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Abstract: Cryptographic algorithm implementation and pa-rameter detection represents a critical 

challenge in modern cybersecurity infrastructure assessment. This paper introduces AlgoScope, a 

comprehensive framework designed for automated detection, analysis, and parameter extraction from 

cryptographic implementations across heterogeneous software environments. The system employs 

advanced pattern recognition, machine learning-based classification, and rule-based analysis techniques 

to identify cryptographic algorithms, extract their parameters, and assess security implications. Our 

experimental evaluation demonstrates high accuracy in detecting 15+ cryptographic al-gorithms with 

96% precision and 94% recall across diverse code repositories. The framework integrates sophisticated 

reporting mechanisms, providing actionable insights for security auditors and developers. AlgoScope 

addresses the significant gap in auto-mated cryptographic security assessment tooling by providing both 

standalone and integrated analysis capabilities, making it a valuable asset for organizations 

conducting comprehensive security audits and compliance verification. 
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I. INTRODUCTION 

The proliferation of software systems employing crypto-graphic mechanisms has created substantial challenges for 

security assessment professionals. Organizations must verify that their software implementations utilize appropriate 

crypto-graphic algorithms with properly configured parameters. How-ever, manual inspection of cryptographic code 

across large codebases remains impractical due to scale and complexity. 

Traditional security auditing approaches rely on manual code review, which is time-consuming, error-prone, and unable 

to scale to modern development environments. Automated vulnerability scanners typically focus on known 

vulnerabilities and misconfigurations but lack the sophistication to identify cryptographic implementations and assess 

their cryptographic strength systematically. 

The motivation for AlgoScope emerges from three critical gaps in existing security assessment tooling: 

1) Detection Scalability: Existing tools cannot efficiently scan large codebases to identify cryptographic algorithm 

usage. 

2) Parameter Analysis: Current solutions lack comprehen-sive mechanisms for extracting and validating crypto- 

graphic parameters (key lengths, algorithms, modes of operation). 

3) Actionable Reporting: Most tools provide binary vul-nerability classification without detailed analysis of 

cryptographic implementation quality. 

Our primary contributions are: 
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Development of a sophisticated pattern recognition sys-tem for identifying cryptographic algorithm implementa-tions. 

Implementation of machine learning classifiers for cryptographic algorithm classification. Creation of com-prehensive 

parameter extraction mechanisms for crypto-graphic configurations. Design and deployment of multi-format reporting 

(JSON, PDF, HTML) for audit com-munication. Establishment of a REST API for integra-tion with existing security 

infrastructure. Demonstration of high-accuracy detection across diverse programming languages and frameworks.- 

 

II. LITERATURE REVIEW 

A. Cryptographic Algorithm Detection and Analysis 

Sung et al. [1] presented a systematic approach to identi-fying cryptographic operations through binary analysis tech-

niques. Their method utilized instruction sequence patterns and data flow analysis to detect algorithm implementations, 

achieving moderate accuracy on compiled binaries. However, their approach was limited to compiled code and could 

not extract algorithm parameters effectively. 

The work of Wang and colleagues [2] focused on identifying weak cryptographic implementations through taint 

analysis. They demonstrated that dynamic program analysis could iden-tify data flow vulnerabilities in cryptographic 

code, though their system required instrumented execution environments. 

Sheridan et al. [3] explored machine learning approaches for vulnerability detection in cryptographic implementations. 

Their neural network-based classifier achieved 91% accu-racy in identifying vulnerable patterns. However, their work 

concentrated on vulnerability detection rather than algorithm identification and parameter extraction. 

Recent research by Chen et al. [4] in cryptographic API misuse detection demonstrated that context-sensitive analysis 

could effectively identify improper cryptographic operations. Their tool, CryptoAPI-Check, utilized static analysis to 

detect parameter mismatches in cryptographic function calls, achiev-ing 93% precision. However, this approach was 

language-specific and could not identify algorithm variations. 

Nadi et al. [5] conducted empirical studies on cryptographic library usage patterns, identifying common 

misconfigurations across 100+ open-source projects. Their analysis revealed that approximately 45% of projects 

contained cryptographic misconfigurations, though they did not provide automated detection mechanisms. 

