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Abstract: There are proposed probabilistic approach for analy-
sis of projects viability in application to developed and used sys-
tems. The measures for projects viability analysis during given
time are estimated by probability of maintaining viability, risk
of non-viability, mathematical expectation of projects profita-
bleness, relative projects profitableness. Project viability is re-
searched in dependence on the expected frequency of real criti-
cal influences on viability of system (defining the beginning of
influencing), mean time before viability loss (when an “admissi-
ble level of viability” may be lost after the beginning of influ-
encing), the mean time of recovering admissible viability, time
between the end of previous viability system analysis and the
beginning of the next one, the time of system viability analysis,
system profitableness in time unit during maintaining viability
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and during the time of viability loss (there may be damages),
given time for prediction, the given minimum of profitableness.
Some possibilities of the proposed probabilistic analysis of pro-
jects and portfolio viability are demonstrated by examples of
development and operation of football stadiums.

Keywords: Analysis, model, probability, project, system, viability

1 Introduction

System analysis of projects viability is recommended by standards of system engineering to confirm ongoing viability - for
example, by ISO/IEC/IEEE 15288 “Systems and software engineering — System life cycle processes”, ISO/IEC TR
24748-2 “Systems and software engineering — Life cycle management — Part 2: Guide to the application of ISO/IEC
15288, ISO/IEC/IEEE 12207 “Information technology — Software life cycle processes” etc. According to ISO/IEC/IEEE
15288 system is considered as combination of interacting elements organized to achieve one or more stated purposes. Via-
bility includes: confirmation of project progress towards achieving established goals and objectives, complying with project
directives, development according to system life cycle policies, processes, and procedures, prove that the project remains
viable. Projectsr viability is used often during portfolio management process on enterprise to initiate and sustain necessary,
sufficient and suitable projects. Projects are evaluated by different measures, for example, by indicators continuing need
for the service, acceptable investment benefits, based on statistics and expectations. In turn, for developing adequate
measures of risks counteraction it is required the quantitative definition of admissible risk level. Thus the admissible risk

means, that the project is viable with the worst-case outcome, defining an admissible level of viability.

Note. Risk is understood as effect of uncertainty on objectives. Notes: 1) An effect is a deviation from the expected — positive and/or negative; 2)
Objectives can have different aspects (such as financial, health and safety, and environmental goals) and can apply at different levels (such as strategic,
organization-wide, project, product and process); 3) Risk is often characterized by reference to potential events and consequences, or a combination of
these; 4) Risk is often expressed in terms of a combination of the consequences of an event (including changes in circumstances) and the associated
likelihood of occurrence; 5) Uncertainty is the state, even partial, of deficiency of information related to understanding or knowledge of an event, its
consequence, or likelihood (according to ISO Guide 73).

Considering an actuality of different system engineering views uniting not only statistics and expectations indicators
but also probabilistic analysis in terms “probability of success” or “risk of non-viability” in conditions of uncertainties, the
approach for building new models which is intended to do system analysis of separate project viability and to predict risks
for portfolio of projects under different threats, is proposed. The approach is based on author’s models and develops the
existing approaches [1-24]. The ideas of approach can be applied also by using another probabilistic models which
supported by software tools and can predict on a level of probability distribution functions (PDF) [25-28].

2 Proposed model for separate projects

Every separate project can be presented and researched as “black box”. The proposed model of separate project allow to
estimate “probability of success” in providing system viability during given prognostic period and “risk of non-viability”
considering consequences. A probabilistic space (£2, B, P) for estimation of operation processes in “black box” is built [1-
28], where: 2 - is a limited space of elementary events (two events for project viability analysis are defined: «viability is
provided» and «viability is lost»); B — a class of all subspace of (2-space, satisfied to the properties of o-algebra; P — a
probability measure on a space of elementary events £2. Such space (£2, B, P) is intended for probabilistic analysis of project
viability in application to developed system.

