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B oanomy Oocnidicenni euxonamno po3sumox cmamoapmy
P5 (llepconan, Inanema, Ipuoymox, Ilpouec, Ipooyxm),
axuil éxce HaGYe 6 Ceimi WUPOK020 PO3NOECIOONCEHHS i 3ACMO-
CYBanHs 6 npaxmuyi npoexmuozo ynpaeainus. Oonax 6 cmam-
dapmi P5 npedcmasnena cxema xcummeeozo yuxkay nepeeaz
npoexmis, aKa 00360J55€ MiNbKU HA AKICHOMY PiéHi 8idodpa-
3umu npouecu Heummesozo uuxay. /ns nepexody 0o xinvric-
HUX OUIHOK 3anpononosano euxopucmamu aanyroe Maprosa,
AKUL A6713€ C06010 Peromenonoziune 6i006pancenns CKAAOHUX
cucmem 6e3 ypaxyeanns Qizuunoi ix npupoou.

Ilobydosana xoenimuena mMapxiecoka Mo0eis HCUMMEBO20
UUKTY nepeeaz npoexmy y uznA0i KOMYHIKAUil Mixc cmana-
Mu npoexmnoi cucmemu. Koenimuena cmpyxmypa scummeeozo
UUKTY ABAAE CO0010 N0000Y OpicHmMo8ano20 zpaga, de sepuiu-
Hu epadpa no3nauaromv cmanu cucmemu, a 36’A3KU KOMYHi-
Kauii minc numu. 3anpononoeano nioxio w000 GUIHAUEHHS
nepexionux iUmogipnocmeil 3a Ha 0CHO81 OUIHKU KOMYHIKAUil
3 Ypaxyeannam Gumpam pecypcis 1acy Ha 6UKOHAHHS Onepauii
Yy opmi npasun. Xapaxmep xomyHixauiii mMixc cmanamu s—j
aanuroea Mapxosa 6u3HaUae eaununy nepexioHux UmoeipHoc-
meil . Pecypcni sumpamu uacy 015 K0%#cHO20 Cmany nooineni
Ha n’amo inmepeanie Ty: {0} — eumpamu eidcymnui; {0.01-0.1} —
He3Hauni eumpamu uacy; {0.1—0.3} — nuscnii pieenv sumpamu
uacy; {0.3-0.7} — cepeoni eumpamu wacy; {0.7—1.0} — nuiioine-
we uacy. Jlozika eubopy 3nauenv YmMoGHUX nepexionux uUMmo-
sipHocmeti nanutoza Mapkosa 0036075€ eusHavumu 0ami Ons
MO0e0BaAHHS MPAEKMOPIL HCUMMEBO20 YUKTY Nepeeaz npoex-
mie 6 Koopounamax UMosipHoOCmel Cmamnie cucmemu i Kpoxie.

Iloxazamno, wo 3acmocyeanns nanurozie Mapkoea € payio-
HAJIbHUM OJ151 81000PANCEHHS HCUNMMEBD20 UUKTY NEPesaz npoex-
mie. IIpogedeno ananiz 01 ne6Ho20 pieHs MexHoa02iuHOl 3Pi-
Jlocmi npoexmiozo cepedosumwa (opeanizauii), wo 6ionosioae
cykynnocmi 3navens nepexionux imosipnocmeii. Jlocaioxnceno
BNJIUG PIBHA MEXHO02IMHOT 3PLI0CMI NPOEKMH020 Cepedosua
(opeanizayii) na pesyiromamuenicmo npoexmis.

TInwuii npuxnad w000 6uKoHaAHHS NPoeKmy No PopmMysanHio
IMI0XHCY HABUANBLHOT YCMAHOBU WAAXOM 3ACMOCYBAHHI PPOH-
manvHux iHQopMauiliHux KomMyHiKauill uepe3 menaedarenHus,
npecy, yuacmv 6 MAcOBUX NOTIMUMHUX 3AX00aAX MAKONC BUACUE
nozumueni oyinku. Po3nooin iimosipnocmeii na nowamxy npoex-
my (V1) i no iiozo 3asepuwenni (V2) cymmeso 8iopizusaiomocsi.
Y nacnioox euxonanmns npoexmy 30iNbWUNUCH BeTUMUHU UMO-
gipnicmei cmanie p7 (Buzoda) ma p8 ([Jooamxoea euzooa).
Ha nowamxy npoexmy: p7V"+p8(V? =0.14+0.05=0.19. Ilicas
suxonanns npoexmy: p7V+ p8V¥ =0,22+0.08=0.30. Ouinxa
danux npoexmy Qopmysanus imioxncy HABUANLHOI YCMAHOBU
noxasana, w0 ompumani pesyavmamu He cynepeuamsv 2ino-
me3i npo MONCAUBICMb 3ACMOCYBAHHA TaHyt02ie Mapkosa 0ns
BU3HAUEHHHS XAPAKMEPUCMUK HCUMMEBO20 UUKTY nepesasz
npoexmy

Kmouosi cnoea: xoenimuena cxema, nanuioe Maprosa,
PpiseHb MexHON02IHHOT 3PINOCMI, HCUMMEBUU UUKIL, MPAEKMO-
Pii po36UMKY HCUMMEBO20 UUKTY
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1. Introduction
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naging Successful Programs) [2] had been developed, the fo-

cus of goal setting in project activity has substantially shifted

Since the time when the methodology of PRINCE2
(Projects in a Controlled Environment) [1] and MSP (Ma-

towards results and benefits, obtained upon completion of
the project, rather than time, money, quality.




