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MODERNIZATION OF A SHOPPING MALL MARKETING DATA
ANALYTICS SYSTEM: TRANSITION TO A .NET MICROSERVICE
ARCHITECTURE AND QUANTITATIVE ASSESSMENT OF RESULTS

Abstract. The paper presents the modernization of a shopping mall marketing data
analytics system originally implemented as a monolithic web application on .NET
Framework with a single MS SQL Server database and batch integrations via file
exchange. The audit identified limitations of the legacy solution a delay of more than
24 hours before data appeared in reports, performance degradation during peak
periods, and high coupling of modules, where failures of individual components
led to downtime of the entire platform. To reduce risks, an iterative Strangler Fig
strategy was adopted with parallel operation ofthe monolith and new services. The
target architecture is built on ASP.NET Core microservices with domain-based data
isolation, the use of PostgreSQL for transactional data and Redis for hot metrics, as
well as an event pipeline on Apache Kafka for near-real-time data processing and
aggregation, followed by publishing indicators to Bl dashboards. Implementation
results demonstrate a reduction in data latency to seconds, increased resilience and
release manageability, reduced MTTR to a few minutes, lower operating costs, and
the economic feasibility of the project with payback within a 12-24 month horizon,
including expansion of analytics through social media monitoring.

Keywords: Modernization, microservices, architecture, analytics, streaming;
scalability.

Introduction. In modern retail, competitive advantage is shifting to-
ward managing customer experience based on data. Effective shopping
mall marketing largely relies on a detailed understanding of visitor beha-
vior. The business needs to track traffic flows, identify “dead zones”, and
evaluate audience response to promotions in real time. However, many
shopping malls still rely on legacy systems originally designed for nightly
batch data processing. Hereafter, a legacy system is understood as an
outdated monolithic platform.
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Such an architecture creates a critical gap between business needs
and IT capabilities. The main barrier is high latency. Reports and metrics
arrive with a delay of a day or more, depriving marketing of the ability
to influence the situation promptly. In this regard, many companies are
moving to microservice architecture. This approach implies splitting an
application into a number of small services, each of which performs its
own narrow function. Such modernization brings significant benefits such
as improved scalability, flexibility, and maintainability [1].

The analytical system considered in this work had similar shortcom-
ings of legacy systems. In addition to high delay, the problem was caused
by data fragmentation. Data from CRM, ERP, and traffic sensors were
stored in isolated systems without modern APIs, which made it impossible
to assemble a holistic customer profile. The system also demonstrated
low flexibility. Vertical scaling could not handle peak loads during sales
periods, and introducing new functions could take months due to the risk
of destabilizing the code.

In effect, the system operated on data as of the previous day and was
not able to provide information on what is happening now and what mea-
sures need to be taken immediately. This led to missed profit, especially
during promotions and sales.

The aim of the study is to develop and implement a modernization
strategy for such a legacy system to ensure real-time analytics and sup-
port new types of data. To achieve the goal, the following tasks were set:

« conduct an audit of the initial architecture and record its baseline
indicators;

« justify the choice of a phased migration methodology and the target
technology platform;

¢ implement the transition to a .NET microservice architecture using
modern distributed-systems patterns;

e compare quantitative performance indicators of the system before
and after modernization;

« demonstrate new analytical capabilities enabled by architectural
changes (for example, analysis of social media data).

Below, the materials used and the modernization methodology are
presented, then results and their discussion are provided, and finally the
main conclusions are formulated.

Materials and Research methods. The object of the study was a
corporate marketing analytics system operating as a monolithic web
application on the old .NET Framework stack with a single MS SQL
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Server 2008 database. This database became a bottleneck because
it served both operational transactions (OLTP) and analytical queries
(OLAP), provoking constant resource conflicts. Integration with external
systems, for example CRM and visitor counters, was carried out through
scheduled file exchange. Before modernization, an audit of the legacy
system was performed and key metrics were measured. The average
time from event occurrence to the appearance of information in reports
exceeded 24 hours, since data was processed in batch mode only once
per day. During peak loads, the response time for analytical queries ex-
ceeded 5 seconds, and timeouts often occurred. System reliability was
low because failure of any module led to downtime ofthe entire platform;
the average recovery time was about 2 hours. Development flexibili-
ty also suffered updates and deployment of new functionality occurred
approximately twice a month, and even small changes took weeks to
implement. These indicators confirmed the need for a fundamental re-
construction of the system.

