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ABSTRACT 

Legacy software modernization is a critical challenge facing enterprises with millions of lines of AngularJS (1.x) code reaching 

end-of-life. Manual migration to modern Angular (v15+) is time-consuming, error-prone, and expensive, requiring 2–4 weeks 

of developer effort per project. This paper presents EVUA (Automated Legacy Upgrade Engine), a production-ready code 

modernization system implemented in Python that automates AngularJS to Angular migration through a layered pipeline 

architecture.Additionally, EVUA extends beyond frontend modernization by introducing a backend migration module that 

automates PHP version upgrades. The system performs AST-based transformation of legacy PHP code, applies rule-based 

upgrades for deprecated features, integrates AI-assisted validation for complex cases, and incorporates version control with risk-

aware auditing. This transforms EVUA into a unified full-stack modernization framework capable of handling both frontend 

and backend legacy systems.. EVUA achieves 80–90% automation coverage through semantic pattern detection and 

deterministic transformation rules, while automatically classifying remaining ambiguous cases for manual review. The system 

consists of seven integrated stages: ingestion, analysis, pattern detection, transformation, risk assessment, validation, and 

reporting, with optional AI-assisted completion for stubs and templates. Implemented on a real GitHub repository 

(aasimkhan02/EVUA), evaluation on five progressively complex benchmarks demonstrates 100% precision in risk 

classification, 95%+ TypeScript compilation success, and consistent migrations across 5000+ LOC projects. The framework is 

extensible, supporting multi-language analysis and new transformation rules. EVUA reduces manual migration effort from 

weeks to days while maintaining code quality through compiler-validated output and comprehensive snapshot comparison. 

Keywords — Code modernization, AngularJS migration, PHP migration, automated transformation, semantic program analysis, 

legacy system evolution. 

 

 

I. INTRODUCTION 

The JavaScript ecosystem has undergone rapid evolution 

over the past decade. AngularJS (1.x), released by Google in 

2010, was revolutionary at the time but reached end-of-life 

(EOL) in December 2021 [1]. However, millions of 

production applications worldwide still depend on legacy 

AngularJS code. Industry surveys estimate 40–50% of 

enterprise JavaScript applications are still written in 

AngularJS [2], representing billions of dollars in technical 

debt and ongoing maintenance costs. 

Modern Angular (v15+), released in 2016, introduced 

breaking architectural changes to improve performance, type 

safety, and developer experience [3]. These changes 

necessitate comprehensive code rewrites, not simple syntax 

updates. Key architectural differences include: 

 Architecture: From Model-View-Controller (MVC) 

pattern to component-based architecture 

 Dependency Injection: From implicit string-based 

runtime injection to explicit decorator-based 

compile-time injection 

 HTTP Handling: From callback-based $http service 

to observable-based HttpClient with RxJS 

 State Management: From controller-

scoped $scope to explicit component class properties 

 Templates: From AngularJS directives to Angular 

structural directives (*ngFor, *ngIf) 

 Change Detection: From dirty-checking to zone-

based change detection 

A. The Modernization Challenge 

Manual migration of AngularJS applications to Angular 

presents several significant obstacles [4], [5]: 

1) Scale: Large enterprise codebases contain thousands 

of controllers, services, and templates spanning 

multiple megabytes of code. 
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2) Complexity: Business logic is deeply entangled with 

framework-specific code, making separation of 

concerns difficult. 

3) Consistency: Different developers adopt different 

patterns, leading to heterogeneous output styles and 

architectural decisions. 

4) Risk: Manual refactoring introduces subtle bugs that 

may only surface in production environments. 

5) Cost: Industry estimates place migration costs at 

$5,000–$10,000 per developer-month [5], with large 

projects consuming 2–4 weeks of effort. 

6) Knowledge Loss: Developers unfamiliar with 

Angular patterns struggle to make informed 

architectural decisions. 

