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(faiss, Weaviate) |
L INGESTION FIFELINE
8
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- Y74 —
(7 @ ANSWER
T : GENERATION
SECURITY & <«— )

COMPLIANCE

Retrieval-Augmented Generation — o o |
(RAG): Pl'OdUCtIOI'I Blueprlnt CONSTRUCTION {GF‘T—:I:]EIaude} FEEDBACK LOOP

A comprehensive architectural guide to moving beyond prompt wrappers.
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e e

° Fine-Tuning ° RAG (Retrieval-Augmented Generation)
A semester of study. The open-book exam.

Teaches a model HOW to think, format, | @f Pairs parametric knowledge with
¥ and speak like a specialist. x L& external retrieval.
20 Facts cannot be traced to weights. =l Answers ONLY from context, with
E 69 traceable citations.

Solves private data access, freshness (frozen _
weights), hallucinations, and long-context =D
scaling costs without retraining. =
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o

> il 0
e S L —m
Approach 4 Best For Update Speed | Cost per Query | Traceability
= R e e — IR (REE ——— ——— | R 0 = 0
'.:--:r: f -... e
: j:@} , /|~ Tone, format, Hours to ﬁan inference,
Fine-Tuning behavior, el ey e None
e, GG = (@
i Liuutput schemas = ;;j 4} : =
Whole-doc ﬂ o il High Ao~ &
Long-Context reasoning on Instant (linear ggrnwth) Coarse
: <5 | A small corpus
) | e “ 4 |~ S —

SR
e

Live Tool Call

-[érge, changing
reference facts

=

Live transactional
state (balances,

=~ Seconds to

minutes
<9

LJI-"JH

Real-time

' m 1live feed -|||[

s

Low

(~1.5k=-3k tokens)

u_.-
R
(1 API/DB call)
—

2
Exact G

(doc, chunk, page)
Vs G RN

N
Exact &

(record ID)
-8(unique ID string ID}

=
SN T

X 8

T
Iy
I"‘-\-.. L ot
o
S

7\
= -

L=

| i Rule of Thumb:

RA

¥

G supplies reference facts,
Fine-tuning shapes behavior, Long context does

deep reasoning, Tool calls fetch live state.

':EJ

_ﬂ-‘J
Il
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O —o0 |
SEll 1 — & ="
""""" - BT ~[ =
& . = =32 S

{3
Monolithic:

Stable prefix, good for
prompt caching.

b= =h-ga 2

R :
Progressive: "= Compaction: =
Passes needed state; Condenses history;

drops early-turn details. effectively irreversible.

The context window is a hard
cap, not a capacity goal.

Overflow fails outright

(400 prompt too long)

or silently truncates
(model_context_window_exceeded).

Recall degrades well before the limit.

Context Volume / History

[
£y
_} b --J,.-.-_

= ‘||||‘ — -0 o




q@ o7 B 8 5 0B W o

(@)

@w MACRO-ARCHITECTURE FLOWCHART § )

OFFLINE (Once per change) |
) \L Expensive work happens once so queries stay fast. :I,r
| =N c_ ?9¢ " ,-,
{% ' |!IJ vf_—i- -

L

I u—l Sources |g2»| Parse W Chunk |
(PDF, Wiki) (UCR!Layc-ut Sllce Text)
54 b
S} N ONLINE (Every query)
£ Query embedded with the exact same model & version as the corpus. :I,

& L A
Add Metadata) :

Hybrid LLM g

User Rerank Prumpt ‘ / |

K A .". S o et D é?sfz%s W
== ) 4

.\1 'Vﬂ-

||H




O

Sources ‘E::*a,[-

Parse N T Embed Rerank Prompt LM
[ﬂEEiLawul}]:L” : | hdd Metadat | Hydration NEWES

Fast Extractor
(e.g., pypdf)

# Structured Document Report

#F Introduction 6] rege+1"]] -~

This document contains crucial infor=ation regarding the technical

specificatlons and data models.

E 1 =

Fails on scans, scrambles tables. LLM won't
complain; it will invent plausible facts.

T |
## Key Metrics Table L = . ## Key Retrics Table
| Metric | Vatue | Description I\ a
| e | | ——————— I : Hetric Value Description I
| Precision | 98.5% Accuracy of extraction I
| Recall 95.2% Conpleteness of data |f~"&[42["1"]"]} Precision | 98.5% Accuracy of extraction I
| Latency | 136ms | Processing time Recall §5.2% Caepteteness of data p g |
&% Conclusion St o T i Latency 158as Processing tiae ” !
The layout-aware parsing maintains high integrity for downstream o [
applications. S188ps1n] < #% Conclusion j}

D
4

-~

Raw File

Layout-aware Parser + OCR
(PDF / Scan)

(Docling, Document Al)

# Structured Document Report

- ## Introductien
This document contains crucial information regarding the technmical
specifications and dato models.

