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Problems associated with storage, processing and analysis of huge data samples
expected in experiments planned at the Large Hadron Collider (LHC) are discussed.
Current status of the KIPT CMS Linux Cluster (KCLC), which is a part of the
Moscow distributed regional center for the LHC data analysis, is outlined.
Configuration of the LHC computing Grid middleware at the KCLC is described.
Participation of the KCLC in the CMS Monte-Carlo event production is outlined.

1. Introduction

The revolutionary development of computing facilities and networks that the
society has witnessed for the last decade opens new opportunities for solving long-
standing problems in science. This progress has already boosted [1] research activities
in molecular biology (molecular modeling for drug design), neuroscience (brain
activity analysis), geosciences (earthquake simulations and predictions), theoretical
physics (non-perturbative treatment of strong interactions based on the lattice quantum
chromodynamics (QCD)), and other fields on frontiers of the contemporary science.
The complexity of these problems predetermines the needs of huge computing
resources to be involved in the investigations and calls for a broad cooperation of
scientists on an international or even global scale. Furthermore, such cooperation
implies not only joint intellectual efforts aimed at solution of a scientific problem
itself, but also establishment of principally new concepts of computation with
possibility to allocate world-widely distributed resources to an application job. The
latter aspect is addressed by the Grid technology, which was put forward in late
ninetiess (see, e.g., Ref. [2] and references therein) and emerges in the beginning of
the new century as a novel universal computational environment enabling integration
of processors and storage elements of systems belonging to diverse organizations in
widespread locations.

One of the major challenges that promote fast development and implementation of
the Grid infrastructures comes from the high-energy physics (HEP), where
experimentalists encounter exorbitant amounts of data which have to be securely
stored, quickly processed and thoroughly analyzed. Nowadays, the bulk of HEP data
is provided by experiments performed on particle accelerators at FNAL, SLAC and
BNL (USA), DESY (Germany), and KEK (Japan). However, the situation is going to
be dramatically harder in case of experiments to be carried on at the Large Hadron
Collider (LHC), world’s largest accelerator, which will be put into operation at CERN
(Switzerland) in 2007.

The LHC nominal luminosity of 10*cm™s™" corresponds to 10° proton-proton
collisions per second. Four detectors installed at the beam crossing points will register
particles produced in these interactions. In case of the Compact Muon Solenoid
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(CMS) detector [3], about 107 of the total event flow will be selected by a multi-level
trigger for the off-line event processing and analysis. Thus, the data should be
archived in a high performance storage system (SS) with the rate of ~100 Hz. Since
the size of one CMS event written to the SS is supposed to be ~1 Mbyte, about 100
Mbyte of the information per second (or more than 1 Pbyte annually) has to be
transferred to the SS.

The CMS physics program includes search for the Higgs boson, supersymmetry
partners to known elementary particles and rare decays of B-mesons. A discovery of
signals manifesting an evidence for such “new physics” requires an immense amount
of data to be processed and thoroughly analyzed. Typically, the integral luminosity of
~10° pb" is needed in order to separate those manifestations against a huge
background (see, e.g., Ref. [3]). It means that 10° CMS events (or 10" bytes of
information) have to be processed and analyzed. All this sets hard requirements upon
data acquisition and storage systems, terms of computing and networking.

Furthermore, in preparation of the experiment, a lot of computational work is
needed in order to optimize the trigger system and provide its physical contents, i.e.,
justify selection of given data samples and rejection of others. This activity implies
“complete” simulation of the experiment starting from event generators (Monte-Carlo
tools realizing existing theoretical models for description of high-energy particle
interactions), through detailed simulation of the detector response, to the final stage
which is event reconstruction and analysis. Certainly, to accomplish this work,
considerable computing power is required.

Major challenges for the scientific community involved in the LHC experiments
are supposed to be met via communication and collaboration at a distance, network-
distributed computing and software development, remote data resource management
and physics analysis. It suggests development of a Grid infrastructure, which would
take into account mentioned above peculiarities and purposes of these experiments.
The work on this project known as LHC Computing Grid (LCG) [4] is currently under
way. Within this project, a complex multi-tier architecture of regional centers (RC’s)
is created [5] for data storage, processing and analysis (see Fig. 1). Interaction of
processes running in different RC’s is supposed to occur through the network, what is
provided by a sort of connectivity software called middleware. Installation and proper
configuration of the LCG middleware at a RC is not a trivial task, since this software
is a prototype version subjected to permanent modification, rather than a completed
product. Then, there are no universal recipes of tuning the Grid services, which would
take into account the variety of system environments. Instead, one has to go on in the
configuration process step by step, in order to avoid possible system conflicts.
Moreover, participation of remote systems is needed to assure that the LCG
middleware is correctly installed and configured at a given RC.

In this paper, we outline the procedure of LCG middleware configuration at the
KIPT CMS Linux Cluster (KCLC). The KCLC is a specialized PC farm devised for
conducting activities on Monte-Carlo simulations within the CMS physics program
and CMS data analysis. The first stage of the KCLC (see Ref. [6]), which now enters
the Moscow distributed RC (see Fig. 1), was constructed in 200!, Information about
its current performances is given in the next section. Configuration of the LCG
middleware elements at the KCLC is described in Sect. 3. Some use of these elements
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is concerned in Sect. 4, where our CMS simulation activity is briefly described. Sect. 5
contains concluding remarks.
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Fig.1. Hierarchy of Grid structures for LHC experiments.

2. KIPT CMS Linux Cluster

The KCLC (see Fig. 2) is a specialized PC farm for computing within the CMS
physics program. Eleven dual nodes, viz., 4x800 MHz, 4x1000 MHz, 10x1400 MHz
Pentium 111, 2x2.0 GHz Xeon and 2x2.4 GHz Xeon processors are allocated for
interactive or batch jobs providing the total PC farm CPU power of ~38 Gflops. The
overall hard disk drive (HDD) storage is 2.5 Tbyte including two (0.4 Tbyte and 0.9
Tbyte) RAID arrays. System RAM is 9 Gbyte.

The nodes run Linux as the operation system (OS) and the Portable Batch System
(PBS) (see, e.g., Ref. [7]) as a batch system. Other important components of our
cluster are the network file system (NFS) and network information service (NIS).
They provide the joint access to such resources as CERNLIB (including PYTHIA and
GEANT), ROOT, PYTHIA, GEANT and LHC++ and to specific CMS software such
as CMSIM (a GEANT-based package for simulation of the CMS detector response),
ORCA (an object oriented tool for CMS event reconstruction). Versions of the
programs are permanently refreshed according to CMS collaboration current demands.

The PBS is used as the cluster batch job and system resource management package.
It accepts (see details in Ref. [7]) a batch job (a shell script with some control
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attributes) preserves and protects the job until running, runs the job and delivers output
to the submitter. The PBS allows one to administer flexibly the system resources while
carrying on the computing and may be configured to support jobs run on a single
system, or many systems grouped together. It can load processors of the cluster nodes
in an optimal way (in accordance with an administrator policy) and select, e.g., the
highest-priority execution jobs.
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Fig.2. KCLC layout: 1 — server and nodes; 2 — two ethernet
switches; 3 — terminal; 4 — kvm switch.

The configuration of the PBS at the NSC KIPT CMS Linux cluster is presented in
Fig. 3.
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The batch system consists (see Ref. [7]) of a command shell and three daemons:
the job server, the job scheduler and the job executor, with the latter being activated
on every host allocated for execution. The commands are used to submit, monitor,
modify and delete jobs and are available at each of the 11 nodes of the cluster. They
communicate through the network with the job server. The server main function is to
provide proper processing of the “events”, i.e., such services as receiving/creating a
batch job, modifying the job, protecting the job against system crashes and placing the
job into execution. The job scheduler is a daemon, which contains a “policy”
controlling which job has to be chosen for execution, and where and when it has to be
submitted. The scheduler communicates with the server to get information about the
availability of jobs to execute. To learn about the state of system resources, it
addresses the job executors. (The daemon-to-daemon interface occurs via the
network.) The job executor is the daemon, which actually places the job into
execution. It also takes the responsibility for returning the job output to the user. Once
a new job to be executed is found by the scheduler, and free resources are available in
the system, the job is submitted to an execution host least loaded at the moment as
estimated by the batch system. At present, the maximum number of non-parallel jobs
executed on the cluster simultaneously is 22. The dual Intel Pentium III 800 MHz
computer, performs the server tasks and does not participate in batch executions by
default, though can be allocated to a batch job by a special request. If there are no free
nodes (i.e., all 22 execution processors are busy), new submitted jobs are put
(depending on computing resources requested) into one of 5 queues. When a free
processor becomes available, it is immediately allocated to a job from the queue
corresponding to the least amount of requested resources.

3. Grid Middleware at the KCLC
As mentioned above, the LCG middleware closely interacts with the system

environment. For that reason, to avoid possible system conflicts, we performed a
manual (step-by-step) LCG software deployment. Such a procedure helped us to
provide a proper interface between LCG services and packages needed for CMS
computational tasks such as, e.g., CMS Monte-Carlo event production (see Sect. 4).
On the other hand, it allowed us to overcome difficulties associated with low external
network bandwidth.

Of course, any Grid middleware is assumed to perform a variety of functions, and,
in general, there is no single completed set of packages that would provide all these
tools. This is typical of systems subjected to fast development and modification.
However, there exist a number of common packages, which are included in the
majority of Grid-based software. The LCG middleware discussed here uses the Globus
tool kit [8] and the most part of the services developed within the European Data Grid
(EDG) project [9].

These packages provide the work of main services, viz., GridFTP, GateKeeper,
Globus Job Manager, monitoring and discovery service (MDS), locallogger, Broker,
MyProxy, etc. The main set of packages is supplemented by software, which is
specific for a given collaboration (CMS, ATLAS, ALICE or LHCb) participating in
the LCG project.

Generally speaking, Grid components can be either single computers or clusters.
Cluster option is supported by the LCG, in particular, via inclusion of the LCG-
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specific interface to the Open PBS [7] called /cgpbs in the middleware. Accordingly,
earlier PBS configuration described in Ref. [6] has been altered at the KCLC by the
legpbs wrapper in order to provide a due operation of the LCG services.

Furthermore, a system in the LCG may include nodes having different functions. In
case of the KCLC, we have nodes of the Computing Element (CE), Worker Node
(WN), Storage Element (SE), and User Interface (UI) types.

The CE is based on 5§ main services supported by the Globus package [8]. At the
top level, the Globus provides services for organization of metacomputer
infrastructure: Adaptive Wide Area Resource Environment (AWARE), version
MPICH of the Message Passing Interface (MPI), Constructing Virtual Environment
(CAVE), Common Object Request Broker Architecture (CORBA), etc. Principles and
libraries of earlier systems, such as the Parallel Virtual Machine (PVM), the “plane”
MPI, Condor, and their expansions, have been put into the basis of the package. The
detailed description of the concept and realization of parallel programming with
MPICH methods is outlined in the package documentation and in Ref. [10].

The Globus service that provides access to a CE from the Grid is called gatekeeper.
It is the “frontend” of the CE. Usually, Gatekeeper is installed on a computer with a
real IP address. It is this node that accepts jobs from an LCG user, distributes them
over the WN’s of a cluster and returns the output to the user. In case of the KCLC (see
Fig. 4), we have one CE (node ‘cms’) and 9 WN's installed on all nodes of the farm,
except for the SE (‘cms05”). As shown on Fig. 4, the WN services can be configured
also on a node running the CE. At the KCLC, the WN installed on the CE node can be
allocated to a job through a special request.
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The next Globus service needed for the CE configuration is the MDS based on the
ldap protocol. It provides an information support to the local batch system and
corresponds to the external LCG structures about the system status. The system data
are collected through the so-called Berkley data-based information index (BDII) or
Grid information index (GIIS) server. The information is taken by the server from
clients of the Grid resource information service (GRIS). The GRIS has been
configured on all of the KCLC nodes.

The most important service responsible for the data transfer between LCG nodes is
GridFTP. At present, the GridFTP meets all the requirements established for
contemporary global networks.

As mentioned above, the LCG middleware contains a Globus wrapped version of
the OpenPBS needed for interaction of the CE with the WN’s. The Globus service that
accomplishes this interface is the Globus resource allocation manager (GRAM).

At last, one needs to configure a very important EDG service called locallogger,
which provides authorization of users on the CE and secure operation of the system.

In general, CE installation at the KCLC required deployment of 132 system
packages and adaptation of 21 configuration files.

The WN’s are the nodes, where jobs, actually, run. However, a user does not
interact directly with them. All work of the WN’s occurs behind the CE and is hidden
from the user. The WN’s should have access to user’s packages (e.g., software
specific for a given experiment), while the CE manages their operation via the
gatekeeper and the batch system. In case of the WN, no special Globus services (like
the ones used by the CE) are needed. Nevertheless, Globus utilities (GRIS, GRAM,
etc.) remotely collect information about WN resources for the CE. The WN setup at
the KCLC caused installation of 135 system packages with adaptation of 8
configuration files.

First of all, the WN services have been installed and configured on one of the
KCLC nodes (viz., cms06). While doing this, a shell script automating this procedure
was developed and tested and then used for subsequent WN setting up on other nodes.

The SE is a Grid node that has to fulfill an access to data disposed on an SS (large
disk array, tape (DLT) robot, etc.) for other nodes. The SE provides a uniformity of
such an access, with allowing a remote user to be unaware of the SS technical details,
number and internal interaction.

The SE functions are determined by peculiarities of the HEP tasks. Information
about data location on an SE can be directly obtained from the corresponding CE
name. This makes it possible to avoid ineffective exchange with big data arrays
between different RC’s for processing or analysis, because the principle of data,
computing resources and software encapsulation can be readily implemented in this
scheme.

LCG file access management occurs by means of the so-called Virtual
Organizations (VO’s). In case of the KCLC, the VO’s are the CMS and the CERN
Grid deployment team (DTEAM). The VO’s have special local accounts at the SE.
Any LCG user belongs to a VO and possesses a personal certificate mentioned in the
grid-mapfile at the SE. This certificate is put into correspondence with a local user
with name that coincides with the VO name.

The SE is burdened with more system services than the CE or WN. In addition, it
actively uses such Globus services as gatekeeper, GridFTP, Globus Job Manager,
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MDS, tomcat, etc. Adaptation of 14 configuration files was needed for SE installation
at the KCLC.

The Ul is any node, which runs software providing direct access to Grid resources.
It is that machine that gives an opportunity for a user to communicate with the Grid
through the LCG command interface. The Ul is used to submit jobs and get results of
computations.

To run the UI functions, openssh must be installed and properly configured on the
system. In case of a cluster, it is important that the ssk configuration would support
batch job submission and processing. At the KCLC, this is achieved by a passwordless
node-to-node access based on the host-based authorization provided by a special sshd
daemon configuration.

One of the main Grid problems is security. It is solved not only by special
protocols, but also through a package of measures, which include obligatory use of
personal and other certificates, authorization with a password and ordinary restriction
of access to ports of an element performed by a system of special package filters
called firewall. All these measures are consistent with the current LCG middleware
version installed at the KCLC, which is LCG 2 2 0.

In addition to the LCG middleware described above, we configured at the KCLC
also the storage resource broker (SRB) [11], which is a separate (non-LCG) Grid
element. The SRB is client-server middleware that enables a uniform interface for
connecting to heterogeneous data resources over a network and data replication. At the
KCLC, both SRB server and client services have been running since 2002.

Information about all data accumulated on world-spread SRB servers is contained
on so-called metadata catalogue (MCAT) servers. An MCAT server stores and
synchronously refreshes data catalogue images of SRB servers registered at this
MCAT server. The KCLC SRB server has been registered at the MCAT server of the
Bristo/RAL RC (United Kingdom).

An access to SRB data occurs by means of a command interface resembling
“classical” file transfer protocol (FTP) shell, though allowing a user to manipulate
pseudo-locally with data physically stored on different remote SRB servers. Similar to
the SE, this scheme provides a uniform way of data treatment and hides technical
details of the SS hardware.

At present, the KCLC SRB server contains CMS data generated on the cluster
within the CMS Monte-Carlo event production program starting from 2002.

4. Participation in the CERN/CMS Monte-Carlo Event Production

It has become a common HEP practice to perform complete computer simulation
of an experiment as a preliminary step of its accomplishment. Certainly, in case of
such a complex system as the CMS, this task requires a great amount of computation.
It is caused by both the complexity of physics processes to be simulated and the
elaborate design of the CMS detector, response of which should be adequately
reproduced. Such computer experiment is needed to optimize the detector trigger
system. Then, it gives an opportunity to tune and check the integrity of the LCG
middleware and other software developed for CMS data distributed storage and
analysis. Also, an important objective of this activity is studying software tools
developed by the collaboration for event reconstruction and training of physicists
intending to participate in data processing and analysis.
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Participation of the RC’s in the complete computer simulation of the CMS
experiment occurs via the so-called CMS Monte-Carlo event production. Computing
resources of universities and research centers from more than 30 countries are
involved in solution of this problem.

The scheme of the complete event production chain is displayed in Fig. 5. The
computer experiment starts from the event generation (module CMKIN), performed
by the PYTHIA simulation tool (see Ref. [12]) that implements the Lund version of
the quark-parton model of proton-proton interactions. Detector response simulation
(block CMSIM/OSCAR) is introduced by the Fortran-based package CMSIM
performing complete GEANT [13] (version 3) simulation of passing particles through
the CMS detector. Optionally, this step can be fulfilled with the OSCAR [14] package,
the detector simulation object-oriented software, utilizing the C++-based GEANT 4
toolkit. The CMSIM/OSCAR simulation is the most CPU-time-consuming part of the
production cycle. The average multiplicity of particles produced in proton-proton
collisions at the LHC energy reaches several hundreds, and the history of each of such
particles and its possible decay products should be followed up to the particle
disappearance (due to decay, stopping or escaping the detector volume). A typical
production job generating 250 CMS events takes more than 24 hours of a 1 GHz
Pentium III processor. The result of this step is information about tracks of all
particles passed through the detector. Based on this information, the signals in the
CMS compartments are evaluated (step HITS). Digitization of these signals (stage
DIGI) and reconstruction of particle tracks (RECO) with (optionally) taking into
account possible pile-up events are accomplished by the ORCA tool [15].

Events Datector response Events y
generation simulat on reconstruction

CMKIN—»{CMSIM/OSCAR HITS —— DIGI » RECO

Pile-up
events

Fig.5. Complete cycle of the CMS event generation/reconstruction.

