q) modelu arpus parauga prognozésanas apkopojums, Capgemini*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2
RMSE 0.031916 | 0.032183 | 0.031374 | 0.032006 |[0.031903 | 0.031528 | 0.031967 | 0.031975
MAE 0.025778 | 0.025938 | 0.025303 | 0.025863 | 0.025789 | 0.025432 | 0.025855 | 0.025861
MAPE 104.3529 | 104.2543 | 97.94764 | 106.301 | 104.9502 | 98.33837 | 106.2741 | 106.3845
TIC 0.959884 | 0.94677 | 0.932322 | 0.953053 |0.959138 [0.971335 | 0.952479 | 0.952154

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
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4. pielikums. Atos SE tabulas

Novértéto ARMA(p,q) modelu tabula Atos SE datiem (01.01.2002 — 25.02.2013)*

AR(p) 1 2 3 0 0 0 1 1 1 2 3 3 2 2 3
MA(q) 0 0 0 1 2 3 1 2 3 1 1 2 2 3 3
c -0.000599 | -0.000621 | -0.000644 | -0.000608 | -0.000608 | -0.000607 | -0.0006 | -0.000601 | -0.000597 | -0.000627 | -0.000635 | -0.000618 | -0.000601 | -0.000612 | 0.001561
(p value) (0.7935) | (0.7952) | (0.7947) | (0.7905) | (0.8004) | (0.8047) | (0.7942) | (0.8044) | (0.8093) | (0.7959) | (0.7977) | (0.7985) | (0.8007) | (0.7987) | (0.1818)
a -0.040096 | -0.038418 | -0.039834 -0.279355 | 0.104464 | -0.636758 | 0.142832 | -0.673573 | -1.052365 | -0.977711 | -1.173653 | 0.010183
(p value) (0.3352) | (0.3566) | (0.3402) (0.7420) | (0.8940) | (0.0978) | (0.8730) | (0.0243) | (0.0002) | (0.0000) | (0.0000) | (0.7684)
3 0.041362 | 0.04262 0.050763 | 0.019229 | -0.510141 | -0.926255 | -0.647165 | 0.034243
(p value) (0.3210) | (0.3075) (0.3151) | (0.7097) | (0.0877) | (0.0000) | (0.0055) | (0.2925)
4 0.032001 0.078043 | 0.061946 0.912501
(p value) (0.4435) (0.0626) | (0.2188) (0.0000)
m, -0.036885 | -0.040578 | -0.036834 | 0.235461 | -0.14409 | 0.60382 |-0.181538 | 0.637162 | 1.019828 | 0.971629 | 1.141206 | -0.029238
(p value) (0.3749) | (0.3292) | (0.3767) | (0.7840) | (0.8540) | (0.1164) | (0.8392) | (0.0330) | (0.0003) | (0.0000) | (0.0000) | (0.2582)
m, 0.052048 | 0.049248 0.056242 | 0.025633 0.52298 | 0.963982 | 0.65166 | -0.00521
(p value) (0.2109) | (0.2372) (0.2488) | (0.6084) (0.0593) | (0.0000) | (0.0037) | (0.8296)
[II; 0.02007 0.073314 0.054521 | -0.965546
(p value) (0.6300) (0.0785) (0.2612) | (0.0000)
R 0.001607 | 0.003311 | 0.004341 | 0.001479 | 0.003808 | 0.004179 | 0.002093 | 0.003901 | 0.007291 | 0.003566 | 0.009829 | 0.01411 | 0.030739 | 0.013003 | 0.041895
adj. R? -0.00012 | -0.00015 | -0.000863 | -0.000245 | 0.000361 | -0.000999 | -0.001366 | -0.001287 | 0.000385 |-0.001633 | 0.002917 | 0.005492 | 0.023984 | 0.00439 | 0.031828
SSR 1.898227 | 1.894827 | 1.892716 | 1.898499 | 1.894071 | 1.893367 | 1.897303 | 1.893865 | 1.887421 | 1.894342 | 1.882282 | 1.874145 | 1.842683 | 1.876402 | 1.821325
AIC -2.877334 | -2.873935 | -2.869843 | -2.878925 | -2.877818 | -2.874747 | -2.874373 | -2.872738 | -2.872699 | -2.870737 | -2.871911 | -2.872783 | -2.894931 | -2.873344 | -2.897911
SBC -2.862289 | -2.851338 | -2.839673 | -2.8639 | -2.855281 | -2.844697 | -2.851805 | -2.842648 | -2.835086 | -2.8406 | -2.834198 | -2.827528 | -2.857269 | -2.828149 | -2.845113
konst. stat.noz. né né né né né né né né né né né né né né né
koef. Stat.noz. né né ne ne ne ne ne ne ne ne ne ne ja né né

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7




Novertéto GARCH(p,q) modelu apkopojums Atos SE datiem (01.01.2002 — 25.02.2013)*

ARCH 1 1 1 2 0 2
GARCH 0 1 2 1 1 2
Vidéjas vértibas vienadojums ARMA(2,2)

c 0.000117 0.00257 0.003073 0.002413 -0.000561 0.002971

(p value) (0.9617) (0.2538) (0.1703) (0.2881) (0.8204) (0.1511)
a -0.97141 -1.00029 -0.658296 -1.000649 0.804345 -0.605835

(p value) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.8073)
a -0.925957 -0.952514 -0.941715 -0.952111 -0.960039 0.307692

(p value) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.8960)
m, 0.966432 0.982799 0.633424 0.984553 -0.82907 0.582738

(p value) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.8148)
m, 0.964697 0.968575 0.955462 0.969354 0.990967 -0.285423

(p value) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.9003)

Nosacitas dispersijas vienadojums

(&) 0.002948 0.000103 0.000232 0.000124 0.000741 0.000258

(p value) (0.0000) (0.0008) (0.0077) (0.0021) (0.7284) (0.0041)
o, 0.077874 0.084469 0.122748 0.037493 0.017299

(p value) (0.0835) (0.0000) (0.0147) (0.3321) (0.4420)
a, 0.051919 0.257148

p value (0.2249) (0.0000)
B, 0.887699 0.743395 0.875286 0.76841 0.08716

(p value) (0.0000) (0.0998) (0.0000) (0.2500) (0.1037)
B, 0.068913 0.593122

(p value) (0.8607) (0.0000)
R? 0.030392 0.024814 -0.004735 0.025483 0.027971 -0.007694
adj. R? 0.023636 0.018018 -0.011737 0.018692 0.021197 -0.014716
SSR 1.843342 1.853948 1.910124 1.852675 1.847945 0.057771
AIC -2.895461 -3.007688 -2.968945 -3.005231 -2.886028 -3.007265
SBC -2.842733 -2.947428 -2.901153 -2.937438 -2.8333 -2.93194
Durbin-Watson| 2.037323 2.00973 2.019059 2.012738 2.053996 2.035158

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
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Novértéeto TGARCH(p,q) modelu apkopojums Atos SE datiem (01.01.2002 — 25.02.2013)*

ARCH 1 1 2 2 1 1 2 2

GARCH 1 2 1 2 1 2 1 2

TRESHOLD 1 1 1 1 2 2 2 2

Vidéjas vértibas vienadojums ARMA(2,2
c 0.000824 | 0.000998 | 0.001379 | 0.001217 | 0.000664 | 0.000984 | 0.000629 | 0.000663
(p value) (0.6852) | (0.6251) | (0.4868) | (0.5604) | (0.6964) | (0.6468) | (0.7737) | (0.7473)
a -0.04268 | -1.267027 | -0.026453 | -0.13482 | 0.137122 | 0.012679 | -0.08913 | -0.282965
(p value) (0.9942) | (0.0000) | (0.9676) | (0.9686) | (0.9178) | (0.9947) | (0.9935) | (0.7394)
q -0.022099 | -0.297592 | 0.415064 | 0.11061 | 0.212239 | -0.062304 | 0.026666 | 0.315504
(p value) (0.9788) | (0.0000) | (0.2318) | (0.8172) | (0.6136) | (0.9338) | (0.9863) | (0.5492)
m, -0.057131 | 1.196944 | -0.071618 | 0.03323 |-0.248247 | -0.111236 | -0.011309 | 0.18647
(p value) (0.9922) | (0.0000) | (0.9124) | (0.9922) | (0.8512) | (0.9538) | (0.9992) | (0.8255)
m, 0.004025 | 0.236494 | -0.41136 | -0.12557 | -0.20516 | 0.096897 | -0.022545 | -0.334654
(p value) (0.9977) | (0.0000) | (0.2304) | (0.8217) | (0.6888) | (0.8683) | (0.9721) | (0.4852)
Nosacitas dispersijas vienadojums

(4] 0.000719 | 8.59E-05 | 0.000781 | 0.000973 | 3.14E-05 | 0.000556 | 0.00093 | 0.000939
(p value) (0.0000) | (0.0111) [ (0.0000) | (0.0000) | (0.0004) | (0.0000) [ (0.0000) | (0.0000)
a, -0.032775 | -0.016317 | -0.035821 | -0.034971 | -0.020074 | -0.031457 | -0.036655 | -0.032284
(p value) (0.0000) | (0.2285) | (0.0000) | (0.6177) | (0.0284) | (0.0000) | (0.0000) | (0.0000)
a, 0.167778 | 0.198963 0.112766 | 0.125061
p value (0.0023) | (0.0014) (0.0318) | (0.0270)
B, 0.589409 | 0.699804 | 0.511299 | 0.294314 | 0.955467 | 0.095481 | 0.470929 | 0.209793
(p value) (0.0000) | (0.0969) | (0.0000) | (0.1343) | (0.0000) | (0.3001) | (0.0000) | (0.1158)
B, 0.198882 0.113401 0.545781 0.1971
(p value) (0.6111) (0.4569) (0.0000) (0.1005)
Y. 0.485043 | 0.188265 | 0.288726 | 0.323606 | 0.454234 | 0.10792 | 0.185813 | 0.196444
(p value) (0.0000) | (0.0020) | (0.0000) | (0.0000) | (0.0000) | (0.0648) | (0.0119) | (0.0092)
Y, -0.347361 | 0.336922 | 0.216892 | 0.301291
p value (0.0056) | (0.0000) | (0.0458) | (0.0093)
R? -0.005236 | -0.000036 | -0.009373 | -0.005477 | -0.008347 | -0.000633 | -0.002562 | -0.00651
adj. R? -0.012241 | -0.007005 | -0.016407 | -0.012484 | -0.015374 | -0.007606 | -0.009549 | -0.013524
SSR 1.911076 | 1.90119 | 1.918941 | 1.911534 | 1.91699 | 1.902324 | 1.905992 | 1.913498
AIC -2.994261 | -3.029846 | -3.004798 | -3.005841 | -3.04055 | -3.02196 | -3.004958 | -3.012725
SBC -2.926469 | -2.954521 | -2.929473 | -2.922984 | -2.965225 | -2.939103 | -2.922101 | -2.922335
Durbin-Watson | 1.867166 | 1.936577 | 1.874408 | 1.865292 | 1.843141 | 1.876329 | 1.871068 | 1.882276
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Novérteto EGARCH(p,q) modelu apkopojums Atos SE datiem (01.01.2002 — 25.02.2013)*

ARCH 1 1 2 2 1 1 2 2

GARCH 1 2 1 2 1 2 1 2

Asimetrijas karta 1 1 1 1 2 2 2 2

Vidéjas vértibas vienadojums ARMA(2,2)
c -0.002184 | -0.000945 |-0.004188 | 1.71E-05 | -0.000674 | -0.002825 | -0.004293 | -0.007217
(p value) (0.3755) (0.6182) (0.1246) | (0.9930) | (0.7282) | (0.1694) | (0.1414) | (0.0474)
a 0.52159 | -1.267027 | 1.598221 | -0.800371 |-0.782553 | 0.74798 | -0.067051 | 1.343525
(p value) (0.3874) (0.0000) (0.0000) | (0.5843) | (0.6669) | (0.0000) | (0.4949) | (0.0000)
& 0.26175 | -0.128894 |-0.651383 | 0.134523 | 0.153889 | -0.966559 | 0.813113 | -0.400552
(p value) (0.6081) (0.0862) (0.0000) | (0.9210) | (0.9274) | (0.0000) | (0.0000) | (0.0004)
m, -0.553799 | 1.084681 |-1.643863 | 0.752243 | 0.743429 | -0.748958 | 0.079787 | -1.343975
(p value) (0.3628) (0.0000) (0.0000) | (0.6050) | (0.6812) | (0.0000) | (0.4752) | (0.0000)
ity -0.203149 | 0.089108 | 0.711137 | -0.154034 | -0.167382 | 0.970955 | -0.748762 | 0.424821
(p value) (0.6924) (0.1388) (0.0000) | (0.9060) | (0.9183) | (0.0000) | (0.0000) | (0.0002)
Nosacitas dispersijas vienadojums

® -0.110007 | -9.96E-02 |-0.090722 | -0.230824 | -1.43E-01 | -0.097774 | -0.13022 | -0.245556
(p value) (0.0000) (0.0075) (0.0000) | (0.0000) | (0.0000) | (0.4641) | (0.0000) | (0.0000)
o, 0.040022 | 0.030504 |-0.012846 | -0.044382 | 0.064303 | 0.014553 | 0.007091 | -0.035782
(p value) (0.0297) (0.1487) (0.8816) | (0.5477) | (0.0031) | (0.5662) | (0.9313) | (0.3289)
o, 0.025609 | 0.152925 0.034315 | 0.094109
p value (0.7729) | (0.0564) (0.6854) | (0.0206)
B, 0.986438 | 0.971871 | 0.985748 | 0.449396 | 0.984256 | 0.917988 | 0.982477 | 0.078765
(p value) (0.0000) (0.0082) (0.0000) | (0.0242) | (0.0000) | (0.5419) | (0.0000) | (0.0136)
B, 0.015528 0.526082 0.066898 0.88344
(p value) (0.966) (0.0076) (0.9641) (0.0000)
Y: -0.147215 | -0.135368 |-0.160729 | -0.197077 | -0.163453 | -0.106865 | -0.156709 | -0.135111
(p value) (0.0000) (0.0022) (0.0000) | (0.0000) | (0.0004) | (0.0314) | (0.0006) | (0.0000)
Y, 0.025801 | -0.037264 | -0.018582 | -0.207937
p value (0.6110) | (0.8593) | (0.7313) | (0.0000)
R? 0.002797 | 0.005674 |-0.000278 | -0.00132 | -0.000698 | 0.016458 | -0.007127 | -0.006286
adj. R? -0.004152 | -0.001255 | -0.007248 | -0.008298 | -0.007671 | 0.009604 | -0.014145 | -0.013299
SSR 1.895804 | 1.890334 | 1.90165 | 1.903631 | 1.902448 | 1.869834 | 1.914671 | 1.913073
AIC -3.087224 | -3.081831 |-3.097851 | -3.07361 | -3.075631 | -3.097349 | -3.074483 | -3.088795
SBC -3.019432 | -3.006506 |-3.022526 | -2.990752 | -3.000306 | -3.014492 | -2.991626 | -2.998406
Durbin-Watson | 2.014183 [ 2.001539 | 1.985108 | 1.98583 | 2.003721 | 2.089282 | 2.105189 | 2.063285
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GARCH(p,q) modelu parauga prognozésanas apkopojums, Atos SE*

ARCH 1 1 1 2 0 2

GARCH 0 1 2 1 1 2
RMSE | 0.056793 | 0.056876 | 0.003073 0.056866 0.056892 0.057363
MAE 0.039317 | 0.039288 | 0.039666 0.039286 0.039408 0.039625
MAPE | 100.2046 | 107.5608 | 111.3396 106.9686 103.2783 108.2117
TIC 0.89257 | 0.884472 0.91386 0.884943 0.884398 0.944225
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GARCH(p,q) modelu arpus parauga prognozésanas apkopojums, Atos SE*

ARCH 1 1 1 2 0 2
GARCH 0 1 2 1 1 2
RMSE 0.0308 0.0308 0.0306 0.0307 0.0305 0.0307
MAE 0.0235 0.0236 0.0234 0.0235 0.0230 0.0235
MAPE | 111.1747 | 122.5913 | 129.4584 120.6768 117.1677 127.4423
TIC 0.9531 0.9143 0.9007 0.9171 0.8869 0.9108
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TGARCH(p,q) modelu parauga prognozéSanas apkopojums, Atos SE*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
TRESHOLD 1 1 1 1 2 2 2 2

RMSE | 0.057319 | 0.057288 | 0.057331 | 0.05/333 | 0.057318 | 0.057322 |0.057316 | 0.057299
MAE 0.039717 | 0.03%62 | 0.039696 | 0.039712 [ 0.039724 | 0.039709 [0.039724 | 0.039691
MAPE | 101.3752 | 101.305 | 102.6666 | 102.3128 | 101.0573 | 101.6953 | 100.985 |100.0226
TIC 0.986085 | 0.960739 | 0.976973 | 0.979684 | 0.988714 | 0.983386 |0.989323 | 0.987001
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TGARCH(p,q) modelu arpus parauga prognozésanas apkopojums, Atos

SE*
ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
TRESHOLD 1 1 1 1 2 2 2 2

RMSE 0.0306 0.0306 0.0306 0.0306 0.0306 0.0306 | 0.0306 | 0.0306
MAE 0.0233 0.0233 0.0233 0.0233 0.0233 0.0233 | 0.0233 | 0.0233
MAPE | 102.8077 | 104.1280 | 107.7935 | 106.1868 | 101.5702 | 103.8570 |101.3467 | 101.4019
TIC 0.9704 0.9648 0.9544 0.9587 0.9756 0.9642 0.9755 | 0.9750
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EGARCH(p,q) modelu parauga prognozéSanas apkopojums, Atos SE*
ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2

Asimetrijas karta 1 1 1 1 2 2 2 2
RMSE 0.057326|  0.057313] 0.057418| 0.057256|  0.057254]  0.056877| 0.057372[ 0.05769
MAE 0.039867|  0.039799 0.040043{ 0.039642]  0.039666]  0.039557| 0.039998| 0.040483
MAPE 104.8267) 100.0418| 1155315 99.30472]  98.77326|  112.1975| 116.0476| 134.4544
TIC 0.963987| 0.978764 0932403  0.966920,  0.965189  0.875757| 0.927641| 0.8954
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EGARCH(p,q) modelu arpus parauga prognozésSanas apkopojums, Atos

