Eugene Patent Search — End-to-End Flow

Developer walkthrough: USPTO ETL - Neo4j graph - LLM extraction — FastAPI router —
response

Audience

Engineers onboarding to the Eugene biomedical knowledge graph who need a single, file-referenced
trace of the patent flow. Every reference uses the form pat h/to/ fil e. py: | i ne so you can open it
directly in your IDE and step through with a debugger.

Reference endpoint

CGET / pat ent s/ drugs?drug_i d=DB00993&page=1&page_si ze=50 — declared in
src/ foundation/ router/patent_search_router.py. The same trace applies to the
clinicaltrials and geneproteins siblings.

How to read this guide

» Sections follow the request path in reverse: start at the HTTP boundary, then walk back through
the ETL that fills the graph.

» Section 0 (Schema) is non-obvious and easy to miss: Eugene enforces graph structure by
convention, not by Neo4j CREATE CONSTRAINT.

» Section 7 contains the verbatim LLM prompts used during patent ingestion.



0. The graph schema (read this first)

Eugene does not use Neo4j CREATE CONSTRAI NT statements. The schema is conventional, enforced
by code:

* Node labels are centralized as enums in

src/ foundati on/ nodel / f oundati onal _node_enum py —e.g. DRUG = 8, "drug",
PATENT_APPLI CATI ON = 31, "Patent_Application",CLIN CAL_TRI AL = 4,
"Clinical Trial",GENE_PROTEIN = 12, "gene_protein".

» Relationship types live in
src/ foundati on/ nodel / f oundati onal _rel ati onshi p_enum py — DI SCLOSED | N,
SUPPORTS_PATENT_APPLI CATI ON, PATENT_APP_TARGET.

» Idempotency comes from MERGE on a natural-key property (e.g. appl i cati on_nunber _text,
node_i d) — not from a uniqueness constraint.

» The Neo4j container (cont ai ner s/ eugene_neo4j ce/ Dockerfil e) ships only neo4j . conf
+ apoc. conf ; no schema init runs.

» Seed data (CSL/Biogen drug assets, drug node properties) lives as plain Cypher in bi n/ seed/
and is run manually against a fresh DB.

Implication for debugging: keep the two enum files open while reading any adapter. Every Cypher
string interpolates label/relationship strings from them.



1. HTTP entry — the FastAPI router

Wiring

src/ eugene_ws. py: 31- 78 — add_r out er s() imports pat ent _sear ch_r out er and includes it
in the FastAPI app.

Router file
src/ foundation/router/patent_search_router. py
Module-load dependency injection (lines 34-35):

neo4j patent_query_adapter()
pat ent _search_resul t _nmapper ()

pat ent _query_adapt er
search_resul t _nmapper

Factories are defined in sr c/ f oundat i on/ conf/ conf . py: 199- 206 (adapter + Neo4j driver) and
src/ foundati on/ conf/conf. py: 267 (mapper). This is Eugene's manual DI pattern — no
framework, no decorators.

Endpoint handler (GET /patents/drugs, lines 38-78)

* Pydantic validation via Annot ated[ ..., Query(...),
AfterValidator(validate_val ue)]. Validators in
src/foundation/router/validate_util.py.

 ID normalization: nor mal i ze_drug_i dinsrc/foundati on/ nodel / case_hel per. py.

» Adapter call returns a pandas DataFrame; mapper turns it into a Pydantic
Pat ent Sear chResul t .

Set your first breakpoint at line 72 (drug_i d = normal i ze_drug_id(drug_id)).



2. Query adapter — the Cypher

src/ foundation/infral/db/ adapt er/ neo4j _patent_query_adapt er. py

« find_rel ated_patents_by drug (line 28) opens a session/transaction and delegates to
_find_rel ated_patents_by_drug (line 107).

e tx.run(cypher, parans).to_df() - pandas DataFrame.
e Cypheris builtin _gener at e_pat ent _sear ch_by_drug (line 126).
e ensure_connection() fromsrc/graph/util/util.py isa per-request driver-health guard.

» Pagination math in src/ f oundati on/i nfra/db/util/pagination. py.

