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Abstract. At present, despite significant advances in data warehouse technology,
large e-commerce enterprises often face challenges in deploying multiple isolated data
warehouse systems in different departments or regional branches. In addition, the presence
of numerous independent data warehouse systems limits operational flexibility, any
changes needed at the central level are difficult to implement. This inflexibility not only
complicates the maintenance of the system, but also slows down the pace of response to
market changes. Therefore, it is extremely important to integrate these distributed data stores
into a single enterprise-level data warehouse using a well-structured, layered data model.
This study proposes to develop and implement an improved enterprise data warehouse
architecture designed to consolidate fragmented department databases into a centralized
data warehouse at the group level. By integrating multiple business intelligence (BI) tools
with real-time monitoring systems, this solution not only increases data transparency and
optimizes analytical processes, but also creates a more flexible and cost-effective data

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License
275



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 2 (26).

infrastructure for the organization.
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AnHoTauus. Ka3ipri yakpITTa IepeKkrep KOMMachl TeXHOJIOTUACHIHBIH €JIeyIi aa-
MybIHA KapamacTaH, ipi AJIEKTPOHIBIK KOMMEPIIUS KOCIOPBIHAAPHI KOOIHECEe opTypIi
Oemimzaepae HeMece OHIpIiK Quuuanmapaa OipHeIe OKIIaylIaHFaH IEPEKTep KOWMAChI
KYHeNepiH eHrizy Ke3iHze KUbIHAbIKTapra Tarn 0onaasl. COHBIMEH Karap, KONTereH Tay-
eJICci3 JepeKTep KoiMachl KyHenepiHiH 00yl ONepanusiIbiK UKEMIUTIKTI IEeKTeH I, a
OpTaJIBIK JACHIeW/Ie KaXeT OOJaThIH ©3repiCTep/ii eHIi3y KUbIHFa corapl. MyHail HKeM-
CI3/IK JKylere TeXHUKAIBIK KbI3MET KOPCeTy/l KUbIHIATHIN KaHa KOWMaii, HapbIKTarbl €3-
repicrepre jxayarn O0epy KapKbIHBIH J1a Oastynaraabl. COHABIKTaH OyJ1 OeJiHreH aepeKTep
KOMMamapbelH ITyphIC KYPBUIBIMAAIFAH KaOaTThl AEpPEKTep MOAEIIH MaiianaHa OTHIPHIIL,
KOCIMOPBIH JCHTrerinaeri OippIHFall JepekTep KoimackiHa OipikTipy aca MaHbI3IbL. OCHI
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3epTTeyae OeniMIepiH OBITBIPAHKBI JEPEKKOPJIAPBIH TON JEHTeHIHIEeTT OpTaIBIKTaH-
JBIPBUIFAH JIEPEeKTep KoWMachlHa OIpiKTipyre apHaifaH >KETULHIPUITeH KOCIMOPBIHIIBIK
JiepeKTep KOWMAachl apXUTEKTypachlH J3ipIiey jKOHE €HTi3y YChIHbUIAIbL. bipHemie Ous-
Hec-tannay (BI) KypanmgapbslH HaKTBl yaKbITTaFbl MOHUTOPHHT XKYHEJIEepIMEH HHTETpaLu-
syay apKbUIbl YCBIHBUIFAH IIEHIM JACPEKTEPAiH AIlbIKTBIFBIH apTTHIPHIT, aHATUTHKAIBIK
npoIecTep/Ii OHTAMIAHABIPHINT KaHa KOMMail, YHbIM YIIiH UKeMIIpEK KoHEe SKOHOMHUKA-
JBIK TYPFBIIAH THIML JepeKTep NHPPAKYPhUTBIMBIH KaJIbIITACTHIPA/IbI.

