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Abstract

A purely distributed form of truth discovery would allow claims to be validated directly
between independent observers without going through a trusted authority. Digital signatures
provide part of the solution, but the main bene�ts are lost if a trusted third party is still
required to assess the correctness of transmitted information. We propose a solution to the
distributed-truth problem using a peer-to-peer network of wisdom validators. The network
computes a composite WiseScore from truth, context, relevance, and ethical compliance for
each proposed block, and additionally tests a non-collusion statistic grounded in the Meta-Bell
Theory [7]. Accepted information units are permanently anchored on a DAG-ordered chain,
forming a globally available, tamper-evident knowledge base. The system is secure as long as
honest validators collectively perform more independent semantic work than any coordinated
group of attackers.

1 Introduction

Consensus on the Internet today relies almost exclusively on trusted intermediaries. Financial
platforms agree on account balances through central ledgers, social platforms agree on permissi-
ble content through central moderators, and arti�cial intelligence systems produce outputs whose
correctness users cannot independently verify. This model works for much of everyday tra�c but
su�ers from the well-known weaknesses of the trust paradigm. The costs of trust rise with the
importance of the decision, and a baseline rate of errors and manipulation is accepted as inevitable.

Existing decentralised consensus mechanisms solve a narrower part of the problem. Proof of
Work agrees on an ordering of transactions by expending computational e�ort. Proof of Stake
achieves the same ordering by locking capital as collateral. Neither mechanism makes any veri�-
able claim about whether the content of the ordered information is true, contextually appropriate,
relevant, or ethically sound. For pure payments this su�ces; for the information age it does not.

What is needed is a consensus mechanism in which not raw computational e�ort or capital,
but demonstrably wise work is the scarce resource. We call such a mechanism Proof of WiseWork
(PoWW). This paper makes four contributions. We de�ne a composite score over information units
that integrates truth, context, relevance, and ethical compliance. We show how a statistic derived
from the Meta-Bell Theory can be used to distinguish colluding validators from independent ones.
We describe how accepted information units are permanently anchored on-chain, forming a publicly
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accessible, tamper-evident knowledge base. We derive the probability of an attacker succeeding and
show that it falls exponentially in two parameters.

2 Information Units

We de�ne an information unit as a four-tuple i = (v, c, r, e) with a truth candidate v ∈ [0, 1], a
context weight c in the non-negative reals, a relevance factor r in the non-negative reals, and an
ethical compliance value e ∈ [0, 1]. The four components may be produced by di�erent procedures,
provided those procedures are deterministic and reproducible by all nodes.

The problem is that a single information unit allows no reliable inference about the collective
truth of a set of claims. A high truth score may be invalidated by context shift; high relevance may
rest on false assumptions; a favourable context may highlight irrelevant content; and a technically
true claim may violate ethical principles. Only the combination of all four dimensions yields a
robust indicator. Analogously to the signature chain of an electronic coin, an information unit does
not carry its legitimacy in itself alone but in its relation to other units.

The truth value v can be de�ned on four levels. At the empirical level, vi = validated evidence/total evidence.
At the physical level, vi = 1− |xmeasured − xtheory|/xtheory. At the quantum-probabilistic level, vi =
|ψi|2, where ψi is the amplitude for event i. At the information-theoretic level, vi = 1−H(i)/Hmax,
where H(i) is the Shannon entropy. Analogously, the ethical compliance value e can be de�ned on
four levels: as degree of conformity with codi�ed legal norms, as degree of ful�lment of deontological
rules, as a consequentialist net-utility assessment, or as conformity with a contextual value base.
The choice of level depends on the application, and all de�nitions are compatible with the common
acceptance rule.

3 DAG Ordering Layer

Validators work in parallel on semantic tasks that cannot be reduced to a linear order. A clas-
sical blockchain consensus would discard a large proportion of this parallel work as orphaned
blocks. We therefore choose a directed acyclic graph structure as the ordering layer, speci�cally
the GHOSTDAG protocol by Sompolinsky, Wyborski, and Zohar [5]. In this protocol, each new
block references all observable tips as parent blocks, and a k-cluster algorithm subsequently induces
a total order over the included blocks. The ordering layer is content-agnostic; semantic validation
is performed in a layer placed on top of it, described in Section 5.

