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1 General Backgronnd

Hinoe the plomeering work by White [1888), the application of artificial nearsi nedworks (ANNg) to
Braree kv enjored an exponentis] gressth in regesreh and pnbieatinne. The evldenees acmiraniatasd
rwar the laat decads Indieate that the eoeess of the Ararcdal appieation of A NNe cmxelally depends
oo the desen of the AMNN.

Let ne Argt annadder the atrcinm of the ANN . It iz well loeown that aondinesr A 2 AFA Bme aerien
man he mnre affidently appoecdraated by recrrent nearal negs than by thelr tapend fesdforuoaed
ornnterparts. (Karmijn and Tardgamwa, 190 Lee and Park, 1893 Kam and Lin, 18985]. Alee, with
the presenes of etmxhiral ewltches 1o drae, it ey be more appropriate to nee mcdndar newesi
retunrks (Mmoo, Asakaws, Yieds, and Tabenka, 1880). The meny sxeoesfinl applicaticre of mdial
tagid nenml nebuorks In fraree firther eppeste tha relevares of this gpecial class of artifodal nmival
rete to Arance [Hiutehineen, L and Pogels, 198d4).

{Inoe the gmctire has heen deckled, the nest anmaplicated task tedesl with in the desen afthe
AMHY iz the armhiteeturs Tn thie ares, one of the rest foevpeently ddesiesed 1esnies 1e the anmiber off
hidden nodes. Tt iz widely acoepted by Ararnes panple that the mmabar of bisdkden nescdes are cloesly
ralated teo the lesne of oeerfiding, ard that & pooper chedes of the mmaber of bidden oodes [Ridden
tager gise) can enhanoe the generalization capability of ANNe Different technivgies hawe heen
tried hy regaarchers to mntrol hidden laper gles, areenge therm, cmos pagdatinon [Moecdy and TTtane,
1985), early stopping (Kimets and Aslawas, 1880, Hepiooff, Brameen and Hall, 1881], mmplezity
naprdarisation (Weigend Hiherrean ared Anreelhart, 1982, mnabenefon-and- desbruction sl ims
[Tang ancd Lad, 1884).



In eentrast, the serdfcance of ranafer funckions has recalwed less attentlon arenge Bnanoe
peepk In ther deslen of ANMNe. While the melevance of the transfer fimetion teo the deen of
ANNw haz heen ghown earlier by Mand [1980), Lewel and Teed [1962) ard, recently, by Sehald and
Chellapdlls [1968), it mele in the Ananeisl dematn hae oot been well demrented. Even thengh
the radial bask netwerk kes been promcted, the chedee of sigminid, hyper tangend or radion Baais
junetiong eeemg to be based langely onothe finneh of the egearcher rather than the perferresnos
of each funetien. In thelr eptien pricing medel, Hitehireen Lo and Poggle [1984) compared the
perfhrraanes of the radlal basle finctlon and the semedd fimetlon and Q8 et 8o elgrdfoant
differance hetwesn them. Howewer in & similar applicstion, Chen and Les [1968) provided anme
evldeneng of the eperinrite of the hyper tangent fineton ceer the seracdd fimetion

Apart froma bidklen laper slee and trancfer imetione, cther petentlal condrimting factore, ech
&3 the karning mie, momentum, and fraining mefiods, have alen attracted the attention of enre
Brnares panple, theaygh thelr denifeare g far legs claar.

The brief review sbews oaghly omarsariees the Ut of farters which kawe hesn onneklerad
relepart to & Sooeesfil appliestion of ANNe In the Bnarels] deresdn. Nesdles to eag, the ANN
gpase hased oo ek & st s inemedlibly lange. While experts’ prier koewledee or domssdn-gpecifn
Irwxrlacies sy rachice the dee of this spans, Ananclal thenry can help us Hitle In this regard At
tte best, Branelal theroy can oly gasde 18 In the gelectlon of stenciure [Temment or fesdfnrmwand
ret) arcd inprts, ard it can hardly eay anything aben the hidden laper ges or transfer finetione.

