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1. TOm tat

AERO-KB |a mot bo kit (Python package + CLI + MCP server) bién cac tai liéu chinh thong cdia nganh
hang khong — ARINC 424, ICAO Annex, quy dinh khai thac mat dat, SOP ndi bé — thanh knowledge
base séng ngay trén source code, dugc version bang Git va téi uu cho Al agent truy van.

Van dé cot 16i: tai liéu hang khong cuc 16n (mét minh ARINC 424 d& hon 1.000 trang), trong khi agent
chi c6 ngan sach context giGi han va mbi token déu cé chi phi. Néu mbi 1&n BA viét requirement hay
Dev implement déu phai "doc lai" tai liéu gbc, chi phi token bung né va chéat lugng khéng 6n dinh.

AERO-KB giai quyét bang ba co ché:

» Compile once, query many — tai liéu dugc c6 dong mot Ian duy nhat thanh cdu tric 4 tang (LO-
L3); chi phi LLM chi tén lGc "compile", con truy van vé sau gan nhu mién phi.

* Progressive disclosure — agent chi load diing phan can: index luén nhé hon 1K token, chi tiét chi
dugc nap khi tag hoac cau héi khép dung section.

* Requirement mang theo context — méi requirement BA viét ra dinh kém block citation may-
doc-dugc (doc-id, section, KB version); Dev nhan ticket la nhan luén diing nguén tri thirc BA d&
dung, khéng tam sao that ban.

Tai liéu nay mo ta kién trac chi tiét, flow lam viéc cho tung role (BA, Dev, SME, PM) va roadmap trién

khai 3 phase.
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2. Bai toan & muc tiéu

2.1 Boi canh

Céc du an hang khong (Talora / ARINC 424 dashboard, cac hé théng SIA...) phu thudc vao mét khoi
lugng tai liéu chudn nganh khéng 16: dac ta ARINC 424, cac ICAO Annex, quy dinh khai thac mat dat,
SOP ndi bd cta hang. Khi dua Al agent vao quy trinh — BA viét requirement qua agent, Dev code bang
agent — moi cau tra 16i ding déu phai bam vao céac tai liéu nay.
Céach lam ngay tho (dua ca tai liéu vao context, hodc RAG thuan tly trén raw text) gap ba van dé:
» Chi phi token: tai liéu hang nghin trang, moi truy van kéo theo hang chuc nghin token du thira,
[ap lai mbi 1an hoi.
« Chat lugng khéng én dinh: retrieval trén raw text dé trd vé nham section; agent "ty tin" trich sai
diéu khoan — rui ro nghiém trong véi domain hang khong.
* Khong cé traceability: khong tra 16i dugc cau hoi "requirement nay viét dua trén tai liéu nao, ban
stra d6i nao?" — diéu gan nhu bat budc trong méi trudng cé audit.

2.2 Muc tiéu

Muc tiéu Thuéc do

Giam chi phi token cho truy van tri thirc domain = 90% so vdi viéc nap raw document; index
thudng truc < 1K token

Moi requirement / cau trad 10i agent déu cé citation vé 100% requirement dat Definition of Ready c6
nguén chinh théng block kb-context

BA va Dev dung chung mét nguén tri thic, ding Citation trong ticket resolve dugc vé ding section,
version dling commit

Cap nhat tai liéu (amendment) la su kién phéat hién kb doctor canh bdo moi ref bj stale

dugc

Hoat déng dugc v6i mo hinh microservices / multi-repo ~ Thém 1 repo méi khong lam tang déang ké token
cost cla truy van

2.3 Ngoai pham vi (non-goals)
« Khong thay thé hé théng quan ly tai liéu chinh théng (nguén géc van la ban phat hanh cta ICAO /
ARINC / hang).
» Khdng phai search engine toan van cho ngudi dung cuéi — déi tuong phuc vu la Al agent va quy
trinh BA/Dev.
» Phase dau khéng xay dung Ul riéng; giao dién la CLI, MCP va chinh céc agent client (Cowork,
Claude Code).
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3. Nguyén tac thiét ké

Nguyén tac Y nghia

Docs-as-code KB la cac file markdown/YAML nam trong repo, version bang Git, review
bang PR — khdéng can database hay ha tang riéng & phase du.

