Doktorandsky den ’01

Ustav informatiky

Akademie véd Ceské republiky

Praha, 25. fijen 2001



Obsah

Mgr. Petr Tichy— O odhadu A-normy chyby v metodé sdruZenych gradientu

Mgr. Ctirad Matonoha— Metody s lokidlné omezenym krokem

Petra Kudova— Uéeni neuronovych siti typu RBF

Zuzana Petrova— Hybridni Ul modely a Bang2

Milan Rydvan— Generalised Objective Functions for Multi-Layered Neural Ne-
tworks with Genetic Training

Terezie Sidlofova— Some Estimates of Rates of Approximation by Neural Ne-
tworks Using Integral Representations

Mgr. Radek Pospisil- Enhancements of Enterprise JavaBeans Component Mo-
del

Stanislav Visnovsky— Behavior Protocols and Component Lifecycle

Emil Kotré— Prekladaé numerickych funkci zapsanych v C do Fortranu77

Ing. David Coufal- Incremental structure learning of Wang neuro-fuzzy system

Zuzana Hanikovd— An interpretation of ZF in a fuzzy set theory

Petr Cintula— On axiomatic systems of the various fuzzy logics

Mgr. Markéta Kylouskova— Statistical methods in genetic studies

Ing. Petr Zavadil- Rizeni a stabilizace v biosystémech

4

10

19

25

29

33

37

45

61

66

70

73



Doktorandsky den UI AV 2001 — program

— 25. Fijen 2001 —

Casovy rozvrh piednasek

Petr Tichy O odhadu A-normy chyby v metodé sdruzenych gradientti 830
Ctirad Matonoha, Metody s lokalné omezenym krokem 855
Petra Kudova Udeni neuronovych siti typu RBF 920
Zuzana Petrovi Hybridni UI modely a Bang2 945
prestavka 10 minut
Milan Rydvan Generalised Objective Functions for Multi-Layered Neural Ne- 1020
tworks with Genetic Training
Terezie Sidlofova, Some Estimates of Rates of Approximation by Neural Networks 10%°
Using Integral Representation
Radek Pospisil Enhancements of Enterprise JavaBeans Component Model 1110
Stanislav Visnovsky  Behavior Protocols and Component Lifecycle 1135
prestavka na obéd
Emil Kotr¢ Pteklada¢ numerickych funkci zapsanych v C do Fortranu77 13%0
David Coufal Incremental structure learning of Wang neuro-fuzzy system 1325
Zuzana Hanikova An interpretation of ZF in a fuzzy set theory 1330
Petr Cintula On axiomatic systems of the various fuzzy logics 1415
prestavka 10 minut
Markéta Kylouskovd —Statistical methods in genetic studies 1450
Petr Zavadil Rizeni a stabilizace v biosystémech 1518
Slavnosti vyhlageni nejlepsi prezentace — predseda védecké rady UI AV CR 154
Vyhodnoceni doktorandského dne — feditel UI AV CR 1550




O odhadu A-normy chyby v metodé sdruzenych gradienti
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obor studia:

M6 — Védecko-technické vypocty

Abstrakt

Metoda sdruZenych gradientd (CG) slavi své 50-té narozeniny. Byla srozumitelné popséna
jiz svymi stvofitely Hestenesem a Stiefelem [5], ktefi odvodili vSemozZné algebraické vztahy
panujici mezi vektory a koeficienty algoritmu, ukdzali souvislost CG s Gaussovou kvadraturou
a minimalizaci funkciondlu. Mohlo by se zdat, Ze jiz bylo feceno vSe. Nasazeni CG na podi-
tacich s konecnou aritmetikou vSak s sebou pfineslo fadu dal$ich problémi. K jejich feSeni
bylo nezbytné pochopit chovini a matematicky model CG v kone¢né aritmetice a ukdzala
se nutnost fddné analyzy zaokrouhlovacich chyb ve formulich charakterizujicich konvergenci.
Jednou z téchto charakteristik je i A-norma chyby, jejiz dileZitost podtrhuji aplikace ve fy-
zice a kvantové chemii (zde byvd A-norma chyby nazyvidna energetickou normou) a kterd
byla v samotné praci [5] ozna¢ena za vhodného kandiddta na urdeni kvality pocitané apro-
ximace. Budeme prezentovat novy odhad A-normy chyby odvozeny algebraickou cestou a
ukdZeme, Ze nejjednodussi a numericky nejstabiln&j$i odhad je “skryt” jiz v pivodni préci [5].
Vysvétlime, ze odhady A-normy odvozené pomoci Gaussovy kvadratury jsou matematicky
ekvivalentni odhadim odvozenym algebraickou cestou. Budeme diskutovat otdzku fungovani
odhadi v aritmetice s kone¢nou pfesnosti. Tento pfispévek je zaloZen na préici [6].

1. Metoda sdruZenych gradientt (CG) a Gaussova kvadratura

Uvazujme systém linedrnich rovnic
Ax = b,

kde A € R "™ je redlnd symetricka pozitivné definitni matice a b € R™ vektor pravé strany. Necht
To je pocatetni aproximace feSeni. Potom j-t4 aproximace feSeni je uréena podminkou
Tj € Zo+ KJ'(A77I0)

T—T; = min r—u
lo—ajlla = min_llz=ula,

-

t.j. minimalizuje A-normu chyby ||z — z;]|a ©' ((z — z;), A(z — z;))* pies viechny aproximace z

variety zo + K;(A,ro), kde
K;(A,ro) < span{rg, Arg,... AT rg}



je j-ty Krylovlv prostor generovany matici A a pocateénim residuem rg, ro = b— Axzgy. Standardni
implementace CG byla uvedena v [5, (3:1a)-(3:1f)]:

Metoda sdruzenych gradienttd (CG)

Input zg, A, b

rg = b— AZ‘O
DPo =To
doj=0,1,...
v = (TJ'7TJ')
7 (pj, Apj)
Tj+1 = TiTVPj
rivi = T =7 Apj
5y = Tt Ti1)
! (rj,75)
pi+1 = Tj41 + 0541 p;
end do
Residuové vektory {rg,r1,...,7j—1} tvoii ortogondlni bazi a smérové vektory {po,pi,...,pj—1}

A-ortogonélni béazi j-tého Krylovova prostoru K;(A,rg). Uvedené ortogondlni vztahy tvoii ele-
ganci metody popsané v [5] a reprezentuji podstatnou vlastnost, kterd spojuje CG s klasickym
svétem ortogondlnich polynomi. Na residuum lze hledét jako na maticovy polynom pienasobeny
vektorem rg, r; = ¢;(A)re a lze ukazat, Ze polynomy ¢; jsou ortogonalni vzhledem k diskrétnimu
skalarnimu soucinu

(f,9) =) wif(A)g(N) (1)
i=1
s vahami w;,
wi = (v, w)?, Y wi=1,
i=1

kde ); jsou vlastni ¢isla matice A, u; p¥islu§né normované vlastni vektory a vi = ro/||ro|. Vime,

ze kofeny ortogondlnich polynomu hraji pfi aproximaci néjakého integralu pomoci Gaussova kva-
draturniho pravidla roli uzl. Souvislost mezi CG a Gaussovou kvadraturou je diky (1) nasnadé.

Definujme Riemann-Stieltjesiv integral nasledujicim zptisobem

n

13
/< SOl S w; f),

1

kde w()\) je monoténni, po ¢astech konstantni fukce majici n—bodd ristu A, ---, A, o velikosti
individudlnich skokl wy, - - -, wp, {(, &) je interval obsahujici spektrum matice A. Potom CG impli-
citné uréuje v kazdém iteraénim kroku j po ¢astech konstantni distribuéni funkci w®@ (\) j-bodové
Gaussovy kvadratury

3 3 4
[ 1) = [T 00D () + By (1), @)
¢ ¢

R;(f) je zbytek Gaussovy kvadratury. Funkce w() ()) (o j schodech) optimalné aproximuje funkei
w(A) (ve smyslu Gaussovy kvadratury). Rovnice (2) popisuje podstatu CG a je fundamentalni pro
pochopeni fungovani CG v koneéné aritmetice.

Ekvivalentni vyjadieni Gaussovy kvadratury. Uvazujme funkci f(\) < % Necht C,, a C}
jsou Fetézové zlomky piislusné k jednotlivym Riemann-Stieltjesovym intergdlim v (2). Potom



Gaussovovo kvardraturni pravidlo (2) nabyva tvaru (viz. napft. [2])

_ llz — ;1% _ llz—oll%
G =Gt Tl O Tl

Zajimavé podoby vztahu (3) pfendsobeného ||rol|? si povsiml Warnick [7], plati
T T
ro (& = @0) =g (¥j — o) + ll& — ;1% - (4)

V [6] jsme ukdzali dalsi ekvivalentni vztah, odvozeny algebraicky bez pouZiti Gaussovy kvadratury

ro (& — x0) =14 (x5 — x0) + 1] (z; — To) + ||z — 2% (5)

Jak vidime, je (5) velmi podobné vztahu (4). Vyraz r]T(a:j — xg), ktery je jakoby “navic” v naSem
ekvivalentnim vyjad¥eni vztahu (3), bude mit v kone¢né aritmetice podstatny korekéni efekt.

V neposledni fadé jsme si v [6] uvédomili jednu velmi podstatnou véc a tim jsme kone¢né “pro-
hlédli” Gaussovo kvadraturni pravidlo a s nim i odhady zalozené jak na algebraickém tak na
Gauss-kvadraturnim pojeti. Gaussovo kvadraturni pravidlo neni nic jiného, nez vztah mezi druhou
mocninou A-normy nulté a j-té chyby. Nutné tedy vztah uvedeny v pivodni praci [5]

j—1

lle = zollh =Y willrill® + llz — 251/% (6)
=0

je dalsi ekvivalentni formou k (3). Zatimco jsme v pfedchozich vztazich potfebovali k vyjadfeni
hodnotu Gaussovy kvadratury bud sloZité vzorce (fetézové zlomky) nebo pocitani dalsich skaldrnich
soudint (viz. (4) a (5)), ve vztahu (6) stali seist ¢isla, kterd je nutné tak jako tak poditat v kazdém
kroku CG.

2. Konstrukce odhadua A-normy chyby

Zskladni myslenka pro konstrukci odhadt spociva ve vyuziti zdkladniho vztahu (3). Vyjadiime-li
z (3) A- normu j-té chyby, mame

lle = @jla = llroll* [Cn = Cj] - (7)

Cislo C,, je pro nés pfi poéitani nezndmé. Miizeme ho viak aproximovat, po¢itame-li dalgich d krokd
metody CG, hodnotou Cjiq. Pokud chceme védét, jak dobrd je naSe aproximace, stai uvazovat
(7) pro iteraéni éisla j a j + d a oba vztahy odecist. Dostavame

lo = ;1% = lIrol* [Cja = €3] + llo = wjally- ®)

Pokud tedy plati ||z — z;||3 > ||z — 7;+qll4, ziskdme na zdkladé (8) dobry (dolni) odhad pro
|z — z;||a (v8echny vyrazy v (8) jsou kladné). Naprosto stejné lze postupovat i v pfipadé ostat-
nich ekvivalentnich vztah. Matematicky ekvivalentni odhady druhé mocniny A-normy j-té chyby
pfislugné k vztahim (3)—(6) (oznacme je postupné 1; 4, ij.a, 95,4 @ vj,q) maji tvar

nia = lIroll® [Cira — Cjl,
_ T
Bia = 7o (Tjtd — =),
Vja = rg(xj+d —zj) — TJT(IL‘J' — o) + T;"r+d($j+d — o),
a
jtd—1
via= Y 7illrill*
i=j



3. Aritmetika s kone&nou presnosti (FP - Finite Precision arithmetic)

CG v aritmetice s kone¢nou presnosti. Pfeneseme-li algoritmus CG do prostiedi kone¢né arit-
metiky, zjistime, Ze ortogonalita mezi poditanymi vektory se obvykle velmi rychle vytraci, dochazi
dokonce k jejich linedrni zavislosti a nasledkem toho ke zpozdéni konvergence a ke ztraté finitnosti.
Je nutné si uvédomit, ze v8echny formule a vztahy odvozené na zdkladé Gaussovy kvadratury (a
tedy i globalni ortogonality) mohou pfestat fungovat (nevydavat pozadované informace). Ta totiz
uzivala k aproximaci integralu

/ AT (V) 9)
¢

implicitné kofent ortogondlnich polynomi. Neni vibec ziejmé, zda hodnoty, které z formuli pro
odhad dostavdme, skutecné aprozimugji hodnotu ||z — z;||a, kde x; je aproximace spo¢tend CG
v konec¢né aritmetice.

Matematicky model CG v koneéné aritmetice. Jak bylo ukizino v [3] a [4], na CG v kone¢né
aritmetice lze pohliZet jako na pfesnou CG aplikovanou na systém Az = b, pro ktery je konvergence
uréena Riemann- Stieltjesovym integralem

13
/ A~ da(N) (10)
¢

kde @(A) vznikla z w(\) rozmazdnim jednotlivych boda ristu A; do (pokud moZno nekonecng)
mnoha bodu rastu v blizkosti kazdého \;. Matice A m3 o mnoho vétsi dimenzi ne? matice A a
jeji vlastni éisla jsou nakupena v tésné blizkosti (v malych intervalech) okolo vlastnich ¢isel matice
A. Celkova vyska skoku na okoli bodu A; funkce @(\) je stejnd, jako vyska skoku w(A) v bodé
Ai @ @(A) velmi tésné aproximuje w(A). CG v koneéné aritmetice neztrdci dobré vlastnosti a lze ji
modelovat pomoci piesné CG aplikované na modifikovany systém.

Co odhady v koneéné aritmetice poéitaji. V [2] bylo vysvétleno, ze odhad 77]1.7/2, ktery byl
odvozen na zékladé Gaussovy kvadratury pro integral (9) pocitd v kone¢né aritmetice hodnoty
korespondujici s Gaussovou kvadraturou pro integrél (10), tedy hodnoty pfislusné k pfesnému
matematickému modelu CG v kone¢né aritmetice. Ostatni matematicky ekvivalentni odhady by
méli pocitat totéz, pokud vSak vztahy, na nichz jsou zaloZeny, plati i v kone¢né aritmetice. To je
nutné dokazat.

Které odhady funguji v koneéné aritmetice. V [2] bylo ukdzano, ze odhad zaloZzeny na n;,4
je funkéni v kone¢né aritmetice pouze s jistymi omezenimi. Rozdil Cjq4 — C; je totiz nutné pocitat
tak, aby dochazelo k vyruSeni vlivu zaokrouhlovacich chyb. Tento problém byl chytie vyfeSen
v [1]. V préci [6] jsme ukdzali nasledujici fakta. Odhad zalozeny na Warnickové vztahu (4) je silné
zavisly na globalni ortogonalité a tudiz nepouzitelny pro odhad A-normy chyby. Na§ vylepSeny
vztah (5) a s nim i 9, 4 jsme sice v [6] neanalyzovali, vime vSak, Ze je plné pouzitelny k odhadu az
dokud A-norma chyby nedosdhne hranice imérné strojové piesnosti €, pocitame-li rozdily vektord
Zj+qd — ¢; vhodnym zpisobem. Diskuse k tomuto vztahu v€etné analyzy zaokrouhlovacich chyb
bude provedena v mé disertalni praci. V [6] jsme se misto toho vénovali zd4 se nejjednodussimu,
nejstabilngj§imu a nejméné poletné naroénému odhadu pomoci v; 4 zalozeném na vztahu (6).
Ukézali jsme, Ze informacim které poskytuje (vj,4)'/? je mozno véfit az do okamziku, kdy ||z —=;||a
dosahne tirovné maximalni pfesnosti, t.j. hladiny Gmérné strojovému epsilon a urcitym konstantam,
jez zdvisi na vstupnich datech dlohy, tedy na vlastnostech matice A, vektoru pravé strany b a
pocatecnim piiblizeni xg.

O analyze formuli zaloZenych na algebraické manipulaci. Analyza probihé vét§inou nésle-
dujim zptisobem. Misto rekurentnich vztahti metody CG pfedpokldddme poruSené vztahy (s pfi-
padnym poruchovym vektorem, jehoZ norma je Gmérné strojové presnosti € a velikosti poc¢itanych
vektort). Takto modifikované vztahy dosazujeme do vzorcl a dostdvime vétsinou velmi kompli-
kované formule. Potom pftichazi faze, kterd by snad snesla oznaceni “oddéleni zrn od plev”. Jde
o to pochopit vztah a vyloudit vyrazy, které maji nepatrny vliv na jeho platnost (napiiklad vyssi
mocniny €). Zbydou vyrazy, jez vyrazné ovliviiuji platnost vztahu v kone¢né aritmetice a na jejich
zékladé muzeme odhadnout, do kdy vztah zstava v platnosti a vydava potifebné informace.
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Obrazek 1: CG v pfesné (E) a kone¢né aritmetice (FP)

4. Numerické experimenty

Pro nase numerické experimenty jsme si vybrali pfiklad, na kterém se silné projevuji zaokrouh-
lovaci chyby. Zvolili jsme matici A = QAQT, kde Q je ortogonalni matice, jez vznikla z
(Matlab)QR-rozkladu ndhodné generované matice (pocitané Matlabovskym piikazem randn(n)),
a A = diag(A1,...,An) je diagonélni matice s vlastnimi ¢&isly \; poéitanymi podle pfedpisu

- .
A=A+ l_l()\n—)\l)pn_’, i

I
ro

..,m—1 11
: n (1)

Zvolili jsme n = 48, d = 4, A, = 0.1, A, = 1000, p = 0.9, z = (1,...,1)T, b = Az a zo =
(0,...,0)T. Pomoci e f;|| jsme ozna&ili normu rozdilu skute¢ného a rekursivng pocitaného residua,
lle f;]] <" [|(b— Az;) —r;||. Experimenty byly provedeny za pomoci programu Matlab 5.1 na osobnim
poditadi se strojovou piesnosti e ~ 1.1 x 10716,

Hodnoty poéitané pfesnou metodou CG jsme modelovali pomoci CG v kone¢né aritmetice s dvoj-
nésobné reortogonalizovanymi reziduovymi vektory (viz. [4]) a budeme je znacit pomoci (E). Hod-
noty pocitané v koneéné aritmetice ponesou oznaceni (FP). Na obrazku 1 vidime, Zze A-norma
chyby (E)CG (&erchovand ¢ara) mtize byt velmi odlisnd od A-normy chyby (FP)CG (normalni
¢ara). Ortogonalita mezi (FP) residuovymi vektory (te¢kovand ¢dra) méfend Frobeniovou normou
[T — V]-TV]'H F, kde V; je matice o j sloupcich slozena z normovanych residovych vektord (jez
by méli byt vzadjemné ortogonalni), se vytraci po par iteracich. Ztrata ortogonality mezi residuo-
vymi vektory, jez jsou pocitany CG algoritmem s dvojndsobné reortogonalizovanymi residuovymi
vektory je zakreslena teckami. Zstava, jak je dobfe vidét, na Grovni blizké strojovému epsilon.

Obrézek 2 ukazuje, ze odhady 7;,4'/2 (tetky) 9;4'/% (¢4rkovand ¢4ra) a v; 4'/2 (Cerchovans), které
déavaji velmi podobné a velmi dobré vysledky, funguji i za silného vlivu zaokrouhlovacich chyb
na algoritmus CG v kone¢né aritmetice. V8echny ¢ary jsou v podstaté totozné dokud ||z — z;||a
(plné &4ra) nedosdhne své maximalni Grovné pfesnosti. Ztrata ortogonality méfend ||I — VJTVj |7,
je znazornéna piikie rostouci te¢kovanou &arou. Vyraz ||e f;||, ktery mé¥i rozdil mezi skute¢nym a
rekursivnim residuem (vodorovnd te¢kované ¢ara) zlistava blizko Grovné Gmérné strojové presnosti
po celou dobu vypoctu.
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Obréazek 2: Aplikace odhadt v koneéné aritmetice

Zavéry

Existujici odhady A-normy chyby jsou matematicky ekvivalentni vztahu (6), ktery se objevil jiz
v puvodni préci [5]. Kazda aplikace néjakého odhadu v CG v konetné aritmetice musi byt fadné
ospravedlnéna analyzou zaokrouhlovacich chyb. Jinak si nemtzeme byt jisti, Ze odhad pocita hod-
noty korespondujici k pfesnému matematickému modelu CG v koneéné aritmetice a tim i hodnoty
odhadujici A-normu chyby v FP. Otevienou a dosti dilezitou otdzkou v pouziti odhadi A-normy
chyby ztstava adaptivni volba délky kroku d.

References

[1] Golub, G.H. and Meurant, G., Matrices, Moments and Quadrature II: How to Compute the
Norm of the Error in Iterative Methods, BIT 37, pp. 687-705, 1997.

[2] Golub, G.H. and Strako$, Z., Estimates in Quadratic Formulas, Numerical Algorithms 8,
pp. 241-268, 1994.

[3] Greenbaum, A., Behavior of Slightly Perturbed Lanczos and Conjugate Gradient Recurrences,
Lin. Alg. Appl. 113, pp. 7-63, 1989.

[4] Greenbaum, A. and Strakos, Z., Predicting the Behavior of Finite Precision Lanczos and
Conjugate Gradient Computations, STAM J. Matrix Anal. Appl. 13, pp. 121-137, 1992.

[5] Hestenes, M.R. and Stiefel, E., Methods of conjugate gradients for solving linear systems. J.
Res. Nat. Bureau Standarts 49, 409-435, 1952.

[6] Strakos, Z. and Tichy, P., On Error Estimation in the Conjugate Gradient Method and Why
It Works In Finite Precision Computations, Submitted to ETNA, 25 p., June 2001.

[7] Warnick, K.F., Nonincreasing Error Bound for the Biconjugate Gradient Method, Report,
University of Illinois, 2000.
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Abstrakt

Metody s lokalné omezenym krokem jsou t¥idou neddvno vyvinutych algoritma pro fe-
Seni optimaliza¢nich problémi. Hled4 se minimum kvadratické funkce vzhledem k uréitému
omezeni, napf. na sféfe. VétSina metod vede na feSeni systému linedrnich rovnic, coz je ne-
efektivni hlavné pro obsihlé optimaliza¢ni problémy. V tomto ¢lanku ukiZeme, Ze metoda s
lokélné omezenym krokem s postupné generovanymi Krylovovymi podprostory mé specidlni
strukturu, kterd ndm dovoli fesit tento podproblém efektivné. Po koneéném poctu kroku lze
ziskat témér optimalni feSeni, které spliituje podminky optimalizace.

