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Retriever | Prompt | LLM, J2| 11 M2| ZHX]

Prompt a45-87
JéI_E_ —> Retriever —* IIEl . 1_317_' —> LLM — L_EIH:E + %x-l — > (§|-7|- RAGLS)

M2l =4 (LCEL) 2= Hol= Lz A

* . .

chain = ( o =X 2l& (Citation)
{"context": retriever,

"question": RunnablePassthrough()}

| prompt | 1lm | StrOutputParser()
) °

[ ]
riot

2t AZ (Hallucination)

2k I7} (RAGAS)

Oﬁ
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Z£X: Day 2

& - Retriever - context Z& - Prompt - LLM > EtH+EA

® format_docs Z context A%}

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

@312t Jlc ZEOE

prompt = ChatPromptTemplate.from_messages([
("system",
"ot =AM ZOSHAM HStML. "
"N oW 'mEAALCH tD "
"SHSEM 2. \n\nEAM :\n{context}"),
("user", "{question}"),

D

® LCEL H[Q! (

e
3)
o

Eh

(

RunnablePassthrough.assign(

context=lambda x: format_docs(
retriever.invoke(x["question"])))

prompt

| 1lm # temperature=0
| StrOutputParser()

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

assign O| question EZ= + context &7}

o A0 glE AE > "EESLICH

RAG Chain
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-

A2 - Retriever > context > Prompt > LLM > EitH

vector store

%_]J % format_docs ChatPromptTemplate answer box
r ' Y '

user question box RAG retrieves

‘ 3 [ relevant documents
What is RAG? _>[ Retriever :> ?% ::> }—::){ the LLM :>[Str0utputParser ::> and grounds the
answer on them.

J s J Sources: [1] [2]

{context}

{question}

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

RAG X! - HZ->Retriever>context Z& ->ChatPromptTemplate({context},{question}) >LLM->EHH+ZX - 'EA{0f| g™ ZELC} 2tz 7tE
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o[
02

=2H0 EX= Ch= 2EH2 (1-2)

IHE1 1 — Inline citation (2 2% 2)

o

= A= H SES EZst= EYLCH [docl p.3].
A HAs dHEez EME HEZ HES= AYLICE [docl p.5][doc2 p.12].

I§E1 2 — Footnote / Reference

2k -

[1] RAG SHEE, page 3
[2] RAG SHEE, page 5
[3] #EDB 2Z, page 12

Z£X: Day 2

RAG Chain

7120
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;
ol

- M7t =x:Day2 ) [ RAG Chain

HHO| EX S Ch= AElY (3) — Ul ol0|2}0|E
IHE1 3 — Source highlighting (UI)

=A =

x

|

| RAG 3HEE — page 3 |

| "RAG (Retrieval Augmented | « EftHO| AI2E 2 3l0|2I0|E
| Generation) = ZHA ZHuE|
|
|

@ HHol| &H|E M0l RS YUEIM ZE — AEXI7E 2HE Bhz0l| THE.

—
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LLM 0] 21& O} & &IF

DE + CHME 2tug

from langchain_openai import ChatOpenAl
from langchain_core.prompts import ChatPromptTemplate

CITATION_PROMPT = ChatPromptTemplate.from_messages([
("system", """CI& 27 EMEE0 HHSINL.
2t 24 20 ArEst EAMel & ot# “[doc N]°
HEAl 20[MLe. Z2AH0 el "RELCH".

{context}
||||||)’
("user", "{question}"),

D

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

def format_with_ids(docs):

"""Tdoc 1] [doc 2] Aoz gpdg] " n

return "\n\n".join(
f"[doc {i+1}] (&H: "
f"{d.metadata.get('source','?')} "
f"p.{d.metadata.get('page','?')}F)\n"
f"{d.page_content}"
for i, d in enumerate(docs)

MAMS] Al 7|8 RAG JH2 A 2} - Session 16 - RAG Chain 7+&: &4 212 -

golc =

Z£X: Day 2

RAG A2l + 22X

def rag_with_citation(question: str):

docs = retriever.invoke(question)

context = format_with_ids(docs)

answer = (CITATION_PROMPT | 11lm).invoke(
{"context": context, "question": question})

