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Who This Is For

« Instructors who want measurable progress for students without replacing the teaching relationship
 Serious players who want faster improvement while keeping full ownership of every decision and every stroke

« Organizations (leagues, academies, associations, manufacturers) exploring fair, human-centered Al tools for
training and development

Key Claims

1. Continuous, high-resolution diagnostic feedback (Tandem) accelerates skill acquisition and raises intermediate
performance ceilings relative to intermittent human-only coaching.

2. The partnership is deliberately asymmetric: Al supplies scale and diagnosis; the human retains executive
decision, motor command, and competitive meaning.

3. After a graduation point of transhumanism, Total Integration via neural coupling can deepen the partnership
further—only if agency-preserving constraints remain non-negotiable.

4. Pocket billiards is an especially favorable test bed: clean physics, measurable outcomes, rich tactics, and existing
instructional infrastructure.

Author Credentials

Todd Morgan Shirley holds a Bachelor's degree in Chemistry from the University of California, Santa Cruz (UCSC), with an emphasis in
instrumental analysis. His professional career in chemistry has spanned trace detection of explosives, narcotics, and chemical warfare agents;
high-altitude and micro-gravity complex gas analysis; air-quality monitoring and instrument calibration; Phantom Works YAL-1; SOCOM
applications; Sandia National Laboratories projects; and autonomous systems development at Naval Surface Warfare Center (LASR building).
Extensive martial arts credentials. Leading Pacific Northwest billiards instructor (PBIA Certified, Billiards University Senior Instructor, ACS
Level 2). Based on Bainbridge Island, Washington. The ANTI Framework was created and formed by Todd Morgan Shirley on October 11,
2026.

“Precision measurement taught me that feedback without calibration is noise; martial arts taught me that pressure
without agency is collapse; faith in God and a lived spirituality taught me that the table is more than a game—it is a
metaphor for life, a mirror for self-examination, and a way of being more fully in the world. ANTI is the framework that
joins them.”

— Todd Morgan Shirley

Abstract

This paper presents the Artificial Natural Tandem Intelligence (ANTI) Framework, created by Todd Morgan Shirley, and applies it to
high-level pocket billiards. In the present Tandem phase, Artificial Intelligence and Natural Intelligence operate as complementary
partners: Al supplies continuous diagnosis, simulation, and adaptive practice design through external technologies (VR/AR, cue
sensors, computer vision, biometrics), while the human retains full executive control. lllustrative mathematical models—Ilogistic skill
growth, coupled skill—clarity—pressure systems, multivariate shot-class dynamics, reaction—diffusion skill density on the table, and
Bayesian updating—formalize the hypothesized mechanisms, with worked numerical examples. In the later Total Integration phase,
reached after a graduation point of transhumanism, high-bandwidth neural coupling enables continuous SAI participation while
agency-preserving constraints keep motor commands and competitive intention in the human. A ten-dimension phase comparison
with pros and cons, fairness principles, and organizational financial analysis complete the exposition. All conceptual content
originated with Todd Morgan Shirley.

1. Introduction
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In plain English: Al can help you improve faster at pool—but you still make every decision and every stroke.

Pocket billiards is a domain in which millimeter-scale variations in cue angle, tip offset, speed, and spin produce large
differences in outcome. Elite performance depends on perceptual judgment, motor precision, strategic pattern recognition, and
psychological resilience. Traditional pathways rely on Natural Intelligence (NI)—the human player's own perception, judgment,
and feel—augmented by human coaching and are bandwidth-limited. The ANTI Framework introduces a structured
partnership with Artificial Intelligence that expands both the rate and the attainable ceiling of improvement while preserving
human executive control.

Todd Morgan Shirley defined two successive readings of the acronym. Artificial Natural Tandem Intelligence describes
current collaboration of distinct Al and NI systems, supportable by external wearable and optical technologies. Artificial
Natural Total Integration anticipates a future state in which human, advanced Al (SAl — super or advanced artificial
intelligence capable of real-time multi-horizon simulation), and robotic systems operate as a more unified cognitive-motor
whole after a graduation point of transhumanism—enabled by high-bandwidth neural interfaces while human agency remains
central.

2. Framework Definitions

In plain English: Tandem = a tireless coach that never takes the cue. Total Integration = the same idea, closer to the
body—still your decision.

2.1 Present Phase — Artificial Natural Tandem Intelligence

Al and NI remain distinct yet tightly coordinated. Al supplies data scale, pattern recognition, simulation, and continuous
diagnosis. NI supplies contextual feel, pressure management, creative adaptation, and final executive decision plus embodied
execution. The relationship is asymmetric by design: Al amplifies; the human steers.