1. Zakladni optimalizaéni metoda

Nejprve definujeme zakladni optimaliza¢ni metodu, metodu s lokdlné omezenym krokem a uka-
zeme nékteré vlastnosti lokalné omezeného kroku. Déle budeme generovat Krylovovy podprostory
a hledat feSeni spliujici optimaliza¢ni podminky.

Necht je ddna funkce F(s) : R* — R v proménné s € R” a hleddme jeji lokalni minimum. Oznadme
9(s) jeji gradient a G(s) jeji Hessovu matici (matici druhych parcidlnich derivaci). Spojitost dru-
hych parcidlnich derivaci implikuje symetrii matice G(s). Oznatme A matici, kterd aproximuje
Hessovu matici G(s).

Definice 1 Bod s, € R je lokdlnim minimem funkce F : R* — R, jestliZe existuje cislo € > 0
takové, Ze

F(ss) <F(s) Vs€B(swe) ={s € R"; [| s —s. | <e}.

Je-li navic F(sy) < F(s) pro s # 54, pak bod s, € R" je ostrgm lokdlnim minimem funkce F.
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Lemma 1 Nechf bod s, € R" je lokdlnim minimem funkce F : R® — R a necht F € C' (spojité
diferencovatelnd) na B(sy,€). Pak plati g(s,) = 0. Jestlize navic F € C? (dvakrdt spojité diferen-
covatelnd) na B(sy, ), pak plati G(sx) > 0 (matice G(s,) je positivné semidefinitni).

Lemma 2 Necht F : R* - R, F € C? na B(s«,€) a necht plati g(s«) =0 a G(sx) >0 (matice
G(sx) je positivné definitni). Pak bod s, € R" je ostrym lokdlnim minimem funkce F.

Definice 2 Zdkladni optimalizacni metoda je iteracéni proces, jehoZ viysledkem je posloupnost bodu
sp € R*, k €N, takovd, Ze
Sk+1 = Sk + Qp Tk,

kde smérovy vektor xj se urcuje na zdkladé hodnot sj, F(s;), g(s;), G(s;), 1 < j < k, a délka
kroku ay > 0 se urcuje na zdkladé chovani funkce F' : R — R v okoli bodu s, € R™.

vvvvvv

Mezi nejjednodussi a nejznadméjsi optimalizaéni metody patii metoda nejvétsitho spadu a Newto-
nova metoda. ProtoZze maji spoustu nevyhodnych vlastnosti, byly z nich vyvinuty dimyslnéjsi a

2. Metody s lokdlné omezenym krokem

Pii vykladu metod s lokdlné omezenym krokem budeme pouZivat néasledujici oznaceni:

V()

2:L'TAkx +glx

pro kvadratickou funkci, kterd lokdlné aproximuje rozdil F(sy + z) — F'(sg);

Az + gi
wi(z) =

Il g |

pro pfesnost uréeni smérového vektoru;

F(sy +z) — F(sg)
pi() Y (z)

pro podil skute¢ného a pfedpovédéného poklesu funkce F' : R” — R. Funkci ¢ (z) dostaneme z
Taylorova rozvoje funkce F' v bodé sy :

1
F(sp+x) = F(s) + gi ¢ + §$Tka + zbytek,

kde matice Ay v jistém smyslu aproximuji Hessovu matici Gyg.

Definice 3 Zdkladni optimalizacéni metoda sp+1 = si + apxr, k € N, je metodou s lokdlné ome-
zenym krokem, jestliZe se smeérové vektory xy, € R, k € N, urcuji tak, Ze plati

| zw || < A, (12)
lzell <Ax = [lwklaw) [| <0r <, (13)
~ a2 ¢ g [ min{] e ), 21, (14)
kde0< o<1, 0<w<1 adélky kroku ar, > 0, k € N, se vybiraji tak, Ze
pr(ze) <0 =  ap=0, (15)
pr(zr) >0 = ap=1

11



Pritom posloupnost Ay, > 0, k € N, se konstruuje tak, Ze
pe(ze) <p = Bllaell < Appa <B k|, (17)
pr(zr) >p = Ap < Appr <FA, (18)

kde 0 < 8 < B<l<7al< p < 1. Posloupnost Ay # 0 se konstruuje tak, aby matice Ay, byly

stejnomérné omezenée, tj.
IAwl <M VkeN, (19)

kde konstanta M < oo nezdvisi na k € N.

Naértneme algoritmus metody s lokdlné omezenym krokem. Symbolem RE*™ oznalime prostor
symetrickych matic fadu n x n.

Algoritmus 1 Metoda s lokdIné omezengm krokem.
Zvolime so € R, 0# Ag € RY*"™, Ag >0, € > 0, spocitdime F(sg) a poloZime k = 0.

1. Vypoditdme gradient g(so). Je-li || g(so) || < &, pak STOP.
2. Urcime vektor xy, tak, aby byly splnény podminky (12) oz (14) a spocitame vy (xy).

fy_
3. PoloZime SL = s + T} a vypocitame hodnoty F(S;rg) a pr(zr) = 71?(3,22(;:5%)

ak uréime Agyq tak, aby byla spinéna podminka (17).
ak uréime Agy1 tak, aby byla splnéna podminka (18).

4. Je-li pp(zr) < p,
Je-li pr(zx) > p,
)
)

’E’E

piejdeme na krok 2.
k , uréime matici A1 # 0 tak, aby byla splnéna podminka (19), poloZime
, F(sk+1) = F(s;'c), k=k+1 a piejdeme na krok 1.

5. Je-li pg(zy,
Je-li pg(

Sk+1 = S

<0
>0

>+ 8

Definice 4 Metody s optimalnim lokdlné omezenym krokem pouZivaji smérové vektory xy, k € N,
takové, Ze

= ar IIllIl T 20
pfzcvemzv bereme || T || = Ak, pokud toto minimum neni jedzné

Lemma 3 Smérovy vektor uréeny podle (20) vyhovuje podminkdm (12) a% (14) prow =0ac = L.

Véta 1 Vektor x, € R™ je fesenim ulohy (20) ve smyslu definice 4 prdvé tehdy, kdy? || zy || < Ag
a jestliZe existuje cislo & > 0 takove, Ze matice Ay + &1 je positivné semidefinitni o plati

(Ap+&Dzr +91 =0, (| zr || —Ar) & =0.

Tato véta je specidlnim pfipadem tzv. Khun-Thuckerovy véty ([5]).

V dalsi ¢asti se budeme zabyvat podproblémem problému hleddni minima funkce F; a sice uréenim
optimélniho lokalné omezeného kroku zj. Protoze k tomu pouZzijeme iteracni proces {zy;}ien,
oznacime optimdlni lokdlné omezeny krok v k-tém kroku jako xj .. ProtoZe se jednd o podproblém
a k je pevné, vynechame pro jednoduchost index k. Hledame tedy feSeni podproblému

1
nel%Rn Y(z) vzhledemk [ z]| <A, kde o(z) = §:cTAa: +gTz, (21)
T n
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A je symetrickd matice fadu n x n, g je n-dimenziondlni vektor, A je dané kladné ¢islo a norma je
Euklidovska. Pro feSeni x, plati véta 1. Z ni plyne, Ze feSit problém (21) je ekvivalentni nalezeni
spravného &, (tzv. Levenbergiv-Marquardtliv parametr) a feSeni linedrniho systému

(A + €Dz =—g (22)
pro & = &. Jestlize || z« || < A, pak je A positivné semidefinitni a Az, = —g. To znamen4, ze v

bodé z, nabyva funkce 1(z) globalniho minima pfes R™. Z véty 1 plyne nasledujici lemma.

Lemma 4 Necht £ € R, x € R spliiuji (22), kde A + £1 je positivné semidefinitni. Pak plati

ndsledugici turzeni. Je-li € =0 a || z || < A, pak x 7esi (21). Je-li § >0 a || z || = A, pak z Fesi
(21). Je-li navic A + £I positivné definitni, pak x je jediné feseni (21).

Lemma 5 Pro Feseni z, plati g7z, <0 a 1(z,) <O.
Predpokladejme, Ze (21) m4 feSeni z, na hranici mnoziny {z; || z || < A} s odpovidajicim & > 0.
Tato zx a & jsou FeSenim nelinedrni rovnice (viz véta 1)
lell=1(A+&Digl=4, ¢£>0
a protoze A + £I je positivné semidefinitni, je
& € <_)\1700)7
kde \; je nejmensi vlastni &islo matice A a symbol t znaé Moore-Penroseovu zobecnénou inverzi.

Neni-li g kolmé na prostor
S ={z;Az = \z,2z #0},

pak je & € (—A1,00). Zajimavé je situace, kdy je g L S;. V tomto pfipadé miZe existovat opét
& € (—A1,00), ale miize byt i & = —Aq, jak ukdZze nédsledujici lemma. Nejprve jedna definice.

Definice 5 Jestlife je vektor g kolmy na prostor Si, pak fekneme, Ze pro problém (21) nastal
Hsingularni pripad.

Lemma 6 Pro feSeni x, problému (21) plati:

1.{&=-X1 mnebo z, LS} = g¢gLl&,

22918 = {&=-X\ mnebo &L#E-M & 1, LS}
Charakteristické pro ,singularni p¥ipad® je, Ze jestlize &, = —A1, pak je matice A + &I singulédrni,
rovnice (22) nem4 jediné fefeni a norma vektoru z = —(A +&,I)t g je mensi nez A. V tomto ptipadé
lze feSeni (21) dostat nalezenim libovolného feSeni rovnice

(A-MDz = —g,
kde || z || £ A, a urdenim vlastniho vektoru z € S;. Pak
(A-—MI)-(z+k2)=—-g a ||z+rz]| =A

pro né&jaké k. Nyni, protoZze A — A\ 1 je positivné semidefinitni matice, podle lemmatu 4 plyne, Ze
T, = x + Kz Tesi (21).

Navic plati 0 <& = —A1 = A\ <0, coz implikuje, Ze matice A neni positivné definitni.
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3. Metoda sdruZenych gradientd a Lanczosova metoda

Mezi metody, které hledaji feSeni problému (21), patii napf. Newtonova metoda ([1], [4], [6])
nebo metody, které cely problém pfevedou na problém vlastnich ¢&isel ([3], [7]). VSechny tyto metody
hledaji feseni na celém prostoru R™. Jako Cauchyho bod je definovano feSeni problému

1
min (z) = —zT Az + g7z, |z <A, (23)
e€spig} 2

tedy minimum funkce ¢ je z 1-dimensionéalniho podprostoru sp{g}. Stejné tak lze uvazovat mini-
mum ¥ na 2-dimensionalnim podprostoru, atd. V téchto pfipadech lze feSeni snadno nalézt, protoze
tyto podprostory jsou malé. V obecném problému (21) je vSak hledany prostor R" velky. Budeme
proto uvazovat feSeni xy kompromisniho problému

i <A 24
fin ¢(z), |z ] <A, (24)
na Krylovové podprostoru K}, generovaném vektorem g a matici A :
Ky = sp{g, Ag, A%, ..., Ak g}. (25)
Nejprve najdeme bézi K}, a feSenim problému (24) bude linedrni kombinace baze.

Steihaug ([8]) byl prvni, kdo pouZil mySlenku sdruZenych gradient. VylepSeni této myslenky pro-
vedl Gould ([1], [2]). Pro vygenerovani bize pouZijeme metodu sdruzenych gradientt a v pfipadé
jejiho selhani - (p;, Ap;) = 0 - pfejdeme na Lanczosovu metodu.

Algoritmus 2 Metoda sdrufenyjch gradienti (CGM).
Polozime 19 =g, po = —19. Pro j=0,1,..,k—1 provedeme:

o (riry)
1. o; = R

2. Tjiy1 =715 + Clepj.

3. B; = (Tit1,mit1)

(rj,rj)

4. Djr1 = —Tjy1 + B;ip;-

Algoritmus 3 Lanczosova metoda (LM).
Polozime to =g, q.1=0. Pro j=0,1,....k provedeme:

1. ")/j = \/(tj,tj).

3. 6; = (¢;, Agj)-

4- tiv1 = Aqj — 0545 — g1

Metoda CGM generuje A-ortogonalni bazi sp{po,p1, .., bk }, zatimco metoda LM generuje ortonor-
malni bazi sp{qo, a1, --, qr }- Lanczosovu iteraci lze psat v maticovém tvaru

AQ = QuTk + Vht1rt1€4415 (26)
kde Qi = (qo,-- qr), QFQr = Ix41 a Ty je 3-diagonalni matice
do m
T, = 7 01

Yk
Y Ok
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Daéle plati vztahy
QiAQ,L =Tk, Qfg=7e1 a g="0-

(27)

Protoze residua {ry} jsou ortogonalni, mtizeme Lanczosovy vektory ziskat z iteraci sdruZenych

gradienttl jako ¢ = mrk a matici T}, lze vyjadfit nsledujicim zplsobem:

1 VBo
aQ \a0|
VB 1 4 B VB
[ao a1 ap  |ai]
T, = \alll . .
.. -, v/ Br—1

’ ’ Jog 1]
VBk—l 1 + Br—1

A A —1

[ak—1]

Nyni se zaméfime na problém (24) a budeme hledat feSeni xy, z Krylovova podprostoru Ky, tedy

zy = Qrhy,

kde x; Tesi problém

1
min {=z7 Az + ¢¥2} vzhledemk |z <A.
z€Ky 2

Ze vztaht (27) plyne po dosazeni, ze vektor hy fesi problém
Lo T
hé?klﬁl{ih Trh + (yoe1)" h} vzhledem k || | < A.

Zakladni véta 1 ukazuje, Ze plati
(Tk + &Iry1)hr = —0es,

(28)

(29)

(30)

(31)

kde matice Ty + &;Iry1 je positivné semidefinitni, déle & > 0 a & (|| hx || — A) = 0. Odtud a ze

vztaht (27) plyne, Ze
Qi (A + &I)zk = Q (A + &I1,)Qrhy = (Tr, + & Iky1) e = —y0e1 = — Qi g

(|l zw || — A) = 0.

a dale, ze
Vidime, Ze zy, je Galerkinova aproximace k z, z prostoru generovaného matici Q. Ptame se tedy,

jak dobra tato aproximace je, konkrétné jaks je chyba (A + & I,)zx + g.

Véta 2 Plati:
(A+&I)zk + 9 = Yrgr - €kT+1hk * k41
a tedy
I (A+&Ln)zk + g || = Vet - ey nl-

Daéle budeme uvaZzovat problém (30). Za¢neme jednoduchou definici.

(32)

Miuzeme tedy zméfit chybu, zndme-li ¢islo v;4+1 a posledni slozku vektoru hy, a viibec nepotiebujeme
iterace x ani matici Q. Chyba bude mala, bude-li malé bud ;41 nebo posledni slozka hy,.

Definice 6 Rekneme, e symetrickd 3-diagondlni matice je rozloZitelnd, jestlize alespori jeden pr-
vek mimo diagonalu je nulovy. V opacném pripadé fekneme, Ze je nerozloZitelnd.
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Lemma 7 Necht 3-diagondlni matice T je nerozloZitelnd a v je vlastni vektor matice T. Pak proni
sloZka v je nenulovd.

Vé&ta 3 Necht matice Ty, je nerozloZitelnd. Pak singuldrni pFipad nemiZe nastat pro problém (30).

Duisledek 1 Necht matice T,,_1 je nerozloZitelna. Pak singuldrni piipad nemiZe nastat pro pi-
vodni problém (21).

Tedy, nastane-li singuldrni pfipad pro problém (21), pak mé Lanczosova 3-diagonélni matice T,,
alespoii jeden mimodiagonalni prvek nulovy. Nésledujici véta stanovuje, kdy m4 rovnice (33) jediné
fefeni hy, € Rk+1,

Véta 4 Necht Ty, je nerozloZitelnd, hy a & spliugi
(T + &plpt1) b = —v0ea (33)

a necht Ty, + Ik je positivné semidefinitni matice. Pak je positivné definitni.
Vé&ta 5 Necht (eg+1,hr) = 0. Pak je matice T}, rozloZitelnd.

Vé&ta 6 Necht pro problém (21) nenastane ,singuldrni pripad“ a necht vi+1 = 0. Pak xy 7esi (21).

Z4dané feseni tedy dostaneme z prvniho nerozloZitelného bloku Lanczosovy 3-diagonalni matice
T. Zbyva uvazovat ,singularni pfipad“. Ten mutze nastat jen kdyZ je T} rozlozitelnd. Necht mé
tedy T} nésledujici [-blokovy tvar

Ty,
Ty,

Ty = .. >
Ty,
kde posledni blok Ty, je prvni, ktery vede na nejmensi vlastni ¢islo A\; matice A. Pak lze uvazovat

dva ptipady.

Vé&ta 7 Necht pro problém (21) nastane ,singuldrni pFipad“ a Ty md blokovy tvar uvedeny vyse.
Pak

1. Je-li =)\ <&, pak fedeni (21) je ddno takto:
Tp = Qk1 hk17

kde Qg, = (qo, -, qr,) € RP*E1+D) g b, € R+ je fesenim positivné definitniho systému
(Tkl + £k1 Ik1+1)h’k1 = —"o€1-

2. Je-li —\y > &, pok TeSeni (21) je ddno takto:
xr = Qrhg, kde hi = (h,O, ...,O,HUT)T,

h je Teseni reguldrniho 3-diagondlniho systému (Tg, — MIg,+1)h = —y0e1, v je vlastni
vektor podmatice Ty, odpovidajici nejmensimu vlastnimu c&islu My a k je zvoleno tak, Ze
| By 12+ 62 [0 [ = A%

Pro feSeni problému véty 7 vSak potfebujeme znit nejmensi vlastni ¢islo matice A. Tento tvar
feSeni je proto uzite¢ny pouze z teoretického hlediska.
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4. Algoritmus

Nyni nacrtneme algoritmus této metody. Ke generaci Lanczosovych vektorti pouzijeme metodu
sdruZenych gradienti (algoritmus 2). Jakmile bude skaldrni souéin (pg, Apy) maly, piejdeme k
Lanczosové metodé (algoritmus 3). Zavedeme parametr INT, ktery bude urdovat, zde je FeSeni

uvnitf oblasti nebo na hranici.

Algoritmus 4 PoloZime
T To «
IE():(O,...,O) > To=9, Y% = ||g||7 qO:m: Do = —To, INT:,,true ) k=0.

1. Je-li |(pr,Apr)| <€, pak INT = ,false a jdeme na krok 10.

(re,T%)

2. PoloZime ay = on Ape) -

3. Aktualizujeme Ty z Tr_1 pFiddnim 7adku o sloupce.

4. Je-li INT = ,true®, ale {ak <0 nebo ||z + arps || > A}, pak INT = ,false“.

5. Je-li INT =  true“, pak Zpy1 = xp + appr; jinak fesime 3-diag. problém (80) pro hy.

v T
6. PoloZime rp41 =71 + apApr, Qr41 = m

7. Spocitame By = %

8. Je-li INT = ,true“, pak: Je-li ||ryy1 || <&, pak STOP, z, = Tpt1-
Je-li INT = ,false“, pak: Je-li Ypt1 -|(ek+1,h)| <&, pak STOP, z, = Qphy.

9. Polozime pry1 = —Tk4+1 + Brpr, k:=k+1, a jdeme na krok 1.
10. PoloZime oy = (qx, Aqy).
11. Resime 3-diagondlni problém (30) pro hy.
12. Polozime tgy1 = Aqr — Okqr — Yrqr—1, kde g1 = 0.
13. Spoécitime g1 = || tht1 || -

14. Je-li Yiq1 - |(ex+1,hi)| <€, pak STOP, z, = Qphy.

15. Polozime qpy1 = ,ty’;:i, k:=k+1 a jdeme na krok 10.

Nakonec zbyva uvazovat problém (30) pro hy. Aplikujeme Newtonovu metodu na rovnici

11
O= X" Tho]

napf. [1], [4], [6]. ProtoZe matice T}, je tfidiagonélni, jedna se o jednoduchy problém.

=0, kde (Tk + fIk_H)hk (f) = —7Yo€1,
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Abstrakt

Tato préace stru¢né popisuje model RBF sité a moznosti jejtho uéeni. Efektivita a pouzitel-
nost popsanych algoritmi je doloZena vysledky experimentd.

1. Uvod

Neuronové sité typu RBF (krdtce RBF sité) pat¥ mezi nejmladsi modely neuronovych siti a jsou
alternativou klasickych modelt, jako jsou vicevrstvé perceptronové sité.

Motivaci k jejich studiu najdeme v numerické matematice, konkrétné ve studiu interpolaci a
aproximaci dat. Regeni aproxima¢niho problému se vétsinou hledd jako linedrni kombinace ba-
zickych funkci v né&jakém konkrétnim tvaru, napiiklad jako kombinace polynomi. V 80. letech se
v této souvislosti dostavaji do poptedi tzv. radidlni bazické funkce a nasledné se objevuje model
neuronové sité typu RBF.

V nésledujici kapitole tento model popiSeme, v kapitole 3 se sezndmime s postupy p#i uéeni této

sité, v kapitole 4 nastinime implementaci uéeni v systému Bang2 a nakonec kapitola 5 pfinasi
prehled vysledkd provedenych experiment.

2. Neuronovi sit typu RBF

Neuronova sit typu RBF (viz obr. 3) je dopfednd neuronové sit s jednou skrytou vrstvou a linedrni
vystupni vrstvou. Skrytd vrstva je tvofena RBF jednotkami realizujicimi funkci

@) = (125510), (34)

Y

kde & je vektor vstupi, ¢ néjakd radidlni funkce,rrparametr ¢ stfed RBF jednotky, parametr b §itka
a || - ||c oznacuje vazenou normu (|| Z ||?= (C%)" (CZ) = £T CTCx).
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Obréazek 3: Neuronovj sit typu RBF

Linearni vystupni vrstva pocita vazeny soucet vystupd RBF jednotek

h =il
1@ =Y wisp (M) , (35)
=1 ’

kde f, je vystup s-té vystupni jednotky, h je poc¢et RBF jednotek a wj, je vdha spoje z j-té RBF
jednotky do s-té vystupni jednotky.

V praxi nejpouzivanéjsi radidlni funkce je Gaussova funkce, RBF jednotky ¢asto nemaji parametr
§ifka nebo pouzivaji euklidovskou normu (odpovida véZené normé, kde C je jednotkova matice).

