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THE EVOLUTION OF NATURAL-LANGUAGE Al AND MODEL SCALE

RULE-BASED NLP STATISTICAL ML WORD EMBEDDINGS ~ THETRANSFORMER G FAMILY & LARCE
ELIZA (1966) N-GRAM LANGUAGE MODELS WORD2VEC (2013)  ATTENTIONISALLYOU  GPT-1(2018)
Word o) NEED (2017) ~117M parameters
(IF pattern "I am %" P(word, | word__
THEN response g & GPT-2(2019)  CHATGPT
i t I - I F
(e e Hmneu(mﬂ;ov MODELS Esicmas) kA Nﬁ?ﬁgﬁznih?
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DETAILED THREE-STAGE RLHF / INSTRUCTGPT TRAINING PIPELINE

STAGE 1: PRETRAINING STAGE 2: SUPERVISED STAGE 3: REINFORCEMENT LEARNING FROM HUMAN FEEDBACK (RLHF)
(SELF-SUPERVISION) FINE-TUNING (SFT)
3a. BUILD REWARD MODEL 3b. PPO REINFORCEMENT LEARNING LOOP
HUGE WEB CORPUS DEMONSTRATION ANSWERS r
PREFERENCE REWARD MODEL
nATASET  |WOEoien
NEXT-TOKEN
PREDICTION Reward = 42.5
REWARD FUNCTION WITH ALIGNED
ety KL DIVERGENCE PENALTY HELPFUL
o 2 Reward,, = Blxy) - B L{Polcy | Refereoce] w
e
™E- B QUESTIONS
—— PROXIMAL POLICY
NEXT-TOKEN -——> OPTIMIZATION
@ o
TRAIN BY
GRADIENT DESCENT I PPO UPDATE
STOCHASTIC GRADIENT DESCENT

RLHF 3EHA: AtHets - K= O[MZFH(SFT) - E4E2E + Zotetg5o2 ME Moo FE

RLHFE= 3A| M| THA| 2 TISEL|CEH K, AP St (pretraining) THAIOIA BiCHSt EIAE 2 CF2 E2 oS st&6l
0| 59| ECHE oHELICt M, X O|MIZ=H(SFT, Supervised Fine-Tuning) TtAGIA At2to| & ZHMSH B

HHOZ RAS FILSIgAA, 220 Hols A0 {8 25| ot M, 242 H (reward model) 2t Ze}st
& HAA 22 220 tiet 62 SES A0l M= =M2 Holota, O IS st E4EE0| O dek= 8
ol 22 Y& FE = Z2S ZE22 O|M| =FELct

0| IME HA|H pEle T2
GPT A€0|2t= RLHFE

EHA| 23 Hlo|H = A

R U2 PR EAE Ao S=-X| 42| ECf

X| = DM Z=F(SFT) AHEO| & 2 B AE0f Eots EAL o=
HYEE + Botets SEOl cHet Atgfel M =2 Atgh M=ol = EE

L

Ol

dlia] ZOIE: RLHFE 20| M22 X|AS E= 20| OfL|2t, o|n| 71l 533 AEfel M=o HEot=
DPEILICE a2 YRS H ol L0 Z2= HA AL FEE B BEX|= RELICL O] BIES HRs

20| Day1 Part20i| A CHE RAGRILICE.

5. 20224 0| GPT AI€2| |

2022'H 118 ChatGPT(GPT-3.5)7t 370E 5| GPT A2 HEA| Z2t YMMUSLICE 2023H| GPT-4= FE 5
21} ShH| 0|0|X| LS CtRE HE|RY 7|52 231, 2024H2| GPT-40= HIAE.O|D|X|.2ME $F ZH|A K2
Sh= 2L (omni) ZEIZEZE 2HHSLICE 22 AlZ|of O 7FE1 XF et GPT-40 miniZt Lot CHEE AA|ZE K 2|0]] A4

—_
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0|11, =&t =20( £l o Al2| 27} e Z2f2 At2| FRJAELICE 22|10 20252 GPT-5= WEA| Boh= 2t
0| FESh= o AES SILIZ &M, FEQ| Lol W2 SEHEX| O Q2] MZSX|E 2Ho| AAZ Yotz S 71X
Z LIOIZHELICE O] SR AEXI/F BH S UU0| DEX| 40LT E[ 10, O|F MCHELCH 221 XA [HE0| EU2H
T 00|ME &o| 50| E3| Ul BELICH GPT-5 HA| gpt-5-gpt-5-mini-gpt-5-nanoX & =& 37| 2 L+
of, Z2 AE QoM H| 82t H5E 2t 2 = UASLICE 0]0 2026'H2| GPT-5.5= 0| 82 7 fI0M o3 =7 E
QI A2 BAK| 23t oo HE 2 52 37 BolgHn, A= HE 28 22 ntt: FRo| Bztg of
Al ot 2 Eo2 EUELICL 0|22 RER2 AL AU X|TH 2 SE2 HEIZE, F2, oo|HE N ggoz 2
L|Ct.
MULTIMODAL REASONING AGENTIC
o-series
Nov 2022 2023 2024 reasoning
T - ? 7
ChatGPT )  ( GPT-4 ) (GPT-4Turbo) (GPT-40) (GPT-4omini) ~ 01/03
GPT-3.5 stronger 128K context omni: unified cheap, fast deliberate

RLHF chat reasoning text/image/audio chain-of-thought

Nov 2022 image input real-time YiamE
2022 0| = OpenAl GPT A2l M7{: ChatGPT(GPT-3.5) 271 0| HE|ZZ(GPT-40)2t T2 E3}H(0 AI2[Z)E £

H E=Z =

)

GPT-52| Li§ SZ2 'HAZt 2tRE'Z QFEL|C. AFEXte] 20| S0{RH 2tRE7} HEE T, 712 282 &
| Efot 022 RE2 =8 Z22 U HAHZ AtUsHA gLt #2 F20M=E =78 =&t
Sh= 2PY S Aol E WitX| Bt=dt= ofo|HME RXIt S|t 2t0f= wE %E.%

=&
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RN St A2 2P = ZES 1=E LYLLE ST 20| 2RSHH &9 RS, thE Me|U Z2 XA
O] ZQ5IH 22 DHS HMetL|Ch. RAGS| B MY 2o == H|81 FHO| #H0| E2 g RES 722
F= ZR7H BELICEL 22 O|E T2 A B2, A== RRFES MLt 2HFHe2 Z2[6] oo
2[5t Ho| Z&LICE
MY ZOIE: DAL AL HIRX|Y U=E= 7|FE2 ZELICL "FE U, SH &5, HIE" Ml F22 2o &
DS MEHSID, REH2 I X0 EX| T oROIM 2H2[eL|Ct

"BHO|

ChatGPT= 1 90l RLHF &S C{oli Aol &3t el thetE 7HsotA| LIt Tt 32U 2=

LICt &

MM Al 7|4 RAG ZHERE BHE (3Y)

GPT-5 UNIFIED MODEL ARCHITECTURE

GPT-40  GPT-5.5:
(fast) before stronger agentic
coding, fewer

Merge -

) hallucinations
Thinking path
Extended step-by-step reasoning,
Hard that searenorvalidation
requests or chain-of-thought

o-series
(reasoning)

Agentic tool-use loop

Real-time router

i Call tools Unified
Judges difficulty (web search, code Observe

of the request execution,

file/data analysis)

Easy

repeat until the task is done
requests

Instant path ]
A quick direct answer J

with low latency

x| 7
HIO[E{ Ol M AAR HYRE" WAO 29| O|SYLICL GPTE SAXMCE JHXTH LIS EES
Of X

o A Y2 BREtE SHAIE SEY & glen, FlolM XE FoiE RAGZE O s LT

© HIOt0|H A (GenAl Labs)

O
|, B2, EHAZHE HA LLMO|| 0|2 LTIAL= "AFRO| &S MEH" EHAI0f| A
HIA

-

12/143



O>
0%
o2
=
N
7

B RAG ZHERF 0hY (32)

EFHATH AT X2

EZ, YHE, ofEIE0I2H= Ml 7K FHE S =4 810] 22 = HOF LLM2| LIF S-S O[shglLICt.

Qlo{ZUS B2 SAILF IO )2 CHEX| YALICH PN BAES E3(token)0|2Hs X2 £2t02 WIHE £
Lto|X(tokenize) IS FHEILICL E22 To] SILIY 45, HOjo] YR A&, O|LE 7|5 S& YL
2t £30j= DR 27 D7} 2D, DU 0| 2%} 1D LIHS YO ¢

[ SUBWORD TOKENIZATION (BPE) & EMBEDDING PIPELINE ]

[ The unusual character was laughing. ]

STEP 2: VOCABULARY /—b[ STEP 3: EMBEDDING LOOKUP }

[ STEP 1: PRE-TOKENIZATION ]

& BPE SPLITTING MAPPING e ot
VOCABULARY TABLE (Learnable weights)
[Jr__) r"j v T [101] 25 |182]456]711]300] 88 |
[The] | |[was]| | [laughing] = . L
L i 101 [The] IDindexesarow, —>| | | =
» 25 [un] extracting a driom
Common words = whole matrix
[ [The] ] {[was]] [[Iaughingl 152 nsol
456 [char] EMBEDDING VECTOR —>
(e.g., d=512)
Rare/long words == split 711 [acter]
L
300 was;
v v v v [ _] o DENSE VECTOR
(funl) (fusuall) (ichar]) (jacter] 88 | [laughing] REPRESENTATIONS
L Example rind vectors lort of over

embedding vector, (e.g. d=512)

NOTE: TOKEN EFFICIENCY VARIANCE

Same meaning in Korean uses significantly more
subword tokens than in English (BPE often creates
shorter pieces for non-Latin scripts), leading to higher =309 uazg Fg aaLc
context window usage and generation costs. 1token 1-1 ZAA)

The unusual character was laughing.
1 token 1 1 tokens

EJLIO|=: 2¥0| E2 Hel2 2ok 2} EZ0| <At ID2 HEtEICt

EZ tRl2 XIi= O|RE O] 7|2t o AL0[2] Y EYLICH 2E TS SM=Z 03[0l @2 0127t H=2
AX|1, 2 H= HO{(O0V)E CHE = S&LICE iti2 2X Bl = ZIHH 0{2]= ZoX[X[2t ot 2&9| EZ 7t
XILEX|A| GOFELICE T2 RF EALIOIN = X SEots Gof2|= ot E2C =, EF HojE 62 MEEZ X
e MERE(subword) EAlE SLILCE CTHE2 62| EALIOIME H|Wdh= offx|e] S L

|]>
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# 12.study/5. tokenizer/1. tokenizer_compare.py
from transformers import AutoTokenizer

def show_tokenization(tokenizer_name, text, label=""):
tokenizer = AutoTokenizer.from_pretrained(tokenizer_name)
tokens = tokenizer.tokenize(text)
token_ids = tokenizer.encode(text, add_special_tokens=False)
print(f" EZ %: {len(tokens)}")
print(f" E&: {tokens}")
print(f" EZ ID: {token_ids}")
return tokens

# @2 onjztE mYnj E2 BEo| ChaC
show_tokenization("openai-community/gpt2", "Artificial intelligence is transforming the wc
show_tokenization("openai-community/gpt2", "QZZ|s0| MAS HSIA|Z|Z JU&LICE.")

0| IEL 22 WS ofzf EAUOINR FH E20| 42 DS HOY FLICk 07|14 £oi7E M2 22 ojuje| 2
S|zt 2017t Yojwict E2 47 WM BICH: LT Yo BHOZ StSE EALIOIXE $R0IS BH| Fp

7| WiE0l, 22 W8S X285t ol E20] 2~4HH & FLICH

S4 EOIE: OpenAlZ HIR3t APIO| Tt ZiEAE 20| HEH 2Kt 47+ OFL|at 2 4 7|ZQILICE 312
Oj= 20| 20| S l0jo|02, ZETES} A L0|E E2 HFIRE JHsots AT0| HIS Balo] ZUMLL
C}.

2. YHi|d: E2E 2|0|7t ©HZl HE =

EZ ID XHl= ArHe| e &, o|0|S B QUX| gi&LICH ID 1001t 10114H0] 2|04 7PACH= BE2 e
Ch JaiM RHR2 2 ER D% 2| (embedding)O|2t= 1 Z0[2| A4 HE| = HFELICE Of HIE{S| 2t XtE2 &

2ol on|x E4S LiH Hon, u|Jt Hixet EZ2 HE SZHo|A 772 #IXIof| 50|=F st&E Lt

o=

# 12.study/6.embedding/2.embedding visualize.py
from sentence_transformers import SentenceTransformer

model = SentenceTransformer("paraphrase-multilingual-MiniLM-L12-v2")

sample = "QIZZ|50| MAES HtRT QICH."
emb = model.encode(sample)
print(f" ®E ZtH: {emb.shape[0]}") # 0f: 384

print(f" X2 1074 Zf: {emb[:10].round(4)}") # &+E59 HfZ

© HIOLO| M A (GenAl Labs) 14 /143
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O ZEE= ot 222 UMY 2ol Hof 7 Z0|(0f]: 38442 A WEZ tHBHpIL|CH £ E WHE= A =0lle
o|0] gle =Xte| LIZE EOo|X[g o] HiE o] Beto| 2 2& 2| o|0|E LIEFHL|CE "2IZX|S0| Ml&he HHERCHet "AIZ
MIAE HSAZICH = B3 S CIEX|THHETL 7{9] 22 feks 7t2|7| 1, "dM7t SOHet "IXE Ha Hiis M2
CHe diaks Jh2|guct
2D word-embedding space diagram
A
NGl frite Famous word analogy
dog  pirg apple king queen
e b
° anana
@ bird
o~ [ dog @ grape
£ cat
=S
USA
p Korea _ man woman
USA @ & Countl‘leS
~Japan " : . ;
Real embeddings are high-dimensional
- (e.g. 1536-d OpenAl, 384-d MiniLM)
dim 1 projected to 2D by PCA/t-SNE
A Z7F: 'man - king'2t ‘woman - queen'X{ & 2|0| 2tA| 7} ZO™ WSt MIE| 2 LIEFLEL, H| =St HHO{= ME 7}

7to| 2 elct

O|=A| 2|0|E £tHZ HFHY
Ct. 0] MZ0| RAGO|A &
FCZE XH ASEL|Ct

OFi, £ BAET} |04 UOILE IR HE| Aolo] 2Lt AER AT 4 UL
T} 22AE SIS HOHHE M| EcRlLICt UIYT AT AN Flo| s Foj

F-IIZI 0|.H'

oot
=
H
£}
rot
il
rr
S
i)
r
il
=2
i
i
=)
I @
H'|
> -
lo
r° r-
r|r
ne J
O
k=)
o
rr
Mo
>
=2
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SCALED DOT-PRODUCT SELF-ATTENTION (SINGLE HEAD) MULTI-HEAD ATTENTION BLOCK

Output Z

ATTENTION Umoser
WEIGHT MATRIX
(_unear  Jw,
-
() oNCTETED
(applied row-wise) +_ .
MASK A4 T ] h=8
(Optional for decoder) £ e £ 1 £ T
T 3 see
N=4 “ ATTENTION(Q, K,V)=50FrMAx(ﬁ)v [ HEAD L alzk J]J [ BHEADD ﬂ]
(divide by /dy) Vd, -
3 - — aQx K‘.Anem.inn Scores Q K v Q K v Q K v
v m w m Line||Line|[Line w Line||Line

3 3 . v 3
nea Wy [ w ) w,
G fo,=0,264 fd,=d,=64 $di=d,=64
E";‘;th‘lﬂg;f [ LINEARLY PROJECTION ] -
Encodings t 1 4 I
(droe=512) THE' ‘QuICK’ '‘BROWN' 'FOX’ m

FOX’

Ml
=

IH
m

O{EIM: 2} ChO]E Query-Key-ValueZ £}, Query—Key SAIEZE 7tE XS HEX ValueS S TICHE A HE]

sle= 2E EH)

A ofEl&(self-attention)2 & | BE THO{7F MZE HIZtEHA, 2t £to{7} THE Thojof| 0kt FIEX| 7t
i

X[E oh7|= LAIJLICE Ot THofef Z5HA| 2HE[H 2 St H(E2 7I5K) 2, F6HH Jh= SHERE(R2 7HSA)

2 AZECHD 2 U o|FA| 2 Hol= Rl 23 H2 Ho{S9 YEHE M §

=

B 7S 0| Zojet RHAlo| EEHS HAIBHL|
ct
a
A9
2o 3t EH Ctg E2 o5

NEE

2ioto
O REO| 2 HHS TS YOIMSE 3 Cojy 2ATHE H2l5tK| 843, DE Erof ol S 8t Hof AABICH
HRULICE 20| GPUOIA T2 2 31250] JHSe3D, 0|240] Bt HIO|EIS Hehob 719 25| LLME Bt
S ZF™ Q0ILICE OfHi 53 2| WS4S U2 o BE 2 22S TAELC,

© Hloto| A (GenAl Labs) 16/ 143
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o4
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o

ol

Ko

07} CHE THofof| 7t

o wZbC}
= O

=
LT} =49 MR L, o] ARO]

Ct.

AE ¢t ol =0

b

—

Hgo] otL|2} StLte] SEQ 2 O|o{ELICE BIAE= EJLO|Z=E HY E2 ID Lt

—

—

2mz
EZ ID= YUY HEE HF{0] 2|0] 37t siL(ch O

2t

A

il

|, Ofe

i
=

A

=)

ol
Klo

20| &|,

=]

BtOZ C}

1S Ht

.
—

A2 3 H9

OX[22, OFX[2ol 22

=

o] =

ot #

I.

RAGSte| A&

.

e

off ol 5H

CHO{7F MEO|A =5

wir

M JCHZ MUL|CH EMARHO| LR SAMS HE 2[X| ¢4, 0] Ml /g2 SETF ZES| oM RAG IH0| X2t

& AsLICh

uld
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MM Al 7|EERAG WL RE 2HE (3Y)

OpenAl APl 7| X2} CLI &

oS

AP| 7| E29tEE{ Chat Completion2| 71Z2 H&t7HX|, OpenAl APIZ X ME22 ot = 7|127| 2 CHEL

1. API 7| 221} .env HOt

OpenAl APIE &

{2 HX OpenAl EZ0IM ZES API 7|7t EREL|CH 0] 7= ZH| A1 Eat %Y 2 ZE H|E
AHAZHO|EZ, AA

=
ELb A MEL, 2300 2 HofMEs o gULh. 7|7t =EE|H Eflo| L AH2Z APIE 2

-I> I'.U
so |
i
Lo
_lj_

E°l HIES THAZ

ObFshEIHE 7|E 2tAHSE 2e|ote AL TEME REO| .env MYUS THS0 7|15 @10, 0| MU

e
.gitignore Of SEal T 2t2|0f| A H|2SL|Ct.

# .env (K30 FHEI5tz 2 Z1)
OPENAI_API_KEY=sk-O{7|0]|_ZH2 7|

FEO|AM= python-dotenv £ .env & HO| SHHSZE ST 5|, os.getenv E 7|E LY 22I0|HEE 2tEL|
Ct. 7| 2X1E0| ZE ofC|ol| = 27 S&SHK| ob= 20| sHalL|Ct.

# 1.openai/1.intro/11.sdk_new.py
import os

from openai import OpenAl

from dotenv import load_dotenv

load_dotenv(dotenv_path="../.env")
client = OpenAI(api_key=o0s.getenv('OPENAI_API_KEY'))

M ZOIE: API 7|2 JHQIME(O|E-0|HE S)= ZE-21.2|8 QM| X ZotetX| L0 HIEA| .env &
a2 22|SHL|CH os.getenv("OPENAI_API _KEY") IHEIS 7|2O=Z Af&L|CH

oy %

© HIOLO| M A (GenAl Labs) 18 /143



M AILT|HERAG ZHEERE 2HY (32)

2. Chat Completion2| 7=

OpenAl2| gt B2 Chat CompletionO|2ts HAOE SEPILICE messages 2[AEO0| CHS HIAXIE &AMCHE
Efot HLHH, 2Eo| 1 F{ofl O|0{ & SE HA|X| StLIE 2HE0 S ELICEH vi.x SDKOAM= 0penAI() 2 THE 22t

O|HEQ| client.chat.completions.create(...) & S=gfL|CT.

MESSAGES ARRAY

(Sifesad, Sent sach.call CHAT COMPLETIONS API / LLM

(@7 instructions/persona ~ 1)
: s N

SYSTEM: You are a helpful asmstang LLM

(@7 question 1~

USER: What is the capital of T——
France? ? Tokenlzat[on ASSISTANT: The main landmark
. V [ — & Processing — 5 | of Paris is the Eiffel Tower, a

7

RETURNED ASSISTANT MESSAGE
(New answer)

M {optional — prior turn) famous iron lattice structure

completed in 1889.
ASSISTANT: The capital of France
L is Paris.

J
/@—— question 2 ~, \ J

USER: Tell me about its main
kI::zndmark.

NOTE: The complete conversation history is resent with each API call.
Billing is based on total input and output tokens.

Chat Completion T Z: system-user-assistant Z&2| HA[X| HHE S ELHH 20| C}S assistant HA|X[E MM

# 1.openai/1.intro/11.sdk_new.py
response = client.chat.completions.create(
model="gpt-40-mini’,

messages=[
{'role': 'system', 'content': '&AE2 ZAHES Al EL20|QL|Ct. "},
{'role': 'user', 'content': "QtE, MEI'},

1,

# SE2 2 - 4802 FHAs)

2k
print("ZH&:", response.choices[0].message.content)

[n
10

=
N
N lo

2 ChaBtLCE model 2 AIR2E RHS XS, messages O CHSHS HOF create & S&0tH 2
SLICt Y BIAES= response.choices[0].message.content 2 JHHLICH REST EHAlOA =

2| HEH( response.json()['choices'][0][ 'message']['content'] )2 HZUXITt, SDKAHA|
2 [ 7HE5HA &Lt

\J
-

N o gy
£

=2

nrmy o ©
0x 10 M ot

I Mo
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0z
0%
ot
=
N
7

3. system | user | assistant Y&

messages Qo ZH HIAIX|0f= role O] 2

k)
system
user

assistant

SLIC o] Jt 20| ZH| ASS ZHHLICH

oln| ey
Ruo| 42 7% MF X, B2 AL}, T 74 XM
Argxtel ol MR H2o|Lt Y

2| ofH g HE|E Cshol A 22t x|

system MAIX|:= Csh 2 b0l oF H F0f EHO| OfiH Atz EetX] HtLt, 22 ZE20[2t: system ZEZEES

HHPEH EfOf Ofz=et 21

of &Lt

# 1.0penai/1.intro/4.restapi_chat.py

LR

system_prompt
# system_prompt =
# system_prompt =

20t YT HIHEH L

'EHAlL 2SS AI =20|QL|C.!

g2 oY Jfo|EGLICH Y JEE AHEFoIMHL.
d=F

o

Mo rIo

NS ZESME O/HFES S HFEE HYH YLt

user = AFEXIC| &0, assistant = ZHC| 0| FHHRLICE thad EZ20|= systemt user?t A2H E[X|

ok CHSHE 0|0f 7t2™ Bl HHHS assistant HetZ CHA| o] F|OF EHL|C}. O]

ChELICH

4. CLI 3£ ot

X|27K|e] QAE RO

© HIOt0|H A (GenAl Labs)

H HO'dojlM S&ISH=
try/except 2 HEQ3L}

ZE|H X2|= 2| Tol|lAM XtA|3]

=71

Ztetol Chol R E 2t

i
>
30

¥ o
=
n
>
T
fo
W
mjo
ot
+
uf
Hr
o
_o'_l.
[

1= =0 I:HH|0|'D1, input() 2 A}

o
Pal
i
]
mjo
s
T
St
>
n
o>
i
iul
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# 1.openai/1.intro/4.restapi_chat.py
def ask_chatgpt(user_input):
try:
response = client.chat.completions.create(
model="gpt-40-mini’,

messages=[
{'role': 'system', 'content': system_prompt},
{'role': 'user', 'content': user_input},

P

)

return response.choices[0].message.content
except Exception as error:

print('API Q& = = HM.:."'  str(error))

return 'SHE JtHE EE =57 YHMIHESL|ICEH. '

if __name__ == '__main__"':

print(' M Zat IS AR LCH (Z&: exit)')
while True:

user_input = input('\nLf: ").strip()

if user_input.lower() == 'exit':

break
print('ZME:", ask_chatgpt(user_input))

0| 2=0|M = of =E0| SEAAULICE system2t JI{IHS| user HA|X|ZH ELHEZ, ZE2 ZIH0| £& CHtE
=X| 7|ASHX| ZetL|Ct Q= El thaEho|H, CHet 7|AH2 HEIH ME|E CStHA sHERLICH 22 2EIS Ho=Z 7|
™ Flask AtH2| A=IZLOIE OtOflA Z+2 ask_chatgpt &S SZESH= HEWI} EILICH

[= o

# 1.openai/2.chatbot_ui/app2_openailib.py
@app.route('/api/chat', methods=['POST'])
def chat():
data = request.get_json()
user_input = data.get('userInput', '")
response = ask_chatgpt(user_input)
return jsonify({'chatgpt': response})

5]
ask_chatgpt() —> messages 7 —

A XE client.chat.completions.create [ — response.choices[0].message.content — 3 =3
system + user

i)
1

5. H| 21} Rate Limit

APIE= AtEE E2 =01 H|2floH 2= ELICh. JH(ZERE) E21 £3(8E) E20| 22 Altt=lH, Z=0j| wh2f Bt
7t EHELICE h:. 1% SR gpt-4o-mini )2 L& Chetet ZHEASH 20), O 2 22 FZ0| SR ZeHof &

st
—
=04

7
= AMo=Z IEL|CL

|'0|'

22 8T £20| O 50| EChe M MEe| TEIE 20|S BBt

© HIOt0|H A (GenAl Labs)
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M AILT|HERAG ZHEERE 2HY (32)

o AE RO 2 @8 oF EZ 201 Mieh(rate limit)0] JAELICH B2 AlZH] 2 ES HUEHE LAIHS
7 , &R MH|A0ME o] ME2|2t A= 222 &H ST

il

Sy EOIE: DY Me2 T H|gD EMO| EF0|SRELICE £2 H9| 13T rate imitS O AJSh DYt
SmE 0|2 HolB, 22 AMS O ME HIZOE AS 4 YL
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MM Al 7|EERAG WL RE 2HE (3Y)

CH2le M. HE|E 1 Temperature

messages HIE 2 CH2} 0|H S 2t2|s W22 Sl temperature2 SE2| 42 XXtz HE ARLICEH
1. tHtd S £9| ot

Aol M 2= CLI MR 2 O = E0[] SEHYLICE system HIA|X|2F 2MHO| user HAIX|2F ELEZ, BHA2 Z[7H0f|
Z st Y= 7|ASHR] L) o|E S0] "Cietl=2o] == OfC|of?"2t 1 20 "M 2"02t= HE »2 &l

A9 QIFH= LOtoF? et 0|0 2, HE2 "1 L AI"7t OC[QIX| & &= GIELIC ZH ekt Chg 2700 2l
HEEX| 47| WZ LTt

= pglo| Asho| otL|2t =& ghAlo] EMQILICE Chat Completion APIE AES X ESHK| Qb= (stateless) &
Alo|z}, 20| MetS 0]0f 7HA| st XIZ7HX|Q| CheHE oftH &7H| 2 Lok SfL|Ct.

