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Fig. 4. RAG compared with other model optimization methods in the aspects of “External Knowledge Required” and “Model Adaption
Required”. Prompt Engineering requires low modifications to the model and external knowledge, focusing on harnessing the capabilities
of LLMs themselves. Fine-tuning, on the other hand, involves further training the model. In the early stages of RAG (Naive RAG),

there is a low demand for model modifications. As research progresses, Modular RAG has become more integrated with fine-tuning
techniques.
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5. RAG using Wikipedia and PDFs Al&

5.1 Source Code (RAG using Wikipedia)

# conda create -n rag transformers

# conda activate rag

# conda install pytorch torchvision torchaudio pytorch-cuda=11.8 -c pytorch -c nvidia

# conda install -c conda-forge faiss-gpu

# pip install langchain pdfplumber datasets

# pip install wikipedia sentence-transformers tiktoken

# pip install --upgrade huggingface_hub

# pip install --upgrade openail

import numpy as np

fromtransformers importAutoTokenizer

fromlangchain_community.document_loaders importWikipedialoader

fromlangchain.text_splitter importRecursiveCharacterTextSplitter

fromlangchain_community.embeddings importHuggingFaceEmbeddings

fromlangchain_community.vectorstores import FAISS

fromlangchain_community.vectorstores.utils importDistanceStrategy

fromsentence_transformers importCrossEncoder

import os,openai

fromopenai importOpenAl

SHOW_INSIDE =True

# [1] harrypotter 7/¥/Z=¢] J3F wikipedia page 37) &/9]27]

pages =Wikipedialoader(query="Harry Potter",load_max_docs=3,lang="en").load()

# [2.1] text splitter §</

text_splitter =RecursiveCharacterTextSplitter.from_huggingface_tokenizer(
tokenizer=AutoTokenizer.from_pretrained("sentence-transformers/all-MinilLM-L12-v2"),
chunk_size=256, # 256 chars / chunk
chunk_overlap=16, # ©/-23}+ chunk*}°] 16 chars overlap
strip_whitespace=True, # chunk ¥ A/ &2 A

)

# [2.2] & Fo] X9 T]3}o] text _splittingd}o] chunks 7-3}7]

chunks =text_splitter.split_documents(pages)

if SHOW_INSIDE :
print ('\nsplit® chunk® 784=: ', len(chunks))
print('\nchunk[@]2] HAWE: \n',chunks[@])
print('\nchunk[0]%] page_content: \n',chunks[@].page_content)
print('\nchunk[@]%] metadata: \n)',chunks[@].metadata)
print('\nchunk[0]%] metadata title: \n',chunks[@].metadata[ 'title'])
print('\nchunk[0]%] metadta summary: \n',chunks[@].metadata[ 'summary'])
print('\nchunk[0]%] metadata source: \n',chunks[@].metadata[ 'source'])

# [3] bidirectional encpoder 25 ©]& %) Embedding &2/

bi_encoder =HuggingFaceEmbeddings(
#model_name="sentence-transformers/all-MinilM-L12-v2", model_kwargs={"device": "cpu"}
model name="sentence-transformers/all-MinilM-L12-v2" ,model kwargs={"device":"cuda"}

)

# question® I # chunk<l ]S embedding &ji 7]

embeddingl = bi_encoder.embed_query("Harry Potter")

embedding2 = bi_encoder.embed_query(chunks[@].page_content)

# [4] chunks EZ7E bi_encoderZE ©]&3F Y5 S AFS-3)iZ, dot-product”2/E ©]&3}% faiss index

g4.

# FAISS (Facebook AI Similarity Search)

faiss_db =FAISS.from_documents(
chunks,bi_encoder,distance_strategy=DistanceStrategy.DOT_PRODUCT

)

# [5] cross encoder <]




cross_encoder =CrossEncoder(
"cross-encoder/ms-marco-TinyBERT-L-2-v2" ,max_length=512,device="cpu"

)

cross_encoder. rank(

query="Do I like cats?",

documents=["I like cats", "I like horses", "I like dogs"],
return_documents=True,

)

client =0penAI(
#api_ key=o0s.environ.get("OPENAI _API KEY"),
api_key ="sk-proj-P1ldIkZ2685****k**k*kxxxi*x**tKn@x7vYAeqXrL18AR"

default_question ="On what date was the first book in the Harry Potter series originally
published?"
while True :

question =input("\nType 'q' to quit: ")

if question =="q':break
elif question =="'":
question =default_question

# [5] question] FAFEZ} 7} 71752 &9 259 chunkE F&
retrieved_chunks =faiss_db.similarity_search(question, k=25)
reranked_chunks =cross_encoder.rank(

(question),
[doc.page_content for doc in retrieved_chunks],
top_k=3,
return_documents=True,
)
context ="".join(doc["text"]+"\n---------- \n"for doc in reranked_chunks)

print("\n\n***3x]% ¢ @¥ 37] SEEH : \n",context)
if SHOW_INSIDE :
print(f"\n\n*** RAGe] 2|3t AT A9 {len(reranked chunks)}7l chunks® #|&Z3} =X
(URL)")
for doc in reranked_chunks:
corpus_id =doc["corpus_id"]
print(
f"Chunk {corpus_id}from '{retrieved_chunks[corpus_id].metadata[ 'title']}"
\n\t(URL: {retrieved_chunks[corpus_id].metadata[ 'source']})"

