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THE MODEL TAKES DECISION,
PROPOSE NEXT ACTION AND
EXECUTES NOTHING.
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THE MODEL TAKES DECISION,
PROPOSE NEXT ACTION AND
EXECUTES NOTHING.

INTRINSIC GUARDRAILS

Hard Refusal (i.e., Synthesis of chemical weapons)

Binded to weights, changed only by retraining
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THE MODEL TAKES DECISION,
PROPOSE NEXT ACTION AND
EXECUTES NOTHING.

K) INFLUENCED BY THE CONTEXT
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run_circuit_tool_schema.json

"name": "run circuit",

"description": "Execute a circuit in Qiskit and

return fidelity vs the target state.",

"input schema": {
"type": "object",
"oroperties": {

"n qubits": {"type":
"backend": {"type":

"enum" :
"shots": {"type":

¥

"integer", "maximum": 12},
"string",

"aer", "statevector"]},
"integer", "default": 1024}

"required": ["n_qubits"]

A TOOL GIVES THE MODEL A NEW CAPABILITY

09

circuit_benchmarking_skill.md

name: circuit-benchmarking

description: How to benchmark a state preparation
circulit and report the result. Use when a claim
about fidelity or depth needs evidence.

# Procedure

Run "run_circuit’ on the statevector backend first

to get the noiseless reference fidelity. Then rerun
on ‘aer’ with at least 1024 shots.

Sweep n_qubits from 2 upward and stop at the first
value where fidelity drops below 0.99.

# Reporting
Report the noiseless value, the sampled value, and

the qubit count at which the gap opens. A single
fidelity number without its reference is not a result.

A SKILL SHAPES GIVES THE MODEL THE KNOW-HOW
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Develop a hew quantum algorithm

‘ USER PROMPT '
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Develop a hew quantum algorithm
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o USER PROMPT ®

Develop a hew quantum algorithm
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Develop a hew quantum algorithm

INPUT FILTERING HARNESS

o \ 4

|

CONTEXT BUILDER =
>

e Conversation history
e ool schemas
o Skills

Decision F—--: ---------- 5 -------- ?T\
DISPATCHER

-----------------------

A

CONTEXT SELECTION

L N

f’f%
Gsp"“ 5

o SUp
\2.1

DI P1sSA

~
W
&\
93

/ UNIVERSITA



o USER PROMPT ®
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USER PROMPT
Develop a new quantum algorithm
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EXECUTES, CONSTRAINS AND KEEPS THE STATE
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® BREAKDOWN RESEARCH 9

PROBLEM / IDEA
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® BREAKDOWN RESEARCH 9

PROBLEM / IDEA

RESEARCH QUESTIONS / SCOPE
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FORMULATE / MIODEL HYPHOTESIS

A. Berti & P. Dazzi 34 fggyf/gfrgfjmm



® BREAKDOWN RESEARCH 9

PROBLEM / IDEA

RESEARCH QUESTIONS / SCOPE

reframe
research

gap
Partlallg No
—>
ALREADY EXiSTS

FORI\IIULATE / MODEL HYPHOTESIS

v

LITERATURE REVIEW

THEORETICAL OR

EXPERIMENTAL?.

b
&-@q.

&

2l
,ps

UNIVERSITA
DI P1sA

A. Berti & P. Dazzi 35

N SUp
;!’

::;\\\

LY



® BREAKDOWN RESEARCH 9
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LET’S AGENTIFY IT.

Psss! Our mission is to remove the human in the loop.

Such mindset is very helpful while designing the blueprint.
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® PROBLEM / IDEA

PROBLEM

Let a,b,c,d € C with |a|? + |b|? + |c|? + |d|* = 1. Find Uy,..., U such that

\WE NEED TO CONTEXTUALIZE BETTER THE PROBLEM

For example, we did not specity:
e« The class of the input:and output matrices

« The semantics ofi ™*”

¢ The domain ot study

« The constraintson Uy, ..., U,
And others details we did not think about
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® RESEARCH QUESTIONS / SCOPE

PROBLEM

Let a,b,c,d € C with |a|? + [b|? + |¢|? + |d|* = 1. Find Uy, ..., Uy such that

B

What it does

grill-me takes a loose idea and interviews you until you can commit to it. You do not need a worked-

out plan to start: producing one is what the session is for. It asks in rounds: each round is the whole

frontier (every question whose prerequisites you have already settled), so you are never asked
something that hinges on an answer it hasn't heard yet.

A. Berti & P. Dazzi

Source: https://www.aihero.dev/skills-grill-me
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https://www.aihero.dev/skills-grill-me

PROBLEM

Let a,b,c,d € C with |a|? + |b? + |c|? + |d|? = 1. Find Uy, ..., U such that

a
C
X
X

() AGENT

> You are now operating as the "/grill-me" agent.

Interview me about the attached . Ask
tough, structured, and deep questions to uncover
hidden requirements, potential technical
bottlenecks, and edge cases.

A. Berti & P. Dazzi 210



O Purpose

What is this construction actually for - what role does the transformed matrix play downstream?

1. State - block-encoding (Recommended)
The 4x4 is a state-preparation unitary V with V|@) = {a,b,c,d}", and you want to turn it into a unitary whose top-left 2x2

block is A = [[a,b],[c,d]] - i.e. a block-encoding of the reshaped amplitude matrix, no ancilla. The research value is the
ancilla-free, gate-count-explicit version of a known reshaping trick.