=i £ M2 ZX| gfSLC) izt W22 22H0[AE(RE| 2E)7F messages 2| AE0
Mol M of = &0l &M 2L & w2t SX|EL(CH

2. messagesE L2} 0|3 =37

HE|E (multi-turn) CHete| Y2|= c
assistant 2E2 X2 xt= Ao}, of
A| l_-|0.| _I__Iol; E':'"0| X|-7|7|- st e

L|C}. CHat7t RIS E L= messages 2IAEN| user HA|X|QF REIQ|

3]
=0 X|Z27HX|Q] HA| CHelE "L Ct BHO| X|LF EHHE assistant &2 C}
72 M2tS 0/0 ZL|Ct.

A
w
.
=)
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MY ALT|HERAG ZHEERE 2HY (32)

# 1.openai/1.intro/13.chat_multiturn.py
# of =& E/|AE — system GA|X| 2 A[Z}BFCE.
messages = [

{'role': 'system', 'content': '&4I2 ZIAHS Al EL20|YL|Ct. "},
]
def chat(user_input):

# 1) ALEA OIAIZE E[AE0 ZIF

messages.append({'role': 'user', 'content': user_input})

#2) XGIAC] "HA Cfef'E EULCS

response = client.chat.completions.create(
model="gpt-40-mini’,
messages=messages,

)

answer = response.choices[0].message.content

#3) HEof HHE assistant F 2 FIf - OFS EOfA 7| EILCf
messages.append({'role': 'assistant', 'content': answer})
return answer

O| chat e~o| M| THA|7} HE[EH S| MEQILICH AMEX Y= S userE F7I6t1, =M El MA| messagesE ELH1,
02 EtHE assistant= CHA| F7FRLICE J2{H £ H 220 3 TA"2t08F Mo, K EHtHO| messagesOl &
OF A0{ 20| WS 0[O A EIEILICE

INE=IN messages E|AE 1=
user "$E=?"
P
[system, user]
>
) assistant "M2"
user "1 EA| 2l E=?"
[system, user, assistant, user]
»
assistant "2 9402t H"

INEEXN, messages Z|AE od
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MME Al 7|2 RAG Xt 2HE (3Y)

4 MHOIME 22 /2|E BLIC A £0i| Chgt 0| 2|AEE £1, 20| & miotCt user HAIXIE F7tst F
system HIA|X|2t EH T ZEIo]| EHLICE

# 1.openai/3.chatbot2_history/app3_history.py
conversation_history = []

@app.route('/api/chat', methods=["'P0OST'])

def chat():
user_input = request.json.get('userInput', '")
conversation_history.append({'role': 'user', 'content': user_input})
response = ask_chatgpt(conversation_history)
conversation_history.append({'role': 'assistant', 'content': response})

return jsonify({'chatgpt': response})

def ask_chatgpt(conversation_history):
input_messages = [
{'role': 'system', 'content': 'HAE EE0| E= Al HA|AEEQIL|LC}. "},
xconversation_history,

]

response = client.chat.completions.create(
model="gpt-40-mini",
messages=input_messages,

)

return response.choices[0].message.content

O47|M =conversation_history = FXEl LSS system HIAIX| F{0f| B D= S2QULICH systemS T4 H QF
o T =10 3 F| 2 user®t assistantZt HZH0} AQIL|C,

3. Chist | Ho| e

CH2t7E ZOJX| M messages= 2810] ZO{ELICH DM Z-O0| o Hol| CHE £~ e E20lls SHA(AHIAE /IER)
7t A1, messages?Zt 25 ¢ EZ0| 50 HIEX AHELICE J2iM 2T Z0|E H2H 22 ti=tE 22t =
2|7t 2 etL|ct
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MM Al 7|EERAG WL RE 2HE (3Y)

# 1.openai/3.chatbot2_history/app4_historylimit.py
MAX_HISTORY_LENGTH = 10
conversation_history = []

@app.route('/api/chat', methods=["'P0ST'])

def chat():
user_input = request.json.get('userInput', '')
conversation_history.append({'role': 'user', 'content': user_input})
response = ask_chatgpt(conversation_history)
conversation_history.append({'role': 'assistant', 'content': response})

# [fof 5| AEE] Z0| 2Z2[: Q& Cf3RE 4HA

while len(conversation_history) > MAX_HISTORY_LENGTH:
conversation_history.pop(0)

return jsonify({'chatgpt': response})

0| AEE= =®E= CHS}7} MAX_HISTORY _LENGTH £ O™ 717 @2l =l MIA|X[H2E| M|7{gtL|C}, %2 sete SX|sHH
M 3 EZ0| EQ0| HX|= 22 HELICH A MH[ANAME T 4 MISH A EZ 4 7|&E0 2 XIE2HLL, 224
=l CH3tE ot Y=ot Balg MI| T gL Ct,
S HQIE: HE|H CHz}e| H|E1t 2Oo|= message s FHZH0|| HIZ{BLICH HEIAE AT SHA| QHof|A Z[2
Wets QXSS 0|2 XAS| et = 40| ePEXol AR 2H9| sHAMQIL|CE.

4. Temperature2 SE 42 THS}7|

Z2 2F0|c REo| B2 O YRE|A|, EE= O CHISHA 2tS £ QIELICEH 0|2 ZHE 6= CHE Tf2t0|E 7}
temperature RL|C} temperatureZt HOH DS StE0| 7HE £2 EZ0| Sl oPHX0|10 BrEXOl EFS L1,
=OM stE BHJI WHHA O CrFot BFS HLICE

© HIOt0|H A (GenAl Labs)
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INPUT LOGITS (2)
z,=20 .
z,=1.0 TSoftmax wit?r) ;= exp(z'l‘r/T)
: emperature .
2= 10 ¥, xp(z/T)

T = 0.2 (Low Temperature)

T =1.0 (Standard)

Adjustable Temperature (T)
C @ )

T = 1.5 (High Temperature)

1.0 1.0 1.0
- 98% Sharp, Peaked, - Moderate - Flat, Spread Out,
508 Deterministic 2081 465 508 Creative
2 2 =
E 0.6 E 0.6 E 0.6 0.45
& 04 & 04 & 04 0.35
e e 0.24 e 0.20
a 0.2 0102 a 0.2 0.11 a 02 |—|
0.0 : L 0.0 [ 0.0
1 2 3 1 2 3 1 2 3
Index (i) Index (i) Index (i)
0< > 0
Deterministic Temperature (T) Creative

Temperature: Z40|

# 1.openai/1.intro/12.sdk_params.py
temperature = 0.7 # 0.0 (Z=-22)

LoDt obYE HhE T

o —

/ 1.5 (39-Ctg)

NOTE: top-p / top-k are related sampling controls

response = client.chat.completions.create(
model="gpt-4o0-mini"',
messages=[
{'role': 'system', 'content': 'Y ZIASH AI =0 QL|Ct. "},
{'role': 'user', 'content': 'QIZRX=E S ZAOE MEHYF.'},
1,

temperature=temperature,

max_tokens=100,
top_p=0.9,
frequency_penalty=0.5,
presence_penalty=0.6,

# 2o|4 (0.0 F5 ~ 2.0 #9|)

# SE9 2 EZ +

# 28 &9 EZ0H ME (0.0 ~ 1.0)
# 22 CHOj HIE O% (-2.0 ~ 2.0)
#M22 ZA =2 &3 (-2.0 ~ 2.0)

S A= M= MEL0|EE B2 F2 51 o3t 25U

© HIOt0|H A (GenAl Labs)
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0>
0x
og
=
N
r!

B RAG ZHERF IHY (32)

oi2to| g g H2l(CH=
temperature 3o 2o d . Aol 0.0~2.0
max_tokens SHO X E2 £ D SHA Y
top_p oE e EE2U FEZ Aot 0.0~1.0
frequency_penalty #2 thof Hh= A -20~2.0
presence_penalty ME2 =N = & -2.0~2.0

RAGAE AMAO| 2743t B0| SR8t 2N A= temperatureE SAH|(001| 7FZA)) —.—01 AR Bl HE R
SrL|CE, g2 0f0|E|01 HYQAEUNH CtAMO| LRt XRAoM= = SLICHL N2 UF F2 Et nEHS
temperature 22 OI2HO|EE X|§oHK| Yo B 2 AHESH= ZE0| O Ii2t0|HE *Exl stolstn X ZH{of gLt

a4 ZOIE: temperature= "Heetat Aol d Ato|ef CHO|H"ILICEH AMA 7| SEO| S8t RAGHIAM = S|
3 == z C

o=
E32 AEA7|, 22 Y=o 22 HO| LIRS ModS =/t
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=
N
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B RAG ZHERF 0hY (32)

RAG 7i2: ol Z3%t7}

Ztap 2| M HE fxi2ts LLMe| ofFE H I, RAGTL 0| S 84| 8{ZSH=X| Fine-tuning} H| 8l O|3{EfL|

o e

1. LLME| & JhX| oFF: &rZfar 2|4 HE 2x

|.

Ch= Q0|2 Bt HlolEle] S HIEOR TR JUS TS E2S Ak WAOR HSHLICL 0| WAl2 §
A3t A2 BHSX|B, £ Jhx| DMl 4HS $H KLct,
KM= 22Hhallucination)LICH BHS @2 = AtAo| KA S "RECHT US| L EAMOE DHSs T2
XRA Q| KIOfRILICE ZXHOIX] Q4 =2 RS, 21 4%, AT} T2 9182 0j12i2 202 BHS0f Lf7] B2,
A7|0= IS ALBAPE QEFS Lopktz|7| ofFLICY,

=M= 24U HE2o| BxRIL(Ct 2| X[4] =
& OIOIE{0f SlE ALY EM, EY ®E e 22 2= 220| & == glsLIt *Eé(RLHF)E Of—E.'—EI i 5HE EE*'
Ol % N o= I-IEE I:I-"'l.j.” o= AE O-IAL_“:'..

=1 HATC

I'|0
o
o>
=
Jal
=2
K
Jal
i
L
il
o
III>
o
-|o+
=2
ne
2
r-
_>,'_
i
°
i
2
oy
=2
_0'_

=
rr
H
e
mjo
il
]
)
E

QAL & HEICt ARRX[X] 5LICh 23 LIS

2. RAGE= it

RAG(Retrieval-Augmented Generation, M £ 4d)= 0| AF S 22 X[AC = HFLICL HAl2 DA HE

oHEX= o, 220 23 E 2ME HA HotM eH =1 3 EMof| 243l 2ot of= ALCh 2=0| LR 7]
S Hs0 —’F—éﬁ% CHA, =240l 01T 2 Zt=E S BHotA| gt
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0%
o2
=
N
E

B RAG ZHERF 0hY (32)

RAG —

- GROUNDED - NON-PARAMETRIC
RETRIEVE RELEVANT INJECT AS CONTEXT
—_—
R O [ W0 PooneT

- GROUNDED - WITH CITATIONS - UPDATABLE AT INFERENCE - NO WEIGHT CHANGE

EXTERNAL VECTOR
KNOWLEDGE BASE

HALLUCINATE A CONFIDENT BUT WRONG ANSWER

WARNING: WITHOUT RETRIEVAL, THE MODEL MAY
FROM PARAMETRIC MEMORY.

FINE-TUNING —

ATTRIBUTE COMPARISON
ATTRIBUTE RAG FINE-TUNING
TRANNG | BAKE KNOWLEDGE WOATECosT LW o D8 e Ty

KNOWLEDGE FRESHNESS |  REAL-TIME / DYNAMIC | STATIC (REQUIRES TRAINING)

CITATIONS/SOURCE EXPLICIT (LINKED CHUNKS) |  IMPLICIT (NOT TRACKED)
* PARAMETRIC * COSTLY TO RETRAIN * RISK OF FORGETTING MEMORY TYPE NON-PARAMETRIC PARAMETRIC

RAG vs ORI R 'd: 2 L2 7 (mt2t0|Ef)of 2t 2| =35t

OIS o2t 20| SA0f H9IELICL 20| Bol 2AS ol BN PHRSR B210] E2, 218 Olel 21
HELH ALY 2ME SMEH 23 S0 B 4 JALICH TUS ChA| SIS AI7|X| 9k, ZMe 2 2
9 e ziptoE X|Alg WAt

0

7|2 RAG Oi|R|2| =42 0] OtO|L|0E ZHZSHA RFelL(Ct.

# 1.openai/7.rag/1.rag_basic.py

# RAG(Retrieval-Augmented Generation, Z4 =2t M4):

# LMo A EEEF HZ= A OfL[Ef, "2E ZAME A ZHOLA " gt FHA EStA = Hf4.
# - BEO0] BEE 2L/ FEE FAO o0 FHa £ JICf.

#

# mfo|mafol:

#  ZA - UG (YElSt) » XHE - FE 2HT - RA ZA A - 6PT SE

3. RAG vs Fine-tuning

DHEo| ME2 X|AS HHg5h= E CHE WY O = IRl R (Fine-tuning) 0| AELICE S2 FH0| X HO|X|TF £
O =202, 2ol SEA| MESHAHL; HAlSL|C

IS LS DS 27} HlO|EIR CHA| SHEAIA 7HEAIS HIRE WAILICE S Sojelo] BEL 52 ¥AIS Y
Ofl 40| M7Ii= Ol ZBFXISE, XIA12 BIF21B ChA| SHsHof 512 XI5 HERl FEOlS W) QaLITH Bt B8t
clolef 241 HEE SLIC

Uil RAGE 22 02 51 9|8 2AS AN TETE0| B WARILICH 2ME A76HHL BAlsHE Bt

=
2 X|AMO| ZA| HH D, Bfel 27171 & EME EXMZE MAIE 5= 0] H2|ES =l
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4. RAGS| 2ttA| ojo|z}Ql

RAG AAEI2 37| & THAZ LEELICE AFEXIZE RESH| ol 2ME Ol2| ZH[8H &
HE0| SOIYUE Wl 2 EME ROL k= A2l (query) THAIKLICE O] £ L= O
Hot= A2 o HEk o £ o2 2E0| MALEE & 7| HELICE

—

-
o
T

RAG W AF 2HE (3%)

Q1| A M(ingestion) THA|2t,
= 2ME HIEZ "0 H

QIRIAM THA (AP ZH])

~
=)

2| e (" )

= Al

AHEgXEZ

2}
o
my
rlo

LLMO| 27 7|4t et Mo
QIHAM EUIAE 22 RAS HISt 27]0] HIZ LI, 2 HS YUY DUR WElSK HEl HEA0 Be
LIC}. 32| EPOIAE AFBA RES 22 YHIY 22 HEfsioln, MEE H3 5 D2 1Y IR HES RAE
HMoZ BefeLict #e HAE HEmE0| 27 X229 Q0| LM MR, BHL 1 30| 7|ue) B
Maptct,
of TO|IatoI0] 2t b2, B MU YHIY, RALE HM, 24 ZINE TR T Bt IS BE Fol2 F
SollM T[22 glo| K PHELICH 2| $ ¥ £0= BHSO0| =B, 0] LangChain 2 Z2el9|37} of
592 ChAleh FEX| 2| BeLC,
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4

3

RPEL:

A X2

- E
=

of, o{EA 2 =202 LH+E=X] 0[slistd chunk size®t overlap= 21 CHE LICEH

=

=

N F2let B Fef
M HxiE|

2124
=
L

=
L

1

tjo

AE

it

Qld
=
LIC}. Of ErAl0A ME|=-HI=t=, Ho|X|

E

=
—

OftiE LULICt. & CilolE
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=g

, HTML

PDF, ¥
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ZZ ZHS0{0f

t

K
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22, 67|M=
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papNii
2 X3 37|(chunk size)2t ZAE (overlap)LIC.

A2 22}, & Y3 (chunk) 2 L= o= 2E¢t 0|/ 7t AFLICH

a2l got7|of

~
S

10| r2| LT},

CE 15

470

Ol= %2 Day20{|A Document LoaderZ ¥
= OO

ol §E T WEYLICE AEXI
- K

Z4 Al
o=

D0 Zat HE2|ALE 1S B2 LIE0| ot HE o $S 324X 20|17t
|

3. Chunk Size&} Overlap

A, B g1 ZELE
HZollM 7t

=
=
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# dayl O A +&
def chunk_text(text, chunk_size=300, overlap=50):

chunks = []
start = 0
step = chunk_size - overlap # LIS A2 &Iz O] &5 2F

while start < len(text):
end = start + chunk_size

chunk = text[start:end] # S 22 ZEfLf7]
chunks.append(chunk)
start += step # ZAOLE £lE5 1S o Z

return chunks

document = "..." # AHXEZ ZZFE 7] HAE

chunks = chunk_text(document, chunk_size=300, overlap=50)
print(f"&d3 Ji%: {len(chunks)}")

for i, ¢ in enumerate(chunks):

print(f"[{i}] {c[:30]}...")

i
2
fun
12
fiul
ojo
0%
|4
10
>
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mo
(@]

=0
o

=
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IU!
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[¢]

]
o
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=3
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Q

o
2
ol
gal
[
>

st4 start BHE| M3 377|012 Eet A3
a =

ZLICH J2M eIt & H3= overlap 2XEE EHE e :
7|9H ZHO| SOELICt X RAG LIO|Z2FI0f A= O A BHE 2t 3 E Yo ME LT

TEXHORE, EHHE
Text Splitter2 EZ&5}

2 on
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Sl
Ral
o
ld -
ro
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il
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rlo
Y
Hl
40
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=l
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rHo
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4o
10
Jor
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o
Il
Il

A HQIE: HZ2 37| 2 XELE| A OM ZBEICh = thedt A9 BEEQILICE chunk size®t overlap2 &
£fo| Halixl Zto] otLlzt, A MAn AM EXS 5 THsH= &Y mi2to|E{ Lot

5. Mg

M MHE|t M2 RAG QIMAM CHA|IO] A ZEQIL|CH A=A IIRSHEIAES # MESE 37|09 A= =2t
O Lie, 0] YTt 20| HUohH| SEHE ECi7} OIEILICE 3 379 ZAS 2N B0 MM FYS 5
= sy M-o|H, 210/ YEQEtE Tt f2|2 T T B T30t LIRIM RS SHEX| 23
Olshet &= UELICE O|FHA BtE HIE HYEHZ Hi = QY ZH10| O ShA| LTt
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B RAG ZHERF 0hY (32)

2l of5h

SAEE o|0)7t £I7I WS B 2HITe] §12I2 OS5t OpenAl APIZH 22 BY £ WAOR K M4
3l ELict.

1. HE{2 294017}

#E](vector)= AIS2| LIE YLt AHIYO|M CHRE HEl= +20llM 8 JH9| d4=2 0|F0
0|1, BlAE SHLt7} B SHLtof| CHSELICE. a2 0] =AHS0| £XH9| 7t ofL[2t RIAEQ| 90| S
2t= ol ASLILH.

1y Zo|o| HiE

LS
CHE E SESE| Z10|

i
C

QI HE(Q) 2t KIS AIZIO| 05 B 4 I HEDt 442 OfLIX|S HA2 HR 1 HAEC| 00| S48 U
o BT J24M £ SAEC| oj07t 2ok & WE{} U4t WS, SRGHH CHE WS Jt2iALICt o 4
o] Mol ECLITt

# 12.study/6.embedding/2.embedding visualize.py
from sentence_transformers import SentenceTransformer

model = SentenceTransformer("paraphrase-multilingual-MinilLM-L12-v2")
emb = model.encode("Q 22X 0| MAS HFRD QULCE.™)

print(f" HIE Zt2l: {emb.shape[0]}") # 0 : 384

print(f" X2 107§ Zf: {emb[:10].round(4)}") # &=+=9 HIZ

1 ZO| HIE{2 HH D T KR ot R S 20| FLTE E2E X HIE2 AFR0| 817] of
o
o

Sy ZOIE: AHI2 EIAEQ| 9|0|'E RtHE F7| AYLICE 20|17} HIXEHH HEJt JPACHs B ShLtel M3
0], O|F RAI= HAo| ZE SAS 7Hs5HA St

Ao = oHE HES0| £0|= S7H2 20| S7H(semantic space) &= 2H|Y S7H0|2F EELICE 0] SZH0f|A
o|0|7} 71t BIAETL M2 717t0] 20|10, Raot BIAE = HE| HO{ELICH SS0i| 2tet 2&7|2], 2of 2+t
72| RIAAEA 2EE o|FLICt.

M=
[
=
T'__ &
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2D word-embedding space diagram

A
animals fruits Famous word analogy
dog pird apple king queen
.. . banana
- dog .0 bird
£ cat grape
=
USA
Korea _ man woman
UsSA @® 5 . countries
e Real embeddings are high-dimensional
. (e.g. 1536-d OpenAl, 384-d MiniLM)
dim 1 projected to 2D by PCA/t-SNE

AUHE Z7F: 'man - king'Zt 'woman - queen'A{ & 2|0 ZtA|7f Z O™ TWAlSH HIE 2 LIEFLID, H[Tt HHO{= ME 7
77to| 2 olICt

Ctef "AI7F MAIE HEtAZ| 2 QUCt = EHO| CI2X| 2 o|0] SZHof|l A 72| Z2

ol
S =
YLt BHH "5 2| 7F FCpef "IXHE H1 HCt= He| BOELCE T2 Y 222 BEHHl H
t 7 0f7h H|=xoH = 20| 7t Ct=H EA| BiX|ghL|Ch =0 YHE 222 Sh=0{2t
o

=1

|0 J177t0] F01, WX} A0 HA7EX| FHsSHA| LTt

rlo

A 2HOE 7| & 2ok HYLICH BE Eo7t Sof
Buz
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A
) fruits countries
animals : o
dog cat - @banana (] CI;orea Sparts
® o0 soccer
. banana Korea®  @Japan ©
cat®  ©lion ©  ogrape ® o tennis ©
@ ® Japan France
tiger @ti ger mango O golf
o~ RIS
= - *query word
soccert ef‘)ms / l  vehicles smotions jobs
tennis © ) mango, @ O happy iador
) . @r @train i ©  Oteacher
golf o teacher
©plane angry engineer
dim 1
AU S2t0] ~R2 THolo] QO|E ZECZ IS T BE. A E HO7t SO QH JHE 112 (|AFe) O /IXIE &
=Ct

UHILS BIEL I 2412 W
22 YO HE(7} SotgLIC,

# 1.openai/7.rag/1.rag_basic.py
import numpy as np
from openai import OpenAl

client =

def get_embedding(text):

2 OpenAlo| &HZ APIRILICE client.embeddings.create Of EIAEQ} BE

OpenAI(api_key=o0s.getenv("OPENAI_API_KEY"))

response = client.embeddings.create(input=text, model="text-embedding-ada-002")

return np.array(response.data[0].embedding)

0| gl HIAEES Qe APIOf| LD

250t E| 11 ZHO| FEHO[X| L,

Lo

= E0ICHH|E0| 1

© HIOt0|H A (GenAl Labs)

, SEOM HEIE 7ML Goio| HIEZE S2iF =i
data[@].embedding O] K| HIE{O|H, OpenAl YHIT2 EE 1536 QILICE API HM'S

1 QIEul AZET} API 7|7} BT}

B RAG ZHERF 0hY (32)
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4. 248 giH|d 2

QUM S OpenAl API CHAl 22 DEHZ 0tE & QIELICH sentence-transformers 2t0[EE2{2|2 2
LH2{r o™, o|= UH|EY &2 H|E glo] QB HZE
A

o =
2%t

oo
=

t API 7| 10| SEIEILICEH SEE M= LLMS JOZ API

| 7tsELICt.

C— L OO

£ MOt YUYt 22 £ HI8S F0l= 4

o kI

# 1.openai/7.rag/3.rag_local_embedding.py
import numpy as np
from sentence_transformers import SentenceTransformer

* 22 QHY BY (2 Y A A5 CFLEE, o 804B)
embedding_model = SentenceTransformer("all-MiniLM-L6-v2")

documents = [
"Python2 Z&Hst Z2aYU AL LCE."
"OpenAl:= Al G2 MESHE 7)Y %I'—IEP !
"FAISSE HIE] ZHAME 2|5t zto|E 1E|%ILIEL",

# QW QL DEOfC CFELH (OpenAl 1536 vs MinilM 384)
doc_embeddings = np.array(embedding_model.encode(documents))

EME st Hoj| UH|LBILICE encode O 2|AES HOH 2t 2MO| HIEIE 22 2
ot He 2 HIE| XFRO| CH2CH= ZIQILICE OpenAl= 1536XH, MiniLM2 384
T 2N X 2 QH|Y Z1te| HEH( shape )OllA] B0t 2FOF BHLICE.

0o
=
on
H
jind
o
inl
0
ot
rot
S\
|0
Hu
=
-
ra
oy
1=
mH
[l
k=)
mjo

SHZL|CEH 2R wHotH 22 =2 Hat

i

H|We 4= AFL

# 1.openai/7.rag/5.rag_better_embedding model.py

# all-MinilM-L6-v2 : 384zf2/, 8oMB, HfE / =& EE
# all-mpnet-base-v2 : 768Xf2, 420MB, =2 / Z& 2+
model_name = "all-mpnet-base-v2"

embedding_model = SentenceTransformer(model_name)

C 28 oA Xt £3

OpenAl API text-embedding-ada-002 1536 N 2, 2 &Y HIE I ER
ZHCIHI) all-MiniLM-L6-v2 384 s, F=2, 22 ES
2HE=E) all-mpnet-base-v2 768 La 2z EX 4

© Hloto| A (GenAl Labs) 41/143



M AILT|HERAG ZHEERE 2HY (32)

7EI-

o
ro
|

X HE: M

o

T

rlo
Hd
L2
Hu

ro

YHIFS CHE T Zol o{AM ¢ El= R2I0| StLt AELICE EME ML 1 2 Ude 2EN ZES AHI o &
= ZEO| BtEA] Zotof pith= ARILICH MZ CHE 2R = BHE #IE| = CHE 2|0| 32H0f| 0|22, o S7HoM 742
£ H|wdhs 2 XHA|7F Folnjsi &L

# 1.openai/7.rag/3.rag_local_embedding.py

def rag_query(user_query):
# AEE 'XHE oot 22 27 B2 2HFefof stof (B #3E)
query_embedding = np.array([embedding_model.encode(user_query)])
distances, indices = index.search(query_embedding, k=1)

Lot RS HHHE XH = EEHY, M E HEQt BE HEQ| XFI0| 0Lt HM X7t 27HSSHEILICE. w2kA] H|
Y REAS UNE s A MEYL(QUEA)E M ZRZ CHA| F53}{0F BfL|CH.

sy ZolE: "2Ajet WP 2L Yy 2UZ" 0] 3 S 01| HAo| SR YIYLICH DS HITH X}
A3t 0|0 B2H0| BE L2AX|DE IHAS WA HRFBILICH
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B RAG ZHERF IHY (32)

AR FAEE EMO|Z HY Foiot, H21t 7t 712 EAM Top-KE Zef= AMo HHs 202 ¢
L|Ct.

mn

1. RAMEE M= 57K

UHLo = HIAES HIE| 2 HRH, T BIAET} o|0|4 A0t} H|XSHX|S HIE] AFO|Q] 2HA| 2 AlAkeh o~ QUELICE Y
Bl M= T 7HX|QLICE StLt= & HE At0|2] ZM HE|E M= L2(REEIE) 20|12, THE St & HWIE T}
O|R& Z=E M= JAIR! SAHE(cosine similarity) 2LICF.