SE*
ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2
RMSE 0.0308 0.0307 0.0311 0.0307 0.0307 0.0309 | 0.0312 | 0.0317
MAE 0.0233 0.0233 0.0236 0.0233 0.0233 0.0234 | 0.0235 | 0.0239
MAPE 116.9699 | 103.5084 | 142.7458 | 100.1054 | 102.9480 | 127.2020 |142.1795 | 179.6987
TIC 0.9306 0.9655 0.8985 0.9826 0.9754 0.9223 | 0.8943 | 0.8458
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5. pielikums. Computacenter tabulas

Noverteto ARMA(p,q) modelu tabula Computacenter datiem (01.01.2002 — 25.02.2013)*

AR(p) 1 2 3 0 0 0 1 1 1 2 3 3 2 2 3
MA(q) 0 0 0 1 2 3 1 2 3 1 1 2 2 3 3
c 0.001148 | 0.001156 | 0.001118 | 0.000983 | 0.000981 | 0.000979 | 0.001144 | 0.001155 | 0.001156 | 0.001577 | 0.00114 | 0.001585 | 0.00115 | 0.001157 | 0.001645
(p value) (0.6061) | (0.6078) | (0.6240) | (0.6577) | (0.6636) | (0.6669) | (0.6089) | (0.6089) | (0.6102) | (0.5692) | (0.6161) | (0.5692) | (0.6249) | (0.6038) | (0.5438)
4 -0.082616 | -0.082124 | -0.082151 -0.110034 | -0.049252 | -0.040837 | 0.83628 |-0.778063 | 0.065019 | -1.413206 | -1.636394 | -0.452869
(p value) (0.0460) | (0.0492) | (0.0495) (0.7569) | (0.9211) | (0.9361) | (0.0000) | (0.0297) | (0.8721) | (0.0000) | (0.0000) | (0.0604)
a, 0.008384 | 0.010506 0.091372 | -0.045364 | 0.728171 | -0.649989 | -0.966117 | 0.710783
(p value) (0.8401) | (0.8020) (0.0283) | (0.4565) | (0.0309) | (0.0000) | (0.0000) | (0.0004)
a, 0.008557 0.014766 | 0.078547 0.584435
(p value) (0.8371) (0.7231) | (0.1199) (0.0038)
m, -0.081553 | -0.083317 | -0.083973 | 0.027628 | -0.032937 | -0.041609 | -0.919936 | 0.699801 | -0.148183 | 1.372484 | 1.570729 | 0.409622
(p value) (0.0494) | (0.0456) | (0.0441) | (0.9386) | (0.9474) | (0.9351) | (0.0000) | (0.0497) | (0.7138) | (0.0000) | (0.0000) | (0.1017)
m, 0.015978 | 0.013706 0.012444 | 0.012313 -0.708951 | 0.613064 | 0.842504 | -0.701653
(p value) (0.7010) | (0.7430) (0.8307) | (0.8354) (0.0508) | (0.0014) | (0.0000) | (0.0006)
m, 0.010881 0.004645 -0.072636 | -0.542036
(p value) (0.7939) (0.9129) (0.0828) | (0.0103)
R 0.00687 | 0.006929 | 0.00704 | 0.006744 | 0.007015 | 0.007122 | 0.006884 | 0.006984 | 0.007004 | 0.009063 | 0.01167 | 0.012228 | 0.014486 | 0.023861 | 0.015464
adj. R? 0.005152 | 0.00348 | 0.001851 | 0.005029 | 0.003579 | 0.00196 | 0.003442 | 0.001812 | 0.000096 | 0.003893 | 0.004771 | 0.003594 | 0.007618 | 0.015343 | 0.005119
SSR 1.947507 | 1.947357 | 1.946622 | 1.960809 | 1.960275 | 1.960063 | 1.94748 | 1.947285 | 1.947246 | 1.943172 | 1.937546 | 1.936452 | 1.932538 | 1.914154 | 1.930108
AlC -2.851704 | -2.84659 | -2.84176 | -2.846632 | -2.843462 | -2.840128 | -2.84827 | -2.844922 | -2.841494 | -2.845287 | -2.842974 | -2.840078 | -2.84732 |-2.853424 | -2.839899
SBC -2.836659 | -2.823992 | -2.81159 | -2.831607 | -2.820924 | -2.810078 | -2.825702 | -2.814832 | -2.803881 |-2.8152 | -2.805261 | -2.794823 | -2.809658 | -2.808229 | -2.787102
konst. stat.noz. né né né ne neé né né neé né neé neé ne né né ne
koef. Stat.noz. ja ne né ja né né né né né ja né né ja ja né
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Noverteto GARCH(p,q) modelu apkopojums Computacenter datiem (01.01.2002 — 25.02.2013)*

ARCH 1 1 1 2 0 2
GARCH 0 1 2 1 1 2
Vidéjas vertibas vienadojums ARMA(2,3)

c 0.000721 0.001055 0.001078 0.00104 0.001253 0.001361

(p value) (0.7267) (0.6489) (0.6379) (0.6367) (0.5743) (0.5528)
a 0.915724 -0.373884 -0.343048 0.473524 0.133815 0.801056

(p value) (0.0000) (0.4077) (0.4077) (0.7533) (0.0000) (0.5743)
q -0.97054 0.613829 0.5606 0.160231 -0.980613 0.134295

(p value) (0.0000) (0.1701) (0.1685) (0.8453) (0.0000) (0.9159)
m, -0.998997 0.292626 0.262026 -0.551233 -0.210521 -0.880746

(p value) (0.0000) (0.5141) (0.5259) (0.7143) (0.0000) (0.5369)
m, 1.04107 -0.618971 -0.566074 -0.095294 1.004866 -0.044329

(p value) (0.0000) (0.1459) (0.1402) (0.9182) (0.0000) (0.9745)
m, -0.053039 0.083003 0.085561 0.016056 -0.089141 -0.00938

(p value) (0.2395) (0.0634) (0.0564) (0.8889) (0.0021) (0.9393)

Nosacitas dispersijas vienadojums

@ 0.002295 1.03E-04 0.000193 7.28E-05 0.000319 7.37E-05

(p value) (0.0000) (0.0456) (0.0424) (0.0848) (0.8571) (0.1476)
o, 0.31378 0.044184 0.077246 0.210608 0.209825

(p value) (0.0000) (0.0011) (0.0008) (0.0000) (0.0001)
a, -0.177064 -0.175816

p value (0.0009) (0.0021)
B, 0.921013 0.205666 0.942863 0.901536 0.935521

(p value) (0.0000) (0.3858) (0.0000) (0.0991) (0.0000)
B, 0.652602 0.006626

(p value) (0.0046) (0.9639)

R? 0.023043 0.010012 0.009729 0.008173 0.035952 0.00846
adj. R? 0.014518 0.001373 0.001088 -0.000481 0.02754 -0.000192
SSR 1.915757 1.941312 1.941866 1.944917 1.890443 1.944354
AlC -2.938418 -2.938833 -2.935335 -2.944743 -2.859721 -2.941607
SBC -2.878158 -2.871041 -2.86001 -2.869418 -2.799461 -2.85875
Durbin-Watson| 2.014029 1.999794 2.002302 2.011937 2.013478 2.007804
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Novértéto TGARCH(p,q) modelu apkopojums Computacenter datiem (01.01.2002 —

25.02.2013)*
ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
TRESHOLD 1 1 1 1 2 2 2 2
Vidéjas vertibas vienadojums ARMA(2,3
c -0.000469 | -6.83E-05 | 5.33E-06 | -0.000175 | 0.000444 | -0.000314 | -0.000114 | -7.47E-05
(p value) (0.8319) | (0.9745) | (0.9984) | (0.9483) | (0.8627) | (0.8928) | (0.9574) | (0.9732)
a, 1.429792 | -0.330753 | 0.012619 | 0.714531 | -0.036908 | 1.923412 | -0.327107 | -0.345725
(p value) (0.0000) | (0.0000) | (0.9459) | (0.5477) | (0.5683) | (0.0000) | (0.0000) | (0.0000)
a, -0.951758 | -0.942861 | 0.896087 | 0.225286 | 0.951435 | -0.968618 | -0.948607 | 0.642876
(p value) (0.0000) | (0.0000) | (0.0000) | (0.8395) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
m, -1.561236 | 0.227831 | -0.117299 | -0.834625 | -0.075706 | -2.037407 | 0.234273 | 0.216883
(p value) (0.0000) | (0.0000) | (0.5488) | (0.4824) | (0.2994) | (0.0000) | (0.0000) | (0.0000)
m, 1.144553 | 0.951244 | -0.895835 | -0.11476 |-0.953531 | 1.175963 | 0.951591 | -0.652188
(p value) (0.0000) | (0.0000) | (0.0000) | (0.9273) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
m, -0.104042 | -0.124253 | 0.111793 | 0.015315 | 0.114917 | -0.095477 | -0.11676 | 0.126167
(p value) (0.0100) | (0.0021) | (0.0245) | (0.9220) | (0.0029) | (0.0251) | (0.0187) | (0.0000)
Nosacitas dispersijas vienadojums
(A 5.11E-06 | 7.72E-06 | 7.30E-07 | 1.22E-05 | 1.37E-05 | 2.51E-05 | 1.77E-05 | 4.44E-05
(p value) (0.7802) | (0.3061) | (0.9750) | (0.6820) | (0.5525) | (0.3576) | (0.3968) | (0.1319)
o, -0.017818 | -0.003555 | 0.138462 | 0.131749 | -0.012617 | -0.008098 | 0.13018 | 0.204346
(p value) (0.0080) | (0.4187) | (0.0217) | (0.0383) | (0.1309) | (0.3496) | (0.1020) | (0.0152)
a, -0.151628 | -0.145649 -0.138116 | -0.209064
p value (0.0105) | (0.0172) (0.0791) | (0.0098)
B, 0.978557 | 1.661276 | 0.981478 | 0.821484 | 0.969148 | 0.989709 | 0.972422 | 0.820398
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0001) | (0.0000) | (0.0799) | (0.0000) | (0.0000)
B, -0.672017 0.149113 -0.024819 0.128399
(p value) (0.0072) (0.4341) (0.9634) (0.3950)
Y: 0.07917 | 0.023671 | 0.065913 | 0.082465 | 0.15468 | 0.166347 | 0.02174 | 0.066989
(p value) (0.0000) | (0.2117) | (0.0000) | (0.0044) | (0.0122) | (0.0082) | (0.8153) | (0.5074)
Y. -0.074638 | -0.094547 | 0.038307 | 0.019972
p value (0.2490) | (0.2295) | (0.6765) | (0.8405)
R? 0.029463 | 0.044349 | 0.008394 | 0.006696 | 0.008699 | 0.013478 | 0.043437 | 0.00675
adj. R? 0.020994 | 0.03601 | -0.000259 | -0.001971 | 0.000049 | 0.004869 [ 0.03509 | -0.001918
SSR 1.903169 | 1.873977 | 1.944484 | 1.947812 | 1.943886 | 1.934515 | 1.875767 | 1.947708
AIC -2.990941 | -2.986284 | -2.976692 | -2.972993 | -2.967512 | -2.963934 | -2.992256 | -2.972218
SBC -2.915617 | -2.903426 | -2.893834 | -2.882603 | -2.884655 | -2.873544 | -2.901866 | -2.874295
Durbin-Watson | 1.934304 | 1.941195 | 1.953494 | 1.926726 | 1.935254 | 1.949646 | 1.96195 [ 1.907058
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Novértéto EGARCH(p,q) modelu apkopojums Computacenter datiem (01.01.2002 —

25.02.2013)*

ARCH 1 1 2 2 1 1 2 2

GARCH 1 2 1 2 1 2 1 2

Asimetrijas karta 1 1 1 1 2 2 2 2

Vidéjas veértibas vienadojums ARMA(2,3)
c 0.000404 | -0.00036 |-0.000566 | -4.27E-04 | 0.000606 | -1.12E-05 | -4.31E-04 | -1.53E-04
(p value) (0.8401) (0.8679) (0.7834) | (0.8335) | (0.7604) | (0.9958) | (0.8392) | (0.9425)
a 0.383951 | 0.300825 | 0.500878 | 0.386201 | 0.382181 | 0.302459 | 0.50121 | 0.501495
(p value) (0.0000) (0.0000) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
a -0.990117 | -0.977418 | -0.981493 | -0.990325 | -0.990971 | -0.975191 | -0.981733 | -0.981179
(p value) (0.0000) (0.0000) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
m, -0.46229 | -0.409568 |-0.587533 | -0.476266 | -0.471169 | -0.406582 | -0.58742 | -0.591154
(p value) (0.0000) (0.0000) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
m, 1.021672 | 1.023912 | 1.033058 | 1.027281 | 1.026122 | 1.022102 | 1.033099 | 1.035319
(p value) (0.0000) (0.0000) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
m, -0.072946 | -0.097875 |-0.081271 | -0.085751 | -0.083421 | -0.093425 | -0.08104 | -0.084602
(p value) (0.1029) (0.0183) (0.1143) | (0.0981) | (0.0588) | (0.0304) | (0.1176) | (0.0957)
Nosacitas dispersijas vienadojums

® -5.654165 | -1.33E-01 |-0.087079 | -0.141493 |-5.96E+00 | -1.69E-01 | -8.77E-02 | -1.11E-01
(p value) (0.0000) (0.0555) (0.0543) | (0.0639) | (0.0000) | (0.0167) | (0.0496) | (0.1001)
o 0.579177 | 0.083169 | 0.353158 | 0.384767 | 0.579532 | 0.101238 | 0.352242 | 0.332664
(p value) (0.0000) (0.0085) (0.0000) | (0.0000) | (0.0000) | (0.0007) | (0.0000) | (0.0001)
o, -0.30498 | -0.318669 -0.303325 | -0.272258
p value (0.0002) | (0.0002) (0.0003) | (0.0047)
B, 0.099429 | 0.543186 | 0.991313 | 0.864523 | 0.048542 | 0.253948 | 0.991337 | 0.792353
(p value) (0.3378) (0.1440) (0.0000) | (0.0000) | (0.6637) | (0.3853) | (0.0000) | (0.0037)
B, 0.444757 0.119907 0.73036 0.19657
(p value) (0.2286) (0.5443) (0.0121) (0.4642)
Y. -0.066176 | -0.094344 |-0.063804 | -0.06825 | -0.081326 | -0.027531 | -0.030428 | -0.018234
(p value) (0.2161) (0.0002) (0.0000) | (0.0003) | (0.1281) | (0.4304) | (0.5750) | (0.7224)
Y. -0.113698 | -0.095787 | -0.034684 | -0.059172
p value (0.0314) | (0.0062) | (0.5308) | (0.2742)
R? 0.014215 | 0.016786 | 0.009951 | 0.014558 | 0.014029 | 0.017249 | 0.010065 | 0.010131
adj. R? 0.005613 | 0.008207 | 0.001311 | 0.005959 | 0.005425 | 0.008673 | 0.001427 | 0.001493
SSR 1.933069 | 1.928026 | 1.941431 | 1.932396 | 1.933434 | 1.92712 | 1.941207 | 1.985149
AlIC -2.933498 | -2.988345 |-2.985774 |-2.995113 | -2.93639 | -2.991299 | -2.982871 | -2.98081
SBC -2.858174 | -2.905487 |-2.902917 | -2.904723 | -2.853533 | -2.90091 | -2.892481 | -2.882888
Durbin-Watson | 2.009929 | 1.947243 | 1.990483 | 1.985097 | 1.987999 | 1.957289 | 1.991669 | 1.985149
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GARCH(p,q) modelu parauga prognozésanas apkopojums,

Computacenter*
ARCH 1 1 1 2 0 2
GARCH 0 1 2 1 1 2
RMSE 0.058119 | 0.05823 | 0.058191 [ 0.058197 | 0.057665 | 0.058173
MAE 0.041421 | 0.041756 | 0.041432 | 0.041434 | 0.041306 | 0.041415
MAPE 101.1673 | 106.4975 | 99.3106 | 99.34517 114.5764 | 100.2655
TIC 0.954863 | 0.928053 | 0.969844 [ 0.978174 | 0.862509 | 0.967971
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GARCH(p,q) modelu arpus parauga prognozésanas apkopojums,

Computacenter*
ARCH 1 1 1 2 0 2
GARCH 0 1 2 1 1 2
RMSE | 0.045724 | 0.046051 | 0.046049 | 0.046051 | 0.046137 | 0.04605
MAE 0.082972 | 0.032613 | 0.032595 | 0.032615 | 0.032536 | 0.032522
MAPE | 111.3123 | 98.56131 | 97.3076 | 98.54116 | 100.8067 | 98.93799
TIC 0.919231 | 0.974302 | 0.973516 [ 0.974261 | 0.948055 | 0.966156
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TGARCH(p,q) modelu parauga prognozéSanas apkopojums,

Computacenter*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
TRESHOLD| 1 1 1 1 2 2 2 2
RMSE | 0.058061 | 0.057813 | 0.058203 | 0.058203 | 0.058189 | 0.058131 | 0.057835 | 0.058261

MAE | 0.041329 | 0.041335 | 0.041441 | 0.041437 | 0.04178 | 0.041394 | 0.041365 [ 0.041849
MAPE | 101.1468 | 103.69 | 99.79001 | 99.23212 | 108.5137 | 100.1723 | 104.1371 | 108.7426

TIC 0.909591 | 0.905319 | 0.958915 | 0.973378 | 0.924521 | 0.957933 | 0.905058 | 0.921963

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

TGARCH(p,q) modelu arpus parauga prognozéSanas apkopojums,

Computacenter*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
TRESHOLD 1 1 1 1 2 2 2 2
RVMSE | 0.046868 | 0.044878 | 0.046119 | 0.04614 | 0.046085 | 0.04634 | 0.045095 | 0.046113

MAE | 0.033322 | 0.031978 | 0.032769 | 0.032829 | 0.032688 | 0.0331 |0.032146 | 0.032881
MAPE | 103.6483 | 102.9648 | 99.36539 | 100.5889 | 99.37945 | 107.5555 | 104.8472 | 99.79489