The standard GPM® Global P5™ (personnel, planet,
prosperity, processes, products) sets the requirements for
projects in line with the initiative of the UN — the United
Nations Global Compact. The UN initiative aims to promote
social responsibility of business and to support solving the
problems on globalization and creation of conditions for sus-
tainable development of the mankind. In each project, one can
trace a relationship with the global UN context — 17 goals and
169 objectives of human development to the year 2030 [3].

The contradiction between the needs of practice con-
cerning the implementation of projects in the field of sustain-
able human development and the lack of acceptable models
for the quantitative evaluation of the life cycle of projects’
benefits defines the relevance of research in terms of en-
suring the effectiveness of project activity [4]. Development
of mathematical models that would implement the paradigm
of processes of the life cycle of projects” benefits could make
it possible to achieve proactive (predicted in advance) im-
provement of project management [5].

2. Literature review and problem statement

According to a 2016 survey of nearly 15 thousand specia-
lists in project management from 147 countries, the website
of the publisher of the standard GPM® Global P5™ gives
the following data about those who applies the specified
standard [3]: 39 % are the project managers; 19 % are the
scientists from academic institutions; 17 % are professionals
on the issues of sustainable development; 11 % are execu-
tives; 8 % are the providers of trainings; 6 % are government
officials. In this case, 76 % of them use the standard P5 in
practice. It is indicated that 93 % of the people who make
decisions have seen a substantial increase in the effective-
ness of a project. At the same time, 94 % of executives said
that projects and project management are an integral part
of sustainable development in the fields of personnel, planet,
prosperity, processes, products [3].

The organization and management of interaction bet-
ween the components of a project system predetermine the
success of projects implementation [5]. In order to construct
a cognitive structure of the life cycle model of projects’ bene-
fits, we shall employ a known pattern that is included in the
standard GPM® Global P5™ (Fig. 1).

The complexities of interaction between the states of
a project system during project management are prede-
termined by the existence of a set of external and internal
factors [6]. The uncertainty of the project environment and
the uniqueness of project tasks make it impossible to isolate
and thoroughly study the system based on separate ele-
ments [7]. Project systems are characterized by the emergent
properties — certain characteristics that are not peculiar to
individual elements, as well as the sums of elements’ proper-
ties [8]. Such features necessitate studying processes within
the project systems, based not on the properties of indivi-
dual components, but considering the project in general [9].
Therefore, in order to represent the trajectory of project
development in the phase space of state probabilities, it is
proposed to apply phenomenological models [10]. The class
of such models includes the Markovian chains, which make
it possible to represent a connection between the input and
output parameters, without taking the physical essence of
processes into consideration [11]. The Markovian chains
reflect the topological structure of relationships between

the elements of the system. At the same time, setting the
model parameters for specific projects is implemented based
on practical data by determining conditional probabilities of
transitions between elements of the system [12].
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Fig. 1. Cognitive structure of the life cycle of a project’s
benefits: 1 — project; 2 — result; 3 — capacity; 4 — result at
the output; 5 — changes in business; 6 — side effects;

7 — benefit; 8 — additional benefit; 9 — missed benefit;
10 — strategic goal

The properties of project management have been investi-
gated when solving a task on initiating the projects on labor
protection using the Markovian model [12]. Owing to the
cognitive properties of the Markovian chains, the features
of implementation of a «lifelong education» paradigm were
described [13]. In paper [14], the Markovian model reflects
the system of change in the conditions of athletes involved
in training to compete. The Markovian model is used to
assess the role of communication within a project team [15].
Construction of the specified models is performed through
the decomposition of projects into discrete states showing
the transitions between these states applying a directed
graph [16]. The complexity of the identification of the speci-
fied models manifests itself in the variations of approaches to
determining conditional probabilities of transitions between
discrete states. That is, the specificity of representation
of different objects through the homogeneous Markovian
chains with discrete states and discrete time is defined by the
techniques to estimate the probabilities of transitions [17].

An analysis of publications reveals that the main problem
that prevents the wide application of the Markovian chains
in order to represent complex systems is the development of
specific structures for particular projects and the transfor-
mation of unique graphical diagrams into directed graphs.
In this case, there are always difficulties in determining the
probabilities of transitions between the states of the system.
It is the totality of probabilities of transitions between the
states of the system makes it possible to phenomenologically
represent the systems properties of interaction between the
totality of specific processes within a project. Thus, it is
a promising task to construct the Markovian models that
would represent significant properties of projects and which
would make it possible to move from qualitative assessments




to determining the quantitative estimates of trajectories in
project development [18]. Communicative interaction bet-
ween the states of projects is the most important condition
for the successful implementation of project activity [19],
which is typically regarded as a characteristic of the level of
technological maturity of an organization that depends on
the competence and skills of project performers [20].