DAl RALES 9| Tt BLICL HAE
HMOIAT TARRIO| B HE|=t, Ol 241 20 FF2IR] 2, 2 HFIoH -1014 12 DHEI| AAUE Y
S FE 4 O, YHIT DU XHHZH Bl J|ZOE St 9t 8| (RelLCt,

HE g 2 el a4

L2 72| 27) + Y 0~ o 242 QUNB 8l8)

ARl RAE warnt 1-1 1=22 W, 0=22, -1=F iy
84 FOIE: B|AE HMolME TAel RALET} 7| QILICh WaKelnl)Rt BoE 2 Zolo| E52|x| @1, 2
0| -1~12 DEEY "RAIE 0.2 O[T R 22 Q7| EHeto| URHE|2| THSBILICEL

4o
>
|.n
i
=
rr
il
|.|-|
rr
a]
>
ro
=
=
N
=)
$0
rr
}\1

0] OtEIL|Ct. M0 M Kb BiLb= W] ZHX| S eEAf2|of s HH HE 7
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Euclidean (L2) distance Cosine similarity

depends only on
direction = cos(8)

0 1 2 3 4 5

iti i i Euclide Cosi Dot product
sensitive to magnitude / position Deliemiy psine produc

(0..inf, magnitude)  (-1..1, direction)  (direction + magnitude)

L2 = how far apart | Cosine = how aligned

22/S(L2) 72I2 ZAIRI QA BB HIE — L2 £ Afolo] IMA2|, BAfRlS £ WS 2T

=

3700

42

fE2= ZtE.0|0|X] ERXNE ML} QX7 SQTHE
222 . HE-0/0IX| SFHE Hrf 9I%I7t SR8 o
(L2) 0|Ef
2arel S WElO WEH(ZE)  1-1  OfQ HAE YHIT ZM(2 A Lol £2)
~ §'ﬂ-ﬂ_{!E AE_?I_A (ID_l_l EO|,IXI_-|_EH
WHDoy)  watm 27|E o w0~c O ;’,‘_‘l S B s, =R
o
X0}CH 0| =3t H2|Q
gy o osR R g D421 314 GlOJEL, 0| AKIOl & Rt
=
HES D2E J|F2 23 3 71X 22 DYLICE "HE(e| 3717t 90|18 ZH=TFYLICE FHELE 0|0|X] S
HrjEol 9x|et 2|7t ZQ3t GlOIEAE 3718 $l i L27t XIHASLICE B3 SAE olHgle 22 FH
21 27} 28 #E(9) 3717t HXIDE, 3|0 3S2IX| 24D Y B AAQI0| HEBILIC LHXS Yekat 37|
S SAl0f BHISIR|BE HEIS 20| 12 RSB LIZ0| 2 DAel RALETL E/0] O M2 HMOR 22 HIE g
LICH D24 B2 HE| 244 ZI0| LR HOR HEIS MTakst §| KO FARRIS AMBILICE HAHE 72l A2l
0] OIS & 71L} 2to| SHSABH| A3 GIOIEA L2EICH FHNO R SXfots 32Tt UBLICH

© HIOt0|H A (GenAl Labs)
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2. DA FAES| =40} X[t
TAR FAEE F HIE 7L O|F= 2ol TALRI ZHULICE 27} =fof &= #IE{7F 202 WhakE 712|7|H 10] 7141, &
Z}0|H 0, ™EtCH™ 10| ELICH
Y A
a5 A-B
Formula: cos(8) = ——
|A| 1B
3+ .
Calculations:
, ecEiB (L) A-B=(2:1)+(1+2)=2+2=4
Il IAl=V22+12=4+1 =15
by Vector A=(2,1) |B|=\/1_2+22=\/T+4=\/§
| cos(B) = —=——=
(00) 6 ) J7v”
— i l } —> cos(8) = 2 = 0.8 (similar
14 0 1 2 3 4 X ®=3 ( )
0.8
e . } @
! -1 0 1
opposite perpendicular same direction
TAR! SALE: & HE7L 0| R = Z4ERE 20|H SAME £H (L7t HE2+E RAD
FAOEE= F HIEO LINE 2 HIE] 20| S = Lz 2RILICE & cos(8) = (A - B) / (LA} x 11Bl]) &
LICE 2Xte| L2 = HiE o Z2 XHl7|2| S Tt 2to|1, 22 = 2t YK Q| 37|(=8)|LICt o|E Futo|= 1
=2 27| Ctaat 25U

# dayl O A &
import numpy as np

def cosine_similarity(a, b):
dot = np.dot(a, b)
norm =
return dot / norm

# = HE(o] YEto] H=B+E 10 I}
sim = cosine_similarity(query_vec, doc_vec)
print(f" 2 Al SAFE: {sim:.4f}")

O] B4 TARRI RALE FO|S JCH2 SR $2 HLYLICE
2} wEjo| 37| 7o LHsLITH HElS
ZotzLct

© HIOt0|H A (GenAl Labs)

np.linalg.norm(a) * np.linalg.norm(b)

# U (22
# = HE 37/9 2
# -1~ 1 AtO] gt

(Z2)

np.dot @2 LHEEZ FSt11, np.linalg.norm 22

0j2| 20| 12 Yrehs FH 227t 10] E[0], AR RAH=It EHoh LiE 1t

RAG 7He X}t TpA (3 l)
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X0 RAG GHl= HM 210|222 ME|, HE|E AHFO0| §17] #2 H+-2 HH= 1S B0 FLICL L2 H2|E
0~1 H=2 Heloll, 7t HE HoH 2 FM7t glths M2 ZagfL|ch

# 1.openai/7.rag/2.rag_similarity_score.py

# FAISSO| distance= 'A|ZEl L2 HE2|' - H+=Z HE

true_distance = np.sqrt(distances[0][0])

similarity_score = 1 / (1 + true_distance) #o~1, HE2I7F A= L2 10 J1ZLCF
print(f"QAtE HZ4: {similarity_score:.4f}")

# 4o 2 Yo - AR BEE 2AI} YriE 4B
if similarity_score < 0.2:

print("Zu: Hen BAH BMNE 2 TYS 4+ YsUH")

# 1.openai/7.rag/4.rag_cosine_similarity.py

# TAFOl RAFE = '8l E HIE{O| Ll X (Inner Product)’

doc_embeddings = np.array(embedding_model.encode(documents), dtype=np.float32)
faiss.normalize_L2(doc_embeddings) # ) HEIZ Zo] 12 X735}
index = faiss.IndexFlatIP(doc_embeddings.shape[1l]) # @ LfZ& 7/EF oIHIA
index.add(doc_embeddings)

# A2 YEE E20| 73 - Y B0 B A RAE
faiss.normalize_L2(query_embedding)
similarities, indices = index.search(query_embedding, k=1)

3. Top-K &4

2R oM E 7H 7tt2 2 SHLEEEO| OfL[Et, 7hit2 &ATH=
=

t9l KWE S2H-LITE OIS Top-K ZMo0|2} g
LICh 22 HEQ RE 2 HEO| RAIEE ALt 7, RAEIt gz

A
o
2 =22 Y A0M KIHE FISLICE
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APPROXIMATE NEAREST NEIGHBOR INDEX

@
RANKED TOP-K RESULTS
@
® Top-1 (Doc A, 0.95)
Hierarchical Navigable Small World (HNSW):
earch from top layers downwards 10r speed. TO -2 DOC B, 0.87
ginds';;prux}mpaieyk-N;!asr:er I:jhi;h di?'ne:sions. RANKING <, p ( )
" Top-3 (Doc C, 0.81)
] Top-k (Doc K, Score)
k = number of chunks
o . @ retrieved
s  ®  *

2D vector space

[

Top-K @M: = HEQ} JHE 7H1H2 KIHe| 2M HWE S S2hHot

2to|E2{2] glo] HIO|H2 2 Top-KE TeiotH HAo| 20| Iti2 EefHLItt. 2= 2XMof thol FAI=E Al Ast

[e——L
o, Y A9l KISl AHAE Ei= 0| HEL|LY.

# dayl O X &
import numpy as np

def top_k_search(query_vec, doc_vecs, k=2):
# BE ZAO| L] ZALL RALZE A4
sims = [cosine_similarity(query_vec, d) for d in doc_vecs]
# RAE UYEAEOR HHE AL &9 kY
ranked = np.argsort(sims)[::-1][:k]
return [(i, sims[i]) for i in ranked]

results = top_k_search(query_vec, doc_embeddings, k=2)
for idx, score in results:

print(f"2A {idx}: SAtE {score:.4f} - {documents[idx]}")

0| gt MR HIE|Q IE EM HIEQ QAT E B|AEZ 8§, np.argsort 2 A &S 047|1 [::-1]
E LHEKE=CZ FT0] A9 KIHS| QIHA S HIStSlL|CE FAISS 22 dM 2l0|EE{2|= WEANo = Z2 AZ o=,
ZM7t ot 2 SOILHE WEA| SESHES £ Xotot ALt X Z A oAM=
index.search(query_embedding, k=...) 9 k QIX}7t HtZ 0] Top-K2| KOf| S{EEtLICE.

A
Ho
JE
m

HE BN FAE Al FALE LRI FE S

S

| K7H =4 A 23 (2A + EH)

0
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Rl
HiD
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A7} ofZ=0ff A A0 24
JCHE LLMOf| 2HZ

=

=

=AM
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s

F

nl
()

Hh 2ME SHELICE 220N |ALE
L|C} &

e
o
—

k

it
[

avtop 7k Zk2 (AL s 2

7|H HZE HO| L27| HE QL.

4

[m=}

[
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O Z=HE: £33 RAG QA

oflA] lol UMY AM. TETE TS SILIE Fof, T2 Y3 lo] SESH= RAG QA IO Z2t0lS 2t B!

o —

ol DjL| ZRMES| BEL HAE 2NS 27

= 2 TUS20| Zots RAG QA AIAHIS Tai|ei9) ¢lo] [T Zsts %
QULICE. QoA T2 of3l B, QAT 24, T2/ 1 24 oS T2IEC FYsH LLMOIA| Bt st 2ES ot
Lto] 5202 UALICE 2Ho|Haf2|7} Al o FH US A0 B ¥ BHS0| HH, 0|3 TaI9|3 7t ofi EHIS X}
Sefotox| 2HoPH| HalLC,
N SES QIMAMT 2| £ T LLICH QMAMOIAS 2AS AHIZ HEAS SIED, H2lolMs BL
2 Mol 2 2AIE Ko} T EO| 91 B2 MBI
QIRIAM (12])
24 2
52
2| (220t v
2 Yy SR ERI
A y
=2 HEf ole A

LLMO| 27 7|tk g My
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1, A HH0] & EM(X[A] H|0|A)E ZHIELICH HRZ2E HA
2101 Het Zatut o] Zi2|of| SO{ZHX|ZE, K7 [M= JHelofl HE5H7| 2l 2 2M 2|AEZ ARIRLICH 2t

# 1.openai/7.rag/1.rag_basic.py
import os

import numpy as np

import faiss

from openai import OpenAl

from dotenv import load_dotenv

load_dotenv(dotenv_path="../.env")
client = OpenAI(api_key=0s.getenv("OPENAI_API_KEY"))

# M & ZA (X4 Hoj£)
documents = [
"Python2 ZEs =
"OpenAl= AI HE MESH= 7|HQLIC.",
"FAISS= HIE ZMZS 2|5t 2tolE{2|LCt.",

APl 7|= ZEO| 27 MX| 11 os.getenv("OPENAI_API_KEY") = StAH0M HSLICL HIAE OIS CHECH
(o]

H =
™ Of EHAO|M THLS 810 & T HE e+2 HA| L= 7 documents O 2™ EL|Ct

w
e
=d
|>
%
MO
2
i
1=
iyl
HU
rl:l
i
<
Rl
0z

NE UHIZIoH 24 THs 3t QIAS ABILICE YT B4 HAES OpenAl AT APIO 2LY HEIS ol

# 1.openai/7.rag/1.rag_basic.py

def get_embedding(text):
response = client.embeddings.create(input=text, model="text-embedding-ada-002")
return np.array(response.datal[@].embedding)

# B4 HEIE OlG A0 X (153 = YH|T 2fF)

index = faiss.IndexFlatL2(1536)

doc_embeddings = np.array([get_embedding(doc) for doc in documents])
index.add(doc_embeddings)
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O{7IM get_embedding 2 3t HIAES HE|Z HITD, BAE HEEUMOR DE 2AS UHIZISH SO Q1A
O DESLICE Of QIR|AM2 3t #Dt of £51 0|3 of2f TR0 HALSEILICE. 2to|=i2i2] glo] &4 do|= ot

—

O] QIElA Xt2|0fl= QF ZHoflM 7848t top_k_search 7t AF2E doc_embeddings H{ES ACHZ HEsHH

o

o upn
il
_lTl_

o2 2ME H2o EEE2 25 22 YHIY 3742 Fo| EUth 2EE Z2 ARG 15364H) 22 U F |0,
O ok 7k 72 H3 HES SctUls Aol Aol AN SERILICH

Source Documents Vector Space (2D Projection) User Query
g [
B | chunkar EachChunkisa © @
DocA | [chunkaz >| & aron o * e, a
e
™ e® ® o
Chunk A3 > o ol o © Embedded
o ° L Gttt Quer
g)-a @ /’ @ . y
B Chunk B1 H > B g @ 0 Question \\‘
B |E ) ! Point  peosre
L O i
Doc B Chunk B2 —{> E £ |38 L o ',‘ Query | Question |
-_ — I
Chunk B3 |—'|> <3 @ ‘\ o O,” Retrieval finds the
E = o . 0 _.° chunk points nearest
a® e to the question by
B Chunk C1 ] ) o g o o o (o) cosine similarity
= i » Matched
Doc C Chunk C2 > OO ® . Most-Similar
o Chunks (Top-k)
Chunk C3 I—|>

Source Documents Vector Space (2D Projection)

o2 ZEME ot EH S 1536XHH 22 YH|Tol WE| S7te| M2 £1, HEL Z2 AHHZ YH|Fsl 71T FAt
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# 1.openai/7.rag/1.rag_basic.py

def rag_query(user_query):
#t AFE 'Z2 Y8 BE 2 YE5 (22 F20A HliLZ)
query_embedding = get_embedding(user_query)

#t @ JtE 2 M Kk M (I = k=1)
distances, indices = index.search(np.array([query_embedding]), k=1)
retrieved_doc = documents[indices[0][0]]

*@ HAYE 2AE TETE 7YS0f PTOH HE = RAGS| B
prompt = f"21 ZHE: {retrieved_doc}\n\n&Z: {user_query}\nEtH:"
response = client.chat.completions.create(

model="gpt-40-mini",

messages=[
{"role": "system", "content": "HANE ZIAHS AI =0/ YL|LC}t. "},
{"role": "user", "content": prompt},

1,

)

return response.choices[0].message.content

query = "Python2 O{H A 0{ol7te?"
print(rag_query(query))

O rag_query g7t 22| HHAIS| MREULICHL BES LTSI (@), AHAMM 7HY 7MH2 2ME H1(©2), 2
H

EME 1 YE: E AESE ZEIEN 0 LLMO| E-LICH®). 222 XHAQ| LiF 7|{0] OfL|2t ZEIXEO
O HM Z0E A= ESHA| ElLITE 0[20] 22tE £0]1 2| LA HEE e £ 4| 5h= RAGS| E 2|
OI|__||:|-
= .

5. M SES g =elsh|

AN = AMo| MCHZ H=X HHsh= TS HELICH AME EMQ FAE HE 2Heldt, Mt R o
M 2A M7} QiCh= Z0E HZLICH ESt TETES| EZ 5 XF¢l H| 1t AEIAE Z0|E 2t2|gfL|ct
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# 1.openai/7.rag/2.rag_similarity_score.py
import tiktoken

def rag_query(user_query):
query_embedding = get_embedding(user_query)
distances, indices = index.search(np.array([query_embedding]), k=1)
retrieved_doc = documents[indices[0][0]]

# 72 > 01 RAFE Z+2 Het 5 XAE5E 31
true_distance = np.sqrt(distances[0][0])
similarity_score = 1 / (1 + true_distance)
if similarity_score < 0.2:
print("Zd1o: AF1 23

— -

HE

NAY

A £

o

2 & US4

Mo

prompt = f"21 ZHE: {retrieved_doc}\n\nZ-Z: {user_query}\nEHtH:"

#DEODE EA £ 2% (U8 -HHAE Zo|g HZ)
token_count = len(tiktoken.get_encoding("0200k_base").encode(prompt))
print(f"ZEEZE EZ #£: {token_count}")

response = client.chat.completions.create(
model="gpt-40-mini",

messages=[
{"role": "system", "content": "HANE A 3= ZEHOZ HEFOF EEHSIL|CE. "},
{"role": "user", "content": prompt},

1,

)

return response.choices[0].message.content

047|M system HIA|X|7} &t
Ho| ZHME 2 HE BlojL

r
JhEEY O B Hohs MRS BNO

6. FA| mojzatel Fa

XS7x|e| 22t8 O, T3 §l0|= SESh= 2Tt RAG QA7 2 ELICt

o Z&Lo.

o

£ =0l 2518 tha
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A St= ¢ Ar8%t B

zc. @Y EME 9lof &2 xZoz oy A=A + 20| AR
| = Zt H3E HEZ embeddings.create / 22 22
QlelA 735 HIE S M IHSoHA ME QElA = HIo| Ui

A AED 717H2 Top-K 3 TR FALE

of. A A Hag nzoeq

Oy

0] B chat.completions.create

Ol OjL| ZEHMEZ RAGY| HLHE &2 = MIELICL 2ME HH=Z S0 &S, ZE0 72 2HE Hop &
C S

BIEO| FYotn, 2 2H0f| 7|HH 20| gotA| t= 50| RAGS HEYLICE K{7|AM 2 Fist , DA
2l HM, Top-K, ZELE FU2 0|F LangChain &2 T UAF0I|M ot £ == ChA|=X|Z, O ot & FloflM &
OfLt= L2 HfZ 0] DL Z2HE|A 2hE O SEYLICH
S LOIE: RAGE "HMBlIM H2 2HE TEZE 0] Bt eith= ot 222 QOAFLICL O o 2
S T3 glo| 2T Fsl 2 0], 0|=2 2= RAG A|AHIS 0[3l{5t C|HZsh= ECi7t ElLIC
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LangChain 7|8t RAG 115

I3 Z RAG LIO|ZE[QIS EESIOICt

PART 3 LangChain 7| %

PART 4 HlE| ZM3 RAG X2l
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LangChain 7|=

. LangChainZ} LCEL

 IEITE AX|L|0E

. Document Loader

A W N P

. Text Splitter

© HIOLO| M A (GenAl Labs) 56/143



M AILT|HERAG ZHEERE 2HY (32)

LangChain2} LCEL

Xl LLM & ZEE 1j0| T SHLIZ Y= BZE X2 A0{, LCELS HiSLCT.

mjot

1. @} LangChain®!7}

RAGS| #4 1212 XIH 7H518 YHIZ A4, TAI! RALE M, Top-K Mei, ZEmE X
B4 2 ZOIZLICE ZATIS BIRIILL 53 TS 7IS7ILL AE2IUS 718 ool =
0fof 5131, ZUEUE Af0|o] Y& HAIS TheH LH{OF BILICE B om0l A= 2L Brotx|t

LangChain2 0] Z2HS2 WH| JH53t SEOR FABHet I IQLICh UMY DY, WEf AE0|, LLM, ZEX
E, £2 M7 242 B

as_retriever() gt

>

10, BM(Retrieval), H|22|, O|0]HEL} E2 LI+, 0|SS LCELEZ 9

MODEL I/0 MEMORY

DATADATA }

| PROMPTTEMPLATE |

PROMPT

( CHAT MODELS / LLMS j

[ OUTPUT PARSERS J \ [ hcentexecuron |
INTEGRAT AGENT RATION
LANGCHAIN HUB > [ AGENT TYPES
RETRIEVAL | — ( ]
TOOLS
| DOCUMENT L0ADERS | - sk t s
TEXT SPLITTERS J

| MEMORY | | LCEL (LANGCHAIN EXPRESSION LANGUAGE) |

'
VECTOR STORES - . <

LJ chain = | component1 | | |conponent2 | | !conponentar]

| Supports: invoke(), stream(), batch()

o 7

LangChain 7i2: 22 1/0-Retrieval-H 22| 00| ME/ES LCELE ZEdt= 2|3

# Z2IE: LangChain2 RAG2| Zt EHA|E BFE 2= THS0{, "#2| Foi"s "8 F 8" = HHY FLICt

JO
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2. ChatOpenAl: LLM £

LangChainOflA] 222 ChatOpenAl Z2 Z2iA SILIE EHELICHL EXEE 02 o LHEHO =
HumanMessage 2 HZHE|0] SEFSHX Dt

o

, ZH2 AlMessage ZHM[O|2E .content 2 228 JHHLICE
# 2. langchain/1. llm_models/1.3 openai3_chatlibs.py

from langchain_openai import ChatOpenAl

from langchain_core.messages import HumanMessage, SystemMessage, AIMessage

1lm = ChatOpenAI(model="gpt-40-mini", temperature=0.9)
prompt = "What's a good company name that makes arcade games?"

result = 1lm.invoke(prompt) # ZXLES Z0/E LfEZOZ HumanMessage 2 H3tEl
print(result.content)

Chat 29| Ezf Q242 H|A|X| 2|AEQILICE System / Human / Al HIA|X|S At HHX|SHH HE|E Cisto| Mats
T2 Dol MEe o ELICH

# 2. langchain/1. llm_models/1.3 openai3_chatlibs.py
messages = [

SystemMessage(content="4{= O LIst s &35= AIOf."),
HumanMessage(content="240|Q!= Z|A} O|Z SILI2E R O{F."),
AIMessage(content="1& ... "o{LADTHL|" OUj?"),

HumanMessage(content="o5tLt2F {!I")
1

result = 1lm.invoke(messages)
print(result.content)

SystemMessage = G A2, HumanMessage = AFEX} &2tE, AIMessage = O™ 2H! EHHS LIEFHLICE
OFXIote| "SIt Cio} 9 o4t S0l "RDIZLE SIAF OIES Bt L2 A4Sl 0|27} 017]0) UELICH

3. LCEL: I}0|Z 2 Ql= =& ol0]

LCEL(LangChain Expression Language)2 2Z& I0| T GAt
HI|HL|CH YA DO|TXEH, oF thA[e] £20| CtS T[]

= AZH SfLte| 2l Jhset Hels Tes

At
1=0] E!Lllif

i) r>'
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LANGCHAIN LCEL PIPELINE (RUNNABLE SEQUENCE)
Runnable chain = ChatPromptTemplate | ChatOpenAl | StrOutputParser

Input: Data: PromptValue Data: Output:

input dict (or List of ) AlMessage output string
B Input Data BaseMessages) StrOutputP:
{— ChatPromptTemplate ChatOpenAl PAIE avnpe "Cats can make
"opdc™: "cats” Creates prompt from template Calls LLM model Extracts content from over 160 different
} | cont AIMessage(cont Al Message sounds.”

ent="Tell me a ent="Cats can
fact about cats.”) [ v make over 188

Model different
@) GPT-3.5Turbo Eaunde. ) M}

ChatPromptTemplate. from_template(
“Tell me a fact about {topic}.”

COMMON RUNNABLE METHODS RAG (RETRIEVAL AUGMENTED GENERATION) PATTERNS
.invoke() - Single synchronous execution Retrieved ¢—— & Vector 08

4 Combined
.stream() - Stream data in chunks RunnableParallel Prompt
.batch() - Run on multiple inputs in parallel Input Lonex

f °
Question 4 . User

LCEL ItO| 2}l ChatPromptTemplate | ChatOpenAl | StrOutputParserZ dict — PromptValue — AlMessage — str E}

0| SEL}

7t 7|20 El= M2 ZEZE LM, EH OIM M| BF2 Sl=

og

EHRILICE.

# 2.langchain/4.chaining/1.basics/1.1_basic_chain.py

from langchain_openai import ChatOpenAl

from langchain_core.prompts import ChatPromptTemplate
from langchain_core.output_parsers import StrOutputParser

1lm = ChatOpenAI(model="gpt-40-mini", temperature=0.7)
prompt = ChatPromptTemplate.from_messages([
("system", "G4 ZHSH O{A|AHEYLICE."),
("user", "{question}"),
D

chain = prompt | 1lm | StrOutputParser()

result = chain.invoke({"question": "I}O[/M 0| ZOF? St =2 H{F."})
print(result)

chain.invoke({"question": ...}) & =&dH A EMLH2|7t prompt E St HIA|X| 2| AEZ *HY X2,
O HIAIX[ZF 1im Off MLE|0] AIMessage 7t LI, StrOutputParser 7t 1S &4 EXEZ HESHL|CE M| &

=2 YEH0| X5z HEE|22 2 HE FES XF & ERI iUt

3.1 ChatPromptTemplate2| &gt

ChatPromptTemplate.from messages = ("system", ...), ("user", ...) XN&H dgn} HIESI 2XIE9|
EE 2| AEE WELICE ZES {question} 2 X}2|EA|XK(placeholder)Z, invoke O HZI ElML{2[e| 22 0|

2x
7| 2= MAELICE HE20| ZEZES| S22 st Hot= HE0 20| M Fst= 227t ElLICt.
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A ZOIE: prompt ! llm ! parser 7} LCELS| 7|2&QlL|C} mio|I = "Qto| =24 £|o| 2oz Xz
HAgLICE

4. RAG AH|Ql: A& mio|of 7]L7]

RAGE 0| 7|23 grofl "4 €242 712 Z2ILITE T20| SO{QE ZA7|7t B3l 2AS &1, 1 2AS IExE
9| {context} X2[0f ‘22 5 LLMO| EIFILICH LCELOIME SIML{R] SHEiZ & 22} Qlzig SAlof 2HS0] o] B2

S B,

# 2. langchain/7.RAG/1.basics/1.4_rag lcel_chain.py
prompt = ChatPromptTemplate.from_template(

! =ME UM EZ0| M. \n\n"
:\n{context}\n\n"
: {question}”

¥ Ho
Ho _>.-_ nlo

def format_docs(docs):
Illllljn_IAﬂHEhl Document ElﬁE - 6I‘L|'_o_| —E—Zl’%‘"""

return "\n\n".join(d.page_content for d in docs)

chain = (
{
"context": retriever | format_docs,
"question": RunnablePassthrough()

prompt
1lm
StrOutputParser()

print(chain.invoke("NVMe 2 SATA 2| £& Zz}0[?"))

