ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

CyuacHuii cman HayKkogux 00CaiodiceHb ma mexHonoeit 6 npomuciogocmi. 2026. Ne 2 (36)
Innovative technologies and scientific solutions for industries. 2026. No. 2 (36)

UDC 005.8:004.75 DOI: https://doi.org/10.30837/2522-9818.2026.2.015

Yuliia Husieva, lgor Chumachenko, lvan Nekrasov, lllia Khudiakov, Nataliia Dotsenko

A CONCEPTUAL MODEL FOR MONITORING PORTFOLIO MANAGEMENT
IN PROJECT OFFICES BASED ON BLOCKCHAIN

The subject of this study is the processes of ensuring transparency, accountability, and data integrity in project portfolio management
systems based on distributed ledger technologies. The objective of this work is to develop a conceptual model, the Blockchain
Portfolio Governance Model (BPGM), to enhance the transparency, integrity, and manageability of strategic portfolio management
processes. Objectives: to develop a multi-level model architecture that combines traditional management cycles with cryptographic
event logging mechanisms; to formalize management decisions as distributed ledger objects using asymmetric cryptography;
to propose a comprehensive management quality assessment metric that accounts for both technical integrity and procedural
discipline; to validate the model through simulation modeling of business processes. Research methods: systems analysis, methods
of mathematical and simulation modeling in the Bizagi Modeler environment, asymmetric encryption, and hashing algorithms
to ensure data integrity in distributed networks. Results. This paper proposes and justifies the architecture of the Blockchain Portfolio
Governance Model, comprising five levels: governance, data aggregation, decision formalization, cryptographic integrity, and audit.
A mathematical framework for event logging has been developed, where each decision is signed using the ECDSA digital signature
algorithm. A new comprehensive metric has been introduced — the Portfolio Governance Compliance Index — which enables the
detection of "shadow™ management actions by comparing the number of requests initiated in external systems with the number of
validated transactions on the blockchain. A series of simulation experiments demonstrated that implementing Proof-of-Authority
consensus algorithms in a corporate network introduces negligible time delays (less than 1% of the total cycle), while the majority
of the process time is spent on expert analysis. Conclusions: The application of the BPGM model enables transforming subjective
portfolio management into a transparent, algorithmic process. The proposed solution ensures the creation of a «single source of truthy
for all stakeholders, significantly simplifies audit procedures, and enhances the organization’s institutional reliability without
compromising its operational efficiency.
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Introduction

The rapid increase in the complexity of project
activities, the accelerating pace of change in the business
environment, and the need for more transparent strategic
decision-making are driving the search for new
approaches to project portfolio management. Under these
conditions, traditional management mechanisms do not
always ensure a sufficient level of traceability,
consistency, and auditability of management decisions,
especially when it comes to multi-level approvals,
shifting priorities, and resource reallocation. This creates
a need for models that simultaneously combine process
formalization, data integrity control, and the ability to
quantitatively analyze management effectiveness.

The results of the Project Management Institute
(PMI) study "Step Up: Redefining the Path to Project
Success with M.O.R.E.: Ready to unlock transformative
value for your teams, your organization, and beyond?"
in 2025 confirm that project success depends to a large
extent on the availability of systematic monitoring,

regular reassessment of results, and alignment of projects
with the organization’s strategic goals. This justifies the
need to establish transparent mechanisms for monitoring
the execution of project portfolios, which ensure the
timely identification of deviations, support management
decision-making processes, and enhance trust among
stakeholders. According to the results of a PMI study,
implementing such approaches can increase the project
success rate based on stakeholders’ perception of value
(NPSS) from the current average of 47% to 94% [1].
Traditional centralized management systems, including
ERP solutions and specialized project management tools,
provide advanced planning and monitoring capabilities;
however, they remain vulnerable to data manipulation
and do not guarantee the immutability of decisions made.
This is particularly critical at the portfolio management
level, where strategic decisions regarding budget
reallocation, changes in priorities, and timelines are often
made without formalized validation mechanisms or
a transparent audit trail. As a result, conflicts arise among
stakeholders, trust in management outcomes declines,
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and reconstructing an objective picture of the decisions
made becomes practically impossible.

In this context, blockchain technology becomes
particularly relevant as a tool for ensuring the
immutability, transparency, and traceability of management
events. Unlike traditional approaches, a distributed ledger
ensures that every recorded decision cannot be altered or
deleted without the knowledge of system participants,
creating fundamentally new opportunities for auditing
and verifying the integrity of portfolio management.
The corporate sector’s growing interest in permissioned
blockchain platforms, particularly Hyperledger Fabric,
indicates organizations’ readiness to implement such
solutions in real-world management practice [2]. This creates
a need for models that combine the formalization of
management decisions with cryptographic mechanisms
for recording them, data integrity control, and the ability
to quantitatively analyze management effectiveness.

