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Abstract:

Application security today is defined by a fundamental imbalance. While vulnerabilities continue to be
disclosed in record numbers, adversaries who are now equipped with automation and artificial
intelligence convert these disclosures into working exploits within hours. Defenders, constrained by
patch and deployment cycles, often require days or weeks to apply fixes, if they’re applied at all. This
mismatch creates a persistent exposure window, leaving organizations vulnerable at precisely the
moment when attackers are most active.

Web Application Firewalls (WAFs) have long functioned as temporary mitigations within this window,
filtering malicious traffic until deeper fixes can be applied. Yet conventional WAF management is slow,
error-prone, and difficult to sustain at scale. Miggo Security’s WAF Copilot seeks to address these

challenges by combining predictive vulnerability analysis, runtime application context, and Al-driven
automation to generate case-specific WAF rules. These rules are validated in controlled environments
before deployment, promising to reduce exposure windows from days to minutes.

This paper presents a comprehensive analysis of the Miggo WAF Copilot solution, drawing from deep

product research combined with perspectives from industry experts. It situates the solution within the
historical role of WAFs, details its technical approach, and illustrates its operation through examples. It
also evaluates Miggo WAF Copilot’s strengths and differentiators while objectively acknowledging
concerns like performance, rule sprawl, operational integration, and cost. Expert perspectives are
synthesized to provide a balanced view of market perception, from optimism about automation to
skepticism about scope.

The paper concludes that WAF Copilot’s breakthrough contributions to application security include
narrowing exposure windows, reducing operational toil, and enabling organizations to focus on
longer-term fixes. It is not a comprehensive vulnerability management solution, It is a pragmatic advance

in runtime defense and a meaningful step toward the broader evolution of Al-augmented security.
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Introduction: The Exposure Window Problem

Modern application security is increasingly defined by velocity, and vulnerability disclosure has
accelerated dramatically. In 2023, NIST recorded more than 33,000 Common Vulnerabilities and
Exposures (CVEs), the highest number ever. By 2024, the total rose by another third, compounding the
backlog in the National Vulnerability Database. Each of these disclosures signals a potential weakness
in the global software supply chain.

At the same time, adversaries have adapted to exploit these opportunities with unprecedented speed.
Where exploit development once required days or weeks of reverse engineering, today automated
systems and Al models can generate proof-of-concept code within minutes of disclosure.
Cybercriminal communities routinely share payloads in private channels, further increasing the
availability of weaponized exploits. The net effect is that attackers can begin scanning for and
exploiting newly disclosed vulnerabilities in less than a day.

Defenders, by contrast, operate on slower timescales. Identifying whether a disclosure affects their
environment requires triage, testing, and dependency mapping. Applying a patch requires
coordination with developers, regression testing, and safe deployment through production pipelines.
Even highly mature organizations often take several days to apply fixes, while others require weeks.
The result is a persistent mismatch: attackers move in hours, defenders in days.

This interval is the exposure window: the period during which a vulnerability is known but not yet
remediated. Exposure windows are inevitable, but their length and frequency represent significant
organizational risk. The question is how best to reduce them.

Methodology

This paper employs a qualitative analysis approach, combining three sources of information.

First, it draws from product research of Miggo Security’s Application Detection and Response (ADR)
platform, its Predictive Vulnerability Database, and the WAF Copilot solution. This includes reviewing
marketing and technical material from Miggo, as well as demonstrations of the product.

Second, it incorporates expert perspectives. Four industry practitioners with backgrounds in
application security, penetration testing, and operations were consulted. Their comments highlight
both enthusiasm and skepticism regarding WAF Copilot’s approach. These views are anonymized and
generalized to avoid attributing positions to specific individuals.

Third, it integrates independent analysis. The author’s experience in application security program
design, developer engagement, and behavioral science informs the interpretation of how WAF Copilot
may fit into broader security practices.

The objective is not to deliver empirical testing results, but to situate WAF Copilot within its context: how it
functions, how it is perceived, and what implications it carries for security teams. Limitations include the
reliance on vendor-provided data and claims, as well as a current lack of longitudinal adoption studies.
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The Role of WAFs in Application Security

Origins and Purpose

Web Application Firewalls (WAFs) emerged in the late 1990s as specialized tools to filter malicious
HTTP requests. Their premise was straightforward: rather than relying solely on application
developers to implement defenses, organizations could deploy a protective layer at the perimeter. This
layer could inspect traffic, apply predefined rules, and block common exploits such as SQL injection
or cross-site scripting.