# 22| — [doc N] OFAHE 4AH source 2 2|8
import re
def expand_citation(m):
idx = int(m.group(1)) - 1
d = docs[idx]
return (f"[{d.metadata.get('source','?')}"
f" p.{d.metadata.get('page','?')}1")

final = re.sub(r"\[doc (\d+)\]1",
expand_citation, answer.content)
return final, docs

answer, sources = rag_with_citation(

"RAG 9| 34 THA=?")

print(answer)

"RAG = Mol - ZM - EFeH 3CHA|
2 2HELCt [rag.md p.3]."

RAG Chain
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HF RAG 72X 2} - Session 16 - RAG Chain 721 &4 ol . A

el Ex-

ExXof| Eol gls AME2 4ZMOLt 8l chunk Off FEO| gl=0l= LLM 0] ‘4
2] X HE =% doc1 2| AtA 3t doc2 9 A E EX AY

AME =2 2020 Xt=et 2024 Xt=z7t 3=, A T ATf

D AUk X[ A =X0| gl= HES stasl 2t X[AL= B

1. Self-check — LLM Of|A| "EtH0| =X{0f| Z&t=|=71?" CIA| 23
2. NLI 2 — Natural Language Inference Z entailment 43
3. Citation density — EfH Z& == vs 212 = (1:1 0| & #HEH)

Self-check ¢t & TELOE

verify_prompt = """CtZ WOl 202 ZH MM E& Jts58HI}?
JtsotM "YES", &7hs5tH "NO" o §A ofH HEOo| 2o sz 12F.

27{: {context}
ctH . {answer}

re
H1

o Tlob ot
N opo ot

rlot
oot

Z£X: Day 2

RAG Chain
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ol

- M7t =x:Day2 ) [ RAG Chain

Natural Language Inference D22 A& S

# pip install transformers
from transformers import pipeline

nli = pipeline("text-classification", model="cross-encoder/nli-deberta-v3-base")

def check_entailment(premise: str, hypothesis: str) — dict:
"""premise (Z7{) - hypothesis (EtH 22Z&) 7 entailed QIz]."""
result = nli({"text": premise, "text_pair": hypothesis})
return result[0]  # {'label': 'ENTAILMENT'/'CONTRADICTION'/'NEUTRAL', 'score': 0.xx}

answer_sentences = answer.split(". ")
context_full = "\n".join(d.page_content for d in source_docs)

for sent in answer_sentences:
if not sent.strip():
continue
result = check_entailment(premise=context_full, hypothesis=sent)

= 0

[ENTAILMENT 0.92] RAG = MOl - ZAf - crd 3CHA 2 IS EL|Ct
. [NEUTRAL 0.54] oz 13 H Holo| HZELICt <« X0 gl 32
[ENTAILMENT 0.88] QUH|Z 2@ @ A| A{A4QI0] =BtL|Ct

4N

=

@ 2% I8 NEUTRAL 5= CONTRADICTION &= 30% HoH HHE "ehilg ~ 3" OF ZSEIALE AEXIo|A 210

11/20
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ol

Retrieval =M vs Generation =M

HE=| =M o
Recall@K Retrieval

MRR (Mean Reciprocal Rank) Retrieval
Context Precision Retrieval+LLM
Faithfulness Generation
Answer Relevancy Generation

=3 flx| et=0l

&lo| - [Retrieval] - top-K - [Generation] - ©H
T Recall@K-MRR T Faithfulness-Answer Relevancy
Context Precision & % LA ApO]

Tt Clloje{ A

e Golden set = (22|, A& chunk IDs, &l EtH) 50~20071

I

o M| =1 LLM 22 "0| 2M0[M dd Jtstt BHE 5" =2 F AR E

e 27| H|O|E{: BEIR, MS MARCO, RAGAS-Wiki

. 7}

o

Al
T

ol
HE chunk 7t top-K 2t E0{ =7t

HEO| KN & R HMf — 1/rank B+

top-K & AN|Z2 HHo| M2l H[Z

SHHO| EX0f| Z A%} (hallucination §13)

