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AHoTaLisA

K.T1.H., nouent Onemenko JI. M., maricrpant 3ioopos /L.1O.
Memoo adanmuenozo yuyiibHeHHA OAHUX MA NPOZPAMHe 3a0e3neueHHsA 0l
onmumizayii nepeoaui 0anux

Y cmammi  npoananizoeano euxopucmanms —ancopummié VWIiNbHeHHS 8
OUHAMIYHUX — Mepexcegux cepedosuwax 3 2emepoeHHUMU MUNAMy  OQHUX.
3anpononosano adanmueHull Memoo YVWINbHEeHHs, AKUL asmoMamuyHo obupae
ONMUMANLHULL  ANICOPUMM HA OCHO8I eHMPONINUHO20 AHANI3Y OAHUX, napamempis
Mepedci ma O0CMYNHOCMI  00YUCTIO8ATIbHUX pecypcie. Po3pobneno mooynvHy
apximexmypy npocpamMHO20 3a0e3neyeHHs, AKA 3MEeHULYE 4dac nepeoavi OaHUX
nopieuano 3i cmamuyHumu nioxooamu. Ilpoeeoeno oyinKy pe3yibmamis y nopi6HAHHI
3 MPAOUYTUHUMU MemMOOaMU CIMUCHEHHSL MA HAOAHO PeKOMeHOayii Wo0o NooaIbUO20
800CKOHAIEHHS 3aNPONOHOBAHO20 MEeMOoOY.

Introduction

The dynamic growth of digital data creates critical load on network
infrastructure. Traditional compression algorithms use fixed parameters
without considering data types and transmission conditions, leading to
inefficient resource utilization. For structured data, the system does not
adapt to its properties; for random sequences, it wastes resources without
results. It is essential to develop an adaptive method that selects the optimal
algorithm based on entropy analysis, network parameters, and available
resources to minimize end-to-end latency.

The research subject is adaptive software data compression algorithms
that automatically select the optimal compression method based on
entropy analysis of the input stream, fragment repetition coefficient, and
network environment parameters. The object of research is the process of
transmission, storage, and processing of digital data in computer systems
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using adaptive data compression methods aimed at minimizing end-to-end
latency.

Terminology

Data entropy — an indicator of the degree of randomness and structure of
information in a stream.

End-to-end latency — the aggregate time required for compression,
transmission, and decompression of data.

Proposed method and software architecture

The proposed method minimizes transmission latency by accounting for
compression time, transmission time, and decompression time. Unlike traditional
approaches that maximize the compression ratio regardless of conditions, this
method achieves an optimal balance between three latency components. If
computational resources are limited, even a highly efficient algorithm can prove
suboptimal due to lengthy processing. If the network is slow, high compression is
critically more important than processing speed. The system selects a strategy that
minimizes the sum of all three components, rather than maximizing any single one.

To implement this approach, a modular software architecture with five
interconnected components has been developed (Fig. 1). The stream dispatcher
intercepts network traffic in transparent mode, presents data in logical blocks, and
coordinates interaction between modules. The monitoring module continuously
collects information about system state: CPU utilization, available memory, effective
network bandwidth, latency, and packet loss ratio.

The analysis module examines a representative set of input data, computing
Shannon entropy, sequence repetition coefficient, and trial compression results. The
obtained characteristics are passed to the decision-making module, which based on
a cost model calculates the predicted latency for each available strategy and
automatically selects the optimal one. The compression module implements the
selected algorithm (LZ4, Zstandard, Brotli, GZIP) through a unified interface,
ensuring the possibility of easily extending the system with new compression
methods. This approach provides flexibility, scalability, and practical efficiency in
dynamic network environments. The system ensures that algorithm selection always
corresponds to current conditions, minimizing data delivery time.
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Fig. 1. Architecture of module interaction

Research results

The conducted computational experiment aimed to evaluate the effectiveness
of the proposed adaptive compression method under diverse real-world conditions.
Four representative data categories — repetitive, structured, text, and media, were
selected to reflect different entropy levels and compression potentials, with an
additional category of pre-compressed data serving as a control case. For each
category, the system dynamically selected the optimal compression strategy based
on real-time analysis of entropy, system load, and network conditions.

The analysis demonstrated a substantial dependence of adaptive compression
effectiveness on data entropy (Table 1).

Table 1.

Adaptive compression results by data category

Category Entropy | Compression Volume Transmission Time
Ratio (%) | Reduction (%) Reduction (%)
Repetitive 0.0-15 95 -99 94 - 98 90 — 96
Structured 25-35 80 -90 88 — 97 75-85
Text 45-55 55-75 52-73 30— 45
Media 6.0-7.0 10 - 20 9-19 5-15
Pre-compressed | 7.5 - 8.0 0-5 0-5 0-2
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For low entropy the system achieved maximum performance: 95-99%
compression and 90-96% reduction in transmission time. For structured formats, the
ratio was 80-90% with 75-85% time savings; for text data, 55-75% compression
and 30-45% time reduction. For lossless media, the system provided 10-20%
additional compression. Critically important is that for pre-compressed files, the
system recognized high entropy and refused further processing, saving
computational resources. This demonstrates the adaptivity of the method — it does
not waste resources on futile compression but selects the optimal strategy for each
data type. Related works [1-2] focus on the analysis of Internet traffic structure and
data compression methods in cloud systems, while proposed method is distinguished
by its scientific novelty due to the adaptive selection of the compression algorithm
based on a cost model that simultaneously takes into account the time of data
compression, transmission, and decompression, ensuring minimal overall latency in
real time. Average efficiency gains ranged from 50-80% compared to static methods,
confirming the practical value of the adaptive approach.

Conclusions

The proposed adaptive data compression method and software demonstrate
substantial advantage over traditional static approaches. Proposed system provides
50-80% reduction in data transmission time, decreased load on network channels,
and rational use of computational resources. The modular software architecture
allows supplementation of the system with new compression algorithms and its
integration into modern information systems of various purposes. The developed
method has practical value for application in content delivery networks, cloud
services, database management systems, and other systems with high requirements
for data transmission efficiency. Future research perspectives include integration of
machine learning algorithms for predicting compression effectiveness, development
of adaptive dictionaries, and expansion of support for specific data types.
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