TIC 0.960712 | 0.862726 | 0.983659 | 0.984674 | 0.97963 | 0.951201 | 0.87507 | 0.98432

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

EGARCH(p,q) modelu parauga prognozésSanas apkopojums,

Computacenter*

ARCH 1 1 2 2 1 1 2 2

GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2

RMSE 0.057923 | 0.058041 | 0.058201 | 0.057936 | 0.057923 | 0.058024 | 0.058197 | 0.05819

MAE 0.041254 | 0.041313]0.041439 | 0.041272 | 0.041248 | 0.041303 | 0.041436 | 0.031329

MAPE 114.7266 | 106.2418| 99.98848 | 113.5689 [ 117.469 | 105.1393 | 99.97806 | 99.8993

TIC 0.897864 | 0.900313 | 0.970045 | 0.900246 | 0.889993 | 0.905644 | 0.970789 | 0.971395

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

EGARCH(p,q) modelu arpus parauga prognozésanas apkopojums,

Computacenter*

ARCH 1 1 2 2 1 1 2 2

GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2

RMSE 0.046317 | 0.046268| 0.046137 | 0.04632 | 0.04637 | 0.04622 | 0.046124 | 0.046101

MAE 0.03275 [0.033181] 0.032925 | 0.032972 | 0.032755 | 0.033041 | 0.032884 | 0.032803

MAPE 98.0627 [104.9383| 98.70609 | 100.7976 | 101.0448 | 102.4745 | 98.18455 | 97.24778

TIC 0.944815 | 0.957582 | 0.977175 | 0.956452 | 0.934143 | 0.95894 | 0.977783 | 0.976209

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
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6. pielikums. Bechtle AG tabulas

Noverteto ARMA(p,q) mode]u tabula Bechtle AG datiem (01.01.2002 — 25.02.2013)*

AR(p) 1 2 3 0 0 0 1 1 1 2 3 3 2 2 3
MA(q) 0 0 0 1 2 3 1 2 3 1 1 2 2 3 3
(o 0.002876 | 0.002751 | 0.002763 | 0.002839 | 0.002843 | 0.002842 | 0.002879 | 0.00288 | 0.002874 | 0.002748 | 0.003651 | 0.002827 | 0.002801 | 0.002609 | 0.003639
(p value) (0.1351) | (0.1650) | (0.1798) | (0.1397) | (0.1527) | (0.1661) | (0.1406) | (0.1413) | (0.1589) | (0.1668) | (0.0728) | (0.1581) | (0.1698) | (0.1782) | (0.0672)
a -0.055906 | -0.053108 | -0.053522 -0.369109 | -0.362681 | -0.488151 | -0.029122 | 0.856763 | 0.659113 | 0.674013 | 0.918891 | 1.608464
(p value) (0.1787) | (0.2019) | (0.2000) (0.4768) | (0.6437) | (0.4790) | (0.9615) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
4 0.027381 | 0.029189 0.029554 | 0.077276 | -0.854939 | -0.873616 | -0.972121 | -1.508839
(p value) (0.5103) | (0.4839) (0.5791) | (0.1599) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
a, 0.035802 -0.020189 | -0.02274 0.818892
(p value) (0.3904) (0.6285) | (0.5978) (0.0000)
m, -0.052631 | -0.056631 | -0.054226 | 0.316301 | 0.310024 | 0.435667 |-0.024061 | -0.917196 | -0.719666 | -0.715208 | -0.978438 | -1.654167
(p value) (0.2052) | (0.1736) | (0.1930) | (0.5505) | (0.6927) | (0.5273) | (0.9683) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
m; 0.035909 | 0.03406 0.001366 | 0.008678 0.925572 | 0.927254 | 1.058518 | 1.603208
(p value) (0.3880) | (0.4138) (0.9828) | (0.8813) (0.0000) | (0.0000) | (0.0000) | (0.0000)
m, 0.031037 0.049055 -0.068796 | -0.87287
(p value) (0.4564) (0.2571) (0.1093) | (0.0000)
R 0.003127 | 0.003749 | 0.004943 | 0.002947 | 0.004157 | 0.00509 | 0.004395 | 0.004395 | 0.00641 | 0.003759 | 0.012065 | 0.020302 | 0.019699 | 0.02127 | 0.025376
adj. R? 0.001402 | 0.000289 | -0.000258 | 0.001225 | 0.000711 | -0.000083 | 0.000944 | -0.00079 | -0.000502 | -0.001439 | 0.005169 | 0.011738 | 0.012868 | 0.012729 | 0.015135
SSR 1.380691 | 1.37408 | 1.372202 | 1.381491 | 1.379815 | 1.378522 | 1.378935 | 1.378934 | 1.376144 | 1.374067 | 1.36238 | 1.351022 | 1.35208 | 1.349915 | 1.344024
AlIC -3.19567 | -3.195278 | -3.191439 | -3.196826 | -3.194598 | -3.192092 | -3.193495 | -3.190047 | -3.188624 | -3.191834 | -3.195162 | -3.200074 | -3.20451 | -3.202659 | -3.201807
SBC -3.180625 | -3.172681 | -3.161269 | -3.181801 | -3.17206 | -3.162042 | -3.170927 | -3.159957 | -3.151012 | -3.161704 | -3.15745 | -3.154819 | -3.166848 | -3.157464 | -3.149009
konst. stat.noz. né né né né né né né né né né né né né né né
koef. Stat.noz. né né né ne né né né né né né né né ja né ja
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Noverteéto GARCH(p,q) mode]u apkopojums Bechtle AG datiem (01.01.2002 — 25.02.2013)*

ARCH 1 1 1 2 0 2
GARCH 0 1 2 1 1 2
Vidéjas vertibas vienadojums ARMA(2,2)

c 0.002998 0.003638 0.003708 0.003763 0.002684 0.00279

(p value) (0.1382) (0.0699) (0.0638) (0.0558) (0.2160) (0.1583)
a -0.262459 -0.266681 -0.265815 -0.042368 0.668436 -0.219571

(p value) (0.0000) (0.0000) (0.0000) (0.1986) (0.0000) (0.0148)
q, -0.946402 -0.954807 -0.953987 -0.945059 -0.863348 -0.82187

(p value) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
m, 0.276883 0.27649 0.27632 0.04794 -0.710747 0.214963

(p value) (0.0000) (0.0000) (0.0000) (0.1055) (0.0000) (0.0058)
m, 0.996565 0.996888 0.996928 0.960412 0.918653 0.869727

(p value) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)

Nosacitas dispersijas vienadojums

® 0.001899 0.000278 0.000297 0.000219 0.000352 0.002327

(p value) (0.0000) (0.0315) (0.0311) (0.0689) (0.7610) (0.0000)
o, 0.189998 0.08262 0.094599 0.121585 0.170412

(p value) (0.0001) (0.0003) (0.0017) (0.0039) (0.0001)
a, -0.050593 0.156317

p value (0.2948) (0.0151)
B, 0.794682 0.581279 0.833941 0.849759 -0.097591

(p value) (0.0000) (0.1521) (0.0039) (0.0859) (0.6426)
B, 0.192793 -0.220324

(p value) (0.6022) (0.1094)
R? 0.022348 0.022699 0.022588 0.012151 0.019646 0.009306
adj. R? 0.015536 0.015889 0.015777 0.005267 0.012814 0.002402
SSR 1.348427 1.347942 1.348096 1.362491 1.352154 1.366415
AIC -3.234755 -3.255856 -3.253394 -3.246099 -3.198132 -3.244224
SBC -3.182028 -3.195596 -3.185602 -3.178307 -3.145405 -3.168899
Durbin-Watson| 2.126605 2.117705 2.118878 2.117975 2.03572 2.093978
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Novérteto TGARCH(p,q) modelu apkopojums Bechtle AG datiem (01.01.2002 — 25.02.2013)*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
TRESHOLD 1 1 1 1 2 2 2 2
Vidéjas vértibas vienadojums ARMA(2,2
c 0.002579 | 0.002557 | 0.004001 | 0.002539 | 0.002564 | 0.002635 | 0.003012 | 0.002812
(p value) (0.2043) | (0.2104) | (0.0304) | (0.2391) | (0.1953) | (0.1985) | (0.1509) | (0.1606)
a, -0.081186 | 0.059145 | 0.002584 | -0.162157 | -0.233994 | -0.114327 | -0.337512 | -0.035824
(p value) (0.6827) | (0.8352) | (0.9906) | (0.8693) | (0.0071) | (0.5852) | (0.5731) | (0.4816)
q, -0.652916 | -0.565513 | 0.867873 | 0.109292 | -0.822359 | -0.643336 | -0.394546 | -0.919814
(p value) (0.0007) | (0.0746) | (0.0000) | (0.8518) | (0.0000) [ (0.0004) | (0.3078) | (0.0000)
m, 0.095126 | -0.044593 | -0.008894 | 0.165627 | 0.231749 | 0.120163 | 0.344855 | 0.044923
(p value) (0.6058) | (0.8686) | (0.9679) | (0.8666) | (0.0011) | (0.5337) | (0.5593) | (0.3255)
m, 0.7101 0.61268 | -0.874689 | -0.061643 | 0.873133 | 0.702799 | 0.434365 | 0.939404

(p value) (0.0001) | (0.0431) | (0.0000) | (0.9164) | (0.0000) | (0.0000) | (0.2448) | (0.0000)
Nosacitas dispersijas vienadojums

® 0.000625 | 6.36E-04 | 0.000845 | 0.00078 | 6.31E-04 | 0.000773 | 0.000828 | 0.001227
(p value) (0.0000) | (0.0001) | (0.0000) | (0.0001) | (0.0008) | (0.0148) | (0.0086) | (0.0017)
o -0.081605 | -0.081471 | 0.0661 | -0.083573 | -0.085225 | -0.08385 | -0.085297 | -0.083749
(p value) (0.0000) | (0.0000) | ((0.0000)) | (0.0448) | (0.0000) | (0.0000) | (0.0029) | (0.0045)
a, 0.022984 | 0.02027 0.017841 | -0.010591
p value (0.5570) | (0.0001) (0.6420) | (0.8403)
B, 0.645387 | 0.494045 | 0.522601 | 0.48053 | 0.645685 | 0.346939 | 0.539989 | -0.189499
(p value) (0.0000) | (0.0242) | (0.0000) | (0.5965) | (0.0000) | (0.4016) | (0.0016) | (0.3665)
B, 0.138975 0.077109 0.205331 0.470471
(p value) (0.4495) (0.0603) (0.4522) (0.0001)
Y, 0.31833 | 0.330832 | 0.326901 | 0.318899 | 0.370249 | 0.329748 | 0.329378 | 0.352525
(p value) (0.0000) | (0.0000) | (0.0000) | (0.7192) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
Y -0.049008 | 0.047863 | 0.003841 | 0.19436
p value (0.5680) | (0.7074) | (0.9747) | (0.1225)
R? 0.004246 | 0.003932 | 0.00584 | -0.001433 | 0.008755 | 0.0055 | 0.002168 | 0.010594
adj. R2 -0.002693 | -0.003009 | -0.001088 | -0.008412 | 0.001848 | -0.001431 | -0.004786 | 0.003699
SSR 1.373394 | 1.373827 | 1.371195 | 1.381227 | 1.367175 | 1.371665 | 1.376261 | 1.364639
AIC -3.27578 | -3.268431 | -3.261043 | -3.254365 | -3.27569 | -3.268667 | -3.257802 | -3.265155
SBC -3.207988 | -3.193106 | -3.185718 | -3.171508 | -3.200365 | -3.18581 | -3.174945 | -3.174766

Durbin-Watson | 2.131889 | 2.13475 2.10901 | 2.116044 | 2.098296 | 2.115917 | 2.122593 | 2.125226
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Novértéto EGARCH(p,q) modelu apkopojums Bechtle AG datiem (01.01.2002 — 25.02.2013)*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2
Vidéjas veértibas vienadojums ARMA(2,2)
c 0.002956 | 0.002501 | 0.003327 | 3.02E-03 | 0.002156 | 0.002152 | 0.003378 | 0.003252
(p value) (0.1449) (0.0960) (0.0481) | (0.0019) | (0.1953) | (0.2710) | (0.0010) | (0.0003)
a -1.007497 | -1.65752 | 0.570069 | 0.672446 | -1.653252 | -1.935982 | 0.679763 | 0.738627
(p value) (0.5579) (0.0000) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.2667)
a, -0.008667 | -0.965096 | 0.361828 | 0.305507 | -0.963173 | -0.966605 | 0.306018 | 0.245484
(p value) (0.9960) (0.0000) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.7055)
m, 0.997288 | 1.679888 |-0.587807 | -0.709393 | 1.678352 | 1.960802 | -0.72161 | -0.794546
(p value) (0.5652) (0.0000) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.2405)
m, -0.002677 | 0.997651 | -0.356608 | -0.284588 | 0.997103 | 0.991003 | -0.27838 | -0.205445
(p value) (0.9988) (0.0000) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.7597)
Nosacitas dispersijas vienadojums
(@A) -2.114619 | -9.96E-02 |-2.257667 | -2.188041 | -8.46E-01 | -0.414579 | -6.181043 | -4.188595
(p value) (0.0005) | (0.0004) | (0.0008) | (0.0010) | (0.0116) | (0.0507) | (0.0001) | (0.0096)
a, 0.188915| 0.222489 | 0.141069 | 0.127527 | 0.168734 | 0.089284 | 0.194662 | -0.035782
(p value) (0.0129) | (0.0014) | (0.0800) | (0.0321) | (0.0004) | (0.0186) | (0.0045) | (0.1486)
a, 0.064054 | 0.21932 0.231757 | 0.223345
p value (0.4209) | (0.0018) (0.0412) | (0.0129)
B, 0.677305 | 0.638177 | 0.656208 | -9.77E-05 | 0.882753 | 1.334158 | 0.042436 | -0.117308
(p value) (0.0000) (0.0004) (0.0000) | (0.9990) | (0.0000) | (0.0000) | (0.8671) | (0.5503)
B, 0.015528 0.686013 -0.390698 0.475029
(p value) (0.7207) (0.0000) (0.0106) (0.0060)
Y, -0.18847 | 0.063909 | -0.18361 | -0.180897 | -0.225689 | -0.261647 | -0.166763 | -0.180115
(p value) (0.0000) (0.0000) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0002) | (0.0000)
Y, 0.136551 | 0.233332 | -0.082682 | -0.064439
p value 0.0140 0.0001 0.2673 0.3703
R? 0.004694 | 0.021621 | 0.00637 | 0.006184 | 0.019968 | 0.017758 | 0.009104 | 0.010051
adj. R? -0.002242 | 0.014803 | -0.000554 | -0.000742 | 0.013139 | 0.010913 | 0.002199 | 0.003152
SSR 1.372777 | 1.34943 1.370464 | 1.370722 | 1.351709 | 1.354758 | 1.366694 | 1.365388
AIC -3.249275 | -3.273408 | -3.248972 | -3.251748 | -3.27737 | -3.269823 | -3.235269 | -3.243839
SBC -3.181483 | -3.198083 | -3.173647 | -3.16889 | -3.202045 | -3.186966 | -3.152412 | -3.153449
Durbin-Watson | 2.079649 | 2.114794 | 2.083495 | 2.040979 | 2.122359 | 2.119138 | 2.036304 | 2.008348

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

GARCH(p,q) modelu parauga prognozésanas apkopojums, Bechtle AG*

ARCH 1 1 1 2 0 2
GARCH 0 1 2 1 1 2
RMSE 0.048742 | 0.04875 | 0.048752 | 0.048565 | 0.048611 | 0.0487
MAE 0.035465 | 0.035445 | 0.035449 [ 0.035561 | 0.035361 [0.035583
MAPE 110.9828 | 113.6301 | 114.097 | 122.0146 | 110.4557 | 112.9367
TIC 0.920259 | 0.91524 | 0.913995 [ 0.87466/ | 0.911015 [ 0.9127
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GARCH(p,q) modelu arpus parauga prognozéSanas apkopojums, Bechtle

AG*
ARCH 1 1 | 12 | 2 | o | 2
GARCH 0 1 2
RMSE | 0.034672 0.034746

MAE 0.02833 0.028528
MAPE 114.3807 | 120.2046

TIC 0.8977709 | 0.884586 0.886755
*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

0.028474

TGARCH(p,q) modelu parauga prognozésanas apkopojums, Bechtle AG*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
TRESHOLD 1 1 1 1 2 2 2 2

0.048685 0.048707
0.035492

MAE
MAPE 109.6589
TIC 0.920514

0.035534
109.9523

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

TGARCH(p,q) modelu arpus parauga prognozéSanas apkopojums, Bechtle

AG*
ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
TRESHOLD 1 1 1 1 2 2 2 2
RMSE 0.034844 0.034837
MAE 0.028594 0.028583
MAPE 111.709 111.6183
TIC 0.917455 0.915947

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

EGARCH(p,q) modelu parauga prognozéSanas apkopojums, Bechtle AG*
1 1 2 2 1 1 2

ARCH 2
GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2
RMSE 0.04867
MAE 0.035381 | 0.035449
MAPE 112.0842 | 107.5959

TIC 0.914656 0.900862

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

EGARCH(p,q) modelu arpus parauga prognozésSanas apkopojums, Bechtle

AG*
ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 2 2 2

0.034987 0.03501
0.02861 0.028646

108.647 110.4418

0.903218 | 0.914751

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
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7. pielikums. IBM tabulas