Literature Review and Problem Definition

As the complexity of distributed project environments
grows, ensuring transparency, accountability, and trust in
project and project portfolio management becomes
a critically important task. Traditional centralized
management systems, including ERP solutions and tools
such as Microsoft Project and Jira, provide advanced
planning and monitoring capabilities; however, they
remain vulnerable to data manipulation, do not ensure
non-repudiation, and do not guarantee a single source of
truth. These limitations are particularly evident at the
project portfolio level, where strategic decisions
regarding budget reallocation, schedule changes, and
priority adjustments are often made without formalized
validation mechanisms or a transparent audit trail,
leading to conflicts among stakeholders and reducing
management effectiveness.

Blockchain technology is viewed as a promising
tool for addressing these issues due to its properties
of immutability, decentralization, and traceability.
At the same time, recent research highlights an important
conceptual distinction between the governance of
blockchain systems and governance through blockchain,
with the latter area remaining under-explored in the
context of project portfolio management.

An analysis of empirical case studies [3, 4] shows
that existing research primarily covers the operational
level of individual projects: management of information,
supply chains, and contractual obligations dominates.

The PMBOK Guide’s [4, 5] classification by knowledge
areas confirms this trend — the highest representation is
observed for communications and stakeholder management,
while functions critical to portfolio management
(integration, risks, scope of work) are minimally
represented. The strategic level of portfolio management
is virtually absent in these studies, indicating that
blockchain’s potential for ensuring the integrity of
decisions at the portfolio level remains untapped.

An analysis of 95 scientific publications from
2015-2022 [4] noted a lack of research dedicated to
project portfolio management (PPM) via blockchain.
A systematic review [6] confirms that current approaches
focus primarily on the technical aspects of blockchain
platform operation, while issues of stakeholder
accountability, the distribution of decision-making rights,
and organizational management remain overlooked.
A similar pattern is observed in the construction industry,
where a study [7] covers a wide range of areas — from
smart contracts and BIM to supply chain management
and energy efficiency — but is also limited to the level of
individual projects and does not extend to portfolio
management. The absence of research on project
portfolio governance in several independent reviews
indicates that this is effectively an unexplored niche,
which this study aims to address.

Individual empirical studies [8-10] confirm that
blockchain integration improves data quality and
traceability at the individual project level, but do not
propose mechanisms for scaling these benefits to the
portfolio level. Works [11-13], dedicated to smart
contracts in infrastructure projects, demonstrate the
effectiveness of automation at the operational level but
create "islands of automation” not linked by a unified
logic of portfolio decisions. The BPGM architecture
proposed in this paper solves this problem through data
aggregation and governance levels that ensure systematic
control and synchronization across portfolio projects.

In the domestic literature [14], blockchain in project
management is considered primarily in the context of
Ukraine’s reconstruction using maturity models (PMMM,
OPM3, CMMI), but without formalized mechanisms for
verifying management decisions through an immutable
digital ledger. The BPGM model can serve as such
a mechanism, complementing existing approaches to
maturity assessment.

Thus, most current research focuses on the
application of blockchain at the level of individual
projects or the technical aspects of blockchain platforms,
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while formalized portfolio management, ensuring the
integrity of management decisions, and their quantitative
assessment remain unexplored. In parallel, the field of
Al-based project management is developing [15, 16],
confirming the general trend toward the adoption of
digital technologies in project management, particularly
in turbulent environments. At the same time, Al- and
blockchain-based  approaches are complementary:
while Al provides adaptability and forecasting,
blockchain ensures the immutability and auditability
of management decisions.

In this regard, this paper, as a logical continuation of
the authors’ previous research [1, 17-20], proposes
a blockchain-based project portfolio management
model (BPGM) aimed at formalizing management
events, ensuring their immutability, and developing
quantitative metrics for assessing portfolio integrity.

The proposed model is particularly relevant in the
context of Ukraine’s large-scale reconstruction, where,
as of early 2026, over 8,000 reconstruction projects have
been registered in the DREAM system. Reconstruction
projects are implemented according to the "build back
better" principle with the integration of sustainable
development goals, which requires a multidimensional
assessment of the results of both individual projects and
their portfolios [21, 22]. At the same time, donors and
international partners emphasize the need for a verifiable
audit trail for every management decision.

Regarding research at the portfolio management
level, the PMI standard defines portfolio management
as a discipline that ensures project investments align with
the organization’s strategic goals and involves a clear
distribution of authority and responsibility for decision-
making [23]. At the same time, a study of seven decades
of PPM evolution [24] indicates that despite a significant
accumulation of methodological knowledge, practical
tools for transparency and accountability at the portfolio
management level remain underdeveloped — most of the
proposed methods have proven insufficient or impractical
in real organizational conditions. The authors [25] distinguish
between portfolio management as an operational practice
and portfolio governance as a strategic, continuous oversight
process, emphasizing that studies explicitly focused on
portfolio governance remain rare. This distinction is
fundamental to this work: the BPGM model addresses
specifically the governance level — the formalization and
verification of strategic decisions — rather than the
operational management of individual projects, which
distinguishes it from most existing approaches.

Formulation of the research objective

The objective of this research is to develop
a conceptual Blockchain Portfolio Governance Model
(BPGM) to enhance the transparency, integrity, and
manageability of strategic portfolio management processes.

To achieve this goal, the following research tasks
must be addressed:

1. Develop a multi-level model architecture
that combines traditional management cycles with
cryptographic mechanisms for recording events.