Progressive disclosure Tri thirc chia tang LO-L3; agent di tr nbng xudng sau, chi nap phan céan
thiét (cung pattern véi SKILL.md clUa Anthropic).

Compile once, query many  Chi phi LLM (summarize) chi trd moét lan lic ingest; truy van vé sau la doc
file thuan + routing bang code.

Citation bat buéc Moi output cla agent dua trén KB phai cite doc-id §section . Vi hang
khong, traceability khong phai tuy chon.

Human-in-the-loop Summary do LLM sinh ra phai dugc SME duyét trudc khi merge; summary
sai thi moi requirement dua trén né sai theo.

Routing bang code, khéng Tag matching, BM25, ranking chay deterministic ngoai model — khéng ton
bang LLM token, khéng sai ngau nhién.
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4. Kién truc téng thé

AERO-KB gom ba Iép: storage (cac thu muc .kb/ va kb-hub), access (CLI + MCP server), va clients
(cac agent). Toan bd storage la file thuan trong Git — MCP server chi la I6p giao ti€p, khong phai nén

mang.

CLIENTS
~
BA - Cowork Dev - Claude Code Cl Agent
viét requirement implement + review tu déng hod, kiém tra
Y,
N
aero-kb — Access layer
MCP server (stdio / remote HTTP) - CLI (kb query, kb get) - routing: tag - BM25 —» embedding
J
STORAGEfiIelthuén, version bang Git l l
kb-hub (repo trung tam) .kb/ — repo A .kb/ — repo B
tai liéu domain dung chung: knowledge cuc bd knowledge cuc bd
ARINC 424 - ICAO Annex - SOP cula service A cua service B

[ —

+ index téng hop (federation)

qua pipeline kb ingest + SME review

Tai liéu gbc (PDF) Codebase (OpenAPIl, schema, module)

ty sinh qua Cl méi lan merge — khong bao gid stale

_____________________________________________________________________________

Hinh 1 — Kién tric téng thé: clients - access layer - storage. Mdi tén tir ngudn di 1én storage thé hién pipeline nap

tri thuec.

Vi sao can MCP server? Khong c6 né, KB van hoat dong (agent Read/Grep truc ti€p). MCP server bé
sung 3 gid tri: (1) routing chay bang code — khdng tén token, khéng sai ngau nhién; (2) kiém soat token
budget tap trung — server quyét dinh trd tang nao, cat theo budget, kém citation chuéan; (3) moét
interface chung cho moi client. Dang chuan la stdio local process khai bdo trong .mcp.json cua repo
— khong can deploy, ai clone repo la dung dugc.
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5. Cau triuc knowledge base 4 tang

Méi tai liéu sau khi ingest dugc t6 chiic thanh 4 tang, tir ndbng dén sau. Nguyén tac: tang cang ndng
cang ré va cang hay dugc doc; tang sau chi nap khi thuc su can.

N
LO — index.yaml ~0,3-0,5K token
M&i tai liéu 1 dong: ID, tags, mo ta ngan. Agent ludn thay "kho cé gi". ludn trong context
J
~
L1 — manifest.yaml (méi tai liéu) ~1-3K token/tai liéu
Cay section + 1 cAu summary/section. Load khi tai liéu dugc kich hoat. load theo tag match
J
N\
L2 — section da c6 dong (.md) ~0,5-2K token/section
Summary cé cau tric + bang/gia tri quan trong gilt nguyén ven. load ding section can
J
N
L3 — trich xuat géc (.raw.md) theo nhu cau
Nguyén van theo section — chi doc khi can verify nguyén van.|  hiém khican
J

TU trén xubng: dd sau va chi phi tdang dan — tang sau chi dugc load khi thuc sy can

Hinh 2 — B6n téng progressive disclosure. Ba sé truy van dimg ¢ L1-L2.