For migration, an iterative approach based on the “Strangler Fig” pat-
tern was chosen [2]. Unlike a radical rewrite of the system “from scratch”
this method made it possible to gradually introduce a new architecture on
top of the old one, progressively taking over the legacy system’s functions.
The approach has proven effective in similar .NET application migration
projects. The essence of the methodology is that a “facade” layer is creat-
ed around the existing application, through which all requests pass. Then,
step by step, individual functional domains are “cut out” of the monolith
and re-implemented as autonomous microservices. At each stage, fa-
cade routing is updated - traffic is redirected to the new service, and the
corresponding module in the old system is decommissioned.

Such incremental refactoring made it possible to avoid a long service
interruption, and business users continuously received improvements
as migration progressed, which increased trust in the project. Inthe first
stage, the priority area was visitor traffic analytics for it, a new service
was developed, after which all requests in this topic began to be served
by it. Gradually, other key domains were migrated as well-loyalty pro-
grams, customer profiles and fundamentally new capabilities unavail-
able in the legacy system were introduced, for example a service for
collecting and analyzing social media data. This order of work made it
possible to immediately demonstrate the business value of moderniza-
tion, turning the project from forced IT expenses into an investment in
new capabilities [3].
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Figure 1- Iterative migration using the Strangler Fig pattern

The new architecture was implemented as a set of cloud-independent
microservices on ASP.NET Core. Each microservice corresponds to a
separate area of business logic and its own data store. A combined ap-
proach was used for data storage. In particular, the transactional sales
service uses a relational PostgreSQL database to ensure ACID proper-
ties of financial operations. To cache frequently requested analytical re-
sults, a high-performance Redis cluster is used, accelerating access to
“hot” data, for example current sales indicators. All services interact via
lightweight HTTP APIs or an asynchronous data exchange bus.

In addition to the OLTP microservices themselves, a separate pipeline
was developed for near-real-time data processing. Its task is to offload op-
erational services from heavy analytical computations and to ensure par-
allel processing of events as they arrive. The pipeline architecture includes
several stages. All events are published to the distributed Apache Kafka
message queue. Kafka can accept large event streams and guarantees re-
liable delivery. Next, at the processing stage, a special aggregator service
subscribes to Kafka topics and performs transformation and enrichment of
data. The computation results are stored in the main relational database
PostgreSQL. This approach ensures load separation, where .NET micro-
services handle fast transactions, while a separate service in the back-
ground computes aggregates for analytics. At the final stage of data deliv-
ery, integration with a business intelligence tool was implemented, within
which interactive dashboards were created for the marketing department.
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They access either PostgreSQL directly to obtain up-to-date reports, or the
Redis cache to access frequently updated metrics. Thus, the architecture
combines the advantages of operational processing and deep analytics,
meeting modern requirements of data-driven management.

Figure 2 - Component interaction diagram

Results and discussion. Key system performance indicators im-
proved after the transition to a microservice architecture. The time be-
tween data arrival and obtaining insight decreased from 24 hours to a few
seconds, meaning analytics effectively became near real time.

