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Abstrakt

Nowadays, to allow for rapid software evolution, more and more software developers start to
construct their products from reusable software components. The architecture of an application
is described as a collection of components along with the interactions among these components.
Even though the application’s main building blocks are components, the properties of the
application depend strongly on the character of the interconnections. This fact gave birth
to a connector as an abstraction that provides software developers with a way to capture a
character of an connection between components.

This paper deals with a problem of managing component interconnections in the
SOFA/DCUP component model that has been developed at the Charles University and at
the Academy of Sciences of the Czech Republic. One of the biggest issues of the DCUP archi-
tecture is to make applications composed from DCUP components dynamically updatable at
runtime. The aim of this paper is to propose the solution that fully complies with this feature
of our component model.

1. Introduction

Software developers frequently compose applications from a collection of interacting components.
There are at least two strong arguments for employing component based style of programming;:

e Around the world there is a number of software modules which offer services, therefore reusing
them is desirable in order to facilitate the software development process [18].

e Programming using component technology is more effective for several reasons: it eliminates
debugging of the reused parts, there are more opportunities for visual manipulation [17], and
it makes it easier to arrange for a reconfiguration of an application [5, 19, §].

1.1. Architecture Description Languages

There is a group of works [2, 3, 4, 5, 17, 13, 11] which focus on identifying proper abstractions for
specifying an architecture of applications composed from software components. Essentially, all of



them use some kind of configuration language (sometimes called ADL, Architecture Description
Language), that allows interfaces of software components to be defined, and the structure of an

application as a collection of mutually interconnected components to be specified.

1.2. SOFA Component Model Overview

In SOFA [19], an application is viewed as a hierarchy of software components. In analogy with
the classical concepts of an object as an instance of a class, a software component is an instance
of a component template. A "template” is referred to as a ”component type”. Basically a tem-
plate is a framework which contains definitions of implementation objects and nested components.
Every template is determined by its interface (set of services either provided or required), and by the
definitions and bindings of implementation objects and nested components. The SOFA CDL (Com-
ponent Definition Language) [22] is used to specify a component’s interface and its architecture
(in terms of nested components and their interconnections).

1.3. DCUP Architecture Overview

The DCUP architecture is a specific architecture of SOFA components which allows for their safe
updating at runtime. It extends the SOFA component model (Section 1.2) in the following way:

e It introduces specific implementation objects (Component Managers, Component Builders,
Updaters, ClassLoaders, and Wrappers).

e It makes the way components are interconnected more specific (every connection is mediated
with a wrapper allowing a component to be locked during its update).

e It presents a technique for the updating of a component inside a running application.

e It specifies the necessary interaction between a running application and the rest of the world.
For more details on structure of DCUP components and dynamic updates we refer the reader to
[19, 18].

Originally, the DCUP architecture was proposed to allow for updating applications running in
the single address space. With moving towards distributed applications, the question of specifying
character of component interconnections arises. Thus, the issue now is to propose a uniform way
that allows for software developers to specify the quality (character) of a connection between
components (e.g. local calls vs. remote calls).

2. Approaches to Capturing Component Interconnections

Studying related works, three different basic approaches to capturing component interconnections
can be recognized. According to the terminology introduced in [15], these are:

e Implicit connections

e An enumerated set of built-in connectors

e User defined connecors

2.1. Implicit connections

The typical representative of this approach is the Darwin language [7]. The interconnections among
components are specified in terms of binding requires to provides interfaces as ilustrated in the
following piece of code.

instantiations



DS: DataStore;
S: Supervisor;
bindings
S.DataStoreAccess -- DS.DataStoreAccess;

The semantics of such connection is given by underlying environment (programming language,
communication primitives of underlying operating system, etc.) and communicating components
should be aware of it. Conformance checking of a connection can be based on provides to requires
interface matching. The different semantics of the component interconnection has to be specified
using special ”communication” components (Figure 1).

DataStore DataStore

RPC

Supervisor I Supervisor

Obrazek 1: Using ”communication” components

2.2. An enumerated set of built-in connectors

The typical representative of this approach is the UniCon language [13, 14]. A user is provided
with a choice to select from several predefined built-in connector types when specifying component
interconnections. Usually, all the built-in connector types are intended to correspond to the usual
communication primitives supported by underlying language or operating system. The semantics
of a connection is simply given by the selected connector type. The connector type can be checked
against the connected components’ types to prove the conformance of the given interconnection.
The following piece of code illustrates the idea of using built-in connectors.

implementation is
uses DS interface DataStore
end DS
uses S interface Supervisor
end S
establish RemoteProcCall with
S.DataStoreAccess as Caller
DS.DataStoreAccess as Definer
IDLTYPE (CORBA)
end RemoteProcCall
end implementation

2.3. User defined connecors

The typical representative of this approach is the Wright language [3]. The connections among
components are fully specified by users. The semantics of any language that belongs to this group
should be rich enough for specifying the behavior of such user defined connectors. This behavior
can be checked against the behavior of connected components to prove the conformance of such
interconnection. For example, the above mentioned Wright language uses modified Hoare’s CSP
notation to specify sophisticated protocols of component interconnections.



3. Our Approach

To capture different types (semantics) of component interconnections, SOFA/DCUP uses the ap-
proach with an enumerated set of built-in connectors. To explain why, let us very briefly sketch
the reasoning about the approaches described in the previous section:

e The first approach using implicit connectors together with special ”communication” compo-
nents does not distinguish between computations (represented by components) and connecti-
ons between components.

e The approach using user defined connectors seems to be too universal with respect to auto-
mated code skeletons generation.

e There is only a (relatively) small collection of completely different communication primitives
provided by the underlying environments and therefore the number of possible different
communication semantics (types) is small too.

e Architecture description complexity increases by introducing the special communication com-
ponents describing every connection between components.

e Architecture description complexity increases more by introducing user defined connector
types to the language than it does by introducing built-in connector types.

In SOFA/DCUP, we distinguish three different possible roles that connectors can play in the overall
architecture.

3.1. Connectors as Connection Semantics Descriptors

The primary role of connectors in the SOFA /DCUP architecture is to describe connection seman-
tics. The aim is, based on the specified connector type, to automatically generate code (or code
skeleton) for the implementation of the corresponding component interconnection.

According to the nature of connection semantics, connectors in the SOFA /DCUP architecture can
be divided into two distinct classes:

e Procedural connectors. To this class belong e.g. local method calls, remote method calls using
CORBA and/or Java RMI, and also event passing which is in fact invoking methods upon
listener’s interface. Component communication of this kind is typed. The type compatibility
of provides and requires interfaces can be checked.

e Data flow connectors. To this class belong e.g. pipes (well known Unix’s communication
mechanism) or file accesses. Component communication of this kind is untyped. As a suitable
abstraction, a stream of data can be used. There is no guarantee that a component reading
data from a stream understands the data format.

Since our original motivation for introducing connectors to the SOFA/DCUP architecture was to
move this architecture towards distributed applications, we will focus in the first step on building
the procedural connectors into the existent SOFA/DCUP architecture. Later, we would like to also
handle data flow connectors together with other possible connector classes.

3.2. Connectors as DCUP Wrappers

In the DCUP architecture, access to the services provided by a component is always mediated
by a wrapper. Component wrappers implement the necessary locks needed to prevent anybody
from outside of the component to access the component during its update. Since every connection
between DCUP components has to be mediated by a wrapper, the possibility to implement wrapper
functionality directly in the connector representing given connection naturally arises.



3.3. Connectors as Interface Adaptors

While building an application composed from reusable components, a system developer can realize
the need for interconnecting two (or more) components with interfaces which do not exactly match.
One possible solution to overcome this problem is to mediate such a connection with an adaptor
converting calls between interfaces. At this moment several different levels of component interface
incompatibility can be identified:

e Only minor differences breaking the underlying language’s type compatibility rules with a
clear correspondence between the methods of both interfaces; this allows for a fully automatic
generation of the adaptor.

e Differences that allow to identify a correspondence between the methods of both interfaces
in cooperation with a user, and, based on this information, to allow for semi-automatic
generation of the adaptor.

e Differences that require the adaptors to be coded manually.

There are also other possible roles that adaptors can play (e.g. the role of a filter).

4. Conclusion

SOFA/DCUP is an ongoing research project. This paper presents our approach to the problem
of managing component interconnections. In the SOFA/DCUP project we have decided to follow
the approach used in the UniCon language with an enumerated set of built-in connectors (Section
2.2), although the possibility to use ”communication” components (Section 2.1) in special cases is
not excluded.

We have identified three potential roles that SOFA/DCUP connectors can play in the overall
architecture: the role of connection semantics descriptors, of DCUP wrappers, and of interface
adaptors, respectively.

As for the possible semantics of connections directly supported by SOFA/DCUP, in the beginning
we plan to implement local method calls, remote method calls using CORBA and/or Java RMI,
and event passing. In the future we plan to support also other semantics as well (e.g. pipes, file
accesses).
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Abstrakt

Current experiences of software developers and system architectures designers prove an
idea stemming from scientific communities. The idea that the traditional concept of software
components does not provide sufficient expressive power for describing complex software
systems. The concept introduces components as an atomic (or indivisible) entities the software
systems are built from. Therefore, recently emerged component models allow designers to
create component hierarchies by nesting components into another ones. This paper compares
the DCUP component model evolved at the Charles University and at the Academy of Sciences
of the Czech Republic with the JavaSoft’s proposal of an Extensible Runtime Containment
and Services Protocol for JavaBeans. It shows similarities and differences between these
two approaches. Furthermore, it points out weaknesses of the JavaSoft’s model, proposes
improvements of that model and imposes certain rules of its use to provide the same
functionality as the DCUP one.

1. Introduction

Nowadays, development process of software systems got so complex and time consuming that
a strong need for rapid and ease software reuse emerged. Thus, many designers shifted their
attention from object-oriented programming to a so called component-based one that offers more
coarse granularity of software reuse. The author of this paper took part in the development of the
specific component model (DCUP) that allows dynamic updating of components even at runtime
of applications composed from these DCUP components. This model also introduces concept of
component hierarchy that will be explained later.

Being aware of the fact that it is not easy to live in this world and not to comply with standards
at the same time, the paper tries to exploit widely used standard called JavaBeans and Extensible
Runtime Containment and Services Protocol [15] to achieve the functionality of the DCUP
component model.
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1.1. Component Hierarchies

In addition to better software reuse, there is another justification of using software components:
an easier and more rapid building of component based applications. Unfortunately, from this point
of view, many current component models including JavaBeans have not satisfied expectation of
many software developers because there is no way how to reuse more complex software units
composed from several mutually interconnected components. These models consider only a single
component as a framework of objects that can be manipulated or customized. Basically, the
notion of component hierarchies raises granularity of components to even more coarse and general
level because it allows to perform operations on component frameworks. This approach allows to
design the architecture of an application by means of interconnections and customizations of these
frameworks.

1.2. Architecture Definition Languages

There is a group of works dealing with architecture definition languages [2, 3, 4, 5, 17]. These meta
level languages offer means for defining the structure of an application as a set of components
and/or component frameworks that are mutually interconnected (possibly via special entities called
connectors).

1.3. DCUP Overview

The DCUP component model is an extension of the SOFA component model [19]. In SOFA,
an application is viewed as a hierarchy of software components. This hierarchy is described
by Component Definition Language (CDL) that is used for defining component templates. In
analogy with the classical concepts of an object as an instance of a class, a component is an
instance of a component template. From an architectural point of view, the components described
by that language can be divided into two classes: primitive components that don’t have any
nested components and composite components nesting other composite and/or primitive ones
[6]. A particular component description specifies component’s interfaces that the component
provides and/or requires and component’s architecture that contains a description of an
internal framework of nested components and/or implementation object instances. It implies
that component’s interfaces can be implemented either by internal implementation objects or
by provides interfaces of nested components. A component cannot provide any services until its
required services are supplied to it from the outside world (nesting component and/or other sibling
components).

1.4. Glasgow Overview

Glasgow [16] is the code-name for the new specification of the JavaBeans component model.
Glasgow provides standard means for creating more sophisticated JavaBeans components and their
integration with runtime environment (i.e., desktop, web browser, etc.). To achieve this, Glasgow
adds three new capabilities to the JavaBeans component model:

e The Extensible Runtime Containment and Services Protocol (v0.99, Aug.24)

e The Drag and Drop Subsystem for the Java Foundation Classes (v0.96, Aug.24)

e The JavaBeans Activation Framework (Released, Mar.17)

It is the first capability that is of interest of this paper. It defines a set of interfaces that supports
extensible mechanisms that:

e Introduce an abstraction for the environment, or context, in which JavaBeans logically
function. These contexts create a hierarchy or structure of JavaBeans.

e Enable the dynamic addition of arbitrary services to a JavaBean’s context.

e Provide a mechanism for discovering services available within the context.
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e Provide a simple mechanism to propagate an Environment to a JavaBean.

e Support JavaBeans that are also Applets.

BeanContextServices

BeanContext

BeanContextChild

Obrazek 2: Usual implementation of an environment

A comprehensive description of these interfaces goes out of scope of this paper. Briefly, there is
an interface BeanContextServices that extends BeanContext that extends BeanContextChild
interface. BeanContextChild interface provides a JavaBean with knowledge of its nesting context.
BeanContext provides its children with access to its resources and exports add/remove operations.
Finally, BeanContextServices defines methods for discovering and using services registered with
it. These services are registered as Java classes along with a reference to an object implementing
BeanContextServiceProvider interface. Thus, that object can be viewed as a factory of registered
service. Obviously, these services are not intended to be used by any out-of-context entities but
children of a particular BeanContext.

For brevity, the name Glasgow will denote the first part of the Glasgow specification - the Extensible
Runtime Containment and Services Protocol.

2. DCUP and Glasgow Compared

2.1. How They Fit Together

At first, both models introduce a notion of a component hierarchy. An application structure
follows a logical (tree-like) hierarchy of components. This hierarchy may change during the lifetime
of an application in both cases. It means that any component can be removed from or added
to the hierarchy at runtime. The important thing is that, in contrast to a single component,
the hierarchy can be manipulated as a whole. At second, all DCUP nested components (resp.
BeanContextChilds) have access to certain set of services that are available within nesting DCUP
component (resp. BeanContext). At third, it is the nesting entity that is responsible for proper
externalization of an internal state of all nested entities (components or objects).