The work of Rahaman et al. [6] on Crypto-Guard demon-strated automated detection of cryptographic API misuse 

across the Android ecosystem. Their bytecode analysis ap-proach achieved 94% precision in identifying problematic 

cryptographic patterns, establishing strong precedent for our approach. 

Recent developments by De Groote et al. [7] in cryp-tographic constant extraction showed that program analysis could 

systematically extract cryptographic parameters from source code. Their techniques identified algorithm-specific 

constants and demonstrated feasibility of parameter extraction at scale. 

Whilst previous research established foundations for crypto-graphic analysis, significant limitations remain: Limited 

sup-port for diverse programming languages. Insufficient extrac-tion of cryptographic parameters beyond vulnerability 

identi-fication. Lack of integrated frameworks combining detection, analysis, and reporting. Absence of accessible 

tools for secu-rity practitioners 

AlgoScope addresses these limitations through comprehen-sive framework integration, supporting multiple 

programming languages, extracting detailed cryptographic parameters, and providing actionable reporting for security 

professionals. 

 

III. SYSTEM ARCHITECTURE 

The AlgoScope framework consists of five integrated sub-systems orchestrated through a central application server. 

 

A. Architecture Overview 

Figure ?? presents the system architecture diagram: 

Input: Source Code (Multiple Programming Languages) 
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Code Collection Module 

- File Discovery 

- Language Identification 

- Initial Filtering 

 

Pattern Matching Module 

- Regex-based Detection 

- Algorithm Identification 

- Confidence Scoring 

  

Feature Extraction Module 

- Parameter Identification 

- Context Analysis 

- Strength Assessment 

 

ML Classification Module 

- Algorithm Classification 

- Confidence Ranking 

- Pattern Refinement 

 

Reporting & Visualization 

- JSON Report Generation 

- PDF Report Creation 

- REST API Response Formatting 

 

Detection Results Output 

- Detailed Reports 

- API Responses 

- Audit Logs 

 

B. Detailed Component Descriptions 

1) Code Collection Module: The Code Collection Module performs initial repository analysis and preprocessing: File 

Discovery: Recursively traverses directory structures, identi-fying source files. Language Detection: Utilizes file 

extension and content analysis for language identification. Filtering: Excludes binary files, compiled objects, and 

dependencies. Encoding Detection: Determines character encoding and per-forms normalization 

2) Pattern Matching Module: The Pattern Matching Mod-ule implements algorithm detection through sophisticated reg-

ular expressions: AES (ECB, CBC, GCM, CTR modes). RSA (PKCS#1 v1.5, OAEP). Elliptic Curve (ECDSA, 

ECDH). 

Hashing algorithms (SHA-1, SHA-256, SHA-512, MD5). Stream ciphers (ChaCha20, Salsa20). Message authentication 

(HMAC, CMAC) 

3) Feature Extraction Module: The Feature Extraction Module identifies and extracts cryptographic parameters: Key 

size detection (128-bit, 256-bit, 4096-bit, etc.) Operating mode identification(ECB, CBC, GCM, CFB) IV/Nonce 

presence and size Parameter type classification 

4) ML Classification Module: The ML Classification Mod-ule employs supervised learning for enhanced detection: 

Fea-ture vectorization of detected patterns Multiple classifier en-semble (Random Forest, SVM, Neural Networks) 

Confidence scoring and threshold optimization Active learning for uncer-tain classifications 
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5) Reporting Module: The Reporting Module generates comprehensive audit reports: JSON output with structured 

detection results PDF reports with visualizations and recom-mendations HTML dashboards for interactive analysis 

REST API responses for programmatic access 

 

IV. PROJECT MODULES 

A. Module 1: Code Scanner 

1) Objective: Recursively scan source code repositories for cryptographic algorithm references. 

2) Input Data: Source code files in Python, Java, C/C++, JavaScript, Go, and Rust. 

3) Processing Steps: Directory traversal with language-specific file filtering. Line-by-line code examination. Pattern 

matching against cryptographic function libraries. Context preservation for parameter analysis. 

4) Algorithms Used: Regular expression matching (PCRE) Trie-based pattern searching Finite state automata for multi-

pattern matching 

5) Output Produced: List of candidate detections with source location and context. 

 

B. Module 2: Pattern Analyzer 

1) Objective: Refine candidate detections through contex-tual analysis and strength assessment. 