5.1 Cau truc thu muc

.kb/

— index.yaml # LO — danh muc toan bd KB

F— arinc-424/

| F— _manifest.yaml # L1 — cay section + summary

| | ch5-nav-data.md # L2 — ndi dung cd dong

| | ch5-nav-data.raw.md # L3 — trich xuit géc

— icao-annex-14/

L— ground-ops/ # quy dinh m&t dat, SOP noi bo
L
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5.2 Vi du mot entry trong index.yaml (LO)

docs:
- id: arinc-424
title: "ARINC 424 — Navigation System Data Base"
revision: "Supplement 22"
tags: [arinc424, navdata, airspace, airport, navaid, airway]
summary: "Pac ta cdu tridc dir 1iéu dan duong: record types, field, coding rules."
- id: icao-annex-14
title: "ICAO Annex 14 — Aerodromes"
revision: "Ed 9, Amdt 17"
tags: [icao, aerodrome, runway, lighting]
summary: "Tiéu chuidn thiét k€ va khai thac sén bay."
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6. Pipeline ingest tai lieu

Thém mot tai liéu méi vao KB la mét quy trinh cé kiém soét, két thic bang PR review nhu code. Chi phi
LLM chi phat sinh moét lan tai budc summarize.

O Budc tu dong O Con nguoi review O DU liéu / trang thai
Tai liéu géc Parse & chunk LLM summarize SME review
— — —
ARINC, Annex, SOP theo section heading sinh LO-L2 (1 lan) BA/SME duyét ndi dung

!

kb build N Git PR N .kb/ merged . Agent query

validate, index, stats review nhu code versioned + diff dugc qua MCP / Read

Khi tai liéu c6 amendment: re-ingest - tool diff véi ban cli » SME chi review phan thay déi

Hinh 3 — Pipeline ingest: tir PDF géc dén KB sén sang cho agent truy van.

6.1 Cac buédc chi tiét

1. Ingest: kb ingest annex14.pdf --id icao-annex-14 --tags icao,aerodrome — parse PDF, chunk
theo heading, gilr nguyén bang va gia tri so.

2. Summarize: LLM sinh summary ting section (L2), muc luc kém 1 cau mé ta (L1), entry danh muc
(LO). Bang/field spec quan trong dugc gilr nguyén van, khong "tém tat ho".

3. SME review: BA/SME doc va sita summary — budc bat buéc; véi domain hang khéng, summary sai
nguy hiém hon khong cé summary.

4. Build: kb build — validate schema, cép nhét index, tinh token stats tirng tang ( kb stats ).

5. PR & merge: KB thay d&i qua PR nhu code. Git history tra 16i dugc "requirement X viét dua trén
ban tai liéu nao".

Amendment flow: ICAO Annex stra déi theo chu ky. Khi c6 ban méi: chay lai kb ingest - tool tu diff

summary véi ban cli = SME chi review phan thay déi - kb doctor quét toan bd requirement dang cite
cac section bi &nh huéng va canh bao cho BA.
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7. Tag routing & retrieval

Khi BA viét requirement c6 tag ( #arinc424 #airspace ) hodac néu dich danh tai liéu, resolver tim ddng
section theo thr tu tur ré dén dat — da sé truy van ding & budc 1-2 véi chi phi token gan bang 0:

Cach hoat dong

1 Exact tag / doc-name Tag trong requirement khép véi tags trong LO/L1; ~0 token,
match néu dich danh tai liéu thi kich hoat thdng manifest  deterministic
cla né.
2 Keyword / BM25 Tim trén toan bd manifest (L1) — d{t liéu nhé nén ~0 token, chay
nhanh va chinh xac cao. bang code
3 Embedding search (tuy sqlite-vec local trén L1+L2, chi dung khi 2 budc Ré, chay local
chon) trén khong da. Khéng can ha tang ngoai.

Két qua trd vé ludbn la danh sach section da xép hang kém citation, va server cat ndi dung theo
token budget do client khai bdo. Agent khdong bao gid nhan vé "ca chuong" néu chi héi mét field.

