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ON APPLICATION OF FRAME-BASED APPROACH

FOR INFORMATION SYSTEMS DEVELOPMENT

Annotation. The work is devoted to specific of frame-based approach application for information
systems development. Three-layered generator provided to make the process of multi-layered
information systems development more effective and robust. The results of its application in the
context of building more flexible and robust, testable and maintainable software are also dis-
cussed.
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Importance and relevance of the research topic. Decade-to-decade and even
year-to-year the complexity of software keeps growing. Today's business requires
more than just an information system that responds the immediate needs. It re-
quires more flexible and agile, maintainable, and testable, robust and scalable IT in-
frastructure able to meet the challenges of the business. How to design, realize and
maintain such systems? What principles, architecture and patterns should be used
by the developers to tackle that overwhelming complexity? These questions are
stated before developers, managers, scientists.

Multi-layered and service-oriented [4] software architectures, domain-driven
design approach with its modifications [1-3], SOLID principles [5], TDD [6] and
BDD [7] approaches can be seen as an answer to the question mentioned above. But
the implementing of such approaches results in dozens of huge projects with hun-
dreds and even thousands of classes and sophisticated testing infrastructure neces-
sary to support continuous refactoring of the system. It complicates the process of
development and maintenance, increases the level of mental load on personal.

To resolve the problem of software complexity, some authors propose to bet on
the quality of the development process rather than on individuals and technologies.
According to [8] the quality of the product depends on the quality of the process. The
process can be defined as a set of defined, structured activities that will accomplish a
specific organizational goal. The improvement of the process is based on applying of
specific activities directed to identify, standardize and implement best practices,
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project’s lessons learned in the organization. From this point of view, the standards
become the assets of the organization, which build a foundation for strategy to
achieve the robustness of the process. Making the solutions standardized leads the
organization to the condition when an incoming requirement (functional, system
etc.) causes the retrieval of a set of typical tasks and solutions from, for example, a
kind of ontology (e. g. terminological knowledge base). One of the issues to imple-
ment that approach is the dependency of the solution on a variety of details linked
with the programming languages, technologies and frameworks which are used to
realize the system components. These dependencies block the port of the solution to
another platform, languages and technologies and make the solution difficult to un-
derstand, even when the code is well structured and self-documenting.

One way to overcome such problems is to represent the solution as a set of
models going down from more abstract business-oriented models towards more de-
tailed and platform-specific ones. It is the way of model-driven architecture (MDA)
provided by OMG (Object Management Group) consortium. The key ideas of the ap-
proach are as follows: the description of the system by the models on different levels
of abstraction connected to phases of a software development cycle; the producing
of the low-level models from the high-level ones through a set of transformations
leading by the defined transformation rules. According to MDA there are four levels
of system description: computation independent model (CIM), also known as do-
main model, used to define business processes of the organization for which the in-
formation system (IS) will be developed; platform independent model (PIM) defines
the system architecture and specification can be implemented in various platforms;
platform specific model (PSM) offers detailed technical specification of the system
and can be transformed to implementation model (code) according to transforma-
tion rules automatically or semi-automatically; implementation model (IM) - a set
of artifacts represented using programming languages define the information
needed to create IS. The main problems of MDA appeared in practice are as follows:
the lack of CIM formal description; accordingly, inability to build effective CIM-PIM
transformation; behavior description and the completeness of the generated code.
Creation of CIM level is not unified but it is assumed that this level is represented by
the model of business processes. For example, in [9] authors suggest using of DFD
(data-flow diagrams) as the language to describe CIM model. Evaluation summary of
the methods described in [10].

Taking in mind that the process of information system development is, in fact,

the process of transformation of customer-level requirements and the quality attrib-

84 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CuctreMHi TexHosorii» 1 (144) 2023 «System technologies»

utes in a set of interacting software components structured and defined in accor-
dance with the architecture, principles and technologies, operating in the operating
environment, we face two main questions:

How the requirements and solution specific should be defined in order to be ef-
fectively transformed (regarding the previous experience) into a set of artifacts,
helping developers to realize software components as quickly as possible.