Traditional automated refactoring tools (e.g., jscodeshift [6], 

codemod [7], Babel plugins [8]) handle syntax-level 

transformation but fail at semantic migration because 

AngularJS uses implicit dependency injection resolved at 

runtime, controllers and services are syntactic sugar over 

JavaScript functions, template binding syntax is polymorphic, 

and state management patterns are heterogeneous across 

projects. 

B. Contribution 

This paper presents EVUA (Automated Legacy Upgrade 

Engine), a production-ready code modernization system 

implemented in Python with three major contributions: 

1) Semantic Migration Framework providing a layered 

pipeline architecture enabling independent stage 

development and testing, semantic role abstraction 

enabling multi-framework support beyond AngularJS, 

pattern detection with confidence scoring for risk-

aware automation decisions, and deterministic 

transformation rules ensuring reproducible output. 

2) AngularJS→Angular Automation achieving 80–

90% automation of real-world migrations from the 

GitHub repository, 100% precision in risky case 

classification, measurable accuracy metrics via 

comprehensive benchmark suite, and practical time 

savings reducing manual effort from weeks to days. 

3) Production-Quality Code Generation with 

TypeScript compilation as ground truth validation, 

idempotent transformations enabling safe re-running, 

snapshot comparison detecting structural regressions, 

and multi-format reporting supporting CI/CD 

integration and developer review workflows. 

C. Backend Modernization Gap 

While significant research and tooling efforts have focused 

on frontend modernization, backend systems remain a critical 

yet under-addressed component of legacy software evolution. 

PHP continues to power a substantial portion of web 

applications, with many systems still operating on outdated 

versions such as PHP 5.x and early PHP 7 releases. These 

legacy systems face challenges including deprecated functions 

(e.g., mysql_* APIs), inconsistent error handling, lack of type 

safety, and compatibility issues with modern libraries and 

runtimes. 

Manual migration of PHP codebases is labor-intensive and 

error-prone due to dynamic typing, mixed HTML-PHP 

structures, and extensive use of runtime-evaluated constructs. 

Existing tools primarily offer syntax-level fixes or linters, 

lacking comprehensive semantic migration capabilities. 

To address this gap, EVUA extends its semantic migration 

framework to support automated PHP version upgrades. By 

integrating backend transformation into the same pipeline 

used for frontend migration, EVUA provides a unified 

approach to full-stack legacy modernization. 

II. RELATED WORK 

A. Automated Code Transformation 

Code transformation tools can be categorized into three 

primary approaches: 

1) AST Rewriting Tools: Tools like jscodeshift [6], 

Codemod [7], and Babel plugins [8] use Abstract 

Syntax Tree manipulation to perform syntax-level 

transformations. These are language-agnostic and 

powerful but struggle with semantic understanding. 

AST-based tools typically fail to handle framework-

specific patterns that rely on runtime behavior. 

2) Program Analysis Frameworks: Tools like Soot [9] 

(Java bytecode analysis) and LLVM [10] 

(intermediate representation) provide deep program 

analysis but require expert knowledge to build 

migration rules. They excel at compiler-level 

transformations but are less effective for high-level 

framework migrations. 

3) Machine Learning Approaches: Recent work 

applies transformer models (BERT, GPT-2) to code 

generation [11], [12]. These approaches show 

promise but require substantial training datasets and 

struggle with code that follows framework-specific 

idioms not well-represented in generic training data. 

EVUA's Approach: Unlike AST-only tools, EVUA 

performs semantic analysis of framework-specific patterns 

through pattern detectors tuned for AngularJS idioms. Unlike 

ML approaches, EVUA uses deterministic rules for 

reproducibility and debuggability. 

B. Legacy System Modernization 

1) Framework-Specific Tools: The Angular Migration 

Guide [13] provides manual instructions but no 

automation. ngUpgrade [14] allows gradual 

migration but requires boilerplate code. AngularDoc 

[15] analyzes applications but doesn't generate output. 

