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On the application of CASE-methodologies at the stage of analysis and design of software tools

Annotation

Main problem: the globalization of the information sphere has led to a significant increase in
the volume of stored and processed information. To increase the processing speed and provide
information to the recipient, it is logical to increase the power of the equipment on which the
information is processed. But such a path also leads to an increase in financial costs for continuous
modernization or complete updating of computer equipment and application software.

Purpose: an alternative solution to increasing the capacity of hardware and software may be to
optimize the process of organizing data storage, and already at the stage of information analysis. At
the initial stages of the task, a huge amount of information is collected and processed, which needs to
be classified, to identify essential and non-essential information flows for the information system
being developed, etc. The quality of functioning of the developed information system as a whole and
its individual modules in particular will depend on how correctly and fully the structuring and
systematization of data will be carried out.

Methods: modern methodologies of conceptual design of information systems shift the
emphasis from software implementation to analysis and modeling of the production environment. The
tools used in the process of conceptual modeling allow you to automate the main part of the processes,
including the development of program code in the format of templates (patterns), including the
preparation of documentation for the software product being developed. Since modern methodologies
and tools are based on the use of powerful graphical tools, this significantly increases the visibility and
simplifies the process of making adjustments to the information system project, actually using the
"Drag-and-Drop" technology. This allows you to redistribute the time spent on the implementation of
the first stages of information system development, allocating more time to the analysis and design of
the software environment at an abstract, conceptual level.

Results and their significance: the stages of analysis and design do not require large financial
costs and are more variable. Information at these stages is easier to adjust and change than, for
example, at the stage of writing program code. In addition, it is at these stages that the most active
interaction between the developer and the customer is carried out, where maximum visibility and
variability of the project of the future information system is required. And the use of modern software
design methodologies significantly increases the efficiency of the first stages of information system
design.

Keywords: model, CASE tools, code generation, IDEF methodologies, UML, software
engineering.

Introduction

There are many approaches to designing complex systems. Comparative analysis shows that
with the existing differences, almost all approaches include two stages: analysis and design of the
subject area of the software tool. This is due to the fact that at the initial stages of the task, a huge
amount of information is collected and processed, which needs to be classified, significant and
insignificant flows of information for the information system being developed, etc. The quality of
functioning of the developed information system as a whole and its individual modules in particular
will depend on how correctly and fully the structuring and systematization of data will be carried out.

Materials and methods

Globalization in the field of information technology has given significant advantages to a huge
number of users, but has significantly increased the volume of stored and processed information. One
of the ways to increase the speed of processing and providing information to the recipient can be
considered to increase the power of the equipment on which the information is stored. But this way
also leads to an increase in financial costs for the constant modernization or complete renewal of the
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computer fleet, as well as system and application software. At the same time, in most cases, it is
possible to solve the problem of optimizing data processing and storage on existing equipment and
installed software due to the correct structuring of the data itself, their storage and processing
sequence. Thus, modern methods of software design shift the emphasis from the stages of software
development and debugging to the stages of data analysis.

Indeed, the stages of analysis and design do not require large financial costs and are more
variable. Information at these stages is easier to adjust and change than, for example, at the stage of
writing program code. In addition, it is at these stages that the most active interaction between the
developer and the customer is carried out, where maximum visibility and variability of the project of
the future information system is required. And the use of modern software design methodologies
significantly increases the efficiency of the first stages of information system design.

Modern methodologies of conceptual design of information systems shift the emphasis from
software implementation to analysis and modeling of the production environment. The software
development tools used in the process of conceptual modeling allow you to automate the process of
code generation and compilation of documentation for the software product being developed. In
addition, modern methodologies and tools are based on the use of powerful graphical tools, which also
increases visibility and simplifies the possibility of making changes to the designed information
system and software product, actually using the "Drag-and-Drop" technology. This is what makes it
possible to redistribute the time spent on the implementation of the first stages of the information
system lifecycle, allocating more time to the analysis and design of the software environment from
various points of view at the abstract, conceptual level. This, in turn, makes it possible to optimize the
storage structure and algorithms for processing large data streams that make up the database of any
information system, which ultimately leads to optimal use of technical resources and an increase in the
time of use of the system.