Tyiiinai ce3nep: nepekrep Koimachl, 3MEKTPOHIBIK komMmepuwms, ETL, Owusz-
HEC-TaJlJ1ay, JEPEKTEp KOMMAaChIHBIH apXuTekTypacsl (DWA)
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AHHoOTanus. B HacTosmiee BpeMs, HECMOTPSI Ha 3HAYUTENbHBIN Mporpecc B 00-
JIACTU TEXHOJIOTMM XPAaHWIHNI JaHHBIX, KPYIHBIC IPEANPUATHS IEKTPOHHON KOMMEp-
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[IMU YaCTO CTAJIKMBAIOTCS ¢ IpobIeMaMu IPH pa3BepPThIBAHUU HECKOJIBKUX U30JIMPOBAHHBIX
CUCTEM XPaHEHHUS JAHHBIX B PA3IMYHBIX MOJAPA3NEICHUIX WM PETHOHANBHBIX (puinanax.
Kpome Toro, Hanmure MHOTOYUCIIEHHBIX HE3aBUCUMbBIX CUCTEM XPAaHEHUS JaHHBIX OTrPaHU-
YUBAeT ONEPallMOHHYI0 TMOKOCTh, @ BHECEHHE HEOOXOIMMbIX U3MEHEHUI HA IIEHTPaIbHOM
YPOBHE CTaHOBUTCS 3aTPYIHUTENbHBIM. Takass HErHOKOCTh HE TOJBKO YCIOKHSAET TEXHH-
4yeckoe 00CTyKMBaHHE CUCTEMBI, HO U 3aMEJUISIET CKOPOCTh pEarupoBaHMsI Ha U3MEHEHUS
priHKa. [ToaTOMy KpaiiHe Ba’KHO MHTErpUPOBATh 3TU paclpeieICHHbIE XPaHWINIIA TaHHBIX
B €MHOE XPAaHWIHIIE KOPIOPATUBHOIO YPOBHS C HCIOJb30BAaHHUEM CTPYKTYPUPOBAHHOMN
MHOTOYpOBHEBOM MOJieNIM JIaHHBIX. B HacTosmieM ucciieoBaHuu Npeajgaraercs paspado-
TaTh U BHEAPUTH YCOBEPIIEHCTBOBAHHYIO apXUTEKTYpy KOPIMOPATUBHOIO XpaHWIUIIA JdaH-
HBIX, NPEJIHA3HAYEHHYIO JJI1 KOHCOMUAaluu (hparMEHTUPOBAHHBIX 0a3 JaHHBIX MOJpa3Jie-
JICHUH B IEHTPAJIM30BaHHOE XPaHWIMILE TaHHBIX Ha YPOBHE TPYIIbI KOMIaHui. biarogaps
MHTETpaIi HECKOJIBKUX MHCTPYMEHTOB Ou3Hec-aHanuTuku (BI) ¢ cuctemamu MOHUTOPUH-
ra B peaJlbHOM BPpEMEHH JaHHOE PELIEHUE HE TOJIBKO MOBBIIIAET MPO3PAYHOCTh JAHHBIX U
ONTHMHU3HUPYET aHAIUTUYECKUE MPOLIECCHl, HO U co3/aeT Oosiee TMOKYI0 U SKOHOMHYECKH
3¢ dekTuBHYI0 HUHOPACTPYKTYPY AAHHBIX Ui OpraHU3aiy.

KuioueBble cji0Ba: XpaHWwINIlEe JaHHBIX, JIeKTpoHHas kommepnwusi, ETL, 6uznec-
aHAJINTUKA, apXUTEKTypa XpaHuiauina gaHHbix (DWA)

Jasi umTupoBanus: Haiizabaesa JI., Typken I'., Ipy6a P.A., fAsap A.ILI. (2026). Uc-
M10JIb30BaHUE KOPIIOPATUBHOIO XPAaHWIINIIA TAHHBIX JUIS YITy4LIeHUS BeO-OpUEeHTUPOBAHHBIX
oreparuii npojax // MexxayHapoaHbli xKypHasl HHOOPMALMOHHBIX U KOMMYHHUKAIIMOHHBIX
texHonoruit. T. 7. No. 26. Ctp. 275-290. https://doi.org/10.54309/1J1CT.2026.26.2.018. (Ha
aHII.).

Kon$uiuKT HHTEepecoB: aBTOPHI 3asBISIIOT 00 OTCYTCTBUU KOH(IMKTa UHTEPECOB.

Introduction.

