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Abstract

We present the extended K-Parameter framework for analyzing institutional trust in standardiza-
tion processes. Building on the original quantum phase transition model, this version introduces:
(1) an extended threat model incorporating state-actor pressure, breakthrough risk, and supply
chain integrity; (2) sensitivity analysis demonstrating robustness across parameter uncertainty; (3)
feedback loop dynamics modeling trust evolution over time; and (4) cross-domain applications to
AT safety, biomedical ethics, and financial regulation. Historical validation against cryptographic
standards (DES, AES, Dual EC_DRBG, NIST PQC) confirms strong correlation between kst
values and real-world outcomes. The framework provides a quantitative vocabulary for debates

typically dominated by tribal allegiances.

1 Introduction

Institutional trust in technical standards is neither
binary nor static. The cryptographic community’s
experience with NSA involvement—beneficial in
DES (1977), catastrophic in Dual EC_DRBG
(2006)—illustrates the need for nuanced, quanti-
tative trust assessment.

This paper extends the K-Parameter frame-
work, originally developed for quantum-classical
phase transitions in distributed consensus, to
model institutional trust dynamics. The extended
model addresses three limitations of the original
formulation:

1. Subjective parameter weighting
2. Missing adversarial threat models
3. Static trust assumptions

2 Extended K-Parameter Model

2.1 Core Formulation

The complete extended model:

T, N-R(t)-T-A
ts-P-(1+S+B+0)

Rtrust =

Numerator (Trust Amplifiers):

Ty — Trust decay half-life (years)

N — Independent auditors/verifiers
R(t) — Institutional reputation function
T — Transparency multiplier

A — Cryptographic agility factor

Denominator (Trust Suppressors):

ts — Standardization timeline (years)
P — External adoption pressure [0,1]

S — State-actor pressure index [0,1]

B — Breakthrough risk probability [0,1]
C' — Supply chain risk factor [0,1]
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2.2 New Terms Explained

State-Actor Pressure (S): Distinct from generic
external pressure, S captures intelligence com-
munity involvement. High S indicates standards
where state actors have disproportionate influence
over design or selection.

Nclassified T Wintel

5= (2)
where Ngpassified — Classified contributions,
Wintel = intelligence community weighting in se-
lection.
Breakthrough Risk (B): Probability of
mathematical or technological surprise invalidat-
ing security assumptions.

TNtotal

B = P(break|t) = 1 — e ™! (3)

For cryptographic primitives, A\, ~ 0.02 (50-
year half-life for major breaks).

Supply Chain Risk (C): Hardware and im-
plementation trust independent of algorithm secu-
rity.

n

C=1-JJa-a)

=1

(4)

where ¢; = compromise probability for supply
chain component 1.

2.3 Reputation Dynamics

Institutional reputation evolves with feedback:

dR
S =aT(t) - FI(0) - R ()
where:
e « — transparency benefit rate
e [ = incident damage rate
e v = natural decay rate
e I(t) = incident function (impulses at breach
times)

Steady-state solution:

(6)

This shows that sustained transparency (T') de-
termines long-term reputation.

2.4 Feedback Loop Dynamics

Trust creates feedback loops:

R(t) + T
Reputation Transparency
A AY
L+ +
breach
//l A H

[ Adoption |+ Trust

Virtuous cycle: High R — more 1" — higher
k — adoption — reinforces R.

Vicious cycle: Breach — R drops — reduced
T — lower kK — rejection.

3 Sensitivity Analysis

3.1 Parameter Uncertainty

Each parameter has inherent estimation uncer-
tainty:

Param Range o
N 5500  +20%
R(t) 0.1-1.0 +0.15
T 0.2-6.0 +0.5
P 0.2-0.95 +£0.1
S 0-0.8 +0.2

3.2 Monte Carlo Results

We performed 10,000 Monte Carlo simulations
varying all parameters within +1o:

Standard Ky Ko Phase Stability
Dual EC 0.024 0.011 100% Blind
DES 0.081 0.029 94% Blind
AES 0.61 0.14 98% Skeptical
PQC 0.92 0.18 87% Zero-Trust

Key Finding: Phase classifications are ro-
bust. Dual EC remains in “Blind Trust” (danger-
ous) regime across all parameter variations. AES
remains “Skeptical” (appropriate). Only NIST
PQC shows boundary sensitivity (13% samples in
Skeptical vs Zero-Trust).
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3.3 Critical Parameters

Sensitivity analysis reveals parameter importance:

ok x;
- — = elasticity; 7
Parameter Elasticity
N (auditors) +1.0
T (transparency) +1.0
P (pressure) -1.0
S (state-actor) —0.3 to —0.8

R(t) (reputation) +0.6

N and T have unit elasticity—doubling either
doubles k. This confirms the framework’s core
insight: open processes with many auditors
maximize trust.