Shopping mall management now has up-to-date dashboards reflect-
ing the current situation rather than yesterday’s results. The frequency of
deploying updates increased from a few times per month to several times
per week or even per day, which indicates increased development agility.
The time to deliver a new report or metric to market decreased by approx-
imately 80% from several weeks to several days. Due to the modularity
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of microservices, each change can be tested and deployed in isolation,
which significantly reduced regression testing efforts and made it possi-
ble to respond faster to business requests. Platform reliability increased,
if a separate service fails, it is restarted automatically due to Docker/Ku-
bernetes cluster orchestration; the average recovery time decreased to
8 minutes. Failure of one microservice no longer brings down the entire
system, as in the monolith other services continue to operate. Flexibility
of horizontal scaling appeared - under increasing load, it is possible to
dynamically add instances only of those services where it arose, without
scaling the entire system unnecessarily. This had a direct effect on costs
- support OPEX decreased by approximately 50% due to abandoning the
legacy platform and optimal use of resources microservices consume ex-
actly as many resources as their function requires.

Figure 3 - Comparison of technical indicators of the Legacy System
and the New System (data latency, API response time, release frequency,
recovery time, throughput).
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Table 1- Project budget

Expense item Amount (USD)
Payroll (Senior Developer, 11 months) 36 440
Payroll (2 x Middle Developers Middle Developers, 11 months) 54 658
Cloud environment (Dev/Test) 7 845
License and software 4 290
Outsourcing 6 150

In addition, reducing the number and duration of system outages (by
60-80%) made it possible to reduce missed profit and costs associated
with service unavailability. According to aggregated estimates, return on
investment in modernization was achieved within 12-24 months of oper-

ating the new system.

Figure 4 - ROI Analysis cumulative costs (CAPEX) and cumulative savings
by periods (Q0-Q8).

These results are consistent with industry cases in which companies
implementing modern architecture demonstrate improved scalability and
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a high benefit-to-cost ratio [4]. Also, teams or individual developers can
work independently of each other [5].

The new architecture not only improved the indicators of the old sys-
tem, but also created qualitatively new possibilities for marketing analyt-
ics. One such result was the introduction of collecting data from social
networks [6]. Within the microservice platform, a separate service was
developed that, in real time, collects public mentions of the shopping mall
and stores them in a database. This capability made it possible to im-
plement monitoring of customer opinion; for example, if several negative
reviews about a certain aspect appear in social networks within a short
period of time, the system automatically generates a notification for the
mall’s operational service. The marketing and administrative departments
get the chance to respond during the customer’s visit, without waiting for
loss of loyalty, and can manually analyze the collected reviews [7], where
interaction with the visitor occurs continuously based on data.

Another new direction of analytics was deeper analysis of buyer be-
havior. The legacy system could answer the question “how many sales
were there yesterday in store X?” The new platform answers questions of
a new type, for example “How did sales dynamics change in store X imme-
diately after launching an advertising campaign?” or “Which products are
most often bought together in one receipt?” Such data synthesis reveals
valuable insights. Marketers can promptly identify dead zones» areas with
low traffic and immediately take measures, for example relocating adver-
tising or events to those zones. In addition, the ability appeared for flexible
management of rental rates based on actual foot traffic. These examples
illustrate how the modernized architecture became an instrument for im-
plementing advanced marketing analysis methods that were previously
impossible. Moreover, the obtained results are consistent with trends in
scientific research, according to which social media data are successfully
applied to assess the attractiveness of urban commercial spaces [8]. Our
system provides a technological foundation for implementing such analyt-
ical approaches in practice.

Conclusion. The conducted study demonstrated that the legacy ar-
chitecture was a serious obstacle to implementing an operational, da-
ta-oriented marketing strategy in the shopping mall. Applying the phased
Strangler Fig migration methodology made it possible to successfully
replace the legacy system with a modern. NET microservice platform
without critical downtime and risks. Key architectural decisions splitting
the application into microservices, isolating each service’s data in its
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own database, and using diverse storage technologies depending on
the nature of the data provided the required flexibility and scalability of
the system. The new architecture is capable of effectively handling both
transactional loads and complex analytical queries in real time, there-
by eliminating the previously existing trade-off between responsiveness
and depth of analysis.