The KIPT/CMS Group has been participating in the event production runs since
2002 employing the KCLC. A production center has to have a cluster of computers
capable of running batch jobs and a special CMS simulation software. Apart from the
mentioned above physics software, the latter includes a number of special production
tools.

An RC receives a request to simulate the events in the form of an assignment with
a unique identification number (ID). This process is maintained with the help of a
reference database (RefDB) located at CERN, which generates requests, distributes
assignments and traces their status. When an assignment is received, it should be
processed with a complex of Unix shell, Python and Perl scripts called McRunjob. Of
course, McRunjob has to be properly configured with taking into account the system
environment of the PC farm and the peculiarities of the given assignment. It takes the
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assignment ID as an input and downloads the relevant data from the RefDB creating a
number of jobs, with each of them being a complete entity capable of running
independently. It also keeps the track of jobs by updating their status in the RefDB and
using the BOSS software [16], which a wrapper for the cluster batch system providing
an interface to the MySQL database.

In case of the KCLC, the jobs are submitted to a PBS queue, which distributes
them for execution on different nodes of the cluster. If some of these jobs fail for some
reason, they can be resubmitted later. The BOSS provides real time monitoring and
book keeping for jobs submitted and running on the cluster and storing the
information in the MySQL database located on the KCLC CE node (‘cms’).

The complexity of installation and configuration of the production software is
associated with difficulties of adaptation of these complex tools to a specific platform
with the peculiarities and nuances typical of a cluster system. Besides, versions of the
physics packages must be agreed upon in order to get results that can be checked and
reproduced.

When a production job is running, a summary file for this job is generated by the
production software, which contains complete information about the computation
process (versions of all physics packages actually used, initial random number, names
and sizes of all generated files, execution host name, date and time of the beginning
and the end of the execution, resources [RAM and CPU time] used, etc.). Upon
completion of the job, the summary file is automatically either e-mailed directly to
CERN, or written to the MySQL database to be processed later by a script transferring
the relevant information to the CERN RefDB. In any case, information in the RefDB
is updated on a regular basis. This provides permanent monitoring of the production
activity in the RC’s. On the other hand, the summary files give an opportunity to
check or reproduce the production results, if some of them appear to be questionable
or incomplete.

Reliability of the production results is also achieved through the so-called
validation assignments (VA). Before running a production assignment, it is mandatory
for a production center to ask for the VA from the RefDB and run it. The VA
examines the system environment and correctness of the software versicns. The
resulting VA summary files submitted to CERN must coincide with sample data. Only
in this case the RC is admitted to the physical event generation and can get the
production assignment.

Concise statistics of KCLC participation in the CMS Monte-Carlo production runs
is presented in Table 1. More than 600000 events have been generated at the KCLC
within this program for the two years, with the majority of these data being the results
of the most cumbersome production step CMSIM. The CMSIM data occupy ~1
Mbyte/event of the HDD space. There are also generated (CMKIN) and reconstructed
(RECO) events in the form of the so-called HEP-standard “ntuples”, as well as HITS
files, which are comparable in the size per event with the CMSIM data. A physical
content of a production assignment is given by the corresponding dataset name. For
instance, dataset ‘hi02_qcd80_ 90’ means generation of QCD jets in the transverse
momentum range pr=80-90 GeV/c requested by the HI (“heavy ions”) physics group
in 2002, while ‘jm03_Wiets 20 50 refers to production of weak W bosons with
pr=20-50 GeV/c accompanied by QCD jets in proton-proton collisions at the LHC
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energy requested by the JetMET (“jets and missing transverse energy”) group in 2003.
More detailed information about each of the datasets listed in Table 1 can be found in
the CERN RefDB.

In conclusion, we would like to mention that, in addition to participation in the
CMS event production program, the KCLC is intensively used in our studies of
possibilities to observe a heavy Standard Model Higgs boson in decays
H — ZZ — llvv with the CMS detector. Details concerning this activity can be found,
e.g., in Ref. [17].

Table 1. Results of KCLC participation in CMS Monte-Carlo event production in 2002-2004.

Data Set Assignment ID | Number of | Data type
events generated
Hi02 photonl100 110 | 1829 1000 CMSIM
Hi02 qcd80 90 1644 5000 CMKIN, CMSIM
Hi02 qcd100 110 1645 1000 CMKIN, CMSIM
eg02 Biglets 1958, 1959, 85250 CMKIN+CMSIM,
1960, 1961 HITS, DIGI, RECO
Bt03 qcd120 170tth 2245 80000 CMKIN
mu03_tt2mu MII1000 | 2549 500 CMKIN
eg03 Wenu_calibration | 2840 99500 CMSIM
Jm03 Wiets 20 50 3024 100000 CMKIN
eg03 Zee 3047 100000 CMSIM
Tt _ch_140_tb20 5344, 5345, | 150000 CMKIN, CMSIM,
5481 HITS

5. Conclusion

An enormous data flow expected in the LHC experiments forces the HEP
community to resort to the LCG, a Grid-based model of data storage, processing and
analysis. Accordingly, a worldwide infrastructure of LCG RC’s is created, with the
KCLC being a part of the Moscow distributed RC.

The KCLC is a specialized PC farm constructed at the NSC KIPT for computer
simulations within the CMS physics program and preparations to the CMS data
analysis. Currently, it combines 22 CPU’s, and its total HDD storage is 2.5 Tbyte.

These performances allow us to participate in the CMS Monte-Carlo event
production representing “complete” simulation of the CMS experiment. Such
computer experiments require huge computation resources, and their accomplishment
is distributed world-widely over the RC’s. For the time being, more than 600000
events have been generated on the KCLC in such production runs. The most part of
the generated data are stored at (and can be fetched from) the KCLC SRB server.

To proceed further with our preparations for the CMS experiment, the installation
and proper configuration of the LCG middleware at the KCLC was needed. This is not
a trivial task, since this software is neither universal nor “complete” product, and one
has to go on in the configuration process step by step, in order to avoid system
conflicts. At present, the LCG middleware that supports the CE, WN, SE, and Ul
functions for the KCLC nodes has been installed. A number of special system services
had to be configured in each case. The employed at the KCLC procedure of manual
step-by-step LCG software installation and configuration as well as the scripts
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developed for its implementation are applicable for LCG middleware deployment on
other computing centers scheduling allocation of their resources for tasks of LHC data
processing or analysis.

To our knowledge, the KCLC is, at present, the only PC farm in Ukraine, which
has been constructed to meet the HEP computing needs, and which is actively used in
computation activities for the LHC experiments. Introduction at the KCLC of the
computation concept based on the novel Grid technology is also pioneering for the
country. So, we hope that our experience can be useful for construction of other
computing systems of the similar type, and, on the other hand, our work is
promotional for introduction of the Grid computing technology in Ukraine.

Further development of the KCLC is planned with considerable increase of its
capacities and deeper integration into the LCG structures.
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BicHuk XapKiBCbKOrO HaliOHATBHOTO YHIBEPCUTETY
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yIpaBITiHHA»

YJIK 517+681 Ne 703, 2005, ¢.87-94

Monennpoaaﬂne COCTaBHbIX HOBCpXHOCTeﬁ
B CUCTEMaAX CUMBOJIbHOM MaTeMaTHKH

IL T'. Jons

Xapwkoeckuil Hayuonanveitl ynueepcumem um. B.H. Kapazuna, Ykpauna

The method of compiling of uniform analytic formulas for the equations of the
continuous surfaces composed of various sections with the given equations is
proposed. The general equation of a piecewise-ruled surface stretched on a frame
consisting of a set of not intersected space curves constructs.

1. Beeaenue

[Ipu pacdyere M NMPOEKTUPOBAHMH KOHCTPYKLHMi, COCTaBJIEHHBIX W3 3JIEMEHTOB
CNOKHOM reomeTpuyeckod (OpMbl, BO3HMKAeT 3ajada CTPOroro MareMaTH4ecKoro
OIMCAHUS KOHTYPOB UX MoBepxHocTed. OnuH U3 moaxoAoB, npumensemMsix B CAITP u
CHCTeMaxX CHUMBOJIBHOH MaTeMaTWKU, COCTOMT B HCHOJB30BAaHMHM MHOXKECTBA
rpapudeckux npUMUTHBOB. OJTHAKO OH MUIOXO MPHUCITOCOOEH VIS MCHOJIb30BaHus B
pacyetax. KOHCTpyKTHBHBIM MareMaTHYECKUi MOAXO0 K PEIIEHHUIO TOH 3a1a4u ObuT
npeanoked B. JI. PpaueBeim [1,2], KOTOpbIM [aji METOX MOCTPOEHHS HESBHBIX
YPaBHEHHWI COCTaBHBIX yepTexkeid. Ele oAMH MOAXOH K pelleHHMIO 3THX 3a/ay JaeT
teopus cruiaiiHoB  [3,4]. B paborax aBropa [5,6] npemioxkeH cnocod
MaTeMaTHYECKOTO ONMCAHMA COCTABHBIX KPUBBIX U MpPUBEAEHbI o0ume Gopmyisl i
TNOCTPOEHUS ABHBIX U NapaMeTPUYECKUX YPABHEHHH KyCOYHO-TJIAAKUX HETpPepbIBHbIX
dyHkumit u KpuBbIX. B HacTosmei paboTe ITOT METO MPUMEHSETCS IS TIOCTPOCHHUS
€IMHbIX AHAIUTHYECKWX BBIPDAKCHUH /I YPABHEHHM COCTaBHBIX TOBEPXHOCTEN.
BeBozsTest Takke obume Qopmysibl JUIs NOCTPOSHHS €IMHBIX AHATMTHYECKHX
YPaBHEHHUH KyCOYHO-TMHEHYATHIX MOBEPXHOCTEIH.

B ocHOBY mnpemiaraeMoii METOJMKH TIOJI0KEHO HCIOIb30BAHHE BBEICHHONH B
pabote [5] pyHKuHM:

P(t,a,w) =~21~(w+;t—a|‘—- t—a-wl) (wz0). ()
w

Oynkuus P(t,a,w) sBnsercs HenpepbiBHOU 1o mepemenHoi . [Ipu r<a QyHxuus
pasHa 0, mpu f>a+w OHa paBHa |, a BHYTpH HMHTepBata a<!<a+w QyHKUuI

MHeHHas E (t—a) (ecniu w>0).
w

2. [lapameTpuyeckoe ypaBHeHHe KyCOYHO-/THHe4aTOH NOBEPXHOCTH
[Tycth JaHO ceMelCTBO HerepeceKaloIMXCsl MPOCTPAHCTBEHHBIX KPUBOMHHEHHBIX

OTPE3KOB C YpaBHEHWSIMH 7 =7, (7), re[rg,r,"] (k=0,1,...,n). B xaxnom wu3
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k

’ -7
ypaBHEHHH C/Ie/laeM 3aMeHY NEPEMEHHBIX 7 = r(’,‘ pusbomafo (u — U, ) TMomyuwiM HOBBIE
Uy —uy
k

k
S B P 1
YPaBHEHMS KPUBBIX 7, (u)=F,| 7 + (u-u,)|, B xoTopmix napamerp u

U —HUy

H3MEHSETCS B OJIMHAKOBOM /Ul BCEX KPMBOJIMHEHHBIX OTPE3KOB WHTEpBaie [ug,u].
CoeauHAM MPAMOJIMHEWHBIM OTPE3KOM Ha4da/lbHble TOYKH COCEINHMX KPUBOIHHEHHBIX
OTpPe3KOB 1 Oy/ieM ero JABUraTh TaK, YTOObI OH BCE BPEMS COEAMHSA TOYKH, UMEIOLIHE
OIMHAKOBBIE 3HA4YeHHMs napamerpa u. Mexay Kaxao¥ napodl KpHUBBIX IOTYyYMM
JTMHEWYaTYIO TOBEPXHOCTb. JTH NMOBEPXHOCTH CTBIKYIOTCS APYT € APYroOM IO KPUBBIM
HCXOQHOrO ceMeicTBa, 00pa3ysi HEKOTOPYIO HEMPEphIBHYIO KyCOUHO-IUHEHYaTyIo
noBepXHOCTh. COCTaBUM MapaMeTpU4ecKoe ypaBHEHHUE ITOH MOBEPXHOCTH.

[TonoXkuM, YTO KpHUBBIE MCXOJHOTO CEMEHCTBA SBISIOTCA KOOPAMHATHBIMH
JUHUAMH V=const 00pa30oBaHHOH KyCO4YHO-TMHeHuyaTod nosepxHocTH. HasHauum

K2KI0#M KPUBOH 3HAaUeHMe MapameTpa V=V, TakK, 4ToObl 3HAYEHUA V; 0Opa3OBbIBAIU

MOHOTOHHO-BO3PACTAIOIIYIO0  TOC/eI0BATeIbHOCTb. Torja ypaBHeHHEe KyCOYHO-
JTMHEHYaTOH MOBEPXHOCTH Oy €T UMETh CIEAYIOMHI BU:

R(u,v) =7y(u) + Z(fk @) = oy POV, Vi g, Ve = Vi) s (g su<u,vy<vsv,). Q)
k=1
JlokasatenbeTBo.  PaccmoTpuM  BekTop-OyHkuMio  R(w,v) Ha  WHTepBasie

v,y SV<V, Mpu HEKOTOpoM QukchpoBanHOM p (l<p<n). B cymme (2) Bce
oynxumu P(v,v,_,,v, -V, )=1 npu k<p, a mpu k>p P(v,v,,v; —Vv,4)=0.
[Toatomy (2) npuHUMaeT BUJ

p-1
R(u,v) =7y (u) + 2(7/: ) -7%, )+ (?p (=Rl (u))P(v’vp-—l R b s
k=1

=7,,(u)+ (?p (w)-7,, (u))P(v, gy Sewpi)
Yuureisas (1) ¥ 10, 4T0 v, | SV<V,, OC/e/IHEE BBIPAKEHHE IPe0dpasyeTcs K BUY

y V=V,
RGu,v) = Py )+ (7, () = 7, ()2
VoW
OT0 3HAuWT, 4TO Ha MOOOM OTpeske Vv, V<V, BEKTOp-QyHKUHS R(u,v)
NPEACTaBNIAET ypaBHEHHE JIMHEH4YaTOM TOBEPXHOCTH, HATAHYTOW MEXKAY KpPHBBIMH

F,a(u) mpu v=v,, u 7,(u) mpu v=v,. Eciu v<vy, 10 B dopmyne (2) Bce

dbyskuun  P(v,v,_,,v, —v,_,) PaBHBI HYJIO, M Mbl moaydaeM, 9ro R(u,v)=F,(u).
Ecnu v 2v,, To B hopmyie (2) Bce pynkuun P(v,v,_;,V, —V,_,) paBHbl €AUHHULE, U

n
MbI TIOjTy4aeM, 4ro R(u,v) = 7y (u) + Z(fk (u)-7 (u)) =7, (u). T.o., Bolpaxcenue (2)
k=1
JIaeT ypaBHEHUE HENMpPEepbIBHOM KyCOYHO-TMHEHYaTOW MOBEPXHOCTH, MPOXOAsuIeH
MOCITEIOBATEIbHO Yepe3 MPOCTPAHCTBEHHbie KpuBble 7y (u),7 (u),...,7,(u) mipu
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V=V, Vi, V,. (DakTuuecku KpuBble cemeWcrBa {7, (#)} sBstorcs pebpamu
00pa3oBaHHO# MTOBEPXHOCTH.

Ormernm, uTO ¢ moMowblO GopMysisl (2) CTPOATCS ypaBHEHMS MOJHOM
NOBEPXHOCTH TaKWX Tel Kak KyO, mupaMupaa, KOHYC, YPaBHEHHE TTOBEPXHOCTH
UMIMHPA BMECTE C BEPXHMM M HIKHMM OCHOBaHHEM U YPaBHEHMs MOBEPXHOCTEH
MHOTMX MHOrorpaHaukoB. Hampumep, noBepXHOCTb Ky0a MOXKHO NpPEICTaBUTH Kak
KyCOYHO-THHEMYATYIO NMOBEPXHOCTh HATAHYTYIO MeKIy 4 KpuBbiMU. [lepBoii KpHBO#H
ceveiicTBa Oyaer Toyka — LEHTP BepXHEro OCHOBaHWs. Bropoi — kBaapar,
ofpasyroluii  KOHTYp BepXHero ocHoBamusi. Tperbeil — KBaapar, SBISIOLIMKACS
KOHTYpOM HMJKHEro OcHOBaHMs. UeTBeprod — TOUKa, Jiexanias B LEHTPE HWKHEro
ocHoBanud. Jlng xyba ¢ Bepumuamu B Toukax (1,1,1), (-1,1,1), (-1,-1,1), (1,-1,1),
(L,1,-1), (-1,1,-1), (-1,-1,-1), (1,-1,-1) nmapamerpuueckoe ypaBHEHHE MOBEPXHOCTH
MMEET CreIyIOIIMH BUL

x(u,v)z—;(l—{u}+iu—li+|u—2—iu—3j)-(5v‘—1v—l(—[v—2i+!v—3!)

y(u,v)=;-(1—lu~lf+‘u—2)+u—3§—;u—4{)'(lv'—‘v—l\—fv—2:+fv—3‘)

2(u,v)=—v-1|+|v-2|,
npyu 0<u <4,0<v<3.3TH ypaBHeHHs NOCTPOEHHI 10 (opmyJie (2) ¢ mocaeayroen
3amMeHOH QyHkumi P(v,v,_,,v, —v,_ ) uxX BeipaxxeHusmu (1). IpexBapuresnsno 6buin

COCTaBJIEHbl MAPAMETPUYECKHE YPAaBHEHHS KBaJApaTOB (KOHTYPOB BEPXHEro H
HIDKHETO OCHOBAHHH) B COOTBETCTBHU ¢ opmyiamu pabotsl [5].

3. YpaBHeHue cOCTaBHOI IOBEPXHOCTH

Vpasnenue cocmaemnoir nogepxnocmu, cexyuu Komopou 3a0ansl YpaGHeHUuAMU 6
napavempuveckom sude. Ilycte Ha minockocth UV 3agaHa opToroHajibHas ceTKa
[tgsttyseenstt,, 1% [Vg,vysesv,, ] 1 B €€ suelikax A, =[u;,u;,]x[v;,v;,] onpenenensi
BeKTOP~()yHKLIHH i;j(u_,v)=(x,.j(u,v),y,.j(u,v),z,.j(u,v)) (i=0,1,2,...,n-1, j=0,1,2,....m-

I), nmpeacTaBisiolIMe ypaBHEHHS HEKOTOPHIX MOBepXHocTed. [lonokum, 4to i
COCTaBHOM moBepxHOcTH B obOmactu  [u,,u,]x[v,y,V, | BHINOIHAETCS YCIOBHE

HenpepbIBHOCTH. T.e. uist COCeAHUX BEKTOP-DYHKIMH 7 (1, V) BBITIONHSAIOTCS YCIOBHS
iU, V) =Py W,,v) mpu v, <vs<v,,, B F(uv,)=Fwv,) npu
u; <u <u;, . Ha npamoyronsnuke [u,,u,]x[v,,v, ] TpeOyerca mocTpouTs eavHOE

AHATHTUYECKOE ypaBHeHHe HOBerHOCTld, COCTOS[I.[leﬁ nu3 CeKImﬁ c ypaBHeHHﬂMH
F;(u,v) B oGmacTsx A, .