With the development of information technology, data warehouse technology has
been widely used as never before, which has produced great economic benefits. In the
U.S., around 30—40 % of companies use or are building data warehouses, including AT&T,
Verizon, and Wal-Mart. A survey by IDC found that firms using data warehouses saw an
average ROI of 401 %, with 25 % exceeding 600 % (Athira Nambiar et al., 2022). Data
warehousing supports decision-makers by improving the speed and quality of business
decisions. According to the Gartner 7th Annual Chief Data Officer Survey (Gartner), by
2023, the majority of successful CDAOs will have business rather than IT backgrounds
as boards continue to focus more on digital value, and more than half of the world’s large
organizations will use these funds as a competitive advantage. As per reports, the worldwide
big data analytics and business intelligence software applications markets seem as though
they will increase by USD 68 billion and 17.6 billion by 2024-2025, respectively (Bl &
Analytics Software Market Value Worldwide, 2022).

From this, we can see that data warehouse systems help companies make better
decisions by using organized and clean data (Athira Nambiar et al., 2022; BI & Analytics
Software Market Value Worldwide, 2022). In business, quick and reliable access to information
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helps managers plan and react to changes faster (Athira Nambiar etal., 2022; BI & Analytics
Software Market Value Worldwide, 2022). As e-commerce grows, making decisions based
on data becomes essential. E-Commerce depends on data. It tracks users, products, and
sales in real time. Recent advancements in data warehousing for e-commerce logistics
have demonstrated the growing importance of digital transformation and optimized data
integration in business operations (Gulzat et al., 2024). In Kazakhstan, many companies
now use digital systems but still struggle to connect different data sources for fast analysis
(Kalmutskiy et al., 2023). This slows down reporting and makes business planning less
effective. Data warehouses were first made to solve the problem of systems that couldn’t
share data (Amaravathi et al., 2022). Now, they act as central storage for analysis and
planning in many industries (Seddiq et al., 2023). But many companies still use separate
data warehouses in different branches. When one model changes, every branch has to
update its system. This raises cost and reduces flexibility. This study aims to design and
test an integrated Enterprise Data Warehouse (EDW) framework that combines different
departmental databases into one system for web-based sales. The goals are:

e To build a hybrid EDW model that mixes Inmon’s normalized design with
Kimball’s dimensional modeling to improve flexibility and data accuracy.

e To create and test an ETL pipeline that increases data consistency, throughput,
and analysis performance.

e To show how real-time monitoring tools like Grafana can improve transparency
and decision-making.

The study assumes that the proposed hybrid EDW design will improve data access,
processing speed, and analysis response time compared to traditional separate warechouse
systems. The expected results include lower data delay, higher ETL throughput, better data
accuracy, and faster decisions confirmed through performance tests.

Materials and methods.

For large corporations, their corporate branches have deployed multiple sets of
enterprise data warechouses. When using business reports, corporate decision-makers can
only get data after integration and processing. The authenticity and reliability of data
can’t be controlled effectively and uniformly. At the same time, because there are many
data warehouse systems, when the corporation needs to modify the data model, the data
model of the branch company also needs to be modified accordingly, so the flexibility of
maintenance is poor. Finally, each time a corporation needs to upgrade the data warehouse
version, it needs to maintain and upgrade the data warehouse version of each branch, which
is costly to maintain. Therefore, how to integrate multiple data warehouses distributed in
subsidiaries into a group-oriented enterprise data warehouse through the design of a model
hierarchy is of great significance to ensure the reliability of data, enhance the flexibility of
model modification, and reduce the operation and maintenance costs of data warehouses.

The literature review of all papers highlights the importance and advancement of
data warehouses in various fields. Many studies have looked at how data warehouse design
affects performance. In (Nandhini et al.), researchers compared different organizational
setups and found centralized Hub-and-Spoke systems gave better accuracy and integration.
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Areview in (Breslin, 2004) showed similar results, saying centralized models help with data
consistency. Jayashree and Priya (Mustafa et al., 2022) studied order and sales management
systems and showed how logical models help organize ETL tasks and support business
planning. Bimonte et al. (Sandro Bimonte et al., 2022) designed a logical model for multi-
model warehouses to balance ETL speed, storage, and query time. In (Seddiq et al., 2023),
a web-based ETL system improved operation speed and accuracy. A study in (Suriansyah
et al., 2023) used Hadoop to schedule ETL and showed that optimized queries could cut
processing time by about 85%. Another paper (Arsalan Shahid et al., 2021) built a three-
layer Big Data warehouse that made access control and visualization easier. The study in
(Paquita Putri Ramadhani, 2021) made a BI dashboard using PostgreSQL and the Kimball
method, helping track sales and deliveries. Article (Asma Dhaouadi et al., 2022) gave a
full overview of ETL modeling methods used in large systems. Turken et al. (Turken et al.,
2025) used deep learning with an LSTM model for chatbot query classification. This idea
could also help make enterprise warehouses smarter and more automated.

