Assistance in Creation of Project Solutions by Means of
System-Object Determinant Analysis

V.V. Mikhelev!and S.I. Matorin?

1 Belgorod State National Research University, Belgorod, Russia, 308015
2 Belgorod University of Cooperation, Economics and Law, Belgorod, Russia, 308023
keeperl2l@ya.ru, matorin@softconnect.ru

Abstract. This paper contains a description of the original system-object deter-
minant analysis (SODA) which allows you to formalize the process of developing
complex technical systems. In SODA the developing process is presented as a
procedure for defining the required properties of the system in the form of a se-
quential classification of conceptual and material systems. The paper presents the
stages of sequential construction of generic, genetic and partitive classifications
of a given subject area. It is shown that these classifications make it possible to
unambiguously determine the external determinant of the system (functional re-
quirements of the supersystem) and its internal determinant (functional properties
of the system that ensure the fulfillment of the requirements imposed by the su-
persystem).
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1 Introduction

Successes of analytical activity under the slogan of systems analysis have shown its
usefulness and effectiveness for solving complex practical problems. However, at pre-
sent «there is no unambiguity in the understanding of the system analysis itself» [1, p.
231]. There are several definitions of system analysis which are a set of different prin-
ciples approaches and methods but in practice they do not include the actual system
analytics [1].

In the specialized literature on systems theory it is noted that «there are no well-
established systems analysis technologies in practice» [2]. The existing technologies
cannot even be categorized unambiguously [3]. A sufficiently detailed review accord-
ing to the authors of systems analysis technologies is presented, for example, in works
[4, 5]. At the same time, the authors believe that the existence of various and incon-
sistent technologies of system analysis is due to specific still unresolved methodologi-
cal problems of the traditional systems approach and system analysis [6]. In addition,
the procedures of all the methods and technologies of system analysis existing up to the
present time do not have a formal algorithmic description.



There are a lot of papers describing methods of system analysis (Quaid [7], Optner
[8], Chernyak [9], Golubkov [10], Yang [11], Tarasenko [12], etc.). However, you can
see that they are all different general guidelines the implementation of which is not
specifically indicated. But most importantly, all these methods, in fact, do not take into
account the concept of "system", do not take into account the systemic effect, do not
use a principled approach and do not rely on general system laws.

To solve these problems, the article [13] proposes a new original system analysis
tool based on the system-object approach — the conceptual apparatus of system-object
determinant analysis (SODA). It provides a researcher an effective and versatile toolkit
for the analysis and design of complex weakly formalized systems.

The method of system analysis proposed in [13] in contrast to those mentioned above
is a formalized procedure that takes into account the systemic effect and some general
systemic patterns.

SODA includes three stages. Firstly, the identification of the class to which the ana-
lyzed or projected system belongs which is carried out when constructing a taxonomic
(generic) classification of the subject area. This allows the researcher to determine the
external determinant of the system. Functional request of a higher order system (super-
system) for a system with a given function. Secondly, tracing the stages of formation
or creation of a system which is carried out when constructing a genetic (stadial) clas-
sification of a selected class of systems. This allows, on the one hand to specify the
requirements for the system and on the other hand to unambiguously determine the
internal determinant of the system. Its actual functionality arising under the influence
of an external determinant. Third, the decomposition of the requirements for the system
as a phenomenon, which is carried out when constructing a partitive (whole-part) clas-
sification of the system or its meronomy. This gives an idea of the ways to ensure the
correspondence of the subsystems of the analyzed or developed system to its internal
determinant (and in the limit external), i.e. about the ways of functioning or construc-
tion of the system.

The system-object determinant analysis proposed in [13] which is a refinement and
concretization of the ideas presented in [14] can be used as a working useful toolkit in
the design of complex information and technical systems.

2 Formalized Description of System-Object Determinant
Analysis

Descriptive logic (DL) is used in the form ALCOIQ(D) [15] for a formalized descrip-
tion of SODA procedures. The syntax of this DL is briefly represented as the following
expression:

{T, L, A,AcC,—C,CnD,CuD,3R.C,VR.C,>nR.C, {a}, I[us,...,u,].P}

Here the symbols T and L — concepts (true and false). A — atomic concept, C, D —
general concepts; R — atomic role. {a} — nominal; 3[u,, ..., u,]. P — the concept of a
specific area; P — predicate symbol; u,, ..., u, — attributes. The DL also uses the fol-
lowing terms: TBox is a set of terminological axioms; RBox is a set of axioms for roles



and their relationships; ABox is a set of axioms for individuals and their relationships.
The sum of the above sets of axioms and defines the subject area K = TBox U RBox U
ABoOX.