# Use OpenAI's LLM to generate a response based on the context
prompt=f"You are a helpful assistant. Based on the following details about Harry Potter,
{context}Answer the question.",

try
response =client.chat.completions.create(
messages=[
{
"role":"system","content":prompt,
"role":"user","content":question,
}
1,

model="gpt-3.5-turbo-instruct"”, # or "text-davinci-002"
"gpt-3.5-turbo-instruct"”
max_tokens=150,
temperature=0.5,




stop=["\n"]

print("\nOpenAI LLM®] ¥ :\n",response.choices[0].text.strip())
except Exception as e:

print("Error :

,€)




5.2 AlSiAN} (RAG using Wikipedia)

(rag) D:\myprojects\nlp\rag>python rag_wiki.py

D:\program\Anaconda30\envs\rag\Lib\site-packages\huggingface_hub\file_download.py:1132:

FutureWarning: ‘resume_download™ is deprecated and will be removed in version 1.0.0. Downloads

always resume when possible. If you want to force a new download, use ‘force_download=True".
warnings.warn(

Token indices sequence length is longer than the specified maximum sequence length for this model

(549 > 512). Running this sequence through the model will result in indexing errors

split®l chunk®] 744 18

chunk[0]9] A&

page_content="Harry Potter is a series of seven fantasy novels written by British author J. K.
Rowling. The novels chronicle the lives of a young wizard, Harry Potter, and his friends Hermione
Granger and Ron Weasley, all of whom are students at Hogwarts School of Witchcraft and Wizardry.
The main story arc concerns Harry's conflict with Lord Voldemort, a dark wizard who intends to
become immortal, overthrow the wizard governing body known as the Ministry of Magic, and
subjugate all wizards and Muggles (non-magical people).\nThe series was originally published in
English by Bloomsbury in the United Kingdom and Scholastic Press in the United States. A series of
many genres, including fantasy, drama, coming-of-age fiction, and the British school story (which
includes elements of mystery, thriller, adventure, horror, and romance), the world of Harry Potter
explores numerous themes and includes many cultural meanings and references. Major themes in
the series include prejudice, corruption, madness, and death." metadata={'title': 'Harry Potter',
‘summary': "Harry Potter is a series of seven fantasy novels written by British author J. K. Rowling.
The novels chronicle the lives of a young wizard, Harry Potter, and his friends Hermione Granger
and Ron Weasley, all of whom are students at Hogwarts School of Witchcraft and Wizardry. The
main story arc concerns Harry's conflict with Lord Voldemort, a dark wizard who intends to become
immortal, overthrow the wizard governing body known as the Ministry of Magic, and subjugate all
wizards and Muggles (non-magical people)\nThe series was originally published in English by
Bloomsbury in the United Kingdom and Scholastic Press in the United States. A series of many
genres, including fantasy, drama, coming-of-age fiction, and the British school story (which includes
elements of mystery, thriller, adventure, horror, and romance), the world of Harry Potter explores
numerous themes and includes many cultural meanings and references. Major themes in the series
include prejudice, corruption, madness, and death.\nSince the release of the first novel, Harry Potter
and the Philosopher's Stone, on 26 June 1997, the books have found immense popularity, positive
reviews, and commercial success worldwide. They have attracted a wide adult audience as well as
younger readers, and are widely considered cornerstones of modern literature. As of February 2023,
the books have sold more than 600 million copies worldwide, making them the best-selling book
series in history, and have been available in 85 languages. The last four books consecutively set
records as the fastest-selling books in history, with the final instalment selling roughly 2.7 million
copies in the United Kingdom and 8.3 million copies in the United States within twenty-four hours of
its release.\nThe original seven books were adapted into an eight-part namesake film series by
Warner Bros. Pictures. In 2016, the total value of the Harry Potter franchise was estimated at $25
billion, making Harry Potter one of the highest-grossing media franchises of all time. Harry Potter
and the Cursed Child is a play based on a story co-written by Rowling.\nThe success of the books
and films has allowed the Harry Potter franchise to expand with numerous derivative works, a
travelling exhibition that premiered in Chicago in 2009, a studio tour in London that opened in 2012,
a digital platform on which J. K. Rowling updates the series with new information and insight, and a
trilogy of spin-off films premiering in November 2016 with Fantastic Beasts and Where to Find Them,
among many other developments. Themed attractions, collectively known as The Wizarding World of
Harry Potter, have been built at several Universal Destinations & Experiences amusement parks
around the world.", 'source': 'https://en.wikipedia.org/wiki/Harry_Potter'}

chunk[0]9] page_content:

Harry Potter is a series of seven fantasy novels written by British author J. K. Rowling. The novels
chronicle the lives of a young wizard, Harry Potter, and his friends Hermione Granger and Ron
Weasley, all of whom are students at Hogwarts School of Witchcraft and Wizardry. The main story
arc concerns Harry's conflict with Lord Voldemort, a dark wizard who intends to become immortal,
overthrow the wizard governing body known as the Ministry of Magic, and subjugate all wizards and
Muggles (non-magical people).

