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Adaptive Consensus Mechanisms for Smart Contract Optimization

Abstract. The paper proposes an adaptive hybrid consensus model for a social
platform blockchain system that integrates PoS, DPoS, and PoA. The model provides
dynamic adjustment of consensus modes depending on the Download network and
transaction type, and also takes into account the reputation of validators to increase
the reliability of verifications. This approach will help to increase throughput, reduce
transaction processing time, and optimize energy consumption with classical mecha-
nisms. The approach allows for an effective combination of performance and security
of blockchain systems, and promising areas for further research include the use of
machine learning for load forecasting and integration into hybrid blockchains with

cross-chain smart contracts.
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Introduction. Today's social media has seen a rapid increase in the volume of
decentralized transactions, covering a wide range of interactions, from basic user ac-
tions such as liking, commenting, or following to complex reward systems and mi-
cropayments. In such digital ecosystems, smart contracts play a key role in ensuring
transparency, authenticity, and automation of processes [1].

At the same time, traditional consensus-building mechanisms, including Proof
of Stake (PoS), Delegated Proof of Stake (DPoS), and Proof of Authority (PoA), re-
veal a number of limitations in the context of dynamically changing network loads
[2]. This is especially noticeable when processing large data streams, for example,
with the YouTube API, where the level of user activity can reach thousands of trans-
actions per second, which leads to delays in block validation and a decrease in the ef-

ficiency of smart contract execution.
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The purpose of this study is to develop and experimentally verify an adaptive
hybrid consensus mechanism (AHC — Adaptive Hybrid Consensus), which is able to
dynamically change the parameters of transaction reconciliation depending on the
type of user activity and the current level of network load. The proposed approach is
aimed at optimizing the performance and stability of smart contract execution in de-
centralized social environments, how described is this article [3].

Mathematical model. The proposed Adaptive Hybrid Consensus (AHC) mod-
el for evaluating the effectiveness of consensus models combines three classical
mechanisms: Proof of Stake (PoS), Delegated Proof of Stake (DPoS), and Proof of
Authority (PoA). They are combined into a single multi-layered architecture that is
able to dynamically adapt to changes in network load and transaction types. This ap-
proach provides a balance between speed, security, and resource efficiency, which is
an important aspect when using decentralized social networks with uneven user activ-
ity and allows us to reflect the performance and adaptability of mechanisms in dy-
namic conditions.

Accordingly, key performance indicators have been formalized, such as:
Transaction Processing Time (TPT) — average transaction processing time (ms),
Throughput (TPS) — number of transactions processed per second, Consensus Energy
Index (CEI) — energy consumption per transaction in relative units, and Network
Adaptability Coefficient (NAC) — performance stability coefficient under variable
network load conditions. Based on these parameters, the computational complexity

level of the system can be defined as:

Ce = f(L,Ty) = aLy + BTy, (1)
where C; - current difficulty level, L, — load at a certain point in time and T,- type of

interaction with weighting factors for selection.

To ensure adaptability, the model analyzes the current transaction rate and val-
idator trust index, adjusting consensus parameters in real time. Under high load, it
prioritizes high-throughput mechanisms (PoA or DPoS), while at lower loads it fa-
vors energy-efficient modes (PoS), maintaining an optimal balance between perfor-

mance, stability, and energy consumption.
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The integral efficiency of the adaptive model is determined through the gener-

alized efficiency function:

Eanc = @ * ==+ f + NAC —y * CEI )

where o,B,y are the weighting factors representing the relative importance of
throughput, stability, and energy efficiency, respectively. Their values can be deter-
mined empirically according to the network configuration or adjusted dynamically

based on the observed load distribution. The normalization condition:

a+B+y=1a/pB,ve[01], (3)
ensures proportional balance among performance-oriented parameters, enabling the

model to maintain equilibrium between transaction speed, consensus stability, and
energy consumption under variable operating conditions.

Software implementation. Real data for modeling was data obtained from the
YouTube API, which reflects key aspects of user behavioral activity in a decentral-
ized environment, including publications, comments, subscriptions and reactions. The
collected events were transformed into a structure of smart contracts in JSON format,
where each record contains parameters of the transaction type, event timestamp,
unique transaction identifier and its weight, which characterizes the intensity of inter-
action. This approach provides the ability to simulate realistic scenarios of social in-
teraction under variable load conditions. The generated smart contracts are used as
input data for a test blockchain environment implemented on the basis of the Node.js,
Nest.js, Hyperledger Fabric and PostgreSQL technology stack. This architecture pro-
vides modularity, scalability and the ability to integrate consensus mechanisms of dif-
ferent types for their further comparison.