The system-object approach "Unit-Function-Object" [16] describes systems-classes
(conceptual systems according to Ackoff or external systems according to Schrader) by
means of DL in the following form:

Si,jl =Sy Pn3 RSi,j', Q)

Sij', Siiyl, RSij' — abstract classes (concepts), where i = 0...N, i — hierarchy tier
number; j — node number within one tier of the hierarchy; I,p — parent node numbers
for the current node in the hierarchy level.

A system that is a concrete system-class (consisting of instances, not subclasses) in
terms of DL is described as a set of three component elements "Unit-Function-Object"
(UFO-elements) [16]:

S=[L? ULl L!'n3RS.L?; OS? U OS! U OSf], o)

where L?U L! — node that is the intersection of inputs L? and outputs L!; L! M 3R.L? —
function which converts inputs to outputs; Os?U Os! U Osf —an object that implements
a function and describes substantial characteristics.

Systems-phenomena (material systems according to Ackoff or internal systems ac-
cording to Schraider), by means of DL (concepts of nominal value and specific areas)
can be represented in the following form:

s=[{L?} U {L'}; {L!} 1 FhasRelation.{L?}; OS?.= U OS! =p» U OSf=ps].  (3)

A formalized description of the SODA stages is presented in the table.

3 Description of the Stages of System-Object Determinant
Analysis

The first stage of SODA has been developed in detail — the construction of a generic
classification (taxonomy) or conceptual system that defines the abstract requirements
for the system being designed at the class level. The results are presented in [17].

The procedure for constructing a taxonomy of a subject area is concluded to three
steps.

1. Selection and formulation of a generic definition of the most general concept/class
of the subject area (51,11 ). This definition should reflect in the specific difference
(RS, ;") the functional properties of an object or phenomenon corresponding to the de-
fined concept/class (51‘11). Ideally, these should be properties holding the functional
properties (RSOJO) of the concept/class (S,,°) which is generic for the chosen general
concept/class (51_11) subject area. Thus, the specific difference of the general con-
cept/class of the subject area (RSl‘ll) must be a kind of species difference (RSOJO) of a



concept/class (50,10) generic for the chosen concept/class (51,11). Based on expression
(1) we can write that S, ;* = So,° N3RS, ,*, where S; ;" = S, ,° u RS, ;' = RS, ,°.

2. Decomposition of the general concept/class of the subject area into specific con-
cepts/classes for which the general concept/class is generic. So 52‘11, ...Sz_n1 = 51_11.
In this case, the properties of specific concepts/classes reflected in their specific differ-
ences must be supportive for the functional properties of the general concept/class.
Thus, the species differences of the species concepts/classes should be the species dif-
ferences of the general concept/class. That is RS, ", ..RS,," = RS, ;'. Based on the
expression (2) we can write that S, ;' = S;,* M 3RS, ;*, where S, ;' = S, ,' uRS, ;' ©
RS; ..

3. Repetition of step 2 for each species concept/class (S, 1", ..., Sz ). Those defini-
tion of systems-classes of the i-th level through the classes of the upper (in this case,
the 2nd) level, for example, S;;' = S,," M 3RS, ..;S;,' = S,," M3ARS;,', such
that for their properties-classes RS; ;', ..., RS;,' © RS, ;" (fig. 1).

The procedure for constructing a taxonomy of classes can be described as abstract
systems-classes ends with the appearance at a certain level of the hierarchy of a class
which is a specific system-class that can be described using classes of links (flows),
classes of functions (processes) and classes of objects (object characteristics).

The concept/class is the result of the classification of the subject area. It includes the
analyzed system in which the functional properties of this system are generally deter-
mined. The definition of the class of links, in fact, is the definition of a functional re-
quest (external determinant) of the analyzed or designed system and the definition of
object characteristics specifies the ways of implementing the functions of the system.