For a project there is considered the next way of providing system viability in conditions of uncertainties. These conditions
are formalized as flow of different threats influencing viability. Dangerous influence on project viability is acted step-by step:
at first a danger source of threats is occurred and after occurrence a threat begins to influence. A time before occurrence of real
significant influencing viability (defining a beginning of influence) is random value which can be distributed by PDF of time
between neighboring occurrences of danger source Qoceur(t) =P(Toegin <t)=1-€xp(-0t), 6 = 1/Thegin, for project Tyeein logically
means planning horizon. And time before viability loss (when defined “admissible level of viability” is lost after beginning of
influencing) is random value which can be distributed by PDF Qpefore 10ss(t)=P (Toefore 10ss < ty=1—exp(-t/B), B is mathematical ex-
pectation or mean time. Project viability is provided before “admissible level of viability” is lost after a beginning of influenc-
ing. Project viability is lost only after threat influence when “admissible level of viability” is lost - see Figure 1. To detect dan-
ger influences from different threats or consequences (which are connected with a loss of “admissible level of viability” after
a beginning of influencing), periodical system analysis of project viability is carried out. The lost project viability can be de-
tected only as a result of such system analysis. After finishing every system analysis project viability is considered as recov-
ered on “admissible level of viability” or project is subject to closing or transforming to another viable project.
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Figure 1 — Some elementary events to project viability during given time

There are possible the next variants: variant 1 — the given prognostic period Ty, is less than the sum of established time
between the end of previous viability system analysis and the beginning of the next one Ty, and the time of system
viability analysis Tgiag (i.€. Tgiven < Thetw + Taiag); Variant 2 — the assigned period Tgiven is more than or equals to this sum (i.e.
Treq 2 Tbetw.+Tdiag)~

For a given prognostic period Ty, the next statements describe the proposed model (see [5, 9-12]).

Statement 1. For variant 1 under the condition of independence of considered characteristics the probability of
maintaining project viability is equal to

(0 _ B-l)—l {Ge'Tgiven/B — B—le-O'Tgiven}’ ifo # B_ll
P(l) = e’GTgiven[l + oT,; ] ifo = Bil
given |» )

Q)

Statement 2. Under the condition of independence for considered characteristics the probability of maintaining project
viability for variant 2 is equal to:
measure a)
P(Z)( Tgiven):N((Tbetw+Tdiag)/Tgiven) P(I)N(Tbetw+Tdiag)+(Trmn/ Tgiven) P(l)(Trmn)s (2)

where N:[TgivenA/(Tbetwﬁ"_ TdiagA)] —is the integer part: Trmn = Tgiven - N(Tbetw +Tdiag);
measure b)
Poy( Tgiven):P(l)N(Tbelw+Tdiag)P(1)(Trmn)~ 3)

The probability P(;)( Timn) of maintaining project viability within time Ty, is defined by (1).

Assumption: the probability distribution functions (PDF) exist for all input characteristic (for random values). Thus the
probability of maintaining project viability during the given prognostic period (i.e. probability of success) may be computed
as a result of use the model.

For an identical consequences a risk to lose viability (“risk of non-viability”) is an addition to 1 for a probability of
maintaining project viability R(Tgiven)=1-P(Tjiven).

The main output of modeling is probabilistic measure of maintaining project viability during given time Tgiyen. If
probabilities P(Tgiyen) for all points Ten, from O to oo are computed, it means a trajectory of the PDF depending on time
between system analysis for improvements according to project, expected frequency of real significant influencing viability
of system (defining the beginning of influence), mean time before viability loss (when “admissible level of viability” may
be lost after beginning of influencing); the mean time of recovering admissible viability; time between the end of previous
viability system analysis and the beginning of the next one; time of system viability analysis.

3 Estimations of mathematical expectation of project profitableness and relative project profita-
bleness

For calculation a mathematical expectation of project profitableness M(Ty;n) for a given prognostic period Tyiven the next
formula is proposed:
M(Tgiven) = Tgiven [Emaintain (1' R(Tgiven)) + Eloss R(Tgiven))]a (4)
where
risk R(Tgiven) to lose viability within time Tyiven is estimated by using P(Tyiven) from (1)-(3);
Enaintain 1S System profitableness in time unit during time of maintaining viability (in conditional units);
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E\oss is system profitableness in time unit during time of lost viability, it may be damages (with negative value in condi-

tional units).
Note. For high level of damages the value of M(T,iv.n) may be negative. It means an non-viability of project.