Design can be defined as a description of an object that does not yet exist under specified
conditions, as well as the choice of appropriate conditions for its functioning. [1]. Conceptual design is
a composite stage performed at the initial stages of design, when the task is formed under conditions
of uncertainty, that is, it has a research, creative character. Thus, conceptual design is more dynamic
and variable compared to the stages of software development and implementation of an information
system. And for the conceptual design stage, there are also methods and technologies for its
implementation. Of the modern methodologies for designing information systems, the methods and
technologies of the IDEF (Integrated computer-aided manufacturing Definition) family should be
noted. IDEF methodologies allow you to build a model of an information system from various points
of view, which significantly increases the efficiency of the developer's work at the first stages of
design, allowing you to use powerful graphical tools when building a model consisting of a complex
of diagrams.

For example, in the conceptual design of information systems, the following IDEF family
methodologies are most often used:

- IDEFO is a functional modeling method designed to simulate decisions, actions and activities
of an organization or system [2].

- IDEF1X is an information modeling method designed for the development of relational
databases. [2].

- IDEF3 is a dynamic modeling method that provides a description of the behavioral aspects of
the system being developed. [2].

Thus, the functional component of the information system project can be represented in the
notation of the IDEFO model, the elements of the data processing system can be described in the
format of an information model in the IDEF1X notation, and the methodology of dynamic modeling
IDEF3 will describe the main organizational and business processes of the designed system.

There are quite a large number of tools for developing graphic objects. From this class, it is
necessary to allocate tools containing a powerful set of graphical tools, as well as having functionality
that allows you to automate part of the operations. Such tools belong to the class of CASE-tools. The
concept of CASE (Computer Aided Software Engineering) is understood as software packages for
automating the main stages of information systems development [3], including database design, code
generation and testing.

Of the many popular tools that support IDEF family notation, the most famous is the
AllFusion Process Modeler software package.
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AllFusion Process Modeler (BPwin) refers to tools for visual modeling of business processes
that do not require writing program code. The software package provides the developer to optimize the
information system design process in order to eliminate unnecessary operations already at the first
stages of development, increase the dynamism and efficiency of the information system.

For modeling the information environment, the most well-known CASE tools include the
ERwin Data Modeler software package, which allows you to visually display complex data structures,
as well as build a future database project in the IDEF1X methodology. In addition, the ERwin Data
Modeler tool allows you to automate the process of generating a real database from a model to one of
the well-known data management systems: MS Access, MySQL, SQL Server.

It should be noted that these tools currently have no updates for modern operating systems, but
are still used for designing information systems in the environment of system analysts and designers.
The most popular "descendant” of the IDEF methodology is the unified modeling language UML
(Unified Modeling Language), which supports a powerful apparatus of graphical tools for object
modeling of software systems and business processes. This language has become a successful
generalization of the best achievements in the field of system analysis and system design, which are
possessed, among others, by IDEF methodologies. At the same time, tools that support the notation of
the UML language are very popular among developers, since they support all stages of the software
lifecycle. It should be noted that in the free versions of such packages, access is limited only to domain
modeling. The full package of tools requires the purchase of a license to use, which somewhat limits
the range of users. On the other hand, large corporations specializing in the development of software
products, as well as solving business process optimization problems, prefer to purchase a complete
package with a wide range of functionality. This is due to the fact that the automation of code
generation processes practically eliminates the risk of errors at the programming and debugging stage,
since the tools allow the developer to correct them already at the design stage, most often together
with the customer. For large IT companies, this approach provides the strongest time savings for the
development of software products, which allows developers to focus on modeling a future information
system that would not only have optimal resources in terms of information processing speed and the
amount of memory occupied, but also solved the tasks stated by the customer as accurately as
possible. It is these goals that are achieved at the stage of analysis and design of the information
system.

Results

As a result of the analysis of CASE-methodologies and an example of their application as a
means of conceptual design, the design of an information module of one of the many business
processes of an educational institution is further considered, in particular, the process of accounting for
the control of students' knowledge. The construction of the functional model of the information
subsystem was carried out using the IDEFO methodology. At the top level there is a contextual
diagram describing the business process in the "first approximation".