=

—

H|Q! o o ElML 2|0 &= 7|7t HEZ *HELICE context = ¥ ZF0| retriever 2 =8
Document E[AEEZ Ht11 70| format_docs Z LS| 2XHEO| EIL|CE question £
RunnablePassthrough() 2 ¥&2 HE2 JHZE SAIZLICE & 240| 25 FH|E[H prompt 7F {context} 2f

»

{question} S M1, 0|== 7|21 SBHL|C}
LCELO| 2=5}X| QICHH 22 SES E0 £ & USLICH HME HY SES EXIEE 0HE §|, TEZE H|2loj|

SAUz2[=z go|H Lo
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# 2.langchain/7.RAG/1.basics/1.4_rag_lcel_chain.py
docs = retriever.invoke(query)
context = format_docs(docs)

M AILT|HERAG ZHEERE 2HY (32)

answer = (prompt | 1lm | StrOutputParser()).invoke({

"context": context,
"question": query,

b
print(answer)
F WA 20Ut Z25LCH LCEL2 0] €3 &8 dfut
Mol TAloff 22 MET 4= AUA 3l FLICH
/> Retriever —> format_docs —> context -
Argxt 2g2
> Passthrough — question —

MAXN mo|Z 2 [0of, AER|Y.HBAIWAZ 22 7|52

StrOutputParser —> A|Z e

Prompt [— ChatOpenAl —>

S ZOIE: RAG M2 7|2F 2fofl AM HAIS HMHE|Z 7|2 HEHQJLICE context = HAM 21},
question 2 SHULE AN ZEZE| &7 SOZLICY.
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mETE QX|L|0fd

DHo| H=EZ 22 MASH= 7|& — System Prompt, HIES!, Few-shot2Q 2 £ ZEQILICL.

Ir

LLMOf|IAH| 2 HE Al7| DEQIL|C 22 B0t "HE EMoiF "2t BfHs] AI7|H XR2E2

= RSt SRELE Z 2 48
A= ZA| EopR[Th, Hgtnt HAlS Fabs| X|HotH nhd 7hstt et 23S YLD RAGUHIM ZEZEE HS
SQYLICE HME EME OEA BUEX|, 2M0f &= LHE2 OfEAH M2[ZX|, EXE OEH BIIEX7L 25 25
ZEOf &2 7| W2 LIt
LangChain2 ZEZEZS EXAIE0| OfL|2t MALE 7tsh BES A2 ChELILE 2H2 1ot Hots 220t &t

!
ZETES ofzf QR0 YT HEY + UL

=21

S| EAIRIZ H|? &

mﬂ
r|o

Ll

Chat 22 H|A|X|0f| HE(role)S BOBILICL. system 2 DO MA|M1t #XS, human (user)2 &X| Q&S &
&SL|Ct. ChatPromptTemplate.from_messages E ot BIZSIZ ot HO| Ho|ghL|C}.

# 2.langchain/2.prompts/2.chat_templates/2.1_template_chat.py
from langchain_core.prompts import ChatPromptTemplate
from langchain_openai import ChatOpenAl

from langchain_core.output_parsers import StrOutputParser

prompt = ChatPromptTemplate.from_messages([
("system", "You are a naming consultant for new companies."),
("human", "What is a good name for a {company} that makes {product}?")

D

1lm = ChatOpenAI(model="gpt-40-mini", temperature=0.9)
parser = StrOutputParser()
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{company} & {product} = XI2|EA|XIALICE Al Al 2 M2
format_messages & AX| RN S0{Z HAIX|E O/2| &l 2

III> 10

# 2. langchain/2.prompts/2.chat_templates/2.1_template_chat.py

inputs = {"company": "High Tech Startup", "product”: "Web Game"}

MME Al 7|2 RAG Xt 2HE (3Y)

O Z2 0|5 712 MAFLICY.
L|Ct.

# format_messages = ChatPromptTemplate X & A E (RE/HAIZE YA ZHCZ A=)

messages = prompt.format_messages(**inputs)

response = llm.invoke(messages)
cleaned_output = parser.invoke(response) # AlMessage » ZA}<Z
print(cleaned_output)

Al

|
=T
S8 Ot HAX|7F 2—0l| S07t=X] =22 &feldtH CIHZsts| E&LIC.

3. Few-shot: 0|H| 2 YA 11Hs]7|

O|M&= ol Ml HHAIE chain = prompt | llm | parser 2 F0{ ot Hoj| AHSEX|t

RIME HAEZ 223

= A2 22 5| NICEE M= oMl R 7HE X 20 F= Few-shot TEIZEIO| 2HML|CEH ZH2 0f|A|
o INElE i 2 et SetL|Ch 2478 EM S "4 X/ ®a: N'0j2he "oliTl HAlo= ZSH= o|E ERELIC
ASSEMBLED PROMPT WITH COMPARISON
FEW-SHOT EXAMPLES
g 3 ZERO-SHOT FEW-SHOT AIN-OF-THO CoT,
SYSTEM INSTRUCTION SHAN0E NN
You are an assistant. Answer 3uesﬁuns [ IsvsTemvsTRucTION] SYSTEM INSTRUCTION] SYSTEM INSTRUCTION]
based on the examples provided You are an assistant. Answer Think step-by-step
L bl . J provided. Think |§5u.u,.
f FEW-SHOT EXAMPLES ) [USER INPUT] [INPUT: Tmllata"helln' 1o French.] IWUT Tranalate ello'to French.]
[INPUT: Translate 'hello’ to French.] [OUTPUT: Banjour] ureur: A
-5
[0uTPUT: Bonjour.] [INPUT: Translate ‘goodbye’ to [INPUT: Translate ‘goodbye' to
= @ Spouishlo2 [OUTPUT: ‘STEP-8Y-STEP REASONING
[DUTPUT: Adrds] Rl
FEW-SHOT EXAMPLES MODEL SONING +4. ;
< [INPUT Translate ‘goodbye’ to b @ [[mpur Translate plunse mmmm]] [ [lng% Transiate m ¢ 1o Gorman, |]
IOUTPUT Adi6s.] MODEL m [ouTPUT: Blnel [ouTPUTS |nmumme STEPS '
: ussl_:m'm ) USER mr
[INPUT: Translate ‘please’ to German.] @TPUT [ EAT Temas s thack yol/ 1o mﬂfﬂ"“’““mm bt
[OUTPUT: Bitte.] :'
- [outPuT) (ouTPuT]
{ USER INPUT ) raze. s
l [INPUT: Translate ‘thank you' to Italian.]
« SIMPLEST FORM + INCLUDES IN-CONTEXT EXAMPLES  « SPECIALIZED INSTRUCTIONS
]%GUTPUT] « DIRECT INSTRUCTION & INPUT  » DEFINES EXPECTED OUTPUT FORMAT (2.9, “think step by step)
- J « REPLIES ON PRE-TRAINING « IMPROVES PERFORMANCE & * BREAKS DOWN COMPLEX TASKS
razie. % . 1
G LESS CONSISTENT FORMATTING  CONSISTENCY IMPROVES REASONING ABILITIES

* GUIDES RESPONSE STRUCTURE

© HIOt0|H A (GenAl Labs)
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# 2. langchain/2.prompts/3. fewshot/3.1_fewshot_chat.py
from langchain_core.prompts import PromptTemplate, FewShotPromptTemplate, ChatPromptTemplc

examples = [

{"sentence": "5 AU 1ol FEFHO!", "result": "ZH: Z2&H / 7.51"' 9"},
{"sentence": "O|AH 2 HZ2Y Q. AlZt YH|FOHL.", "result": "Z&&H: B / AL 2"},
{"sentence": " WHINO Q. EHF ZEX T LtHIE A} L.", "result": "ZZH: =& /

# O3 B A2 o/ 2242 B3] Fof

example_prompt = PromptTemplate(
input_variables=["sentence", "result"],
template="22: {sentence}\n&A: {result}"”,

)
FewShotPromptTemplate 2 OMSS A olLIe| 2 ZTEZE EXIEE OHELICE prefix & suffix 2 "04|A]
Tt Eint 20| FAE S| EAISH=E A0l A =T HEE £0|= 2FYLICH

# 2. langchain/2.prompts/3. fewshot/3.1_fewshot_chat.py

fewshot_prompt = FewShotPromptTemplate(
examples=examples,
example_prompt=example_prompt,

prefix="C}ZF2 E&2 HHES ZMSt oAIYLICH. &2 HAMO=E M EZES MM 2. \n\n===
suffix="=== OA| & ===\n\n=== M2 EAY F& ===\nz&: {sentence}\nEM:",
input_variables=["sentence"],

example_separator="\n————————\n",

chat_prompt = ChatPromptTemplate.from_messages([
("system”, "THAIS FH20| A EMI|ULICH. OfAIS} 'HES ZE HA' OO HENL."),
("user", "{fewshot_text}"),

D
Z2 ZYS Few-shot Gl0| A|7|H Z&2 0] 22 0f? STHO0[1 UZZO| =HZLILE. " 22 X7 XAHAHZ H
SfLICH mhdo] O Fa A o HEFELICE o|F| R HE EHFE Aoz £30| 2o gAloz nFYE
L|Ct.

Sy ZOIE: £3 A0 NITtZ 2 M= YL of|RI7t WHELICH Few-shot2 27 7|E0|Lt 2|AF ES 1HSt

= M5
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4. Chat-native Few-shot

FewShotPromptTemplate 2 O MEE StLtQ| user HIA|X| Qtof| HiO} 'L &L|C}H BHH Chat 22 0|= 2 O|XIE
"Human - Al" HIA|X| o2 22|8lf Tt CHst 0|2 7|9 'Y= FewShotChatMessagePromptTemplate O
Sgcl={ug

# 2. langchain/2.prompts/3. fewshot/3.2_fewshot_messages_chat.py
from langchain_core.prompts import ChatPromptTemplate, FewShotChatMessagePromptTemplate

#O|X ot 7S ofH 'HAIZ 4" ez OtEX F O
example_prompt = ChatPromptTemplate.from_messages([
("human", "{sentence}"),
("ai", "{result}"),
1

fewshot_messages = FewShotChatMessagePromptTemplate(
examples=examples,
example_prompt=example_prompt,

# system + (few-shot JA|R|S0] ZBZ{Z) + B user =

final_prompt = ChatPromptTemplate.from_messages([
("system", "G4 St=0 ZHE FMI|ULICH. AHEA O CHaH A X/ He: N
fewshot_messages, # O & 540/ of7|0f AZSCE EXZ
("human", "{sentence}"),

og!
ik
o

D
& gt mdlof| MYE|= HA|X| &I CHELICE FewShotPromptTemplate 2 $F AMZHO| ZAH| O|A|E 50{& 1 Ot
X|ato]| Z128H= @ F0|1, FewShotChatMessagePromptTemplate 2 O[O CHA tH CHS)SH £ of A EHT X}ai|of] Ehst
= BARALICH FXL7t Chat 2EO| SH&o HA0)| 71| Al =F0| o FefetL|ct
T2 FewShotPromptTemplate FewShotChatMessagePromptTemplate
HIAIX] = Ol "l 27t StLtef user HIA|X| Of| M| OFCH human/ai B Al X|
DHE ZA OA SO0lED EE of2{ M cHstot §f CH2 x|
HY 2H Legacy completion 22! Chat 2 (gpt-40 S)
Al TOIE: Chat 2H0j|= O|M|S HIA|X| 492 Z= FewShotChatMessagePromptTemplate O] &Al XZ
ol FISLICt.
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Document Loader

207 ¥ 2 mAUS RAGYHCHE £ U= EZ £H|, DocumentZ 22{ZL|Ct,

1. RAG 39| & tt9|, Document

MM
o2t

| b |
EfE SUSIX| $OM™ 0| HZ. M. AM tHAIE YAOICH HE 2HS0{0f BFLICL LangChain2 O] 2X|E
Document 2H= CHY X223 O 2 S{{ATHL|C}.

RAG IIO|Z2[2I2 HIAE PDF, 9/ S WA0| HiZfZfel 3= ol A SURILICE Of ChFet =S Shtel &

= 7fe| ZEZ O|R20ZFIL|Ct. page_content = A Xﬂ E—*.'ﬁE E20|1, metadata = X Ot FZ,
2 E ol

HO|X| HE 22 271 HEE B YU 2|QLICH Loader= O 2A10| IO|E A0{A Document EZ[AEE H
otot= £ EQLICE 0| 2E tHAl= JI20| 2AHO0|UY=X| MF MX| %1 Document B CHELICE
COMMON INTERFACE FOR MULTI-FORMAT DOCUMENT LOADING
INPUT FILE TYPES SPECIFIC LOADER UNIFORM LIST OF
T . UNIFYING DOCUMENT OBJECTS
PDF File | PyPDFLoader LOADER (ARRAY)
(pdf 3 " , INTERFACE , w
TXT File . Textloader | D‘:J?;n;e:;rflenl oy
(:txt) i (TXT) ) ) metadata: {...}
p— . 3 Document L
DOCX File < ' Docx2txtLoader | . | page_content: (string) |, | Document{...},
(.docx) "I =) | (DOCX)
) \ )~ | metadata: { 13
Sl e » \ source: (string) Document { ... },
CSV File CSVLoader |- page: (int)
{.csv) (csv) }
| J J J l
Y ) UNIFORM 'DOCUMENT' S <
Web Page | WebBaseLoader
ORL). | WebPage) [ OBJECT SCHEMA

Document Loader: PDF-TXT-DOCX-¥l S CtQFst o

mjo

St Document(page_content, metadata) HEZ E Lot
ct

& ZOIE: | oader= YA0| CE #1222 Document(page_content, metadata) 2h= S5 HHRIE SYY
LICt. O|F CHAl= |2 "AlIZ E2t ElL|Ct
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2. TextLoader: E|AE 12l

0

JbEh Ehad 2OE HIAE TS Q= TextLoader YULICH $H20| THA|X| =2 QIFLS HAISID load() E =
=l

# 2. langchain/7.RAG/2. loaders/2. 1_text_loader.py
from langchain_community.document_loaders import TextLoader

loader = TextLoader("../DATA/nvme.txt", encoding="utf-8")
documents = loader.load()

print(f"22{& Document 7i%: {len(documents)}\n")

doc = documents[0]
print(f"page_content (@ 200Z}):\n{doc.page_content[:200]}...\n")
print(f"metadata: {doc.metadatal}")

o47|M HE M2 Loader A OA = B&(HY)S oIX| g=Cl=
StL r Oh=SL|CH 14KBME| BIAE TS 9lom 2o
L

ZQIL|Ct. TextLoader = It 8Lt MM|IS
2 I
Ch &A Zoi= 22 oFS EHAI21 Text Splittere] &Y

Document IME| 2|AE0| It MA| LHE0| EMZE S{ZL

metadata Q| source 7|0= MY HAE7t XAISOE AUTILICH HEZ X|HSHK| QOtE "0 HIAE T OC|A £t=
X["7t 718 &= ZALICE

3. PyPDFLoader: PDF I}

PDF= H|O|X| Q|2 X7t L2 2, PyPDFLoader = PDF 1H|0|X|& Document 1702 #HetEHL |t 10H[0|X|
PDFE 219™ 20| 109| Document Z|AEJ}LEZL|CE
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# 2.langchain/7.RAG/2. loaders/2.2_pdf_loader.py
from langchain_community.document_loaders import PyPDFLoader

loader = PyPDFLoader("../DATA/S}A St=CHS|(CISC-S'24) CFP v2.pdf")
pages = loader.load()

print(f"PDF I|O|X| £=: {len(pages)}\n")

# X YR g QU L0/ AT
for p in pages:
if p.page_content.strip():
print(f"& L{E I 0|A| metadata: {p.metadatal")
print(f"page_content (F 200A}):\n{p.page_content[:200]}...")
break

PDF 22| metadata Ol= source (It A2)E OIL|2} page (WO|X| HZ)E X522 2O EL|CE HE0| LI
ol EHHO| 0] L2 2 3H|O|X[0|A] RCt T EHE HI|E 4 U&LICH PyPDFLoader & M2{H pip install
pypdf 7t ZRBfL|Ct,

PDF 20 GA| 2 otX| gtSLICE o m|o|X[7t ZH O HAET EMZ 2t Document Off S0{7tE 2, H|O|X| EA
EJ}QH|Y E2 SIEE HS & QIAL|CH W2t PDEE _._Egr OFEIHX| 2 0] Splitter THAIO A CHA| ZAH| 224
L|C}.

e 23} cig XS metadata

TextLoader ot 174 = Document 174 source

PyPDFLoader H|0|X] 17§ = Document 17H source, page

&4 E?_l : TextLoadert= It Ek9], PyPDFLoaderi= TO0IX| £912 DocumentS BHSLICE Of=
2 otX| OO Z 0|= Splitter7t ZREHL|CE,

Oi
oM

4. HEIGHO|E| 2 &X FHo}7|

S22 BEOE[= source , page 20T, RO 2t HEHHIO|HE EIF F7te = Q&LICEH EHE HEHo 28
EX oY EUnE TEE HMS ot H o|U| QU= HIEHO[E{ 7t EaQL

StLY, LICE o2 g 2Est Mot F,
2t g30)| &4 IHYHN H3 Ho S 2o{sh= o|E EAELICH
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# 2.langchain/7.RAG/2. loaders/2.5 _metadata.py

import os

from langchain_community.document_loaders import TextLoader

from langchain_text_splitters import RecursiveCharacterTextSplitter

FILES = ["../DATA/nvme.txt", "../DATA/ssd.txt"]
splitter = RecursiveCharacterTextSplitter(chunk_size=500, chunk_overlap=100)

all_chunks = []

for path in FILES:
documents = TextLoader(path, encoding="utf-8").load()
chunks = splitter.split_documents(documents)

# of 24 H 2 source(f 2% 0t) + chunk_id(ofg LHE 1..N) EH

for i, chunk in enumerate(chunks, start=1):
chunk.metadata["source”] = os.path.basename(path)
chunk.metadata["chunk_id"] = i

all_chunks.extend(chunks)
print(f"{os.path.basename(path)}: {len(chunks)} ZH3")

502 EHI7H= source = MM HZ( ../DATA/nvme. txt )O|X|2t O7|ME= os.path.basename S I}AUH
F(nvme.txt ) S O ZT5HH UHEUSLICE FII2 chunk_id E B0jotH Z2 T otof| A 2 Hml 21X =

[u]
—
=L

Ol doc.metadata["source"] , doc.metadata["chunk_id"] & &
2tHSH= RAGE| 7|27(|0|H, Fl9| Retriever M|EIH|O|E ZE{ZIt RAG Al

=

O HIEIH|O[HE Fof3l| =H HM &
XE Fehs| QlgfLict EHel M= E

Qlo| &K H#7| 2 O[0{TL|CE

efa EQIE: HEIHO|E = &X F&nt HEY AMo| ECHLICE XS R O%|= source/pagedi| CsH,
source(ItH)-chunk_id 22 7|E 2F 20a £H 2181t TE 7} #|{FLICE
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Text Splitter

2O0[Lt T|O[X] HAME H1L A0 A0l 2CHZ MI[0fj= HF FLICH HE 22

LoaderZt BF= Document = I
0 ot M30i| of2] A7t FA0|H HM Het 7 Ho{RILICH & Ea 2t E ot 2E

ofl= &= Zol Heto] =t EHS R
A 20| M oF A HA7ESHLe| WE 2 SS N AL, ofn|7t 5|4 =|of FRoh ijEo] HE LIt

HE LT E| 2o H2to] ZLIct. ot 2Ht HOf FH oF M2{o] A2t A4
27t SFSHFLICE JehM HP2 dM FUZet et BE A0|9] ddS M= HYLLCh 2 200~1000 Eé

H
7|0l 50~200 M2 ZE(overlap)E F= A

|_u mo} ru:

-
i)
Mt
e
02
o
-
il

#=2 Document Text Splitt: o
T2/ o| x| T | T - -

5 7tX| Splitter

LangChain2| CHEXQI = 28t7|= S&f wA0| CHELICE CharacterTextSplitter =
L1, RecursiveCharacterTextSplitter = 02| TE2XIE =AMUE A|TEL|CH 22 HAE| E2 HE3|
o EZSLICE
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# 2. langchain/7.RAG/2. loaders/2.3_chunking.py
from langchain_community.document_loaders import TextlLoader
from langchain_text_splitters import (
CharacterTextSplitter,
RecursiveCharacterTextSplitter,

)
documents = TextLoader("../DATA/nvme.txt", encoding="utf-8").load()
original = documents[@].page_content

print(f"®E Z2A%: {len(original)}\n")

# 1) CharacterTextSplitter — Etz=35] Z 6 Xl separator 2 L}+=7/
CharacterTextSplitter(

#ZH- 8 OF OIF

# 2|0 5002 A= 2t& (A FA)
# 0| &1 Z A

char_splitter =
separator="\n\n",
chunk_size=500,
chunk_overlap=100,

)

chunks_char = char_splitter.split_documents(documents)

print(f"[CharacterTextSplitter] {len(chunks_char)} &3")

—

CharacterTextSplitter = separator 2 X|&$t \n\n (8l &
ot gl £0| E2A S&SH= EM0ME B3 37|17t ERLRNE
RecursiveCharacterTextSplitter = 03] L EXIE 2 - \n
2 MNEgL|Ct 7kset of o|0] e E EESHHA chunk_size % = =

I_I___,

# 2.langchain/7.RAG/2. loaders/2.3_chunking.py
# 2) RecursiveCharacterTextSplitter — O 2]/ separator & AL ZE Al £
# (\n\n - \n - ZH > FX ). Jt3 AHIE= YELE splitter.
recur_splitter = RecursiveCharacterTextSplitter(
chunk_size=500,
chunk_overlap=100,
)
chunks_recur = recur_splitter.split_documents(documents)
print(f"[RecursiveCharacterTextSplitter] {len(chunks_recur)} &3")

RecursiveCharacterTextSplitter

CharacterTextSplitter

RAG ZHE X} 2bY (3Y)

o
N
M
|0
HU
=]
Ral
mn
~
il
rn
H>
of
k1
2
i
N
or
of
Ral

23 |E TR SLE oz TEAE AT
on| gtg BE ofst 23 (28 F Tl 2)
A% 8% Che HR/RE Aut HAE (7|2 Me)
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SHAl IOIE: bt HIAEO||= RecursiveCharacterTextSplitter £ 7|20 2 #&L|C} of2] LEXIE &M

CHZ Al=ol of0] TS Z|tiet 2EL L.

3. EE J|Ht 2

chunk_size £ 7|2XOZ 2X} & 7|F0|X|2t OpenAl 2R EZ CHRZ D2 EILICEH 2Xt 2t EE £ =204
-FO{0l|M H|E0| CIEEE, A Bz E20 M3 37|18 LAA7[HH EZ 7|0t 28 SLC

# 2. langchain/7.RAG/2. loaders/2.3_chunking.py

# 3) Token Z[HtF — tiktoken O 2 AX| EZ £+ 7|F (OpenAl 2 Z S =})

# % pip install tiktoken

token_splitter = RecursiveCharacterTextSplitter.from_tiktoken_encoder(
chunk_size=200, # EZ ol
chunk_overlap=50,

)

chunks_token = token_splitter.split_documents(documents)

print(f"[tiktoken Z|8F] {len(chunks_token)} & 3")

from_tiktoken_encoder 2 BHE B&7|= chunk_size=200 S 200E2 Q2 s{jMetL|Ct H|2 of| =1t E2 St
27t 32T 2F 2HF0l FELLICE ME 7|ES HE|otH, YU HAEE=
RecursiveCharacterTextSplitter , OpenAl H| 22|7} Z23H from_tiktoken_encoder , tH&EshHE=
CharacterTextSplitter &IL|C}.

