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Together with cloud technology, experts point important 
aspects of the development of the IT sector: analytics of large 
amounts of data, as well as the integration of mobile devices 
and social networking technologies into the corporate envi-
ronment [3].

International research and consulting company IDC 
combines all these directions into the concept of “third 
platform” [4]:

– first platform: mainframes and terminals are the back-
bone of thousands of applications and programs, and it in-
volves thousands of users;

– second platform: traditional personal computers, In-
ternet and Web technologies, client-server software archi-
tecture – hundreds of thousands of applications. It covers 
millions of users;

– third platform: large volumes of information, mobile 
devices, cloud computing, social technologies. Covers bil-
lions of users.

The development of the third platform is expected to 
lead to significant changes in business models in various 
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1. Introduction

Cloud technology is relatively new and one of the most 
promising directions in the development of modern infor-
mation technologies. The rapid development of cloud com-
puting, such as distributed data processing technologies, 
opens horizons and perspectives for creating new cloud-
based service opportunities [1]. Recent trends in this area 
show that this information technology concept is both use-
ful and relevant. This concept is considered as an effective 
tool to meet the contemporary tasks and challenges that 
emerge from trends of rapid development, globalization, 
technology complication and the increased turbulence of 
the external environment.

Today, large corporate workloads actively transit to 
cloud solutions. According to estimates, in the next five 
years, 40 % to 50 % of corporate loads will be concentrated 
in cloud services. Now this indicator is 15 %. This indicates 
an increase in the demand for cloud services and a change in 
the information policy paradigm in enterprises [2].
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Розглядається комплексний пiдхiд до управлiння складни-
ми проектами створення розподiлених iнформацiйних систем, 
який заснований на аналiзi взаємозв'язку процесiв управлiн-
ня проектом, створення продукту, управлiння зацiкавленими 
сторонами i зовнiшнiм оточенням. Проаналiзованi особливостi 
виконання проектiв створення розподiлених iнформацiйних сис-
тем, якi полягають у врахуваннi дiї значної кiлькостi складних 
впливiв з боку турбулентного зовнiшнього оточення та реакцiй 
проекту на цi впливи. Для рiшення виникаючих при цьому про-
блем запропоновано використання проактивного пiдходу. 

В роботi були iдентифiкованi та формалiзованi основнi 
структурнi елементи моделi складних проектiв створення роз-
подiлених iнформацiйних систем. Побудована концептуальна 
модель, за допомогою якої дослiдженi впливи турбулентного 
оточення проекту на всi елементи моделi. Визначенi ключовi 
галузi знань такого впливу. Розроблена структурна модель 
компонентiв створення розподiлених iнформацiйних систем з 
використанням хмарних технологiй i проектного пiдходу, яка 
враховує реакцiї на динамiчнi змiни та турбулентностi зовнiш-
нього оточення. 

Побудовано математичну модель процесу створення склад-
ного IТ продукту, з урахуванням впливу турбулентного зовнiш-
нього оточення проекту, видiленi основнi характеристики та 
визначено параметри. Виконано моделювання основних цiльо-
вих функцiй математичної моделi процесу створення складно-
го IТ-продукту. 

Запропонований алгоритм управлiння змiнами на основi про-
активного пiдходу в проектах створення розподiлених iнфор-
мацiйних систем, який враховує монiторинг середовища реалi-
зацiї проекту та iдентифiкацiю трьох типiв можливих подiй.

В результатi дослiджень була пiдтверджена ефективнiсть 
використання проактивного пiдходу в проектах створення роз-
подiлених iнформацiйних систем, що дозволить в подальшому 
використовувати запропонованi моделi для управлiння склад-
ними IТ-проектами
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sectors of the information technology market in the near 
future [2].

2. Literature review and problem statement

The issue of cloud technologies application in the cre-
ation of modern IT was considered in [5–7]. For example, 
[5] describes the roles and characteristics of distributed 
computing processes that are used in the creation of mod-
ern distributed information systems (DIS). However, the 
description of project processes is completely absent here. 
[6] shows 48 project management processes. However, it is 
unspecified, which of them and whether it should be im-
plemented in full when using modern IT. [7] describes the 
features of the methods and technologies used in creating 
distributed IT projects. But the description of the design 
approach is also missing here. Herewith, it is noted that the 
target use of such technologies is to consider the processes 
of IT functioning in organizations. A substantial degree of 
financial savings is achieved through integrating the func-
tions of various IT systems, which gives the spatio-temporal 
balance of business processes.

