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Abstract

Modern artificial intelligence is dominated by statistical approximation. A model observes

examples, estimates a probability distribution, and generates an output that is locally

plausible under that distribution.

ECAI - Elliptic Curve Artificial Intelligence - begins from a different question: can intelligence be
represented as lawful movement through a mathematical structure rather than as repeated sampling

from a probability distribution?

The central proposal is that computation can be organised around invariants, transformations,

verification, and globally addressable structure. Elliptic curves provide one useful substrate because

they combine algebraic structure, geometric interpretation, composability, finite representation, and

computationally checkable transformations.

The fundamental unit of intelligence should be a verifiable transformation

between structured states.
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01 The conventional statistical picture
A conventional generative model approximates a conditional distribution

Py | x; 0)

where:

e xisan input,
¢ yis a possible output,
e 0is alearned parameter vector.

Generation proceeds by estimating or sampling from this distribution:

y~P( | x;0)

The model does not normally construct a proof that the output preserves the important properties of
the input. It produces something statistically compatible with patterns encountered during training.

This creates a structural distinction between

plausibility versus validity

A fluent answer may be invalid. A likely continuation may violate a requirement. A statistically
dominant pattern may be logically false.

Verification is therefore added after generation as a separate layer. ECAI attempts to reverse this
ordering.

generate -> inspect -> possibly reject

transform within constraints -> preserve invariants -> emit proof of admissibility

02 The basic ECAI object

Let a computational state be represented by

S=(EPLW

where:

e Eis an elliptic curve or another structured algebraic domain,
e P € Eis adistinguished point representing the current state,
e Jis a collection of invariants,
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e uis metadata describing provenance, context, or interpretation.

A transition is not merely an arbitrary function. It is a structured map

| b:S;->8,

that must satisfy a collection of admissibility conditions. For example:

| Ii(S1) = Ii(S2)

for invariants that must be preserved, or

| I(S2) € 4

for invariants that are permitted to move within some admissible region A;.

The intelligence of the system is therefore associated not only with the destination state, but with its
ability to discover a lawful transformation:

S1 —-d--> S,

The transformation itself becomes a first-class computational object.

03 Why elliptic curves?

An elliptic curve over a field K can often be written in Weierstrass form:

| E:y?’=x3+ax+b

subject to the nonsingularity condition
| 4a3+27b* 50

The points of E, together with a point at infinity O, form an abelian group. This gives ECAI several
useful properties.

3.1 Composition

Point addition supplies a lawful composition operation:

| P+Q=R

Repeated transformations may be represented through scalar multiplication:

| [n]P =P+ -+ P (ntimes)
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A computational path can therefore be encoded as a sequence of algebraically composable
operations.

3.2 Compact representation

A point can encode membership in a much larger algebraic structure. The system does not need to
carry an explicit copy of every possible path or interpretation.
3.3 Verifiability

Operations on elliptic curves are deterministic and checkable. Given the same curve, points, and

transformation, an independent verifier can reproduce the calculation.

3.4 Multiple arithmetic domains
The same broad structure may be studied over:

¢ real numbers,

e complex numbers,
e rational numbers,
¢ finite fields,

¢ extension fields.

This permits both continuous geometric interpretation and discrete computational implementation.

3.5 Nonlinear but lawful geometry

Elliptic curves are nonlinear objects with a well-defined algebra. They provide a richer substrate
than a flat vector space while retaining strong mathematical constraints.

04 Isogenies as transformations of representation
An isogeny is a nonconstant morphism of elliptic curves that preserves the identity element:

| Q: E; > E,, (p(O_E1) =0 _E;

It is also a group homomorphism:

| (P + Q)= (P) + 9(Q)

Within ECAI, an isogeny can be interpreted as a lawful transfer between representational domains.

Suppose one computational context is represented by E; and another by E,. A valid translation is not
an unconstrained rewriting of data. It is a map that preserves the relevant algebraic relationships.

@o(+onkEp))=(+0onkz) e (pxq@)




A MATHEMATICIAN'S GUIDE TO ECAI

Transform the representation without destroying the law that relates its

parts.