4. PDF HZ 3} overlap2l 2|0]

LICt. PyPDFLoader 7} H|O|X|¥ Document £ 2t=H, 1 2|AEE split_documents O
7|= Q20| HHAEY =X| PDFF=X| 26X &1 Document Z|AEDHX2|EHL|Ct,

© HIOLO| M A (GenAl Labs) 72 /143



MM Al 7|EERAG WL RE 2HE (3Y)

# 2.langchain/7.RAG/2. loaders/2.4_chunking_pdf.py
from langchain_community.document_loaders import PyPDFLoader
from langchain_text_splitters import RecursiveCharacterTextSplitter

loader = PyPDFLoader("../DATA/S}A St=CHE (CISC-S'24) CFP v2.pdf")
pages = loader.load()
print(f"= HO|A] #: {len(pages)}")

splitter = RecursiveCharacterTextSplitter(
chunk_size=500,
chunk_overlap=100,
)
chunks = splitter.split_documents(pages)
print(f"&dZ = Document %: {len(chunks)}\n")

first = chunks[0]
print("metadata:")
print(first.metadata)

12 pocument 2| HIEHH|O|E{(0{7| M= source @ page )E 2t H30|| ICHZ S2{FLICE

split_documents = &
| =Zto| & H|O|X|o| M =XI"7F EEEL|CE

et g 2oz

M

|

chunk_overlap 2 QIEet Y371 LR LIS AN 27| ot= SFULICE 2 ZAHOIM
= o5

— o =
oH2lo| 7= 2X|E et3}etL|CE oS S0 chunk_size=500, chunk overlap=100 O|H 2t 39| & 1002X}7}
CtS H39| R 20| ChA| STELICE ZAH0 24 HE T XA ot HI0|M = 28| MY > AT S B

=

A HQIE: split_documents = MEIC|O|E{E H30|| OLHZ S2{FLICL. chunk_overlap 2 2& ZA/|
M B7|= Hatks 2teksh= QR E K L|CE
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4B Z A1 RAG K2l

. HIE{ Cf|O|E{H{|O| A O]3BH
. ChromaDB 3
. Retriever 7t

. RAG Chain 1&: 22} 9IX|et =X

A W N R
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H|E| Cf| O] E{ | O] 2 Of5H

o|0|E ZHEZ HRE AT S MDA, 71 712 O|R S WhEA| F= TE MEF AL,

1. YE| C|o|E{H|o] A2t

-

#E| GlO|EJH[0| AL O] 2RIS MToH XEAQLIC HE(9} 212 BAE, HEIH0[EIS S 2Rot, "7t Tt
N7H'S B8HOR &= Mol(ndex)S HZELICH BAE DB it QIHAR Helst AX|S wH2d| &S, WE{ DB

A
[=]

= 24t Mol ofn|d 2HS W= &

r
J

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

VECTOR STORE
ANN (APPROXIMATE)
INPUT TEXT: NEAREST NEIGHBOR
"Find semantic —>| EMBEDDING | (5555 E
matches for query” MODEL
QUERY VECTOR APPROXIMATE NEAREST
(e.9.,[0.1,05,-0.2..)) NEARES(T NE)lGHBOR NEIGHBORS
ANN
STORED EMBEDDINGS  USES INDEXES LIKE HNSW J
s J PN ‘L N 7 l B (7 \L N
=)

FAISS 3| | CHROMA (L | | PINECONE (&> | | MILVUS

IN-MEMORY LIBRARY EMBEDDED & LOCAL  14/? FULLY MANAGED CLOUD DISTRIBUTED & SCALABLE
« OPEN-SOURCE (C++) « AFNATIVE, DEVELOPER-FRIENDLY « SERVERLESS architecture « CLOUD-NATIVE & OPEN-SOURCE
* HIGH PERFORMANCE « SIMPLE API (Python, JS) « SCALABLE & PRODUCTION-READY * HORIZONTALLY SCALABLE
« INDEX TYPES: IVF, HNSW, PQ o il . : :

(Product Quantization) IN-MEMORY OR PERSISTENT ON DISK HOSTED SAAS (No infra mgmt) DISTRIBUTED ARCHITECTURE
« RUNS ON GPU/CPU « GREAT FOR PROTOTYPING « REAL-TIME UPDATES « HANDLE MASSIVE DATASETS
« VERY FAST « LOCAL DEVELOPMENT « GLOBAL AVAILABILITY « HIGH THROUGHPUT
\ S N S A S - ¥,

#HIE] DB H|1!: FAISS-Chroma-Pinecone-Milvus. 2|2 S X&StD 2AF X2 F(ANN) 2 2 JHE 7t HIEE
=Lt

=

© HIOLO| M A (GenAl Labs) 75/ 143



MM Al 7|EERAG WL RE 2HE (3Y)

Sif ZOIE: HE DB= YTt HIAE.HEHHO|HE &M MESL, "7t 71h2 0|R"S WEA| He Mels
|

2. ANN: ZAF 2 2F 0|2

1%

7|=2 ANN(Approximate Nearest Neighbor), ZAF 2% 0|2 AMRIL|Ct 2 E HE{te| 7H2|E Hets| ALt
2t EtM (brute-force)2 HIO|E{7} HE 42 2{TLICE ANNS Of7to| Metr & FHsH= CiAl HM 2712 &
&6, MO HIE 0| M T 2| T2 "ol 71 717t 0|22 ROPHL|CE

[e]3

Al
(=]
t=

2|5tA

_,_

CHESQ! ANN AQ102 HNSW(HIZE 2 Eh), IVR(SEAER L § AR B PQ(UEIS sl t2a|
o) 50| YALICH ALBK= HE 0| RS 21 CH2X| 940, ¥E| DB7} HZehs 7|2 Aole ar)z uic cigt
HETot 4T 2w B0, CHFR0IMS TAt ZAj0] Tats Fe Fop SLC

1o
iy}

& 20N = iE HMS JHs3HA| Lict Fet

3.8 HlE DB H|1

HiE| DB= SH7F B0 MZAHO| CHELICE gt&-MVP- it A2 RAGOA = A

= MX| 7t Ztctstn o|Ef|O|E] 22(7t SE6t
St gelstn, £ HE RRLE OjL|X|E 2F0| ZRsHH CHE MEiX| 7t SEELICT.

—

2= Chroma FAISS Pinecone Milvus

HE UHICIE(EZH) 2to|=z12| OUXIE(ZERE) KAl = A8 MH
&3t persist_directory $t & save/load &5 NI ) S AE XNE
H|EFCH O] B EE HlolE|E, 2 ofgt, =2 X X4

43 & -MVP-E #2.GPU 7t% 2% 28 A CHt 2 XA 2
a2 oot it~ 0f = Bl

Chromaz MX|7t pip ot H
2 X[l eh&ar Aot S
Pinecone QIXZIE =X
M= Chromas 7|2

Oz Lt MH7L 2R 9loH, EX-H0|X|- Mt 22 HIEIH|0|Ef HE{ZS H|OIE[E
RAGO! HeteLICt FAISS= 2t0|EE{2|2 M =< HE{2t GPU 7t&0] ZEtL Tt
2K QOtE &l = O{L|X|= MH[AO0| 1, MilvusE CHt R XiM| = A0 HetetL|Ct. of
O AMELT.
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4. FAISSZE H|Zdt= Chromagl Z4H

Z2 RAG SE2 FAISSE W EM ChromaZt = 220{|A £0| & 7t=X| 2ESEILICt QHAE OtE = THA| 7K
= 79| SLELICE

# 2. langchain/7.RAG/3. vectorstore/3.10_faiss_compare.py
from langchain_community.vectorstores import FAISS

def build_index():
docs = TextLoader("../DATA/nvme.txt", encoding="utf-8").load() \
+ TextLoader("../DATA/ssd.txt", encoding="utf-8").1load()

chunks = RecursiveCharacterTextSplitter(chunk_size=500, chunk_overlap=100).split_docun
for ¢ in chunks:

c.metadata["source"] = os.path.basename(c.metadata.get("source", "?"))

store = FAISS.from_documents(chunks, embeddings)

#* 20| 1: Y25l HAIZ SZ. Chroma = persist_directory Bt £H Xf=Z.
store.save_local(FAISS_DIR)
return store

A& SHEE] X[O| 7} EELICE Chromas persist directory ©F M XHs X ZEE|X|2H FAISSE save local 2
H = Edof otn, EES M= pickle HEZE0|EE Y 618 M S BA|sHOF BLICE

# 2. langchain/7.RAG/3. vectorstore/3.10_faiss_compare.py
def load_index():
# * 20| 2: pickle ¥ &2 35f0/E 2 allow dangerous_deserialization HA| ZQ.
store = FAISS.load_local(
FAISS_DIR,
embeddings,
allow_dangerous_deserialization=True,

)

return store

7t 2 X0 = HIEIH|O|Ef =E{ZIQIL|C}E Chromas similarity_search(q, filter={"source":
"nvme.txt"}) XE ZTst H0|E|E F2|E MISSHXIT, FAISSE tha T 7| ZEIIX|= £[H2H= AND/ORLE =
AtH|w 22 24 2= BEEAYY, STt T2 HE EN =X 2(sH0F gLt

f g Sy
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# 2.langchain/7.RAG/3. vectorstore/3.10_faiss_compare.py
# (A) FAISS 7} X 2l5f= JIH 2 filter

docs_a = store.similarity_search("PCIe QIE{IO|A™, k=3, filter={"source"”: "nvme.txt"})

#(B) BHE 2H2 MY $A2
all_docs = store.similarity_search("PCIe", k=10)

docs_b = [d for d in all_docs if d.metadata.get("source") in {"nvme.txt", "ssd.txt"}][:3]

RAGS| ei#2 HEIHIOIEZ EXE FXst1 AR ZE{FSt= Leldl, O #20] ChromaoilAf &M ZHHL|CY.
FAISSE LTt 2 HIE| ZMO|Lt GPU 7t50] ol etFoll M ZHE BTt
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ChromaDB 3=

UHHO| AKX B2, ATEE

AM 2 InMemoryVectorStore = 22| QAT SEFSIL|CEH T2 MATE ELEH H|S
+E A7t} H[E0| =X ElL|Ct,

S CHA| 2l mioict 2= F3E UG APIZ MA LHs{of LTt H3 Tt BiorE

ChromaDB& 2AH|YE persist_directory E X[ EC0H| CIAT KARLICH $F H THS0| SH HAH Al FA|
ZER[0] AHIE APIS CHA| 2 ESHK| §EELICH 22 HI0|H 2 ghs AHSIALE 3 MHIFHAIRE|O| T QIEAS
X|eHof ot= 2F etZ0l|M S Xto| LTt
T+& InMemoryVectorStore Chroma
XNE /K o =22 persist_directory (C|A3)
AR Al O T AHIE, API H|E 2 ZA 2E, FIHHIE O
=1 2 o 2 g A2
ef & EQIE: Chromas 2H|E S C|AI0)| FE34sH, THAS Al THUHY 10| ZA| EELLICE InMemory2t2|
AZH o[ LIt
. -1 A
2. M3 7F: M &4 ClE(
Chromae #H/E{E Z&| M(collection) B E F0{ 2t2|RLICE SHLtQ| persist_directory ol 02 ZH&lM0| Z
Eg & A0, 2 HAH2 collection_name 2= FEELICLH 22 CIHEZ|0| HIAE EME ZA M pPDFE 2
ME M= F= AL}
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DETAILED CHROMADB COLLECTION STRUCTURE & PERSISTENCE

s Y
CHROMA COLLECTION: “my_docs" QUERY
QUERY VECTOR:

RECORD CARDS [-0.01, 0.78, ...] ]

(| RECORD CARD: id_123 P 12:’-’2‘ PERSISTED STATE
(i0: ) (" doc_o01” ) 23 |0 _ P\ [PERSIST DIRECTORY
(EMBEDDING:([0.12, -0.05, 0.81, 0.441 ][ | | PERSISTTODISK > [ chroma date/
[DQCUMENT ][ 'ChromaDB is an AI-native ] j chirosa_data/

open-source vector database...

chroma.sqlite3
METADATA: || { " source H manual.pdf . K-NEAREST
"page” NEIGHBORS e oda b
} (E.g., k=3) nsw_index.bin
v
HNSW INDEX SIMILARITY NEAREST RECORDS &
Hierarchical Navigable — @ SURVIVES RESTART
Dist: 015

Small Worlds Index —— =

Enables efficient
similarity search over
millions of vectors

2nd: id_129
Dist: 0.19

L 3rd: id_131
Dist: 0.22

-

ChromaDB ZaMd 1x: 2t $H=20] id- A Y HE]. 21 2 (document)-HEIC|O|E{ 2 M A E| 1, persist C|2H E 2|0 &3t
EICt

P

persist_directory

.Jchroma_db
collection: storage_demo collection: pdf_demo
#iE + HIAE + H|EIH|O|H BIE| + Bl AE + H|E}H| O] E

2t ZEM ool = Y30l Y HiE, #2 HIAE, HIEIH|OE 7 S7H MEELIL LHREH 22 SQLite®t Parquet It
2 L2330 7|ZEE2, C2E2|2 MAStH QA HA S oY 5= AFLICH
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# 2. langchain/7.RAG/3.vectorstore/3.1_persist.py

from langchain_community.document_loaders import TextlLoader

from langchain_text_splitters import RecursiveCharacterTextSplitter
from langchain_openai import OpenAIEmbeddings

from langchain_chroma import Chroma

PERSIST_DIR = "./chroma_db"
COLLECTION_NAME = "storage_demo"
embeddings = OpenAIEmbeddings(model="text-embedding-3-small")

def build_store():
unn_E_A_i EE N io-I%DI N ?:IH"'(—_)I R Chroma 0" 7\_|Jcl>|_unu

docs = TextLoader("../DATA/nvme.txt", encoding="utf-8").1load()
chunks = RecursiveCharacterTextSplitter(chunk_size=500, chunk_overlap=100).split_docun
store = Chroma.from_documents(

chunks, embeddings,
collection_name=COLLECTION_NAME,
persist_directory=PERSIST_DIR,

)

print(f"AM DB MM - {len(chunks)} &3 AUHH HZA")

return store

from_documents

S 83 2|AEQ UHIT B4E wol, 2t HIS YHiZiehn ZM| NI
Ol HAMS CHA| & |

=
H= Chroma(...) Xtz 2EQEBIL|CE O|t= UH|E API 2=0

n

# 2. langchain/7.RAG/3. vectorstore/3.1 persist.py
def load_store():
""MOAZOAM 71E DB ZE (YUHIE MAL GS)""
store = Chroma(
collection_name=COLLECTION_NAME,
embedding_function=embeddings,
persist_directory=PERSIST_DIR,
)
print(f"7|& DB 2E - {store.
return store

_collection.count()} H3I YLS")

# C/AZOf ZEM0l o/of Qloet 2£, HOm A2 BHEZ|
if os.path.exists(PERSIST_DIR) and os.listdir(PERSIST_DIR):
load_store()

store
else:

store = build_store()

EES £ W oi% M3slRl K %2 M DB MY, £ WIS 7| DB 257 EELICL £ WAl

© HIOt0|H A (GenAl Labs)
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ﬁ
o
3
o
15
(@]
[
=
o
=J
—+
(%]
Ir
o
=
o
ot
Ral
0z

, Chroma(...) MAMX= ZHAHIY el= 2EQILICE "

MUl
J

PDFE XZ&6t= ZE= HIAEQ}L 79| Z4HSLICt 202 TextLoader O|A PyPDFLoader 2 HHR 11, ZHlM 0|22
2 =Ch= Mot CHEL|CH PDF= "1H[0|X| = Document 170" 2 X ZI4El F| HZEL|Ct

# 2. langchain/7.RAG/3.vectorstore/3.2_persist_pdf.py
from langchain_community.document_loaders import PyPDFLoader

PDF_PATH
COLLECTION_NAME

"../DATA/ol A st=CH3| (CISC-S'24) CFP v2.pdf"
"pdf_demo"

def build_store():
docs = PyPDFLoader(PDF_PATH).load() # » IO/ X/ ¥ Document 2/ A E
chunks = RecursiveCharacterTextSplitter(chunk_size=500, chunk_overlap=100).split_docun
store = Chroma.from_documents(
chunks, embeddings,
collection_name=COLLECTION_NAME,
persist_directory=PERSIST_DIR,
)

return store

# 44 Zfo| POF ¥ 3 0f= page GiEfL|O/E{7} £0/%E
results = store.similarity_search("=& H& «&A?", k=2)
for d in results:

page = d.metadata.get("page"”, "?")

print(f" [p.{page}] {d.page_content[:60]}...")

PDF H30l= page MEtHOIEI7I EEE[22, HM 2t M H HO|X|M A=X| HIZ EAR = AFL

AN

Ct.

5. A2 M HARSH|

oN

XMEO| M= =|RA=X], ofl FA0| SOJUEX] SHCHEE A2 CIHZQ 7|Z/LCE _collection 2| count 2
x

M INFE, get 22 HM Q0| 28 EME 2T HE + ASLICL
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# 2. langchain/7.RAG/3. vectorstore/3.3_inspect.py

store = Chroma(
collection_name=COLLECTION_NAME,
embedding_function=0penAIEmbeddings(model="text-embedding-3-small"),
persist_directory=PERSIST_DIR,

#1) JA ZA W+
count = store._collection.count()
print(f"Z M "{COLLECTION_NAME}' o] &AM Z£: {count}\n")

#2) 28 ZA HE - get(limit=N) CZ & JtA 27| (Z4 OFH)
results = store._collection.get(include=["documents"”, "metadatas"], limit=3)
for i, (doc_id, content, meta) in enumerate(
zip(results["ids"], results["documents"], results["metadatas"]), start=1):
print(f"[{i}] id={doc_id[:8]1}...")
print(f" LHE: {content[:80]}...")
print(f" Ml E}: {meta}\n")

get 2 FALT ZMO| OfL|2} the =9 YLICh MEE 39| ID, LHE, HEIHO[HE 2 ehelg 4~ 0] "7t 2|

4 EQIE: count 2 W48, get 22 LSS X SOITHELICE Z40] 0|Ak2t nj= BIX| 22 Mo 20|
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Retriever 7+

HIE| AEOE ZAM BEO02 ZHuMD, M It HiEHH|O|E HE 2 AME ZEELICH

1. Retrievergt

HIE] AE0{= AM HMEES 2T ESHX|TE RAG H|210] 7|22 H EESEl M QIE{Io[A 7} B LStL|C}

as_retriever() = HlE| AEXE Retrievergte E& 2202 ZHULICE Retriever= 2 & 2AHE 2 2ot 2t
Document Z|AEE gtetst= ot 7HX| 0t O, LCEL THO| 0| a2 HZAELICE,

RetrieverE PtS | search_kwargs £ M S&2 AYSLICL 71E 7|22 k 2 gt 2M H4E X[Hs= A
QULICEH k 7F T Zo™ Hoj| 2ot 2H7t x|, LT I 23 gl= 37t Ao ZEZTETL 20X EH FF

Of Eo{FL|LH.

# 2. langchain/7.RAG/4.rag_chain/4.1 standard_chain.py
retriever = store.as_retriever(search_kwargs={"k": 3})

S| ZOIE: Retriever= HIE| AE0]

| E'HE - o EMBE BEECE M ARLICL search_kwargs=
{"k": N} OF gtz J|&5E ZHEBhL|CY

2. M B E: similarity?t MMR

&2 0|2t M gtMof wh2f Zat 140 E2tELIC
similarity _search = 718 71712 N7WE dtetst= 7|2 9hAlo|1, similarity search with_score = 2|
HaE @ E3HFH, MMR 2 Mo CHFE S CghL|Ct.

b HE AE0{= A 71K 2EE HS e
|
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# 2.langchain/7.RAG/3. vectorstore/3.4_search_modes.py
query = "NVMe o] £ & QIE{HO|A"

# 1) similarity search — 7f3t Btz / 7|2
for d in store.similarity_search(query, k=3):
print(f" - {d.page_content[:80]}...")

# 2) similarity search with _score — &4 2 &} (Chroma = 7{2], &AESF+ZE AL
for d, score in store.similarity_search_with_score(query, k=3):
sim_pct = round((1 - score) * 100, 1)
print(f" Hg2| {score:.3f} (SAIE = {sim_pct}¥%) {d.page_content[:60]}...")

It EH LI AAZICE HEEY & JUELICE Chromall s "HE['0|22 &E45 JRAELICH LH™ A2
z L ol =X2[7} 7hs e ch

o
T
]
rr
1=
10

7|2 AT Aol of M2 LZI"QILICE JHE JH7H2 NZHE JH2 o™, Hol Z2 LHES B H3S0| A2
= KEXIsH A& ChFSE 2H- 0| wHE! &~ AESLICH MMR(Maximal Marginal Relevance)2 1 Z21t= 7Hah 2N =
AE 12K, D CLZEE= 0|0 &

AN
Zatet OHE AE M =S mlRdLIch

# 2. langchain/7.RAG/3. vectorstore/3.4_search_modes.py

#3) MMR — CF2F4 HZ

# Z+2 o/0jo] H|£5F HI 50| top-k B Cf 2FX|6FX LA,

# A s 1 BHY 52 A, 1 [ISEEE /M ZoEH 12 A 24.

for d in store.max_marginal_relevance_search(query, k=3, fetch_k=10, lambda_mult=0.5):
print(f" - {d.page_content[:80]}...")

SIMILARITY SEARCH (TOP-K) MMR (MAXIMAL MARGINAL RELEVANCE)
RETURNS THREE NEAR-DUPLICATE, REDUNDANT FIRST FETCH_K CANDIDATES, THEN ITERATIVELY PICK K THAT ARE
DOCUMENTS CLUSTERED TOGETHER BOTH RELEVANT AND DIVERSE, GIVING SPREAD-OUT RESULTS
HIGH SIMILARITY MMR = argmax [A - sim(d, q) - (1 - A) - max sim(d, dj)]
(Near-Duplicates) e e - —
SIMILARITY TO ousy REDUNDANCY TO SELECTED |
sim(d, q) sim(d, d;) Penalty
Term
LAMBDA SLIDER

poc 2 g ¢ {J )

£ LAMBDA — 1 LAMBDA = 0.5 LAMBDA — 0

J 5 (FAVORS RELEVANCE) (FAVORS DIVERSITY)

W HD E PICK1:D0C5 [— B N PICK 2: DOC 8
boca D\ QUERYQ a g (igh Relevance) | [ (Relevant & Diverse) =
= &
[ ] ]
o
w
- PICK 3: DOC 2 2
D (High Relevance) | & Y = a
NN ]
- w
\*’W e S—poureur ||*
documents fetch_k Candidates Diverse and relevant
U (e.g., k=10) ITERATIVE SELECTION document set
Ny S L. .

MMR ZA: QAMEOF HH H| %3t A3 7 S22 X2 MMRE 23 Mo} CtekMd g st 128l =28 £olct
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MMRS| fetch_k = MX JINS S 7%, k = 2|5 ghet JH4QLICL fetch_k=10 O HH $EE #2251
T OYES 058l k=3 = MEPLICE lambda_mult = 2G0T 7HSK(Z, 100 717t E 2EYE 91F, 0

Ct.
off 7b7tH Crkd IFLICE 0.5= FEFULICH

=] £3 et d
similarity_search 71 IH2 N UgtXQl 7|2 AM
with_score He| M4zt AAIZ HE{Eo| e mf
MMR 2y + Oy U EM, F5 3 30|

Sy ZOIE: 7|22 |AI: AM, S5 Y30 491 SHY W= MMRE LYY S 2AEHLICL fetch_k 2
SHE A B0 k E XF MEfRLC

3. HIEfH[O[E| HE|E

HE] RAIZUHOZ = 2| M 2ME, "EFY SN 22 FE ZUS Z o §ISLICH 20| RAIZ(HE)0l| T =A(H
EtHIO[E)S &H He 20| T RAGS| 7|27|LICE Chroma= filter QIXIO| where YAIXIE Hlot 2EE M
X &Lt EM0ict S8t HEHOIEE 2

2
>
oz
o
i
W
S
T

uz

0%

o
i
il

# 2.langchain/7.RAG/3. vectorstore/3.11_metadata_filter.py
from langchain_core.documents import Document
# page_content(HE{S} LH4f) + =2
docs = [
Document(page_content="NVMe SSD &= PCle 2 2f 7GB/s 2| A|&M &£ E LHC}.",
metadata={"category”: "nvme", "year": 2022, "tier": "high"}),
Document(page_content="SATA SSD &= <f 0.5GB/s = NVMe EC} L2|X|8F s&MH0| £Ct.",
metadata={"category": "sata", "year": 2018, "tier": "mid"}),
Document(page_content="HDD = 3§l C|A3 7|dto|2} 10 7} =&l HO|C}.",
metadata={"category": "hdd", "year": 2015, "tier": "low"}),
Document(page_content="2|4l PCIe 5.0 NVMe = <f 14GB/s 7A EYSICt."
metadata={"category": "nvme", "year": 2024, "tier": "hlgh"}),

5} metadata(ZEf CHAF)

]

store = Chroma.from_documents(docs, embeddings, collection_name="meta_filter_demo")

Chroma HIE}H|O|H Zt2 E2XIE. - H4 M. 220 JHSTILICHEIAE - SN2 27h. M 20l=
similarity_search(query, filter=where) Z Z2 20| =70t HIY 7IH T2 FES FELICH
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# 2.langchain/7.RAG/3.vectorstore/3.11_metadata_filter.py
query = "AHZ¥z £&£°

def show(title, where=None):
for d in store.similarity_search(query, k=4, filter=where):
= d.metadata
print(f" [{m['category']:4s} {m['year']} {m['tier']:4s}] {d.page_content[:38]}...

#2) 5 - category 7} nvme ° Z10F
Show("category == 'ane'") {"Category“: unvme..})

#3) A Bl - 20204 0| & E ALt
show("year >= 2020", {"year": {"$gte": 2020}})

#5) 25t AND — nvme O] EHA 20234 0|
show("nvme AND year >= 2023", {"$and": [{"category”: "nvme"}, {"year": {"$gte": 2023}}1})

where A= SS( {"category": "nvme"} ), =Xt H|u( $gt / $gte / $1t / $1te / $ne ), 2= T &
($in / $nin ), S =Z( $and / $or )2 XY L|CE 22 EE "MK £ where ZZUIOCZE H F

gol Fete] FoE

20244 ot ATt H

e $a
LICt. o€ £0 year >= 2020 ZE{= 2022.2024 M0t nvme AND year >= 2023 2
FZiL|C,

s3] ZQIE: BIEFEOIE] TES HE| QA0 Y XL Cfth $HE BN FELICH M SAELSH ZN
s 9l 2ABE MBSt RAG HET et wote] shAllLct
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RAG Chain t=: 22} 8 X|2} =X

Retriever-Prompt-LLMS StLtQ| MIQIQZ ol 2ttt 9t ZEXE HI|5H= AE2(E £ U= RAGE 2tM e
Ct.

1. RAG H[Ql1e] FA| O

XISMA| BE 2FS0| StLtZ M X|= THALICH 220 S0{QH Retriever/t 2 HIE XU, T HISS
Prompt2| {context} At2[0f| 7|2, LLMO| 1 AEAERF A= EHEfL|Ct 0] SES LCEL IIO| & ShLt= Mgt
LICt.
vector store
format_docs ChatPromptTemplate answer box

user guestion box

What is RAG? Retriever ‘:%

RAG retrieves
relevant documents
and grounds the

answer on them.