What the origin is and how to build the transformation mechanism.

To answer the first question, we should define the minimal description able to
represent all necessary information about the domain to build an effective transfor-
mation. Next, we should define what are the artifacts could help us to build the pro-
ject rapidly. And last, how we can effectively reuse the experience acquired in previ-
ous projects and how to build the transformation engine (e.g., the unit responsible
for transformation of the model into the set of artifacts).

Task definition. The results of previous research were published in [11-13]. The
provided minimal description is based on domain description using high-level lan-
guage and then can be transformed into a set of artifacts. For this purpose, we pro-
pose to use an extended frame-based language described in detail in [12]. This lan-
guage can describe domain in a full, platform independent manner, considering all
necessary information that could be effectively used by the transformation mecha-
nism for system construction and maintenance. The expressiveness of the language
is based on the descriptive power of facets used by both frame and slot structures.
The model is used as a foundation for: component generation, allowing to speed up
the development process; run-time model interpretation, allowing to exclude the
necessity to build and test the classes.

We can think of the frame as a set of projections, some of which represent more
abstract information that can be easily understood by the experts, some form more
detailed view needed for generation of more complete and valuable assets. The
frame described in that way as of the complete synthesis-oriented structure able to
incorporate all necessary knowledge needed to produce the solution.

In general, the set of artifacts which could be acquired may include not only the
set of fully/partially generated components (classes and interfaces, database scheme
etc.), and tests, but also guidelines and recommendations, ordered set of prioritized
and estimated tasks, probable risks, sketches of iteration plans and other process-
oriented information [13].
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How to construct the transformation engine, which is responsible for artifacts
acquiring, how to build it rather flexible to be quickly adapted to new architectures
and technologies. These are the questions the presented work is devoted to.

Main part. The experience of previous projects cannot be independent of the
platform and technologies they use. Besides, as mentioned above, they relate to the
selected architecture and technologies. Lessons learned bring a set of effective prac-
tices that can be generalized and standardized in the form of templates which can be
used as a foundation by the transformation engine, a part of the system which is re-
sponsible for frame-based model interpretation. The process of training the engine
comprises of creating of the transformation templates, creating or adaptation of the
engine’s logic to transform the model into artifacts using the templates, improving
the descriptive power of the language which is used to describe the system (as a rule
it considers adding new facets).

Let us look at the specific features of the frame-based language used to de-
scribe the system.

Frame is a data structure that is usually used to represent a single object or a
class of related objects, or a general concept. Compared to the object-oriented ap-
proach, it is also the same as a class. There can be relations between frames as well
as between classes in OOP: inheritance, aggregations, associations.

Slot is a part of a frame that describes an attribute or property of an object rep-
resented by the frame. It can also describe the relationship between its own frame
and another frame. In addition to storing attribute values, slots can also have re-
strictions on allowed values. In comparison to the object-oriented approach, slots
can be thought of as fields (structural slots), properties, and methods (functional
slots).

Facet is a part of slot (for example, part of property description). It allows slots
to define multiple attributes in addition to their value, such as data type, limits on
allowed values. It is the main point where frame-based approach differs from the ob-
ject-oriented approach. In modern languages, there exists a mechanism of attrib-
utes-annotations which is used to specify additional information about a property or
a method of a class. But attributes-annotations are not related to classical OOP, they
are related to metaprogramming, implementation of reflection mechanisms. But in
case of frame-based approach, it is an organic and powerful mechanism used to rep-
resent the knowledge about entity or event in a compact form.

Simply put, a frame describes knowledge about a real-world object or event-

scenario, a slot is a frame component, and a slot edge is a slot component. It is im-
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portant to note that as the slot notion is not limited by the idea of attributes and
methods representation, so a facet is not limited.

