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Abstract work with knowledge captured in form of general

processes — i.e. as with formalized medical guidelines,

Processes and process modelling have
proven themselves as a useful technique for
capturing the work practice in business. We
focus on their usage in the domain of
healthcare and define two main types of

but also with organizational processes which are specific
in each healthcare facility (e.g. activities necessary
for transferring a patient from one department to a
different one). Both of these types of processes were
usually considered separately which resulted in different

processes in medicine — medical guidelines and
organizational processes. Based on these types
we present the architecture of a multi-agent
system that is able to work with them and
describe application of this multi-agent system
as a critiquing decision support system for
healthcare specialists.

languages and different approaches (e.g. using Event-
Driven Process Chains (EPC) to model organizational
processes and GLIF for medical guidelines). In this
paper we present the architecture of a multi-agent
system that (1) is able to work with these general
processes in healthcare domain, (2) can simulate them
in given environment opening that way a possibility for
future planning or process reengineering, and finally
(3) can act as a critiquing and monitoring system that
controls their adherence and can alert the medical staff.
Developement of a system that will support the decision

making of physicians and healthcare specialists is aThe paper is organized as follows: in Section 2 we define
long-term goal for researchers in artificial intelligence. the problem and theoretical foundations together with
Recently, there has been given an emphasis torelated approaches. Section 3 is focused on description
monitoring systems that control and evaluate current of the architecture of the multi-agent system and
situation (e.g. patient data, therapy, etc.) and alerts thebehaviour of single agents. We describe the usage of
medical staff in case of inconsistencies or possible the multi-agent system as a process-critiquing system
danger. In order to recognize the occurrence of thesein Section 4, following by an illustrative example and
situations such systems need to operate with appropriatémplementation issues in Section 5. We conclude and
knowledge. In the healthcare domain they can profit discuss the future work in Section 6.

from medical guidelines which are sets of directions

or principles that assist the physician [1] and are

considered to be a good approach to standardize and?- Processes in Medicine and Related Work

improve health care [2]. When formalized, i.e. captured

in a computer-interpretable form, they are being used in The work practice (i.e. duties of employees,

various decision support systems (e.g. in HeCaSe?2 [3]). 0rganizational procedures, specification of the order
of activities, or necessary resources for each activity)

The medical guidelines, however, can be seen as acan be captured using process modelling technique —
specific way of process modelling. In our research i.e. as a sequence of actions, states, decision points,
we want to develop a system that would be able to or steps splitting or joining the sequence. There are

1. Introduction

PhD Conference '09 5 ICS Prague
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various levels of processes in medical domain and with solely based on a textual form. This, on one hand, helps
respect to terminology in [4] we can differentiate the the healthcare professionals to capture the knowledge in
organizational processeand the medical treatment astraightforward way. On the other hand, such approach

processes brings several complications. It is hard for physicians
to do a quick consultation with the guideline during the
2.1. Organizational Processes examination of a patient, or to keep up with the relevant

o . . changes in new versions of the document.
The organizational processes in the healthcare domain

are closely related to processes in other business areasyherefore a wide part of research in biomedical

where the work practice has been captured for ajnformatics is related to the formalization of medical
long time using business process modelling languages g igelines into an electronic form. There are several
There are several_ studies [4, 5, 6] t_hat analyze theworkgroups and several languages (RR®a, GLIF,
problems of applying process modelling or usage of agpry, etc.) that captures the knowledge of a textual
workflow management systems in medical care. They magical guideline into an electronic and structured
gll agree that the |mplemen.tat|on of.th|s_ approach can ¢y All of them focus on specific parts — e.g. logic
improve current problems with organization, reduce the 5 cygroundin Asbru, or automatic execution and patient
time of hospitalization and finally reduce the costs. yata retrievement in GLIF. They are all based on a
However, they also point out, that till now, usage ,rqcess-oriented approach and specify the guideline as a
of processes is rather low and insufficient. The main ggq ence of actions, states, decision, or synchronization

reasons are more complex processes than in other,ints Research in decision support systems that work

fields of industry, or problems with interoperability | i formalized medical guidelines focuses mostly

resulting from inconsistencies of databases and used,, gcquisition, verification, or automatic execution of
ontology or protocols. Finally, the captured work guidelines [1].

practice in healthcare is often very variable and
closely depends on speglflc treatment of the patlent.2_3_ Related Work
All these factors complicate successfull usage of

classical business process management, or WorkﬂowThe area of medical guidelines’ execution is closest to
management systems. Therefore, while working with our problem. There are several systems that can connect
organizational processes, we also need to take medicafhe guideline with the patient's health record, retrieve

treatment of patients into consideration as well. and store appropriate data and guide the physician by
executing next steps and waiting for appropriate data to
22 Medical Guidelines be entered. Within these systems, only a few ones profit

o _ ~_ from principles of multi-agent systems: AreZ47],
Standardization of medical treatment processes is beingocase2 3], or the work presented in [8].

done for a long time now known as medical guidelines.
They contain recommended actions, directions, andQur approach differs from existing systems in several
principles for specific diseases, and they are all ways: firstly, as the guidelines as such are transformed
approved by appropriate expert committees helping into agents, which allows simultaneous work with a
that way physicians with clinical decisions. Several set of guidelines, not only with the selected one as
crucial positive factors have been identified when using in existing work. Secondly, our system is based on
guidelines [1]: more general concept, therefore beside monitoring the
proceeding of the guideline, it can also be used for
e they improve the quality of decisions as simulation or general computing purposes. Finally,
healthcare professionals can consult complicated thanks to the distribution of knowledge, agents can focus
situations in unknown areas and minimize the risk on the specific activities.
for a patient (e.g. to forget an examination that is
important for this patient according to her/his

condition) 3. Process-Based Multi-Agent System

e they are based on evidence-based medicine andn this section we present the architecture and the

help to reuse and disseminate the knowledge ~ functioning of the multi-agent system (MAS) that
realize the critiquing system. The architecture is based

e they help to standardize provided health care on the one presented in [9] later enhanced in [10]. As
discussed in Section 2, the architecture is more general
However, the standard method of work with the and it can be used on simulating other process-based
guidelines (such as consulting, or using in practice) is systems as well.

PhD Conference '09 6 ICS Prague
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The architecture and different types of agents 3.3. Role Agents

are depicted in Flgure_ 1. Let us now _desc”b? Role Agents (RA) represent the roles in the environment

these agents and their purpose more in detail. ; o general roles for patient, nurse, physician, etc.).
e RA receives the proposal from a Process Agent (see

l below) and finds appropriate Execution Agent(s) (EA).

—— i Fole The reason of using special agents for roles is in a typical
i " usage of hierarchical structure of roles at workplace (e.g.
Contract Net a secretary, a nurse, or a doctor are all also employees,

Reauest ro etc.). Therefore, when a RA receives a proposal from

a Process Agent, it starts to find the appropriate EA
between agents that posses this role (using contract-net

protocol (CNP)), but also roles, that are more general in

the hierarchy.

Request

Request

Process Execution
L Directer d Agent
Agent Request

Environment e Request
Agent

If multiple EAs are able to execute given activity and
Y only one is needed, RA will choose the most suitable of
il them according to its internal rules, which are always
Agent domain or role dependent (e.g. in a simulation that
occurs in some virtual world, the EA that is closest to
the place of execution can be notified, or in another case

the EA that is currently idle).

Request

Figure 1: The architecture of a multi-agent system that is able
to work (e.g. simulate, critique) with processes.

3.1. Environment Agent

. . L . 3.4. Process Agent
Every agent-based simulation is situated in some

environment which is represented by the Environment FOr every step in the process notation (i.e. activity, event
Agent in this architecture. With respect to the level decision point, etc.) there is one Process Agent (PA)
of detail that we want model using this system the createdinthe system. The PA is responsible for a proper
environment could represent the virtual world (e.g. a €xecution of the activity. Firstly it controls whether
department of a hospital, etc.) with existing objects (e.g. the initial conditions for the process are met: if the

RTG or EEG machines, wheel-chairs, beds, etc.). predecessing PA has successfully finished its execution,
if all input objects have the needed values (using simple

request protocol to Environment Agent), and if there
exist appropriate agents that will execute this action
Execution Agents (EA) are representing concrete (using CNP to those RAs that are connected with this
physicians, nurses, patients, or other employees ofactivity). When all mandatory conditions hold, the PA
the facility that are involved in the processes. These starts the execution of the process (e.g. the simulation,
agents are based on a reactive architecture in theca|cu|ati0n or a decision process, etc_) and after
form of hierarchical rules, which can be automatically successfull finish, the PA is responsible for notifying
generated based on possible activities that the specifiche Environment Agent about the results of the activity
EA can participate in. Each EA has several pre-defined (using simple request protocol) and the next succeeding
rules, that for basic behaviour in the environment (|e Process Agent about the successfull finish (using Simp|e
responding to messages sent by other agents, sendinghform protocol). Our approach takes into account
appropriate messages to the Environment Agent duringthe possibility of temporal suspension of the activity
the execution of the activity, etc.). Then, for each and reflecting the partial results in the environment,
activity that the agent (hence the represented personyeplacing the EA with another, coordination of several

can participate in, one additional rule is generated. EAs participating on a single activity, or optional input
These rules can be activated (when the condition for gpjects.

the process execution are met, and the EA can perform

this action) or deactivated (execution of this process is Note, that each step of the process has its Process Agent
no longer possible) by a message sent by appropriate-i.e. not only active steps (steps that represent actvitie
Role Agent (see below). Finally, the Execution Agent as such) by also so called passive steps (usually related
autonomously chooses which of the activated processego the events (in EPC) or patient state (in GLIF)), flow-

it will execute based on the priority in which the rules splitting (i.e. decision points), and flow-joining element
are ordered. have appropriate Process Agent as well.

3.2. Execution Agents

PhD Conference '09 7 ICS Prague
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4. Critiquing System has finished the simulation of the process), or (2) all
input conditions for the process execution are met,

We have described in detail the architecture of the and the agent has not received ACT message from
multi-agent system that is able to work (e.g. simulate its predecessor. When the PA is simulatingstate, it

them) with the processes. One of possible application checks again all of its input conditions and in case that
of such multi-agent system can be in critiquing — Some of them are not evaluable (i.e. data in the patient’'s
monitoring the correct execution of processes such data record are missing), they are estimated using k-

as formalized medical guidelines or organizational means technique with respect to other patients’ data.
processes in healthcare facilities. Such an estimation is necessary for proper running the

correspondent action (e.g. setting the concrete diagnose,
We accentuate the Process Agents (PAs) and descriptioimeasuring the blood pressure, etc.) that would yield the
of their behaviour, while other agents behave exactly in simulation output of the process that can be temporarily
the way described in previous section. The main idea is stored in the simulation environment (but not the
that each PA is responsible for one step in the guideline, patient’s data record) and other PAs can work with
it monitors data fields in patient’s health record related them. After finishing the simulation of the process, the
to the given step, and tries to estimate the outcomePA sends a SIM message to the appropriate successor
of the step simulating that way future developement meaning the simulation of its activity has finished.
of diagnostics or therapy. Whenever appropriate input
data changes PAs update predicted output values and he agent gets to thactive state when it receives the
simulate the process further. Therefore, whenever theACT message from its predecessor. In this state the
output data fields are changed by the physician in the PA behaves very similarly tsimulatingstate with one

way which PA has not expected an alert occurs. difference: in case that all input conditions are met
and the output value has been updated in the patient’s
§IM message received data record (by the doctor), the agent movefrtished

CR
all input conditions hold

state and sends the ACT message to the appropriate
SuCCessor.

Inactive

Simulating
|
| The alert for the doctor occurs in the case when the
output values of the process are updated but the agent
is not in theactive state. This can happen because of
(1) the step was executed before its predecessors were
successfully finished, or (2) the step was not expected
to be executed. We can recognize these cases based on
the current state the PA is in, when the output values are
updated. For the first case the PA would bsimulating

) state, for the second case the PA would bénarctive
Figure 2: The states of Process Agents during critiquing. The gtate.

solid arrow indicates valid transition, the dashed
arrows indicate possible inconsistencies.

Alert 2
ACT message

-
AIert/I, - received

-

v L
Finished otk
All input conditions hold

AND
all output values are set

Active

. L . . 5. Experiments and Implementation
Let us now describe the critiquing more in detail.

We distinguish four basic states of a PA (see Figure

2) —inactive simulating active andfinished At the g he pasis for our preliminary experiments of presented
beginning, each PA is in thmactlye ;tate. ',DA in this process agent-based critiquing system. We demonstrate
state behaves the same way as in simulation before thea possible application using a simplified version of the

exgcutiop (_Jf the activ_it.y — it periodically checks the guideline for a hypertension treatment following by the
objects in input condition whether they hold. In the et gescription of the implementation details.
critiquing phase therefore is PA periodically checking

the associated fields in patient’s data model (such as o P
blood pressure, height, etc.) together with the message5'1' Guideline Critiquing

from predecessing PA (whether it has finished the In Figure 3 we depicted a very simplified version of
activity or not). a hypertension guideline for demonstrating exemplary

situations that can arise during the critiquing of
The agent can get to theimulating state when at  medical processes. Note, that the guideline is simplified
least one of two following conditions holds: (1) the for explanatory reasons and in the system full
agent receives the SIM message (i.e. predecessing agemhedical processes representing the real diagnosis and

In this section we present an illustrative example, which

PhD Conference '09 8 ICS Prague
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Is the blood pressure
at least 180/110
OR
is the blood pressure
at least 140/90
in at least two different
sessions?

therapy processes (corresponding to formalized medicalfinishedstate). In the other case, if the physician enters
guidelines used in practice) would be used. Moreover, the data indicating no pharmaceutical treatment at all,
(*) under the term “patient with high pressure” we would alert as it would unexpectedly change its state
understand a patient with blood pressure value at leastfrom inactiveto finished
180/110 (values for systolic pressure/diastolic pregsure
from three different sessions; (**) there are several Multiple medical processes is considered concurrently.
possible complications for hypertension therapy such Let us assume there also is a process describing a
as SCORE value [11] over 5%, patient diagnosed with diagnosis and a therapy for diabetes mellitus present in
only one value of blood pressure over 140/90 and other
B values are from the interval 130-139/85-89. For such
S a patient no pharmaceutical therapy is needed in case
Craerthe patent However, the patient could have results from previous
FressE s ok laboratory examinations in his/her data record and in the
diagnose this patient with a second type of diabetes
mellitus. This diagnosis, as it is being only estimated by
PAs insimulatingstate, is set in the environment using
the patient’s health record. Therefore the PA related to
“Has patient some complications” would send the SIM
no ' message to the right branch of the guideline (hence the
Has patient some
Seamneen be insimulatingstate) and the physician can be alerted
e v when he/she indicates that there is no therapy needed.
L 5.2. Implementation
therapy
the JADE framework with the JADEX [12] as
Figure 3: Simplified guideline for hypertension in GLIF the extending reasoning engine for the agents. The
implementation follows the architecture presented in
(or he/she is examined during a longer stay in a ysing JADE, the communication between agents is
hospital) his/her blood pressure is measured and thengesigned with respect to FIPA communication standards
several decision steps (with possibly further necessaryang as such can be extended with appropriate ontologies
to begin a pharmaceutical therapy or not. Let us now gesjgning the communication between the Environment
consider a patient that has a high value of blood pgent and Patient Health Record Agent with respect to
pressure (over 180/110). After setting these values into 47 version 3 standard).
right branch of the guideline would change their state During the implementation we decided not to follow
to simulatingas it is expected that this patient would the principles of offline transformation of the process
be treated pharmaceuticailyHowever, in case the knowledge into the rules for agents as described in
without performing further necessary examination, the that participates in the execution (i.e. Process Agents,
PA associated with the “Start of pharmaceutical therapy” Role Agents, and Execution Agents), requests the
state would alert the system, as it would change its statenecessary information (e.g. predecessors of the Process

the description for two decision steps are shortened:the PA associated with the “No therapy needed” state
or at least one blood pressure value of at least 140/90The second type of alert can be more useful when a set of
diabetes mellitus, and many others. the critiquing system. Now let us have a patient that has
he/she does not have any complications stated above.
process related to the diabetes mellitus diagnosis could
only Environment Agent, not storing this prediction in
e ersmdnl PA related to ‘Start of pharmaceutical therapy” would
We implement described multi-agent system using
When a patient comes to a preventive examination previous section and depicted in Figure 1. Thanks to
examination) is performed in order to decide whether 309 communication standards in healthcare (e.g.
patient's health record, Process Agents (PAs) in the
physician enters the data for a pharmaceutical treatmen{10]. In the approach presented in this paper each agent,
in an unexpected way (from teémulatingstate intothe ~ Agent, necessary inputs, etc.) from the Process Director

INote, that if further medical examination is needed, but maisbeen done yet, the PA connented to “Further medcial exatioh” would
esimate the appropriate output values based on existimgfrdeh other patients and passes forward the SIM message.
2http://jade.tilab.com/
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Agent (PDA). PDA reads the formalized processes in a International Journal of Medical Informatigs
relevant formalism (medical guidelines, organizational vol. 76, no. Supplement 3, pp. S397 — S402, 2007.
processes) and answers agents to their requests. This  Ubiquity: Technologies for Better Health in Aging
approach is equivalent to the offline transformation (by Societies - MIE 2006.

means of usage of processes), but more adaptive in case[s] p. Isern, D. Sanchez, and A. Moreno, “Hecase2: A
a change in processes occurs. multi-agent ontology-driven guideline enactment
engine,” in CEEMAS '07: Proceedings of

6. Discussion and Conclusion . .
the 5th international Central and Eastern

In this paper we have presented the novel way of European conference on Multi-Agent Systems and
using the multi-agent system (MAS) as a technological Applications V (Berlin, Heidelberg), pp. 322-324,
framework for medical processes critiquing decision Springer-Verlag, 2007.

support system. The approach has several crucial [4] R. Lenz and M. Reichert, “IT support for
advantages that differentiate it from existing approaches healthcare processes - premises, challenges,
Firstly, it uses the architecture of the MAS that perspectives, Data Knowl. Eng,. vol. 61, no. 1,
can work with organizational processes and medical pp. 39-58, 2007.

guidelines together. This creates a possibility to develop
appropriate monitoring system that is able to control the
work practice in a healthcare center jointly on several
levels — the procedures for examination reservation or
transportation of a patient on one hand, but also the
treatment of specific diseases on the other one.

[5] X. Song, B. Hwong, G. Matos, A. Rudorfer,
C. Nelson, M. Han, and A. Girenkov,
“Understanding requirements for computer-
aided healthcare workflows: experiences and
challenges,” inCSE '06: Proceedings of the 28th
international conference on Software engineering

Secondly, it offers several possible ways how to alert (New York, NY, USA), pp. 930-934, ACM, 2006.
healthcare personnel. In the Section 4 we described [6] A. Kumar, B. Smith, M. Pisanelli, A. Gangemi,
only the basic one regarding to correct sequence of and M. Stefanelli, “Clinical guidelines as plans:
the performed actions (i.e. whether executed action was An ontological theory,Methods of Information in
executed before its predecessors or the action was not Medicine vol. 2, 2006.

expected to be executed at all). However, thanks to [7] J. Fox, A. Alabassi, V. Patkar, T. Rose, and
the distributed nature of the system, it can be further E. Black, “An ontological approach to modelling
improved and specific Process Agents can be enhanced  tasks and goals,'Computers in Biology and
with machine learning techniques that would also alert Medicine vol. 36, no. 7-8, pp. 837 — 856, 2006.
the doctor about the quality of the entered data. Special Issue on Medical Ontologies.

Finally, such a system can also be used as a simulation [8] T- Alsinet, C. A“nsétegui, R. Bejar, C. Fernandez,
tool for processes analysis during organizational process ~ @nd F. Manya, "Automated monitoring of medical

reengineering in healthcare environment, as it also can protocols: a secure and distributed architecture,’
work with the appropriate medical knowledge, that is Artificial Intelligence in Medicingvol. 27, no. 3,
necessary to gaining proper results. ?:p. 367 — 392, 2003. Software Agents in Health
are.
In future work, we intend to practically test the presented [9] B. Bosansky and C. Brom, “Agent-based
architecture as a critiquing system in a hospital simulation of business processes in a virtual
department, to practically evaluate the approach and world,” in HAIS '08: Proceedings of the 3rd
identify further improvements. Our critiquing system international workshop on Hybrid Atrtificial
would focus on hypertension together with related Intelligence System$p. 86-94, Springer-Verlag
diseases (such as diabetes mellitus and dyslipidemia). Berlin, Heidelberg, 2008.
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Abstract e the current state of our development and our plans

_ for the future work (in the last section).
In this paper we present a fuzzy system

which provides a fuzzy classification of textual
web reports. Our approach is based on
usage of third party linguistic analyzers, our

previous work on web information extraction 1.1. Motivation

and fuzzy inductive logic programming. Main . . . )

contributions are formal models and prototype Big amount of information on the web increases

implementation of the system and evaluation the need of automated precessing. Especially textual

experiments. information are hard for machine processing and
The abstract was originally published in the ur_1derstanding. Crisp methods have their _Iimitatio_ns. In

paper [1]. Due to the copyright issues, only the this paper we present a fuzzy system which provides a

abstract is presented here, extended with some fuzzy classification of textual web reports.

additional information that is not included in the

original paper. Messages of accident reports on the web (Fig. 1) are

our motivating examples. We would like to have a tool
. which is able to classify such message with degree of
1. Introduction being it a serious accident.

In this contribution we would like to present our latest Our solution is based first on information extraction

Work [1] and eXtend |t Wlth some additional information (See emphasized information to be extracted in F|g 1)
about the issues that are Closely related to the Originaland second on processing this information to get fuzzy
paper. As the original paper has only four pages, we c|assification rules. The description of the the fuzzy
present more details and references here. classification is presented in [1], here we will present

- ) only some additional information.
The original paper deals with a structured data that could

be extracted from web reports. The original paper is

closely concentrated on the use of the structured data
for a fuzzy classification of the reports. The original
paper refers to our previous works where our method

for extraction of a structured data form web reports is ;

presented and gives very little details about it. In this
contribution we present:

Qasicl ta
Zidlochovic, 2
roinstalaci u chladiciho
227pod kontrolu ve 2.32 hodin a uhasili
Iminuty po treti hoding. Pricinou vzniku poZaru byla technicka
e more details about our extraction method (see in |zavada, skodu vysetiovatel piedbézné vyéislil na [Gsmtisig

Section 2), korun| [ damage8000CZK [ ..
e a richer discussion of the related work (in
Section 3) and Figure 1: Example of analyzed web report.
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2. Our Information Extraction Method tectogramatical trees. To achieve our objectives we have
to extract information from this representation. Here
2.1. Linguistic Analysis we refer to our previous work [5, 6, 7]. A long path

In this section we will briefly describe the linguistic ©Of tools starting with web crawling and resulting with
tools that we have used to produce linguistic annotationsth€ extracted structured information is developed in our
of texts. These tools are being developed in the Institute Previous work. In Fig. 2 we can see nodes of a tree
of Formal and Applied Linguistics in Prague, Czech Wherea piece of information about damage (8000 CZK)
Republic. They are publicly available — they have been S located. We have used Inductive logic Programming
published on a CDROM under the title PDT 2.0 [2] (first to learn rules which are able to detect such nodes. The
five tools) and in [3] (Tectogrammatical analysis). These €Xtraction process requires a human assistance when
tools are used as a processing chain and at the end offMnotating a training data.

the chain they produce tectogrammatical [4] dependency

trees Note that our method is general and is not limited to

Czech and can be used with any structured linguistic
representation.

Tool 1. Segmentation and tokenization consists of
tokenization (dividing the input text into words
and punctuation) and segmentation (dividing a

sequences of tokens into sentences).

id 47443 pls2

1

Tool 2. Morphological analysis assigns all possible |
lemmas and morphological tags to particular word| #Perspron Skoda  vySetfovatel  predbszny
n.pron.def.per: n.denot n.denot adj.denot

forms (word occurrences) in the text.
RSTR MAT
osm koruna
adj.quant.def n.denot

Tool 3. Morphological tagging consists in selecting

a single pair lemma-tag from all possible investigating officer

alternatives assigned by the morphological| ... skodu vysetrovatel predb&zné vyéislil na osm tisic korun.

analyzer. ..., investigating officer preliminarily reckoned the damage to be
8 000 CZK.

Tool 4. Collins’ parser — Czech adaptation. Unlike the
usual approaches to the description of English Figure 2: Example of a linguistic tree of one of analyzed
syntax, the Czech syntactic descriptions are sentences.
dependency-based, which means, that every edge
of a syntactic tree captures the relation of 3 Rejated Work
dependency between a governor and its dependent

node. Collins’ parser gives the most probable There is a plenty of systems dealing with text mining
parse of a given input sentence. and text classification, let us mention at least some.

Tool 5. Analytical function assignment assigns a !N [8] authors use ontology modeling to enhance
description (analytical function — in linguistic text identification. In [9] authors use preprocessed

sense) to every edge in the syntactic (dependency)data from National Automgtive Sampling System qnd
tree. test various soft computing methods to modeling

severity of injuries (some hybrid methods showed best

Tool 6. Tectogrammatical analysis produces linguistic performance). Methods of Information Retrieval (IR)

annotation at the tectogrammatical level, are very numerous, with extraction mainly based on key

sometimes called “layer of deep syntax”. Such word search and similarities. Connecting IR and text

a tree can be seen on the Fig. 2. Annotation of mining techniques with web information retrieval can

a sentence at this layer is closer to meaning of be found in Chapter Opinion mining in the book of Bing

the sentence than its syntactic annotation and Liu [10].

thus information captured at the tectogrammatical

layer is crucial for machine understanding of a 4. Conclusion and Future Work

natural language [3].
Currently we are working on the integration of our

method with further linguistic tools and we work on a
graphical user interface so the whole system could be
Having web resource content analyzed by above distributed as a software package and used by arbitrary
linguistic tools, we have data stored in the form of users.

2.2. Web Information Extraction
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We

have made first experiments with the TectoMT

system [11], which can replace the older tools from
the PDT2.0 CD-ROM mentioned above and currently
used in our system. TectoMT can bring us many befits
like named entity recognition, better morphology and
parsing (made by the McDonalds’ parser [12]), but the

biggest advantage is that we can use the same linguistic

formalism (tectogrammatical trees) for English (and
probably for other languages in the future).

On the other hand our approach is not limited to
the tectogrammatical trees and we have made first
experiments withStanford typed dependencigs3] as

an alternative linguistic formalism.

We will probably use The GATE architecture [14] as
the platform for integration of our method with other

systems and we can use it also as the graphical user

interface. The GATE features will also bring a very
modular fashion to the final system.

References

[1]

(2]

J. Dédek and P. \ojtas, “Fuzzy classification of
web reports with linguistic text mining,” iWeb

(6]

[7]

(8]

9]

Computational Intelligence (Catania,
pp. 85-94, Springer-Verlag, 2008.

J. Dédek and P. \Wojtas, “Computing aggregations
from linguistic web resources: a case study
in czech republic sector/traffic accidents,” in
Second International Conference on Advanced
Engineering Computing and Applications in
SciencegC. Dini, ed.), pp. 7-12, IEEE Computer
Society, 2008.

J. Dédek, A. Eckhardt, and P. \ojtas, “Experiments
with czech linguistic data and ILP,” itLP 2008
(Late Breaking PapergF. Zelezny and N. Lavig
eds.), (Prague, Czech Republic), pp. 20-25, Action
M, 2008.

M. Reformat, R. R. Yager, and Z. Li,
“Ontology enhanced concept hierarchies for
text identification,” Journal Semantic Web
Information Systemsvol. 4, no. 3, pp. 16-43,
2008.

M. Chong, A. Abraham, and M. Paprzycki,
“Traffic accident analysis using machine learning
paradigms,informatica vol. 29, pp. 89-98, 2005.

Italy),

[10] B. Liu, Web Data Mining Springer-Verlag, 2007.

Intelligence/IAT Workshops, Soft approaches to [11] Z. Zabokrtsky, J. Pi&ek, and P. Pajas, “TectoMT:

information access on the WelMilan, Italy),
Accepted for publication, 2009.

J. Hajic, E. Hajtova, J. Hlavaova, V. Klimes,

J. Mirovsky, P. Pajas, J. &tanek, B. Vidova-
Hladkéa, and Z. Zabokrtsky, “Prague dependency
treebank 2.0 cd—rom.” Linguistic Data Consortium
LDC2006T01, Philadelphia 2006, 2006.

[3] V. Klimes, “Transformation-based tectogrammati-

[4]

[5] J. Dédek and P. Vojtad$, “Linguistic extraction

PhD Conference '09

cal analysis of czech,” ifProc. 9th International
Conference, TSD 20060. 4188 in Lecture Notes
In Computer Science, pp. 135-142, Springer-
Verlag Berlin Heidelberg, 2006.

M. Mikulova, A. Bémova, J. Hafi, E. Hajtova,
J. Havelka, V. Koléova, L. Kutova, M. Lopatkova,
P. Pajas, J. Panevovd, M.
P. Sgall, J. Spanek, Z. UreSova, K. Vesela,
and Z. Zabokrtsky, “Annotation on the
tectogrammatical level in the prague dependency
treebank. annotation manual,” Tech. Rep. 30,
UFAL MFF UK, Prague, Czech Rep., 2006.

for semantic annotation,” ir2nd International
Symposium on Intelligent Distributed Computing
(C. Badica, G. Mangioni, V. Carchiolo, and
D. Burdescu, eds.), vol. 162 oftudies in

14

[12]

Razimova, [13]

[14]

Highly modular MT system with tectogrammatics
used as transfer layer,” irACL 2008 WMT:
Proceedings of the Third Workshop on Statistical
Machine Translation (Columbus, OH, USA),
pp. 167-170, Association for Computational
Linguistics, 2008.

R. McDonald, F. Pereira, K. Ribarov, and J. Hajic,
“Non-projective  dependency parsing using
spanning tree algorithms,” irProceedings of
Human Language Technology Conference and
Conference on Empirical Methods in Natural
Language Processing (Vancouver, British
Columbia, Canada), pp. 523-530, Association for
Computational Linguistics, October 2005.

M. C. de Marneffe and C. D. Manning, “The
Stanford typed dependencies representation,” in
Coling 2008: Proceedings of the workshop
on Cross-Framework and Cross-Domain Parser
Evaluation (Manchester, UK), pp. 1-8, Coling
2008 Organizing Committee, August 2008.

H. Cunningham, D. Maynard, K. Bontcheva, and
V. Tablan, “Gate: A framework and graphical
development environment for robust nip tools and
applications,” inProceedings of the 40th Annual
Meeting of the AC.2002.

ICS Prague



Jakub Dva@ak

Porovnani optimaliZanich metod pro z&kCovani rozhodovaciho stromu

Porovnani optimalizacnich metod pro zmékcovani
rozhodovaciho stromu

doktorand:
MGR. JaKUB DVORAK

Ustav informatiky AVCR, V. V. i.
Pod Vodarenskouazi 2

182 07 Praha 8
dvorak@cs.cas.cz

Skolitel:

RNDR. PETR Savicky, C&c.

Ustav informatiky AVCR, V. V. i.
Pod Vodarenskouazi 2

182 07 Praha 8
savicky@cs.cas.cz

obor studia:
Teoretickd informatika

Tento vyzkum byl podporovan institucionalnim vyzkumnym zamérem AV0Z10300504 a také projektem T100300517
programu ,Informaéni spole&nost” AV CR.

Abstrakt
Zkoumame metody z&kCovani
rozhodovacich ~ stroml, které  vychazeji

z hotového rozhodovaciho stromu ziskaného
metodou CART a P zachovani jeho
struktury hledaji zrékéeni tak, ze optimalizuji
kvalitu klasifikatoru na trénovaci mnoZn
Predstavené metody pouZivaji @&v rlizné
miry kvality klasifikatoru. Jednou z nich je
soltet jistym zplisobem transformované chyby
na jednotlivych vzorech trénovaci mnozZiny,
druhou je plocha pod ROCf¥ikkou (AUC).

K hledani co nejlepSiho zékCeni je pouzita
randomizovana strategie iterované optimalizace,
ktera v kazdém cyklu modifikuje pouz&kolik
parametrli. V ramci této strategie vyuzivame
jako optimaliz&ni metody simulované Zihani
a simplexovy algoritmus pro minimalizaci —
Nelder-Mead. Jako uka@wijici kritérium pro
iteraCni proces zr@kCovani za Gelem porovnani
metod pouzivame dosazeni limitu realného
Casu vyp@tu. V experimentech s daty ,Magic
Telescope” fi porovnani podle AUC se ukazuje
jako nejlepsi optimalizace AUC pomoci metody
Nelder-Mead.

1. Uvod

ZmeékCovani je zaloZzeno na tom, Ze rozhodovaci
podminky ve vnitnich uzlech (,splitech”) jsou
nahrazeny pravidlem vyftu poneéru, v jakém jsou
zkombinovany vysledky levého a pravého podstromu.

Zde budeme vychazet z negkteného klasického
rozhodovaciho stromu pro Kklasifikaci ziskaného
metodou CART [2], jehoz rozhodovaci podminky
budeme néslednznekéovat. Pro takové zekCovani
jakozto postprocessing budeme s pouzitim trénovaci
mnoziny  optimalizovat  kvalitu klasifikatoru.
Zaméfujeme se na klasifikaci do dvotid nazyvanych
,signal” a ,background”, vystupem klasifikatoru je pro
kazdy pedlozeny vzor realné&islo v intervalu[o0, 1],
které je odhadem praggodobnosti, Ze vzor gatdo
tfidy ,signal”.

Metoda zn&kCovani, kterd byla v naSichf@edchozich
vyzkumech nejuspsrejsi [3], hledala co nejlepsi
vektor parametrll zékCeni tak, Ze opakova@nvybirala
nékolik parametrll, a na této podmnoZiparametrd
pouzivala simulované Zihani k optimalizaci cilové
funkce, ostatni parametry zlstavaly zatim zafixovany.
Cilova funkce v této metad byla pditana tak,
Ze pro vzory z trénovaci mnoziny byla vy§ena
klasifikace stromem z&kfenym s danymi parametry,
pro kazdy vzor byla absolutni hodnota rozdilu
ziskané klasifikace od spravné hodnoty (tj. 0 nebo

Zmékeovani rozhodovacich stromil je cesta ke zlepsenil) transformovana exponencialni funkci a vysledky

kvality predikce klasifikdtoru na prostoru vzorl
s realnymi atributy. Jestlize vystupem Kklasifikatoru je
realné Cislo, znékéené stromy umailji, aby tento
vystup byl spojitou funkci atributli. V nezekteném
rozhodovacim stromu jsou ve vmich uzlech
podminky, které na zakl&d predlozeného vzoru
rozhoduiji, zda v prohledavani pokvat v levém nebo
pravém potomkovi daného uzlu. KdyZz prohledavani
dosahne listu, je z & zjiSttn vysledek klasifikace.
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s&teny fges celou trénovaci mnozinu. Tato metoda
vSak konvergovala velmi pomalu, ziskani dostage
kvalitniho zmékéeného stromu trvalo&kolik hodin.

Nasledujicim cilem bylo nalezeni metody, jez umozni
ziskani alespd stejre dobrého zrékéeného stromu
v rozumnémcase. Zde budeme porovnavatétujici
metody, pro Bz jsme zvolili jako ukogujici kritérium
cykll optimaliz&nich iteraci verpantasového limitu.
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Ziskané klasifikatory budeme porovnavat podle plochy vyraz w;x méa hodnotur;, kde i je takovy index, ze
pod ROC Kivkou (Area Under Curve, AUC) [4] w,;; = 1, Cili vektor w; vyjadfuje vykeér jednoho
namefené na testovacich datech. AUC je standardni atributu fedlozeného vzoru. To &b odpovida klasické

mira kvality klasifikatoru. Hodnota AUC lezi v intervalu
[0,1], €im je vySSi, tim je klasifikator lepsi. AUC
pro nahodny Kklasifikator jel/2. Interpretace je
nasledujici: Vybereme-li ndhod@nrovnong&rré jeden
pozitivni pfipad a jeden negativnfipad, potom AUC je
pravdepodobnost, Ze klasifikator pro vybrany pozitivni
pfipad vyda vysSi vystupni hodnotu, nez pro vybrany
negativni pipad.

Jedna ze zde zkoumanych metod geSaplikuje
mysSlenku vySe zmi#né cilové funkce. DalSi metody
jako cilovou funkci pouzivaji odhad AUC na zéakéad
trénovacich dat. Tuto funkci maximalizuji v jednom
prfipace opet iterovanym simulovanym Zzihanim a
v druhém pipack je v rdmci iteréni strategie pouzita
metoda ,Nelder-Mead”.

2. Zmékcovani rozhodovaciho stromu

Méjme (nezrékteny) rozhodovaci strom, pro klasifikaci
vzorll sm redlnymi atributy. Oznémes pocet vnifnich
uzlt (split), tedy ¢etrg listh ma strom2s + 1 uzll.
Uzly stromu oznaujme v;, j 1,...,2s + 1,
predpokladejme, Ze splity maji indexty...,s a listy
s+1,...,2s+ 1. Kazdému splitw; je pfifazen vektor
w; = (w;1,...,w;n) arealn&isloc;, kazdému listu
v; je pfifazeno realné€islor;. Metoda CART pouziva
jako hodnotur; relativni ¢etnost signal fipadd v listu
v;, takze

Klasifikace vstupniho vzors = (z1,...,z,,) probiha
tak, Ze od kéene stromu jakozto vychoziho aktuélniho
uzlu se provéadi nasledujici proces: Kdyzje vnitfni
uzel, provede se test

(1)

a pokud je nerovnost (1) s@na, aktualnim uzlem se
stava levy potomek uzlu;, jinak pravy potomek. Je-
li aktuélni uzelv; list, potom vystupem klasifikatoru je
hodnotar;.

w;x < ¢j

Timto zplsobem ziskdme jako vystup klasifikatoru
realnécislo (jedno zcCisel r; pfifazenych Bkterému
listu). Pokud je hodnota vystupu klasifikator@tsi
nez zvoleny prah, Zazujeme pedlozeny vzor dortdy
»signal”, jinak do fidy ,background”.

V experimentech pouzivame stromy, kde vektevy
obsahuji pra& jednu jedritku a jinak samé nuly, tzn.
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meto® CART, i kdyz existuje i modifikace, ktera ve
splitech pro porovnavani pouziva obecné netrivialni
line&rni kombinace atributd.

Rozhodovaci strom ro&luje prostor vzorll na oblasti,
v nasem pipace s prae jednou jedriikou ve vektoru
w; se jedna o hyperkvadry seésiami kolmymi na
osy soliadné soustavy @ené atributy. V kazdém
hyperkvadru je vystup klasifikatoru pro vSechny body
stejny. ZnekEovani splitll ve stromu se projevi tim, Ze
skokové jiechody vystupu klasifikatoru na hranicich
hyperkvadrl se zéni na spojité.

Pfi zmékCovani kazdému splitw;, j = 1,...
pfitadime parametry zékCeni

,S,

(Ij,bj Z 0

)

Potom definujeme z&kujici funci (viz obrazek 1)
prislusnou uzluy;, parametrizovanogisly a;, b;,c; a
vektoremw;:

Sj(x) = 04, b, (WX — ¢;)

kdeo, ; linearre interpoluje body uvedené v tabulce:

0
1/2

b
0

t —00
Oab(t)

(0. 9]

0

Pro dipad, Ze pro gjakéj < sjea; = 0, nebob; = 0
je pofeba dodefinovat

oop(0) = 1 pro kazdé > 0
0ao(0) = 1/2 kdyZa >0
S 1
! 1/2
: WJ'X
GG —aj ¢ ¢+

Obréazek 1: Zmékeujici funkce

Pro vstupni vzorx a uzel v; zmékCeného stromu
definujeme vystup uzlw;(x) nasledujici rekurzi: Je-li
v; list, je jeho vystupem;. Pro vnifni uzelv; ozn&me
ij resp.vf jeho levého resp. pravého potomka. Potom

Si()vy (%) + (1 = 8;(x))vf (%)

v;(x)
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Vystupem Kklasifikatoru je vystup kene stromu. | u

zmékEeného stromu pro finalni klasifikaci pouzijeme

porovnani vystupu klasifikatoru se zvolenym prahem.

Jestlizea; = 0 ab; = 0 pro vSechng < s, potom

vystup znékéeného stromu je pro kazdy vstupni vzor

roven vystupu plivodniho ne&kteného stromu.

Ulohou znéktovani daného stromu
parametrli;, b; pro v8echny vniniuzlyj = 1,...,s.
Vektor vSech parametrii;, b; budeme také ozmavat
p- Zmékéeny strom s parametry &ktenip budeme
ozna&ovat TP pficemz TP)(x) znamena vystup
tohoto klasifikatoru pro vzox.

3. lterovani
parametrd

optimalizace na podmnozinach

je hledani

Kofenovy parametr volime tak, aby ani vj-‘ nebylo
listem stromu, mezi takovymi parametry je nahodny
vybér ka‘enového parametru rovn@meé rozalen. Do
vysledné podmnoziny parametrll pro optimalizagi
zahrneme kiienovy parametr, oba parametr§igusné
uzlu va a vSechny parametry figlusné pimym
potomki&im uzlw:*. MnoZinaQ tak mdize mit 7 prvka,
ale protoZe jeden nebo oba@mpych potomkd uzlu;jf
mohou byt listy, mlize mit tato podmnoZzina také 5 nebo

3 prvky.

4. Optimalizacni metody

Porovnavané metody zkCovani jsou zaloZeny na
dvou standardnich optimalizaich metodach —
simulovaném Zzihani a simplexovém algoritmu pro
minimalizaci ,Nelder-Mead” [5]. OB tyto metody

V této sekci popiSeme strategii hledani parametrll hledaji optimum iterativé pouze na zakladfunkénich

minimalizujicich  cilovou funkci,

ktera pouziva hodnot cilové funkce, tedy bez fieby vypdtu

opakovag optimaliz&ni metodu, vzdy pouze na diferencidlu, takZe jsou pouZitelné i na optimalizace
podmnoZi@ parametrll a ostatni parametry zlstavaji nespojitych funkc.

konstantni. Tedy jednotlivé optimalizai behy feSi
tlohu nizsi dimenze.

K tomuto (Eelu zavedeme nasledujici Zmmi: Necht
Q C {1,...,2s} az € R*. R® bude oznéovat
mnozinu vektorl{xz;};cq, tzn. vektorll ZRI?!, jejichz
sloZzky jsou indexovany prvkg) mistocisell,...,|Q].
Mame-li cilovou funkci znékcovanif(p) definovanou
naR?®, potom proz = (z1,...,22s) Necht f[Q,z] :
R? — R je funkce definovana na kazdéme R tak,

ze f(Q, z](x) = f(y), kde

IteraCni strategie opakov@n aplikuje vybranou
optimaliz&ni metodu, cilovou funkci jg[Q, po](p’),

kterA ma |Q| argumentl, kdep, je vysledek
predchoziho volani, nebo vfipad prvni iterace
inicialni hodnota zrékCovani. Restrikcgo na vybranou
mnoZzinu indexi je inicialni hodnota pre’ v aktualni
iteraci.

kdyzi € Q
jinak

Vybér podmnoziny@ parametrll v kazdém cyklu je
randomizovany a zaloZeny na struid@stromu. Nejprve
je ndhodg zvolen jeden z parametrll BhEeni jako
korenovy parametr. Jestlize ienovy parametr je; pro
néjakéj, potomu* ozna&imev}, tedy levého potomka
uzlu v;. Jestlize koéenovy parametr jé; pro rgjakéj,
potomv;* rozumimeuvf* — pravého potomka uzlu;.
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Protoze pouzité implementacéchto optimalizénich
metod neumaiovaly omezeni defighiho oboru cilové
funkce, ale pitom na parametry z&kCeni stromu jsou
kladeny podminky (2), je cilova funkce dodefinovana
tak, aby pro vstupni hodnoty porusujici (2), generovala
vysokou hodnotu (viz nize) a tim e nutila
optimaliz&ni metody se této oblasti vyvarovat.

V ramci strategie iterované optimalizace popsané
v predesSlé sekci jsou metody pouzity nasledujicim
zptusobem: Simulované Zihani — v kaZzdé iteraci se
provadi 100 krokli metody, novy kandidatsky bod se
generuje na zakladGauss-Markovova kernelu, inicialni
teplota je nastavena na hodnotu 10 a update teploty
se provadi po kazdém kroku. Nelder-Mead — v kazdé
iteraci je provedeno 30 krokdi metody.

Pro u€eni Skaly a inicialni hodnoty pro optimaliaa
metody pouzivdme vzdalenost splitu od hranice
hyperkvadru. Tyto hodnoty definujeme takto: Nejprve
cely prostor vzorll ve sérech vSech atributll omezime
nejzazSimi trénovacimi vzory, tak ziskame zakladni
hyperkvadr. Kdyz v uzlu; podminka (1) rozéluje
hyperkvadr vyssi Grovi ktery je v testované pragnné

x; omezen hodnotami; 1, z; 2, kdez; 1 < ¢; < zj2,
potom za vzdalenost od hranice hyperkvadialpSnou
pro paramett; resp.b; povazujeme

a _ .. .. b_ . _ ..
h]-—cj Zj1; h]-—ZJ,Q ¢
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metoda [ A | B | C | D |

inicialni hodnota al=0; b2=0 al =1/4h%; ) =1/4hb

50 iteraci po sob

ukorcujici kritérium S
bez zlepSeni

vycerpanycasovy limit 5 minut

cilova funkce PA ©B AUC
optimaliz&ni metodal iterované simulované zihani iter. Nelder-Mead
a b
skala (he,ht), j=1,...,s (1/16 1, 1/16 h3)
30 j=1...,s

Tabulka 1: Prehled metod zm@kéovani

Zakladni charakteristiky zkoumanych metod ukazuje minimalizuje funkce, ktera pro legalni paramepryma
tabulka 1. Pismeno A ozbaje metodu z [3]. Tato  hodnotu z&pora vzaté AUC proT(P) naniéfené na
metoda pouziva cilovou funkci definovanou pro legéalni trénovaci mnozi@, pro nelegalni parametry ma hodnotu

parametry zrékéenip (viz (2)) jako w(p).
pa(p) = ZGXP (4 (’T(P)(xi) —Yi| 1)) 5. Implementace
=1
kdex;, i — 1,...,n jsou prvky testovaci mnoziny a Protoze jsme pouzili v ukdwjicim kritériu

optimalizace redlnycas, je dullezitdA implementace
experimentll. Zakladnim frameworkem byl systém R
[6], ktery zahrnuje interpret jazyka a rod@gIny systém
balickl, diky remuz mohou byt jednotlivé metody
Pod pismenem B uvadime metodu, kterd je zalozenahaprogramovany ndipv jazyce C a integrovany pomoci
na stejném zakladnim principu, jako metoda A, ale zkompilované sdilené knihovny.
obsahuje Bkolik zlepSeni nalezenych od publikovani

[3], zejména nenulovy inicialiZai vektor parametrl, g X . - h o
normalizaci funkni hodnoty a vystupni hodnottip sestaveni experimentd s vyuZitim nasledujicich
nelegalnich parametrech, je? roste se vzdalenostikOmpPonent:

hodnoty kazdého nelegalniho parametru od legalnich

hodnot. Pro tuto metodu jiz pouzivame jako ukajici o Klasifikace mnoziny vzor{l z&ktenym stromem,

kritérium Casovy limit. To nam umozni relevar@si byla implementovéna v jazyce C.
porovnani myslenky metody A s ostatnimi metodami.

y; jsou jim prislusné klasifikace, tedy hodnoty 0 nebo
1 pro background resp. signafipady. Pro nelegalni
parametry jepa (p) = n + 1.

v A

e Vypocet AUC — byl v jazyce C.
Cilovéa funkce pro metodu Bfplegéalnich parametrech

je e Metoda simulovaného zihani byla v jazyce C,
1 jednalo se o mir@ upravenou implementaci, jez
vB(P) = ESOA(I’) je soltasti systému R.

Pro nelegélni parametry, tzn. pokuéktera ze slozek e Metoda Nelder-Mead byla integrovana

vektorup je zaporna, definujeme implementace z knihovny GNU Scientific
9% Library! pomoci R package ,gsl”.

pp) =1+ Z max(0, —p;) e Strategie iterované optimalizace na podmnoZinach
=t mnoziny parametrll byla implementovana
vn(P) = u(p) vjazyce R.

Pro dalsi metody je v tabulce 1 uvedena jako VypoCty béZely na procesoru Int8 Xeori™ CPU
cilovad funkce ,AUC", coz pesreji znamena, ze se 2.80GHz, v systému se 4GB opéndpangti.

