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Abstract. Standard approaches to managing projects and programs for the reconstruction of engineering infrastructure
in a turbulent environment are ineffective due to the lack of possibilities to adapt to external and internal influences.
Therefore, the purpose of the article was to characterize the application of the conception of adaptivity in managing
such projects and programs and to analyse the means for its application in management processes. The research
presented in this article was conducted using scientific methods of critical analysis, systems analysis, mathematical
modelling, formalization, analysis, synthesis, graphical and abstract-logical methods. The main constraints in the
development of the program architecture were identified. The influence of the application of the standard approach to
planning and managing programs and projects for the reconstruction of engineering infrastructure on the increase of
the probability of risk emergence was investigated. The tasks of managing programs and projects in the implementation
of management as the manifestation of control action were formulated. The concepts of active and passive methods
of adaptive program management were considered, a combined method that involves preliminary modelling of
managerial influences and learning from the experience of exerting such control actions was developed. The means
of adaptive program management were analysed, the expediency of their use in the management of programs for the
reconstruction of engineering infrastructure at different stages of their implementation was determined. The results
of the study can be used by managers of programs and projects for the reconstruction or modernization of engineering
infrastructure to determine approaches to management and selection of adaptive management tools for different
phases of implementation, and also provide a methodological basis for further research

Keywords: organizational and technical systems, control action, risks, architecture planning, forecasting

Article’s History: Received: 20.08.2021; Revised: 02.11.2021; Accepted: 03.12.2021
e INTRODUCTION

The issue of reconstruction of the engineering infrastruc-

ture of cities is relevant both for Ukraine and for other = modernization and replacement of technological equip-

countries of the world. Reconstruction measures can be im-
plemented both at the micro level (modernization or repair
of individual system facilities — boiler houses, substations,
central heating plants, etc.) and at the macro level (recon-
struction of large parts of systems or systems as a whole).
Reasons for reconstruction may include physical or mor-
al obsolescence of equipment, replacement of damaged
equipment, adaptation of systems to current consumption
conditions, optimization of resource consumption in ener-
gy production, etc.

The modernization and reconstruction of engineering
infrastructures and their management are widely repre-
sented in the works of many scholars. For example, N. Yush-
chenko [1] offers methods for planning the reconstruction,

ment of heat substations, heat networks of thermal energy
enterprises, developed on the basis of network planning
methods. Adapted methods of graph theory, deterministic
and probabilistic mesh models taking into account time,
cost and resources are proposed. The author notes the pos-
sibility of using network methods for network planning and
management systems (NPMSs), including the use of auto-
mated NPMSs. Although the proposed methods can be suc-
cessfully applied in the implementation of programs and
projects for the reconstruction and modernization of en-
gineering infrastructure, they do not provide an integrated
approach to the management of such programs.

The study by E. Ciapessoni [2] proposed a quantita-
tive probabilistic methodology for modelling the process
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of restoring the infrastructure of power supply systems.
This method enables the modelling of individual steps of
restoring infrastructures and their dependencies on human
and environmental factors. It allows to identify the most
influential factors using an analytical model through what-
if analysis, which avoids the use of the black box method
in modelling when applying statistical data. This method-
ology allows for the consideration of external and internal
factors that influence the processes of infrastructure resto-
ration in their modelling, which enables better adaptation
of reconstruction program management processes, which
is also influenced by the use of statistical data on the pro-
cesses under study. However, it involves only probabilistic
process modelling and can be used as a tool for managing
programs and projects, without implementing an integrat-
ed management approach.

The thesis of D. Nieviedrov [3] developed an integrat-
ed approach to managing the level of environmental and
social safety of construction and reconstruction projects
of critical infrastructure through the development and
implementation of models and methods for assessing the
impact of certain impacts in conditions of turbulent chang-
es. Although the work considers the adaptation of certain
processes to the impact of external factors, the presented
results relate to managing individual processes of infra-
structure reconstruction project management, not taking
into consideration an integrated approach to their imple-
mentation. The article by N. Bespala [4] analyses the main
directions of the strategic development of regional energy
systems, gives a comparative description of some regional
programs, and determines the steps for the implementa-
tion of Smart Grid in regional energy systems. The results
of the study directly relate to the implementation of engi-
neering systems development programs, but focus on the
conceptual level of development of such programs and do
not provide a specific methodology for their management.

