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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 a system is
described as a collection of components along with the interactions among these components.
Even though the system’s main building blocks are components, the properties of the system
depend strongly on the character of the component interconnections. This fact gave birth to
a connector as an abstraction that provides software developers with a way to capture the
nature of connections among components.

In this paper, the authors aim at analyzing the variety of possible roles that connectors can
play in component-based systems, and proposing a connector architecture best fitting most
of the identified connector roles. This is illustrated on a case study of connectors designed for
the SOFA/DCUP component model.

1. Introduction

A few years ago, the trend to construct software systems as a collection of cooperating reusable
components appeared and has become widely accepted since. Apart from several academic research
projects dealing with components [4, 6, 17, 5, 2, 1, 16], several industrial systems are now also on
the market [22, 23, 13, 14, 24].

As for components, there is a broad agreement on grasping them as reusable black/grey-box
entities with a well-defined interface and specified behavior. Usually, a component can have multiple
interfaces; some of them to provide services to the component’s clients, other to require services
from the environment. Components can be nested to form hierarchies; a higher-level component
can be composed from several mutually interconnected, cooperating subcomponents. To describe
a component’s interface and its architecture, many so-called architecture description languages
(ADLs) [4, 17, 2, 1, 11] have been designed.

Connectors are architectural elements representing component interconnections. Even though the
notion of connectors originates in the earliest papers on software architectures [19], no general
consensus on whether connectors are really necessary has been reached until now. There has



been a big struggle among researchers; protagonists of this idea argue for connectors saying
that communication mechanisms have to be separated from components to increase components
reusability (the same component can be used in a variety of environments with different
communication primitives); their opponents challenge this by stating that there is a little difference
between connectors and components and therefore there is no need for distinct abstractions
(communication mechanisms can be separated from “business” components to form dedicated
“communication” components).

1.1. The goal of the paper

Originally, the SOFA/DCUP component model [8] did not include explicit connectors.
Interconnections among components were primitive bindings of exported interfaces; any non-trivial
interconnection semantics was supposed to be modeled via special “communication” components.
But, naturally, it became obvious that a communication component differs from a business one in
several significant aspects. (1) A “business” component is usually deployed on a particular node
in the network, while the “communication” component usually spans several network locations
depending on the deployment of the “business” components it connects. (2) “Business” components
are autonomous elements encapsulating functionality, while “communication” components exist
only to serve the communication needs of others [18]. (3) “Communication” component types are
more generic than the component types of “business” components (e.g. a type of a communication
component need to be parameterized by the actual interfaces of the components to be connected).
These facts led us to the decision to adopt connectors to the SOFA/DCUP component model to
replace the non-explicit “communication” components.

The main goal of this paper is to identify and analyze possible roles of connectors in component-
based systems, and, based on the analysis, to propose a connector architecture fitting well the roles
identified.

The paper has the following outline - a brief overview of the existing approaches to specifying
component interconnections is presented in Section 2. Section 3 summarizes the identified
variety of possible roles of connectors in component-based systems. A conceptual design of
connectors is proposed in Section 4. As a proof of the concept, connectors are adopted to the
SOFA /DCUP component model in Section 5. Finally, the main achievements and future intentions
are summarized in the concluding Section 6.

2. Connectors in Current Component Models

(From the related work [4, 17, 2, 1, 11], three basic approaches to specifying component
interconnections can be identified. According to the widely accepted terminology [20, 3], these
are:

e Implicit connections. A typical representative of this approach is the Darwin language [4].
The connections among components are specified in terms of direct binding of requires to
provides interfaces. The semantics of a connection is defined by the underlying environment
(programming language, communication primitives of the underlying operating system, etc.)
and the communicating components should be aware of it (e.g. to communicate, Darwin
components directly use ports in the underlying Regis environment).

o An enumerated set of built-in connectors. A typical representative of this approach is the
UniCon language [17]. When specifying the component interconnections, the developer is
provided with a selection of several predefined built-in connector types. Usually, all the
built-in connector types are intended to correspond to the usual communication primitives
supported by the underlying language or operating system (such as RPC, pipe, etc.). The
semantics of a connection is simply defined by the selected connector type.

e User defined connecors. A typical representative of this approach is the Wright language [2].
The connections among components are fully specified by system developers. The expressive



power of any language that belongs to this group should be rich enough to specify the behavior
of such user-defined connectors. For example, Wright uses modified Hoare’s CSP notation to
specify sophisticated protocols of component interconnections.

3. Possible Roles of Connectors

In this section, understanding a connector to be a first class entity representing a connection
between (among) two (several) components, we identify a variety of orthogonal roles that a
connector can play in a component-based system. Each of these roles covers a different aspect
of a connection.

e Connectors and communication techniques. The most obvious role of connectors is to specify
the communication technique used to implement a particular connection. A connector
specifies whether the communication is based on a procedure call, sending events, or, e.g., a
data stream. Each of these techniques has its own more detailed characteristics. A procedure
call can be local or remote. In the case of remote procedure call, various middleware can
be used to implement such a call - e.g. CORBA and Java RMI. A mechanism of sending
events can be based for example on an event channel, the publisher-subscriber pattern, or a
centralized event queue. Moreover, for a selected communication technology, a connector can
specify quality of service, i.e. whether a connection is optimized for performance, reliability,
security, saving network resources, etc.

e Connectors as interface adaptors and data convertors. While building an application
composed from reusable components, a system developer can encounter a need for connecting
two (or more) components through interfaces which are incompatible. If the corresponding
interfaces are “similar enough”, a possible solution is to mediate such a connection via an
adaptor converting the calls between these interfaces. A straightforward idea implied by this
thought is to conceptually include an adaptor into the connector abstraction. A challenge
for a future work is to devise a mechanism for automatic or semi-automatic generation of all
necessary interface adaptors and/or data convertors [15].

o Connectors as access coordinators and synchronizers. In some component models, the
ordering of method calls on component’s interfaces is important. The appropriate ordering
alternatives are usually specified as a part of the behavioral specification of the component
(e.g., interface protocols in SOFA [9], CSP notation in Wright). The synchronization of client
calls on component’s interfaces could be one of the connectors’ tasks.

e Connectors as communication interceptors. Connector is a handy abstraction to intercept
component communication without letting the participating components be aware of it.
An interception can be used for several reasons - to implement filters for the purpose of
cryptography and/or data compression, to implement mechanisms for a load monitoring of
a particular component in the system, to implement a mechanism supporting debugging
(breakpoints), etc.

4. Conceptual Design of Connectors

The proposed connector design (reflecting orthogonality of the connector’s roles identified in the
Section 3) has been inspired by an idea of open binding presented in [21]. Like a component,
connector, as an instance of a connector type, is an architectural element with well-defined interface,
architecture, and behavior. To illustrate the key concepts of the design, CSProcCall (client-server
procedure call) connector type (Figure 1a) is used.

4.1. Connector interface

A connector interface consist of (possibly) multiple provides/requires interfaces. In contrast to
component, connector interfaces are of two kinds: control and conntecting interfaces. A control
interface servers for an explicit interaction with the connector (e.g. to perform a control or
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Obrazek 1: An example connector architecture: CSProcCall connector type architecture (a), example
instances of CSProcCall connector type (b, c)

management operations), while a connecting interface is reflect the “connecting role” of the
connector - it is designed to support an interaction among components. Connecting interfaces
are typically abstract (generic) - it means that a concrete interface is substituted for an abstract
one at the time of the connector’s instantiation (CSProcCall’s abstract interfaces are CRoles and
SRole). For example, instances of the CSProcCall connector type can be used to issue a remote

call upon all possible server interfaces.

4.2. Connector architecture

A connector architecture describes an internal structure of a connector in terms of mutually
connected connector elements. Each of these elements is supposed to be responsible for performing
a particular role of the connector. For example, the CSProcCall connector type architecture consists
of the following elements: CFilter and SFilter (responsible for filtering communication), CAdaptor
and SAdaptor (responsible for adapting interfaces), Stub and Skeleton (responsible for performing
remote procedure call), and Synchronizer (responsible for clients’ synchronization). Most of the
connector elements are abstract (generic); concrete elements are substituted for abstract ones
at the time of connector instantiation. Some of the substituted concrete elements can be null.
Examples of the two possible CSProcCall’s instantiations are depicted in Figures 1b, 1c.

Note that connectors can be nested; a connector type can use an instance of another connector
type as its internal element.

4.3. Tailoring of connector instances

By tailoring of a connector instance we mean a process of the decision what concrete interfaces
and/or elements to substitute for the abstract interfaces and/or abstract elements of the
corresponding connector type. The process of tailoring has several phases. The first phase runs
during specification a system’s architecture. Based on the type of components the particular
connector instance connects, its concrete interfaces can be deduced. Also, a need for an interface
adaptor and a synchronizer to be employed may become evident. During the system deployment
phase, a deployment of a particular connector is derived from the deployment of components
connected by the connector. The need for elements performing remote communication arises for
a connector spanning several network locations. Some of the elements can be tailored at runtime
(e.g. setting up breakpoints).

5. Case Study

As a proof of the concept, connectors conceptually described in Section 4 have been embedded in
the SOFA /DCUP component model.



5.1. SOFA/DCUP component model

In SOFA [8], an application is viewed as a hierarchy of software components. In analogy with the
classical concept 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 template is a pair jtemplate frame, template architecture;. Template frame of the
template T defines interfaces of the T’s instances. These interfaces are specified as sets of services
either provided or required. Simply, template frame provides black-box view on T’s instances. To
provide gray-box view on T’s instances, template architecture is used. It describes the internal
structure of a concrete T’s instance in the terms of its direct subcomponent instances and their
mutual interconnections (ties). The template architecture can be specified as primitive which means
that there are no subcomponents and the frame is directly implemented using an underlaying
implementation language. The SOFA CDL (Component Definition Language) [11] is used to specify
a template’s frame and its architecture.

The DCUP architecture is a specific architecture of SOFA components which allows for their safe
updating at runtime. By updating we mean a process of changing component architecture within
a frame. For more details on structure of DCUP components and dynamic updates we refer the
reader to [8].

5.2. SOFA/DCUP connectors

In analogy with SOFA components, a connector in SOFA is a tailored instance of a connector
template. A “connector template” can be interpreted as a “connector type”. Alike a component
template, a connector template is a pair jconnector template frame, connector template
architecture;,.

A connector frame defines a connector’s interfaces using provides and requires clauses. The
difference to a component frame is that some of interfaces are abstract (see connecting interfaces
in Section 4.1). A connector architecture specifies a connector internal structure in terms of nested
elements and their mutual binding. Some of the internal elements are generic; a concrete elements
are tailored at a connector instantiation time.

The DCUP architecture allows for safe connector updates through a connector’s
ConnectorUpdatelnteface.

To save developers time otherwise needed to specify a frequently used connector types repeatedly,
SOFA/DCUP predefines a set of basic connector types. Predefined connector types with well-
defined interfaces and architectures in SOFA/DCUP are supposed to be CSProcCall for a client-
server communication based on procedure calls, EventDelivery for a communication based on
sending events, and DataStream data stream for a communication based on data flow. The
architecture of the CSProcCall connector type is depicted in Figure 1 (Section 4). The fragment
of its CDL specification looks as follows:

connector frame CSProcCall {
provides: abstract CRole[];
requires: abstract SRole;

IE

connector architecture CSProcCall version vl {
inst CFilter cf[];
inst CAdaptor ca[];
inst Stub st [];
inst Skeleton skel [];
inst Synchronizer sync;
inst SAdaptor sa;
inst SFilter sf;

delegate CRole[] to cf[]. Iprov;



bind cf []. Ireq to ca[]. Iprov;
bind ca[]. Ireq to st []. Iprov;
bind st []. Ireq to skel []. Iprov;
bind skel []. Ireq to sync.Iprov;
bind sync.Ireq to sa.Iprov;
bind sa[]. Ireq to sf.Iprov;
subsume sf.Ireq to SRole;

IE

For sake of brevity, the CDL specification of the other two predefined connector types is omitted
in this paper.

5.3. CDL specification language

To specify component s interfaces, behavior, and architecture, SOFA CDL (ComponentDefinition
Language) has been designed. With introducing connectors as first class entities to SOFA/DCUP
component model, a need for minor modification of this language has naturally arisen. These
modifications include the new keywords using and bind together. Desired usage of these elements
illustrates the fragment of the CDL specification describing the bank dealing system application.

system BankDealing version vl {

inst Receiver rec;

inst Parser pars;

inst Supervisor sup;

inst DataStore ds;

for i=1to 4 do

inst Dealer dealer [I];

done

inst DataStream C3;

inst EventDelivery C4;

inst CSProcCall C5, C6;

bind rec.cons to pars.cons using C3;

bind together pars.l, d[1].up, d[2].up, d[3].up, d[4]. up using C4;

bind together d[1].ap, d[2].ap, d[3].ap, d[4]. ap, sup.si using C5;

bind together d[1].ds, d[2].ds, d[3].ds, d[4].ds, ds.dsi using C6;
b

The stream of business news from all of the world’s stock exchanges is received from the Reuter’s
satellite broadcasting and parsed to filter the relevant information. The selected information is
send in a form of an event to the bank’s dealers to help in their decision whether to buy or sell a
stock. Each new deal is inserted to a database. Deals exceeding some limit have to be approved
by supervisor. At least three different communication technologies can be found in this scenario:
a data flow between the Receiver component and the Parser, sending events from the Parser to
bank’s Dealers, and Dealer’s procedure calls on the DataStore and Supervisor components.