2. Formalize management decisions as objects in
a distributed ledger using asymmetric cryptography.

3. Propose a comprehensive management quality
assessment metric that accounts for both technical
integrity and procedural discipline.

4. Validate the model through simulation modeling
of business processes.

Thus, the study aims to combine process modeling,
simulation analysis, and blockchain mechanisms to create
a tool that supports transparent, controlled, and auditable
portfolio management.

Materials and methods

BPGM is a conceptual multi-level project portfolio
management model in which strategic decisions affecting
the budget, timelines, priorities, and resource allocation
are formalized as events, cryptographically recorded in
a distributed ledger, and made available for independent
verification and audit.

The key idea behind BPGM is the transformation of
subjective management agreements into verifiable digital
facts: every decision made at the governance level
undergoes formalization, cryptographic protection, and
immutable recording in the ledger. This provides a single
source of truth for all portfolio stakeholders and prevents
retroactive changes to recorded events.

A set of methods was used to develop and validate
the model. System analysis methods were applied
to decompose the portfolio management process at
the decision-making level and to define functional
requirements for each level of the BPGM architecture.
BPMN modeling was used to formalize and visualize the
management process — from the initiation of a change
request to the audit verification of the result — taking into
account the interaction between the Portfolio Manager,
PMO, steering committee, and blockchain components.
The ECDSA and SHA-256 cryptographic algorithms
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form the basis of the mechanism for digitally signing
management events and constructing a hash chain,
ensuring the immutability of records and the ability
to independently verify their integrity. The Proof-of-
Authority (PoA) consensus algorithm was chosen as the
basis for the permissioned blockchain network, as it
provides the necessary throughput and organizational
accountability with a limited set of authorized validators —
members of the steering committee or independent
auditors. Simulation modeling was performed in the
Bizagi Modeler environment — a specialized tool for
simulating business processes built in BPMN notation.

It should be noted that the model is not intended
to replace traditional portfolio management systems,
but rather to enhance their trust, traceability, and
accountability through a blockchain infrastructure with
permissioned access.

The goal of BPGM is to ensure:

— the immutability of strategic decisions within
the portfolio;

— transparency of changes to budgets, timelines,
and priorities;

— control over the reallocation of resources between
projects;

— the ability to conduct
of decisions;

— a reduction in information asymmetry among
stakeholders;

—increased institutional trust in portfolio management.

In this context, "management in project offices"
refers to a set of governance processes implemented
by the PMO at the portfolio level: coordination of
interdependent project initiatives with a shared resource
pool, standardization and validation of decision-making
procedures (changes to budget, timelines, priorities),
monitoring of alignment with the organization’s strategic
goals, and ensuring stakeholder accountability to
sponsors and the steering committee. The class of tasks
for which the BPGM model is designed involves

independent audits

situations where multiple projects are executed
simultaneously amid competition for resources, where
every management decision potentially impacts the
entire portfolio and requires permanent documentation
for future audit. It is precisely under such conditions
that the absence of a single verified source of
management events most often leads to systemic failures:
duplication of decisions, data inconsistencies among
stakeholders, and the inability to reconstruct the
chronology of strategic changes.

Results

BPGM comprises five levels that ensure an end-to-
end process from data collection to audit:

1. Governance Layer

This layer is responsible for the governance context
of decision-making. It is here that strategic actions are
formulated regarding budget changes; schedule changes;
priority changes; resource reallocation; and the approval
or rejection of portfolio initiatives. This layer includes the
portfolio manager; the governance committee; the PMO;
sponsors; and financial and operational stakeholders.

2. Data Aggregation Layer

To minimize the risk of manipulation during the
change initiation phase, this layer provides automated
integration  with  traditional project management
information systems (Microsoft Project, Jira) and
corporate ERP solutions. Instead of manual entry, which
does not guarantee objectivity, the model’s multi-level
architecture allows for the extraction of up-to-date
metrics regarding budgets, resources, and the current
status of tasks via API. This aggregated data serves as
an objective foundation for the operation of the Decision
Formalization Layer.

3. Decision Formalization Layer

Any management decision
a formalized event record:

is translated into

E= {PID,Type, ACost, ATime, DecissionBody, Timestamp, Signature} ,

where PID is the project identifier; Type is the decision
type; ACost is the budget change; ATime is the schedule
change; DecisionBody is the body or entity
that made the decision; Timestamp is the time of
recording; Signature is the digital signature.

This layer ensures the standardization of
management events and establishes a unified logic for
all portfolio decisions.

4. Cryptographic Integrity Layer

At this layer, the event is converted into
a cryptographically secured record:
h=H(E),

where H is a hash function, such as SHA-256.

The technological foundation for recording these
entries is a multi-tier smart contract architecture deployed
in a permissioned environment (specifically, using
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frameworks such as Hyperledger Fabric or private
Ethereum networks). To ensure the necessary throughput
and organizational accountability of transactions, the
Proof-of-Authority (PoA) consensus algorithm is used.
In this configuration, the right to validate blocks is
granted exclusively to authorized nodes (e.g., members of
the steering committee or independent auditors), which
guarantees the irreversibility of management actions.