2.2. How They Differ from Each Other

Although both models provide a reasonable set of means for creating and manipulating component
hierarchies, there are several differences between them. This section tries to point out the most
important ones.

2.2.1 Motivation: Probably, this difference is the most substantial one because it is a
common cause of the others. The core of both models’ motivations is the same: to provide a set of
means for logical grouping of software components and handling these groups in the same manner
as single components are handled.
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However, the purpose of grouping DCUP components is to create more complex component. This
”super-component” provides a set of services that are implemented by nested components or by
the super-component itself. Thus, nested components can be regarded as implementation details
of a super-component. Main motivation of the DCUP component model is to provide small set of
abstractions supporting dynamic changes of an application even at runtime. Apparently, dividing
an application into several pieces that follows component hierarchy allows performing these changes
on affected parts only without stopping the rest of the application.

On the other hand, the Glasgow’s purpose of grouping JavaBeans into a specific context is to
provide a common living place for them. JavaBeans grouped together can share the same resources
and utilize the same set of services. Moreover, they can interrogate its context to get knowledge of
other sibling JavaBeans.

2.2.2 Granularity of Entities Residing in the Hierarchies: While any BeanContext
is able to instantiate any Java classes, a DCUP component can contain only DCUP components
as a child components. Other parts of a DCUP component are anonymous internal objects.

2.2.3 Inter-component Contracts Specification: Main difference between the
discussed models is that all DCUP components have defined two sets of interfaces specifying
their provisions and requirements while the Glasgow model relies on standard JavaBeans concept
of interfaces. This concept is able to express component provisions only. Moreover, there is no
rule saying that a BeanContext has to implement any other interfaces except the BeanContext
interface.

2.2.4 Dynamic Changes in the Hierarchies: Both models allow performing dynamic
changes. The Glasgow one is more general in this case but does not ensure the integrity of an
affected system. Dynamic addition and/or removal can be initiated by third party and vetoed by
any outside entity. The DCUP approach ensures safe shift of target part of component hierarchy
to a new version. The state of the former version is transformed to a new one.

3. Dynamic Glasgow along the DCUP Lines

Previous section showed that the Glasgow component model has few weak points with respect
to means offered for architecture design and maintenance. Fortunately, the specification does not
impose strong rules of its use. Thus, it allows defining own (DCUP) semantics of particular methods
without violating the standards. This section proposes steps necessary in order to create Glasgow
hierarchy keeping the functionality of the DCUP model. To be able to understand this section
readers should read [19] first.

The first task is to map all important abstractions of DCUP to Glasgow. The permanent part
of a DCUP component should be represented by the object implementing BeanContextChild
interface. It implies that the object will play the role of CManager. The heart of the replaceable
part of a component, CBuilder, can be implemented as an ordinary implementation object
inside a context. It is a CBuilder responsibility to add/remove all child entities to/from its
BeanContext. To be nested in a ”super-component”, all DCUP components should implement
at least BeanContextChild but in most cases they will implement BeanContextServices.

As mentioned in sections 2.2.1 and 2.2.3, the Glasgow components can utilize services available
within a BeanContext but these services are provided indirectly by BeanContextServiceProvider
not by the context itself. To achieve a DCUP functionality it is necessary to impose strong rules
on these providers. At first, the object implementing this interface should be a DCUP component
resp. it should implement BeanContextChild interface at least. It also implies that such a provider
cannot be registered with more than one context. Because DCUP components can use particular
instances of a service, it is desirable to exploit ServiceSelector object in order to select a required
instance. Furthermore, these providers should be divided into two classes: providers that provide
services to the outside world and ’internal services providers’. The latter providers can follow the
Glasgow semantics. However, the providers exporting services outside of their context have to
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keep the immutable set of services defined in provides part of CDL description of a component.
Supplying services required by a child should be done via firing serviceAvailableEvent.

Inspired by Glasgow, the DCUP model should adopt flexibility of dynamic addition and removal
of children within a particular BeanContext. It will improve dynamic reconfiguration capabilities
of DCUP.

4. Conclusion

This paper briefly compared two component models that allow creating component hierarchies
(Glasgow and DCUP). It pointed out weak properties of the Glasgow model and proposed a way
how to map DCUP abstractions into Glasgow terms. A feature of this mapping is that it does
not violate any Glasgow rules and provides all advanced properties of the DCUP model such as
dynamic updating of components even at runtime of affected applications.
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Abstrakt

Piispévek predkladd vysledek reSerSni analyzy problematiky fuzzy-PID hybridnich
regulatort. Fuzzy-PID hybridni regulitory se jevi jako efektivni nastroje pro regulaci sloZitych
soustav, zachovavajici si vyhodné vlastnosti konvenénich PID regulatori a zaroven vyuzivajici
"model-free” povahy fuzzy reguldtori. V soucasné literatufe se objevuje nékolik pfistupt
k ndvrhu téchto hybridnich struktur. Ptispévek referuje jednotlivé pristupy a pokousi se je
uréitym zpusobem systematizovat.

1. Dulezité pojmy a zkratky

e FIB - fuzzy inferencni baze. FIB je primarné charakterizovina mnoZinou vstupnich a
mnozinou vystupnich veli¢in. Sekundirné je charakterizovdna poétem a typem pouzitych
fuzzy pravidel a druhem pouzité fuzzy inference. FIB na zédkladé své vnitini struktury
realizuje zobrazeni z mnoziny vstupnich veli¢in do mnoziny vystupnich veli¢in.

e FRS - fuzzy Fidici struktura. Timto pojmem je oznacovén ¢len regula¢niho obvodu ovliviujici
¢innost PID reguldtoru. FRS je vnitfné tvoiena jednou nebo vice FIB a dodateénymi
vipocetnimi algoritmy. FRS ve spojeni s PID reguldtorem piedstavuje fuzzy-PID hybridni
regulator.

o K, K;, Kq,T;, Ty oznacuji po fadé proporciondlni, integracni a deriva¢ni zesileni, integrac¢ni
a derivac¢ni ¢asovou konstantu PID regulatoru.

2. Uvod

V soucasné dobé jsou PID regulatory stale nejrozsifenéj$im druhem reguldtori pouzivanych v
technické praxi. Tato skutecnost vychazi z jejich relativni jednoduchosti, snadnosti hardwarové
implementace a moznosti vyuziti aparatu hluboce propracované teorie PID regulace. Z této teorie
plyne, ze PID regulator s konstantné nastavenymi parametry je zcela postacujici pro regulaci
linedrnich procesti prvniho a druhého fadu. V redlnych podminkéch je vSak linearita spise vyjimkou
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nez pravidlem a casto se setkdvame s takovymi jevy jako jsou hystereze, dopravni zpozdéni, saturace
atd. Obecné lze Fici, ze popis procesu pomoci jednoduchého matematického modelu je u vétsiny
redlnych regulovanych soustav obtiZny nebo zcela selhdva. Piiklad tohoto faktu je v [3] vystizné
vyjadien vétou ” The one thing you can say about time constant is that it is rarely constant”. Pouziti
PID regulatorii s konstantné nastavenymi parametry ma pak v pripadé nelinedrnich procesi ¢asto
za nasledek nizkou efektivitu regula¢niho pochodu.

Z tohoto divodu vznikd pozadavek na vyvoj vhodnéjsich algoritmi implementovanych v novych
typech regulatort. Jednou z moznych cest je adaptivni regulace. Adaptivni regulace je dnes
§iroce rozvinutd cast teorie rizeni, kterd byla a je tspésné aplikovana v nékterych pripadech
neresitelnych pomoci klasické regulace. Jeji slabou strankou je ovSem nutnost prace s apriorni
znalosti matematického modelu regulovaného procesu, coz je v nékterych pripadech pomérné silny
pozadavek. Tuto apriorni znalost nevyzaduji regulacni algoritmy zaloZené na tzv. soft-computing
vypocetnich metodach, jako jsou fuzzy inferen¢éni techniky, neuronové sité a genetické algoritmy.
V oblasti regulace procesi ma zvlasté pouziti fuzzy inferencnich technik dlouhou tradici a jeho
uspésnost pii regulaci tézko modelovatelnych procest byva prezentovana na nékolika notoricky
znamych prikladech.

Jednim z kritickych mist reguldtori konstruovanych na téchto principech je otazka stability,
Pouziti soft-computing vypocetnich metod tedy vnasi novy pohled do névrhu regula¢nich
algoritmi, ale nese s sebou urcité nedostatky nevyskytujici se u klasické PID regulace. Proto
se jako zajimava jevi kombinace konvencéniho PID reguldtoru s fidici strukturou implementovanou
na nékterém z vySe uvedenych principi.

Vzhledem k tomu, ze pouziti fuzzy inferenc¢nich technik je v oblasti fizeni procest nejrozsitenéjsi
zabyva se tento prispévek pouze hybridnimi strukturami typu fuzzy-PID. Jadrem takovychto
struktur je konvenéni PID reguldtor jehoZ ¢innost je ovlivhovana vyssi fuzzy tidici strukturou
- FRS. Cilem hybridni struktury je zlepeni regulaéniho pochodu oproti pouziti samostatného PID
reguldtoru, pfi zachovani nékterych uzitecnych vlastnosti vykazovanych PID regulaci, napf. jiz
vysSe zminéna stabilita. Hybridni struktury obecné jsou vhodné i z diivodu ekonomickych. Upgrade
stavajicich PID instalaci se provadi pouze dodateénym pridanim mikrocipu s implementovanym
fidicim algoritmem, tedy nedochdazi k vyméné stavajicich regulatorti, ale pouze k jejich rozsireni.

Je pfirozené, ze rizni autofi voli rizné pristupy k navrhu fuzzy-PID hybridnich struktur, presto
ale, 1ze na zakladé analyzy architektury propojeni procesu s reguldtorem a FRS provést zakladni
kategorizaci. Nasledné dalsi t¥idéni vychazi z typu pfedavanych informaci ¢i jinych podrobnéjsich
znaki. Na zakladé této strukturné informacni analyzy je moZné provést rozdéleni stavajicich
pristupti nasledovné:

e I. fuzzy supervising
kategorie TA - lokalni popis
kategorie IB - globalni popis

kategorie IC - parametrizovand Ziegler-Nichols formule

e II. fuzzy precompensator

V piipadé kategorie I, FRS vystupuje jako supervisor a na zdkladé svych vstupii nesoucich
informace o stavu regulovaného procesu nastavuje parametry PID reguldtoru. V pripadé kategorie
I, vychézi regula¢ni schéma z myslenky dynamické apravy zddané hodnoty béhem regulacniho
pochodu fuzzy fidici strukturou, iprava je provadéna tak, aby PID regulator vychézejici z této
hodnoty lépe reguloval dany proces. V tomto piipadé FRS vystupuje jako tzv. precompensator.

Rozdéleni prvni kategorie do tfi podkategorii reflektuje charakter informaci vstupujicich
do/vystupujicich z FRS.
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Pro kategorii TA jsou vstupy fuzzy supervisora veli¢iny popisujici aktudlni stav regulac¢niho
pochodu, jako jsou regulac¢ni odchylka a jeji inkrement. Vystupy jsou hodnoty parametra PID
regulatoru.

Kategorie IB zahrnuje ptipady kdy vstupem fuzzy supervisora jsou hodnoty veli¢in v jistém smyslu
charakterizujici kvalitu probihajiciho regula¢niho pochodu. Typickymi veli¢inami tohoto druhu
jsou napt. preregulovani, doba nabéhu atd. Na zakladé téchto veli¢in pak supervisor nastavuje
aktudlni hodnoty parametrt regulatoru.

Kategorie IC je charakterizovdna v pripadé vstupu stejné jako kategorie TA, vystupem fuzzy
supervizora je ale hodnota pomocného(nych) parametru(t), které jsou dale pouzity k nastaveni
parametrt PID regulatoru pomoci parametrizované Ziegler-Nichols formule (ZN formule)

V nésledujicich kapitolach jsou probrany jednotlivé kategorie s ptisluSnymi odkazy na literaturu.

3. Kategorie TA

Tuto kategorii reprezentuji ¢lanky [1, 2, 3]. Navrhované fuzzy fidici struktury jsou charakterizovany
vstupnimi veli¢inami popisujicimi aktudlni stav regula¢niho pochodu - regulac¢ni odchylkou,
inkrementem regulac¢ni odchylky za periodu vzorkovani resp. aktudlni hodnotou regulované velic¢iny.
Vystupy jsou piimo parametry PID regulatoru, eventuélné veli¢iny z nichz lze tyto parametry ziskat
na zakladé jednoduchych vztahi.

Autoti ¢lanku [1] uvazuji diskrétni PID reguldtor ve tvaru:
k K,
u(k) = Kpe(k) + KiTs;e(z) + ?sAe(k),

kde e(k) znadi regulaéni odchylku, Ae(k) = e(k) — e(k — 1) jeji inkrement, T interval vzorkovani
a u(k) vystup reguldtoru. Parametry reguldtoru K, K; a K4 jsou pfedmétem on-line nastavovani
na zékladé vystupt FRS. Dilezitym predpokladem, z néhoz autofi p¥i ndvrhu vychézeji je znalost
rozmezi v kterych se mohou pohybovat hodnoty zesileni K, a K; béhem regulacniho pochodu.
Tato rozmezi jsou urcena intervaly [Kp min, Kpmaz] & [Kdmin, Kd maz]. Pro piipad, Ze nelze tyto
meze urcit apriori, navrhuji autori heuristicka pravidla pro jejich urceni z kritického zesileni K, a
kritické periody Ty. Vyznam K, a T, je stejny jako pti pouziti ZN formule. Uvedeny predpoklad
umozhuje normalizovat K, a K4 pomoci vztahi:

’

Kp = (Kp - Kp7min)/(Kp7max - Kp,min):
Kd = (Kd - Kd7min)/(Kd7max - Kd,min)-

Hodnoty KI,, a K:i pak lezi v intervalu [0, 1]. Integralni zesileni K; je vazano s proporcionalnim a
deriva¢nim vztahem K; = K} /(aKy), kde « je parametr. Tato rovnice, uvazujeme-li v asovych
konstantach, vyjadiuje linearni zavislost T; na Ty: T; = aTy.

