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The Core Translation Problem

root

Ma

er. Ybe

de ghould P€ pet! 4dd a v, iable.
function_definition The CO - v \\ refactor this e

// \ { e t:lrfs_h.
arameters type annotation block i £ S -
B dac / \ m : usel mmmf:‘:ﬂt . implicjt kn-::n:we:j
: S g o |~i|. .‘\‘Qe

variable_declaration variable_declaration expression amhi . _ e 4 il dback
/ / \ Mbigyor knaw;edgEs- 'T 5 nsﬂuctured fee a
: . . ; et - ot T DMalurg lang
literal identifier operator call_expression L __J"*'“‘ F = ol age text
ents FHT- - “ONtaxt myqe;
/ \ user com™ .. ambiguous reqyi =g
literal operator literal literal - €quirements
Source Code -> tree-sitter -> Lossless AST Natural Language -> The AST Void
Zero LLM calls, zero non-determinism, near-linear cost. No ground-truth parser.

The answer is not “use an LLM instead.” The answer is a stratified extraction stack where each layer
has a different determinism/cost/recall profile, and every edge is stamped with its provenance.
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The Core Bet: Encoders Over LLMs

Property Autoregressive LLM extraction | Encoder IE (GLiNER family)
= Poor even at T=0 . S S
Determinism W PR kechel nbndse catrdsm) Effectively deterministic |
100s of chunks/s batched
Throughput 1 chunk / 1-3 s / call on. ERL ;. Womk e onabPY
Cost model Linear in tokens x price One-time model download I

Schema control

Label set is an explicit
runtime argument

Prompt-dependent, drifts

Use GL1NER-class encoders (~200-500M params, local) as the default
semantic layer. Reserve LLMs for narrow, cacheable rationale passes.
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The 7 Non-Negotiable System Constraints

G1: Determinism

Same corpus + same
(@) N version = byte-identical
" graph.json. Pinned

weights, fixed seeds.

[sricT ] @ (@)

G2: Local-First

&

[ NETWORK: OFF ] (_

Zero network calls by
default. LLM pass 1s an
explicit opt-in flag.

e )

G3: Provenance

Never emit an assertion
without a byte-range
citation (source_spans).

[ CITED ]

G4: Confidence Stratification

[ TIERED ] |

4-tier provenance tags
‘//? (Structural to Generated).

G5: Incrementality

Content-addressed chunk
cache. One changed file
must not rebuild the world.

(o)

ooz

[ INCREMENTAL ] (j

G6: Agent-Legible Output

o 0
qml]-ﬂ

[ LeeiBLE 1 (

Sexrve bounded, ranked,
cited context to LLM
token budgets.

17

(o)

G7: Auditable Cost

% @ Per-stage token/time

budgets emitted in the
[ AUDITABLE ] ( €

run manifest.
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The Stratified Extraction Architecture

Every layer is a pure function of the layer below plus a pinned config hash.

L9: Artifacts & MCP
N2
L8: Retrieval Engine
¥
L7: Analytics
W
L6: Graph Assembly
2
L5: Entity Resolution

v
v

L4: Optional LLM Semantic

L3: Encoder IE
¥

L2: Linguistic Substrate

4
L1: Deterministic Structure

v
LO: Ingest & Normalize
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Layer O: Ingestion & Normalization

]

_:ﬁ, PDF /DOCX >

Docling

: >
E Markdown/JSON =) ij?b tree-sitter - {é‘)}

% App Logs > L%

e

Drain3

CanonicalDoc

Key Engineering Invariants

(source_file, byte_offset).Run-length-
encoded maps are mandatory for honest
citations.

-i; o Offset Fidelity: Every character maps to

9 * Content Addressing: doc_id =
C H blake3(raw_bytes). The foundation of
incrementality.

i

}

Chunking Strategy

"chunk_id": "b3:...",

rdoctadd-o" D8Rt

"breadcrumb": ["Doc", "§2 Architecture", "8§2.3 Storage"],
"span": [14203, 16891],

"token_count": 612,

|Ilang1l: "E‘I"I",.

"layout_type": "paragraph|table|list|code|quote|transcript_turn",

“prev_chunk": "b3:...",
"next_chunk": "b3:..."

Hierarchical, layout-aware splitting. Never use fixed 512-token
windows. Attach heading breadcrumbs to every chunk.
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Layer 1: Deterministic Structure Parse (0 Models)

Typically 30-50% of final edge count, built in seconds.