The article by M. Celik [5] provides an overview of the
literature regarding the implementation of actions for the
reconstruction of critical infrastructure in the implemen-
tation of humanitarian operations, the classification of
research by the main problems that they address, models,
problem-solving methods employed as well as the goals
and main solutions formulated throughout the research
process, the future directions of research in this field are
identified. The work presents information on existing re-
search regarding the reconstruction of critical infrastruc-
ture but does not provide a comprehensive methodology
for managing relevant processes. In the context of adap-
tive management, there is a lot of attention paid to the
management of natural resources [6], environmental pro-
tection [7], etc. Researchers K.E. Papke-Shields and K.M.
Boyer-Wright [8] proposed a “rational adaptive” approach
to project management, developed on the basis of strate-
gic planning methods. According to the results of the em-
pirical evaluation, this approach has a positive impact on
the success of project implementation but only addresses
project management planning and does not consider the
specifics of projects and programs for the reconstruction of
engineering infrastructure.

The existing studies relate mainly to the management
of individual processes within the overall project man-
agement structure, whereas they do not provide at all or
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provide a limited application of adaptation mechanisms
to external and internal influences. The issue of adaptivity
in project and program management is poorly addressed.
Therefore, this article aimed to analyse the structure of
programs for the reconstruction of engineering infrastruc-
ture, identify the existing specifics of such programs, and
describe the methodology for managing such programs us-
ing an adaptive approach.

e MATERIALS AND METHODS
The research presented in this article is based on theo-
retical foundations regarding the adaptation of systems,
concepts, and means of adaptive program management.
In particular, a methodology regarding the separation of
management types as the implementation of control ac-
tion, depending on the application of the principles of
adaptivity (the use of feedback, changes in the law of man-
agement, etc.) was applied [9-10]. To analyse the concept
of adaptation, adaptivity, and adaptive management, the
materials of thorough research in this field were used [11-
13]. Consideration of the concept of adaptivity from the
point of view of cybernetics is appropriate for analysing the
possibilities of its implementation in the processes of man-
aging complex organizational and technical systems and
developing appropriate models. The study also used the
definition of active and passive adaptive program manage-
ment by K. Tervo-Kankare [14]. It enabled to synthesize a
combined approach that considered elements of both stud-
ied approaches and is more effective for the implementa-
tion of program management processes. The methodolo-
gy of adaptive program management is considered on the
basis of the existing standard for program management by
developed by the PMI (Project Management Institute) [15].
Methods of analysis and synthesis were used to study
the process structure of program management and adap-
tive program management tools. The critical analysis
method is used to evaluate existing research materials on
adaptive program and project management. Methods of
system analysis were employed to examine the program
structure as well as the program management system. The
method of mathematical modelling was used to devel-
op program models and program management systems.
The formalization method was used to describe the above
systems, formulate restrictions for the program structure
and tasks for managing programs for the reconstruction
of engineering infrastructure. The graphical method was
applied to illustrate the process structure of program man-
agement and processes of adaptive program management.
The abstract-logical method was used to identify the spe-
cific features of managing programs for the reconstruction
of engineering infrastructure as well as the typical risks as-
sociated with such programs.

e RESULTS AND DISCUSSION

At the macro level, the reconstruction and moderniza-
tion of engineering infrastructure are carried out through
projects that are interconnected both in terms of resourc-
es and in their logic of technical interaction to achieve a
global strategic goal. This allows to talk about an aggregate
of such projects in the terminology of program manage-
ment. The PMI Program Management Standard defines a
program as a set of related projects, ancillary programs,
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and program activities managed in a coordinated manner
to produce benefits not available under individual manage-
ment [15]. Accordingly, the program model can be present-
ed as follows:

P={Pr,Pr,...,Pr)), 1)

with P being a program; Pr, being a project. Constraints
to the model are the availability of financial resources and
the technical feasibility of implementing projects. The lat-
ter is related to the possibility of including in the program
projects that perform the same functions in the process of
achieving the strategic objectives of the program or do not
contribute to the achievement of such objectives given the
current environmental conditions. Constraints on finances
and technical feasibility are reflected in the formulas (2; 4),
respectively.

n Cf.<Inv, (2)

where Cf is the sum of the cash flows for the project i,
which is part of the program architecture; Inv, is the total
investment in the program implementation; n is the total
number of projects in the program architecture.

Ef;’ri ?é Ef;’n’ﬂ; (3)
"I o=1,1 >0, @

where Ef, is the effect of implementing the project i; I; _ is
the index of achieving the strategic objectives of the pro-
gram for the project i. In this case, Ef, . can be displayed as
a set (5).

Ef, ={PA,PA,...,PA}, (5)

where PA is the change in the parameter n of the object
of management. The model of the program management
system can be presented in the form of a formula (6).