6. Conclusion

In this paper, we have supported the idea of introducing connectors as first class entities in
component-based systems. The benefit of this approach is a clear separation of components and
their communication mechanisms which increases component reusability. We have relinquished our
(original) approach based on introducing communication components (as a special case of bussiness
components) because we identified inherently specific properties in communication components
deployment, genericity, and autonomy. (As an aside, in our opinion a significant drawback of the
Darwin language is the absence of any kind of communication separation).

Furthermore, we have identified the possible roles of connectors in a component-based system, and
have provided a conceptual design of connectors reflecting the orthogonality of the roles identified.
The developer is free in construction of new (user) connector types with an arbitrary combination
of the orthogonal roles of connectors (in this respect, our approach is not so restrictive in defining



connector types as the UniConn’s approach with a fixed set of predefined connector types). Also
retaining SOFA/DCUP connectors in the implementation (advantage over the Wright language)
has some benefits - connectors can help in, e.g., load balancing, debugging, and dynamic system
reconfiguration (through the mechanism of DCUP connector’s updating).

Our future work will be focused on finding techniques allowing for an automatic (or at least semi-
automatic) generation of connector elements, including interface adaptors, stubs and skeletons for
remote communication, etc. We believe that this could be done by defining a mapping of every
abstract connector element to the programming language used to implement concrete connector
elements. Based on the mapping defined, a concrete element will be generated each time a concrete
value of an abstract element’s parameters is set. Another issue we intend to target is to design
some kind of deployment descriptors. This work could be inspired by the CORBA Component
Model’s deployment descriptors which are based on the XML notation.
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Object Oriented Paradigm in Distributed Systems

Abstrakt

This paper presents todays industrial java component model - Enterprise JavaBeans (EJB).
This component model is also getting more popular not only in industrial area, but education
and research areas. Since the first version the EJB specification has been heavy evaluated,
thus creators has started work on new version. The paper shows weak points of Enterprise
JavaBeans component model with respect to generalization and enhancements. Further in the
paper, there are proposed ways of solving these problems.

1. Introduction

Current software architectures has been moving towards larger software elements. These trends
change software development from procedure based to component based design. One of merits
of component design is creation of architecture description language (ADL) and component
description languages (CDL) [2], which simplify description of software architecture and increase
reusability of software elements (component). Such componet, together with its description, can be
employed in different software project without changes in its source code. On the other side, there
is a risk of insufficient description of a component, that can ends with unstable or non-reliable
software system.

In next subsections, the brief overview of component models and Enterprise JavaBean (EJB) model
are presented. Following section presents enhancements of the EJB architecture. The last section
contains conclusion.

1.1. Component models

There is a number of academic component based software architectures. The well known are Writght
[5], C2 [7], Rapide [8] and SOFA/DCUP [2]. All of them faces the same problem - how to describe
component’s behaviour, requirements on hosting environment and provided services. Component’s
functionality is provided by interfaces (set of methods or set of accepted and emitted events)
together with some metainformation such protocol [3] specifing expected behavior. Industrial
software world is also heading to components. The most widely used architectures are CORBA
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[10], COM/DCOM [12], JavaBeans [13] and Enterprise JavaBeans [1]. Some of the have a one
problem and one advantage compared to academic ones. The problem is, that they focused on
specific part(s) of usage. The advantage is, that they have been fully implementated, not only as
a “proof of the concept”.

Unfortunatelly, these architectures are proprietary solution, thus there is no possibility to reuse
components among them. Currently OMG [11] is trying to incorporate other component models
(EJB) to its component model and create mapping to another component architecuters.

1.2. Enterprise JavaBean component model

The Enterprise Java Beans (EJB) [1] architecture is the one of the commercial component
architectures. The EJB architecture is tightly bound to the Java language and environment. EJB is
based on the concept of EJB container, which provides services (transactions, persistence, security)
to inserted (deployed) components (beans) during runtime. Also, the EJB container manages the
life of the deployed beans. The EJB specification introduces two phases of a bean s life: deployment
and runtime. At the beginning of the deployment, the EJB container creates wrapping code to
contacting the provided services (transaction, persistence, and security) by some of the business
methods of the Remote interface; the wrapping is specified by the Bean s DeploymentDescriptor.
Then, the bean is inserted (deployed) into the EJB container. At runtime, the wrapping code and
the bean code are executed as a part of the EJB container. This way, the functionality of a bean
(at its Remote Interface) can be parametrized by its DeploymentDescriptor, i.e., without the bean
s object code involvement.

2. Enhancements of the EJB component model

Current EJB component model is focused on specific area of usage - business components,
which requires transaction processing and persistent behavior. For simple and middle-complex
applications, this seems to be sufficient, but how to provide more complex services to the
components, how to ensure, that the component deployed in one place and rely on local services,
will be connected to the services with the same behavior? Compared to the C2 [7] or SOFA/DCUP
[2] the EJB’s capabilities are limited. The goal of this paper is to propose extension compatible
with [2] [3] [6] [9] to the EJB component model.

2.1. Multiple interfaces

The EJB component serves only to one purpose, that is given by its interface. Thus the component
cannot provides different levels of service (for example defined by security restrictions). Common
solution to that is providing of multiple interfaces - componen offers different “set of services” to
the client and these “set of services” can be base on type of the client (e.g. untrusted client cannot
access interface for managing accounts).

Technically, an EJB component’s home interface would contain new method(s) to traverse available
interfaces. To be compatible with current specification, one interface will be default.

2.2. Asynchronous invocation

Synchronous method invocation mechanism is not efficient in situations requiring late delivery
of results (e.g. mobile computing or long time computing - client computer can be disconnected
from the application and connected later to get the results). That can be achived by asynchronous
invocation implemented by Java Messaging System. Another usage are event-based systems, where
interfaces are not given as a set of methods, but as a set of events. Then some componets acts
as a sources of events and provides “channels” and some components acts as a listeners who are
connected to the channels. Thus asynchronous invocation can bind more then one listener to one
channel.

To add asynchronous invocation pattern to the EJB component model, the multiple interfaces are
required. The basic idea is to add new interface for each type of accepted and/or provided event.
This approach does not affect old EJB client, because these interfaces will be hidden to him.
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2.3. Provides and Requires

Application is composed of a number of components. The bindings between components is given
by provides and requires interfaces. When a component requires an interface, the system (in the
EJB model, this is the EJB container) has to find component or a service which provides requested
interface. Then these two interfaces are connected. If interfaces consists of methods, the binding
between provides and requires is 1 to 1. If interfaces consists of events, the binding between provides
and requires is 1 to N.

To accomplish that, the EJB model would enhance its component’s deployment descriptor of
provides and requires property (list of provided interfaces and list of required interfaces). During
the deployment, this information will be processed by the EJB container to resolve all dependecies
between deployed components.

2.4. Versioning and protocols

The EJB components are black-boxes and an functionality is given by theirs interfaces and theirs
implementation is hidden. The EJB model also does not deal with different versions of components
and compatibility between them (e.g. an old component is replaced with new one; then because
of the new one can be implemented using different techniques, the problem of incompatibility can
arise). The solution to that problem is usage of behavior protocols [3]. Behavior protocols describe
the sequences of invocation on requires and provides interfaces of components. In [3] compatibility
between behavior protocols is defined, thus the compatibility between versions of a component
can be specified. The protocol of component would be stored in deployment descriptor and check
only during component’s deployment. There is also another approaches to versioning based on a
number systems (e.g. 1.2 or 45), but they have not strong describing capability. Another approach
is to used lattices as propesed in [4].

2.5. Generic EJB container extension

The EJB container is the life-space for all EJB applications. It manages component’s lifecycle and
provides services for it. Service can change the behavior of component in two ways. The first one
change the lifecycle management and/or invocation mechanism using aspect oriented programing
or wrapper technique. In this case, components have limited access to service, but this service
is transparent for component itsel and client too (e.g. security and persistent service is handled
transparently to component). The second one is to provide interface to the services (e.g. transaction
service is provided by interface to transaction object). The problem is, that only fixed set of services
is given by the EJB specification - transactions, security and persistence. Behavior of these services
is described in the EJB specification and should be the same for all containers.

But how can the new service should be added and should be specified? There could be specialized
“service component” with specified priviledges to access internal structures of the container
(necessary for persistence). Such component will have provides interfaces for components and
requires interfaces, which could be binded to provided interfaces by another service component.
Service will also be described by protocol. Weak point of this approach is access to internal
structures of the container. Another way is to insert service’s code into the container and provides
interface and protocol to components.

3. Conclusion
The Sun Microsystem’s Java Specification Request asks for specification proposal for new version

of EJB model. This paper presents extensions to the EJB component model and problems with the
theirs incorporation to the current EJB specification. These extensions will be futher evaluated.
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1. Overview of HIS in the Czech Republic

Health Information System is a system which covers all areas of systematic entering, storing and
processing of the data in a hospital. Creating of Health Information System demands challenging
labor of specialized teams (physicians), analysts, programmers and other professions. Introduction
and operation of such a complex system is expensive (hundreds of thousands - millions of USD)
and its lifetime is 6-12 years. The environment of the system often rapidly changes (hospital
infrastructure, legislation), increases volume and quality of processed data, new technologies

appear. That’s why the right selection of appropriate HIS is so important.

In the Czech Republic there are 207 hospitals (including 23 large regional or teaching hospitals
with more than 1000 of beds) directly managed by the Ministry of Health. Most of the other
ones are small hospitals which are part of governmental property. Only 12 hospitals are private
ones belonging to church or companies. Nowadays there are about 40 hospitals with full Hospital
Information System (HIS) consisting of following modules:

e patient management system

e patient care system

hospital management system

clinical information and reseach system.

Unfortunately in the rest of hospitals there are only parts of HIS, mainly concerned with hospital
accounting system. Just several hospitals (about sixty) are running isolated modules of HIS without
interaction. Here are some examples:

e finance and billing payment from insurance companies

e laboratory information system
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e resource management and staff scheduling
e cathering

e transport and pharmacy.

In several hospitals there are also clinical modules for patient management systems but only for
isolated units, e.g. surgery, hematology, stomatology, gynaecology.

The great problem to introduce HIS in the Czech Republic is a great deficit of financial resources
for investment. For example to purchase HIS hardware and software for a large hospital with ten
departments means the investment about 8 millions of USD. The investment is not possible to
realize without a state financial support. Also the choice of HIS for the large hospitals is a difficult
problem because of the small number of offers from companies. The main difficulties concern
following differences: language, law, accounting system, interface system of insurance companies,
interface system for statistics, national standards for health informatics and traditions of Czech
physicians. The most of foreign companies seek for the first HIS contract with the aim to test their
software in national conditions. By this way the large hospitals are in fact laboratories for software
development with the consequence that the final solution and HIS implementation is postponed
to infinity. Nowadays 8 large Czech hospitals are in such a situation and no hospital has quite
completed HIS.

We can state that specification of HIS in the Czech Republic is following: Database environment:
ORACLE (the most frequent), INFORMIX, PROGRESS (for small applications), MUMPS (rare).
Trading names of HIS software in the Czech Republic are: SMS (USA), AMIS, SAS, LOGIS,
STAPRO, SIEMENS NIXDORF (Germany), PCS, APP, SYSTEMA (Austria).

The first experience showed difficulties in training of health personnel, problems with national
differencies lasting 3 years and finally the transfer to Czech laboratory information system from
Ostrasoft company.

Smaller regional hospitals with hundreds of beds are in better situation. Here the investment for
HIS is about 1 million of USD and there is large choice of software. The above stated number of local
and foreign companies can be enlarged upon ten companies, HiComp Systems Brno, STEINER,
DIALOG Brno etc. Removing of the national differencies of HIS is for a small hospital easier and
more successful. There are 40 small hospitals with working HIS in the following cities, e.g. Breclav,
Uherske Hradiste, Ceska Lipa.

The project of building HIS in the Czech Republic is very topical [1]. First of all, to finance HIS
is a difficult task because of insufficient payments from insurance companies. On the other side, a
working HIS is the main assumption for the high rentability of a hospital due to possible savings
of one third of expenses. From the point of view of the Ministry of Health the main problem is a
chaotic development of HIS without considering basic principles of HIS unification in the Czech
Republic. All HIS should satisfy the following standards:

e methods and standards of the National Information System that is quaranted by the Institute
of Health Information and Statistics of the Czech Republic (data for health yearbooks, OECD
and WHO);

e data standards for patient data transfer among information systems of health care providers;

e national codes of laboratory items for sharing of the results of measurements between
physicians and other users;

e obligatory interface for statistics;
e obligatory interface for health insurance;

e obligatory interface for Financial Offices;
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e recommendation of the Ministry of Health on data protection;

e data standards for communication with governmental offices.

Another problem is connecting HIS into the national health data network, in fact to their virtual
private nets for running health registers like waiting list for organs transplantation, register of
cardiovascular interventions, national oncological register, register of unwanted blood donors.
Further problem is monitoring of costing and budgeting of large hospitals directly managed by
the Ministry of Health. There are being run first pilot projects implementing electronic (chip)
health cards for citizens in a town of Litomerice [2]. These cards are also part of HIS in these
projects. However, this is the nowadays concept of the Ministry of Health in the Czech Republic.

