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Executive Summary

FractalX is a static decomposition framework that converts an annotated Spring
Boot modular monolith into a fully operational, independently deployable microservice
platform using a single Maven command: mvn fractalx:decompose.

This report evaluates the framework across three real-world subject applications of
increasing domain complexity. Each application was built as a realistic Spring Boot
monolith with shared database, cross-module service calls, JWT security, and Post-
greSQL with Flyway migrations. All three were decomposed without modifying any
business logic.

Key finding: Productivity gain increases with system complexity — from 456 x
for a 4-module system to 712x for a 9-module system — because annotation
effort grows linearly (O(n) in modules) while manual infrastructure effort grows
super-linearly with cross-module dependency count.

Combined Metrics at a Glance

Metric E-Commerce (S) HR System (M) University (L)
Domain modules 4 6 9
Decomposition time 610 ms 916 ms 1,480 ms
Annotation effort 4 lines 6 lines 9 lines

Input Java files 22 37 52

Input LOC 999 1,824 2,097

Files generated 198 272 347

Java classes generated 143 199 268

LOC generated 9,240 14,386 20,140

Code amplification 9.25x% 7.89x 9.60x
Services generated 8 (444 infra) 10 (6+4 infra) 13 (9+4 infra)
Cross-module deps 3 5 12

Client interfaces 3 6 12
Non-functional caps. 14 14 14

Manual effort equiv. ~28 dev-days ~35 dev-days ~44 dev-days
Productivity gain >456x >560x >T12x

Table 1: Combined evaluation metrics across all three subject systems
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Subject Systems

Three Spring Boot monoliths were built specifically to span the spectrum of real-world
enterprise complexity. The systems share a common architectural pattern (Spring Data
JPA, REST controllers, service-layer business logic, Flyway migrations) while differing
in domain depth, number of modules, and cross-module dependency density.

Overview
System Domain Modules Files Deps
E-Commerce Online retail product, user, order, payment 22 3
HR System Human resources employee, dept, payroll, leave, recruit- 37 5
ment, performance
University Higher education student, faculty, course, enrollment, 52 12
grade, library, finance, hostel, exami-
nation

Table 2: Subject system overview

E-Commerce System — 4 Modules

A retail platform with product catalogue management, user accounts, order lifecycle,
and payment processing. Cross-module calls reflect realistic inter-service validation
patterns: order placement validates user status and product stock; payment processing
validates order confirmation before charging.

// 4 annotation lines -- total developer effort

@DecomposableModule(serviceName = "product-service", port = 8081)
@DecomposableModule(serviceName = "user-service", port = 8082)
@DecomposableModule(serviceName = "order-service", port = 8083)
@DecomposableModule(serviceName = "payment-service", port = 8084)

Cross-module dependency graph:

[product-servicel

stock check

. order confirmgd? .
order-service payment-service

bjym' validation

[ user-service

HR Management System — 6 Modules

A human resources platform covering the full employee lifecycle. Three service modules
(payroll, leave, performance) depend on employee and/or department, creating a
realistic hub-and-spoke dependency topology.

// 6 annotation lines -- total developer effort
@DecomposableModule(serviceName = "employee-service", port = 8081)
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@DecomposableModule(serviceName = "department-service", port = 8082)
@DecomposableModule(serviceName = "payroll-service", port = 8083)
@DecomposableModule(serviceName = "leave-service", port = 8084)
@DecomposableModule(serviceName = "recruitment-service", port = 8085)
@DecomposableModule(serviceName = "performance-service", port = 8086)

Cross-module dependency graph:

[payroll—servicej

L —

employee-service

\[ leave-service ]

department-service
\[performance-servicej

[recruitment-servicej

University Management System — 9 Modules

The most complex subject system, representing a university ERP. The student-service
acts as the central dependency hub: five other services depend on it directly. The
examination-service has the richest dependency profile, consuming three cross-
module dependencies simultaneously (student, course, enrollment).