The appeal was immediate. WAFs provided organizations with a measure of security independent of

development timelines, offering protection even for legacy systems that could not be easily modified.
Over time, WAFs became standard components of enterprise architectures and were integrated into

cloud platforms such as AWS, Azure, Cloudflare, and Akamai.

Benefits

WAFs provide two enduring benefits. First, they act as buffers against automated attacks. By filtering
out low-effort probes and exploit attempts, they reduce the noise reaching application servers. This
allows security teams to focus on more significant threats. Second, they function as temporary
mitigations. When a new vulnerability is disclosed, a WAF rule can provide immediate coverage while
developers work on longer-term fixes such as patching libraries or redesigning insecure components.

Limitations

WAFs have always been constrained by their design. They depend on rule sets, which must be
carefully tuned. Overly broad rules can block legitimate traffic, disrupting business operations. Narrow
rules may miss attack variations, leaving applications exposed. Skilled attackers routinely bypass
filters by obfuscating payloads or exploiting logic flaws beyond WAF visibility.

Experts consulted for this study repeatedly emphasized that WAFs are band-aids, not cures. Used
correctly, they buy time. Overused, they become crutches that discourage investment in secure coding
and architectural improvements. Organizations that treat WAFs as substitutes for root-cause fixes risk
accumulating technical debt and facing more severe breaches later.

Contemporary Role

Today, WAFs are best understood as part of a layered defense strategy. They are neither panaceas nor
obsolete relics. Their value lies in reducing exposure windows and filtering noise. Their weakness lies
in incompleteness: they cannot address underlying vulnerabilities, nor can they replace secure
development practices.

Miggo WAF Copilot: CISO Analysis of Al-Driven WAF Rule Automation



Miggo WAF Copilot: A Detailed Analysis

Concept and Philosophy

Miggo WAF Copilot seeks to modernize WAF management. Rather than treating WAFs as static filters, WAF
Copilot treats them as dynamic instruments whose rules can evolve closer to real time. The philosophy is not
to replace the human-in-the-loop aspect, but to augment their skills with clear, relevant recommendations.
By automating the most time-sensitive, error-prone parts of WAF rule creation, WAF Copilot enables security
teams to focus on more of the strategic improvements necessary to mature their program.

This philosophy is reflected in the name: copilot, not autopilot. Organizations remain in control. WAF Copilot
suggests rules, validates them, and provides deployment options, but humans continue to make the final call.

Predictive Vulnerability Database

At the heart of WAF Copilot is Miggo’s Predictive Vulnerability Database (PVD). Traditional vulnerability
databases record metadata: affected packages, CVSS scores, and advisory links. PVD extends this by
analyzing vulnerabilities down to the function level, identifying the exact conditions under which they
become exploitable.

This additional context allows PVD to distinguish between vulnerabilities that are theoretically possible
and those that are practically exploitable in a given environment. This focus on exploitability reduces
noise, ensuring that WAF Copilot generates rules only for issues that matter.

AppDNA Runtime Context

PVD is complemented by Miggo’s AppDNA engine, which maps runtime application behavior. By
analyzing how applications process requests, AppDNA identifies attack paths and determines whether
vulnerabilities are reachable. This ensures that WAF rules are not generated for irrelevant issues, but
are aligned with actual exposure.

The WAF Copilot Process

The process by which WAF Copilot converts disclosures into rules unfolds in five steps:

1. Vulnerability Disclosure: WAF Copilot scans and ingests new vulnerabilities and exploitations,
including advisories from NVD, GitHub, vendor bulletins, and exploit feeds.

2. Analysis: PVD parses the vulnerability, identifies conditions of exploitation, and determines
reachability through AppDNA.

3. Rule Generation: WAF Copilot produces a case-specific rule tailored to the exploit vector.

4. Validation: Rules are tested in a dedicated “firing range” environment against both malicious
payloads and benign traffic.

5. Deployment: Validated rules are provided for one-click or deploy-as-code rollout.

Currently, organizations must review and promote rules themselves. A future roadmap item will allow
for automated deployment of validated rules, eliminating the human-gating step. Similarly, while rule
retirement is now manual, Miggo plans to automate this process once backend vulnerabilities are
patched and confirmed closed, addressing the risk of rule sprawl.
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Miggo’s Three-Phase Virtual Patching Lifecycle

// pHase 1: Intelligence Foundation

Building the Threat Knowledge Base

The system continuously ingests vulnerability data from authoritative sources (GHSA, NVD, vendor

advisories), enriching each CVE with:

e Active threat intelligence on public exploits and proof-of-concept code
e Al-powered root cause analysis that deconstructs the vulnerability's technical mechanics

e Exploitability assessment to determine WAF rule compatibility

This creates a living vulnerability intelligence database that doesn't just catalog threats—it
understands them deeply enough to generate defensive logic automatically.