2. Multimedia electronic patient record ORCA

The project 14C of the 4th Framework Programme (1996 - 1998) was carried out for the further
advancement of cardiac care. It was focused on clinical applications and its main goals were as
follows.

e integrated access to data wherever stored;
e support of evidence-based care by remote electronic consultation and peer review;

e more comprehensive and more consistent recording of patient data, images, videos and
biosignals, all combined in a multiple patient record.

With the support of the 14C project the new approach for multimedia electronic patient record
has been developed.

Multimedia patient record ORCA (Open Record for CAre) is a system that integrates a possibility
of structured patient data entry including history, medication, symptoms and more with multimedia
objects as ECG, angiography or laboratory data [3]. Data can be entered either using prepared
custom forms for special purposes or directly using a knowledge tree. Structured data facilitate
statistical proccesing and translation of entered data into other languages. When it is impossible
to enter determined facts using information in a knowledge tree, Orca provides a possibility to
insert free text entry into the patient record. However, the prefered way is the structured data
entry. Current version of Orca includes a knowledge tree and user interface translation into eight
languages, including Czech, translated at the EuroMISE center (Orca’s menus and user interface)
and University hospital in Prague (Orca knowledge base). Translated versions were then returned to
the project coordinator. The Orca system uses client-server model, which gives good performance,
security and scaleability. For small installations like general practicioner’s office, Orca can be run
on a single computer with Windows95 using locally installed Interbase SQL server. The project
I4C-TripleC intends to validate integrated workstations and ORCA system in three hospital in
Central Europe (Prague, Bratislava and Caslav) to support the continuity of cardiac care.

The system will be used for cardiology patient data collecting with the aim to test functionality
and usability of the system in specific conditions of our countries. Collected data then will be
analyzed during research part of project using many tools and methods.

In our case the aim of the research is to search signs and symptoms relevant for decision making in
the defined medical problem. The decision problem can be described as it follows. Our diagnostic
hypothesis concerns a small disjunct set of decision variables Y, which we call dependent variables.
Our task is to find a nonredundant set of symptom variables X called set of independent variables,
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such that knowledge of values for X makes it possible to estimate with high credibility values in Y.
Each variable in X has its own weight describing cost of getting values of variable. We can figure
this weight as a cost of investigation, e.g. painful investigation will have the height weight. In the
process of searching of variables in X we should minimize the total weight of all variables obtained.
The approach is based on methods of information theory, described in [4], [5], [6], [7], [8].
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Abstrakt

Prispévek se nezabyvd regresni analyzou transformovanych veli¢in, nybrz regresi ve

N vivs

smyslu ndvratu k drivéjsimu vijvojovému stddiu, s niz se autor setkal pfi studiu transformaci
zachovavajicich tzv. kardindlni regularitu struktur méfeni zmény.

1. Uvod

Doktorand ma byt mlady. Ne kazdy vSak skutec¢né je. U doktoranda ve stfednim véku hrozi redlné
nebezpedi, Ze bude obtéZovat vzpominkami. Mlady doktorand nic takového délat nemuze, protoZe
ma cely zivot pred sebou, a tedy evidentné nemé nac¢ vzpominat. Pro uplnost dodejme, Ze neni
tfeba prili§ se obavat eventudlniho starého doktoranda — muze toho mit hodné za sebou, ale nejspis
mu nebude slouzit pamét.

Autor piekroéil letos na podzim prah stfedniho véku. Cten4fi, t&§ se.

2. Vychozi predpoklady

V détstvi jsem bydlel v budové internatu jisté skoly, a k mym nejmilejsim mistnostem v domé
patiila Gétarna. Svatkem pro mé bylo, kdyz jsem nékdy smél misto pani icetni séitat na stroji Nisa
sloupce “M4 dati” a “Dal”. Na rozdil od vétSiny vrstevniku jsem také rad listoval v Kordémském
[1] a Pionyrské olympiddé duvtipu [2].

Neni divu, ze si mé v mych patnacti ¢i Sestnacti vyhlédl maturant a pozdéjsi student MFF
UK Richard K., ktery k smrti rdd vypravél o ordindlnich ¢islech, nerozhodnutelnych vétach,
bijekci mnoziny na vlastni podmnozinu, Russelové paradoxu, neméritelnych mnozinach a dalsich
divech. Mnoho jinych potencidlnich obéti mu cca patnactitisicové Maridnské Lazné nenabizely —
RNDr. Milan Studeny, CSc. (UTTA AV CR a LISP VSE) dle mého odhadu tehdy jesté chodil
v ndmotnickém oblecku. Zvéstem, které Richard K. hlasal, jsem sice zpocatku naslouchal s jistou
neduvérou, ale nakonec jsem se s nimi szil natolik, Ze mi nezbylo, nez také studovat na MFF.
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Moje curriculum na fakulté pohfichu neobsahovalo Zadny kurz teorie mnozin nebo logiky, ale
i v analyze byla prilezitost pokochat se tfeba spojitym zobrazenim tsecky na ¢tverec a podobnymi
bizarnostmi, které se ve svété normalniho smrtelnika nevyskytuji. Z “kouzel” tohoto druhu se mi
snad nejvice libila konstrukce funkci f : R — R (kde R je mnozina vSech redlnych ¢isel), které jsou
aditivni, tj. spliuji tzv. Cauchyovu funkcionalni rovnici

fle+y)=fl@)+fly) zyeR, (1)

ale nejsou tvaru f(z) = a z, kde a je redlnd konstanta. Pro toho, kdo to snad neznd, strucné
rekapituluji: Redlnd pfimka R se vezme jako vektorovy prostor nad télesem raciondlnich cisel.
Tento vektorovy prostor méa (nespoetnou) bézi B. Funkce f se na B definuje libovolné a na R
se rozsiti jako linedrni zobrazeni uvedeného vektorového prostoru do sebe. Tedy, konstrukce to je
a neni — béze B se nedd (v néjakém rozumném smyslu) sestrojit, ale jeji existence je dusledkem
axiomu vybéru. Je zndmo (viz napt. skripta MFF UK [3] nebo ¢lanek [4]), Ze FeSeni rovnice (1)
s vyjimkou funkei f(z) = a x jsou “divoké” funkce: jsou vesmés lebesgueovsky neméfitelné, nejsou
nikde spojité, na zddném otevieném intervalu nejsou zdola ani shora omezené.

Z pozorovani podobnych tkazi jsem se vSak mohl t&Sit jen v prvni poloviné studia — pozdéji na
statistika jsem pak uz mél Gplné jiné starosti — tfeba jak se pred 1ékarfem neuteknout, Ze aritmeticky
prumér je ndhodni veli¢ina, a neztratit jeho duvéru. Bylo to jasné: S mladdim odchéazeji do
nenavratna i “divoké” funkce a dalsi rekvizity. Uz nikdy je neuvidim.

3. Transformace zachovavajici regularitu

Koncem osmdesatych let jsem se pfi praci ve Vyzkumném tstavu psychiatrickém setkal s velmi
podezielou transformaci dat, tzv. indexem terapeutické Gc¢innosti, vulgo Raktsovym indexem.
Rakusuv index méa vyjadfovat velikost zlepSeni, ke kterému u pacienta trpiciho schizofrenii doslo
mezi dvéma vySetfenimi. Vypocte se z dil¢ich skért udédvajicich tizi jednotlivych pfiznakt pii
prvém a druhém vySet¥eni. Konkrétni podobu vzorce (viz [5]) ponechme stranou — podstatné je,
7e se Raktsuv index chové nelogicky, nap¥. umoziuje (alespon teoreticky), aby postupné zmény

hodnocené vesmés jako zlepSeni davaly dohromady zménu hodnocenou jako zhorseni.

Jako urcitd odpovéd na otdzku, co psychiatrickym vyzkumnikim pii ndvrhu indexu uréenych
k hodnoceni zlepSeni (nebo zhorSeni) oduvodnéné piikdzat ¢i zakéazat, vzniklo obecné kritérium
tzv. regularity struktur méreni zmény a nékolik jeho konkrétnich instanci, konkrétné kardindlni,
ordindlni a slabd ordindlni regularita. Problematice regularity jsem se pak vénoval ne sice souvisle,
ale dlouho, a uéinil jsem z ni také téma své disertace.

Strukturou méreni zmény rozumim trojici (S,G, H), kde S # ( je mnozina stavi, G C S X S
(G # 0) je mnozina moznych pfechodi mezi stavy (prvni soufadnice reprezentuje poédtecni stav,
druhé konecng stav) a H : G — R je tzv. index zmény. Jedna z moZnych definic kardinélni regularity
(ostatnim typtim regularity se vénovat nebudeme) vypad4 nasledovné. Rekneme, 7e (S,G, H)

je kardindlné reguldrni, pokud pro kazdé dvé n-tice (n > 1) prechodu (s1,t1),...,(sn,tn) € G
a (s1,t)),...,(sh,t,) € G takové, 7e sy,...,s, je permutace si,...,s) a ty,...,t, je permutace
[ZF t.,, plati

ZH(Siati) = ZH(Slzat;) (2)

Kardindlni regularita je, jak snadno nahlédneme, vlastnost invariantni vuéi linedrnim
transformacim: Necht T' : R — R je tvaru T'(z) = a = + b, kde a a b jsou reilné konstanty.
Je-li struktura méfeni zmény (S, G, H) kardindlné regulérni, plati, kdykoli je definici pozadovéina
rovnost (2), také

ZT(H(Si,ti)) = ZT(H(s;,t;)), (3)

takze (S, G, T(H)) je kardinalné regularni.
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Jsou v8ak linedrni transformace jediné transformace zachovavajici kardindlni regularitu?
(Rozuméjme: Je transformace T' linedrni, pokud pro kaZdou kardindlné reguldrni strukturu méfent
zmény (S, G, H) plati, ze také (S,G,T(H)) je kardindlné reguldrni? Pro konkrétni kardinalné
regularni (S, G, H) nezavisi kardinélni regularita (S, G, T (H)) vibec na hodnotach T'(z) v takovych
bodech z € R, ze H hodnoty z nikde nenabyv4.)

Moje odpovéd v “hrubé” verzi disertace byla kladnd. Nikoli vSak spravné. Kdy?z jsem se dal do psani
dukazu toho, co jsem mél dlouho za naprosto ziejmé (pifiklad kardindlné regularni struktury méfeni
(S,G, H) sestrojené “na miru” pro nelinedrni transformaci T tak, aby struktura (S,G,T(H))
kardindlné reguldrni nebyla, jsem Zivé vidél), ¢ekalo mé nemalé piekvapeni.

Fakt, ze linedrni transformace T zachovava kardinélni regularitu, vyplyva z toho, Ze kdykoli plati
(2), plati také (3). Jinymi slovy, transformace T zachovava kardinélni regularitu, pokud plati
implikace

n n n n
dowi=Y yi=> T@)=> Ty) =,y €Ri=1,...nn>1), (4)
i=1 i=1 i=1 i=1

Pokud jesté neni jasné, kam jsme se to dostali, pak jisté bude, zjistime-li, ze (4) je ekvivalentni
funkciondalni rovnici

T(x)+Ty)=TZ)+T(x+y—2) z,y,z € R. (5)
Nebo po lopaté: Funkce T je feSenim (4), resp. (5), pravé kdyz pro n&jaké ¢ € R plati,
T(x)=c+ f(x) z € R,
kde f : R — R je YeSeni (1).

Funkce zachovavajici kardinalni regularitu jsou tedy o konstantu posunuté aditivni funkce. VSechny,
véetné “divokych” — neméfitelnych, atd. Dobry den, to jsou k ndm hosti!

4. Jiné transformace

Lhal bych, kdybych tvrdil, Ze mi necekané setkdni s aditivnimi funkcemi zpusobilo jen samou
radost. Zde jsou nékteré problémy, které s sebou prinasi.

e Kritérium kardindlni regularity je urceno pro pfipad, kdy index zmény mé byt veli¢inou
intervalového typu. (O typech dat viz napf. [6] z pohledu statistiky, popf. [7] v kontextu
teorie méfeni.) Kdyby kardindlni regularitu zachovavaly prdvé jen linedrn{ transformace, dalo
by se to chapat jako dil¢i stvrzeni toho, Ze kritérium je pro dany typ dat dobfe navrzeno.
A naopak, kdyz ne.

e Nemdfitelnd FeSeni rovnice (5), jakkoli zachovdvaji kardindlni regularitu, naprosto méni
(alespont v nékterych pripadech) obsah “zprav”, které index zmény podavd o tom, ktery
prechod mezi stavy je vice, a ktery méné prijatelny.

e Ordindlni regularitu, kterd je slabsi vlastnosti struktur meéfeni zmény nez kardinalni
regularita, zachovavaji konstantni a ryze monoténni transformace. Slabou ordinalni
regularitu, ktera je jesté slabsi vlastnosti, zachovavaji neryze monotdénni transformace. Kdyby
kardinalni regularitu zachovavaly pravé jen linearni transformace, platilo by alespon pro
dané tii typy regularity, Ze ¢im silngjsi vlastnost, tim mensi mnozina transformaci, které ji
zachovavaji. S nemonoténnimi transformacemi zachovavajicimi kardinalni regularitu se tato
hierarchie hrouti.

e Komplikuje se teorie méfeni neregularity: Mira neregularity urcitého typu je zobrazeni A
piifazujici kazdé struktufe méfeni zmény (S,G, H) nezdporné ¢islo A(S,G, H), pfitemz

A(S,G,H) = 0, pravé kdyz (S, G, H) je regularni. Pro kazdy typ regularity potfebujeme mit
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definovany t¥idy transformaci, viéi kterym by se miry neregularity mély “chovat slusné” (byt
invariantni ¢ nerust). Jakkoli se zd4 p¥irozené zaloZit definici téchto t¥id na zachovéni regu-
larity, bude ve skute¢nosti tfeba postupovat slozitéji, protoze neni dost dobie mozné zavést
takové rozumné miry neregularity, které by se “slusné chovaly” i vzhledem k nelinedrnim
aditivnim transformacim.

