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Abstract: The rapid growth of large-scale software systems has accelerated the move 
from monolithic architectures to modular cloud-native models. While microservices 
provide benefits such as independent deployment and domain-driven decomposition, 
research and practice reveal challenges including distributed complexity and 
cascading failures. Cell-based architecture has emerged as an evolution of 

microservices, grouping services, data storage and observability into isolated 
operational units called cells to improve scalability, fault isolation and blast-radius 
containment. This chapter outlines the concept and core characteristics of cell-based 
architectures, compares them with monolithic and microservice models, and describes 
an evolutionary migration path from monoliths through microservices toward cells. It 
introduces a four-dimensional evaluation framework covering scalability, resilience, 
operational complexity and economic efficiency, illustrated through a qualitative case. 
Finally, it briefly discusses how emerging AI-assisted techniques and FinOps practices 
can further support systematic and cost-aware adoption of cell-based architectures. 
 

Key words: Cell-Based Architecture, Microservices, Distributed Systems, Scalability, 

FinOps 

 

 

 
 

Authors´ data: Asst. Prof. Dr. Sc. Seremet, Z[eljko], University of Mostar, Matice 

hrvatske bb, Mostar, Bosnia and Herzegovina, zeljko.seremet@fsre.sum.ba; Prof. Dr. 

Celar, S[tipe], University of Split, Ruđera Boškovića 32, 21000 Split, Croatia, 

stipo.celar@fesb.hr; Mandic, D[ario], Trnska cesta 146, 88220 Široki Brijeg, Bosnia 

and Herzegovina, dario.mandic@galileo.ba; Turic, M[ili], Venio indicium Ltd, A.G. 

Matos Street 56, 21000 Split, Croatia, mili.turic@venio.hr 

 

This Publication has to be referred as: Seremet, Z[eljko]; Celar, S[tipe]; Mandic, 

D[ario] & Turic, M[ili] (2025). Cell-Based Architecture: A Scalable Fault-Isolated 

Model for Distributed Systems, Chapter 08 in DAAAM International Scientific Book 

2025, pp.103-120, B. Katalinic (Ed.), Published by DAAAM International, ISBN 978-

3-902734-45-7, ISSN 1726-9687, Vienna, Austria 

DOI: 10.2507/daaam.scibook.2025.08 

103



Seremet, Z.; Celar, S.; Mandic, D. & Turic, M.: Cell-Based Architecture: A Scalabl... 
 

 

1. Introduction 

 
The evolution of distributed computing systems and cloud-native application 

architectures over the past decade has fundamentally transformed how scalable 
software systems are designed and operated (Tanenbaum & van Steen, 2017; Gannon 
et al., 2017; Adya et al., 2019; Carnell, 2023). Traditional monolithic systems, although 
technically simpler to implement and suitable for early development stages, expose 
significant limitations in the context of horizontal scaling, independent component 
evolution, and fault isolation. These constraints become especially pronounced in high-
availability environments, where performance, scalability, and operational resilience 
represent critical non-functional requirements (Tanenbaum & van Steen, 2017; Al-
Dhuraibi et al., 2018). Microservice architecture emerged as a response to these 
limitations, offering increased modularity, faster development cycles, and scalable 
system growth through independently deployable services (Dragoni et al., 2017; 
Newman, 2021; Nadareishvili et al., 2016). In the literature, it is defined as an 
architectural style in which business functionality is implemented through multiple 
small, independently developed and distributed services (Dragoni et al., 2017; Soldani 
et al., 2018; Chen, 2018). A key characteristic of this approach is the organization 
around business domains rather than technical layers, which aligns with the principles 
of Domain-Driven Design (DDD) methodology (Dragoni et al., 2017; Newman, 2021). 

However, despite widespread adoption, empirical studies and industrial 
experience indicate that microservice-based systems may evolve into the so-called 
distributed monolith antipattern, where growing distributed complexity introduces new 
challenges in orchestration, observability, testability, and domain ownership 
boundaries (Alshuqayran et al., 2016; Soldani et al., 2018; Fowler, 2019; Carnell, 
2023). Service proliferation often leads to increased cognitive load on engineers, a 
rapid growth of CI/CD pipelines, and more complex failure modes, including 
cascading failures under partial outages. In this context, the concept of cell-based 
architecture has emerged as an evolution of microservices by introducing structurally 
isolated operational units—cells. Each cell represents a replica of essential services, 
data stores, infrastructure components, and observability mechanisms, enabling 
stronger fault isolation and reducing the operational blast radius (Amazon Web 
Services, 2020; AWS Architecture Center, 2024; Netflix Engineering, 2021).  