PM = {MD, MP, ID, K}, (6)

where PM is the program management system; MD is a set
of managerial decisions; MP is a set of program manage-
ment processes; ID is a set of program output data; K is a
set of knowledge. The input set can be defined as:

ID=1ID, uID,, uID, uID,, (7)

where ID, is the regulatory framework in the field of pro-
gram impfementation; D, is the parameters of the sys-
tem-object of management; ID, is the requirements for
the final product of the program; ID, is the data on the dis-
turbances of the external environment of the program. The
set of program management processes is shown in Figure 1.

Program Management

Application Integration
Management

Program Supply Management

Program Cost Management

Program Communications
Management

Program Scope Management ‘

‘ Program Risk Management

Program Timeline Management

Program Stakeholder
Management

Program Quality Management

Program Finance Management

Program Human Resource
Management

High-level Program
Management

Figure 1. Set of program management processes

Source: developed by the authors based on [16]

Sets of knowledge and solutions are responsible for the
decomposition of program management processes. Sets of
knowledge and managerial decisions include knowledge
and managerial decisions on the management of program
integration, program communication, etc. The application
of a rigid standard approach to program management,
which does not provide for adaptivity, is widespread in var-
ious types of programs. However, programs for the recon-
struction of engineering infrastructure as programs, whose
objects are complex organizational and technical systems,
are characterized by a high degree of structural and dy-
namic complexity, which in the synthesis of the adaptation
system leads to the following problems:

o the problem of lack of a priori information when the
invariant model of the program for the reconstruction of
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engineering infrastructure and an adequate model of the
management system cannot be built on the basis of avail-
able information;

o the problem of the impossibility of constructing an
analytical mathematical model by traditional means (func-
tions, differential equations).

In correlation with the constraints indicated by formu-
las (1; 2), these issues directly affect the content manage-
ment processes in the context of the development of the
application architecture. The architecture, in turn, affects
the hierarchical structure of works, program scheduling,
cost estimation, supply planning. Applying a standard
approach to the planning and managing of programs for
the reconstruction of engineering infrastructure increas-
es the probability of risks, including cost risks: errors in
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the development of the program architecture and lack of
adaptation to environmental disturbances can lead to ex-
ceeding the program budget and/or failure to achieve its
strategic objectives. Schedule risks make it impossible to
adapt to environmental disturbances when managing the
program architecture, which can lead to overdue program
implementation and increases the probability of cost risks.
Operational risks may arise during the program implemen-
tation and are associated with the impact of external dis-
turbances; the lack of a mechanism for adapting to such
disturbances may adversely affect the effectiveness of the
program implementation. Technological risks — the inabil-
ity to adapt to changes in the implemented technologies,
and the emergence of more effective technological means
can lead to incomplete achievement of the strategic objec-
tives of programs for the reconstruction of engineering in-
frastructure. Thus, for the effective development and man-
agement of the program architecture, it is advisable to use
an adaptive approach to the management of programs for
the reconstruction of engineering infrastructure.

F. Heylighen [11], considering the issue of self-organ-
ization of systems, defines adaptation as the achievement
of a state of compliance between the system and the exter-
nal environment. Simultaneously, the term “compliance”
reflects the configuration of the system, in which the lat-
ter can maintain its state or grow under specific environ-
mental conditions. The discrepancy, in turn, leads to an
increase in entropy in the system and its destruction under
current boundary conditions. For complex systems, adap-
tation is determined by the ability of the system to adapt
to new boundary conditions, maintaining the highest pos-
sible level of stability of their organization. In cybernetics,
adaptation is defined as the task of control, which consists
in minimizing deviations from the target system configura-
tion by responding to perturbations from the external en-
vironment before such perturbations jeopardize the basic
organization of the system. Thus, adaptivity is a charac-
teristic of the system that determines its ability to adapt.

Accordingly, an adaptive system can be understood as
a system that adjusts to environmental changes to control
the level of entropy. In the case of artificial systems, among
the tasks of adaptivity can be distinguished: support for the
ability of the system to perform its functions under the in-
fluence of external disturbances; the ability of the system
to maintain the initial level of efficiency of its function-
ing in accordance with the conditions of the external en-
vironment. However, adaptivity could not be considered as
a characteristic inherent in artificial systems that are not
guided by humans or do not utilize artificial intelligence
technology. Organizational and technical systems can
adapt to disturbances of the external environment through
the exercise of control action, such action can also be exer-
cised by means of artificial intelligence.

Researchers distinguish the concepts of “adaptivity”
and “adaptability” for intelligent information systems [12].
Adaptability differs from adaptivity by the need for the
system parameters to be changed by the user, according to
which the system is adjusted to the necessary conditions.
An example of adaptability could be a user changing the
interface of a software product. The system can be adaptive
and adaptable, to a certain extent, depending on the degree
of user participation in the initiation of changes. Full adap-
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tivity implies the absence of human control over the initia-
tion process, full adaptability, in turn, is its direct presence.
Partial adaptivity, meanwhile, may involve both informing
the user in advance about the initiation of changes and
choosing the nature of the adaptation by the user.