Noverteto ARMA(p,q) modelu tabula IBM datiem (01.01.2002 — 25.02.2013)*

AR(p) 1 2 3 0 0 0 1 1 1 2 3 3 2 2 3
MA(q) 0 0 0 1 2 3 1 2 3 1 1 2 2 3 3
c 0.001251 | 0.001333 | 0.00135 | 0.001165 | 0.001163 | 0.00117 | 0.002274 | 0.002286 | 0.002184 | 0.002288 | 0.001878 | 0.002311 | 0.002296 | 0.002311 | 0.002193
(p value) (0.3657) | (0.3405) | (0.3199) | (0.3996) | (0.4080) | (0.3861) | (0.0000) | (0.0000) | (0.0002) | (0.0000) | (0.0862) | (0.0000) | (0.0000) | (0.0000) (0.0007)
a -0.027434 | -0.030756 | -0.031322 0.967513 | 0.968539 | 0.947551 | 0.943909 | 0.951124 | 0.223551 | 0.539844 | 0.158643 | 0.405323
(p value) (0.5088) | (0.4600) | (0.4531) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.6986) | (0.6179) | (0.9400) (0.0000)
a, 0.013372 | 0.011443 0.025035 | 0.043203 | 0.709119 | 0.417159 | 0.787456 | -0.429357
(p value) (0.7475) | (0.7837) (0.5448) | (0.4514) | (0.1911) | (0.6909) | (0.7004) (0.0000)
a -0.030071 -0.017072 | 0.015424 0.88083
(p value) (0.4696) (0.6484) | (0.7318) (0.0000)
m, -0.026998 | -0.026257 | -0.031127 | -0.996777 | -1.019066 | -0.996239 | -0.996849 | -1.015484 | -0.276429 | -0.594803 | -0.210367 | -0.436598
(p value) (0.5161) | (0.5281) | (0.4547) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.6315) | (0.5873) | (0.9205) (0.0000)
I 0.014171 | 0.01552 0.022206 | 0.04165 -0.719461 | -0.401499 | -0.802565 | 0.467293
(p value) (0.7334) | (0.7094) (0.6011) | (0.4791) (0.2117) | (0.7138) | (0.7114) (0.0000)
m, -0.03589 -0.02596 0.01697 | -0.969737
(p value) (0.3887) (0.5418) (0.8269) (0.0000)
R? 0.000756 | 0.001152 | 0.002092 | 0.00074 | 0.000913 | 0.002138 | 0.022575 | 0.023057 | 0.022108 | 0.021125 | 0.04187 | 0.022082 | 0.021595 | 0.021777 | 0.066012
adj. R? -0.000973 | -0.002317 | -0.003123 | -0.000986 | -0.002544 | -0.00305 | 0.019187 | 0.017969 | 0.015306 | 0.016018 | 0.035181 | 0.013534 | 0.014776 | 0.013241 | 0.056198
SSR 0.676084 | 0.673727 | 0.672921 | 0.678895 | 0.678777 | 0.677945 | 0.661321 | 0.660995 | 0.661637 | 0.660255 | 0.646097 | 0.65944 | 0.659938 | 0.659815 | 0.629817
AIC -3.909692 | -3.907993 | -3.903984 | -3.907279 | -3.904009 | -3.901794 | -3.928322 | -3.925366 | -3.920948 | -3.924738 | -3.941201 | -3.917299 | -3.921763 | -3.918495 | -3.959801
SBC -3.804647 | -3.885395 | -3.873814 | -3.892254 | -3.881472 | -3.871744 | -3.905754 | -3.895276 | -3.883335 |-3.8946 | -3.903488 | -3.872044 | -3.884101 | -3.873301 | -3.907003
konst. stat.noz. né né né né né né ja ja ja ja né ja ja ja ja
koef. Stat.noz. né né né né né né ja né né né né né né né ja
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Novertéto GARCH(p,q) modelu apkopojums IBM datiem (01.01.2002 — 25.02.2013)*

ARCH 1 1 1 2 0 2
GARCH 0 1 2 1 1 2
Vidéjas vertibas vienadojums ARMA(3,3)

c 0.002623 0.002514 0.0026 0.002481 0.00242 0.002494

(p value) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
a, -0.226267 1.08519 0.063123 -0.790768 -0.22127 0.073078

(p value) (0.0105) (0.0000) (0.3302) (0.0000) (0.0000) (0.1959)
q 0.286342 -0.918618 -0.037745 0.771036 0.173883 0.205261

(p value) (0.0003) (0.0000) (0.4984) (0.0000) (0.0000) (0.0000)
a, 0.874693 0.743401 0.912439 0.929084 0.957503 0.666352

(p value) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
m, 0.162619 -1.15979 -0.097972 0.770703 0.185254 -0.13289

(p value) (0.1111) (0.0000) (0.1183) (0.0000) (0.0000) (0.0029)
m, -0.303708 0.917271 0.036096 -0.819931 -0.189509 -0.222589

(p value) (0.0005) (0.0000) (0.5181) (0.0000) (0.0000) (0.0000)
m, -0.858853 -0.790485 -0.938041 -0.950586 -0.995417 -0.644448

(p value) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)

Nosacitas dispersijas vienadojums

w 0.000787 4.83E-05 7.71E-05 4.44E-05 0.000471 5.09E-05

(p value) (0.0000) (0.0014) (0.0000) (0.0054) (0.9693) (0.0016)
a, 0.311554 0.093079 0.152959 0.189175 0.229135

(p value) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
a, -0.105553 -0.105963

p value (0.0198) (0.0236)
B, 0.8593 0.132487 0.876805 0.580413 0.323053

(p value) (0.0000) (0.2373) (0.0000) (0.9575) (0.0087)
B, 0.643799 0.511272

(p value) (0.0000) (0.0000)
R? 0.020744 0.053858 0.028847 0.027457 0.039109 0.019569
adj. R? 0.010454 0.043916 0.018642 0.017237 0.029012 0.009267
SSR 0.660343 0.638013 0.654879 0.655816 0.647959 0.661135
AIC -4.023208 -4.122991 -4.103316 -4.099543 -3.92454 -4.101763
SBC -3.955325 -4.047566 -4,020348 -4.016576 -3.856657 -4.011253
Durbin-Watson| 1.978943 2.029844 2.029157 2.058051 2.016142 1.985819
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Novértéto TGARCH(p,q) modelu apkopojums IBM datiem (01.01.2002 — 25.02.2013)*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
TRESHOLD 1 1 1 1 2 2 2 2
Vidéjas vertibas vienadojums ARMA(3,3
c 0.001617 | 0.001881 | 0.001577 | 0.001463 | 0.001547 | 0.001746 | 0.001562 | 0.001871
(p value) (0.1433) | (0.0681) | (0.1556) | (0.2001) | (0.1605) | (0.1251) | (0.1565) | (0.0959)
a 1.644269 | 0.179536 | 0.136118 | -0.104763 | 0.002334 | 0.128728 | 0.041573 | 0.21342
(p value) (0.0000) | (0.0000) | (0.4740) | (0.8701) | (0.9499) | (0.3629) | (0.8089) | (0.0291)
q -1.384847 | -0.523853 | -0.509082 | -0.132507 | -0.620607 | -0.549199 | -0.599853 | -0.497074
(p value) (0.0000) | (0.0000) | (0.0000) | (0.7347) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
a, 0.303793 | 0.744711 | 0.617808 | 0.446149 | 0.57752 | 0.700905 | 0.617706 | 0.782513
(p value) (0.0000) | (0.0000) | (0.0001) | (0.1776) | (0.0228) | (0.0000) | (0.0002) | (0.0000)
m, -1.684418 | -0.214622 | -0.179201 | 0.064912 | -0.030152 | -0.16245 | -0.068105 | -0.240787
(p value) (0.0000) | (0.0000) | (0.3447) | (0.9212) [ (0.0000) | (0.2391) | (0.6939) | (0.0101)
m, 1.444328 | 0.5232 | 0.511309 | 0.123973 | 0.627444 | 0.556477 | 0.610148 | 0.509995
(p value) (0.0000) | (0.0000) | (0.0000) | (0.7588) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
m, -0.354337 | -0.794355 | -0.614932 | -0.436979 | -0.614261 | -0.741998 | -0.648365 | -0.820318
(p value) (0.0000) | (0.0000) | (0.0001) | (0.2044) | (0.0000) | (0.0000) | (0.0001) | (0.0000)
Nosacitas dispersijas vienadojums
(&) 7.17E-05 | 9.66E-05 | 7.65E-05 | 9.07E-05 | 8.19E-05 | 6.98E-06 | 7.22E-05 | 6.11E-06
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0001) | (0.3141) | (0.0001) | (0.2350)
a, -0.030161 | -0.020355 | -0.01132 | -0.011113 | -0.030357 | 0.001248 | -0.029308 | -0.044676
(p value) (0.1198) | (0.5170) | (0.8213) | (0.8022) | (0.1383) | (0.8460) | (0.5329) | (0.0411)
a, -0.032689 | -0.035332 -0.005142 | 0.046964
p value (0.4301) | (0.2133) (0.9055) | (0.0382)
B, 0.815442 | 0.511527 | 0.816949 | 0.477925 | 0.796425 | 1.596358 | 0.819448 | 1.64789
(p value) (0.0000) | (0.0044) | (0.0000) | (0.0012) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
B, 0.244387 0.301922 -0.618231 -0.667461
(p value) (0.1259) (0.0219) (0.0000) (0.0000)
Y. 0.315061 | 0.35033 | 0.322932 | 0.375553 | 0.344412 | 0.360995 | 0.387276 | 0.374246
(p value) (0.0000) | (0.0000) | ((0.0000)) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
Y, -0.015367 | -0.332367 | -0.079768 | -0.351002
p value (0.8457) | (0.0000) | (0.3750) | (0.0000)
R? 0.022249 | 0.043613 | 0.016516 | 0.003577 | 0.04118 | 0.042307 | 0.040203 | 0.044896
adj. R? 0.011975 | 0.033563 | 0.006181 | -0.006894 | 0.031105 | 0.032243 | 0.030118 | 0.03486
SSR 0.659328 | 0.644922 | 0.663194 | 0.67192 | 0.646562 | 0.645803 | 0.647221 | 0.644057
AIC -4.144567 | -4.157311 | -4.142946 | -4.129289 | -4.159537 | -4.163204 | -4.157766 | -4.166363
SBC -4.0616 | -4.066801 | -4.052436 | -4.031236 | -4.069026 | -4.065151 | -4.059713 | -4.060768
Durbin-Watson | 2.014259 | 1.97865 | 1.972837 | 1.988493 | 1.987647 | 1.979851 | 1.992052 | 1.996092
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Novértéeto EGARCH(p,q) modelu apkopojums IBM datiem (01.01.2002 — 25.02.2013)*

ARCH 1 1 2 2 1 1 2 2

GARCH 1 2 1 2 1 2 1 2

Asimetrijas karta 1 1 1 1 2 2 2 2

Vidgjas vértibas vienadojums ARMA(3,3)
c 0.002211 | 0.00254 | 0.002358 | 2.40E-03 | 0.002438 | 0.002684 | 9.57E-04 | 2.18E-03
(p value) (0.0000) (0.0000) (0.0016) | (0.0001) | (0.0000) | (0.0000) | (0.4280) | (0.0010)
a, 0.604809 | 0.611698 | 0.486552 | 0.775546 | 0.146958 | -0.18496 | 1.595544 | 0.839449
(p value) (0.0000) (0.0000) (0.0029) | (0.0000) | (0.0019) | (0.0646) | (0.0000) | (0.0000)
a, 0.325221 | 0.030943 | 0.189852 | 0.333858 | 0.798738 | 0.258304 | -0.65205 | 0.093455
(p value) (0.0000) (0.5444) (0.2153) | (0.1618) | (0.0000) | (0.0051) | (0.0000) | (0.1180)
a, 0.053886 | 0.33629 | 0.302088 | -0.122626 | 0.032312 | 0.892992 | -0.164167 | 0.054078
(p value) (0.2540) (0.0000) (0.0000) | (0.5591) | (0.4956) | (0.0000) | (0.0004) | (0.2281)
m, -0.654176 | -0.667141 |-0.538946 | -0.815657 | -0.210823 | 0.147114 | -1.659062 | -0.866663
(p value) (0.0000) (0.0000) (0.0005) | (0.0000) | (0.0000) | (0.1972) | (0.0000) | (0.0000)
m, -0.329136 | 0.001646 | -0.17269 |-0.300745 [ -0.795211 | -0.271307 | 0.734924 | -0.08377
(p value) (0.0000) (0.0000) (0.2594) | (0.1999) | (0.0000) | (0.0073) | (0.0000) | (0.0000)
m, -0.014094 | -0.331723 |-0.283862 | 0.120143 | 0.008025 | -0.875745 | 0.142758 | -0.046085
(p value) 0.0985 0.0000 0.0000 0.5622 0.0000 0.0000 0.0000 0.0000
Nosacitas dispersijas vienadojums

® -0.810608 | -6.94E-01 |-0.589689 | -0.641884 | -5.30E-01 | -9.60E-01 | -4.05E-01 | -1.17E+00
(p value) (0.0000) (0.0000) (0.0001) | (0.0002) | (0.0006) | (0.0000) | (0.0000) | (0.0001)
o, 0.19932 | 0.237615 | 0.270343 | 0.294864 | 0.15289 | 0.283861 | 0.242914 | 0.217044
(p value) (0.0002) (0.0001) (0.0001) | (0.0003) | (0.0019) | (0.0001) | (0.0023) | (0.0006)
a, -0.114664 | -0.086262 -0.11777 | 0.078395
p value (0.1114) | (0.3053) (0.1401) | (0.3174)
B, 0.906171 | 0.401166 | 0.932917 | 0.46799 | 0.941595 | 0.236117 | 0.955566 | 0.068987
(p value) (0.0000) (0.0001) (0.0000) | (0.0001) | (0.0000) | (0.1416) | (0.0000) | (0.5105)
B, 0.526326 0.463319 0.657983 0.796703
(p value) (0.0000) (0.0001) (0.0000) (0.0000)
A -0.211618 | -0.232867 | -0.187371 | -0.233909 | -0.229276 | -0.199403 | -0.259194 | -0.165232
(p value) (0.0000) (0.0000) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0002)
Y, 0.072279 |-0.111551 | 0.113545 | -0.198937
p value (0.2004) | (0.0501) | (0.0676) | (0.0000)
R? 0.010521 | 0.014531 | 0.012963 | 0.013485 | 0.01369 | 0.016347 | 0.022351 | 0.010892
adj. R? 0.000124 | 0.004176 | 0.002591 | 0.003119 | 0.003326 | 0.006011 | 0.012078 | 0.000498
SSR 0.667237 | 0.664532 | 0.66559 | 0.665238 | 0.6651 | 0.663308 | 0.659259 | 0.666987
AlC -4.133166 | -4.141066 |-4.135113 | -4.13865 | -4.131748 | -4.143081 | -4.144516 | -4.129152
SBC -4.050198 | -4.050556 | -4.044603 | -4.040597 | -4.041237 | -4.045029 | -4.046464 | -4.023557
Durbin-Watson | 1.987725 | 1.980132 | 1.984303 | 2.007499 | 1.959996 | 2.017291 | 1.975818 | 2.030497

GARCH(p,q) modelu parauga prognozéSanas apkopojums, IBM*
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ARCH

1

1

2

0

2

GARCH

0

2

1

1

2

RMSE

0.034041

0.033944

0.033947

0.034018

0.034045

MAE

0.023856

0.023794

0.023802

0.023908

0.023865

MAPE

130.5064

130.265

129.84

137.1545

128.5918

TIC

0.907439

0.88485

0.893185

0.889768

0.915531
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GARCH(p,q) modelu arpus parauga prognozésanas apkopojums, IBM*

ARCH

1

1

1

2

0

2

GARCH

0

1

2

1

1

2

RMSE

0.026063

0.026137

0.02609

0.026192

0.026054

0.026122

MAE

0.018724

0.018696

0.018684

0.018827

0.018779

0.018688

MAPE

113.2893

112.6879 | 113.

0383

109.5105

116.9925

112.4956

TIC

0.922582

0.919858

0.922307

0.932639

0.898523

0.920157
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TGARCH(p,q) modelu parauga prognozésSanas apkopojums, IBM*

ARCH 1 1 2 2 1 2 2

GARCH 1 2 1 2 1 1 2

TRESHOLD 1 1 1 1 2 2 2
RMSE 0.033787 | 0.033653 | 0.03385 | 0.034118 | 0.033698 | 0.033695 | 0.033653
MAE 0.023646 | 0.023663 | 0.023817 | 0.023968 | 0.023724 | 0.02372 | 0.023676
MAPE 119.029 127.5 | 118.3859 | 116.78 | 124.8143 | 125.3043 | 128.5593
TIC 0.85503 | 0.845902 | 0.901028 [ 0.950914 | 0.848482 | 0.848562 | 0.839691
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TGARCH(p,q) modelu arpus parauga prognozésSanas apkopojums, IBM*
ARCH 1 1 2 2 1 2 2
GARCH 1 2 1 2 1 1 2

TRESHOLD 1 1 1 1 2 2 2
RMSE 0.026037 | 0.025884 | 0.025878 | 0.025969 | 0.02582 | 0.025718 | 0.0258
MAE 0.018728 | 0.018578 | 0.018669 | 0.018648 | 0.018555 | 0.018549 | 0.01857
MAPE 109.5638 | 111.3111 | 107.7551 | 104.7418 | 110.0811 | 115.1129 | 115.2996
TIC 0.942869 | 0.891444 | 0.939735 | 0.95147 | 0.892089 | 0.881909 | 0.875766
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EGARCH(p,q) modelu parauga prognozéSanas apkopojums, IBM*

ARCH 1 1 2 2 1 1 2 2

GARCH 1 2 1 2 1 2 1 2

Asimetrijas karta 1 1 1 1 2 2 2 2
RMSE 0.034081 | 0.034066 | 0.034071 | 0.034061 | 0.034063 | 0.034074 | 0.034119 | 0.034081
MAE 0.023934 | 0.023903 | 0.023905 | 0.023904 | 0.023902 | 0.023908 | 0.023916 | 0.02393
MAPE 121.4287 | 125.5467 | 122.7334 | 123.6069 | 124.4699 | 125.8344 | 110.4324 | 120.1519
TIC 0.944896 | 0.93186 | 0.935984 | 0.935184 | 0.932589 | 0.927927 | 0.933537 | 0.945089

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

EGARCH(p,q) modelu arpus parauga prognozéSanas apkopojums, IBM*
ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2

Asimetrijas karta 1 1 1 1 2 2 2 2
RMSE 0.026006 | 0.026084 | 0.026018 | 0.026042 | 0.026096 | 0.026058 | 0.026019 | 0.025984
MAE 0.018681 | 0.018693 | 0.018684 | 0.018685 | 0.018693 [ 0.01871 | 0.018583 | 0.018674
MAPE 107.1032 [ 111.1364 | 107.9797 | 109.1567 | 111.4064 | 111.8863 | 103.7348 | 106.1236
TIC 0.94442710.927401 | 0.940894 | 0.935662 | 0.925845 | 0.924981 | 0.947281 | 0.948442
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8. pielikums. Xerox tabulas

