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1. Introduction

The first step in system modeling is to analyze the client’s current situation as precisely as
possible. Only after that, the new product functionality is carried out during the requirement
phase. The real objective of this phase is to determine what software the client needs [1].

Today, use-case driven object-oriented techniques are driven primarily by application
domain analysis, and a problem domain is regarded almost as a black box describing a
number of aspects of the system. However, if we develop the software for some purposes in
the real world, we must know how it will affect it [2], [3], [4].

In 2001, the Object Management Group suggested Model Driven Architecture (MDA).
The key idea of the MDA is separating the specification of system functioning from the
details of a way that the system uses the capabilities of its platform [5]. The MDA
distinguishes three viewpoints on a system: a computation independent, a platform
independent and a platform specific viewpoint. As is stated in [6], the computation
independent viewpoint focuses on the environment of the system, and the requirements for the
system; the details of the structure and processing of the system are hidden or as yet
undetermined. In the MDA, for each viewpoint a specification is defined. For the computation
independent viewpoint, it is a Computation Independent Model (CIM) that does not show
details of the structure of systems. It is sometimes called a domain model and a vocabulary
[6]. The CIM has to bridging the gap between the domain practitioners and experts of the
design and construction of artifacts. Unfortunately, the CIM is only fuzzy defined in the MDA
and its using and formal transformation to a Platform Independent Model (PIM) is not
specified. However, we suppose that the CIM ought to be mathematically formalized and
CIM requirements should be transformable to PIMs. We are suggesting a topological model
of system functioning that completely satisfies a formalized CIM definition, which shows
system functionality and the structure in a formal and comprehensive way. Formal foundation
of this is given in [4].

From this viewpoint we will discuss here the formal method for constructing a topological
functioning model, which is an expressive and powerful instrument for clear representation of
system functioning and an environment the system works within.



2. Topological Modeling of System Functioning: a General Approach

Topological modeling of system functioning was developed at Riga Technical University [7],
[8], and its application in different areas is being developed today as well [2], [3], [4], [9],
[10], [11], [12], [13], [14], [15]. The topological functioning modeling is a formal approach,
which is based on assumption that a complex system can be described in abstract terms as a
topological space (X<®). Where X is a finite set of properties or functional features, and @ is
a topology in the form of a directed graph. The additional information is described more in
detail in [2], [4], [7], and [8].

In this paper, the formal method for construction of a topological model of functioning of a
complex technical or business system from its informal verbal description is suggested. It is
as follows:

1. Define a set X of physical or business functional characteristics of the considered
system and other systems interacting with the system itself. This process is separated
into the following steps:

» Definition of objects and their properties from a system description
+ External system identification
* Functional features definition in accordance with the defined actions

2. Introduce in X a topology in the form of a digraph G(X, U) indicating the cause-and-
effect relations existing among elements of X (where U is a set of directed lines
connecting elements of X).

3. Topological functioning model separation from a constructed topological space.

Necessary condition for the construction of such a topological space G(X, U) is a
meaningful and exhaustive verbal, graphical, mathematical description of the system. The
adequacy of the model to describe the functioning of a concrete system can be then achieved
by analyzing the mathematical properties of such an abstract object [4], [8].

Subsequent sections describe this formal approach in detail.

2.1. Definition of Physical or Business Functional Characteristics

The process of physical or business characteristic definition from an informal description of a
problem domain consists of the following steps:

* Definition of objects and their properties from a system description. In an informal
system description, every noun must be underlined together with a direct object that is
expressed as a numeral or a pronoun. These nouns are real world objects and their
attributes (see Sect. 3)

* External system identification. A defined object list contains inner system objects as
well as objects that affect this system from the external environment and that get
something from the system. They can be such objects as human roles, services,
products, goods etc.