Quantitative outcomes confirm the feasibility and effectiveness of
modernization. Improvement of the main KPIs was noted - data latency
decreased by an order of magnitude, recovery time decreased by more
than 80%, release frequency increased sixfold, and horizontal scaling
made it possible to eliminate performance bottlenecks. Economic anal-
ysis showed that reducing operating and infrastructure costs, as well as
preventing losses from downtime, allowed recovering the invested funds
in less than two years of operating the new system. These results are in
line with global digital transformation trends. Transition to cloud microser-
vices gives organizations a significant increase in efficiency and business
performance [5].

The practical value of the work lies in the fact that the presented ar-
chitectural strategy and the obtained metrics can serve as a guideline for
other enterprises in retail and commercial real estate facing the problem
of legacy systems. The modernization described in the paper demon-
strates how modern technologies make it possible to put into practice
concepts from current scientific literature. In particular, the work shows
that modern IT architecture acts as a necessary catalyst for implementing
proactive marketing approaches, such as digital customer guidance [4]
and intelligent big data analytics [7].3
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JAO «Kacnu BaHk», Ara UHxeHep-nporpaMmmallbl, Aiimathl K., KasakctaH
Zrapaspgarsl L. MypTtasa atbiHgarbl Xanbikapanblk yHUBepcuteT, «Kapxbl XaHe
ByxranTepnik ecen» KadegpacbiHbiH OKbITYLWbICHI, Tapas K., KaszakctaH

CAYOA OPTANbAbIHbLW, MAPKETUHIT1K AEPEKTEP1H TANQAY
XXYWEaH XAAbIPTY: .NET MUKPOCEPBUCT1K APXUTEKTYPACBIHA
KOWY X3HE HITWXXENEPAL CAHALIK BAFANAY

TYWingeme. Makanaga 6actanksiga .NET Framework nnatcopmachiHga 6ipTyTac
MOHONNT BEB-KOCbIMLLIA PeTiHAE icke acbipbisiraH, 6ip MS SQL Server aepekkopblH
X3He dhaiin anmacy apkblfbl OpblHAAaNAaTblH  NaKeTTiK MHTerpauuanapbl
naiiganadraH cayga opTanbifbiHbiH MAapKeTUHITIK AepekTepiH Tangay xYleciH
XaHrblpTy cunattanagbl. AyAuT eckipreH LewiMHiH wekTeynepbl aHbikTagbl:
ecentepae AepekTtep nanga 6onraHra aeniH 24 caraTTaH actaM K4opto, e xorapbl
KeseHaepaen ObIMATKTLL Aerpajauusacbl X3HE Xeke KOMMOHEHTTepALl, icTeH
WbIrybl 6YKiN noatgopMaHbiH TOKTan KanyblHa asibin KeNeTiH Xorapbl MOAYbAiK
6alinavbic. Tayekengepai asainTy YWiH MOHOAUT MNEH XaHa Kbl3MeTTepAaLly,
napannens XymbiCbiMeH Strangler Fig uTepaTtuBT cTpaTeruscbl TaHAangbl.
HbicaHanbl cayneTt gomeHre 6arbiTTanraH gepekrepai okwaynay ASP.nET Core
MuKpocepBucTepble, TpaH3akuuanbik aepektep YwiH PostgreSQL X3aHe «bICTbIK»
KOpceTkiwTepre Redis, coHpali-aKk HakTbl yaKblTKa XakblH pexumae gepekrepai
OHpey x3He 6ipikTipy YwiH Apache Kafka-garbl okura KoHBeWepiHe, cofaH KeWnuw
Bl 6akblnay TakTanapbiHaa kOpceTkilTepai xxapuanayra HerisgenreH. 1lcke acblpy
neH penusgepai 6ackapypgblH xakcapraHbiH, MTTR kOpceTkblHW, 6ipHelwe
MUHYTKa Aeiw TOMeHAEreHiH, onepauuanbiK LWbIfbIHAAPAbIH a3aiiraHblH X3He
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3neymMeTnKk X e N"p MOHUTOPUHT apKbi/ibl aHAIMTUKAaHbI KEHETY 4 Koca anTaHaa,
X06aHblH 12-24 ainblk KokxnekTe 03iH akTaiTbiHbIH KOpceTeai.

