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TEXT — EMBEDDING VECTORS — VECTOR STORE (ANN-INDEXED)

VECTOR STORE

ANN (APPROXIMATE

NEAREST NEIGHBOR) E

INPUT TEXT:

“Find semantic —— EMBEDDING

o8een..

" MODEL
ey e QUERY VECTOR APPROXIMATE NEAREST
(e.g., [0.1, 0.5, ~U.2...]) NEAREST NEIGHBOR NEIGHBORS
(ANN)
STORED EMBEDDINGS  USES INDEXES LIKE HNSW J
r ‘[ Y @ ‘l( W 7 \ll N (7 ‘l’ !

FAISS E35%s | | CHROMA  [z)_ | | PINECONE MILVUS

IN-MEMORY LIBRARY EMBEDDED & LOCAL FULLY MANAGED CLOUD DISTRIBUTED & SCALABLE
« OPEN-SOURCE (C++) o AI-NATIVE, DEVELOPER-FRIENDLY o SERVERLESS architecture o CLOUD-NATIVE & OPEN-SOURCE
* HIGH PERFORMANCE « SIMPLE API (Python, JS) « SCALABLE & PRODUCTION-READY * HORIZONTALLY SCALABLE

) :’;‘,UEX TYPES: IVF, HNSW, PQ o IN-MEMORY OR PERSISTENT ON DISK| | « HOSTED SAAS (No infra mgmt) « DISTRIBUTED ARCHITECTURE

roduct Quantization)
« RUNS ON GPU/CPU « GREAT FOR PROTOTYPING o REAL-TIME UPDATES o HANDLE MASSIVE DATASETS
« VERY FAST « LOCAL DEVELOPMENT « GLOBAL AVAILABILITY o HIGH THROUGHPUT

. / - J o J . J
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0z

K REA

HIE{ DB 2| Ao} MM — 2l X
o [4 ANN/QIHIA J1X — HNSW - IVF 7t A}
o ("4 FAISS 7} brute-force ELC} 12H HY W2 274 — ANN 2112(&

- [7 212~ 3% — Flat - IVF - HNSW ©| M&tz/2/0|mz2| Edjo|=om

[ ]
0z

+ ANN Z4
x

|2 &S W= S ESk=

o

2|

o HZ19| 2|2|2F sweet spot (chunk_size - overlap)

E£XM: Day 2

& (2E)

OpenAl Embedding API ZIF S & + numpy SAHE Aot
FAISS & QIEiA — 10t 2A] Mol + ZHM (1ms 0|5}

LangChain FAISS.from_documents() EtY o5& ZAS)

MZ 4= — Character / Recursive /| Token-aware / Semantic

O|L| RAG — A - gHlEd > 44 > LLM &

A 2.1langchain/7.RAG/1.basics/, 7.RAG/3.vectorstore/, 1.openai/7.rag/1.faiss/

© 2026 HMOIO[HA (GenAl Labs) - A} EE3
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3/37



PART A

PART A

O

Xt
()

Day 1 s2-s7 0||A CHEICE Of7|A = 3

2la|s

& UHY(HAE SHIE, AL QAE) Q]




MM Al 7|8 RAG 7HL X} 21 - Session 13 - Vector DB O[dff + FAISS =%:Day2 ) [ VectorDB - FAISS

7|19 E dMoto 2 HZES| 0|S

o
AI'E:" 9|T-IE 1A 7E:|I'-I' *f%lf ;él—o—l u;q;q.nl_Hl 111|"
d
N AR INESIN YN N, O X| v olH
(o | o
LES XN AH LES" RS (To] 2A) ‘021 -6 8; ) 1 0 071
"ALEFOFH]" "myocardial infarction" £ 32 (§10{-52/04) v
HE] SZHOIAM T2 EM 7|
"Al 7t @[t "B X S HUA 2[AT" R HF v
HMEl- "Cardiac arrest first aid" (g&)
= PN HAME: "M 522 FHE" (S20)
— = HMEl: "Heart attack emergency response"
o (o = o
¢ IRIS BME A Ul JER T L R

"2|0|7t FAret HIAE = HIE| ZZH0j|M 7HZA| SIX[etCt

rI
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Text - Vector (Day 1) > O{C|0f| X{%t-Z