This is one mathematical interpretation of an ECAI transformation. It does not imply that every
semantic operation is literally an isogeny. Rather, isogenies provide a precise model for the broader
architectural requirement of structure-preserving translation.

05 Invariants before outputs
The ECAI approach begins by identifying what must remain true.

I= {11, Ig, ooy In}

These might include:

e algebraic invariants,

¢ behavioural requirements,

e security properties,

e conservation laws,

¢ logical propositions,

e provenance constraints,

¢ user-defined acceptance conditions.

A candidate transformation @ is admissible only when

| V((p) SI) SZ: I) = 1

where V is a verification predicate.

The computational problem is therefore not simply

| ﬁnd 82
but

| find (®, Sz, )
such that

| ¢’(S1) =8

and
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Verify(Si, Sz, @, , I) = true

Here m is a proof, witness, trace, test report, or reproducible verification artifact.

result = state + transformation + evidence

06 Segments and the global manifold

A large intelligence system cannot normally place all available knowledge in active memory at once.
ECAI proposes a segmented model.

| M=dalA} Ua

where every Ua is a locally addressable segment.

A segment may contain:

| Ua = (Ea, Pa, Ia, ua, oa)

where da describes its relations to neighbouring segments.

The system does not need to load all of M. It selects a relevant local region:

| M, =U {acA} Ua, AxCA

This resembles several established mathematical constructions:

¢ an atlas of local coordinate charts,
¢ asheaf of locally available information,
¢ a graph of algebraic objects,
¢ a category whose objects are segments and whose morphisms are transformations.
The analogy should not be overstated. An implementation must specify exact compatibility and
gluing conditions before it can properly be called a sheaf or manifold.

Intelligence should activate the smallest lawful region needed for the current

transformation.

07 Gluing local knowledge

Suppose two segments Ua and UP overlap. Their local interpretations must agree on the overlap:
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| sa | (Uan UB)=sB | (Ua N UB)

When this compatibility condition holds, the local sections may be glued into a larger coherent
section s:

s|Ua=sa, s|UB=sPp

In computational language, two pieces of knowledge may be composed only if they agree on their
shared invariants, identifiers, assumptions, and boundary conditions.

A contradiction is therefore not hidden inside a weighted average. It appears as a failure of
compatibility:

sa | (Ua N UP) #/sP | (Ua N UP)

This failure is useful information. It identifies the precise boundary at which two local models
cannot lawfully be combined.

08 ECAI as a category of verified transformations

A natural abstraction is to describe ECAI categorically.
Define a category ECAI in which:

e objects are verified computational states,

e morphisms are admissible transformations,

¢ identity morphisms preserve a state,

e composition joins compatible transformations.

For states Sq, S, Ss,

| DS > S, Y:Sy, > 83

their composition is

| Yod:85 ->83

The composition must preserve verification:

| V(®)=1 AND V(¥)=1 AND C(®,¥)=1 => V(¥P-P)=1

where C checks that the output assumptions of ® match the input assumptions of .

This turns reasoning into the search for a path in a category:
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| So ~P1—> Sy ~By=-> +++ ~Bp=-> S,

The output is not merely S,. The path itself is retained:

| H = (¢1; ¢2’ (23] (pn)
Consequently, explanation is not generated retrospectively. It is contained in the derivation.

09 The ECAIl inference problem

Let:

¢ So be the initial state,

¢ G be a target predicate,

e IDe the required invariants,

¢ T be a set of permitted transformations.

The ECAI inference problem is:

| ﬁndH = (@1, ooy ¢n)

such that

| Sn=(Dp o+ 0 D1)(So)

| G(Sw) =1

and for every Kk,

| V(Sk—ls (Pk; Sk) I) = 1

An optimisation criterion may then rank valid paths:

| IT* = arg min_{II€P_valid} [ A;L(II) + A:C(ID) + AsR(II) |

where:

e L(ID) is path length,
e C(II) is computational cost,
e R(ID) is a risk or uncertainty measure.

