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BILVINB CTUCHEHHS JIAHAUX HA E®@EKTUBHICTb ITPAAMOI B3AEMO 11
CEPBICIB Y MIKPOCEPBICHI APXITEKTYPI

Y cyuacnux mikpocepgicnux apximexkmypax, uio dedani uacmiuie peanizylomuvca 6 ymoeax UCOKoOI HAGAHMANCEHOCH],
PO3n00inenozo cepedosunya ma OUHAMINHOT MACUWIMABO8AHOCH, CHOCIEPIACMbCA 3POCMARHA IHmepecy 00 mooeeil npAMoT
63AEMOOIT Midic OKpeMUMU cepeicamu 6e3 6UKOPUCAHHA MPAOUYIIiHUX RPOKCI-piuieny — mak 3éanuil proxyless-nioxio. Taka
Mo0enb 63AEMOOIT 0036071A€ 3MEHWIUMU YAC 6IOZYKYy CUCHEMU, YHUKHYMU 3AMPUMOK, CHPUYUHEHUX HRPOMINCHOIO
Mmapwipymusauiero, onmumizyeamu ingypacmpykmyphi eumpamu, 3MeHUUmMu KilbKicms ROMEHUIHUX MOYOK 6i0Mo6u 1l
3a6e3neyumu OinvuLy apximekmyphy ZHyuKiCHb, MACUIMA®O6AHiCMb, KOHMPOIbL HAO NOMOKAMU OAHUX I 6i0N0GIOHICMb
npunyunam cloud-native. Y ybomy konmexcmi 0coo116020 3HAUEHHA HADYBAE 6NPOBAOHCEHHA ANZOPUMMIE CMIUCHEHHA OAHUX
AK 00H020 3 KAWYOGUX 3aco0ie onmumizayii oOMiny ingopmauicto mixc cepgicamu. CmucHeHHA 0036071A€ ICMOMHO
3MeHuumu 0ocaz nepedanoi inghopmauii, 3SHUZUMU HAGAHMANCEHHA HA MeEPeIHCy, MIHIMIZysamu 3ampumKu 6 00poouyi 3anumis
i cnpuamu 3MeHUIEHHIO PeECYPCOCHOMCUBAHHA NPU IHMEHCUBHOMY MixccepeicHomy mpaghiky. Y cmammi 30ilicneno
meopemuynuil anani3 6NUEGY 3ACMOCY8AHHA CIMUCHEHHA OAHUX HA AKICMb, RPOOYKMUEHICINY | HAOIIHICIND NPAMO20 0OMIHY
6 meacax mikpocepesicnoi apximexkmypu. Ocnosna yeaza 3ocepedxcena na 6ezempamuux anzopummax GZIP i Snappy, wio €
Haiiyycusaniwiumu y cloud-native cepedosunjax iz niompumroro REST i gRPC. IIpoananizosano ocoonueocmi ix inmezpauyii,
3anesxcuicmy egpekmugnocmi 6io popmamy i cmpykmypu oanux, muny API-3anumie (00uHoYHUX YU MACOBUX), @ MAKOMHC 610
Pisna mepedcesoi namenmuocmi ma 06uucnIosansnozo nasanmadcenns. Okpecneno kniouogi nepesazu GZIP y sunaokax
GUCOKO20 HAGAHMANCEHHA 1l NOMPEOU 6 2IUGOKOMY CIMUCHEHHI, A MAKoMc SNappy — npu 0OMeNCeHHAX HA 3amMPUMKU §
npiopumemi uieuokoOii. Busnaueno nomenuiiini o00mexceHHA w000 cymicnocmi Mixc cepsicamu, 000aMKO08020
Hasanmadyicenna na CPU ma kounghizypauyiiinoi zuyuxocmi npu pyYHOMYy KepyeanHi napamempamu Komnpecii.
Iliokpecnoemuca eaxcnugicmy 3a0e3neuyeHHs Y320014CeHOCHI HANAUWIMYS6AHbL HA 000X KIHUAX 63AEMO0Il, 6KIIOYHO 3
KOOYBAHHAM 3A207106Ki6 | NIOMPUMKOI0 6i0no6ioHuUx hopmamis. 3podneno 6uUCHOB0K, w0 adanmueHuili i KOHMEKCMHO-
3anexcHuil nioxio 00 euOOpy anzopummy CHMUCHEHHA, 3 Yypaxyeawuam xapaxmepy API, cmpyxkmypu nasanmacenus,
mononocii 63aemodii, npiopumemis 00poOKU ma mepexncesux XapaKkmepucmuK, € KPpUMUUHo 6aMcIuUGUM O 3a0e3neqenns
cmabinwvhoi, HadiitHol il epekmueHoi podomu Mikpocepeicis y mexcax proxyless-apximekmypu cyuacHux XmapHux i 2iopuonux
naamagopm.

