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ABSTRACT: Monolithic application architectures were, for decades, the default approach for building enterprise 

software. A single deployable unit, a shared code base, and a shared relational database offered simplicity in the early 

life of a system. As organizations grow, however, the same characteristics that made monoliths easy to start with begin 

to constrain delivery speed, reliability, and team autonomy. This article examines the discipline of microservices 

decomposition as a structured response to those constraints, synthesizing established architectural patterns, migration 

techniques, and governance practices documented in the software engineering literature. 

 

The analysis covers the primary decomposition strategies in use across the industry, including the strangler fig pattern, 

domain driven bounded context extraction, database per service migration, and branch by abstraction. It presents a 

reference architecture for the resulting distributed system, spanning the API gateway, service mesh, event driven 

integration layer, and observability platform. A phased implementation roadmap translates these concepts into a program 

that can be executed incrementally, reducing the risk associated with a full rewrite. 

 

Quantitative patterns drawn from published case studies and academic literature are presented throughout the article in 

illustrative form, covering deployment frequency, incident recovery time, quality attribute trade offs, and relative cost 

structure. These figures are composite representations intended to illustrate commonly reported directional trends rather 

than a single empirical study. The article closes with a discussion of organizational implications, common anti patterns, 

and practical mitigations, offering a comprehensive reference for engineering leaders planning a modernization program. 

 

KEYWORDS: Strangler Fig Pattern, Microservices Decomposition, Monolith Modernization, Domain-Driven Design, 

Bounded Context, Database-per-Service, Event-Driven Architecture 

 

I. INTRODUCTION 

 

1.1 The Modernization Imperative 

Enterprise systems accumulate scope over time. Features are added, integrations multiply, and the boundary between 

subsystems blurs until the entire application behaves as a single unit of change. This pattern, commonly labeled a 

monolith, is not inherently flawed. Early stage products benefit from the simplicity of one code base, one deployment 

pipeline, and one data store. The difficulty emerges as the organization scales. Multiple teams working in the same code 

base experience merge conflicts, shared test suites slow down feedback loops, and a single faulty change can bring down 

functionality that has nothing to do with the change itself. 

 

Microservices decomposition addresses these constraints by splitting a system along business capability boundaries into 

independently deployable services, each owned by a small team, each with its own data store where practical, and each 

communicating with other services through well defined interfaces. The approach trades local simplicity for distributed 

complexity, and that trade is only favorable once the organization has reached a scale where the monolith itself has 

become the primary constraint on delivery. 

 

1.2 Scope and Objectives of This Article 

This article focuses specifically on decomposition, the process of migrating an existing monolithic system toward a 

microservices architecture, rather than on greenfield microservices design. It synthesizes patterns and practices described 

in the peer reviewed and practitioner literature prior to 2023, organizes them into a coherent reference architecture and 

roadmap, and illustrates commonly reported outcome ranges using representative charts. The intended audience includes 

software architects, engineering managers, and technical leaders evaluating or executing a modernization program for an 

existing system. 
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The remainder of the article proceeds as follows. Section 3 reviews background concepts and the evolution of distributed 

systems thinking. Section 4 catalogs the pain points that typically motivate decomposition. Sections 5 through 8 describe 

decomposition strategies, the target reference architecture, a phased roadmap, and supporting operational practices. 

Section 9 presents illustrative quantitative patterns. Sections 10 and 11 address organizational governance and common 

risks. Sections 12 and 13 close with discussion and conclusions. 

 

II. BACKGROUND AND RELATED CONCEPTS 

 

2.1 Characteristics of Monolithic Architecture 

A monolithic application packages its presentation layer, business logic, and data access layer into a single deployable 

artifact, typically backed by one shared relational database. Internally, the code base may be organized into modules that 

resemble service boundaries, but those modules share process memory, share a build pipeline, and are deployed together. 

This structure minimizes operational overhead for small teams. Network calls between modules are simple in process 

function calls, transactions can rely on a single database connection, and there is only one runtime environment to 

monitor. 

 

As the code base and the organization grow, the shared nature of the monolith becomes a liability. A change to the 

payment module requires the same build, test, and deployment pipeline as a change to the customer profile module, even 

though the two are unrelated in business terms. Test suites grow in proportion to the entire application rather than to the 

specific area of change, and the blast radius of a defect extends to the whole system rather than to a single capability. 

 

2.2 Characteristics of Microservices Architecture 

A microservices architecture decomposes an application into a set of small, independently deployable services, each 

aligned to a business capability, each owning its own data, and each exposing a stable interface to other services. 