Taking into account the above, a preliminary conclu-
sion about the possibility of applying the concept of adapt-
ability to technical systems as a whole can be made. The
stable functioning of such systems provides for the regular
exercise of control action over their elements. Independent
initiation of changes is impossible in most cases. Organi-
zational and technical systems, in turn, can be character-
ized as generally adaptive due to the exercise of control
action, depending on the available information about the
state of the system and the existing influence of the exter-
nal environment on it. However, it should be noted that the
adaptivity of the system directly depends on the presence
of feedback between its elements. Program management
systems belong to complex organizational and technical
systems. Such a system can be considered potentially adap-
tive, provided that the principles of adaptive management
are applied. The study by R.M. Argent [13] identifies four
components of adaptive ecosystem management, as shown
in Figure 2.

Learning Describing

Predicting

Figure 2. Set of program management processes
Source: developed by the authors based on [13]

In the context of systems management, O. Feldbaum
[9] defines adaptation as the third hierarchy. The first hi-
erarchy is management as the implementation of control
action, the second is regulation as the implementation of
control action using feedback. In the case of the first hier-
archy, the management task can be formally expressed by
formula (8) [17].

Q(x, ) — max(), ®)

where Q is the quality function of the system; x is the con-
trol influence; o is the disturbance of the external environ-
ment. The main task of the management system is to find
control actions that maximize the quality function of the Q
system under the influence of external disturbances. The
quality parameter of the system includes the suitability of
programs for the reconstruction of engineering infrastruc-
ture for implementation and its value, that is, bringing the
value of the index of implementation of strategic objec-
tives to one I = 1; maximization of financial, technologi-
cal and aggregated values of the program. In the case of
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an open system, the model should account for the impact
on the object of the entire complex of environmental in-
fluences. This constraint leads to an excessive increase in
the complexity of the management system. Reducing the
requirements for the management system is possible with
the introduction of feedback. Its application provides the
management system with the information about a gap be-
tween the actual output of the system and the output re-
quired by the management task. The formal statement of
the management task for the case of feedback application
is as follows [17]:

Q(5,%,y, @) == max(x), ©

where S is the task, a management plan; y is the state of the
object of management. In non-stationary conditions, when
the program is exposed to various external factors, the is-
sue of management quality becomes significant. According
to the method of modification variability, both a decrease
in entropy and an expansion of the methodological base
that forms the management algorithm lead to an improve-
ment in the quality of management. Formally, the manage-
ment task is converted into the following form:

_
Q (S' Xy, m, w) XEX,yEY mEM max(x),

(10

where m is the law or management algorithm. It is neces-
sary to find a law or management algorithm that ensures
the maximum value of the index of strategic goals in a
given range of control actions. Simultaneously, external
disturbances cause a violation of the optimum and a drop
in the quality of management. A further decrease in the
quality of management, due to the widening gap between
the new optimal management law (the law that ensures the
extreme value of Q) and the existing law, can lead to insta-
bility and uncontrollability of the system.

For programs for the reconstruction of engineer-
ing infrastructure, an adequate solution to this problem
is the synthesis of an adaptive management system that
restructures the management law (algorithm) depending
on the disturbances [10]. Requirements for the quality of
regulation of programs for the reconstruction of engineer-
ing infrastructure as organizational and technical systems
necessitate optimization of the parameters of the manage-
ment system, which is possible only if there is a well-for-
malized model of the object of management. The intro-
duction of the adaptation loop (third hierarchy or quality
feedback) enables modelling a management system that
implements optimal management in the dynamics. The
need for adaptation arises in conditions of incompleteness
of information [18]. In the process of adaptation, knowl-
edge is accumulated and the system is improved. In system
management, adaptation consists in making changes to
the parameters of the system, its structural elements, and
relationships as well as management algorithms to ensure
the required values of the quality criteria.

The above outlined problems related to the high struc-
tural and dynamic complexity of the programs for the re-
construction of engineering infrastructure can be solved by
modelling the system, which is the object of management,
using the “black box” modelling method. The dependen-
cies (11) (statistical model), (12) (dynamic model) will be
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relevant for the inputs of the N system and the outputs of
the Y system.

y,=f(n,n,..,n),neN, 11
where y, is the I-th output of the object of management; n,
is the I-th input of the object of management.

y(D=Fn,(T), n,(D), ..., n,(T));

vTeT={T% T}, neN, (12)
where T is the time of operation of the object of manage-
ment; T is the maximum value of the time of operation
of the object of management; T* is the initial moment of
operation of the object of management; 77" is the final mo-
ment of operation of the object of management. During the
implementation of programs for the reconstruction of en-
gineering infrastructure, the information on the inputs of
the object of management is gathered and also information
on its outputs is clarified. This information is accumulated
in the knowledge base and transmitted both in the man-
agement system and in the adaptation system. Scholars
distinguish active and passive adaptive management [14].
The essence of passive adaptive management consists in
introducing the process of learning from the experience of
program management into the existing approach, that of
active management consists in the preliminary search and
analysis of information to determine the best approach to
management. A simplified diagram of the process of pas-
sive adaptive management of programs for the reconstruc-
tion of engineering infrastructure can be presented graph-
ically (Fig. 3).

