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A PROCEDURE MODEL FOR EVALUATING IT-SECURITY
INVESTMENTS

Besneka iHpopMaLiiiHUX CUCTEM y TENEpilIHIi Yac € )KUTTEBO BAXKIMBUM (HaKTOPOM ISl KOMIIAHIH.
Bararto pi3HUX BHMIpiB, Bi/l TEXHIYHUX 10 OpraHi3aliiHUX, € TOCTYITHUMH JJIS JOCSTHEHHS MPUiTH-
STHOTO PiBHs Oe3MeKkH. Y HelaJekoMy MHHYJIOMY Oyii0 po3po0JieHO METOAH MiATPUMKH PHHHATTS
pillleHb NP OLiHIOBAaHHI MPUOYTKOBOCTI inBecTuiil y IT-6e3mexy. IIpoTe inTerpansHi nponexypHi
Mogelni s MoBHOro ynpasiiHHS 1T-6e3mexoro 10 npOro 4acy He 3HaljieHi - aHi y JiTeparypi, aHi
Ha mpakTuni. Y Ii€i cTaTTi MU MPOMOHYEMO CEPEIOBHILE, SKE JA€ MOXIHBICTh aHAI3YBaTH pe-
3yJIbTaTH AJIbTEPHATUBHUX IHBECTHILH y O€3MeKy 3 TOYKHM 30py, OPI€EHTOBAaHOI Ha mpouecH. Mu
3IICHIIIM MOTTIOJICHUIT aHalli3 Cy4acHOTO CTaHy CIpaB y raiy3sx cuuxponizauii IT Ta Gi3Hecy Ta
ynpasiiH#s [T-6e3mexoro 3 MeToro iIeHTH(IKyBaTH NPUHHATHI KOHLEMNIHT UIsl IbOTO CepeIOBUILA.
CrienianpHy yBary npuzijgeno sBumoram 1o IT-0e3nexu KpUTHUHKUX Oi3HEC-TPOLIECIB.

The security of information systems is a vital factor for companies nowadays. In order to achieve an
adequate level of security, a variety of distinct measures is available, ranging from technical meas-
ures to organizational measures. In near past suitable methods for decision support especially for the
assessment of the profitability of IT-security investments have been developed. But integrated
procedure models for a complete it-security controlling can neither be found in literature nor in
practice. With this article, we propose a method framework that enables the analysis of the results of
alternative security investments from a process-oriented perspective. As a basis, we have conducted
an in-deep analysis of the state-of-the-art in the fields of IT-Business-Alignment and IT-security
management in order to identify suitable concepts for the framework. A special focus lies on the
requirements of IT-security controlling of critical business processes.

1. Introduction. The necessity for a risk management concerning IT-security
results exempted from economic considerations just as from different standards
and requirements, e.g. such as the Sarbanes Oxley Act [1-4]. An evidence
thereof is the in the past above-average increase of IT-security budgets com-
pared to overall IT budgets [5]. Nether less there are just a few findings in this
field in terms of decision support by analyzing the profitability of such meas-
ures even if necessity is broadly accepted in theory and practice [6]. Most of the

3

existing work can be characterized as vague, unusable or without reference to
concrete recommendations for a course of action [7-9].

The measurement of profitability for IT-security measures implies similar
challenges as those in the field of IT investments in general. Although the IT
productivity paradoxon has been considered as outdated for years [10; 11],
recent studies indicate still skepticism of executives whether IT investments can
provide an adequate value from a company’s point of view [12; 13]. This prob-
lem is even more obvious in the field of IT-security due to the fact that that the
effects of successful measures are exclusively indirect, because they contribute
to the reduction of (future) risks [14-16]. The statement: "IT-security functions
have been valuable whenever nothing has happened.” [6] underlines this prob-
lem area. Moreover, it is insufficient to analyze just one measure independent,
since there are often interdependencies among various IT-security measures and
only a bundle of measures can be accounted for success [17]. Meanwhile this
complexity calls for taken a detailed set of different parameters into account,
the practical applicability calls for a simple to compute method. This conflict is
enforced by the reciprocal expert-layman relations in this field where account-
ing is conducted by business specialists and implementation and design of
measures by technical experts [18]. In particular, it is necessary that all relevant
aspects from technical and business point of view are considered when provid-
ing a decision recommendation [19]. An analysis of the state-of-the art in the
field of IT-security management illustrates that the suggested methods are either
theoretically inexact or practically unapt [19; 20]. Traditional approaches do
mostly not calculate the corresponding value proportion of these measures. The
corresponding return is mandatory for the assessment of efficiency [19-21].
Findings in the field of IT-Business-Alignment offer the opportunity to over-
come this shortcomings, because they allow to compute the return by a combi-
nation of the business process-view and the IT-process-view [22], it has to be
examined whether IT-Business-Alignment approaches, which explicitly con-
sider this relationship, can be adopted for the controlling of IT-security meas-
urements. Most approaches in context suppose a linear exchange relationship
between expected loss and the costs of security measures. This procedure does
not apply for information systems, which have vital meaning for the organiza-
tion.

Based on these requirements, we suggest a procedure model which sup-
ports the assessment of the profitability of alternative IT-security investments.
Essential for the design of the method framework is the observation that the
implications of IT investments first of it all can be observed on the process level
[23]. One topic is to integrate the methods for calculation of payments and
disbursements for all processes which are affected by IT-security measures to a
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generic procedure model of IT-risk management-Another is to provide decision
support for security investments within critical infrastructures and integrate this
into an overall IT-risk management procedure. So we define requirements in
this context and offer an outlook to an approach for controlling security meas-
ures for critical business processes and information infrastructures (such as data
centers). We conclude with a brief summary and an outlook on future research
opportunities.

2. IT-business alignment as a design principle for the IT Security manage-
ment

2.1. Content of IT-Business-Alignment. "IT-Business-Alignment” terms the
alignment of the IT-strategy and —infrastructure with the business-strategy and —
architecture. The goal is a sustainable creation of value for the company [24;
25]. The term "alignment” is used varyingly in literature [26]. In this context the
process, which aims at the achievement of the alignment, is meant [26-28].
Synonyms for alignments used in literature are "fit" [29; 30], "harmony" [31],
"integration" [32], "linkage" [33]or "synergy"[34]. One main aspect in the
alignment of the IT-perspective with the business-perspective is the security of
the information systems as a dimension of process quality with the quality di-
mensions of security like confidentiality, availability and integrity [35]. Out of
this, approaches of the IT-Business-alignment are used are often used in the IT-
security literature, e.g. through employing a business process orientation [22;
36-39], or, more explicitly, through adopting various techniques of Business
Engineering [37]. Linking IT- and Business-perspective is especially demanded
when the efficiency of IT-security measurements is calculated [22]. Most ap-
proaches just employ pure metrics in the meaning of calculation rules for top
key figures — the determination of the corresponding figures is still a non solved
problem [20; 21; 40]. In the next section methods, which were explicitly devel-
oped for IT-Business-alignment, are examined concerning their fulfillment of
the above stated requirements and their contribution to the calculation of the
profitability of IT-security measures. Because the design and valuation of proc-
ess are of great importance to IT-Business-alignment [41; 42], it has to be
checked, in how far decision support methods in the context of business process
management and controlling exist and in how far these methods can be em-
ployed in alignment-projects.

2.2. Decision support with process models. In earlier publications many deci-
sion support methods for IT-Business-alignment can be found. A growing im-
portance to a successful IT-Business-alignment is assigned to process models
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[26; 43], especially for approaches in the IT-security management context. In
the latter the main process-oriented approaches out of literature will be exam-
ined concerning their applicability towards the calculation of economic effi-
ciency of IT-security measures. For this the process models have to be extended
with further information. This should be information about costs, time and ca-
pacities. After this they can be utilized as a basis for process-controlling [19;
44; 45]. Out of the controlling domain several approaches targeting at process-
controlling exist. These are for example approaches, where the process per-
formance is evaluated through key figures out of a number of dimensions [46-
48]. To be able to state the economic efficiency of the model, multidimensional
performance measurement [49] is not suitable. Regarding the transparency of
value creation, decision support methods, which provide information about
costs or out payments, are needed. To calculate the costs based on process mod-
els, activity based costing (ABC) can be employed [44; 50; 51]. Time related
information about costs are of great importance for short-term decisions. Be-
cause IT-Business-alignment decisions are long-term decisions, cost-oriented
approaches are not suitable. Instead of this, in- and out payments should be used
for evaluating alternative forms of IT-Business-alignment. Grob & vom Brocke
developed an approach to evaluate payments based on process models [52]. The
main principle of the method is, that the execution of single functions of a proc-
ess is connected to long-term monetary consequences. Those are consolidated
into one financial key figure [52]. One challenge in the consolidation of these
single payments to one series of payments comes up, when the EPC has cycles.
With the help of statistical procedures the payments can be aggregated corre-
sponding to the process. This aggregation results in a series of payments which
consolidates all original payments of the process. This series of payments serves
as the interface to the calculation of financial key figures in a finance plan in-
strument called Visualization of Financial Implications (VOF]I) as an instrument
of the dynamic investment controlling [53; 54]. With its help all in- and out
payments and the original amount of financial resources corresponding to the
project are captured and reckoned up. The results of a VOFI can be used to
calculate significant financial key figures. For the IT-Business-alignment these
are especially the Total Cost of Ownership (TCO) and the Return on Investment
(ROI) [53]. This method was expanded, for example by vom Brocke for the
Service-Oriented Process Controlling (SOPC) [55]. Before the monetary valua-
tion in the context of the use of SOA starts, a qualitative valuation to coordinate
the infrastructure, services and activities is inserted. Trough this, only such
alternatives that fulfill the defined minimum requirements, are evaluated [56].
This expandability shows that in the context of IT-security not only monetary
but also qualitative aspects are considered in the decision process.
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2.3. Processes as foundation of decision support in IT-security management.
Due to the circumstance that the impacts of IT-security investment measures,
alike all IT investments, firstly can be observed on the processes [23], the latter
should—in analogy to business management—represent the focal point of secu-
rity management [36-39]. Process orientation in the context of security man-
agement allows an analysis of the risk potential of incidents on value adding
activities allows for the determination of the potential losses. Measures and
damages, etc. can be stochastically incorporated into an appropriate combination of
fault tree and event tree analysis—while the fault tree analysis maps loss occur-
rences, their respective impacts on the processes are modeled by means of an event
tree analysis [57]. This proceeding is known from different contexts, e.g. within
the scope of the failure modes and effects analysis (FMEA) or the hazard analysis
critical control point method [58-60]. Due to space restrictions however, the pro-
ceeding cannot be elaborated on in greater detail at this point, especially as
there is further research demand with respect to the explicit design.

Besides, the process models via the respective contributions for achieve-
ment and resource strain also allow for a mapping of the financial implications
of the measures. This advance analogously takes place in the field of activity-
based costing, although due to the investment character, here payments and
disbursements instead of costs and activities as periodical values should be in
the focus. Also it has already been described in other contexts in the form of a
process-oriented investment appraisal [61-63]. The decision situation of an IT-
security investment is determined, in addition to direct payments and disburse-
ments such as the alteration of the expected loss, by the need to consider all
indirect payments which are caused by making the investment [22]. Besides,
additional revenues should be considered also, for example resulting from an
increase of prospects acquisition due to a visibly higher security level (e.g. an
SSL encryption for an online shop). Similarly, different process designs cause
different cash flows. This notion is facilitated by the explicated proceeding in
the sense that in addition to varying packages of measures, advanced implica-
tions such as changes in productivity may be analyzed bases on different proc-
ess designs. The method of Grob and vom Brocke was already adopted for IT-
security Investments [64]. Based on the presented findings, a procedure model
shall be introduced in the following, by means of which investment alternatives
for IT-security measures can be assessed by the presented method.

3. Procedure model for IT-risk management based on process models.

3.1. Basic procedure model of 1T-risk management. The IT-risk management
deals with risks resulting from the usage of information systems in a company.
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The procedure of tasks is oriented at the general process of risk management
[65]. In contrast, a specialized IT-security management emerged which focuses
on a faultless service of the companies information system. The IT-security
management traditionally focuses on the consideration of technical systems.
Besides conceptual fuzziness existing, the analysis of threats within the scope of
IT-security management occasionally is called risk management [66] On the
basis of this process the advantages resulting from an integration of IT-risk und
security management are evident Firstly the strategy and the goals of IT-risk
management are to be determined in the context of the risk strategy [65]. Ac-
cording to these goals potential risks for the enterprise need to be identified and
to be evaluated by an IT-risk analysis [38]. The IT-risk analysis serves as a
basis for identifying and implementing measures for the risk governance. At
this point it is obvious, that this can only achieved with the competence of IT-
security management. In the classical operational risk management IT-risks
usually are identified in various categories, but often not quantified [67]. How-
ever, the quantification is only possible by the cooperation of central actors and
decentralized security experts, since the effects of IT-risks on the business proc-
esses need to be assessed in this way [22]. The complete procedure model is
illustrated in Fig. 1.

Focusing on business processes has been claimed repeatedly for the IT-
security management [36-39; 68], but has not been realized in practice yet. A
risk governance basically can be achieved by avoiding (refraining from activi-
ties), passing (transfer, e.g. insurance), decreasing (protective and preventive
measures) or accepting (sustaining) risks [69]. In the context of information
systems these measures can be conducted by IT-security experts because of
their competences [70]. Even so, an overall view has to be taken to allocate
resources on the ideal security level from the organization’s point of view [1].
The risk control serves as the control of result of the risk governance and is the
foundation for planning future measures in terms of a risk controlling. Reports
have to be created comprehensively in accordance with the reporting duties. In
a largely decentralized IT-security management a standardized ascertainment is
certainly rare [1]. Furthermore proactive budgeting processes should be de-
signed which account for the defense of potential threats and ensure that no
means are assigned after developed incidents.

3.2. The procedure model for IT-risk management based on process models.
The present procedure model will be instantiated in the following for the appli-
ance of process model. For this purpose the approach must be classified accord-
ing the general risk management process and then checked on the basis of spe-
cial requirements of IT- security. Besides, the procedure models are linked to
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the established concepts of risk oriented process management and risk man-
agement [71-75]. The Security goals for analysis of Information Security were
usually more or less intuitional or independently defined with the aid of stan-
dardized criteria and related questions without consideration of discrete Secu-
rity goals of company. If necessary for the planning of the security level or
prioritization of measures it is connected to the value of relevant objects [76]. In
consideration of immaterial nature and the complexity of value definition of
such important for the Information system object as "Information” this proce-
dure is difficult to resolve and can have many-valued solution [77]. The process
orientation allows both focusing on the superior business objectives, which
identify contributions and goals of processes [36; 38; 74; 78] and using of sup-
porting IT and therefore to make decision about required kind and security
measures. The basal security goals to define are Confidentially, Integrity and
Availability, which also must be defined in consideration of their specification
on the basis of requirements of business process [35].

IT-security and
risk controlling

Risk identification Risk analysis Risk governance Risk monitoring

It == It It
<5 <5 <5 <5

IT-security management

Fig. 1. The processes of IT-risk management and IT-security Management

IT-security controlling

Business process management

Business process goals 4’_“\:\ Business process design

Costs of absence

x|

\

ldefines l cost benefit analysis
IT systems goals IT systems design Costs of design alternatives
LN LN x|
\I
IT security management l l J

2| 7 |

A4 A4
‘ IT-security goals 4"‘\4 IT -security measures

Costs of security measures ‘

Fig. 2. Decision areas within the process of IT-risk management

Zur Miihlen und Rosemann apply for this purpose the risk-goal-model, where
risks are shown opposing to process goals [74]. The costs of security measures,
IT- infrastructure, income and expected losses in case of failures, which are the
result of business process, are also presentable in this context. So it is obvious,
that design and costs result from goal definition also as system und security
goals and design have to be found according to the business processes (goals).
The different aspects of the decision situation and their interdependencies are
illustrated in Fig. 2. The required measures could be identified, prioritized and
realized in connection with expected costs and savings according to the pre-
sented approach by Grob and vom Brocke [52]. This approach must be im-
proved to meet the particularities by consideration of IT- security: in the fore-
ground of all considerations is the business process, goals and direct require-
ments to information systems. The attention will be focused at dependency of
important business processes on IT- systems. It is unacceptable to take the risk
of very seldom failure, which could have however fatal effects even if the mod-
erate expectancy value implicates this. There isn’t simple exchange relationship
between the higher security level and the higher security price, as it often sup-
posed considered to be [77].

3.3. Refining the procedure model for critical infrastructures. Moreover, in
most relevant IT- risk and security management frameworks there are several
compromise classes to discern [79-82]. A criticality analysis or Business Impact
Analysis is usually carried out within the bounds of risk identification and risk
analysis, and on its basis there are critical business processes and the appropri-
ate information systems (critical IT-infrastructure) to be identified. Therefore, it
is recommended to fulfill different measures planning for business processes
and associated information systems with normal risk disposition and critical
business processes and underlying critical IT- infrastructures (e.g. data center).
By the information system with normal risk disposition according to the BSI
Baseline Protection the adaption of presented approach to profitability analysis
of process models by Grob et al. is applied [64]. It must be taken into considera-
tion, that critical infrastructure are to complex and to important, as only meas-
ures with economic aspects, but rather here the main focus is on the highest
security level attainability. The procedure is shown on the Fig. 3.

The critical analysis is an approach for identification of critical business
processes [83]. The analysis tries to identify the relevance of business proc-
esses, and to analyze how the single failures can affects the whole process. If
there are fatal consequences appeared, this process is considered to be critical.
The "Joint Standards" are the accumulation of standards, that were published
for the first time in 1997 by Business Continuity Institute (BCI) and Disaster
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Recovery Institute International (DRII) for Business Impact Analysis (BIA)
[80; 84]. These standards must serve as the requirements catalogue for compa-
nies in order to establish Business Continuity Management in the company. The
BCM’s goal is to prepare the company for a crisis situation. An exemplarily
application is described in the Report of Gartner Group [85]. In case of critical
analysis, business processes and each information system that is to be applied
for corresponding process are assigned to different categories. Seibold proposes
the classification in 3 to 6 groups [83], what complies with most approaches
from theory and praxis like IT- Baseline Protection and BIA [78-84; 86]. In his
example he makes a classification in four classes A-D, where the processes of A
class cause fatal consequences in one day, class B — in 3 days and the processes
of D class have no fatal consequences at all. This classification can be described
by a risk map [57].

Analysis of critical processes process critical )( Decision support for critical processes and infrastructures

Risk Identification Qo@ Risk Analysis Risk Governance Risk Monitoring

process not critical)‘ Decision support by process analysis (Grob et al. 2008)

Fig. 3. Procedure model for IT-risk management regarding critical infrastructures.

First of all, all business processes of the company have to be identified and
described, moreover all connections to other processes must be identified. For
each business process the risk potential must be identified. If business processes
depend on other processes, their risks must be taken into consideration by risk
evaluation until the total risk potential is identified. If the other business proc-
esses depend on analyzed process, the total risk potential of this process must be
forwarded to corresponding processes to make the identification of the total risk
potential possible for those processes too. The procedure model considers also
the above-mentioned interdependence of business processes and information
systems. But it may lead to difficult-to-resolve cycles especially if the Model
has high interdependence of business processes and information systems. It can
be met with established approaches of complexity management in context of
process models [87].

The information systems accompanying the critical commercial processes
are called here as critical infrastructures. The other choice of measures takes
place here is about a criterion catalogue to be configured for the isolated case.
The most important extension to above is that particular criteria can be defined
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as absolutely necessary (so-called lethal criteria). In the case of non-fulfillment
of one of these criteria, the necessary protection of the critical infrastructure as a
whole is not guaranteed. The use of the criteria catalogue follows itself a proce-
dure model. The procedural model follows the procedure model of the IT-
Baseline Protection Methodology [82]. At first a danger and requirement analy-
sis should be carried out, in order to parameterize the criterion system. This
configuration of the criterion catalogue serves to fade out superfluous elements
of the catalogue. In the context of the assessment of the examined systems, a
weak point analysis should be carried out. The criterion catalogue contributes to
identify weak points to be repaired, in which it reproaches a huge number of
measures for lethal criteria, which are not fulfilled and have thus top priority. In
the connection, all possible measures, which can be carried out, are arranged for
the improvement of other areas from the criterion catalogue. The choice of the
measures to be carried out is determined in the phase of risk governance, by
means of a modified cost-benefit-model. Trough this, only such alternatives that
fulfill the defined minimum requirements, are part of the allowed portfolios of
the necessary measures [56]. The portfolio, which shows the slightest TCO, is
selected. Other (more expensive) portfolios can be taken into consideration in
the frame of a "bargaining solution" if these don’t fulfill lethal criteria in higher
measure.

4. Outlook. With this paper, a procedure model for the decision support of IT-
security investments has been introduced. The evaluation of the state-of-the-art
in the field of IT-security management has illustrated that existent approaches
are either not practice oriented and hence not relevant for the practice or — as
has been demonstrated with regard to the ROSI — lack the theoretic foundation
and owing to an inadequate information summarization may lead to wrong
decision recommendations. To get a methodical foundation, IT-Business-
alignment concepts where evaluated. For this, technical and methodological
requirements were stated. Since IT-security investments primarily exhibit a
direct impact on the organizational processes, the latter are in the focus of the
suggested method. Starting from an integrated view on risks, security measures
and benefits, payments and disbursements of all processes affected by a desig-
nated bundle of measures are determined. Existing approaches were integrated
into a generic proceeding model for IT-risk management. In addition to that the
necessity of a distinction between such methods for regular and critical business
processes was shown. After a refinement of the procedure for critical business
processes requirements for decision support in this context were developed.
Future research should focus on the development of a criteria catalogue for
critical infrastructure.
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INTRODUCING PROCESS MANAGEMENT IN E-GOVERNMENT
AND HEALTHCARE

Bigkputuit ceKTop €KOHOMIKM Ma€, y MOpIBHAHHI 3 IHIIMMH CEKTOPAaMHM, BiJHOCHO HEIOCTaTHbHO
PO3BHHEHY CTPYKTYpy iH(MOpMaumifHuX cucTeM. Y [[bOMY KOHTEKCTi € CEHC BBaXKaTH BaXKIMBUMH
3HIDKEHHSI BUTPAT Ta CIPSIMIICHHS POOOUYHMX HOTOKIB. IIpoTe, He3BakarouW Ha BaXIMBICTH yIpaB-
JHHS OPOLIECaMH, Y TEMEePilIHii Yac € Iyke MaJlo KepiBHUX JOKYMEHTIB, SIKi JONOMAraroTh BIIPO-
BaJIUTH YIPaBIiHHS IpOLecaMi y KOPHCTYBaIbHHUIbKY aAMiHicTpamnito. Mera miei podotu — matu
OTJISZL MOXKITHBOT iHQPACTPYKTYPH JUIs aHANI3y MPOCKTIB 3 yNpaBiiHHs npouecamu. [1isxoM BUKO-
pucTaHHS wiel iHQpacTpyKTypu MU aHAJTi3yeMO CHCTeMy ynpaiiHHs y Bourapii Ta aaMiHicTpyBaH-
HSl OXOPOHOI0 310poB ‘s y Ipiannii. Hamr anani3 gaB neski ikaBi pe3yabTaTy.

The public sector has shown that it has, compared with other sectors, a relatively underdeveloped
information system structure. In this context the importance of reducing costs and streamlining
workflows and processes is ever more recognized. However, despite the importance of process
management, currently there are internationally very few guidelines provided for introducing proc-
ess management in public administration. The objective of this paper is to outline a framework for
analyzing process management projects. By using this framework we analyze a system in the public
administration of Bulgaria as well as an implementation of a healthcare administration system in
Ireland. Our analysis revealed some interesting results. The reasons for failure in public administra-
tion are rather content and structural in nature then solely project management issues.

1. Introduction. In order to improve the efficiency and effectiveness of the
public sector a number of reform initiatives emerged over the last two decades
[6]. Influenced by the rapid advancement of information and communication
technologies (ICT) the introduction of effective information systems became
the primary mean for increased efficiency and effectiveness in the public sector.
In order to modernize public management many organizations have imple-
mented new ICT systems. Innovative solutions for communicating with citizens
are broadly referred to as electronic government (e-government), digital gov-
ernment, electronic administration [2] or in the case of healthcare e-health. In
this context many organizations and researchers emphasize the importance of
introducing process management and redesigning processes. Among many
challenges, most stress interoperability of information and communication sys-
tems and the link to processes that they support as crucial [32].

The concept of interoperability encompassed interactions at local, national
and international level. It requires organizational, semantic and technical inter-
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operability [16]. However, in order to achieve semantic and technical interop-
erability, most researchers argue for organizational interoperability. Further-
more, methodologies supporting the introduction of process management (PM)
should be focusing on integration and collaboration. However, due to the differ-
ent characteristics of various sectors, these methodologies are typically domain
specific. Many PM methodologies do not address interoperability directly and
thus lacking to support collaboration. This is especially true for methodologies
tailored to the public sector. As emphasized by many researchers and practitio-
ners, there is a need to develop procedures, guidelines and conceptualizations to
introduce PM in the public sector. It is expected that PM helps to improve the
management of complex administrative processes.

In order to analyze the challenges in the public sector, this article illus-
trates two typical case scenarios; one in public administration and one from the
healthcare industry. The cases differ significantly from the private sector for
which already a plethora of case studies, description and some methodologies
exist. Many concepts successfully applied to the private sector are failing, due
to the different objectives and particular characteristics of the public sector. The
public sector aims in serving the society and shows fundamental different hier-
archical and organizational structures responsive to politicians. The public sec-
tor is inhabited by institutions of politics, government and bureau (administra-
tion), whereas the private sector is occupied by market institutions and profit
driven structures [21].

Three significant differentiations between the two notions can be ob-
served. (1) The public sector is driven by public interest, while the private sec-
tor is concerned by private interests [21]. (2) The public sector relies on stake-
holders, while the private sector is shareholders dependant. Implementing pol-
icy or delivering services, public organizations should pay attention to satisfy-
ing their stakeholders, whereas private firms provide shareholders with an ade-
quate return on their investment. (3) The private sector is competition-based,
whereas in contrast the public sector is oriented towards factors like service
delivery, information provision, knowledge identification, sharing and utiliza-
tion. Within the public sector changes and service improvements are tradition-
ally not driven by competition [11].

As one of the largest consumers of public spending, the healthcare sector
is increasingly recognized as an important economic sector with rapidly grow-
ing expenditure. However, symptomatic for the public sector and the healthcare
sector in particular, in most public organizations a relatively underdeveloped
information system structure exists [27]. These inadequate information systems
along with general challenges like declining resources, increasing complexity
coupled with an increasing need for high quality services, highlights the need
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for improvements and adequate ICT systems in the public sector. Recent efforts
have been made, for example concepts to integrate healthcare systems or to
implement smart card systems for electronic patient record [25]. Despite theses
efforts in many countries, concepts for the implementation of adequate informa-
tion systems in the public sector are often far away from realization.

In conjunction with the implementation of ICT systems in the public sec-
tor, attempts have been made to apply process management for many years
[28]. Due to the success in the private sector, process management is presumed
as a successful means of reducing costs and increasing productivity and quality
[3]. Process management projects aim to streamline the services and processes,
thus making it more cost efficient, while delivering better quality and reducing
response times. In recent years projects have achieved real benefits from proc-
ess management and flow investigation. Surveys show, that if successfully
implemented, process management can save up to 79 per cent of cost and time
[4]. In the US for example, the length of stay for patients has fallen by 33 % as
a result of the introduction of clinical process management [5].

Regardless the high exception and successful implementations of process
management, at present no consistent method for implementing process man-
agement in the public sector has become a de facto standard. As of yet, each
administration still explores and tries to learn from their experiences, and the
experiences of others. This is the focus of our current research, in which we aim
to develop a framework for designing and introducing processes management to
public administration and healthcare

For our research we use tow case scenario to identify success and failure
factors, which in turn forms the basis to propose a conceptual method for intro-
ducing process management in public administration. Our research is based on
literature review and supported by semi-structured interviews with professionals
in the public administration and a hospital in the Dublin Area.

The reminder of this paper is structured as following: In section 2 we pro-
vide an overview of process management and information Systems. The value
creation in the public sector is discussed in section 3. Section 4 provides a gen-
eral framework for introducing process management, which assist us in analyz-
ing process management in the public sector. The framework is then applied to
two cases, one from e-government and one from the healthcare sector. The two
cases are presented in section 5 and section 6. Section 7 presents a summary
and a conclusion of our research.

2. Process Management and Information Systems. In order to make organi-
zations more effective and efficient, a common element of current approaches is
the concept of (business) processes management. Processes are seen as one of
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the core elements to improve organizations. Literature provides various defini-
tions for (business) processes [1, 22], hence we need to clarify our understand-
ing used in this article. Our work is based on two widely adopted definitions on
design and management of (business) processes [23, 22, 29].

Davenport and Short [13] have defined the concept of a business process
as a set of logically related tasks performed to achieve a defined business out-
come. Similar, but emphasizing the client-centered aspect of business processes.
Hammer and Champy [20] have defined it as a collection of activities that takes
one or more kinds of input and creates an output that is of any value to the cus-
tomer. It is recognized that there are different types of processes in organiza-
tions [1] that include operational, support, direction setting and managerial
processes.

Processes extend over different functions and encompass suppliers and
customers, and thus are complex and difficult to organize. Different manage-
ment practices being required for the successful implementation of (business)
process management. From a research perspective, a formal design and imple-
mentation methodology, formal specifications and models and architecture to
integrate all system elements are required. A critical success factor for imple-
menting (business) processes is to enable interoperability as well as the ability
to understand change and its effect across all dimensions of the organization
(e.g. the people, resources, processes and citizen). This requires a wider defini-
tion of information systems. We define information systems as socio-technical
subsystems of organizations, which comprise all information processing actions
as well as the associated human or technical actors in their respective informa-
tion processing role.

Literature provides us with various suggestions that help to introduce
process management [8, 3]. Similarly, software engineering has developed
numerous models which support the total life cycle of information systems.
Popular examples of procedural models are for instance the “waterfall model”
[31] or the “spiral model” [7]. Suggestions for process projects exist for exam-
ple in [3].

From a perspective of project organizations, most authors state that top man-
agement support and commitment are vital, thus resulting in projects which are
carried out in a top-down participation. However, the participation and accep-
tance at an operational level are also essential for the success of process man-
agement. The process owners should be involved in the design and modeling
phase of each of the processes. An important aim of any process management
project is to enable interoperability and promote integration of administrative
and business functions throughout the organization. Taking the degree of spe-
cialization and complexity of typical administrative processes into considera-
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tion, process management teams should comprise of experts with skills from
each units, which in turn promotes knowledge sharing and communication. In
order to plan, control and audit the project progress and resource spending
(costs and time), goals and measurements are essential. Both strategic aims for
the project and project-specific aims should be considered.

3. Value Creation in the Public Sector. One distinctive problem of process
management in the public sector is the unclear value proposition. Compared to
the public sector, the conceptualization of “value” appears to be easier in the
private sector. Value in the public sector is usually not a price for a services and
it is neither the costs of performing it. The assessment of values could lead also
to political debate. Eventually, even if “value” is defined within this specific
environment, the public organization may have to continue to carry out proce-
dures that do not result in any direct value [19].

The predominant approach within the literature is to consider a value re-
flected by stakeholders [9, 10]. In this case, the value within public organization
is multi-faced and encompasses many different elements [19]. However, it
might not be possible and feasible to attempt to satisfy all stakeholders, which
evokes the need for identifying some key stakeholders. Fulfilling the expecta-
tions of the key stakeholders is indirectly connected with the organization’s
performance [10]. It can be argued that the primary stakeholders of all public
organizations are the citizens (or businesses respectively). Thus, the prevailing
purpose of public organizations is to create “public value” and their success
strongly depends on the key stakeholders’ satisfaction [24].

4. Framework for introducing Process Management. In addition to an un-
clear value proposition in the public sector, there are further reasons for diffi-
culties of process management in the public sector. Reviewing literature we
identified two main areas, one being technical in the form of design, modeling,
and implementation and secondly as organizational in the form of project and
change management issues. Often projects are technically driven with no clear
and formulated (business) objectives before commencing the actual projects
[33]. However, implementing a new technology will often require the redesign
of critical processes and the alignment to strategic objectives [15]. Experiences,
for instance made at the Leicester Royal Infirmary in the UK, demonstrate the
short-term and technical focus [18]. Besides, specific to the public sector are
frequent arguments from professional that the variation in public administrative
processes prevents process management.

In order to assess the success and failure of process management projects
it is necessary to format or develop an evaluation framework. We build on the
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work from Larsen and Bjorn-Andersen [22], which provides an evaluation
framework for Business Process Projects. However our analysis is limit to se-
lected evaluation parameters. The selection is based on qualitative assessment
of their importance for the project. Furthermore, we categorize our analysis in
project management issues and content and structural issues.

Project management of a project is important, particularly for modeling
projects, since the classical tasks of project co-ordination are supplemented by
defining models and implementing changes. One of the main aspects and activi-
ties carried out in early phases of process management projects are processes
modeling. Typically process models are described as as-is models, and to-be
models. The models contain activities and organizational structures as well as
the process dynamics. Different alternatives should be assessed in respect to
project and organizational aims. The quality of models can be evaluated using
modeling guidelines, for example as proposed by [30]. Criteria may include
correctness, relevance, economic efficiency, clarity, comparability, and system-
atic design.

There is a close relationship between business process design and business
process modeling, where the former refers to the overall design process involv-
ing multiple steps and the latter refers to the actual representation of the busi-
ness process in terms of a business process model using a process language.
Modeling languages and techniques include for instance UML, entity relation-
ship modeling and event-driven process chains building generic constructs for
modeling human roles, processes and technologies. In practice, the building of
these models is supported by process engineering tools (Like ADONIS or
ARIS), which implement the methodology and modeling language. Consistency
between the design methodology and models are ensured via meta models.
Finally, the designed process and architectural models are implemented as a
particular operational system for production and coordination (e.g. real world
information system). The implementation aspect is usually referred to as migra-
tion or change management plan.

Table 1
General evaluation framework
Project Management Content and structure
Project planning As-is process and organizational model
Project Organization To-be process and organizational model
Measurement and Control Migration and change management plan

In summary, our evaluation framework is categorized into two parts, firstly the
project management aspects which includes the project planning, the project
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organization and secondly project measurement and control incorporating mod-
els and plans which are created resulting in documents (see Tab. 1).

5. Administrative Processes in E-Government. We examined a public or-
ganization based in Bulgaria (District Governor of Veliko Tarnovo District).
We selected one of the services provided, analyzed it and analyzed it using the
framework. It is followed by a discussion and an evaluation.

The District Governor is considered as territorial body of the executive
power. Appearing as a middle level between central administration (the gov-
ernment) and local territorial administration (municipalities), the main respon-
sibilities of the District Governor are concerned with coordination and control,
(Law for the administration of Republic of Bulgaria, Art. 19 (3). Art. 29 (1), (3),
Art. 57 (2) citied and translated in [26].

For our analysis we selected the process of the administrative service:
“Approval of changes of district transport schedules”. The District Governor is
responsible for the coordination and approval of any changes to the transport
schedules between the territories of two or more municipalities. The actual
service of transportation of the citizens is outsourced. The legal bases for per-
forming the service is according to decree Ne 2 from 15" of March 2002 for the
terms and regulations for approval of transport schedules for carrying out of
public transportation of passenger with buses and cars. The service is provided
only for municipalities [17].

The performing of the service is initiated by an “argumentative proposal”
for any changes of the transport schedules. The proposal is completed by the
mayor of the correspondent municipality and brought to the attention of the
District Governor. Within one month the District Governor should approve the
requested changes or give justified refusal [17, 26].

Modeling and analysis of the current situation helped to provide more
transparency and understanding. However, it also reveals week points in the
process design. For instance, as the service is very rare difficulties concerning
the necessary knowledge and professional experience for performing the service
might occur. It is not possible to be familiar with the law regulation for each of
the performed services. There will be a need for exploring the law base before
initiating performing of the service. Furthermore, there could be a need for
consultancy with senior co-worker(s) about the interpretation of the law bases.
There is a need for organizing committee meetings (consisting of representa-
tives of other organizations concerned with the changes of the transport sched-
ules). This evokes bringing external actors to the organization.

Reviewing the process setup and the related projects, the difficulties with
this particular process are rather content and structural in nature. Indeed,
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Knowledge sharing, its organization and learning was identified as crucial. The
knowledge typically is acquired through internal and external learning. If this is
not enough, further consultation and collaboration for performing the task is
required. Overall, the modeling and analysis of the current situation showed that
the service delivery will be dependant on a collaborative practice.

6. Process Management in Healthcare. A popular example in Ireland is the
implementation of PPARS (Personnel Payroll Attendance and Recruitment
System). The system aims to be a standardized healthcare Human Resource
(HR) and payroll system for the Irish healthcare sector. The system is seen as
crucial to improve the healthcare sector, as human resources (HR) account for
approximately 70 percent of overall expenditure on health [14]. The system was
intended to be used by all health agencies and hospitals throughout Ireland. It
should help to address deficits in essential and timely human resource informa-
tion including workforce planning, time management, staff retention, recruit-
ment, and benchmarking and management information. However, the project is
generally regarded as not successful, with a large overdrawn budget. It lacked
the required functionality that it was envisaged to achieve. Other examples in
healthcare show similar results and many projects in healthcare are failing to
achieve there potential.

The system was originally initiated in 1995, with an official launch in
1998. It was due to be completed in December of 2005, with the aim to stan-
dardize and integrate the Human Resource management and payroll of each
health board and health agency in Ireland. The need for such a system stems
that each board and agency was responsible for their own Human Resource and
payroll function. Most of the personnel and payroll processes were labor inten-
sive with a high degree of manual involvement and diversity. The vision was to
provide an integrated Human Resource system which incorporated payroll,
attendance and time management. On a technical level, the system is based on
SAP R/3, a standard Enterprise resource and business process management
package. R/3 is modular oriented and provides standard (reference) process
models for various business functions, like sales, materials management, pro-
duction, finance, accounting, quality management and human resources in an
enterprise.

In a first phase, the system has already been implemented in a number of
agencies [14]. However, recently the PPARS project attracted a large media
attention for the reasons of budget overspending and problems with the project.
The project led to a considerable amount of reports and presentations concern-
ing the system, for instance presentations by PPARS project mangers. Two
common problems seem to be mentioned in most of the reports: the high level
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of variances and diversity in payroll throughout the Health. Besides, poor pro-
ject management and process flow and problems with managing to keep ahead
with changes in the environment (HR recruitment, staff movement) are men-
tioned. The following sections contain a summary of indicative results from the
interviews with experts involved in the PPARS system implementation. Our
qualitative analysis revealed interesting results. In essence, the project can be
characterized as a technical oriented rather than process or organizational driven
project. The major challenges are rather content and structural in nature then
solely in project management based issues.

Generally inadequate project management is often stated as reason for pro-
ject failures. For the PPARS project, the project management was mainly car-
ried out by an external consulting organization. Typical problems with project
management stated in the interviews for instance were: inexperienced employ-
ees, week governance or time pressure during the pilot test phase. Also, some
interviewees mentioned that clearer objectives and measurements concerning
common payroll processes for all health boards were required.

The key area of concern was time management and the large amount of
varying differences in Healthcare. These content and structural issues seem to
be a unique problem, specific to the healthcare domain. As the Health Service is
(still) mainly paper based and sometimes poorly organized, modeling As-is
processes and structures were challenging or even impossible. The required
time in the Health Service is based on demand for care, resulting in high vari-
ability. A key example would be number of critical cases, which then deter-
mines the number and qualification of staff needed. The figures change daily
with a high degree of variability here again. Also, different payroll regulations,
time management procedures and shifts are applied in different health organiza-
tions (e.g. over time and sick leave). The attempt to standardize these proce-
dures, revealed another problem. Individual interpretation of regulations and
definition in payroll were common. Different interpretations of the Health care
paying rules were being implemented in each separate organization. This led to
the realization of errors being made within the Health Service but also the abil-
ity for organizational change was restricted. Obviously these regulations and
procedures were not standardized prior the PPARS system approach. A large
feasibility study in 1998 revealed the type of variances that were present regard-
ing payment and employment conditions.

The specific challenges in the (Irish) healthcare sector, made the modeling
of realistic to-be processes and structures extremely complex. On the one hand,
the incorporation of all variances in payment was infeasible from a system point
of view. The system was regarded as being “inflexible”. On the other hand, the
standardization of all payroll processes, terms and organizational structures
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requires a large reorganization of the payroll organization. Indeed, the proposed
payroll procedures needed changes in the work processes and schedules. How-
ever, this was not complete and even during the implementation phase certain
processes were frequently “changed before going live”. Staff training was
sometimes behind the system implementation. As result, line managers some-
times were not aware of the new procedures and had to consult IT personal to
explain regulations already implemented. Generally, the interviewees felt that
there was not enough focuses on managing the required changes to implement
standard processes.

7. Summary and conclusion. Process Management provides continuous im-
provement in streamlining the public organisations, delivering better quality and
reducing costs. However, projects are challenging and often fail. This paper
described indicative results towards implementing guidelines for introducing
process management in public organisations. Numerous failure stories and
discussions with professions in the public sector are illustrating the need for
such guidelines. This paper describes some indicative results from analyzing a
national project in Ireland and administration processes in Bulgaria. Our indica-
tive analysis showed that introducing standard processes in public administra-
tion can be challenging. Problems in public administration are rather content
and the structural nature of the domain then solely a project management issue.
In our future research, the analysis will be further structured and extended.
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A DETERMINISTIC ANNEALING ALGORITHM FOR NEURAL
NET LEARNING

B crarti npoBejeHni MOPIBHAIBHUN aHai3 PoOOTH AIrOPHTMY 3BOPOTHOIO PO3IOBCIOKEHHS
MOMMUJIKH Ta QJITOPUTMIB iMiTalil Biinanxy s 3a[a4 HaBYaHHS HEHPOHHHX Mepex. 3alpornoHOBaHi
aJIAIITUBHI CXEMH HAJALITYBAaHHS IapaMeTPiB alrOPUTMIB JAETEPMIHOBAHOTO BiANATy Ta IPOBEIEHO
€KCIIEPUMEHTAJIBHE JOCIIDKEHHS 1X BIUIMBY Ha SIKICTh OTPUMYBAHOT'O PO3B‘5I3KY.

This article compares backpropagation and simulated annealing algorithms of neural net learning.
Adaptive schemes of the deterministic annealing parameters adjustment were proposed and experi-
mental research of their influence on solution quality was conducted.

Introduction. Simulated neural networks are nowhere near the grand goal of
providing a functional equivalent of human brain. But the simple structures
already demonstrate very powerful capabilities of problem-solving through self-
adaptive computer learning.

In this work we are focusing on one of the most widespread neural net
classes — the feed-forward neural network (FNN). For any transfer functions
and structure topologies FNN is defined as mapping of inputs X and synoptic
weights ¥ into outputs O: O = ¢(X , W). Supervised learning consists of find-

ing particular mapping ¢ that not only approximates input patterns correctly but
has the property of generalization for test patterns as well. The learning process
is performed with fixed topology and activation functions only through synoptic
weights adjustment. In other words for a given set of input images

X = {(1 1.0y ), e ([ m>DPm )} learning process represents a problem of mini-

mization of the net error function.
m
min E(W)=min Y g(W,I.,D.) (1)
w Woi=1 Lot

One popular (but not unique) type of error function is the squared-error func-
tion: e(W,1,,D,)=(¢(I,,w)-D,)’. The quality of a learned network is esti-
mated by its error within a given set of training patterns and/or by the error for
the test patterns.
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It means that supervised neural network learning can be considered a non-
linear optimization problem in the space of the synoptic weights. The problem
(1) is NP-hard in general case and therefore chances for finding global optima
are few especially for the large multi-layered networks. Thus the development
of the new learning algorithms and the adaptation of the available meta-
heuristics to the network learning are the key problems.

In our work we are trying to fill some noticeable gaps in the knowledge of
deterministic annealing techniques application to the FNN learning problem.

1. The Drawbacks of the Gradient-Based Learning Algorithms. The most
commonly used FNN learning algorithm is the method of backpropagation error
(BP). BP is gradient descent method in the synoptic weight space that mini-
mizes deviation of the network outputs from desired ones. The detailed descrip-
tion of the BP method is depicted in numerical sources ([1] for example) and
omitted here. The BP method has many successful applications but in many
cases there are serious problems with it.

The first problem lays in the necessity of the gradient computation result-
ing in a differentiability of the error function. A possible conclusion is that BP
algorithm doesn’t work within networks with non-differential optimality criteria
and with discontinuous transfer functions.

The second problem is in the significant difficulties that run into gradient-
based search schemes on the extremely rigged or near-plateau landscapes of the
error function. Many authors [2] pointed out the fact that surface of the error
function had many extremes. Obviously any methods that don't provide ways of
escaping local optima traps will have difficulties finding near-optimal solution.

We may highlight that the second problem is aggravated by the reduction
of the network size. The use of the small (by size) networks has wide range of
the apparent advantages. First, such networks are easily designed and work
faster both in software and hardware realizations. Second, they have better
generalization possibilities as they don’t try to adapt synoptic weights to the
input patterns with the ultimate accuracy. Third, they have less local optima.
But it returns in extremely rugged surface of the error function landscape and
decrease in possibility of finding global optima by the BP algorithm from the
random starting point. This phenomenon explains the fact that gradient-based
schemes commonly find near optimal solutions for the large networks other
than for the small ones.

The remedies for the error function local optima in the context of the gra-
dient scheme usually lay in the design of the multi-start algorithms with adap-
tive choice of the starting point [3]. Random initialization of the synoptic
weights or initialization by the algorithm of Nguen-Widrow [4] is not appropri-
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ate if the optimal weights are large. Many modifications of the BP algorithm are
known — conjugate gradient, quasi-Newton, Levenberg-Marquardt etc. The
above methods partially tackle the problems mentioned but still have many
limitations.

Many distinctly different algorithms of neural network design and learning
were created in attempt to overcome the BP method limitations. Much attention
was paid to the application of the evolutionary algorithms to the network design
and learning. A comprehensive overview of the research can be found in [5].
The approaches are very promising in terms of the quality of the obtained solu-
tion but computational time for the realization is often exceeds acceptable time
limit.

We designed a new algorithm for neural network learning that allows ob-
taining near-optimal solutions fast, making it suitable for online applications.

2. The simulated annealing algorithms. We consider simulated annealing
method (SA) as a basis for our version of network learning algorithm. SA was
first presented as optimization technology in [6] for computer modeling equilib-
rium in the statistical physics (based on Monte Carlo techniques). Today, this
algorithm is popular in practical applications because of its simplicity, flexibil-
ity and efficiency, as well as among theorists for the possibility to analytical
examination of its properties and proof of asymptotic convergence.

Simulated annealing algorithm belongs to a class of threshold local search
algorithms. Scheme of basic algorithm (also called Metropolis algorithm) can
be represented as follows

Algorithm 1. Metropolis algorithm
1. select initial state (value of network weights and biases) S
2. select temperature value T>0
3. repeat
(a) select new state S’ from the neighborhood N(S)
(b) AE=E(S")—E(S),where E(S) is the energy of state S
(c) if AE <0 acceptnew state S« S’
(d) elseif ™' < rand(0,1) (2) accept new state S < S’

(e) else reject new state
4. until stop criteria

Each new system state is a stochastic perturbation of current one. We will
define this perturbation for the space of the synoptic weights as a zero-mean
standard deviation. The transition to a new state depends on the energy differ-
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ence of the current state and the perturbed one. Algorithm 1 allows transitions
in any state that reduces the system energy or satisfies stochastic condition (3d).
Algorithm stops if it couldn’t move to the new state during certain amount of
attempts. It means the quasi-equilibrium is achieved. After reaching equilibrium
the temperature value can be updated according to a cooling schedule.

Condition (3d) consists of random sampling and exponentiation and there-
fore takes a significant part of computational cost especially in the low energy
states. One of the ways of Metropolis algorithm improvement is to replace this
condition with simpler one without sacrifice of solution quality. The idea of
such substitution belongs to Creutz [7], and the algorithm is known as micro-
canonical Monte Carlo simulation method or demon algorithm. In the original
form demon algorithm was not aimed at obtaining low energy states, and wasn’t
directly used for optimization.

Algorithm 2. Creutz’s demon algorithm
1. select initial state S
2. select demon energy D>0
3. repeat
(a) select new state S’ from the neighborhood N(S)
(b) AE=E(S")-E(S)
(¢) if AE £ D accept new state and renew demon energy
S« S, D« D-AE
else reject new state
4. until stop criteria

Generating a new state (3a) is similar to the algorithm 1. The transition to
a new state occurs if this state reduces system energy. This lost energy accumu-
lates in artificial variable called demon. An increase of the system energy is
permitted only if the demon can give the system necessary energy lost in this
case. Obviously, the value E(S)+ D = C is a constant for any state of obtained

Markov chain.

The acceptance function (3c) of the algorithm 2 is deterministic and sim-
pler to calculate than the same one of the Metropolis algorithm. Exponentiation
and generation of a random number are replaced with comparing and subtract-
ing. The sequence of the demon algorithm states is stochastic, but all its ran-
domness arises through the generating function (3a).

3. Demon algorithms and optimization. Any optimization problem can be
interpreted as minimization of energy function (fitness function) in the accept-
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able states. The modification of demon algorithm for the system transformation
from initial state into low-energy one, as it is required by optimization was
proposed in [8]. These methods are based on different strategies of the demon
energy reducing:

— "annealing" (reduction) of demon value, similar to a temperature de-
crease in the simulation annealing method [6];

— setting low enough upper threshold for demon value, which indirectly
reduces system energy.

Here are the algorithms that implement the proposed schemes:

Algorithm 3. Bounded demon algorithm
1. select initial state S
2. select initial demon energy D=D, >0

3. repeat
select new state S’

AE = E(S") - E(S)

if AE <D accept new state and renew demon energy

S« S, D« D-AE

else reject new state

if D>D,, D <« D, - truncation of upper value of demon

4. until stop criteria

Algorithm 4. Annealed demon algorithm
1. select initial state S
2. select initial demon energy D =D, >0

3. repeat
select new state .S’
AE = E(S") - E(S)
if AE <D accept new state and renew demon energy
S« S, D« D-AE
else reject new state
if quasi-equilibrium is achieved
D =a*D -reduce demon value
4. until stop criteria

Each of these methods can be improved [8] by including random standard de-
viation to the value of demon energy. These algorithms will behave similarly to
deterministic algorithms 3 and 4. However, we would like to avoid such varying
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increases of the computational complexity of the methods. Therefore, in this
work we confined ourselves to consideration of deterministic modifications of
simulated annealing algorithms.

The method of threshold accepting (TA) also belongs to the class of de-
terministic simulated annealing algorithms. This method [9] can be stated as:

Algorithm 5. Threshold accepting

1. select initial state S

2. select initial threshold T

3. repeat
select new state S’
AE =E(S")-E(S)
if AE<T acceptnew state S « S’
else reject new state
if quasi-equilibrium is achieved, reduce T according to cooling
schedule

4. until stop criteria

TA algorithm is similar to both the annealed demon algorithm and the bounded
demon algorithm [8]. Significant differences are as follows:

- threshold does not absolve or absorb energy unlike demon energy

- increase of upper limit of energy on each step is fixed

- unlimited energy increase is possible and it allows to escape local min-
ima of any depth

- original work [9] presented only linear scheme of energy reduce.

In algorithm 3, value of the upper boundary of demon can be set higher
than the threshold value of TA, as well as average value of demon energy is
usually significantly less than the initial values.

4. Adjustment parameters of the algorithms. Demon algorithms were usually
applied with simple cooling schedules and empirically selected parameters. In
this paper we attempt to adapt recent results, related to speed up convergence of
simulated annealing algorithms to those computing schemes.

4.1. The choice of initial threshold. Certain amount of random neural net-

works is generated, errors of each network on learning data set are determined

and then standard deviation o of these errors is calculated. The initial threshold

(initial value of demon energy), according to [10], is selected as follows: ty> ©
In our paper we set ty = G.
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4.2. Cooling schedule. There is rich variety of cooling schedules in the theory
of annealing algorithms. In this work we consider the most used ones — fixed
and adaptive. Fixed cooling schedule does not depend on the state of the
Markov chain and usually looks like:
t = tora,
where o is some constant (0 < o < 1) that is usually selected within [0.90 ,
0.99]. In our paper, we used this cooling schedule in the annealed demon algo-
rithm and threshold accepting (o = 0.95).
Adaptive cooling schedule proposed in [11] can be given as:

-1
In(1
t, =t -(l+—t"1 ( +5)j

3o,

where & (the distance parameter) is a small positive constant. In this work,
adaptive cooling schedule is used in annealing demon algorithm with distance
parameter & = 0.085.

4.3. The stop criterion. The stop criterion depends on the specific implementa-
tion of the algorithm and the current task. We use the stop criterion proposed in
[12]:
2
o
___r <@ ,
t /.|,u o H /'|
where 0 (the stop parameter) is a small positive constant. We set 6 = 0.00001
according to [12]. Moreover, the algorithm stops after a certain amount of itera-
tions (epochs). This additional stop criterion is implemented to limit the maxi-
mum working time of the algorithm.

5. Case Study — a Breast Cancer Data Set. For comparison purposes of the
discussed methods we used data of the breast cancer diagnostics obtained in
[13]. This data set is permanently stored into the repository of the UCI Machine
Learning Group http://mlearn.ics.uci.edu/databases/ as “Wisconsin breast can-
cer database”.

Every sample consists of 9 attributes and the class attribute (0 for benign,
1 for malignant). All attributes are in the domain [10]. Class distribution is
benign: 458 (65.5%) and malignant: 241 (34.5%)

We use the network with 8 neurons on the hidden layer and the sole out-
put. All transfer functions were hyperbolic tangents.

All algorithms were implemented in MATLAB 7.0. Data file was divided
into two parts: 60% for learning purposes and 40% for tests. As the network
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error function we used squared-error (Matlab function mse). Then using the
learned network we defined error rate for the test patterns. We measured the
learning time as well. Our results are shown in Table 1.

Table 1
Test results
Algorithm Backpropagation| Annealed | Threshold Ac-
(traingd) Demon cepting (TA)
(AD)
Squared Error (for| Min 0.0067 0.0053 0.0044
learning patterns) | Max 0.0113 0.0242 0.0125
Average 0.0091 0.0114 0.0076
Error, %(for test |  Min 3.1128 3.1128 2.1713
patterns) Max 4.2802 4.6693 3.5920
Average 3.6316 3.8132 2.5853
Leaning Time, sec| Min 120.6090 103.9540 127.3280
Max 140.1870 135.8290 136.0630
Average 129.6770 128.2127 131.3604

The comparative performances of the algorithms are shown in Figure 1. The
graph corresponds to the leaning process with best test performance. It is nota-
ble that the learning squared errors weren’t minimal for those cases. We re-
stricted the number of epochs in such a way that the learning periods were com-
parable. These numbers of epochs are 35000 for BP method, 4650 for TA and
5000 for AD.

The conducted empirical studies indicate that the 74 algorithm exceeds
competitors both in the quality and in the time for the solution obtaining. We
observed this fact in the learning phase as well as in the test.

Conclusion. In our work we performed comparison of the backpropagation
algorithm to some deterministic annealing techniques for the FNN learning. The
empirical studies shown that deterministic annealing algorithms may success-
fully compete with BP. Threshold accepting with accurate parameter adjustment
can escape from local optima of any depth and therefore outperforms BP under
comparable working time. Furthermore, in the quasi-equilibrium state 74
method is close to local search resulting in better performance in the optima
neighborhood. However, these benefits essentially depend on parameter values.
We introduced some techniques for adaptive parameter adjustment that improve
the learning speed and quality.
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SPONTANEOUS DIFFUSION OF INFORMATION IN ONLINE
SOCIAL NETWORKS

OmnnaitnoBi conianbHi Mepexxi (OCM) € HOBUMH THIIaMH BeO-CepBiCiB, sIKi MPOMOHYIOTh OHJIAHHO-
BHM CYCIIUIBCTBAM CEpEIOBHILE /U IyPTYBaHHS Ta BipTYaJbHOTO CIIUIKYBaHHs. SIK HACIIJIOK, Taki
BIPTyaJbHi Mepexi COLIAIbHUX 3B A3KiB MAIOTh BUCOKHMIl MOTEHLIa Ui BIUIMBOBOTO HPHHHATTS
pillieHb Ta PO3MOBCIOUKEHHS iH(OpMAaLT «3 ByCT B ycTay, alie, 3 IHIIOro OOKY, BOHH TaKOX MOXYTh
PO3MOBCIOKYBATH UYyTKH, IUTITKA Ta HEKOPEKTHy iH(popmarifo. [IoTeHIian LHUX MEepex TaKoX
PO3IMi3HAETBCS CepBic-NpoBaiiiepaMu, MapKeToJoraMi Ta BUPOOHUKaMH ToBapiB. BoHu yci Gaxa-
I0Th BUKOPHCTOBYBATH Lii ICHYIO4i KOMYHIKaIliiiHI KaHAJIU /I8 PO3HOBCIO/DKEHHS PEKJIAMU MPOIYK-
TiB 0e3nocepeHb0 KOpUCTyBadaM. AJie He yci Taki cnpobu € ycmimHuMmH. L[ po6ota poOuTh
crpoOy nosicautd, YoMy OCM € 100puM CepemoBHUILEM Ul CIOHTAHHOIO PO3HOBCIODKEHHS 1H(O-
pMauii Ta sKi eTand HOBMHHI OyTH BUKOHAHI Ul JIOCSTHEHHS ONTHMAJIBHOTO DPiBHS PO3HOBCIO-
JUKEHHS IS OTHOTO enieMeHTa iHdopmalii. Mu nounHaemo 3 po3riisiy MoJeni rinepiukiis [apT-
Hepa, siKa NOSICHIOE HaZIMIPHUIT eHTY31a3M IPH BIPOBAKEHHI HOBUX TEXHOJIOTIH. [lani Mu BBOAUMO
KOHLICTILIIIO «COLialbHOTO 3a0pyHEHH» Ta iH(GEKUIHHOro po3noBCclopKeHHs iHdopMauii. basosa
iles HaIIOro MiAXOAY MOJIATa€ B TOMY, IO OHJIAWHOBI iHAMBIAyalu NMPUXWIBHI 10 KOJIEKTHBHOI
MOBEIHKH, SIKIIO BOHH BIipTyaJbHY MOBEHIHKY Ta Ail iHIIMX. Llei MpUHIMI «CIpsSMOBAaHOCTI Ha
IHIIMX» MOXKE TeHEPyBaTH JIAHLIOTOBY PEakKililo iHQEeKUiHHUX iMiTaliil SKi IHKOIH MOXYTh PO3HO-
BCIO/IXKYBAaTUCh HEKOHTPOJIBOBAHO Yepe3 COLialibHI MEPEexi, MOAI0HO 110 emiaemil.