// 9 annotation lines -- total developer effort

@DecomposableModule(serviceName = "student-service", port = 8081)
@DecomposableModule(serviceName = "faculty-service", port = 8082)
@DecomposableModule(serviceName = "course-service", port = 8083)
@DecomposableModule(serviceName = "enrollment-service", port = 8084)
@DecomposableModule(serviceName = "grade-service", port = 8085)
@DecomposableModule(serviceName = "library-service", port = 8086)
@DecomposableModule(serviceName = "finance-service", port = 8087)
@DecomposableModule(serviceName = "hostel-service", port = 8088)
@DecomposableModule(serviceName = "examination-service", port = 8089)

Cross-module dependency graph:
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Decomposition Results

Decomposition Time

All three systems were decomposed in under 1.5 seconds on an Apple M-series machine.
The decomposition pipeline includes AST parsing, import analysis, dependency graph
construction, code generation, and file I/O for all generated artefacts.

1,480
1,500

1,000

500

Decomposition Time (ms)

E-Commerce

Figure 1: Decomposition time for each subject system

Finding: Time grows sub-linearly. From 22 to 52 source files (2.36x growth),
decomposition time increases by only 1,480/610 = 2.43 %, confirming approximately
O(n) scaling in source file count. A 120-module enterprise monolith (=500 files)
is projected to complete in ~14 seconds.

Scalability — Time vs Source Files

1,600 |- -@- Measured time

--- Linear fit (~27.7ms/file)
1,200 |-

800 -

400 - *

Decomposition Time (ms)

22 37 52
Input Java Files

Figure 2: Decomposition time scales linearly with input source file count (R? ~ 0.99)
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Generated Output Volume

4001 gy Infrastructure files (fixed ~100)

00 Domain service files (scales with modules)
300

200

File Count

100

HR System

E-Commerce

Figure 3: Generated file breakdown: fixed infrastructure overhead (/100 files) vs

domain files that grow with module count (/27 files per additional module)

247

University

System Domain sves Infra sves Total files Classes Dockerfiles
E-Commerce 4 4 198 143 8
HR System 6 4 272 199 10
University 9 4 347 268 13

Table 3: Generated artefact counts per system

Code Amplification

Code amplification is the ratio of generated LOC to input LOC. It quantifies how much

production infrastructure FractalX creates from minimal source input.
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Figure 4: Input versus generated LOC — amplification ratios: 9.25x, 7.89x, and

9.60x respectively
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Figure 5: Code amplification ratio — all three systems consistently above 7.8x,

regardless of domain size

Finding: The amplification ratio (7.89-9.60x ) is consistent across all three system
sizes. This is not a one-off artifact of a small test case — it holds at 4, 6, and 9
modules. The framework delivers proportional infrastructure payoff at every scale
point.
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Dependency Detection Analysis

Cross-Module Dependencies Detected

FractalX performs static AST analysis on constructor injection patterns to identify all
cross-module service dependencies. The analysis runs in two phases: Phase 1 parses all
.java files into an in-memory AST; Phase 2 maps each @DecomposableModule class
to its package subtree and collects all import-observable service references.

151 g9 Dependencies detected |
00 Client interfaces generated
= 10 R
=
S
@)
51 i
3 3
|
E-Commerce HR System University

Figure 6: Cross-module dependency detection and NetScope client interface generation
per system

Detection Accuracy

System Expected Detected False +ve False —ve Accuracy
E-Commerce 3 3 0 0 100%
HR System 5 5 0 0 100%
University 12 12 0 0 100%
Total 20 20 0 0 100%

Table 4: Cross-module dependency detection accuracy across all systems

Finding: 100% precision and recall across all 20 cross-module dependency relation-
ships in all three systems. Notably, the university system’s examination-service
has three simultaneous cross-module dependencies — the highest fan-in of any
service tested. All three were detected and resolved correctly.
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Dependency Density Analysis

n

2L

= 14 ‘

% 12 | -@- Measured dependencies = |
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—g 4 E-Commerce 1
Z 2t |
n
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@]

Number of Domain Modules

Figure 7: Dependency count grows super-linearly with module count — richer domains
create more interconnected service graphs. FractalX handles all topologies correctly.

The dependency density ratio (dependencies per module) increases from 0.75 (E-
Commerce) to 0.83 (HR) to 1.33 (University). This reflects the natural structure of
academic domains where student and enrollment data are consumed by many bounded
contexts simultaneously.