The key difference is that optimisation occurs inside the valid region:

Pvalid={II:VvdD) =1}
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A probabilistically attractive but invalid path is not merely given a lower score. It is excluded.

10 A smallillustrative example

Consider a system that must transform a financial record while preserving conservation of value.

Let the initial state be

| So=(b_A, b_B)

with invariant

| IS =bA+bB=T

A transfer of amount d is

| ® db_A, b B)=(b_A-d, b B+d)

The invariant is preserved:

| I(®_d(S)) = (b_A-d) + (b_B+d) =b_A+b_B=T

Additional admissibility conditions may require

| d=0, b A-d=0, Authorised(Ad-=1

The transformation is accepted only when every condition holds.
A conventional generator might propose a final pair of balances. ECAI instead produces:
1. the initial state,
2. the transfer transformation,
3. the resulting state,
4. a demonstration that conservation holds,
5. evidence that authorisation and balance constraints were satisfied.

This example is elementary, but it captures the architecture.

11 Behavioural invariants

Not every invariant is an algebraic equation. Software behaviour can be represented as a predicate
over observations.

For a system X, define a behavioural requirement
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Bi(X, e, 0) € {0,1}

where:

e eis an environment,
e 0 is an observed execution trace.

A release transformation

| @ g XV -> X\)+1

is admissible when the required behaviours remain true:

| Bi(Xy+1, 6,0) =1 for all required i

This is where ECAI naturally connects to continuous behaviour verification.
A transformation between software states is not trusted merely because:

¢ the code compiled,

¢ adeveloper approved it,

¢ the package was signed,

¢ the deployment completed.

It is trusted when the promised behaviours are independently exercised and verified. The resulting
verification report becomes the witness 7.

12 DamageBDD as an empirical verifier

The mathematical layer defines what a lawful transformation should preserve. An external
verification layer tests whether the implemented system actually behaves accordingly.

formal model #physical execution

An implementation may satisfy a theorem inside its model while failing because of:

e an incorrect dependency,

¢ an environmental difference,
e arace condition,

¢ amalformed API response,

e a compromised build,

e hardware behaviour,

e an invalid assumption.

DamageBDD can be understood as an empirical verification layer attached to the ECAI
transformation graph.

For a proposed transition

10
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| Si -Di—> Sis1

the platform evaluates a behavioural verification function
| D(Si’ ¢l’; Si+1: e) -> (r’ T[_D)

where:

¢ ris the pass/fail result,
e 11_D is an immutable or reproducible report.

The accepted transition therefore requires both mathematical and behavioural evidence:

V_formal(®)=1 and V_behavioural(®;)=1

This is a form of proof-carrying computation in which formal reasoning and empirical verification
remain distinct but composable.

13 Discovery without unrestricted generation

ECAI does not eliminate discovery. It constrains discovery.

Suppose a system is at state S. Let

| N(S) = { D1(S), ..., Pm(S) }

be its candidate neighbourhood.

A heuristic may rank candidates:

The next candidate may be chosen using

| S'=arg max_{TeN(S)} h(T)

but only after filtering:

| N valid(S)={T € N(S) : V(§->T)=1}

Thus:

| S'=arg max_{TeN_valid(S)} h(T)
Probability may still be used as a search heuristic. It is no longer the source of truth.

11
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Statistics may propose a direction. Verification determines whether the

system is allowed to move.

14 Determinism and reproducibility

Given:

e an initial state So,

¢ atransformation sequence II,
¢ a fixed arithmetic domain,

e canonical serialisation,

¢ fixed verification rules,

the final state should be reproducible:

| Sn = F(SOJ H)

Independent nodes should obtain the same result:

| F _Ni(So, II) = F_N2(So, IT)

Where nondeterministic external observations are involved, the observation must be explicitly
committed:

c=H(o)

and incorporated into the state transition.

This does not make the physical world deterministic. It makes the computational dependence on
external observations explicit and auditable.

15 ldentity by invariant, not by storage location

In a conventional system, an object is often identified by where it is stored.