Generated Cypher (after label/relationship interpolation)

MATCH (n: “drug’)-[r: disclosed_in']-(n2: Patent_Application’)
WHERE n. node_id = $drug_id
RETURN n. node_id AS drug_id,
n. node_nanme AS drug_nane,
n2.patent _id AS patent_id
ORDER BY patent _id DESC
SKIP <of fset> LIMT <limt>

Response mapping

src/ foundati on/ mapper/ patent _search_result _napper. py: 18- 30 iterates the DataFrame
and emits Pat ent Sear chResul t Rowinstances inside a Pat ent Sear chResul t
(src/foundation/ nodel / pat ent/ patent _search_resul t. py).

That completes the read path. The interesting question is how a : Pat ent _Appl i cat i on node
connected by : di scl osed_i nto a: dr ug node ever appears in the graph. That is the ETL.



3. ETL — top-level orchestration

Two CLI entrypoints at the repo root

e src/ downl oad_pat ent s. py — fetches USPTO applications + pgpub documents to disk as
JSON.

» The process path (turns disk JSON into Neo4j nodes/relationships + LLM-extracted knowledge) is
invoked from the patent ingest CLlIs.

Both paths flow through Pat ent Or chest r at or
src/ patent/ provi der/ patent _orchestrator. py

» downl oad() (line 27) - Applicati onOrchestator.fetch _theraputic_areas -
JsonWiter.wite,then PgpubOrchestrator. fetch — PgpubJsonWiter.wite.

» process() (line53) - fetch_and_store_t heraputic_areas (writes Application nodes) —
PgpubOrchestrat or. process(..., with_anal ysis_and_linki ng=True) (writes pgpub
nodes + runs the LLM).

» DI wiring: src/ patent/ conf/ orchest at or. py.

4. ETL — populating Patent_Application nodes

Appl i cati onOr chestat or (src/ patent/application/) hitsthe USPTO API

(provi der/ application_provider. py) to list recent therapeutic-area applications. Its Neo4j writer
adapter MERGEs : Pat ent _Appl i cati on nodes keyed on appl i cati on_nunber _t ext. See

src/ patent/application/infra/db/.



5. ETL — populating Pgpub + linking to the Application
src/ pat ent/ pgpub/ provi der/ pgpub_orchestrator. py: 55-77 —process()
For each Application:

* pgpub_nmnet adata_provi der.list_assoc_docunents(...) -
pgpub_provi der. fetch_pgpub(...) retrieves USPTO pre-grant publications.

e add_enbeddi ngs(pgpub) runs the document through
src/ pat ent/ pgpub/i nfra/ enbeddi ng/ pgpub_net adat a_enbeddi ng_pr ovi der. py and
stuffs a vector onto pgpub. enbeddi ngs.

e _ingest(pgpub) — Neo4j PgpubAdapt er. upsert ( pgpub) at
src/ patent/ pgpub/i nfra/db/ adapt er/ neodj _pgpub_adapt er. py: 32.

Upsert Cypher (neo4j_pgpub_adapter.py:50-96)

MERCE (pgpub: * <USPTO PGPUB_NODE_TYPE>" {
appl i cation_nunber_text: $application_nunber_text
9]
ON MATCH SET pgpub.refresh_date = datetine(),
pgpub. abstract = $abstract,
pgpub. enrbeddi ngs = $enbeddi ngs
ON CREATE SET ... pgpub.is_uspto = true
W TH pgpub
MATCH (appl i cation:  <USPTO_APPLI CATI ON_NODE_TYPE>"
{ application_nunber_text: $application_nunber_text })
MERGE (application)-[: <USPTO PGPUB_PATENT_REL_TYPE>" { is_uspto: true }]-(pgpub)

Label constants live in sr ¢/ pat ent / pgpub/ i nf ra/ db/ const . py and
src/ patent/application/infral/db/const. py.

This MERGE pattern is the de-facto schema constraint in this codebase: the same
appl i cati on_nunber _t ext always resolves to the same node, so re-running the ETL is idempotent.



