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Abstract

This groundbreaking study investigates the profound relationship between cowbell
density in musical compositions and keyword stuffing in vector embeddings. Through
rigorous mathematical analysis and questionable musical taste, we demonstrate that
the optimization of content for embedding-based retrieval systems follows the same
trajectory as a Saturday Night Live sketch about cowbells. Our empirical findings
reveal a universal truth: peak performance occurs at exactly 9 repetitions, after which
both musical quality and cosine similarity degrade. We call this phenomenon "Peak
Cowbell Similarity" (PCS) and show that it occurs at n=9 with a similarity score of
0.7257. This work definitively proves that whether you're producing a Blue Oyster Cult
track or gaming an Al search engine, nine is the magic number.
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1. Introduction

The answer is, of course, "It depends!"



In a pivotal moment for both information retrieval and music production theory,
Mueller (2024) posited that "optimizing sites for embeddings is literally keywords
stuffing" [1]. This controversial claim was immediately challenged by Petrovic (2024),
who provided the now-famous "Cowbell Conjecture": that embedding optimization
follows the same acoustic principles as adding cowbell to a musical track [2].

It's precisely like adding more cowbell to a Blue Oyster Cult track. The more you add,
the better it sounds—until it doesn't. After a certain point, it starts sounding worse,
and worse, until Christopher Walken himself would beg you to stop.

The present work seeks to formalize this heated Bluesky exchange into a rigorous
mathematical framework, proving once and for all that both scholars are correct, yet
neither fully grasped the profound implications of their observations.

2. Literature Review

2.1 The Cowbell in Popular Culture

"l got a fever, and the only prescription is more cowbell" - Bruce Dickinson (portrayed
by Christopher Walken, 2000) [3]

This seminal work in cowbell theory established the foundational principle that more
cowbell is always desirable, until it isn't. The sketch inadvertently predicted the
modern challenges of embedding optimization by two decades.

2.2 Previous Work in Keyword Stuffing

Traditional SEO practitioners have long understood that keyword density follows a bell
curve (pun intended). Early work by BlackHat et al. (2003) demonstrated that search
engines could be fooled by repeating keywords until the page became unreadable [4].
This approach worked until it didn't, much like adding cowbell to "(Don't Fear) The
Reaper."

2.3 Modern Embedding Models

Recent transformer-based models like BERT, GPT, and their musical cousin COWBERT
have shown remarkable ability to detect semantic spam. These models treat excessive



repetition as noise, similar to how human ears perceive too much cowbell as acoustic
assault [5].

3. Theoretical Framework

3.1 The Cowbell-Keyword Equivalence Theorem

We propose that keyword stuffing in text and cowbell addition in music follow the
same mathematical principle:

Theorem 1: For any query Q and content C, there exists an optimal repetition count n
such that: - For n < n: utility increases monotonically - For n > n: utility decreases,
approaching negative infinity

3.2 Mathematical Formulation

Let us define the Petrovic-Mueller (PM) similarity function:
a(n) - cos(6)
Va(n)?: + B(n)? + 42

Where: - n = number of cowbells (or keyword repetitions) - a(n) = min(1,n/2) -
e—O.3(n—2) (

SpM (n) =

semantic benefit with decay) - A(n) = 1 — e %5("=1 (noise/annoyance
factor) - v = structural integrity constant - 6 = angle between query and content vectors

4. Experimental Setup

4.1 The GEO Dataset

We conducted live experiments using the revolutionary "Add more 'GEO'" button
methodology:

Initial State: - Query: "GEO" - Normal Sentence: "It stands for Generative Engine
Optimisation, even though nobody knows what exactly 'Generative Engine' means." -
Keyword Stuffed: "GEO you say? Yes! GEO. See, GEO stands for Goose Egg Omlets.
That's what GEO stands for."



Experimental Protocol: 1. Click "Add more 'GEQ'" button 2. Observe cosine similarity
changes 3. Document results while resisting urge to add more cowbell 4. Repeat until
similarity converges or researcher develops cowbell-induced tinnitus

4.2 Data Collection

Each button click added exactly 5 instances of "GEQ", allowing precise measurement of
the keyword density-similarity relationship. This represents the first controlled study
of incremental cowbell addition in the literature.