* Functional features definition in accordance with the defined actions. Actions, which
help to realize system functionality, can be considered as (specialized) functional
features [7]. In contrast of functional features in Feature-Driven Development [16],
these functional features represent the current situation in the problem domain, not
client’s desired requirements for the system. In the same informal system description,
verbs and action preconditions or business rules are to be underlined. Each action,
precondition or business rule has to be either transformed into a corresponding



functional feature or attached to the defined one. Each functional feature should
represent:
e An action of the object
e A result of the action;
e An object that get a result of an action or an object that is used in this action;
This could be a role, a time period or moment, catalogues etc.;
Each functional feature is to be expressed in the following form:
<action>-ing the < result> [to, into, in, by, of, from] a(n) <object>
Receiving the book from a reader
Functional features may be joined in a functional feature set, which correlates with a
certain business process. A business process is a specific event in a chain of structured
business activities. The event typically changes the state of data and/or a product and
generates some type of output. Examples of business processes include receiving orders,
invoicing, shipping products, updating employee information, or setting a marketing
budget. Business processes occur at all levels of an organization’s activities and include
events that the customer sees and events that are invisible to the customer. Therefore, a
set of specialized functional features can be correlated with the corresponding business
process. The functional feature set should be written down in the following form
<action>-ing a(n) <object>
Registering a reader
We should note that a distinction between specialized functional features and functional
features is their level of abstraction.

2.2. Topology Introducing

After defining a list of functional features, cause-and-effect relations among them are to be
defined or, in other words, a topology @ must be set. As stated in [7], a topology on X is a
family @ of open subsets 4, of the set X, satisfying the two Kolmogorov’s axioms.

The cause-and-effect relations may be represented as arcs between vertices of a directed
graph, which are oriented from a cause vertex to an effect vertex.

Cause-and-Effect Relations

A cause-and-effect relation between two functional properties of a system exists if the
appearance of one property is caused by the appearance of the other one without participation
of any intermediate property. Identification of cause-and-effect relations is rather intuitive
work.

The connection between a cause and an effect is represented by a certain conditional
expression, the causal implication. It is characterized by the nature or business laws or rules
not by logic rules. They are such concepts as ontological necessity, probability etc. In causal
connections "something is allowed to go wrong", whereas logical statements allow no
exceptions. As is stated in [17], cause-and-effect relations have the following properties:

* A cause chronologically precedes an effect.

* Cause-and-effect relation is necessary: each time if there a cause exists, an effect
occurs inevitably.

* A cause not only precedes an effect and always is followed by it, it causes (gives rise
to, generates) and is condition on an effect. The concept of causing (generating) is
necessary to distinguish from the simple consequence that is not causal.



* The causality is universal.

A cause-and-effect relation structure can form a causal chain. Causal chains begin with the
first cause and follow with a series of intermediate actions or events to the final effect. “A
causal chain is like a row of toppling dominoes — one event causing another, repeated until a
final effect is reached” writes the author in [17]. Though one link may not be as important or
as strong as the other ones, they are all necessary to the chain. If just one of there intermediate
causes were absent, the final effect would not be reached.

Even if you change something, you cannot remove the effect without removing the cause.
However, most cause-and-effect relationships involve multiple factors. The factors can be in
series or in parallel. A complete cause in any conditions gives rise to its effect. However, a
partial cause makes for its effect happening, and this effect is realized only in the case if this
partial cause is joined with others conditions.

Some advice helps to identify cause-and-effect relations in a verbal text [18]:

* A cause makes something happen;

* An effect is what happens as a result of that cause;

* Some words and phrases can signal cause-and-effect relationships, e.g. accordingly,
because, effect, in order that, since, cause, for, therefore, as a result, if...then, why,
consequently, due to etc;

* Certain verbs are causative verbs, i.e. verbs that express cause-and-effect
relationships (describes an effect one thing has on another);

* Some suffixes can indicate changes, causes and effects: “-ate” can mean to become,
to cause (e.g. to activate), “-ation” — the result of ing (e.g. summation), “-ize” — to
make, a cause to be (e.g. terrorize) etc.

2.3. Topological Functioning Model Separation from a Constructed Topological Space

In order to define the topological model (X, ®), we must first take into consideration a system
represented by the expression (1), where N is a set of properties or functional features of the
system and M is a set of properties or functional features of other systems, constituting the
environment interacting with the system itself.

Z=N UM (D

The set M can be divided into two subsets: an input and an output subset. The input subset
forms those functional features of external systems, which are causes for system functional
features or other functional features of external systems. The output subset constitutes those
ones that are effects of system functional features. Finally, Definition 1 can be given.

