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ABSTRACT

The Cascading Bayesian Foresight Engine (CFPE) methodology for generating and stress-testing long-range
paradigm-shift forecasts: Bayesian cascading dependency models, adversarial red-teaming, evidence strength
grading, fault-tree decomposition, counterfactual pathway generation, and automated arXiv verification. Validated
via historical back-casting calibration (1976-2026, 1950-2000, 1926-1976).
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Abstract

The Cascading Bayesian Foresight Engine (CFPE) is a methodology for generating and stress-testing long-range
paradigm-shift forecasts using Bayesian cascading dependency models, adversarial red-teaming, evidence strength
grading, fault-tree decomposition, counterfactual pathway generation, sensitivity expansion, and automated arXiv
verification. This paper presents the complete methodology and validates it through historical back-casting
calibration — testing whether the CFPE would have correctly identified past paradigm shifts (quantum computing,
plate tectonics, personal computing, the internet, AT) when applied from past vantage points (1976, 1950, 1926). The
back-casting reveals that the CFPE methodology is structurally sound but systematically overestimates paradigm-shift
priors (10-15% vs historical base rate of ~10% per decade for any paradigm shift). Calibration adjustments are
proposed. The paper then applies the calibrated methodology to the QNFO 100-Year Paradigm Forecast (published
separately, the QNFO archive https://papers.qnfo.org/papers).
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1. Methodology Overview

1.1 The CFPE Pipeline (8 Stages)

Stage Name Function

SO Domain Scoping & Prior Calibration Define domain boundary, establish reference class base rates

S1 Finding Synthesis Map what the field actually knows (confirmed results, anomalies, theoretical

tensions)

S2 Paradigm-Shift Candidate Generation Generate candidates across 4 time horizons with continuity baseline

S3 Assumption Audit & Counterfactual Test enabling/blocking assumptions, generate counterfactuals
Analysis

S4 Adversarial Red-Team Iteration Independent subagent adversaries attempt to kill/wound each candidate

S5 Bayesian Cascading Dependency Model Build probability-weighted DAG with conditional dependencies

S6 Thesis Optimization & Long-Range Optimize thesis, generate scenario trees, counterfactual pivots
Synthesis

S7 LLM-Executable Research Roadmap Produce immediately executable research program

S8 Calibration Register & Back-Testing Register time-bound falsification tests with check cadence

1.2 Key Innovations

1.

Adversarial survival rate tracking: Independent subagent auditors review each candidate with NO knowledge of

prior red-team verdicts. The fresh-vs-original survival rate comparison detects survivorship bias.

. Evidence strength grading: All supporting evidence is graded on a 4-point scale: DIRECT EXPERIMENT

(% % % % ), INDIRECT INFERENCE ( % % % ), THEORETICAL ARGUMENT ( % % ), SPECULATIVE
EXTRAPOLATION (). The cascade EV is recomputed using only empirical (% % % % +% % %) evidence as a

sensitivity check.

. Fault-tree decomposition: Each macro-candidate is decomposed into AND/OR-gated leaf nodes — independently

testable sub-predictions with time-bound check dates. This reveals structural fragility (AND gates = all must

succeed) vs robustness (OR gates = any success sustains).

. Counterfactual pathway generation: Multiple alternative futures (optimistic, pessimistic, wildcard) with

mutually-exclusive observable signposts per era. This prevents the forecast from being locked into a single
narrative.

. Automated arXiv verification pipeline: A Python script (cfpe_verify.py) queries arXiv API quarterly,

classifies papers as SUPPORTING/WEAKENING/NEUTRAL, and updates the falsification register.

2. Historical Back-Casting Calibration

Goal: Validate the CFPE methodology by testing whether it would have correctly identified past paradigm shifts from

historical vantage points.

2.1 Back-Cast 1: 1976 — Predict 2026 (50 years)

Vantage point: 1976. Intel 8080 (1974), UNIX, ARPANET (1969), Feynman's "There's Plenty of Room at the

Bottom" (1959). No personal computers, no internet, no mobile phones, no Al, no quantum computing.

What the CFPE Would Have Generated (1976):
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Era Horizon

CFPE Candidate

Actual 2026 Reality

CFPE Hit/Miss

Era 1976-
1 1986
Era 1986-
2 1996
Era 1996-
3 2016
Era 2016~
4 2026

Microprocessor scaling
continues

Networked computing
emerges

Ubiquitous computing +
Al

Quantum supremacy +
AGI

PC revolution (Apple I1 1977, IBM PC 1981, Mac
1984)

Internet revolution (WWW 1991, Netscape 1994)

Smartphones (iPhone 2007), deep learning
(AlexNet 2012), cloud computing

Quantum supremacy (2019), LLMs (GPT-4 2023),
no AGI

HIT — correct direction

HIT — identified as mid-range
candidate

PARTIAL — missed
smartphone form factor

PARTIAL — overestimated AGI
timeline

Probability calibration check:

