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Transformerasash anomaliya askarlanmasi: metodlarin miiqayissli tahlili

Xiilasa

Bu mogqals transformer arxitekturasina asaslanan anomaliya askarlama metodlarinin hortorofli
tohlilini toqdim edir. Son illords derin dyronmo sahasindaki siiratli inkisaf, xiisusilo self-attention
mexanizminin ortaya ¢ixmasi ilo birlikdo, zaman serisi anomaliyalarinin agkarlanmasi sahasindo
kokli  doyisikliklora yol a¢gmusdir. Moaqalodo TranAD, Anomaly Transformer, PatchTST vo
iTransformer kimi aparict modellorin arxitekturasi, islomo prinsipi vo miixtalif sonaye molumat
dostlorindoki eksperimental noticolori otrafli sokildo miigayiso edilir. Homginin digqot (attention)
mexanizmlaorinin anomaliya xiisusiyyatlorini neco dyrondiyins dair nazori asaslar sorh olunur. ©ldo
edilon naticalors gora, transformer osasli modellor onanovi statistik vo masin dyronmasi metodlarina
nisbaton Qabuledicinin Omoliyyat Xiisusiyyoti Altindaki Saha (AUC-ROC) gostaricisi baximindan
orta hesabla 8-15% iistiinliik tomin edir.

Acar sozlar: anomaliya askarlanmasi, transformer, darin oyronma, rekonstruksiya xatast

Giris

Miiasir rogomsal sistemlords anomaliya askarlama — soboka tohliikasizliyinden sonaye avadan-
liglarinin monitoringine, maliyys saxtakarliglarinin miisyyonlosdirilmasindan tibbi diagnostikaya
qadar genis totbiq sahasi olan kritik bir vozifadir. Anomaliya dedikdos, imumi davranig nlimunasindon
ohomiyyatli doracads konara ¢ixan ndqto, ardicilliq vo ya kontekst nozords tutulur [1].

Ononovi iisullar — statistik metodlar (Loess istifado edorok AutoReqressiv Inteqrasiya olunmus
Horokatli Orta, Movsiimi vo Trend Dekompozisiyast), klassik masin dyronmasi (Isolation Forest,
One-Class SVM) — tez-tez yiiksok ol¢iilii, geyri-xatti va qarsiliqli slagali zaman serisi molumatlarinda
cotinliklo garsilasir [2]. Bu boslugu doldurmaq ii¢lin rekurrent sinir sobakslori (Uzun Qisamiiddotli
Yaddas, Qapali Tokrarlanan Bolma) ovvolco genis istifado olunmus, lakin uzun asililiglarin
Oyronilmasi, paralellosma ¢otinliklori bu modellar {i¢lin osas maneaya ¢evrilmisdir [3].

Vaswani vo hamkarlarinin 2017-ci ilde toqdim etdiyi Transformer arxitekturasi [4], self-attention
mexanizmi vasitasilo bu mohdudiyyatlori aradan qaldiraraq Tobii Dilin Islonmosi sahasini ingilab
etmigdir. Sonraki todqiqatlar bu arxitekturanin zaman serisi anomaliya agkarlanmasi {igiin do son
doraco effektiv oldugunu siibut etmisdir. Transformer modellor ardicilligin biitiin elementlori
arasindaki olagolori eyni anda hesablaya bildiyi ti¢iin normal niimunalori daha doqiq dyranir, belaliklo
rekonstruksiya xottasina osaslanan anomaliya bal1 daha etibarl olur.

Bu moqalonin osas tohfosi asagidakilardir: (1) transformer osasli anomaliya askarlama
metodlarinin sistemli olaraq kateqoriyalasdirilmasi; (2) bes miixtalif modelin eyni sonaye verilon
dostlori tizarindoki miiqayisali eksperimental naticolorinin tohlili; (3) hor bir metodun giiclii toroflori,
zaif cohatlori va praktiki tatbiq sortlorinin qiymaotlondirilmasi.
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1. Transformer arxitekturasi va onun variasiyalari

1.1. Klassik Transformer Modeli

Transformer arxitekturast encoder-decoder strukturuna asaslanir. Encoder girisdoki ardicillig
geyri-xatti tomsillora ¢evirir, decoder iso bu tomsillor osasinda ¢ixis1 generasiya edir. Anomaliya
askarlama kontekstindo adaton yalniz encoder hissasi, bazon ise tam autoencoder varianti istifade
edilir.

Self-attention mexanizminin riyazi ifadssi asagidaki kimidir:

Attention (Q, K, V) = softmax (QKT / Vdk) - V

Burada Q (Query), K (Key) vo V (Value) matrislor giris ardicilliinin xatti proyeksiyalarini, d_k
150 key vektoriiniin Slgiisiinii ifado edir. B6lmo omoliyyat1 gradientin partlamasinin qarsisini alir.
Multi-head attention ise bu mexanizmi paralel h basliqda icra edorak forqli semantik slaqe ndvlorinin
Oyronilmasine imkan verir [4].

| INPUT SEQUENCE x;...Xx |
|

v
| |
| Positional Encoding + Token Embedding |

v
| |
| Multi-Head Self-Attention Layer |
Q=XWq K=XWk V=XWyv
Attn(Q,K,V) = softmax(QK™/Vdk)-V

|
| v |
| Feed-Forward Network (FFN) |
| + Layer Normalization |

v
| I
| ANOMALY SCORE = Recon. Error / Assoc. |
l I

Sakil 1. Transformer arxitekturasinin anomaliya askarlama ii¢iin sadsalosdirilmis sxemi

1.2. Anomaliya Askarlama iiciin Transformer Variantlan

Cadval 1-do gostorildiyi kimi, miixtolif transformer variantlari hesablama miirokkobliyi vo
doqiqlik arasinda forqli balanslar toklif edir. Tam digqet O(n?) miirokkobliyino malik olaraq uzun
ardicilliglarda resurs intensivdir. Sparse Transformer [5] secici diqget niimunslori totbiq edorak bu
miirokkobliyi O(nVn)-o endirmis, Linear Transformer [6] iso kernel fonsiyasini niivo olaraq istifado
edorok O(n) miirokkabliyina nail olmusdur.
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Xiisusiyyat Trallfll:fsosli'lr(ner Sparse Transformer Linear Transformer
Miirokkoblik O(n?) O(nVn) O(n)
Diqget novii Full Secici Kernel-asash
Uzun ardicilliq Zoif Orta Giicli
Daqiqlik Yiiksok Orta-Yiiksok Orta

Cadval 1. Transformer variantlarinin miiqayisasi

2. Transformer asash anomaliya askarlama metodlar:

2.1. TranAD (2022)

Tuli et al. [7] torofindon toqdim edilon TranAD modeli transformer osash iki morhalali self-
conditioning mexanizmi totbiq edir. Modelin osas yeniliyi transformer decoder-inin fokuslanmis
diqgetini (focused attention) ovvalki rekonstruksiya noticosino sortlondirorok yeridilon xotanin
miqyasini artirmasidir. Bu amplifikasiya effekti anomaliya xtisusiyyatlorini daha nazoragarpan edir.
SMD (Server Machine Dataset) tizorindoki sinaqlarda TranAD, LSTM-asasli metodlara nisbaton
Precision-Recall AUC gostaricisini 7.3% artirmisdir.

2.2. Anomaly Transformer (2022)

Xu et al. [8] torofindon hazirlanan bu model iki yeni konsept toqdim edir: Anomaly-Attention
(slago) mexanizmi vo Minimax optimizasiya strategiyasi. Anomaly-Attention hor zaman ndqtosi
ticlin iki nov olagoni paralel hesablayir: biitlin ardicilligla olan prior-association (dncoki olago) vo
actual series-association (real sira slagosi). Normal ndqtolor otraf ndqtolorlo giiclii olaqa qururken,
anormal ndqtolor biitiin ardicilligda daginiq olago niimunosi gostorir. Bu forq Association
Discrepancy adlanan Olgiiclinlin asasin1 toskil edir. PSM verilon dostinde AUC-ROC 98.1%-9
catmisdir.

2.3. PatchTST-AD (2023)

Nie et al. [9] torofindon kompyuter gormo sahasindoki ViT (Vision Transformer) modelindon
ilham alaraq hazirlanan PatchTST, zaman serisi ardicilligini sabit Ol¢iilii seqmentlora (patch)
boldiikdon sonra har seqmenti transformer encoder-ina daxil edir. Bu yanagma iki tistiinliik toklif edir:
(1) zaman serisi boyunca lokal asililiqlarin daha yaxs1 dyronilmasi; (2) token saymin azaldilmasi ilo
hesablama yiikiinlin ohomiyyatli doracado azalmasi. Miislliflor MSL (Mars Science Laboratory)
verilon dastindoki anomaliyalarin agkarlanmasinda F1-score-u 93.0%-o qaldirmuslar.

3. Anomaliya askarlama prosesinin iimumi axim

Transformer osasli anomaliya agkarlama sistemlorinin imumi iglomo prinsipi Sokil 2-do gos-
torilmisdir. Proses dord asas morholodon ibarstdir: (1) giris ardicilliginin transformer encoder-ino
otiiriilmasti; (2) rekonstruksiya va ya prognoz ¢ixisinin alinmasi; (3) anomaliya balinin hesablanmast;
(4) miioyyan edilmis hodd doyari (threshold) ilo miigayiso.
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|
Zaman | | Transformer -| Rekonstruksiya/Prognoz
Serisi > | Encoder > | Cixisi
Giris | (Layers) |
| | |
|
| . |
| v

Anomaly Score Hesablamasi: |
score(t) = [[x(t) - X(t)||2 |

v
| |
Threshold 0 ilo miiqayisa: |
Anomaliya: score(t) > 6 — ALARM |
Normal: score(t) <6 — OK |

Sakil 2. Transformer asash anomaliya askarlama prosesinin iimumi axin diaqram

Anomaliya bali adaton rekonstruksiya xotasi osasinda hesablanir. x(t) orijinal, X(t) iso modelin
rekonstruksiya etdiyi vektor olmagqla:

score(t) = [[x(t) — X(V)l|2

Hodd dayarinin seg¢ilmasi praktiki totbiglords kritik shamiyyat dasiyir. Sabit hadd doyari sadadir,
lakin molumat paylanmasindaki dayisikliklors uygunlasmir. Dinamik hadd metodlar1 — masalon,
stirligkon orta osasli adaptiv hadd — daha giiclii naticalar verir [11].

4. Eksperimental miiqayisd vo naticalor

4.1. Verilan Dastlori

Miiqayisali qiymatlondirmas ii¢lin agagidaki agiq verilon dostlori genis istifads olunur:

* SMD (Server Machine Dataset): 28 ¢oxdl¢iilii zaman seriyasindan ibarot, 38 dovracinin 5
hoftolik masin metrikalarini ohato edir.

* SWaT (Secure Water Treatment): Su tomizlomo sisteminin 11 gilinliik sensor molumatlari;
36 doyiskon, 0.14% anomaliya nisbaoti.

* PSM (Pooled Server Metrics): eBay-in agiq etdiyi server performans molumatlari; 25
doyiskon.

e MSL (Mars Science Laboratory): NASA-nin Mars gomisi telemetriya molumatlari; 55
doyiskon.

* SMAP (Soil Moisture Active Passive): NASA-nin SMAP peykindon alinan telemetriya
molumatlari.

4.2. Miiqayisali Naticalor

Cadval 2, bes metodun miixtalif verilon dastlorindoki on yaxsi naticolorini imumilagdirir. Biitiin
modellor onlarin orijinal maqalslorindoki hiperparametrlorlo sinanmig, naticalor miivafiq
adobiyyatlardan gotiiriilmiisdiir.
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Metod ‘ Verilon Dasti AUC-ROC (%)  F1-Score (%) Il
BERT-AD [4] SMAP 92.4 88.1 2021
TranAD [5] SMD 96.8 91.3 2022
Traﬁ;gﬁ‘g 6] PSM 98.1 94.2 2022
PatchTST-AD [9] MSL 97.3 93.0 2023
iTransformer [10] SWaT 98.6 95.1 2024

Cadval 2. Transformer asash anomaliya agskarlama metodlarinin miiqayisali naticalori

Cadvaldon goriindiiyii kimi, iTransformer on yiiksok AUC-ROC (98.6%) va Fl-score (95.1%)
gostaricilorini oldo etmisdir. Bununla belo, bu model daha ¢ox hesablama resursu tolob edir.
PatchTST-AD isa resurs/daqiqlik balansi baximindan sonaye totbiglori ii¢iin calbedici alternativdir.

4.3. Digor Tadqgiqatcilarin Eksperimentlorindan Naticalar

Zhang et al. [12] hoyata kegirdiklori genis miqyash miiqayise todqiqatinda 12 benchmark verilon
dosti tlizorindoki 15 metodun naticolorini timumilogdirmis vo maraqli bir naticoyo golmislor:
transformer modellor orta olaraq yiiksok natica gostorsa do, bazi sads statistik metodlar spesifik ve-
rilon dastlorinds rogabate girdiyini gostormisdir. Bu, modelin arxitektura miirokkabliyi ilo malumat
xarakteristikasinin uygunlugunun 6nomini vurgulayir.

Audibert et al. [13] iso USAD (UnSupervised Anomaly Detection) modelini transformer
komponentlori ilo gliclondirir va istehsal sistemlorinin real vaxt monitorinqinds aldo edilon naticoni
aragdirir. Onlarin sinaqlarda transformer-USAD hibridi, tomiz LSTM variantina nisbaton 11.2% daha
asag1 yanlis miisbat nisboti gdstormisdir.

Su et al. [14] torafindon toklif edilon OmniAnomaly modeli, stokastik rekurrent neyron sabakasi
ilo normallagdiric1 axini birlosdirarak siibut edir ki, belirsizlik modellosdirilmasi anomaliya agkarlama
doqiqliyini artirir. Sonraki islor bu konsepti transformerlora totbiq etmis vo hibrid modellor
yaratmisdir.

5. Miizakira

5.1. Transformer Modellorin Ustiinliiklori

Transformer modellorin anomaliya askarlanmasinda ononovi metodlara nisbaton bir sira osas
ustiinliikklori moveuddur. Birincisi, uzun kontekst asililiglarint 6yronma qabiliyyati: standart LSTM-
lor 50-100 addim mosafasindoki asililiqlar1 unudarken, transformerlor 6z digqet mexanizmi ilo
minlorlo addim {izorindoki olagolori eyni anda qeyd edo bilir. Ikincisi, paralel hesablama: ardicil
isloma tolab edon rekurrent modellorindon forqli olaraq, transformerlor GPU-da tam paralellosdirilo
bilir, bu da egitim miiddotini ohomiyyatli doracods azaldir. Ugiinciisii, transfer dyronmo imkani: 6n
egitilmis transformer modellari yeni sahoalors asanliqla uygunlasdirila bilir.