3. The aim and objectives of the study

The aim of this study is:

— to devise a method for the transformation of a cognitive
scheme of the life cycle of projects’ benefits, which is presen-
ted in the standard [3], into the Markovian chain;

—to formalize determining the transition probabilities
of the Markovian model taking into consideration the time
cost of communication implementation between the system’s
elements;

— to explore the features of practical determination of the
development trajectory of the life cycle of projects’ benefits
under conditions of various characteristics of the technolo-
gical maturity of the system.

4. Construction of the life cycle model of a project’s benefits

We shall represent a life cycle model of a project’s benefits,
given in the standard [3], using ten discrete states. In order to
construct a cognitive model of the life-cycle of a project’s ben-
efits as the communication between the states of the project
system, we point to the basic transitions between these states
(Fig. 1). These links represent transitions between the states
of the system when it is represented by a directed graph.

A cognitive structure of the life cycle is similar to a di-
rected graph with vertices that correspond to the states of
a project, and with arcs that represent the communication
links between the states of a project [11]. We accept the
assumption on that the sum of probabilities of all states is
equal to unity; we shall also define that transitions from each
state are the incompatible events. Under such conditions,
the graph can be transformed into the Markovian chain with
discrete states [14]. To this end, we shall add to the directed
graph the delay links to each of the 10 states. The result of
such addition is the Markovian chain graph (Fig. 2).

We shall describe the Markovian chain by applying
a method of state probability [15]. The probabilities of tran-
sitions are shown in the marked graph (Fig. 2).

A step is to be to understood as a cycle of the

execution of operations, which include a set p,(k+1)
of certain operations [13]. In the first appro- | p,(k+1)
ximation, we accept the assumption on that all bt
; . py(k+1)

the steps are equivalent and are carried out at
random. pi(k+1)
Identifiers S;, {i=1,..,10} denote the pos- |ps(k+1)

sible states of the system. They form the Marko- pe(k+1)
vian chain with 10 states, which are a complete

. o ) S p,(k+1)
group of incompatible events. A given model
represents the Markovian chain, since both the ps(k+1)
processes of project management and the Mar-  |[p,(k+1)
kovian chains could undergo changes in the Dy (k+1)

probabilities of the system’s states in steps k.
There are probabilities of transitions to other
states, the sum of transition probabilities from

a certain state is equal to unity. The sum of the probabilities of
all states at each step is also equal to unity [12]. There occurs
the similarity of the topological structure of transitions [11].

Fig. 2. Marked graph of the Markovian chain that represents
the structure of the life-cycle of projects’ benefits:

Sy — project; S; — result; S; — capacity; S; — result at
the output; S5 — changes in business; S; — side effects;
S; — benefit; Sg — additional benefit; Sy — missed benefit;
Syp — strategic goal

The sum of transition probabilities m; from a certain
state ie (1, 2,.., m) into other states je (1, 2,.., m) is equal
to unity [14]:

Yomi=1 {i=1,2:,m}, 6))

J=1

where m=10 is the number of possible states of the system.

A transition matrix that describes the graph contains
a value of «0» in the case of the missing link between certain
states or in the presence of the link the value for a condi-
tional probability m; of the transition [11]. General solution
to a system of equations that describe the Markovian chain,
shown in Fig. 2, can be written in the following form:

| |n, z, 0 0 0 0 0 0 0 0
py(k) 0 my, My 0 0 0 m, O 0 O
B |0 0 myym, T, 0O 0 0 0 O

p®| 0 0 0m, 0O 0m, 0 0 0
psB)| [0 0 0 0 mym O 0 0 0 @
ps(k) 0 0 0 0 0 mgg 0 mgg mgy O |
pB| O 0 0 0 0 0mx, 0 0 =m,
ps(k) 00 0 0 my; 0 my; mgy O 0

Py (k) 0 0 0 0 my 0 0 0 myy my,g
pm(k) 0.4 0 0 0 0 0 0 0 0 Tio.10

where m; is the transition probabilities.



The sum of the probabilities of all states pi(k) at each
step & is equal to unity [12]:

> (b=, @)

where pi(k) is the probability of the i-th state in step 4;
ie(1,2,.., m=10).

Step & is to be understood as a certain controlling influ-
ence that changes the distribution of probabilities p;(k) in the
next step (k+1) forall ie (1, 2, ..., m=10) [13].

Determining in (1) all elements m; and the initial state
probabilities {p1(k), pa(k), ... p1o(k)} makes it possible to
calculate the magnitudes of {p{(k+1), pa(k+1), ... pro(k+1)}.

5. Identification of the Markovian chain based
on the characteristics of communications

The interactions within a system under project man-
agement are shown in the directed graph (Fig. 2). For any
discrete state s{se 1, .., 10} the total time Ty of communi-
cations with other states can be determined as the sum of
duration of the interaction with these states ¢4{se1, ..., 10;
jet, .., 10y [12]:

T,= 3.t (4)

where #; is the duration of project in communication
s—j from state s.

order to model the changes in the probabilities of states of
the system for projects at any combinations of resourcing. We
shall determine the values for transition probabilities m;; from
Table 1. Based on the matrix of transition probabilities, pro-
vided that the original state of the system is known, it is pos-
sible to find all the probabilities of states of the system py(k),
pa(k),..., p1o(k) after any of the k-th step from dependence (2).