Inadditlom te Arandal thenry, statlstical thenry and Inforraetion thenory here alan heenemplopadd
tr enlea the deslen problem, Inomcst cages they are applied inowh & menrer that coly one factor
ean be skiressed at & tHme. Bor exarople, when the enly deslen leme s the eomimel of hidden
kyer gime, the ANN can be deglgned in aseendanes with & statisticsl or an infsrratsn-thesat1e
approach @xh ag the Mevpently veted statlstios, exh ag the Bayeaian innfrmation criterion [BE)
arcl Prafichioe Thochatic Complesity [(PAC). Howewer, if, in the meartime the chrice of trancer
hmetiloms 1s alen & probler, then this appresch ey oo looger be applicable.

A, when both Anaree and statetlos reach thelr Hmite, enme eearch pmoechires rnist be taken
arcl thig Is where sninbnnary artified ol nenrsl el eonwe inte plap. Evehitiorary ANNe [EA NN\
can be moneklered & combination of AMNe and aninbonary aeamh procedares. 4 promdnent fes-
tire of EANNE & that they can evnlve towaxls the fifeat in & task enwitonreent wekhond ondat de
tnderferenee, and thne ellmdnate the tedime trisl-and ermor work of monnaiy Andine an cpHroal
[Bttegt] ANN for the task aboit which fife prier koowlagde 1s awsdlable. Yao [1883) provided an
grray of the dewelopraent in this regearch aren. Yan dlstingished arwrg thres Hreds of evchiticn
In EANNg, 10, the ewluten of manedion weighits, arcfiibedurs, ared iemming mie.

Hewaver, Hke meny other “snhitlors®™, an EANN s oot & pansees, anel what 1 woree, 1t may
¢raate rere probleras hefore It can enlve any. Ore of the majer ko in EANNg & the repreaentafion
probiem. While enersling ronnestion ueights & strelghtiorward, eneesitng the amhiternre ard the
karming Ml are dannting tagke. A Yan [1989) stated:

Trying te deralop & 1mdwerssl mpmeentation echerae which can gpecdfy ang Hned of
vynarads bekavlonre of an EANN iz clearly impractical, ket alene the prmbibitiee lone
enrapitatinn tires revpiived to eeach eixh & learrdng mile space.

Therafre, what be Hrther sygeested 1s that  mey oot be & good strategy to 1se ewdntinmary
enmapitation st all lewals of the evohitlon of an ANN. S0, the question left ds: ob whot eoed o
runibionary rmompratation e heipful for Sie degign of FAVN in financef

The lag few pears hawe geen & gerles of fnanclal applicatiore of EANNz. Mangaritsa [1861)
applied & paretn gearch tothe welghts of & moirrent netwerk for the trading of the FIAT shares in
the Milan Atrck Excharge. In Dereey, Johneon arcd Maper (1985), the GA waas fnd to perform



well when cptimdeing NN¥g. Sexten, Johnenn ard Dorsey [1985) ako foind the GA-optindesd NN to
entperfnrra the BFNN when testing ent-nfearaple, themsby adidressing the problem of orerftting.
Harrald and Kametra [ 1988) nzed condubionary programiming to replace the mnre fardHar bacdqprep-
agstlon mwtheed tn Ane time the oenrection welghte of eedfnrward nete fnr nrecasting wolatility.
White [1868) shrwed that & Geretie Adaptive Neiral Network [GANN) iz able to appresinate
tr & bigh degree of acoimaey, the onmaplex | nnnlinesr optloepricdng finetlon need te presdeie the
gtrmilated pptnn priees.

While thegs gtixlles olearly avidenosd the prommdelrye featire of ndng erslintierary cnmpitatlien in
the deslen of ANNg, In Yan'k categnriration thay are all eomeerned with the Iomest lewe] of evchiztion,
maradly, mnnedion weights, Other dmengne of the deslen of an artificlal neiral et, sixh &8 the
mmaber of Mdden lapers, mmaber of hdden nesles, inpite, amd trarafer finctiore, hawe oot heen
tarkled, Therefnre, the pirpese of this regearch k& o estend e carrent financicl appiicaions of
EANNA ko 6 higher teoed of eopiubion, and fo eoalnate il nelemance

2 Summary: Publications, Softwares and Websites

Th i thig, this reararch prniect dewalope te own enftares, called GOV gtarck for Gencfie Drog-
armimiing in Wenral Welwmba, This enfiwars & oow avallsbe frora oir webalte:
http: f feeomn. nomyedn tw,/al fataff ek Seftware bt

We hiwe applied this enftware to the test of three eete of problerss. Firet, It was applied to
Inrecssting sterk returre. The et entltled “Evolotiowary Artifclal Nenral INetworks awd
Genetlc Progravomivg” [with C.-0. i) waz publihesd in