/1 pHase 2: Context-Aware Risk Assessment

Understanding Your Actual Exposure

Rather than treating all vulnerabilities equally, the platform performs runtime application analysis to

establish ground truth:

¢ Network Reachability Analysis: Maps which hosts, domains, and ingress points actually
expose vulnerable workloads to external traffic

e Code Reachability Analysis: Determines whether vulnerable code paths are actively used in
production, eliminating noise from theoretical vulnerabilities in unused dependencies

e Blast Radius Mapping: Uses distributed tracing to understand lateral movement
potential—what databases, services, and cloud resources an attacker could reach if a
vulnerability were exploited

This context transforms a generic CVE advisory into a precise risk calculation specific to your

environment.

// pHAsE 3: Precision Protection Deployment

Tailored Mitigation with Continuous Refinement

Armed with both threat intelligence and environmental context, the system:
1. Generates Vendor-Specific Rules: Creates WAF rules optimized for your specific WAF platform

(Cloudflare, AWS WAF, etc.), targeting only the exposed workloads and endpoints that actually
need protection
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2. Validates Before Deployment: Tests rules in isolated sandboxes against both known exploits
and legitimate traffic patterns, ensuring they block attacks without disrupting business
operations

3. Deploys in Audit Mode: Applies rules to specific policies (zones, endpoints) in monitoring-only
mode to observe real-world behavior

4. Refines Through Feedback Loop: Analyzes matched events using a combination of security
analysts, Al-powered assessment, and customer feedback to tune rules, minimizing false
positives while maintaining protection efficacy

5. Activates Protection: Once rules reach steady state with acceptable false positive rates,
recommends transitioning to block mode for active threat mitigation

6. Manages Lifecycle: Continuously monitors application state; when vulnerabilities are
remediated through patching, automatically recommends rule retirement to reduce WAF

overhead and alert fatigue

Phase 1: Intelligence Foundation

CVE Feeds Threat Intel Al Root Cause Predictive
GHSA, NVD Exploits & PoCs Analysis Vulnerability DB

Phase 2: Context-Aware Risk Assessment [ § Runtime AppDNA Analysis

Network Reachability Code Reachability Blast Radius Mapping <

 Hosts & domains  Vulnerable code paths « Lateral movement Continuous
« Ingress points « Runtime usage « Service Access Feedback
o External exposure « Active dependencies + Cloud resource impact Loop

Phase 3: Precision Protection Deployment

Generate Validate Deploy Monitor Refine Activate

Tailored WAF Sandbox Audit Event Feedback Block
Rules Testing Mode Analysis Loop Mode

(9 Lifecycle Management Auto-retire when vulnerability remediated

IMAGE 1: Visual of Miggo Security’s Three-Phase Virtual Patching Lifecycle
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Examples: From CVE to WAF Rule

CVE-2025-24016 - Authentication Bypass in Wazuh Server (Python)

Context: A flaw in the /security/user/authenticate/run_as endpoint allowed attackers to
bypass authentication.

Risk: Unauthorized privilege escalation undermining core monitoring controls.

Rule: (
http.request.uri.path contains '"/security/user/authenticate/run_as"

and http.request.body.raw contains "\"__unhandled_exc__\":"

)

-

CVE-2024-53677 - File Upload Vulnerability in Apache Struts2 (Java)

Context: Unsafe handling of multipart form-data requests enabled malicious file uploads.

Risk: Arbitrary file upload with potential remote code execution.

Rule: (
http.request.method eq "POST"
and any(http.request.headers["content-type'"][*] matches
"(?2i)multipart/form-data')
and (
http.request.full_uri contains "top."
and (
http.request.full_uri contains "FileName"
or http.request.full_uri contains "ContentType"

)

CVE-2024-55661 — Remote Code Execution in Laravel Livewire (PHP)

reachable through Livewire endpoints used by the Pulse dashboard.

Risk: Full remote code execution, granting attackers control over the Laravel application and
potentially the host system.