On the other hand, the problems of using a project-ori-
ented approach to managing complex projects are reflected 
in [8–12]. Thus, [8, 9] consider the issues of resource man-
agement in distributed projects working on methods of iden-
tification of parameters and characteristics of projects based 
on the cluster analysis. The authors of [10, 11] consider the 
effect of the characteristics of IT projects on the success of 
their performance, goals achievement and obtaining desired 
products of IT projects. However, the consideration of the 
environmental factors impact on the processes of IT proj-
ects implementation is practically not shown. It is obvious 
that such effects, in some cases, are rather important, thus 
leading to frequent failures in project activities. Possible 
solutions to these problems were analyzed in [12], where it 
was proposed to use a proactive approach. However, in this 
publication there is no mathematical justification for the 
proposed solutions.

Several works were dedicated to the issues of using 
a proactive approach in project management. Thus, [13] 
discusses proactive problem solving when creating IT prod-
ucts. However, little attention has been paid to the project 
approach. [14] proposes several models for proactive project 
management, but it does not specify how it can be used for 
IT projects and especially for the development of modern 
distributed IT.

A number of works of foreign scientists have been devot-
ed to the issues of project-oriented management of projects 
in companies. Thus, [15, 16] develop a methodology for 
project management (specifically IT projects), which aims 
for mutually agreed management of the complete range 
of management processes. These processes are considered 
within the space of organizations themselves and develop-
ment projects, in order to effectively implement the entire 
portfolio of projects. Such a control can serve as a basis 
for the development of models of proactive management of 
complex IT projects. [17, 18] discuss the use of intelligent 
methods and tools for managing complex projects. Since this 
problem belongs to the class of weakly formalized problems, 
the use of such methods for proactive management would be 
appropriate.

Analysis of information sources [5–18] allows conclud-
ing that there are really no integrated models and methods 
for managing complex projects of DIS development, which 
allow responding to the turbulent impacts of the external 
and internal environment of the project with the least 
expenses. This significantly reduces the opportunities for 
effective project management. In turn, the possibilities for 
proactive management in IT projects, which would allow 
taking into account the complex dynamic impact of the tur-
bulent environment on the processes of product development 
and project management, are not sufficiently researched.

3. The aim and objectives of the study

The aim of this work is to substantiate and develop a 
structural model of project components for the creation of 
distributed information systems using cloud technologies 
and design approach that would take into account responses 
to dynamic changes and turbulence. This will provide an 
opportunity to improve the quality of such projects man-
agement and reduce the loss of time and cost overruns on 
the project. 

To achieve the aim, the following objectives were defined:
– to identify the controls that constitute the elemental 

basis of the processes of development of distributed informa-
tion systems;

– to build a conceptual model of the projects for the cre-
ation of complex IT products;

– to investigate the impact of changes in the interaction 
with the turbulent environment of the project during its 
implementation;

– to conduct a formal description of the elements and 
build a mathematical model of the process of complex IT 
products development and explore the model obtained 
with the help of special information technology project 
management.

4. Consideration of models of the interaction of the main 
components of IT project under external influences

The implementation of integrated solutions development 
for different types of cloud environments (private, public, 
hybrid) and other third-platform directions involve the im-
plementation of high-complexity IT projects.

Increased complexity is determined by the complexity of 
hardware, software, methodologies and tools, technologies, 
and the specificity of distributed projects on information 
systems creation. 

Considering the pace and directions of information tech-
nologies development, which is determined by the trends 
in science, technology, society and so on, it is necessary to 
consider change management issues from a proactive per-
spective. This approach is imposed by many changes that 
occur in both the external and internal environment of the 
IT project. This will allow us to focus on ways to minimize 
problems, errors, and incidents in the provided solutions per-
formance and improve the quality of IT projects. 

In the context of the objective, it is reasonable to identify 
the main influences on the backbone elements in the build-
ing of models of proactive approaches. To build these models, 
the basic concepts including the “distributed information 
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system”, “cloud technology” and “distributed project” should 
be defined. 

The concept of “distributed information system” (DIS) is 
presented in [19], “cloud technologies” – in [5].

To define the concept of “distributed project” and “dis-
tributed project management”, [8] introduces the concept of 
“distributed system”. The understanding of the above terms 
is formed through the principles of the system approach. The 
“distributed system” means a system for which the relation of 
the element positions is significant in terms of functioning, 
analysis and synthesis. However, the concept of a geograph-
ically distributed computing environment is present (for 
example, the Internet, a banking network with subsidiaries 
in different countries or a corporate network). It represents 
a system with geographically distributed elements. The 
emphasis on the physical location of the elements of such a 
system is somewhat blurred by the focus on transparency of 
information systems. 