6. ETL — the LLM extraction step (where :disclosed inis
born)

Whenwi t h_anal ysi s_and_I| i nki ng=Tr ue, PgPubKnowl edgeGr aphAnal yzer. anal yze(...)
runs after ingest. The read-side query in 82 depends on this step, because
(:drug)-[:disclosed_in]-(:Patent_Application) only exists after the LLM extracts entities
from the patent text and the linking step hooks them into canonical drug/gene/disease nodes.

Call chain

e src/ patent/ pgpub/ anal yze/ pgpub_know edge_graph_anal yzer. py: 22 loops pgpubs
- summary_or chestrator. summari ze( pgpub) .

» src/ patent/pgpub/ anal yze/ pgpub_graph_sunmary_orchestrat or. py: 64 runs three
steps:
Step 1 — extract

extract _and_wite() (line88) - extract () (line 177): builds two pages (pgpub. abstract
and the concatenated cl ai ns) and runs them through
Docurent Anal yzer . anal yze_documnent _pages.

Step 2 — link

upsert _rel ationships() (line 109) links extracted entities to the pgpub via
Neo4j PgpubLi nki ngAdapt er . | i nk_pgpub_node — this is what creates the
: di scl osed_i n-style edges.

Step 3 — community summaries

summari ze_conmuni ti es() (line 129) builds a NetworkX graph of extracted entities, runs
Leiden-style community detection (gr aph/ communi ty/ ), asks the LLM for a per-community report,
and stores summaries as : Summar y/: Fi ndi ng nodes via neo4j _pgpub_sunmary_adapt er. py.

DocumentAnalyzer

src/ docunent / anal yze/ docunent _anal yzer . py: 47- 85 pairs each i nput _par am(which
carries the prompt) with each page, fans them out across a Thr eadPool Execut or (default 4 workers),
streams the LLM response chunk-by-chunk, and returns Pr onpt Response.

Prompt template (generate.py:476-486):

Question: {question}
Contents to anal yze: {docunent}



7. The LLM prompts used during patent ingestion

Wiring: sr ¢/ pat ent / pgpub/ conf/ graphrag_conf . py: 145- 149. The extraction
Docurent Anal yzer is constructed with

i nput _par ans=[ gener at e_know ege_graph_extracti on_i nput_paranms("")], which
embeds the GraphRAG-style triples prompt below.

7.1 Knowledge graph extraction prompt

src/infral/llmpronpt/generate. py: 205- 268

- Goal -
G ven a text docunent, identify all entities and their entity types
fromthe text and all relationships anong the identified entities.

- St eps-
1. ldentify all entities. For each:
- entity_nane (capitalized)
- entity_type
- entity_description
Format: ("entity"/<name>/<type>/<description>)

Only include these entity types:
drug, disease, gene_protein, pathway, anatony,
bi ol ogi cal _process, cellul ar_conponent, effect_phenotype,
exposure, nol ecul ar_function, chem cal _synonym

2. ldentify all (source, target) pairs that are clearly related.
- source_entity, target_entity, relation, relationship_description
Format: ("relationship"/<src>/<tgt>/<relation>/<description>)

Only include these relation types:
drug_drug, drug_protein, drug_effect, disease_disease,
di sease_protein, pathway_protein, pathway_pat hway,
protein_protein, bioprocess protein, indication

3. Qutput as JSON with “entities’ and “rel ati onships® arrays.

7.2 Entity summary prompt (used by community step)
src/infral/llmpronpt/generate. py: 271

You are a hel pful assistant responsible for generating a conprehensive
sumrary of the data provided below. G ven one or two entities, and a
list of descriptions, all related to the sane entity or group of
entities, please concatenate all of these into a single, conprehensive
description... Mike sure it is witten in third person, and include
the entity names so we have the full context.

Entities: {entity_nane}

Description List: {description_list}
7.3 Community report prompt
src/infral/llm pronpt/generate. py: 310

Produces a structured report (TITLE, SUMMARY, IMPACT SEVERITY RATING, RATING
EXPLANATION, DETAILED FINDINGS) returned as JSON. The output is parsed by

document /| oad/ st or ed_sunmari es_| oader. py and stored as : Sunmary + : Fi ndi ng nodes
attached to the Patent_Application.