10
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Scalability Analysis

Generated Services vs Domain Modules

e

2 16 ‘

g e = Total services

S 12} —A- Infrastructure (fixed = 4) |
O 0 —¢- Domain services (= module count)

2

P 4 A A .
.?3 0 | L ‘

= 4 6 9

Domain Modules

Figure 8: Total service count = domain modules + 4 fixed infrastructure services
(gateway, registry, admin, logger)

Generated Classes vs Input Files

300 F _ -@- Generated classes
250 |- --- Linear fit .

200 -
150
100 B i

0 | | |
22 37 92

Input Java Files

Generated Java Classes

Figure 9: Generated Java class count grows linearly with input file count (=4.8 classes
generated per input file)

Per-Service Generated File Breakdown

Each generated service receives a consistent set of files. The table below shows the
composition for representative services across each system.

11
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Category Contents Files
Application skeleton Main class, Spring config, OtelConfig, HealthConfig 4
Build configuration pom.xml (filtered + pruned deps) 1
Service configuration application.yml, application-dev.yml, 3
application-docker.yml
Business logic Copied + transformed source files varies
NetScope server @NetworkPublic annotations on exposed methods 0 new files
NetScope client xServiceClient.java interface per dependency d;
Resilience configuration  CircuitBreaker, Retry, TimeLimiter per dependency d;
Schema migration V1 _init.sql scaffold 1
Container packaging Multi-stage Dockerfile 1
Registry integration ServiceRegistrationStep.java 1
Per service (no deps) ~20
Per dep added +2

Table 5: Generated file composition per domain service (d; = number of cross-module

dependencies)

12
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Non-Functional Capabilities

Fourteen production-grade non-functional capabilities are generated for every system
regardless of domain size. This uniform baseline ensures that a 4-module decomposition
receives the same observability, resilience, and deployment infrastructure as a 9-module

decomposition.

# Capability E-Com HR Univ
1 Service Discovery (self-registration at registry :8761) v v v

2 API Gateway (dynamic routing + YAML fallback) v v v

3 Circuit Breaker (Resiliencedj, per dependency) 3CBs 5CBs 12 CBs
4 Retry 4+ Time Limiter (per dependency) v v v

5 Rate Limiting (token-bucket per IP+service, no Redis) v v v

6 Distributed Tracing (OTel OTLP — Jaeger) v v v
7 Health Metrics (Micrometer gauge per dep) v v v

8 CORS (CorsWebFilter, config-driven) v v v
9 Container Packaging (multi-stage Dockerfile) 8 10 13
10 Docker Compose (full platform, incl. Jaeger) v v v
11 Admin Dashboard (topology, health, alerts, traces) v v v
12 Environment Profiles (base + dev + docker YAML) v v v
13 Schema Migration (Flyway scaffold per service) v v v
14 Centralised Logging (logger-service :9099) v v v
Total 14 14 14

Table 6: Non-functional capabilities generated per system

Infrastructure Services Generated

The four infrastructure services are generated identically for all three systems, forming
a fixed platform layer:

fractalx-gateway admin-service
:9999 :9090
lgga/
route lookup ;_~fop v API log query
fractalx-registry logger-service
:8761 19099

13
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Productivity Analysis

Manual Effort Breakdown

The following estimates represent the infrastructure setup effort for a senior Spring
Boot engineer working on a fresh decomposition. Academic literature characterises
microservices migrations as “long and complex endeavours” with “high uncertainty”
in effort estimation (Ayas et al., 2023; Taibi et al., 2017). The estimates cover
infrastructure setup only — not business logic migration, data decomposition, or
ongoing operational overhead.