The layout-aware parsing maintains high integrity for downstream applications.

Preserves structural integrity, headers, and multi-column tables.

Tiered Pattern:
1. Try fast extractor.

2. Fallback to Layout/OCR on low lexical validity.
3. Hard-stop for human review.
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Sources ' Parse | Chunk \ : Emhked Rerank Prompt LLM _\—0
[ POF T WE_ L ICR/ Layoul IM (Slice Text) B | (7dd Metadat Tep Hydration Answer + } \x—
- O

HUNKING STRATEGIES | o

FIXED-SIZE Oy, SEMANTIC

g&}'. Long prose. Splits where 7%_-? = T
~, embedding similarity drnps.-4 = g
= R R ; @J

= A
A j

i

TN —
o—— o —

S}@ STRUCTURE-AWARE EZ /%
=3 |HEADER ﬁ_][ [ |

—— Codebases, markdown,
AST legal cl

duses.

O, pimm 77
0 L — Constraint: Embedding Input Limit.
= & e Models cap at e.qg., 2,048 tokens. Default
= =0 autoTruncate=true means longer chunks are
= . _\\—O silently severed and their tails are never searchable.
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@ R @] !*iL:urc-:-va; ‘[-
O - J
i

BEFORE

[}

B

S

Parse : Chunk . Embed Rerank
e [E S, (o L | "o

Frompf
Hydration

Contextual Header: ol B
[ACME Corp 2025 > EMEA > Q3] I
ACME EMEA revenue grew 12% | gl

____________ e 0 E
1 8
1 1
1

c e

“ i

Revenue grew 12%
Ambiguous raw chunk.

L

Q3 revenue?

doc2query: ' " |
What was ACME's f=| Revenue grew 12% e

N UEE

) r
i T
O Q) \\

o e -

Q7

i

=
.l

Metadata:
| is_latest=true,
acl_groups=|[finance|

SPLADE:
Sparse learned
expansion terms

Document expansion solves ambiguous
chunks at index time (cost incurred once). Do
not rely on runtime query expansion (latency
on every request) if you can enrich offline.
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SEARCH STRATEGIES:
EARCH STRATEGIES: EXACT VS. APPROXIMATE

A._"}_-_ .,,.{;i]””}_{_,. ‘—_/}[ Embed ] i

Prompt
{Add Metadata) L_P')

Hydration

' Search Mechanics:
Exact vs. Approximate

=
100% recall. Linear cost.
@ Exactk-NN | 5 ooks past 100k vectors.
Multi-layer proximity graph.
Best recall/latency, high RAM.

Highest QPS. Compresses
usa?:’:gr:tli’nn float32 -> int8. Requires
oversampling and rescoring.

Golden Rule: Query and corpus
MUST use the exact same

embedding model and version. ' Q, Q

Distance Math:
Cosine Similarity (higher = closer) vs
Dot Product (computationally cheaper if L2
normalized).
V4




Matches: Lexical recall
(Exact IDs, SKUs like
ERR-409, clause 4.2b).

Misses: Synonyms
(car vs automobile).

Score: Unbounded
[0, infinity)

Matches: Semantic recall
(meaning, synonyms,
concepts).

Misses: Exact strings,
error codes.

Score: Cosine [-1,1]

HYBRID: Use when traffic mixes exact
identifiers with conceptual questmns -y O

“1 Runs in parallel over the same = -L o
metadata-pre-filtered corpus. n-;;; @ [ A %) /L\—E - |

r 4




$ )
(@)X 9“({
6.2 BM25 (Sparse)
d
| % lexical [2
I —.
o | keywords :'E“
'lﬁﬂgg%)t}
— =
| . B
eregent |=
: text |=
e contex =
H‘H_'_'-‘:‘)J _.....:':_:\.. =
b=
e 4]
e
| Stage 1: Bi-Encoder
‘ = Precomputed, fast,
e
/

high recall (K=100). —) _ﬁ attention transformer

— & N - .
Embed Rerank Prompt
| (Add Hetadata)J%Lﬁ [ Hydration J

Two-Stage Retrieval .
Step 1: Reciprocal Rank Fusion (RRF) B (s | “'_:

=) semantic E
Raw sccres can't be added. = ‘.f"’h“‘
RRF rewazds consensus T ' -
based on rank position. = context ' I_:-—-I_llll.