In a content-addressed system, it is identified by a digest:

| id(x) = H(x)

ECAI extends this intuition. A segment is identified not only by its bytes, but by a structured
declaration:

| id(U) = H(E, P, I, 4, )

12
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A transformation is similarly addressed:

| id(®) = H(id(S1), 1d(Sz), code(®), id(m))

This creates an immutable graph of computational lineage:

| SO > SI > eee > Sn
The location of a segment may change. Its mathematical and cryptographic identity does not.

16 What "bypassing RAM" can rigorously mean

The phrase should not be interpreted literally. Any executing computer uses working memory.

The entire knowledge structure does not need to be resident in active

memory.

Let the complete state space have size

| |M| =N

Suppose a query activates a relevant substructure of size k, where

| k<N

The working-memory requirement may then be closer to

| O(k)

than

| O(N)

The system still requires:

¢ indexes,

¢ segment identifiers,

e retrieval mechanisms,
e caches,

¢ transformation code,
¢ verification state.

13
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The research question is whether ECAI’s segmentation and algebraic addressing can keep k hounded
as the global structure grows. That claim must be demonstrated empirically.

17 A minimal abstract algorithm

A simplified ECAI search procedure can be written as follows:

function ECAI_SOLVE(initial state, goal, invariants, index):
frontier := priority_queue()
frontier.push(initial_state)
visited := empty_set()

while frontier is not empty:
state := frontier.pop()

if goal(state) and verify_state(state, invariants):
return derivation_path(state)

if identity(state) in visited:
continue

visited.add(identity(state))
segments := index.retrieve_relevant_segments(state, goal)

for segment in segments:
for transform in admissible_transforms(state, segment):
candidate := apply(transform, state)
if verify_transition(state, transform,
candidate, invariants):

attach_proof(candidate, transform)
frontier.push(candidate)

return no_verified_path

This algorithm is intentionally abstract. The central ordering is what matters:
1. retrieve a relevant segment,
. propose a lawful transformation,
. apply it,
. verify it,

retain its proof,

© o A W N

continue from the verified state.

18 A compact algebraic formulation

Let S be the state space and T the transformation space.

Define the admissibility relation

ACSxTxS

A triple

14
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| S D,5)

belongs to A when:

| D(S) =S

all required invariants hold, and a verifier accepts the associated witness.

The ECAI computation graph is then

| G=(V,E)

with

and

| E={(5®S):(5D,S)€EA}

Intelligence becomes constrained path discovery on G.
The central engineering challenge is avoiding an intractable expansion of the graph. This requires:

o effective indexing,

e compositional invariants,

¢ local verification,

e canonical state reduction,

e equivalence-class detection,
e useful heuristics,

¢ bounded segment activation.

19 Quotients and state compression

Many apparently different states may be equivalent for the current problem.

Define an equivalence relation

| 81 "’_I 82

when the states agree on all relevant invariants:

| Ii(S1) = Ii(S2) for every relevant I;

The computation may then operate on the quotient space

15



A MATHEMATICIAN'S GUIDE TO ECAI

Sy e I

This can dramatically reduce search if large collections of states collapse into the same behavioural
class.

Preserve precisely what matters; discard representational differences that

do not alter the required behaviour.

20 The observer enters the state

Every verification system depends on observation.
Let the observer be represented by O, with:

e measurement rules,
e available instruments,
e precision limits,

¢ authorised predicates,
e environmental access.

The observation process is a map

| LO:X->Y

Different observers may produce different observable states:

| Q_0:1(X) 72_02(X)

ECAI should not pretend that this dependence disappears. Instead, it records the observer
configuration inside the verification context:

$=(X,0,20,0D

A result can then be interpreted correctly:

The property was verified under observer O, using observation map £_0,

within the declared precision and environment.

This is stronger than an unqualified assertion of truth.

16
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21 Three distinct levels of truth

A rigorous ECAI implementation should distinguish at least three levels.

