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DATA UPDATE ALGORITHM BASED ON TIME CRITERIA

Abstract. This paper presents an enhanced approach to logging systems for business services by implementing a modified
producer-consumer pattern with time-based data aggregation. Traditional logging approaches that register each business process
step using individual database queries places a significant load on relational database management systems (DBMS), resulting in
performance bottlenecks. The proposed solution introduces a "smart" buffer that operates in accumulation mode, aggregating log
messages over a defined time interval (T merg e) before batch processing them to the database, reducing the frequency of database

operations.

The mathematical model extends the classic producer-consumer pattern by incorporating an aggregation interval that
governs when accumulated data are processed. This ensures optimal buffer utilization while minimizing database transactions. The
model defines stability conditions that balance production and consumption rates to prevent buffer overflow or underflow scenarios,
adapting to varying loads.

Empirical testing on a web server (4 cores, 16GB RAM) and SQL database server (4 cores, 32GB RAM) demonstrated
significant improvements in system performance. Analysis of Microsoft SOL Server's Query Store showed reduced query execution
frequency, decreased duration, and lower logical write operations. While CPU usage remained stable, there was a minor increase in
RAM usage due to batch storage requirements. These results confirm that the accumulation-based buffer effectively reduces database
load without compromising logging fidelity.

The approach aligns with recent research trends in streaming data processing, which increasingly favor batch processing and
adaptive interval mechanisms. The solution offers flexibility through configurable parameters like the Tmerge interval and buffer
capacity. Future research directions include developing real-time adaptive aggregation mechanisms and extending the model to
distributed multi-node environments.

Keywords: producer-consumer pattern, logging systems model, time-based aggregation, buffer optimization, batch
processing, mathematical model, query optimization, asynchronous processing.
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AJITOPUTM OHOBJIEHHS JIAHUX HA OCHOBI KPUTEPIIB YACY

Anomauia. Y yiti cmammi npeocmagieno 600CKoHanNeHUll NIOXI0 00 cucmem 6e0eHHs HCYpHany O Oi3Hec-nOCay2 WSAXOM
peanizayii MoOupiko6anoco wWabioHy «BUPOOHUK-CROICUBAYY 3 depe2ayicio OaHUX HA OCHOSL uacy. Tpaduyitini nioxoou 0o eedenHs
JICYpHATY, SAKI peccmpyiomb KodiceH KpOK OizHec-npoyecy 3a 0ONOMO20I0 OKpeMux 3anumie 00 06asu OaHux, cmeoproions 3HAYHe
Hasanmaoicenusi Ha pensyitni cucmemu kepyeanns oazamu oanux (CKB/]), wo npussooums 00 8y36KuX Micyb ¥ npOOYKMuUGHOCHIL.
3anpononosane piwiennsi 6npoeaoddNcyc «po3yMHuily Oygep, AKull NPayloe 8 pedlcuMi HAKONUYEHHs, azpecylodu NoGI0OMIEHHS!
JICYPHATY NpomA2OM eusHauenozo inmepeany uacy (T merg E) nepeo nakemHoo obpodKoio ix y 6aszi 0aHUX, 3MEHWLYIOUU YACHONY

onepayiil 3 0a3010 OAHUX.

Mamemamuuna mooens po3uupioe KiacuuHuil wabilon «BUPOOHUK-CRONCUBAY», BKIIOUAIOUU [HMep8AN azpe2ayii, aAKu
BUBHAYAE, KOAU 0OPOONAIOMbCA HaKonuyeHi dani. Lle 3abe3neuye onmumanvhe sukopucmanus 6yghepa, mMiHimizylouu mpausaxyii 6azu
Ooanux. Modenv eusHauae ymosu cmabinbHoCmi, AKI OANAHCYIOMb WEUOKICIb SUPOOHUYMEA MA CHONMCUBAHHA, W00 3anobicmu
cyeHapism nepenosHeHHs abo HedONo8HeHHA Oygepa, adanmyyucs 00 IMIHHUX HABAHMANCEHD.