=5 (Day 1s2:s7) — < S

0= I:I....
).
=

)
—
O
ur
’

oh
"dotA" -~ [0.21, -0.83, 0.15, ...] 3 SH~LWMOE T o HE S H~SUOE
"R - [0.20, -0.81, 0.16, ...] - 7ltE A2 HE 1Y

"Asat" - [-0.55, 0.32, -0.78, ...] < &g

oY
1=
I
1]
Ho
1=
m
o
N
o
N
Ho
Ho
>
£
m
m
z

o 2H|T = 0|2 N ZHEE E3 (1536d / 3072d)

o X3 FtoiolH: 0ff HZ 0| FA| HiE{Q}t M4 AldE > ~EHDE I F20j| M= HleiA
o O|0|7} SAIEEZE FARI QAT =L x
o olal— CI=l MOH AHZ2E
o] &zgl= Da Ol CHEICE > AT dE o T12HA H."!E'I DB 7} ZdCt — L &£210|=
§) QH|E Pt ARl £=Al.Contrastive SH&2 Day 1 2| H9|Ct. O|H 3
A= "1 MK E NE- 4= fAX"S CHEL.
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HIE] DB = |

IIR

Z=M: Day 2 Vector DB - FAISS
Il‘A :. I- Z41AH LHO
e N o °
T 7HK| eyl FE ANN — ZA} |2 0|2 (Approximate NN)
1. MZ& —HlE + 22 BIAE + H|EHH|O|EE TH 22t o 2I™ EtM(prute-force): 2= HIE{QF H2| A& > H|O|E| BT Al £ X5}
2. AM — "IIEE IR NI E 2280 2 A= Mol(index) A= e ANN: HetL-E AE AHSH= CHA HAM B2t SEHMOZ A6 4810t HIE 0f
ME ZH2|E T2 "Hol X2 0|22 EfA
A DB : # + B-tree OIHA - M3 AX| W2
E{ DB : HE{ + ANN A0l L oo 2 w3
Aol 3 = 22|
re) o = E
M2 HEAATFLQSHO|S HNSW AEE T8z e
IVE S2|{AE|Z i 5| QE0k EbA
o O|0| HAME "HM=ts| ZH2 Z4"0| OfL|2f "7FE FPNt 242 3= =X
PQ 4E{S of
o B-tree sljA| CIEHIAZ = 8E 71 > ANN Molo| T

@ HYE © 2T Smst o

A|Ct. CH20f| A= ANN Of Aj&&F E=0|H,
= PART C 0| &AllS| CHEL.
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FAISS - Chroma - Pinecone - Milvus

o= Chroma FAISS Pinecone Milvus
EN UHICIE(Z2E) 2ol Eeq2[(QIH[ 2 2]) OfLIX[E(Z2RE) K| = A8 MH
&5} persist_directory %S save/load $=3 s (2eld) S AE NE
H|EFC|O|Ef ZE H|olE|E, E& orgl =Xz NES NEC
PAES st&-MVP-EH R 2-GPU 7t 2% 2E A L2 XHA| 295
=) 20k~24at o~ =2 2

2 FA0| MEH

o Day 2 st5-&l&: FAISS = ANN-QIEIA RS XH M2 > CHS MMM Chroma 2 52 EE

o 2l M RAG: HX| ot =, HEIH[O|E EEE H|0|E[E X|&35t= Chroma

o £ HIE|.GPU 7|&: FAISS, DL|X|= SaaS: Pinecone, LR Xk H: Milvus

FAISS = == 2ll|22| AM 2jo|He{2| 2 HE7} 71H& W= X2t S453-HIEF HEl= 2™ Ad6lof otCt, 1 S92 0= Z40] Session 14 2| Chroma LCf.