Figure 1 shows the only functional block of the top level of the diagram, which includes the
business process, as well as all information and material flows, control actions and mechanisms of the
described process.
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Figure 1 - IDEFO context diagram (top level)
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The lower level of the diagram allows you to describe the business process in more detail as a
sequence of functional blocks connected by information or material flows. Figure 2 shows the lower
level of the functional business process modeling diagram in the IDEFO methodology.
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Figure 2 - IDEFO context diagram (lower level)

Any functional block of the diagram can be decomposed at the lower level to increase the
level of detail of understanding according to the principle "from a more general view to a more
detailed one" [4]. An example of such a decomposition is made for the functional block "Checking
tasks within the current control” and is shown in Figure 3.
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Figure 3 — Decomposition of the functional block "Checking tasks within the current control"

As can be seen in the diagram, the process was divided into separate blocks, in accordance
with their sequence of execution, approved by regulatory documents and requirements of the higher
educational institution. In addition, the diagram shows the information flows required for the
initialization of each functional block, as well as the result that each block should end with.
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Modeling of the data processing and storage system (database design) is performed in the
IDEF1X notation. The ERwin Data Modeler program is selected as a tool. Figure 4 shows a logical
database model in the methodology of ER diagrams, containing information about the student's
progress "Record book".
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Figure 4 — IDEF1X-diagram of the information data model
The ERwin Data Modeler tool, in the environment of which a data diagram is built, allows you
to demonstrate the automated process of creating a real database using the CASE-tool functionality.
Figure 5 shows the result of automatic code generation of an IDEF1X diagram into MS Access format.
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Figure 5 — The result of automatic code generation of the IDEF1X model into
the MS Access database format

As can be seen in Figure 5, all tables, the relationships between them, as well as the types of
relationships are stored strictly in accordance with the model. The algorithm of actions for generating
a database into an MS SQL environment is almost identical, except that you need to choose an
environment for exporting MS SQL. The structure of the database automatically generated from the
model in MS SQL is shown in Figure 6.
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Figure 6 — The result of automatic code generation of the IDEF1X

Discussion
At the same time, the process of generating database tables takes a much shorter period of
time compared to the "manual” creation of a database, which clearly demonstrates the advantages of
using specialized tools for designing information systems. It can also be noted that the database model
in the Erwin methodology is much clearer due to the wide graphical capabilities of the ERwin Data
Modeler CASE tool [5].
Designing a dynamic model of an information system represents the process of describing and
analyzing the system in terms of a sequence of actions (operations), taking into account many different
"alternative" processes (branches) [6]. As an example of building such a model, Figure 6 shows a
diagram of activities in the Visual Paradigm for UML Community Edition tool environment.

Report
conuments

%[

Check the tasks of the

cument sontrel

Task accopfed

Check the bord or contral

Fhe oeaotine for the
coRLHelon of tha
work fas expirod

Fask

Ne M

accepled

model into the MS SQL database format

[ Make a final asse ssmant )7

The axant
was passed
suecassily

Check the cxam

papar

Toizsue a efemal for the "summer” senmester

Work_3

» Iwork
PuthToFie

0_topic

1_type

I

Type_4

T IDtpe
Typework

Figure 7 — Activity diagram in the UML notation of the process of keeping track of progress
in the record book



140 Hunosayusinwix Evpazus ynusepcumemininy Xabapwwicot. 2023. Ne 3 I1SSN 2709-3077

The UML (Unified Modeling Language) notation includes a powerful apparatus for modeling
the subject area from various points of view. It should be noted that the UML methodology allows you
to design information systems in similar ICAM notations. So, for example, the Use Case diagram in
UML notation corresponds to the IDEFO diagram, and the activity diagram is similar in semantics to
the IDEF3 diagram of the ICAM methodology.

The list of tools that support UML notation includes more than 300 software products. Full
versions of CASE tools support functionality that includes model generation in real object-oriented
programming and data management systems. For example, the Visual Paradigm for UML tool
environment allows you to perform code generation in such object programming environments as
Java, C++, PHP, Python.