Table 1

Determining the values for transition probabilities 7,

Character of communication in - -
. Transition probabilities 7
terms of the time resource cost ?
Maximum time 0.7-1.0
Average resource use 0.3-0.7
Low level of time cost 0.1-0.3
Insignificant time cost 0.01-0.1
No time cost 0

6. Solving applied problems based on modeling the life
cycle of a project’s benefits

6. 1. The impact of the level of technological maturity
of the system

The general solution to the accepted transition probabi-
lity matrix that represents the basic variant of the structure
of a life cycle of a project’s benefits takes the iterative form:

T T
Each communication s—; of the system requires pi(k+1) p®) | 0406 0 0 0 0 0 0 0 0
certain time cost ¢y in a project. The value of mg=ty;/T,  ||p,(k+1) P, (k) 004030 0 0030 0 0
means the probability of a transition from state s—;. pi(k+1) (k) 0 00403030 0 0 0 0
The sum of all transition probabilities for a cer- oo
tain state s is equal to: pi(k+1) pi(k) 00 0040 0060 00
ps(k+1) B ps(R) 0 0 0 004060 0 0 O )
=l (S| ":mt ) 5 ps(k+1) | || ps(R) 000 0 004003030
e T Tyl T ©) p. (k)| B [0 0 0 0 0 0040 0 06
pk+) | pky| [0 0 0 0 04 0 02040 0
Thus, the transition probabilities 7, to any state ~ |py(k+1) Do (k) 00 0 0040 0 00402
from s{se1, ..., 10}, which are represented in each Py (k+1) (k)| 106 0 0 0 0 0 0 0 0 04

row of the matrix of transition probabilities, form an
incompatible group of events.

This property mg{se 1, .., 10;je 1, ..., 10} makes it possible
to explore the behavior of the system at different variants
of input data on a project. Changing my can alter characte-
ristics of the system.

In the general case, transition probabilities mg{se 1, ..., 10;
jel, .., 10} «set up» the Markovian models for an actual ob-
ject. In this case, in order to determine mg the two approaches
are typically used. The first one implies an expert assessment
of the values for transition probabilities [11]. The second one
employs a questionnaire that makes it possible to determine
the probabilities of states pi(k), pa(k),..., p.(k), which then
serves as the basis for finding the values for transition pro-
babilities [12]. We propose an approach that is based on that
the values for transition probabilities are determined based
on planning the communications within a system taking
into account the cost of a time resource required to execute
operations (Table 1).

The rules for determining the values for transition pro-
babilities, given in Table 1, make it possible to find data in

The elements of the probability matrix, given in (6),
are chosen based on data from Table 1. Based on (4) and
(5), we note that rows of the transition probability matrix
are independent. Each row describes a characteristic of
a particular state in terms of communications with other
states. Thus, for example, for state 2 — «Result», which means
that communications with state 7 — «Benefits» (157=0.3), as
well as with state 3 — «Capacities» (127=0.3), can be related
in terms of time cost to the level at the limit of average
time costs and at the lower level. As shown by the example
given, transition probabilities for each state are conditional
characteristics that represent the allocation of time cost
among all communications from a given state. In this case,
the allocation of time costs depends on the general level of
maturity of the project environment. Based on the specified
conditions, we have determined for the basic variant of the
system similar conditional transition probabilities for all
n;=0.4, which corresponds, according to Table 1, to the
average costs of a time resource.



Fig. 3 shows results of modeling a change in the states
of the system for the matrix of transition probabilities (6),
which is the base in this study.

For a certain level of technological maturity of the project
environment (organization), which corresponds to the tota-
lity of values for transition probabilities m;{ie 1, .., 10}=0.4,
derived from Table 1, one can make the following con-
clusions. The largest probabilities of states after step 25 are
demonstrated by states 1 — «Project», 2 — «Result», 7 —
«Benefit», 10 — «Strategic goal» (Fig. 4). Next, the most
significant are states 5 — «Changes in business» and 6 — «Side
effects». The probabilities of the remaining states 3, 4, 8, 9
at step 25 are almost identical at the level of insignificant
time costs.

pi(k)
==pl =o=p2 =e=p3 ==p4 =e=p5 ==p6 ==p7 ~o-p8 =+-p9 =-p10

20 k

Fig. 3. Change in the probabilities of states
of the system in line with the basic variant (r;=0.4):
p1 — project; p2 — result; p3 — capacity; p4 — result at
the output; p5 — changes in business; p6 — side effects;
p7 — benefit; p8 — additional benefit; p9 — missed benefit;
p10 — strategic goal

In order to estimate the probability distribution of states
of the system for other characteristics of the system, we shall
make certain changes to the matrix of transition probabi-
lities. We shall examine an influence of the level of techno-
logical maturity of the project environment (organization),
which corresponds to the totality of values for transition
probabilities 7;=0.2, derived from Table 1. Such probabilis-
tic characteristics represent the states being related to the
relatively low time cost for personal needs. That is, owing to
the high qualification of staff, almost the entire resource of
time is used for work on the project. The modified Markovian
model will have the following solution:

T T

pi(k+1) &) 0208 0 0 0 0 0 0 0
py(k+1) p(R)Y| 10 0206 0 0 0020 0
py(k+1) B 0 00203050 0 0 0
pk+) | |p(B] O 0 0020 0080 0
ps(k+D) | Ips(k)| |0 0 0 00208 0 0 0
k|| [p®] [0 0 0 0 0 02 0 0602
p.(k+1) | |p,¢)| IO 0 0 0 0 0020 0 08
pk+ || [p®)]| [0 0 0 0 04 0 0402 0
o+ p®| [0 0 0 0040 0 00204
puk+D)|  |p®)| 108 0 0 0 0 0 0 0 002

For the changed data (7), we obtain the results shown
in Fig, 4.
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Fig. 4. Change in the probabilities of states of the system
in line with the changed variant of the level of technological
maturity (n;=0.2): p1 — project; p2 — result; p3 — capacity;

p4 — result at the output; p5 — changes in business;

p6 — side effects; p7 — benefit; p8 — additional benefit;

P9 — missed benefit; p10 — strategic goal

Under these conditions, the influence of states 1 — «Pro-
ject», 2 — «Result», 7 — «Benefit», 10 — «Strategic goal» of
the life cycle of a project’s benefits becomes crucial in the
implementation of successful project activities. In this case,
the character of change in other probabilities of states of the
system also becomes different from the basic variant shown
in Fig. 3.

Because the probabilities of states py(k), s{sefl, ..., 10}
are derived from (3), then, with respect to (8) and (9), they
form an incompatible group of events. That makes it possible
to relate magnitudes py(k) to the duration of execution of
project’s operations.

Thus, the duration of work in state 6 in the basic project
is monotonically changing to the magnitude of pg(k)=0.09
in step k=25 (Fig. 3). This is equivalent to 9 % of the total
time costs for the basic variant of the project. In this case, the
highest probability in step 25 is correlated with state 2 («Re-
sult») — 13.8 % of the total time cost of the project. States 1
(«Project») and 2 («Strategic goal») would require, accor-
dingly, 13.6 % and 13.3 % of the time allocated to the project.
The general pattern of differences in the simulation results
of the basic (variant 1) and changed (variant 2) Markovian
model with a sample of state probability py(k) {se1, .., 10;
k=25} is shown in Fig. 5.

Simulation results show that a change in the
0 level of technological maturity represented by
variations in the matrix of transition probabilities
0 leads to a change in the overall pattern of probabi-
0 lity distribution of states of the system (Fig. 5). For
0 variant 2 of the model, we adopted for all states
0 of the system m;=0.2 {i=j; ie1,..,10; je1, .., 10}
(7) in contrast to values m;=0.4 {i=j; iel, .., 10;
0 jel,..,10}. Given such input data, we obtained
results that differ from basic variant 1. The results
0 of a given simulation experiment reflect the sub-
stantial property of project management, implying
that effectiveness of projects depends on the level
of technological maturity of the project system.
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Fig. 5. Influence of the level of technological maturity
of a project system on the probability of states of the system
in step 25

6. 2. Estimation of the project of positive image forma-
tion for an educational establishment

Existing approaches to making up the tactic and strategy
aimed at positive image formation are aimed at obtaining cer-
tain benefits and value through the exploration of relations
and patterns at the level of organizational project manage-
ment, rather than operational activity. Controversies in the
management of projects aimed at positive image formation in
the organizational-technical and social systems are predeter-
mined by several features:

— the presence of a set of factors and their interrelations,
which does not make it possible to isolate and examine in detail
the individual elements of the system, which is why anything
that happens within them should be considered as a totality;

— the lack of sufficient information about the dynamics of
processes, which often forces to pass to a qualitative analysis
of such processes;

— the turbulent environment and variability of the cha-
racter of processes over time;

— corporative interests of the organization and state im-
portance of results of positive image formation.

Because of these features, such projects can be attributed
to a class of weakly structured systems, in which random
processes are typically implemented. The set of factors of the
system creates a complex system of reciprocal direct and in-
verse relationships that change over time. It is rather difficult
to see and understand the logic of image construction within
such a multifactor system. The procedure of decision making
could be based on modeling complex processes employing the
Markovian chains [21].

Managing a positive image of an educational establish-
ment is the process that involves the formation of persistent
representations among clients, partners, and the public about
the prestige of the establishment, quality of its educational
services, reputation of managers. Positive image makes it
possible for educational institutions to ensure the rise in
loyalty and support from partners, consumers, staff, regional
and municipal authorities, and the media. The positive image
of an educational establishment consists of a set of compo-
nents. Each component of the positive image of an educational
establishment, in turn, affects image formation of the institu-
tion in general. However, in order to construction an adequate
model to manage the positive image of an institution, it is ne-
cessary to know which components, given the specifics of this
institution, should be prioritized. What are the components of
the positive image of an educational establishment? What are
the criteria for choosing a given educational institution?

All of the above makes it a relevant task to manage a po-
sitive image of educational institutions, with one of the pos-

sible methods to estimate the efficiency being the application
of the developed Markovian model.