3. Uéeni RBF sité

Pro uceni RBF siti existuje fada algoritmi a metod. Nyni se struéné sezndmime s myslenkami
t¥{ hlavnich pfistup k tomuto problému, konkrétné s gradientnim ucenim, tiifdzovym ucenim a
genetickym ucenim.

3.1. Gradientni uéeni

Gradientni uceni je inspirovano algoritmem Back Propagation pro vicevrstvé perceptronové sité.
Stejné jako u algoritmu Back Propagation minimalizujeme chybovou funkei sité (36) gradientni
metodou.

kE m
- - ]_
E=5y [1d9 7O P=53" 3@ - 107, (36)

t=1 t=1 s=1

DN | =

kde k je _pocet tréninkovych vzord, s(t) oznacuje vystup sité po predlozeni t-tého tréninkového

vzoru a d®) pozadovany vystup sit&.

Protoze ma RBF sit pouze jednu skrytou vrstvu, nedochazi pfi vypodétu derivaci chybové funkce k
zpétnému Sifeni chyby a vypocet je jednodus$si nez u vicevrstvych perceptronovych siti.
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3.2. T¥ifazové udeni

Parametry RBF sité mtzeme rozdélit podle charakteru do tii skupin. Do prvni skupiny patii
sttedy RBF jednotek, které urcuji rozmisténi RBF jednotek po vstupnim prostoru. Druhé skupina
obsahuje v8echny ostatni parametry RBF jednotky (3ifky, matice vdZzenych norem), pokud jednotka
néjaké ma. Posledni skupinu tvoii vahy mezi skrytou a vystupni vrstvou.

Samotné uceni rozdélime do t¥i fazi, v kazdé fazi u¢ime jednu skupinu parametrti metodou odpo-
vidajici vyznamu této skupiny.

Ukolem prvni faze je rozmistit stiedy RBF jednotek po vstupnim prostoru tak, aby co nejlépe
aproximovaly hustotu rozlozeni tréninkovych vzord. VyZivaji se rizné heuristiky (rovnomérné roz-
misténi, ndhodné vzorky z tréninkové mnoziny) nebo metody vektorové kvantizace minimalizujici
funkci

k
-2 i T C;
Evo=73 17" ||, c=argmin_, ,{| %~} (37)
t=1

T =

Druha faze hleda optimalni hodnoty pro sitky a matice norem tak, aby oblasti ptisobnosti RBF
jednotek pokryvaly cely vstupni prostor a soucasné se prili§ neptrekryvaly. Problém lze fesit gradi-
entni minimalizaci chybové funkce

;o (38)

h S . L 2 2
1 Cs — Cr ||C, Cs — Cr ||C,
E(bl,---,bh;cl;---,ch)=§E lg cp(” ; ||C><|| ' “C) -P

r=1 Ls=1

kde P je parametr prekryti.

V praxi se vétSinou této minimalizaci snazime vyhnout rdznymi heuristikami, napf. nastavenim
§itky imeérné vzdalenosti nékolika nejbliz§ich soused dané jednotky.

V tfeti fazi zbyva nastavit hodnoty vah linedrni kombinace tak, aby chybova funkce (36) byla
minimélni. Opét miZeme vyuzit gradientni minimalizace, ¢astéji se vSak pouzivaji znamé numerické
metody nejmensich ¢tverc (SVD-rozklad, QR-rozklad, pseudoinverse).

3.3. Genetické udeni

Genetické algoritmy, pouzivané pfi feSeni riznych optimaliza¢nich problémi, 1ze pouzit i k uceni
neuronovych siti.

Geneticky algoritmus pracuje s populaci jedincd. Kazdy jedinec kéduje néjaké piipustné nastaveni
vSech parametri ucené sité. Uvazujeme-li riizné dlouhé jedince, mizeme adaptovat i pocet skrytych
jednotek. Kazdy jedinec je ohodnocen hodnotou chybové funkce odpovidajici sité.

,

Zacéneme s populaci ndhodné vygenerovanych jedinct. V kazdém kroku pak generujeme pomoci
operaci selekce, mutace a kfiZeni novou populaci. Operator selekce zajistuje, aby do néasledujici
generace byli s vétsi pravdépodobnosti vybirani jedinci s mensim ohodnocenim. Operator kiizeni

vytvari nové jedince kombinaci dvou vybranych jedinci, mutace pak vnasi do populace ndhodné
zmény. Vypocet konéi po nalezeni jedince s dostatecné malou hodnotou chybové funkce.

Genetické algoritmy 1ze kombinovat s predchazejicimi metodami. Lze je vyuZzit napt. pfi feSeni
problému vektorové kvantizace nebo pomoci nich uéit pouze skrytou vrstvu a jako ohodnoceni

pouzit nékolik iteraci gradientniho algoritmu.

Neruda v [4] popisuje kanonickou verzi genetického uéeni, kterd je rychlej’i nez klasicky algoritmus.
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4. Implementace v systému BANG2

Metody uceni popsané v minulé kapitole byly implementovany pomoci adaptivnich softwarovych
agentl v multiagentnim systému Bang2 (viz [2, 1]). KaZdou metodu zajiStuje jeden agent, celé
uceni je pak ¥izeno RBF agentem, ktery reprezentuje samotnou RBF sit (viz obr. 4).

Tréninkova
mnozina  |<z.._

Gradientni uceni lgor I~
RBFsiti  [< A\ N Vektorova
Bart : kvantizace
4 : 7 Victor
; \%
: RBF Agent Gradientni metoda
: - ro 2 fézi
i | | Ucelovafunkce <> Rafadl IOGiorgi no
; Fififionka
/\ Nejmensi Ctverce
: ; : Lill
v v ’
Geneticky Genetické
algoritmus operétory V/V rozhrani
George <o Oakley / Vivian Ida

Obrazek 4: Agenti zapojeni do uéeni RBF sité. Cérkovand Sipka znézorfiuje komunikaci mezi agenty,
plnd Sipka pfenos bindrnich dat.

Implementace pomoci vice agenti prindsi nékolik vyhod. Uceni RBF sité vyuziva fady metod
nezavislych na RBF siti (vektorova kvantizace, metody nejmensich &tvercll, genetické algoritmy).
Tyto metody jsou implementovany jako samostatni univerzalné pouzitelni agenti.

Délba prace mezi jednotlivé agenty déle umoziiuje snadno vytvaret nové kombinace jiz implemen-
tovanych metod, pfiddvat nové komponenty nebo nahradit nékterého agenta novym agentem se

stejnym rozhranim.

5. Vysledky experimenta

Metody uvedené v sekci 3 jsme otestovali pomoci popsané implementace na aproximacnich a kla-
sifika¢nich Glohdch. Nyni shrneme vysledky dvou experimenti.

Pro aproximaci jsme zvolili funkci sin(z)cos(y) rovnomérng navzorkovanou na intervalu (0, 27) x
(0, 27). Tréninkova mnozina byla tvofena 100 tréninkovymi vzory. U¢ili jsme RBF sit s 16 skrytymi
jednotkami.

Ulohu jsme fefili tfemi rtznymi zptisoby. Viechny metody si s tlohou dokézaly poradit s pi¥i-
jatelnymi vysledky. Nejrychlejsi je tfifazovd metoda, nejpomalejsi jsou dle ocekavani genetické
algoritmy.

>/

Nejpresnéjsiho feseni jsme dosdhli pomoci gradientni metody, avSak za cenu vyssich ¢asovych

narok?.
Tabulka 1 obsahuje ¢asové srovnani uvedenych metod. U t¥ifazové metody jsme pouzili rovhomérné

rozmisténi stfedd a metodu nejmensich ¢tverct. U genetického algoritmu se jednd o kanonickou
verzi s populaci 50 jedincd, elitou 2 a konstantni délkou jedinct.

Druhym experimentem byla klasifika¢ni Gloha, tzv. problém dvou spirdl. Tréninkova data obsahuji
372 vzorktl z dvou mnozin bodt (viz obr. 5). Ukolem sité je separovat tyto dvé mnoziny.
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Problém jsme fesili pomoci gradientniho uceni a tfifdzového uceni s siti o 150 jednotkach. Uvazovali
jsme jak sit s euklidovskou normou tak s vazenou normou. V obou pfipadech nalezl gradientni
algoritmus feSeni s men$i chybou. Ttifdzové uceni si v8ak poradi s problémem bé&hem nékolika
minut, zatimco gradientni algoritmus potiebuje zhruba hodinu.

Obé metody nalezly lepsi feSeni pro sit, kterd pouZiva vazené normy. Jednd se o dvourozmérny
vstupni prostor a tak vime, ze RBF jednotka s euklidovskou normou dava vyznamné vystupy na
kruhové oblasti kolem svého stfedu. Vazend norma umoziuje transformovat tuto oblast do tvaru
elipsy, kterd miize byt v pfipadé obecné matice normy je§té pootocena. Lepsi vysledky v piipadé
pouZiti vaZzené normy lze vysvétlit tim, Ze vstupni vzory uspoifadané ve spiralach je jednodussi
pokryt elipsami nez kruznicemi.
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Obrazek 5: Tréninkova data — dvé spiraly. Klasifikace bodd v roviné siti nau¢enou gradientni metodou.

6. Zavér

Popsali jsme obecny model RBF sité a seznamili se s myslenkami t¥{ zdkladnich pfistupt k jejimu
uceni. Nastinili jsme implementaci uéeni v systému Bang2.

Z vysledki experimentti vidime, Ze jednotlivé metody se od sebe li§i ¢asovou naroc¢nosti i piesnosti
feSeni.

Casové nejnaro¢néjsi se ukazaly genetické algoritmy, které navic v uvazovaném poétu iteraci nepii-
nesly lepsi feSeni nez druhé dvé metody. Jsou v8ak snadno paralerizovatelné. Gradientni algoritmus

%7 ™

je druhy v Casové naro¢nosti, pfinasi presnéjsi feSeni. Trifdzové uceni je nejrychlejsi.
Pouziti vdZené normy se ukazuje jako vyhodné.
Vidime, ze RBF sité se daji vyuzit k feSeni jak aproximacnich tak klasifika¢nich problémi. Volba

metody uceni, velikost skryté vrstvy a jejich parametri je zavisla na velikosti a typu problému, na
dostupnych vypocetnich moznostech a pozadované pfesnosti feSeni.

€ | tfi faze | gradientni metoda | genetické alg.
2 1s 30 s 9 min 40 s
0.5 1s 592's -
0.25 2s 1 min 15 s -
0.1 - 5 min 48 s -
0.05 - 26 min -

Tabulka 1: Srovnani uvedenych metod. Cas potiebny k piekondni prahu e.
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Euklidovské norma

prumér | minimum

maximum

0.057 0.042

0.075

VéZend norma

primér | minimum

maximum

0.012 0.010

0.014

Tabulka 2: Vysledna hodnota chybové funkce

(po 10 000 iteracich gradientni metody).

Euklidovské norma

VéZend norma

1.101

0.051

Tabulka 3: Hodnota chybové funkce sité nauéené tiifazovou metodou.

Podrobnéjsi popis jednotlivych metod uceni a Gplnou dokumentaci provadénych experimentli 1ze

najit v [3].
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Abstrakt

PopiSeme systém, ktery representuje hybridni vypocetni modely jako komunity spolupra-
cujicich autonomnich softwarovych agenti. Systém podporuje snadné vytvareni nejriznéjsich
kombinaci modernich metod umélé inteligence, napiiklad neuronovych siti, genetickych al-
goritmi &i fuzzy logickych kontroleri, a jejich distribuované spusténi na clusteru pracovnich
stanic. Paradigma autonomnich agentti umoziiuje poloautomatické vytvareni modeld ¢ do-
konce automaticky vyvoj hybridnich schémat.

1. Uvod

Hybridni modely, zejména kombinace metod umélé inteligence, jako jsou naptiklad neuronové sité,
genetické algoritmy & fuzzy logické kontrolery, se zdaji byt slibnou oblasti vyzkumu a jsou téz
smérem v soutasné dob& pomérné rozsifenym [1]. My jsme s nimi experimentovali v pfedchozi
implementaci naseho systému (popsén v praci [3]) s povzbuzujicimi vysledky soudé& alespoii podle
srovnévacich testa [3].

Bang?2 sestava z populace agentt Zijicich v prostiedi, které jim poskytuje podporu pro vytvaieni
novych agenti, komunikaci a distribuované spusténi v pocitacové siti.

Nage pojeti inteligentniho agenta vychdzi z vyborného tvodniho &lanku od pana Franklina [2].
Obecng, agent je entita (v naSem piipadé poéitatovy program), kterd je autonomni, vnim4 stav a
zmény ve svém okoli a odpovidé na né, sledujic tim vlastni cile. Takovyto agent mtze byt adaptivni
¢i inteligentni, ve smyslu byt schopen sbirat informace, které potiebuje, néjakym sofistikovanym
zpusobem. Nagi agenti jsou navic mobilni (mohou se pfemistit na jiny poéitac) a trvali, tedy schopni
prezit i poté, co prestane existovat jejich prostiedi. NeuvaZzujeme o jinych “typickych” vlastnostech
agenti jako simulace lidskych emoci, nalady atp.

Prostfedi dava agentim moznost komunikovat a zprostfedkovavé nezbytné sluzby. Agenti komu-
nikuji pomoci zprav. Zajimavou vlastnosti komunikace je tzv. location transparency, tedy skryti
rozdilti mezi tim jestli spolu komunikujici agenti jsou na stejném ¢i na rdznych pocitacéich, coz
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znatné zjednoduSuje praci programatorim agentd. Na druhé strané je tu dtlezitd podpora pro
synchronné i asynchronné posilané zpravy.

Z hlediska programéatora je agent v Bangu2 tiida v C++, odvozend od zakladni t¥idy Agent, kterd
se umi pfipojit k prostfedi a reaguje na nékolik nejdilezitéjsich zprav. Programéator nového agenta
pak jen pfipisuje triggery. Trigger je procedura reagujici na jednu konkrétni zpravu. Prostiedi je
pak odpovédné za spusténi spravného triggeru po prichodu zpravy.

2. Jazyk pro komunikaci mezi agenty

Agenti potfebuji jazyk pro rtiznd vyjedndvani (napf. neuronovi sit si potfebuje dojednat, kdo ji
bude udit) a pro pienos dat. Tento jazyk musi byt schopen popsat zdkladni typy komunikace, jako
pozadavek, pfijeti, odepfeni, dotaz. Ale také popsat rozli¢né datové forméaty od prostého celého
¢isla k vnitfnimu stavu neuronové sité.

Neékolik jazykt pro agenty uz existuje. VSechny, pokud vim, pfedpokladaji, stejné jako my a Bang2,
spolehlivé doru¢ovéni zprav dle protokolu TCP/IP. Nejpropracovanéjsi z nich, ACL [5] a KQML
([4], de facto standard), velice peélivé rozlisuji hlavicku a obsah zpravy. Hlavi¢ka je v obou piipadech
popsana podobnym, Lispem inspirovanym, jazykem a obsahuje informace jako odesilatel, ptijemce,
identifikator konverzace, jiz je zprava soucasti, jazyk, v némz je zprava napsani, ale i obor, jehoz se
zpréava tyka a jehoz znalost je dileZitd pro pochopeni zprévy (skupina kolem KQML k tomuto Géelu
vyvinula jazyk KIF, zaloZeny na predikatové logice, v némz zapisuje znalosti (predikaty). Oborem
se pak mini soubor s predikaty). Obsah zprdvy miize byt v libovolném jazyce, ale pouzije-li se jazyk
KIF [6], je mozné vyuzit vySe zminénych aktivit skupiny KQML.

Z jazykt pro pfenos dat stoji za zminku PMML [7] a XSIL [8], pouzivajici XML [9)].
Zpravy v Bangu2 pfijaly syntaxi XML [9]. Hlavicky zprav, jaké prosazuje ACL a KQML, nejsou
nutné, potiebné informace se dozvime jinak. Prvni XML tag definuje typ zpravy:

e request (pozadavek),

e inform (poskytnuti informace),

e query (sbirdni informaci),

e ok (odpovéd, v8e v poradku),

e ugh (odpovéd, nékde je chyba).
Vlastni zpréva, tedy vSe mimo vnéjsich tagl, obsahuje ptikazy (typ request), informace (typ in-
form), dotazy (typ query), a odpovédi. N&kterym rozumi vsichni agenti (protoZe na n& umi od-
povédét zdkladni t¥ida agent), ostatni jsou srozumitelné jen uréitym zdjmovym skupindm agentl
(nastésti odpovéd “nerozumim” je vzdy po ruce).
Data se v Bangu2 mohou pfenéset bud jako XML Fetézce nebo bindrné. XML fetézce jsou Citelné
pro uzivatele, a diky volnéjsimu forméatu dat vhodné pfi vyjednavani, bohuzel vyrazné pomalejsi

nez binarni ptenos, ktery se tedy vyuziva pfi pfenosu rozsdhlejsich dat. Agenti zpocatku posilaji
zpravy v XML, pokud se dohodnou na pfesném formatu, mohou komunikovat i bindrné.

3. Agenti
V této sekci Vam predstavime jednak piiklad agenta, pro jakého byl Bang2 psin, a to agenta

provozujictho genetické algoritmy, a potom Zlaté a Bilé stranky, které provozuji sluzby uzitecné
ostatnim agentim. Popis spousty dalSich agentd miZete najit na strankidch Bangu2 [10].
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<broadcast><halt/></broadcast>
<inform>
<created myid="1000000000001"
name="Lucy"
type="Neural Net.MLP"/>
</inform>

<ok>Agent Lucy, id=!000000000001,
type=Neural Net.MLP created</ok>

<request><ping/></request>

Obrazek 6: Piiklady zprav v jazyce Bang2, které rozumi jen Zlaté Stranky.

<query><vector row="45"/></query>
<query><vector/></query>
<ok><data separator=",">

Zde jsou bindrni data
</data></ok>

<query><bin><query>

<vector/>

</query></bin></query>

<ok session="5" funcnum="1"/>

Obrazek 7: Priklady zprav v jazyce Bang2 pro pienos dat.

3.1. GA agent

Tedy on to neni jeden agent, ale rodina vzajemné spolupracujicich agentd. Geneticky algoritmus
zacing vytvorenim populace jedinci daného typu, pokracuje zméfenim fitness, dile vytvori novou
populaci pomoci néjaké metody selekce a nakonec zavold genetické operdtory. Ve mimo prvniho
kroku potom opakuje az do splnéni néjaké podminky.

Genetix je agent provozujici obecny geneticky algoritmus. Dostane jedince kterého naklonuje v
populaci pfislusné velikosti. Je schopen vybirat jednice do nové populace a cyklit az do té chvile
neZ fitness dostateéného poctu jedinct je dost velikd. Protoze je ale obecny nemtze délat nic
zavislého na struktufe jedince a téchto krocich spolupracuje se specializovanéjsimi agenty, ktefi
umi ndhodné nastavit proménné v jedinci, pocitaji fitness a realizuji genetické operatory.

Fitness

- N
----- »{ Rates )
\ —

Obrazek 8: Agenti spolupracujici na uceni pomoci GA.

3.2. Zlaté a Bilé stranky

Poskytuji uzitecné sluzby jako informace o jménech a typech spusténych agenti, typech a schop-
nostech vSech agent, které mé Bang2 k dispozici a také uklddaji stav agentd.
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Zlaté stranky se staraji o Zivé (rozuméj bézici) agenty. Uchovéavaji informace o jejich jménech,
¢islech a typech. Kazdy agent se ihned po vytvoreni registruje u Zlatych stranek a informuje je,
kdyz se premistuje na jiny pocitaé ¢ je zabit. Kazdy agent ma Cislo, ze kterého se dé vydcist, na
kterém pocitaci agent je. Jméno slouzi ke komunikaci s uzivatelem namisto nezapamatovatelného
¢isla. Typ je jakysi popis agentovy struktury ¢ funkee, napiiklad genetika, RBF sit, ¢i zlaté stranky.

Bilé stranky udrzuji informace o vSech typech agentl, ktefi mohou byt kdykoliv spusténi. Taktéz
si ukladaji stav agentl, ktefi o to pozadaji. O agentech ukladaji tyto informace:

e typ — struktura agenta (stejné jako polozka typu Zlatych stranek), nap¥. neuronovd sit,
genetika, atp. Podporuje dédi¢nost ve smyslu klasickych programovacich jazykt jako napft.
C++ (to, co je vicevrstvy perceptron je samoziejmé také neuronovi sit, tolik dédi¢nost),

e popis — schopnosti agenta, zejména pro uloZené vnitini stavy jiz naufenych agentt (uceni
RBF siti, rozpozndvani pismen, atp.),

e stav — vnitini stav agenta (napf¥. vdhy neuronové sité),

e pomocné informace.

Zlaté i Bilé stranky samoziejmé reaguji na pozadavky pfidej, smaz a na dotazy.

4. Zavér a vyhledy do budoucna

Nyni je hotova implementace prostfedi a nékolik agentii. Pfipravuje se jednak naprogramovani
daleko vétsiho podtu agentli, mozna pravy prostiedi, spousta experiment se slozitéjsimi schématy,
zaméiime se zejména na mirroring agenty, paralelni zpracovani, automatické generovani a vyvoj
schémat. Zajima nas téz koncept agenta jako mozku pro jiné agenty. Ocekavaji se i dalsi podptrni
agenti, agent vyvazujici zatéz na riznych strojich a ménici pomér komunikace/poéitani.
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Abstrakt

The aim of this paper is to outline the basic ideas of applying alternative objective functions
for multi-layer neural networks. Special attention is paid to MNNs with genetic training, which
allows the use of arbitrary objective functions. The approach is tested on the practical task of
share price prediction, where a profit-based objective function is implemented in Matlab.

1. Introduction

First, let us very briefly introduce the model of multi-layer neural networks. It is based on a simpli-
fication of a biological neural network - the brain. An artificial neuron is a device, which computes
the output y from an input vector z € R™ as follows:

y= f(zwz'ﬂfi — ),
i—1

where x is the input vector, w € R"™ are the weights of the neuron and ¢ is its threshold. Neurons
in a MNN are divided into layers, where the first one contains the input of the whole network;
outputs of the neurons in the i-th layer form the inputs of all the neurons in the (i + 1)-st layer and
the last layer produces the output of the whole network. Thus the input is propagated throughout
the network, layer by layer.

This model of neural networks is based on supervised training. That means that we have a finite
training set T = {(&;,d;)} of pairs of input vectors (x;) and desired output vectors belonging
to them (d;). The aim of the training is to modify the network’s parameters (weights, thresholds)
from the initial random values so that an objective function E(d;,y;) summed over all the output
neurons and all the training patterns was minimised.
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A commonly used training algorithm, called Back-Propagation, is based on the steepest descent
minimisation method. It understands E as a function of the network’s parameters and in every
step it moves in the direction of the gradient of E in this space, until it reaches a (generally local)
minima. There is very rich literature on the MNN model and the BP training algorithm; see for
example [5].