The choice of a permissioned blockchain
(specifically Hyperledger Fabric) for the BPGM model
is justified by the specifics of corporate project
portfolio management (PPM), where the priority is on
confidentiality, access control, and efficiency, rather than
full decentralization.

A permissioned blockchain restricts access to authorized
participants only (PMO, Portfolio Manager, committee),
ensuring role-based permissions and identity verification,
unlike permissionless blockchains (Bitcoin/Ethereum),
where anyone can validate. This is critical for PPM,
where decisions contain confidential information about
budgets and strategies, preventing leaks via a public ledger.

The subsequent chain of events unfolds as follows:

B,=E{,.h.h_},
where each new entry contains the event itself; its hash;
and the hash of the previous entry.

This creates a sequential chain of events that makes
it impossible to secretly alter decisions that have already
been recorded.

5. Audit Layer

The audit layer ensures data integrity and
consistency between the document and the registry entry:

V(D,h)— true, if H(D)=h
R alse, otherwise,

where D is a document or dataset; h is a previously
recorded hash.

This mechanism allows an independent auditor
to verify whether the document has been altered since
it was recorded.

Let the project portfolio be defined as:

P={R,P,...,P},
where P is an individual project within the portfolio.
Then the set of all portfolio events is:

E=JE,.
i=1

where E, is the set of project events.

This means that the portfolio is viewed as
a collection of related events, rather than merely as
a set of projects.

The system is considered consistent if the following

holds for every record:
h, =H(E,|h,.).
where || means data concatenation.
Then the integrity of the entire system is defined as:
. 1, if all event sare valid
Integritylndex = .
0, otherwise.

In practice, this means that any disruption in
the sequence of events is immediately detected
during verification.

A new metric is proposed to assess the quality and
reliability of the portfolio registry:

_ ValidEvents

PEIl = ,
TotalEvents
where ValidEvents is the number of events that remained
unchanged and passed verification; TotalEvents is the
total number of recorded strategic events.
The proposed scale for interpreting PEIIl values is

presented in Table 1.

Table 1. Interpretation of PEIl values

PEIIl values Interpretation
0,90-1,00 High level of compliance
0,70-0,89 Acceptable level
<0,70 Critical level — audit required

To improve responsiveness to business-critical
decisions, a weighted version of the index is proposed:

: W,
PE“W — ZeeValldEvents e Xloo%,

2 w,
eeTotalEvents = ©

where w, is the event weight (e.g., 3 for BudgetChange,

2 for ScheduleChange, 1 for other types).

To assess the quality and transparency of portfolio
management within the BPGM model, a comprehensive
metric is introduced — the Portfolio Governance Compliance
Index (PGCI). The PGCI allows for a quantitative

assessment of an organization’s management discipline:

PGCI =M>< PEII ,

init
where N, is the number of management transactions

that have been successfully validated by consensus
algorithms and recorded on the blockchain; N.. is the

init
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total number of initiated requests for changes to the
portfolio (including those that were rejected or deleted
outside the system).

This approach allows for the identification not only
of technical data integrity errors but also of "gray areas"
in governance — cases where decisions are made or
changed in circumvention of formalized BPGM procedures.
A PGCI value close to 1 indicates high process maturity
and full transparency in portfolio management.

The implementation of the PGCI integrated
indicator allows for a distinction between the concepts of
data integrity and governance compliance. While PEII
focuses on the immutability of existing records, the
PGCI N, /N, identifies "off-system" management

actions that have not been formalized in the distributed
ledger. Thus, the PGCI serves as a tool for detecting
"shadow" project portfolio management.

To demonstrate the advantages of using the PGCI
over traditional technical integrity metrics, let’s consider
two contrasting scenarios for the operation of a portfolio
management system. These scenarios allow us to
distinguish  between the technical robustness of
a distributed ledger and actual management discipline
within an organization.

Scenario A: High technological reliability with low
managerial discipline

In this case, the organization uses a perfectly
configured blockchain infrastructure that ensures absolute
(PEIl =1.0).

operational management level, protocols are being
ignored: managers enter only 50% of the decisions
actually made into the ledger, leaving the rest of the
changes in the "shadow" zone (outside the BPGM).

Under these conditions, PGCI =0.5x1.0=0.5.
A low index value signals management risks: despite
the system’s technical perfection, it does not fulfill the
function of transparent control, since a significant portion
of processes remains informal.

data immutability However, at the

Scenario B: High management discipline despite
technical compromises

In this scenario, the organization’s management
demonstrates a strong commitment to established
procedures, recording every decision made on the
blockchain (N, /N,; =1.0).
insufficient decentralization (for example, a low number
of active nodes in the private network), a technical error

However, due to

or a targeted attack occurred, resulting in the corruption
of 20% of historical records.

In this case, PGCI =1.0x0.8=0.8. Here, the index
indicates a breach of technical trust. Although the
organizational culture is strong, the registry data can no
longer be considered an absolutely reliable source
for auditing.