The series was originally published in English by Bloomsbury in the United Kingdom and Scholastic
Press in the United States. A series of many genres, including fantasy, drama, coming-of-age
fiction, and the British school story (which includes elements of mystery, thriller, adventure, horror,




and romance), the world of Harry Potter explores numerous themes and includes many cultural
meanings and references. Major themes in the series include prejudice, corruption, madness, and
death.

chunk[0]9] metadata:

) {'title": 'Harry Potter', 'summary': "Harry Potter is a series of seven fantasy novels written by
British author ]J. K. Rowling. The novels chronicle the lives of a young wizard, Harry Potter, and his
friends Hermione Granger and Ron Weasley, all of whom are students at Hogwarts School of
Witchcraft and Wizardry. The main story arc concerns Harry's conflict with Lord Voldemort, a dark
wizard who intends to become immortal, overthrow the wizard governing body known as the Ministry
of Magic, and subjugate all wizards and Muggles (non-magical people).\nThe series was originally
published in English by Bloomsbury in the United Kingdom and Scholastic Press in the United States.
A series of many genres, including fantasy, drama, coming-of-age fiction, and the British school
story (which includes elements of mystery, thriller, adventure, horror, and romance), the world of
Harry Potter explores numerous themes and includes many cultural meanings and references. Major
themes in the series include prejudice, corruption, madness, and death.\nSince the release of the
first novel, Harry Potter and the Philosopher's Stone, on 26 June 1997, the books have found
immense popularity, positive reviews, and commercial success worldwide. They have attracted a wide
adult audience as well as younger readers, and are widely considered cornerstones of modern
literature. As of February 2023, the books have sold more than 600 million copies worldwide, making
them the best-selling book series in history, and have been available in 85 languages. The last four
books consecutively set records as the fastest-selling books in history, with the final instalment
selling roughly 2.7 million copies in the United Kingdom and 8.3 million copies in the United States
within twenty-four hours of its release.\nThe original seven books were adapted into an eight-part
namesake film series by Warner Bros. Pictures. In 2016, the total value of the Harry Potter franchise
was estimated at $25 billion, making Harry Potter one of the highest-grossing media franchises of all
time. Harry Potter and the Cursed Child is a play based on a story co-written by Rowling.\nThe
success of the books and films has allowed the Harry Potter franchise to expand with numerous
derivative works, a travelling exhibition that premiered in Chicago in 2009, a studio tour in London
that opened in 2012, a digital platform on which J. K. Rowling updates the series with new
information and insight, and a trilogy of spin-off films premiering in November 2016 with Fantastic
Beasts and Where to Find Them, among many other developments. Themed attractions, collectively
known as The Wizarding World of Harry Potter, have been built at several Universal Destinations &
Experiences amusement parks around the world.", 'source":
‘https://en.wikipedia.org/wiki/Harry_Potter'}

chunk[0]9] metadata title:
Harry Potter

chunk[0]9] metadta summary:

Harry Potter is a series of seven fantasy novels written by British author J. K. Rowling. The novels
chronicle the lives of a young wizard, Harry Potter, and his friends Hermione Granger and Ron
Weasley, all of whom are students at Hogwarts School of Witchcraft and Wizardry. The main story
arc concerns Harry's conflict with Lord Voldemort, a dark wizard who intends to become immortal,
overthrow the wizard governing body known as the Ministry of Magic, and subjugate all wizards and
Muggles (non-magical people).

The series was originally published in English by Bloomsbury in the United Kingdom and Scholastic
Press in the United States. A series of many genres, including fantasy, drama, coming-of-age
fiction, and the British school story (which includes elements of mystery, thriller, adventure, horror,
and romance), the world of Harry Potter explores numerous themes and includes many cultural
meanings and references. Major themes in the series include prejudice, corruption, madness, and
death.

Since the release of the first novel, Harry Potter and the Philosopher's Stone, on 26 June 1997, the
books have found immense popularity, positive reviews, and commercial success worldwide. They
have attracted a wide adult audience as well as younger readers, and are widely considered
cornerstones of modern literature. As of February 2023, the books have sold more than 600 million
copies worldwide, making them the best-selling book series in history, and have been available in 85
languages. The last four books consecutively set records as the fastest-selling books in history, with
the final instalment selling roughly 2.7 million copies in the United Kingdom and 8.3 million copies in
the United States within twenty-four hours of its release.

The original seven books were adapted into an eight-part namesake film series by Warner Bros.
Pictures. In 2016, the total value of the Harry Potter franchise was estimated at $25 billion, making
Harry Potter one of the highest-grossing media franchises of all time. Harry Potter and the Cursed
Child is a play based on a story co-written by Rowling.

The success of the books and films has allowed the Harry Potter franchise to expand with numerous
derivative works, a travelling exhibition that premiered in Chicago in 2009, a studio tour in London




that opened in 2012, a digital platform on which J. K. Rowling updates the series with new
information and insight, and a trilogy of spin-off films premiering in November 2016 with Fantastic
Beasts and Where to Find Them, among many other developments. Themed attractions, collectively
known as The Wizarding World of Harry Potter, have been built at several Universal Destinations &
Experiences amusement parks around the world.

chunk[0]9] metadata source:

https://en.wikipedia.org/wiki/Harry_Potter

D:\program\Anaconda30\envs\rag\Lib\site-packages\huggingface_hub\file_download.py:1132:

FutureWarning: ‘resume_download™ is deprecated and will be removed in version 1.0.0. Downloads

always resume when possible. If you want to force a new download, use ‘force_download=True".
warnings.warn(

Type 'q" to quit: On what date was the first book in the Harry Potter series
originally published?

5% 49 g9 ) YA
Harry Potter and the Philosopher's Stone is a fantasy novel written by British author J. K. Rowling.
The first novel in the Harry Potter series and Rowling's debut novel, it follows Harry Potter, a young
wizard who discovers his magical heritage on his eleventh birthday, when he receives a letter of
acceptance to Hogwarts School of Witchcraft and Wizardry. Harry makes close friends and a few
enemies during his first year at the school and with the help of his friends, Ron Weasley and
Hermione Granger, he faces an attempted comeback by the dark wizard Lord Voldemort, who Killed
Harry's parents, but failed to kill Harry when he was just 15 months old.