The construction of a genetic classification is presented as a procedure consisting of
the following steps:

1. After the stage of constructing a generic classification we have a specific system-
class which includes the projected system, of the following form: Sisqj11® = [L?i+1,2°
L L!i+1,j1j0; L!i+1,jlj0 M ElRSi+1,j1j0.L?i+1,j1j0; OS?i+1,j1j° (] OS!i+1,j1j0 (] OSfi+1,j1j0];

2. We clarify the node of the system by introducing specific sets of units instead of
classes of units using the concept of nominal: Si+2j2! = [{L?u2j2"} U {Llis2j2*};
{L!i+2,j2jl} M EIRSi+2,jzj1.{L?i+2,j2j1}; OS?i+2,j2j1 (] OS!i+2,j2jl (] OSfi+2,j2jl];

3. We clarify the function of the system by defining the internal determinant of the
designed system as a set of functions instead of a class of functions: Si.sjs? =
[{L?i+3,j3j2} ] {L!i+3,jsjz}; {L!i+3,j3j2} n EIhasReIation.{L?Hg,jgjz}; OS?i+3,j3j2 L
OS!i+3,j3j2 (] OSfi+3,jsjz].

4. We clarify the object of the designed system using the concept of specific areas:
Si+4,j4j3 = [{L?i+4,j4j3} [} {L!i+4,j4j3}; {L!i+4,j4j3} n EIhasReIation.{L?i+4,j4i3};
OS?i+4ja.=n1 U OSlissja®.=n2 U OSfisaja®.=ns]; n1, n2, n3 — the values of the cor-
responding fields of the object (attributes).



Table 1. Formalized SODA stages

Meaningful in-

terpretation SODA stages
Generic classification:
Defining abstract | TBox
requirements at the | Sijo'®=Si1,10P M IRS;}'% _ _ _ _
class level Si+1,j10 = [L?2+2,j1° U LYi+1jid% LYa1,j2° 1 3RSi+1,j1/0 L2i+1,j1% OS?i+1,j2l®
L OSli+1,j® U OSfir1,ai%;
RBox

RSi+1,ji’=RS;

Genetic classification:

Specifying require- | TBoOX , _ _ _ _
ments at the set Si+2,2t = [{L2%i+2,j2} U {LY+22}; {LYi+2j21} M 3RSi+2j2t{L2%i+2,21};

level 0S%i+2,j21 LI OSlix,j2it LI OSfi+2 j2i];

Si+3j32 = [{L?%i+3j32} U {LYi+3ja?}; {L%+3;3?} N 3 hasRelation

A{L?i+3j37}; OS?i+3j3? LI OSli+3j32 LI OSfis33/2];

Sivaja® = [{L2%i+4jd%} U {LYi+2ja®};  {LN+4jd®} 0 FhasRela-

tion.{L?i+4,41%}; OS?i+4ja1%.=n1 U OSli+4jal%.=n2 U OSfi+4,jal®.=na];

RBox

RSi+2,j2'=RSi+1,ji°

hasRelation = RSi+2j21

ABoOx

L2228, Lliojolt, L2332, Lliagjai2, L2i4ajald, Lliva ja®

Partitive classification:

Description of the | TBoOX _ _ _ _

project that ensures Si+5104 = [{L?i+5,1j4} u {L!i+5,lj4}; {L!i+5,ll4} n 3hasRelation .{L?i+5,114

the implementation | s ) ) )

of the requirements 0S?i+5,104.=n1 U OSliss51/4.=n2 U OSfi+5,1J4.:n3];

si+sji* = [{L2+5*} U {LYi+sj*}; {LYi+5j*} N IhasRelation .{L?+s* };
0S?i+5,*.=n1 U OSli+si*.=n2 L OSfi+s5j*=n3];

ABox

L2i+s14 ... L?i+5,jj4

To construct a partitive classification (meronomy) a formal-semantic normative sys-
tem has been developed presented in [17]. The normative system N is based on a for-
mal-semantic alphabet which consists of unambiguously interpreted symbols from the
point of view of generic relations. The alphabet is based on the classification of the
concepts of connections/flows which in the notation accepted in the DL can be repre-
sented as follows: Mc L, lcL,VEM,EcM,De I, Cc Il Here L is the whole
set of connections/flows, M is the set of material connections/flows, 1 is the set of in-
formation connections/flows, V is the set of material connections/flows, E is the set of
energy connections/flows, D is the set of connections/flows of data, C is the set of con-
nections/flows of control. In this case, further division of the presented links into sub-
species is assumed if necessary.