Analysis of information about
program parameters and external
disturbances
v
Determining the need
for control action

v

Formulating a managerial decision

v

Making a managerial decision

T

v

€

Figure 3. The process of passive adaptive management
of programs for the reconstruction
of engineering infrastructure
Source: developed by the authors based on [14]

A similar approach to managing programs for the re-
construction of engineering infrastructure involves the use
of feedback to maximize the effectiveness of the control
actions performed and the implementation of the pro-
gram objectives. The data obtained are used to forecast
the outcomes of future control actions, adjust the interim
objectives of the program, etc. Thanks to the accumulated
experience in managing an open dynamic system, which a
program for the reconstruction of engineering infrastruc-
ture is, the passive adaptive approach provides for a better
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adaption to external disturbances and minimization of the
negative impact of the external environment on the pro-
gram implementation process. The scheme of the process
of active adaptive management of programs for the recon-
struction of engineering infrastructure is shown in Figure 4.

Analysis of information about
program parameters and external
disturbances

v

Determining the need for control
action

v
Modeling possible control action

v

Quantitative analysis of modeled
control actions

v

Choosing and making a
managerial decision

Figure 4. The process of active adaptive management
of programs for the reconstruction
of engineering infrastructure
Source: developed by the authors based on [14]

The main difference from the passive approach is the
preliminary forecast of the outcomes of the exercise of
control action and the choice of the best possible option.
To maximize the effectiveness of the implementation of
programs for the reconstruction of engineering infrastruc-
ture, it is advisable to use elements of both approaches:
the application of both forecast and learning processes by
the program management system. The scheme of this ap-
proach is shown in Figure 5.

Analysis of information about
program parameters and
external disturbances <+

v

Determining the need for
control actions

v

Modeling possible control
actions
v
Quantitative analysis of
modeled control actions

v

Choosing and making a
managerial decision
|

v

Figure 5. The process of combined adaptive management
of programs for the reconstruction
of engineering infrastructure
Source: developed by the authors on the basis of the data [14]
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Thus, there is both the use of feedback and the accu-
mulation of experience in the implementation of control
actions during the implementation of programs for the
reconstruction of engineering infrastructure and the ap-
plication of this experience in their modelling and analy-
sis. Thanks to the application of a combined approach to
adaptive management, it is possible to achieve maximum
efficiency of program management. Accordingly, the mod-
el of the program management system when applying the
adaptive approach will have the following form:

PM={MD, MP, ID, K, AM}, (13)
where AM is a set of adaptive program management tools.
The set of adaptive management tools is illustrated by the
formula (14).

AM=AM,,, vAM . UAMfor UAMW UAM, ., (14)
with AM,  being learning methods; AM_ . being models

and tools for modelling the object of management; AM,
being methods and tools for forecasting; AM,  being man-
agement experiments; AM, . being adaptive means of
supporting managerial decision-making.

Among the existing adaptive program management
tools proposed by R. Bolling [19], it is advisable to apply
adaptive logical-structural matrices, the use of real-time
data, flexible program financial framework, structured
learning cycles, action research for engineering infrastruc-
ture reconstruction programs. Adaptive logical-structural
matrices differ from the usual matrices in that they allow
the target indicators and the structure of the program to be
adapted given the conditions of the external environment.
The use of real-time data involves the continuous collec-
tion of information on the progress of the program. Flexi-
ble financial frameworks represent a variable cost structure
and built-in opportunities to reallocate the budget during
the implementation of the program. Structured learning
cycles correspond to the concept of passive adaptive pro-
gram management and include the introduction of a cycli-
cal learning process based on feedback data. The essence
of action research is the constant collection and analysis
of data on the results of the control actions carried out to
further optimize the management process.