A comparative analysis confirms that the PGCI is
an effective tool for diagnosing the "health” of
a governance system. It allows stakeholders to clearly
identify the nature of the problems: whether they lie in
the realm of human error and regulatory violations
(Scenario A) or in the realm of technical infrastructure
vulnerabilities (Scenario B). This enables the adoption
of targeted corrective actions to improve the overall
transparency of portfolio management.

Thus, the model can be presented as a sequence of
layers: Governance Layer — Data Aggregation Layer —
Decision Formalization Layer — Cryptographic Integrity
Layer — Permissioned Blockchain Ledger — Audit Layer.

That is, a management decision arises in the
portfolio environment, the decision is formalized as
an event, the event is hashed and included in the chain
of records, the record is stored in a permissioned

blockchain, and an independent auditor performs
an integrity check.
Thus, we propose the concept of portfolio

management as a system of cryptographically verified
events, formalize the mechanism for translating strategic
decisions into events suitable for immutable storage,
and introduce the PEIl and PGCI metrics, which allow
for the quantitative assessment of the level of integrity
and trust in the portfolio registry.

BPMN modeling was used to formalize and visualize
the process of management decisions in a portfolio
context. The modeling results are presented in Figure 1.

The process encompasses the interaction between
management, financial, control, and blockchain
components. This structure corresponds to the logic of
BPMN swimlanes, where each lane represents a separate
responsibility or process participant.

The Portfolio Manager initiates a change request:
budget, timeline, priority, or resource allocation.
The reason for the change, the expected impact on the
portfolio, and the justification for the committee are
described. The request is forwarded to the PMO or
committee for preliminary analysis. This stage creates
an event source, which will subsequently serve as the
basis for formalization and verification.
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Blockchain-Based Portfolio Governance Model
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|—)( ) Verification Failed
Verify Integrity
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Fig. 1. BPMN-based process model of strategic change handling in the Blockchain-Based Portfolio Governance Model (BPGM)

The PMO analyzes the proposal’s impact on the
budget, timelines, risks, interdependencies between
projects, and portfolio KPIs. It is verified whether there is
sufficient data for review: the presence of calculations,
signatures, financial estimates, and explanations. If the
data is insufficient, the process is returned to the Portfolio
Manager for revision. If the package is complete, it is
forwarded to the committee for review.

Next, the committee reviews the request in terms of
strategic feasibility, priority, and resource constraints.
At this stage, three options are possible: Approve, Reject,
Send Back for Revision. The corresponding gateway is
key to the model, as this is where the management
decision is formed, which then becomes an event at
the blockchain level.

After the decision is approved, a structured record
is generated:

— project ID;

— decision type;

— budget change;

— timeline change;

— decision-making body;

— timestamp;

— digital signature.

The event is transformed into a formal object for
subsequent recording in the registry. It is here that the
management decision is transformed into a blockchain-

ready event. The formalized event is recorded in
a permissioned blockchain. The event’s hash is
calculated. The event is appended to the chain of previous
records. Once the record is saved, the process proceeds
to integrity verification. This ensures the immutability of
strategic decisions and a transparent audit trail. The auditor
verifies whether the recorded hash matches the current
document or event. If everything is correct, the event is
deemed valid. If not, a discrepancy is recorded. The audit
result concludes the process. This stage links the
blockchain mechanism with management accountability,
which is one of the model’s key advantages.

In the first stage, the BPMN model was modeled
using only time parameters and branching probabilities,
without explicit resource constraints. This approach
allowed us to estimate the process duration, rework
cycles, gateway behavior, and the resulting Portfolio

Event Integrity Index (PEII) under various decision-

making scenarios.

Tasks performed by humans were modeled using
triangular distributions defined by minimum, most likely,
and maximum durations, while technical blockchain
operations were assigned a fixed duration due to their
low variability (Table 2). The time parameters for the
blockchain are conservative (intentionally inflated for
simulation purposes), since in real Private Ethereum or
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Hyperledger networks, this time typically does not
exceed a few seconds (this demonstrates that even in the
"worst-case" scenario, the blockchain network does not
"slow down" business). Gateway routing was determined
using branching probabilities for the outcomes of
confirmation, revision, rejection, and integrity.

The initial modeling parameters were derived based
on the process logic, expert estimates of the duration of
individual operations, and assumptions regarding the
probabilities of transition between stages. The time
characteristics reflect the approximate duration of
management actions within the model, while the
probabilistic parameters were used to formalize possible
process development scenarios at control points.
This approach is appropriate in the absence of a complete
set of empirical data, as it allows for the reproduction
of realistic system behavior, the assessment of its
sensitivity to changing conditions, and the comparability
of results across scenarios.

Table 2. Time characteristics of the process

The characteristics of the scenarios are
presented below.
1. Optimistic. The process proceeds with almost
no returns:
—  approve: 70%.
—  revision: 20%.
—  reject: 10%.
— integrity pass: 99%.
2. Base case. The most realistic:
—  approve: 60%.
—  revision: 25%.
—  reject: 15%.
—  integrity pass: 98%.
3. Constrained. More revisions and delays:
—  approve: 45%.
—  revision: 35%.
—  reject: 20%.
— integrity pass: 95%.