Definition I: The finite closed set of system functional features is

x=[N]= UX,, )
n=1
Where [N] is closing of the set N; X,, is an adherence point of the set N, i.e. the point, each
neighborhood of which contains at least one point of N. Capacity of X is the number n of
adherence points of N. The neighborhood of a topological digraph vertex a is a subset of the
vertex a and all vertices, which incoming arcs outgo from the vertex a.
By studying a complex system, it is necessary to separate it into a series of subsystems:
these amounts taking into consideration the closures of subsets of N.



A topological functioning model has topological (connectedness, closure, neighborhood,
continuous mapping) and functional (cause-effect relations, cyclic structure, inputs and
outputs) properties [4]. The following statements formalize these properties:

* Topological functioning model separation from a topological space

e Statement 1: A topological space, which represents the functioning of a business or
of a technical system, must be connected.

e Corollary 1-1: The topological digraph G(X, U) of the functioning of a system cannot
include any isolated vertices.

e Corollary 1-2: Every one of business and technical systems is a subsystem of the
environment.

* Cyclic structure. In every topological models of system functioning there must be at

least one directed closed loop (i.e. a directed closed path).

* Continuous mapping. Some functional property of a system can be considered as a more

detailed subset of specialized properties.

e Statement 2: If some more detailed functioning system is formed by substitution of a
subset of specialized properties for some functional property, then continuous
mapping exists between more detailed and simple parent topological models of the
same system.

e Corollary 2-1: In the topological digraph G* (X*, U*), the direction of arcs, which
join the specialized point subset nodes with other nodes, is determined by the
direction of the arcs, which join the replaced point with the according nodes of the
digraph G (X, U).

e Corollary 2-2: A data lack, which sometimes arises at the composing of a topological
model of functioning, can be filled up by data that are found, when models of the
same type systems are being continuously mapped into the model of the system under
study.

The additional information is described in [2], [3], [4], and [7].

3. A Case Study

In this section, we will consider a case study of the application of the abovementioned general
approach. Let consider a small part of library work.
Let assume that the following informal, verbal description of the problem domain exists:

“A reader comes to the library. The registering clerk receives his reader card. Tf the
registration exists, then the registering clerk checks a period of validity of the
registration. Tt the period of validity is gone, then the registering clerk offers
the reader to pay for prolongation of the period of validity of the registration. 1f the
reader has paid for prolongation, then the registering clerk writes out a receipt.
In the receipt he/she indicates a date, a name and a rate of the payment. 1f the payment
is done, then a registration period will be prolonged for one year from the
payment date. 1f the registration does not exist orit is a new man came, then
the registering clerk receives a man pass. The registering clerk may service a man
only 1f he has the pass. He fills down a registering form with a number of the
pass and the man’s name, the man’s surname, the birth date and the address. Then the
registering clerk £111s down a new reader card with the man’s name, the man’s surname,



the reader’s number and the period of registration validity. The registering clerk gives this
reader card to the new reader.

If the registration is valid, then the reader 1ooks for a necessary book in the
library catalogue. The reader can seaxrch a book by the book author, by the book theme or
by the book title. The reader £111s down a request for the book with his reader’s number
and the title, the code, the publisher and the publishing date of the book. When a librarian
receives the filled request, first he/she checks reader’s unpaid fines. If such fines
exist, then the reader must pay the fines first. If the reader has paid them or
he/she has not any fine, the librarian checks a free copy of the book. Tf such a
copy exists, the librarian takes it from the library book fund. Otherwise, the librarian
fails the request. The librarian £ills down a loan form with the book code, the
reader’s number, the loan date and the return date. Then the librarian gives the book copy
to the reader.

The reader returns a loaned book to the librarian. The librarian checks a return date.
If the return date is gone, the librarian calculates and imposes a fine to the
reader. Then the librarian checks book condition. I£ the book condition is normal,
then the librarian returns the book in the library book fund. T f the book 1s damaged,
then the librarian sends itto restoration and imposes a fine to the reader.

If the reader wants to pay for a fine, then the librarian searches a reader’s
fine. After payment making, the librarian writes out a receipt. In the receipt he/she
indicates the date, the name and the rate of the payment. Then he/she gives the receipt
to the reader.”