Lhttp://www.gnu.org/software/gsl/
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6. Experimenty pocet o pocet o
splitt splitt

V experimentech byla pouzita data ,Magic Telescdpe” 1|45 0.887254 6| 69 0.886673
ktera jsou zkoumana také v [3]. Problematikou 2|49  0.882268 7138 0.881902
klasifikace &chto dat se vice zabyva [1]. Data maji 3| 69  0.886131 8|52 0.880057
10 reélnych atributli, obsahujfiplizné 65 % signal 4164  0.892350 9175 0.893006
pripadt. 5|43 0894513 10|56  0.885681
Trénovaci mnoZzina obsahujici 12680 vzorl,, byla Tabulka 2: Vlastnosti nezrakéenych stromu.

rozcélena na d&casti v ponéru velikosti 2:1, prvntast
byla pouZzita pro rlist stromu a drubast jako validani

mnozina pro priezavani. Stromy byly vytieny A B C D
metodou CART, nastavenim riiznych hodnot parametrl ™1 [ 0.909050 0.903945 0.904057 0.912239
profezavani byla ziskana sekvence stroml rlznych 2 | 0907109 0.896344 0.898889 0.908804
velikosti. V této sekvenci byl na gatku nejétsi strom a 31 0.914037 0.902580 0.906368 0.914319
kazdy dalsi vzniknul pri@zanim pedchoziho, tedy byl 40913617 0.903198 0.903999 0.915339
jeho podstromem. Pro zEkCovani byly pouZzity z celé 5| 0.913058 0.905683 0.907888 0.917001
sekvence pouze ty stromy, které nebyt3i, nez strom, 6 | 0.909587 0.897866 0.899282 0.909323
krery mel na valid&ni mnozie nejmensi chybu. Jako 7 1 0908522 0901193 0.904355 0.909901
data slouzici k vyp€tu cilové funkce fi zmékCovani 8 | 0.907109 0.897537 0.899769 0.908703
byla potom pouZita cela trénovaci mnozina. 9| 0.916947 0.906992 0.909030 0.917126
Z divodu velké gasové narénosti metody A byl 10| 0.913255 0.903054 0.904603 0.912520
vygenerovan pouze maly pet stromll zréktenych Tabulka 3: Préimémé hodnoty AUC
touto metodou, z@kEovany byly stromy z pgatku ' '
sekvence pr@zavani,Cili nejvéetsi, tedy nejpesrgjsi
stromy (podrobnosti viz [3]). Pro porovnani jsme pro
kazdy strom ze sekvence satli tolik zmékEeni kazdou A B c D
2 metod B, C, D, kolik bylo k dispozici zBkeni 1| 0.913832 0.907214 0.907320 0.913885
metodou A. 2 | 0.909889 0.898939 0.904546 0.910490
3] 0.917025 0.905709 0.910231 0.917092
Na zaklaé testovaci mnoZziny obsahujici 6340 vzori 4 | 0.918478 0.908102 0.908378 0.918705
byla vypc&tena hodnota AUC pro kazdy takto ziskany 5| 0.916306 0.909574 0.911750 0.919407
klasifikator. Pro kazdou z metod jsme vyjadli 6 | 0.913164 0.903933 0.903855 0.911248
primérnou a maximalni hodnotu AUC ze vSech 7 | 0.910700 0.905010 0.911652 0.914576
zmékéenych stromd. 8 | 0.909786 0.901399 0.903703 0.911067
Cely popsany postup byl opakovan desetkrat s tim 90919530 1 0.911230 0.915396  0.920273
' 10| 0.915340 0.907896 0.910725 0.916069

Ze pro kazdy experiment byla dostupna data énov
rozcklena na trénovaci a testovaci mnozinu. Diky Tabulka 4: Maximalni hodnoty AUC.
odliSnym trénovacim mnozinam byly v rlznych
experimentech odliSné primarni stromy, které byly

zéklvaqlem pro p_rffegfélvéni. Tabulka 2 ukazuje ¢vxe1 oD/®A maxD/maxA
vnitfnich uzlu nejeétsiho stromu ze sekvence pouZitého 171.0035087 1.0000580
pro znélféovéni a jeho hodnotu AUC naienou na > | 1.0018689 1.0006610
testovacich datech. 3| 1.0003088 1.0000739
Primérné hodnoty AUC stromll zéktenych 41 1.0018849 1.0002472
jednotlivymi metodami porovnavatabulka 3, maximaini 5 | 1.0043183 1.0033848
hodnoty tabulka 4. 6 | 0.9997104 0.9979017

7 | 1.0015178 1.0042566
Metody B a C maji vysledky obeérhorsi, nez metoda 8 | 1.0017566 1.0014079
A. Vysledky metod A a D porovnava tabulka 5. 9 | 1.0001951 1.0008084
Primérné hodnoty AUC metody D jsou pouze ve 10| 0.9991960 1.0007963
dvou gipadech z 10 nepaténhorSi, nez u metody A,
maximalni hodnoty dokonce jen v jednorripace z 10. Tabulka 5: Ponery hodnot AUC metody D a A.

2http://wwwmagic.mppmu.mpg.de
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7. Zaver

Porovnali jsme 4 metody pro zFkCovani
rozhodovaciho stromu zaloZené na optimalizaci kvality
klasifikdtoru na trénovaci mno#@n Cilem bylo
dosahnout v rozumnéntase alespd srovnatelnych
vysledkl ziskaného klasifikatoru, jaké davala metoda
zalozena na iterovaném simulovaném Zzihani, ktera
pouzivala jako cilovou funkcips, tedy sodet
exponencialni funkci transformovanych vzdalenosti
vystupu klasifikatoru od spravné klasifikace.

Predstavili jsme metodu podobnou — také zaloZzenou
na iterovaném simulovaném Zihani a uvedené cilové
funkci, ale se zlepSenimi v oblasti inicializadeseni
ilegalnich hodnot a normalizace futrid hodnoty. Tato
zlepSeni nevedla k tomu, Ze by metoda v daném
pétiminutovémcasovém limitu dosahovala dostate
kvalitnich zmékeeni.

V experimentech se ukazalo, ze lepSi cilovou funkci
je plocha pod ROC #vkou (AUC). Pro tuto cilovou
funkci jsme pouzili jako optimalizéni strategie oft
iterované simulované zihani a také iterovany simplexovy
algoritmus (Nelder-Mead). Posledni z uvedenych
metod doséhla na datové mnaZifMagic Telescope”

pri vypottu omezeném vtase 5ti minut vysledkl
srovnatelnych sé&mi, které plivodni metoda pivala
nékolik hodin.
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Abstract parts of the input might represent linear time
) ) ) evolution (so called clocks). In the algorithm,
A hybrid system is a dynamic system that we compute slices of parallel hyperplanes
With hybrid systems we can model traffic the state space for a given abstraction of the
protocols, networking and locking protocols, input system. We demonstrate the usefulness
microcontrollers and many other systems where of such slices within an abstraction refinement
adiscrete System interacts with some continuous a|gorithm based on hyper-rectang|es_

environment. Usually in such applications there
are some unsafe states, that is, states that
will be dangerous for the system or its user.
Safety verification algorithms are algorithms

that automatically check that a given hybrid w .
system never reaches an unsafe state. [1] S. Ratschan and Z. She, “Safety Verification of

In our work we improve the method for Hybrid Systems by Constraint Propagation Based
verification of hybrid systems by constraint Abstraction Refinement”, ACM TECS vol. 6,
propagation based abstraction refinement [1]. 2007.

That algorithm allows the verification of a
very general class of hybrid systems (e.g., with

References

[2] T. Dzetkulic and S. Ratschan, "How to Capture

non-linear ordinary differential equations), but Hybrid Systems Evolution Into Slices of Parallel
does not exploit the structure of special cases. Hyperplanes”, to appear in the proceedings of
Our proposed improvement [2] still allows ADHS’09Q 3rd IFAC Conference on Analysis and
very general inputs, but exploits the fact that Design of Hybrid Systems.
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Abstract Figure 1 is the example of the price being dependent on
the value of the producer that was given in the paper. For
This paper studies a possibility to learn a producers HP, IBM, Lenovo, Toshiba and Sony the ideal
complex user preference model, based on CP- price is 2200$ and for Fujitsu-Siemens, Acer, Asus and
nets, from user ratings. This work is motivated MSiI the ideal price is 750$.
by the need of user modelling in decision
making support, for example in e-commerce. We ACER : 0.2 TOSHIBA: 0.7
extend our user model based on fuzzy logic to
capture variation of preference objectives. The ASUS: 05 HP: 0.9
proposed method 2CP-regression is described FUJITSU: 0.8 || IBM: 0.8
and_ tested. 2CP-regress_,ion uses CP-n_ets idea MSI-0.5 SONY-0.7
behind and can be considered as learning of a
simple CP-net from user ratings. LENOVO:0.4

The abstract was taken from [1]. Due to the copyright

: . ACER, ASUS,

issues, only the abstract is presented here. |Price — 7508
FUJITSU, MSI

We add a brief overview of contributions of the paper, TOSHIBA, HP, IBM.

extended with work done after publishing the paper. |Price — 22009
SONY, LENOVO

1. Ceteris paribus Figure 1: Example of a CP-net representing data about

. o notebooks.
One of the main contributions of the paper was to _ )
address the issue of ceteris paribus phenomenon inT he relation between attribute preferences can be learnt,
preferences [2]. Ceteris paribus means "all else beingWhich was the task of the paper. We want to find
equal” and is applied when two attribute values are the relation bgtween the producer and the price of a
compared. Let us adopt the example from the paper - ahotebook, having a _smaII number of notebooks rated
user buying a notebook. When we want to compare e.g.by the user. The rating can be represented by stars or

two sizes of harddisk, we say that 250GB is preferred school marks, but often it can be transformed to the set
to 80GB ceteris paribus. This can be translated to a1l2:3:4,5}. Ageneral user preference model that would

sentence:"Imagine two noteboaksandy, wherex has be able to predict the rating of all objects is constructed
the size of the harddisk 250GB anpdhas 80GB. All  ©n the basis of these ratings.
other attribute values are the same. Thers always

" Our user model was described in the paper, but the
preferred tay.

main focus was on the learning of the relation between

The opposite consequence of ceteris paribus is that theréttribute preference between a numerical attribute such

can be a relation between two attributés and A,, so as the price and a nominal one, such as the pr(_)ducer.
that the ceteris paribus can not be applied for them. In We wanted to extend the approach to nominal attributes,
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which we have already done. 2CP regression is theThe results for various sizes of the training set are
method proposed in the paper. For a numerical attributepresented in Figure 2. The error measure in the figure
Ay, it tries the values of other nominal attributes (e.g. is RMSE - root mean squared error. We can see that
As) and tries to find, if there is a relation between 2CP regression performs the best in the average. This
the values ofd, and the preference of the values of was confirmed also by other error measures, which are
A;. In our example, instead of trying to make the describedin [1].

regression of the price over all training set, we do it

for a set of notebooks of a particular producer, which

is significantly smaller. We are able to distinguish the 2. Future work

two ideal prices (750% and 2200%) of notebooks in this

way at the cost of reducing the training set size. In the future, we plan to find a measure of relation
between two attributes. The relation is always used in
1.1. Results our current approach, no matter if it is only a chance

Or statistical variation for a particular attribute vallfe.
we could quantify the amount of relation between the
two attributes, this added information may be used to
Experiments was done on a set of 200 notebooks. Thelmprove the process of learning.

rating of notebooks was calculated by a set of functions When 2CP o lied. the si f1h -
- every attribute had an ideal value, the aggregation of en regression is applied, the size of the training

preferences of attributes was done using a weightedSet dec_:reases_propor_tionally o the size of th_e domain
average function. Price was transformed according to of the mflg_encmg attnbutg (the producer). T_h|s affects
the example described in the text - for producers HP, the reliability of the learning - the smaller is the set,

IBM, Lenovo, Toshiba and Sony the ideal price was set the more ro!e the noi_se present. in- the data p'aYS- One
to 200%$ and for the rest to 7508. of the possible solutions for this is the clustering of

attribute values - in our example, there were only two
We tested our method Statistical with preprocessing Sets of producers, but the 2CP regression learns for each
using linear regression and also using 2CP regressionProducer alone. The possibility to find a similar results
For comparison, support vector machines and multilayer Of learning and cluster them together may radically
perceptron was also tested. Method Mean always returndmprove the overall reliability and robustness of the
the average rating from the training set, so it can algorithm. Initial experiments with clustering have not
be considered as the most simple method. Deeperturned out very well, but we still think that this can be a

We present also a sample of results of the experiment
from the paper.

description of the methods are in [1]. good way.
. Average of RMSE Acknowledgment
117 The work on this paper was supported by Czech project
1] 1ET 100300517.
0,9 1
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©o,7 [1] A. Eckhardtand P. Vojtas, “How to learn fuzzy user
0.6 f[—wekasw | N preferences with variable objectives,” Tio appear
T Sinical Linear regression in proceedings of International Fuzzy Systems
O | e [N Association World Congress, 2009 (IFSA 2Q09)
0.4 1 20009.
0,3 ‘ : : : : : [2] C. Boutilier, R.I. Brafman, H.H. Hoos, and
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Training set size and reasoning with conditional ceteris paribus
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Figure 2: RMSE. Intelligence Researclvol. 21, p. 2004, 2004.

PhD Conference '09 23 ICS Prague



Alena Gregova

Modularne ontologie

Modularne ontologie

doktorand:
ING. ALENA GREGOVA

Fakulta mechatroniky, informatiky a mezioborovych studii
Technické univerzita v Liberci
Halkova 6

461 17 LiberecCeska republika
alena.gregova@tul.cz

Skolitel:

Csc.

Ustav informatiky AVCR, V. V. i.
Pod Vodarenskouazi 2

ING. JULIUS STULLER,

182 07 Praha 8

stuller@cs.cas.cz

obor studia:
Technicka kybernetika

Abstract

Problémy s vefkymi  monolitickymi
ontolégiami  z  hladiska  rozSiritelnosti,
znovupouZitia, dostupnosti a podpory viedli
k narastajucemu zaujmu o modularizaciu
ontologii.

Modularizacia, ako taka, ulduje jednoduchsie
doplhovanie novych poznatkov do existujicich
znalosti. Okrem toho mo6Ze zaistit ptdoveka

aj ich v&Siu zrozumitelnost'.

Hlavny  ciel modularizacie sa tyka
problematiky, ako mézu byt moduly navrhnuté,
charakterizované a riadené. Vyuziva sa pritom
deskrigna logika (DL), grafické komponenty a
konceptualne modelovanie.

1. Uvod

Nedelitelnou sg@astou Sémantického Webu su
ontolégie Problému, akopakovane pouzivaintoldgie
sa venujemodularizacia V siCasnosti existuji dve
hlavné drovne znovupouzitia ontoldgii, a to v ramci:

1. ontologického jazyka OWL, ktory
ponduka moznost importovat OWL ontolégie
prikazom<owl:imports>  [1],

2. ontologickych editorov, napriklad

Protégé, PATO, SWOOP, KMi.

Prostrednictvom OWL jazyka je mozné spaijit niekolko
OWL ontolégii do jednej véSej. AvSak takéto
syntaktické rieSenimemusi byt v obecnom pripade
Uplne dostéujice a v obecnostieumoziuje efektivne
opakované pouzitieurCitych Casti ontolégie (tzv.
moduloy. Désledok tohto nedostatku mbdze spbsobit
necakavand nezitelnost alebo nedostatmu
vykonnost [2].
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V pripade, ak sa jedna o naozaj velké ontologie,
editory ako Protégé a iné su schopné spracovavat iba
urcitt Cast z pdévodnej ontologigo by mohlo viest

k strate znalosti. Tento nedostatok je jednym z dévodov
skiimania modularizacie ontolégii (MO).

Ciefom MO je analyzovat Specifické podmnoziny
pbévodnej ontoldgie, ktoré nazyvanmeodulmi [2]. To
vSak nie je jedinym ciefom modularizacie. Zaoberéa
sa ajrozsiritelnostou z pohladu ziskavania, vyvoja a
udrzby znalostiMedzi d'alSie patripochopitefnosta
personalizacig4].

Jedno z intuitivnych chapani modulu pdmnoZina
celky kde celok predstavuje samostatnu ontologiu.

Modularizacia mdze byt chapana dvojakym spésobom:

1. Dekompozicia: predstavuje proces rozkladu
velkej ontolégie na malé modyly kde
z&iatatnym bodom je ontolégia ako celok a
findlnym nové moduly [4].

2. Kompozicia: predstavuje opgmy proces
k dekompozicii, to znamena, Zmensie) ontolo-
gické moduly su skladané do vacSej ontoldgie
Startovacim bodom je sada modulov, ktoré
predstavuju budlce zoskupeniea vystupnym
nova ontolégia [4].

Pre pochopenie podstaty modularizacie je potrebné
objasnit nasledujuce body:

1. Modul predstavuje zoskupenie sady konceptov,
relacii, axiom a inStancii. Zasadnou otazkou je,
ako presne definovat takato mnozinu

2. Hlavné pouzitie modulu je akdkomponenta
prispievajica k vytvoreniu novej ontolégie
Otazkou je,ako takato kompozicia mbze byt
rieSena
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3. Ako m6ze byt modul spojeny s d'alSim modulom,
aké mapovanie moze byt definované medzi

modulmi, ako m6zu byt pouzifé].

2. Ciele modularizacie

Pre presné pochopeni® modularizacia znamena, aké
ma vyhody a nevyhody v spoijitosti s ontolégiami, je
potrebné definovat jej zakladné ciele, ktorymi su:

1. Rozsiritefnost’

e RozSiritefnost prevyhfadavanie znalosti:
Tu je kritériom modularizacie @enie a
vymedzenie priestoru pre vyhladavanie
znalosti¢o si vyzaduje potrebné vedomosti
0 skiimanom priestore.

e Rozsiritelnost prevyvoj a udrzbu:
Tu je kritériom modularizaciektualizacia
ontologii Tento pristup si  vyzaduje
pochopenie  stability informéacii o
ontologiach.

2. Zrorumitelnost:  Dblezitym faktorom je
velkost ontolégii Obsah malych je rlahsie
pochopitelny a naopak. A taktiez je potreba
rozliSit, Ci pouzivatelom ontolégii je Clovek
alebointeligentny agent

3. Personalizacia: Poskytuje kritéria  pre
dekompoziciontoldgii na mensie moduly.

4. Znovupouzitie: predstavujezdkladni motivaciu
kompozi€ného pristupu Ale takisto mbéze
byt aplikované do dekompo@ného pristupu.
Hlavnou tlohou je opatovné pouZitie vytvorenych
modulov. Dochadza k maximalizacii moznosti
modulov na:

e pochopenie
e vyber
e pouZzitie d'alSimi sluzbami a aplikaciami [4].

3. Definicia a popis

Je niekol'ko definicii (ontologického) modulu.

e Jedna z nich [3] definuje modul ako

opatovne pouzivand komponentu/prvok vacsej

alebo komplikovanejSej ontoldgie ktory je
samostatny/uzavretyale zarové v sebe zalha
vzajomny vztah vzhfadom k inému modulu.

znovupouzité bud tak ako uz sua, alebo ich
rozSirenim prostrednictvom novych konceptov
a vzajomnych vztahov.

Daldia definicia [5] tvrdi: "aby proces
znovupouzitia modulov bolo mozné vykonat, je
potrebné zabezpd', Ze moduly su sebeobsazné
(bez referencii na dalSie koncepty). Inymi
slovami modul je samostatnou podmnoZzinou
rodiCovskej ontologie

Ontologicky modul je sebeobsazny/samostatny,
ak vSetky koncepty modulu si definované
pomocou inych konceptov modulu a nevytvaraju
odkazy/referencie na nejaky iny koncept mimo
daného modulu [3].

Podra [6] je modul definovany ako objekt
predstavujdci minimalnu podmnozinu axiém
v ontoldgii, ktora dostattne presne zachycuje
vyznam utitych pojmov.

Podra [1] modul M(O) ontolégie O je mnoZzina
axiom (podtrieda, rovnocennost, konkretizacia
atd’) taka, ze plati Sig(MO) C Sig(0)), kde
Sig(0) je signatura (sada mien vyskytujicich sa
v axibmach ontologie O).

Podla tejto definicie Glohou dekompdmiého
pristupu je rozdelenie axiém ontolégie na
mnozinu modulov {M,...M;} tak, ze kazdé
M, je modul a zjednotenie vSetkych modulov
je sémanticky ekvivalentné pévodnej ontologie
O. Pre tento pristup sU vytvorené editory
ako napriklad PATO a SWOOP. Okrem
dekompoztného pristupu [1] uvadza aj
pristup extrakcie modulu. Jeho ulohou je
redukovanie ontoldégie na modul, ktory pokryva
konkretny pod-slovnik SV (Sub-Vocabulary).
Inymi slovamie, ak existuje ontolégia O a sada
SV C Sig(0) vyrazov, mechanizmus extrakcie
modulu vrati modul My. Mgy predstavuje
relevantni Cast ontolégie, ktora pokryva SV,
(Sig(Msy) D SV). Pre tento pristup boli
vytvorené editory ako napriklad KMi a Prompt.

Ontolégiu je mozné chéapat ako dvojicO=(C, R), kde
O - ontolégia

C - mnoZzina konceptov: C ={C...C,}

R - mnozZinaroli: R ={R(a, b)...R.(a, b)}

a modul ontoldgie ako dvojicuO,; = (Cyps, Ras), kde
Cu#onCycC
Ry CR

Tato definicia hovori, Zze moduly mdézu byt symbolicky: Q,; C O
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Modularizacia nutne neznamend, Ze kazdy modul
ontolégie je disjunktny s ostatnymi modulmi danej

ontolégie. Napriklad ak A ma potriedy B a C, potom

vytvorenie modulu z A by malo obsahovat' vSetky tri

koncepty, ale vytvorenie modulu z triedy B iba jeden

a to B. V tomto pripade modul B nie je disjunktny

s modulom A [3].

VéacSina ontologii je vyvyjana zapredpokladu
otvoreného  sveta OWA (Open World
Assumption)  [7], to znamena, Ze sU povolené
referencie na koncepty mimo ontologického modulu.
AvSak aby bolo mozné ziskat sebeobsazny modul, je
potrebnypredpoklad zatvoreného svefAVA (Close
World Assumption) [7], Cize nie su povolené
referencie na koncepty mimo modulu [3].

Podla [4] je moduly moZné delit na tzwzatvorenéa
otvorené

Zatvorené: ak modul nie je spojeny s d'alSim modulom
Otvorené: ak modul je spojeny s d'alSim modulom [4].

4. DekompozEny pristup

Cielom je spracovavat velké, zlozitejSie ontoldgie,

ktoré mbézeme néjst napriklad v medicine alebo
biologii. Ich velkost a doména su tazSie pochopitelné
a spracovatelné. Z tohto dévodu sa vyvyjaju metody,
ktoré by boli schopné automaticky rozdefovat zlozité
ontoldgie na mensie moduly [4].

Jednou z tychto metdd je metdda rozdelovania, ktora
vyuziva techniky zo sietovej analyzy, je vSak schopna
rozdelit iba jednoduchSie hierarchické Struktary. Ale

ontoldgie, ako napriklad v spominanej medicine,
pozostavaju zo zlozitejSich hierarchii. Preto vyuZzivajl
expresivnu silu ontologického jazyka OWL. Cielom

je adaptovat tato metddu rozdelovania jednoduchej
hierarchickej Struktary do viac expresivnejSich

ontoldgii, najma do ontoldgii kddovanych v OWL [4].

4.1. Algoritmus dekompozicie

Podla [8] algoritmus dekompo@ného pristupu
pozostava zroch Uloh ktoré vyplyvaju zo zavislosti
medzi konceptmi. V prvom rade je potrebné vytvorit
zavislostny grag definicie ontologie. Druhou tlohou je
vytvorenie aktualneho rozdelenia podla uz vytvoreného
grafu. A poslednym krokom jeptimalizacia rozdelenia

a to na zaklade zistenych izolovanych konceptov,
spojenia niektorych modulov a opakovania vybranych
axiom.

4.1.1 Vytvorenie zavislostného
(Pomocné pojmy potrebné k vytvoreniu grafu:

grafu:
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Podtrieda:v ramci hierarchie tried

Vlastnosti:Ked' sa zavadzaju vlastnosti, doména
a rozsah kazdej vlastnosti si medzi sebou
prepojené.

Definicie: Relacie definicie s medzi konceptami
a vyrazmi, ktoré su obsiahnuté v ich definicii.
VyuZiva sa to pri vytvarani konceptov, ktoré su
zavisle na niektorej spolmej vlastnosti.

Podretazec: Daldia relacia sa tyka mien
konceptov, ak meno jedného konceptu je
obsiahnuté v inom. Relacia retazca je vhodna
v pripade ak vyrazy ontolégie maji tzv.
"kompozen Struktdru™.)

ESte pred samotnym vytvorenim zavislostného grafu je
potrebna konverzia ontolégie v OWL, RDF alebo KIF
formate do vahového grafu - sfiwa vo vytvoreni grafu

a spaitani vahy.

e Vytvorenie grafu: Hlavnou mysSlienkou je,
Ze elementy (koncepty, relacie, inStancie)
su reprezentované uzlami v grafe. Medzi
jednotlivymi uzlami si spojenia v pripade, ak
medzi elementami su Gité savislost [4]. Typy
tychto spojeni su prave vysSsSie uvedené pomocné
pojmy.

UrCenie sily/mohutnosti zavislosti: UrCuje sa
sila medzi konceptmi. Pomocou algoritmu zo
sietovej analyzy sa vypdta stup@ pribuznosti
medzi konceptmi. Potom sa @uji vahy medzi
réznymi Castami zavislosti, napriklad relacie
podtriedy maju vasi vplyv ako relacie domény.
Na urenie vah zavislosti sa pouzije Struktira
zo zavislostného grafuDP - Depedency
Graf) . Nakoniec sa vyptita proporcionalna
sila (PS) wpre tento graf.

PS popisuje vyznam doblezitosti spojenia od
jedného uzlu k d'alSim na zakladegio spojeni,
ktory tento uzol ma. Vyptita sa ako podiel sifu
vah spojeni medzi uzlom; @ uzlom ¢ a si&tu
vah vSetkych spojeni; & d'alSim uzlom.

aij+aji

7!
g ik + Qg
k

w(c;, ;) = kde

a;; - vaha spojenia medzi uzlom a uzlom g
w(c;, ¢;) - PS spojenia medzi uzlom a uzlom ¢
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V néasledujicom obrazku napriklad uzbina 4 spojenia o f —(10¢
s d'alSimi uzlami,o znamend, Ze proporciondlna sila
k susednym uzlom j8.25 teda (1/4). o g—094d
In& Urove zavislosti medzd a jeho susedmi vychadza
zo vzajomnej zavislosti susedov s uzlodp (PS je o h—U0g

nesymetrickd). Napriklad medeia f ja PS rovnal,
ked'ze oba tieto uzli maju len jedno spojenie s uzlom
d. Sila zavislosti medzy ad je 0.5, ked’zeg ma dvoch
susedov.

4.1.3 Optimalizacia - urCenie izolovanych
konceptov: V niektorych pripadoch rozdelenia
velkej ontolégie na mensie moduly mdze nastat, Ze
ostanl samostatné uzly, ktoré nie su priradené k Ziadnej

_ s/ skupine. Preto algoritmus automaticky priradi tieto uzly
B\ o / —": " k modulu a to na zaklade sily relacie, teda na zaklade
3 — 4 -— & - & najsilnejSieho spojenia. Ide vlastne o LI susediacich
W o - = uzlov s najsilejSou relaciou.
5 PPN !
: 4.1.4 Optimalizacia - zl(Cenie: Pouzitim

spominaného algoritmu sa generuji  moduly.
Obrazok 1: Priklad grafu s proporcionalnou silou zavislosti ¥ Niektorych pripadoch podstromy, ktoré sicenée
k formovaniu modulu, st dalej rozdelované. A to
aj v pripade, ak kompletny podstrom neprevysil
urCitd hranicu velkosti. M6ze to byt zapinené
nesymetrickym vytvaranim modulov z ontoldgie ako
podstromov, ktoré maju tendenciu sa dalej delit na
koncepty.

4.1.2 Identifikacia modulov - urcenie modulu:
Pomocou PS sieti sa &im mnoziny slvisiacich
konceptov. PouZije sa algoritmus, ktory vyiita vSetky
maximalne "LI" (Line Islands) daného grafu.

Podla predchadzajuceho obrazku mdézeme definovat
mnozinu{a,b,c,d,e,f} ktora vytvara spojeny subgraf.
Tzv. ”maximdlne rozvetveny strémtejto mnoziny
pozostava z hran a ich proporcionalnych sil:

Patas kontrolovania zavislosti v relevantnycastiach
ontoldgie sa m6zu vyskytovat problematické moduly,
ktoré maju silné vnuatorné zavislosti. Aby sa mohlo
predist tejto situacii, je potrebné merat vnitornu
zavislost. Toto meranie je zname akbeight of

e a—10¢ island ” a je ufené pomocou tzv’minimalneho
(1.0) poloZzeného stroniu T pre identifikaciu modulov.
eb—""c Celkova sila vnuatornej zavislosti sa rovna sile

o c_(033) 4 najslabsieho spojenia v poloZzenom strome

(1.0)
e e—U10¢g height(l) = min w(u,u’)

of _ (1.0 d

5. Hodnotenie vysledku modularizacie
AvSak tato mnozina nepredstavuje LI, pretoze

minimalna vaha stromu j@.33 a to medzi uzlamic V [9] autor popisuje sadu kritérii, ktoré st zaloZzené
a d, popritom vaha spojenia medzi uzlogn— d je na Struktare ontolégii a vysledku modularizacie, a
0.5, to znamena, ze spojenie medzi uzlagna d ma ktoré st navrhnuté pre Gdrzbu a efektivitu usudzovania,
Vvacsiu PS. a to prostednictvom pouzitia tzv. "distribuovanych

ZvySna mnozina uzloyg,h} sdﬁa podmienky LI. TA&to  modulov".

mnoZina vytvara spojeny subgraf, kde RS— 9 g

a maximalna hodnota vstupnych a vystupnych spojeni Medzi tieto kritéria patri:
je 0.5 (g — d). No napriek tomu tento rozvetveny
strom stéle nie je optimalny. Uplne podmienkylisp
mnozina{d,e,f,g,h}, ktora predstavuje LI s maximalne
rozvetvenym stromom:

1. Velkost' relativna velkost modulu (p&et tried a
ich vlastnosti patri medzi dblezitejSie ukazovatele
efektivnosti modularizZnych technik. Velkost
modulu ma vplyv na jeho Gdrzbu a robustnost

e e—10¢g aplikacie.
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2. Nadmernost: v pripade prekryvania modulov
pri rozdelovani takisto dochadza k zlepSeniu
efektivnosti a robustnosti. Na druhej strane
s nadbyt@nymi znalostami sa zvySuje aj ich
Gdrzba.

3. Spojitost: vzhladom k nezavislosti medzi
jednotlivymi vyslednymi modulmi sa moze
oCakavat nespojitost generovanych modulov.
Spojitost modulov, ktoré su v grafe
reprezentované pomocou uzlov, je hodnotena na
zaklade p@tu stran.

4. Vzdialenost: vzdialenost sa zistuje pomocou
merania, ako sa vyrazy popisané v moduli
priblizujd ku kazdému dalSiemu v porovnani
s pbvodnou ontolégiou. Vzdialenost ‘“intra-
modulu” je vyjadrend p&tom relacii po najkratSej
ceste od jednej entity k druhej. Tato vzdialenost,
Cize spd@itanie p@&tu modulov, ktoré spajaju dva
objekty, predstavuje sp6sob komunikacie medzi
jednotlivymi modulmi rozdelenej ontoldgie.

6. Zaver

V prispevku sa zaoberdm zakladnymi vlastnostami
modularizacie a dévodom pie je potrebné zavadzat
modularizaciu. Sa popisané zakladné ciele a
podrobnejSie je rozobraty jeden z pristupov a to
dekompoziny pristup, kde dolezitym krokom je
algoritmus, ktory spéiva vo vytvoreni zavislostného
grafu. V grafe sa wuje mohutnost zavislosti a to
na zéklade proporcionalnej sily. thnie tychto sil

je blizSie popisane na priklade zavislostného grafu.
Pomocou tychto metdd sa vyhodnocuji zavislosti medzi
konceptmi a utuje sa ich dbleZitost a prioritnost.
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Abstract SNNs are computationally more powerful that networks
_ _ with sigmoidal activation function [3]. However, finding
This paper discusses two methods of an efficient mechanism for learning spiking neural

gradient descent learning for Spiking Neural
Networks (SNNs). We shortly describe the
network architectures and algorithms used in
these two particular approaches and discus the
properties and limitations of each method. In

networks is still an open problem.

Numerous approaches to supervised learning of SNNs
which don't utilize gradient descent have been proposed,
addition, we describe an approach for coding suc_h as a stri(_:tly math_ematical_ metho_d where authors
continuous input variables using a population of define algebraic operations on time series and use these
receptive fields. in an iterative algorithm for learning spiking patterns
[8], an algorithm which utilizes a chaining rule to find
_ links between neurons firing in the desired contiguity
1. Introduction [9], a probabilistic algorithm which maximizes the

) ) ) . probability of output neurons firing at desired times [10]
Neural computational models with sigmoidal transfer 5. 4p evolutionary algorithm for modifying synaptic
function are well established and explored. While weights [11].

inspired by biological neurons, they differ in one

significant aspect: in biological neurons, information is |n this article, we explore approaches which utilize
not encoded as continuous values, but rather as a seriegradient descent in a fashion similar a classical back-
of spikes being propagated across the network. It haspropagation in sigmoidal neural networks: SpikeProp,
been a common belief for many years that the essentialdevised by Bohte et al. in [4] and a method devised by
information in biological networks is represented as Jifi Sima in [5].

neuron’s rate of fire. In that frame of reference, output

of sigmoidal neurons can be interpreted as rate of fire.

Recent research has, however, shown that phase oR. SpikeProp

precise timing also constitutes a significant portion of

information in biological systems. For example, precise 2.1. Architecture

timing is crucial for generating a smooth movement in  The network used in SpikeProp can be defined as H set
neuroprosthetic systems which aim at producing useful of spiking neurons connected into an oriented network.
movements of paralyzed limbs [1]. Some of these neurons serve as inputs (dengtpdr

o outputs (denoted).
piking neurons have recently emerged as a more

biologically plausible alternative to sigmoidal neurons. Each neuron generates at most one spike during the
Since they naturally operate in temporal domain, they simulation interval. For input neurons, firing times

are generally recognized to be capable of processingare given externally. For non-input neurons, they are
temporally coded information in a much more calculated as follows:

sophisticated way than typical neural computational

models. It also has been proven that networks of Foreach neurop € V'\ H we denote a¥; the set of its

spiking neurons can simulate arbitrary feedforward immediate predecessors. For eaehI'; the connection

sigmoidal networks [2] and shown theoretically that between and; consists of multiple synaptic terminals,

PhD Conference '09 29 ICS Prague



Lukas Hosek

Gradient Learning of Spiking Neural Networks

each of them is assigneddelay (denoteddk for the
k-th terminal) and aNe|ght(denotedwa) Firing time
t; of neurony is calculated from the firing times of its

immediate predecessors as the time when its internal

state variable reaches thresholdor the first time. The
internal state variable; is a weighted sum of all pre-
synaptic contributions:

Z wayw
icl; k=1

The pre-synaptic contribution of a single synaptic
terminal is defined as

yl(t) = e(t —t; — d¥)

wheree is the spike-response function of of the form

0
et) = { tolot

modelling a simplen-function for¢ > 0, andr is a
constant determining rise and decay time of the pre-
synaptic pulse.

ift <0
if t >0

2.2. Learning rule

The learning rule is derived in a fashion similar to classic
back-propagation of sigmoidal networks. We supply the
algorithm with an input pattern, denotdd(ty, ... ¢]

and target firing times of output neurons, deno@e;b}.
First, we calculate actual firing times of output neurons
for current network settings, denotéd }. Given these,
we can define the error function:

1 a
EZgEX%—ﬂV

Each synaptic terminal is treated separately and itsE = ",

weight is modified using gradient descent:

oF

AwF = —p——
nawﬁ

)

71 being the learning rate. The derivative can be expanded

to:
oF oF 8t7‘ a oF a 8t7‘ ij (t) a
owy; 8tj(J)6wfj(J) atj(J)(?:rj(t) owy; (t5)

For a small enough region aroune- t¢, z; is assumed
to be approximable by a linear function ©fhence the
local derivative oft; with respect tac; (¢) is assumed to
be constant (which implies that for larger valueg)diie
algorithm will be less effective).
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Derived back-propagation equations for
connected network are as follows:

OE
[ — ).

a fully

ij

where for output neurons, equals

6 (ta _ td)
i AETA0)
Zzerj Zk iJ Bjt
and for hidden neurons we have
& Ove (1)
o Z’LGF 6 Zk 1] ajt
7 & OuE (1)
ZZEF Zk Z] [)Jt

2.3. Encoding of continuous input data

Various approaches have been developed for coding of
continuous input variables, the one most at hand being
coding one input variable directly into firing time of
one input neuron. The effectiveness of this approach,
however, decreases with increasing size of the dataset:
inputs have to be encoded with increasingly smaller
temporal differences and since the network operates in
fixed time steps, temporal resolution of the simulation
has to be increased to produce sufficiently fine-grained
results, which in turn imposes a computational penalty
on the whole network.

Another approach devised in [4] works with encoding a
single variablen into a population ofn neurons. Each
of the neurons represents a Gaussian receptive field:
Let the range ofn be [I7. ,I" . ]. The m neurons,
which we will use for encoding., represent an array
of one-dimensional receptive fields. Foth neuron in
the array, the center of its Gaussian receptive field is

o+ itmas—luin and widtho = 512
The stimulation of- th receptive field is then calculated
asG(E,o;n). The values of each receptive filed are
then converted to firing times, associating the highest
response witht = 0 and increasingly lower responses
with later firing times, up tot 10. Resulting
spike times are then rounded to the nearest internal
time step. Empiric tests show better results when
neurons with very low excitation levels (i.e.> 9)are
coded not to fire at all. This approach also has the
advantage of producing sparse coding, which allows for
optimizations such as event-based network simulation.
Accuracy of representation can be controlled by varying
the number of neurons and sharpness of receptive fields
(experimental results show that optimal values#die
betweenl.0 and2.0). This encoding has been shown to
be statisticaly bias-free [6].
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2.4. Results neurons, the firing times are given externally. For each

The abilities of SpikeProp have been tested on a Setnonmpgt neuron € VA Xt f|r|_ng pmes are calculated
of experiments, including standard and interpolated 2S the time instants when igscitation

XOR and various common classification benchmarks

(the Iris dataset, the Wisconsin breast cancer dataset §(t) = wjo + Y wige(t — dij —mi(t = dig)) (1)
and the Statlog Landsat dataset). The results were
comparable to that of sigmoidal networks; in addition evolving in timet € [0, T’] crosse® from below, i.e.
SpikeProp always converged in experiments on real ,

world datasets, whereas algorithms such as Levenberg- 1t |0 <t <T &¢&;(t) = 0& (1) > 0} =
Marquardt ocassionaly failed. {tjin <tjo <...<tjp,}

i€j

In the original proposition, only positive weights were o _
allowed. Other experiments [7] showed that negative Neuron's excitation is callcullated as a weighted sum of
weights could also be allowed and stil lead to succesfull delayed responses from its inmediate antecederts.
convergence, which is in contradiction to Boohte’s (1) is theresponse functigrefined as follows:
original conclusion, according to which allowing mixed )2

X o : E(t)_e(t 1).0(t)
weights would cause contributions of single neuron- - 0
neuron connections to no longer be a monotonically o

: . . is an auxiliary function used as a smooth
increasing function.

approximation of the stair function:

@ ifz <0
3. Smoothly spiking neural networks (B—a)((6% —15)%
0(047675,17)— _’_10).(%)3_’_& if0§x§§
From the description of SpikeProp, certain shortcomings 8 if >4
are immediately apparent. First of all, the architecture oo(t) =a(0,1,80; 1)

allows for only one spike per neuron and subsequently

only for time-to-first-spike coding. Secondly, there is r;(t) is a smooth approximation of the last firing time
no rule for modifying delays. Instead, multiple synaptic of neuronj lower thant. First we have to define
terminals for each connection are used, each with atransformed firing times of neurgn

hardcoded delay. The following approach to SNNs

proposed by Ji Sima in [5] presents a modified ~ { tis forje X

version of Spike Response ModgR M, with smooth P o(ts—1,tys, 0:E(tys)) forje VX
dynamic of spike creation and deletion. This model can o ] ]

naturally cope with multiple spikes per neuron. A non- Given these, the functionitself is then defined as

trivial back-propagation rule is derived for calculating pj+1
grad|ents of the error function with respect to both () = Z (ts — L) PO (t — 1) )
synaptic weights and delays. —1

) P is the logstic sigmoid function with a real gain
3.1. Architecture

parameten:
The network is defined as a siétof smoothly spiking 1
neurons connected into a directed graph. We denote by P(\;z) = —
X C V the set of input neurons and by C V' the set of L+e e

output neurons. For each neurgnee defingj._ as the C > 1in (2) is an optional exponent.
set of all neurons from which a synapse leadg tnd

Jj— as the set of all neurons to which a synapse leads3 2. earning rule

from j. Each synapse leading froirto j is assigned a
weight w;; and delayd;;. We denote asv andd the
vector of all network weight and delay parameters.

The algorithm is supplied a set of inputs, specifying
firing times0 < t;1 < ti2 < ... < tip, < T for every
input neuroni € X and desired firing times of output

The simulation runs in timeframf, T]. During the ~ Neurons) < pj; < pj» < ... < pjq; < T for each
course of the simulation, each neurgnproduces a  J € Y. Given these, we can calculate the error function:

sequence op; spikes. The firing times of these spikes

95
are denoted a3 < t;1 < ... < tj,, < T.Additionally, E(w,d) = 1 2 12 :(T,(p, ) — pjs)?
. . ) ,s+1 P s)
we formally definet;o = 0 andtj;jH = T'. For input 2 jey 5=0 o !

PhD Conference '09 31 ICS Prague



Lukas Hosek

Gradient Learning of Spiking Neural Networks

Each subsequent generatiorvofandd is derived from
the previous one using gradient descent method:

* _ . (t-1) 22

) =di™ aa—E(d“*l)) fori € j_
6dij

First, alistP; of m; ordered triplet§ ., 7)., ujc), s =
0,...,m; is calculated for each noninput neurgne
V' \ X. From this list, partial derivatives of with
respect to all weights and delays are calculated:

OE Bl d
= ; (ch g 7j(uje) + e - —T§(ch))

6’[1}1']' aw]z
fori e j_ U{0} )
IE & 9 , 0
adij z:: (e a7 Wie) T e 5o (i)
fori e j_ (4)

Here,n;, is the smallest index such that< nj,<s—1
and
atj-,sfnjs

atj-,sfnjsfl
Triples (Tr_jcl ) 7T.;'c1 ) ujcl) a_nd ) (7ch2 ) W}cz ) ujcz)
corresponding to the same time mstaugl;1 = Uje,

H !

can be merged into on& e, + Tjc,, ™ Jc1 + ey Wiy )-
Triples (mjc, 7., ujc), whererm;. = wj. = 0 can be
omitted.

=0

The algorithm starts with output neurons,jez Y. The
list P; for output neurons is of the form

Pj = ((1j(pj.s+1) = pjs, 0, pjs1)i8 = 0,..., q5)
and the partial derivatives from equation 3 are:

O N0 S (T P
awil g (t) B ; ai;; " (t) ’I‘_;ﬂjs (Q_U-i-l 857—;_/1)
oty Oty Oty O\ O
X (((%j—r ' 877’1- * (?5]; . 37;)8101'1

6{; 3 BT{)

¢, o7 Dy

()
Z (f[ Btm )

r=s—njs q=r+1 6t7,q 1

% ((8th ) 8tjr 8th ) @) (97'1'
atjr aTi 65; (97'1' 6wil
Oy 0 On )y
o€, orl  dwy

(6)
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For each hidden neurane V \ (X UY'), P; can be
constructed once the list3; for all j € i_,. have been
calculated:

3 Oty Oty Ot Of
Pe= (e (Gr - o€ 7)
Oty 0%
jesr * ag; : aTi/atjr - dz]) (7)
where
. 8 / 8 /
fgcsr —(ﬂ'gc : ﬁTj (U’JC) + 7ch ' ﬁTj (uJC))
= Ot
e (®)
qg=r+1 at.j7q—1
forallj € i,c=1,---,mj,s = 1,---,p; and

r =s—njs, -, s The partial derivatives from equation
3 for hidden neurons are:

0 0 - S Oty
guy 00 =2 5= X (]I 77)

r=s—njs gq=r+1 atja‘lfl

(at’; Oty Oty ) ©)
8th 811)1'3' 8{; 811)1'3'
8 ) pj a . s s 8{]‘;
T:(t) = —T:(t —
770 =L =m0 3 (11 52
y (057 Oty Oty O )
8th 811)1'3' 8{; 811)1'3'
(10)

s S (I )

r=s—njs q=r+1 atja‘lfl

B I
— i) =) —
adijTj() ;atljs

7 7 !
(atﬂ.atﬂ oty 0 ) a1
dt;, 0dy; | 0¢  0dy

S S

o S0, Ot
adijrj(t):;(%—;rj(t) > =)

r=s—njs q=r+1 atj-,Q*l

oty Oty Oty OE
. (atjr ody; | o€ 8d”) (12)

Finally, we enumerate the partial derivatives. Fowe
have:

8%@@) — POt~ i5,)(1 — CA(iy; — Gyosn)
x (1= P(t—1ty))) = POt —tj051)
_(0) =CAU( — N[ — Gam) (= P 157))

_~

+ A(fay — tje1)P(t — 1)) PE(t — 1))
x (1= P(t—ty)) = PO(t —tj011)
x (1= P(t—1;.11)))
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for transformed firing times:

Oty [ Lo(&(ty)) fors>1
Otj a1 10 fors=1
Its; o) ) —
815—]- :(8_5 + & (tss) - a—x)U(tj,s—l,tsj,5;5}(%3‘)
sJ
Ot s —
s =0 (e, 816 )
J
for excitation¢:
o¢!
(Q)TJ' = — ’LUZ'jE”(tSj — dij — Ti(tsj — d”))
X (1= 7(tsj — diz))
o¢’
8_;’ = —wyi€ (tsj — dij — Ti(ts; — dij))
for firing timest:
Ots; _wije'(te; — dij — Tilts; — diz))
67'1' é'-; (tsj)

1 s
oty _ AGS] fori =0
ow;; - E(t”_dig;_(ggﬂ_d”)) fori € j
ot
5 — Wit (tir = dij = Tiltjr — dij))

ij
(1 —7i(tjr —diz))
i (tir)
for ¢’
ae! fori=0
&UJ__ =9 €'ty —dij — i(tjr — dij))
v X(l _Ti/(tjr _dlj)) for ¢ € j
86.; ! 1"
9. Wi (&' (tjr — dij = Tiltjr — dij)) 7 (tjr — dij)
ij
— E//(tjr — dij — Ti(tjr — dl]))
X (1= 7] (tjr —dij))?)

This concludes the gradient calculation for networks of
smoothly spiking neurons.

4. Discussion

In this review we presented two approaches to gradient
learning of spiking neural networks. In SpikeProp,
gradient of the error function with respect to weights
is explicitly evaluated, however the derivation of the
learning rule makes an assumption about linearity of
the threshold function. Instead of adapting weights,
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this approach makes use of multiple synaptic terminals
with hardcoded delays for a single neuron-neuron
connection. This essentially makes the network operate
on a fixed time step. The architecture allows for only one
spike per neuron, fundamentally limiting data encoding
options to time-to-first-spike. A population of receptive
fields can be used as a biologically plausible way of
encoding continuous input variables.

The second approach uses a modified architecture
to make network computational dynamic completely
smooth. This allows for explicit evaluation of gradient
of the error function with respect to both weights and
delays and removes the discontinuity of spike creation
and deletion. This architecture can naturally process
multiple spikes per neuron.

The smooth computational dynamic of the second
approach also provides other advantages: in constrast
to SpikeProp, a situation where a post-synaptic
neuron no longer fires for any input pattern is still
recoverable, whereas in SpikeProp such neuron would
be degenerated with no way to modify its synaptic
weights. In this frame of reference, Smoothly Spiking
Networks are also less sensitive to initial parameter
initialization.
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Abstract study of modal logics starting from the minimal normal
modal logic K is relatively recent, see, e.g., [3].
We study provability in Hilbert-style calculi

obtained by adding standard modal logic axioms In [3], @ semantic approach is used to build a minimal
to the Monoidal T-norm based Logic (MTL) by normal modal logic over finite residuated lattices. The
automated theorem proving methods. The aim syntactic problems which this brings are discussed
of this paper is to present some basic properties in [2]. Our starting point is completely different, we
of systems K, D, T, S4 and S5 over MTL. are interested solely in these syntactic notions. We
These systems are defined in the same way as enrich the Hilbert-style calculus for MTL by standard

are in classical propositional logic. It is shown
that many classically valid formulae become
unprovable.

modal axioms and by the methods of automated theorem
proving we study provability and unprovability in
obtained systems.