=
>\1
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from openai import OpenAl
client = OpenAI()

# 1 =%

resp = client.embeddings.create(
model="text-embedding-3-small",
input="Z0tA| 7| SHUHA F=Ct",

)

vec = resp.datal[0].embedding

print(f"at2: {len(vec)}™) # 1536

print(f"¢ 574: {vec[:51}") # [0.012, -0.045,

print(f"norm: {sum(x*x for x in vec)#*%0.5:.4f}")
# - 1.0000 (0|O| unit-norm)

# oi2] 24 Hiz| (8192 EF SHEMHA|)

resp = client.embeddings.create(
model="text-embedding-3-small",
input=["Zota|", "ngo|", "AEA", "HHI|"],

)

vectors = [d.embedding for d in resp.datal

client.embeddings.create() —REST &
o 714 (2026 7|F)

oy
3-small
3-large

ada-002

¢ dimensions O}2[0|E{: dimensions=512 = Matryoshka &
2 XNZ&1/3, A 3 .

Mt ~5% &

A A
— =

=i 32

X M™MEZ
1536 $0.02
3072 $013
1536 $0.10

Z£X: Day 2

X st
=

7tdHl — &2 2A 7|2

HU RAG

2l H Al

Vector DB - FAISS

re+:§§7|.__
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-

AR FAE 2 o

== ) ° = =
& &4+ — embed + cosine_sim ¢ + 21
import numpy as np texts = [
from openai import OpenAl "ZOtA[7} ZROA Fl=Ct",
"IW7F At Fo|Ct", # o|0| O 772
client = OpenAI() "Dog playing in the park", # 92 2 ojO|
"4 AFO| =ZESHCE", # S
def embed(texts: 1list[str]) — np.ndarray: "ZHOFA | = AT Mo Mok JECht,# e FA
"By Z|AEE (N, 1536) M@=, ]
resp = client.embeddings.create( M = embed(texts)
model="text-embedding-3-small", q = M[O]
input=texts, for i, t in enumerate(texts):
) print(f"{cosine_sim(q, M[i]):.3f} {t}")
return np.array(
[d.embedding for d in resp.datal)
# shape (N, 1536) 1.000 ZOFA|7}b Z0IAM FH=Ct
0.842 JN7F At Zo|C}
def cosine_sim(a, b) — float: 0.781 Dog playing in the park
nenehl HE7|2|= dot product = cosine.""" 0.123 RAl A|Z0| Z2H3iCt
return float( 0.512 ZOotA|= dET A 4T AL

np.dot(a, b) /
(np.linalg.norm(a) * np.linalg.norm(b)))

AL
X4

@ 2 TOIE: @ [}20] > 2|0 @ £2|0 @ Rt =H| = 4t

o
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for £ vs numpy & HAL

import numpy as np, time

= 10_000

= 1536

db = np.random.randn(N, D).astype(np.float32)

db &~ np.linalg.norm(db, axis=1, keepdims=True) # AAst

q = np.random.randn(D).astype(np.float32); q A& np.linalg.norm(q)

N
D

# X 19t Jf for Ex

t = time.time()

scores = [np.dot(q, db[i]) for i in range(N)]

print(f"for E2I: {(time.time()-t)*1000:.1f} ms") # ~80ms

# 4 #3 dM4 18

t = time.time()

scores = db @ # shape (N,)
print(f"aiz™d HAA: {(time.time()-t)*1000:.1f} ms") # ~0.5ms

12 /37
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Top-K £Z — brute-force 7| $t7|0f| 0|2 = X|H
Top-K &M

k =5

top_k_idx = np.argpartition(-scores, k)[:k] # 282 M3 (0(N))

top_k_idx = top_k_idx[np.argsort(-scores[top_k_idx])] # A48 A3 (0(k log k))
print(f"Top-{k} Q&lA:", top_k_idx)

=M — N=1 & [}

536 Zt@¥ x float32 = 9f 600GB O 2 Z

CHE M F: o 1002 (M2 20)

=

12
X
=

- FAISS 7} sii&st= 2H.
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N Z710]| [}£ brute-force 2| H=

Brute-force 22 ANN (Approximate Nearest Neighbor)
N (A ) AM A|ZE H 22| (1536d x float32) £H Brute-force ANN (FAISS)
1,000 <1ms 6MB rSEol 100% 95~99% (E4)
10,000 ~ oms 60MB AM A7t O(N) O(logN) / O(VN)
100,000 ~ 50ms 600MB M2 = HlE &= 7ts (PQ S)
1,000,000 ~ 500ms 6GB AHOL A|ZE 0 Aol 5 HIE US
10,000,000 ~ 5% 60GB