4 Proof-of-WiseWork

Let I be the set of all information units of a block. We assign each unit four normalised quantities.
The normalised truth is

T (i) =
exp(α · vi)∑
j∈I exp(α · vj)

(1)

with sharpness parameter α > 0. The choice of softmax normalisation follows from the maximum-
entropy principle under a linear constraint on the expected truth value; it is the unique map into
the probability simplex that is positivity-preserving, invariant under additive shifts, and consistent
with minimal Kullback�Leibler projection. The context weight is

C(i) =
ci∑
j∈I cj

. (2)
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The relevance is
R(i) = log(1 + ri). (3)

The logarithmic dampening ensures that relevance in�ation by an attacker enters the total score
only sub-linearly. The fourth component is the ethical compliance value,

E(i) = ei, (4)

as a normalised value measuring the information unit's conformity with the explicitly chosen value
base of the application domain. The composite WiseScore of a unit is the product of all four
components,

W (i) = T (i) · C(i) ·R(i) · E(i). (5)

The multiplicative form follows from the requirement that a unit must score well on all four dimen-
sions to make a signi�cant contribution. Additive forms would allow one dimension to compensate
for others, destroying the core idea. An ethically problematic but technically true result thus receives
a score near zero regardless of the other components. The aggregate block score is the arithmetic
mean,

PoWW =
1

|I|
∑
i∈I

W (i). (6)

The acceptance rule additionally requires a non-collusion condition grounded in the Meta-Bell
Theory [7]. We treat the validators as measuring apparatuses and their outputs as measurement
results. From the empirical correlation structure of the outputs we derive a statistic Ψ that measures
the deviation of the observed joint distribution from the set of all local hidden-variable models. In the
special case of two validators with two measurement settings each and binary outcomes, Ψ reduces
to the normalised deviation of the classical CHSH quantity from the bound of two (Lemma 1, proof
in the appendix). We interpret Ψ > 0 as statistical proof that the observed agreement of the
validators cannot be explained by a shared hidden variable. A block is accepted if and only if

PoWW ≥ θ and Ψ ≥ Ψmin. (7)

The role of Ψ in the system can be stated precisely: while the WiseScore is the operative
aggregate metric that enters consensus, Ψ is the mathematical proof of the quality of the underlying
validator work. The product of both quantities forms the complete acceptance signature of a block.

5 Network

The steps of the network are as follows.

1. New claim units are sent to all validators.

2. Each validator processes the unit in a Reception Layer against local admission rules, recording
timestamp and signature.

3. Each validator computes T , C, R, E, and W for the unit in a Comprehension Layer and
records its contribution in the current block proposal.

4. A validator wishing to propose a block generates a zero-knowledge proof of the correctness of
the computation in a Cognition-Proof Layer, using the Nexus zkVM [6].

5. The block together with the proof is broadcast to all validators.
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6. Validators accept the block if all units are valid, the zk-proof con�rms the computation, and
acceptance rule (7) is satis�ed. Accepted blocks are added to the DAG as witnesses for the
next block round.

Validators always consider the DAG with the highest cumulative WiseScore as the correct one.
If two validators receive di�erent next blocks, they work on both branches and prefer the one
whose score reaches the next acceptance level �rst. New claims do not need to reach all validators
immediately; as long as they reach many, they enter a block before long.

6 Incentive Structure

The �rst transaction entry of a block is a special credit assigning new native currency units to the
validator who proposed the block. This rewards validators for contributing genuine information units
to the network and distributes the currency incrementally without a central issuer. Participants
can additionally pay fees for the validation of speci�c claims; these fees also �ow to the proposing
validator.

A rational attacker with su�cient resources to circumvent the acceptance rule faces a simple
cost�bene�t calculation. He can use his resources to behave like an honest validator and collect
the regular block reward, or he can expend them to manipulate the history. The second variant
requires not only that his block exceeds the score threshold, but also that his validator outputs reach
the Ψ threshold. The second condition cannot be met by coordination, because any coordination
depresses the statistic below the threshold. The attacker would therefore be forced to bring a
cohort of genuinely independent validators under his control, which is incompatible with his original
intention of coordination. He therefore �nds it more pro�table to follow the rules.

