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METHODS OF OPTIMISING QUERIES IN DISTRIBUTED DATABASES

The article provides a comprehensive study of the problem of optimizing query performance in distributed database
systems, where architectural complexity, information fragmentation, and the necessity for coordination between numerous
nodes significantly affect processing speed and stability. It has been determined that conventional approaches to executing
multi-table queries, especially when working with large historical data collections, do not provide acceptable response
times and rvesult in significant computational costs. In this context, it is relevant to implement specialized optimization
methods that reduce the number of reading operations, the volume of intermediate calculations, and the load on the
network infrastructure. The article proposes an integrated approach that combines caching, indexing, and materialization
of representations to achieve the maximum performance when processing complicated analytical queries in a distributed
environment. The caching provides rapid retrieval of results without accessing the disk structures, the indexing speeds
up the search and filtering by creating the specialized data structures, and the materialization eliminates the need to
repeat complex join and aggregation operations by storing the results in the form of physically accessible tables. For the
experimental part of the research, a representative multi-table database was used, which contains information about the
company's employees, their salaries, and their affiliation with departments and divisions. Five different variants of the same
query were executed: without optimization, after caching, after indexing, using materialized representation, and using a
combination of all three methods. The experimental results demonstrate that although each method separately provides
a noticeable acceleration of performance, the greatest effect is achieved when they are used simultaneously. The query
execution time was decreased from 2831.869 ms to 0.076 ms, which is an increase in performance by more than 37,000
times. The data obtained confirm the existence of a synergistic effect and demonstrate the high practical importance of
comprehensive optimization for the systems that work with heavy analytical loads in distributed data processing conditions.
The presented approach can be used to modernize existing information systems and increase their efficiency when scaling.
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METOJIA ONTUMI3BAIIIL 3AIIATIB Y PO3SHOAIIEHUX BA3AX JTAHUX

Y emammi 30iticnioemovca komniexche 00cnioxiceHHs npobremu onmumizayii NPOOYKMUSHOCMI 8UKOHAHHS 3aNUMIie
¥V PO3NOOINEeHUX cucmemax ynpagninHua 6azamu OaHux, de CKIAOHICMb apXimekmypu, ¢ppacmenmayis ingpopmayii ma
HEOOXIOHICMb KOOPOUHAYLL MIJC YUCLEHHUMU 8V3IAMU ICHMOMHO 6NAUBAIOMb HA WEUOKOOII0 ma CMmIUKicmb 06poOKuL.
Busnaueno, wo mpaduyiini nioxoou 00 6uxkowawHs 6a2amomadIUuHUX 3anumie, 0COONUBO 3a YMO8U pobomu
3 GENUKUMU ICIOPUYHUMU HAOOpAMU OAHUX, He 3abe3neuyioms NPUUHAMHO20 4Ydacy GION0Gi0i ma npu3eodsms 00
BHAYHUX OOYUCTIOBANILHUX eumpam. Y ybomy KOHMEKCMI aKMYaibHUM € 3ACHOCYSAHHA CNeyiani3o8anHux Memooi
onmumizayii, AKi 3MEeHUIoMeb KiIbKiCmb Onepayiti YumanHs, o0csie NPOMIZCHUX OOYUCTIeHb Md HABAHMAIICEHH: HA
Mmepedicegy ingppacmpykmypy. ¥ pobomi 3anpononosaro inmezposanuil nioxio, wo noeoHye Keuly8anHts, iHoekcayiro ma
Mmamepianizayilo npeocmasiensb 3 Memoio 00CACHEHH MAKCUMATbHOT WeUOKOOTi npu 00pobyi CKIAOHUX AHATTMUYHUX
3anumis y posnoodinenomy cepedosuwyi. Keutysanus 3abesneuyc onepamusre nosmopre ompumanHs pesyiomamie oe3
36epPHEHHS 00 OUCKOBUX CIMPYKMYD, THOeKCayis NPUCKOPIOE NOULYK T (DITbmpayiio 3a paxyHoK CMEOPeHH sl CNeyianiz08aHux
CmMpyKmyp OaHux, a mamepianizayisi 6UKIIOUAE NOBMOPHE SUKOHAHHI CKIAOHUX onepayiu ob €OHanHs ma azpecayii,
30epicatouu pesynomamu y opmi @izuuno oocmynnux mabnuys. [is eKcnepumenmanbHOi YaCmuHu GUKOPUCTIAHO
peanicmuuny 6aeamomabnuyny 6a3y 0aHux, o Micmums iHghopmayiro npo npayieHuKie nionpuemMcmed, ixHi 3apooimui
NAQMU, HATLEAHCHICDb 00 8i00iNI6 i CTYHCO0BUX NIOPO30inis. [Iposedeno n’simb 8apianmis GUKOHANHHS 00HO20 Ui MO20 CAMO20
s3anumy: 6e3 onmumizayii, Nicis Keuy8anHs,, Nicis IHOeKcayil, i3 3aCmMoCyS8aHHAM MAMeEPIanNi308aH020 NPeocmasieHHs.
ma 3a yMoGU KOMOIHOBAHO20 BUKOPUCTAMHS 6CIX MPbox Memoolis. Pesyibmamu excnepumenmie 0eMOHCMpYIomb,
WO X0ua KOdCeH Memod OKpeMo 0d€ NOMIMHe NPUCKOPEHHS, HalOinbuio2o eghekmy OOCASHYMO Apu iX OOHOUACHOMY
3acmocysanti. Yac suxonanns 3anumy ckopomugcs 3 2831.869 mc 0o 0.076 mc, wo cmarogums 30inbuueHHs WUOKOOIL
oinow Hise y 37000 pazie. Ompumani 0aui niomeepoiIcyroms IiCHY8AHHS CUHEP2eMUYHO020 edhekmy ma c8iouams npo
BUCOKY NPAKMUYHY YIHHICMb KOMNIEKCHOI onmumizayii Onsa cucmem, Wo Npayroiomsv 3 GeIUKUMU AHATTMUYHUMU
HABAHMAICEHHAMU 8 YMOBAX PO3n0dineHol 06pobxu danux. [Ipeocmasnenuii nioxio moogice Oymu UKOPUCIMAHUL OJisi
MoOepHizayil icHylouux ingopmayitinux cucmem i NiOBUWEHHS IXHbOI eheKMUBHOCMI NPU MACuImady8aHH.