For calculation a relative project profitableness L(Tgiven) for a given prognostic period Tgiven the next formula is pro-

posed:
L(Tgiven) =100% - [M(Tgiven) - Mmin(Tgiven)]/ Mmin (Tgiven)> (5)

where

mathematical expectation of project profitableness M(T,en) for a given prognostic period Tyen is estimated by (4). For
the given period Tyien the value of L(Tyiven) may be negative. For a long period it may mean an non-viability of project;

Min is given minimum of profitableness for a given prognostic period Tgiven (in conditional units). It is supposed for
project viability M, is positive value.

4 Approach to predict risks for portfolio

Portfolio is a set of different projects, every for which has proper level of viability. For risks prediction a portfolio is
presented as combined serial structure of “black boxes”. It means a viability of portfolio is provided if “AND” viability for
1-st project, ..., “AND” viability for the last project of portfolio are provided. Also we define that a viability of portfolio is
not provided if at least for one project «viability is lost».

PDF of time before viability loss for every project of portfolio may be estimated by (1)-(3) and by calculations for all
points Tgiyen, from 0 to co.

Let's consider the elementary structure from I independent projects. Let’s PDF of time before viability loss for i-th
project is Bi(t), i.e. Bi(t) =P (Ti = Tvegin + Tvefore loss < t), i=1,...,], then time between losses of viability for portfolio is equal to a
minimum from I times t;: non-viability of 1-st or...or I-th project. For this case the PDF of time before viability loss for
portfolio is defined by expression

B(t) = P(min (11,...,1 )<t)=1-P(min (t,,...,1)>)=1-P(x;>t)-...-P(t>t) = | — [1-B,(t)] ... [1-By(®)]. (6)

For calculation a mathematical expectation of portfolio profitableness Myorfotio( Tgiven) fOr a given prognostic period T,
en the next formula is proposed:

Mportfolio(Tgiven) = Ml(Tgiven)+- Tt Ml(Tgiven)’ (7)
where

mathematical expectation of i-th project profitableness Mi(Tgiven) is estimated by (4).
Note. For high level of damages Myorfolio( Tiven) may be negative. It means non-viability of portfolio.

For calculation a relative portfolio profitableness Lyorfolio( Teiven) fOr a given prognostic period Tgiven the next formula is

proposed:
Lportfolio(Tgiven) = [Ll(Tgiven) +...F LI(Tgiven)]/L (8)

where

relative i-th project profitableness Li(Tgiven) for a given prognostic period Tyen is estimated by (5).

Lportotio( Tgiven) may be negative. For a long period it may mean an non-viability of portfolio.

All these ideas for probabilistic analysis of projects viability are partly supported by the software tools “Mathematical
modeling of system life cycle processes” — “know how” (registered by Rospatent Ne2004610858), “Complex for evaluating
quality of production processes” (registered by Rospatent Ne2010614145) and others [5,9-12, 14-24].

S Examples

Example 1. Consider the viability of the project to build and operate a football stadium for 20,000 seats. For demonstrating
the proposed approach we use plausible input. Let the construction and installation cost is $100 million, which must be jus-
tified. Let's put the expected return on investment period in Russia is equal to 10 years, i.e. My, = $10.0 million in a year.

The average cost of tickets to the international or important domestic football match and popular shows put equal to
$50. Let such events appear an average of 10 per year, the occupancy rate is close to 100%, i.e. the yield from one are $1
million and $10 million for a year. Considering fact that about half of them go to the organizers of the forum, the benefit
according to the plan is about $5 million.

The average cost of tickets to city events is $10. Let such events be planned 20 per year, the occupancy rate is 50%, i.e.
the yield from one event is $0.1 million, per year — $2 million. Total plan — $7 million per year. This is far from enough to
return on investment in 10 years. Moreover, uncertainties significantly worsen these figures.