Layer Core Strength Role in Billiards Tandem
Artificial (Al) Data scale, pattern recognition, simulation, Shot libraries, leave analysis, error diagnostics, opponent
continuous monitoring modeling, adaptive drills
Natural (NI) Contextual feel, pressure management, creative  Final shot selection, stroke execution, match
adaptation, intentionality temperament, competitive meaning

Table A. Complementary roles of Artificial and Natural Intelligence in the Tandem phase.
2.2 Evolved Phase — Artificial Natural Total Integration

After a graduation point of transhumanism, boundaries between human cognition, SAIl, and robotic/sensorimotor embodiment
become deliberately permeable via high-bandwidth neural interfaces. The artificial layer participates continuously at perceptual
timescales while the human remains the locus of intention and meaning.

2.2.1 Agent Architecture of the Tandem Partnership

Two-agent system under human authority. In architectural terms the Tandem phase is a coordinated multi-agent
system. The Al agent continuously perceives table state and biomechanics, maintains predictive models, and
proposes actions or diagnostics. The human agent holds exclusive rights to intention formation, final action selection,
and motor command. Communication is asymmetric by design: the Al agent may inform, rank, and simulate; it may not
issue the stroke. A thin interface layer (sensors, vision, overlays, later neural channels) mediates the exchange without
collapsing the two agents into one. This architecture scales from external devices today to neural coupling tomorrow
without violating the agency constraint that defines the framework.

2.3 Side-by-Side Comparison: Tandem vs Total Integration

Table 1. Comparison of ANTI developmental phases across ten dimensions.

Dimension Tandem Phase Total Integration Phase

Al-human relationship Distinct partners; asymmetric collaboration Permeable boundaries; continuous co-presence
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Primary coupling medium External devices (VR/AR, sensors, vision, High-bandwidth neural interfaces

biometrics)
Information flow Episodic / on-request overlays and diagnostics Continuous, low-latency readout and write-in
Latency character Human decision timescale (seconds) Perceptual timescale (tens—hundreds of ms)
Motor command origin Exclusively human Exclusively human (agency constraint retained)
Phenomenology External advisor / coach-like partner Enhanced intuition / extended mind
Optional / removable Yes — devices can be doffed at will User-controllable; full suspend required
Skill-atrophy risk Moderate if self-diagnosis neglected Higher if integration-off intervals omitted
Competitive status Generally permissible with transparency Likely restricted until fairness norms established
Technology readiness Near-term / currently deployable Speculative; multi-stage graduation path

Table 2. Pros and cons of each phase relative to ANTI Framework design goals (accelerate skill; preserve human agency).

Tandem Phase Total Integration Phase

Pros » Deployable with current or near-term hardware » Continuous support at perceptual timescales

« Devices fully optional and removable » Deeper predictive / intuitive integration

 Clear human executive control « Potentially larger performance ceiling

 Lower skill-atrophy risk when used well « Kinesthetic and regulatory channels available

« Easier competitive acceptance « Adaptive value alignment over long periods

« Lower cost and regulatory burden * Shared representational space possible

 Episodic rather than continuous support * Technology still speculative

* Overlay latency and attention switching « Surgical or chronic risk for invasive options

« Limited to external sensing bandwidth  Higher skill-atrophy risk without off-intervals

« Self-diagnosis still required when devices off « Fairness, consent, and access concerns

* Hardware management and calibration overhead « Likely competitive restrictions for years

* Privacy and neural-data security issues

2.4 Instrument Analogy — From Analytical Chemistry to the Table

Calibration loop «~ Tandem diagnosis. In instrumental analysis a reliable measurement requires baseline
characterization, signal acquisition, comparison against a standard, and recalibration when drift appears. The ANTI
Tandem phase applies the same logic to the stroke: sensors and vision establish a quantitative baseline; the Al layer
compares against known patterns; feedback returns within seconds; the human decides the adjustment—just as the
analytical chemist interprets a chromatogram.

3. Practical Application of ANTI Tandem

In plain English: In everyday terms: the Al watches, measures, and suggests; you still choose and shoot.

Enabling hardware (all external and optional): VR/AR glasses for shot-line and leave overlays; cue-mounted inertial and
contact sensors for elevation, tip offset, and follow-through; multi-angle computer vision for table-state encoding; biometric
sensors for arousal estimation. Workflows include real-time stroke diagnosis, leave optimization with AR path overlays,
adaptive drill sequencing driven by Bayesian success estimates (updating beliefs about shot success as new results arrive),
pressure/arousal calibration via progressive exposure, and opponent-pattern capture with structured debriefs. Al measures
and predicts; the human decides and executes.