Text Signal Extracted Edge Determinism
_‘
Heading hierarchy CONTAINS(section_a, section_b) 100%
e e s o s i <
Table structure Table -> Row -> Cell (via Docling) 100%
N
SQL DDL TABLE -> COLUMN (via tree-sitter) 100%
Structured K g
ructured markers .
(TODO: . WHY:. ADR-003) Rationale Nodes 100%

lets agents answer why, not just what.

l Steal this from Graphify: Elevating rationale/decision blocks to first-class nodes -l
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Layer 2: The Linguistic Substrate

{

-
I

Raw Sentence
String

Segmentation - Token/Dep Parse -
(pysbd) (spaCy)

Coreference Temporal Norm
_— i delTime)

(fastcoref)

The Highest-ROlI Component

Temporal Normalization

Coreference Resolution
(fastcoref / maverick-coref).

Without resolving ‘the company’, ‘it’,
and 'they’ at the document scope,
multi-hop recall is destroyed.

HeidelTime resolves relative
dates like 'last quarter’
against a document’s t_ref.

Mandatory for bi-temporal modeling.

Modality/Negation

NegEx rule packs prevent
extracting ‘X CAUSES Y' from
‘X does not cause Y'.

Attached as edge attributes.
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Layer 3: Encoder-Based IE (The tree-sitter Analog)

—

Ty G 7N I 1 Iy |

w

N

—

o

& Relation Extraction in one forward pass).

he Stack: GLiNER (Zero-shot NER) + gliner-relex (Joint NER

(A) Schema-Free
(OpenlE)

(B) Induced Schema ) ¢
(Recommended)

(C) User-Supplied
Ontology

Extract raw (subject,
predicate, object).
Max recall, max mess.
Requires PPR at retrieval.

Cheap pass over corpus
sample -> cluster ->
propose schema -> freeze
to schema.yaml ->
constrain full extraction.

Accept SHACL/YAML,

reject type-violating triples.
Kills large classes of
hallucinated edges.

& NotebookLM




The Confidence Taxonomy

Every edge carries a confidence tag and evidence count.

.| STRUCTURAL (L1) Read directly from machine-readable structure.

g

E &

Z | 5 Elg
‘m E 5 5pt: sonet-coohit-ooynaot E 3 8. 8pis- maching-ceadabie loyess |J

IEMEL

propagation). Not stated explicitly in text.

=
8. 5pt sead Amterhinbes g 3 Kot eapliztly in tewt

|E INFERRED (L2/L5/L7) Derived deterministically by the engine (coref, alias

15

i e
Laif®
fne |

E GENERATED (L4) Produced by an LLM. Never treated as primary evidence.

E E:; (=]
5 Soft Ancthyst Pusple % ] Mever Trested as peimary evidence |3

Easar cEE R

Rule: Retrieval must filter by tag. An agent can request “STRUCTURAL & EXTRACTED only."”
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Layer 4: The Optional LLM Pass

Reserve LLMs for what encoders genuinely cannot do. All operations are
opt-in, bounded by 11m.max_tokens, and highly cacheable.

{

L9

~

L8

L7

L6

&5

s

)

Lo

Ll

-

LG

CACHED SANDBOX (BUDGET FENCE)

l"'.‘-'l.

ty

Cost Contrxol: The --no-1lm flag must produce a fully
functional baseline graph.

| I

I |

| I

: f \ :

| I

! : Hard-case !

i Rationale RAPTOR-style : : i

! a a I

ol SynthesTs .| hierarchical : entdlj:yd ‘mattc_hlng o 0
| (decisions, summaries Sl g i e :
| constraints) over communities amblguous bands :

: only) !

| 1

: | ) :

| |
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Layer 5: Entity Resolution (Where Naive Text KGs Die)

L9 Phase 1: Blocking (Reduce 0O(n?))
L8 Deterministic keys (acronyms, phonetic)
+ ANN/embedding blocking. Target: Recall

L7 >= 0.99 at <= le-4 of cross-product.
L6

ase 2: Scorin
o Phase 2: S
L5 Probabilistic (Fellegi-Sunter) via

Splink running locally on DuckDB.
L4 Unsupervised, explainable, handles
1 : ; 100M+ records.
|_3 : .HK -y ) .
Phase 3: Clustering

L2

Weighted-CC with cohesion checks.
L Never use naive connected components

(prevents over-merge catastrophes).
LO
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Reversible Entity Resolution

[ AW N ] 7T~ HAS_MENTION

[Source 1 span] S
h,h‘*ﬁ.u-_-.h(r N
l ACME I~ —————— SAME_AS - = - = = - » Canonical Entity
[Source 2 span] e "‘—.’\_—,}

l the company | __ _-= HAS_MENTION

[Source 3 span]

e The Rule: Emit SAME_AS edges rather than destructively merging nodes.
e Keep every original mention node tied to 1its exact byte-span.