Individual services can be built, tested, deployed, and scaled independently of one another. Teams can select the 

technology stack that best fits a given service, release on their own schedule, and reason about a smaller unit of code. 

 

This independence comes at the cost of distributed system complexity. Calls that were once in process function 

invocations become network calls subject to latency, partial failure, and versioning concerns. Transactions that once 

relied on a single database now require patterns such as the saga pattern or eventual consistency to preserve data integrity 

across service boundaries. Observability, testing, and deployment tooling must mature considerably to support the 

operational demands of a distributed system. 

 

2.3 The Evolution of Distributed Systems Thinking 

The conceptual roots of microservices predate the term itself. Service oriented architecture introduced the idea of 

composing systems from reusable, network addressable services, though it often relied on heavyweight middleware and 

centralized governance. Representational state transfer, formalized as an architectural style for network based software, 

offered a lightweight alternative for service interfaces built around resources and standard protocol verbs. Domain driven 

design contributed the vocabulary of bounded contexts and ubiquitous language, which later became a foundational 

technique for identifying service boundaries during decomposition. 

 

The term microservices gained widespread adoption in the software architecture community during the early to middle 

part of the last decade, as practitioners documented patterns for building and operating fine grained, independently 

deployable services at scale. Subsequent work extended this foundation with catalogs of implementation patterns, 

migration techniques for existing systems, and empirical studies of the operational and organizational consequences of 

adopting the style. 

 

2.4 Attribute Comparison Summary 

The distinctions introduced above can be summarized across a small number of structural attributes that recur throughout 

the remainder of this article. These attributes provide a common vocabulary for discussing why a given system might be 

a good or poor candidate for decomposition. 

● Coupling. A monolith exhibits tight coupling between modules that share process memory and a build artifact. A 

microservices architecture aims for loose coupling, with explicit, versioned interfaces between services. 

● Deployment Unit. A monolith deploys as a single artifact. Microservices deploy as many independent artifacts, each 

with its own release cycle. 

● Data Ownership. A monolith typically centralizes data in one shared schema. Microservices favor distributed 

ownership, with each service controlling the data required for its capability. 
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● Scaling Granularity. A monolith scales as a whole. Microservices scale at the level of an individual service, matched 

to that service's specific demand. 

● Technology Diversity. A monolith is generally bound to a single language and runtime. Microservices permit different 

services to use different technologies where justified. 

● Operational Complexity. A monolith requires operating one runtime environment. Microservices require operating, 

monitoring, and coordinating many runtime environments. 

 
Figure 1. Structural comparison of a monolithic application and its decomposed microservices counterpart, 

highlighting the shift from a shared data access layer to independently owned data stores. 

 

III. DRIVERS AND PAIN POINTS OF MONOLITHIC SYSTEMS 

 

Organizations rarely pursue decomposition for its own sake. The decision is typically driven by specific, measurable pain 

points that have begun to limit the pace or reliability of software delivery. This section catalogs the most commonly 

reported drivers. 

 

3.1 Scalability Constraints 

A monolith scales as a single unit. If one function within the application, such as search or checkout, experiences a spike 

in demand, the entire application must be scaled to accommodate it, even though most of the additional compute capacity 

is wasted on functions that were not under load. This coarse grained scaling model increases infrastructure cost and limits 

the ability to apply targeted performance optimizations to the specific area under strain. 

 

3.2 Deployment Coupling and Release Risk 

Because all functionality ships together, a release train model tends to emerge, where many unrelated changes are bundled 

into a single release. This increases the surface area for defects, lengthens the time between a code change and its 

verification in production, and raises the perceived risk of any individual release, which in turn encourages teams to 

release less frequently. The result is a feedback loop that slows the entire organization. 

 

3.3 Team Cognitive Load and Organizational Friction 

As the number of engineers working in a shared code base grows, the cognitive load required to understand the full 

system before making a safe change increases. Conway's Law, the observation that system structure tends to mirror the 

communication structure of the organization that builds it, explains why a monolith often becomes harder to change as 

the organization grows. Multiple teams attempting to coordinate changes within one code base experience contention on 
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shared modules, increased code review latency, and a growing need for cross team synchronization meetings that would 

not be necessary if boundaries were clearer. 

 

3.4 Technology and Vendor Lock In 

A monolith commits its entire feature set to a single language runtime and, frequently, a single database vendor. As the 

system ages, upgrading that runtime or migrating away from a database vendor becomes progressively riskier, because 

every feature in the application depends on the same underlying platform. Teams often find themselves unable to adopt 

a newer language feature, a more efficient data store, or a specialized processing framework for a specific workload, 

because the change would need to be validated against the entire application rather than a narrow, isolated surface area. 