Although other of the proposed tools can be used in
the management of programs, but their application is inex-
pedient in the implementation of the programs considered
in this study. An example of these tools is the evolutionary
approach which is close to the concept of active adaptive
program management and consists in testing control ac-
tions, scaling more effective and rejecting less effective
ones. It provides for an analysis of already implemented
actions, which is inappropriate in programs for the recon-
struction of engineering infrastructure due to the high level
of technical and financial risks. Inappropriate in the imple-
mentation of programs for the reconstruction of engineer-
ing infrastructure is also the inclusion of “bottom-up” - the
involvement of beneficiaries and the program management
team to obtain information on the implementation of the
program and the formation of managerial decisions; this
approach is important, but in the context of the manage-
ment of programs for the reconstruction of engineering
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infrastructure cannot be fully applied due to the high level
of technical and financial risks.

Such adaptive management tools can be applied
throughout the life cycle of the program [15]. For different
phases of the life cycle, there are characteristic features for
the use of both the above mentioned means and elements
of adaptive management in general. In the implementation
phase, the principles of adaptive control can be used most
comprehensively through learning and forecasting pro-
cesses. To exert a control action, it is possible to conduct
a preliminary analysis of the accumulated experience, in-
formation on the state of the object of management and
the presence of external disturbances, the use of this data
for further forecast of the effect of the action. In the ab-
sence of a description of the object of management, it can
be created, but this process is more relevant for the pro-
gram definition phase. For the closure phase, it is more

relevant to analyse the accumulated information and for-
mulate best practices, lessons learned, etc. These processes
demonstrate the use of learning as an element of adaptive
management, but at the level of the organization where the
program is implemented. The information obtained can
be used to adjust similar program management processes
in the future, but for this program at the closure phase,
this information will no longer be relevant. The program
definition phase involves more likely the use of means
that provide opportunities for adaptation in the future:
adaptive logical-structural matrices and flexible financial
frameworks. Learning can be applied solely on the basis of
previous program implementation experience. However,
among the elements of adaptive management described in
[13], forecasting and description are relevant. A list of sup-
porting activities for the PMI program definition phase is
provided in Figure 6.

Program Definition Phase

Program Formulation Activities

Program Planning Activities

g{

Program Change Assessment

}7

Program Change Management Planning

Program Communications Assessment

4‘

‘ ‘Program Communications Management Planning}—

Program Initial Cost Estimate

Program Cost Estimation

Program Information Management Assessment

Program Financial Framework Establishment

Program Procurement Assessment

Program Financial Management Planning

Program Quality Assessment

Program Information Management Planning

Program Resource Requirements Assessment

Program Procurement Management Planning

Program Initial Risk Assessment

Program Quality Management Planning

Program Schedule Assessment

Program Resource Management Planning

Program Scope Assessment

Program Risk Management Planning

Program Schedule Management Planning

Program Scope Management Planning

Figure 6. Structure of supporting activities of the program definition phase

Source: developed by the authors based on [15]

Forecasting methods can be applied to a large num-
ber of listed activities, including those related to managing
quality, resources, schedule, scope, cost and finance, etc.
The description of the object of management is also multi-
functional in the context of the listed processes. The phas-
es of program definition and implementation provide for
the successful application of an adaptive approach, where-
as it is necessary to note the importance of adaptivity for
the definition phase. As mentioned earlier, scope assess-
ment and program architecture development are the basis
for assessing the program initial cost, changes, resources,
risk and schedule. To select the optimal components of
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programs for the reconstruction of engineering infrastruc-
ture and their adaptation to environmental conditions, it is
possible to use adaptive tools to support managerial deci-
sion-making.

The study by S. Canessa [20] is a good example of the
application of an adaptive approach in the implementation
of biodiversity protection projects, where the research-
ers’ successful use of modelling and probabilistic analy-
sis methods must also be highlighted. The approach was
implemented by constructing a quantitative model of the
system, the uncertainty of the model parameters was for-
mulated using probability distributions, and the learning

Development Management. 2021. Vol. 19, No. 4
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benefits were evaluated using simulations. The authors
note an increase in the effectiveness of monitoring and
changing actions within the project, as well as ensuring the
possibility of a safer response to negative external influ-
ences. However, the findings of the study in the context of
programs and projects for the reconstruction of engineer-
ing infrastructure can be used only in part due to the lack
of consideration of their special features.

The article by L. Gutheil [21] systematically reviews
21 studies on adaptive project management in the field of
civil society to systematize ideas about adaptive practices,
their perceived effect, obstacles and recommendations for
their implementation from the perspective of donors and
implementers. The work provides a basis for further re-
search as it contributes to the definition of adaptive prac-
tices, the systematization of existing experiences in the
implementation of adaptive management of such projects
and identifies gaps in the current theoretical framework.
However, it does not include more practical means of adap-
tive project management. G.B. de Azevedo [22] proposed
an adaptive project management model to create a profes-
sional doctorate in business management. As a result, an
adaptive project management model has been developed
that includes constant planning of activities in each inter-
action cycle, an incremental approach to project execution,
regular review of interim results, and the ability to adapt
to changes in project content during the implementation
phase. This work is a good case study of the practical use of
adaptive project management tools. However, the findings
of the study cannot be fully applied to the management of
the program, as the application of an incremental approach
to their implementation is inappropriate.