The book was first published in the United Kingdom on 26 June 1997 by Bloomsbury. It was
published in the United States the following year by Scholastic Corporation under the title Harry
Potter and the Sorcerer's Stone. It won most of the British book awards that were judged by
children and other awards in the US. The book reached the top of the New York Times list of
best-selling fiction in August 1999, and stayed near the top of that list for much of 1999 and 2000. It
has been translated into at least 73 other languages, and has been made into a feature-length film
of the same name, as have all six of its sequels. The novel has sold in excess of 120 million copies,
making it the fourth best-selling book of all time.

Since the release of the first novel, Harry Potter and the Philosopher's Stone, on 26 June 1997, the
books have found immense popularity, positive reviews, and commercial success worldwide. They
have attracted a wide adult audience as well as younger readers, and are widely considered
cornerstones of modern literature. As of February 2023, the books have sold more than 600 million
copies worldwide, making them the best-selling book series in history, and have been available in 85
languages. The last four books consecutively set records as the fastest-selling books in history, with
the final instalment selling roughly 2.7 million copies in the United Kingdom and 8.3 million copies in
the United States within twenty-four hours of its release.

The original seven books were adapted into an eight-part namesake film series by Warner Bros.
Pictures. In 2016, the total value of the Harry Potter franchise was estimated at $25 billion, making
Harry Potter one of the highest-grossing media franchises of all time. Harry Potter and the Cursed
Child is a play based on a story co-written by Rowling.

RAGo] oJgt Al 49 3 7] chunks®] Al=3} &*(URL)
Chunk 4 from 'Harry Potter and the Philosopher's Stone'

(URL: https://en.wikipedia.org/wiki/Harry_Potter_and_the_Philosopher%?27s_Stone)
Chunk 3 from 'Harry Potter and the Philosopher's Stone'

(URL: https://en.wikipedia.org/wiki/Harry_Potter_and_the_Philosopher%27s_Stone)
Chunk 0 from 'Harry Potter'

(URL: https://en.wikipedia.org/wiki/Harry_Potter)
Error : Error code: 429 - {'error': {'message': 'You exceeded your current quota, please check your
plan and billing details. For more information on this error, read the docs:
https://platform.openai.com/docs/guides/error-codes/api-errors.', 'type': 'insufficient_quota', 'param':
None, 'code': 'insufficient_quota'}}

Type 'q' to quit: Who is author of "Harry Potter"?
x5 A9 g4 37 SFEEA

Harry Potter and the Philosopher's Stone is a fantasy novel written by British author J. K. Rowling.
The first novel in the Harry Potter series and Rowling's debut novel, it follows Harry Potter, a young




wizard who discovers his magical heritage on his eleventh birthday, when he receives a letter of
acceptance to Hogwarts School of Witchcraft and Wizardry. Harry makes close friends and a few
enemies during his first year at the school and with the help of his friends, Ron Weasley and
Hermione Granger, he faces an attempted comeback by the dark wizard Lord Voldemort, who Killed
Harry's parents, but failed to kill Harry when he was just 15 months old.

Harry Potter is a series of seven fantasy novels written by British author J. K. Rowling. The novels
chronicle the lives of a young wizard, Harry Potter, and his friends Hermione Granger and Ron
Weasley, all of whom are students at Hogwarts School of Witchcraft and Wizardry. The main story
arc concerns Harry's conflict with Lord Voldemort, a dark wizard who intends to become immortal,
overthrow the wizard governing body known as the Ministry of Magic, and subjugate all wizards and
Muggles (non-magical people).

The series was originally published in English by Bloomsbury in the United Kingdom and Scholastic
Press in the United States. A series of many genres, including fantasy, drama, coming-of-age
fiction, and the British school story (which includes elements of mystery, thriller, adventure, horror,
and romance), the world of Harry Potter explores numerous themes and includes many cultural
meanings and references. Major themes in the series include prejudice, corruption, madness, and
death.

Harry Potter is a film series based on the eponymous novels by British author ]J. K. Rowling. The
series is produced and distributed by Warner Bros. Pictures and consists of eight fantasy films,
beginning with Harry Potter and the Philosopher's Stone (2001) and culminating with Harry Potter
and the Deathly Hallows — Part 2 (2011). A spin-off prequel series started with Fantastic Beasts and
Where to Find Them (2016), marking the beginning of the Wizarding World shared media franchise.
The series was mainly produced by David Heyman, and stars Daniel Radcliffe, Rupert Grint, and
Emma Watson as the three leading characters: Harry Potter, Ron Weasley, and Hermione Granger.
Four directors worked on the series: Chris Columbus, Alfonso Cuarédn, Mike Newell, and David Yates.
Michael Goldenberg wrote the screenplay for Harry Potter and the Order of the Phoenix (2007), while
the remaining films' screenplays were written by Steve Kloves. Production took place over ten years,
with the main story arc following Harry's quest to overcome his arch-enemy Lord Voldemort.