Task Distribution Min Mode Max
Prepare Change Justification Triangular 1 2 4
Submit for Review Fixed 0,1 0,1 0,1
Assess Change Impact Triangular 1 3 5
Validate Completeness Triangular 0,5 1 2
Review by Committee Triangular 2 4 7
Resubmit Change Request Fixed 0,1 0,1 0,1
Formalize Decision Triangular 0,5 1 2
Generate Event Object Fixed 0,05 0,05 0,05
Write Event to Ledger Fixed 0,05 0,05 0,05
Hash Event Fixed 0,01 0,01 0,01
Link to Previous Hash Fixed 0,01 0,01 0,01
Verify Integrity Triangular 0,1 0,3 0,6

The simulation was performed using Bizagi
Modeler. The simulation results for the base case scenario
are shown in Figure 2.

The simulation results for the base case scenario
showed that out of 451 initiated requests, 441 were
completed within the model, and the average process
duration was 17.32 days. The most time was spent on
preparing the justification for changes, impact
assessment, and committee review, while the stages of
recording the decision in the ledger were completed
without delays, confirming their operational ease.

The simulation also showed that some requests
are filtered out during the completeness check or
rejected after review, reflecting the presence of control
points in the process. At the same time, 351 completed

cycles passed integrity verification, and only 6 cases
ended unsuccessfully, indicating the high reliability
of the data recording and verification mechanism
in this scenario.

Simulation modeling confirmed that the proposed
model ensures controlled movement of the request
through all stages of portfolio approval, with the main
time losses concentrated on management analysis rather
than on blockchain operations. This means that
blockchain integration does not complicate the process
but enhances its transparency and control over the
integrity of management decisions.

Within the scope of the study, the BPGM model
was developed and formalized as a comprehensive
architecture for supporting portfolio governance based
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on a combination of process logic and blockchain
recording mechanisms. The model reflects the sequence
of management actions from the initiation of a change
request to its verification, approval, or rejection, and also

provides for the immutable recording of critical events in
a distributed ledger. This structure ensures the traceability
of a decision at all stages of its processing and creates
a basis for subsequent auditing.
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Fig. 2. Modeling results (Base case scenario)

One of the key outcomes is that the BPGM model
allows for the separation of the actual managerial logic
of decision-making from the technical aspects of
verifying and documenting those decisions. As a result,
every significant action within the process becomes
a controllable event that can be verified based on
temporal, procedural, and informational criteria.
This increases the transparency of portfolio management
and reduces the risks of loss, distortion, or duplication
of critical data.

Simulation modeling of the BPGM BPMN process
was performed for three scenarios: optimistic, base case,
and constrained. In all scenarios, the time characteristics
of tasks, the probabilities of transitions through gates,
and the total duration of the portfolio decision process
from request initiation to verification completion were
analyzed. The shortest lead time was obtained in the
optimistic scenario, while the constrained scenario was
characterized by the longest duration due to a higher
proportion of re-approvals and revisions.

In the base case scenario, the Review by Committee
and Revise Request stages contributed the most to the
total process time, indicating their role as the main time

bottlenecks. The Decision gate provided the main
branching point of the process, with the majority of
trajectories ending in approval, while a smaller portion
proceeded to revision or rejection. The blockchain-
recording stages — Write Event to Ledger, Hash Event,
and Link to Previous Hash — had virtually no impact
on the total duration due to their technical nature and
low variability in execution time.

The PEIl metric remained high in all scenarios,
indicating that the integrity and controllability of
portfolio events were maintained within the model’s
scenarios. The greatest decrease in PEIl was observed
in the constrained scenario, where the proportion of
repeat cycles increased and the probability of a request
being returned for revision rose.

Discussion of Results

BPGM is a conceptual model that combines
portfolio management, event formalization, and blockchain
integrity mechanisms. Its key advantage lies in the fact
that strategic decisions cease to be merely managerial
agreements and are transformed into verified digital facts.
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This creates a foundation for transparent, controllable,
and audit-ready management of project portfolios.

The model can be applied to the management of
IT portfolios; construction and infrastructure programs;
government digital transformation portfolios; cross-
organizational projects; and audits of large programs
where the traceability of decisions is critical. Its practical
value lies in creating a single source of truth for strategic
portfolio decisions.

Scaling the model depending on the complexity of
the tasks being solved can be approached in several ways.

1. Number of projects in the portfolio

An increase in the number of projects increases the
volume of transactions at the blockchain level, but thanks
to POA consensus, this load scales linearly and does not
affect latency (confirmed by simulation — <1% of
a cycle). However, the load on the governance level
increases: more projects mean more Cross-project
dependencies, which requires expanding the pool of
validators and refining the coordination protocols.

2. Number of hierarchy levels and participants

For simple portfolios (one PMO, two to three
stakeholders), a minimal validator configuration is
sufficient. For complex portfolios — corporate or
government — multi-level approvals emerge (PMO —
sponsor — regulator), and BPGM adapts by adding
validator nodes without changing the architecture. This is
a structural advantage of a permissioned blockchain.