# BA viét trong Cowork:
"Requirement: hién thi théng tin restrictive airspace khi click
trén ban do6 #arinc424 #airspace"

# Resolver:
tag match - arinc-424 - manifest - §5.3 Restrictive Airspace (UR/PR records)
tra vé: L2 cta §5.3 (~800 token) + citation "arinc-424 §5.3 (Suppl 22)"

8. Codebase nhu mot knowledge base

Code khac tai liéu & mot diém c6t ti: tai liéu én dinh, code thay d6i hang ngay. Néu summarize
code bang tay nhu tai liéu, KB sé stale sau vai sprint — va KB stale nguy hiém hon khéng c6 KB. Vi vay
tri thirc vé code tach lam hai loai véi hai vong dgi khac nhau:

Generated (tu sinh) Curated (con ngudi viét)

Noi dung API contract (OpenAPl), DB schema, Ly do kién trdc, mapping domain—code
danh sach module/service, ("restrictive airspace xu ly & service X,
dependency graph bang UR trong arinc424.sqlite"), quy

udc, edge case da tra gia

Cach tao Extract bang code (khong can LLM), Viét tay, review PR nhu tai liéu domain
chay trong Cl mi Ian merge

Do tuoi Khéng bao gio stale (sinh lai tu dong) Thay d6i cham, it, dang céng duy tri

Nguy co Thap Phai c6 owner; néu khéng c6 vong
feedback sé chét dan

Ban than source code thi agent doc truc ti€p — code la ground truth, khéng nhét vao KB. KB chi gilr
nhiing gi doc code khéng suy ra dugc.
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9. Federation cho microservices / multi-repo

Mé hinh md réng tu nhién cho nhiéu repo: moi repo gilt .kb/ riéng cho tri thic cuc bd; mot kb-hub
trung tam chuira tai liéu domain dung chung (khéng bao gid duplicate vao ting repo) va index téng hop
do ClI cta tung repo publish 1én.

Agent (BA / Dev / Cl)
query qua MCP

l

kb-hub
tai liéu domain dung chung (ARINC, Annex, SOP)
+ "index cula cac index" — LO/L1 cia moi repo
rat nho - token cost khéng tang theo sé repo

2
-7

Cl publish LO/L] index

~
SS

" Ghpublish LO/L1 index

- ~
RN
~

~

_-
-
-

R

repo: crew-ops repo: nav-data repo: dashboard
.kb/ cuc bo .kb/ cuc bd .kb/ cuc bd

Query route & hub: #arinc424 - KB domain - #crewops — repo crew-ops - can chi tiét maéi doc sau vao repo

Hinh 4 — Federation: hub la "index cua cac index", cac repo publish index qua Cl (mui tén dat).

9.1 Tinh chat quan trong

» Token cost gan nhu khéng tang theo sé repo — tang routing "service nao" chi thém vai chuc
token & LO cUa hub.

* Tai liéu domain mét ban duy nhat 6 hub; cac repo tham chi€u bang doc-id, khéng copy.

* RUi ro chinh: index & hub léch véi repo con (Cl publish fail). kb doctor so commit hash dé
phat hién index stale va danh dau cho agent biét.

Trang 10/ 17



10. Interface: CLI & MCP

10.1 CLI
kb ingest <file> --id --tags Parse + chunk + summarize tai liéu méi (hoac ban
amendment).
kb build Validate schema, cap nhét index, sinh artifacts.
kb query "..." --tags --budget Truy van thi tlir terminal, trad section + citation trong token
budget.

kb get <doc-id> §<section> --level L2 L&y ding mot section G tang chi dinh.

kb diff <doc-id> --against <rev> So sdnh summary gilra hai ban tai liéu (phuc vu amendment
review).

kb doctor Ki€m tra strc khde: ref stale, index I&ch hub, citation gay.

kb stats Token size ting tang, ting tai liéu — theo ddi chi phi.

10.2 MCP tools

Tool Chirc nang

kb search(query, tags?, budget?) Routing 3 budc, trd danh sach section xép hang + ndi dung
trong budget + citation.

kb get section(doc, section, level) Lay chinh xac mot section (dung khi resolve citation tir
ticket).
kb resolve(kb context) Nhan block kb-context tu ticket, trd toan b0 section dugc

cite — dung version da pin.

10.3 Khai bao trong repo

// .mcp.json — dat tai root repo, ai clone la dung dugc

{
"mcpServers": {
"aero-kb": {
"command": "python",
"args": ["-m", "aero kb.mcp", "--kb", ".kb/", "--hub", "git@...:kb-hub.git"]
}
}
}

Phase sau, khi BA kh6ng clone repo va nhiéu team dung chung: chuyén transport sang remote HTTP
MCP deploy ndi b6 — code gan nhu gilr nguyén, chi déi 16p giao tiép.
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11. Flow theo tung role

Nguyén tac phéi hgp: mét KB duy nhat, va chinh requirement la soi day két néi. Requirement
mang theo "context manifest" — block citation may-doc-dugc — d€ Dev nhan dugc chinh xac nguoén tri
thirc BA da dung.