5.2. Mahdudiyyatlor va Aciq Problemlor

Transformer modellarin do bir sira agiq problemlori mévcuddur. Hesablama xorci hals do ciddi
mosaladir: tam self-attention ardicilliq uzunlugunun kvadrati ilo artir. Etiketlonmis molumatlarin
azlig1 soraitdo (few-shot scenario) transformerlorin ononovi metodlara garst miigayisoli iistiinliiyi
zaifloyir. Hom¢inin modelin qgorar verme siirecinin izah edilmasi (interpretability) halo do agiq
todqiqat sahasidir; istehsal sistemlorinds bu, boyiik shamiyyat dasiyir.

Threshold se¢iminin avtomatlagdirilmasi da holo hoall edilmomis problemlor sirasindadir.
Molumat paylanmasi zamanla doyigon (concept drift) sistemlords sabit hadd doyarlori tez kéhnalir.
Uygunlasan threshold metodlar1 bu problemi gismon hall etso do, hortorafli hall halo mévcud deyil.
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Natico

Bu mogalados transformer osasli anomaliya agkarlama metodlarinin hortorofli miigayisali tohlili
hoyata keg¢irilmisdir. Eksperimental noticolor gostorir ki, iTransformer, Anomaly Transformer vo
PatchTST kimi son noasil modellor, xilisusilo ¢oxdoyisonli sonaye zaman seriyalarinda ononovi
metodlar istoloyir. iTransformer doyiskonlor arasi olaqo Oyronmao strategiyasi ilo SWaT verilon
dastinin on yiiksok AUC-ROC (98.6%) gostaricisini aldo etmisdir.

Golocok todqgiqat istiqgamatlori agsagidakilart ohato edir: (1) az etiketli molumat goraitine uygun
transformer modellorin hazirlanmasi; (2) Mamba vo ya S4 kimi dovlot-mokan modellori ilo
transformerlorin hibridlogdirilmasi; (3) sifir-niimuna (zero-shot) anomaliya agkarlanmasi ti¢lin boyiik
on egitilmis modellor; (4) transformer diqqot xoritosindon istifado edorok anomaliyalarin izah
edilmasi.

Qeyd etmok lazimdir ki, he¢ bir arxitektura biitiin ssenarilor iiglin optimal deyil. Praktiki
sistemlor ticlin model se¢imi molumat nvii, ardicilliq uzunlugu, mévcud hesablama resurslari vo real
vaxt toloblorini nazars almalidir.
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Theoretical Models and Concepts of Digitalization of Commercial Processes

Abstract

Digitalization of commercial processes represents the transition from traditional business models
to digital and platform structures through the use of information and communication technologies.
The main theoretical models, such as process, platform, and resource-information models, explain
this process through the automation of business processes, the creation of electronic trading platforms,
and the use of data as a strategic resource to improve customer offerings and optimize pricing.

In addition, the innovation-evolutionary concept considers digitalization as a gradual
development based on technological innovation and changing consumer behavior. These approaches
help companies create new business models, such as omnichannel sales and digital marketing, as well
as evaluate the economic efficiency of digital solutions and strategically transform commercial
activities in the digital economy.

Keywords: Digitalization, commercial, electronic, digital

Kommersiya proseslorinin rogomsallasdirilmasi nazari modellari vo
konsepsiyalari

Xiilasa

Kommersiya proseslorinin roqgomsallagdirilmas informasiya vo kommunikasiya texnologiyala-
rindan istifado edorok ononovi biznes modellorindon rogomsal vo platforma strukturlarina kecidi
tomsil edir. Proses, platforma va resurs-informasiya modellori kimi asas nozari modellar bu prosesi
biznes proseslorinin avtomatlagdirilmasi, elektron ticarot platformalarinin yaradilmasi vo miistori
tokliflorini tokmillosdirmak vo qiymatlori optimallasdirmagq ti¢lin molumatlarin strateji resurs kimi
istifadasi ilo izah edir.

Bundan olavo, innovasiya-tokamiil konsepsiyasi rogomsallasmani texnoloji innovasiya vo
doyison istehlak¢i davranigina osaslanan addim-addim inkisaf kimi goriir. Bu yanagmalar sirkotloroa
omnikanal satis vo rogomsal marketinqg kimi yeni biznes modellori yaratmaga, eloco do rogomsal
hallorin somaraliliyini qiymotlondirmoys vo roqomsal iqtisadiyyatda kommersiya foaliyyastlorini
strateji cohotdon doyisdirmoyo komok edir.

Agar sozlar: Rogomsallasdirma, kommersiya, elektron, ragamsal

Teoperuueckue Moae T U KOHIENIUN HU(POBU3ANUN KOMMEPUYECKHUX
NpoIeccoB

Pe3rome

[udpoBuzanuss KOMMEPUECKUX MPOILIECCOB MPEACTaBIIeT co00i mepexoa OT TPaTUIMOHHBIX
OousHec-mMozenell K IUGPOBBIM U IJIATGOPMEHHBIM CTPYKTypaM C HCIOJb30BaHHWEM HH(pOpMa-
[IUOHHO-KOMMYHHUKAIIHOHHBIX TeXHOJOTHi. OCHOBHBIE TEOPETHYECKHUE MOJEIH, TaKHe Kak IMpo-
neccHas, miaThopMeHHas U pecypcHO-HuH(popMannoHHas, oOBICHIIOT TOT IMPOIECC Yepe3 aBTO-
MaTH3alMi0 OM3HEC-TPOLECCOB, CO3JIaHHE 3JIEKTPOHHBIX TOPTOBBIX MJIATPOPM M HCIOIb30BaHHE
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JAHHBIX KaK CTPATETH4YeCKOTo pecypca sl YIyUIIeH!s KINEHTCKUX MPeAIOKEHUNH U ONTUMH3aLUN
[IEHOOOpa30BaHMsL.

Kpome Toro, HHHOBAIIMOHHO-3BOIIOIMOHHAS KOHIICTILIUS paccMaTpuBaeT HU(POBU3ALMIO KaK
MOATAITHOE PA3BHUTHE, OCHOBAHHOE HA TEXHOJIOTMYECKMX HHHOBALUSAX W W3MEHEHHH IOTPeOH-
TEJBCKOTO TOBEJACHUSA. DTH TOAXOJbI IMOMOTal0T KOMIAHHUAM CO3/1aBaTh HOBbIE OM3HEC-MOMEIH,
TaKue Kak OMHHKaHAIbHBIC TPOAAXH U IU(PPOBOIl MAPKETHHT, & TAKXKE OLICHUBATh YKOHOMHYECKYIO
3G GEKTUBHOCTh HUGPPOBBIX PEUICHUA M CTPATETHYECKH TpaHC(HOPMUPOBATH KOMMEPUYECKYIO
JEATEILHOCTD B YCIOBHAX HU(PPOBOI SKOHOMHUKH.

Kniouegvie cnosa: Ljugposusayus, kommepueckue, 1eKmMpoHHAs, Yyu@dposas

Introduction

In the modern era, globalization, the rapid development of information and communication
technologies, and the intensification of the competitive environment have led to fundamental changes
in the nature of commercial activity. In particular, the intensive implementation of digital
technologies in economic relations has required the restructuring of mechanisms for organizing,
managing, and implementing commercial processes. In this context, the digitalization of commercial
activity acts not only as a technological innovation but also as a transformation of management
approaches, business models, and market relations.

Within the context of digitalization, commercial processes become more flexible, transparent,
and information-oriented. Traditional trade mechanisms are replaced by electronic platforms,
automated systems, analytical tools, and digital communication channels, or integrated with them. As
a result, enterprises gain the opportunity to more accurately identify customer needs, respond quickly
to market changes, and use resources more efficiently.

The study of the scientific and theoretical foundations of these processes becomes possible
through models and concepts explaining the digitalization of commercial activity. These theoretical
approaches systematically explain the impact of digital technologies on the commercial value chain,
the role of information as a strategic resource, the formation of platform-based economic relations,
and the emergence of innovative business models.

Thus, this topic serves to understand the essence of the digital transformation of commercial
activity, its economic and managerial mechanisms from a scientific perspective, as well as to justify
the need for applying digital solutions in the modern business environment.

Analysis

Digitalization of commercial processes is one of the main factors creating structural and
functional changes in the modern economic system. The analysis shows that this process is not limited
to the application of technical tools, but also requires the restructuring of the conceptual foundations
of planning, implementation, and control mechanisms in commercial activity [1]. Digital technologies
transform the interaction of commercial entities with the internal and external environment into a
more dynamic and information-oriented form [2].

A comparative analysis of theoretical models shows that the process-oriented approach focuses
on increasing the operational efficiency of commercial activities. Within this model, digitalization
serves to optimize the entire value chain rather than individual functions [3]. Automated procurement
systems, digital logistics solutions, and electronic customer relationship management reduce
commercial risks and create conditions for minimizing operational costs. However, the weakness of
this model lies in the fact that it is more focused on improving existing processes than on strategic
innovations [4].

The analysis of the platform concept reveals qualitative changes in the content of commercial
processes. In this approach, digitalization creates new forms of interaction between market
participants and transforms commercial activity into multifaceted ecosystems. The centralization of
information flows through platforms, the formation of network effects, and the strengthening of
economies of scale become the main sources of competitive advantages. At the same time, problems
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also arise, such as the concentration of market power in the hands of individual entities and the risk
of small enterprises becoming dependent on platform models [5].

The analysis of the resource-information model shows that in the digital era information has
become the main strategic resource of commercial activity. Analytical systems and big data
processing allow enterprises to predict market behavior, create personalized offers, and make
scientifically grounded decisions. The advantage of this model is the reduction of uncertainty in
commercial activity; however, information security and ethical issues remain the main limitations in
its application [6].

The analysis of the innovation-evolutionary approach explains the digitalization of commercial
processes as a gradual and continuous development process. According to this model, digital
transformation is formed through the interaction of technological innovations, consumer behavior,
and the institutional environment.

Overall, the analysis shows that the theoretical models of digitalization of commercial processes
complement one another, and their integrated application provides more effective results. Under
modern conditions, the success of commercial enterprises depends not only on the application of
technologies, but also on the alignment of these technologies with strategic goals, their integration
into organizational culture, and coordination with human capital development [7].

Table 1. Theoretical Models of Digitalization of Commercial Processes

Essence of the Model

¢ Cost reduction
Process Model

Platform Concept

Resource-
Information
Model

Innovation-
Evolutionary
Concept

Considers commercial
activity as a set of
interconnected
business processes.

Based on the
formation of digital
trading platforms and
ecosystems.

Considers data as a
key strategic
resource in
commercial activity.

Digitalization as a
gradual and long-term
development

process.

ERP systems
CRM

Automation of
procurement and
logistics

Marketplaces
Digital payment
systems

APl integrations

Big Data
BI (Business
Intelligence) systems

Analytics of consumer
behavior

Digital business
models

Omnichannel sales
E-commerce

Cloud technologies

Increased transparency
and manageability of
processes

Operational efficiency
improvement

Network effects
Market expansion
Economies of scale

Multi-sided interaction
between participants

Personalization of offers
Demand forecasting

Evidence-based decision
making

Reduction of uncertainty

Flexibility and adaptability
to change

Support for innovation
and new business models

Sustainable development

Limited focus on
strategic innovations
Mainly aimed at
optimizing existing
processes

Concentration of market
power

Dependence of small
businesses on

platform operators

Risks of cybersecurity
Data privacy and
confidentiality issues

Ethical concerns in
data usage

High investment
requirements

Need for organizational
change

Long implementation
period

Source: compiled by the author.

The presented table reflects a systematized approach to the analysis of theoretical models of
digitalization of commercial processes and makes it possible to identify their substantive and
functional features. It demonstrates that each model focuses on different aspects of commercial
activity and interprets the role of digital technologies in modern economic conditions in different
ways.
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The process-oriented model is aimed at optimizing internal business processes and increasing
operational efficiency through the automation and integration of information systems. It ensures the
transparency of commercial operations and contributes to cost reduction; however, it addresses issues
of strategic transformation and the creation of new business models to a lesser extent [8].

The platform concept demonstrates the transition of commercial activity toward network and
ecosystem forms of organization. Within this model, digital platforms act as a key tool for
coordinating interactions among market participants, creating network effects and expanding market
opportunities. At the same time, the dependence of commercial entities on platform owners increases,
as does the risk of market power concentration [9].

The resource-information model emphasizes the strategic importance of data as a key factor of
competitiveness. The use of analytical tools and large data sets makes it possible to predict demand
more accurately and create personalized commercial offers. At the same time, issues of information
protection and confidentiality become especially relevant [10].

The innovation-evolutionary concept considers digitalization as a continuous and gradual
process of commercial system development. It reflects the long-term nature of digital transformation
and its dependence on technological, institutional, and behavioral factors. Despite its high potential
for sustainable development, this model requires significant investment and managerial resources
[11].

Overall, the table shows that none of the presented models is universal, while their integrated
and complementary application makes it possible to reveal the essence of digitalization of commercial
processes more fully and increase the efficiency of commercial activity in the digital economy [12].

Conclusion

The analysis demonstrates that digitalization of commercial processes, being one of the main
directions of modern economic development, creates profound changes in the organizational,
technological, and managerial foundations of commercial activity. Digital transformation makes the
activities of commercial entities more flexible, information-oriented, and customer-oriented,
significantly increasing their competitiveness in the market.

A comparison of theoretical models proves that process-oriented, platform, resource-
information, and innovation-evolutionary approaches explain the digitalization of commercial
processes from different perspectives and complement one another. These models clearly determine
the influence of digital technologies on operational efficiency, value chain optimization,
transformation of market relations, and strategic decision-making.

As a result, successful digitalization in commercial activity should not be limited only to the
application of technical innovations but should also be coordinated with such factors as strategic
management, organizational culture, human capital development, and information security.
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Bulud texnologiyalarinin informasiya texnologiyalarinda rolu vo miiassiso
sistemlarinin ragomsal transformasiyasinda tatbiqi

Xiilasa

Bulud texnologiyalar1 miiassisalorin roqomsal transformasiyasini siiratlondirir. Bu texnologiya
resurslarin internet iizorindon c¢evik istifadosini, xorclorin optimallagdirilmasint vo xidmaotlorin
davamliligint tomin edir. Moqalado buludun xidmot modellari, tohliikasizlik masalolori vo miios-
sisalora tosiri aragdirilmisdir.