Similar problems were quite extensively studied in
intuitionistic modal logics, for some discussions see,
e.g., [12]. In [11], automated theorem proving methods,
which are very similar to ours, were used to study
dependencies in modal logics over CPC.

1. Introduction

In logic it is quite common to enrich the expressive
power of given system by new logical connectives
or operators. The most prominent such systems over

classical propositional calculus (CPC) are modal logics, e emphasise that in this paper we only touch some
which introduce new operators formalising a necessity pagic properties. However, all of them can be proved
and a possibility. The practical importance of these by automated or semi-automated theorem proving
logics constantly grows and are studied not only methods. The work on this approach is currently in
over classical logic but also over non-classical logics. progress and a much more comprehensive paper is being
Interesting candidates for such generalisations aréplanned. From these reasons and to make the paper
mathematical fuzzy logics. shorter some proofs are omitted.

The basic generally studied modal logic is the minimal ¢ paper is organised as follows. In Section 2 we set up

normal modal logic K. A similar role in mathematical  terminology and in Section 3 we discuss the provability
fuzzy logic has, from some point of view, Esteva and 5 unprovability of some formulae in K, D, T, S4

Godo’s Monoidal T-norm based Logic (MTL) [3], which - g4 S5 gver MTL. The choice of studied systems and
is the logic of left-continuous t-norms and their residua. ¢5rmulae is mainly influenced by [10].

Fuzzy (or more precisely many-valued) modal logics
have already been studied in the literature, e.g., [9, 8, 6].
However, in most cases only very strong modal logics
like S4 and S5 have been considered. The systematic
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2. Preliminaries

2.1. Monoidal T-norm based Logic MTL

We define standard Hilbert style calculus for the
Monoidal T-norm based Logic (MTL), which consists
of axioms and modus ponens as the only deduction
rule. The language of MTL consists of implicatior,
multiplicative §) and additive {) conjunctions and a
constant for falsity @).

Definition 2.1 We define the monoidal t-norm based
logic MTL as a Hilbert style calculus with following
formulae as axioms

(A1) (p =) = (v = x) = (¢ = X)),

(A2) (p &) — o,

(A3) (p &) — (Y & ),

(Ada) (p & (p =) = (P AY),

(Adb) (p AY) — o,

(Adc) (p AY) = (W A ),

(A5a) (¢ — (v = x)) = (¢ &) — x),

(e &) = x) = (= (¥ = X)),

(AB) ((¢ =) = x) = (¥ = ¥) = x) = X);
(A7) 0 — .

(A5b)

The only deduction rule of MTL is modus ponens

(MP) If ¢ is derivable andp — 4 is derivable then) is
derivable.

Let us note properties stated by each axiom,
following [8, 5]. Axiom (Al) is the transitivity of
implication. Axiom (A2) states that multiplicative
conjunction implies its first member. Axiom (A3)
is the commutativity of multiplicative conjunction.
Axioms (A4c), (Adb) and (Ada) state that additive
conjunction is commutative, implies its first member
and one implication of the divisibility property.
Axioms (A5a) and (A5b) represent residuation.
Axiom (A6) is a variant of proof by cases, and states that
if both ¢ — 4 andy — ¢ implies, theny. Axiom (A7)
states that false implies everything.

Further logical connectives—pseudo-complement
negation {), disjunction {/) and equivalence= )—are
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definable in MTL. Therefore, we read them as following
abbreviations

@ =af ¢ — 0,
eV =g ((p =) =) A (Y= @) = ),
o =Y=g (=)&) — ).

For some purposes can be suitable to have an involutive
negation which we obtain by adding axiorty — ¢

to MTL. The system so obtained is called Involutive
Monoidal T-norm based Logic (IMTL). If we add the
contraction axiomp — ¢ & ¢ to MTL we obtain Godel
logic (G). The last two axiomatic extensions of MTL
mentioned in the paper are Hajek’s Basic Logic (BL)
and tukasiewicz logic (L). These logics are obtained by
adding the divisibility axiomp A ) — ¢ & (¢ — ) to
MTL and IMTL, respectively.

The following theorems of MTL are very useful for our
purposes. An interested reader can find proofs in [8].

Lemma 2.2 The following formulae are provable in
MTL:

(F1) (p—= (@ —x) = @ = (¢ = X)),

(F2) ¢ — o,

(F3) (p& (v —v)) =,

(F4) (¢ — (b = (9 &),

(FB) (b AY) = o, (p AY) =, (0 &) = (9 A ),
(F6) ((p =) Al —x)) = (¢ — (Y A1),

(F7) o= (e V), ¥ = (o V),

(F8) ((p = x) A (¥ —x)) = (¢ V) = X),

(F9) v — ——y,

(F10) (¢ — ) = (=9 — ),

(F11) (¢ = ¢) = (¢ = x) = (¥ = X)),

(F12) (p = ¢) = (x = ¢) = x = ¥)),

(F13) (mp V =p) = =(p A ).

It is worth pointing out that we will restrict our attention
to the syntactic aspects of MTL. To emphasise this

approach we completely ignore the semantics of MTL.
An interested reader can consult [5].
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2.2. Modal logics

For our purposes only a very limited introduction to
modal logics is needed, for a detail treatment we refer
the reader to, e.g., [10, 4, 1]. We obtain modal logics
by adding a unary modal necessity operator b} (
to our language. Another standard modal operator is
a possibility operator diamond®) which is usually
defined as an abbreviation fef 1—. Although in logics
with a non-involutive negation{—y—¢ is not true) this
definition evidently leads to some problems, we use this
approach for simplicity and to stress these problems,

G =ar ",

We construct our systems of modal logics over MTL in
the very same way as are in CPC. It, not so surprisingly,
turns out that this leeds to some problems.

Let us remark that when proving that some formulae
are equivalent in some modal logics over CPC, we can
use the interdefinability of logical connectives, which is

mostly impossible in MTL.

2.3. Automated theorem proving methods

All given results can be obtained automatically or semi-
automatically by automated theorem proving. There is
a well known technique for encoding a propositional
Hilbert-style calculus into classical first-order logic

The properties of a modal operator box depends onthrough terms. The key idea is that formula variables
chosen axioms. Some of the most widely studied are 5re encoded as first-order variables and propositional

these:

(K) O(p — ) — (Op — Oy),
(4) Op — OO,

(M) Oe— ¢,

(D) O — O,

(B) ¢ — Uy,

(E) Op — 0.

We also need some derivational rules dealing with
modalities. The most common is the necessitation rule

(Nec) ¢/Oep.

connectives as first-order function symbols. For detalils,
see, e.g., [13].

We used freely available software—E prover version
1.0-004 Temi and finite-domain model finder Paradox
3.0°. No special prover setting is needed for our
purposes, but can lead to great speed improvements.
However, these aspects are too complex to be discussed
here. Moreover, all presented proofs are easy to find
for anyone familiar with the Hilbert-style calculus for
MTL and counterexamples can be find completely
automatically even with default setting. More complex
problems are not included in this paper.

2.4. Models

The standard way to prove that some formylés not
provable from the given set of formuldgis to present
a model M in which all formulae fromI' are true,
but formulay is false. In our case, we will present
tables with finitely many elements which are labelled

In Table 1 are presented some of the most prominentby integers starting fror. We always interprell as0

modal logics over CPC. All of them are so called normal
modal logics, which means that contains the minimal
normal modal logic K.

‘ Logic ‘ Additional axioms and rules ‘

K (K) and (Nec)

D (K), (Nec) and (D)
T (K), (Nec) and (T)
S4 (K), (Nec), (T) and (4)
S5 (K), (Nec), (T) and (E)

Table 1: Modal logics in CPC.

http://www.eprover.org/
2http://www.cs.chalmers.se/ koen/folkung/
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in a model and truth in a given mod&[ is the maximal
value in this model, e.g., in a four element model true
formulae are these with valuie A function from atoms

or formula variables to elements of model is called a
valuation. The definition of a valuation can be easily
extended to all formulae in a standard way. To show that
T is true in M we must show that all formulae from

are true inM under all valuations. To show thatis not
true in M itis enough to find a valuation for which is

not true inM.

We present tables for every connective separately and
for better readability even for some defined connectives,
but never for negation which corresponds to the first
column of implication. Let us note that some formulae
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have smaller counterexamples than these presented, but)
we tried to make the paper more compact.

4: O(p AY) — O (F5), (DR1)
3. Modal logics in MTL 5: O(p A1p) — O (F5), (DR1)
3.1. Ky 6: O(p Ath) — (Op AT) (A1), (F4), (F5), (F6)

The basic generally studied modal logic is K. This

system is obtained by adding an axiom which distribute (c) et us remark that is an abbreviation forC—.
box over implication and the necessitation rule. In the

same way we define g, over MTL.

7: O(-(e V) — O (F7), (F10), (DR1)
Definition 3.1 Logic Kyt is obtained by adding 8: O(=(¢p V) — 0O (F7), (F10), (DR1)
axiom(K) and the derivational ruléNec)to MTL. 9: O(=(pV¥)) — (O-p A=) (AL), (F4), (F5), (F6)

By an easy application of (Nec) and (K) we immediately 10: (09 v O9) = OV Y) (F10), (F13), (A1)

obtain that the derivation rule
An alternative slightly shorter proof uses the
derivational rule (DR2), which we show later on.

(DR1) ¢ — ¢ /O — )
(d)
is valid in KmTL -
The fundamental property of the classical modal logic K LBy =Dy (F9). (DR1)
is the distributivity of box over conjunction. However, in 12: O-—¢ — =—=0-—¢ (F9)
KwmTL this is not true. Moreover, we cannot interchange
box with diamond, because we don’t have an involutive ~ 13: Ug — =0—¢ (A1)

negation. From this follows that the same problem is
with the distribution of diamond over disjunction, which

is a part of popular diamond based definition of K over
CPC. Nevertheless, at least some implications can still

be proved. Lemma 3.3 The following formulae are not provable in

KmL:
Lemma 3.2 The following formulae are provable in "
K (@) O(p & ¢) — (O & O9),
(b) (O ADOy) —O(e A1),
(©) Cle V) = (CpV Oy,
d) =C—p — Oep.

(@) (Op &Oyp) — O(p &),
(b) O(p Avp) — (Op A Oy),
(©) (CpV oY) — O(p V),

(d) U — =0 Proof: For (a) use Table 2 and = 0 andy = 0.

Proof: &lo1 2 —]012 O
0|0 0O 0|2 2 2 01
@ 1001 1(122 1|1
210 1 2 201 2 2|2
1 Op—= 0O — (¢ &) (F4), (DR1)
2: 0@ — (p &) — Table 2: Truth tables over gt .

Oy =Ble&y) (K) For (b) and (c) use Table 3 and = 1,9 = 2 and
3 (Op & OY) — O(p & 1) 1,2, (A1), (A5a) @ = 2,1 = 3, respectively.
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A0 12345 &|012345
0j|/0 0O0OO0O0OO0O 0|0O0O0OO0O0O0OO
1101 0111 1/{00 0101
21002022 2|002022
3010313 3010313
4101 2144 4002124
5|01 2345 5|012 345
—-/012345 Vv|012 3435
0/555555 0012345
11454555 1114345
2|3 35355 2242545
3|2 42545 33353525
411 3 4355 4|14 44545
5/012345 5|555555

(] <&

0|2 0|0

14 11

2|4 2|1

34 3|1

414 411

5|5 5|3

Table 3: Truth tables over K. .

Table 4 andp = 1 is a counterexample for (d).

N ROl
o onN|o
RN NP
NN NN
N~ ol
N R oo

N OO
NN O

Table 4: Truth tables over k. .
[

It is evident that the models in Table 2 and 3 have an
involutive negation and satisfy the divisibility axiom and
so are counterexamples to (a), (b) and (c) alsoifrK

KgL and even K. All these systems are obtained in the
very same way as . from MTL. The completely
different situation is in & wherep & ¥ = p A is
true and we can prove formulae (a) and (b) similarly to
Lemma 3.2. Formula (c) then easily follows from (b).

A different situation is with (d) which is easily provable
if we have an involutive negation, but is false i s
follows from Table 4.

If we take into account (F10) we can prove similarly
to (DR1) that the derivational rule

(DRZ)(p—>¢/<>90—> SY

is valid in KmTL -
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In K, we can also prove the partial distribution of box
over disjunction and diamond over conjunction which
holds even in K. .

Lemma 3.4 The following formulae are provable in
KmtL

@) Clp AY) = (Cp AOY),

(b) (O v Oy) —O(p V).
Proof: Both proofs are very similar to Lemma 3.2b.
In (a), we only use (DR2) instead of (DR1) and for (b)
the proof reads as follows:

14: Op — O(p V ¥)

15: O — O(p V1)

16: (Op v Oyp) — O(p V)

(F7), (DR1)
(F7), (DRY)
(F4), (F5), (F8)

The following distributivity of diamond over implication
remains true in I only partially.

Lemma 3.5 The following formula is provable in &

Ol =) — (Op — O).
Proof:

17— ((p =) = ) (F3), (A5D)
18: O(p — (=9 — ~(p — ¢)))  (F10), (Nec)
19: Op — (O — O=(p — ¥)) (K), (K)

20: —O-(p—1)) — (Op—-0-¢) (F10), (F1)

The opposite implication in the previous lemma, which
is true in classical logic, is not true ing¢. and has a
three element counterexample.

We have shown that some important modal formulae of
K are not provable in k7. A stronger system can be
thus easily obtained by adding these formulae @K

On the other hand, some axiomatics of K are same even
over MTL. For example, if we take (DR1) afid o — ¢)
instead of the necessitation rule (Nec) we obtain again
KwmTL . Moreover, we obtain kgt even if we replace in
this system axiom (K) witfOy & Oy) — O(p & ).
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3.2. DurL
Logic D, which has deontic interpretations, is the leas

standard system we are going to study, but both its

standard axiomatics remain equivalent.

Definition 3.6 Logic Dyt is an axiomatic extension of
KurL by axiom(D).

Lemma 3.7 The following formula is provable in jpr

Ol — ).

Proof: We obtain® (¢ — ) immediately from (F2) by
the necessitation and (D). ™

The previous formula form an alternative axiomatic
system of [yt as we have already noted. If we add
O(p — ) to Kyt then (D) is provable by Lemma 3.5.

3.3. Tt

The rest of the paper deals with logics containing
axiom (T). This axiom is sometimes called the axiom
of necessity.

Definition 3.8 Logic TytL is an axiomatic extension of
KwmrL by axiom(T).

The following formula well illustrates problems we are
facing with our diamond definition over MTL.

Lemma 3.9 The following formula is not provable in

TwTL
O — Ogp).

Proof: Use Table 5 ang = 1.

&
>

oo oo|lo
N =l
NN R O|IN
WN P OoOlw
Wk oo

WNPFRO|] wNhERk O
ooowo
PR oW wk

N W W Wl

W w w wlw

WN RO ek olO
Wwwwo

Table 5: Truth tables over ¥t .
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However, some diamond based formulae are still

t provable.

Lemma 3.10 The following formula is provable inyr

p— <.

Proof: Follows immediately fronid—¢ — —¢ by (F10)
and (F9). ]

The previous lemma with the transitivity of implication
gives that axiom (D) is provable inyr. and thus Tyt
is an extension of Py .

In CPC, the axiomatic extension of K by the previous
formula proves axiom (T), but in 4 it is not the case.
There is a three element counterexample. It is also well
known that if we take rule (DR1), axiom (T) and formula
O@O(p — 9) — (Op — Ov)) in CPC, we obtain T. It
turns out that over MTL we obtain exactlyyf.. On

the other hand, if we take another classicaly equivalent
axiomatics which hag — < instead of (T), we obtain

a weaker system.

Corollary 3.11 The following formulae are provable in
Twri:

(@) OOp — Oy,

(b) O — S0,

(€) Cp— OOy,

(d) OO — Cep.

Together with the opposite implications these formulae
form so called reduction laws. These opposite
implications

(R1) Op — O,

(RZ) <>|](p — DQO,

(R3) ©0p — Oy,

(R4) Oy — OOyp

lead in classical logic to the well known axiomatic
extensions of T. If we add (R3) or (R4) to T we obtain

S4 and if we add (R1) or (R2) to T we obtain S5 which
is a proper extension of S4.

It turns out that over gt the situation slightly changes.
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Lemma 3.12 The following provability conditions 3.5. Syt

hold The standard definition of S5 uses (R1), called
axiom (E), and we define this system over MTL in the
(@ Twr, RZ-R1, same way.
(b) Twri, RZ-R4, Definition 3.15 Logic Sy, is an axiomatic extension

(€) Twr, R1R3 of Tt by axiom(E).
C) lmL, ,

(d) TwrL, R4-R3, However, we_a_llready know th_at this definition leads to
the unprovability of axiom (4) in such system. Also the
(€) Twr, R1/R2, following formulae are not provable.
() TmrL, R3/RA4. Lemma 3.16 The following formulae are not provable
in ShutL:
Proof: For (e) and (f) use Table 5 ang= 2.
(e)and (Hu i " (a) oOp—Dp,

Thus, we have two non-equivalent axiomatics of S4 and (b) Dy — Oy,
two non-equivalent axiomatics of S5 over MTL. We will (©) O(p v Oy) — (D v Oy)
briefly study the three of them. ’

(d) (@p Vv OyP) — DOe v Op),

34. S (&) O & O) — (O & Oy),
The first system is obtained by adding (R4), called
axiom (4), to Tyr. This is the most common definition () (O & DY) — O(p & Oy),

of axiomatics for S4. @) Ol AOY) — (O ADY)

)
(h) (Ce DY) — (e ADY).
Definition 3.13 Logic S4t. is an axiomatic extension

of Twr by axiom(4). Proof: For (a) and (b) use Table 5 agd= 2. In all

other cases use Table 6. For (c) yse- 4 andy = 3,
for (d) usep = 1 andy = 3, for (e) and (g) use = 3

The following formulae are the direct consequences andy — 3, for (f) and (h) usep — 4 andi — 3.

of (R4) and thus also (R3) ovekF. .

N&|0O 12345 —|012345
Lemma 3.14 The following formulae are provable in 0O |[0O0OO0O0O0OO0OO O0O|55555H5
S4uL: 1 /010101 1({45 45 45
2 1002 2 2 2 2/1 15555
_ 31012323 310145405
(@) Op = 00, 41002244 4/113355
b) Do = OO 5 1012 3 405 501 2 3 45
(b) Op = OOy, vi01 2345 O &
0|01 2 345 0|0 0|0
(€) ©LOp — o, 11113355 1|0 1|5
. 2|2 32345 2|0 215
(d) Doy = D00y, 3333355 3|1 3|5
_ 414 5 45 45 410 415
(€) oLy = ©OoMep. 5|5 55555 5|5 5|5
Proof: All proofs are the same or very similar as in Table 6: Truth tables over Spr. .

classical logic. ™
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Another very important equivalence is provable in S5 A0 12345 &|012345
only partially. 0(0 OOOODO 0|0 00OO0OO0O
11011111 1000101
21012222 2|002222
Lemma 3.17 The following formula is provable in 3012323 3012323
SBuTL 41012244 4|002 2 4 4
5|01 2345 5|012345
p — DOy —~|0 12345 Vv|012345
0/555555 0({012345
11455555 1(112345
Lemma 3.18 The following formula is not provable in 21115555 22 223 4+5
SE 3/014545 3|33335G5
oOp — . 41113355 4|4 44545
5|01 2345 5|5555515
O ol
Proof: Use Table 5 an¢gh = 2. ™ 00 010
1)1 11
21 24
We can also present some other alternative axiomatics 3|1 3|5
of Shyr.. One standard way is to add axiom (B) 4|4 414
(the formula from the previous lemma) to 4. An 5|5 5|5
alternative way is to add axiom (R2) tow.. We
al_ready k_n_ow that (R4) is provable_in\A?FL_with (R2). Table 7: Truth tables over S5, .
It is not difficult to show that both axiomatics lead to the
same logic. -

One more system which is equivalentto §5¢is Kyt
extended by axiomsICOyp — p andOOe — 0000,

It is worth pointing out that none of these two formulae
is provable in Sfr..

Definition 3.19 Logic S5+#yr. is an axiomatic
extension of Jyr. by axiom(R2).

However, many formulae are not provable even in this
stronger system. 4. Summary and future work

Our paper presents a small introduction to the problems

Lemma 3.20 The following formulae are not provable of modal Hilbert-style calculi in mathematical fuzzy
in S5+, : logics. We only touch some prominent modal systems
L and their axiomatics.

We also only slightly touch, in case of modal logic
(2) DOl &) = (D & T), K, problemsyin a%io%atic extensions of MTL, Whgre
some formulae unprovable in modal logics over MTL
become provable. However, it is not difficult to show
that all given counterexamples satisfy the divisibility

(b) =O=p — O,

(©) (Op — OY) — O(p — ), axiom and some of them even contraction. We also
do not discuss the difference between additive and
(d) O(p — ) multiplicative conjunctions.

We have shown that some important tautologies are

(e) O(p v Oy) — (He vLy). not provable in naively constructed modal systems over
MTL. On the other hand, the fact that some formulae

are not provable in modal logics over MTL can be seen

Proof: Use Table (7). For (a) use = 3 andy = 2, as an advantage and intended property which enable us
for (b) usep = 3, for (c) usep = 3 andy = 2, for (d) to have some formulae, which are over CPC equivalent,
useyp = 2, for (e) usep = 3 andy = 4. true and some false if needed.

PhD Conference '09 42 ICS Prague



Karel Chvalovsky

Syntactic Approach to Fuzzy Modal Logics over MTL

References [7]
[1] P. Blackburn, M. de Rijke, and Y. Venem&jodal
Logic, Cambridge Tracts in Theoretical Computer

Science, 2000. (€]

[2] F. Bou, F. Esteva, and L. Godo, “Exploring a
syntactic notion of modal many-valued logics,”
Mathware and Soft Computingol. 15, pp. 175—
188, 2008.

F. Bou, F. Esteva, L. Godo, and R.O. Rodriguez,
“On the Minimum Many-Valued Modal Logic over
a Finite Residuated LatticeJournal of Logic and
ComputationAccepted.

[4] A. Chagrov and M. ZakharyascheModal Logic
Oxford Logic Guides, vol. 35. Oxford: Oxford
University Press, 1997.

(3]

[10]

[11]
[5] F. Esteva and L. Godo, “Monoidal t-norm based
logic: Towards a logic for left-continuous t-
norms,” Fuzzy Sets and Systemsl. 124, no. 3,
pp. 271-288, 2001.

M. Fitting, “Many-valued modal logics,’
Fundamenta Informaticaevol. 15, pp. 235-
254,1992.

[12]

(6] [13]

PhD Conference '09 43

M. Fitting, “Many-valued modal logics, II.,"
Fundamenta Informaticaevol. 17, pp. 55-73,
1992.

P. Hajek,Metamathematics of Fuzzy Logiml. 4
of Trends in Logic Dordercht: Kluwer, 1998.

P. Hajek and D. Harmancova, “A many-valued
modal logic,” in Proceedings [IPMU'96.
Information Processing and Management of
Uncertainty in Knowledge-Based Systems
pp. 1021-1024, Granada, 1996. Universidad de
Granada.

G.E. Hughes and M.J. CresswellA New
Introduction to Modal Logi¢c Routledge, London,
1996.

F. Rabe, P. Pudlak, G. Sutcliffe, and W. Shen,
“Solving the $100 modal logic challeng&burnal

of Applied Logig¢vol. 7,nno. 1, pp. 113-130, 2009.

A.K. Simpson,The Proof Theory and Semantics
of Intuicionistic Modal Logi¢ Ph.D.-dissertation,
Edinburgh, 1993.

L. Wos and G.W. Piepeifhe Collected Works of
Larry Wos In 2 vols. Singapore: World Scientific,
2000.

ICS Prague



FrantiS8ek Jahoda Signature Provenance obtained from tteéaQy Provenance

Signature Provenance obtained from the Ontology

Provenance
Post-Graduate Student: 5 Supervisor:
ING. FRANTISEK JAHODA ING. JULIUS STULLER, C&C.
Department of Mathematics
Faculty of Nuclear Science and Physical Engineering Institute of Computer Science of the ASCR, v. v. i.
ngch Technical University Pod Vodarenskouazi 2
Trojanova 13 182 07 Prague 8, CZ
120 00 Prague 2, CZ
jahoda@cs.cas.cz stuller@cs.cas.cz
Field of Study:
Ontology Modularisation in the Semantic Web Context
Abstract to trace the project progress to fulfill the project
plan in time. Similarly, an ontology alone without
The data provenance technology can be any relationship to the outside world is not complete.
modified to describe the provenance of an Recording the ontology design process details (ontology

ontology. The ontology provenance is of the
same importance as the provenance of the data
described by this ontology. The paper deals
with recording the ontology provenance up to

annotations) can improve the design process, locating
imperfections in the ontology and in the design process,
and checking design requirements (e.g. each later

the ontology axioms and with deriving the change in _the ontology should bg motivated by a

provenance of a signature (set of concepts, corresponding change in these requirements).

relations, and individuals) from the stored ) )

ontology provenance. Despite the fact the exact The approach described in [5] proposes to relate the

solution is unfortunately undecidable even for ontology provenance to the ontology axioms. In this

simple ontologies, it is possible to give its upper approach, user can ask by which events an axiom

estimate. was influenced. Nevertheless, user can be interested in

more complicated questions, e.g. how to transfer the

1. Introduction provenance to a new axiom if we replace some axiom(s)

_ o in the ontology by (an) axiom(s) derived from this
Semantic web applications usually process data from gntology [2]. How to connect the provenance of axioms
many sources, which can be completely uncontrollable {5 an ontology concept or relation meaning is yet another

and sometimes even with questionable reliability. guestion. The paper presents a partial solution to the
Consequently, it is very important to record and process |atter question.

the data provenance. Although the data provenance
may be controlled, this does not need to be enough.
In the semantic web paradigm [3], data are usually
integrated through related ontologies [4] describing The word provenance comes from the Frepabvenir,
them. These ontologies are designed and maintainedvhich meanso come fromThis word denotes the origin
by specialists, thus the application designer does notor the source of an object. Sometimes, it has even wider
have an immediate control of the application ontology, meaning and denotes the whole history of the object and
notwithstanding that his application may be influenced all influences on the object, thus all events related to the
by changes in the ontology. Therefore, recording the object. The provenance has a wide use in the law theory,
ontology provenance is equally important as recording archives, arts, science, etc. It is also used in computer
the data provenance. science, especially in connection with data (details). The
data can come from different sources usually with some

A proper documentation of requirements and design applied transformations and algorithms. These kind of
history of a computer program enables to extend the metadata are called data provenance.

program along the design requirements, to ensure that
the design requirements are met and that the futureThe data provenance is commonly used and it is very
changes will not disrupt implemented properties, and important, especially in scenario with many data sources

1.1. Ontology provenance
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(such as semantic web applications). It enables to stateaxioms from the original ontology and then referencing
the source of information, the applied algorithms, and the reified axioms. A reified axiom is represented as
to transfer the thrust in the data sources and in thean individual in a new ontology, consequently the
algorithms to the input data and the application results. provenance properties can be bind to this individual.
A reified ontology is usually few times larger than
In the semantic web paradigm, ontologies are usedthe original ontology, therefore reasoning on the new

to describe data and the logical relationships betweenontology is not as effective as in the first approach.
data, and also to derive new properties. An ontology

is a shared logical model of some domain, thus it

should not be subject to frequent changes. However,2. Annotations for a Signature

the understanding of the domain can change as the

world itself is changing. Therefore, it is necessary !f the ontology provenance is properly recorded, it

to project these modifications into the ontology. The Will be possible to ask for the provenance related to a
ontology modifications may change also the meaning of specific axiom. It will be also interesting to ask for the

relationships derived from the data, thus recording the Provenance related to a concept definition. However, a

ontology provenance is equally important as recording Concept need not to be defined by only one axiom, it
the data provenance. can be influenced by other axioms such as definition of

sub-concepts used in the definition or axioms expressing
To record the ontology provenance, it is important to relationships of the defined concept to other concepts
know the possible changes in an ontology and to which and relations.
objects of the ontology they are related to. Majority of
ontology changes consist in an addition of an axiom to T0 determine provenance atoms related to a concept, an
the ontology, in a removal of an ontology axiom, and in individual, or a relation, it is necessary to connect these
a rewrite of an ontology axiom, thus the changes can beSymbols with axioms which influence them.

bind to ontology axioms. . .
9y The following definition enables to select such subset

It also seems useful to describe the ontology provenancelf an ontology that defines the same meaning of the
by its own stand-alone ontology. Such approach enablesSymbols from a certain sef of symbols (named a
to reason about the ontology metadata with the help of Signature) as the whole ontology. More precisely:

an ontology logical model (e.g. it is possible to write out

axioms related to some design change). Exact propertiesbeﬁnition 1 (Model Conservative Extension)Let O

of the provenance on_tology will be strongly erendent andO; C O be twoL-ontologies andS a signature
on intended applications, therefore they will not be over”

discussed in this paper. An example_: of a more eIaborateWe say thaO is a modelS-conservative extension of
provenance ontology can be found in [6]. O, if for every modell of O, there exists a modefl
of O suchthatZ|s = J|s.

1.2. OWL annotations

Any change in an ontology consists of few fundamenta
types of changes: the addition, the removal, and the
rewrite of an axiom. According to the OWL 2.0 draft it
will be possible to tag an axiom with its own URI, thus
rewriting an axiom without change of its URI will be
indistinguishable from the meta-ontology perspective.
Therefore, it is appropriate to tag each axiom version
with its own URI. This approach leads to the reduction preposition 1 Let O1, O, be two ontologies an® a

of the fundamental types of changes to an axiom signature such thab, is local w.r.t.S U Sig(O;).
addition and an axiom removal. The axiom rewrite has ThenO, U O, is anS-model conservative extension of

to be represented as a substitution of the old axiom by ¢, .
the new one with different URI. Of course, it is possible
to note an axiom is a logical successor of another one.

| Unfortunately, checking this property is highly
undecidable (non recursively enumerable) even for
ALC. Therefore, we will use the following preposition
from [7] and well-known locality property [1] , which
has NEXPTIME-complete complexity even for OWL
DL.

Thus, it is possible to upper estimate mininial C O
The older approach consists in reifying (a such thaD is a modelS-conservative extension 6#;.
transformation of an axiom to a set of new axioms We compute minimal subset @ filling the locality
expressing the syntactic structure of the original one) condition w.r.tS. Let any axiom which is presentin such
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a subset be calledomputed axiomand the signature 3. Conclusions
provenance forS be the union of provenance atoms

related to computed axioms. The paper presents aproach, which connects the

Such approac s the efiency tat th provenancI0 S0y POYIANEE (0 Smbo used 1 an onciogy
gained by_thls approach is based on actual axmmsIOy which changes was a symbol (concept, relation)
presented in the ontology only. influenced during the ontology life-cycle. The obtained
provenance will not be fully correct, because the model
conservative extension is estimated by the locality;
however, it can provide an acceptable approximation.

This obstacle can be overcome by computing the uni
on of essentialaxioms through the whole ontology

life-cycle. As was noted above, an ontology history
can be represented as the addition and the removal of,

. . . An unanswered question deserving future attention
axioms, thus the following approach for obtaining the is which optimalizations are possible for computing
provenance was drafted.

locality-based modules on two similar version of an

Firstly, the history for an ontology has to be defined.

Definition 2 (Version History for the Ontology) Let
01,05 ...0Op be asequence of all states of an ontology
O sorted by ascending date of change, withbeing the
first version of ontology an@y being the last version
(equal toO) and with no intermediate version between
0;andO;44 fori e {1,2,...,N — 1}.

We say thatO;,0-...0Oy is a version history for
ontologyO.

It is necessary to consider the whole version history
for an ontology, because a removed axiom from the
ontology can be a former essential axiom and an
added axiom can be an incoming essential axiom. If a
removed or an added axiom was ignored, part of the
provenance could be lost. If some intermediate version
of an ontology was omitted, the resulting provenance
would lack provenance atoms related to changes in this
version.

Algorithm 1 LetS be a signature ove£, (O;);c(1...n}
version history for ontology O over £, and
Prov(aziom) a mapping from axioms @ to the set of
provenance atoms for such axiom.

To search provenance atoms for a signatdrecompute
a computed axioms sét; for each ontology);. Let the

U =

i€{1,., N}

FE =

be the union of such sets.

Finally, the provenance atoms for a signatureov(S)
is the union of all provenance atoms for axiomsfin

Prouv(S) = U Prov(a)
aclk
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Abstract time-critical operations on the domains. The general
framework of multi-constraint graph partitioning may
The paper deals with the parallel not solve the problem.
computation of matrix factorization using graph
partitioning-based domain decomposition. It The graph partitioning problem is closely coupled with
is well-known that the partitioned graph may the general problem obad balancing.In particular,
have both a small separator and well-balanced the partitioning represents static load balancing. In

domains but sparse matrix decompositions on
domains can be completely unbalanced.

In this paper we propose to enhance
the iterative strategy for balancing the
decompositions from [13] by graph-theoretical

practice, load distribution in a computation may be
completely different from the original distribution at
the beginning of the computation. Generally, dynamic
load balancing strategies can then redistribute the work

tools. We propose the whole framework for the dynamically. A lot of interest was devoted to analysis of
graph repartitioning. In particular, new global basic possible sources of such problems [4]. Principles
and local reordering strategies for domains of the cure of such problems one can find, e.g., in [7],
are discussed more in detail. We present both [14]. In some situations, in order to cover complicated
theoretical results for structured grids and and unpredictably time-consuming operations on the
experimental results for unstructured large-scale individual domains, one can talk about minimization
problems. with respect tocomplex objectivegl 3], see also [12].
. The strategy proposed in [13] consists in improving
1. Introduction the partitioning iteratively during the course of the

The problem of proper graph partitioning is one of coMPutation.

the classical problems of the parallel computing. The |\ <)o cases it is known much more about such
actual process of obtammg h|gh-qu_a||ty part|t|on|n_gs critical operations. This paper aims at exploiting this
O.f un_dwec?ed graphs which arises in many pragqcal knowledge. Then the additional information may be
st:tuatlonis- IS relaso.nr?bly well unggrgtoodd In add;]tlon, included into the graph partitioner, or used to improve
the resulting algorithms are sophisticated enough [5], the graph partitioning in one simple step providing

][1]' Such situations are facgd,be.gl., if standard C”t?”a some guarantees on its quality at the same time. Both
or partitionings  expresse yalancing sizes o these strategies have their own pros and cons. While

S'omalnsangmlnlmlz_lng sepatr)at(érﬁsmene.fconmderedd. integration of the additional knowledge into the graph
owever, the situation may be different if one needs to partitioner seems to be the most efficient approach, it

zalance thle tlmebto ;;erf(_)rm some specific operat|0n_s.may not be very flexible. In addition, the analysis of
n example can be the time to compute sparse matrix ¢ - approach may not be simple when the typical

o_Iecorfnposmons, th.?'r mcomple_ztelcount?rparts_, or tlhe multilevel character of partitioning algorithms is taken
time for some auxiliary numerical transtormations. It 1 account. A careful redistribution in one subsequent

can happen that a partitioning Wh'Ch IS weII-baIar!ceq step which follows the partitioning seems to provide the
with respect to the above-mentioned standard C”te”ausefulflexibility

may be completely unbalanced with respect to some
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Since the time-critical operation performed on the wherel;; are entries of.. Then-th column is the only
domains is the sparse matrix factorization, the key to column which does not have any offdiagonal entries.
our strategy is to exploit the graph-theoretic tools and

indicators for the repartitioning. Let us concentrate on When applying Cholesky factorization to a sparse
the complete factorization of a symmetric and positive Matrix, it often happens that some matrix entries which
definite (SPD) matrix which is partitioned into two Were originally zeros become nonzeros. These new
domains. In this case, the underlying graph model of the nonzero entries are callefdl-in. High-quality sparse
factorization is theelimination tree.Our first goal is to ~ Cholesky factorization strongly minimizes the fill-in.
show the whole framework of theoretical and practical Tools for this minimization are callefill-in minimizing
tools which may allow post-processing of a given graph reorderings Basically, there are two categories of these
partitioning in one simple step. Then the repartitioned reordering approachesslobal reorderings as nested
graph should be better balanced with respect to thedissection (ND) or generalized nested dissection (GND)
factorization. Further we will discuss one such tool more consider the graph as one entity and divide it into
in detail. Namely, we will mention that we can directly parts by some predefined, possibly recursive heuristics.
compute number of columns which should be modified Localreorderings are based on subsequent minimization
in the factorization after changes of therder nodes, of some quantities which represent local estimates of
which are vertices of the separated domains incidentthe fill-in. Important representatives of such reorderings
to the separator. We confirm both theoretically and are MMD and AMD variations of the basic minimum
experimentally that we can decrease the number of thesedegree (MD) algorithm.

modifications by carefully chosen reorderings. - o
Many quantities related to the sparse factorization of

Section 2 summarizes some terminology and describesSPD matrices can be efficiently computed only if the
the problem which we would like to solve. Section Mmatrixis preordered by aadditionalspecific reordering

3 explains basic ideas of our new framework. Then apart from a chosen fill-in minimizing reordering.
we discuss the problem of minimizing modifications in One such additional reordering useful in practical

factorized matrices on domains both theoretically and implementations is thpostordering It is induced by a
experimentally. postordering of the elimination tree of the matrix, being

a special case oftapological orderingof the tree. For a

given rooted tree, its topological ordering labels chitdre
2. Basic terminology and our restrictions vertices of any vertekeforetheir parent. Note that the

root of a tree is always labeled last. Further note that

Let us first introduce some definitions and concepts 2N reordering of a sparse matrix that labels a vertex

related to the complete sparse matrix factorizations andearl!er than its parer_n.vertex In _the .eI|m|nat|OI.1 t_ree IS
reorderings. For simplicity we assume that the adjacencyequ'VaIent to t.he original orderlng In terms t'","n
graph of all considered matrices are connected. A|So’and_the operation count. In_partlcular, postorderings are
we will discuss only the standard graph model. €duivalentreorderingsin this sense.

Nevertheless, note that practical strategies for graph

repartitioning should be based on blocks or other
coarse representations which should be described b
factorgraphs or hypergraphs.

y3. Framework for the graph-based repartitioning

In this section we will split the problem of repartitioning

The decomposition of an SPD matri is controlled into several simpler tasks. Based on this splitting we
by the elimination tree This tree and its subtrees will propose individual steps of our new approach. As
provide most of the structural information relevant to the described above, the problem arises if we encounter a
sparse factorization. Just by traversing the elimination lack of balance between sizes of the Cholesky factors
tree, sizes of matrix factors, their sparsity structure, on the domains. Using the elimination tree mentioned
supernodal structure or other useful quantities [3], [10] above, we are able to detect this imbalance without
can be quickly determined. The elimination ttEés the doing any actual factorization. This detection is very fast
rooted tree with the same vertex set as the adjacencyhaving its time complexity close to linear [10]. Then, the
graphG of A and with the vertex as its root. [t may be  result of the repartitioning step is the new distribution
represented by one vector, typically called PARENT].], of the graph vertices into domains which also implicitly
defined as follows: defines the graph separator.

. min{i > j|l;; # 0}, for j <n, The repartitioning step can be naturally split into
PARENT[j] =4 for j = n. two simpler subproblems. First, one needs to decide

)
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which vertices should be removédm one domain.
Second, it should be determinadhere these removed
vertices should be placddto the reordering sequence
of the other domain. Alternatively, the domains may

Ti] denotes the subtree @f rooted in the vertex.

T'[i] also represents the vertex subset associated with the
subtree, that is the vertéxand all its proper descendants

in the elimination tree|T'[¢]| denotes the number of

be reordered and their factorizations recomputed from vertices in the subtre®/[i]. Consequently, the number

scratch. In the following two subsections, we will

of proper descendants of the vertgs given by|T'[¢]| —

consider these two mentioned subproblems separatelyl. PREV_ROWNZ is an auxiliary vector for tracking
For both of them we present new considerations. The nonzeros in previously traversed rows. The computed

third subsection of this section will present one simpler
task more in detail as well as both theoretical and
experimental results.

3.1. Removal of vertices

guantity is denoted by COUNT. A critical assumption
here is that the elimination tree is postordered.

Having computed the counts, our heuristic rule for
fast decrease of the fill-in is to remove vertices with
the largest COUNT. Let us note that the removal of

Assume that the matrices on domains were reordered, e jices may also change the shape of the elimination

by a fill-in minimizing reordering. Further assume that

tree, and our rule does not take this fact into account.

some vertices should be removed from one domain to To consider this, recent theory of sparse exact updates

decrease the potential fill-in in the factorization. An
important task is to determine which vertices should be
removed from the domain such that their count would be

as small as possible in addition to the further constraints

which uses multiindices should be taken into account,
see the papers by Davis and Hager quoted in [3].
Further note that the removal should also take into
account distance of the removed vertices from the

mentioned below. In other words, the removal of chosen border vertices. Therefore, we propose to use the

vertices should decrease the fill-in as fast as possible.

The following Algorithm 1 offers a tool to solve this
problem. It counts the number of row subtrees of the
elimination tree in which each vertex is involved. Note
that row subtreegepresent sparsity structures of rows
of Cholesky factor and they can be found by traversing
the elimination tree. The algorithm is new, but it was
obtained by modifying the procedure which determines
the leaves of the row subtrees in the elimination tree in
[11].

Algorithm 1 Count number of row subtrees in which
the vertices are contained.

for column j=1,ndo
COUNT(j):=n-j+1
PREV_ROWNZ(j)=0
end for

for column j=1,ndo
for eacha;; # 0,7 > j do
k=PREV_ROWNZ(i)
ifk<j—|TlH+1

foré =¢_1,...,¢4 —1do
COUNTE ) =COUNT(E) -1
end for
end if
PREV_ROWNZ(i)=j
end for

end for

HereT' denotes the elimination tree of matrik, and
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counts from Algorithm 1 as aecondary cosfor the
Fiduccia-Mattheyses improvement of the Kernighan-
Lin algorithm [6]. This is an iterative procedure which,
in each iteration, looks for a subset of vertices from the
two graph domains such that their swapping leads to a
partition with smaller size of the edge separator. Our
modification of the cost function then seems to enable
more efficient repartitionings.

3.2. Insertion of vertices

Having a group of vertices to be inserted into the
new domainD, we need to determine where these
vertices should appear in the new reordering sequence.
Here the objective function is tminimize the effect on
the fill-in in the corresponding Cholesky factor. Note
that in the next subsection we will mention another
motivation: minimize the number of columns to be
recomputed in the Cholesky factor, if it was computed.
Shortly, theoretical considerations related to the delaye
elimination in [8] motivate the insertion of a vertex to
the position of thgparent of the least common ancestor
of its neighbors in the elimination trééwhich we have.

Consider a vertex to be inserted, and denoté\byhe
set of its neighbors iMDs. Let « be the least common
ancestor ofV in T'. Denote byT.[«] the unique subtree
of T' determined byy and N. Given vertex will connect
to all vertices on the path among their neighbdés
Then theincrease of the fill-inn the new decomposition
includes one edge for each vertex@fa] and at most

6 multiple of the union of adjacency sets of the vertices
from T..[a] whereg is the distance from to the root of
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T plus one. via a sequence of systems of linear equations. Then
we face the two following problems: repartitioning as
well as therecomputation of the decompositidn this
subsection we propose techniques that minimize the
effort needed for recomputing the partition by a careful
In order to minimize the effect of the insertion on the fill-  choice of reorderings in advance. The efficiency of the
in, we need to minimize this amount. As in the previous new strategies is measured by the counts of columns
subsection, this criterion may represent an additional or block columns which should be recomputed. For
cost function for the local heuristic like Kerninghan-Lin simplicity, here we restrict ourselves to changes in the
and we are about to perform an experimental study of its domain from which the vertices are removed.
application.

| T[o]] + (1 + height(a)) | | {il Lir # 0,i > a}
reTr[a]

The first approach which we propose generalizes the
3.3. Repartitioning for generalized decompositions concept of local reorderings with constraints. This
concept was introduced in [9] to combine local and
global approaches, and recently investigated in [2]. Our
procedure exploits the minimum degree reordering and
uses thalistance of vertices from the main separadsr
the second criterion which breaks the MD ties.

Consider the problem of repartitioning when we
construct a factorization for which it is difficult to
obtain a tight prediction of the fill-in. An example
can be thencompleteCholesky decomposition. Similar
situation can be faced when solving a nonlinear problem

Table 1: Counts of columns which should be recomputed in Choleslontjeasition if boundary vertices are modified

matrix application dimension nnz | standard MD| new approach
bmw7st_1 structural mechanics 141,347 | 3,740,507 7,868 5,039
bodyy6 structural mechanics 19,366 77,057 2,354 476
cfdl CFD pressure matrix 70,656 949,510 10,924 7,497
cfd2 CFD pressure matrix 123,440 | 1,605,669 15,021 10,416
hood car hood 220,542 | 5,494,489 7,099 2,192
kohn-sham4 quantum chemistry 90,300 270,598 3,564 2,233
m_tl tubular joint 97,578 | 4,925,574 9,093 7,095
pwtk pressurized wind tunne| 217,918 | 5,926,171 8,218 4,437
x104 beam joint 108,384 | 5,138,004 4,656 3,842

Table 1 summarizes numerical experiments withthe newIf the border nodes are 10,11 and 12, then
reordering. All matrices except for the discrete Kohn- our approach provides the reordering sequence:
Sham equation are from the Tim Davis collection. The 1,3,4,6,2,5,9,7,8,10,12,11. Note that not only the
counts of factor columns to be recomputed (standard andborder nodes are ordered last, but also the nodes which
new strategy, respectively) if a group of border nodes are more distant from the border are ordered sooner.
of the size fixed to two hundred is removed are in the A principal advantage over the concept of constrained
last two columns. The counts were computed via the minimum degree family of the algorithms with just two
elimination tree. sets which are ordered [2] is that here we do not need to

know in advance how much the domain will be changed.
Here, we will demonstrate the power of our approach on

a simple model problem depicted in Figure 1 Let us present formalized theoretical result for the
structured grids. We will show that the choice of the
O first separator in the case of /a x k regular grid

1? 4 7T 10? problem strongly influences the number of columns
to be recomputed in case the border is modified by

2% 5 8 11 the removal or insertion The situation is depicted in
Figure 2 fork = 7. The figures represent the separator
(/ e O Q and the subdomain sets after four steps of ND. The
3 6 9 12 border vertices are on the right and they are filled. The

_ _ 3 o following theorem uses thgeparator treen which the
Figure 1: Graph which demonstrates our modified minimum  yertices describe the subdomain sets and separators, and

degree reordering. We assume that the main \yhich is a coarsening of the standard elimination tree.
separator contains nodes 10, 11 and 12.
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Figure 2: Grids with the ND separator structure related to TheoremTie-I-grid on the left and Type-II-grid on the right.

Theorem 3.1 Consider the matrixA from a k x
k regular grid problem with ND ordering having

separator. Similarly we get the relatiop,; = a, + 1,
since its separator structure is the same as if we would

levels of separators. Assume that the matrix entries add to the considered Type-II-grid with> 1 separators

corresponding to the border vertices are modified.
Denote bya; and b;, respectively, maximum number
of matrix block columns which may change in the
Cholesky decomposition df from Type-I-grid or Type-
[I-grid. Then lim;_ca;/b; 3/2 for odd ! and
limy—0a; /by = 4/3 for even.

Proof: Clearly,a; = 3 since the changes influence
both domains. Consequently, all block columns which

of another Type-II-grid and separate them by the central
separator. The block columns of the new Type-Il-grid do
not need to be recomputed. Putting the derived formulas
together we gety 2 = 2xap+3 andbgo = 2x by + 2.

This givesa; = 3(2!T! — 1) andb; = 2(2“1 1) for
k=2l+1,anda; = 4(2!) — 3 andb, = 3.(2!) — 2 for

k = 2[, and we are done. n

Similar result we can get for GND reordering

correspond to the entries of the separator tree have

to be recomputed. Similarly we geét 2 since Theorem 3.2 Consider the matrixA from a k x k

the block factor column which corresponds to the regular grid problem with generalized nested dissection
subdomain without the border vertices does not need to(GND) ordering having levels of separators. Assume
be recomputed. Consider the Type-I-grid with> 1 that the matrix entries corresponding to the border
separators. It is clear that the separator structure of thisvertices are modified. Denote by andb;, respectively,
grid we get by doubling Type-ll-grid and separating maximum number of matrix entries which may change
them by a central separator. Consequently,; = 2 in the Cholesky decomposition 4ffrom Type-I-grid or

b, + 1, where the additional corresponds to the central  Type-IlI-grid. Therlim;_...a;/b; = 4/3.

%

Figure 3: Grids with the GND separator structure related to TheoreanBpe-I-grid on the left and Type-II-grid on the right.

[O=0—O0-0—0-0-0-0-0-0C)
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Proof:

by < ak? + pk. Consider the Type-I-grid withh > 1
separators. Consequently,

a; < alzli? 4 Bkl.
Similarly we get the relation

! l
blgaf%%%rﬁmgﬁk ], blga(%)k2+gﬁk§.