Based on the above, we understand that a distributed IT 
project is a system/set of interrelated distributed (over time, 
territory, function, etc.) processes and distributed resources 
that function in a dynamic turbulent environment. For such 
projects, all the properties and patterns of regular projects 
remain relevant and existing management methodologies are 
applicable [6, 7].

Because cloud services are a combination of existing 
information technology solutions that are mutually in-
tegrated and have a spatially distributed infrastructure, 
they can be treated as DIS. Therefore, the activities relat-
ed to the development of cloud-based DIS, regardless of 
the level of complexity and the range of the solved tasks, 
involve the implementation of projects and are determined 
by characteristics of the project approach. Thus, the inte-
gration of the problems and challenges of the technologi-
cal aspects of the subject area and the project management 
is inevitable. 

Fig. 1 shows the proposed platform for implementing dis-
tributed IT projects, which integrates existing technologies, 
synthesizes new solutions, thus allowing to achieve synergy 
when using a proactive impact on product components and 
project elements simultaneously.

Let us consider the components of the proposed model. 
The base of the cone is a platform that contains the basic 
components that define the principles of functioning of the 
management model for the IT project.

System analysis is used as a tool for investigation of the 
DIS as a complex adaptive system.

Convergence is now a trend in the IT sphere. It is imple-
mented through the sharing of known and new technologies. 
Using convergence allows getting unexpected solutions, cre-
ating new prospects and so-called “blue oceans” in IT busi-
ness, creating new niches in the marketplace. Any “cloud” 
service is a converged service. It combines the technologies 
of telecommunications (Internet access, network infrastruc-
ture, billing, etc.) and IT (implementation of functionality 
of the applications supporting the service technology of data 
centers, Internet protocols, etc. on the server). 

Knowledge is subjective models of action that are con-
stantly constructed (recalled and/or generated) by a human 
adequately to a certain situation of life as a result of cogni-
tive activity.

Values are the properties of products/services/phenome-
na demonstrated through their relevance, usefulness, or im-
portance. The values are characterized by temporal factors 
and subjectivity.

As Fig. 1 shows, the primary objective (mission) of such 
IT projects is to obtain the necessary product properties 
(DIS), which form the value of the product. The project 
mission can be achieved by identifying the directions and 
trajectory of the mission within the limited clusters of the 
knowledge areas of the project space realization. 

The strategy means the directions and methods of the 
system management by running the project and the product 
creation system, taking into account the interaction with oth-
er available components of the “cone” model. Project strategy 
can be represented through the interests of its environment, 

{ }, ,L DG G G=

where LG  – the set of goals and tasks of the immediate envi-
ronment of the project, DG  – the set of goals and objectives 
of the project’s long-range environment. Thus, 

{ }1 2, ,...g ,L L L L
nG g g=  

n is the number of the goals and objectives 
of the near environment;

{ }1 2, ,...g ,D D D D
mG g g=  

m – the number of goals and objectives of 
the long-range environment.

Processes in the “cone” model are the 
processes of product development and man-
agement processes of the IT project man-
agement. { }, ,P SP P P=  where PP  – the set 
of project management processes, SP  – the 
set of processes of product development. 
Herewith, { }1 2, ,..., ,P P P P

iP p p p=  i is the num-
ber of processes associated with the manage-
ment of the IT project; { }1 2, ,..., ,S S S S

jP p p p=   
j – the number of processes associated with 
the IT product development. 

The set of resources in the “cone” model 
includes the material, software, labor and 

 

Fig. 1. “Cone” model for IT projects for distributed information systems 
development
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information resources existing and outsourced (purchased) 
within the project. All the resources materialize in the final 
product and form a new desired value in the form of IT proj-
ect product (DIS). 

{ }, , , ,M H P IR R R R R=  

where MR  is the set of material resources involved in the 
project, HR  is the set of human resources involved in the 
project, PR  – the set of software resources used in the proj-
ect, IR  – the set of information resources involved in the 
project. Thus,

{ }M M M M
1 2 lR = r ,r ,...,r ,  

l is the number of types of material resources required for 
the project; 

{ }H H H M
1 2 kR = r ,r ,...,r ,  

k – the number of human resources types involved in the 
project; 

{ }1 2, ,..., ,P P P P
sR r r r=  

s is the number of types of the software resources involved 
in the project;

{ }1 2, ,..., ,I I I I
zR r r r=  

z is the number of types of information resources involved 
in the project.