If the business planning for the stadium is carried out for a period of 2 years, then the threats of underfunding will arise
every 2 years, the control of the stadium's performance is monthly with the recovery of a disturbed viability for 3 months
(the concept of non-viability in this case includes not only the stadium unavailability for the events, but also underfunding
because of underutilization). In this case, the predicted risk of non-viability will be about 0.73 for 10 years.
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The dependencies of a risk R of non-viability on given prognostic period (varying from 5 years to 20 years) and on pa-
rameter ¢ (where planning 6™ is planning horizon) show - it is necessary to reduce the frequency of threats to the normal
operation of stadium (connected with underfinancing) — see Figures 2 and 3. L.e. it is necessary to increase the planning
horizon to at least 5 years - then the frequency of threats is reduced to 0.2 per year.
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Figure 2 — The dependence of a risk R of non-viability on given prognostic period, varying from 5 years to 20 years
(for example 1)
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Figure 3 — The dependence of a risk R of non-viability on parameter 6, where 6™ is planning horizon
(for example 1)

Estimations of mathematical expectation of project profitableness M(Tgiven) and L(Tgiven) for Tgiven =10 years are:

M(10 years) = 10 [5 million x 0.27 + 2 million x 0.73] = $28.1 million,

L(10 years) = 100% x (28.1-100.0) /100 = -71.9%.

These estimations have the next interpretation: with such approach to business, the stadium will not return on invest-
ment in 30 years.

Example 2. We increase the planning horizon of the stadium to 5 years, thereby reducing the frequency of threats to 0.2
per year under the same conditions as in example 1. In this case, the predicted risk of non-viability will be 0.41 instead of
0.73 - see Figures 4 and 5.
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Figure 4 — Dependence of risk R of non-viability on given prognostic period, varying from 5 years to 20 years
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Figure 5 — The dependence of a risk R of non-viability on parameter o, where 6™ is planning horizon
(for example 2)

The dependencies of a risk R of non-viability on given prognostic period (varying from 5 years to 20 years) and on pa-
rameter ¢ (where planning ™' is planning horizon) show - in the face of uncertainty, planning for 10 years will not signifi-
cantly reduce the risk of non-viability (it will be slightly below 0.3).

Estimations of mathematical expectation of project profitableness M(Tgiven) and L(Tgiven) for Tgiven =10 years are:

M(10 years) = 10 [5 million x 0.59 + 2 million x 0.41] = $37.7 million,

L(10 years) = 100% x (37.7-100.0) /100 = -62.3%.

These estimations have the next interpretation: it is necessary to find other ways to increase the viability of such stadium.

Example 3. In addition to planning for 5 years at a constant cost of tickets, we will introduce the following changes
compared to examples 1 and 2.

Let the number of top football events and popular shows be 30 per year instead of 10 from examples 1 and 2 (developing
ice performances, circus shows, artistic gymnastics, art exhibitions, museum exhibitions, other sports, where state has good
positions — hockey, volleyball, basketball etc., popularizing them), occupancy is about 100%, i.e. the yield from one event
will be about $1 million, for the year — $30 million, of which about half goes to the organizers of forums. I.e. benefit is
about $15 million.

And let the number of urban activities be 60 per year instead of 20 from examples 1 and 2, the occupancy rate is still
50%, i.e. the yield from one will be $0.1 million, per year — about $6 million.
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For 5 years planning horizon and the same conditions the estimations of mathematical expectation of project profitable-
ness M(Tgiven) and L(Tgiven) for Tyiven =10 years are:

M(10 years) = 10 [15 million x 0.59 + 6 million x 0.41]=$113.1 million,

L(10 years) = 100% x (113.1-100.0) /100 = +13.1%.

I. e. under these conditions, the return on investment of the project for 10 years is mathematically justified.

Example 4 The world Cup -2018 held in Russia led to the problem of preservation and effective use of the rich legacy of
12 stadiums and the created (modernized) infrastructure. The total contribution of the preparation and holding of the 2018
world Cup to the gross domestic product (GDP) of Russia amounted to more than 950 billion rubles for 2013-2018, which
is equivalent to about 1% of the annual GDP.