3.1. Definition of Physical or Business Functional Characteristics

Definition of Objects and Their Properties from a System Description

Having this informal description of the library functioning, we can identify objects and their
attributes. Nouns representing objects and their attributes are emphasized in the informal
description with the italic style. The identified objects and their attributes in parentheses are
as follows: a man (name, surname, birth date, address), a reader’s card, a registering clerk,
registration (period of validity), a reader (number), prolongation, a receipt, a payment (date,
name, rate), a pass (number), a registering form, a book (author, theme, title, code, publisher,
publishing date, condition, copy), a catalogue, a request, a librarian, a book fund, a loan form,
loan (date, return date), restoration. We do not define operations for objects, because it is not
necessary in this stage. Operations for objects are to be defined further during the analysis
stage.

External System Identification
In our case, the external objects are a man, a pass and a reader.

Functional Features Definition in Accordance with the Defined Actions

After object defining, the list of functional features of the system must be identified.
Appropriate verbs and conditions are emphasized with the Courier new font. They define the
appropriate actions.

Let take for an example the first expression “A reader comes to the library”. The action is
“come”. The appropriate functional feature “Coming of a reader” is defined (Table 1, the 1st



row), written according with the form given in Section 2.1. The “The registering clerk
receives his reader card” is transformed into “Receiving the reader card from a reader” (Table
1, the 2nd row).

Let us consider the sentence “If the registration exists, then the registering clerk checks a
period of validity of the registration”. Here, a cause is “if the registration exists” and an effect
is “then the registering clerk...”. Correspondingly, a new functional feature that result is the
status of the registration is “Checking the existence of a registration” (Table 1, the 3rd row).
The same is in the case of checking the period of validity of the registration (Table 1, the 4th
row).

Sentences “If the registration does not exist or it is a new man came, then the registering
clerk receives a man pass” and “The registering clerk may service a man only if he has the
pass” can be transformed into two functional features “Coming of a man”, “Receiving the
pass from a man”, and one precondition “If the registration does not exist” (Table 1, row 9
and 10). The second sentence explains that a registration is possible only if a man has his
pass.

Table 1. The functional feature list, where EE means the External Environment

N. Functional features Preconditions or business rules
1. Coming of a reader

2. Receiving the reader card from a reader

3. Checking the existence of a registration

4. Checking the period of validity of a registration [if the registration exists]

5. Offering the prolongation of a registration [if the period of validity is gone]

6. Writing out the receipt for a payment [if the reader has paid]

[after payment making]

7. Making the payment by a reader

8. Prolonging the period of validity of a registration

9. Coming of a man

10. | Receiving the pass from a man [if the registration does not exists]
11. | Filling down the registering form for a man

12. | Filling down the reader card for a man

13. | Giving the reader card to a man

14. | Looking for the book in a catalogue

15. | Filling down the request for a book

16. | Receiving the request for a book

17. | Failing the request for a book

18. | Checking the unpaid fines by a reader

19. | Checking the book by a request [if the reader has not any unpaid fine]
20. | Taking the book from a book fund [if the book exists and is free]
21. | Filling down the loan form by a reader

22. | Giving the book to the reader

23. | Returning the book by a reader

24. | Checking the return date of a book

25. | Checking the condition of a book

26. | Calculating the fine to a reader [if the return date is gone]

27. | Imposing the fine to a reader [if the book is damaged]

28. | Sending the book to restoration

29. | Returning the book into a book fund

30. Searching the fine by a reader [if the reader wants to pay for a fine]
31. | Giving the receipt to a reader

32. | Existing of a man (EE)

33. | Existing of a pass (EE)




External system existence must be added to the functional feature list, too (Table 1 row 32
and 33). If during this stage the list of functional features is refined, the system informal
description also must be correspondingly extended.

Table 1 shows the final list of functional features, which are defined from the
abovementioned informal verbal description of the problem domain.

3.2. Topology Introducing

Setting the topology @ in the set of functional features from Table 1, we get a digraph that is
illustrated by Figure 1. The number of each vertex in Figure 1 is equal to the appropriate row
number in Table 1 (e.g. the vertex 1 and the 1st row).

Let wus describe a
corresponding process of
cause-and-effect relation
identification. First, a
chronological sequence of
actions must to be defined.
Then, causes or effects for
each functional feature must
be discovered. Let us take for
an example the functional
feature “Checking the period
of validity of a registration”
(the 4th row in Table 1 and

; the vertex “4” in Figure 1).
EE‘ This functional feature is
chronologically preceded by
the functional feature
“Checking the existence of a
registration” (the 3rd row in

33 Table 1 and the vertex “3” in
Figure 1). The result of this
‘1¢1 2] i3] action, i.e. existence of the

registration, causes execution
of the 4th functional feature.
Note that if the registration
Figure 1. A topological space of the library does not exist, then the 4th
functional feature will not be

executed.