Ego|Enx
100,000,000 ~ 50X 600GB

ExC "ESIEE AX ofeis|T £E.0|D2| 1000HHE BBt

=

e Z{AH: O(N - D) — 2= HIE{Q} q Of LiX] o 12 HIE{ > prute 50%, FAISS 1~10ms

o k2=
- 0Z2]: O(N - D - 4 bytes) (float32) Hl=E= PQ 2522 1/16
. 2% BHOIAE ARA T2

Vector DB - FAISS

15/37
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-

QldlA ER — M2 SE-FHer Erflo|EI

QICEES Hi| Yyt AM £
IndexFlat Brute-force (3E EX) 100% O(N)
IndexIVF Inverted File — S2{AE = AL OF A M 95~99% O(VN)
IndexHNSW Hierarchical NSW Graph 97~99% O(log N)
IndexPQ Product Quantization (BlE{ =) 90~95% O(N) (H= =)

IndexIVFPQ IVF + PQ =&t 90~98% O(WN)
= [AA| A ALESIH= A
o Day 2 8H&8: IndexFlat (HE EXE %2 0|0|E)

o 2 AlL2|R: IndexHNSW (7HE #H)

o Mi22| M2 EA: IndexIVFPQ (OIf: 2t=H|2|mtO))

£X: Day 2

Vector DB

X st
=

<10¢H HlE

OF ~ 1

—

1

o
12

I

~10

12

M= =] =of

2% RAG

- FAISS
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Small World 12X — 6CHA| 22| 22|

ol & Ofo|C|o]

e HEHIHE ORE LEZ 7

o QT HIE7|2| AK|Z HE

o )

o AM2 T2 TE greedy traversal — O 717712 0|RCZ 0|5

Ct= 32X (Hierarchical)

Z=M: Day 2 Vector DB - FAISS

AZHSEE
o MOI:O(N:logN-M)—M = =EEFSUX| £

o ZM: O(log N - ef_search) — ef_search = & £ 37|

' of2t0fE

njato|Ef o|n| Egjojcon
M (default 16) LEG X = HEe 4 fz2g o
ef_construction (200) MO Al ZH 5 ™ =" o, Mol AIZE A
ef_search (50) AM Al =2 £ ™= dEE A, A AIZE

17 37
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|J\ __I.l.kl

1~2. CO]E] =H| + A2l

import faiss, numpy as np
from openai import OpenAl

client = OpenAI()

# 1. HIO|f &H

docs = [
"ZOorA7t SR F=C",
"Dog playing in the park",
"ZAl A|ZO| Zabct,

"Stock market crashed today",

"Yorx= HECH",

emb = client.embeddings.create(

model="text-embedding-3-small",

IndexFlatIP

input=docs)

M = np.array([d.embedding for d in emb.datal]

) .astype('float32')
print(M.shape) # (5, 1536)

# 2. FAISS QltlA MM (LA = ZAQD)

index = faiss.IndexFlatIP(1536)
index.add(M)

print(f"Mol=l HE £: {index.ntotall}")

# 122 M0l
# 5

A

=

olIA =2

i
e IndexFlatIP : LN (Hst=
e IndexFlatL2:
e 12| HNSW, IVF, PQ —LCI3

)
Ze|c 2| (u|ET
seto|c

—t

Q

[

£X: Day 2

Vector DB : FAISS
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Z1A — E-F
3. 84 I =9
4 3. M #1 score=0.832 ZOtx|7} Z0AM E[=LC}
query = client.embeddings.create( #2 score=0.741 Dog playing in the park
model="text-embedding-3-small", #3 score=0.523 ZOIA= HELCH

input=["ZOZ| At2"])
q = np.array([query.data[@].embedding]

) .astype('float32') D QI' I

D, I = index.search(q, k=3) # top-3

urstgt o|o|
for rank, (score, idx) in enumerate(zip(D[0O], I[0])):
I indices — A= HHE0f| 2] 2|

19/37
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12+ HE] A0l + ZHM HIX|OI3

Flat vs HNSW diXx|O0}3 3 E

import faiss, numpy as np, time

N, D = 10_000, 1536

np.random.seed(42)

data = np.random.randn(N, D).astype('float32')
faiss.normalize_L2(data) # CHQ| HIE 2