Thus, we can assume that due to the introduction of faces and the absence of
restrictions on slots and facets, it is possible to obtain full and coherent description
of the features of the system component becomes possible, and, accordingly, provide
generation of software components with high-level of completeness.

The current variant of the frame-based language metamodel is shown in Fig. 1.

As we can see the language supports multiple inheritance, slots are divided into
property slots, function slots (behavioral slots) and attribute slots (used to provide
additional information, for example, the name package, assembly) without any re-
strictions on facets. The main difference from the classical frame-based model is the
introduction of an additional unrestricted set of facets to the frame description (in
the classic version, this task could be solved by the introduction of additional slot or

slots).
Facet Attribute PropertyFacet |
# Thing(string) + Facet(string) + Attribute(string, string) + PropertyFacet(string, string)
«property» «property» «property»

+ Name(): string + Value(): string + Value(): string

0.*

+facetCollection 0.~ +facetCollection 1.*

+attributeCollection

ICloneable Property

Concept

+propertyCollection| «property»
+ Clone(): object + FacetCollection(): List<PropertyFacet>
0.*

«property»
AttributeCollection(): List<Attribute>
FacetCollection(): List<Facet>
HasSuper(): bool
IsEntity(): bool
MethodCollection(): List<Method> 0.
PropertyCollection(): List<Property>
SuperConceptCollection(): List<Concept> Z

+methodCollection

Method

+ o+ + + 4+ 4+

«property»
+ FacetCollection(): List<MethodFacet>
+ Type(): string

+superConceptCollection 0..*

+facetCollection | 0..*

MethodFacet

+ MethodFacet(string, string)

«property»
+ Type(): string

Figure 1 - Main concepts of XCore frame-based language

The Grammar in Antlr4 notation used to represent XCore script-language used
is shown in Listing 1.
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Listing 1
compileUnit : concept + EOF ;
concept
ID ('":'" superconcept*)? ('facets' ':' facet*)? '{' prop-

erty* attribute* method*'}';

superconcept : ID | ('," ID);

facet : ID | ('," ID);

property : ID ':' ID (',' parameters)* ';';
parameters: ID '=' value;

attribute: '(' ID ')' ATTRIBUTEVALUE ';';
value: number | ID;

number: MINUS? DIGIT (DIGIT)*;

method: ID ':' ID (',' method parameters)* ';';

method parameters: ID ID;

ID : (IDSYMBOL | DIGIT) (IDSYMBOL)*;

ATTRIBUTEVALUE: STRING | (STRING'.'STRING) *;

IDSYMBOL: LETTER | UNDERSCORE | MINUS | SquareBrackets ;
LETTER s (ra'.u'zh) ) ("AT..'Z2Y)

STRING : [a-zA-Z]+;

MINUS: '-=-';

SquareBrackets: '[' | ']';

DIGIT: ('Q'" .. '9");

UNDERSCORE: ' ';

WS: [ \r \n \t ] + -> channel (HIDDEN) ;

An example of entities description using the script-language is shown in List-
ing 2.

Listing 2

Identifiable facets: interface

{
Id:int;
(ns) Common.Domain.Contract;

(asm) Common.Domain.Contract;

ThingBase : Identifiable facets: abstract
{
88
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Id:int, nrmin =1, pk =1 ;

(ns) Common.Domain;

(asm) Common.Domain;

RegisterableEntityBase : ThingBase facets: abstract

{
IsActive:bool, nrmin = 1, defval = 1, needsProc = 1, in=1;
CreateDateTime:DateTime, nrmin = 1, defval = now;
FinishDateTime:DateTime, needsProc = 1;

ModifyTime:DateTime, nrmin = 1, defval = now;

(ns) Common.Domain;

(asm) Common.Domain;

AddressableEntityBase : RegisterableEntityBase facets: ab-
stract
{
Address:string, nrmin = 1, needsProc = 1, validate=1,
needsProc = 1, in=1;
Phone:string, nrmin = 1, validate=1, needsProc = 1, in=1;
Email:string, nrmin = 1, validate=1, needsProc = 1, in=1;