21.1 Algebraic truth

A proposition follows from the formal objects and operations:

| Frp

21.2 Computational truth

A program executed the specified transformation and reproduced the expected result:

| Exec(C,x) =y

21.3 Behavioural truth

The deployed system exhibited the required behaviour in a declared environment:

| B(X, e, 0)=1

These levels are related but not identical.

A theorem about the model does not guarantee correct code. Correct code does not guarantee correct

deployment. A passing observation does not prove universal correctness.

ECAI becomes credible only by retaining these distinctions.

22 What remains conjectural

A mathematician should separate ECAI’'s components into three classes.

Established mathematics

These include:

e elliptic curves,

e group laws,

e isogenies,

¢ finite fields,

e categories,

e graphs,

e invariants,

e quotient structures,
e content addressing,
e formal verification.

17
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Architectural proposals

These include:

e representing computational states with elliptic-curve structures,

¢ linking knowledge segments through verified morphisms,

e treating reasoning as constrained path discovery,

¢ combining formal proofs with behavioural verification,

¢ using distributed content-addressed segments as a global knowledge substrate.

Claims requiring evidence

These include any assertion that ECAIL:

¢ outperforms contemporary machine-learning systemes,
¢ scales with bounded active memory,

¢ solves the representation problem,

e produces general intelligence,

e guarantees global convergence,

¢ resolves unsolved mathematical conjectures,

e provides physical containment or control,

¢ removes the need for probabilistic inference.

Such claims require definitions, proofs, reproducible implementations, benchmarks, and adversarial
testing.

A serious mathematical programme should make those requirements explicit rather than concealing
them behind metaphor.

23 Aresearch programme for ECAI

A disciplined ECAI research programme could proceed through the following questions.
Definition. What precisely constitutes an ECAI state, segment, invariant, and transformation?
Closure. Under what conditions is the composition of two verified transformations also verified?
Canonicalisation. When do different representations correspond to the same computational state?
Locality. How much of the global structure must be activated to solve a given class of problems?
Complexity. What are the time, space, communication, and verification complexities?
Expressiveness. Which classes of computations can be represented efficiently?

Soundness. Can an accepted transformation ever violate a declared invariant?
Completeness. If a valid transformation exists, under what conditions will the system find it?

Robustness. How does the system behave when segments are corrupted, contradictory, unavailable, or
malicious?

Empirical performance. How does it compare with theorem provers, symbolic systems, graph search,
constraint solvers, retrieval-augmented models, neural-symbolic architectures, and conventional
distributed databases?

18
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24 A possible soundness theorem

A minimal formal objective might be stated as follows.

Let
H = (@1, coey ¢n)

be an accepted ECAI derivation from So to S;.
Suppose:

1. every transition verifier is sound,

2. the invariant set is correctly encoded,

3. composition preserves the relevant invariants,

4. all external observations are committed and correctly interpreted.

Then:

Accept(Il) => A_{k=0}*Mn} I(Sw)

Every state on an accepted path satisfies the declared invariant system.

This theorem would not prove that the invariants fully describe reality. It would establish internal
soundness relative to the declared model.

That distinction is mathematically essential.

19
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25 The conceptual shift

The deepest ECAI shift is not from tensors to curves.

e

prediction > transformation
weight > invariant
generated explanation -> retained derivation
centralised model state > globally addressable segments
trust the output > verify the path
Conclusion

ECAI can be understood as a proposed architecture for intelligence built from structured
states and verifiable transformations.

Its mathematical vocabulary includes:

elliptic curves + isogenies + invariants + local-to-global structure + verified
composition

Its computational objective is not merely to generate a plausible answer. It is to construct a lawful
path from an initial state to a target state and retain enough evidence for another system to verify the
journey.

Intelligence is not the ability to produce the most probable continuation. It is

the ability to discover, compose, and verify transformations that preserve
what must remain true.

That thesis is mathematically interesting.

Its ultimate value will depend on whether it can be expressed with precise definitions, implemented
reproducibly, subjected to falsifiable experiments, and shown to solve meaningful problems more
effectively than existing methods.

20
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