# === Flat (JY 7|8) =

flat = faiss.IndexFlatIP(D)

t = time.time(); flat.add(data)
add_flat = time.time() - t

q = datal[:1]

t = time.time()

D_flat, I_flat = flat.search(q, 10)
s_flat = time.time() - t

# = HNSW =

hnsw = faiss.IndexHNSWFlat(D, 32) # M=32
hnsw.hnsw.efConstruction = 200
hnsw.hnsw.efSearch = 50

t = time.time(); hnsw.add(data)

add_hnsw = time.time() - t

t = time.time()

D_h, I_h = hnsw.search(qg, 10)

s_hnsw = time.time() - t

# == Recall@l0 ==
recall = len(set(I_flat[0]) & set(I_h[B])) / 10

2 21 + E0|=Rm

Flat add=22ms search=2.34ms
HNSW add=1820ms search=0.18ms
Recall@ld = 0.90

EglojEm st =

o AO|

A 136 WIS (0H)

28 HH I_EI ('6'|- |:||-)

—_ - L

=3 70|
Nz HY el A
<10¢t IndexFlatIP
102t~1000%t IndexHNSWFlat
10002t~ IndexIVFPQ (HIZ2Z| &

=)

£X: Day 2

Vector DB : FAISS
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2to] 30E2 LangChain 22 o=

Mol + 24 (35)

from langchain_openai import OpenAIEmbeddings
from langchain_community.vectorstores import FAISS
from langchain_core.documents import Document

# 1. Document ZHA| (metadata ZE3H)
docs = [
Document(page_content="Z0t2|7} ZA0AM F=Ct",
metadata={"src": "docl.txt"}),
Document(page_content="Dog playing in the park",
metadata={"src": "doc2.txt"}),
Document(page_content="3F4] A|Z0| Zzt3lCt",
metadata={"src": "doc3.txt"}),

# 2. UHY + FAISS Aol — 3 =

vectorstore = FAISS.from_documents(
docs,
OpenAIEmbeddings(model="text-embedding-3-small"))

# 3. ZAM (metadata & Htsh)
results = vectorstore.similarity_search_with_score(
"ZOtA[ AkzM, k=3)
for doc, score in results:
print(f"score={score:.3f} "
f"src={doc.metadatal'src']}")

ME-2EE (5=

# AT AH3E
vectorstore.save_local("./faiss_index")

# CI2HY 2L

vectorstore = FAISS.load_local(
"./faiss_index",
OpenAIEmbeddings(),
allow_dangerous_deserialization=True,
# FAISS &= pickle AtE

LangChain vs raw FAISS

sh= raw FAISS
I s £ ~30=
H|EfCH| O E EIF g
vectorstore uA| N ESps
QUEA NE E AH Jts

£X: Day 2

LangChain

Vector DB : FAISS
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o o

FAISS = 2}0|H2{2| — C}S EH|= Chroma

o AUHITY HIEE QIH|22| AQlof| MRSt ANN HME 2T Al ( IndexFlatIP
- IndexHNSWFlat )

o OIEIA EfRl. ef_search -Recall EZ[0|EQTE =Y £H
FAISS 7} £|H X2|aH{0f 5f= A

o AASL— save_local & ZH3} (pickle)

o ME}H|O|E] ®E| — 27| = 2|28 X|& > AND/=XAt H|u S£Ef
o SA MI|AH| — EHY TEM|A mutation

ACH DB &4 H|uw= PART A £20|E 7 11, o{7|A= "FAISS E #1X&

Mot £ Chroma 2 O|&"St= SE0| sHAlo|Ct,

=
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0=
0x
0ot
>
N
r

HIE] DB X|2 — FAISS CI22 Chroma

TEXT — EMBEDDING VECTORS — VECTOR STORE (ANN-INDEXED)

VECTOR STORE

ANN (APPROXIMATE

INPUT TEXT: NEAREST NEIGHBOR)
“Find semantic —> EMBEDDING 20006 .. > E
matches for query” MODEL
QUERY VECTOR APPROXIMATE NEAREST
(e.g., [0.1, 0.5, ~U.2...]) NEARES{T NE)'GHBOR NEIGHBORS
ANN
STORED EMBEDDINGS  USES INDEXES LIKE HNSW J
{ I y J
4 ™\ 4 R ' ™ e ™

