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ERGODICITY OF PROJECT MANAGEMENT SYSTEM

K.B. Konecnixosa, T.M. Onex, FO.C. bapuanosa, B.FO. Bacunveéa. Eproqn4HicTh cucreM npoekTHOro ynpasiinus. EQextusHicTh
CTPYKTYp MPOEKTHOTO YIPABIIHHS 3aIEKHUTh BiJ ABOX (AKTOpPIB: MapaMEeTPHYHHUX BIACTUBOCTEH, LIO BiJOOPaKalOTh BIACTHBOCTI OKPEMHX
eJieMeHTiB (200 MpoIECiB), i CTPYKTYPHHUX BIACTUBOCTEH CUCTEMH, L0 BiJOOPaXAIOTh BIUIMB B3a€MO3B’S3KiB €/IEMEHTIB HA (PYHKILIOHYBaHHS
BCiel cucremu. HaifuacTime po3risiiaroThest MOJEINI i METO/IH, 110 JOCIIUKYIOTh [TapaMeTPUYHi BIACTHBOCTI cUcTeMH. JloCIi/UKeHHSI CTPYK-
TYPHHX BIIACTHBOCTEH CHCTEMH [JO3BOJIUTH CTBOPHTH HOBI MEXaHI3MH IOJIIMIIEHHS MPOCKTHOI AiSUIBHOCTI, CHPSIMOBAHI Ha JOCSTHEHHS
e(eKTUBHOTO pe3ynbTary npoekry. Mema: MeToo poOOTH € OOTPYHTYBAaHHS MOKJIMBOCTI PO3B’SI3aHHS 33/1a4i aHAJ3y CTPYKTYPHUX CXEM
MIPOEKTHOI MisUILHOCTI 32 JJOIIOMOT'OI0 QHAIITUYHOIO METONy, SIKHil 0a3yeThesl Ha ypaxyBaHHI crienU(ivHEX BIACTUBOCTEH MATPHIb CyMiXk-
HocTi. Mamepianu i memoou: MeTo]| 103BOJISIE HE TIIbKH BU3HAYATH SProIHIHICTh CHCTEMHU MMPOSKTHOTO YIPABIIIHHS, @ if YMOBH 1CHYBaHHS
3BOPOTHHX 1 HETIOBOPOTHUX CTPYKTYp y Opi€HTOBaHUX rpadax. Peyasmamu: 3anpONOHOBaHUI METO/ MOXKe OyTH BUKOPUCTAHMI JJIS TO-
JABLINX JOCII/DKEHb Y raly3i HPOEKTHOTO MEHE/DKMEHTY, a CaMe JUIsl CTBOPEHHS Ta ITOAAJIBIIOr0 PO3BUTKY MOJIENEH Ta METOJIIB CTPYKTYP-
HOTO i TApaMETPUYHOTO aHajli3y OpraHi3aliifHO-TEXHIYHIX CUCTEM YIIPaBJIiHHS IPOSKTaMH, IIPOorpaMaMu, a0 NOPTQEIIsIMH IIPOEKTIB.

Kniouosi cnosa: ynpapiiHHA NPOEKTaMM, MaTPHUL CYMDKHOCTI, MaTpUI JTOCSHKHOCTI, MaTpHULs CyNepHno3ullii, po3miueHuii rpad,
nepexiaHi HMOBIPHOCTI, €pro{YHICTb.

K.V. Kolesnikova, T.M. Olekh, Yu.S. Barchanova, V.Yu. Vasilieva. Ergodicity of project management system. The structures effective-
ness of project management depends on two factors: parametric properties that reflect the properties of separate elements (or processes), structural
properties of system that reflect the influence of elements interconnections on whole system functioning. The most frequently observed models
and methods study parametric properties of system. The study of structural properties of a system allows building of new mechanisms for project
operation improvement that are focused on effective project result achievement. Aim: The aim of this work is to substantiate the problem
solubility for project operation structural schemes analysis using analytical method based on consideration of specific properties of adjacency
matrix. Materials and Methods: The method allows not only ergodicity of project management system determination but existence conditions of
reverse and nonrotational structures in oriented graphs. Results: The proposed method can be used for forthcoming researches in project
management area, as in building and further development of models for and methods of structural and parametric analysis of organizational and
technical project management systems, programs or pipeline of projects.
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Introduction. The project participants’ interaction is the utmost precondition for the project
successful implementation, still project management also containing such organizational and technical
components as the planning, monitoring, analysis and results correction [1]. To proactively manage pro-
ject activities with project efficiency timely assessment essential is to use the mathematical modeling
methods. Meanwhile the modern mathematical software can never solve the existing contradiction
between the required management effectiveness as to the project, programs or pipeline of projects (PPP)
and the objectives aimed onto the skilled support of project decisions making. Thus, the development of
theoretical grounds for PPP proactive management models building that is based onto use of models that
reflect the studied systems’ essential features is an actual project management problem [1...3]. That
contradiction is solved through developing the methodology of project management systems’ structural
and parametric analysis based on the application of structural analysis theoretical principles and applica-
tion of complex topological structures’ mathematical models, reflecting the project management system.
Such approach allows the pre-estimation of the PPP successful implementation level.