Kniouosi cnosa: mixpocepsicu, proxyless-apximekmypa, cmucnenns oanux, GZIP, Snappy, 3ampumka, npooykmugHicmo
cepeicis.
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THE IMPACT OF DATA COMPRESSION ON THE EFFICIENCY OF DIRECT
INTERACTION BETWEEN SERVICES IN A MICROSERVICE ARCHITECTURE

In modern microservice architectures, which are increasingly implemented in high-load, distributed environments
with dynamic scalability, there is a growing interest in models of direct interaction between individual services without the use
of traditional proxy solutions — so-called proxyless approaches. This interaction model reduces system response time, avoids
delays caused by intermediary routing, optimizes infrastructure costs, decreases the number of potential points of failure, and
ensures greater architectural flexibility, scalability, control over data flows, and compliance with cloud-native principles. In
this context, the implementation of data compression algorithms becomes particularly important as one of the key means of
optimizing information exchange between services. Compression significantly reduces the volume of transmitted data, lowers
network load, minimizes request processing latency, and helps reduce resource consumption during intensive inter-service
traffic.

This paper provides a theoretical analysis of the impact of data compression on the quality, performance, and
reliability of direct communication within a microservice architecture. The focus is on lossless algorithms such as GZIP and
Snappy, which are among the most widely used in cloud-native environments supporting REST and gRPC. The analysis
explores the specifics of their integration, the dependence of efficiency on data format and structure, the type of API requests
(single or batch), as well as network latency levels and computational overhead. The advantages of GZIP are highlighted for
high-load scenarios that require deep compression, while Snappy is preferred in cases with strict latency constraints and a
priority on speed. Potential limitations related to service compatibility, CPU overhead, and configuration flexibility when
managing compression parameters manually are also identified. The importance of configuration consistency on both ends of
service interaction is emphasized, including proper header encoding and support for the required formats.

The conclusion is drawn that an adaptive and context-aware approach to selecting a compression algorithm —
considering the nature of the API, the structure of the load, the interaction topology, processing priorities, and network
characteristics—is critically important to ensure stable, reliable, and efficient microservice operation within proxyless
architectures of modern cloud and hybrid platforms.

Keywords: microservices, proxyless architecture, data compression, GZIP, Snappy, cloud infrastructure, traffic
optimization.
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Problem statement. In the context of the active implementation of cloud solutions and service-
oriented logic in the architecture of modern software systems, ensuring the effective interaction of
microservices within a distributed environment is of particular relevance. The proliferation of proxyless
approaches, which involve the rejection of centralized proxy servers, is aimed at minimizing delays,
increasing scalability, and reducing infrastructure maintenance costs [1]. At the same time, such direct
interaction between services creates an additional load on the network and the server part of the system,
especially in conditions of high-frequency data exchange and limited resources typical for containerized
environments [2]. In practice, microservice systems serve significant volumes of requests in real time,
often using APIs of external platforms, telemedicine systems, mobile applications, or information
gateways with variable bandwidth. In such circumstances, one of the most effective approaches to
improving the efficiency of inter-service exchange is the implementation of data compression algorithms
that reduce traffic, speed up information transfer, and ensure economical use of resources without losing
accuracy [3]. The choice of a suitable algorithm - GZIP, Snappy, or another - depends on the type of
data, traffic specifics, and performance requirements. At the same time, the implementation of
compression in a proxyless architecture requires careful coordination at the level of service logic,
configurations, and interaction protocols [4].