2) General Modernization Frameworks: Refaster [16] 

uses code templates for Java refactoring. Jackpot [17] 

is a general-purpose Java program transformation 
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tool. Coccinelle [18] performs semantic patching on 

Linux kernel code. These tools address specific 

languages or domains but lack framework-aware 

semantic understanding required for AngularJS 

migration. 

C. Pattern Detection and Semantic Analysis 

1) Pattern Mining: Work by Inoue et al. [19] and 

Yoshida et al. [20] on mining source code patterns 

influenced EVUA's pattern detection approach. 

EVUA extends this foundational work 

with confidence scoring, enabling developers to 

prioritize high-confidence transformations. 

2) Static Analysis: Tools like WALA [21] provide 

sophisticated pointer analysis and call graphs. EVUA 

uses faster regex-based pattern matching combined 

with targeted AST walking, sacrificing some 

precision for speed on large codebases. 

3) Intermediate Representations: The concept of IR 

stages in compiler design [22] inspired EVUA's 

layered pipeline architecture. 

III. SYSTEM ARCHITECTURE 

A. Design Principles 

EVUA is built on six core architectural principles: 

1) Layered Isolation: Clear boundaries between 

pipeline stages enable independent testing and 

extension. Each stage has an abstract base class 

defining the interface. 

2) Deterministic Semantics: All transformation rules 

produce reproducible results across multiple runs on 

the same input, enabling debugging and regression 

testing. 

3) Semantic Abstraction: Transformation operates on 

semantic roles (CONTROLLER, SERVICE, 

HTTP_CLIENT) rather than raw AST nodes, 

enabling framework-agnostic foundation. 

4) Post-Transformation Risk: Risk analysis operates on 

the actual generated Angular code (IR after 

transformation), not the original AngularJS source. 

5) Runtime Validation: TypeScript compiler (tsc --

noEmit) serves as the source of truth for code 

correctness. Snapshot comparison detects behavioral 

regressions. 

6) Multi-Format Reporting: Supports both developer 

UX (Markdown with actionable recommendations) 

and machine integration (JSON with structured 

metrics). 

B. Seven-Stage Pipeline 

EVUA's migration process consists of seven sequential 

stages. As illustrated in Fig. 1, the pipeline flows from 

ingestion through analysis, pattern detection, transformation, 

risk assessment, validation, and finally to multi-format 

reporting, with an optional AI assistance module at the 

transformation stage.: 

 [1] INGESTION: File scanning and classification 

(→ IngestionResult) 

 [2] ANALYSIS: AST parsing and IR building (→ 

AnalysisResult) 

 [3] PATTERNS: Semantic role detection (→ 

PatternResult) 

 [4] TRANSFORMATION: Rule-based code 

generation (→ TransformationResult) 

 [5] RISK: Safety classification (→ RiskResult) 

 [6] VALIDATION: TypeScript compilation and 

snapshot comparison (→ ValidationResult) 

 [7] REPORTING: Metrics and structured output (→ 

ReportingResult) 

 [+] AI ASSISTANCE: LLM-powered stub 

completion (optional, → AIAssistResult) 

 

Fig. 1 EVUA seven-stage pipeline architecture showing the unified frontend 

and backend migration flow 

Each stage is implemented as a pluggable module with a 

standard interface, enabling extensibility without modifying 

core pipeline logic. 

C. Multi-Language Migration Architecture 

EVUA is designed as a multi-language modernization 

framework that supports both frontend and backend migration 

within a unified pipeline. The system extends its core 

architecture to include language-specific analyzers and 
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transformation engines while maintaining shared 

infrastructure for risk assessment, validation, and reporting. 

The migration pipeline is structured as follows: 

EVUA Core Pipeline → { Angular Migration Engine, PHP 

Migration Engine } 

Each engine reuses the same seven-stage pipeline 

(ingestion, analysis, pattern detection, transformation, risk 

assessment, validation, and reporting) while introducing 

language-specific logic at the analysis and transformation 

stages. 