Noverteto ARMA(p,q) mode]u tabula Xerox datiem (01.01.2002 — 25.02.2013)*

AR(p) 1 2 3 0 0 0 1 1 1 2 3 3 2 2 3
MA(q) 0 0 0 1 2 3 1 2 3 1 1 2 2 3 3
c -0.000116 | -2.949641 | -0.00035 | -0.00012 |-0.000115 | -0.000129 | -0.000111 | -0.000115 | -0.000253 | -0.000216 | -0.00034 |-0.000362 | -0.000264 | -0.000225 | -0.000241
(p value) (0.9573) | (0.9455) | (0.8740) | (0.9560) | (0.9604) | (0.9532) | (0.9600) | (0.9602) | (0.8997) | (0.9255) | (0.8788) | (0.8688) | (0.9086) | (0.9167) | (0.9138)
a, -0.047088 | -0.044401 | -0.043743 -0.776275 | -0.340014 | 0.686193 | 0.152688 | -0.12546 | -0.359557 | -0.296499 | 0.545156 | -0.11937
(p value) (0.2575) | (0.2862) | (0.2928) (0.0004) | (0.5280) | (0.0555) | (0.8067) | (0.7669) | (0.0000) | (0.0000) | (0.0133) | (0.6765)
a, 0.056326 | 0.054572 0.054604 | 0.051077 | -0.908339 | -0.883863 | -0.658369 | -0.337933
(p value) (0.1762) | (0.1892) (0.2541) | (0.2653) | (0.0000) | (0.0000) | (0.0002) | (0.1117)
az -0.040994 -0.033666 | -0.043771 -0.44221
(p value) (0.3247) (0.4882) | (0.2865) (0.0559)
m, -0.042469 | -0.039313 | -0.044568 | 0.729478 | 0.298386 | -0.729941 | -0.198331 | 0.082318 | 0.31426 | 0.29277 |-0.590258 | 0.077979
(p value) (0.3068) | (0.3442) | (0.2842) | (0.0021) | (0.5794) | (0.0417) | (0.7511) | (0.8465) | (0.0000) | (0.0000) | (0.0081) | (0.7923)
m, 0.057504 | 0.061149 0.051254 | 0.086386 0.950949 | 0.943041 | 0.717227 | 0.393797
(p value) (0.1667) | (0.1416) (0.3363) | (0.1067) (0.0000) | (0.0000) | (0.0001) | (0.0667)
m, -0.051045 -0.081538 -0.071473 | 0.391506
(p value) (0.2201) (0.0502) (0.0936) | (0.1108)
R? 0.002217 | 0.005381 | 0.007272 | 0.001996 | 0.005121 | 0.007613 | 0.006794 | 0.006323 | 0.009026 | 0.005339 | 0.007378 | 0.042508 | 0.045654 | 0.020434 | 0.017334
adj. R? 0.000491 | 0.001928 | 0.002084 | 0.000272 | 0.001678 | 0.002453 | 0.003351 | 0.001147 | 0.002132 | 0.000149 | 0.000449 | 0.034138 | 0.039003 | 0.011886 | 0.007008
SSR 1.739449 | 1.733305 | 1.717231 [ 1.73984 | 1.734392 | 1.730048 | 173147 | 1.732292 | 1.72758 | 1.73338 | 1.717047 | 1.65628 | 1.663123 | 1.707073 | 1.699825
AIC -2.964686 | -2.963032 | -2.967143 | -2.966196 | -2.96589 | -2.964955 | -2.965835 | -2.961913 | -2.961188 | -2.959535 | -2.96379 |-2.996362 | -2.997457 | -2.96792 | -2.96695
SBC -2.949641 | -2.940435 | -2.936973 | -2.951171 | -2.943352 | -2.934905 | -2.943268 | -2.931823 | -2.923576 | -2.9294 | -2.926077 | -2.951106 | -2.959795 | -2.922725 | -2.914152
konst. stat.noz. ng né né né ng né né ng né né né né né né né
koef. Stat.noz. né né ne né né né ja né ne ng ne né ja né né
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Noverteto GARCH(p,q) mode]u apkopojums Xerox datiem (01.01.2002 — 25.02.2013)*

ARCH 1 1 1 2 0 2
GARCH 0 1 2 1 1 2
Vidéjas vertibas vienadojums ARMA(2,2)

c 0.002688 0.001394 0.00063 0.001262 -7.71E-07 0.00111

(p value) (0.1256) (0.3982) (0.6446) (0.4929) (0.9997) (0.5387)
a 0.795697 1.671068 1.382433 -0.256375 -0.305011 1.600941

(p value) (0.0000) (0.0000) (0.0000) (0.6918) (0.0000) (0.0000)
a, -0.942843 -0.952785 -0.44274 -0.065086 -0.868789 -0.956144

(p value) (0.0000) (0.0000) (0.0000) (0.9324) (0.0000) (0.0000)
m, -0.820376 -1.707063 -1.354328 0.266209 0.299511 -1.633315

(p value) (0.0000) (0.0000) (0.0000) (0.6745) (0.0000) (0.0000)
n; 0.978943 0.992859 0.399741 0.107558 0.935101 0.995759

(p value) (0.0000) (0.0000) (0.0000) (0.8887) (0.0000) (0.0000)

Nosacitas dispersijas vienadojums

« 0.001392 8.81E-05 0.000348 3.65E-05 0.005527 1.24E-05

(p value) (0.0000) (0.0000) (0.0000) (0.0010) (0.0000) (0.0619)
a, 0.595387 0.115229 0.303825 0.274404 0.276835

(p value) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
a, 0.274404 -0.259678

p value (0.0000) (0.0000)
B, 0.846339 -0.052745 0.93564 -0.952824 1.305223

(p value) (0.0000) (0.0518) (0.0000) (0.0000) (0.0000)
B, 0.609124 -0.329457

(p value) (0.0000) (0.0183)
R? 0.013847 0.037774 -0.001379 0.0029 0.045102 0.031028
adj. R? 0.006975 0.031069 -0.008357 -0.004049 0.038447 0.024275
SSR 1.718552 1.676855 1.745086 1.73763 1.664085 1.688612
AIC -3.235397 -3.32627 -3.3302 -3.318523 -2.999489 -3.346569
SBC -3.182669 -3.26601 -3.262407 -3.250731 -2.946762 -3.271244
Durbin-Watson| 2.042769 2.084619 2.152022 2.102243 2.077625 2.071768
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Novértéto TGARCH(p,q) modelu apkopojums Xerox datiem (01.01.2002 — 25.02.2013)*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
TRESHOLD 1 1 1 1 2 2 2 2
Vidéejas vértibas vienadojums ARMA(2,2
c -1.04E-05 | 6.39E-05 | 0.001343 | 0.000146 | -0.000263 |-0.000127 | 0.000135 | -0.000125
(p value) (0.9952) | (0.9700) | (0.4419) | (0.9301) | (0.8839) | (0.9345) | (0.9389) | (0.9454)
a 1.056917 | 0.669501 | -0.982575 | 0.659253 | -1.080625 | 0.027762 | 1.054075 | -1.080994
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
L -0.9691 | -0.67046 | -0.90682 | -0.674173 | -0.947237 | -0.979066 | -0.973822 | -0.953975
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
m, -1.05073 | -0.63669 | 1.000512 | -0.630314 | 1.104059 | -0.016606 | -1.05313 | 1.10353
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
m, 0.989975 | 0.690887 | 0.947655 | 0.692394 | 0.988121 | 0.994803 | 0.99369 | 0.989497
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
Nosacitas dispersijas vienadojums
® 8.93E-05 | 2.56E-04 | 5.66E-05 | 0.00026 | 2.58E-05 | 3.31E-04 | 4.64E-05 | 1.22E-05
(p value) (0.0000) | (0.0000) | (0.0005) | (0.0000) | (0.0000) | (0.0000) [ (0.0007) | (0.0164)
a, 0.034871 | 0.157656 | 0.256294 | 0.169788 | 0.002284 | 0.154989 | 0.117585 | 0.074141
(p value) (0.0924) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0008) | (0.1305)
a, -0.224212 | 0.017228 -0.105827 | -0.072039
p value (0.0000) | (0.5469) (0.0087) | (0.1473)
B, 0.851614 | -0.040935| 0.91785 [ -0.051433 | 0.951087 | -0.09603 | 0.925625 | 1.327938
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0900) | ((0.0000)) | (0.0015) | (0.0000) | (0.0000)
B, 0.675143 0.662394 0.633444 -0.350652
(p value) (0.0000) (0.0000) (0.0000) (0.0328)
\A 0.144663 | 0.244857 | 0.037777 | 0.237054 | 0.374957 | 0.262709 | 0.302178 | 0.308602
(p value) (0.0001) | (0.0033) | (0.0802) | (0.0066) | (0.0002) | (0.0006) | (0.0052) | (0.0045)
Y, -0.318355 | 0.097555 | -0.227686 | -0.284537
p value (0.0009) | (0.0986) | (0.0194) | (0.0065)
R? 0.012177 | 0.012235 | 0.010971 | 0.013032 | 0.034509 | 0.020615 | 0.01418 | 0.032191
adj. R? 0.005293 | 0.005352 | 0.004078 | 0.006154 | 0.027781 | 0.01379 | 0.00731 | 0.025447
SSR 1721463 | 1.72136 | 1.723565 | 1.719973 | 1.682545 | 1.706757 | 1.717972 | 1.686584
AIC -3.336259 | -3.363399 | -3.323542 | -3.360869 | -3.351183 | -3.365125 | -3.348255 | -3.356019
SBC -3.268467 | -3.288075 | -3.248218 | -3.278012 | -3.275858 | -3.282268 | -3.265398 | -3.26563
Durbin-Watson | 2.113091 | 2.162545 | 2.094107 | 2.155917 | 2.094027 | 2.111167 | 2.105417 | 2.09503
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Novértéto EGARCH(p,q) modelu apkopojums Xerox datiem (01.01.2002 — 25.02.2013)*

ARCH 1 1 2 2 1 1 2 2

GARCH 1 2 1 2 1 2 1 2

Asimetrijas karta 1 1 1 1 2 2 2 2

Vidéjas vértibas vienadojums ARMA(2,2)
c -0.000625 | -0.000555 | 0.000135 | -4.21E-04 | -0.000192 | -5.85E-05 | -3.48E-04 | 1.45E-04
(p value) (0.7293) | (0.7504) | (0.9395) | (0.8156) | (0.9127) | (0.9726) | (0.8318) | (0.9096)
a 1.056219 | 1.052046 | 0.461278 | 0.492516 | 0.45813 | 1.050938 | 1.059449 | 1.055191
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
a, -0.969075 | -0.970731 | -0.96502 | -0.986006 | -0.962608 | -0.973422 | -0.970699 | -0.971564
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
m, -1.052006 | -1.052685 | -0.467604 | -0.489136 | -0.463317 | -1.052283 | -1.052198 | -1.052453
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
m; 0.990923 | 0.992997 | 0.981422 | 0.9968 | 0.977266 | 0.992578 | 0.988059 | 0.992213
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
Nosacitas dispersijas vienadojums

® -0.279203 | -4.54E-01 |-0.227427 |-0.392044 | -2.44E-01 | -4.82E-01 | -2.39E-01 | -5.60E-01
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
a, 0.132727 | 0.222436 | 0.239081 | 0.255557 | 0.135702 | 0.192219 | 0.209324 | 0.183024
(p value) (0.0000) | (0.0000) | (0.0001) | (0.0000) | (0.0000) | (0.0000) | (0.0007) | (0.0000)
a, -0.12456 | -0.06559 -0.091554 | 0.073031
p value (0.0857) | (0.2657) (0.2089) | (0.0181)
B, -0.131928 | 0.333049 | 0.977766 | 0.326841 | 0.977584 | 0.646086 | 0.976301 | -0.018474
(p value) (0.0000) | (0.0214) | (0.0000) | (0.0067) | (0.0000) | (0.0662) | (0.0000) | (0.1045)
B, 0.621591 0.633976 0.297149 0.962781
(p value) (0.0000) (0.0000) (0.0000) (0.0000)
Y, 0.971506 | -0.201381 |-0.106366 |-0.175854 | -0.236828 | -0.176677 | -0.213927 | -0.17474
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
Y, 0.122464 | 0.052857 | 0.092657 | -0.099982
p value (0.0003) | (0.0054) | (0.0142) | (0.0000)
R? 0.011978 | 0.013668 | 0.010499 | 0.011579 | 0.012246 | 0.015218 | 0.013044 | 0.013276
adj. R? 0.005093 | 0.006795 | 0.003603 | 0.004691 | 0.005363 | 0.008356 | 0.006167 | 0.0064
SSR 172181 | 1718864 | 1.724387 | 1.722505 | 1.721342 | 1.716162 | 1.719951 | 1719547
AIC -3.356547 | -3.362178 |-3.340686 | -3.340587 | -3.34473 | -3.369034 | -3.356232 | -3.39658
SBC -3.288754 | -3.286853 | -3.265362 | -3.257729 | -3.269405 | -3.286177 | -3.273375 | -3.30619
Durbin-Watson | 2.108724 | 2.101458 | 2.083199 | 2.102043 | 2.086956 | 2.102536 | 2.116555 | 2.107657

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

GARCH(p,q) modelu parauga prognozésanas apkopojums, Xerox*
ARCH 1 1 1 2 0 2
GARCH 0 1 2 1 1 2
RMSE 0.0545 | 0.054333 | 0.054839 [ 0.054869 | 0.054163 | 0.054442
MAE 0.035873 | 0.036057 | 0.036208 | 0.036242 | 0.035892 | 0.03618
MAPE |110.0057|109.6132| 98.9311 | 100.225 | 103.3165 | 109.3217

TIC 0.873368 [ 0.850278 [ 0.973152 | 0.977394 | 0.857397 | 0.890207

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

104




GARCH(p,q) modelu arpus parauga prognozésSanas apkopojums, Xerox*
2 0 2

ARCH 1 1 1

GARCH 0 1 2 1 1 2
RMSE |0.030867| 0.031077 | 0.031091 | 0.030902 | 0.031204 | 0.030919
MAE 0.023832( 0.024161 [ 0.02423 | 0.024012 | 0.024423 | 0.024071
MAPE |98.71126]96.42501 | 98.39068 | 97.64591 | 99.41668 | 106.6824
TIC 0.898498 [ 0.899145 | 0.976371 | 0.954384 | 0.982949 | 0.869948

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

TGARCH(p,q) modelu parauga prognozésSanas apkopojums, Xerox*

ARCH 1 1 2 2 1 1 2 2

GARCH 1 2 1 2 1 2 1 2

TRESHOLD 1 1 1 1 2 2 2 2
RMSE  [0.054564|0.054473 | 0.054743 | 0.05447 | 0.054553 | 0.054652 | 0.054601 | 0.054544
MAE 0.03631 | 0.035941 | 0.036232 | 0.035933 | 0.036262 | 0.036338 | 0.036305 | 0.036234
MAPE  |107.4502[98.90596 | 106.2634 | 98.84/74 | 107.2203 | 115.3067 | 107.4827 | 106.8162
TIC 0.899613 | 0.914988 | 0.907603 | 0.914488 | 0.898118 | 0.896952 | 0.901337 | 0.903551

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

TGARCH(p,q) modelu arpus parauga prognozésSanas apkopojums, Xerox*
ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2

TRESHOLD| 1 1 1 1 2 2 2 2
RMSE |0.031041| 0.031067 | 0.030958 | 0.031056 | 0.031159 | 0.031081 [ 0.030957 | 0.031104
MAE 0.024275| 0.024264 | 0.024083 | 0.024246 | 0.02434 | 0.02424 | 0.024223 | 0.024277
MAPE | 97.20321 98.07729 | 99.69576 | 98.03605 | 97.33006 | 95.36003 | 96.34851 | 97.48931
TIC 0.961035| 0.99084 | 0.936679 | 0.990142 | 0.985329 | 0.950441 | 0.945066 | 0.983738

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

EGARCH(p,q) modelu parauga prognozéSanas apkopojums, Xerox*
ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2
RMSE 0.0546 | 0.0546 | 0.0546 [ 0.0547 | 0.0546 | 0.0546 | 0.0546 | 0.0546
MAE 0.0363 | 0.0363 [ 0.0363 | 0.0364 | 0.0363 | 0.0363 | 0.0363 | 0.0363
MAPE 107.2238| 106.3063 | 108.4323 | 110.8216 | 109.1119 | 106.0573 | 107.4117 | 107.3920
TIC 0.8994 | 0.9006 | 0.9123 0.9336 | 0.9066 | 0.9051 | 0.9040 | 0.9008

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

EGARCH(p,q) modelu arpus parauga prognozésSanas apkopojums, Xerox*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2
RMSE 0.031142| 0.0311 | 0.031186 | 0.030868 | 0.031177 | 0.031031 | 0.031159 | 0.030975
MAE 0.024428 0.024408 | 0.024391 |0.023965 | 0.024388 | 0.024286 | 0.024409 | 0.024226
MAPE 98.50736| 98.05713 [ 99.89216 | 96.76047 | 98.80938 | 96.75131 | 99.76263 | 96.56062
TIC 0.95039 | 0.950105 | 0.975793 | 0.909982 | 0.976664 | 0.962485 | 0.950438 | 0.948844
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9. pielikums. Computer Science Corporation tabulas

Noverteéto ARMA(p,q) mode]u tabula Computer Science Corporation datiem (01.01.2002 — 25.02.2013)*