FAISS  ®5s| | CHROMA [ | | PINECONE MILVUS
IN-MEMORY LIBRARY EMBEDDED & LOCAL FULLY MANAGED CLOUD DISTRIBUTED & SCALABLE

* OPEN-SOURCE (C++)
« HIGH PERFORMANCE

» INDEX TYPES: IVF, HNSW, PQ

(Product Quantization)

o A-NATIVE, DEVELOPER-FRIENDLY
« SIMPLE API (Python, JS)

* IN-MEMORY OR PERSISTENT ON DISK

¢ SERVERLESS architecture

e SCALABLE & PRODUCTION-READY
+ HOSTED SAAS (No infra mgmt)

e REAL-TIME UPDATES

¢ CLOUD-NATIVE & OPEN-SOURCE
* HORIZONTALLY SCALABLE

* DISTRIBUTED ARCHITECTURE

* HANDLE MASSIVE DATASETS

* RUNS ON GPU/CPU » GREAT FOR PROTOTYPING
* VERY FAST e LOCAL DEVELOPMENT o GLOBAL AVAILABILITY « HIGH THROUGHPUT

\. J \. J N J \. J

#HIE DB H| W - FAISS(QIHZ22])-Chroma (J}HICI= F<)-Pinecone (CHLI X E)-Milvus(E4) - AHIE HZEH + ANN 24

@ FAISS > Chroma Z 0|0{X|= mi2}: FAISS 2 QITIA.ZAM 218|5 H|ZSt OIS CHA|l= H&3)-H|ELH|0|E TE{Z!-AMHIE St &2 X2|oh= Chroma. &t5-Hh AR
RAG 2| 7|22 Chroma, =< HIE{-GPU 70| 2H210|™ FAISS.
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M HHIS Trel UHIZISHE OF £l 0| 471K

@ 2|0] §|M (semantic dilution)
+ 18t XH 2N > T2 1536d HE] > HEE FHI BIHOR 28 > A

@ YH|E 2= ¥ ot

e text-embedding-3-small : 8191 EZ (~12,000 Xt $t=20{) — PDF ot HO|X|2= FF X1}

@ H|E

o EIHO| R0t REE2 o 2HRIN| 2M FHE LLM O =& > EE2 =5

o 128K EZ0|| 7|25 SH & Mol (Lost in the Middle T4}
o X2 chunk > ™Y retrieval > &2 context » £2 HH

Hzo| 2

"SiLte| chunk = StLte| Bt 7156k o|O] tel" — H5 300~1500%}

£X: Day 2

Vector DB - FAISS
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£X: Day 2

CharacterTextSplitter vs RecursiveCharacterTextSplitter &

X2k

| Bl |

Character

Recursive

Token-aware

Semantic

MarkdownHeader

Code

H

h

o Markdown - YHIBIAE: RecursiveCharacterTextSplitter

e PDF: RecursiveCharacterTextSplitter.from_tiktoken_encoder (EZ H2L)

A A

Xt
o

QH|Y O Z o|0| BA| EtX|
# | ## ol 7|&

AST 7|t et 22 A e

e AL Language.PYTHON splitter (AST 7|dh

Z Ho XN | oA
oo 42 oz | pA
2 o m

M >

ox bt

o

0
ok
rot
lo
=
r

2
T2 ZA0] 2[H

T E RAG of %A

rn
2

04
MO
rn
ofy
N
Pal
i

MO

12
N
T
o

rot
Hl
2
rr
=
kot
M40
ikl

P

ML AIZE 1
Markdown M &

A0 IhM 2R

Vector DB - FAISS
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7hst 2| Mol 2|

from langchain_text_splitters \
import RecursiveCharacterTextSplitter

splitter = RecursiveCharacterTextSplitter(
chunk_size=1000,
chunk_overlap=200,
length_function=1len,
separators=["\n\n", "\n", ", ", ".",

n p n n | n n n mnmn ]
M 4 ° 14 4 4

is_separator_regex=False,

)
text = """1&. QIZ RS9 YA}
0lZ A5 (AI)2 1950HCH0| A|ZZ|QUCt. W B2 ...