Online Social Networks (OSN) are new types of web services which provide online communities an
environment to gather and meet virtually. The online users are connected to each other via links of
trust and utilize the features of the OSN to interact and communicate in an easy socio-technical
way. Hence these virtual networks of social relationships have a high potential for influential deci-
sion-making and the word of mouth spread of information, but also for spreading fads, rumors, and
erroneous information. The power of these new forms of social networks is also recognized by
service providers, marketers and vendors of consumer goods. They would all like to (mis)use these
existing communication channels to spread product placements, advertising and promotions directly
to the connected users. However, just like the old economy businesses, not all attempted marketing
initiatives are successful. Most of them fail or do not reach the desired audience. This paper tries to
explain why OSN are a good environment for spontaneous diffusion of information and what
phases of development need to be accomplished to reach the optimal spreading rate for one piece
information. Therefore, we start with a look at the “Hype Cycle” model of Gartner to explain over-
enthusiasm for new technology adoptions. Next we introduce the concept of “social contagion” and
the infections spread of information. After a short introduction of OSN, we try to illustrate the
phases of a social online contagion development process which can lead to spontaneous and uncon-
trolled diffusion of information, messages or ideas. The core statement of our approach is that
online individuals tend to behave collectively if they observe the virtual behaviors and actions of
others. This principle of “other-directedness” can generate a chain reaction of infectious imitation
which can sometimes spread uncontrolled through the interconnected social network like an epi-
demic. This helps to explain why some online information waves can grow extraordinarily high and
others fall.
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1. Introduction. Every year The Gartner Group, a technology analysis com-
pany, publishes the so-called “Hype Cycles” of specific upcoming technologies.
This graphical representation illustrates trends of a new and upcoming technol-
ogy very well. Even though it is not a mathematical model, the curve helps to
understand the current status of a “hyped” technology and tries to explain the
typical phases which are passed through. This kind of collective euphoria can
be observed in several areas today. When we are looking at consumer block-
busters like Harry Potter, Red Bull or recently the Apple iPhone, there is a lot of
buzz about things which are attracting a big audience and generating huge me-
dia coverage. On the Internet there are similar examples of big success stories
about fast growing websites which became dominant because of a positive
diffusion of information about the service and their benefits at a the grassroots
level. This kind of virtual “word of mouth” effect can leverage an online service
or a web idea by infecting more and more online users and boosting the growth
of the service itself.

For the old economy there are several models which describe how a new
product, technology or concept gets successfully introduced, and how it gets
adopted in the markets (e.g. [26]). The information about a new product or
technology can be seen as a topic of interest (TOI) which has to pass through
several diffusion phases until it gets a successful investment or flops. Conse-
quently, it is very important to use an appropriate rollout strategy for the TOI to
find the maximum adoption rate on the target side. In the area of the Internet,
additional questions are arising, especially why and how some information can
spread and diffuse surprisingly fast and lead to online phenomena which have
not been seen before and others simply fail.

This paper is structured as follows: In chapter 2 we introduce the “Hyper
Cycle” (HC) model from Gartner and use it as a starting point for the discussion
on why ideas or technologies can spread successfully. Based on the limitations
of the HC model, we introduce the theory of “social contagion” [9] as a concept
of how people get mind-infected about some idea or even a collective action in
chapter 3. In chapter 4 we give a short overview of Online Social Networks
(OSN) and their applications. This knowledge helps us to investigate the under-
lying principle of spontaneous spread and diffusion of information through an
OSN in chapter 5. This chapter focuses on the development phases and the
given reasons of such fostering environments as seen in OSN. Finally this arti-
cle closes with some considerations about the transformation of the online users
due to the emerging mass phenomena of the Internet.

2. The “Hyper Cycle” model from Gartner. A well-known model about the
maturity, adoption, and business application of specific technologies was intro-
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duced by technology analyst Gartner [14] and was entitled - “nomen est omen”

—as “Hype Cycle” (HC). Since 1995 the concept of Hype Cycles has been used

by Gartner [14] to demonstrate the over-enthusiasm or “hype” and the subse-

quent decline following an introduction of new technologies. An HC is a

graphical representation of the maturity, adoption, and business application of

specific technologies. The HC also tries, on a qualitative level, to show how and
when technologies move beyond their hype. Mainly the graph is trying to fore-
cast when a topic of interest (TOI), e.g., Quantum Computing, will offer practi-
cal benefits for the users and become widely accepted. Certainly not all TOI run
through such an HC and some even fail at the beginning of the HC.

Assuming we are looking at a potential high-flyer TOI like Web 2.0 [24],

the typical HC passes the following phases [14] (see Fig. 1):

1. Technology Trigger: The first phase of an HC represents a breakthrough, a
product launch, or another event (TOI) that generates significant interest in
the target group.

2. Peak of Inflated Expectations: In this phase the publicity typically gener-
ates over-enthusiasm which leads to unexpected developments and growth
rates.

3. Trough of Disillusionment: During this phase the overreaction normally
cools down to more realistic expectations and a more critical view of the
TOI can be observed. Consequently, the media and the target audience
lose interest in the topic or technology and a downswing ensues.

4.  Slope of Enlightenment: If the TOI is somehow fundamentally useful or
profitable, it will overcome the “trough of disillusionment.” Thus an un-
derstanding of the benefits and practical application of the technology is
coming into being in this phase.

5.  Plateau of Productivity: Finally, if a TOI has achieved this phase, the
technology becomes widely demonstrated and accepted; it also becomes
increasingly stable and evolves improved versions. The height of the final
slope depends on how applicable or beneficial the TOI is.

One of the most influential HC according to Gartner [14] was the E-Business-
Hype Cycle in 1999 that predicted the burst of the Internet bubble in spring
2000. But there have also been several failures in the HC prognoses of Gartner.
In one of the first HC of 1995, for example, Gartner stated that “Wireless
Communications” is at the upward trend and the “Information Superhighway”
is losing importance, but it did not behave as predicted [13]. Many other HC are
presented by Gartner over the years, and they had noticeable impact on decision
makers and the market itself.

Although the Hype Cycle (HC) is a widely accepted analysis tool to
graphically express the status of a technology or a product (TOI), it does not
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readily explain why a trend is emerging or how it can be initiated. Conse-
quently, the HC is more a qualitative outlook which may include some estima-
tions about the technological innovation and its future potential. The important
starting phase of an HC (represented with the dotted box in Fig. 1) is not ex-
plained, and moreover, the underlying mechanisms of how and why the infor-
mation about the TOI is spread are missing. But the diffusion of the information
about the TOI is fundamental so that people get to know about it and adopt it
over time [7] or even generate hype about it.

Visibility

Technology Peak of Inflated Trough of Slope of Plateau of
Trigger Expectation Disillusionment  Enlightenment Productivity
Maturity

Fig. 1: Gartner’s Hype Cycle [14]

3. Social contagion and diffusion of information. One way out of this weak-
ness of the HC model is the utilization of the social psychological concept re-
ferred to “social contagion” [9]. The theory states that in a collective process the
spread of ideas, attitudes, or behavioral patterns is emerging through imitation
and conformity of the affected individuals ([16], [27], [22], [29]). The results of
such mass phenomena are masses that end up in trends, fads, as well as hypes
and panics. Like a snowball effect, it sometimes even leads to extraordinary
results in a spontaneous, rapid and unpredictable way ([4], [20], [21]). The
outcome of such a social contagion process can have positive or negative effects
on the involved users and the environment.

In Fig.2 the main phases of a social contagion process are presented. Al-
though all social mass phenomena vary, there are three main patterns which a
fully developed crowd can go through [28]:
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Fig. 2: Social contagion phase model [28] p.67

Stage 1 — Initiation: The initiation of a social contagion process is normally
triggered by some psychological attractors or a disruption of the observed
environment. Typically these events wake up the concerned individuals and
lift them to a higher level of increased attention. If the awareness of the au-
dience becomes keener and additional psychological catalysts such as the
classical and new media, trend-setters, opinion leaders and others come
across, then the process tends to progress to the next phase.

Stage 2 — Propagation: After the attainment of the “other-directed” thresh-
old, the attendees tend to transform it from a self-aware and self-controlled
state to an externally controlled state. From this point on more and more
individuals tend to orient toward the behavior of others in the emerging
crowd rather than rely upon their own expertise and decisions. If the
“other-directedness” is starting to dominate a number of individuals, the
contagion process has started effectively. At this time there is still a chance
of slowing down the social contagion process. But if the number of indi-
viduals involved breaks through the most important threshold, the critical
mass of other-directed attendees ([29], [8], [16]), the whole process
switches into a radical chain reaction of collective mass behavior. Now the
crowd is fully formed and the complex self-enforcing social interplay of the
infected individuals is driven by “positive feedback loops” and “path de-
pendence” [1] which can lead to unexpected and uncontrollable results. In

40



this stage the increase in newly activated users can reach exponential
growth rates which can be seen in today’s sales success stories like those of
Harry Potter, iPhone, RedBull, and many more.

e Stage 3 — Termination: Almost every crowd has its expiration date, and
typical indicators for the end of such an overreaction are the absence of
new headlines, the appearance of critiques of the phenomena, first satura-
tion effects, or simply the factor of time. If the psychological energy is di-
minishing, the euphoria normally breaks off radically and switches into a
kind of panic or resignation. There are well-known and documented exam-
ples of this “irrational exuberance” [30]. The inevitable ending is arising as
in the examples of financial crashes or Ponzi scheme oriented games [20].

Bikhchandani, Hirshleifer, and Welch [3] call these phenomena “information
cascades.” In these cases the overall process tends towards a direction where
every subsequent user makes the same decision, based on the observations of
others, independent of the private signal, which can lead to patterns of collec-
tive or sometimes irrational behavior [30].

4. Online Social Networks. Online Social Networks (OSN) like MySpace.com,
Facebook.com, Bebo.com, or the video sharing platform YouTube.com, to
name just a few, are promising areas to explore spontaneous diffusion of infor-
mation. These Websites are very user-centric and massively dependent on how
efficiently information can spread to existing and potential users. The principle
idea of OSN is to build and maintain communities of personal social networks
which have similar interests and activities or which are interested in exploring
the interests and activities of others [5].

Therefore, these online platforms offer various ways to communicate and
interact with each other for the individual members of such an OSN system.
One of the major principles of OSN is the “visibility” of the other participants
who flock together in this online community. Hence there are virtual profiles of
the users as well as the possibility to connect with each other in a network of
linked trusts. These virtual social networks enable the individuals to propagate
and distribute information very easily through the electronic channels and to
reach a broad audience with the same content and ideas. Additionally, most of
the content and information about the online individuals are public and free to
access for everyone on the Web. Thus it is quite easy to search the existing
content and information of these OSN to connect virtually with the related per-
sons.

The main target group of the OSN sites are teens and the young at heart,
but there are also OSN for adults which are mainly called Online Business
Networks (OBN) like LinkedIn.com or Xing.com. Their target is to intercon-
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nect business people to foster networking and professional objectives like job
offers, cooperation, and sales leads.

As of November 2006 it is said [6] that the 10 most popular domains ac-
counted about 40% of all page views on the Internet and nearly half of the
views can be credited to the OSN systems MySpace.com and Facebook.com.
Some of the registered users certainly are duplicates in different OSN and not
all of them are active all the time. Anyhow, these online networked users are
offering a high potential for the diffusion of information and the spread of ru-
mors, fads, and trends.

5. Understanding spontaneous spread of information in OSN. On today’s
Internet the rules and the business models are continuously changing. More and
more the classical marketing and advertising concepts are failing and drifting to
more user-oriented and customer-driven approaches. One of the most important
objectives is to spread information and attractors efficiently and rapidly to po-
tential online users, so that they, for example, visit a website or behave in a
profitable way. Therefore, the question is how online environments which sup-
port the diffusion of information or TOI can be established and fostered.

We assume that humans are behaving quite similarly on the Internet as
they are in the real world but with a new degree of emergence due to the miss-
ing time and space limitations of the Web [25]. What we can see today is a
highly interactive, dynamic and accelerating online network of connected peo-
ple who are using all these Web technologies to facilitate and manage their
social lives. On the basis of the phase model called “Online Crowds” (OC) [28]
and the analogy of the biological spread of diseases, we investigate the practi-
cality of the approach to explain spontaneous diffusion of information (TOI) in
Online Social networks (OSN). Therefore, we reuse the phases of the OC model
and the concept of “social contagion” from chapter 3 and extend them with the
patterns and particularities of the observed domain of OSN and the underlying
technological concepts of social software [5]. In Fig. 3 the outbreak of an “in-
formation virus” through an OSN system is illustrated. Similar to the “social
contagion” development phases of Fig.2, the process requires two! known
phases but needs to be extended by adding one additional phase called “Ampli-
fication™:

e Initiation phase: At the beginning there is a need for some initial exciter
like sensational news, a trend-setter or a disruption of the social or virtual
environment which push-starts the TOI into the attention of the first indi-

! The ,,Termination* phase is not taken into account at this point because the paper
mainly focuses on the acceleration effects of the first phases.
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viduals. Normally, a minority group is communicating and exchanging the
TOI among themselves and with new peers at this stage. According to
Moscovici [23] a dominant and insistent minority group can change the
opinion of the majority. This social behavior and the additional psychologi-
cal attractors can help to increase the number of informed users. As more
users get in contact with the TOI, they will transform from rational to
other-directed behaviors as described in the previous chapter.

Propagation phase: When the threshold of the “Rationality of Others” is
reached, the users tend to imitate and repeat the information and signs ob-
served by others more and more. Hence the TOI itself is changing from a
kind of neutral information to a biased mind-virus for the receiver. To
reach this threshold limit, the visibility and the information traces of other
users are very important. Moreover, a rich feature set for self-expression,
recommendation and sharing (spreader tools) is needed to push the TOI
further. With the positive development of the process, social factors like
awareness and reputation are getting more and more important. Hence rat-
ing systems, activity ranks, and interlinking of existing and new contacts
are essential for advancement of a TOIL.

Amplification phase: If the increase of the number of infected users contin-
ues and additional users are getting in contact with the TOI, the spreading
process may reach the most important threshold, the critical mass (see
chapter 3). At this stage the tipping point [15] of the TOI, which determines
whether it will die or it will get to an epidemic outbreak, is reached. The vi-
ral cascade is fully developed and everybody who gets to know about the
TOI needs to adopt the information because of the euphoria and pressure
from the others. To foster this stage and enlarge the number of potential
target groups, an OSN can open its data and programming interfaces (API)
to partners and multiplier technologies like Social Tagging, Weblogs,
Mesh-ups, RSS-Syndication, and Back-Linking. Moreover, the infected us-
ers can be equipped with an “epidemic mission” to recruit and re-infect
new users by a reward system which can be based on incentives such as
money, or more intangible approaches like higher ranks, better status, or
more features offered by the OSN. In analogy with Metcalfe's law that pro-
claims that the value of a telecommunications network is proportional to
the square of the number of users of the system [11], the infection rate of a
TOI grows non-linear with the number of new users. Moreover, the escalat-
ing effects of positive feedback loops and the nature of the Internet as a
global, virtual, low-cost communication and collaboration network repre-
sents the strong foundation for such social “viral architectures” [18].
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Fig. 3: Outbreak phases of a mind-based virus in OSN

Looking at the potential effectiveness of an epidemic outbreak, three different
types of virtual carrier levels can be identified. In Fig. 3 the contributing ele-
ments are differentiated in the following areas:

Linear spreading carriers: Since the beginning of the Internet, these carri-
ers have offered a static, or in the later years semi-static, ability to spread a
“mind-virus”. These features prevent the building of larger sources of in-
fection because of the limited interaction possibilities by the users (respec-
tively information consumers). Characteristic examples are static and insu-
lar websites, information broadcasting with limited interaction such as one-
way distribution lists, contact mail, guest books, and web-based forms.
Semi-dynamic spread carriers: Over the years the Internet emerged and
moved to a more dynamic and interactive Web of users (and prosumers re-
spectively) with an increased potential of spreading. Examples are discus-
sion forums, chat systems, file uploads, and website editing features, as
well as some sharing tools and search mechanisms.

Social and viral spread carriers: In the last few years, the features changed
dramatically and combined social software concepts with the feasibility of
user-generated content [19]. These carriers represent important portions of
the exceptionally strong viral carriers for any type of TOI. Explicit exam-
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ples are full-fledged online platforms with rich media content and easy-to-
use but powerful authoring and editing tools as well as extensive cross-
referencing and cross-linking mechanisms. At a first glance, these online
features help to find, connect, and maintain the social ties and to transform
the day-to-day social contacts and behaviors into the Web. On a deeper
view, these kinds of spreading tools help to push an initially small and local
TOI to a fully developed epidemic outbreak of parts of the OSN and be-
yond.
If these principles are applied correctly, there is a high potential to generate
spontaneous spread of information (TOI) over the existing virtual social net-
works. The above-mentioned network effects rely on the basics of two well-
studied theories:

e Scale Free Networks (SFN): In contrast to old theories with a random
structure of social networks and the Internet, Barabasi and Bonabeau [2]
found out that the connections of these kinds of networks are “power law
distributed.” This has several implications on the properties of these net-
works. First of all the topology consists of very few nodes with lots of con-
nections (so-called hubs) and a lot of nodes with only a few links. Second
the SFN are robust against random threats but very fragile when only a few
major hubs are infected. This could cause emergent information cascades
and unusual social contagion waves.

e Small World Networks (SWN): According to Watts [31] each individual is
connected, on average, to each other by six human nodes. So only a few
people in a group are necessary to reach a lot of different individuals. The
graph degree distributions are defined with the properties “clustering coef-
ficient” and “mean-path length.” Thus typical social relations follow a long
tail distribution with some highly connected social hubs, and SWN can fol-
low the characteristics of SFN. This could circumstantiate why social con-
tagion and information viruses can happen in very spontaneous and unex-
pected ways.

Typical examples which comply with these network paradigms are the Internet

itself, air transportation networks, electronic power grids, and social influential

networks. Putting these approaches together helps to understand how the
spreading of information and collective behavior are stimulated and accelerated.

It has to be mentioned that not all presented socio-technical network effects are

amplified 100% in OSN. There are always attrition rates and forces that coun-

tervail the leveraging effect [10]. Especially the factors of time and loss of addi-
tional psychological drivers are providing essential contributions if the “Termi-
nation or Substitution” phase of a social contagion is opened up.

45

6. Conclusion and future work. A lot of research has been done in the area of
diffusion of information and the adoption of innovation in the last decades. A
quite similar attempt of [17] is trying to analyze the diffusion of information in
Weblogs and also on the concepts of threshold models and the spread of infor-
mation although [17] focus more on the connection structure and stickiness of
the Weblog network than on the socio-technical aspects of the phenomena. In
this paper we have discussed reasons why OSN are very advantageous envi-
ronments for mind-based outbreaks of epidemics of TOIL. Apart from the lever-
aging network effects of the Internet and the social networks, there are psycho-
logical rules acting in the background which facilitate social contagion proc-
esses in the real world as well as on the Web. If an infectious TOI can reach the
critical mass of users, an epidemic outbreak can happen instantly. In this case
the infection rate can change from linear to exponential growth and tend to
contaminate most of the users of an OSN.

From the Internet user point of view, there has been a shift in the last years
from technical-user centric to a more mass-user and community centric ap-
proach on the Web. Especially the encouraging environment of high-speed but
flat-rate Internet access, easy-to-use web interfaces, out-of-the-box features and
tools, as well as a broad penetration of the Internet itself, bypasses the hurdles
for an average user and supports the appearance of epidemic TOI outbreaks. In

Fig. 4 the user transformation from the so-called Web 1.0 to the current
and often mentioned Web 2.0 [24] is illustrated with some selected examples.

Web 1.0 Web 2.0 and OSN
Self - | Social

Consumer - | Prosumer / Imitator
Rational - | Viral

Push -2 | Pull

Fig. 4: User behavior transformation from Web 1.0 to Web 2.0

What we can see today is that epidemic outbreaks of TOI and the social
contagion developments are getting more intensive and are affecting more users
than some years ago. Hence there is potential as well as challenges arising from
these new phenomena on the Internet. As the economist Peter Drucker stated,
“The mass movement has become the dominant political phenomenon of the
century.” ([12] p.94), there is the potential that the overall mass behavior of the
Internet users will become the dominating virtual phenomenon of our century.
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TOWARDS QUALITY-AWARE PREDESIGN MODEL

VY craTTi po3MIAAAIOTBECS OCHOBHM MUIXOLY A0 30UMpaHHS CEMAHTHKHM BUMOT SIKOCTI y NPOMIKHY
npepoeKTHy Mojens. Llelt mixxin € noenHaHHAM TexHONOTH KiareHdypTchkoro KoHIENTYyab-
HOTO TIPEeJNPOCKTYBAHHS Ta aCMEKTHOTO MPEANPOSKTYBaHHs. 3alpPONOHOBaHI JOJATKU JO3BOJIAIOTH
BKJIFOYMTH JI0 MOJIENI iepapXito XapakTepUCTUK SIKOCTI Ta MOJATH HACKPi3HI BIJHOLIIMHYU MK iHTE-
pecaMu SKOCTi Ta OCHOBHOIO (DyHKIIOHANBHICTIO cucTeMu. OGTrOBOpeHi AesKi HapsIMKH iHTerpamii
3aIPOIIOHOBAHOT MOJIEN y TIPOLIecC PO3POOKH MPOrpaMHOro 3a6e3MeYeHHs, 10 KEPYEThCS SKICTIO.

An approach to capturing the semantics of quality requirements into an intermediate predesign
model is outlined. This approach combines Klagenfurt Conceptual Predesign and Aspectual Predes-
ign techniques. Proposed extensions incorporate the hierarchy of quality characteristics into the
predesign model and represent crosscutting relationships between the quality concerns and the main
functionality of the system. Some directions of integration of the proposed model into quality-
driven software process are discussed.

1. Introduction. One of the problems arising while developing an approach to
incorporate quality-related issues into software process is a problem of finding
an adequate representation of the semantics of quality requirements before per-
forming design-time activities.

Following Klagenfurt Conceptual Predesign [12-13, 15] and Aspectual
Predesign [19-20] approaches, to solve the above problem we propose to estab-
lish an intermediate semantic model (predesign model) residing between quality
requirements elicitation and conceptual design. Such model has to describe the
notion of the software quality that can be used on different stages of the soft-
ware process, and capture the quality requirements semantics in a way that can
be easily understood and verified by the system users. We call this model Qual-
ity-Aware Predesign Model (QAPM). In this paper we outline the main con-
cepts of this model, more detailed description will be included in the follow-up
papers.

The rest of the paper is organized as follows. Section 2 gives some impor-
tant background information about software quality and existing predesign
approaches. Section 3 describes the main features of the proposed predesign
model. Section 4 is devoted to the integration of the described technique into
broader context of quality-driven software process. Section 5 concludes the
paper and shows the directions for future research.
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2. Background. In this section, some necessary background information will
be introduced.

2.1. Quality Models and Quality Requirements. To be able to describe the
approach for analysis of quality-related information, it is necessary to select the
notion of the software quality first. In this paper, we limit ourselves to the tax-
onomy approach to representing the product quality [7]. In this approach, qual-
ity is conceptualized as a hierarchy of quality attributes, with top-level attributes
representing general quality characteristics (like functionality and reliability),
whereas bottom-level attributes (quality sub-characteristics) representing more
concrete characteristics (e.g. reliability can be decomposed into fault tolerance
and availability). This representation forms the foundation for the quality model
[2, 5-6]. There are many quality models proposed in literature (starting from
[1]) and standardized by respective bodies such as ISO [9].

Following [8, 21], we assume that quality sub-characteristics are quanti-
fied via quality measures (indicators). For example, according to [21], “time
behavior” sub-characteristic can be quantified via turnaround time, response
time, CPU elapsed time, I/O processing time and several other indicators.

Indicators form the foundations for quality criteria and quality require-
ments. Every criterion reflects “a single aspect of quality of the system” [9].
According to [5-6] criteria can be seen as quality indicators connected to the
particular system artifacts or its operations, e.g. for “response time” quality
indicator the criteria can be “response time for searching the customer by
name”, “response time for bank account withdrawal” etc. Quality criteria to-
gether with threshold values form the quality requirements. For example, the
requirement based on described criteria could look like this: “response time of
searching the customer by name must not exceed 1 second”.

Glinz [8] proposed classification of quality requirements introducing the
concerns (matters of interest in a system) [4], in particular (a) functional con-
cerns related to expected system functionality and (b) quality concerns related
to quality characteristics defined by some quality model. After that, the set of
requirements was decomposed into three main categories: (1) functional re-
quirements related to functional concerns; (2) quality requirements related to
quality concerns; (3) constraints constraining the solution space beyond what is
necessary to meet the particular functional or quality requirement. We plan to
base our model on this classification.

2.2. Handling Quality Requirements in Predesign Approaches. In this sec-
tion, we will outline the approaches to handling the quality requirements in
existing predesign approaches.
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Klagenfurt Conceptual Predesign Model (KCPM) [12-13, 15] consists of a
small set of semantic concepts such as thing-type (generalization of class and
value type), connection-type (representing relationships between thing-types),
or operation-type (modeling functional services). In this paper, we restrict our-
selves to its tabular representation using glossaries. Though this model is built
to capture the semantics of all kinds of requirements, non-functional require-
ments treatment is limited by collecting them in the constraint glossary. Each
constraint (e.g. The System shall process a minimum of 8 transactions per sec-
ond) could be related to at least one constraint type. In [12] a constraint type
was a classification of the non-functional requirement (e.g. performance re-
quirement). Since different kinds of classifications exist the constraint type was
connected to one constraint category (e.g. “IEEE Std. 830-1993”). This way of
connecting constraint categories and constraint types to constraint gave the
designer more flexibility. He/she was allowed to define any kind of category
(“IEEE Std. 830-1993”, “My Characteristics” etc). Within this category it was
possible to collect the types of requirements which belong to it. Once the types
were defined the designer was able to relate the collected constraints to one or
more constraint types related to different categories.

The main goal of an Aspectual Predesign technique [19-20] was extending
the KCPM to make it able to deal with crosscutting concerns in the problem
space. It aimed at capturing the semantics of “aspectual” (crosscutting) re-
quirements as defined by aspect-oriented software development (AOSD) termi-
nology [4] into the predesign model (Aspectual Predesign Model, APM) similar
in its purpose to KCPM. In this model, thing-types are used to represent con-
cerns in AOSD sense, crosscutting behavior units implementing quality re-
quirements (advices, interceptors) are represented via operation-types; pointcuts
(rules that connect advices to some places in model where they are supposed to
be called) are represented via modified connection-types. Aspectual predesign
can be seen both as an extension to the Klagenfurt conceptual predesign that
allows mapping the aspectual requirements and as an intermediate step of the
AOSD residing between aspect-oriented requirements engineering and aspect-
oriented modeling.

The two predesign approaches are complementary. Whereas KCPM repre-
sents quality requirements as constraints and allows user-supplied classification
of these requirements, APM allows treating the requirements as belonging to
crosscutting concerns and offers some guidance in separation of these concerns.
It seems feasible to merge these approaches in a way that makes the resulting
technique benefit from their advantages. The outline of the possible results of
this merge is presented in the following section.
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3. Outline of the Model. Several problems need to be solved during the model
development: (1) allowing integration of the quality model; (2) extending the
KCPM metamodel to integrate complete representation of quality requirements;
(3) implementing the semantic support for separation of quality-related and
functional concerns; (4) implementing support for relationships between these
concerns. In this section, we describe our approach to resolving these problems.

3.1. Integrating Quality Models into QAPM. For allowing a flexible integra-
tion of the quality—related information, we introduce two new semantic con-
cepts for our predesign model: a quality characteristic and a quality model. We
cannot use existing concepts (such as thing types) for this purpose because they
represent types of things whereas quality characteristics are instances of the
particular high-level concept. A quality characteristic is a semantic concept for
elements from all levels of a quality model hierarchy; quality model represents
the particular instance of this hierarchy. For quality indicators, their units of
measurement are values for “value domain” meta-attribute of the quality char-
acteristic.

Fig.1 contains the fragment of a quality model glossary corresponding to
the extended ISO 9126 quality model (in particular, the “Efficiency” high-level
quality characteristic).

id# Name belongs to value domain
Q04 Efficiency
Q04-1 Time behavior QO04, Efficiency
Q04-1-1 Response time QO04-1, Time behavior seconds

Figure 1: Part of the quality model glossary corresponding to efficiency

The reason of storing all the quality model information in the glossary re-
flects the “mixed model” paradigm of the quality model construction [5] mak-
ing possible to tailor already existing quality models for the particular problems.
In our model, analysts can add or modify quality characteristics and indicators
of different nature.

3.2. Modeling Crosscutting Concerns and Requirements. In this section, we
show how our model allows capturing crosscutting concerns and requirements.
In our model, quality characteristics and sub-characteristics are treated
(following [8, 16]) as concerns. We also follow [16] in distinguishing the domi-
nant functional concern which controls the decomposition of the system and
modeling all other concerns (in particular, all quality concerns) as crosscutting
concerns. As the quality concerns form the primary interest of this paper, we
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assume that the dominant concern is the main functionality of the system. This
concern defines the decomposition of the predesign model into the set of thing-
types and other KCPM artifacts.

In this paper, we also assume that quality concerns directly correspond to
the quality characteristics and sub-characteristics in the accepted quality model
(e.g. for ISO 9126 quality model the candidate concerns are “Efficiency”, “Us-
ability”, “Time behavior” etc.) As a result, we do not need any special notation
to represent these concerns; the quality model glossary will serve the purpose of
quality concern glossary as well. If some quality characteristics are of no inter-
est to the current system, they can be simply ignored in the rest of the model.

To be able to represent crosscutting relationships between functional and
quality concerns, we need to decide on a join point model [6] based on captured
requirements semantics. This model defines the set of all possible places where
the functionality of the base concern can be extended or replaced with the func-
tionality implementing the crosscutting concern, and, on the other hand, the set
of all possible model artifacts belonging to the crosscutting concern that can be
chosen for this extension. The join points in this model are thing-type, connec-
tion-type, operation-type and cooperation-type.

After the join point model is defined, the next step is to establish the se-
mantics of quality requirements. We propose a constraint to be a semantic con-
cept corresponding to the quality requirement. To reflect the relationship be-
tween base and quality concerns every such constraint will contain the refer-
ences to particular quality concern (quality characteristic) and the element of
dominant functional concern belonging to the joint point model (KCPM arti-
fact). The QAPM metamodel of quality requirement is shown on Fig.2.

Constraint

sequencing

description

applicability

decisionOperator
QualityCharacteristic threshold ModelingElement
name N . |name
value_type description

Figure 2: Part of QAPM metamodel describing the quality requirement as a constraint

The ModelingElement is the root of the schema elements hierarchy in the
KCPM metamodel. We decided to associate the QualityCharacteristic to this
abstract meta-class and enhance this association using the Constraint associa-
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tive meta-class. The meta-attributes characterizing the quality requirement con-
straint are as follows:

1. “sequencing” reflects the temporal and conditional dependencies between
base and quality concern elements [3]. The set of possible values reflecting
these dependencies includes “before”, “after”, “wrap”, “instead”, “concur-
rently”, “if”, and “if not”.

2. “‘applicability” represents applicability condition for this requirement (e.g.
“during peak hours”, “during startup and shutdown”, “if the system is in
the safe mode” etc.)

3. ““description” contains the description of the requirement. For imprecise
requirements, this meta-attribute is supposed to contain all the information
available for the requirement, e.g. “the system must be secure”. For re-
fined requirements, the following two meta-attributes will be used as well.

4.  “‘decisionOperator” contains the operator which needs to be applied to the
threshold value to determine if the requirement is satisfied or not (e.g.
“equals”, “less” or more complicated operators)

5. *“threshold” contains the threshold value.

Fig.3 shows the fragment of a constraint glossary representing quality re-
quirement. We suppose thing-type Order and cooperation-type Order depart-
ment checks articles are already defined in a model.

id#| quality functional | sequen-| description| appli-| decision | thresh-

charac- element cing cabil- | operator old
teristic ity

C02| QO04-1-1,| EO1, Order wrap | the response | during less 0.5
Response | department time must be | peak
time | checks articles short| hours

Figure 3: Quality requirements in the QAPM constraint glossary

4. Model Integration. The QAPM is supposed to be integrated into wider con-
text of Quality-Driven Software Process — specialized software process aimed
at integrating quality into all the stages of the software development from re-
quirements elicitation to code generation. In this section, we take a detailed look
at various aspects of this integration.

4.1. QAPM Information Suppliers. Our model obtains its input information
from the requirements elicitation stage of the software process. In the frame-
work of the quality-driven software process, we plan to support this stage
(Quality Requirements Elicitation) with some special techniques.
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For example, when natural language requirements specifications are avail-
able and the stakeholders trust them, it is possible to elicit quality requirements
from these specifications using NLP algorithms and transfer their semantics into
QAPM glossaries ([ 14] represents a preliminary technique aimed at this goal).

Another technique is supposed to be used if the formal requirements speci-
fications are difficult to obtain or cannot be completely trusted. The proposed
approach collects the stakeholders experience allowing them to assess the quali-
ties of the system under development interactively in context of its usage proc-
esses. To achieve this, it is planned to construct a special tool [18] implement-
ing an interactive simulation environment. In this environment, stakeholders
can experience the qualities of the system under development in context of the
usage processes carried out in their organizations and make assessments of
these qualities. These assessments will serve as sources of the quality require-
ments. The semantics of the requirements elicited via this environment can also
be transferred into QAPM glossaries.

4.2. QAPM Information Consumers. Information represented in QAPM glos-
saries is planned to serve as a source for two other steps of the Quality-Driven
Software Process: Quality-Driven Architecture Design and Quality-Driven
Code Generation.

For the architecture design step of the software process it is planned to im-
plement a tool for creating architecture of the system under development that
entails that system to have the required qualities. This problem is broken down
into the set of problems related to selecting a software architecture artifact
which possesses the desired qualities (artifact selection) while reaching an
agreement between the desired system quality and the resource constraints (arti-
fact negotiation). Paper [10] describes a technique supporting the quality-based
selection of specific development artifacts (BPM methodologies). For quality-
driven software process, it will be generalized to cover all the software artifacts.
We plan to obtain the information about the desired qualities controlling the
artifact selection and negotiation from QAPM quality model.

For the code generation step it is planned to implement a tool for creating
the code of the system under development in a way that complies with the ar-
chitecture worked out earlier. To achieve this goal, it is planned to utilize the
power of modern code-generation techniques (such as OO-Method [17]) by
finding the way to adapt quality-related information so it can influence some
aspects of the code generation. To be able to perform actual quality-driven code
generation, it is planned to integrate the concepts related to quality into OO-
Method (its notation, methodology, and abstract execution model). For initial
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representation of quality-related information, we plan to use QAPM enhancing
the approach from [11], which suggests using original KCPM for this purpose.

5. Conclusions and Future Work. In this paper, we outlined the basic con-
cepts of a quality-aware intermediate model allowing capturing quality re-
quirements semantics into glossary entries that can be verified by the end users.
This model can serve as a source for information necessary on other stages of
the quality-driven software process. In fact, we plan to use this model as core
“scratch pad” of the problem domain for this process. In future, we plan to
implement a software tool supporting this model, as well as perform all the
described actions necessary to integrate QAPM into the software process.
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GRAPHICS TECHNOLOGY TO MODEL THE PROBLEMS OF
CALCULUS USING ANALYTICAL GEOMETRY

I cTaTTs MICTHTH ONMC ACSKHX METOMAIB Bi3yaii3alil, IO JAIOTh MOXXJIMBICTh BUKOPUCTOBYBATH
TEXHOJIOTIT KOMII ‘FOTepHOI rpadiku Ui MOJCIIOBAHHS 3a1ad MaTeMaTHYHOTO aHAII3y Ta aHAITHY-
HOI reomertpii. JleTaibHO PO3MIIAIOTHCS MUTAHHS BUKOPHCTAHHS KOMII'IOTEPHHX 300pa)KeHb Ta
POOUTHCS OIJISAT BUKOPUCTAHHS KOMII IOTEPHOI aHiMallil Juist i€l Bizyaizarii.

The paper contains some general background and some of the visualization methods that have been
used to bring computer graphics technology to model mathematical problems of Calculus with
Analytical Geometry. Computer-generated images have been length and breath of the paper as a
source of additional background information on visual mathematics and an overview of selected
animations concerned with mathematical visualization.

1. Introduction. The intention of this paper is to show the natural interrelation-
ship between calculus mathematics and computer graphics. This article will
concentrate for the most part in IT perspective on the progress, techniques, and
prospects of mathematical visualization, emphasizing those areas of 2D and 3D
geometry where interactive paradigms are of growing importance. [1]

Due to substantial changes that technology has brought in the recent years,
instruction in mathematics will have to catch up with the new circumstances or
else become increasingly irrelevant. With added pressure from rapid develop-
ment in Multimedia, it is even more demanding to train our students to think
clearly, critically, constructively, and creatively about problems they might
encounter in real world. It is our job to help students to gain the ability to use
mathematical methods and tools whenever they seem appropriate and helpful.
Computer oriented mathematics courses should focus more on cooperative
learning, problem solving, and investigative learning as an important part of
education.

2. Computer Algebraic System. In the mid-eighties the availability of CAS for
personal computers attracted mathematics educators to the possibility of using
them in the classroom. CAS technology with its powerful combination of nu-
meric and symbolic computation, colorful 2D & 3D graphics as in figure 1 and
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figure 2, and programming facilities is a natural and logical continuation of the
scientific and graphical calculators.

Fig.1 — Colourful 3D display of the functions
¢ B sin!JXz +y? | and g%, y) = xe )
(xy) =220 ’
X4y

The fresh approach of CAS has inspired many lecturers of calculus all
over the world. It has, however, as any new system does, brought complications
of its own. It requires more reading and more insight from the student than
traditional calculus. This is exactly why the average student experiences diffi-
culties with the new approach. More guidance should be given to assist the
student in improving his reading skills in mathematics and to cultivate the re-
quired insight.
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Fig.2 — Introducing important functions for future use

Fx)=x sin(i) and g(x) = &X(X)

3. Students. In the last few years, local universities start offering 4-year degree
courses. Everyday student goes home after a tough day and plunges into time
management crisis. In the unlikely event of having time to spare he might de-
cide to pick up his Math text book. He finds the reading so much in a short
period of time, mostly because he has not been trained to read mathematics and
therefore does not do it in a proper directed way. Worse still, for the majority of
students, it is written in their second language.
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Come the following week, Mathematics becomes a priority on the evening
before the tutorial session when the possibility of getting into trouble the fol-
lowing day becomes real. He does not quite remember the study material of the
previous week but now he has to solve several problems. He reads through a
problem and scans through the text book desperately trying to find something, a
formula or an example, that will help him solve the problem. There definitely is
no time to study the whole topic now. He is expected to apply concepts, but has
never really studied the concepts themselves. However, the graphical represen-
tation as given in figure 3 will be enough to recall the whole thing.

]
sl

Fig.3. Students can easily skip the concept of finding the area between 2 functions

2z
and just use the formula instead Area = J[f X)—g (x)]dx
0

4. Algebraic Functions. Function is rapidly becoming one of the organizing
concepts within mathematics education. The day is long past when mere
mathematical computation is adequate. Students should not only apply and use
a particular function but they are also required to create new functions which
adequately represent the mathematical situation of hand. In addition to its
mathematical power, the notion of function is uniquely suited for teaching and
learning with technology.

The various types of functions may be studied through the analysis of the
meaning for various rates of change, zeroes, maximum and minimum values
within contextual settings. With an understanding of the various families of
function, coupled with real world phenomena, connections are established, and
students begin to see mathematical models as pictorial representations that have
meaning.

Basic algebraic operations employ two powerful representations of func-
tions, symbolic and graphical. The use of graphing technology provides both
symbolic and graphical representations of functions. The use of graphing tech-
nology enhances students’ understanding of the function concept. The combina-
tion of mathematical modeling and graphing technology offers an outstanding
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opportunity for teachers to present the function concept in a meaningful man-
ner.
Given two functions f and g, here are 5 basic algebraic operations on func-

tions. Let’s take for instance, f(x)=sin(x) and g(x) = +/x , then there will be,

(f +9)(X) = f(X)+ g(X) = VX +sin(x)
(f —g)(¥) = f(x)— g(x) =sin(x) = /x
(f *g)(x) = f(x)g(x) = /xsin(x)

f _ fx _ sin(X)

@950 x

(f o 9)(x) = f(g(x)) =sin(+/x )

as sketched in Fig.4a.

These are just few examples of how to enhance students understanding of
concepts by giving them visual representation to accompany the verbal presen-
tation and to discover properties of algebraic operations on their own. In this
way, the students may achieve deeper understanding and longer retention of
ideas.

5. Pictures and Mathematics. Calculus textbook has a long tradition of interest
in visualization methods. The explosive development of mathematical software
such as Matlab, Maple V, Mathematica, MathCAD, Mathview and so on was
accompanied by intense activity in pedagogical illustration. The reader need
only consult any such current text called Calculus to see the influence of this
visual approach to mathematics. [1]

Using one of these computer algebra programs, we can get the answers to
most of the questions on a traditional freshman math exam. These programs can
differentiate, integrate, solve systems of equations and find various approxima-
tions. They produce quite nice 2D and 3D graphics, while they spare us the
tedium of algebraic manipulation, and let us focus on the real issues rather than
on the arithmetic [4].

Most of the well suited pictures figures and graphs in traditional textbook
were drawn by graphic artists. Only some recent text that incorporates CAS
starts to include computer generated images which have poor presentation stan-
dard. However, it is getting better as in Fig.4b.

The use of technology in mathematics teaching is not for the purpose of
teaching about technology, but for the purpose of enhancing mathematics teach-
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ing and learning with technology. The focus should be on learning with tech-
nology instead of mechanical procedure of integration and differentiation.

!

ANONS ANONK
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5 10 15 20 1535 7 0
(@) (b)
Fig.4. (a) Algebraic functions (f +9)(X)> (f *g)(x), and (f o g)(x)

o

1 2

(b) The function, the first and second derivatives are drawn altogether
to locate critical, extremum, and inflection points; the decision above
X —2%x7 +x+2

,and below is g(X) = x> —5x> +4x
x> —2X+3

is f(x)=

6. Pedagogy. CAS should be used to address worthwhile mathematics and
support appropriate pedagogy. Content-based activities using technology should
address worthwhile mathematics concepts, procedures and strategies, and
should reflect the nature and spirit of mathematics. Activities should support
sound mathematical curricular goals and facilitate conceptual development,
exploration, reasoning and problem solving that will engage students in tech-
nology-augmented mathematical thinking as illustrated in Fig. 5a [5].

Pedagogic perspectives must be infused with an operational philosophy for
implementing CAS. Simplicity must be the strategy. If CAS is a tool to be ex-
perienced in a lab setting, then precise and well crafted exercises and projects
are essential. Students who have unpleasant experiences with CAS are not
likely to enjoy the extra effort it takes to master CAS and still master the pencil
and paper skills of the traditional class. Adequate help in lab setting is a neces-
sity, and seeing CAS used to solve problems in the lecture is a prerequisite.
Students need to see how CAS can be used to explore mathematics and to solve
problems [6].

Technology-enhanced activities should involve students in higher-order
mathematical thinking and should not engage students in carrying out proce-
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dures and finding answers without appropriate mathematical and technological
understanding. Future educator should emphasize on content development and
pedagogy, and not just learning how to use the software [5].

7. Take advantage of technology to enhance teaching. Activities should take
advantage of the capabilities of technology, and hence should extend beyond or
significantly enhance or facilitate what could be done without technology. Us-
ing technology to teach the same mathematical topics, fundamentally the same
ways, that could be taught without technology does not enhance students’ learn-
ing of mathematics and rely on the usefulness of technology. Furthermore,
using technology to perform tasks that are just as easily or even better carried-
out without technology may actually be a hindrance to learning.

Learning activities should incorporate multiple representations of mathe-
matical topics and/or multiple approaches to representing and solving mathe-
matics problems. Furthermore, use of technology allows students to set up and
solve problems in diverse ways, involving different mathematical concepts, by
removing both computational and time constraints [5].

It is even possible now to show interesting new broader view (from the
student’s point of view), thereby extending the teaching of mathematics such as
a combination of several topics and Calculus as given in Fig.5b and Fig.6.

8. The Appeal of Interactivity. Application in multimedia will not be com-
plete if not for the addition of one more element, that is, interactivity. Interactiv-
ity becomes a natural element of application created on PC with the help of
CAS software. Interactivity is attractive in the world of digital multimedia ap-
plication because it allows the user to become part of the whole experience. To
be able to interact with the CAS and produce result base on this interaction is a
very seductive characteristics of modern day mathematics [4].

Interactive computer graphics methods provide new insights into the world
of pure geometry. This paper describes some recent attempts to use computer
graphics to understand deep problems in modern Calculus. Typical geometric
problems of interest to mathematical visualization applications involve both
static structures, such as complex numbers, and changing structures requiring
animation. In practice, it is quite challenging to construct intuitively useful
images. Nevertheless, despite the apparent limitations of visual representations,
their utility is far from being completely exploited [1].

Interactivity and navigation are at the heart of multimedia. Navigation
controls can be developed to have certain capabilities in a multimedia applica-
tion. They can be used to:

e  Control the pace of the content;
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e Provide a history of links;
e  Provide feed back to the user’s interaction; and
e  Provide cross-referencing to related information.

Fig.5. (a) Function sin(x) s being approximated by the Fourier series.
X
The convergence of Fourier series is graphically explored here

(b) Evolving Q (area under the graph of f (x) =2+ cos(x) on [0,3 ;;])

about x-axis. Volume is J'M 72+ cos(X)]de
0

Navigation controls include hypertext which is a navigation tool that links
words and/or pictures to navigate through textual information. Complex world
of animations have captured the hearts of the educators all over the world and
paved the way for animation technology to take off. Now-a-days mathematical
software developers are also incorporating animations to provide some jazz and
oomph to create dazzling results to an otherwise static presentation [2].

9. Animated Images. Animation is the result of a creative process to substitute
the real thing for computer-generated images sequences together to give motion
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as drawn in figure 7a. The use of animations in mathematics is both refreshing
as it is complex. It provides a light-hearted relief in a serious and static presen-
tation. It can easily enhance the message of the presentation with a realistic
image. It has been used to demonstrate crucial concepts that can not be other-
wise explained by text or graphics. Animations fall into two categories: 2D and
3D animations. 2D animations are the more as they are easier to create and
cover a wider variety of motions. 2D animation consists of individual image
sequenced together to display motion. Motions are simple to create but give the
audience a dynamic experience to the presentation [2].

im ala

Fig.6. Evolving Q (area under the graph of piecewise function f)
4-3%x,0<x<1
about y-axis f (X)=2+cos(x) 2sin(% X), 1<x<6

ruuxu_

1 6
and L 27xf (X)dx + J'l 27xf (X)dX) requires an integration by part

Animated images are drawn separately with each image depicting a spe-
cific incremental movement. Then all the images are combined together and
sequenced to display rapid movement. Nowadays, the computers have so much
power that animated images can be ported over to the computers and created on
the desktop. Maple V release 5 has graphics tools that allow us to create each
image and import into an animation package to be sequenced and exported out
as appropriate file such as GIF format to be animated in an animation package.
Graphics Interchange Format (GIF) is made up of multiple GIF images se-
quenced together in one file to give motion. Animated GIFs are used in many
websites to animate titles and headers and read by popular Web browsers.

It is much more realistic to make use of 3D animated images to tell theo-
retical concept. 3D animations make images look more realistic. Once the ob-
ject is modeled, textures and colors can be applied to it. Lights and cameras can
also be placed to give the 3D object some shadow and shading [2].

The real power of computer graphics lies in its ability to accu-
rately/approximately represent objects of interest within its limited resources
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combined with its ability to allow the user to interact with simulated worlds. To
understand how significant these features are, consider this: our entire common-
sense knowledge of the physical world exists only in our mental models and has
developed, through interaction, a mental picture that enables us to predict with
some accuracy what is physically reasonable [1].

However, significant change in teaching style and learning process can be
made in showing/displaying derivatives, integrals, approximation techniques
such as Newton Method (Fig.7b), orthogonal polynomial, Taylor’s series, Fou-
rier series besides estimation of derivatives from numerical data, numerical
methods of integration.

153

15105008 1 1.5

(a)

Fig.7. (a) An effective display of function on polar coordinate system should use
an animation of 2 graphs simultaneously f (x) =1+ 2sin(x)as above.

(b) Visual display of the conceptual movement of Newton’s Method
as it gets closer to the root. The sample function in this instance is f (x) = cos” x

10. Electronic Classroom. The immediate trend is to create online “interactive
books” which incorporate interactive graphics demonstrations into a hypertext
system for teaching calculus. Besides reading text, the student can click on
words to get definition, follow links to related subjects, and interact with a mul-
titude of 3D visualizations whose parameters can be manipulated to help under-
stand a wide array of concepts. A typical example permits the user to “fly” on a
curve in 3-D space. The “interactive book™ approach of situating interactive
graphics within a written context is an appealing educational paradigm [1].
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Education is not only about the transfer and absorption of information but
it also involves the active interaction among students and between student and
teacher. There are many situations when it will be effective and efficient to use
electronic tools to support and deliver education. In these circumstances it will
be vital that the full education experience is delivered, including the opportunity
to interact and collaborate.

11. Prospects for the Future. Mathematical visualization, like other areas in
the rapidly developing field of visualization since, is still defining itself. Many
of these techniques can be adapted to the emerging virtual reality medium as
interactive performance continues to improve. There are clearly many areas of
development that are appropriate for the participation of computer scientists
with skills in interactive interface design, computer graphics, efficient algo-
rithms, and perhaps data management. One can also conclude from looking at
the images, graphic arts and design skills also have a unique role to play in
improving the quality of graphical communication.[1]

12. Conclusion. Today, there is a live activity in the area of producing mathe-
matically oriented computer graphics animations that are shown at computer
graphics conferences and mathematics seminars. It is time to consider teaching
a modern, reform calculus course that is a lean and lively group of topics from a
dynamical systems perspective and uses technology to treat most topics graphi-
cally, numerically, and analytically.

Using animations add dimensions of motion and mobility to images in a
presentation. Dynamic visual imagery greatly enhances a presentation’s value
and, as with the case of 3D animations, provides a simulation without sacrific-
ing the speed of the presentation or disk space. Current state of bandwidth still
limits the use of 3D animation in teaching mathematics to its fullest poten-
tial.[2]

References: 1. Andrew J. Hanson, Tamara Munzner, and George Francis, Interactive Methods for
Visualizable Geometry, IEEE Computer 27, 7:73-83, July, 1994 2. Neo Mai, Dynamic Images :
Using Animations in Multimedia Computimes Shopper, Malaysia, p50-51 July 1997 3. Howard
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1996.
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AN ARCHITECTURE FOR OLAP-BASED ENTERPRISE-LEVEL
DECISION SUPPORT SYSTEMS

VY crarTi NpONOHYEThCS PO3POOIATU CTpaTeril PO3BUTKY MiANPUEMCTBA HA IMIICTaBi MOJNIMIICHHS
PHUHKOBOI MO3MLIT mianpreMcTBa Ta (piHAHCOBOrO MojokeHHs. st po3poOKu cTparerii po3BUTKY
BUKOPUCTOBYETBCSI CHCTEMa IIATPUMKH NPUHHATTSA pilieHb. [IPONOHYETHCS BHKOPHCTOBYBATH
OLAP- TexHouorii uist indopManiifHO1 MiITPUMKHI alrOPUTMIYHAX MOIYJIIB.

In this work it is considered that the strategic development of an enterprise is aimed at the im-
provement of the market position and financial status. Decision Support System for elaboration of
development strategy of an enterprise is used. Suggested information support for algorithmic
modules realization is based on OLAP technology.

1. Introduction. At present the strategic management of an enterprise becomes
more and more topical. Market competition increases, the companies implement
new innovation decision to expand their influence on the market of goods or
services. This is leading to necessity of quick and due-time reaction to action of
the competitor, as well as to necessary analysis of development strategy and its
possible change. Experience shows that in modern environment it is impossible
even to survive without reorganization of the management system of an enter-
prise on the principle strategic planning, not mentioning a successful operation.
Including every component of the social reproduction system - production,
distribution, exchange and consumption - the strategic planning turned out into
the main moving force of a social reproduction. The monitoring system is
widely used as well as the analysis of external and internal environmental fac-
tors; found as a result of analysis of possible threads to an enterprise, also its
strong and weak sides serve as the information basis for setting and correction
of strategic aims and ways to achieve them [1].

2. Strategic management of an enterprise. Strategic management is consid-
ered to be the dynamic aggregate of interdependent management processes
(fig.1). There is a stable feedback. This is the main peculiarity of the strategic
management structure.

In this work it is considered that that the strategic development of an en-
terprise is aimed at the improvement of the market position and financial status.
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Fig. 1 Strategic management process

Similarly to Porter rhomb it is suggested to consider a thomb of an enter-
prise competitiveness, consisting of four components: goods, finances, staff,
and marketing (Fig.2). Let us review the process of forming a development
strategy of an enterprise.
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finances e &

Fig. 2 Enterprise competitiveness rhomb

Stage 1. Identifying aims of the research.
Stage 2. Data collection.
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Stage 3. Evaluation of enterprise competitiveness in respect of four com-
ponents: goods, finances, staff, marketing.

3.1 Competitiveness of goods. An integrated method evaluation of com-
petitiveness of goods, is used, based on application of integrated indexes or on
the comparison of the specific useful effects of the analyzed production and a
standard [2]. We choose as a standard an ideal product or a competitor’s prod-
uct. For an enterprise with the product mix an integral indicator of competitive-
ness of goods should be used, that takes into account share of each product in
the product mix.

3.2 Competitiveness of finances. It is possible to use different models, for
example, Altman’s model based on usage of financial coefficients.

3.3 Competitiveness of marketing. Methodology of accounting of market-
ing potential characteristics is used. It takes into accounts commercial activity
characteristics (gross revenue, marketing costs, gross expenditures) [3]. Market-
ing potential includes estimations of: marketing researches; marketing informa-
tion system; segmentation of target market; an enterprise production policy;
pricing; merchandising; personal sales; advertising; sale stimulation; formation
of public opinion.

3.4 Competitiveness of staff. A methodology taking into account the ex-
pert estimation of a competitive advantage of staff is used [2].

Stage 4. Calculation of the integral index of competitiveness. The integral
competitiveness index is often determined as[4]:

N
K=YWK,
i=1

Ki — particular competitiveness indexes of individual enterprise activities,
i=1..N,
Wi — weight of individual indexes in general sum.

One variant of using the method [5]:

K =0,15K,, + 0,29K; + 0,23K, + 0,33K,,,

K, —a coefficient of competitiveness of personnel; Ki — a coefficient of
competitiveness of finances; K,, — a coefficient of competitiveness of market-
ing; K, — a coefficient of competitiveness of goods.

Coefficients 0,15; 0,29; 0,23; 0,33 were defined by expert method by the
way of logical comparison [5]. In work [4] the modified calculation of an inte-
gral competitiveness index is presented as:

w w w
K=K," xK" xK,"

In this stage it is necessary to determine the interdependency of the com-
petitiveness indices. For this it is necessary to accomplish the integral analysis

of the integral competitiveness index of an enterprise. For a small enterprises it
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is possible to limit oneself with the simple factor analysis but for bigger enter-
prises a multiple-factor analysis is necessary. It is also recommended to make
flexibility analysis of competitiveness indices. Similarly to a cross flexibility of
demand it is suggested to calculate the rate of competitiveness flexibility of
goods, finances, staff, marketing. The cross flexibility of competitiveness of
goods and finances can be calculated in the following way:

E Ky

m/f

f

Indices of a cross flexibility of competitiveness of finances and goods,
staff are calculated similarly. The analysis shows how components of competi-
tiveness of an enterprise can change the integral competitiveness index. Show-
ing components interdependence it is possible to develop a plan on improve-
ment competitiveness components of an enterprise.

Stage 5. SWOT- analysis. At this stage the report (SWOT matrix) result-
ing from stages 1-4. Then the comparison with competitor (standard) data is
held and directions of raising competitiveness of an enterprise in whole and on
individual components of competitiveness of an enterprise are developed

Stage 6. Designing a development strategy of an enterprise. On basis of
the SWOT- analysis on competitiveness components strategies of individual
directions are developed.

6.1 Development a strategy on product improvement. The model «attrac-
tiveness — competitiveness» (Mac Kinsy matrix) is used. It allows to define
market attractiveness, competitiveness of an enterprise, priority at resources
distribution etc.

6.2 Development of a strategy on finances improvement. At this stage rec-
ommendations on improvement of individual financial indices indexes and
financial coefficients are used. It is recommended to carry out a preliminary
factor analysis of the enterprise profit. It is allows defining more «influential»
costs and interdependency of the most important financial coefficients.

6.4 Development a strategy on marketing improvement. Recommenda-
tions on introduction of marketing strategy are used.

Stage 7. Elaboration of development scenarios of an enterprise. Prediction
of external environment of an enterprise (pessimistic, optimistic and realistic) is
carried out. For different variants of prediction they develop possible scenarios
provided that the status of the enterprise does not change. Than probable devel-
opment scenarios and desired scenarios are compared. It possible to use the
method of hierarchy analysis (Saaty method) and other approach are used.

In paper [5] the system optimization approach for construction of devel-
opment trajectory is used. The market research will allows to construct the
directive area that we will review from the point of view of competitors and
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consumers. The results of analysis of the enterprise production activity will
allow to construct the enterprise area defined by constraints of existing enter-
prise resources. To solve the stated problem, the enterprise management should
consider two development strategies:

-a strategy of entering the market (i.e. presence in the market);

-a strategy of the market expansion segment (the greatest possible capture
of the market).

Two development trajectories correspond to these two strategies. The first
trajectory is characterised by minimum expenses related to the minimal increase
of production potentiality that will enable production. The second trajectory
assumes the maximum increase of the production potentiality that will allow
maximum production for the maximal capture of the market.

Stage 8. Elaboration, estimation and choice of investment projects that re-
alize the development trajectory (a development scenario).

Stage 9. Determination of the financing scheme of the investment projects
of an enterprise development. [6]

Stage 10. Realization, evaluation, control of the strategy implementation.

3. Strategic decision support system. Decision Support System (DSS) for
elaboration of development strategy of an enterprise is used. DSS is the aggre-
gate procedures on data processing and opinions that help manager in a decision
making process. It is generated using mathematical models and algorithms.

Figure 3 shows DSS as the “Complex Strategy" program. model in UML
notation was implemented.

The algorithmic module consists of the following blocks.

1. Block «Competitiveness»: calculation of an integral index of competi-
tiveness on basis of four components: products, finances, staff, marketing.

2. Block «Prediction»: determination of predictable values of sales for a
strategic period. Expert methods, statistic and of neural network technologies
are realized.

3. Block «Expenditures»: Determination of cost function using regression
analysis and a prediction of cost behavior in the future.

4. Block «Profit factor analysis»: determination of the type of the most in-
fluencing costs and coordination of these costs with the enterprise strategic
plans.

5. Block «Development trajectory»: the development trajectory represents
the quantity of monetary resources allocated on each interval of the time, pro-
viding necessary capacities for the planned throughputs. Having generated a
strategy of the enterprise, the administration can choose one of the development
trajectory variants.
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6. Block «Investment projects». The estimation of investment projects is
considered in two aspects. The first aspect is the estimation of the efficiency of
the investment projects. The second one is evaluation the risk of the investment
project.

7. Block «Financing investment projects»: elaboration of different financ-
ing schemes for the enterprise investment projects.

8. Block «Reportsy». Different reports on individual Stages of the strategic
process are created.

Each of the listed blocks can be used independently. The blocks are ori-
ented for solving local problems. So each block can correspond to decision
support system on each direction. For example, for solving local finance prob-
lems a database has to keep big volume finance information that is not used for
strategy solutions.

It is offered to create a local database that keeps necessary information for
realization of blocks of the DSS algorithmic module. For management solutions
on enterprise development strategy it is offered to process aggregative informa-
tion on directions (goods, finances, staff, marketing) in an analytic database

(Fig.4).

Crpershonal datad e
(goods data, mamfachire
data)
Cperabonal datdxe
(staff'data)
\ Analytic datshas e for
tr1chon deweloprment
Operationel datbze | _y e ety
[mmaeting data)
Cperabonal datdxe Crperahonal datzh xe
(Finanee d ata) (1rrestrverd data)

Fig.4. Schematic presentation of architecture of an analytic information system
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Analytical Processing. OLAP technology is a tool of the DSS design. To-
day OLAP mechanism is one most spread methods of data analysis. As opposed
to classic techniques, the database inquiry is formed not on basic of strictly
specified forms but with the help of flexible unregulated approach. OLAP pro-
vides revelation of associations, appropriateness, trends, classification, gener-
alization or detalization, making forecasts. OLAP gives a tool for management
of an enterprise in real time [7]. Today a whole number of different OLAP
systems is available: ROLAP (relational OLAP), MOLAP (multidimensional
OLAP) — Oracle Express, Essbase (Arbor Software), MetaCube (Informix)
and other.