The practical implementation of the system of positive
image management of an educational establishment (using
the College of Tsing as an example) revealed the following
contradictions [21]:

— the result of positive image formation is determined by
the external environment and it is not localized within the
educational institution;

— the system, which is composed of an educational estab-
lishment and the external environment, is loosely structured;
in it, there are many relationships, norms, structural features,
community rules, customs and traditions, which are rather
difficult to be accounted for in their entirety;

— it is almost impossible to receive a feedback, in order
to evaluate the effectiveness of activities that are aimed at
positive image formation of an educational establishment;

— substantial uncertainty arises because of the complex-
ity of selecting the target beneficiaries — who should be the
target of communication and information activities.

The College of Informatics and Computer Technologies
(district of Tsing), in which the project was implemented, is
in an industrial area. The total number of students is 7,200.
There are 420 college instructors. Part of the college gradu-
ates continue their education at the universities in China and
abroad (about 10 %). Main places of employment of the col-
lege graduates include industry, banking, transport, services,
educational establishments.

Because it is quite difficult to select a target group among
population, the method of the frontal information interaction
with audience was accepted. The properties of the frontal in-
formation contacts are inherent to the following media: tele-
vision, newspapers, participation in massive political actions.
The planned activities are 3,640 tv spots, 2—3 publications per
month in each of 43 newspapers, as well as intensifying public
activities with mass attendance and high-quality political
events. These measures are aimed at improving the attitude
of all categories of people, and especially those who expresses
indifference and rejection of the positive image of the college.

The matrix of transition probabilities |r;| at the begin-
ning of the project is based on Table 1.
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Data on the existing probability of states of the life cycle
of projects’ benefits prior to the project are shown in Fig. 6.

In the course of one year, all planned activities under the
project of forming a positive image of the Tsing College were
fulfilled. Taking into consideration the fact that a significant
change in the probability of states of the life cycle of projects’
benefits was expected, the residents of the province were
asked to fill in a questionnaire in order to determine the new
values for transition probabilities.
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The results were used to evaluate the new distribution of
states of the system applying the Markovian model (Fig. 7).
The initial probability distribution was taken to be a proba-
bility distribution of states prior to the start of the project,
corresponding to step 25 in Fig. 6.
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Fig. 6. Change in the probabilities of states of the system
for a project of positive image formation for an educational
institution: p1 — project; p2 — result; p3 — capacity;
p4 — result at the output; p5 — changes in business;
p6 — side effects; p7 — benefit; p8 — additional benefit;
P9 — missed benefits; p10 — strategic goal
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Fig. 7. Change in the probability of states of the system
aimed to form a positive image of the educational
establishment following the implementation of the project:
p1 — project; p2 — result; p3 — capacity; p4 — result at
the output; p5 — changes in business; p6 — side effects;
p7 — benefit; p8 — additional benefit; p9 — missed benefit;
p10 — strategic goal

0

Representation of the probability distribution of states of
the system at the beginning of the project and after one year
of work to improve the image of the Tsing College is shown
in Fig. 8.
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Fig. 8. Distribution of the probability of states in the
life cycle of benefits from the project on positive image
formation of the Tsing College at the beginning of the
project (V1) and after its completion (V2): p1 — project;
p2 — result; p3 — capacity; p4 — result at the output;
p5 — changes in business; pb — side effects; p7 — benefit;
p8 — additional benefits; p9 — missed benefit;
p10 — strategic goal

Simulation results reveal that the implementation of the
project changes the results of the assessment of the project
system (Fig. 8). Variations in the matrix of transition proba-
bilities lead to a change in the overall distribution pattern of
the probabilities of state of the system. The probability distri-
bution at the beginning of the project (V1) and upon its com-
pletion (V2) differs significantly. The result of the project im-
plementation is the increased magnitudes of the probability
of states p7 (Benefit) and p8 (Additional benefit). At the be-
ginning of the project: p7VD+p8(V=0.14+0.05=0.19. Upon
completion of the project: p7VD+p8V2=0.22+0.08=0.30.
In addition, the implementation of the project to form a posi-
tive image led to a decrease in the probability p9 (Missed
benefit): from p9VD=0.15 to p9V»=0.01 (Fig. 8). An ana-
lysis and estimation of data on the project’s implementation
reveal that the findings obtained do not contradict the
hypothesis about the possibility of applying the Markovian
chains for determining the characteristics of the life cycle of
a project’s benefits.

7. Discussion of results regarding the life cycle
of a project’s benefits

The approach to the transformation of the life cycle of
a project’s benefits into the Markovian chain, presented here,
provides a tool for the analysis and justification of project
management strategies not only in terms of gaining benefits,
but it also makes it possible to assess the contribution of
each state to the final result [18]. To this end, it is neces-
sary to identify the values for the transition probabilities of
each state in a life cycle by employing any appropriate me-
thod [20]. That will make it possible to adjust the Markovian
chain to represent an actual system [19].



When interpreting data on the development of a project’s
trajectory in the coordinates of the life-cycle of a project’s
benefits under different conditions, one should take into
consideration that the probabilities of states of the system
{p1(k), pa(k), ..., p10o(k)} represent probabilities of conflicting
events from a complete group. For all states s{se 1, ..., 10}, the
total time © of the project’s implementation in each step k&
is the sum of duration of communications in these states

t(k){sel, .., 10}:

n=10

0= 1.(h. ®)

where @ is the total duration of the project; t4(k) is the time
it takes for the project to be in state s{se 1, ..., 10} in step &.