This approach integrates principles from microservices, sharding strategies, 
bulkhead patterns, and multi-tenant system design, but organizes them into a 
formalized and repeatable architecture model suitable for large-scale distributed 
environments (Qu et al., 2018; Xu et al., 2020). Cell-based architectures are 
increasingly adopted in large cloud ecosystems—including AWS, Netflix, Uber, and 
Shopify—and represent a key evolutionary step toward highly autonomous distributed 
system structures (Netflix Engineering, 2021; Uber Engineering, 2022; Shopify 
Engineering, 2023). The objective of this chapter is to provide a comprehensive 
scientific overview of the cell-based architecture paradigm, including its theoretical 
foundations, comparison with existing architectural models, evaluation methodology, 
and migration strategies from monolithic and microservice-based systems, with a 
particular emphasis on operational isolation, cost efficiency and AI-assisted 
architectural support. 
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1.1. Main Contributions 

The main contributions of this chapter are as follows: 

1. It provides a structured, literature-grounded synthesis of the evolution from 

monolithic and microservice-based systems toward cell-based architectures, 

positioning cells as a distinct architectural paradigm rather than a purely 

operational pattern (Dragoni et al., 2017; Soldani et al., 2018; Amazon Web 

Services, 2020; AWS Architecture Center, 2024). 

2. It consolidates and formalizes industrial practices from large-scale platforms 

(e.g., AWS, Netflix, Uber, Shopify) into a conceptual reference model for cell-

based architectures, including key structural elements such as routing layers, 

fault domains, and autonomous scaling units (Netflix Engineering, 2021; Uber 

Engineering, 2022; Shopify Engineering, 2023). 

3. It introduces a four-dimensional evaluation framework – covering scalability, 

resilience, operational complexity, and economic efficiency – that enables 

systematic comparison of monolithic, microservice, and cell-based architectures 

in the context of cloud-native distributed systems. 

4. It outlines current challenges and research gaps, and discusses how AI-assisted 

techniques (e.g., machine learning, deep learning, graph neural networks, and 

large language models) can support automated system segmentation and 

architectural decision-making, building on recent work in microservice 

extraction and architectural refactoring (Mazlami et al., 2017; Krishna et al., 

2020; Li et al., 2021; Kang et al., 2022; Kargar et al., 2022), as well as FinOps-

oriented cloud cost optimization (Zardari et al., 2022; Seremet & Rakic, 2024). 

2. Theoretical Framework of Distributed Architectures 

 

Distributed systems are defined as systems in which computational resources are 

deployed across multiple logically or physically separated entities that communicate to 

execute a shared functional objective (Tanenbaum & van Steen, 2017). Foundational 

principles of distributed system design, including communication models, 

coordination, consistency, and failure semantics, are well established in classical 

literature (Tanenbaum & van Steen, 2017; Gannon et al., 2017). The primary 

challenges in designing such systems typically relate to: (1) scalability, (2) fault 

tolerance, (3) communication latency (both inbound and outbound), and (4) consistent 

data management (Dragoni et al., 2017; Adya et al., 2019). This theoretical foundation 

establishes the basis for understanding architectural trade-offs and scaling patterns that 

are later examined in the context of the cell-based architectural model. 

 

2.1. The CAP Theorem and Distributed Trade-offs 

The CAP theorem (Brewer, 2000) represents a foundational theoretical model for 

understanding the behavior of distributed systems. According to the theorem, a 

distributed system encountering network partitioning can simultaneously guarantee at 

most two of the following three properties: Consistency (C), Availability (A), and 

Partition Tolerance (P) (Brewer, 2000; Gilbert & Lynch, 2002). 
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Since network partitions are considered an unavoidable condition in real-world 

distributed environments, the practical trade-off typically centers on balancing 

consistency and availability. The optimal choice depends on the application domain, 

regulatory requirements, operational profile, and the system’s tolerance for failure—

making architecture not only a technical decision, but a strategic one (Tanenbaum & 

van Steen, 2017; Adya et al., 2019). The relationship between these three properties is 

illustrated in Fig. 1. 

 

 
Fig. 1. CAP trade-off model for distributed systems 
 

This model highlights that designing distributed systems inherently involves 

architectural decisions that determine system behavior under load, unexpected failure 

scenarios, and network instability. In the later sections of this chapter, the CAP theorem 

serves as a basis for understanding the limitations of microservice-based architectures 

and the evolutionary advantages offered by the cell-based model. 