There are two principal approaches: Multidimensional OLAP (MOLAP)
realizes mechanism of multidimensional database on the side of the server and
Relational OLAP (ROLAP) suppose to construct cubes on the basis of SQL
inquiry to a relational database. It is suggested to use ROLAP technology.

4. Conclusions. DSS developed allows to plan on the basis of analysis of in-
formation on competitors and consumers in the market, to define and choose
strategies for an enterprise development, and analyze consequences of the deci-
sions made. In this way the presented DSS allows to improve effectiveness of
planning at an enterprise. In order to speed up data processing and to reduce the
acceptance time for the strategic decisions, it is rational to divide the selected
labour resource, financial and material resources.
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TOWARDS DEVELOPING A DECISION SUPPORT SYSTEM FOR
STRATEGIC INVESTMENT APPLICATIONS

B nmawiii cTaTTi NIPONOHYETHCS CUCTEMA MIATPUMKH MPUHHATTS IHBECTHI[IHHNX pimens. Llg cucrema
J1a€ MOXJIMBICTh OLIHKM €()eKTHBHOCTI Ta PU3MKY IHBECTHLIMHHX MpPOEeKTiB. Takoxk cuctemMa Mae
MOXIIMBICTh TPOBECTH aHAJII3 YYTJIMBOCTI iIHBECTHLIIHOTO MPOEKTY, PO3POOIISIOUN PEKOMEHIALIT
110 301IBIICHHIO €(PEKTHBHOCTI Ta 3MEHIICHHIO PU3HUKY MPOCKTY Ta (POPMYBaHHS MOPTHEIIO.

In this paper the investment decision support system is offered. This system gives the opportunity of
estimation of the efficiency and risk of investment projects. The system can also carry out the
sensitivity analysis of the investment project working out the recommendations for increasing the
efficiency of the project and portfolio foundation.

1. Introduction. Any enterprise in a certain extent is connected with the in-
vestment activity. The investment decisions are carried out almost every day at
large and small enterprises. They are current decisions on purchasing fixed
capital, variation the funds, changing the equipment and purchasing the tech-
nologies etc. Special attention is devoted to the strategic planning decisions,
which are touched on a long-term period and connected with huge capital in-
vestments. They are characterized as the decisions with high risk.

Real investment is the main form of realization of the strategy of eco-
nomic development of the enterprise. The process of strategic development of
the enterprise represents the totality of investment projects which are realized
during a period. Exactly this form of investment allows the enterprise success-
fully penetrates into new trade and regional markets and secures constantly
increasing its market cost [1].

Making up the investment decisions, as any other kind of administrative
activity, is based on using different formalized and unformalized methods. For
transformation huge volume of data, storing the data, its processing and solution
difficult management tasks with the help of different mathematic methods the
decision support systems (DSS) are used. Modern DSS is the instrument of
strategic management. The elaboration of investment decision support system is
considered in this paper.

2. The task and algorithms of its solving.The problem of formation of the
investment decisions is examined. For its solution the tasks of estimation of the
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investment projects and portfolio foundation are studied. The aim of the task is
to realize the strategic enterprise targets.

The estimation of the investment projects will be considered in two as-
pects. The first aspect is the estimation of the efficiency of the investment pro-
jects. The second one is evaluation of the risk of the investment project.

The strategic direction projects are examined. So estimation of the effi-
ciency of the project will be made with the help of net present value (NPV) and
profitability index (PI) Egs. (1) and (2). This choice is caused by the possibility
of estimation of the project from the point of view of the capital investments
profitability.

NPV = 1
Z(l+r) M
L CF,
Z (1+1)!
pr=1=t2 "0 ()
I0

Usually input data of the project is fuzzy determined. So the efficiency of
the project is offered to estimate accounting accuracy and subjectivity of infor-
mation with the help of corrected Net Present Value [2].

1-U,)CF,
NPVCE—Z(H)) ~(1-Up)I, 3)
t=1

where U, - the influence of discrepancy of the information.

It is possible to use for estimation of the risk of the project either probabil-
ity methods or fuzzy set tool. Using both of this methods is depended on differ-
ent available project input data.

Project risk is computed on the base of expert methods by this formula:

n Giz
c = ‘ 4
NPy g(m)h “

The risk of the project is estimated with the help of value of non-receipt of
the expected degrees of profit and profitability if input project data is triangular
fuzzy numbers [3].

[NPV,NPV,] = ()[II’IZ](+)(Z ){ CE, ’ CE, }(Jf)l: AC, AC, }
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To make administrative decision to decrease the risk you need to carry out
the analysis of the influence of different parameters of the investment project on
the values of the efficiency and risk of the project. First quantitative changes of

project data are determined (Al ,, Ar, {ACFt}, An), resulting in change of

NPV and O, values to critical or wishful (recommended). Then the recom-

mendations on changing project parameters in order to decrease risk of project
failure are working out on the basis of these values.

The efficiency and risk administrative manipulations are elaborated on the
basis of received values.

So, the investment project safety margin is determined with the help of
sensitivity analysis.

Having received and analyzed investment projects you can form portfolio
on the base of criteria maximization of income and minimization of risk of the
project.

f; = > NPV, -x; — max )
i=1
n
f, :ZGval -X; — min (8)
i=1
0 ©)
X. =
o
n
D rex <R (10)

where X, =0 — if the project isn’t accepted, and X, =1 — if the project is ac-
cepted, I - initial investments on i project, R - money resources, allocated for

investment, O'\p, .- the mean-square deviation of net present value on i pro-
|

ject.
This model is transformed into single criterion optimization task by means
of changing risk minimization criterion into constraint.
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As a result of solution multicriteria task (7)-(10) effective set of portfolios
is formed. Each portfolio corresponds to the certain investment policy of the
enterprise.

Thus the task of the acception of the investment decisions is solved. The
task consists of such business-processes as estimation the efficiency of the in-
vestment projects, evaluation of the investment risk, analysis of the efficiency
and risk, portfolio foundation.

3. The creation of the application. Decision support system for automation all
the calculations is offered. In the base of this system offered algorithms are put
down. The scheme of proposed decision support system conception is presented
on fig. 1.

—

Models management
subsystem

_Il Y

Estimation of User interface
the efficiency  |——

of the project

Data management
subsystem

Software

Evaluation the
risk of the -
project

Hardware

Efficiency and
risk analysis

(W)

[t

rojects portfolio
foundation

rocess acception
ecision analysis

Fig. 1 The structure of decision support system to support the acception of the invest-
ment decisions

The application is implemented on C# in Microsoft Visual Studio 2005
with the help of .NET technology. It is offered for implementation the algo-
rithms and realization automation the calculations.
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The choice of this environment is made taking into account possibility of
using different languages and applications in it.

Friendly user interface is elaborated for providing entering input data into
database, their actualization, for visualization the calculation process and get-
ting resulting efficiency and risk indexes, and for carrying out investment pro-
ject sensitivity analysis, and portfolio foundation. The main functions of the
application are presented in UML notation in view of use case diagram (fig. 2)

[4].

Opening the form
for working with
data

“include”

Enter input data into
database

Data actualization

stimation of the
efficiency of the
project

“include”

On the base of

7 expert marks
include Forming the expert

marks

“include”_

On the base of
expert marks

Evaluation the risk
of the project

Ninclude”
~N

Carrying out the
sensitivity analysis

On the base of fuzzy
marks

Person
making

.. Portfolio foundation
decision

Expert

Reports generating

Fig. 2. The key functions of the application

The object-oriented approach was used for development the application.
The components diagram is presented on Fig. 3.
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Fig. 3. Components diagram

Let us consider the main application modules. Application consists of da-
tabase and program. The program consists of user interface and program code,
which realizes the functions of user interface.

GUI is the module which realized graphic user interface. Util module with
DatasetObject class is used for connection and working with database. Module
MathMethods implements all the necessary mathematic methods for solving the
acception investment decision task. Mainform is used for describing the main
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application form. Program consists of main function, which provides the work
of application.

All the necessary data for working with the system are stored in the data-
base. Data modeling is realized with the help of CASE-tool ER-win. IDEF1X -
model is presented on fig. 4.

Database is developed in Microsoft SQL Server 2005. Microsoft Visual
Studio 2005 gives the opportunity of using ADO technology with the help of
ADO OLEIJET drivers. The elaborated application performs the existing data-
base files as xml-files.

Database tables’ description is presented in Table 1.

Table 1
Brief entity description

Project The entity describes the project and its main
properties

Project with precise data Certain (precise) input project data

Cash _flow project precisedata | Cash flows of project with precise data

Project with expert data Expert input data

Expert Information about experts, which take part in
project estimation

Expert Probability Forecasting by experts project parameters

Project with fuzzy data Input project data in terms of fuzzy sets

Initial investments Initial investments values for project in terms of
fuzzy sets

Cash_flow Cash flows values for project in terms of fuzzy
sets

Rate of interest Rate of interest values for project in terms of
fuzzy sets

Liquidation_cost Liquidation cost values for project in terms of
fuzzy sets

The elaborated application is designed for acception the investment deci-
sions support. Let us perform user work with this decision support system. On
the main form of the user interface such tabs as “Efficiency estimation”, “Risk
evaluation”, “Efficiency and risk analysis”, “Portfolio foundation” are given.
Choosing a tab the panel has changed. Each panel realizes certain functionality.

For chosen project the efficiency indexes are calculated. The possibility of
report generating on all the projects with their calculated indexes is expected. It
gives the opportunity of carrying out the comparative analysis.

In risk estimation a user choose the evaluation method depending on input
data character. In the case of evaluation the risk on the basis of fuzzy sets you
need to determine acceptable levels of efficiency on net present value and prof-
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itability and weights of these criteria (fig. 5). As projects estimation is realized
by different methods depending on input data so message “The lack of data for

this project” will appear and form for filling the data will be shown.

Cash_flow_project_precisedata

Project_with_expert_data

ID_flow_period: Long Integer

| 1D_project: Long Integer

ID_project: Long Integer
cash_flow: Long Integer

initial_investments: Long Integer
rate_of_interest: Long Integer

Project_with_precise_data

y
|
| period: Long Integer
|
|
|
|
|
|
|
L

_| ID_project: Long Integer

Project <H

ID_project: Long Integer

project_name: Text(20)
years: Long Integer

initial_investments: Long Integer
rate_of interest: Long Integer

Project_with_fuzzy_data

Expert_Probability

ID_project: Long Integer
ID_expert; Long Integer
ID_expert_probability: Long Integer

probability: Long Integer
cash_flow: Long Integer
period: Long Integer

Expert

1D_expert: Long Integer
first_name: Text(20)
last_name: Text(20)

competence: Long Integer
adlditional_information: Text(50)

\
\
Cash_flow |
1D_flow_period: Long Integer }

1D_project: Long Integer -
min_flow: Long Integer
average_flow: Long Integer
max_flow: Long Integer
period: Long Integer

_ | ID_project: Long Integer

1D_rate_of_interest; Long Integer

1D_initial_investments: Long Integer
1D_cost; Long Integer

Initial_investments

[
\
\
\
\
\

— ID_initial_investments: Long Integer

min_investments; Long Integer
average_investments: Long Integer
max_investments: Long Integer

— —11D_cost: Long Integer

Rate_of_interest

r —— 1 ID_rate_of_interest: Long Integer

min_rate: Long Integer
average_rate: Long Integer
max_rate: Long Integer

Liquidation_cost

min_cost: Long Integer
average_cost; Long Integer

max_cost: Long Integer

Fig. 4. IDEF1X-model (physical view)

On “Efficiency and risk analysis” panel choosing the project you have to
determine wishful level of the efficiency and press “Calculate” button. As a
result you’ll see the factors deviation leading to efficiency rising and risk fal-
ling. It is foreseen to give recommendations on changing project parameters if
the project safety margin is low.

Before investment portfolio foundation begins a user has to set the ac-
ceptable risk levels and to choose input data character on the basis of which risk
and efficiency marks are determined. There is an opportunity of portfolio foun-
dation for projects with precise and expert input data. Pressing on button “Cal-
culate” we receive projects portfolio satisfying the risk constraint (fig. 6).
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So setting different risk levels effective set of portfolios will be formed.
Each of these portfolios will be provide investment enterprise policy. For ex-
ample, if the risk degree is high then projects with high efficiency and risk will
form the portfolio, which will be correspondent to aggressive investment policy.
On the contrary, if the risk degree is low then the projects portfolio will be
correspondent to conservative investment policy.

"

85 Estimation of the investment prajects [=)[=] =]
File b4
Risk. gvaluation Chaase the praject

On the basis of expert marks

On the basis of Fuzzy data

Project name Project [ -
Computation results

WPY constraint ]

FI constraink 0

weicht of HPY .

weight of PI 05
it e e [ bpvievels [1643.87675377851 ; 1797.14498163027
Riskevaluetion [ Prlevek [1.07436016299419 ; 1,17766594753827

Total risk 0

| Efficiency and risk analysis |

| Portfolio foundation | Calculate

Fig. 5. Screen form of estimation the risk of the project

On the basis of the received results a user can generate reports. These re-
ports will be used in the process of acception of the administrative decisions to
implant investment projects for enterprise’s development and in the process of
the risk management of the chosen projects.

4. Conclusion. The process of the acception of the investment decisions is
examined. Also decision support system is created. It allows to store and proc-
ess data on investment projects, and to estimate investment projects from the
point of view of efficiency and risk, to form real investments portfolio on the
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basis of chosen enterprise policy. The application can be used by managers for
acception of the investment decisions in the theme of commercial enterprise
development strategy.

The work on improvement the system is continued. The decision support
system, using OLAP-technologies, will be proposed.

g Estimation of the investment projects E@
File: o
[ Partfolin foundation | The ivestmert prafects incoming into portfolio
Caleulate Draq a column header here b group by that calumn
Praject name Project survival MNPy Sigma MPY
3 Project E
Project F 5 1027,79552260971  74.269094150028
Project G 4 §054,5551953471 655, 565095521255

Parameters of partfalio Faundation
| Efficiency estimation |

Risk constraint, birm
| Risk ervaluation | . 3000

| Efficiency and risk analysis | Character of input data Data on the basis of expert marks -

| Partfolio Foundation |

Fig. 6. Screen form of investment projects portfolio foundation

References: 1. G. Birman, S. Shmidt Economic Analysis of the Investment Projects/Transl. from
eng. edit. L.P. Belykh. — M.: Banks and Exchanges, UNITI, 1997. — 631 p. 2. D.A. Endovitskiy
Complex Analysis and Control of the Investment Activity: methodology and practice / edit. prof.
L.T. Gilyarovskaya. — M.: Finances and Statistics, 2001. — 400 p. 3. A. Kofman Introduction into
Fuzzy Sets Theory. — M.: Radio and Communication, 1982. — 432 p. 4. G. Booch, J. Rambough, I.
Jacobson The Unified Modeling Language User Guide, Addison-Wesley, 1998. 5. P.P. Ed Chen
Entity-Relationship Approach to Information Modeling and Analysis, Amsterdam, North-Holland,
1993. 6. J. Richter CLR via C# Programming on C# Microsoft.Net Framework 2/0 platform,
2007. - 656 p.

Ilocmynuna 6 peokonnezuro 27.02.08

83

YK 681.3.06

A.A. BJIAJKKO, xauna. texs. Hayk, OHITY, Ognecca, Ykpauna
Jwe. T. /1. AJIBCAD®DAJIH, actiupant, OHITY, Onecca, Ykpanna

TUPAKUPOBAHUE ONEPAIIMI COTJIACOBAHUS B
I'ETEPOI'EHHbBIX PACHHPEJEJIEHHBIX BA3AX JAHHBIX

VY crarTi po3riasgaeTbes npobieMa NpOeKTYBaHHS PO3NOAUICHUX 0a3 JaHUX 3 THPaKyBaHHSM, SIKi
CKIIAZAIOTBCS 3 MHOXKHHU JIOK&IBHUX 0a3 JaHUX, IO MICTATh JIOTTYHO Pi3Hi, ale CeMaHTHYHO
eKBIiBJICHTHI CTPYKTYpH JQHHUX, Ta 3HAXOIATHCS Iijl KEPYBAHHAM CHCTEM 0a3 JaHUX Pi3HUX BUPOO-
HUKIB. 3aIIPOIIOHOBAHO PO3ILIMPEHHS MOJIENI IPOLECY TUPAKYBAaHHS JaHHX, AK€ BKIIOYAE: BIAMOBI-
nHOCTi Mixk B/l 3 pi3sHUMH CTPYKTypamu, IpaBuiia IEPETBOPEHHS JaHUX Ta (pyHKLIOHAJIBHI IpaBuia
0OMiHY JaHUMH Ta MX [UMHU 0a3aMu JaHHX.

There is described development problem of replication databases, which consist of local databases
with logically different, but semantic equivalent data structures, and managed by database systems
of different vendors. There is offered expansion replication data process model, which includes:
schema matching between databases with different structures, rules data conversion and functional
rules data exchange between databases.

Beenenne. Koprnoparusnast nuadopmarmonnas cuctema (MC), kotopas paspa-
0aThIBacTCS HAa MPOTSHKEHUU NECATHIICTHI, YacTO YHPaBIISET JaHHBIMH, PACIIO-
JIOXKEHHBIMA Ha MHOKECTBE aBTOHOMHBIX (JIOKaJbHBIX) 0a3 maHHBIX (JIB/I).
IIpu stom Bce B/l MoryT conepxaTh JOTMYECKH pa3HbIE, HO CEMAHTUYECKUE
SKBUBAJICHTHBIE CTPYKTYPHI JaHHBIX M MOIJIEP)KUBATHCSI CUCTEMaMH  yIIpaBJie-
ausmu (CYB/I) ot pa3HpIX npomsBoauTeneil. st obecriedeHus coriiacOBaHHO-
cti maHHbIX B MC HEoOXOOMMO MOIAEPKHMBAaTh THUPAKUPOBAHUE OIEPAIHNA
COTJIACOBAaHUS JaHHBIX B T€TEPOTCHHON pacmpeneneHHor O0aze maHHBIX (PBJ),
YTO SBISIETCS] TPYLOEMKON 3ajaueil Mpu OTCYTCTBHUHM COOTBETCTBYIOIIMX HHCT-
pyMeHTanbHbIX  cpeacTB.  CyIIecTByIOIIME  CHCTEMBI  THUPAKUPOBAHUS
OpenSource-Tumna, KOTOphIE ABIISIOTCS PaCIIUPEHUEM CTaHIAPTHBIX OHOINOTEK
nocryna k bJI, TpeOyloT nepenpoekTHpoBaHHs CYyLIECTBYIOIUX porpamm [1],
a clienualM3NpOBaHHbIe HEe MOJIEP)KUBAIOT reTeporeHHoct [2]. s oobvenu-
HEeHHUs CBOMCTB 3THX CHCTeM ObuIa pazpaboTana cucrema [3]. [Ipu yBenmueHuu
pasmepHoctu JIB/I u uncna tunos CYBJl mporecc aiMUHHCTPUPOBAHUS reTe-
porenHoil PBJ[ cranoBuTCs TpynoemMkuMm. B craTee mpeanmaraeTcd MeXaHHU3M
COKpaIIeHUs] TPYJOEMKOCTH 32 CUeT (hOpPMATN3AINHU MPOLECCOB T'€TEPOreHHOTO
TUpaXUPOBaHUs onepauuii cornacoanus JIb/I.

1. PacimpenHasi MoJesIb MpoOLecca reTepOreHHOro THPAKUPOBAHUS AaH-
HbIX. J[7s1 pelneHns NMOCTaBIEHHOM 3aiadM MpeJyularacTcs Ha OCHOBE MOJCIH
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PB]I co3nath (opMann3oBaHHYIO CTPYKTYPHYIO MOJIENb HpOLiecca reTeporeH-
HOTO TUPAXUPOBAHUS TaHHBIX, KOTOpAs TOJDKHA BKIFOYATh OMMCAHUS:

e coorBercTBusA Mexay JIB/l ¢ pasHeIMH CTPYKTypaMu, KOTOPbIE BXOZST B
PBJL;

e mpaBmiI npeoOpa3oBaHus NaHHBIX MeXay JIB/l ¢ pa3sHBIME CTPYKTYpaMu Ha
OCHOBE UX CTPYKTYPHOIH MOJEIH COOTBETCTBHS;

e  (yHKUMOHAJBHBIX NpaBui oOMeHa naHHbIMEU Mexay JIB/] mox ynpaeienu-
eMm CVYB]I pa3ubix mpousBoauTesicii 0e3 yuera BCTPOSHHBIX CUCTEM THPAXKHPO-
BaHUSI.

IIpencraBuM pacupeHHY0 MOJENb Ipolecca TeTepOreHHOTO THPAXKUPO-
BaHusA onepauuit cornacoBanus JIBJ[ B Bune cemepku

<LS, DS, RS, SM, TT, AQ, MQ,>,

rae LS (Local Schema) — B3Beniennsiii rpad onucanus crtpykrypsl JIB/I;

DS (Distributed Schema) — mHOXecTBO dnemenToB-omucanuit PB/;

RS (Replication Schema) — MHOeCTBO 3JIEMEHTOB-OMMCAHUN CXEMBI TH-
PaXKUPOBAHWS,

SM (Schema Matching) — MHOKECTBO 3IIEMEHTOB-OIMCAHUI COOTBETCTBUS
MEXAY JOrM4ecKUMHy cTpykrypamu JIB/L;

TT (Trigger Template) — MHOXECTBO 3J€MEHTOB-OIHCAHUM MIA0IOHOB
nporpaMMmHOro koaa TpurrepoB CYB/], kotopsie cornacosiBaroT JIB/;

AQ (Asynchronous Queue) — ymopsiIOYeHHOE MHOXKECTBO BIIEMEHTOB-
ONUCaHUi oneparuii acuHXpoHHoro cornacoBanus JIB/I;

MQ (Meta Query ) — MHOXECTBO 3IeMeHTOB-omicanuit SQL-3ampocoB k
CVYB/l nns noimydeHus: MeTa-oIucaHus Jjorndeckoil crpykrypst JIB/I.

Onemenr IS € LS npeacraBumM B BUIE TPOMKH

<R, L, SR>

rae R — MHOKeCTBO BepIlMH Onucanuii CTpyktyp Tabmuiy bJ1, anemeHr r; =
<rname, aname, atype, ftype>, rae rname — umst TabaUIBI, ANAME — UMs ATPH-
OyTa, atype — Tun atpubyra, ftype — nmpusHak BXOJIeHUsS aTpuOyTa B MEpPBHUY-
HBIN K104,

L — MHOXeCTBO Iyr-cBsi3eid Mexxay Tabnumamu BJ1, amemMeHT Iij el, ecn 3
ri € Ryurj € R;: ftype; = PK, ftype; = FK(r;), rne PK — Primary Key, FK — For-
eign Key;

SR — ymnopsiio4eHHOe MHOXECTBO OIUCAHKS HEPAPXUUECKON 3aBUCUMOCTH
HOMEPOB TaOJHII, KOTOpOE OMNpeAessieT MOPSAOK BHIIONHEHHUS 3alpOCOB Ha
BHECCHHE JJAHHBIX B TAaOIHIBI (WM YAaJCHHUE JAHHBIX U3 TaONHIl) M YIUTHIBAET
CBSI3M MEXAY TaOJIMIIaMH U3 MHOXKecTBa L.

Onemenr St € SR mpexcraBuM B BHIe nBoiiku <rj, level >, rme ri € R,
level — mopsiaKOBBI HOMEp, ONPENEISIFONINI YPOBEHDb HEPAPXUUECKOM 3aBUCH-
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MOCTH TaOJHL, IPH 3TOM TaOJIHLa, KOTOpas He CBA3aHa C APYTHMH TaOIHIaMH
o cBsizu Foreign Key, xapakrepusyercst HyJIeBbIM YPOBHEM.

Onement ds € DS mpencrasum B Buze nsoiiku < dbname, dbtype >, rue
dbname — ¢usnueckoe umst JIBJl u ceteBoii aapec pacnosoxenus ee CYB/I;
dbtype — tunt CYB/] (sanpumep, oracle, postgresgl, mysql, firebird).

st obecrieueHus pabOThl CHCTEMbI THPKUPOBAHHS B YCIOBHUIX IeTEpO-
reHHoctu ctpyktyp JIBJ| mpenmnaraercs B xaxkmoid JIBJl co3maBaTh Komuu-
tabmmnpl u3 apyrux JIB/I. Tlpomnece npeoOpazoBaHus conepikaHHs omnepanuit
COTJIACOBAHUS MEXIy Tabimuuei-uzaareneM M TaOIHIEH-TIOIIICINKOM C pa3-
HBIMHA CTpyKTypamu 3aBUcHT OT cBoiictBa CYB]l, ympaBmsromeit JIBJI-
N37aTeNeM.

Ecmu CYB]/] obmamaer MexaHW3MaMH IIepexBaTa C IepeJadeit B qpyrue
CYB/1, To BEIONHAETCA CIEAYIONIast MOCIEI0BATENBHOCTD ACHCTBHIA:

e mpeoOpazoBaHWE OMEpalddl JUIS  COTJIACOBAHUS  KOMHH  TaONHUIIBI-
moxmucuuka B JIB/] ¢ ucmons3oBanreM mpeoOpasyromero (TeTeporeHHOro)
tpurrepa ([I-tpurrep);

e TIeperavya OIepally COTIAcOBaHMA Mexay Tabimuei-komumeir B JIB/I-
u3gaTene u radnunei-noanucunkoM JIB/[-noanucunka ¢ UCIoJIb30BaHUEM
coracymiero (roMoreHHoro) Tpurrepa (C-tpurrep).

Eciu CYBJ] obnamaer MexaHu3Mamu InepexBaTa 0e3 mepeiadd B Apyrue

CYB/], To BEIONHSACTCS CEAYIONIast IOCIeI0BaTEeIbHOCTD JEUCTBUI:

e mpeoOpazoBaHME OIEPAllUH IS COXPAaHEHHWS B YHHBEPCAIHHOM JKypHAle
XpaHEHHS OTIepPaALUii C NCTIOIB30BaHNEM TPUTTEPOB JKypHATUPOBAHMUS,

e  3ama3[bpIBAOIIee BOCCTAHOBJICHHE ONEPAIIH COTJIACOBAHUS 3 KypHaa,

e TIIepeHoC omepaiuu B Tabmumy-konuio B JIB/[-noamucynka ¢ MCHoiIp30Ba-
HueM C-Tpurrepa;

e npeoOpa3oBaHHE ONEPALMH JUIsS COIVIACOBAHUS TAOJIMIBI-IOIIHMCYHUKA B
JIBJI ¢ ncnons3zoBanuem II-tpurrepa.

DremeHT IS € RS npencraBum B BHJE YETBEPKU

< pubdb, subdb, ro, trtype >,

ramepubdb e DDB, subdb e DDB, — JIB/I-u3nareins, JIB/I-MOANHACYHK, CO-
OTBETCTBEHHO;

ro € R — ums tupaxupyemoit Tabmwmst JIB/I;

trtype — Meton mepenadn orneparyii corjgacoBaHUs (CHHXPOHHBIA, aCHH-
xpouHbIA-pull, acuaxponHbIii-push).

[Iponecc cornacoBanust PBJ[ npu cuHXpoOHHOM MeTO/€ mepenayu onepa-
LU TOMyCKAaeT UCTIOIb30BaHUE MPOTOKOIIA ABYX(Pa3HOM (PHUKCAIIUN U3MEHEHHIA,
korma y JIB/I-m3natens omeparus MoaudUKaIluy 3aBepIraeTcsl OAHOBPEMEHHO
C OmeparusMHA CcOoTjlacoBaHus, oTHpaBieHHbIMU B JIB/[-moammcunku. B acuH-
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xpoHHoM-Pull MeToIe MHMIIMATOPOM IIpoliecca coriacoBanus sisisiercs JIBJI-
TIOITMCYHK, & TPU aCHHXPOHHOM-PUsSh Metoze — JIBJ[-u3naress.

Onement SM € SM npencraBum B Buze ABoiiku < sa, AM > rne sa € R —
atpubyT b/[-moamucunka; AM — ynopsaoueHHOe MHOXECTBO IpeoOpa3oBaHuit
c onementamu F(pa), pa € R — arpudyt JIBI-u3garens, F — pyHkuums npeodpa-
30BaHUs aTpuOyTa.

Onemenr tt € TT npencrasum B BUE Tpoiiku < rtype, trtype,def >,

rae rtype — tun CYB]] (mampumep, oracle, postgresgl, mysql, firebird);
trtype — mMeron mepenayu omepanuid COriacoBaHUsl (CMHXPOHHBINM, aCUMHXPOH-
ueiil); def — onucanue mabaoHa MPOrpaMMHOTO KOja TpUITepa. DIeMeHT Mg €
MQ npezncraBum B Bue Tpoitku < mqtype, rtype, metaSQL >, rae mqtype —
noakimace meraommcanust mgtype = {"struct”, "link"}, (“"struct" — wmera-
omucanue ctpyktypsl Tabmuuer, "link™ — Mera-onucanue cBs3ei Mexay Tabiu-
namn); rtype — tun CYBJI;

2. ABToMaTH3alusl MPOIeCCOB ympaBJjieHHs. J[JI1 aBTOMAaTHYECKOTO 3aIroJ-
Henus snemenTta LS 3anannoit JIBJI, ynpasnsemoit CYB]] tuna type, npeyiara-
€TCSI aATOPUTM CO CIICAYIOMIEH TIOCIe0BAaTEIFHOCTHIO IAToB.

ar 1. ITonyyenue u3z MHOkecTBa MQ amementa mq = < mqtype, rtype,
metaSQL >, mis koToporo rtype = type u mqtype = "struct".

[ar 2. Beimonxenue 3amnpoca u3 metaSQL u coxpaneHue pesysbrara B
result.

[lar 3. ®opmupoBaHie MHOXKECTBA BepIuH R Ha ocHOBaHuu result.

ar 4. TTonyyenue n3 mHoxectBa MQ snementa mq = < mqtype, rtype,
metaSQL >, nnst kotoporo rtype = type u mqtype = "link".

[ar 5. Bemonaenune 3ampoca u3 metaSQL u coxpaneHue pe3ynbTara B
result.

[lar 6. ®opmupoBanue MHOXeCTBa OyT L Ha ocHOBanuu result.

Jliist aBToMaTHYecKOro 3arnosHeHus: MHoxectBa SR 3amannoit JIB/] npen-
JlaraeTcs aJrOPUTM, KOTOPBIH PEKYPCHBHO IPOCMATPHUBACT COAEPIKUMOE MHO-
xkecTBa L, HaunHas ¢ Tabmun u3 MHOxectBa RM = {rm;} < R: 7 I eL. s
yKa3aHHBIX Tabu1 ycranapauBaercs level = 0. Jlist TabauI, UMEIHX CBSI3H C
JaHHBIMH TabmuiaMu, ycranasiuBaercs level va equauiyy Gonbrmii.

Jia aBTOMaTHYECKOTO CO3JaHMs MPOTPAMMHOIO KOJla TPUITEPOB B Tald-
nune table 3apannoit JIB/I, ynpasiasemoit CYB] tuna type, npeaiaraercs ani-
TOPUTM CO CIIEYIOIIEH MOCIeA0BATEIbHOCTHIO IIAroB.

ar 1. [Monyuenne U3 MHOKeCTBa T OMKMCaHMs 3arojoBKa NPOTrPaMMHO-
ro Koja Tpurrepa i rtype=type.

[ar 2. [Tomyyenne u3 MHEOKecTBa 11 uIs rtype=type omucanus mabdioHa
olepanuu cpaBHEHUs aTprOyTOB U BHeceHUs B AQ-odepeb.
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[lar 3. TTonyuenne u3 MHOKecTBa R crircka atpubyToB ¢ rname = table.

Hlar 4. [lns kaxxporo atpuOyTa GopMHUpOBAaHUE OIIEpaLlM CPAaBHEHHS aT-
pubyToB 1 BHeceHust B AQ-ouepeb Ha OCHOBaHMM 1a0JIOHA.

Iar 5. TTonyuenue u3 MHOXKecTBa 11 it rtype=type omwucaHus 3aBep-
IIEHHs IPOrPaMMHOT'0O KO/Ia TPHUITEpa.

Iar 6. Peructpamus nporpamMmuoro koga tpurrepa B CYBJI.

3. CucreMa THpPa)XKMPOBaHHS B TeTeporeHHoii 0aze gamHbIx. Ha ocHoBe
NPEIUIOKEHHOW MOJeIn pa3pabdoTaHO NPOTrpaMMHOE OOECIICUCHUE CHUCTEMBI
TeTePOTeHHOTO TUPAKUPOBAHKS ONIEpalliii COTTIaCOBaHMU, cXeMa paboThl KOTO-
poro ImpexcTaBiieHa Ha pUCyHKe 1. AHaNIU3 MPOrpaMMHOTO obecredeHHs aoc-
tyna B b/ (ODBC, JDBC, DBI, BDE, ADQO), BbINOJHEHHBIH [0 KPUTEPHUIO
kpocc-iatgopmennoctd, OPenSource, mpoU3BOIUTEILHOCTH W MOMICPKKH B
nporpaMMHOM Kkone Tpurrepos CYB/I, omnpenenun B kadecTBe MpOrpaMMHOM
apxutekTypsl Oubmuoreky DBI s3eika Perl, kortopas mpemocrtaBmser mpo-
rpammubie 1UTE036I i OonbmuHcTBa CYB/I. pu stom e CYB]] Post-
greSQL o6mamaer OpenSource-mMexaHu3MaMH IepexBaTa ornepanuii Moangu-
kauu JIBJI ¢ mepenmauer B apyrume CYBJ/l. Ocramsneie CYBJ] (non-
PostgreSQL) o6mamator OpenSource-mexaHu3MaMu IepexBaTa ornepanuii Mo-
mudukanuu JIB/] 6e3 nepenaun B CYB/] npyrux THITOB.

CucreMa reTeporeHHOr0 THPAKUPOBaHMS BKIFOYAET MOTYJIH:
e  Moxyib cornacoBanusi PB/l MeTonoM «MrHOBEHHOTO CHUMKay (Snapshot);
®  MOJyJb T'eHepanuy MporpaMMHOTO Koja TPUITEPOB II0 MEpexBaTy olepa-
i Moamdukarmu B JIBJI, kKoTopsle obecreunBaroT acHHXpoHHbIH-PUll MeTox
coriacoBanus Ha ocHoBe MHOXecCTB LS, DS, SM, RS, TT,;
e  MOIYJb T€HepalHy NPOrpaMMHOr0 KOJa CHHXPOHHOTO THUPaKHMPOBAHHS B
BHJE TPUTTEPOB II0 IepexBary onepanuii Mmoaudukarun B JIBJ] n ux cuHXpoH-
HoW nepenayn B yaanenusie JIB/1 Ha ocHoBe mHOXecTB LS, DS, SM, RS, TT;
e wmoxynb cornacoBanus JIBJ] mo acuHxpoHHOMY-PUSh MeTomy omeparmsmu
u3 MmHOxectBa DQ);
e wmoxynb cormacoBanust JIBJ] mo acuuxponHOMy-pull Mmetomy omeparmsmu
n3 MHOecTBa AQ, KOTOpble OBIIM OTJIOKEHBI HA 3aJlaHHBINA MEPUOJ] WK H3-32
HenocrynHoctu JIBJ[-nonnucuuka.
e b/l mabioHOB IpOrpaMMHOT0O KO/Ia TPUITEPOB COJEPIKUT OITUCAHHS:
®  CHHXPOHHOTO M aCHHXPOHHOTO-PUSh METONOB mepeiadyr OIepaiii coria-
cosanus m1s CYBJ] PostgreSQL na ocuose 6ubanorexku Perl DBI-DBD;
e acuuxponHoro-pull merona nmepenaun oneparmii cornacosanus it CYBJ]
Oracle v.10g, PostgreSQL v.8.2, MySQL v.5.0, FireBird v.2.0.
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Cunxponnoe cornacosanue JIb/1
[Tpuknanuas I delete-tpurrep
fiporpanva | update-Tpurrep
Insert-Tpurrep
CYB/ >
PostgreSQOL /j_\
R————
AQ-onepauuu
JBJ ;
Sjna,mfm.‘- . AcHHXpoHHOE-push
FOTNRROESIAE cornacosanue JIBJ1
Acnuxponnoe-pull JIB/L
cornacopanue JIbJ{ i
N————
| JIBJ1 )
- [puknanxas
AQ-onepauun

| delete-rpurrep

nporpaMma  ——4p»

CVb]l
(Non-PostgreSQOL)

I update-Tpurrep

['enepatop

Insert-tpurrep

AcuuxponHoe cornacosanue J1bJ]

TPHITEPOB

I

[1labnonsl

Puc. 5. Cucrema THpas)kxupOBaHUs TeTEPOreHHON 0a3bl JAHHBIX
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BeiBoabl. PazpaboranHas cuctemMa MPOXOIWT TECTOBYIO dKcmuryaTanuio B MC
Byza OHIIY, xoropasi COOEpXHT NPOrpaMMBl IOJ YIPABICHHEM pa3HBIX
CYB/l: «Otmen kampos» (CYBJ PostgreSQL v.8.2), «bubmuoreka» (CYBJI
Oracle v.10g), «byxranrepusi» (CYB]] FireBird v.2.0). Jlnst aBToMaTH4YeCKOM
reHepaluy Koja mnpeoOpasyrolux TpurrepoB coriacoanus PBJl nmorpeGosa-
JIOCH pydHOE (POPMUPOBAHNE COOTBETCTBHS MEXKIY CTPYKTypamH JTaHHBIX BJ|
«Otnen kamposy, «budmmoreka» u «byxranrepus». CTpykrypHas GopMannza-
LUsl IIpoLecca TeTEPOreHHOr0 THPaKUPOBAHMS JAHHBIX, NPEATIOKEHHAS B Pa-
00Te, MO3BONIMIIA TIPOBECTH YHU(PHUKAINIO TTPOTPAMMHBIX KOMITOHEHT THPAXKH-
poBarus st CYB]] pa3sHBIX mpoW3BOIUTENEH M CO34aTh OCHOBY IS TOCTE-
JYIOLIETO CO3AaHUs aIrOpuTMOB cornacoBanus JIB/] ¢ pa3zHbIMU CTpyKTypaMu.
Vcnonp30BaHue CUCTEMBI He TPeOyeT MepenpoeKTHPOBAHUS MIPUKIAAHBIX IIPO-
rpamm, pabotaronmx c¢ JIBJ[, mosTomy pabora cucTeMsl oOecmeunBaeT Ipo-
3payHOCTh THPAKUPOBAHMUSL.

B nmanpHeimem 11 aBTOMaTH3aIUM MPOLECCa YCTAHOBICHHUS COOTBETCT-
BUSI MEXIY CTpyKTypamu aaHHbix JIB/] npenmnonaraercs pa3paboTaTh alropuTM
aHaimm3a SQL-3arpocoB GopmupoBanus 00beKTOB THpaxkupoBanus B PB/I.

Cuucok Jareparypsot: 1. C. Plattner, G.Alonso. Ganymed: Scalable Replication for Transactional
Web Applications // The Proc. of Sth ACM/IFIP/USENIX International Middleware Conference,
2004. 2. S.Wu and B. Kemme. Postgres-R(SI): Combining Replica Control with Concurrency Con-
trol Based on Snapshot Isolation // Proc. 21st International Conference on Data Engineering. - P.
422 — 433. 3. [rcaiinb T/ Anvcapghadi, O.A.Brascko IligTpuMKa reTeporeHHnX PO3MOALTCHUX
6a3 nanux 3 TupaxysaHHsM // The Procs. of International Conferences on Computer Science and
Information Technologies. — Lviv, Ukraine, 2007. — C. 237-240
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VIK 681.518
A.BEKIIIHH, A.CEMEHIOK, A JIOJITAPEB, HTY “XITI1”

O PABPABOTKE IIPOTOTHIIA UMUTAIIMOHHOM CPEJIBI
JJIs1 CBOPA TPEBOBAHUU KAYECTBA

B crarTi po3risiHyTa 3aJa4a peaisalii IPOTOTHIY iHTEPaKTHBHOTO iMIiTaliifHOrO CepeloBHIIa, 3a
JIOTIOMOT'OF0 SIKOTO KOPHCTYBayi iH(pOpMaLiiHUX CHCTEM, IO PO3POOJISIOTHCS, OYAyTh MaTH MOX-
JIMBICTH BUIPOOYBATH Pi3HOMAHITHI BapiaHTH B3a€MOZIl 3 IMITALIHUMU MOJEISIMU LIHX CHCTEM 3
METOK HaJIaHHS OLIHKM PI3HMM acleKTaM SKOCTI MOAeNi, SKi mOTiM OyIyTh BHKOPHCTaHI st
PO3POOKU BHMOT SIKOCTi IO CHCTEMH, IO po3polOioeThes. HaBenena apxiTekTypa iHTEpaKTHBHOIO
CEepeIOBHUIIA, a TAKOXK MOXKIIUBI IIULSIXH HOr0 MPOrpaMHOI peasri3artii.

In this paper, the problem of constructing a prototype of parameterized online simulation environ-
ment (POSE). Using this environment, stakeholders can try different approaches to interaction with
the simulation models of the system under development (SUD) and make assessments of various
aspects of quality of this system. These assessments are supposed to be used for eliciting the quality
requirements to the SUD. Some issues in implementing the architecture for this prototype are
considered and possible program solutions are discussed.

BBenenne. Brinenenne TpeboBaHnil KauecTBa MPH pa3pabOTKe MPOrPaMMHOTO
obecrieueHns SBIACTCS CIOXKHOM 3amaueil. [Ipobnema 3akiarodaeTcs B TOM, 9TO
3aMHTEPECOBAaHHBIC JIMIIA HE BCErZa TOTOBHI K TOMY, YTOOBI C(OPMYIHPOBATH
TpeOOBaHUS K KaYeCTBY MPEAIIOIaraéMoi CHCTEMBI, ECITH OHU HE CTAJIKWBAIHCh
Ha MPaKTUKE C CUCTEMaMH TaKOTo pojia. TpaauIlMOHHBIN MOAX0/ K pa3padoTke
TpeOOBaHUMN, KOTOPBIN 3aKJIIOUAETCSI B TECHOM OOIIEHUH C 3aWHTEPECOBAHHBIMU
CTOpPOHAMH, HE 00S13aTEIIBHO SIBJICTCS JYUIIIUM, a TeM 00Jice SIMHCTBCHHBIM M3
BO3MOKHBIX BapuaHTOB. [lJi1 paspemicHus 3a1aud HEOOXOIMMBIM SBISICTCS
MTOWCK TaKOTO PEHICHHUS, KOTOPOE ObI OTIMYAIOCH OT TPAJAUIMOHHBIX TEXHOJO-
ruii cobopa TpeboBanwmii [1,2].

B xauecTBe anbTepHATUBHOIO BapUaHTA MpEJIaracTcst UAesl BUPTyalbHOU
Cpelbl, B KOTOPYIO MOXKET OBITh 3aHEeCeHa HadabHas BepcHs (PyHKIIMOHATBHBIX
TpeOOBaHUH K KOMIIBIOTEPHU30BAHHOW CHCTEME. JTa Cpe/ia, ONMPAasCh HAa MHTET-
PYPOBAHHBII UMHUTALMOHHBIA KOMIIOHEHT, JAaCT BO3MOYKHOCTb 3aMHTEPECOBAH-
HBIM CTOPOHAM OKAa3bIBAThCS B MPEANONIAaraeéMbIX pabodnMx CHUTyaIlsIX M Ha
OCHOBAHHUH 3TOTO OTBITA OLICHUBATh KAYECTBO Pa3padaThIBACMOI CHCTEMBI.

B cBs3u ¢ 3THM mpeanoiaraeTcsi pa3padoTaTh HHTEPAKTUBHYO UMHUTAIIU-
OHHYIO cpefy [3,4], mpu MoMOIIU KOTOPOH BO3MOXKHO TPOBOJAUTH IKCTIEPUMEH-
THl C MOJCISAMH pPEATbHBIX CHCTEM IS BEIIBJICHUS TpeOOBaHH KadecTBa,
MPEeABSBISEMBbIX K 3TUM cucTeMaM. B JaHHOW cTaThe pacCMOTPEHBI BOMPOCHI
peanu3anuy NpoTOTUIA TAKOH CUCTEMBI.
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1. Ba3oBas maes cucreMbl. VHTEepaKTHBHAs HMHUTAIMOHHAS Cpeda MOXKET
HCIIOJIB30BAThCS B TPEX PA3INUHBIX PEKUMAX:

e B peXHMME aJalTalMd, B KOTOPOM NPOHMCXOAMT aJaNTalus CPeabl MMHUTa-
LMOHHOT'O MOZGJIMPOBAHUS 1JIsi KOHKPETHOH 3a1a4u;

® B PEXHMME KCIEPUMEHTa, NpeAHa3HaueHHOM JJI1 HHTEPaKTUBHOIO cOopa
TpeOOBaHMI B XOJe B3aMMOJACHCTBHS 3aWHTEPECOBAHHBIX JIUI C WMUTAIIHOH-
HBIMU MOJCJISIMH, IJIs1 KOTOPBIX OIPEACICHBI PA3JIMYHBIC 3HAUYCHHUS KITHOYEBBIX
rapameTpoB;

e B peXHME aHaIW3a, KOTOPHIH WCIONB3yeTCs Ul aHalIW3a pe3yJbTaToB
9KCIIEPUMEHTOB M (HOPMYJIUPOBaHUs TpeOOBaHHUi, COOpaHHBIX B XOJAE ITHX
9KCIIEPUMEHTOB.

OpraHuszanusi paccMaTpuBaeTcsi KaK CUCTEMa, B KOTOPOH BBIIOJHAETCS
olpeziesIeHHbIH Habop OmsHec-nporeccoB. Kak ciencTsue, st co31aHusl UMU-
TAIMOHHOW MOJIENN OpraHW3allMi HeoOXOJUMO CMOJICTIMPOBATh €€ CTPYKTYpY,
pecypcsl (B TOM 4YHCIE JIIOJCKHE), KOTOphIE OHa HCIIONb3yeT, ee Ou3Hec-
MPOLIECCHI, TPOLIECCH TOANCPKKH H IPOLECCH YIPaBICHHS.

Jnst MoJennpoBaHus MPOLIECCOB MpeuIaraeTcs UCIoNb30BaTh acceMoOep
MPOLIECCOB, KOTOPBI COXpaHSIEeT MOJEIH INPOLECCOB, ONMCAHHBIC HAa Pa3ivy-
HBIX S3bIKaX MOJEIMPOBAHUS IPOIECCOB, U JAET BO3SMOXHOCTH OTOOpa)kaTh
MOJENH, NPeJICTaBICHHbIE C UCIIOIb30BAHUEM OJHOTO SI3bIKa, HA JPYroi S3BIK
IPH YCJIOBUM, YTO BBIPA3HTEIbHBIC CPEICTBA S3bIKA MO3BOJIAIOT BBIIOIHATH
TaKoe OTOOpaKeHHE, M B CUCTEME 3apETHCTPUPOBAHBI COOTBETCTBYIOIINE JIpaii-
Bepbl Ui oToOpaxkeHuss. OCHOBHAsI 1eJb pa3paO0TKH WHTEPAKTUBHON MMUTA-
I_ll/IOHHOﬁ CpC€abl B TOM, ‘1T06]:I JaTh BO3MOXXHOCTH IIOTCHIIMAJIBHBIM I10JIb30Ba-
TensiM pa3pabaThiBaeMOi CHCTEMbI MMOJIYYHUTh OIMBIT B3aUMOJICHCTBHS C UMHUTA-
LIMOHHOM MOJIEINIBIO, KOTOPAasl ONMMpPAETCsl Ha KIIIOYEBHIE IMapaMeTphbl MCIOIb30-
BaHUS CUCTEMBI.

OnHoit n3 Hanboee BaXKHBIX 3a]a4, KOTOPYIO JOJDKHBI PELIATh MOJIB30Ba-
TENT MMHTALMOHHON CpeZIbl, SBISETCS HAYallbHOE ONpeleeHre 00IacTH npel-
M0JIATaEMOT0 MOJIEIIUPOBAHMA, TO OIpeleNieHHe TOro, YTO CUYUTATh MOJICIH-
pyemoli opranm3anuei. IOTa 3amada TpeOyeT MOHMMaHHUS OHW3HEC-TPOILIECCOB,
IUIsl ydacTHs B KOTOPBIX IPEAIIONAraeTcst HCIOJIb30BaTh pa3padaThIBAEMYIO
cucteMy. B pexume ajanrtanuu, cliefoBaTelIbHO, HEOOXOAUMO ONpPENeNUTh U
(hopman30BaTh OM3HEC-MPOIIECCHI JAHHOW OpTraHU3allHH.

B PEKUME OKCIICPUMECHTA MPOU3BOJUTCA UMUTAIIMOHHOEC MOJCIIUPOBAHUC
IIPOIIECCOB, OIPEAEICHHBIX B pekuMe ananrtanuu. I1o BEIOOpY mosp3oBarenei,
MOJIENI KOMIIOHEHTOB pa3pabaThIBa€MON CHCTEMBI, 3apeTrHCTPUPOBAHHBIX B
HMHUTAIMOHHOM cpefie, MOTYT CONPOBOXIAThCS TpadHUECKON aHUMAlUeH WIIH
BBITIOJTHATECS KaK pealibHble KOMIIOHEHTHl. BO3MOXKHO nepeonpeneineHne 3Ha-
YeHHH NapaMeTpoB, 3aJaHHBIX Ha dTare axantanuu. Kpome Toro, mons3oBate-
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JI MOTYT OCTaBJIATh KOMMEHTAPHH I10 MOBOJY MX BIIEYATIIEHUS OT XapaKTepH-
CTHMK KauecTBa CHCTEMBI. JIJIs 3TOro mpeaaraeTcs 1aTb UM BO3MOKHOCTB (hop-
MaJIbHOTO OLICHWBAHMSI 3apETrMCTPUPOBAHHBIX KOMIIOHEHT pa3padarhiBaecMoii
CHUCTEMBI.

B pexxume aHanuza mojp30BaTeNM aHAIM3HUPYIOT JAaHHBIE, MOJyYEeHHBIC B
peKUMe dKcTiepuMenTa. J{Jist Takux Nosb3oBaTeliel (Kak MpaBHiIo, 3TO HHKEHe-
pHI 110 cOopy TpeOOBaHMH), IMUTAIIOHHAS Cpella TPEIOCTABISIET s/l OTIYETOB
C aHaJIM30M PE3yJIbTAaTOB JKCIEPUMEHTOB. KaxIplll Takol OTYET BKIHOYAET
HOMEp BEPCHM MOJENH, a Takke HaOOp OLEHOK 3HAYCHHH BCEX MapaMeTpoB
Ka4yeCcTBa, KOTOPBIE UCIIOIB30BAINCH B TAHHOM SKCIEPUMEHTE.

2. O630p makeroB npuioxkenusi. [y peanuzanyyu BO3MOXKHOCTH CO3/IaHUS U
MIPOBEACHUS SKCIEPUMEHTOB C MMHTAIIIOHHBIMH MOJEISAMH HEoOXoamuma pas-
paboTtka paboueil cpeapl, B3aUMOJIEHCTBYIONIEH C MOJb30BATEISIMH MOCPECT-
BoM BeO-uHTepdeiica. [Ipunokenne paspadarbiBaeTcsi Ha OCHOBE OOBEKTHO-
OPHEHTHPOBAHHOTO MMOJX0Ja C MCIOJIB30BaHUEM si3blka Java, oOecneynBIIero
BO3MOXKHOCTh Pa3BEpPTHIBAHUS MPWIOKCHUS MPAKTHYCCKH Ha JIIOOOU TMpo-
rpaMMHO-aIMMapaTHON TIaTPOopMe U MPUMECHECHHEM Ia0JIOHA MPOCKTHPOBAHUS
MVC - «Mopenb-nipeacTaBiieHue-KOHTpoiiep» [5]. B kadectBe 3TanmoHHOM
ApPXUTEKTYpPHl TPWIOKEHUS BHIOpaHA TPEXYPOBHEBAas apXHUTEKTypa C TOHKUM
KITUCHTOM U BBIICIICHHBIM CEPBEPOM TIPHIIOKEHIH.

Krnaccel npuinoskeHus pacnpeieseHbl 110 TTaKeTaM, B COOTBETCTBHH C BEI-
MONTHSAeMOl OM3Hec-T0ruKoi. JlmarpamMma MakeToB IOKa3aHa Ha pPUCYHKe 1.
Jlis XpaHeHHs JaHHBIX KaK PeXUMa aJalTallii, Tak U PeKUMOB SKCIIEpUMEHTA
1 aHaJIM3a HMCIOJB3YETCs peIMOHHAs 0a3za JaHHBIX, pa3paboTaHHas CpencT-
Bamu CYBJl MySQL. Jlnsa moaxitoueHus: U paboTsl ¢ 6a30i TaHHBIX HUCIOJb-
3YIOTCSI KJIACCHI MTakeTa pose.database.

[TakeT pose.util cCOmEPKUT KITACCHl YTHIUTAPHOIO XapakTepa, IMPUMCHsC-
MBIC B Pa3IMYHBIX YACTAX CHCTEMBI HE3aBUCHMO OT (DYHKIIMOHAIBHOCTH, BO3-
JIOXKEHHOH Ha 3TH yactu. [laker pose.forms comepkuT Kilacchl java beans, He-
00XOAMMBIC IS TIOTYYCHUS U OTHPABKH JAHHBIX Ha BEO-CTPAHUIIBI MPUIIOKE-
Hus. [laker pose.controller comepKUT Kiacchl KOHTPOIDIEPOB, YIIPABILTIOLINX
ITOTOKOM BHITIOTHEHHSI CUCTEMEBI. [lakeT pose.users MCIOoNb3yeTcs sl odectie-
YeHHs (YHKIMOHATBHOCTH CHCTEMHOTO aiMHHHUCTparopa. [laker pose.sim
SIBIIICTCSI OCHOBHBIM MTAKETOM HOJCHCTEMBI MOJCITUPOBAHUS, TAK KAK CONEPKHUT
KJIaCChI, MpeIHa3HAYCHHBIC U1 PaOOTHl ¢ IMUTAIIMOHHBIMH MojeisiMu. [laker
pose.process SIBJISETCS OCHOBHBIM MMAaKETOM I0JICUCTEMbI (DOPMHUPOBAHUS U
CONPOBOXKACHUSI MOJIEJIeH, COJNCPIKUT KJIAacChl, HEOOXOAMUMBIE il paboThl C
MOJIEIISIMU OU3HEC-TIPOIIECCOB M MOJICTIBIO OPTaHHU3aIHH.
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Puc. 1. ITakeTsl HHTEPaKTUBHOM UMHUTALIMOHHON CpEJIb

3. Peanm3auus noacuctemMbl GopMHPOBAHHUS U MOAAEP:KKH Moaeeii. Cpe-
JHU OCHOBHBIX (byHKL[l/Iﬁ CUCTEMbI, OTHOCAIIMXCA K 3Tally ajanTanunu, MOXHO
BBIJICTIUTh (POPMHUPOBaHHE TPOLECCOB HCIIOJIB30BaHUS U COOPKY MMHUTAILMOH-
HOU Mozienu [6]. OTH QyHKIUK pealn30BaHbl KJIaCCaMH MaKeTa POSE.process.

[TepBbIM 3TamoM paboOTHI SBISIETCS MOJMy4YEHHE MOAENIEH INPOIECCOB HC-
MOJIb30BaHMsl ¢ accemOiiepa MocpencTBoM HMHTepdelica BeO-cepBucos. [lomy-
YEHHBIE MOJIENIM TIPOLIECCOB HCIIOJIb30BAHUSI PETHUCTPUPYIOTCS B CHCTEME H
CTaHOBATCS IOCTYIHBIMH Ul JajdbHEHIIETo Hcnonb3oBaHus. s paboTsl c
MOJIETISIMH TIPOIIECCOB B CHCTeMe pa3paboTaH Kiacc Process.

K Mozensm mporeccoB, pa3MELIEHHBIM B XPAHWININE CHCTEMbI, MOTYT
OBbITh TIOAKIIFOUCHBI KOMIIOHEHTHI MIPOLIECCOB HCIOJIb30BAHMS, HECYIINE B cede
(YHKIMOHATHHOCTh MOAETHpPyeMoi cucTteMbl. OHM MOTYT OBITH KOMIIOHEHTa-
MU Kak pa3padaThlBaeMOi CUCTEMBI, TaK U yxkKe cyuiecTBytomiei. s paboTsl ¢
KOMIIOHEHTaMH IPOLECCOB HCIIONB30BaHUSA B CHUCTEME IIPEIyCMOTPEH Kiacc
ProcessComponent. MoJien IpoLeccoB TaKXkKe CBA3BIBAIOTCS C ONPEAEICHHbI-
MU OJpa3AeICHUIMH OPraHU3allUM, JUIl Yero B IaKeTe POSE.process Mpemiy-
cMmotpen kiacc OrganisationUnit. Moaenu mporiecca MCHONB30BaHUS MOTYT
OBITH PHCBOEHBI METKH: «XOPOILOY», KIIOX0», HEUTPAIBEHOY.

[Tocxe 3aBepiieHus paboT MO GOPMUPOBAHHIIO MOJEIIEH MTPOLIECCOB, MOIIb-
30BaTeNN CHCTEMBI OINPEEISIIOT HAaOOPHI MPOIECCOB UCIIONB30BAHMS U CBSI3BI-
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BAaIOT UX C MOJEJBIO OpraHu3auuu. s BBINOIHEHUS 3TUX NEHCTBUN HCIOJb-
3yetcs kiaccel ProcessSet m OrganisationStructure. Habopy mporeccoB mc-
MOJIb30BaHUA MOT'YT 6I)ITI) IMPUCBOCHBI METKU «KaK €CTb» UJIM «Ha 6yL[y1uee»
3aBepLIalOIMM 3TaloM peXHuMa ajanTaluuu sBisiercs (GopmupoBaHue
MMHTAIMOHHON Mojenu. Ha aToM sTame mosib3oBarellb CUCTEMBI OIPEACIIseT,
Kakue Habophl MPOLIECCOB HCIIOJIb30BAHUS, MTOPA3IeICHHUs OPraHU3aliu OyayT
BXOIUTh B MOJIENb, B KakoM (opmare OyaeT mpeicrapieHa Monesb. JlaHHBI
NpoLECcC SIBISIETCS UTEPATUBHBIM, MOJB30BATENIb MOIIATOBO MOXET YTOYHSTH
MOJIelTb, Pa3pelaTh BO3HUKAIONMe KOH(IUKTHBIE cuTyanuu. [locie 3aBepiire-
HUsI onpejieNieHns Habopa 0OBEKTOB, COCTABNIAIONINX MOJIEINb, cUCTeMa (HOopMu-
pyeT Gu3Myeckoe MPEICTABICHHE MOJEIH, B COOTBETCTBHUH C BBIOPAHHBIM
(bopMaToM M 3arpyaet MOJENb B Cpey BbIONHEHUs. TakuM 00pa3oM, HTOroM
JIAHHOT'O JTarla SIBJISIETCS TOTOBAsI K BBHITIOJIHEHUIO MOJIEINb, Pa3BEpHYTasl B cpelie
BBINMOJIHEHMS. B moCiecTBUM MOZIENb MOXKET OBITh OTPEIAKTHPOBaHa, COOpaHa
U CHOBA 3arpy’keHa B Cpelly BbIIIOJHEHUST DyHKIMOHAIBHOCTb, OTBEYAIOIAs 3a
(dhopmupoBaHue u COOPKY MOJIeH, peanr3oBana B kiacce ModelBuilder.