Knowledge base
hub + .kb/ tung repo

cap contex
resolve +déqg gop lai

BA - Cowork Dev - Claude Code
query - viét requirement resolve citation - code

vé’trequ\ /éncontext manifest
Requirement (Jira)

citations + KB version

Hinh 5 — Vong phdi hop BA-Dev quanh mét KB duy nhét; requirement la vat mang context.

11.1 Flow cua BA (viét requirement)

a Soan requirement trong Cowork — gan tag ndi dung ( #arinc424 #airspace ) hodc néu dich
danh tai liéu.

a Agent tu query KB qua kb _search — nhan dldng section lién quan (L1/L2) kem citation, trong
token budget.

e Viét requirement dua trén nguén — moi khang dinh vé chuan nganh phai bédm citation; agent
chén san doc-id §section .

0 Sinh block kb-context (refs + tags + KB commit hash) va dinh vao Jira ticket.

e Definition of Ready: requirement lién quan chuan nganh ma thiéu citation thi chua dat DoR —
day la convention bat budc cla team.

11.2 Flow cua Dev (implement)

a M¢ ticket bang Claude Code — agent doc block kb-context trong ticket.

a kb_resolve(kb_context) — nhan chinh xac cac section BA da dung, dung version da pin. Khéng
search lai tir dau, khdong tam sao that ban.

e Kiém tra freshness — néu kb doctor bdo section da thay déi so véi HEAD (amendment sau khi
BA viét), trao d6i lai véi BA trudc khi code.

a Implement — két hgp KB domain + tdng mapping domain—-code trong .kb/ cla repo; source
code van la ground truth.

e Poéng goép ngugc — phat hién KB thiéu/mo hé thi mé PR vao KB; tri thirc quay vé hub, BA sau
nay hudng loi.
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11.3 Flow cua SME / Reviewer
a Review ingest — duyét summary do LLM sinh trudc khi merge; stra truc ti€p trén PR.
a Review amendment — khi tai liéu c6 ban stra d6i, chi review phan kb diff chira la thay déi.

e Duyét déng gop tur Dev/BA — géc c6ng chat lugng cho phan curated knowledge.

11.4 Flow cua PM

a Theo doéi sttc khée KB — kb doctor chay dinh ky trong CI: ref stale, citation gdy, index léch
hub.

a Theo doi chi phi — kb stats cho biét token size tung tang; bat thuong (LO phinh to) la tin hiéu
can tai cau truc.

e Enforce quy trinh — DoR c6 citation, SME review bat budc, KB thay d&i qua PR.
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12. Governance, versioning & ban quyén

12.1 Versioning & chéng drift

* Pin version: block kb-context trong ticket ghi commit hash cla kb-hub tai thoi diém BA viét. Tu
lic viét dén IGc code ¢ thé vai tuan — Dev ludn doc dugc dang ban BA da dung.

» Thay déi tai liéu la su kién phat hién dugc: kb doctor ddi chi€u moi ref dang pin véi HEAD;
section thay d&i —» canh bao trén ticket, BA xac nhén lai thay vi 16i ngam.

* Git history = audit trail: tra 10i dugc "requirement TAL-xxxx viét dua trén ARINC 424 ban nao" —
bang chinh lich s&r commit.

12.2 Quyén truy cap theo role

Role Cua vao Pham vi nhin thay

BA Cowork + remote MCP (khong = Tang domain cta hub (LO-L2); khéng can tang code
can clone repo)

Dev Claude Code + stdio MCP Toan b6: domain + mapping domain—code cla repo
trong repo minh

SME Git PR review NG6i dung KB truéc khi merge

Cl stdio MCP / CLI Kiém tra ty déng, publish index I&n hub

12.3 Ban quyeén tai liéu

Luu y phap ly: ARINC 424 va cac ICAO Annex la tai liéu cé ban quyén/gidy phép. KB dang summary +
trich dan chon loc phuc vu noi bd, dat trong repo private, la hgp ly; tuyét déi khéng commit raw full-
text ra repo céng khai hodc chia sé ngoai pham vi gidy phép té chirc dang c6. Tang L3 (raw extract) can
can nhac gilr téi thi€u — chi nhing section thuc su can verify nguyén van.
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13. Roadmap trién khai