RAGO] 9zt Al A9 3 7] chunks?] A|=3} Z*(URL)
Chunk 2 from 'Harry Potter and the Philosopher's Stone'

(URL: https://en.wikipedia.org/wiki/Harry_Potter_and_the_Philosopher%27s_Stone)
Chunk 0 from 'Harry Potter'

(URL: https://en.wikipedia.org/wiki/Harry_Potter)
Chunk 1 from 'Harry Potter (film series)'

(URL: https://en.wikipedia.org/wiki/Harry_Potter_(film_series))
Error : Error code: 429 - {'error': {'message': 'You exceeded your current quota, please check your
plan and billing details. For more information on this error, read the docs:
https://platform.openai.com/docs/guides/error-codes/api-errors.', 'type': 'insufficient_quota', 'param':
None, 'code': 'insufficient_quota'}}

Type 'q' to quit:




5.3 Source Code (RAG using PDFs)

conda create -n rag transformers
conda activate rag
conda install pytorch torchvision torchaudio pytorch-cuda=11.8 -c pytorch -c nvidia
conda install -c conda-forge faiss-gpu
pip install Llangchain pdfplumber datasets
pip install wikipedia sentence-transformers tiktoken
pip install --upgrade huggingface hub
# pip install --upgrade openati
import numpy as np
fromtransformers importAutoTokenizer
fromlangchain_community.document_loaders importWikipedialoader
fromlangchain.text_splitter importRecursiveCharacterTextSplitter
fromlangchain_community.embeddings importHuggingFaceEmbeddings
fromlangchain_community.vectorstores import FAISS
fromlangchain_community.vectorstores.utils importDistanceStrategy
fromsentence_transformers importCrossEncoder
import os,openai
fromopenai importOpenAl
importpdfplumber
SHOW_INSIDE =True
# [1] harrypotter 7]9¥J=o o3+ wikipedia page 37 ¢jo] 27|
pages = WikipedialLoader(query="Harry Potter", load_max_docs=3, lang="en").load()
# [1] Load PDF documents
class Document:
def __init__ (self,page_content,metadata=None):

self.page_content =page_content

self.metadata =metadata or {} # text_splitter”} metadataE 7/& ZL2=Z ¢

H R ORE R R R R

pdf_paths =[ "examplel.pdf', 'example2.pdf', 'glocall.pdf', 'glocal2.pdf"', 'glocal3.pdf']
Specify your PDF file paths here
pages_text =[]
for pdf_path in pdf_paths:
with pdfplumber.open(pdf_path)as pdf:
for page in pdf.pages:
page_text =page.extract_text()
if page_text: # Ensure there is text on the page
doc =Document(page_text)
pages_text.append(doc)

# [2.1] text splitter </
text_splitter =RecursiveCharacterTextSplitter.from_huggingface_tokenizer(
tokenizer=AutoTokenizer.from_pretrained("sentence-transformers/all-MinilLM-L12-v2"),
chunk_size=256, # 256 chars / chunk
chunk_overlap=16, # ©/-23}+ chunkA}°/ 16 chars overlap
strip_whitespace=True, # chunk ¥ A/o] &2 A
)
# [2.2] 522 #jo]x]o h]d}e] text splittingdlo] chunks +*8}7]
#ichunks = text splitter.split documents(pages)
chunks =text_splitter.split_documents(pages_text)
if SHOW_INSIDE :
print ('\nsplit¥ chunke] 784=: ',len(chunks))
print('\nchunk[0]] HAU-&: \n',chunks[@])
print('\nchunk[0]¢] page_content: \n',chunks[@].page_content)
# [3] bidirectional encpoder 25 ©]& %) Embedding &2/
bi_encoder =HuggingFaceEmbeddings(
#model name="sentence-transformers/all-MinilM-L12-v2", model kwargs={"device": "cpu"}




model_name="sentence-transformers/all-MinilM-L12-v2" ,model_kwargs={"device":"cuda"}

)
# question X W # chunk<l ]S embedding &)1 7]
embeddingl = bi_encoder.embed query("==Z=ZAt]s}")
embedding2 = bi_encoder.embed_query(chunks[@].page_content)
# [4] chunks EZ7E bi_encoderE ©]& o+ Y5 S A}E3)l3, dot-productE]E ©/§3}<] faiss index
&Y.
# FAISS (Facebook AI Similarity Search)
faiss_db =FAISS.from_documents(
chunks,bi_encoder,distance_strategy=DistanceStrategy.DOT_PRODUCT
)
# [5] cross encoder g2/
cross_encoder =CrossEncoder(
"cross-encoder/ms-marco-TinyBERT-L-2-v2" ,max_length=768,device="cuda"
)
client =0penAI(
#api_key=o0s.environ.get("OPENAI_API KEY"),
ap1 key ="Sk'pr‘0j'********************************************AR"

default _question ="= =A% 30 XA jstoz XMAH g
while True :
question =input("\nType 'q' to quit: ")

if question =="q':break
elif question =="'":
question =default_question

# [5] questionZ FAFE ) 7FE 717k 49 259 chunk & F&
retrieved_chunks =faiss_db.similarity_search(question, k=25)
reranked_chunks =cross_encoder.rank(
(question),
[doc.page_content for doc in retrieved_chunks],
top_k=3,
return_documents=True,
)
context ="".join(doc["text"]+"\n---------- \n"for doc in reranked_chunks)
print("\n\n*** & ] @ 37] SFEF : \n",context)
if SHOW_INSIDE :
print(f"\n*** RAGO] 2|3+ A% 9] {len(reranked chunks)}7l chunks")
for doc in reranked_chunks:
corpus_id =doc["corpus_id"]
print(
f"Chunk {corpus_id}"

# Use OpenAI's LLM to generate a response based on the context
prompt=f"You are a helpful assistant. Based on the following details about Harry Potter,
{context}Answer the question.",

try
response =client.chat.completions.create(
messages=[
{
"role":"system","content":prompt,
"role":"user","content":question,
}