4. Peanu3anus noacucreMbl MoaeaupoBanus. K ocHOBHBIM (QyHKIMSM 1O/~
CHUCTEMBI MOJEIHPOBAHUSA OTHOCITCA OpraHM3aLus Mpolecca OLCHUBAHUS Ka-
YecTBa W HENOCPEICTBEHHO OIICHWBaHME KadecTBa [7]. Peanmzamus stux QpyHK-
U OCYIIECTBISIETCS TP TIOMOIIH KJIACCOB IMaKeTa pose.sim.

[lepBBIM ATammoM pabOTHI CHCTEMBI SIBIACTCS IMapaMETPU3AIS MOJICIH.
[Ipu 3TOM BBIIETSIETCA HAOOP OLIEHMBAEMBIX XaPaKTEPUCTHUK KAaueCTBa, KaKION
13 KOTOPBIX CTAaBUTCS B COOTBETCTBHE HEKHHA IapaMeTp, HCIIONB3YEMBIH BO
BpeMsI MOJIEIHMPOBAHUS, M 3aaI0TCSI HAa4YaJbHBIC 3HAYCHUS 3THUX MapaMeTpoB.
s mpoBeeHus 3TUX IEUCTBUI B cUCcTEME MpeAyCMOTpeH kiacc Parameters.

VYnpapnenue pabOTON MMUTALMOHHOW MOJENN OCYILIECTBIISIETCS MPU I10-
MoIIy Kinacca Simulation, coepKaiiero MeTo b, HCOOXOIUMBIC JIJIS 3aIyCKa U
OCTaHOBKH MOJEIH, CO3JaHUsl CECCUM MOJEIUPOBAHUS U Hadajla B3aUMOJEeICT-
BUSI 3aMHTEPECOBAHHBIX CTOPOH C BHIMOJIHIEMON Mo/ebio. B mpouecce paboTsl
MOJIEIA C LENBI0 MPOBEJIEHHS IKCIEPHUMEHTOB K HEW MOTYT MOMAKIIOYAThCS
pa3IMYHBIC TONB30BATENH, U KaXKIOTO M3 KOTOPBIX CO3/aeTCsl HadalbHBIN
Ha0Op OICHOK XapaKTEePHUCTHK KadecTBa, KOTOpHIE 3aTeM OyIyT H3MEHEHBI
MIOJTF30BATEJIEM IIPU TTOMOIIX METOIOB Kiacca Assessments. Pabora 3amHaTEpe-
COBAHHOTO JIAIA C MOJENBI0 CBOAUTCS K BBIIOJHEHHUIO YIPABISAIOMINX BO3ICH-
CTBUIl B COOTBETCTBHUH C JIOTUKOW pabOTHI CHCTEMBI, a TaKXe MEePHOANIECKOE
OIICHMBAHUC XAPAKTCPHUCTUK KAUCCTBA ITYTEM O6pa60TKI/I CIIClIMaJIbHbIX MEXa-
HU3MOB, Ha3BaHHBIX «IICPEXBATUUKAMNY).

HTorom paboThl MOIB30BaTENs C MOJIEINBIO SIBISICTCS OTYET O Pe3ysIbTaTax
SKCIIEPUMEHTa, COJIepXKaIlMii HabOp Map «3HaueHHE NapaMeTpa — OLeHKa rapa-
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MeTpa», GpopMHpYyeMbIii Ha OCHOBE OOBEKTOB KiaccoB Parameters m Assess-
ments, 1 00pabaTeIBaeMBbIif IPU IOMOIIM METOI0B Kitacca Report. IToxydenHsie
OLICHKKU Ka4dyeCTBa MOI'YT 6]:IT]: paCuC€HCHbI KaK YJIOBJICTBOPUTCIIbHBIE U CTATh
OCHOBOW JIJIsl TpeOOBaHUI KauecTBa, WM HEY/IOBIETBOPUTENBHBIE, YTO MPUBE-
€T K HeO6XO}:[I/IMOCTI/I MPOBCACHUA NOTIOJTHUTCIBHBIX OKCIICPUMEHTOB.

5. BeiBoawl. [Ipu opranmzanuu mpomecca pa3pabOoTKH MPOTOTUIIA HHTEPAKTUB-
HOW MMHTAIIMOHHOM Cpezbl ObIIIO MPOBEICHO pa3JielieHue mporecca coopa Tpe-
OoBaHHMII KauecTBa HA OT/JEIbHBIC STAIbl: aJalTalus MOJIENeH, SKCIIEPUMEHT H
aHaJIM3 PE3yNIbTaTOB. BIIO MPUHATO pelIeHNe pea30BbIBATh KAXK/IBIH U3 9THX
9TAIoB IPU TOMOINM OTAENBHOrO Habopa KiaccoB. [y pexnma aganTamuu
paccMOTPEHbI NPUHIUMEI (HYHKIIMOHUPOBAHUS MOACUCTEMBI (DOPMHUPOBAHUS U
COIIPOBOXKJCHUSI UMHUTAIIMOHHON MOJIENM, HAYMHAS OT IMOJYy4eHHs IHpPOLIECCOB
(YHKIIMOHUPOBAHUS CUCTEMBI OT acceMOJiepa MPOIECCOB U 3akaHuyuBasi (op-
MHPOBaHHEM PabOTOCIIOCOOHOI NMUTALMOHHOM Mozenu. [{ist pe:xiMoB 3KcIe-
pYMEHTa U aHaJIn3a Pe3yJIbTaTOB PACCMOTPEHBI IPUHIIUITBI BEIITOTHEHHUS MOJE-
JIeld, B3aMMOJICHCTBHSI C HUIMH 3aMHTEPECOBAHHBIX CTOPOH, MOJTyYeHHE Ha OCHO-
BaHWM TAaKOTO B3aWMOJEHCTBHUS IOJIb30BATEIILCKUX OIEHOK KayecTBa, a TaKKe
MOCIIEAYIOIINH aHaAIN3 MOJIb30BATENbCKUX OIIEHOK C IIENbIO BBISBICHUS U (op-
MaJli3anuy TpeOOBaHMH KayecTna.

ITpn pa3BuTHM TPOTOTHNA IUIAHHPYETCS NOOABUTH TMOIAEPKKY HOBBIX
(opMaTOB TpPEACTABICHUS MMHUTALMOHHBIX MOJENEH, MPUMEHNUTHh K pa3pado-
TaHHOH cucTeMe TexHoiornio AJAX [8], TO3BOJSIONIYIO YIYYIINTh KauyecTBO
MI0JIb30BATENBCKOTO TPEICTABICHNS JAHHBIX U CHU3UTH HArpy3Ky Ha CETb.

Cnncox surepatypnl: 1. Meroxsl momydenus TpebGoBanmil. http://www.caseclub.ru/articles/
trebmethod.html, 20.06.2007. 2. Wiegers K. Writing Quality Requirements // http://www.proces-
simpact.com/ articles/qualreqs.html, 29.12.2006. 3. Illexosyos B.A., Kawex P., 3namxun C.A.,
Loneapes A. O cbope TpeOoBaHMIl KauecTBa C HCIOJIb30BAHUEM HMHTAIIMOHHOTO MOJICIIUPOBaHHS //
Bectnuk HanponansHoro Tex-uuueckoro yHusepcurera "XITN". CucreMHbIl aHanu3, yrnpaBlieHue
u uHpopMannonnsie Texuoiorun-2007.—-Ne7.—C.17-31. 4. Shekhovtsov, V.; Kaschek, R.; Zlatkin, S.
Constructing POSE: a Tool for Eliciting Quality Requirements. // Proc. ISTA"2007, LNI P-107, GI-
Edition, 2007. — P. 187-199. 5. @aynep M. ApXxuTeKkTypa KOPIIOPAaTUBHBIX MPOrPAMMHBIX MPHUIIO-
sxkenuit.— M.: Bunbsmc, 2006. 6. Bexuwun A.B. Pa3paboTka apXUTEKTypHBIH MOJeIel U MporpamMM-
HBIX pEelICHUH (OPMUPOBAHNS UMUTALOHHBIX MOZEIIeH JUIsl CHCTEMBI cOopa TpeOoBaHUH KadecTBa
// bak. pa6ota. - XapskoB.: HTY «XIIW», 2007. 7. Cemeniox A,/]. Pa3paboTka apXUTEKTYpHBIH
MoJeneil M MPOrpaMMHBIX PELICHHH HMHTALMOHHOTO MOJEIHPOBAHUS OM3HEC-TIIPOLIECCOB UL
cucreMsl cOopa TpeboBanuii kauectsa // bak. pabora. - Xapekos.: HTY «XIT», 2007. 8. Kpeiin /1.,
Hackapenno 3. Ajax B neiictBun.— M.: Busbsimc, 2006.
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KOMILIEKC MOJEJEN TEXHOJOI M1
HNPOTOTUIINPOBAHUA JJISA AJAIITUBHOTI'O
INPOEKTUPOBAHUA KOMIIOHEHTHBIX
MPOTPAMMHBIX PEIIEHAA

VY mporeci aganTUBHOI PO3POOKH MPOrpaMHOro 3a0e3MEedeHHsT HOro apXiTeKTypa W KOMIOHEHTH
HEPeTepPIUIIOITh 3MIHH B Mipy 3MiHH HPOIIOHOBAHHX CHCTEMHHMX BHMOT. Y CTaTTi MpEACTaBICHHI
HOBHI MiJXiA O aJIalTUBHOTO MIPOEKTYBAHHS, 3aCHOBAaHMI Ha TexHoOJIOTiT npoToTunyBanHs. [Ipex-
CTaBJICHI MOJIeNI i TEXHOJIOTIT TO3BOJISIOTH CTBOPIOBATH, KOH(IrypyBaTH, BUKOHYBATH i aHali3yBa-
TH OPOTOTHUIH CHCTEMH, IO PO3POOIIIOETHCS, 3 METOI0 3MEHLICHHS PeCypcCiB, HEOOXIAHUX A il
PO3pOOKH.

B npouecce aganTuBHOI pa3pabOTKH MPOrPaMMHOTO 0OECIICYEHHS €ro apXUTEKTypa M KOMIIOHEH-
Thl NIPETEPIIEBAIOT M3MEHEHHS 110 Mepe M3MEHEHHUs IPeNbsBIIEMBIX CHCTEMHBIX TpeOoBaHuii. B
CTaTbe MPEJCTABIICH HOBBIM MOAXO[ K aJalTHBHOMY HPOCKTHPOBAHHIO, OCHOBAaHHEIA HAa TEXHOJIO-
I'HH NPOTOTHIMPOBaHus. [IpencTaBieHHbIe MOJCIH U TEXHOJOTUH MO3BOJISIOT CO31aBaTh, KOH(PH-
TYpHPOBaTh, BBIIOIHATH M AHATU3UPOBATH IPOTOTHIBI pPa3pabaThIBAEMOH CHCTEMBI C IENbIO
YMEHBIIIEHHS PECYPCOB, HEOOXOIUMBIX IS €€ Pa3pabOTKH.

During the adaptive development process software components and system architecture constantly
change with respect to corresponding changes in system requirements. In the paper we present a
new design approach for adaptive software development which is based on prototyping technology.
Models and technologies integrated into the approach provide processes of system prototypes
building, configuring, execution and estimation aiming to reduce development costs and needed
resources.

1. MocTaHoBKAa WPOGJIEMBI, eJH M AKTYAJbHOCTh HCCJIeqoBaHUsA. B Ha-
CTosIIIee BpeMs JUIsl TPOSKTUPOBAHUS, pa3pabOTKU U COMIPOBOXKICHUS CIIOKHO-
ro nporpammuoro obecrieuenus (I10) mmpoko Mcnoiabp3yoTCs TMOKUE, OpHUEH-
THPOBAaHHBIC HA MOBTOPHOE HCIOIH30BaHUEC KOMITOHEHTOB TEXHOJOTHH. | MO-
KOCTb IIPOIIECCOB M TIOBTOPHOE HCIIOTIB30BAHNE KOMIIOHEHTOB OCOOCHHO BaXKHEI
B CIyYasx, KOTJa IporpaMMHasi CHCTeMa pa3padaThIBaeTCs C Y4€TOM CYIIEeCT-
BYIOIIMX YHACIEAOBAaHHBIX CHCTEM, B YCIOBHAX ITOCTOSHHO MEHSIOLIIXCS
BHEIIHEH CpeIbl CUCTEMBbI W NPEIbSBISEMBIX K HEH CHCTEMHBIX TpeOOBaHWUIt
(CT). IIpobGiiemoii B TaKMX YCIOBHSIX SIBJISCTCS TO, YTO pa3padarhiBacMasi CHC-
TeMa JIOJDKHA B MOJIHOM Mepe cooTBeTcTBOBaTh M3MeHstoumumcest CT. Paspabot-
Ka MOJIeNIe ¥ TEXHOJIOTHH, 00eCIIeYMBAIOIINX BO3MOYKHOCTh TaKOW afanTaluu
Y Tpenroiararoniei BIIOJHEHUE psjla KpUTEpUEB KauecTBa U CTOUMOCTH I0-
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Jy4aeMbIX MPOTPAMMHBIX PELICHUH, SBISIFOTCS BECbMa aKTYyaJbHOM HAay4HO-
TEeXHUYECKOil mpobiemoit [1].

YuuThIBasi COBpeMeHHbIE TeHAEHIMU B pazpadoTke [10 u ocHOBBIBasiCh Ha
ompiTe  pa3pabOTKUM  CIOXHBIX  paclpeAeieHHbIX  WH()OPMALMOHHO-
ynpasisronux cucteM (MYC) B Xoze BBINOJHEHHSI TPOEKTOB aBTOMAaTH3allUU
00BEKTOB J100BIYM HE(TH U ra3a B XapbKOBCKOW obnactu [2,3] Obita paspabdo-
TaHa MaKpO-TEXHOJIOTHs ajanTtuBHOro npoekrupoBanus (MTAII) kommoHeHT-
HBIX nporpaMMHbIX pemennit (KIIP), ncnone3zyemas B mporeccax aaliTHBHOTO
npoektupoBanns UYC [3]. OgHO# U3 BaXHBIX COCTABIIONIMX TOTO MOAXO0.A
SIBIISIETCS IPE/ITIOKEHHAS B [4] MHTErpUpOBaHHAS TEXHOJOTHS SBOJIIOIIMOHHOTO
npototurupoBanus (UTIIT) KIIP.

Lleny nanHOM pabOTHI - 000CHOBATH METOOJIOTHYECKHE MTOAXOABI K CO3-
nmaanro UTOII n npencraButh Moaenu, paspaboTaHHbe s (popMann3anuy ee
OCHOBHBIX ITaIlOB.

2. O030p coBpeMeHHBIX cpelcTB U MeTo0B npoTtoTunuposanus I10O. [po-
TOTHUIIMPOBAHUE KaKk OJUH M3 3(P(EKTHBHBIX MOAXOAOB K MOJEINPOBAHHIO
CJIOYKHBIX CHUCTEM HCIOJIB3YETCs ISl COTrJIacoBaHMsI TPEOOBAHUH C 3aKa3UMKOM,
olpeieNieHns] BUJICHNsT OyIyleld CHCTeMBbl, a TaK >Ke JUIsi MOoJy4eHHs u coopa
OT3BIBOB O cHcTeMe. [IporoTumupoBanue OObIYHO Hcmonb3yercs, korma CT
MOJTHOCTBIO HE SICHBI, TMOO HE MOTYT OBITH cpasy ompeaencHsl. Cpenu Hanbo-
Jiee YacTO HCIOJNB3yEeMBIX METOJOB NMPOTOTHIHPOBAHHS MOMHO BBIICIHTB:
bvicmpoe npomomunuposanue (rapid prototyping mmu throwaway prototyping),
980/I0YUOHHOe npomomunuposanue (evolutionary prototyping) u MHKpEMEHT-
HOe nmpomomunuposanue (incremental prototyping). Ilpu 3Tom cienyer oTme-
TUTh, YTO OJHOW U3 HanbOJIee BAXKHBIX IEJCH KaXKIOTO M3 METOJOB MPOTOTH-
nupoBaHus sBisieTcs 3aaauya anuganuu CT. Ha puc. 1 npencrasnena onHa u3
BO3MOXHBIX K.]'IaCCI/I(bI/IKaHI/Iﬁ MOHeHeﬁ 1 MHCTPYMCHTAJIbHBIX CPEACTB, UCIIOJIb-
3yEeMBIX ITPH 3THX ITOIX0/1aX.

BricTpoe mpoToTHIIMPOBaHHE MPUMEHSIETCS! C IIETbI0 YMEHBIICHUS KOJIH-
YecTBa PUCKOB CBsI3aHHBIX co coopom CT, npu 3TOM co3iaHHAs MOAENb CUCTe-
MBI IPAKTUYECKU HUKOTIa HE BXOJIHUT B OKOHYATEIbHYIO BEPCHUIO IPOrPaMMHO-
TO MPOIYKTA.

Lenpio SBOMIOIMOHHOTO NMPOTOTUIMPOBAHUS SIBIISCTCS CO3IAHUE HAMICK-
HOTO NPOTOTHIIA CUCTEMBI B CTPYKTYPHPOBAHHOH (hOpME M IIOCTOSIHHOE €ro
COBepIIeHCTBOBaHHKE. [Ipu pa3paboTKe CHCTEMBI ¢ HCIIOIb30BAHUEM IBOJIIOIHU-
oHHOro mpotoTunupoBanus [10 Ha KaXIOM IIare COBEPIICHCTBYETCS U Tepe-
cTpamMBaeTcsi. DTOT METOJl MO3BOJISIET KOMaH/ie pa3padOTYMKOB A00aBISATh HO-
BbI€ BOBMOKXHOCTH B CUCTEMY, a TaK XK€ BHOCUTHb U3MCHCHUS, KOTOPLIC MOTYT
OBbITH HE BU/IHBI Ha ATalne cOOpa CUCTEMHBIX TpeboBanuii. [IpenmyiecTBo 3B0-
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JIFOIIMOHHOTO MPOTOTHITMPOBAHKS MO CPAaBHEHHUIO C OBICTPHIM IPOTOTHIHPOBA-
HHEM B TOM, YTO B XOJ€ HEro MOsBIsIeTcs (YHKLIHOHAIbHAS CUCTEMa, OHa
MOJKET OBITh HCITOJIb30BaHa KaK HAYaIbHBIN 0a3uC 111 OyayIIeil CHCTEMBI.

VHKpeMeHTHOE MPOTOTUIIHPOBAHKE TO/IPa3yMEBaeT, YTO KOHEYHBIH Mpo-
JOYKT B ILIEJIOM CO3JaeTcsl Kak Habop MpoToTHroB. Takoi MoAXoJ MO3BONISET
BBISIBIISITH CJIOXKHOCTH B PEAJIU3AINH LIEJIEBOH CHCTEMBI €llle Ha PAHHHUX CTaHAX
ee CO3JIaHusl.

st co3paHus MPOTOTUIIOB CYIIECTBYIOT Pa3iIMYHbIE CHCTEMBI, OJJHOM 13
mepBeix Obuta Computer-Aided Prototyping System (CAPS), paspaboranas B
[Ixone mopermenus kBammdpukamu BMC CIIIA (Naval Postgraduate School)
[5], ms GBICTPOTO MPOTOTHITMPOBAHKS BCTPOSHHBIX CHCTEM PEANBHOTO BpeMe-
HH, TaKUX KaK CHCTEMbl HaBEJCHUS PAKET, KOCMHUYECKHUX YEIHOYHBIX CHCTEM
aBHOHUKH, U T.I. B Hell UCHOIB3yeTCs 3BOIIOLMOHHBIN MOAX0 K IPOTOTUIIU-
POBaHUIO, OCHOBaHBINA Ha si3bIke omucaHus nporotunos (PSDL). O ucnosis-
3yercst 1uist aHanu3a CT, TEXHUKO-DKOHOMHYECKOT0 000OCHOBAHUS M Pa3padOTKH
OO0JIBIINX BCTPOCHHBIX CHCTEM.

Cucrema SLAM [6] no3BomsieT 3¢h(eKTHBHO MCIIONB30BaTh (hOpMaIbHbIE
METO/IBI JUIsl OBICTPOH pa3pabOTKH MPOrpaMMHOT0 obecredeHust . JTa cucrema
BKJIIOYAET BHIPA3UTEIbHBIH 00BEKTHO-OPUEHTUPOBAHHBIH S3bIK, ClICIN(UKALIIH
U cpeny pa3paboTKu, KOTOpas CpeIy MPOYero, MOXKET CO37aBaTh KOJ Ha SI3bI-
Kax BeIcokoro (Java, C + + u T.11.). JlOOTHATETBHBIM IPEUMYIIIECTBOM SIBIISIET-
Csl TO, YTO WCIOJIB3YEMBIH METOJ MPOTOTHIIHMPOBAHMS SIBISETCS SBOJIOLMOH-
HBIM M OT/ENBHBIC €r0 YacTH MOTYT OBITH HAIPSMYIO HCIOJIb30BaHbI B KOHEU-
HOW CUCTEME.

Axure RP Pro [7] - 3T0 mporpaMMHBIH MPOIYKT TO3BOJISIONINHA OBICTPO
CO3/1aBaTh MPOTOTHIIBI MTOJIb30BATENBCKOTO HHTEpdeiica st Web-npunoxeHuit
0e3 HamucaHus KOJa, CO3[aBaTh CTPYKTYPHBIE CXEMbI CTPaHHII, TUarpaMMbl U
cnenupukanuo k Web-caiditam. iRise Studio [8] — cpeacTtBo ucmonb3yemoe
OM3HEeC-aHAIMTHKAMHU U PYKOBOJHUTEIISIMH IIPOEKTOB, ISl OBICTPOTO OIpesese-
HUS ¥ BU3yaJIM3alluy IPOrpaMMHOTo odecrieueHus. iRise MOXKeT ObITh UCIIOJb-
30BaH ISl CO3[aHMs MOJHOCTHIO MHTEPAaKTHBHOW MOJENH IIEJIEBOTO IpHUMEHe-
HUSI CHCTEMBI, 3Ta MOJIETIb CO3JJa€TCsI B MHTEPAKTHBHOM PEXHME U HE TpeOyeT
HalMCaHus TPOTPAMMHOTO KOJIa.

Xo4ercsi OTMETUTD, YTO MOYTH BCE MEPEUNCICHHBIC CUCTEMBI IPOTOTHITH-
pOBaHUs, B OCHOBHOM HCIOJB3YIOTCS AJIsI MOJEIUPOBAHUS M Balutauuy QyHK-
nmoHanbHEIX CT. Takue maCTpyMeHTHI Kak CAPS OCHOBBIBaroTCS Ha MCIIOJNb-
30BaHUE METOAOB (OpPMaIM3alMU ¥ NPUMEHSIOTCS U UCCICNOBAHHS CHCTEM
peanbHOrO BpeMenu, a Axure RP u iRise cozganbl ajist ObICTPOro MPOTOTUIIH-
POBaHHMs MOJIL30BATEIBCKOTO MHTEpQENca, YTO MOXKET CIY)XUTh OCHOBOM ISt
JIANTBHEHIIIETO0 COBEPIIIEHCTBOBAHMS TPEOOBAHUH K CHCTEME.

99

BbicTpoe 3BOnNOLMOHHOE MHKkpemeHTHoe
nNpoTOTUNMPOBaHNE NpPOTOTUNMPOBaHWe NpOTOTUNMPOBaHWE
Banvpaumss cuCTEMHBIX TpeboBaHui
IDE ansa cospaHusa Y
MmutaumoHHoe

nonb3oBaTeNbCKoro
VHTepdeiica

MO ans cosnaHve
Avnarpamm (PUCYHKOB)

MO ans cospanve
npe3eHTauuii, DEMO
nporpamm

PasnuyHble Agile —
MeToAbl paspaboTku
no:

XP,

moaenuposaHvue

Moaxoabl OCHOBaHHbIE
Ha “MSArkux
BblYMCIIEHNsX': HeveTkas
TI0rVKa, MeTobl aHanms
npeLeeHTOB,
reHeTU4eckue
anropuTMBL..

Puc. 1. Knaccudukauus moaesneit u cpeacts npororunupoBanust CT

3. Konmenuusi MAaKpo-TeXHOJIOTHH ATANTHBHOTO MpoeKkTupoBanus. MTAIIL
MOXET OBITh NPEJCTaBICHA B BHJE CXEMBI aJalTHBHOTO YIIPABICHHUS C 00part-
HOH CBSI3bI0, BKITFOUAIOLIEH METPUKN M MOJIEIIH OIIEHKH 3((EKTHBHOCTH TaKOTO
ynpasienus [2]. Moaenu oToOpakaroTcsi B COOTBETCTBYIOIIHE MPOSKIIMN MHO-
TOMEPHOTO HMH(OPMAIMOHHOTO MPOCTPAHCTBA, COCTOAIIETO M3 YETBIPEX JIO-
KaJIbHBIX TpocTpaHCTB [3]: /71 — mpocTpaHCTBO MOJENEH CHCTEMHBIX apXHTEK-
typ [2], 12 — mpocTpaHCTBO MoJejell CUCTeMHbIX TpeboBaHuii, /13 — mpo-
CTPAHCTBO METOJOB NMPOECKTUPOBAHUsI, /74 — MPOCTPAHCTBO MOJENIEH OLEHOK U
MeTpuK. Bce deThipe mpocTpaHCTBAa OOBEAMHSAIOTCS CUCTEMHOW TPacKTOPHEH,
KOTOpas 3aJjaeT KOHKPETHBIH BapHaHT Mpolecca afanTtuBHoi pazpadoTku KIIP.

IMpocrpanctBo /12 crpoutcst Ha ocHOBE Tpex Kpurepues oueHku CT, wH-
BapHUaHTHBIX 10 OTHOILICHHUIO K MPEAMETHOH obnactu paspabarsiBaemoit UV C.
OTHMHU KPUTEPUSAMH SIBISIOTCA: 1) TONHOTA crienuduKanyi — onpeaenser cre-
IICHb 3aBEPLICHHOCTH W MOJHOTHI IIPOEKTHBIX clienn(uKanuii, 2) crenensd ¢op-
MaJIM3alld — ONPEIEIsET, HACKOIBKO (DOPMATBbHBIM SIBIISICTCS MPEACTABICHHUE
CT, 3) Mepa cormacoBaHHOCTH — ONPEAEIAET HACKOJIBKO COTIIACOBAHHBI MEXKITLY
coboit CT ¢ Touku 3peHUst pa3IudHbIX CIICIHAINCTOB, IPUHIMAIOIINX y4acTHE
B UX pa3paboTKe (IKCIEPTHI MPEAMETHON 00IaCTH, aHATUTUKH, TIPOTPAMMHUCTEI
u 1.4.). Jnst anamuza CT ObLT nipe/ytoskeH 3G GEKTUBHBIA METO OIEHKH, OCHO-
BaHHBINM Ha anmnapare HeYeTKO! JIOTHKH [9].
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ITpoctpancTBo /I3 mpenHasHa4yeHO ISl MPHHATHS peuieHui B o0JacTH
BBIOOpa NPOEKTHOTO PEIICHHS C YY4eTOM HEOOXOOMMBIX KOHCTPYKIMOHHBIX
napaMeTpoB M MMEIOLINXCS METOJOB IMPOEKTHPOBAHUSA. DTO INPOCTPAHCTBO
BKJIFOYAET KaTaJjior Ia0JIOHOB MPOEKTUPOBAHMS, HEOOXOAUMBIX JUIS CO3/IaHMs
pacnpeielleHHBIX MHOTOYPOBHEBBIX apxuTekTyp MY C.

[MpoctpancTBo /74 BKItOUaeT HAOOP METPUK, MOJIETICH M TEXHOJIOTHH JUIs
OLICHKH aTpuOyTOB KadecTBa mpoektupyemoit YC, Bkio4as Takue xapakrte-
PUCTHUKH KaK IPOU3BOJUTEIBHOCTD U HAJIEXKHOCTb.

B cooTBercTBHM C KOHIENIMEH MHOTOMEPHOTO MH(OPMAIMOHHOTO MpO-
ctpanctBa [3] MTAII peanuzyer CIeAYIONIYIO ITOCIEAOBATEILHOCTD OTIEPALIUit
B 0003HA4YEHHBIX NPOCTPaHCTBaxX. I[lOSBISFONIMECS CHCTEMHBIE KOH(IMKTHI
MIPEACTABISAIOTCA B BH/AE HEYETKOro omucaHusi coorsercTByroumx CT B mpo-
crpaHcTBe [12. Jlanee mpu mOMOIIM pa3pabOTaHHBIX METOIMK OIPEAeIIeTCS
JOIyCcTHMasi 00J1acTh, B paMKax KOTOpPOH 3To TpeOoBaHHE BhINoOJHsETCS. [1pu
MOMOIIIM METOOB YCTPAHEHUSI HEUETKOCTU FeHEePUPYETCsl 3HaUeHUE CHCTEMHO-
ro CBOICTBa, COOTBETCTBYIOLIEE IIOCTABICHHBIM TpPEOOBAaHUSIM. 3aTeM IpH
IIOMOIIM OJHOTO M3 METOIOB IIPOCKTUPOBAHMS B IpocTpaHcTBe /13 cTpouTCs
Ha0Op JOIYCTUMBIX NPOEKTHBIX pelIeHui. J{Jsi KaKaoro MpoeKTHOTO PELIeHHs
MIPOM3BONTCS TIPOLEypa OLCHUBAHUS €ro aTpuOyTOB KadecTBa, BKIIOYAs
MIPOM3BOANTEIBHOCTh W HAZEKHOCTh. ECIIM pe3ysbTaThl OICHWBAHUS YKa3bIBa-
10T Ha HEJOIYCTHMBbIC 3HAUEHHS aTpuOyTOB Ka4ecTBa, TO MPOUCXOINUT BO3BPAT
Ha TIPEIBIAYIIMHA MIar B MPOCTPAHCTBO /13, MPOM3BOIUTCS KOPPEKTHPOBKA H
IIOCTPOEHHME HOBBIX IIPOEKTHBIX pELIeHUN. TepaTUBHBIN NpolecCc NPOAOIIKAET
JI0 TeX TIOp, MOKa He OyJeT HalJEeHO COOTBETCTBYIOILIEE MPOEKTHOE PEIICHUE.
Korzma Takoe pemnieHue HailJIcHO M COTJIACOBAHBI APYTHE MapaMeTphl Mpoliecca
pa3paboTku, BKIItOYasi (PMHAHCOBBIC PECYpChl, Tpaduk paboT, pelieHHe J0KY-
MEHTHUpPYETCs, IIar IPOESKTUPOBAHUS 3aBEpIIAcTCAd M MPOMCXOIUT Iepexo] Ha
nocnenyromue 1maru cozganus MYC. Eciu TpeOyemMoe mpoeKTHOE pelicHne He
MOXeET OBITh Hal{JICHO, TO TPOMCXOJNUT BO3BpAT B IPOCTPAHCTBO [12, T1e BHI-
nonHseTcss koppekripoBka CT. Ha pucyHnke 2 nokasana rpadudeckasi HHTep-
IpeTalys 3TOro mpouecca.

[Janee mb1 Oojnee MOAPOOHO PAcCMOTPHUM JIOKaJIbHBIE MOAENH, pa3pado-
TaHHBIE U hopManu3armu nporeccoB UTOII, koTopble UTEPAIIOHHO MIPOTE-
KaloT B pocTpaHcTBax [13-I74 u TeM caMbIM 0OECIIeYMBAIOT MOJIYYCHUE anall-
TuBHbIX KIIP.

4. Moneau JIOTHYECKHX OJI0OKOB HHTETPHPOBAHHOI TEXHOJIOTHH IBOJIIOIHU-
onnoro npororunupoBanusi (UTII). C TexXHOIOTHYECKOW TOUKH 3PCHHS
JIOKaJbHBIE NpOCTpaHcTBa /13-4 mpencTaBiaioTcs HabOpaMH COOTBETCTBYIO-
IIUX MOAEJEH, alropuTMOB M MHCTPYMEHTOB. Tak, Hampumep, NpOCTPaHCTBO

101

113 conepxut psin mabnonusix apxurekryp mis KIIP B UYC, npu nomorun
KOTOPBIX CO3/AI0TCSI HOBBIC PEIIEHHS HA OCHOBE CYIIECTBYIOIIUX ITOBTOPHO
UCIIOJNIb3YEMBIX MPOrPaMMHBIX KOMIOHEeHTOB. Ha pucyHnke 3 mokaszaH npumep
mabnonHo#t apxutektypsl KIIP miist mocTtpoeHust MeXperuoHajabHOM pacrpe-
nenexnoit MY C peansHoro Bpemenu [2]. Ha y3ne 6a30Boro ypoBHs, Tae mpo-
HCXOJHUT HENOCPE/ICTBEHHBIN o0MeH nanHbMH c [IporpammupyemeiMu Jloru-
yeckumu Konrpomnepamu (IUVIK) B pexume peansHoro Bpemenu, UYC conep-
JKUT KOMITOHEHTHI Takux THIoB kak Cepep O6padotku Jannsrx (CO/), Cep-
Bruc Busyammzamum dannsix (CBJl), CepBuc ApxuBupoBanus danaeix (C3/),
Cepsuc Cunxponmannu Jlanuerx (CCJI), WMaTerpupoBanHas baza JlaHHBIX
VY3na (MB/IB). COMl B cBOtO 04Yepeab COCTOUT U3 IBYX KOMIIOHCHTOB HI)KHETO
ypoBH:S — XProtocol u TechXObject. Ilepeuncientsie KOMIOHEHTHI OBUTH pea-
JIN30BaHbl C MCIOJIh30BAaHUEM TEXHOJOTHUH M MPOTPaMMHBIX pemeHuil Micro-
soft COM/DCOM, IIS, SQL Server, IE a Takxe sI3bIKOB IPOrpaMMHUPOBaHHS U
pasmerku nannbix C++, JavaScript, HTML [2].

MonHoTa cneundmnkam

Mepa cornacoBaHHOCTH

1
i ~
CreneHe popmMmannaaumm

St | N1 M1
Sz | W2 M2 T4

~ .| S4 N4 M4
KoHCTPYKUMOHHBLIA NapaMeTp -

Bnok mogeneii oueHkn MNP
Puc. 2. KonnenryanbHasi MOJIE/Ib TEXHOJIOTHH aJalITUBHOTO MTPOSKTUPOBAHUS

ITpoctpancTBo /14 BKIIOYAET MOJEIH, alTOPUTMBI U TPOTPAMMHBIE HHCT-
PYMEHTHI, TIpeAHAa3HAYCHHBIC U1l OLIEHUBAHMUSA aTPUOYTOB KadecTBa IPOCKTH-
pyemoit Y C. DTOT HHCTPpyMEHTATBHBIH KOMIUIEKC COCTOUT U3 CIIEIHATIH3UPO-
BaHHOM Cpeabl MOJECTHPOBAHNUS U MOJENEH Pa3IMYHOTO TUIIA, KOTOPbIE MOTYT
OBITH BBITIONHEHBI B cpefe MoaenrpoBanusa. Cpena MOAENUPOBaHUS TOAICPKH-
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BaeT BBIMTOJHCHUE METPUYCSCKUX M MMUTAIIMOHHBIX MOJICIICH, a TAKXKE MPOTOTH-
nosB NYC.
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Puc. 3. lllabnonnas apxutektypa pactpenenenHoit UYC peaasHOro BpeMeHI

VIMuTanimoHHBIE MOJIENIM UTPAIOT 3HAYUTEIBHYIO POJb B IpOIEccax HC-
CJIe/IOBaHUs OTHENIbHBIX aTprOyTOB KadecTBa mpoektupyemoin UYC [2,10].
OTOT MOJAXO0J HAMIYYIIMM 00pa3oM MOJXOJUT JUIS MOAEIUPOBAHUS CIOKHBIX
JUHAMUYECKUX CUCTEM, JUI1 KOTOPBIX MOCTPOEHHE aJeKBAaTHBIX aHATUTHYECKUX
MaTeMaTHYeCKUX MoJiesiel 3aTpyaHeHo. Pa3paboTaHHbIM KOMIUIEKC WMHTAIH-
onHoro mozaenupoBanus (KMM) [10] sBisieTcss HHTErPUPOBAHHBIM IPOTPaMM-
HBIM TIAKETOM, KOTOPBIN BKIIOYaeT B ceOsi Kak peanbHble KoMroHeHTH MYC,
KOTOpBIE HCCIEIYIOTCS, TaK W COOTBETCTBYIOIINE WMHUTAILIMOHHBIC MOJEIH C
Bm3yanbHOii CASE—cpenoit momemmpoBanusi. KM mo3BonsieT wccienoBaTh
cpoiictBa KIIP u cmenats BBIBOJ 00 YIOBIETBOPEHUH NMPEIBSIBIIEMBIX K HUM
TpeOOBaHMI B YCIIOBHSAX H3MCHSIOMIMXCS XapaKTEPUCTUK BHELIHEH cpesl
NYC. TloMuMO HEOCIIOPUMBIX MPEHMYIIECTB MMUTAIMOHHBIA ITTOAX0J] MMEET
TaKXe pAJ HEAOCTaTKOB, OCHOBHBIM U3 KOTOPBIX SIBIISIETCS TO, YTO pean3aIusl
MMUTALUOHHBIX MOJENICHi HEMOCPEACTBEHHO He obecreunBacT Tpedyemoi
¢ynkupronansHocti KIIP, X0Ts Mo 3arparaMm MOKeT OBITh CONOCTaBUMA C HX
HEeTIOCPeICTBEHHOM pa3paboTkoil. B Takoit cutyauny 3¢h(eKTHBHBIM OAX0A0M
SIBJII€TCSI UCIIOb30BaHUE MPOTOTUNHMPOBaHUs nUcKOMbIX KIIP [4].

NTOII obecnieunBaeT BO3MOXKHOCTh HCCIIEIOBAaHHUSA aTPHOYTOB KadecTBa
KIIP, nx HeyHKINOHAIBHBIX CBOWCTB M COTIOCTABJICHHS MOTYYECHHBIX PE3yJIb-
TaroB ¢ npeabasigeMbiMu CT. s storo UTIII ucnonb3yeT CymeCTBYIOIINE
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peabHble KOMIIOHEHTHI, YTO MO03BOJAET 3((PEKTHBHO HCIOIb30BATh PECYPCH,
TaK Kak II0ciIe MpoToTHnupoBaHus mpoektupyemas UYC B mpouecce paspa-
0OOTKH MOYKET HBOJIIOLMOHUPOBATH HEMOCPEICTBEHHO M3 TOTOBOTO MPOTOTHIIA.
OcnoBrast uzaess UTOII coctout B oToOpaxenun HedyHKiuoHaibHbIX CT B
MHOXeCTBO I1esieBbIX cBOMCTB MY C mnun orpannueHuii. CTpykTypa NpoTOTUIIA
CO3JIaeTCsl Ha OCHOBE OJTHOTO M3 apXUTEKTYPHBIX IIAOJIOHOB, TAKUM 00pas3om,
4TOOBI BHINONHSUIMCH (DYyHKIMOHATIBbHBIE TpeOoBaHus k UYC. 3arem HeusBecT-
HbIE CBOMCTBA MPOTOTHIIA HCCIELYIOTCA B MpOLEcCce €ro BhINOIHEHUs. Urepa-
LMOHHBIA MPONECC MPOTOTHITMPOBAHMS 3aKAHYMBACTCS, KOTJa HAalJIEHO perlle-
HHE CO CBOMCTBaMH, yJOBiIeTBOpsommMH moctaBieHHBIM CT, mocnme dero
MIPOMCXOIUT Tiepexo K peanmzanny Y C Ha OCHOBE MOJYyYEHHOTO MPOTOTHIIA.
Crpykrypao UTOII coctoutr w3 mormueckux OmoxkoB PREPARE, BUILD,
CONFIG, EXECUTE, ANALYSE, kaaplif U3 KOTOPHIX pelraeT crenudude-
CKHe 331a4M B X0/I€ HTEPaTUBHOTO MpoIiecca MPOTOTUITUPOBAHHUS.

bnox PREPARE npeana3HadeH i NOMy4eHUS OOJAcTH IEJIEBBIX
CBOMCTB nyc TSP c 7IRSP ISt MHOKECTBA CBOMCTB

MRSP = {(rsp)i },i = 1,| MRSP| B TIPOCTPAHCTBE Ha MHOXECTBE CBOICTB

IR = X..X

SP D(mr5p)1 D(mrsp)\MRSP (FZ[C (mrsp) {d } (mrSP)i
JIOMEH 3HA4CeHHUH i-TO CBOWCTBA) HA OCHOBE PE3yJIbTATOB SKCIEPTHON 00paboT-
KA MPEABSIBIAEMBIX He(pyHKIMOHAIBHBIX TpeGoBaHMI

MSRS = {(srs),},i =1, MSRS |. ObpaboTka TpeOGOBaHUi NPOBOAUTCS NPHU MO-

MOIIM CTAaHJIAPTHBIX MPOLEAYpP MHXEHEPHH TpeOOBaHWH. DKCHEpTHAs Ipole-
nIypa oOpaboTku cBsi3aHa ¢ TeM, 4To 3adacTyto CT ¢opmupyrorcs B Heopma-
JIM30BAaHHOM BHJIE, IIPU TIOMOIIM €CTECTBEHHBIX SA3BIKOB, YTO BHOCHUT B CIICIH-
¢ukarmu CT HEOTHO3HAYHOCT M 3aBUCHMOCTh OT KOHTEKCTA.

Bnox BUILD npexnaznadeH 11t BEIOOpa apXuUTEKTyphl mpoToTuna. Kax-
IIBIA U3 KOMITOHEHTOB, moanepxkuBatomux MTOII, obnagaer cBoiicTBaMu Tpex
THUIIOB — CTaTW4ecKue, KoHurypupyemsle, Heu3BectHble. K cratmyeckum or-
HOCATCS TaKWe HEM3MEHHbBIE CBOWCTBA KOMIIOHEHTOB, KOTOpBIE 3aBUCST OT
BHYTpPEHHEH peaju3aiiy KOMIIOHEHTa U HE MOTYT ObITh M3MEHEHbI 0e3 n3Me-
HEHHUS pealn3alii KOMIIOHEHTa. 3HAUeHNsI KOHPHUT'YPUPYEMBIX CBOMCTB MOTYT
OBbITH 33/1aHBI HA JTare HACTPOWKU IPOTOTHIIA MEPE €ro BHIMOIHEHUEM U CO-
XPaHIIOT CBOU 3HAUYEHUs B IIPOLIECCE BBIMOIHEHUS U UCCIEN0BaHUS IPOTOTUIIA.
HewusBectHble cBoiicTBa — 3T0 Te XapakTtepuctuku MYC, KOTOpble DOIKHBI
OBITh HaWJECHBI B IPOIECCE MPOTOTUIHMPOBAHUS, B TOM YHCJIE BKIOYAIOIINC

HCKOMBIe aTpuOyThI KadectBa mccnexyemoit UYC. Apxurektypa A, BbIGHpa-
eTcst moaMHOkecTBa MSTA MHOKECTBa UMEIOIIUXCS B PETIO3UTOPHH I11a0JI0H-
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HbIX apxutektyp MTA, MTA = {(mta),},i =1..| MTA|. MSTA — mHOxecT-

BO apXUTEKTYpP, CTATUYCCKUC CBOMCTBA KOMIIOHEHTOB KOTOPLIX YAOBJICTBOPSAIOT
moctaBieHHBIM TpeboBarmsaM MSTA < MTA/MSTA*, rne MSTA* - wuccie-
JIOBAaHHBIE M OTOPOIIEHHbIC HAa MPEABIAYIINX HTEPAlUiX apXUTEKTypsl. IIpo-
11ecc BIOOPa OJJHOM apXUTEKTYPhI U3 JOCTYITHOTO TIOAMHOKECTBA OCYIIIECTBIIA-
€Tcsl IIPY OMOIIY METOZOB MPUHSTUS PEIICHUH.

Brnox CONFIG npennazHadeH Ui 3a1aHUs 3HAYEHUH KOH(PUTYPHPYEMBIX
CBOMCTB KOMIIOHEHTOB apXUTEKTYphl, HAWJCHHON Ha MpenplIynieM miare. 3Ha-
YEeHUs] KOH(PUI'YpUPYEMBIX CBOMCTB MOTYT OIPEAENAThCS Kak JOIyCTUMO
00acTplo 3HaYeHWH, yKa3aHHOH B crierduKanmsix TpeOOBaHUH, Tak U 3HaUe-
HUSIMA CBOMCTB 1o YMOITYaHHIO.

Vk; € AK, :V(mep); € MCP, :(Cp)y,, € CFS((mep);)» rae AK, - MHOMe-
CTBO KOMIIOHEHTOB BBIOPaHHOW apXHUTEKTYPHI, CFS((mcp)j)— npouenypa
noucka 3HaueHus (CP) i KOH(UTYpHPYEMOT0 CBOWCTBa KOMIIOHEHTA (mcp),

1o objacTH JonycTuMbiX 3HadeHuit TSP, (cp)j eD( ITockonbky Kakpoe

mep);
CBOMCTBO 3a4acTyl0 MOXXET MMETh Oojiee OJHOTO IOIyCTUMOTO 3HAYCHHS, TO
JUISL TIONCKA OKOHYATEIbHOW KOH(UTYpalM HEOOXOIUMO MPUMEHEHHE METO-
JIOB TTapaMETPUIECKOr0 MOUCKA.

ITocne TOro, Kak NPOTOTHII CKOH(GUIYPHUPOBAaH, HPH TOMOIIM OJ0Ka
EXECUTE npom3BOgUTCS €ro yCTaHOBKA B CpPEIy BBIIONHEHHUS M 3aIyCK.
OTOT OJOK peainu3yer psij alropuTMOB NpoduiupoBaHus U cOopa JIaHHBIX,
HCO6XO)1I/IMI)IX JJI1 HAXOXJICHHUA HCHU3BCCTHBIX CBOMCTB MmpoTOoTHUIIA. I[aHHl)Ie,
coOpaHHBIE B MpoLIECCEe PsJa 3allyCKOB BBIIOJIHEHHUS MPOTOTHUIA, UMEIOT CTO-
XaCTUYECKUH XapakTep, MOITOMY HMX aHAlIM3 M HAXOXKJEHUE 3HAUCHUM Heus-
BECTHBIX CBOMCTB MPOM3BOJAUTCS MPU MOMOLIM METOAOB MaTeMaTHUYECKON CTa-
TUCTHKH.

HewusBecTHbIe CBOWCTBA MPOTOTHIA SBISIOTCS KIIOYEBBIMH B PacCMaTpH-
BacMOM HTEPAIIMOHHOM Iporuecce. IMEHHO 10 3HaUYeHHSIM 3THX CBOWMCTB OIIpe-
JIeNsieTcs] CTENEeHb BBINONHEHMs nocTaBiaeHHbIX CT u zenaercst BBIBOJ M NPH-
TOJHOCTH TPOTOTHUIA KaK OCHOBHI Juia peanuzanmu MYC. Ecnu ke mporotun
He ynoBieTBopsieT moctaBieHHBIM CT, TO MpOMCXOAWT mepexo]l Ha OAMH W3
MPEAbIIYIINX [IaroB M IPOLECC MPOTOTHIUPOBAHUS MOBTOPSIETCS. AHaNMN3 U
CpaBHEHHE HAWJEHHBIX XapaKTepUCTUK npou3Boautcs B O6moke ANALYSE.
Pemenue NPUHUMACTCA Ha OCHOBC KPUTEPHUCB C HUCIIOJIB30BAHUEM MEXAHU3MOB
HeueTKoit soruku. Huke Ha pucyHke 4 npencrasieHa oOas 6J04Hasi MOJEIb
TEXHOJIOTUU.
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MSRS TSP
EEE ::> PREPARE ﬁ} BUILD
Cnetpchukapn
TpeboBaHuin
MSTA*= MSTA MSTA*= MSTAU A,

MXP MCP

ANALYSE <}:| EXECUTE <}:| CONFIG

exit
Puc. 4. biaounas moxens UTOII

B kadecTBe mpHMepa pPacCMOTPUM YIPOLICHHYIO MOJENb IPOLECCOB,
npoucxoaamux B onokax EXECUTE u ANALYSE. ITonoxum U = {u i} -

MHO)KECTBO HEM3BECTHBIX CBOMCTB, KOTOPBIE MOTYT OBITh HAWAEHBI B MpOIIECCE
HCCIIEAOBaHMs MIPOTOTHUIA, YTO MOANECPKUBAETCS KaK peanu3alyeil KOMIIOHEH-
TOB, TaK M HACTPOWKAMH CPeJibl BBINOJHEHUs. P = { p, } — NOIMHOXECTBO

CBOWCTB BBIOPAHHBIX U MCCIEIOBAHMS B paMKaXx ONPEAETICHHON CEeCCHU Mpo-

torurmpoBanuss (P < U ). B mpomnecce BBITOTHEHHST MPOTOTUIIA HAKAILIH-

BarOTCA TOYCYHBIC 3HA4YCHUA Vik JUJIA Kaxaoro napameTpa k:

vp, eP: vk = {vik}. ToueuHsle 3HaUeHUs U BCeX NMPOQMIMPYEMBIX Iapa-

METPOB MOTYT OBITh 3alaHbl MaTpuLel V:
1

Vi v
2 2
V=lv, Vv

Jnst aHanu3a NAHHBIX M HAXOXKJEHUS HEU3BECTHBIX CBOHCTB HMMeEETCH
MHOYKECTBO M€TOJ0B aHamu3a M ={m,}. Marpuua MP ={mp,} ompenenser,

Kakne MEeTO/bl aHaJIu3a MOTYT IPUMEHEHBI K Ka)KIOMY M3 HEM3BECTHBIX Iapa-
METPOB, YTO 3aBUCHUT OT IPHPOABI CBOICTBA, BUJa COOPAHHBIX JaHHBIX, Pealu-

3aI[MM CAMOT'0 METO/A. mpl'( Oyner umeThb 3HaueHue 1 eciau meron k mpumMeHrM
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Juist mapamerpa i 1 0 B IpoTHBHOM ciiydae. [lociie BeIYMCIIEHHH MBI HOTYYUM
i i v
pe3ybTHpPYIONyI0 MaTpully R ={r }, TAe r] - pe3yibTaT BBIYHCICHUH IS

cBOiicTBa i ¢ IpUMeHeHreM MeToa k: rk‘ =FN*, mp ;( ,m;).

BoiBoabl. B pe3ynpraTe npoBe/IEHHBIX UCCIEAOBaHUM MMOKa3aHbl METOJI0JIOTH-
YeCKHE OCHOBBI HEOOXOJMMOCTH M IiejecooOpasHoctu npumeHenuss UTOII B
oomeit cxeme MTAII cnoxkueix MYC, co3maBaemMbix ¢ ucrnonb3oanrem KIIP.
[IpencraBneHbI Takke pa3padOTaHHBIC MOJICITH, TTO3BOJISIONINE (POPMATH30BaTh
Bce ocHOBHBIE dTanbl UTOII. Hayunass HOBU3Ha JaHHOTO MOJXOJa 3aKIH0YaeT-
Csi B MPUMEHCHUU COBPEMCHHBIX METOJIOB MPOTOTHIIMPOBAHHS K OOJACTU HC-
cnenoBaHus aTpuOyToB KadectBa [10. [IpakTndeckas 3HAYMMOCTD pe3ylbTaTOB
COCTOUT B MOBBIIICHUH APPEKTHBHOCTH TMporieccoB co3manus UYC myrem
COKpALLEHUS 3aTPaT PECYPCOB U MOBBIIMICHUS KAyecTBa MOJIYYAEMbIX MPOEKT-
HbIX pemieHUd. IlepcnekTMBON nanbHEMIINX MCCIEAOBAHUN B 3TOM HalpaBiie-
HUU SBJSIETCS COBEPIICHCTBOBAHUE MOJIYYCHHBIX MOJIENIEH 1 pa3paboTKa MeTo-
JTUKU MHOTOKPUTEPUAILHOTO CpaBHEHUS 3()()EKTUBHOCTH pa3IHUHBIX CIIOCOOOB
obecrieueHust arpuOyToB KauectBa KIIP.
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HUHTEJVIEKTYAJIBHBIE CASE-CPEJACTBA 151 PASPABOTKHU
AJAIITUPYEMBIX TH®OPMAIIMOHHBIX CUCTEM

IIpeacTaBneHo minxix O CTBOPEHHS IHTEIEKTYIbHUX iHQOPMALiHHUX CHUCTEM, IO € OCHOBOIO
CASE-texnonorii METAS, npu3HadeHoi Ui MiATPUMKH JKUTTEBOTO LUKIY JHUHAMIYHO aanTye-
MHX PO3IOIiNeHHX iHpopMauiiiHux cucreM. Cucremu, cTBopeHi 3a momnomoroto CASE-3aco6iB
METAS, ¢yHKIIOHYIOTh y pexuMi iHTeprperauii. Bonu 6a3yroTbesi Ha OaraTopiBHEBHX MeTana-
HHX, SIKi ONHCYIOTH HPEAMETHY 00JacTh cucteMd. MOXIHBOCTI ajanTamii peaizyroThCsi depes
3aco0M pecTpyKTypH3amii JaHHX, HACTPOIOBaHHS KOPUCTYBAIBHHIBKOTO iHTepdeiicy, renepamii
3aIMTIB 1 3BiTiB, JUHAMIYHOTO MiAKITIOYESHHS IPOrPaMHHUX KOMIIOHEHTIB CTOPOHHIX pO3pOOIIOBaUiB.
OpnHa 3 HafOLIBII BaXKIIMBUX - MiJCHCTEMa KepyBaHHS JOKyMEHTaMH, 1o 3a0e3edye MOXINBOCTL
IHTEJIeKTya bHOrO IIONIYyKY, aHali3y aBTOMAaTH4HOI Kiacudikamii # Kkaramorizamii JOKyMEHTIB,
3aCHOBaHA Ha BUKOPUCTAHHI OHTOJIOTIH i ar€HTHOTO MiIXOMY.

IpencrasieH MOAXOX K CO3JaHHIO WHTEIUIEKTYaIbHBIX MH(MOPMAIMOHHBIX CHCTEM, SBIISIOLIAICS
ocHoBoii CASE-rexnonorun METAS, npenHazHayeHHOH Ul MOJUIepKaHUs JKU3HEHHOIO LUKJIA
JUHAMHUYECKU aJalTHPyeMbIX PaclpeeleHHbIX HHQOPMAMOHHEIX cucTeM. CHCTEeMBI, CO3/JaHHbIe
¢ nomompio CASE-cpencts METAS, ¢yHknuoHupytor B pexxume unTepnperanun. OHu 6a3upy-
J0TCSl HA MHOTOYPOBHEBBIX METAJaHHBIX, KOTOPbIE ONHUCHIBAIOT NPEIMETHYIO 00JIacTh CHCTEMBI.
B03MOXKHOCTH afanTalliy peaau3yloTcsl 4epe3 CPeACTBa PEeCTPYKTYpPH3alUH JaHHBIX, HACTPOHKU
II0JIb30BATEIBECKOTO MHTEpdeiica, TeHepaliy 3alpOCOB U OTYETOB, JUHAMHIECKOTO ITOIKIFOYCHUS
HPOrPaMMHBIX KOMIIOHEHTOB CTOPOHHHUX pa3paboTunkoB. OHa U3 Haubosee BaXHbBIX — MOJICUCTE-
Ma yIOpaBIeHHs JOKyMEHTaMH, OOECIeUHBAIOmas BO3MOXHOCTH HHTEIEKTYyalbHOTO IIOHCKA,
aHaJIN3a aBTOMAaTHYECKOH KITacCH(MKALNY M KaTaJlOTU3alMH JOKYMEHTOB, OCHOBaHHAs HA HCIIOJb-
30BaHMH OHTOJIOTMH U ar€HTHOI0 MOIX0/a.

An approach to development of intelligent information systems is presented. This approach is the
base of CASE-technology METAS intended for support of adaptable distributed information sys-
tems life cycle. Information systems created with METAS CASE-tools operates in interpretation
mode. It’s based on multilayer metadata which describes universe of discourse for the information
system. The adaptation capabilities are realized by means of data restructuring tools, interface
generation and tuning, query builder and reports generation, dynamic linking of program compo-
nents developed by exterior application designer. Document management subsystem is one of the
most important. It includes tools of storing documents in database, business intelligent means,
automatic classification and intelligent search of electronic documents. This subsystem is based on
ontologies and multi-agents architecture.

BBeaenne. AnantupyeMoCTb SBISCTCS BaXHEHIIIMM CBOWCTBOM COBPEMEHHBIX
undopmanmonnsix cucrem (MC), koropoe nposBisiercst Kak He(yHKIHMOHAIb-
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Hble TPeOOBaHMSA ISl PA3INYHBIX KJIACCOB MH(OPMAIMOHHBIX CHUCTEM, CHCTEM
e-learning ¥ >IEKTPOHHOM KOMMEPIMH U T.IL.

Bce mporpammubie cuCTeMbl (DYHKIIMOHUPYIOT B ONPE/IEICHHOM OKpYXKe-
HUH, IOOTOMY aJallTUPYEMbIC CUCTEMbI JOJIKHBI HACTPAUBATHLCA HAa U3MCHCHUS
Cpeabl, I-IT06I)I 06eCHelll/ITb Pa3BUTHUC N MOBBICUTH <GKHUBYYECTD). Ilonsartue
aanTUPYEMOCTH pacCMaTpPHUBAETCsl OUYEHb IIMPOKO, B HETO BKJIIOYAIOTCS TaKHe
B3aUMOCBSI3aHHBIC TPEOOBAHMS, KaK THOKOCTh, PacIIUPSIEMOCTb, CIIOCOOHOCTH K
Pa3BHUTHIO, HUHTEPOIIepabeIbHOCTh CUCTEM M HEPEHCIONB3yEMOCTh KOMIIOHEH-
TOB 1 T.I. DTO JIENACT aAaNTHPYEMOCTh CUCTEM HE TOJBKO MHTEPECHBIM, HO U
KPUTHUYHBIM CBOMCTBOM B IPaKTHKE Pa3pabOTKH HOBBIX CHCTEM M COTIPOBOK/IE-
HUS CYNIECTBYIONIMX. ANAaNTHPyeMOCTh obecrednBaeT Oojee mpoctoe u 3¢-
(eKTUBHOE COMPOBOXACHUE M pa3pabOTKy mporpaMMHOro obecmedenus. Ha-
CTpOIKa MPOTPaMMHBIX CHCTEM SIBISIETCSI HEM30EKHBIM IPOIIECCOM, 00ECIeUn-
BAIOIUM COOTBETCTBHE MEHSIOIUMCS TIOTPEOHOCTSIM T0JIb30BaTENeH, YCIOBU-
SIM 9KCIUTyaTaluH.

Takum 00pa3om, CyliecTByeT HEOOXOAMMOCTb B CO3AaHUM TEXHOJIOTHH,
obecrieunBaroell COOTBETCTBUE TPEOOBAHUSAM aNaNTUPyeMOCTH. [lepBbIM
IIIarOM B CO3/IaHHUHU NPOTPaMMHOTO PEIICHHMS SIBIISICTCS pa3paboTka apXUTEKTY-
PBI CHCTEMBI, KOTOpasi MO3BOJIsUIA OBl aIallTUPOBATh K MEHSIOLIIMMCSI YCIIOBHSM
KaK HCIIONIb3yeMble JUI Pa3padOTKH WHCTPYMEHTAJIBHBIE CPENICTBA, TaK U CO3-
JlaBaTh C WX IOMOINBIO aJanTHpyemble HH(pOpMannOHHBIE cUcTeMbl. Jlamee
TEXHOJIOTHUS CO3JaHusI MHPOPMAIMOHHBIX CHUCTEM IOJDKHA IOJIEPKUBATh U3-
MEHEeHHS MOJeNH npeaMeTHoi obrmactu UC B COOTBETCTBHM C HOBBIMH TPeOO-
BaHWUAMH, MOSBIAIOIINMICS B NpoIecce ee dKCIuryaranuu. OQHON U3 BaKHEH-
IIMX CTOPOH CO3/aHMs aJaNTHPYEMbBIX CHCTEM SABISIETCS 00ECHEeUeHUE MOIb30-
BaTesell cpelIcTBaMK yIpaBieHus HHTep(deiicoM, ero HaCTPOHKOH.