This constraint is rarely the primary driver of a decomposition program on its own, but it frequently compounds the 

scalability and release coupling pressures described above. 

 

Pain Point Description Typical Business Impact 

Coarse Grained Scaling Entire application scales as one unit 

regardless of localized load. 

Higher infrastructure spend and 

inconsistent performance under 

peak load. 

Release Coupling Unrelated features ship together in 

a single release train. 

Slower release cadence and higher 

perceived deployment risk. 

Shared Test Suite Growth Test execution time grows with 

total application size. 

Long feedback loops that 

discourage frequent integration. 

Wide Blast Radius A defect in one module can affect 

unrelated functionality. 

Elevated incident severity and 

broader customer impact per 

outage. 

Cross Team Contention Multiple teams edit the same 

modules and shared libraries. 

Increased coordination overhead 

and slower feature delivery. 

Technology Lock In The entire application is bound to 

one language and runtime. 

Difficulty adopting better suited 

tools for specific workloads. 

 

Table 1. Common monolithic architecture pain points and their typical business impact. 

 

IV. MICROSERVICES DECOMPOSITION STRATEGIES 

 

Decomposing a monolith safely requires an incremental strategy rather than a single cutover. The following patterns 

represent the most widely documented approaches to migrating functionality out of an existing system while keeping it 

operational throughout the process. 

 

4.1 The Strangler Fig Pattern 

Named after a vine that gradually envelops a host tree, the strangler fig pattern routes an increasing share of traffic away 

from the monolith and toward newly extracted services, typically through a facade or routing layer placed in front of the 

existing system. Functionality is migrated incrementally, one capability at a time, while the monolith continues to serve 

everything that has not yet been extracted. This allows the migration to proceed without a prolonged code freeze and 

without a risky big bang cutover. 

 
 

Figure 2. Illustrative progression of the strangler fig pattern, showing the share of application functionality served by 

the monolith declining as extracted services take over. 
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4.2 Domain Driven Design and Bounded Contexts 

Domain driven design provides the conceptual toolkit most commonly used to identify where a monolith should be split. 

A bounded context defines a boundary within which a particular model and vocabulary apply consistently. Order 

management, inventory, payment processing, and customer relationship management typically represent distinct bounded 

contexts within a commerce system, each with its own internal model of concepts that may share a name, such as 

customer, but carry different meaning and different data requirements in each context. 

 

Context mapping techniques document the relationships between bounded contexts, including which context is upstream 

or downstream of another, and what integration pattern connects them. This mapping becomes the blueprint for service 

boundaries once decomposition begins, reducing the risk of extracting services whose boundaries do not align with how 

the business actually operates. 

 
Figure 3. Bounded contexts and context mapping within a decomposed commerce domain, showing the primary 

interactions between order, inventory, payment, customer, and shipping contexts. 

 

4.3 Database Decomposition Approaches 

The shared database is often the most difficult part of a monolith to decompose, because it is the point of tightest coupling 

between otherwise separable modules. A database per service approach assigns each new service its own schema or data 

store, chosen to fit the access patterns of that service rather than a single generic schema shared by the whole application. 

Migrating to this model typically proceeds through an intermediate stage in which the monolith and the new service both 

read from or write to shared tables, followed by a data migration that copies and reshapes data into the new service 

specific store, and finally a cutover that removes the shared dependency. 

 

Where a full transaction across the old and new boundary can no longer rely on a single database transaction, patterns 

such as the saga pattern coordinate a sequence of local transactions across services, with compensating actions defined 

to undo prior steps if a later step fails. This trades strict transactional consistency for eventual consistency, which is 

acceptable for many business processes but requires deliberate design rather than being assumed by default. 
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Figure 4. Migration from a shared monolithic relational database to a database per service model, with each extracted 

service assigned its own data store. 

 

4.4 Branch by Abstraction and Parallel Run 

Branch by abstraction introduces an abstraction layer in front of a piece of functionality that is about to be replaced, 

allowing the old and new implementations to coexist behind the same interface while the new implementation is built 

and validated. Traffic is gradually shifted from the old implementation to the new one, and the abstraction layer is 

removed once the migration is complete. A parallel run, in which both the old and new implementations process the same 

input and their outputs are compared, provides additional confidence that the new service behaves equivalently to the 

monolith before it takes over production traffic entirely. 

 

4.5 Illustrative Migration Narratives 

The following short narratives describe generic, composite scenarios drawn from patterns commonly reported across the 

practitioner literature. They are illustrative rather than accounts of any specific organization, and are included to ground 

the preceding patterns in a concrete, if generalized, sequence of events. 