Todqiqat gostorir ki, bulud texnologiyalarinin totbiqi yalniz texniki keg¢id deyil, hom do
tohliikasizlik, idarasetmo vo maliyyo nozarati ilo bagli kompleks prosesdir.

Acar sozlor: bulud texnologiyasi, ragamsal transformasiya, laaS, PaasS, SaasS, kibertahliikasizlik,
FinOps, hibrid bulud, DevOps

Giris

XXT asrdo ragomsallagma, siini intellekt vo bdyiik verilonlor daha ¢evik texnoloji miihito ehtiyaci
artirmigsdir. Bu ehtiyaclarin garsilanmasinda bulud texnologiyalar1 miithiim rol oynayir. Bulud
texnologiyasi server, saxlama vo proqram tominati kimi resurslarin internet tizorindon xidmot
formasinda istifadosinoe imkan verir [1].

Bulud texnologiyalar1 resurslarin elastik idaro olunmasini tomin edir vo miiossisaloro daha
stiratli, cevik vo avtomatlagdirilmis idaroetmo imkani yaradir. Bu yanagma innovasiya siirotini v
bazar talablorino uygunlasmani artirir.

Bu giin bulud texnologiyalar1 biznes, tohsil, bank vo dovlst sektorunda genis istifads olunur.
Diizgiin totbiq edildikdo xidmat keyfiyyatini vo tohliikasizliyi artirir, lakin molumat moxfiliyi, yanlis
konfiqurasiya vo xidmat asililig1 kimi risklor do yaradir.

Bulud texnologiyalarinin anlayis1 va inkisaf xiisusiyyatlori

Bulud texnologiyasi istifadogilora hesablama resurslarina gevik vo tolob asasinda ¢ixis imkant
verir. NIST oasas xiisusiyyatlor kimi 6ziinoxidmaet, elastiklik vo Olclilon xidmati gostorir [1]. Bu
xiisusiyyetlor buludu onanavi hostinqden forqlondirir.

ISO/IEC 17788 standartina goro bulud hesablamasi paylasilan fiziki vo virtual resurslardan
ibarat elastik modeldir [2]. Istifadoci xidmatin hans1 avadanliqda islodiyini bilmodon istifads eda bilir.
Bulud texnologiyalarinin inkisafi virtualizasiya, konteyner vo avtomatlagdirma texnologiyalar1 ilo
baglidir [3]. Bu yanasma resurslardan daha somorali istifadoys va ¢evik idaroetmoys imkan verir. IT
sObolari artiq yalniz avadanliq deyil, xidmot dizayn1 va tohliikasizlik siyasatino fokuslanir.

Bulud texnologiyalar1 miiossisolora daha siiratli barpa, qlobal xidmst imkani vo risklors
uygunlagma Ustiinliiyl verir. Buna goro bulud rogomsal iqtisadiyyatin osas infrastruktur komponent-
larindan birins ¢evrilmisdir.

Xidmoat modellari va yerlosdirma formalari

Bulud texnologiyalarinda osas xidmot modellori [aaS, PaaS vo SaaS hesab olunur. TaaS isti-
fadaciyo virtual server, saxlama vo soboko resurslart togdim edir, amaliyyat sistemi va tatbiglorin
idara olunmas isa istifadocinin masuliyyatinds qalir. Bu model ¢eviklik tolob edon togkilatlar ticiin
uygundur.

PaaS proqramgilara totbiqlori qurmaq va yerlosdirmak {igiin hazir miihit toqdim edir. Serverlorin
vo platforma komponentlorinin idaro olunmasi provayder torofindon hoyata keg¢irilir. Bu yanasma
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innovasiya siiratini artirsa da, platformadan asililiq riski yarada bilar. SaaS modelinds hazir proqram
tominatt internet {izorindon toqdim olunur. Elektron pogt, onlayn ofis alotlori vo omokdasliq
platformalart buna niimunadir. Bu model rahat olsa da, identiklik idarsetmosi, audit geydlori vo
miiqavilo sortlori digqetlo qiymetlondirilmalidir.

Bulud yerlosdirmo modellori ictimai, 6zal, hibrid vo ¢oxbulud formasinda qruplasdirilir [1].
Ictimai bulud genis istifadaci kiitlosine xidmot edir, 6zl bulud isa bir toskilat iigiin xiisusi qurulur.
Hibrid bulud lokal vo bulud resurslarinin birlikds istifadssini, ¢oxbulud iso bir ne¢o provayderdon
istifadoni ifads edir.

Miiasir miiossisalords hibrid vo ¢oxbulud yanagmalarit daha ¢ox istifado olunur. Bunun sobobi
bozi sistemlorin lokal miihitdo qalmasi, hiiquqi toloblor vo bir provayderdon asililigin risk
yaratmasidir. Buna goro bulud strategiyasi texniki imkanlarla yanast hiiquqi, maliyys vo amaliyyat
toloblorine asason formalasdirilmalidir.

Bulud arxitekturasi, virtualizasiya vo konteynerlosma

Bulud arxitekturas: virtual resurslar, soboko vo tohliikesizlik servislarinin birlikds islomasina
osaslanir. Virtualizasiya resurs istifadosini optimallagdirir va sistemlorin daha stiratli barpasini tomin
edir.

Konteyner texnologiyalart vo Kubernetes platformalari totbiqlorin yerlosdirilmosi vo idara
olunmasini avtomatlasdirir. Cloud native yanasma c¢evik vo davamli sistemlorin qurulmasina
yonolmisdir [11]. Mikroservis arxitekturasi totbiglori miistoqil xidmaotlora bolorok c¢eviklik vo
miqyaslanma imkan1 yaradir, lakin alavs tohliikasizlik vo monitoring tolob edir.

Bulud arxitekturasinda avtomatlasdirma osas rol oynayir. Infrastrukturun kod kimi idaro
olunmasi insan sohvlorini azaldir va tohliikesizlik nozarstlorini giiclondirir. AWS Well-Architected
Framework vo digor ¢orgivalor tohliikasiz vo dayaniql sistemlorin qurulmasini tovsiyo edir [7], [6],
[8].

Bulud tahliikasizliyi vo masuliyyat bolgiisii

Bulud texnologiyalarinda tohliikosizlik asas masololordondir. Masuliyyst provayder vo miistori
arasinda boliisdiirtiliir. Provayder infrastrukturu, miistori iso molumatlarin idarasi vo giris nozarotini
qoruyur.

On boyiik risklorden biri yanlis konfiqurasiyadir. A¢iq saxlama, zaif identiklik siyasoti vo artiq
giris hiiquqlart molumat sizmasia sobab ola bilor. Buna gors on az imtiyaz prinsipi, ¢oxfaktorlu
autentifikasiya vo audit mexanizmlori vacibdir [12]. Molumatlar saxlanma vo Gtiirlilmo zamani
sifrolonmolidir.

Monitoring vo hadiso cavabi da miihiim rol oynayir. Audit geydlori vo tohlilko agkarlama
sistemlori risklorin vaxtinda miioyyon edilmosino komok edir. Cloud Controls Matrix vo ENISA
corcivalori bulud risklorinin qiymatlondirilmasi iigiin istifads olunur [9], [10]. Tohliikasizlik toloblori
dizayn morholosindon nazors alinmalidir.

Miiassisalards tatbiq strategiyasi vo migrasiya marhalalori

Bulud texnologiyalarmin totbiqi planli strategiya tolob edir. Ilk morholodo IT miihiti, totbiglor,
molumatlar vo tohliikesizlik toloblori qiymatlondirilmalidir. ©ks halda migrasiya slava xarclor vo
tohliikosizlik risklori yarada bilor. Microsoft Cloud Adoption Framework bu prosesi strategiya,
planlama, hazirhq, totbiq va optimallagdirma marhalsloari ilo izah edir [6].

Migrasiya miixtalif yanagmalarla hoyata kecirilir. Bazi sistemlor oldugu kimi buluda kogiiriiliir,
digarlori isa cloud native prinsiplari ila yenidon qurulur. Siiratli kd¢lirmo qisa miiddotds faydali olsa
da, uzunmiiddatli problemlor yarada bilor. Yenidon dizayn iso daha ¢evik vo somarali natico verir.
Buluda keg¢id zamani totbiglorin prioritetlogdirilmosi vacibdir. Pilot layihalor komandaya tocriibo
qazandirir vo tohliikesizlik, performans, ehtiyat niisxo vo xorclorin yoxlanilmasina imkan yaradir.
Ugurlu migrasiya yalniz texniki yerlogsdirma deyil, istifadogi momnuniyyaoti vo idaroetmo proses-
lorinin uygunlagdirilmasidir.

Bulud miihitindo DevOps vo DevSecOps yanasmalari koordinasiyant vo tohliikosizliyi
giiclondirir. Ugurlu bulud strategiyas1 biznes magsadlorine uygun qurulmalidir. Mogsad xarclorin
azaldilmasidirsa optimallasdirma, siiratli inkisafdirsa avtomatlagdirma, davamliliqdirsa ¢coxregionlu
arxitektura prioritet se¢ilmalidir.
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Bulud texnologiyalarinin iqtisadi tasiri vo FinOps yanasmasi

Bulud texnologiyalarinin osas tistiinliiklorindon biri xarclorin ¢evik idaro olunmasidir. ©nanavi
modeldo miiossisalor avadanliga ovvalcodon boylik kapital yatirimi etdiyi halda, bulud modelindo
istifado olunan xidmato goro 6donis edilir. Lakin nozaratsiz istifado xorclorin siiratlo artmasina sobob
ola bilor. Avtomatik miqyaslandirma, molumat saxlanmasi, soboko istifadosi vo test miihitlori diizgiin
idaro olunmadiqda biidco risklori yaranir.

FinOps yanagmasi bulud xorclorinin idars olunmasinda texniki komandalar, maliyyo sébasi vo
rohborliyin birlikds islomasini nazards tutur. Magsad yalniz xarclori azaltmaq deyil, xorclorin biznes
doyorino uygunlugunu tomin etmokdir. Bu baximdan etiketlomo, bilidco xabordarliglart vo hesabat
mexanizmlori miihiim rol oynayir. Bulud resurslarinin diizgiin 6l¢tilmasi do vacibdir. Boazi totbiglor
ehtiyacdan boyiik resurslardan istifads edir va ya istifads olunmayan saxlama obyektlari yiliksok xarc
yaradir. Buna goro resurslar davamli izlonmali vo biznes toloblorine uygun optimallasdiriimalidir.

Bulud texnologiyalari ki¢ik vo orta bizneslar {igiin do yeni imkanlar agmisdir. Boylik hesablama
giicii vo ehtiyat infrastrukturu artiq yiiksok kapital tolob etmodon oldo edils bilir. Bu, innovasiyani vo
roqabati giiclondirir, lakin somarali istifads ligiin texniki bilik va diizgiin idaraetma vacibdir. Buludun
iqtisadi tosiri yalniz xorclorlo 6l¢iilmiir. Sistemlorin daha siirotli hazirlanmasi, bazara c¢ixis
miiddotinin azalmasi vo miistori tocriibasinin yaxsilagmasi da mithiim doyor yaradir. Buyya vo digor
miuolliflor buludu hesablama resurslarinin xidmat kimi togdim olunmasi modeli ilo alagalondirirlor
[4].

Buludda verilanlarin idars olunmasi va analitika imkanlari

Bulud texnologiyalar1 bdyiik hocmli molumatlarin saxlanmasi, emali vo tohlilini asanlagdirir.
Obyekt saxlama, paylanmis verilonlor bazalar1 vo analitika xidmatlori miiessisalora avadanliq idara
etmadon molumat iizorinds islomaya imkan verir.

Molumat anbari strukturlasdirilmis molumatlari, data lake iso miixtalif tip molumatlar1 saxlamaq
ticiin istifads olunur. Bu yanagmalar birlikds analitika vo siini intellekt tatbiqlorini dostokloyir. Lakin
osas masolo molumatin keyfiyyoti vo diizgiin idaros olunmasidir. Bulud analitikas1 real vaxt
qerarvermasini giliclondirir. Elektron ticarat, bank vo sonaye sektorlarinda istifadogi davranisi, amo-
liyyat anomaliyalar1 vo avadanliq risklori daha tez tohlil edilo bilir. Bu da buludu yalniz saxlama deyil,
gorarverms platformasina gevirir.

Molumatlarin buludda idare olunmasi zamani1 moaxfilik vo uygunluq vacibdir. Hossas molumatlar
sifrolonmoli, girislor mohdudlasdirilmali vo audit izlonebilirliyi tomin edilmalidir. Buludun oasas
istlinliiklorindan biri ¢evik genislonmadir. Malumat artdiqca saxlama resurslar1 asanliqla artirila bilir.
Lakin diizgiin arxiv siyasoti vo molumat idaroetmasi hom xorclori, hom do tohliikosizlik risklorini
azaltmagq {iglin vacibdir.

Risklar, uygunluq vo xidmat keyfiyyati masalalori

Bulud texnologiyalar1 genis imkanlar yaratsa da, risklorin diizgiin idars olunmasini tolob edir.
Osas risklordon biri vendor lock-in, yani bir provayderdon asililiqdir. Aciq standartlar, kontey-
nerlosma vo moalumat ixrac planlari bu riski azaltmaga komok edir.

Uygunluq mosalolori xiisusilo bank, sohiyyo vo dovlot sektorunda vacibdir. Moalumatlarin
saxlanmasi, audit vo giris nozaratlori ciddi qaydalarla tonzimlonir. Provayderin sertifikatlar1 kifayot
deyil, miiossiso 0z tohliikasizlik proseslorini ayrica idara etmolidir. Xidmot soviyyasi razilagmalar1 da
diggatlo giymaotlondirilmalidir. Yiiksok olgatanliq vadi olsa bela, zoif arxitektura biznes dayanmasina
sabob ola bilor. Buna gors yalniz provayder deyil, sistem dizayni da vacibdir.