# (. D. Smith N. O Steele ard H. F. Albracht [ads) [1988), Artificial Wenmi Vets and Genetic
Algnrithma,, Springer. pp. -4

Borrned, & Inllsw-11p ressarch & to apply it to optlen pridog, and s enclixded with twe papers. The
Brgt eme entitled “Optioe Prichwr with Gewetle Programm{ng™ (wih ©.-H. Yeh and WO
Lee) was publighed in

» Krea et al[ede) [1988), Pmerding of fie Thind Annnal Genetie Brogmmming Confierencs,
Mrrgan Heanfrsnn, pp. 32-37T.

The geentel re entitled with “Hedglsg Secortes with Sevetlc Programuiog” [with WO
Lee and O -H. Yeh) was prhlished in

# Nalhaoleaidh G, ard E Stenrer [edz) (1988, BOML 98 Workahop Wotea on Application

nf Marchine Leaming and Data AMfining in Finanee, Teehndghes TToteeratat Ohemndte, pp.
140-151.

It ha been Hirther enbraltted te Intermatonal Jowmeat of Ineiligent Spatema in Aroanding, Financee
and Managemient, Thirdly, this techriigie 1 applled to high-fregruency financiol doto. Liots of
molirear eemmnretrk techndeiies are redquived fnr the pirpess of preproeessing data. Al relewarnt
ennory T prograrm are i avallabe fonmm enr webeltes:

Htp: [ feeonn nomyedi tw/al fataffeeh forimes bt mof#Finareial Ecvnomdos

The reglt entltled “Wonld Evounltlosary Conpotatios Help fbr Deslgoa of Artiffical
IWenral Nets o Finawncial Applfcatfons™ [with ©.-F. L) g to be piblighed in

# Greenhlatt 8. A, [edk.), oft Compubing in Finanicsl Markets termations] Compiter 8-
enee Cnnertlone,



Thble 1! Stylived Facts of DM, T8 Hetums: #,/3,/88, 3786 Obemrvatinms.

Proopedure | Realt Presachirs | Hesnlt
Heownezs | 0010 Kurtesk | 4.3812
Jargie-Bera | A6 A182F AR[1] [ 04302
B | 25.907 BDA[AR[1]] | 15871
BDA[MLA[1]] | 13.788% Hurst Exprmert | (L33

Thx BDS towin reported here were conAncted by taking o = 1 snd m[omhedding dim mson =S BOSE AR [1]] rofem
to the BDS twt om the moadmin sfter heing prewhiten by an AH[1) Aler wnd omTee for BOS WA1Y]

The paper leted abowe will alke been izt in my webelte Ior the nterested mesder to dow pleesd.
bty f feenme. nomyedn tw sl fataff e (witachen hitm
Snrae remilte which kawe oot besn published iz briefy enmrsarized aa fellows.

3 Data Description

{nir sdata et & ermpresd of intradadly frrelgn-axchange-rate retirne for the T80 \DEM. The maain
emmee nf thisdata gat 1z the Intertank spet priees publeked by Desw Jones 1n & rntliple eontrihiters
page (the TELER ATE page). Thiz anwere maarkets worldwide and 24 hoome & day. Thees prices are
vuxatieneg of bl aned ask prices and oot actial trsding prices. Pirthermaers, they are irregilady
garapled arel therafnoe terroed & fek-by-tick prices. The gpecfle date of the Intraday data emploped
kDme 3, 1988, which & fme fmr the weskend or the Monday effert Thers ame 3 806 clearwatiors
In the criginal serles. By taldng log and differsncs, e baws 3 T80 ohesrwatinne in retirn gedes.

Wea Argt eomlixted & gerles of statktical procedimes to erardne the sdetenees of ety lred facte in
thig dlatasat. The preslesdires arsd resilte are exhibited in Tehle 1. From Table 1, we can gee that
thiz intracdar data helds marny styieed facte, exh & bang Aot D ot normsily disirboted, aned
Jrat-prder negabive mrrddoted. [ Thea, lﬂlﬂ'ﬂ] The slata Indlicates the presible sxdstence of hidden
mnliresarlty ared benee opere & deer for the applicatin of ANNe.