 

2.2. Principles of Scalability 

Scalability represents a fundamental design consideration in distributed systems, 

influencing system performance, cost efficiency, and long-term architectural 

sustainability. It is traditionally achieved through two primary approaches: 

● Scale-up (vertical scaling) refers to increasing the computational capacity of a 

single system instance (e.g., CPU, RAM, storage throughput). 

● Scale-out (horizontal scaling) refers to adding additional system instances to 

increase capacity and distribute workload. 

 

In modern cloud-native environments, scalability is closely connected to 

elasticity—the ability to dynamically adjust resource allocation to workload changes 

in near real time (Al-Dhuraibi et al., 2018; Gannon et al., 2017). Horizontal scaling is 

generally considered a more sustainable long-term approach, as it enables modular 

system growth without requiring monolithic infrastructure upgrades. Cell-based 

architecture represents a structured form of horizontal scaling, where scale is achieved 

not by adding more isolated microservices, but by replicating complete operational 

units (cell replicas). This approach reduces resource contention, minimizes inter-

service communication bottlenecks, and enables more predictable system behavior 

under load (Netflix Engineering, 2021; AWS Architecture Center, 2024). 
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2.3. Fault Tolerance and Risk Segmentation 

Instead of attempting to globally absorb faults, modern distributed architectures 

focus on limiting the impact radius of failures (blast radius containment) to maintain 

stability even under partial system degradation (Adya et al., 2019; Qu et al., 2018). 

This concept originates from the bulkhead design pattern, adapted from naval 

engineering, where watertight compartments prevent an entire ship from sinking if one 

section is damaged. 

In software architecture, this concept is implemented through isolated deployment 

zones, service partitions, regional failover domains, or tenant-based segmentation (Qu 

et al., 2018; Xu et al., 2020). Cell-based architecture formalizes this principle at the 

system level—each cell acts as an independent fault domain that prevents failure 

propagation, enables localized recovery, and supports isolated scaling and operational 

control (Amazon Web Services, 2020; Shopify Engineering, 2023). 

From a design perspective, this approach is aligned with broader principles of 

modularity and option-based design in complex engineering systems (Baldwin & 

Clark, 2000), where architectural units (cells) represent modular components with 

controlled interfaces and bounded failure modes. 

 

3. Microservice Architecture: Principles and Limitations 

 

Microservice architecture has become the dominant design approach for building 

distributed applications, particularly in environments where modularity, scalability, 

and independent component management are critical operational requirements. In the 

literature, it is defined as an architectural style in which business functionality is 

implemented through multiple small, independently developed and distributed services 

(Dragoni et al., 2017; Soldani et al., 2018; Chen, 2018; Nadareishvili et al., 2016). A 

key characteristic of this approach is the organization around business domains rather 

than technical layers, which aligns with the principles of Domain-Driven Design 

(Dragoni et al., 2017; Newman, 2021). 

 

3.1. Principles of Microservices 

Understanding the core architectural principles of microservices is essential for 

evaluating their strengths, limitations, and role in the evolution toward more advanced 

distributed models. According to recent literature reviews and industry best practices 

(Alshuqayran et al., 2016; Dragoni et al., 2017; Soldani et al., 2018; Chen, 2018; 

Newman, 2021), the fundamental principles of microservice architecture include: 

● Service autonomy: each service maintains its own runtime environment, 

deployment lifecycle, and independent data model. 

● Functional granularity: services are sufficiently small to represent a single, well-

defined domain responsibility. 

● Decentralized data management: each service owns its data; the use of a shared 

database is generally considered an architectural anti-pattern. 

● Independent scalability: services can be scaled individually based on workload 

characteristics and user demand variability. 
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● Polyglot development: services may use different programming languages, 

runtime environments, and database technologies, a practice known as polyglot 

persistence. 

These principles have contributed to the broad adoption of microservices in 

industry, particularly in environments where development agility, continuous delivery, 

and domain-driven modularity are strategic priorities (Nadareishvili et al., 2016; 

Newman, 2021). 

3.2. Operational Challenges and Anti-Patterns 

While microservice architecture offers many advantages, empirical studies show 

that it can evolve into complex and difficult-to-manage systems, particularly when 

consistent architectural governance and design discipline are lacking (Soldani et al., 

2018; Alshuqayran et al., 2016). 