R.A. Samrah [23] analyses internal and external varia-
bles in the management of large programs to improve the
effectiveness of program risk management. The authors
have developed a system dynamic program model that
takes into account the above variables and can be used for
the management of large programs. The work presents a
systematic approach to program management, provides an
adaptive management tool that is valuable in terms of the
possibility of further use of its findings, but does not take
into account the specifics of programs and projects for the
reconstruction of engineering infrastructure. The article by
M. Wirkus [24] analyses the adaptive approach to project
management and demonstrates the possibility of applying
this approach to the implementation of a project for the
reconstruction of a railway line. They discuss the issue of
introducing adaptivity in infrastructure project manage-
ment, but their main focus is placed on the development of
project documentation within this approach. The findings
of the study are useful given the general lack of disclosure
of the processes of project documentation development in
other sources.

The study by J.A. Thomann [25] is devoted to a critical
assessment of strategies for adaptive groundwater man-
agement in urban water supply, agriculture and mining.
The authors identified a number of problems with the ap-
plication of adaptive management principles in the cases
reviewed, including the lack of significant mitigation ac-
tion and/or assessment of recovery potential. The need to
develop clear definitions and guidelines for adaptive man-
agement is emphasized in order to ensure more transparent
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planning and efficiency in achieving objectives. The case
analysis enabled the authors to identify the main problems
in adaptive groundwater management and to develop ap-
propriate recommendations that form the basis for the fur-
ther development of management tools. In this paper, how-
ever, adaptive management is considered in a more general
context, without a clear link to programs and projects.

The use of methods and tools for the adaptive man-
agement of programs and projects for the reconstruction of
engineering infrastructure can therefore have a significant
impact on the effectiveness of their implementation in tur-
bulent conditions. By using learning methods, modelling of
managerial influences, forecasting their results, etc. in dif-
ferent phases of the life cycle, it is possible to better adapt
the management system to internal and external influenc-
es as well as a higher level of achievement of the program
or project objectives.

o CONCLUSIONS

Program and project management as a whole occurs un-
der conditions of uncertainty in the external and internal
environment, where uncertainty stems not only from so-
cial, political conditions in the country of the project or
program implementation but also from technical, human,
and other factors of the management system and benefi-
ciary organizations. This particularly applies to programs
and projects for the reconstruction of engineering infra-
structure as complex organizational and technical sys-
tems. They are also characterized by problems such as: it
is impossible to build an invariant model of the program
for the reconstruction of engineering infrastructure and
an adequate model of the management system due to the
lack of a priori information; an analytical mathematical
model cannot be built using traditional methods. Uncer-
tainties in the environment are sources of operational,
technical, cost and schedule risks. The occurrence of any
risks directly affects the possibility of achieving the ob-
jectives of programs and projects and complying with the
set constraints.

To reduce the probability of these risks, it is recom-
mended to employ an adaptive approach to program and
project management. Adaptivity in program and project
management involves the introduction into the manage-
ment processes of learning from the results of control ac-
tions, modelling of managerial influences and assessing
the effectiveness of their implementation, describing the
control systems-objects and conducting managerial exper-
iments. There are passive and active adaptive approach-
es to management, with the passive approach relying on
learning mechanisms, and the active approach involving
preliminary modelling of managerial influences. A com-
bined application of these approaches is necessary to max-
imize the effectiveness of adaptive management.

Within the framework of adaptive program and pro-
ject management, various tools can be used, such as adap-
tive logical-structural matrices, flexible financial program
frameworks, an evolutionary approach to implementing
control actions, etc. It is found that different phases of pro-
gram implementation involve the use of different methods
of adaptive management. For the implementation phase of
the program, it is advisable to use learning methods based
on the managerial experience gained as well as forecasting
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to determine the best managerial influences. The closure
phase enables the collection and analysis of information
on the program progress for further learning for the imple-
mentation of future programs and projects. For the defini-
tion phase, it is important to provide possibilities for the
application of adaptivity in the further implementation of
the program through tools such as adaptive logical-struc-

tural matrices, etc. A promising area of research in the
context of adaptive management of programs and projects
for the reconstruction of engineering infrastructure is the
development of new tools and methods of adaptive man-
agement, the study of ways to adapt the approach to the
specifics of programs and projects in other areas of imple-
mentation - social, environmental, etc.
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ApanTUBHUM Niaxia Ao ynpaBniHHA nporpaMamMu i NpoeEKTaMu
3 PEKOHCTPYKUIi iH)XeHepHOiI iHPpacTPpyKTypH