CFPE Prior
Candidate (1976) P(occurred by 2026)  Calibration Error
PC revolution 0.15 1.0 —0.85 (severely underconfident)
Internet revolution 0.10 1.0 —0.90 (severely underconfident)
Quantum computing 0.02 1.0 (supremacy —0.98 (correctly identified as tail event, but still
achieved) underconfident)
AGI 0.05 0.0 +0.05 (overconfident)
Cold fusion / room-temp 0.08 0.0 +0.08 (overconfident)
superconductivity
Key findings:

1. The CFPE methodology correctly identified the MAJOR paradigm shifts (computing, networking) as candidates,

but assigned priors 5-10x too low for near-term shifts.

2. Small-probability tail events (quantum computing at 2%) DID materialize — the methodology correctly flagged

them as possible but assigned the wrong magnitude.

3. The methodology's continuity baseline (incremental progress) was WRONG for computing — paradigm shifts

were the DEFAULT, not the exception.

2.2 Back-Cast 2: 1950 — Predict 2000 (50 years)

Vantage point: 1950. ENIAC (1946), transistor invented (1947), DNA structure unknown (Watson-Crick 1953), plate
tectonics not yet accepted (Wegener 1912 rejected).

What the CFPE Would Have Generated (1950):

CFPE
Candidate Prior Occurred by 2000? Calibration
Plate tectonics accepted 0.05 YES (1965) —0.95 (underconfident — was correct
since 1912)
DNA - molecular biology 0.10 YES (1953 Watson-Crick, 1970s -0.90
revolution recombinant DNA)
Transistor —» IC - 0.15 YES (1947 - 1958 IC - 1971 pP) -0.85
microprocessor
Manned Moon landing 0.02 YES (1969) —0.98 (correctly tail event)
Nuclear fusion power 0.20 NO (still not achieved 2026) +0.20 (severely overconfident)
Flying cars 0.10 NO +0.10 (overconfident)
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Key findings:
1. The methodology AGAIN underpredicted paradigm shifts that were already "in the pipeline" — plate tectonics
(Wegener 1912), DNA (Chargaff 1950, Franklin/Wilkins X-ray data), IC (transistor already invented).
2. The methodology OVERPREDICTED speculative technology (fusion, flying cars) — assigning higher probability

to things that sound revolutionary than to things that ARE revolutionary but sound incremental.

3. The reference class base rate (~1 paradigm shift per decade per major field) would have yielded better calibration
than the uncalibrated priors.

2.3 Back-Cast 3: 1926 — Predict 1976 (50 years)

Vantage point: 1926. Quantum mechanics just formulated (Heisenberg 1925, Schrodinger 1926). Relativity confirmed
(Eddington 1919). No nuclear physics, no computers, no radar, no spaceflight.

Candidate CFPE Prior Occurred by 1976? Calibration
Nuclear fission — atomic bomb 0.03 YES (1938 - 1945) -0.97
Radar / microwave technology 0.05 YES (1930s) -0.95
Electronic digital computer 0.02 YES (ENIAC 1946, FORTRAN 1957) —-0.98
Spaceflight / satellites 0.03 YES (Sputnik 1957, Apollo 1969) -0.97
Unified field theory (gravity + EM) 0.25 NO (still not achieved) +0.25

Key findings:

1. The methodology would have assigned NEAR-ZERO probability to nuclear weapons, computers, radar, and
spaceflight — all of which materialized within 30 years.

2. The methodology would have assigned HIGHEST probability to unified field theory — which Einstein spent 30
years failing to achieve.

3. This reveals a fundamental CFPE bias: the methodology overweights THEORETICAL paradigm shifts (unified

theory, geometric constants) and underweights ENGINEERING/TECHNOLOGICAL paradigm shifts (computers,
radar, spaceflight).
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3. Calibration Adjustments Derived from Back-Casting

3.1 Systematic Biases Identified

Rowan Brad Quni-Gudzinas

Bias

Direction

Magnitude

Correction

Underconfidence in near-term
technological shifts

Overconfidence in
speculative/theoretical shifts

Engineering vs theory
asymmetry

"Already in pipeline" blindness

Continuity baseline
overconfidence

P(shift) too low

P(shift) too high

Systematic direction

Misses shifts with
existing precursors

P(continuity) too high
in fast-moving fields

Underestimate by 5-10x

Overestimate by 2-5x

Engineering shifts consistently
underpredicted; theory
overpredicted

Plate tectonics 1912 — 1965 (53
years from correct to accepted)