2 At

O

=2

ey

—

Hi2i'd2 HOIHMM ES Stgsts ...

chunks = splitter.split_text(text)

for i, ¢ in enumerate(chunks):
print(f"[chunk {i}, {len(c)}AI")
print(c[:80].repltace('\n', ' '), "...")

2.
3.
4.

£X: Day 2

ats 212 (RHH)

—

LHIAEE \n\n CE BT AL

oF Z=Z10| 1000Xt ™M CIA| \n 2 &
O "ol | oF

2= = 22X K] s

oj2t0]E 2|0j

o}2to|E o|oj

chunk_size 2t chunk X|CH 2X}

chunk_overlap o1& chunk 2 EX|l= 2%t

rot

length_function Z0e len() , ¥ EE 4%

M9 2Y J|E 2lAE

H0
Ho
M
A

separators

Vector DB - FAISS

@ chunk_overlap 200Xt7t &iAl — chunk ZA|0| E0| Z2X QUS m HAH A

St
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H 82 Fers| £Hsle{H £ tig| 2t

from langchain_text_splitters import RecursiveCharacterTextSplitter
# EZ o9 &% (LLM context window 7|&)

splitter = RecuPSlveChaPactePTextSplltteP.from_tiktoken_encoder(
encoding_name="c1100k_base", # GPT-4 A<E

chunk_size=500, # EZ CHQ|!
chunk_overlap=100,
SepaPatOPS=["\n\n", u\nn, n.u, n u],

chunks = splitter.split_text(long_pdf_text)
print(f"chunk £: {len(chunks)}")
print(f"®7F EZ: {sum(len(splitter._tokenizer.encode(c)) for c in chunks) / len(chunks):.0f}")

28 [ 37
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chunk_size MEH 7j0|=
2r chunk_size (E32) 0| &
FAQ - QA 100~300 B Mot H
et =X RAG 500~1000 =2 AN HE
7l 0 x=2 1500~2000 chapter &t¢

chunk_overlap chunk_size x 0.1~0.2 BA B FE EX

St=0] =9
o "OHISIN|R" = 5Xt, 2F 6 EZ (YO ELtH|EE)

o 2 IAM=BHR0 = len() SAHTHIVHD =2H

Vector DB - FAISS
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chunk E F0{2 H|ELI|O]E]
7% HlEtH|0]E] A7|o}

0=
0x
ool-
>
N
T.

{
"source": "ml_intro.pdf", # 2 oty
"page": 12, # T 0|z HS (PDF)
"chunk_id": "ml_intro_pl12_c3", # 19 ID
"chunk_idx": 3, # chunk &=t
"total_chunks": 47, # A A3 4 ()
"doc_title": "ML 2", # =A EIO|E
"section": "1.2 Z|EStE", # ME/MHM (ACtH)
"char_start": 12450, # A2 Lf A2 2|%x] (citation)

"char_end": 13420,

ol
2zt heo| 2r
e source + page :RAG EH =X 21& (Session 16 &liA)

e chunk_id : &= MOl 2X| HH|O|E A| Hetot A

e char_start / char_end : ¥2 50|2|0|E (Ul

=54 = M=|Y. HIEH|0|H §l= RAG 2 =X =39| BHO|H, 2 AF8XF 2422 0|0,

10 | -
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e ke HE{DB
L o
S Al chunk
—aA
4 A
24 mEne Cy
XloO = LLM >
= _/ = + &K

3|:|-7;|| 'c's_IIMI ol

L

1. Indexing (2t #): chunks - embeddings - vectorDB
2. Retrieval (01 22|): query - embed - top-K chunks

3. Generation (0§ Z2|): query + chunks - LLM - answer
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-

chol Ml 24 QA 7

1. Aol (3} Ok

[ -

from dotenv import load_dotenv
from langchain_openai import OpenAIEmbeddings, ChatOpenAIl
from langchain_community.vectorstores import FAISS
from langchain_text_splitters \

import RecursiveCharacterTextSplitter
from langchain_core.prompts import ChatPromptTemplate
from langchain_core.output_parsers import StrOutputParser
from langchain_core.runnables import RunnablePassthrough
from langchain_community.document_loaders import TextlLoader

load_dotenv()

loader = TextLoader("./my_notes.txt", encoding="utf-8")
docs = loader.load()

splitter = RecursiveCharacterTextSplitter(
chunk_size=800, chunk_overlap=150)

chunks = splitter.split_documents(docs)

print(f"chunk %: {len(chunks)}")

embeddings = OpenAIEmbeddings(
model="text-embedding-3-small")

vectorstore = FAISS.from_documents(chunks, embeddings)

vectorstore.save_local("./faiss_idx")