Let's try to quantify the answer to the question -What about viability of the 2018 FIFA world Cup legacy? — see Figure 6.

" The total
fribution of the
preparation and

RUSSIA

3 Vi holding of the 2018
: / world Cup to
wr - Russia’s GDP

amounted to more
than 950 billion
rubles for 2013-
2018, whichis
equivalent to about
1% of the annual
GDP

[ What about a viability of the 2018 FIFA world Cup legacy ? ]

Figure 6 — The 2018 FIFA world Cup legacy was developed

Leaving behind the stadiums of Moscow and St. Petersburg, we assess the risk of non-viability of the hypothetical port-
folio of the state of 9 stadiums, such as those in which the matches of the world Cup 2018 — see Figure 7. From the point of
probabilistic analysis view portfolio is logically complex system uniting 9 subsystems. Viability of portfolio projects is
provided if “AND?” viability for 1-st project, ..., “AND” viability for the 9-th project are provided. Also we define that a
viability of portfolio is not provided if at least for one project «viability is lost».

E]r .

Figure 7 — Portfolio is complex system from the point of viability probabilistic analysis view

Let's take the input of example 3 as input for every project of this example. Calculations show that the risk of portfolio
non-viability within 10 years of operation will be more than 0.98 — see Figure 8.
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Figure 8 — Dependence of risk R of non-viability on given prognostic period, varying from 5 years to 20 years
(for example 4)

A comparison with the dependence on Figure 4 for one stadium for the entire portfolio says it is impossible to preserve
the viability of all 9 stadiums long time, if the care of them is completely left to the state. Largely precisely for this reason
“The Concept of the 2018 FIFA world Cup legacy” was been approved by the Order of the Government of the Russian
Federation No. 520-R of 24 July 2018. Responsibilities for the preservation of the 2018 FIFA world Cup legacy were dis-
tributed between the state and business.

Example 5 — for comparison.

Investments for the new stadium in Turin, commissioned in 2011, amounted to 120 million euros. Capacity includes
41,000 seats, including about 4,000 VIP seats, season tickets — 23,000 seats. In a year, the stadium serves about 27 matches,
ticket prices are from 30 to 110 euros, the average attendance is about 77%.

With an average ticket price of 50 euros, the revenue from ticket sales of 14.5 million euros per year, subscriptions of
300 euros bring another 6.9 million euros. VIP-places bring more than 40 million euros per year. Total seasonal revenues
from football exceed 60 million euros (https://www.sports.ru/tribuna/blogs/antonio/363879.html). That is, even if you do
not take into account the business income from additional business activities, the share of which is about a third, the return
on investment will be 2 years. This is one of the standards of viability of a sports project!

Conclusion

1.The proposed approach allows to do system analysis of projects viability and portfolio viability by probability of main-
taining viability, risk of non-viability, mathematical expectation of projects profitableness, relative projects profitableness.
Project viability is researched in dependence on the expected frequency of real critical influences on viability of system,
mean time before viability loss, the mean time of recovering admissible viability, time between the end of previous viability
system analysis and the beginning of the next one, the time of system viability analysis, system profitableness in time unit
during maintaining viability and during the time of viability loss, given time for prediction, the given minimum of profita-
bleness.

2. Some possibilities of the proposed probabilistic analysis of projects and portfolio viability are demonstrated by ex-
amples of researching development and operation of football stadiums with using plausible input. The probabilistic results
of the research explain quantitatively the reasons of the “The Concept of the 2018 FIFA world Cup legacy” approved by the
Order of the Government of the Russian Federation.

References

63



[1] Kostogryzov A.L, Petuhov A.V. and Scherbina A.M. (1994): Foundations of evaluation, providing and increasing
output information quality for automatized system. Moscow: “Armament. Policy. Conversion”, Moscow, 278p.,
1994

[2] Kostogryzov A.l. (2000) Software Tools Complex for Evaluation of Information Systems Operation Quality
(CEISOQ). Proceedings of the 34-th Annual Event (25-29 September 2000) of the Government Electronics and
Information Association (GEIA), 2000 Engineering and Technical Management Symposium, USA, Dallas, 2000,
pp.63-70.