4 Fxperimental Tesign

In the fnlloswing, we will dienies whether ANNe can help axtract nonlinear gtrctime I the data,
Arnd ifen, wenild we firther beredt by 15ng evddntinrary erapitaten o gidde the deslen of ANNg.
Thiz lesdds 115 to eonelder three clagess of mawlels. The At cne & the mndom-walk model The
el 18 & flass of beck-propagation ANMNe with pmepeniled architectiires. The thivd is & olass of
AMMN: wheee architectures are dstermalred by evchition. P brevity, the oo class of reslels k&
entitled BPNNg, ard the thind EANNe. Az mentinned eadler, a higher level of erchition e what
we hawe In midre] Therefore, cnir EAMNe inchixle evchition of the mmber of inpite, the mmber of
khicdden lagers the rmmber of Mdden roimene, trancfer fimetinne [gigmoid and !:ﬂnh], the leaming
crafdents ansd mereentnre, We 1851 the Bret 2 MK cheervatinme as the tralning gat, the next KK
pheermtinre az the wmlldatlon eet, aned the lagt 8K nbesrrathng &z the testing eet. The enftware
Iuernleenetic Opbmizer [vargnn 2.5] 1z 1:ee] to raplereent the mnramitatin.

The relevant pararaeters fnr the BPNNeare glwen in Teble 2. Eight eettings of BPNN& are onm-
gklered in thizstidy. Bnr difierert inpoit gete are need. Theraare £ (= {¢_ 1), (= {1, =2, ],
Eh,a[E -[1‘1_1,1‘1_:, ...,1‘1_1,5]-:], and arel ﬂm[E -[1‘1_1,1‘1_:, ...,ﬂ_ﬁlﬂf_l}:], where +; 4 1z the meturn



Teble 2 Dezlgne of BPNNe

BP1 |BF3 | BFh | BPT | BP? | BP4 | BPAR | BPE
Fof Inpnta | 1 15 2 1f 1 15 2 16

3 of Hiklden Lagers 1
# of Hisklen Nl 1-10
Initial Walghts + 03

Transfer Fimetinn | tanh for the kdden laper | dgroack] for the hdden lapar
lirwear for the eoutpmt lager | Hrear for the hidden laper

Learring Hate 0.1 or (08 for the hidden lapar
0.1 or 04 for the entpit lapar
et 1 0.1 or (R for the hidden lapar
0.1 or 02 fhr the ettt lagsr
Ftnesz Fimetinn Mean Syuare Ermr [MAE)

D to Lapwedeon mned Farher [1857, 1955}, the tmosfer fonetionn for the antpot oem see ol Boesr, Inte] oeights sre
ret moging fom 04 t0 03 The harning rete 7onct st oither 01 or 08 for the hidden e, snd 0.1 or od £r the
omipot Isver. Momentom = act wt OF snd 01 for the hidden yer, snd 09 ar 01 £ the ompo Jer. The cnergy
fontiom W defned by mesn wqoarc e

for the £ — dth tick, and & | refers to the wiatility of the last tiek. o] | iz derrisd by the eiraple
mwing-swerage fnmranila, Mere pmoegdly,

& -]
2 { Lol i ) i e,
-1 —

= 15 g [1]
L il T PR |

whera .
fa= E:+rﬁ_d (2]
_ Hfingy
Fio= S0 — )

The mmber of kidden nesles 1g eet to be oemy 1 te 100 Por each mmaber of hidden neede
arcd & gat of the learning mate ard rereertims, an ANN & randeraly pererated e 1z tradred by
1alng barkprpagation method ared e eady slopping rrde R then 12e the validation 8 to tet
the inferred netwnrks, aned the hest arene thees 10 ANMNi 1 kept for the prat-sarple forecaating
rnmapetitlon. This prenedires k& appled to sach gettng, and In the ened aght BFNNe wore galactad
et of 3 BPNNe. The elndlar prescedime was taken to penerate 8§ BAMNMNg, esch distingniehed by
ie dedgn of evahitlon. Tehle 3 smmariess thelr dferannes,

Notee that the “Max # of Inpite™ asslgred to each eetting meles o the mmber of Inputs
petentlally belne avallable. The actual mmaber of Inpite 1eed 1z Bnallleed by erolitlen The Inpoat
gate rnngldeedr here sre the garee a2 BPNNe. The mly diferenos iz that now wa are lettng genetio
garach to derlde which inpntde ghenild be inehiyied. Sirdlarly, for Max # of Hidden Layers™, in the
vare where there are twn hilden lapers, the miraber of hilden layers actally eed iz determined by
aralitlnn. Given the pararsters chegen in Thble 3, both the weights, the architectures and leaming
e firderte will e deterradned by the penetie eeanch driven by the Wewndencdic Optimiver, Yerglon
25