Emnipuune mecmyeanns na eed-cepsepi (4 siopa, 16 I'b onepamuenoi nam'ami) ma cepgepi 6azu oanux SQL (4 siopa, 32 I'b
onepamugnoi nam'ami) RPOOeMOHCMPY8aANo 3HAUHe NOKPAUujeHHs NPOOyKmueHocmi cucmemu. Aunaniz cxosuwa zanumis Microsoft
SOL Server nokazag 3HudiCeHHs Yacmomu 6UKOHAHHA 3ANUMIE, 3MEHWEHHA MPUBALOCMI Ma MeHULy KiNbKiCmb J102iYHUX onepayii
sanucy. Xoua GUKOPUCMAHHA NpoOYecopa 3aiuanocs CMabilbHuM, CHOCMepieanocs He3HayHe 30iIbUeHHs BUKOPUCHANHSL
onepamueHoi nam'ami uepes eumozu 00 nakemnozo 36epicanns. L[i pesynbmamu niomeepodxcyloms, wo 6ygep Ha O0CHOGI
HAKONUYEeHHS egheKMUBHO 3MEHULYE HABAHMANCEHHS HA Oa3y OaHUX be3 WKoOU 0I5l MOYHOCMI peecmpayii.

Leti nioxio eionogidae ocmauHim meHOeHYiaM O0CHIONHCeHb ¥ NOMOKOGIll 0bpobyi OaHux, aKi éce Oinbuue CHpusoms
naxkemuii 06pobyi ma a0anMueHUM IHMEPBATbHUM MEXAHisMam. PilleHHs nponowye eumyukicmv 3a808KU HALAWNOBYEAHUM
napamempam, maxkum SAK IHmMepseaun Tmerge ma emuicmos Oygepa. Mailbymui HanpsamMKU OO0CHIONCEHb BKIIOUAIOMb PO3POOKY

aoanmueHux Mexaniamie azpe2ayii @ peaibHOMY 4aci ma po3uupents Mooeni Ha po3nodineHi bazamosy3nosi cepedosuuya.

Knrouosi cnosa: wabnon 6upoOHUK-CRONCUBAY, MOOeNb CUCHEM peecmpayii, aspeeayis HA OCHOSI 4Acy, ONMUMI3ayis
oyghepa, nakemua oOpoOKa, MamemMamuyHa Mooetb, ONMUMI3ayis 3anumis, ACUHXPOHHA 0OPOOKA.

1. Introduction

Logs make it possible to quickly identify the cause of failures or errors. They can store information about which
stage of a business service encountered a problem, what parameters were passed, and what the result of execution was.
Logging allows for tracking system performance, identifying bottlenecks, and optimizing operation. Logs help analyze
how users interact with the system, revealing inefficiencies or opportunities for improvement.

To ensure an adequate level of business service execution, it is necessary to continuously monitor the system’s
state. The implementation and integration of a logging subsystem can pose various challenges, such as large data
volumes, elevated impact on system performance, and complexities in data analysis.

2. Statement of the problem

Traditional approaches to business service logging, which involve writing each event to the database separately,
result in a significant number of write operations and increased load on the DBMS, especially with intensive log
generation. This work focuses on a logging subsystem that stores only the latest, most relevant state of a business
service execution, without retaining the detailed historical execution path. For optimization purposes, an enhanced
producer-consumer model with time-based aggregation (Tmerge) is proposed.

3. Analysis of recent studies and publications

A review of recent scientific works [2]-[16] indicates substantial interest in optimizing logging subsystems and
processing streaming data, especially in the context of reducing the load on DBMSs and improving scalability. Modern
streaming and distributed systems increasingly adopt “batch” or microbatch approaches [12],[13],[16], which reduce the
volume of transactions and increase performance. Studies dedicated to the producer-consumer model [3], [8] emphasize
the importance of maintaining a balance between data generation speed and data consumption speed, as well as a
flexible approach to resource allocation in real-time. The use of adaptive aggregation intervals [6], [10], [16] has proven
effective in scenarios with high log volumes and uneven data arrival frequencies, noticeably reducing overall write
overhead and increasing resilience to peak loads.