Knrouosi cnosa: onmumizayis zanumis, posnodiieni 0a3u OAHUX, Keuly8awHs, mamepianizayis, IHOexcayis,
PostgreSQOL

Problem statement

Optimizing query performance in distributed database management systems is one of the main challenges for modern
information systems. With the rapid growth of data volumes and increasing demands on processing speed, traditional
approaches to working with databases no longer provide the required level of efficiency. This is particularly noticeable
when executing complex analytical queries that require complex and costly operations such as joining, sorting, or aggre-
gating large data sets.

Distributed databases are characterized by highly complex architecture and the need for effective coordination between
different system nodes. In contrast to centralized systems, distributed databases implement the storage and processing of
information on a set of interconnected nodes that function as a single logical system, despite their geographical distance.
This architecture creates additional challenges related to network delays, data synchronization, and load balancing. When
executing complex queries involving numerous table joins, nested subqueries, and sorting operations, system response times
can reach several seconds, which is unacceptable for most business applications. Therefore, developing and implementing
effective query optimization techniques is critical to ensuring the performance of distributed database management systems.

The problem of query optimization is particularly relevant for analytical platforms that process multidimensional que-
ries over large historical data sets. Such tasks are typical for financial, telecommunications, and trading systems, where
millions of records need to be processed and complex calculations performed in real time. Without the use of effective
optimization techniques, such queries can take hours to execute, effectively rendering them unusable in practice.

A comprehensive approach to optimisation, which combines different techniques, can achieve the best results. The
most effective of these are caching, indexing, and materialisation of views. Caching decreases the processing time of
repeated queries by storing the results in fast memory. The indexing creates auxiliary structures that reduce the number of
disk accesses and speed up searches. Materialisation, in turn, involves pre-calculating complex results and storing them
for future use.

Using caching can significantly reduce the load on the database, especially in systems with a high proportion of
repetitive queries. Materializing intermediate calculation results avoids repeating complex operations, which is especially
important for analytical systems. Creating appropriate indexes can speed up search and filter operations by several orders
of magnitude, turning a full table scan into a quick index search.

Distributed query processing requires an effective planning, taking into account data location, network bandwidth, and
the current load on nodes. Suboptimal planning can lead to an excessive amount of data transfer, which becomes a major
performance limitation.

Consequently, research and comparative analysis of various methods for optimizing queries in distributed databases
is relevant, as it will enable the identification of the most effective strategies. Of particular interest is the study of the
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synergistic effect of the combined application of various optimization methods. This research is of important practical
significance for database developers and administrators, as it allows for improving the efficiency of systems that work
with large volumes of information in a distributed environment.