B naHHO¥ cTaThe OMMUCHIBACTCS TEXHOJIOTHS, KOTOpas 00eCleunBacT pas-
paboT4YMKOB M IOJIb30BaTENel cpeacTBaMu Uisi 3PPEKTUBHON HACTPONKH HMH-
(OpPMaIMOHHBIX CUCTEM, CO3IaHHBIX Ha 0a3e 3TOH TEXHOJIOTHH.

1. TexHosorusi co3naHusi agaNTHBHBIX cucTeM. CpeacTBa, HCIONB3yeMble
JUISL CO3ZIaHUs KPYITHBIX PACHpEICICHHBIX MH(POPMAIIMOHHBIX CHUCTEM, COCTOS-
WX W3 OTAENBHBIX TEPPUTOPHUAIBHO PACHPENCICHHBIX ITOACUCTEM, NOJDKHEI
YIIOBIIETBOPSTH TPEOOBAaHMAM, OOECIICUNBAIOIINM BO3MOKHOCTH X HAaCTPOHKH
Ha pa3IH4HbIE YCIOBHS AKCIUTyaTallud M MOTPEOHOCTH IOJIb30BaTENEeH Kak B
MIPOLIECCE YCTAHOBKH, TaK M AMHAMUYECKH, B Xo1€e (yHKIoHupoBanus MC.
Ecnu uHboOpManuoHHas cucTeMa CO3[aeTcsl Ul YCTaHOBKM B OpraHH3a-
LUSX, SBISIOMIMXCS OM3HEC-IapTHEPaMHu, HO OOJalarolIUX Pa3InuHbIMHU TeX-
HUYECKHMH BO3MOKHOCTSIMH, 3aHHUMAIOIIUXCS Pa3IMYHBIMH BHJAMH AEATEINb-
HOCTH H T.II., TO TPOILECC ee pa3pabOTKH M CONPOBOXKACHHS 3HAYUTEIBHO YC-
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noxHseTcsA. Peanmmszanusi NMepeddCICHHBIX BbIIE TPeOOBaHUI oOecreunBaeT
3 }eKTUBHOCTD BIOXCHUH B CO3AaHNUE U CONPOBOXKACHUE CUCTEMBI, TIOBBILIACT
€€ KHUBYYECTb.

MakcumanbHas agantiupyemMoctb IC MoxeT OBITh TIOCTHTHYTa, €CIIU Kak
Ipu pa3pabOTKe CHCTEMBI, TaK M B XOJIE €€ IKCIUTyaTalliy MPUMEHSIOTCS Me-
mamoodenu N MemaoaHHble, ONUCHIBAIOIINE 0COOCHHOCTH MPEAMETHON 00acTy,
JUIsl KOTOPO# CO3/IaeTCsl CUCTEMA, YCIIOBUS €€ paboTHI.

CASE-texnonoruss METAS (METAdata System), paspaborannass AHO
«VHCTUTYT KOMITBIOTHHTa», — 3TO OCHOBA JJISI CO3/IaHMS CHCTEM, YIPaBIIEMBbIX
MeTafgaHHbBIMH. KITIO4eBBIM MOMEHTOM TEXHOJIOTHH SIBIISIETCSl MCIOJIB30BAHUE
83AUMOCEA3AHHBIX MHO20YDOGHEBbIX MEMAOAHHbIX, OMUCHIBAIOIINX HH(pOpMa-
IHOHHYIO CHUCTEMY, CO3/IaBaeMYI0 AJIsl OTPEEIICHHON MPeIMETHON 001acTH, C
Pa3INYHBIX TOYEK 3PEHHS U Ha Pa3HbIX YPOBHSAX ACTAIH3ALUH.

OcHoBHoe otnuune aaHHONH CASE-TeXHONOTHU OT MHOTHX CYIIECTBYIO-
LIMX, TEHEPUPYIOIINX KOJI TPHIOKEHHH Ha KaKOM-JINOO SI3bIKE ITPOTPaMMHPO-
BaHMsS 10 HEKOTOPBIM CHEeUU(pHKAMIM (METaJlaHHbIM), ONHCHIBAIOIINM TIpel-
METHYIO 00J1acTh, COCTOUT B TOM, YTO JIaHHAs CHCTEMa HCIIOJIb3YEeT ATO OIHca-
HUE 60 8pemsl ceoell pabombl, BBINONHAS (GYHKIMH OTOOPa)KCHUS TaHHBIX, X
ToucKa U 00pabOTKM MO OMNpEAEIeHHBIM STUMH METaJaHHBIMH IPAaBUIIAM, UH-
mepnpemupys ux [1].

[IprmMeHeHne MeTaJaHHBIX B PEKUME MHTEPIPETAIINN 1aeT BO3MOXKHOCTh
2UOKOU  OUHAMUYECKOU HACMPOUKU NPUNodcenus, ero (GpyHKINOHAIBHOCTH,
PECTPYKTypH3alMi HHYOPMALIMOHHBIX 00BEKTOB, OIIMCAHHBIX METalaHHBIMU.

Kpowme Toro, mpu Takom noaxoze k pazpadorke C nmpoekt obinanaeT BBI-
COKOIl CTENeHbI0 «0OpaTHOM CBsI3W», TaK Kak pa3pabOT4MK, MEHsS METajaH-
HBIE, Cpa3y BUAUT COOTBeTCTBYMoNMe u3MeHenus B MC, peannuszyemoii Ha 0CHO-
B€ JIaHHOW TexHOJOruH (B ee MH()OPMALMOHHBIX OOBEKTaX M CBSI3SX MEKIY
HUMH, HHTEepdeiice MoIbp30BaTeNs U T.11.). Pa3paboTunk dakrudecku paboTaer ¢
TOM e CUCTEMOI1, YTO M I0JIb30BaTelb, HO OH MMEET ITPaBa Ha MCIOJIb30BAHUE
cnenuanbHoro CASE-uHCcTpyMeHTapus cucTeMsl, kak npu co3nanuu UC, tak u
B XO0JI€ €€ SKCIUTyaTaI1H.

3TO cO3/1aeT XOPOIIKNE MPEATOCHIIKH U CO3/IaHHS «HMHTEIUICKTYaIbHOM»
CHCTEMBI, KOTOpas MOXXET HacTpamBaThCsl Ha IMTOTPEOHOCTH MOJIH30BATENs H
MEHSIOIINECS YCIIOBHS SKCILUTaTaIllH 8 X00e pabomyl ¢ Heli nob3osameeli.

Memaodannuie — 310 popmanuzosannoe onucanue UC, ucnonp3yemoe uis
HAaCTPOMKH NMPUIIOKEHHS Ha YCIIOBHS €0 3KCIUTyaTallud B IPOLECCE €ro paspa-
0OTKH, a 3aTeM — 3arpy3KH M BBIIIOJIHEHUs. MeTa/laHHbIE ONUCHIBAIOT OOBEKTHI
npeaMetHoit obmactu IC u ux moBecHNHE; BU3YaIbHbIA HHTEP(EIC M0Ih30Ba-
tens VC; OusHec-onepaiuid U OW3HEC-TPOIECChl MPEAMETHON 00JIacTH; mep-
BUYHBIC M CBOJIHBIC JOKYMEHTHI M OTYETHI U T.I. MeTafgaHHbIe MPECTaBIISIOT
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moodenu (puc. 1), kKaxxmas 3 KOTOPHIX ONMCHIBAET OMPECNIEHHYIO YaCTh, «CPE3»
UC (HexoTopble MOJETH MOTYT ONHCHIBATh OOHM | Te ke gactu MC, HO ¢ pa3-
JINYHBIX TOYEK 3PEHUs).

Mopenu paszneneHsl Ha ciou, odpasyoline uepapxuro. Mx onucanue xpa-
Hutcs B 6aze meranaHubix (BM/I) cucrembr. OcHoBHBIE Mogent METAS:

o Qusuueckas modenv (Physical Model) — mpencraBieHa MeTaIaHHBIMH,
OINHUCHIBAIOIIMMHU TpescTaBiaeHue o0bekToB VC (onmcanue Tabmui, B
KOTOPBIX XPaHATCS JaHHbIC 00 00bEKTaX, CBA3CH MEAy HUMH U Ip.) B 0ase
nanHbIxX (BI).

o Jlocuueckas moodensv (Logical Model) — onmcanue cynHoCTeH nMpeaMeTHOM
obnactu, 1 Kotopoi co3naercsi VIC, nx noBeneHus (4epe3 onepanuu), a
takke obume onepanuu MC. [lanHas MOJ/elIb OCHOBBIBACTCS HA HOTAIMAX
si3pika UML.

o [Ipesenmayuonnas mooens (Presentation Model) ommcriBaeT BU3yalbHBIH
uHTepdeiic nonp3oBarens npu padore ¢ oobekramu HUC.

o Mooenv penopmunca (Reporting Model) — mpezacraBieHa ¢ MOMOUIBIO
METaJ[aHHbIX, OMUCHIBAIOLIMX 3aIPOCHI, MAOIOHBI JTOKYMEHTOB U OTYETHI,
(dopmupyeMble B XOJ€ BBINOJIHEHUS OW3Hec-omepalmidi W Ou3Hec-
MPOLIECCOB, UCIIOIb3YEeMbIe JJIsl BU3yaln3aliy 1 aHaiau3a aaHubeix MC.

o  Mooenv o6usnec-npoyeccose (Workflow Model) — ommcanue OusHec-
orepanuii 1 Ou3Hec-npoieccos, mojuep:xkuBaeMbix UC. busnec-niporeccs
BKJTIOYAIOT OM3HEC-ONepanny 1 CTaHapTHbIe OJIOKH yIpaBleHUs, 00bean-
ustomue ux. C OM3HEC-POIECCAMU  CBS3BIBAIOTCSI IMOTOKH JIAHHBIX,
JIOKyMEHTOB, KOTOpBIE (OPMHUPYIOTCS U 00pabaThIBACTCS P BBIMOIHEHUH
OU3HEC-MIPOLIECCOB.

Monenu MOTYT U3MEHSTHCS M PACUIMPSITHCS TIPH CO3/IaHUU HOBBIX KOMIIO-
HentoB MC (manpumep, Web-KOMITIOHEHTOB), MIH N3MEHEHNH CYIICCTBYFOIIHX.

Web-moodens obecnieunBaet mocty k pecypcam UC miist yaaaeHHBIX TOJTb-
3oBaTteneit uepes Web-unTepdeiic.

OTtaenpHAs MOJENb UCIONB3yeTcsa Uil o0ecriedeHns: (yHKIMOHUPOBAHUS
cpeocma zawumsl UIC. Mooens 3auwumul (Security Model) npescrasisier mosb-
30BaTeNeil CUCTEMBI M UX MpaBa Ha A0CTyN K BJl, BbIOJHEHUE Oonepauui Haj
ob0bektamu MC ninm Ha 10CTYI K MOJIEINSIM METaIaHHbIX.

[Mporpammuble komnoHeHTbl C paboTaroT ¢ MOAENSIMHU COOTBETCTBYIO-
IIero ypoBHsS (WJIM HECKOJBKHX B3aMMOCBSI3aHHBIX YpoBHeW). MeraiaHHbIC
MO3BOJISIIOT TIPEJICTAaBUTH CBOWCTBA, B3aUMOCBS3b M B3aWMOJAEHCTBHE KOMIIO-
HEHTOB CHCTEMBI.

Komnonenmor unmezpayuu — 310 NET-KOMIOHEHTBI, KOTOpPbIE MOJKIIO-
YaloTCs K CHCTEME H MONTYYaloT JOCTYII K MOJEIsIM (MeTafaHHbM). OHE MOTYT
TOAIICHIBATECS HA PA3NUYHbIE COOBITHS M PaCIIMPATh (PYHKIHOHAIBHOCTb
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yepe3 H00aBIeHWE HECTAaHAAPTHBIX AeHCTBHHA. Kpome oOmuMX KOMIOHEHTOB
MHTETpalliy UCHONb3YIOTCS TAK)KEe MOIb30BATENILCKUE OU3HEeC-onepayull, mpue-
2epvl U 0cpaHuyenus, O3BOJIAIONE [N00aBIATh B NPUIOKEHUS HEeCTaHIapT-
HYI0, cennuyHyto i KonkperHoit C noruky.
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Puc. 1. Mozenu MeTaiaHHBIX B IporpaMMHbIe KoMnoHeHTHI METAS

Cucrema peanuszopana Ha miatdpopme DOT NET Framework. Jlns paboTst
¢ CYB]] ucnonssyercs texHonoruss ADO.NET. Knuenrt-cepepHoe B3aumo-
nevictBue ocHoBaHo Ha TexHosoru DOT NET Remoting.

Ucnonb3oBanne CASE-texnonorun METAS no3sosnsier coznate UC, ap-
XUTEKTypa KOTOPOH TpencTaBiseT coOoW KIMEHT-CEpBEPHOE IPHUIIOKEHHE,
pa3butoe Ha domenvl. Pa30uBKa Ha JOMEHBI OPHCHTHPOBAaHA HA pEaTH3aLUIo
pactpenenennpix MC, BKIIOYAIOMMX ABTOHOMHO (DYHKIMOHHUPYIOUINE, HE
MMEIOIINE ONEPATUBHOM CBSI3M MOICHUCTEMBI C apXHUTEKTYpPOH KIIMEHT-CepBep.
WHTerpanust JOMEHOB OCYIIECTBISIECTCS HAa OcHOBe mextono2uu BizTalk (ceprep
BizTalk siBnsiercst otmenbHbiM npunoxenueMm). s cessu BizTalk-cepsepos
MOXET HCIIONIb30BaThCsl JHOOOH TPAHCHOPTHBIM MPOTOKON, MOIACPIKHUBAEMBIH
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KOHKpeTHbIM cepBepoM BizTalk (0OBIYHO CIHCOK MPOTOKOJIOB JOCTATOYHO
IIHPOK).

2. CucremMa ynpasJjieHUsI JOKYMEHTAMHM W JHHAMHYeCKasi HACTPOIiKa MH-
dpopmanuonnbix cucrem. I[loxcuctema ympaBnenus nokymentamu CASE-
cucreMel METAS Bxiouaer cpeicTtBa pemnopTUHra [2], moucka, aHanusa U
KIaCCH(DMKAIUHU U KaTaIOTU3AIMK JOKYMEHTOB [3].

OpHo¥ n3 mpoOGiieM, MPENsITCTBYIOMNX MOTHOMACIITA0HOMY HEPEXoay K
JIEKTPOHHBIM JIOKYMEHTaM, SIBIISIETCSI OTCYTCTBHE B COBPEMEHHBIX CHCTEMax
yIIpaBJIeHUs] JOKYMEHTaMH CPEICTB, TO3BOJIIIONINX Pab0TaTh C 3JEKTPOHHBIMHU
JOKyMEHTaMH C y4eTOM CEMaHTHKH WX copaepxaHus. Ha ceromHsmHuii neHb
(aKkTHYECKH BCE MPEHMYILECTBA AJIEKTPOHHBIX JOKYMEHTOB BBITEKAIOT TOJIBKO
n3 (opMBI MX TpeacTaBieHUs (yI0OCTBO XpaHEHHs, MOWCKA IO KIIFOYEBBIM
cJl0BaM, KONMHUPOBaHUSA, nepenadn u T.01.). C Ipyrux Touek 3peHus (BO3MOX-
HOCTh aBTOMaTU3aIMu 00paboTKH, Kiaccu(UKaLUK, KaTaJoru3aluy, aHanm3a 1
np.) OOJBIIMHCTBO DJIEKTPOHHBIX JOKYMEHTOB NMPAKTHUECKH aHAJOTMYHBI I10
BO3MOXKHOCTH WX HCIIOJIb30BAHMS TPAJAUIMOHHBIM «OYMaXHBIM» JJOKyMEHTaM,
TO €CTh COJIepKaHKHe JJOKyMEHTa MOXET ObITh BOCHPUHATO U 00pab0oTaHO TOJb-
KO YEJIOBEKOM ((«JIOKYMEHT ISl USJIOBEKaY).

BospImmMHCTBO OKyMEHTOB OPHMEHTHPOBAHO Ha BOCIIPUSATHE YEIOBEKOM,
TaK Kak B HUX OTCYTCTBYET AOIOJHHUTENbHAS HH(POPMAII 00 UX CTPYKType U
CoJIepyKaHNH, KOTOpast MOXKET TOMOYb B aBTOMAaTHYECKOM H3BJICYCHUH MH(OP-
Manuu KOMIboTepoM. M3 cka3aHHOTO BBIIIE CIEAYET, YTO U3BJICUCHUE HHDOP-
Mallu U3 CIA00CTPYyKTYPUPOBAHHBIX JOKYMEHTOB Ha CErOJHSIIHUN ICHb SB-
JIAETCS YPE3BbIUAiHO aKTyaJIbHOM U, B TO )K€ BpPEMsl, CIIOKHOM 3anaueil. Takum
00pazoM, HEOOXOAMMBI JOTIOJHUTEIbHBIE CPEACTBA ONMHCAHHS CEMAaHTHKH WH-
(dbopmarmu, comepiKaIeics B JOKyMEHTaX.

CoBpeMEeHHBII AIIEKTPOHHBIH JOKYMEHT KpoMe COOCTBEHHO JIaHHBIX Tpe-
OyeT HaJW4Msl METaJaHHbIX, OIMCHIBAIONINX CTPYKTYPY JOKYMEHTOB M CEMaH-
THKY COJEpAIINXCs B HUX JaHHBIX. 3a CUET TaKOro noaxozaa 3((eKTUBHOCTD
paboThl C 3JEKTPOHHBIMH JJOKyMEHTaMH MOJET OBITh PE3KO IOBBIIICHA, T.K.
CTaHET BO3MOXHBIM AGMOMAMUYECKULl aHAU3 UHGOpMayul, cooepiicaweiics: 8
Odokymenme («JOKyMEHT AJIsl YETIOBEKa U JUIS CHCTEMBI»).

OnHUM U3 BO3MOKHBIX PEIIEHUH YKa3aHHBIX BBIIIE MPOOIEM MOXKET CITy-
XKHUTh KOMIUICKCHBIH TMOAXOJ, OCHOBAaHHBIH Ha METOAAX HCKYCCTBEHHOTO WH-
TEJJICKTa W Pa3IMYHBIX MTapaJurMax IpeAcTaBiIeHus 3HaHui [3, 4].

AKTyallbHOCTb Pa3paboTKH HHTENJIEKTYAIbHBIX CHCTEM, PEIIAIONINX 3a/1a-
YH yNpaBlIeHUs] JOKYMEHTaMH Ha OCHOBE KOMILJIEKCHOTO IOJIX0/a, UHTETPUPO-
BaHHBIX B WH(OpPMAIMOHHBIE CUCTEMBI, ABTOMATH3HPYIOIINE JESITEIbHOCTh
COTPYJHHMKOB TpEeNNpUATHI, opranu3annii (OM3Hec-CUCTEM) NPH BBINOJIHEHUH
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MMH THUIOBBIX oOIepanuil (OW3Hec-omepanuii) ¥ aHAINTHYECKOW 00paboTke
JaHHBIX, BBI3BaHA CIIEIYIOIMH (haKTOpaMH:

e Tlomydenue pezyibmamog obpabomku OaHHbiX, XpaHSAIUXCA B 0ase HaH-
HbIX (B/I), XpaHWiMIe AaHHBIX — OfHA MX OCHOBHBIX HH(OPMAIMOHHBIX
motpeOHOCTel  momb3oBaTenss 000  WH(GOPMAIIMOHHOM  CHCTEMEI.
CrenoBaTenbHO, HY)XHBI  CPEACTBA  opMuposanusi  3anpocos s
HOoJTyueHHs: HeoOX0IMMOil ToJb30oBaTento nHdpopmManuu U3 0a3bl JaHHBIX
i xpaHuiuima. 1o BO3MOXKHOCTH 3anpocst 00axcHbl hopmuposamscs 8
mepMUuHax npedMemHnou obiacmu, B KOTOPOH paboTaeT MOIb30BaTElb.

e  PesynbraThl, NModgydaeMble Ha OCHOBE IAaHHBIX, JOJDKHBI OBITH ONpEieNIeH-
HBIM 00pa3oM npedcmasnenvl — BEIBEACHBI B (popMe JOKyMEHTOB pa3iind-
HBIX (OpPMAaTOB B 3aBHCHMOCTH OT IIOTPEOHOCTEHl IOJIB30BATEICH.
CrienoBaTeNbHO, HYXKHBI Cpedcmea noO020MOoGKY U 2eHEPAYUY OMYemog, 10
BO3MOXKHOCTH, He TpeOYIOIMe HABBHIKOB MPOrPaMMHPOBAHHMS, JOCTYITHBIC
MIOJIB30BATENAM, YMEIONIMM paboTaTh B Cpele COBPEMEHHBIX O(HCHBIX
MPOJYKTOB.

e Jlonb3oBarenu MC HMEIOT [eNO ¢ MHOXKECTBOM JOKYMEHTOB, KaK CO37a-
BaeMBIX B CaMOi CHCTEME OITMCaHHBIMU BBIILIE CPEJCTBAMHU, TaK U MOJTyYae-
MBIX B Pa3IMYHBIX (JopMarax U3 BHEUIHUX MCTOYHHKOB. OTClONa cieayer
HEOOXOAMMOCTb pPEUICHUs] 3alaudl MX YHUDUYUPOBAHHO2O XPAHEHUs.,
Kraccuurayuu u kamanozsuzayuu 8 6Oaze Oanuvix HMC, TO3BOISIONICH
BBINOJHATE d(QEKTUBHBIA TOKCK JTOKYMEHTOB IOJIb30BATEISIMHU, a TaK¥Ke
UX TOCIIETYIONIYI0 00padoOTKY, aHAIH3.

o JleaTenbHOCTD JI0OO0W OU3HEC-CHCTEMBI CTPOUTCS HA OCHOBE HOPMATHBHBIX
nokymenToB. [lognepxkka OGu3Hec-omnepaluii cpeacTBaMu HH(POPMAIHOH-
HOW CHCTEMBI TpeOyeT ompadiceHuss 8 mooenu OaHHbIX UHDOPMAYUOHHOU
cucmemvl  HOPM, 3AKPENIEHHLIX 6 HOPMAMUBHO-CIPABOUHBIX OAHHBIX,
pacnopaoumenvHblx OOKyMeHmax, B BUJE OTPaHWYCHUH, HAJlaraeMbpIX Ha
naHHbie  (aTpuOyThI, CBOWCTBA OOBEKTOB MPEAMETHOW  00IACTH,
nH(opManus 0 KOTOPbIX XpaHUTCs B B/l, a Takke CBSI3M MEXAYy HUMH) U
olepalyy, BBIMOMHIEMbIE HAJ HHMH. OTH OIPaHUYEHHsS BHOCSTCS B
MOJIeNIb AaHHBIX €€ Pa3padOTYMKaMM, KOTOpBIE JOJDKHBI TPH CO3JaHUH
MO/IEITM BBIIIOJIHUTE aHAIM3 NMpeJMETHON 00acTH (a 3To, MpexJie BCero, —
amamuz  OOKYyMeHmo8, PErJIaMEHTHUPYIOUIMX  JesATENbHOCTh  Ou3Hec-
CHCTEMBI) ¥ TIOCTPOUTH B PE3yJbTATE STOr0 aHAIN3a MOJCINb MPEAMETHOM
obnacTi WM OOHOBUTH €€ B COOTBETCTBUH C HOBBIMH TpPEOOBaHHUSIMH,
YCIOBHAMH JEATEIBHOCTH CHCTEMBI, KOTOpbIE MEHSIOTCS B pe3yJibTaTe
W3MEHEHHH HOpMaTHBHOW 0a3pl. Ecnu mocTaBUTh 3amady JHHAMHYECKOU
HACTPOHKM MH(POPMALMOHHON CHCTEMBI HA MECHSIOIIMECS YCJIOBHUS, TO
OCHOBa peajJM3alliil CPEICTB e¢ NUHAMHYECKOW ajanTaluy — CpeicTBa
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pecmpykmypuzayuu oaunvix B BJ[ MC. A 3TH cpenctBa MO3BOJSIOT
BHOCHTh M3MEHEHHS B MOJIENb JAHHBIX HAa OCHOBE PE3YJIBTATOB GHAIU3A
npeomMemnou 0oaacmu, HOPMAMUGHO-CAPABOYHBIX U PACNOPIOUMETbHBIX
OOKYMEHMO8, peclaMenmupyrouux o0esameibHoCmb 6 Mol  obaacmu.
Otcrona crnegyeT HEOOXOAUMOCTh  MOAJEPXKKH B JUHAMHYECKU
aIaNTUPYEMBIX CHCTEMax OIHOTO W3 CaMBIX CJIOXHBIX U TPYIOSMKHUX
stamnoB pazpadoTku VIC — srana ananusa.

[onnepxka BO3MOXKHOCTH TMHAMHYECKOH alanTallid MOXKET ObITh OCHOBaHa
Ha CpeACTBaX aHajuu3a JOKYMEHTOB (B  YacTHOCTH, HOPMAaTHUBHO-
crnipaBouHbIX) [4]. B pe3ynbrare anamu3a JOKHAa OBITH MOCTpOEHa CHCTEMa
83AUMOCBA3AHHBIX OOKYMEHMOS:

° OTHOCAIIUXCA K OHNPCACICHHBIM HAMPaBJICHUAM [JCATCIbHOCTH OuzHec-
CUCTCMBI (K OIMNpPCACIICHHBIM NOHATUAM, 00BEeKTaM HpeﬂMeTHOﬁ 06J'IaCTI/I);

° OTpaXarolmux CBA3U MCKIAY ITHMHU TOHATUIAMU (C KaXIbIM IIOHATHEM
MOKET OBITh CBSI3aH JAOKYMCHT HWJIM COBOKYHNHOCTH JOKYMCHTOB, CBS3U
MEXKAY JOKYMEHTaAMH OTPAXXAKOT CBA3HU MEXKIY HOHSITI/I}IMI/I);

L4 COACpKAIUX HOPMATUBHYIO I/IH(I)OpMaLII/IIO, KOTOpas TAKKC MOKCT OBITH
BBIZICJICHA HAa OCHOBEC aHaJIM3a COACPIKAHUSA JOKYMCHTOB.

Ha ocHOBe MOCTpOEHHON CHCTEMBI B3aMMOCBSI3aHHBIX JJOKYMEHTOB MOXXHO
YACMUYHO  AGMOMAMUSUPOSAMb NPOYECC AHANU3A USMEHEHUl NpeOMemHoll
obracmu u Hecenus uzmeHenuti 8 mooeivb npeomemrnou obnacmu VC (t.e.
peann3oBaTh MOJNEPIKKY Ipolecca pa3padoTku u agantamu C).

Takum oOpa3oMm, cHCTeMa YIIPaBICHUS NOKYMEHTaMH CTAHOBHTCS He
TONBKO «HaacTpoiikoi» Hag VIC u ee BJl, mo3Bossromeii mony4aTs pe3yIbTaThl
00paboTku maHHbIX, xpassammxcs B BJl UC, B ymoOHOW ms 1mojbp30BaTeiei
(dopme, HO 1 OCHOBOM cpeacTB pazpadoTku MC — cpencTB co3naHus U U3MEHe-
Hus mozeneit UC.

IlepBble nABe 3ajaud PEIIAIOTCS CPEOCMBAMU PenopmuHad, KOTOPbIE
BKJIfoUaroTcest B 6onpmuHcTBO MC, HO, B OCHOBHOM, MX pean3alys TakoBa, 4To
JUISL CO3/IaHUsI HOBBIX OTYETOB M 3allpOCOB HEOOXOIMMO BMELIATENBCTBO IIPO-
rpammucTa. OCOOCHHOCTBIO MpeIaraeMoro Moaxoja sBIsSeTcss o0ecleucHue
uHTepdeiica MoNp30BaTelNsl, 00JIErYaroIero MoIb30BaTeIM-HEeIPOrPaAMMHCTaM
MOATOTOBKY OTYETOB, B TOM YHCIIE JOCTATOYHO CIOXHBIX [2].

3amada noucka OOKymMewmos B CYHIECTBYIOIIUX HH(POPMAIIOHHO-
MOMCKOBBIX CUCTEMaX peIlaeTcss B OCHOBHOM Ha OCHOBE KOHIIENIUH KIFOYEBbIX
CIIOB, T.€. 0€3 y4eTa CeMaHTHKH.

B cooTBercTBHM € mpeiaraeMbIM IOAXOAOM JJIsl ONMCAHUS CEMaHTHUKU
JAHHBIX JOKYMEHTA U €ro CTPYKTYpPbI UCTIONb3yeTca onmonozus [3, 4]. B xaue-
CTBE MOJX0JIa K PELICHHIO OIMCAHHOW BBIIIE 3a]a4k ObLI BHIOPaH OHTOJIOTHYE-
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CKHUH MOJXO0J, B KOTOPOM OHMON02US ORUCHIBAEN KAK CIMPYKIMYPY, MaK u co-
depoicanue OOKyMeHma. YUWUTBHIBas CHENM(UKY peIIaeMbIX B JaHHOW pabore
3aja4, OylleM CUUTaTh, YTO OHTOJIOTHS — JTO clienu(pHKaLus HEKOTOPOi npen-
METHOW 00JIacTH, KOTOpas BKJIIOYAaeT B ce0sl CIOBapb TEPMHMHOB (IIOHSATHH)
MPEAMETHOW 00JIaCTH W MHOXKECTBO CBSI3E€H MEXIy HUMH, KOTOpbIE ONHCHIBa-
10T, KaK 3TH TEPMHUHBI COOTHOCSITCSI MEXy CO00i B KOHKPETHOW MpeaMeTHOMH
obmacTu.

J1st mocTpoeHus nepapXyuu MOHATHH OHTOJIOTHUH HCIIONB3YIOTCS CIEAYIO-
mue 0a30BbIe THITBI OTHOIICHHUH: «KITACC—IIOAKIACCY, «IaCTh—IIET0e», «IK3EM-
IUIAp—KJIacc», «IpHInHa—cinencTsuey». Crenyer ydecTb, YTO JaHHBIC THIIBI
OTHOIIICHHUH SIBIIAIOTCSI 0A30BBIMU M HE 3aBHCST OT OHTOJIOTHH, HO HEOOXOANMO
MIPEAOCTaBUTh IOJIB30BATENI0 BO3MOKHOCTh J00aBJIECHHUS HOBBIX OTHOIICHHUH,
KOTOpble OBl YYUTBHIBAIHM CIEIU(HKY OIMCHIBAGMON IPeIMETHOW 00iacTu.
Kpome oTHomieHuit J1t00asi OHTOJOTHSI BKJIIOYAaeT B ce0s JBa THUIMa BEpPLIMH.
K nepBomy Tumy OTHeceM BEPIUHMHBI, ONUCHIBAIOLIME CTPYKTYPY HAOKYMEHTA.
Hanpumep: Tabmuua, nara, 10DKHOCTh M T.JI. — OHH MPEACTABISIIOT cO00i 00-
LM TOHATHS, HE 3aBUCSIINE OT KOHKPETHOW INpeaMeTHOH obmactu. pyrum
TUTIOM OYZAYT SIBISATHCS BEPIIMHBI, COAEPIKAINE OHITHS JOKyMEHTA.

@dakTHUECKH B JaHHOM KOHTEKCTE OHTOJIOTHSI — 3TO UEpaApXUuecKdas no-
HAMUNIHAS OCHO8A paccmampugaemol npeomemnoti obnacmu. OHTOIOTHA NO-
KyMEHTa WCTIONb3yeTcs AJIsl aHalu3a JOKyMEHTa, Onaromapsi e u3 JOKyMEHTa
MOYKHO IOJIYYHTh TpeOyeMble TaHHBIE: U3BECTHO, IIE NCKATh JAHHBIEC M KaK OHU
MOTYT OBITh HHTEPIPETHPOBAHBL. Eciy mpeacTaBiIsTh JOKyMEHT C UCIIOIb30Ba-
HHEM OHTOJIOTHH, TO 33/1a4a COIOCTaBJICHHUSI OHTOJIOTHH M UMEIOIIErocs J0Ky-
MEHTa CBOAUTCS K 33/1a4€ MOMCKA MOHSITHUI OHTOJIOTHHU B ToKyMeHTe. Kak cien-
CTBHE, CUCTEME HEOOXOAMMO OTBETHTh Ha BOIPOC: ONMCHIBAET JIM JIAaHHAS OH-
TOJIOTHUS JOKYMEHT Wi HeT. Ha nocnenHuii BOpoc MO>XKHO OTBETHTh YTBEpAH-
TEJIHO, €CJIM B IPOLECCe COMOCTaBJICHHs B JIOKYMEHTE ObUIM HalJIeHBI BCe
TIOHSTHS, BKIIIOUEHHBIE B OHTOJIOTHIO.

[Ipexne, 4yeM MPOM3BOANTH MOUCK BEPIIMH, COJEPXKAIINX TTOHSTHUS JJOKY-
MEHTa, HeOOXOMMO MPOBECTH ITOUCK BEPIIWH, ONMUCHIBAIOUIUX CTPYKTYpY IO-
KyMeHTa. TakuM o0pa3oM, HCXOAHast 33/1a4a CBOJUTCS K 3a/1aue ITONCKa B TEK-
CTE JOKYMEHTa OOIIMX HOHATHII HAa OCHOBE ()OPMAIIBHBIX OIHCAHHH.

Jns pereHuss mpoOyieMbl BBIACNICHUS OOIIMX NOHATHH Ha OCHOBE (op-
MaJBHBIX OMHUCAHUH IpeJaraeTcsl areHTHeIA noaxon [4]. ba3zy 3Hanuii arenra
JUIS TIOUCKa OOIIMX MOHSATHH OHTOJIOTHH yJOOHO NMPEACTaBIISATh TAKXKE B BUJC
OHTOJIOTWH. J[nsl mpenocTaBiaeHUs] MOJNb30BATENI0 BO3MOXHOCTH J00aBICHHS
HOBBIX IIA0JOHOB HEOOXOIMMO BBIACIUTH 0a30BbIC MOHATHS I (HOPMHPOBA-
HUS OOIIUX.
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VJIK 512.086
T MAHIIIMA3, HTY «XIIW»

MPUHATHUE PEINEHUI ITPU ABTOMATU3UPOBAHHOM
PA3ZPABOTKE ITPOI'PAMMHOI'O OBECIIEYEHUA

Po3pobka mporpaMHOro 3a0e3nedeHHs! 3aBkK/H TOB's3aHa 3 NPUIHATTIM BOKIHBUX KEPIBHUIBKHX
Ta I{HXKEHEPHUX pillleHb. Bix LUX pilleHb CYTTEBO 3aJIEKHUTh SKICTh NPOTPAMHOTO MPOIYKTY Ta
PHCKH, TIOB's13aHi 3 HOro po3poOKkoro. IIPONOHY€ETECS aBTOMATU3YBATH MPOLIEC IIPUHHATTS PilICHb B
nporeci po3poOKK MPOrpaMHOro 3a0e3MeueHHs 3 BUKOPUCTAHHAM (DOpPMaIbHUX METOAIB, LIO JO-
3BOJIUTh NPUUMATH PIMIEHHS HAa OCHOBI OO'€KTUBHOrO aHamizy (akTiB, 4iTKO OOIPYHTOBYBATH
3po0JICHI BUCHOBKH 1 OLIIHIOBATH HACIIIKU NPUUHITUX PillleHb, i UM 3BOAUTHU J0 MIHIMyMy pH3HU-
KU, TIOB's13aHi 3 PO3POOKOIO IPOrPaMHOr0 HPOIYKTY.

Software development always relates to important management and engineering decisions. The
quality of software and risks related to its development considerably depend on these decisions. It’s
proposed to automate the process of decision making during software development process using
formal methods of decision making. This will allow to make decisions basing on objective analysis
of facts, clear ground made conclusions and estimate consequences of the decisions, and minimize
hereby risks related to development of software.

1. BBenenne. Ha naHHBIH MOMEHT CYIIECTBYET MHOXECTBO IPOrPaMMHBIX
MPOAYKTOB, TMPUMEHAEMBIX U1 HOJAEPKKH M CONPOBOXKICHUSA PA3IHUHBIX
stanoB co3fanust [10: aHanmu3a cucTeMHbIX TpeOOBaHHN, MOJICTUPOBAHHS CHC-
TEMBI, €€ OTIaAKU M TecTupoBaHus. [lanHbele mporpaMmsel sBistoTca CASE
(Computer-Aided Software Engineering) cpencrsamu.

Bce coBpemennsie Metoasl coznanus I10 uCnoab3yr0T COOTBETCTBYIOIINE
CASE-cpencTBa: pefakTopbl HOTAlMi, IPUMEHAEMBbIE ISl OIUCAHUSA MOJETEH,
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MOJYN{ aHaJIN3a, MPOBEPSIONINE COOTBETCTBUE MOJEIHN MpPaBUJIAaM METOla, U
TeHEepaToOpbl OTYETOB, TOMOTAOIIHE IIPY CO3JaHNH JOKYMEHTAllUU Ha pa3pada-
teiBaeMoe [10. Kpome toro, CASE-cpencTBa MOTyT BKJIIOYATh T€HEpATOP KOAA,
KOTOpBI aBTOMAaTHUYECKH T'€HEPHPYET HCXOJHBIH KOJ NpOrpaMM Ha OCHOBE
MOJIEJIN CUCTEMBI, a TaK K€ PyKOBOJCTBO MoJIb30Bateis. [1]

CpaBHUTENbHAS XapaKTEPUCTUKA U BO3MOXKHOCTU coBpeMeHHbIX CASE-
CpEJICTB Mpe/ICTaBIeHa B UCTOUHUKE [2].

[pomece pa3pabOTKH MOKEH OBITH TOCTPOCH TakMM 00pa3oM, YTOOBI
o0ecreunTh BO3MOKHOCTh M3MEPEHHs KadyecTBa MPOAyKTa. B mpakTuke mpo-
rpaMMHUPOBaHUsI HanOOJIEe YacTO B POJIM METPHKH KauecTBA MPOAYKTA BBICTY-
MIAaeT OCTaTOYHAsl TUIOTHOCTH OMIMOOK, TO €CTh IUIOTHOCTH OIIMOOK Ha THICSTY
CTPOK KOJa WIIM Ha OfHY (PyHKIIMOHAIBHYIO TOUKy. OHAKO €CiM 1oJ KadecT-
BOM MOHMMATh CTEIICHb YAOBICTBOPCHUS TPEOOBAHMH, TO MbI AOJKHBI H3Me-
PATB BBINIOJIHEHHE TPEOOBAaHUI B KOHEYHOM TPOJYKTE.

B nonHoii Mepe ynpaBiisiTh Ka4ECTBOM MOKHO, €CJIM OHO U3MEpSIETCS Ha
BCEX JTamax >KU3HEHHOro nukia. KauecTBO K NMPOMEXYTOYHOMY IPOIYKTY
MOXeT OBITh YCTaHOBJICHO Ha OCHOBE OTPACI/ICBBIX CTAH/IAPTOB, B JIAHHOM CIIy-
Yyae cTaHJIapToB nporpaMmupoBanus (Hanpumep, ISO nm IEEE). [3]

CASE-cpencTa Ho3BOJISIOT aBTOMAaTH3MPOBAaTh MHOTHUE PYTHHHBIC OIe-
panuy Ha pa3lIuYHBIX dTanax pa3paboTKH NPOrpaMMHOTO 00ECIICUEHHs, OTHAKO
OHM cnab0 OPHUEHTHUPOBAaHBI Ha IOANCPXKKY IpOIEcca TPHHATHA PELICHUH.
Opnako paspaborka IO Ha pasHBIX dTamax TpeOyeT NPUHATHS CIIOKHBIX
YNPaBICHIECKUX ¥ MHKCHEPHBIX PEIICHUH. DTO 0COOEHHO BAXKHO ISl PAHHHUX
cramuii paspaborku I10, T.X. ommMOKH Ha 3TOM 3Tare CBA3aHBI C CEPHE3HBIMHU
pHCKaMH M MOTYT MPHUBECTU K 3HAYUTEIBHOMY YBEIMUYCHHUIO 3aTpaT Ha paspa-
0OTKY, WM JlaKe K Kpaxy HpOeKTa.

D¢ heKTHBHOCTh BHIOOpA TAKUX PEIICHUH MOXHO TOBBICHTBH 33 CHET HC-
0JIb30BaHUs (POPMAIBHBIX METOJIOB — OOBEKTHBHBIN aHalu3 (hakToB, 000CHO-
BaHME CJ/ICJIAHHBIX BBHIBOZOB M OLICHKA IOCIEACTBUH Pa3IMYHBIX JEHCTBHHA MO-
3BOJISIIOT CBECTH K MUHMMYMY PHCKH, CBSI3aHHBIE C pa3pabOTKOH IporpaMMHO-
ro NponayKTa. [4]

Ynpasinsiomue NpoeKTaMy NPUHUMAIOT MHOXKECTBO PEIICHHH B Mporecce
pa3paboTKN CHCTEMBbI, KOTOPBIE BIMAIOT Ha UTOT MPOEKTA. Y CHEIIHOCTh MPOEK-
Ta YacTO 3aBUCHT OT BEPHOCTH M TOYHOCTH 3THMX peueHuil. MccnenoBanus
MTOKa3bIBAIOT, YTO YIpaBlIeHYECKHE (HaKTOPHI MPOeKTa OOBIYHO Oojiee KPUTHY-
HBI, 4eM MOBEJCHIECKHE (aKTOPBI, Ul ycrexa npoekTa. [Ipunarue pemenuii B
mporecce pa3padboTKU OCOOCHHO CIOKHO B YCIOBHUSX HE MOJHON MH(pOpMaInu
MPY HAJIMYMH PECYPCHBIX M BPEMEHHBIX OrpaHuueHuii. MccnenoBanus nokasbl-
BAIOT, YTO OOJIBIIMHCTBO CJIOKHOCTEH BO3HUKAIOT Ha PaHHHMX CTa/IUSX paspa-
60TKH.[5]
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Bri6op metoma paspabotku 110 - omHa W3 CIHOXKHBIX 33434 MPUHATHS
YNPABIEHYECKOIO PEIICHHS B YCIOBUSX HEONPEICICHHOCTH. Yel0BEYeCKUH
pa3yM B HEKOTOPBIX CIy4asx XOpOIIO, & B HEKOTOPBIX IUIOXO CIIPaBIsAeTCA
MIOCTaBJICHHBIMH 3a/1auaMu. VccrenoBaTeny onpenenuin HeKOTOpble MEHTaIb-
HBIE IPOIIECCHI, KOTOPhIE MOTYT ONPEAEICHHO BIUATh IPUHATHE pPeLIeHui. 6]

CymecTBYIOT METOAMKH NPUHATHS penieHui npu paszpadotke [10, ocHo-
BaHHBIC HA aHamu3€e pUCKOB. K HUM OTHOCUTCS METOJMKA, OCHOBAHHAS HAa MO-
Jenu oOHapyXeHHUst M NpefoTBpauieHus nedekroB. JlaHHas Mozenb NpeaHa-
3HaYeHa /Il aHAIN3a PENICHUH Ha PaHHUX CTaJUsIX XKHU3HEHHOTO IMKJA, KOTO-
pBI€ OXBATBHIBAIOT CO3/IaHME TUIAHA, KOTOPBIN YAOBIETBOPSAET OIPAHUUCHUSAM TI0
pecypcaM, paciicaHuio U 00eCTIeUnBaIOT JOCTIKEHHE TIeIel mpoekTa.|[7]

besycnoBHO, He Kaxzaas mpoOiema TpeOyeT NMPOBEAEHHS CTPYKTYypHpO-
BAaHHOTO aHanu3a — OOBIYHO HCIONB30BaHHE (HOPMANbHBIX METOAUK ObIBaeT
000CHOBaHO, €CJIM 3aTpaThl Ha MPOILIECC NMPHUHATHS PELICHHS MEHbBLIE CTOMMO-
CTH MOCTEICTBUHA NPUHATHS HENPaBHIBHOIO PEIICHUs, T.€ C BBICOKHUMH IPO-
€KTHBIMHU pUCKaMH. [4]

2. BeiGop xputepueB. Peiienne MOXKHO abCTparupoBaTh Kak BBIOOD U3 allb-
TEpHATUB, YTO TpeOyeT cpaBHeHHs. C 3TOH TOYKH 3pEHUS, TJIABHBIMHU JJIEMEH-
TaMHU B TIPOLECCE MPUHATHS PEIICHUH SBISIOTCS AIBTEPHATHBEI (KaK MUHHMYM
IIBe) ¥ KpUTepHH BbIOOpa. [{pyruMu clioBaMH, MBI IPUHAMAEM pELICHHE, CPaB-
HHBas abTEPHATUBBI HA OCHOBE COOTBETCTBHS HX OIPE/ICIICHHBIM KPUTEPHUSIM H
BBIOOpa aNbTepPHATUBBI, KOTOPAs JIy4llle BCEr0 COOTBETCTBYET HAIINM IIPEIIIOY-
TeHUsM. [8]

3amaya BEIOOpa KPUTEPHEB SBISCTCS OJHON M3 CAMBIX BaXKHBIX U B TO JKE
BpEMsI CIIOXKHBIX, TaK KaK, C OJHOW CTOPOHBI, HEOOXOAMMO MTPOU3BECTH BCECTO-
POHHHI aHAIM3 MPOOJIEMBI, a C IPyroi — cPOKyCHUpOBaThCs Ha Hanboliee 3Ha-
YUMBIX aCIEeKTaX, He PaclbUIssCh HA BTOPOCTENICHHBIE XapakTepucThku. Kpu-
TepHUHU AJIs aHATH3a MOTYT OBITh KaK KOJMYECTBEHHBIMHU (HApUMep, CTOMMOCT-
HbIC OLICHKH WM MOKa3aTelH MPOU3BOJMTEIBHOCTH CHCTEMBI), TAK U KayecT-
BCHHBIMH, OTPaXAIIIUMH CyOBEKTHBHBIC OLCHKU (HAmpuUMep, OLCHKH IO
CIIO)KHOCTH pa3paboTKku). BriOop KpurepreB OOBIYHO OCHOBaH Ha TITyOOKOM
aHaM3e QyHKIMOHAIBHBIX M OM3HeC-TpeOOBaHMI K IPOAYKTY, Liejeil mpoeKTa,
CLICHAPHEB Pa3BEPTHIBAHMS U SKCIUTyaTallul CUCTEMBI, TEXHUYECKHX OTpaHHye-
HUI 1 pUCKOB. [4]

Br16op kputepueB AeTanbHO PACCMOTPEH B HCTOUHUKE [9].

3. Bbi0op MeTOAMKH NPUHSTHS pemieHusi. BEIOOp METONMKHM TPUHATHS pe-
LIEHHs 3aBUCHT OT MHOTHX (paKTOPOB, CpPeIH KOTOPBIX MOYKHO BBIJIENIUTD Clle-
IyIOIIUE:
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e IPU3HAHME METOAMKH 3aMHTEPECOBAHHBIMU CTOPOHAMH, BOBIICUYEHHBIMHU B
MIPUHSTHE, ONOOPEHUE U PEATTM3ALNIO PELICHHS;

° HaJIMYUC SKCIICPTU3LI B Hpe[[MeTHOﬁ 06J'IaCTI/I, 3HAaHUC METOAUK IMPUHATUA
peLIeHui;

° CTOMMOCTb MPUMEHCHUSA MCTOJUKHU

e  BPEMCHHBIC OTPAHUYCHHUSL.

IToaroToBKa HECKONBKUX ANBTEPHATHB HA PaHHUX CTAAMSIX Mpoliecca MO3BOJIs-
€T MOBBICUTb BEPOATHOCTh MPHUHATHUS aJCKBATHOTO PEIIEHUS C YETKUM IOHH-
MaHHEM BCEX BO3MOXHBIX MOCIEICTBUN U PUCKOB. [4]

[Ipu aHaNM3e aNbTEPHATUBHBIX PEIICHUI HCIIONB3YETCs paHee BEIOpaHHAsS
METOJIMKa. BakHO OTMETUTH, YTO 3a4acTyrO JIs BBIOOpPa OKOHYATEIHHOTO pe-
IICHUAS MOXET IOHATOOUTBhCS HECKOJBKO uTepamuid. [Ipm 3ToM, Ha KakIou
WTEpallii MOXKHO YTOYHSTh W HM3MCHATH paHee BHIOpaHHBIC AHATUTHICCKUC
mapaMeTpsI (HarpuMep, KpUTEPHH U UX Beca).

4. ®opManbHble METOIMKH TNPUHATUSA peuleHuii. DopMarbHBIE METOABI
OyayT ocoOEHHO TOJIE3HBI MPH pa3pabOTKe apXUTEKTYPHBIX U MPOESKTHPOBOU-
HBIX PELIEHUM.

PesynbraT aHanmi3a MokKa)xeT, HACKOJBKO KaXKIbIi M3 BBHIOPAHHBIX KpUTE-
pHEB peal30BaH B KaXKJOH U3 PACCMOTPEHHBIX ajbTePHATHUB.

Bo3MOXXHBI CHTyaluu, TPU KOTOPBIX PE3YJbTAThI «B3BCUIMBAHUS» HE-
CKOJIBKMX PELICHUH MOTYT OKa3aThCsl OYeHb OJIM3KMMHU. B maHHOM ciyuae He-
00X0AMMO TIPOBECTH JOTIOTHUTEIBHEIA aHAIN3, C TMPUBJICUCHUEM KCIIEPTOB U
TIPEICTABUTEINCH 3aMHTEPECOBAHHBIX CTOPOH, BBISBILIA M T00aBIIsIsl HOBBIE KPH-
TepHUH BEIOOpA.

[Tpunumas pemenne HeOOXOIUMO YUHTHIBATH KaK KPaTKOCPOUYHBIE, TaK U
JOJITOCPOYHBIE TIEPCIIEKTUBEI BEIOOpA KOHKPETHOW aTbTEPHATHBEI.

CymecTByeT MHOXECTBO (OPMaTbHBIX METOAMK IPUHATHS PEIICHHS, Cpe-
J KOTOPBIX B IEPBYIO OYEPCb MOKHO BBIICIIUTL aHAJIN3 PBIHKA, aIJIUTUBHYIO
METOJIUKY C UCIIOJIb30BaHHEM BECOB, IEPEBO PEIICHHH.

Ananu3z pvinka NpeAcTaBisieT cOO0H METO| OLICHKU allbTEPHATHB Ha OCHO-
B€ HCIIOJIb30BaHMS PABHO3HAYHBIX KPUTEPHEB, IIPH 3TOM BCE KPUTEPHUHU ACISATCS
Ha «oOs3arenbHbIe» (Ia/HET) M «oKenaTenbHble». Eciu anprepHaTnBHOE Tpen-
JIOXKGHUE HE BBINOJHIET TPEOOBAaHMS XOTs OBl OJHOTO M3 «00s3aTEIBHBIX)
KpUTEpPHUCB, 3Ta aJbTCPHATHBA ABTOMATHUYCCKH yOMpaeTcss U3 pacCMOTPCHHS.
OcraBmmiecss BApHAHTHI OIICHUBAIOTCS TIO «OKENNAaTEIIEHBIMY) KPUTEPHUAM, U TIPEII-
JOKeHHe, HaOpaBIlee HanOOJbIee KOJIMYECTBO 0aluioB, «mobexmaet». [lro-
COM J3TOH METOAWKHU SIBISIETCS €€ MPOCTOTa, OJHAKO Oe3 OIpenesieHus BaKHO-
CTH KPUTEPHEB BHIOOpAa MOXET CIOXKHUTBHCS CHUTYaIlus, KOrna perieHue OyneT
MIPUHATO HA OCHOBAaHMH BTOPOCTETICHHBIX KPUTEPHUEB.
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AooumuseHnas memoouxa ¢ UCnob308aHuem 8ecos TIOApa3yMeBaeT 100aB-
JICHHE BECOBBIX KO3 PHUIINEHTOB BEIOpaHHBIM KpuTepusM. Hapsny ¢ anamm3oM
pBIHKA, aJJUTUBHAS METOJMKA OTHOCHUTCS K MHOTOKPUTEPHUAILHBIM METOAaM
npuHsTUs petieHnii. OHa BKIIIOYAeT B ceOsl CIEAYIONIMe LIaru: BHIOOp KpHTe-
pHEB OIICHKH, BHIOOp OlieHMBaeMbIX anbTepHaTHB (W)), paH)KMpOBaHHE OTHO-
CUTEJIBHON BaKHOCTH KaXKIOTO KpUTepusi (BecoBOW KO3(D(HUIMEHT), OLEHKa
KpuTepus Ui anbTepHatuB (Xij), moxcuer agautuBHocty Di = Y Wj*Xij.

[TpuHOMO aJAUTHBHOCTH O3HAYaeT, YTO ONTHUMAJBHOE PEUICHHUE IOJTyda-
eTcsl NMPU MAaKCHMAaJbHOH CyMMe HOPMHPOBaHHBIX KpuTepueB. PaccraHoBka
BECOBBIX KO3((PHIIMEHTOB OOBIYHO POU3BOIUTCS MYTEM IKCIICPTHON OLICHKH.

Hepeeo peurenuii — MeTOJ, TOMOTAIOIIUN BEIOPATh OTHO U3 HECKOJIBKHX
HallpaBJICHUH AelcTBU. MeTouKa COCTOUT U3 CAEAYIOLIUX ITAIOB.

o Coznmanme nepeBa pemeHud. [lepeBo pemieHnid mpeacTaBisieT codoil rpad,
B KOPHE KOTOPOTO JIEKHT ITOCTaBJIeHHAs mpooieMa. Kaxnplid y3en nepesa
— 3TO MHOTOBAPHAHTHOE pPELICHHE, KOTOPOE HAal0 NPHHATH M KOTOPOE
OmnpezeNsieT, B KAaKOW Yy3€l OCYLIECTBISETCS JaJbHEHIIMM Iepexos.
PezynpraToM sBIsieTCSl MyTh OT HA4YalbHOIO Y3Ja K KOHEYHOMY,
COCTOSIIIIUI U3 MOCIEI0BATENBHOCTH PEIICHHI.

e Ormenka nepeBa peuieHuit. Ha aTom 3Tame HEOOXOAMMO OIIEHUTH KaXK[IbIi
MOJTyYeHHBIM pe3ynbTaT MO JBYM IlapameTpaM: IMpHUHOCHMas BbITofa (B
JICHe)KHOM WM OasIOBOM OJKBHBAIEHTE) M BEPOSTHOCTh peaIM3alluy
peumieHus. 3HadeHUE pe3ylbTaTa IOAY4aeTCsl YMHOXXEHUEM BBITOJBI
pe3yJibTaTa Ha €ro BEpOsITHOCTb. JIONOJTHUTENBHO OLEHUBAETCS CTOUMOCTb
KaXJIOTO y371a peIICHHH.

OntuManbHON SBIISIETCS OIIMS C HauOoJiee BHITOAHBIM PE3yJIbTaTOM U C Hau-
MEHBIIEH CTOMMOCTBIO PEIICHUSI.

[Tnrockl 3TOW METOAMKM 3aKJIIOYAIOTCS B €€ HArJISIHOCTH — MpU TI0-
CTPOCHHH JIepeBa PELICHHH MOTyYyaeM MaKCUMalbHOE KOJIMYECTBO PEILCHUH H
PE3yIIbTATOB, KaXKIBIH W3 KOTOPBIX AHAIU3UPYETCS U OLICHHWBaeTcs. Meroauka
MIO3BOJISIET OLICHUTH BO3MOJKHBIE ITOCIEACTBUS PELICHUH MM, APYTUMHU CIIOBa-
MH, OLICHHTHh PHCKH, M J1aeT BOSMOXKHOCTb NPUHATH PEIICHHE KaK HAa OCHOBE
CyIIeCTBYIOIIEeH HHPOPMAIMH, TaK M Ha OCHOBE CIETaHHBIX IPEIIOI0KCHHUH.

Hcnonp3ysi TaHHBIE METOJAWKHA MOXXHO aBTOMAaTHU3UPOBaTh MPOLECC MPH-
HATHUSl PELICHUH, HApUMep, NMPH BHIOOPE MOJEIH >KU3HEHHOTO LUKIJIA pa3pa-
00TKH, BEIOOp apXUTEKTYpPbI pa3pabaTbiBaeMOro MpoIyKTa H Jp.

BEIOOp TEXHMYECKOTO pEIICHHUs! peali3yeMOi CHCTEMBI SIBISIETCS KItode-
BBIM acreKToM pa3paborku. TpeOoBaHUs K MPOIYKTY NMpeoOpa3yloTcs B apXu-
TEKTYpy W JIu3aiiH cucteMbl. OT TOro, HACKOJIBKO YAAYHBIM OyJeT BBIOOp TeX-
HUYECKOTO PENICHHs, BO MHOTOM 3aBHCHT YCIIEX BCErO IPOCKTa, MOITOMY
NPENCTABISEeTCS 1EeIeCO00pasHbIM NPOBOJMUTE OoJiee NETAIBHYI0 NPOpaboTKy
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BO3MOXHBIX aJbTEPHATHB. B 3aBHCHMMOCTH OT CJIO)KHOCTH CHCTEMBI BO3MOKHO
IPOBE/ICHUE CTPYKTYPHUPOBAHHOTO aHANW3a Kak A BCEH CHUCTEMBI B LEJIOM
(Hanpumep, BBIOOP apXUTEKTYpHI), TaK M JJIsI OTJACIBbHBIX HauOoJiee BaKHBIX
KOMITOHEHTOB. Kpurtepuu, ucosb3yemble Uil BBIOOpa TEXHUUECKOTO pelIeHus,
OOBIYHO OCHOBAaHBI Ha OIIEHKaX CTOMMOCTH DPa3palOTKH, CIEIH(PUYECKUX Xa-
PaKTEpUCTHK CHUCTEMBI, €€ TEXHMYECKHX OrpPaHHYEHHMH, Ha BO3MOXKHOCTSIX
JaJbHEHIIET0 pa3BUTHS, PACIIMPEHUSI U MAacCIITaOUPOBAHMUS MPOTYKTa, PUCKAX,
CONPSDKEHHBIX € pa3paboTKoil W BHeApeHWeM mnpoaykTa. Kpurepum BbiGopa
(OPMHPYIOTCS TaKKe HAa OCHOBAHUH OIBITA TEXHUYECKUX CIICLHAIHCTOB IIPO-
eKTa, UX NOHMMAaHHs NPEIMETHOW O0NAaCTH M MEPCIEKTUB Pa3BHTHSA TEXHOJO-
THIA ¥ TIPOIYKTOB. [4]

5 BbIBoAbI M MepcHeKTUBBI JajdbHeiilell padoTel. Takum 06pa3oM, MOKHO
cZienaTh BBIBOJ, YTO HA JNaHHBI MOMEHT, OCOOCHHO aKTYaJIbHOW SIBIISICTCS MPO-
OneMa pa3pabOTKH CHCTEMBI MOJIEPKKH MPUHSATHS PELICHHUH ITPYU aBTOMATU3H-
POBaHHOI pa3pabOTKe MPOrPaMMHOIO O0CCIICYCHHUs, T.K. OT OOBEKTUBHOCTH U
SICHOCTH pEUICHUH, NMPUHUMAeMbIX Ha pa3NUuHBIX 3Tamax paspabortku I10,
CYLIECTBEHHO 3aBUCSIT CTOUMOCTh KOHEUHOTO IMPOrPaMMHOIO MPOIYKTa U PHUC-
KU CBsI3aHHBIE C ero pa3paboTkoil. OCOOEHHO Ba)XKHBIM B JAHHOM CiTydae SIBJISI-
eTcs BBIOOP METOIMUKH MpUHATHS pemenus. [Inanupyercs pazpaborarh cucre-
My TOIAEPKKH TPHHATHS PEIICHUH, KOTOpas MO3BOJUT aBTOMAaTHU3HUPOBATH
MIPOIIECC MPUHATHS PEIICHUH 11 HEKOTOPOTO MHOYKECTBA THIIOBBIX yIPABICH-
YEeCKHUX M WH)KEHEPHBIX 3a/1a4 mpu pazpabdotke [10.
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VJIK 51-74

C.M. I'PHIIIA, ni-p. TexH. Hayk, HTYY «KIIl», Kuis
O.C. POJIYEBA, HTVYY «KIll», Kuis
A1 IIPUIITIKO, HTVYY «KIIl», Kuis

TEXHOJIOTTYHO IHTEJIEKTYAJII3OBAHI
IH®OPMANIMHI CUCTEMM J1JI5s1 YIIPABJITHHA BI3BHECOM
(ICYB) HA OCHOBI AJITEBPU IIOKA3HUKIB

B crarTi po3risaaeTbesi OpuriHajgbHA TEXHOJIOTIS MOOYA0BH MPHUKIIAJHOTO MIPOTrPaMHOr0 3abesre-
genns (I1I13) cucrem ynpasninas Oi3HeCOM, sIKa TO3BOJSLE CTBOPIOBATH Ta ONEPATHBHO 3MiHIOBAaTH
I1I13 6e3 3airydeHHs nporpamicTis Ta IT-TeXHOIOTIB NUISXOM aBTOMATHYHOTO CHHTE3Y Ta ONTHUMi-
3aii koxy I1I13 Ta ctpykrypu 6a3u manux (BJI) 3a momomororo crerianbHOi TEXHOJIOTYHOI 6a3u
3HaHb (B3).