Compilation / gate-count puzzle

You already know it’s possible; the question is the minimal number k of elementary 2-level unitaries, Givens rotations, or
1-qubit+(NOT) that realize it, and how k scales for 2"n.

Pedagogical exercise

It’s a problem for students / lecture notes; the goal is a clean, explicit, checkable answer for the 4x4 case, not a general
theorem.

Something else in a larger algorithm

It’s a lemma inside a bigger construction (QSVT, LCU, Hamiltonian simulation, tomography..) and the surrounding constraints
matter more than the 4x4 statement itself.

Type something.

Chat about this
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Compilation / gate-count puzzle

You already know it’s possible; the question is the minimal number k of elementary 2-level unitaries, Givens rotations, or
1-qubit+(NOT) that realize it, and how k scales for 2"n.

Pedagogical exercise

It’s a problem for students / lecture notes; the goal is a clean, explicit, checkable answer for the 4x4 case, not a general
theorem.

Something else in a larger algorithm

It’s a lemma inside a bigger construction (QSVT, LCU, Hamiltonian simulation, tomography..) and the surrounding constraints
matter more than the 4x4 statement itself.

Type something.
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0O Access model

How is A given to you?

1. Classical data, fully known (Recommended)
A is a matrix in memory; classical preprocessing is free and only the gate count is charged. This is what ‘free design

variable’ commits you to, gives a clean O(N?) lower bound from data loading alone, and puts you head-to-head
with FABLE / Clader et al. - where your differentiators are zero ancillas and a = IAIf. Downside: the paper is
‘classical data = block-encoding’, not ‘state = block-encoding’.

. Black-box state-prep unitary W.
You get V (and V') as oracles with |0") = |vec(A)), nothing else. Preserves your original ‘state = block-encoding’

framing and the question ‘how many uses of V, with how many ancillas?’ is genuinely open-feeling. Riskier: the
answer might be a negative result.

. Entry-access oracle 0p

I[i,j] or |i,j,A) plus sparsity structure = the standard sparse-access model. Query complexity becomes the metric
and you inherit a large comparison literature (Gilyén et al., Low-Chuang).

. Both » classical result, black-box as a companion
Prove the constructive classical-data theorem, and add the black-box uses-of-V question as a separate section
(likely with a lower bound). More work, but the two halves make each other look better.

. Type something.

. Chat about this
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. Entry-access oracle 0,
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and you inherit a large comparison literature (Gilyén et al., Low-Chuang).
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Prove the constructive classical-data theorem, and add the black-box uses-of-V question as a separate section
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What counts as a single U_i — i.e. what is k actually counting?

1. 2-level unitaries / Givens (Recommended)
Each U_i acts nontrivially on exactly two basis states (a Givens rotation + phase). This is the classical

Reck/Clements setting, gives a clean k for the 4x4 case, has matching lower bounds, and is hardware-meaningful
for photonics.

. 1-qubit gates + CNOT
The standard quantum-circuit cost model; k is the CNOT count. Connects directly to state-pre lower bounds

(Q(2”n) CNOTs) and to FABLE/Clader-style block-encoding costs, so your result is comparable to the literature.

. Arbitrary 2-qubit unitaries
Coarser, cleaner counting for the asymptotic statement; loses the sharp constant in the 4x4 base case (where

the whole thing is one 2-qubit gate, so k=1 and there is nothing to say).

. Query complexity, not gates
k counts calls to an oracle (state-prep, or entry-access to A), and gate cost is secondary. Right choice only

if A is genuinely black-box data.
. Type something.

“ 6. Chat about this
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® LITERATURE REVIEW ®
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® LITERATURE REVIEW 9

O FOCUSED_IDEA.MD

LITERATURE REVIEW > A\
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Impl. Error U U Impl. Error
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LITERATURE REVIEW
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> Based on the research context described in

ACCEPTED.MD look for prior works in the research
domain identified.




® LITERATURE REVIEW

() AGENT

:> Based on the research context described in

look for prior works in the research

domain identified.

THIS IS A NAIVE APPROACH, IN WHICH YOU FORCE THE AGENT TO GUESS:
e Where to look for the papers
e How to identify a relevant paper

e How to extract the core information from a retrieved paper
e How to store a retrieved paper

FOCUSED_. IDEA.MD
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® LITERATURE REVIEW - WHERE TO LOOK FOR THE PAPERS o

\2 ¢S OpenAlex

Semantic Scholar

Semantic Scholar is an Al discovery engine. |t is built to help OpenAlex is a global data infrastructure. It is built to:map
individual researchers read and understand:papers faster. the entire universe of research. It doesn’t just index papers;
Instead of focusing on:global institutional mappings;it it maps-the relationships between works, authors, global
focuses heavily on:the internal content of the papers, using institutions, venues (journals), and funding sources. It

Natural Language Processing:(NLP) to extract meaning. treats academic data like a giant open-source graph.