Recent research and publications analysis

Modern scientific works demonstrate a constant growth of interest in the problem of query optimization in distributed
database management systems. Many researchers focus on finding ways to reduce query execution time and improve
resource utilization. The relevance of this topic is due to the continuous increase in the amount of information and the
growing demands for its processing speed.

Research [1] demonstrates the importance of splitting complex queries to improve the performance of distributed
databases. The authors show that decomposing queries into simpler components reduces the workload on individual
system nodes and improves overall processing efficiency. Particular attention is paid to the analysis of distributed query
execution algorithms and the minimization of inter-node data exchange. The researchers note that the effectiveness of this
approach depends on the characteristics of the query, the volume of data, and the network topology, which determines the
scalability and performance of the system.

The study [2] presents the QOTUM query optimizer designed for distributed databases in a cloud environment. The
system uses a materialized view mechanism to reuse intermediate results and reduce query execution time. The results of
the experiments showed a significant reduction in query execution time and memory usage. The authors also highlight the
importance of considering cloud environment factors such as data distribution and network costs.

Sulima and Iermolaiev [3] examined approaches to optimizing SQL queries and demonstrated that even a slight
change in the query structure can significantly affect its execution speed. The authors paid significant attention to the
analysis of execution plans, the identification of “bottlenecks,” and the detection of operations that cause delays during
data processing. The study proposed an optimization method that involves replacing the IN operator with a temporary
table with a non-clustered index. This approach reduces the number of logical data accesses and speeds up the selection
process. The results of the experiments showed an average reduction in query execution time of 15—17%. The authors also
emphasize the necessity of regular analysis and optimization of SQL queries, especially in cases of increasing information
volumes and system load.

The publication [4] presents an overview of the main methods for optimizing distributed databases. The authors
systematized approaches to improving performance, including indexing, caching, fragmentation, replication, and load
balancing. The connection between database architecture and system performance is examined, and practical recommen-
dations are provided for selecting the optimal strategy depending on the type of load and data volume.

The paper [5] provides a detailed analysis of various database indexing techniques and their impact on query perfor-
mance. The researchers examine the features of B-tree, hash, text, geospatial, and composite indexes, describing their
strengths and limitations in detail. It is noted that the choice of the appropriate index type is determined by the database
structure, data amount, and query specifics. The issue of balancing the number of indexes with the cost of updating them
during data changes is considered separately. The authors conclude that the reasonable use of indexes is an important
factor in improving the performance of database management systems.

The research [6] presents an empirical analysis of query optimization strategies aimed at reducing execution latency
in large-scale databases. The authors consider both traditional and Al-oriented approaches, including the use of machine
learning methods for query cost estimation, adaptive query execution, and intermediate result caching. The experimental
part covers SQL, NoSQL, and distributed cloud databases using TPC-H, TPC-DS, and real queries. The results show
that the combination of indexing, adaptive execution, and Al planning reduces query execution time by 45-50%. The
authors conclude that the efficiency of optimization is determined by the type of load (OLTP or OLAP) and the system
architecture.

The study [7] examines best practices for optimizing SQL databases for working with large volumes of data. The
authors focus on partitioning, sharding, caching, and database schema optimization techniques. The article provides
practical recommendations on combining different optimization methods to ensure scalability and high performance of
systems in a Big Data environment.

In summarizing the results of recent studies, it can be noted that the problem of query optimization in distributed
databases remains relevant, and most scientific works focus on improving individual methods of increasing performance.
At the same time, there is a lack of comprehensive approaches in scientific sources that combine methods to achieve a
synergistic effect. Therefore, research aimed at developing and experimentally substantiating combined approaches to
query optimization is of great scientific and practical importance.

Formulating the research goal

The purpose of the research is to compare methods for optimizing complex analytical queries in distributed databases,
including evaluating the effectiveness of caching, materialization of views, indexing, and their combination to improve
query processing performance.
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Materials and results

Optimization of queries in distributed databases is based on the use of methods that reduce computational costs and
the amount of memory accesses. The most common of these are caching, indexing, and materialization of views. Their
combination allows for a synergistic effect, where the total performance increase exceeds the effect of using each method
separately.

Caching is based on reusing the results of previously executed queries. When the same query is repeated, the system
receives data directly from RAM, eliminating the need to reread it from the disk. This is particularly effective for fre-
quently executed queries. The level of caching efficiency is determined by the ratio between the frequency of repeated
requests and the available RAM, which is described by the cache hit ratio.

Indexing involves creating additional data structures that enable search and filtering operations to be performed with
logarithmic rather than linear complexity. The research uses B-tree-based indexes, which guarantee ordered storage
of keys and stable access times to the required records. Such structures are self-balancing because they automatically
maintain the optimal tree height when adding or removing elements. As a result, a search that previously required a
complete table scan is now performed in a few disk accesses, which is especially important when working with large
historical data sets.