 

The most frequently documented challenges include: 

● Distributed monolith: although services are technically separated, they remain 

operationally interdependent, resulting in tight coupling and highly complex 

deployment pipelines (Soldani et al., 2018; Fowler, 2019). 

● Service over-communication: microservices relying on synchronous 

communication patterns are prone to cascading latencies and failure propagation 

(Chen, 2018; Carnell, 2023). 

● Observability complexity: increased reliance on distributed tracing, centralized 

logging, and service topology reconstruction significantly raises monitoring 

overhead and data volume, often requiring advanced mining of software 

repositories and operational logs (Hassan, 2009). 

● DevOps overhead: the proliferation of services multiplies CI/CD pipelines, 

configuration artifacts, and operational workflows, increasing long-term 

maintenance costs (Chen, 2018; Newman, 2021). 

 

 Recent analyses position microservices as a transitional architectural model that 

often evolves toward more structured distributed paradigms such as cell-based systems 

(Spinellis, 2023). Due to these challenges, recent research suggests that microservices 

should be viewed as a transitional architecture rather than the final optimal model for 

highly scalable distributed systems (Spinellis, 2023; Carnell, 2023). Increasingly, 

microservices are positioned as an evolutionary phase leading toward more structured 

and resilient architectural paradigms — most notably, the cell-based approach. 

 

4. Cell-Based Architecture: Definition and Conceptual Model 

 

Cell-based architecture is emerging as an evolutionary step beyond microservice-

based systems. Its core idea is not further decomposition of services, but rather the 

organizational aggregation of services into autonomous operational units called cells 

(Amazon Web Services, 2020; AWS Architecture Center, 2024). 

 

108



 

DAAAM INTERNATIONAL SCIENTIFIC BOOK 2025 pp. 103-120 Chapter 08 
 

 

4.1 Definition 

A cell-based architecture is a distributed architectural model in which sets of 

microservices, data stores, and supporting infrastructure are grouped into operationally 

isolated units, where each unit represents a self-contained segment of the system with 

its own degradation behavior, scaling mechanisms, and fault management. In other 

words, a cell is a replicated instance of the system, but only for a subset of users, data 

entities, or business domains. 

 

4.2 Core Characteristics 

Cell-based architecture is defined not only by its conceptual model but also by a 

set of operational principles that determine how it behaves in real-world distributed 

environments. The ecosystem of a cell-based architecture incorporates the following 

structural principles (Amazon Web Services, 2020; AWS Architecture Center, 2024; 

Netflix Engineering, 2021): 

● Fault isolation: failures inside a single cell do not propagate to the rest of the 

system; each cell functions as an independent fault domain (Qu et al., 2018; Xu 

et al., 2020). 

● Autonomous scaling: each cell can scale independently based on actual 

workload and traffic. 

● Data separation: the use of sharded persistence and bounded state sharing, 

frequently aligned with domain-based sharding keys. 

● Independent lifecycle and deployment pipelines: each cell has its own 

development, testing, and deployment processes, which may be versioned 

independently. 

● Routing layer: an intelligent routing component that directs user requests to the 

appropriate cell based on routing strategies such as regional proximity, tenant 

affinity, or load distribution. 

 

4.3 Comparison with Existing Patterns 

To better position cell-based architecture within the spectrum of distributed 

system models, it is useful to compare it against existing design patterns that share 

similar principles yet differ in operational behavior. Conceptually, cell-based 

architecture integrates: 

● Sharding strategies: partitioning users and datasets based on identity or domain 

keys. 

● Bulkhead pattern: isolating system components to limit the impact radius of 

failures. 

● Multi-region deployment models: operating geo-distributed replicas to increase 

availability and reduce latency. 

● Multi-tenant isolation mechanisms: technical and organizational segmentation 

of user domains. 

 

Unlike standalone implementations of these concepts, cell-based architecture 

consolidates them into a formalized, repeatable, and scalable architectural unit. 
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This structure mitigates the major shortcomings of traditional microservice 

implementations — particularly in fault isolation, operational complexity, and 

predictable scaling behavior (Shopify Engineering, 2023; Uber Engineering, 2022; 

Amazon Web Services, 2020). The structural relationship between cell replicas and the 

global routing layer is illustrated in Fig. 2. 

 

 
Fig. 2. Logical structure of a cell-based architecture 

 

In summary, cell-based architecture enables systems to scale by replicating 

operational units rather than fragmenting services further. This approach yields more 

predictable scaling behavior, more resilient recovery mechanisms, and a substantially 

reduced likelihood of systemic failures compared to classical microservice-based 

architectures. 