ChH
[=|

o
&

=2t

OI-

O]

A

=0 &

>
HU

Z£X: Day 2

RAG Chain
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Retrieval =M

Recall@K ES Fs b e

$$ \text{Recall@K} = \frac{|{\text{™E!}} \cap {\text{top-K}}}H[{\text{HE1}} $$ golden = [
{"query": "RAG 29| E2Z&2>",

o AlO| St JHELQ EE=1 (Jctsllél-ol Kl = QO™ '|) "answer_chunk_ids": ["c_001", "c_042"]},
# ... 10074

o Of2{ HEO| JASH H|E :

. . def luate_retri 1(retri , lden, k=5):
« K=57}95% O|A} 0|2 retrieval %S e e e BT
. for item in golden:
MRR (Mean ReC|proca| Rank) results = retriever.invoke(item["query"])

retrieved_ids = [d.metadata["chunk_id"]
for d in results[:k]]

$$ \text{MRR} = \frac{1H{|Ql} \sum_{qg \in Q} \frac{1}{\text{rank}_q} $$ doldeniset = set(iten["answer.chonk 1ds"1)
o MEFchunk Q| 20| & WA # Recall@K

hit = len(set(retrieved_ids) & golden_set) \
+ 191211, 29/81 0.5, 109171 0. / en(gotden_se)

recalls.append(hit)
e 0.7 O|&f0|H £2

# MRR - X Hgeol o4

for rank, rid in enumerate(retrieved_ids, 1):

if rid in golden_set:
rrs.append(1 / rank); break
else:
rrs.append(0)
return (sum(recalls)/len(recalls),
sum(rrs)/len(rrs))

r, m = evaluate_retrieval(retriever, golden)
print(f"Recall@5 = {r:.2f}, MRR = {m:.2f}")

Z£X: Day 2

RAG Chain
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Generation 8 — LLM-as-Judge

Faithfulness — EH0| X0 S&Ict7} (0~1)

F0{Z2 EH = 57 &
2t 20| context 0] entailed E|=7}?
- entailed H|& = faithfulness &A%

def faithfulness(answer, context, 1lm) — float:
||I|IILLM 9; EH-I-?_:' _E_%I- 7_||-7_||- a%.llllll
prompt = f"""EHO| ZI FZA0| context OAf

£ & 7ts%Al yes/no:

Context: {context}
= {answer}

Zt =0t £ ©e[2 "yes" Ex "no" T =3,
result = 1lm.invoke(prompt).content
decisions = [Ll.strip().lower()
for 1 in result.split("\n") if 1l.strip()]
if not decisions:
return 0.0
return decisions.count("yes") / len(decisions)

K IS -

Z£X: Day 2

Answer Relevancy — Z& < EtH Mot

def answer_relevancy(question, answer,
1lm, embeddings) — float:
"HHEEHOA LLM o] dExESt HFE NHE
o A3 AHlE |AIEE H|w. """
reverse_prompt = f"""CI2 EHO| RS o,
7tsst AtEAF EE 3ME TENL:

= {answer}

28 32 5 =4 =3

=1 — = i B

generated_questions = 1lm.invoke(
reverse_prompt).content.split("\n")

q_emb = embeddings.embed_query(question)

sims = [
cosine_sim(q_emb, embeddings.embed_query(gq))
for gq in generated_questions if gq.strip()

]

return sum(sims) / len(sims) if sims else 0.0

@ T HEZ| BF LLM-as-Judge — XI=3} 7HS38HK 2 LLM S = H]

RAG Chain

=
= E;A

O

15/20



MMS Al 7|HE RAG 7HE X} IHH - Session 16 - RAG Chain £&: £X4 212 - A4S - Lot =%{: Day2 ) [ RAG Chain

nip install ragas — 5CH HIE2! St Hoj|
)