Bulud miihitindo insan faktoru bdyiik risk yaradir. Sohv giris hiiquqlari, zoif parollar vo
tacriibasiz idaroetma ciddi problemlora sabab ola bilar. Bu risklori azaltmagq ti¢ilin tolim, siyasat asasl
idaraetmo vo avtomatik nozarat mexanizmlori totbiq edilmalidir. Risklorin azaldilmasi {i¢iin miiossisa
ovvalcadon bulud idaroetmo modeli qurmalidir. Buraya resurs idarosetmasi, tohliikosizlik monitoringi,
ehtiyat niisxa siyasoti vo xorclorin nazarati daxildir. NIST Cloud Computing Standards Roadmap
standartlagdirmanin tohliikasizlik va sabitlik baximindan vacibliyini vurgulayir [5].

Bulud texnologiyalarinin Azarbaycanda va regional miiassisalords perspektivlori

Azarbaycanda vo region Olkslorinds rogomsallasma bulud texnologiyalarina marag: artirir.
Elektron dovlot xidmatlori, rogomsal bankgiliq, distant tohsil vo onlayn sohiyys sistemlori bulud
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infrastrukturundan genis istifado edir. Bulud texnologiyalar1 xidmotlorin ol¢atanligini, tohliikasiz-
liyini vo ¢evik miqyaslanmasini tomin edir.

Buludun osas iistiinliiklorindan biri ilkin sermayas yiikiinii azaltmasidir. Kicik vo orta biznes 6z
molumat morkozini qurmadan miiasir proqram vo xidmotlordon istifado edo bilir. Lakin internet
sabitliyi, molumatlarin saxlanma yeri vo miitoxassis ¢atigmazligi kimi problemlor nozoro alinmalidir.
Dovlat vo kritik infrastruktur sahalorindo daha ¢ox 6zal vo hibrid bulud yanasmalar totbiq olunur. Bu
saholordo molumatlarin 6lko daxilindo saxlanmasi vo tohliikasizlik auditlori vacibdir. Tohsil
miossisolorindo iso bulud texnologiyalar1 virtual laboratoriyalar vo onlayn omokdasliq miihiti
yaradaraq praktiki todrisi giiclondirir.

Regional inkisaf {li¢iin yalniz bulud xidmotlorindon istifados kifayot deyil. Bulud tohliikasizliyi,
DevOps, molumat idarsetmosi vo uygunluq iizro yerli miitoxassis hazirligi da artirilmalidir. Bu
yanasma innovasiya vo xidmot keyfiyyatinin yiiksolmasino komok edir.

Galacak inkisaf istiqamatlari

Bulud texnologiyalariin inkisafinda asas istigamatlordon biri edge computing-dir. Bu yanasma
hesablama resurslarini istifadogiyo yaxinlagsdiraraq gecikmoni azaldir vo real vaxt emalint siirat-
londirir. Digor istigamat serverless arxitekturadir. Burada proqramgi server idars etmir, kod yalniz
hadiss bas verdikdos isloyir. Bu model ¢evik vo avtomatik miqyaslana bilondir, lakin provayder
asililig1 vo monitoring ¢atinliklori yarada bilor.

Siini intellekt vo buludun birlogsmasi do miihiim inkisaf istigamatidir. Bulud provayderlori magin
Oyronmasi vo generativ Al xidmotlorini daha slcatan edir. Bununla yanasi, malumat moxfiliyi, etik
istifado vo xorclorin idarasi vacib olaraq qalir. Davamliliq va enerji samaraliliyi do 6n plana ¢ixir.
Resurslarin optimallasdirilmasi vo lazimsiz sistemlorin sondiiriilmasi hom xarclori, ham do enerji
sorfiyyatin1 azaldir [8].

Golacakdo bulud texnologiyalar: daha avtomatlagdirilmis vo agilli idareetmo modelins kegacak.
Stini intellekt dostokloyon sistemlor tohliikosizlik risklorini vo nasazliglart daha tez miioyyon edo
bilacok, lakin strateji qorarlarda insan rolu qalacaq.

Natico

Aparilan tohlil gostorir ki, bulud texnologiyalari miiasir informasiya texnologiyalarinin asas
istigamatlorindon biridir. Bulud modeli miiossisoloro resurslardan talob osasinda istifado etmoyo,
totbiglori siiratlo yerlogdirmayos vo xidmot imkanlarini genislondirmoyas sorait yaradir.

Bununla yanasi, yanlis konfiqurasiya, malumat moxfiliyi, uygunluq telablori, xidmat asililig1 vo
nozaratsiz xorclor kimi risklor do mévcuddur. Bu sabobdon bulud strategiyasi tohliikasizlik, maliyyo
idaroetmosi, diizgiin arxitektura vo togkilati doyisikliklor nozore alinaraq hazirlanmalidir.

Bulud texnologiyalarindan samarali istifads yalniz texniki migrasiya deyil, hom do is yiiklorinin
tohlili, xidmat modelinin secilmasi, tohliikasizlik nazaratlorinin totbiqi vo davamli optimallasdirma
tolob edir. Natica olaraq, diizgiin planlagdirilmig bulud strategiyas1 miiassisalors geviklik, etibarliliq,
tohliikasizlik vo innovasiya listiinliiyli qazandira bilor.
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Abstract

Entrepreneurship is often defined as the process of identifying an opportunity or problem within
a market and developing a solution that can be monetized. While this definition originates from
traditional business models, it remains relevant in the digital era, nevertheless, with the complexities.
The shift toward digital economies has enabled the reevaluation of whether traditional growth models
can still be considered applicable in addressing the unique challenges of modern and digitally driven
business models, particularly software startups. These developments point to the growing dominance
of software and, more specifically, SaaS (software-as-a-service) as a common or core business model
in the global digital economy (Ventura, 2024). A closer look at the revenue streams of these
companies also highlights a predominant reliance on B2B (business-to-business) operations, such as
AWS (Amazon Web Services) or Microsoft’s enterprise cloud solutions, rather than direct consumer
sales. This examination supports the idea of increasing importance of B2B SaaS models, and forms
the basis for this research: to examine the scaling strategies and challenges of B2B SaaS startups.
While product innovation or product-market-fit remain the key enablers, strategic communication,
particularly in digital channels, has become equally essential in achieving and maintaining sustainable
growth. From building trust in unfamiliar markets to succeeding in intercultural messaging,
communication strategies directly impact the ability of a startup to scale. While the majority of the
research available in the existing literature has focused on mature ecosystems like Silicon Valley,
there is limited knowledge about how such companies grow in emerging digital economies. Hence,
this study focuses on the Baltic region countries as Estonia, Latvia, and Lithuania, whose combined
population is under 6 million, yet has produced 15 unicorns so far. Considering all the mentioned
facts and observations, this research aims to uncover the specific growth challenges, success factors,
and communication strategies experienced by B2B SaaS startups in emerging digital economies,
using the Baltics as a case study.

Introduction

Entrepreneurship is often defined as the process of identifying an opportunity or problem within
a market and developing a solution that can be monetized. While this definition originates from
traditional business models, it remains relevant in the digital era, nevertheless, with the complexities.
The shift toward digital economies has enabled the reevaluation of whether traditional growth models
can still be considered applicable in addressing the unique challenges of modern and digitally driven
business models, particularly software startups.

Looking at the current global market landscape, 7 out of the world's 10 largest companies by
market capitalization were founded within the past 30 years. Notably, half of these companies, such
as Microsoft, Amazon, etc., are software-driven enterprises. Even Apple, which primarily sells
hardware devices, owes a significant part of its success to its proprietary software ecosystem. These
developments point to the growing dominance of software and, more specifically, SaaS (software-as-
a-service) as a common or core business model in the global digital economy (Ventura, 2024).

A closer look at the revenue streams of these companies also highlights a predominant reliance
on B2B (business-to-business) operations, such as AWS (Amazon Web Services) or Microsoft’s
enterprise cloud solutions, rather than direct consumer sales. This examination supports the idea of
increasing importance of B2B SaaS models, and forms the basis for this research: to examine the
scaling strategies and challenges of B2B SaaS startups.
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While product innovation or product-market-fit remain the key enablers, strategic
communication, particularly in digital channels, has become equally essential in achieving and
maintaining sustainable growth. From building trust in unfamiliar markets to succeeding in
intercultural messaging, communication strategies directly impact the ability of a startup to scale.
While the majority of the research available in the existing literature has focused on mature
ecosystems like Silicon Valley, there is limited knowledge about how such companies grow in
emerging digital economies.

Hence, this study focuses on the Baltic region countries as Estonia, Latvia, and Lithuania, whose
combined population is under 6 million, yet has produced 15 unicorns so far. Estonia alone, with its
population of just 1.3 million people, has hosted the highest number of unicorns from the region with
9 unicorns (Invest in Estonia, 2023). Lithuania, which has ties to already 4 unicorns (Startup
Lithuania, 2024), alongside Latvia, has also contributed significantly to the region’s tech ecosystem
(Vrcic, 2024).

Background

Nevertheless, having bordered each other for a thousand years and sharing similar historical
paths and cultural values, these countries underwent similar digital transitions, yet reached different
stages of maturity. Estonia leads the region with a globally recognized startup environment, raising
important questions about what factors contribute to such division. It should be mentioned that those
markets are relatively less mature in comparison to the startup capitals of the world, such as Silicon
Valley, New York, and London (Startup Genome, 2024).

Moreover, the Baltic region is nowhere near comparable to China, which has a domestic market
large enough for a startup to grow from seed stage to unicorn status without ever expanding beyond
its borders (Moffat, 2018). Such factors of introducing a product to a relatively small market often
force these local founders to think globally from the start. Therefore, how they communicate their
value proposition and attract foreign customers to grow further, the region becomes more essential
for the players from emerging digital markets such as the Baltics.

Considering all the mentioned facts and observations, this research aims to uncover the specific
growth challenges, success factors, and communication strategies experienced by B2B SaaS startups
in emerging digital economies, using the Baltics as a case study. The findings will provide actionable
insights for founders, investors, and local business development institutions seeking to support early-
stage tech ventures in similar markets.

The Baltic region, which consists of Estonia, Latvia, and Lithuania, has gained global recognition
for its rapid digital transformation and startup landscape. Such transition presents both opportunities
and challenges for the emerging B2B SaaS ecosystem, which is now playing a measurable role in
driving economic growth across the region. In 2021, startups in Lithuania, Estonia, and Latvia
generated approximately €1.8 billion, €1.4 billion, and €0.4-0.5 billion in revenue, respectively. As
quoted by Rokas Salasevicius, Estonia has historically led the startup movement. By 2021, more than
1300 startups were registered in Estonia, compared to over 1100 in Lithuania and over 600 in Latvia.
Considering Estonia’s population of 1.3 million people at the given time, this is equal to roughly 1
startup per every 1000 residents, which highlights the maturity and density of its startup ecosystem
(Salasevicius, 2024).

These figures not only reflect the entrepreneurial activity in the region but also emphasize the
importance of understanding the dynamics of scaling within such a unique economic and
demographic context. Moreover, considering the global success of the Baltic startups, it emphasizes
the fact that success often depends not only on the product-market fit and technical infrastructure, but
also on the ability to communicate these unique values and benefits to the target audience. This
relatively small population base, combined with rapid digital adaption, enables a exciting
environment to explore the factors influencing startup growth, particularly for B2B SaaS enterprises
that face different challenges compared to the consumer-focused or hardware-driven businesses and
what’s the role of communication in terms of building visibility, trust and credibility across borders
for the players of this small but digitally ambitious region.
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Problem Statement

To describe the start-up ecosystem in the Baltic region, not only the revenue and the number of
startups but also the number of unicorns from the region should be considered. While Latvia
introduced its first unicorn, Printful, in 2021 (Investment and Development Agency of Latvia, n.d.),
this number for Lithuania stands at 3 (LRT.It, 2023), and Estonia leads the region with 10 unicorns
by 2025. (Invest Estonia, 2023)

Nevertheless, such success of these small economies in comparison to highly developed Western
and US markets has not been analyzed with a scientific approach and a communication-focused
perspective, particularly in terms of how these startups overcome scaling challenges through strategic
communication. Although there is growing literature on the startup growth in general, a few studies
address how B2B SaaS companies in emerging digital economies utilize communication, whether for
digital, intercultural, or investor-focused channels to support international expansion, attract high-
quality talents to accelerate the company growth, and engage stakeholders across the region.

Considering the significance and value of such research for early-stage start-up founders not only
from the Baltic region but also from other emerging markets, as well as for local business
development authorities, economic institutions, this study aims to contribute to filling the existing
literature gap. Moreover, the research is expected not only to address these questions within a
scientific framework but also to provide practical applications of communication strategies based on
real-world cases that reflect common challenges in the B2B SaaS environment.

Objective

The objective of this research is to understand the reasoning behind the success of local startups
from the Baltic region and compare it with the current stage of market maturation. By doing so, the
researcher aims to identify the challenges these startups have experienced and the strategies that either
succeeded or failed in overcoming them. Special attention will be paid to the role of strategic
communication in this process, including how these startups position themselves, attract global
stakeholders, and manage customer and investor relations during the scaling phase and how these
factors eventually impact their success.

The goal is to offer insights for future founders that serve not only as a scientific contribution
but practical communication guide, which would enable a clearer image of such markets and guide
them to develop their effective go-to-market strategies. Given such a unique combination of factors -
being founded in developing economies with halfmature start-up ecosystems and yet still reaching
unicorn status- this study will examine Latvia, Lithuania, and Estonia to understand what enables
their success.

The research will explore key elements such as the role of accelerator and incubation
commitments, communication dynamics with venture capital interactions, the influence of media
visibility, and how those factors impact the growth trajectories of the examined B2B SaaS startups.

The findings are expected to assist current and future founders in making informed decisions
about their market entry, communication management, and stakeholder engagement. In addition,
findings from the research can also guide them in terms of technical and bureaucratic decision-
making such as where to register their start-ups, the local benefits and challenges, etc. Therefore, the
findings of this research can be used not only by founders and investors but also by local policymakers
and business development institutions involved in attracting startups to their country and eventually
increasing tax revenue through sustained entrepreneurial activity.

Scope and Approach

Due to the rapidly evolving nature of the research topic, the traditional academic sources, such
as books or older journal articles, will not be quoted as heavily. As the market landscape shifts
constantly, the available data and ecosystem dynamics change on a near-daily basis. Therefore, the
researcher will rely more on dynamic and real-time sources of information from the startup ecosystem
as described above to ensure the data's relevancy and accuracy.