Computing: continuity was
WRONG

Multiply Era 1 priors by 3.0 for
technology candidates

Multiply Era 3-4 theoretical priors
by 0.3

Apply asymmetry correction factor
of 3:1

Add precursor detection module:
scan for existing-but-unaccepted
hypotheses

Adjust continuity baseline per
field's historical rate of change

3.2 Calibrated Prior Adjustment Table

Raw CFPE

Era Prior

Back-Cast
Calibrated

Adjustment Factor

Era 1 (technological)

Era 1 (continuity) 0.60
Era 2 (bio-spintronics) 0.338
Era 3 (theoretical 0.383
physics)

Era 4 (geometric 0.310

constants)

0.25(FClopt)  0.08

0.82

0.15
0.33

0.13

x0.32 (technology bias correction + evidence grading)

x1.37 (continuity is correct for fields WITHOUT existing

precursors)

x0.44 (speculative, no precursors)

x0.86 (theoretical bias partially cancelled by CMB prediction

specificity)

x0.42 (Eddington precedent reference class anchor)

3.3 Reference Class Base Rate Anchoring

The back-casting suggests the following reference class base rates for paradigm shifts:

Paradigm Shifts per
Domain Decade Reference Class
Computing/IT ~3 PC, internet, mobile, cloud, AT — a paradigm shift every ~3-4 years

Physics (fundamental) ~0.3

Biology ~0.5
Geology/Earth Science ~ ~0.2

All science ~1.0
(aggregate)

Relativity (1905/1915), QM (1925), Standard Model (1970s) — ~1 per 30

years

DNA (1953), recombinant DNA (1970s), CRISPR (2012) — ~1 per 20 years

Plate tectonics (1965) — ~1 per 50 years

~1 paradigm shift per decade across all fields

Implication: Any single paradigm-shift candidate in any single field should have a prior probability of <0.10 per
decade. The CFPE methodology's uncalibrated priors (0.15-0.38) exceeded this base rate by 1.5-3.8x%.
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4. Methodology Validation Suite

4.1 Required Validation Tests

Before the CFPE methodology should be trusted for any forward forecast, it must pass these tests:

Test Description Pass Condition
T1: Back-casting accuracy 3 historical back-casts (this paper) >60% of major paradigm shifts identified as candidates
T2: Calibration error Compare predicted vs actual probabilities Mean absolute calibration error <0.15 after correction

across back-casts

T3: Adversarial robustness ~ Independent re-red-team of methodology <50% survival rate for speculative candidates
outputs
T4: Evidence grading Grade historical evidence using same 4-point ~ >70% of events that occurred had >INDIRECT evidence
consistency scale in preceding decade
T5: Temporal resolution Time-to-acceptance prediction accuracy Mean error <15 years for paradigm shift acceptance
timelines

Current status (2026-07-16): T1=PARTIAL (3 back-casts completed, >60% identified). T2=PARTIAL
(systematic underconfidence identified, corrections proposed). T3=PASS (0% fresh survival rate).
T4=NEEDS_WORK. T5=PENDING.

4.2 Known Limitations

1. LLM inference gap: Back-casts are generated by the same LLM that generates forecasts — shared blind spots

may exist.

2. Small sample size: 3 back-casts x ~5 candidates each = 15 data points. Insufficient for formal statistical

calibration.

3. Hindsight bias: The LLM "knows" what actually happened in 1976 — 2026, which may contaminate back-cast
probability estimates.

4. Field-specificity: The calibration adjustments derived here are for quantum computing / fundamental physics.

Different fields (Al, biotech, climate) would require their own back-cast calibrations.

5. Application: QNFO 100-Year Paradigm Forecast

The calibrated CFPE methodology was applied to the QNFO research corpus, producing the QNFO 100-Year Paradigm
Forecast (published separately, the QNFO archive https://papers.qnfo.org/papers).

Key findings from the forecast (after calibration):

1. Continuity dominates Era 1 (82%): Gate-based quantum computing will continue scaling incrementally. The
FCl/ultrametric pathway has a 8% probability of breakthrough by 2036.

1. Wildcard pathways are as probable as the named candidates: NV-diamond centers (15%), twistronics, and
CSL objective collapse models collectively absorb probability mass that the uncalibrated model assigned to CFPE-

specific pathways.

1. The CMB prediction is the linchpin: Era 3's only empirically testable prediction (CMB log-periodic oscillations)
resolves by ~2035. If confirmed, superdeterminism gains credibility; if null, the hydrodynamic foundations
program collapses.
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1. Geometric constants face the strongest headwinds: A century of failure (Eddington 1929 — present) as reference
class, zero experimental evidence, and the renormalization group flow problem create a 57% pessimistic

probability.

1. Full cascade EV: 6.5% [4-9%]: The probability of ALL four eras materializing as paradigm shifts is a tail event

— worth monitoring but not the expected future.

6. Automated Verification Infrastructure

The CFPE methodology includes an automated arXiv verification pipeline (cfpe_verify.py, available in the

methodology repository):

Next scheduled check: 2026-10-13 (quarterly).
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