2) Input Data: Raw detection candidates with surrounding code context. 

3) Processing Steps: Context window expansion (5-10 lines around detection). Parameter parsing from function calls. 

Confidence score calculation. Security assessment based on algorithm and parameters. 

4) Algorithms Used: Context-sensitive pattern matching. Cryptographic strength evaluation. Boolean satisfiability 

(SAT) solvers for parameter validation 

5) Output Produced: Refined detections with parameter extraction and confidence scores. 

 

C. Module 3: Machine Learning Classifier 

1) Objective: Classify detected patterns into specific cryp-tographic algorithm categories using trained models. 

2) Input Data: Feature vectors extracted from source code patterns. 

3) Processing Steps: 

1) Feature vectorization (presence of keywords, parameter types, library calls) 

2) Preprocessing and normalization 

3) Ensemble classification across multiple models 

4) Confidence aggregation 

4) Algorithms Used: Random Forest (100 estimators). Sup-port Vector Machines (RBF kernel). Gradient Boosting 

(XG-Boost). Neural Networks (3-layer deep network) 

5) Output Produced: Algorithm classification with probability scores for each category. 

  

D. Module 4: Parameter Extractor 

1) Objective: Extract specific cryptographic parameters from identified implementations. 

2) Input Data: Classified algorithms with source code context. 

3) Processing Steps: 

1) Parse function call arguments 

2) Extract key sizes from specifications 

3) Identify operating modes 

4) Validate parameter consistency 

4) Algorithms Used: Abstract syntax tree (AST) parsing. Symbolic execution for constant folding. Type inference for 

parameter interpretation 

5) Output Produced: Structured parameter specifications with validation status. 



I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                          International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 9, April 2026 

 Copyright to IJARSCT DOI: 10.48175/568   329 

   www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 
E. Module 5: Report Generator 

1) Objective: Create comprehensive audit reports in multiple formats for stakeholder communication. 

2) Input Data: Complete detection results with parameters and assessments. 

3) Processing Steps: 

1) Aggregate detection results 

2) Generate summary statistics 

3) Create visualizations (charts, graphs) 

4) Compile recommendations 

5) Format output for target audience 

4) Algorithms Used: PDF generation (ReportLab). JSON serialization. HTML template rendering 

5) Output Produced: Audit reports in JSON, PDF, and HTML formats. 

 

V. METHODOLOGY 

A. Dataset Acquisition 

The evaluation dataset comprises 150 open-source repos-itories spanning multiple programming languages and do-

mains:Python: Django, Flask, Cryptography libraries (35 projects). Java: Spring Security, Bouncy Castle implemen-

tations (40 projects). C/C++: OpenSSL, libsodium, embed-ded systems (35 projects). JavaScript: Node.js crypto, 

Tweet-NaCl.js (25 projects). Go: Standard library implementations, third-party libraries (15 projects) 

Total code analyzed: 5.2 million lines of source code. 

 

B. Data Preprocessing 

1) Encoding Normalization: Convert all files to UTF-8 

2) Comment Removal: Strip comments while preserving logical structure 

3) Whitespace Normalization: Standardize indentation patterns 

4) Code Deduplication: Remove duplicate code sections 

 

C. Feature Extraction Strategy 

Features extracted from source code include: Presence of cryptographic library imports. Frequency of algorithm-

specific function calls. Parameter specification patterns. Context-based semantic features. Abstract syntax tree 

properties. 

  

D. Feature Selection Approach 

Applied Information Gain-based feature selection to re-duce dimensionality from 500+ potential features to 45 most 

discriminative features, achieving 98% information retention while reducing computational complexity. 

 

E. Model Training Pipeline 

1) Training/Validation Split: 70% training, 30% valida-tion 

2) Cross-Validation: 5-fold cross-validation for hyperpa-rameter tuning 

3) Hyperparameter Optimization: Grid search with Bayesian optimization 

4) Ensemble Methods: Voting classifier combining 4 base learners 

5) Threshold Optimization: ROC curve analysis for con-fidence thresholds 

 

F. Prediction/Detection Mechanism 

The system employs a two-stage detection pipeline: 

1) Stage 1: Rule-based pattern matching identifies candi-date algorithms 

2) Stage 2: ML classifier refines classification and provides confidence scoring 
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3) Stage 3: Parameter extraction validates cryptographic specifications 

4) Stage 4: Security assessment evaluates implementation strength 

 

G. Result Generation 

Results are compiled into comprehensive audit reports in-cluding: Detected algorithms with confidence scores. 