Preliminary Literature Review
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Following the selection of the topic focused on the development challenges of the B2B SaaS
startups in the Baltic region, a preliminary literature review was planned and conducted by the author.
As this part represents only the initial stage of the comprehensive literature review that is planned to
be completed during the first year of the research, a number of scientific papers and articles were
reviewed. To achieve this, the author researched and ranked relevant sources based on their relevance
to the topic, regional context, and recency. The main consideration was the papers focusing on
startups, researching Baltic countries, and being no older than five years, due to the field’s volatility
in terms of research and development.

The Baltic countries, home to over 10 unicorns (a privately-owned startup worth more than $1
billion), share similar histories and geography but offer quite different environments for earlystage
startups. A significant finding from the region is the role of government in terms of communication
strategies, particularly in Estonia. The government of Estonia is running aggressive digital branding
measures for the country. This includes e-residency, start-up visas, and innovative public outreach,
which have enhanced Estonia's international visibility and attractiveness as a digital hub for talent
and investment resources. (Menshikov, 2020)

As a leader in the unicorn race within the region, Estonia’s initiatives serve as a significant
example of how well-coordinated communication efforts can build a strong brand of startup
ecosystem, ultimately supporting the scaling of startups through increased investor confidence and
international reach. However, Estonia’s small population also presents challenges, such as a lack of
relevant talent in the employer market or high competition for skilled workers. Therefore, these
branding efforts not only attract foreign investment or companies but also place a responsibility on
the government to encourage international talent to relocate to Estonia and contribute to the local
startup ecosystem. (Menshikov, Ruza, & Semeneca, 2024)

Nevertheless, with the described efforts from the Estonian government, Lithuania surpassed
Estonia in 2021 in the number of startups per country. Meanwhile, Lithuania hosted 1527 startups in
2021, while the number for Estonia was 1301. Latvia is significantly falling behind these 2 Baltic
countries in the number of registered startups. (Vonoga & Klavina, 2022)

This data can be interpreted from a different perspective that, nevertheless, Lithuania has a higher
number of registered startups, and the number of unicorns is lower in comparison to Estonia. It means
that the maturity of the digital economy, even in the early or pre-developed stage, impacts the success
of established startups. The local startup ecosystem, support from the government, partnership
opportunities, access to investors and mentors, co-marketing initiatives, etc., can be essential during
the journey to success for the startups. However, aside from these pragmatic assumptions,
understanding the fundamental factors that contribute to the success of startups in Lithuania and
Estonia can help to develop future strategies for scaling B2B SaaS startups in the region. Also, the
experienced disproportion in Latvia's startup ecosystem highlights the need to investigate the
differences within those very similar yet different economies and identify key challenges. (Vonoga
& Klavina, 2022)

The research by Aija and Baiba (Vonoga & Klavina, 2022) also quotes that nevertheless, Latvian
startups have secured the highest amount of investments in 2021 (more than €247M), yet the
correlation still doesn't exist in this context within the number of either registered startups or unicorns
which can be considered as the peak level of acceleration success in Baltic region. Another interesting
finding here is the fact that, although the local startup associations in Estonia and Lithuania are state-
owned, the Latvian one was founded last and is an NGO that relies on member fees and lacks
government support. This point also supports the idea of statebacked startup models provide better
and more established environments for SaaS companies to scale in Estonia and Lithuania in
comparison to Latvia, which lacks institutional support.

Aija and Baiba (Vonoga & Klavina, 2022) suggest a unified Baltic startup platform to encourage
collaboration, knowledge exchange, and funding opportunities. Such a model of networking could be
capable of addressing a lack of resources and market limitations. The general suggestion in this model
is the need for at least regional communication and enabling access to Western European markets
with the help of ecosystem-level collaboration and digital collaborations.
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Itzhak Mashiah (Mashiah, 2024) also suggests that SaaS startups need to develop a strong brand
narrative on different media channels before entering new markets or seeking funding. The author
also refers to the essence of trust and credibility, especially in digital economies where stakeholders
may be skeptical about new companies or new ideas. This idea also supports the idea of building a
strong brand image or even the personal branding of the founder. Thought leadership and executive-
level branding, and correct brand positioning impact positively to align with investor expectations
and increase credibility in emerging economies. (Mashiah, 2024)

Meanwhile, Faezeh & Kambiz (Rasoulian, Smith, & Lee, 2023) agree with Itzhak M. on
executive branding and thought leadership; they also quote that social proof and customer advocacy
programs can also help establish credibility in digital-first economies. The new idea suggested by
them is how to craft marketing communication while discovering markets. Customer feedback and
data analytics provide founders with a better view of market-entryrelated decision-making. Such
availability combines both rational analysis and intuition. While the paper highlights the essence of
adaptive marketing measures such as localized content for new markets or account levels, since we
are talking about B2B, it suggests 3 effective communication strategies for early-stage startups, which
are cross-cultural communication, industry thought leadership, and customer-centric messaging.
Lastly, referral programs and WOM (word of mouth marketing) are considered significantly
important for digitalfirst economies and building an online presence. Such an initiative can also be
supported by collaboration with industry influencers and leveraging early adopters with the help of
online communities. (Rasoulian, Smith, & Lee, 2023)

To conclude this preliminary literature review, the analysis of several scientific research studies
highlights the decisive role of communication strategies in scaling B2B SaaS startups in the Baltic
region. These strategies influence everything from brand storytelling to investor confidence, talent
acquisition, and global market entry. While the Estonian model demonstrates the power of a state-
backed, aggressive digital branding approach, Lithuania's recent growth suggests that market and
ecosystem maturity are essential for long-term success. In the case of Latvia, despite securing the
highest investment in the region for a certain period, it is still falling behind, underscoring the need
for a unified Baltic ecosystem network and greater ecosystemlevel collaboration. Moreover,
executive branding, thought leadership, social proof, word-of-mouth marketing, and market-adapted
communication can play a vital role in building trust and enabling a constant customer feedback loop
for better decision-making. As this research progresses, the author will further analyze and provide
deeper insights into the relationship between communication management, international expansion,
and ecosystem-level collaboration, to define a scalable communication model for B2B startups in
emerging digital economies such as the Baltics.

Conclusion

This research aims to contribute to the existing body of knowledge on scaling startups by
providing a comprehensive analysis of the strategies and challenges specific to B2B SaaS startups in
the Baltic region. The study seeks to address the gap in the current academic literature by exploring
the unique dynamics of the Baltic ecosystem, including the role of government involvement, digital
branding, and communication management strategies. By addressing this gap, practical insights will
be offered to startup founders, local business development institutions, policymakers, and investors.

The finding will not only highlight the key success factors for scaling B2B SaaS startups in the
Baltic region but also provide actionable insights on how to effectively use strategic communication,
positioning, messaging, and ecosystem-level collaboration. Furthermore, the research will serve as a
valuable resource for early-stage startup founders who are navigating the challenges of new market
entry, talent acquisition, and investment attraction in emerging digital economies.

Although the research will be focusing on the Baltic region, its implications extend beyond the
region. The researcher aims to generate insights that will be applicable to other emerging digital
markets, such as CIS countries, Eastern Europe, and similar regions. Given the rapid growth of digital
economies, one potential limitation of this research is the volatility of the market conditions and local
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regulatory environment, which may evolve during the course of the study. Future research could be
built on this work by examining comparative studies, analyzing both quantitative and qualitative data
findings, and incorporating the role of Al (artificial intelligence) and automation depending on the
development stage or the year of their research. Finally, this research aims to advance both theoretical
understanding and practical implementation in the areas of communication management, digital
branding, and growth strategies for B2B SaaS startups founded or operating in emerging digital
economies.
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Kompiiter sistemlorinin penetrasiya testinda zaifliklorin askarlanmasi vo
risklorin idars olunmasi

Xiilasa

Miiasir informasiya sistemlori miiossisolorin asas texnoloji dayagidir vo onlarin tohliikesizliyi
daimi nozarot tolob edir. Penetrasiya testi sistemlordoki texniki vo toskilati zaifliklorin planli vo
siibutlara oasaslanan sokilds yoxlanilmasi prosesidir. Maqalods penetrasiya testinin marhalslori, risk
qiymatlondirilmasi, hesabatlandirma vo borpa todbirlori arasdirilir. Todqiqgat gostorir ki, penetrasiya
testi yalniz texniki yoxlama deyil, hom do biznes risklorinin idars olunmasi vo dayaniqh kiber-
tohliikasizlik {i¢iin vacib vasitadir.

Acgar sozlar: penetrasiya testi, kompiiter sistemi, zaiflik, risk, kibertohliikasizlik, sabaka, sistem
tohliikasizliyi, hesabatlandirma

Giris

Rogomsal igtisadiyyatin inkisafi kompiiter sistemlorini daha miirokkob etmis vo hiicum sothini
genislondirmisdir. Zaif konfiqurasiya, gecikmis yeniloma vo diizgiin idars olunmayan solahiyyastlor
tohliikasizlik riski yaradir. Buna goro tohliikesizlik yalniz qoruyucu proqramlarla deyil, praktik
yoxlamalarla da tomin edilmalidir.

Penetrasiya testi zoifliklori real hiicumgu yanasmasi ilo agkar edon solahiyyatli tohliikosizlik
qiymatlondirmasidir. NIST SP 800-115 bu prosesin planlasdirilmasi, icrasi vo naticalarin tohlili liglin
metodoloji yanagma toqdim edir. Sistem penetrasiya testi omaliyyat sistemlori, soboko servisleri,
autentifikasiya, fayl icazslori vo domen infrastrukturu kimi komponentlori shats edir [1]. Bu, yalniz
veb tatbiq testindon daha genis yanasmadir. Magalonin mogsadi penetrasiya testinin elmi va praktiki
osaslarini, zoifliklorin risk idaroetmosi ilo alagosini vo naticalorin toskilati qoerarlara tesirini izah
etmaokdir.

Tadqgiqat

Penetrasiya testi audit, zoiflik skani vo monitorinqden forqli olaraq zsifliklorin real istismar
imkanini vo biznes tosirini gostarir. Test yalniz yazili icaze vo miloyyaon edilmis sorhadlor daxilindoe
apartlmahidir.  Sistem tohliikasizliyi hiicum ssthindon asilidir. A¢iq portlar, zoif parollar, kéhno
servisler vo yanlis konfiqurasiyalar asas risklordondir. Buna goro aktivlerin vo giris ndqtalorinin
diizgilin xoritolonmasi vacibdir.

Penetrasiya testindo molumat toplama, zoiflik agkarlanmasi vo istismar morhololori birlikdo
totbiq olunur. Avtomatlasdirilmis skanerlor faydali olsa da, naticalor ol ilo yoxlanilmali vo riskin real
tosiri qiymatlondirilmolidir. Risk qiymatlondirilmosi texniki zoifliklo biznes tosirini birlogdirir.
Prioritetlosdirmo zamani yalniz CVSS bali deyil, aktivin doyori vo malumatlarin hassasligi da nozoro
alimmalidir [2].

Penetrasiya testi hom do tohliikesizlik nazaratlorinin eftektivliyini dl¢iir. Firewall, EDR, jurnal
va SIEM sistemlorinin diizgiin islomasi yoxlanilir. Keyfiyyatli hesabat isa icra xiilasasi, siibutlar, tasir
vo borpa tovsiyalorini ohato etmolidir. Penetrasiya testi hesabatlarinda siibutlar qorunmali vo hossas
molumatlar maskalanmalidir [3]. Magsad tohliikesizliyi artirmaqdir, yeni malumat sizmasi yaratmaq
deyil. Testin effektivliyi hom texniki bacariqdan, hom do togkilatin hazirliq soviyyssindon asilidir.
Aktiv inventari, ehtiyat niisxalor va slaga prosedurlari avvalcodon miioyyon edilmalidir.
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Xarici penetrasiya testi interneto aciq sistemlori, daxili test iso soboko daxilindoki risklori
qiymotlondirir vo hor iki yanasma bir-birini tamamlayir. Sosial miihondislik insan faktorunu
qiymatlondirir, buna gora parol siyasati vo ¢oxfaktorlu autentifikasiya vacib miidafio todbirlari say1lir.

Bulud vo hibrid infrastrukturlarda yanlis rol icazolori, agiq saxlama vo zoif API acarlar1 osas
risklordondir. Penetrasiya testi hom do insidento reaksiya imkanlarini yoxlayir. Avtomatlagdirma
prosesi siiratlondirso do, risklorin diizglin qiymotlondirilmosi insan tohlili tolob edir. Sistemlor
doyisdikco yeni zoifliklor yarandigi {iciin penetrasiya testi davamli foaliyyst kimi hoyata
kecirilmoalidir.

Sistem penetrasiya testinin keyfiyyoti yalniz zaiflik sayma gore 6l¢iilmomolidir. Osas goste-
ricilor tapintilarin dogrulugu, yanlis pozitivlerin azligi, siibutlarin aydinligi vo borpa todbirlorinin
effektivliyidir. Buna goro retest morholosi vacib hesab olunur. Penetrasiya testi toskilatda coza deyil,
tokmillogsmo vasitosi kimi gobul edilmolidir. Tohliikesizlik komandasi, sistem administratorlart vo
rohbarlik birlikds risklori azaltmalidir. Oks halda texniki hesabat real doyisiklik yaratmaya bilor.

Azorbaycan miiossisalorindo osas mosalo resurslarin diizgiin prioritetlosdirilmosidir. Ik mor-
holodo aktiv inventari, yenilomalar, ehtiyat niisxslor, coxfaktorlu autentifikasiya vo administrator
hesablariin yoxlanilmasi vacibdir. Daha sonra penetrasiya testlori ilo bu todbirlorin effektivliyi
Ol¢iilo bilor. Penetrasiya testi hom do idaroetmo alotidir. Noticolor biidco planlagdirmasi, risk
idaroetmosi, audit vo tohliikasizlik tolimlorine tasir etmoalidir. Tapintilar rohbarlik ti¢lin biznes risklori
soklinds izah edilmalidir [4].

Sistemlorin tosnifat1 da vacibdir, ¢linki eyni zaiflik forqli miihitlorde miixtoalif risk yarada biler.
Buna goro aktivlorin biznes doyari nazors alinmalidir. Test zamani identifikasiya vo giris idaroetmasi
ayrica qiymatlondirilmalidir. Servis hesablari, administrator hiiquqlari, API agarlar1 vo ¢oxfaktorlu
autentifikasiya yoxlanilmaldir.