Z

Both services integrate the Model Context Protocol (MCP)

This allows to expose Semantic Scholar and Open Alex as tools for our agent
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® LITERATURE REVIEW - HOW TO EXTRACT THE CORE INFORMATION 9

Der. ONTOLOGY

AN ONTOLOGY IS A FORMAL, EXPLICIT SPECIFICATION OF THE CONCEPTS IN A DOMAIN, THE PROPERTIES

THOSE CONCEPTS HAVE, AND THE RELATIONSHIPS BETWEEN THEM. IT DEFINES THE VOCABULARY AND
STRUCTURE THAT THE KNOWLEDGE BASE USES TO REPRESENT FACTS, SO THAT DATA CAN BE ORGANIZED
CONSISTENTLY, SHARED ACROSS SYSTEMS, AND REASONED OVER BY MACHINES.
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® LITERATURE REVIEW - HOW TO EXTRACT THE CORE INFORMATION 9

Der. ONTOLOGY

AN ONTOLOGY IS A FORMAL, EXPLICIT SPECIFICATION OF THE CONCEPTS IN A DOMAIN, THE PROPERTIES

THOSE CONCEPTS HAVE, AND THE RELATIONSHIPS BETWEEN THEM. IT DEFINES THE VOCABULARY AND
STRUCTURE THAT THE KNOWLEDGE BASE USES TO REPRESENT FACTS, SO THAT DATA CAN BE ORGANIZED
CONSISTENTLY, SHARED ACROSS SYSTEMS, AND REASONED OVER BY MACHINES.

FOR EXAMPLE, A POSSIBILE ONTOLGY FOR A SCIENTIFIC PAPER IS:

O
. W ->_>
' '
4_4_
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® LITERATURE REVIEW - HOW TO EXTRACT THE CORE INFORMATION 9

Der. ONTOLOGY

AN ONTOLOGY IS A FORMAL, EXPLICIT SPECIFICATION OF THE CONCEPTS IN A DOMAIN, THE PROPERTIES

THOSE CONCEPTS HAVE, AND THE RELATIONSHIPS BETWEEN THEM. IT DEFINES THE VOCABULARY AND
STRUCTURE THAT THE KNOWLEDGE BASE USES TO REPRESENT FACTS, SO THAT DATA CAN BE ORGANIZED
CONSISTENTLY, SHARED ACROSS SYSTEMS, AND REASONED OVER BY MACHINES.

FOR EXAMPLE, A POSSIBILE ONTOLGY FOR A SCIENTIFIC PAPER IS:

O
. W ->_>
' '
4_4_

\WE CAN DO BETTER. THE ONTOLOGY: IS TOO COARSE AND NOT SO INFORMATIVE.
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® LITERATURE REVIEW - HOW TO EXTRACT THE CORE INFORMATION

Der. ONTOLOGY

AN ONTOLOGY IS A FORMAL, EXPLICIT SPECIFICATION OF THE CONCEPTS IN A DOMAIN, THE PROPERTIES
THOSE CONCEPTS HAVE, AND THE RELATIONSHIPS BETWEEN THEM. IT DEFINES THE VOCABULARY AND
STRUCTURE THAT THE KNOWLEDGE BASE USES TO REPRESENT FACTS, SO THAT DATA CAN BE ORGANIZED
CONSISTENTLY, SHARED ACROSS SYSTEMS, AND REASONED OVER BY MACHINES.

\/OCABULARY RELATIONSHIPS

hasSection
Paper Section
. W defines
contains Definition Concept Symbol
Statement uses
| usesSymbol

reliesOn )/
Statement Assumption
assumes

|
' isa

w proves | followsFrom (
Proof Result Corollary
Theorem Lemma Proposition Corollary

Dashed lines: subclass of. Solid arrows: relation.
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® LITERATURE REVIEW - HOW STORE A RETRIEVED PAPER o

' GIVEN A SCIENTIFIC ARTICLE, WHERE SHOULD ITS ONTOLOGY-BASED REPRESENTATION BE STORED?

O In a flat markdown file

In a graph data structure that enforces the classes and
relations defined by the ontology. Storing the paper this
way lets us apply standard graph algorithms to it, for
example community detection, to discover structure such
as clusters of interdependent results.
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® LITERATURE REVIEW - HOW STORE A RETRIEVED PAPER ®
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® LITERATURE REVIEW - HOW STORE A RETRIEVED PAPER o

More specifically, we want a GRAPH RAG (i.e., a knowledge base where a.node contains the embedding of the data it describe)
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® LITERATURE REVIEW o

‘THE LITERATURE REVIEW AGENT HAS
TOO MANY RESPONSIBILITIES.

Retrieval, extraction, insertion

&N OpenAlex | . /A MEM
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® LITERATURE REVIEW o
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® LITERATURE REVIEW o
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® LITERATURE REVIEW o
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® LITERATURE REVIEW o
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® LITERATURE REVIEW o

o Alex”7 N \B

\ T

" ALREADY_SEEN.MD FOCUSED_IDEA.MD | | ONTOLOGY.MD
RETRIEVAL AGENT | | EXTRACTION AGENT
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® LITERATURE REVIEW o
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Pass the paper
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® LITERATURE REVIEW o

AopenaigZ | NS\ 1
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| a

Extract according ONTOLOGY.MD

Pass the paper
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® LITERATURE REVIEW o

Aopendlex”Z | \&L 1
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a

Extract according ONTOLOGY.MD

B

k\

Pass the paper Pass extracted data -
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® LITERATURE REVIEW o

Aopendlex”Z | \&L 1
.. G

AT

a

Extract according ONTOLOGY.MD

@ Concept /
{Eﬂ:} 7N \ Relationship -
_ & J = | _> EMBEIM}
. \ . |
Pass the paper Pass extracted data : 'C-ﬂ kODEL
ALREADY _SEEN.MD FOCUSED_IDEA.MD ' ONTOLOGY.MD .~ CHECK .JSON SYNTAX
RETRIEVAL AGENT _ EXTRACTION AGENT _ INSERTION AGENT
SONNET OPUS