AR(p) 1 2 3 0 0 0 1 1 1 2 3 3 2 2 3
MA(q) 0 0 0 1 2 3 1 2 3 1 1 2 2 3 3
c 0.000237 | 0.00026 | 0.00017 | 2.32E-05 | 2.13E-05 | 2.26E-05 | 0.00025 | 0.000246 | 0.000254 | 0.000238 | 5.93E-05 | 4.95E-05 | 0.000208 | 0.000185 | 0.000222
(p value) (0.9079) | (0.8998) | (0.9337) | (0.9910) | (0.9918) | (0.9912) | (0.9032) | (0.9054) | (0.9005) | (0.9072) | (0.9749) | (0.9253) | (0.9152) | (0.9295) | (0.9149)
a 0.039422 | 0.038183 | 0.03869 0.095144 | 0.07622 | 0.129018 | -0.741422 | 0.721296 | 0.241547 | 0.680983 | -0.266331 | 0.9203
(p value) (0.3408) | (0.3598) | (0.3539) (0.8028) | (0.8509) | (0.7501) | (0.0236) | (0.0757) | (0.4758) | (0.0000) | (0.0000) | (0.2599)
a, 0.004465 | 0.009313 0.024476 | -0.016823 | 0.754992 | -0.981017 | -0.94303 | -1.108656
(p value) (0.9143) | (0.8235) (0.5861) | (0.7560) | (0.0312) | (0.0000) | (0.0000) | (0.0530)
a -0.016772 -0.037121 | -0.039799 0.211099
(p value) (0.6865) (0.3977) | (0.3875) (0.7863)
m, 0.039728 | 0.04025 | 0.03896 |-0.056319 | -0.03761 |-0.092015 | 0.782051 | -0.68492 |-0.209213 | -0.687774 | 0.309677 | -0.88865
(p value) (0.3391) | (0.3336) | (0.3497) | (0.8834) | (0.9265) | (0.8212) | (0.0167) | (0.0907) | (0.5352) | (0.0000) | (0.0000) | (0.2809)
m, 0.008124 | 0.006882 0.008221 | 0.005742 -0.786913 | 0.994609 | 1.008512 | 1.095819
(p value) (0.8452) | (0.8689) (0.8538) | (0.8975) (0.0201) | (0.0000) | (0.0000) | (0.0617)
(it -0.013016 -0.018287 0.061104 | -0.170758
(p value) (0.7548) (0.6628) (0.1607) | (0.8307)
R? 0.00157 | 0.001492 | 0.001878 | 0.001567 | 0.001625 | 0.001784 | 0.00164 | 0.001693 | 0.001968 | 0.004722 | 0.003706 | 0.013316 | 0.030587 | 0.037516 | 0.025261
adj. R? -0.000158 | -0.001975 | -0.003339 | -0.000157 | -0.00183 |-0.003406 | -0.00182 |-0.003507 | -0.004975 | -0.00047 |-0.003249 | 0.004691 | 0.023831 | 0.029117 | 0.015018
SSR 1.297258 | 1.297087 | 1.294457 | 1.310485 | 1.310408 | 1.3102 | 1.297166 | 1.297098 | 1.29674 | 1.29289 | 1.292086 | 1.279622 | 1.259292 | 1.250291 | 1.264132
AIC -3.258002 | -3.252942 | -3.249765 | -3.249592 | -3.246208 | -3.242924 | -3.254624 | -3.251228 | -3.248056 | -3.252728 | -3.248138 | -3.25437 | -3.275605 | -3.279324 | -3.26309
SBC -3.242957 | -3.230344 | -3.219595 | -3.234567 | -3.22367 |-3.212875 | -3.232057 | -3.221139 | -3.210444 | -3.222598 | -3.210425 | -3.209115 | -3.237943 | -3.234129 | -3.210292
konst. stat.noz. né né né né né né né né né né né né né né né
koef. Stat.noz. né ne né né né né ne né ne né né né ja ne ne
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Noverteéto GARCH(p,q) modelu apkopojums Computer Science Corporation datiem (01.01.2002

—25.02.2013)*
ARCH 1 1 1 2 0 2
GARCH 0 1 2 1 1 2
Vidéjas vértibas vienadojums ARMA(2,2)

c 0.000619 0.000542 0.00079 0.000737 0.000207 0.000738

(p value) (0.7531) (0.7752) (0.6566) (0.6837) (0.9178) (0.6834)
a, -0.546854 -0.233139 0.500649 1.707188 -0.261397 1.707189

(p value) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
a, -0.977338 -0.944607 -0.951629 -0.977766 -0.942537 -0.97779

(p value) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
m, 0.567035 0.235811 -0.50881 -1.723534 0.249138 -1.72352

(p value) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
m, 0.994702 0.993299 0.970717 0.994214 0.993354 0.994205

(p value) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)

Nosacitas dispersijas vienadojums

w 0.001872 5.70E-05 9.89E-05 3.25E-05 0.000962 3.22E-05

(p value) (0.0000) (0.0005) (0.0011) (0.0045) (0.9796) (0.0375)
a, 0.133106 0.053894 0.11791 0.181567 0.181438

(p value) (0.0004) (0.0000) (0.0000) (0.0000) (0.0000)
a, -0.137649 -0.137968

p value (0.0005) (0.0010)
B, 0.919848 0.336038 0.941374 0.556084 0.948958

(p value) (0.0000) (0.1941) (0.0000) (0.9745) (0.0003)
B, 0.505385 -0.00702

(p value) (0.0425) (0.9770)
R? 0.047744 0.031614 0.004197 0.016281 0.034293 0.01628
adj. R? 0.041108 0.024866 -0.002743 0.009426 0.027564 0.009424
SSR 1.237004 1.257957 1.293573 1.277875 1.254477 1.277877
AlC -3.3037 -3.351756 -3.344323 -3.357096 -3.272574 -3.353643
SBC -3.250973 -3.291496 -3.276531 -3.289304 -3.219847 -3.278318
Durbin-Watson| 1.931511 1.922472 1.909141 1.916323 1.892499 1.916343
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Novérteto TGARCH(p,q) modelu apkopojums Computer Science Corporation datiem
(01.01.2002 - 25.02.2013)*
ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
TRESHOLD 1 1 1 1 2 2 2 2
Vidéjas veértibas vienadojums ARMA(2,2
c 0.000198 | 0.000123 | -0.000273 | -0.000249 | 0.000302 | -0.001436 | -0.001225 | -0.000263
(pvalue) | (0.9189) | (0.9491) | (0.6907) | (0.8022) | (0.4469) | (0.0061) | (0.4893) | (0.8518)
& 0.621698 | 0.590718 | 1.924162 | 1.427696 | 0.769312 |-0.210041 | 1.363568 | 1.72004
(pvalue) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
a, -0.860611 | -0.842749 | -0.984755 | -0.560412 | 0.189928 | -0.901479 | -0.958431 | -0.965137
(pvalue) | (0.0000) | (0.0000) | (0.0000) | (0.0004) | (0.0003) | (0.0000) | (0.0000) | (0.0000)
m, -0.604591 | -0.576104 | -1.930388 | -1.403956 | -0.786857 | 0.207297 | -1.348234 | -1.734082
(pvalue) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
m, 0.863553 | 0.847855 | 0.988926 | 0.523122 | -0.210511 | 0.940326 | 0.930201 | 0.978017
(pvalue) | (0.0000) | (0.0000) | (0.0000) | (0.0020) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
Nosacitas dispersijas vienadojums
() 4.89E-05 | 7.81E-05 | 5.51E-06 | 2.95E-06 | 5.85E-05 | -3.45E-07 | -1.35E-06 | 3.53E-06
(p value) (0.0001) | (0.0004) | (0.0000) | (0.3440) | (0.0205) | (0.5803) | (0.0046) | (0.2145)
o -0.001561 | -0.002308 | 0.092401 | 0.091382 | -0.00355 |-0.017853 | 0.000724 | 0.05635
(p value) (0.8557) | (0.8695) | (0.0000) | (0.0000) | (0.7198) | (0.0000) | (0.8843) | (0.2535)
o, -0.135793 | 0.125274 -0.02991 | 0.083153
p value (0.0000) | (0.0000) (0.0000) | (0.1156)
B, 0.940256 | 0.23307 | 1.008501 | 1.066419 | 0.934144 | 1.245509 | 1.005151 | 1.243689
(p value) (0.0000) | (0.2451) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
B, 0.670248 -0.06121 -0.332392 -0.239542
(p value) (0.0006) (0.2170) (0.0000) (0.2927)
Y, 0.069642 | 0.112586 | 0.058711 | 0.049257 | 0.197724 | 0.169544 | 0.179243 | 0.10024
(pvalue) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0002) | (0.0000) | (0.0000) | (0.0966)
Y, -0.131063 | -0.140765 | -0.133972 | -0.062327
p value (0.0165) | (0.0000) | (0.0000) | (0.3204)
R? 0.017053 | 0.016029 | 0.008023 | 0.002636 | 0.004939 | 0.015101 | 0.002569 | 0.020656
adj. R? 0.010203 | 0.009172 | 0.00111 | -0.004315 | -0.001995 | 0.008238 | -0.004382 | 0.013831
SSR 1.276872 | 1.278202 | 1.288603 | 1.295601 | 1.292609 | 1.279408 | 1.295688 | 1.272192
AIC -3.353616 | -3.35625 | -3.419527 | -3.395362 | -3.375504 | -3.380747 | -3.382723 | -3.410563
SBC -3.285824 | -3.280925 | -3.344202 | -3.312505 | -3.30018 | -3.29789 | -3.299865 | -3.320174
Durbin-Watson | 1.965137 | 1.959436 | 1.922859 | 1.971277 | 1.896134 | 1.915111 | 1.951964 | 1.929717

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
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Novértéto EGARCH(p,q) modelu apkopojums Computer Science Corporation datiem
(01.01.2002 - 25.02.2013)*

ARCH 1 1 2 2 1 1 2 2

GARCH 1 2 1 2 1 2 1 2

Asimetrijas karta 1 1 1 1 2 2 2 2

Vidéjas vértibas vienadojums ARMA(2,2)
c -0.000772 | -0.002098 |-0.001621 | -7.41E-05 | -0.002545 | -0.00383 | -2.91E-03 | -3.49E-03
(p value) (0.6684) (0.3042) (0.3883) | (0.9694) | (0.0000) | (0.0000) | (0.1433) | (0.0000)
a -0.542739 | -0.545139 |-1.344155 | -1.286442 | -0.70585 | -0.676462 | 0.098086 | -1.259415
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0005) | (0.0000)
a, -0.973615 | -0.973693 |-0.964256 | -0.94244 | -0.929834 | -0.962315| 0.7326 | -0.961177
(p value) (0.0000) (0.0000) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
m, 0.556894 | 0.567645 | 1.362816 | 1.311975 | 0.697 | 0.677588 | -0.082092 | 1.287774
(p value) (0.0000) (0.0000) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
m, 0.999938 | 0.995634 | 0.993226 | 0.986307 | 0.956825 | 0.995307 | -0.761483 | 0.995583
(p value) (0.0000) (0.0000) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
Nosacitas dispersijas vienadojums

® -0.07759 | -1.58E-01 |-0.078132 | -0.087767 | -5.91E-02 | -6.75E-02 | -9.66E-02 | -9.41E-02
(p value) (0.0036) (0.0005) (0.0226) | (0.0486) | (0.0000) | (0.0000) | (0.0121) | (0.0000)
a, -0.012786 | -0.003379 | 0.24227 | 0.235207 | -0.026098 | -0.064061 | 0.25902 | -0.012179
(p value) (0.2407) (0.8395) (0.0002) | (0.0002) | (0.0001) | (0.0027) | (0.0001) | (0.7139)
a, -0.247105 | -0.235341 -0.25697 | -0.062072
p value (0.0000) | (0.0001) (0.0000) | (0.0057)
B, 0.986394 | 0.12152 | 0.986759 | 1.044792 | 0.987065 | 0.243618 | 0.983994 | 0.103213
(p value) (0.0000) (0.0086) (0.0000) | (0.0000) | (0.0000) | (0.4871) | (0.0000) | (0.0000)
B, 0.852432 -0.05842 0.736223 0.871335
(p value) (0.0000) (0.8116) (0.0345) (0.0000)
\A -0.108709 | -0.167324 |-0.108146 | -0.099893 | -0.046833 | -0.096204 |-0.0448 | -0.11518
(p value) (0.0000) (0.0000) (0.0000) | (0.0002) | (0.1249) | (0.0000) | (0.3195) | (0.0000)
Y, -0.063454 | -0.08976 | -0.057581 | -0.105237
p value (0.0479) | (0.0119) | (0.2668) | (0.0000)
R? 0.047116 | 0.045536 | 0.019172 | 0.021775 | 0.015778 | 0.013296 | -0.005903 | 0.007028
adj. R? 0.040476 | 0.038885 | 0.012337 | 0.014958 | 0.008919 | 0.00642 |-0.012913| 0.000108
SSR 123782 | 1.239872 | 1.274119 | 1.270739 | 1.278529 | 1.281754 | 1.306693 | 1.289896
AIC -3.423495 | -3.408213 |-3.401486 | -3.398257 | -3.405211 | -3.40664 |-3.380741 | -3.410502
SBC -3.355702 | -3.332889 |-3.326161 | -3.315399 | -3.329887 | -3.323783 | -3.297884 | -3.320112
Durbin-Watson | 1.920676 | 1.931469 | 1.923025 | 1.94031 | 1.878009 | 1.893132 | 1.941955 | 1.946523

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

GARCH(p,q) modelu parauga prognozéSanas apkopojums, Computer
Science Corporation *

ARCH 1 1 1 2 0 2

GARCH 0 1 2 1 1 2
RMSE | 0.046544 | 0.047187 0.04717 0.046977 | 0.047145 | 0.046977
MAE 0.03281 0.033189 0.03329 0.033275 | 0.033189 | 0.033276
MAPE | 135.797 103.2509 110.1088 | 119.1058 | 103.7436 | 119.1462
TIC 0.821153 0.92467 0.902881 | 0.874672 | 0.895433 | 0.874681

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
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GARCH(p,q) modelu arpus parauga prognozésanas apkopojums,
Computer Science Corporation *

ARCH 1 1 1 2 0 2
GARCH 0 1 2 1 1 2
RMSE | 0.033307 0.03305 0.033466 | 0.033631 | 0.033055 | 0.033629
MAE [ 0.026108 | 0.025328 0.02612 0.026663 [ 0.02534 | 0.02666
MAPE | 160.3791 [ 116.5339 132.3617 | 168.1153 | 134.8272 | 167.8854
TIC 0.885932 [ 0.895923 0.949867 | 0.859869 | 0.888899 | 0.86005

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

TGARCH(p,q) modelu parauga prognozéSanas apkopojums, Computer
Science Corporation *

ARCH 1 1 2 2 1 2 2
GARCH 1 2 1 2 1 1 2
TRESHOLD 1 1 1 1 2 2 2
RMSE 0.047014 | 0.047045 | 0.047222 | 0.047366 | 0.047373 [ 0.047416 | 0.0469
MAE 0.0332 | 0.033231 | 0.033301 | 0.033262 | 0.033318 | 0.03339 | 0.033077
MAPE 102.5757 | 102.4302 | 118.4851 | 99.22244 | 100.9646 | 106.0302 | 111.2263
TIC 0.874424 | 0.879508 | 0.899135 | 0.948385 | 0.992852 | 0.973151 | 0.863756

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

TGARCH(p,q) modelu arpus parauga prognozésSanas apkopojums,
Computer Science Corporation *

ARCH 1 1 2 2 1 2 2
GARCH 1 2 1 2 1 1 2
TRESHOLD 1 1 1 1 2 2 2
RMSE 0.032926 | 0.032957 | 0.033166 | 0.03305 | 0.03305 | 0.033145 | 0.033241
MAE 0.025555 | 0.025577 | 0.025757 | 0.025647 | 0.025623 | 0.025878 | 0.025803
MAPE 100.6449 | 100.0729 | 116.7283 | 99.70386 | 102.0042 | 102.9463 | 124.9913
TIC 0.984249 | 0.989155 | 0.941468 | 0.978394 | 0.976076 | 0.96031 | 0.9364

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

EGARCH(p,q) modelu parauga prognozéSanas apkopojums, Computer
Science Corporation*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2
RMSE 0.046562 | 0.046598 | 0.047249 | 0.047292 | 0.04708 | 0.047335 [ 0.047512 | 0.047493
MAE 0.032907 | 0.032981 | 0.033408 | 0.033311 | 0.033228 | 0.033579 | 0.033639 |0.0337111
MAPE 132.4372 | 141.0155 | 112.5602 | 100.5851 | 122.758 | 138.7119| 126.1879 | 133.439
TIC 0.815626 | 0.814481 | 0.898775 |[0.945359 | 0.901297 | 0.889796 | 0.939403 | 0.911898

*Darba autores

aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

EGARCH(p,q) modelu arpus parauga prognozésanas apkopojums,
Computer Science Corporation*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2
RMSE 0.033603 | 0.033805 | 0.033407 |0.033187 | 0.033403 | 0.0338 | 0.033523 | 0.033925
MAE 0.025956 [ 0.026575 | 0.026341 [0.025638 | 0.026158 | 0.026465 | 0.026192 | 0.026412
MAPE 121.675 | 164.4186 | 148.7004 |104.26356| 123.9995 | 136.798 | 126.023 | 115.5384
TIC 0.86688 | 0.870755 | 0.893763 | 0.929572 | 0.932025 | 0.91409 |0.926619 | 0.917066

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
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10. pielikums. NCR Corporation tabulas

Novertéto ARMA(p,q) model]u tabula NCR Corporation datiem (01.01.2002 — 25.02.2013)*