K dalsim tvahdm potfebujeme urcity aparat. O pravdépodobnostni mife P budeme mluvit
jako o jednoduchém (pravdépodobnostnim) rozdéleni na mnozind A # 0, pokud je definovéna
pravdépodobnost P({a}) pro kazdou jednoprvkovou podmnozinu {a} C A a pokud existuje takova
konecnd podmnozina Ag C A, 7Ze P(Ag) = 1. Jednoduché rozdéleni na mnoziné A je empirické,
pokud pro kazdou mnoZinu B C A je pravdépodobnost P(B) racionélni ¢islo. MnoZinu vSech
jednoduchych, resp. jednoduchych empirickych rozdéleni na mnoziné A oznacime Py, resp. Pj.

Je-li (S,G, H) struktura méfeni zmény, budeme o rozdéleni P € Pg, resp. P € P& mluvit jako
o rozdéleni pfechodi, resp. empirickém rozdéleni prechodi. Rozdéleni pfechodu indukuje marginalni
rozdéleni Py a Py (tzv. rozdéleni pocddtecnich a konecnygch stavi) definovand vztahy

Pi(A)=P((AxS)NG), Py(A)=P((SxA)NG) A CS.

Pokud pro P,@Q € Pg je PL = Q1 a Py = ()2, fekneme, ze P a Q jsou ekvimargindlni.

Na index zmény lze pii daném rozdéleni prechodl pohlizet jako na ndhodnou veli¢inu. Rozdéleni
funkce H pri rozdéleni piechodi P € Pg je rozdéleni PH ! € Pr definované vztahem

PH™'(A)=P({geG;H(g) € A}) A CR.

Strednt hodnota H p¥i rozdéleni P € Pg je dana jako

EpH = Z P(g)H (g).
geqG

Pii daném rozdéleni P € Pg lze také transformaci T : R — R chapat jako ndhodnou veli¢inu
s rozdélenim PT~! € Pg. Pro stiedni hodnotu EpT(H) transformovaného indexu zmény T (H)
pfi rozdéleni piechodu P € Pg plati

EpT(H)=Epy-1T,
a specialné stfedni hodnotu Ep H lze vyjadrit jako
EpH = Epy-1id,
kde id je identicka transformace (tj. id(z) = = pro z € R).

Kardinélni regularitu muzeme (vedle zpusobu jiz uvedeného) ekvivalentné definovat také takto:
Rekneme, 7e struktura méfeni zmény (S,G, H) je kardindlné reguldrni, pokud pro kazd4 dvé
rozdéleni P, Q) € P¢, kterd jsou ekvimarginalni, plati EpH = EgH.

V nésledujicich odstavcich budou uvedeny nékteré nipady, jak budto pozménit definici kardindlni
regularity (¢i regularity obecné) tak, aby neméfitelné aditivni funkce nadéle kardinalni regularitu
nezachovavaly, nebo jak definovat transformace “pouzitelné” pii méfeni neregularity, aby uvedené
“divoké” funkce “vypadly ze hry”. Napady jsou doprovizeny namitkami, které je castecné nebo
uplné diskvalifikuji. Vétsina téchto ndpadu a namitek padla letos na pfelomu srpna a zari
v nékolikadenni e-mailové diskusi s kolegou RNDr. Petrem Savickym, CSc. béhem jeho pobytu
v Dortmundu. Srdeéné mu dékuji.

Ndpad: Skute¢nost, ze nelinearni aditivni funkce zachovavaji kardindlni regularitu, bude souviset
s tim, 7e v definici kardinalni regularity se mluvi jen o empirickych ekvimarginalnich rozdélenich.
Kdybychom misto Pg méli v definici Pg, zachovavaly by kardinalni regularitu nejspise jen linearni
transformace.
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Ndmitka: T kdyZ to vypada na prvni pohled pravdépodobné, neni tomu tak. Podle obou definic,
stavajici i upravené, by byly kardinalné regularni tytéz struktury méfeni zmény — Gpravou definice
by se tudiZz nezménila ani mnoZina transformaci, které kardindlni regularitu zachovavaji. “Muze
za to” fakt, ze pokud P,QQ € Pg jsou ekvimargindlni, lze dvojici (P,Q) vyjadfit jako smés
ekvimarginélnich dvojic empirickijch rozdéleni piechodi (P*,Q%), i = 1,...,n (n > 1), tj. pro
néjaké kladné realné koeficienty aq, ..., a, takové, Ze Z?:l a; = 1, plati (pficemz smysl operaci je
ziejmy)

(P,Q) = Zm(Pi,Q")-

Ndpad: Nezachovavaly by kardinalni regularitu pouze linearni transformace, kdybychom v definici
regularity nahradili jednoduchd rozdéleni Sir§im systémem pravdépodobnostnich mér?

Namitka: Moznd, ale kdybychom zifejmym zpusobem definovali transformace zachovavajici
kardinalni regularitu konecngych struktur meétreni zmény, tj. takovych struktur méfeni zmény
(S,G, H), ze mnozina G je kone¢nd, nelinearni aditivni transformace by mezi nimi opét byly.

Napad: V teorii kolem méfeni neregularity bychom se jednoduse zbavili nelinearnich feseni rovnice
(5), kdybychom v definici t¥id transformaci, viéi kterym se maji miry neregularity “dob¥e chovat”,
mluvili o méFitelngch transformacich splaujicich to a to. Méfitelnost piece predstavuje velmi mirné
omezeni a k aplikaci zddné neméfitelné transformace v praxi stejné nikdy nedojde.

Ndmitka: Pozadavek lebesgueovské ¢i borelovské métitelnosti by nezapadal organicky do celé prace
o regularité a mirach jejtho poruseni. V souvislosti s pravdépodobnosti nepadne o méfitelnosti
slovo, protoze pracujeme s jednoduchymi rozdélenimi, a tedy mame vsechny mnoziny méritelné.

Ndpad: Vsechna YeSeni rovnice (5) se chovaji na mnoziné vSech racionélnich ¢isel jako linearni
funkce. Kdybychom do definice struktury méfeni zmény pridali podminku, Ze index zmény musi
nabyvat jen racionélnich hodnot (a trochu “upravili okoli”), bylo by po problémech. Indexy zmény
si vymysleji 1ékafi, a jin4 nez racionalni ¢isla k tomu stejné nepouzivaji.

Ndmitka: Kdyby nékdo chtél skérovat stavy pacientu 1, 2, 7,4, ..., asi by byl duvod rozmlouvat mu
to jako poSetilost. Ale zakazovat tfeba definici indexu zmény pomoci vzorcu s odmocninami?

Napad: Transformace T : R — R zachovava kardindlni regularitu pravé tehdy, kdyZz pro vSechny
dvojice mér P, € Py plati implikace

Epid = EQ’Ld = EpT = EQT. (6)

Nezbavili bychom se nelinedrnich feSeni rovnice (5), kdybychom zadali “slusné chovani” mér nere-
gularity vadi takovym transformacim, ze implikace (6) plati pro vSechny dvojice mér P, @ € Pg?

Namitka: Ano takovou podminku by splhovaly pouze linedrni transformace. Viimnéme si ale, ze
zesilend podminka neni v tésné souvislosti se zachovanim kardinalni regularity. Jde o to, ze kazdou
dvojici mér P,Q € P}, takovou, 7e Epid = Egid, dostaneme jako P = P'H™' a Q = Q'H~" pro
néjakou kardinlné reguldrni strukturu méfeni zmény (S, G, H) a n&jaké ekvimarginalni rozdéleni
prechodu P', Q' € P¢, ale nékteré dvojice P, Q € Pg takové, ze Epid = Egid, v obdobném vztahu
s zaddnou kardinédlné reguldrni strukturou mé¥eni zmény (S, G, H) a zadnou dvojici P', Q' € Pq
nejsou. Navic by asi bylo lep8i, aby definice byly “robustni” v tom smyslu, Ze povedou k témuz, at
v nich hovorime jen o empirickych rozdélenich, nebo ne.

Ndpad: Obecna definice regularity (kterou si dovolim jako takovou neuvést) pracuje s abstraktni
binarni relaci < na Pg a s relaci ~ odvozenou od < tak, ze P ~ (), pokud neni ani P < @,
ani @ < P. Konkrétni typy regularity dostaneme specifikaci relace <. Pro kardinalni regulari-
tu ma P < @ vyznam Epid < Egid a P ~ () znamenad Epid = Egid. Relace < se vlastné
v definici regularity vyskytuje jen nepiimo — prostfednictvim relace ~. Zatimco u ordindlni a slabé
ordinélni regularity tato okolnost nemé zadné zvlastni dusledky, v piipadé kardinalni regularity
ano. Kardinélni regularita se d4 definovat pomoci rovnosti souctu jistych hodnot indexu zmény,
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bez jakékoli zminky o nerovnostech mezi soucty. Pak se nelze divit, Ze transformace zachovavajici
kardindlni regularitu maji blizko k homomorfismum aditivni grupy (R, +) do sebe, tedy feSenim
Cauchyovy funkcionalni rovnice — véetné takovych feseni, ktera nejsou homomorfismy uspordadané
aditivni grupy (R, +, <) do sebe nebo do (R, +,>).

7 této uvahy vychazi definice pripustné transformace a slabé pFipustné transformace. Piipustné
transformace maji miry neregularity zachovavat, slabé pfipustné je nemaji zvétSovat. Uvedme
definice pfipustné a slabé piipustné transformace pro piipad kardindlni regularity (resp. mér
kardindlni neregularity).

Transformace T' : R — R je primo, resp. nepfimo slabé pripustnd, pokud pro kazdou dvojici
P,Q € Py, plati implikace
Epid = Eqgid = EpT = EQT,

a zaroven implikace
Epid < Egid = EpT < EQT,

resp.
Epid < EQid = EpT > EQT.

Transformace je slabé pFipustnd, pokud je piimo nebo nepiimo slabé pripustna. Transformace T
je pripustnd, pokud je slabé piipustnd, a navic plati pro P, Q € Py, implikace

Epid # Egid = EpT # ET.

Tentokrat dostdvame (podle obecné definice) pro vechny t¥i konkrétni typy regularity piipustné,
resp. slabé pripustné transformace, “jaké potiebujeme”: linearni kromé konstant, resp. vSechny
linearni pro kardindlni typ, ryze monotdnni, resp. ryze monoténni a konstantni pro ordinalni typ,
ryze monotdénni, resp. neryze monoténni pro slaby ordinalni typ. Mj. pro tyto typy regularity plati,
Ze ¢im je regularita silnéjsi vlastnost, tim jsou mens$i odpovidajici mnoziny pfipustnych a slabé
pfipustnych transformaci. A kone¢né, mnoziny p¥ipustnych a slabé p¥ipustnych transformaci pro
kardinalni, ordinalni a slaby ordinélni typ regularity se nezméni, nahradime-li v definici mnozinu
Py mnozinou Pg.

Ndmitka: Bylo by jesté lepsi, kdybychom dovedli zarucit, ze mnoziny pfipustnych a slabé
pfipustnych transformaci budou nezavislé na volbé systému mér (P nebo Pr) v definici a budou
v nélezitych hierarchickych vztazich nejen pro t¥i konkrétni typy regularity, ale obecné — pro v8echny
typy regularity (tj. specifikace relace <), které spliuji néjaké rozumné postacujici podminky. Zadny
takovy vysledek ale v soucasnosti nemam.

A neni nakonec celd ta snaha odvodit pfipustné transformace z definice toho kterého typu
regularity nesmyslnd? Neméli bychom radsi zacit z jiného konce? Struktury mé¥eni zmény (S, G, H)
a (S,G,T(H)) by mély mit stejnou miru neregularity zejména tehdy, kdyz (resp. proto, ze) indexy
zmény H a T(H) poskytuji v podstaté tytéZ informace. P¥ipustné transformace (otdzku slabé
pii{pustnych transformaci ponechme pro jednoduchost stranou) bychom pak mohli volit a priori —
podle toho, jaky typ dat maji hodnoty indexu zmény predstavovat (a jakd data lze tudiZ povazovat
za v podstaté stejnd). Tim bychom se také piiblizili pojeti typu dat a piipustnych transformaci
béznému v teorii méfeni (viz [7]). Co se tyce vztahu p¥ipustnych transformaci k zachovani regula-
rity, mohli bychom se pak spokojit s tim, Ze regularita struktury méfeni zmény je invariantni vuadi
pripustnym transformacim, a tedy jde — v terminologii teorie méteni — o smysluplnou vlastnost.