Thus, an urgent scientific and practical problem is to determine the conditions under which data
compression provides an increase in efficiency without complicating the architecture, and to establish
the relationship between the type of algorithm, the configuration of direct interaction, and the
performance of the service system. Research in this area allows us to formulate recommendations for
developers on the optimal use of compression in a microservice environment, especially in critical high-
load applications.

Analysis of recent research and publications. Actual aspects of designing microservice
architecture in the context of containerization and cloud environments are covered in the works of such
researchers as Y. Katkov, O. Zinchenko, A. Petrenko, A. Fatima, S. Lakkireddy, Z. Lu, X. Sun, X. Merino.
These papers address the issues of scalability, resilience, service design, security of microservices
interaction, as well as technical challenges associated with limited resources in modern IT infrastructures.
However, despite the existing developments, most of them focus on general aspects of architectural
solutions or security in cloud computing, while the specific problem of the impact of data compression on
the efficiency of direct (proxyless) interaction between microservices, in particular in the context of
intensive load and unstable bandwidth, remains insufficiently studied and requires further systematization.

The purpose of the article is to analyze the impact of data compression algorithms on the efficiency
of direct (proxyless) interaction of services in a microservice architecture, to determine the advantages and
limitations of implementing compression in conditions of intensive service traffic and limited resources,
and to substantiate the technical feasibility of such solutions to improve system performance and scalability.

Summary of the main material. In today's environment of rapid development of digital
technologies, microservice architecture has become a key element in building scalable and flexible software
systems, especially in environments with high load and limited resources. One of the most pressing issues
in this context is optimizing proxyless interaction between services by implementing efficient data
compression mechanisms. This issue is especially important in critical applications, such as medical or
telemedicine services, where the amount of data transmitted can be significant, and the performance and
stability of systems are crucial [1].

The main constructive approach to microservice architecture is to divide a monolithic system into
separate independent services that interact with each other via APIs. In cases where inter-service
communication is carried out directly, without the use of intermediaries (proxies, API gateways), there is a
need for efficient network management, message exchange, and data compression. It is in such conditions
that technologies such as GZIP, Snappy, or Brotli can significantly reduce the load on the network and
speed up request processing, especially when the frequency of calls is high [4]. Data compression is a
technique for reducing the size of information in order to save space or reduce the time it takes to transmit
it. In the context of microservices, this means that before sending data from one service to another, this data
is first compressed, transmitted over the network in a compressed form, and then decompressed by the
recipient back to its original format. This interaction scenario will be the subject of further analysis. The
use of compression in microservice architectures offers a number of advantages, including reduced traffic
volume and shorter transmission times, which helps improve overall system performance. This allows for
efficient exchange of large amounts of data, reducing the load on the network, especially in cases of similar
or repetitive traffic. Compression is especially useful during peak loads, when systems simultaneously
process a large number of requests, and also increases the efficiency of network resources. At the same
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time, the use of compression has certain disadvantages. First, processing compressed data requires
additional computing resources on both the client and server sides, which can cause a slight decrease in
performance. Secondly, if the algorithms are not set up correctly, data loss or format integrity may occur.
In addition, there are potential compatibility issues if services use different compression algorithms.
Another difficulty is the need for pre-configuration and additional expertise to work with such data,
including debugging and auditing of the transfer.

Implementing compression in microservices environments can reduce network communication
latency by up to 30% compared to systems without compression. The greatest effect is achieved in low-
bandwidth environments, where even minor optimizations can have a significant impact on overall
performance. In telemedicine infrastructures, compression plays an important role in ensuring stable
operation of services in remote regions or in conditions of unstable Internet connections [2].

Special attention should be paid to security issues when implementing compression. The use of
compression algorithms can potentially create new attack vectors (e.g., CRIME or BREACH) if
compression is performed on encrypted traffic. In this regard, it is recommended to apply compression only
to unencrypted data, followed by encryption of the communication channel using TLS 1.3 [3].