L5

If we consider odd = 2i + 1, we get

. a . a; ) o'k? + (2i +1)Bk

lim — = lim — = lim — o =

=00 by imoo by imoo ot R 4 Bk + 5 Bki
o sk 4
it T Gk | 351 3

For evenl = 2; we get same result.

a; . a'k?+2iBk 4
= m —— = —
imoo a'k? + 30ki 3

Clearly, the choice of the first separator of ND and GND
plays a decisive role. Further, there exist accompanying

Clearly,a; < k? + Bk since the changes
influence both domains and separator. Consequently, all
matrix entries have to be recomputed. Similarly we get
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Abstract and in Section 6 we experimentally evaluate the parallel
algorithm.

This paper presents the Parallel-FIMI-Seq
and Parallel-FIMI-Par methods for static load
balancing of mining of frequent itemsets on
a distributed-memory parallel computer. The

2. Mathematical foundation

method partitions all frequent itemsets into Let B be abase sebf items (items can be numbers,
partitions of approximatelly the same size. We symbols, strings, goods, etc.). &ansactiont =
experimentaly show the speedup of the method (id,U), whereU is any subset C B and id is a unique
for up to 10 processors. The method achieves transaction identification. I/ c U for a transaction
the speedup~ 6 on 10 processors and the t = (id,U) we simply writeW C t. A superset of
speedup is linear in the number of processors for a transaction will be denoted similarily, i.e. c V.

a reasonably structure database. Further, we need to view the based®tas an ordered

set. The items are therefore ordered using an otder
by < by < ...<b,,n =|B|. The order can be changed
dynamicaly during the execution of a depth-first search
Due to the growth of the computational power and the algorith for mining of Fls.
cheap storage media the companies store huge amount
of data. The companies would like to analyze the dataA transaction is a set of items. However, in most
and use them to grow revenue. The process of analysisalgorithms, we need to view it as an ordered sett5p,
of the data uses the so callddta mining denotes théth item in transactiont ordered using the
same relatior< we use for ordering the basedg{does
One of the important data mining task is the so called not matter how the order is chosen)databaseD on B
association rule miningr market basket analysihe (or databas® if B is clear from context) is a sequence
customers are visiting a supermarket and the owner ofof transactiong C B. Other subsets, not necessarily
the supermarket is storing the basket of each customerin the database, of the basegewill be further called
as atransactionin a database. We are searching for rules itemsets
like {bread, butter = {milk}, i.e. if a customer buys
bread and butter he will likely buy milk. The a_ssociation Definition 2.1 (Itemset cover and support)[1]  Let
rules_ are generated from the so calfeghjuent itemsets  ; C B be an itemset. Then thwverof U is the subset
(FIs in short). A frequent itemset can be for example o (ansactions from databasp that containU as a
{bread, butter, milk. subset. This subset is denoted®§l/, D). The number
of transactions ir7 (U, D) is called the support o’ in
D, Supp(U, D) = |T (U, D).

1. Introduction

In this paper we will discuss the parallel algorithms for
mining of frequent itemsets.

The paper is organized as follows: in Section 2 we give We will also use the wordidlist (an abbreviation

a brief theoretical overview of the mathematics used in of the transaction ID list) for the list of transaction

the algorithms; in Section 3 we show how to use the IDs 7 (U, D). We define the support as the number

theory for mining of Fls; In Section 5 and in Section 4 of transactions containing/, but in some literature,

we described the parallel algorithm for mining of FIs; the relative support is defined bypupp*(U) =
Supp(U)/|D|.
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Definition 2.2 (Frequent itemset) LetD be a database
on B, U € B an itemset, andnin_support € Z a
natural number. We calll frequentin the databasé® if
Supp(U, D) > min_support.

We will denote the set of all frequent itemsets /&s
In the text, we useD and min_support generally. If
neccessary, the databaBeand the value of minimal
supportmin_support will be clear from the context.

In our algorithms we need to sample theBetA sample
of frequent itemsets is denoted By, ;.

Definition 2.3 (Maximal Frequent Itemset) Let D be

a database onB, U <C B an itemset, and
min_support € Z a natural number. We call
U maximal frequent itemsetif Supp(U,D) >

min_support, and for all V.U C V, Supp(V,D) <
min_support.

We denote the set of all maximal frequent itemsets
(MFlIs in short) asM = {m;},1 < i < n. The MFIs
delimit the setF from above in the sense of the set
inclusion.

Let X,Y C B befrequentitemsets such thah X = 0.

The ordered paifX,Y), written X = Y, is called an
association ruleThe itemsefX is called anantecedent
and the itemseY is called aconsequentThe strength

2.1. The monotonicity of support

The basic property of frequent itemsets is the so called
monotonicity of supporiThe monotonicity of support is
important for all algorithms for mining of Fls:

Lemma 2.4 (Monotonicity of support) LetU C B be
an itemset with suppoSupp(U) in a databaseD. For
every supersét of U holds: Supp(U) > Supp(V).

Proof: It is clear that if a setU is contained in
transactiong (U) then a supersét O U is contained
in transactiong (V') C 7(U). =

Corollary 2.5 Let V' be a frequent itemset, then all
subsetd/ C V are also frequent.

2.2. The lattice of all itemsets

Zaki[2] use the set of all itemsP(B), and the
underlying lattice for description of depth-first search
(DFS in short) algorithms.

Definition 2.6 Let P be an ordered set, and I&t C P.
An elementX € P is anupper boundlower bound of
Sifs < X (s > X)forall s € S. The least upper
bound is calledjoin and is denoted by/ S, and the
greatest lower bound, also calledeet of S is denoted
A\ S. The greatest element & denotedT, is called the
top elementand the least element @, denotedl, is

of the association rule is measured by the supportcalledbottom element

Supp(X UY) and by the confidenc€onf(X,Y) =
Supp(XUY)
Supp(X)

The association rules are mined in a two step process

1) mineall FIsX = UUW,W NU = 0; 2) create
association rule§ = W from the Fls mined in the first
step. The values ofin_support andmin_con fidence
and a databas@ are inputs for algorithms for mining of

association rules. These algorithms first find all frequent

itemsets, using thenin_support, and then generate
association rules, usingin_con fidence. In this paper,
we concentrate on the first step.

For the purpose of the description of our parallel
algorithm, we denote the number of processor®bthe
ith processor by,. At the start of the parallel algorithm,

Definition 2.7 Let £ be an ordered set{ is called a

join (mee) semilatticeif X VY (X AY) exists for all

X,Y € L. Lis called alatticeif it is both a join and
meet semilatticeC is complete latticef \/ .S and A S
exist for all subset$ C £. An ordered sef\l C L is a
sublatticeof £ if X, Y € M impliesX VY € M and
XANY e M.

It is well known that for a sef the powerseP(S) is
a complete lattice. Th@in operation is theset union
operationandmeettheset intersection operation

For anyS C P(B), S forms a lattice(S;C) of
sets if it is closed under finite number of unions and

each processor has a database partition. A databasgiersections.

partition is denoted byD;. Our parallel algorithms

partitions the database at the beggining into disjoint

database partition®;, D; such that;D; = D, D; N
D; =0, and|D;| ~ |D|/P.
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Lemma 2.8 The set of allfrequent itemsetsorms a
meet semilattice
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Proof: The result follows from the corollary 2.5 and
the factthay AW =V NnW. [

Proposition 2.9 The set of maximal frequent itemsets

depends on the order dB, as described in Section

2. Because the prefix-based equivalence classes form
a hierarchy, we partition the lattice into sublattices
recursively. The recursive partitioning forms a tree,
where each node corresponds to one itemsetULgt”

bounds the set of all frequent itemsets from above intheand1 < i < n be itemsets, where the nodes labeled

lattice.

3. Using the itemsets in

algorithms

lattice of frequent

For parallelization of the FIM algorithms we need to
partition the lattice of all itemsets into disjoint partitis.
An equivalence relation partitions the sB{B) into
disjoint subsets callegrefix-based equivalence classes

Definition 3.1 (prefix-based equivalence class) et

U C B,|U| = n be an itemset. We use the order of the
set B and hence view = (u1,us,...,uy),u; € B

as an ordered set. Arefix-based equivalence class
of U, denoted by[U];, is a set of all itemsets that
have the same prefix of lengthi.e. [U], = {W =

(w1, w2, ..., W) |u; = wi,i <Il,m>1,W C B}

To simplify the notation, we usig/| for the prefix-based
equivalence clas@/];,l = |U].

Proposition 3.2 LetU C B be an itemset antl < |U|
a natural numberThe prefix-based relatiofi/]; is an
equivalence for fixed

Lemma3.3Let W C B be an itemset. Each
equivalence clas§W] is a sublattice of the lattice
(P(B), ©).

Proof: LetU,V be itemsets in clasgV];, i.e., U,V
share common prefi¥¥’. W C U U V implies that
UAV € [W],andW C U NV impliesthatyU vV €
[W];. Therefore[IW]; is a sublattice of P(B),C). m

Definition 3.4 LetU,W C B and[U], [W] be prefix-
based equivalence classes. We ¢Hll] a prefix-based
equivalence subclasg [U] if and only if W] C [U].

Proposition 3.5 LetW, U C B. If [W]is a prefix-based
equivalence subclass {if] thenU C .

The lattice (P(B), C) can be partitioned into disjoint

by U; correspond to the successors of the node labeled
by W. ThatissW C U, | = |Uj|] = |[W|+ 1,
and[U;] is a prefix-based equivalence subclas$lof.

The set of itemd J, U; \ W is called theextensions

of W. The partitioning of(P(B), C) into the prefix-
based equivalence classgs;) implies partitioning of

F into classes of the fornf N [U;]. For the purpose

of our parallel algorithm, we need to partitidhinto &
disjoint sets, denoted?, . . ., Fy), satisfyingf; N F; =

0,i # j, andJ, F; = F. Each partitionF; (union of
prefix-based equivalence classes) is a meet sublattice of
(P(B), ©).

The prefix-based equivalence classes decompose the
lattice into smaller parts for which computing supports
can be done independently in main memory. That is, for
the computation of supports of itemsets in one prefix-
based class, we start with the tidlists of the atoms and
recursively construct the tidlists of itemsets belonging
to that class by intersecting them. Due to this, the
computation of support in different prefix-based classes
is done independently. This is important, because this
independence makes parallelization easier. Moreover,
we can recursively decompose each equivalence class
into smaller prefix-based equivalence subclasses.

For computation of supports of an itemé$étC B we
use the tidlistsT ({b;}),b; € B. The support ofU,
|T(U)|, can be computed using the tidliskg{b;}):

Lemma 3.6 Let B be a baseset and/ C B, U =
Uy, e {bi}- Then the support df can be computed by

Supp(U) = [y, e 7 (bi)l-

Proof: The support o/ = {u;|1 < i < n,u; € B}
is defined bySupp(U) = |7 (U)|, i.e. the number of
transaction containing all the itemas. Hence, the set of
all transactions containing is 7 (U) = N;7 (u;). =

Corollary 3.7 Let B be a basesetand, W; C B,1 <
i <nandU =, W; thenSupp(U) = |, T(W;)|.

It follows that for a prefixII and the extensions, we
can compute support ®f U U, U C X using the tid lists

prefix-based equivalence classes. The partitioning of items inX and the tidlistZ (II).
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4. Proposal of a new DM parallel method The error can be analyzed using the sampling with
replacement with no other constraint on the database.
The error analysis then holds for a database of arbitrary

size and properties. From the following theorem, we

We have created a method f@arallel Frequent ltemset
Mining (Parallel-FIMI in short). The basic idea is to
partition all Fls into disjoint sets using the prefix- can estimateSupp(U, D) with errore that occurs with
based equivalence classes of relative s'mes}s. The probability§:

prefix-based classes are then assigned to processors and

each processor computes the Fls from the assigne . .
prefix-based classes. This procedure statically balaanTheorem 4.1[3] Given an itemsetl/. C B and a

the computational load. The size of a prefix-based random sampl®.,,; drawn from databas® of size:
equivalence classes is estimated using a sample of

Fls, denoted byF;,,,, computed from a sample of
the database, denoted ®;,,,;. The prefix-based

2

1
|Dsmpl| Z @ In ga

equivalence classes are then assigned to processors,
so each processor computes approximately the samehen the probability thafZ (U, |Dgy,1|) > € is at mosb.

number of FIs. The method consists of four phases:

Phase 1(sampling of FIs): generally the purpose of the
first phase is to compute a sampg,,,;,; of all frequent
itemsetsF. We sample the databage making the
database samplP;,,,;. The algorithm then computes
the sample of FIsF;,,, using the database sample
Dympi. To make the whole process more efficient, we
can createFs,,,, in parallel. The parallel computation
of Fumypi is balanced dynamically.

Phase 2(lattice partitioning): we use th&,,, for

MFI based sampling: Let M = {m;} be the set of
all MFlIs. The set of all Fis is given bf = UP(m;).
The approximation of MFISM . = {m}} is the
set of all MFIs computed fronD,,,,;. To create the
sampleF;,,;, we first createM,,,,.,. The set of all
Fis represented by, is denoted byF,pprr =
UP(m)]). BecauseM pprq representstypprq, Fompl IS
created using\,pprz.

The uniform sampling ofF,,,, could be performed

constructing the prefix-based equivalence classes. Thedy Monte Carlo method: theoverage algorithni4].

classes are collated and assigned to processors.

Phase 3(data distribution): is only a communication

The coverage algorithm can be quite slow, because it
makesO(|Mqpprz|) Checks for each sample and the
size of M, Can be quite large. Therefore, we give

phase. It serves only for exchanging the input databaseup uniform sampling ofF,,,,, and use the following

among the processors.

Phase 4(computation of FIs): in this phase, we run an
arbitrary sequential algorithm that computes frequen

itemsets in the assigned prefix-based equivalence

classes.

4.1. Detailed description of Phase 1
In this phase, we need to compute a saniplg,,; of

[P(m)|

procedure: picki with probability Pr[i] = S TBOa]
and then selecv € P(m}) uniformly at random.

K2

t This makes the sampling non-uniform because it prefers

itemsets contained as a subset of many MFIs. Therefore,
the estimate of the prefix-based subspace is just a
heuristic.

To mine the MFIs, we have used thHpmax* [5]
algorithm. To make the mining of MFIs faster, we

all frequent itemsets. Because the whole database cargan execute thpmax*in parallel. Therefore, we have

be quite large, we computé,,,,; using the database
sample D, using the MFIs. The details of this
process are described below.

Toivonen([3] presented an analysis of the sampling of

two versions of the first phase: a) MFIs computed
sequentialy on single processor; b) MFIs computed in
parallel on multiple processors using dynamic load-
balancing.

the database used for mining of Fls. Using the databaseThe dynamic load-balancing of mining of MFIs works

sampleD,,,,;, we can efficiently estimate support of
a particular itemset/. The error of the estimate of
Supp(U, D) from a database sample,,,; is defined

by:

E(U’ |Dsmpl|) = |Supp*(U7 D) - Supp*(Ua Dsmpl)|
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this way: becauseD;,,,; is much smaller than the
whole databasé, the processors creat@,,,, from

D, i.e. every processor has its copy of the database
sampleD,,,,; and knows the items that are frequent
in the databas@® (note thatD is distributed among
the processors). We assume that all itebpse B

are frequent. All processors partition the base set
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B,|B| = N on P parts of sizeN/P. Processor 4.2. Detailed description of the phase 2
p; runs a sequential MFI algorithm in theth part
of B, where the items are interpreted agprefixes.
The1-prefixes{b; } are prefix-based equivalence classes
[{b:}].-When a processor finishes its assigned items,

it asks other processors for work. The computation we partition into £, 1 < i < P such thatF = | J, F;

. . . . . . ) = = i

is terminated using the Dijkstra’s token termination and|F;| ~ |F|/P. EachF; is a union of some prefix-

detection algorithm. based classes intersected wihHence, eacl¥; can be
; , solved independently on procesggr First, we create

Let My, = {m;} be the set of all MFIs, computed gy of prefix-based equivalence clasqég] small

by the processa; f_rom Dsmp.- The sampling 0F apprz enough, so that we can create set of indéxesuch that
is then performed in the following way: every processor Fi|/|F| ~ 1/P, whereF, = J U] N F
p; broadcasts the sum; = > .\ . |P(m)| of ¢ ' i keL; .

apprx

sizes of powersets of its local MFIs (hence, an all-to- Prefix-based classés}] are created so that the relative

all broadcast takes place) and then it gets- fraction size Satisﬁes% < a- %, where0 < a <

of the samples;, .- 1 is a parameter of the computation. We initially set
) o U, = {b;} and estimate the size ] using Fy,pi.

Because the computation of the approximationn 10 |t some of the prefix-based clas] is too big, i.e.

the MEIS is done in parallel using .the dynamlc load- |[UI,C]FrInf| > a- L, we recursively breaf(;] into smaller

balancing, the output of the algorithm is a superset prefix-based subclasses.

of all MFIs, as shown below. For computation of

MFls, we use the DF$omax*algorithm.fomax*uses  The problem of creatingl; such that F; =
optimalizations that at each step checks every currentIyUkeL_([Uk] N F) and max; |F,|/|F| minimized is
processed candidate MFI against the already computedinown to be NP-complete problem with known
MFIs. If the candidate MFI is found, the algorithm gppnroximation algorithms. We will use the LPT-
removes the current itemset from processing. BecausescyepuLe algorithm (see [6] for the proofs). The

to check the candidate against all MFIs resulting in a agorithm 4.2.

superset of all MFIs.

The phase 2 is responsible for partitioning/f As an
input of the partitioning we use the samplgs;,,,; from
the phase 1.

For example: lef3 = {by, ba, bs, by, by, bg} and P = 2 Lemma 4.2 [6] LPT-SCHEDULE is 4/3-approximation
and assume that processaris scheduled to processes algorithm.

prefix-based equivalence classed, [b2], [b3] andps is

scheduled to process prefix-based equivalence classeghe schedule is then broadcasted to the processors.
[b4], [b5], [bs). Processorp; processes only prefixes
{b1},{b2}, {bs}, but use all itemsB as extensions,
e.g. processorp; uses for prefix {b;} extensions

Algorithm 1 LPT-SCHEDULE

ba, b, by, bs, bg, for prefix {bo} extensionss, by, bs, b, 1: Sort_all prefixesUk in decreasing order given by the
etc. Let the itemset/ = {by,bs, bs,bs} be an MFI. relative siz€[Uy]|/|F].

The processop; computesl/ correctly, but processor ~ 2: ASSIgn [Uk] n greedy manner to processof,
po computes also the itemsdts,bs} as an MFI. creating the index sets;.

The reason is thap, does not know that the MFI
{ba, bs, b5, bs } was already computed by processor

) ] ] A DFS algorithm (like Eclat and FPGrowth) expands
Despite the problem, the computed itemsets still delimit every prefixIT using the extensionE sorted by the

Fappra- The fpmax* algorithm runs in parallel and  gypport in ascending order. Using a different order
aside computing all the MFIs computes some additional ¢ap significantly reduce the speedup of the algorithm.
non-MFI itemsets. However, the additional itemsets are This allows for efficient computation of intermediate

always subsets of some MFIs. The reason is that eVelysteps. This optimalization is used by other DFS
processor has the same database safplg; and the  gi5orithms, e.g. the FPGrowth algorithm. The order of

fpmax* always correctly computes the support of an e extensions is estimated from the database sample
itemset that is an candidate on MFI. Damp-

While experimenting with the Eclat algorithm, we have
observed that the run of the sequential Eclat algorithm in
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the phase 4 can be very slow. Each processor is assignedl;
a set of prefixes together with the set of extensions g,
for every prefix. The reason of the slow run of the
Eclat algorithm in phase 4 is the different ordering of To
extensions used for creating prefix-based classes in theus
sequential and the parallel version of the algorithm.

_ (11 j+1
+1 = (a’l » Oy

Jj_ g+l . J
chthat; = a;"",7 < manda,, | #

) we reusemn array elements
j+1
bl

g

make the proccess more efficient, we sort the prefixes

ing the lexicographical order.

Algorithm 2 Prepare-Tidlists

4.3. Detailed description of the phase 3 PREPARETIDLISTS(IN/Out:  Tidlists  myqpists,  IN:
Every processor has to send its database partiion ~ Prefixm)
1.n+«— —1

to all other processors. The broadcast is dongZ
steps. We can consider the broadcast as a tournament of 2

:fori=0,...,|r|—1do

P players. IfP is odd, a dummy processor can be added, 3:  if Triqiists [1].item /= x[i] then
whose scheduled opponent waits for the next round. 4 n<—1
5: break
4.4. Detailed description of the phase 4 6: endif
) . 7: end for
Every processor has been assigned some prefix-basedg. for j — 5, .. ., || —1do

equivalence classes. The sequential algorithm is run .

for every prefix-based equivalence class assigned to the

processor, i.e. the processors must prepare the sequentigj,.
algorithm for each processed prefix. For example, if we ;.
want to run the Eclat algorithm, we have to prepare ,.
the tidlists for every assigned prefix and the prefix ;5.

Tridlists|[t] < create new array element from
7T-tidlists[i - 1]

end for

for i =|xl|,...,|B|—1do
7Ttidlists[i] — @

end for

extensions. In the rest of the section we describe how
to run the Eclat algorithm on the assigned prefix-based

equivalence classes.

At the start of this phase, procesggrcreates tidlists

Algorithm 3 Execution of the Eclat algorithm in the
scheduled prefix based equivalence classes.

7 (b;),b; € B. We denote the extensions of the prefix
by ¥; = {(bx, 7 (bx))}, whereb,, € B is the extension
and 7 (b) is its tidlist. The sequential algorithms
reuses the datastructures used for the computation of
the supports during the recursive depth-first search of
the lattice. To make the parallel execution of a DFS
algorithm fast, we need to cache the datastructures in the
same way as done by a DFS algorithm, i.e. we simulates
the execution of a DFS algorithm.

Let U, be the prefixes assigned to procesgor

ExXec-EcLAT(In: Set of prefixesn, In:
D)
1

o

Database

sortn lexicographically by the prefix
Tprev < 0
Ttidlists — array of size B| with me;qpists[i] < 0
Teidiists (0] < (0, {(bi, T (b:))|b; € B})
forall p € 7 do
PREPARE TIDLISTS(Ttidiists, D)
run the Eclat algorithm with prepared tidlists

Ttidlists [|pH|]
end for

The Eclat algorithm uses the tidlists for computation
of supports. The cache of the tidlists is an array
Trdiists Of pairs (item, ) at position:. The items
Tediists|J]-item, j < i correspond to the prefix of the
prefix-based equivalence clafSy];. midnsts[i]-X at
positionj corresponds to the possible branches of a DFS
algorithm for the prefix-based clafsy];.

To prepare the tidlists efficiently for each assigned prefix 5

The PREPARETIDLISTS algorithm summarizes the
preparation of the tidlists for the sequential run of the
Eclat algorithm, see Algorithm 2. The execution of the
Eclat algorithm is summarized in Algorithms 3.

The parallel FIMI algorithms

I, = (af,.. .,a-le), we reuse the tidlists. That is, we We have described a method for mining of FIs that
construct the tidlists for each prefix of the first assigned can be parametrized using some algorithms. As the
prefix Iy, i.e. we construct the tidlists for each itemset algorithm for mining of MFIs we use thdpmax*

in {(ai,...,a})]k < m1} and store the tidlists of the  algorithm and as the algorithm for mining of Fls, we use
itemset(al,. .., a}c) in an arraym;qists at positionk. the Eclat algorithm. Because we can executdphsax*
After processing the prefikl;, we need to modify the  algorithm in parallel or sequentially, we have the two

array for the next processed prefix. ;. For the prefix following algorithms:
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1. The RRALLEL-FIMI-SEQ algorithm computes
the MFIs sequentially, for details see Algorithm 4.

2. The RRALLEL -FIMI-PAR algorithm computes
the MFls in parallel, see Algorithm 5.

Algorithm 4 PARALLEL -FIMI-SEQ

1:
2:
3:

/I Phase 1

create a random sample of its database part
broadcast its database samgk,,,;. (all-to-all
broadcast)

: Compute approximation of MFlIs.
: sampleF ppre
: Phase 2: Processgr; samplesF and dividesF

to prefix-based classes and usPs,y
for estimation of the dynamic items
ordering. Then using the LPT-MKESPAN
algorithm,p; joins the prefix-based classes
into partitionsF;,i = 1,..., P such that
|F;|/|F| =~ 1/P =+ € (computed omp;).

: Il Phase 3
: Exchange database partitions and work assignmen

among all processors (a one-to-all broadcast
followed by an all-to-all scatter)

: // Phase 4
10:

Compute support for every itemset iF (all
processors in parallel)

Algorithm 5 PARALLEL -FIMI-PAR

1:

2:

3:
4:

Phase 1: Perform local sampling in database
parts, collect database samples from all
processors (all-to-all broadcast), partition
the items in the base set as 1-prefixes
among processors and compute in parallel
approximations of MFIs with dynamic

load-balancing (all processors in parallel).
Phase 2: Every processor computes its portion of

samples ofF and sends them to processor
p1. ItdividesF to prefix-based classes and
uses Dg for estimation of the dynamic
items ordering. Then using the LPT-
MAKESPAN algorithm,p; joins the prefix-
based classes into partitions;,: =
1,...,P such that|F;|/|F| ~ 1/P + ¢
(all-to-one gather followed by a sequential

computation).
Phase 3: see the Parallel-FIMI-Seq algorithm.

Phase 4: see the Parallel-FIMI-Seq algorithm.
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6. Evaluation of the speedup

We have evaluated the ARALLEL-FIMI-SEQ and
PARALLEL -FIMI-PAR algorithms on a cluster of
workstations interconnected with the Infiniband
network. Every node in the cluster has two dual-core
AMD Opteron processors at 2.6GHz with 8GB of main
memory.

In Phases 1 of theARALLEL -FIMI-PAR, we use the
parallelization of thefpmax* algorithm with dynamic
load-balancing of computation of MFIs and in the
Phases 1 of the ARALLEL-FIMI-SEQ, we use the
sequentiafpmax*algorithm (run on processex). The
Phase 4 of the two methods is parametrized with the
ECLAT algorithm.

We have used datasets generated by the IBM database
generator [7] with 500k transactions and set the supports
for each experiment such that the sequential run of the
Eclat algorithm is betweerf00 and 12000 seconds.
The IBM generator is parametrized by the average
transaction lengthTL (in thousands), the number of
items | (in thousands), by the number of patterds
used for creation of the parameters, and by the average
t]ength of the patterndPL. To clearly differentiate
the parameters of a database we are using the string
T[number in thousands]l[items count

in 1000]P[number]PL[number]TL[number] ,

e.g. the stringT50010.4P150PL40TL80 labels a
database with500000 transactions400 items, 150
patterns of average lengtd0 and with average
transaction lengti80. All experiments were performed
with various values of the support parameter2o4d, 6,
and10 processors. The databases used for evaluation of
our algorithm is summarized in Table 1.

Dataset Supports
T50010.1P100PL20TL50| 0.12, 0.13, 0.14
0.15,0.16,0.17,0.18
T50010.4P250PL10TL120 0.2, 0.25, 0.26, 0.27,
0.3
T50011P100PL20TL50 | 0.09,0.07,0.05

Table 1: Databases used for measuring of the support and the
supports used for measuring.

The RRALLEL -FIMI-SEQ and the RRALLEL -FIMI-
PAR method achieved speedup up 40 6 with 10
processors.

Figures 1, 2 demonstrate that for reasonably large and
reasonably structured datasets, the speedup is linear
with speedup~ 6 on 10 processors. It follows from

the graphs that theARALLEL -FIMI-PAR is sometimes
faster then the ARALLEL -FIMI-SEQ.
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linear speedup

mi -
in_ -
min_support= o
mipZ8upport=0.17 -~ -e-- |
fin_support=0.18 —-a-—

Figure 1: Speedups of the ARALLEL-FIMI-SEQ and RARALLEL-FIMI-PAR

T50010.1P100PL20TL50

dataset.

linear speedup
min_support=0.3 -5

3
2
oho

linear speedup

mipZSupport=0.17 4
n_Support=0.18 —-&-—

algorithms

(from left to right) on the

linear speedup
min_Support=0.3 >4~
min_support= .
min_Supporizg26 &
min_Suppert<0.26 -
min_sdpport=0.2 - -o--

Figure 2: Speedups of the ARALLEL-FIMI-SEQ and RRALLEL-FIMI-PAR algorithms (from left to rightjon the
T50010.4P250PL10TL120 dataset.

linear speedup
min_support=0.09 -

min_support=0,07-~--%--- |

min_supporiz805 &

N

linear speedup

min_support=0.09 >4~

min_Support=0.
_supportz0:05

Figure 3: Speedups of the ARALLEL-FIMI-SEQ and RARALLEL-FIMI-PAR algorithms (from left to right) on the
T50011P100PL20TL50 dataset.
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The complicated cases are the datasets with 1000 items

in Figure 3. Our hypothesis explaining the bad speedup

is that the database contains MFls;, m; such that
|m; N m;| (i.e. |[P(m;) N P(m;)|) is small and the

number of MFIs is large. Therefore, the number of MFls

is very large and the set of frequent itemsets given by a
particular MFI has very few common frequent itemsets

with set of itemsets given by other MFls. Since there is [3]

large number of sets with very small intersections and
the number of sets is much larger than the number of

samples, the sizes of the prefix-based classes cannot be
well approximated. The nepresnost causes the zhorseni

[4]

of the parallel speedup.
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Abstract

The exchange of medical images within
a PACS system depends on high capacity of
communication channels and high performance
of computational resources. We introduce pilot

via public Internet channels too. Client application
may retrieve DICOM series from the client’s local or
institutional PACS and send it via proprietary protocol
using SSL encryption to server. Client application may
identify the receiver and may set some other metadata
regarding the message. The receiver must have the same

project utilizing grid technology to distribute
functionality of PACS system to several
machines located in distant places which allows
economizing utilization of network channels.
We also discuss benefits and disadvantages of
virtualization techniques allowing to separate
physical machine capabilities from the operating

client application and get the DICOM series from the
server later. This solution based on the central point
of the system architecture may become a bottleneck
or single point of failure. There are other commercial
solution using SSL encryption and authentication which
are based on establishing VPN connection between peer

system. We compare this pilot project utilizing endpoints.

high speed CESNET 2 network with similar ‘@7,«1

mature projects based mainly on P2P secure / L

connection, centralized system and proprietary {//( L L8

protocols. A L )

@*@
1. Introduction
Ko

The Digital Imaging and Communications in Medicine EQN» NNy T |
(DICOM) standard is widely used in medical > RN

devices and applications. PACS (Picture archiving

and Communication Systems) systems to archive Figure 1: Centralized access to medical image exchange
DICOM is currently used in information systems within ) - ]

hospitals and todays effort is focused on connecting the ErPerich et al. [3] utilize grid technology and open
systems among hospitals. The additional security andStandards and protocols to process DICOM images
authorization mechanism must be kept with respect of S€cUrely in distributed environment to prevent some

data privacy and safety as DICOM itself doesn’t provide SSUe€S coming from VPN and proprietary protocols.
such features [1]. DICOM series represents also usually 1 "€y introduced project named Globus MEDICUS
large amount of data, which has specific requirementsWh'Ch integrates DICOM interface as a service of a grid

infrastructure. Montagnat et al. [4] use similar approach
in their Medical Data Manager which integrates grid
Dostal et al. [2] introduced the client-server message Middleware glLite with a DICOM interface providing
brokering system with a centrally located server cluster strong security and encryption mechanism to preserve
and client application on user computer, the MeDiMed patient’s privacy.

project. It was primary used on national education

network CESNET2; however other clients may connect

of capacity of communication channels.
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Different systems and technologies have different
requirements on hardware and software environment.
Virtualization techniques allow providing separation

between software and underlying hardware. However
virtualization introduces some overhead when

translating isolated application instruction to lowerdev

of a system. Current virtualization techniques allow

full operating system isolation. Youseff et al. [5] shows

that XEN paravirtualization doesn’t impose an onerous
performance penalty comparing to non-virtualized OS
configuration.

Figure 3: Virtual Grids for medical image exchange

The grid middleware can be deployed to the virtual
environment of paravirtualized system machines which
are within the physical servers geographically spread
throughout various institutions. We exchanged the
DICOM series between the DICOM grid interface and
the existing participant from the MeDiMed project

infrastructure.

DICOM standard uses two independent direct
connection to the wusers location to send the
results of the user's request via IP protocol. The
consequence is that the DGIS service must have
access to the user’s application or DICOM device via
backward IP connection established independently. This
communication channel is not secured by itself and the
security task is up to higher level of network protocols.
2. Methods Thus the DGIS might be usually installed behind the
institutional firewall. The DGIS connects to the other
The Globus Medicus project [3] provides a DICOM local or remote services of the grid infrastructure
grid interface service (DGIS), metacatalog service and via HTTP and gridFTP protocol. The communication
storage service provider. Each of the service may bebetween nodes and services is by default secured by
deployed independently on the grid middleware Globus asymmetric encryption and x.509 certificates.
Toolkit and form a grid based storage of PACS system.
DGIS is able to communicate in DICOM standard and
is a bridge to grid infrastructure which hides the fact 3 Results and Discussion
that the data are processed throughout a grid from the
client side to metacatalog service or storage service.
Each service may run on independent host.

We deployed nodes of the pilot grid infrastructure
into three pilot location: CESNET association, First
Faculty of Medicine of Charles University and Central

gv{i Military Hospital in Prague. All three locations are

n

in Prague and are connected via high speed national
educational and research network CESNET2 operated
by CESNET association. We plan to use the pilot grid
infrastructure also for another purpose and the XEN
paravirtualization allows us to deploy and test another
isolated projects next to this one. We configured the
guest virtual machines to share the same IP connection
with the host system. We configured the transport to
virtual machine via network address translation (NAT)
Figure 2: Grid based access to medical image exchange and we use Linux ipfiltering 'iptables’ ruleset to forward

incoming connection to the grid services.
The opensource XEN paravirtualization implementation

adds a modification to the kernel of a guest system to be Some institutions follow strict security policy, so they
able to be executed and monitored by the host machinerequire the installation and execution of the grid
Modification of the host system is, however, not required services in demilitarized zone next to the institutional
on hardware with virtualization support. We installed firewall with restricted access to local resources. With
the services of Globus Medicus within the virtual grid administrators of the institutional firewall we explicitly
nodes on the paravirtualized guest systems Centos 5.2greed and configured the firewall exception for the
Linux, kernel version 2.6 which are hosted on 64-bit gridFTP protocol as the transport of such protocol uses
Intel XEON running XEN 3.0.3. TCP port number usually restricted by default.
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We uploaded initial DICOM studies with about 1300 cannot be accessed by institutional application and the
DICOM images for demonstration purposes. The DGIS proprietary MeDiMed client application must be used to
must be configured to be able to communicate with process DICOM studies from MeDiMed project.

the client application of MeDiMed project and accept

the DICOM images exchanged in this project. We )

successfully exchanged and processed the DICOM#4 Conclusion

studies and demonstrated that connection and DICOM . _ _ )
studies exchange is possible between the MeDiMed The MeDiMed prOJg_ct will have beC(_)me to face with
project and the Globus Medicus. We used the client pr_oblems of scalab|I|§y an(_j smgle point of failure. The
application of the MeDiMed project to retrieve and send grid technology and virtualization might be an answer to
selected DICOM series from the grid Globus MEDICUS such problem for future enhancement and development

to the participant connected in the MeDiMed project 25 I ’can benefit f_rom_ I|v_e network topology _and
successfully and vice versa. doesn’t need to maintain virtual topology established

by VPN based solution. The MeDiMed client uses
We had to solve problems that comes from usage of the proprietary protocol to communicate with server in
virtualization and relates with sharing one IP connection contrast to the pilot grid infrastructure which is based on
between multiple virtual machines on the same host. 0pen standards.
Explicit setting of the NAT and IP filtering rules must
be done on each physical machine. On top of that the

access to the functionality of the DGIS was restricted by 2nd management of physical resources. On top of
some institutional policy and explicit exception had to the pilot infrastructure the physical servers might be

be implemented on the institutional firewall. In contrast ut|I|zeq o deploy anothgr application or SEIvIces. This
the client application of the MeDiMed project doesn't benefit is currently considered by the other participated

need such network configuration. The solutions based'Nstitutions.
on VPN need similar effort on network configuration.

Virtualization techniques allow dynamic allocation

Topology of CESNET2 network Refe rences

> i
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Abstract

This paper describes solutions proposals
in the field of clinical content harmonization
of electronic health records and semantic
interoperability establishment. First the Czech
national project “Information Technologies
for the Development of Continuous Shared
Healthcare" will be mentioned and its approach

Unfortunately, the DASTA has almost no relation to
international communication standards such as HL7 [3]
or European standards like EN13606 [4].

The use of international standards such as HL7 v2,
HL7 v3, EN13606 or DICOM [5] is induced mainly by

the local requirements within healthcare institutions to
communicate with modern instruments and modalities.
Here, the major role is played by the HL7 version 2 and

to creation of semantic interoperability platform.
Afterwards an approach using openEHR
architecture will be described. Finally a
technique of creation of electronic health records
with harmonized clinical content will be stated.

DICOM standards; however, it represents only a minor
part of the overall communication within the Czech
healthcare system.

Many papers, especially in last few years, deal with
the problem how to establish semantic interoperability
among various EHR systems [6], [7], [8]. As stated in
[9] the semantic interoperability has 4 prerequisites.

Sharing and reusing the data among different institutions They are a standardized EHR reference model,
in the Czech healthcare environment is at relatively low standardized service interface models, a standardized
level. The majority of healthcare information systems Set of domain-specific concept models and standardized
in the Czech Republic communicate with each other terminologies. The problem of clinical content
using a national communication standard called DASTA harmonization has similar objectives — unambiguous
[1], which is based on the national nomenclature semantics of common information model connected
called National code-list of laboratory items (NCLP) to international nomenclatures and ontologies. We can
[1]. These standards are developed and administerecf@y that having EHRs with harmonized clinical content
by the developers of healthcare information systems (HCC) and message development process we could
that are either specialized companies, university T achieve semantic interoperability.

centers or research institutions in the Czech Republic.
The development of the standard is supported by
the Czech Ministry of Health. DASTA is specialized
mainly in transfer of requests and results of laboratory
analyses. The current version of DASTA is XML
based and provides also the functionality for sending
statistical reports to the Institute of Health Information
and Statistics of the Czech Republic [2] and limited
functionality of free text clinical information exchange.

1. Introduction

Achievement of semantic interoperability and especially
an EHR with HCC in our work will be based
on results of projects "Information Technologies for
the Development of Continuous Shared Healthcare"
(ITDCSH) [10], ARTEMIS [11], openEHR foundation
[12].
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2. Materials

A national research project of the Academy of Sciences
of the Czech Republic, ITDCSH had in its main

information on the basis of shared, pre-
established and negotiated meanings of terms and
expressions".

goals the creation of an interoperability platform for OPENEHR templateis a directly, locally usable

structured healthcare data exchange, serving as a basis
for lifelong healthcare support, which would be based on
international communication standards. For this purpose
the HL7 standard v3 was chosen from the set of HL7,
DICOM [5], openEHR [12] and ENV 13606 [13].

This unique project (in the context of Czech healthcare

definition which composes archetypes into a
larger structure logically corresponding to a
screen form. Templates may add further local
constraints on the archetypes it mentions,
including removing or mandating optional
sections, and may define default values.

environment) served primarily as a demonstration of HL7 template are used to apply constraints on R-

possibilities, tasks and issues. It was not possible to
cover the whole area of medicine as an interoperability
domain. Our department has a long history of
interdisciplinary research oriented on the field of
cardiology. Therefore, the cardiology was chosen as the
medical domain for the pilot realization of the semantic
interoperability platform. A set of important medical

MIMs (refined message information models)
generated from generic reference information
model.

HL7 v3 messageis an instance of classes of R-MIM

which are composed in a hierarchy defined by
hierarchy definition model (HMD).

concepts in the field of cardiology named Minimal Data | |\ template is a pattern defining tree-like structure

Model of Cardiology (MDMC) [14] was prepared by
the representatives of Czech Society of Cardiology and
statisticians specialized in medical data processing Thi
set of concepts served as a basis for information models
of two EHR systems used in our solution.

2.1. Terms and definitions

of instances of LIM (Local Information Model)
[16] classes. Each LIM template represents one
integrated part of the EHR system the LIM
describes, e.g. physical examination, medication
and ECG data.

2.2. Possible content stored in an EHR

At this point it is advisable to summarize some terms of
key importance for the rest of the text:

In the following text we put an example of concept

groups that may appear in an EHR as described in [17].

electronic health record (EHR) is defined as "a
repository of information regarding the health
status of a subject of care, in computer
processable form" [9].

EHR system is defined as "a system for recording,
retrieving, and manipulating information in
electronic health records" [4].

clinical content is a part of set of concepts that
underline the EHR and which refers to medical
domain concepts such as physical examination,
laboratory, medication, rather than demographic
information, billing or bed management.

archetype according to [9] (from the technical point of
view) is "a computable expression of a domain-
level concept in the form of structured constraint
statements, based on some reference information
model".

semantic interoperability according to [15] is "the
ability of information systems to exchange
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1. A collection of concepts that together form fixed
attributes of a higher level concept that is not
recorded as its component parts alone - e.g.:

- a blood pressure measurement with its two
pressure measurements, patient position, cuff size
etc.

- a body weight with details about the baby’s state
of undress and the device used for measurement

2. Ageneric concept (with other fixed attributes) that

is a value or a collection of values which form a
subset of a larger (or very large) known set - e.g.:

- a diagnosis - the value - with fixed attributes such
as the date of onset, the stage of the disease etc

- a laboratory battery result which includes an
arbitrary set of values - the collection - with
fixed attributes such as the time of sampling, or
a challenge applied to the patient at the time the
sample was taken (e.qg. fasting).
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3. A collection of these higher level concepts that reading after 5 minutes of rest, 10 minutes etc. Finally,
are usually measured together and might be the protocol holds technical data such as size of a
considered themselves concepts - e.g.: sphygmomanometer’s cuff if it is used or a specification

] ) ) of an instrument used to measure the blood pressure. For
- Vital signs - with temperature, blood pressure, he sake of further computerized processing, archetypes

pulse and respiratory rate are defined in ADL.
- Physical examination - with for example Q systolc
observation, palpation and auscultation (and other 2 Dsle
. T Postion [Datal J/_Q Mean Aterial Pressure
flndll’lgS) T Confounding factors / Q Pulse Pressure
@), Exertion State / T Comment
H H H H T;;ep status > T Cuff size
4. A collection of these aggregations which might e Blood Pressurs e
form a record composition or a document - e.g.: lany sverd / LY T Wethod
ErSIoes] & T Mean Arterial Pressure Formula
Hi 24 houraverage  \ [Events R :
T Diastolic endpoint
\\

- A clinic progress note containing symptoms, Dot —
physical examination, an assessment and a plan { -

- A laboratory report that contains the results
as well as interpretation and details about any
notifications and referrals that have been made

Figure 1: Blood pressure archetype example.

2.4. Communication standards

- An operation report detailing the participants and

their roles, a description of the operation, any

complications and followup monitoring and care
required

Communication among EHRs can be understood as
data exchange in form of messages which have well
defined syntax that is supported by all participants. This
ensures so calleslyntactical interoperabilityvhere the

structure and provenance of information or knowledge
2.3. Archetypes is understood by a clinical system — data are in machine

Archetypes play a key role in development of future readable form.

proof EHR systems [18]. As defined in the section |, czech healthcare environment two kinds of
2.1 archetypes are structured constraint statement based, 1, munication could be recognised — passive and
on some reference model (RM). In the paper [19] We 4iye Passive communications realized between

can _ﬁ”‘?! example of archetype that represents "weighty o aiihcare institution and registries gathering data
at birth” based on HL7 RIM as well as on openEHR patient with particular diagnosis (e.g. joint

reference model. The archetype binding to @ RM iS (o 1acement, organ transplantation and oncology).

realized in archetype definition that is formalized in - active communicatiofs actively initiated by a request
Archetype Definition Language (ADL) [20] particularly . q,ery Messages in active communication process

in the part calleddefinition Language that is used for | ,.e typically form of application forms, various

this binding is called contraint ADL — CADL. documents (e.g. medical treatment summary), structured

The openEHR foundation presents an application calledforms (e.g. laboratory results) etc.

Clinical Knowledge Manager accessible from their web Despite the
site [21]. Its purpose is to concentrate archetypes in ON€:ommunication standardization there still does not

repository in order to be reviewed by the community and gyiqt one universally accepted communication standard.
create a repository of archetypes that could serve as arpere are two commonly used standards: HL7 v3
basis for development of EHRs with HCC. (international) and EN 13606 (European). The HL7

In the Figure 1, the structure of archetype representingstandard served as a basis for the solution described

. ) in section 4.1 and EN 13606 is indirectly connected
blood pressure concept is depicted. The pdata . . . ) : .
. ) . with the proposal in the section 4.2 since it defines
contains values of the actual pressure, i.e. systolic, :
) . . rchetypes and templates for messaging as well as the
diastolic, mean arterial pressure, pulse pressure an

textual comment on blood pressure readifgateis reference model originating from openEHR.

a list of information describing conditions of the

measurement, e.g. the position of the patient at the time2-2- HL7 V3 RIM

of measuring blood pressurklistory covers separate  The Reference Information Model (RIM) [22] is used
measurements and adds temporal data in the implicitto express the information content for the collective
form, i.e. base measurement in the history, anotherwork of the HL7 Working Group. It is the information

long term effort in the field of
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model that encompasses the HL7 domain of interest asenrich the Web Services messages. The interoperability
a whole. The RIM is a coherent, shared information was realized through a mediator that transformed
model that is the source for the data content of all the source message using mapping definitions into
HL7 messages. As such, it provides consistent data ancappropriate form to be accepted by the destination
concept reuse across multiple information structures, system and its Web Service.

including messages.

3.2. Clinical content harmonization

3. Methods EHR systems with harmonized clinical content

are the most appropriate ones to achieve semantic
3.1. Semantic interoperability and Semantically interoperability. Their clinical content that refers the
enriched Web Services same domain is ready for exchange with minimum
transformations and mappings during its delivery.
However, the actual implementation of communication
is out of scope of this area.

In order to achieve semantic interoperability of EHR
information, there are four prerequisites, with the
first two of these also being required for functional
interoperability [9]:

4. Results

e astandardized EHR reference model, i.e.the EHR _ . .
information architecture, between the sender (or This section presents results of various approaches
sharer) and receiver of the information to semantic interoperability approaches; one based on

HL7 v3 messaging and the other one on openEHR
o standardized service interface models to provide architecture especially the construct called templates.
interoperability between the EHR service and
other services such as demographics, terminology,Some  results in process of clinical content
access control and security services in a harmonization of EHR are shown. Particularly the
comprehensive clinical information system, clinical concepts mapping to coding systems (table 1),
) ) - modeling these concepts using standardized reference
e a standardized set of domain-specific concept model (here HL7 RIM; see figure 6) and finally finding

models, i.e. archetypes and templates for gchetypes that cover modeled concepts.
clinical, demographic, and other domain-specific

concepts, and 4.1. Semantic interoperability platform based on

e standardized terminologies which underpin the HL7 v3 messages
archetypes. Note that this does not mean that thereprimary result of the project ITDCSH is a proposal
needs to be a single standardized terminology for of semantic interoperability platform based on

each health domain but rather, terminologies used international communication standard, which is shown
should be associated with controlled vocabularies. jn Figure 2.

LIM :emplfles LIM templates
An elaborate work regarding semantic interoperability gsa_l 4 5 ﬁsm
can be found in [6], where the development framework Nk W N\ G, e
(not the implementation itself) for semantically e broker oz broker Voo
interoperable health information systems is described. ISy . wsay
However, this paper will orient on the realization and ol | 7.

validation of the interoperability platform.

1. 8.