: —

R i\f’__‘;’cd» U S
: : s&%" [UNIVERSITA
A.Berti & P. Dazzi 80 «@%’/m PIsA

2

»

o
&

»



® LITERATURE REVIEW o
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Extract according ONTOLOGY.MD
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Pass the paper Pass extracted data : i | L ooai I a—

N embedding
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® LITERATURE REVIEW o

AopendigdZ | N\ 1
4 =‘ emantic Scholar

a

Extract according ONTOLOGY.MD

Insert in GraphRAG DB

(Text concept / Relationship
+ embedding)
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® LITERATURE REVIEW o
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® LITERATURE REVIEW o
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+ embedding)
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® LITERATURE REVIEW ®
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® LITERATURE REVIEW
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® NOVEL? GATE
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reframe:| i 100 Oy 2 .

| FOCUSED_IDEA.MD ALREADY _SEEN.MD ONTOLOGY.MD

--------- FSRATCH |-

Cgap i 0 b
""""" PaF“a“*J

FILESYSTEM

--------------------------------------------------------

#
Theq)retlcal Experimental :

-------- SR R

Imp!. Erron;

impl. Erfor
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T [ TTTTTTTTTTTTTT ] TTTTTTTTTTTTTT ] TTTTTTTTTTTTT
g‘& X UNIVERSITA
Z ‘~*’ DI PisA

: iYes : : : : : : :
"I"I"I"I"['I"I"I"I"I"'I"I"I"I"I"I"I"I"I'['I"I"I"I"I"I"I"I"I"I"I"I"I"I'['I"I"I"I"I"I"I"I"I"I"I"I |\
A. Berti & P. Dazzi

.‘.1 23
G{am
‘&
@i



® NOVEL? GATE o

- THE \IC f IS NON=TRIVIAL TO REALIZE
.GRAPHR.AG'. We have a Knowledge Graph where each node contains a pair (text, embeding)
" | and the relationships between the nodes are defined by an ontology
Theorem 23
- @
Result 30 / Result 98

T :

Result 14

G/O Introduction

|

Corollary 21 Detinition-
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® NOVEL? GATE

A POSSIBLE APPROACH

(you can find better ones)

We need to map the FOCUSED_IDEA.MD in the same space of the literature retrived (i.e., in the GraphRAG DB)
S

[

FOCUSED_IDEA.MD

Extract according ONTOLOGY.MD ®

\We retrieve from our literature

GraphRAG DB database (and do not insert the
Retrieve(Conjecture) conjecture)

£

) Conjecture-.

[M3]

FOCUSED_IDEA.MD

Pass Conjecture.json

\\/ embedding

ONTOLOGY.MD

e, / UNIVERSITA
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® NOVEL? GATE 9

A POSSIBLE APPROACH

Given the retrieved candidates (extracted using vector search, symbol match, ecc), we verify against the conjecture

_| RETRIEVAL \/ERIFICATION
\ECHANISIV Graph Query, Vectors, Symbols
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® NOVEL? GATE 9

A POSSIBLE APPROACH

Given the retrieved candidates (extracted using vector search, symbol match, ecc), we verify against the conjecture

_| RETRIEVAL \/ERIFICATION
\ECHANISIV Graph Query, Vectors, Symbols

THIS'ERAMING PREVENTS IS USING A 'SIMILARITY/ THRESHOL'D AS 'A'VERDICT.
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® NOVEL? GATE 9

A POSSIBLE APPROACH

Given the retrieved candidates (extracted using vector search, symbol match, ecc), we verify against the conjecture

_| RETRIEVAL \/ERIFICATION
\ECHANISIV Graph Query, Vectors, Symbols

THIS'ERAMING PREVENTS IS USING A 'SIMILARITY/ THRESHOL'D AS 'A'VERDICT.

HIGH COSINE SIMILARITY between your statement and a published one means they are worth comparing, nothing more.
Low SIMILARITY does not mean independence either, because the result that trivially implies yours may be written in a vocabulary you never used.

RETRIEVAL SCORE DECIDES WHAT GETS A MODEL CALL. ONLY THE JUDGE DECIDES COVERAGE.

\lisp‘“
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CANDIDATE CANDIDATE 2 CANDIDATE S CANDIDATE 4
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A. Berti & P. Dazzi @bz };@“*/SFII)\II:ESITA

=
2 2 o
© 1343



@® NoVEL? GATE - VERIFICATION 9

CANDIDATE 1 CANDIDATE 2 CANDIDATE S CANDIDATE 4

JUDGE AGENT
FEABILE

WE__
Sl / UNIVERSITA
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@® NoVEL? GATE - VERIFICATION 9

Result: CANDIDATE 1

Conjecture: CONJECTURE ‘]

Label:
Rationale: MOTIVATION

CANDIDATE 1 CANDIDATE 2 CANDIDATE S CANDIDATE 4

JUDGE AGENT
EABILE
A. Berti & P. Dazzi g5 %;@¢/EFII)\II:§SITA



@® NoOVEL? GATE - VERIFICATION 9

Result: CANDIDATE 1 Result: CANDIDATE 2

Conjecture: CONJECTURE ‘]
Label:

Conjecture: CONJECTURE ‘]

Label:

Rationale: MOTIVATION Rationale: MOTIVATION

CANDIDATE 1 CANDIDATE 2 CANDIDATE S CANDIDATE 4

N
JUDGE AGENT N 4
FABLE ®

Since EQUIVALENT, we can stop

se&~ [UNIVERSITA
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b _—I- et b e