Article describes original technology of application software (software) construction of business
management systems, which allows to create and operatively change software without involving
programmers and IT-technologists by an automatic synthesis and code optimization and database
(DB) structure optimization using the special technological knowledge base (KB).

1. Apxitektypa ICYDB Ta npoéiema epextuBnocTi. [Ipu ominti epexTuBHO-
cti ICYD 3apa3 mokinamaroTbCs Ha IOKAa3HUKU BApPTOCTI Ta LIBUAKOCTI CTBO-
PCHHS, PO3BUTKY, afaNTallii 10 3MiHM cepenoBumia. L{i moka3HUKH 3aexarh BijJ
BubOpy apxitektypu ICYD Ta KoHIENTIi1 onepariiif mpu cTBOPEHHI, PO3BUTKY Ta
ajmanrarnii.

CucremHa Moens apxitektypu cydacHux ICYD mae Burisig ciMku

(D1, D3,8150. T, 245 Zisas Zist) s )

He: D,;, D, — Bxigsi (mepBuHHI) Ta BUXiJHI (MOX1AHI) JOKYMEHTH CHCTE-
MH, CEMAaHTHKY SKHX 3aJal0Th KOPHCTyBadl 9K €KCHEepTH i3 3MicTy Oi3Hecy Ta
MEHEPKMEHTY;

S,_,, — ceMaHTUYHUI onuc Oi3HEeC-NPaBUII OTPUMAHHS IOXIAHUX JOKyMe-
HTIB i3 TCPBUHHHUX YH IHIIUX MOXIJHHUX, JOKEPENIO SKOTO aHAJOTivHEe MoIepe-
JTHBOMY

T — Tabmumi BJ1, sxi 3amaroTeest iHGOPMAIHHAME TEXHOJIOTAMH IIIIXOM
BigoOpaxkenHss D ,S na T Buxomsum 3 MipKyBaHb «]izukm» 06pobku [1];

2y t>Ziq>Zi¢ — 3aIMTH Ha MaHimyJsinii 3 nanumu B bJI BignosigHO y
BHIIAIKy BHECEHHS KOPUCTYBadeM 3MiH y MEPBHHHI JOKyMeHTH, (GopMyBaHHSI
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MOXITHUX JOKYMEHTIB Ta (hOpPMYBaHHS MaTepiani3oBaHUX BIPTYaJIbHUX T0/IaHb
[1].

XapakrepHuM HezoiikoM Mogeni (1) € exnekruuHicTs enementis Dy, D, ,
SIKi € TPOAYKTOM Cy0O’€KTHBHHX TIOTJIIIIB KOPUCTYBadiB Ha 3pY4YHICTH OTPH-
MaHHS iHpoOpMaIii Uit ynpaBimiHHSA Oi3HecoM. LI eKIeKTHYHICTh MOJIrae B
TOMY, IIO TOKYMEHT — II¢ IOBiIbHA KOJICKIIisS IIEBHUX €KOHOMIYHUX YU TEXHIU-
HUX TTOKa3HUKIB[6], Tka MOKe 3MiHIOBATHCh 1 HE Ma€ CyTTEBO BIUTUBY Ha (hiyo-
codiro ynpaBiIiHHS.

B Hacmigok mporo mponoHyeThCs MoAeTb (2), TOBEACHHS MpaBa Ha iCHY-
BaHHS Ta INEPCIEKTUBHOCTI SIKOi € OJHI€IO 3 LiJIeH cTarTi.

(R, P, Dy =AR). D, = AR, Spisspos T 2t Zisas Zis) (2)

Monensb (2) BiIpi3HAETBCS THUM, IO KOPUCTYBay CIIOYATKy OIHCYE IPOC-
Tip BXiIHUX Ta HOXITHUX IOKa3HUKIB P,P,, JokymeHTH 3amaioTbes y ¢opmi

Bupasis anredpu nokasuukis D, = A(P,),D, = A(P,), cemanTuka 00po06ieHHs
JaHNX 3aJ]a€ThCs B TEPMiHAX MOKA3HUKIB Sp_,p, 1 1€, AK Oye MoKa3aHO Jai,

Jla€ MO>KJIMBICTh HE TIJIbKH (OPMaITi3yBaTH JisUIbHICT 1HPOPMaLiHHUX TEXHO-
JIOTiB, ajie ¥ 31iiicHUTH e(heKTHBHE BiJOOpaXkeHHs Oi3HeC-IpaBHUiI Ha TEXHOJIO-
riyHy mijgcucteMmy, To0To cTpykTypy B/l Ta mpukmaane mporpamHe 3abesre-
yeHHs1. Lle 1ae HaM paBO rOBOPUTH IIPO IHTEJIEKTYali30BaHICTh 3alpOINOHOBA-
HOI TEXHOJIOTI.

2. Texnonoriyna ta pyHKIiOHAIbHA iHTEJEeKTyai30BaHicTh. [HTENEKTYATI-
3oBaHo (IC) HaszBeMo cmcremy, MOOyZOBaHI Ha OCHOBI IH)KEHEpii 3HAHB.
3naHHS QopMali3yloThCsS Y Gopmi mpaBmi Ta (akTiB, a 11 00poOKH 3aCTOCO-
BYIOTBCSI a0CTpaKTHI MEXaHi3MH BHCHOBKIB, III0 CYTTEBO MOJIMIIY€E THYUKICTb 1
BHACIIJIOK IIOTO 3aCTOCOBYBAHICTh, a 3 HEIO 1 €KOHOMIYHY KOHKYpPEHTHO3IAT-
Hicts IT.

CyuacHui IC € nepeBakHO (PYHKI[IOHAIBHO IHTEICKTyali30BaHHUMH, TOOTO
BOHHU MAlOTh CIIPaBY i3 3HAHHSAMHU NP0 (YHKI[IOHYBaHHS 00’ €KTY yIpaBJIiHHSI, B
JIAHOMY BHIIQJIKy, Oi3Hec cucteMu. Alie ycnixy (pO3MOBCIOJDKEHHIO Ta POHUK-
HEHHIO B NPAKTHKY) 3aBaKa€, CEpei HIIOro, HE Jy)XKe BHCOKA €(PEeKTUBHICTH
00po0IIeHHs 3HaHb, HEJIOCTaTHIHM piBeHb 1X opmMaiizalii, 1yxe BelnuKuii oocsar
(GinpIre coTeHb THCAY (haKTiB) Ta BUCOKHH TEMIT PETEHOTO Yacy OIEepaTHBHO-
T0 KOHTYPY YIPaBIiHHSA (CEKYHIN, XBUIHHHU, TOIMHH).

Mo crocyeTbest iHMOPMAIHHO-TEXHOJIOTIYHOI CKIIQJ0BOI 3HAHB, TO TO-
repiie, BOHW MalOTh 3HAYHO MEHIINH 00csT, TO-Ipyre, OUIBI BUCOKHN piBEHBb
(dbopmanizaii i, Mo-TpeTe, 111 3HAHHSI MOXKIIMBO OOPOOJISATH HE B ONEPATUBHOMY
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KOHTYpI CHCTEMH, a B CTPATETIYHOMY, JJISl IKOTO TEMIT PEabHOTO 4acy € 3Hau-
HO TIOBUTBHIIIMM (JHi, THXH1, MiCSIIIi).

3. Konuenrtyaasna moneb onepaniii npu creopenni ICYB i3 3acrocyBan-
HSIM iICHYIOUHMX TeXHOJoriii. {1 Moaens Mae Takuii BUTIIL.
3.1. Kopucrysaui onucytots D;,D,,S,_,, mogeni (1);

3.2. Indopmariiini Texnonoru po3pooisitots crpykrypy b (7);

3.3. Ananitiuku poOJATH TMOCTAHOBKHW 3a1ad sl MPOTPAMICTIB CHHparo-
4ymch Ha mobymoBany b/1;

3.4. Tlporpamictu po3pobsirore I1I13 y dopmi KOMIIOHEHTIB Ha MOBax
NporpamMyBaHHsI BUCOKOTO PiBHS a00 y (opMi CKpHUNTIB JJisi KOMIIOHEHTIB, IO
YIPaBISIFOTHCS] META IAHUMU;

3.5. AHamiTHKHU 3IHCHIOIOTH TecTyBaHHs cemanTuky [1I13 1 micns Bumpa-
BJIEHHSI TIOMMJIOK ITpOrpamMicTaMy BOHO IPHIMA€EThCS 38 KPUTEPIEM KOPEKTHOC-
Ti;

3.6. IT Ttecryrors 113 3a kpuTepieM MBUAKOMIT i PH HEOOXIAHOCTI CTa-
BISTH 3a/avy mporpamicTta mono BHeceHHs 3MiH B III13 ta BJI, micmsa woro
HOIEpeaHi MyHKTH IIOBTOPIOIOTHCSA 10 MOBHOTO 3aIOBOJICHHS BHMOr abo ix
IOM’ SIKILIEHHS,

3.7. Cucrema OCTaTOYHO NMPHUIMAETHCS 1 BIPOBAIKYETHCS, ane MpU TO-
TpeOi 11 pO3BUTKY Ta ajanTtamii 10 3MiH CEpeOBUILA BCE TIOBTOPIOETHCS a SKIIO
e HE MOXKJIMBO 3pOOUTH OIEPaTHBHO, TO CUCTEMa Ha NMEBHUI Yac (yHKIIOHa-
JILHO JIETPaye.

Henoniku Takoi cxemu orepariiii € NPUYNHOIO BEJIMKOi BAPTOCTI CHCTEM
Ta ix amanrauiid. [Iporpec BinOyBaeThest 6€3 3MIHM CXEMH, a BUKIIIOYHO B cdepi
IHCTpYMEHTAJIBHUX 3aC00IB a TAaKOX y MOXIIMBOCTSIX cTaHaapTHUX ERP.

4. KonuenrtyajgbHa MoJeJb onepaliidi MpH CTBOPEHHI TeXHOJIOTiYHO iHTe-
aektyaiizopanux ICYB. 1{g Monienns Mae Takuii BUTTISA.
4.1. Kopucrysaui onucytots P, P,,Sp,_,p, Mozeni (2).

4.2. Anani3 nimicHocti mig mozeni P, P,,Sp,_p, 3mificHIOETBCS aBTOMa-

THUYHO 1 TMPH HEOOXIJHOCTI aHANITHKU MOSCHIOIOTh KOPUCTYyBayaM CYTh IPO-
Onemu;

4.3. Kopucrysaui onucywots D;, D, mozeni (2);

4.4. TudopmaniiiHi TEXHOIOTH JIUILE NPH HEOOXIHOCTI YyTOYHIOIOTH TEX-
HomoriuHy b3, cTpykTypa siKoi Oye po3risiHyTa Oaiti;

4.5. ABromaruaHo reHepyeTbes BJ1 ta I113;
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4.6. Ilporpamicta po3pobmsrors [II13 y (opmi KOMIOHEHTIB Ha MOBax
[pOrpamMyBaHHsI BHCOKOTO PIBHS JIMIIE Ui OOMEXEHOI (YHKIIOHAIBHOCTI i3
BpaxyBaHHSM 4.4;

4.7. AHanmiTHKU 31HCHIOIOTH TecTyBaHHs ceManTuku [1113 Bukmo4HoOi ya-
CTHHU (YHKIIOHAJIBHOCTI 1 MICJISl BUNIPABJICHHSI TOMUJIOK POrpamMicTaMyu BOHO
MIPUIMAETHCS 38 KPUTEPIEM KOPEKTHOCTI;

4.8. Bignosiznicts I1113 3a kpurepieM MBHAKOAIT 3a0€3MeUy€ThCS ONTH-
Mi3alifHIMHA TPaBHIIAMH TEXHOJIOTIYHOI b3;

4.9. CucremMa 0CTaTOYHO MPUIMAETHCS 1 BIIPOBAIKYETHCA, 1 TP MOTPeOi 11
PO3BHTKY Ta ajanTamii A0 3MiH CEPEeAOBHINA 3IIHCHIOETHCS YaCTKOBE ITOBTO-
PCHHS OIIMCaHUX OTIEpaIlii.

IlepeBara Takoi cxemMu omeparliif mojsrae y 3MEeHIIeHHI KiJTbKOCTI MTOTEeH-
LifHO TOXMOKO-HeOe3MeYHNX KOMYHIKAIii MK CIeIlialiCTaMHd Ta B I[UIOMY
3MEHILEHHI 3aJIe)KHOCTI Bijl Cy0 €KTHBHOrO (pakTopy, sikuM BuctynaroTh IT-
crieriaictu. Y TOpIiBHAHHI 13 3acTocyBaHHsIM cTanaaptHux ERP cyrreBo 36i-
JIBIIYEThCS piBeHb azantoBaHocTi IT 1o moTped xoHKpeTHOro Oi3HECy, Kpim
TOTO BiJIOMUM € JOCHTh BHUCOKA TPYIOMICTKICTh aJanTalii TaKMX CHUCTEM, SIK
3HAYHI BTpaTH 4acy Ha aJlalTalio, MpoTe i CHCTEMU BUKOHYIOTh POJIb aKyMy-
JISITOpA MPOTPECHBHOTO YIIPABIIHCHKOTO JIOCBIY.

5. Ba3oBi BiaacTuBocti ajaredpu noka3Hukib. [I0ka3HUKHA BapTO BUKOPUCTATH
B SIKOCTi FOJIOBHOTO (hOpMaITi3My CHCTEM JaHOTO POy 3 TAKHX NPHYHH:

e B TepMiHax MOKa3HUKIB QOPMYIIOEThCS OadeHHS €KOHOMICTIB Ta Oi3Hec-
MEHIB PO HOPMATHBHUH NPOIIEC yIPaBIIiHHS;

o JIOKa3HWKH € y3araJbHEHHSM JIiHiiHOI anredpu, a BOHA € KOHCTPYKTHBHUM
arapaToM JUIs INTAHOBHX PO3PaxyHKIB;

e  BactuBocCTi anreOpu MOKa3HUKIB 0a3yIOThCSA Ha BIACTHBOCTSIX PEISAIIHHOT
anreOpwu, a BOHH INTMOOKO ompaIboBaHi B podorax Komna [2].

Tpeba Takox Opatu 10 yBaru, Mo AJOKYMEHTH (OCHOBHI iH(opMarliiiHi iH-
CTPYMEHTH YHIpaBIiHHA Oi3HECOM) MpPEICTaBISIOTH COOOI0 HE IO iHIIe, SK
KOJIEKIIii TOKa3HUKIB y GOpMi iX «IIpUPOAHOTO cHOTydeHHs» [1].

Tabmmui B/, orpumani B pe3ynbTaTi HOpMamizamii [1] Takox € mpupoa-
HHMHU CIIOJY4EHHSMH [TOKAa3HUKIB, a TIOKa3HUKU — 11€ eJIEMEHTAPHI BiJIHOLICHHS,
110 3HAXOJSTHCS IOHAIMEHIIe B TPeTii HopMaibHii (opmi [1], ToOTO HE mif-
JISITal0Th HOpMaJTi3ailii.

Tpeba Takox Oparm o yBaru, 1o npu omuci I10 y ¢opmi nokasHUKiB
mporec mooya0BU HOopMami3oBaHoi bJl BiOyBa€eThCs 32 CHHTCTHYHHM CIICHAPi-
eM [3], a He 3a AexoMmo3MIiHHMM [l1], a OTKe BiAmamae HEOOXiTHICTH
pO3B’si3aHHS OaraTboX KOMOIHATOPHUX 3a7ad [1].
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Ha Bigminy Bix [3], BBaXkaTH, 10 CHHTE3 peaji3yeThCs HE TIIBKH 3a Paxy-
HOK TPUPOJIHOTO CIIONYYEHHS, aje i 00’€IHaHHsI, SIK MOKa3aHO y HACTYIHUX
npaBuiax (3,4).
X=baX =X = Tshx) (XD, 3)
(S
X=_UI Xi = X =0y (X), (4)
le

ne f(x)— oOMexeHHS MiNICHOCTI [UIs MOKAa3HHUKA X; .

6. [IpaBuia BHCHOBKIB 1JIs TEXHOJIOTIYHHX MeTaJaHUX. Poip mpaBun y

3aMpoOIIOHOBAHIA Teopii Moisrae y mepeKkiaai ONMCaHUX IOKAa3HHKIB HA MOBY

nporpamyBaHHs Ta GopmyBanHsa Tabmuie bJl. Kputepismu mouinpHOCTI IOOY-

nosaHoi ICVYb e:

e  BiamoBimHICTh OnepaTHBHOCTI MacmITaly peaIbHOTO Yacy;

e  MiHiMabHUI 00CAT 00YMCITIOBAIBHOT POOOTH CHCTEMH B IEPioA MIKOBOTO
HaBaHTa)KCHHSL.

Bepyun nmo yBarm Te, IO THYYKICTH CHCTEMH Ta BiIIOBiTHO BUTpATH i3
CYIIPOBOZY € MPOAYKTOM 3aCTOCYBAaHHS IHTENEKTyali3amii, BpaXyBaHHS 3a3Ha-
YeHHNX KpUTepiiB 3abe3nedye MiHiMizaIlito BapTocTi BojoaiHas IT.

SIkmo He BpaxOBYBaTH 4Yac peakiii cucteMu Ta obcsar podbotu, ToOTO BBa-
JKATH 1110 BCi MPOOJEMH BUPIIIYIOTHCS 3@ PaXyHOK TOTYXKHOCTI cepBepa, 1o y
BEJIMKIH KUTBKOCTI BHIQ/IKIB [IIIKOM JOIYCTHMO, TO JIIOTh MPaBuiia OpraHizarii
NOKa3HUKIB B Tabuuii (5,6) a npaBuia OTpUMaHHS JOKYMEHTIB BH3HAYaIOThCs
3a goromoromw (3,4) .

vi(shr(xi): K)= 3T = p< X; ), ()
iel

Vi(sh() =k) =T =Ux), (6)
iel

ae
shr(xi ) — persmiiHa CKIIaJ0Ba MOKa3HUKA X; (xmrou),

sh(xi) - CXeMa BIIHOIIICHHS X; -
SIkiio BpaxoBYBaTH TUIBKM KpHUTEpid MiHiMi3awii o0csry poGoTu, ToOTO
BBA)XaTH 1O TUILKK MPOOJIEMH ONEPaTUBHOCTI BHUPILIYIOTHCS 32 PaxyHOK I10-
TY)KHOCTI cepBepa, TO MAIIOTh CKJIAJHIIII MpaBWiia opraHizauii MOKa3HHUKIB B
tabauui (7,8), a JOKYMEHTH BU3HAYAIOThCS 3@ JIOTIOMOTOI0 TIpaBui (3,4) .
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shr(x;) = shr(x;) A3d(X; = zgx, () A X} = ﬂsh(xj)(d))) =

(7
ar(x = ”sh(xi)(T)/\xj = ”sh(xj)(T)))

To6To, SAKIIO iICHYE MOKYMEHT, B SIKOMY MOKa3HUKH 3 OJHAKOBUMH PEJisi-
OifHIMA CKJIaZJOBUMH 3’€JHaHI, TO Mae icHyBaTH Tabmuus B/, B sKkili BOHK
3’€HaHi, B iHIIOMY BHIIAIKy 00CAT OOYNCICHb CHCTEMH 3pOCTa€ Ha BETHUHHY
HEOOXITHUX 3’ €aHAHb.

sh(x;) = sh(xj) A
Jd(x = o-f(xi)(ﬂsh(xi)(d))/\ Xj =X = o-f(xj)(”sh(xji)(d))) = 3
3T (x = O-f(xi)(”sh(xi)(T))/\ Xj =X = O-f(xj)(”sh(le)(T)))

To0T10, SKIIO iCHYE IOKyMEHT, B IKOMY ITOKa3HHKHU 3 OJHAKOBUMHU CXEeMa-
Mu 00’eHaHI, TO Mae icHyBaTth Tabmuns B/l, B Akiif BoHN 00’ €aHAHI, B IHIIOMY
BUIAJKy O0OCSAT OOYHCIEHb CHCTEMH 3pOCTa€ Ha BEIMYMHY HEOOXiJHHX
00’€1HaHb.

3p0o3yMiJio, 10 HAC MAa€ I[IKABUTH MiHIMajJbHa MHOXXHHA TaOJHUIh, SKi 3a-
JOBONBHSIOTH yMoBaM (7,8). Ii MokHa OTpHMATH MIISAXOM TOTTHHAHHS.

HerpusiansHoIo € mpo0iema crpomeHHs anreOpaidHuX BUpa3iB B HACIi-
JIOK TOTO, IO IpaBWJIa EKBIBAICHTHUX IEPETBOPEHb aireOpaiuyHuX BUpasiB,
JOCIIKEHI Ta omucaHi B [1], opieHTOBaHI BUKITIOYHO Ha MPOOJIEMH 3MEHIIICHHS
peakTHBHOCTI 3anmuTiB. [Ipy IbOMY 3a/1a4a CHPOIICHHS BUPA3iB CyIs4YM 3 aHAI-
3y myOIiKaIii me He CTaBUIacCh.

Po3rnsiHeMO TEXHOIIOTIIO CIIPOIIEHHS BUPa3iB HA OCHOBI IMOTIIMHAHHS IpU
HPUPOAHOMY CIIOJIYYEHHI, KA € Ay)KE BaXKJIMBOIO Y KOHTEKCTI TEMH, OCKUIbKH
[IpY IPSIMOMY BHKOHAHHI Orepaiiiii 3 MoKa3HUKaMH, sKi € (pakTHYHO MPOeKLis-
MU Tabnuip B/ noBenock OM BUKOHYBAaTH OaraTo 3ailBUX OIEparlii.

X =75(0(T))

ﬂ'Sl (Tl) >< 7[82 (T2) = 72'81 U Sz (T1 >< T2) ©)
T :T2 =T
ﬂ'Sl (T)r< 72'82 (7= ﬂ'Sl U 82 (Tr><T)
ToaT=T
”SI (Tr< 7[52 (T)=7rSIUSz (T) (10)
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B pe3ynbraTi cripolneHHs ABi MPOEKIIl Ta MPUPOIHE CIOJYyYSHHS B JiBid
yactuHi (9) 3amiHeHo Ha ogHY npoekmiro B (10).

AHanoriyei TmpaBmiIa CIPOIICHHS MOXJIMBO TOOYAyBaTH ISl OIeparii
00’ennanns |J Ta cenekiiii o OpToroHaJbHUM YMOBAM .

o (T))vo, (Ty))=0 (T, VT,)
f1 1 f2 2 flvf2 1772
=7 =T
o¢ (THVo, (T,)=0 (TuT)

l‘1 1 f2 2 flvf2

TuUT =T
o (Muo, I=0c (T)
f1 f2 fl\/f2

7. llpukJyiax onucy NOKa3HUKIB, 10KyMeHTiB Ta nodyaosu B/ Ta III3. [{ns
TPUKIIAay Bi3bMEMO CIPOIICHHUIA ONMUC BUPOOHMIITBA MPOAyKIlii. Hexalt ocHOB-
HUMH TIOKa3HUKaMU BHPOOHHIITBA € HOPMa BUPOOHUIITBA («HOpPMAY), Ta KiJlb-
KIiCTh BHpOOJeHOi mpoxykuii («BupoOieHo»). Lli MokasHUKHM 3alaroThCsi Ha
BiJTHOIIICHHSAX aTPUOYTIB IEX, THI MPOMYKIIii, Iepio]] BUPOOHUIITBA, SIKi MAIOTh
BIJIIOBIAHI JJOMEHH.

I3 onrcanux aTprOyTIB MOKHA YTBOPHUTH JIBA MOKA3HUKH :

e «HOpMa» ( «IIEX», «TUI MPOIYKLII», «IIepio BUPOOHUIITBAY)
®  «BHPOOJIECHOY» (KIEX», «THII MIPOAYKIIi», «I1€pio]l BAPOOHULITBAY )

Hexaif 1i Ba MOKa3HUKHU € TIEPBUHHUMH TIOKa3HUKAaMH, TOOTO X HE MOX-
Ha BMBECTH i3 iHIIMX, a TpeOa BBOIUTH B CUCTEMY, SIK BiOOpaKE€HHS MOJIH Ha
00’exTi. 1li MOKa3HUKM 3pyYHO BBOAWTH uepe3 NoKymeHTH «Hopmarusu Bupo-
OHnNTBaY Ta «BrpoOHUITBO Mpoaykmii». JIOKyMEeHTH MaroTh JOAATKOBY iH(poO-
pMaliito — 1aTy TOKYMEHTY, KO Ta KoMeHTap. Takoxx moTpibeH 3BiT, B SKOMY
BiTOOpaXaeThCS HOPMATHUBU UIS BHUPOOJEHO! MPOAYKINI Ta CITiBBiTHOIICHHS
HOPMAaTHBHOTO BHPOOHUIITBA (III€ OAWH IMOKA3HUK «IPOIYKTHBHICTEY) 0 (hak-
TUYHOTO JUTS OLIHKU POYKTUBHOCTI BUPOOHUIITBA 32 IEBHUU TIEPiO/I.

BianoginHo no m.in. 4.1. onrcyemo mozens (2). Jiist nporo HeoOxinHO 3a-
natu B,P,.

BxinHi HOKa3HHUKHU:

nn

P ={"Hopma", "BupoOHUITBO" } ={X; X, }
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S1on

sh(x,) = {"uex", "tun npoxykuii", "mepion BupoGHULTBA",
nmn

"KinbKicTh", "oauHULA BUMIpY"} = {8,,8,,85,8,,85}

sh(x,) = {"uex", "tun npoaykuii", "nepion BupoOHuLTBA",
nmn

"KinbKicTs", "omuHuLs BUMipY"} = {a,,a,,85,3, a5}

TyT «KUIBKICTB)» MO3HAYEHO JIITEPOIO 31 TpuxoM. LIuM no3HaueHo te, mo
KIJIBKICTh Taka K cama SK i B MOKAa3HHKY «HOpMa», aje BUKOPHCTOBYETHCS B
poJti BUPOOIICHOT KUTBKOCTI, a HE TJIAHOBOX.

Buxinni nokasHHUKH:
P, = {"npoaykruBHicTs"} = {X;3}

c1non

sh(x;) = {"uex", "tun npoxyxuii", "nepiox BupobHuUITBA",

nn nn

"KUIBKICTH Iu1aHoBa", "KiIbKicTh (Gakt.", "oquHHIT BUMIDY",

"BHKOHAHHS ILIaHy y Bificotkax"} = {a,,8,,3;,8,,8, 35,8}

3agamMo Sp_,ps:

a6 = a4 /a4,

Jaui BimmoBimHO 10 TL.I. 4.2 CHCTeMa MPOBEJC aHai3 LITICHOCTI OMUCY
moka3HuUKiB. [licas mporo, BigMOBITHO A0 TLIL. 4.3. KOPHUCTYyBad OIUCYE

D1 5 D2 Mozerni. B anre6pi moka3HUKIB 11e Oy1e BUTISIATH HACTYITHIM YAHOM:

Bxinni (mepBUHHI) JOKYMEHTH CUCTEMH

D, = {"Hopmarusu Bupo6uuirea", "Bupoduurreo npoxykuii'} = {d,,d, }
d, =%
d, =X,
shr(x,) = {"uex", "tun npoaykuii", "mepiox BupoOHuuTBa"}={8,,a,,85}

snn

shr(X,) = {"uex", "tun npoxyxkuii", "nepion BupobuuuTBa"}={a,,a,,a;}

VY BCIX JOKYMEHTIB MaloTh OyTH CHCTEMHI aTpuOyTH TakKi sSK KOJ TOKyMe-
HTY, JlaTa Ta Ha3Ba. AJIe TaK SIK BOHU Y BCIX JTOKYMEHTIB IIPHCYTHI 3 pO3TIISAY B
MIPUKJIAJl MOKHA OITYCTHTH, 3a3HAYMBIIM TE 110 BOHM MarOTh OyTH B TaOiwmI,
Je OymyTb 30epiraTuch peKBi3UTH JOKYMEHTY (iB).
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Buxini (moxiiiHi) JOKyMEHTH CUCTEMH

D, = {"38ir"} = {d;}
dy =X DX, >< Xy

sh(d;) = {a,,a,,a;,84,8, ,a5,8,} = {8,,8,,85,8,,8, ,85,8,/a,'}
shr(d;) =1{a;,a,,a;}

Crioyatky ONHCYIOTBhCS IHTYITUBHO 3pO3yMuII Ta HEOOXiTHI IMOKa3HHKH.
[Ticng IpOTO BOHU AETANI3YIOTHCS, TOOTO OTPUMYIOTHCS HOBI IMOKa3HUKH. Jlami
OTHCYFOTHCS BXiJHI Ta BUXiAHI JOKYMEHTH.

JlOKyMEHTH — Lie TaKOX MOKA3HUKHU. Pi3He MOo3HaueHHs BXIIHUX [TOKA3HH-
KiB Ta JOKYMEHTIB HEOOXiJIHE Ui HAOYHOI'O BIIUIUICHHS iX, ajie onepyBaTH
HUMH MO’KHA OJJHAKOBO.

BianoBinHo g0 1. 4.4. TEXHOIOTH YTOYHIOIOTH TexHonoriuny b3. B na-
HOMY HPOCTOMY TPHKIIaJi HIYOI0 YTOYHIOBATH He moTpiOHo. ITicns mporo as-
ToMaTu4HO reHepyetbes b/ ta TI13.

[MoBHwmii anroput™ nobyxosu B/l ta II13 BuxoauThk 3a Mexi i€l cTaTTI.
TyT numre npuBegeMo BUBEJICHHS 32 JOIOMOT'OI0 BHIIIEOITMCAHHX TTPABMUIL

3a npaBuiioM (6) OTPUMAEMO:

sh(x) =sh(X,) = 3T =X UX,) = sh(T) ={a,a,,85,a4,85}
3a npaBuiioM (5) oTpUMaEMo:

shr(x,) =shr(x;) = 3T =x, ><1X;) = sh(T) ={a,,a,,8;,84,85,34}
shr(x,) = shr(x;) = 3(T =X, >< %) = sh(T) = {&,,8,,8;,8,,85,8}
Auxe, sx Oyno 3a3HaYeHO BHWIIE, Taka cxema cTBopeHHs bJl e HalfnpocTi-

100 1 TOTPiOHO BUKOPUCTOBYBATH OLTBII JKOPCTKI MpaBwIIa.
BinnosinHo 1o npasuia (7) MOXKeMO 3alUCaTH I IOKA3HUKIB X, X; Ta

3BiTy d5:

AT = Zgniy (T A X = ”sh(x3)(r))) =
Sh(T) = {alaaZaa3aa49a59a6}
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OTpumany Tabauimo | , B sKil 6yayTh Ti % cami aTpubyTH, 10 i OpHU BU-
KOpHUCTaHHI MpaBwiia 5. Ayie TyT BpaXOBaHO BHKOPHCTaHHS MOKa3HUKIB B JI0-
KyMmeHTax. ToOTo, Ko 6 He 3HAMIIOCH )KOTHOTO JIOKYMEHTa B SIKOMY ITOKa3-
HUKH X, Ta X; IO€IHAHI, TO IX 3HaYeHHsA MOXHa Oyjo O 30epiraTd B OKpeMHX

TaOIHUISIX Ta O30y THCS 3aBUX MPOCKIIIH.

BucHoBkH.

1. Tobymoa ICYD, xepoBanmx Oe3mocepenHro Oi3Hec-TiepcOHANIOM 03
3amydeHHs [T-TeXHOIOTiB MOMINIIye BapTiCHI TOKa3HUKHA CHCTEM TIPH OJI-
HOYAaCHOMY TOKpAIlleHH] SKOCTi 1X (DyHKLIOHYBaHHS B pe3yJbTaTi IIIMO-
1101 Ta onepaTUBHIIIOT afanTauii iHpopMaliiHOT TEXHOJIOTIT 10 3MiH OTO-
YEHHS Ta MPOLECIB PO3BUTKY.

2.  KOHCTPYKTHBHOIO JIHTBICTHYHOK OCHOBOIO /IS BHPILICHHS 3a7a4i MOXe
OyTH TIOHSTTS MOKa3HWKA, OCKUIBKH YIPaBIiHHS Oi3HECOM OpraHi3yeThcs
HABKOJIO MOHITOPHHTY MEBHUX E€KOHOMIiYHHX, TEXHIYHHX Ta TEXHOJOTid-
HUX MTOKa3HHKIB Oi3HEC-TIPOIIECIB.

3. Tloxa3HHMKH MOXJIMBO TPEICTaBUTH, SK CHELiaJIbHI peJsImiiHI MpoeKii,
II0 J1a€ MOXJIMBICTh 3aCTOCYBATH HallpallbOBAHUI arapar eKBiBaJICHTHUX
MIEPETBOPEHD PEJAMiiHOI anreOpu A aBTOMAaTH3aIlii pillieHh HAa OCHOBI
TEXHOJIOTIYHOI 6231 3HaHb.

4. IcHyrodi mpaBuia B KOHTEKCTI ONMMCAHUX 3a/@a4 MalTh OyTH IIOIOBHEHI
3alpOIIOHOBAHOI B CTATTi MIPaBUJIAaMH BHCHOBKIB, IOAO CTpYKTypu b/l Ta
MpaBUJIaMHU CIIPOILEHHS BUPa3iB anreOpy MOKa3HUKIB.

Cnucox aireparypu: 1. lapcua-Moauna I'., Yavman J]., Yuoom J[. Cucrembl 0a3 JaHHBIX.
Iomusrit kype. — M.: Bunbsmc, 2002. — 1088 c. 2. Kooo 3.®. Pacmupenue pelsnuOHHOH MOJENn
Jutst yunrero orpaxenus cemManTuku // CYBJI. —1996. — Ne 5-6. —C. 163 — 192. 3. Meiiep /[. Teopus
peAMOHHBIX 0a3 maHHBIX. — M.: Mup, 1987. — 608 c. 4. Terenux C.®D. JIoruku npencTaBICHHS
mporeccoB  (pyHKIMOHUPOBAHWS HHTEIUIEKTYalbHBIX cucTeM // CHCTEeMHBIE TEXHOJIOTHH.
KomrprorepHast 00paboTka SKCIIepUMEHTAIBHBIX JaHHBIX: CO. Hay4H. Tp. - J{HenponeTpoBck, 1999.
— Bem 7. 5. Jlysan A.B., Tenenux C.@., Lloxon C.JI., Acenvoeposa U.M. S13bIk0BBIE CpeacTBa 00ILIe-
HHS TIOJb30BaTeNlsl ¢ YKOHOMHYECKUMHU HH(DOpPManUoHHBEIME cucTeMamu // IIpoGmeMsl pa3sBHTHS
ACY 1 uH(OpPMaIMOHHBIX yCIYT B HOBBIX YCIOBHSX X03stiicTBoBaHMs: Te3. noki. — Jlymanoe: Taxn-
xuk HUMHTHU, 1989.- C.64-65. 6. B.A. Crypuxun, A.A. Ilasnos, I.I1. Ilymunos, C.H. I'puwia.
ABTOMAaTH3UPOBAHHBIE CUCTEMBI YIpaBleHHUs THOKHMME TexHonorusMu. — K.: Texnuka, 1987. — 166
c., w1 — bubnumorp.: c. 162—164.
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VIK 512.086
B.H.COKOJIOB, HTY «XITh»

O MMOJXOJIAX K YYETY TPEFOBAHU KAYECTBA TP
KOHIEIITYAJIBHOM ITPOEKTHPOBAHUU U PEAJIN3ALIIN
ITPOI'PAMMHOI'O OBECIIEYEHHUSA

IIpouec po3poOku, BUOOPY Ta PO3MILIEHHS MPOrPAMHHUX CHUCTEM TPAAUIIMHO CYNPOBOIKYETHCS
KOHTposieM sikocTi. Jlist Toro, mo6u OyTH KOHKYPEHTOCHPOMOXXHHMH HAa PHHKY IPOIPAaMHOTO
3a0e3meyueHHs KpaiHW, y sIKiii BOHM PO3pOOJISIIOTHCS Ta HA CBITOBIM apeHi, MpOrpamMHi CHCTEMH
MMOBUHHI OyTH PO3POOJICHUMHU Y BIIIOBIZHOCTI 10 OJHOTO 3 BU3HAHUX CTAaHIAPTIB SKOCTI. Y Hami
IHI 3HaYHO 3pOCTAalOTh BUTPATH HA CYIPOBIJ NMPOrPaMHUX CHCTEM d4epe3 HEAOCTATHIM CTyNeHb
BPaxOBaHOCTI BUMOI SIKOCTi. BHKOpHCTaHHS OJHOTO 3 MIiAXOMIB 1O BpaxyBaHHS BHUMOI SIKOCTI
CNIPUATHME 3HIKCHHIO BUTPAT HAa CYNMPOBiJ CKIAJHUX CHCTEM Ta 30LIBIIMTH 1X KOHKYPEHTOCIIPO-
MOJKHICTB Ha PHHKY.

The process of development, choosing and deployment of software is traditionally followed by the
quality control. To be competitive on the domestic and world software market, software products
should be developed corresponding to one of the world-accepted quality standards. Nowadays costs
for maintenance of software products are extremely growing because of insufficient level of suit-
ability of quality requirements. Using one of this approaches will contribute to decreasing mainte-
nance charges and increase competitiveness on software market.

1. BBeaenue. B HacTosimiee BpeMs K IPOrpaMMHBIM CHCTEMAaM M K TEXHOJIOTH-
YeCKMM IMpoIleccaM HMX IPOM3BOJACTBA NPHMEHSIOTCS Pa3IM4YHBIE METOAUKH
KoHTpons kadectBa (crapmaptel ISO, EFQM [1,2]; monenu 3penoctu CMMI
[3,4]) Ui MOBBIIEHUS] KOHKYPEHTOCTIOCOOHOCTH 3THX CHUCTEM Ha phIHKe. Tpe-
6OBaHI/Iﬂ K MIOporpaMMHBIM CHUCTEMaM IPUHATO JACIIUTHL Ha (byHKLII/IOHaHI)HI)Ie
(HexkoTopbie TpeOOBaHUS K (YHKIMOHATBHOCTH CHCTEMBI B COOTBETCTBHH C
00JIacThIO €e INpHUMEHEHHs1) W HepyHKIHOHanbHble. CleayeT OTMETHTh, YTO
KOppeKTHEeH paccMaTpuBaTh (YHKIMOHAIbHBIE W HE (YHKIMOHAIBHBIE TPeOO-
BaHMS BMECTE, TaK Kak NpeHeOpeXeHHe ONpeNesIeHHOW Ipynmol TpeOoBaHMi
MOXET MPUBECTH K HEKOHKYPEHTOCIIOCOOHOCTH CHUCTEMBI Ha PBIHKE IIPOrpaMM-
HOTO 00eCTIeYeHNSI.

IMoaxoxel k ydery TpeOOBaHHMII KauecTBa NPHU KOHLENTYaJIbHOM MPOSKTH-
POBaHUM W peau3alMy IPOrPaMMHOTO OOECIIeYeHUsI MOI'YT OBITH pa3feleHbI
Ha TpH rpynnsl. K mepBoil rpymnme MOXXKHO OTHECTH HMOXO[bI, CBOISIIMECS K
BBIOOPY apXHTEKTYphl pa3padaThIBAEMOM CHCTEMBI M3 MHOXKECTBA 3TaJIOHHBIX
ApXUTEKTYp, 3apaHee OLIEHEHHBIX 10 psity KpurepueB. K aToit e rpymnmne Moryt
OBITh OTHECEHBI IOJIXO/bI, IPH KOTOPHIX HAa OCHOBE 3aJaHHBIX TpeOOBaHMI
Ka4yecTBa M HMMEIOIIMXCSl HIa0JOHOB IMPOrPaMMHOTO KOJa, OCYIIECTBISETCS
«cOopka» Kapkaca NporpamMMHON cucteMmbl. Ko BTOpoil rpymme Moryt ObITh
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OTHECEHBI MOJXO/bI, TTO3BOJIIIONINE 0TOOpaXkaTh 3aJlaHHbIe TPeOOBaHUS Kade-
CTBa B HEKOTOPBIE 3JIEMEHTHI IPOrPAMMHOTO Koja. TpeTbio Ipymniry oOpasyroT
HOXO/IbI, MO3BOJIAIONINE TPE0Opa30BBIBAaTh TPEOOBAHMUS KauecTBa B HEKOTOPOE
MHOXECTBO BHEIIIHUX WJIN BHYTPEHHHUX TECTOB. B COOTBETCTBHM C THUIOM INpO-
IrPaMMHOW CHCTEMBI MOTYT IIPUMEHSTBCS pa3jInuHble BapUalluk 1 KOMOWHALIUH
I0JIX0JIOB K Y4eTy TpeOOBaHHI KayecTBa.

Ilitan padorsl. B paszmene 2 Mbl paccMOTpUM TTOJIXOJBI K BBIOOPY apXH-
TEKTYpbl IPOTPaMMHON CHCTEMBI Ha OCHOBaHMH TpeOOBaHMI KadecTBa. B pas-
nene 3 MbI 00CYIMM BO3MOXKHOCTB OTOOpakeHHs TpeOOBaHMIA KauecTBa B IIPO-
rpaMMHOM KoJie cucTeMbl. Pa3men 4 mocBsimeH pa3paboTke MpPOrpaMMHOTO
obecrieueHns, YIpaBiIsieMOl TeCTaMH, CO3/aHHBIMH Ha OCHOBE TpeOOBaHMWH
Ka4ecTBa.

2. loxxoapl K BHIOOPY apXUTEKTYPhl NPOrPAMMHON CHCTEMBI HA OCHOBA-
HUM Tpe0oBaHMWIi KayecTBa. 31ech TpeOOBaHMS KayeCTBa MPEICTABIISIOTCS B
Ka4yecTBe HEKOTOPHIX MapaMeTpoB HEKOTOPOH 3a1auu BeIOOpa MO0 OJHOW M3
STAJOHHBIX apXUTEKTYP NPOrPaMMHOI CHCTEMBI, MO0 KOMIIO3MIIMH Kapkaca
MIPOTPaMMHOM CHCTEMBI Ha OCHOBE T'OTOBBIX OJIOKOB.

B nepBom ciryyae HE0OXOMMO UMETh MHOXKECTBO yXKE TOTOBBIX 9/MANOH-
HbIX apXumexmyp, KOTOPBIM B COOTBETCTBHE IOCTABJICHbI HEKOTOPBIC OLCHKH
UX XapaKTEePUCTHK KadecTBa. [JIsl 9TOro0 MOTyT IPHMEHATHCS Pa3IMYHbIE METO-
IIBI OIICHKH apXHUTEKTyp MPOTPaMMHEIX cucTeM, Takue kak ATAM [5]. B 3aBu-
CHMOCTH OT TOTO, B KAKOM BHZE IOJTYyYEHBI 9TH OLEHKH (HalpuMep, HEYeTKHUE,
BEPOSTHOCTHBIE) MOTYT IPUMEHSATHCS COOTBETCTBYIOLIME METOIbI NPHUHATHA
pemeHni. JlaHHBIE MOIXOABI CKOpee paboTaroT Ha ypoBHE OOmIel KOHIEIIIHNH,
4YeM y)Ke 3aBEpIICHHOT0 IMPOrpaMMHOr0 Mpoykra. OHU MOTYT OBITh HCIOJIB30-
BaHbI KaK MEPBbIi 1Iar IpU CO3JIaHUU MTPOrPaMMHOTO O0ECIIEYCHHUs] HA OCHOBE
TpeboBaHuil kadecTBa. [IpruMepsl NPUMEHEHNS JaHHBIX MOAXOAOB PaccMOTpe-
HBI B [6,7].

Bo BTOpOM cityyae Hy>HBI HEKOTOPbIE, HACTPauBaeMble B COOTBETCTBHH C
OIIpe/IeTICHHBIMH (paiilaMu HACTPOCK, UAOI0Hbl QYHKYUOHATbHBIX OI0KO8 TIPO-
TpaMMHON CHUCTEMBI. TakumMu (QYHKIIMOHAIBHBIMHA OJIOKAMH MOTYT OBITH Ha-
NpUMEp HacTpauBaeMble OJIOKH JOCTYIa K AaHHBIM WJIM HEKOTOPBIE SJIEMEHTHI
OJNIb30BaTeIbcKoro nHTepdeiica [8]. ['maBHas mpobiema 31ech — OLleHKA ITHX
(YHKIMOHANBHBIX OJIOKOB, T.K. HEOOXOAUMO YYUTHIBATh, KaK J00aBICHHE TOTO
WM MHOTO OJIOKa CKaXkeTcsd Ha Bcel cucreMe. CreqyeT OTMETUTh, YTO IIpUMe-
HEHHE METPHUK KauecTBa HEMOCPEICTBEHHO IPOrpaMMHOTO Koja (TakuxX Kak
pacumpsieMoCTh, EPEeHOCUMOCTh U T.JI.) 3[€Ch BPSJI JIM MO3BOJHUT IOJYYHUTh
Kakue-I1u00 BBITOJI OT NPUMEHEHHWs! JAHHOW Tpymnmbl mojaxonoB. [loatomy
(YHKIIMOHATBHBIE OJIOKH JJOJDKHBI OBITH JIOTHYECKH 000COOJICHHBIMH OT APYTUX
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Y4aCTKOB IIPOIrpaMMHOI'0 KOJa U OLICHUBAEMBIMU B COOTBETCTBUH C BbIABUTAC-
MBIMHA TpeGOBaHI/IﬂMI/I KadecTBa.

3. Ioaxoasl, MO3BOJISAIONIHE 0TOOPAKATH 3aJaHHbIE TPeOOBAHUSA KauecTBa
B HEKOTOpPBIE 3JIeMEHTHI MPOrpaMMHOr0 Koaa. B nanHoM ciyyae TpeGoBa-
HUSl KadecTBa JOOABISIOTCS HEKOTOPHIM 00pa3oM B IMPOTPaMMHEIA Kon. B
JAHHOM CJIy4ae BO3HUKAeT HE TOJBKO MpolieMa (opManm3anuu TpeOoBaHUI
KauyecTBa, HO M CIIOCOOOB MX OTOOpPAXCHUS B MPOrPAMMHOM KOJIE, a TaKKe
WHTEPIPETAINN STOT0 0TOOpakeHUs. B OONBIIMHCTBE CBOEM MOIXOIBI TaHHOH
TPYIITEI OPHEHTHPOBAHBI HA S3BIKM MPOTPAMMHUPOBAHIUS, B IPOTPAMMHEIN KO
Ha KOTOPBIX €CTh BO3MOXKHOCTH JOOABIATh TaKWe OOBEKTHI KaK dcnekmusl W
annomayuu. B xauecTBe mpuMepa MOKEM IIPUBECTH TaKUE S3BIKU MPOrPaMMHU-
poBanus kak Java u C#.

Haubomee mpocThiM crocoOOM OTOOpaXKeHUs SIBJIACTCS I00aBICHHE B
KapKac MporpaMMHOr0 KoJia HEKOTOPBIX KOMMEHTApHEB, CoJiepKalinx HHHOp-
MallIo O COOTBETCTBYIOIIMX OTpaHMYCHUSIX. B naHHOM ciyyae (yHKIMIO MH-
TEpIIPETaTOpa BBIMOIHACT caM pa3paboTyuk. OTIIMYKE OT 3alUCH JaHHBIX TPe-
0OBaHMI1 B NMPOEKTHON JOKYMEHTAIIMU 3aKIFOYAaeTCsl B TOM, YTO KOMMEHTapUH
MOTYT HaXOJUTHECSA B 00JTACTH 3pEHHS MPOTrPaMMUCTa HEITOCPEICTBCHHO B IIPO-
mecce pa3paboTKH COOTBETCTBYIOMINX AIEMEHTOB CHCTEMEI.

Bonee crmoxHBIM B peanu3anuu SBIsETCS Mpeodpa3oBaHue TpeOOBaHUN B
HEKOTOPYIO HHTEPIIPETHpYyeMylo MeTanHpopMmanuio. OTHUM H3 BO3MOXKHBIX
BapHaHTOB pEIICHUs SBISCTCS NMPUMEHEHHE AHHOTAIMA. AHHOTAI[MH MOXHO
ITOCTaBUTh B COOTBETCTBHE KOHKPETHBIM 3JIEMEHTaM IPOTPaMMHOM cHCTeMBI. B
COOTBETCTBHH C MH(opMAaIien, 3aKIII0YeHHON B aHHOTAIlMM K 3JIEMEHTY, BO3-
MOXHBI, HallpiMep, pa3iNyHbIe CIocoOBl ero 0OpaboTKH, Mepefayn 1o CETH,
XpaHCHUA U T.A.

Taxoke onpeneneHHbI HHTEPEC MPEJCTABIISIOT I'eHepalysl peIynpexe-
HUH ¥ OMHOOK KOMITWISIIIAU. be3yCcIOBHBIM MHHYCOM TYT OyJAET TO, HaM HEe00-
XOJIMO OPHCHTHUPOBATHCS HA MCEXAHW3MBI TEHEPAIUM NPEAYNPSIKICHUNA |
OIMMUOOK KOMITWIISAIIUK, KOTOPhIE MOTYT IOCTATOYHO CHJIBHO OTIHYAThCS APYT
ot npyra. He crout, ogHaKo, moxarath, 9T0 B JAHHOM CJIy4ae MBI OOpeUeHBI Ha
paboTy HEMOCPENCTBEHHO C KOMITWIIATOPOM M IOJDKHBI pa0oTaTh HCKIIOYH-
TEJBHO HAa «HHU3KOM» ypoBHE. MeXaHU3MBI OOBSIBICHUS MPEIYNPEKACHUN U
OmMMOOK KOMIWJISIMH TPEIOCTABISIET HaM AaCHEeKTHO-OPHEHTHPOBAHHOE TIPO-
rpammupoBanue. Hanpumep, Takne Mmexanu3Mbl ects B Aspect] [9].

[Ipu ucnoyib30BaHUK TEHEPAIMH TPEAYIPEKICHUA U OMHOOK KOMITHIIS-
I[UM BHUMaHHE Pa3pab0TUMKa BCe BpeMs OyJeT MPHUBIEKAThCI K TPEOOBAHUAM
Ka4eCcTBa, KOTOPBIM JIOJDKEH COOTBETCTBOBATH MPOTPAaMMHBIN MPOAYKT UM pa3-
pabateiBaeMbIii. ['eHepalys npenynpeKIeHui U OMMHOOK KOMITHIIALIUY TIPEI0C-
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TaBIJIIET JAOCTATOYHO IIHPOKOE MOJe AJSI BHEIPEHHs TpeOOBaHMH KadecTBa B
MIPOTPaMMHBIN KOJ BIIOTH 0 IPOBEPOK Ha COOTBETCTBHE YACTH IPOIPAMMHO-
'O KOJIa OIPECICHHBIM 1a0JI0HAM POEKTHPOBAHHMSI.

4. Ioaxoapl, HCHOJIb3YIOIME PA3JIMYHbIe BHIbI TECTOB, Pa3pad0TaHHBIX HA
OCHOBe Tpe0OBaHMIi KayecTBa. B 1aHHOM cCilyyae MOKHO TOBOPHUTH O paspa-
60TKe, ynpasnsemou mecmamu (3TOT OOIIENPUHATHIN ceifyac TEPMHUH BIIEPBEIC
CTaJ TPUMEHSTHCS B IKCTPEeMaIbHOM mporpammupoBannu [10]). B nannom
cilyyae 3Tal pa3pabOTKH CHCTEMbI TECTOB IIPEIIECTBYET pPa3pabOTKE HEro-
CPE/ICTBEHHO MPOTPaMMHOT0 KOJa. DTO IMO3BOJISET BBISBISATH HECOOTBETCTBHSA
TpeOOBaHUSAM KauecTBa HA PAaHHUX CTaUAX Pa3pabOTKH.

TecTsl B 3HAUUTENBHOM CTETNIEHH 3aBUCAT OT apXUTEKTYpPbI pa3pabaTsiBac-
Moi cucteMbl. Co3aHue TECTOB ISl paclpeieIeHHbIX PUIIOKEHUI peacTaB-
JISIeTCs TOCTaTOYHO MpobiemarnaHbM [11].

TecTbl MOXHO YCJIOBHO Pa3ACjIuTb Ha BHCUIHUC U BHYTPCHHUC. Bueminue
TCCThI MIPUMECHAIOTCS, KaK IIpaBuiio, K CO6paHHbIM 3JICMCHTAM CHUCTCMbI UJIH KO
Bcell cucteMe. BHyTpeHHHE TeCThl NPUMEHSIOTCS Ul TECTUPOBAHHS Ompejie-
JIeHHOW (DYHKIIMOHAJIBHOCTH CUCTEMBI, IIyTEM CO3JaHUsI U MOCIIeyommei pado-
TBI C DK3EMIUISIPAMH JIEMEHTOB CHCTEMBI.

BremHee TecTHpoBaHNE MIPOTPAMMHOTO 00ECIIEUEHHSI, YIPaBIIEMOE Tpe-
OOBaHMSAMH KayecTBa, MOIPa3yMeBacT HACTPOHMKY yKe CYIIECTBYIONINX CHCTEM
BHEIITHETO TECTHPOBAHUS WIM CO3JaHHE HEOOXOIMMbIX BHEIIHMX TecToB. Cpe-
I TOCTOMHCTB BHEIIHUX TECTOB MOYKEM yKa3aTh OTCYTCTBHUE JKECTKOW MPUBS3-
KH K KOHKPETHOMY SI3bIKY HJIM Cpe/ie IPOrpaMMHUpPOBaHus, 000COOIEHHOCTD 110
OTHOIIECHHIO K TECTUPYEMOM CHCTEME M BO3MOXHOCTh UX IIOBTOPHOT'O HCIIOJIb-
30BaHus. Ha 1aHHBI MOMEHT BHEIIHUE TECTHI MOJYYHIIN JIOCTATOYHO ITUPOKOE
pacrpoctpaHeHue. B cOOTBETCTBUM C IENbIO TECTUPOBAHUS MX MOXKHO pasfe-
JIMTH Ha HECKOJIBKO MOJIKJIACCOB. | paHMYHbIE BHEIIHUE TECThI IPU3BaHbI TeHe-
pHUpOBaTh U TECTUPYEMON CHCTEMBI NPOOJIEMHBIE CUTYAIlMd U OTCIICKUBAThH
00paboTKy cucTeMoi 3THX curyanuid. DyHKINOHAIBHBIE TECTHI IPOBEPSIOT,
HACKOJIBKO XOpOLIO TeCTHpyeMasi CHCTeMa COOTBETCTBYET IIOCTABICHHBIM IIe-
pexn Hell pyHKIMOHANBEHBIM TpeboBaHHA (IIPOCTOH MPUMEP: CYIIECTBYET BXOJ-
HOH (haifi1 ¢ HEKOTOPBIMH MCXOIHBIMH JAHHBIMH, KOTOPBIC 3a/1al0TCSl TECTHPYe-
MO cUCTeMe, U STaJIOHHBIA BBIXOJHOH (paiiir, KOTOPBIA CpaBHUBAETCS C BBIXO-
oM cucteMsl). TecTsl rpadudeckoro nHTepheiica IMUTHPYIOT paboTy MOIB30-
BaTeNs ¢ rpaduIecKuM HHTep(ercoM mporpaMMHOro obecnedeHus. TecTsl Ha
3arpy»KEHHOCTb CHUCTEMBI TTO3BOJISIIOT OINPEACIUTh MaKCUMAaIBHYIO 3arpyKeH-
HOCTh CHUCTEMBI, IIpU KOTOPOH OHa paboTaeT cTabmibHO. CTpeccoBble TECThI
OJIM3KH IO BO3/EHCTBUIO HA TECTHPYEMYIO CHUCTEMY K TECTaM Ha 3arpyKeH-
HOCTb, OJTHAKO, VX LIEJIBIO SIBJISIETCS BBISIBIICHUE CITA0BIX MECT B CHCTEME.
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BHyTpeHHHEe TecThl B Halle BpeMs INPHHATO BBHIAETATh B OTAENbHbIE
CTPYKTYpPHBIE 3JIEMEHTHI MPOEKTa, KOTOpble OBl MOXHO OBIIO 6e3007e3HEHHO
UCKIJIIOYHTH M3 TIOCTABIISIEMBIX KOHEYHBIM I0JIb30BATENSIM BAPUAHTOB CUCTEMBI.
B st10ii 00nactu Haubosnee yacto npuMeHstoTcea Unit-TecTsl, peain3auu KOTo-
PBIX CYIIECTBYIOT B OOJBIIMHCTBE SI3bIKAX IMPOTPAMMHPOBAHUS BBICOKOTO
ypoBHs1. PaHee Takke UCIOIB30BAINCH CIICIMANIbHBIE (PYHKIWH JUIS TECTUPOBA-
HUsI BHYTPH NPOTPaMMHOTO KOZIa caMOM CHCTeMBbI (TIPUMEPOM MOJKET CIY)KUTh
main-TecTHpOBaHWE Ha Java), OJHaKo, B HACTOsIIEe BpeMs NPHMEHEHHE IO-
JI0OHOI METOIUKH TECTHPOBAHHS CYUTACTCS TypHBIM TOHOM. [IpenmymiecTBoM
BHYTPEHHHX TECTOB SBJISIETCS TO, YTO OHM YAaCTUYHO WJIM MOJHOCTHIO MOTYT
OBITh CreHEpHPOBAHBI HA OCHOBAHUM TpeOOBaHMi KadecTBa. TecTHpOBaHHE C
nomoisio Unit-TeCTOB MOXET OBITh Pa3feNeHo, B 3aBHCHMOCTH OT YpPOBHS
J0CTylla K BHYTPEHHUM 3JIEMEHTaM TECTHUPYEMOTO Kjlacca, Ha TECTUPOBAHHUE
«0Eemoro SIIMKa» U TECTUPOBAHUE «UEPHOTO SIIINKAY.