CocTaBUM ypaBHEHHE KaxKIO# CEKLIMU TIOBEPXHOCTH B ClITYIONIEM BH/IE
Rij (w,v)=r; (ui + (@ —u )Puu; 1 —u,),v; + (V0 — V)PV, _"'j))- (3)

IloBepxHOCTh ¢ 5THM ypaBHeHHMEM R, ;(,v) B obnact mPAMOYTOIbHHKA
A =lu;,u,1x[v;,v,,,] coBnanaer ¢ moBepxHOCTBIO, HMetOLIeH ypaBHeHue 7, (u,v)

B 5ToH obnactu. [leHcTBUTENBHO, W1 MOOOH TOYKH TNPSAMOYTOJbHUKA (u,v)e A
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BBIMOJIHAIOTCS  CHIEAYIOIME COOTHOWEHUS U, + (u, —u;)P(u,u;,u; —u;)=u,
=v;)P(v,v;

#; (u,v) . JoGbie 3Ha4eHus (u,v), nexKalnpe BHE 3TOH 06,1aCTH, OTOOPAKAKOTCS B TOUKH

v+ (Vg Vi —V;)=V H BEKTOp-PyHKLMSA R, j;(,v) cosnazaer ¢

rpaHuubl cekuwu. Hampumep, ecnin u >u;,, Vv, <v<v
—v )PV,
R, (u,v)=F, ,( ii2V), T.€. TOUKAa MOBEPXHOCTH R, ;(u,v) Haxoutes Ha rpaHuue

j41» TO HMMEET MecTo

up + Uy —u)Puug, g —u)) =y 1v, +(v

o -v;)=v. Torma

Jj+l
CEKLUHN TMIOBEPXHOCTH f’,-j (u,v). AHaJIOTHYHO TNpoBEpAETCA, 4YTO mo0ble 3HAYEHHA
(U,V)E Ai j 0T06pax<alorc;1 B TPAaHHYHBLIE TOYKH CCKLHH. T.O., BeKTop-(byHKHHH
Rij (u,v) NPeacTaBasgeT MNapaMeTPpHUHECKOE YpPaBHCHUE i]'-CCKHHlfI NMOBEPXHOCTU C

kpaeM. Ee MOXHO Ha3BaTh KPMBOJIMHEHHOM MPaHbIO COCTABHOM MOBEPXHOCTH.
[locTpoum eaMHOE YpaBHEHHE nosepxnocm COCTAaBNIEHHOM M3  CeKLUMil
noBepxHocTeii ¢ ypasnenuamu R, (u,v), R, (u,v),...R, , u,v) (q=0,1,...,m-1). [l

3TOr0 CJIOXKHUM ypaBHeHHﬂ ITUX CCKL[HH CJICAY LM 06pa30M
n-1
R, @,v) = Ry, () + 3 (R, () - R, (u,,v). @)
i=1

I[lokaxem, wuro s Ttowek (w,v)elu,,u,,]1x[v,,v,,;] nmeeT Mecto

paBeHcTBO R ,W,v)=F, (u,v). Jlng sToro npeobpasyem (4) cieayiomum o6pazom

p-1
R, (u,v) = Roy ) + 3 (B (u,v) = R, )+ (R (v - R, (1, 0)+
i=1

n-l
5 Z (Riq (ll, V) 3 Riq (ll,- ’ V))

i=p+1

HpH i<p Riq (u,v) ~ ?iq(ui-ﬂ’vq & (vq+l Vv )P(V; q, q+l _vq ))=Riq(ui+lav) T.K.
P@u,u;,u, —u,)=1. Tlpu i>p wumeem P(u,u;,u;,, —u,)=0 u, cneroBaTenbHO,
R, (u,v)=F (v, + (Vo =V )PV, v, =v,)) =R, (u;,v). Bbipakenue s

R, (u,v) npuHuMaeT crieayloumii Bu

p-1
R, (u,v) =Ry, (u;,v) + Z(Riq (u1,v) - R, (ui,v))+ (qu (u,v) - qu(up,v))

i=1
VCioBHS  CTHIKOBKM — COCEIHMX  CEKIMH TMOBEPXHOCTH, WMEIOUIHe  BHJ
FigUisV) = Ty (V) (v, SVSv,,), Temepb MOXHO 3amucath B  (opme
R, (u;,v) = Ry, (u,,,v), mockomsky R, (u,v)=F ;(u,v) nns moGbix Touek
(u,v) €lu;,u, 1x[v;,v,,]. TlosTomy B BblpakeHuu A Rq (u,v) cokparaloTcs Bce
ciaraembie, Kpome opHoro. [lomywaem, 4TO I8  TOYeK (u, v)eA ot
Rq (u,v)=R sg(UsV) =F, (u,v). DTO 3HAYMT, YTO TOBEPXHOCTb C YpaBHEHHEM
Rq (u,v) npu V, SVEV,,, Ha OTpe3Kax u, <u <u,, COBMNAJAeT C MOBEPXHOCTAMHU

COOTBETCTBYIOLIMX pg-CEeKLMM.
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[loBepxHOCTE ¢ ypaBHEHHEM Rq (#,v) Takke MOXKHO paccMaTpHBaTh Kak

HEKOTOPYIO CEKIIMIO MoBepXHOCTH. CI10XKHM 3TH ypaBHeHus (4) crieayroumum o6pasom
m-1

R(u,v) = Ry(u,v) + 3 (R, (u,v) - R, (u,v)). (5)
J=1

Hac uHTepecyer 3Ha4YeHHe 3TOro BhIpaXKEHHS B TOUKE (u,v)e A, . Pasnoxum cymmy

(5) na yacru.
21
R(u,v) = Ry(u,v) + qZ(Rj(u,v) ~R;(u,v, ))+ (Rq (u,v)-R,(u,v, ))+

=t

o,

(6)

m-1
- Z(Rj(u,v)—l?j(u,vj))
Jj=gq+t
Ecm j<g¢ n v, <v<y umeeM P(v,v -v;)=1, ¥ mua moboro

g+1 jsVin

uelu;,u;,] Gyaer Rj(u»v)zRij(“’V)=Fij(“i + (g —u))PQuuy,uy —u;)v ) =
=R, ;(u,v;,)) . Ecmg<ju Vg SVSV,,, umeeM P(v,v;, v, —v;) =0, u ars moGoro
uelu,u,,] Oymer Rj(u7v)=Rij(u’v)=Pij(ui +(u
=R,;(w,v;)=R,;(u,v,).

[locnesuss cymma B Boipaxkenuu (6) oGpauaercs B 0, B MbI HOTy4YaeM

g-1
R(u,v) =Rpo(u,v,)+z(kp v, =R, )+ R, )~ R, w,v,) ()

—u))P(uu;,u,y —u;),v;)=

i+l

OrMerum, 4TO MpH BbIBOAE mocieaHei GopMylibl Mbl MCTIONb30BAIN JI0KA3aHHBIH
BbILIE (hAKT, YTO /715 JTHOOOH TOYKH (u,v) e A,.j RJ. () = R',.j(u,v) x

YcioBue CTBIKOBKH COCEAHMX CeKUMA 7, (U, V) =7 (U, V;,1) TPH u; Su<uy,
MOXHO sanmucath B Bume R, (u,v,,)=R, ja(usv,,).  JledicTBuTensHo, TpH
, <u<u,, sextop-pynkuu R, (u,v,) u R, j+1{#,v,,1) coBHajaoT ¢ BEKTOP-
Gynkuwsvu 7 (w,v;,,) v 7 (u,v;,,), KOTOpbie paBHBI. [TokaxeM, 4TO paBEHCTBO
R, jv,)= R, ju(#,v;,;)  BBINONHSETC M MNpH  JAPYIMX  3HAYEHHAX  u.
JleficBuTenbHo, g u <u;, P(u,u;u;, —u;)=0 u MBI noay4aem R'U.(u, Vi) =
=0+ (g —u))Puuguy —u),v,) =7 (U,v;,,).  AHQIOTMYHO  MONyYaeM
R (uvy,) = Tija W vyn) . Ho 7wy, v,0) = 7y (4;,,) , MOITOMY UIS U <,
BBITIOZHACTCS  PABEHCTBO R (u,v;,) =R, (u,v,,). Aratornado, ans u,, <u
Taioke MMeeT MecTo paseHcTBO R (u,v,,) =R, (u,v,,). CrenosareisHo,
pasenctBo R, ;(u,v,,;) =R

(u,v,.,) BbIMONHsETCS VIS JUOOBIX 3HAYEHWMI U.

ij+l Jj+l
YuureiBas 310 YCIOBHE CTBIKOBKH COCCIHHX CeKLIHﬁ, nocjie coxpameﬂuifl B

cooTHOIIEHHH (7) OCTaeTcsi TOIBKO O/HO CllaraemMoe Rp ., v). T.o., nony4aem, 4ro

R(u,v) = R, (u,v) = F,, (u,v) a1a Touex (w,v)eA pg+ OTO 3HAUMT, UTO MOBEPXHOCTD
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C napaMeTpHuecKuM ypasHenuem R(u,v) mnpu u p SUSU,,, v, SVSV,,, cOBNIAACT

C MOBEPXHOCTHIO COOTBETCTBYIOLIEH pg-CeKLMH.

Ecnu B Gopmyity (5) noacraButh BeipaxeHHs (4), TO NOTy4UM
n=1

R(u,v) =Ry, (u,v)+ Z:(R,.o(u,v)—-1_2',-0(1,1,-,v))nL (8)

i=1

m-1 n-1 #=1
S (Roj(u,v)+Z(R,j(u,v)—R,.,(u,,v))j—(Roj(u,vj)+Z(R’,j(u,vj)—R,.,(u,.,vj)))
j=1 =1

i=1
ITocne NeperpynimrupoBKH CliaraCMbix noryq4aemM

m=l

n-1
R(u,v) = Ry (u,v) + Z(Rio(u, v) - R, (u; ,v))+ Z(Roj (u,v) =Ry, (u,v, ))+

i=l

~

m~1 n-1

+ZZ(R’ij(u,v)—R,.j(u,vj)—Ri].(u,.,v)+R,.j(u,.,vj)) ©9)

j=l i=
T.o., dopmyna (9) (wmu (8)) ¢ yuerom (3) naer aHATHTHYECKOE NPEACTABIICHUE
COCTaBHOM TIOBEPXHOCTH, €C/IH MApaMETPUYECKUE YPaBHEHMS ee CeKumi 7 (u,v)
3agaHbl. OTMETUM TakKe, YTO TOYKH (u,v), JeKallde BHE MPSAMOYTOJbHHKA
[ug,u,]x[vy,v,,], oTOOpaxKarOTCs B rpaHAYHBIC TOYKH COCTABHON MOBEPXHOCTH.
OGbIuHO WHTEpBa/Ibl M3MEHEHMs apryMeHTOB (,v) BekTOp-OyHKumi 7, (u,v),

NPEACTaBAIONIMX YPABHEHHS CEKLIWi, 3aaHbl Ha MPOM3BOJIBHOM MPSIMOYTOIBHUKE
uy <u<uy’, v/ <v<v]/. Urobbl 3TH NpPAMOYrOTBHMKM  COTJIAacoBaTh ¢
COOTBETCTBYIOUMMH TIPAMOYTONbHUKAMH [u,,u;,, [ X[v;,Vv,,; ] npeasaputensno nepea
HCMO/b30BaHKeM GOpMyI (3) B ypaBHEHHMSIX MOBEPXHOCTeH 7; ; (u,V) criefyeT caenats
ij ij ij
PR N7 T
3aMeHy NMepeMeHHbIX U = Uy + 2 (u' —u,), v=vi/ + 1 —L (V' -v,).
U — Y Vi =

Dopmyasl (8), (9) Bceraa npeacTaBIsIOT YPaBHEHHE HEIPEPbIBHOH MOBEPXHOCTH
(ecn  nexozaHbie  BEKTOp-GYHKUMM  7;;(4,V) HENpPEPBIBHBI) Jaxe, €CI¥ He
BBIMOJIHAETCA YC/IOBUE CTHIKOBKH COCE/THUX CeKLMi. B 3ToM ciiydae pesyabTupyromas
NOBEPXHOCTh Oy/AeT COBNaAaTh TONBKO ¢ HAYAIBHOH CEKLMeH MOBEPXHOCTH Py, (1, V),

a ocTajbHbie CeKUMM OyayT ne(OpMHpPOBAHBI M TPUCTHIKOBAHbl K HAadaJdbHOM Tak,
4yT0OBl pe3yIbTHPYIOLIAs TOBEPXHOCTH Obljia HENPEPbIBHOI.

Vpasuenue cocmasenoii nosepxnocmu, cexyuu KOMopou 3a0anbl YPAGHEHUIMU 6
senom  euoe. llycth Ha miockoctd XY  3ajaHa  OPTOroHalbHas — CeTh
@, =[Xg, X500, X, 1X[ Y05 V150 ¥,, ] ¥ B €€ A4eiikax ompenenenst QyHkumu z;;(x,y)
(i=0,1,2,...,n-1, j=0,1,2,....m-1), NpeACTaBIMOIUME SABHBIC YPAaBHEHHS HEKOTOPBIX
nosepxHocTed. M3BeCTHO, YTO 3TH TMNOBEPXHOCTH [EPECEKAIOTCA MO KPUBBIM,
PacrONOKEHHBIM HAJ JIMHUAMH CeTH @,, TaK, 4YTO BBINOJHAIOTCS YyCIIOBHA

HETPEPBIBHOCTH COCTABHOM [MOBEPXHOCTH B BHAC: Z,,(X.,)) =2, ;(X;y,») 0pH
YiSysSys ¥ z;(6Y,0)=2,,(%y,,) opu x; <x<x;,,. Ha npamoyronsHuke

[x0,x,1%[¥¢>¥,,] TpebyeTcsi NOCTPOMTH €AMHOE AHAIUTHYECKOE YypaBHEHWME



L i Lt et A e e L e e

MozenpoBaHne COCTaBHbIX IIOBEPXHOCTEH ... 93

NMOBEPXHOCTH, COCTaBJEHHOW W3 CEKLUMM IOBEPXHOCTEH, WMEIOLIUX YpaBHEHHS
7;;(x,y) Hapobmactamu A, ; =[x;,x;, 1x[y;,¥;.].
Jlns 3TOro BHayane COCTaBHM YPaBHEHME CEKIMil MOBEPXHOCTH B ClIEAYIOLIEM
BHJIE
Z,;(x,y)=2;;(x; + (xpy = x)P(x, X, X, — X;),

Yi+tWm ~Yi)P, YV —¥;)

Kaxpas TaKas NOBEPXHOCTh Haj obnacTbio NpSAMOYTOJIbHUKA
A =[x;,x,,1%[y;,,.] coBnagaer ¢ HCXOIHOM, NOCKOALKY is OGO TOUKM M3

(10)

NPAMOYTOJIbHHKA (x, y)eA,. ; aprymeHTbi QyHkuuu B npaBod yactu dopmyst (10)

coBmagaroT ¢ x ¥ y. Hanm momocamu BieBo, BmpaBo, BHWU3 W BBEPX OT 3TOrO
MPAMOYTOJIbHUKA TOBEPXHOCTD Z, (X, y) ABISETCH WMIMHAPHYECKOH, 06pasoBaHHO#M

NEPEHOCOM  COOTBETCTBYIOWIEH TPaHWYHOM KPUBOM CEKLUWH BAOJIb OJHOM U3
KoopaMHATHBIX oceil. Han yrnoBbiMM KBagpaHTamu pe3ysbTUpyIOmas QyHKIMS
Z;;(x,y) TOCTOSHHA ¥ paBHA 3HAYEHHMIO MCXOHOH (yHkumu z,;(x,y) B ymax

CEKLIMH.

[loBTOpSAS NMpeaplAyliHe MOCTPOSHHS, NOyYaeM CleIyouyo GopMyty
-1

n-1 m
Z(x,y)=Zoy(x, )+ Z(Zio(an’) —ZiO(xi’y))+ Z(ZOj(an) -Zy; (x!yj))+

i=1 j=1
m~1 n-1

332,60 -2,5,) - 2, 0) + Z,(x,,7,) (11)
j=1 i=l1
Ona npezacTaBifeT ypaBHEHUE COCTABHOM TMOBEPXHOCTH, CEKLIMU KOTOPOH 3a/iaHbl

ABHBIMH YPaBHEHWAMH Zz =z, (X,y) Haj suyeikamu cetd A,;. Jlokasarenbcrso

dopmynbr (11) HOMHOCTBIO MOBTOpPSET MpEAbIAYIIEe AOKA3aTeNbCTBO C TOM JIHIIbL
PA3HHULIEH, YTO BMECTO BeKTOp-OyHKuMA 7, (u,v) u R, ;(u,v) paccmarpuBaroTCs

ckasipHbie GyHKUMH z, ;(x,y) ¥ Z; ;(x, ).