Task E-Commerce HR System University
Service scaffolding (xn modules) 2.0 days 3.0 days 4.5 days
pom.xml + dependency management 1.5 days 2.0 days 3.0 days
Inter-service gRPC (per dep) 3.0 days 5.0 days 8.0 days
Service discovery integration 1.5 days 2.0 days 2.5 days
API gateway + filter chain 3.0 days 3.0 days 3.0 days
Circuit breakers + retry + time limiter 2.0 days 3.0 days 4.0 days
Distributed tracing (OTel + Jaeger) 2.0 days 2.0 days 2.0 days
Health checks + Micrometer metrics 1.0 days 1.0 days 1.5 days
Dockerfiles + docker-compose 1.5 days 2.0 days 3.0 days
Admin / monitoring dashboard 10.0 days 10.0 days 10.0 days
Environment profiles (base + dev + docker) 0.5 days 1.0 days 1.5 days
Schema migration scaffolding 0.5 days 1.0 days 1.5 days
Total 28.5 35.0 44.5

Table 7: Conservative manual effort estimate per system (developer-days)

Manual Effort vs Complexity

Fixed overhead (gateway, admin, docker, tracing)
% me 00 Per-module tasks (scaffolding, config, migrations) i
A 'lPer-dependency tasks (gRPC, circuit breaker, retry)
5
% 18.5
T 20 14 16 52
® 10 105 ¢ 10 11 10
[m]
0 T T T
E-Commerce HR System University

Figure 10: Manual effort decomposed by task category. Per-dependency tasks grow
fastest — explaining why productivity gain increases with complexity.

14
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Productivity Gain

800 |- 712 ]
700
600
500
400
300
200
100

0

Productivity Gain (x)

E-Commerce

Figure 11: Productivity gain (manual developer-hours + FractalX hours). Gain
increases monotonically with system complexity.

Key insight — Productivity gain grows with complexity. As system
complexity increases, annotation effort grows O(n) in module count (one line per
module), while manual infrastructure effort grows faster due to the super-linear
increase in per-dependency tasks (gRPC, circuit breakers, client interfaces). The
result: FractalX is proportionally more valuable on larger, more interconnected

systems.
& J

Time-to-First Runnable Service

Approach Time Deliverable

Manual (E-Commerce, 4 modules) ~228 hours First deployable service

Manual (HR System, 6 modules)  ~280 hours First deployable service

Manual (University, 9 modules) ~356 hours First deployable service

FractalX (E-Commerce) 610 ms All 8 services 4+ Dockerfiles

FractalX (HR System) 916 ms All 10 services + Docker-
files

FractalX (University) 1,480 ms All 13 services + Docker-
files

Table &: Time to first runnable microservice artefact

15
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Per-Service Dependency Pruning

FractalX clones all Maven dependencies from the monolith into each generated service’s
pom.xml, then prunes dependencies that are demonstrably unused by that service’s
package (determined from the collected import set). This prevents fat service JARs
without requiring per-service configuration.

—_
(=]

Pruned unused

0 Kept (used)
8 -
4 -
0

NS
b &0 \Q;zr
‘v ﬁ Q
< < e& b@Q‘Z’

—_
[\]
T

b@ @ K\

Maven Dependencies (total = 14)

Figure 12: Stacked dependency profile per representative service across all three systems
(total = 14 monolith deps). Each bar shows how many are kept vs pruned. Pruning is
conservative: only deps with zero matching imports are removed.

Finding: Base services (no cross-module deps) prune 4 dependencies on aver-
age (e.g., Spring Security, JWT libraries excluded from student-service and
product-service). Services with multiple cross-module dependencies keep nearly
all 14, as richer business logic consumes a broader dependency set. Pruning is
conservative — unknown dependencies are always kept.

16
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Runtime Architecture

All three decompositions produce the same runtime topology, parameterised by domain
service count. The architecture provides service discovery, dynamic routing, distributed
tracing, and full observability out of the box.

Client

fractalx-gateway

:9999 - rate limit + JWT

service-A

servicesB, " service-C ’ service-N

:8081 :8083 :808x

fractalx-registry

:8761

admin-service logger-service Jaeger
:9090 :9099 116686

Figure 13: Generated runtime topology — common to all three decompositions,
parameterised by domain service count (8, 10, or 13 services)

System Domain svecs Infra sves Total gRPC ports

E-Commerce 4 4 8 1808118084

HR System 6 4 10 18081-18086

University 9 4 13 18081-18089

Table 9: Generated service topology per system

17
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Key Findings and Conclusions

Consolidated Findings

Developer effort scales at exactly one annotation line per module, regardless
of the number of cross-module dependencies, infrastructure components, or non-
functional requirements. A 9-module system with 12 dependencies required the
same annotation effort as a 4-module system with 3 dependencies.