£X: Day 2

2. 29| + RAG H|Q! (OHtH)

retriever = vectorstore.as_retriever(
search_kwargs={"k": 4})

prompt = ChatPromptTemplate.from_messages([
("system",
"Che EME /RO YstMe. 2EW 'mEULC."),
("user", "EAM:\n{context}\n\nZE: {question}"),

D
1lm = ChatOpenAI(model="gpt-40-mini", temperature=0)

def format_docs(docs):
return "\n\n".join(
f"[chunk {i+1}] {d.page_content}"
for i, d in enumerate(docs))

rag_chain = (
{"context": retriever | format_docs,
"gquestion": RunnablePassthrough()}
| prompt | 1lm | StrOutputParser()

# 3. AIE
answer = rag_chain.invoke("0| ZAQ| dHAl FZ27")
print(answer)

‘ @ 0| 50%0]| Day 2 MA|2] 7|gto|C}. Session 14~16 2 0| 7|

M.2HRFSHE

—

Vector DB : FAISS

o

-
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A& IH5| (258)

124 — HIo|E EH] (5=)

o CHA E0fQl EIA E/OFACER 17 (3000XF 0|4

o OllAl: &t L E [ 2|AF 2|7 / 2 FE [ GitHub README
204 — Aol + X} 74 (108)

# 9| =2i0|EQ| 30~40F AMHZE
chunks = splitter.split_documents(docs)
vectorstore = FAISS.from_documents(chunks, embeddings)

# 2A retriever 0t & (LLM M=)

results = vectorstore.similarity_search_with_score(
"HE", k=4)

for d, s in results:
print(f"score={s:.3f}")
print(d.page_content[:200])

Z=M: Day 2 Vector DB - FAISS

3EHH| — RAG HA| (LLM EH7EX|, 5&)
. 9| 220|E RE Orf2

o CHA EH|QI AFE 7= A

A4THA| — H|w EM (58)

o SAUSHII| ZES RAG SO0]( Llm.invoke(Z&E) )& Al

e chunk_size £ 500 > 1500 > 3000 ©Z HIH7}H HAM =

A
r
fof
&
[l

o RAG 2| 7IX|7} 7te FEZ AE2 BNVt
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1. (4 QU2 (A E > HIE|. TARI QAT )2 Day 12| Q| — O|H 3|kh= 1 ilE{o| XZHZdM X
2. |4 WIE{ DB = 2t|2 + HAE.HEIH|O[E] X% + ANN ZiA Aol

3. [4 ANN = =I5 AF U HM Z7t5 &5 Za X M (o £ SHugh

4. "4 Brute-force = O(N) — 1 HIE{0f|A] SHA > ANN 0| {{ZdtH= ZX|

5. FAISS QIEIA 35 — Flat / IVF / HNSW (ZE-H| 22| M=tk)

6. 4 HNSW = C}=E =2 MIA| 3202 (O(log N) AAl), IVF = 22{AH = LGt

7. {4 4Tl DB — Chroma(2l&- 2 E])-FAISS(EHHE-GPU)-Pinecone(0HL| X|E)-Milvus(Z4)

8. [4 HAU2 RAG M52 7I2&= &2 H4 (chunk_size - overlap - Recursive/token-aware)
9. [4 HIEHHIOIE] = XM = Mz|M — =X 2182 J[¢t
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-

s

e [] 2A 17HE FAISS O|L| RAG SZ} 20l

e []chunk_size 3Z A& > ZXo0f Xt S st E2 7|12

=M

e [] 2.langchain/7.RAG/3.vectorstore/ & — 43+ M HE H|W

o []1YH|E PR H|W — text-embedding-3-small vs -large Z2 Zlo| ZItH|W

e

o
H
rir
N

o chunk_size & 21 — O Z{0|M 7t T2 HO| LIRCH, 1 JHRI2 BAC=Z =

37137