Sources: [1] [2]

Answer only using the
context; if it is not in the
context, say you do not

RAG H|Q!: Z12 _, Retriever — ZMEl contextE: TETEQN 28 . LLM - EH+EX. 'EA0f| gioH RECHE= X|

_ Retriever — format_docs [— context
e - :'S_,mg/: qq P ChatopenAl s StOutputParser > B+ 3H
question
S ZOIE: RAG MIQI2 "M  ZEIAE X8| , TERIE , |LM"S LCEL Ito|Z= AZTH AL|C. &
. o Tut
EZEZI LMY dE &S FELIt
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2. BZE RAG H|Ql3} $t2} diX]

RAGS| SH2 LLMO| X}7| 7|H0] OtL|2} S E EA 2t 242 EotA| HEs AYLILE 22H LLM2 M0 gis
e JZZSHA X[ojUl= ZE(H, hallucination)0] AELICE. 0|F 2= 7HE ZIEHAQl £~EH0] ZTEZTEQ| HAIH
S pnic) i
D

o TTHdT = T
KIA[LICt. "ot M2t , =AM e H=2rtn EStEt = #AE System Promptof| 2i0F EF&L|C}

# 2. langchain/7.RAG/4.rag_chain/4.1_standard_chain.py
retriever = store.as_retriever(search_kwargs={"k": 3})

1lm = ChatOpenAI(model="gpt-40-mini", temperature=0)
prompt = ChatPromptTemplate.from_messages([
("system",
A2 EAM 718 QA A|ARYLICE. Oof2f EMEF 2SN EHoM L.
"EMO Qo 'REAESLCH 2t EHotM2.\n\nEA :\n{context}"),
("user", "{question}"),

D
temperature=0 T 2tZt AX|o| YR AULICE FEI S lof o[ 7HE 2HATH Bof| £ZSHA| LI M2l
RunnablePassthrough.assign O @2 22 HESHHA ZM ZIE context 7|2 X715H= EZYo= 1
MefLCt
# 2. langchain/7.RAG/4.rag_chain/4.1_standard_chain.py
def format_docs(docs):
return "\n\n".join(d.page_content for d in docs)
chain = (
RunnablePassthrough.assign(context=1ambda x: format_docs(retriever.invoke(x["question
| prompt
I 1lm
I StrOutputParser()
)

print(chain.invoke({"question”: "NVMe 2} SATA SSD 2| z}0|?"}))

RunnablePassthrough.assign 2 & ElML{2| {"question": } £ 2 E0MAF|HA context F|gt
MZ tHSLICH 20| TETEJ {question} It {context} & ZF 92 4= JYSLICE O] LXO|M M0 Ql=

AES BXH ZE2 X[ofLf= i "2=REL Tt BTt

==

AMer 2ot oloM RECT Hslal= TETE X|A|2t temperature=0

—_—a—
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3. &4 QI 24}

2F SHEUME= off O|FA HH=XIE FHE 4 Qo{of SfL|Ct BHH Zof st ZAMQ EXME
TOF SErLIC AAM Z0E £ 220f| SA0f| A= 20| QBQULICE StLt= TETEQ| ZHEIAE
EE0Z #2%tL|C} 0| 2Idl RetrieverE o HOt S =8t ZIME YA SHLICH

# 2. langchain/7.RAG/4.rag_chain/4.2 with_citations.py
def format_docs_with_index(docs):
A [1], [2] HEE E20HAM QA8 JtsSHAM
return "\n\n".join(f"[{i}] {d.page_content}" for i, d in enumerate(docs, 1))

def extract_sources(docs):
TUAME H30| BHE =

= &=
Seen, sources

set(), []

HASM 2|lAEZ"""

for d in docs:
src

d.metadata.get("source", "unknown")
if src not in seen:
seen.add(src)
sources.append(src)
return sources

# M ZIYE F 20| SA0f AHE - context(ZAFE ), sources(E[AE)

def retrieve_and_split(inputs):

RAG JHLRF 2P (32)

ANSLZ 20| 2|
2, LhE dtLh= EX

docs = retriever.invoke(inputs["question"])
return {
"question": inputs["question"],
"context": format_docs_with_index(docs),
"sources": extract_sources(docs),
}
retrieve_and_split O] HMZ ot tH 23l context (H= 22 EXIE)} sources (B35 M7 &K 2|AE)
E 2 2tELICE o= HQl2 HEAER BEHE MMSt, 1 BHiHo| E4E H=LICH
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# 2. langchain/7.RAG/4.rag_chain/4.2 with_citations.py

# answer 4 = sources &f Stx{A ZE HIAE OtED/

def append_sources(d):
src_lines = "\n".join(f" - {s}" for s in d["sources"])
return £'{d['answer']J}\n\n& 21 2 A:\n{src_lines}"

chain = (
RunnableLambda(retrieve_and_split)
| RunnablePassthrough.assign(
answer=(prompt | 1lm | StrOutputParser())
)

| RunnableLambda(append_sources)

print(chain.invoke({"question": "NVMe 2| QIE{HO|AZ} 21 O ZZ0| AX?"}))

RunnablePassthrough.assign(answer=...) 2 retrieve_and_split O] BtE EML|Z|E EZESIHA|
answer 7[0f LLM EtHS F7tetL|Ct OFX|2t append_sources 7t EfHI EXE oiLto| BIAEZ SHEIL|CE O|EL
H[O|E{2| source E EESIEE, %A 2O THAOIAN EXMHE S & 20| 7| M T U BHL|C

Lt 2| ZEXME 0| 2F2 247t R H ZMAX|"E Y| BI[5H2{H Ql2tel 802 2AFBLICEL HY2 BF
tZ4 220 [11, [2] 22 24 H2E EES YAHQE X[A5t= AL

# 2. langchain/7.RAG/4.rag_chain/4.3_numbered_citations.py
#x DEODEZF '0I20 Q18" 2 HA|HOZ R|Al - 0|H 4.2 949 HA 2f0f
prompt = ChatPromptTemplate.from_messages([
("system",
O SO A EMED s St=E02 EHSHA . \n"
"z 2 Bol, 2A47 @ M HEE [1], [2] HE ®7ISHM L. \n"
"ot 20| o3 ZME ZAHE M [1][2] ME 2% #7|LCE.\n"
"2M0l goW RS \n\n"
"EAM:\n{context}"),
("user", "{question}"),

[

I
—_—

i)

def numbered_sources(docs):
"UHA MBY EX - B2 HA O F (U [n] T 1:1 1)
return [f"[{i}] {d.metadata.get('source', 'unknown')}" for i, d in enumerate(docs, 1)]

o7|M= EXME 5 HAHSHK| Y&LICt 22 IU0|2t: AV CIEH Hs: Eefof, B & (1], [2] 222l
HI|QtEH 220| 1:12 L7 W2ALICE K9 X = 4,29 SUSHH, numbered sources T+ mA|EL|CH
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# 2.langchain/7.RAG/4.rag_chain/4.3_numbered_citations.py
def retrieve_and_split(inputs):
docs = retriever.invoke(inputs["question"])
return {
"question": inputs["question"],
"context": format_docs_with_index(docs),
"sources": numbered_sources(docs),

chain (
RunnableLambda(retrieve_and_split)

| RunnablePassthrough.assign(answer=(prompt | 1lm | StrOutputParser()))
| RunnablelLambda(append_sources)
)
O|ZA| 5tH EHHHol 2t 2&0| o= HIA0f|M HIRR=X| =M £+ JELICE F 218 2l xto|E HE|5HH Lt
SLICh
| &N 7| 5= Hz| Herst 32
422822018 BHH 20 Il =5 5 A Ut QA, EX =2l
4.3 HTH olztel EXOICt [n] + HSH &KX HIE=E /X =22 XE EF B 2A =X
4] TOIE: S BI|= 2N ZIE 3t ¥ Wop HAEQ FX Yol M= RXE DELICH BRE 0182
bzt Nz Sheg, HaY olRtel 2182 23 te| 37 XL
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PART 5 Flask HHolEQ} 2

PART 6 ZoISEH API XS =
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. Flask A{H|A X M7

2N Y2E J|s

2 DT Y QIR

. ChromaDB 22|

A ATEIeE [ elE Y
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Flask MH|A X AA|

RAG MRS ot t A1 Of= A3RET} OfL(2L, 02| AMSAL H&sh= E ME|AZ HE= RZEZYLICH

Day 2 7tX|= RAG II0|Z2tQlS mo|W A3
HiEl= TENATL BEE[= =78 AlZHELCH AEH £2
HX|H, CiA| H&S T O™ A7t =hot QLO{0F BfL|Ct, Day 3 M= RAG HFOIE tel

M2M GEEH RAG MRS gL o] A MEUME MH|AL| WCHIt £l = TEME xRep MA|

E E
I AR MH|AS H2tQXE T

|J
=
Hu
ot
f=}
;O

Jte Tttt RAG HH2 Y25, 2E, ofH MUS app.py o THUO| 25F HELICE otg X7(|0= oh=ol 2 &
X2k 7150] = of 0| 4 22 HED HTTP A2t #E| DB X2|, LLM =0 FJZ LT a2 2| AH|
A0fM= ALEZ AES LhsLItt

SHAE2 M| 7HX| MRUS 22|5t= AYULICH A= HTTP A2 Bt SES ST = 2I2E AlS(routes), =M= Hl
E{ DB 2t EAE LR BEHE Ate = SH|Q 22! A S (services), MW= AFEX7H = SHH(templates EE£ static)
F

ULICE app.py £ 0| ZZES TS MHE =& QF2 TIQUE D SHErgiL|Ct

A LOIE: 2t2El(routes) "0t URL 0| OffH 45 H2=7hah MH|A(services)= "AH 2 22 Ug o
=712t HESLICE O] | LI+™ otHE HHY = RAG 2X2 T2 HAREE = AUSLICH

2. TH| of7| =

RAG & MH|AE= M| 712 Z(tier) 22 O|FO{EL|CL HEtRX(ZEEAE)7} fetch 2 REST API & 2E5HH, Flask
HAI=7H O 2K S 8ot YiE| DB(Chroma)2t LLM API & 2| AEz|0|M%t £ JSON S22 SEEL|Ct.
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0=
%
ogt

Al 7|8t RAG FHL XL 2 (3Y)

FRONTEND: BROWSER BACKEND: FLASK SERVER DATA LAYER
USER INTERFACE (HTML/JS, STREAMING ( )
# ) ANSWER PATH ROTTERIIESRINTS PERSISTENT CHROMA
= i T [ Document routes | ["indexing routes Chat routes SSE stream
r Y C—-@_ ; - CQ.:Q o (GET, DELETE) (POST) (POST) endpoints STORE Persistent local storage
EMBEDDINGS
SSE
(Server-Sent Events) ¥ Y ) Context
SERVICE MODULES (Chunks)
=
REST API REQUESTS ‘Document Service Indexing Service Retrieval & Chat Service | | |
] aems M (i )
(e.g., via fetch) Fetch uploads, REH RETRIEVE
POST /upload or o CONTEXT -,
M: deleti i
rostpieer | | | BB | (" oning ) | || Cecmmmamaner) [ oMo .
__ GET /documents [Create Emddmgs] [ Query Chroma DB ] (CLOUD)
{id) Update Chroma DB Generate Answer EMBEDDINGS API
DELETE ) (upa ) ( ] Eﬁiﬂeﬁgq (text-embedding-3)
POST /chat [ vectoron OpenAl API ¥ Genenate
Ll i ta
\
e e ) CHAT COMPLETIONS API
SSE CONNECTION (GET) LOCAL FILE STORAGE Request Chat (gpt-3.5-turbo / gpt-40)
Real-ime streaming B Corgex > Generate Chat
4 [ ds/ folder e el o
| | {3

RAG ¥ XMH|A OF7|ElA|: HE2tRKX o Flask #A = (2R E-MH|A) . Chroma(Z%)-OpenAl API

Chroma

POST /upload #H 83 HIE{ DB
setex — POST/ask = Flask #ell=
HTML + fetch — ] routes + services
JSON 88
oDEnE
e LLM AP
= gpt-4o-mini

O ZO|M Hill=ot TRENC = H2Ad| Z2|ELCH HAllEE= sfHE 221, JSON 8 FUEHE RESTAPI 2
EBLICH SR0| Z2 API £ E2t2X% otL|2t curl, ZHIY &, T2 M S o S2H0|HERE SEE & UASL

=

ct.

3. tx3El T2 HE 2)|0|0}R

Day 3 &3 Of|X|( 8.web_app/4.refactor_with_score )= ot
ghL|Ct.
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4.refactor_with_score/

RAG JHLRF 2P (32)

rc

I— app.py # Y WE3| - Blueprint SE 3= of2 UYH
I— routes/ # HTTP 2} El (Flask Blueprint)
| }— page_bp.py #  GET / (3tHE Me)
| — files_bp.py # GET /files, POST /upload, DELETE /files/<source>
| L— qga_bp.py #  POST /ask (AE2/EHH)
|— services/ # Zoel 23 (3EHI 2@
| — vectorstore.py # add/list/delete/search — HIE{ DB- 2 A
| '— qa_service.py # AR - AY - EHEXN/HS 28D
L— templates/
L— index.html # TEEALC 3IH

app.py 7t &0t SFOIX|=X] BH 22(2] 2ut7t 2EEL|CE 2t : 2AE §lo] ZEITH ghL|Ct.

# 2.1angchain/7.RAG/8.web_app/4.refactor_with_score/app.py
from flask import Flask

from routes import page_bp, files_bp, qga_bp

def create_app() -> Flask:
"tUoH THEE| — Blueprint(BtRE)E SE25 Flask ¥ =R,
app = Flask(__name__)
app.register_blueprint(page_bp)
app.register_blueprint(files_bp)
app.register_blueprint(qga_bp)
return app

app = create_app()

if __name__ == "__main__
app.run(debug=True, port=5002)

2} Blueprint = XtAIO| 22 URL 2F Molst, MA| SEF2 services 2 &40 YIYELICE € E0 O EIREE=
t

—
Ct32t 20| eteEl
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# 2. langchain/7.RAG/8.web_app/4.refactor_with_score/routes/files_bp.py
from flask import Blueprint, request, jsonify

from services.vectorstore import add_pdf, list_documents, delete_document, DATA_DIR

files_bp = Blueprint("files", __name__)

@files_bp.get("/files")
def files():
return jsonify({"files": list_documents()})

. POST /upload, DELETE /files/<source> & Z'2 Bl4/OZ 99 (Z2f)

4. REST MA| 3|

o MH|A2| API £ 2|44 FHOR MAELICH "M (files)2H 2|4 A0 HTTP HMER o|0|S EHELICH T
7} FIYE|0 ASHQIETH SO|E A2 URELIC

HAME g

GET / SHHHTML) Ml

POST /upload EMYZE + QlEA

GET /files HEEE EM 55 =7
DELETE /files/<source> S M9 HE M3 AH|
POST /ask HE - HHISON)

x
2 Sl S2H0|AET} L2te|A| ME[St =T Lct

mo rg2 |>

2l 2M7t I 2 20|= O|RLICE

© HIOt0|H A (GenAl Labs)

3], POST(X:= /upload )= MM, DELETE = AXIZ HA

SEQ} MHIAE JIE2&= XH0|&= "ZICH AT O|O|E{7t Eh=71"ILICE Chroma = persist_directory S
HIEE C|A30f| X&StD, KIS CHA| 2tEE &7t 7|Z HI0|HE XS 2 o FLICH AHE TA|ZSHE 0|"101|

RAG ZHE X} 2bY (3Y)
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# 2. langchain/7.RAG/8.web_app/4.refactor_with_score/services/vectorstore.py
import os

from langchain_openai import OpenAIEmbeddings

from langchain_chroma import Chroma

DATA DIR = "../DATA" # 92 g2 Ha
PERSIST_DIR = "../chroma_db" # HIEf DB &= X3 2[X
COLLECTION_NAME = "rag_web"

os.makedirs(DATA_DIR, exist_ok=True)

# persist directory £ M, 0] 2 & OtE s £7F C/AF9l 7| BAME Z LS.
embeddings = OpenAIEmbeddings(model="text-embedding-3-small")
store = Chroma(

collection_name=COLLECTION_NAME,

embedding_function=embeddings,

persist_directory=PERSIST_DIR,

A|Z T2ME(10.project/13.document_qga )= 22 XIS MEote| YZC A2 HIE DB £ TZHE E[

QFol| F0f HHZE BH= RHEAIZILICE

# 10.project/13.document_qa/app.py
import os

from flask import Flask

from dotenv import load_dotenv

load_dotenv() # .env O Al OPENAI_API_KEY 5= 8/0/=

app = Flask(__name__)
app.secret_key = "document_ga_secret"

UPLOAD_DIR = os.path.join(os.path.dirname(__file__), "uploads")
CHROMA_DIR = os.path.join(os.path.dirname(__file__), "chroma_db")
ALLOWED_EXTENSIONS = {"pdf", "txt"}

os.makedirs(UPLOAD_DIR, exist_ok=True)

rig

2 MEo| ML H|U 7|1E 0| MX| b= ZAQULICt python-dotenv 2 .env OIS 211 API7|E

OoFL—
[y =
os.getenv("OPENAI_API_KEY") X3 £tA HL0|MO 7EHZL|CH AA FE= 7| 2EXFE S H7|X| ZELICH

S ZOIE: persist_directory 7t ClIO[E{H|O[A MHARIL|CE O] ZE 2 EESIH MHE F717Lt THA|
Ao QlE ot EA7F OCH2 &0F ASLICE API 7= .env oF os.getenv Z2HLHFO IEQHH|TS &
2[gh|ct.
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OH HME{O| M= RAG MRS MH|AZ BHE7| flet 24,

=2 AZ 22|, REST &4, Chroma ¥4 XMz, 3td MES
AT{ZSLICE O MEREE 0| 24 2ol P25, A, 22, Ax|, Ho|SH, Chs} 0= 7|52 St MY Lzt
L|C}.

© HIOt0|H A (GenAl Labs)
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=M YEE 7S

MEXIZL R PDF-TXT & HEtRKZ S/ 4= A0 H[Z4 "L M Eots" MR 0| gL,

—_

RAG Mo Z2LH2 "ot EME 24 = Y AAJMYILICE Day 2 7HK|:= HEAZE E2CE0] O|2] @0 & DYS 2
E2Z AHUXZ, ME|AMM = AFEAIZE A TS HZERLICE Of MEOME EatX7t DU S MHZ HLf= 2
A(multipart/form-data), A{H7} 1 Ti S 2ot MEstn HEsts 2Hd, 22|10 T ThHofM of2] ol =Xo =2 &

Hot= =52 dmELct
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1. 2Lo FH =&

oY Y2E= gHENQI JSON HAE
& Al

multipart/form-data HACZ @ 2ES FMELICE HTML @ <input type="file"> 2} JavaScript 2|
FormData 7} 0| @AE XS 2 BHEL|CL

K81} CHELICH M AET} OFL Ho|2|(THY LHE)E ELHOF StE2 E&teX =
o

[}

AHEAL ohed ey

l

FormData 0f file 37+

l

fetch POST /upload
multipart/form-data

AfE: ofed E=x?

of

v

400 of|2{ gkt uploads/ of X{&

MH QEOM H2E Me|ls 27| - A4 - ME - dHY - SE" O BHAIZ FelELICH of MEl= ol Ml
EAI(E7]-HE- M)l B, lEd 2 tHZ HE oM XbAIS| CHELITH.

HElRKXN & IE= MEfEl IUSS FormData Off &0 POST /files (= /upload )2 HHLICE multiple
£4 520 of2] IHY S ot Hojl 15 = 1, BEFE0o=z R 22 F|( file )ofl F=7HL|CL

<!-- 2.langchain/7.RAG/8.web_app/5. file_manager_restapi/static/index.hhtml -->
<input type="file" id="file-input" accept=".pdf" multiple />
<button id="upload-btn">Y 2 E</button>
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<!-- 2. langchain/7.RAG/8.web_app/5. file_manager_restapi/static/index.html -->
<script>
// Y 2L - POST /files (02 Ot 7ts)
uploadBtn.onclick = async () => {
if (!fileInput.files.length) {
alert('OtYS MEISIMHLR");
return;
}
const form = new FormData();
for (const f of fileInput.files) form.append('file', f);
uploadStatus.textContent = "HY2E =...';
const res = await fetch('/files', { method: 'POST', body: form });
const data = await res.json();

uploadStatus.textContent = data.message || data.error;
fileInput.value = '';
s
</script>

7| Fo|gt M2 fetch Z=E0|| Content-Type SIHE
body Z E7|H HEtRX{7t multipart 24| EXHE7HX| ZEst
2 27 FEIF N MH7F IS THASER| L CH

=Ct= Z4QILICt FormData ZHM|IE
HofA| METILICE 2H §IHE X|HSHH 29|

SiA ZOIE: Il AZC = JSON Of OfL|2t multipart/form-data QILICL FormData £ £ M= IS
£CHX| 20 2 fetch 2| body Ol HZLICE

3. WQIC: THol mQ Hhy| (7hat EHadt HEf)

7bEh chest A2 2= I ShLigh Bh= FENRILICE request. files.get("file") = DMUS 7HLIL, S1OH 400
S E3Z 5|, file.save(path) Z C|AI0| XZEtetL|Ct,
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# 2. langchain/7.RAG/8.web_app/1.minimal/app.py
@app.post("/upload"™)
def upload():
file = request.files.get("file")
if not file:
return jsonify({"error": "mO0| YSLICt"}), 400

path = os.path.join(DATA_DIR, file.filename)
file.save(path)

add_pdf(path)
return jsonify({"message": f"'{file.filename}' ¥YZEE 2AF"})

Of 72 FESHR|ZE SHAI7F UASLICE THE S ShLgh 2, 242 Tl S THA| 22|8 S5 HEH, o 247t S0
UK & SHO| GELICE &M Mu[20M= o2 EME =8l 2r2[HoF gLiCt

4. WQIE: Of2| meY e |

2.file_append THAIRE{= request.files.getlist("file") = Of2] mAS St tHo|| Bh&LICEH 2 M2 X
st Qe Alst £ MZ FIHEl Ant Z50(2F AUHEH WS 725 AF0| 87| £2 HIAX|Z2 S2{FLICt

© HIOLO| M A (GenAl Labs) 104 /143



HdE AL7|HERAG WL XL 2HY (3Y)

# 2. langchain/7.RAG/8.web_app/2. file_append/app.py
@app.post("/upload"™)
def upload():
# 02 opd S aF Ao B2 = U7 getlist AtE
uploaded = request.files.getlist("file")
if not uploaded:
return jsonify({"error": "ItYO0| QYSLICI"}), 400

results = []
for file in uploaded:
if not file or not file.filename:
continue
path = os.path.join(DATA_DIR, file.filename)
file.save(path)
results.append(add_pdf(path))

added = [r["source"] for r in results if r["added"]]
skipped = [r["source"] for r in results if not r["added"]]
parts = []
if added:

parts.append(f"Z7tE: {', '.join(added)}")
if skipped:

parts.append(f"HAHE(S5): {', '.join(skipped)}")

return jsonify({
"message”: " / ".join(parts) or "Z{2|& OtY0| YP&LICH",
"files": list_documents(), # ZAE XA 222 gt Ht3

b

SHOl files (HHl S2)E & = Mol FFYLICL H2E T o1HO| M2 EES CHA| Z2|g He g10], ot He|
SHOZ At HAIX|Q XA 2N SEEZ 5 BH5L|CH REST API HE( 5. file_manager_restapi )& 22 2%
2 MH ME| ZEDF 201 Created = HA|EL|CH

EHA| Hi= dha £3

1.minimal request.files.get("file") HY oy, 5.2 813

2.file_append request.files.getlist("file") o I && =5 diet

5.file_manager_restapi getlist + 201 #=4 JSON REST, 22I0|9E 22
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5.2 HZ5: &XEXl of0|EC|AE

Ot mpUO|L} BOtM = oF ElLICH £[E Z2HMEE= 318 oAt HetS Folst H2E A-o| ZESHLICh ool

Of UL filename == "' ) S18E[X| 42 TYXH FA| 400 22 7HFelL|Ct.

# 10.project/13.document_qa/app.py
ALLOWED _EXTENSIONS = {"pdf", "txt"}

def allowed_file(filename):

return '." in filename and filename.rsplit('."', 1)[1].lower() in ALLOWED_EXTENSIONS

@app.route('/upload', methods=["'P0OST'])
def upload():
if 'file' not in request.files:
return jsonify({"error": "o 0| YSL|Ct"}), 400

file = request.files['file']

if file.filename ==
return jsonify({"error”: "HOfQO| MEHEZ|Z| AU} ELICI"}), 400

if not allowed_file(file.filename):
return jsonify({"error": "PDF EE= TXT oot Z|StL|Ct"}), 400

filename = secure_filename(file.filename)
filepath = os.path.join(UPLOAD_DIR, filename)
file.save(filepath)

. 0j0j4 2E - FZ - YUY (C}1S HE) (52)

HABO|M ot 7kX| o 5%t A2 secure_filename YLICEH AFEXIFEWH OAHO= ../ 22 FE ZZ 247t
Mol 4~ QIALICE werkzeug.utils.secure_filename 92 MA|SIH HZE ZE HPZOZ IIRI0| MO|= AlDE
ak&LICE
Sy ZOIE: 2= "o 10| OfL|2} "HB st BrsL|Ci L Ct 2HaX} 20| EE|AER ME| 1St ¥
Aot E7HA|F| 1, secure_filename QF MUHS HF|sH| ZZ XZEHS kjchstL|Ct.
O] ME{0|M = ERtX M AHE TiY0| MEFE= 2hY, tY THUoAN o2 MY FMo = WHNsH= JEE 22|, 1
2|0 XL OE AE S ATEESLICH MEE mo| AM J7HsS X[Al0] £[2{H ZHIE QlEAlo| R BtL|Ct
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o|ClA
L-"10

HO
R
H
0z
ic]
oo
=
of
=

ECE MR O X2 AMEX| hSLICh 2582 - AT S A HE DB of Moo H|2a "&2

(o]
(=]
= A= X|A"0] LTt

UEETLELIH MHE 2HIZ O EME ZM 7tSTH HEl
PDF £ TXT £ A0 = & 2
ARILICE O] ME{UM = 20 MEd M3 2 Y|, HIE XZEHOZ 0|0{X|= 2lHA nroearo_l% ICR EErEPu*LI
C}.

1. 2l d oo =2l Jie

QA2 | thAlo] 21 mbo|ZafQllL|Ch YEEE mAS MAEs 26 Z 10| Document X2 MEN(ZE), 21
EME €8 37|= BHN(ETZ), 4 =4S HEZ bR F|(YHIT), HE DB o MEYLICHAE). d=ZE 280 S0
2 0] Tpo|Z2telo] ZA| HAFLICH

chunk_size Lo
PyRDFtoger 1000 il
TextLoader overlap
200 1536-d

olelA momatol: Y2E ., 20 -, HZ(1000/200) — M| (1536d) ~ Chroma ME - F&3}

Loader Splitter Embeddings
PDF/TXT IH& - 1000%} / overlap 100 " text-embedding-3-small

Chroma
persist

Z} CHl= LangChain 2| B&E HEHEZ J3igtL|CH 20E document_loaders , 2&7|= text_splitters ,
QH|Zl2 OpenAlEmbeddings , &A= Chroma QILICL O|S0| Document ZHH|E ZE WX FnHtoml A
ZEL|C
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2. 20 M8 mel A|of| BtH= A

I} SIAIOIC} EIAE

= ZFE5h= YYo| CHELICL PDF = 111|0|I| ':*°|E HIAEE &= PyPDFLoader , YUt HIAE
[ =

=
—_—= o |
= TextlLoader £ #HL|Ct 2= Z2ANE

# 10.project/13.document_qa/app.py
ext = filename.rsplit('."', 1)[1].lower()

if ext == 'pdf':
loader = PyPDFLoader(filepath)
else:
loader = TextLoader(filepath, encoding="utf-8")

documents = loader.load()

# MEfGO[E{Of o2 =}
for doc in documents:
doc.metadata["filename"] = filename

Hu

S %% netadata Of IUHES siop S Ho| FQBILICE LIS0| "0| O] Of= 20N =TS
S 2 A9t 3zt AR o), 0] BIEREIOIE| 7} ARt HBHS BHLICE %2 OfRI( vectorstore.py )= 22 SHOR

metadata["source"] Of OfLHS XMEeiL|Ct.