Interested parties [6], which have a direct influence not 
only on the functionality of the future product of the project, 
but also on the success of the whole project, significantly 
impact the success of the IT project. Interested parties may 
include representatives of the client or customer, users of the 
IT product, designers, developers, management teams, etc.

{ }, ,L DO O O=  

where LO  is the set of the project participants (near environ-
ment of the project) DO  – a set of interested parties (long-
range environment). Herewith, 

{ }1 2, ,..., ,L L L L
fO o o o=  

f – the number of the project participants that comprise its 
near environment; 

{ }1 2, ,..., ,D D D D
hO o o o=  

h is the number of interested parties that relate to the long-
range environment of the project. 

For IT projects, the development of complex IT prod-
ucts is characterized by the presence of a service com-
ponent, which suggests the presence of service strategy, 
service design, transitions, operations and continuous 
improvement [21]. 

{ }, , ,B USS S S S=  

where IS  is the set of services supporting the IT infra-
structure, BS  – the set of services that provide support for 

business applications, USS  – the set of services that provide 
user support. Thus, 

{ }1 2, ,..., ,I I I I
qS s s s=  

q is the number of services to support the IT infrastructure; 

{ }1 2, ,..., ,B B B B
wS s s s=  

w is the number of services to support business applications; 

{ }1 2, ,..., ,US US US US
vS s s s=  

v is the number of services to support users. 
For the creation of an IT product, we use different tech-

nologies: development, management, testing, operation and 
maintenance of the IT project product. 

{ }, , ,C M IZ Z Z Z=  

where CZ  is the set of technologies for the development and 
testing of the project product, MZ  is the set of technologies of 
project management, IZ  – the set of technologies for the imple-
mentation and maintenance of the project product. Herewith, 

{ }1 2, ,..., ,C C C C
cZ z z z=  

c is the number of technologies used to create the product 
of the project; 

{ }1 2, ,..., ,M M M M
uZ z z z=  

u is the number of technologies used to manage the project;

{ }1 2, ,..., ,I I I I
yZ z z z=  

y – the number of technologies used for the implementation 
and maintenance of the project product.

Components of the IT product configuration [19, 22] are 
related to determining the elements, parameters and rela-
tionships with respect to the developed information system. 
The same applies to the elements of the project (Fig. 1) and 
the project environment. 

{ }, , , , ,P S E DP DSK K K K K K=  

where PK  is the set of project parameters, SK  – the set of 
parameters of the project product, EK  – the set of parame-
ters of the external environment of the project, DPK  – the 
set of requirements to the project, DSK  – the set of require-
ments to the project product. Thus, 

{ }1 2, ,..., ,P P P P
rK k k k=  

r is the number of project parameters; 

{ }1 2, ,..., ,S S S S
dK k k k=  

d is the number of parameters of the project product; 

{ }1 2, ,..., ,E E E EK k k kγ=  

ɣ is the number of parameters of the external environment 
of the project; 
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{ }1 2, ,..., ,DP DP DP DP
oK k k k=  

o is the number of requirements (conditions, opportunities 
and limitations), which must be met by the project; 

{ }1 2, ,..., ,DS DS DS DS
pK k k k=  

p is the number of requirements (conditions, opportunities 
and limitations), which must be met by the project product. 

The power means the set of 

{ }, , ,S P EL L L L=  

where SL  – the set of values of the capacities of the product 
components, PL  is the set of values of the capacity of the 
project elements, EL  – the set of values of the impact (de-
gree of impact) of the external environment of the project. 
Herewith, 

{ }1 2, ,..., ,S S S SL l l lµ=  

µ is the number of throughput capabilities of all the product 
components; 

{ }1 2, ,..., ,P P P PL l l lϕ=  

φ is the number of throughput capabilities of all the project 
elements (product creation control processes and project 
management processes); 

{ }1 2, ,..., ,E E E E
xL l l l=  

x is the number of values of the impact of the near and long-
range environment of the project, as well as the parameters 
of the project environment. 

Accessibility is determined by many estimates of the level 
of functions and requirements in the creation of the product 
(reliability, maintainability, serviceability, performance, se-
curity).

{ }, , , , ,R N O P SA A A A A A=  

where RA  is the number of assessments related to security, 
NA  – the set of assessments of the level of maintainability, 
OA  – the set of assessments of maintainability, PA  – the 

set of performance assessments, SA  – the set of security 
assessments. 