 

A Retail Order Management Platform 

A retail order management system began as a single application handling catalog browsing, cart management, checkout, 

and order fulfillment against one shared database. As transaction volume grew, checkout latency during peak shopping 

periods began to degrade catalog browsing performance, since both functions competed for the same database connection 

pool. The organization applied the strangler fig pattern, placing a routing facade in front of the monolith and extracting 

the checkout capability first, backed by its own data store. Catalog browsing remained on the monolith until inventory 

and product data were extracted in a subsequent phase, after which the original application was retired. 

 

A Logistics Scheduling Platform 

A logistics scheduling application coupled route planning, vehicle assignment, and driver notification within a single 

deployable unit. Domain driven design workshops revealed that route planning and driver notification represented distinct 

bounded contexts with different scaling profiles, route planning being computationally intensive and driver notification 

being latency sensitive. The two capabilities were extracted as separate services communicating through an event bus, 

allowing each to be scaled and deployed according to its own demand pattern without contending for shared compute 

resources. 
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A Financial Ledger Platform 

A financial ledger application maintained strict transactional guarantees within a single relational database, which made 

decomposition considerably more delicate than in the two prior examples. Rather than extracting services immediately, 

the organization first introduced a branch by abstraction layer around the reporting subsystem, the least transactionally 

sensitive component, and validated a parallel run against the existing reporting logic before cutting over. Only after 

establishing confidence in this lower risk extraction did the organization proceed to more transactionally sensitive 

capabilities, adopting the saga pattern to coordinate consistency across the newly independent ledger and payment 

services. 

 

Pattern Primary Use Case Risk Profile 

Strangler Fig Incremental traffic migration away 

from a live monolith. 

Low, supports gradual rollback. 

Domain Driven Decomposition Identifying correct service 

boundaries before extraction. 

Low, primarily an analysis 

technique. 

Database per Service Removing shared data coupling 

between services. 

Moderate to high, requires careful 

data migration. 

Branch by Abstraction Replacing a specific capability with 

minimal disruption. 

Low to moderate, reversible during 

transition. 

Parallel Run Validating new service behavior 

against the existing system. 

Low, adds temporary operational 

overhead. 

Big Bang Rewrite Full replacement without 

incremental migration. 

High, limited rollback options once 

cut over. 

 

Table 2. Comparison of common decomposition patterns by primary use case and relative risk profile. 

 

V. REFERENCE ARCHITECTURE FOR DECOMPOSED SYSTEMS 

 

Once services have been identified and extraction begins, a target reference architecture guides consistent implementation 

across teams. The architecture described here reflects patterns commonly documented across the microservices literature 

and is intended as a general purpose baseline rather than a prescription for any single technology stack. 

 

5.1 API Gateway and Edge Layer 

An API gateway sits between client applications and the internal service landscape, providing a single entry point that 

handles routing, authentication, rate limiting, and request shaping. This layer shields clients from the internal 

decomposition of the system, allowing services to be split, merged, or reorganized without requiring every client to be 

updated. It also provides a natural point to enforce cross cutting concerns that would otherwise need to be duplicated 

inside every service. 

 

5.2 Service Mesh and Inter Service Communication 

As the number of services grows, a service mesh provides a dedicated infrastructure layer for service to service 

communication, handling concerns such as mutual authentication, service discovery, load balancing, retries, and circuit 

breaking outside of application code. This separation allows engineering teams to focus on business logic while a shared 

platform team maintains the communication infrastructure that every service depends on. Circuit breaking in particular 

helps contain the distributed failure modes introduced by network dependent architectures, preventing a slow or failing 

downstream service from cascading into an outage across the whole system. 

 

5.3 Event Driven Integration 

Not every interaction between services benefits from a synchronous request and response call. An event bus enables 

services to publish domain events, such as an order being placed or a payment being confirmed, which other services can 

subscribe to without the publishing service needing to know who is listening. This loosely coupled integration style 

reduces the number of direct dependencies between services and supports eventual consistency patterns that are often 

necessary once a transaction can no longer be guaranteed by a single database. 

 

5.4 Security and Identity Considerations 

Decomposition multiplies the number of network boundaries within a system, and each of those boundaries becomes a 

potential point of unauthorized access if not deliberately secured. Where a monolith could rely on a single in process 

authorization check, a decomposed system must propagate identity and authorization context across every service call, 
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typically through a signed token validated at each hop rather than trusted implicitly. Mutual authentication between 

services, commonly implemented through the service mesh described above, ensures that a service only accepts traffic 

from other services it recognizes, reducing the risk that a compromised component can move laterally through the system 

unchecked. 