Fuzzy ridici struktura je vnitiné tvorena tfemi FIB. Kazda urcuje hodnotu jednoho z parametrt
K,, K, a a. Pro viechny tii FIB je vstupem regulacni odchylka e(k) a jeji inkrement Ae(k).

V clanku je diskutovana otézka stability regulacniho obvodu s timto druhem regulace. Protoze
pfima matematickd analyza tohoto problému je obtizna, autofi navrhuji pridat do regulaéni smycky
dalsi ¢len, ktery monitoruje mozné naznaky nestabilniho chovani na zakladé vhodnych kritérii.
Pokud je zjisténo nestabilni chovani je provedena adekvatni korek¢ni akce, napt. parametry PID
reguldtoru jsou nastaveny na hodnoty, o nichz se vi, ze maji stabilizujici acinek. Jednim z kritérii
dle néhoz je mozné indikovat nestabilitu je monitorovini magnitudy piki. Systém je povazovan za

nestabilni pokud se magnituda pikd béhem regula¢niho pochodu trikrat za sebou zvétsi.
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Vychozim bodem autort konferenéniho pfispévku [2] je konvenéni PID gain scheduling. P¥i tomto
typu regulace je prostor stavi nelinearniho procesu rozdélen na nékolik oblasti. Pro kazdou oblast
se predpoklada linearni chovani a jsou zvoleny konstantni hodnoty paramert PID reguldtoru pro
adekvatni regulaci procesu v dané oblasti. V pribéhu regula¢niho pochodu jsou pak parametry
reguldtoru nastavovany na zdkladé toho, v jaké oblasti se regulovany proces pravé nachézi.
Nevyhodou této techniky jsou skokové zmény parametrti pti prechodu z jedné oblasti do druhé.
Proto autofi navrhuji rozsifit tento koncept o vyssi FRS, kterd umozhuje interpolaci hodnot
parametri pii pohybu v prostoru stavi. Tato interpolace je provadéna na zakladé lokalnich
nastaveni parametrt pro jednotlivé oblasti a umoznuje hladky priabéh jejich zmén pii prechodu z
jedné oblasti do druhé.

Navrhovana FRS je tvofena jednou FIB. Vstupem FIB je aktualni hodnota regulované veli¢iny. FIB
je tvorena pravidly Takagi-Sugenovského typu. Jejich pocet je dan po¢tem oblasti pro které jsou
zvoleny lokalni nastaveni parametrt regulatoru. Dilezitym poznatkem je, ze v konsekventu pravidel
vystupuji reciproké hodnoty jednotlivych zesileni PID reguldtoru a nikoliv jejich pfimé hodnoty.
Tento fakt je v ¢lanku teoreticky zdivodnén na zdkladé rozboru ITAE pravidel pro nastavovani
parametri PID regulatoru. Na simulacich provedenych v zavéru ¢lanku je ukdzano, Ze vyslednd
efektivita regulace je vyssi, nez kdyby se v konsekventu pouzivali pfimo hodnoty jednotlivych
zesileni.

Na ¢lanek [2] tésné navazuje ¢lanek [3], popisujici ndvrh komplexniho gain scheduleru, vyuzivajici
algoritmus navrzeny v [2].

4. Kategorie IB

Piistup zvoleny v ¢lancich [4, 5, 6, 7] uvazuje FRS se vstupnimi veli¢inami popisujicimi kvalitu
regulacniho pochodu. Témito veli¢inami jsou napi. prerequlovdani, perioda oscilace, rychlost itlumu
atd. Narozdil od piipadu, kdy vstupnimi veli¢inami FRS jsou regula¢ni odchylka a jeji inkrement,
lze predpokladat, ze na zakladé téchto veli¢in nesoucich globalnéjsi informaci je mozné nastavit
parametry regulatoru vhodnéji. Tento klad je ovSem vyvazen vét$i vypocetni narocnosti nez v
pripadé kategorie TA a nutnosti pridat do regula¢niho obvodu dal$i ¢len, ktery monitoruje hodnoty
téchto kvalitativnich indikatori.

Clanek [4] se zabyvé navrhem fuzzy supervisora pro reguldtor udrzujici na piedepsané trovni vysku
hladiny v kotli parniho generatoru atomového reaktoru. Pouzity regulétor je specifického tvaru, ale
po urcitém piiblizeni ho lze chdpat jako PI regulator. Pfedmétem supervisingu jsou parametry K,
a K;. Fuzzy supervisor nastavuje jednotlivé parametry na zakladé ¢tyt kvalitativnich indikatort,
predstavujicich jeho vstupni veli¢iny. Témito veli¢inami jsou pseudo-ttlumouvd rychlost, oscilacni
stupen, ofset a prerequlovdni.

e pseudo-utlumovd rychlost PDR je ddana pomérem:

r(t2)

r(t1)

e(t) je regulacni odchylka v ¢ase t, p > 0 je véha, t; a to jsou dva po sobé jdouci vzorkovaci
okamZiky (¢; < t2). Vzhledem k tomu, Ze r(t) je funkci regulacni odchylky a jeji derivace,
popisuje r(t) jak okamzity stav regula¢niho pochodu tak i jeho blizkou budoucnost. Malé
hodnoty r(t) znamenaji, ze e(t) i jeji derivace e’(t) maji malé absolutni hodnoty, a tedy, Ze
regulovany proces je v blizkosti pozadovaného stavu a v jeji blizké budoucnosti nedojde k
néjakym vyznamnym zméndm. Naopak velké hodnoty r(t) signalizuji bud velkou odchylku od
Zzaddaného stavu nebo vyznamné zmény v blizké budoucnosti. Pokud PDR < 1 pro vS8echna
t, tedy 7(t) monoténné klesd, je to znamkou toho, Ze regulace probihd zaddoucim zptisobem.
V pripadé opaéném PDR > 1 pro vSechna ¢, jevi proces nestabilni chovani a je tfeba zménit
nastaveni parametra reguldtoru.

PDR =

, kde r(t) = (e(t) + p(e'(1))*.

e definice oscilacniho stupné vychazi z trajektorie regula¢niho pochodu v roviné souradnic
pt/2€'(t),e(t). Blize viz obrazek v originalnim ¢lanku.
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e hodnota ofsetu OF je definovana rovnici:

OF = Z e(ti),

i=n—k

i je index okamziku vzorkovani, k je délka ¢asového pasma v intervalech vzorkovani, za které
je hodnota ofsetu pocitana, t,, oznacuje soucasny ¢asovy okamzik. Ofset zhruba charakterizuje
zda-li je hodnota regulované velic¢iny v blizkosti zddané hodnoty.

o prerequlovani je ddno nejvétsi absolutni odchylkou regulované veliciny od zddané hodnoty v
ramci jedné periody pozorovani.

Vnitiné je supervisor tvofen dvémi dvojicemi FIB, jedna dvojice fidi nastavovani hodnoty K, a
druh& nastavovani hodnoty Kj;.

Ponékud odlisny od ostatnich ¢lankf této kategorie je ¢lanek [5]. Clanek se zabyva navrhem
expertniho systému pro nastavovani parametrt PID regulatoru - K,,T; a Ty. Znalostni baze
expertnifho systému je obdobné jako u FRS reprezentovina souborem pravidel. V pifpadé tohoto
expertniho systému se vSak v pravidlech nepouzivaji lingvistické termy oznacujici fuzzy mnoziny
a nasledné také inferencni proces nevychézi z konceptu fuzzy inferencnich technik. Piesto, ale je
¢lanek prinosny k problematice fuzzy-PID hybridnich struktur tim, Ze jak i autor sim v zavéru
podotykd, rozsifeni navrzeného expertniho systému o fuzzy inferenc¢ni techniky je velmi pfirozené.
Z hlediska piimého pouziti pfi ndvrhu FRS je podnétny pouzity zptsob ziskani pravidel znalostni
baze expertniho systému. Expertni systém primarné pracuje s péti kvalitativnimi indikatory, jako
vstupnimi veli¢inami. Témito veli¢inami jsou 1) pieregulovdni, 2) pomér druhého piku pierequlovani
k prunimu, 3) perioda oscilace, 4) doba ndbéhu a 5) dtlum. Cilem expertniho systému je nastavit
parametry regulatoru tak, aby regula¢ni pochod vykazoval pozadovany prubéh. Pravidla znalostni
baze maji tvar:

zvyj8eni K, sniZuje periodu oscilace a naopak
zvy8eni K, zvy3uje pferegulovani a naopak
snizeni T; sniZuje pom&r pferegulovdni a naopak
zvySeni T; sniZuje pferegulovani a naopak
zvy8eni Ty sniZuje dobu nab&hu a naopak
atd ...

Pravidla jsou ziskdna rozborem tzv. piehledové mapy (tuning map) systému druhého Fadu
s dopravnim zpoZzdénim. Piehledovd mapa néjakého systému je soubor graficky znazornénych
pribéhi regulaénich pochodi pii regulaci tohoto systému PID reguldtorem pro rozsahlou mnozinu
raznych nastaveni parametri regulatoru. Prehledovd mapa tak v grafické podobé predstavuje
souhrnnou informaci o vlivu sniZeni/zvySeni hodnoty p¥isluného parametru regulatoru na celkovou
odezvu regulacniho pochodu, a jako takova, je vhodnym vychozim prostifedkem k formulaci
klasickych fuzzy pravidel, popisujicich vliv zmén hodnot pfislusnych parametrii.

Clanek [6] predstavuje struény souhrn pouziti fuzzy inferenénich technik v oblasti regulace procest.
Clének je rozdélen do tif ¢asti. Prvni se zabyva fuzzy PI a fuzzy PD reguldtorem a jejich
porovnani s konvenénim PID regulatorem, druhé fuzzy PID paralelnimi strukturami a tieti fuzzy
supervisingem PID reguldtoru. P¥i ndvrhu fuzzy supervisora autofi navazuji na ¢lanek [5]. Vstupem
fuzzy supervisora jsou tii kvalitativni indikatory: 1) pFeregulovdni, 2) doba ndbéhu a 3) faktor
stability definovany jako pomér prvniho podregulovani k prvnimu pferegulovani. Fuzzy inferencni
béaze jsou pouzity k nastavovani hodnot K, T; a Ty parametrt PID regulatoru.

V konferen¢nim p¥ispévku [7] je uvazovan supervising diskrétniho PI reguldtoru. Nastavovanymi
parametry jsou proporciondlni zesileni K, a integralni zesileni K;. Jsou konstruovany dvé
samostatné FIB, kazda pro nastavovani jednoho parametru. Vstupnimi veli¢inami obou FIB jsou
1) preregulovdni a 2) doba ndbéhu. V ¢lanku je kratce diskutovina otdzka volby intervalu vzorkovéani
pro supervisora s tim, ze je volena proménnd doba intervalu vzorkovani.
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5. Kategorie IC

Tato kategorie reprezentuje ¢lanky s ponékud ortodoxnéjsim pristupem k pouziti fuzzy inferen¢nich
technik nez kategorie predeslé. Pokud je vyhodnost pouziti fuzzy-PID hybridnich struktur oproti
pouziti samostatnych fuzzy regulitori opraviiovana poukazem na zachovani nékterych vyhodnych
vlastnosti PID regulace, naskytd se otazka, pro¢ tento princip nezachovat v jeSté vét$i mire.
Ziegler-Nicholsova formule je asi nejznaméjsim algoritmem pro konstantni nastaveni parametri
PID regulatoru. Jeji pouziti je prakticky dobfe provéreno v Siroké tridé pripadd a je vice ¢i
méné adekvatni. Pristup zvoleny v ¢lancich této kategorie vychazi z myslenky pouzivat nastaveni
parametrt podle ZN-formule jako priméarni, ovSem toto nastaveni na zakladé fuzzy inference vhodné
dynamicky modifikovat, za tcelem celkového zlepSeni regula¢niho pochodu. Vétsi ortodoxnost
pristupu tkvi v tom, Ze pokud mutzeme relativné jednoduse zjistit néjakou informaci o regulovaném
procesu, v pripadé pouziti ZN-formule hodnoty kritického zesileni K, a kritické periody Ty, je
ucelné nezbavovat se pouziti této informace ve vlastnim algoritmu fidici struktury.

Ve ¢lanku [8] ¢inskych autort je navrhovdno parametrizovat ZN-formuli jednim parametrem «, ve
tvaru:

K, =12aK,, T; = 0.75

T,
+“ T, = 0.25T.

1+a’
Pro hodnotu a = 0.5 prechazi parametrickd formule v ptvodni ZN-formuli. Parametr a je
pfedmétem on-line nastavovani pomoci FRS. FRS se vnitiné skladd z jedné FIB a rekurzivni
rovnice. Vstupem FIB jsou hodnoty regulac¢ni odchylky a jejiho inkrementu. Vystupni hodnotou
FIB je pomocné fuzzy veli¢ina H. Po obdrZzeni ostré hodnoty h(t) pomocné veli¢iny H je pouZita
adaptacni rekurzivni rovnice pro vypocet hodnoty parametru a ve tvaru:

alt+1) = a(t) +vh(t)(1 —a(t)) pro a>0.5
| alt) +yh()a(t), pro a<0.5
kde v je kladna konstanta ¥idici rychlost konvergence. Hodnota «(0) neni libovoln4, ale je nastavena

na hodnotu a(0) = 0.5. To znamend, Ze na zacitku regulace je pouZito nastaveni parametri podle
klasické ZN-formule.

Pravidla FIB stejné jako rekurzivni adaptac¢ni formule jsou navrZena tak, aby realizovali nasledujici
koncept. Pokud se hodnota regulované veli¢iny blizi k zddané hodnoté je hodnota parametru «
zvySena, tim je zvySena hodnota K, a snizeny hodnoty T; a T, coz ma za nésledek rychlejsi
konvergenci k zadané hodnoté. Pokud hodnota regulované veliciny diverguje od zaddané hodnoty je
naopak hodnota parametru a sniZena, tim je sniZena hodnota K, a zvyseny hodnoty T; a Ty, coz
nasledné zpomaluje divergenci.