Extracted parameters and validation status. Security recommendations. Risk assessment and prioritization. Remediation 

guidance. 

 

VI. MATHEMATICAL FORMULATION 

A. Feature Vector Representation 

The feature vector for a detected code pattern is represented as: 

 

B. Classification Function 

The ensemble classification function combines multiple classifiers: 

where: 

C = set of cryptographic algorithm classes m = num-ber of base classifiers wi = weight assigned to classifier i 

(normalized)pi(c|x) = probability of class c from classifier i 

 

C. Confidence Score Calculation 

The confidence score for a detection is calculated as: 

Confidence(d) = α • pML(x) + (1 − α) • prule(c)  (3) 

where: pML(x) = ML classifier confidence, prule(c) = rule-based pattern confidence, α = weighting parameter (empiri-

cally set to 0.7) 

 

D. Accuracy Metrics 

Overall system accuracy is evaluated using: 

where each feature xi represents: Binary presence of algorithm-specific keywords. Count-based frequencies. 

Normalized contextual metrics 

Accuracy = TP + TN / TP + TN + FP + FN 

Precision =  TP / TP + FP 

Recall =  TP / TP + FN 

F -Score = 2 • Precision • Recall / Precision + Recall 

where TP = true positives, TN = true negatives, FP = false positives, FN = false negatives. 

 

VII. IMPLEMENTATION DETAILS 

A. Technology Stack 

 
TABLE I: Implementation Technologies 
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B. Key Dependencies 

scikit-learn: Machine learning models, tensorflow: Neu-ral network implementation ,flask: REST API framework, 

sqlalchemy: Database ORMreportlab: PDF generation, psy-copg2: PostgreSQL connectivity, regex: Advanced pattern 

matching 

 

C. Development Environment 

Operating System: Linux (CentOS 8+) and macOS (11+), Python Version: 3.9.x, 3.10.x, 3.11.x, Memory 

Requirements: Minimum 8GB RAM, Disk Space: 500MB for application + dataset storage, Network: Standard 

HTTP/HTTPS ports (80, 443) 

  

D. Hardware Specifications 

CPU: 4+ cores recommended for production deployment, RAM: 16GB recommended for concurrent analysis, Storage: 

SSD recommended for database performance, GPU: Optional NVIDIA GPU for accelerated ML inference 

 

VIII. EXPERIMENTAL SETUP 

A. Dataset Characteristics 

TABLE II: Dataset Statistics 

 
  

B. Training/Testing Split 

Training Set: 70% (105 projects), Validation Set: 15% (23 projects), Test Set: 15% (22 projects) 

 

C. Hyperparameter Configuration 

TABLE III: ML Model Hyperparameters 

 
 

D. Evaluation Metrics 

System performance evaluated on:Algorithm identification accuracy, Parameter extraction success rate, Execution time 

per repository, False positive/negative rates, Confidence calibration 
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IX. RESULTS AND ANALYSIS 

A. Detection Performance 

TABLE IV: Algorithm Detection Performance 

Algorithm Precision Recall F1-Score Count 

AES 0.97 0.96 0.965 412 

RSA 0.94 0.92 0.930 287 

SHA-256 0.96 0.95 0.955 356 

ECDSA 0.93 0.91 0.920 198 

MD5 0.91 0.89 0.900 145 

ChaCha20 0.92 0.90 0.910 89 

HMAC 0.95 0.94 0.945 267 

PBKDF2 0.94 0.93 0.935 156 

Bcrypt 0.96 0.95 0.955 124 

Argon2 0.92 0.91 0.915 87 

Overall 0.940 0.926 0.933 2,121 

TABLE V: Parameter Extraction Success Rates 

Parameter Type Success Rate Avg. Extraction 

Time 

Key Size 94.2% 2.3ms 

Algorithm Mode 91.8% 1.8ms 

IV/Nonce 

Present 

88.5% 1.5ms 

Padding Scheme 87.3% 2.1ms 

Key Derivation 85.6% 3.2ms 

Average 89.5% 2.2ms 

TABLE VI: System Performance Metrics 

 
 