4. 3ak/104eHne

C nomompto BBeaeHHOH QyHkimH (1) u dopmyisl (2) MOKHO COCTABIIATh €AWHBIE
AHATUTUYECKUE BBIPAKEHHS /U YPAaBHEHMH KYCOUHO-TMHEHYAThIX TNMOBEPXHOCTEH.
Meroz no3BoIsieT TIOCTPOUTH YpaBHEHHS MOMHBIX MOBEPXHOCTEH TAKMX TN Kak KyO,
MMpaMKIa, KOHYC, YPaBHEHHE MOBEPXHOCTH LIMIMH/PA BMECTE C BEPXHHM M HIKHUM
OCHOBAHMEM M YPABHEHMS MOBEPXHOCTEH MHOTHX MHOrorpasHukoB. ®opmyisi (3),
(9) u (10), (11) maror cnoco0 MOCTPOEHHs YpaBHEHHH HEMPEPBIBHBIX COCTaBHBIX
MOBEPXHOCTEH B (OpME ENMHBIX AHANMTHYECKHX BBIDKEHHid, €CIIM ypaBHEHWS
OTAEBHBIX CeKLMil (KPUBOJIMHEMHBIX TpaHeil) MOBepXHOCTH 3azianbl. Mcnons3oBanue
U GopMysT B CHCTEMaX CHMBOJIBHOM MAaTeMaTHKM TO3BONSET TI'€HepUpoBaTh
YPABHEHMS I[IMPOKOTO KJacca KYCOYHO-ITIAZKMX  HEMpPEPBIBHBIX  COCTaBHBIX
NMOBEPXHOCTeH. AJITOPHTMbI HacToslied paboThl pealn3oBaHbl B HEKOTOPBIX
npotieypax makera paciuupenusi PscFunctions cucTeMbl CMMBOJIBHOW MaTeMaTHKH
MAPLE, co3panHoro asropoM. OH TMpeACTaBIeH Ha MHTEpHET caiite
www.maplesoft.com/products/thirdparty/PSCFunctions. ~ ®@opmynast  HacTosruen
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paboThl MMEIOT NPUMEHEHWE B HayyHOH rpaduke i u300pakeHHs IBY- H
TPEXMEPHBIX Tel M pa3HYHbIX Mojiell Ha MX moBepXHocTH. [ToBepxHOocTH Ten B
CHCTEMAaX MHKEHEPHOH KOMMBIOTEPHOH IpaQHKH Takke MOTYT OIMCHIBATHCA ¢
KCTIOb30BaHUEM TIPEIUIOXKEHHBIX B paboTe ypaBHEHHUI.
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Visual Semantic Query Formulation and Execution
in UnIT-NET IEDI

E. Dzhurinsky, V. Ermolayev, N. Keberle, V. Vladimirov

Zaporozhye National University, Ukraine
JDevelop.com, Ukraine

UnIT-NET Infrastructure for Electronic Data Interchange (IEDI) is the multi-layered
distributed software system for providing intelligent ontology-driven information
retrieval from distributed, heterogeneous, autonomous information resources (IRs).
IEDI is constructed according the ideology of mediator-wrapper architecture with
single centralized mediator. The paper presents the results of evaluation of the UnIT-
NET IEDI research prototype. Two autonomous distributed IRs - “University Entrant”
IR of Zaporozhye National University and “Dean’s Office” IR of V. Karazin Kharkiv
National University were used as a testbed. Experiments have shown practical
applicability of the approach proposed for the IEDI architecture. One of the stages of
the evaluation procedure is the assessment of the quality of interface between users
and IEDI mediator. The paper analyses lessons learned from the evaluation of UnIT-
NET IEDI user interface component — Query Formulation Interface. The analysis
proves the usability of the QFI; however there are refinements which have still to be
considered in the future work.

1. Introduction

The goal of a data integration system is to provide a uniform interface to various
data sources [1], and to enable users to focus on specifying the questions they have.

UnIT-Net! IEDI is the software infrastructure providing for the Electronic Data
Interchange between the Universities and the State Bodies of Ukraine. More precisely,
IEDI is the multi-layered distributed software system comprising the software servers,
services, components and tools for providing intelligent ontology-driven information
retrieval from distributed, heterogeneous, legally and physically autonomous IR in the
frame of the organizational network of the National Higher Education System.

The task of IEDI mediator developed within UnIT-Net project is to provide
uniform, consistent and user-friendly interface to retrieve information from distributed
autonomous information resources (IRs).

The paper reports on the evaluation of UnIT-NET IEDI research prototype
implementation. One of the stages of the evaluation procedure is the assessment of the
quality of interface between users and IEDI mediator. The paper presents the study of
capabilities of Query Formulation Interface (QFI).

QFI ~ is a graphical tool which is the UnIT-NET IEDI user interface — uses visual
presentation of mediator domain ontology and information resources’ ontologies in the
form of a tree and in the form of graph; it allows to add concepts, properties and

I UnIT-Net: IT in University Management Network. TEMPUS/TACIS project MP-JEP-2010-2003.
hitp://www.unit-net.org.ua/
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additional constraints to a user query under construction; it stores user query using the
concept of “basket”; it generates initial query to the mediator, initiates sub-queries
extraction for the underlying IRs, collects responses and visually presents the
responses to the user.

The paper is structured as follows: Section 2 discussed the IEDI framework and its
main tasks; Section 3 describes IEDI environment chosen to bring the framework to
life; Section 4 describes QFI in details; in the Section 5 presented are the results of
experiments with IEDI; Section 6 presents the analysis of experiment results; Section
7 surveys the related work; Section 8 concludes the paper.

2 UnIT-Net IEDI Framework

From the variety of organizational platforms for integration of heterogeneous data
sources (mediator-wrapper [1], federated database systems [2] etc) for UnIT-NET
IEDI purposes only mediator-wrapper architecture gives the balance of centralized
control and to a certain end a freedom in work with autonomous IRs.

Shortly describe the UnIT-NET IEDI architecture (see Fig. 1, also [3], [4]).
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Figure 1. The reference architecture of fhe Unl T-NET IEDI

There is one IEDI mediator, its main tasks are:
- querying distributed autonomous semantically heterogeneous IRs (including
user query formulation, query rewriting, results mark-up)
- registering IR
- maintaining coherent semantic descriptions
IRs are autonomous, distributed, heterogeneous and communicate with IEDI
mediator by means of intelligent IR wrappers implemented as web services.
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Each IR due to its autonomy has its own representation of the conceptualization of
the domain, formally specified by IR conceptual schema. The hierarchy of IEDI
ontologies has been developed to integrate these local views into the global view of
the mediator.

Two main approaches to integrate data and answer queries without matzrializing a
global schema [5] are “global-as-view” and “local-as-view”. Global-as-view approach
prescribes for every domain conceptual schema concept to have a view over the IRs.
On the contrary, local-as-view approach provides for each concept of an IR a view
over the domain conceptual schema. Both approaches have their advantages and
drawbacks; e.g. global-as-view is tolerant to answering complex queries and less
flexible for maintaining frequently changed IRs; local-as-view approach is flexible
with respect to changes in [Rs, but its operation time increases exponentially to the
number of IRs involved.

UnIT-NET IEDI explores “global-as-view” approach [6] and query rewriting
technique ([7], [8]) to reformulate queries over IRs.

Domain knowledge is structured in the hierarchy of ontologies (see also [4], [9]).
Each IR has own Information Resource Ontology (IRO), containing all essential (from
the point of view of IR provider) concepts and properties of underlying IR domain.
The goal of Mediator Domain Ontology (MDO) is to collect and merge all the
knowledge from IROs, possibly adding necessary levels of abstraction.

Rewriting technique [1] makes use of mapping rules applicable to initial query to
obtain new queries. In IEDI mapping rules are stored in mapping ontologies. IR-
Domain Mapping Ontology (IRDMO, see Fig. 2a) stores mappings between IRO and
MDO. IRO-IR Schema Mapping Ontology (see Fig. 2b) is constructed for every IR to
store mappings of IR ontology terms to underlying structures of IR.

IRDMO is constructed in a way to contain the minimally necessary mappings for
the MDO-IRO pairs. Only the mappings of non-inherited slots are stored for each
MDO concept. IEDI mediator uses Late Binding technique [9] to detect all necessary
slots of concepts during formulation of sub-queries to IROs.

All ontologies in UnIT-NET were developed with help of ontology editor Protégé
3.02 and are presented in OWL-DL [10], thus they have a sound and formal basis to
verify consistence of ontologies.

3 IEDI Environment

All functional components of IEDI architecture are implemented in Java as web
services. IR wrapper web services and IEDI mediator web service are run on Apache
Tomcat® Web server.

2Protégé 3.0 is available at the URL: http://protege.stanford.edu
3 dpache Tomcat Web server is available at the URL: http://jakarta.apache.org/tomcat/index.html
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Figure 2. The structures of mapping ontologies

Query Formulation Interface is made as separate GUI client desktop application
working together with the mediator and operating on Apache Tomcat Web server as
well. All the functional components of IEDI architecture (QFI, servers inside the
mediator) may be distributed. Communications between functional components are
based on SOAP and implemented with help of Apache SOAP processing service®. The
architectural details of generic IR wrapper server are presented in [11].

Jena’ 2 API — Java-based framework for building Semantic Web applications — was
chosen to store and query IEDI ontologies. It provides a programmatic environment
for RDF, RDFS and OWL, including a rule-based inference engine’. Jena is an open-
source project and has good support level from developers’ team.

4 Apache SOAP processing service is available at the URL: http://ws.apache.org/soap/
5 Jena 2 API is available at the URL: http://jena.sourceforge.net/
6 Description of Jena features can be found at the URL: http://simile.mit.edu/reports/stores/index.html
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Internal language for querying IEDI ontologies is RDQL [15], as far as RDQL has
implementation in Jena 2 API. The comprehensive survey of all existing query
languages for RDF is given in [12].

User interface for query formulation — QFI — was written as Java SWING graphical
user interface application.

4 Visual Query Formulation with QFI

In IEDI it is not required that a user codes his or her queries in RDQL notation.
Instead, the tool for ontology-driven Query Formulation Interface (QFI) is provided by
the IEDI mediator.

The general requirement to QFI was that a user should have a visual ontology-
based interface which allows him or her to interactively choose the terms of the MDO,
to apply constraints to these terms and, thus, to formulate the query. The user query
should be generated automatically from the set of the chosen ontology elements
(concepts, properties constrained with the required terms).

The aim of visual query formulation interface in UnIT-Net is twofold.

First, QFI serves as the tool for domain ontologies navigation and learning. This
allows user to be aware of the semantics of concepts and questions they will further
pose to the mediator.

Second, QFI embeds all the mechanisms for subsequent querying the knowledge
stored in mediator/resources. This allows user to pose queries with no extra
knowledge on query languages inside the mediator.

Let s walk through the presentatlon of the following sample query “Entrants from

&.C: PnnnlyRmeFotEqualsq
©- C! EntrantExamSequence
©- .C) EntrantExamResult

Right-click nodes and pacegroutd for mor

'quho City_| EruSchooI dic Tne i i

class defines cities where entrants ‘i Q@ ik <

to the given Higher Education i P! surname
i
i

Instifution have graduated from.

§ (© School
F‘descrorsmol

i P : abbrewviation

it e®¢ mamm

i @ [P} descrOfCityEndSchool

! eq "3anopixxa” i

F igure 3 stual presentatlon of the query “Entrants f rom Zaporozhye and thezr schools
descriptions”

Left upper frame shows the taxonomy of loaded ontology (taken from .owl file).
To ease the understanding of the ontology only datatype properties are presented
visually in the QFI for each concept — only these properties may appear with value
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restrictions in the query. For example, concept “School” has only two datatype
properties — “descrOfSchool” and “abbreviation”, and the other properties of this
concept are object properties, relating “School” to other concepts in the ontology.

Right upper frame visualizes the ontology. QFI allows three modes of interface
regulated with radio buttons and a scroll bar: “zoom” — to visually zoom the
neighborhood of the concept; “rotate” — to rotate the whole structure around selected
concept; “hyperbolic” [13] — to view the structure in the “fish eye” manner. The latter
technique assigns more display space to a portion of the hierarchy while still
embedding it in the context of the entire hierarchy. This supports a smooth blending
between focus and context, as well as continuous redirection of the focus.

Left bottom frame shows comments (taken from rdf:comment tags) to the
selected concept or slot. Right bottom frame visualizes the contents of the current
query.

QFI according to the classification of visual query systems [14] explores diagram-
based approach for domain knowledge and query structure visualization. QFI is suited
to construct queries only from terms already existing in domain ontology. Query
results’ presentation is form-based and query formulation is visualized as a kind of
“unconnected path” visualization strategy [14].
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Figure 4. Initial query formulation in IEDI reference architecture
The process of initial query formulation in QFI is presented in Fig. 4.

Visual Query (VQ) is constructed by the user with help of visual interface of QFL
We borrow the concept of a “basket” from e-commerce applications to store elements
of the visual query. Serializing Java objects into XML is done with help of XStream’.

7 XStream available at URL: http://www.xml.com/pub/a/2004/08/18/xstream. html
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Figure 5. Mark-up for Visual Queries basket content

The user adds necessary concepts to the basket, assigns additional restrictions on
the values of properties. The fragment of the basket content for query “Entrants from
Zaporozhye and decrtiptions of their schools” is shown in the Fig. 5.

After the query is built visually, QFI generates initial RDQL query. The main
problem here comes from the fact that the user is free to choose arbitrary concepts
from the ontology. It may happen that the graph constructed over these concepts is
unconnected. As it was shown in [9] such graph corresponds to a “bad” initial query,
resulting in redundant responses from IRs and rather artificial content of these
responses. To avoid this situation QFI makes “bad” queries “good” by automatically
searching the paths between concepts and incorporating necessary parts of ontology
(concepts, object properties) into the resulting Initial Query (IQ). Dijkstra algorithm®
for the search of the shortest path in a graph has been used to implement this
intelligent functionality. This algorithm applies to ontology represented as directed
graph — concepts are treated as vertexes, object properties — as edges, and tries to find
shortest paths between concepts from user query.

QFI allows to make changes directly to the RDQL presentation of the query, and
then — to save a new query. This feature is useful in case when a user really needs
“bad” query to be executed (e.g. to receive the Cartesian product of instances of
several concepts), or when the user is experienced in the domain ontology and is able
to describe the path between directly unrelated concepts in RDQL himself.

Fig. 6 shows the RDQL query automatically constructed in QFI for “Entrants from
Zaporozhye and their schools descriptions” example. The following triples were
automatically added into the resulting query:

First triple was added to describe the path between concepts “Entrant” and
“School”, and second triple describes the path between “School” and
“CityEndSchool .

8 Realization of Dijkstra algorithm for shortest past search was taken from JDSL - Data Structures
Library in Java , available at the URL: http://www.cs.brown.edu/cgc/jdsl/
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When the initial query is ready, QFl connects to the IEDI mediator, passes this
query and waits for the results. Then QFI performs results’ mark-up in terms of the
ontology whose concepts were in the query and brings the results to the user.

BSELECT ?surmame,
7firstname,
B?descrOfSchool,
k7 abbreviation,
g?descrOfCityEndSchool
EWHERE (?a, rdfiype, preficEntrant),
i(?a, prefixsurname, 7surname),
(?a, preficfirstname, ?first-name),
§(7b, rdftype, prefixSchool),
t(?b, prefixdescrOfSchool, ?descrOfSchool),
B(7h, prefixabbreviation, 2abbreviation),
(7c, rdftype, prefix.CityEndSchool),

?c, prefix:descrOfCityEndSchool, ?descrOfCityEndSchool),

f ?a,preficschooliNumberForEntrant, ?b),
B(7b, prefix.cityEndSchoolF orEntrant, 2¢)

AND ?descrOfCityEndSchool eq "3anopixeka” USING prefix FOR <hitp:funitnet education zp.uafontMD O owl#>

(?a, prefix:schoolNumberForEntrant, ?b) and

(?b, prefix:cityEndSchoolForEntrant, ?c)

In addition, QF]I stores queries history to allow user to easily pose frequently used
queries. Upon the user request QFI may store the particular responses from IRs as
well.

As far as initial query is formulated for the whole MDO QFI initiates ontology-
driven sub-queries extraction (see detailed description of the ODSQE algorithm in [9])
to obtain sub-queries to the registered IRs. These RDQL sub-queries are partial in the
sense that not every MDO concept/property from the initial query should have
correspondences in every registered IR. In spite of this, it is guaranteed that each
partial RDQL query is correct and produces result. All peculiarities of sub-queries
extraction are reported in [9]. Then IEDI mediator transforms each sub-query into the
IR query and sends it to the IR. Current implementation of IEDI uses RDQL-SQL
transformation algorithm worked out in [11]. IRO concepts and slots are mapped into
table names and field names of the underlying relational IR scheme. This mapping
according to the IEDI ontologies hierarchy is stored in IRO-IR Scheme Mapping
ontology.

IR wrappers accept the sub-queries, initiate their execution and perform results
mark-up in terms of respective IRO. The details of IR wrapper algorithms and
realization are reported in [11].




Visual Semantic Query Formulation and Execution ... 103

| frskname. | . destrOfSchool | _abbreviation _jdescrOfCiEndsch.) |
Onbra __i3anopizbkud Toprosud konemk  3TK 3anopiioka !

Enyapa 3anopizbkuit ByaieencHui TexHikym 3BT 3anopixoks
Onecs TigpoeHepreTMYHKi TexHikym 3anop... MET3] 3anopikka H
Bepodika 3anopizbkui UEHTE NpodeciiHo-Tex... 3LNTO _ '3anopiioka s
Jenue MTY Ne5 % ‘3anopixoka i
Onekcin 3anopizkkui ENEKTPOTEXHIMHMA Tex... 3ETK 3anopiiokA }
fonia MeB7 NeB7 3anopboka !
1 K Biranii hatd i Net4 3anopineka !
{Boiewxo  Awacracia  M107, 107 3anopioka |
§3acTeno AHHa  iNe2 ey Ne2 3anopiroxa ’
KyponsTkin €pre Me90 . Ne90 - 3anopiNCRA
Kauan AHHa oy AT il ) N7 3anopiKKs
iCupoBaTka TetAHa __‘3anopisbke nefaroriyHe yuunuuwe Ne2 3My2 3anopBcKA 5
EHIOTIH ‘Onexciit Ne20 Ne20) Ranopbroka
#Copokonat Hartans MNe18 Creyjaniaoeaqa wWrona diamd... chetd 3anopiKKA }
BywMaH Oner NTY Neld nTy14 3anopixKa
LiuraHoga KatepuHa he83 : Ne93 3anopirka ‘
fKapmeniok KatepuHa Ne16 s ) Nel6 3anopikKa 3
koina__ lpwwa  INe10B Ne106 3anapbioka }
floce Cepri Mig - oT Ne110 ‘Janopioka
Kyimos Oner Ne®10 Ne110 3anopika
oMinoea ‘MapuHa . hed Ned 3anopbioka :
Cokan  fHa INa96 A ‘ Ne9B 3anopixkKka "3
ZHabicea CeitnaHa ‘3anopicbKa dinia JepxkasHol akage... 3OIAC 3anopixkKka i
[Coatigoe _____Haranea 100 WIS L

Figure 7. Response obtained for the query

E.g. query “Entrants from Zaporozhye and their schools descriptions” had the
following response (see Fig. 7).