In this case, 

{ }1 2, ,..., ,R R R RA a a aω=  

ω is the number of security assessments; 

{ }1 2, ,..., ,N N N NA a a aσ=  

σ is the number of assessments of maintainability; 

{ }1 2, ,..., ,O O O OA a a aς=  

ς is the number of serviceability assessments;

{ }1 2, ,..., ,P P P PA a a aδ=  

δ is the number of performance assessments;

{ }1 2, ,..., ,S S S SA a a aϑ=  

ϑ is the number of security assessments. 
On this basis, the mathematical description of the pro-

posed “cone” model can be represented as follows: 

{ }1 , , ,M X Y H=   (1)

where { }, , , , , , , ,X G P R O S Z K L A=  is the set of the input 
parameters of the model; { }, ,Qp pY C T=  – the set of output 
parameters based on which we determine the effectiveness 
of the management processes of IT projects, where pC  is 
the planned cost of creating the elements of the project,  

pT  – the planned duration of the project life cycle (preset) 
[6], Q  – the design quality determined by the quality of the 
final product and quality processes of the project; H – the 
set of relationships between model elements of IT projects 
management. 

{ }1 2, ,..., ,H h h hε=  

ε is the number of direct links between all elements of the 
model and 

{ }1 2, ,..., ,H h h hε=  

ε is the number of backward links between all elements of 
the model. 

Thus, the set of input parameters of the project model can 
also be represented in the form of 

{ }
1 1 1| 1,2,..., ,iX x i N= =  

where 1N  is the number of fields of knowledge models. 1.M  
Then the planned cost of the project will be:

1

1 1 21 1 2
1 21 1 1

(C ( , ) ( )),pN T

p i j ii j i
C x t C h

ε

= = =
= +∑ ∑ ∑   (2)

with 

1 2 1
( ) ( ) ,i i j px X q Q t T∀ ∈ ∪ ∈ ∃ ∈  

0pT ≥  and p bC C≤ , 0,bC ≥

where 1C  is the cost function of elements development of 
the input parameters of { }X  at the time 

1
,j pt T∈  2C  – the 

cost function of channels of communication between the 
model elements of { },X  bC  – the budget cost of the project 
(investments).

Considering the project environment impact on its ele-
ments and success factors, we see that very often it is the im-
pact (or ignoring this impact) that carries the main threat of 
the project failure. The impact of the project’s environment 
often leads to dynamic changes. The selective accounting of 
these changes results in changes to the parameters and char-
acteristics of virtually all elements within the “cone” model. 
In addition, the issues of proactive impact on the distributed 
information systems functioning remain relevant. This can 
be addressed by means of proactive approaches in projects 
on building such systems. 

The current conditions in which complex IT projects have 
to be developed and implemented are characterized by down-
turns, intermittent funding, turnover of core personnel, chang-
es in technologies, customers’ preferences, market conditions, 

Management Server
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etc. All this requires frequent changes not only in the “cone” 
model “base”, but also in the knowledge clusters. Therefore, the 
influence of environment turbulence must be introduced in the 
“cone” model. After the “cone+” model receiving, the influence 
of this environment should be studied through the subse-
quent changes influence on all elements and characteristics 
of complex IT projects. For the successful project completion, 
all these changes need to be managed. Otherwise, frequent 
changes result in chaotic abnormal inconsistencies in the sys-
tem elements resulting in its failure. Fig. 2 shows the proposed 
change management model for IT projects.

A feature of the proposed model is a reviewing of the 
interaction of the product creation system and the necessary 
project (changes) management system under conditions of 
complex intersecting impacts of the turbulent environment. 
These impacts generate changes in individual model compo-
nents resulting in changing the process of creating distribut-
ed information systems.

These changes can lead to problems and incidents at 
different stages of project implementation and product 
performance. A possible solution for avoiding problems or 
minimizing the impact of problems may be early detection of 
specific signals of these problems occurrence.

The presence of the impact of the turbulent environment 
of the project requires the introduction of the proposed 
“cone” model parameters of this impact and response to it 
as a governing influence, which ensure stabilization of the 
model when deviations occur. 