Procedure of semantic interoperability achievement T e L .
among EHR systems storing clinical information in

various proprietary formats was studied in project
ARTEMIS. The resulting solution contained an idea
of wrapping and exposing the existing healthcare
applications as Web Services [19]. The semantic The proposal consists of LIM filler module, HL7 broker
interoperability was achieved by using OWL [23] (Web and original HISes. Numbers in the Figure 2 represent
Ontology Language) mappings of archetypes basedthe data flow in a situation when HIS1 sends data
on reference models of, possibly, different standardsto HIS2. First of all, the requested data are gathered
(openEHR, HL7 RIM). These archetypes semantically from HIS1. This is done by the LIM filler that has a

Figure 2: Proposal of semantic interoperability platform
based on international communication standard.
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connection to the HIS repository. Next, the LIM filler classes from this model to the actual HL7 messages. The
takes the suitable LIM template which contains the configuration says how to convert data represented in the
correct concepts to represent the communicated dataform of LIM message into the form of HL7 v3 messages.
LIM filler adds data values to empty classes in the LIM Only the prepared artifacts from current HL7 v3 ballot
template, thus creating a LIM message. HL7 broker were used, no new HL7 messages were created.

receives the LIM message via the SOAP protocol used o
by the LIM filler module. Again, another transformation Communication between EHR system and HL7 broker

is performed; in this case the HL7 broker produces isimplemented using Web Services (33) based on SOAP

appropriate HL7 message instances, which are sent in(34) over HTTPS protocol. The HL7 broker provides
a secure way to the receiving HL7 broker. Now the several methodssendLimMsg() , ackLimMsg() ,
process of data transformation runs backwards. ThegetLimMsg() ) for transfer of the data between EHR
HL7 broker attached to HIS2 creates LIM messages System and HL7 broker. The data are transported
recognized by the LIM filler of HIS2 and sends themvia in the form of a LIM message described by the
SOAP. The receiving LIM filler recognizes the incoming LIM template. Several LIM templates are defined, e.g.
LIM message and extracts the data into form suitable for administrative data, ECG or laboratory results. There are
storage in HIS2 repository. Finally, the data are stored in tWo communication modes - querying and passive one.
the HIS2. In this example we left out the requesting and

confirmation mechanisms for simplicity reasons. In the query mode the EHR system receives the LIM

message (the query) from the HL7 broker. The query
LIM fillers and HL7 brokers components were LIM message contains only several values assigned to

developed to support data transformations of a given concepts, which serve as parameters of the query. After
HIS. Both components will be described in more detail the information is retrieved from the local database of

in the following text. EHR, it is sent back to the HL7 broker in the form of
LIM message.

4.1.1 LIM filler module: For reasons
mentioned earlier, it is necessary to convert data from
local EHR into LIM message, which is an instance of
LIM template, on each side of communication. This task
is performed by the module called LIM filler. LIM filler
is adjusted for each local EHR to produce LIM messages tha result of a query in the EHR
according to local EHR structure. '

The passive mode is used to import the content of the
LIM message (with all the required data) into the target
EHR. Such data should be flagged as external - received
using HL7 standard.

initiated by the
received query LIM message, could consist of several
LIM messages according to the query specification. In
this case the individual messages will be sent to the HL7
broker in sequence with the last message marked as the
final one.

LIM filler module can be EHR plug-in or standalone
application, which takes the data from local EHR and
fills them into LIM template. It works in two modes.
In the first one, it creates the LIM messages on user’s
demand and sends them to the HL7 broker. In the second 4.1.3 Implemented storyboard: The
mode, it polls the HL7 broker for new messages. In case HL7 storyboards were used to implement querying
of new message it downloads it, extracts the data from mentioned above. For example we can mention a
the message and acts according to particular storyboardstoryboard from the "Patient Administration” domain
or just stores the data of the patientin the local EHR.  called "Patient Registry Find Candidates Query"
] ] (artifact code PRPA_ST201305) that was implemented
LIM filler must respect security aspects of the i, order to search for patient administrative data. UML
communication protocol. It communicates wnh_the HL7 sequence diagram representing activities performed
broker through the secured HTTP channel using SOAP according to the "patient query" storyboard with added

protocol. The LIM messages must be digitally signed by ;51 query and HIS2 responses is shown in Figure 3.
both parties involved and the signatures must be checked

before extracting the data from the LIM message. Queries that are produced by incorporated HISes and
passed to HL7 broker are composed of empty LIM
4.1.2 HLY broker: Fundamental part of the templates with only some attributes containing values,

solution is a component called HL7 broker. The HL7 which are recognized as parameters of a query. Using
broker serves as a configurable communication interfacewildcards like the * symbol is allowed in parameter
to the "world of HL7" for each of EHR systems. The values to denote arbitrariness. For example, when you
configuration is performed via an XML file containing search for patient with name "Wil*" you get all patients
the LIM model of a particular EHR and mapping of whose name starts with "Wil".
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Our solution enables composing queries to all domains
covered by the LIM templates. As mentioned above,
the query is done by using specific LIM template
which is partially filled in. That means one

Patient Registry Query Fulfiller
PRP A_AR 2013040V

Adameld patient
response

[Patient Registry Query Placer FRF|
A_AR 2013030V

MC-1 patient
request

1: patientrequest1
H2L-PATIENT-2.xmI

2: Patient Registry Find Candidates Query
PRP A_IN201305

3: patient request-1 !
PRP A_IN201305UV2ml 1

4: patient response-1

5: Patient Registry Find Candidates Response
PRP A_IN201306UV

6: patient response-1

7: patient-response-2

8: Patient Registry Find Candidates Response
PRP A_IN201306UV

9: patient response2

10: control 222

Figure 3: Sequence diagram of the Patient Registry Find
Candidates Query.

can use the "Administrative information LIM template"
to query administrative data of a patient or using
the "Physical examination LIM template" to get data
referring the physical examination of a patient. Finally,
the HL7 broker executes the appropriate storyboard that
leads to acquisition of data queried by the LIM filler
module.

4.1.4 HL7 message instance: In order to
consolidate reader’s apprehension of HL7 messaging
and queries described in previous text we put an example
of "Patient Registry Find Candidates Response” (artifact
code PRPA_IN201306) in the XML form. It holds data
acquired after search for Mr. John Smith and is depicted
in Figure 4.

<?xml version="1.0"?>
<hl7:PRPA_IN101306UV02 xmins:hl7="urn:hl7-org:v3">
<hl7:id root="48f5eb3d5d7399.80032341" extension=
"48f5eb3d5d7462.58285204"/>
<hl7:creationTime>151008150608</hl7:creationTime>
<hl7:versionCode code="V3PR1"/>
<hl7:interactionld root="1234.1234.1234" extension=
"PRPA_IN101306UV02"/>
<hl7:processingCode code="D"/>
<hl7:processingModeCode code="T"/>
<hl7:acceptAckCode code="AL"/>

<hl7:Acknowledgement>
<hl7:typeCode code="AA"/>
<hl7:TargetMessage>
<hl7:id root="48f5eb0f8d9773.81740782" extension=
"48f5eb0f8d9887.41094918"/>
</hl7:TargetMessage>
</hl7:Acknowledgement>

<hl7:ControlActProcess>
<hl7:classCode code="CACT"/>
<hl7:moodCode code="EVN"/>

<hl7:QueryAck>
<hl7:queryResponseCode code="OK" codesystem=
"2.16.840.1.113883.5.1067" codeSystemName=
"QueryResponse"/>
</hl7:QueryAck>
<hl7:Subject1>
<hl7:typeCode code="SUBJ"/>
<hl7:contextConductionind value="true"/>
<hl7:RegistrationEvent>
<hl7:classCode code="REG"/>
<hl7:moodCode code="EVN"/>
<hl7:id root="2.16.840.1.113883.19.420.2"
extension="cust1"/>
<hl7:statusCode code="active"/>
<hl7:Custodian>
<hl7:typeCode code="CST"/>
<hl7:contextControlCode code="AP"/>
</hl7:Custodian>
<hl7:Subject2>
<hl7:typeCode code="SBJ"/>
<hl7:1dentifiedPerson>
<hl7:classCode code="IDENT"/>
<hl7:id root="2.16.840.1.113883.19.420.1"
extension="6501010001"/>
<hl7:statusCode code="active"/>
<hl7:Person>
<hl7:classCode code="PSN"/>
<hl7:determinerCode code="INSTANCE"/>
<hl7:name>
<hl7:prefix>Ing. CSc.</hl7:prefix>
<hl7:prefix>Doc.</h|7:prefix>
<hl7:given>John</hl7:given>
<hl7:family>Smith</hl7:family>
</hl7:name>
<hl7:telecom use="MO" value="Tel:
(+420) 377259020"/>
<hl7:telecom use="H" value="Tel:
(+420) 737151760"/>
</hl7:Person>
<hl7:Subject>
<hl7:typeCode code="SBJ"/>
<hl7:QueryMatchObservation>
<hl7:classCode code="OBS"/>
<hl7:moodCode code="EVN"/>
<hl7:code code="V16847" codeSystem=
"2.16.840.1.113883.11.19723"/>
<hl7:value>100</hl7:value>
</hl7:QueryMatchObservation>
</hI7:Subject>
</hI7:IdentifiedPerson>
</hl7:Subject2>
</hl7:RegistrationEvent>
</hl7:Subject1>

</hI7:ControlActProcess>

<hl7:Receiver>

<hl7:typeCode code="RCV"/>

<hl7:Device>
<hl7:classCode code="DEV"/>
<hl7:determinerCode code="INSTANCE"/>
<hl7:id root="1.2.203.25666011.99.1.2"

extension="UI-1"/>
</hl7:Device>
</hl7:Receiver>

<hl7:Sender>
<hl7:typeCode code="SND"/>
<hl7:Device>
<hl7:classCode code="DEV"/>
<hl7:determinerCode code="INSTANCE"/>
<hl7:id root="1.2.203.25666011.99.1.2"
extension="MC-1"/>
</hl7:Device>
</hl7:Sender>

</hl7:PRPA_IN101306UV02>

Figure 4: Dump of communication according to storyboard
PRPA_ST201305 - XML representation of Patient
Registry Find Candidates Response.

<hl7:priorityCode code="R" codeSystem=
"2.16.840.1.113883.5.7" codeSystemName=
"ActPriority"/>
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4.2. Semantic interoperability platform based on e local optionality: narrowing of some or all 0..1
openEHR archetypes and templates constraints to either 1..1 (mandatory) or 0..0

Archetypes are distinct, structured models of domain (removal) according to local needs;

concepts, such as "blood pressure”. They sit between tightened constraints: tightening of other
lower layers of knowledge resources in a computing constraints, including cardinality, value ranges,
environment, such as clinical terminologies and terminology value sets, and so on;

ontologies, and actual data in production systems. Their

primary purpose is to provide a reusable, interoperable e default values: choice of default values for use in
way of managing generic data so that it conforms templated structure at runtime.

to particular structures and semantic constraints.
Consequently, they bind terminology and ontology
concepts to information model semantics, in order to
make statements about what valid data structures look
like. ADL provides a solid formalism for expressing,
building and using these entities computationally. Every
ADL archetype is written with respect to a particular
information model, often known as a "reference model"
if it is a shared, public specification.

At runtime, templates are used with archetypes to create
data and to control its modification.

The main advantages [25] of the openEHR approach
are the functional and semantical interoperability.
The functional interoperability represents the correct
' communication between two or more systems. This
is also covered by other approaches like the HL7
v2.x. The openEHR approach also offers the semantic
interoperability. It is the ability of two or more
computer systems to exchange information which can
be comprehended unambiguously by both, humans and
computers.

Archetypes are applied to data via the use¢enfiplates

which are defined at a local level. Templates generally
correspond closely to screen forms, and may be re-
usable at a local or regional level. Templates do not
introduce any new semantics to archetypes, they simply

specify the use of particular archetypes, and default data o o )
values. 4.3. Harmonizing clinical content of EHRs using

international nomenclatures, openEHR architecture
A third artifact which governs the functioning of andHL7 v3 RIM
archetypes and templates at runtime is a local concepts of clinical content of an EHR are usually
palette, which specifies which natural language(s) and hiden" in object model, database schema or in
terminologies are in use in the locale. The use of & meta-models developed during the information system
palette removes irrelevant languages and terminology creation. The process of enabling the creation of EHRs
bindings from archetypes, retaining only those relevant \jtch HCC has following steps:
to actual use. Figure 5 illustrates the overall environment
in which archetypes, templates, and a locale palette

exist. 1. map clinical conceptso an international coding
system or ontology (SNOMED CT, LOINC, etc.)
terminology = icd10
— Pelatie aﬁﬁ%i% 2. find archetype# a repository or knowledge base,
ey e p— \ % that sufficiently cover encoded concepts
ihetyf — /" = | [** % 3. underlying reference modehay be openEHR
N == RM or HL7 v3 RIM thanks to OWLmt Mapping
Template — . . .
== Engine [26] that is capable of transforming one to
Form form . _ . .
L iuraing T the other by using pre-defined mappings

processor

In [17] the controlled and uncontrolled archetype
development is described as well as techniques for
ensuring maximal reusability of created constructs,
curtailing their complexity and minimizing their number
are proposed. Such practice would perfectly support the
e archetype 'chaining’: choice of archetypes to second step mentioned in previous enumeration.

make up a larger structure, specified via indicating

identifiers of archetypes to fill slots in higher-level The example of partial implementation of the step 1 is

archetypes; shown in the Table 1.

Figure 5: Archetypes, templates and palletes.

According to [24] templates include the following
semantics:
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Do ofencoded | Code | Coding system The step 2 was accomplished using the archetype
Measurement of the breath | 9279-1 LOINC _reposnory [21] and Som_e found ar_ChetypeS are pUt down
frequency in one minute in Table 2 together with matching classes from the

Measurement of the heart 8893-0 LOINC

beats in one minute model partially depicted on Figure 6.

Measurement of blood 8328-7 LOINC
temperature
Measurement of intravasculgr 8462-4 LOINC LIM class Archetype ID
diastolic pressur_e Subjective Complaints DescriptionopenEHR-EHR-CLUSTER.issue.vl
Amount of proteins 2885-2 LOINC (Observation-cls)
in blood sample Patient Height Measurement openEHR-EHR-OBSERVATION.height.vl
Subjective complaints of 10154-3 | LOINC (Observation-cls)
the patient are described Body temperature measurement| openEHR-EHR-OBSERVATION.
Treatment of Ischemic Heart| C0585894| UMLS CUI (Observation-cls) body_temperature.v1l
Disease Heart rate measurement openEHR-EHR-OBSERVATION.
Detection of Left ventricular | C0149721] UMLS CUI (Observation-cls) heart_rate-pulse.vl
hypertrophy Breath frequency measurement openEI—_IR-EHR-OBSERVATION.
Coughing after administration C0740723| UMLS CUI (Opseryatlon—cls) respiration.vl -
of ACE inhibitors Waist circumference openEHR-EHR-OBSERVATION.waist_hip.vil
Sequelae of cerebrovascular 161 ICD10 measurement (O_bse_rvation-cls)

. Laboratory examination openEHR-EHR-OBSERVATION.lab_test.vl
d|se_a se . (Act-cls)
Angina Pectoris 120 ICD10 Smoking state OpenEHR-EHR-OBSERVATION.
Hyperplasia of prostate N40 ICD10 determination (Observation-cls) | substance_use-tobacco.vi

Table 1: Mapping concepts of MDMC to LOINC,UMLS and  Table 2: Some archetypes matching the concepts modeled in
ICD-10 coding systems. a reference model.

Physical_examination

Eatie Participating_on r.,w—f”"'fd
BP_is_part_of_PE Temp_is_part_of_PE
Entering_PE
Person Hoces Nurse_Registrar
\ Registae Blood_pressure_measurement | [Temperature_measurement
Entering_BP
Phosi g Physician_Registrar -
Confirming_PE
All other examinations
i // is_diastolic_part_of is_systolic_part_of ::":"c’:';' this
Physician_ Corfirmer
| —————{ Confirming_BP I
Systolio_BP_meas. Diastolic_BP_meas.
Figure 6: Selected part of HIS1 LIM.
5. Discussion developer teams than a strict adherence to HL7 v3

methodology.
The development process of message interchange, ) .
recommended by HL7 v3 (see Figure 7), was altered Mess_age mtt_archange bas_,ed on openEHR t_emplates is a
by splitting the implementation effort between HIS V€Y interesting and r_elatl\_/ely _unexplored field, as t_he
developers and HL7 standard implementers. This new©PENEHR approach is primarily oriented to describe
approach might help developers to overcome the initial e development of future-proof EHR systems. This
frustration which is caused by the overwhelming size Kind of messaging is based on a simple idea — instead
of the HL7 standard (RIM, amount of artifacts etc.). of rendering the Qefmmons contained in templates
The development of individual LIM, closely related to @S Screen forms, it is used to carry structured data
internal information structure of the particular HIS, with 1N @ form of a message. Such concept is close to
the simple communication interface between HIS and documentinterchange via HL7 CDA, but with major one
HL7 broker based on LIM messages, SOAP and Web difference — a higher degree of data structuring.
Services, seems to be more manageable for smaller
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The communication via HL7 v3 messaging standard find the appropriate mappings of MDMC concepts
or openEHR templates is in real life result of to international nomenclatures and evaluate the
huge effort of many people — domain experts, applicability of international nomenclatures in the
developers, medical stuff etc. Therefore, having EHRs Czech medical terminology. During the analysis, we
with HCC available would reduce the complexity of found that approximately 85% of MDMC concepts
communication frameworks and various translator and are included in at least one classification system. We
mapping modules. The data interchange would be muchmanaged to map most of MDMC concepts to LOINC
straightforward and that is worth studying rigorously.  and more than 50% are included in SNOMED Clinical
Terms [28]. During the mapping we had to cope with

RN RN some problematic concepts with too small or too big
granularity, concepts with different synonyms differing

l & g 5 JHM slightly in their meaning or concepts which cannot be

LIM 0 i found in any available classification system [29].
Z v

%Q’ i g R-MIM After evaluation of the outcomes of the project ITDCSH
v @,&) v we can say that the HL7 v3 is usable in a restricted
LIM templates <N\ HMD form in the Czech healthcare environment. It has no
/Q support by the governmental institutions and only a
XML XML ITS limited support by the software vendors. The main step

= | for wider use of HL7 v3 in the Czech Republic should be

LIM message ’N M el === EILT mamasig the implementation of functionality, which is currently

provided by the DASTA national standard, the inclusion

Figure 7: The messaging development process, Of NCLP on the list of HL7-supported code systems,
recommended by HL7 v3 on the right and Of better the mapping of the NCLP to an established

our solution on the left side. international nomenclature like SNOMED CT. The next
fundamental step would be obtaining the translation of

6. Conclusion the international nomenclature in the Czech language.
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Abstract (b) automated problem solvers such as configurators,
(c) sophisticated autonomous systems such as personal

The paper outlines an approach to preference assistants, robots (e.g., Mars rovers), etc. Consequently
handling in relational query languages. The the preference handling has become a flourishing topic
approach is based on the assumption that the in many fields related to computer science (see Fig. 1 on
information on possible outcomes is represented the following page) such as database systems, electronic

in the relational data model. commerce, human-computer interaction, and numerous

areas of artificial inteligence dealing with “choice

situations”, e.g., knowledge representation, planning
and scheduling, configuration and design, multiagent
Being one of the basic paradigms of human decision Systems, algorithmic decision theory, computational
making, preferences are inherently a multi-disciplinary Social choice, and other tasks concerning intelligent
topic, of interest to philosophers, psychologists, paditi decision support or autonomous decision making. In

scientists, economists, mathematicians and other peopld'i€f, preference-based systems allow finer-grained
coming from different human-centered disciplines, but control over decision making automation and new ways

facing similar questions. Recently, preferences have Of interactivity, apd therefore_ provide more satisfact_ory

been studied in operations research, game theory, and®Sults. In particular, explicit preference modeling

several other areas related to computer science. provides a declarative way to choose among alternatives,
whether these are answers to database queries, solutions

The main added value computer science has broughtof problems to solve, decisions of an autonomous agent,

into the research on user preferences is an attempt toplans of a robot, and so on. Moreover, preference

automate the whole process of preference handling.models may provide a clean understanding, analysis,

The goal of such automation is to make logical and and validation of heuristic knowledge used in existing

mathematical foundations usable in systems that actsystems such as heuristic orderings, dominance rules,

on behalf of users or simply support their decisions. heuristic rules, etc.

These could be (a) decision-support systems dealing

with the situation where both the number of choice

alternatives is huge, and no professional analyst is2. Preference Handling Meta-Model

available to help a user, e.g., information search and

retrieval engines that attempt to provide users with The meta-model of preference handling provides a

the most preferred pieces of information or web- conceptualization consisting of six basic concepts

based recommender systems such as shopping sites thaapturing the most important aspects of preference

attempt to help users identify the most preferred items, handling:

1. Introduction
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Figure 1: Preference handling mindmap

. Preference model a suitable mathematical These concepts are depicted and interconnected
(algebraical) structure that captures properties of graphically in Fig. 2 on the next page (adapted from
specified preferences. (It is the structure we really [1]), in which the semantics of directed edges is “choice

care about.) dependence”, and the dashed directed edges picture
. Language to specify models (ideally in an the interpretation mapping language expressions to
intuitive, concise manner). preference models and to instances of representation

. Interpretation to give the exact meaning to structure.

language expressions. (It provides the mapping

of the language expressions into a preference To explain the “choice dependance,” note the two key
model.) guestions that arise when modeling preference handling:

. Representatiorto capture language expressions What is the model? What queries do we want to ask
in a framework suitable for efficient query- about this model? Once we have a model and queries,

answering algorithms. we need algorithms to evaluate these queries about the
. Queries — questions about the models (the model. However, algorithms for handling queries about
questions of interest). preferences are typically tailored down to the specifics
. A|gorithmsto evaluate answers to queries_ of the representation structure, which captures the

language expressions specifying the model. The choice
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Interpretation }~ ------- [>’ Representation
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T T the outcome® 4,05, or the outcomevs
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Y

is worse then botly ,05.

T T Find optimal outcomes!
03 03 03 Order the outcomes; ,03,04!

Figure 2: The meta-model of preference handling

of alanguage, in turn, depends on the assumptions about |. Haw can all the capabilities of such a language be

the preference models. embedded into RQLs?

A) What are the suitablalgebraic operators?
Observe that the language, its interpretation, and B) What are thealgebraic propertiesof such
representation are closely related because an operators to lay foundation for algebraic
interpretation gives a meaning to expressions in a given optimization of database queries?
language, which can be possibly compactly represented. ||, What kinds of preferencesan be expressed by
However, a compact representation is possible only such a language?

when our preferences can be communicated to the |||. How cansemantics

system at hand in terms of concise expressions of the A) of possibly conflicting preferences lefine®
language. B) becomputedeffectively?

3. The Goal, the Objective, Addressed Questions,

- Consequently, the followin@ctivities have also to be
and Targeted Activities q y A

targetedto bring the results into a practice:

Our goal is to embed the concept of preference into

_ * Development of efficienalgorithms for evaluating
relational query languages (RQLS).

new algebraic operators
* Proposal and analysis of nowagdtimization strategies

Accordingly, theobjective is to provide database users and their integration with the existing ones.

with alanguagethat:

All these steps are necessary to make the notion of

1. can expresheterogenous preferencesan eas . 4
b 9 P y preference a practical concept in RQLSs.

declarativemanner,
2. compactlyspecifies thereference model
3. is based on information that is
(a) cognitively easy to express and reflect upon 4. The Proposed Preference Handling Meta-Model
and and its Key Concepts
(b) reasonablgasy to interpret
4. hasintuitive, well definedsemanticsallowing for

- 4.1. Models
conflicting preferences
5. allows representation that supports efficient In general, preferences are expressed over a particular
query-answeringlgorithmsfor finding optimal setW of possible worlds. In the relational data model
matches with respect fareference models (RDM) context, a possible world can be viewed as a

tuple over a finite setd of attributes. Consequently,
Primarily, the following questions have to be W can be abstracted to the Cartesian product of the
addressed domains of attributes from.

1We base ourselves on the algebraic paradigm
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We propose to define thareference modeds a single  monotonic reasoning (NMR) mechanisms to identify
preference relation(lV, =) — a partial pre-order > the distinguished modelswith desired properties.
over the setW of possible worlds (outcomes). In Specifically, we suggest that the distinguished models
fact, the partial pre-order is introduced in order to are those that are maximal with respect to the set
capture possible conflicts in preferences in terms of inclusion of the preference relation.
incomparability among worlds.

4.4. Representation

4.2. Language We want to prove that each set of preference formulae

As the quantitative type of information is usually is logically equivalent to a set of disjunctive logic
cognitively difficult to express and reflect upon, we programs (DLPs) that are isomorphic: these DLPs are
propose to introduce a declarative language that is baseddentical up to a renaming of constants from their
on the qualitative type of information. That is to say, we Herbrand universes. Most importantly, it can be shown
suggest applying thqualitative approacho preference  that the cardinality of these Herbrand universes is
handling. Moreover, the language should enable an easyoounded by a function exponential in the cardinality of
way to expressarious kinds of preferences the set of preference formulae.

To lift the propositional approach developed by [2] As isomorphic first order formulae have isomorphic
to the first-order case required by the RDM context, models [4], it can be proved that a set of preference
we propose to substitute propositional formulae in formulae is logically equivalent to a set of preference
the language byfirst order queries Accordingly, a models, each of which is isomorphic to a particular
user preference will be expressed by an appropriatemodel of a single DLP. Finally, these models are to be
preference formulaof the form ¢ > v, where ¢, ¢ used to determine the most preferred possible worlds.
are first order queries and denotes a distinct kind

of preference. These preference formulae constitute4.5. Queries and Algorithms

a simple declarative language that allows to capture The most fundamental type of queries over preference
complex, heterogenous preferences. models with the view of embedding the notion of

_ preference in the RQLs is to find the most preferred
4.3. Interpretation matches with respect to user preferences.

Interpretation of preferences (soft requirements) over
a set W of possible worlds depends both on the
information and mandatory requirements we have on
W. This dependence is captured in terms of the so-
called forcing relation which represents relationships

between individual possible worlds and preference
formulae. Thus forcing relation is a parameter of formulae.

interpretation, which ultimately is formalized by means

of theinterpretation function# (z, y) of two variables: ~ The overall concretization of the meta-model of the
x for forcing relation andy for a set of preference proposed approach to preference handling in the
formulae. database context is depicted in Fig. 3 on the next page.

It can be shown that the proposed distinguished model
semantics (refer to Subsect. 4.3) and minimal model
semantics of DLP agree. Consequently, the machinery
of logic programming can be employed to compute the
suggested declarative semantics of a set of preference

We propose interpretation under ceteris paribus

semantics in the sense of “all other things being 5. Embedding Preference into Relational Query
similar’, as formalized by [2] in terms of contextual Languages

equivalence relation. Moreover, we base ourselves on

[3]'s proposal of a minimal logic of preference, in which 5-1. Preference Operator

anyset of preferences is interpreted in a consistent way. To filter out bad tuples, database users express a
We extend their approach so thay set of (possibly  selection conditionwhich is embedded by selection
heterogenous) preferences, i.e., any set of preferenceperator of the relational algebra (RA). This selection
formulae of our proposed language, can be representedperator is parameterized by a logical condition that
by a first-order theory that is satisfiable. serves as hard constraintThe user gets a perfect match

if it is fulfilled. However, not every wish can become
In general, a set of preference formulae has ¢ e

no unique preference model under the proposed
interpretation. Therefore, it is necessary to apply non-

PhD Conference '09 78 ICS Prague



Radim Nedbal Preference Handling in RQLs

Data onWW/ ; :
Ceteris Paribus,
- : non-monotonic reasoning DLP
S (x,P) . .
GEE Interpretation F------- P> Representation
v Constructive
\:l’/L/,? \? . semantics of DLP
~ N ~ .
Models > Language Algorithms

Preference models
Heterogenous and
possibly conflicting
. preference statements

Figure 3: The meta-model of the proposed approach

To filter out not all the bad tuples, but only worse under which the preference operator commutes with
tuples than the best matching alternatives, we will selection or projection, or can be distributed over
introduce a newpreference operatoparameterized by  cartesian producor unionare identified.

user preferences. It selects from its argument relation the

most preferred tuples according to its parameter — a set

of preference formulae. 6. Related Work — Preference in Database Systems

5.2. Algebraic Optimization The study of preference in the context of database

In general, the algebraic optimization aims at queries has been originated by [5]. They, however, don't
minimizing the data flow during the query execution. deal with algebraic optimization. Following their work,
Basically, it utilizes various optimization strategiegbu  preference datalogvas introduced in [6], where it was
as pushingselectionandprojectionoperators down the  shown that the concept of preference provides a modular
guery execution tre hese strategies, in turn, are based and declarative means for formulating optimization and
on the assumption that early application of the selection relaxation queries in deductive databases.
or projection operator reduces intermediate results.
As input relations are usually too big to fit intoain Nevertheless, only at the turn of the millennium this area
memory using the number of theecondary storage has attracted broader interest again. [7, 8, 9, 10] and [11,
I/O’s as our measure of cost for an operation, it is easily 12, 13, 14] pursued independently a similquglitative
seen that this reduction of intermediate results has aapproach within which preferences between tuples are
remarkable positive impact on the performance of query specified directly, using binarpreference relations
processing. The embedding into RQL they have used is similar to
ours: they have defined an operator returning only the
To provide a formal foundation for algebraic best preference matches. In particular, they provided
optimization, the focus should be on abstract propertiesrewriting rules for the operator to lay foundation
of the preference operator. These abstract propertiedor algebraic optimization of database queries with
include algebraic rules that describe the interaction of preferences. Their optimization framework extends
the preference operator with other RA operators. By established query optimization techniques: preference
considering the preference operator on its own, we queries can be evaluated by extended — preference
should be able, on one hand, to focus on the abstractRA. While some transformation laws for queries with
properties of user preferences and, on the other hand, treferences have been presented in [15, 16], the results
study special evaluation and optimization techniques for presented in [11] are mostly more general.

the preference operator itself.
A special case of the same embedding represhytme

We propose a new, analogical optimization strategy operatorintroduced by [17]. Some examples of possible
of pushing the preference operatalown the query  rewritings for skyline queries were given, but no general
execution tree. Most importantly, sufficient conditions rewriting rules were formulated.
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Building on the recent advances in logic of preference, 7. Conclusions

[18] suggested a framework within which preferences

between tuples are specified indirectly, using a We propose a framework for embedding preferences
declarative language based on the qualitative type ofinto RQLs. The framework relaxes assumptions that are
information. His language captures various kinds of inherentin traditional approachesto preference handling
preferences and allows for comfortable specification in the database systems. Specifically, various kinds of
of preferences. The embedding of the concept of preferences are taken into account. Most importantly,
preference into RQLs is similar to that of [7] and the proposed approach ensures that any set of user
[11]: it is realized by means of thareference operator  preferences (preference specification) specified in our
returning only the best preference matches. By contrast,language can be interpreted in a consistent way. Another
the best preference matches, in general, are sets oflistinctive feature of the framework is the utilization
tuples. Basing himself on this framework, [19] aims of logic programming machinery to efficiently compute
at algebraic optimization of RQLs with preferences. preference models. Building on recent leading ideas that
In particular, he identifies the algebraic properties have contributed to remarkable advances in the field, the
governing the interaction of the preference operator with framework also deals with the optimization of relational
the other operators RA. However, the semantics of the queries:

preference operator is unnatural in the sense that it is
not based on thelosed world assumptioCWA) —

an implicit hypothesis standardly used in the realm of
database systems.

e Preferences are embedded into relational query
languages by means of a single preference
operator returning only the best tuples in the sense

[20] addressed the issue of extending the RDM to of user preferences.
incorporate partial orderings into data domains. Paytiall
ordered data domains, in turn, are the leitmotiv of the
approach to preference queries over web repositories
[21]. Also in [22], actual values of an arbitrary attribute
domain are allowed to be partially ordered according
to user preferences. Accordingly, RA operations,
aggregation functions and arithmetic are redefined. Consequently, we propose “pushing the preference
However, some of their properties are lost, and the operator strategy”, which is based on its algebraic
query optimization issues are not discussed. Finally, [23] properties.

proposed a data structure for an effective representation

of information representable by a partial order.

e An optimization strategy is based on the
assumption that early application of a selective
operator reduces intermediate results and thus
reduces data flow during the query execution.
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Abstrakt

Prace popisuje spektrum biomedicinskych
informatnich zdrojli a fedklada navrh jejich
klasifikace, kterd bere v uGvahu fakt, ze
mnozstvi a rozmanitost zdrojli informaci se
v biomedicinskych oborech velmi rozy.
Podle tradini typologie databazi pouZzivané
v ramci inform&ni a knihovni edy lze
informatni zdroje fidit do Ctyf zakladnich
skupin: zdroje bibliografické; plnotextové;
faktografické a zdroje typu registu, katalogu,
adresée. Mnohdy se také setkavame se zdroji,
které jsou kombinaci vyse uvedenych typl
(zdroje hybridni). S fbyvajicim mnozstvim
informaci v medicid vSak dochazi nejen
k roz&fovani nabidky databazi v ramci vyse
uvedenych kategorii, ale také k vybedi
zcela novych informénich zdrojli, které nelze
zaadit do zadné z vySe uvedenych skupin. S
ohledem na jejich za@ieni a zplsob vzniku
je Ize nazvat jako ,prospektiéexploratorni*
(generativni) a postpubliEaé evaluované
informatni zdroje. Krongé zdrojii textovych
informaci navic nabyvaji na vyznamu shirky
obrazovych zaznami, zvukovych nahravek
a videozaznamll (zdroje  multimedialni),
stejre jako kolekce Bkolika databazi (zdroje
agregované). Vedl&thto kategorii zdrojd, které
jsou zalozeny na informacich pochazejicich
z vyzkumu a z @edecké literatury (evidence-
based), Ize v ramci mediciny stanovit st
dal3i skupinu zdrojti zalozenych na informacich
ziskanych z praxe monitorovanim udalosti
(event-based), nezbytnych ridgad pro
oblast farmakovigilanceti epidemiologického
dohledu. Klasifikace inforn@nich zdrojl
popsana v ramci této prace byla pouzita
pro sestaveni databaze biomedicinskych
informatnich zdroju.

1. Uvod

Rozhodneme-li se studovat problematikédeckych
informaci, prakticky jise se hned na pitku
setkdme s pojmem ,inforntai exploze” nebo s jinym
obdobnym vyjaéenim oznaujicim fakt, Ze mnozstvi
publikovanych informaci fesahlo lidskou kapacitu
pojmout je a zpracovatfsozenym zplisobem. Medicina
pochopiteli@ neni vyjimkou. Naopak, v medi@nje
fenomén informéni exploze ve srovnani s jinymi
obory umocen dynamickym rozvojem jednak v oblasti
genomického vyzkumu, jednak na poli klinického
vyzkumu. Technologie genovychCipli umoXuji
provad®t rozsahlé studie, jejichz vysledkem jsou
ohromna mnoZstvi dat. Nutnost dlieé prowrit
bezpé&nost a @Ginnost veskerych Eebnych postupl
pred jejich zavedenim do rutinni medicinské praxe je
zase dlvodem pro jejich pivé klinické testovani.
Narust objemu novych informaci je paleelny i Bhem
kratkého obdobi. Najklad pouze za rok 2004
stoupl p@&et databazi v oblasti molekularni biologie
a genomiky ze 171 na vice nez 70(2]. Pocet
publikaci klinickych studii ulozenych jen v databazi
MEDLINE/PubMed ve stejném rocd&gvySoval 30 000,
piitemz totatislo se pro kazdy dalsi rok zvysdje

Z hlediska zpracovaniinformaci a jejichgmeény v nové
poznanitak vznika mnoho vyzev. Je nutné budovat nova,
specializovana ulozistpro data, informace i poznatky.
Je nutné stale znovu a Iépesit otdzku, jak informace
efektivré vyhledavat. Relativéa novym a pro medicinu
naléhavym Ukolem je otazka, jak velké mnozstvi
publikovanychc¢lankll &inné zpracovat tak, aby byly
vyuzitelné jednak pro dalSi badani, jednak pro aplikaci
v klinické praxi. Rovi@Z prul@&zné sledovani novych
védecko-vyzkumnych poznatkll je stale ob¥Eim
Ukolem, a to i Pes vysokou miru specializacegkdy

az dokonce tzv. atomizace mediciny.

1Uvedeny adaj navic zahrnuje pouze Vdlostupné on-line zdroje.
22004: 31 806 zaznam(l; 2005: 35 511 zaznam{; 2006: 36 1®hmdy, 2007: 38 105 zaznamdl. (zdroj dat: www.pubmed.gov )
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2. Cil prace

Cilem této prace bylo vyti@ ucelenou klasifikaci
informatnich zdrojli pro biomedicinské obory, ktera
by reflektovala vySe uvedeny vyvoj, a na zaldad

3.1. Zdroje bibliografické

Do této skupiny informénich zdrojli pdf databaze,
jejichz datovou zakladnu tvbbibliografické informace,
vymezené obsahé@y typem popisovanych zdrojl
nebo jejich lokaci. Slouzi fedevSim k vyhledavani

této klasifikace sestavit databazi biomedicinskych bibliografickych informaci; mohou byt propojeny i se

informatnich zdrojt.

3. Metodika

Jak bylo zmigno v Gvodu, mnozstvi a spektrum
zdrojii vedeckych informaci se v biomedicinskych
oborech velmi roz&ilo. Jako zéaklad pro jejich
klasifikaci byla vyuzitatypologie databazipouzivana

v ramci inform&ni a knihovni edy, ktera rozliSuje
Ctyfi zakladni kategoriezdroje bibliografické; zdroje
plnotextové; zdroje faktografické a zdroje typu registru,
katalogu, adresare[9]. Mnohdy se také setkavame
se zdroji, které jsou kombinaci vySe uvedenych typl
(zdroje hybridn). Vznikaji rovréz zdroje zcela nové,
pro medicinu mnohdy specifické, které nelze bez
vyhrad zdadit do zadné z uvedenych kategorii. Pro tyto
zdroje byly vytvdeny nové kategorieppstpublikacné
evaluované informacni zdroje a ,prospektivné-
exploratorni* databazg Kromé textovych informaci

systémem dodavani plivodnich dokumentti (DDS) [10]
nebo mohou byt vybaveny webovymi odkazy na
pIné texty dokumentll volin dostupnych na internetu.
V nékterych pipadech obsahuji séasré také
souhrny nebo abstraktyclankdl (tzv. referatové
databaze). Obsah bibliografickych databazi
ulozen v jednotd strukturovanych bibliografickych
zaznamech, umdiijicich vyhledavani podle hodnoty
obsazenych poloZek. Pravidla popisu i jeho podrobnost
se mohou v rliznych databazich lisit. Zakladni typy
bibliografickych databazi v séasné dob predstavuiji
elektronické katalogy knihoven a archivli, oborové

je

databaze zjistupiované databazovymi centry a
seznamy zdrojl internetu [10].

3.2. Zdroje plnotextové

Pinotextové (fulltextové) informani zdroje jsou

textové databaze, jejichz datovou zakladnufitymné
texty dokumentdl [10]. V fipac® plnotextovych bazi
dat je tedy k dispozici kompletni text primarniho

nabyvaji na vyznamu také databdze obrazovych adokumentu jiz v pimé dialogové komunikaci [9].

zvukovych zaznamtz@roje multimedialri stejré jako
kolekce rékolika databazizdroje agregovaneZvlastni
skupinu tvd@i informacni zdroje pro sledovani udalosti

vyznamnych z hlediska epidemiologického dohledu a

farmakovigilancezdroje monitorovagdi Charakteristiky
jednotlivych typll informénich zdrojli jsou popsany
v nasledujicim textu.

Pro spravu obsahu databdze biomedicinskych
informatnich zdroji byl zvolen reddki a publik&ni
systém Bloggex Zaznamy jsou vkladany do databaze
se strénym popisem, relevantnimi webovymi odkazy a
jsou ozné&ené Stitkem podle typu inforrdaiho zdroje.
Jednotlivé zdroje jsou vyhledavany jak vedecké
literatufe, tak na volném internetu. Postuprjsou
doplhovany jednak stavajici zdroje, jednak jsou
priikézré pridavany noe vznikajici zdroje.

Swww.blogger.com

Obvykle se jako plnotextovd oz6aje databaze
umoAujici plnotextové vyhledavani podle textovych
fetézcll za pomoci invertovaného souboru [10fi P
vyhledavani v plnotextovych béazich dat je vhodné
pouziti specialnich vyhledavacich pri@stkli a nastrojt
(proximitni operatory), nebot jinak mohou vysledky
vyhledavani obsahovat velké procento nerelevantnich
vysledkd [9]. Plnotextové zdroje zahrnugiasopisy,
shorniky z konferenci, knihy, webové stranky, dizénta
prace, vyzkumné zpravy, patenty, navodycaloni texty.

Z hlediska plnotextovych infornémich zdrojl
zame¥enych na medicinskou praxi jsou vyznamné
nové typy dokumentll, které Ize vyhledavat ve
specializovanyclidatabazich pro podporu klinického
rozhodovani jako jsou systematické piehletly
kriticky posouzena témata (Critically Appraised

4Systematické pehledy jsou strukturované literarni fehledy, kteréfesi otazky pomoci analyzy diikazll. VyZaduji objektivipfigoby
vyhledavani informaci, kritické posouzeni relevantnérbitury, aplikaci pedem stanovenych kritérii pro &@aréni jednotlivych studii do
systematického ighledu, extrakci dat z vybranych dokumenti a jejich &mi do finalniho dokumentu [3]. Systematicki&dedyasto byvaji

doplrény statistickym zpracovanim dat (tzv. metaanalyzou).

SKriticky posouzena témata (CAT) jsou dokumenty vznikajici primaénpro &ely studijni, obvykle na zakl@drealné klinické situace 1éka
hledajiciho odpa&d na otazku, ktera se tyka oneméai konkrétniho pacienta. CAT jsou strukturované, v pimwdpojeti jednostrankové souhrny
vysledkd vyhledavani a kritického posouzeni diikazlnédaroblematice [12].

6Klinick& doporu &enijsou systematicky vyvijena oficialni vyjéehi pro jedniti vice klinickych situaci, jejichZ tkolem je poméahat &k
a pacientlim v rozhodovani o pi@né zdravotni p&. Tyto dokumenty mohou byt nahlizeny jakctity typ HTA (viz niZze) nebo naopak mohou z

HTA vychazet [3].
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Topics, CATY, klinicka doporuceniClinical Practice Za faktografické zdroje informaci Ize povaZovat také
Guidelines, CP®) hodnoceni zdravotnickych technik zcela specifickou skupinu databazi vznikajicich jako
(Health Technology Assessments, HTA)ekonomické  vysledek vyzkumu na poli genomiky, proteomiky
analyzy. a bioinformatiky, které byvaji oziavany jako
databaze molekularré-biologické Tyto databaze tvid
DalSi vyznamnou skupinu informiaich zdrojli,  skupinu informénich zdrojii, které jsou zakladem pro
které maji Casto plnotextovy charakter, ftfozdroje  vyzkum v oblasti genomické mediciny. Meznikem
medicinskych informaci pro pacienty Vytvareni v rozvoji genomiky, proteomiky a potazmo databazi
téchto zdrojli napomaha v realizaci konceptu sdilenéhoshromazd'ujicich poznatky Z¢hto \dnich disciplin
klinickeho rozhodovani (,shared clinical decision byl rok 2001, kdy byla publikovana pracovni verze

makivng“)g a potaZmo (ve spojeni s medicinou kompletni sekvence lidského genomu [7], [13]. Bylo
zaloZzenou na diikazech, ,evidence-based medicifie®) tak zvdejnéno ohromné mnoZstvi dat a informaci,

k poskytovénl' zdravotnické pe, ktera je v souladu s které se navic kadem rokem exponencﬁﬁ'[‘mvyguje.
principy mediciny zalozené na hodnotach (,value(s)- Diky technologii tzv. DNA &ipll je dnes mozné
based medicine®}. provadt velmi rozsahlé studie genovych expresi
a funiktni aktivity DNA, které jsou vychodiskem
pro vyzkum genetickych zakladli nemoci, sejn
3.3. Zdroje faktografické jako geneticky podmiénych reakci na Iéky

g . . N (farmakogenomika), individualnich nutrich a
Udajovou zakladnu faktografickych databazi fvo NP o . : o
faktografické informace [10]. Faktografické databaze metabolickych charakteristik (nutrigenomika) a dalSich

e e . N .~ vlastnosti kazdého jedince.
uvadeji konkrétni daje a mohou mit numericky, textovy :

nebo kombinovany charakter. Neni nutné dodavat Genetické a proteomické databaze dnesfitwelmi
primarni pramen, nebot jde v POdé"j‘:"Z O primarni gjrokou a neustale se &tsujici skupinu informénich
informaci. Nekteré faktografické systémy vSak mohou zdroji. Aktualni fehled &chto databazi je publikovan

odkazovat na dalsi literaturu a mit bibliografickou kazdy rok v Easopise Nucleic Acids Reseatgh
solcast. Za jistych okolnosti je mozné zahrnout do této 5 ghledem na ukladany obsah Ize genomické a

kategorie i tSinu statistickych informaci [9]. proteomické databéaze raziit do nasledujicich skupin:

V prfipace numerickych databazifevazuji v datové

zékladré Eiselna vyjadeni parametrli riznycifednetd - databaze sekvenci nukleovych kyselirzahrnuiji

a jevll (nap. ceniky, kurzovni listky, kalendaria, jizdni sekvence parll bazi deoxyribonukleovych a

a letové rady, matematické, fyzikalni, chemické aj. ribonukleovych kyselin;

tabulky, vysledky laboratornich aédeckych réfeni)

nebo ukazatele rliznych vyvojovych procesii fnap - databaze proteinovych sekvenci zahrnuji

statistiky,Casovéady) [10]. sekvence  aminokyselin v jednotlivych
_ ) _ bilkovinach;

Faktografické databaze jsou tré velmi rozSiené

v chemii. Nicmé jejich vyznam nariista [9] a jsou - databaze proteinovych struktur: obsahuji

stale CasgjSi take v jinych oborech. V medi@npati trojrozmérné modely bilkovinnych struktur;

k typickym databazim faktografického charakteru nejen

databazechemické a toxikologické ale FedevSim - databaze expresnich  profildl  obsahuji

databazéékové a epidemiologické informace o stupni exprese jednotlivych gendl;

"Hodnoceni zdravotnickych technik (HTA) zahrnuji systematické zhodnoceni viastnostinkll a/nebo dopadii zdravotnickych postuptl.
Mohou se zabyvat jakipmymi, zamyslenymi vysledky hodnocenych technik, talcfepegimymi, neplanovanymi diisledky. HTA jsou vyfeny
interdisciplinarnimi tymy a p jejich tvorbé jsou pouzivany explicitni analytické nastroje vychadegiriznych metod [3].

8Ekonomické analyzy srovnavaji pomoci formélnich kvantitativnich metod alggivni postupy z hlediska nékladd a vysledkd (,costefin
analyse", ,cost-effectiveness analyse") [8].

9sdilené klinické (nebomedicinskd rozhodovanije model, ktery klade zvy$eny diiraz na pacientotasfi v medicinském rozhodovani a je
alternativou k tradinimu paternalistickému modelu, @mZ veSkera ebnéa rozhodnutiéda sam Iéka BEhem tohoto procesu dvojice Iékaacient
bere v Gvahu viechny relevantnéébné moznosti a s nimi souvisejici dlisledkyrezgoumava, do jaké miry ségapokladané vyhody a dlisledky
|éCby sllEuji s pacientovymi preferencemi [4].

10Medicina zaloZzena na dilkazech (EBM)e svedomité, jednozrimé a kritické upldtovani nejnogjsich a nejlepsich diikazii pozhodovani o
p&i o jednotlivé pacienty. Vykonavanim EBM v praxi je myslentegrace individualni klinické odbornosti IéKes nejkvalit@jsimi objektivnimi
dlikazy pochéazejicimi ze systematicky progaého vyzkumu [11].

IMedicina zaloZena na hodnotéclil] posuzuje zdravotnické intervence nejen podle jejidhuvha objektivni parametry, jako je délka Zivota,
ale také podle jejich dopadu na kvalitu Zivota pacientaigktezce souvisi s jeho individu&lnim vnimanim vyznamu aetfks chto intervenci.

L2http://nar.oxfordjournals.org
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- databaze genoml a genovych mapzahrnuiji
informace o lokalizaci genli na chromozomech,
které poskytuji ve form popisnych pehledl nebo
prostednictvim specialnich prohlizé.

3.4. Zdroje typu registru, katalogu, adresafe

Registrem se v kontextu informénich zdrojii rozumi
jakykoli seznam, soupis, evidence, kataltigprehled,
tj. mnozina zaznam{ s jednotnou strukturou Wédana
podle réjakého kritéria. Ozri@ni registr se obvykle
pouziva pro seznamy obsahujici zaznamyizamé
jako (fedni dokumenty, &tSinou v ®@jaké mie
upravené pravnimi fiedpisy. Jako registr mizZe byt
ozn&ovan také typ informaniho systému, jehoz
UCelem je zaznamenavat, uchovavat digppiovat
informace o ugitych objektech nebo jevech [10].

Katalog je sekundarni informni
soubor katalogizznich zaznam
které dand instituce uchovavé ve
které trvale nebo dmas® zpistupiuje, vytvdeny
podle pedem stanovanych zasad a unmojci
zpétné vyhledavani dokumenttl. K zakladnim funkcim
katalogu pat lokatni funkce (katalogizéni zaznam
informuje o umistni dokumentu a o organizaci
fondu), bibliograficka funkce (katalogizai zaznam

zdroj obsahujici
0o dokumentech,

informuje o existenci dokumentu), reSersSni funkce

(katalogiz&ni zdznam umdije efektivni vyhledani
dokumentu), propagai funkce (katalogizeni zaznam
informuje o noe vydanych dokumentech) [10].