3. Frequency and diversity of management decisions

The higher the rate of change and frequency of
decisions (typical for IT portfolios in an Agile
environment), the greater the value of a consistent audit
trail — and the higher the sensitivity of PGCI to
deviations. For slow-moving portfolios (infrastructure
programs), the model remains valid, but the threshold
values for PGCI and PEIl may require calibration
for a specific domain.

4. Degree of project interdependence

With weak interdependence, BPGM operates as
a parallel set of independent decision chains. With strong
interdependence, a data aggregation level is activated that
tracks cross-project events. The complexity of the task
here determines which part of the architecture is
involved, but does not break the model.

The results indicate that the value of the BPGM
model lies not only in the use of blockchain as
a technological component, but primarily in building
a managed portfolio governance model where the
decision-making process becomes transparent and

verifiable. Unlike traditional approaches, in which
management actions are often scattered among different
participants and information systems, BPGM forms
a single logical control loop. This allows for increased
confidence in decision-making outcomes and ensures
better portfolio manageability.

From a methodological standpoint, BPGM should
be viewed as a platform for the further development of
digital portfolio management. Its architecture creates the
conditions for integration with analytical tools, decision
support systems, and portfolio performance monitoring
mechanisms. In this context, the model has practical
value as a foundation for building more robust,
transparent, and formalized management processes.

The results confirm that the proposed BPGM model
is sensitive to changes in the logic of approval and the
quality of the initial submission of changes. In practical
terms, this means that even with a stable blockchain
infrastructure, the overall effectiveness of governance
is determined primarily by the organization of the
process, rather than the technical layer of data storage.
Simulation modeling confirmed that the implementation
of blockchain tools does not create new technological
bottlenecks. The main delay remains in the cognitive
sphere — the time required for stakeholders to analyze
the governance situation.

Thus, blockchain in a governance model should not
replace the management process, but rather enhance its
transparency and auditability. At the same time, the
simulation itself shows that technical integrity does not
compensate for poor-quality management input if
requests are frequently returned for revision.

The implementation of BPGM in the real economy
is accompanied by a number of limitations that must be
taken into account:

1. The Oracle Problem: blockchain guarantees
the technical immutability of data after it is recorded
in the ledger, but it cannot automatically verify the
accuracy of information at the stage of its initial entry.
If a project manager intentionally enters false data
about task status into the aggregation system, the
BPGM model will cryptographically record this fact but
will not detect the misinformation without additional
external audit mechanisms.

2. Complexity of integration with existing systems:
The effectiveness of the Data Aggregation Layer directly
depends on the availability of open APIs in corporate
software (ERP, CRM). In organizations with outdated
IT infrastructure, automating data collection may be
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technically challenging, requiring a temporary transition
to semi-automated input methods.

3. Cost-effectiveness and scalability: Although
simulation modeling confirmed low time costs, deploying
and maintaining a private blockchain  network
(validation nodes) requires additional expenses for
infrastructure and energy consumption. For small
businesses with a limited number of projects, the
administrative costs of maintaining the BPGM
may outweigh the benefits of transparency.

4. Digital Asset Management (Key Management):
The model relies on asymmetric cryptography, which
requires stakeholders to possess a high level of digital
literacy in handling private keys. The loss or compromise
of a key could lead to a blockage in the approval process
or legal disputes regarding the authenticity of signatures.

The identified limitations outline avenues for future
research, particularly regarding the development of
algorithms for automatic verification of input data using
artificial intelligence and the optimization of key storage
mechanisms in the corporate sector.

Conclusions

or inconsistency. This is particularly important for
environments where decisions are strategic in nature
and require a high level of accountability.

The results obtained confirm the feasibility of
further developing the BPGM as a foundation for the
digitalization of portfolio management processes.
In future research, it is advisable to expand the model
by integrating analytical monitoring tools, performance
evaluation mechanisms, and support for adaptive
portfolio management.
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KOHIEIITYAJIBHA MOJEJIb MOHITOPUHI'Y IIOPT®EJIbBHOI'O YIIPABJIIHHA
B TIPOEKTHUX O®ICAX HA OCHOBI BJIOKYEHHY