Then the modified model of the project will be as follows:

{ }2 , , H, , , ,M X Y I U V=    (3)

where { },E SI I I=  is the set of impacts on the project, con-
sisting of EI  – the set of impacts of environmental factors 
and OI  – the set of impacts of project interested parties. At 
the same time, 

{ }1 2, ,..., ,E E E E
eI i i i=  

e is the number of possible impacts from the external project 
environment (political, economic, social, legal, environmen-
tal, technological aspects); 

{ }1 2, ,..., ,O O O O
bI i i i=  

b is the number of possible impacts from the near and long-
range environment of the project (secondary and primary 
interested parties). U is the set of states of the IT project, 

{ }1 2, ,..., ,U u u uβ=

β is the number of possible states of the model resulting from 
the effects of the environment and project interested parties. 
V is the set of responses of the project to external impacts, 

{ }1 2, ,..., ,aV v v v=  

a is the number of managing actions aimed at 
stabilizing the model in the case of deviations 
of its parameters from specified values. 

The proposed modified model of the 
project (3) allows considering more than 
the input, output parameters and their re-
lationship, which are of great practical im-
portance in the development of DIS in 
real conditions the impact of the external 
environment of the projects. This takes into 
account possible impacts on the project, 
changes in the state of the project under 
the impact of such effects and the response 
of the project to any changes. In this case, 
an objective pattern of the real state of the 
project at a specific point of time can be 
obtained and, accordingly, administrative 
actions adequate to the current state of the 
project can be proposed. 

Given the impact of the external environment and in-
terested parties of the project, which lead to changes and 
deviations from the preset parameters of the project, we can 
determine the actual cost of the project upon its completion 
( )fC  and the actual completion time of the project ( )fT :

1 2 3( ( ) ( ) ( )),f pT T f I f U f V= ± + +     (4)

3 4 5( ( ) ( ) ( )),f pC C C I C U C V= ± + +   (5)

where 3,C  4,C  5C  is the change because of the many impacts 
on the project, monitoring the set of states of the IT project 
and the set of performed control actions, respectively; 1,f  

2,f  3f  – measurement functions of time intervals of the 
multiple impacts on the project, monitoring the set of states 
of IT projects and the set of performed control actions, re-
spectively.

In this case, the target functions of the model of IT proj-
ect management can be represented as follows:

min,f pС C C− = ±∆ →    (6)

min,f pT T T− = ±∆ →     (7)

where ,С∆  Т∆  – accordingly, the actual deviations in cost 
and time of project implementation, taking into account 
changes due to a variety of environmental impacts. 

Fig. 3 shows a diagram of the algorithm representing 
the sequence of basic stages of change management in 
projects based on a proactive approach. To build models of 
proactive impact on the specified systems (Fig. 3), the term 

{ }1 2, ,..., ,S S S SA a a aϑ=  

ϑ is the number of security assessments. 
On this basis, the mathematical description of the pro-

posed “cone” model can be represented as follows: 

{ }1 , , ,M X Y H=   (1)

where { }, , , , , , , ,X G P R O S Z K L A=  is the set of the input 
parameters of the model; { }, ,Qp pY C T=  – the set of output 
parameters based on which we determine the effectiveness 
of the management processes of IT projects, where pC  is 
the planned cost of creating the elements of the project,  

pT  – the planned duration of the project life cycle (preset) 
[6], Q  – the design quality determined by the quality of the 
final product and quality processes of the project; H – the 
set of relationships between model elements of IT projects 
management. 

{ }1 2, ,..., ,H h h hε=  

ε is the number of direct links between all elements of the 
model and 

{ }1 2, ,..., ,H h h hε=  

ε is the number of backward links between all elements of 
the model. 

Thus, the set of input parameters of the project model can 
also be represented in the form of 

{ }
1 1 1| 1,2,..., ,iX x i N= =  

where 1N  is the number of fields of knowledge models. 1.M  
Then the planned cost of the project will be:

1

1 1 21 1 2
1 21 1 1

(C ( , ) ( )),pN T

p i j ii j i
C x t C h

ε

= = =
= +∑ ∑ ∑   (2)

with 

1 2 1
( ) ( ) ,i i j px X q Q t T∀ ∈ ∪ ∈ ∃ ∈  

0pT ≥  and p bC C≤ , 0,bC ≥

where 1C  is the cost function of elements development of 
the input parameters of { }X  at the time 

1
,j pt T∈  2C  – the 

cost function of channels of communication between the 
model elements of { },X  bC  – the budget cost of the project 
(investments).

Considering the project environment impact on its ele-
ments and success factors, we see that very often it is the im-
pact (or ignoring this impact) that carries the main threat of 
the project failure. The impact of the project’s environment 
often leads to dynamic changes. The selective accounting of 
these changes results in changes to the parameters and char-
acteristics of virtually all elements within the “cone” model. 
In addition, the issues of proactive impact on the distributed 
information systems functioning remain relevant. This can 
be addressed by means of proactive approaches in projects 
on building such systems. 

