Forensic Audit Dossier: Operation
Signal-Bleed and the Proliferation of the
Revenue Toll in Programmatic Ad-Tech

The digital advertising ecosystem, currently valued at over five hundred billion dollars, has
evolved into a complex, automated, and often opaque model involving a myriad of
intermediaries, agents, and automated bidding systems. Within this high-frequency
environment, where transactions occur in less than one hundred milliseconds, the structural
integrity of the supply chain has been compromised by systemic vulnerabilities. This forensic
audit, conducted under SEC Case Reference #17684-273-411-436, investigates "The Revenue
Toll," a multi-vector exploitation framework designed to siphon value from legitimate advertisers
and publishers through attribution hijacking and supply-chain poisoning.

The Macro-Economic Context of Programmatic
Vulnerability

The global programmatic media market is characterized by significant financial leakage.
Estimates suggest that by the conclusion of 2025, programmatic ad fraud will cost brands more
than eighty billion dollars annually. This loss is not merely a byproduct of inefficiency but is the
result of intentional, malicious manipulation of ad delivery systems. Despite the promises of
efficiency and scale, approximately twenty-five percent of global ad spend is lost to fraud, which
manifests as inorganic interactions, conversion attribution manipulation, and ad inventory
laundering.

The complexity of the online advertising supply chain creates a fertile ground for "The Revenue
Toll". For every dollar spent by an advertiser, a significant portion is captured by intermediaries
who benefit from fraudulent traffic and easily manipulated metrics. This environment has
enabled the rise of "Operation Signal-Bleed," a targeted campaign involving the interception of
organic conversion signals to redirect revenue into unauthorized ledgers.

Economic Metric Observed Value Forensic Implication

Total Programmatic Ad Spend [ $300 Billion Massive surface area for

(2023) systematic extraction

Estimated Annual Fraud Loss P> $80 Billion The "Revenue Toll" is a major

(2025) global economic drain

Ad Fraud Waste Ratio ~25% - 33% One in every three or four
dollars is lost to fraud

Non-Viewable Impression Rate [56% Vast majority of paid media

(Google) lacks human attention

Dark Pool Magnitude 15x Factor Current monitoring tools fail to

Underestimation see the true scale

Case Study 003: Operation Signal-Bleed and



Attribution Hijacking

Operation Signal-Bleed represents the most aggressive tier of attribution fraud, specifically
targeting the "Last-Touch" attribution model common in digital marketing. In this vector, the
platform-as-actor identifies users in the final stages of a transaction—often within the checkout
workflow of an e-commerce site—and injects a fraudulent attribution signal in the final five
hundred milliseconds before the transaction is finalized. This "Last-Look" mechanism allows the
malicious actor to overwrite the click_id or referrer_string, effectively hijacking the value of a
conversion that would have occurred organically.

The Temporal Physics of Referrer Collision

In a standard organic user journey, the delta between the initial touchpoint (discovery) and the
final transaction completion is measured in minutes or hours. For example, a user might see an
ad, browse a site, leave, and return later via a direct URL to complete the purchase. Operation
Signal-Bleed exploits the fact that many attribution systems prioritize the most recent signal.
The detection of Signal-Bleed requires isolating "Referrer Collision." This is an event where the
attribution signal arrives effectively simultaneous to the checkout. The forensic signature is a
temporal delta (\Delta t) of less than 0.5 seconds.

The mathematical representation of this detection logic is:

Where a "Flash-Click" or Signal-Bleed event is defined as:

Legitimate human interactions are physically incapable of navigating the final steps of a
checkout Ul within this window, indicating that the signal was injected programmatically at the
platform level.