5. BeiBoabl. HecMoTpst Ha TO, 4TO CTaHIApPTHI, NPUMEHSIEMbIE TIPH OLICHKE Ka-
4YeCcTBa MPOTrPAMMHBIX CUCTEM U MPOLECCA UX MPOU3BOJCTBA, UCIIOJIB3YIOTCS U B
JIpYTUX 00JIacTsX, MHOTHE TOAXOMABI K y4eTy TpeOoBaHHMiII KauecTBa NMpPH KOH-
LENTyaTbHOM ITPOEKTUPOBAHUH M PealM3alliy IIPOrPaMMHOT0 00eCIieyeHus He
nMeroT aHanoroB. Hanbosnee pa3BUTHINA anmapar UMEIOT METO/IBI BBIOOpa apXu-
TEKTYpPBI CHCTEMbI CPEH STAJOHHBIX. [10/1X0/1bI MX Pa3HBIX IPYII MPHUMEHSIOT-
Csl Ha PA3IMYHBIX CTAIUIX Pa3padOTKH MPOTPAMMHBIX CHCTEM M HE HCKITIOYACT-
Csl BO3MOXKHOCTb X KOMOWHHPOBaHMUS.
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O MMOJXOJIAX K OBPABOTKE TPEBOBAHUI KAYECTBA HA
OCHOBE AHAJIM3A ECTECTBEHHOT O SI3bIKA

VY po6oTi po3rISIAIOTHECS MOXKIIMBI HANPSIMKH TOCITIIKEHb y Tainy3i 0OpoOKH BHMOT SIKOCTI 10
CHUCTEMHU Ha OCHOBI aHaji3y mpupoaHboi MoBU. CHOpMYIbOBaHO METY IOCIHIUKEHHS Ta OCHOBHI
3a1a4i, 30KpemMa, 3a/1adi JIHIBICTUYHOTO aHali3y TEKCTY, BHIIJICHHS BHMOT SKOCTi, HPOIPaAaMHOTO
MOJJaHHSI CEMAHTHKHU TEKCTY.

The paper is devoted to discussing possible research directions in the area of eliciting the quality
requirements to the system based on natural language specifications. The main goal and the specific
research problems are formulated, in particular, the problem of parsing the specification, eliciting
and classifying the requirements, program representation of the requirements semantics.

1. Poab TpeGoBaHMii KauecTBa K MPOrpaMMHOMY odecmedeHuro. [1o Tpanu-
MM TIaBHOE BHUMAaHHWE TPH pa3pabOTKE NMPOTPaMMHBIX CHCTEM YIETSUIOCHh
peanu3anuu uX (QyHKIMOHAIBHBIX BO3MOXKHOCTEH. TakoW MOAXOM K MPOEKTH-
POBAaHHIO CHCTEM MOXKHO Ha3BaTh ‘‘pa3pabOTKOM CHUCTEMBI, YIpaBIIsIeMON
¢GyHKIMOHANBEHOCTEIO”. B mocnenHee BpeMs, OmHAKO, psJl HCCIENOBaTENeH
NPpUACPIKUBACTCA MHEHU, COITIaCHO KOTOPOMY q)yHKIJ,I/IOHaJ'II)HbIe BO3MOXXHO-
CTH MOXXHO CUUTaTh TOJBKO YacCThIO TOTO, YTO JIOJDKHO YIPABISITH MPOLIECCOM
pa3paboTku mporpaMmHoro obecneuyenusi. Hanbosiee BaXHBIM YIPaBISIOUIAM
(haKTOpOM B JTaHHOM CITy4ae BBICTYIIAET CUCMEMHOE KA4eCmB0.

KauecTBo mporpamMmHON cucTeMbl B (OPMYJIHPOBKE, HCHOIb30BaHHON
MexnyHapoHoi opranuzanued no crangaprusamuu (ISO), Moxxer ObITH TO-
HATO KaK CBOMCTBO CHCTEMBI, KOTOPOE JIENAET 3Ty CHCTEMY COOTBETCTBYIOIICH
ee HaMEYEHHOMY WM (PaKTHIECKOMY HCIIONIb30BaHMI0. KOPPEKTHOE BBITIONHE-
HHUE HEOOXOIUMBIX (PyHKIMH Tenepb paccMaTpUBAacTCs Kak OHA U3 XapaKTepH-
CTHK Ka4eCTBa CUCTEMBI.

Heobxoaumo pasinnyaTh TpeOOBaHMS KadecTBa K CHUCTEME M XapaKTepH-
CTHKH Ka4eCTBa CHCTEMBI. 3aWHTEPECOBaHHBIC JHLA (HOPMHUPYIOT TpeOOBaHHS
KauecTBa. Pa3paboTurku mporpaMMHOTro oOecredeHus pa3padaThiBalOT CUCTeE-
My co crielu(UUecKMMHU KauecTBaMy (XapaKTEepUCTUKU KadyecTsa). B mpenenax
OTpaHMYCHUH O OIO/KETY, BPEMEHHM M JOCTYITHBIM pecypcaMm co3jaBaeMas
cucTeMa JIOJDKHa HMETh XapaKTEePUCTHUKH, COOTBETCTBYIOIIME TPeOOBaHUSIM
kavecTBa. CorjacoBaHue pelIeHUH MOXXET ObITh OPraHU30BaHO, HAIIPUMED, TaK,
Kak 3TO OMmucaHo B [1].

AKTyasieH BOIIPOC O peann3alii aBTOMAaTH3MPOBAHHOTO cOopa TpeboBa-
HUI KadecTBa Ha OCHOBE pa3zIMYHON WH(OPMAINU TIPEICTABICHHON B MaTepH-
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QILHOM BHJie. B KadecTBe OIHOTO M3 TaKUX HAIMPABIECHHWU BBIIEISIOT aHAIN3
crierdukaryii TpeboBaHHA.

Bbu1 mpemiokeH MOaX0/, MPEANoaraloliii naeHTHOUKAINIO TpeboBa-
HH KayecTBa K MPOrPaMMHOMY OOECIEUEHHIO M0 CIeH(UKAIMIM HA €CTECT-
BEHHOM SI3bIKE. B OCHOBE JaHHOTO TOAXO/a JISKHUT YHUBEPCAIbHAs Kiaccuu-
Kaiust TpeOOBAHMIM KauecTBa, COCTOSAINAS M3 YEThIPEX TPaHEl: BUJI, MPEJCTaB-
JeHue, yaoBieTBopenue, posib [2]. TMonHas kinaccudukanus mpeacTaBiIeHa
Huxe [3].

I'panb BUA TPENCTaBICHA CICAYIOMIMME KiIacCUPUKATOpaMu: (QyHKIIHO-
HAJILHOCTh, HAJEXKHOCTh, MPUMEHUMOCTh, 3()(EKTHBHOCTH, COMPOBOXK/IAC-
MOCTb, IEPEHOCUMOCTb.

o  DyHKIMOHATBFHOCTH BKJIOYACT MPHUTOTHOCTH JJIS MPUMEHEHUS, TOYHOCTS,
CIOCOOHOCTH K B3aHMO/ICHCTBHIO, 3aIAIIICHHOCTb.

e HanexxHOCTh BKJIFOYACT TOTOBHOCTH, YCTOWYHMBOCTH K Aedekram, BoccTa-
HaBJIMBAaEMOCTb.

e [IpUMEHHMOCTh BKIIIOYAET MOHATHOCTB, MIPOCTOTY B HM3YYEHHUH, MPOCTOTY
HCIOJB30BAHUS, IPUBIIEKATETEHOCTb.

o DbheKTUBHOCTh BKIIOYACT BPeMEHHYIO 3()()EeKTHBHOCT U HCIIOJIh30BAHUE
pecypcos.

e  CompoBOXIaeMOCTh BKIIOYAET YAOOCTBO aHaiIM3a, M3MEHSIEMOCTh, CTa-
OWIIBHOCTH, TECTUPYEMOCTb.

e [lepeHocMMOCTb BKIIIOYAET aqalTHPYEMOCTh, MPOCTOTY YCTAaHOBKH, CO-
CYIIECTBOBAHUE, 3aMEIIaeMOCTb.

I'panp mpencraBneHHs MpEICTaBICHA KIACCUPUKATOPAMHU «OIIEPATHB-
HOE», «KOJMICCTBEHHOEY, «KAUYECTBCHHOE», TPAHb YIOBICTBOPCHUS - KIIACCH-
(uKaTopaMu «KECTKOE» M «MATKOE», TPaHb POJIH - KIaCCUPUKATOPAMH «IIPEII-
MUCHIBAIONIAS U «JIOIMYCKAIOIIAN.

Ucnonb3yst JaHHYIO KIacCH(DUKAIMIO, MBI MOXEM 4YETKO pa3leliuTh
(GYHKIMOHANBHBIE ¥ HEeQYHKIIMOHAIbHBIC TpeOoBaHus. [ NaBHBIM KpPUTEpHid B
3TOM mpoliecce — rpadb Buaa. CoriacHo ¢ Hell TMepBble TPU MyHKTa (DYHKIHO-
HAJIHOCTU SIBJSIFOTCS (DyHKIMOHABHBIMUA TPeOOBaHUSAMH (TIPUTOJAHOCTH IS
MIPUMEHEHHs, TOYHOCTh, CIIOCOOHOCTh K B3aHMOJICHCTBHIO), OCTANIbHbIC — He-
(YHKIIMOHATTLHBIMH.

Jpyrue rpanu 0oyiee TOYHO ONPEACIISAIOT BAKHOCTh TPEOOBAHUIN C TOUKU
3pEHHSI TPOCKTHPOBAHUS CHCTEMBI.

2. lIpouecc naentudukanuu TpedoBanmii. [Iporecc naentndukannu Tpedo-

BaHMI KauyecTBa B COOTBETCTBHM ¢ [3] cocTouT W3 ABYX 3TanoB. Ha mepom
TIPOUCXOIUT 3allOJHEHUE CIIOBaps TpeOoBaHUH. McxomHbple criermudukanuu Ha
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€CTECTBEHHOM S3bIKE C MOMOIIBIO IOJCHCTEMBI JHMHIBHCTHYECKOTO pa3dopa
npeoOpa3yroTcss B HAGOp CIIOB M CBA3CH MEXAY CIOBaMH, OOJIaafolInX JIMH-
I'BUCTUYECKUMH XapaKTepucTUKamu. [lamee mMpou3BOAMTCS OLIEHKA MOJIb30Ba-
TEeJeM UCXOJHBIX NMPEeI0KEHHUI, TO €CTh OTHECEHHE UX K OIPEeIEHHOMY THILY
TpeOoBaHUil U1 Kax1oi rpaHu. Ilocne 3TOro mpouCXOAUT pacdeT BECOB, Xa-
PaKTEepHU3YIOIINX MPUHAIISKHOCTh KAKIOT0 JIEMEHTa K KaKAOMY THITY TpeOo-
BaHMH 1O Kax10W rpanu. IlosydeHHbIe pe3ynbTaThl COXpaHsAoTcs B Oase JaH-
HBIX, 00pa3ys cioBapb TpeOOBaHUIA.

Bropoii sTam cocTout B uAeHTH(PHUKAINN TPEOOBaHHUN KayecTBa HA OCHOBE
cnoBapst TpeboBaruid. [locnme momydeHHs 0OpaOOTaHHBIX ITOACHUCTEMON JHH-
TBHCTHYECKOTO pazbopa criennpuKanyii 11 KaXI0ro 3JIEMEHTa MPEIIOKEHHS
HaXOJUTCS] MHOXKECTBO 3JIEMEHTOB CIIOBapsi, COOTBETCTBYIOLINX JaHHOMY 3JIe-
MeHTy. Ha ocHOBe 3T0i nHOpManuy paccUuTHIBaIOTCS BECOBbIe KO UIneH-
TBI 3JIeMEHTOB. TuI TpeOOBaHMIA, TOJNyYHBIIMH HAWOOJBINUI BEC JUIsl KaXIOH
TpaHH, U CUMTAETCA PE3YJIbTUPYIOIIMM I JAHHOTO 3JIEMEHTa. YCTaHOBKa
3Ha4eHMs 3JIEMEHTa Ul KaXJOro cpe3a MPeAroyiaracT COXpaHEHUE 3TOH HH-
(hopmary Bo BHyTpeHHEM (hopMaTe MporpaMMEL.

3. JInHrBucTHYECKU pa3dop Tekcra. J[aHHOE JeiicTBHE MOMpa3yMeBacT MO
co00#1 pUMEHEeHNE PA3IMYHBIX METOMOB M AITOPUTMOB C IEIBIO MOTYYCHHS
HEKOTOPOTO (POPMATI30BAHHOTO U JIETKO MOAIOIIErocsi 00padOTKe MpeacTaB-
JIeHUs! HaTypaJbHOro TeKcTa. CyTh POOIEMbI KPOETCS B CYIIECTBOBAHUHM MHO-
KECTBA PA3TUYHBIX HEOJHO3HAYHOCTEH BHYTPH €CTECTBEHHBIX SI3BIKOB.

Kak moxa3zano B pabote [4], MBICIIB IpH TIepeade OT OJHOTO CyOBeKTa K
IpYroMy B BHJE PEUYM HA E€CTECTBEHHOM S3BIKE TEPIHUT JBa NpeoOpa3oBaHUS
«OIUH KO MHOTUMY. [lepBbIi mepexo/1 MPONU3BOIUTCS TPH TPAHCISLUHA UCTOY-
HUKOM CMBICJIa B TEKCT U 00€CIIeunBaeTCsl MEXaHU3MOM (POPMHUPOBAHHST CHHO-
HUMOB. BTOpoii mepexos oCcyliecTBIsIeTCs] IPU TPAHCISIUK TIPHEMHHKOM TeK-
CTa B CMBICI U OOECIIEYMBACTCSl CYNICCTBOBAHMEM HECKOJIBKMX 3HAYEHUH Y
OJTHOTO CJIOBA MJIH (hpasbl.

Tem He MeHee, CyLIECTBYIOT pa3JIMuHbIE T'MIIOTE3BI, KOTOPBIE IBITAIOTCS
TaK WM WHade (OpMaTN30BaTh MPOIECC MOJCTHUPOBAHNS TEKCTa B OJHO3HAY-
HOM, MaTeMaTH4YeCcKOi opme.

Taxk, Hanpumep, B [3] mpeaioKeHne pacCMaTPUBAETCS, KaK CHCTEMa CIIOB
U CBSI3€H, CMBICT KOTOPOW WIIETCS MO KPUTEPHIO HAaUOOJBIIEH COTJIACOBAaHHO-
CTH MEXAy cioBaMH. I1ox cMBICIIOM B JAHHOM CIIy4ae OHHMAETCsl MHOKECTBO
CBsI3ei, KOTOpHIC MPUCYTCTBYIOT B NpEUIOXKEHUH. B Hawane paboThl meToza
MPOU3BOIUTCS MOP(OIOTUUECKHH aHAIIU3 CJIOB M BBLICIEHHUS CBOICTB, KOTO-
pBle XapakTepH3YIOT HEKOTOpBIE aCMEKThl CMbICIa M TI'paMMaTHKH JaHHOTO
cioBa. Hampumep, c10BO MOXeET OBITH CyIIECTBHTENILHBIM, POAUTEILHOTO Ia-
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Jie’kKa, AKEHCKOTO poJia, BO MHOXKECTBEHHOM 4uciie. Jlanee BBITOIHAETCA CpaB-
HEHHUE CJIOB MEXIY COOOM M pacueT HECOIJIaCOBAaHHOCTH, KOTOPBIM MOXET Xa-
paKTepru30BaTh OJHOBPEMEHHO, KaK OCOOCHHOCTH YEIOBEYECKOTO MBIIIICHUS
JTAaHHOI S3BIKOBOM IPYMIIBI, TAK 1 HECOBMECTUMOCTb CJIOB 110 KPUTEPUSM OIICH-
ku. [locne mpoBeeHHBIX pacyeToB pelIaeTcsl ONTUMHU3AIMOHHAS 3a/1a4a, KOTO-
pas HaXOAWT HaWIydllee COYEeTaHHE CBsI3€l, NpU KOTOPOM JOCTUTAETCs Hau-
MEHbILIAsl CyMMapHasl 3HTPOMMsS CBSI3€H MEXIy CIOBaMH. Takxke Ha pelleHue
HaKJI/IBIBAaeTCsl Clle/yrolee ycioBre: rpad, comepxanmii B Ka4ecTBe y3JIOB -
CJIOBA, a B KaUeCTBE pedep — CBSA3H, JOIDKEH OBITh CBA3aHHBIM JE€PEBOM.

JlaHHBIN TOAXO0 UHTEPECEH YIPOILIEHHBIM, C TOUKH 3PEHMSI IPOrpaMMHON
peanu3any, MpPOLEccOM MOMCKAa PELICHUs, OJHAKO HMMEET DS TPYAHOCTEH
CBSI3aHHBIX C OpraHu3alueil mpomecca pacyera u cpaBHEHU MOP(OIOrHIECcKUX
U CEMaHTHUYECKUX XapaKTEPUCTHUK CIIOB.

CyIecTBYIOT TaKKe U APYrHe METOMO0JIOTHH, KOTOPbIE ONMUCHIBAIOT pa3-
JIMYHbIe (POPMBI NPE/ICTABICHUS JTMHTBUCTUYECKUX KOHCTpYKImi. Hampumep,
Teopusi «CMBICI-TeKCT» [4], yHUBepcaiabHas rpaMMaTHKa [5], oCHOBaHHbIE Ha
rpaMMaTHke XOMCKOTo (Hampumep, 'paMMarhka, omnucaHHas B [6]) ¥ MHOTO
JIpyrux. OQHaKO LEeNIbI0 JaHHOU CTaThU SIBJISIETCS HE OMUCAHUE CYIIECTBYIOIUX
CpeAcTB, a GOPMYJIMPOBKA CIOXKHUBIIEHCS MPOOJIEMBI M TIOCTAaHOBKA 3a/1a4 IS
HCCIIENOBAHNN B TaHHOM 00JIACTH.

4. O0 yHuUBepCaJLHOM MpeacTaBJIeHHH TekcTa. [IpoOIeMHOCTh CHUTyanuu
3aKJIFOYAeTCs] HE TOJBKO B pa3pabOTKe MOACHUCTEM JMHIBUCTUYECKOTO pasdopa
TEKCTa WM aHAJIN3a CMBICIOBBIX KOHCTPYKIUH Ul U3BJICUSHUS U3 HUX Tpebo-
BaHMH Ka4ecTBa, HO U B COMVIACOBAHHOCTH JAHHBIX IOJICHCTEM. JTa COIJIACO-
BaHHOCTh 3aKitodaercss B (opmMupoBaHMM 00mIero ¢opmara IpeIcTaBIeHHs
cemantuku. [IpocrelimM cnoco0OM NpeACTaBICHUS MOXET OBITh AEpeBo,
KOTOpOe Hcmob3yercs B [3], HO, HanpuMep, B [4] HCIIONB3yeTcs MHOIOYpOBHE-
Basl CTPYKTypa IMPEACTaBICHNUS, TJIe KaX/Iblii YPOBEHb MOXET ONHCHIBATH OJHY
13 CIIEYIONINX COCTABIISIIONINX CMBICIIA TMHTBUCTUYECKONW KOHCTPYKIHH:
CEeMaHTHKa;

rITyOOKHMiT CHHTaKCHC;

TTOBEPXHOCTHBIA CHHTAKCHC;

riry0okast MopQoIorus;

MTOBEpXHOCTHAs MOp(doItoTus;

e 1iIyOOKas (GOHOIOTHS,

®  TOBEpXHOCTHas ()OHOIOTHS.

Takum 00pa3oM BO3HHKAET 3a7ada BBIOOpA, KOTOpas TpeOyeT OTHEIBHOTO pe-
LICHHSI.
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CremyeT OTMETHTh, YTO JAHHBIH aCMEKT aBTOMAaTU3MPOBAHHOM CHCTEMBI
cbopa TpeOoBaHMI KadecTBa K MPOTrpaMMHOMY OOECIIEYeHHIO0 HAa OCHOBE CIIe-
uduKamMi MOXKET MPUBECTH K MOTEPE MM WCKAKEHUIO JaHHBIX U IPH 3TOM
BHEIIHE CO3/aBaTh MILTIO3UI0 KOPPEKTHOH PabOTHL.

Bribop cnocoba npencraBieHuss CMbICIa JOJDKEH BBIIOJNHATHCS B COOT-
BETCTBHU C METOIOJIOTHYECKUMH CPEICTBAMH, KOTOPBIC PEaln3ylTCsS B TOJ-
CHCTEMaXx JIMHIBHCTUYECKOrO pa3dopa U BbUIBJICHHS TPeOOBAHHI KayecTBa.

5. Hean ucciienoBaHN U OCHOBHBIE 32a4H. ABTOMATH3UPOBAHHBIN aHAJIN3
TpeOOBaHWII KadecTBa SIBISETCSA IEPCIICKTUBHBIM HAINpaBICHHEM, KOTOPOE
MOXKET OTKPBITh HOBBIE BO3MOXKHOCTH B OOJIaCTH pa3pabOTKH MPOrpaMMHOTO
obecreueHus.

Llenplo nccnenoBaTeNbCKUX TPYIIT B JAHHOM HAIpPaBJICHUH JOJDKHA CTATh
pa3paboTka HanboJiee aJeKBaTHOM, JOCTOBEPHOW M MPOM3BOJIUTEIBHON CHCTE-
MBI cOOpa TpeOOBaHMI KauecTBa HA OCHOBE TEKCTa CHEeU(PHUKAIIH.

MoskHO c(hopMHpPOBaTh OCTAHOBKHU 337124, KOTOpbIe HEOOXOIMMO BBINIOJ-
HATHh HCCIIEIOBATEIbCKUM TPYyINIIaM B JaHHOH O0JacTH Ul JOCTHKEHHS IO-
CTaBJICHHBIX IIEJIEH.

3aoaua 1. Pa3zpaboTaTh TEOPETUKO-TIPAKTHIECKHUE MHCTPYMEHTHI /ISl pea-
JHM3alMU TTOJCUCTEMBI JIMHIBUCTHYECKOTO pa30opa Tekcra. PesyibraToM BBI-
TIOJTHEHUSI TaHHOM 3aJ1a4M JIOJDKHBI CTaTh!

e MaremaTudeckoe odecriedeHre Mop(OJIOrHIecKOro aHaIN3a;

e  MareMaTHYecKoe oOecriedeHre CHHTAKCHIECKOTO aHaIN3a;

®  aNrOpUTMHYECKHE PEIIeHUs Hauboee CIOKHBIX 3a/1ay;

e  1IpH HEOOXOJMMOCTH: CIOBAPH, CTATUCTHYECKas HH(OPMAIKs, pe3yIbTaThl
OIpoca KCHEPTOB.

3adaua 2. PazpaboTaTh TEOPETUKO-TIPAKTHYECKIE MHCTPYMEHTHI IJIsl pea-
JIM3ALMN TTOJCUCTEMBI BBISBICHHS TpeOOBaHMH KadecTBa. Pe3ynpraTroM BBIIOJI-
HEHUsI JaHHOMU 3aJ]a4M JIOJDKHBI CTaTh!

e MareMaTHyecKoe oOecredeHre pacdera KodQPHUINESHTOB MPUHAICKHOCTH
YyacTel TeKCTa K IpaHu;

® anropuTMHuecKoe obecriedyeHne HICHTU(HUKAIIMY YacTeil TeKCTa

e  1IpH HEOOXOJMMOCTH: CIOBAPH, CTATUCTHYECKas HH(OPMAIKs, pe3yIbTaThl
OIpoca KCHEPTOB.

3adaua 3. Pa3zpaboTaTh cioco0 MpeACTaBICHUS MPOTPAMMHEBIM o0ectede-
HHEM CEMaHTHKH TeKCTa. B pesynbraTe BBIIOJHEHHS JAHHOH 3a1a4d HeoOXo-
JMMO TIOJTYYHTh CIEHU(HUKAINIO MOJETH JaHHBIX, KOTOPas B COCTOSIHUU aeK-
BaTHO IIPEJCTABIATH CEMAHTHUKY JIEKCHYECKHX €IMHHUIl U MX COBOKYIHOCTH B
acrexTe pa3paboTaHHOTO MaTEMaTHYECKOTO OOECIICYCHN .
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3adaua 4. Vicrionb3ys pe3yabTaThl MPEIbIAYIINX 33/1a4 OMHCATh CUCTEMY
BBIBJICHUS TPeOOBaHHUH KauecTBa HA OCHOBE TEKCTa cHel(UKaLi, KaK [eo-
CTHOW CHCTEMBI «pa300p-Ipe/ICTaBICHUE-BbISBICHHE». TyT HEOOXOANMO ITpo-
BCCTHU ONCpAlUIO MHTETPALIUU ITOJACUCTEM ITOCPEACTBOM YHUBEPCAJIBLHOI'O NPEa-
CTaBJIEHUsI ceMaHTHueckoil nH(popmanuu. B kadecTBe pesynbrara JaHHOH 3a-
Jlau¥l JI0JDKHA OBITH Crelu(UKaIHs CUCTEMBI B LIEJIOM, a TaKXKe TOYHbIE CIIeIH-
(huKanuy Bcex IMOICUCTEM.

3aoaua 5. Peann3oBath MOJCHUCTEMBI, UCTIONB3YS pa3paboTaHHOE MaTeMa-
THYECKOE ¥ aITOPUTMHYECKoe obecredeHue. Pe3ymbTaToM ITaHHOrO 3Tama
JOJDKHA CTaTh TOTOBask K BHEJAPCHUIO M OKCIUTyaTallMd CHUCTEMa BBISBIICHUS
TpeOOBaHUII KauecTBa U3 TEKCTOB crelu(uKanuii HaNHCaHHBIX €CTECTBCHHBIM
S3BIKOM.

BouiBoabl. TakuM 00pa3oM, BbIsIBIEHHE TpeOOBaHHI KayecTBa SBJISIETCS HEOTh-
eMJIeMOIl 4acTbIo pa3pabOTKH IPOrpaMMHOro obecneuyenus. OQHAKO peanu3a-
LU CUCTEM JIJIsl aBTOMATH3alK JAaHHOW 3a7]adM BeChMa YCJIO)KHEHA B 00J1acTH
BBISBJICHUS] TpeOOBaHMI KadecTBa Ha OCHOBE CIElU(UKAIWH HAIMCaHHBIX
€CTECTBEHHBIM A3BIKOM.

Jliist cozanust cpesicTB aBTOMAaTU3MPOBAHHOTO cOopa TpeOOBaHMIA KadecT-
Ba K MPOrpaMMHOMY OOECIEYECHHIO HEOOXOIMMO MPOBECTH JOIOJIHHUTEIBHBIC
WCCIIE/IOBAHMS TI0 HANPABJICHHSM:

®  JIMHTBUCTHYCCKUH pazbop (BKiIroUaeT B cebs MOpdoIorndeckuii, CHHTAK-
CHYCCKHUI pa300phl, a TaKkKe sl APYTUX alTOPUTMOB, HA0OP KOTOPHIX 3a-
BUCHT OT KOHKPETHOW METO/IOJIOTHH);

®  [PE/CTABICHUE CEMAaHTHYECKOW MH(DOPMAIMH CPEICTBAMH MPOTPAMMHOTO
obecrieueHus;

®  AaBTOMAaTU3MUPOBAHHOE MCCJICJOBAHNE CHHTAKCHUYECKOH MH(pOopMaLny.

B pesynmprare mpoBemeHWS NAHHBIX HCCIEIOBAHWN HEOOXOTUMO TONYYUTH
MaTeMaTHIeCKOE M alTOPUTMHYECKOE OOECTICYeHHe CHCTEMBI BBIABICHUS Tpe-
OoBaHuil Ha OCHOBe crielM(UKALNT ¢ MOCIEAYIONIeH HHTerpalueil 1 peannsa-
1Fied B BUJIE TIPOTPAMMHOTO 00eCTIeueHHSI.

Crmucok jurepatypsr: 1. M.Glinz. Rethinking the Notion of Non-Functional Requirements // Proc.
Third World Congress for Software Quality (3WCSQ 2005), p.55-64 2.Kazman, M.Klein,
P.Clemens. ATAM: Method of Architecture Evaluation. Technical Report / CMU/SEI-2000-TR-
004, CMU, 2000. 3. A.Kostanyan, V.Shekhovtsov. Towards entropy-based requirements elicitation //
Proc. ISTA2007, LNI P-107, 2007. — P. 105-116. 4. 1. Mel’¢uk. Vers une linguistique Sens-Texte.
Lecon inaugurale Paris: Collége de France 1997. 5.N.Chomsky. Barriers. Linguistic Inquiry
Monograph 13. Cambridge: MIT Press, 1986. 6. C.ITunxep. SI3bik Kak MHCTUHKT. M.: Exntopuan
YPCC, 2004.
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YK 512.086
0. TOMHUJIKO, HTY «XIIN»

ABTOMATHU3NPOBAHHOE PEHEH3UPOBAHUE UCXOJHOT'O
KOJA HA OCHOBE OHTOJIOI'MA ITPABHNJI

B craTTi KOPOTKO PO3IIIsiHYyTa Mpo0diieMa peLeH3yBaHHs BUXiIHOro Koxy. [IpoBe/ieH OrIs IpuKia-
nHoi nporpamu FxCop, sika 03BoJIsie aBTOMATHU3yBaTH HPOIleC peleHIyBaHHs. [lokasaHi cxiana-
HOCTI iICHYIOYOTO MPOLECY T 3a[POIMIOHOBAHE PIllICHHs HA OCHOBI BUKOPCHTAHHS OHTOJIOTI] IIPABHIL.
IpexacTasieHi Horo nepeBary Ta 3alpoOIOHOBaHI MaifOyTHI HAIPSIMKH POOOTH.

In the paper the problem of code review is briefly reviewed. The survey on FxCop tool that allows
automating the process of code review is conducted. The difficulties of the existent process are
shown; solution based on the use of rules’ ontology is presented. Its advantages are emphasized and
future directions of work are outlined.

Beenenne. [lox perieH3upoBaHUEeM HCXOMTHOTO Kona (code review) OyaeM mo-
HUMaTh cienytomee [1]: 9To ocoOblii BuA HMHCIEKTHpOBaHMs (inspection), B
npolecce KOTOPOrO IPOCMATPUBAETCSl M MPOBEPSIETCSI MCXOMHBIN KO Ipo-
rpamMM C LENbI0 OOHApyXEHUsl W MCHPaBJICHHUS B HEM OMIMOOK JOMYIICHHBIX
npu paspaboTke nporpaMmHoro odecneuenusi. B crannapre [2] onpenenenst 5
TUIIOB PELCH3NPOBAaHUS NPOrpaMMHOTO obecrieueHus (software review - co-
IJIaCHO CTaHAAPTY, MPOLECC, B X0/I¢ KOTOPOTO MPOrpaMMHBIH HPOIYKT MOABEP-
raeTcsi MpoBepKe IEPCOHAIOM IPOEKTa, MEHEIDKepaMH, IOJIb30BaTeIsIMHU, 3a-
Ka34WKaMH, IPEeCTaBUTEIAMH MOJTB30BaTENeH U IPYTHMH 3aHHTEPECOBAHHBIMH
JUIAMA U1 KPUTHYIECKOTO pazdopa WM OFOOpPEHHA): aJAMUHHCTPATUBHOE
peLIeH3UpOBaHUEe, TEXHUUECKOE PELEH3UPOBaHUE, HHCIEKTHPOBAHUE, CKBO3HOM
KOHTPOJIb M ayJuT. PelileH3npoBaHne UCXOMHOTO KOAa CIIEAyeT PaccMaTpUBAaTh
KaK BHJ| WHCIICKTHPOBaHHUS, a HE TEXHHUYECKOro peleH3upoBanus (technical
review). B nmureparype Takke MCHONB3YyeTCS TEPMHH HHCIIEKTHPOBaHHE IIPO-
rpamMm, cM. Hampumep [3], T.e. IPOCMOTP M MPOBEPKA MCXOJHOTO KOJa MpPO-
IpaMMHOTO O0ECIeUYeHUsI ¢ LeNblo0 OOHapyKeHus B HEM ommoOok. [lon peren-
3MpOBaHNUEM HCXOJHOTO KOJAa IIOHMMAETCs, KaK IpaBUio, MeHee (hOpMalIbHBIH
nporecc.

JlokazaHo, 4TO MHCIIEKTHPOBaHUE ABIsETCA 3(PPEKTUBHBIM METOIOM 00-
HapyXeHUs ommOOK. OHO JemIeBlie TECTHPOBAHUS IPOTPaMMHOTO oOecrede-
HUs, B pabotax [4, 5] moka3aHO, YTO MHCHEKTHPOBAHUE MPOTPAMMHOTO Koja
sBysieTcs: 6omnee d(PPEKTUBHBIM U MEHee JOPOTOCTOAIINM, YeM TECTHPOBaHHE.
Cornacno [6] 6onee 60% omuOOK B IPOrpaMMHOM 00€CTICUeHUH MOKHO OOHa-
PYXHTb C TOMOLIbIO HE(POPMAIBLHOTO HCCIENOBaHUS (MHCIEKTUPOBAHMUS).
[Ipouecc MHCIIEKTUPOBAHUS TAK)KE MOXKET OLIEHHTh KaYeCTBEHHBIE XapaKTepH-
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CTUKH CHCTEM, COOTBETCTBUE CTaHIApTaM, EPEHOCHUMOCTh U yI0OCTBO COMpPO-
BOJKJICHUSL.

Opnnum u3 Haubonee 3(PpEeKTHUBHBIX W pacrpoCTpaHEHHBIX METOJIOB WH-
CHEKTUPOBAHUSI SBJISIETCSI IPUMEHEHHE KOHTPOJIBHBIX IPUMEPOB, CM. HallpUMep
[7, 8]. HCIeKIyu NCXOAHOTO KOAA MO3BOJSIOT HANTH M yCTPaHUTh TaKHUe HU3-
BECTHBIE YS3BUMOCTH KaK: NIEpErojIHeHUs Oydepa, YTeUKH MaMsATH, COCTOSIHUS
TOHKH U MHOTHE JIpyTHE.

1. ITporpamMHoe ofecrieyeHne MOTAEPKKU PeleH3HUPOBAHNS. YTIPOCTUTH
MPOLENYpPY PELEH3HPOBAHUSA HCXOMHOTO KOJAa MO3BOJSIOT pa3IH4YHBIE MpPH-
KIIaJHbIE TPOrPaMMBI, C TIOMOILIBI0 KOTOPBIX MOKHO NMPOU3BOANUTH aBTOMATH3H-
POBaHHBIN MOUCK WU3BECTHBIX OMIMOOK, HAPYIIECHHs OOIMIEHPUHATBHIX MPaBUI U
PEKOMEHIalNi, a TaKKe MPOrPAMMHBIX KOHCTPYKIMH, KOTOPBIE HE PEKOMEHLY-
€TCsl MCIOJIb30BaTh IpH HporpamMmupoBaHud. Ocoboe MecTo 3aHHMaeT Mpo-
rpamMHBbIH poaykT FxCop ot Microsoft [9]. DTo mporpammHoe obecniedeHue
NO3BOJIAET IPOU3BOAUTh NpoBepKy .NET kxozxa Ha nmpeaMer HapylLIeHHs LIMPO-
KOro Kpyra MpaBHJ IpOrpaMMHUpOBaHMs U cornameHuil. IlpaBuma, xoTopsie
BkIfoueHbl B FXCop mocTpoeHsl Ha OCHOBE PYKOBOAAIIMX yKazaHHH Microsoft
1o mpoektupoBaHuio u onucansl B [10]. [IpaBmiia, koTopsle MOTyT OBITH IPO-
BepeHs! FxCop, BKITIOYAOT ey oIIye TPy b

MozenbHbIe (Design);

rio0aau3anms;

nHTepornepabdensHOCTH (Interoperability);
COTJIALIICHUSI IT0 UMEHOBAHMIO;
TIPOM3BOANTENHHOCTE;

NIEpPEHOCUMOCTb;

0e301acHOCTb;
yI00CTBO UCTIONB30BaHMUS.

B omnmume OT TpaAWMIMOHHBIX CPEACTB aHanmm3a kona (Hampumep Flaw-
finder, Lint) FxCop He aHamu3upyeT UCXOAHBIN KOJI IIEJIEBOT0 SI3bIKa MPOrpam-
MupoBanud, Haripumep C# mmn VB.NET. BmecTo 3TOT0 MpOM3BOINTCS aHATIHN3
o6unapraoro CIL s3pika creHepupoBanHoro .NET KoMIUiIsTopoM M COXpaHEH-
Horo B cOopkax. [IpoBeneHue aHannm3a BO3MOXKHO OJjarogaps JOCTATOYHOMY
KOJIMYECTBY METaJaHHBIX, ABJsromuxcs yacteio CIL. DT0 mo3BossieT aHaIu3u-
pOBaTh KOJ, HAMUCAHHBIN Ha pa3nu4HbiX .NET s3bIkax.

BosmoxuocTi FXCop 0XBaTHIBAIOT MIMPOKUH CIIEKTp (HDYHKIHIA 110 aHAH-
3y MCXOMHOTO KoJia. MOXHO OCYIIECTBUTH IPOBEPKY COTJIAIICHUH 10 MMEHO-
BaHHIO THUIIOB, 3HAUCHHE NTapaMEeTpPOB, W Jla’kKe MPABOIMCAHUE U HAIMYUE HEoO-
xoauMbIXx XML-komeHTapueB. JJOCTYyIHBIMU AJIs1 aHAJIM3a SIBJISIFOTCS] KaK MeTa-
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JaHHbIe YpPOBHA COOpPKH, Tak M MHGOpMamus o0 OTIENbHBIX YIPaBIISIOLIUX
KOHCTPYKLMSIX, OINEpalusiX U OlepaHaax.

Baxnoii ocobenHoctsio FxCop siBisieTcst To, 4TO TOJIb30BaTENh HE Orpa-
HIYEeH HaOOpOM IPaBUII, IPEIOCTABISIEMBIX B COCTaBE MPOrPaMMHOTO TPOIYK-
Ta. Pa3paboT4nku MOTYT ONpeAeNsTh CBOM NpaBHia, pealn3ysl KIacChl, HC-
nojb3ytomue Tunbl, onpenenéuHsie B FxCop SDK, npexacrasisiromiee co0oit
Ha00p cOOPOK, KOTOPBIE U MPEOCTABIIAIOT HEOOX0 MBI API.

Ha nam B3rmsin FxCop siBisercs 3¢h(eKTUBHBIM pelieHHeM JUIsl ITpoBeJie-
HUSI aBTOMATH3HPOBAHHOTO PELIEH3MPOBAHMS HCXOHOTO KOJa Al IIaT(opMbl
NET u sBnsiercs menecoodpa3HbIM UCTIONIE30BaHIE €ro KaKk OCHOBBI JUIS pa3pa-
0O0TKH COOCTBEHHOH CHCTEMBI IPABIII, HCXOS M3 CIECAYIOIINX IIPEIIOCHUIOK:

1. HeszaBucuMoCTb OT LIENEBOTO si3bIKa NporpammupoBanus .NET, nonnepx-
ka .NET Framework 2.0, 3.0, u 3.5. B ciryuae peanm3annu coOCTBEHHOTO
MPWIOKEHNS AJsI aHAIN3a HCXOMHOTO KoJa HEeoOXOoamMo pa3pabdoTarh
napcep Ui KaXJIOro si3bIKa, WHCIIEKIHS KOTOPOro Heo0X0auMa, OOBEKT-
HOW MOAenu I HPEACTAaBICHUS HMCXOJHOTO KOJa B BHUJE HEKOTOPOH
CTPYKTYpBl M pabOTBl C HUM. OTH 3aJaddl SBISAIOTCA JIOCTaTOYHO
TPYLOEMKUMHU U CIOKHBIMU B PEAIU3ALIUHN.

2. Hanuuwe NpUKIAIHOTO TNPHIOKEHHS PpEeaM3yIOIIEro OKOHHBIN HHTEp-
(efic W TO3BOJSIONIETO IPOM3BOAUTH AaHAIN3 HEOOXOIUMBIX COOPOK,
CO3/IaHHE TIPOEKTOB, IIO3BOJISIIONIMX TPYIITUPOBATh HY)KHBIE COOPKH,
TeHepalHtio OTYETOB O HAMJICHHBIX OMIHMOKaX | Jp.

3. Hoctynen API, koTopsIii o3BOIISIET pa3padaThBaTh COOCTBEHHBIE MIPABH-
Ja J71s1 THCTIEKITNH KOJa.

4. Hanuuwe mUpPOKHX BO3MOKHOCTEH 1O aHAIN3Y MIPOTPAMMHOTO KOJa.

5. Hammume Gomee 200-X BCTPOCHHBIX TPABHI AJSI IPOBEPKH HCXOITHOTO
KOJa, BO3MOXHOCTh OTKJIFOUEHHS NMPOBEPKU MPaBHII Ul 3aJaHHBIX cOO-
POK.

6. OrcyTcTBHE HEOOXOAMMOCTH OILIATHI 32 Uctojb3oBanue FxCop.

2. IlocTanoBKa 3a1auM uccaenoBaHus. Pa3paboTka KiIaccoB A peanu3anuy
MIPOBEPKH MPABUII IS KAKAOTO NMPOEKTa MOXKET OBITh 1OCTATOUHO TPYIOEMKOM
3agadyeil. HeoOxommmo kaxblil pa3 nmucarhb KoJ B3auMojenicteus ¢ API, peanu-
30BBIBaTh KJIACCHI, OCYIIECTBIIAIONIME IIPOBEPKY IPAaBUII, ONpPEAENATH HAOOP
HEOOXOMMBIX MapaMeTpoB JuIsd KoH(uUrypauuu mnpaswi. Kpome toro, nmoBrop-
HOE HCIIOJIb30BaHNE Pa3padOTaHHBIX THIIOB, PEATU3YIOUIMX MTPOBEPKY MpPaBHI,
MOJKET OKa3aThCsl CIIOYKHOM 3ajiaueid, IIOCKOJIBKY Ul HOBOTO TPOEKTa B OOJIb-
IIMHCTBE ClTy4aeB OYyAyT HY>KHBI JpYyTrue TpaBHia JIMOO e CyNIeCTBYIOIINE
HeoOXoauMo OyneT M3MEHHThb. B Toke Bpems Uil KaXIOTO NMPOEKTa MOXKET
TpeOOBaThCsA CXOKUI HAOOP MPaBUII, HATIPUMED:
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e  JIMEHA THIIOB YAOBJIETBOPAIOT YCTAHOBICHHBIMH IIPABHIaM HMEHOBAHUS;

®  JCIOJIB3YeTCs 3aJlaHHBI HAOOp KOMIIOHEHT M KJIACCOB, a HE UX albTepHa-
THBBI;

®  [pOBEpKa YHPABISIOIUX CTPYKTYP, HAPHUMEpP BETBJICHUH W IUKJIOB, JUIS
BBIYHCIIEHUS] METPHK KOJIA;

®  OIpeJesieHre BCEX METOI0B, KOTOPhIE NCIIONB3YeT NaHHBIH KJlacc, a TakxkKe
KJIACCOB MJIM METOJIOB, MCIOJIB3YIOIINX 3alaHHBIA METOJI WIIN KJIAcc;

e TIpOBepKa CBsi3el MeXIy KOMIIOHEGHTaMH, HallpuMep Ul 3alpeTa BhI30Ba
METOJIOB KJIACCOB YPOBHS JIOCTYNA K TaHHBIM KJIACCAMH, OTBEYAIOIIUMH 32
CO3aHMe TOJIb30BATENILCKOTO HHTepdelica, B 00X0a KJIACCOB, pean3yro-
X OM3HEC-JIOTHKY.

LlenecooOpa3HBIM SIBIISIETCS CO3/IAHUE TAKOTO IMpPEACTaBICHUS MH(OpMAa-
LM O MPaBUJIaX, KOTOPOE IO3BOJIMIIO OBl €€ NaybHeiIIee MOBTOPHOE HCIIONb-
30BaHHe, paclmperne, Moaudukamuo 1 d()(HEeKTUBHBINA TOCTYI K XpaHUMON
nHpOpMAaIHH.

3. Ba3oBble cBeeHusl 00 OHTOJIOrMsIX. B Hacrosiiee BpeMs aKTyaJbHBIMH
SIBJISIFOTCSI UCCJIEZIOBAHUSI B O0JIACTH OHTOJIOTHMH M OHTOJIOTHYECKHUX CHCTEM B
pa3nMuHBIX 00JacTAX WHPOPMATHKU. JIOCTaTOYHO CIIOKHO JaTh TOYHOE OIpe-
JiefieHre MOHATHIO oHTosiorus. CyriecTByeT OOJIbIIOe KOJIWYECTBO ONpenene-
HUH, MPEAJIOKEHHBIX Pa3IUYHBIMM aBTOpaMH M KoJuleKTHBaMH. OJHUM W3
MIEPBBIX OIPEJEIICHUI SBISETCS OlpeaeseHre, JanHoe B pabore [11]: oHTONIO-
TS ONpeAeseT 0a30BbIe MOHATHS U CBSI3H, COCTAaBIIMIOIINE CIIOBAPH MPEIMET-
HOW 00JIacTH, a TakKe IMpaBUiIa T KOMOWHAIINH TIOHATHI U CBA3EH IUIA OTpe-
JIeTICHUs] PacIIMpEeHUH cloBapsi. DTO ONMHMCATEIBHOE ONpENeNIeHHE MPEeoCTaB-
asier 6a30BO€ NMOHMMAHHUE TOTO, YTO HEOOXOAMMO CHENaTh Ui MOCTPOCHUS
oHTonornu. Hanbonee nuTHpyeMbIM B JHTEpaType MOCBAMIEHHOW HCCIEI0BaA-
HUSM B OOJIaCTH OHTOJIOTHH SABISETCA ompeneneHue, nanHoe 1.I'pybepom
[12]:oHTONOTMEH Ha3bIBaeTcs siBHas crenuduKanus KOHLENTyanu3alud. B
pabote [13] maéres creayroniee onpenesieHHe: OHTOJIOTHSA — 3TO (dopMalbHas,
siBHasI crienruKanusl KoHUenrtyanm3auu. [loa KoHnentyamusanueld noHUMa-
eTcsl HeKOTOpasi abCTpakTHAsT MOJEIbh HEKOTOPOro (hpeHOMEHA, OIpeessomnias
Ba)XHBbIC KOHLENIWHM JAaHHOTO ()eHOMEeHa. SIBHas O3HayaeT, YTO THII, UCIIOJIb-
3yeMbIX KOHIIEMIIMH, a TaK)Ke OrpaHHYCHUS] Ha MX HMCIOJIb30BaHUE SBHO OIpe-
neneHpl. PopManbHas — OTpaXkaeT TOT (haKT, YTO OHTOJIOTHS JIOJDKHA OBITh
TIPECTaBIIeHa B TaKOH (Qopme, 9TOOBI ObllIa BOZMOKHOCTE 3()()EeKTUBHON KOM-
MEIOTEPHON 00paboOTKHU coneprkamieiics B Helt nHpopMarmu. Taxke TOqUYepKH-
BAeTCs TOT (haKT, YTO OHTOJIOTHS CONSPIKUT COTJIACOBAHHBIC 3HAHUSL.

Crienyer OTMETHUTh, YTO B HACTOSIEE BPEMsl IOHMMaHKWE TEPMUHA OHTO-
JOTUsl Pa3iMyHO, B 3aBUCHMOCTH OT KOHTEKCTa M LieJiell ero MCHOIb30BaHuUsI.
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PaznuuHble ompeneneHus NPEACTABISAIOT PA3IHYHbBIE, JOMOIHSAIOUINE JpPYyT
JpyTa IpeacTaBIeHus 00 0OHON U TOH ke cymHocTH. HekoTopele onpeneneHus
HE3aBUCUMBI OT NPOLECCOB, COMYTCTBYIOIIMX Pa3pabOTKe OHTOJOTHU U e€ HcC-
II0JIB30BaHUIO, B TO BpeMs KaK JIpyrHe TECHO CBSI3aHBI C MPOLECCOM pa3paboT-
KH. )lenaﬂ BbBIBO/I, MOKHO CKa3aTb, YTO LECJIbIO OHTOJIOTHUU SABJIACTCA IMPCACTAB-
JICHUE COTJIaCOBAHHBIX 3HaHMH B oOmmel ¢opme TakuMm oOpa3oMm, 4TOOBI OHa
MorJia OBITh IIOBTOPHO M COBMECTHO HCIIOJb30BaHA PA3NMYHBIMH TPYIIIaMH
JIIOJIEH U MPOrpaMMHBIMU IIPUIOKEHUAMU [14].

IMox dopmanbHOit Mogensio oHTONOTHH O OyIeM MOHUMATEH YIOPSIOYCH-
HBIA Ha00p TPEX 0OBEKTOB clemyromero suma [15]:

0=<X,R, F>,

rae X — KOHEYHOE HEITyCTOe MHOXKECTBO KOHIIETITOB (TTOHATHH, TEPMUHOB)
MIPEIMETHOM 001aCTH, KOTOPYIO TIpeacTaBisieT oHTonorus O;

R — KOHE4YHOE MHOKECTBO OTHOLICHUI MEXIy KOHLENTaMH (IOHSITUSIMH,
TEPMUHAMH) 33/1aHHON TIPEAMETHOH 00J1acTH;

F — KoHe4YHOE MHOXXECTBO (YHKLMH HHTEpHIpeTaluu (aKCHOMAaTH3alliH),
3a/laHHbIX Ha MHOXkecTBax X U R.

Bappupys cBolcTBa yKa3aHHBIX MHOKECTB MOXHO I10J1y4aTh Pa3JIMYHbIC
BUJIbI OHTOJIOTHH. CleleCTByeT 6OHbHJOC YUCJIO PA3JINYHBIX BUI0B OHTOJIOTHH.
OHTOJIOTMU MOTYT OBITH KJIACCU(QHIIMPOBAHBI MO CTENEHH (OPMAIBLHOCTH, MO
HAITOJIHEHUIO, COAEPKUMOMY, TIO IIeJIH co3aanus [16].

4. Ncnosib30BaHHe OHTOJIOTHI JUIS1 MOMIEPKKU pelleH3upoBanns koxa. Ha
HaII B3TJIA [EIecO00pa3HBIM SBISCTCS CO3JaHWE OHTOJOTHH ITIPABHI JJIS HC-
xogHoro koxa. Ilox mpaBmiamu 3xeck OyneM IMOHMMATh KOHCTPYKIHHU S3BIKA
MPOTPAMMHUPOBAHISI, KOTOPBIE 3alpEIIeHO HCIIOIb30BaTh NMpH pa3paboTke He-
KOTOPOTO IPHIIOXKEHHUS. DTO MOXKET OBITh UCIIOIb30BaHHE KaKoro-Inbo Kiacca,
ompeneéHHas MOCIeI0BaTEeIbHOCTh BEI30BOB METOJIOB, BBI30B OIIPEACIIEHHOTO
METOZa Kjacca W3 APYroro, OCOOCHHOCTU PealM3alliil HEKOTOPBIX KIIACCOB,
HANPUMEp HaATMYUE PeaIU3allui ONpeeaEHHBIX HHTEP(EHCOB, CBOMCTB U T.1I.
DaKTHYECKH 3TO KOHTPOJBHBIE PUMEPHI OIMMOOK B HEKOTOPOM O0O0OIEHHOM
BHJIE, TO, YEro JeNaTh HE HYXXHO NPH HAMMMCAHWU HCXOIHOTO koma. llemsmu
CO3/IaHUs JaHHON OHTOJIOIMH SIBISIOTCS:
®  CO3J]aHHE COTIIACOBAHHOTO TIPEICTABICHUS WHPOPMAIIUH O HEIOITYCTUMBIX
KOHCTPYKIHSX SI3BIKA TPOTPaMMHUPOBAHUS;
e CO3JaHME WCTOYHUKA WH()OpMAIMH U TOCIETYIOMET0 HCIOIh30BAHUS
MIPUKIIQAHBIMA TIPWIOKEHISIMEA JIJIsI aBTOMATH3HUPOBAHHOW TPOBEPKH HC-
XOJHOTO KOJIa Ha HAaJIMUUE ONpPEACTEHHBIX OIIHOOK.
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OHnronorusi TOJDKHA CoiepKarth MHGOPMAIMIO O TOM, KaK MOXXHO HCIIOJNB3Ys
TEPMHHBI IIENICBOTO S3BIKa MPOTPaMMHUpPOBaHMA (Kjacc, MHTepdeiic, MeTon,
CBOMCTBO U T.I.), @ TAaKXK€ JOIMOJIHUTENbHBIE KOHIIETITHI, KOHCTPYUPOBATh KOH-
TPOJIbHBIC MPUMEPHI omuO0K. Co3/1aHHEe TaKOH OHTOJIOTHU MO3BOJIMIO OBbI pe-
HIUTH p}l}l 3aaa4 nepeqncneﬂﬂmx BBIIIIC. TaKaH OHTOJIOrusg MorJjia 6])1 6]:IT])
COBMECTHO WCIIOJIb30BaHa Pa3pa0OTYMKaMU IPOTPAMMHOTO OOCCIICYCHUS IS
CO3JaHMSI HOBBIX MPABWJ, U3YYEHHUS YK€ CYUIECTBYIOIIUX U HE JOMYLICHUS
W3BECTHBIX OIMIMOOK (HAPYIICHWS YCTAaHOBJICHHBIX TPABHI) Ha OCHOBE IMOJY-
yeHHOW wHpopMmarmm. WHpopMmanus, comepikamiascs B NaHHOH OHTOJOTHH,
MOJKET OBITH IMOBTOPHO WCIIONB30BaHA W PACHIMPEHA I KAXKAOTO MOCIEyI0-
IIEeTO MPOCKTA.

5. Bo3moskHbIe MOAX0AbI K peanu3anuu. Ha HauanpHOM 3Tane mpocreifmas
OHTOJIOTHS TOJIOOHOTO BHIAa MOXET OBITh MOCTpoeHa Ha ocHoBe XML-cxem
(XSD). OnHM 1O03BONAIOT ONHMCHIBaTh JOIMYCTHUMYIO CTpyKTypy XML-
JIOKyMEHTOB, COCTaBJISIOLUIMX MX 3JieMeHTOB. Ha 3HauyeHust aTpuOyTOB MOTYT
HaKJI/IBIBAThCS Pa3JIMUHbIE OTPaHMUYCHUS, BOBMOXKHO 33J]aHUE TUIIOB JIAaHHBIX.
B nanHom ciydae Habop XML-10KyMEHTOB COOTBETCTBYIOIINX pa3pabOTaHHOM
cxeme OyzeT MmpeacTaBiIsiTh cO00H HEKOTOpBIH Habop npaswi. B mocnenyromem
MOTYT TOTpeOOBaThCs 00JIEE CIIOKHBIE OTPAHIYECHHUS M UCTIOIB30BAHHE S3BIKOB,
oOagaromux OOJbIIeii BHIPA3UTENBHOW MOITHOCTBIO, ITOITOMY IeJecoo0pas-
Hee HMCIOIb30BaTh SI3bIKH, CIIEHAIBHO MpeIHa3HAYEHHbIC IS CO3MaHMUsI OHTO-
soruii, Hapumep s3Ik OWL.

CyImecTBeHHBIM SIBJISIETCS TO, KaK pa3pabOoTaHHAsh OHTOJOTHA OyAeT Hc-
MOJIb30BAThCS NMPHUKIAJHBIME THporpamMMamu. lIpmHHMMas BO BHHUMaHHE TOT
(axT, 4TO aHaANIKM3 KOJa M MOMCK OMMOOK ocymecTBisieTcs: ¢ omolnsio FxCop
API, oHUM M3 BO3MOXHBIX PEUIEHHH MOXKET OBITh UCIIOJIH30BaHHE OHTOJIOTUHU
IpaBUJI JJI1 aBTOMAaTHYECKOM TeHepaliy UCXOIHOIO KoJa KIacCoB, pealn3yro-
OMX TPOBEpKYy mnpaBwil. Jlnsgd 3Toro Moryt ObITh ucmONb30BaHBl XSLT-
IpeoOpa3oBaHMsI.

[epeuncianm npenmMyiecTBa ucmons3oBanus XSLT-npeodpa3oBanuii as
TeHEepaIuy UCXOIHOTO KO/Ia KJIACCOB, PEATN3YIOLINX MTPOBEPKY MPaBHIL:

1. Hammume s>¢dexTuBHBIX cpenctB oopadotkn XSLT-mrabnonoB. B Ha-
cTosAIee BpeMs CYIIECTBYeT Ooibimoe umcno peammsanmuii  XSLT-
MPOIIECCOPOB, TIO3BOJTIONINX IPOW3BOAWTH TpeoOpasoBanus XML-
IOKyMeHTOB. Takum 00pa3oMm, HET HEOOXOAWMOCTH pa3padaThIBaTh OT-
JIETBHYI0 TEXHOJIOTHIO MPpeoOpa3oBaHus HHPOPMAIUK O MPaBMIIaX, A0CTa-
TOYHO BOCIIOJIb30BaThCS CYIIECTBYIOLIMMHU FT'OTOBBIMHU PELICHUSIMH.

2. Ilpocrora co3maHus, HCIIOIB30BAHUSA, JIETKOCTh MOJU(MHUKALIMN U BBICOKAS
CKOPOCTh pa3pabOTKH.
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3. IlepeHOCHMMOCTb, OTCYTCTBUE INpPUBA3KH K OIPEACIEHHBIM AamNapaTHbIM
WJIN TIPOTPAMMHBIM TEXHOJIOTHSM.

[IpenmymecTBa IPEATIOKEHHOTO PEMICHAS B IIEJIOM COCTOAT B CIIEAYIOIIEM:

1.  Iporpammusri kox ans B3auMoneicteus ¢ API, peamms3anmu onpenenén-
HBIX TUIUYHBIX NEHCTBUN co3maéresi OOWH pa3 Uil HeKoToporo Habopa
XSLT-mabmoHoB. B mocnemyromemM OOWMH W TOT € KOJI TIOBTOPHO HC-
TIONTB3YETCS IS CO3TAHUS KIIaCCOB, PEATH3YIOINX MPOBEPKY MPaBHUIL.

2. VYmpolmaercs mpolecc CO3JaHusl HOBBIX MpaBuil. B ciydae HeoOXoanmo-
CTH CO3[aHMA MPaBHJI, KOTOPbIE HE MOTYT OBITH OIUCAHBI C TIOMOIIBIO CY-
IIECTBYIOIIUX TEPMHUHOB, OHTOJIOTHSI MOXET OBITh pacIIMpeHa, HeoOXo-
quMo co3fanne HOBbIX XSLT-mpeoOpa3zoBanuii. B Toxe BpeMs cyiiecT-
BYIOIIIE€ YacTW Koja W oTBevaromue UM XSLT-1mradmoHsl mpojoinKaoT
HCII0Ib30BaThcs. HeoOX0oauMO TOJIEKO CO3JaHHE KOJa OTBEUAIOIIEro 3a
peanu3aluio NpOBEPKU HOBBIX MPaBUIIL.

3. VYmpoiaercs mpouecc CO31aHus IPaBUII HA OCHOBE CYyIIEeCTBYIOMMX. Dak-
THYECKA HEeOOXOIuMa JINIIb KOHQUTYpalus CYIMIeCTBYIONINX PaBUII, KO-
TOpasi OCYHIECTBISIETCS C IMOMOINBIO 3aJaHWs COOTBETCTBYIOUIMX ITapa-
METPOB IK3EMIULIPOB MpaBwwi. HeT HEOOXOAMMOCTH KaXKABIM pa3 MHcaTh
Kox B3amMogneiictBus ¢ APl - HMCXOAHBIA KOJX KJIAcCOB, PEaTH3YIOILINX
MIPOBEPKY MpPaBUII, OyJeT TeHePHPOBATHCS C 3aJaHHBIMU ITapaMeTPaMH aB-
TOMATHYECKH.