This BP algorithm requires E to be differentiable in y, so that partial derivatives according to
the parameters existed. An example of such function is the widely used summed-square objective
function E = (y; — d;)%. This function is, however, too special. The problem is, that it depends
only on the value |y — d|, i.e. it returns the same values for y > d and y < d when their distance is
equal. There are examples, e.g. stock price prediction, where it is useful to use objective functions
that do not meet this condition.

2. Alternative Objective Functions

The aim of my dissertation thesis is to study alternative objective functions and to propose functi-
ons that are more general in the above mentioned sense. Because the BP algorithm requires the
objective function to be differentiable, which is not always true for the objective functions we
would like to use, the first alternative functions proposed were differentiable approximations of
the generally non-differentiable objective functions. Biquadratic approximations can be found in
[3], while [4] uses a modular approach — the value of the objective function is computed using
a separately trained neural network. Both of these approaches have shown improved behaviour and
results overcoming the standard networks, when tested on a practical task.

This article examines truly general objective functions. As a trial task, we will use predicting the
stock price behaviour on the Prague Stock Exchange. We will use a model of profit our network
would achieve on a real market as the objective function. Rather than seeking minimisation of an
error (i.e. the difference |y — d|), our objective is to maximise the profit. The model we employ is
as follows:

p=d—tiff y >t (price rise prediction, recommendation to buy)
p=—d—tiff y < —t, (price fall prediction, recommendation to sell)
p = 0 otherwise, (stagnation or small change prediction, no action recommended)

where d,y and t are the real stock price change achieved on the market, the change predicted by the
network and the transaction costs, respectively, all in per cents. Note that the objective (or profit)
function p is asymmetric — it returns different results for pairs with the same distance |y —¢|. It is
not differentiable and we thus cannot employ the BP training algorithm when training a network
using the profit objective function p.

3. Genetic Training

We will employ a genetic algorithm to train our network. For a description of this model, based
on the rules of genetics, see e.g. [2]. The idea of genetic algorithms is that candidate solutions of
the function that is to be optimised are represented as chromozomes - sequences of values (genes),
either 1-bit, 2-bit (as in the case of real chromosomes) or even real values. Each of the chromosomes
is assigned a fitness — the value of the function on the particular candidate solution, also called
individual. The first generation, i.e. a set of individuals, is generated randomly. The (7 + 1)-st
generation is generated from the i-th one, by the operators of selection (chooses, which individuals
enter the next population) , crossover (creates offspring of some of these individuals) and mutation
(modifies some of them randomly) . Individuals with higher fitness have a higher chance of being
selected, which ensures overall improvement of the population. Crossover ensures combination of
patterns, while mutation represents a random factor necessary to avoid local minima.

When applied to neural networks, GAs can be used in several ways; in this article, we will use them
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to determine the best parameters (weights and thresholds) of the network. We will represent them
as genes in real-valued chromosomes. Each chromosome will then represent a neural network, and its
fitness will be defined as the average value of the objective function applied on the network and the
training data. The GA will then run as usual, creating a first random population of neural networks
and improving it using selection, crossover and mutation. As GAs search for better solution using
a network of cooperative agents rather than employing the gradient descent method, it does not
require differentiable objective function.

4. Application for Financial Data

This section describes the testing problem — the stock price prediction mentioned above — and
the preliminary results we have obtained by employing the proposed approach.

The aim was to predict the next daily price change of a stock, given the five previous price changes,
and several technical analysis information (volume of trade, supply/demand ratio etc.) from the
previous day. The network architecture was 9-15-1 with a single hidden layer!, which was repre-
sented by a chromosome with 166 genes. Matlab 6.0 was used for the experiments, together with
the neural networks toolbox and a genetic algorithms toolbox developed by [1].

Regarding parameters of the GA, there were 80 individuals in the population; 20 pairs were selected
for crossover and 4 individuals underwent mutation in every generation. The normalized geometric
ranking was used for selection, where the probability of selecting the i-th individual equals

. — q _ r—1

where g is the probability of selecting the best individual, r is the rank of the i-th individual and P is
the population size. The parameter g was set to 0.08. The heuristic crossover function was employed,
which replaces parents X and Y by offspring X' = X + r(X —Y) and Y’ = X if the fitness of X
was better than that of Y and vice versa. The uniform mutation operator was applied; it randomly
selects one gene and sets it equal to a uniform random number from the permitted space of values.
The permitted set of values for the parameters (weights and thresholds) was set to (—10,10). The
evolution continued for 200 generations or until the fitness of the best individual reached 0.35. The
best individual then represented the trained network. For more detailed information on functions
and parameters used by GAs see [1].

500 tests have been carried out, comparing the proposed model, which used the profit objective
function and was trained by the genetic algorithms with networks trained by the standard BP
algorithm and employing the summed-square objective function. During each of the tests, the set
of known data was randomly divided into a training set (90% of them) and a test set (10%), unseen
by the networks during training. Averaged results of the 500 tests are shown in Table 1.

Err.f. Set | Square error | Dir.corr. | Profit
Standard | Train 0.033 81.7% | 46.9%
Test 0.051 73.1% | 17.7%

Profit | Train 0.192 76.8% | 34.2%
Test 0.221 70.3% | 10.1%

Tabulka 4: Results on financial data, separately for the training set and the test set. The first two
rows contain the average result of networks trained by Back-Propagation and the standard
objective function. The second two show the average result of networks trained genetically
and employing the profit objective function. Several measures of success are presented -
summed-square error, direction correctness (i.e. the percentage of correct prediction of price
rise/decrease) and profit as defined above.

IThis architecture has proven efficient for this task during earlier experiments.
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Note that the results are quite good. Direction correctness (i.e. the ratio of successful trend pre-
dictions) over 70% and profit exceeding 0.1% per trading day are not bad, even though we have
to take into account that we use only a limited model of profit (we do not take into account e.g.
the possibility that our trading order was not fulfilled). On the other hand, these are net results,
taking into account the transaction costs.

We can see that the profit achieved by the new objective function is lower than that achieved
by the standard one. The direction correctness is also slightly worse. A positive result is that the
margin, by which the standard error function defeated the alternative one, is smaller in the case of
the test set than in the case of the training set. This might indicate that the generalisation ability
of the profit-trained networks is higher. Also, predictions of networks trained by the alternative
objective function were more ”courageous”, e.g. their prediction resulted either in purchasing or in
selling stock more often than in the case of the standard networks (99% vs. 72%). This is similar
to the behaviour of networks trained by other alternative functions ([3], [4]). The reason is that
the profit-based objective function penalizes also the so-called opportunity loss, even though only
indirectly. Another similarity is in the high summed-square errors when employing profit-based
objective functions. It is related to the previous observation of frequent trading. These ”alternative”
networks often trade even if stagnation is quite probable because the loss of transaction costs in
the case stagnation really occurs is smaller than the opportunity loss in the case they predicted
stagnation and a price rise/decrease actually occurred. Apparently, their courage was even too high
in this case.

Let us stress that the experimental results presented here are only preliminary. Presumably, after
further experimenting with parameters of the genetic algorithm and with interconnecting of the
two models, the profit achieved by the networks with the alternative objective function will rise.

5. Conclusion

We have discussed the possibility of using alternative objective functions for training neural ne-
tworks. The standard summed-square error function limits us, as it is too general to include special
knowledge we might have about the problem. Using an approximation, as discussed in previous
papers, have proven suitable, but it suffers from the problems of approximations — it never fits
the approximated function exactly.

The approach described in this article, i.e employing genetic training of neural networks, allows us
to choose an arbitrary objective function, which no longer has to be differentiable. This may prove
useful in solving tasks, where a better measure of success than the mere distance of the desired
and the actual solution is known, but this measure is not smooth.

The example of stock price prediction was given to illustrate the proposed approach. The model
of profit used as objective function was described, as well as the parameters and method employed
by the combined GA-NN model and results of their implementation. The success of the achieved
predictions is quite good, even though further improvement is possible and will be sought.
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Abstrakt

We discuss approximation of functions by neural networks and rates of approximation
derived using integral representation. We find conditions that guarantee approximation error

rate of order O (nl/ q) by one-hidden-layer networks with n hidden units.

1. Introduction

In recent years approximation of multivariable functions by feedforward neural networks has been
widely studied. The existence of an arbitrarily close approximation of any continuous or £, function
on a compact subset of R? for one-hidden-layer network with perceptrons or radial-basis-function
units with quite general activation functions have been proven (see e.g., Leshno et al., 1993; Park,
Sandberg, 1993).

Currently neural networks are simulated on digital computers, and thus the number n of hidden
units necessary for a given accuracy of approximation is critical. Estimates derived from con-
structive proofs of approximation property grow exponentially with the number of input units
(which correspond to the number d of variables of the function f to be approximated) (see e.g.,
Kurkovéa, 1992). The exponential growth of complexity with the number of variables is called the
”curse of dimensionality” and it is a limiting factor in classical approximation methods. However in
neural networks applications, functions with hundreds of variables were approximated sufficiently
well using only reasonable number of hidden units (e.g., Sejnowsky, Rosenberg, 1987).

One method to cope with the problem of the curse of dimensionality is derived from Jones’ con-
struction (see Jones, 1992) of approximants with rates of convergence of the order of O(1/4/n).
Applying Jones’ estimate Barron (1993) proved that it is possible to approximate any function
satisfying certain condition on its Fourier transform within £y error of O(1/+/n) by a network with
n perceptrons with a sigmoidal activation function.
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In this paper we extend the description of sets of functions to which rates of approximation by
neural networks of the order O(1/4/n) or O(n='/%) apply. Our results are derived by representing
functions as networks with continuum of hidden units.

2. Approximation of Functions in Convex Closures

Let R, N denote the set of real and natural numbers, respectively. Measurability will be considered
with respect to Lebesgue measure in some subset of RY. We will denote by A,(A) the p-dimensional
Lebesgue measure of a set A C RY.

For a topological space X, C(X) denotes the set of all continuous real-valued functions on X and
||l.llc denotes the supremum norm. For p € (1,00) and a subset X of R¢, £,(X) denotes the space
of £, functions and ||.||, denotes the £,-norm.

For any topological space X with a topology 7 and for any subset A C X we write ¢l A for the
closure of A (smallest closed subset containing A). Thus clc denotes the closure in the topology of
uniform convergence and clc, the closure with respect to £,-topology. Closure of the convex hull
is called the convex closure.

Let G be a subset of X. Then the linear span of G, denoted by span G, is the set of all linear
combinations of elements of G, i.e. span G = {3, wigi; w; € R, g; € G,n € Ny }; span,G deno-
tes the set of all linear combinations of at most n elements of G, i.e. span,,G = {Z?:l w;gi; W; €
R,9; € G}. A convex combination of elements si, ... ,s, (n € N) in a vector space is a sum of
the form Z?Zl a;s;, where a; are all non-negative and Z?:l a; = 1. A subset of a vector space is
convex if it contains every convex combination of its elements. We will denote by convG the set
of all convex combinations of elements of G calling it the convex hull of G. By analogy we define

conv,G = {37, aigi; a; € [0,1], 30 a; =1,9; € G}

For a function f : X — R the support of f is defined as supp(f) = cl.{z € X; f(z) # 0}. For
f:X =5 R and A C X, f|a denotes the restriction of f to A.

Jones (1992) estimated rates of approximation of functions from convex closures of bounded subsets
of Hilbert spaces.

Theorem 2.1 Let H be a Hilbert space with a norm ||.|| and G be a bounded subset of H. Let
us denote sG = sup,cq |lgll- Then, for every f € clconvG and for every natural number n the
following holds:
sz — IIfIP?
- .

If = spanaGII* < [|If — convaG|I* <

Darken et al., 1993 extended Jones’ theorem to £, spaces, 1 < p < oo, with slightly worse rates of
convergence, i.e. of order O(n~'/9), where ¢ = max{p,p/(p — 1)}

We use these results to estimate the number of hidden units in neural networks, taking G as the
set of functions computable by computational units. The convex combinations of n such functions
can be thus computed by an n-hidden-unit network with one linear output unit.

Generally approximation by neural networks can be studied as follows: For X, Y topological spaces,
a function ¢ : X x Y — R, a positive real number B and a subset J C X define G(¢,B,J) = {f :
J = R; f(z) =wd(z,y), we R, lw| < B,y €Y}. Thus G(¢, B, J) are real-valued functions on J
parameterized by y € Y and scaled by a constant of at most B.

The following two theorems by Kurkova et al. (1997) characterize functions in convex closures of
bounded subsets of Banach spaces.

Theorem 2.2 Let d,k be any positive integers, J be a compact subset of R? and let f € C(J)
be any function that can be represented as f(z) = [, w(y)d(z,y)dy, where Y C R*,w € C(Y) is
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compactly supported and ¢ € C(R? xY). Then f € clgconv G(¢, B, J), where B = fJ lw(y)|dy
with J, ={y €Y; Iz € J, w(y)o(z,y) # 0}.

This theorem can be applied to perceptron-type networks with any continuous activation function
(a perceptron with an activation function ¢ computes function of the form (v -  + b)). Similar
statement holds even for Heaviside-perceptrons, where a Heaviside ¢ function is taken as follows:
Y9:R =R, ¥x) =0 for z <0, else ¥(z) =

Theorem 2.3 Let d be a positive integer, K C S41 x R, where S?~! denotes the unit sphere
in R%, J be a compact subset of R% and f € C(J) be any function, that can be represented as

(2) = [, w(e,b)d(e - x+Db)d(e,b), where w € C(S?~! xR) is compactly supported and supp(w) C
K. Then f € cloconvG(Py, B, J), where G(Py,B,J) = {9 : J = R;9(zx) = wi(e-x +b),e €
841 w,b e R,|w| < B}, and B = [, |w(e,b)|d(e,b).

Further we will extend these results to more general functions.

Theorem 2.4 Let d, k be any positive integers, J be a compact subset of R%. Let (F(J),||.||,) be
a normed vector space of real- valued functions on J and let f € F(J) be any function that can
be represented as f(x fY é(x,y)dy, where Y C R¥,w € C(Y) is compactly supported and
o(x,y) = lzm,_,ooqbz(w y) with respect to Ag+d, where ¢;(z,y) € C(RY xY) and maw;|¢i(z,y)| <
oo. Then f € cl,convG(p,B,J), where B = fJ lw(y)|dy with Jo, = {y € Y;3z € J,

w(y)e(z,y) # 0}

Proof. For f(x) = [y lim;_eow(y)di(x,y)dy we can use Lebesgue dominated convergence theorem
to show that f(z) = limieo [y w(y)di(x,y)dy (note that w(y)¢;(z,y) are bounded compactly sup-
ported continuous functions). Let us denote f; = fY y)¢i(z,y)dy. Using theorem 2.2, we have
fi € cloconvG(¢p;, B,J). Thus we know that f(z) 6 clU clgeconv G(¢;, B, J). To conclude
the proof of we will show that cllJ;clcconvG (i, B,J) C dly, convG(¢,B,J). For every
f € cdlJ;cloconvG(¢;, B,J) and for every ¢ > 0 we find g € convG(¢,B,J), so that
If —gll < & As for f = limi—oofi, for every &1 > 0 there exists n; € AN such that for
every n > ny || f = [y w(y)én(z,y dy|| < g1. Further for every €2 > 0 there exists ms € N

such that for every m > my and every n > ng ”fy Yon(z,y)dy — D1 widn(2,yi ”p < &a.
And last, for every €3 > 0 there exists ng > 0 so that for every n > ns and for every
m > my ||, widn(z,yi) — >, wid(z,yi)|l, < e3. Now we take e€1,e2 and e3 such that
€1 + &2 + g3 < ¢, find corresponding ny,my and ns and define g = Y ", wi¢(x,y;), where

n > max{ni,n3} and m > ma. Q.E.D.

Theorem 2.4 can be applied to derive dimension independent rates of approximation for more
general computational units.

3. Discussion

Jones-Barron Theorem in combination with integral formulas as a model of neural networks with
continuum of hidden units helps to derive some estimates of rates of approximation by neural
networks. We have extended the results given by Kurkové et al., (1997). We showed that dimension
independent rates of approximation hold not only for continuous activation functions, but also for
their £, limits.

Theoretical properties of integral operators that correspond to continuum of hidden units in neural
networks may be useful also in evolving of new hardware and software approaches thanks to the
possibility of their physical implementation (holographic or analogue embodiments).
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Abstrakt

Contemporary component architectures development is getting more and more important
in an industrial world. On the other hand there are differences between industrial and acade-
mic views on component architectures. Large companies implement their component models
directly and push users to use them as-is. On the other hand academic world is spending
long time on development and refinement of their component models, and they rarely im-
plement them with poor support and development environment. The goal of this paper is to
reuse the ideas gathered from academic component architectures at the Enterprise JavaBeans
component architecture developed by Sun Microsystems.

1. Introduction

Headword of today’s development is the reuse. There are many attempts proposed or under deve-
lopment, to reach this goal. But the fact is, that most of them is not as much as mature as users
needs. On one side, there are industrial parties and groups proposing and implementing their vision
of future development (COM/DCOM [11], EJB [10], CORBA Component model [5]). On the other
side, there are academic research groups proposing their designs of component model development
(Darwin, SOFA/DCUP). But industrial and academic streams are driven by different intentions.
The industry needs to be quick in preparing the draft and implementation because of the market,
but the academic one wants to have good design and implementation is not so important.

The goal of this paper is to present, enhance and repair Enterprise JavaBeans component model
with features and ideas of academic component models. In the first section we present our view
of component architecture. The second section presents EJB model. The third section presents
our critique of EJB with respect to our view of architecture and component model. The third
section contains the enhancements of EJB. In the fourth section we summarize the work and make
a conclusion.
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2. Component Architectures

One of the ways for describing applications or parts of an application based on component archi-
tecture is architecture description language (ADL) [4]. The ADL describe an application in terms
of components (smallest parts of an application) and interconnection between them. This appro-
ach is not common in industrial component architectures ([9] [10] [11]), since an implementation
language is used to describe the structure of outcome application ([9] [11]), or the XML descriptors
are used to capture static references between components ([10]).

2.1. State-of-the-art of component architectures

All the component architectures are defined to meet two objectives. The first objective is to fulfill
the common understanding of the terms architecture and component (there are many definitions
of component architectures). The second objective is to fulfill specific features defined by com-
ponent architecture provider (i.e., each specification of component architecture is different [2] [3]
[6] [7] [8] [10] [11]). In this work we utilize experience acquired from our component architecture
SOFA/DCUP [6] [7], and our projects, especially EJB comparison project [14].

SOFA /DCUP component architecture In SOFA/DCUP component architecture, a compo-
nent is an instance of a component template (template for short). A component template is defined
by a pair < F, A > where F is a template frame (frame for short), and A is a template architecture
(architecture for short). A frame represents the gray-box view of a component. It is defined by
the behavior represented by the protocol [7], and by the set of interfaces that a component can
possess and utilize as provides and requires interfaces. As frame defines a surface of a template,
architecture defines an internal structure of a template. The internal structure is defined on the
first level of nesting only - and recursively, each internal component template is defined by its
pair < F, A >. Architecture is described by templates and their interconnections via interface
ties. There are four types of ties: a) binding between requires interfaces and provides interfaces of
internal template frames, b) delegating from a provides interface of a parent frame to its internal
frame’s provides interface, c¢) subsuming from an internal frame’s requires interface to a parent
frame’s requires interface, d) exempting of an internal frame’s interface from any ties. There are
two types of architecture - primitive, where the component is implemented in target language, and
composed, where the component has no implementation, but it is composed of components. An
application in SOFA/DCUP is a component template, where its architecture does not make any
ties on its frame’s provides interfaces and requires interfaces.

Server-side component architecture The most widely used component architectures, Sun
Microsystems’s Enterprise JavaBeans [10] and Microsoft’s COM+ [11], are so-called server-side
component architectures. In state-of-the-art industrial software systems multi-tier architectures
play the principal role. Applications are built of several layers - the server layer, intermediate la-
yers (e.g., distribution, transactions, security), and the client layer. Thus an application is seen as a
service provided by the server layer, where intermediate layers represent non-functional properties
of a service. In the server-side component architecture, an application is a top-level component pro-
viding functionality and requiring nothing. There is no requirement on a client to be a component
- a client can be both a standalone piece of a code, or a component located on a server.

2.2. Features of component architecture

The goal of our work is to strengthen component architecture of Enterprise JavaBeans. We present
our view on the features of a server-side component architecture. This view is based on the study
of component architectures presented above (SOFA/DCUP...), and current server-side component
architectures (i.e., EJB, COM/DCOM, CCM). The discussed features cover three aspects of the
whole system - component, architecture, deployment and runtime. In this section we do not map
the features of component architecture into a real system - it will be done in the section 4.

A component represents basic unit of functionality. The functionality (we call it component type) is
described by sets of provides and requires access points, and by a behavior description. Those access
points can be of three types - a method-based interface, an event-base interface and a property. The
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behavior description complements sets of provides and requires of a more precise expression of a
component type. The non-functional properties are the next way to specify components’ behavior.
They allow to setup transparent usage of a service (e.g., transaction service) without necessity of
code modification.

Generally, the type is given by provides interfaces and requires interfaces. This definition is generally
enhanced by description of behavior to component type (e.g., protocols [7]) - it defines compatibility
of components as compatibility of behaviors. Briefly, to decide if a new component can replace an
old component, the new component has to provide the same or even more, and require the same
or less. This notion of sub-typing was adopted by many approaches (e.g., [13]).

There is one area little covered by current component architectures - if we do not reflect a com-
ponent type (i.e., provides, requires and behavior), the following question arise - ”what is a gene-
ral behavior of a component?” COM/DCOM specifies a component as stateless, EJB offers four
” component-types”, CCM has four component categories, and SOFA/DCUP does not mention it.
A component specification has to be enriched by another feature - we call it component category
(this term is borrowed from CORBA Component Model). We consider two different approaches to
specify component category. In the first approach, component category is represented by a set of
properties (e.g., stateless/stateful, persistent/transient, reentrant/non-reentrant...), but the set of
properties is fixed and cannot be widen. In the second approach, component category is represented
by a piece of a code overseeing traffic on an instance, and controlling life cycle of an instance. In
this case, such code is similar to CORBA’s portable object adaptor.