AR(p) 1 2 3 0 0 0 1 1 1 2 3 3 2 2 3
MA(q) 0 0 0 1 2 3 1 2 3 1 1 2 2 3 3
c 0.001727 | 0.001748 | 0.001736 | 0.001782 | 0.00178 | 0.001785 | 0.001723 | 0.001754 | 0.001739 | 0.00173 | 0.001746 | 0.001749 | 0.001695 | 0.00174 | 0.001796
(p value) (0.4445) | (0.4573) | (0.4223) | (0.4286) | (0.4511) | (0.4123) | (0.4493) | (0.4521) | (0.4237) | (0.4602) | (0.4425) | (0.4282) | (0.4447) | (0.4390) | (0.4158)
a 0.020817 | 0.020316 | 0.023627 0.158571 | -0.836629 | 0.056163 | -0.749262 | -0.684707 | -0.322322 | -1.837702 | 0.4101 -0.44814
(p value) (0.6168) | (0.6258) | (0.5701) (0.9024) | (0.0000) | (0.9156) | (0.0000) | (0.0012) | (0.6906) | (0.0000) | (0.0000) | (0.0028)
4 0.037365 | 0.038753 0.073931 | 0.052251 | 0.319018 | -0.95755 | -0.95332 | -0.60276
(p value) (0.37) | (0.3518) (0.0945) | (0.3035) | (0.6446) | (0.0000) | (0.0000) | (0.0000)
a, -0.08547 -0.036113 | -0.070344 -0.815248
(p value) (0.0404) (0.4634) | (0.2526) (0.0000)
m, 0.019297 | 0.027071 | 0.022428 | -0.13484 | 0.8681 |-0.033162 | 0.777623 | 0.715402 | 0.352706 | 1.858362 | -0.392786 | (0.433217
(p value) (0.6425) | (0.5150) | (0.5892) | (0.9173) | (0.0000) | (0.9500) | (0.0000) | (0.0006) | (0.6637) | (0.0000) | (0.0000) | (0.0085)
m, 0.04261 | 4.10E-02 0.075543 | 0.039857 -0.282797 | 0.98895 | 0.96989 | 0.648839
(p value) (0.3059) | (0.3239) (0.0000) | (0.3627) (0.6895) | (0.0000) | (0.0000) | (0.0000)
m, -0.076006 -0.078203 0.000175 | 0.796795
(p value) (0.0678) (0.0925) (0.9967) | (0.0000)
R? 0.000434 | 0.00184 | 0.009113 [ 0.000402 | 0.002142 | 0.008461 | 0.000509 | 0.010993 | 0.008357 | 0.010841 | 0.01233 | 0.012638 | 0.030045 | 0.021542 | 0.028851
adj. R? -0.001296 | -0.001626 | 0.003934 | -0.001324 | -0.00131 | 0.003305 [-0.002955| 0.005841 | 0.001458 | 0.00568 | 0.005436 | 0.004007 | 0.023286 | 0.013004 | 0.018646
SSR 1.638043 | 1.63555 | 1.623403 | 1.639028 | 1.636175 | 1.625815 | 1.637919 | 1.620739 | 1.625059 | 1.620801 | 1.618132 | 1.617628 | 1.589333 | 1.603267 | 1.591065
AIC -3.024752 | -3.021083 | -3.023332 | -3.025885 | -3.024185 | -3.027095 | -3.02138 | -3.028475 | -3.022366 | -3.026688 | -3.023124 | -3.019975 | -3.04284 | -3.030657 | -3.033071
SBC -3.009707 | -2.998486 | -2.993162 | -3.01086 | -3.001648 | -2.997045 | -2.998812 | -2.998386 | -2.984754 |-2.9966 | -2.985411 | -2.97472 | -3.005177 | -2.985462 | -2.980274
konst. stat.noz. né né né né né né né né né né né né né né né
koef. Stat.noz. né né né né né né né ja né né né né ja né ja

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7




Noverteto GARCH(p,q) modelu apkopojums NCR Corporation datiem (01.01.2002 —

25.02.2013)*

ARCH 1 1 1 2 0 2
GARCH 0 1 2 1 1 2
Vidéjas vértibas vienadojums ARMA(2,2)

c 0.005781 0.005075 0.004838 0.004995 0.001577 0.005124

(p value) (0.0002) (0.0121) (0.0154) (0.0114) (0.5050) (0.0085)
a 0.054643 -0.434656 -0.837604 -0.83559 -1.880797 -0.854476

(p value) (0.6837) (0.0000) (0.1577) (0.1776) (0.0000) (0.1740)
q 0.665808 0.54322 0.012995 0.011869 -0.938938 -0.006503

(p value) (0.0000) (0.0000) (0.9810) (0.9833) (0.0000) (0.9909)
m, -0.153852 0.447736 0.860902 0.852899 1.899605 0.870117

(p value) (0.2579) (0.0000) (0.1428) (0.1633) (0.0000) (0.1600)
m, -0.64714 -0.505813 0.066268 0.063079 0.969142 0.079998

(p value) (0.0000) (0.0000) (0.8989) (0.9070) (0.0000) (0.8825)

Nosacitas dispersijas vienadojums

w 0.00173 1.60E-04 0.000124 9.35E-05 0.000434 6.45E-05

(p value) (0.0000) (0.0000) (0.0002) (0.0001) (0.5400) (0.1650)
a, 0.53 0.127735 0.120388 0.166045 0.17856

(p value) (0.0000) (0.0000) (0.0004) (0.0000) (0.0000)
a, -0.073241 -0.113971

p value (0.0154) (0.0303)
B, 0.819805 0.690386 0.878226 0.842128 1.12143

(p value) (0.0000) (0.0004) (0.0000) (0.0012) (0.0006)
B, 0.150299 -0.206028

(p value) (0.3839) (0.4470)
R? -0.021972 -0.000076 0.007589 0.007124 0.035249 0.00683
adj. R? -0.029094 -0.007045 0.000673 0.000205 0.028526 -0.000091
SSR 1.674567 1.638689 1.626129 1.626892 1.580807 1.627374

AIC -3.089592 -3.156913 -3.164624 -3.166559 -3.044027 -3.1646
SBC -3.036864 -3.096653 -3.096832 -3.098767 -2.9913 -3.089276
Durbin-Watson| 1.71156 1.968632 1.980009 1.967605 1.924572 1.963842

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
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Novértéto TGARCH(p,q) modelu apkopojums NCR Corporation datiem (01.01.2002 —

25.02.2013)*

ARCH 1 1 2 2 1 1 2 2

GARCH 1 2 1 2 1 2 1 2

TRESHOLD 1 1 1 1 2 2 2 2

Vidéjas vértibas vienadojums ARMA(2,2)
c 0.001883 | 0.001913 | 0.002266 | 0.001919 | 0.002361 | 0.002666 | 0.002325 | 0.002539
(p value) (0.3681) | (0.3588) | (0.2565) | (0.3573) | (0.2450) | (0.1677) | (0.2527) | (0.1917)
a -0.829197 | -0.842324 | -1.882806 | -0.838602 | -0.887056 | -1.87506 | -0.934187 | -1.872261
(p value) (0.1121) | (0.1315) | (0.0000) | (0.1321) | (0.1643) | (0.0000) | (0.1467) | (0.0000)
a, -0.004133 | -0.019367 | -0.937902 | -0.016104 | -0.062337 | -0.93037 | -0.10445 | -0.926297
(p value) (0.9931) | (0.9694) | (0.0000) | (0.9745) | (0.9129) | (0.0000) | (0.8557) | (0.0000)
m, 0.86983 | 0.877912 | 1.902996 | 0.874423 | 0.907466 | 1.894521 | 0.952232 | 1.889814
(p value) (0.0903) | (0.1115) | (0.0000) | (0.1119) | (0.1474) | (0.0000) | (0.1309) | (0.0000)
m, 0.09022 | 0.100429 | 0.967762 | 0.097402 | 0.128686 | 0.960443 | 0.166806 | 0.956054
(p value) (0.8454) | (0.8370) | (0.0000) | (0.8416) | (0.8139) | (0.0000) | (0.7606) | (0.0000)
Nosacitas dispersijas vienadojums

« 0.000136 | 1.66E-04 | 0.000131 | 0.000166 | 1.14E-04 | 8.26E-05 | 1.10E-04 | 6.30E-05
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0170) | (0.0000) | (0.0454)
o -0.051898 | -0.064599 | -0.030683 | -0.062531 | -0.045817 | -0.035675 | -0.061418 | -0.071438
(p value) (0.0211) | (0.0165) | (0.4248) | (0.0549) | (0.0375) | (0.1069) | (0.0683) | (0.0107)
a, -0.029533 | -0.002739 0.019036 | 0.047662
p value (0.3378) | (0.9185) (0.5689) | (0.0817)
B, 0.905194 | 0.616914 | 0.91546 | 0.623443 | 0.917203 | 1.0571 | 0.918786 | 1.176978
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0100) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
B, 0.265966 0.259964 -0.117757 -0.227171
(p value) (0.1966) (0.2378) (0.5089) (0.2488)
Y. 0.176559 | 0.219883 | 0.170088 | 0.220134 | 0.321705 | 0.369548 | 0.33406 | 0.380664
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
Y, -0.164098 | -0.251739 | -0.182642 | -0.289681
p value 0.0133 0.0000 0.0177 0.0001
R? 0.011113 | 0.011225 | 0.033261 | 0.011211 | 0.011105 | 0.033322 | 0.011156 | 0.03331
adj. R? 0.004222 | 0.004334 | 0.026524 | 0.00432 | 0.004213 | 0.026586 | 0.004265 | 0.026574
SSR 1.620355 | 1.620172 | 1.584065 | 1.620195 | 1.620369 | 1.583964 | 1.620285 | 1.583984
AIC -3.205843 | -3.204049 | -3.220216 | -3.200604 | -3.207427 | -3.226949 | -3.204357 | -3.225416
SBC -3.138051 | -3.128725 | -3.144891 | -3.117747 | -3.132102 | -3.144092 | -3.1215 | -3.135027
Durbin-Watson | 2.019566 | 2.0097 1.930832 | 2.010147 | 1.979637 | 1.928267 | 1.974961 | 1.924599

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
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Novértéeto EGARCH(p,q) modelu apkopojums NCR Corporation datiem (01.01.2002 —

25.02.2013)*

ARCH 1 1 2 2 1 1 2 2

GARCH 1 2 1 2 1 2 1 2

Asimetrijas karta 1 1 1 1 2 2 2 2

Vidéjas vertibas vienadojums ARMA(2,2)
c 0.001871 | 0.001962 | 0.001916 | 1.84E-03 | 0.00275 | 0.001907 | 2.09E-03 | 1.87E-03
(p value) (0.3576) | (0.3332) | (0.3467) | (0.3670) | (0.1486) | (0.3806) | (0.3039) | (0.3489)
a -1.872879 | -1.873277 |-1.873066 | -1.87144 | -0.72477 | -0.842862 | -1.871993 | -1.876323
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.3630) | (0.0000) | (0.0000)
a, -0.928409 | -0.928286 |-0.928679 | -0.926866 | 0.205032 | 0.156537 |-0.925775 | -0.931473
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0002) | (0.8658) | (0.0000) | (0.0000)
m, 1.895436 | 1.894746 | 1.895551 | 1.894264 | 0.704123 | 0.877449 | 1.891657 | 1.898372
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.3630) | (0.0000) | (0.0000)
m, 0.962048 | 0.961106 | 0.962189 | 0.961058 | -0.191815 | -0.108832 | 0.957544 | 0.964452
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.9060) | (0.0000) | (0.0000)
Nosacitas dispersijas vienadojums

® -0.305833 | -3.38E-01 |-0.306126 | -0.345557 | -6.21E-01 | -4.91E-01 | -2.81E-01 | -5.86E-01
(p value) (0.0000) | (0.0007) | (0.0000) | (0.0006) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
a, 0.058153 | 0.065712 | 0.068595 | 0.047824 | 0.163907 | -0.490835 | 0.051011 | -0.016272
(p value) (0.0647) | (0.1126) | (0.3847) | (0.5426) | (0.0025) | (0.1426) | (0.5212) | (0.7878)
a, -0.010206 | 0.019063 0.008211 | 0.124629
p value (0.8804) | (0.7950) (0.9041) | (0.0150)
B, 0.956714 | 0.826331 | 0.956709 | 0.791997 | 0.918268 | 0.10574 | 0.960956 | 0.082455
(p value) (0.0000) | (0.0278) | (0.0000) | (0.0511) | (0.0000) | (0.0634) | (0.0000) | (0.4305)
B, 0.125988 0.15923 0.821159 0.834343
(p value) (0.7297) (0.6868) (0.0000) (0.0000)
Y, -0.127825 | -0.141992 |-0.127439 | -0.146539 | -0.143507 | 0.062643 | -0.180698 | -0.095759
(p value) (0.0000) | (0.0006) | (0.0000) | (0.0015) | (0.0027) | (0.0929) | (0.0002) | (0.0010)
Y, -0.015504 | -0.239679 | 0.06143 | -0.161967
p value (0.8034) | (0.0000) | (0.2746) | (0.0000)
R? 0.03381 | 0.033738 | 0.033842 | 0.033775 | 0.005147 | 0.002232 | 0.033177 | 0.033832
adj. R? 0.027077 | 0.027005 | 0.027109 | 0.027042 | -0.001785 | -0.004721| 0.02644 | 0.027099
SSR 1583164 | 1583282 | 1.583112 | 1.583222 | 1.63013 | 1.634906 | 1.584201 | 1.583129
AIC -3.222592 | -3.219583 |-3.219162 | -3.216183 | -3.180681 | -3.19911 | -3.217202 | -3.218698
SBC -3.1548 | -3.144258 | -3.143837 | -3.133326 [-3.105356 | -3.116252 | -3.134345 | -3.128309
Durbin-Watson | 1.93489 | 1.932721 | 1.934659 | 1.935502 | 1.903285 | 2.024758 | 1.929968 | 1.933828

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

GARCH(p,q) modelu parauga prognozésanas apkopojums, NCR

Corporation*
ARCH 1 1 1 2 0 2
GARCH 0 1 2 1 1 2
RMSE |0.053268 | 0.053343 [0.053227(0.053236 [0.052872| 0.053244
MAE 0.03729 | 0.037402 | 0.03731 | 0.03732 [0.037052| 0.03733
MAPE 120.1326| 117.7989 |116.1709|116.9947|104.1312( 117.7048
TIC 0.900237 | 0.912644 [0.908595( 0.906645 [0.894836| 0.904886

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
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GARCH(p,q) modelu arpus parauga prognozésanas apkopojums, NCR
Corporation*

ARCH 1 1 1 2 0 2

GARCH 0 1 2 1 1 2
RMSE |0.043229 | 0.043214 |0.043116|0.043132|0.042741| 0.043146
MAE [0.032475 | 0.032431 |0.032476|0.032469|0.032747| 0.032464
MAPE |120.4008 | 112.4028 [113.4891|114.2454|108.3785| 114.9247
TIC 0.887122| 0.89703 |0.902628| 0.90002 | 0.92571 | 0.897891

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

TGARCH(p,q) modelu parauga prognozéSanas apkopojums, NCR
Corporation*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
TRESHOLD 1 1 1 1 2 2 2 2

RMSE |0.053134| 0.053134 | 0.05287 | 0.053134 |0.053136| 0.052873 | 0.053134 [ 0.052871
MAE 0.037168 | 0.037166 [0.037048]0.037166 |0.037165] 0.037053 | 0.037164 | 0.037059
MAPE 102.423 | 102.4626 |106.0416(102.4794|103.8151| 107.2459 | 103.6834 | 106.9506
TIC 0.947419| 0.947167 |0.891595/0.947142|0.941642| 0.887883 | 0.941477 | 0.887616

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

TGARCH(p,q) modelu arpus parauga prognozésSanas apkopojums, NCR
Corporation*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
TRESHOLD 1 1 1 1 2 2 2 2

RMSE  [0.042936| 0.042938 [0.042657| 0.042938 |0.042955| 0.042733 | 0.042954 | 0.042766
MAE 0.03271 | 0.03271 {0.032687|0.032709)0.032672| 0.032648 | 0.032678 | 0.032701
MAPE  [103.4875| 103.7563 [115.5052| 103.7506 [105.4337] 111.9495 | 105.5967 | 112.1741
TIC 0.957988 | 0.957394 |0.913289] 0.9572710.948344| 0.914576 | 0.949066 | 0.915946

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

EGARCH(p,q) modelu parauga prognozéSanas apkopojums, NCR
Corporation*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2

RMSE 0.052865 | 0.052865 |0.052865| 0.052865|0.053172| 0.053301 | 0.052866 | 0.052865
MAE 0.037957 | 0.037058 |0.037056] 0.037059]0.037249| 0.037325 | 0.037063 | 0.037057
MAPE 105.0413 105.3155 |105.1387(104.9741|106.7506 104.979 | 105.738 | 105.0733
TIC 0.891834 | 0.891202 |0.891687| 0.8916570.935895| 0.952153 | 0.890034 | 0.892318

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

TGARCH(p,q) modelu arpus parauga prognozésanas apkopojums, NCR
Corporation*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2
RMSE 0.042705 | 0.042713 |0.042706|0.042713]|0.042967| 0.043495 | 0.042739 | 0.042687
MAE 0.032766 | 0.032762 [0.032757|0.032777|0.032578| 0.032889 | 0.032771 | 0.032766
MAPE 114.0236 | 114.0803 |113.8343| 114.0096 {105.7254( 114.3211 | 114.329 [115.1553
TIC 0.921913 | 0.920675 [0.921545|0.922667|0.939211| 0.902894 | 0.919617 | 0.918934

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
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11. pielikums. Fidelity National Information Services tabulas

Novértéto ARMA(p,q) modelu tabula Fidelity National Information Services datiem (01.01.2002 — 25.02.2013)*