Additionally, let consider an example of a causal chain. Figure 1 shows the functional
feature chain “7-6-31” that describes the payment for something. In accordance with library
business rules, the payment is completed only if the receipt is given to a reader. Thus, even if
the cause-and-effect relation exactly between features 31 (“Giving the receipt to a reader”)
and 14 (“Looking for the book in a catalogue”), which can be the first cause for the book
request chain, is not evident at first sight, it becomes clear, when we think about a reader
making a new book request after paying.




In the end, let consider the relation between the functional feature “Filling down the loan
form by a reader” (the vertex 21) and “Checking the return date of a book™ (the vertex 24).
The causal relation between the vertex 21 and 24 exists since the functional feature “Filling
down the loan form by a reader” is a partial cause for the book return date check. Another part
of this complete cause is the functional feature “Returning the book by a reader” (the vertex
23). Therefore, the causal relation between the vertex 21 and 24 must be represented in the
model.

As it is stressed in Statement 2 (see Sect. 2.3), a valid topological functioning model allows
substitution of a functional feature by a subset of specialized properties and vice versa.
According to Corollary 2-1, a simplified model must keep every cause-effect relation
correspondingly to them in the detailed model and vice versa. According with the
abovementioned and the modified MDA software development lifecycle [4], the feedback
from the code deployment is not directed to the analysis phase like in the traditional MDA life
cycle, but to the topological functioning model. Therefore, all corrections and modifications
of the software product start in a formal way at the very beginning of the development cycle.

In the case of a data lack, models of the same type system may be continuously mapped
into a topological functioning model according to Corollary 2-2.

In our case, to facilitate causal chain recognition or to recognize cause-effect relations,
specialized functional features might be continuously mapped into existing business
processes. The example of such simplification is as follows: 1) the business process
“Checking a registration” covers functional features 2, 3 and 4; 2) “Making a payment” — 6, 7,
and 31; 3) “Prolonging a registration” — 5 and 8; 4) “Registering a reader” — 10, 11, 12 and
13; 5) “Making a book request” — 14, 15 and 16; 6) “Loaning a book” — 17, 18, 19, 20, and
21; 7) “Returning a book™ — 23, 24, 25 and 29.

3.3. Separation of the Topological Functioning Model of the Library

After constructing a topological space of the given problem domain, a topological model of
system functioning can be separated from it. Thus, functional features of the system itself, the
set N, and functional features of the external systems, the set M must be defined (1). In the
case of our example, the set of functional features of the external systems is the set M = {1, 9,
22,28, 32, 33}. The set of system functional features N = {2, 3,4, 5, 6,7, 8, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 23, 24, 25, 26, 27, 29, 30, 31}. Therefore, the topological model
of system functioning may be separated from the topological space of the problem domain by
applying the closure operation (2) over the set of library functional features as follows:

[2]= {2, 3} [13]= {13, 14} [24] = {24, 25, 26}
[3]= {3, 4, 10} [14] = {14, 15} [25] = {25, 27, 28, 29}
[4] = {4, 14, 15, 5,23, 30} [15] = {15, 16} [26] = {26, 27}

[5]1= 15, 8} [16]= {16, 18} [27] = {27, 30}

[6]= {6, 31} [17] = {17, 14} [29] = {29, 20, 16}
[7]= {7, 6} [18] = {18, 19, 30} [30] = {30, 7}

[8]= (8,7} [19] = {19, 20, 17} [31]= {31, 14, 15, 18}

[10] = {10, 11}
[11]={11,12}
[12] = {12, 13}

[20] = {20, 21}
[21]= (21,22, 24}
[23] = {23, 14}

Hence, the set X = [N] = {2, 3,4,5,6,7,8, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25, 26, 27, 28, 29, 30, 31}.

Figure 1 shows input functional features {32, 33} and output functional features {22, 28};
the shadowed vertices show external functional features not included in the set X.