[3] Bezkorovainy M.M., Kostogryzov A.L. and Lvov V.M. Modelling Software Complex for Evaluation of Information
Systems Operation Quality CEISOQ. 150 problems of analysis and synthesis and examples for their solutions.
Moscow: Armament.Policy.Conversion, 2001 (2-nd edition-2002), 303p., ISBN 5-89370-015-5

[4] Kostogryzov A.I. Modelling Software Tools Complex for Evaluation of Information Systems Operation Quality
(CEISOQ). Proceedings/International Workshop - Information assurance in computer networks: methods, models
and arhitectures for Network Security. MMM ACNS 2001, St.Peterburg, Russia, May 21-23 2001, LNCS (2001),
pp-90-101.

[S] Kostogryzov A., Nistratov G.: Standardization, mathematical modelling, rational management and certification in
the field of system and software engineering. Armament.Policy.Conversion, Moscow, 2004.

[6] Kostogryzov A.lL., Nistratov G.A. 100 Mathematical Models of System Processes According International Standards
Requirements. Transaction of the XXV International Seminar on Stability Problems for the Stochastic Models.
Maiority, Italy, September 20-24,2005, University of Solerno, Italy p. 196-201

[71 Kostogryzov A., Nistratov G., Kleshchev N. Mathematical Models and Software Tools to Support an Assessment of
Standard System Processes. Proceedings of the 6" International SPICE Conference on Process Assessment and
Improvement (SPICE-2006), Luxembourg, 2006, p. 63-68

[8] Kostogryzov A., Nistratov G. Mathematical Models and Software Tools for Analyzing System Quality and Risks
according to standard requirements. Proceedings of the 6th International scientific school "Modelling and Analysis
of safety and risk in complex systems" (MASR — 2006), SAINT-PETERSBURG, RUSSIA, July 4 - 8, 2006

[9] Kostogryzov A.L, Stepanov P.V.: Innovative management of quality and risks in systems life cycle. Moscow,
Armament.Policy.Conversion, Moscow, 2008.

[10] Kostogryzov A., Nistratov G. and Nistratov A.: Some Applicable Methods to Analyze and Optimize System
Processes in Quality Management. Total Quality Management and Six Sigma, InTech, 2012: 127-196.

[11] Grigoriev L., Guseinov Ch., Kershenbaum V., Kostogryzov A. The methodological approach, based on the risks
analysis and optimization, to research variants for developing hydrocarbon deposits of Arctic regions. Journal of
Polish Safety and Reliability Association. Summer Safety and Reliability Seminars, Volume 5, Numberl-2, 2014:
71-78.

[12] Akimov V., Kostogryzov A., Mahutov N. at al. Security of Russia. Legal, Social&Economic and
Scientific&Engineering Aspects. The Scientific Foundations of Technogenic Safety. Under the editorship of
Mahutov N.A. Znanie, Moscow, 2015.

[13] Kostogryzov A., Nistratov A., Zubarev 1., Stepanov P., Grigoriev L. About accuracy of risks prediction and
importance of increasing adequacy of used adequacy of used probabilistic models. Journal of Polish Safety and
Reliability Association. Summer Safety and Reliability Seminars, Volume 6, Numbers 2, 2015: 71-80.

[14] Artemyev V., Kostogryzov A., Rudenko Ju., Kurpatov O., Nistratov G., Nistratov A.: Probabilistic methods of
estimating the mean residual time before the next parameters abnormalities for monitored critical systems. In:
Proceedings of the 2nd International Conference on System Reliability and Safety (ICSRS), Milan, Italy, 2017: 368-
373.

[15] Kostogryzov A., Stepanov P., Nistratov A., Nistratov G., Klimov S., Grigoriev L.: The method of rational
dispatching a sequence of heterogeneous repair works. Energetica. Vol.63, No 4, 2017: 154-162.