Other studies [4], [5], [7], [9], [11] focus on aspects of implementing distributed and scalable logging systems,
proposing methods for structured storage, offloading central nodes, and fast search. In particular, they highlight the
importance of optimized buffers (elastic, with dynamic resizing) and algorithms for harmonizing write and read rates.

Thus, most research underscores the need for balanced buffer and aggregation mechanisms to avoid
overwhelming the system with frequent single transactions. At the same time, there is no unified model that integrates
the classic producer-consumer pattern with a regulated aggregation interval, particularly for relational DBMSs, which
are widely used in numerous business services.

4. Research objectives and tasks

The aim of the article is to improve the efficiency of business service logging by developing a modified
producer-consumer template with time-based data aggregation.

5. Research results

Logging system model.

Consider the process of logging the steps in a business process. Each step of the business process triggers a
data-registration function in an abstraction implemented using the “repository” design pattern. The implementation of
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this abstraction sends a query to the relational DBMS to create a new record in relational tables. After the
business-service step completes, a data-update function in the “repository” abstraction is called. The implementation of
this abstraction sends a query to the relational DBMS to update an existing record in the relational tables (Figure 1).

This approach has several advantages and disadvantages. Its advantages include that logging each step of the
business process enables detailed real-time tracking of its execution, aiding in troubleshooting and increasing system
transparency. Using the repository pattern provides a clear separation of business logic from database operations,
making it easier to modify or enhance system components. Abstraction via the repository simplifies maintenance and
testing by allowing changes to the internal data-access implementation without affecting business logic. Using a
relational DBMS as the data store is a standard approach, making the solution understandable to many developers and
easily integrable with other systems. Logs are stored in a structured format in the relational database, making them
convenient for building reports, analyzing process efficiency, and identifying bottlenecks.

Data Prgducers
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Fig. 1. General diagram of the first approach.

However, frequent write and update operations place a heavy load on the relational DBMS, especially if there is
a high degree of parallelism or a large number of business-service steps. Continuous database access for insert and
update slows down business-service execution. If each step is treated as a separate transaction, this can lead to delays
due to resource locks. Frequent updates and log storage in the database lead to the accumulation of large amounts of
historical data, which must be periodically cleaned up.

To reduce the load on the DBMS, minimize the data sent over the network, reduce operations on the disk
subsystem, and speed up execution of business-service steps, an improvement has been proposed and implemented. A
“smart” buffer has been introduced between the business-service execution subsystem and the logging subsystem,
which asynchronously receives logging data in the form of messages and performs a merge (aggregation) operation on
these messages before writing to minimize the number of DBMS queries (Figure 2).

DBMS

Consumers (1,2,3........M)

Aggregator (Msg 1,2,3.......NK)

Producers (1,2,3......N)

Fig. 2. General diagram of the proposed approach.

By using a feature toggle mechanism, it became possible to introduce the new implementation with an option to
switch back to the old one. Under the new approach, each step of a business-service instance generates logging data in
the form of messages, which are accumulated in a queue and transformed into database queries by several consumers
into queries for the relational DBMS. The logging subsystem follows the “producer-queue-consumer” model [16].

The mathematical model of the producer-consumer pattern describes the interaction between two types of
processes: producers, which generate data or “products,” and consumers, which consume these data. They typically
share a buffer of limited size for data exchange. This model helps clarify the optimal conditions for matching both
sides’ performance and avoiding excessive waiting or blocking.

Model Variables:

N - the size of the shared buffer. This is the maximum number of elements that can be stored simultaneously.

P(t) - the number of elements produced by the producers by time t.

C(t) - the number of elements consumed by the consumers by time t.
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B(t) - the number of elements in the buffer at time t. This is the buffer’s state variable, updated over time
according to producer and consumer actions.
T and r.- the average production (producer) and consumption (consumer) rates, respectively.