In Kazakhstan, many companies use systems like SAP/R3, Oracle Applications,
and BAAN 1V in fields such as energy, metallurgy, and banking (Gubenko, 2015). Even
with these tools, many still keep separate systems in each branch. When data models
change, every branch must update its system. This creates extra work and slows reporting.
Most studies so far focus on system design, ETL improvement, or architecture choice. But
very few look at hybrid enterprise warehouse models that mix normalized and dimensional
designs while also using live monitoring and fast analysis. This research works on that gap
by building a model that connects speed, accuracy, and real-time control in one system.

A data warehouse (DW) consists of two main components: first, an integrated
decision support database, and second, associated software programs for collecting,
cleansing, transforming, and storing data from a variety of operational and external data
sources. The two are combined to support historical, analytical, and business intelligence
(Business Intelligence, BI) needs. A data warehouse may also include a number of related
data marts, which are subset copies of the data warehouse database. Broadly speaking, any
data extraction or data storage used to provide data support for business intelligence can be
called a data warehouse.

For this study, the consolidated dataset from all regional branches (including
ALSER.KZ, Technodom, and Belyi Veter) occupies approximately 700 GB of storage
under small-scale operations, The dataset aggregates periodic snapshots of product listings
transactional records (including timestamps, regional pricing, and sales volumes), customer
feedback (ratings and review text), and inventory status reports from each branch’s local
database systems. These diverse data streams undergo standardized transformation through
scheduled ETL processes at the central headquarters, where data quality checks and
schema normalization are applied before being loaded into the analytical data warehouse.
The processed dataset supports comparative performance analysis across regions, trend
identification in product categories, and retrospective evaluation of pricing strategies, while
maintaining each branch’s unique business rules and data collection methodologies within
a unified analytical framework. This approach provides comprehensive market insights
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while respecting regional operational autonomy and data governance requirements.
Dimension and fact table design: When creating the model, it is necessary to avoid
the excessive number of records in the dimension table of the information cube. Generally,
the comparison between the records in the dimension table and the records in the fact
table should be less than 1:10 or even smaller. Without increasing the number of data
records in the dimension table, it is necessary to control the number of dimension tables;
each additional dimension table will add 10 bytes to each record, and a large amount of
storage space will need to be added for fact tables with tens of millions of data points.
Let F represent the fact table. F consists of #n rows and m columns. Each row in
F represents a single observation or event. Each column in F corresponds to a specific

measure or fact. Let F; ;7 represent the value in the i- th row and j- th column of the fact

table (i and j represent indexes). The fact table may contain numerical values representing

quantities, amounts, or metrics associated with various business processes.
Mathematically, the fact table F can be represented as a matrix:

F13 Fip o Fip
F5,  F3

-Fnl Fnz F;zm-

aw Fzm

(M

Let D represent the dimension table. D consists of p rows and q columns. Each
row in D represents a unique dimension value or category. Each column in D corresponds

to a specific dimension attribute. Let ng represent the value in the p —th row and ¢ —th
column of the dimensional table. The dimensional table contains descriptive attributes
that provide context for the measure in the fact table. Mathematically, the dimensional
table D can be represented as a matrix:

Dy Dyp e qu"
P’
_Dpl DpE " qu_.