To je provizorni konec premitdani o transformacich. Pokud ¢tenafi schazi happy-end, omlouvam se
a ujistuji, Ze mné dvojnésob.
5. Perspektiva regrese

Vratme se ale k prekvapivému setkdni po letech s Cauchyovou funkciondlni rovnici, kterou jsem
naposledy vidél ve druhém roéniku na MFF UK. Cekal bych ho snad pfi teoretickém badani
v “Cisté” matematice. Ale pfi praci na jakychsi smérnicich pro zachazeni s psychiatrickymi skalami?
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Instinkty statistika veli nevérit, Ze to, co je prilis nepravdépodobné, prichazi ndhodou. Napadé mé,
7e tieba jsem svédkem vlastni regrese v nékterém z vyznamu uvedenych v encyklopedii [8]: zpétny
pochod, postup, ndvrat, ustup, upadek, popt. ndvrat do nékterych z predchozich etap psychického
vjvoje.

Pokud by tomu tak bylo, staii by nemuselo byt tak hrozné. K Nise bych se, pravda, vracel nerad,
ale Kordémskij a Pionyrskd olympidda duvtipu na mé z knihovny pomrkavaji veelku privétive.
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obor studia:

Abstrakt

V c¢lanku se popisuje vznik, vyvoj, vybaveni a soucasny stav tstavniho vypocetniho
klusteru.

A lost long candle wandered up the sky from Mirus bazaar in search of funds for
Mercer’s hospital and broke, drooping, and sheda cluster of violet but one white stars. .
James Joyce: Ulysses, Chapter Nausicca

1. Uvod

Zijeme v ¢asech, kdy ceny poéitacti klesaji, stejné jako ceny sifového hardware. Doba, kdy si
vyrobu a prodej superpoc¢itact mohly dovolit pouze velké spole¢nosti je nenavratné pryc. Milénium
se zjevné odehraje ve znameni lacinych superpocitact s nejvétsi pravdépodobnosti zaloZzenych na
Beowulfu.

Tento dokument ma byt jakousi zpravou o zrodu Gstavniho superpocitace zalozeného na Beowulfu
a zaroven i struénym privodcem po jeho vyrobé, spravé a vlastnim fungovani. Autofi si nedini
nijakého ndroku na definitivnost této zpravy, nebot svét Beowulfu proziva prudky vzestup.

Na pocatku je nutno zddraznit, ze Beowulf neni zadna specidlni topologie, nebo softwarovy balik,
ale pouze ideovy princip jak stavét laciné superpocditace. Kolem Beowulfu existuje pochopitelné
mnoho balik, pomocnych programi, ¢i zaplat systémového jadra, ale v koneéném disledku zalezi
vzdy na tvirci, po které z mnoha cest se vyda. V tomto smyslu je kazdy Beowulf unikatni stavba
ve svété superpocitaci.

Jaké jsou zdkladni charakteristiky superpocitac¢t Beowulfového typu?

s v

e Jsou vyrobeny z bézné dostupnych komponent. Neobsahuji zadny zakaznicky obvod ani jinou
hardwarovou vystiednost.

e Nejcastéji jsou organizovany jako sestava jednoho ¢i vice serveru a mnoha bezdiskovych uzlt
navzajem propojenych prostifednictvim ethernetovych adaptérd, pripadné switchi.
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e Softwarové vybaveni je postaveno na volné dostupnych produktech jako Linux, PVM, Mosix,
MPICH, ...

e Diky stavebnicovému principu jsou snadno gkalovatelné.
Famed was this Beowulf: far flew the boast of him, son of Scyld, in the Scandian lands. So
becomes it a youth to quit him well with his father’s friends, by fee and gift, that to aid him,

aged, in after days, come warriors willing, should war draw nigh, liegemen loyal: by lauded
deeds shall an earl have honor in every clan.

2. Technicka realizace klusteru

Ustavni Beowulf Joyce je sestaven z 16 bezdiskovych stanic a jednoho serveru. Konfigurace
stanic je Celeron 433Mhz, 256 MB paméti, server ma paméti 390Mb. Celd sestava je propojena
100Mbitovym ethernetem prostfednictvim switche o celkové propustnosti 3.5Gbit. Sifové karty
uzli jsou vybaveny bootovacim firmware. Diskova kapacita celého klusteru je 10GB. Potizovaci
cena celé sestavy se pohybovala kolem 500 000k¢.

Bootovani opera¢niho systému popiSeme pouze v bodech, nebot se jednd o rutinni zéalezitost.

1. DHCP dotaz, kterym je nodu zdéleno, kde se nachazi jidro opera¢niho systému.

2. Stazeni jadra pomoci TEFTP protokolu. Jadro musi byt zkompilovano s podporou NFS, a
korenového zarizeni na NFS. Obraz jadra musi byt navic oznackovan tak, aby jej bootovaci
firmware dokazal zavést do paméti.

3. Zavedeni jadra, namountovani kofenového zaiizeni via NFS, bézny start systému.

switch

LonMoooooog
HPpO000000]

) D

Obrazek 2: Schema klusteru Joyce
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3. Mosad, Mosix, queue

Na pocatku této sekce jsme v situaci, kdy jiz jednotlivé uzly nabootovaly sviij operac¢ni systém a
my bychom radi vytvorili transparentni prostiedi pro spousténi a béh procesti. Transparentnosti
v tomto pripadé minime fakt, Ze bézny uzivatel nevidi jednotlivé pocitace, ale systém se mu jevi
jako stoj jediny.

Toto prostiedi by mélo sledovat zatizeni jednotlivych uzld a spoustét nové procesy na uzlech
nevyuzivanych. Radi bychom, aby téz disponovalo moznostmi zafazovat procesy do raznych
front dle jejich priority ¢i systémovych naroka, pripadné uvédoméni uzivatele prostiednictvim
elektronické posty o dokonceni jeho tlohy. (Vyhodu takového upozornéni oceni provozovatelé
obzvlasté rozséhlych vypocti.)
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Takovym spriavcem uloh je napfiklad GNU queue. Queue sestavd z démont queued béZicich na
kazdém stroji a sledujicich zatéz procesoru, mnozstvi volné paméti, pocet pravé bézicich tloh, atd.
Jednotlivé procesy jsou spoustény pomoci klienta queue, ktery se nejprve informuje u ptislusnych
démonu a na zakladé vysledki zvoli nejlepsi procesor. Standardni vstup a vystup je pfesmérovan
na hosta, ze kterého je klient queue spoustén. Klient queue typicky nahrazuje shell Beowulfu, tedy
uzivatel je od celého planovani odstinén.

Naprosto jiny pristup zvolili autori projektu Mosix, ktefi veskerou spravu umisténi a pripadné
migrace procesu na jiny stroj vtélili do jadra systému. Mosix jde v transparentnosti tak daleko, ze
i pro vétsinu systémovych nastroje je skryt hostitel daného procesu. Mosix navic sleduje mnoho
atributi jednotlivych procesort a procesi a provadi migraci procest mezi procesory k dosazeni
optimalniho béhu.

4. MPICH, OpenMP, PVM

Mame nyni vytvoreny systém, ktery nam umoznuje transparentni spousténi procesti po celém
klusteru. Trividlné paraelizovatelné tilohy, tj. ty, které nevyzaduji priliSnou komunikaci mezi procesy
muzeme jiz v tomto okamziku fesit. Radi bychom ov§em naudili nase procesy komunikovat, tj,
vytvorit pokud mozno transparentni prostiedi pro message passing.

Pro komunikaci mezi procesy se nejcastéji vyuzivaji dva baliky — PVM a MPI.

PVM je jednoduché prostiedi slouzici k predédvani zprav mezi procesy a jejich vzajemné
synchronizaci. tento systém byl ptivodné vyvijen pro az patologicky heterogenni sité, takze vétsinu
jeho vlastnosti zistane u Beowulfu nevyuzita. Presto se jedna o nastroj nadmiru uZitec¢ny.

Ponékud novéjsiho data je MPI. Jeho nespornd vyhoda je, Zze se jedna o systém podporovany
vyrobci hardware, takze programy vyuzivajici MPI lze teoreticky spustit i na komerc¢nich
superpocitac¢ich. V soucasné dobé existuji dvé volné dostupné implementace MPI — MPICH a
LAM.

Planovani rozvrzeni procest na jednotlivé hosty neni ani u jednoho z popsanych balikt prilis
sofistikované. Proto jsme jej v naSem pripadé nahradili klientskym programem queue.

5. Budoucnost

V soucasné dobé chybi tstavnimu Beowolfu dobry piekladac paralelnich verzi jazyka Fortran,
C a C++. Testovani a vybér vhodného nastroje bude probihat v néasledujicich tydnech. Zatim
nejzhavéjsim kandidatem je produkt firmy Portland Group, Inc.
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#include <stdlib.h>
#include <stdio.h>
#include <pvm3.h>

#define NPROC 4

main(int argc, char **argv)
{
register double lsum, width;
double sum;
register int intervals, i;
int mytid, iproc, msgtag = 4;
int tids[NPROC]; /* array of task ids */

/* enroll in pvm */
mytid = pvm_mytid();

/* Join a group and, if I am the first instance,
iproc=0, spawn more copies of myself
*/

iproc = pvm_joingroup("pi");

if (iproc == 0) {
tids[0] = pvm_mytid () ;
pvm_spawn("pvm_pi", &argv[1], 0, NULL, NPROC-1, &tids[1]);
}
/* make sure all processes are here */
pvm_barrier("pi", NPROC);

/* get the number of intervals */
intervals = atoi(argv[1]);
width = 1.0 / intervals;

lsum = 0.0;

for (i = iproc; i<intervals; i+=NPROC) {
register double x = (i + 0.5) * width;
lsum += 4.0 / (1.0 + x * x);

}

/* sum across the local results & scale by width */
sum = lsum * width;
pvm_reduce (PvmSum, &sum, 1, PVM_DOUBLE, msgtag, "pi", 0);

/* have only the console PE print the result */
if (iproc == 0) {
printf ("Estimation of pi is %f\n", sum);

}

/* Check program finished, leave group, exit pvm */
pvm_barrier ("pi", NPROC);

pvm_lvgroup("pi");

pvm_exit () ;

return(0);

Obrazek 3: Priklad programu vyuzivajici PVM
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#include <stdlib.h>
#include <stdio.h>
#include <mpi.h>

main(int argc, char **argv)
{
register double width;
double sum, lsum;
register int intervals, i;
int nproc, iproc;
MPI_Status status;

if (MPI_Init(&argc, &argv) != MPI_SUCCESS) exit(1);
MPI_Comm_size (MPI_COMM_WORLD, &nproc);
MPI_Comm_rank (MPI_COMM_WORLD, &iproc);
intervals = atoi(argv[1]);
width = 1.0 / intervals;
lsum = O;
for (i=iproc; i<intervals; i+=nproc) {
register double x = (i + 0.5) * width;
lsum += 4.0 / (1.0 + x * x);
}
lsum *= width;
if (iproc != 0) {
MPI_Send(&1lbuf, 1, MPI_DOUBLE, 0, 0, MPI_COMM_WORLD);
} else {
sum = lsum;
for (i=1; i<mproc; ++i) {
MPI_Recv(&lbuf, 1, MPI_DOUBLE, MPI_ANY_SOURCE,
MPI_ANY_TAG, MPI_COMM_WORLD, &status);
sum += lsum;
}
printf ("Estimation of pi is %f\n", sum);
}
MPI_Finalize();
return(0) ;

Obrazek 4: Priklad programu pozivajici MPI
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Abstrakt

An important problem in optimization and linear algebra is the trust region problem: to
minimize a quadratic function subject to an ellipsoidal or spherical constraint. There exist a
lot of methods to solve this problem. Most of them lead to a system of linear equations and so
may require matrix factorizations. This is expensive especially in the large scale optimization.
In this paper it is shown that the solution of the trust region problem can be found by solving
a parameterized eigenvalue problem.

1. Introduction

An important problem in optimization and linear algebra is the trust-region problem:

min{y(z), ||z || <A}, (7)
where .
Y(z) = §xTAx + 97z,
AeR™", A=AT, zeR", geR", A>0
and || . || is the Euclidean norm.
It’s well known that the point z, = z,(A) is a solution to (7) if and only if

(A - /\*I)x* =—-g (8)
with Ay <0, M(A —|[zy]) =0

and A — A\ positive semidefinite.

It follows from (8) that g7z, < 0.

There are many different approaches to solve the basic problem (7):
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1. The solution z(A) can be found by an iterative method so that

A -4

A <e.

However, solving (8) for different A may be expensive in the large scale optimization.

2. Steihaug [2] used the preconditioned conjugate gradient method to generate a piecewise linear
approximation Z(7) that approximates the solution za. This is usually referred to as a dogleg
or double dogleg technique. The aproximate curve is so that

e (&(7)) is monotonically decreasing

e || Z(7) || is monotonically increasing for 0 < 7 < T
An aproximate solution to the problem (7) is found by solving
min{t(Z(7)); [ Z(r) | < A, 0<7<T}.

In the dogleg methods the solution is easy to find as the search space is small, but the search
space R" in the problem (7) is large. This leads to the possibility of solving a compromise
problem

min{u(z); v €S, || <A, (9)

where S ¢ R" is a specially chosen subspace.

Considering S = K1 = span{g, Ag, A%g, ..., A¥g}, the Krylov space generated by the
starting vector g and matrix A, the minimizer x, of ¢ is restricted to the (k+ 1)-dimensional
subspace S.

Now we can use two different techniques for generating the basis for the same Krylov space
K.

(a) The preconditioned conjugate gradient method [2] is very efficient for constructing the
basis. It aims for an A-orthogonal basis span{po,p1,...,Px}

(b) Gould [3] suggests another efficient method for generating the basis for Ky;1. It’s the
Lanczos method which obtains an orthonormal basis span{qo, q1, ..., qx }.