● Centralize identity issuance so that every service validates tokens against the same trusted source rather than 

implementing its own authentication logic. 

● Apply the principle of least privilege to service to service calls, granting each service only the permissions it needs 

for its specific function. 

● Encrypt traffic between services by default, since internal network segments can no longer be assumed to be inherently 

trusted once many independently operated services share them. 

● Audit and log authorization decisions consistently across services to preserve the ability to reconstruct access history 

during a security investigation. 

 
Figure 5. Reference architecture for a decomposed microservices platform, spanning the client layer, API gateway, 

service mesh, event bus, data layer, and observability platform. 

 

VI. PHASED IMPLEMENTATION ROADMAP 

 

A decomposition program is best executed as a sequence of phases rather than a single project, allowing the organization 

to validate assumptions and adjust course before committing further investment. The roadmap below reflects a 

representative structure drawn from commonly reported migration programs. 

 

6.1 Assessment and Domain Mapping 

The initial phase inventories the existing monolith, identifies candidate bounded contexts, and prioritizes which 

capabilities to extract first. Good early candidates are capabilities that are well understood, have relatively few 

dependencies on the rest of the system, and would deliver a clear benefit from independent scaling or independent release 

cadence. This phase also establishes the platform foundation, including the delivery pipeline and observability tooling, 

that later phases will depend on. 
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6.2 Incremental Extraction 

Extraction proceeds one capability at a time, following the strangler fig pattern described earlier. Each extracted service 

is stood up alongside the monolith, validated against a subset of production traffic, and gradually takes over the full 

responsibility for its capability. Extraction order matters. Teams commonly begin with capabilities at the edges of the 

dependency graph before tackling the most deeply coupled, central modules. 

 

6.3 Data Migration and Dual Write Strategies 

As services are extracted, their data must eventually move out of the shared monolithic database. A dual write strategy, 

in which both the monolith and the new service write to their respective data stores during a transition window, allows 

verification that the new service produces consistent results before the monolith's write path is retired. Careful attention 

to data consistency during this window is essential, since divergence between the two data stores is difficult to detect 

after the fact. 

 

6.4 Decommissioning the Monolith 

As more capabilities are extracted, the remaining monolith shrinks in scope and eventually reaches a point where it serves 

only a small residual set of functionality, or none at all. Decommissioning should be treated as a deliberate phase with its 

own validation criteria, rather than an afterthought, since legacy systems often retain undocumented dependents that must 

be identified before the system can be safely retired. 

 
 

Figure 6. Representative phased roadmap for a microservices decomposition program, illustrating how major 

workstreams typically overlap across the timeline of the program. 

 

Phase Key Activities Exit Criteria 

Assessment and Domain Mapping Inventory monolith, map bounded 

contexts, prioritize candidates. 

Agreed extraction sequence and 

platform foundation in place. 

Platform and Pipeline Foundation Stand up delivery pipeline, 

observability, and gateway. 

New services can be built, 

deployed, and monitored end to 

end. 

Incremental Service Extraction Extract capabilities one at a time 

behind a facade. 

Target capability fully served by 

the new service under real traffic. 

Data Migration and Dual Write Migrate data ownership, validate 

consistency across stores. 

New data store confirmed as the 

system of record for the capability. 

Traffic Cutover and Validation Shift full production traffic to the 

extracted service. 

Monolith code path for the 

capability disabled with no 

regressions. 

Monolith Decommissioning Retire residual monolith 

components and shared 

infrastructure. 

No production dependency remains 

on the legacy system. 

 

Table 3. Phase level activities and representative exit criteria for a decomposition roadmap. 
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VII. OBSERVABILITY, DELIVERY PIPELINES, AND OPERATIONAL PRACTICE 

 

A distributed system built from many independently deployed services cannot be operated safely with the same tooling 

that sufficed for a single deployable monolith. Three capabilities become particularly important once decomposition is 

underway: continuous delivery pipelines capable of deploying many services independently, distributed tracing that 

reconstructs a request as it crosses service boundaries, and centralized logging and metrics that provide a unified view 

across services owned by different teams. 

 

Distributed tracing in particular addresses a problem that does not exist in a monolith, namely the difficulty of following 

a single logical request across multiple network hops in order to diagnose latency or errors. Without this capability, 

engineers investigating an incident are left correlating logs from several services manually, which is slow and error prone. 

A mature continuous delivery pipeline, combined with automated testing at the service boundary, allows each team to 

release independently while maintaining confidence that their change has not broken a dependent service. 