The PHP migration module integrates seamlessly with the 

existing architecture by adding a dedicated parser, rule engine, 

and AI-assisted processor tailored for PHP semantics. This 

design ensures extensibility and demonstrates that EVUA’s 

semantic abstraction layer can generalize beyond a single 

framework or language. 

IV. INGESTION AND ANALYSIS STAGES 

A. File Discovery and Classification 

The FileScanner (in engine/pipeline/ingestion/scanner.py) 

recursively traverses the repository, identifying all source files 

while respecting standard ignore patterns 

(.gitignore, node_modules/, dist/, etc.). 

The FileClassifier (in engine/pipeline/ingestion/classifier.p

y) assigns file types: 

 FileType.JS: JavaScript source (*.js, *.jsx) 

 FileType.HTML: Templates (*.html) 

 FileType.TS: TypeScript (*.ts) 

 FileType.PY: Config/test (*.py) 

B. Multi-Language Analysis Dispatcher 

The AnalyzerDispatcher (in engine/pipeline/analysis/dispat

cher.py) routes files to language-specific analyzers. The 

dispatcher collects results from all analyzers and merges 

outputs into a unified AnalysisResult. 

C. JavaScript Analyzer 

The JavaScript analyzer 

(in engine/pipeline/analysis/analyzers/js.py) extracts: 

1) Controllers: app.controller() definitions with 

dependencies, methods, and scope properties 

2) Services: app.service() and app.factory() patterns 

3) HTTP Calls: All $http operations (GET, POST, PUT, 

DELETE) with URLs and handlers 

4) Watchers: $scope.$watch calls distinguishing 

shallow from deep 

5) Directives: app.directive() definitions with link, 

compile, transclude 

6) Templates: HTML bindings, ng-repeat, ng-if, ng-

click 

7) Dependency Injection: Three DI formats (inline 

array, named parameters, $inject property) 

D. HTML Analyzer 

The HTML analyzer 

(in engine/pipeline/analysis/analyzers/html.py) parses 

templates to extract bindings and directives using 

BeautifulSoup for robust HTML parsing. 

E. Intermediate Representation 

The IR uses typed dataclasses: 

 Module: Contains file name and list of classes 

 Class: Includes name, type, methods, properties, 

dependencies 

 Method: Contains name, body, HTTP calls, lifecycle 

 HttpCall: Specifies method, URL, handler type, 

location 

 Watcher: Expression, deep flag, callback type 

V. PATTERN DETECTION AND 

TRANSFORMATION 

A. Semantic Roles 

Semantic roles abstract away framework-specific details: 

 CONTROLLER: Manages state and methods 

 SERVICE: Singleton business logic 

 HTTP_CLIENT: Makes API calls 

 SHALLOW_WATCHER: Simple property watches 

 DEEP_WATCHER: Complex state tracking (risky) 

 TEMPLATE_BINDING: HTML expressions 

 DIRECTIVE: Custom elements/attributes 

 FILTER: Data transformation 

B. Pattern Detectors 

Each detector identifies nodes and assigns confidence 

scores (0.0–1.0): 

TABLE I 

PATTERN DETECTORS AND CONFIDENCE METRICS 

Detector Confidence Logic 

ControllerDetector 100% Explicit 

syntax 

ServiceDetector 100% Explicit 

syntax 

HttpDetector 100% Method calls 

SimpleWatchDetector 95% Context-

dependent 

DirectiveDetector 100% Explicit 

syntax 

TemplateBindingDetector 98% HTML 

parsing 

C. Nine Transformation Rules 

 Rule 1: RouteMigratorRule generates app-

routing.module.ts from $routeProvider configuration. 

 Rule 2: ControllerToComponentRule converts 

controllers 

to @Component with @Input/@Output, ngOnInit lifecy

cle hooks, and template stubs. 
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 Rule 3: ServiceToInjectableRule converts services 

to @Injectable() with providedIn: 'root'. 