The alphabet of links is used to describe the alphabet of nodes as crossroads of al-
phabetic links. The alphabet of nodes is specified using the following set of rules for
each type of link:

V =v! n 3hasRelation.(v?);




E = el n 3hasRelation.(e?); D = d! M IhasRelation.(d?); C = ¢! M IhasRela-
tion.(c?); VE = (v! U e!) N 3hasRelation.(v? U e?); VD = (v! U d!) 1 3hasRelation.(v?
U d?); ED = (e! u d!) n IhasRelation.(e? U d?); EC = (e! u c!) n JhasRelation.(e?
U ¢?); DC = (d! u c¢!) 1 IhasRelation.(d? U c?).

The presented rules for constructing the alphabet of the normative system using the
classification scheme ensure its subject (problem) orientation which makes this norma-
tive system formal-semantic and expandable depending on the analyzed subject area.

The construction of a partitive classification (meronomy) is described with the fol-
lowing steps:

1. Let Sisgjd = [{L7.+4,4 i} U {L'.+4,4J3} {LYi+4j4°} N JhasRelation.{L?i+4jd%};
0S%i+4j4%.=n1 U OSlisaja®.=n2 U OSfissjd%.=n3] system-phenomenon; We perform sys-
tem decomposition si+4j4° into parts (j4 =1,N) whose functional properties are hold up
the system Si+ajai°.

2. For each subsystem Si+s it = [{L’7.+5,J4} ] {L'.+5,J4} {LYi:sj“} N JhasRela-
tion.{L?i+5*}; OS?iss5j4.=n U OSliss j*.=n, L OSfissj*.=n3] we determine the types of
links and nodes based on the previously introduced normative system.

3. Repetition of step 2 for all subsystems of systems-phenomena si+sj*.

Thus, the final result of all stages of SODA in terms of DL can be represented as K
=TBox U RBox U ABox. In general form, the constituent elements of K are represented
as follows:

RS,. .  CRS; "
RSi+2,j2jl L RSiJrl,j].jO

hasRelation — RSM,J.Zjl

|
L2,

RBox = ;ABox=|L! ' |;

S0 =S 110" HHRS, s
Siﬂ,jliﬂ =[L?., 0 UL, %L, O N3RS, 0L, %082, 0 LoSy, 1 LOST,  ];
St =[{L 2% JU{LL, o B L, M E PRS2, 0

0572, J'Zjl HOSh.,, 12j1 UOanz,jz“];

Siajs” =[{L2%s s JU{Lls o™ Ji{LYs "} 1 FhasRelation. {L 2, 1, |;

0S ?i+3,j3J2 LOSY,, 13’2 LIOSf”&jgjz];

TBox = siM,J_AJ'S:[{L?i+4J4 } {L'.+4J4j3}i{L'.+4 N }I‘IEIhasReIatlon {L .+4,4J3};
OS?MM”_:muOS!M'H = UOSE, % =,

S5’ =[{L2%ss }U{L'i oo {LY s, | 3nasRelation. (L2, };

08?5, = IOS 5, . =, UOSF, g, /. = ;

S”SvJM:[{L?HSJ } {'—'Hs,”};{LHsJ }ITHhasReIatmn {|_ .+s,j4};
087,512,108 4 1 .=, UOSF, s .= . T;

iJr5J 545, j




4 An Example of the Applying of the Stages of SODA

Below is an example of a subject area taxonomy for car classification.