Note the fact that the great attention is put on the description and analyzing of functional
cycles in this modeling approach [4]. Let consider the model represented in Figure 1 more in
detail. This model has all abovementioned functional properties: it describes cause-effect
relations, has the cyclic structure, vertex inputs and outputs. The bold-lined arcs show the
main cycle of the system that connects functional features {16, 18, 19, 20, 21, 24, 25, 29, 16}
(Table 1). They connect those functional features, which form the main feedback circuit of the
business system; in words it can be described as the cycle “book request - book loan - book
return — book request”.

Moreover, an advantage of the topological functioning system is that it shows not only the
main functioning cycle, but also functioning subcycles. The author of [7] points out that the
main difference between the main cycle and a subcycle is the following - “if one of the
subcycles is cut up, the system is malfunctioning, but cutting up the main cycle leads to
complete functional disability”.

There are sub-cycles in our example. Some of them are as follows:

*  “18-30-7-6-31-18” - this subcycle describes a situation that can occur during book
request, when a reader has a fine and wants to repay it; after repaying, his request will
be executed.

o “20-21-24-25-29-20” — this subcycle represents the path of a book in the system from
the book fund to a reader to the book fund, if it is not damaged and is returned on time.

o “15-16-18-19-20-21-24-26-27-30-7-6-31-15" — this subcycle illustrates a situation,
when a reader fills down a request, then loans a book, but returns it not on time.
Therefore a librarian calculates and imposes him a fine. The reader repays the fine,
gets a receipt and may make a new book request.

4. Conclusions

This paper suggests the formal method for a topological functioning model construction as a
formalized CIM [4]. It is illustrated by the case study of library functioning.

Having a description of processes happening in the system, the considered formal method
can be applied. It consists of the following steps: 1) functional feature definition (definition of
inner system objects, external systems, and system functional features); 2) cause-and-effect
relation definition; 3) separation of a topological model of system functioning; 4) conceptual
class structure derivation and transformation into Platform Independent Model (isn’t shown in
this paper). Topological functioning modeling provides formal transformation from a
topological functioning model into conceptual class diagram. Then this formalized CIM can
be formally transformed into PIM constructs. This process and results are discussed more in
detail in [4].

The goal of our future research is to create a tool for this formal method. Despite necessary
human participation, we can facilitate model constructing process and formal model
verification, and checking as topological as functional properties satisfaction of topological
functioning models.
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studies at Riga Technical University”.
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Asnina E., Osis J. Topologiski funkcionéSanas modela konstruéSanas formdla metode no skaitloSanas
neatkariga viedokla apraksta iegiiSanai

Dotaja raksta ir aprakstita topologiska funkcionésanas modela vieta un lietoSana Modelu Vaditas Arhitektiras
(MDA) ietvaros. Saja publikdcija ir piedavita topologiska funkcionéSanas modela konstruéSanas formala
metode. Topologiskais funkcionéSanas modelis parada sistemu no skaitloSanas neatkariga viedokla ka
matematisko topologisko ar celonu un seku attiectbu saistito funkcionalo ipasibu telpu. Modela topologiskas un
funkcionalas ipasibas nodrosina sistémas modela formalo izdaliSanu no vides topologiskas telpas, ka ari modelu
precizeSanu un abstrahéSanu. Topologiskais funkcionéSanas modelis nodrosina formalo informdcijas attélosanu
pasa programmatiras izstrades sakuma, tatad, tas dod noteiktu iespéju iegiit augstas kvalitates rezultatu MDA
ietvaros. Piedavata metode Jauj formali iegiit sistémas modeli no neformala verbala sistémas apraksta.
Galvenas metodes fazes, kuras ir aprakstitas Saja raksta, ir sekojosas: sistemas ieksejo objektu identificesana,
aréjo sistemu identificésana, sistemas funkcionalo ipastbu definésana, célonu un seku attiecibu starp
funkciondalam ipasibam identificeSana, un topologiska sistemas funkcionésanas modela matematiska izdalisana
no sistemas vides topologiskas telpas. Aprakstita metode ir detalizéti izskaidrota un ilustréta ar bibliotékas
funkcionésanas piemeéru.

