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Privacy regulation and adversarial fraud are usually treated as separate
problems in digital advertising. This abstract argues they are coupled through a
single mechanism: both act on the same signal-to-noise ratio that governs
algorithmic learning, but they act on opposite sides of the ratio, and only one side is
subject to legal constraint. The result is a structural paradox in which compliance
with the General Data Protection Regulation [1], the California Consumer Privacy
Act, and Apple's App Tracking Transparency framework measurably degrades the
learnability of conversion data even when the underlying fraud rate is held constant.

The marketing signal-to-noise ratio for a training corpus with fraud fraction f
can be written in closed form, following the information-theoretic treatment in [2]:

SNRy5(f) = 10logy (1 ;f )

here 1 — f is the power of genuine conversion signals and f is the power of

adversarially injected signals. Privacy regulation enters this expression through an
attenuation coefficient A € [0,1] applied exclusively to the genuine numerator. Bots
do not exercise consent rights, do not opt out of tracking, and do not clear cookies;
their signal power is invariant under privacy enforcement. Genuine users, by
contrast, are filtered by consent banners, ATT prompts, and Privacy Sandbox
aggregation, each of which removes a fraction of otherwise valid events before they
reach the training pipeline. The privacy-adjusted ratio becomes:

A1 -f)

SNRPZY (F,0) = 1010g10< 7

) = SNR4g(f) + 10logy,(A)
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The second term is strictly non-positive and depends only on the regulatory
regime, not on adversary behavior. At the ATT opt-in rate of roughly 25% reported
by Flurry [3], A = 0.25 and the additive penalty is approximately —6.0 dB. A
channel operating at a 10% fraud baseline, which would otherwise sit at a
comfortable +9.5 dB, is pushed to roughly +3.5 dB. Combine this with the 25%
lead-generation fraud rate documented by Anura [4] and the operating point
collapses to near —1.2 dB, crossing into the degradation zone identified in machine
learning label-noise studies [5]. The Angluin-Laird PAC bound [6] then implies a
sample complexity multiplier above fourfold, a penalty the advertiser pays without
any change in adversary activity.

The asymmetry is the point. Conventional surveillance-based fraud detection
scales its accuracy with the volume of user-level data it can ingest, so the same
regulations that lower A also weaken the defensive apparatus. Signal hygiene, which
validates the event rather than the user, is the only paradigm in which the defensive
signal is invariant under A. Server-side event validation, CRM reconciliation, and
aggregate conversion-distribution anomaly detection operate on properties that
survive consent filtering because they do not depend on individual identification.
This aligns with the Measure stage of the M.A.T.H. Framework [7] and with the
API-native reference architecture for automated decision loops proposed in [§], both
of which treat data integrity as a precondition rather than a post-hoc correction.

Two implications follow. First, reported fraud rates understate the learnability
penalty imposed on advertisers in privacy-regulated markets, because the
denominator of the SNR is measured while the numerator is silently attenuated.
Second, the regulatory paradox dissolves only under event-level verification: any
defense that requires user-level surveillance is structurally incompatible with the
direction of privacy law and will continue to lose ground as A declines. Empirical
estimation of A by channel and jurisdiction, and calibration of the privacy-adjusted
SNR against verified revenue data, are the natural next steps for quantitative work
in this area.
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