(ns) Common.Domain;

(asm) Common.Domain;

Delivery: RegisterableEntityBase facets: entity-dto
{
ProviderId:int, nrmin = 1,needsGetCollection=1, check=1,
needsProc = 1;
Description:string, validate=1, in=1, needsProc = 1,
needsGet = 1;
DeliverStatusId: int, nrmin = 1, defval = 1, needsProc = 1,
check=1, in=1;
(ns) LMS.Core.Domain;
(asm) LMS.Core.Domain;
}
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To transform the description written in the XCore language into metalanguage
objects we can use Antlr library (Fig. 1).

After that, the obtained model can be mapped to several specific representa-
tions which, in accordance with the MDA approach, can be associated with the PIM
(platform independent model) level of system description. An example of a DSL that
describes the application area is shown in Fig. 2. An important feature is that the
class to which the Concept of the frame representation was mapped has a reference
to the frame of which it was mapped.

The way of the transformation of the script into software components is shown
in Fig. 3.

Thing
ICloneable
Domain::Concept 1
+ Clone(): object <
«property»
+ AttributeCollection(): List<Attribute>
+ FacetCollection(): List<Facet>
+ HasSuper(): bool
+ IsEntity(): bool
+ MethodCollection(): List<Method> +superConceptCollection 0..*
+ PropertyCollection(): List<Property>
+ SuperConceptCollection(): List<Concept>
ClassBase
ClassBase
Class
SuperClass
«property» + SuperClass(string)
+ Concept(): Concept
+ FieldList(): List<Field>
+ HasSuper(): bool
+ MethodList(): List<Method> ClassBase
+ Modifier(): string Field
+ Namespace(): string
+ SuperClassCollection(): List<SuperClass> + Field(string, string, string, bool, bool, bool, bool)
+ SuperClassFullCollection(): List<Class> «property»
+ Check(): bool
+ InParameter(): bool
+ IsDependency(): bool
+ Type(): string
ClassBase + Validate(): bool
Method + Value(): string

+ Method(string, string, List<MethodParameter>)

«property»
+ ParamlList(): List<MethodParameter>
+ Type(): string

IDsIResolver
DomainResolver

+ Resolve(List<Concept>): List<Class>
ClassBase + ResolveClass(Concept): Class

MethodParameter

+ MethodParameter(string, string)
«property»
+ Type(): string

Figure 2 - The structure of DSL for application domain
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XCore Script f———————  Script Parser

XCore
Frame model

DSL models - Generator Templates

uses
passes the model through i
Layerl

usedby— Resolvers Layer2

Code <—produce/

Figure 3 - The way of the transformation of the script into software components

As we can see, DSL models can be then transformed into the code using a set of
resolvers which are responsible for DSL model interpretation. The result of interpre-
tation can be associated with the PSM (platform specific model) level of system de-
scription according to the MDA approach. Since the components of the application
are different from each other, separate Resolvers modules are used according to the
parts. For example, C# and MySQL code use CSharpResolver and MySqlResolver re-
spectively. Some of the resolvers are shown in Fig. 4.

The transformation of the model into code is based on templates. For example,
C# generators have a template for individual class attributes and a template for the
class as a whole. SQL generators have templates for defining tables and procedures,
etc.

An example of the template responsible for the C# class representation is

shown in Listing 3.

ACore. Transform.CSharp
XCore. Transform.Generator
XCore. Transform.Java

XCore Transform.Javafx
XCore. Transform.MSS0L
KCore. Transform.My5q|
XCore. Transform.MHibernate
XCore Transform.5ervice

VWY VW V" W W

Figure 4 - The structure of generator unit
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Listing 3

using Common.Domain;

namespace [namespace]
{ [using]
/// <summary>
/// The [ClassName]
/// </summary>
public[modifier] class [ClassName] [: Heirs]

{

#region Fields

[Fields]

#endregion
public [ClassName] () {}
#region Methods

[Methods]
#endregion
}

}

Experiment. In order to estimate the effectiveness of the provided approach,
the following experiment was set up.