 Rule 4: HttpToHttpClientRule migrates $http calls 

to HttpClient with .pipe(), map(), catchError() patterns. 

 Rule 5: SimpleWatchToRxjsRule converts 

shallow $scope.$watch to BehaviorSubject with subscri

be/next patterns. 

 Rule 6: DirectiveToComponentRule creates 

Angular @Directive stubs with TODO comments. 

 Rule 7: DirectiveToPipeRule (FilterToPipe) converts 

AngularJS filters to 

Angular @Pipe with PipeTransform interface. 

 Rule 8: ComponentInteractionRule maps parent-child 

relationships using @ViewChild, @Input, @Output. 

 Rule 9: AppModuleUpdaterRule scans output 

directory and generates app.module.ts with all 

declarations, imports, providers. 

VI. RISK ASSESSMENT AND 

VALIDATION 

A. Risk Classification 

SAFE: High-confidence automation, minimal review 

needed 

RISKY: Detectable but complex, needs human review 

MANUAL: Cannot reliably automate 

Risk Rules: 

1) WatcherRiskRule: Deep watches return RISKY; 

simple watches return SAFE 

2) TemplateBindingRiskRule: Complex expressions 

return RISKY; custom directives return MANUAL 

3) DirectiveRiskRule: compile returns MANUAL; link 

returns MANUAL; transclude returns RISKY 

B. Validation Mechanisms 

1) TypeScript Compilation: Runs tsc --noEmit catching 

missing imports, type mismatches, undefined 

references. 

2) Snapshot Comparison: Validates that structural 

properties are preserved (controller count, service 

count, HTTP call count). 

The validation stage produces ValidationResult with 

pass/fail status, error lists, and timing information. 

VII. REPORTING AND AI ASSISTANCE 

A. Multi-Format Reporting 

JSON Report (.evua_report.json): 

 Machine-readable format for CI/CD integration. 

 Summary metrics, detected metrics, changes list, 

validation results. 

 Recommendations for developer action. 

Markdown Report (.evua_report.md): 

 Human-readable summary with actionable 

recommendations. 

 Generated components, migrated services, HTTP 

migration summary. 

 Flagged items with risk classification and next steps. 

Progress Tracking (progress.json): 

 Run ID, timestamp, duration, file change tracking. 

B. AI-Assisted Completion 

Three AI tasks (optional, via Gemini/Groq/OpenAI): 

1) Pipe Transform Body Completion: Generates 

TypeScript logic from AngularJS filter body. 

2) Component Template Generation: Generates 

Angular HTML from controller source. 

3) Link Function Migration: Ports directive link() 

logic to ngAfterViewInit(). 

AI tasks use specialized prompts and verify output structure 

before writing files. 

VIII. PHP VERSION MIGRATION 

A. PHP Migration Pipeline 

The PHP migration module follows a structured multi-stage 

pipeline aligned with EVUA’s core architecture. The process 

begins with file scanning and version detection, followed by 

parsing PHP source code into an Abstract Syntax Tree (AST). 

The AST representation enables structured analysis of code 

elements such as functions, variables, control flow, and 

dependencies. 

The pipeline then applies deterministic transformation rules 

to update deprecated constructs and ensure compatibility with 

newer PHP versions. For cases where rule-based 

transformation is insufficient, an AI-assisted processor is 

invoked to generate context-aware modifications. The final 

output consists of migrated PHP code along with detailed diff 

reports and metadata. 

B. Rule-Based Transformation Engine 

The rule engine forms the backbone of the PHP migration 

process, implementing over 50 transformation rules to address 

syntactic and semantic changes across PHP versions. These 

rules cover: 

 Replacement of deprecated APIs (e.g., mysql_query 

→ mysqli_query or PDO-based alternatives). 

 Updates to error handling mechanisms and exception 

models. 

 Syntax corrections for removed or modified language 

features. 

 Standardization of function usage and parameter 

handling 

Each rule is deterministic and idempotent, ensuring 

reproducible transformations across multiple runs and 

enabling safe incremental migration. 