5 Experiments with QFI

Evaluation experiment was planned as follows. There were chosen two
autonomous IRs registered into the IEDI mediator — “University Entrants” IR of
Zaporozhye National University and “Dean’s Office” IR of V. Karazin Kharkiv
National University. “University Entrants” IR is run on MS SQL Server 2000
platform, “Dean’s Office” IR uses MS Access.

The preparatory stage consisted of construction of experimental query set and
installation of IR wrappers on the IRs.

The principle of organizing the query set was that IEDI mediator should correctly
answer queries specific to the given IR, and additionally it should be able to answer
queries over common concepts of MDO, which have several mappings in IRs.

Each IR support team was asked to prepare a set of queries intrinsic to the IR and
formulated in natural language. The size of each query set was approximately 25
queries. As far as frequently asked queries are usually hardwired into the visual
interface of information system, most of the queries in the set were taken from that
interface. Resulting query sets were formed without any restrictions which might be
influenced by the IEDI mediator architecture, ontologies hierarchy and the query
formulation language.

Natural language query set over MDO concepts was prepared by MDO support
team at ZNU. The main requirement to this set was to intensively use concepts
common to both IRs and to explore taxonomy of concepts.
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The main stage of the experiment was as follows.

At first, each IR support team has formulated and executed queries from their
query sets using QFI and IEDI mediator. The correspondent IR itself was used
locally. This has allowed further use the IR query set as a testbed for checking
correctness of IRO, IRO-IR Schema Mapping Ontology and of RDQL-SQL
transformation algorithm.

At second, MDO support team has re-run IR query sets, when these IR were used
remotely. This has proved the reliability of IEDI mediator — wrappers communication
through distributed web-services.

At third, MDO support team has formulated in QFI and executed MDO query set
to check correctness of sub-queries extraction and IR responses gathering.

For each query sets it was proposed to IRO/MDO support teams to fill in a
questionnaire during the main stage of experiments. They were asked to outline the
reasons of complexity in query formulation. The results of their answers are shown in
Table 1 (several reasons for one query were allowed).

Table 1. Users vision of complexity in query formulation in [EDI

Reason IEDI
fcutecture linl}itDa?i:;ns implegfl{tation
Query sets and tasks
IR query sets 0% 36% (18 of 50) 16% (8 of 50)
MDO query set 36% (9 0f 25) | 36% (9 of 25) 60% (15 of 25)

Both IR support teams were strongly familiar with correspondent domain; however
they used QFI with very little respect to its factual capabilities. They expected to get
the results in the form similar to their IR native user interface, where the aggregate
values (sums, average values etc) are of common use. That’s why they’ve put the
restrictions of RDQL on the first place of complexity reasons.

MDO support team was familiar with correspondent domains, and this team was
better informed of factual capabilities of QFI and IEDI mediator. Their main task was
to pose queries involving concepts from both IRs. They’ve outlined that IEDI
mediator does not merge responses from IRs, but the most complex thing was to
compare values from IRs between each other. This has lead to first place of QFI
limitations for complexity reasons.

However it should be pointed out that only queries which contained value
restriction of non-string data types were failed. The percentage of such queries in the
sets was 4% (2 queries of 50).

Maximal delay of response for querying IR situated in the same network with the
user and the IEDI mediator was proportional to the response size and did not exceed 5
seconds. For querying IR via remote access both to the mediator and an IR the
maximal response delay caused by network connection was 50 seconds.

6 Lessons Learned and Future Research

Experiment with the user interface component of IEDI mediator shows that visual
query formulation supplied with native language-oriented interface is very
comfortable and easy to use. For novices in the domain it was a bit complex to
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understand the context of a particular ontology concept, and they were forced to read
comments to definitions of concepts and properties. Additional but expected
inconvenience was related with the situation when users navigate and query ontology
with concepts/properties’ names given in a foreign language.

Results obtained during the implementation and testing stages of UnIT-NET
project have pointed out current restrictions of the interface between users and IEDI.

Interface restrictions were divided into three types: restrictions imposed with the
internal query language — RDQL, simplifications done for the whole IEDI
architecture, and simplifications of the current version of QFI.

The first influencing category of restrictions was the internal query language.
RDQL does not allow aggregation functions to be applied as at the stage of initial
query formulation, as at the stage of results mark-up.

Certain limitations or, better say, simplifications were made to the IEDI
architecture. One of them is the simplified structure of IRDMO. Currently the
mapping is of the form of equality between concepts and properties from different
ontologies. However, practically we were faced with the situation when MDO
property may be represented as certain function over IRO properties and concepts.
This function may in the primitive case be string concatenation function. E.g. MDO
slot “address” is atomic and contains street, building number, apartment number and
city name, while in one of IRs there is no “address”, but separate “street”,
“building”, “city”, “flat” slots. In more complex case the function should involve the
instances of property values. E.g., in one IR the “gender” property of a person has the
values “male” and “female”, and in the other IR — correspondent values were “m”
and “f”.

Moreover, as the whole IEDI architecture was not configured for results merging
and fusion (it was beyond the scope of UnIT-NET), this has led to the situations when
the user had to analyze the responses from the IRs one by one.

QFI limitations were outlined as follows:

- user cannot see object properties of concepts — this leaves the user “outside

the kitchen” of initial query formulation
user unfamiliar with RDQL cannot really approve query prepared by the QFI
and he/she is forced to skip the query approval stage

- QFI currently supports value restrictions “equal” and “not equal” for datatype

properties. However the whole set of value restrictions provided in the RDQL
specification [15] can be easily added to the QFI

- QFI due to limitations of RDQL does not allow aggregation functions to be

applied as at the stage of initial query formulation, as at the stage of results
mark-up

- QFI currently does not allow to compare one property values with another

property values, e.g. in the form “concept;.property; = concept,.property,”

- QFI does not allow to choose values of property from the list of values stored

in the underlying [R
- QFI does not support all data types, which can be in the underlying domain.
Currently only string values are allowed in value restrictions.

In spite of the fact that the highest quantity of negative user feedbacks (see Table
1) was obtained because of limitations of QFI, all these limitations are easy to
overcome.



106 E. Dzhurinsky, V. Ermolayev, N. Keberle, V. Vladimirov

The situation with internal query language restrictions is different. At present,
RDQL syntax is fixed. One solution is to choose the RDF query language already
possessing all necessary features (at least, aggregation). Such languages as SeRQL[12]
and SPARQL[16] seem good candidates for the purposes of UnIT-NET IEDI. Another
solution for [EDI is to enhance Results Mark-Up Translation Server (see Fig.l).
Queries with calculation of maximum/minimum/count/average values etc. may in that
case be performed in two steps: computation of RDQL query result “as is”, without
aggregation, and then before presenting the result to the user — to calculate requested
aggregation functions (on the mediator side, or at the client side).

Negative user feedbacks concerning the limitations of UnIT-NET IEDI architecture
appear when the semantics of a user query requires merging of the IR responses. This
problem is also of great importance for the IEDI and is one of future research direction
for UnIT-NET consortium.

7 Related Work

Mediator-wrapper architecture [17] provides the syntactic and semantic
interoperability [1] with help of intermediate layer (mediator) responsible for
unification of user interface to distributed heterogeneous IRs presented with their
wrappers.

The number of projects in intelligent information retrieval advocates ontology-
based knowledge integration from autonomous heterogeneous distributed information
resources. The review of state-of-the-art in this direction one can find in [4], [9], [18]
and [19].

Functionality and aesthetic presentation of user interface influences future use of
the whole system. As it was mentioned in [14], “...1t is worth noting that most people
interacting with computers see only the system interface. Thus, it becomes a very
important component of a software system from the design phase onwards.” There are
a lot of investigations focused on visual query system development for databases. The
detailed survey and classification of approaches in that field may be found in [14].

Such approaches are rather strict — they assume that user query may consist only of
terms already described in the domain.

However, last decade research projects pay more attention to intelligent query
interfaces in order to best capture the semantics of a user query. In the variety of
proposed techniques outline the following.

User profiles (see a survey in [20]) are often considered as storages of user
personal knowledge.

Intensional navigation in SEWASIE ([21], [22]) is used for incremental user query
construction through domain ontology navigation. SEWASIE approach allows
refinement of existing query terms or even invention of new query terms basing on
existing ontology terms and Boolean connectors. Resulting query is then subjected to
satisfiability checking w.r.t. domain ontology with help of a reasoning system
supporting domain ontology definition language.

Query rewriting techniques [7], [8], [20] apply a set of rules to reformulate user
query into terms of underlying resources.
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8 Conclusions

The paper reports on the results of evaluation of the UnIT-NET IEDI research
prototype. The focus of the paper is the intelligent visual interface — QFI — the
graphical tool aiming to assist a user to formulate his/her queries to the resources
registered to IEDI. The evaluation of the proposed solutions of IEDI architecture is
made experimentally by the members of UnIT-NET consortium. Experiments have
shown practical applicability of the approach proposed for the IEDI architecture. One
of the stages of the evaluation procedure is the assessment of the quality of interface
between users and IEDI mediator. The paper analyses lessons learned from the
evaluation of UnIT-NET IEDI user interface component — Query Formulation
Interface. The analysis proves the usability of the QFI; however there are refinements
which have still to be considered in the future work.
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Bichuk XapkiBchbKOTO HALIOHATBHOTO YHIBEPCUTETY
Cepis «Matematruae MoaemoBanHs. [Hpopmaniitti TexHosorii, ABTOMaTH30BaHi CHCTEMH

YTIPaBITiHHS»
YJIK 681.3 Ne 703, 2005, ¢.109-117

Anroput™m paboTsl HHOOPMAIIMOHHOTO areHTa
B paclpe/ieNIeHHON BEIYUCITUTENILHON CUCTEME
U ero Mojienb Ha 6aze HeyeTkux E-cereit

E. B. lypaskun, Amep Takcun Kanamex A6y JDxakkap

Xapvxogckuii Hayuonanvheril yuugepcumem um. B. H. Kapasuna, Ykpauna

In the article questions of the program intellectual agent model designs by means of
fuzzy E-nets were considered. The structure of the node of the distributed computer
system which used soft agents was suggested. The algorithms of the agents for data
searching and information base analysis which used elements of artificial intelligence
were designed. The described agent models were designed by means of fuzzy E-nets.
The methods of the performance evaluation of the designed algorithms on models
were showed.

1. ITocranoBka npobaemsi. [Ipu paspaboTke pacrnpenesieHHbIX MPOrpaMMHBIX
CHCTEM 3a4acTylO0 MOJYJIH, BBIMOMHAIOIIUE yTpaBleHUeckue (GyHKLUNH, peau3yioT B
e areHroB. OCHOBHOM 3ajadei TakKMX AareHTOB SBIAETCS  [TOBBIIIEHHE
3hGeKTMBHOCTH YNpaBJICHHS PECYpPCcaMM CHCTEMBI, YaCThi) KOTOPOH OHH ABJSIOTCS,
MyTeM BBEIECHUS JJIEMEHTOB MHTEJUIEKTYaTbHOIO YMpaB/IEHUS B COOTBETCTBYIOLIKME
aIropuT™el. [IpMepaMu Takux pecypcoB MOTYT ObITh HE TONBKO HHPOpPMALUS, HO U
NpOIyCcKHasi CIOCOOHOCTh, MaMATh, MpoueccopHoe Bpems [1]. B Hacrosiee Bpems
yiensercs Oonblioe BHUMaHHWE pa3paboTKe CHCTEM Takoro Kiacca, OJHAKO
HeJIOCTATOYHOE BHUMAHME YAENSeTCAs BOMPOCaM COBEPIICHCTBOBAHMS CpPEICTB
HCCIEIOBAHMS M aHAIM3a JaHHBIX CHCTeM. Takoe MojoXKeHue Aesi MPUBOIUT K TOMY,
pa3palOTYMKK  CHUCTEM, TMOCTPOSHHBIX Ha 0ase IEPEAOBBIX  TEXHOJOIHMIA
HCKYCCTBEHHOT'O MHTEJIIEKTa HE UMEIOT B CBOEM PACTOPSHKEHUM CPE/ICTB VIS OLEHKH
uX 3h(eKTHBHOCTH Ha 3Tamax NpPOEKTHPOBAHMA M OTJIAAKH, YTO OTPHULATENBHO
CKa3pIBAETCS HA UX KAYECTBE U CPOKAX BHEAPEHHS.

2. Asanu3 nyOamkanmi. 3adactyio g aHanm3a paboThl MHTE/UIEKTYalbHbIX
AreHTOB MCIIOJIB3YIOTCS TPAOULMOHHBIE CPEIACTBA MMHTALIMOHHOIO MOIEITHPOBAHUSA
(aTOoMaThl, enmu MapkoBa, arperatHbie cxembl) [2,3], B Oonee mpoCTHIX Ciyyasx
TAKHE CUCTEMBI TMBITAIOTCA OINHWCATh AHATMTHYECKHMH  BbIpOXKEHHAMH  [4].
Henonb3oBaHWe JAHHOTO MOJAX0/a 3a4acTyIO MPHBOAMT K TOMY, YTO HCCIIOBATENH
NMONyYalOT HEBEPHBIE pPE3yJbTaThl B CHEACTBHM OrpPaHMYEHHOCTH BBIOPAHHOIO
cpeacTBa aHasu3a. [TonydyeHHe HEBEPHBIX Pe3Y/IbTATOB B MEPBYIO OUEpeIb CBSI3aHHO €
TeM, 9TO HCIIOJIb3YEMbIE CpPEeCTBA HE B COCTOSHMM yYECTh OCHOBHbIE OCOOEHHOCTH
npeqMeTHOM 0OMacTH, TakHe KaK HajdWdde HECKONbKHX YINpaBIsIOMMX U
HHPOPMAIIMOHHBIX TOTOKOB, pacnpelelieHHas CHUCTeMa YMNpaB/eHus, HaIMdue B
VIPABISIOLIUX aJTOPUTMAaX JIEMEHTOB MCKYCCTBEHHOTO MHTEIIEKTA.



110 E. B. lypaBkun, Amep Takcun Kanamex A0y Jlxakkap

Kak 6b110 mokazaso B [3,5] cetu IleTpu u MX pacmiMpeHus B 3HAYUTEIILHOW Mepe
u30aBJIeHbI OT yKa3aHHBIX HEJOCTATKOB, a OMUcaHHoe B [6] pacmupenue E-ceteid, Tak
e TO3BOJISET Y4eCTh HAJTMYUE HIEMEHTOB HCKYCCTBEHHOTO MHTE/UIEKTA.

3. TlocramoBka 3agaul. B kauyecTBe mnpumepa, Ha KOTOPOM [OKAa3aHbl
BO3MOXKHOCTH HeueTkuX E-cereil mpu paspaGorke mopeneii B JaHHOH TpeAMETHO
obnactn, Oyzmer paccMOTpeHa pacnpeie/ieHHas  BbIMHCIUTE/NbHAA — CUCTEMa,
CTPYKTYpHasi cxema 31eMeHTa (y371a) KOTOpoil peicTasieHa Ha puc. 1.

BEMHCIHT I BHEDR Hrdopmaunonnas
MOIWIE Gaza
ATeHT ATeHT aHATH3a
TMOHCKS ZAHHEIX HHDOPMALHORHOR 0238l

]

[ Momym cssu J

Puc. 1. CmpykmypHas cxema y3na pacnpeoeneHHoti 8el4UcIumenbHol Cucmemel

PaccmarpuBaemMas CHCTEMa COCTOMT M3 PaBHOIPABHBIX Y3/IOB, 33/1a4a KOTOPBIX
3aKkmogaeTcs B 00paboOTKe  JaHHBIX, B  COOTBETCTBHM C  aIrOPUTMaMH
BBIYMCIIUTEIBHOTO MOAyNs. B KaXIoM BBIUUCIUTEIBHOM MOAYJie MOTYT OBITh
peaTu30oBaHbl pasNHuHbe AITOPUTMBI, KOTOpble OymyT TpeGoBarh JaHHbe
HE3aBUCHMO Jpyr oT apyra. Jlns obecmedeHus MOTPEOHOCTEH BBIYUCIHMTENIBHOIO
MOAYAs B JAHHBIX B KKIOM Y3J€ MPeayCMOTPeHbI MPOrpaMMHbBIE areHThl,
OCYIIECTBIISAIOIINE MOUCK HeoOXoauMol MHpOpMALMU HAa APYTHX Y3/1aX CUCTEMBI H
aHaTU3Mpyomue HWH()OPMAIHMIO, HAXOAJAIOYIOCS HAa COOCTBEHHOM y3/i€  JId
YAOBJIETBOPEHUS 3aIIPOCOB APYIHX y310B. DYHKIUMU B3aUMOACHCTBHS Y3JIOB MEXIY
co0oif peanH30BaHbl MOCPEACTBOM MOMIYJIA CBf3H. B HEKOTOpPBLIX ClydasX JaHHBIN
MOAYJIb TaK e MOMKET COCTOATh W3 COOTBETCTBYIOLIMX IPOrpaMMHBIX AareHTOB,
0/THAaKO JIJaHHBIE BOIPOCHI HE ABJIAIOTCA MAaTePUAIOM HACTOSILIEH CTaThH.

4. OcuoBras uactb. /[ Hayana Oonee MOAPOOHO PacCMOTPUM AJTOPUTMEL
paboTel BBEJCHHBIX TNPOrPaMMHBIX areHTOB. 3ajadell areHTa [MOMCKa JaHHbIX
sBIsieTcs  ofOecrnieueHWe MOTPeOHOCTEH BBIYUCIUTENBHOTO MOAYIS B HEOOXOIUMBIX
naHHblX. B cioywae, Kkorga Is  DPOJO/DKEHUS — JIbHEHIIMX — pacyeToB
BBIYMCJIUTEIIBHOMY MOJYJIKO HEOOCTaTOYHO JAHHBIX, HAXOJAAIIMXCA B COOCTBEHHOI
uH(pOpMaLMOHHOM 0aze oH GOpPMUPYET 3aMpoc K areHTy MOMCKa JaHHBIX. B 3ampoce
BBIYMCJIUTENbHBIH MOYJIb JO/DKEH OTPA3UTh MPU3HAKK HEOOXOAUMBIX €My JaHHBIX (B
JaHHOM clly4dae Bce JaHHbie B CHUCTE€ME HOJDKHBI OBITh TPEACTAaBICHbI B BHIE
O0OBEKTOB, COJACpPNKANIMX KaK NEepeMEHHble, Tak W MeToAbl paboTel ¢ HumH). Ha
OCHOBaHHMHM IMOJYYCHHOIO 3ampoca areHT MOMCKa JaHHBIX (OPMHPYET 3ampoc Ha
TIOMCK /JJaHHBIX B cHcteme. [locne yero nepenaet ero Moay mo cBs3H. [To pesysnbratam
3anpoca MOryT ObITb NOJTy4eHbl JTUOO MOI0KUTENbHbIE, JIMOO OTPULIATEbHBIE OTBETH.
B ciyyae monydeHHs MOJIOKUTENBHOTO OTBETa HEOOXOAMMBIE JAHHbBIE TEpeatoTCs
BBIYMCIUTEIILHOMY MOJYJII0. B cilydae monydeHHs OTpHULATENBHBIX OTBETOB OT BCEX
Y3J10B CUCTEMBI, areHT MOMCKA AaHHbIX 3alpaliuBaeT JONOJHUTEILHY 0 HHPOPMALHIO
y BBIUMCIMTENFHOTO MOJYJIS O JaHHBIX (HanpuMep, B Xofe paboThl KakuX (yHKIHii




Auroput™ paboThl HHGOPMALIHOHHOTO ATEHTA ... !