==
HIL Mol + & Z1} + H|E=] Tt
from datasets import Dataset # {
from ragas import evaluate # 'context_precision': 0.82,
from ragas.metrics import ( # 'context_recall': 0.78,
context_precision, context_recall, # 'faithfulness': 0.91,
faithfulness, answer_relevancy, # "answer_relevancy': 0.85,
answer_correctness, # 'answer_correctness': 0.74,
) # }
# ™It ol — (&9, RAG ©H, context, ¥Y EE-| ot > L III:I'
data = { I:I'"——|0| EE:I'I': — L
"question": [i["query"] for i in golden],
"answer": [%["r‘ag_:fmswer'"] for 1 %n golden], Lto g Eal o|Al slo] e
"contexts": [i["retrieved"] for i in golden],
"ground_truth": [i["true_answer"] for i in golden], context_recall ¥ X2l =2 [ oln|g] oFst chunk_size =& 22 mH|
+
ds = Dataset.from_dict(data) context_precision top-K HE 2 reranker &7}, K 4
result = evaluate( faithfulness LLM O] hallucinate OI=EIE Z3%} temperature ¥
dataset=ds,
metrics=[ answer_relevancy TETE EXgt ANAHIIETE CHE7|
context_precision,
context_recall,
faithfulness,
answer_relevancy,
answer_correctness,
1,
)
print(result)
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1CH4| — Golden set 1% (102) 2EtA| — 37}X| retrieval H| (10£)

AOJIH &= =2 b= IS
o ﬂ|_|°H — T'_‘klE ET'_'107H i) # A. Similarity (baseline)

retriever_sim = vectorstore.as_retriever(

o ZF AIR0OICHEMO| EHR/U= chunk_id 1~37H FEA| search_kwargs={"k": 5})
e LLMOA| "O] chunk £ BF= £ U= EZE 374" Xis HAHEE OK # B. MMR

retriever_mmr = vectorstore.as_retriever(
search_type="mmr",
search_kwargs={"k": 5, "fetch_k": 20,
"lambda_mult": 0.5},

# C. BM25 + Vector hybrid

bm25 = BM25Retriever.from_documents(all_chunks)

bm25.k = 5

retriever_hybrid = EnsembleRetriever(
retrievers=[bm25, retriever_sim],
weights=[0.4, 0.6])

# ZtZF Recall@s =4
for name, r in [("sim", retriever_sim),
("mmr", retriever_mmr),
("hybrid", retriever_hybrid)]:
recall, mrr = evaluate_retrieval(r, golden)
print(f"{name}: Recall@5={recall:.2f}"
"  MRR={mrr:.2f}")
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-
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MM Al 7|8 RAG ZHE XL 2FY - Session 16 - RAG Chain 715 &4 Q18 - A4S - I}

251N @ (108) —HH A5 + H1

3CHA4| — Citation Eitd AiM (58) < inl

e 9| £210|E9| rag_with_citation() XH& e Sim/ MMR / Hybrid & CH&F =H|Qlof| 71AF Metst 71 + 6 = 0|]
o HE 3710l =4 218 HtH =0l e Faithfulness 7} WAH EH AR 14

4Tt — Faithfulness 3 (5&) It 7|=

e RAGAS = &H self-check TEZE e Recall@5 0.7 0|4 = %=

o H== 0.7 0|2t EtH 171 &0} 0{C| 7t hallucination 21X &4 e Faithfulness 0.85 0|4 = Y 7}

o = HEZ0| 25 HOH 5 chunk_size Et= system prompt £E| MAE
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SHAl G7}X]

1. RAG Chain =4 = Retriever - format_docs(context) - Prompt > LLM (LCEL)

BIZh7lE — "2 M0|| QO™ REL} TEDE + temperature=0 ©Z RAG IO|ZZ20l b

>

IS 218 = ZEEE X|A| + A2

ODEnE
Hallucination ZZ — NLI £ 27{-EhH 2x| 2ol
. 4 =7t 5CH X|E — Recall@K-MRR-Faithfulness-Answer Relevancy-Context Precision

. ["4 RAGAS Z RAG EZ2I2 M2k £H

® o r W N
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