The current conditions in which complex IT projects have 
to be developed and implemented are characterized by down-
turns, intermittent funding, turnover of core personnel, chang-
es in technologies, customers’ preferences, market conditions, 

Management Server

 Fig. 2. “Cone+” model for investigation of the changes impact
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of “event” should be specially emphasized. As the process 
of proactive impact consists of trends analysis, forecasting 
and planning of preventive actions, it is important to iden-
tify weak signals (events) that could potentially become a 
source of future problems. 

Considering the multi-objective optimization prob-
lem (3), it should be noted that it belongs to the class of 
semi-structured. Hence, it can be solved using methods 
of artificial intelligence using knowledge bases devel-
oped by the authors of adaptive systems, neural net- 
works, etc.

The degree of importance for the selection of the criteri-
on (6) or (7) is determined based on the project customer’s 
preferences. However, the criterion (6) is more integrated 
and its assessment in different periods of time can be ob-
tained by a known method of mastered volumes in terms of 
value, widely used in standard information systems of proj-
ect management, e.g. Microsoft Project. 

5. Results of research of the proposed “cone” model in  
IT projects 

The results of the reviewed studies were the basis for 
the projects on the development of new IT based on cloud 
technologies. Fig. 4 shows the used DIS example. Thus, 
along with the formation of the office for project manage-
ment, portfolio and program management, the distributed 
e-learning system was developed and used. Its more detailed 
description is given in [12, 19].

Along with this, data regarding the estimated (planned) 
cost of the IT project were obtained. They are shown in  
Fig. 5 in the form of bar charts. The initial data for the cost 
calculation are determined on the basis of the cost and quan-
tity of necessary resources for this project. Thus, using IT for 
the project management (here, a licensed software product 
Microsoft Project was used), we managed to build a cumu-
lative curve of the base cost of the project. 

Information  
event

Start 

Monitoring of external and internal project 
environment and stakeholders 

Registration of
weak signals in

the database

Registration of risk triggers 
in the database

Identifying problems

Analysis and evaluation  
of a risk event 
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Yes No
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Yes
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Fig. 3. Change management algorithm based on the proactive approach in distributed information systems projects
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In fact, the collected data showed a relatively significant 
deviation in cost as a result of the impact of factors of the 
external environment, especially in the design phase of a 
project product. 

Fig. 5. Project cost diagram without a proactive approach

Using the tools of proactive management, it was 
possible to significantly reduce the deviation in cost, as 
shown in Fig. 6. We used the following methods of pro-
active management: search and identification of weak 
signals that can impact the implementation of the project, 
forecasting the development of the situation in the case 
of amplification of weak signals and making decisions on 
the use of pre-emptive impact, with the aim of avoiding 
unwanted changes.

Analysis of the obtained results showed the efficien-
cy of the developed models of response to the impact of 
changes in the turbulent environment of projects of de-
velopment of distributed information systems. Thus, we 
managed to reduce the additional costs of project manage-
ment associated with changes in project parameters and 
additional predictive modeling of possible future states of 
the project. Turbulent environment leads to deviations in 
the parameters of the project. Using the proposed models 
reduces the time deviation (loss) and, as a result, provides 
a reduction of losses (cost overruns) of the project cost 
when it is executed.

Fig. 6. Project costing scheme using a proactive approach

This approach on the basis of proactive management will 
allow forming sets of management processes, detailing their 
interactions and forming a hybrid methodology for manag-
ing the development of these systems based on the analysis 
of methodologies of IT project management.

6. Discussion of the results of studies of IT project 
management based on a proactive approach

The ambiguity and complexity of decision-making in IT 
projects are caused by the effects of the turbulent external 
environment, a significant number of processes and param-
eters, and multiple intersecting complex impacts within the 
project. The peculiarity of the study lies in the consideration 
of the set of project management processes, processes of 
product development and management processes by inter-
ested parties and the external environment of the project. 
The research of the proposed models for managing complex 
IT projects has confirmed the effectiveness of using the 
proactive approach. This will enable further using of the 
proposed model for complex IT project management in proj-
ect-oriented organizations.

The conducted studies have shown that special attention 
should be paid to the concept of “event” for modeling the pro-
active impact on the structural elements of models of complex 
projects of creation of distributed information systems. As the 
process of proactive impact consists of trends analysis, fore-
casting and planning of preventive actions, it is important to 
identify weak signals (events) that could potentially become a 
source of future problems. According to the ITIL version: the 
event is a detectable phenomenon that is relevant to the man-
agement of IT infrastructure or to the provision of IT services. 
Events are typically presented in the form of alerts generated 
by IT services, configuration items, or monitoring tools. In the 
context of project management, the “event” is any phenome-
non that can be considered as information about a potential 
problem. In other words, it is the identification of information 
signals in the phase of latent development of project problems.