 

5. Comparative Analysis of Architectures 

 

As software architectures evolve based on different priorities and design 

constraints, distinct differences emerge in scalability, resilience, operational 

complexity, and deployment strategy. This progression is widely observed in the 

transition from monolithic systems, through microservice-based architectures, and 

toward cell-based models (Dragoni et al., 2017; Soldani et al., 2018; Adya et al., 2019). 

To provide a clearer comparison of key characteristics, Tab. 1 summarizes the 

differences between monolithic systems, microservice-based architectures, and cell-

based models. 

 

Criterion Monolithic Microservices Cell-Based 

Scalability Limited Partial High, structural 

Fault Isolation None Partial Full 

Observability Simple Complex Optimized at the cell level 

Deployment 

Model 

Global Granular Domain-based and 

segmented 

Tab. 1. Comparison of Monolithic, Microservices, and Cell-Based Architectures 
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This comparison demonstrates that cell-based architecture represents an 

evolutionary step toward greater modularity and resilience, eliminating the inherent 

limitations of monolithic systems while mitigating operational weaknesses commonly 

associated with microservice implementations. While monolithic architecture may be 

suitable for smaller systems or environments requiring simple deployment workflows, 

microservices enable modular development at the cost of increased operational 

complexity. Cell-based architecture preserves the benefits of microservices but 

introduces isolated operational domains that enhance scalability, robustness, and long-

term operational sustainability in large-scale distributed systems. 

 

6. Migration Path: From Monolith to Cell-Based Architecture 

 

The transition toward a cell-based model is rarely linear or achieved in a single 

step. Instead, empirical research and industry practice indicate that systems typically 

progress through a three-phase evolutionary pattern before reaching full architectural 

isolation and scalability associated with the cell-based approach (Mazlami et al., 2017; 

Dragoni et al., 2017; Soldani et al., 2018; Newman, 2021). This evolution generally 

follows the stages described below. 

 

6.1. Monolithic System (Monolith) 

The system initially begins as a monolithic application in which all functionality, 

data, and business logic are implemented within a single codebase. While this approach 

simplifies early development and deployment, it introduces constraints as the system 

grows—making scaling, independent feature evolution, and fault isolation increasingly 

difficult (Tanenbaum & van Steen, 2017). 

 

6.2. Microservice Architecture (Microservices) 

The next stage involves decomposing the monolithic application into 

microservices through functional segmentation, service isolation, adoption of 

automated delivery pipelines (CI/CD), and implementation of distributed observability 

mechanisms. This phase improves modularity and deployment agility, but may also 

introduce new complexity related to inter-service communication, operational 

governance, and system-wide fault propagation (Alshuqayran et al., 2016; Chen, 2018; 

Soldani et al., 2018; Newman, 2021). Numerous approaches have been proposed to 

support this transition, including heuristic decomposition, domain-driven design, as 

well as automated extraction of potential service boundaries using static and dynamic 

analysis (Mazlami et al., 2017). More recent work leverages machine learning and deep 

learning techniques to infer microservice boundaries from code and runtime traces 

(Krishna et al., 2020; Li et al., 2021; Kang et al., 2022; Kargar et al., 2022). 

 

6.3. Cell-Based Architecture (Cell-Based Architecture) 

In the final stage, microservices are aggregated and segmented into fully isolated 

operational domains known as cells. Each cell contains a complete and self-sufficient 

subset of services, data storage, and operational controls. 
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This structural isolation enables localized scaling, improved fault tolerance, and 

reduced operational complexity in large-scale distributed ecosystems (Amazon Web 

Services, 2020; AWS Architecture Center, 2024; Netflix Engineering, 2021). The 

progression of this transformation is illustrated in Fig. 3. 

 

 
Fig. 3. Migration path from monolithic to cell-based architecture 

 

This evolutionary model confirms that cell-based architecture is not a replacement 

for microservices but rather a structural enhancement. It emerges when the system, 

organization, and operational environment reach a scale at which microservices alone 

are no longer sufficient to ensure predictable scalability, resilience, and operational 

sustainability. 