—  ocF e

2% U

== 'I."‘

=N .y

=| organite :

— .

=| list

Slow, full cross-

pass on fused pool.
Optimizes for precision.

Never cross-encode the whole corpus. It requires
one transformer pass per (query, chunk) pair.




r\ﬁﬁmﬁmﬁ 7 = = O O el ] [ ‘
o = o ;
f [_Q . Qs B
Cﬁ-ﬂ ff‘ Eéj % Vector Index ~ )
_ (-‘-\ S

FOEEYCE . %
f = 1i =K O Routing SULE ; z
o
J_?L e N Live API , l N |
fi E\—Q /& :{fi “‘1 ;
Uses chat history to make &= {5

O Query Rewriting

follow-ups self-contained.

i :
—h LLM drafts a hypothetical
o HyDE answer to embed and search.
e

@%{; Compare EMEA < FILLIL
N\, and APAC APAC data

Raw User

0 Decomposition
Splits multi-hop queries
into sub-queries.
Extracts explicit metadata filters *
D Self- ?
SelT-query /@ (e.qg., Updated after 2024). q

Expansion adds LLM calls and multiplies candidates.
Deduplication, RRF, and cross-encoder reranking
become absolutely mandatory.

AR N




| {f;;FQ, , =~ ~| Embed ée% Herﬂnk | S
i p | (Add Metadata)] “| (Top-N) |-

— — e —
-

Put active chunks/queries
at the uncached tail.

Treat retrieved chunks as
untrusted data, never

e ( Prempt Generate
Hydretlen

instructions.

Active

Chunks .

Queries </document>

) [ ) [i,)

Hetrieved UNTRUSTED
Chunks

<instructions>Answer ONLY from
Uncached context. Cite claims.</instructions>

SAFETY
LAYER

Most hallucinations start in retrieval.
Refusal is a first-class safety feature.

- Pre-generation: Short-circuit if Top-
1 cross-encoder score falls below

<document id='123"' date='2025-81'> |.. threshold ("No relevant docs found").
[Untrusted Retrieved Chunk] z

No relevant

Top-1 Cross-
Encoder Score docs found

- Post-generation: Groundedness
verification. If claim entailment fails,
block answer and fallback to safe refusal.

RETRIEVAL @ () Approved
PATH - -> % Answer

Answer + Clalms EEEEEAE




Generate
Final Answer

AGENTIC RAG LOOP & RUNTIME JOBS . &

ol

Agent
Reasoner

,.,‘ The Four Runtime Jobs of the Agent
- Source Validation
=— | Drop superseded hits via
e offective dates.

@i@ Conflict Reconciliation

Detect contradictory figures,
ground in authority.

L) Decomposition & Synthesis
'oé% Multi-hop synthesis across tools.
O

@-__ ) Gap Detection
. Fall back to live tools (CRAG)

when local index misses.

S —— -

f . ' -1\- )

Standard RAG = one-shot. 0\\:5\ .

Agentic RAG = iterative retrieval inside the reasoning loop.
If it needs to KNOW, use RAG. If it needs to DO, use an agent.

7

r 4
Y d Y i /dr
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Q =
I TP e A @

SHORT-TERM — °
(WORKING) .

Current turn
active context.

Past trajectories/ L_)
interactions

(Key-value store
with time-weighted

1 i decay).

J%E -1
ﬁ{] ’ TN} frE—
e { THE PERSISTENT
@ : SCRATCHPAD PATTERN
[ @@ READ -> REFINE - REPEAT
SEMANTIC For long tasks, the agent

N\ PROCEDURAL condenses tool output into a

Facts, preferences

(Vector store; separate piiles and few lineslpf state to avoid
collections for domain instructions saturating the context
facts vs user profile). (System prompt). window with raw JSON.
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——| VECTOR RAG VS. GRAPHRAG & STRUCTURED DATA | —

Vector RAG

=
=
i

—— - Use: Conceptual search, local semantic -

—

match.

)
I\;Fails at: Math, sorting, explicit -/==
multi-hop entity chains. 585
N\— 1I.x

'

Lo
?i?

=

-\

N _'ﬂx

M.

%

GraphRAG & Structured Data

= ll_[Persun] E.l——WURI{S_UN—
ooo
-
ot “[Cnmpany]“—--—ﬂwws-—-
[Docunent]}: ---CITEs-- ->{[Docunent]]

[Prnduct]

| 8%

D" "‘"'-_'_'\—a

- Use (Graph): Oxg charts, supply chains,a _»

l corpus-wide global summaries.