All events are divided into the following types:
– informational events (normal operations) are events 

that do not require any actions, such as completing a routine 
procedure or obtaining a planned intermediate result;

– deviations are events that can be considered as triggers 
to incidents, problems, and changes. In other words, they are 
risk event triggers;
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consideration of management processes in such projects. 
A distinctive feature of this approach is the holistic view 
and analysis of the impact of the environment on the set of 
all elements with the intersecting relationships. Thus, we 
consider the project management processes, the processes of 
product development, interaction with the interested parties 
and the processes occurring in the external environment of 
the project. In addition, it was possible to identify control 
elements for the formalization of the processes of distributed 
information systems development.

2. The identified elements and relationships between 
them formed the basis for the proposed conceptual model, 
“cone” model for projects of complex IT products devel-
opment. A qualitative characteristic of this model is the 
DIS development platform with synergy functions based 
on knowledge, values, system analysis and convergence. 
Clusters of knowledge areas form the shell of this model 
and determine the conditions, assumptions and limitations 
for the projects with project management methodology and 
specificity of the generated product.

3. At the same time, the consideration of the influ-
ence of the turbulent environment on the project model 
indicates the presence of various kinds of influences that 
lead to changes in the parameters of the model elements. 
As a result, the DIS development platform generates a re-
sponse to external impacts and balances their parameters 
through links between the system elements. However, the 
projects analysis shows that such responses in most cases 
are delayed, which reduces the efficiency of the project. 
Therefore, it was proposed that proactive approach mecha-
nisms would be included in the model to minimize potential 
deviations.

4. As a result, the “cone” model was transformed into the 
“cone+” model. The mathematical description of the “cone+” 
model allowed formalizing the processes in the implementa-
tion of projects based on a proactive approach and defining 
the target functions to further investigate the model behav-
ior under the impact of the turbulent environment. The cost 
and time of the project implementation were taken as a basis, 
as the main parameters, which determine the effectiveness 
of the project. 

5. On the basis of IT for the project management, curves 
were plotted for the planned parameters of the target 
functions. Thus, the actual figures pointed to significant 
deviations in the range of 10–50 % from the specified val-
ues under the impact of factors of external environment. 
Using proactive management tools, with repeated model-
ing, it became possible to significantly reduce deviations in 
costs, which do not exceed 10 % of the deviation from the  
planned values.

– warnings (unusual events that are not deviations) are 
events that raise a red flag, some sequence (combination) of 
which can lead to deviations. For proactive management, 
this is the type of events that refers to the “weak signals” 
concept. These events can be used in forecasting and trend 
analysis.

The description of the process of complex project man-
agement of distributed information systems on the basis of 
a proactive approach takes into account the above classifica-
tion of signals obtained from the turbulent environment of 
the project. This approach will gradually move from reactive 
to active management. In this case, change management 
can be transformed from the incident response mechanism 
into a space (environment) forming tool with the following 
characteristics:

– relevance – variability according to recent trends 
(market, technology);

– flexibility – quite easily adapts to the influence of 
changes;

– adequacy – corresponds to the current situation/con-
dition of the environment;

– self-regulation (adaptivity) has the characteristics of 
self-development, and strives for self-organization and evo-
lution.

The results obtained indicate the need for further in-
depth study of the issues of proactive response to the impact 
of the environment of the project. As directions for further 
researches, it should be noted that there is a need to deter-
mine the types of processes involved in creating complex 
IT products, project management processes considering the 
ongoing change dynamics in the interaction with a turbulent 
environment and their mutual impact.

It should be noted that the limitations of this research 
is an area of research itself related to the focus on the con-
sideration of IT projects alone, and only when developing 
distributed information systems. In addition, as can be 
seen from (2), the planned cost of the project ( )pC  and the 
resulting implementation of the IT project ( )fC  should not 
exceed the budget allocated for the project implementation 
( ).bC  As for time limits, in practice, the possible overruns 
in project implementation are in the range of 10–15% of 
the specified directorial deadlines. Such limitations are 
prescribed in the project charter, and all such deviations 
must be within these limits. 

7. Conclusions

1. The proposed model of project analysis for the estab-
lishment of DIS is based on an integrated approach to the 
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