Firstly, the typical project should be selected, and architecture and technolo-
gies should be defined, governing by the typical system requirements. We made that
in accordance with the approach described in [14]. Briefly, we assume that the devel-
opment should be guided by SOLID principles and flexible service-oriented architec-
ture. After the architecture was defined typical functions was selected and imple-
mented without the help of the frame-based approach and code generation (but tak-
ing in mind its further application, because the structure of the solution and coding
style should be fit to effective application of the generator).

After the realization of typical functions and refactoring aimed to achieve the
desired level of standardization, we started to train the generator to acquire the re-
sults we get earlier but without manual coding. At this point it should be evaluated
which templates, or even resolvers (generator components responsible for convert-
ing the model into code) should be created or modified.
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After the generator’s training - which consists in creating the necessary
changes, usually at the level of resolvers and templates, and obtaining positive re-
sults, we should try to build new system components for new functions similar to
those that have been already implemented. If there is a need of the generated code
modification, it is necessary to evaluate the time and effort spent on this modifica-
tion. And after that, add the modifications to the templates to increase the quality of
the generated code.

After the implementation of all functions, we should evaluate the effectiveness
of the provided approach comparing the potential time and efforts expenses which
would be required for solving the problem in the conventional way (without code
generation) to the expenses with the use of the provided generator, considering the
expenses spent on the generator’s tuning etc.

Features of the test project. The project should be connected with the real ap-
plication area, but it should be rather simple to avoid the complications connected
with sophisticated business rules. Based on these principles, we have selected a typi-
cal coursework task that first year Master's Degree students are expected to realize
for the discipline "Robustness of Information Technologies".

The set of functional requirements is shown in Fig. 5.

Order Management | Customer Management | Worker Management
'% + Manager 2 + Manager 2 + Manager

{Zn *+ Add Order Zn *+ Add Car 7y + Add worker

i + Add Work s + Add Customer |:'| + Browse workers
i *+ Browse Orders i + Browse cars by selected customer |_"| + Modify worker
T + Browse works by selected order T + Browse Customers 7= + Remove worker
et Filter Orders % + Modify Car

ot Modify Order ._~, + Modify Customer

i + Modify Work ,_-, + Remove Car

i + Remove Order ,E-, + Remove Customer

Figure 5 - Test project use cases

Analysis of the obtained results. Thus, in the case of implementation of the
testing project with a new architecture (meaning the number of layers, and typical
patterns and components used within these layers) and a new technology stack, the
acquired results can be described as follows.

1. To achieve the maximum effectiveness we need to thoroughly analyze the
project in order to discover the subset of the typical functions which would be con-
sidered as the foundation of the whole set of functions to be implemented. In the
case of the testing project these are the functions related to orders and works (see
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the interval from the start to “remove orders and works” use-cases at the “Function-
time” chart shown in Fig. 6).

2. During the implementation of the functions, it is necessary to train the gen-
erator. In our opinion, an important point here is the synergy of the architecture and
generator. That means that the generator relies on the prepared infrastructure con-
sisting of basic and auxiliary classes that significantly simplify the construction of
new code and, accordingly, its generation, because the generation relies on stan-
dardization of typical tasks’ solutions. In our case, the peak time spent on training
the generator fell in the middle of the implementation of the work order functions
(Fig. 7). Tuning of the generator was carried out mainly due to the addition of new
transformation templates, and the construction and improvement of model trans-
formers in the code. Thus, platform independent layers of the system (frame repre-
sentation and domain-specific languages) were not modified.

3. During new functions implementation with the use of the generator (see Fig.
6 starting with “browse customers and cars”), the generator’s tuning is mostly con-
nected with the modification of the existing templates and transformers. As we can
see in Fig. 6, the effect achieved after the implementation of the first functions using
the generator.