Jakoadresd je ozn&ovéana pirucni publikace s vitem
osob, organizaci, produktll i jinych poloZek

sestavenym dle stanoveného hlediska (tematického

chronologického, teritorialniho aj.), us@@anym
abecedd nebo systematicky, uvéfci kontextoe

vyznamné informace (identifikai, kontaktni, o strukiie,
aktivitach apod.)Casto je vydavan jako serial [10].

V prfipace medicinskych informiich zdrojli maji
velky vyznam registry klinickych studii. Klinické
studie jsou podstatou klinického vyzkumu. Jejich
cilem je experimentaln ow¥it, zda dana léba je
bezp&€na a @&inna. Publikace vysledkll klinickych

tak klinické registry, které z hlediska z&heni mohou
byt jednak vSeoborové, jednak obogowspecifické.
Vedle nezavislych registrli udrZovanych ni&jnd
vladnimi organizacemi existuji také korporatni registry
poskytované @ékterymi farmaceutickymi spat@ostmi
jako projev snahy umoznit transparentnost klinickych
dat a vysledkd z nich odvozenych.

Klinické registry jsou zdrojem cennych informaci,
diky kterym lze (krong@ snizeni rizika publiléni
bias) navic pedejit duplikovani vyzkumu a zrychlit
prenos nejnogjSich vysledkll z klinického vyzkumu
do medicinské praxe. Jsou nezbytnym ddgeim
pfi vyhledavani existujicich informaci pro tvorbu
tzv. systematickych ighledll a metaanalyz klinickych
studii, jakoZto kitovych zdrojti informaci pro podporu
klinického rozhodovani. Bkteré registry poskytuji
kromé protokolll probihajicich studii také vysledky
jiz ukonCenych klinickych zkouSek a/nebo odkazy na

svych fondech nebosouvisejici publikace o daném |ékudaném Iéebném

postupu.

Relativie méré znamou skupinou databazi z kategorie
medicinskych katalogll jsckatalogy genll a geneticky
podminénych nemoci Prvni databaze tohoto druhu
vznikla v Sedesatych letech dvacatého stoleti pod
nazvemMendelian Inheritance in Man (MIM)]. Toto
kompendium veskerych znamych lidskych genti a s nimi
souvisejicich fenotypl je inspiraci i vychozim bodem
pro budovanrady specializovanych genovych katalogt,
zangrenych napiklad na onkologickd, kardiovaskularni
a dalsi onemoani.

DalSi skupinu databazi spadajici do popisované

kategorie tvéi webové katalogy Obecm Ize Fici,

Ze webové katalogy jsou databaze seznaméngu
vybranych internetovych stranek. Kvalitni katalogy
nabizeji krom@ podrobnéhoCleréni také hodnoceni
uzitetnosti €i kvality zdrojli, byt obvykle pouze
semikvantitativni, znazdované pomoci ft az
pétistupiové Skaly. Nevyhodou webovych katalogli
je zanikdni a pemistovani webovych stranek.
Katalogizované odkazy tak mnohdy nevedou uzivatele
k obsahu, ktery hleda, ale na zcela nerelevantni

studii jsou zase podstatou tzv. mediciny zalozené nan€bo zaniklé stranky. Aktualizace vSech odkazd u

dlkazech (EBM). Primarni adecka literatura v této
oblasti je vSak zvlast citivd na fenomén zvany
.publikacni bias“. Ta vznikA na zakl&d tendence
autordi studii i @deckych&asopisli publikovat spiSe
kladné vysledky klinického vyzkumu, coz naslédn
muize vést k mylnym interpretacim vysledkl tykajicich
se &innosti I&ebnych postupl. Ve snazefeplejit
tomuto zkresleni je vyvijen tlak na pedatele klinickych
studii, aby své vyzkumné zavy zvdejnili jeSe pled
dokortenim samotnych klinickych zkouSek. Vznikaji
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rozsahlych katalogli je natna a vezmeme-li navic
v Uvahu rychlost, se kterouipyvaji na internetu nové
informace, je logické, Ze&fada katalogll v pri&hu

let prestala plnit svoji funkci a postugn zanikla.

V pfipac® medicinskych webovych katalogli to
nagiklad znamena, Ze z katalogli uvedenych v publikaci
Internet a medicina [6] jich po osmi letech zlstalo jen
54 procent. Jsou-li vS8ak webové katalogy praviéeln
aktualizovany, jsou koncentrovanym a velmi cennym
zdrojem informaci.
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3.5. Zdroje hybridni

Rada informanich zdroji sdruzuje vice typdl
dokumentl. P&t mezi ré jednak rozsahlé polytematické
a viceoborové databaze, jednadist medicinské
databaze, ktergahrnuji informace jak bibliografické,
tak urcité procento plnych texttt Mezi hybridni
databdze pét také tada inform&nich zdrojl
zame¥enych na podporu klinického rozhodovani,
a to pgedevSim &ch, které jsou ueny pro
pouziti bezprogsedre kehem I€ebré-preventivni
p&e (,point-of-care*). Tyto zdroje jsou n&gsEji
kombinaci plnotextovych a faktografickych databazi
(zahrnuji napiklad plné texty Iékéskych doporgent,
informace o lécich, epidemiologickéa data ap.).

3.6. Postpublikatné evaluované zdroje

Novou, pro medicinu specifickou skupinu tvo
postpublik&né evaluované infornéi zdroje (neboli
tzv. informa&ni zdroje ,druhéhofadu”). Tyto zdroje
vznikly pfedevSim pro pdeby klinické praxe poté, co
se ukazalo, zZe prohledavani trélich bibliografickych
Ci plnotextovych biomedicinskych databazfinasi
prilis mnoho klinicky nerelevantnich a metodologicky
nespolehlivych vysledkd.

Pro postpublikéné evaluované inforn@mi zdroje

je typické, ze na jejich vzniku spolupracuje
tym specialistll, ki nejdfive vyhledavaji clanky

v tradi€nich biomedicinskych inforngaich zdrojich a
poté je hodnoti z hlediska kvality, klinické relevance
a potencialniho dopadu v klinické praxi. Jsou tedy
Uzce spjaty s tzvinformacnimi sluzbami s pfidanou
hodnotoy kterd je v tomto fipace dana vyBrem
¢lankt z primarni biomedicinské literatury a jejich
hodnocenim specialisty z klinickych oborll. Zaznamy
zahrnuji kron@ bibliografickych Gdajti a event. abstraktu
navic hodnoceni a wad® pipadl také komenté
expertll v daném oboru.

3.7. Zdroje ,prospektivné-exploratorni“ (generativni)

Databaze, které Ize praca¥nazvat jako ,prospektivg:
exploratorni“ nebo také generativni, jsou novou
skupinou informanich zdrojd, ktera vznikla z piaby
zkoumat souvislosti mezi rlznymi druhy dat a
informaci pedevSim faktografického charakteru, jez
jsou rozeseta v népberném a stale rychleji rostoucim
mnoZzstviclankl publikovanych v oblasti biomediciny.
Tyto informace jsou pri&zré vybirany specialisty
(kuratory databaze) z trathich biomedicinskych

se vSak podstafn liSi tim, Zze data a fakta nejen
shromazd'uji a popisuji, ale soas® umohuji
jejich zkoumani. Umoiuji tedy informace jednak
vyhledavat, jednak vzajerénporovnavat z hlediska
moznych souvislosti. Vysledky vyhledavani je obvykle
mozné zobrazit nejen jako linearni seznam, ale
také ve forng@ prehlednych tabulek a néazornych
grafll zobrazujicich vztahy mezi hledanymi prvky.
Na rozdil od vySe uvedenych genomickych a
proteomickych databazi, které informace o genech
a proteinech prima# shromazd'uji a popisuji, tyto
databdze umdiji hledani novych vztahl mezi
geny, giznaky nemoci, chemikaliemi, l1éky ap. Jejich
cilem je hledani fcin a nasledki, identifikace
souvislosti a objevovani hypotéz v mnoZstvi dat
publikovanych v rédmci nestrukturovaného textu.
S ohledem na tento z&m byvaji orientovany na
Uzkou ‘edni disciplinu (nap vyzkum v oblasti
farmakogenomiky, toxikogenomiky nebo ,jen”
konkrétniho mikroorganizmu€i nékterych z jeho
produktl).

3.8. Multimedialni zdroje

Multimedialni informa&ni zdroje zahrnuji databaze
obrazovych informaci, zvukovych nahravek a
videonahravek Informani zdroje zalozené na
zvukovych nahravkach a videozdznamech se velmi
rozsFily pfedevSim diky aplikacim a sluzbam Webu
2.0. Rada recenzovanych biomedicinsky&hasopistl
poskytuje pravidelé@ nebo pileZitostré zvukové
nahravky ve formatu mp3 (tzv. ,podcasts"). Sluzby pro
sdileni videi jsou zase zakladem pro vznik databazi
videozaznaml s nejrigfEim medicinskym obsahem
od laboratornich technikips obrazova vyS&tni az po
oper&ni postupy.

3.9. Agregované zdroje

Agregované informéni zdroje se vyznauji seskupenim
dvou a vice databazi do jednoho celkuékii
databazovi vendo nabizeji tematicky nebo d@lowe
souvisejici informani zdroje ve forrd databazovych
kolekci. V ramci internetu pdt k agregovanym
informatnim zdrojiimwebové portaly, které poskytuji
informace z odliSnych webovych stranek a sidel
prostednictvim jednoho rozhrani.

3.10. Monitorovaci zdroje
Kromé vySe uvedenych kategorii zdrojli, které jsou

databazi. V jistém ohledu tedy lze na tyto databaze zaloZzeny na informacich pochéazejicich z vyzkumu a

nahlizet také jako na faktografické inforom
zdroje s postpublikéné evalug@ni slozkou. Od nich

z védecké literatury,evidence-based) 13, Ize v ramci
mediciny stanovit jest jinou a také velmi podstatnou

13pgjem ,evidence® je zde chapan ve smysluédectvi®, ,znamka“, ,empiricky diikaz".
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skupinu zdrojii zaloZenych na informacich ziskanych

z praxe monitorovanim udalostiegent-based) 4.
Monitorovany pgitom mohou byt nezadouci Cinky
Iékt farmakovigilance), onemocgni vznikla po poZiti
zavadnych potravinhfygiena vyZzivy) nebo ohniska a
Siteni infelcnich nemoci épidemiologicky dohled.
Tyto zdroje nabyvaji na duleZitosti zvi@dtines, v dob
globalizace &astého cestovani.

4, Zaver

Uvedena prace fpdklada klasifikaci informenich

zdroji pro medicinu a souvisejici obory, ktera
zohlediuje exponencialni narlist v  mnoZstvi
i rozmanitosti biomedicinskych informaci. Tato

klasifikace je zékladem pro néwytva‘enou databazi

medicinskych informénich zdrojli. Databaze obsahuje
v dob2 sepisovani této prace vice nez 70 zaznamdl,
pricemZ pruzré jsou dophovany jednak zaznamy

0 now vznikajicich informénich zdrojich, jednak
jsou postupd dophovany jiz existujici zdroje.
Jednotlivé zaznamy zahrnuji sty popis zdroje,

literarni citace, v fipace, Ze existuji, a relevantni
webové odkazy. Databazi je mozné prohledavat
plinotexto nebo prohlizet v ramci kategorii. Databaze
je dostupna pro&dnictvim webového rozhrani na

adrese http://medizdroje.blogspot.com.
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Abstract

We deal with geometrical and differential
properties of triangular norms (t-norms for
short), i.e. binary operations which implement
logical conjunctions in fuzzy logic. The
first part discusses the problem of a visual
characterization of the associativity of t-norms.
The results given by web geometry are adopted,
mainly the concept of the Reidemeister closure
condition, in order to characterize the shape
of level sets of t-norms. This way, a visual
characterization of the associativity is provided
for general, continuous, and continuous
Archimedean t-norms. The second part deals
with differential properties of continuous
Archimedean t-norms. It is shown that partial
derivatives of such a t-norm on a particular
subset of its domain correspond directly to the
generator (or to the derivative of the generator)
of the t-norm. As the result, several methods
which reconstruct multiplicative and additive
generators of continuous Archimedean t-norms
are introduced. The presented results contribute
to a partial solution of an open problem whether
a non-trivial convex combination of two t-norms
can be a triangular norm again.

1. Introduction

Generalization of the set of truth values hangs together
with a generalization of the logical operations. The
logical conjunction is usually implemented by a
triangular norm (shortly, a t-norm). Although the
notion of a t-norm was originally introduced within
the framework of probabilistic metric spaces [37], it
has found a successful application in fuzzy logic. The
currently studied fuzzy logics, as will be described
in the sequel, are primarily based on t-norms.
Another important logical connective, the implication,
is usually implemented by mesiduum(also residuated
implication) which is derived from a t-norm in order
to form an adjoint pair and work correctly in the
generalized Modus Ponens rule.

The logical calculus which is able to cope with partially
true statements is called a fuzzy or many-valued logic.
The beginning of many-valued reasoning dates back
to 1920 when tukasiewicz proposed his three-valued
logic [23] and to the work of Post [36]in 1921. Now, one
of the most successful fuzzy logics is tBasic Fuzzy
Logic (BL for short) which has been introduced by
Hajek [15] and fully described in his monograph [16].
We remark that BL includes the fuzzy logics, known so
far at the time of its introduction, as its special cases.
The semantical counterpart of BL is represented by
BL-algebras which play an analogous role as Boolean
algebras for the classical Boolean logic. An example
of a BL-algebra is the real unit intervill, 1] endowed
with a continuous t-norm which represents a conjunction

The fuzzy logic has been proposed as an alternative X ) :
to the classical Boolean logic. The notion “fuzzy” was and the corresponding residuum which represents an

firstly introduced in 1965 by Zadeh in his paper [40] implication.,_Such a BL-algebra i_s called a standard BL-

where he defined fuzzy logic and fuzzy sets. algebra. Héjek proved that BL is sound and _complete
with respect to the class of BL-algebras. This means

The main idea of the fuzzy logic is to enlarge the set of that a formula is provable in BL if and only if it is a

truth values, i.e0 and1 (false and true), to the real unit tautology in all BL-algebras. BL is complete even with

interval[0, 1]. In comparison to the classical logic where respect to standard BL-algebras. This fact is known as

a statement can be either true or false, the generalizatiorfhe Standard Completeness TheorefiBL [11].

to the fuzzy logic allows to express also a partial truth of

a statement as it admits degrees of truth.
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2. Preliminaries

We present here some basic facts about triangular
norms. The proofs and more details can be found e.g.
in the monographs on triangular norms [7, 20]. Another
good introduction to triangular norms can also be given
by monographs on fuzzy sets and fuzzy logic [22, 30].

Definition 2.1 Atriangular norm(a t-normfor short) is
a binary operatioril": [0,1] x [0,1] — [0, 1] such that
forall z,y, z € [0, 1] the following axioms are satisfied:

(T1) T(z,y) =T(y,z), (commutativity)

(T2) T(z,T(y,2)) =T(T(x,y),2z), (associativity)

(M) z<y=T(x,2) <T(y,z2), (monotonicity)

(T4) T'(z,1) =x. (neutral element)

The three most common t-norms are tménimum t-
norm Tni(z,y) = min{z, y}, thetukasiewicz t-norm
T, (z,y) = max{z +y— 1,0}, and theproduct t-norm
Tp(l',y) =Y.

A continuous t-normT is called Archimedeanif
T(x,z) < z for al z € ]0,1[. A t-norm which

is continuous and strictly increasing on the half-open
square]0, 1] is said to bestrict; such a t-norm is
always Archimedean. A continuous Archimedean t-
norm is callednilpotentif it is not strict. Thus every
continuous Archimedean t-norm is either strict or
nilpotent. For example, the product t-norm is strict, the
tukasiewicz t-norm is nilpotent, and the minimum t-
norm is an example of a continuous t-norm which is not
Archimedean.

Every continuous Archimedean t-norm can be
represented by a one-dimensional real function
called generator This result is formalized by the
Representation Theorejh, 14, 21, 27]:

Theorem 2.2 (Representation Theorem)~or a func-
tion T: [0,1)° — [0,1] the following statements are
equivalent:

1. T is a continuous Archimedean t-norm.

2. T has a continuousdditive generatoi.e., there
exists a continuous strictly decreasing function
t: [0,1] — [0,00] with ¢(1) 0 such that
T(z,y) = tY (t(x)+t(y)) holds for all
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(z,y) € [0,1]. Here,t(-1) denotes the pseudo-
inverse oft which is (in this case) defined as:

i = {

. T has a continuousmultiplicative generatqr
i.e., there exists a continuous strictly increasing
function6: [0,1] — [0,1] with §(1) = 1 such
that T'(z,y) = 60—V (8(z) - 6(y)) holds for all

0
t(y)

if y>1t(0),
if y<t0).

(z,y) € [0,1]°. Here,0(~1) denotes the pseudo-
inverse of which is (in this case) defined as:
_ 0 if y<6(0)
=D () = Y )
"0 ={ gy 1060,

The supportof a binary operatiof: [0,1]* — [0, 1],
denoted byupp 7', is the closure of the set

{(x,y) e [o, 1]2 | T(z,y) > 0} )

3. Current situation of the studied problem

3.1. Convex combinations of t-norms

This work has been primarily inspired by the long
standing open problem of convex combinations of
triangular norms and summarizes the results which have
been achieved while solving this problem. This problem
has been formulated, for example, in the list of open
problems by Alsina, Frank, and Schweizer [6]:

Problem 3.1 Is the arithmetic mean, or for that matter
any convex combination, of two distinct t-norms ever a
t-norm?

We recall that a convex combination of two t-norms
Ty, T is a functionF = aT; + (1 — «)T» where

€ [0,1]. It is immediate that for trivial convex
combinations, i.e. forv € {0,1} or for Ty = Ty, the
answer is positive. A positive example can be given even
for non-trivial convex combinations of non-continuous
t-norms [17, 34, 39]. For example, I8} be an ordinal
sum of the product t-norrfip on the carrier0, 3]. Let
T, be a binary operation do, 1] such thaffz(z,y) = 0
for z,y € [0, 3] andT3(z,y) = min{z,y} otherwise.
It is easy to check thafl; is a left-continuous t-
norm. Observe now that any convex combination of
T, and T, is a left-continuous t-norm. However, for
continuous t-norms the problem still has not been
answered completely although it is conjectured that for
the continuous t-norms the answer to the question posed
in Problem 3.1 is “never” [6].
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Thus, in order to exclude the trivial cases mentioned problem within the community of people dealing with
above, whenever we write “convex combination” we t-norms. Some results have been done, mainly thanks to

mean a functiorx T} + (1 — a) Tz wherea € ]0,1], the effort of Jenei [18], and Maes and De Baets [24, 25],
T # T», and both t-norms are continuous. yet a satisfactory answer to the question still has not
been given.

In the rest of this section we briefly outline the results

related to the convex combinations of t-norms which The theory ofweb geometry[9, 2, 3, 4] has come
have been done so far. In the historically first paper with results which answer such, and similar, kinds
dealing with this problem, Tomas [38] has given a of questions in a rather intuitive way. In particular,
result on strict t-norms under additional (and rather associative loops are characterized by Reddemeister
restrictive) constraints. In the papers by Ouyang, Fang closure conditionThese results were, however, done to
and Li [31, 32], the whole class of continuous t- characterize algebraic properties of loops. Although t-
norms is treated under no additional assumptions. Fornorms do not form loops, there are, fortunately, some
example, they prove [31] that a convex combination of a similarities between t-norms and loops (monotonicity,
continuous Archimedean t-norm and a continuous non- neutral element, ...). We will show that some
Archimedean t-norm is never a t-norm. In other words, modifications of the Reidemeister closure condition can
if a convex combination of two continuous t-norms is a still be applied to t-norms in order to characterize their
t-norm again, then both combined t-norms are ordinal associativity.

sums with the same structure of summand carriers. By

this result, in order to clarify the convex structure of the o ) o

class of continuous t-norms it is sufficient to clarify the Motivation 3.2 Consider the tukasiewicz t-norm,
convex structure of the class of continuous Archimedean 7L(#,y) = max{z + y — 1,0}. The structure of its
t-norms. By another result of theirs [31], a convex level sets is extremely simple as they are formed by
combination of a strict and a nilpotent t-norm is never Parallel lines.

a t-norm. Thus even the latter task can be subdivided = . .
Notice the following easy property of these sets: draw

into solving the convex structure of the nilpotent class 4 . .
and of the strict class separately. Another result is due? rectangle (by vertical and horizontal lines) anywhere

to Jenei [17] and applies to all pairs of left-continuous n th? support of the ope_ration and denote the level sets
t-norms with an additional property that both t-norms passing through the vertices of the rectangle. Now draw

share an involutive level set. An immediate consequencef;:mg:er r((aj(_:t?ngtlz suc? (tjhlat tf:reet ofT|Ls \]fert'fr? S n}[atchf
of this result is that a convex combination of two ¢ threedistinctdencted ievel Sets. 1he fourth vertex o

nilpotent t-norms,T, and Ty, such thatsupp Ty — the rectangle shall, naturally, match the fourth denoted

supp 13, is never a t-norm. Let us mention also the level set.
recent result by Mesiar and Mesiarova-Zemankova [26]

where it is stated that a convex combination of tWO The property described in Motivation 3.2 characterizes
continuous t-norms with the same diagonal is never a ggqciativity and corresponds to the Reidemeister

t-norm. (We recall that diagonalof a t-normT"is the  jgsure condition introduced by web geometry [9, 2, 3,
functionz — T'(z,x).) 4].

Two new, recently published [33, 34], results on this .

topic are presented here. Using a web-geometrical3-3- Reéconstruction of generators

approach to describe associativity of t-norms, it is When a continuous (multiplicative or additive) generator
proven that any convex combination of two nilpotent is defined, it is easy to construct the corresponding
t-norms is never a t-norm. Furthermore, using an idea (continuous Archimedean) t-norm. The reverse task,
of reconstruction of generators according to partial however, is not so trivial. One way how to obtain a

derivatives of t-norms, several new results on the generator of a continuous Archimedean t-norm is to use
problem of convex combinations of strict t-norms are the proof of the Representation Theorem. This proof
presented. is constructive, however, it does not need to result in
an explicit formula of the generator. This significantly

reduces the usability of this method. Another possibility
is to use the results given by Pi-Calleja [5, 35] and by
The commutativity, the non-decreasingness and theCraigen and Péles [12]. Both these results give explicit
existence of a neutral element have an easy graphicaformulas for additive generators of strict t-norms.

interpretation. However, the question how to visually However, the computations of formulas are rather non-
interpret the associativity is a long-standing open intuitive and non-straightforward which disallows an

3.2. Associativity of t-norms
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easy usage. The formulas also show no direct relation
between t-norms and their generators.

e If T is continuous then it is associative if and only
if P ~;' R impliesP ~7 R for every pair of
. ) . rectanglesP, R c [0, 1]*.
In this work, an alternative [28, 29] is presented. It
is shown that partial derivatives of t-norms admit to
obtain formulas for generators in a closed form. As the
partial derivatives need not exist, this approach cannot
be applied to all continuous Archimedean t-norms, but
it seems general enough for all practical applications.
It is even shown that every continuous t-norm can be )
approximated (with an arbitrary precision) by a t-norm 4-2. Reconstruction of generators
from the class of strict t-norms on which one of the We denote byt’, ¢’ the derivatives of generatorsé,
introduced methods is applicable. An advantage of this respectively. We denote by
approach is that it relates (the shape of) the generator
directly to (the shape of) the t-norm and that it is
based on the basic differential calculus which makes
the computational procedure straightforward. Benefiting
from the fact that computation with the first derivatives
is well described and can be well algorithmized,
these methods can be easily applicable both by athe partial derivative of a t-norii’ with respect to the
manual computation and by computational systems. first variable.
Furthermore, a simplified proof of the Representation
Theorem for a subclass of strict t-norms is given as one
of the results based on this approach.

e If T is continuous and Archimedean then it is
associative if and only iP ~7 R impliesP =~
R fog every pair of rectangle®, R C suppT N
10,1)°.

T h,y)—T

= lim .
z—T zZ—x

Assumption 4.2 The partial derivative DT will be
considered only in the supportipp 7'. In particular,

y—T(z,y)
1—=z

4. Results DT (1,y) = lim

rz—1_

4.1. Associativity of t-norms is the left partial derivative with respect to the first

Let F': [0,1]2 — [0,1] be a commutative and non-  variable. If T is strict, then

decreasing binary operation satisfyifg«, 1) = « for

T
allz € [0,1]. DT (0,5) = lim (z,y)
z—04 T

By a rectanglewe mean a set of four pointR
{a® 2BV x {y®, 4B’} c [0,1)° wherez® < 2R and
yR < yR LetP R C [0,1] be two rectangles. We say

is the right partial derivative. For T' nilpotent, we
require the second argumept> 0; thenDT (x,y) is

thatP ~r R if and only if F/ (:vf,yf) =F (:CZR,yJR)

for all i,5 € {1,2}; P Nif;l R if and only if the
equality F' (z},y}) = F (%, y}%) is violated for at
mosti = kandj = [ ; P ~p R if and only if the
equality F' (zF,y}) = F («ff,y}) is violated for at
most one combination afand;. Clearly,~, ~%, and
~p are equivalencesyr is a subrelation ofv’}"l, and
~K!'is a subrelation of- for anyk, | € {1,2}.

Theorem4.1Let T: [0,1]° — [0,1] be a non-
decreasing, commutative binary operation which
satisfiesI” (x, 1) = x for everyx € [0, 1].

e T is associative if and only iP ~3" R implies
P =~ R for every pair of rectangles® and R,
such thatP = {zP, 2P} x {yP,1} c [0,1]* and
R = {«}, 1} x {yf, 98} C [0, 1)%.
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defined for allx € [Nr(y), 1], in particular,

1
z~>NT(y)Jr z — NT(y) ( )

DT (Nz(y),y) =

is theright partial derivative. Sincd" is nilpotent, the
negation N is involutive. Therefore, substituting =
Nr(y), we can write (1) as

T (z, Np(x)) '

DT (z, N- =1
(z, Nr(x)) im P

Z2—T 4
For T nilpotent andy = 0, the line {(z,0) | = €
R} intersectssupp 7' only at a single poin{1,0) and
DT (z,0) is undefined for any < [0, 1].

We say that a strict t-norm7’ is annihilator-
differentiableif the functionDT'(0, y) is defined for all
y €[0,1].
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Theorem 4.3 (Reconstruction along annihilator) Let

T be a strict annihilator-differentiable t-norm and let
¢:[0,1 — [0,1]: y — DT(0,y). Then&(0) = 0,
&(1) = 1, and the restriction of t0 )0, 1] is either (1) the
constant), (2) the constant, or (3) a bijection orj0, 1.
Moreover, in case (3) the functichis a multiplicative
generator off".

Theorem 4.4 (Reconstruction along level set)et T

be a continuous Archimedean t-norm. Suppose fhat
has an absolutely continuous additive generator with
a non-zero finite derivative at some pointe |0, 1].
(We take the left derivative at.) Let DT be the
partial derivative of " with respect to the first variable
in the supportsupp 7. Suppose thaDT'(z, I7(z,a))
exists for almost all: € [a,1]. Suppose further that
DT (a, Ir(a,z)) exists and is in0, co[ for almost all

z € [0, a[. ThenT has an additive generator

1
t*(x):/ v(z)dz,
where

v(z

{ DT(z,Ir(z,a)) if z>a,

| :
DT (.17 (a,2)) if z<a

for almost allz € [0, 1]. Explicitly, if x > a then
1
t*(x) :/ DT (z,Ir(z,a))dz
and ifx < a then

t*(x) dz

e =rey
. DT(a,Ir(a,z))

1
/ DT(z,Ir(z,a))dz.

Remark 4.5 We admit that the function may attain

and

forall y € 10, 1].

Theorem 4.4 allows us to reconstruct an additive
generator when a non-negative constant 0, 1] is
given. The following theorem shows that even= 0
can be used. However, this works for nilpotent t-norms
only.

Theorem 4.7 LetT be a nilpotent t-norm. Suppose that
T has an absolutely continuous additive generator with
a non-zero finite (right) derivative at the poifit Let
DT be the right partial derivative of" with respect to
the first variable in the supposupp 7'. Suppose that
DT (z, Nr(z)) exists for almost alt € [0,1]. ThenT
has an additive generator

1
t*(x) / DT (z,Nr(z))dz.

4.3. Convex combinations of t-norms

With the help of web geometry, the following result can
be achieved:

Theorem4.8Let 77 and 7, be two continuous
Archimedean t-norms such thatipp7; # supp 715s.
Then no non-trivial convex combination f and 75
is a t-norm.

zero or infinite value at some points. Then we obtain According to the result by Jenei [17], a convex
an infinite value of’. However, this may happen only  compination of two nilpotent t-norms with the same

in countably many points and this does not influence sypportis never a t-norm. Therefore Theorem 4.8 brings
the integral definingt. The assumption of absolute the following result:

continuity includes also the convergence of the integral.

Corollary 4.9 A non-trivial convex combination of two
distinct nilpotent t-norms is never a t-norm.

As a special case of Theorem 4.4, we obtain:

Theorem 4.6 (Reconstruction along unit)Let 7" be a
continuous Archimedean t-norm and tdie an additive
generator of T such thatt is absolutely continuous
at ]0,1] and ¢'(1) b1 € ]—o0,0[. Suppose that
DT'(1,y) € ]0, o] for almost ally € 10, 1]. Then

b

DT(1,y)

Theorem 4.8 also gives an alternative proof of the result
by Ouyang and Fang [31]:

Corollary 4.10 A non-trivial convex combination of a

, .
t'(y) (almost everywhere if, 1]) strict and a nilpotent t-norm is never a t-norm.
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Now, we present some results on convex combinations
of strict t-norms based on the reconstruction methods.
Let T' be a strict annihilator-differentiable t-norm and
let&: [0,1] — [0,1]: y — DT(0,y). ThenT is said to

be

e annihilator-weak(and we writeT € Taw) if
&(z) =0forall z €10, 1],

e annihilator-strong(and we writeT € 7ag) if
&(z) = 1forall z €10, 1],

e annihilator-reconstructible(and we writeT' ¢
Tar) if £ is a bijection.

The set of all strict t-norms which are not annihilator-
differentiable will be denoted byy.

Let T" be a continuous Archimedean t-norm with a
multiplicative generatoé such that’ is continuous at

1 andé’(1) € ]0, oo[. Then we say thdf’ belongs to the
class7yr.

Proposition 4.11 Let 77 andT; belong to two distinct
classes froMar, 7aw, 7as. Then no non-trivial convex
combination ofl} and7; is a t-norm.

Proposition 4.12 Let T, 7>, € 7ar N Tur be strict t-
norms. Letd;: y — DT (0,y) and6y: y — DT (0,y)
be multiplicative generators @f; andTs, respectively.

If a non-trivial convex combination df; and 75 is a
t-norm then for eacty € [0,1] at least one of the
following conditions is satisfied:

Some results of web geometry, namely the
Reidemeister closure condition, have been
generalized also for algebras which do not
form loops. (T-norms can be considered as
commutative integral monoids d6, 1].)

A tool which visually characterizes associativity
of general t-norms has been given.

It has been shown that the generators or
their derivatives correspond in many cases
directly to the partial derivatives of continuous

Archimedean t-norms. These results contribute
to both practical applications (they allow a

straightforward computation) and theoretical
research (they give a new insight into the subject).
A theoretical contribution has been, furhermore,
illustrated by the results on convex combinations
of strict t-norms and by the alternative proof of the
Representation Theorem.

The question of convex combinations of t-norms
has been answered negatively for all nilpotent t-
norms. In the case of strict t-norms, the problem
has been divided into several subclasses and a
possible further research has been outlined.

We remark that the thesis also contributes to the
question: “Which subsets of its domain uniquely
determine an Archimedean t-norm?” Several
results [8, 10, 13, 19] (and a summarization [20])
have been published giving concrete types of
subsets of the unit square. Knowing functional
values on the points of such a subset, an
Archimedean t-norm is determined uniquely.

Here a similar result is given yet the first partial

derivatives are considered instead of functional
values.
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Abstrakt 2. Mezinarodni klasifikace nemoci
. . L L Mezinarodni klasifikace nemoci a figruzenych
Prace popisuje Mezinarodni klasifikaci zdravotnich problémd (MKN) [4], [5], [6] jeseskym

nemoci, jeji historii, obsah a us@mlani. Dale se
tento gispévek enuje Minimalnimu datovému
modelu pro kardiologii (MDMK) a vyuZziti

prekladem International Classification of Diseases and
Related Health Problems (ICD). Jedna se o klasifikaci

Mezinarodni klasifikace nemoci (MKN) v tomto kodujici lidska onemodmi, @iciny smrti, zdravotni
modelu. Zagrem se zaduje na moznosti problémy a dalSi iznaky. MKN se pouziva kigvodu
klasifikatniho systému SNOMED CT a MKN diagnéz nemoci a jinych zdravotnich problémi ze
verze 10 pro sémantickou interoperabilitu v slovni podoby do alfanumerického kddu. Jeji zaklad
Ceském jazykovém prasdi. byl polozen jiz v roce 1893 1 klasifikaci pFiCin
Klicova slova: Mezinarodni klasifikace amrti s cilem umoznit mezinarodni porovnani. V roce
nemoci, ~Minimaini ~datovy ~model pro 1948 pevzala tuto klasifikaci S&tova zdravotnicka
kardiologii, sémanticka interoperabilita organizace WHO (World Health Organisation) a
rozSfila ji o dalSi diagnézy. Postugntak z&ala
1. Uvod vznikat v8estranna pomicka pifzeni zdravotnické
politiky a pro vykaznictvi ve vztahu ke zdravotnickym
Jak jiz bylo zmigno v [1], [2], [3], vymezeni, pojistovnam a obdobnym platebnim systémiim. Obsah

pojmenovani aftdéni Iékaskych pojml neni optimaini.  MKN umoziuje systematické zaznamenavani, analyzu,
Pro jeden termin existujéasto mnoho synonym. Tato V¥klad a porovnavani dat o Umrtnosti a nemocnosti,
synonymie v odborné terminologii vede k iiepnostem ~ Ktera jsou shromazmha v ruznych zemich nebo
a nedorozuréni. Z tohoto divodu Zamly vznikat  oblastechavrozdilnegese.

klasifikatni a kédovaci systémy, které této variaBilit
vyjadfovani zamezuji tak, Ze kazdy termin ma svij
pevre stanoveny formalni kod.

MKN se musf flizptisobovat vyvoji poZadavku séasné
lékarské edy, aby mohla poskytovat odpovidajici
informace. Na druhé strénse vSak od ni pozaduje,
Podminkou spolehlivosti informaci je co nejdokonalejsi @by byla stabilizovana v dostate dlouhémcasovém
Klasifikace jevll. SloZitost uspadani Klasifikace, —obdobi, aby byla jednotna pro cely&y protoze jen
zvIase pak mezinarodni, spiva v tom, Ze jiné tak muvze,slouznja_ko _zaklad pro srovnﬁva}mnerﬁgc’nosn
pozadavky maji lékinebo odborni Iéké (specialisté) ~ Popul&@nich skupin i geneticky odliSnych, Zijicich
plisobici v ambulantni |3 jiné Iékdi v nemocnicich, v ruznych podminkach a poskytovat i informace o
zcela jiné pak pracovnici vysoce specializovanych dlouhodobych trendech vyvoje. Kompromisem mezi
pracovist a vyzkumnych Ustavil. @které pozadavky temito protichudnymi pozadavky bylofieti zasady
mohou vychazet i od nezdravotnickych organizaci a revizi. V soitasné dob se vyuziva jiz Desété revize.
instituci. A tak se stalo, Ze v sbasné dob existuje vice o
neZ 100 rliznych klasifikmich medicinskych systémg  2-1. Historie

a mezi jeden z nejstarSich piai dale popisovanda Jak jiz bylo zmi@no vy3e, pedchiidcem MKN byl
Mezinarodni klasifikace nemaoci. Mezinarodni seznamf{gin Umrti (International List
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of Causes of Death), ktery v roce 1893 prosadil
francouzsky léka Jacques Bertillon na konferenci
Mezinarodniho statistického institutu (International
Statistical Institute) v Chicagu v USA. Tento statisticky
systém zaéalo vyuZivat mnoho statll a v roce 1898 ho
Americka asociace vejného zdravi (American Public
Health Association) (APHA) dopodila k oficialnimu
pouZivani matrikdim v Kana&, Mexiku a Spojenych
statech americkych. Zarokdato asociace dopatila,
aby dochazelo k pravidelnym revizim vzdy po deseti
letech.

V roce 1900 svolala francouzskd vlada prvni
mezinarodni konferenci, jejimz cilem byla revize
Klasifikace gicin amrti. V této dok se jednalo o
jednu, ne pilis objemnou knihu, ktera byla dopgna
abecednim rejikem. DalSi konference byly svolany

v roce 1910, 1920, 1929 a 1938. Az do paté revize
byly provadny pouze ddi zmény v obsahu, bez
zasadniho zasahu do struktury. Po smrti Bertillona v
roce 1922 byla ustanovena "SmiSena komise", ktera
byla sloZena ze zastupcli Mezinarodniho statistického
institutu a Zdravotni organizace Spof®sti narodd
(Health Organization of the League of Nations), ktera
pfipravovala podklady a navrhy k jednani konferenci.

V prtibéhu let vzniklo v jednotlivych zemich mnoho
doplhkll a roz§eni, z nichZz gkteré rozSovaly
klasifikaci @ic¢in umrti i o klasifikaci nefatalnich
nemoci, ale do mezinarodni verze nebyly dlouho
prijaty. V roce 1938 ale mezinarodni konferencégga
rezoluci, kterd obsahovala dopéani, aby byly rlizné
narodni seznamy v maximalni mozn&enzapracovany

do Mezinarodni klasifikacefftin umrti.

V roce 1948 pevzala za klasifikaci zodpé@dnost
Svétova zdravotnicka organizace a Sestou revizi, 0
niz jednala mezinarodni konference WiRa zap&ala
preména systému v univerzalni seznam diagnoz. Nazev
byl zmérén na "Manual of International Statistical
Classification of Diseases, Injuries and Causes of Death"
v Ceském pekladu "Mezinarodni statisticka klasifikace
nemoci, Urazd afpcin amrti" (MKN). Klasifikace byla
vydana ve dvou dilech a obsahovala uz i klasifikaci
duSevnich poruch. Dalsi konference se konaly v letech
1955, 1965 a 1975. Od sedmé revize zaujaly nefatalni
nemoci v tomto seznamu rovnocenné misto a MKN
zahrnula i kédy dalSich okolnosti, které owiyi
kontakt se zdravotnickymi sluzbami.

V souwasné dob se vyuziva desata revize MKN
(MKN-10). V Ceské republice je tato klasifikace v
platnosti od roku 1994. Uk&azalo se ale, Zze stanoveny
desetilety interval mezi revizemi byFis kratky. Prace

na reviznim procesu musely byt zahajenivd, nez
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byla platna verze MKN pouzivana tak dlouho, aby
mohla byt diikladé zhodnocena. P@ba konzultovat s
mnoha zer@mi a organizacengini tento proces velmi
zdlouhavym. Prvni koncept jedenacté revize MKN
(MKN-11) je tedy d@ekavan az kolem roku 2010 a
vydani MKN-11 asi 0 5 let po#gi.

2.2. Obsah a usptadani MKN-10

MKN ma podobuciselniku. Ve verzi MKN-9 byly
kody diagnéz trojcifernéisla. Jednotlivé vyselgiselné
fady odpovidaly skupindm nemoci a stavll. RieEr#
verze, ICD-9-CM obsahovala navic E-kédy vyijafci
vneéjsi @itiny arazll a jejichtisla byla ze stejnéasti
Ciselnéfady jako kody pro Urazy a V-kédy ozéavaly
dalSi faktory ovliiujici zdravotni stav nebo kontakt
se zdravotnickymi sluzbami. Tyto kédy odpovidaji Z-
kédlm v MKN-10.

Jadrem klasifikace MKN-10 jefimistny kod, ktery je
povinnou Urovni kédovani pro mezinarodni hlaSeni o
umrtnosti pro databazi &tové zdravotnické organizace
a pro vSeobecné mezinarodni srovnavani. V. MKN-
10 je prvnim znakem zleva vzdy velké pismeno
latinské abecedy, které udava hlavni kategorii. Znaky
na druhém a fetim misé uruji hlavni skupinu
diagn6z. Za tékou na Ctvrtém, @ipadré i dalSim
nez zdvojnasobeni kédovacich moznosti ve srovnani s
devatou revizi. Z 26 moznych pismen bylo pouzito 25.
Pismeno U bylo ponechano volné pro dipl a znény

a pro mozné prozatimni klasifikace kiegeni potiZzi,
které mohou vzniknout mezi revizemi. Kédy U00-U49
se mohou pouzivat pro prozatimnfiggleni novym
nemocem nejisté etiologie. Kédy U50-U99 mohou byt
pouzity ve vyzkumech, ndfklad zkousi-li se moznosti
alternativniho podtdéni pro zvlastni projekt.

2.3. Kategorie MKN-10
Mezinarodni klasifikace séleni do &chto kategorii:

e InfekEni a parazitalni nemoci (A, B),

— naf. A84.1 — Ceskoslovenska encefalitida
prenasena klistaty,
— B17.1- hepatitida typu C,
e novotvary (C),

— C15.5 — zhoubny novotvar dolnietiny
jicnu,

e novotvary, nemoci krve a imunity (D),

— D52.1 — anémie z nedostatku kyseliny
listové, vyvolana léky,
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e nemoci endokrinni a metabolické (E),
— E66.1 — obezita zplisobena léky,
e nemoci duSevni a poruchy chovani (F),
— F20.0 — paranoidni schizofrenie,
e nemoci nervové soustavy (G),
— G47.1 - poruchy nadérné spavosti,
e nemoci oka a énich adnex, nemoci ucha (H),
— H11.2 —jizvy spojivky,
e nemoci oehové soustavy (I),

— 113.0 — hypertenzni nemoc srdce a ledvin s
(méstnavym) selhanim srdce,

e nemoci dychaci soustavy (J),
— J37.0 — chronicka laryngitida,

e nemoci travici soustavy (K),
— K70.4 — alkoholické cirh6za jater,

e nemoci klize a podkozniho vaziva (L),
— L70.0 — acne vulgaris,

e nemoci svalové a kosterni soustavy (M),
— M24.2 — poruchy vazd,

e nemoci m@&ové a pohlavni soustavy (N),
— N21.1 — kdmen v mgové trubici,

e téhotenstvi, porod, Sestinglfl perinatalni stavy,
vrozené vady, deformace (O, P, Q),

— 030.2 — EhotenstvEtyfcetné,

— P05.1 — maly plod vzhledem k délce
téhotenstvi,

— Q12.0 - vrozeny zaklad,
e priznaky, znaky a nalezy neizzené jinde (R),
— R78.2 — nélez kokainu v krvi

e poraréni, otravy, nasledky plsobeni &jgich
pricin (S, T),
— S42.0 — zlomenina khi kosti,
— T18.2 —cizi &leso v zaludku,
e zevni [FiCiny nemoci a umrti (V, W, X, Y),

—V86.0 - TFidic zcela terénniho nebo
jiného mimosilnéniho motorového vozidla,
zrareny @i provozni (silnéni) neho@,
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— X34 - pad ze skaly - WI15; aiff

zenefreseni,
— Y06.1 — zanedbani a op@s$ti rodtem,
o faktory ovliviiujici zdravotni stav (2),
— Z54.2 — rekonvalescence po chemoterapii.

3. Minimélni datovy model
zakddovany v MKN-10

pro kardiologii

V ramci Centra biomedicinské informatiky navazujeme
na vyzkum z naSich fedchozich projektll. V letech
2000-2004 bylo jednim z cili vyzkumného centra
EuroMISE - Kardio sestaveni Minimalniho datového
modelu pro kardiologii (MDMK) [7], [8], [9].

Jelikoz je kardiologie velice rozsahly obor, byl MDMK
zangfen pouze na ateroskleroticka kardiovaskularni
onemoceni. Cilem tohoto datového modelu bylo
vytvoreni minimalniho souboru znakl, které je faita
sledovat u pacient z hlediska aterosklerotického
kardiovaskularniho onemoéni, aby mohl byt pacient
nasled@ zd@azen mezi osoby nemocn@ rizikové.
MDMK se sklada z Bkolika skupin znakd. Prvridast
tvori administrativni Gdaje, které jsou f@ebné pro
identifikaci pacienta. Dal&tasti je rodinna anamnéza,
zahrnujici informace o matce, otci a libovolném
poctu sourozencll. Dale nasleduje socialni anamnéza
a toxikomanie, ktera se zafuje na rodinny stav,
fyzickou za&z, psychickou z&¥, fyzické aktivity, miru
koufeni a miru pozivani alkoholuCast MDMK je
vénovana alergiim pacienta, zejména alergiim na léky. V
Casti osobni anamnézy je zjiStovand@pmnost diabetu
mellitu, hypertenze, hyperlipoproteinémie, ischemické
choroby srdéni a jeji konkrétni formy, je zjiStovano,
zda pacient proglal cévni mozkovou fthodu, zda se
IéCi s ischemickou chorobou perifernich tepen, jsou
zde atributy tykajici se aneurysma aorty, ostatnich
relevantnich chorob a u Zen menopauzgagti MDMK
nazvané Satasné obtize mozného kardialniho ptivodu
se |ékdi zaméfuji na duSnost, bolest na hrudi, palpitace,
otoky, synkopu, kaSel, hemoptyzu a klaudikaci. DalSi
cast MDMK zjiStuje, jakou I€bu pacient podstupuije,
jaky ma fedepsany druh diety a jaké uziva lékyC¥sti
fyzikalnich vySetteni se zjiStuje pacientova hmotnost,
vyska, lesna teplota, obvod bokt, BMI, WHR, krevni
tlak, tepova a dechova frekvence a patologické nalezy.
Laboratorni vySéeni se zar&uji na glykémii, kyselinu
mocovou, celkovy cholesterol, HDL-cholesterol, LDL-
cholesterol a triaglyceroly. Posledéast MDMK tvdii
atributy vztahujici se k EKG, kde se zjiStuje rytmus,
frekvence, prararné intervaly PQ a QRS a je zde prostor
pro celkovy popis EKG.
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1. Cast — Alergie

Atributy z MDMKP Termin v MKN 10 Kéd MKN 10 English equivalent SNOMED CT
(Concept ID
alergie gitomna alergie T78.4 allergy manifested nenalezenp
alergie na léky alergie na lék T88.7 drug allergy (disorder) 416098004
allergic reaction to drug (disorder) 416093006
2.Cast — Osobni anamnéza
diabetes typu | E10.- diabetes mellitus type 1 (disorder) 46635009
inzulin dependentni E10.- insulin-treated non-insulin- 237599002
diabetes mellitus dependent diabetes mellitus (disorder
téhotensky 024.4 pregnancy and insulin- 2376260094
dependent diabetes mellitus (disorder
hypertenze Esencialni (primarni) 110 essential hypertension (disorder) 59621000
hypertenze
hyperliprototeinemie E78.5 hyperlipoproteinemia (disorder) 3744001
Fredericksonova typu IV E78.1 Fredrickson type IV 238085009
hyperlipoproteinemia (disorder)
hyperlipoproteinémie Fredericksonova typu | E78.3 Fredrickson type | 238086004
hyperlipoproteinemia (disorder)
Fredericksonova typu lla E78.0 Fredrickson type lla 397915007
hyperlipoproteinemia (disorder)
ischemicka choroba ischemie koronarni 125.9 ischemic heart disease (disorder) 414545004
srdé&ni - ICHS
ICHS - rema ischemie | ischemie Bma (asymptonicka) 125.6 silent myocardial ischemia (disorder) 233823002
ICHS - infarkt infarkt myokardu, myokardialni 121.9 myocardial infarction (disorder) 222980064
myokardu (akutni nebo s dobou
trvani 4 tydny nebo mé
ICHS - srdéni selhani | selhani srdce akutni (nahlé 150.9 acute heart failure (disorder) 56675007
selhani srdce Bstnavé 150.0 acute congestive heart failure (disordern) 10633002
ICHS - arytmie arytmie (srdén) 149.9 abnormal pulse rate (finding) 111972004
aneuryzma aorty 171.9 aneurysm of aorta nenalezenp
aneuryzma aorty syfilitické | A52.0 +179.0*|  syphilitic aneurysm of aorta (disorder) 12232008
aneuryzma aorty kongenitalrji Q25.4 congenital aneurysm of aorta (disorder| 16972009
aneurysmata aorty aneuryzma aorty hrudni 171.2 chronic dissecting aneurysm 428326004
(oblouku) of thoracic aorta (disorder)
aneuryzma aortyfisni 171.4 repair of aneurysm of abdominal 405525004
aorta (procedure)
aneuryzma sestupné aorty 171.9 aneurysm of descending aorta (disordefr) 426948001
menopauza N95.1 menopause present (finding) 28990300¢
menopauza ugia N95.3 artificial menopause (qualifier value) 67886002
menopauza od menopauzaiedtasna E28.3 premature menopause NOS (qualifier value) 237789004
menopauza chirurgicka N95.3 postsurgical menopause (disorder) 371036001
3. Cast — Sotasné potize mozného kardiovaskularniho ptivodu
dusnost dusnost R06.8 asthma (disorder) 187687003
bolest na hrudi bolest hrudniku R07.4 dull chest pain (finding) 3368006
palpitace palpitace (srdce) R00.2 (palpitations) or 161965004
(awareness of heartbeat) or
(fluttering of heart)
synkopa synkopa srdéni R55 syncope (disorder) 271594007
kasel kasel R0O5 cough 158383001
hemoptyza hemoptyza R04.2 haemoptysis 158384007

Tabulka 1: Vybrané atributy MDMK zakédované pomoci MKN-10 a SNOMED CT
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Na zaklaé@ MDMK byla vytvofena softwarova aplikace
ADAMEK (Aplikace Datového Modelu EuroMISE
centra— Kardio). Po jejim dok@eni byl od llezna 2002
zahajen sbr dat v ambulanci preventivni kardiologie
EuroMISE centra, ktera je spravovana édiskou
nemocniciCaslav. V sotiasné dob jsou v databazi
ADAMEK zaznamenana data o 1289 pacientech.