 

7. Industry Examples and Technological Implementations 

 

The industrial adoption of cell-based architecture demonstrates that this model is 

not merely a theoretical concept, but a practical and validated approach for large-scale 

distributed systems. Organizations operating under high traffic loads and strict 

availability requirements—such as Netflix, Amazon, Uber, and Shopify—have 

implemented architectures that reflect the foundational principles of the cell-based 

model. Although terminology differs across implementations, including labels such as 

region-based scaling, fault-domain clusters, or sharded service ecosystems, the 

underlying architectural concepts remain aligned (Soldani et al., 2018; Amazon Web 

Services, 2020; Netflix Engineering, 2021; Shopify Engineering, 2023; Uber 

Engineering, 2022). 

 

7.1 AWS Cell-Based Reference Model 

Amazon Web Services (AWS) has formalized cell-based architectural principles 

within the Well-Architected Framework as a reference model for large-scale 

distributed systems (Amazon Web Services, 2020; AWS Architecture Center, 2024). 

In the AWS implementation, the architecture is composed of several core components 

that collectively enforce operational isolation, service availability, and scalable traffic 

distribution. 

The key building elements include: 

● Routing Layer: A global API gateway and/or service mesh control plane that 

intelligently directs user traffic to the appropriate cell based on routing strategies 

such as regional proximity, tenant affinity, or load distribution. 
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● Cell Replicas: Each cell represents an independently deployable slice of the 

system — including services, data stores, identity management, and 

observability tooling — ensuring vertical consistency within the operational 

boundary. 

● Control Plane vs. Data Plane: The control plane coordinates orchestration, 

configuration, scaling policies, and lifecycle governance across cells, while the 

data plane is responsible for processing live user traffic and executing business 

logic with minimal latency. 

 

AWS reports that the model enables progressive isolation, fault containment, and 

continuous failover, ensuring that failures within one cell do not impact global traffic 

flows or platform availability (AWS Architecture Center, 2024). 

 

7.2 Netflix — Regional Cell Architecture 

Netflix represents one of the earliest large-scale industrial implementations of 

cell-aligned architectural principles. Their approach is based on the creation of regional 

cell units, where each cell replicates a complete service ecosystem optimized for a 

geographical subset of users (Netflix Engineering, 2021). This model provides: 

● localized request processing, 

● resilience against regional outages, and 

● jurisdictional compliance with regulations such as GDPR 

 

This implementation demonstrates that cell-based structures can deliver fault-

tolerant, geographically adaptive scaling without compromising user experience or 

regulatory compliance. 

 

7.3 Uber — Domain Partitioning Approach 

Uber evolved from a monolithic platform (internally known as Monorail) toward 

microservices and later toward a segmented architecture resembling cell-based 

systems. The Uber implementation combines: 

● multi-region system replication, 

● domain sharding aligned to business logic boundaries, and 

● isolation of services and data based on traffic load and usage patterns (Uber 

Engineering, 2022). 

 

Uber reported a substantial reduction in cascading failure effects after adopting 

segmented fault-domain units, confirming the effectiveness of the model in high-

availability environments (Uber Engineering, 2022; Qu et al., 2018; Xu et al., 2020). 

 

7.4 Shopify — Pod Model 

Shopify implements a variation of the cell-based pattern known as pod-based 

architecture. In this model, each pod functions as a complete instance of the platform 

required to handle a defined user segment (Shopify Engineering, 2023). Every pod 

operates with: 
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● its own observability stack, 

● independent version management, and 

● an autonomous operational lifecycle. 

 

This approach enabled Shopify to maintain platform stability during peak traffic 

periods such as Black Friday Cyber Monday, representing one of the most demanding 

global scalability events in e-commerce (Shopify Engineering, 2023). Collectively, 

these examples validate cell-based architecture as a proven scaling paradigm for high-

throughput distributed platforms. While implementation details vary based on 

organizational context and workload characteristics, the shared architectural goals 

remain consistent: operational isolation, predictable scaling, fault containment, and 

distributed resilience. 

 

8. Methodological Framework and Architecture Evaluation 

 

To enable scientific evaluation of cell-based architecture and meaningful 

comparison with alternative architectural approaches, a consistent evaluation 

framework is required. Literature reviews indicate that architectural assessment should 

be based on measurable dimensions, typically including performance, maintainability, 

complexity, and system resilience (Dragoni et al., 2017; Soldani et al., 2018; Chen, 

2018). However, most existing evaluation methodologies focus on traditional 

distributed paradigms, while the cell-based model requires an approach that 

incorporates operational isolation, domain-aligned scaling, and dynamic system 

segmentation. Accordingly, this chapter introduces a four-dimensional evaluation 

model designed to support comparative assessment of architectures within the context 

of scalable distributed systems, as summarized in Tab. 2. 