IIpenrvMeToM BHBYEHHSI € TIPOIECH 3a0e3NEYeHHS IMPO30POCTi, IMiA3BITHOCTI Ta IUIICHOCTI JaHUX Y CHCTeMax YHpaBIiHHI
nopTdersiMi TPOEKTIB HA OCHOBI TEXHOJOTIH PO3MOALIEHOr0 peecTpy. MeTa AOCHiIMKeHHS — pPO3POOJICHHS KOHIICTITYaNIbHOL
mozeni Blockchain Portfolio Governance Model (BPGM) misi mifBHINEHHST MPO30POCTi, IITICHOCTI Ta KEPOBAaHOCTI MPOLECIB
CTpaTerivHoro MOpTQEIbHOr0 YIpaBIiHHA. 3aBAaHHMA: Po3poOUTH OaraTOpiBHEBY apXiTEKTypy MOJENI, IO HOEJHY€E TpagulliiiHi
YIPaBITIHCEKI LIUKJIM 3 KpunrorpadidHUMH MexaHi3MaMH Qikcamii mofii; ¢opmMaiizyBaTH YIpaBIIHCBKI pillIeHHSA SK 00’€KTH
PO3MOAIIEHOTO PEECTPY 3 BHKOPHCTAHHAM AaCHMETPUYHOI Kpunrorpadii; 3ampornoHyBaTH KOMIUICKCHHH ITOKAa3HHK OI[HKK
SIKOCT1 yNpaBNiHHA, IO MICTUTh SK TEXHIYHY LNICHICTh, TaK 1 NpOUEAypHY AWCHMIUIIHY; 3OIMCHUTH Bamigamilo MoIemi
croco0oM IMITallifHOTO MOJICTIOBaHHSA Oi3Hec-mporieciB. MeToau MOCTiIMKeHHsI: CHCTCMHUN aHaji3, METOOd MaTeMaTHYHOTO
Ta iMmiTamiiHOrO MoJenroBaHHA B cepemoBuili Bizagi Modeler, anroputMu acUMeTpHYHOrO IIM(PYBaHHS I TelIyBaHHS
Ui 3a0e3MeueHHs IUTICHOCTI JaHWX Yy PpO3MOAUICHHX Mepexax. Pedyiabratu. Y poOOoTi 3ampomoHOBaHO # OOIPYHTOBaHO
apxitektypy Moxeni Blockchain Portfolio Governance Model, sika mepenbauae m’sTh piBHIB: YIpaBIiHHS, arperamilo JaHUX,
(dhopmarizaiiiro pimieHb, KpunrorpadiuHy HiTiCHICTD 1 ayauT. Po3pobieHo MaTeMaTHYHUH amapat ¢ikcarii moaii, 1e KoKHe pillleHHs
3aCBIIUy€ETHCS 3a JOMOMOTor0 anroputMmy nudposoro miamucy ECDSA. YnpoBampkeHO HOBMH IHTETrpasIbHHI MOKa3HHK — iHJIEKC
BigmoBimHOCTI mopTdensHoro ympasmiHHSA (Portfolio Governance Compliance Index), mo mae 3Mory BHSBIATH "TiHBOBI"
YOPaBIIHCHKI Jii 3a JOMOMOTOI0 MOPIBHAHHS KUIBKOCTI iHINIHOBAaHMX 3alMTIB Y 30BHILIHIX CHCTEMax i3 KiIBbKICTIO BasliIOBaHUX
TpaH3akuUiil y Gnokueiini. [IpoBeneHo cepiro iMiTaliHHUX ESKCIIEPUMEHTIB, SKi JOBENH, L0 BIPOBAKCHHS AITOPUTMIB KOHCEHCYCY
Proof-of-Authority B xopmopaTiBHY Mepexy moJa€ He3Ha4Hi 4acoBi 3aTpuMKH (MeHiue 1% BiJ 3arajJbHOTO LHMKIY), TOMi SIK
OCHOBHHIl dYac Tpolecy TMpUIaga€ Ha eKclepTHud aHamiz. BucHoBku. 3acrocyBanHs wMogeni BPGM  gomomarae
TpaHchopMyBaTH Cy0’€KTHBHE YIPAaBIiHHS HOPTQENIeM y Mpo30puil alropuTMiuHKil mpolec. 3anponoHOBaHe pillleHHs 3abe3mnedye
CTBOpPEHHs "€MHOTO JpKepesia iCTHHH" JUIS BCIX CTEHKXOJJepiB, 3HAYHO CHPOIIY€E MPOLEAYPU ayIAMTy W HiIBHILYyE iHCTUTYLiHHY
HaJIHICT opraHizarii 6e3 3HmKeHHs 11 onepaniitHoi eeKkTHBHOCTI.

Kurouosi ciioBa: 61ok4eiiH; ynpaBmiHHS nopTdersimu npoekTiB (PPM); mpo3opicTts ynpasninas; poznoninenunit peectp (DLT);
iMiTaniiiHe MoJieTIOBaHHS Oi3HEC-TIPOLIECiB; 1HAEKC BiAmoBinHOCTI mopTdensrHoro ynpasminHsa (PGCI); mia3BiTHICTS TaHUX.

bibnioepaghiuni onucu / Bibliographic descriptions

I'ycesa 0. 0., Uymauenko I. B., Hekpacos I. b., Xynskos 1. O., Jlonenko H. B. KonnenryansHa Moiens MOHITOPHHTY
nopT(denbHOro yNpaBIiHHA B MPOEKTHHX O¢icax Ha OCHOBI OnokueitHy. CyuacHuii cmaH HAYKOGUX OOCHIONCEeHb mda MeXHON02ill
6 npomucnosocmi. 2026. Ne 2 (36). C. 15-28. DOI: https://doi.org/10.30837/2522-9818.2026.2.015

Husieva, Y., Chumachenko, I., Nekrasov, I., Khudiakov, I., Dotsenko, N. (2026), "A conceptual model for monitoring
portfolio management in project offices based on blockchain®, Innovative Technologies and Scientific Solutions for Industries,
No. 2 (36), P. 15-28. DOI: https://doi.org/10.30837/2522-9818.2026.2.015



https://doi.org/10.30837/2522-9818.2026.2.015
https://doi.org/10.30837/2522-9818.2026.2.015