3.1 Hero Scenario — A Single Critical Leave
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Consider a 9-ball match situation: the player has ball-in-hand after a foul, with the 6 near the side rail and the 9 near the
corner. The unaided player sees two plausible routes—a thin cut on the 6 with natural roll to the 9, or a firmer stun path that
parks the cue ball for a longer but straighter 9. Under time pressure the player chooses the thin cut, under-cuts by roughly
1.5°, and leaves a difficult safety.

Under Tandem support the same situation unfolds differently. Overhead vision encodes ball positions within millimeters. The
Al enumerates both routes, scores them on make probability, scratch risk, and leave quality if missed, and projects the top two
options as translucent AR paths with brief numeric annotations (e.g., estimated make 0.72 vs 0.61). Cue sensors are armed
for the chosen stroke. The player selects the stun route—human value judgment under match score—and executes.
Post-stroke, the system reports tip offset +0.4 mm and elevation within the player’s personal successful band. The 6 falls; the
leave on the 9 is makeable. The difference is not that the Al “played the shot”; it is that the set of considered futures was
larger, the diagnostic residual was quantitative, and the human still owned the decision.

Hero Scenario — Critical 9-Ball Leave

UNAIDED TANDEM SUPPORT

Guesswork under pressure Options measured — you still decide

AR paths + scores

Result: miss / tough safety - human still owns the stroke Result: clearer futures - human still chooses and shoots

Figure 1. Hero scenario — critical 9-ball leave. Left: unaided decision under pressure leads to under-cut and difficult leave. Right: tandem support
surfaces scored path options; the human still selects and executes.

3.2 A Player’s Arc — Eight Weeks in Brief

Alex is a solid league player, stuck for two seasons at the same level: good on easy patterns, inconsistent on thin cuts
and long position routes. In week one of tandem support, overhead video and a simple cue sensor make the miss
pattern visible—tip offset drifting high on pressure shots. Weeks two through four use adaptive drills that keep
returning to that weak class until the error shrinks. By week six, leave quality in matches has improved enough that
opponents notice. Week eight includes scheduled “Al-off” sessions so Alex can still diagnose without the overlay. The
wins and losses remain Alex’s. The difference is clearer feedback and denser practice—not a machine taking the cue.
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Figure 2. Projected skill-acquisition curves: traditional NI-only vs ANTI Tandem support.
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Figure 3. lllustrative cognitive/motor load distribution between Al and NI in the tandem phase.

4. Mathematical Formalism — Expanded Treatment with Worked Numerical Examples

In plain English: These equations describe how clearer, faster feedback can speed up improvement—and how
pressure and practice interact.

The following models are illustrative formalisms that make the hypothesized mechanisms of tandem advantage explicit. They
are not empirically validated laws; they supply a coherent quantitative language for further experimental design.

4.1 Logistic Skill Growth with Feedback-Dependent Rate

Let S(t) be an effective skill index and C be diagnostic clarity (how clearly the learner can see what went wrong). A standard
logistic form is

dS/dt=r(C)-S-(1-S/S_max),r(C)=rm +k C,dC/dt=yI_Al-0C

Here I_Al is the Al information rate (how continuously and richly diagnostic feedback is supplied). Steady-state clarity C* =
(y/®) I_Al yields elevated growth rate r* = rm + k(y/d)I_Al. Worked example. rm = 0.04, k = 0.15, y= 0.8, = 0.4, S(0) = 0.25.
NI-only (I_Al = 0.1): 20-week S = 0.58. Moderate tandem (I_Al = 0.5): S = 0.82. High tandem (I_Al = 1.0): S = 0.93.

4.2 Two-Dimensional Skill-Clarity System with Pressure

0S/ot=a C(S_max-S)-BP
oC/ot=yI_Al-3C+n (S-Sm)

Worked example. Low clarity + high B — S* = 0.41. High clarity + high B - S*=0.71. High clarity + low f - S* = 0.88.
4.3 Multivariate Shot-Class Skill Vector and Optimal Allocation

dSm/dt=rm(C,S)-Sm - (1 -Sm /S_max,m) + Zjii pum Sm

Cross terms capture transfer across shot classes. Optimal (or greedy) allocation of diagnostic attention yields adaptive drill
sequencing.

4.4 Partial Differential Model of Skill Density on the Table

ou/ot = D [2u + f(u, _AI(X,y,6,t)) — A u

This reaction—diffusion equation treats skill as a density over table geometries. Diffusion (D) formalizes generalization: practice
on one geometry improves nearby geometries. Targeted |_Al raises the integral of u over competitively relevant regions.