[EX|0t =22 SUSE Document ZHM|QULICH 2ESHE a7t metadata Of =
[=z]
=

E —
0|Z =X HA|Q 2ME AH|7 RS JHSSHEILICE

3. 8. 2l EME oln| tHelE 2

A THIE stLtel B2 2HEH HM H I EOELICE o Ho|X|mz]| ZE20i| M of HE SW=
X 2 X

[[H-E-?:ILIEf JfM 2ME U™ E'0|9| M3 2 LhsL|Ch Recur51veCharacterTextSplitter = =B FAE
|O

O 2 ok7t X[ H|(overlap) 2&BtL|CE,

# 2. langchain/7.RAG/8.web_app/5. file _manager_restapi/services/vectorstore.py
chunks = RecursiveCharacterTextSplitter(

chunk_size=1000, chunk_overlap=100
).split_documents(docs)

chunk_size=1000 £ &3 StLI7t 2F 1000 At2t= 520|1, chunk_overlap=100 £ Q&S H3ATJt 100 Xt AHEI
Ch= SSRILICEH ZEo| Jo™ ot 2E0| M3 ZAO| 24 i U H3 Z50f|AM HME|0 =20 ZO{SLICH 242
StX

=AM E40] w2t 25X, 1000/100 2 PDF A0 Fikot 7|22 ILIC
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4. fH|E 3t X F: HE DB MY

HI

Sl 2t M3 = OpenAlEmbeddings £ 7K XM HIE 2 B2HE| 1 store.add_documents(chunks) ot &EZ
Chroma Ofl MEELICt UHE @Z2 add_documents LHRO|M XAtS2= LOILIZ = JHLX}7L 2 HIEIS oHS

—
L= gELIt

# 2. langchain/7.RAG/8.web_app/5. file_manager_restapi/services/vectorstore.py
def add_pdf(file_path: str) -> dict:
"""PDF B HZSHAM WE DB Of 27 00| U BMY AHH."
source = os.path.basename(file_path)
if source in _distinct_sources():
return {"source": source, "added": False}

docs = PyPDFLoader(file_path).load()
for d in docs:
d.metadata["source"] = source
chunks = RecursiveCharacterTextSplitter(
chunk_size=1000, chunk_overlap=100
).split_documents(docs)
store.add_documents(chunks)
return {"source": source, "added": True}

add_pdf = QIEA oF 748 MRIX|= MH|A SfQL(CE T 9| Z= HA( if source in
_distinct_sources() )7t HARULICt 22 OIUS CiA| S2|H WY S CHA| 2FSX| &0 SO, HIE0t 55 A
M ANE D& arSLICH BHetgf added & 2HRE ASOIM "F7He 1 AUHE" HAIX|E THEE= o AIL|CE
4 ZOIE: add_documents of ZO| Y MMal MES DT K2|LICL 3 ko "o|0] /e EAQI7H A
AL F01 22 mio| 5 UH|T S 9h= 20| MAH|AL| 7|2 |/ iL|Ct.
G o] AHS
5. 42 =2} ole| Ao Agf
N ot O{2H| O|{X[=X| ELICL EIREE= THUS NMETH F| 2Ht

O[R| & MEfS] Y20t 0] E{S| QIEINO| B 23 Otoj
-

M
2 add_pdf S 2EYULCL F YZE AEHRAET} = ey AMEZXQIERILICE
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# 2. langchain/7.RAG/8.web_app/5. file_manager_restapi/app.py
@app.post("/files")
def upload():
uploaded = request.files.getlist("file")
if not uploaded:
return jsonify({"error": "Ot0| Y&L|C}"}), 400

results = []
for file in uploaded:

if not file or not file.filename:

continue

path = os.path.join(DATA_DIR, file.filename)

file.save(path)

results.append(add_pdf(path)) # « X/ 2&F X5 =A[ OIE4
#... RIIE/ALE WAZ 2E £ 201 B2 (F2F)

%]

O

OD2ME = QlHd ZuE SOl &7 Bot, & 7Hel Y32t HO|X[7t TSR EX| AFSXI0|AH| ZA| 2] FLICt
"W EM7E O 2 MO E MRS FE A2 uX YL T

# 10.project/13. document_ga/app.py
chunks = text_splitter.split_documents(documents)

vectorstore = get_vectorstore()
vectorstore.add_documents(chunks)

return jsonify({
"message": f"'{filename}' Y=RE 2A=z",
"chunks": len(chunks),
"pages": len(documents),

1)

EHA HEHE MUEE

== PyPDFLoader / TextLoader Document Z|AE(+ source/filename)
PSEA RecursiveCharacterTextSplitter 1000K} CHe| M3

S OpenAIEmbeddings X3 E

X & Chroma.add documents g4 HiE DB

Sy EOIE; YEE Al 2 MY UHIT L HEFO| # SZOZ ABEILICE POST /upload (E
/files ) SHAZE "I7|"t 24M iSSP BHS7|"E SAIO] U= Qlsta A= ToI=QlL|ct,
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ChromaDB Z2|

At 2A7F SO{LIH, RA0| SOA=X] B

113}

2hH 2= Q10{oF BHL|C}, 1 HA|7} HEZ metadata LTk

HE] DB Ol EME A% HHSITE 23 "XIZ O A7 S0 AX|?", "EF M ol Mt HAH5 0 Hof 22 27
7t EZULICt Chroma = HE{ 2t X{&dt= 210] OfL|2t 2t HE{0f 22 M|EtH|O|Ef(metadata)S M H2HeLICE Of
-

EfollM= Z2E I, HEtHO|E = EME AEEI EAISH= WY, 22|10 2M SES SHF= GET /files o

ERIEE HTFELCY.

1. 8| M: YE S =8| |2

=

Chroma Ol A HIE{= Z2l M(collection) T2 FRILICH ZM2 3AH DB 2| H|0|=0| siest= HE2Z, otLto
persist_directory Q| 02| ZMS = = JUASLICE ZUMH 0|52 HE6IH €2 C|AT EHE SRIITME
CllOIE{7t M2 40| X| ei&LCt.

# 2. langchain/7.RAG/8.web_app/5. file_manager_restapi/services/vectorstore.py

DATA_DIR = "../DATA" # 1~5 &2 (= 8.web_app/DATA)

PERSIST_DIR = "../chroma_db" # YEl DB = 8.web_app CrOJA Z =2

COLLECTION_NAME = "rag_api” # 22 chroma_db CFOA Z M0 23] (rag web Zf 2 IY)

embeddings = OpenAIEmbeddings(model="text-embedding-3-small")
store = Chroma(
collection_name=COLLECTION_NAME,
embedding_function=embeddings,
persist_directory=PERSIST_DIR,

2I0lA REST API {2 rag_api , 2|[HMEZ HHE2 rag_web OZ ZHAMZ E2|gfL| |
../chroma_db EHE MHMNET = of|N|Q| HIO|E{7t Z=SHX| RELICL store ZHM|E Tt=E= 27HoE Z2M9|

7|Z HEJL O A30M ZEERER, B0 2Y FETF R YIELICH

Sy ZQIE: HML WEISO| =2X 2

& O|O|EE ekH5HA| 22l L.

ILIC}. collection_name PHCIEAH F=H 22 F& Z Mol A

mo
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2. metadata: HlE{0]| 2= &X &

2t H3E MES 0 metadata["source"] ((E= filename )0 ¥I2 OIUAHS BiO} FRAESLICHESF HE{Q| QIEA
CHA|). O] HEIH|O[E{ 7} & A 22| Sial AEXIL|CE WK XHhl= <At HHE 0|2} AF2Ho| &fotE 4~ GiX| T, HEIH|O|

B HE0| "0| HIE{= sample.pdf | 3t =22 fL|Ct.

# 2. langchain/7.RAG/8.web_app/5. file_manager_restapi/services/vectorstore.py
docs = PyPDFLoader(file_path).load()
for d in docs:
d.metadata["source"] = source #e BE ZHI0 EX(OFYH)E 4 E=LCF

HIEIH|O|E = A A

P
2 208 "2A Bl

A R52| 7|&=0| ELICH 22 source U2 71T H3E= 25 ot EM0| &322, 0] g2
Xt
x|

20| ZhsoHELICE

Chroma 2| LiE Zi2IMojlA 2= HEIH|O|E{E 712t source EE HA LE MU, o 2M7I R X202 £0]
Q=X FABILICE =2 Of|H|= 0|2 distinct_sources RIHZ FHTIL|CT

# 2. langchain/7.RAG/8.web_app/5. file_manager_restapi/services/vectorstore.py
def _distinct_sources() -> dict:
"vvWEf DB ofo] MY HA 4£E {WYUY: YA4) 2 YA
data = store._collection.get(include=["metadatas"])
counts: dict[str, int] = {}
for m in data.get("metadatas", []):
src = (m or {}).get("source", "(unknown)")
counts[src] = counts.get(src, 0) + 1
return counts

def list_documents() -> list[dict]:
"UHE DB O SOIUE M S (LYY + ¥ ).
return [{"source": s, "chunks": c}
for s, ¢ in sorted(_distinct_sources().items())]

store._collection.get(include=["metadatas"]) = HE 22 10| HEIC|O|E{Tt 7} Z JHHEL|CE O]
£ source 7|Z2=Z MM {"sample.pdf": 12, "report.pdf": 8} Z EHMLZ|7} LI,
list_documents 7| 0|5 HEE FEQE HHEL|CE 0| gz =5 X2 OfL|2L FZ2E Al = HAL AH| Al &
X golof = XA ELICE
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SHA ZOIE: Z2 source MIE M AUCE "EA SE + ENE H3 "2 HELICL HIE DB = A7t
OtL|2t B3 E XMZSHX|2t, HIELH|O|E] AR BN 2 S S|IELICH

4. GET Ifiles: A 28 X2| API

A ZHE HTTP £ = Z£6HH SHHO| 3l QYA El EAE EAISILICH RESTAPI 1 2|HEZ ™ D5 GET
/files 2 Z52 JSON L= Hi2

# 2. langchain/7.RAG/8.web_app/5. file_manager_restapi/app.py
@app.get("/files")
def get_files():

return jsonify({"files": list_documents()})

2tRE= th ot SQLICH MM Y2 25 1list_documents 7t 3t1, 2FREE 1 Z3HE JSON 22 ZM7 |2t gL
Ct. Day 3 LUl ZZ=5h= "2t 2% 229 ZEUUCE SEH2 a1t 22 e},

{ "files": [ {"source": "sample.pdf", "chunks": 12},
{"source": "report.pdf", "chunks": 8} ] }

A5 DI2MEE 22 SXNO| AEHEQIES GET /documents 2 FE| HE DB 7} OfL|2t YZE EC9| AMA| otUS
JECE FES S I AY(MHK| 2o FL|Ct,

# 10.project/13.document_qa/app.py
@app.route('/documents', methods=["'GET'])
def list_documents():
if not os.path.exists(UPLOAD_DIR):
return jsonify({"documents”: []1})

files = []
for filename in os.listdir(UPLOAD_DIR):
filepath = os.path.join(UPLOAD_DIR, filename)
size = os.path.getsize(filepath)
files.append({
"name": filename,
"size": f"{size / 1024:.1f} KB",
D

return jsonify({"documents": files})
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RL|C}. Stit= #E DB of HIEIH|O|E 7| &, CHE St

#lE{ DB
metadata

_collection.get

os.listdir

5.file_manager_restapi ,
4.refactor_with_score

10.project/13.document_qga

B RAG ZHERF IHY (32)

T A2 Lty 2FHOIM X017t ASLICE HEIHOE 7|Z2 "AH|Z HMo| #0[= ZAM"E F=3| BtFstx|at, E
o 7|E2 28 oY"g 20 FLIth S0 OF”—HEI oM P2 EOF AMN| 7 AT HIE]) S M CHRIOF BiLICY.
O 2y EXl= ChE HE Q| AR0|A CHAl "ELIC.

of FE{Oll A= 2241 BT OlE| 2 Ef DB 2
R R EIE Y

—TOoO—

2 gl= EME S22
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221 2ME X2 4 QOH MRS T LIS HEE I} FLICH A= S K (source) HIEIH[O|EZ YA S 23}
L= eiLict,

2 ZI1RH20|Lt M7t ZREHLIC B 221 I, QaEl kg, O 0|4 HiH 22 M1 AIX| g2 2AE R

0l |2 4 2I0{0F 50| M=|S QX[BHLICH 0 MEOIME HIEIH|O|E] HEZ SX 2Ajo| HA0H Baf AfR|sH ),

DELETE SIEQIE, 12|T 2AES BAIsH MoIA HHEIS AmELc

LT1o

1. AH|Q| §12]: source 7|&E M3 MEH

HE| DB 0ll= 2A17} OfLI2F M3 7t MEE[0| QELICE L2t "sample.pdf & AHA|"StCH= A2 "metadata.source
7t sample.pdf Q| 3 E 25 HM|AH"otCh= SSRLICE elEl A ) 2= H30| source E B0t & H20l, where
TE o E2 ot 2A2| B30t Hts| X[FLIC

# 2. langchain/7.RAG/8.web_app/5. file_manager_restapi/services/vectorstore.py

def delete_document(source: str) -> bool:
UEM 1A AAH - S source o HIE ¥3 HAH (A2 POF &= HE)."
existed = source in _distinct_sources()
store._collection.delete(where={"source": source})

QI 2220 off ZA GHA.
# path = 0s.path. join(DATA_DIR, source)
# Iif os.path.exists(path):
# o0s.remove(path)

return existed

store. collection.delete(where={"source": source}) 7} SHAl st ZQIL|C}. where = MIEIH|O|E] =7H0]
1, 0] 20| 2= MATH MK EILICE HEBIZE existed = AMH| MOl O 2M7F YUEKIE e F04, 2FRET} ALK
A2 "SE0| UUS" HIAXIE FE2SHA BLICt

84 ZQIE: MRl where={"source”: TUY} HEIZ 1 2A| H30t Za} XIS HYLALICE Iy
T 401 & source HIEHOIE(T} SO 2 A Er9| ALH| XHXI7H EHSBILICE
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2. AH| Tist: HEQE vs REMA]

3.file_delete THAl= AMM|Q| & JHX| MBS 2O FLICH HIE Y30 X A7 B2 DX &1 F2lg A
QItULICE. 7|22 HE HIA X1 HUE2 BESHX|T, 2EtH A oA shAl X|ZLIC

# 2. langchain/7.RAG/8.web_app/3. file delete/app.py

def delete_document(source: str) -> bool:
"TMEM 1A AMA - HIE (Y source H3F) + ¥E PDF OpY.""
existed = source in _distinct_sources()

# 1) HIE{ ALX| — metadata.source 7} 2 Z/5}= & ZS0F
store. _collection.delete(where={"source": source})

#2) f= 01 A (Y2B)

# path = os.path.join(DATA_DIR, source)
# If os.path.exists(path):

# o0s.remove(path)

return existed

HE 2 X H A chaofl M= MXX| 2 Y2E 2o B2 2 HELIth o MEM 2 "F 7HX| 59| 2|7} of

7|1M LTt of SES TAS| ¥ (source of truth)_E ALLbol| 2 {2 AH| o5 FetLtt. HE| DB H|Et

AE | e | T=od
COIHE 7|EL2 S5 ECHH HE T Xk otH 552 LEL(Ch

mw

Z2 ofHoll= THE o Hojl H|R= X7|9 7|5k JASLICH ZAHQ| 2E ID £ 712t AH|SH= WAILICEH

# 2. langchain/7.RAG/8.web_app/3. file delete/app.py
def reset_db() -> int:
""UDB 27|18t - ZUMPO BE= YIAE AAH(HAH BHRY]). MAHo I
ids = store._collection.get().get("ids", [])
if ids:
store._collection.delete(ids=ids)
return len(ids)

F wun

foh

f

3. DELETE QIEXOIE

A 2X2 HTTP 2 &8 ifj= REST YZILHZ DELETE HIMEZE &LICL ZZ20= Mg 249 AlERKIYUH)
E d&LICH DIHUHE| S2iA| S0| MY £ QOTZ <path:source> ZHE{E &L|C}
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# 2. langchain/7.RAG/8.web_app/5. file_manager_restapi/app2_delete.py
@app.delete("/files/<path:source>")
def remove_file(source):
try:
existed = delete_document(source)
msg = f"'{source}' AtH &2F" if existed else f"'{source}' 2(£) Z=E0 < I&SL|LC}H
return jsonify({"message": msg, "files": list_documents()})
except Exception as e:
return jsonify({"error": str(e)}), 500

o7|ME SEO| AAE files SE2 M BHELICH 2tH2 M| = HE X2 §l0] 0| SHIUICE SEZ2 FA| A4
SILICH 2[& T2MEE= 22 S22 DELETE /documents/<filename> = F11, YZ2C ZCQ| g2 IS AT

L|C}.

# 10.project/13.document_qa/app.py
@app.route('/documents/<filename>', methods=[ 'DELETE'])
def delete_document(filename):
filepath = os.path.join(UPLOAD_DIR, secure_filename(filename))
if os.path.exists(filepath):
os.remove(filepath)
return jsonify({"message": f"'{filename}' At 2t="})
return jsonify({"error": "O}YE X2 £ QYSL|CI"}), 404

ofl = AC=HQIE

3.file_delete DELETE /files/<source> HIE 3 (+MEHN =)
5.file_manager_restapi DELETE /files/<source> BIE| M3
13.document_qga DELETE /documents/<filename> HEL {2 o

Al IOIE: REST Of|AM AMK|= DELETE MIAEQI AZQ| AlEXIZ BHSL|Ct TFUHE (path:source>
2D AN = AUE S52 h tetst otHE o Mol S7|=2befL|Ct.

A LHEO| HHIAS W "+T" API E 2 2S5 BRE YELICH RAG Ol A2 "AH| = Ml Y 2 HEa[oh=
20| Ehadtd QIMSLICE 22 MUHO = CHA| S2[H, YZE 2X|9| T= AA WZ0 2'd2 AAEX| gt&L T,
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# 2.langchain/7.RAG/8.web_app/5. file_manager_restapi/services/vectorstore.py
def add_pdf(file_path: str) -> dict:
source = os.path.basename(file_path)
if source in _distinct_sources():
return {"source": source, "added": False} # e« 0[O0 YUOSH ALHE
# ... 2E - ZZ > add documents (Z2F)

2t Aol 2HIE &M= CH21f Z4LICH MX DELETE /files/<source> 2 7|ZEH3IEZ
POST /upload Z A H{TIS QI AtL|Ct O|&A| St S HATt Hot HME A7 = & 10| ZESHA wAE
LICt.

DELETE /files/old.pdf POST /upload Al etz
7|1Z H3 HA M el A3 gls

Of "AfH| = Ml " IHEH2 RE YLELE 00| ZHESIHME L2t BEYLICE H3 ZA7 2K AL T o[ x|
=7t O =, MR X4 ChA| LB 2 o O{X|7t glELLt.

BA TQIE: BA HAL HEO| &8 AP| 7} OFL|2} A - MARE"Z HE|SLICH F2 HAIE St
2 g= AS B KL

O] ME{0l|M= HEIHO|E EE = EX 2ME AAISt, DELETE AEHERIER L=5HH, MH| = HYZEZ At
= SES HHIASLILE M 2E|(FIHSE-AH)7E AL, OfF O 2MSE 2= Hols ZSEHAPIZ S
ofZfLct.
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Zo|E APISH H|F D2 E

1. Ho|SH API 7
2. Chat History M&

3. 5F Z=HE: FA 25 RAG MR
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rc

AL ZH[HOH O[x| RE0fl HE XRYLICH A L HEAE | IFEZE |, HHH 2|30 TN JAEX]"

ZX7X| E21F = 20| RAG QA 9| 2t QlL|Ct,
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1.

|of

9

olo

go| 8

RAG QA = 4| tHA|Z o|F0o{FLct &
ZAHIAE 2 $X|1(Context), ZHEIAEQ} Z

=
=2
B e S8 F

o>
0%
o2
=
N
Tl

DB 0| 22 H3AZ HMSl T (Retrieve), 1 HIASS st
Eof| Z&tti(Prompt) LLM Off LY EfS gH&L|CHAnswer). Of

710l AME "3 ENE 71I7f CSHEILICE
2 POST /ask
Retrieve
FALE HM k=5
Context
assg stz 23
A
Prompt
24+ HE 2
y
LLM
gpt-40-mini
, A
Answer i
THY/H|o| K| /™4
JSON: answer + sources
0| S22 LangChain 2| LCEL( | II0|IZ)Z StLto| M|QIoZ HUL|CH M. T2TE.| | M.-IHAO| H0|EE Za2{E
L= B mo|Zatlo] E|0f, gt SHtE 2 E5HE AES U Ho| LhgL
AL =
2. =2 e dM5H7|
Che AM2 21 Y30 SSFX|T, Xt MRS Ho F2{H |FAE H47F 2L
similarity_search_with_score = 2} H39} & 7‘|E|(dlstance)% HetetL|CE A2 |7t 224

= SYLICh
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# 2.langchain/7.RAG/8.web_app/5. file_manager_restapi/services/vectorstore.py

def search_with_score(question: str, k:
"""sources 7} 2O0{AH 1 mAUE
None/Hl B|AEMH XA A CHA."""
where = {"$in":

{"source": sources}} if sources

int = 5, sources:
OOl ATt ZM (metadata.source

list[str] | None = None):

2E).

else None

return store.similarity_search_with_score(question, k=k, filter=where)

sources QIXp7LEHA ShEQILICE EXN OIUYH 2| AEE FH where ZEZ O XS QO AT AMSHL|CHEN
ME AM) OFR AL FX| RO M MK 2A 7t CHAQULICEH AFEXEZL 2tHOM M35 EA T S2F B2 +~ JSLICH
A IOIE: similarity_search_with_score &= & M3t Hz|E & Bt2bsiL|Ct HE|E H42 HEt
StH "0t EHASHE ERIX|"E X2 B0 & = JSLICL filter 2 AMHRIE EN HAZ EL £ U
SLICt.
|
3. Z{HAE Hgu TEODE
ZME HIE2 SHHECE 0|0 20 StLte| HEIAE EXIEE PHELICH J2|10 "CHS A2 FsiA Eot2t= Al
AR OTETEN O HHAEE 7|9 D&LICHL A0 ‘3195 SECHD Bst2h= XA|7t 222 ARt QAR L
Ct.

# 2. langchain/7.RAG/8.web_app/5. file_manager_restapi/services/qa_service.py

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

prompt = ChatPromptTemplate.from_messages([
("system",
"CHS EAMOF 2TSHAM BN, EM0 oM 'mE2AELCH \n\nZA:\n{context}"),
("user", "{question}"),

D

def format_docs(docs):
return "\n\n".join(d.page_content for d in docs)

© CIHHE

temperature=0 =

R E LU SLICH AJAEI ZEZEQ

Z4AH
=]

a-—

| {context} Xtz2|0]|
L|C}.

© HIOt0|H A (GenAl Labs)
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2174,

{question} Xf2|0f| AtEXt HE0| S0

123/143



MM Al 7|EERAG WL RE 2HE (3Y)

4. M3t EHS StLie| Hjelez

EYFZ USD, A EHS IFIE LM Q0| HELLICE retrieve = HEQZ HA3H 2t H30|
x z AE

# 2. langchain/7.RAG/8.web_app/5. file_manager_restapi/services/qa_service.py
def retrieve(inputs: dict):
docs = []

for doc, distance in search_with_score(inputs["question"], k=5, sources=inputs.get("sc
doc.metadata["score"] = round((1 - distance) * 100, 1)
docs.append(doc)

return {"question": inputs["question"], "docs": docs, "context": format_docs(docs)}

# Jz Zol: HAM - answer £ assign
rag_chain = (

RunnableLambda(retrieve)
I

| RunnablePassthrough.assign(answer=(prompt | 1lm | StrOutputParser()))

(1 - distance) * 100 OF 7-|E|EO 100 O QAL M= HHY metadata["score"] Of B&L|CE
RunnablePassthrough.assign 2 ZX

r—

Z}( question , docs , context )& 2 RX|SIHAM answer 7|

[ R |
BF ZEIpetLCh AlQl ¥ = EH AMEIHAE oA &0 E = AN, ENME US = ASLICH

5. X EAl2t SE 748

Aot BH L ebH HME H30ELEZLIC 2 F 329 HEHHO[E oM T H.H|O|X]. 5 Eot EX 55
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# 2. langchain/7.RAG/8.web_app/5. file_manager_restapi/services/qa_service.py
def answer_question(question: str, sources: list[str] | None = None) -> dict:
if is_empty():
return {"answer": "HZX PDFE YRES|FAML.", "sources": []1}

result = rag_chain.invoke({"question": question, "sources": sources})
docs = result["docs"]

out_sources = [{
"file": os.path.basename(doc.metadata.get("source", "?")),
"page": int(doc.metadata.get("page", 0)) + 1,
"score": doc.metadata["score"],

} for doc in docs]

return {"answer": result["answer"], "sources": out_sources}

is_empty() ZAIZ 2A7} ST QIS UHE LLM S S &K 241 QL HIAIX|E S2{FLICt 2l DB off st
HIE2t =1 9|0 gl= BO| LIRE R, o3 AJ0 OEIX|2 "2M EX H3"S SLICh EX= H0[XIE 0 7|2l A
17/9to2 B+ 1)3H Aol 7] E4| ehsLCh

6. POST Jask QIEXOIE

MH|A S22 HTTP 2 £ &5t= 2tRE= Sigl ON 0| 2E 2t MEHE EME THUW AEst
ol
|

= ICt. JS
answer_question Of st F ZatE JCH=E Hr=tptL|Ct,

# 2. langchain/7.RAG/8.web_app/5. file_manager_restapi/app3_select.py
@app.post("/ask™)
def ask():

body = request.get_json(silent=True) or {}

question = (body.get("question") or "").strip()

if not question:

return jsonify({"error": "ZZ0| YSL|Ct"}), 400

# MELE ZAN SE2(HP2D None » ZZ &4

sources = body.get("sources") or None

return jsonify(answer_question(question, sources=sources))

2|HEZI KT ( ga_bp.py )2 Z2 2tREZ Blueprint £ 22|51, ZX] 10| SO QT Che HME SUSH
answer_question INEIE WIELICL 2T JSON 9| dHEf= CH2at Z5LICE

F|I'

{ "answer": "NVMe PCIle & At85t= SSD QE{HO|AL|CE. ",
"sources": [ {"file": "nvme.pdf", "page": 2, "score": 87.3} ] }
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EHA| e el
AM search_with_score FALEI + A2, 2M EH
PSESC retrieve HE| - AL B4, ZHAE Aot
= rag_chain DEDE | LM - T4
8¢ answer_question 4 (L /H|O| K| /& ) + EHed X2
a4 ZOIE: RAG QA 2| SE2 "HtH"Tto| OfL|2} " + ZA{"QLICH ZHAM THA[o| M 42 HIEHHO|EE &
ol FH, AFXIA 2H(Ol= M R H|o|X[)2t ME|Z(FALE %)E STH HAISH MZE = & USLICEH
O] ME{0i|A= tH ZZ20f| CHot RAG HHH mio|Z2tel S tMMELICEH 2Lt M| Ciet= ot He| HES=E ELIX|
OFSLICE "OA Fop> 22 =& HES X2[st2{H Cigl o|H S CHE & Lofof gLICt
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Chat History X &

"JA| FHOF2"= AHFHOIAlE RMAAX|Z Ha RAG = LOEX| REfLICE Chet 0] S ZMof BHEsHof T o
I =1 =

dn
]
ﬁ
|0
HU
>t
E
g:
>
I
Il
ot
A
rE

= Atgte| cist= a2t 2|0l S ELICE "NVMe 7t
-'?—JOF?"ELI_ E_T'_ LM‘I "17{ PCle & HlEH *H’?"ELT'_ 0|01 == ZdOI KrHAAEEL|CE O .:'.‘E101|k|‘.: Ch RAG 7t 5
EZ20||M 7HX|= 0| ], history-aware retriever 2 0|S s{ZsH= 2
HEL|Ct

1. 2% EE0| MXl= 0|7

=H|2| HH2 retriever 7} 2= 20| "1 &7t0| U™ of 2&E 0|2t Ol ASLICE "I PCle R Mt z2="1
H7t RS 71217 |=X & = g2z, AAM0| YSet 2HE I FLLH.