4. During the modification of already existing components, the use of the gen-
erator also proved to be effective (unfortunately, we cannot provide an adequate
comparison of the time and effort required in the case of modification with and
without the use of the generator). Updating the system is always associated with a
greater effort on the part of the developer than with development, because it is nec-
essary to focus more attention on the exclusion of damage to ready-made functions,
which can be partially implemented thanks to the creation of tests (for the develop-
ment of which, by the way, developers also need to spend a time and effort). Exclu-
sion of syntactic and semantic errors, which usually occur during such modifications,
with the help of a generator significantly reduces not only the time, but also the ef-
fort (mental stress) spent on solving problems.
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Figure 6 - “Function-time” chart

[SERE ] ety (LT Lic 1 madkfy mEErY brmeay o T IMEEEE
[ iy Citedl aad L T R e 11 ] et bl [ TR =rrhpe =erions ==t T
sl weales ] L aad 1=d oan aad i nd oury

Figure 7 - “Generator tuning - time” chart

As for the estimating specific, it should be noted that the hypothetical time re-
quired to realize the project without the generator was calculated based on the
minimum time required to develop functions without the use of the generator. Here
we did not consider the time and effort spent on switching the focus of the devel-
oper's attention from one context to another (context means the connection with

the specific of technologies used and features of application domain), errors which
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appear in result of creating new code by copying existing code, time required for de-
bugging, time required for formatting, commenting classes and functions, etc. We
considered only the time required to create the necessary components (creating new
files, writing code).

Summary. Thus, the use of the frame-based approach and the generator had a
significant effect in the process of developing the information system. Due to the
fact that the generator is built on a frame model, it makes it possible to fully describe
and generate the necessary components and to obtain a more complete code.

In addition to this, the effectiveness of the generator has been proven not only
during the system development, but also during its maintenance. As mentioned
above, the generator is configured for a specific architecture, and in this regard, the
architecture can help or hinder the use of the generator. Due to the fact that the sys-
tem was built using a flexible architecture, the use of the generator was expedient.
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BukopucmanHus ¢peiimoeozo nioxody 015 po3poo6ku iHhopmauitiHux cucmem

Poboma npucssueHa cneyudiui 3acmocysanHs ¢ppeiimosozo nidxody o1 po3poodKu
iHpopmayitinux cucmem. anuii nioxio 6azyemocs Ha onuci npukaadHoi obsacmi 3a do-
noMo2010 cKkpunmie Ha ¢pelimosiii mosi, ocobausocmi sKoi demanvHo onucaHi 6 [12].
Baxcueor pucorw makozo onucy € 3acmocysaHHs KoHyenyii epareti. Tak, ¢petim onucye
3HAHHA Npo 00°ekM peanvHo20 ceimy abo cueHapiti nodii, ciom € ck1adosow UACMUHOK
(petimy, a epavb croma € komnoHenmom caomy. Ipu yvomy y petimosomy nioxodi sik
Ha ciomu, mak i Ha 2paui Hemae oOMexceHb, AKi iCHYOMb Y KJAACUYHOMY 00’ €KMHO-
opienmosaHomy nidxodi. MoxcHa ckazamu, ujo 3a80siKu came 88edeHHI0 2paHeli i 8i0cy-
MHOCMi 00MeXceHb HA CI0MU CMAE MOXIUBUM OMPUMAmu NOBHULI i 38’13HuUll onuc ycix
ocobnusocmeli ma puc 06’ekmy npuxkiaadHoi obsacmi i, 8i0nosioHo, 3abe3neuumu 2eHe-
pauio npozpamHux KOMNOHEHMI8 3 8UCOKUM pigHeM nosHomu Kody. Pe3ynemamu none-
pedHix docnidxceHs onybnikoeaHo 6 pobomax [11-13]. [ana poboma npucesueHa nu-
MAHHAM 8NPOBAOHCEHHS MA OUIHUI BUKOpUCMAHHSA Nidx0dy 0711 nob6ydosu iHpopmayiti-
HUX cucmem.