Rule: (
http.request.uri.path matches "7A/livewire/message/.x"
and http.request.method == "POST"
and lookup_json_string(http.request.body.raw, "method") == "remember"

and lookup_json_string(http.request.body.raw, "params", 0) matches
"(29)\\+Illuminate\\+Support\\+Facades\\+.x|\\+App\\+.x"
)

-

Context: A flaw in Laravel Pulse (versions <1.3.1) allowed unsafe use of the remember() method,

/

These cases demonstrate WAF Copilot’s ability to generate precise, context-aware rules aligned with

specific exploit conditions.
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Strengths and Differentiators

Every security solution must be evaluated not only on what it does, but on how it compares to existing
alternatives. WAF Copilot demonstrates several distinguishing strengths relative to traditional WAF
approaches and to competing automation efforts.

Precision over Generalization

‘ ‘ Traditional WAF rule-writing often relies on generic signatures. For
example, a generic SQL injection rule might block any request
containing certain character sequences, regardless of context. This
approach captures many attacks but also creates substantial false
positives, as legitimate requests may resemble attack payloads.

WAF Copilot’s approach is different. By analyzing vulnerabilities down to the function level and
generating rules aligned with specific exploit conditions, it produces rules that are narrower but more
accurate. The examples discussed earlier demonstrate this: rules target requests containing specific
malicious parameters, not broad categories of traffic. This precision reduces false positives and
potential operational disruption.

Relevance through Exploitability

One of the most significant challenges in modern vulnerability management is volume. With tens of
thousands of CVEs disclosed annually, no organization can address them all. Therefore, the key is
prioritization: focusing on the subset that is actually exploitable in a given environment.

This is where WAF Copilot benefits greatly from Miggo’s Predictive Vulnerability Database and
AppDNA context. Rather than generating rules for every CVE, it generates them only for vulnerabilities
deemed exploitable within a particular runtime environment. This ensures that security teams are not
overwhelmed with irrelevant rules and that WAF protections align with real risk.

Validation for Confidence

False positives are a notorious source of friction in WAF deployments. When legitimate traffic is
blocked, organizations often respond by disabling or loosening rules, undermining the overall security
benefit of the solution. WAF Copilot’s validation process, in which each rule is tested against both
exploit payloads and benign traffic, is designed to increase confidence before deployment. While not
infallible, this process helps mitigate the risk that rules will disrupt business operations.

Integration and Accessibility

Currently, WAF Copilot supports all major WAF providers with seamless deployment options. A
roadmap item will expand these integrations further by enabling WAF Copilot to not only generate new
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rules but also evaluate existing rules, including vendor-recommended/managed rulesets (e.g., default
Cloudflare protections). This would further extend WAF Copilot’s role from creation to optimization.

Philosophical Alignment

WAF Copilot’s positioning as a “copilot” rather than “autopilot” reflects a strength in philosophy.
Security leaders are wary of ceding full control to automated systems. By keeping humans in the loop,
WAF Copilot strikes a balance: automation accelerates response, while humans retain oversight and

governance.

Operational Considerations and Open Questions

While Miggo WAF Copilot is designed for immediate operational value, several practical aspects
determine how organizations can best integrate it into their environments. These were consistently
raised in expert conversations and reflect areas where additional consideration will be needed.

Performance at Scale

Adding granular, exploit-specific rules naturally raises questions about potential performance impact
on high-traffic environments. Miggo’s validation process and selective rule targeting help minimize this
effect: rules are scoped to narrow conditions rather than broad traffic classes, keeping processing
overhead low.

Rule Sprawl and Maintainability

Dynamic rule generation introduces the need for disciplined lifecycle management, which can pose a
challenge for security teams. WAF Copilot incorporates this directly into its workflow by tracking
vulnerability remediation status and recommending rule retirement once the corresponding issue is
patched or confirmed closed. This mechanism prevents unnecessary rule growth and supports

long-term maintainability without manual cleanup.

Coverage Limits

Experts cautioned that organizations must not conflate WAF Copilot’s scope with comprehensive
protection. By design, WAF Copilot focuses on vulnerabilities that can be expressed through
web-traffic patterns. It does not address flaws invisible at the HTTP layer, such as business-logic or
in-application vulnerabilities. Organizations using Miggo’s broader runtime platform can extend
coverage through the ADR and Shield modules, which monitor and mitigate those deeper layers. In
this way, Copilot serves as the network-edge component of a multi-tier runtime defense strategy.