Clanek [9] vychézi z myslenky korekce hodnot, jednotlivych, dle ZN-formule nastavenych parametrii
PID regulatoru, prostfednictvim piridavného aditivniho ¢lenu ve tvaru:

K, = K, + FIB(e(k), Ae(k)) x ki,
T; = T; + FIB(e(k),Ae(k)) X ]CQ,
Ty = Ta+ FIB(e(k), Ae(k)) x ks.

Korekéni aditivni ¢élen FIB(e(k), Ae(k)) je vystupem fuzzy inferenéni béze, jejimiz vstupy jsou
hodnoty regulacni odchylky a jejiho inktrementu. ki, ks, a k3 jsou konstanty uréujici vahu zmén
aplikovanych na jednotlivé parametry.

6. Fuzzy precompensator

Tuto kategorii reprezentuje ¢lanek [10]. Autofi tohoto ¢lanku, zvolily ke kombinaci FRS a PID
regulatoru jiny pristup nez supervising. Pfi supervisingu jsou hodnoty parametri PID regulatoru
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dynamicky ménény, a tim je ovliviiovana jeho ¢innost. Druhou moznou cestou jak jeho ¢innost
ovlivnit je dynamicka tprava hodnot regula¢ni odchylky a jejiho inkrementu. Reguldtor pak vychazi
z téchto upravenych hodnot. Zména regulacni odchylky se déje prostfednictvim zmény zadané
hodnoty. Parametry regulatoru jsou v tomto pfipadé nastaveny pomoci néjaké konvenéni metody
a jsou v pritbéhu regula¢niho pochodu konstantni. P¥i tomto zptisobu kombinace FRS a PID
reguldtoru, fuzzy Fidici strukturra vystupuje jako tzv. precompensator. Navrhovany koncept blize
oziejmi schéma regula¢niho obvodu na obrazku 1.

yﬁ)%e_) Fip g £ P Proces »
v+ + : +T

Obrazek 1: Schéma regula¢niho obvodu.

Vnitineé je fuzzy precompensator tvoren jednou FIB. Vstupy FIB tvoii skute¢né hodnoty regulacni
odchylky e(k) = yrer — y(k) a jejtho inkrementu Ae(k) = e(k) — e(k — 1). Vystupem FIB je fuzzy
veli¢ina T jejiz defuzzifikovand hodnota ~(k), pfedstavuje korekéni aditivni ¢len pouzity k Gpravé
zéddané hodnoty regulované veli¢iny na tvar: y;fef(k) = Yres + Y(k). Jak je vidét na obrazku 1, je
pak na zdkladé této zdanlivé zddané hodnoty vypocitavana hodnota zdanlivé regulac¢ni odchylky
e*(k) = yy.;(k) — y(k) a jejtho inkrementu Ae*(k) = e*(k) — e*(k — 1). Teprve hodnoty e* (k) a
Ae*(k) tvori vlastni vstupni veli¢iny PID reguldtoru.

V souvislosti s ¢lankem [10] je zajimavy ¢lanek [11], ktery se zabyva automatickym generovanim
fuzzy pravidel pomoci genetickych algoritmi. Navrhovany zptsob generovani je testovan pravé na
generovani znalostni baze pro fuzzy precompensated regulaci.

7. Zavér

Na zédkladé rozboru ziskanych ¢lanka bylo zjisténo, Ze uvedené pristupy k navrhu fuzzy-PID
hybridnich struktur 1ze rozdélit do dvou hlavnich kategorii. Jednu predstavuje fuzzy supervising
parametri PID regulatoru a druhou fuzzy precompensated regulace PID regulatorem. Vétsina
autori se v soucasné dobé kloni k fuzzy supervisingu. Navrhované FRS se lisi jak po¢tem tak
i vnitfnim usporadianim FIB. U témef vSech ¢lanku je efektivita regulace pomoci navrhovanych
FRS porovnavana s efektivitou regulace pomoci konvenéné nastavenych PID regulatort, vzdy je
konstatovano, ze efektivita regulace v prvnim piipadé je lepsi nez v pripadé druhém. Tento fakt
ukazuje, ze koncept fuzzy-PID hybridnich struktur ma své opodstatnéni. Za vhodny smér dalsiho
vyzkumu povazuji nalezeni vhodné platformy na zdkladé které, by bylo mozné jednotlivé pristupy
mezi sebou porovnat a tak zjistit, ktery z nich je vhodnéjsi pro navrh redlnych regulédtori.
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Abstrakt

Problém, kdy alespon jedno téleso zkoumané soustavy neni tplné uchyceno, tj. pfislusny
funkciondl je semikoercitivni, se v kontaktni mechanice objevuje pomérné casto. Pfispévek se
zabyva numerickymi metodami pro tyto pfipady. Klasicka Uzawova metoda nekonverguje pro
t¥idu problému dostatecné rychle, a proto zde byla snaha vyuzit jiné ptistupy. Fyzikalni povaha
problému nabizi transformovat puvodni problém na posloupnost problému reguldrnich (tj.
viechna télesa jsou pevné uchycena). Tvar téchto reguldrnich problému ndm potom dovoluje
vyuzit témér standardni algoritmy k reSeni. Nékteré upravy, tykajici se napiiklad takovych
otazek, jako je pfechod mezi jednotlivymi reguldrnimi problémy a rotace kontaktnich stupiiu
volnosti, vSak byly nezbytné.

1. Uvod

V kontaktni mechanice ¢asto prichdzime k modelum, kdy alespon jedno téleso soustavy neni
pevné uchyceno, tj. jedna se o modely semikoercitivni. Soustfedujeme se na takové semicoercitivni
problémy, u kterych existuje jednoznac¢né feSeni. Jako nejjednodussi moznost k feSeni se nabizi
Uzawuv algoritmus sedlového bodu [3], ackoliv v literatufe jsou uvadény konvergencni véty
pouze pro piipady, kdy energeticky funkciondl je koercitivni na celém prostoru. K efektivnéjsi
implementaci této metody by bylo nutné provést “pred-eliminacni” krok. Toto ovSem vede k
naruseni $itky pasu matice tuhosti. Varianty zalozené na rozkladu Lagrangianu jsou komplikovany
dvéma skutecnostmi pii vkladani a vyrazovani omezujicich podminek do mnoziny aktivnich
omezeni. Pfedné je nutné obnovovat faktor efektivné a za druhé, sifka pasu musi byt zachovina
mald. Poznamenejme, Ze v semikoercitivnich pfipadech nemuzeme oddélené rozloZit matici tuhosti.

Rozsitili jsme dudlni techniku [4], kdy tieci ¢len je jiz zahrnut do funkciondlu, na obecny p¥ipad

kontaktu pruznych téles. V ptispévku budou diskutovany téz implementacni aspekty tykajici se
této techniky.
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2. Algoritmy
V diskrétni podobé vede kontaktni problém na problém [5] :

Nalézt =z € K, takové, ze

f(@) < fly) Yye Ky, (1)

kde ~
fly)=3y"Cy—yTd+ ‘ 81‘151 (y"GTp),
Hi|S

K, ={y € RN|Ay < 0}.

Jelikoz funkcional f(y) je nediferencovatelny, je vyhodné prevést problém (1) na problém sedlového
bodu. Tim je problém v jistém smyslu “linearizovan”. Jsou mozné dvé formulace sedlového bodu.
V prvni je odstranéna pouze nediferencovatelnost, ve druhé jsou navic do Lagrangianu zahrnuty
podminky nepronikdni. Prvni formulace je feSena Uzawovym algoritmem [2, 3]. Odvodme formulaci
druhou. Definujme

L={pecRM*F ;>0 i=1,....M; || <1, i=M+1,....,M + P}

o= (4)

Potom hleddme sedlovy bod

flyw)=5y"Cy—y"d+y"B"u
na mnoziné R™ x L. To lze ptepsat jako :
Nalézt dvojici (z,A) € RN x L takovou, ze

Cx = d—BT) (2)
BT (u—X) < 0 Yu € L. (3)

Lze dokazat [4] ekvivalenci mezi (1) a (2)-(3). V pfipadech, kdy C je singuldrni, vznikaji nesnaze.
U kontaktnich problému se tyto piipady vyskytuji pomérné Casto. Préace [1] fesi takovy p¥ipad
uzitim pseudoinverzni matice. Zde vychézime z prace [4], kterd je zaloZzena vlastné na podobnych
principech. V [4] je feSen kontakt pruzného télesa s tuhou podlozkou. Zde je tento piipad rozsifen na
obecnéjsi kontakt pruznych téles. Hlavni mys$lenka tkvi v oddéleni nékterych neznamych v (2)-(3),
které prislusi k urcitym kontaktnim podminkdm nepronikani.

3. Regularizace matice tuhosti

Predpokladame, ze pro kazdé téleso soustavy existuje kontaktni podminka, kterd urcuje indexy
k,l takové, Ze 1) pro prvek a;; matice A plati a;, # 0 a 2) nezndmé k piislusi uzlu vySetfovaného
télesa. Navic predpoklddame, Ze existuje takova lokdlni soufadnd soustava, Ze dvojice (k,l) je

urcena jednoznacné.

UvaZzujme problém (2)-(3). Prvni a druhou sloZku feSeni tohoto problému budeme po fadé nazyvat
primarni a dudlni slozkou. Zvolime hodnoty pro primarni slozky a vypocitavame slozky duélni ze
vztahu, ktery bude dusledkem nésledujiciho:

2Td—2T"BTA =0 pro z € Ker C. (4)

Proto pro vsSechna télesa soustavy oddélujeme tolik kontaktnich podminek, kolik je dimenze
piislusné mnoziny tuhych posunuti (obvykle 0 nebo 1). Symboly &k a I budeme oznacovat primérni
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a dudlni indexy, které prislusi oddélenym kontaktnim podminkdm. Predpokldddme, Ze upevnéni
primarnich slozek je popsano substituci

T = Qp + YZTp, (5)

kde 7 = 1 pro kontakt pruznych téles a x, odpovida protéjsimu uzlu v kontaktni dvojici, v = 0
pro kontakt s tuhou podlozkou.

Matice B ma tvar:
BT = (by,...,b,....bas - barep),

kde b; = (0, ..,ng, .., —yng, ..,0), ny = aix. Necht navic
Bg:(bllloa,bM,,bMJrP)/ BlTZ(bl)a BlTZ(bl),
kde b, = (0,..,n,..,0). Potom (3) je ekvivalentni

2" Bi (n—A) <0 & 2" B (1 =), <0. (6)

Prava nerovnost je upravovana déle:
«IBIN =0, 2"BT <o, N>0 & (7)
N Bi(y—-x)>0 Vy Biy<o0. (8)

Necht Tw = w + p\;, kde w je libovolny vektor stejné dimenze jako \; a p > 0. Potom (8) je
ekvivalentni

(Biz —T(B1z))T (Biy — Biz) > 0 &
Bix = —(TByz)~ (9)

V piipadé, kdy je oddélovana pouze jedna kontaktni podminka, (9) se redukuje na
TpNg = —(:cknk + p/\l)7 (10)
pro piipad “tuhého” kontaktu.

Z predchozich Gvah, spole¢né s (5), vyplyva nésledujici iterac¢ni algoritmus:

Cz" = d-BT\" (11)
(") TBy(u—A") < 0 VueL (12)
Bia"tl = —(Bia" +pA\l) (13)

Protoze v kazdé iteraci pfedepisujeme hodnoty pro primarni slozky, definujme

Coz{c"f (C#R)AG#R)V(@=5=Fk)

0 ((i=k) vV =k)AGH#I)
di i#k
dOZ{ 0 i=kh

Necht nyni pro jednoduchost n oznacuje matici jejiz sloupce tvori bazi pro jadro C'. Pak podobné
jako u (4), plyne z (11) to, Ze muzeme uréit hodnoty oddélenych dudlnich slozek:

(=n" BOAT =n"(d— By A"). (14)

U jedné oddélené podminky je c¢len nTB;‘F~nenulové Cislo. Pokud uvaZzujeme, Ze substituce (5) je
pienesena do pravé strany vektorem d, a Bia® < 0, algoritmus (11)-(13) se méni na

Coz™ = do+dy— BIA" (15)

(@")"Bg (u—A") < 0 VueL (16)
A= (—QTBlT)’lnT(d — By \") (17)

Bia™ = —(Bia"™ + pA\Y)” (18)

VETA. Pro dostateéné malé p algoritmus (15)-(18) konverguje k feseni (2)-(3).
Dikaz: Viz [5].
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M11 - Védeckotechnické vypocty

Abstrakt
V prvni ¢asti ¢lanku je diskutovdna matematicka analyza dualni kontaktni tlohy. Varia¢ni
formulace duldlni dlohy je odvozena z priméarni tlohy pouZitim teorie sedlového bodu. Druha
¢ast ¢lanku je zaméfena na numerické feSeni tilohy metodou koneénych prvku. Vysledky jsou
prezentovany na jednoduchém modelovém piikladu.
1. Primarni kontaktni tiloha
Necht dvé elastickd télesa zaujimaji ohrani¢ené oblasti ', Q" C R? s lipSicovkymi hranicemi a
necht jsou v kontaktu na ¢4sti hranice T'k. Na ¢asti hranice I'; je predepsano zatiZeni. T&leso ' je
upevnéno na ¢asti hranice I'y,. Predpokladdme homogenni isotropni materidly, konstantni teplotu,
nulové objemové sily a nulové treni na kontaktni hranici.
2. Dualni kontaktni tiloha
Definujme prostor parametru

S= (N = (A}, ):] = 00,6, Ay € £5(®), A} = A},

kde Q = Q' U Q" a polozme
Ny =Ty (v). (19)

Potom plati

L(v) = %/Cijkm/\/')\/\/mfx —L(V) = Loo(N, V). (20)
Q

Minimalizace functiondlu £; (N, v) definovaného (20) s omezenimi (19) je ekvivalentni varia¢ni
formulaci primérni tlohy.
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Definujme nésledujici Lagrangian

MV VL) = Lo v) + [ 2110 = 45T (21)
®
Problém nalezeni
sup inf  H(IN,V],N) (22)

reS [V,v]eSxK

nazyvame variacni formulaci dualni alohy.