Conclusion

The given example of building functional and information models of one of the business
processes using instrumental CASE tools clearly demonstrates the advantages of automating the
design process over the traditional approach of developing information products in the IT sphere. So,
even at the stage of designing an information subsystem, graphical models of business processes allow
designers to demonstrate not only the structure of the future information system, but also its
functionality as clearly as possible. In addition, automation tools can significantly reduce the design
time of an information system, which is especially important for systems with a large number of
modules and subsystems. In addition, the process of designing information systems in the traditional
way becomes more complicated if it is necessary to make changes to an existing database. The risk of
such problems is minimized if modern CASE-methodologies and their supporting tools are used,
which clearly proves the relevance of using modern methods in the process of designing and
developing information systems.
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BarmapaamManbik Kypajaaapasl Tajaiay jkoHe :kodajay Ke3eHinae
CASE-anicTemesiepai KoJiaHy TypaJibl

AKMapaTThIK calaHblH kahaHmaHybl caKTalFaH »>KOHE OHJAEJCTIH akmapaT KeJeMiHiH
aliTapneIKTail ecyiHe oKenai. OHJeY KbUITAMIBIFBIH apTTHIPY JKOHE alyllblFa akmapar Oepy YIIiH
aKmapar eHJENeTiH >KaONBIKTHIH KyaThlH apTTHIPy KUCHIHABI. bipak MyHIall KON KOMITBIOTEPIIK
*KaOApIKTap MeH KojaaHOanbl OarmapiaManblK jKacaKTamMaHbl YHEMi >KaHapTyFa HeMece TOJBIK
YKaHAPTYFa Kap KbUTBIK IIBIFBIHAAPABIH apTybIHA OKEJIE/].

AmmaparThlK JKOHE OarmapiaMaiblK KacaKTaMaHBIH KyaThblH apTThIpyFa Oanama IIemnM
JIEPEeKTepAl caKTaynbl YHBIMOACTHIPY YPAICIH OHTAWIAHIBIPY JXKOHE aKmapaTThl Talfay Ke3eHiHIe
0oyl MyMKiH. TamcelpMaHbIH OacTamkbl Ke3eHAEPiHAE KOMNTEreH aKMapaTThl JKWHAY JKOHE OHICY
JKY3€Te achIphUIAIbI, OJApAbl KIKTEY KepeK, d3ipJeHiNl >KaTKaH aKMapaTThIK JKYHe YIIH MaHBI3IbI
JKOHE MaHBI3IBI €MeC aKmapaT arblHAApBIH JKoHe T.0. Oemim Kepcery kepek. Tyracrtail amranma
O3ipJieHreH aKNapaTThIK JKYHEHIH >KOHE OHBIH >KEKeJereH MOIYJbACPiHIH >KYMBIC icTey camachl
JICPEKTEpAl KYPBbUIBIMIAY MEH JKYHENCYIiH KaHIIAJIBIKTBI JTYPBIC YKOHE TOJBIK OPBIHAAJaThIHBIHA
OaitmaHBICTHI OOJAIBI.

AKmapaTThIK ~ KyHenepai  TYKBIPBIMIAMAINBIK — JKoOajayAblH  3aMaHayd  oJicTeMelnepi
OaFmapramanblK iCKe achIpy/laH OHAIPICTIK OpTaHbI Tangay MEH MOJeTbaeyre Oaca Hazap aynapajbl.
Ty KeIppIMIaMalblK MOJENbIALY YPICiHAE KOJMAHBUIATHIH Kypajaap MpOIECTep/iH HETi3ri OemiriH
aBTOMATTaHABIpYFa MYMKIHIIK Oepeni, COHBIH imiHAe Mmabmonmap (ynrirep) ¢dopMaTeHIA
OarapiaMaiblK KOITHI 93ipiiey, COHBIH IIIIHIC 93IpJICHIN aTKaH OarmapiaMaliblK ©HIM OOWBIHIIA
KyKaTTaMa jkacay. 3amaHayd ojicTeMellep MEH Kypanjgap KyaTThl TrpadUKanblK Kypaigapabl
KOJIJIaHyFa HETi3Ie/ITeHIIKTeH, Oy KOPHEKUTKTI emoyip apTreipamsl sxoHe "Drag - and-Drop”
TEXHOJIOTHSICBIH KOJIJIaHa OTBIPBIN, akKMapaTThIK JXYHEHIH >Xo0achblHa TY3€TyJiep €HTi3y MpoleciH
skeHUTIeTeni. by abcTpakTiii, TYKbIphIMAAMAJIbIK JCHTel/Ie OaFaapiaMaiblK OPTaHbl TAIAyFa KOHE
kobamayra ke0OipeK yakpIT OOJim, aKmapaTThIK JKYWEHI AaMBITYABIH alFallkel Ke3eHIEpiH asKTayFra
KETEeTiH YaKbITTHI KaiiTa Oemyre MyMKiHAIK Oepei.