 
Figure 7. Continuous delivery and observability feedback loop connecting source control, the build pipeline, the 

runtime platform, and monitoring signals that inform the next release. 

 

7.1 Contract Testing Between Services 

Once services are owned and deployed by different teams, integration defects can no longer be caught reliably by a single, 

shared test suite exercised before every release. Contract testing addresses this gap by capturing the expectations a 

consumer service has of a provider service in a machine readable contract, which is then verified independently against 

both sides whenever either service changes. This allows a provider team to detect that a proposed change would break a 

consumer before that change reaches production, without requiring the two teams to run a full end to end test suite 

together on every commit. 

 

7.2 Chaos Engineering and Resilience Testing 

A distributed system fails in ways that a monolith does not, including partial failures where some services are healthy 

while others are degraded or unreachable. Chaos engineering practices deliberately introduce controlled failures, such as 

terminating a service instance or injecting network latency, into a test or production environment in order to validate that 

the system degrades gracefully rather than failing catastrophically. This practice surfaces weaknesses in retry logic, circuit 

breaker configuration, and fallback behavior well before those weaknesses are exposed by an unplanned outage. 

 

VIII. QUANTITATIVE PATTERNS FROM PUBLISHED CASE STUDIES 

 

The figures in this section present illustrative composite patterns synthesized from the directional trends commonly 

reported across published migration case studies and academic literature on microservices adoption. They are intended 

to convey typical shape and magnitude of change rather than to represent a single measured data set, since actual outcomes 

vary considerably by organization, system size, and execution quality. 
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8.1 Deployment Frequency and Lead Time 

One of the most consistently reported outcomes of successful decomposition is a substantial increase in deployment 

frequency. Once services can be released independently, teams no longer need to coordinate a shared release train, and 

the lead time between a code change and its arrival in production shortens considerably. Figure 8 illustrates the typical 

order of magnitude difference reported between monolithic release cycles and decomposed microservices deployment 

cadence. 

 
Figure 8. Illustrative deployment frequency range commonly reported when comparing monolithic release cycles to 

decomposed microservices deployment cadence, shown on a logarithmic scale. 

 

8.2 Incident Recovery and Mean Time to Recovery Trends 

Mean time to recovery often follows a distinctive trajectory during a decomposition program. Early in the program, the 

introduction of distributed system complexity can initially increase operational burden as teams adapt to new failure 

modes. As observability tooling matures and services become smaller and better isolated, recovery time typically 

improves substantially, since a smaller, well understood service is easier to diagnose and redeploy than a large, tightly 

coupled monolith. 

 
Figure 9. Illustrative mean time to recovery trend across the quarters of a decomposition program, reflecting the 

commonly reported pattern of improvement as the platform matures. 

http://www.ijeetr.org/


International Journal of Engineering & Extended Technologies Research (IJEETR) 

                        |ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal | 

| Volume 5, Issue 3, May - June 2023 | 

DOI:10.15662/IJEETR.2023.0503009 

IJEETR©2023                                                     |     An ISO 9001:2008 Certified Journal   |                                                      6621 

 

8.3 Quality Attribute Trade Offs 

No architecture is superior across every dimension. Figure 10 summarizes the typical trade offs reported when comparing 

monolithic and microservices architectures across six commonly cited quality attributes. Microservices architectures tend 

to score more favorably on scalability, deployability, and fault isolation, while monolithic architectures often retain an 

advantage in operational simplicity, particularly for smaller systems or teams that have not yet invested in the platform 

capabilities that distributed systems require. 

 

 
Figure 10. Illustrative comparison of monolithic and microservices architectures across six quality attributes, scored 

on a five point scale. 

 

8.4 Cost Structure Shifts 

Decomposition also tends to shift the composition of total cost rather than simply reducing or increasing it outright. 

Infrastructure cost commonly rises due to the overhead of running many smaller services, each with its own resource 

allocation, while operations and on call cost can rise initially as well, reflecting the additional coordination required 

across more independently owned components. Development cost per feature, by contrast, often declines over time as 

teams gain the ability to work independently without waiting on a shared release train. 

 
 

Figure 11. Illustrative shift in relative cost structure after decomposition, comparing infrastructure, development, 

operations, and tooling cost categories. 
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Metric Typical Reported Direction Primary Source Type 

Deployment Frequency Increases substantially, often by an 

order of magnitude or more. 

Industry case studies and surveys 

Lead Time for Changes Decreases as release coordination 

overhead is removed. 

Industry case studies and surveys 

Mean Time to Recovery Improves after an initial adjustment 

period. 