In both cases we seek xy41 € S, where x4 solves the problem (9).

3. If the matrix A — Al is positive definite then Moré and Sorensen [4] compute a Cholesky
factorization

A— X = RI'R,
and apply Newton’s method to find a solution to the equation

1 1

®(A\) =0, where ®(\)=— - —
Al

This method is not appropriate for large scale problems which don’t afford a Cholesky
decomposition.

4. A very interesting method is developed by Sorensen [5, 6]. Defining a new parameter «, the
problem (7) is replaced by a parameterized eigenvalue problem that is described below.

The paper is organized as follows. In the first two sections we analyze the structure of the
problem, summarize our approach to the problem and present some details. In the fourth
section we characterize the hard case of the parameterized eigenproblem. In the next sections
we introduce safeguarding to assure global convergence of the iteration, stopping criteria for
declaring convergence and show the superlinear rate of convergence. Simple numerical experiments
are described in the last section.
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2. Structure of the problem

Let’s consider the basic problem
min{y(a), |z || <A},

where .
P(z) = ECUTACU + 97z,

AeR™", A=AT, zeR", geR", and A >0.

We define a new parameter a:

o= (5 %) ()

Let y = (1,21)T, e, = (1,0,..)T € R™*" and we define the bordered matrix

Thus the problem (7) can be rewritten as
1
min —y"Bay, yTy<1+A% efy=1

This formulation immediately leads to an eigenpair problem of the bordered matrix B,: We seek

x such that YT ) )
(%) ()-()
(A= M)z =—g (11)

n 2
75

2 b=

It follows from this that

a-A=—gle=gT(A-X)""g= (12)
where {0;} are the eigenvalues of A and {7} are the expansion coefficients of ¢ in the eigenvector
basis. This means that §; is the smallest eigenvalue of A and A;(a) is the smallest eigenvalue of
B, . Cauchy’s interlace theorem says that the eigenvalues of B, interlace the eigenvalues of A.
Therefore

M(a) <61 and A — X\ (a)] is positive semidefinite Va.

Let’s define a function ®(\) which we’ll need later.
Definition: Let
() =g" (A= A)"'g=—g"u,
and so
®'(\) =gl (A-X)"2g=2ala.
Now we make a summary of our approach and show the meaning of the function ®(\).
Summary:

Finding the smallest eigenpair {), y} of B, for a given a.
Normalizing y = (1,27)7.

Evaluation of the function ® and its derivative at .

= o=

If o can be adjusted so the corresponding x satisfies ®'(\) = A2 with a — A = ®()\), then
(A-=X)z=—-g and AMA —|z])=0

with A — A\I positive semidefinite.

5. If A <0, then z solves the trust-region problem.

6. f A >0 and || z || < A will be found during the course of adjusting «, then A is positive
definite and we can use the conjugate gradient method to the problem Az = —g and find the
desired interior solution.
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3. Interpolating scheme

We compute a function ®()\) which interpolates ® and @' at two points. From the interpolating
function ®(\) we determine A satisfying ®'(A\) = A2. This A and ®(\) we use to update the

parameter « satisfying a— A = ®(\) and compute the next point {\, z} from the updated bordered
matrix B,.

1. One-point method: Let

2 gl
(N =
W =5
be the interpolation and assume that {\g,zo} corresponds to the initial ag. It means that
{Xo,xo} is the smallest eigenpair of B,,. From (12) we have

a—X =—glzg with (A— XDz = —9g.
Now we require
<i’()\o) = (I)(Ao) = —gTCUO and él(Ao) = q”()\o) = wgwo.

From these conditions one can compute coefficients 42 and 6:

T, \2 T T 4
V= (g Txo) and 6 =)\ — ngO = xOT o
Ty To Ty To Ty To

Finally we compute ) such that ' (\) = A2 :

T
3 g To
A=d0+
o Il - A

and update a; = X + ®(X).

2. When we have the first iterate we can continue with the two point method. This method is
based on using the points
A1, Ak, Tp—1 and my

and values
<I>(>\k_1), @(}\k), ‘I)’(Ak—l), and @’()\k).

Let’s define

d(\) = i +n forany 7.

Firstly we compute ) such that T = x by applying interpolating philosophy:

~

1 1 e — A 1 ) VI

—_ = . + .
A JON\1) M= Ak—1 o O Ak — Ak

Now we determine 72 and & using (13) as above. For 5 we take ®(A\y_1), ®(\;) and A and
apply interpolating philosophy:

(13)

YD) N A= Ny
A VRS VPR L VD VR
where
7 k-1, k
Uk (A]) 5 — A] » ) ’
Finally we update .
appr = A+ d(N) (14)



Now we summarize all our considerations into a simple algorithm.
The algorithm:

1. We seek a such that a — A = ®()),
where ®(\) = —gT2, &'(\) =272,

B'(\) = A2,

2. Let {\k—1,z—1} and {\g,zr} be the current iterations.
3. Let ® interpolates ® at points {Nk—1,xr—1} and {\g, zx}.
4. We determine X satisfying ®'(\) = A2,

5. We update api = A+ ®(N).

6. From B we obtain a new iteration {Ag41,Zg41}-

Qk41

4. The hard case

An unpleasant possibility which can occur is that the smallest eigenvector corresponding to the
smallest eigenvalue of the bordered matrix B, has its first component equal to zero and so cannot
be orthogonalized to have it equal to one. This is equivalent to the so-called hard case. The iterates
{A\k, 1} then converge to {01, p}, where (A — 6 1)p = —g.

Let Y ::(Vlau?)T:
to 5L

Lemma: For each a € R and ¢ € Sy, {81,(0,¢7)T} is an eigenpair of B, if and only if g 1 S;.
Lemma: Suppose that ¢ 1 S;, p = —(A—-610)%g, a =6 —gTp. Then {6, (1,p7)T} is
an eigenpair of Bs. Moreover (1,p7)T L (0,¢qT)T Vq € S;. Here the symbol A% denotes the
Moore-Penrose generalized inverse of A.

where |v1| <e and we define the space S; = {¢q; Aq = ¢d,} associated

For all values of a greater than this critical value &, the eigenvectors corresponding to the smallest
eigenvalue of B, will have a zero first component. When a exceeds &, there is a well defined
eigenvector that can be safely normalized. This parameterized vector corresponds to the second
smallest eigenvalue of B,,.

How can be the hard case detected?
The vector (v,uf)? is an eigenvector of B,, corresponding to the smallest eigenvalue \; (ay). So

(% %) () = mew() =

& A-Ma)-D-u = —g-vnn &
lA= (o) - Dw |l _ gl wl

luc | i
Hence || g || - [v1| < e /1 — v} assures that

(A=) - I)-un | <e-flu

and we have {\;(ay),u1} an aproximate eigenpair of A.

For defining the point {Ay, zx} at each iteration we compute the two smallest eigenpairs of B,, :
(M), (i, uf)T} and  {Ao(a), (v2,u3)"}

and whenever the hard case is detected, we simply use the second smallest eigenpair of B,, :
If |v1] is too small, that is, if | g || + 1] < &-/1 —vi,

then we set Ay = Aa(ag) and =z = z_i’
otherwise  Ap = A (ax) and = = «;_11
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5. Safeguarding

Safeguarding is important to assure global convergence of the iteration. For the optimal parameter
ay = A, — g7z, an enequality

o - <ol <a g a (15)

holds. However, computing d; or a good approximation to §; can be expensive, so we replace it by

a suitable bound. Let §s = min{a;; ¢ = 1,...,n}, alternatively if the diagonal of A isn’t available,

T
_ v Av
(SS - vTw

Thus we set

> §; with v randomly chosen.

ay=ds +1gll- A

as the upper bound for the optimal a,. Moreover, a < 0 implies B, is not positive definite, so we
set ap = min{0, oy } to assure that 0; = A1 () < 0. Now we define the lower bound

5, Lol

A

since the interlacing property implies d; < §;. Thus we have
ap < ay < ag. (16)

From (12) and (16) we obtain initial bounds for the sequence in A:

1
M=o -lgll (5+4) < A < ws b
The point §g is updated every iteration:
Tq T 4 T
55 = min{Js, U1T uy }, where u1T ur _ Mlag) — v - ng
Uy U1 Uy UL Uy Up

Whenever ay1 computed by (14) doesn’t belong to < ar,,ay >, we use

ar, + ay

Qg1 = 9

instead. In both cases we have
Al(akH) € <AL, Ay > .

Let (v1,u{)” be an eigenvector of B,,,, corresponding to Ay (agr1). If || zp41 || < A,
we update
AL = M(apy1) and ap = agyr,

otherwise
Av = M (ag+1) and ay = agqr.

In other words, the lengths of < ap,apy > and < Ap, Ay > are reduced at every iteration.

6. Stopping criteria

We include the following result which is useful for the hard case.
Lemma: Let € € (0,1) be given and suppose

(A=X)p=—g, A<0 with A— A positive semidefinite.
If |[p+z]=A and 27(4 - Az < —e(gTp+ AA?), then

(1—¢)(gTp+ NA?) < (1 — &)y,

N | =

Y <P(p+2) <
where 1, < 0 is the optimal value of (7).

Now the convergence of iterates is stated as follows.
Convergence:
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1. If ‘|| xp || — A‘ <ea - A, then z;, is a binding solution of the trust region problem.

2. If the hard case occurs, that is, if || g - [v1| <&, - /1 — v}, then:
If |z <A and A <dg then

* z=] is an aproximation to an eigenvector of A corresponding to d;

lur ]

e we compute 7 such that ||zx +7 2] =A

o if 72.(2TAz - X)) < —ege - (9T zp + M A?) then x4 + 72 is a solution.

3.If ||z || <A and 0 < Ag < ds then the solution to (7) is inside the trust region and
the matrix A is positive definite. So we use conjugate gradient method to the linear system
Axr = —g.

7. Local convergence analysis

The next results give a superlinear rate of convergence.
Lemma: Let {)\.,z.} be a solution to the problem (7) with || z. || = A. Then there is a
neighbourhood B of A, such that if Ax_1, Ay € B then the iterate Agy; satisfies

Akp1 — A < C- (>\k—1 — )\*)O\k — )\*).

Theorem: Assume that the problem (7) has a solution {A,,z.} with z, on the boundary of the
trust region. Then there exists a neighbourhood B of A, such that the sequence of iterates {\, zy }
using the two-point scheme beginning with Ag, Ay € B is well defined, remains in B and converges
superlinearly to A,. Moreover, if A\, < d;, the sequence {zj} converges superlinearly to z, and, if
Ay = 61, then {x} converges superlinearly to a vector p such that (A —éI)p=—g, ||p]] < A.

8. Numerical experiments

In this last section we present some simple numerical experiments to demonstrate the behaviour of
the algorithm. The matrix A on problem (7) was 3-diagonal of orders 100 and 400. The diagonals
were introduced to make the matrix indefinite. The vector g was randomly generated with entries
from (—0.5;0.5). The trust region radius was 1073, 10! and 10?. The problems were solved with
the tolerances ea = 107% and 1078, Our results are summarized in the table. The average number
of iterations for detecting the approximate solution is in the fourth column. In all cases the solution
lies on the boundary of the trust region. In the last column there is the average error of computed
solution from the trust region radius.

EA N A ITterations Error EA N A ITterations Error
106 [ 100 | 1073 3,5 3,3-107% | 10~® | 100 | 10—3 3,5 8,1-10~11
10-1 4 1,8-107° 10-1 4.5 1,2.10710
102 3 4,8.10°6 102 5 2,7-107°
400 | 1073 3,5 7,8.107° 400 | 1073 4 3,3.10713
10~1 4 7,8-10710 101 4,5 3,6-10710
102 4,5 3,5-107° 102 6 9,9.10710

9. Conclusion

A few methods have been developed for solving the trust region problems. We mainly aimed at the
possibility to find the solution of the trust region problem by solving a parameterized eigenvalue
problem of a bordered matrix. Numerical experiments we have performed show that this method
seems to be effective and robust for a special class of problems. Further experience with testing
the more complicated examples and especially the examples where the hard case occurs will be
necessary.
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Abstrakt

V prispévku jsou diskutovany aspekty tykajici = se adaptivniho zjemnovani sité kone¢nych
prvka pro = prostorové kontaktni tlohy. Pro zjemnéni je uZito strategie puleni = &ty¥Fsténu.
Tato strategie produkuje sité dobré kvality a je = relativné snadno analyzovatelnd a
implementovatelnd. Algoritmus bylo tfeba = vhodnym zpusobem upravit na kontaktni ¢asti
hranice. Elementy sité jsou nejdifive zjemnény na zdkladé a-posteriorniho = odhadu a poté
je provedeno zjemtiovani dalsi, slouzici k = zachovani konformity sité. Ukazeme nékolik a-
posteriornich estimédtoru, = které jsou zaloZeny na principu zhlazeni gradientu a na = méfeni
skoktu napéti mezi jednotlivymi elementy.