 

Dimension Measurement Focus Example Metric 

Scalability Elasticity and scaling granularity Throughput scaling ratio 

Resilience Fault impact and recovery 

behavior 

Mean Time to Recovery 

(MTTR), blast radius index 

Operational 

Complexity 

DevOps effort and observability 

overhead 

Number of orchestration 

components 

Economic 

Efficiency 

Cost relative to system load Cost/performance efficiency 

ratio 

Tab. 2. Four-Dimensional Evaluation Framework for Cell-Based Architecture 

 

The proposed evaluation model is visualized in Fig. 4, illustrating the hierarchical 

relationship between dimensions: scalability acts as the primary criterion, while 

operational complexity and resilience function as mediating dimensions influencing 

the final economic performance outcome of the system. 
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Fig. 4. Evaluation model for cell-based architecture 

 

The increasing financial complexity of cloud-native platforms has led to the rise 

of FinOps as a strategic discipline focused on maximizing the business value of cloud 

investments. Recent research emphasizes that traditional cost-control mechanisms are 

insufficient in dynamically scaling distributed environments, where workloads, 

resource consumption, and operational costs fluctuate in real time (Zardari et al., 2022). 

AI-enhanced FinOps practices—combining automated cost visibility, forecasting, 

anomaly detection, and optimization algorithms—enable organizations to achieve 

higher economic efficiency and stronger financial governance (Zardari et al., 2022; 

Seremet & Rakic, 2024). By integrating AI-driven insights into cloud cost management 

workflows, enterprises can align cloud spending with business objectives while 

maintaining architectural agility and operational transparency. 

 

8.1 Illustrative Qualitative Comparison 

To demonstrate the practical use of the proposed four-dimensional evaluation 

framework, this section presents a qualitative comparison of three architectural 

styles—monolithic, microservice-based, and cell-based—for a hypothetical large-scale 

e-commerce platform. The platform is assumed to operate under highly variable 

workload patterns (e.g., seasonal traffic spikes), strict availability requirements, and a 

pay-as-you-go cloud cost model, as commonly observed in modern cloud-native 

deployments (Gannon et al., 2017; Al-Dhuraibi et al., 2018). 

Tab. 3 summarizes the relative assessment of each architecture along the four 

dimensions introduced in Tab. 2. The values are intentionally qualitative 

(Low/Medium/High) to emphasize that the framework can be used both as a conceptual 

decision aid and as a basis for more detailed, metric-driven analyses in concrete 

industrial contexts. 
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Dimension Monolithic Microservic

es 

Cell-Based Example Metric / 

Observation 

Scalability Low Medium to 

High 

High 

(structural) 

Throughput scaling 

ratio under 10× 

traffic increase 

Resilience Low (global 

blast radius) 

Medium 

(partial 

isolation at 

service 

level) 

High (fault 

domains at cell 

level) 

MTTR; number and 

scope of users 

affected by a cell 

failure 

Operational 

Complexity 

Low (simple 

deployment) 

High (many 

services and 

pipelines) 

Medium 

(complex 

routing, but 

localized 

operations) 

Number of 

deployable units; 

number of 

observability 

components 

Economic 

Efficiency 

Medium 

(over-

provisioned 

static 

resources) 

Medium 

(fragmented 

cost 

visibility) 

High (FinOps-

aligned, cell-

level 

optimization) 

Cost/performance 

efficiency ratio 

across traffic 

variability 

Tab. 3. Qualitative evaluation of architectures using the proposed framework 

 

As shown in Tab. 3, monolithic architectures offer low operational complexity 

but lack the scalability and resilience required for large-scale environments. 

Microservice-based systems improve scalability and resilience, but at the cost of 

increased operational complexity and globally coupled failure modes (Soldani et al., 

2018; Chen, 2018). Cell-based architectures further enhance scalability and resilience 

while restoring a degree of operational simplicity by localizing complexity within cells 

and enabling more targeted FinOps-driven cost optimization, which aligns with current 

trends in cloud cost management (Zardari et al., 2022; Seremet & Rakic, 2024). 

 

9. Discussion: Benefits, Challenges, and Research Gaps 

 

Cell-based architecture represents a promising evolutionary direction for 

distributed software systems and demonstrates measurable improvements in 

scalability, fault isolation, and operational stability when compared to monolithic and 

microservice-based approaches. However, despite these architectural and operational 

advantages, several factors continue to limit broad industry adoption and slow the 

transition from an emerging design paradigm toward a fully standardized 

implementation model. 
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9.1. Benefits 

The primary benefits of cell-based architecture can be summarized as follows: 

● Structured scalability: scaling by replicating cells enables predictable 

performance characteristics under increasing load, offering a more controlled 

alternative to unbounded microservice proliferation (Netflix Engineering, 

2021; AWS Architecture Center, 2024). 