Materialization of views involves storing the results of complex calculations in separate tables, eliminating the need
to repeat the same join or aggregation operations during subsequent queries. Such views store pre-calculated results on
disk, and the optimization system automatically determines the feasibility of reusing them. Data relevance is maintained
using full or incremental update mechanisms, depending on changes in the base tables.

The combination of caching, indexing, and materialization forms a multi-level optimization system in which indexes
speed up searches, materialization reduces the amount of computation, and caching provides quick access to previously
received results. This approach is particularly effective in distributed systems, where data transfer between nodes is a key
factor affecting the overall query execution time.

The study was conducted using the company's database, which contains information about employees, their salaries,
and departments. The system architecture consists of several interconnected tables: employee, salary, dept_emp, depart-
ment, and others that show the structure of the organization. The data covers many years, which makes it possible to
evaluate the effectiveness of optimization methods for large amounts of information. The system architecture diagram is
shown in the fig. 1.

Fig. 1. Architecture of the experimental database

For the tests, we used an SQL query that combines several join and filter operations (Listing 1).
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Listing 1 SQL query for conducting tests

WITH current_salaries AS (
SELECT DISTINCT ON (emp_no) emp_nho, salary
FROM salary
ORDER BY emp_no, from_date DESC
)s
current_dept AS (
SELECT DISTINCT ON (emp_no) emp_no, dept_no
FROM dept_emp
ORDER BY emp_no, from_date DESC
)
SELECT d.dept_name, e.emp_no, e.first_name, e.last _name, cs.salary
FROM employee e
JOIN current_salaries cs ON e.emp_no = cs.emp_no
JOIN current_dept cd ON cd.emp_no = e.emp_no
JOIN department d ON d.dept_no = cd.dept_no
WHERE e.hire_date <= DATE '2000-01-01'
ORDER BY d.dept_name, cs.salary DESC
LIMIT 100;

The query aggregates data from four tables, determines the current salary and department of each employee, filters the
results by date of hire, and sorts them by salary and department. This structure allows us to accurately assess the impact
of different optimization methods on execution time.

The results of the tests are shown in Table 1.

Table 1
Results of tests
No of N Description of conditions (cache/indexes/ Planning Time Execution Time
test Optimization method materialization) (ms) (ms)
1 Without optimization (baseline) | After restarting PostgreSQL, without indexes, without MV 3.441 2831.869
2 Caching Re-executing the same query 0.552 2612.267
3 Indexing Executing the base query after creating indexes 0.453 1574.183
4 Materialization Executing through a materialized view without indexes 0.077 83.989
5 Combination of methods Materialization + indexes + caching 0.111 0.076

Analysis of the results showed that caching reduces query execution time by 7.8%, indexing by 44.4%, and materi-
alization by 97%. The best result was achieved by combining all three methods, which reduced the execution time from
2831.869 ms to 0.076 ms, i.e., approximately 37,000 times. The data obtained confirms the presence of a pronounced
synergistic effect: each individual method accelerates only a certain stage of processing, while their combined use opti-
mizes the system comprehensively. Fig. 2 shows a comparison of query execution times for different approaches, clearly
demonstrating the advantages of combined optimization.

Conclusions

The research confirmed the effectiveness of a comprehensive approach to optimizing queries in distributed databases.
Experimental results showed that the combination of caching, indexing, and materialization significantly reduces the exe-
cution time of complex analytical queries from 2831.869 ms to 0.076 ms, i.e., an acceleration of more than 37,000 times.

Each of the methods considered has its own area of effectiveness. Caching reduces the execution time of repetitive
queries by using previously obtained results. Indexing improves the performance of search and join operations by elim-
inating the need for full table scans. Materialization stores the results of complex calculations in separate structures,
preventing them from being re-executed.

The highest performance was demonstrated by the combined application of these methods, which creates a multi-level
optimization system and provides a synergistic effect. The results obtained prove that a systematic approach to query opti-
mization can significantly reduce computational costs and increase the scalability of distributed systems.

The practical significance of the study is the possibility of applying the proposed methodology by database developers
and administrators to improve the efficiency of information systems, in particular those that process large amounts of data
and perform analytical tasks.
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Further research could focus on an in-depth analysis of the effectiveness of other optimization methods, as well as on
studying various combinations of these approaches to achieve an optimal balance between speed, resource utilization,
and system stability.
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Fig. 2. Comparison of Execution Time for each method and for their combination
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