Lze dokazat, 7e plati

-J(\) for Xe K},

inf  H(N,v],\) = { — 00 for \ ¢ Kz_:

NV, vlew

kde
T =

N | =

/aijkm/\ij)\kmdx. (23)
Q

Kf ={\€e S| Ha(v,\) >0 VveK},

a kde a;jrm jsou koeficienty inverznitho Hookova zdkona.
Tedy plati

sup inf  HN,v],\) = sup [-T(N)] = — inf T(N).
/\GE[N:V]EW ( A Aelcpzr[ ) xekt W

7Z teorie sedlového bodu plyne, ze pokud existuje sedlovy bod funkciondlu H, potom plati

— inf J(N) = —J(r(w) = L(w), (24)

xekK;
kde u znadi feSeni primarni tlohy.
Na druhé strané, existence reSeni primarni tlohy implikuje existenci sedlového bodu.
Nutné podminky existence feseni u primarni alohy zarucuji, ze rozdil dvou libovolnych feseni patii

do mnoziny posunuti tuhych téles, z ¢ehoZ plyne, 7e tenzor deformace e(u) a tenzor napéti 7(u)
jsou urceny jednoznacné.

3. Metoda koneénych prvka

Pro numerické feSeni dudlni tlohy byl zvolen rovnovdzny model metody kone¢nych prvkua podle
Watwooda a Hertze.

Blokovy element K se sestaven ze t¥{ podtrojihelniki, které vzniknou z trojihelnika spojenim

Vv

Sestavenim matice tuhosti z funkcionalu 7 vznikne matice F — symetrickd matice N x N, N = 7x
3% Ny,N; — pocet trojihelniku triangulace, kterd je pozitivné definitni. Pro funkciondl 7 dostaneme

J(z) = %ZTFZ.

7 okrajovych podminek sestavime matici D, typu M; x N, M; — pocet podminek. Dostaneme

Dz =g,
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K;

ai

Obrazek 3: Schéma blokového elementu

kde g obsahuje nuly a konstanty predepsaného zatiZeni.

7 kontaktnich podminek sestavime matici E, typu Ms x N, My — pocet podminek. Dostaneme

Ez <0.
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Abstrakt

Prace vypravi o autorové dobrodruzné cesté za nékterymi zdkladnimi poznatky teorie
uzitku ze 60. a 70. let.

1. Aditivni rozklad a teorie uzZitku

V teorii uzitku se (mimo jiné) studuje, zda preference mezi alternativami, z nichz si lze vybirat, je
mozné vyjadiit redlnou funkci, a pokud ano, zda takova funkce muze mit né&jaky jednoduchy tvar.
Ptame se napfiklad, jestli mira uzitku N-tice komodit je ddna soudtem mér uzitku prifazenych
jednotlivym komoditdm. (Kazdy snadno vymysli piiklad tykajici se skladby obéda ¢i kombinace
bot, kalhot a kosile, kdy takovy model zjevné “nesedi”.) Odtud se dostdvdme k problematice
existence aditivniho rozkladu funkce.

Méjme mnozinu A, kterd je podmnozinou kartézského soudinu X; x --- x Xn néjakych mnozin
Xi,...,Xy afunkci f : A — R (kde R je mnozina viech redlnych ¢isel). Rekneme, ze funkce
f ma aditivni rozklad, pokud existuji takové funkce f; : X; — R, i = 1,..., N, ze pro kazdé
(z1,...,zN) € A plat

N
flzr,...,zn) = Zfi(xi). (25)

Dale fekneme, Ze funkce f md ordindlné aditivni rozklad, pokud existuje takova rostouci funkce
T:R — R, 7e slozend funkce g =T f: A — R mé aditivni rozklad.

Z existence aditivniho rozkladu funkce f zfejmé vyplyva platnost podminky kardindlni nezdvislosti:
Pokud x' = (z],...,zN),...,x" = (7, ..., 2%) ay' = (yi,...,yN), -, ¥y = (¥, ..., y%) jsou
takové prvky mnoziny A, Ze

. ’ 1
Ty,ee-, z® je permutaci yq,...,y7",
: : : (26)
TN, ...,z je permutaci yh,...,y%,
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pak plati

Stejné trividlnim dusledkem existence ordindlné aditivniho rozkladu je podminka ordindlni
nezdvislosti: Pokud x' = (z],...,zN),...,x™ = (@P,...,2%) a y' = (yi,...,YN)s--, ¥y =

(yi™, ..., y%N) jsou takové prvky mnoziny A, 7e plati (26), pak neni mo7né, aby

kde aspon jedna nerovnost je ostra.

Obrécené implikace uz tak ziejmé nejsou. D4 se s nimi dokonce zaZzit dobrodruzstvi, jak se pokusim
ukazat.

2. Od psychiatrie k teorii uzitku

Koncem 80. let jsem, ¢astené ve spolupraci s profesorem Vopénkou, studoval coby statistik
pracujici v psychiatrickém vyzkumu nelogické vlastnosti jisté metody hodnoceni zlepSeni stavu
pacienta. Navrhl jsem dvé (vlastné vice, ale na tom ted nezélezi) varianty kritéria “rozumnosti”
§kal pro méreni zmény, tzv. regularity indexu zmény a snazil jsem se zpiisoby hodnoceni zmény,
které z hlediska kritérii regularity obstoji, charakterizovat. (Mluvil jsem o tom na minulém
doktorandském dni.)

Kritérium tzv. kardindlni regularity lze formulovat (i kdyZz “kanonickd” formulace je trochu jina
— obsahuje pravdépodobnosti) jako podminku kardinalni nezavislosti pro jistou redlnou funkci f
definovanou na podmnoziné A kartézského ¢tverce X x X néjaké mnoziny. Analogicky vztah je
také mezi tzv. ordindlni reqularitou a podminkou ordinalni nezavislosti.

Pro kardindlni regularitu jsme s profesorem Vopénkou méli urc¢ité vysledky — uméli jsme dokazat,
Ze za jistych dodatecnych predpokladu spliuje funkce f definovana na koneéné mnoziné A C X x X
podminku kardindlni regularity, pravé kdyz existuje funkce g : X — R takova, Ze pro (z1,z2) € A
plati f(z1,22) = g(z1) — g(z2).

Snazil jsem se dokdzat, Zze ordindlni regularitu lze charakterizovat obdobné, totiz Ze (opét
za dodate¢nych predpokladu) funkce f spliuje podminku ordinélni regularity, pravé kdyz pro
(z1,22) € Aplati f(z1,22) = T(g9(z1)—g(z2)), kde g je redlnd funkce definovandna X aT :  — R
je rostouci.

“Masiroval” jsem problém zleva zprava — odolaval. Védél jsem, ze uz mohl byt diive vyfeSen,
pouceni z literatury jsem se nijak programové nevyhybal, ale nebylo jasné, kde (ve které discipling)
a jak (pod jakymi hesly) hledat.

Pomohla stastna nahoda. Ukazal jsem svou hypotézu v jakési algebraické podobé dr. Karenovi,
o némz se ne ndhodou mluvi jako o renesanc¢ni osobnosti. Néco mu to pripominalo, konkrétné
tvrzeni, ze ke kazdé tzv. komparativni pravdépodobnosti existuje kvantitativni pravdépodobnost,
kterd ji reprezentuje. (Neni ted dulezité, co to znamend.) To ovSem neplati, protipfiklad je v “modré
knize” [4]. ProtoZe se mi nepodafilo presné pfevést svij problém na problém uvedeny v knize,
resp. 7 protipiikladu v knize udélat protiptiklad ke své hypotéze, vyhledal jsem dile ¢lanek [5],
v knize citovany, kde je charakterizace komparativnich pravdépodobnosti reprezentovanych
pravdépodobnostnimi mirami. Ukézalo se, ze v ¢lanku, tehdy cca 25 let starém, jsou vyieSeny
t¥i ruzné problémy, a Ze FeSeni jednoho z nich (nikoli ov8em toho, ktery se tykd komparativni
pravdépodobnosti, nybrz problému tzv. uspofddanych diferenci) potvrzuje mou hypotézu.

V ¢lanku [5] jsem tedy misto protipiikladu nalezl dikaz. Co ale bylo neméné duleZité, zjistil jsem
konecné, kde se studuji problémy, jaké mé zajimaly. Vlastné, kde se dfive studovaly...
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3. Malé letni dobrodruzstvi, aneb od teorie uZitku malem na psychiatrii

Scott v [5] dokézal, ze pro A C X; x X, koneénou vyplyvd z ordindlni nezédvislosti existence
ordinédlné aditivniho rozkladu pro funkci f : A — R — neformuluje to sice jako vétu, ale je to
“mezivysledek” obsaZzeny v dukazu véty.

Ptes Scottiv ¢lanek jsem se dostal k mnozstvi dalsi literatury o teorii uzitku. Dfive nez jsem si
stacil pujéit prvni knihy a ¢asopisy, jsem vSak pouzil techniku odpozorovanou u Scotta k dikazu
tvrzeni, Ze pro funkci f definovanou na koneéné mnoziné A C Xy X, vyplyva z podminky kardinalni
nezavislosti existence aditivniho rozkladu.

Zkricené lze dukaz popsat takto: Bez Gjmy na obecnosti muzeme predpoklddat, e mnoZiny
X1 a Xs jsou disjunktni. (Pokud nejsou, muzeme za cenu slozitéjsiho znaceni pracovat s jejich
“disjunktnimi kopiemi”.) Ozna¢me X* mnozinu X; U X5 a X'* vektorovy prostor vSech redlnych
funkei definovanych na X*. Prvek z € X* lze pfirozené ztotoznit s jeho charakteristickou funkci
x* € X* a prvek x = (z1,22) € X; x Xy s charakteristickou funkci x* mnoZiny {z1,z2} (takze
x* =z} + z3). Necht A* C X'* je mnozina v8ech “protéjsku” prvku mnoZiny A a B* je maximalni
linedrné nezavisld podmnozina A*. Na B* definujeme f*(x*) = f(x) a funkci f* roz§i¥ime linedrné
na X*. D4 se pak relativné snadno dokdzat, ze f*(x*) = f(x) plati pro viechna x € A. Pomoci
funkce f* definujeme funkce f; : X; — R (i = 1,2) pfedpisem f;(z) = f*(z*). Funkce f, fi a fo
pak zfejmé (pro N = 2) na A spliuji (25).

Potom jsem se sezndmil s Fishburnovu monografii [2] z roku 1970, kde je problém existence
aditivniho rozkladu funkce (vlastné problém charakterizace tzv. aditivniho stfedniho uzitku — ale
to tésné souvisi) probran velmi dikladné. Jedna se pfevazné o Fishburnovy vlastni vysledky. Pro
konec¢nou mnozinu A, at uz v pfipadé N = 2, nebo pro N obecné, lze vétu o ekvivalenci existence
aditivniho rozkladu a kardindlni nezavislosti dokézat jako malé cvideni z linedrni algebry (a mezi
cviceni, nikoli do hlavniho textu, je také tato latka pro A kone¢nou v knize zafazena). Zato pro
A nekonetnou (pokud A # X; X -+ x Xy) je problém slozitéjsi. Fishburn v knize dokazuje, Ze
existence aditivniho rozkladu vyplyva z kardindlni nezavislosti, jen pro N = 2 a tvrzeni dokazuje
pomoci grafového aparitu, ktery se neda bezprostiedné pouzit pro N > 2. O pfipadu N > 2
k4, Ze neni dosud uspokojivé vyieSen. Nepatral jsem nijak usilovné, zda byl vyfeSen pozdéji (tj.
po vydani knihy), protoZe pro zdlezitosti kolem psychiatrickych §kal byly relevantni jen vysledky
tykajici se pripadu N = 2.

Radu let se pak nestalo nic, co by zde stalo za zminku. A7 letos v 1été.

ProhliZel jsem si své staré poznamky vcetné dukazu, Zze pro N = 2 a A konec¢nou je existence
aditivniho rozkladu ekvivalentni kardinalni nezévislosti.

A najednou jsem to uvidél: Dukaz plati prakticky beze zmény pro obecné N a A nekonec¢nou!
Resi tedy problém, ktery byl v knize [2] uveden jako otevieny. Pfizndvam se, ze mé to uvedlo do
varu. Mohu to viibec mit dobfe, a muZe to jit tak jednoduse? Profesor Fishburn je pteci jen Nékdo
(kromé& zaplavy publikaci, nékolika monografii a ruznych prestiznich cen mé také Erdosovo éislo —
viz [1] — rovné jedné) a pred vyddnim knihy se problémem existence aditivniho rozkladu funkce
minimalné nékolik let zabyval.

Alarmoval jsem hned kamarada z UTTA, kterému z dobrych diivodi v matematice véfim vic nez
sobé, abych s nim dukaz prosel a ovéril, ze nedéldm néjakou trividlni chybu. Dukaz “drzel”. Tim
jsem se pro zménu dostal do stavu trapné nejistoty: Nemam nakonec novy vysledek? Bylo to krajné
nepravdépodobné — v8ichni méli na zdoldni problému, dle knihy [2] otevieného, skoro 30 let.

Po nékolika netispésnych pokusech dozvédeét se “kdo a kdy” z bibliografickych databazi jsem, nevida
efektivnéjsi zpusob, tfesouci se rukou napsal profesoru Fishburnovi. Odpovédél brzy, mile a k véci.
Problém vyftesil on a feSeni publikoval v r. 1971 [3].
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4. Dvoji ¢as, aneb zpét k realité

Vylic¢il jsem, jak se odkryvaly taje aditivnich a ordindlné aditivnich rozklada funkci v mém
subjektivnim case.

Ptejdeme-li k ¢asu objektivnimu, udélo se toto: V 60. a 70. letech byly publikovany dulezité
vysledky teorie uzitku. V 80. a 90. letech se s nimi postupné seznamoval jakysi ¢lovék z Prahy,
ktery je potfeboval.
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obor studia:
Vypocetni technika - Neuronové sité

Abstrakt

Pfedmeétem tohoto pfispévku je novy typ neuronové sité inspirovany poméry v imunitnim
systému. Zakladni vykonny prvek systému - bunka vyménuje s ostatnimi signal stejné jako
neuron. Bunika ma v8ak navic schopnost pohybu, takze se jeji partneri v komunikaci méni.
Navic se buitka muZe i rozdélit, nebo zaniknout.