4.5 Bayesian Shot-Success Updating and Calibration
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Worked example (Beta update). Prior Beta(8, 4) — pm = 0.67. After 6 makes and 4 misses — Beta(14, 8) — pm = 0.64 with
approximate 95% credible interval [0.43, 0.81]. The human still chooses the action.

Modeled Reduction in Unforced Positional Errors
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Figure 4. Modeled reduction in unforced positional error rate over 25 weeks.
Effect of Al Information Rate on Skill Accumulation
1.0 1
0.8
=
T
oY)
= 0.6 1
[7)
o
(5]
N
= 0.4 1
S
s}
= . .
0.2 1 —— Low Al information rate
= Medium Al information rate
0.0 1 === High Al information rate (Tandem)

0 2 4 6 8 10
Practice time (relative)

Figure 5. Effect of different Al information rates on normalized skill accumulation.
4.6 Testable Hypotheses

To move from illustrative formalism to empirical program, the following hypotheses are stated so they can be confirmed or
falsified:

H1. Over an 8-week training block, players receiving continuous tandem diagnostic feedback will show a greater reduction
in mean absolute angular error on thin-cut shots than matched controls receiving equivalent hours of traditional instruction
alone.

H2. Adaptive drill sequencing driven by running Bayesian success estimates will produce more balanced multi-class skill
profiles than fixed traditional routines of equal total duration.

H3. Progressive pressure-exposure protocols paired with biometric monitoring will expand the arousal window at which
error rates remain near practice baseline, relative to matched controls.

H4. Players who maintain scheduled “Al-off” intervals will retain unaided diagnostic accuracy better than players who train
exclusively with tandem support.

H5. (Longer horizon.) When intermediate neural-coupling tools become available in training-only settings,
agency-preserving designs will show higher sustained voluntary adherence than designs without those controls.
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5. Neural Coupling Model for Total Integration

In plain English: In the future, Al support could feel more like heightened intuition than a screen—but the stroke still
starts with you.

The Total Integration phase requires a coupling whose bandwidth and latency approach those of biological sensory and motor
pathways. The coupling is not a replacement of the human motor system; it is a high-rate informational and, where
appropriate, gently regulatory channel. Motor commands continue to originate in the human. Interface classes: invasive,
semi-invasive, advanced non-invasive. Readout (extraction of neural features such as intention, motor plan, confidence, and
arousal) and write-in modes (informational, kinesthetic, regulatory) form a closed loop with latency inside ordinary decision
windows. Continuous recalibration and agency-preserving constraints remain mandatory. Fairness: transparency, category
separation, consent with reversibility, training-vs-competition distinction, access and equity.

Neural Interface Coupling Architecture

ANTI Framework — Total Integration Phase | Todd Morgan Shirley

LATENCY BUDGET

Motor command: gman origir \ End-to-en

in the human. s ordinary d on v

(tens-low hundreds ms)

Figure 6. Neural Interface Coupling Architecture. Human agency remains the center of intention and meaning.
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Figure 7. Conceptual transition from tandem intensity to total-integration readiness.
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5.1 Risks and Failure Modes

Responsible adoption requires explicit attention to what can go wrong. Skill atrophy: continuous external diagnosis can dull
unaided self-assessment if “Al-off” intervals are neglected (H4). Overtrust: players may defer to Al path suggestions even
when match context favors a lower-percentage but higher-value option. Competitive unfairness: undeclared high-bandwidth
assistance would undermine match play; transparency and category separation are the remedies. Neural drift without
recalibration; access stratification if tools are expensive. Naming these failure modes is part of the framework, not an
afterthought.

5.2 Developmental Roadmap

Figure 8 summarizes the intended arc from near-term tandem tools through intermediate coupling pilots to longer-term total
integration, with the agency constraint holding at every horizon.

ANTI Framework — Developmental Roadmap

NEAR-TERM INTERMEDIATE LONG-TERM
Tandem Phase Partial Coupling Total Integration
VR/AR « Cue sensors Non-invasive / semi-invasive High-bandwidth neural

Vision « Biometrics Training-only write-in Continuous co-presence
External & optional Consent & transparency Agency constraints retained
| | |
I I I
Deployable now Research & pilots Graduation threshold

dJ

Constraint across all horizons: motor

and competitive intention originate in the human

Figure 8. ANTI Framework developmental roadmap. Human motor origin remains non-negotiable throughout.

6. lllustrative Financial Benefits for Large Billiards Organizations

In plain English: For leagues and academies: better instruction efficiency, stronger retention, and useful performance
data—if implemented well.