Another key aspect is the choice of the compression algorithm itself. Depending on the context of
use, technical requirements, and the type of data being transmitted, a different approach is appropriate. For
example, Snappy, which was developed by Google for fast compression, demonstrates outstanding
performance when working with short JSON messages, which is typical for internal cross-service
interaction. In turn, Brotli provides a higher compression ratio, but at the expense of greater computational
complexity, so it is better to use it in less dynamic scenarios [4], [10]. The comparative characteristics
presented in Table 1 allow us to clearly see the advantages of each algorithm depending on the task.

Table 1.
Comparison of compression algorithms for direct interaction of microservices

Type of compression

algorithm Description. Application examples
Algorithms that allow you to fully | Huffman coding, Lempel-Ziv (LZ77,
Lossless compression restore the original data after LZ78), Deflate (GZIP), Snappy (high

compression. speed with moderate compression)

Algorithms that remove secondary
Lossy compression (Lossy)|information, so accurate recovery of the
original data is impossible.

JPEG (image), MP3, AAC (audio,
video)

As you can see from Table 1, each of the algorithms has its own advantages and limitations depending
on the purpose of use: GZIP provides a high compression ratio but requires more processing time, while
Snappy, on the contrary, has a lower compression ratio but significantly outperforms other algorithms in
terms of speed, making it optimal for systems with a high frequency of requests. Brotli combines both
approaches, but is more suitable for static content. While lossy formats such as JPEG or MP3 are effective
in reducing the amount of multimedia data, their use in microservice interactions is limited due to the
inability to fully restore the original data.

In the context of infrastructure, it is important to consider architectural solutions that provide fault
tolerance and load balancing. The use of containerized environments, such as Docker and Kubernetes,
combined with the concepts of fog/edge architecture, allows for flexible request routing and reduces the
overall load on the central nodes of the system [5; 7]. Particularly noteworthy is the implementation of a
service mesh, in particular solutions such as Istio or Linkerd, which allow for centralized management of
policies for interaction between microservices. Within this architecture, compression policies are
implemented as part of the network layer configuration, which greatly simplifies their scaling, maintenance,
and subsequent audit [5].

To dynamically adapt to the load, it is advisable to implement multi-agent network management
systems that independently adjust the exchange parameters depending on the current situation. This allows
you to adaptively enable or disable compression based on predefined metrics (number of requests, average
packet size, latency). In combination with machine learning elements, such systems provide an additional
level of automation, which is especially important for mobile or unstable environments [6], [8].

In addition, the use of service mesh as a basic infrastructure for microservice interaction allows not
only centralized routing management but also efficient load balancing and implementation of quality of
service (QoS) policies. Traffic compression in such systems is carried out according to the class of service,
which optimizes the use of bandwidth and computing resources without losing the quality of interaction

[9].
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The issue of architecture compliance with reliability and scalability requirements is one of the key
issues in the development of modern digital systems, especially in the context of microservice architecture.
The formation of a cloud-native approach, which involves modularity, containerization, automated
orchestration, and the ability to scale both vertically and horizontally, allows the system to adapt to
changing loads and ensure its fault tolerance even in an unstable environment [4].

To efficiently identify and optimize traffic between microservices in proxyless applications, a
comprehensive strategy that combines monitoring, traffic analysis, and data compression algorithms must
be implemented. The first step is to monitor and analyze requests: using Prometheus and Grafana, you can
collect metrics on the frequency of API calls, the amount of data transferred, and response time.
Additionally, the ELK stack (Elasticsearch, Logstash, Kibana) allows you to analyze logs in detail and
identify the most loaded or resource-intensive services. The next step is to determine the data format: if the
traffic is mainly represented in JSON, XML, or similar formats, it is appropriate to implement Gzip, Brotli,
or Snappy. It's important to keep in mind that not all APIs require compression - for example, methods like
getOneEntityByld are best left uncompressed, as testing shows that in such cases, compression creates an
unnecessary load. In a proxyless environment, compression is implemented at the level of the services
themselves, in particular for unique data formats, using utility classes or wrappers to reduce code reuse.
After implementation, performance testing is mandatory to ensure that compression is effective and there
is no excessive CPU load. Monitoring should continue, adjusting the compression rules only for really
relevant scenarios. In the long term, the compression strategy should be reviewed regularly to take into
account changes in technology, data formats, and system requirements.