Inna OnekcaHapoBuY XyaskoBs, Mapisa KocTaHTUHIBHa CyxoHOC

XapKiBCbKMIM HaLioOHaNbHMM YHIBEPCUTET MICbKOro rocrnogapcTtea iMmeHi O.M. bekeToBa
61002, Byn. MapLana bakaHoBa, 17, M. XapKiB, YKpaiHa

Anoranis. CTagmapTHi MiIX0[M 10 yIIpaBJliHHS TPOEKTaMM Ta IPOTpaMaMM 3 pEKOHCTPYKLii iHskeHepHOI iHGpacTpyKTypu
B YMOBax TypOYJIEHTHOTO 30BHIIIHBOTO CepefoBuMINa € MajoedeKTUBHMMM uvepe3 Gpak MOKIMBOCTEN amamnTaiiii g0
30BHIIIIHiX Ta BHYTPIilIHiX BIUIMBiB. TOMy METOIO CTAaTTi 6Y/I0 OXapaKTepM3yBaTH 3aCTOCYBAHHS KOHIIEIIIii aganTUBHOCTI
B YIIPaBJIiHHI TaKMMM MPOEKTAMM i MporpamMaMu, MpoaHali3yBaTu 3acobu ii 3acTOCyBaHHSI B IMpoIliecax yIpaBIiHHS.
HocmimkeHHs, HaBedeHe y CTaTTi, MPOBENEHO 3a JOIOMOTOI0 HAayKOBMX METOAIB KPUTMUHOTO aHali3y, CMCTEMHOTO
aHaJli3y, MaTeMaTUYHOTO MOJIe/IIOBaHHs, GopMartisallii, aHasisy, cuHTe3y, rpadiuyHOro Ta abCTPaKTHO-JIOTiYHOTO METO/IB.
BusHaueHO OCHOBHiI 06MeXKeHHSI IIPU PO3po0LIi apXiTeKTypu rporpam. JocIiykeHO BIUIMB 3aCTOCYBAHHS CTAHAAPTHOTO
MigXony IUIaHYBaHHS Ta YIPaBIiHHS IporpaMamMy Ta MPOEKTaMM 3 PeKOHCTPYKIii iHkeHepHOi iHdpacTpykTypu Ha
TiIBUIIEHHS BipOTiIHOCTI BUHMKHEHHS PU3UKIB BIpoBakeHHs. CHOpMYIbOBAaHO 3aBAAHHS YIIPABIIHHS IMpOrpaMaMmu
Ta MPOEKTaMM MPU 3[iMICHEHHI YIPaBIiHHS SIK peasi3allii KepiBHOTO BILIMBY. PO3MISIHYTO KOHIIENii aKTMBHOIO Ta
MMacMBHOTO METO/iB aJalTMBHOTO YIPaBIiHHS MporpaMaMu, po3po6eHO KOMOIHOBaHMIT MEeTO/, 10 TO€IHYE B COOi
rornepeaHe MOZeMIOBaHHS YIIPaB/IiHCbKMX BIUVIMBIB Ta HABUAHHS HA AOCBifli 3Ai/iCHEHHS TaKMX BILIMBIB. [IpoaHa/i3oBaHO
3aco6M aJarnTUBHOIO YIPaBIiHHS MPOrpaMaMy, BU3HAYEHO AOLJIbHICTD X 3aCTOCYBAaHHS MPY YIIPABIiHHI ITporpamMaMmu
3 PEKOHCTPYKIii iHkeHepHOi iHGPACTPyKTypM Yy pisHuX ¢aszax ix peasisamii. PesymbTaTu MOCTIIKEHHS MOXYTh
3aCTOCOBYBATHCh MeHeKepaMy IMPorpaM Ta MPOEKTIB 3 PEKOHCTPYKIIii a60 MozmepHisallii iHkeHepHOi iHdpacTpyKkTypn
IUTS] BUSHAUEHHSI ITiXO/iB IO YIIPaBJIiHHS Ta MiI60py 3aC06iB ajalITMBHOTO YIIPABIiHHS 1)1 Pi3HUX (a3 BIIPOBAIKEHHS,
a TaKOoX SIBJISIIOTh CO60I0 MEeTOLOIOTIUHE MiAIPYHTS JJIsI TPOBEIEHHS MOAATBIINX AOCTiIKEHb

KirouoBi ciroBa: opraHisalliiiHo-TexHiuHi cucTeMu, KepiBHUIA BIUIUMB, UMK, TUITAHYBAHHS apXiTeKTypH, IPOTHO3YBaHHS
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