The organizational and technical systems’ project management uncertainty presence is due to
several reasons [4, 5]:

— factors’ array and their relationship do not allow isolating and investigating in details the
project systems’ properties departing from their individual elements properties, so all the phenomena
occurring at such a system should be considered together;
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— lack of deterministic relationships between project processes’ input and output due to the
presence in the management system chain of executive links serving as decision-makers or performing
tasks that shifts for transition to qualitative analysis of such processes;

— environment’s turbulence and the processes’ variable nature over time.

Due to these features the similar projects represent semistructured systems. The system factors’
array forms a complex system of relations and conditions, causes and effects that change over time.
Difficult is to register and understand the events logic at such multifactor systems. However, in
practice we constantly have to make decisions about the required steps (which factors should be
influenced) for the project improvement; that will be the situation over time when nothing changed;
which of the possible actions will be more effective to achieve the goal, etc. [6]. The decision making
procedure can be based on cognitive analysis and complex processes modeling [7, 8].

The project management structures’ effectiveness depends on two factors: the parametric properties
reflecting the individual elements (or processes) features, and the system’s structural properties reflecting
the effects of the elements relationships on the entire system. Often considered are the models and methods,
exploring the system’s parametric properties. Study of the system’s structural properties will allow creating
new mechanisms for project activities improvement to achieve effective results of the project.

The aim of this work is to substantiate the problem solubility for project operation structural schemes
analysis using analytical method based on consideration of specific properties of adjacency matrix.

Materials and Methods. In practice, the process matrix is most commonly used to describe block di-
agrams. And the structures’ analysis implies using the adjacency matrix, having some specific properties
[10]. If it consistently reduced to levels 2, 3, ..., n, the element c; of n-th adjacency matrix degree represents
the relationship between i-th and j-th vertices through » arcs. With the rise to the adjacency matrix’ n-th
degree and feedback scheme presence, some diagonal elements become different from zero, that means a
link from i-th to the j-th graph vertex. This relationship can exist only in a closed ergodic path [11].

We know that if a system has some ergodic properties, it can be described with an ergodic graph.
Ergodic is a graph that includes one ergodic class [11, 12]. Such graphs are described with a strongly
related graph. Thus at such a system possible is the transition from one state to another in a finite
number of steps. The directed graph makes the basis for building a Markov chain, so all the graph’s
structural properties are characteristic to Markov chain that can be created on its basis.

At Fig. 1 a scheme of project main participants’ interaction is given. This structure is the basic
one according to GOST R 54869-2011. The diagram shows the main transitions between the system
states. Such a diagram allows performing a first approximation in qualitative assessment of the project
participants’ interaction efficiency. So, we shall estimate such scheme ergodicity in the sense of the
directed graph ergodic subset [13].

The system, combining some states’ set S {s}, s ..., S}, embodying the vertices of a directed
graph and interconnected with directed arcs G {g), &, .., g}, can be represented in the adjacency
matrix form [c;], whose rows and columns correspond to the directed graph vertices. The adjacency
matrix element value is 1 when there is an arched link between two vertices. If the element value is 0
then a direct link between the vertices of the graph is absent (1)

0 0 0 ¢4, 0 ¢ Of o0 01 0 10
0 0 630 0 g0 001 0010
Gy G2 0 6y s 6 O LT 0 1 1 10
leJ=lo 0 0 0 ¢s 0 of=fo 0 0 0 1 0 0 (1)
0 0 c3 0 0 cgey (001 00 11
0 0 0 0 0 0 ¢yl 0000001
¢y 0.0 0 0 0 O ft 000 000
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Fig. 1. Diagram of project participants’ interaction (a) and the directed graph created on its basis (b): A4, B, ...,
G —conditions (states) identifiers, S {sy, s5, ..., $;} —system states

For graphs with a small number of states these characteristics can be determined by directed
graph’s visual analysis. However, in the case of higher dimensions rational is to use automated tools,
including analysis and decision making subsystems.