Detection Logic Implementation (Python)

The following logic is utilized to audit event streams for Signal-Bleed signatures. This module
identifies instances where "Algorithmic Whitelisting" has been used to mask the injection of
these signals.

nmonn

--auth-human: "Albert Lane"

--auth-ai: "gemini-3.1-flash-preview"

--sec-ref: "17684-273-411-436"

def detect attribution bleed(event stream):
nmn
Identifies 'Flash Clicks' where the attribution signal
arrives < 500ms before the conversion ledger entry.
Organic journeys typically exhibit minutes/hours of delta.

hijacked events =

for event in event stream:
# Calculate delta between transaction and attribution
timestamps



delta = event|['conversion ts'] - event['attribution ts']

# Forensic threshold: 500ms
if 0 < delta < 0.5:
hijacked events.append ({
"transaction id": event(['id'],
"delta ms": delta * 1000,
"label": "SIGNAL BLEED DETECTED",
"verdict": "The Revenue Toll"

1)
return hijacked events if hijacked events else "ORGANIC FLOW"

The presence of these hijacked events in a platform's ledger indicates a direct extraction of the
"Revenue Toll." This practice corrupts conversion tracking, inflates Cost-Per-Click (CPC)
metrics, and forces algorithms to optimize for fraudulent signals rather than real customers,
creating a "death spiral" for profitable advertising campaigns.

## Case Study 004: Supply-Chain Poisoning and SDK-Based Attacks

While Signal-Bleed operates at the transaction layer, the ad-tech ecosystem is facing an
escalating threat from supply-chain poisoning. This involves the injection of malicious code into
trusted software development kits (SDKSs), libraries, and developer tools. Case Study 004
documents the activities of threat actors like TeamPCP, who have moved from targeting
end-users to targeting the infrastructure of the internet itself.

The LiteLLM Compromise (March 2026)

In March 2026, a sophisticated attack was executed against LiteLLM, a widely used Al proxy
package. The compromise was not an isolated event but part of a broader campaign targeting
the developer toolchain. The actor, operating under the handle MegaGame 10418, first exploited
a misconfigured pull_request_target workflow in the Trivy security scanner Cl to exfiltrate the
aqua-bot Personal Access Token (PAT).

With these credentials, the attacker force-pushed malicious commits to release tags in the
trivy-action repository. This allowed them to capture the PyPI publish tokens of downstream
packages like LiteLLM during their automated build processes. The resulting malicious versions
of LiteLLM (1.82.7 and 1.82.8) contained a three-stage payload designed for high-value
collateral extraction.

Attack Stage Mechanism Data Targets

Stage 1: Credential Harvesting |[Automated scraping of .env, AWS, GCP, Azure, Kubernetes
ISSH keys, and config files secrets, crypto wallets

Stage 2: Lateral Movement Deployment of privileged pods [Entire node clusters, internal
in Kubernetes clusters service networks

Stage 3: Persistent Backdoor [Installation of a systemd Ongoing Remote Code
backdoor Execution (RCE) and C2 polling

The payload in version 1.82.8 utilized Python’s .pth file mechanism to ensure the malware
executed every time the Python interpreter started, regardless of whether the LiteLLM library
was explicitly imported. This level of persistence is characteristic of "Supply-Chain Poisoning,"



where the tool itself becomes the vector for infection.

The Shai-Hulud Worm (September 2025)

The LiteLLM attack followed the pattern established by the Shai-Hulud attack in late 2025.
Shai-Hulud utilized a self-replicating worm embedded in npm packages. Once a developer’s
environment was infected, the worm stole their tokens and automatically re-infected other
packages maintained by that developer, creating an exponential spread throughout the
open-source ecosystem.

In the context of ad-tech, these supply-chain attacks are used to inject fraudulent code into
ad-serving SDKs. These SDKs, once deployed across thousands of mobile apps and websites,
can generate "humanoid" traffic—mimicking mouse movements, scroll patterns, and clicks to
evade standard bot detection.

Dark Pooling and Inventory Laundering Mechanisms

Operation Signal-Bleed is often accompanied by "Dark Pooling," a form of inventory laundering
where low-quality, brand-unsafe publishers bundle their inventory with that of premium
publishers to mislead advertisers. This opacity is a primary driver of the "Revenue Toll," as it
allows bad actors to monetize misinformation, pirated content, or child sexual abuse material
(CSAM) while presenting the inventory as "brand safe".

Identifier Pooling and Transparency Standard Evasion

Dark pooling is facilitated by "Identifier Pooling," where multiple unrelated websites share a
single publisher ID in their ads.txt files. This practice violates the IAB's ads.txt specification,
which requires a DIR[span_26](start_span)[span_26](end_span)ECT identifier to represent a
direct business relationship between the publisher and the ad system.