We assume that a hierarchical structure of an application is important. Using hierarchy of com-
ponents, applications become well structured and increase reusability of components. From this
point of view, a component can be primitive (i.e., it does not contain another component, but it
contains a code only), or composed (i.e., it has not a code, but it contains components).

Architecture Admitting hierarchical structure to components evoke need for architecture.
Following the design of SOFA /DCUP architecture, we have to be aware of the fact that a server-side
application, as stated before in the previous section, is not top-level component without requires
and provides, but it is a top-level component offering provides interfaces to clients. Basically, a
client is a piece-of-code accessing such top-level component. But a client can be a component.

Dynamic Architecture: Current trend in component architecture modeling is to add dynamic
behavior. By dynamic architecture we mean ability to add, remove, rebind both component in-
stances and components in run-time. There are approaches to deal with those goals, namely C2
[15][16], Wright [17], Darwin [18] and CHAM [19]. C2 describes architecture changes in terms of the
architecture model - it uses shell-like language to execute changes. Wright describes modifications
in CSP language. Darwin permits to parameterize initial architecture and during run-time com-
ponents may be replicated. CHAM formalism is based on category theory. Our SOFA/DCUP is
not dynamic, but it supports replacement of component in run-time. Simple server-side component
architectures (i.e, EJB, COM/DCOM and CCM) use factory-pattern to create/remote instances.

Our understanding is, that every composed component has an initial configuration. An initial confi-
guration defines contained components, bindings between them, and delegation and/or subsuming
of contained components’ interfaces from/to parent component. Exemption is allowed for top-level
components representing applications. Dynamic change is triggered on two actions: on addition
of a component instance or on removal of a component instance. As the first step, an instance of
component is instantiated (e.g., using factory interface). Then the instance is bind into its parent
component by resolving its requires and provides. Resolving new component’s provides and requires
can affect parent component requires and provides - a new provide and/or require is added. Thus
addition could be non-local to a parent component if it affects parent’s requires and provides. In
the case of removal, an instance can be removed if another component instance or a client does not
require it. Architecture of server-side application Integral part of the architecture is definition of
living space for component instances. Such space offers a lifecycle manager for instances, and a set
of basic services, which can be accessed directly or indirectly by instances (e.g., security libraries).
The services can also be offered as special system primitive components, if they are complex (e.g.,

39



advanced transactions models). Indirect access to services is given by non-functional properties
specified at the develop-time and/or the deploy-time.

Deployment and Runtime: The first phase of starting of an application is deployment - specifi-
cation of the runtime environment and distribution of components’ code onto dedicated computer
nodes. The runtime environment is responsible for instantiation of component instances during
startup and/or runtime of an application. It has to offer necessary services (both libraries and
special primitive system components). On each computer node the runtime environment has to be
provided. The deployment and runtime support of SOFA/DCUP is particularly proposed in the
work [12].

3. Enterprise JavaBeans

The EJB is tightly bound to Java environment. The Java language serves for definition of interfaces,
and it is the main implementation language. All the services required by EJB specification have
their mapping and/or implementation in Java too. The EJB supports mapping to another languages
via OMG’s CORBA and it is incorporated into another component architecture - OMG’s CORBA
Component Model.

3.1. Component model

The EJB component can be viewed as an object with non-functional properties. It can be accessed
as either a remote or local one. A remote access is supported by any distribution mechanism (e.g.,
CORBA, RMI, JavaServlets). A local access is in EJB since final draft and is proposed to provide
local (i.e. faster) invocations between beans in the same container. For each access (either remote
or local) there is a set of two provided interfaces - home and business interfaces. The business
interface represents the functionality provided. The requirements are stored in the private naming
space of the component (accessible via JNDI), and they are resolved at the deployment time. These
are properties (i.e., value-name pairs), and references to interfaces.

The EJB offers four component categories (the EJB specification calls them ”bean types”). There
are three non-persistent component categories - stateful bean, stateless bean and message-driven
bean, and one persistent - entity bean. Three of them provide method-based interface (stateless,
stateful and entity), and one of them provides event-based interface (message-driven bean). The
EJB does not support nesting of components, thus all components are primitive.

3.2. Architecture model

The EJB architecture does not support hierarchy. The EJB component is primitive, thus each com-
ponent is the top-level component representing an application. The EJB component can reference
another component’s home interface (it does not represent an instances) used to obtain references
to component instances, or it can reference an instance using relationship between bean instances
managed by the EJB persistence manager.

3.3. Deployment and Runtime

The EJB component is defined in Deployment descriptor. The life space of EJB components is the
EJB container. It provides all services (transaction, persistence and security), life-cycle managers of
all component categories, and tools for deployment. Since a component is deployed, it is registered
in the container’s naming space, and clients can access its home interface to create and/or find
component instances.

4. Enhanced EJB Component Architecture

Our intention is to enhance EJB with the features presented above. Here we present the main ideas
of incorporation them.
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4.1. Weaknesses of the Enterprise JavaBeans

Overall EJB component model is limited, because the EJB component is rather remote (possibly
persistent) object with non-functional properties. It supports only one provided interface (called
business interface), which implies no support for composed components. Also it is not possible to
combine synchronous and asynchronous invocations. Each component can be implemented as one
of the offered component categories (entity, sessions and message-drive), only. Developer cannot
add new or modify features of component categories.

Architecture of the EJB is also very limited, due to limited underlying component model. The
architecture model can be seen as a flat space, where a client can do (almost) anything. On the
other hand, the dynamic architecture is supported, because a client can create and remove instances
as he or she wishes. But he/she is not limited in any way. Since the EJB architecture does not work
with instances (i.e., an application has to be explicitly created by a client), bindings are allowed
between components, but not component instances.

4.2. Enhanced component

The role of a component in architecture is the basic building block, and architecture describes all
components of an application, bindings between them. Component is described by nonfunctional
properties and either architecture (composed component) or by its code (primitive component). If
we consider an application as offering component, which provides functionality to clients, we can
separate the whole system into two parts - an application part and a client part.

Component type: Component type of original EJB component is given by both home and busi-
ness interface regardless of assuming them as local or remote one. Since a component can provide
and require a number of interfaces, we adapted component type definition to reflect it. It has
to be noted that the home interfaces are not bounded with any instance and they are a part of
component type definition. The next part of component type is the component category as defined
below.

Component category: Our intention is to support the properties-like implementation pattern,
because it is more abstract, clearer and straightforward. The second implementation is to select
basic properties defining component category. The properties are reflected in EJB as a bean-type
(e.g., state-management, life-cycle management), and/or non-functional-properties of a component
(i-e., transaction, security, persistence). There is a new non-functional property Concurrence, de-
fining how concurrent calls from different clients are handled. This property contains reentrant
property of EJB specification, and it adds sharing policy (i.e., multiple clients/single client access),
and thread policy (i-e. concurrent execution of component code).

We define compatibility of component categories as full equality of the state management, con-
currence and transaction properties. The reason to exclude lifecycle management and security is
that they have rather influence on performance and on runtime configuration. The persistence was
excluded since it represents internal state of the component.

The Provides: In our model the Provides are split into two classes - functional (interfaces) and
value. The functional part is described as a set of both method-based and event-based interfaces.
Primitive component’s provided interfaces are directly mapped on implementation objects. Com-
posed component’s provided interfaces are delegated on internal components. In our enhanced EJB
mode, provided interfaces are offered as single, an array of them or shared. Since clients cannot
share one provided interface (but an instance can be shared), a mechanism has to be introduced
to allow sharing of interfaces. It can be achieved by specifying an interface as an array.

The value part provides a set of scalar values of different types (e.g., string, integer, float,
structure...). This abstraction is introduced as a part of requires. The intention of this kind of
provides is to share and/or provide data for other components (e.g., references to datasource,
URLs...) without binding and/or invocations on other components.

All provides will be mapped into a naming context that servers for both provides and requires.
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On the provide side, it has specified structure - home subcontext stores all home interfaces (i.e.,
interfaces, that can be call without an instance), business subcontext stores all business interfaces
(i-e., interfaces, that has to be called on an instance) and property subcontext stores all properties.

Require interfaces: Similarly to the Provides, the Requires are mapped into a naming context.
In the naming context there are following types of objects: a) reference to required method-based
interface; b) reference to required message queues for message-based interface; and c) property. The
first two types (a,b) represent required functionality from other components. Type c is a represen-
tation of a value property (e.g., username, password, URL). The structure of the naming context
is similar to the provide naming space - home subcontext contains references to provided home
interfaces, business subcontext contains references to provided business interfaces of component
instances and property subcontext contains required properties.

4.3. Enhanced Architecture

In previous subsections, the EJB component model was enhanced in functional direction. In this
section we present enhancements of the structure. We intend to support both static and dynamic
architectures. The static one is already supported in the EJB, we clarify its employment in the
enhanced component model only. The dynamic architecture is new for the EJB, and it will be
specified below.

There are two basic component styles - composed and primitive. Composed component is built of
another components and it is described by architecture, while primitive component is indivisible.
Composed components have no functional code, thus their role is architectural only. The roles we
employ architecture are: composed components description and binding between components.

Since composed components do not contain any business functionality, they are used to capture
logical structure. Of course, it has to implement home interface, where creation of the instance is
coded. A composed component is built of a number of both primitive and composed components,
and it defines a binding between them, delegation between parent’s provides and internal compo-
nent’s provides, and subsuming between parent’s requires and internal component’s requires. Home
interfaces of composed components are static interfaces and they are not bound to any instance.
On the other hand, home interfaces of internal components delegated to parent’s provide interfaces
are not static, since they do not server to create an instance of parent component but they serve
to create an instance of internal components.

Static architecture Static architecture we characterize as non-changeable during runtime - no
ties are added, removed or changed, and no component instances are created or removed. This
definition follows the original EJB specification of component (primitive) environment. As defined
in the previous paragraph, the bindings can be between component and component instances. The
component instance is created during deployment - to create it, we put a Java creation code into
the deployment descriptor. We use Java for creation code specification, because it is the easiest and
clearest way to describe it (execution of the code is guarded by Java security policies). Using this
mechanism we can also create instance of application component, whose reference will be stored
into client’s naming context

Dynamic architecture we characterize as changeable during runtime - ties can be added, removed
or changed, component instances can be created or removed - we allow all these changes. When
a new component instance is created, provides and requires interfaces have to be successfully
bounded, and then component’s initialization code is executed. From this point the instance can
be utilized. The problem is "how to specify binding of an instance”. We decided to use a Java bind
code, because it has greater expressive power than other languages. An example of such code is
presented at Figure 6. It has to be noted, that we do not allow removing or changing of ”static”
instances (i.e., they are not created by any client) and/or ”static” bindings.

4.4. Deployment and Runtime

At deployment phase component’s code is inserted into runtime environment (EJB container) and
the component provides and requires interfaces are mapped into naming context, but they are
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not resolved except home interfaces of application components (they are used to create instances).
If an application component is required to be instantiated before the runtime phase begins, the
appropriate Java creation code is executed and returned reference is mapped into a naming context.

During the runtime phase, clients are accessing naming context to obtain references to home
interfaces or provided interfaces of instances. If an invocation on internal component home is
invoked, then the new component instance is created, and Java bind code is executed (if it was
specified). The runtime monitors if a component instances, that were instantiated automatically
at the deployment are not removed, because an initial architecture has to be always a part of
currently modified architecture.

5. Summary

This paper presents an enhancement of Enterprise JaveBeans component architecture. The appro-
ach is based on results from our component architecture SOFA/DCUP and on our experience with
EJB. We enhanced component model by multiple interfaces, better component type specification
(namely provides and requires), and we enhanced architecture model by composed component and
dynamic architecture specification. There are problems not cover in this paper, and they are plan-
ned for future work. The most important problems are: a) persistence of composed component,
b) compatibility of types of persistent composed components. Currently these enhancements have
been implemented into JOnAS application server as a part of the PEPiTA project.
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Abstrakt

In this paper, we employ description of component behavior into a lifecycle of hierarchical
components. A description should allow for formal reasoning about the correctness of the spe-
cification refinement and also about the correctness of an implementation in terms of whether
it adheres to the specification. As a proof of the concept, the behavior protocols used in the
SOFA architecture description language are presented. We define bounded component beha-
vior as a way to describe approximation of component behavior and protocol conformance
relation to formalize specification refinement. Using these concepts, the designer can verify
the adherence of a component’s implementation to its specification at run time, while the
correctness of refining the specification can be verified at design time.

1. Introduction

A lot of effort is being put into formal or semi-formal description of component semantics to help
the development of the software systems based on the component concept. The target is to improve
the specification by reducing the number of errors and by detecting errors earlier in the process.

In context of software architectures, a component is usually viewed as a black-box entity which pro-
vides and /or requires a set of services (accessed through interfaces). Components can be composed
together by binding required to provided services to form a higher-level component. Typically, com-
ponents and their compositions can be specified in ADL (Architecture Description Language [3]).
For employing a behavior description of a component, the notation used has to strongly support
description of the ”call interplay” on the component’s several interfaces, and to reflect step-by-step
specification and refinement of the component during its design. Most of the approaches employ a
black-box view of a component (no visible internals) together with a white-box view (all internals
visible). However, to support a step-by-step specification, it is reasonable to include also specifica-
tion of a ”grey-box” view of the component (selected details visible only). In Wright language [1],
the behavior of components and connectors is specified as a ”computation”, resp. a ”glue”, via a
CSP-based notation (a system of recursive equations). In Wright, a component specification in-
cludes explicit behavior specification only for primitive components. As to composed components,
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their architecture behavior descriptions are generated via the composition operator, bottom-up,
making the behavior description fully ”white-box” based. Being strictly focused on design time,
Wright does not address any behavior checks related to run time. In TRACTA [2], the behavior
of a component is described in FSP (Finite State Processes), a formal vehicle similar to CSP in
terms of being a system of recursive equations. A component specification includes explicit behavior
specification only for primitive components. For composed components, TRACTA uses the same
approach as Wright, i.e., generating an architecture process via the composition operator, bottom-

up.

The goal of this paper is present how behavior protocols can support specification refinement in
ADL and formal reasoning about the adherence of a component’s implementation to the behavior
specification and how the grey-box view can be employed in the process. In Section 2, we provide
an overview of the SOFA component model and the component lifecycle. Section 3 introduces
behavior of component, protocols and Section 4 formalizes compatibility of component behavior.
Section 5 shows how the behavior compatibility can be used to support specification refinement.
Further, in Section 6 an 7 we present this support for SOFA component model. Section 8 concludes
the paper.

2. SOFA Components and Component Lifecycle

The SOFA (Software Appliances) project [4, 5] targets the issue of composing applications from
components which can be deployed over a network. In the SOFA component model, an application
is viewed as a hierarchy of nested software components. Analogously with the classical concept of
object being an instance of a class, we introduce software component (component for short) as an
instance of a component template. In principle, template can be interpreted as component type.

A template T is a pair < F, A > where F is a template frame, and A is a template architecture.
The frame F' defines the set of individual (external) interfaces any component which is an instance
of T will possess. Basically, the frame F' reflects the black-box view on T'. To support versioning,
the frame F' can be implemented by more than one architecture. An architecture A describes the
structure of an implementation version of F' by (1) instantiating direct subcomponents of A (those
on the adjacent level of component nesting, subcomponents of A for short), and by (2) specifying
the subcomponents’ interconnections via interface ties. Basically, the architecture A reflects a
particular grey-box view on the template 7. An architecture can also be specified as primitive,
which means that there are no subcomponents and its structure/implementation will be provided
in an underlying implementation language, out of the scope of the component model.

A component’s lifecycle is characterized by (potentially repeated) sequence of design time and run
time phases. In a more detailed view, a design time phase is composed of the following design
stages: development and provision, assembly, and deployment.

At the development and provision stage, a component is specified by its frame and potentially
several architectures, each of them being a design version of the frame. For instance, the frame
Frain is implemented by three different architectures: A;, As, and A3. While A; and Aj are
primitive, A, is composed of two subcomponents Sub; and Subs; these subcomponents are visible
in A, only at the level of their frames Figyp,, Fsup,- It is important to emphasize that the actual
specification of an architecture A is always based on the frames of A’s subcomponents (and not
on the architecture of those subcomponents). Reflecting top-down design, the specification of an
application is factored this way into a hierarchy of alternating layers frame — architecture — frame
— ..., forming a tree with nodes alternately of the frame and architecture types.

At the assembly stage of design time, the executable form of an application/component is deter-
mined by selecting an implementation architecture for each frame. In our example, this process
starts at Fisqin by choosing one particular template < Frqin, A; >. If A; is not primitive, the se-
lection is applied recursively to all frames involved in A;. Consequently, the executable form of the
application/component is primarily based on all the primitive architectures involved recursively in
the reduced subtree of A;.
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The executable is then deployed during the deployment stage, when the component run time
configuration has to be devised. In particular, this includes distribution over computer network
nodes and setting some of the component property parameters. At the end of the deployment, the
component is ready to run.

3. Component Behavior and its Description

In this section we present a model of component behavior. By activity of a component C' we
understand the finite sequence of actions which C' exhibits. The set of all possible activities of C' is
referred to as the behavior of C'. By convention, a sequence of actions is expressed as a trace of C;
the trace is a sequence of action tokens, each of them representing exactly one action. The behavior
of a component C' is represented as a set of words over ACT's (the set of all action tokens) forming
the language of C. By L4 we denote the language of C' on all its interfaces. All the components
connected to the external interfaces of C' form the environment E of C. For a given set of interfaces
V (internal or external), the action tokens representing the actions on all C’s connections in V
form the alphabet Vg; Vs = Vs, ,, UVs,,,, where Vg, , (resp. Vg,,,) is the external alphabet (resp.
internal alphabet) of C' defined as the S set of all action tokens on C’s external (resp. internal)
interfaces in V. Always, Vs,,, = Vs, U Vs where Vg (input alphabet) is the set of
enforced action tokens - the order in which its elements appear in the traces of C is determined
(”dictated”) by E. On the contrary, the element of Vg (output alphabet) appear in the traces
in an order dictated by C. For simplicity, Vg Vs and Vg, , are assumed to be disjoint.

ext output? input

output

input? output int

The language of a component is typically an infinite. We assume that for each component there is
a behavior description called ” protocol”. A protocol Prot generates a set of traces L(Prot).

4. Component Substition and Behavior Compliance

Assume a component B with the behavior Lp cooperating with its environment E via an external
alphabet S¢:. To capture the ”dictated part” of a trace t € Lp , we say t is with input ¢ if
t/Sinput = ¢, and the set Lp/Sinpys forms the inputs of B over Sey¢. In a similar vein, we say that
t is with output o if t/S,utput = 0 and the set Lp/Soutpys forms the outputs of B over Sezy.

With the intention to formally capture functional similarity of two components, consider their
substitution: Should a component A replace B in E (A being put into the B’s environment E by
taking over all its tied external interfaces), A needs to have the same S.;¢ as B. Moreover, A has
to accept the inputs of B as they are dictated by E; therefore we ask (1) Lg/Sinput C La/Sinput-
For a given input ¢ of B, the environment E expects a trace from Lp/S;+ with the input i. By
asking these traces to be also in Lg/Sezt (i-e. (2) LB/Sinput|Sinput|La/Sezt C Lp/Sezt) we do not
allow A to produce any other output for a given input i except of those of B. Therefore, if both
(1) and (2) hold, then, for every input i of B, there exists at least one trace of A with the input
4. In this case, we conclude A can replace B, since E can dictate the same inputs it could for A4,
and will get outputs which could have been produced by B. If (1) and (2) holds, we say that a
language L4 is compliant with Lg, formally:

Definition: Let B be a component, Lg its behavior and Se¢ its external alphabet in an environment
E. Also, let A be another component, L4 its behavior and Se;: be also its external alphabet. We
say that a language Ly C ACT's* is compliant with Lg C ACT sx on an alphabet S¢,; C ACT's if

1. LB/Sinput C LA/Sinput

2. LB/Sinputlsinput|LA/Sezt C LB = Se:ct-
Similarly, compliance can be defined for two protocols by means of the languages they define.
Furthermore, behavior compliance can be used for specifying a behavior of a component A, which

cannot be directly described by a protocol. Our approach to the issue is based on L4’s approxi-
mation, bounding, via a protocol determining a behavior ”close enough” to L 4.
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Definition: Let Prot be a protocol, A a component and S its alphabet. We say L 4 is bounded by
L(Prot) on S, if L4/S is compliant with L(Prot) on S.

In summary, if the behavior of a component A is bounded by a protocol Prot, A has to "react”
to any input ¢ € L(Prot)/Sinput, by at least one trace t € L4/S such that t/Sipue = i and
t € L(Prot)/S (narrower behavior of A than L(Prot)). Even though the behavior of A is ”limited”
by Prot, the condition (1) indicates that there can be protocol-neutral behavior of A, i.e., there
can be a trace t' € La, t'/Sinput € La/Sinput but t'/Sinpur ¢ L(Prot)/Sinput- The A’s activity
represented by #' is not limited by Prot in any way.

5. Protocol-Based System Design

In this section, we address the issue of how a specification of components’ hierarchy can be assisted
by protocols. Typically, at early design stages, no component implementation is available, since
an implementation should reflect the desired behavior of the component being designed. Thus,
behavior specification is where to start. By employing protocols for this purpose, we can, at first,
design the system as a collection of components with a hypothetical implementation, but well
specified (a) behavior via protocols and (b) external alphabets. This idea leads to the following
concept:

Definition: Let Prot be a protocol and S C ACT's an alphabet. A component A with the alphabet
S such that L4 = L(Prot) is called a model component of Prot with S.

Thus, a system can be specified as a collection of cooperating model components, each of them
with the behavior specified by a certain protocol and an alphabet S reflecting an agreement for the
components cooperation with its environment in the system. Via top-down design, the top model
component is replaced by another, refined composed model component (with internal components
at the next level of nesting) of an protocol which includes behavioral specification of the interplay
of the internal components. Such refinement is recursively repeated until the low-level primitive
model components are specified.

At any time during this process, a model component B can be substituted by a composed model
component A only if the behavior of the composed component complies with the behavior of B.