Human-in-the-Loop Requirements

Automation in security control tuning can raise governance concerns. WAF Copilot promotes a
human-in-the-loop model by default: every rule includes contextual explanation and validation results,
allowing teams to review before deployment. Automation levels should be adjusted to align with an
organization’s change-management and risk-acceptance policies, ensuring transparency and
operational control.
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Cost and Value Proposition

For organizations already paying for vendor-managed WAF services, WAF Copilot represents an
additional cost, however, the ROI can be significant as the WAF Copilot amplifies the investments with
exploit-specific, runtime-validated protection that vendor-managed rulesets typically can’t provide.

As with any tool, the question is whether the value justifies the expense. This will vary by organization.
For small teams without WAF expertise, WAF Copilot may represent significant value. For large
enterprises with mature WAF management, WAFs today don’t represent a first line of defense against
new CVEs. Therefore, for these types of organizations, the benefit may be less clear because using
WAF as a mitigation and virtual patch for new CVEs is a paradigm shift and may not be part of their
current workflow.

SOC Workflow Integration

Finally, experts raised concerns about how WAF Copilot integrates with security operations.
Generated rules produce logs and alerts that must be analyzed. If this adds to SOC workload without
clear processes for triage, it could increase friction rather than reduce it.

That said, Miggo WAF Copilot is built to streamline and integrate with the existing WAF-SOC workflow
while providing additional context in the form of rule logic and natural language reasoning. Today, the
SOC process is flooded with many alerts as existing WAF rules are often broad, targeting wide
patterns of vulnerabilities. This creates a lot of noise for SOC teams and makes it hard for them to
triage all of these alerts. Miggo WAF Copilot enables a more precise, target-specific vulnerability alert
list, generating less noise for the SOC analysts.

Over time, Miggo WAF Copilot will need to demonstrate just how it fits into various organizational
structures and improve the efficiency and efficacy of the triaging aspects of these workflows.

Overall Perspective

The industry’s view of WAF Copilot can be summarized as mostly optimistic.

Experts consistently described WAFs as only a slice of the application security pipeline. But within that slice,

“ Miggo WAF Copilot provides a much needed and meaningful
optimization, shrinking exposure windows and reducing manual
toil. Its precision and exploitability focus were widely praised as
improvements over traditional WAF practices.
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At the same time, some skepticism was evident as there were questions about whether narrow,
case-specific rules reduce enough attack noise to matter at scale. Others noted that penetration
testers and advanced attackers are rarely deterred by WAFs, suggesting that WAF Copilot’s impact
may be limited to commodity threats.

The consensus is that WAF Copilot represents an approach which is different from the way most
organizations are using their WAFs. Organizations without mature WAF expertise or with limited
resources can see the immediate value as it provides a safety net that would otherwise be absent. For
larger enterprises, who currently do not use their WAFs to reduce exposure to new CVEs, it represents
a paradigm shift in the way they currently work to prove its value.

Adoption will likely follow the typical technology adoption lifecycle: early adopters, attracted by the
promise of automation, will test WAF Copilot in production. Their experiences will inform whether the
broader market perceives it as a must-have capability or as a niche optimization.

For larger enterprises with dedicated WAF engineering teams, Miggo WAF Copilot could be a
force-multiplier, giving expertise and continuously updated intelligence with exploitability/runtime
reachability context. The upcoming features (e.g., infrastructure auto-discovery, rule retirement,
vendor rule analysis, false positive auto-tuning) represent even bigger differentiators than the current
precision of rule generation alone. That is why Miggo WAF Copilot is best understood as part of a
layered security strategy, helping organizations withstand the first wave of exploitation attempts,
creating breathing room for sustainable fixes and cultural shifts toward more secure engineering.

By automating the generation and validation of WAF rules, WAF Copilot seeks to transform WAFs from
static, manually tuned filters into dynamic instruments capable of rapid adaptation.

“ In doing so, it moves the role of WAFs from a reactive
afterthought to a proactive control aligned with the
tempo of modern threat activity.

In conclusion, Miggo WAF Copilot signals a shift in how defenders can leverage Al. Rather than
manually chasing attackers exploit by exploit, organizations can now begin to automate the most
time-sensitive defensive steps and reserve scarce human expertise for higher-order strategy and
remediation. If successful, Miggo WAF Copilot will not only improve WAF management, but also
demonstrate how Al-augmented runtime security can serve as a cornerstone in the evolving paradigm
of proactive, context-aware defense.
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