Windows vo Linux sistemlorindo yanagsma oxsar olsa da, yoxlama obyektlori forqlonir.
Windows-da Active Directory vo Group Policy, Linux-da iso SSH, sudo icazalori vo fayl hiiquqlari
osas diqgot morkozindo olur [5]. Hor iki halda moqgsad hiicumgunun giris vo solahiyyst artirma
imkanlarint miioyyon etmokdir.

Soboko segmentasiyasi sistem tohliikasizliyinin osas miidafio mexanizmlorindon biridir. Ogor
istifadogi  sobokosindon verilonlor bazasi serverloring, ehtiyat niisxo anbarlarina vo domen
kontrollerloring birbasa ¢ixis miimkiindiirso, ilkin komprometasiya qisa miiddstdo genis miqyash
insidenta ¢evrilo bilor. Penetrasiya testi segmentasiya qaydalarinin kagiz iizorinds deyil, faktiki olaraq
isloyib iglomodiyini gosterir. Test zamani forqli soboks zonalarindan icaze verilon vo verilmayon
olagalar yoxlanilir, lazimsiz portlar miioyyan edilir va tohliikesizlik divari qaydalarinin real tosiri
qiymatlondirilir.

Ehtiyat niisxoalorin tohliikosizliyi sistem penetrasiya testindo ¢ox vaxt ikinci planda galir, halbuki
bu saho fidyo programlari vo daxili sabotaj risklori baximindan kritikdir [6]. Ehtiyat niisxo
serverlorinin domen administratorlar1 ilo eyni etimad miihitindo yerlogsmasi, niisxolorin doyisdirilo
bilmasi va barpa prosesinin test edilmomasi togkilati ciddi risk altinda qoyur. Penetrasiya testi zamani
ehtiyat niisxo yollariin goriinmaesi, giris icazslori, sifroloms, ayrilmis saxlama prinsipi vo barpa
smaglarinin movcudlugu arasdirila bilor. Moagsoad ehtiyat niisxoni pozmaq deyil, onun miidafio
soviyyasini qiymotlondirmokdir.

Jurnal molumatlarinin vo askarlama qaydalarinin yoxlanilmasi penetrasiya testinin miidafio
doyerini artirir. Hiicum ssenarisi icra olunduqda sistemlords hansi izlorin qaldigi, SIEM va EDR
alotlorinin hans1 xabordarliglart yaratdigi ve tohliikesizlik komandasinin bu xobordarliglara neca
reaksiya verdiyi miisahido edilir. Ogor test foaliyyati he¢ bir xobordarliq yaratmirsa, toskilat real
hiicumu da gec gora bilor. Buna gors penetrasiya testi yalniz zaiflik tapmagq tiigilin deyil, eyni zamanda
agkarlama vo reaksiya mexanizmlorini kalibrlomok ii¢iin istifado olunmalidir.

Moxfilik vo moalumat minimallasdirilmasi test prosesindo xiisusi yer tutur. Penetrasiya testgisi
bozan hassas fayl adlarini, istifadoci molumatlarini va ya sistem konfiqurasiyalarii gors bilor. Pe-
sokar yanagsmada homin moalumatlar yalniz tapintini siibut etmok ti¢iin minimum hacmdas geyd olunur.
Lazimsiz molumat kopyalanmir, testdon sonra miivoqqoti fayllar silinir vo hesabat qorunan kanalla
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toqdim edilir. Bu prinsip toskilatin hiiquqi dhdaliklorini vo test komandasinin etibarin1 qorumaga
xidmot edir.

Hesabatdan sonra barpa todbirlorinin izlonmasi ayrica idaraetma prosesi kimi qurulmalidir. Hor
tapint1 liglin mosul soxs, planlagdirilmis diizalis, son tarix, risk sahibi vo yoxlama meyar1 miioyyon
edilmolidir. Yiiksok riskli tapintilar iiclin miivoqqgoti kompensasiyaedici nozaratlor do totbiq oluna
bilor. Masalon, yamagin dorhal totbiqi miimkiin deyilso, tohliikoesizlik divarinda mohdudlasdirma,
servis deaktiv edilmosi vo ya monitoring qaydasinin sortlosdirilmasi miivoqqeti risk azaldici todbir
ola bilor. Bu proses olmadiqda hesabat arxiv sanadina ¢evrilir vo real risk azalmur.

Tokrar test, yoni retest morhalosi barpa todbirlorinin keyfiyyastini tosdigloyir. Administrator
zaifliyi diizoltdiyini diislino bilor, lakin doyisiklik yalniz bir servero totbiq oluna, digor oxsar
sistemlordo qalmaqda davam eds bilar. Retest tapintinin baglanib baglanmadigini, yeni yan tosir
yaradib yaratmadigimi vo kompensasiyaedici nozaratin igloyib islomadiyini yoxlayir. Bu morhalo
hesabatin son naticasini daha etibarli edir. Retest olmadan toskilatin risk voziyyati barads goti fikir
sOylomok ¢otindir. Penetrasiya testindo etik haker anlayisi texniki icazodon daha genisdir. Etik
davranig miistorinin molumatina hormat, sistemlorin davamliliina diqqget, askar edilmis zsifliklorin
gizli saxlanmasi, maraqglar toqqusmasindan qaginma vo naticalorin sisirdilmomasi kimi prinsiplori
ohato edir [7]. Test¢i tapintini oldugundan daha tohliikali gostormomali, eyni zamanda real riski do
yumsaltmamalidir. Pesokar balans texniki siibut vo obyektiv izah tizorinds qurulur.

Sistem penetrasiya testinin mohdudiyyatlori do agiq yazilmalidir. Test miioyyon zaman
araliginda, miioyyan icazoalorls vo miioyyon texniki tisullarla aparilir. Bu o demakdir ki, testdon sonra
sistemda heg bir zaiflik qalmadigr iddia edils bilmaz. Yeni zaifliklor yayimlana, konfiqurasiya doyiso
va ya test ohatosindon konar aktivler mévcud ola bilar [8]. Keyfiyyatli hesabat bu mohdudiyyatlori
gostorir vo togkilata davamli tohliikesizlik programi qurmagi tovsiys edir.

Akademik baximdan sistem penetrasiya testi totbiqi todqiqat xarakteri dasiyir. Burada nozori
tohliiko modellori real texniki miihitds yoxlanilir. Test¢i hom sistem arxitekturasini, hom do hiicumcu
davranisint anlamalidir. Naticolor yalniz texniki noatico kimi deyil, risk idarsetmasi vo gorarvermo
mexanizmi kimi toqdim olunduqda tadqiqatin praktik doyeri artir. Bu sobobdon penetrasiya testinin
todrisinds laboratoriya miihitlori, simulyasiya edilmis sobakalor vo hesabat yazma bacariqlari birlikda
Oyradilmalidir.

Sonadlosdirmas standarti testin tokrarlanmasini vo naticalorin etibarliligini tomin edir. Hor addim,
istifads olunan sistem vo alatlor geyd edilmalidir. Diizgiin sonadlogsmos olmayan testin noticasi etibarli
sayllmaya bilor. Penetrasiya testindo tohliikosiz laboratoriya yanagmasi da vacibdir [9]. Riskli
sinaqlar istehsal miihiti ovozina test laboratoriyasinda aparilaraq zsifliyin tosiri tohliikaesiz sokildo
stibut edils bilor. Bu, xidmat dayanmasinin qarsisini alir.

Todqigat gostorir ki, penetrasiya testi texniki miidafio ilo idaroetmo qorarlari arasinda miihiim
korpli rolunu oynayir. Test naticolori texniki komandaya zosifliklorin neco yarandigini, hansi sis-
temlora tosir etdiyini vo onlarin necs aradan qaldirilmali oldugunu siibutlarla gostorir. Eyni zamanda
rohbarlik bu zaifliklorin biznes prosesloring, xidmot dayanigligina, molumat moxfiliyine vo toskilatin
reputasiyasina tosirini daha aydin anlayir [10]. Bu yanasma risklorin prioritetlogsdirilmasini,
tohliikasizlik investisiyalarinin diizgiin planlagdirilmasini v idaraetmo gorarlarinin daha osasli qabul
edilmosini tomin edir. Buna goro penetrasiya testi yalniz texniki yoxlama vasitesi deyil, ham do
strateji risk idarsetma aloti kimi qiymatlondirilir.

Tohliikosiz konfiqurasiya sistem penetrasiya testinin osas noticolorindondir. Bir ¢ox zoiflik
standart ayarlarin doyisdirilmomasindan yaranir. Test naticalorine asason tohliikesiz konfiqurasiya
sablonlar1 hazirlanarsa, eyni sohvlorin tokrarlanmasinin qarsist alinar [11]. Penetrasiya Penetrasiya
testinin effektiv olmasi tiglin risklor sads vo 6l¢iila bilon sokilds izah edilmalidir. Rohboarlik iigiin osas
mosalo zaifliyin texniki ad1 deyil, onun xidmato, molumat moxfiliyino vo reputasiyaya tosiridir. Buna
gora hesabatda tosir va tovsiyolor aydin gostorilmalidir.

Sistem penetrasiya testi hom do todris vo kadr hazirlig: iigiin vacibdir. Miitoxassislor yalniz alot
istifadasini deyil, soboka protokollarini, amaliyyat sistemlorini, risk qiymatlondirmasini vo hesabat
yazmag1 bilmolidirlor. Praktiki laboratoriyalar vo reala yaxin tapsiriqlar onlarin pesokar vo etik
inkisafina komok edir.
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Noatica

Kompiiter sistemlorinin penetrasiya testi muasir kibertohliikasizlik idaraetmosindo miihiim rol
oynayir. Bu proses sistemlorin real hiicumlara qarsi dayanigligini yoxlayir, texniki zoifliklori as-
karlayir, nozarat mexanizmlorinin islokliyini qiymatlondirir vo risklorin prioritetlogdirilmasi tiglin
siibbut toqdim edir. Todqiqatdan goriinlir ki, ugurlu penetrasiya testi yalniz skan alotlorinin isti-
fadosindon ibarst deyil. O, doqiq ohato dairossi, hiiquqi icazo, etik davranis, tohliikosiz istismar,
siibutlarin qorunmasi, biznes tosirinin izah1 vo barpa prosesinin izlonmasi ilo birlikdo aparilmalidir.

Sistem penetrasiya testinin togkilat {i¢iin asas doyeri zaifliklorin real riske g¢evrilmo yolunu
gostormoasidir. Bir serverdo kdhno servis, digor sistemdos zoif parol siyasati vo liglincli komponentdo
artiq solahiyyot ayri-ayriliqda orta risk kimi goriino bilor. Lakin homin zsifliklor birlikds kritik hiicum
zanciri yarada bilor. Penetrasiya testi bu olaqoni iizo ¢ixarir vo miidafio todbirlorinin hansi ardicilligla
totbiq olunmali oldugunu gostorir. Bu baximdan risk asasli yanagsma penetrasiya testinin morkozindo
dayanmalidir.

Notico olaraq geyd etmok olar ki, kompiiter sistemlorinin tohliikasizliyi davamli prosesdir.
Penetrasiya testi bu prosesin dovri yoxlama vo dyronmos mexanizmidir. Togkilatlar test noticolorini
yamaq idaroetmosi, tohliikasiz konfiqurasiya, giris nozaroti, monitoring, insidento reaksiya vo
omokdaglarin maariflondirilmasi ils slagelondirdikdas real miidafio saviyyasi yiiksalir [12]. Galocokda
sistem penetrasiya testinin daha effektiv aparilmasi li¢iin avtomatlagdirilmis tohlil, siini intellekt asasl
anomaliya askarlanmasi, hiicum simulyasiyalar1 vo risk osasli hesabatlandirma daha genis totbiq
olunacaqdir.

Golocok todgiqatlarda sistem penetrasiya testinin avtomatlagdirilmis risk modellari ilo inteq-
rasiyasi ayrica aragdirila bilor. Xiisusilo boyiik sabokolords aktivlorin ¢oxlugu, konfiqurasiya doyi-
sikliklarinin tezliyi vo bulud xidmatlorinin dinamikliyi klassik illik test modelini mohdudlasdirir. Bu
sobabdon aktiv inventarindan, zoiflik molumat bazalarindan, jurnal menbalorindon vo insident
tarix¢osindon istifado etmoklo riskin daha operativ hesablanmasi aktual istigamotdir. Belo model
penetrasiya test¢isino hansi sistemlorin daha ovval yoxlanmali oldugunu gostora, rohborliys iso
tohliikasizlik investisiyalarini daha asaslandirilmis formada planlagdirmaga kdmok eds bilor.

Praktik baximdan togkilatlara tovsiya olunur ki, penetrasiya testini ayrica layitho kimi deyil,
imumi kibertohliikesizlik dovriiniin torkib hissesi kimi qursunlar. Testdon avval aktiv vo mosuliyyat
xoritasi hazirlanmali, test zamani agkar edilon kritik hadisslor iiglin operativ olage mexanizmi
islomali, testdon sonra iso barpa plani real icra voziyyatino qadar izlonilmalidir. Bu ardicilliq tomin
olunduqgda penetrasiya testi yalniz zoiflik siyahis1 yaratmir, miiossisonin miidafia gabiliyyatini 6l¢on
vo giiclondiron davamli idaroetmo mexanizmina ¢evrilir.
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Circular Economy as a Factor of Global Sustainable Transformation:
Modern Trends and International Experience

Abstract

The article examines the role of the circular economy in the context of modern global economic
transformation and sustainable development of the world economy. Modern approaches to the
formation of circular business models, ESG transformation mechanisms, and the impact of digital
technologies on improving resource efficiency and the competitiveness of economic systems are
considered. A comparative analysis of international experience in implementing circular economy
principles is conducted using the examples of the European Union countries, China, Finland, and the
Netherlands. Particular attention is paid to sustainable production, innovative development,
digitalization of industrial processes, and the formation of closed-loop supply chains. Based on
international statistical data, the key economic factors influencing the effectiveness of the transition
to a sustainable economic development model are identified.