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

reframe : | : : ; | |
--------- T R

Cgap i 0 i
""""" PaF“a“*J

--------------------------------------------------------

#
Theq)retlcal Experimental :

-------- SR R

Imp!. Erron;

impl. Erfor
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@® NoOVEL? GATE - VERIFICATION

Result: CANDIDATE 1

Conjecture: CONJECTURE ‘]

Label:
Rationale: MOTIVATION

CANDIDATE 1

N
J
\/
JUDGE AGENT
FABLE

A. Berti & P. Dazzi

Result: CANDIDATE 3

Conjecture: CONJECTURE ‘]

Label:
Rationale: MOTIVATION

CANDIDATE S CANDIDATE 4
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b _—I- et b e

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

reframe : | : : ; | |
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Cgap i 0 i
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--------------------------------------------------------

#
Theq)retlcal Experimental :

-------- SR R

Imp!. Erron;

impl. Erfor
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------------------------------------------------------------------------------------------------------------------------------------------------------------------

reframe

a h 5 5 5 5 5 5 E . , | DISCARDED.VID
--------- rese ren e g i We usethe dlscarded dlrectlons for reframmg

gap |
e S T ITN S S TSy S e Partrallg

PARTIALLY COVERED

‘_I_I—
Theq)retlcal Experimental :

1 1

1

1 1

1 1

1 1

1 1 1 1 1 ] ]

1 1 1 1 1 1 1 1 1 (] 1

1 1 1 1 1 1 1 1 ) | 1 1 1 1
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Imp[. Error;

impl. Erfor

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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LITERATURE.DATABASE

ALREADY _SEEN.MD ONTOLOGY.MD

------------------------------------------------------------------------------------------------------------------------------------------------------------------

SUUNNOR SOuc WU PR U SRR SOV RO SO WO Partrallg

PARTIALLY COVERED

.....................................................

‘_I_I—
Theq)retlcal Experimental :

1 1

1

1 1

1 1
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1 1
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Imp[. Erron;

impl. Erfor
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@® NoOVEL? GATE - VERIFICATION

Result: CANDIDATE 1

Conjecture: CONJECTURE ‘]

Label:
Rationale: MOTIVATION

CANDIDATE 1

JUDGE AGENT
FEABILE

A. Berti & P. Dazzi 1035

Result: CANDIDATE 4

Conjecture: CONJECTURE ‘]
Label:

Rationale: MOTIVATION

CANDIDATE 4
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b _—I- et b e

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

reframe : | : : ; | |
--------- T R

Cgap i 0 b
""""" PaF“a“*J

--------------------------------------------------------

#
Theq)retlcal Experimental :

-------- SR R

Imp!. Erron;

impl. Erfor
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e __I. T et g
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o FORMULATE / MIODEL HYPOTHESIS 9

Th|s node is the brldge between “THERE IS A GAP” and “THERE IS SOMETHING A PROVER OR AN EXPERIMENT CAN ATTACK”

Ilts jobis to turn a iInto a fully specified, falsifiable object.

WHAT DOESIT PRODUCE?

|THE MODEL
The formal setting the claim lives in: input model, cost model, computational model

THE ASSUMPTION SET
Same "assumes’” edges as any statementin your ontology. The gate compared assumption sets to decide

@ | THE STATEMENT QUANTIFIED
Explicit quantifiers, explicit scope, explicit parameter regime (No “efficient”, no "for reasonable inputs®).
: partial coverage, and the refinement loop works by editing this set, so it has to be an object.

NOTATION GROUNDED IN THE GRAPH

@ Symbols and definitions resolved against existing Symbol and Definition nodes rather than invented locallu.
Otherwise the hypothesis is unmatched against the literature you just searched, and the paper writing node

later reintroduces the mismatch.

THE REFUTATION CONDITION
@ What observation or-counterexample would kill it. This is the single most important-output, because it is what
the falsifier is graded against, and a hypothesis without one cannot be refuted, only abandoned.

/,'3!’ z

. . =, UNIVERSITA
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® FORMULATE / MODEL HYPOTHESIS

--I--I--I--I-l__l__I_J__I__I_J__I_J_J__I_J_J_J_J_l__l_J__I_J_J_J-J_J_J-.I_J_J_J_J_l_l__l__l__I__I__I__I__I__I__I__I__I__I__I_l_l__l__l__! hypothesis_id: H-001 .
assumptions:
status: proposed @l £
- 1id:

statement: ...

claim:
text: > grounded_in:
Under assumptions Al and A2, method X provid — statement:S24

lower asymptotic cost than method Y.
rounded_in: :
g - - id: A2
- statement:S17
- theorem:T04

statement: ...
grounded_in:

model: — theorem:T11
input_model:
value: streaming classical data notation:
grounded_in: — symbol: N
— definition:D12 definition:

computational_model: node: definition:D04

value: null

status: unresolved — symbol: epsilon
FABLE ' definition:
cost_model: node: definition:D18

value: gate complexity
grounded_in:

HYPOTHESIS CONSTRUCTOR AGENT

value: null
status: unresolved

quantification:
variables:
- N supporting_candidates:
~ epsilon — subgraph:G12

: ' A : ' ' . S — subgraph:G19
canpioares gy @S €D & S "

epsilon: null unresolved:

— computational model not explicitly specified
parameter_regime: — epsilon quantification missing
CONJECTURE value: null - parameter regime missing
status: unresolved - refutation condition missing

ez [UNIVERSITA
DI P1sA
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\

hypothesis_vO.yaml

FABLE ' | ' | ' | ' ‘ FABLE

HYPOTHESIS CONSTRUCTOR AGENT ' ' ' - SPEC CHALLENGER AGENT

CAND.IDATE.S ‘3 @ @ @

ME D7, N
Saom", / UNIVERSITA

A. Berti & P. Dazzi 108 f»@‘% pI P1sa

1343




-,

FABLE

CANDIDATES (;:"’ @ @ @

EONIECTURE OQ

YAML

THE MODEL

In exactly what computational/input/cost model does
this statement hold?