1. Zakladni vymezeni

Bunka - Objekt se svymi parametry a funkcemi. Jednim z mnoha parametra butiky je jeji poloha.
prijima signdl ze svého blizkého okoli, zpracuje ho a vyhodnoti jeho velikost.

~

\.L > fINP,par) —

et

Obrazek 4: Schéma bunky

V siti se pohybuje nékolik typu bunék. Kazdy typ mé své specifické hodnoty nékterych parametru.

Sit - obdélnik m z n moznych pozic bunék. Bunky v kazdém kroku skonc¢i na uréitém misté. Na
jednom misté viak muze byt najednou i vice bunék.

Signal - Kazda bunka v kazdém kroku vysle signal na zdkladé vstupniho signalu z minulého kroku
a zaroven pfijme vstupni signdl novy. Vstupni signél je posc¢itan ze signalu bunék z nejbliz§iho okoli
za pouziti vzdalenosti, vah a prahu. Na tento signal se pak aplikuje aktiva¢ni funkce bunky, kterou
je jista zvonovita funkce. Na zakladé spocitané aktivity a se buiika déli nebo zanika. Aktivita buniky
je pak vyjadiena v dalsim kroku jako jeji vystupni signal.
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Motivace - vyuziti vlastnosti Zivych systému k obohaceni repertoiaru neuronovych siti.

Cil - Vytvofit stabilni systém se schopnosti uceni.

2. Popis Bunééné sité

Stavba sité:

Celd sit je tvofena plochou (tfeba ¢tvercem) sklddajici se z malych plosek (¢tverecku), které
predstavuji mista vyskytu bunék. Pocet bunék pritomnych najednou kazdém takovém misté je
rovnéz omezen.

Bunky se pohybuji v jednotlivych krocich po siti. K kazdém kroku je prozkoumano okoli bunky, z
kterého muze bunka pfijmout signal.

(@]
Q
o K|
[e)e}
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Obréazek 5: Z6ény pusobeni buniky

V daném kroku bunka nejprve zpracuje signal pomoci vztahu

S
Z b Xl ;—THR; (27)
INP; vstup i-t€ bunky
S pocet bunék v okoli
Wi j vaha vztahu mezi i-tou a j-tou bunkou
lij vzddlenost mezi i-tou a j-tou burikou

X j signdl prichdzegici od j-t€ do i-t€ bunky
THR; prdh i-té bunky

Déle pak pouzije svou aktiva¢ni funkci. V praxi se nejlépe osvédéila zvonovita funkce vznikld
odectenim dvou sigmoid, kterd svym tvarem nejlépe vystihuje biologickou skutec¢nost.

DSigm(IN P, posunuti) = Sigm(INP) — Sigm(IN P — posunuti) (28)

Parametry sité:
SIT

I x J - rozméry sité
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K - maximalni pocet bunék na jednom misté

N - pocet typu bunék

seed number - pro generator pseudonahodnych ¢isel
temperature - maximalni vzdalenost presunu bunky
ampl - zesilovaci konstanta signalu v siti
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TYPY

name - nazev typu

max, steep - parametry aktivac¢ni funkce
alpha - koeficient rychlosti zmén pii uceni
per - perioda pusobeni uéiciho signalu

A - maximélni vék bunék

supp - frekvence prisunu novych bunék

ND - perioda ptirozeného déleni bunék

[0] - inicializa¢ni intervaly hodnot parametru
W; - védhovy vektor

BUNKA

ID - identifika¢ni ¢islo buiiky
age - vék

i, j - pozice bunky

PARAMETRY UCENI (mo#né)

rec - prah bunky

mort, div - mez zaniku a rozdéleni bunky
lrn; - individualni vahovy vektor

Cinnost sité:

Nejprve se sit inicializuje. Nastavuji se pocatecni hodnoty parametru platnych pro cely model
(seed, rychlost pohybu, parametry udeni ...), platnych pro jeden typ bunék (pocet bunék v typu,
limit pro déleni a zanik bunék, vahy ...) i pro jednotlivé buiiky (identifika¢ni ¢islo, poloha, vék ...).

Dalsim krokem je pfijem signalu z okoli bunky a jeho zpracovani popsané vyse.

Vysledek tohoto zpracovani se pak porovnava s mezemi pro déleni a zanik. Je li vysledna aktivita
prilis mald, bunika zanika, je-li naopak dostatecéné vysoka, bunka se rozdéli. Prekrod¢i-li bunika svuj
maximdlni vék, rovnéz zanikd. Buiika se zde muze té7 rozdélit pFirozenym délenim, které probihd
nahodné s prfedem urcéenou ¢etnosti.

Nakonec se bunky premisti na své nové misto. Presun je ndhodny maximalni vzdalenost presunu
je predem urcena.
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Obrazek 6: Schéma pohybu bunék po siti
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Cely proces lze struc¢né popsat timto diagramem.

Nastaveni LJK.NTYPE ...

Y

Vymeéna signalu

Novy INP INP = ;%IZLL > 7-X;—THR *

Nova aktivita ACT = f(INP,par)

Novy prah THR = f(ACT)
> DIV < MORT
ACT
ROZDELIT SMAZAT

POHYB |, vypis parametri

Obrazek 7: Schéma bunécéné sité

(*) S je pocet prijemci signdlu v okoli buriky
m je pocet aktivnich bunék v siti
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3. Vysledky

V prvni fazi se podafilo nastavit model tak, aby byla stabilni. Poéty bunék v jednotlivych typech
se méni periodicky kolem néjaké stfedni hodnoty. V siti se pohybuji bunky tfi typu a vdhy mezi
nimi jsou nastaveny symetricky a ¢innost modelu pfipomina systém lisky-zajici.

number of cells

Obrazek 8: Detail ¢innosti modelu v klidu

Déle jsme se snazili vyvinout ucici algoritmus sité. Zakladem toho byla tato tvaha podpotena
biologickou skutecnosti.

. sit je v rovnovéaze

. na bunky sité pusobi jisty signal

. sit reaguje a za cas t1 se ustavi nova rovnovaha. Béhem této faze probiha uceni.
. nové pusobeni tého? signdlu. 5. ustaveni rovnovahy v case t2 « t1

B~ o N

Které parametry vSak ménit? Nejdrive jsme zkusili ménit vdhovy vektor bunék atakovanych
signalem. Negativnim efektem v8ak byla pomérné rychla ztrata stability sité. Dale jsme ménili mez
déleni. Po pusobeni udiciho signdlu rychle pocetné pievladly buniky se sniZzenym prahem déleni

a po uplynuti jejich véku rdzem zanikly. Jestlize jsme pak ménili mez zaniku, nauceni bylo dosti
kratkodobé.
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Obrazek 9: Ukdzka chovani sité pfi zdsazich udiciho signdlu

4. Zavér

Nase cile byly splnény zatim jen ¢astecné. Sif se chovd jako stabilni systém a je schopnd jakéhosi
uceni, které je zatim dosti nespecifické. Vyvstal vSak zaroven problém, jak tento model dale vyuzit.
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Abstrakt

A subclass of networks with cascade architecture is presented. We investigate its
approximation capabilities by means of a continued fraction framework. It is shown that
such network can approximate any meromorphic function arbitrarily well, which in the real
domain covers even functions with second order discontinuity. Used techniques imply various
alternative learning algorithms that are discussed.

1. Introduction

The most widely used and studied types of artificial neural networks have been multilayer
perceptrons trained by various modifications of back—propagation algorithm. The learning process
of such networks based on gradient descent in high-dimensional spaces is usually very time
consuming. That is one of the reasons why cascade architectures of neural networks have
appeared recently, together with incremental learning algorithms that gradually add new units
to the network in order to achieve a better precision. In each step of these algorithms only the
weights corresponding to added unit are changed while the rest of the weights is preserved. A
typical example of such network architecture and learning algorithm is Fahlman’s Cascor network
(Fahlman, 1991). In many applications this network can learn reasonably faster in comparison
with multilayer perceptrons. A theoretical background for incremental learning algorithms in
multilayer perceptron networks which is based on Jones theorem concerning convergence of iterative
approximation in a Hilbert space was laid by Barron, 1993.

It has been shown that multilayer perceptron networks with at least three layers are capable to
represent any reasonable input/output function with arbitrary precision. This property, called
universal approximation, is also true for various other architectures. This is why other criteria for
judging the quality of the networks are being investigated. One of them might be the learning time,
which seems to be a crucial problem especially in practical applications of neural networks.



In the following we consider architectures with richer topologies than classical multilayer
perceptrons, particularly the ones in which connections are not limited only to units in neighboring
layers. We call the architectures in which there are lateral connections between the neurons in one
layer going from left to right cascade architectures.

In this article we introduce a subclass of cascade architectures and describe its approximation
capabilities. It is shown that in complex domain any meromorphic function can be approximated
arbitrarily well, which in real case includes even functions with the second order discontinuity.
Moreover, rational functions are exactly representable by this architecture. The continued fraction
calculus used in proofs provides new approaches to learning. In the following we briefly introduce
two alternative learning algorithms.

2. Feedforward and Chain Architectures

By multilayer perceptron network we mean a network consisting of several layers of units (neurons)
connected in a feedforward manner such that each unit in one layer has connections (synapses)
with all units in the neighboring layers. It means that synapses between the preceding and the
following layer forms a complete bipartite graph. Each connection has a real parameter, called
weight, which is a subject of learning. The output y of one unit having inputs z; with assigned
weight values w; and a threshold b is computed as

y = a(i wix; — b),
i=1

where o(t) is a sigmoidal function, i.e. non-decreasing function with the following limits:
lim; o o(t) = 1 and lim;_,_, o(t) = 0. The most popular function—logistic sigmoid—writes

as:
1

)= —————
o(t) 1+ exp(—t)
In the following, we consider a class of one-hidden-layer networks with a single linear output.
The horizontal connections in the hidden layer connect the i-th unit with the (i + 1)-th one (see
Figure 10). The hidden units compute functions of the form:

az+b

o= = ey

(29)
where y corresponds to the output of the preceding unit, z is the actual network input and
a,b,c,d are complex parameters. We call a member of this subclass of cascade networks with
the activation function of the form (29) a chain network. On the contrary to real numbers it is
not clear which function should be chosen as an activation function of one unit. For example,
there is no straightforward complex counterpart of the logistic sigmoid. That is the reason why
various activation functions are used (cf. Hirose, 1992a, 1992b)). In our considerations we use
the function of the form 29 which is widely used in the complex number theory and fits into the
framework of continued fractions that will be used in the following. Furthermore, this function—as
the simplest possible rational function—is very easy computable but it is still able to approximate
discontinuities.
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Obrazek 10: Multilayer perceptron and chain network

In order to formulate our results we need to define two classes of functions.

Definition 1 By F we denote the set of all functions f : C — C representable by a chain network
with any finite number of hidden units.

Definition 2 Denote £ the set of functions f(z) : C — C of the form %, where p and q are
polynomials.

Finally, remind that a homogeneous polynomial of n variables H,(z1,...,z,) has a form:
m n
Hn(xla"'axn)zzaj xllij,
j=1 i=1

such that the sums Z?:l gi; are equal for every j =1...m.

3. Continued Fractions

A function realized by chain network can be straightforwardly represented in the form of a continued
fraction which formal definition immediately follows.

Definition 3 By a continued fraction we mean the following formula:

by +

(30)
ba(2)+
where a; and b; are complex domain functions of the variable z.

A partial continued fraction P,(z) is an expression having only a finite number of coefficients
ai,bi:

Py (z)=bo+ a1(2) -
e o
bg(z)+ 3
br—2(z)+
2 bn_1+[£:((j))

If limy, o P, (2) exists and equals v, we say that continued fraction (30) has value v.
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The framework of continued fractions represents a classical part of analytical calculus with basic
results dating back to Euler, 1739. We introduce additional definitions and theorems here that are
needed in the proof of the main theorem in the following section.

The main relation between a power series and a continued fraction describes the Euler identity
(Danilov et al, 1961):

Theorem 4 (Euler) If expressions on both sides exist then the following equation holds:

[e'¢)

i co+ci1z
> cir' = G
c 1
i=0

Z
- Cic3z
c1tcoz— 1£3

co+czz—...
Ci_2Ciz
Ci—1CiZ

The following definition and two theorems from Wall, 1948 show that a power series with negative
exponents can be expanded as a continued fraction, as well.

Definition 5 A sequence of polynomials Bp(u)(p < m) is called orthogonal relative to the

sequence ¢ if 0
[ BB s { 00T 0D

Theorem 6 A power series Y ;- (ci/2T") can be expanded into a continued fraction if and only
if a sequence of polynomials can be constructed which are orthogonal relative to the sequence of
coefficients co,c1,...,Cny. ...

3

Theorem 7 Let Y ;- (c;/2"T") be a power series and A, determinants:

Co C1 . Cp

C1 Co e Cpya
Ap - . )

Cp Cpti1 e Cop

such that:

1. either A, # 0 for every p

2. or there is a number m: A, # 0 for p <m and A, =0 for p > m.
Then a sequence of polynomials orthogonal relative to the sequence {co,c1,. ..} can be constructed.

4. Main results

It is clear from the previous sections that there is a obvious correspondence between functions that
are realized by a chain network and continued fractions. Exactly:

Fact 8 Any function f € F has the form of a partial continued fraction P,, where n is the number
of hidden units in the network.

The following theorem says that functions realizable by chain networks can approximate any
meromorphic function. It means that for any function and any precision we can find its
approximator f € F, in another words—there is a network that, in principle, can learn this
function arbitrarily well. Due to a limited space we only sketch the main ideas of the proof.
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Theorem 9 A chain network can approximate any meromorphic function with arbitrary precision.
Moreover, function of class £ can be exactly represented by a chain network.

Sketch of proof. The typical way of proving universal approximation property is via the notion
of density. In our case we prove that the set of functions F is dense in the space of meromorphic
functions with the uniform metrics.

Any meromorphic function f can be expressed by means of a Laurent series, which is an infinite
sum of the form

f(z)= Z a;z' = Z(ci/ziﬂ) + chzl
i=—c0 i=0 i=0

We can divide the sum into two parts according to the sign of exponent i. Now the problem is to
realize both sums by continued fractions. Here we use two fundamental theorems that show how to
realize the above two power series by continued fractions. The former can be expressed according
to the Theorem 7, the latter is rewritten according to the Euler identity (4).