Asnina E., Osis J. The Computation Independent Viewpoint: a Formal Method of Topological Functioning
Model Constructing

This paper describes the place and usage of a topological model of system functioning in the framework of
OMG’s Model Driven Architecture. In this paper we suggest the formal method of constructing a topological
model of system functioning. The topological functioning model shows a system from the computation
independent viewpoint as a mathematical topological space of functional features interconnected by cause-and-
effect relations. Topological and functional properties of the model allow formal identification of a system model
from the topological space of an environment, model refinement and abstraction. The topological functioning
model allows capturing information in a formal way at the very beginning of software development, thus it gives
a well-defined opportunity to get a high-quality end result within the framework of MDA. The suggested method
supposes formal obtaining of the system model from the informal verbal description of the system. The main
stages of the method, which are described in this paper, are as follows: system inner object identification,
external system identification, system functional feature definition, cause-and-effect relation identification
among the found functional features, and topological model of system functioning mathematical separation from
the topological space of system environment. The described method is explained in detail and illustrated by an
example of library functioning.

Acnuna 3., Ocuc A. @opmansuslii Memoo nROCMPOEHUA MONONOUYECKOU MOOeNU QYHKUUOHUPOBGAHUA C
He3asuCUMOil Om GbIYUCTEHUA MOYKU 3DEHUS

B dannoii cmamve onucano mecmo u ucnonv3osanue monorocueckol Mooenu yHKYUOHUPOBAHUs 8 PAMKAX
ynpagnsemot modenamu apxumekmypol (Model Driven Architecture). B cmamve npeodnoscena gopmanvhas
MemooOuKa NOCMpOeHUs MONONI0SUYeCKOU Mooenu QYHKYuoHuposanus cucmemvl. Tononozuyeckas mooens
@dyHKYUOHUPOBAHUA Omobpadxcaem cucmemy C GbIYUCTUMENbHO-HE3A8UCUMOU TOYKU 3peHUs 8 8uoe
MaAMeMamuyecko20 Monoi02UYecK020 nPOCMPAHCMEA, COCMOoAue20 U3 QYHKYUOHATbHBIX C8OUCMS, CEA3ZAHHbIX
Mmencoy coboll NPUHUHHO-CLEOCMBEHHLIMU OMHOWEHUAMU. DPYHKYUOHAbHBIE U MONOI02UHecKUe CEOUCMed
MONOAO2UUECKOU MOOENU QYHKYUOHUPOBAHUS NO3BOIAIOM POPMATLHBIM CHOCOOOM BblOEUMb MOOETb CUCTNEMbL
U3 MONOAO2UUECKO20 NPOCIPAHCINEA CPeObl, A MAKIICe YMOUHUMb U abcmpazuposams modeis. Tononosuyeckas
MOOenb QYHKYUOHUPOBAHUSL NO360IsEN POPMATILHO OMOoOpa3umes UHGOpMayuio 8 camom Havaie papabomxu
npoepammuoz2o obecnevenus. CnedosamenvbHo, NPedOCMAsnaem OnpPedeNeHHYI0 BO3MONCHOCMb NOYYUMb 8
PAMKAX YAPABAAEMOU MOOeNaAMU APXUMEKMYPbl 8bICOKOKAYeCMBEeH bl KOHeuHbll pe3yrsmam. [Ipednoscennulii
MemoO npeonazaem B03MONCHOCMb (QOPMANLHO20 NOAVYEHUs MoOenu cucmemvl U3 HepopmanbHo2o
sepbanvroco onucanusa cucmemvl. OcHoBHble d3manvl Memood, ONUCAHHbIE 8 OAHHOU cmamve, cledyioujue:
uoenmuurayus GHYMPEHHUX O00BEKMO8 CUCmeMbl, UOEHMUPUKAYUSL BHEWHUX CucmeM, onpeodeeniue
@DYHKYUOHANBHLIX — uepm  cucmembsl, UOeHMUPUKAYUS — NPUYUHHO-CIEOCMBEHHbIX — OMHOUWEHUU  MeXHCOY
HAUOeHHLIMU ~ (DYHKYUOHATbHBIMU YepmaMu U MamemMamuyeckoe vloejenue MONOL02UYeCKoll MOOenu
@YHKYUOHUPOBAHUSL CUCEMbL U3 MONOJO2UYECKO20 NPOCMPAHCMEA cpedbl, 8 KOMOpPou pabomaem cucmema.
Ipeonooicennas memoouka O0emanbHO ORUCAHA U HPOUNLIIOCHPUPOBAHA HA Npumepe QYHKYUOHUPOBAHUS
bubuomexu.