QUANTIFIED STATEMENT
For all what? There exists what? Which N, €, noise level,

hardware regime, etc.?

ASSUMPTIONS

Which assumptions are necessary? Which come from
the candidate graphs? Which are newly introduced?

GROUNDED NOTATION
Where is symbol X defined? Is this the same X used in

candidate theorem Y?

REFUTATION CONDITION

What concrete observation would make this
hypothesis false?
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\

hypothesis_vO.yaml

FABLE ' | ' | ' | ' ‘ FABLE

HYPOTHESIS CONSTRUCTOR AGENT ' ' ' - SPEC CHALLENGER AGENT

CAND.IDATE.S ‘3 @ @ @

ME D7, N
Saom", / UNIVERSITA

A. Berti & P. Dazzi 110 f»@‘% pI P1sa
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® FORMULATE / MODEL HYPOTHESIS

1L _|_|__I__I_J I | .

audit:
model:
status: fail

reason: computational model 1is unspecified

quantification:
status: partial
reason: epsilon is not quantified

assumptions:
status: pass

notation:
status: pass

refutation_condition:

status: fail : : : : ‘ FABLE ‘

reason: no explicit falsifying observation exists

| . - SPEC CHALLENGER AGENT

— target: model.computational_model
question: >
Which computational model is assumed by the complexity claim?

— target: quantification.quantifiers.epsilon

A The important point is that this node is-not yet trying
Is the claim intended to hold for every epsilon > 0, to prove or refute the conjecture. Its job is to
IF ERLY Ol & [petiiekeel SEsirEe)y Fegdu transform an:-informal research idea into something
sufficiently explicit that the next agents can attack it.

— target: refutation_condition
question: >
What theoretical result or experimental observation
would contradict the claimed advantage?

. |‘1‘1‘1'1‘1‘1'1‘[1‘1‘1'1‘1‘1'1‘1‘1'1‘1'1'1‘1'[1‘1'1‘1'1'1‘1'1'1'1'1'1'1'1']'r'r'r'r'r'r'r'r'r'r'r'r'r'r]'r'r'r'r'r'r'r'r'r'r1'1'1'1
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A

FABLE FABILE
HYPOTHESIS CONSTRUCTOR AGENT ~ dudit-vbuyaml a5« CHALLENGER AGENT
CANDIDATES ‘3 @ @ @
A. Berti & P. Dazzi 112 j%gg/g;vg:jsma
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FABLE ' ' ' | ' | ' ' FABLE

HYPOTHESIS CONSTRUCTOR AGENT ' ' ' - SPEC CHALLENGER AGENT

l Query Graphs-
CAND.IDATE.S Q @ @ @

%

: : Séa, [UNTVERSITA
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hypothesis_vl.yaml

FABLE ' | ' | ' | ' ‘ FABLE

HYPOTHESIS CONSTRUCTOR AGENT ' ' ' - SPEC CHALLENGER AGENT

CAND.IDATE.S ‘3 @ @ @

ME D7, N
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A

FABLE FABILE
HYPOTHESIS CONSTRUCTOR AGENT auditvlyaml - apen OHALLENGER AGENT
CANDIDATES ‘3 @ @ @
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—hypothesis_vXX.yaml

A
vam. G
Loop Unitil PASS ' | b
o — K-
FABLE
audit_vXX.yaml
HYPOTHESIS CONSTRUCTOR AGENT ' | ' "SPEC CHALLENGER AGENT

—y

: : Séa, [UNTVERSITA
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- - - —hypothesis_vXX.yaml
\

AN ——83

‘ J_‘ ' . Loop Unitil : PASS Y
- T l - -
FABLE FABLE
audit_vXX.yaml
HYPOTHESIS CONSTRUCTOR AGENT ' | ' "SPEC CHALLENGER AGENT

We are not eXchanging free-form prdse; we are evoiving'mutable, machine-readable scientific artifacts.

The output of one agent must become a state that another agent can inspect, modify, validate, and pass downstream.
Free prose is a poor representation for that state.
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l R HYPOTHESIS_V23.YANL

reframe : : : | ; : :
--------- research--- e e e

gap i 00 0 s
--------- Partmllg
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--------------------------------------------------------

#
Theq)retlcal Experimental :

-------- S ST S

Imp!. Erron;

impl. Erfor
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©® THEORETICAL OR EXPERIMENTAL GATE \
, ! , , | : : ‘__I:__|__|__I__I_ﬁ:l__l__l__l__l_:L_I__I__I__I__IE_- , ., m

HYPOTHESIS_V23.YANL

v

""" BUILD PROOF THEORETICAL OFR DESIGN AND RUN “
J ' I 1 — ﬁ F : 1
5 5 5 EXPERIMENTAL? EXPERIMENTS | | |

Theoretical Experimental

- m m e mw =N W~ mmAa

It could be both (we can follow the branches in parallel)

-------------
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@ THEORETICAL OR EXPERIMENTAL GATE
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_________ _________ _________ _________ l _________ Q HYPOTHESIS_V23.YAML

’ o' ANl
RESEARCH QUESTICNS / SCOPE 'S

------------------------------------------------------------------------------------------------------------------------------------------------------------------

I'EB“fI'&iI1FI€3 : : : : : : :
--------- ST YECVIVH R S S s o o —

gap | 0 b |
R S i TETET SR S ST SIS S S Partrallg ------ '

_“—_

JL --------- ; """ THEORETICAL OR
EXPERIMENTAL?