Result: Entity resolution becomes reversible, auditable, and tunable at query
time. A massive operational advantage for provenance.
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Layer 6: Graph Model & Reification

Before: Bare Edge (Anti-pattern) After: Reified Claim Node

Claim Node l

subject

ACQUIRED prgdicate
(Acme ] Q :{ Beta ] [Acme J—— object 5 Beta
J confidence

polarity
t_valid
source_spans[]

o Why? Reification costs storage but buys multi-source evidence
aggregation, contradiction handling, and honest provenance.
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Bi-Temporal Modeling (Invalidation > Deletion)

Ingestion of Policy B
¢ t_invalid capped at Policy B's t_valid

Pollcy A 5 1 1 S
' Policy B

t valid_start t_created, t_expired Time

>

o Standard KGs treat facts as timeless. Temporal KGs track how facts change.

e Track 4 timestamps per fact: Event Time (t_valid, t_invalid) and Ingestion Time
(t_created, t_expired).

e Enables agents to answer: “What did the contract say in March, and when did that
change?”
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Storage Engine Showdown

Option Verdict for you

Recommended for vB0.1. Zero install friction

NetworkX + Parquet (pipx install). Fits <5M edges in RAM.

Underrated pragmatic choice. Single

DuckDB + Recursive CTEs
dependency, columnar, zero-server.

Technically ideal embedded Cypher, but

Kuzu / LadybugDB ecosystem stability dictates waiting.

Best tooling, but too heavyweight for a CLI

Neo4] default. Provide as a pluggable backend.
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15

L9

L6

L8

e/

L6

L4

Ll

{152

Layer 7: Analytics &

Leiden Communities

Community Detection

- Use Leiden, not Louvain
(guarantees well-connected
communities).

- Fix the random seed (G1
determinism).

- Apply edge weights: confidence
x log(1l + evidence_count).

Level O
Level 1 sub-
communities
Labeling without LLMs
1. Collect mentions + section
headings.
2. Compute c-TF-IDF (term freq
within community vs across all).
3. MMR to reduce redundancy.
4. Label = Top terms +

highest-centrality entity.
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Extracting Structural Insight

God Nodes: Top percentile by
PageRank/betweenness. Usually signifies
central concepts—or catastrophic ER

over-merge bugs. R
| N>
Bridges (Structural Holes): Edges whose / R, P
removal disconnects communities. .ZZ#,{;H,L;'%E
Generate the “surprising insights” for ““‘*??Efa‘-'iﬁ‘f'\
VXA B
agent reports. ,’":' .:‘f
BT
S = )

Contradictions: Claim nodes with
identical subjects/predicates,
incompatible objects, and overlapping God Node
validity intervals. Surfaced via

CONTRADICTS edges.

Orphan
components
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Layer 8: The Retrieval Engine (HippoRAG Backbone)

Dual-Node Graph

L12
L11 Entities I
Passage
L1O |
L10 Passages I
L9 Passages 1= | Passage |
User Quer — [ “"w““.._ >| Passage ' _: Context Pack
y L\ 5 | K]
T
15 Passages Passagel
L4
L ﬁhh“ﬂa
| = Passages Passage
L1
Architecture: Why PPR over Cypher?
A dual-node graph containing both Soft, multi-hop traversal degrades
phrase/entity nodes and passage gracefully when the graph is imperfect.
nodes.

Unifies dense and sparse retrieval natively.

& NotebookLM



- Hybrid Scoring & Query Routing
score = wl(BM25) + w2(cos(query, embed)) + w3(PPR) + w4(structural_prior)
- Fuse using Reciprocal Rank Fusion (RRF), then rerank the top 50 witha = = =
- Tlocal cross-encoder (bge-reranker-v2-m3). | ST S S o R
""""""""""" :,, Lﬂca”SPEdﬁ? Queries . '} -> Entity-anchored, low-hop,
> (e.g., 'Whatis high-precision retrieval.
0 ulhElerted®Bas) 0 0

—— > Global/Abstract Queries ———> - Community summary retrieval.
....... - (e.g., ‘What are the e Flat vector math cannot
....... main themes?’) ~ * © °  answer these.

....................................................... & NotebookLM



Input Box

1. Lightweight
Query Royter

Query: “What
did the Q3
contract say
about
termination?”

Routes to
Local/Specific
mode.

2. Hybrid 3. Filters

Scoring

Checks

4. Verified
Context Pack

Executes BM25

+ Dense + PPR STRUCTURAL or

scoring. EXTRACTED).
Checks Bi-
Temporal

Validity (filters
out invalidated
Q2 policies).

| Confidence Tag \
(Requires

Returns
byte-cited,
deduplicated
facts to the
LLM agent.
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