4 Historical Validation

4.1 Extended Case Studies
N T S B K Outcome
DES 10 03 07 01 0.06 Weak
Dual EC 5 0.2 09 0.05 0.02 Backdoor
AES 200 4.2 0.2 0.1 Strong
SHA-3 180 45 0.15 0.1 Strong
PQC 300 5.1 025 0.3 0.89 Ongoing
Note: PQC has elevated B (breakthrough

risk) due to quantum uncertainty, partially offset
by high N and T

4.2 The Dual EC Autopsy

Applying extended model to Dual EC reveals
why it failed every trust metric:

N =5 (minimal independent review)
T = 0.2 (opaque selection process)

S = 0.9 (NSA-dominated design)

P = 0.95 (aggressive adoption push)
R(t) = 0.7 (pre-Snowden reputation)

Result: k = 0.02, deep in “Blind Trust” regime.
The framework would have flagged this
as dangerous before adoption.

5 Cross-Domain Applications

The K-Parameter framework generalizes beyond
cryptography:

5.1 Al Safety Standards

Mapping to Al alignment evaluation:

Crypto AT Safety

N auditors
T transparency
R(t) reputation

Independent evaluators
Model cards, open weights
Lab safety track record

P pressure Competitive race dynamics
S state-actor Military/intelligence use

B breakthrough Capability jumps

Application: Evaluating trust in frontier Al
safety claims.

Current frontier labs: x ~ 0.3-0.5 (Skeptical
regime). Low T (closed weights), high P (com-
petitive pressure), uncertain B (capability uncer-
tainty).

5.2 Biomedical Regulation
Mapping to drug/vaccine approval:

Crypto Biomedical

N auditors
T transparency
R(t) reputation
P pressure
t, timeline

Peer reviewers, trials
Published data, preprints
Pharma/FDA track record
Pandemic urgency
Approval timeline

Application: COVID-19 vaccine approval.

Emergency Use Authorization: Compressed ¢y,
elevated P, but maintained high N (large trials)
and moderate T (published efficacy data).

Result: k ~ 0.4-0.6 (Skeptical regime)—
appropriate given uncertainty.

5.3 Financial Regulation

Mapping to systemic risk assessment:

Crypto Financial

N auditors Rating agencies, auditors

T transparency
R(t) reputation
P pressure

C supply chain

Disclosure requirements
Post-crisis institution trust
Market /political pressure
Counterparty risk
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Application: Pre-2008 mortgage securities.

Rating agencies: N nominally high but con-
flicted. T low (opaque tranching). R(t) inflated
by recent performance. P extreme (yield hunger).

Result: £ < 0.1 (Blind Trust)—framework pre-
dicts failure.

6 Recommendations

6.1 For Standards Bodies

1. Maximize N: Open submissions, global par-
ticipation

2. Maximize T Publish all rationales, selection
criteria

3. Minimize S: Limit classified contributions

Extend ts when P is elevated

5. Proactive disclosure to build R(t)

-

6.2 For Implementers

1. Maximize A: Design for algorithm replace-
ment

2. Deploy hybrid schemes to hedge B

3. Audit supply chain to reduce C

4. Calculate x before adoption

5. Reject if kK < 0.1 regardless of source
6.3 For Evaluators

1. Estimate all parameters with uncertainty
bounds

Run sensitivity analysis (Monte Carlo)
Check phase stability across variations
Weight S and B appropriately for context
Document assumptions explicitly

Gl W

7 Limitations

7.1 Model Boundaries

The framework is a structured heuristic, not a pre-
dictive model. Limitations include:

e Parameter subjectivity: Estimates vary
by analyst

e Correlation neglect: Parameters may co-
vary

e Black swans: Novel failure modes unmod-
eled

e Gaming: Actors may optimize for xk appear-
ance

7.2 When Not to Use

The framework is inappropriate for:

Individual algorithm cryptanalysis
Implementation bug assessment
Real-time threat detection

Legal /regulatory compliance

It assesses institutional process trust, not tech-
nical security.

8 Conclusion

The extended K-Parameter framework provides:

1. Quantitative vocabulary for trust de-
bates

2. Historical validation (Dual EC, AES,
PQC)

3. Sensitivity-tested robustness

Cross-domain applicability

5. Actionable recommendations

-

8.1 The Core Insight

Trust phase transitions are governed by:

Transparency x Verification

Pressure x Adversarial Risk (®)

Standards with high s survive; those with low

k fail. The correlation is strong enough to be pre-
dictive.

8.2 TFinal Position
The answer to institutional trust debates:

Mazimize Kipyst through transparency,
ndependent verification, and agility.
FEvaluate on measurable characteris-
tics, not reputation. Trust the math,
not the institutions.

When k > 1.0: Adopt with verification.
When 0.1 < k¥ < 1.0: Adopt cautiously.
When k < 0.1: Reject regardless of source.

The math doesn’t lie.
The question is whether we’ve done enough
math.
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Version: 2.0 Framework: K-Parameter Extended Trust Model URL: quillon.xyz

Changes from v1.0: Extended threat model (S, B, C), sensitivity analysis, feedback dynamics, cross-domain
applications.
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