2

In data warehousing, the concept of fact and dimension tables refers to the method
of constructing a fact table and its related dimension tables. This approach is designed to
meet current data needs while also supporting the development of future downstream data
applications.
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The role of the dimension table and the fact table is to describe the background
information in the business facts through the dimension table, and to record the data and
indicators in the specific business process through the fact table. This method classifies
and integrates business data, which can provide enterprises with more comprehensive,
in-depth, and accurate data analysis and decision-making support. At the same time,
the interrelationship of the dimension table and the fact table can form a complex and
multi-dimensional data model to help enterprises analyze business trends, formulate sales
strategies, and improve product design. The Following Figure 1 and Figure 2 describes the
research work, Fact tables, and dimension tables.
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Fig. 1. Fact tables and dimension tables (I).

The ETL process stood as the linchpin of the data warehouse. Upon acquiring
proficiency in the intricacies of these five pivotal ETL steps for constructing the data
warehouse, one indeed grasps the fundamental methodology for this endeavor. Nevertheless,
there is no one-size-fits-all approach. Depending on the specific project at hand, customized
analyses must be conducted. This may encompass the utilization of Parent-child dimension
models or the management of slowly changing dimensions. In the construction of the data
warehouse, ETL assumes a direct influence on the data’s overall quality and integrity
within the entire project. Hence, meticulous attention and precision are paramount. ETL
must be accorded a prominent position in the hierarchy of priorities, as it serves as the
bedrock upon which the entire data warehousing endeavor is erected (Abbasi Muhammad
Bilal, 2021). The subject of a data warehouse is to establish a unified and reliable
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source of information intended for strategic decision-making, business intelligence, and
reporting throughout various departments and functions. ETL plays a critical role in data
warehousing by facilitating the collection, integration, transformation, and management
of data, ensuring its quality and accessibility for analysis and decision-making. It acts as
a bridge between raw data and actionable insights, making it a foundational component in
the utilization of data warehouses for businesses and organizations. In modern days, ETL
(Extract-Transform-Load) tools are very useful in data integration and data warehousing
(Salunkhe et al., 2021).
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Fig. 2. Fact tables and dimension tables (II).

The ETL process can be described using the following mathematical model: (M1)

(Ei U Ci) = t; = iy where i =1,n,i € N,n €N, N-A set of all
natural numbers.

The following notations were used to create the (M2) model:

E:{El, €9, ey En} — a set of all data files that are uploaded to the data
preprocessing layer;

(= {C €2y ean s En} —a set of all files for managing the loading of data into
a preprocessing layer;

T:{tl’ o) vee, tn}— a set of all data files that are loaded into the data
transaction layer;

L:{I*l, IEJ - In}— a set of all data files that are loaded into the data
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warehouse from the sessions of the set L, where ti — Ii ’ i=1 , I,
n — the number of all data files that can be uploaded to the data warehouse.

(M1)- can be written as (E U C) - T —> L.

E-Commerce data warehouse architecture

The main difference between the Kimball and Inmon models is in how they store
and organize data. Kimball uses dimensional models like star and snowflake schemas.
Data is stored directly in the warehouse for quick and easy analysis. Inmon, on the other
hand, builds a centralized, normalized warehouse first. Dimensional models are added later
as data marts for specific business functions. From an architectural view, Kimball does not
separate data marts from the main warehouse. The same structure supports both storage
and analysis. Inmon separates data marts into individual units, which gives more control
but adds extra layers.

Comparing both models helps decide which one fits best for a given system.
Kimball’s method is bottom-up, data marts for business processes are built first, then
combined into one warehouse. Inmon’s method is top-down, it starts with an enterprise-
wide model and builds data marts afterward. Kimball’s design is easier to use for analysis
and faster to deliver. Inmon focuses on reducing redundancy and keeping data consistent.
Kimbeall allows users to query data directly from the warehouse without going through
data marts. Inmon’s model routes all analysis through data marts, which adds control
but increases setup time. From a business point of view, Inmon takes longer to plan and
build since it normalizes all company data first. Kimball is faster to deploy because it
focuses on specific business areas. Maintenance in Inmon is easier because tasks are well-
structured. Kimball may require more effort to maintain since its data is denormalized and
can create duplicates. Inmon has higher initial costs but lower long-term expenses. It’s
more stable and easier to scale when business needs grow. Kimball is cheaper to start and
delivers results quickly, but long-term maintenance can cost more. Inmon also requires a
skilled team familiar with normalized modeling and data marts. Kimball can be handled
by smaller teams using dimensional modeling. Both methods rely on data sources, ETL
tools, and well-structured time-based records for analysis and forecasting. Inmon supports
stronger data governance and consistency. Kimball focuses more on business processes
and quick delivery. Inmon uses a normalized structure to reduce redundancy. Kimball uses
a denormalized model for faster access but with some repeated data. Inmon’s design is
more complex, while Kimball’s is simpler to build and adapt.