In a practical context, the issue of implementing data compression in microservice systems is most
often solved at the HTTP middleware level or through integration into the transport layer of gRPC
communication. However, in the context of direct (proxyless) interaction, where there is no centralized
traffic controller, the key challenge is to implement compression on the side of each individual service
without disrupting the overall interaction. The experience of using GZIP and Snappy algorithms in such
architectures shows that compression not only reduces the size of transmitted packets by 40-70%, but also
has a positive effect on the average delay at high request frequency [1], [6].

Using GZIP for REST communication between services allows you to achieve a significant reduction
in the amount of data when transferring structured information in JSON format. In a typical scenario, when
service A transmits medical or financial data to service B, enabled compression reduces the network load
by 55% and the overall response time by 18%. Snappy, on the other hand, demonstrates a lower
compression ratio, but is superior in speed, making it suitable for scenarios where minimal latency is critical
[2].

In a proxyless infrastructure built using Spring Boot and Kotlin, compression is implemented at the
level of filters or interceptors. This allows for compression and decompression of requests and responses
before they reach the service's business logic. At the same time, it is necessary to take into account the
header encoding (for example, Content-Encoding: gzip) and ensure mutual support for compression at both
ends of communication. Failure to comply with these conditions can lead to unpredictable decoding errors
or connection disruption [3].

A performance study conducted in the context of modeling a microservice environment with variable
latency showed that under average load conditions (200-500 requests per second), GZIP compression
reduced response time by ~15%, while Snappy reduced response time by only 8%, but was more stable
under peak loads without performance degradation [2], [6]. Thus, the choice of an algorithm depends not
only on the desired compression ratio but also on the characteristics of the traffic, data type, and nature of
the load.

It should be noted that in conditions of high parallelism of request processing, compression should
not block the main threads of execution. Therefore, it is advisable to move compression operations to
separate worker threads or use asynchronous mechanisms supported by modern frameworks, such as Kotlin
Coroutines or Project Reactor. In combination with the thread-pool configuration, this allows you to
maintain performance even in the face of high competition [4].

In addition to technical aspects, the problem of trust between microservices is important, especially
in an open architecture or when exchanging data with external partners. Building a trust model for a
microservice environment involves not only authentication and authorization, but also checking the
integrity of the exchange. In the case of compression, this means using checksums, digital signatures, or
HMAC:s (hash-based message authentication codes) to ensure that the transmitted data has not been altered
during transmission [5].

At the same time, service interaction in cloud-fog continuum environments presents additional
challenges: in such systems, some services are hosted on edge nodes, where data compression can become
too much for the CPU. This is where the need for adaptive logic arises: compression algorithms should only
be enabled if certain thresholds of traffic volume or delay are exceeded. This is ensured by telemetry
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analysis and orchestration systems such as Kubernetes or OpenShift, which allow distributing the load
between nodes and applying compression selectively [7], [8].

The role of architectural design is also key in this process. It is important to consider compression at
the stage of service contract design - defining a specification that describes what data is transmitted, in what
format, and whether compression is supported. Ignoring this aspect at an early stage can lead to
incompatibility between services in the future, which will require costly refactoring or API modifications.

Finally, it's worth noting that compression is not a one-size-fits-all solution, but rather a component
of a broader strategy to optimize the direct interaction of services. In some cases (for example, when very
short requests or numeric identifiers are transmitted), compression may not make sense or even degrade
performance due to the overhead of compression-decompression. Therefore, it is advisable to implement
hybrid models where compression is enabled only for large or repetitive data structures, and standard
uncompressed exchange is used for the rest of the requests.