Thai lugng gogi y NGi dung Tiéu chi hoan thanh

1 — PoC 2-3 tuan Python package + CLI ( ingest / BA query thir tir CLI ra
build / query / stats); céu dung section, didng
trdc .kb/ 4 tang; ingest thir 1-2 citation; token stats
chuong ARINC 424 + 1 Annex; SME ching minh muc tiét
review quy trinh dau tién. kiém.

2 —Tich hgp  3-4 tuan MCP server stdio + .mcp.json ; block 1 requirement di tron

workflow kb-context chuan hda + tich hgp vong BA - Jira » Dev véi
Jira; kb_resolve, kb diff, kb citation resolve dugc;
doctor ; dua DoR ¢4 citation vao quy amendment th& nghiém
trinh team. dugc phat hién.

3 — Scale 4-6 tuan kb-hub federation + CI publish index; = 2 repo tham gia
codebase extraction (OpenAPI, federation; kb doctor
schema) ty déng; remote HTTP MCP chay dinh ky trong CI; BA
cho BA khong clone repo; embedding dung qua remote MCP.

search (sqlite-vec) néu can.
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14. Rui ro & giam thiéu

Giam thiéu

Summary do LLM sinh sai léch so Cao
vai tai liéu goc

KB curated chét dan vi khong ai Trung
cap nhat binh
Drift gilra lGc BA viét va Iic Dev Trung
code binh
Index hub 1éch vé&i repo con (Cl Trung
publish fail) binh

Vi pham gidy phép tai liéu chuan Cao
nganh

Team khdéng theo convention (tag, Trung
citation) binh

SME review bat budc trudc merge; bang/qgia tri sé gilr
nguyén van; L3 raw ludn san dé verify.

Vong feedback Dev—KB la mét phan ctia DoD; PM theo
doi qua kb doctor ; phan generated tu sinh nén khong
phu thudc ky luat.

Pin commit hash trong kb-context ; kb doctor canh
béo section thay dai.

kb doctor so commit hash, ddnh dau index stale cho
agent.

Repo private; chi summary + trich chon loc; L3 téi thiéu;
ra soat pham vi license cla t6 chuc.

Dua vao DoR/DoD; agent tu chén citation nén ganh nang
thao tac gan bang 0; lint tu déng trong CI.

Phu luc A — Vi du requirement kem kb-context

Acceptance criteria:
[arinc-424 §5.3]

[arinc-424 §5.3.2]

tags: [arinc424, airspace, taloral

# Jira TAL-1580 — Hién thi pop-up Restrictive Airspace

La mét dispatcher, t6i mudn click vao restrictive airspace trén ban do
dé xem théng tin chi tiét (designation, type, multiple code, level...).
- Hién thi céc field P1 theo ding coding rule ctia UR record

- Loai airspace (P, R, D, A, C...) hién thi theo bang phan loai

kb-context:
version: a3f9c2l # commit hash kb-hub ldc viét
refs:
- arinc-424 §5.3 # Restrictive Airspace (UR/PR records)
- arinc-424 §5.3.2 # Airspace type codes
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lieu (L1)

2
o

Phu luc B — Vi du manifest cia mot t

# .kb/arinc-424/ manifest.yaml
id: arinc-424
title: "ARINC 424 — Navigation System Data Base"
revision: "Supplement 22"
ingested: 2026-07-09
source sha256: "..."
sections:
- id: "5.1"
title: "Airport Records (PA)"
summary: "Ciu tric record san bay: ICAO code, elevation, magnetic variation..."
tokens: {12: 740, 13: 3100}
- id: "5.3"
title: "Restrictive Airspace (UR/PR)"
summary: "Record vling troi han ché: designation, type, multiple code, level."
tokens: {12: 810, 13: 2900}
- id: "5.3.2"
title: "Airspace Type Codes"
summary: "Bang ma loai airspace: P, R, D, A, C, T, W..."
tokens: {12: 350, 13: 900}
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