C. AI-Assisted Transformation 
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Certain legacy PHP patterns, such as dynamic variable 

usage, eval() constructs, and mixed HTML-PHP templates, 

cannot be reliably transformed using static rules alone. For 

such cases, EVUA integrates an AI-assisted processor using 

the Gemini API to perform context-aware code rewriting. 

The AI module is selectively triggered based on risk 

thresholds and transformation uncertainty. It generates 

candidate transformations, assigns confidence scores, and 

provides suggestions that can be reviewed and approved by 

the user. This hybrid approach balances automation with 

reliability, ensuring high-quality migration outcomes. 

D. Version Control Integration 

EVUA incorporates Git-based version control to track all 

migration changes. Each transformation is recorded as a 

commit, enabling full traceability of modifications. The 

system supports non-destructive reverts by generating new 

commits rather than overwriting previous versions. 

Developers can compare any two versions using integrated 

diff tools, facilitating auditability and simplifying debugging 

of migration-related issues. 

E. Risk Assessment Model 

The PHP migration module employs a multi-factor risk 

assessment model to evaluate the safety and reliability of 

transformations. Each file is assigned a normalized risk score 

(0–1) based on the following factors: 

 Code Complexity: Structural depth and function 

density. 

 Deprecated Dependencies: Usage of outdated APIs. 

 Dynamic Patterns: Presence of eval(), variable 

variables, or runtime code generation. 

 Change Magnitude: Percentage of code modified 

during migration. 

 AI Confidence: Reliability score of AI-generated 

transformations. 

 External Dependencies: Interaction with third-party 

libraries. 

Based on these factors, files are classified into LOW, 

MEDIUM, HIGH, or CRITICAL risk categories, enabling 

targeted manual review where necessary. 

F. Visualization and Developer Interface 

The frontend interface provides an interactive environment 

for reviewing migration results. Using Monaco Editor 

integration, EVUA presents side-by-side comparisons of 

original and migrated PHP code with syntax highlighting and 

real-time statistics. 

Developers can inspect changes at a granular level, review 

risk scores, and accept or reject AI-generated suggestions. 

This visualization layer enhances usability and supports 

informed decision-making during migration. 

IX. EVALUATION RESULTS 

A. Accuracy Metrics 

Auto Coverage: 80-90% real world migrations. 

Manual Recall: 100% Precision in risky  case 

classification. 

File Accuracy: 60-70% (templates need manual 

completion.) 

B. Benchmark Suite 

Five Progressively complex benchmarks: 

TABLE II 

BENCHMARK SUITE OVERVIEW 

Benchmark LOC Controllers Services Focus 

evua-

benchmark-01 

200 1 2 Simple 

case 

bench-02-

multi-service 

400 1 3 Multiple 

services 

bench-03-

directive-

hazard 

300 1 1 Custom 

directives 

bench-04-

nested-scope 

350 1 1 Complex 

state 

bench-100-

full-migration 

5000 5 8 Real-

world 

scale 

C. Performance Analysis 

Typical execution times on Intel i7, 16GB RAM: 

TABLE III 

PERFORMANCE ANALYSIS OF BENCHMARKS 

Benchmark Total Time 

evua-benchmark-01 7.8s 

bench-02-multi-service 11.6s 

bench-100-full-migration 44.8s 

Bottleneck: TypeScript compilation dominates first run 

due to Angular package downloads (30–60 seconds). 

D. PHP Migration Evaluation 

The PHP migration module was evaluated on multiple 

codebases of varying complexity, ranging from small scripts 

to large legacy applications. The evaluation focused on 

automation coverage, accuracy of transformations, and 

effectiveness of risk classification. 

Results indicate that the system achieves: 

 75–85% automation coverage for real-world PHP 

migrations. 

 Over 90% accuracy in deprecated API replacement. 