L




model="gpt-3.5-turbo-instruct"”, # or "text-davinci-002"
"gpt-3.5-turbo-instruct"”
max_tokens=150,
temperature=0.5,
stop=["\n"]

print("\nOpenAI LLM®] @®:\n",response.choices[0].text.strip())
except Exception as e:
print("Error : ",e)




5.4 A3iA3} (RAG using PDFs)

(rag) D:\myprojects\nlp\rag>python rag_pdf.py

D:\program\Anaconda30\envs\rag\Lib\site-packages\huggingface_hub\file_download.py:1132:

FutureWarning: ‘resume_download’ is deprecated and will be removed in version 1.0.0. Downloads

always resume when possible. If you want to force a new download, use ‘force_download=True".
warnings.warn(

split¥l chunk®] 714~ 186

chunk[0]9] AAU-&:
page_content='Understanding of Technological Evolution and\nNew-age Education\nAl Professor in
Silla University, S.Korea\nCEO of IACST\npkkim95@gmail.com pkkim95'

chunk[0]9] page_content:

Understanding of Technological Evolution and

New-age Education

Al Professor in Silla University, S.Korea

CEO of IACST

pkkim95@gmail.com pkkim95

D:\program\Anaconda30\envs\rag\Lib\site-packages\huggingface_hub\file_download.py:1132:

FutureWarning: ‘resume_download’ is deprecated and will be removed in version 1.0.0. Downloads

always resume when possible. If you want to force a new download, use ‘force_download=True".
warnings.warn(

Type 'q" to quit: Z =223} 30 ofu]A|gdstoz Hge ofst2?

sto] SAZ|BNE &7 WolstAsUTh
Zeas duiAs 1502 71 U, o o a4z wasiasych
et A easdety g, Adauteta, LAt R et 35, aHce
283 2024 F27ATSE ARfTh-F Y Achel ofulxB A 2540l

=

o

23]742

2024-04-16 00:00:00

Al

x++ RAGO| oJgt A= 49 3 7§ chunks

Chunk 13

Chunk 5

Chunk 15

Error : Error code: 429 - {'error': {'message': 'You exceeded your current quota, please check your
plan and  billing details. For more information on this error, read the docs:
https://platform.openai.com/docs/guides/error-codes/api-errors.', 'type': 'insufficient_quota', 'param':
None, 'code': 'insufficient_quota'}}

Type 'q" to quit: F2Ztst ofutisto] Alettisturt 474 = AL?

o o H =} o
., A, bedistu PR Edetn 55, AN oA, Attt Q1A
st Adtietn, ASdsty, S5t d=stste &5, 2dsutiste, et
o, Srohstw Ayt
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=]
LUt AHEIORY) SRl E A0l Al edthl (BRI St BAl 92 52))
=5

Zzdjelelvelel B FRAGstoR APus e opel BE tjatSo] HAlo)
S5 RS S A2 SdZ 4 Es tido R AdslsUL,
A ol FEadish meAEo] AolsiAAl Be ojsfo] ko] ote e AgUCh AR

xxx RAGO|| 25 AdE %9 3 7l chunks

Chunk 22

Chunk 23

Chunk 1

Error : Error code: 429 - {'error': {'message': 'You exceeded your current quota, please check your
plan and  billing details. For more information on this error, read the docs:
https://platform.openai.com/docs/guides/error-codes/api-errors.’, 'type': 'insufficient_quota', 'param':
None, 'code': 'insufficient_quota'}}

Type 'q' to quit: q

(rag) D:\myprojects\nlp\rag>

55 g 138 A A (RAG using PDFs and local LLM)

import numpy as np
fromtransformers importAutoTokenizer

fromlangchain.text splitter importRecursiveCharacterTextSplitter
fromlangchain community.embeddings importHuggingFaceEmbeddings
fromlangchain_community.vectorstores import FAISS
fromlangchain_community.vectorstores.utils importDistanceStrategy
fromsentence transformers importCrossEncoder

fromlangchain community.llms importOllama

fromlangchain core.messages importHumanMessage,AIMessage

fromlangchain core.prompts importChatPromptTemplate,MessagesPlaceholder
importpdfplumber, warnings

from queue import Queue

def get all queue_element(que):
result str =""
while not que.empty():
result str +=(que.get()+"\n")
return result_str

warnings.simplefilter(action="ignore', category=FutureWarning)
SHOW INSIDE =False




# [1] Load PDF documents -----------ccc-cooomm oo
class Document:
def __init__ (self,page_content,metadata=None):
self.page_content =page_content
self.metadata =metadata or {} # text_splitter”} metadata= 7/2 H2Z g

pdf_paths =['Advanced English Conversations.pdf']
pages_text =[]
for pdf_path in pdf_paths:
with pdfplumber.open(pdf_path)as pdf:
for page in pdf.pages:
page_text =page.extract_text()
if page_text: # Ensure there is text on the page
doc =Document(page_text)
pages_text.append(doc)

# [2.1] text splitter GO —----m oo

text_splitter =RecursiveCharacterTextSplitter.from_huggingface_tokenizer(
tokenizer=AutoTokenizer.from_pretrained("sentence-transformers/all-MinilLM-L12-v2"),
chunk_size=256, # 256 chars / chunk
chunk_overlap=16, # ©/-23}+= chunkA}°] 16 chars overlap
strip_whitespace=True, # chunk A/ &2 7