(SUM, AVG), retrieving schema to

generate read-only SQL.

[

— H
s
-l

J[I

ybrid is powerful but incurs -
the highest operational cost &

(two stores to sync). Hﬁ e

o = -

o’

- Use (Text-to-SQL): Quantitative questions

)

!
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3RD PARTY SYS A

.l
0=—" N S e S - | e
STORE ‘ ' . -nfr /\ 3RD PARTY SYS B
: 1 < / X ;| F _ — 5 @
; \ & | N\ EXTERNAL API C
I,."Illll IIIII".,I ER\IF \\

N & B8 £ S Q % S

i
. 5 DATA
COPY
EXTERNAL \ 4, VECTOR

DBs

AN

LIVE API
CALLS PLATFORM D

= L) CcenTRALIZED
FILES Odd  INDEX

Ingested RAG |
- Pros: Predictable latency.

best hybrid ranking over _ /
one index. o/ (¥ = r @

- Cons: Freshness delayed % @ ,

by sync interval, ACL 5
revocation lag. &% a

Federated Retrieval

== - Pros: Zero data copied, M
\ native live permissions,
@ immediate freshness. é}

=
5 - Cons: Fan-out tail latency

(slowest source limits speed),
scores not comparable. ATA

_.,“

rl The Hybrid Pattern: Ingest stable reference corpora; CK\J
[ '5) federate volatile or permission-complex systems. o

=/
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o g Turnkey SaaS -t X X -t D

..;_' A Grounding with Google Search — 9 | A @

o - (public web) & Vertex AI Search [—'—\rJJ —
(enterprise chat, native ACLs). =Q

E%Jf

J -
E ~— Custom Pipeline Base Primitives :—+ \ N
- - =S *

— Parsing: Embeddings: Storage: Generation: Secu rity:

B Document AI Vertex AI Vertex Search (ScaNN) Gemini | Model Armor
" y | ;-¢' R~ A
| Z ] (= A

E embeddings { / AlloyDB / BigQuery
Vl =0 ¥ Sl . =
&= g | |& 7
N 1L T )
58 < B 528

L ll —_\_Eﬁ_x 1
- Code-First Framework |-
- e
Vertex AI RAG Engine Ut

(custom chunking, RagCorpus). fagCotple -a

e

& '‘Matching Engine' and 'PalM 2' are legacy
terms; use Vector Search and Gemini.
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.E[Vector Search Security: Post-Filter vs. Pre-Filter Patterns ]

Post-Filter (DANGEROUS)

o Q
- r ﬂH
—1 —
5 O {nﬁ o
= = = ©
L P 2 | &)
- —1 — s

Recall collapse. 1 sad result returned. Timing
attacks can reveal restricted documents exist. Q_E 2

YEE . N ;if
. Pre-Filter (CORRECT) b
E@ Extractmn Eu:h';;‘ j — =2 i

Search 1s restricted during the ANN
index scan. Returns a full, valid Top-10.

E =) s — —_——— ~ = i
S e Hybrid Recommendation =« =5
- i Q Pre-filter at the 1ndex level + Live ACL re-check of the flnalé? 3 .
. Top-N before generation. Store group IDs, not user lists. ]
i Gemini Motebook




Deterministic Filters (~1ms)

Strip hidden HTML comments,
regex known patterns.

¢ g |
[ L3

Small Classifier
(e.g., Model Armor)

Screens both user prompt AND
retrieved chunks. Must Fail Closed.

; Indirect Prompt
Isolated Generation

__ Injection via
Sy DA AZA ‘ef?-'f Retrieved Chunks
Chunks wrapped in <document> © / < N
tags defined in instructions N\ N2 AL oy

as untrusted data.

O¢
Output Checks -
‘\ Citation validation, ;
DLP filtering. '
= O

Agentic Defense: Least privilege at the tool registry
(strictly read-only tools for RAG agents).
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| [ “Blue/Green” Dual-Database Synchronization ]

a| - :r..- @ (- l d M R I

[ 4% Freshness Mechanics 523 @ e N )\ 2 Index Migration Rule

. [(_L_O E [@ﬂ o>  (Atomic Alias Swap) €~
e Use deterministic chunk IDs = 4 —\“

; : ® Vectors cannot be mathematically
(doc_id + chunk_index). Blue Database Green Database converted between models.