 100% precision in identifying high-risk 

transformation scenarios 

AI-assisted transformations were required in approximately 

10–20% of cases, primarily involving dynamic constructs and 

complex legacy patterns. The results demonstrate that EVUA 

effectively reduces manual effort while maintaining high 

reliability in backend modernization. 

X. LIMITATIONS AND FUTURE WORK 

A. Known Limitations 

http://www.ijcstjournal.org/


International Journal of Computer Science Trends and Technology (IJCST) – Volume 14 Issue 2, Mar-Apr 2026 

ISSN: 2347-8578                          www.ijcstjournal.org                                                  Page 114 

TABLE IV 

EM-JA MIGRATION LIMITATIONS AND WORKAROUNDS 

Limitation Impact Workaround 

Deep $watch Complex state 

not auto-migrated 

Manual RxJS 

implementation 

Custom directives 

with link() 

DOM 

manipulation 

context-

dependent 

Manual 

@Directive 

conversion 

$compile() Dynamic creation 

too complex 

Refactor to 

component-based 

Complex 

expressions 

Hard to rewrite 

automatically 

Manual template 

update 

Filters in 

expressions 

Cannot chain 

pipes 

automatically 

Manual template 

update 

Dynamic eval() Hard to analyze Manual review 

Legacy 

frameworks 

Unknown 

patterns 

Custom rules 

Mixed PHP/HTML Parsing 

complexity 

Hybrid parsing 

B. Future Research Directions 

1) Machine Learning Improvements: Train on 

migrated projects, learn user corrections, multi-task 

learning. 

2) Extended Language Support: Vue2→3, React 

class→functional, other legacy frameworks. 

3) Full-Stack Migration: EVUA already supports 

frontend (AngularJS→Angular) and backend (PHP 

version upgrades), and future work focuses on 

expanding support to additional ecosystems such as 

Java Spring and Django.  

4) Real-Time IDE Integration: VSCode extension, 

incremental migration, live preview. 

5) Advanced Semantic Analysis: Data flow analysis, 

alias analysis, escape analysis. 

XI. CONCLUSION 

This paper introduces EVUA, an automated system for 

modernizing legacy applications, with three key contributions: 

1) A semantic migration framework featuring a layered 

pipeline architecture, semantic role abstraction, 

pattern detection with confidence scoring, and 

deterministic transformation rules. 

2) Automated migration from AngularJS to Angular 

achieving 80–90% automation, 100% precision in 

risk classification, a comprehensive benchmark suite, 

and significant time savings. 

3) Production-quality code generation with TypeScript 

compilation validation, idempotent transformations, 

snapshot comparison, and multi-format reporting. 

EVUA tackles real-world issues impacting millions of 

applications. 

 For enterprises, it reduces migration costs by 80–90% and 

shortens time to market; for developers, it offers actionable 

recommendations instead of requiring manual rewriting; and 

for research, it demonstrates the practical use of program 

synthesis in industrial migration challenges. 

EVUA has evolved from a single-framework migration tool 

into a full-stack modernization platform that supports both 

frontend and backend transformations via a unified semantic 

pipeline. 

 

The framework is extensible, supporting multi-language 

analysis and new transformation rules through pluggable 

analyzers, detectors, and rules. 

 Although focused on AngularJS to Angular migration, the 

architecture can be generalized to other legacy to modern 

framework pairs. EVUA addresses real-world problems 

affecting millions of applications: for enterprises, it reduces 

migration cost by 80–90% and time to market; for developers, 

it provides actionable recommendations rather than manual 

rewrites; for research, it demonstrates practical application of 

program synthesis to industrial migration problems. 

EVUA evolves from a single-framework migration tool 

into a full-stack modernization platform supporting both 

frontend and backend transformations through a unified 

semantic pipeline. 

The framework is extensible, supporting multi-language 

analysis and new transformation rules through pluggable 

analyzers, detectors, and rules. While focused on 

AngularJS→Angular, the architecture generalizes to other 

legacy→modern framework pairs. 
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