Theq)retlcal

1

1 1

1 I 1

1 1 1

1 1 1

1 1

1 1 1 1 1

1 1 1 1 1

1 1 1 1 1 1 1 1
------------------------------------------------------------------------------------------------------------------ | l'---------I---------'I---------"-----------

1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 I I 1 1 1 1 1 I

1 1 U 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1

Yes

EYes .
ST T T T
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® Desigh AND RuN EXPERIMENTS 9

THREE PRINCIPLES

INDEPENDENT EXPERIMENTAL DESIGN
Tests are derived from the hypothesis and its refutation criteria before seeing the

implementation.

GROUNDED IMPLEMENTATION
6 Agents reuse trusted scientific frameworks (e.qg. Qiskit/Aer) instead of recreating
simulators or domain physics unnecessarily

CONTEXT SEPARATION
m The implementation agent never sees hidden tests, expected outcomes, or evaluator
internals, preventing test-specitic workarounds and evaluation leakage.
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® Desigh AND RuN EXPERIMENTS 9

EXPERIMENT DESIGNER AGENT

Produces \ .

T EEWST )
m\/ | l . I . EXPERIMENT_CONTRACT.YAML HIDDEN_TESTS.YAML

HYPOTHESIS - V23 .YAML INDEPENDENT EXPERIMENTAL DESIGN
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DESIGN AND RUN EXPERIMENTS PUBLIC

EXPERIMENT _CONTRACT.YAML

EXPJ VAML

experiment_contract: interface:
experiment_id: EXP-001 entrypoint: run_algorithm
hypothesis_id: H-023 signature: "run_algorithm(N, epsilon, backend)"
objective: scientific_model:
description: > computational_model: gate_based_quantum_computation
Implement and evaluate method X under the computational input_model: classical_stream
model defined in the hypothesis. cost_model:
- gate_count ANML
task: — circuit_depth

HYPO type: algorithm_implementation

description: > constraints:

Implement algorithm X according to the formalized hypothesis. preserve_algorithm_semantics: true

allowed_approximations: false

inputs:
. allowed_tools:
parameters:
- giskit
— name: N

type: integer ~ Qiskit-aer

- nane: epsilon  (FROUNDED IMPLEMENTATION  execution_requirements:

type: float reproducible: true
configurable_seed: true
outputs: logging_required: true
required:

- resu}t artifacts_required:

— runtime — source_code

— circuit_depth — environment_manifest

— gate_count — implementation_manifest
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DESIGN AND RUN EXPERIMENTS PUBLIC

EXPERIMENT _CONTRACT.YAML

EXPJ VAML

experiment_contract: interface:
experiment_id: EXP-001 entrypoint: run_algorithm
hypothesis_id: H-023 signature: "run_algorithm(N, epsilon, backend)"
objective: scientific_model:
description: > computational_model: gate_based_quantum_computation
Implement and evaluate method X under the computational input_model: classical_stream
model defined in the hypothesis. cost_model:
- gate_count AML
task: — circuit_depth
HYPO type: algorithm_implementation

description: > constraints:

Implement algorithm X according to the formalized hypothesis. preserve_algorithm_semantics: true

allowed_approximations: false

inputs:
. allowed_tools:
parameters: ST
— name: N - qlstlt
: - giskit-
type: 1nteger qiskitmaer

— name: epsilon . _
execution_requirements:

type: float
yp reproducible: true
- configurable_seed: true
outputs: : ]

P . logging_required: true
required:

- ksl artifacts_required:

— runtime

— source_code

— circuit_depth — environment_manifest

— gate_count — implementation_manifest

The key point is that it describes the contract of the experiment, not the evaluator.
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EXPERIMENT DESIGNER AGENT

Y Produces
(r ' ro
VAML s

HYPOTHESIS - V23.YAML INDEPENDENT EXPERIMENTAL DESIGN

IMPLEMENTATION
AGENT

A. Berti & P. Dazzi 125

CONTEXT SEPARATION

PUBLIC | o PRIVATE

EXPERIMENT_CONTRACT.YAML

HIDDEN_TESTS.YANIL

TEST IMPLEMENTER
AGENT
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DESIGN AND RUN EXPERIMENTS

EXPERIMENT DESIGNER AGE

HYPOTHESIS_V23.YANIL

A. Berti & P. Dazzi

PRIVATE CONTEXT SEPARATION

HIDDEN_TESTS.YAML

PUBLIC

hidden_tests: ’ J

- 1id: test_01

input: \
N: 64
noise_level: 0.01 m

expected_property: AL HIDDEN_TESTS.YANMIL
fidelity: ">= 0.95"

id: test_02
input:

N: 128

noise level: 0.03 -

~Z~
~ N

expected_property:

scaling: "consistent with hypothesis" |
id: adversarial 01 ﬁ—\ * -
input: % . ,-//