Jelikoz je Mezinarodni klasifikace nemoci jednou z
mala mezinarodnich medicinskych klasifikaci, které
jsou pelozené doceského jazyka, pokusila jsem se
zakddovat terminy Minimalniho datového modelu @rav
pomoci této klasifikace, které uvadi tabulka 1. Pro
srovnani jsou uvedeny roga kody atributi MDMK v
systému SNOMED CT.

Jak ze samotného nazvu Mezinarodni klasifikace
nemoci vyplyva, je mozné tuto klasifikaci pouzit
zejména pro zakdédovani nemoci, syndromd,
patologickych stavli, por&@mi, obtizi a jinych dtvodi
pro styk se zdravotnickymi sluzbami, tj. toho typu
informaci, které byvaji registrovany léiean. Bohuzel,
pomoci této klasifikace tedy nemltizeme zakddoadt
atributl Minimalniho datového modelu pro kardiologii,
jako nap. rodinny stav, vzdlani, psychickou zat,
fyzickou zaéz, €lesnou aktivitu, kokeni, piti alkoholu,
fyzikalni vySeteni (hmotnost, vySkagétesna teplota,
obvod past, obvod bokl, BMI, WHR, atd.), laboratorni
vySefeni (celkovy cholesterol, HDL-cholesterol) a
ani popis EKG. MNK se hodi pouze pr@asti
Minimalniho datového modelu pro kardiologii tykajici
se osobni anamnézy a pro $asné potize mozného
kardiovaskularniho plivodu (viz tabulka 1).

4. Zaver

Zakladem sémantické interoperability heterogennich
zdravotnickych informénich systémi je mapovani
atributll Bchto systémil na mezinaradrpouzivané
klasifikatni systémy. Nespornou vyhodou Mezinarodni
klasifikace nemaoci je jeji oficialnifpklad doCeského
jazyka. Velikou nevyhodou je ale jeji omezeni pouze
na diagnozy a ipznaky nemoci a tudiz nemoznost
zakdédovat vSechny problémy nebdigny styku se
zdravotnickymi sluzbami. Proto se jako vyhaii
pro naSe Gely jevi mezinarodni klasifikani systém
SNOMED CT, coz je komplexni klinicka terminologie,
detailré popséana v [3], jejiz neptSi nevyhodou ale je
jeji neexistence ¥eském jazyce a proto ji nelze pouzit
ve zdravotnické praxi.

PhD Conference '09

101

Literatura

[1] P. Petkova, Mezinarodni nomenklatury a
metatezaury ve zdravotnictvi. Doktorandsky den
2005. MATFYZPRESS 2005, ISBN 80-86732-56-
8.s.109-116.

[2] P. HeCkovd, Jazyk Ilékmskych  zpréav.
Doktorandsky den 2007. MATFYZPRESS
2007, ISBN 978-80-7378-019-7, s. 75-79.

[3] P. HeCkovd, SNOMED CT a jeho vyuziti v
Minimalnim datovém modelu pro kardiologii.
Doktorandsky den 2008. MATFYZPRESS 2008.
ISBN 978-80-7378-054-8. s. 99-105.

[4] Mezinarodni statisticka klasifikace nemoci a
pfidruzenych zdravotnich provblémﬁ. Deséata
revize. Instruktaznifprucka. UZISCR. 1996.

[5] http://www.uzis.cz/cz/mkn/.
[6] http://lwww.who.int/classifications/icd/en/.

[7] J. Adaskova, Z. Anger, M. Aschermann, V.
Bencko, P. Berka, J. Filipovsky, L. Gala T.
Grus, H. Griinfeldova, T. Haas, P. Hanus, P.
Hanzl€ek, |. Holcatova, K. Hrach, R. JirouSek,
E. Kejfova, D. Kocmanova, J. KofaP. Kotasek,

E. Kralikova, M. Krupdova, M. KylouSkova, M.
Maly, R. Mare§, M. Matoulek, I. Mazura, V.
Mrazek, L. Novotny, Z. Novotny, L. Pecen, J.
PeleSka, M. Prazny, P. Pudil, J. Rames§, J. Rauch,
J. Reissigova, H. Rosolov4, B. Rouskovafiha,

P. Sedlak, A. Sldmova, P. Somol, $uz, V.
Svatek, D. Sabik, S. Simek, J. Skvor, J. Spidlen,
J. Stochl, M. Tomékova, V. Umnerova, K. Zvara,
J. Zvarova: Navrh miniméalniho datového modelu
pro kardiologii a softwarova aplikace ADAMEK.
Interni vyzkumna zprava EuroMISE Centra —
Kardio. Prahafijen 2002.

[8] M. Tometkova: Minimalni datovy model
kardiologického pacienta — vgb dat. Cor et

Vasa, 2002, Vol. 44, No. 4 Suppl., s. 123.

R. Mare§, M. Tomékova, J. PeleSka, P. Hariak,

J. Zvarova: Uzivatelska rozhrani pacientskych
databazovych systémll — ukazka aplikacéeungé
pro skér dat v ramci Minimalniho datového
modelu kardiologického pacienta. Cor et Vasa,
2002, Vol. 44, No. 4 Suppl., s. 76.

9]

ICS Prague



Martin Rimn&

Experimenty s RDF Uloziétn dat

Experimenty s RDF GloziStém dat a reputacemi zdroju

doktorand: . .
ING. MARTIN RIMNAC

Ustav informatiky AVCR, V. V. i.
Pod Vodarenskouézi 2

Skolitel:

ING. JULIUS STULLER, C<C.

Ustav informatiky AVCR, V. V. i.
Pod Vodarenskouazi 2

182 07 Praha 8
rimnacm@ecs.cas.cz

182 07 Praha 8
stuller@cs.cas.cz

obor studia:
Databazové systémy

Prace byla astetné podpoFena projektem 1M0554 Ministerstva Skolstvi, mladeze a t&lovychovy CR "Pokrotilé
sanacni technologie a procesy” a zamérem AV0Z10300504 “Computer Science for the Information Society:
Models, Algorithms, Applications”.

Vize sémantického webu se v dnesni dglonejvice  jsou poz@ji potvrzovany ostatnimi (pomalejSimi)
uplatiuje @i popisu struktury a sémantiky dat ve UloziSEmi, budou mit vysoké reputace, UloEidEzre
formé ontologii. Prezentovana prace se snazi ukazatnabizejici Udaje zcela odliSné od ostatnich budou mit
Ze je vhodné ji pouZzit nejen pro popis dat, ale i reputaci minimalni. Specialnin¥igptvkem k reputaci

pro jejich samotné sdileni. Za timta&é€lem navrhuje
samoseorganizujici Uloz&RDF dat - trojic (pednet,
vlastnost, hodnota). Data poskytovana rliznymi zdroji
mohou byt vzajem@ nekonzistentni (tak, jak jeginé

u klasickych webovych zdrojll). Tato nekonzistence
miiZe byt zplsobena riiznorodymi okolnostmi¢ipaje
chybnymc€i neffesnym fiifazenim, pes aktualizaci dat
az po zararné vkladani Izivych informaci.

RDF ulozisé mize byt sotésti \#tSiho propojeného
celku - prostedi. Toto prosedi umohuje vzajemg
sdilet jak popis dat, tak identifikatory (URL) samotnych
objektli popisovanyctémito daty. V takovém progdi

je mozné jednoduSe vyttt inverzni indexy (které
Ulozis€ prezentuje informace o daném objektu) a na
jejich zéklagd pfi dotazovani poskytnout co mozna
nejlplrgjsi moznou odpadd’. Ta [Firozere muize
obsahovat i nekonzistetbasti.

Nebot neni zadouci automatickiesSit nekonzistenci
dat, prace navrhuje ohodnotit jednotlivé nekonzistetni
casti pomoci nepmé miry. Tato mira je zalozena na
reputacich ddich ulozist prezentujici hodnocendést

informace. Reputace Uloz&tse odviji od mnohych
faktorli, napiklad:

priiniku prezentovanych dat,

potvrzovani dat rliznymi zdroji (aktualizace dat),
nekonzistence dat,

aktualizace dat monoto@rse vyvijejich procest.

Zatimco Ulozig poskytujici identicka data, respektive
Ulozise, jejichz Casté a Uasné aktualizace dat
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mlzZe byt i aktudlnost prezentovani dynamicky se
vyvijejicich dat. Ta vS8ak mlize byt definovana jen
pro procesy, které se vyvijeji monotann(existuje
uspdadani stavll takové, Ze proces muzgjippouze do
stavll v usptadani nasledujicich za aktualnim stavem).
Tento parametr mliZe razétovlivnit celkovou reputaci
daného UloZi&, nebot jakakoliv nog aktualizovana
informace je vzdy nekonzistetni proti zastaralému stavu.

Cilem pgispévku je  podrobné imdstaveni
experimentalntasti z kapitoly [1]. Kapitola se obeén
zangEfuje na inkrementalni odhad struktury dat a
vénuje se problematice sdileni RDF trojic v presi
GloZist vCetrg diskuze pouZiti reputaich systému
pro hodnoceni kvality Ulozist. DalSi experimenty
véetré sledovani monotonnich procest jsou GEimii
nové pipravované kapitoly [2] roz8ijici poznatky

z pfedchozi kapitoly do aplikace v prdeti
sémantického webu.
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Abstract E-puck is a widely used robot for scientific and

educational purposes - it is open-source and low-
The robot localization problem is a cost. Despite its cheapness and limited sensor system,
fundamental and well studied problem in localization can be successfully implemented, as will be

robotics research. Algorithms used to estimate
pose on the map are usually based on Kalman or
particle filters. These algorithms are able to cope
with errors, that arise due to inaccuracy of robot 2. Introducing E-puck robot
sensors and effectors. The performance of the
localization algorithm depends heavily on their
quality.

This work shows performance of
localization algorithm based on particle filter
with small miniature low-cost E-puck robot.
Information from VGA camera and eight
infrared sensors are used to correct estimation of
the robot’s pose.

shown in this article.

1. Introduction

The robot localization problem is a fundamental and
well studied problem in robotics research. Several
algorithms are used to estimate pose on the known mapFlgure 1: Miniature e-puck robot has eight infrared sensors
and cope with with errors, that arise due to inaccuracy of and two motors.

robot sensors and effectors. Their performance depends

heavily on quality of robot's equipment: the more E-puck (Figure 1) is a mobile robot with a diameter of

precise (and usually more expensive) sensors, the betterO© mm and a weight of 50 g. The robot is supported
results of localization procedure. by two lateral wheels that can rotate in both directions

and two rigid pivots in the front and in the back.
This work deals with localization algorithm based The sensory system employs eight “active infrared
on particle filter with small miniature low-cost E- light” sensors distributed around the body, six on one
puck robot. Information from cheap VGA camera and side and two on other side. In “passive mode”, they
eight infrared sensors are used to correct estimationmeasure the amount of infrared light in the environment,
of the robot’s pose. To achieve better results, severalwhich is roughly proportional to the amount of visible
landmarks are put into the environment. We assume,light. In “active mode” these sensors emit a ray of
that robot knows the map of the environmentin advance infrared light and measure the amount of reflected light.
(distribution of obstacles and walls in the environment The closer they are to a surface (the e-puck sensors
and position of the landmarks). We do not consider the can detect a white paper at a maximum distance of
more difficult simultaneous localization and mapping approximately 8 cm), the higher is the amount of
(SLAM) problem in this work (the case, when robot infrared light measured. Unfortunately, because of their
does not know it's own position in advance and does not imprecision and characteristics (see Figure 2), they can
have the map of the environment available). be used as bumpers only. As can be seen, they provide
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high resolution only within few milimeters. They are
very sensitive to the obstacle surface, as well. Besides
infrared sensors, robot is equipped with low-cost VGA
camera. The camera and image processing will be
described in the following section.

12

10
g 81 Figure 3: Differential drive robot schema.
o
g of the robot can be estimated by looking at the difference
I i in the encoder valued\srp and Asy. By estimating
a . | the position of the robot, we mean the computation
o L - of tuple z,y,© as a function of previous position
0 : . . ; : . : (xroLp,yorLp,Oorp) and encoder values\sr and
U] 500 1000 1500 2000 2500 3000 3500 4000 ASL).
IR Value
Figure 2: Multiple measurements of front sensor. E-puck was T ToLD Az
placed in front of the wall at a given distance and Y = YyoLD + Ay (1)
average IR sensor value from 10 measurements 0 foLp Af
was drown into the graph.
ASR — ASL
Two stepper motors support the movement of the Af = I 2
robot. A stepper motor is an electromechanical device
which converts electrical pulses into discrete mechanical A A
movements. It can divide a full rotation into a 1000 As = DSR+ ASL ©)
steps, the maximum speed corresponds to about a 2
rotation every second.
Af
3. Related work Az = As.cos(0+ =) )
Algorithms for robot localization are described in [1].
i Af
Most popular_approgches are bas_ed on on Kalman filter Ay = As.sin(f + =2 (5)
(or some of its variants) or particle filter (PF). Both 2

approaches have their pros and cons. Particle filters
are very easy to implement, but approximate posterior The major drawback of this procedure is error
probability by random sample of states. Algorithms accumulation. At each step (each time you take an
based on Kalman filter rely on a fixed functional form encoder measurement), the position update will involve
of the posterior, but tend to work only if the position Some error. This error accumulates over time and
uncertainty is small. therefore renders accurate tracking over large distances
impossible (see Figure 4). Tiny differences in wheel
diameter will result in important errors after a few
4. Dead reckoning meters, if they are not properly taken into account.

Dead reckoning (derived originally from deduced

reckoning) is the process of estimating robot’s current
position based upon a previously determined position.
For shorter trajectories, position can be estimated using \aximum translational velocity 12.8cm/sec
shaft encoders and precise stepper motors.

Parameters Value

Maximum rotational velocity 4.86 rad / sec
E-puck is equipped with a differential drive (Figure 3) gi& l?]ecrerg(()att(xen;?;::gzm speed 5+é t?r?o steps / sec

- a simplest method to control robot. For a differential

drive robot the position Table 1: Velocity parameters of E-puck mobile robot.
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detects relative position of the landmark from the robot.
Following steps are included:

Gaussian filter is used to reduce camera noise.

e Color segmentation into the red, blue and green

color.
Figure 4: lllustration of error accumulation. Robot was e Blob detection is used to detect position and size
ordered to make 10 squares of size 30 cm. of the objects on the image.
Odometry errors are caused mostly by rotation
movement.
e Object detection is used to remove objects from
5. Image Processing image, that have non-rectangular shape.

The robot has a low-cost VGA camera with resolution

of 480x640 pixels. Unfortunately, the Bluetooth oyiputfrom the image processingis the relative position
connection supports only a transmission of 2028 colored 5nq color of the detected landmarks (for example - | see
pixel. For this reason a resolution of 52x39 pixels (edjandmark by angle 15 degrees).

maximizes the Bluetooth connection and keeps a 4:3
ratio. This is the resolution we have used in our
experiments (see Figure 5). Another drawback of the

camera is that it is very sensitive to the light conditions. 6. Monte-Carlo Localization

As was shown, pose estimation based on dead reckoning
is possible for short distances only. For longer
trajectories, more clever methods are needed.

The PF possesses three basic steps - state prediction,
observation integration and resampling. It works with
quantity p(z;) - the probability, that robots is located

at the positionz; in time ¢t. In the case of PF, the
probability distribution is represented by the set of
particles. Such a representation is approximate, but can
represent much broader space of distributions that, for
example, Gaussians, as it is nonparametric.

Figure 5: The physical parameters of the real camera Each particl_eargm] is a hypothesis, where the robot
(picture taken from [2]) Camera Sett|ngs used in can be at timet. We ha.ve used\/f partIC|eS In our

experiments corresponds to parametets 6 cm, experiment. The input of the algorithm is the set of
b=4.5cm,c=55cm,a = 047rad,3 = 0.7 particles X;, most recent control commangd and the
rad. most recent sensor measurements

Despite these limitations, camera can be used to detect
objects or landmarks. However, the information about

. ) 1. State prediction based on odometry.
distance to the landmark extracted from the camera is P y

not reliable (due to the noise), and we do not use it in The first step is the computation of temporary
following section. particle setX from X,. It is created by applying
odometry modelp(x¢|us, x¢—1) to each particle

Landmarks are objects of rectangular shape of size
5x5 c¢cm and three different colors - red, green and
blue. We implemented image processing subsystem, that

a:Lm] from X,.
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P(XX.4,U.)

Figure 6: First step in PF algorithm - to each position
hypothesis z;—1 is applied odometry
model based on movement_; and new
hypothesisz: is sampled from distribution
p($t|$tf1,ut71)-

2. Correction step - Observation integration

The next step is the computation imfiportance
factor wﬁm]. It is the probability of the
measurement; under particlezgm], given by
[m]

i)

wi™ = p(z|e

Two types of measurements were considered:

7. Experiments

Experiments were carried out in an arena of size 1x0.75
meters. Three landmarks (red, blue and green, one of
each color) were placed into the arena, as shown on
Figure 7 Robot was controlled by commands sent from

e -

Figure 7: Second step in PF algorithm - each particle
is assigned a importance factor, corresponding
to the probability of observation;. If image
processing detects two landmarks on the actual
camera image, particlésand1 will be assigned
small weight.

computer, values from sensors were sent back to

e Measurement coming from distance sensors computer by using Bluetooth. Execution of each

Distance sensor
for front, left, right and back direction)

were used as bumpers only. In case of
any contradiction between real state and
hypothesis, importance factor was decreased

correspondingly.

e Measurement obtained from image
processing
Output from image processing was

compared with expected position of the
landmarks. In case of any contradiction
(colors and relative angle of landmarks
were checked), importance factor was

decreased. The bigger mismatch, the smaller
importance factor was assigned to the

hypothesis.

3. Re-sampling

The last step incorporates so-calledportance
sampling The algorithm draws with replacement
M particles from temporary seX and creates
new particle sei;, ;. The probability of drawing

each particles is given by its importance weight.

This principle is sometimes calleirvival of the
fittest
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command took 64 miliseconds. The experiment started
by putting robot into the arena and randomly distributing
2000 particles. After several steps, the PF algorithm
relocated the particles into real location of the robot. The
robot was able to localize itself. The convergence of the
algorithm depends on the fact, if robot is moving near
the wall or in the middle of the arena. The impact of
infrared sensors was obvious. Algorithms were verified
in the simulator ([11]) and in reality, as well. The video
demonstration can be found at ([12]). The localization
algorithm was able to cope with even bigger areas, up
to the size of three meters. However, we had to add
more landmarks to simplify the localization process.
Localization algorithm showed satisfiable performance,
relocating hypothesis near real robot pose.

8. Conclusions

Localization and pose estimation is an opening gate
towards more sophisticated robotics experiments.As we
have shown, the localization process can be carried out
even with low-cost robot. Experiments were executed
both in simulation and real environment. A lot of work
remains to be done. The experiments in this work
considered static environment only. Addition of another
robot will make the problem much more difficult. As
we have mentioned already, there are certain areas in
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the environment, where convergence of the localization [4] R.C. Arking, Behavior-Based RoboticThe MIT
algorithm is very fast - in corners or near walls. Sensor Press, 1998.

fusion is the process of combining sensory data from 5] L.G. Shapiro and G.C. Stockman, "Computer
disparate sources such that the resulting information Vision”, page 137, 150. Prentence Hall, 2001.

is in some sense better than would be possible when

these sources were used individually.We are dealing[®] J- Bruce, T. Balch, and M. Velosofast and
with sensor fusion of infrared sensors and input from Inexpensive  Color Image Segmentation for
camera. As a future work, we would like to implement Interactive RobotsIn Proceedings of IROS-2000,
path planning, that takes into account performance of 2000, 2061-2066.

the localization algorithm. Suggested path (generated by[7] http://www.v3ga.net/processing/BlobDetection/
path planning algorithm) should be safe (the chance to index-page-home.html.

get lost should be small) and short. Multi-criterial path 8]
planning will be based on dynamic programming([13]).
The idea is to learn areas with high loss probability from

R.E. KalmanA new approach to linear filtering and
prediction problemsTrans. ASME, Journal of Basic
Engineering 82:35-45.

experience. ] o ]
[9] R.Y. Rubinstein,Simulation and the Monte Carlo
Method, John Wiley and Sons, Inc.
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Abstrakt
Ontologie jsou srdcem sémantického
webu. S rostoucim vyuzivanim ontologii

v nejrlizréjSich oblastech ady a proimyslu
vznikaji rozsahlé ontologie (nap GALEN,
DICE,..). S tim jak roste velikost ontologif

V diisledku toho vznikl pozadavek na moZznost
rozceleni rozsahlych monolitickych ontologii
na mensi ucelenéasti. Schopnost extrahovat
smysluplnou €ast z rozsahlé ontologie je
zakladem pro znovupouziti ontologifimavrhu
novych ontologii.

V tomto €lanku jsou prezentovany zaklady
problematiky modularizace ontologii — co je
chapano pod pojmem modularizace, jaké jsou
jeji cile a jaké jsou v satasné dob pouzivané
metody.

1. Uvod

Modularita je klEovym pozadavkem pro mnoho uloh
tykajicich senavrhu, udrzby a integracentologii,
zejménarozsahlych ontologji pfi kterém obyejré
spolupracuje mnoho navrhaflinebo g sluCovani
nezavisle vy-vinutych ontologii do jedné. Bohuzel, ve
srovnani s jinymi disciplinami, jako je nagsoftwarove
inZenyrstvi, kde jsou pojem a techniky modularizace jiz
zavedeny a hofavyuzivany — v ontologiich je modula-
rizace relative nova.

Moderni ontologické jazyky, jako OWL, jsou zaloZeny
na logice (special na deskripni logice), nasledkem
¢ehoz se jevi jako vyhodné vzit v Gvahu u pojmu
modularizace zejménasémantiku ontologie danou
prislusnou deskrigni logikou a jeji dlisledky.

Na modularizaci miize byt nahlizeni@mi rozdilnymi
zpusoby [1].
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e modularizace je proces, ktempzdéli rozsahlou
ontologii na menSi ¢asti(moduly. Tomuto
procesu sdika dekompozice vychozim bodem
je cela ontologie; cilem jsou moduly.

e modularizace mlZe byt chapana jakwoces
skladani mensich ontologii (modulll) do jedné
vétsi ontologieVychozim bodem tohoto procesu
je sada modult; cilem je nova ontologie. Tento typ
modularizace vyZaduje specifikaci mechanismi
pro stavbu nové ontologie z jednotlivych modull,
jako jsou nap. mapovaci pravidla.

e alternativni vnimani modularizace je na udrovni
navrhu. Zakladni mysSlenkou je, Zdimavrhu
nové ontologie jiz zname cilové moduly a proto
sowtasre s definici jednotlivych prvkl ontologie
jiz definujeme do kterého modulu dany prvek
pafi. Tento zplisob modularizace je vykonavan
tzv. za letu jako vedlejSi produkt navrhu
ontologie.

V tomto ¢lanku se budeme hlagnzabyvat procesem
rozcéleni rozsahlé ontologie do sady mensich ontologii
— moduld, tedy dekompozici.

Predstavme si, ze chceme navrhnout ontologii O1, ktera
bude popisovat vyzkumné projekty. V této ontologii
pouzijeme terminy jako je nap Cysticka Fibrosa

a Vyvojové poruchypro popis u€itého lékdiského
projektu. Abychom zvysili pesnost naSi ontologie,
chceme fidat dal3i detaily o vyznameckehto pojm,

o kterych gedpokladame, Ze jsou jiz definované
v jiné ontologii O2. Necht je tato ontologigfis velka,
abychom ji mohli importovat jako celek. Proto v praxi
potfebujeme z této rozsahlé ontologie extrahovat pouze
tu ¢ast ontologie (modul) M, kter& zahrnuje souvisejici
pojmy. Ideal®, modul mé& byt co nejmensi, ale tak, aby
jeSe zachytil vyznam pouzitého pojmu.
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V Gvodu ¢lanku je seznameni se zaklady problematiky 2.4. Personalizace

modularizace ontologii, v dal§&sti jsou vymezeny cile
modularizacedast 2) a definice modul@4st 3).Cast 4
seznami s problematikou kritérii modulariégst 5 dava
zakladni gehled pouZzivanych metod.

2. Cile modularizace

Porozun&éni tomu, co modularizacefgsré znamena a
jaké jsou jeji vyhody a nevyhody, které miZeme od
modularizace ontologii @kavat, zavisi na cilech [1]
modularizace.

2.1. Rozsiitelnost

Rozsfitelnost je vSeobecnym cilem, ktery vidi
modularizaci jako zplisob jak udrZewykonnost’
navrh&l na rozumné Urovni. Zakladni myslenkou je,
Ze navrhd@ jsou ‘dobfe’ vykonni @i navrhu mensich
ontologii, gicemzs rostouci velikostbntologii jejich
vykonnost klesaa zvySuje se chybovostento cil
modularizace je #&tSinou svazan sdekompozi¢nim
pfistupem

Z pohledu dekompozice miizeme rg#tginost rozelit
do dvou podtémat :

e RozSfitelnost pro ziskavani znalosti:
Tento cil modularizace ma lokalizovat
vyhledavaci prostor pro ziskavani znalosti unit
ohranteného modulu.

e RozSfitelnost pro vyvoj a udrzbu:
Tento cil modularizace se sotedi na dopad
aktualizaceauvnitf ohranteného modulu.

2.2. Opetovné pouziti

Opétovné pouziti je date znamy cil v softwarovém
inZenyrstvi. Optovné pouziti je viéino jako zakladni
motivace pro pistup skladani ontologii z menSich
modulll. Nicmée, Ize ho aplikovat i na dekompdxzii
pristup, kde by ral vést k dekompoZnim kritériim
zalozenych na igdpokladané afovné pouzitelnosti
modult.

2.3. Srozumitelnost

Znanym problémem i zkoumani ontologie je
schopnost porozuét jejimu obsahu. Je to jednodussi
pokud je ontologie mala. Velikost, nicm&nale neni
jedinym kritériem, které ma vliv na pochopeni obsahu
ontologie.
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Vlastnik informaci je zndm jako dillezity faktor, ktery
musi byt bran v Gvahufptvorbé kooperujicich systému.
Toto miZzeme aplikovat i na ontologii a to Fgsto,
Ze mnoho ontologii je viéno jako véejné dostupné
zdroje. Vlastnik v &chto gipadech poskytuje kritéria
pro dekompozici ontologie na mer&isti (moduly).

3. Definice modulu

Ackoli nastroje pro navrh a spravu ontologii mohou
pracovat s ontologii skladajici se z jednotlivych axiomu,
z hlediska uziténosti modul nemtize byt libovolnou
podmnozinou ontologie.

Modul je definovan jakoCast ontologie, kterddava
smysI'[1].

Mlze se jednat o smysl aplikacniho hlediskat.j.
modul je schopny poskytnout rozumnou odpdv
alesp@ na jeden dotaz, pro ktery je navrzen. Nebo se
miiZe jednat o smysl z hlediska systému, t.j. modularni
organizace je schopnalepSit vykonalesp@ jedné
sluzby, které systém poskytuje. Néitost této definice

se odrazi naubjektivnpovaze rozhodovani o tom, co je

a co neni povazovano za modul.

Definovani modulu jako podontologiesub-ontology
vysvetluje skut&nost, Ze ontologie je ro#&tena do
jednotlivych modulll. Obracén modul miZe byt
povazovan za samostatnou ontologii pdely, kdy neni
vyzadovan pistup k jinym modultim v dané sad

Modulem mohou byhezavisle vyvinuté ontologikteré
spolu tvdi novou ontologii. To je kompoZni pristup

k modularizaci ontologii. Nebo na druhou stranu modul
miiZe bytvytvoren rozdélenim existujici ontologikoto
rozcéleni mtize byt “rani” nebo automatické pomoci
nékterého z nastrojll pro spravu ontologii.

4. Kritéria modularity

Najit vhodna kritéria pro dekompozici je zZtraa vyzva.
Spoléhat se n&loveka je nejjednodusSieseni, ale
obecré neni vzdy uspokojujici a navic velmi zavisi na
zkuSenostech danélimveka.

V dekompozici zaloZzené pouze ioveku je vhodné,
aby se jiz pi navrhu ontologie identifikovaly skupiny
komponent, které maji byt drzeny pohrorddd jednom

modulu), nez se poté dotazovat na usisjednotlivych
komponent ontologie (ndprelaci, axiomd,. . .).

Implementace  automatické €i  poloautomatické
dekompozini strategie v aplikaci vyZzaduje znalosti
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o pozadavcich dané aplikace. Tato znalost miiZe bytschopnost umistit kaZzdy koncept na odpovidajici misto
ziskana, nap analyzou dotaz{l, které jsou adresovany v kompletni RDF hierarchii.

ontologii a ukladani cest uviitontologie, které jsou
pouzity fi odpovddi na dotaz.Cetnost cest a jejich
prekryvani mohou vést k geni pravidel pro optimalni
dekompozici.

Pristup zaloZeny na vykonu mdZe byt @ jako

5.1.3 RVL

Magkanaraki a kolegové presentuji podobnisfup
jako Volz, jejich systém dovoluje dotazyrgbudovat

v RDFS hierarchii, kdyz vytvi&ji dany pohled [11]. To

strategie, ktera pouze uvaZuje systémové aspekty adovoluje gizplsobit pohledy za chodu aplikace podle

ignoruje poZzadavky aplikace.fiRlady dekompozice
zalozené na vykonu mohou byt algoritmy pro
dekompozici grafu.

5. Metody modularizace

Zakladni rozéleni metod podle [3] :

metody zaloZené na vighu

metody vyuZzivajici sitové algoritmy

extrakce modulu zaloZena batnosti prlichodd
segmentace ontologii

PwbdPRE

5.1. Metody zaloZzené na vyéru

Mnoho praci je inspirovano oblasti databazi
k definovani ontologickych dotazli v syntaxi podobné
SQL.

Metody zalozené na v@u poskytuji dotazy jejichz
vzhled je podobny dotazlim SQL. Totéld tyto metody
intuitivné blizké pro lidi pracujici v oblasti databazi.

Nedostatky @&chto Fistupll jsou, Ze poskytuji
pouze nizkoUrowovy pistup k sémantice ontologie
v dotazovani a resi otazky aktualizace originalni
ontologie v okamziku, kdy je zBrénacast ontologie
vyjmuta jako modul.

Tento @istup je vhodny pro jednorazové ziskani velmi
malychcasti ontologie, které jsou zaené na gkolik
konceptd.

5.1.1. SparQL

Dotazovaci jazyk SparQL [2] definuje jednoduchy

specifickych pozadavki aplikace. Pohledy jsou kolekci
ukazatelll na aktualni koncept &eptavaji existovat po
té, co spini sviij Gel.

5.2. Metody vyuZivajici sitové algoritmy

V oblasti siti je vyuZivan algoritmus pro usigolani uzlt
sitt do souvisejicich oblasti [4]. 8ktei vyzkumnici

v oblasti ontologii analyticky navrhli pouziti podobné
metodiky pro rozéleni ontologii.

Ontologie miiZze byt z tohoto hlediska ®ida jako sit
vzajemre spojenych uzll. fida hierarchie mlize byt
interpretovana jako orientovany acyklicky graf (directed
acyclic graph DAG) a kazdy vztah meZidami miize
byt interpretovan jako spojeni mezi uzly.

5.2.1. Strukturové rozd éleni

Stuckemschmidt a Klein presentuji v [18] metodu
rozceleni hierarchie ffd do modulu. Vyuzivaji hie-
rarchickou strukturuftd a omezeni vlastnosti domény
k rozloZeni ontologie do modulti dané velikosti. Tato
metoda nebere v Gvahu OWL omezeni, ktera mohou byt
¢inna jako pidanda spojeni mezi koncepty. Misto toho se
spoléha na globalni tvrzeni.

Tato metoda primagn slouzi k rozdleni ontologie
do baltkll nebo modulll, aby se ontologie mohla
snaze udrzovat a zignit. Nicmére tento proces zrusi
ptivodni ontologii, vychodiskem je rozloZeni do moduldi
vhodnym algoritmem. Navic ontologie modelované
v OWL maji sklon byt sémanticky bohatSi nez bude
zachyceno jednoduchou sitovou abstrakci.

5.2.2. Automatické rozd éleni pomoci

dotazovaci mechanismus pro RDF. SparQL mize e-spojeni

byt dobry nizkoulrofiovy néastroj pro implementaci
rozckéleni ontologii, ale nerieSenim sam o s&b

5.1.2. KAON pohledy

Grau a jeho kolegové [7] fpdstavili metodu
modularizace OWL ontologii podobnou Figtupu
Stuckemschidta a Kleina. Princip jejichigtupu spoiva
v rozloZeni originalni ontologie pouzitimspojeni [9] a

Volz a kolegové definovali mechanismus zaloZzeny po té drzi jednotlivé moduly vzajerérpropojené. Mo-

na RQL dotazovacim jazyku [19]. ZdUrazi RQL

duly ziskané pomoci tohoto algoritmu jsou forn&ln

pouze jako RDF dotazovaci jazyk, ktery bere v Givahu zpUsobilé k zisk&ni minimalni sady atomickych axiom{
sémantiku RDF schématu. Jejich systém pohledu manezbytnych pro udrZeni logickych vazeb.
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Tato metodologie se nejevi jako vhodna pro
modularizaci ontologii vyuZivajici vySSi ontologii
(upper-ontology [8]. Hodré rozsahlych ontologii se
spoléha naryssi ontologiik udrZzovani vysoké Grovn
organizovani struktury. Z toho vyplyva, Zéistup Graua

a jeho koleglli ma pouze omezene vyuZiti v redlném

S\vete.

5.3. Extrakce zalozena n&etnosti priichodl
RozcEleni ontologie pomoci ¢etnosti prichodd,
podobré jako sitové rozdleni, vidi ontologii jako

sit/graf. LiSi se ale v tom, Ze misto roziéni celého
grafu do modulu, tato metodologiedaa v jednotlivych

uzlech (konceptech) a sleduje jejich spojeni. Tim buduje

seznam uzlti (konceptll) pro extrakci. &y rozdil
je v tom, ze zanechava strukturu originalni ontologie
nedotenou.

Tento zplisob vyuZivaji dvmetody.
5.3.1. PROMT

Noy - Musenova extralni metoda je zadfena na
Cetnosti prlichodd [14], kterd definuje, jak ma byt
ontologie prochazena. Soubofikazli kompleté a
jednoznéné definuje pohled na ontologii a mize byt
sam ulozen jako ontologie.

Noy a kolegové navrhli mechanismus extrakce
ontologie, ale jiz neuvedli jak jejich systém moze byt
pouzit k tvork® vhodnych segmentd.

Tento pistup implementovali jako plug-in modul do
systému Protégé.

5.3.2. MOVE

Bhatt, Wouters a kolegové prezentuji systém zhmot-
néného pohledu ontologické extrakce (Materialized
Ontology View Extraktor - MOVE) pro distribuovanou
extrakci podontologie (subontology) [20]. Jedna se
0 vSeobec@é pouzitelny systém, ktery miiZze pracovat
s libovolnym formatem ontologie. Systém extrakce
nahradni ontologie je zaloZen na uzivatelském 6enj
které pojmy z ontologie zahrne a které vy@buTaké
ma schopnost optimalizovat extrakci zaloZzenou nasad
uzivatelsky volitelnych optimaliZmich schématech.

extrakt zalozeny naéthto fidach a souvisejicich
konceptech. Tyto souvisejicfidy jsou identifikovany
pomoci struktury spojeni ontologie.

Tato metoda je zaloZzena na 4 krocich:
1. Pdchod sm érem nahoru

Tato strategie se jevi jako vhodnd, kdyz konstruujeme
pohled ontologie, ale neni vhodna pro extrakci, ktera
ma byt pouZita v aplikaci, protoZze kazda riddia muize
obsahovat kritické informace.

2. Prichod sm érem doli

Tento algoritmus prochazi ontologii €mem dold od
zvolené tidy, zahrnuje vSechny jeji patidy.

3. Sourozenecké t fidy v hierarchii
Sourozeneckéfidy nejsou zahrnuty v extraktu. Je
rozumné pedpokladat, ze nejsou dostété relevantni,
aby byly zahrnuty standarénUZivatel ale mlize vzdy
explicitné urcit vybér ffid pro zahrnuti do extraktu.

4. Cetnost prichodi vzestupn é
sestupn €& podle spojeni

a

V této chvili jiz mame vybrané&idy podle cilovéitdy,
jejich omezeni, prtnik, spojeni a ekvivalentiidy.
Nyni je poteba zvazit, zda priinik a sjednocefiidt
mohou byt rozéleny do jednotlivych typlifid a zda
mohou byt zpracovany oétere.

6. Zaver

S rostouci velikosti ontologii roste Feba pouzivat
principy modularity k reprezentaci ontologickych
znalosti, aby se usnadnilo vyfehi, Gdrzba a vyuziti
téchto znalosti.

Tento ¢lanek se @noval zakladnimu popisu toho co
se skryva pod pojmem modularizace ontologii, definici
jednotlivych pojmd a metod.

Plan na nejblizSi obdobi géta s blizSim seznamenim
s jednotlivymi metodami modularizace, provedenim

Tato schémata mohou byt ziskana bud' jako nejmensSijejich srovnani a fipadré s navrzenim vylepseni.

mozny extrakt nebo mohou zahrnovat tolik detailll, jak

jen to je mozné. Extrakce miize byt také omezena

pridanim sady dojilujicich omezeni.
5.4. Segmentace ontologie

Zakladni segmentai algoritmus [3] zéina na jedné
nebo vice itidach vybranych uZivatelem a vyiia
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Abstract

Classifier combining is a popular technique
for improving the classification quality.
Common methods for classifier combining
can be further improved by using dynamic
classification confidence measures. In this
paper, we provide a general framework of
dynamic classifier systems, which use dynamic
confidence measures to adapt the aggregation
to a particular pattern. We also introduce
methods for assessing classification confidence
measures, and we experimentally show that
there is a correlation between the feasibility
of a confidence measure for a given dataset and
a given classifier type, and the improvement
of classification quality in dynamic classifier
systems.

There has already been some research done in the field
of dynamic classifier aggregation. Classifier selection
methods [3, 4, 5] try to find out which classifier in the
team is locally better than the other classifiers, and this
classifier only is used for the prediction. The weakness
of these methods is that much of the information is
discarded, which can lead to unstability. In classifier
aggregation [6, 7], where all the classifiers are used for
the prediction, most of the commonly used methods
are static. However, for example Robnik-Sikonja [8]
and Tsymbal et al. [9] study aggregation of Random
Forests with classification confidences, and Avhimelech
and Intrator use dynamic aggregation of neural networks
[10].

In the wider fields of classification, pattern recognition,
and case-based reasoning, the classification confidence

has also been studied, e.g. in [11, 12, 13]. The goal of
such approaches is usually to refuse to classify a given
Classification is a process of dividing objects (called “hard” pattern and to leave the decision to a human
patterng into disjoint sets calledlasseg1]. A comonly expert. However, in classifier combining, where we have
used technique for improving classification quality is a battery of different classifiers if one classifier refuses
classifier combining2] — instead of using just one to classify a pattern, the classification confidence can be
classifier, a team of classifiers is created and trained;used more exhaustively.

each classifier in the team predicts independently,

and the classifier outputs are aggregated into a finallt is although common that the concept of dynamic

prediction. It can be shown that such a team of classifiersclassification confidence is tightly bound with the

can perform better than any of the individual classifiers. aggregation method, or with the particular classifier
type used. In this case, it is not clear whether the

A common drawback of classifier aggregation methods reported improvements are obtained due to a particular
is that they are static, i.e., they are not adapted to aggregation scheme, or because a dynamic classification
the particular pattern to classify. However, if we use confidence was involved in the aggregation process.

the concept of dynamic classification confidence (i.e., Moreover, the way a classifier classifies a pattern, the

the extent to which we can “trust” the output of a way we measure confidence of a classifier, and the way
particular classifier for the currently classified pattern) we aggregate a team of classifiers, are independent on
the aggregation algorithms can take into account the each other, so they should be studied separately.

fact that “this classifier is/is not goddr this particular

patterri.

1. Introduction
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In this paper, we provide a general framework of Definition 1 Let[0, 1] denote the unit interval. We call
dynamic classifier systems, based on three independena classifierevery mappings : X — [0,1]", where for
aspects — the classifiers in the team, the confidencex € X, ¢(x) = (u1(x),...,un(x)) are degrees of
measures of the individual classifiers, and the classification (d.o.cip each class.

aggregation strategy. This allows us to study possible

benefits of using classification confidence in classifier )
combining, regardless of a particular classifier type, The d.o.c. to clas§’; expresses the extent to which the
or a particular confidence measure. The confidencePattern belongs to clags; (if ;(x) > u;(x), it means
measures and the aggregation strategy give us thredhat the patterx belongs to clase’; rather than ta;).
important classes of classifier systems — confidence-P&pending on the classifier type, it can be modelled by
free (i.e., systems that do not utilize classification Probability, fuzzy membership, etc.

confidence at all), static (i.e., systems that use only
“global” confidence of a classifier), and dynamic (i.e.,
systems that adapt to the particular pattern submitted for
classification).

Remark 1 This definition is of course not the only way
how a classifier can be defined, but in the theory of
classifier combining, this one is used most often [2].

Apart from that, we introduce methods for assessing

confidence measures, which can be used for predictingry,o prediction of- for an unknown patters is done
X

whether a dynamic classifier system will perform better ., nyerting the continuous d.o.c. of the classifier into
than a confidence-free or static classifier system. Weacrisp outpu.

define two heuristics for assessing confidence measures,
and we experimentally show that there is a correlation
between the feasibility of a confidence measure and theDefinition 2 Let ¢ be a classifierx € X, ¢(x) =
improvement in the classification quality when usedina (¢1(x), ..., un(x)). Crisp outputof ¢ onx is defined
dynamic classifier system. as¢(e")(x) = argmax;—; . x u;(x) if there are no ties
(i.e., |argmax;=1 .. n ui(x)| = 1), defined arbitrarily
The paper is structured as follows. In Section 2, as¢(®")(x) € argmax;—;,__n wi(x) in the case of ties.
we present the formalism of classification itself
and classification confidence, and we introduce
the framework of dynamic classifier systems. In
Section 3, we deal with methods how the feasibility In addition to the classifier output (the d.o.c.s), which
of classification confidence measures can be measuredpredicts to which class a pattern belongs to, we will
and we introduce two heuristics how the assessment carwork with confidenceof the prediction, i.e., the extent
be done. Section 4 experimentally studies the correlationto which we can “trust” the output of the classifier.
between the feasibility of a confidence measure, and the

improvement in classification when used in a dynamic

classifier system. Section 5 summarizes the paper andP€finition 3 Let¢ be a classifier. We call aonfidence
uncovers our plans for the future research. measuref classifiery every mapping:, : & — [0,1].
Letx € X. ky(x) is calledclassification confidencef

¢ onx.

2.1. Classification Confidence

2. Formalism of Dynamic Classifier Systems
Classification confidence expresses the degree of trust

. we can give to a classifief when classifying a pattern
Throughout the rest of the paper, we use the following ./ +)"_ o means that the classification does not need

i n - i i . o -
notation. Lett’ € R* be an-dimensionafeature space ¢, o correct, whilecy(x) = 1 means the classification
letCy,...,Cny C X, N > 2 be sets calledlassesA is probably correct

patternis a tuple(x, cx ), wherex € X arefeaturesof

the pattern, andx € {1,..., N} is the index of the class A confidence measure can be eitfstatic i.e., it is a

the pattern belongs to. The goal of classification is to ¢onstant of the classifier, dynamici.e., it adjusts itself
determine to which class a given pattern belongs, i.e., t0tg the currently classified pattern.

predictcy, for unclassified patterns. We assume that for

everyx € X, there is a unique classification (e.g.,

provided by some expert), but when we are classifying Definition 4 Let¢ be a classifier and. its confidence
a pattern, we do not know it — due to this fact, we will measure. We calt, statig iff it is constant inx, we call

sometimes refer to a pattern onlyas X. k¢ dynamicotherwise.
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Remark 2 Since static confidence measures are where¢ (") (x) is the crisp output o onx. The
constant, independent on the currently classified difference between (2) and (3) is that in the latter
pattern, we will omit the patters in the notation, i.e., case, there i%(“") (x) instead ofp(°") (y) in the
we will denote their values just as;. indicator.

In the rest of the paper, we will use the indicator operator
I, defined ad (true) = 1, I(false) = 0. The dynamic confidence measures defined in this
section have one drawback — they need to compute
2.1.1 Static Confidence Measures: Afterthe  neighboring patterns ofx, which can be time-
classifier has been trained, we can use a validationconsuming, and sensitive to the similarity measure
set (i.e., a set of patterns the classifier has not beenused. There are also dynamic confidence measures,
trained on; we could also use training patterns, but which compute the classification confidence directly
in that case, the results would be biased) to assesgrom the degrees of classification [10, 11], e.g., the
its predictive power as a whole (from a global view). ratio of the highest degree of classification to the
These methods include accuracy, precision, sensitivity, Sum of all degrees of classification. However, our
resemblance, etc. [1, 14], and we can use these measurg¥eliminary experiments with such measures with
as static confidence measures. In this paper, we will usequadratic discriminant classifiers and random forests
the Global Accuracy measure. show that such confidence measures give very poor
results [15].

Global Accuracy (GA) of a classifier¢ is defined as

the proportion of correctly classified patterns from 2.1.3 The Oracle Confidence Measure: For
the validation set: reference purposes, we also define a so-calleacle
or ? confidence measurerhich represents the “best-we-can-
Z I((b( )(y) = Cy) ” p
do” approach.

(GAa) _ (yey)eM 1

K/¢ - |M| ) ( )
whereM C X x {1,..., N}is the validation set  Oracle (OR) confidenceis equal tol iff the pattern is

and¢(¢”) (y) is the crisp output of ony. classified correctly) otherwise:
i i . OR cr ?

2.1.2 Dynamic Confidence Measures: An H; )(X) _ I(¢( )(X) Z ) (4)

easy way how a dynamic confidence measure can
be defined is to compute some property on patterns
neighboringx. Let N (x) denote a set of neighboring  of course, in practical applications, we cannot use the
patterns from the validation set. In this paper, we define Oracle confidence measure, because we do not know
N(x) as the set ofk patterns nearest ta under  the actual class the pattern belongg)( However, the

Euclidean metric. Now we will define two dynamic  Qracle confidence measure can give us upper bound for

confidence measures which usgx): performance of a classifier system using classification
confidence, and it can also be used to assess the
Euclidean Local Accuracy (ELA), used in  [5], feasibility of a given confidence measure.
measures the local accuracy®in N (x):
> I(gb(”)(y) id ey) 2.2, Cla.s§iﬁer Tearr-15. | | |
(o (BLA) (x) = (y,ey)EN(x) In classifier combining, instead of using just one
¢ |N(x)] ’ classifier, a team of classifiers is created, and the team
2) is then aggregated into one final classifier. If we want
whereg(“")(y) is the crisp output of ony. to utilize classification confidence in the aggregation

process, each classifier must have its own confidence

Euclidean Local Match (ELM), based on the ideas in ’
measure defined.

[12], measures the proportion of patterns\iix)
from the same class asis predicting forx:

3 I(ple") (x) 2 cy) Definition5 Let »r € N, r > 2. Classifier teamis

n(ELM)(x) _ (yaey)EN(X) a tuple (7,K), where7 = (¢1,...,¢,) is a set

¢ - N(x ’ of classifiers, andl = (kg,,...,ke,) IS a set of
[N () b1 ér

3) corresponding confidence measures.
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If a classifier team consists only of classifiers of
the same type, which differ only in their parameters,

computed, these outputs have to be aggregated using
a team aggregatgrwhich takes the decision profile

dimensionality, or training sets, the team is usually as its first argument, the confidence vector as its

called anensemble of classifiersThe restriction to

second argument, and returns the aggregated degrees of

classifiers of the same type is not essential, but it ensuresclassification to all the classes.

that the outputs of the classifiers are consistent. Well-

known methods for ensemble creation bagging[16],
boosting [17], random forests[18], error correction
coded?2], or multiple feature subsehethods [19].