After being composed top-down of model components, the system can be further elaborated by
replacing a model component M of a protocol Prot by a component A which is a ”real, close
enough” implementation of M (and has the same external alphabet). Such a replacement does not
destroy the bounded behavior of the components at the higher levels in the hierarchy (relatively
to M) if this ”close enough” means the behavior of A is also bounded by Prot. By induction this
can be generalized for any level of a component hierarchy if a primitive component is replaced:

Theorem 1: Let A, a component in a hierarchy, be bounded by a protocol Prot4 on Se.:. Let a
primitive component B be a subcomponent of A at any level of nesting and, at the same time, B
be a model component of a protocol Protg with Sege, 5. If B is substituted by a component B’ and
the B’ behavior is bounded by Protg on Sezt 5, A becomes the component A’ and the behavior
of A’ is also bounded by Prot4 on Seg-

As a direct consequence, replacement of all primitive components in the hierarchy preserves the
structure and, in particular, bounding of behavior at higher level nodes of the component hierarchy.
This is of utmost practical importance: A bottom-up elaboration of a hierarchy can be done as
the replacement of the primitive model components by components with a ”real implementation”,
since such a replacement induces an implicit elaboration of the components at higher levels in the
hierarchy while preserving bounding of behavior of these higher-level components.

For runtime behavior evaluation, we introduce the concept of protocol obeying:

Definition: Let Prot be a protocol, A a component, F its environment and S, its external alphabet
in E. Let E dictate to A inputs from L(Prot)/Sinput only. The component A and the environment
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E obey a protocol Prot if every trace of A in E is in L(Prot).

The definition can be used practically for run-time checks of a system to identify communication
not captured by a protocol, since if the environment dictates to A inputs from L(Prot) and behavior
of A is bounded, then it has to obey Prot.

6. Associating Behavior Protocols and SOFA Components

In SOFA, the behavior of a component template T' =< F, A > is described by means of behavior
protocols [6]. Behavior protocols can describe regular languages in regular expression-like notation.
Protocols are employed on two levels of abstraction. A frame protocol of T is a protocol specifying
the acceptable interplay of method invocations on the provides-interfaces and reactions on the
requires-interfaces of the frame. An architecture protocol of T is a protocol describing the grey-
box behavior of T. It is based on the frames of the direct subcomponents specified in A. The
protocol describes the interplay of the method invocations on the interfaces of F' and the outmost
interfaces of the subcomponents in A. It is not specified in CDL directly, but it is generated by
the CDL compiler by combining the frame protocols of the subcomponents via the composition
operator [6].

Intuitively, in a template T =< F, A >, the architecture protocol of A should follow the design
intentions embodied in the frame protocol of F'. Basically, employing protocol compliance is a
natural way to reflect the desired correspondence in behavior description. However, the protocols
associated with CDL incorporate interfaces at different levels of nesting which imply that reasoning
on these protocols may require name unification. We denote such protocol Protr unified against
A as AProty and define CDL protocol conformance as follows:

Definition: Let T =< F,A > be a template with the frame protocol Pr and the architecture
protocol P4. We say that the architecture protocol P4 conforms to the frame protocol Pg if Py is
compliant with 4Pr on S where S is the alphabet associated with F.

7. Benefitting from Behavior Protocols

Behavior protocols can contribute to the correctness of a component design as follows: At the as-
sembly design stage, an application is composed as a hierarchy of components; i.e. nested template
instances. If these templates were associated with protocols during design in an ADL, as illustra-
ted in Section 5, building up this hierarchy top-down can be viewed as a systematic, top-down
composition/refinement of the model components of these protocols. Specific to SOFA, a model
component of a frame protocol is replaced by a model component of an architecture protocol invol-
ving some internal frame protocols’ components. These internal components get further replaced
by some architecture protocol components, etc. As follows from Theorem 1, provided the frame
— architecture — frame... protocols conformance has been successfully validated in such a model
component hierarchy, the behavior of any component C' in the hierarchy is bounded by its frame
protocol if the behavior of the primitive components recursively nested in C' is bounded by their
frame protocols. The frame — architecture — frame . .. protocols conformance can be advantageously
verified beforehand at the development and provision stage by checking the frame- architecture
protocol conformance for each template specification.

Since there are no means to verify bounding behavior of a primitive component by its frame
protocol statically, it has to be done at runtime by applying the protocol obeying concept; this
means checking whether in a particular run the component its trace does not violate the protocol
(and, consequently, whether the component does not violate the bounding). A primitive component
C, assumed to obey a protocol Prot, is tested whether the trace of C is in L(Prot). If this is not
the case, it can be so for one of the following reasons: (1) the input dictated by C’s environment is
not in the inputs of L(Prot) so that the violation is caused by an ”incorrect” environment; (2) C’s
behavior violates the bounding by Prot. Of course, similarly to testing, a run time check cannot
ensure "full” correctness of the implementation. However, both the protocol guard construction
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and the obeying validation can be done algorithmically, and, in general, at any level of component
nesting (not only for primitive components).

8. Conclusion

The paper presents how a behavior protocol-based description can be applied to hierarchical soft-
ware components. The protocol compliance concept provides formal means for capturing compo-
nent substitutability and adhering of a component implementation to the behavior specification
via a protocol.

As a proof of the concept, we use behavior protocols built into the SOFA CDL language. The de-
scription at multiple abstraction levels (frame, and architecture protocols) supports the refinement
design process, allowing one to reason about component behavior at different levels of information
hiding. To target refinement correctness, the frame, and architecture protocols in a particular tem-
plate are tied together by the protocol conformance relation based on the protocol compliance
concept. The verification of protocol conformance can be done at design time at these abstraction
levels which effectively factors the state space inherent to the verification. Moreover, by intercep-
ting method invocations, it is possible to check whether a particular component implementation
obeys the component’s behavior specification at run time.
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Abstrakt

Cilem této préace je implementovat pieklada¢ z podmnoziny jazyka C do jazyka Fortran77.
Takovy preklada¢ by se mohl pouZivat jako preprocesor optimaliza¢niho systému UFO, takze
by s jeho pomoci bylo mozné optimalizovat i funkce, které jsou napsany v jazyce C. UFO totiz
pozaduje na vstupu jazyk Fortran77.

1. Uvod

Existuji funkce, tykajici se rozliénych problematik, které jsou napsiny v jazyce C, a které by bylo
vhodné pomoci systému UFO optimalizovat. V podstaté jedinou moznosti jak toto provést, je
pokusit se prelozit zdrojovy text v jazyce C do jazyka Fortran77. Vstupem pro UFO totiz mize
byt pouze zdrojovy text v jazyce Fortran77, ktery je pfipadné moZné doplnit o specidlni makra. (
UFO ma4 jesté i jiné moznosti vstupu, napiiklad pomoci dialogu, ale tyto moznosti se netykaji nasi
problematiky ).

Zde se tedy budu velice stru¢né vénovat implementaci takového piekladace a omezenimi, kterymi
jsem vstupni jazyk zatizil.

2. Vstupni jazyk

V tomto odstavci bych se kratce vénoval vstupnimu jazyku. Jak jsem jiz v Gvodu psal, vstupnim
jazykem je pouze podmnozina jazyka C. Implementovat pfekladaé z jazyka C do Fortranu77 je v
podstaté nemozné. Divodem jsou nékteré konstrukce jazyka C, které nemaji v jazyku Fortran77
ekvivalent. Napftiklad obtizné by bylo pfekladat strukturované typy nebo préci s dynamickou pa-
méti.

by tak nebylo mozné preklddat, navrhl jsem vhodné omezeni vstupniho jazyka. Je ovSem dulezité
zdiraznit, ze veSkerd omezeni jsou zcela v souladu s pozadavky, které jsou na program kladeny.
Vstupem pro tento program je néjakd numerickd funkce, kterd je zapsana v jazyce C. V takovém
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piipadé vlastné odpadd pouzivani strukturovanych typt i prace s dynamickou paméti ( alokace a
dealokace ) a jiné tézko prelozitelné konstrukce. Co v8ak zlstavé, je moZnost pouZivat pointerovou
aritmetiku jazyka C. Tato vlastnost vstupniho jazyka je totiz ¢asto vyuZivina. OvSem v jazyce
Fortran77 opét nemame zadny ekvivalent, coz plisobi zna¢né problémy. Ukazatele, které se ve
vstupnim souboru pouZivaji, se tak mohou jediné pfekladat na indexy do néjakého pole.

Ptiklad, kdy se takova konstrukce pouzije je nasledujici. Jako parametr preklddané funkce je uka-
zatel na néjaké pole. Dale ve funkci je deklarovan ukazatel, ktery se inicializuje tak, aby ukazoval
na néjakou ¢ast odkazovaného pole. Pak uz mtizeme pracovat s konkrétni ¢asti pole pouze pomoci
ukazatele. Toto ale neni do Fortranu77 normélné pielozitelné. Parametrem funkce samoziejmé
muze byt i proménng typu pole, ve funkci dokonce ani nemusi byt zndm pocet prvka takového
pole. Tato konstrukce se proto prelozi jednoduse. Jakmile je ale nékde deklarovana proménné typu
ukazatel, vznikne problém, protoze proménné takového typu nejsou ve Fortranu77 mozné. Ukaza-
tel se proto musi prelozit jako index do pole. Jinymi slovy, musi se vlastné pfevést na proménnou
celociselného typu. Pfifazovaci piikaz, ktery inicializuje deklarovany ukazatel, se tak prelozi jako
prifazeni vhodného ¢isla do indexové proménné. Kdykoliv se pak dale pracuje s onou konkrétni
¢asti pole prostfednictvim ukazatele, musi se takové konstrukce prevést na praci s pivodnim polem,
kde oviem se musime pomoci indexové proménné ( zastupujici ukazatel ) pFesunout do té ¢asti, s
niz se pravé pracuje. Zatim bohuzel tato moznost prekladu neni moznd, protoze se nejedné o zcela
trividlni zalezitost, ale na implementaci pracuji.

Dalsi omezeni, kterd jsem pfidal do definice vstupnitho jazyk, se tykaji nékterych piikazd. Jiné
piikazy lze ale preklddat bez omezeni. Takovym piikazem je piikaz if. Ten je podporovan v
celém rozsahu, tedy podporovana je i sekce else. Pfifazovaci piikaz lze také prelozit bez omezeni,
a to véetné specidlnich operatort jako napiiklad +=. Ov8em piikaz for uz jednoduSe pielozit
nelze. V jazyce C je tento piikaz velice mocny a vSestranny, na druhou stranu, jeho ekvivalent v
jazyce Fortran, ptikaz DO, je pomérné jednoduchy. Cyklus DO ve Fortranu totiz mize pouzivat jako
proménnou cyklu pouze proménnou celociselného typu. Zde nebyla jind moznost, nez prizplsobit
cyklus for jazyka C tak, aby byl pfelozitelny. OvSem toto omezeni opét neni pFili§ radikalni ( z
na$eho pohledu ), nebot potfebam, pro které je program psan, takovy omezeny cyklus for zcela
postacuje. Nyni, jak je tedy pfikaz for omezen. Normdlni syntaxe tohoto ptikazu je nasledujici
for(vyraz-start; vyraz-stop; vyraz-iter) prikaz

Upravend, nebo zjednodusSend syntaxe, vypada takto

for( i = vyjraz-start; i <= vjraz-stop; vyraz-iter) p¥ikaz

kde vyraz-iter je typu i++ nebo i += vjraz

Takto upraveny cyklus for se jiz na cyklus DO pfekldd4 pomérné snadno.

Omezeni, kterd jsem vySe popsal, nejsou zdaleka vSechna. Napiiklad do jisté miry jsou omezeny i
vyrazy. Neni podporovan operator ¢drka ¢i terndrni operator 7:, dale neni implementovan piikaz
switch, ani zbyvajic{ cykly while a do-while. Omezeny jsou i deklarace, mozné je deklarovat
pouze jednoduché typy. Jak jsem ale jiz psal, navrzend omezeni jsou v souladu s pozadavky na
program.

3. Implementace

Nyni velice stru¢né popisi implementaci samotného prekladacée. Je zndmo, ze pirekladace, i pies
riznou strukturu, se obecné sklddaji ze ¢tyr zadkladnich ¢asti.

1) Lexikalni analyza,

2) syntakticka analyza,

3)
)

4) generator kddu.

zpracovani sémantiky,

(
(
(
(

Lexikalni analyzator je vlastné jednoduchy koneény automat, ktery rozpoznava symboly vstupniho
jazyka. V naSem pfipadé rozpoznavé lexikalni symboly ( tokens ) jazyka C. Lexikdlnimi symboly
se rozumi predevsim identifikatory, klicova slova, ¢isla, oddélovace a operdtory. Drobny problém
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vznik4 se standardnimi matematickymi funkcemi. Jak zndmo, Zadné takové funkce nejsou soucasti
jazyka C. Ov8em v jazyce Fortran tyto funkce soudésti jsou. Proto jsem se rozhodl, Ze budu
v8echny standardni matematické funkce ( deklarované v souboru math.h ) chipat jako soudast
vstupniho jazyka. Tim odpadd prochéazeni hlavi¢kovych soubort a generovani je poté snadné. Tedy
identifikdtory jako napiiklad sin jsou v mém programu rozpoznavany jako klicova slova.

Lexikalnim analyzatorem nalezené lexikalni symboly jsou vstupem pro syntakticky analyzator. Ten
je napsan objektové v jazyce C++. Pouzitd metoda je znamé jako metoda rekurzivniho sestupu
(recursive descent), kterd spo¢ivd v tom, ze se kazdému netermindlnimu symbolu pfifadi jedna
procedura ¢i funkce, kterd jej zpracovava. J& jsem tuto metodu ponékud zobecnil, a kazdému
netermindlnimu symbolu ( ktery je podporovan ) jsem pfifadil jednu celou t¥idu v jazyce C++.
Disledkem takové implementace je velkd jednoduchost, pfehlednost a snadn§ rozsifitelnost celého
programu. V kazdé t¥idé tak jsou metody pro syntaktickou analyzu, pro generovani kédu a pripadné
i pro zpracovani sémantiky. T#id v programu je samoziejmé pomérné velké mnozstvi, ale vSechny
jsou odvozeny od zdkladni tfidy ident, kterd je vlastné schopna zpracovavat pouze jednoduché
netermindlni symboly, jako ¢isla, identifikdtory ¢i operatory.

Dalsi ¢asti prekladace byva zpracovani sémantiky, kde se provadi nékteré doplhujici kontroly. Napti-
klad zda souhlasi skute¢né parametry s formalnimi, apod. Zpracovani sémantiky v mém programu
je ale velice trividlni, nebot pfedpoklddam, Ze na vstupu je spravné zapsany program v jazyce C, a
tudiz néjaka hlubsi analyza neni nutna. Proto, co se tyée zpracovani sémantiky, obsahuje program
pouze jednoduchou dvouturoviiovou tabulku symbol. To znamend, Ze jsou mozné pouze dva roz-
sahy platnosti ( scope ), a to bud lokélni nebo globélni. Vnofené bloky z jazyka C a strukturované
typy totiz nejsou podporovany, takze neni potieba mit viceiroviiovou tabulku. Do tabulky sym-
boli se tak ukladaji zakladni informace o deklarovanych identifikdtorech, hlavné zda se jedna o
funkci ¢ proménnou ( aby se mohlo rozlisit volani funkce ). Zaroven se do tabulky uklddaji nékteré
dodate¢né informace, které se vyuziji v budoucnosti pfi pfekladu proménnych typu ukazatel, jak
jsem jiz vySe zmihoval.

Posledni ¢asti prekladace je generator kédu. V mém programu je generdtor rozlozen vlastné do
mnoha metod riznych tfid. Kazda tfida obsahuje metodu, kterd se o generovani konkrétniho
neterminalniho symbolu postard. Generovani se provadi do jazyka Fortran77, kde ale musi mit
vysledny soubor i jistou stanovenou formu. Napftiklad Fadky ( kromé komentd#d ) mohou zadinat
az sedmym znakem od pocatku Ffadku. Déle, jestlize je néktery fadek delsi nez 72 znakl, musi se
rozdélit. A to takovym zpusobem, Ze pokracovani Fadku se vyznadi nebilym znakem na Sesté pozici
od podatku fadku. VSechny tyto zalezitosti provadi k tomu uréeny modul, ktery rovnéz zajistuje
vhodné odsazovani a dopliujici komentate.

4. Zavér

V této fazi vyvoje program umozhuje prekladat jednoduché zdrojové texty. Umi prekladat vyrazy
a piikazy, o kterych jsem psal v prvni ¢asti. Zatim neni mozné piekladdat praci s poli pomoci
ukazatel(l, 1ze ale prelozit takové konstrukce, kdy se ve vstupnim souboru pfistupuje do poli pouze
pomoci indexd. Jak jsem zminoval, neni mozné, aby program umél pfelozit libovolny zdrojovy text
v jazyce C, ale pracuji na tom, aby omezeni vstupniho jazyka bylo co nejméné a aby program
vyhovoval kladenym pozadavktm.
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Abstrakt

In the paper there is presented original incremental structure learning algorithm for Wang
neuro-fuzzy system.

1. Incremental approach

There are two standard approaches to structure learning of (neuro)-fuzzy systems [1]. It is an
decremental (exhaustive search) approach and approaches based on fuzzy clustering techniques
[2]. The main drawback of decremental approach is its computational complexity which make it
inapplicable on high-dimensional data. On the other hand in fuzzy clustering approaches we have
to chose in advance number of rulenodes of neuro-fuzzy systems which is the main disadvantage of
this class of algorithms. These both drawbacks can be solved by employing incremental approach
to structure learning. The idea is simple. On base of value of some criterion add rulenodes until
chosen criterion indicates satisfaction of predefined constrain.

In this paper we give description of this type of structure learning for Wang neuro-fuzzy system.

1.1. Incremental structure learning of Wang NFS
Computation of class of neuro-fuzzy systems we are interested in is considered to be generally given

as
m

ofx) =Y Aj(@)-¢j, (39)

=1

where z € R™ and ¢; € R.

As a special case we have antecedents A; represented by Gaussians which gives Wang neuro-fuzzy

system [3] acting as
_ % S (371' - aji)2
o(z) = ;:1 Cj + exp [— El sz ; (40)

i=
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i.e., output is given by linear combination of Gaussians.

To present main idea of incremental structure learning we we will consider one-dimensional case,
n = 1. The multidimensional one will be a straightforward extension presented later in the section.

In one-dimensional case, above equation has form

T —a;
ZCJ exp[ 2b2j ] Zc] gj(z,a;,b;), (41)

where g;(z,a;,b;) denotes one-dimensional Gaussian with central point a; and width parameter
bj.

Obrazek 9: Sum of three Gaussians.

We proceed with graph given in Fig. 9. The graph is a graph of function of form (41) given by
sum of three Gaussians. Particular Gaussians are presented here by dotted lines, their sum by solid
one. Now a question is, how to determine particular Gaussians from the graph? Clearly, assuming
small overlapping among Gaussians we can reconstruct them as the ones having central points at
points where local maxima of graph’s absolute value are reached. Width parameters can be then
determined by local fitting of individual Gaussians to function graph. In Fig. 10, there is presented
by dotted line graph of original function and by solid line its absolute value. We see that points at
which local maxima, are reached gives central points of Gaussians the function is formed from.

Obrazek 10: Absolute value of sum of three Gaussians.

The preceding example demonstrates the main idea of algorithm which is to set centers of rulenodes
(here Gaussians) at points where graph of absolute value of learned function reaches its local
maxima. Width parameters are then set on base of rulenodes membership functions’ local fitting
to learned function graph.
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In a case of structural learning, we have at our disposal only numerical samples of learned function.
From this reason we adopt in our algorithm cyclic process of local maxima identification. To
describe this in details we will still consider one-dimensional case with set of samples given by
training set 7 = {(@k,tx)}.

We start description by formal renotation of 7 = {(zg,tx)} to T+ = {(z,t;)}. Consider the
first loop. It starts by identification of index kf for which maximum max;y, {|t}|}!, is reached, thus
ki = argmax,, {|t}|}. Regarding sample (mk;,t}q), point zjr then represents central point of the
first identified Gaussian, i.e., a1 = z; and t,lq gives value of ¢; parameter, i.e., ¢; = ti.. This
is given by the fact that for point zx; value of identified Gaussian is one, but value of learned
function is tk;, so to have appropriate output of rulenode we are setting ¢; = t}q.

On base of parameters a; and ¢; Gaussian ¢ - g(x,a1,b) is considered and value of its width para-
meter is found by one-dimensional minimization of suitable error function. Apparently, standard
candidate for such a function is a sum of squares of particular errors

N
Eq(b) = Z(tk — ne1ga(z, ar, b)) (42)

k=1

Actually, above formula is not generally standard sum of squares error function due to presence
of n € R parameter. We explain reasons for 7 introduction later in the section, at this time will
consider 7 = 1 which gives standard error function.

Optimal value of parameter b found by (42) minimization is denoted by b;. Setting of b; value
finishes process of parameters setting for the first rulenode.

The last step of a loop is the update of T+ = {(z, t;)} to T2 = {(zx, t3)} which is done according
to formula
t2 = t; —neigy(zr, ar, by). (43)

What is a rationale behind this update? Considering 7' as set of samples of some function fi,

fl(@") = 770191(%&17111) + 770292(1’;@27’)2) + . F N Gm (T, A, b)), (44)

we see, that above update gives 72 as set of samples of function f, of form
fa (ZL‘) = 770292(% az, b2) +...+ T)Cmgm(ﬂf; Ay bm)- (45)

Hence, update is actually subtraction of one member of linear combination the original function,
characterized by set of samples 7!, is assumed to represent. A remainder after subtraction gives
new function, given also by sum of Gaussians, characterized by set of samples 7 2.

Formulation of 72 set finishes first loop of algorithm. The second loop consists of the same steps
as the first one, the only difference is that we consider set T2 instead of 7. Other loops are then
performed on 77 sets until all members of sum of original function are identified.

Regarding stopping of algorithm, in an ideal case it would be after m loops where we will have
t7*t! = 0 for all k, i.e., also max; {|t}j""'|} = 0. But this is not a real case because original
function is not exactly given by linear combination of Gaussians but it is only approximated in
this way. From this reason we stop algorithm not when maxy, {|¢}**!|} = 0 but already when
maxy {|t7|} < 7|e1| where 7 is small number from (0, 1), e.g., 7 = 0.2. This finishes algorithm
explanation.

In the following text we have to explain some other things. The first one is formulation of algorithm
for multidimensional case, i.e., when 7 = {(x,tr)}. We denote multidimensional Gaussian in
short by g(x,a,b). With respect to our algorithm, there are no problems with determination of
a; = (aj1,...,a;n) because these are given by points at which local maxima max{|t |} are found.
Similarly for ¢;. The other situation is for width parameters b; = (b;1,...,b;n). To state their

-

is absolute value.
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coordinates we should adopt in our algorithm multidimensional optimization of the following error

function
N

Z t _770]9 mkaajab))2‘ (46)

k=1

To preserve algorithm simple, together with the idea that outputs from structural learning are
further tuned by parameter learning, we will consider b to have all coordinates equal in all di-
mensions, i.e., that b = (b,...,b). Such a restriction on b transforms multidimensional Gaussian
g(z, a, b) to one-dimensional g(x, a,b) with respect to width parameter. Hence, we can use to find
b= (b,...,b) values one-dimensional optimization of

N
= (t, —ncjg(ar, a;j,b)*. (47)
k=1

Regarding other steps of algorithm they are the same as in one-dimensional case. In Table 5 we
get procedural transcription of whole algorithm for general multidimensional case.