The system can spend a certain time t(k) in each of the
states s{se1,.., 10} in step k. The value of py(k)=14(k)/©
means the probability of the project’s being in state
s{sel, .., 10} in step k.

The sum of all probabilities of states in accordance
with (3) is equal to unity:

n=10 n=10 k) 1 n=10
=y Lk _1 k=1 9
ﬁf‘)ﬁi® @;RU )

Thus, the probabilities of state of the system originate
from the time that the project is in state s{sef1,.., 10} in
step k. Such a property of the probabilities of states of the
system makes it possible, for particular projects under the
specified duration, to determine the expenditure of time re-
sources in certain processes (states).

In this study, we have improved the standard P5 (Person-
nel, Planet, Profit, Process, Product) [3]. The standard P5
have already been widely applied in the practice of project
management. However, the standard P5 provides a scheme of
the life cycle of projects’ benefits, which reflects the concept
of qualitative approach to the assessment of a life cycle.

The transformation of the life cycle of projects’ benefits
into the Markovian chain, proposed in this paper, has for
the first time made it possible to move from the qualitative
assessments of the progress of projects to the quantitative
characteristics of the system’s trajectory in the coordinates
of the probabilities of states of the system. In this case, the
quantitative estimates of probabilities make up a multivariate
pattern of changes in the possible states of the system. As is
known, projects are related to the field of science that ex-
plores the phenomena and essence, relations and patterns in
the processes of project management throughout the life cycle
of managed social or organizational-technical systems with
attributes of uniqueness, limited in time, quality, and resour-
ces, focused on the achievement of certain useful results and
their values based on product creation. Such an approach is
productive for solving applied tasks on project management.

The obtained data for modeling a life cycle of projects’
benefits for a variety of real-world project systems allow us
to draw a conclusion about the possibility of assessing the
trajectory of projects.

A comparative analysis to other approaches is not provi-
ded because the available publications do not report methods
for the quantitative estimation of projects’ trajectories over
the life cycle of projects’ benefits. However, the paper gives
a comparative analysis for projects under conditions of va-
rious characteristics of technological maturity of the system.
This comparison is based on the hypothesis on that there

is an influence of the level of technological maturity of the
project environment (organization) on the effectiveness of
projects. And the level of technological maturity (qualifi-
cation) of the project environment can be compared with
a set of values for transition probabilities m;, derived from
Table 1. Thus, totalities 7t;=0.2 represent states in relation to
the relatively low time cost for personal needs. That is, given
the high qualification of staff, almost the entire resource of
time is used for work on the project. It is characteristic of
totalities m;;=0.4 that nearly half of the time resource is used
for personal needs — the preparation of projects and search
for solutions during project implementation. After all, as you
know, projects are related to the field of science that explores
the phenomena and essence, relationships and patterns in the
processes of management of projects/programs/portfolios
over their life cycles as the managed social or organizational-
technical systems with attributes of uniqueness, limited in
time, quality, and resources, focused on the attainment of
the specified useful results and their values based on product
creation. Since projects are a unique activity, this is exactly
what predetermines different time costs in projects teams to
search for project solutions.

Another example relates to the assessment of the life
cycle of a project’s benefits in the field of education. The pro-
ject that was implemented implied the formation of a positive
image of an educational institution through the use of frontal
information communications through television, newspapers,
participation in mass political activities. The plan included
stories on television, the preparation of publications in the
press, as well as the intensification of public activities. The
project’s implementation was reflected by a change in the
elements of the matrix of transition probabilities, which led
to a change in the overall pattern of probability distribution
of states of the system. The probability distribution at the
beginning of the project (V1) and upon its completion (V2)
differs significantly. The result of the project’s implemen-
tation is the increased magnitudes of the probabilities of
states p7 (Benefit) and p8 (Additional benefit). In addition,
the implementation of the project on the positive image
formation led to a decrease in the probability p9 (Missed
benefit): from p9VD 0.15 to p9V2=0.01. The evaluation
of data on the project of the positive image formation of an
educational establishment showed that the results obtained
do not contradict the hypothesis about the possibility of ap-
plying the Markovian chains to determine the characteristics
of the life cycle of a project’s benefits.

8. Conclusions

1. We have constructed a cognitive Markovian model of
the life cycle of a project’s benefits in the form of communica-
tions between the states of the project system. The cognitive
structure of a life cycle is similar to the directed graph where
vertices of the graph represent the states of the system, and
links are the communications between them.

2. An approach has been proposed for determining the
transition probabilities based on the evaluation of communi-
cations taking into consideration the cost of time to execute
operations in the form of rules. The character of communica-
tions between states s—j in the Markovian chain defines the
magnitude of transition probabilities mg. The costs of time
for each state is divided into five intervals mg: {0} — no costs;
{0.01-0.1} — insignificant time cost; {0.1-0.3} — the lowest



level of time cost; {0.3—0.7} — average time cost; {0.7-1.0} —
the largest time cost. The logic of choosing values for condi-
tional transition probabilities in the Markovian chain makes
it possible to determine data for the simulation of the trajec-
tory of the life cycle of projects’ benefits in the coordinates of
the probabilities of states of the system and steps.