(119 (chunk_id=1) (Live) (Backfilling)
% { 12 (chunk_id=2) ﬁ —X—l“ %

(137 (chunk_id=3). ® Backfill raw documents into a
® Delete-before-insert prevents completely new index.

orphan chunks. mym =
RSE R —E
® Atomic swap: Switch the corpus

index AND the query embedding

—, @ CDC tombstones evict “ghost Blue Database Green Database model at the exact same moment. /2
vectors” and purge downstream (Live) (Backfilling) ' p
{o caches. Old ~ _y New
* e @ } @ g [ IndEH Astﬂmlc Iﬂde}{ - ':l__-::u
=~ E — = N Wad ;
J evicts ® Old =¥ D 5™ New ¢
Tombstone Cache Q’.:, \ %% Encoder Encoder
E:l =) ,__F | = . — — . =
E?g O @, Leaving the query encoder on an old model against A ﬁf—
9‘ a new index results in near-random rankings. )
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User Query

=

B A
=2

( Cache Layer (15ms) )--
e 7

%
|
|

Answer EEJ X !
Answer :

i

|

|

!

I I O D D O O O S I O I O D D D O O S S e D B D O O O D I I O O O O I O O S O O d —"
{:ILF“ | . X
I] ; . '5*::!;\7’ . .- :-—.I :‘:-
. S
. | \ ‘
Answer

Retriever '\ Ranker , Generator '  Qutput
'r'!-_:.“-;‘»ﬂ:‘h .r;

el
- -

g, [ -

e

.‘_"I“-__Du_" - o o W

Rl i

@

~v. Check -
Standard Pipeline (~1.2s) b

Exact-string hash caching fails (low hit rate). # /@ =

Prefix prompt caching cannot serve stale 2!
passages; it requires exact byte matches. @

A

Mechanics of a Safe Cache

e Entity Masking

AAPL revenue Q3 —» [COMPANY] revenue [PERIOD]
Values kept as exact keys so & ?
Q3 never serves for Q4. @m s @

e Intent Check

Light cross-encoder confirms meaning match.
What is AAPL q3

revenue? \A o/ v
_ | g
Revenue for AAPL _-¥ Match

; 2 . Cross-
m_thg third quarter B o

e Invalidation

Document-update webhooks must purge gﬁ-ﬂ

answers citing a re-indexed chunk.

® 4
Lv" purge E]
) <t
Document K7 iiﬁ;
Update Cache
(Webhook)
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[ Performance: The Latency Budget ] .

|1 _ ~2.0s

— ) e p - - — ;|
Auth/Group  Query Parallel Cross-encoder E_ﬂ
resolution embedding BM25/ ANN rerank LLM time to first token W
(20-50ms) (30-80ms)  (60-150ms) (100-250ms)

(500-1200ms) ok
|

— g}
|

| | | | | I
600ms 800ms 1000ms 1200ms 1400ms 1600ms

1800ms  2000ms+_
~2.0s latency budget (for: cache-miss) |

’ i
e Key Takeaway: The LLM dominates the latency budget. “ @ — )
EEE { QQ_ Trimming the final N (fewer chunks) and caching the system prefix A
s — | 2" yield vastly better ROl than micro-optimizing the vector search. ) |
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Blueprint: Evaluation Framework ]

Groundedness

\ \ Answer
\ \ Relevance

\ = Quality

Retrleval

u[||]

RecaII@K .\

Core Thesis: .

-
o “”:,;_.!"'n

The Triad evaluates
generation, but the best
LLM cannot answer
from a chunk that was
. never retrieved.

Recall@K against a

human-labeled Offline i},
Golden Set (with ||

unanswerable/restricted
cases) is absolutely
mandatory before
evaluating generation.

“©
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i e n
Synthesis: The Troubleshooting Grid
Pg
/
Symptom Root Cause Correct Fix Tempting Wrong Answer |
_ = i
@ Fact buried in % Lost in the Better chunks{% QA Longer context | ||\
Xy prompt ignored &7 middle L_E] at start/end dﬁ*} window
252 Exact SKUs (ERR- @ Dense-only -6y %E Hybrid e 25 Larger embedding
R 742) not found Ry search o/\oo BM25+Dense B¢ S model =l -
Confident answer % Gap filled ,.! Grounding checks Fine-tuning EQJ
Xy beyond sources &’ from memory + abstain rule @ C,.s" on docs =
Outdated content ~ CDC tombstones, >\ Post-filtering
returned o Ghost chunks 4 @ delete-before-insert @%' results ? _
ﬁ = ﬂ_./
High Triad 17 O No T D : '
@/' ecall @‘3’ Tuning the
\ scores, answers @ : @)) Measure Recall(@K 58 B
q Pcncoiots o g metric © 27 generator -
Total structural mastery separates a production RAG system from a prompt wrapper. : ;f.
bt — -y ¢

- - —0

Py
M ——
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