OHH MOTYT ObITh MosiydeHbl). C MOMOILBIO JOMOJIHUTEIbHON HHPOPMALMK JaHHBIX
areHT MOMCKa (opMHUpYeT HOBBIM, pacluMpeHHbIM 3anpoc. [1o pesyisTaTram Takoro
janpoca MO0 ONpenenseTcs y3el — MCTOYHMK HEeOOXOAMMBIX [aHHBIX W eMy
BBICHIIACTCA 3asgBKa Ha WX OTMIPaBKy TEKyLIeMY Y3y IOCie TeHepalhu, Juoo
NPHHUMAETCS PELIEHHE O TOM, YTO BBIYMCIMTEIbHOMY MOIYJIIO TEKYyIIEero ysia
HEOOXOZMMO CcaMOMY MPOM3BOIAMTH MX BblYMCIeHHE. OCOOEHHOCTBIO TOC/EAHErO
JTana sBJISeTCa TO, 4TO MO JOMOJIHMUTEIBHOMY 3alpocy HECKOJIBKO Y3JIOB CHCTEMBI
MOTYT JaTh IOJIOKUTENbHBINA OTBET. JlaHHAs CUTyaLMsA MOXKET BO3HUKHYTH B CHILY
HEZIOCTATOYHO MOJHOM MH(OpPMALMK B PACIIMPEHHOM 3ampoce, JIMGO B CBA3H CO
CXOKECTBEO pPabOThl PA3AMYHLIX BLIMHCIMTENBHBIX (YHKUWMA BBIMOJHIEMBIX B
TeKyIMA MOMEHT BpEMEHH Ha pasHbIX y3nax. CriefoBarefibHO, NpPH MOJIyYEeHUH
HECKOJIbKUX TMMOJIOJKMTE/IbHBIX OTBETOB areHT MOHMCKA JAHHBIX JOJDKEH ONpPEAC/THTh
Hanbonee BEPOATHONO TIeHepaTopa HMCKOMBIX JaHHBIX. BbIOOp y3na — HamGonee
BEPOSTHOIO IEHepaTopa MCKOMBIX JaHHBIX MOXKET ObIThb OCHOBAH Ha MaKCUMAaIbHOM
COBMAZCHUH MH(OpMaLIUK coaepiKauleiics B 3anpoce, ¥ HHHOPMALIUH, NOJIyYeHHO OT
BBIMMCIIUTEIBHOTO MOAY s, CTpYKTypHas cxema ajiroputMa paboThl areHTa TOMCKa
JaHHBIX NIPUBE/ICHA HA PHUC. 2.

HawJ

TMosy= 3anpoca or
BE[N-T 0 MOJYIA

v

Dopvuporanme
3anpoca Ha MOHCK
HCTOMHHKA JRHEX

Hafipes
HCTOY [RH.

HET

3

Brrpana Heobx mmg. opmmIpoBaHIe
EEI. MORYIIO R —

W Moy

TIOJIOX. OTB.

y
. Onpen, yama —req. [MprHATHE peut o
MCK. JAHHEIX CAMOCT. BRI, JJAH.

Kak yxe ynoMmuHanoce, i oO0pabOTKM 3ampocOB TMOCTYMAIOMUX OT AareHTOB
NOMCKA JAHHBIX HAa KaKAOM Y3J€ peai30BaHbl areHThl aHanW3a WH(OpMAaLMOHHOH
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0a3bl. 3ajga4eil areHTOB ABJSETCA OIPENEC/ICHHE HATUYUS HEOOXOIMMBIX MaHHBIX,
COTIaCHO MOJIYYEHHOTrO 3ampoca M WX OTIPaBKM 3ampauruBaiomiemy y3my. [l
peleHHns NaHHOM 3aauy npeularaeTcs Caeay ol Uil anroput™ paboThl areHTa. AreHt
MOJKET MOJIYYHTh 3arpochl ABYX THNOB: OOBIYHbIN U paciivpeHHbli. [Ipu nonyveHnu
OOBLIYHOIO  3ampoca areHT MPOM3BOAMT [MOMCK HEOOXOAMMBIX JaHHBIX B
uHbopmauroHHoit 6aze cBoero ysna. [loumck mnpous3BoaAHMTCS MO  WH(OOPMALWH,
coziepikalleiics B 3aripoce (MM WM onucaHue oObekTa). B ciydae ymauHoro nomucka
areHT BbICHIIAeT TpeOyeMbie JaHHBIC Y371y — MOJydareno, B 0OpaTHOM ciydyae -
oTpULaTebHbIN oTBeT. IlpH MonyyeHHH pacIIMpeHHOro 3anpoca areHT MPOH3BOIHT
NIOMCK HE TOJIBKO B MH(OPMALMOHHO# 0a3e CBOEro y3na, HO Tak e MOChUIAeT 3ampoc
BBIYMCIIMTEIPHOMY MO/IYJIO Ha MpPEeAMET BBIYHCIAEMBIX NAHHBIX W PabOTAIOLIHX
byskunit B Hactoswmii  mMomeHT BpemeHd. [locne obpaGoTku wuH(OpMALmH,
MOJYYEHHON OT BBIMHMCIUTEIBHONO MOAYAS U COCTOSHUS MH(DOPMALIMOHHON 6asbi,
areHT aHajiu3a NMPHHUMAET PEeUICHHE, SABIAETCS JIM €ro y3el — Y3JOM-TeHepaTopoM
UCKOMBIX JaHHBIX WIH HeT. M OThpaBnser  COOTBETCTBYIOIIMH  OTBeT
3anpamuBaoImemMy y3ny. IlpuHsATHe pemeHds B [JaHHOM ClIy4ae MOXKET ObiTh
OCHOBAHO Ha aHAJIM3€ TEKYLIEro COCTOSAHUA HHGOPMaMOHHOU 6a3bl, BBITOIHIEMBIX B
TeKyLHA MOMEHT BpeMEHU (YHKUUH BBLIYHCIUTENBHOTO MOAYJIS HCHOIb3YEMBIX
AaHHeix ¥ T. 1. CrpykTypHas cxeMa ajropurMa paboTel areHTa aHa/iu3a
uH(OpMaLMOHHO# 6a3bl MpejicTaBjleHa Ha puc. 3.

Anamuz veG. fage Anams e, faml
b
3anpoc BEML CopMIp OBaHHE
MOJYJED OTBETA 110 pe2. [IouC@)

IpuHaTHE peLl o
BOSM. TEH. HCK. JjgH.

$opmupoBaHHE
OTBETA 110 Pe3. MK CKal

|

Puc. 3. Cmpyxkmypuas cxema ancopumma pabomot
azeHma aHaIu3a UHPOPMAyUOHHOU 6a3el
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OcHoBHOM 3ajnaveil  pa3pabOTaHHBIX ~AIrOPUTMOB  SBJISETCS  OOecrevYeHUe
MAaKCHMAJIbHOTO 3HAY€HHS MoKasaTes 3QHEeKTHBHOCTH CHCTEMBI TOATOTOBKH JAHHBIX
Ans BbIYMC/IeHH. B KauecTBe Takoro nokasaresns 3Q(HeKTHBHOCTH MOXKET BBICTYIIATH
Hekas GyHKIMs f KOTopas CBA3bIBAET MEXIY co0OM Takhe XapaKTEepHUCTHKH paboThl
kak BpeMs IIOMCKA J@HHBIX, I[I0JIHOTA [OCTABICHHBIX NAHHBIX W 3arpyKeHHOCThb
CHCTeMBI CBA3W. B kauecTBe XapaKTepHCTHKH TOJHOTHI [JOCTaB/IEHHBIX JaHHBIX
MOJKHO WICITIOJIb30BATh COOTHOLIEHHE:

g P
Kqu[) b V ’ (1)
mp
rae V, — peaibHblii 00beM MCIOMb3yeMbIX JAHHBIX M3 BCEX JI0CTABJIEHHBIX
Vinp — 00BEM AaHHBIX, KOTOPbIH HEOOX0AUM A1 paboThl TEKYLIEH (yHKLKH,

OueHHTD 3arpy KEHHOCTh CHCTEMBI CBSI3H MOXKHO HCTIONb3Y s KOG HULMEHT

K, =——, 2
[
MOKa3hIBAIOIIMIl COOTHOIIEHUE CNYXKeOHOro Tpaduka B CHCTEME TI0 TOHCKY
TEKYIIMX JaHHbIX (/;) 1 obuiero Tpaduka cucteMsl (/,5,).
BpemenHble nmapaMeTpbl MOXKHO OLEHMBATH KaK OTHOIIEHHS BPEMEHM TOMCKa
JaHHBIX (Z,) KO BpeMeHH paboTel COOTBETCTRYIOMEH (ByHKIMH (75):

K, =;’n_. 3)
@

O6mmii BuA ¢GyHKUMH 3)GEKTHBHOCTH JI0JDKEH ONPENENATHCA OCOOEHHOCTIMU
HCCIETyeMOH CHUCTEMbI M OTHOCUTEIBHOW IIEHHOCTBIO YYHMTHIBAEMBIX MAPaMETPOB.
Tak B mpocTeiiimem ciyyae OH MOXKET ObITh IHHEHHBIM, BU/IA:

f= akwp + Bk, + s 4)

rae a, B, v - Ko3hGHIMEHTH, YYHTHIBAIOUHE OTHOCUTEIBHYIO IIEHHOCTh Ka)I0ro

napameTpa. Jlna OGonee TOYHOro yuera BIMSHWA YKAa3aHHBIX MapameTpoB Ha

sppexTHBHOCTS paboThl MHPOPMALMOHHBIX ATr€HTOB BO3MOXHO WCIIO/b30BaHKE
(bynkumit Goee CI0KHOTO BHAA.

A aHanuza 3ddexTuBHOCTH pabOTBI  pacnpedesieHHON BBIYUCUTEIHLHOM
CHCTEMBI, HMCTIOJIB3YIOLIEH OMMUCAHHBIC AJITOPHTMBI PabOThI MPOrPaMMHBIX AreHTOB
Haubosiee 1eaecooOpa3HO COCTABUTH €€ MOjelb. Kak yke yNOMHHAIOCh, IS 3TOH
1M TIpeJIaraeTcs HCToJb30BaTh HeueTkue E-ceTu.

®opmaneHo E-ceTh 3amaercs Kak IBYJONbHBIN OpPUEHTHPOBaHHBIN Tpad,
onuceiBaeMbIi MHOXecTBoM E = (P, H, L, D, A, My), rae P — KOHEYHOE MHOKECTBO
MECT, BKIIOYarolmee mnoaMHoxkectBa B u R, (B — KOHEYHOE MHOMECTBO
nepudepuiiHbIX MecT, R — KOHEeYHOe MHOXKECTBO pelaioiux Mect), H — KoHeuHoe
MHOJKECTBO [1€PEXO0/10B, BKItOYaromee Muoxectsa 7, F, J, X, Y; L — npamas hyHKuusa
HHOMAGHTHOCTH; D — oOparHas GpyHKUMS WHLUMASHTHOCTH; A — KOHEYHOE MHOXKECTBO
XapaKTepPUCTUK NEePEeX0A0B, BKIOUaKIee a = (7(a;),q), (7(a;) — BpeMs cpabaTbiBaHus
nepexoza, g — rnpoLefypa nepexosa); M, — HadaJIbHas pa3MeTKa CeTH.

Ilpu paspabotke Mmopaenel ¢ wucmoib3oBaHMeM anmapata E-ceteit curyaumu
NPUHATHS PEICHUS W BBIOOPa MOJAECTHPYIOTCS C MOMOIIBIO yrpaBiasieMbix MX u MY —
nepexozoB. Ilponiecc mepexoga B OOHO M3 BO3MOXHBIX COCTOSHHM OTHCHIBAETCH
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npeaukaToM nepexoza. Haubonee 4acTo nmpeuKaThi yNpasjiieMbIX NEPEXOI0B HMEIOT
nub0 BEPOATHOCTHYIO (GYHKUMIO cpabaThiBaHHs, NHO0 (YHKLMIO, 3aBHCALIYIO OT
COCTOSIHMS BEKTOpA aTpuOyTOB METKH, APYTUX MECT CETH W1 BHEIIHHUX BO3JCHCTBHH.
B cnydae pa3paloTkM = MOfeNedl  CHCTEM  HMCIOJB3YIOMHMX  DJICMEHTH
WHTEJUIEKTYAJIbHOTO YIIPABICHUSA NPEATOKEHO AOMOIHUTE BO3MOMHOCTH OIMCAHNA
npeauKaToB ynpaBiseMbiX nepexofoB [6]. Mcnonb3ys BBeleHHbIE AOTOIHEHHS B
annapar E-cereit moaens paGoTel MHPOPMALMOHHBIX areHTOB PACCMaTPUBACMOI
CHCTEMbl MOXET ObITh NpejcTaBleHa B ciaedywoomem Buae. I'pap E-cem,
MOJEUpYIOLIei paboTy areHTa MOMCKa JaHHBIX NPEJICTAB/IEH Ha pUC. 4.

Po

i1
e T
3 &

2 e I2
Ay
NG
Pa R i
Py e .5
___‘-—O L Mx
b T =
P o et
I Ps Q -
Q « 1:___:..‘4—-———~—{} Ps

Dnemensl paspaboTaHHON E-ceTw COOTBETCTBYIOT CICHYIOIIUM COCTOSHHUAM H
byukigaamM  aredra. Mecta: pp — Makpo-MecTo, Mojenupyomee  pabory
BBIMUCMTEIFHOIO MOXYJIS C AreHTOM IIOMCKA JAHHBIX, B JAaHHOM MAaKpO-MecTe
GbopmipyeTcs BeKTOp aTpuOyTOB METKH, COAEPMAIMHA HHOOPMALUIO O HMCKOMBIX
JaHHBIX; P; — MOJdydeHa HHGOpPMALMS OT BLIYHCIMTEIBHOIO MOAYAA A
dopmupoBanus  0OBIYHOrO  3ampoca; p, — TodydeHa  HHQopMaums 07
BBIYMC/IMTEILHOTO MOAYJIS U1l GOPMHPOBAHKS PACUIMPEHHOTO 3ar1poca; ps — 3arpoc
rOTOB Ul [iepefayd MOIYJIO CBSI3H; Ps — OTIPABUTH 3asBKY HA JOCTaBKY IAaHHBIX
BBIOpaHHOMY y3Jy: Ps — MOJY4eH OTBET HA 3alpoc; P — HPUHATO PELICHHE 0
HEOOXOMMOCTH CaMOCTOATENIBHO (OPMHPOBAHHTH HEOOXOAMMbBbIE JaHHBIE, P7 -
TIOJIy9eH OTBET Ha OOBIYHBII 3ampoc; ps - HE0OX0AUMO GOPMHUPOBAHHUE PACIIUPEHHOI0
3ampoca; Py — MOJTYHYEeH MOJIOKUTENbHBIM OTBET OT OJHOIO M3 Y3JI0B CHCTEMBI; Pig -
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3aMpoOC BBHIYMCITUTEIBHOMY MOJY/II0 Ha Bblaauy vHboOpMauuu 1is GopMuUpOBaHHS
JOTIOIHUTEJILHOTO 3arpoca.