1. Uvod

Adaptivni zjemhovani sité se ukazalo byt = efektivnim nastrojem pii numerickém FeSeni parcidlnich
= diferencidlnich rovnic. SniZeni diskretizaéni chyby je dosazeno s co = nejmenSim poctem
dodatecnych stupiiu volnosti. Poznamenejme, Ze zjemnovani sité predstavuje = h-verzi metody
konecénych prvki, zatimco v p-verzi se zvy$uje fad aproximacnich = funkci. Ke zjemnéni sité dochazi
pouze v oblastech, kde = odhadnuta chyba pfiblizného feseni je velika. V mechanice = pruznosti
se muze jednat o oblasti v blizkosti uchyceni, = kontaktu, pfipadné v blizkosti nekonvexnich hli.

Proces adaptivniho zjemhovani sité ma = néasledujici obecnou strukturu:

(1) Sestrojeni po¢ate¢ni hrubé = site 7°; k = 3D0
(2) Resgeni problému na 7

(3) Vypoéteni odhadu chyby estimitorem pro = vSechny elementy 7% a vytvofeni S¥ ¢ = T*,
kde S*¥ je mnozina elementl s velkym odhadem chyby

(4) Pokud S* # {0},
déleni elementti z S¥;
vytvofeni nové konformni sité = 7%, k = 3Dk + 1
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navrat na (2)
Jinak
konec

Kroky (2)-(4) pro pevné k nazveme iteraci zjemnéni. Iterace v (4) vedouci ke konformni siti v k-té
= iteraci zjemnéni nazveme iteracemi konformity. Pro kroky (3) a (4) je tieba volit takové datové
struktury a algoritmy, které lze relativné snadno zatradit do = existujicich programu pro feSeni
kroku (1) a zejména kroku (2). Pfirozené je nutno brat v = tivahu také otdzky robustnosti a ¢asové
a pamétové = efektivity.

Mezi prvni prace zabyvajici se problémem = estimatoru se povazuji ¢lanky [2] a [3]. Ve [3] je
analyzovdn v jedné dimenzi = estimator vyuZzivajici vlastnich ¢éisel pfisludného operédtoru. [2]
je zalozen na FeSeni lokdlnich = Dirichletovych problému, pro kazdy takovy lokalni problém je
ovSem tfeba = uvazovat nékolik elementt soucasné. Autofi [8] odvodili estimator, kde jsou brany
v tvahu jak napétové skoky na hranicich elementu, tak = piimo rezidua odpovidajici rovnice.
V pripadé linedrni aproximace je rezidudlni = ¢len nulovy. Ziskdvame tak estimator podobny
[4]. V = prispévku porovnavame vlastnosti estimatora [12], [4] a [5]. [12] je zaloZen na principu
zhlazeni gradientu, [4] pfedstavuje residudlni typ estimétoru a [5] je zaloZen na feSeni lokdlnich =
Neumannovych problémau.

Dalsi ¢ast kroku (3) urcuje elementy s velkym = odhadem chyby. existuji dvé zakladni strategie.
V prvni = pozadujeme, aby celkova chyba, tj. soucet chyb na jednotlivych elementech, byla mensi
nez predepsand tolerance €. = Postacujici podminka ptijatelnosti sité s N elementy je

g

< o= VTET (17)

Déleny jsou elementy, kde
€
T> —. 18
> s (18)
Ve druhé strategii (fixed fraction) jsou elementy sefazeny dle odhadnutych chyb a k déleni je uréena
urcita jejich = ¢ast s nejvétsi hodnotou chyby

. ) 0 1. 19

0T >y - max <7< (19)

Podobné jako ve dvou dimenzich, muze byt = ¢tyfstén délen bud oktasekci nebo bisekei. V dalsim
se zaméfujeme na bisekci. Prvni = algoritmus tohoto typu byl publikovan v [6] a je v podstaté
ekvivalentni algoritmu [1]. Jiny pFistup je uveden v [10], ktery = vychézi ze zajisténi konformity pro

stény jednotlivych = elementt. Algoritmus implementovany v této praci vychézi z [1] a obsahuje
= potiebné modifikace pro zajisténi konformity na kontaktnich = hranicich.

2. Formulace kontaktniho problému

s
Necht Q C R? je oblast s hranici 9. Necht se tato oblast skladd z S podoblasti Q =3D |J Q-

1=3D1
Necht 892 = 3DT,UT,U=THUT,,1<k<1<8S.
Uvazujme linearni termopruznost uréenou Hookovym = zdkonem
7ij = 3Deijrier — Bij (T — To), i,J,k,1 =3D1,2,3, (20)

kde 7;; je tenzor napéti, c;;ji jsou symetrické koeficienty elasticity, e;; je tenzor deformace

aui 61“) (21)

1
€ij = 3D€Z'j(ll) = 3D§ <a—$J + 61’2
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Bi; jsou koeficienty tepelné roztaznosti. T', resp. = Tp je teplota, resp. teplota beznapétového stavu.
Tenzor napéti spliuje rovnici rovnovahy

aTZ’j

61‘]‘

+ f; = 3D0, (22)

kde f; jsou slozky vektoru vnéjsich sil. Na 92 definujme

Uy, = 3Du;n;, ut; = 3Duj — upny, (23)

Tn = 3DT135mn5, Ttj = 3DTjpng — Tany, (24)

kde n; jsou slozky vnéjsi normaly k 9. Okrajové podminky jsou nasledujiciho tvaru

U; = 3DUOZ' na Fu, (25)

Tigng = 3DPZ na F,—, (26)

uf +ul <0, tF=3D7 <0, (WF+u)rk =3D0 na % (27)
=30, [ <=t natl 28

I <gt' = |uf—=u=3D0 nal}{, (29)

|7F| =3Dgk = 3IN>=0, 7F=3D-A(u}-u) na =TI* (30)
up, =3D0, m; =3D0 na I'g. (31)

Zde ug je vektor piedepsaného posunuti, P; jsou slozky vektoru zadaného napéti, (27) jsou
Signoriniho kontaktni podminky, podminky (28-30) vyjadiuji = Coulombuv zékon tfeni. Podminka
(31) je oboustranny kontakt. Hledanou funkci je pole posunuti u.

Odpovidajici varia¢ni formulace je = aproximovidna MKP [9], kde uvazujeme konformni sit, tj.
dva = ¢tyfstény sdileji bud celou sténu, celou hranu nebo vrchol nebo jejich prunik je = prazdny.
Pfichézime tak k diskretizované verzi problému = sedlového bodu [9].

3. Odhad chyby

U vSech estimator vychazime z linedrnich = problému.

Prvnim je Z2 estimator [12]. Je mé&fena L? norma 7* — 71,, kde 7, je vypo¢tend aproximace 7 a 7*
je néjaka lepsi aproximace T nez 7y,.

nra = |7 — ThHLQ(T) (32)
RAd této lepsi aproximace je o jeden stupeii = vy$&i nez 13,, tj. 7* je po ¢astech linearni.
Pro druhy estimétor [4] zavedeme nékolik oznacdeni. Uvazujme dvojici étyisténu Ty, T, k < m,,
které sdileji spole¢nou sténu. Necht 'y = 3D |J T NTy,. Necht [[7]] = 3D7|y, — 7|y, n =

k<m
3D(n;)i=3p1,2,3 je vn&jsi normala k Tj. Definujme lokalni projekce vstupnich dat

fT Fdx . . oo
IrF =3D— kde meas T je objem ¢ty¥sténu, (33)
meas T
[ Pds _ 5
IgP =3D kde meas S je plocha stény T'. (34)
meas S
Necht kone¢né
[[7ij (ur)njl]ls Scry
Js=3D 2{H5P — (Tij (uh)nj)|5} Scrl, (35)
0 Scrly
Druhy estimator je
%
1
nro = |(meas T)?|TI7F > + 3 Z (meas S)*|Is|?| (36)
SeEr
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kde Ep =3DTN(C,Ul,UT)). JelikoZ jsou zndmy uzlové hodnoty napéti, neni = nutno provadét
hledéani sousedu daného elementu.

Je ziejmé, ze nr o explicitné z4visi na = okrajovych podminkach, které zahrnuji dudlni veli¢iny,
tj. = napéti. Je méreno reziduum mezi predepsanymi a = pocitanymi hodnotami. Vliv kontaktni
hranice bude tedy vyjddien témi = podminkami v (27-30), které obsahuji pouze dudlni = veli¢iny.
U nerovnostnich podminek budou méfeny hodnoty [r,]* a [|7¢| — g.]T. Podminky akce a reakce
vedou opét na méfeni skoku napéti. podminky prilis

Posledni estimator 53 bude fesenim = lokalnich problémii s pravou stranou obsahujici ¢leny Jg
(35) v prostoru “bublinovych” funkci. Tento estimétor je analogii estimatoru [5]. Jako prostor
bublinovych funkci je zvolen prostor polynomu po ¢astech kvadratickych s nulami ve vrcholech
Ctyfsténi. Pro kazdy = element je nutno sestavit a fesit systémy az 18 rovnic.

4. Algoritmus lokalniho zjemnéni

Vratme se nyni ke kroku (4) obecného algoritmu = tvodni ¢asti. Arnolduv algoritmus lokalniho
zjemnéni [1] = dosahuje konformity sité iterativni bisekci téch Ctyfsténu, = které podminku
konformity nespliuji. Dulezitym krokem tedy je vybér = tzv. délené hrany pro kazdy ¢tyfstén sité.
Navic je na kazdé sténé Ctyfsténu zvolena = tzv. oznacend hrana. Je vyzadovano, aby dva ¢tyistény,
které = sdileji spole¢nou sténu, mély pro tuto sténu zvolenou stejnou hranu jako oznacenou. Je
tfeba vhodné oznacit hrany v pocatecéni = siti, pfitom jiz bereme v Gvahu dvojice kontaktnich

stén. U néaslednika déleného Ctyisténu = algoritmus uréuje nové oznacené a délené hrany.

5. Implementace algoritmu zjemnéni

Data geometrie modelu jsou uloZena v integerovém a realovém polich. V poli ITNODE(J,I),
1 < I < NT, kde NT je pocet = elementu, jsou pro 1 < J < 4 uloZeny indexy vrchold, a pro
J = 3D5 index materidlu. Obdobné pro pole IBNDRY (J,I),1 < I < NB,1 < J < 5, kde

NB je pocet hrani¢nich stén, ICP(J,I),1 < I <= NCP, 1< J < 2, kde NCP je pocet dvojic

3

kontaktnich = uzla, ICCB(J,I), 1 <I < NCB, 1< J < 3,kde NCB je pocet dvojic kontaktnich

= stén. Informace ohledné oboustranného kontaktu je ulozena = obdobné. Realova pole obsahuji
soutradnice vrcholu, = sméru normal, atd.

Pro adaptivni zjemfiovéni je vyhodné zavést pole = hran IEDGE(J,I), 1< I < NED,1< J < 3,
kde NED je pocet hran sité. Toto pole je usporadano lexikograficky. Kromé indexu vrcholua je
uchovana informace o = néslednicich dané hrany, IE3 = 3DIEDGE(3,I). Pokud IE3 = 3D0,
nemé hrana I néslednika. Pokud IE3 < 0, byl naslednik = vytvofen v pravé probihajici iteraci
konformity. Pokud = TE3 > 0, potom [E3 je ukazatel do pole TEDGE na misto, kde je =
uloZena prvni nasledna hrana. Navic pridavame Sestou slozku do pole ITNODE, = ktera obsahuje
informaci o délené a oznacenych hranich, TETY PE = 3DITNODE(6,I). Pro kazdy ¢ty¥stén plati

1122 < |IETY PE| < 6655 . (37)
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obor studia:
Vypocetni technika - Neuronové sité

Abstrakt

Predmétem tohoto prispévku je novy model pocitace inspirovany poméry v imunitnim
systému. Zakladni vykonny prvek systému - buiika vyménuje s ostatnimi signdl podobné
jako neuron v neuronové siti. Buitka mé vSak navic schopnost pohybu, takZe se jeji partneri
v komunikaci méni. Navic se butika muZe i rozdélit, nebo zaniknout.

1. Uvod

Jednou z vlastnosti vétsiny vypocetnich systému je pevnd architektura. Je to dano historickym
vyvojem a svidzano s moznosti praktické realizace. Svét kolem nds je v8ak proménlivy proto i
informacni systémy v prirodé maji ¢asto proménlivou strukturu. Pfikladem takového systému je
tfeba imunitni systém Zivych organismu [2, 3].

Imunitni systém, je komplex slozitych reakci ruznych molekul a bunék. Jeho popis by byl nejméné
tak komplikovany jako popis

systému nervového. Ukol obou systémi je stejny. Zpracovat signaly okolniho svéta tak, aby
organismus mohl prezit. Mnoho mechanismu zpracovani informace v obou systémech je podobnych,
zdkladni rozdil je vSak pravé v architektufe.

Co vsak prinasi proménliva struktura a jaka jsou jeji tskali?

V této praci je navrzen pocitacovy model, ktery ke klasické neuronové siti pridava prvek proménlivé
architektury a proménlivého po¢tu neuronu (zde bunék). Vznika tak systém s Gplné jinym stylem
zpracovani signdlu. Vstup je rozprostifen ndhodné mezi bunky a vystupem mohou byt parametry

systému, nebo piimo jeho reakce. Stabilni stav systému neni vyjadien konstantni hodnotou jistych
parametru, ale jejich kmitdnim v omezenych mezich.

2. Zakladni vymezeni

Bunka - Objekt se svymi parametry a funkcemi. Jednim z mnoha parametra bunky je jeji poloha.
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prijima signal ze svého blizkého okoli, zpracuje ho a vyhodnoti jeho velikost. Vysledek jednak posle
do svého okoli a zaroven ho pouzije pro sebe.