)
# [2.2] EF& Fo] X9 T]3}e] text _splittingd}of chunks 7-3}7]
chunks =text_splitter.split_documents(pages_text)
if SHOW_INSIDE :
print ('\nsplit¥ chunk®] 7<4=: ',1len(chunks))
print('\nchunk[0]%] HAW-E: \n',chunks[0])
print('\nchunk[@]2] page content: \n',chunks[@].page_content)
# [3] bidirectional encpoder 2 ZS ©]& 39 Embedding &2 ----------------
bi_encoder =HuggingFaceEmbeddings(
#model_name="sentence-transformers/all-MinilM-L12-v2", model_kwargs={"device": "cpu"}
model name="sentence-transformers/all-MinilM-L12-v2" ,model kwargs={"device":"cuda"}
)
# [4] chunks =Z7E bi_encoderE o]&3F YH]5S AF§5-1, dot-product2]E ©]&3}<] faiss index
4.
# FAISS (Facebook AI Similarity Search)
faiss_db =FAISS.from_documents(
chunks,bi_encoder,distance_strategy=DistanceStrategy.DOT_PRODUCT
)

# [5] cross encoder "] -- -
cross_encoder =CrossEncoder(
"cross-encoder/ms-marco-TinyBERT-L-2-v2" ,max_length=768,device="cuda"

)
prompt® ="You are an AI helper to help me practice English"
prompt2 ='''You will play a rile as a native English speaker for practicing English

conversation from a textbook.
Your name in the conversation textbook will be one of the two Names in the conversation.
Your name can be changed depending on the conversation sentence set.
In the given conversation texts, a person's name is followded by a colon and the follwong
sentences of the person.
Return the appropriate person's first sentences from the given conversation sets,
which are located just after the user's each new input sentence.
Don't return user's sentences and any extra AI-generated sentences except the your first
answer' "'
prompt2 ='''You will play a rile as a native English speaker for practicing English
conversation from a textbook.
Your name in the conversation textbook is 'Charley', and the user's name is Diana.
In the given conversation texts, a person's name is followded by a colon and the follwong
sentences of the person.
Return the appropriate Charley's first sentences from the given conversation sets,
which are located just after the user's each new input sentence (Diana's sentence).
Don't return Diganan's sentences and any extra AI-generated sentences except the Charley's
first answer'''
prompt template =ChatPromptTemplate.from messages (
[




("system","{system_prompt}"),
("human", "{input}"),
#MessagesPlaceholder(variable_name='chat_history"),

]

# chat 7|5 A& g/~E
chat_history =[]

# Llm 8%
11lm =0llama(model="11lama3",temperature=0.0) # Llama3:70b fine-tuned chat/dialogue model
#LLm = Chatollama(model="_LLama3:Text", temperature=0.0) # pre-trained base model

# chain &%
chain =prompt_template |11lm
TOP_CHUNK_NO =1
ANSWER_SCORE_THRESH =2
chat_queue =Queue(maxsize =4)

while True :

print("-"*80)
question =input("User ['q' to quit] : ")

gq =question[:]
if gq.strip().lower()=="q':break
elif q =='':continue

user_prompt =get_all_queue_element(chat_queue)+question
print("user prompt : ",user_prompt)

# [5] questioni} A=} 7} 717k 49 5709 chunkE F=
retrieved_chunks =faiss_db.similarity_search(user_prompt, k=5)
reranked chunks =cross_encoder.rank(

(user_prompt),

[doc.page_content for doc in retrieved_chunks],

top_k=TOP_CHUNK_NO,

return_documents=True,
)
answer_score =reranked_chunks[@][ "score']
print(f"\n\n*** =& 39| ©H {TOP_CHUNK_NO}7/N 72| corpus_id, score : \n")
for doc in reranked_chunks:

print('CORPUS ID: ',doc['corpus_id'], 'SCORE: ',doc[‘score'])
print("-"*80)
context ="".join(doc["text"]+"\n\n"for doc in reranked chunks)
print("\n*** ZF A9 @ o] TEXT : \n",reranked _chunks[@]['text'])
if SHOW INSIDE :

print(f"\n*** RAGO] 2|3 A% 9] {len(reranked chunks)}’l chunks")

for doc in reranked_chunks:

corpus_id =doc["corpus_id"]
print(f"Chunk {corpus_id}")

o

if answer_score <=ANSWER_SCORE_THRESH : # vector storel GALE AW A A Zlo] WS L
# A2 g5} A2 # LLMo] hjHal == 3
print("n**** New Conversation Starting ***\n")
with chat queue.mutex:
chat queue.queue.clear()
chat history =[]

response
=chain.invoke({"input":question, "chat history":chat history, "system prompt":prompt@})
# 59/Z] vector store9 LJoJE = OjH& L= &
else :
response =chain.invoke({"input":"user's sentence:"+question

+"\ntextbook sentences: "+context,\
"chat_history":chat history, "system prompt":prompt2})




", n

#iresponse = chain.invoke({"input":
"\ntextbook_sentences: "+context, \
# "system_prompt":prompt2})

user's sentence:"+ question @+

print("-"*80, '\n")
print("*** user_prompt: ",user_prompt,‘\n")
#print("*** AI: ",response.content, '\n") # 1in case of ChatOllama: content,
response_metadata, id
print("*** AI: ",response, ‘'\n'")

chat_history.append(HumanMessage(content=question))
chat_history.append(AIMessage(content=response))

if (chat_queue.empty()):
chat_queue.put(question)

elif (chat_queue.full()):
chat_queue.get()

if answer_score <=ANSWER_SCORE_THRESH :

pass
else :
if '""'and '\n'in response :
answer =response[response.find('""'):response.rfind('""')+1]
else :

answer =response]|: ]
print("answer: ",answer)
chat_queue.put(answer)
#ichat _queue.put(response.content) # ChatOLlama

except Exception as e:
print("Error : ",e)

* AR FA:

Set (39) - I'm not that strong-willed!
Dislogue
Diana - 1 e forgot to put the food I the fridge. 1>
rotten .