B. Parameter Extraction Analysis 

C. Performance Benchmarks 

D. Comparative Analysis 

TABLE VII: Comparison with Existing Tools 
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E. Key Findings 

1) AlgoScope achieves 94.0% average precision across all algorithms tested 

2) The system successfully extracts 89.5% of cryptographic parameters 

3) Processing speed scales linearly with code volume 

4) Ensemble classifier outperforms individual models by 3-5% 

5) Parameter extraction improves confidence scoring by 12% 

 

X. ADVANTAGES OF THE PROPOSED SYSTEM 

A. Detection Accuracy 

AlgoScope achieves 94% precision and 92.6% recall, sig-nificantly exceeding comparable commercial and open-source 

tools. The ensemble ML approach combined with rule-based pattern matching provides robust detection across diverse 

coding patterns and styles. 

 

B. Comprehensive Parameter Extraction 

Unlike existing tools focusing primarily on algorithm identi-fication, AlgoScope systematically extracts cryptographic 

pa-rameters including key sizes, operating modes, initialization vectors, and padding schemes. This comprehensive 

extraction enables detailed security assessment beyond binary algorithm presence detection. 

 

C. Multi-Language Support 

The framework supports analysis across 5+ major pro-gramming languages (Python, Java, C/C++, JavaScript, Go, 

Rust), enabling organization-wide cryptographic assessment regardless of technology stack diversity. 

 

D. Scalable Architecture 

The modular design and efficient pattern matching algo-rithms enable analysis of million-line codebases within min-

utes. Parallel processing capabilities allow concurrent reposi-tory scanning, reducing total assessment time for large 

port-folios. 

 

E. Actionable Reporting 

Reports include detailed recommendations for crypto-graphic improvements, security strength assessments, and pri-

oritized remediation guidance. Multiple output formats (JSON, PDF, HTML) facilitate stakeholder communication 

across technical and non-technical audiences. 

 

F. Integration Capabilities 

The REST API enables seamless integration with existing security platforms, CI/CD pipelines, and development work-

flows. Docker containerization simplifies deployment across heterogeneous infrastructure environments. 

 

XI. LIMITATIONS 

1) Obfuscated Code: System cannot analyze obfuscated or encrypted source code 

2) Custom Implementations: Detection limited to known algorithm implementations and cannot identify novel 

cryptographic approaches 

3) Dynamic Code: Runtime code generation and reflection patterns may escape detection 

4) Performance: Large repositories (¿10M lines) may re-quire extended processing time 

5) Language Coverage: Additional languages require pat-tern library expansion 

6) False Positives: Cryptography-related comments and documentation may generate false detections 
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XII. FUTURE WORK 

1) Binary Analysis Integration: Extend detection to com-piled binaries and bytecode 

2) Dynamic Analysis: Implement runtime monitoring for cryptographic operation detection 

3) Configuration Extraction: Develop sophisticated tech-niques for extracting cryptographic configurations from 

deployment artifacts 

4) Deep Learning Enhancement: Employ transformer-based models (BERT, CodeBERT) for semantic code 

understanding 

5) Vulnerability Correlation: Link detected algorithms with known vulnerabilities and CVEs 

6) Automated Remediation: Generate code patches for detected cryptographic weaknesses 

7) Performance Optimization: Implement GPU accelera-tion for large-scale scanning 

8) Additional Languages: Extend support to COBOL, Scala, Kotlin, and other languages 

 

XIII. CONCLUSION 

This paper presented AlgoScope, a comprehensive frame-work for cryptographic algorithm parameter detection and 

analysis. Our system addresses critical gaps in automated security assessment tooling through: 

Experimental evaluation across 150 open-source projects totaling 5.2 million lines of source code demonstrates that Al-

goScope significantly advances the state of automated crypto-graphic security assessment. The framework provides 

security professionals with actionable intelligence for prioritizing re-mediation efforts and ensuring cryptographic 

implementation quality across heterogeneous software environments. 

As cryptographic implementations continue proliferating across modern software systems, tools like AlgoScope 

become increasingly essential for organizations managing security at scale. Future work will extend the framework 

with binary anal-ysis capabilities, dynamic analysis integration, and advanced machine learning techniques, further 

enhancing its value as a comprehensive security assessment platform. 
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