Practitioner reports and case studies 

Infrastructure Cost Increases due to per service 

resource overhead. 

Academic and practitioner literature 

Cross Team Coordination Overhead Decreases as service ownership 

boundaries clarify. 

Academic literature on team 

topologies 

Operational Complexity Increases, requiring investment in 

platform tooling. 

Academic and practitioner literature 

 

Table 4. Summary of commonly reported outcome directions when comparing monolithic and decomposed 

microservices architectures. 

 

X. ORGANIZATIONAL AND GOVERNANCE CONSIDERATIONS 

 

9.1 Conway's Law and Team Topologies 

Conway's Law observes that the structure of a system tends to mirror the communication structure of the organization 

that produced it. Successful decomposition programs treat this observation as a design input rather than an afterthought, 

deliberately reorganizing teams around the bounded contexts identified during domain mapping so that each team owns 

a coherent set of services end to end. Team topologies that assign a single team to a scattered set of unrelated services 

tend to reproduce the same coordination overhead that motivated decomposition in the first place, only distributed across 

a larger number of code bases. 

 

9.2 Governance Models for Distributed Ownership 

As ownership disperses across many teams, some degree of centralized governance remains necessary to prevent 

uncontrolled divergence in technology choices, interface design, and operational standards. Organizations typically adopt 

one of a small number of governance models, ranging from a lightweight set of shared conventions maintained by a 

platform team, to a more prescriptive set of mandatory standards enforced through automated checks in the delivery 

pipeline. 

 

 
 

Figure 12. Illustrative distribution of decomposition strategies referenced across industry practice, reflecting the 

relative prevalence of each approach. 
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Governance Model Ownership Structure Primary Advantage Primary Challenge 

Centralized Platform 

Team 

Platform team defines 

standards for all services. 

Strong consistency across 

the fleet. 

Can become a bottleneck 

as the fleet grows. 

Federated Guild Model Cross team guild sets 

shared conventions. 

Balances autonomy with 

consistency. 

Requires active 

participation to stay 

effective. 

Fully Autonomous Teams Each team selects its own 

standards and tools. 

Maximum team level 

autonomy and speed. 

Risk of fragmentation and 

duplicated effort. 

Policy as Code 

Enforcement 

Standards enforced 

automatically in the 

pipeline. 

Consistency without 

manual review overhead. 

Requires upfront 

investment in tooling. 

 

Table 5. Comparison of common governance models for distributed service ownership. 

 

X. RISKS, ANTI PATTERNS, AND MITIGATION 

 

Decomposition introduces its own failure modes, several of which are well documented enough to be recognized as 

recurring anti patterns. Awareness of these patterns allows a migration program to avoid the most common and most 

costly mistakes. 

 

A distributed monolith arises when services are split at the code level but remain tightly coupled at runtime, typically 

because they share a database or because a change to one service still requires coordinated changes and coordinated 

deployment of several others. This anti pattern delivers all of the operational overhead of a distributed system while 

retaining none of the independence that justified the migration in the first place. Nano service proliferation describes the 

opposite extreme, in which services are split too finely, so that the overhead of managing, deploying, and coordinating a 

large number of trivially small services outweighs any benefit gained from independence. 

 

Premature decomposition, attempting to adopt microservices before the organization has the platform maturity, the team 

structure, or the actual scale that justifies the added complexity, is one of the most frequently cited mistakes in the 

practitioner literature. A system that would function adequately as a well organized monolith, split into services too early, 

tends to accumulate the operational cost of distribution without a corresponding benefit, since the underlying business 

problem did not actually require independent scaling or independent release cadence. 

 

Anti Pattern Symptom Mitigation 

Distributed Monolith Services deploy independently but 

still require coordinated releases. 

Revisit service boundaries and 

remove shared database 

dependencies. 

Nano Service Proliferation Excessive number of trivially small 

services increases operational 

overhead. 

Consolidate services around 

cohesive business capabilities. 

Premature Decomposition Complexity is introduced before 

organizational scale justifies it. 

Validate that monolith constraints 

are the actual bottleneck before 

splitting. 

Shared Database Coupling Multiple services read and write the 

same tables directly. 

Migrate to database per service 

ownership with defined interfaces. 

Chatty Inter Service 

Communication 

Excessive synchronous calls 

between services increase latency. 

Favor coarser grained interfaces 

and event driven integration where 

appropriate. 

Missing Observability Investment Teams lack visibility into cross 

service request flow. 

Invest in distributed tracing and 

centralized logging before scaling 

extraction. 