Keywords: circular economy,; sustainable development; ESG; digital transformation;
innovative development, resource efficiency; sustainable economic growth; circular business
models, green economy, sustainable supply chains
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Xiilasa

Maqalads dairavi igtisadiyyatin miiasir qlobal iqtisadi transformasiya va diinya iqtisadiyyatinin
davamli inkisafi soraitinds rolu tadqiq edilir. Dairavi biznes modellorinin formalasdirilmasina dair
miiasir yanasmalar, ESG-transformasiya mexanizmlori vo rogomsal texnologiyalarin resurs
somaraliliyinin va iqtisadi sistemlorin raqabat qabiliyyatinin artirilmasina tosiri aragdirilir. Avropa
Ittifaqu 6lkalori, Cin, Finlandiya vo Niderland niimunasinds dairovi iqtisadiyyat prinsiplorinin tatbiqi
iizro beynolxalq tocriibonin miiqayisali tohlili aparilmigdir. Davamli istehsal, innovativ inkisaf,
sonaye proseslorinin rogomsallasdirilmast vo gapali tochizat zoncirlorinin formalasdirilmasi
masalalaring xiisusi diqqet yetirilmisdir. Beynalxalq statistik molumatlar osasinda davamli iqtisadi
inkisaf modelinoa kegidin effektivliyino tosir gdstoron asas iqtisadi amillor miioyyon edilmisdir.

Acgar sozlar: dairavi igtisadiyyat; davaml inkisaf; ESG; raqomsal transformasiya; innovativ
inkisaf; resurs samoaraliliyi; davamli iqtisadi artim; dairavi biznes modellari; yasil igtisadiyyat;
davamli tachizat zancirlari

JEL Classification: QO01, Q56, 044, 031

Introduction

The contemporary global economy is undergoing a massive structural transformation driven by
intensifying global competition, accelerating digitalization, shifting investment priorities, and the
critical need to ensure sustainable economic growth. Amid finite natural resources and rising global
consumption, the traditional linear economic paradigm, based on the "take—make—dispose" principle,
demonstrates declining efficiency and limited potential for further development. The exacerbation of
global economic and resource imbalances highlights the necessity of transitioning to new economic
models focused on rational resource allocation and enhancing the resilience of economic systems.
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Figure 1: Circular economy systems diagram
Source: Adapted by the author based on Ellen MacArthur Foundation, 2023

As illustrated in Figure 1, the modern circular economy model relies on establishing closed
biological and technical cycles that facilitate resource reuse, minimize production losses, and
augment the overall efficiency of economic systems. Unlike the linear manufacturing framework, the
circular economy focuses on maximizing the retention of product and material value throughout their
entire lifecycle. Under current conditions, the circular economy serves as a pivotal mechanism for
sustainable economic transformation, ensuring higher resource efficiency, stimulating innovative
business models, reducing operational costs, and boosting the competitiveness of national
economies. Implementing circular principles fosters resilient supply chains, advances ESG financing,
and accelerates the technological modernization of industrial sectors.

The concept of a circular economy has gained paramount relevance within the international ESG
agenda and the global transition toward sustainable development. Leading world economies actively
deploy mechanisms to support green investments, resource-saving technologies, and digital solutions
designed to improve the sustainability of production systems. Within the framework of the European
Green Deal, the European Union is executing a comprehensive strategy to achieve carbon neutrality
and incentivize circular manufacturing processes (European Commission, 2024). Concurrently,
Asian nations—including China, South Korea, and Japan—are developing state programs to bolster
innovative industries and sustainable manufacturing.

Digital transformation represents another critical driver of circular economy development. The
integration of artificial intelligence, Big Data, the Internet of Things (IoT), and digital platforms
enhances resource efficiency and strengthens the structural resilience of production networks (World
Economic Forum, 2024). Consequently, this synergy shapes a new model of sustainable economic
development built on the convergence of innovative technologies, ESG approaches, and circular
business models.

It is essential to emphasize that advancing the circular economy is a multifaceted process
requiring robust interaction among the state, business, the financial sector, and society. The efficiency
of transitioning to a circular framework depends heavily on the maturity of institutional development,
investment activity, the quality of state regulation, the adequacy of recycling infrastructure, and the
level of technological upgrading across industries.
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This study aims to analyze the impact of the circular economy on sustainable economic
transformation, innovative development, and the competitiveness of the global economy under the
pressures of digitalization and the ESG transition. To fulfill this objective, we examine contemporary
international practices for implementing circular business models, evaluate sustainable financing
mechanisms, and investigate the role of digital technologies in securing long-term economic growth.

1. Research

1.1. Theoretical Foundations of the Circular Economy

In recent years, the concept of the circular economy has emerged as a cornerstone of sustainable
structural transformation in the global economy. The formation of a circular development model is
inherently linked to the imperative of expanding resource efficiency, mitigating production costs, and
securing the long-term stability of economic systems amidst growing resource scarcity and escalating
global competition. In contrast to the conventional linear economic model governed by the "take—
make—dispose" principle, the circular economy implies the institutionalization of closed-loop
production cycles, resource reuse, material recycling, and the extension of product lifecycles. The
overarching goal of the circular economy is to construct a sustainable economic framework oriented
toward minimizing resource leakages and optimizing production efficiency.

The contemporary conceptual framework of the circular economy has been significantly shaped
by theories of sustainable development, ecological economics, industrial ecology, and innovation
management. While the model initially relied on the basic "3R" principles (reduce, reuse, recycle), it
was subsequently expanded into the comprehensive "9R" framework (Kirchherr et al., 2017), which
incorporates refuse, rethink, repair, refurbish, remanufacture, and repurpose across various stages of
the industrial value chain.

Table 1. Comparative Analysis of Linear and Circular Economic Models

Indicator Linear Economy Circular Economy
Resource use High Optimized
Waste generation Significant Minimal

Business model

One-time consumption

Closed-loop

Resource efficiency

Low

High

ESG integration

Limited

Strong

Source: Compiled by the author based on OECD and European Commission data.

Table 1 highlights the fundamental distinctions between the linear and circular economic
setups. The contemporary circular paradigm is designed to increase resource efficiency, reduce
dependence on virgin raw materials, and foster sustainable business workflows (OECD, 2024). In the
modern economic landscape, the circular economy is treated not merely as an ecological or social
concept, but as a critical determinant of business competitiveness, corporate innovation, and the
attraction of sustainable investments. Scaling circular business models helps decouple economic
growth from resource consumption, opens new market segments, and mitigates risks within
international supply chains.

Digital transformation plays a particularly vital role in accelerating circular economy
adoption. Implementing artificial intelligence, Big Data, the Internet of Things (IoT), automated
control systems, and digital platforms enables organizations to refine manufacturing processes,
optimize logistics, and drastically reduce waste volumes. Consequently, digitalization has become a
key catalyst for modern circular economy development.

1.2. International Experience in Circular Economy Development

33



ELM VO INNOVASiYA Beynolxalq Elmi Jurnal. 2026 / Cild: 1 Sayx: 4/ 31-38
SCIENCE AND INNOVATION International Scientific Journal. 2026 / Volume: 1 Issue: 4 / 31-38

Leading global powers view the circular economy as a primary vehicle for securing sustainable
economic growth and capturing international competitive advantages. The most systematic
operationalization of circular principles is observed in the European Union, which executes a
comprehensive strategy for transitioning to sustainable production and consumption patterns via the
European Green Deal.

Circular material use rate, 2015 and 2024
(% of used materials that came from recycled waste materials)
35

30

25

2015 2024
Countries ranked by 2024 values, highest to lowest. ¢

Figure 2: Circular material use rate in the European Union
Source: European Commission, Circular Economy Monitoring Framework, 2024.

As indicated in Figure 2, European Union member states display a steady increase in their
circular material use rates, demonstrating an accelerated transition toward a circular economic
configuration and enhanced resource efficiency. A core pillar of European policy is the Circular
Economy Action Plan, which focuses on empowering resource efficiency, scaling recycling
capabilities (European Commission, 2023), shrinking carbon footprints, and incentivizing innovative
manufacturing technologies. Furthermore, EU countries are aggressively incorporating ESG
financing mechanisms, digital supply chain monitoring tools, and the Digital Product Passport
framework (European Commission, 2024) to ensure maximum transparency across product
lifecycles. Within Europe, the Netherlands and Finland maintain pioneering positions in circular
development. The economic policies of these states are structurally aligned with fostering sustainable
industries, encouraging material recirculation, and launching cutting-edge circular business
frameworks. The Netherlands is currently pursuing a national strategy to achieve a fully circular
economy by 2050 (OECD, 2024), while Finland focuses heavily on engineering digital solutions for
resource conservation and clean production.

China contributes significantly to global circular economy dynamics, treating sustainable
industrial transformation as a strategic driver of its long-term economic performance. State policies
in China are heavily oriented toward advancing green technologies, promoting sustainable
industrialization (World Bank, 2023), modernizing industrial capacity, and optimizing national
energy efficiency. Special emphasis is placed on establishing eco-industrial parks and integrating
advanced resource-recycling infrastructure. Concurrently, other nations across Asia and the Middle
East are structurally embedding circular economy principles into their national development
agendas. South Korea is expanding industrial digitalization and supporting innovative clean tech
sectors, while the United Arab Emirates is investing heavily in sustainable energy projects, green
infrastructure, and advanced waste-to-resource technologies.

Table 2. Global Circular Economy Frameworks and Strategies
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Country/Region Core Strategy Primary Target / Objective
European Union | European Green Deal 2A0c ;1 8§V1ng carbon neutrality (Net Zero
Netherlands Circular Netherlands 2050 Achieving a 100% circular economy
. Finnish Circular Economy Maximizing national resource
Finland .
Program efficiency
. Circular Economy .. . C
China Development Strategy Driving green industrialization
South Korea Green New Deal Expanding gustalnable industrial
manufacturing
UAE UAE Circular Economy Policy Conducjung green economic
modernization

Source: Compiled by the author based on OECD and European Commission data.

Table 2 illustrates that leading global economies prioritize the circular economy as a foundational
factor for sustainable growth, technological upgrading, and international competitiveness. Cross-
country evidence reveals that successful circular transition necessitates deep, multi-stakeholder
coordination among the state, private business, and the financial sector, complemented by the
aggressive deployment of digital systems and ESG market instruments. The critical prerequisites for
an effective transition include targeted investment support, robust innovation infrastructure, digitized
industrial operations, and an adaptive, enabling regulatory environment.

1.3. ESG Financing and Investment Mechanisms for Circular Economy Development

Under modern macroeconomic conditions, ESG financing has established itself as a critical
engine for circular economy scaling and macro-sustainable transformation (European Investment
Bank, 2024). Growing global consensus regarding sustainable development, resource conservation,
and green industrial modernization actively drives the relocation of capital into projects that mitigate
environmental risks, integrate innovative technologies, and utilize sustainable business designs. The
institutionalization of ESG (Environmental, Social, Governance) criteria within corporate governance
and corporate strategic planning plays an exceptional role in restructuring modern investment
pipelines. Multinationals and institutional investors increasingly deploy ESG matrices as an
indispensable tool for auditing long-term corporate resilience, investment attractiveness, and global
market positioning.

The mandates issued by transnational organizations and sovereign states exert a profound
influence on the evolution of sustainable finance. Under the European Green Deal, the European
Union is continuously refining green financing taxonomies, stimulating capital flows into sustainable
industrial operations, and derisking circular economy deployment. A primary focus area involves
developing universal ESG disclosure standards and expanding sustainable asset management to
capture long-term structural economic returns.

The global market for ESG-linked investments continues to demonstrate strong positive
dynamics (World Economic Forum, 2024). This sustained expansion reflects the deeper anchoring of
ESG parameters within the architecture of the global financial system and underscores investor
appetite for circular economy assets, manufacturing automation, and smart supply networks. The
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growth of ESG allocation serves to structurally reshape corporate business models and physical
manufacturing operations. Investments dedicated to resource loop mapping, artificial intelligence
implementation, and digital supply chain oversight explicitly optimize corporate resource
productivity (McKinsey & Company, 2024), drive down operational overheads, and reinforce
corporate insulation against macro-systemic instability.

It is clear that the maturity of the circular economy is fundamentally contingent upon building a
robust, institutionalized sustainable investment infrastructure. Leading global financial institutions,
including the OECD, the World Bank, and the European Investment Bank, position the circular
transition as one of the most viable vectors for long-term global economic health (OECD, 2024;
World Bank, 2023). Consequently, ESG financing has become an essential mechanism for unlocking
corporate innovation, accelerating industrial modernization, and elevating global economic
competitiveness.

1.4. Digital Transformation as a Catalyst for Circular Economic Processes

In the current economic climate, digital transformation acts as a vital structural catalyst for
circular economy development and sustainable global modernization. The proactive integration of
digital architectures optimizes resource utilization, refines shop-floor workflows, and builds resilient
supply frameworks. Ultimately, digitalization provides companies with critical instruments to
improve market competitiveness and protect long-term economic expansion.

Advanced digital capabilities—specifically artificial intelligence (Al), Big Data analytics, the
Internet of Things (IoT), cloud computing, and automated industrial control systems—play an
extraordinary role in driving the modern circular economy. Utilizing specialized digital platforms
allows enterprises to execute real-time production monitoring, thereby elevating resource
productivity metrics (Kristoffersen et al., 2020). These digital systems profoundly alter the
operational realities of sustainable production networks and circular corporate models. Deploying
smart logistics software, digital supply chain tracking, and predictive demand analytics dramatically
cuts raw material waste and ensures optimal utilization of material inputs.

Modern digital architectures form the foundational layer of an emerging circular economic
paradigm characterized by technological synthesis, automated manufacturing, and data-driven
resource stewardship. Beyond maximizing direct shop-floor output, digitalization accelerates
corporate ESG-led transition. Modern firms actively exploit digital tools to run carbon footprint
audits, map vendor compliance, and guarantee operational transparency. The introduction of the
Digital Product Passport framework is particularly revolutionary, as it enables end-to-end tracking of
product lifecycles and provides precise data on material recyclability (European Commission, 2024).

Major global powers systematically position digitalization as a strategic anchor for national
sustainable development and smart industrial reconfiguration. The European Union, through its
European Green Deal, is embedding digital resource tracking instruments across its industrial base to
monitor efficiency and assist circular operations. Simultaneously, sovereign states across Asia—most
notably China, South Korea, and Japan—are directing massive capital allocations into smart
manufacturing, industrial software engineering, and unified sustainable technology platforms. Thus,
the structural fusion of digital capabilities with circular economic frameworks provides the blueprint
for a new model of sustainable economic growth designed to amplify international competitiveness,
break resource dependencies, and accelerate innovative industrial upgrading.