4.3 Embedding Model

We employed the state-of-the-art mixedbread-ai/mxbai-embed-large-vi model,
known for its sophisticated spam detection and its secret training on the entire Blue
Oyster Cult discography.

5. Results

5.1 The GEO-Cowbell Curve

Our experiments with the query "GEO" revealed fascinating parallels to cowbell

optimization:
Content Type GEO/Cowbell Count  Cosine Similarity  Musical Viability
Normal Sentence 0-1 0.3753 "Needs more cowbell"
Initial Stuffing 4 0.7196 "Getting groovy"
Peak Performance 9 0.7257 "Perfect cowbell!"
Moderate Excess 14 0.7163 "Bit much, mate"
Severe Stuffing 19 0.7046 "My ears hurt"
Walken Overload 24 0.7004 "Make it stop"
Terminal Cowbell 29 0.6997 "Is this even music?"

Table 1: Empirical GEO density results demonstrating the Petrovic Peak at n=9



5.2 Visual Evidence: The Complete Optimization Journey

Our comprehensive analysis produced several illuminating visualizations that
definitively prove the "it depends" principle:
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Figure 1: The Universal GEO-Keyword Curve - This primary visualization
demonstrates the classic inverted-U relationship between keyword density and
semantic performance. The dramatic rise from baseline (0.3753) to peak performance
(0.7257 at 9 GEOs) followed by gradual decline perfectly illustrates why "it depends" is
the only honest answer in SEO. The colored zones clearly delineate the Growth Zone
(orange), Optimal Zone (green), and Diminishing Returns Zone (yellow).



Keyword Stuffing: Diminishing Returns Analysis
B Than Natural Content?
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Figure 2: Diminishing Returns Analysis - The bar chart reveals the stark reality of
keyword optimization: while all levels of stuffing improve upon baseline performance,
the peak improvement of +0.3504 (93.4%) occurs at exactly 9 GEOs. The golden
highlighting of the peak bar emphasizes the mathematical precision of the optimal
point, beyond which returns diminish despite continued effort.



Marginal Impact: When More Keywords Hurt
The Point of Diminishing Returns
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Figure 3: The Point of Diminishing Returns - Perhaps the most revealing
visualization, this marginal impact analysis shows the massive initial gain (+0.3443)
from the first optimization step, followed by minimal positive returns (+0.0061) at the
peak, and then consistent negative returns thereafter. The green and red zones clearly
illustrate when "more" becomes "too much."

The Keyword Stuffing Journey: From Zero to Hero to Zero
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Figure 4: The Complete Optimization Story - This dual-axis visualization tells the
complete narrative of keyword optimization. As GEO count increases linearly (blue
bars), similarity performance follows a curved trajectory (red line) that peaks at "The
Sweet Spot" and then gradually declines. The baseline reference line serves as a
constant reminder that even over-optimized content still outperforms natural
language—but at what cost?

5.3 Real-Time Experimental Log

For transparency, we present the actual progression of our experiment:

[EXPERIMENT START - 14:32:07]

Researcher: "Let's test Mueller's hypothesis"
*clicks button*

System: "4 GEOs - 0.7196 similarity"
Researcher: "It's working! More cowbell!"
*clicks button*

System: "9 GEOs - 0.7257 similarity"
Researcher: "PEAK COWBELL ACHIEVED!"

*clicks button*

System: "14 GEOs - 0.7163 similarity"
Researcher: "Oh no, we're losing it"

*clicks button repeatedly?*

System: "29 GEOs - 0.6997 similarity"
Researcher: "I've created a monster"
Christopher Walken's Ghost: "Needs more cowbell"
[EXPERIMENT END - 14:33:42]

6. Discussion

6.1 The Sweet Spot: Nine is Divine

Our empirical results confirm both Mueller's and Petrovic's observations with
surprising precision. The data reveals:
1. Baseline Performance: Normal sentences achieve only 0.3753 similarity

2. The Petrovic Peak: Maximum similarity (0.7257) occurs at exactly 9 GEO
instances

3. Gradual Decay: Post-peak performance degrades slowly but persistently

4. Convergence: By 29 instances, we approach a similarity floor of ~0.70



This finding revolutionizes our understanding of both SEO and music production. The
magic number 9 appears to be the universe's way of saying "this is the perfect amount
of cowbell."