Charley : Good for you ! Just fix anvthing. I've lost my appetite . anyway.
Diana : Oh dear; I'll make it up for you. | promise.

Chazley : Alright, let's eat out on second thought .

Diana : But I'm on a diet . I'm wrying to lose weight and | can be easily
tempied, You know 1'm not that strong-willed !

Charley : Enough already | My head is spinning. | just need 1o grab a bite .

Vocabulary

Stink: to have a strong unpleasant smell.

Raotten : (adj) decomposing or decaving: putrid: tainted, foul, or bad-smelling.
Good for you ! Well done (sarcastic meaning: the speaker is not impressed)
Lose one's appetite : to no longer feel hungry.

Eat out ; to eat in a restaurant,

On second thought - resulting from a revised opinion or change of mind.

Om a diet : following a specific nutritional plan.

Lose weight : to become thinner.

Strong-willed : (adj) determined to do as one wants,

Enough already ;| used o indicate unwillingness 1o olerate any more of
something undesirable,

Somebody's head is spinning : to feel a5 if they might faint,

Grab a bite : To get something 1o eat.




5.6 AlsiAy} (RAG using PDFs and local LLM)

712 llama3 2% (chatiind] fine tuning® =&) AFRA] :
ollama pull llama3
F =, ollama3:text Z& A2A|of|= o2& AlsH

User ['q' to quit] : This smell stinks ! Oops! I've forgot to put the food in the fridge.
user prompt : This smell stinks | Oops! I've forgot to put the food in the fridge.

wxx K| Z AFQ] T 17 24F9] corpus_id, score

CORPUS_ID: 4 SCORE: 7.905603

ok B E A ¥ =739 TEXT

- I'm not that strong-willed!
Dialogue
Diana : This smell stinks ! Oops! I've forgot to put the food in the fridge. It's
rotten .
Charley : Good for you ! Just fix anything. ['ve lost my appetite , anyway.
Diana : Oh dear; I'll make it up for you. I promise.
Charley : Alright, let’s eat out on second thought .
Diana : But I'm on a diet . I'm trying to lose weight and I can be easily
tempted. You know I'm not that strong-willed !
Charley : Enough already ! My head is spinning. I just need to grab a bite .
Vocabulary
Stink: to have a strong unpleasant smell.
Rotten : (adj) decomposing or decaying: putrid; tainted, foul, or bad-smelling.
Good for you ! Well done (sarcastic meaning: the speaker is not impressed)

xx* user_prompt: This smell stinks | Oops! I've forgot to put the food in the fridge.
xx*% Al I'm not that strong-willed!

answer: I'm not that strong-willed!

User ['q' to quit] : Oh dear; I'll make it up for you. I promise.

user prompt : This smell stinks ! Oops! ['ve forgot to put the food in the fridge.
I'm not that strong-willed!

Oh dear; I'll make it up for you. I promise.

wxx K| Z AFQ] T 17 24F9] corpus_id, score

CORPUS_ID: 0 SCORE: 8.979391

kX5 A9 @ F7449] TEXT

Set (39) - I'm not that strong-willed!

Dialogue

Diana : This smell stinks ! Oops! 've forgot to put the food in the fridge. It's
rotten .

Charley : Good for you ! Just fix anything. I've lost my appetite , anyway.
Diana : Oh dear; I'll make it up for you. I promise.

Charley : Alright, let's eat out on second thought .




Diana : But I'm on a diet . I'm trying to lose weight and I can be easily
tempted. You know I'm not that strong-willed !

Charley : Enough already ! My head is spinning. I just need to grab a bite .
Vocabulary

Stink: to have a strong unpleasant smell.

Rotten : (adj) decomposing or decaying: putrid; tainted, foul, or bad-smelling.
Good for you ! Well done (sarcastic meaning; the speaker is not impressed)

x*xx user_prompt: This smell stinks | Oops! I've forgot to put the food in the fridge.
I'm not that strong-willed!
Oh dear; I'll make it up for you. I promise.

x+x Al: Here's my response as Charley:
Alright, let's eat out on second thought.
answer:

User ['q' to quit] : But I'm on a diet
user prompt : Oh dear; I'll make it up for you. | promise.

But I'm on a diet

wxx K| Z AFQ] T 17 24F9] corpus_id, score

CORPUS_ID: 0 SCORE: 4.685632

eex 2E 9] o9 2O TEXT
t strong-willed!
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Dialogue

Diana : This smell stinks ! Oops! I've forgot to put the food in the fridge. It's
rotten .

Charley : Good for you ! Just fix anything. I've lost my appetite , anyway.
Diana : Oh dear; I'll make it up for you. | promise.

Charley : Alright, let’'s eat out on second thought .

Diana : But I'm on a diet . I'm trying to lose weight and I can be easily
tempted. You know I'm not that strong-willed !

Charley : Enough already ! My head is spinning. I just need to grab a bite .
Vocabulary

Stink: to have a strong unpleasant smell.

Rotten : (adj) decomposing or decaying: putrid; tainted, foul, or bad-smelling.
Good for you ! Well done (sarcastic meaning: the speaker is not impressed)

xx* user_prompt: Oh dear: I'll make it up for you. I promise.
But I'm on a diet

*x*x Al. Enough already !

answer: Enough already !

User ['q' to quit] :
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