Remark 3 The goal of these methods is to create an

ensemble of classifiers which are batlecurateand
diverse[20]. Here we cite only some of the basic papers

Definition7 Let » N € N, N > 2. A team
aggregatorof dimension(r, N) is any mappingA :
[0, 1N x [0, 1]" — [0, 1],

A classifier team with an aggregator will be called a
classifier systemSuch system can be also viewed as a

about ensemble methods — in the literature, modified Single classifier.

and improved versions of the methods can be found.

In our framework, any method for creating a team (or

Definition 8 Let (7,K) be a classifier team, and let

ensemble) can be used — i.e., ensemble methods aref be a team aggregator of dimensi¢n N), wherer
not competitive to our approach, but they are more or s the number of classifiers in the team, aNdis the
less supplementary. After the classifier team has beemumber of classes. The triple = (T,K, A)is called a
created, the aggregation rule is totally independent of classifier systemWe define amduced classifieof S as

the method by which the team has been created.

If a patternx is submitted for classification, the team of
classifiers gives us information of two kinds — outputs
of the individual classifiers (aecision profil¢, and
classification confidences of the classifiers =n(a
confidence vectyr

Definition 6 Let(7,K), whereT = (¢1,...,¢,),K

X.

(Kgy,---,Ke,), be a classifier team, and let €
Then we defindecision profileZ (x) € [0, 1]V
$1(x) p1a (%) pa,2(x) p1,n (%)
$2(x) p2,1(x)  p22(x) ... p2,N(xX)
T(x) = . = . )
o0/ \ura() 2o por ()
®)
andconfidence vectok(x) € [0,1]"
K Exg
Ry (X
K(x) = . (6)
Ko, (X)

Remark 4 Here we use the notatidh for both the set
of classifiers, and for the decision profile, and similarly
for K. To avoid any confusion, the decision profile and
confidence vector will always be followed ().

2.3. Classifier Systems
After the patternx has been classified by all the

a classifier®, defined as

Depending on the way how a classifier system utilizes
the classification confidence, we can distinguish several
types of classifier systems.

Definition 9 Let (7, K) be a classifier team(7, K) is
called static iff Vi € K : k is a static confidence
measure(7, K) is calleddynamic iff 3x € K : x is
a dynamic confidence measure.

Definition 10 Let.4 be a team aggregator of dimension
(r, N). We callA confidence-fregff it is constant in the
second argument.

Definition 11 LetS = (7, K, A) be a classifier system.
We call S confidence-fregiff A is confidence-free. We
call S static iff (7, ) is static, andA is not confidence-
free. We callS dynamig iff (7, K) is dynamic, and4 is
not confidence-free.

Confidence-free classifier systems do not utilize the
classification confidence at all. Static classifier systems
utilize classification confidence, but only as a global
property (constant for all patterns). Dynamic classifier
systems utilize classification confidence in a dynamic
way, i.e. the aggregation is adapted to the particular
pattern submitted for classification. The different

classifiers in the team, and the confidences have beerapproaches are shown in Fig. 1.
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Figure 1: Schematic comparison of confidence-free, static, and dimelassifier systems.

2.3.1 Classifier Selection: Classifier selection  define three simple aggregation algorithms, based on
methods [3, 4, 5] use some criterion to determine which mean value, each representing confidence-free, static, or
classifier is most suitable for the current patterrand dynamic classifier system. This will allow us to compare
the output of this classifier is taken as the final result — the different classifier systems without bias.

outputs of the other classifiers are entirely discarded.
We will use the notation from Def. 6 and Def. 8. Let

These methods are a special case of dynamic classifie®(x) = A(7 (x),K(x)) = (p1(x),...,un(x)), and
systems — the selection criterion can be viewed asletj =1,..., N.
a dynamic confidence measure evaluated on all the

classifiers in the team, and the team aggregator \jean value aggregation (MV) is the most common

corresponding to the classifier selection method is (confidence-free) aggregation technique. Its
defined asA(7 (x),K(x)) = ®(x) = ¢;(x), where aggregator is defined as

i € argmax;—1,._r K¢, (X). > )

The weakness of classifier selection methods is that pi(x) = i — (7

they discard much potentially useful information, which r

can lead to unstable results in the induced classifier’s Static weighted mean aggregation (SWM)computes

predictions [21]. In the rest of the paper, we do not deal aggregated d.o.c. as weighted mean of d.o.c. given
with classifier selection. by the individual classifiers, where the weights are
static classification confidences:
2.3.2 Classifier Aggregation:  Many methods '—12 K, 1ij(X)
for aggregating a team of classifiers into one final i (x) = = TZ (8)
' K

classifier have been proposed in the literature [2, 6, 7].
The simplest methods use only some simple arithmetic
operation to aggregate the team’s output (e.g., voting, Dynamic weighted mean aggregation (DWM)has

i=1,...,r

sum, maximum, minimum, mean, weighted mean, the same aggregator as SWM, with the difference
weighted voting, product, etc.). More advanced methods that the weights are dynamic classification
use for example probability theory (e.g., behavior confidences:
knowledge space [22], product rule [6], Dempster- S kg (%) i (x)
Shafer fusion [6]), fuzzy logic (e.g., fuzzy integral oy =L 9

. pj(x) = )
[23, 24], decision templates [6, 23]), or second-level 2 Kgi(x)
classifiers [6]. =17

To emphasize the difference between confidence-free Remark 5 If we aggregate a team of classifiers with the
static, and dynamic classifier systems, we will not Oracle confidence measure using the DWM aggregator,
consider complex aggregation algorithms, and we will we obtain anOracle classifie~ a common reference
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classifier system, which gives us correct prediction if e If the classifier's predictiony(°)(x) is not
and only if any of its classifiers gives correct prediction. correct, the classification confidence,(x)
The Oracle classifier serves as the “best how classifier should be low (close t0).

combining can be done” approach.

For example, ifky(x) is an estimate of the probability
3. Assessing Confidence Measures of correct classification ok by ¢ (for example the

ELA confidence measure), both these implications are
In [15, 25], we have experimentally shown that dynamic satisfied, if the estimate is good enough. According to

classifier systems of Random Forests [18] and Quadraticthese two properties, the ideal confidence measure is the
Discriminant Classifiers [1] using the ELA and ELM Qracle confidence measure.

confidence measures can significantly improve the

quality of classification, compared to confidence-free, or In this paper, we propose an approach in which

static classifier systems. the feasibility of a confidence measure is measured
empirically, on a set of validation patterns. Lgte a

However, in these experiments, the performance ofdassiﬁer',% a confidence measure, aod C X x

the dynamic classifier systems varied from dataset{j . . N} the validation set. The feasibility of,, for
to dataset. For some datasets, the ELM confidencec|assifier », measured empirically on data, cx) €
measure obtained better results, for others the ELA A1 will be denoted to asF(¢, kg, M) € [0,1]. The
was more successful, and for some datasets, neither oparticular methods howF (¢, k4, M) can be defined
them improved the classification. In other words, the ill be shown in Sec. 3.2 and 3.3.
performance of a dynamic classifier system is heavily
influenced by the particular confidence measure used. However, in classifier combining, we do not have
a single classifier and its corresponding confidence
Given a partiCUlar dataset to CIaSSify, and given a set of measure — we have a set of classifiérsand a set of
classifiers which form a classifier team, there are severalcorresponding confidence measufés Therefore, we
questions which come into one’s mind: define F(T,K, M) € [0,1] as the average feasibility
of k4 € K for the corresponding classifier € 7,
e Wil a dynamic classifier system yield measured om:

improvement in the classification quality

compared to confidence-free or static classifier > Flos kg M)

system? F(T,K.M) = WT. (10)

e Which confidence measure will perform the best

for the given classifiers and the given dataset? o o
3.1. Restricting the Validation Set
There is one more important aspect in which assessing
the feasibility of a confidence measure differs in

) . the context of classifier systems. If we measure
To answer these questions, we could of course build F(é, ks, M) on the whole validation setM, we

the classifier systems and compare their performanceh(,jwe an estimate how, predicts the classification
using crossvalidation or other standard machine learning ., fidenceor a single classifierHowever, if we want
technique. However, it would be more convenientif we j assess a confidence measure’s performance in the
had some criterion of feasibility of a given confidence ., taxt of dynamic classifier systems, we need to

measure, which could answer these questiprier know something different: can this particular confidence

to building and crossvalidating the models. In this a5 re improve the prediction of the classifier system?
paper, we introduce two such criteria. Before that,

we summarize the properties which should hold for \what is the difference between these two information?
a “good” confidence measure. Intuitively, i, (x) Atypical situation in classifier aggregation is as follows:
estimates the degree of trust we can give to the classifieffgr most patterns, the crisp outputs of the individual
¢ when classifying a patters, the following should be  classifiers in a classifier system show consensus on

e Are the benefits of a dynamic classifier system
worth the higher computational complexity?

satisfied: a certain class (i.e., a vast majority of the classifiers
predicts one particular class), and the team aggregator

e If the classification confidence,(x) is high is not able to break this consensus, even when

(close to1), the classifier's predictiom (") (x) incorporating the classification confidences. Therefore,
should be correct. the behavior of the confidence measures on such patterns
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is totally irrelevant. On the other hand, for patterns as a multiset of classification confidence values for all
where there is no such consensus, the behavior of thevalidation patterns from clasé’;,, which have been
confidence measuremsuchmore important. Therefore, classified to clas§’; by ¢. Using this notation, we can
we need to identify such patterns, and restfidtto a define theOK histogramas the histogram computed

such subset. from (J, Hrx, kK = 1,..., N and theNOK histogram
as the histogram computed frobjk# Hyj;, k,j =
Let0 < s < r, wherer = |7|. LetU(s) C M be 1,...,N.
the set of patterngx, cx), for which for all classeg’;,
j=1,...,N,we have The OK and NOK histograms of the ELA and ELM
o (er) , confidence measures for a Random Forest ensemble
Hii=1,....r, ¢ (x) =j} < s (11) for the Waveform dataset (non-restricted) are shown in

Fig. 2. Fig. 3 shows the evolution of the histograms for
U(s) denotes set of patterns, for which at most the restricted validation set. Observe that for lower
classifiers vote for any particular class. For lower  the histograms are very different from the histograms
this means that there is no consensus on a particulafor higher values o.
class, and so the team aggregator can easily use the
classification confidence to improve the prediction — this Altough the OK/NOK (restricted) histograms give us
suggests that restricted validation set for loweare  Visual information, we need to evaluate the degree of

more important for the analysis. However, the smaller Overlapping using a single number. This is possible, if
s, the smaller|U(s)|, which leads us to the fact that We represent the OK/NOK confidence values by a ROC

we needs big enough so the feasibility is measured curve, and then we compute the area under the ROC
on enough data. To solve the dilemma, we use the CUrve.

following heuristic: choose smallest for which U (s)

covers a given portion (5-10%) of the validation data, remark 6 Receiver operating characteristic (ROC)

e, |U(s)| = a| M|, wherea € (0,1). curves [26] are a standard tool in data mining and
R machine learning. ROC is basically a plot of the fraction
3.2. Similarity to OR of true positives vs. the fraction of false positives of

The first approach how (¢, x4, M) can be measured @ binary classifier, as some parameter is being varied
is to compute the similarity of valuess(x) to the (e.g., the discrimination threshold of the classifier).

values of the Oracle confiden@éOR)(x) for patterns If a classifier assigns patterns to classes entirely at
(x,ex) € M, whereM is the (restricted) validation set. random, its ROC curve is the diagonal. On the other

This can be done by taking the average absolute value oihand’ for an iQeaI classifier, the ROC curve consist
the differences of the confidences: only of one poin{0, 1). The closer we are to the ROC

of the ideal classifier (i.e., the farther the ROC curve

> Re(x) — K;OR) (x)] is from the diagonal (above the diagonal)), the better

FEOR) (¢ gy, M) = 1— (x,ex)EM . discrimination of the classifier. The strong point of the
M| ROC curve aprroach is that we can summarize the ROC

(12) curve into a single number — area under ROC curve

) (AUC) — which can be used as a criterion of quality of
3.3. AUC for OK/NOK Histogram a binary classifier. For a random classifier, AUC=0.5,
The second approach howF(¢, x4, M) can be for an ideal classifier, AUC=1. The higher the AUC,
measured is to analyze histograms:gfx) for patterns the better discrimination of the classifier. Classifiers
classified correctly by (OK pattern$ and for patterns ~ with AUC below 0.5 are actuallworsethan a random
classified incorrectly byy (NOK patterny. Values of  classifier.
ke (x) for the OK patterns should be concentrated near
0, while for the NOK patterns;, (x) should concentrate In the context of classification confidence, we will

near 1. Moreover, these two distributions should not study the AUC of a so-calle@K/NOK classifierwhich
overlap. assigns a pattern to the class “correctly classified” if the
classification confidence is higher than some threshold
T, and to the class “incorrectly classified” instead. By
varyingT between 0 and 1, we obtain the ROC curve.
The AUC of the OK/NOK classifier measured on a
validation setM (or, on a restricted sdt'(s)) can be
Hij = {re(x)|(x,cx) € My, oI (x) = j}, (13) used as an empirical property expressing the degree of

Let M be the (restricted) validation set, and Jet; C
M for ¢ = 1,...,N denote the sets of validation
patterns from clas€’;. For two arbitrary classes;,, C;,
we define the multiset
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Figure 2: The OK (green) and NOK (red) histograms+of of a Random Forest ensemble for the Waveform dataset.
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Figure 4: The ROC curves and the AUCs of the OK/NOK classifiers for theaftam dataset, measured bifs), s = 7,.. ., 20,

for a Random Forest ensemble.
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overlapping of the OK and NOK distributions. Now Our goal in this experiment was to study the correlation
we can defineF(AUC) (¢, kg, M) as the AUC of the  betweenF andZ. We performed the experiment on
OK/NOK classifier for the confidence,, measured on 5 artificial and 11 real-world datasets from the Elena
M. Fig. 4 shows an example of the ROCs for the ELA database [27] and from the UCI repository [28]. The
and ELM confidence measures for a Random Forestclassifier teams were created using the Random Forest
ensemble for the Waveform dataset. method [18], and as the classification confidences we
used both ELA and ELM. For reference purposes, we
also used the Oracle confidence measure (for which
F = 1 by definition). For assessing the confidence
measures, we used methods descibed in the previous
section, i.e., similarity to the Oracle confidence (SOR)
and the area under ROC curve of the OK/NOK classifier
(AUC), measured on the restricted validation Egt),

for s such that/(s) covers 5% of the data.

Remark 7 Receiver operating characteristic (ROC)

curves [26] are a standard tool in data mining and

machine learning. ROC is basically a plot of the fraction
of true positives vs. the fraction of false positives of
a binary classifier, as some parameter is being varied
(e.g., the discrimination threshold of the classifier).
If a classifier assigns patterns to classes entirely at
random, its ROC curve is the diagonal. On the other pqr each feasibility measure, we obtained a scatterplot
hand, for an |Fjeal classifier, the ROC curve consist ¢ (F,T) values, which is shown in Fig. 5. We also

only of one pain{0, 1). The closer we are to the ROC  ompyted a least-squares linear approximation of the
of the ideal classifier (i.e., the farther the ROC curve geatterplot. To test the statistical significance of the
is from the diagonal (above the diagonal)), the better yoqits, we used the Spearman’s rank correlation test

discrimination of the classifier. The strong point of the [29], implemented in the Scipy Python package [30].
ROC curve aprroach is that we can summarize the ROC 1o Spearman’s rank correlation test computes the

curve into a single number — area under ROC curve Spearman’s rank correlation coefficient € [—1, 1],

(AUC) — which can be used as a criterion of quality of \yhich expresses the degree of correlation of two
a binary classifier. For a random classifier, AUC=0.5, 5iiables X.Y based on their order inX and Y

for an ideal classifier, AUC=1. The higher the AUC, 4omains,, — 0 means there is no correlation between
the better discrimination of the classifier. Classifiers X andY, p = 1 means there is a total correlation,

with AUC below 0.5 are actuallworsethan a random andp = —1 indicates anticorrelation. The value of

classifier. p is then compared to a critical value for a chosen
significance levety, under the null hypothesis that there

4. Experiments is no correlation between the variables.

For F(SOR)  the scatterplot shows a statistically
significant correlation betwee andZ for the ELM
Tonfidence measure (at 1% significance level). For the
ELA confidence measure, the correlation is not clear,
and is not statistically significant. The linear least-
squares fit shows that there is an increasing tendency for
both confidence measures (however, much smaller for
ELA). Regrettably, values of- for ELA are clustered
mainly in the area between 50% and approx. 60%, and
thus we cannot study the improvement for higher AUC
values.

To find out whether the methods for assessing
confidence measures described in the previous section
can really predict the improvement in the classification
quality of a dynamic classifier system, we designed the
following experiment. Suppose we have a classifier team
(7,K). Given a dataset, we put apart 20% of the data
(this was done only for the datasets which contained
more than500 patterns; for smaller datasets, we used
the whole dataset) to measuf7, K, M) using 5-
fold crossvalidation. After that, we use the remaining
data to measure the relative improvement of the error

rate of a dynamic classifier system (aggre_gated Usingpor F(AUC) the scatterplot shows a statistically
DWM) compared to the error rate of a confidence-free gjgnificant correlation betweest and Z for both the

classifier system (aggregated using MV), using 10-fold g a (at 5% significance level) and ELM (at 1%

crossvalidation: significance level) confidence measures. The linear
Err(S,) — Err(S lease-squares fit shows clear increasing tendency for
Z(51,52) = (51) (52) (14)  both confidence measures. Again, valuesFdbr ELA

Err(S ’
rr(S1) span only the area between 50% and approx. 60%, and

where Err(S;) denotes the error rate of the reference thus we cannot study the improvement for higher AUC
classifier system (using MV aggregator), afidr(Ss) values.

denotes the error rate of the dynamic classifier system

(using DWM aggregator).
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(3) SORELA: p = —0.07, p = 80%, ELM: p = 0.64,p = 0.8% (b) AUC, ELA: p = 0.53,p = 3.4%, ELM: p = 0.76,p = 0.1%

Figure 5: Scatterplot of Z versus F for restricted validation set/(s), covering 5% of the validation data for 16
datasets for the ELA, ELM, and OR confidence measures. Thid/dofted lines represent least-squares linear
intrapolations/extrapolations of the daja.denotes the Spearman’s rank correlation coefficient am#notes the
statistical significance level of the Spearman'’s test.

These results suggest that the methods for assessinghe improvement of the classification quality of a
confidence measures could be used for predicting thedynamic classifier system, compared to a confidence-
performance of a dynamic classifier system using free classifier system (at least for the OK/NOK
classification confidence. As ELM obtains better histogram-based approach).

feasibility values than ELA, the correlation between its _
feasibility and the improvement is more visible than In our future research, we would like to study methods

for ELA. In this experiment, the AUC approach for forassessing classification confidence measures in more
assessing confidences showed better results than théetail. We would like to study deeper the way how

SOR approach. dynamic classifier systems work and why (and when)
the dynamic classification confidence can improve the
5. Summary & Future Work classification quality.

. ) We would also like to perform experiments with
In this paper, we have introduced a general framework of dynamic classifier systems for other classifier types

dynamic classifier systems, built on three main elementsipan, Quadratic Discriminant Classifiers and Random
— the individual classifiers, their confidence measures, o ests mainly Support Vector Machines and k-Nearest
and the aggregator of the system. We have shownpeighpor classifiers. Apart from that, we would like to

examples of one static (Global Accuracy), two dynamic j,corporate dynamic classification confidence into more

(Euclidean Local Accuracy, Euclidean Local Match), aqgyanced classifier aggregation methods, for example
and one reference (Oracle) classification confldencefuzzy t-conorm integral.

measures, which can be used in the framework.
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Ontology integration is important in various areas of COMP is one of thetools for comparing ontology
ontology engineering in e.g. semantic web services, matching it compares various matching algorithms
social networks, etc. While particular ontologies usually results. Beside being aavaluation tool it can also
cover one specific domain, many applications require help to find appropriate algorithms, methods or their
data from several domains, in general overlapping. combinationsfor different kinds (formats, size, etc.)
Among promising partial solutions to such semantic or parts (basic root concepts, leave concepts, instances,
heterogeneity surely belongs the ontology matching.  properties, etc.) of ontologies, in case they have differen
Ontology matching can be supported in various feature set.

ways: by improving matching strategies, tools and

systems, basic techniques and methods orbyexplaining,-rhe plug-in for ontology matching was thoughtfully

representing and further processing and evaluatingoqosed with the view of logical separation of objects
matching results._ ) o creating this plug-in. It was very important to elaborate
The paper descrlbes_ a match!ng plug-in into the_ W?”' interface of particular objects for easier implementation
-known ontology editor, Protégé [2]. The plug-in is ¢ 54yanced (especially) testing classes. The plug-in

called COMP and it is a general tool for comparing yeyelopment is in permanent progress and there are no
and evaluating matching techniques and strategies. doubts it may be further improved

Ontology matching is in most cases performeahually

or Semi-automatica”y in genera| with support of To our best knowledge itis the first attempt to implement
some graphical user interface Manual specification  matching system to the latest “pure OWL" version of the
of ontology parts for matching isme consumingnd powerful system Protégé.

moreovererror prone process Therefore there is a
strong need for the development of faster and/or less
laborious methods, which can process ontologies at least
semi-automatically. References

[1] OWL —Web Ontology Language / W3C Semantic
COMP (Comparing Ontology Matching Plug-in) is Web Activity [online]:
a plug-in to Protégé-OWL 4.0. The Protégé-OWL http://www.w3.0rg/2004/OWL.
editor is an extension of Protégé that supports the Web
Ontology Language (OWL) [1]. An OWL ontology may
include descriptions of classes, properties and instances

[2] Protégé — Ontology Editor and Knowledge
Acquisition System [online]:
http://protege.stanford.edu.
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Abstract medical summaries to structured electronic form may be
fulfilled by text analysis means. This is the motivation of
This paper is about information extraction my research.

from Czech medical texts (mostly summaries). It
discusses specifics of Czech medical summaries
in the relation to general texts. 2. Classic Approaches to Information Extraction
from Free Text
1. Introduction . .
Classic approaches to natural language processing

Text-mining is a current field of science and is being CONSISts of these main phases:

widely applied, especially on English texts. Common
approaches to text mining combine preprocessing 1. tokenization,
and using statistical methods. The preprocessing

phase (tokenization, stemming, lemmatisation, 2. sentence splitting,
disambiguation) of text analysis deeply depends on
underlying language and its syntax. Therefore applying
these methods on different languages may require
different approaches to the preprocessing phase.

3. grammatical tagging,

4. part-of-speech tagging.

Medical texts, especially medical summaries are the Tokenization is a process of separating basic tokens,
basis for medical services providers. In the Czech e g. word in the field of text analysis. The most common
Republic, medical summaries bear the form of free gpproach of tokenization consists of specifying rules
form texts. Such medical summaries must adhere to theas regular expressions and using some well established
ordinance of the Ministry of Health No. 64/2007. This tgols likelex.
ordinance enumerates contentual, formal and temporal
features of any part of any medical record. Sentence splitting is usually the second phase of
the text analysis. It's task is to split tokenized input
Concurrent trends of European integration lead to moreinto groups to be analysed. The free form text is
intense cross-border healthcare cooperation includingusually formated using sentences, on higher level using
medical treatment of foreigners. Technologies to hold paragraphs.
the information about patient’s health status and past
procedures regardless of language exist and are beingrhe task ofgrammatical tagging phase is to convert
improved (structured EHRs: ASTM CCR, HL7 CDA; tokens to some kind of common form. Such form is
domain wide classification systems: SNOMED CT, usually nominative of noun, infinitive of verb and so
LOINC). But the problem of converting free text on. Grammatical tagging usually consists of stemming,
medical texts to such structured records remains.lemmatizing and other disambiguation. The stemming
There isn't (and probably wouldn't be in the future) subphase cuts prefixes, suffixes and so on. Other
enough will and/or spare resources to manually convertdisambiguation techniques include The lemmatisation
free form medical summaries to some interoperable aggregates different words with the same meaning base
structured form. The need of converting "free-text" to the same group (e.g. bad and worst). The information
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"virtually lost" during this phase is stored for the further articles). Some important information is also hidden in
use in the form of grammatical tags. the structure of the document because of adherence to

the Ministry of Health ordinance.
The part of speech tagging(or PoS tagginy phase

should classify a token. Previous phase of grammatical Since HMMs are a form of generative model, one must

tagging helps to group words with the same root. enumerate all possible observation sequences. That'’s

The challenge of the phase of PoS tagging is to problematic because the meaning of parts of speech

grammatically disambiguate words of the same spelling often depend on the context and sometimes over large

(e.g. "srdce", as it may be grammatically classified range of sequences.

as singular nominative, singular genitive, singular

vocative, plural nominative or plural vocative noun). ~ Therefore discriminative probabilistic models (using
conditional probability distribution) may be more

Symbolic analysis and various statistical methods are feasable. One of such models is a model of conditional

being used to analyze the tokenized and tagged text.random fields.

The most commonly used approaches employ hidden
Markov models (HMMSs). Other authors show that using just regular expressions

may be useful but is limited [3] [4], that HMMs are
_ _ useful but are limited because such models tend to be
3. Information Extraction unable to handle long range (global) correlations [2].

The task of information extraction is to draw an _
inference from preprocessed input (which is textual 5. Conclusion

in this case). Typical tasks of information extraction
include: I am at the very beginning of my research project. | have
at my disposal some underlying data to study (medical

) ) summaries) from different sources. Now it's time for me

e terminology extraction, to start analysing them. | am really willing to undertake
e named entity recognition (NER), the challenge.

¢ identification of anaphoras (co-reference),
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Abstrakt postupll elektronicky na paitiovych médiich nebo
prostednictvim Internetu, iemzZ tyto dokumenty
jsou bud elektronickou kopii textll uvgjnovanych
v tiSttné podoB, nebo jsou i primag Steny pouze
v elektronické forng.

Léka'ské dopordené postupy jsou odborné
dokumenty publikované Odbornymi |&iskymi
spol€nostmi v tiSéné a v posledni déb
i elektronické forné. Jako zdroj pro dalSi
zpracovani informaci v nich obsazenych, at
jiz odbornym ¢i laickym Ctendem, Ci pro
potfeby aplikaci biomedicinské informatiky,
jsou tyto dokumenty publikovany v rliznych
formatech a v rlizné wé dodrzuji zakladni
identifikatni a kvalitativni kritéria. Na dvacet
ceskych lékéskych spolénosti uvéejhuje
v ramci svych internetovych prezentaci celkem
426 €chto dokumentil, necela polovina z nich
je ve formatu PDF. Pouze u 63,4 procent

V Ceské republice pét mezi odborné autority
publikujici Iékdské doporaené postupy progdnictvim
InternetuCeské lékéska spolénost Jana Evangelisty
Purkyre (CLS JEP, http://mww.cls.cz ), odborné
Iéka’ské spolénosti, které zagtSuje a odborné Iékské
spolénosti plisobici samosta&mimo rame€LS JEP.

Publikovani prosednictvim Internetu finasi vyhody
ve formg nizkych ekonomickych néakladd, snadné

dokumentll je ve vlastnim textu uveden jeho
autor, ve 47,4 procentech dokument{ pak vlastni
odborna spolenost. Uvaéni €chto informaci

ve vlastnostech dokumentll je zcela ignorovano.

dostupnosti pro Sirokou odbornou i laickourggost a
moznosti rychlé aktualizace a nizkych omezeni velikosti
uverejnovanych informaci. Mezi nevyhody gataké
Sirokd dostupnost a s ni spojend nutnost udrzovat

informace aktualni, dale opanhi a naklady spojené

s usp@adanostiinformaci (struktura webové prezentace,
kde jsou dokumenty publikovany, registrace a propagace
v katalozich a dalSich internetovych sluzbach, SEO) a
divéryhodnosti publikovanych informaci [2, 3, 4].

1. Uvod

Léka'ské doporGené postupy jsou informativni
dokumenty publikované 1ékskymi odbornymi
autoritami  (narodnimici nadnarodnimi odbornymi
spole:no§tm|,. ngaskyml sdruze.n_l_ml,v s,tatmmll Internetu pistup k publikovanym dokumentliim a
zdravotnimi institucemi apod.), jejichz cilem je

P ; - zvySuji dueryhodnost a pouZitelnost informaci
stanoveni nejlepSiho postupu a popis rozhodovaciho_ °. . 2 . e . P
. RSN A v nich obsazenych je dodrzovani z&kladnich formélnich
procesu v daném typu Klinickychfipadu na zaklag

R Y b o . pravidel pro publikovani elektronickych informaci na
nejnowjSich edeckych poznatkii a uvedengchto . . .
5 o Internetu - tedy publikovani ve standardnich formétech,
procesu do klinické praxe [1]. L . . X .
poskytovéani informaci o autorovi, odborném garantovi
acasové aktualnosti dokumentu.

Mezi nejzakladBjSi opateni, kterd zvySuji uzivateli

Tyto dokumenty jsou publikovany prdstnictvim
odbornych periodik a &stnikll, v ramci monografii
i jako samostatné ti8hé dokumenty. V poslednich
letech dochazi k publikovani lékskych doporgenych

| v prfipace publikovani elektronickou cestou jsou
ovSem dokumenty pouze textové bez informaci o
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vnitini  struktife obsahu. V @ékterych pipadech parametrech, nebot tyto dokumenty mohou pusobit
obsahuji dopiujici material ve forré tabulek, obrazku, jako podklady pro vytvéeni formalnich modell
¢i schémat. Postup rozhodovaciho procesu nebyvadoporienych postupll s naslednym pouzitim
formalné popsan a k pouZiti échto lékaskych v systémech pro podporu rozhodovani ve zdravotnictvi
doporwtenych postupti v aplikacich biomedicinské &ijinych biomedicinskych aplikacich.
informatiky (nag. v systémech pro podporu
rozhodovani) je nutné textové dokumenty dale 2 Metody
zpracovavat a vytvét jejich formalni modely [5, 6].

Pro srovnani jsem zvolil z fblizné sedmdesati
V souwtasnosti jsou vyvijeny nastroje, které umag Ceskych odbornych Iékskych spolénosti, které vliastni
ruéni nebo do rtizné miry automatizované zpracovaniinternetovou prezentaci, @vdesitky &ch, které na
textll lékdskych doporGenych postupti do formy svych strankach publikuji vzdy vice neétpdokumentt
dale pouzitelné v biomedicinskych aplikacich. Existuji doporieenych postupll a je tedygdpoklad, Ze se tvoib
také nastroje na hodnoceni kvalitativnich kritérii a publikovani &chto dopor@eni soustav venuji.
Iéka’skych informaci zviejnovanych progednictvim Zakladni podminkou bylo, aby posuzované dokumenty
internetovych sluzeb. Neexistuje ovSem zatim zadnébyly volné zobrazitelné z internetové prezentace

kvalitativni hodnoceni ani fehled publik&nich |ékarské spolénosti jakémukoliv zadjemci bez registrace
autorit ani publikovanych dokumentll |&k&ych a zdarma. Soubor s textem |&kkého doporteného
doporwenych postupli Ceské republice [7, 8]. postupu musel byt z internetové prezentace nejféma@

odkazovan, musel byt také un#ist na stejné domeén
Cilem této prace je zmapovat aktivit€éeskych  (dle adresy Uniform Resource Locator).
odbornych |ékéskych autorit, které publikuji 1éKaké
doporicené postupy elektronicky prd@stnictvim Seznam Ceskych odbornych |ékskych spolénosti
Internetu a ziskat fehled o formatech dokumentll a jejich Internetovych prezentaci Bpiicich vy3e
a jejich zakladnich identifikamé-kvalitativnich zmirénd kritéria je obsahem Tabulky 1.

Nazev spolénosti URL webové prezentace
Ceska angiologickéa spdiaost http://www.angiologie.cz
Ceska dermatovenerologicka spoiest http://www.Ifhk.cuni.cz
Ceska diabetologicka spdieost http://www.diab.cz
Ceska gastroenterologicka spolest http://www.cgs-cls.cz
Ceska hematologicka spdleost http://www.hematology.cz
Ceska hepatologicka spdleost http://www.ceska-hepatologie.cz
Ceska kardiologicka spateost http://www.kardio-cz.cz
Ceska neurologicka spdieost http://lwww.czech-neuro.cz
Ceské onkologicka spateost http://www.linkos.cz
Ceska pneumologické a ftizeologicka sgmlest http://www.pneumologie.cz
Ceskéa revmatologicka spdleost http://lwww.revma.cz
Ceska spolénost anesteziologie, resuscitace a intenzivni mediciny  http://www.csarim.cz
Ceska spolénost klinické biochemie http://lwww.cskb.cz
Ceska spolénost pro aterosklerézu http://www.athero.cz
Radiologickéa spolénost http://lwww.crs.cz
Spolénostéeskych patologt http://www.patologie.info
Spol&nost infekniho lékastvi http://lwww.infekce.cz
Spol&€nost pro transfuzni 1ékstvi http://www.transfuznispolecnost.gz
Spol&nost urgentni mediciny a mediciny katastrof http://www.urgmed.cz
Spol&€nost vSeobecného |&istvi http://www.svl.cz

Tabulka 1: Prehled dvaceti odbornych léfskych spolénosti publikujicich prosédnictvim Internetu vice nez 5 dokumentd
|ékarskych dopordenych postupli
Jednoducha kritéria hodnoceni, kterym jsem zde a)format souboru
vystavené dokumenty podrobil, se daji réiido fi b) zakladni identifikéni Udaje v textlti vlastnostech
skupin: souboru
c) zabezpéeni souboru
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Bézré pouzivanymi formaty souborli v soudobé
elektronické komunikaci jsou HyperText Markup
Language (HTML), Portable Document Format
(PDF), Rich Text Format (RTF), Microsoft Office
Word Document Format (DOC), Office Open XML
(OOXML), OpenDocument Format (ODF), Joint
Photographic Experts Group File Format (JPEG) a
Graphics Interchange Format (GIF).

Prostednictvim formatu HTML jsou prezentované

Zakladni identifikéni ddaje, které mohou slouzit

k ovéreni kvality dokumentu jako inforntaiho zdroje,
jsou uvedeni autora, uvedeni nazvu ksk& odborné
spolé&nosti, ¢i jiné odborné autority, kter4 vznik a
autenticitu dokumentu garantuje a uvedeni data, od
kterého dokument nabyva platnost. Pokud je text
elektronicky Sien napiklad vystavenim na Internetu,
vSechny tyto (daje by &y byt uvedeny fimo v textu,
aby se s nimicten& mohl seznamit a pouZzit je jako
parametry k posouzeni kvality textu a vhodnosti jeho

dokumenty integrovany do vlastni webové prezentace yyuziti v dané konkrétni klinické situaci.

a je nutné je pak povazovat za jeji ast, at
jiz grafickou a typografickou formou, @enim do
struktury a kontextu stranek, tak i dalSim vyuZzitim.
Takto formatované dokumenty nejsou priménnceny
pro samostatnéf&@ni a dalSi zpracovani.

Forméat PDF je naproti tomu &en k profesionalnimu
Sifeni samostatnych dokumentll a pro publikaci
Iékarskych dopordenych postupll v textové poddb
se jevi jako optimalni. Neum@zje gimou editaci
obsahu bez specialniho kordatho software, naopak
poskytuje nastroje na zabeZmi textu - Sifrovani
obsahu, uzageni souboru, resp.figtup pod heslem,
omezeni kopirovani nebo tisku jednotlivycbasti

obsahu, ap. Diky ulozeni vSech podrobnych informaci

o formatovani textu se format vyztse vysokou
kompatibilitou vysledného zobrazeni na rliznych
vystupnich zéizenich. Pro zobrazeni souboru existuje
zdarma dostupny software.

Souborovy format RTF je starSi format vyvinuty
firmou Microsoft pro sdileni text mezi jednotlivymi
textovymi editory, je Siroce kompatibilni nEp
technickymi  platformami, ov8em neumuge
pokrcCilejsi zabezpéeni dokumentu.

Format DOC je Siroce roz®ny diky majoritnimu
postaveni firmy Microsoft na trhu kancé&ého
aplikatniho software, existuje v ékolika verzich
vztazenych k verzim aplikmiho baliku Microsoft
Office. Ve verzi Word 97-2003 umaije Sifrovani a
ochranu Uprav heslem. K dispozici existuje zdarma
distribuovany prohlize

Grafické formaty JPEG a GIF nejsoweny k publikaci
textovych informaci, ve vyjiménych gipadech ovSem
slouzi jako prosedek k publikovani vyti&ného
a nasledé digitalizovaného textu, kdyz neni jina
elektronicka forma textu k dispozici.

Nové volre dostupné otdené formaty OOXML a
ODF jsou sice uteny k publikaci a sdileni textovych
informaci, nejsou vSak v s@asné dob tak kzre
rozsteny.
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Za uvedeni autora v textu bylo pro peby této prace
povazovano uvedeniffimeni a Kestniho jména (nebo
zkratka Kestniho jména) alespgednoho autora.

Za uvedeni lékiské odborné spobmosti v textu bylo
povazovano uvedeni v textu nazvu nebo loga té
spol&nosti, jejiz internetové prezentace byl dokument
SOLEasti.

Udaje o autorovi a instituci je mozné ve vSech
formatech (krom grafickych) uvést téz ve vlastnostech
dokumentu. Tyto informace byvaji automaticky
predvyplrény textovymi editory, ficemz jako autor
je zmirén aktual@ pihlaseny uzivatel, jako jméno
instituce je pouzitettzec zadanyipregistraci software.
Vzhledem k Casté absenci bezpmostni politiky pi
pouzivani vypoetni techniky a nedbalostfigegistraci

.....

informatni hodnotu. Navic autor texti&tsinou pouziva

software, ktey neni registrovany odbornou Ekau
spole&nosti.

Pro poteby této prace bylo za uvedeni autora ve
vlastnostech dokumentu povaZzovano uvedéfjmeni

a kfestniho jména (nebo zkratkardstniho jména)
alespa@ jednoho autora zmé&mého v samotném textu
dokumentu.

Za uvedeni lékiské odborné spolmosti ve vlastnostech
dokumentu bylo povazovano uvedeni nazvu té
spole€nosti, jejiz internetové prezentace byl dokument
SOLEEsti.

Za uvedeni data zahdjeni platnosti bylo profeby
této prace povazovano uvedeni data, nebésice
a roku, nebo jen roku v hlabte Ci zapati textu
dokumentu, datum schvalenifigluSnym organem
odborné spolénosti uvedené v textu, nebo alespadaj
o roce v nazvu dokumentu.

Udaj o datu respfasu vzniku souboru je soasti
informaci obsaZenych v souborovém systému a je
dohledatelny. OvSem nemusi byt totozny s datem
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zahajeni platnosti dokumentu |&k&ého doporéeného 3. Vysledky

postupu, proto by bylo jeho uZiti fip posuzovani

kvalitativnich parametrli dokumentu spekulativni. Prlizkumu bylo podrobeno celkem 426 dokumentl
|ékafskych doporGenych postuplli publikovanych

Zabezpéeni proti znéré obsahu, kopirovani obsahu, v ramci webovych prezentaci dvacetéeskych

tisku obsahu dokumentu umadji z posuzovanych |gkaiskych odbornych spobmosti. Pro porovnani

formaty PDF a DOC. ZjiStovano bylo, zda jsou jsou uvedeny i Udaje popisujici 305 dokumentt

posuzované dokumenty opemy rékterou z &chto  doporigenych postupll  poblikovanych Ceskou

forem zabezpgeni. lékafskou spolénosti Jana Evangelisty Purlém letech
1999-2001. Uvedenda data bylaé&ena ke dni 17. 7.
2009.

| Vysledky dokumentl dvaceti odbornych lé&lych spolénosti |

Forméat PDF| Format HTML | Format DOC| Formét RTF| Format GIF,JPEF Celkem
195 155 73 1 2 426

| Srovnani - vysledky dokumen@LS JEP |

Format PDF| Format HTML | Format DOC| Format RTF| Format GIF,JPEG Celkem
0 0 0 305 0 305

Tabulka 2: Prehled zjisénych formatl souborti publikovanych dokument fékgch doporgenych postupli

Souhrnné vysledky vyskytu jednotlivych formatl Jak z ni vyplyva, pouze dv odborné spolmosti

souboril ukazuje Tabulka 2, podle které jedasgjSim zvolily jednotny forméat publikovanych dokumentd
formatem PDF, ve kterém je publikovano t&m - jsou to Spolénost vieobecného Iélstvi a Ceska

46 procent vSech dokumentll. Podrobnyehded diabetologicka spofmost. Ostatni spodmosti publikuji

formatli souborli podle jednotlivych odbornych dokumenty v rliznych nebo paralélme vice formatech.
Iéka’skych spolénosti je zobrazen v Tabulce 3.

| Vysledky podle jednotlivych odbornych Iéiskych spolénosti |

Nazev autority PDF | HTML | DOC | RTF | GIF/JPEG| Celkem
Spol&nost vSeobecného |éistvi 47 0 0 0 0 47
Ceska kardiologicka spateost 9 15 0 0 0 24
Ceskéa dermatovenerologicka spiest 0 36 0 0 0 36
Ceska gastroenterologicka spiest 0 4 10 0 0 14
Ceska neurologicka spdleost 0 4 14 0 0 18
Ceska pneumologicka a ftizeologicka spwiest 13 0 9 0 0 22
Ceska angiologicka spdlrost 0 2 6 0 0 8
Ceska diabetologicka spdieost 13 0 0 0 0 13
Ceska hepatologicka spgéteost 5 13 0 0 0 18
Ceska onkologicka spateost 40 39 0 0 0 79
Ceska revmatologicka spdieost 1 8 0 0 0 9
Ceska spolenost klinické biochemie 18 16 0 0 0 34
Ceska spolénost pro ateroskler6zu 6 4 0 0 0 10
Spol&nost infekniho lékdistvi 9 6 4 0 0 19
Spol&nost urgentni mediciny a mediciny katastrof 12 1 2 0 2 17
Spole&nostéeskych patologt 0 1 7 1 0 9
Spol&nost pro transfuzni |€Kstvi 1 0 7 0 0 8
Radiologicka spolénost 6 5 3 0 0 14
Ceska hematologicka spdleost 1 1 11 0 0 13
Ceska spolénost anesteziologie, resuscitace a intenzivni medicing4 0 0 0 0 14

Tabulka 3: Prehled zjisénych formatl soubord podle jednotlivych odbornych fékgach spolénosti
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V Tabulce 4 jsou uvedeny gty dokumentd
sphujicich vySe uvedena kritéria informaci o
autorovi, odborné autoBt a aktualnosti obsahu

dokumentu. Neni zobrazeno kritérium uvedeni odborné
autority/spol€énosti ve vlastnostech dokumentu, protoze
toto kritérium nesplnil zadny dokument.

| Vysledky podle jednotlivych odbornych léfskych spolénosti |

Nazev autority Al | A2]| S D | Celkem

Spol€nost vSeobecného |&istvi 47 0 47 a7 47

Ceska kardiologicka spateost 24 | O 9 7 24

Ceska dermatovenerologicka spitest 29 0 10 0 36

Ceska gastroenterologicka spatest 12 | 4 8 5 14
Ceska neurologicka spdieost 18 | 2 13 5 18

Ceska pneumologické a ftizeologicka spmlest 13 1 7 4 22
Ceské angiologicka spdlaost 8 2 2 3 8

Ceska diabetologicka spdieost 5 1 13 9 13

Ceské hepatologicka spaleost 11 | 0 7 6 18

Ceska onkologicka spaiaost 0 0 0 0 79
Ceska revmatologicka spd@leost 4 0 3 1 9

Ceska spolénost klinické biochemie 29 0 23 30 34
Ceska spolénost pro aterosklerézu 10 0 9 0 10
Spolé&nost infekniho lékastvi 15 | 0 3 7 19
Spol&€nost urgentni mediciny a mediciny katastrof 16 1 14 14 17
Spole&nostteskych patologli 7 0 5 6 9
Spol&€nost pro transfuzni I€kstvi 2 0 5 6 8
Radiologickéa spolénost 3 0 4 3 14

Ceska hematologickéa spdieost 4 2 7 5 13

Ceska spolénost anesteziologie, resuscitace a intenzivni medigiry3 0 13 9 14

Celkem 270 | 13 | 202 | 167 426

Celkem v procentech @tu dokumentd 63,4 3 | 47,4| 39,2 100

| Céska lékiska spolénost Jana Evangelisty Purkn | 305] 0 [ 0 [305] 305 |

Tabulka 4: Prehled pétu dokumentll IéKakych dopordenych postupll spujicich zakladni kritéria - uvedeni autora, odborné
spol€nosti a data zahajeni platnosti podle jednotlivych odpahinékdskych spolénosti. Vyseétlivky: Al - autor
uveden v textu, A2 - autor uveden ve vlastnostech dokuméhtwpdborna autorita/spdirost uvedena v textu, D -

Datum uvedeno v textu

Zabezpéeni souboru bylo zaznamendno pouze u v textu autora, 47,4 procenta odbornou autoritu a 39,2

jednoho dokumentu publikovanék®skou spolénosti

klinické biochemie. Jednalo se o zakaz tisku souboru vedokumentu. V naprosté &Sire jsou

formatu PDF.

4. Diskuse

Prlizkum mezi v oblasti dopofenych postupl

publikatné nejaktiviéjsimi autoritami \Ceské republice

ukazal velkou nejednotnost formatli publikovanych
dokumentll a to nejen mezi jednotlivymi odbornymi
spol&€nostmi, ale Casto i v ramci jedné webové
prezentace.

V oblasti uvéejnovani zakladnich identifikamich tdajtl,
které jsou mnohdy kliové pro posuzovani kvality
informaci vyhledanych v Internetu jen 63,4 procent
dokumentll lékiskych dopordenych postupti uvadi
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procentatasovy Udaj vztahujici se k obdobi platnosti
ignorovany
moznosti umisni &chto kvalitativnich informaci do
vlastnosti dokumentu u formatl PD& DOC nebo
hlavicky HTML dokumentd.

Obecreé jednotnou formu a dodrzovani obsahovych
nalezitosti spiuji dokumenty primard vytvalené
pro publikovani v tigtnych periodicich, coZz s sebou
ovSem nese jiné komplikace, fedevsim otazky
autorskych prav, formatu deného pro tisk (ndgklad
nadbyt&nych typografickych informaci), ale i matouci
grafické zpracovani a Udaje v zahlavi dokumentd.

V publikovani dokumentli 1éKakych dopordenych
postupll progednictvim elektronickych formatll a
Internetu se projevuje nejednotnost a absence metodiky,
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pouze dokumentyCLS JEP (které v3ak jiz nejsou
aktualizovany a jejich inforntani hodnota rychle
zastardvd) a dokumenty Spofmsti vSeobecného
Iékarstvi (pod patronaci Centra dopdanych postupl
SVL) dodrzuji jednotnou formu. V fijpace posled@
jmenovanych také proto, Zze se jedna o elektronické
verze kniz@ vydavanych publikaci.

IdentifikeCni Gdaje, stejé jako dalSi Bkdy i podrobné
informace o formatuci velikosti dokumentt, jsou
mnohdy uvaény v ramci textu webové prezentace
souvisejici s odkazem na soubor dokumentuiigkgch
doporwenych postupl, iéemz v jeho vlastnim textu
poté chybi. Vzhledem k tomu, Ze samotné soubory
jsou ovSem indexovany internetovymi katalogy a
automatickymi webovymi sluzbami a také proto, ze
se mohou §it i samostat®, jsou takové informace
nedostaujici a pokud maji byt efektivinSteny, musi byt
zopakovany v textu dokumentu.

Zabezpéeni dokumentll je ¢asto podogovano,
predevsim format DOC Ize upravovat v mnoha \oin
dostupnych aplikacich a @nit jeho obsah. Zvlastpi
dalSim Sieni z Internetu ziskanych a &tych informaci
by pak snadno mohlo dojit k po&Téni obsahuéchto
odbornych dokumentll. Jediny dokument, kterglm
aktivované nadstandardni beZpestni funkci (byl
forméatu PDF), rél pouze omezenou moznost vyést
dokumentu a tim spiSe omezovaksii jistym zplisobem
garantovanych informaci.

ProtoZze vSechny posuzované dokumenty iigkgch
doporitenych postupti mohou slouZit jako zdroj
informaci @i vytvafeni jejich formalnich modell,
dodrzovani jednoduchych pravidefipgejich tvorbe,
predevSim uvaéni identifik&nich a katalogizénich
informaci a co nej@tsi strukturovanost textu, mohou
dalSi praci s dokumenty velmi usnadnit.
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