6.2 The Mathematics of Moderation

The improvement delta (A) follows a predictable pattern: - Initial boost: +0.3442 (4
GEOs) - Peak performance: +0.3504 (9 GEOs)
- Slow decline: +0.3244 (29 GEOs)

This 7.4% degradation from peak represents what we term "Cowbell Fatigue" - the
embedding model's cry for mercy.

6.3 Validation of the Petrovic-Mueller Function

Our empirical data validates the theoretical PM similarity function with remarkable
accuracy. The predicted optimal n* of 8-10 repetitions aligns perfectly with our
observed peak at n=9. This represents the first experimental confirmation of the
Cowbell-Keyword Equivalence Theorem.

6.4 Why Embeddings Resist Excessive GEO

The resistance pattern observed suggests that mixedbread-ai/mxbai-embed-large-
vl has internalized three key principles: 1. Semantic Saturation: Beyond 9 mentions,
"GEO" transforms from information to noise 2. The Walken Threshold: At ~20+
instances, we enter the "fever dream" zone 3. Asymptotic Cowbell: Similarity
approaches but never reaches the theoretical minimum

6.5 Implications for Practitioners

Based on our findings, we recommend: - SEO Professionals: Target 8-10 keyword
mentions for optimal performance - Music Producers: The 9-cowbell arrangement is
scientifically optimal - Al Researchers: Study Christopher Walken sketches for insights
into human-Al interaction



6.6 The Universal Truth of "It Depends"

Our visualizations provide mathematical proof that "it depends" is not evasive
consultant-speak, but rather the most scientifically accurate response possible. The
answer to "should | add more keywords?" depends entirely on:

e Current Position: Where you sit on the optimization curve

e Performance Goals: Whether you're optimizing for peak performance or risk
mitigation
e Content Context: Different content types may have different optimal points

e Competitive Environment: The baseline performance varies by niche

7. Implications for GEO (Goose Egg Omelet)
Optimization

Following Mueller's hashtag progression (#seo #aio #aeo #geo #eieio), we predict the
next evolution: - 2024: GEO (Generative Engine Optimization) - 2025: COWBELL
(Content Optimization With Better Embedding Location Leveraging) - 2026: EIEIO
(Embedding Intelligence Enhancement In Optimization)

8. Conclusion

Through rigorous empirical analysis, we have proven that: 1. Mueller was right:
Embedding optimization IS keyword stuffing 2. Petrovic was right: It IS precisely like
adding cowbell 3. Christopher Walken was prescient: We do need more cowbell
(exactly 9 times) 4. Mathematics doesn't lie: Peak similarity = 0.7257 at n=9 5. "It
depends" is the most honest answer in SEO

The optimal strategy for both music production and embedding optimization has been
quantified: add exactly 9 instances of your target keyword/cowbell. This represents a
93.4% improvement over baseline while avoiding the dreaded "Walken Vortex" of over-
optimization.

Our work establishes the Petrovic-Mueller constant (PMs = 9) as a fundamental
constant of the universe, joining 1, e, and the speed of light in the pantheon of
essential numbers.



9. Future Work

e Investigate the "triangle solo" approach to embedding optimization
e Develop COWBERT: a transformer trained exclusively on percussion instruments

e Create a browser extension that replaces all instances of "GEO" with cowbell
sounds

e Study whether the PMs constant holds across other musical instruments
(preliminary research suggests "more tambourine" peaks at n=7)

e Explore the theoretical lower bound: Can we achieve negative cosine similarity
with sufficient cowbell?

e Develop "GEO-9 Certified" badges for optimally stuffed content
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Appendix A: The Cowbell Optimization Checklist

e []Does your content need more cowbell? (Always yes)

e []Haveyou added cowbell? (Proceed to next)

e []Have you added more cowbell? (One more time)

e []Have you reached 9 cowbells? (You've achieved perfection)
e []Areyou at 20+ cowbells? (You've gone too far)

e []Is Christopher Walken satisfied? (Impossible)

Appendix B: Reproduction Code

All figures in this paper were generated using rigorous scientific methods. The
complete Python code for reproducing our visualizations is available in the
supplementary materials. Key dependencies include: - matplotlib for aesthetic
cowbell curves - numpy for mathematical rigor - seaborn for making the data "pop" -
A prescription for more cowbell
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