Output of algorithm is given by m Gaussians characterized by parameters c¢;, a;, b;. These Gaus-
sians then represents rulenodes of learned Wang neuro-fuzzy system.

01. denote T = {(@k,tx)} as T = {(zk, t;)};

02. denote ki = argmaxy, {[t}|}; set c1 = t}.;

03. set7 € (0,1); set n =1.001; set j = 1;

04. while |¢;| > 7|c;| do

05. set @; = Zpr;

06. minimize E;(b) given by (47) w.r.t. b;

07. on base of found optimal b state b; = (b,...,b);
08.  update 77 to T9+! = {(z,t,"")}, where

tj+1 - t] ncjg(wkaaja b; )7
09.  denote kj,, = argmax;, {|t]+1|}
10.  set ¢jyq = ti] 11'
1. j=j+1;
12.  end
13. m=j-1;

Tabulka 5: Additive structure learning algorithm.

To end the presentation we have to discuss the last thing which is a stating of bracketing triplet for
minimization of error function (47). What does it mean? Standard one-dimensional optimization
algorithmd such as golden search method [4] require as input parameter so called bracketing triplet.
Considering minimization of continuos function f(s), bracketing triplet is triplet of points sje; <
Smid < Sright Such that f(siest) > f(Smida) < f(Srignt) holds. Stating such a triplet we have from
continuity of f assured that in interval [sjes, Sright] there at most one local minimum of f.

2. Stating of bracketing triplet

To state bracketing triplet for error function (47) with respect to b we start by discussion of its
properties. The first remark is that it is a function defined on intervals (—oc,0) U (0, +00) and its
an even function which is given by fact that b occurs in Gaussians, and therefore in Ej(b), only in
its second power.

The second observation is that although originally for b = 0, Ej; is not defined it can be defined
here. This is given by the fact that at point b = 0 error function has discontinuity of the first order,
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hence we can continually define E(0) by its limit at this point, i.e.,

E;(0) = lim B;(b) = Y (8,)° + Y _(t, —ney)”. (48)

b—0
kF

In this formula k, are indices of proper points of 77 which are the ones with dQ(wkp,aj) > 0.
Indices k. are indices of points coinciding with central point of Gaussian, i.e., these are points with
d*(zy,,a;) = 0. In our algorithm we will consider error function enhanced on value of b = 0. That
is, we will consider that E(b) is defined for all b € R.

Let us now state the following assertion. For error function (47) there exists by,q, > 0 such that
inequality E;(2bmqz) > Ej(bmaz) holds. This by, is given by

d2
— max 4
bmaw 2 ln(n) Y ( 9)

where 0 < d2,,, = maxi{d;}, di = >, (zri — aji)?.

Proof: We start by remainig two facts valid for Gaussian and by one lemma valid for inequalities.
The first fact valid for Gaussians is that

for fixed d* and for 0 < by < b inequality g(b;) < g(b2) holds. (50)
The second fact is that
for fixed b and for d> < d3 inequality g(d3) < g(d3) holds. (51)
The last fact we remain is that

for 0 < 1 < x» raising to second power retains inequality i.e., 27 < x3. (52)

Now, let b4, be set in such way that for all ¥ and some 1 > 0

77|C|gk (bmaz) Z |tk| (53)

inequality holds. In the following text we show that this assumpton implies E(2b,,4:) > E(bmaz)
inequality.

According to (50) we have gg(2bmaz) > 9k (bmaz), for all k. Hence

9k (2bmaz) > gk(bmaz), (54)
77|C|9k (Qbmaw) > 77|C|gk (bmam)a (55)
nlclgk (2bmaz) — [tk > nlc|gr (bmaz) — |tx]- (56)

Since from our assumption (53) we have (n|c|gr(bmaz) — |tk]) > 0 we can last equation rewrite
according to (52) as

(77|C|gk (meaw) - |tk|)2 > (77|C|gk (bmaw) - |tk|)2' (57)

Left side of (57) can be written as

172029129 (2bmaz) — 2n|c|gr (2bmaz) |te| + ti (58)

which is equal to

(ﬂcgk (2bmaz) - tk)2 + 2ncgy, (2bmaw)tk - 277|C|gk (2bmam)|tk|- (59)

Similarly, rigth side of (57) can be rewritten as

(negr (bmaz) — tk)2 + 2ncgr (bmaz )tk — 277|c|9k (2bmaz)|tk|- (60)
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DenOting Ek(Qbmaw) = (ank (mea:v) - tk)2 and Ek(bmaw) = (nc.gk(bmaw) - tk)2 we have (57) in
form
Ek(2bmaz) - Ek(bmaz) >
277|C|9k (2bmaz)|tk| = 2ncgk (2bmaz)te + 2ncgk (bmaz )t — 277|C|9k (meaz)ltk| (61)

Term (61) can be rewritten as

209k (2bmaz) (¢l [te| — cti) + 2ngk (bmaa ) (ctr — |cl|tx]) (62)
which is
277(|Ctk| - Ctk)(gk (meaz) — 9k (meam))' (63)

Since |z| —z > 0 for all z € R and (gx(2bmaz) — 9k (2bmaz)) > 0 we have term (63) > 0. That is, for
all k£ holds Ey(2bmaz) — Ex(bmaz) > 0 which gives, summing through k, E(2b42) — E(bmaz) > 0.
Obviously, this is

E(2bmaz) > E(bmaz)- (64)
Now, we aim on task how to set bpq, to condition (53) holds. Considering 0 < d2,,, = max;{d; }.
Then setting by, in such a way that

1lclg(dmax, bmaz) > ¢l (65)

solves he problem. This is due to fact that with respect to our algortihm we have |c| > |tx]|, see
point 02 or 09 of Table 5. Clearly, (65) can be rewritten as

19(d2 s Drmaz) > 1 (66)

Since for all k, d2 < d2,,, we have g(d2,bmaz) > 9(d2ax, bmaz) it is sufficient to consider only
equality

ﬂg(d?naxa bmaw) =1. (67)
This gives for by, expression
d%na:c ]'
e = —In(-), (68)
2670z U

d2
— max ,D

Since this assertion is crucial for setting bracketing triplet we see from (49) that b4, can be
defined only for n > 1. To minimize impact of n on sum of squares error (47) we set 1 value very
close the one, we use n = 1.001 as it is done in Table 5.

On base of above assertion we can set bracketing triplet in the following way. Firstly, we compute
values E;(0) and E;(bpqz). Now we have three cases possible.

For E(0) < E(bmqee) we have E(—bpyqae) > E(0) < E(bmge) which gives bracketing triplet as
bleft = _bma:cy bmida = 07 bright = bmaz-

For E(0) > E(bpqa,) then because we have E(bpqs) < E(2by4,) we can set triplet as bjepy = 0,
bmia = bmama bright = 2bmaz-

In the case of equality E(0) = E(bmaz) we have E(bpaz) < E(2bmaz) hence E(0) < E(2byqz) which
is in fact the first case. Therefore we can set triplet as bjeft = —2bmaz, bmid = 0, bright = 2bmaz-

Having bracketing triplet set minimization can be performed by some one-dimensional optimization
algortihm [4].

By stating above formula we finish determination of all parameters to algorithm given in Table 5
can be used for incremental structure learning of Wang neuro-fuzzy system.
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3. Conclusion

We end by short discussion of presented approach. The main idea assumption of incremental
approach is to consider learned function as linear combination of Gaussians. Central points of
these Gaussians are considered at local maxima and minima of learned function.

The main advantage of incremental learning is that in does not require in advance specification of
rulenodes (Gaussians here) number. Computational extensity is here mainly driven by number of
points in training set because particular distances d? have to be computed, but this is a case of all
algorithms. Number of dimensions here have not so crucial effect as in decremental approaches.
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Abstrakt

A set theory over a many-valued logic in the style of [1] is presented by listing its axioms and
discussing the spelling of some of them as this has been subject to non-trivial modification
compared to ZF. In FST we define a class of hereditarily “crisp” sets, which we prove to be
an inner model of ZF in FST.

This paper presents a first order theory in a language {€}, over the logical system BLVA; we
presume = is a logical symbol of BLVA. For a detailed treatment of BLVA the reader should
consult [1] and the paper [2] on introducing function symbols.

An analysis of the state of art respecting set theories in non-classical logics has been presented in
[5]. The theory defined here, and referred to as FST (‘fuzzy set theory’). has first been introduced
in [4], together with a non-crisp model for FST, which guarantees that FST is distinct from ZF or
its fragments in the classical logic.

1. The theory FST

The following axioms have been assembled using a class model with many-valued semantics, namely
a BLA-valued universe. All FST axioms are valid in this universe.

In the formulation of several of the axioms we use functions like (), {z} or z Uy, whose existence
is guaranteed by some other axioms, as is common in ZF.

The reader will note that ours is a “crisp” =, i.e. admits only 0-1 interpretations in the (potential)
models. This is forced by the fact that e.g. in Lukasiewicz and product logic, the axiom of sepa-
ration together with equality axioms imply crispness of = anyway. Moreover, under the “standard”
formulation of extensionality, crispness of = implies crispness of €. These facts (which have been
proved in [3]) force a reformulation of the extensionality axiom, and we take over the solution from

[6].
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The weak form of €-induction we include only helps to interpret the classical €-induction and does
not play a crucial role. The original spelling, missing the A’s, was not valid in the BLA-valued
universe.

The power set axiom has been weakened using A, to the following form: for any set x there is a
“crisp power set” z, which contains all sets that are subsets of = in degree 1.

Definition 1 FST is a first order theory in the language {€}, with the following axioms:

(i) (extensionality) VaVy(z =y = (A(x Cy) & A(y C x)))

(ii) (empty set) JxAVy(y & x)

(iii) (pair) VaVy3zAVu(u € z=(u=2Vu=y))

(iv) (union) Vz3zAVu(u € z = Jy(u € y& y € x))

(v) (crisp power) Vz3zAVu(u € z = A(u C z))

(vi) (infinity)3zA (D € 2&Vz € 2(z U {z} € 2))

vii) (separation) Vz3zAVu(u € z = (u € & ¢(u, x)), for any formula not containing z as a free
variable

(viii) (collection) Vz[Vu € z3v p(u,v) — JzAVu € z3v € z¢(u,v))] for any formula not containing
z as a free variable

(ix) (support) Vz3z(Crisp(z) & Az C 2)),

(x) (€-induction) AVz(Vy € zp(y) — ¢(x)) = AVz(p(z)), for any FST-formula .

where Crisp(z) = VyA(x € y V —x € y).

2. Interpretation of ZF

In FST we define a class of hereditarily crisp sets. In the FST universe, these form a subuniverse
on which membership is crisp, so that the law of the excluded middle holds in it (and so does all
classical logic) and all axioms of ZF hold likewise.

Definition 2 (Hereditarily crisp transitive set) HCT(z) = Crisp(z) & Yu € z(Crisp(u)&u C
x)

Lemma 8 FST I Crisp(z) = VuA(u € £ = A(u € 1))
We say that ¢ is crisp (or, more precisely, FST proves ¢ to be crisp) iff FST F Ap V =Agp.

Lemma 9 (Crispness of Crisp) FST F Crisp(z) — ACrisp(z)

Definition 3 (Hereditarily crisp set) H(z) = Crisp(z) & 3z’ € HCT(z C z').

This is equivalent to ... A(z C ') since the definition postulates that both z and 2’ are crisp.

We show that FST proves H to be an inner model of ZF. In more detail, for ¢ a formula in
the language of ZF, define ! inductively as follows: o = ¢ for ¢ atomic; o = pH&xH for
¢ =p&x; ! =9 = xM for p =19 = x; " = (Vo € H)y for p = (Vz)3).

Theorem 2.1 Let ¢ be a theorem of ZF. Then FST F oH .

To prove this theorem, we first show that the law of the excluded middle (LEM) holds in H; since
BLYV together with LEM yield classical logic, we will have proved that all logical axioms of ZF are
provable relativized to H. Then we prove the H-relativized versions of all the axioms of ZF.
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Lemma 10 (Crispness of H) Vz(x € HV —z € H).

Proof. Note that for any « the following formulas are equiprovable over BLVA: Vz(aV-a); AVz(aV
—a); VeA(aV-a); VeA(a — Aa) (this is actually equivalent to the preceding formula); AVz(a —
Aa); Vz(a = Aa); a = Aa.

Substituting x € H for «, we prove the last formula; by definition of H it is the formula
(Crisp(x)&3y € HCT(z C y)) — A(Crisp(z)&3y € HCT(x C y)).

We know Crisp(z) — ACrisp(z). It suffices to prove (Crisp(z)&3dy € HCT(z C y)) — A(Jy €
HCT(z C y)) (since Crisp(z) is idempotent we may use it twice in the antecedent).

To do so, prove (Crisp(z)&y € HCT&zx C y) — A(y € HCT&x C y). By 7?7 y € HCT —
Ay € HCT, and by semantic check (Crisp(z)&Crisp(y)&z C y) — A(z C y) (the Crisp(y) in the
antecedent comes from y € HCT, which may again be used repeatedly).

Now generalize: Vy((Crisp(z)&y € HCT&z C y) - A(y € HCT&x C y)); hence (Crisp(z)&Iy(y €
HCT&z C y)) — yA(y € HCT&zx C y); and the succedent implies Ady(y € HCT&z C y).

This concludes the proof.

Lemma 11 Let p(z1,...,2,) be a ZF-formula whose free variables are among 1,...,x,. Then
FST proves Vry € H.. . Vz,, € H(o"(z1,...,2,) Voo (z1,...,2,)).

Proof: we consider a formula ¢ with (at most) one free variable z, the modification for multiple free
variables being easy. We assume that ¢ only contains the connectives & and — and the universal
quantifier. The formula to be proved in FST is Vz(z € H = (o (z) V =M (z)). It suffices to
prove VzA(z € H — (pf(x) V = (x)). Suppose « is a formula which has crisp evaluation in
all l.o. BLA-algebras, and consider the propositional formula (« - AB) — A(a — ). Under the
condition this formula holds in all l.o. BLA-algebras, and by completeness, the formula is provable
in any theory which proves a to be crisp. Hence, to prove our implication, it is enough to prove
Vz(z € H — A(pH (z) V = (z)), and this is the same as Vz(z € H — A(pf(z) — Apf ().
The universal quantifier can of course be dropped in the proof.

The proof proceeds by induction on the complexity of .

Atomic subformulas: = is a crisp predicate, for € we have to prove z € y — Az € y assuming
z,y € H. In fact y € H implies Crisp(y), which entails Vz(x € y — Ax € y).

Conjunction is very easy: for a subformula 9, (z,y)&2(x, 2) of ¢ (we assume one free variable in
common, and one distinct free variable for each subformula, and we henceforth omit their explicit
listings, for legibility’s sake) assume z,y € H — (Y — A¢H) and z,2 € H —» (¥F — AyH).
Then (z € H)*&(y,z € H) = (WP &ypH) - A(pH &), and since z € H is idempotent, this
completes the induction step for conjunction.

Implication (the same simplified notation): for a subformula v, (z,y) — ¥=2(x,2) of ¢, assume
z,y € H = (W — Ayf) and z,2 € H — (Wi — A, Thus (v — )& (x,2z € H) —
(YH — AypH) (by transitivity of —, and since z,y € H implies crispness of ¥, we get z,y € H —
(" = ApST) = AT = ¢37)). Thus z,y,2 € H = (17 = 3") = A({T = ¥31)).

The universal quantifier: for a subformula Yy (z,y) of ¢, the induction hypothesis is z,y € H —
(W (z,y) = Ay (z,y)). Generalize in y: x € H = Vy(y € H — (V¥ (z,y) — Ay (z,y)); now
since for a crisp a, BL proves (a = (8 = 7)) = (@ = B8) — (o — 7)), we may modify the
succedent to Vy((y € H — Y (z,y)) = (y € H — Ay (z,y)), and distributing Vy, we have
proved: x € H — (Vy € HYH (z,y) — Vy € HAYH (z,y)). To flip the A and the Vy € H in the
succedent, use again the fact that for crisp @, BLA proves (o = AfB) = A(a = ).
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ZF-axioms in H

We consider ZF with the following axioms: empty set, pair, union, power set, infinity, separation,
collection, €-induction. The exact spelling of these axioms is given separately when proving in FST
their H-versions.

Theorem 2.2 For ¢ being any of the abovementioned azioms of ZF, FST proves pf .

Proof. At this stage it is useful to recall the definitions of HCT and of H: to verify that a set is in
H, it is enough to show that it is crisp and that it is a subset of a set in HCT.

(empty set) IzVu—wu € 2.
The H-translation, which reads 3z € HYu € H-w € z, is absolute in H; in fact ) € HCT.
(pair) Vz,yF2Vu(u € z = (u =2z Vu=y)).

The H-translation Vz,y € H3z € HYu € H(u € z = (u = z) V (u = y)) is absolute: the set {z,y}
is crisp (since = is crisp); to show that it is a subset of a set which is in HCT, consider ' € HCT
a witness for ¢ € H and y' € HCT a witness for y € H. Then {z,y} Uz’ Uy’ is a crisp transitive
set with crisp elements, hence in HCT, and thus {z,y} is in H.

(union) VzIzVu(u € z = Jy(u € y € x)).

The H-translation Vz € H3z € HVYu € H(u € z = 3y € H(u € y € x)) is absolute: let ' € HCT
witness z € H. Then |J z is a crisp set with crisp elements (since z C z'), and Jz C |Jz' € HCT,
which witnesses Jz € H.

(power set) Vz3zVu(u € z = u C z)

Let 2’ be the witness for € H, and let P(z) denote the crisp power of z. For x € H, P(z) is
crisp, but its elements need not be (it only follows from the definition that they are subsets of x in
degree 1). Define P'(z) = {u € P(z);Crisp(u)}; then for € H it holds that Vu € H(u € P'(z) =
Au Cxz =u Cx), P'(x) is crisp, and P'(z) C P'(z') Uz', which is a transitive crisp set with crisp
elements, thus in HCT and a witness for P'(z) € H.

(separation) VzIzVu(u € z = (u € 2&p(u)) for a ZF-formula not containing z freely.

The H-translation is absolute: let ' € HCT witness z € H and set z = {u € z; 0™ (u)}, then z is
a crisp set and z Cx C z' € HCT (i.e., ' is a witness for z € H).

(infinity) 32(0 € 2&Vu € z(u U {u} € 2)).

It suffices to prove that there is a set z € H s.t. 0 € z&Vu € z(u U {u} € z). Let zp be the set
postulated by the axiom of infinity in FST and define z; = {z € 29 : A(z € 2¢)&Crisp(z)}. Then
z1 is a subset of zp and 0 € z; and u € 23 > uU{u} € 21). Now let z ={x € z; : Vy € z(y € 1)},
i.e., a transitive subset of z;. Obviously 0 € z, let us prove z € z = (z U {z}) € z, that is by
definition of z, [z € z1&Vy € z(y € z1)] = [z U {2} € z1&Va(a € xVa =2 — a € z1)]. We
know z € 21 = (z U {2} € 2z1), and since = € z is crisp, we may use it repeatedly and thus get
ren&lyer—oyez)>YeETVYy=2 >y € 2).

(extensionality) Vzy(x =y =Vz(z € z = z € y)).

The H-translation Vz,y € H(zx =y =Vz € H(z € = z € y)) follows from extensionality in FST
by H being transitive and by the crispness of its elements (the A’s may be left out).

(collection) Vu(Vz € ulyp(x,y) — vz € udy € vp(zx,y)) for ¢ not containing v freely.
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The H-translation reads Yu € H(Vz € H(z € u - Jy € Hpf(z,y)) - v € HYu € H(u €
r — Jy € H(y € v&pt (2,9)))). Fix u € H; we want to find a corresponding v € H s.t. the
above is true. First define v by collection in FST for « and the formula y € H& ¢ (z,y); separate
v = {z € vy : Az € vo)&x € H}. Then v; C H is a crisp set and, since u is crisp, satisfies
the collection axiom. By collection on vy, let vo = {z : Az € vi(zo C z&x € HCT} (v2 is a set
of witnesses for each member of v; being in H). vy is a crisp set of crisp elements. Thus (Jvs is
crisp, and also transitive because b € a € |Jv, implies Jy(b € a € y € v2), and since y € HCT is
transitive, b € y € v gives b € |Jva. Thus |Jv2 € HCT. Now consider P’'(Uvs) (the crisp elements
of the crisp power set of Jv2). This set is in H because it is crisp and a subset of P'(|Jwv=2) UJve,
which is a transitive crisp set of crisp elements, thus in HCT. To conclude, for each zy € v; we
found z € vy s.t. ko C x, thus zo € P'(Jvz2), and P'(|Jv2) is the desired set.

(e-induction) Yz (Vy € zp(y) = ¢(z)) — Vap(z) for any ZF-formula ¢.

The H-translation is Vo € H(Vy € H(y € = — ¢ (y)) — o (z)) - Vz € Hp"(z). Fix a
ZF-formula ¢, and assume x € H. Consider the instance of €-induction in FST for the formula
x € H = ¢ (x): this is AVz(Vy € z(y € H = o (y) = (z € H = ¢ (x))) - AVz(z €
H — ¢H(x)). This formula is our aim except for the A’s; our desire now is to omit both of them,
and we are allowed to do so considering that both the antecedent and the succedent (without the
respective A’s) are semantically crisp.
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Abstrakt

The goal of this short work is to summarize and present my affords in simplifying axiomatic
systems of the various fuzzy logics based on Hajek’s Basic Logic BL. We will start with product
logic, then we will continue with product involutive logic and at last but certainly not at least
we will discuss alternative axiomatic systems for the EII logic. Results appearing in this work
are from my papers ([1], [2], [3], [4]) and also are parts of my diploma thesis [5].

1. Introduction

Fuzzy (or many-valued) logics have been widely studied during the last decade of the last century.
These logic are a direct generalization of the classical logic by an assumption that the possible
truth value of the formula can be other than Truth or False. There are many different approaches
towards many-valued logics. Very important class of these approaches is based on Petr Hajek’s
Basic Logic BL.