Here represented are the results, where adjacency matrix columns and rows correspond to the indica-
tion in letters that match the conditions IDs of interaction patterns between the project participants (Fig. 1).
This approach is used in order to emphasize the following system property: the number of adjacency matrix
rows and columns does not affect the project logic and may be selected arbitrarily. The initial first degree
(1) adjacency matrix contains information about transitions between the first order states. Next are the
results of calculations for the adjacency matrix of second (2), fourth (3) and seventh (4) orders (hereinafter
the operation of data transferring into Boolean numbers is not performed):
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a b c d e f g
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1T 1] o 1] 1| 1]1
cfol ol 211132
il o]o 100 1] 1 (2)
el 2110 1111
1ol ololo]o]o
¢elolo o] 1]o1]o0
a b c d e f g
a2 T1 o211 271
b4 2] 1 3] 3| 4] 4
e[ 5115153 ]10]6
il 1ol 22111]24]2 3)
e[ 4 21113 4]4]5s
ffolololo] 1o 1
el 11010011
a b c d e f g
[ 812161 7] 5 13] 9
b 19| 5 | 15 | 17 | 15 | 32 | 25
¢[39 15 | 18 | 32 | 30 | 50 | 44
al 146 | 5 [ 12]11|17]15 4)
e[ 20 5 [ 1719 | 17 | 36 | 28
f1 ol 212121 4]3
el 5 21213141516

Let we calculate the distance matrix R", representing the sum of Boolean adjacency matrices at 0
to m orders. At that we shall use the binary system to display amounts. If all the elements are equal to
0, their sum also equals to 0. Otherwise, the amount is equal to 1.

Now we consider the distance matrix R* (5), the transpose distance matrix (R”)" (6) and the
superposition matrix W (7).

a b ¢ d e f g
afOJO]O]1 111
[T 111111
clT 111111
alolol1]ol1 |11 ®)
elT (111111
1l olololo]o]1
gl1]olol1]o0]1]0
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splo[1]1]0]1]0]0
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Apparently, the superposition matrix J#* has a defined path, comprising states b, ¢ and e. The
square submatrix w* € W? filled with “1”units can be obtained by reversing the places of columns and
rows for states d and e. The square submatrix w* e W?2, which consists of items b, ¢ and e, and whose
main diagonal contains all “1” units, is reflecting the significant feature of system structure: all ele-
ments are interlinked to the forward and reverse directions.

Let we consider the range matrix R* (8), transpose matrix (R*)” (9) and superposition matrix #* (10).

e N 0 Q. 0 o9 0 N ® Q o o Q

~N ® Q0 o Q

g

Having effected the transposition of a element

>

o

R~ ®

we obtain the superposition matrix #*:
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The superposition matrix #* contains two closed contours. One of them includes the states a, b,
¢, d and e. The second one includes elements a, d, e, f and g (when inserting the “a” condition in
adjacency matrix arrangement order after “c” element). Each of closed contours is a subset that
intersects with another subset. In this case, there exist states (namely, a, d, e), included in both paths,
whereby creating the effect of “crossing”.

Now we consider the reach matrix R°(11), transpose matrix (R°)” (12) and superposition matrix

we(13).

a b ¢ d e f g
c[1 T[T 111
p 1111111
clT i1 [1]11
1111111 (11)
el T 111 [1]1[1
s 1]
g1 111111
a b ¢ d e [ g
sl 111111
b 1111111
e[ttt 11
1111111 (12)
e 1111111
AR ERE
g1t 11111
a b ¢ d e f g
cT 1 11111
s 1111 ]1]1[1
cla i1 [1]1 1
11111 [1]1 (13)
clT 111111
AN nnE
111111

The superposition matrix W, obtained after the sixth degree adjacency matrix conversion, re-
presents a closed path. Thus, in this path transitions are possible between any states in a finite number
of steps. Based on the research conditions (Fig. 1) the ability to join the system is zero, as well as the
ability to release. Thus, confirmed is that the structure of the main project entities’ interaction is
ergodic and does not include any absorbing elements (case of constructing a Markov chain on this
scheme ground).

Conclusions. To solve the problem of project management systems’ structural analysis used is
the analytical method that takes into account specific characteristics inherent to adjacency matrix. The
method allows determining not only the project management system ergodicity, but also the conditions
of existence for return and non-return oriented graphs’ structures. The suggested method can be used
for further researches in the field of project management, namely for the establishment and further
development of models and methods applied in structural and parametric analysis of organizational
and technical management systems for project, programs or pipeline of projects.
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