Thus, in a containerized Docker environment consisting of five nodes with
computing resources of 2—4 CPUs per node. This configuration ensured the repre-
sentativeness of the experiment for evaluating real scenarios of scaling blockchain
networks. The obtained results of the quantitative comparison are shown in Table 1,
which allows for a comprehensive analysis of the advantages and limitations of the

proposed adaptive consensus mechanism.
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Tabl.1. Comparison of the effectiveness of consensus mechanisms

Mechanisms | TPT (ms) | TPS(s) | CEI | NAC
PoS 260 75 1.00 | 0.58
DPoS 210 95 0.82 | 0.67
PoA 170 120 0.76 | 0.64
AHC 140 155 0.71 ] 0.81

Thus, the proposed AHC model outperforms classical consensus algorithms
across all key metrics. It achieves higher throughput (TPS), reduced transaction la-
tency (TPT), and lower energy consumption (CEI), confirming the efficiency of
adaptive resource allocation under varying network loads. The model also demon-
strates superior adaptability and stability by minimizing validation overhead for low-
risk transactions (e.g., micropayments or social interactions) while preserving full

verification for critical operations.
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Figure 1. Visual representation of consensus mechanism metrics
Fig. 1 presents a comparative analysis of consensus models - PoS, DPoS, PoA,
and AHC. Fig. 1, a illustrates the dependence of average transaction time (TPT) on
network load (TPS). With increasing load, latency rises in all models, but AHC main-
tains the lowest TPT, demonstrating superior scalability and adaptability.
Fig. 1,b summarizes the relative performance of each mechanism according to

five criteria - scalability, security, stability, adaptability and energy efficiency. The
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AHC model shows the highest balance between all criteria, in contrast to PoS, which
is inferior in stability, and PoA, which has lower security, although high energy effi-
ciency.

The bar chart in Fig. 1, ¢ displays the average transaction confirmation time for
each model under a standard load. The worst results are observed in PoS, while AHC
again shows the lowest latency, confirming its optimization potential for smart con-
tracts in dynamic network conditions.

Fig. 1, d illustrates the change in throughput (TPS) depending on the load
(light, medium, high). AHC demonstrates a stable and significant increase in perfor-
mance with increasing load, while traditional mechanisms have a noticeably lower
scaling rate. Thus, the AHC model combines the speed of PoA, the delegated effi-
ciency of DPoS and the security of PoS, providing a flexible balance between per-
formance and reliability in real time.

Due to the dynamic adjustment of complexity and the integration of the reputa-
tion mechanism of validators, AHC demonstrates high adaptability to load fluctua-
tions and the potential for implementation in blockchain platforms and social net-
works. And the results obtained confirm that the adaptive hybrid model (AHC) pro-
vides the best balance between speed, stability, and energy efficiency, outperforming
traditional approaches in the context of intelligent load management in blockchain
networks for executing smart contracts and rational use of computing resources, and
maintains system stability under changing conditions.

Conclusions. The proposed Adaptive Hybrid Consensus (AHC) model
achieves significant performance improvement compared to the classical PoS, DPoS,
and PoA mechanisms. Experimental results showed that AHC provides an increase in
throughput (TPS) relative to PoS and a reduction in the average transaction pro-
cessing time to 140 ms. Expert evaluation also confirmed the superiority of the model
in terms of adaptability, stability and security. The model effectively combines the
speed of PoA, the flexibility of DPoS and the security of PoS, automatically switch-
ing modes according to the load and type of transactions. This approach allows opti-
mizing the operation of blockchain systems of social networks, reducing energy con-
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sumption without losing the reliability of checks. The practical application of AHC is

appropriate in decentralized social interaction platforms, where high scalability and

fast system response are required.
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Aoanmugni mexanizmu KOHCEHCYCy 0711 ONMUMIZAyii CMapm-KOHMPAKmie
HOpiu I]yozenko, bozoan Ilasnuuenko

Y pobomi 3anpononosano adanmusny 2iOpuoHy mooeib KOHCEeHCYCy O/isl 10K~
yelin-cucmem coyianvHux niamgopm, wo inmeepye PoS, DPoS ma PoA. Mooenw 3a-
be3neuye OUHAMIUHE Pe2yIO8AHHS PEHCUMIB KOHCEHCYCY 3ANeHCHO L0 HABAHMAICEH-
HSL Mepedici ma muny mpaH3akyil, a maxkodc 8paxos8ye penymayiro 8aiioamopis o
nioguwenHs Haoiinocmi nepegipok. Taxuil nioxio donomodice nid8UWUMU NPONYCKHY
30amuicmyv, cCKopomumu uac o6poOKU Mpau3aKyitl ma onmumizyeamu eHepeocno-
HCUBAHHS NOPIGHAHO 3 KlACUYHUMU Mexauizmamu. 11i0xio 0o3eonsae epekmusHo no-
€onysamu npoOyKmuHicms ma Oe3nexy OJOKUelUH-cucmem, a NepcneKmueHUMY Ha-
APAMAMU NOOANBULUX OOCTIONHCEHb € 3ACMOCYBAHHA MAWUHHO20 HABYAHHS OJIsl NPO-
CHO3Y8AHHSl HABAHMAJICEHHS1 ma IHmezpayiss y 2IOpudHi ONOKYeUuHU 3 Kpoc-

JAAHYUIOCOBUMU CMAPM-KOHRMPAKNAMU.
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