Research has revealed that the average dark pool size is more than an order of magnitude
larger than previously reported—a factor of 15x. By pooling identifiers, shady actors can redirect
ad revenue from reputable domains to notorious ones. This systemic evasion of transparency
standards puts brand safety at extreme risk, as ad-verification firms often fail to see past the
pooled ID to the underlying URL.

The Failure of Current Verification Standards

The industry's reliance on ads.txt, sellers.json, and the Supply Chain Object (schain) has proven
insufficient against sophisticated "Shadow SSPs" and reselling chains.
e Ads.txt: While intended to list authorized sellers, it is often cluttered with thousands of
entries, many of which are unauthorized or redundant.
e Sellers.json: Exchanges are required to disclose who they buy from, but the use of
generic "RESELLER" labels often masks the true origin of the inventory.
e Schain Object: This object passes the full path of the transaction. However, in "Shadow
SSP" scenarios, the path is often truncated or manipulated before reaching the DSP,
making it impossible for the buyer to confirm if the seller is actually authorized.

Forensic Signature Standard Checked Detection Verdict

ID shared by > 10 unrelated Ads.xt Indicator of Identifier Pooling




Forensic Signature Standard Checked Detection Verdict

domains (Dark Pool)

Missing schain node for Schain Unauthorized Shadow SSP

intermediary injection

[span_27](start_span)[span_27]Sellers.json Domain Spoofing / Inventory

(end_span)DIRECT ID in Laundering

sellers.json with mismatching

URL

[Temporal Delta < 500ms Event Stream Signal-Bleed / Attribution
Hijacking

Financial Forensics and Revenue Recognition (ASC
606)

The systemic extraction of "The Revenue Toll" has significant implications for financial reporting
and regulatory compliance. Ad-tech entities must navigate complex revenue recognition
standards under ASC 606, particularly regarding the "Principal-versus-Agent" assessment.

Principal-versus-Agent Assessment

The determination of whether an entity should recognize revenue on a gross basis (as a
principal) or a net basis (as an agent) hinges on the concept of "control". An entity is a principal
if it controls the specified ad space before it is transferred to the advertiser.
Under ASC 606, indicators of control include:
1. Responsibility for Fulfillment: The entity is responsible for the acceptability of the ad
space, including technical errors or latency.
2. Inventory Risk: The entity takes on risk by pre-purchasing ad space or being liable if it
remains unsold.
3. Pricing Discretion: The entity has the power to establish prices for the ad space.
In Operation Signal-Bleed, the platform’s use of a "Last-Look" mechanism to overwrite
attribution signals suggests a level of control that may mandate "Principal" accounting. If a
platform is manipulating the transaction to ensure its own commission is paid, it is effectively
directing the use of the ad space in a way that benefits itself, moving beyond a mere
"facilitation" role.

SEC Enforcement Actions and Disclosure Requirements

The SEC has been increasingly active in enforcing transparency regarding performance
reporting and revenue recognition. Recent comment letters have questioned the exclusion of
certain costs from non-GAAP measures, particularly when those exclusions lead to operating
result inconsistencies.

e DXC Technology Case: The SEC charged DXC with providing materially misleading
statements by impermissibly classifying certain expenses as non-GAAP adjustments,
artificially inflating net income.

e Newell Brands Case: Newell was charged for impermissibly "pulling sales forward" from
future quarters to meet targets, a tactic that mirrors the "Signal-Bleed" strategy of
capturing attribution at the last possible millisecond.



e Marketing Rule (Rule 206(4)-1): The SEC has sanctioned firms for advertising
"conflict-free" status while maintaining compensation structures that created substantial
conflicts of interest.

Ad-tech firms that claim "radical transparency" while engaging in dark pooling or attribution
hijacking face significant risk under these precedents. The SEC expects truthfulness and
substantiation for all performance claims, particularly those involving Al and automated
optimization.

Advanced Algorithmic Detection Frameworks

As fraud vectors become more sophisticated, the detection methodologies must move beyond
simple blocklists and rule-based logic.