Table 3: Deglgns of BEANN:

Bettirg | GAl | GAZ | GAD | GAd [ GAS | GAR | GAT | GAR
Max $# of Inpiite 1 15 2 16 1 15 2 16
Max ¢ of Hicklen Layere 1 2
Tramsfar Funectinre tanh, slgracdd, Hnesr
Lesrrirg Hata .1, 0.8] for the Heden lapar
f.1, 0.4] for the ot lager
Mrmyent 11m f1.1, 0.8] for the Heden lagper
f1.1, 0.4] for the ot laper
Prpulation Siwa )
Generatinm L]
Cressnver Hate 05
Mitatinn Hate .
Fitregs Finctinn Mean Srmam Ermor [MSE)
Holactin Mrxia Hrmlette Whesl Selactinn

The mnge of the laming mte nact ot 0.1, 05] &7 the hAen wyer, snd 01 0d] for the ootpot ower. The mnge
of mommntom =W et wt 1, (F] £r the h¥Asn ver, sod 01, 09] for the ontpot woer

5 FExperimental Results

Based o the testing proseshires deserhhed abows, we ran & fnrecesting oormapetitinn sacoe 16
ANNg (8 BFNNg and & EANNg) and the rardem-walk (W) mexiel. The perfromance eriteria are
maan abenlinte error, wean eiared ercnr, Thell's 17, bt ratie and Sharpe ratl, Thesther, these
fiwa criterls enable g to gee Hffererces If any, ameng thees mwsdels, ot coly oo & statkticsl
gtarsdprint, it oo an emnords pergpective, Firthermnrs, seweral statstica] tegte were nm to
g8 wheather the Hfererces are cgniflcant. The tegts ampleysd are the Granger-Neawhold test, the
glgn tagt, the Pegaran-Tirareerneann tegt, and the Diebeld Mariane test.

Dhae ter the gpene Hradt, we coly eransaries & fow maler experlentsal remlte here, Pirat mn
AWM beat the random-weik miodel 0o fermis of infraday deta? The arewer 1z poaiioe, Al o
16 ANNs heat the HW meedkel in sll the fee griterls abowe. This remilt s interesting in lte orn
right. It ircleates that, i beat the HW, what we meed 1s & ressnreble, rather than an optimal,
ceeln of the ANN. Seemnd, are the differeness found signifiant? The anewer 1z “not sluaps”. In
termg of the Grarger-Newhold test ard the glen tegt, the resilt g clear. A1l 16 AMNEg beat the
BN rwsdel at the 15% denificarcs level, Hewever, in terme of the Pegaran Tirarserraann tegt, only
twey et of thees alxteen (BPNNA and EANNT) mtperformed the AW meddl lgrifleantly. Ag to
the Diebnki-Marlann test, nore of thees ANNe beat the AW algrdficantly. Thng, the emerlority of
oliresr reslals, eixh a2 ANNg, ower the HW In forerasting, s oot statiktically evldent sz far sz
Hgh-fravierney data are onneermed.

MNew eomoes the oore lemne: an emoindion hel e design of ANWaP The remilte are mised,
While in the ¢riterla MAE, MAE, Thell's 1], EANNS toek the lad 1t iz the BFNN4 that was
the top performeer in the hit ratln &nd the Sharpe ratle. T we ook further doen the ranldng, we
will gaa that rwre BPNNe ranked higher than the EANNe. In fact, in all 8ve cdterds, the wost
perforrmers helorged to the EANN fardly Therefore, at the ourrent stage, what we hawe fmed can
be enrehided as follawe.

# ANNg in general can be antlcdpated to oiotperform, at east namericslly, the HW in the



Intraday data Thget this eperlor perfnrrancs, what we nead k ooly & essnnable degen of
the ANN rather than an optimal one.

& WWhils the deslgn can be enxlsl for the Anenedal application of ANNg, evchitinrary aomapl-
tatlen mviy oot help that rmxeh Ao far, we hase geen that evehitiorary enmpntatln can be
kelpfinl pely 1p te the lewal of onnesbon weghts. Beynnd that | there 1z oo evlsderee for ang

egnificart lrapromneent,
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