Tanmay xoHe >ko0alay Ke3eHIEpi YJIKEH KapKbUIBIK IIBIFBIHIAPIBl KaKET eTIeHAl KoHe
esrepmeni. OcChl Ke3eHAEpAETi aKMmaparTbl, MbICAllbl, OarmapiaMallblK KOATHI JKa3y Ke3eHiHe
KaparaHJia, Ty3eTy JKoHe e3repTy oHaibipak. COHBIMEH KaTtap, J9J OChl Ke3eHJepe d3ipieynn MeH
Tanceippic  OepylmiHiH e€H OeJICeHIi e3apa opeKeTTecyl JKy3ere achpbuIajibl, OHJIA OoJarak
aKIapaTThIK XKYyWe KOOAChIHBIH MaKCUMaJIJbl KOPHEKUIIr MEH e3reprilTiri Kaxer. barnapiamanbik
JKacaKTaMaHbl JKoOalayblH 3aMaHayd JJiCTeMENIepiH KOJJaHy akKmapaTThIK JKYHeHI jxkobalaybiy
aJIFAIIKbl Ke3CHIEPIHIH THIMILIITIH e10yip apTThIpabl.

TyiiiHal ce3mep: Mojeb, Kelic-Kypanaap, komorenepaius, IDEF, UML, software engineering
smicremernepi.

N.MN. JIsmenko
WNnnosannonnsiit EBpasuiickuit yuusepcuret, Kazaxcran

O npumenenuu CASE-meronosornii Ha 3Tane ananusa
U MPOEKTHPOBAHHUS MPOrPAMMHBIX CPEICTB

I'moGanu3arys uHBOPMAMOHHON cepbl MPUBENa K 3HAYUTEIILHOMY YBEIMYCHUIO 00BEMOB
XpaHUMOW W oOpaOarbiBaeMod wuH(popmanuu. JIJis TOBBIMIEHHWS CKOPOCTH 00pabOTKH U
MPeIOCTaBIICHHs] WH(POPMAIIMY TIOYYaTeI0 JOTHYHO YBEJIMUYEHHE MOIIHOCTH OO0OpYAOBaHWS, Ha
KoTopoM uH(popmarusi obpadareiBaercs. Ho Takoll myTh NMPUBOJIUT W K TOBBIIICHHIO (DMHAHCOBBIX
3aTpar Ha MOCTOSHHYIO MOJICPHU3AIUIO MITU TTOJIHOE OOHOBJICHHE KOMITBIOTEPHOTO O0OPYIOBaHUS U
MIPHUKJIATHOTO IPOrPAMMHOI'0 00SCIICUSHHUS.

PemenneM, anbTepHATHBHBIM TIOBBHIIIEHUIO MOIIHOCTEH anmapaTHOTO W IMPOrPaMMHOTO
oOecrievyeHus, MOXKET CTaTh ONMTUMHU3ALIMS MTPOIECCa OPraHU3al[Mi XPaHEeHUs JaHHbIX, IPHYEM YXKe Ha
otane aHanu3a uH(opMaimu. Ha HadanbpHBIX 3Tanax MMOCTABJIICHHOW 3a/la4yd BBIMOJIHAETCS COOp U
00paboTKka OTPOMHOTO KOJMMYecTBa WH(OPMAIMU, KOTOPYIO HY)XHO KIACCH(UIUPOBATH, BHIICIUTH
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CYIICCTBCHHBIC W HECYIICCTBEHHBIC s pa3padaThiBaeMoii WH(OPMAIMOHHON CHCTEMBI TMOTOKH
uHpopManuu 1 T.1. OT TOro, HACKOJIBKO KOPPEKTHO U TOJHO OYJIET BBHINIOJIHEHA CTPYKTYpH3alus U
CUCTEMAaTH3allusl JaHHBIX, OyJeT 3aBUCETh KadyecTBO (DYHKIMOHHMPOBAaHUS pa3pabOTaHHOI
MH(GOPMAITMOHHON CUCTEMEI B IIEJIOM U €€ OTCIBHBIX MOIYJICH B YaCTHOCTH.