3. It has been shown that the application of the Marko-
vian chains is rational in order to represent the life-cycle of
projects’ benefits. We have investigated the influence of the
level of technological maturity of the project environment
(organization) on the effectiveness of projects. We have also
assessed the life cycle of benefits of the project aimed at the
formation of positive image for an educational establishment

through the frontal information communications using tele-
vision, newspapers, participation in mass events. The proba-
bility distribution at the beginning of the project (V1) and
upon its completion (V2) differs significantly. The implemen-
tation of the project increased the probabilities of states p7
(Benefit) and p8 (Additional benefit). At the beginning of
the project: p7VD+p8VH=0.14+0.05=0.19. Upon imple-
mentation of the project: p7VD+p8(V2=0.22+0.08=0.30.
The evaluation of data on the project aimed at positive image
formation of an educational establishment showed that the
results obtained do not contradict the hypothesis about the
possibility of applying the Markovian chains to determine
the characteristics of the life cycle of a project’s benefits.
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Bupiwyemovca 3as0anns 6izyanizauii 36opomnum mpa-
cyeannam (Ray Tracing) mpianzynvoeanux noeepxomn,
3eqa0xcenux memooom cepuunoi inmepnonsauii. Memoo
chepuunoi inmepnoaauii ¢ ochoeéHomy 0y pospoodaenul
0 inmepnoasayii mpianeyaboeanoi nogepxui 3 nodaas-
woto memoto gizyanizauii yiei nosepxni memodom 3eopom-
noz20 mpacyeanns. Taxuil nioxio 00360ase noconamu memoo
360pOMH020 MPACYEAHHA 3 HAKONU4EeHOl0 0a3010 Modeqeu
3 mpuanzyaboeanoto nosepxueto. Memoo cpepuunoi inmep-
noaauii € yuieepcanvhum i 0036041€ maxoxc Oyoysamu
NJOCKL 1 npoCcmoposi 2nadki Kkpuei, npogedeni wepes 006iab-
Ho 3adani mouxu. IIpononoeanuil aneopumm inmepnons-
uii 3acnosanuii na npocmii anzeopaiuniii nogepxmui — cepi
i He sUKOpPUCMOBYE aNeeOpaiuni noIHOMU MPembo2o i Oinbu
sucoxux cmynenise. Hagedeni ananimuuni cniegionouen-
Hs 0 peanizayii KoxcHozo emany no6y0osu iHmepnoIoI-
401 noeepxui yum memooom. /lns 8isyanizauii inmepnoio-
1040i noeepxni po3pooaenuil imepayiinui anrzopumm (ITA)
00UUCTIEHHA MOUKY NEPEMUNY NPOEKUTIHO20 NPOMEHSL 3 UIEI0
nosepxuetro. Ilpononosanuii ITA mae moxncausicmo wupoxo-
20 posnapanentoganns oouucienv. Pospobneno aneopumm
nooy006u mouox iHmepno00uoi noeepxui, KPox aKozo 30i-
2aemvca 3 KpPoOKoOM imepauiiinozo npouecy o6uucaenv, o
00360715€ BUKOHY6AMU aANlOPUMM 6i3yanizauii ma nooyoo-
6u mouxu noeepxii 3a 00un npoxio ITA. Pe3ynromamu docui-
0icenv niomeepoiiceni M00eNI0BAHHAM NPOUeCy 6i3yanizauii
6 naxemi Wolfram Mathematica. Taxum wumnom, euxona-
HO pimenns 3a0aui cymiweHHs HOBUX Memo0dié nodyoosu
2/1A0KUX 2e0MeMPUMHUX POPM MPiaHeYTbO8AHUX NOBeEP-
XOHb i MEMOOY 360POMHOZ0 MPACYBAHHA, WO 6 UINOMY 003-
60UMb NIOGUWUMU PEATICMUMHICIb CUHME308AHUX CUEH
8 Komn’tomepHnill epadiui

Kntouosi cnoea: 3eopomne mpacyeamnus, npoexuiunui
npoMitb, MOOEN0BAHHA KPUBUX i NOGEPXOHDL, K8AODiK, che-
puuHa iIHMepnoasyis
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1. Introduction

In modern computer graphics, methods of rasterization
and ray tracing are applied to synthesize images of 3D ob-
jects [1, 2]. The main line of studies in computer graphics
consists in improving realism of synthesized scenes. When
synthesized by rasterizing, any surface must necessarily be
triangulated (be approximated by triangles) [1]. Such ap-
proach leads to distortion of the surface shape. To reduce
negative effect of perception of a triangulated surface, va-
rious methods of illumination interpolation within a triangle
are applied in the process of its synthesis. Gouraud shading
and Phong shading are the most common methods [1, 2].

To date, studies are underway to improve these methods [3].
However, all these methods do not eliminate distortion of the
surface geometry arising in the process of its triangulation.
One of the possible ways to solve this problem consists in
application of the ray tracing method for solving the image
synthesis problems [2].

The ray tracing method has been actively developed in
recent years. It enables synthesis of images of analytically de-
scribed surfaces without their prior triangulation which sig-
nificantly improves realism of the synthesized object images.
At the same time, the database of object models and software
products accumulated in computer graphics is focused on
triangulated surfaces. Such representation is necessary in