N: 127
TEST IMPLEMENTER

failure_if: AGENT

— crashes

— violates output constraints
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® DesiGN AND RunN EXPERIMENTS CONTEXT SEPARATION

PUBLIC m PRIVATE

EXPERIMENT DESIGNER AGENT * * * *
> D
Produces - LN N
m\// ' ' O ' EXPERIMENT _CONTRACT.YAML HIDDEN_TESTS.YAML
HYPOTHESIS - VI3.YANIL INDEPENDENT EXPERIMENTAL DESIGN

IMPLEMENTATION TEST IMPLEMENTER
AGENT AGENT

N \’,'5%"&%
\.lifp S
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CONTEXT SEPARATION

PUBLIC | m PRIVATE

Produces

EXPERIMENT_CONTRACT.YAML HIDDEN_TESTS.YANIL

HYPOTHESIS - V23.YAML INDEPENDENT EXPERIMENTAL DESIGN

IMPLEMENTATION TEST IMPLEMENTER
AGENT AGENT
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® Desigh AND RuN EXPERIMENTS ~ 7 W

IMPLEMENTATION * " TEesST IMPLEMENTER
AGENT f *  AGENT

!

IMPLEMENTATION.PY TEST_SUITE.PY

EXECUTE
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® Desigh AND RuN EXPERIMENTS

A. Berti & P. Dazzi

IMPLEMENTATION
AGENT

x
ki

IMPLEMENTATION.PY

!

N7

TEST IMPLEMENTER

of

AGENT

TEST_SUITE.PY

!

EXECUTE

Failures are routed to the responsible agent
through a predefined YANML artifact.
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® Desigh AND RuN EXPERIMENTS

SER. -

IMPLEMENTATION

AGENT

x
ki

IMPLEMENTATION.PY

A pass should produce the evidence needed to
- justity that the hypothesis survived the experiment

A. Berti & P. Dazzi

under the deolare_d conditions. _

!

N £

TEST IMPLEMENTER

o

= 3 o=

AGENT

TEST_SUITE.PY

!

EXECUTE

EXPERI_I\IIENTS ARTIFACTS

151

IMPLEMENTATION
~ PROBLEM

1
4

TEST-SUITE
PROBLEM

0
(5
_QJ

EXPERIMENT
PROBLEM



® ResuLTs HoLD? GATE
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EXPERIMENTS ARTIFACTS
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® ResuLTs HoLD? GATE
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RESEARCH QUESTICNS / SCOPE
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® ResuLTs HoLD? GATE
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RESEARCH QUESTICNS / SCOPE

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

reframe : : : : : : :
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. gap 5 5 ' ' ' : 5
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® RESULTS HOLD? GATE

I_
S A f 1 -
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We may have overlooked some steps, and you may have identified cases that
we have not yet taken into consideration.
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@ ABSTRACTION SHIFT 9

\WE DEFINED AN AGENTIC BLUEPRINT FOR SCIENTIFIC RESEARCH SUCH TO
OBTAIN AS OUTPUT A SCIENTIFIC RESULT.

VWE DEFINED THE BLUEPRINT BASED LARGELY ON INTUITION.
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@ ABSTRACTION SHIFT 9

\WE DEFINED AN AGENTIC BLUEPRINT FOR SCIENTIFIC RESEARCH SUCH TO
OBTAIN AS OUTPUT A SCIENTIFIC RESULT.

VWE DEFINED THE BLUEPRINT BASED LARGELY ON INTUITION.

BUT THIS IS NOT SCIENCE.
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@ ABSTRACTION SHIFT 9

\WE NEED TO FRAME THE PROBLEM AROUND THE IDEA THAT THE PRIMARY RESEARCH

ARTIFACT IS NOT THE PAPER, BUT THE BLUEPRINT ITSELF
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@ ABSTRACTION SHIFT 9

\WE NEED TO FRAME THE PROBLEM AROUND THE IDEA THAT THE PRIMARY RESEARCH
ARTIFACT IS NOT THE PAPER, BUT THE BLUEPRINT ITSELF

-WE CAN TRACK THE PARAMETERS FIXED IN THE BLUEPRINT AND
MAKE THEM “LEARNABLE™.
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@ ABSTRACTION SHIFT 9

\WE NEED TO FRAME THE PROBLEM AROUND THE IDEA THAT THE PRIMARY RESEARCH
ARTIFACT IS NOT THE PAPER, BUT THE BLUEPRINT ITSELF

-WE CAN TRACK THE PARAMETERS FIXED IN THE BLUEPRINT AND
MAKE THEM “LEARNABLE™.

¢ AGENT CONFIGURATION: model, prompt, skills, tools, context visibility.

e KNOWLEDGE CONFIGURATION: ontoloqy, retrieval limits, ranking, candidate limits.

¢ ARTIFACT CONTRACTS: schemas, fields, versions, read/write permissions.

e CONTROL LOGIC: gates, acceptance criteria, loop limits, stopping criteria, routing.

e EXECUTION CONFIGURATION: harness, environment, libraries, hardware, seeds, timeouts.
e SCIENTIFIC EVALUATION: datasets, parameter ranges, metrics, statistics, thresholds.

e OBSERVABILITY & PROVENANCE: l0gs, intermediate artifacts, decision traces, version history, provenance
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@® ABSTRACTION SHIFT ®
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@® ABSTRACTION SHIFT o
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We need an eval set over the blueprint.

697% o 89%

OPTIMIZE

This is the kind of abstractions we look for these days
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