This research uses a hybrid Inmon—Kimball architecture. Data is first stored in
a normalized warehouse following Inmon’s method. Then, dimensional models are built
following Kimball’s approach. These models are used for analysis and reporting through
business intelligence tools. Figure 3 shows the architecture used in this study.

The performance of a Data Warehouse (DWH) depends on its structure and how
well its components work together. The architecture supports integration, data quality, and
smooth data flow across tools. A typical DWH architecture includes:

e Data Sources: These include logs, sensor data, and production data. They feed
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raw data into the system;

e Data Processing: This step cleans, transforms, and filters data using ETL tools
and processing engines;

e Data Integration: Different sources are combined into one repository for analysis.
ETL tools and live pipelines manage this step;

e Data Warehouse: The final store where all processed data is kept. It includes
summary data, metadata, and derived sets. The warehouse supports analysis, reporting,
and decision-making.
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Fig. 3. E-commerce DWA.

Results and discussion.

Testing was done to check if the data warehouse works right and stays stable. It
was not only about software testing but also about checking if the data itself was correct.
Both functional and performance testing were done. The goal was to confirm that the
system meets the setup used in SAP BW. The tests covered ETL performance, data quality,
and how fast queries run on PostgreSQL and SAP HANA.

The hardware setup is shown in Table 1. It includes ETL nodes, PostgreSQL, SAP
HANA, a Kubernetes server, and Grafana for monitoring. Each part got CPU, memory,
and SSD based on its work role. This setup keeps the system stable and makes it easier to
scale and monitor.

Table 1. Characteristics of software instance for the implementation of a data
warehouse

Component CPU Memory SSD
Docker Container 6 cores, Intel Xeon E5-2640 v4 (Kubernetes Node) | 24 GB 1 TB
Kubernetes Node (Server) 8 cores, Intel Xeon E5-2640 v4 32GB 2TB
PostgreSQL 4 cores, Intel Xeon E5-2630 v4 16 GB 500 GB
Grafana Instance 2 cores, Intel Xeon E5-2640 v4 (Kubernetes Node) | 8 GB 256 GB

The presented model serves as a fundamental portrayal of data warehouse testing.
It works as a baseline for testing. In real use, testing is more detailed. It includes checking
ETL flow, schema validation, and full system testing. Similar steps were used in (Mustafa
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et al., 2022; Sandro Bimonte, 2022). For checking data quality, ETL data was tested after
every load. The same kind of accuracy checks were used in (Seddiq et al., 2023). All results
matched after validation. It showed that data movement and transformation worked as
planned. Next was presentation layer testing. It tested how fast queries run, both simple and
complex ones. Just like the Hub-and-Spoke model in (Breslin, 2004), our SAP BW-based
system gave more stable results. It worked better since all data comes from one trusted
source. Even under load, the query time stayed consistent.
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Fig. 4. The presentation layer testing activity.

Figure 4 shows query performance. The average query took 1.34 seconds, while
Hadoop-based ETL from (Suriansyah et al., 2023) took 1.418 seconds. So, this setup runs
slightly faster even without using Hadoop.

In the ETL testing phase, we assessed the performance of the data loading process
using a custom metric called Loading Throughput. The formula used was:

n Records;vDataSize;
=1 Max(Time,180)

Loading Throughput =

n

€)

Formula 3 shows how we measure average throughput across different loading
cases. For each test, we take the total data volume and divide it by the larger value between
the actual processing time and 180 seconds. This keeps results fair by setting a baseline
for short runs. We then average the throughput over n test cases. This way we can check
how efficient and consistent the ETL pipeline is with different data sizes. Figure 5 shows a
throughput comparison across systems for different record counts.
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Loading Throughput Comparison for Different Record Counts
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Fig. 5. ETL Testing.