Makpo-mecta ouepean: Q; — XpaHUT METKH C TOJOKMTEbHBIMH OTBETAMM Ha
paciuMpeHHbIA 3anpoc; Q, — COAEPKUT METKM C OTBETAMH HA PACIIMPEHHBIH 3a1poc.
[lepexompl: t; — monyueHue HHGOPMAUMM OT BBHIYHUCIUTENLHOIO MOMYAS JUid
dopmupoBanus  oObiHOTO 3ampoca; t, —  OOJYYeHHe MHPOpPMALMH  OT
BBIYMCIIUTEIBHONO MOAYJIs U1 (OPMHUPOBaHHMS PACUIMPEHHOTO 3ampoca; t; —
hopMupoBaHME 3ampoca  BBIYMC/AMTEBHOMY MOAYJIKO HA  JIOTOJIHUTEBHYIO
uHpopmauuio. j; — GopMUPOBaHKE 3aNpoca Ha MOUCK JAaHHBIX; j, — Mepeaaya 3anpoca
MOAYJIO CBS3M; j3 — mepejada MHQOpMALWMM BBIMHUCINTEILHOMY MOIY/IO 110
pesyabTaraM MoMcKa JaHHbIX. MX; — onpesie/ieHe Ha Kakod W3 3aIIPOCOB MMOJyYeH
otBeT; MX, — aHaIU3 OTBETOB HA PacUIMPEHHBIN 3ampoc; MX; — aHanu3 OTBETOB Ha
00br4HBIi 3anpoc; MX, — BeIOOp Haubosee BEPOSTHOTO y3/ia — FEHEpPATOpa HCKOMBIX
nanHbIX. [Ipenukarsl ynpasnseMbiX NEPEX0I0B OMPEALISIOTCS CleAyOmuM 06pasoM:
I — BbIOOp MecTa B KOTOpoe OyJeT mepenaHa MeTKa ONpejielsercs 3HaYeHHEM
BEKTOpa aTpuOYTOB METKM pa3IM4yaloliUuM OTBeT Ha OObIYHBIN 3ampoc U
pacIMpeHHBIN 3a1poc; r; — B CIy4yae ecid B Makpo-mecTe ouepenn Q, y BCEX METOK
BeKTOpa aTpuOyTOB COJAEPXKAT IEMEHTHI, COOTBETCTBYIOUIME OTPHIATEIBHOMY
OTBETY, TMOCJIE MOJYYEHHs METOK OT BCeX Y3JIOB OJJHa MeTKa MepenaeTcsi B MecTo ps,
uTO COOTBETCTBYET HEOOXOAMMOCTH CaMOCTOATEIbHO TE€HEPHPOBaTh HCKOMbIE
JIAHHBIE; I3 — €CJIM OT BCEX Y3JIOB CHCTEMBI IOJYYEHBI OTPHIIATEIbHBIC OTBETHI, TO
METKA MEPENaeTecs B MECTO psg; T4 — MO aHAIM3Y BEKTOPOB aTpuOyTOB METOK,
HAXOAAUIMXCA B MAaKpo-MecTe odepean Q; ompenensercs HOMep yzna — Hauboliee
BEPOSATHOIO I'€HEPaTOpa UCKOMBIX JaHHBIX U eMy Mepe/iaeTcs 3asBKa Ha MX JI0CTABKY,
ocTanbHble METKH cOpacbiBarorcs. Ilpu onpeneneHMu NpeauKaTOB YpaBIsSeMBIX
nepexo10B HauboJIBIINHE TPYAHOCTH BO3HHUKAIOT B ciiydyae nepexoga MX,. B aanHom
Cily4ae CJIOXKHOCTb BBI3BIBAIOT MOJEJIMPOBAHWE TPOLEAYP ONpeeNieHHs Haubonee
BEPOATHOrO y3jla — TreHepaTtopa HEOOXOAWMBIX JaHHbIX. /[lng 3TOro mpwu
$HOpMHPOBAHMH OTBETOB HA PACLIMPEHHBIN 3aMPOC, ar€HT aHaIM3a HHHOPMALMOHHOM
0a3el B BeKTOpe aTpUOYTOB METKHM [JO/DKEH YCTAHOBHMTH COOTBETCTBYIONIEE 3HAYECHHE
33/IaHHOTO TI0JIA, @ TaK K€ B Clyvae HEOOXOAMMOCTH, 3HA4YE€HWS IOTIOHUTENBHBIX
moned (B oOwmem cay4yae mnonei, XapakTepU3YIOLMX BEPOSTHOCTh TE€HEPALHH
UCKOMBIX JIaHHBIX, MOXKET OBITh HECKOJIbKO). B JaHHOM ciydae cuutaercs HaubGornee
1esecoo0pasHbIM HCMOIb30BaTh ANNApaT HEYSTKUX MHOXKECTB, C TIOMOIIBIO KOTOPBIX
u Oy et onpeseneH NMpeankaT COOTBETCTBYIOMEro nepexoaa. [las aroif uenwm gomkHa
ObITb 3aaHHA HeKOTOpas (QYHKUMA MNpeAnoYTeHus, 3HA4YEeHWEe KOTOpod Oyxer
ompelenaTh Haubosee TNpEAnonaraeMbiii  y3el TreHepaTop HMCKOMBIX JIaHHBIX.
KonkpeTHblli BUI QYHKUMM NPEANOYTEHUS HOJDKEH ONPEAeIATHCS HCIIO/b3yEMbIMU
KPHTEPUAMH B HCCIIC/lyEeMOH CHCTeME,

I'pad E-cetn, momenupyiomei paboty areHta aHaam3a HWHPOPMAIMOHHOM Ga3bl
NpeJCTaBICH HA pUC. S.

DfeMeHThl MpPUBEAEHHOr0 rpada COOTBETCTBYIOT CIEAYIOIIHMM COCTOSIHHAM H
DyHKIMAM MOJENHPYeMOro areHTa. Mecra: p; — noiy4eH 0ObIYHbII 3aMPOC HA MOUCK
J@HHBIX; P, — TOMY4YeH PaclIMPEHHbIH 3aMpoc Ha MOUCK JAAaHHBIX; P3 — [0 pe3yJibTaTaM
aHamm3a c(OPMHUPOBAH OTPHLATEIBbHBI OTBET, Ps — MO pe3yiabTaTaM aHaau3a
cOpMUpPOBAH TOJIOKHTENbHBIH OTBET, ps — aHamu3 HH(POPMALMOHHON Oa3bl 1o
paclIMpPEHHOMY 3ampocy; P — 3alpoCc K BBIMUCIUTEIEHOMY MOAYIIO MO
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BBINOJHAEMBIM (OYHKIMAM; pP; — MOJYY€HbI Pe3yJbTaThl N0 PACIIMPEHHOMY 3afipocy;
ps — (GopMuUpoBaHHE MNOJIOXKHUTEILHOTO OTBETA 10 PACHIMPEHHOMY 3alpocy; Py —
bopMHpoBaHKe OTPULIATEILHOTO OTBETA 10 PACIIKPEHHOMY 3arpocy.
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Puc. 5. I'pagp E-cemu, mooenupyioweii pabomy azeHma uH@opmayuorHol 6azvl

ITepexomst F; — BbIMOJIHEHHE 3anpocoB K WHOOPMANMOHHOM ©Oaze
BBIYHC/IHTEILHOMY MOJYJTIO; j; — MOJy4eHHe OTBETOB OT K MHQOPMALMOHHOM 0a3bl i
BBIYMCIIUTENIBHOTO MOAYJS;, j, — T[epefaya OTBETOB MOAYNIO cBa3u, MX; -
pacro3HaBaHue MOCTYNMBILEro 3ampoca; MX; — GopMUpOBaHHe OTBETa Ha MPOCTOH
3aripoc, MX; — ¢opmupoBaHHe OTBeTa Ha paciiupeHHsl 3ampoc. [Ipemukars
yIPaBIseMBIX MEPeX0/I0B OMPeeNAoTCs CIeAyIomuM 00pa3oM: 1} — [0 3HAYEHHI
3aJaHHOTO DJJIEMEHTA BEKTOpa aTpuOyTOB METKU; Iy — OMPENeNsieTcs COCTOSHHEM
3JIEMEHTOB, MOACTUPYIOLIUX HHPOPMALMOHHYI0 6a3y; 3 — ONpeaenseTcst COCTOSHHEM
BeKTOpa aTpuOyTOB METKH, HaXOAsIeiici B MecTe p;, 4 TaK JKe BO3MOXKHO
COCTOSHHMEM HEKMX BHEIIHUX 371eMeHTOB. OCOGEHHOCTBIO OMpe/IeNieHUs pe/IHKara I
SIBJIIETCSH TO, YTO OH COBMECTHO ¢ (yHKiMel cpabaTbiBaHUA ITePeXoaa A0JDKEH 3a/1aTh
3HaYeHHs HeKUX MapaMeTpOB BEKTOpa aTpuOyTOB METKH, BIMSIOMIUX HA ONPEACIICHHE
y3J1a — reHepaTopa JaHHbIX.

ITonydeHue xapakTepucTuk paboThl MPOTPAMMHBIX areHTOB M OIIEHKA 3HA4YEHU
¢dyHkupm dddexruBHocTH (4) NpOM3BOAMTCH MyTeM cOopa craTHCTHKM paboTh! E-
ceryd. Tak AN OUEHKH TONHOTHI AOCTABIEHHBIX HAHHBIX HEOOXOAUMO NOMCYMTATH
KOJIMYECTBO 3aTPOCOB OT BHIMUCIHUTE/ILHOTO MOIYJIA /U1 paboThl ofHOM (YHKIMH, a
TaK xe 00BbeM HaHHBIX, AOCTABICHHBIX W3OBITOYHO. J[aHHYI0O HHOOPMALMIO MOKHO
TOYYUTh IyTeM MOACHETA KOJIMYSCTBA METOK MOCTYNUBIIMX H3 MaKpo-MecTa po H
aHaiM3a J3JEMEHTOB BEKTOpa arpuOyTOB METOK, COACPIKAUIMX ITOJOKUTENIBHBIE
oTBeThl Ha 3ampochl. OueHka xod(OdULMEHTa 3arpyxeHHOCTH CHCTeMbI CBS3H
HaxOIWTCS IyTeM ITOJCHeTa YHUCia MeTOK, COOTBETCTBYIOLIHX COOOILEHUAM B CHCTEME
H OLCHKU MX CPEIHEro 4cia, HeoOXOAMMOTO AJISl BBIMOJHEHHS OJHOTO 3ampoca o
NOUCKY AavHbIX. OLEHKY BPEMEHHBIX MapaMeTPOB PELISHUS 3a/1a¥ MOUCKA JAHHBIX
MOXKHO [POM3BOAMTE MYTEM aHaiW3a COOTBETCTBYIOHIMX JNEMEHTOR BEKTOpa
arpubyTOB METKM, WHMLUMpPYIOWEH 3axayy (nmocTynmuBLIeH M3 MaKpo-MecTa pg) H
METKH, COOTBETCTBYIOIIECH BbIaye BHIYUCIUTEILHOMY MOMYJIO PE3YJIbTATOB IMOHMCKA,
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[lociie crathcTuyeckol oLeHKH 4aeHOB (yHKUMHM SPPEKTUBHOCTH NPOU3BOIUTCS
HAXOX/JEHHE €€ OLCHKH [10 COOTHOLICHHUIO (4).

5. BuiBoabl. Takum o6pazom BuamM, 49t0o paspabotka Mmojesnel paGoThi
IpOrpaMMHBIX AareHTOB IIOMCKA HAaHHBIX M aHaiu3a MHGOPMALUMOHHOW 6a3el ¢
Henonp3oBaHHeM HeveTkux E-cerelt He npezacraBiser ocoObix mpoGnem. [lpu
HCTIOJTb30BAHMM JK€ JIPYIHX CPEeJCTB MATEMaTHYECKOr0 MOCTMPOBAHUS BO3HHKAKOT
pasMYHOrO pojga TpyAHOCTH. Tak HampuMep, pU MCTONB30BAHMM aimnapara Lienei
MapkoBa pa3zpaGoTUMKH CTANKHUBAKOTCA CO CIIOKHOCTAMU ONMCAHWS HECHHXPOHHBIX,
HeIeTEPMUHHUPOBAHHBIX TpolieccoB. Tak e 3HAUMTEeNbHbIE TPYAHOCTH BO3HHUKAIOT B
ONMCAaHUHM IMpollecca NPHUHATHA PEILCHUs, eClld TPH 3TOM B peanbHOUW CHCTEME
HCTIONB3YIOTCS 3JIEMEHThl MCKYCCTBEHHOTO MHTeJUIeKTa. [IpM HMCTIONB30BaHUM Ke
@BTOMATHBIX MoOJe/eH y pa3pabdoTYMKOB OTCYTCTBYET BO3MOXKHOCTh OIMHMCAHHUS
B3aHMOIEMCTBYIOIMX MAPALIEIbHBIX IPOLECCOB, YTO TAaK K& 3HAYMTEBHO CHIDKAET
[eKBaTHOCTH TIOJIyYE€HHBIX PE3yJIbTATOB.
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One Way to Guarantee the Stable Behaviour of a Software System
by Preventing Unauthorized External Intrusions

G. M. Zholtkevych, I. T. Zaretska
V. N. Karazin Kharkiv National University, Ukraine

A new software design pattern of architectural level called Chest is introduced in the
paper. It allows guaranteeing the stable behaviour of a complex system by
encapsulating its manager into a protecting shell class with static interface. Clients can
use system functions only via Chest class which delegates real work to the system
manager class. Full description of this pattern is presented in the paper. The
description includes pattern structure, relationship between participants, problems of
realization, and examples of code and cryptosystem application.

Introduction

The problem of good design and architectural solutions reuse is in the centre of
software engineering research. Successive reuse of such solutions (including the pro-
gramming code) is one of the key factors in providing software development effi-
ciency and software product quality. In fact reuse ensuring in the process of software
development was one of the uppermost goals when the object-oriented paradigm of
analysis, design and programming was being created [1 — 3]. As practice shows the
object oriented approach to the decomposition of knowledge domain (object oriented
decomposition) in contrast to the functional decomposition makes it possible to recog-
nize invariants of a structure and behaviour which are called software patterns [4]. As
founders of the object-oriented paradigm stated determining the typical interactions
between objects of the designed system can be regarded as one of its quality metrics.
If this aspect is given focus on the design stage the architecture of the system gets
more compact, easy and flexible than if patterns were ignored (see for example the
foreword to [4]). This paper describes one software pattern of architectural level,
which has been discovered by authors during their work in the TEMPUS TACIS MP
JEP 23010-2003 project. This pattern allows developer to protect his software subsys-
tem from access by any methods except for those allowed by him. Such solution guar-
antees stable behaviour of a system, which is defined by its implementation. It is espe-
cially important for the subsystems critical in view of their information security or in
view of their effect on the system environment.

Problem description and main ideas

Let us consider some subsystem with definite number of functions and a manager
to control its performance in accordance to definite logic and rules. For example com-
puter aided manufacture systems or systems of information exchange crypto protec-
tion are of such kind. Exactly the stability of system behaviour is the crucial factor for
such systems. It is important to find an architectural solution to protect your system
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and its manager from external impact as well as to prevent any changes in the prede-
fined behaviour of executable components of the system. One of such architectural
solutions is offered in this paper. Its main idea is to prohibit any direct access to sys-
tem functions and to its manager behaviour from external objects by encapsulating
them into some “protective shell” which strictly regulates user rights. This solution
can be regarded as a software pattern of system or architectural level. According to its
purpose we call it Chest or Coffer.

Pattern description

We will use the standard scheme to describe the pattern [4].

Pattern name and group: Chest, system or architectural group.

Purpose: to guarantee security and stability of complex system performance.

Also known as: Coffer.

Motivation. Let us consider some system for cryptographic security of information
exchange between hosts in a global network. The system itself has a number of func-
tions using definite algorithms and interacting in definite way to secure information.
Certainly it is not advisable and moreover quite dangerous to permit any user an im-
mediate access to these system functions. It would not only aggravate his work but
could cause breaking information integrity or secrecy. A natural solution to this prob-
lem is to introduce a manager class, which would control the complex process of in-
teraction between system functions. But if any user is permitted an immediate access
to the manager class he could try to crack the system by extending (inheriting) or just
replacing the manager class. Certainly it is possible to restrict user access to the man-
ager class only by “allowed” methods but still the problem of manager instances creat-
ing and destroying remains unsclved. To impose this responsibility on a user (i.e. to
make public the manager class constructor and destructor) means to give a user an op-
portunity to decide independently when and which instance of the manager class to
create. Such an “excessive freedom” does not contribute to the reliability of the system
performance.

The proposed solution eliminates the mentioned above disadvantages due to a new
class CryptoSystem that works like a protecting shell. It encapsulates the instance of
the manager class so it is possible to create or destroy this instance or to execute its
methods only from inside this CryptoSystem class. No user can directly access either
the system functions or its manager but interacts with the cryptosystem only via al-
lowed for him interface of the CryptoSystem class (fig. 1 at the next page). Such ar-
chitecture deprives user any possibility to intrude into the system work.

Usability. This pattern is used if
- itis necessary to prohibit the direct access of a user to the system functions;

- the system functions interact in a complicated way while a user needs only simple
standard interface to the system;

- the responsibility to control the system functions interaction is assigned to a sepa-
rate manager class that should be protected from changing or replacing.

Structure.

Participants (fig. 2 at the next page)

Client — a user of the system who:

- interacts with the system only via the class Chest interface;
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— has restricted access to the system like starting or stopping the system or some
other standard actions;

activate() { N
Client << boundary = fean I=rwll) return -1; error
Chest man = new SystemMarmger(;
retum 0;
I
tactiv X
sdoAdion(tint |- -~ -~ deactivaie() {
sdeectivatalTint iftman == nul) refumn -2, 7 emor
man-»testroy(}
t
-man
<< COnto|=» ‘su:uyslem
SystevManager
it e << protected access >» pm—
(fro m subsy ern)
<< create >>-Sy@emM anager (i vold
<< suksystem funcion =>-doAdianrnt
=< QRS0 Y => -Hestro 41 void
{ Class2
<< protected access »» {from subay dom)

Fig. 1. Cryptosystem structure.

— knows neither about the internal structure of the system nor about the logic of its
functions interaction.

activateQ {
Client =< boundiary == Iman = rull) return -1; #emor
CryptoSysiom man = new SystemMarmgen;
¢ retum C;
t
ractiv (e}
oonTod(Yit |----~--~- deactivade() |
sencode(yint iftman == nul) refum -2 X error
pins, man-=testroy(}
sdeacttvata(Tint t
-man
<< pontro) == Eryplesystem
CryptoMana ger
(G &
S copny ey protected access >» Claeod
(fromm oyplosy tem)
=< creste »>-CryptoM anager(): void
<< suksystem Mncion =a-sighText(:int
<< subsystem uncion »>-gncode(Ivold
S k< protected access »>»| Class2
<< cestroy => -testoy(y vold (from cyptosystem)

Fig. 2. Pattern Chest structure

Chest — the protecting shell which:
— encapsulates the instance of the class SystemManager;
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is responsible for creating the instance of the class SystemManager on system
start and for destroying it on system stop;

delegates the responsibility to control the system performance to the instance of the
class SystemManager;

SystemManager — the manager of the system which:

is closed for access from outside except for the class Chest;

knows the logic of the system functions interaction and controls it;

has an immediate access to the functions of the system which are all closed for out-
side access.

Subsystem — the system which:

consists of a number of objects of interacting classes;

has tools to provide the full functionality of the system;

is closed for access from outside except for the class SystemManager.

Relations

A user starts the system by calling the static method of the class Chest.

The class Chest creates the instance of the class SystemManager, makes some
initializing operations if necessary and delegates all control over the system work
to thi; instance.

The instance of the class SystemManager guarantees the system performance ac-
cording to the logic and rules known only to this class.

Whe the system stops working the class Chest destroys the instance of the class
Syst:mManager.

If a user needs to interrupt the system performance he calls the static method of the
class Chest that correctly releases resources if necessary and destroys the instance
of the class SystemManager.

Remark. The class Chest might have expanded interface implemented by static

methods and allowing a user to vary the behaviour of the system within definite limits.