CoBpeMeHHbIE METOOJIOTUH KOHIETITYaTbHOTO MPOCKTUPOBAHUS WHPOPMAITMOHHBIX CUCTEM
MEPEHOCAT aKIeHT C MPOrPAaMMHONM peanu3aliyd Ha aHalu3 W MOJCIMPOBAHHE MPOU3BOICTBEHHON
cpenpl.  MHCTpyMEHTallbHBIE  CPEICTBA,  HWCIOJB3yeMBIE B  MPOIECCE  KOHIENTYaJIbHOTO
MOJICJIMPOBAHMUS, TTO3BOJISIOT aBTOMATH3HPOBATh OCHOBHYIO YacTh MPOIECCOB, BKIIOYAs pa3paboTKy
MpOrpaMMHOr0 Koaa B ¢opmare mabloHOB (ITaTTEPHOB), BKIIOYAs COCTaBJICHHE TOKYMEHTAIHH IO
pa3pabaTeiBaeMOMY MPOTPaMMHOMY MPOAYKTY. IlOCKONBKY COBpEMEHHBIE METOIOJIOTHH U
WHCTPYMCHTAJIBHBIC CPEICTBA 0a3UPYIOTCS HA KMCIIOJIE30BAHUU MOIIHBIX TPaUUECKUX CPEACTB, 3TO
3HAYHUTENLHO TOBBIIIACT HATISAIHOCTh M YIPOIIAET MPOIECC BHECEHUS KOPPEKTHPOBOK B IMPOCKT
HH(POPMAITHOHHON CHCTEMBI, PAKTUICCKU HUCTIONB3Ysl TexHomoruio «Drag- and-Dropy. 3to mo3sonser
nepepacripeseiuTh BpeMs, 3aTpayMBacMOC Ha BBINOJHEHHWE TIEPBBIX JTaloB  pa3paboTKU
WHPOPMAITMOHHON CHCTEMBI, BBIICTMB OOJbIIIe BPEMEHH Ha aHAM3 M MPOSKTUPOBAHUE TIPOTPaMMHOMN
cpenbl Ha aOCTPaKTHOM, KOHIIENTYallbHOM YPOBHE.

OTamnbl aHaIM3a M MPOSKTUPOBAaHUS HE TPeOyrOT OONbIIMX (UHAHCOBBIX 3aTpaT u Oosee
BapHaTHBHBL. MHpOpMaIys Ha 3THX 3Tanax Jierde MoANacTCs KOPPEKTUPOBKE U U3MEHEHHUAM, YeM, K
MpUMeEpy, Ha JTare HalWCaHWs NPOrpaMMHOro kojaa. Kpome TOro, MMEHHO Ha 3THUX JTamnax
BBITIOJTHACTCS HauOoJiee aKTUBHOE B3aUMOJICHCTBHE pa3pabOTyUMKa M 3aKa3uuka, Tae TpedyeTcs
MaKCUMaJlbHas HArjsJHOCTh W BapUATHUBHOCTh MpOEKTa Oyayined HH(MOPMALMOHHON CHUCTEMBI.
Hcnonb3oBaHWe COBPEMEHHBIX METOJOJIOTHIA MPOSKTUPOBAHUS MPOTPaAMMHOTO  OOeCreYeHHUs
3HAYHUTENILHO TOBBIMIACT A(PQPEKTHBHOCTh  BBIMOJHEHUS TEPBBIX  OTAOB  MPOSKTHPOBAHUS
WHPOPMALTMOHHON CUCTEMBL.

KiroueBsie crmoBa: momenb, CASE-cpencta, xomoreneparus, meromonoruu IDEF, UML,
software engineering.
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