 

Table 6. Common decomposition anti patterns, their symptoms, and recommended mitigations. 
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XI. LIMITATIONS AND THREATS TO VALIDITY 

 

The patterns and figures presented in this article are synthesized from a broad reading of the software architecture 

literature published prior to 2023, and several limitations should be kept in mind when applying them to a specific system. 

First, the quantitative figures in Section 9 are illustrative composites intended to convey commonly reported direction 

and order of magnitude, not measurements from a single controlled study, and actual results for any given system will 

depend heavily on its size, its domain, and the maturity of the team executing the migration. 

 

Second, the reference architecture and roadmap presented here reflect patterns that generalize reasonably well across 

commerce, logistics, and transactional systems, but every system carries domain specific constraints, particularly around 

regulatory requirements or strict consistency needs, that may require deviation from the general pattern. Third, the 

illustrative migration narratives in Section 5.5 are composite scenarios constructed to demonstrate how the described 

patterns fit together, and should not be read as documentation of any specific historical migration. Readers applying these 

patterns to a real system should validate each recommendation against their own constraints rather than adopting it 

unmodified. 

 

XII. DISCUSSION 

 

The evidence synthesized in this article points to a consistent conclusion: microservices decomposition is a means of 

trading local simplicity for organizational scalability, and that trade is only favorable once an organization has actually 

reached the scale where a monolith's constraints outweigh its benefits. Applied prematurely, or applied without the 

corresponding investment in delivery pipelines, observability, and team structure, decomposition tends to reproduce the 

same coordination problems it was meant to solve, distributed across a larger and more complex set of moving parts. 

 

The patterns described here, particularly the strangler fig pattern combined with domain driven boundary identification, 

provide a comparatively low risk path for migrating an existing system incrementally, allowing an organization to validate 

the benefits of decomposition on a small scale before committing to a full program. The illustrative outcome patterns 

presented in Section 9, while not drawn from a single controlled study, are broadly consistent with the directional findings 

reported across the academic and practitioner literature reviewed for this article, lending confidence that the trade offs 

described are representative of what most organizations should expect. 

 

XIV. CONCLUSION AND FUTURE DIRECTIONS 

 

Modernizing a monolithic application through microservices decomposition is a substantial undertaking that touches 

architecture, data management, delivery tooling, and organizational structure simultaneously. This article has organized 

the established patterns for pursuing that transformation into a coherent reference architecture and phased roadmap, and 

has illustrated the quantitative trade offs that organizations should anticipate along the way. 

 

Future work in this space is likely to continue refining automated tooling for identifying candidate service boundaries 

directly from source code and runtime traffic analysis, reducing the manual effort currently required during the 

assessment phase of a migration. Continued maturation of service mesh and serverless platforms is also likely to lower 

the operational overhead historically associated with running many independently deployed services, narrowing the gap 

between the simplicity of a monolith and the flexibility of a fully decomposed architecture. Organizations considering 

this journey are encouraged to treat decomposition as a means to a specific, measurable end, rather than an architectural 

goal pursued for its own sake. 
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Appendix A. Glossary of Terms 

The following glossary summarizes the primary terms used throughout this article, for reference convenience. 

 

Term Definition 

Monolith A software application deployed and released as a single, indivisible unit. 

Microservice An independently deployable service aligned to a specific business capability. 

Bounded Context A boundary within which a particular domain model and vocabulary apply 

consistently. 

Strangler Fig Pattern An incremental migration technique that routes traffic away from a legacy 

system toward new services over time. 

Branch by Abstraction A technique that introduces an abstraction layer to allow an old and new 

implementation to coexist during migration. 

Saga Pattern A pattern for coordinating a sequence of local transactions across services with 

compensating actions on failure. 

API Gateway A single entry point that routes, authenticates, and shapes client requests to 

backend services. 

Service Mesh An infrastructure layer that manages service to service communication, 

including discovery, load balancing, and security. 

Circuit Breaker A safeguard that stops calls to a failing dependency to prevent cascading failure. 

Event Bus A messaging infrastructure that allows services to publish and subscribe to 

domain events asynchronously. 

Distributed Tracing A technique for tracking a single logical request as it crosses multiple service 

boundaries. 

Contract Testing A testing technique that verifies a consumer and provider service satisfy an 

agreed interface contract independently. 

Chaos Engineering A discipline of deliberately injecting failure into a system to validate its 

resilience. 

Conway's Law The observation that system structure tends to mirror the communication 

structure of the organization that builds it. 

Distributed Monolith An anti pattern in which services are split at the code level but remain tightly 

coupled at runtime. 

 

Table 7. Glossary of key terms used throughout this article. 
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