[16] Kostogryzov A., Stepanov P., Nistratov A., Atakishchev O.: About Probabilistic Risks Analysis During Longtime
Grain Storage. In: Proceedings of the 2™ Internationale Conference on the Social Science and Teaching Research
(ACSS-SSTR), Volume 18 of Advances in Social and Behavioral Science. Edited by Harry Zhang. Singapore
Management and Sports Science Institute, PTE.Ltd. , 2017: 3-8 .

[17] Kostogryzov A., Stepanov P., Grigoriev L., Atakishchev O., Nistratov A., Nistratov G.: Improvement of Existing
Risks Control Concept for Complex Systems by the Automatic Combination and Generation of Probabilistic Models
and Forming the Storehouse of Risks Predictions Knowledge. In: Proceedings of the 2nd International Conference
on Applied Mathematics, Simulation and Modelling (AMSM), Phuket, Thailand. DEStech Publications, Inc., 2017:
279-283.

[18] Kostogryzov A., Atakishchev O., Stepanov P., Nistratov A., Nistratov G., Grigoriev L.: Probabilistic modelling
processes of mutual monitoring operators actions for transport systems. In: Proceedings of the 4th International
Conference on Transportation Information and Safety (ICTIS), Canada, Banff, 2017: 865-871.

[19] Kostogryzov A., Panov V., Stepanov P., Grigoriev L., Nistratov A., Nistratov G.: Optimization of sequence of
performing heterogeneous repair work for transport systems by criteria of timeliness. In: Proceedings of the 4th
International Conference on Transportation Information and Safety (ICTIS), Canada, Banff, 2017: 872-876.

[20] Kostogryzov A., Nistratov A., Nistratov G., Atakishchev O., Golovin S., Grigoriev L.: The probabilistic analysis of
the possibilities to keep “organism integrity” by continuous monitoring. In: Proceedings of the International

64



[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]

Conference on Mathematics, Modelling, Simulation and Algorithms (MMSA), Chengdu, China. Atlantis
Press, Advances in Intelligent Systems Research, volume 159, 2018: 432-435.

Kostogryzov A., Grigoriev L., Golovin S., Nistratov A., Nistratov G., Klimov S.: Probabilistic Modeling of Robotic
and Automated Systems Operating in Cosmic Space. In: Proceedings of the International Conference on
Communication, Network and Artificial Intelligence (CNAI), Beijing, China. DEStech Publications, Inc., 2018: 298-
303.

Kostogryzov A., Grigoriev L., Kanygin P., Golovin S., Nistratov A., Nistratov G.: The Experience of Probabilistic
Modeling and Optimization of a Centralized Heat Supply System Which is an Object for
Modernization. International Conference on Physics, Computing and Mathematical Modeling (PCMM),
Shanghai, DEStech Publications, Inc., 2018: 93-97.

Artemyev V., Rudenko Ju., Nistratov G.: Probabilistic modeling in system engineering. Probabilistic methods and
technologies of risks prediction and rationale of preventive measures by using “smart systems”. Applications to coal
branch for increasing Industrial safety of enterprises. Edited by Andrey Kostogryzov, InTech, 2018: 23-51.
Kershenbaum V., Grigoriev L., Kanygin P., Nistratov A.: Probabilistic modeling in system engineering. Probabilistic
modeling processes for oil and gas systems. Edited by Andrey Kostogryzov, InTech, 2018: 55-79.

Feller W. (1971) An Introduction to Probability Theory and Its Applications. Vol. 11, Willy, 1971.

Zio En.: An Introduction to the Basics of Reliability and Risk Analysis, World Scientific Publishing Co.Pte.Ltd.,
2006.

Eid, M. and Rosato, V. Critical Infrastructure Disruption Scenarios Analyses via Simulation. Managing the
Complexity of Critical Infrastructures. A Modelling and Simulation Approach, SpringerOpen, 2016: 43-62.
Kolowrocki K., Soszynska-Budny J.: Reliability and Safety of Complex Technical Systems and Processes, Springer-
Verlag London Ltd., 2011.

65