Tandem-phase adoption offers productivity, retention, and data-asset benefits for leagues, academies, associations, and
manufacturers. lllustrative five-year projections (scenario only) show cumulative value overtaking early investment inside a
three-to-four-year window under moderate assumptions.

Illustrative 5-Year Cost & Value Projection for a Mid-Size League Organization

300 == Projected incremental value (retention + performance)
Traditional instructor cost baseline

BN ANTI-supported program cost
250 A

200 A
150 A

100 1

Relative cost / value units

w
o
1

0 T T T
1 2 3 4 5

Year after adoption

Figure 9. lllustrative five-year relative cost and value projection (scenario only).
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Modeled 5-Year ROI Multiples by Organization Type
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Figure 10. Modeled five-year ROI multiples by organization type (illustrative).
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Figure 11. Traditional versus ANTI-optimized practice-time allocation.

7. Discussion, Limitations, and Conclusion

In plain English: The big idea: use Al to see more clearly and practice smarter—without ever handing over the cue or
the decision.

Several caveats are essential and should be stated without equivocation. The mathematical models of Section 4 are illustrative
formalisms; field validation would require controlled longitudinal studies (see hypotheses H1-H5). Technology readiness
varies widely: VR/AR, sensors, and vision are already usable; high-bandwidth neural interfaces remain speculative.
Over-reliance risks skill atrophy if off-intervals are neglected. Financial projections are scenario-based. None of these
limitations undermine the central claim of the framework.

That claim is modest in statement and robust in implication: a structured partnership that assigns analytical scale, continuous
diagnosis, and high-fidelity simulation to Artificial Intelligence, while reserving executive decision, embodied execution, and
evaluative meaning to Natural Intelligence, is likely to improve the efficiency of skill acquisition in a high-precision sensorimotor
domain. Pocket billiards is an especially favorable test bed. In the near term, the Tandem phase offers concrete,
implementable pathways through external technologies that remain optional and under human control. In the longer term, the
Total Integration phase anticipates a deeper synthesis enabled by neural coupling, always under the non-negotiable constraint
that motor commands and competitive intention originate in the human.
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The ANTI Framework, as created and formed by Todd Morgan Shirley on October 11, 2026, therefore supplies both a practical
near-term agenda and a principled developmental arc. It does not promise that machines will play pool for us, nor that human
skill will become obsolete. It argues instead that human performance can be accelerated and deepened when analytical
bandwidth is expanded by artificial partners, provided the human remains—and is architecturally required to remain—the
center of intention, decision, and meaning. Instructors, serious players, leagues, and manufacturers who adopt the tandem
tools of the present phase will be better prepared, both technically and ethically, for whatever forms of closer coupling the
future eventually makes possible. In that sense the framework is not only a model of skill acquisition; it is a model of
responsible augmentation.

8. Attribution & Intellectual Property

Both readings of the acronym—Artificial Natural Tandem Intelligence and Artificial Natural Total Integration—together with the
associated conceptual framework, the neural coupling model, and the specific application to pocket billiards, were created and
formed by Todd Morgan Shirley on October 11, 2026. This document is an interpretive elaboration. Mathematical models,
figures, numerical examples, and financial scenarios are illustrative and do not constitute independent claims of invention by
any Al system.

Archival note. To establish an independent timestamp of origin, the author is encouraged to deposit this working technical
report on a public archive under the October 11, 2026 origin date of the ANTI Framework, with subsequent versions clearly
numbered.

9. Glossary of Key Terms

ANTI
Artificial Natural Tandem Intelligence (present) or Artificial Natural Total Integration (evolved). Created and formed by Todd Morgan
Shirley, Oct 11, 2026.
Agency (human)
Capacity to form intention, issue motor commands, and retain evaluative authority. Non-negotiable constraint.
Clarity (C)
Diagnostic clarity—how clearly the learner can see what went wrong; quality and continuity of feedback.
Graduation threshold
Point at which separation of human/Al/robotic layers becomes less useful than value-aligned fusion.
I_Al
Al information rate—how continuously and richly diagnostic or predictive feedback is supplied.
Kinesthetic assist
Write-in reducing motor variance around the player’'s own plan.
NI
Natural Intelligence—human cognitive, perceptual, emotional, and motor resources.
Readout
Extraction of neural features (intention, motor plan, confidence, arousal) for the SAI's model of player state.
SAI
Super/Advanced Al—multi-horizon simulation and adaptive player modeling.
Tandem phase
Al and NI distinct yet coordinated; external optional hardware; human executive control.
Total Integration phase
Post-graduation; permeable boundaries via neural coupling; human agency retained.
Write-in
Delivery of informational/kinesthetic/regulatory signals; subordinate to human intention.
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