Each logic consists of two different parts (or aspects): syntax (what is ”provable”?) and semantic
(what is "true”?). We will deal only with the syntactical aspects of various many-valued logics
based on already mentioned Basic Logic BL. Before we start presenting our results in this field we
need to recall some basic definitions and we will also introduced logic BL and some of its extensions.

2. Preliminaries

The syntax of each logic is given by three sets: the set of connectives, the set of axioms and the
set of deduction rules. The set of connectives tells us how to build formulas of our logic. The set of
axioms tells us which formulas are considered to be ” valid obviously” in our logic (this set is usually
referred as an axiomatic system). Finally the set of deduction rules tells us how to derive another
”valid” formulas from axioms of our logic. Having this three sets we may introduce a notion of a
”provable” formula.
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The formula is said to be provable in some logic if there is a proof of this formula within that logic.
The proof is a sequence of the formulas such that each member of this sequence is either an axiom
or can be derived from the previous members of the proof by using some deduction rule.

Two differen syntaxes are said to be equivalent if each formula provable in the first syntax is
provable in the second one and other way round (if the sets of connectives and deduction rules
are the same we speak about the equivalence of the axiomatic systems rather than about the
equivalence of syntaxes).

The axiomatic system should be consistent, complete and ”simple”. The first two properties doesn’t
interests us in this work. We will deal only with the third one. The property ”simple” means that
the system should be small and the axioms should be short, well comprehensible and should express
some logical properties of our logic.

3. Basic logic and its extension

The basic logic BL was introduced by Petr Hajek is heavily studied in his work [6]. This logic has
one logical constant 0 (this is in fact a nullary connective) and two binary connectives: conjunction
& and implication —. There are more connectives (negation —, disjunction V, equivalence (=),
etc.) definable using these ones but we will not need them. BL has seven axioms (there is no need
to write them down explicitly in this work) and one deduction rule (modus ponens: from ¢ and
@ — 1 derive 9). BL can be extended into the three famous logics by adding some axioms.

Lukasiewicz logicc: BL 4+ —-—p =2
Gaodel logic : BL + ¢ — (p&yp)
product logic : BL + ¢ — ((p&x = p&) = (x = ¢))

+ & — 0

You can notice that there are two axioms of product logic and the first one is quite complicated
one, while the axiomatic system of the other two logics are rather simple. There arise two obvious
questions. Could that axiomatic system be simplified ? Is there an axiom with only one variable,
which would axiomatize product logic (just like there exists such axioms for the Lukasiewicz and
Godel logic)? We answer these question in the following theorems. These theorems were stated and
proven in [3].

Theorem 1 If we add the formula =—¢ — ((p = &) — (——&))) to the axioms of BL we
obtain product logic (i.e. those axiomatic systems are equivalent).

Theorem 2 There is no formula with single variable such that if we add it to BL we would get
product logic.

There are of course many other extensions of BL. Some of them has extended not only an axiomatic
system but also the set of connectives. One of those extensions is called STR.., logic (strict involutive
basic logic - introduced by F. Esteva, L. Godo, P. Hajek and M. Navara in [7]). We obtain it by
adding a new unary connective (—g this is in fact the second negation, we change the symbol for
normal negation from — to —;; and we also define a new connective A as —j7—), one additional
deduction rule (necessitation of A: from ¢ infer Ayp) and following additional axioms:

STR) -—n(p&y) = (mmeV —ny)
~1) TETEP =@

2) 74" i A%

Al > ) = (e = —2p)
Al ApV-pgQAe

A2)  Alp Vi) = (DpV AY)
A5) Al =) = (D = AY)

2

N N AN AN AN N
w
~—
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There is one interesting result about this logic, a redundancy of some axioms. This result will be
published in my upcoming paper [4].

Theorem 3 The azioms (Al'), (A2') and (A5') are redundant in the definition of the STR..
logic, i.e. there are provable using the remaining axioms of the STR...

4. The LII logic

Another very interesting logic is the LII logic. This logic was defined by F. Esteva, L. Godo and
F. Montagna in [8]. It is basically defined as union of another logics, namely Lukasiewicz and
product logic. All connectives from both of these logics are definable using three basic connectives
(Lukasiewicz implication — ¢, product implication — 7 and product conjunction @) and a truth
constant 0. Tt has two deduction rules (Modus Ponens and necessitation, just like the STR., logic)
and the following axioms:

(LII1) Axioms of the Lukasiewicz logic with A 1

(LI2) Al = ¢) ANA(X =16) =& ((p*x) = (Y x6)), for x€{—11,0}
LI3) (poY) 2L (YO )

(EI4) (pOY)OX=L9© (Y OX)

(LII5) ¢ A-pe —£0

(XI6) o @Wox)=L(pov)e(pOX)

QI7)  Alp =e9) =e (¢ =20 )

(LI8) AW —=rp) =1 (w0 (¢ —2n ) =)

The main result here is a following equivalent axiomatic system. This result is a part of my thesis
[5] and will be published in my upcoming paper [2]. This system is much simpler and shows in a
very good way how product and Lukasiewicz logic are tight together.

Theorem 4 The following is the axiomatic system of the LII logic

M)
M2) Axioms of product logic?
LA) Al —e) 26 (e 20 9)
NA) Al —=n ) =i (p =1 v)
or) @O =g u(p =i (e ©Y))

Axioms of Lukasiewicz logic

~ o~ o~ o~ o~

Q

Another interesting result here is the proof of a connection between the LII logic and so-called
product involutive logic II.,, which is an extension of the STR. by additional axiom of product
logic. It turns out that in this logic we can easily define all connectives of the EIT logic and that
the EII logic is just an extension of the II. by a single axiom! This result is a part of my thesis [5]
and will be published in my upcoming paper [4].

1, ukasiewicz logic with A is just another extension of BL, we don’t need to go into further details here
2Tt can be even proven that we don’t need all of these axioms, at least two of them can be omitted
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Theorem 5 The following is the aziomatic system of the LI logic (Lukasiewicz implication ¢ — ¢
Y is defined as g (0 © —p(@ =1 ¥)).)

(II)  Axioms of product logic®

(~1) —pmrp=ne

(~2) -mp = oEe

(~3) Alp =) =m A(—e =1 ~2p)

(£2) (p—=2¢) =2 (¥ =£X) = (¢ = X))
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Abstrakt

The article gives a quick introduction to the interesting and rapidly developing field of
statistical genetics. It presents a brief explanation of the concept of linkage analysis and an
overview of different types of studies employed in genetical research. In the closing part a focus
of interest of the author is described.

1. Short introduction to genetic analysis topics

Genetics (as a science about heredity) and statistics are closely related since their beginning —
it suffices to mention two famous names as sir Francis Galton ("regression towards the medio-
crity/mean”) and R.A. Fisher (design of experiments, agricultural and biometrical studies). In a
field where systematic (genetic) and random (environment) components play an important role it
is vital for biologists (medical doctors) and statisticians to cooperate and to improve methods of
detection of genome regions that are responsible for a studied phenotypic trait.

Most of the genetic analyses aim at the following task: estimate the way and the extent a particu-
lar trait is inherited. A genetist faces usually two types of traits: Mendelian traits and complex
traits. A statistician distinguishes between a qualitative (discrete) and a quantitative (continu-
ous) trait.

Qualitative traits are those which show large and distinguishable phenotype effects (discrete pat-
tern). The important fact is that although small random modifications due to environment may
occur, they are not of great importance. These traits would be classified as Mendelian by a genetist
as they are usually caused by an action of a single gene (single mutation at one locus) and the
model of inheritance (autosomal dominant/recessive, sex linked) is usually easy to observe in pedi-
grees. Huntington’s disease, cystic fibrosis or sickle cell anemia may serve as well known examples.
Most of these conditions in humans were already explored.

Unlike for qualitative traits, phenotype of a quantitative trait provides very little information on
underlying genotype. Quantitative traits (often denoted QTL, which stands for quantitative trait
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loci) are of continuous nature, and are supposed to result from a joint action of several (two to
tens) genes, that may act additively, in synergy, in opposite directions or in other setting. This
joint action is summarized in the term ”complex trait” in the genetical language. Body height,
predisposition to infections, all complex diseases as atherosclerosis, cancer or schizophrenia may
serve as examples of quantitative traits. The environmental (non genetic) part is always present
and plays an important role; it may contribute to more than one half of the total phenotypic
variability.

While nowadays the genetic research is mostly human-disease oriented, historically, quantitative
traits were of interest in animal and plant breeding first. Different methods have been developed;
they have been oriented towards finding out how much a particular trait is heritable (i.e. to assist
in decisions whether it is worth the pain to breed animals/plants to obtain a strain of the desired
property). The methods included ANOVA, mixed models and partition of variance, restricted
maximum likelihood methods etc. [1]. The detection or localization of the underlying genes were
not of importance.

Only in last decades, due to the discovery of DNA structure and quick analytical tools, the attention
has shifted towards direct examination of effects and positions of individual genes and gene systems.
This change brought forward a concept of linkage and of linkage analysis.

2. Linkage analysis — biological concept

For the “purity” of scientific research it is preferable that the gene responsible for a particular trait
is found via a deep biological knowledge of the trait. This path may lead to the goal if e.g. the
protein responsible for the disease is known, and the only task consists in finding which spot on
the DNA corresponds to the protein. It is clear that there is no place a statistician had to help.

However, only seldom it is possible to find suitable candidate loci for QTL based on biological
knowledge of the trait. QTLs are more often assayed indirectly by using linked marker loci, i.e.
genes of known genotype and genome position that are or are thought to be strongly associated
with the trait. The part of statistical genetics that searches for a location of genes influencing a
trait in question using marker data is called linkage analysis.

The basic biological scheme of linkage is as follows: Each individual’s chromosomes come in pairs
where one chromatid is maternal and one is paternal. During gamete (ovum, sperm) formation a
mixing of paternal and maternal information occurs in two steps: (1) On most chromosomes at
least one recombination occurs. This means that one copy of the maternal chromatid exchanges its
part with the paternal chromatid, resulting to a mix of maternal and paternal information. (2) The
chromosomes segregate independently into newly formed gametes, thus providing another mixing.

It is clear that any pair of traits (or a trait and a marker) located on different chromosomes is
inherited from the same grandparent with probability one half. If no recombination occurred, any
pair of traits located on the same chromosome would be inherited from the same grandparent
with probability 1, and no other possibility except for 1 and 0.5 could occur. On the other hand,
with recombination an entire scale of probability values from 0.5 to 1 is possible, hence giving
the researcher an opportunity to estimate the distance of the gene(s) responsible for the trait in
question from the marker.

3. Linkage analysis — types of research [3, 4]

Three main areas of statistical genetics’ research work with the concept of linkage. The first and
the most rigorous is the experimental research. In this field, on-purpose bred strains of animals
or plants with extreme trait manifestations are mated and their offspring examined for marker
genotypes and trait value. Then a wide range of association models are employed to find markers
most associated with the trait and hence most probable to lie close to the location of ”true”
responsible genes. These methods are quite developed and reliable, but nonetheless unapplicable
for human-disease research.
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Family studies represent a tool closest to experimental design applicable for humans. Basically
they try to track down markers inherited together with the disease by using family pedigrees.
Affected sib-pair analysis, transmission-disequilibrium test and allele-sharing analysis belong to
these methods. Results are usually quite reliable but the studies are extremely demanding as far
as data extent and precision are concerned.

The least informative but the most popular are population studies, also known as association
studies. They are quite similar to epidemiological studies well known to medical audience. The
core of association studies are case-control studies, where the frequency of marker allele in dise-
ased people is compared to the frequency of marker alleles in healthy controls. Basically a 2 x 2
contingency table test can be and is used, although a logistic regression (possibly multivariable)
approach fights for its place in the sun recently.

The association studies are most meaningful when it involves alleles with possible direct biological
relevance. The findings then open the door for biological explanations and permit to design relevant
biochemical experiments.

The main disadvantage of the population studies is the fact that the discovered association might
be an artifact of population admixture. It also might not be clear where is the right spot of the
gene in the cause-effect path.

4. My focus

In my doctoral studies I’ve focused on population studies, as they represent a type of study most
employed by medical researchers who contact our centre. Firstly I participated in a practical task
of analyzing a real genetic study [2]. During one year we have been analyzing a large case-control
study on atherosclerotic patients. This study fulfilled all requirements for an association study,
including the fact that the examined genes produced enzymes of the homocysteine metabolism
cycle, homocysteine being one of the chemicals known to be closely associated to atherosclerosis.
We opted for the use of multivariable logistic regression to account for different environmental
factors known to influence the risk of atherosclerosis, an approach that is still not standard in
similar analyses. The research results are to be sent to review in short time and we hope that our
approach will be accepted and approved by the scientific audience.

Secondly T've started a theoretical study of detection of disease-causing allele inheritance mode,
based on article [5]. The article features elaborate models designed for better understanding of
disease inheritance and my aim is to extend the work to the cases where more genes are involved.

In fine I also participate in development of a modular system that would help medical doctors and
researches better and easily analyze genetical data.
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Souhrn

Préace je zaméfena na oblast Fizeni a stabilizace v biosystémech. Biosystém je chapan jako
systém popsatelnych psychofyziologickych koincidenci u ¢lovéka. Aplikaéni a experimentélni
é4st je zamé&Fena na oblasti identifikace psychofyziologickych stavi ¢lovéka, ovliviiovani téchto
stavi a predikci na zdkladé znalosti fyziologickych parametri.

1. Uvod

Biosystém v tomto kontextu z(zime na fadu popsatelnych a do jisté miry ovlivnitelnych psycho-
fyziologickych stavu ¢lovéka, kazdy stav pak chdpeme intraindividulné, neni definovan pfesné ani
ostfe a muze se prekryvat se stavy ostatnimi. V dal$im postupu budou tyto stavy zjednoduseny
na stavy operatora (¢lovéka, ktery je zapojen do experimentu, sledovan a méfen).

Rizenim rozumime ovliviiovdni systému vn&jsimi podnéty a stabilizaci udrzovani systému ve
zvoleném stavu. V pfipadé psychofyziologického pfistupu je pocet volitelnych stavu pro stabilizaci
znacné omezen.

Pro fizeni a stabilizaci pak pfedpokldddme moZnost uzavieni zpétné vazby (ZV) na systému,
konkrétné u ¢lovéka.

2. Uzavfieni zpétné vazby u ¢lovéka

Uzavteni zpétné vazby u ¢lovéka vychazi ze dvou predpokladi:

e psychicky stav ¢lovéka lze ovliviiovat a tim ho do uréité miry ménit,

e tento stav je Uzce svazdn s parametry fyziologickych (pfipadng dalsich) veli¢in objektivné
zjistitelnych u ¢lovéka.
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Mira ovlivnéni psychického stavu a psychofyziologicka provazanost je individualni, proto je nutné
pred realizaci ZV o kazdém ¢lovéku ziskat dostateéné mnozstvi informaci, podle kterych se systém
ZV clovéku prizpusobi a piipadné vymezi moznost pozadavkt na ovliviiovani psychického stavu.
Struktura systému ZV u ¢lovéka je ilustrovina v blokovém schématu na obr. 2.
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Obr. 2: Blokové schéma uzavieni zpétné vazby u ¢lovéka

Blok meéreni fyziologickijch veli¢in odpovida Grovni senzoru a méficich pfistroju.

Parametrizace fyziologickych velidin je Casteéné feSena také na drovni piistroju a déle jiz matema-
tického zpracovani, které je spolu s ostatnimi bloky feSeno softwarové v pocitadi.

Estimace psychosomatickyjch stavi a naslednd komparace s pozadovanym stavem odpovida dvéma
logickym systémum. Tyto systémy pracuji na zakladé nejefektivnéjsiho umélointeligenéniho prin-
cipu, vybraného z nékolika alternativ.

Rizenyj wijbér testi piredklada (na zdkladé standardizované informace z komparatoru) test z ote-
viené databéaze klasifikovanych zatéZzovych a relaxa¢énich testi.

K témto zdkladnim blokim muzeme p¥ipojit blok modeli (fyziologickych i psychologickych). Jedn4
se jak o porovnivani aktudlniho pribéhu s dosud zndmymi a implementovanymi modely, tak o
tvorbu novych modela.

Pro nézornost je doplnéna vétev biofeedbacku, kterd toto pojeti ZV uvadi do kontextu s obecné
zndmym pojmem z oblasti psychologické a psychiatrické terapie.

S obdobné pojatym problémem sledovani psychofyziologickych stavu ¢lovéka se miZzeme v soucasné
dobé setkat u skupiny japonskych védci (Yoshikawa, Takahashi, Kitamura a dal3{) z Institutu pro
jadernou energii na Kyotské univerzit&. Jedn4 se o systém ” man-machine interface” (MMI) vyvijeny
pro fizeni jaderné elektrarny [1, 2, 3].

3. Identifikace psychofyziologickych stavi

Nézev stavu psychofyziologicky muzeme nahradit téz psychosomaticky, nebo psychofyzicky. Pro
jeho popis vyuzividme maximum relevantnich informaci o psychickych a fyziologickych projevech
¢lovéka. Vzhledem k pfevazujicim intraindividudlnim vlastnostem téchto stavi je nutné u ¢lovéka
tyto stavy identifikovat dlouhodobou testovaci fazi. Vysledek by mél sméfovat k moznosti odhadu
téchto stavl na zdkladé nedaplnych vstupnich informaci, napt.: fyziologickych parametri méfenych
telemetricky a reakénich parametra pfi pfedlozeni zatézového testu.
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Pro praktické pouziti identifikovanych stavi a zkraceni faze identifikace je vhodné jejich intrain-
dividualitu ¢astecné potladit a vytvorit charakteristické skupiny osob, kazdy dalsi ¢lovék je pak
testovan pouze ve specifickych oblastech vyznamnych pro dané skupiny.

Pfi identifikaci jsou mapované parametry a informace rozdélené na dvé ¢asti:

e fyzickou (fyziologickou, somatickou)

e psychickou

Dosud publikované prace pii testovani vyuZzivaly pro identifikaci psychické oblasti rizné druhy za-
téZe. Parametry fyziologickych signéla byly pfifazovany k psychickym staviam, které zatéz vybudila
a jejich existence byla implicitné predpokladéna.

Autor pro identifikaci psychické ¢asti zvolil metodiku jinou. Orientoval se na postupy standardni
psychologie, které vyuzivaji sebediagnostické dotazniky. Konkrétné skalové dotazniky z oblasti
kratkodobych emoénich stavi pfi zatézi a stresu [4]. Navrh postupu pfi identifikaci psychosoma-
tickych stavi dotaznikovou metodou je na obr. 3.
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Obr. 3: Identifikace psychosomatickych stavu ¢lovéka

Takto navrzend identifikace pfedpokladd nékolikandsobné méfeni v standardizovanych podmin-
kéch. Testovand osoba vyplni kratky klasifika¢né-osobnostni dotaznik a Skalovy dotaznik MIND.
Druhy emocéni dotaznik obsahuje otazky s 5-ti stuphovymi Skdlami miry ztotoZnéni s otazkou.
Origindlni dotaznik obsahuje 40 otazek a byva predkladan v papirové formé. Pro vicenasobny po-
stup identifikace je vhodné predloZit dotaznik v elektronické formé, zaznamenavat zaroven Cas a
pfipadné redukovat pocet emoc¢nich otazek.
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4. NavrZené cile a stav rozpracovanosti

Identifikace psychofyziologickych stavi a uzavieni zpétné vazby u Clovéka jsou znacné rozsihlé
problematiky. Autor si stanovil tyto dil&i cile:

e navrhnout redukci poétu otazek emoéniho dotazniku

e otestovat skupinu osob predlozenim emocénich dotaznikid a méfenim vybranych fyziologickych
signalu s pfedpokladanou psychofyziologickou vazbou a jednoduchou aplikaci pfi testech

e rozdélit testované osoby na charakteristické podskupiny za pfedpokladu maximalniho zjed-
noduseni a minimalizace po¢tu stava u jednotlived

e navrhnout nékolik realizaci pro estimaci stavi z ¢asteénych - fyziologickych vstupt u testo-
vanych osob

e navrhnout dalsi postup pro faktickou realizaci ZV u ¢lovéka

Dosud autor vytvoril softwarovy dotaznikovy systém s naslednym grafickym vystupem umoziu-
jicim pfehledné informovat testovanou osobu bezprostfedné po vyplnéni o aktudlnim emocénim
stavu.

Déle otestoval skupinu 40-ti osob. Pfi testovani byly pouzity 2 standardni dotazniky s plnym
pottem otazek. Na zakladé studie zpracovani psychologickych dotaznikt ve §védsting [5] zpracoval
vysledky faktorovou analyzou a navrhl redukci poétu otazek. Metodika zpracovana v prostiedi
Matlab podle [6, 7]. Omezeni relevantnosti vysledki je nesplnéni normélniho rozlozeni vstupniho
souboru dat a zaroven nedostateéné mnozstvi testovanych osob.

Pro dalsi testovani navrhl méfeni vybranych fyziologickych signala s psychofyziologickou vazbou -
dalsi realizace zavisi na dostupnosti méficich p¥istroja.

Pro estimaci autor navrhl nékolik alternativnich feSeni fuzzy systém, neuronovou sit, expertni
systém a regresni model.

Dilé vysledky byly prezentovany ve vyzkumnych zpravich na Katedfe kybernetiky CVUT FEL, pfi
nékolika prezentacich Workshop CVUT, Poster CVUT FEL, na konferencich ASIS a MEDSOFT
v tuzemsku a EUFIT v Aachenu.

5. Zavér

Identifikace psychofyziologickych stavi ¢lovéka a pfipadné uzavieni ZV nachézi vyuziti v oblasti
kontroly a optimélniho vyuziti potencidlu operatoru v fidicich centrech (napf. elektraren), pilota
¢i fidi¢a. Na druhé strané muZe pomoci optimalné vyuZzit paméfové a intelektudlni schopnosti
studentt, nebo v psychiatrii rozvinout moznosti jiz pouzivaného biofeedbacku.

Pocatecni konzultace postupt mapujicich oblast psychofyziologickych vazeb s odborniky z psy-
chologie a fyziologie umoziuje vyuzit dil¢i vysledky nejen v oblasti uzaviené ZV u clovéka, ale i
ve zminénych oborech pii feSeni specifickych tkola. Napt. redukce po¢tu otdzek emodénich dotaznikt
pro snadnéjsi testovani zaméstnanct na rizikovych pracovistich ve studiich psychické naro¢nosti.
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