Advantages and disadvantages of the pattern Chest:

all user operations with the system are under the complete control. Due to the en-
cansulation of the manager class inside the class Chest a user is disabled not only
to call the manager class methods but also to create and destroy its instances as
well. The interface of the class Chest allows user only limited number of opera-
tions with the system that cannot destabilize its work. Classes of the system have
private interfaces so they are closed for the user access. They can be used only via
the system manager. Thus the main requirement of the object-oriented approach,
v/hich is encapsulation, is strongly kept;

interaction between a user and the system becomes easier. The interface of the
class Chest is designed in such a way to supply user by the standard operations
with the system. A user has no idea about the internal structure of the system as
well as about the logic or implementation of these standard operations on the sys-
tem level. There is even no need for him to be bothered by creating and destroying
the instance of the class Chest since its entire interface is static. For a user working
with the system is like pressing the buttons on the panel of the microwave oven to
cook the meal. He could know nothing about internal structure of the oven and all
the more about the properties of physical processes inside it.
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— there could be no creating of redundant objects. Without the class Chest a user
would be compelled to interact with the instance of the manager class to make op-
erations with the system. In this case only him would be responsible for creating
and destroying such instances, which could lead to creating redundarit objects or
destroying non-existing ones. With the class Chest one instance of the manager
class is created at the beginning of the user session with the system and is de-
stroyed at the end of the current session;

— the manager class and the system classes are simplified. Since a user has no access
to these classes there is no need to handle user errors in their code.

— the productivity of the system lessens a little. To reach the required reliatility of the
system you have “to pay” by introducing a new class with the responsibilities of
the protecting shell. This in its turn leads to an additional level of resoonsibility
delegating and code expanding. Nevertheless neither first nor second considerably
affects the system performance as the class Chest is quite compact and r2quires no
instances to work with. As to the additional method calls they are nece:sary only
for a small number of standard operations with the system from a user sid.

Implementation problems

It is advisable to think over the following problems concerned with the iraplemen-
tation of the pattern Chest.

1. How to guarantee the access to the system manager class and to the system
functions only via the Chest class and to prohibit such access by any other
way?

The implementation of such access depends on the programming language. Usually
object-oriented languages have flexible tools for object access rights control. Say C++
allows friend classes or functions to access private and protected data of the class
while Java uses packages for this purpose. So in C++ you can declare private or pro-
tected all data and methods of the system classes and of the class manager including
constructors and destructors. To control the system performance you should declare its
manager class or some of its methods as a friend ones to the system classes. As to the
shell class Chest it should be declared as a friend class to the system manage: to be
able to delegate to it the responsibilities for the system performance control. In Java to
implement the required access you can use the visibility inside the package and default
access modifier for data and methods that should be closed from outside. In this case
the functionality of the package can be accessed only through the class Chest siice it
is the only class with the public interface.

2. What is the return value of the class Chest methods?

It is quite common situation when a user would like to know the result of his opera-
tion with the system. So it would be better to have the diagnostics of the operation re-
sults in the class Chest, say by the return values of the interface methods. They cculd
be the values of some enumeration or just string messages. Certainly they should be
generated by the system functions and then passed to the system manager, which
would return them to the class Chest as a result of the delegated responsibility.

Example of code

We consider here some programming code fragments of the pattern Chest implz-
mentation for the user interaction with the microwave oven. Certainly we are not go-
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ing to discuss complex internal mechanisms of this device but restrict ourselves only
by details essential for the pattern Chest.
C++ code is given below.

// enumeration to diagnose the operation result
typedef enum Result {OK, ERROR, FATAL_ERROR};

// enumeration to chose the operating mode
// default mode on start is REHEAT
typedef enum Option {REHEAT, DEFROST, AUTOCOOK};

class MicroWaveChest;

class MicroWaveManager
{
friend class MicroWaveChest;
private:
// wmethods to control the oven
Result doStart (int time); // calling the methods
//of the MicroWave class to start
//the oven for the given time
Result doStop(); // calling the methods
//of the MicroWave class to stop the oven
Result doSetOption(Option option); //calling
//the methods of the MicroWave class to set
//and indicate an operating mode
displayResult (Result result); //calling the methods
// of the class MicroWave to display results
//constructor, destructor
MicroWaveManager () ;
~MicroWaveManager () ;
// data to describe the manager state

}i
class MicroWave

{

friend class MicroWaveManager;

private:

// data to describe the structure and the current
// state of the oven

// methods to describe working mechanisms

};.
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class MicroWaveChest
{
public:
static void activate(){
if (!man) man = new MicroWaveManager () ;}
static Result start(int time);
static Result stop();
static Result setOption(Option option);
static void deactivate() { if (man) delete man;};
private:
static MicroWaveManager *man = NULL;
s
Result MicroWaveChest::start (int time)
{
Result result;
if (!man) result = FATAL_ ERROR;
else result = man -> doStart (time) ;
man -> displayResult (result) ;
return result;

}

Result MicroWaveChest::stop()
{
Result result;
if (!man) result = ERROR;
else result = man -> doStop() ;
man -> displayResult (result);
return result;

}

Result MicroWaveChest::SetOption (Option option)
{
Result result;
if (!man) result = FATAL ERROR;
else result = man ->doSetOption(option);
man -> displayResult (result);
return result;

}

Here are some possible scenarios of user operations with the oven.

1. Simple reheating for some time, say for 1 minute:
MicroWaveChest: :activate () ;
MicroWaveChest: :start (60) ;

MicroWaveChest: :deactivate() ;

2. Setting the operating mode, say to defrosting, before starting:
MicroWaveChest: :activate () ;
MicroWaveChest: :setOption (DEFROST) ;
MicroWaveChest: :start (20) ;

MicroWaveChest: :deactivate() ;
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3. Stopping the oven before the timeout:
MicroWaveChest: :stop() ;
MicroWaveChest: :deactivate() ;

Related patterns

To design the system manager which main function is to control the system classes
interaction the pattern Mediator can be used. To design the interaction between the
class Chest and the manager class one can use the Singleton pattern and elements of
the Memento pattern. The interaction between the Chest class and the system classes
via the manager class can be considered in terms of the pattern Facade or protecting
Proxy with slightly changed conditions for the access to real subjects. The manager
class can use the pattern State to control the system behaviour.

Known applications

This pattern has been used in the process of the cryptographic security system de-
velopment within the TEMPUS TACIS MP JEP 23010 — 2003 “UnIT - Net in univer-
sities management” project.

To complete its description we give here the interface of the class Chest. In this
application its name is Cryptosystem.

class Cryptosystem

public:
static Result activate();

// this method defines the document file for
// further processing
static Result setActiveText (const char* location);

// this mehod forms signed posting on the base
// of the document or adds the signature to

// the posting

static Result signDocument () ;

// this method checks the validness

// of the signatures in the posting

//and returns the list of invalid signatures
static char* validateSignature() ;

// this methods restores the document by its
// posting
static Result restoreDocument () ;

// this method encodes the posting
static Result encodePosting();

// this method decodes the posting
static Result decodePosting() ;
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// this method saves the active document in a form
// which corresponds its current state
static Result saveActiveText (const char* location);

static Result deactivate();

}i

The detailed description of the issues concerned with the implementation of the
cryptographic security system within the UnIT-Net network can be found here:
http://www.unit-net.org.ua
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Work is devoted to the qualitative and quantitative analysis of distinctive features of
diffraction of flat electromagnetic waves of linear polarization on tape grate at general
fall in comparison with cases of excitation of grate E-and H-the polarized waves.
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a,,y + 5n0E0y o b,,y s Any o 50nH0}’ i —'Bny; @)

ay, _'5n0EOz = _bnz ; Anz + é‘()nI{()z s an -

¥ /IB€ HE3aBUCHMbIE KAHOHMYECKHE CHCTEMbBI CYMMATOPHbBIX YpaBHEHHM. KOTOPbIE
merogoMm AMII [5] B ero moauduumposanHoi ¢opme [6] cBemeHb! K JBYM
0eCKOHEUHBIM CHCTEMaM JIMHEHHBIX aJreOpaMuecKuX YpaBHEHUW BTOPOro poja
(CJIAY-2) cnepyromiero Buaa

- bOx = i’(y(b()x EOX)W(?(u)+ Zbﬂ‘x;n:znm)n(u), (m L 0)’
n#0 (43)
| mb, = inp(b, ~ ) Wolu)+ T b mz W), (m=0),
L n=0
[ - A, =iky(dy, - H )W (~u)+ Y A nlz, 0 (<u), (m=0),
n#0 (4b)
My = iky (4, ~ Ho)Wo(=u)+ Y A, nz, W, (-u), (m=0),
rie
Z:(,)=1+i\/§—22~(1—sin290052¢))—(1+%sin0sinqp)2 . (5)
W)= =[PP ()~ P.(u) P @)} (m % ) e
2(m —n)
lnl+—”, (n=0),
W' (u)= 2 u =cos:r§, (7
L{pw-2 @) (120)

rae P,(u) - nomusHoMbl Jlexanipa nepBoro poja.
W3 pemenus penyuuposBanHbix CJIAVY-2 Buna (4a)-(4b) onpenensorcs 3Ha4CHUSA

koadduumentop b, um A, , depes kotopele ¢ mnomompo Gopmyn (2) u (3)

BBIPKAIOTCS  OCTAJIbHbIE HEW3BECTHBIE aMIUIMTYABl IH(PaKUMOHHBIX HOJECH.
3ametuM, 4TO cucTeMBI (4a) u (4b) ABIAIOTCS HE3aBUCUMBIMM TOJIBKO B CIIy4ae, Korjaa
pelieTka HaxoxuTcs B Oe3rpaHM4HOM M30TpOnHOM cpene. [Ipy Hamuuuu OJHOW WM
HECKOJIBKMX T'PaHMI] pasjiesia MarHHTOAMAICKTPHYECKUX Cpell oAcHcTeMbl (4a) n (4b)
SBIIIOTCS.  CBS3aHHBIMM M, CJICOBATeNbHO, WX pElIeHHE CleayeT MPOBOIUTH
COBMECTHO.

Ciy4aii E-moaspusannu.
B 3TOM yacTHOM cily4yae HCXOJHAs MaTeMaTHYecKas MOZAE/Ib UMEET BUJL:

She =0, (®<cs2r-0), (82)
Ybhne =k > (c|<o) (8b)

men, =k’ —(n+xsin8)*, &k =1/ ,A-yuna nagaouei BOIHbI.
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YuuThIBas CBA3b MEKAY KOIDOUUHEHTAMH OTPOKEHUS @, M IPOXOXKAeHUs b, :
n —
a,+0, =b, , O
rae O, - cumBon KpoHekepa, MONyd4MM MaT€MAaTHYeCKYH) MOJENb HMCXOIHOM

3a7a44 B UHOM BUJIE, @ UMEHHO!

Zanemg =-1,(®<s<27-0), (10a)
Zanflnei"; =0 (¢ <®) (10b)

Pemienne CHCTEMBI CyMMAaTOpPHbIX ypaBHeHui (8a-8b) MoxkeT ObITe MOTydeHO
MyTeM CBeJEHHs ee K KpaeBoii 3agaye Pumana ¢ koappuumentom 3anauu G(o) =-1u
cBOOOAHBIM WieHOM g((), YIOBIETBOPAIOWIMAM ycioBHIO ['enbaepa, npuyem 310
MOXHO TpOJeNarh [AByMs Croco0aMH, KOTOpble OTAMYAIOTCA JApYr OT Jpyra
pa3MYHBIM BHIOM TaK Ha3bIBA€MOTO NapaMeTpa MajloCTH:

1-i1 cioco® Coy o I
A 214 e et e 1) ha s (1)
| (n+xsinf) A
2-i crocod 7
LR S Ol
7, =1+i,.—»2-—L1+~~sm9) , n#0. (12)
\n n

1

OueBHIHO, YTO B Cy4Yae HOPMAJBHOTO MAJeHMs IUIOCKOM BOJHBI HA& PEIIETKY
(aror cnyuyaii paccmotpen B paborte [5]) oba cmocoba coemamaror. B ciryuae
HAKJIOHHOTO IaJeHHsi MPUMEHEHHE TEPBOTO W3 YKa3aHHBIX CrOcoOOB MPUBOAMT K
CJIAY-2, HEKOTOphIE MATPHYHBIC JIEMEHTH! KOTOPOH BHIPAXKAIOTCS YEPE3 TOTHMHOMSI
Jlexxangpa, a ocTaibHble — uepe3 OQyHkuuu Jlexanapa nepsBoro poja, 4o
3HAYMTEJILHO YCIIOKHAET HX BbluucaeHue [7,8]. DTOT HEAOCTATOK YCTPAaHAETCA MpH

BBC/ICHWUHA NMapaMeTpa MajJlOCTHU Z" BTOPbIM croco6om.

B pa6ore [9] w3noxkeH MeTOA pewieHWs 3ana4d  aupakuMd riockoif E-
MOJIAPU30OBAHHOM OSIEKTPOMArHUTHONW BOJIHBI Ha OJHOCJIOMHON MHOT03JIEMEHTHOM
peiieTke (Ciy4aii HOPMAJBHOTO MANEHMA), OCHOBaHHBIH Ha peryJspH3aLul
IKBHMBAJIEHTHOI'0 HCXOJAHONW MareMatuueckoil Moxmenu (10a-10b) cunrymspHoro
HHTErPaIbHOTO YPAaBHEHHS C JIOTaPUPMUYECKUM SAPOM:

in(y-r)

1 o €
= 1 R e —1 13
- Z[j(l') E dr s yelL (13)

n=-—x n

B camoMm penie, BBOAA B PAacCMOTpeHHE (YHKUHMIO TUIOTHOCTH TOKA Ha JIGHTaX
pelLIeTKH:

j@) =Y ay.e”, (14

n==0
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u3 ycnosus (10b) nmomyumm, uro j(7r)=0 Ha meniX peWIETKH, T.e. NpPH
r€[0,27]\ L. Moacrasnsas B ycnoeue (10a) Beipaxkenue wis koadduimento ypse
a,y, ws (14), noryuum CHY B Buae (13), smpo koroporo sBisercs 271 -
NepHOANYEcKOr DYHKUMEH y U 7 U IIPH Y=7 UMeeT JorapupMuuecKyio oceOeHHOCT,
TaK KaK Llrgy,, =i u

in(y-t)

ze' =zicosn(y—r) 211{781[1‘)/; q

S, . "

B yka3annoit pabore CHY B Buze (13) peuieHo myTeM cBeieHHs K KpaeBoM 3aiaye

Pumana ¢ xoaddunmentom 3amaun G = -1 ¥ wHAEKCOM 3aja4d, paBHbIM —1. B
pe3ysibTaTe pelieHHe HEOAHOPOHOM 3ajauu PumMana umeer BUI:
X(z t) dr
x(z)—~( )J‘ g( ) (15)
S A (r) -2

rie X(z)= /(E ~a)(z—-a) - BBUICNCHHAA B IUIOCKOCTH C paspesoM no ayre L
0IHO3HAa4Has BETBb MHOrO3Ha4YHOH (QYHKIMM (KAaHOHWYECKOe pelleHHe 3a1aud
Pumana), & = e@, a=e™®

Pemienne B BHae (15) cymectByer TOrga M TONBKO TOT/Q, €C/IH BBINONHACTCH

YCIOBHE Pa3peMMOCTH J‘ &) -dr =0,
(7)
B urtore nonyyeHa CJIAY-2, MAaTpPHYHBIE JIEMEHTHI KOTOPOH BhIYMC/ICHbI B paboTe
[9].
3amMeTHM, 4YTO pelICHHe CHCTEMbl CyMMAaTopHbIX ypaBHerwii (10a-10b) moxer
OBITb HEMOCPE/CTBEHHO CBENEHO K 3a/a4e Pumana ¢ Tem xxe ko3bdHimMeHToM 3a1auu
G=-1, mytem BBeACHHA (yHKLMIA

x*(z)=2xnz", z<1
nz0 (16)

x‘(z)=—2xnz", z>1

n<0

rofoMOpHEIX COOTBETCTBEHHO BHYTPH M BHE OKpYxHOCTH z =1, npuuem
x,=a,y,. lpomubdepenumporas (10a) no £ u BBeas aHanorumyHo [9] mapamerp

ManoCTH

SISO ool n¢0 (17)

npujeM K 3axade PuMana:
x*(€€)+x () =g(e"), (18)
e g(e) =ayk+i) nx,e,e"

n#0
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OrMeTuM, 4Yro pelieHHe 3anauyd PuMmaHa wuuiercs B KiIacce  QyHKUWH,
OrpaHMYeHHBIX HA KOHIAX AYr OKpPYXHOCTH €IMHHMYHOro paauyca. Pemenue
nonyyeHo B Bue CJIAY-2 ¢ MaTpHYHBIMU 3JIEMEHTAMH, KOTOPBIE BBHIPAXKAKOTCH 4epes

oJIMHOMBI JlexaHapa nepBoro poja.

Pe3yabraThl pacueros
B kauecTBe mnpumepa Ha pWC.2 W puc.3 MpEICTaBIeHAa 3aBUCHMOCTb MOIYJis

KO3(hHIMEHTa TPOXOIKAEHHS OCHOBHOM BOJIHBI |bo| ot V4 m obpaTHoro napamerpa
M.

Fuc. 2. Jasucumocms Modym xo;}ﬁ@w;uema
npoxmcaem oc»osnou EOnHLL f om I/2

f g o= persam

— . A. ; ‘. : ; % R

Puc. 3 3asucusocmy modyni xoxpduapienma
'
MpoxootdesLA ochosHo sonrst fbg [om AL

KpuBoiM mox Homepamu | — 3 COOTBETCTBYIOT 3HayeHMs KodbduLmenta
sanonHenus pemerku d// = 1/2, 3/4, 5/6 coorBercreenHo. Ha puc.4 npencrapnexa
3aBHCHUMOCT MOy KO3(hGUIMEHTa NPOXOKIEHMS OCHOBHOW  BOJHBI  OT
ko3 UIHeHTa 3aNONHEHUS PEIETKU d//, KPHBBIM 10 HOMEpPaMHK 1-3 COOTBETCTBYIOT
3Hauenus [/A.=1,2,3 coorsercTBeHHo. Ha puc.5 mpencrasieHa 3aBUCUMOCTE MOy
KO3(dHiMeHTa MPOXOKACHUS OT @/ JUIA BBICUIMX TAPMOHHMK n =+l +2, +3/ npu
l/A=123.

Pe3yabtarhi BEMUCIEHHH KOIDOMIMEHTOB OTPAKeHHS W MPOXOXKIEHHS BO BCeX

paccMaTpHBaeMbIX ClTydasiX ITOJTHOCThIO coBrazaiot [10].
AgTopbel Beipakaior OnaromapHocts mnpod. FO.B. Tampemo 3a moctosHHbii
HHTepec K paboTe H IUTOZOTBOPHBIE AUCKYCCHH.
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L

i
{ Iy / ¢

A b T I
Puc. 4. Sasucwnocmy |by| om dii(ii=1,33)

PR Lot

B B s n LRI e i S RS PRt A £

i Tuct 3.3 b4 v.& fs APE i
Puc. 5. Jasucunocms P |om dil (11A=1,2,3,
n=&l +2.+3;
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