> fUNP,par) —

\o i/

Obrazek 5: 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 skonéi na urc¢itém misté. Na
jednom misté vSak muZe byt najednou i vice bunék.

Signal - Kazda bunka v kazdém kroku vysle signal na zdkladé vstupniho signalu z minulého kroku
a zaroven prijme vstupni signdl novy. Vstupni signél je posc¢itan ze signali bunék z nejbliz§iho okoli
za pouziti vzdalenosti, vah a prahu. Na tento signél se pak aplikuje aktivacni 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 signdl.

Motivace - vyuziti vlastnosti Zivych systému k obohaceni repertoiaru neuronovych siti.

Cil - Vytvorit stabilni systém se schopnosti uceni.

3. 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
omezen.

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

o
o)
o R |
00
00 o)
o 1
o o
o o)
o
00

Obrazek 6: Zony pusobeni bunky

V daném kroku bunka nejprve zpracuje signdl pomoci vztahu

46



S
Z b X THR; (38)

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

Xij signdl prichdzejici 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) (39)

Parametry sité:

PRO CELOU SIT

I x J - rozméry sité

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

PRO KAZDY TYP ZVLAST

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 prirozeného déleni bunék

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

PRO JEDNOTLIVE BUNKY
ID - identifikac¢ni ¢islo bunky
age - vék

i, j - pozice bunky

PARAMETRY UCENT (mo#né)

rec - prah bunky

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

Cinnost sité&:

Nejprve se sit inicializuje. Nastavuji se pocateéni hodnoty parametru platnych pro cely model
(seed, rychlost pohybu, parametry uéeni ...), 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 ...).
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Dalsim krokem je piijem 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
prili§ mald, bufika zanika, je-li naopak dostatecné vysoka, buiika se rozdéli. Pfekroc¢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. Pfesun je ndhodny maximalni vzdalenost piesunu
je jednim z parametru.

4. Diskuse

V predchozi kapitole je popsadn pomérné komplikovany systém. Bude proto dobré se na néj podivat
z ruznych pohledu a zafadit jej mezi existujici modely.

Cyklickd neuronovi sit

Predstavme si plné propojenou cyklickou sit, kde kazdy neuron piedstavuje jeden typ bunék
bunécéné sité. Komunikaci Bunééné sité je tedy mozno vzit jako komunikaci celych skupin bunék
(typu) a vyjadfit ji cyklickou siti.

Co v8ak predstavuje zdkladni parametry této cyklické sité? Prah kazdého neuronu si muzeme
predstavit jako néjakou funkci prah bunék, osazenych v pfislu§ném typu. Vaha pak souvisi s
vahami typu. Velikost preneseného signalu je vsak slozitou funkci jak aktivit bunék typu, tak jejich
mnozstvi i po¢tu bunék v typu signal pfijimajici. Zde tato paralela prestava ponékud fungovat.

Kohonenova mapa

Prvni pohled na obrazek bunééné sité pripomina Kohonenovu mapu. Dalo by se v8ak fict, Ze je to
skoro v8e. Dokonce i rostouci sit s proménlivym po¢tem neuronu [4] pfipomind nas model velmi
vzdalené.

Konglomeraty - agregaty

Konglomerat je obecné nekonecénd sit konefnych automatu [1]. Agregét je pak konglomerat s
proménlivymi spoji. Zde je zfetelnd paralela s Bunécnou siti. Bunky sité by vSak musely nabyvat
jen konecného poctu stavi a jejich pocet by musel byt konstantni.

Ostatni

7 dalsich néjak piibuznych pfistupu je mozné jmenovat t¥eba genetické algoritmy, bunécéné

automaty, Valiantuv neuroid [5] nebo i ponékud filosoficky model myslici polévky. Bunéénou sit
vSak vétSina téchto modelu pripomind bohuZel pouze nézvem.

5. Zavérem

V prvni fazi se podarilo nastavit model tak, aby byl stabilni. Poc¢ty bunék v jednotlivych typech
se méni periodicky kolem néjaké stfedni hodnoty. V siti se pohybuji bunky tfi typu a vihy mezi
nimi jsou nastaveny symetricky a ¢innost modelu pfipomind systém lisky-zajici. [6]
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nber of cells

700

Obrazek 7: Detail ¢innosti modelu v klidu

Zakladem vyvoje algoritmu uceni je tato ivaha podpotfend biologickou skutec¢nosti.

[ N

. sit je v rovnovaze

. na bunky sité pusobi jisty signal

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

Dalsi nasi snahou je popsat stabilitu sité. Je zfejmé, Ze stabilita bude néjak zaviset na matici vah
modelu.

Otazky vypocetni sily pfimo souviseji problémem pouziti modelu.
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Abstrakt

This paper shows the concept of combining several methods of modern artificial intelligence,
namely neural networks, genetic algorithms, and fuzzy logic. We have created a unified software
platform — a system called Bang — that allows for easy combination of basic methods
encapsulated in blocks. Several experiments and ideas for future work are presented.

1. Introduction

Modern artificial intelligence methods — such as genetic algorithms, neural networks or fuzzy logic
— have brought new paradigms to computer science. They are inspired by nature: artificial neural
networks model basic concepts of organisms brain functions; genetic algorithms are based on our
understanding of evolution and natural selection; fuzzy logic came out has been inspired by natural
language.

These methods have several common features. They usualy deal with uncertain and approximate
values. They seek for suboptimal solutions of highly non-linear problems possesing multiple local
extremes. They are typically rather heuristic procedures employing some random element. They
are often able to be trained from exemples. Their knowledge representation is sometimes implicit
such as in the case of parameters (weights) of neural networks.

These methods accomplished many successful applications in real world problems such as
classification, control, pattern recognition, optimalization etc. However, they also have their weak
sides such as the lack of theoretical background and deep understanding. We also miss a unifying
concept encompassing various methods and allowing their easy combinations.

2. The unified framework

Recently, a term soft computing has been proposed by L. Zadeh with the meaning of creative
fussion of neural networks, genetic algorithms and fuzzy logic.
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In our terminology, we introduce the building block as a highly encapsulated object, which realizes
a particular method (either AT or not). Typically a block can have several inputs and/or outputs,
and it possesses some inner parameters determining its functionality. The emphasis is laid on the
openness, modularity and interchangability of the blocks. The principle of hiding as much of the
blocks’ individuality as possible allows and highly encourages interchange of the blocks. As long
as the interface between blocks remains stable, we can replace one building block with another
without any impact to the rest of the blocks. If we have a building block as an abstraction of
a method, then the only thing a block interface have to consist of is some mechanism of data
exchange. Gate is a data flow entry point of the building block. In fact, the only thing the block
interface consists of is a constant set of gates. In order that input gate is able to receive data and
an output gate is able to send them, they have to be connected. The connection of an input gate
and an output one is called channel. Each channel has a selected data type and only data of this
type can be passed through.

3. The Bang

Our first attempt on this field was the Bang system. The basic requirements on the Bang program
are to be portabable, extensible and user friendly. Mainly the “being user friendly” part, which
basically means to have a good graphical user interface (UI), and to be portable, is difficult to
fulfill. This leads to architecture of highly independent modules, which in turn reduces the code
rewriting to a low level. An interesting implication of these design principles is the fact that there
is not just one Bang program. One can rather combine individual modules to customize Bang
functionality.

3.1. Modules

The Bang program is a composition of an executive core (which does the real work), an abstract
user interface (which can be window or console oriented and does all the communication with the
user in an abstract and portable manner) and a user interface implementation module (which is
the highly platform dependent part of the user interface).

Each Bang program consists of the building blocks, the engine, an abstract user interface and a
user interface library wrapper. It may also contain some graphics library wrappers.

e Window oriented style
The basic and most user-friendly configuration of Bang takes the advantage of modern
graphics user interface systems like X Window System or Microsoft Windows.

e Console oriented style
If you are not so lucky to have a windowing system on your computer, you are forced to use
the console oriented interface.

e Frozen SEN

This configuration of Bang is designed for a batch style usage. This form of Bang program
performs no interactions with user, all information it needs is hardwired to the executable
file itself. To make this work you must first include the sen and ins files (sen file describes
the building blocks schema and ins file stores initialization data for these blocks).

4. Experiments

4.1. Triparity

The problem we have choosen as a reference base for our tests is usualy called triparity. The
triparity function has tree binary inputs and one binary output — the input’s parity.

o1



4.2. MLP + GA

In this experiment, we have turn off the back-propagation and used genetic algorithm instead
(Figure 8). The mutation and crossover rates were set to 0.4 and 0.5, the target fitness level was
0.95. The population consisted of 40 genoms — vectors of 32 — the number of weights in 3-5-2
MLP — numbers from —5 to +5. Each generation change needs 40 MLP evaluations.

Isens/mipga

L L L
100 150 200 250

Obrazek 8: MLP + GA

4.3. MLP + Fuzzifier + GA

In this experiment, we put a fuzzifier block in between MLP and GA (Figure 9). Both MLP and
GA were configured in the same way as in the previous case, the fuzzifier block was set to fuzzy
input genoms — from GA — into 5 samples of their fuzzifications each. This configuration requires
200 (5 times 40) MLP evaluations per generation.

Jsensimipfuzziga

Obrazek 9: MLP + Fuzzifier + GA

4.4. MLP + HC + GA

This time, we exchanged the fuzzifier block with the hill climbing one (Figure 10). The MLP and
GA keeped their configurations, the hill climbing was set to do three steps with each genom from
GA. Unfortunately each HC step needs 64 evaluations of MLP — a small step in both directions of
all 32 dimensions. This leads to 7680 MLP evaluations per each generation step (64 times 3 times
40).

4.5. FLC + GA

The next experiment was the fuzzy logic controller tought by genetic algorithm (Figure 11).
The mutation and crossover rates were set to 0.5 and 0.6, the target fitness level was 0.95. The
population consisted of 40 genoms — vectors of 96 numbers from 0 to +1. The number 96 came
from 3 samples per fuzzy set membership function multiplied by 4 for three inputs and one output
per rule and finally multiplied by 8 for 8 rules in a ruleset. Each generation step needs 40 FLC
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Obrazek 10: MLP + HC + GA

evaluations. Note that because of another size of genom and the whole difference between FLC
and MLP, there is no evident relationship between this numbers and time measured in MLP
evaluations.

fsensifcga
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Obrazek 11: FLC + GA

4.6. MLP + FLC

In this experiment we have turned the back-propagation on and let the fuzzy logic controller to
tune its € — the learning speed — and @ — the momentum — parameters (Figure 12). The time
complexity is similar to the undriven back-propagation learning case — 2 MLP evaluations for
each BP step.

4.7. MLP + GA + FLC

In this experiment, we have turned off the back-propagation and used genetic algorithm instead
(Figure 13). The target fitness level was set 0.95 and the mutation and crossover rates were tuned
by fuzzy logic controller. The population consisted of 40 genoms — vectors of 32 numbers from
—5 to +5. Each generation change needs 40 MLP evaluations — same as in the MLP + GA case
because using FLC adds no additional time complexity.

4.8. FLC + HC

This is a test of teaching fuzzy logic controller via the hill climbing technique (Figure 14). Because
of the fact that the FLC is determined in this configurations by a vector of 96 numbers, it takes
192 FLC evaluations to do a single HC step.
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Obrazek 13: MLP + GA + FLC
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4.9. MLP + HC

In the last experiment, we tought the MLP via the hill climbing (Figure 15). In the case of MLP
it takes 64 evaluations to do a HC step.
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Obrazek 15: MLP + HC

4.10. Conclusion

Let us draw several conclusions based on the above described experiments. Basically, we deal with
three different problem areas. The first is learning fuzzy logic controllers in which case genetic
algorithms (4.5) outperformed hill climbing (4.8). The second is using fuzzy logic controllers for
tuning learning parameters of other methods. It shows that FLC can really improve performance
of both GAs (4.7) and BP (4.6). Finally, comparing all methods together, we can conclude that
the fuzzy controlled back-propagation is the overall winner (4.6).

5. Further work

The following ideas will be considered in an attempt to create more powerful and innovative version
of Bang.

e building block being a software agent or at least having some agent-specific features.

The building block is an encapsulation of an AT method. It is the cooperation of building block
instances which creates a true hybrid systems. It makes a good sense to give some amount of
artificial intelligence to these objects. In Bang we have modelled artificial intelligence tasks
using classical non-ATI objects. Now we will try to use artificial intelligence to assist us with
the task of testing hybrid artificial intelligence methods.

e building block being a regular CORBA component

In Bang, the issues of portability and effectivness avoided using some implementation of
CORBA as the virtual environment, where our building block object lived. Maybe, now is
the time to sacrifice some of the effectivness for gain in other fields.

e dynamic schema modifications maybe initiated by building blocks themselves

Ideas from [1] seems to add another dimension in our thoughts about the hybrid artificial
intelligence methods and the way the methods can cooperate. We want to try making
the whole system able of run-time building block instances creation, connection and
reconfiguration. Today it seems to be possible to create a building block responsible for
such actions in some section of building blocks schema. But there is much work to be done,
before we will be able to really program such a system.

e automatic schema testing and comparing

The idea is to give the test data and schema set to the system and let it do series of test
or benchmarks on its own. Maybe some kind of scripting mechanism will be useful for the
results evaluation — automatic creating of gnuplot graphs or tex tables comes me to mind.
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