Generic classification stage.

e Car (S11%) — a vehicle (So1%), for the carriage of passengers and luggage with a ca-
pacity of 2 to 8 people (RSy1%).
— Passenger (Sz,1%) — a car (S1.1%) for paved roads (RSz1%).
— Sport (S311) — a passenger car (Sz1%) for dynamic driving (RSs1?).
— Executive (Ss2')—a passenger car (Sz1%) to ensure increased comfort of passengers
(Rngzl).
o Crossovers (S33') —a passenger car (Sz,1%) for paved and unpaved roads (RSs3?).
= Especially small (S4,1%) — a crossover with a length of less than 4241 mm., a
width of less than 1765 mm., a wheelbase of less than 2591 mm., an engine
capacity of less than 1.6 liters., an engine power of less than 120 hp.;

Let's represent the resulting concrete system-class S4,13 as (2)

S42®=[L? u L' L'm3RS.L?; OS? LU OS! u OSf],

L? = passengers LI luggage LI consumables LI control actions

L! = passengers LI luggage U torque U replaceable parts U effects from control ac-
tions

RS = torque provision LI movement of passengers and luggage on roads with or with-
out paved roads LI maintenance

0OS? U OS! = overall characteristics of input and output elements

OSf = volumetric characteristics for storage of materials and objects) U

U length.<4241mm. U width.<1765MMm. LI wheelbase.<4241mmM. LI (engine capac-
ity).<1.61. U (engine power) .<120u.c.

Genetic classification stage. We concretize the system S4:% in the shape of (3):

ssat=[{L?} u {L!}; {L!} N IRS.{L?}; OS?.=1 U OS!.=p; L OSf.=ng]

Refining the unit

{L?} =5 passengers LI luggage U 95 gasoline LI driver control

{L'} = 5 passengers LI luggage U torque LI effects from control actions

Refining the function

RS = torque provision L movement of passengers and luggage on roads with or
without paved roads U maintenance

Refining the object

0OS? = (passenger weight).=sox. U (baggage weight).=2soxr.

OS! = (passenger weight).=so«. LI (haggage weight).=2s0x.

OSf = volumetric characteristics for storage of materials and objects LI

U length.=s200mv. U Width.=1750,. U (Wheelbase).=a220mv. U (€NQiNe capacity).=1.6, U
(engine power) .=1205.c.



Partitive classification stage. System ss1! decompose into subsystems: Engine (S.1%)
= ss4%; Chassis (S62') = Ss4%; Control system (sg3') = Ss.1%;

We use the previously given normative system N and build a decomposition diagram
of the process of driving a car: Engine (CE), Control system (CD), Chassis (VE). See
Fig.1. This diagram is built in the "Unit-Function-Object" notation in the UFO-toolkit
software environment which implements the system-object approach.

Vehicle movement process

—— g7 ‘J | d! -

/ Control System (CD) |

<] \____ PR

7
ey

el
v? \ /
» ) Chassis (VE)

|
el

Fig. 1. Diagram of the decomposition of the process of vehicle movement, drawed in the UFO-
toolkit software environment

Then you can carry out further decomposition of each of the subsystems (ss.1%, 6.2t
55,31).

5 Conclusion

The system-object determinantant analysis presented in the paper provides the re-
searcher a new toolkit for the analysis and design of complex weakly formalized sys-
tems which is a formalized procedure that takes into account system-wide patterns (in
contrast to the existing methods of system analysis).

Identifying the class to which the analyzed system belongs gives the researcher an
idea of the purpose of the system. Also makes it possible to clarify the requirements for
the system by describing specific classes of inputs and outputs of the system and a
specific class of transformation of inputs into outputs and specific classes of object
characteristics. This allows you to unambiguously determine the external determinant



of the system. The formulation of a set of requirements for a specific class of such
systems actually formalizes the process of creating a technical assignment for the de-
velopment of a new technical or information system.

Moreover, tracing the stages of formation (or creation) of a system allows to concre-
tize the requirements for the system to the level of describing specific input and output
streams as phenomena, specific functional requirements and specific object character-
istics. On the other hand, allows to unambiguously determine the internal determinant
of the system.

The decomposition of the requirements for the system as a phenomenon (or its in-
ternal determinant) gives the analyst or the developer an idea of how to ensure the com-
pliance of subsystems with the analyzed or developed system with its internal determi-
nant, i.e. ways of functioning or building a system.

The proposed system analysis technique (SODA) is based on the use of knowledge
models: a conceptual model and a process model. The future toolkit supporting SODA
will therefore be a knowledge-based system, i.e. intelligent information system.

Thus, the described method of analyzing and representing systems using the means
of system-object determinant analysis will be useful and promising in the design of
poorly formalized information and technical systems.
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