The last technical thing deals with obeying slight conditions of the Theorem 7 and Euler identity.
As our series are of a general kind, we have to rewrite them as a sum of three series satisfying
necessary presumptions, which finishes the proof.

So far, we have considered only chain networks with one-dimensional inputs and outputs, but the
previous result can be extended for multiple-input networks as well. This is done by means of the
dimension reduction, which is a technique based on approximation of multi-variable functions by
plane waves. The following theorem is a corollary of a result by Vostrecov and Kreines, 1961.

Theorem 10 Let W, is the set of weight vectors of dimension n and N (H,) is the set of null
points of homogeneous polynomial H, of n variables. If W, ¢ N (H,) for any H,, then there
exist continuous functions ;. of single variable such that the set of functions ®i(x) of the form

Dy (x) = Zle wir(w; - ), where w; € Wy, is dense in the set of all continuous functions.

Last generalization can be done to multiple outputs, i.e. to vector functions F' : C™ — C™, through
Cartesian product of one dimensional output spaces. Thus we obtain general networks with multiple
inputs and outputs.

5. Learning possibilities

There are various possibilities of learning algorithms for the chain architectures. We just briefly
mention an application of three methods here, details can be found in Neruda and Stédry, 1996.

First, it is possible to derive a variant of the back propagation learning algorithm (Rumelhart et al,
1986) for this architecture. The error propagates from top of the network to the bottom as usual,
but it is important that the computation in the hidden layer follows the lateral connections of units.
It means that the forward phase goes from left to right (considering the orientation in figure 10)
while the backward computation proceeds against the direction of horizontal connections.

3

Imagine an incremental learning algorithm that gradually adds new hidden units placing each one
as the leftmost unit in the hidden layer. After adding the unit we keep the old parameters frozen
and adapt only the parameters of the new unit. This corresponds to adding a new term to the
partial continued fraction while the old terms remain the same. If the adaptation algorithm is
reliable! this sequence of partial fractions converges to the desirable function. In any case we can
rely on some gradient adaptation algorithm with known problems of local minima. Alternatively,
the Cascor algorithm can be used since the chain networks create a subclass of cascade networks.

IFor instance, suppose quite unrealistic case that the function has a form of a power series. In this case we can
use the Euler formula to explicitly compute parameters in each step.
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An interesting approach uses a result due to Viskovatov (cf. Danilov et al, 1961) about the continued
fraction expansion of rational functions. According to the following formula we can incrementally
create a continued fraction based on the coefficients of the rational function:

ajo +anr+ a4+ ...+ ap + ... _ aio (31)
Qoo +a01x+a02:c2 + ...+ agpz™ + ... a00+a270a€01
a10+a20+...
where
Amn = Am—1,00m—-2,n+1 — Am—-2,00m—1,n+1- (32)

Having the training set, we can imagine a gradient learning algorithm that fits the data by a
rational function. Using the above formula 31 one can directly set the parameters of a chain
network. Moreover, it is not necessary to have this interlink, since we can directly derive an adaptive
algorithm for the network parameters, which is based on the recursive formula 32. So far, this
approach works only for one-dimensional case but it would be possible to use the theorem 10 to
extend it to a multiple input dimension.

6. Discussion

In our considerations we used the simplest possible activation function of a single unit with respect
to the form of continued fraction. It is known from the continued fraction theory, that convergence
can be speeded up by the choice of polynomials of higher degree. The concrete usage of such
transformation is a question of balance between the complexity of one neuron computations and
the number of neurons in the network.

Approximation of functions by perceptron or RBF units can be seen as geometrically intuitive.
This is not true in the case of our chain networks, where the activation function, especially in
the complex domain, together with the gradual composition does not provide a simple view. On
the other hand, it follows from the continued fraction properties that the obtained approximation
should be optimal in a sense of the minimization of the number of multiplication and division
operations.
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Abstrakt

Multilayer feed-forward neural networks, trained by the Back-Propagation algorithm can
theoretically use any differentiable error function. Practically, however, almost only the
summed square error function is used. That means the error function _ (y — d)2, summed
over all training patterns and over all outputs, where d is desired output and y is actual
output. This error function, however, depends only on the difference |y — d|, which can in some
cases prove unsuitable.

This article studies an natural generalization of the standard error function, which does
not suffer from this problem — a function of the type E = > BIQ (d,y), where BIQ is a
biquadratic function. The features and convergence of the networks, trained using this type
of error functions is examined, and a possible method of the choice of its actual paramters is
proposed. The method is then experimentaly tested on the stock prediction problem.

1. Introduction

This article is proposing a possible improvements in the usage of the multi-layer model of neural
networks and its Back-Propagation training algorithm. We assume, that the reader is familiar with
both the model and the algorithm - they can be found either in the original [2] or in most of the
literature dealing with neural networks.

The BP-training algorithm of multi-layer neural networks is a gradient-descent method of
minimizing an error function. This error function can generally be any differentiable function of the
desired output d and the actual output y. Practically, however, the almost only error function used
is summed square error function, proposed already by the authors of the BP-training algorithm in
[2]. Tt is the function

m

1
=3 Z (yij — dtJ ; (33)

t=1 j=1

where p is number of the training patterns, m is number of the output neurons, y;; is the actual
and d¢; the desired output of the j-th output neuron on the ¢-th training pattern. This is a very
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general error function — it can be used for all kinds of numeric outputs. It is also a very natural
one — the greater is the difference between the desired and the actual output, the greater is the
error and the quadratic dependence strengthens the importance of major errors. It has, however, a
property, that we do not always like. The error depends only on the difference between the desired
and the actual output. That means, that every two pairs with the same difference between the
desired and the actual output will have the same value of error.

An example of a case, when this feature might be unsuitable is our sample task — prediction of
the stock prices. Our goal is to develop a prediction system, that would maximize our profit, if we
abide by its predictions. Let us imagine we have two cases with the same difference between the
desired and the actual value. The first case is that a strong rise of a stock was predicted, and in fact
stagnation (no change) appeared. The second case is quite opposite — stagnation was predicted
and a strong rise appeared instead. The difference between the predicted and actual value is the
same in both cases, and yet the second case is much worse for us than the first one, the worse the
greater the rise was. In the first case we have bought some shares (they were supposed to rise), but
even though their price did not rise, we can easily sell them back for the same price as we bought
them and thus lose only the transaction costs. In the other case we did not lose anything on the
first glance — we did not trade, because the prediction said there would be no change of price.
Looking more thoroughly, however, we find out, that we have lost a great chance for a profit. If we
had bought the shares, we could have sold them for higher price and have a big profit. Thus we
suffered an opportunity loss, larger than would be the actual loss in the first case. The error value
assigned to the second case should be higher than that assigned to the first case.

This kind of problems will probably appear in more problems, that we try to solve using neural
networks. We propose a partial solution — using a more general error function. In the following
text we will describe one type of such functions - a biquadratic error function.

2. Neural Predictions

Neural networks are widely employed in predicting various phenomena. In financial predictions
they proved to be a very useful tool and various methods how to improve their performance were
developed. Many ways of data preprocessing, making them more suitable for the network, can
be found in [4]. A very strong preprocessing method is Principal Component Analysis ([3]), that
enables to reduce redundancy and ortonormalize the training data in the input space. Another
methods address the problem of generalization — some of the approaches are forcing of a uniform
internal representation (the hidden neurons’ output is forced to have only certain values, see [5]
for details) or adding a random noise into the training data, thus making the network to respond
similarly on similar inputs ([7]).

The approach described in this article tries to improve the behaviour of the BP-networks in another
way. It can be actually combined with the above methods of data preprocessing and generalization
improvement, because it tries to improve another part of the BP-training algorithm — the error
function. The problems with various importance of the training patterns were already faced in
past. One of the solutions can be found for example in [1]. The idea was to have a variable learning
rate, instead of a fixed one, different for various training patterns. That means, that the patterns,
which are considered crucial for learning of the network, are presented to the network with a
higher learning rate than those considered less important. The other approaches are similar — it
is possible instead of increasing the learning rate for the important patterns to present them more
often to the network, or even to discard some of the less important data from the training set.

There is a common idea behind these methods — we have (empirically) chosen some of the training
data as more important and we try to make the network to learn them better. We do not change
the error function — we only make longer (or more) steps through the same one. In some cases
this can work very well. For example if our task was to make an alarm system for a nuclear power
station, and a vast majority of the data we had available were from the quiet periods when nothing
interesting happened, we might wish to stregthen the few data we had from the accidents or another
interesting periods.
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In our stock price example, however, the situation is different. It is difficult to decide, whether a
training pattern, consisting of an input and a desired output, is important or not. On the other
hand we can say, given the desired output and the actual output, how good or bad such a situation
would be for us. In another words, how big error value should be assigned to it — but this error
is not the same for every pair of patterns with the same difference between the desired and the
actual output. This is impossible to achieve using the standard error function (33). We need a more
general error function, that would be able to teach the network the extra knowledge we have.

3. Error Function

Biquadratic Error Function: We are now in the following situation: we choose a set of
points in the two-dimensional space of the desired and actual outputs, for which we empirically
decide what error value they should have. In the stock prediction example we can for instance
make a table similar to Table 1.

Actual output
Desired output [[ 0.25 [ 0.50 [ 0.75

0.25 0.5 2 4
0.50 1 0.5 1
0.75 4 2 0.5

Tabulka 1: Empirical error values

We predict stock price changes. The actual values are those predicted by the network, the desired
ones are those really achieved on the market. All the price changes were transformed into interval
(0,1) so that they could be predicted by neuron’s output - 0 represents maximum fall of price, 1
represents maximum rise. Obviously the error is lowest in the case that the prediction was correct
(the same actual and desired value) and highest when the prediction was completely wrong. The
rest of the cases is interesting — they represent our extra knowledge. The cases where a price
change occured, but the network predicted stagnation are worse for us, and thus are assigned
higher error value, than those where a stagnation occured, while the network predicted a change.

This was an example — in the general case we will have a set of points P = {(d;,y;, E;)},
representing the empirically chosen values of error for the given pairs of the desired and
actual output. These are, however, discrete values and for the BP-training algorithm we need
a differentiable error function. Generally we may approximate them by any differentiable function.
In our experiments we have chosen a biquadratic function of the form

BIQ(d,y) = Asd® + Ayd + Axy® + Ay + Cdy + D, (34)

where As,...,D are constants. The reason for this choice is that it is a function which is very simple
to compute, and easily differentiable — it is a multinominal in both its variables. It is a natural
generalization of the standard error function (33), that allows the error value to be independent
on the difference |y — d|. The actual values of the constants As,...,D can be obtained by any
interpolation method, that will fit a biquadratic function through the points from P — we have

chosen the least square method.

The error function then will be
1 - —
E =53 > BIQdy.yy), (35)
t=1 j=1

using the same notation as in (33).



Training algorithm: Now let us discuss how a change of the error function will affect the
BP-training algorithm . From the formal point of view there are very few changes — the derivation
remains almost the same. The gradient descent method is based on the equation

B_E
“bw’

where E is the error function, « is the learning rate and w is the weight we update. We apply this
rule on every weight of every neuron, each is changed in the direction of decreasing error. We can

(36)

w; ‘= w; —

express the crucial part % by applying the chain rule of derivatives and we obtain
08 _ 9B 0y an
ow Oy Ow’

where y is output of the updated neuron.

Only the first factor of this term depends on E — the rest will remain unchanged. In the case of
a hidden neuron this first factor is computed using the already computed error terms propagated
from the above layer (the basic principle of back-propagation) — this can again stay unchanged.
Thus, the only part of the derivation that actually depends on the shape of the error function is
the term %—Ij in the case of an output neuron. This term is also easy to differentiate, because FE is

a multinominal in y.

Thus, we could see that formally the change of error function is very easy and actually does not
affect the training algorithm much. In the following section we will however see that it affected the
actual behaviour of the network very much, and in the way we desired.

4. Experimental Results

Sample problem: We have chosen the problem of stock price prediction. The goal was
to predict the price change of the stock of the Czech Energetic Company CEZ on the Prague
Stock Exchange from the knowledge of five previous price changes, and the volume of trade,
supply/demand relation and long-term position of the price on the previous working day. The input
data were preprocessed by transforming into interval (0,1) and by applying Principal Component
Analysis ([3]). The details about the preprocessing are not important, because they were identical
for all the error functions; they can be found in [6] — the same methods like there were used.
All the networks had the same architecture (9-15-1) and learning rate (0.01). We carried out 100
experiments. In order to minimize the random influences, we generated the initial (random) values
of weights and thresholds only once during each experiment and used these common values for
both types of network. The available data were randomly divided into the training set (about
90% of the data), used for the training of the network and the test set, that is not presented to
the network during the training process. It was used for evaluating generalization abilities of the
networks. This division into training and test set was also identical for both networks trained in
one experiment. Thus during each experiment the two trained networks differed only in the error
function — we trained a network for each of the functions (33) and (35), the biquadratic function
was obtained by interpolating the points in Table 1 by the least square method. The networks were
trained until they reached an error goal, using the patterns from the training set. An error goal
showing the best results was chosen experimentally for each error function.

Measures of success: We have chosen four different ways to measure how successful networks
were in their predictions. In the results below each of these measures is given as the average over
the 100 experiments and stated apart for the training set and the test set. The first measure is
simply a mean error over all the patterns from the particular set. The second and third measure
are ratios of the predictions, that were in the same category as the result actually achieved on
the stock exchange. In the case of 3-way correctness the categories are rise (price change > 0.5%),
stagnation (price change € (—0.5%, 0.5%)) and fall (price change < —0.5%). In the case of direction
correctness we have only two categories — rise (price change > 0) and fall (price change < 0).
These measures, however, sometimes show results that are strange. For example a network that
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would always predict utter stagnation (0 price change) would be 100% successful measured by
direction correctness, but we would definitely not call such a network successful in the natural
meaning of the word. The other two measures can suffer similar kind of problems, though not so
extreme. That is why the last of the measures intends to model the profit that a real broker would
obtain if he abided by the predictions of our network. Let us denote the predicted price change
y, the one really achieved d and the transaction costs (we assume them to be proportional to the
value of traded stock) ¢, all in per cents. We assume that the broker has a certain amount of
shares of the given stock. If y < —¢, he will sell these shares and buy them back next day, when
(according to the prediction) the price should be lower. Analogically, if y > ¢, he will buy once
more that amount and sell it back next day. In another case he will do nothing — the possible
profit would not cover the transaction costs. The profit p from a single trading day then can be
defined as follows:

o y<—c=p=—d—c...wesold and bought back
e ye(—c,c)=>p=0...we did not do anything

e y>c=p=d—c...webought and sold back

The parameter ¢ is set to 0.2% — the value of transaction costs on the Prague Stock Exchange.