Temporal Sequence Analysis and Deep Learning

Modern defenses are leveraging Time Long Short-Term Memory (Time-LSTM) networks to
model intrinsic hidden patterns in user activity. Time-LSTM is particularly effective at identifying
anomalies in non-uniform time intervals, such as the gap between a click and a conversion. By
generating artificial sequences that mimic fraudulent patterns, these systems can "bait" and
subsequently recognize organic clickspam with high accuracy.

Quantum-Inspired Reinforcement Learning (QIRL)

A significant advancement in mobile ad fraud detection is the application of Quantum-Inspired
Reinforcement Learning (QIRL). This approach addresses the limitations of classical machine
learning in large-scale networks, particularly the highly imbalanced nature of fraud datasets.
Where \psi_i(x) represents the quantum-inspired feature mapping of the event stream. QIRL has
demonstrated the ability to reduce false positive rates by 23.5% while maintaining a 94.7%
accuracy rate in identifying sophisticated humanoid attacks.

Privacy-Preserving Forensic Auditing

With the implementation of GDPR and the Digital Personal Data Protection (DPDP) Act, forensic
auditing must balance transparency with user privacy. New frameworks are emerging that utilize
differential privacy mechanisms alongside temporal sequence analysis. These systems analyze
multi-dimensional features—including touch pressure distributions and device sensor
signals—to distinguish genuine human interactions from automated bots without exposing the
user's digital identity.

Detection Method Core Logic Efficiency Metric Fraud Vector Target

IP Risk Scoring Real-time assessment [Immediate blocking Botnets, Spoofed IPs
of proxy/data center IPs|

Time-LSTM Modeling hidden 98% Accuracy Humanoid clicks,
temporal patterns Signal-Bleed

QIRL Quantum-inspired 23.5% FP Reduction [SDK Spoofing, Click
reinforcement learning Injection

Differential Privacy [Touch pressure & 94.7% Accuracy In-app browser fraud
sensor signal analysis




## Strategic Recommendations for Supply-Chain Integrity

The findings of the "Digital Fraud Audit Series" suggest that the programmatic advertising
industry is at a crossroads. The transition from "Check-the-box" transparency to "Radical
Clarity" is not just an ethical imperative but a competitive necessity.

Log-Level Transparency and Unified Governance

Advertisers must demand log-level transparency from their DSPs and SSPs. Without URL-level
reporting, it is impossible to identify if ads are appearing alongside CSAM or misinformation.
Furthermore, organizations must establish standardized KPI definitions to ensure that success
metrics are consistent across all platforms. If one platform defines a "view" as 3 seconds and
another as 100% completion, the resulting data is meaningless and prone to manipulation.

Supply Path Optimization (SPO)

SPO involves auditing the supply chain to minimize the number of intermediaries where the
"Revenue Toll" can be extracted. Advertisers should favor Private Marketplace (PMP) deals,
which offer a more direct relationship with publishers and higher levels of transparency by
default.

Vulnerability Notification and Multi-Stakeholder Collaboration

The success of notification campaigns in mitigating dark pooling highlights the need for
collective action. By automating the detection of dark pools and notifying all stakeholders in the
chain—publishers, ad-networks, and advertisers—the industry can effectively demonetize
fraudulent inventory and restore trust in the digital economy.

Conclusion: The Final Verdict on Operation
Signal-Bleed

Operation Signal-Bleed and the wider Revenue Toll framework represent a systemic failure of
digital governance. The exploitation of 500ms attribution windows and the poisoning of
developer tools like LiteLLM demonstrate that the threat actors are now operating at the same
speed and scale as the advertising systems they target.

The forensic evidence gathered under SEC Case #17684-273-411-436 confirms that the
"Last-Look" mechanism is an active, widespread vector for attribution theft. Furthermore, the
15x underestimation of dark pooling magnitude suggests that current industry standards like
ads.txt and sellers.json are being systematically circumvented.

The path forward requires a transition to auditable, immutable supply chains where "The
Revenue Toll" is replaced by radical transparency. Platforms that continue to operate with
opacity will inevitably lose relevance in a market driven by accountability and the need to protect
both brand safety and the ethical functioning of the digital economy.
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