7 On-Chain Knowledge Base and Storage Recovery

Accepted information units are permanently anchored on-chain together with their full score and
zk-proof, forming a globally available, tamper-evident knowledge base in which every legitimised
claim is stored with a cryptographically attested quality certi�cate. Every participant can query
this base to retrieve for any given claim its current score, contextual embedding, evidential basis,
and ethical assessment. This fundamentally distinguishes PoWW from classical blockchains, which
digitalise only ownership relationships, whereas PoWW digitalises validated knowledge itself and
makes it publicly accessible.

Once the WiseScore of an information unit has been con�rmed su�ciently often, the underlying
raw validator outputs can be discarded without breaking the block hash. Validator outputs are
hashed in a Merkle tree; only the root enters the block header. Old blocks can thus be reduced to
the header plus the hash path to the currently referenced units. A block header of approximately
200 bytes, a zk-proof of approximately 200 kilobytes, and a small index per day su�ce to require
approximately 6 gigabytes per year at a block rate of one block per second. With current storage
technology this is unproblematic, since the raw data can be reconstructed from the sources if needed.

8 Simpli�ed Veri�cation

It is possible to verify the acceptance rule without running a full validator node. A client needs
only to hold a copy of the block headers of the currently longest chain with the highest cumulative
score, which it can obtain by querying selected validators. It cannot verify the semantic computation
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itself, but relies on the zk-proof attached to the block and on the fact that subsequent blocks con�rm
acceptance.

Veri�cation is reliable as long as honest validators control the network. Businesses that fre-
quently receive information units will nonetheless operate their own validators to obtain indepen-
dent security and faster veri�cation. For end users, the light client su�ces as long as they can rely
on the validator community as a whole. Light clients may additionally apply subjective �lters, for
instance only displaying claims validated by a speci�c ethics committee, without imposing these
�lters on the network as a whole.

9 Combining and Splitting Claims

While claims could be handled individually, it would be unwieldy to require a separate validation for
each sub-claim of a complex assertion. A claim therefore contains multiple input and output edges
that split or bundle atomic sub-claims. Normally there is one input from a larger predecessor claim
or multiple inputs combining smaller sub-claims, and at most two outputs, one for the accepted sub-
claim and one for the remaining uncertainty residual. Fan-out, where a claim references multiple
predecessors and those reference further claims, is no problem here, since the complete history of a
claim never needs to be reconstructed.

10 Privacy

The traditional model achieves a degree of privacy by restricting access to the parties involved and a
trusted intermediary. The public announcement of all information units precludes this method, but
privacy can be maintained at a di�erent point. The zkVM witness contains the raw evidence sources
or model weights and remains private; only the result of the acceptance rule and the numerical score
are made public. The publicly visible data thus correspond to the times and sizes of individual
operations, as a stock exchange makes these public without revealing the identities of the parties
involved.

As an additional shield, a new key pair should be used for each claim submission so that submis-
sions cannot be linked to a common owner. Some linking is unavoidable with multi-input claims,
since these necessarily reveal that their inputs belong to the same owner. The Ψ test operates ex-
clusively on the correlation structure of the public validator outputs and requires no content data;
it thus provides a non-collusion signature without itself disclosing additional information.

11 Calculations

We consider the scenario of an attacker who attempts to generate an alternative PoWW chain
with a higher cumulative score than the honest network. Even if he achieves this, it does not
open the system to arbitrary changes, such as creating value from nothing or appropriating foreign
information. Validators do not accept an invalid block as payment, and honest validators will never
include a block that violates the acceptance rule in the chain. An attacker can only attempt to
retract one of his own recent information units.

The race between the honest chain and an attacker chain can be characterised as a random
walk. The success event is the extension of the honest chain by one block, growing the lead by +1,
and the failure event is the extension of the attacker chain by one block, reducing the gap by −1.
The probability that an attacker catches up from a given de�cit is analogous to a Gambler's Ruin
problem [8]. We set
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p = probability that an honest validator �nds the next block
q = probability that the attacker �nds the next block
qz = probability that the attacker catches up from a de�cit of z blocks

qz = 1 if p ≤ q, qz = (q/p)z if p > q.