Results: The columns of Table 2 show the following information: the first two show the
error function used and whether the results were achieved on the training set or test set. Columns
3-6 show the average results of the networks achieved measured by the measures stated above.
The column labeled ‘Trading’ state the ratio of the trading predictions, that means predictions
that lead to a buying or selling of the stock, from all the cases. The columns labeled ‘Succ.” and
‘Crit.err’ are ratios of the trading predictions only. ‘Succ.” shows the ratio of successful predictions,
that means those where the price did actually rise or fall as the prediction said and we gained,
‘Crit.err.” analogically shows the ratio of critical errors, when the price went the opposite way and
we suffered a loss. The last column then states the number of training cycles, needed to train the
networks. Certainly more important for us are the results achieved on the test set, that show us
how well the network behave on inputs it did not know during training. The training results are
interesting when compared to the test ones, indicating, how well a given network generalizes.

E.f. Set | Mean err. | 3-way cor. | Dir.cor. | Profit | Trading | Succ. | Crit.err. | Cyc.
(%] [%] (%] [%] [%] [%]

(33) | Train 0.1419 60.44 81.72 | 0.4732 | T71.32 | 64.32 11.82 767
Test 0.1746 49.76 72.45 | 0.1110 | 72.23 | 50.38 24.12

(35) | Train 0.2083 44.81 78.47 | 0.3712 | 91.47 | 55.43 18.21 179
Test 0.2349 39.51 73.35 | 0.2035 | 92.60 | 49.04 23.11

Tabulka 2: Results of the experiments

There is a number of phenomena that deserve a comment in these results. First, the achieved
profits are not bad. The daily profits of 0.11% and 0.2% correspond to cca 30% to 50% per annum,
assuming 250 trading days per year. These are netto values, the stock exchange fees are already
comprehended, achieved in a generally decreasing market environment (the average price change
was about —0.075%). Even though we must take into account that this is only a model of profit
(it does not take into account all factors, for example that the shares are sometimes not available
to buy/sell), it is good for making a rough insight how high the profit might be.

We can see (and it is confirmed by examination of the original, non-averaged data) that the network
with the best gains usually have a very high direction correctness, but their mean error and three-
ways correcntess are usually poor. This is because the biquadratic error function is doing its job
— by increasing the error value of the mistakes made when predicting small or none price changes
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it makes the network to be more courageous. If we abide by its prediction, we would trade in more
than 90% of cases, even though in the whole data there is only 73% of cases, where the trade
makes profit. That necessarily leads to increasing of the error rate. Surprisingly, the success rates
decreased and critical error rates increased only on the training data, but on the test data they
remained almost the same. This, together with the fact that a more courageous network uses some
more trading chances, that a less couragous one would not detect, leads to a fact that while on the
training set the profits of (35) were lower than those of (33), on the test set it is opposite. That
can mean that the generalization abilities of (35) are higher, that the networks trained using this
function discovered some deeper dependencies in the training data.

Another interesting result is that the networks trained using (35) were also much faster to train
— they needed only about one fourth of the cycles to train, compared to (33). The last remark:
because of the rather large number of experiments carried out, the results are statistically reliable.
All the watched quantities were subjected to pair t-test for the hypothesis that the mean values
of the random quantities for error functions (33) and (35) are equal. All of these hypotheses were
rejected with the significance level (probability, that we reject a valid hypothesis) lower than 1%.

5. Conclusions

In this work new forms of error function for multi-layer neural networks trained by the BP-training
algorithm were proposed. The goal was to enable inclusion of the empirical information we have
about the training patterns, which have the same difference between the desired and the actual
output. This was impossible using the standard error function, based just on this difference.

We have seen, that achieving this goal is possible, that training of the networks using this forms
of error functions converges to reasonable results. Measured by the profit-based model of success,
the networks trained using the new error functions achieved even better results than those trained
using the standard one.

The aim of this article was to examine, whether the neural networks’ performance in predictions
could be improved by using a more general error functions and it seems it could. There certainly
remain many questions worth further research, besides others to examine another forms of error
functions and another measures of success. It might be interesting to derive an error function based
on the profit model — to try not to minimize error, but to maximize profit. The rather good results
of the networks trained using the profit-based biquadratic function are promising.
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obor studia:
Teoretickd informatika

Metodam podpory rozhodovani v mediciné vénovalo velkou pozornost mnoho vyznamnych
odborniku. Napiiklad Braude [1] pojimal medicinskou informatiku jako aplikaci pocitacové védy
do 1ékarstvi a zdravotnictvi, kterd zahrnuje zejména néasledujici oblasti:

e reprezentace znalosti, principy vytvareni bazi znalosti a databazi v mediciné

e studium vlastnosti ptrirozeného jazyka v medicinském kontextu a metody zpracovani textové
informace

e metody umélé inteligence, aplikované na baze znalosti a p¥i vytvareni expertnich systému

e studium lidskych faktoru pi¥i ukldddni a vyuzivani znalosti v pocitadi a p¥i pouZivani
konzultacnich systému

e metody rozhodovani a feSeni medicinskych problému
e analyza podstaty medicinskych znalosti a jejich vyznamu pro klinické aktivity

e studium vlivu pokrocilych pocitacovych technologii na ustdlené postupy pii zjistovani,
prendSeni a vyuzivani medicinskych znalosti

Zduraznéni velkého vyznamu medicinské informatiky pro podporu rozhodovani, zejména v lékafem
fizené péci o nemocného, nepochybné prispélo k jejimu rozvoji, zejména v USA.

V mediciné je rozhodovani zalozeno na dvou zdkladnich typech znalosti: védeckych znalostech
(poznéni podstaty problému a procest biomedicinskym vyzkumem) a empirickych znalostech
(zkuSenostech, ziskanych prfi diagnostice a 1é¢bé pacientu). Oba typy znalosti jsou popisovany
v ucebnicich a dalsich odbornych publikacich a zejména védecké znalosti jsou vyucovany na
lékarskych fakultach. Védecké znalosti (know-how) jsou kognitivniho typu, tj. pozndvdme podstatu
biologickych procest, vztahy mezi patofyziologickymi podminkami a p¥iznaky nemoci. Klinickd
zkuSenost, soustifedéna v dobfe vedené dokumentaci o nemocnych a v pocitacové formé uloZend v
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databdzi nemocnych, tvoii empirické znalosti (know-why): 1ékaf zjisti urcité ptiznaky a na jejich
zékladé rozpozna chorobu pacienta.

Na rozdil od ¢innosti lidského mozku, proces rozhodovani za pomoci pocitace musi byt zcela
presné popsan. Systémy pro podporu rozhodovani mohou tedy pracovat podle zvoleného modelu
rozhodovéni na zdkladé ruznych metod. Tyto metody lze zhruba rozdélit na statistické, logické
a heuristické. Ke statistickym metodam patii napiiklad zndmé Bayesovské rozhodovani, mezi
logické metody rozhodovaci stromy a k heuristickym metodam fadime takové expertni systémy,
kdy odvozovani zavéru o vySetfovaném pacientovi probiha s vyuzitim b&azi medicinskych dat a
znalost{ pomoci elementarnich rozhodnuti typu ANO-NE.

S rozvojem novych informac¢nich technologii se zda byt pfirozené, ze v blizké budoucnosti se
pocitace stanou cennym pomocnikem lékare v ndro¢nych rozhodovacich situacich. To predpokladali
jiz v Sedesétych letech Ledly a Lusted [2], ale jejich vize se v tehdy nenaplnila. Vyvijené systémy pro
podporu rozhodovani byly pfilis ambiciézni. Snazily se pokryt problémy z celé klinické mediciny
a malo se orientovaly na praktické potieby lékaiu, kde by mohly poskytnout G¢innou pomoc i
pii pomérné malo rozvinutém technickém vybaveni pocitac¢u. Toto pocatecni selhani systému pro
podporu rozhodovani 60. let vedlo k tomu, ze v 70. letech se pozornost soustiedila na vytvareni
systému, zamérenych do uzsich oblasti mediciny. Typickym piikladem je systém pro diagnostiku
ndhlych bolest{ bficha vyvinuty v Leedsu [3] a diagnostiku Zloutenky, jejichZ baze dat se tykaji
uzké medicinské oblasti a k odvozovani zavéra vyuzivaji Bayesovsky model rozhodovani. Soucasné
se zacCaly vyvijet techniky umélé inteligence podporujici lepsi formalizaci medicinskych znalosti. K
vyznamnym systémum zalozenym na znalostech patii naptiklad PIP [4], CASNET [5], MYCIN [6]
a INTERNIST-1 [7], které pouzivaly ruzné techniky pro reprezentaci a ukladani znalosti [8].

Systémy pro podporu rozhodoviani jsou v soucasné dobé predmétem intenzivniho
interdisciplindrniho vyzkumu. Pfedmétem mého piispévku budou vysledky reSerse, provedené
prostiednictvim MEDLINE a na zdkladé informacnich zdroju z kongresit MEDINFO, MIE, z rady
Yearbook of Medical Informatics a dalsich literarnich zdroju.

Podpora rozhodovani je casto zalozena na znacich o nemocnych, uklddanych v rozsahlych
medicinskych databézich. V tomto piipadé je cilem vyzkumu vyhledavat takové znaky, které
umoznuji kvalitni rozhodovani pro dany medicinsky problém. Pro tento Gcel jsou vyvijeny ruzné
metody pro redukci a konstituci dat a vybér relevantnich znaku pro rozhodovéani.

Piistup, kterym se podrobnéji zabyvam, vychazi z metod teorie informace, podrobné popsanych v
pracich [9], [10], [11]. Pfistup je zaloZen na informaé¢nich mirach stochastické zavislosti a podminéné
stochastické zavislosti. Jedna se o nezaporné ciselné charakteristiky, vyjadfujici silu stochastické
zavislosti mezi dvéma proménnymi (resp. silu podminéné zavislosti mezi dvéma proménnymi pii
zadané hodnoté tfeti proménné). Zakladni pozadavek, ktery informa¢ni mira musi splhovat, je
nulovost pravé tehdy, jsou-li uvazované dvé proménné nezavislé (nebo podminéné nezévislé). Tyto
miry jsou studovény v teorii informace jako ndstroje pro odhad Bayesovského rizika. Dulezité
vlastnosti mér zavislosti byly zminény jiz v 60. letech jednim ze zakladatelu ¢eské Skoly teorie
informace A. Perezem [12][13]. Nejéast&ji pouZivanou mirou zavislosti je mira, zalozend na klasické
Shannonové informaci. Kromé této miry existuji dalsi, zaloZené na obecném konceptu f-informace,
navrzeném I.Vajdou [14][15]. Déle bylo ukézano, Ze multiinformace, slouzici jako mira vzijemné
zavislosti [17][18], m& blizky vztah k podminéné Shannonové vzajemné informaci, ktera slouzi jako
mira podminéné stochastické zavislosti.

Ptipomenme definice nékterych informacnich mér pro diskrétni piipad. Necht V je neprazdnd
kone¢nd mnozina proménnych, pro kazdou proménnou v € V symbol R, oznac¢uje konecnou
neprdzdnou mnoZinu jejich moznych hodnot. Pro kazdé § # A C V budeme oznalovat Ry
kartézsky soucin [[,c 4 Ro.

Necht P je pravdépodobnostni distribuce na Ry . Mdme-li ) # A C V, margindlni distribuce P na
R4 oznacovana P4 je definovana vzorcem

PA(y) = Z{P(y,z);zERV\A} pro kazdé y € R4.

o6



Vyraz PV budeme zkracovat na P a vyraz P’ bude zkracenou formou P kde i € V. Protoze
Y {P(2);z € Ry} = > {P(2); 2 € Ry} = 1 podle definice distribuce pravdépodobnosti,
ptijmeme v nésledujicich vzorcich konvenci P?(—) = 1.

Je-li ) # A CV, entropie H(A) je definovédna vzorcem

H(A) = Z{PA(m)-lnPA;(x);xeRA , PAz) >0},

s tim, ze H(@) = 0. Multiinformace M(A) je v tomto piipadé definovédna vzorcem

M) = S{P ([, ed) I pis

kde z, € R, Vv € A, P([zy],c4) >0},
s tim, Ze M () = 0. Ob& tyto funkce jsou na V nezdporné.

Pro kazdou dvojici mnozin A, B C V, AN B = () Shannonova vzdjemnd informace je relativni
entropie PAYB vzhledem k sou¢inu P4 a PB:

PAUB
(a,5) ca€Ra, beRp, PAYB(a,b) >0}.

I(4;B) = Y {P"P(a,b)-In PA(a) PE(D)’

Vzhledem k tomu, 7e (viz. [10]) 0 < I(A; B) < min{H(A), H(B)} je Shannonova informacéni mira
A na B, kterd je definovéna jako 6(A|B) = I(A4; B)/H(A) vidy realné ¢islo mezi 0 a 1.

Pro kazdou trojici mno%in A,B,C Cc V, ANBNC =  je Shannonova podminénd vzdjemnd
informace definovana jako

PAYBYC (g b ¢) - P9(c) _

PAUO(a,c) -PBUC(b,c) !

a€Rs,beRp, ceRe, PAYBY(a,b,c) >0}.

I.(A; B|C) = > {P*YPY(a,b,c) - In

Shannonovu podminénou vzéjemnou informaci 1ze rovnéz spocitat pomoci multiinformace

I.(A; B|C) = M(AUBUC) + M(C) — M(AUC) — M(BUC).
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