# 2. langchain/7.RAG/5. conversational/5.1_followup_problem.py

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

#1) A B2 - & B
ql = "NVMe 7} 2 Of?"
print(f"A1l: {chain.invoke(ql)}\n")

#2) 2% HFZ - "IAH" 7 Wie & Zt27l= & 2. Z40] &5t F.
g2 = "17{ PCle B MWE 2A=H?"
print(f"A2: {chain.invoke(g2)3}\n")

M EHZS & HBHX|2 & H HE22 O{MSHELICE chain.invoke(q2) 7} O™ CHEHE XM ZE xH "I PCle
R Mch? 2t SR 2 HMSH| W2 ULICH ot MRS 2hS2{H o HHES o 9{oF LTt

B2 ZOIE: tha RAG 2 retriever = 2T Q)3 oF 2&TE FLCE CHEA 22", "2 2")7t ZotE 2£ HE2
H

=0 —
FARE 7127 |=X] & 4= §lo] HAo| BlLtZiL|ct.
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2. History-aware Retriever: ZM Z|H 32| &=t

SiZ2| OI0|C|0f= ZAM X0 LLM 2 EHES CHA| A= ZQUL|Ct "0|H™ Ci3t + O|H HE"S E11, 0| 0| % 0]
SHEls SEEQI M 2|2 HekstL|CE 0| S0 0|210] NVMe AH0|1 20| "17{ PCle & MCH?"H, "NVMe
9| PCle HX"O 2 R{EFMEIL|CE,

USER & ASSISTANT

INTERACTIONS PROMPT CONSTRUCTION
( CHAT HISTORY Fol'l:;:up CONDENSE/ Prompt assembles history + context + question
Question | REWRITE COKEN BUDGET

OLDER
CHAT HISTORY HISTORY
TRIMMED
TOFT Generates

genefaled text,

Prior turns
The history plus
the new follow-
Older up question are
tums rewritten into
Oider self-contained
T il ‘standalone
question’ 50
Recent

RETRIEVER

STANDALONE
QUESTION

pronouns resolve
tumns

—» LLM
b‘ RETRIEVED CONTEXT ‘Fm;
[Asst 2] .
“UserT j :
e o STANDALONE
[[Asstz] | QUESTION

e
CONTEXT-WINDOW
TOKEN BUDGET

VECTOR STORE

CHeto|™ QIX| RAG: 0|t =4 HES S8 HEQ 2 MAHEE 7| ZMsty, ZHAE X2 EZ ofif etojj M O|HS

# 2. langchain/7.RAG/5. conversational/5.2_history aware_retriever.py
from langchain.chains import create_history_aware_retriever

#1) 2| A3 EE prompt - history + OH Z& - ZE Fe/
rewrite_prompt = ChatPromptTemplate.from_messages([
("system",
"Cigt o|= 3t o/ AHZO| FO{HLIC. O|H HES
"EEAQ AAM I 2 CHAl MEANL. "otA o
MessagesPlaceholder("chat_history"),
("human", "{input}"),
D

# 2) history-aware retriever — Lf 2 & O 2 rewrite prompt - llm - retriever &5
history_aware = create_history_aware_retriever(1lm, retriever, rewrite_prompt)

create_history aware_retriever = "#Hz| MEtM _, HM"S SILIZ 22 retriever S DHSLICL
chat_history 2 input 2 'E@QH, LHFO0|A LLM O] FHE|E CIS2 Fl I FE|Z AL |Ct
MessagesPlaceholder("chat_history") 7| O|™ CHZ} HIA|X|S0| EH{Z Xt2|IL|Ct,

© Hloto| A (GenAl Labs) 128/143



MM Al 7|EERAG WL RE 2HE (3Y)

# 2. langchain/7.RAG/5. conversational/5.2_history_aware_retriever.py
chat_history = [
HumanMessage(content="NVMe 7} £ Of?"),
AIMessage(content="NVMe = PCIe £ A}25l= SSD QEEojA FAUL|C}."),

followup = "J17{ PCle & ANCHE A =0?"
docs = history_aware.invoke({"chat_history": chat_history, "input": followup})
#- "TH' T} NMe 2 J2|7]= ZHE LM 0] Ofte XA St F2|Z BE

3. 2t 3t RAG: &+ #|Ql A

HOH, EMHZ OtS AH|QILICH BH MM TETEQ T chat_history £ €0, 4
AHEE OfL|2} EFH T aH2ts JHA| BhL|Ct HAM X2l (history-aware) Tt B Q! (stuff documents)S
gLict

HEIE Al AATEX| Y H, OfH|

create_retrieval chain 92 ZA%t

# 2. langchain/7.RAG/5. conversational/5.3 full_conversational_rag.py
from langchain.chains import create_history_aware_retriever, create_retrieval_chain
from langchain.chains.combine_documents import create_stuff_documents_chain

history_aware = create_history_aware_retriever(llm, retriever, rewrite_prompt)

¢ WY promt - ZYE 24 + i3} 0/Z + O/ HE

ga_prompt = ChatPromptTemplate.from_messages([

("system",
"Gl 2ESE A 7|8 QA OA[AEHEQLICE. otz ZAMDE 2o HEtMe.
"EAMOY o™ 'R ALELICH .\n\nZA:\n{context}"),

MessagesPlaceholder("chat_history"),
s, S,
D

doc_chain = create_stuff_documents_chain(1llm, ga_prompt)

# = ol Zgt - ZAME history-aware, EfH T history £ &0/ 2
rag_chain = create_retrieval_chain(history_aware, doc_chain)

create_stuff_documents_chain 2 ZAMEI EMES TEIZEQ| {context} Ol MY O &S UEE= EE A
| o

QIRILICL create_retrieval_chain O| "history-aware ZM . EA Zg EH"S o}LIC
Ct.
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IOIE: [H3H RAG = F 20X O|Z 2 SLICH A ThA|o| 2| RYZFA 1t BHH ThA|o| o=t JtdIL|C},
3t history-aware & MHE11 EHH TIETE= = _

= [=]
JCHE FH, AL A2 E|X|2F B E.A5-40] 32
L|C

30 oy g
o> 1= o=

—_

4. M| 2|t o =22

Of2] AFSAZL SAl0 H&SHE AMH|A21H, Tt O|ZE AMEXRIE R 22|00k gLICH J™X| 4™ A of =t} B 9
B0l A

QILICE MM ID £ 7|2 HI2E|E XMESIT, RunnableWithMessageHistory 2 H|Qlo| Xt= ZEsL|CT.
# 2. langchain/7.RAG/5. conversational/5.3_full_conversational_rag.py

from langchain_core.chat_history import InMemoryChatMessageHistory
from langchain_core.runnables.history import RunnableWithMessageHistory

# MM HZ2| ZE - session id E2 [f35} 0/ S U2 HE
sessions: dict[str, InMemoryChatMessageHistory] = {}

def get_session_history(session_id: str) -> InMemoryChatMessageHistory:
if session_id not in sessions:

sessions[session_id] = InMemoryChatMessageHistory()
return sessions[session_id]

conversational_rag = RunnableWithMessageHistory(
rag_chain,

get_session_history,
input_messages_key="input",
history_messages_key="chat_history",
output_messages_key="answer",

RunnableWithMessageHistory = &% MOt} s MMQ| 0|2
M EHE-BHS CHA| MEELICH 72 Xb= 0 0|28 =Y |2 ¢
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# 2. langchain/7.RAG/5. conversational/5.3_full_conversational_rag.py
def chat(question):
out = conversational_rag.invoke(
{"input": question},
config={"configurable": {"session_id": "demo"}},
)
print(f"A: {out['answer']}")

chat("NvMe 7t ZO0F?")
chat("17 PCIe ¥ AMICH A=C?") #e<5100AME M5t 22
chat("1 SATA SSD 9 £E& 0|=?7")

&2 session_id="demo" QoA M| HO| EFO0| XtAAZHA| O|{EILICE. InMemoryChatMessageHistory & I

ZMA HZ2E2|0f MESIEZ MHE THAIZISHHE ARZHELICH S thetyt 2 R6HH Redis Lt DB 7[8 S|AER| AEHO
2 WH[SHA LT}

S HOIE: HE| ALEX} MH|AWA = session_id Z CHSHE ZHz2|sHOF BiL|Ct,
RunnableWithMessageHistory 7} MMEH 0|32 EE.NEE AISLStER, 2IRE= MM ID ot MEHSHH
=IL|C}

= .

5 HEHAE 21z a2

Chet7t ZOX|HE 2= 0|HE
HoH 2RIt Li7L H|IE0| &

rE

ol M2| 7tset B2 otA)

S PO EX| g1 22|3HOF LY.

i

DEZEO EE & §ELICH LLM 2 ZHAE RI=2(3t
a= L s
Ho =

o
SfLC. mh2tA o

et I s#o|com

52 NEtgH 9 QeHE cist Zapy7| ChaohR|et B 2t A

gok(summary) o chote 2% M Y2t BE Q0 H|S Wy

£2 ot 7l £2 SR By FUstxlet £2 AN TR
J¥a Skt AR "H|2 9 et SXI'ULICE history-aware THEIOIAS ofxt] F2o0| =2 #22 MaHE D
24 AT 9191 2 0j210] BRSXIZ RALICH Al 727} XY 29 2|2 Helsl B i ) 9K
BLc

Slia] ZRIE: izt 0|2 AHLHO|X} HISRILICE Z4E! |2 NE RA[L} RO =
2 =
=

A
2t2|BtL|C. history-aware retriever SE£0]| Z4A
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O] ME{O| M= T RAG 7t 34 EZ20||M 7HX|= 2H|E FITHstD, history-aware retriever 2F MM H 22| 2 XtHA
22 HE|H o E 7ol WS ATBELICE O|X| XI27HK|2| ZE 7|SS oiLte 2t El Z2MEZ Sgie K|
2| LCt
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A A = | ot

XE ZZHE: FM HZEY RAG X
=, Qe 22 A, MOISE, EH, LHEIXL Day 3 0 2 BE £248 siLiel SXBtE Yoz B
S},

O[A| OFX|2FAL|CE M AZ MEM 2HE 7|5S2 it 2tME TEME( 10.project/13.document qa )E E
SretLICE O] 222 PDF-TXT EAME E2I2KE 22|10, AHS2Z QdMstn S532 H1, MX[st, E4
HIotH AEZ|UOZ EStH EM7HA| 20| ELICL O] ME{OA= MA| X2 [EE 10, A% St 7 |o x1|:'E|
AEZ OF2[gL|C}.
o N
1. b=l Hof ofH 11
XE M2 ZHE AO|EHIRE 2F *E JHOZ LHEL|CH AO|EH= E2lO H EE HEE Y 2N F5(
HE Zgho| 1, F0= HES Fadh= ozt FHo| AUSLICE

© HIOt0|H A (GenAl Labs)

jeme e mm e m e

DRAG-AND-DROP
UPLOAD AREA

_________________________

[ Company_Policy.pdf [BJ

CHAT THREAD

[WHAT ARE THE NEW POLICIES ON REMOTE WORK? j

i ™
REGARDING REMOTE WORK, EMPLOYEES MAY NOW
WORK UP TO 3 DAYS PER WEEK FROM HOME.

SPECIFIC HOURS REQUIRE MANAGER APPROVAL...

SOURCES
[ Project_Specs.txt Eﬂ + Company_Policy.pdf
* HR_Update.txt
[ Q3_Report.docx E]] 5 /
Assistant is typing...®
[ ASK YOUR QUESTION HERE ] [ SEND J
HE 2M QAN ot 7Y: 25 2M PRE 28, 22 FO|SHI} £H(Source) EA

RAG 7HERF 1h (32)
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A | £A QA |
[ 1 | [ 1 |

| o Zoick | | | Q: NVMe 7t %OF? ||
| £71/2% | | | A: NVMe = PCIe 7|t SSD ... | |
|

| Z2{: nvme.pdf | |
- nvme.pdf [x] |
- ssd.txt  [x] | | '
|
|

O| 3t 21HO| A OHE BDE JMEZQIES SEBILICE RFZE HHL POST /upload , EA S5 GET
/documents , K| HHE2 DELETE /documents/<filename> , 2 ME2 POST /ask QL|CL.

2. x|t HEHE MH

U2 2 HEE 911, LangChain AEXHE(QHE-LLM-2E7|- ZEZE)E ot H X7|st | RHARZELICH HIZ
7l 2E0| MX| 10 .env Ol 7t ZLICE

# 10.project/13.document_qa/app.py
load_dotenv()

app = Flask(__name__)
app.secret_key = "document_ga_secret"

UPLOAD_DIR = os.path.join(os.path.dirname(__file__), "uploads")
CHROMA_DIR = os.path.join(os.path.dirname(__file__), "chroma_db")
ALLOWED_EXTENSIONS = {"pdf", "txt"}

os.makedirs(UPLOAD_DIR, exist_ok=True)

embeddings = OpenAIEmbeddings()
1lm = ChatOpenAI(model="gpt-40-mini", temperature=0)
text_splitter = RecursiveCharacterTextSplitter(chunk_size=1000, chunk_overlap=100)

client = openai.OpenAI(api_key=o0s.getenv("OPENAI_API_KEY"))

HE M= 2R Mot 22 ZEH.J4 Z6 2 Hof FLICEH Chroma 24| W4o| 2 7|Z HIo|H 2F0|EZ,
MHE MAEBH = 2lE Aot 27t &0F AS LT
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# 19.project/13.document_qa/app.py
def get_vectorstore():
"""ChromaDB HIE{ A ZA 7}AH 27| (YO AMMy" "
return Chroma(
collection_name="document_ga",
embedding_function=embeddings,

persist_directory=CHROMA_DIR,

3. Q2 +olgy 52t

UZE AEHQIE

07| M BtLtZ BN

rir
N

KE 2E MY UHE S ot SEQE ME|YLICL Day 3 2 2~3 ME{0|A Liw 2 LHEO]

o
r
o

# 10.project/13.document_qa/app.py
@app.route('/upload', methods=["'P0OST'])
def upload():
if 'file' not in request.files:
return jsonify({"error": "mO0| YSL|Ct"}), 400
file = request.files['file']
if file.filename == ""':
return jsonify({"error": "I} 0| MEHLE|Z| QUQUESL|CI"}), 400
if not allowed_file(file.filename):
return jsonify({"error": "PDF EE= TXT oot Z|StL|CH"}), 400
filename = secure_filename(file.filename)
filepath = os.path.join(UPLOAD_DIR, filename)
file.save(filepath)

ext = filename.rsplit('.', 1)[1].lower()
loader = PyPDFLoader(filepath) if ext == 'pdf' else TextLoader(filepath, encoding="utf
documents = loader.load()
for doc in documents:
doc.metadata["filename"] = filename

chunks = text_splitter.split_documents(documents)

get_vectorstore().add_documents(chunks)

return jsonify({"message": f"'{filename}' YZE 247",
"chunks": len(chunks), "pages": len(documents)})
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-

4. AE2|Y WoISE

x| & TEHEO| XPHE 2 SSE(Server-Sent Events) AE2|AQIL|CH EfHE B Hoj| ELX| ¢t E
CHE S22, AFSXE} EHo| EHO|E|S AMAIZHOZ B2 BiL|Ch HME LangChain 22, AE2|Y
22t0[HEZ X2[FfLCt.

RIS

=
I_ o o
A2 OpenAl

# 10.project/13.document_qa/app.py
@app.route('/ask', methods=["'POST'])
def ask():
question = request.json.get('question', '")
if not question:
return jsonify({"error": "AE2& UBASINL"}), 400

vectorstore = get_vectorstore()
try:
docs = vectorstore.similarity_search(question, k=3)
except Exception:
return jsonify({"error": "R E2EE 2AM7} AUSLICI. HA EAME YZESFINL."}), 400
if not docs:

return jsonify({"error": "Z&#H EME ZHES £ YSLILCIH"}), 404
context = "\n\n".join([f"[{doc.metadata.get( filename', '& £ ¢'2')}]1\n{doc.page_con

sources = list(set(doc.metadata.get('filename', '& £ gY&') for doc in docs))
def generate():
response = client.chat.completions.create(
model="gpt-40-mini",

messages=[
{"role": "system", "content": "} EAME=2 ZILI50 HHSIML. 2AM0 2
{"role": "user", "content": f"EAME:\n{context}\n\n&Z: {question}"}

iP5

stream=True, temperature=0, max_tokens=1000,
)
for chunk in response:
if chunk.choices[@].delta.content:
content = chunk.choices[@].delta.content
yield f"data: {json.dumps({'content': content}, ensure_ascii=False)}\n\n"
yield f"data: {json.dumps({'sources': sources}, ensure_ascii=False)}\n\n"
yield "data: [DONE]\n\n"

return Response(generate(), mimetype="'text/event-stream')

HH EIS D5 SSHEH F, DX X SES o H O WEYLICHL ZEEAJEE content O[HIEZR EHS O
0f 20|11, sources O|HIEZ EXZ HA[SIH, [DONE] 2 AEY ZEE QIAElLIC
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Sy HQIE: AEZ|Y2 A2 HOZHE H|Z SEHHES EQLICH ZME LangChain( similarity_search )2

AEQ| stream=True = 6t1, SSE HAl( data: ...\n\n)2E EHE

zH e IS HAHELICE Day 3 9| 4~5 }ME

# 109.project/13.document_qa/app.py
@app.route('/documents', methods=['GET'])
def list_documents():
if not os.path.exists(UPLOAD_DIR):
return jsonify({"documents": []})
files = []
for filename in os.listdir(UPLOAD_DIR):
size = os.path.getsize(os.path.join(UPLOAD_DIR, filename))

files.append({"name": filename, "size": f"{size / 1024:.1f} KB"})
return jsonify({"documents": files})

@app.route('/documents/<filename>', methods=[ 'DELETE'])
def delete_document(filename):

filepath = os.path.join(UPLOAD_DIR, secure_filename(filename))
if os.path.exists(filepath):

os.remove(filepath)

return jsonify({"message": f"'{filename}' AfH 2=F"})

return jsonify({"error": "O}YE XS £ QYSL|CI"}), 404
. : =
6. T EQL: staticQ = £
X2 = HAS(AEZLQIE) Tt ZELICH StHS HIES! AT 10| HH mpUZ 22|efL|Ct WASE / oA

index.html 2t 1 H LiZ{ELH12, style.css - app.js = Flask7l /static/ QE X}= ‘Io'°.=. L|C}.

08_final_Al&.py
static/
- index.html # Z}: 2A AIO|CHH(YRE.ZZ.4AHH|)

- style.css # C|Atol (22 - 2o 2A)
L app.js # QEE / SE-MH / SSE AEZ|Y Q9|

CH 3
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# ¥ ZHEQE AY (render_template g2 EIEZ AZE O/ALE)

from flask import send_from_directory

@app.route('/")
def index():
return send_from_directory(app.static_folder, 'index.html')

app.js OlAM 7H& IR R 222 /ask 2 SSE AERIZ &= ZHLICH E2(data: {content} )2 Qo UE

Moj| o|of 0|12, OFX|2tofl ZX{( data: {sources} )2t ZZF( data: [DONE] )E X2|EL|Ct,

// static/app.js — SSE AEZ AHl (LX)
const reader = res.body.getReader(), decoder = new TextDecoder();
let buf = '';
while (true) {
const { value, done } = await reader.read();
if (done) break;
buf += decoder.decode(value, { stream: true });
const parts = buf.split('\n\n"); buf = parts.pop(); // OFZ(8F O0j2tA RZF 52}
for (const part of parts) {
if (!part.startsWith('data: ")) continue;
const payload = part.slice(6);
if (payload === '[DONE]') return;
const obj = JSON.parse(payload);
if (obj.content) bubble.firstChild.nodeValue += obj.content; // E
if (obj.sources) { /x =X HAl #/}

rly
2

CIXIRI2 style.css Bt ZOp7|RH ELICH HTML #£Z( .app - .sidebar - .chat - .log - .msg )= 1CH
2 51 CSSEH uH[SHMIK(0l: ChatGPTE 0| #&0i| Stz CIXFRl CSS" M), HHAlE.HTML- S&H2 &LHX|
gtot ElLICE
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# 10.project/13.document_qga/requirements. txt
flask

openai

langchain

langchain-openai

langchain-chroma

langchain-community

python-dotenv

pypdf

#u3 Y NY

pip install -r requirements.txt

~

# .env Iof 20 OPENAI API KEY=sk-... & &% (ZEO= 7|E& XX U=CF)
python app.py
#-> HEfLX 0| A http://localhost:5000 &=

™ AMHSIH CIHO REZ e A= HIE DB ClalE2| 2271 2£0f| ZHEILIC flask
run O %%%*¢E UOLt, o] ZZHELE app—run(debug=True) £ TIYH™0| F0{ python app.py E 7|2

-
SRR

u
0z
o>
i
n

8.7l H|3Z|AE

XI@7X| Day 3 OllM CHE 7|0 & ZEHE| 25 S0 J=A| HAYLICH

s AEmQIE Mg o

2 M YZE(PDF/TXT) POST /upload 2 d43 + N¥

Its QlEA POST /upload 3 EENHZ . aHd
ZM == GET /documents 4 =20 AN

=A AH| DELETE /documents/<filename> 5 = HA

zo|gLt POST /ask 6 M

EX HA| POST /ask (sources) 6 filename gtet
AERY SE POST /ask (SSE) 8 EZ R NS
CHs} o history-aware retriever 7 HEE =t
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H5t2{™ ALLOWED_EXTENSIONS O docx £ F715t3l Docx2txtlLoader Z2 ZO=Z 27|6HH &
g

=
L|C}. CH3t 0|22 Day 3 7 ME{2| RunnableWithMessageHistory INEIS /ask Off Zgtel MME HE|EOZ &t
et 2 ASLICt
A HQIE: 0] Bt MEJF Day 3 2| ZE FHE BHELICHL HEE.-QlElA. a2 AN 2o SH-EX- AEE|
ol Zxfe| AEZQIEZ BE|E|0] Q1, &A M™ME .env 2 os.getenv = QHNSIA| CIEL|CE O7|M &
el 21F, 20 2z izt 0], B4 22| E CoHH MAMH|AZ WHAIZ 5 JELICEH

=

ME, EX BAl, Che} 0|ZH0|2t= MH| Ao S

=2M-d

Day 3 £ OFR2|BfL|Ct. RAG IH0|Z2tQ1g $t tH
T

2 0k AHEOH, O NBTD} el U2 ks
MHIAZ BoiZtBLIC AlS 22, RES %

- HF
e |I-{0

HQ

2 ZZME otoj| 25 A0t UAELICH
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OpenAl APl AtZ (Chat Completion) O 1.openai/l.intro
CLI/ HE|EH M2 0] 1.openai/2.chatbot _ui , 3.chatbot2_history
Embedding A4 (@] 1.openai/7.rag/3.rag_local_embedding.py
Vector Search (cosine, Top-K) =& : : C
o (@] 1.openai/7.rag/4.rag_cosine_similarity.py
ChromaDB Al 0 2.langchain/7.RAG/3.vectorstore
LangChain RAG (LCEL) 0 2.langchain/7.RAG/4.rag_chain
PDF / TXT / DOCX QA (@) 2.langchain/7.RAG/2. loaders
Flask REST API o] 2.langchain/7.RAG/8.web_app/5.file_manager_restapi
M HES /AH / THQIE A 0 2.langchain/7.RAG/8.web_app
Chat History 7|2t RAG 0 2.langchain/7.RAG/5.conversational
AH RAG ¥ MH|A (Day 3 T2 H|
E) (@] 10.project/13.document_qa

Mg B3 2

# Python 3.10+ HZ. JIA3EH4 5 A3

pip install openai langchain langchain-openai langchain-community \
langchain-chroma chromadb pypdf docx2txt flask python-dotenv \
sentence-transformers numpy

# OO|ME HENAl H&5ta{H FII2:

pip install langgraph

=]

# .env O 7| 23 (20 Ay HA & A)
# OPENAI_API_KEY=sk-...
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ok Rol: API 7|2t THRIFE(OIE-0IHY S)= ZE-20-2|F 270l 2 ZeidtA|

- ool &Y Z U HIEAl Lenv
Ha2 e e C,

et
oX
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A TSHAALICH

32 =9t OpenAl API0|A A|ZHSH LangChain, 12|11 A RAG RIA{H|A
THK| 22N &LICEH O] O|L|E0| UM 2A] 7|8F Al H|AS =™ MA|

el — i O — —

ofal o= ==t EYHO| E7|S HIELIC

nS - %o - Zd 29
Al - LLM - RAG - 2Z 22 . S2IRL . TH/FHU[E|A . Hot

el S2E 7|l JiE ot T2 MAS HIECZ,

2 Hgtx] £%0| 2= 282 M2
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