6. Bo3mo:kHBIe HampaBJIeHUsl JaJIbHeHIIUX uccjaeloBaHuii. MoXHO Bblze-
JIUTh J]Ba HaNpaBJICHUs Pa3BUTUs IpeACTaBIEHHOro pemeHus. [lepBoe cBsizaHO
¢ pa3pabOTKONW HPHUKJIAJAHOTO MPHUIOKEHHs MO3BOJSAIOIIETO MONb30BATEN0 Ha
OCHOBC I/IH(I)OpMaIJ,I/Il/I HpeﬂCTaBﬂeHHOﬁ B OHTOJIOTMU IIpaBUJI CO3/1aBaTb HOBBLIC
IpaBuiia, UCHOJB3Ys Uil 3Toro rpaduyeckuii uaTepderic. Bropoe Hampasie-
HHUE CBS3aHO C Pa3pabOTKO¥ MPUKIAJAHOTO MPUIOKEHUS JUIS BBIYUCICHUS MET-
puK ucxoxHoro koxa c¢ momomsio FxCop APIL. Mudopmarnus o komuuectse
OIMOOK, HAWJEHHBIX B TAHHOM HCXOJHOM KOJI€, X THUII, BAXXHOCTh, KOJIUIECT-
BO TaKKe SIBJISIIOTCS BAXHBIMH MHJIMKAaTOpaMHu, HA OCHOBAHUH KOTOPHIX MOXHO
cZienaTh HEKOTOPHIE BBIBOJBI O Ka4eCTBE MCXOAHOro kKonxa. Ha ocHoBaHmm nH-
(opMary peryJsipHO IIOJlydaeMOW B pE3yJIbTaTe aHalM3a HCXOIHOTO KoJa
MO>KHO CTPOWTH TPEHJ W3MEHEHMs INoKa3arenell Bo BpemeHu. [laHHas uH)Op-
Manusi MOXeT ObITh MMOJIE3HA IIPU MPUHITUH PEICHUH O MIIaHUPOBAHUU U IMPO-
THO3UPOBAaHUN HEOOXOAUMOro 00bEMa BPEMEHH ISl BBITIOIHEHHUS IIPOEKTa HITH
€ro 4acTH, KOJMYECTBAa TPEOYEMBIX PECYpCOB, YU€Ta M CHIDKEHUS! PUCKOB IPH
NPUHATUH YIPABJICHYECKUX PEUICHUH, (OPMUPOBAHMUHM OLICHOK pa3IMuHBIX
KOMITOHEHT IPOrPaMMHOTO 00ecIIeueHHsI.
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BoiBoabl. TakuMm 06pa3zom, B cTaThe OBUT PACCMOTPEH MPOTPAaMMHBIN MPOAYKT
FxCop, no3Bosstomuil aBTOMaTH3UPOBATh MPOLIECC PELIEH3UPOBAHUS HCXOIHO-
ro Koja myTéM IOWCKAa M3BECTHBIX OMIMOOK. bpina moka3zaHa HEOOXOJUMOCTh
pa3paboTKy COOCTBEHHBIX TPaBHJI, MPEIBSABISIEMBIX K HCXOIHOMY KOy, yKa3a-
HBI CJIOHOCTH CYILECTBYIOLIEro pemieHus. [IpennokeHo pelieHre Ha OCHOBE
WCIIOJIb30BAHUsI OHTOJIOTMH TPaBWJI, IIO3BOJISIONIEE YNPOCTUTH pa3paboTKy
COOCTBEHHBIX IIPAaBWII, NMPUBEIICHBI €ro NpeuMyiectBa. HamedeHs! nanbHei-
M€ HalpaBJICHNs] pa3BUTHS pabOTHI.
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MPOTOKOJIM /IS IHTETPAIIII MOBLUIBHUX ITPUCTPOIB I3
CTAHUOISAMMU ITIO HAJAHHIO ITOCJIYT YEPE3 BE3IPOTOBI
EJIEKTPOHHI KAHAJIN

3anpornoHoBaHO HOBHUII MeTo B 00iacTi iHGOPMAIiIHHUX TEXHOJOTIH MO HAIAHHIO JIOKATBHHX
mocIyr 4yepe3 Oe3IOBHY iHTerpauio MoOiUTbHUX MpHUCTPoiB. ITinxin 6a3yeTbest Ha KIlaci MPOTOKO-
niB XDEP (XML data exchange protocol). OCHOBHHM 3aBIaHHSAM I(bOTO IJXOMY € 3aMiHA iCHYyIO-
YMX METOMAIB HagaHHA iH(popMauii, ki (YHKI[IOHYIOTh 3aBJASKH CIIELiali30BaHUM MPUCTPOSIM.
TTponoHy€ThCs IIEPEHECTH L0 (yHKIIOHATBHICTh HAa IPUCTPOI MACOBOTO BHKOPUCTAHHS - I1EpPCO-
HaJIbHI eNIEKTPOHHI 3aIMCHUKH, MOOUIbHI Tenedonn, MP3 meepn, Ta iHmmi.

A new approach in the area of information technologies of providing local services via seamless
integration of mobile devices has been proposed. The approach resides on the basis of XDEP (XML
data exchange protocol). The solution is intended to substitute existing methods of information
services providing, which reside on a specialized hardware. The functionality is to migrate to the
commonly used devices like PDAs, Mobile Phones, MP3 players, etc.

1. Beryn. B cyyacHux nuHamMiuHMX YMOBaX PO3BHTKY iH(OPMAIIHHMX TEXHO-
JIOTiH, piBeHb IHTErpallil MOOUILHUX MPHUCTPOIB, IIEPCOHANTLHUX KOMIT IOTEPIB Ta
CepBepiB 4epe3 eNeKTPOHHI KaHal € BUCOKMM. KO)KHHMH MOOUTBHHMN MpPUCTPIi
MICTUTh TIEPCOHANBHY iH(OpMalilo, Ky KOpUCTyBadl MOTPEOYIOTh Ui BHpi-
HICHHS aTOMapHUX MHUTaHb. [IepCcoHaIbHI KOMIT IOTEPU aKyMYJIIOIOTh iHpOpMa-
1ito, SIKy KOPHUCTyBaui 30MparoTh Ha MpoTsi3i Aeskoro yacy. CepBepHi cucremMu
MIPEACTABISAIOTE 3aci0 moBrorpuBanoro 30epiranHs iH(opmanii Bif pi3HUX KO-
pucrtyBadiB. TakuMm 4nHOM, iH(pOpMAIlifo, Ky KOPHCTYyBadi HOTpeOyIOTh B Pi3HI
Tepioiu 4acy MOXKHA Kilacu(iKyBaTH Ha TPU KaTeropii:

Bukopucranns ans aii (30epiraeTbess Ha MOOUTHHUX TIPHCTPOSIX)

Bukopucrannas anms mismbHOCTI (HaOip [ill, 30epiraeThcs Ha MEPCOHANb-
HOMY KOMIT FOTepi)

BukopucranHs s icTopii Ta manyBaHHs (HaOlp pi3HUX IisSUTBHOCTEH, sIKi
30epirarThcsi Ha CepBepHii maThopmi)

3a mieto kinacudikalito, JaHi 30epiraroThCs Ta OPraHi30BYIOTHCS Ha Pi3HUX
¢isnynux mwiardpopmax. Takuil migxig mo 30epiranHs iHGoOpMalii moTpedye
nocTiHOT cHMHXpOHI3alil oGsaaHanHs. JloriuHui mporec B3aeMoaii pi3HHX
NpOrpaMHO-anapaTHUX KOMIUIEKCIB PO3IIIAAAEThCS B LI CTATTi, KA MPOMOHYE
yHi()iKOBaHUI MeTOJ| HOTo opraHizarii.

Knac nporokonie XDEP (XML Data Exchange Protocol) Bnepiue npen-
crapneHni mix gyac koHgpepentii ICTA 2007 [1]. 'omoBHOIO ie€ro IHOTO KiI1acy
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€ TPE/ICTABJICHHsI JaHUX B YHIBepcaJbHOMY (OpMATi, SIKMH CUCTEMH, 32 Pi3HU-
MU JIOTIYHOIO Ta (Di3M4HOIO OymOBaMH, MOIJH O IHTEPIPETYBaTH IIBUAKO Ta
6e3rmoMmiikoBo. [Tiaxin 1o moOymoBH CTPYKTYpH LIBOTO KJacy IPOTOKOJIB OYB
CXOXHUH 10 CTPYKTypu BeO-cepriciB [3] pospobienux W3C. basoro mis BeO-
CEpBICIB € METa OIKC JJaHUX, KU1 JIETKO THTEPIPETYETHCS Oy Ib-IKOI0 Nporpa-
Moo [4].

s Toro, o6 BUCBITIUTH HACTymHHN etan eBoiromnii XDEP posrisiaemo
HactynmHuid npuknan. B IMapwki, @panmii, sk aabTepHATHBY BUKOPHUCTAHHS
TPAHCIIOPTY Ha OCH3WHI, KOMyHaJbHI CITy’)KOHM 3aIpOMOHYBalll BUKOPHCTAHHS
BenocuneniB (mociyra Velolib) 3a gyxe cumBomiuny rmiatHio. [lepenbadaers-
cs, MO0 Taka IIOCIyra pPO3BAHTAXHUTH AaBTOMOOLIBHHN Tpagik Ta MO3UTHBHO
BIUIMHE HA HaBKOJHUIIHE cepenoBuine. OnHaK, 3 METOIO MONEePEKEHHS MOXKIIU-
BOCTI HE MLIJIbOBOrO BHUKOPUCTAHHS a00 KPaJi’KKU BEJIOCHIEAIB, MaHIPIBHUK
Ma€ BaliyBaTH KPEJUTHY KapTKy, Epes THM, SIK CKOPHCTATUCS HOBOIO IOCIY-
rOI0 TPOMAJICBKOTO TpaHCHopTy. Beiocumen MokHa B3sTH OE3KOIITOBHO Ha
MIBrOJMHY, MiCJs YOT0, 33 KOXKHI MIBrOJUHHA MOYHHAIOYH 3 OJHOTO €BPO, IliHA
nporpecye B apudmernuHiit nporpecii. [lnardopmu (Micus, 1e MoXHa OTpUMa-
TH Ta 3/1aTH BEJIOCHIIE])) 3HAXOISTHCS 110 BCbOMY MICTY, OTXKE 3MiHA BEJIOCHIIE-
Jly He TIpeJICTaBiIsIe CKIAIHONLIIB, Ta MOXe OyTH BHKOHaHa ayske MBUAKO. IIpo-
T€, MaHAPIBHUKHU 3MYIICHI KOXKHOTO pa3y, IiJl 9ac 3aMiHH BEJOCHIIea ITOBTO-
pIOBAaTH ONEPALif0 3 BBEJCHHAM IIEPCOHANBHHUX AaHHMX. Takuil mporec Moxxe
3aiiMaTh JJIs OJHI€T IF0ALMHU OJIU3bKO 3 XBUIWHU, 110 ckiagae 10% Big MoTeH-
LIHOTO Yacy BUKOPHUCTAHHS MOCIyrd. BpaxoByrouu Te, 10 3aBKAM KUIBKICTH
ABTOMATHYHHX MYHKTIB (€KpaHHU 3 KJIaBiaTyporo) Ha IuaTdopMi He MEepEeBHIIYE
1, B pa3i 4epru, €KOHOMis Yacy NpU BHKOPHCTaHHS TaKHX IOCIYT CTa€ JykKe
CYyMHIBHOK. Ha MOTOYHMIT MOMEHT €JMHOI0 MOYJIMBICTIO BUPIIICHHS Ili€l mpo-
O5eMU € BCTaHOBJICHHS JIOJATKOBUX aBTOMAaTHYHMX ITyHKTIB (X04a, B LILOMY
BUMNAJKy BHUHUKAIOTh CKJIAIHOII 3 CHHXPOHI3AIEI0 Iifi MaHIPiBHUKIB, SIKI
XOUyTb B3SITH OJIVH 1 TOW CaMUii BEJIOCHUIIEN).

B Toii wac, B neskux KpaiHax (TakuX, HaNpHKIa, SK YKpaiHa) KUIBKICTh
KopuCTyBadiB MOOUTEHUX TenedoniB nepesunmiaa 100% mnomyssnii. Lle o3na-
yae, M0 KO)KHA JIIOJMHA Ma€ SK MiHIMyM OIuH MOOinpHHH TenedoH. Sk pe-
3yJIBTAT KOXKHHAH KOPHUCTYBad Ma€ IOCTIHHO i3 cO00I0 MepCOHaIbHY KOHCOJB i3
MO>KJIMBOCTSIMH BBOAY Ta BUBOAY JaHUX. IHTepdeiic s npencraBieHHs AaHUX
JUIsS. BUKOPUCTaHHS TUMy Xii (a00 mpeicTaBieHHs aTOMAapHUX MOCIYT), MOXKe
OyTH niepeHeceHuil Ha Oyab-sKHid mepcoHaNbHUA npucTpii. Llel miaxin Bimo-
Opakae HacTymHUI Kpok eBouttortii XDEP.

2. Ctpykrypa XDEP. Puc. 1 cTpykrypHO BioOpaxae KOH'IOHKTYpPY BHKOPHUC-
TaHHS NpoToKoJiB. KoxXHUH MpoToKOI epeadadeHuii [uis Aii B poii Mexiatopa
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MDK PI3HUMH KIIIEHTCHKMMH Ta CEpBEpHHMH IUIaTGopMaMu. 3aBISIKH TEKCTO-
BOoMy (hopmary, MPOTOKOJ MOKe OYTH JIETKO aJIaliTOBaHH MiJl Pi3HI CHCTEMHU,
110 JIO3BOJISIE HOTO IIMPOKE BUKOPHCTAHHSL.

XDEP Transformation >

@-@

XDEP Message generation
and processing server

Puc. 1. KoH 10HKTypa BUKOPUCTAHHS MPOTOKOJIB

s xoukypey Microsoft Imagine Cup 2007 aBtop ymockoHanuB XDEP mns
TOrO, 00 HaJaTH MOJKIIMBICTH JIIOISAM i3 YCKIIQJIEHHSMH 30pY OTPHMYBATH
pi3Hi iH(pOpMaIliifHi TOCTYT BUKOPUCTOBYIOUH 3BUYAIHI HOPTAaTUBHI IIPUCTPOI.
Indopmanist 13 cepBepHOI Iporpamu IOAaBaIaCh Ha MOOUIBHHUH NPHCTPIH 3
TOJOCOBUMH MOKIHBOCTAME B popmati XDEP, sxa mpencrasisiiach KOPUCTY-
Bay€eBi depe3 roJI0COBHM iHTEepdeiic. ApXiTEKTypy IIi€i CHCTEMH MPEICTaBICHO
Ha Puc.2

Speech It i
Windows
Mobile
Visually impaired user Multimedia station

Puc. 2. ApxiTeKkTypa CHCTEMH JIOMOMOTH ocobaM i3 yCKIaJeHHIMH 30py

Hwkue mpezncraBieHo NMpUKiIan ofHie i3 KoMaHn mporokory XDEP s
npoekty Fenestra :

154



<?xml version="1.0" encoding="utf-8"?>
<XDEPDriver ProtocolName ="Fenestra” ServerName="Fenestra Server” start-
command="">
<Commands>
<Command>
<Name>protocol syntax</Name>
<IsStatic>false</IsStatic>
<IsDriverDescription>true</IsDriverDescription>
<IsSilent>false</IsSilent>
<Description>gets the protocol description</Description>
<Parameters>
< param >
<ParamName>Protocol</ParamName>
<PredecessorParamReference />
<ParamType>String</ParamType>
<ParamDefaultValue =« />
<Direction>Out</Direction>
</ param >
</Parameters>
<Successors>
</Successors>
</Command>
<Command>
<Name>music play</Name>
<IsStatic>true</IsStatic>
<IsSilent>false</IsSilent>
<Description>If you want to listen to some music</Description>
<Parameters>
</Parameters>
</Command>
<Command>
<Name>music stop</Name>
<IsStatic>true</IsStatic>
<IsDriverDescription>false</IsDriverDescription>
<IsSilent>false</IsSilent>
<Description>If you want to stop listening to the music</Description>
<Parameters>
</Parameters>
</Command>
</Commands>
</XDEPDriver>

Leit mpukiIan 1eMOHCTPY€E TPH KOMAaHAN 3 CAMOOIMCYEMOIO CTPYKTyporo. OnHa
3 IUX KOMaH protocol syntax — 6a30Ba KOMaH/a AJIs BCIX MPOTOKOJIB 1100y 10~
BaHUX i3-3a gomomoroto mpasmwi XDEP. [Igi inmni (music play komaHna, sika
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3aIlyCKae MporpaBady My3HKH Ta music Stop, sika 3yNUHSAE ayAiOTPeK) - CIIeLH-
(ivHI KOMaHJH1 JAHOTO MPHUKIATY.

[Mpu posrisaai XDEP HeoOXinHO MPUALIMTH OJAaTKOBY yBary iMeHyBaH-
HIO KOMaHJ, iX Omucy Ta mapamerpamM. Moske 37aTHCh, IO AOCHTh BETHUKHHA
OIMMC KOMaHJ| 30UIbIIYE IX PO3MIip, TAKMM YHHOM 30UTBIIYETHCS 1 MEPEKEBHMA
Tpadik. OgHaK, BPaXxOBYIOUM IIBHAKICTH POCTY TOTY)KHOCTI KOMITIOTEPHHX
Mepex, el (akT MoxHa irHopyBatd. Ha mportuBary, Takuil miaxiz 103BOJISIE
IHTErpyBaTH Pi3HI NpPWIAAX, HABITh Ti, sIKI OPIEHTOBaHI IS JIIOAEH 3 mpoliie-
MaMH 30py. K pe3ynbTaT KIi€HTCHKI IPOTPaMU MOXKYTh YCITIIITHO BUKOPHUCTO-
BYBaTH aymio iHTepdeiicy, Mo M03BOJSIE HE 3MIHIOBATH TPEACTABICHHS TaHUX
(Mera nmaHi) Ta aganTyBaTH KOMAaHIH U IPWITAIIB 3 pi3HUM iHTEpdericoM.

HacTynmHuM KpOKOM BHBYEHHS IIPOTOKOIY Oyzae po3IisiA ONucy KOMaHA B
3araJlbHOMY BUIQJIKY.

<?xml version="1.0" encoding="UTF-8"?>
<XDEPDriver ProtocolName="TheNameOfTheCurrentProtocol"
ServerName ="TheNameOfTheServerDevice"
startcommand="NameofTheStartingcommand">
<Command name="CommandName" isStatic="boolean"
description="userfriendlydescription">
<parameters>
<param
paramName="paramName"
predecessorParamReference="paramName"
paramType= "integer|boolean|string|list"
maximumValues ="integer value”
minValues="integer value”
validationRule="regular expression”
paramDefaultValue= "thevalue"
direction="in|out|inout">
<values>
<value key="value" value="value"/>
</values>
</param>
</parameters>
<successors>
<successor commandName="CommandName"
autocall="bool"/>
</successors>
</Command>

KomyHikariss MiXk KIIIEHTCBKAMH Ta CEPBEPHUMH MPOTpaMaMH BUKOHYETHCS, B
KOMaHIHOMY peXuMmi. Hinkde mpomnoHyeThCs 3aradbHUNA CHHTAKCHC 3aIlUTIB Ta
BIIMIOBi/IEH MPOTOKOITY: 3alHT BUTTISAIA€ HACTYITHIM YHHOM:
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<XDEPInlineCommand commandName="CommandName">
<parameters>
<param paramName="paramName" paramValue="thevalue"/>
</parameters>
</XDEPInlineCommand>

Binmnosigs:

<l--Response sent to the client's command-->
<XDEPInlineResponse commandName="commandName">
<param
paramName="paramName"
paramDefaultValue= "thevalue">
<!--in case the value is a list-->
<values>
<value key="value" value="value"/>
</values>
</param>
</XDEPInlineResponse>

[Mepiuit 3amuT, MO BIAMPABISETHCS 10 CEPBEPHOT KOMaHM Mae OyTu Pro-
tocolSyntax, mis Toro, mo0 OTpPUMATH OMMC BCIX 3alMTIB Ta BiANOBiAEH
JOCTYIIHUX B KOHKPETHIH CepBepHil peaiizamii MpOTOKONy, Ta MOPSIOK iX
BUKOHAHHA.

<ProtocolSyntax>
<parameters>
<param paramName="devicename"
paramValue="the name of the device"/>
</parameters>
</ ProtocolSyntax >

Tak sik MPOTOKOJ BUMarae BUKOHaHHsS KoMaHau ProtocolSyntax, Bona Mae
OyTH 3aKo/0BaHa B KIIE€HCTCHKY NIporpamy. Binmmomizp Ha mel 3anurt Hanae
KOpHUCTYBady CHHTAKCHC MPOTOKONy. Takuil miaxia J0o3BOJIsSIE B YHIBEpCAIBHIN
dhopmi
1. KoHcrpyroBaru iHTepdeiicn KopucTyBaya He MPUB’SI3YIOUNCH 10 KOHKpe-

THOTO Bi3yaJIbHOTO NPE/ICTABICHHS JaHUX;

2. BwusHayaTH KPOKH BUKOHAHHS ITPOTPaAMH.

Inest nporo migxony Haraaye npuHumnu podorn HTTP. Oxpnak, icHye Tpu

CyTTEBI 0coOmuBoOCTI, 1m0 Biapi3HaroTh XDEP Big HTTP [6] Ta BeO-cepricis [2],

[3]:
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o Komanau 1o0pe cTpyKTypoBaHi, IO 103BOJISIE TX eheKTHBHO 00poOIIIOBaTH

MaIIHHOIO;

e [Hrepdeiic koprcTyBaua KOHCTPYIOETBCS i/l 4ac pOOOTH IIPOTrpamu;
e  YiTko BU3HAYEHI KPOKH BUKOHAHHS Ta MOPSIKY 0OMiHY KOMaHAaMH.

Tpets ocobmuBicT, BUMarae JOJATKOBOTO po3risity. Inentudikaris mo-
PAIKY BUKOHAHHSI KOMaHJ JIOCSATAEThCsl 4epe3 Ter: startcommand, successors
ta predecessorParamReference (auB. cuHTakcuc nportokoiny) . Ilepmmii Ter
BUKOPHUCTOBYETHCS ISl BU3HAYCHHS TEePIIO] KOMaHIH UKIY BHKOHAHHS MPO-
rpamu. Lo kKOMaH/y KIi€HT-IporpamMa Ma€ BiANMPaBUTH MepIIOko Ha cepsep. Lle
€ MOYaTKOBA TOYKA BHKOHAHHs MmporpaMu. HacTymHHi Ter successors Hajuae
Tepeltik KOMaH[, SKi MOKyTh OyTH BUKOHAHI IiciIsS MOTOYHOI KOMaHH. Bax-
JIUBO 3ayBaXKHTH, IO Tpe3eHTamis mi€i iHdopMarii A1 KOpUCTyBava IMOBHICTIO
3aJIeKUTh Bi KIi€HT-iporpamu. Ter successor mictuTh autocall mapamerep,
KUl BU3HAYAE - YW BHKOHYETHCS HACTYITHA KOMaHJA TiCJIs 3aKiHUCHHS BUKO-
HaHHS [MOTOYHOT KOMaH/IM aBTOMAaTH4HO. Taka (yHKI[IOHAJIBHICTh HEOOXiHA B
pasi, KoJM mporpama Mae BUKOHYBATH JESKHH IOCITIIOBHUI Habip KOMaHI.
Ocranniit Ter predecessorParamReference BUKOpycTOBY€EThCSI U1l BU3HAUCHHS
napaMeTpiB HoneperHbol KOMaHIM, JaHi 3 SKUX Tpeba mepeaaTtd B MOTOYHHUH
napameTp. Take npesicTaBiIeHHs JONOMOrae INepeiaTH JaHi 3 ofHiel KOMaHIH
JI0 1HILOT, B pasi, SKIIO Li AaHI HAAXOIATh 3 cepBepa. Ll ocoOnuBicTh CTaBUTH
XDEP okpemo BiJ MpOTOKOJIB, sIKI HE MIATPUMYIOTH MOHSTTS cTaHy[4]. Bona
JIOCSITAETHCST Yepe3 MEepeHECeHHs JIOTIKM MOCIITOBHOCTI BUKOHAHHS IPOTPaMHu
Ha KIieHT-9acTuHy. Lleft miaxin Bupakae MOHATTS cecii, SKUH HaBiTh CHOTOMHI
HE MiITPUMYEThCS B BeO-cepBicax.

Jns Toro, mo0 9iTKO 3pO3yMITH 3MICT BUKOPHCTAHHS i€l (PYHKIIOHATH-
HOCTI PO3IJIIHEMO Iie pa3 npoekT Fenestra. VY 3B’A3Ky 3 THM, IO KIJIIEHT MPO-
rpama mpaioe B ayaio pexuMi, Miclisi BAKOHAHHSI KOXKHOI 3 KOMaHJl KOPHCTY-
Bad BiJl IEPCOHANBLHOI KOHCOJII OTPUMYE TOJIOCOBE TOBIIOMIICHHS MIPO PE3yJib-
TaT BUKOHAHHS 3alIUTy Ta IEPETiKOM MOKIMBUX HACTYHMHUX Komana. Kopucry-
Ba4 roJIOCOM 00MpaB KOMaHAY JUI BUKOHAHHS. SIK TUIBKHM MPUCTPIH yCIHilIHO
pO3ITi3HaBaB TOJIOCOBY KOMAaH]y, KOPHCTyBauy IIPOIIOHYBaJOCh BKa3aTH JaHi
JUIsl TapaMeTpiB 3amuty. B pasi, Ko mapaMeTpu BUMarajid BH3HAYCHUX Ja-
HUX, IX IepetiK 3a4uTyBaBCsl KopucTyBadeBi. Koiam BCl roj0coBi MOBiIOMIIEHHS
IHTepIPETYBAMCh OJHO3HAYHO, KIIEHT-POrpamMa BilNpaBiisula KOMaHIy Ha
cepBep 1 Impoliec IMOYMHABCS CIIOYATKY.

Tabx. 1 MiCTHTB TIepeiK BCiX TEriB Ta KOMEHTAapi A0 HUX, SIKi BHKOPHUCTO-
BYIOTBCSI B I[ilf Iporpami.

KoskHa koMaH/1a BUMarae BBEJCHHsI PI3HUX MapaMeTpiB IIIOro, CTPOKOBO-
ro, abo iHmux TUmiB. J[0IaTKOBO, JAEsAKi MapamMeTpd MOXKYTh MaTh He OJHE
3HAYEHHs, a X Haoip.
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Tabmuus 1.

Iepemnik Teris

Haszsa tery Omnmc

XDEPDriver bazoBuii Ter ass onucy npoToKoy

ProtocolName I’Ms mpoTokoiy

ServerName I’ms cepBepy

startcommand CrapToBa KOMaHIa

Command Mera onuc KOHKPETHOI KOMaHAN

Name I’Mst koManu

IsStatic Busnadae ui nocTyrnHa komMaHza B Oy Ib-SIKHif MOMEHT Hacy

Description Onwuc KOMaHIu

Parameters Mera onmc mapameTpiB

ParamName I’ms napametpy

predecessorParamReference | ITocuianHs Ha napamerp 3 MUHYJIOI KOMaHAN

paramType Tun napamerpy integer|boolean|string|list;

paramDefaultValue 3Ha4YeHHs 10-3aMOBYYBaHHIO

maxValues MakcumManbHa JOBXKHHA 3HAYCHHS apaMeTpy

minValues MinimMaspHa JOBKHHA 3HAUCHHS ITapaMeTpy

validationRule IIpaBuno gepn(bilcaui'i 3HAYEHHs BU3HAUCHE Yepe3
PETYJISIpHI BITHOCHHHU

Direction BH3.Haqae SIK O6pO6JIIO€TLC$[ nmapameTp. MoximBi
BapiaHTH: injout/inout

Values Ter 3 mepernikoM nepeBU3HAYCHNX 3Ha4YCHb apamMeTpy

Key Kirou nepeniky

Value 3HaueHHsI NeperiKy

SUCCESSOTS Hepenix KOMaHJI, 5IKi HOCTynHi KOPHCTYBa4eBi MiCIIs
3aKiHYeHHS] 0OPOOKH MOTOYHOT KOMaHI!

CommandName I’Ms koMaH 1

Autocall Uy aBTOMAaTHYHO BU3UBAETHCSI KOMaHA

[Tix wac po3risiLy MpencTaBIeHoro MiIxomy, aBTOp 3po0HB aKLEHT Ha Ie-
peBarax MpoTOKOJIY 3 TOUKH 30py KopucTyBadiB. OfHaK, CTPYKTYpPHICTb POTO-
KOJIy TaKOX MOTHBY€E HOTO TEXHOJIOTIUYHE 3aCTOCYBaHHS. 3TiHO areHuii J0cti-
JokeHb Juniper Research, KibKiCTh KOpUCTYBadiB, siKi OyIyTh aKTUBHO BUKOPH-
CTOBYBaTH iX MoOUTBHI TpucTpoi 10 2011 ckmage 54 MiTHOHH. A KiJBKICTH iX
Tpaun3akiii cknagatume 11,5 $ mimiapais [S]. Le BinkpuBae HOBI MPOCTOPH ISt
3aCTOCYBaHHS MIPOTOKOITY.

3apa3, po3ristHEMO 1Ie OAWH Pa3 MPHUKIA] i3 BETOCUIIEAHIMH CTaHIIIMH 3
MEPCIeKTUBH po3poOku mpotokony Ha 06a3i XDEP. MoxHa cMIIMBO 3asBUTH,
mo 100% KopHCTyBa4iB KPEAUTHUX KapTOK BOJIOIIOTH MOOITEHUM TelleOHOM.
[Ipunycrumo, o 3aMicTh aBTOMaTHYHUX ITyHKTIB, KEPIBHUIITBO MicTa oOJiall-
tyBana mardpopmu Bluetooth® cepsepamu.
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AxTtop (MaHAPIBHUK) HAOJIMKAETHCS IO MYHKTY 3 OPEHJIOI0 BEIIOCHUIIC]IIB.
Ha itoro Mo6insHOMY TeseOHI BCTaHOBJIEHA MPOrpaMa sIKi miaTpuMye GYHKINT
nportokoniB XDEP. 1ls nporpama aBToMaTHYHO (iKCye cepBepHY ILIaTPOpMY
yepe3 Bluetooth® kanamu. B pasi, sKmo kopucTyBau BIiepIie KOPHCTYETHCS
MOCJIyTOl0, NporpamMa BHMara€ BBECTH JETajl KPEeJUTHOI KapTKu (MOXKIMBO,
SIKIIO KOPUCTYBad IIOBHICTIO JIOBipsi€ iH(GOpPMAIIfHUM cHCTeMaM, BiH BKaXke
HOMEp KPEIUTHOI KapTKH, SKHI MporpaMa 3M0Ke BUKOPUCTOBYBATH BCIOJH), B
IHIIOMY BHIIaJIKy, IIPOrpamMa aBTOMATHYHO BiAIPABIISE AaHi PO B3SATHH y MO-
TOYHUA MOMEHT BeJlocHIies (4ac, HoMep Ta riatgopma opeHan). Takum 9uHOM
aKTOp MOXKE IMPOIOBXUTH CBOIO IMOJOPOX HE 3MIHIOIOYHM BEJIOCHIEI Ta He
BTpadaroud 9ac Ha (opManbpHi npouenypu. o Toro x, Takuil MiaXix J03BOIUTH
3HU3UTU BapTICTh O0JaHAHHS HOBUX IUIATGOpM Ta iXx MaiOyTHE 0OCIyroBy-
BaHHA. B pasi ik, SIKIIO KOPHCTYBa4 HE Ma€ BIAMOBIIHY MPOTpamy Ha CBOEMY
NPUCTPOI, BOHA MOKE OYTH 3aBaHTa)KE€HA 4epe3 Ti &K 0e3POTOBI KaHAJIH.

BucnoBku. B naniif ctarti Oyji0 pO3IISIHYTO €BOIIOIII0 KIIACy MPOTOKOIIB
XDEP, sxwii ipu3BiB 10 HOBOI MOXKJIMBOCTI KOHCTPYIOBaHHS iHTep(QeiiciB KO-
pHUCTYBadiB HE3AJIIE)KHO BiJl THIYy Ta (DYHKIIOHAIFHOTO TpPU3HAYEHHS MOOLIH-
HUX npuianiB. OCHOBHOIO LIJUTIO LILOTO pillleHHs OyJia aBToMaTu3allis mpoiie-
CiB, HEOOXIJHUX ISl HAJIAHHS PI3HOMAHITHHUX MOCIYT JUIsl PI3HUX IPYI KOPHUC-
tTyBauiB. lls Mera Oynma jocsirHeHa uepe3 po3poOKy Kiacy miargopmo-
HE3aJIeKHUX TPOTOKOIIB. Y poOOTI MPEICTaBICHO /1Ba MPUKIAIAN, OJTUH 3 KX
- mporpamHuii mpoekt Fenestra po3poOnenuit 1uist KoHKypey Microsoft Imagine
Cup. pyruid, — po3rJsiHyTHH B HEPCHEKTHBI 3aCTOCYBAHHS JUIS BUPILICHHS
He/IOCKOHAJIOCTeH icHytowol cuctemu, Velolib. B HacTynmHumx poGoTax aBTOp
npoJoBxuTh po3BuHeHHsT XDEP uepes Ginbln netanbHe TOCITiHKEHHS Mpobiiem
Bepudikamii TaHUX Ta METOAIB 0OPOOKH ITOMIIIOK. SIK TiIbKI M TUTaHHS OyIyTh
OCTaTOYHO BHPIIIIEeH], CHcTEMa Oy/ie TOTOBA 0 3aIyCKy B IIPOMHUCIIOBHX MPOSKTaX.

Cnucok aitepatypu: 1. Doroshenko, A; Yatsenko, K: Protocols for Mobile Devices Integration in
Heterogeneous Environments // Proc. ISTA’2007. 2. Graham, S; Davis, D. et al. Building Web
Services with Java : Making Sense of XML, SOAP, WSDL, and UDDI (2nd Edition) (Developer's
Library), 2004. 3. Rogerson, D.: Inside Com (Microsoft Programming Series), 1997. 4. Troelsen,
A.: COM and .NET Interoperability, 2002. 5. http://zoom.cnews.ru/blog/?p=5847, 2007. 6. Gun-
davaram, S.: CGI Programming on the World Wide Web (Nutshell Handbook), 1996. 7. Swanke, J:
COM Programming by Example: Using MFC, ActiveX, ATL, ADO, and COM+ (with CD-ROM),
2000. 8. Foggon ,D; Maharry D.; Ullman, C.; Watson, K.; Programming Microsoft .NET XML
Web Services (Pro-Developer), 2003. 9. Kypoy3s JIx., Pocc K., Ky3uenos A.; KomnpiotepHsie cetu:
MsuoroypoBHeBasi apxurekrypa HHrepHera, 2004. 10. 3auka A.; Kommnbtorepusie ceru, 2006.
11. Haxoneunwuii B., Tapacos [I.; [nTenexryansHa iHpopMariliHa cucTeMa MOHITOPUHTY Ta aHANI3y
crany Gesmeku B Mepexi intepuer, 2007. 12.Tapacos /1., Cepos 10.; Meroau noGymoBu TemaTud-
HUX KaTaJIOTiB TETiB Ha OCHOBI CEPBICIB 3aKJIA/IOK.

IHocmynuna ¢ peokoneziio 24.02.2008
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OCOBEHHOCTH NPEJICTABJIEHHWSA JAHHBIX .
B UH®OPMAIIMOHHBIX CHCTEMAX JIABOPATOPHH,
OCYHECTBJAIOIUNX XPOMATOI'PAOUYECKHNU AHAJIN3

B crarti posrimsHyra 3amada  BUOOpY Ta  OOIpYHTYBaHHS  KOHLENUIl INpeICTaBICHHS
xpomaTorpaiuHuX HaHHX y JTabopaTopHiil iH(popMauiifHO-yIpaBisIoUid cucTeMi. 3xificHEHO
aHali3 BUMOI HanexHoi saboparopnoi npaktuku (GLP), a Ttakox mnpoGiiem, MOB’s3aHHX 3
MIPEACTABICHHAM XpoMaTorpadiuHuX TaHUX BiJIOBIHO O IMX BUMOT. 3alpONOHOBAHO MiAXil,
SIKMH 00’ €IHy€ TepeBark cXoBuIll JaHux 3 XML-TexHonorisMu.

In article a problem of choice and argumentation of chromatographic data representation concepts
in Laboratory Information Management System is considered. Analysis of Good Laboratory
Practice (GLP) requirements and concerned problems of chromatographic data representation is
implemented. A research based on joining of advantages of Data Warehouses and XML
technologies is proposed.

Beenenne. Murerpamust YkpauHsl B €BpONEHCKOE  IKOHOMUYECKOE
NPOCTPAHCTBO  TpeOyeT HOBOrO  MOAXOJa K  KOHTPOJI  KadyecTBa
NPOMBIIUICHHOH MNPOAYKUMH. DTO B IEPBYIO oOuYepedb OTHOCHUTCS K TaK
Ha3bIBaCMbIM DETYJIUPYEMBIM OTPAaciisiM SKOHOMHUKH, MPEKIS BCEro M3ICNIHUi
MEIULIHCKOT0 NpeIHa3HaYeHHS.

B macrosmiee BpeMs BO BceX cTpaHax EBpombl yzmensercss OoJibmioe
BHHMAaHHE PA3BUTHIO JIAOOPATOPHBIX HH(OPMAILMOHHO-YIIPABIISIONINX CHCTEM
(JINYC, wmm LIMS, Laboratory Information Management Systems). JlaHHbI!
TEPMHUH TOYHEe OBLIO OBbI MEPEBECTH KaK CHCTEMBI YIIPABJICHUS J1aOOPaTOPHOI
nHpopManue, Tak Kak WX OCHOBHOE NpeJHa3HAYCHUE 3aKJII0YacTCcsl B
o0paboTke wuHGpOpPMaIMK, HEOOXOANMOH JabopaTOpUM - PETUCTPALHIO |
OTCIIeKMBaHNE 00pa3loB, UX pacnpeesieHne B 00paboTKy, BBOJ pPe3yIbTaTOB U
(opMupoBaHue cepTUPHUKATOB aHAIM3a, CO3JJaHUE PA3INYHBIX CTATUCTUYECKUX
OTYETOB M T.II. [1].

JloCcTOBEepHOCTh  pe3yJIbTaTOB aHAIU30B, OOECICUMBAIOIIAS Ka4eCTBO
NPOIYKIMH, Ba)KHAa BO BCEX OTPACiAX HApOJHOro xo3siicTBa. lcnonp3oBaHue
JINYC B Tak Ha3bIBAEMBIX PETYINPYEMBIX OTPACIAX IKOHOMHKH, ITPEKAE BCETO
B TIPOM3BOJCTBE H3ACIMH MEAWIMHCKOIO IpeAHAa3HAYCHUs, O0O0yCIaBIMBacT
JIOTIOJIHUTENbHBIE TPeOOBaHMS K TakUM cucTeMaM. Bce uHQopMmannoHHbIE
npoueccel, mpoucxomsamme B JIMYC, nOomKHBI  CTPOTO COOTBETCTBOBATH
TpeOOBaHUsAM HajIexKamel Jaboparopuoit mnpaktuku (Good Laboratory
Practice, GLP) B yacTHOCTH JONOJHUTEIBHBIM TPEOOBAHUSIM, HAKJIAIBIBAEMBIM
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Ha KOMIIBIOTEPH30BaHHBIE CHCTEMBI, HCIONB3yeMble B TakuX oTpacimsix. K
TaKUM TPEOOBAHMSAM OTHOCSTCS: OOECIEUEHUE XPAaHEHUs TOJIHOTO ClIela BCEX
U3MEHEHU N JaHHBbIX 663 NnmoTeépu MNEPBUYHBIX JaHHBIX, HaJIA4YUC CBA3U
I/IHq)OpMaLII/II/I C JIMaM¥, BHCCHIMMU JTaHHBIC, © BDEMCHCM BHCCCHUA, XPAHCHUC
BCIIOMOTaTEILHOM I/IH(i)OpMaIlI/II/I B apXWBE€, XPaHCHHUC JaHHBIX, 3allMCAHHBLIX
BPY4HYIO, KaK IEpBUYHBIX, OOecrieueHre 3auTsl nHpopmanuu [2].

Cpenqu  MeTomoB  11abOpaToOpHOTO — aHalM3a, HPUMEHSEMBIX  IpPH
NPOM3BOJICTBE  JIKAPCTBEHHBIX  MpENaparoB, OJHMUM M3  CaMbIX
pacipoCTpaHEHHBIX W TIOJIHBIX C TOYKHM 3PEHUS pE3YIbTaToOB SIBISIETCS
XpoMaTorpauuecKkuii aHaau3. OJTOT BHUJ aHAJIW3a OCHOBAaH HA pPAa3[elCHUH
BEIIECTB MEXAy OBYMs (a3zamu — HemoABWXHON n moxsmkHON [3]. ITocme
YTEHMsI UICXOHOM, T.H. «CBIPOW» XpOMAaTOIPaMMbl, OHA MOJJIEKUT JaJIbHEUIIEH
00paboTke ¢ 11eJ1bi0 (GUIIBTPAIIMH IIIYMOB, A€TEKIIMH 0a30BOi JMHUH U TIHKOB, B
YaCTHOCTH, pa3AaCJICHUA HEPA3JACTICHHBIX IMTUKOB, BBIJICIICHUSA «ITMKOB Ha XBOCTE)
UT. IO.

Hdns  peanmzanuu  00pabOTKH  XpomarorpadMueckux AaHHBIX MOTYT
UCIIONIb30BaThCSl Pa3IMUHBIE AITOPUTMBI, XapaKTEPU3YIOLIMECs, KPOME BCETo
IpoYero, pasau4YHbBIMKH Habopamu mapamerpoB [4]. Bce 3To roBopur o
CIIO)KHOCTH  3aJja4dl  TPEJCTaBICHHUS XpoMaTorpauyecKkux JaHHBIX |
HEOOXOAMMOCTH €€ a/IeKBaTHOTO PEIICHHSI.

1. [TocranoBka 3agaun ucciegoBanus. OnpenencHre KOHIEIIAN XPaHSHHS
XpomarorpadUdeckuX MTaHHBIX BKIIOYAET pEIICHHE psAda B3aWMOCBS3aHHBIX
mom3anad. Heob6xoamMo cenats BEIOOP MEKAY MCIIOIb30BaHHEM 0a3bl JaHHBIX
u  (DailnoBoil CHUCTEMBI, TEKCTOBBIX W ABOMYHBIX (DailioB, OTKPBITHIM U
3aKpBITBIM  (hOpMAaTOM, CTaHJAPTHBIMH M crenupUuecKuMU QopMaramu
JAHHBIX W T. O. PCLHGHI/IG IIOCTABJICHHBIX 3aJa4 OOJIXKHO 683I/Ip0BaTI)Cﬂ Ha
aHaJIn3e CyI_HeCTBYIOLHI/IX IIoaxoa0oB K HX peH_leHI/I}O, B TOM 4YHUCJIC, B
HCTOPUYECKOM aCIIEKTE.

[IpakTka CTpOroro JOKYMCHTHPOBAHHS PE3yJbTATOB aHAIHM3a BCErna
ObUTa THUITUYHOW Jais (hapMaKONCHHOW OTpaciW BCEria, B TOM YHCIE W B
JIOKOMITBIOTEPHYIO dMOXy. llepBeIif 3Tam KOMIbBIOTEpH3alUKd 00padOTKU
MAHHBIX B Ja0OpaTOpHSAX CBS3aH C WCIIOJNB30BAHMEM TEKCTOBBIX (DaifiioB.
Hepmocratkn Takoro crmocoba XpaHEHHS NaHHBIX OUYEBHAHBL: HE MOXKET HITH
pedr HU O MEePCOHANM3ALWHU, HH 00 OTCIEeXKHBAHWU JOCTyNa K JAaHHBIM, HH O
MPEICTaBICHUHA HEOOXOANMOW [OTONHUTENBHON uHpopManuu. B cBs3u ¢
HEBO3MO>XXHOCTBKO HCIIOJIB30BAHUA TCEKCTOBBIX (1)8.171.]'103 KaK IIOJIHOLICHHBIX
IlOKyMeHTOB BEChb KOHTpOJ'lb U OTCJIIC)KUBAHUA I/IHq)OpMaLlI/ll/I npouomKan
MPOUCXOMUTh HAa YPOBHE OyMa)KHBIX HOCHTENEH. 3a4acTyr IMOBTOPHBIC
HCCIICIOBaHMS TPEOOBAIM MMOBTOPHOTO PYYHOTO BBOJIA MCXOMHBIX JTAHHBIX, YTO
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KpOME BCETO MPOYEro YBEIWYMBAJIO BEPOATHOCTh OMMIMOOK M HCKAXKECHUH
nHpOpMAIIHH.

Crnepyromuil 3Talm  KOMIIBIOTEpPU3alUHM J1a0OPATOPHBIX HCCIEJOBAHUH
CBs3aH C TIOABJICHHUEM 3aKPBITBIX (bOpMaTOB JaHHBbIX, ABJTFOIITUXCA
COOCTBEHHOCTBIO KOMITaHHH-pa3pabOTYMKOB IPOrPaMMHOTO  OOECIIeHYeHHS.
3mech HENOCTaTKW TaKXKe OYEBHIHBI. 3aKpBITOCTh QopMara 3aTpyAHSET
MpoLeAypy BalWAAMM NPOTPaMMHOTO  OOECHEUeHHSI M Pe3yJIbTaToB
9KCrepuMeHTOB. Hamuume B cucTeMe 3BEHBEB, HENOCTYIHBIX JUIS MPOBEPKH
JeTlaeT pe3yNbTHPYIOMNEe JOKyMEHTHl HEBATHIAHBIMU ¢ TOuku 3penns GLP.
Kpome Toro, crpemurenbHas S3BOJIONHS OINEPALMOHHBIX CHUCTEM M Cpel
MIPOTPaMMHPOBAHUS YACTO NMPHUBOIMIIA K TOMY, YTO IIPOrpaMMHOE 00ecTiedeHe
OKa3bIBAJIOCh IO O3THM MNPHYMHAM  HENPUTOAHBIM K  IIOBTOPHOMY
HCTIONIb30BAHHIO MHAYE, KaK JJIS1 BOCIIPOM3BEICHNS PaHEE MOTYyUYCHHBIX TaHHBIX
C pacmeyarki [5].

CoBpeMeHHBII ATall Pa3BUTHS Ja00OPAaTOPHBIX MH(POPMAIIMOHHBIX CUCTEM
XapaKTepu3yeTcs MepPexoloM K OTKPBITHIM (OopMaTaM AaHHBIX J1a00paTOPHBIX
uccnenoBaHuid. IlepBble MOMBITKY CTaHAapTH3AMK (HOPMATOB AHATMTHUECKUX
JaHHBIX TPEINPUHUMAINCH B BOCBMHIECATHIE ToJbl. B dacTHOCTH, rpymnmoii
YUCHBIX, 3aHUMAIOLINXCSl CIEKTpOocKonuel, Opul mpeanoxeH dopmar JCAMP,
ocHOBaHHBIA Ha ucronb3oBaHud ASCII daitnos [6]. Cnenndukanms Gopmara
Obl1a OTHOBPEMEHHO U CII0’KHOM, M HETIOJTHOH.

Crenyromas, 6osiee ynayHasi IIOTBITKA CTaHJApTHU3AIMK J1aOOpaTOPHBIX
JAHHBIX CBs3aHa ¢ co3maHmeM (opmata, nmeHyemoro ANDI (Analytical Data
Interchange), n3HayanpHO pa3pabOTAHHOTO M MOJAEPKUBAEMOT0 Accoruanueit
aHaUTHYecKoro uHCTpyMmeHTapus (Analytical Instrumentation Association,
AIA) [7]. B otianuune or JCAMP, pa3paboTunky U3HA4YaIbHO HALEIMIN CBOM
MIPOEKT Ha MOANEPKKY TpeboBanuii GLP.

OTH U Jpyrue IPOCKTHI CTPAIaal OOIIMMHU HETOCTATKAMH — OpUEHTAIUEH
Ha KOHKpETHBIE, HBIHE ycTapeBIIWe (OpPMaThl JaHHBIX, HEBO3MOXXHOCTHIO
pacummpenus. Kpome TOoro, 3T UM Jpyrue OTKpbHIThIe (OpMaThl He
MIPEeAyCMaTPUBAIOT XPaHEHUS METOAMK pPacdeToB, YTO BXOJHWT B pas3pe3 C
TpeOOBaHMSIMH HaUIXKAIIEH JTa00paTOPHON MIPaKTHKH.

Crenyer Takke y4ecTb, YTO aHAINTHIECKUE JTAHHBIC JOJDKHBI OBITH TECHO
HMHTErPUPOBAHbI C CUCTEMOH YIIpaBieHHs Jaboparopueil, HHPOPMAIIMOHHBIMH
MIOTOKaMH, a TAKXKe XOPOLIO OTPaXkaTh CIIEMU(UKY Pa3IMYHBIX BUIOB aHAIH3A,
B YaCTHOCTH XpOMAaTorpamueckoro aHaansa.

upokoe  ucmonbp3oBaHue  Xxpomarorpagum B J1aOOPaTOPHBIX
UCCIIEZIOBaHUSX, BAXKHOCTh COXPAaHEHUsI MTOJHOM MH(popMalu 000 Bcex dTanax
U pe3yibTaTax HCCIeN0OBaHUH, HEOOXOJUMOCTh OOECIEYEHHs JOCTYITHOCTH
JIAaHHBIX B COOTBETCTBMU C peboBanmsimu GLP nenmaror akTyanbHO# 3amady
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ONpeJeNeHNs]  KOHUENIUA TNpeACTaBIeHHs W aJeKBaTHBIX  (opmaroB
XpoMaTorpaduIecKux TaHHbIX.

2. Konuenuusi npeacraBjieHHsl XpoMAaTOrpaguyecKux JaHHBIX H ee
cocTrapisomue. CpaBHUTENbHBIN aHAJN3 METOJIOB IPEJCTABICHUS IaHHBIX,
o0ecreunBaonMX  OTKPBITOCTh,  JOCTYIHOCTb, YUTA€MOCTh, CBOOOIHO
pacmmpsiemMblii GopMaT U MEPEHOCHUMOTCh, ITO3BOJISET C/IENIaTh BEIOOP B MOJIB3Y
XML-pokymenToB. B HacTosinee BpeMs TakoW MHOAXOA YK€ HAIIEI CBOE
NIPUMEHEHNE B aHAJIWTHYECKOH Xumuu. Pa3paboraHo 0OoibIIoe KOJIHMYECTBO
SI3BIKOB TIPE/ICTABJICHUS AHAJWTHYECKUX JaHHBIX, B TOM YHCIE CTaBIIMX
MIPOMBIIICHHBIM CTaHAApTOM [5]. MHOTHE SI3BIKM HPETEHAYIOT HA OOIIHOCTH
npeactasneHus. Ilpuy  3TOM, 06€3yClIOBHO, COKpaIlaeTcs BO3MOXKHOCTb
MIPEACTAaBICHUS JIAHHBIX, crienpUIECKIX Ipexe BCETO Juist
xpomarorpaguyeckoro ananuza. CienoBaTeiabHO, NMEPCIEKTUBHBIM SBISIETCS
MOJXOM, TO3BOJIIONINM PACHIMPUTh YHUBEPCAIbHBIE S3BIKM IPEACTaBICHUS
AQHAJUTUYECKUX JAHHBIX, JIONOJHHMB WX TEraMH, CHEUU(QUYHBIMU VIS
Xxomarorpaduu.

Bmecre Tem, otkpeitocth  XML-dopmara  gemaer  3aTpyaHSET
ucrons3oBaHre XML-10KyMeHTOB U1l XpaHeHHsT HH(OpMaIiuK, O3BOJISIOIIEH
UACHTH(HUINPOBATh BCE JTalbl aHAIW3a M KOHKPETHBIX €ro y4YacTHHKOB.
Byayan cBoOGomHO  OOCTYmHOH, Takas WHPOpPMAmUs  MOXET  OBITh
NPEAHAMEPEHHO HCKa)KeHa WM BOBCE YTEpsiHAa, a CIIEAOBATENIFHO, CHOBA
BCIUIBIBACT HEOOXOAMMOCTh IyONMpOBaHHA HMH(POPMAIMH B  TEKCTOBBIX
JIOKyMEHTaX.

TpeboBanmsim GLP, mpeanonararommMm XpaHeHHE BCeH  HCTOPUH
MPOBEACHUS AaHAIM30B, HAa4YMHAs C XOPOIIO COOTBECTBYET KOHIICTIIH
Xpanwnuil  gaHHeIX  [8].  Xpomarorpaduyeckas HMH(pOpMAIMS ~ BIIOJTHE
YAOBJIETBOpSAET TPeOOBAaHUSAM XpaHWIMINA JaHHBIX, TaK Kak sBJseTCA
IIPEeIMETHO-OPUEHTUPOBAHHOM, UHTETPUPOBAHHOM, TIOJIIePXKHUBAET
XPOHOJIOTUIO U MPaKTU4YEeCKU HE U3MeHseTrcs Bo BpeMeHH. KopmnopaTuBHOE
XpaHWINIIE JAHHBIX ITOJEPKUBAECT MCTOPUYECKYIO IEJIOCTHOCTh JIaHHBIX. B
XpaHWIMIIE TIONaJaeT MCUYEPNBIBAOIINN HA0Op WCXOIHBIX JAHHBIX W3
Pa3NMYHBIX HCTOYHHMKOB, KOTOPBIH XPAaHHUTCS B CBOEM MEPBOHAYAILHOM
COCTOSTHMM U He yphamsiercst. [y CXOMHBIX NaHHBIX JIOMYCKAeTCsl HEKOTOPOE
HapyIIEHHE [IETIOCTHOCTH U HEIPOTHBOPEUYHUBOCTH.

HenocratkoM TpaguIMOHHBIX XPaHWIMI [aHHBIX, IMTOCTPOCHHBIX Ha
PENIALMOHHON MOJETH, SBISETCS HEeaJeKBaTHOCTh OSTOH MOJAEIM CaMHUM
XpoMarorpapuueckuM JIaHHBIM.

DddexkTuBHOEC pelIcHUE 3a7a4l  MOXKET OBITh IOJIYYECHO 3a CueT
NIPUMEHEHHSI TEXHOJIOTHH HETOCPE/ICTBEHHOro XpaHeHus: XML-10KyMeHTOB B
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pelsIMOHHOW 0a3ze JaHHBIX. Takod TOoaXoJ 0O0eceuynBaeTcsi MHOTUMU
coepemennbiMi  CYBJI, B Tom wumciae Oracle [9]. Ilpu ostom camu
XpOMaTOrpaMMbl HMMIIOPTHPYIOTCS, XpaHATCS M 3Kkcnoprupyrorcs B XML-
¢dopmare. Takum 00pa3oM, pedb HACT O COUYCTAHHH MPEHMYIIECTB XPAHUJIHII]
naHHbIX 1 XML-TexHon0Tuil.

B XML-opueHTHpOBaHHBIX 0a3aX JTaHHBIX JOKYMEHTHI 3allUCHIBAIOTCS B
CBOEM II€PBOHAYAJIBHOM COCTOSHHM, (HUKCUPYIOTCS CHCTEMHBIC JaThl —
MOCTYIUICHHSI JOKYMEHTAa, YCTAHOBJIEHHME CBS3€H MEXOy DJeMEHTaMU
Pa3IMYHBIX JOKYMEHTOB, IPEKPAICHNUS ICHCTBHUSA JOKYMEHTA.

JluHamMHKa pasBUTHS METOMOB OOPaOOTKH XpOMAaTOrpayMueCcKUX JaHHBIX
OIIpEZIeTsIET TIOSIBIICHHE HOBBIX Oosnee 3(P(PeKTHBHBIX MaTeMaTHYECKUX
METO/I0B, COBEPIIEHCTBOBAHUS YK€ CYIIECTBYIOUIMX U T.O. PopMaT XpaHEHUS
XpoMmatorpaMuecKux JaHHBIX JOJDKEH JIONYCKaTh IPEICTaBICHUE AAHHBIX,
KaK 0 pe3yJbpTaTax 00pabOTKH, TaK U O MPOMEXYTOUHBIX JIJAHHBIX, B TOM YHCIIE
rapameTpax METOZOB, HCIIOJIb30BAaHHBIX il 00paboTku. OnHako (UKcaius
KOHKPETHOTO Ha0Opa METOAMK MPUBOIMT K IPEKIEBPEMEHHOMY MOPaIbHOMY
ycrapeBaHuio popMaToB JaHHBIX M CHIXKCHHUIO UX YHUBEPCAIBHOCTH.

Jns  paspemieHust ykazaHHOM TIpOOJEMBI MOXKHO —BOCIIOJIB30BaThCs
HaKOIUICHHBIM OIBITOM IO TpejcTaBieHni0o B XML-nokymeHTax mnponenyp
peoOpa3oBaHus. ITO MOTYT OBITh KaK CTaHJAPTHBIC SI3BIKH, ITOCTPOCHHBIC Ha
XML (manpumep, XSLT), Tak ¥ cCHeIUaIM3HOPBaHHBIC, OTPAXKAIOIINE
cnemduKy KOHKpEeTHOH mpenmerHoil obOmactu. Takoe pacmmpenue
MpeACTaBIeHUT O XpomartorpauyecKkux [aHHBIX, O€3yCIIOBHO TpelyeT
pa3paboTKu HOBOTO MporpaMMHOro obecederns. OTHAKO OTAEICHUE XpaHEHUS
JITOPUTMOB OT MPOTPaMM, PEATU3YIOMNX 3TU AITOPUTMBI, YBEIUUUBAET CPOK
JKU3HHU TPOrpaMMHOIO o6ecnequHﬁ U OTOABHUIAaCT BpEMs €TI0 MOPAJIbHOTO
yCTapeHHsl.

3. BeiBoasl. B miporiecce uccnenoBanuii 0003HAYCHBI TIPOOIEMBI, CBSI3aHHEIC C
MPEJCTABIICHUEM JIaHHBIX  AHAIUTHYCCKUX JIaboparopuil, 0003HAYCHEI
TpeOOBaHUs, MPEABIBISICMbIC K TPEICTABICHUIO PE3yJIbTaTOB JIAOOPATOPHBIX
HCCIEOBAaHUN B PEryJMPYeMbIX OTpacisiX 3KOHOMHKH, B 4YaCTHOCTH B
MIPOM3BO/ICTBE U3ACIUN MEAULIMHCKOTO MPEIHA3SHAUCHHSI.

[Tpoananu3upoBaHbl 0COOCHHOCTH Xpomarorpaduyeckoir MHpOpMAIHH,
TpeOOBaHUs K MPECTABICHHIO XPOMATOrpaUYeCcKuX JaHHBIX U MPOLEIYP HX
00paboTKH.

BhImonHeH aHanM3 SBOJIONMM KOHIICHIUI MpeacTaBiacHus (HopMaToB
AQHATUTHYCCKUX TAHHBIX, CTAHIAPTHBIC MOJIXOMIbI M S3bIKH, HCIOJIb3yeMbIC B
9TOM OTaCIIH, X JOCTOMHCTBA U HEJOCTATKH.

IMocraBneHna 3amavya WCCICIOBAHUS, 3AKJIIOYAIONIASACS B OIPEACICHUU
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KOHICTIIMI NpeNCTaBIeHUsT M aJeKBaTHBIX (HOPMATOB XpoMaTorpadpuuecKux
JTAHHBIX.

B pesynprare wuccienoBaHUS OIpeeNieHbl OCHOBHBIE COCTAaBIISIONIUE
KOHLIETIINY TPEJCTABICHNUsT XPOMAaTOorpauyeckuX JaHHBIX — HMCIOJIB30BaHUE
XML-dopmara, uCIONB30BaHHE TEXHOJOTHH KOPIIOPATUBHBIX XPaHHIIMII
JITAaHHBIX, HETIOCPEICTBEHHOE XpaHEHHe B 0a3e JaHHBIX XpPOMAaTOTPaMM B BHJIE
XML-nokyMeHTOB, a Takke XpaHeHHe B XML-mokymeHTax HHGOpMaIuu O
mporenypax o0pabOTKH TaHHBIX.
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