TYrnHAI ce3fep: XaHTbIPTY, MUKPOCEPBUCTEP, apXMTEKTypa, aHa/IMThKa, aTblH-
[OblK eHfiey, ayKbIMAbIbIK.

CblueB HO.A.1L Kum T. A.2

JAO «Kacnu BaHk», r. Anmatbl, KaszaxctaH

MexayHapoaHblii yHusepcuteT um. L. MypTasbl, kadeapa «PuHaHchl 1 byxran-
Tepcknii yuet», 1. Tapas, KasaxcTaH

MOAEPHN3ALUNA CUCTEMblI AHANTUTUKN MAPKETUHIOBbIX AAHHbIX
TOPIroBOIro UEHTPA: MNMEPEXOA K MWKPOCEPBUCHOW APXUTEKTYPE
.NET N KOIMYECTBEHHAA OUEHKA PE3YJ/IbTATOB

AHHOTauuA. B ctatbe npeacTaBieHa MOAEepHM3aUNs CUCTEMbl aHaIMTUKKN Map-
KEeTUHIOBbIX OaHHbIX TOProBOro LEHTPa, M3Ha4YaslbHO peasim30BaHHON Kak MOHO-
nutHoe Beb-npunoxenne Ha .NET Framework ¢ egunHoin 6a3oil gaHHbIx MS SQL
Server n nakeTHbIMW WHTerpauusiMm yepes aiinoBbli 06MeH. AyAWUT BbISBU
orpaHvyeHus ycTapeBlUEro pelleHus: 3afepxky 6onee 24 4yacoB [0 NOABAEHUS
OaHHbIX B OTyeaTax, Aerpajauunio nNpov3BOAUTENIbHOCTU B MWKOBblE Nepuogbl u
BbICOKYI0 CBA3aHHOCTb MOAy/Mei, npu KOTOpoW c6ou OTAesbHbIX KOMMOHEHTOB
npvBOAUAN K NPOCTOAM BCeil naatdopmbl. a1 CHWXKeHUs puckoB 6blna Bbibpa-
Ha uTepaTueHasa cTparterus Strangler Fig ¢ napannenbHoit paboToil MoHoNUTa
1 HOBbIX CepBUCOB. Llenesas apxuTekTypa NocTpoeHa Ha Mukpocepsucax ASP.
NET Core ¢ AOMEHHO-OPUEHTUPOBAHHON M30NAUMEl AaHHbIX, MCNONb30BaHUEM
PostgreSQL ansa TpaH3aKUMOHHbIX AaHHbIX U Redis gns “ropsaumx» meTpuk”, a
Takke cobbITuiiHbIM KOHBeliepoM Ha Apache Kafka gna o6pab6oTkm u arperayum
OaHHbIX B pexume, 6/IM3KOM K peaslbHOMY BpeMeHu, C nocneaytouwiein nybnuka-
uvein nokasateneil B Bl-gawb6oppax. Pe3ynbTaTbl BHEAPEHWUS OEMOHCTPUPYIOT
cokpalleHve 3afepXKn AaHHbIX 00 CeKyH[, NOBbIWEHWE OTKa3oyCTOMYMBOCTU U
ynpaBnsemMocTu penunsos, CHmxeHne MTTR [0 HECKONbKMX MWUHYT, YMEHbLUEHne
onepauunoHHbIX 3aTpaT U 3KOHOMUYECKYIO Liesiecoobpa3HOCTb NMpoekTa C OKynae-
MOCTbIO B FOpU30HTE 12-24 MecsueB, BK/OYas pacluypeHne aHa/IMTukM 3a cuer
MOHUTOPUHIa COLMasnbHbIX CeTeN.

KntoueBble croBa: MogepHusauus, MUKPOCEPBUCHI, apxXMTekTypa, aHanutuka,
noTokoBas 06paboTka, MaclTabMpyemocTb.
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