AR(p) 1 2 3 0 0 0 1 1 1 2 3 3 2 2 3
MA(q) 0 0 0 1 2 3 1 2 3 1 1 2 2 3 3
c 0.001434 | 0.001474 | 0.001409 | 0.001425 | 0.001425 | 0.001425 | 0.001441 | 0.001441 | 0.001421 | 0.001456 | 0.001433 | 0.001272 | 0.001274 | 0.001286 | 0.001726
(p value) (0.3854) | (0.3761) | (0.3794) | (0.3866) | (0.3889) | (0.3657) | (0.3969) | (0.3899) | (0.3444) | (0.3869) | (0.3805) | (0.3941) | (0.3939) | (0.3874) (0.0000)
a, -0.014176 | -0.05131 | -0.050156 -0.798405 | -0.81504 | 0.545779 | -0.788544 | -0.709283 | 0.039178 | 0.003753 | -0.001718 | -0.977286
(p value) (0.2161) | (0.2186) | (0.2293) (0.0004) | (0.0035) | (0.3111) | (0.0187) | (0.0589) | (0.9106) | (0.9922) | (0.9962) (0.0000)
4 0.00521 | 0.003414 -0.012247 | -0.030129 | 0.555493 | 0.668845 | 0.648069 | 0.911892
(p value) (0.9005) | (0.9348) (0.8134) | (0.5793) | (0.0942) | (0.0131) | (0.0495) (0.0000)
a, -0.040634 -0.033075 | -0.020242 0.939434
(p value) (0.3301) (0.4671) | (0.6942) (0.0000)
m, -0.051107 | -0.050982 | -0.051882 | 0.762 | 0.767095 | -0.598781 | 0.741305 | 0.661778 | -0.089321 | -0.058328 | -0.048546 | 0.964547
(p value) (0.2188) | (0.2209) | (0.2129) | (0.0017) | (0.0066) | (0.2667) | (0.0260) | (0.0769) | (0.7976) | (0.8791) | (0.8934) (0.0000)
m, 0.003693 | -6.37E-05 -0.016405 | 0.031039 -0.549646 | -0.663615 | -0.643292 | -0.970658
(p value) (0.9293) | (0.9988) (0.7413) | (0.5822) (0.1048) | (0.0137) | (0.0519) (0.0000)
m, -0.041355 -0.041191 -0.009193 | -0.985616
(p value) (0.3209) (0.3651) (0.8615) (0.0000)
R? 0.002646 | 0.002688 | 0.004249 | 0.002623 | 0.002636 | 0.004346 | 0.005694 | 0.005921 | 0.005289 | 0.005978 | 0.005448 | 0.00789 | 0.007635 | 0.007692 | 0.042128
adj. R? 0.00092 | -0.000775 | -0.000955 | 0.0009 |-0.000815 | -0.000831 | 0.002248 | 0.000743 | -0.00163 | 0.000792 |-0.001495 | -0.000783 | 0.000719 | -0.000967 | 0.032062
SSR 1.010756 | 1.01017 | 1.006949 | 1.010813 | 1.0108 | 1.009067 | 1.007666 | 1.007437 | 1.008076 | 1.006838 | 1.005737 | 1.003268 | 1.00516 | 1.005102 | 0.968645
AIC -3.507556 | -3.502944 | -3.500931 | -3.509234 | -3.505805 | -3.504078 | -3.507169 | -3.503949 | -3.499866 | -3.502794 | -3.498675 | -3.497673 | -3.501008 | -3.497611 | -3.529332
SBC -3.492511 | -3.480347 | -3.470761 | -3.494209 | -3.483267 | -3.474028 | -3.484602 | -3.473859 | -3.462253 |-3.4727 | -3.460962 | -3.452418 | -3.463345 | -3.452416 | -3.476535
konst. stat.noz. né né né né né né né né né né né né né né ja
koef. Stat.noz. né né né né né né ja né né né né né né né ja

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7




Novértéto GARCH(p,q) modelu apkopojums Fidelity National Information Services datiem
(01.01.2002 — 25.02.2013)*

ARCH 1 1 1 2 0 2
GARCH 0 1 2 1 1 2
Vidéjas vértibas vienadojums ARMA(3,3)

c 0.002834 0.002549 0.003757 0.003988 0.001595 0.00342

(p value) (0.0089) (0.0000) (0.0010) (0.0002) (0.3851) (0.0003)
a -0.941485 -0.827798 0.935039 0.020173 -0.181335 0.063943

(p value) (0.0000) (0.0000) (0.0000) (0.9674) (0.4454) (0.9187)
a, 0.771415 0.69691 0.554767 0.491203 -0.47868 0.63701

(p value) (0.0000) (0.0000) (0.0099) (0.0000) (0.0009) (0.0000)
a 0.729222 0.883179 -0.642101 -0.076054 -0.760594 -0.025622

(p value) (0.0000) (0.0000) (0.0000) (0.8267) (0.0007) (0.9536)
m, 0.819245 0.774687 -1.06149 -0.08997 0.138615 -0.130615

(p value) (0.0000) (0.0000) (0.0000) (0.8550) (0.5820) (0.8334)
m, -0.841921 -0.766836 -0.40208 -0.478816 0.504553 -0.612692

(p value) (0.0000) (0.0000) (0.1304) (0.0002) (0.0010) (0.0000)
m; -0.668604 -0.938319 0.585388 -0.014885 0.725262 -0.049798

(p value) (0.0000) (0.0000) (0.0000) (0.9651) (0.0026) (0.9077)

Nosacitas dispersijas vienadojums

(&) 0.001023 1.16E-04 0.000447 7.99E-04 0.000291 0.000817

(p value) (0.0000) (0.0195) (0.0000) (0.0000) (0.6438) (0.0000)
o, 0.446308 0.257645 0.372399 0.207362 0.200148

(p value) (0.0000) (0.0000) (0.0000) (0.0004) (0.0004)
a, 0.411026 0.360091

p value (0.0000) (0.0000)
B, 0.70746 0.532434 -0.017283 0.830342 -0.021983

(p value) (0.0000) (0.0014) (0.7232) (0.0244) (0.7312)
B, -0.123072 0.005054

(p value) (0.2648) (0.9307)
R? -0.007277 0.006771 -0.001387 -0.007082 0.022587 -0.010084
adj. R? -0.017862 -0.003666 -0.011909 -0.017664 0.012317 -0.020698
SSR 1.018606 1.004399 1.012649 1.018408 0.988405 1.021444
AIC -3.638766 -3.697495 -3.687713 -3.700188 -3.503692 -3.700914
SBC -3.570884 -3.62207 -3.604746 -3.617221 -3.435809 -3.610404
Durbin-Watson| 1.860386 1.965609 1.85287 1.947321 2.02027 1.947744

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
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Novértéto TGARCH(p,q) modelu apkopojums Fidelity National Information Services datiem
(01.01.2002 - 25.02.2013)*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
TRESHOLD 1 1 1 1 2 2 2 2
Vidéjas vertibas vienadojums ARMA(3,3
c 0.001346 | 0.001986 | 0.002357 | 0.002469 | 0.001598 | 0.001561 | 0.001361 | 0.002067
(p value) (0.0000) | (0.1207) | (0.0181) | (0.0449) | (0.1034) | (0.0965) | (0.0000) | (0.0595)
a -0.730329 | 1.085437 | -0.035959 | 0.417384 | -0.527446 | -0.782187 | -0.568574 | 0.098719
(p value) (0.0000) | (0.0000) | (0.9539) | (0.2589) | (0.0104) | (0.0000) | (0.0000) | (0.8241)
a 0.832861 | 0.482654 | 0.663762 | 0.515483 | 0.602406 | 0.693819 | 0.828171 | 0.429689
(p value) (0.0000) | (0.1127) | (0.0000) | (0.0033) | (0.0000) | (0.0000) | (0.0000) | (0.0280)
a 0.767419 | -0.746151 | 0.100815 | -0.327784 | 0.424073 | 0.665237 | 0.640894 | 0.056502
(p value) (0.0000) | (0.0000) | (0.8316) | (0.2700) | (0.0339) | (0.0000) | (0.0000) | (0.8489)
m, 0.679946 | -1.183265 | 0.001581 | -0.441268 | 0.509241 | 0.756991 | 0.551234 | -0.117953
(p value) (0.0000) [ (0.0000) | (0.9980) | (0.2245) | (0.0071) | (0.0000) | (0.0000) | (0.7879)
m, -0.870528 | -0.357839 | -0.640788 | -0.471748 | -0.652252 | -0.747603 | -0.841911 | -0.415386
(p value) (0.0000) | (0.3234) | (0.0000) | (0.0169) | (0.0000) | (0.0000) | (0.0000) | (0.0488)
m, -0.801843 | 0.700967 | -0.168608 | 0.244618 | -0.522365 | -0.731443 | -0.700899 | -0.146792

(p value) (0.0000) | (0.0002) | (0.7125) | (0.4049) | (0.0053) | (0.0000) | (0.0000) | (0.6055)

Nosacitas dispersijas vienadojums

® 0.000373 | 4.29E-04 | 0.000475 | 0.000603 | 8.80E-04 | 7.77E-04 | 7.03E-04 | 7.05E-04
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
o, 0.035276 | 0.032721 | -0.033353 | -0.03481 | 0.02147 | 0.024936 | -0.034788 | -0.034208
(p value) (0.1907) | (0.2157) | (0.0138) | (0.0073) | (0.5735) | (0.5160) | (0.0096) | (0.2909)
a, 0.15031 | 0.138783 0.086202 | 0.090623
p value (0.0018) | (0.0041) (0.0103) | (0.0246)
B, 0.491706 | 0.544295 | 0.334934 | 0.328506 | -0.002889 | -0.014618 | 0.106853 | 0.083658
(p value) (0.0000) | (0.0010) | (0.0003) | (0.0520) | (0.9321) | (0.8064) | (0.1170) | (0.4876)
B, -0.103363 -0.054746 0.078282 0.056698
(p value) (0.2189) (0.5340) (0.0584) (0.5451)
Y, 0.536875 | 0.632917 | 0.567808 | 0.438124 | 0.318614 | 0.268548 | 0.316747 | 0.3451
(p value) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0066) | (0.0133) | (0.0043) | (0.0000)
Y, 0.68528 | 0.716261 | 0.60948 | 0.299394
p value (0.0000) | (0.0000) | (0.0000) | (0.0015)
R? 0.012553 | 0.016206 | 0.000332 | 0.004203 | -0.001847 | -0.000856 | 0.012063 | 0.001528
adj. R? 0.002177 | 0.005868 | -0.010173 | -0.00626 | -0.012374 | -0.011373 | 0.001682 | -0.008964
SSR 0.998552 | 0.994859 | 1.010911 | 1.006996 | 1.013114 | 1.012112 | 0.999048 | 1.009702
AIC -3.748973 | -3.748577 | -3.743082 | -3.736614 | -3.753981 | -3.757652 | -3.771378 | -3.752403
SBC -3.666006 | -3.658066 | -3.652572 | -3.638562 | -3.663471 | -3.6596 | -3.673325 | -3.646808

Durbin-Watson | 2.019796 | 1.928017 | 2.025497 | 2.051746 | 2.055818 | 2.046558 | 2.087986 | 2.058946

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
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Novértéto EGARCH(p,q) modelu apkopojums Fidelity National Information Services
datiem (01.01.2002 — 25.02.2013)*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2
Vidéjas vertibas vienadojums ARMA(3,3)
c 0.001445 0.001477 | 0.001411 | 1.43E-03 | 0.00178 | 0.001256 | 1.96E-03 | 2.54E-03
(p value) (0.0000) (0.2091) (0.0000) | (0.0000) | (0.0751) | (0.3705) | (0.0524) | (0.0024)
a, -0.604181 | -0.535151 |-0.692136 | -0.684696 | 0.644971 | 1.079987 | -0.945744 | -0.669615
(p value) (0.0000) (0.0000) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0935)
a, 0.533619 0.182806 | 0.834861 | 0.839698 | -0.819461 | 0.479128 | 0.514458 | 0.695064
(p value) (0.0000) (0.0102) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0013) | (0.0000)
a4 0.950214 | 0.822312 | 0.741669 | 0.725686 | 0.853515 | -0.735916 | 0.810851 | 0.540116
(p value) (0.0000) (0.0000) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0542)
m, 0.57211 0.517162 | 0.645078 | 0.633593 | -0.688809 | -1.145612 | 0.885061 | 0.594216
(p value) (0.0000) (0.0000) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.1286)
m, -0.574556 | -0.237384 |-0.863267 | -0.868835 | 0.802193 | -0.425958 | -0.60143 | -0.741039
(p value) (0.0000) (0.0003) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)
m, -0.990746 | -0.871197 |-0.774289 | -0.757487 | -0.896072 | 0.735884 | -0.858413 | -0.567741
(p value) (0.0000) (0.0000) (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0316)
Nosacitas dispersijas vienadojums
® -0.717133 | -4.42E-01 |-3.498636 | -3.517599 | -4.43E-01 | -6.20E-01 | -5.06E-01 | -2.13E+00
(p value) (0.0028) (0.0198) (0.0000) | (0.0000) | (0.0018) | (0.0324) | (0.0057) | (0.0003)
o, 0.264884 | 0.188885 | 0.278978 | 0.286369 | 0.231733 | 0.241847 | 0.304458 | 0.371209
(p value) (0.0000) (0.0173) (0.0009) | (0.0006) | (0.0000) | (0.0121) | (0.0001) | (0.0000)
a, 0.446123 | 0.419311 -0.079386 | 0.277197
p value (0.0000) | (0.0002) (0.3516) | (0.0000)
B, 0.922529 0.731165 | 0.557002 | 0.606888 | 0.959357 | 0.746102 | 0.949172 | -0.115034
(p value) (0.0000) (0.0505) (0.0000) | (0.0004) | (0.0000) | (0.0544) | (0.0000) | (0.0059)
B, 0.223261 -0.054776 0.187639 0.872399
(p value) (0.5337) (0.6976) (0.6070) (0.0000)
Y -0.125096 | -0.128888 | -0.28971 |-0.286014 | -0.145713 | -0.133242 | -0.153673 | -0.208042
(p value) (0.0000) | (0.0121) | (0.0000) | (0.0000) | (0.0125) | (0.0312) | (0.0081) | (0.0000)
Y, 0.050319 | -0.006299 | 0.055537 | -0.10644
p value (0.4158) | (0.9368) | (0.3933) | (0.0189)
R? 0.040316 | 0.012707 | 0.014435 | 0.014033 | 0.00261 | 0.019228 | 0.011168 | -0.000259
adj. R? 0.030232 | 0.002333 | 0.004079 | 0.003672 | -0.007871 | 0.008922 | 0.000778 | -0.01077
SSR 0.970477 | 0.998397 | 0.996649 | 0.997056 | 1.008607 | 0.991802 | 0.999952 | 1.011509
AIC -3.758385 | -3.727477 | -3.770585 | -3.767407 | -3.735875 | -3.734016 | -3.730754 | -3.792921
SBC -3.675417 | -3.636967 | -3.680075 | -3.669355 | -3.645365 | -3.635963 | -3.632701 | -3.687326
Durbin-Watson | 2.020652 | 2.052145 | 2.027898 | 2.020417 | 2.009553 | 1.992546 | 1.954404 | 1.938895

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

GARCH(p,q) modelu parauga prognozésanas apkopojums, Fidelity
National Information Services*

ARCH 1 1 1 2 0 2

GARCH 0 1 2 1 1 2
RMSE |0.041838| 0.041693 | 0.041839 | 0.041882 | 0.041449 | 0.041842
MAE 0.03855 | 0.028498 | 0.028598 | 0.028592 | 0.02841 | 0.028555
MAPE |[113.1261 | 113.4983 | 120.852 | 120.6825 | 114.2313 | 116.8126
TIC 0.926516 | 0.907276 | 0.905089 [ 0.908773 | 0.8741/¢ | 0.916124

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
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GARCH(p,q) modelu arpus parauga prognozésanas apkopojums, Fidelity
National Information Services*

ARCH 1 1 1 2 0 2

GARCH 0 1 2 1 1 2
RMSE |0.021415| 0.021523 | 0.021262 | 0.021248 | 0.021587 | 0.021332
MAE 0.016766 | 0.016871 | 0.016673 | 0.016689 | 0.016804 | 0.016722
MAPE | 151.4476| 128.5671 | 162.1673 | 167.7406 | 119.4285 | 154.7385
TIC 0.847848 | 0.884631 | 0.826288 | 0.818489 | 0.916151 | 0.842123

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

TGARCH(p,q) modelu parauga prognozéSanas apkopojums, Fidelity
National Information Services*

ARCH 1 1 2 2 1 1 2 2

GARCH 1 2 1 2 1 2 1 2

TRESHOLD 1 1 1 1 2 2 2 2
RMSE |0.041781| 0.041755 | 0.041807 | 0.041815 | 0.04178 | 0.04178 | 0.04178 | 0.041803
MAE 0.028494 | 0.028478 |0.028488 | 0.028519 | 0.028474 | 0.02849 | 0.0285 | 0.028481
MAPE  |104.5107| 112.4174 | 109.6514 | 110.3276 | 105.5103 | 105.7245 | 104.3775 | 107.917
TIC 0.934471 [ 0.919985 | 0.93508 | 0.933381 | 0.938631 | 0.934678 | 0.937766 | 0.945038

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

TGARCH(p,q) modelu arpus parauga prognozésanas apkopojums, Fidelity
National Information Services*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
TRESHOLD 1 1 1 1 2 2 2 2
RMSE  [0.022321| 0.021628 | 0.0215 | 0.021436 | 0.021677 | 0.021724 | 0.022244 | 0.021522
MAE 0.017362| 0.01686 | 0.01676 | 0.016715| 0.01688 | 0.016904 | 0.0173 | 0.016765
MAPE  |123.3332| 125.8879 | 131.732 | 135.355 | 119.2701 | 117.0069 | 119.9881 | 127.4074
TIC 0.938382| 0.89721 |0.866877| 0.877009 | 0.921983 | 0.926286 | 0.94747 | 0.896359

*Darba autores aprékini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

EGARCH(p,q) modelu parauga prognozéSanas apkopojums, Fidelity
National Information Services*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2
RMSE 0.0414 | 0.0418 | 0.0418 | 0.0418 | 0.0417 | 0.0417 | 0.0417 | 0.0418
MAE 0.0285 | 0.0284 | 0.0285 | 0.0285 [ 0.0284 | 0.0285 | 0.0285 | 0.0285
MAPE 125.4873 | 105.3996 |104.7422| 104.6963 | 126.9353 | 108.0404 | 112.2662 | 111.2029
TIC 0.8555 | 0.9390 | 0.9333 | 0.9347 | 0.8793 | 0.9310 | 0.9141 | 0.9234

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7

EGARCH(p,q) modelu arpus parauga prognozésanas apkopojums, Fidelity
National Information Services*

ARCH 1 1 2 2 1 1 2 2
GARCH 1 2 1 2 1 2 1 2
Asimetrijas karta 1 1 1 1 2 2 2 2
RMSE 0.022355] 0.021801 |0.022207 | 0.022198 | 0.021747 | 0.021746 | 0.021507 | 0.021485
MAE 0.017424 0.017144 0.017268 | 0.017262 | 0.017273 | 0.016952 | 0.016834 | 0.01677
MAPE 131.2309| 149.3272 |118.7095 | 118.6562 | 163.9287 | 116.3227 | 121.1334 | 135.6576
TIC 0.925576 | 0.878497 |0.946297 | 0.945487 | 0.806931 | 0.928596 | 0.893634 | 0.879786

*Darba autores apréekini, izmantojot datus no Yahoo! Finance un programmu Eviews 7
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