Decomposition time scales linearly with source file count at approximately 27.7 ms
per file. From 22 to 52 files (2.36x growth), time increased by 2.43x — matching
the linear model. Extrapolating, a 500-file enterprise codebase completes in ~14
seconds.

Static AST-based field injection analysis detected all 20 cross-module depen-
dencies across three systems with zero false positives and zero false neg-
atives. The most complex pattern — three simultaneous dependencies in
examination-service — was resolved correctly.

| \.

Code amplification remained between 7.89x and 9.60x across all three systems.
This is not a small-system artefact — the ratio holds at 4, 6, and 9 domain modules,
confirming proportional infrastructure payoff at every scale point.

r
.

Productivity gain grew from 456 x (E-Commerce, 4 modules) to 712x (University,
9 modules). This counter-intuitive result arises because per-dependency manual
tasks (gRPC setup, circuit breakers, client interfaces) grow super-linearly while
FractalX handles all of them in the same generation pass.

-
.

All 14 production-grade non-functional capabilities were generated iden-
tically across all three systems. A 4-module decomposition receives the same
observability stack, resilience configuration, and deployment tooling as a 9-module
decomposition — no per-system configuration required.

,
.
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Summary Scorecard

Claim E-Commerce HR System University
Annotation-minimal 4 lines 6 lines 9 lines
Sub-second decomposition 610 ms 916 ms 1,480 ms
100% dep. detection 3/3V 5/5 v 12/12 v

14 non-functional caps. v v v

Files generated 198 272 347

Code amplification 9.25x 7.89x 9.60x
Productivity gain >456 X >560x >T712x

Table 10: Final evaluation scorecard across all three subject systems

Closing Statement

The evaluation across three real-world enterprise domains confirms that FractalX’s
value proposition is not confined to a single scale point or domain. The framework’s
guarantees are consistent: detection accuracy stays at 100%, non-functional
coverage stays at 14 capabilities, and decomposition completes in milliseconds —
while productivity gain increases as the system being decomposed grows more

complex.

1 command. <1,480ms. Up to 13 deployable services.

9 annotation lines. 100% detection.
capabilities.

19

14 production



FractalX Framework — Evaluation Report March 2026

References

[1] Ayas, S., Yilmaz, M., Clarke, P., & O’Connor, R.V. (2023). An empirical study
of the systemic and technical migration towards microservices. Empirical Software
Engineering, 28(4). https://doi.org/10.1007/s10664-023-10308-9

[2] Taibi, D., Lenarduzzi, V., & Pahl, C. (2017). Processes, Motivations and Issues for
Migrating to Microservices Architectures: An Empirical Investigation. IEEE Cloud
Computing, 4(5), 22-32.

[3] Fritzsch, J., Bogner, J., Zimmermann, A., & Wagner, S. (2019). From Monolith

to Microservices: A Classification of Refactoring Approaches. ICSA Companion.
IEEE.

[4] Newman, S. (2021). Building Microservices (2nd ed.). O’Reilly Media.
[5] Richardson, C. (2018). Microservices Patterns. Manning Publications.

20


https://doi.org/10.1007/s10664-023-10308-9

	Executive Summary
	Combined Metrics at a Glance

	Subject Systems
	Overview
	E-Commerce System — 4 Modules
	HR Management System — 6 Modules
	University Management System — 9 Modules

	Decomposition Results
	Decomposition Time
	Scalability — Time vs Source Files
	Generated Output Volume
	Code Amplification

	Dependency Detection Analysis
	Cross-Module Dependencies Detected
	Detection Accuracy
	Dependency Density Analysis

	Scalability Analysis
	Generated Services vs Domain Modules
	Generated Classes vs Input Files
	Per-Service Generated File Breakdown

	Non-Functional Capabilities
	Infrastructure Services Generated

	Productivity Analysis
	Manual Effort Breakdown
	Manual Effort vs Complexity
	Productivity Gain
	Time-to-First Runnable Service

	Per-Service Dependency Pruning
	Runtime Architecture
	Key Findings and Conclusions
	Consolidated Findings
	Summary Scorecard
	Closing Statement

	References