B(t)= P(t) — C(t), 1)
where B(t) is bounded between 0 and N:
N = B(t)=0. 2)
The rate of change in the number of elements in the buffer can be expressed as a derivative:
dB(t) _ dP() _ dct) _ 3
.~ dt dt _rp Ty ©)
Since dP% =7 and dC%L = r . This simplifies to
p t c
dB(t) _
=T, T 4

Stability Conditions:
Buffer overflow condition: If s >, the buffer will gradually fill, and once B(t) = N, producers have to stop

or wait, resulting in delays.
Buffer underflow condition: If r <r, the buffer empties, causing consumers to wait for new data. a web server

Stable system operation: If =T, In this case, the buffer remains in equilibrium without overflowing or being

empty.

The mathematical model of the producer-consumer pattern helps determine how to maintain balance between
production and consumption speeds. This ensures optimal buffer usage, minimizing delays for both producers and
consumers.

However, this approach does not reduce the number of queries to the DBMS. To lower the number of DBMS
queries, we propose changing the buffer’s behavior: elements are processed at specific intervals (the aggregation
interval Tmerge), meaning consumers work in an accumulation mode. We analyze a model wherein data are consumed in

a batch once Tmerge elapses, which significantly affects the overall load on the DBMS.

Additional model variables:

merge” the aggregation interval (the period over which data are accumulated before processing).

M(t) - the number of elements accumulated in the buffer during Tmerge before consumption.

C(t) - the number of consumers simultaneously processing the accumulated data.ltem 2
Now the buffer state depends on the following phases:
Accumulation phase. During time Tmerge, elements are added to the buffer but not consumed.

Consumption phase. After Tmerge ends, all accumulated elements are consumed by the C(t) consumers in one

request.
The equation for the buffer state B(t) remains as in (1):
c(t) = {0, tmodTmerge;tO(B(t), C(t)  M(t)), tmodT =0 %)

erge

Accumulation phase (tmodTmeTgeqt O):

Consumption does not occur C(t) = 0;
The buffer grows at the rate set by producers r .

Consumption phase (tmodTme = 0):

rge
All C(t) consumers simultaneously consume the data.
The maximum number of data elements that can be consumed is: C(t) * M(t), where

M(t) = _f p(t)dt, (6)

t—=T

merge

number of elements accumulated over Tmerge.

If B(t) < C(t) * M(t), the entire buffer is consumed, leaving B(t) = 0.
To prevent buffer overflow, the average consumption rate over Tmerge must match the production rate:

CO* M@®) =7 *T

Analysis of the results of the proposed approach.
Experiments were conducted on the following computing resources: a web server (4 cores, 16 GB RAM) and an
SQL database server (4 cores, 32 GB RAM). To evaluate the effect on the Microsoft SQL Server database server, we
analyzed the following metrics: Execution Count (number of query executions), Total Duration (ms) (total query
execution time in milliseconds), and Total Logical Writes (KB) (total volume of logical writes in kilobytes). The choice
of these metrics is justified by the need for relevant analysis, minimizing external factors, and focusing on aspects most
significant for MS SQL Server performance under the studied conditions.

™)

merge’
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From the CPU usage graphs for the web server before (Figure 3a) and after (Figure 3b) the logging subsystem
implementation, it can be concluded that the overall CPU load remains similar. Both charts show peaks in CPU usage
with approximately the same frequency and amplitude. Although after the changes (Figure 3b) the spikes in load are
somewhat less pronounced, the general trend is preserved. This indicates that introducing the logging subsystem does
not significantly affect CPU load - a fairly positive outcome.

In the graph before the changes (Figure 4a), RAM usage is relatively stable with periodic peak loads. After
implementing the logging subsystem (Figure 4b), the overall load pattern is maintained, but there is a slight increase in
the baseline level of memory usage. This may indicate increased RAM consumption due to the new features.
Meanwhile, peak load frequency and intensity remain similar, implying that the main usage patterns of the web server
are unchanged.
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Fig.3(a) and 3(b). CPU resource usage of the web server.

b)

Fig.
4(a) and
4(b). RAM resource usage of the web server.