B pobomi 3anponoHosaHa modeib cucmemu, wo CKaadaemscs 3 mpvox ulapis: 3d-
2a16HOi Modesi, y poJii Kol 6cmynae onucaHHs domeHy Ha (petimosoi Mosi; 0eKinbKox
domeHo-cneyugiuHux modeneti 8 aKi mpaHcopmyemocs ppetimosa moodeb; naameop-
Mo-cneuugiuHi  nepemeoprweaui, wo eidnosidaiomes 3a hepemeopeHHs O00MEHO-
cneyuciurux modeneii y 8i0nogioHi npozpamHi komnoneHmu. Ilpu usomy 0ns mpaHcgo-
pmauii domeHo-cheyudiuHux moodeneti y 8i0n0gioHi Npo2pamHi KOMNOHEHMU BUKOPUC-
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mogyrnmucs wiabaoHu ma npozpamui moodyai, 3adaueio aKux € 8i0oOpaxceHHs modeni y
K00 32i0H0 wabnoHam. IllabaoHu i KomnoHeHmu, uwio 8idnogidarmes 3a nepemeopeHHs
waboHie y Koo, popmyromscs Ha 6asi 00cs8idy npakmuuHoi po3pooKU ma 3anexams 8io
apximekmypu ma mexHoJioziti. MoxHa kazamu, ujo hpoyec HaguaHHs 2eHepamopa npo-
2PAMHUX KOMNOHeHmie8 y OaHili cucmemi cknadaemucs 8 ho6yoosi ma moodugikauii wao-
JIOHI8 ma J102iKu mpaHcpopmauii.

Y pobomi posansidaromucs pesynsmamu npogedeHozo ekchepumernmy nobydosu Ha-
8UaIbHO20 hpoekmy (piseHb MazicmepcvKoi Kypcogoi pobomu) 3 3acmocy8aHHIM 3anpo-
NOHO8AH020 nidxody. EkcnepumeHm cknadascs 3 080x ¢pas: subip ma peanizayis muno-
8ux (pyHKYIll 3 HABUAHHAM 2eHepamopy; peanizayis pewmu GyHKYili 3 3acmocy8aHHAM
2eHepamopy.

B x00i nposedeHHs ekcnepumeHmy 06yJ10 ompumaHo Hacmynti pezyavmamu. Ece-
KMUBHICMb 2eHepamopy 3alexcums 8i0 cmpykmypu npoekmy, cmavdapmu3ayii Komno-
Henmis, npuHyunie no6ydosu (maxux sik SOLID). To6mo nosuHHa icHysamu cuHepzis
MIXC apximeKkmypow npoexmy ma 2eHepamopom. 3 yb020 npusody dyxe KpumuuHUMU €
nepuii KpoKu, wo ckaadarmocs y 8ubopi ma peanizayii munosux QyHKkuyiii Ha akux 6yode
Hasuamucs zeHepamop. Axwo ¢GyHKuii 019 HasuaHHa 8UOpaHi 8ipHo i dani He 6yde 3Hau-
HUX 3MIH 8 apximekmypi — uac nompioHuli 019 HANA200M#EeHHSI 2eHepamopy hicas 1ioz2o
HasuaHHs Oyde MiHIManbHUuli, peanidayisa HOBUX (QYHKUYii ma adanmauyis éxce iCHYHUOi
cucmemu nid 3miHy 8umoz 6yoe npogodumucs oyxe weudko. Y Hauiomy eunaoky npu
HalawmysaHHi zeHepamopy Ha HO8Y apXximekmypy 3a HaliepyOiwumu oyiHKamu sunepe-
OxceHHs1 po3pobKu Ha dea mudxcHi, hpu 17 200uHax uacy sumpayeHux Ha HA8uUaHHs ma

HAJIAWMY8AHHs 2eHepamopy.
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