Conclusions. The integration of data compression algorithms into the direct interaction of
microservices plays a key role in optimizing modern digital architectures in resource-limited environments.
Ensuring efficient compression consistent between services can significantly reduce network load, improve
system performance and resilience during peak requests, especially in conditions of low bandwidth or
unstable Internet connection. Taking into account the specifics of the infrastructure, such as proxyless
architecture, mobile edge nodes, and hybrid-cloud environments, requires an adaptive approach to
implementing compression. Compression should be designed as a system component, taking into account
the service contract, data format support, reconciliation algorithms, and digital security. Implementation of
GZIP, Snappy, or Brotli should be accompanied by TLS configuration, integrity control, and policy
automation. In the future, it is the flexibility, scalability, and security of compression that will determine
the effectiveness of microservice platforms in healthcare, eGovernment, and critical IT infrastructure.

References.

1. Karkos 0. L., 3ingenko O. B., Bepesosceka 1O. B., Knagpko 1. M. OcobimBocTi cepBic-
IHU3aifiHy MIKpOCEpPBICHOI apXiTeKTypH B XMapHHX OOYMCIICHHAX B YMOBaxX KOHTEHHEpPHOI BipTyamizamii.
Hayxosi sanucku /lepoicasnozo ynisepcumemy inghopmayitino-komynikayitinux mexronoziti. 2024. Bum. 1.
C. 47-58. https://doi.org/10.31673/2786-8362.2024.010707

2. [lerpenko A. 1., bonoban O. A. Po3poOka iH(ppacTpyKTypH Ui iHTerpamii mry4yHOro
IHTENEKTY B TeeMEeJUYHI CUCTEMH 3a JIONOMOI'0I0 MIKPOCEPBICHOT apXiTeKTypH. 1agpilicbkuti HayKosut
sicnux. Cepis: Texniuni nayku. 2025. Bun. 1. C. 148—158. https://doi.org/10.32782/tnv-tech.2025.1.14

3. Fatima A., Kumar C. K., Panjathan S. U., Doss S. The Security Implications of
Microservices in Modern Software Development. In: Data Governance, DevSecOps, and Advancements in
Modern Software. IGI Global Scientific Publishing, 2025. C. 295-320. https://doi.org/10.4018/979-8-3373-
0365-9.ch014

4. Lakkireddy S. Demystifying Cloud-Native Architectures — Building Scalable, Resilient,
and Agile Systems. Journal of Computer Science and Technology Studies. 2025. Vol. 7, No. 4. P. 836—843.
https://doi.org/10.32996/jcsts.2025.7.4.97

5. Lu Z., Delaney D. T., Lillis D. A survey on microservices trust models for open systems.
IEEE Access. 2023. Vol. 11. P. 28840-28855. https://doi.org/10.1109/ACCESS.2023.3260147
6. Sun X., Cui B., Cai Z. Deep Q-Learning Based Circuit Breaking Method for Micro-services

in Cloud Native Systems. In: CCF Conference on Computer Supported Cooperative Work and Social
Computing. Singapore: Springer Nature Singapore, 2023. P. 348-362. https://doi.org/10.1007/978-981-99-
9637-7-26

7. Merino X., Otero C., Nieves-Acaron D., Luchterhand B. Towards orchestration in the
cloud-fog continuum. In: SoutheastCon 2021. IEEE, 2021. P. 1-8.
https://doi.org/10.1109/SoutheastCon45413.2021.9401822

8. Arzo S. T., Bassoli R., Granelli F., Fitzek F. H. Multi-agent based autonomic network
management architecture. /EEE Transactions on Network and Service Management. 2021. Vol. 18, No. 3.
P. 3595-3618. https://doi.org/10.1109/TNSM.2021.3059752

9. Duque A. O., Klein C., Feng J., Cai X., Skubic B., Elmroth E. A qualitative evaluation of
service mesh-based traffic management for mobile edge cloud. In: 2022 IEEE International Symposium on
Cluster,  Cloud and  Internet  Computing  (CCGrid). 1EEE, 2022. P. 210-219.
https://doi.org/10.1109/CCGrid54584.2022.00030

10. Souza A. Software Design and Architecture. In: Tech Leadership Playbook: Building and
Sustaining  High-Impact Technology Teams. Berkeley, CA: Apress, 2024. C. §87-125.
https://doi.org/10.1007/979-8-8688-0543-1-4

© O.1. Cunsein, O. B. llsaiixin, B. C. Jlonyxoeuu

74