The most significant change is the disappearance in Query Store of the query with ID 121041091 (Figure 5a),
which, prior to the logging implementation, had the highest call frequency (shown in green). It updated the log data.
This indicates that its execution became much less frequent, thereby reducing its impact on the DB server. From the
graph after the changes (Figure 5b), one can see that other queries had a redistribution of call frequency - for instance,
the most frequent queries with IDs 121041054, 121041093, and 121041092 show an increase in the number of calls,
reflecting the system’s adaptation to the new logging approach.
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Fig. 5(a) and 5(b). Total query calls.

Before implementing the proposed logging subsystem approach (Figure 6a), the query with ID 121041091
(highlighted in green) contributed significantly to the total query duration. After the changes (Figure 6b), this query no
longer appears in Query Store, indicating its elimination or substantially decreased execution frequency. This
significantly reduced the load on the database server. Some queries with previously high total execution times
(e.g., 121041912) either no longer appear or exhibit noticeably lower execution times. This points to optimization or
reduced frequency of their use.
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Fig.6(a) and 6(b).Total query duration (ms).

Comparing both graphs (Figures 7a and 7b), we see an overall reduction in the number of logical writes after
implementing the logging subsystem. On graph 7b, the peak values of total logical writes are substantially lower than
on graph 7a, indicating improved efficiency of query processing. Reducing the overall number of logical writes without
a significant increase in the frequency of small queries suggests improved write algorithms and likely fewer redundant
or duplicate logging operations. Hence, batch processing enabled by the accumulation-based mode reduced the number
of database calls and provided more stable load distribution.

o ~
e _ & w 2 8
(]
v - ™4
1 le8g N @ e N % AEg B 8 e N
i i o =3 b1 m - @ 9 ] m - © =]
r] ™ ~ T 0 o o w - @ ] n = ~ ~ =) o~
o {3 | I o 0
c 4 m m by — - ~ m < a — -
z ~N o bR m m = mM I =1 ° ~
=] M m o ~ m | ES T ° il |2 W

et | ~ m © = ~ — w W - ~ -y -] o @ ~
1 -] ~ -4 ~ @ o r~ ~ ] - P o ~ @ ~ (=]
v 2 et S0 N 8§ & 9~ 2 = S s - I =
= e o g ~
o "] o wn
= I
=g r (4]
I 3
B D B S O I O @ o A oy 2 T S BT B - B TR N o

q.‘b& &‘11 é\'& u-{Lx -&o '\“’caQj %%rP rb"’hn’ o vs‘a& & é‘ﬂ} P . LI .

L U SN ) S o o7 7 D A P D T oP

A
BN LR, . R R P <4 SR A AR R
query_id query_id

a) b)

Fig.7(a) and 7(b).Total logical writes.
6. Conclusions and prospects for further research
This work examined and analyzed an approach to business-service logging based on the Producer-Consumer
model with a buffer that operates in accumulation mode and periodically (in batch) processes the data. The study
confirmed that the Producer-Consumer mathematical model incorporating an aggregation interval Tmerge reduces the

number of queries to the DBMS, because logs are recorded in groups instead of through continuous single write
operations. Empirical results show a reduction in the total number of logical writes, a decrease in database server CPU
load, and a slight increase in the web server’s RAM usage (due to storing the batch in memory) [16].
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A review of recent scientific research on buffering and logging shows that worldwide practice is likewise
moving to batch message processing and adaptive periodic intervals. This confirms the promise of the proposed
approach and aligns with the trend of optimizing logging to reduce overhead and improve system resilience.

The implemented solution significantly reduces the number of write transactions to the database, while still
providing sufficient log detail for further analysis.

The proposed algorithm can be adapted to a range of conditions: varying log generation rates, different numbers
of consumers, and specific performance requirements. With proper configuration of the Tmerge period and buffer

capacity, the approach ensures stable system performance even under intensive log generation. Future research may
focus on enhancing real-time adaptive aggregation interval mechanisms (based on prior load analysis and forecasting)
and extending the model to distributed environments in which logging is performed simultaneously on multiple nodes.
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