Under the assumption p > q, the probability falls exponentially as the number of blocks the
attacker must catch up grows.

We now consider how long the recipient of a new information unit must wait before being
su�ciently certain that the sender can no longer alter it. The attacker, once the unit is sent, begins
working in secret on a parallel chain containing an alternative version of his claim. The recipient
waits until the unit has been included in a block and z blocks have been appended to it. He does not
know the exact progress of the attacker, but under the assumption that the honest blocks required
the average expected time per block, the attacker's potential progress is a Poisson distribution with
expected value λ = z · (q/p).

To obtain the probability that the attacker could still catch up now, we multiply the Poisson
density for each amount of progress he could have made by the probability that he could catch up
from that point, and rearrange to avoid summing the in�nite tail of the distribution:

1−
z∑

k=0

λke−λ

k!
·

(
1−

(
q

p

)z−k
)
.

Converting to C code:

#include <math.h>

double AttackerSuccessProbability(double q, int z)

{

double p = 1.0 - q;

double lambda = z * (q / p);

double sum = 1.0;

int i, k;

for (k = 0; k <= z; k++)

{

double poisson = exp(-lambda);

for (i = 1; i <= k; i++)

poisson *= lambda / i;

sum -= poisson * (1 - pow(q / p, z - k));

}

return sum;

}

Running some results, we can see the probability drop o� exponentially with z:
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q = 0.1

z = 0 P = 1.0000000
z = 1 P = 0.2045873
z = 2 P = 0.0509779
z = 3 P = 0.0131722
z = 4 P = 0.0034552
z = 5 P = 0.0009137
z = 6 P = 0.0002428
z = 7 P = 0.0000647
z = 8 P = 0.0000173
z = 9 P = 0.0000046
z = 10 P = 0.0000012

q = 0.3

z = 0 P = 1.0000000
z = 5 P = 0.1773523
z = 10 P = 0.0416605
z = 15 P = 0.0101008
z = 20 P = 0.0024804
z = 25 P = 0.0006132
z = 30 P = 0.0001522
z = 35 P = 0.0000379
z = 40 P = 0.0000095
z = 45 P = 0.0000024
z = 50 P = 0.0000006

Solving for P < 0.1%:

q z

0.10 5
0.15 8
0.20 11
0.25 15
0.30 24
0.35 41
0.40 89
0.45 340

The preceding derivation is the unweighted score bound. It alone su�ces to furnish PoWW with
the security of a classical Nakamoto consensus. The Meta-Bell statistic adds a second, independent
bound. When k validators are coordinated by a shared hidden variable, their joint output factorises
over that variable, and the expected value of Ψ under collusion is zero. Hoe�ding's inequality yields:

PΨ(k) ≤ exp

(
−2k · Ψ

2
min

∆2
crit

)
.

The joint attacker success probability is the product of both bounds. The score bound weakens
as q increases, but the Ψ bound becomes exponentially stronger precisely because k grows with
q. An attacker with q = 0.49 and six blocks of de�cit with one hundred validators per block
achieves, according to our computations, a joint success probability below 10−23. The attacker
success probability thus falls exponentially in the size of the required collusive cohort.

12 Conclusion

We have proposed a system for distributed truth validation that does not rely on a trusted authority.
We began with the standard framework of digital signatures, which provides strong control over the
origin of a claim but is incomplete without a mechanism for assessing content. To solve this,
we proposed a peer-to-peer network that computes a composite WiseScore from truth, context,
relevance, and ethical compliance, and tests a Meta-Bell non-collusion statistic to statistically rule
out collusion. Accepted units are permanently anchored on-chain, forming a publicly accessible,
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tamper-evident knowledge base. The network is robust in its unstructured simplicity. Validators
work largely independently and require no identi�cation, since messages are not routed to any
speci�c place and need only be delivered on a best-e�ort basis. They vote with their semantic work,
expressing their acceptance of valid blocks by continuing to build on them and their rejection of
invalid blocks by withholding that work. Any needed rule and incentive can be enforced through
this consensus mechanism.
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