Conclusion

In summary, the circular economy has established itself under modern conditions as a vital
determinant of global sustainable economic transformation. Transitioning from the historical linear
production matrix to a circular economic paradigm optimizes resource productivity, unlocks
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innovative technical horizons, and enhances the structural resilience of the global economy against
compounding economic and ecological challenges. Our analysis demonstrates that leading global
powers treat the circular transition as an indispensable strategy for maintaining long-term economic
growth, capturing competitive edge, and modernizing industrial architectures. The European Union,
China, the Netherlands, Finland, and South Korea are systematically integrating institutional
frameworks for sustainable production, industrial automation, and ESG financial deployment, all
centered on engineering closed-loop industrial ecosystems and resilient supply networks.

Digital transformation occupies a position of exceptional importance within this transition. The
use of artificial intelligence, Big Data architectures, the Internet of Things, and automated operational
software allows industries to maximize resource yield, refine physical workflows, and achieve near-
zero waste objectives. Consequently, the deep integration of digital systems with circular corporate
strategies builds the operational core of the modern sustainable development model.

Furthermore, the expansion of ESG asset allocation and structured sustainable investment
instruments remains a critical pillar of this macro-transformation. Channeling capital into green tech
ventures, resource-efficient factories, and innovative industrial designs accelerates the technological
overhaul of primary industries and expands the reach of sustainable financial infrastructure. Empirical
international assessments confirm that embedding circular designs drastically reduces operational
costs, reinforces micro-corporate insulation against volatility (McKinsey & Company, 2024), and
drives the innovative restructuring of the global economic space.

Cross-country evidence clearly shows that successful circular development requires deep,
organized cooperation among sovereign institutions, private enterprises, and financial markets. The
fundamental conditions for an effective transition involve modernizing legal and regulatory codes,
incentivizing corporate R&D, deploying specialized ESG market mechanisms, and embedding
advanced digital frameworks. In the current geopolitical and macroeconomic climate, the circular
economy functions not merely as a tool for environmental mitigation, but as an essential driver of
long-term economic growth, industrial modernization, and the global competitiveness of national
economic systems. The trajectory of future global economic development will be heavily dictated by
the speed and efficiency with which sustainable principles, digital systems, and circular corporate
models are structurally integrated into the fabric of global economic relations.

Scientific Novelty of the Study lies in its unified, systemic evaluation of the circular economy
as a fundamental driver of sustainable global transformation under the dual pressures of industrial
digitalization and the ESG macro-transition. This paper explicitly details and map the structural
dependencies between the scaling of circular corporate frameworks, the integration of digital shop-
floor architectures, and the deployment of sustainable financing instruments. Particular focus is
centered on how the convergence of ESG-linked investment and digital systems expands resource
yields, boosts competitive advantages, and protects the structural resilience of modern economic
networks.

Practical Significance of the Study rests on the immediate applicability of its findings for
structuring national sustainable development playbooks, formulating industrial digitalization
roadmaps, and setting up targeted ESG financing guidelines. The international cases, matrices, and
operational instruments evaluated in this study offer a clear reference framework for state regulatory
bodies, private corporate boards, and institutional investment syndicates seeking to build resilient
economic configurations. Ultimately, reinforcing supply network insulation and automating
manufacturing workflows represent the definitive prerequisites for securing long-term
macroeconomic expansion (World Economic Forum, 2024).
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Al-Powered Recruitment: Enhancing the Talent Acquisition Process at SOCAR

Abstract

This article investigates the use of artificial intelligence (Al) in recruitment processes at the State
Oil Company of Azerbaijan Republic (SOCAR). The study looks at how Al technologies can improve
talent acquisition by increasing efficiency, lowering recruitment costs, decreasing bias, and
improving decision-making processes. The paper examines the historical development of recruitment
systems, the evolution of Al technologies in human resource management, and the practical
implementation of Al-driven recruitment tools like applicant tracking systems, chatbots, machine
learning algorithms, and automated screening technologies.

The study also assesses the opportunities and obstacles associated with Al implementation in
SOCAR's recruitment processes. While Al provides substantial benefits such as faster candidate
screening, better candidate matching, and more organisational efficiency, there are also worries about
ethical issues, data protection, transparency, and algorithmic bias. The article argues that Al has the
potential to modernise recruitment methods in Azerbaijan's large-scale organisations, particularly
SOCAR, as long as technological innovation is balanced with ethical and organisational concerns.

Keywords: Artificial intelligence, recruitment;, SOCAR; human resource management, machine
learning; talent acquisition; Azerbaijan

Introduction

Over the last few decades, technological progress has substantially impacted current company
processes. Artificial intelligence (Al) has emerged as one of the most transformative technologies,
affecting both society and organisational management. Al technologies are increasingly being used
in everyday life through digital assistants, recommendation systems, autonomous systems, and
advanced data processing tools. Al has recently become a major component of human resource
management (HRM), particularly in the recruitment and talent acquisition processes.

Traditionally, the recruitment process was based on manual screening, subjective appraisal, and
time-consuming administrative procedures. However, the growing competition for competent
individuals has raised the need for organisations to modernise their recruitment methods. Large
organisations in strategically vital areas, such as the State Oil Company of the Azerbaijan Republic
(SOCAR), are under increasing pressure to attract and retain highly qualified employees in an
efficient and cost-effective manner.

Automation, machine learning, and data analysis are all ways that artificial intelligence
technology can be used to optimise recruitment operations. Al-powered systems may review resumes,
identify potential individuals, set up interviews, communicate with applicants, and assist with
decision-making. As a result, organisations can shorten recruiting times, cut operating expenses, and
increase hiring accuracy.

Despite the increasing global use of Al in recruitment, limited academic research has examined
its application within Azerbaijani organizations. This article therefore investigates the role of Al-
powered recruitment at SOCAR, evaluates its benefits and challenges, and analyzes how Al
technologies may improve organizational efficiency and talent acquisition processes.
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1. Methodology

This study employs a mixed-method research strategy that combines qualitative and quantitative
methodologies. The qualitative component is based on semi-structured interviews with HR
professionals and employees involved in SOCAR's recruitment process. The interviews are aimed at
assessing current recruitment difficulties, organisational readiness for Al deployment, and attitudes
toward automated recruitment technologies.

The quantitative component comprises of survey data collected from employees and participants
knowledgeable with Azerbaijani recruitment methods. The poll includes closed-ended and Likert-
scale questions intended to assess opinions about Al technologies in recruitment.

The study uses both primary and secondary data sources. Primary data sources include survey
responses and interview results, whereas secondary sources include academic publications, books,
institutional reports, and past research on Al and human resource management.

The analysis applies descriptive and analytical methods to evaluate the relationship between Al
technologies and recruitment performance. Special attention is given to Al applications such as
applicant tracking systems (ATS), natural language processing (NLP), machine learning algorithms,
automated candidate screening, and recruitment chatbots.

2. Recruitment Process and Human Resource Management

Recruitment is one of the most critical aspects of human resource management. The fundamental
goal of recruitment is to locate, attract, evaluate, and choose qualified persons who can contribute to
organisational success. Effective recruitment methods boost an organization's performance,
competitiveness, and long-term viability.

Traditional recruitment processes often involve multiple stages, such as workforce planning, job
analysis, vacancy advertisement, applicant sourcing, application screening, interviewing, selection,
and onboarding. Each level necessitates significant administrative effort and time commitment from
HR specialists.

Modern organisations face increasing hurdles in terms of recruitment efficiency. One of the
biggest challenges is the increasing competition for highly skilled workers. Companies must process
a significant volume of applications while maintaining fairness, transparency, and objectivity in
candidate evaluation.

Traditional recruitment systems are also vulnerable to human bias. Recruiters may unconsciously
favor candidates based on personal preferences, physical appearance, educational background, or
similarities to themselves. Such biases can negatively affect diversity and organizational
performance.

Another challenge is the increasing volume of applications resulting from digital recruitment
platforms. HR departments often struggle to review large numbers of resumes manually, leading to
delays and inefficiencies. These challenges have encouraged organizations to adopt technological
solutions capable of automating repetitive recruitment tasks.

3. Artificial Intelligence and Its Role in Recruitment

Artificial intelligence refers to computer systems that can do tasks that normally need human
intelligence. Al systems can analyse data, identify patterns, learn from past experiences, and make
predictions or judgements. The advancement of machine learning and deep learning technologies has
greatly increased Al applications in a variety of industries.

Machine learning is a branch of artificial intelligence that allows computers to improve their
performance through data analysis and experience. Natural language processing (NLP) enables
artificial intelligence systems to understand and process human language. Deep learning technologies
employ neural networks to analyse complex datasets and detect patterns with high accuracy.

Al technologies are becoming more and more utilised in the recruiting industry to automate and
optimise hiring procedures. Applicant Tracking Systems (ATS) are one of the most frequent Al-
powered tools utilised by businesses. These systems automatically screen resumes for keywords,
credentials, and job criteria.
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Al-powered chatbots are also commonly employed in recruitment. Chatbots may connect with
candidates, answer questions, provide comments, and schedule interviews in real time. Such
technologies enhance the candidate experience while lowering the workload of HR staff.

Video interview analysis is another promising Al application in recruitment. Advanced artificial
intelligence systems can analyse candidates' speech patterns, facial expressions, communication
styles, and emotional responses during interviews. These systems aim to assess personality traits and
professional fit.

4. AI-Powered Recruitment at SOCAR

SOCAR is one of Azerbaijan's largest and strategically important corporations. SOCAR operates
in the energy sector and requires highly trained personnel in engineering, management, finance,
information technology, and other specialised sectors. As the global employment market becomes
more competitive, SOCAR is under increasing pressure to modernise its recruitment methods.

The introduction of Al-powered recruitment platforms presents various prospects for SOCAR.
First, Al technology can drastically shorten recruiting time by automating resume screening and
candidate selection. HR experts can concentrate on strategic decision-making rather than routine
activities.

Second, artificial intelligence technologies boost candidate matching accuracy. Machine
learning algorithms outperform traditional manual screening approaches in comparing candidate
qualifications, experiences, and skills to job criteria. This raises the chances of recognising highly
qualified people.

Third, Al-powered recruitment solutions may lower the operational expenses involved with
hiring processes. Automated screening methods minimise the need for huge administrative personnel
to review applications manually.

Another significant advantage is the enhancement of applicant experience. Al chatbots respond
quickly to applicants, maintain constant communication, and streamline application procedures. Such
enhancements promote employer branding and raise candidate satisfaction.

SOCAR can benefit from data-driven recruitment decisions. Al algorithms are capable of
analysing enormous statistics on applicant performance, employee churn, and recruitment efficiency.
This enables HR departments to make better-informed and objective decisions.

5. Challenges and Risks of AI Recruitment

Despite its benefits, Al-powered recruitment faces various problems and risks. One of the main
problems is algorithmic bias. Al systems learn from historical data, and if previous recruitment data
contains discriminatory trends, Al algorithms may accidentally duplicate or reinforce bias.

Data privacy and confidentiality are also crucial considerations. Recruitment systems handle a
considerable amount of sensitive personal information, such as educational records, professional
experiences, and psychiatric assessments. Organisations must comply with data protection laws and
ethical norms.

Another difficulty is a lack of openness in Al decision-making. Some Al algorithms function as
"black-box" systems, making it difficult for organisations and applicants to comprehend how
judgements are made. This may erode faith in recruitment systems.

Resistance to technical change may also impact Al implementation. Employees and HR
professionals may be concerned about job displacement or lack faith in automated solutions.
Successful Al integration necessitates organisational training, digital literacy, and cultural adaption.
Overreliance on Al systems can increase hazards. Recruitment is both a technical and a human-
centered activity that includes interpersonal communication, emotional intelligence, and an
assessment of organisational culture. Excessive automation may diminish the human aspect of
recruitment.

Furthermore, adopting Al technology necessitates significant financial resources, infrastructure
development, and technical knowledge. Organisations must verify that Al systems are consistent with
their strategic aims and values.
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6. Organizational Readiness and Employee Attitudes

The successful implementation of Al-powered recruitment depends heavily on organizational
readiness. Companies must possess appropriate technological infrastructure, skilled personnel, and
strategic leadership to support digital transformation.

Research findings indicate that employees generally recognize the benefits of Al technologies in
recruitment. Many participants believe that Al can improve efficiency, reduce delays, and enhance
objectivity in candidate evaluation. At the same time, some employees express concerns regarding
fairness, transparency, and the potential loss of human interaction in recruitment processes.
Candidates often value personal communication and direct engagement with recruiters.

HR professionals also emphasize the importance of balancing technological innovation with
human judgment. Al should function as a supportive tool rather than a complete replacement for
human decision-makers.

Organizational culture plays a critical role in Al adoption. Companies with innovative and
flexible cultures are more likely to implement Al technologies successfully. Leadership commitment
and employee training programs are essential for overcoming resistance to change.

7. Discussion

The findings show that artificial intelligence has significant potential for improving SOCAR's
recruitment processes. Al technologies can improve efficiency, save operating costs, and enable data-
driven decision-making. Automated systems are especially useful for repetitive operations like
scanning resumes, communicating with candidates, and organising interviews.

The study also found that implementing Al might improve SOCAR's competitiveness in the
labour market. Faster and more precise recruitment processes enable organisations to attract highly
qualified individuals ahead of competition. However, the data confirms that Al adoption should be
addressed with caution. Ethical implications, data privacy concerns, and algorithmic transparency are
still key difficulties. Organisations must develop explicit regulations that govern the use of Al in
recruitment. The research also shows that Azerbaijan's organisational climate is gradually becoming
more open to digital transformation. Nonetheless, Al usage in recruitment remains very low when
compared to worldwide trends. SOCAR has the potential to become a leading example of
technological modernisation in Azerbaijan's corporate sector.

Conclusion

Artificial intelligence is altering global recruitment procedures, opening up new prospects for
organisational efficiency and talent acquisition. Integrating Al technology into SOCAR's recruitment
systems has the potential to greatly improve candidate screening, communication, and decision-
making.

The study shows that Al-powered recruiting has several significant advantages, including faster
recruitment, higher hiring accuracy, fewer operating expenses, and a better candidate experience. Al
technologies also enable data-driven decision-making, which may lead to more objective recruitment
outcomes.

Simultaneously, the study indicates significant concerns linked to ethical dilemmas, algorithmic
bias, transparency, and data privacy. Successful Al implementation involves rigorous planning,
organisational preparation, personnel training, and good governance. Ultimately, artificial
intelligence should not completely replace human recruiters. Instead, artificial intelligence should
serve as a complimentary tool to assist HR professionals in strategic decision-making. The long-term
effectiveness of Al-powered recruitment tools at SOCAR and in Azerbaijan's broader labour market
will depend on the balance between technology innovation and human judgement.
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