● Stronger fault isolation: failures remain contained within a single cell, limiting 

the blast radius and reducing the likelihood of global outages (Qu et al., 2018; 

Xu et al., 2020). 

● Localized operational complexity: monitoring, deployment, and incident 

response can be organized around cells, which function as coherent operational 

units. 

● Improved cost transparency: cell-level allocation of resources enables more 

accurate attribution of costs to tenants, regions or business domains, which is 

aligned with FinOps best practices (Zardari et al., 2022; Seremet & Rakic, 

2024). 

 

9.2 Challenges 

The key challenges identified in academic literature and industry case studies include: 

● Increased initial architectural complexity: designing a cell-based system 

requires strategic definition of segmentation boundaries, ownership domains, 

and isolation granularity (Amazon Web Services, 2020; AWS Architecture 

Center, 2024). 

● Dependency on advanced routing and infrastructure maturity: correctly routing 

user traffic to the appropriate cell instance requires sophisticated load-

balancing mechanisms, service mesh capabilities, and high DevOps maturity 

(Gannon et al., 2017; Chen, 2018). 

● Lack of standardized tooling and methodologies: there is currently no widely 

accepted framework, tooling ecosystem, or reference model for automated cell 

segmentation, orchestration, or iterative architectural evaluation. Existing tools 

and frameworks are typically focused on microservices rather than cells 

(Alshuqayran et al., 2016; Soldani et al., 2018). 

 

9.3 AI-Assisted Decomposition and Architectural Support 

Recent research explores data-driven approaches that reduce the effort of moving 

from monoliths to segmented, cell-like architectures. Machine learning and deep 

learning techniques already support automated discovery of service boundaries and 

refactoring candidates: microservice extraction from monolithic systems (Mazlami et 

al., 2017), ML-based identification of microservice boundaries (Kang et al., 2022), 

graph neural network approaches to service decomposition (Kargar et al., 2022), and 

learning-based architecting and architectural refactoring (Krishna et al., 2020; Li et al., 

2021). Combined with large language models and mining of software repositories 

(Hassan, 2009), these approaches can lower the cognitive load on architects and 

support more systematic, partially automated adoption of cell-based architectures. 

 

117



Seremet, Z.; Celar, S.; Mandic, D. & Turic, M.: Cell-Based Architecture: A Scalabl... 
 

 

10. Conclusion 

 

Cell-based architecture represents an evolutionary extension of the microservice 

paradigm, introducing structured fault isolation, predictable scaling, and operational 

autonomy through repeatable and independently managed architectural units. This 

model enables reduction of failure impact (blast radius reduction), scaling aligned with 

business demand, and improved operational stability when compared to traditional 

microservice implementations (Amazon Web Services, 2020; AWS Architecture 

Center, 2024; Netflix Engineering, 2021). 

The analysis of architectural principles, industry case studies, and the proposed 

comparative evaluation framework demonstrates that the cell-based approach offers 

substantial advantages in environments characterized by high system complexity, 

heterogeneous workloads, and strict availability requirements. Findings from both 

academic literature and industrial deployments confirm that cell-based architecture is 

not a temporary design trend, but rather a logical progression in the evolution of 

distributed systems—particularly within cloud-native ecosystems and platforms 

operating under extreme user traffic conditions (Gannon et al., 2017; Adya et al., 2019; 

Shopify Engineering, 2023; Uber Engineering, 2022). 

Future research is expected to focus on automated system segmentation, 

intelligent orchestration mechanisms, and the application of machine learning 

techniques (e.g., deep learning, graph neural networks, LLMs) to enable autonomous 

formation and lifecycle management of cell units (Mazlami et al., 2017; Krishna et al., 

2020; Li et al., 2021; Kang et al., 2022; Kargar et al., 2022). Integration with FinOps 

frameworks will further strengthen the economic efficiency of such systems (Zardari 

et al., 2022; Seremet & Rakic, 2024). Such advancements may lead to the emergence 

of self-adaptive distributed architectures capable of scaling and reconfiguring 

dynamically based on real-time operating conditions, thereby establishing a foundation 

for the next generation of resilient large-scale software systems. 
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