Figure 5 shows the ETL test results for three systems: My Res., Oracle DI, and MS
SSIS. The record sizes range from 10,000 to 100,000. The results are clear:

* My Res. is the fastest, reaching 0.1000 GB/s at 100,000 records;

* Oracle DI is in the middle, peaking at 0.0750 GB/s;

» MS SSIS is the slowest, with a maximum of 0.0500 GB/s.

From these results, My Res. shows about 33 % better speed than Oracle DI. A
similar pattern was seen in (Suriansyah et al., 2023), where better ETL logic increased
speed by around 85 %. In this case, the higher speed comes from better container control
in Kubernetes, which cuts data delay and keeps the system stable when the load grows.
Compared to the three-layer setup in (Arsalan Shahid et al., 2021), this system gives the
same level of scaling but needs less setup work. ETL, storage, and analytics all run in one
cluster. This makes it easier to manage and update when the model changes. In (Paquita
Putri Ramadhani et al., 2021), PostgreSQL-based BI dashboards were used to track
business data. Here, Grafana was used instead. It gives live updates with less delay. The
average refresh time was 1.2 seconds, while Oracle BI in (Paquita Putri Ramadhani et al.,
2021) had about 1.5 seconds. That’s around 20 % faster.

My Res. also stays stable as data grows. Grafana was used to watch the system. It
ran inside the Docker cluster and showed live data. The dashboard helped check runtime
and find errors early. Figure 6 shows how Grafana displayed system activity. It gave alerts
when any part failed. This follows the same setup idea as in (Turken et al., 2025), where
system checks and responses were more automatic. Overall, the system works well. It
gives faster ETL speed, stable query times, and easy control. The SAP BW model keeps
all data in one place, like the Hub-and-Spoke setup in (Nandhini et al.), but uses tools like
Kubernetes and Grafana for better scaling and tracking.
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Fig. 6. Visualization of the process in Grafana.

Conclusion.

In the implementation process of data warehouse projects, many companies often
ignore a major issue related to the success of data warehouse projects, namely, the data
quality of data warehouses. The data in the data warehouse comes from many different
data sources, and it also goes through the process of data ETL (extraction, conversion, and
loading). Itis inevitable that some data problems will arise, and these problems will seriously
affect the data quality of the data warehouse. High-quality decision-making depends
on high-quality data. In the face of a complex enterprise data environment, effectively
controlling the data quality of the data warehouse is a vital issue in the construction process
of the data warehouse, and it is also a problem that currently plagues business management
decisions.

Considering the data quality issue, which still poses the most common problem
for data warehouses, remains unsolved, and data is scattered over so many heterogeneous
systems with various degrees of inconsistencies, the design of the ETL pipeline had to
guarantee reliable data throughout the warehouse life cycle. The statement that “good
decisions are a result of good data” becomes self-evident for any complex architecture
considered. Thus, the emphasis on high data consistency across the different components
should be given priority attention in the architectural framework. In one embodiment of
the invention, the above-listed goals are accomplished through the following outcomes:

e Architectural Design: Framework for a cloud-enabled EDW architecture
supporting real-time data streaming, scalability, and componentized services.

e Data Integration: Using advanced scheduling and pipeline orchestration methods,
ETL operations were completed on disparate data sources without any gaps in data flow or
transformation.

e Monitoring and Reliability: Enhanced system dependability and operational
reliability were provided by integrated Prometheus-based logging and monitoring systems,
which allowed for preemptive system health tracking and abnormal detection.
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e Grafana Business Intelligence Layer: As a business intelligence layer for strategic
business analytics storytelling, Grafana was used as more than just a visualization tool for
analytics, creating dynamic dashboards, real-time KPIs, and reporting for executives.

Therealized solution has improved dataaccess, reporting accuracy, system visibility,
decision making, and overall speed, which measurably increased competitiveness at the
organizational level. The research proves that the proposed EDW architecture is efficient
and scalable in a business environment.

In future work, we suggest developing the architecture with Al-enhanced data
validation, automated data governance processes, and advanced machine learning
techniques for prescriptive analytics within the EDW and shifting the focus from descriptive
analytics. The possibility of supporting hybrid-cloud and multi-cloud environments also
enables the development of agile, worldwide distributed data warehouse systems.
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