Triples parsing & canonical linking



e src/ graph/ mapper/tripl es_parser. py parsesthe ("entity"/...) and
("relationship"/...) linesinto Entity/Rel ati onshi p objects.

e link_or _drop_entities atpgpub_graph_summary_orchestrator. py: 240 calls
Neo4j PgpubLi nki ngAdapt er. fi nd_node_i ndex_by_node_nane(entity_type, value).

» This is the canonical-lookup gate: any LLM-extracted entity that does not already exist as a
canonical node (drugs/genes/diseases must be seeded first via bi n/ seed/ ) is dropped. Surviving
entities are linked to the pgpub.

LLM model factory

src/infra/llm |l mfactory. py — returns a LangChain BaseChat Model (provider/model
selected by env vars). Streaming is on by default; the analyzer assembles chunks itself.



8. Suggested debugging walk

 Start FastAPI locally: uvi corn src. eugene_ws: app. Then curl

' [ pat ent s/ drugs?drug_i d=DB00993&page=1&page_si ze=10" . Breakpoint at

pat ent _search_router. py: 72. Step into the adapter, watch the Cypher string get built, inspect
the DataFrame.

* Once the read path is clear, run pyt hon src/ downl oad_pat ents. py --mnmax-applications
1 --output resources/data and step through pat ent _orchestrator. py: 27.

» Run the process() path (find the CLI that calls it — e.g. convert pat ent s. py at the repo root)
with a breakpoint at pgpub_or chestrat or. py: 55. Watch _i ngest write a pgpub node, then
enter PgPubKnow edgeGr aphAnal yzer . anal yze to see the LLM extraction.

 Inside Docunent Anal yzer. anal yze_docunent _t ask (docunent _anal yzer. py: 67),
inspecti nput _par ans[ "questi on"] — that is the exact prompt string from
gener at e. py: 205- 268 after template interpolation.

 After analyze, query Neo4j: MATCH
(p: Patent _Application)-[:disclosed_in]-(d:drug) RETURN d. node_nane,
p.patent _id LIMT 10 — this is the row set the router returns.

9. Reference index (file paths)

Schema
src/ foundati on/ nodel / f oundat i onal _node_enum py
src/ foundati on/ nodel / f oundat i onal _rel ati onshi p_enum py
bi n/ seed/ *. cypher
cont ai ner s/ eugene_neo4j _ce/ {Dockerfile, conf/}

Router & wiring
src/ eugene_ws. py
src/ foundation/router/patent_search_router. py
src/foundation/router/validate_util.py
src/ foundation/ conf/conf. py

Read path (Cypher + mappi ng)
src/ foundation/infra/db/ adapt er/ neo4j _patent _query_adapter. py
src/foundation/infra/db/util/pagination. py
src/ foundati on/ mapper/ pat ent _search_resul t _nmapper. py
src/ foundati on/ nodel / pat ent/ pat ent _search_resul t. py

ETL orchestrators
src/ downl oad_pat ents. py
src/ patent/provi der/ patent _orchestrator. py
src/ patent/conf/orchestator. py
src/ patent/application/provider/application_orchestrator. py
src/ pat ent/ pgpub/ provi der/ pgpub_orchestrator. py

Pgpub upsert & linking
src/ pat ent/ pgpub/i nfral/ db/ adapt er/ neo4j _pgpub_adapt er. py
src/ patent/ pgpub/i nfra/ db/ adapt er/ neodj _pgpub_li nki ng_adapt er. py
src/ patent/ pgpub/i nfra/ db/ adapt er/ neodj _pgpub_sunmary_adapt er. py
src/ pat ent/ pgpub/infra/db/const. py
src/ patent/application/infraldb/const.py

LLM anal ysi s
src/ pat ent/ pgpub/ anal yze/ pgpub_knowl edge_gr aph_anal yzer. py
src/ pat ent/ pgpub/ anal yze/ pgpub_graph_sunmary_or chestrat or. py
src/ pat ent/ pgpub/ conf/ graphrag_conf. py



src/ docunent / anal yze/ docunent _anal yzer . py
src/infral/llnm pronpt/generate. py
src/infra/llmllmfactory. py

src/ graph/ mapper/tripl es_parser. py

src/ graph/ conmuni ty/



