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def clean_legal_document(raw_text):
#1HH. 22 st S22 X MA
cleaned_text = raw_text.replace(\n\n', \n') # B! = ¥ 2|
cleaned_text = re.sub(r'[™w\sJt-& .,1?():]', ", cleaned_text) # S ==Xt Ml

#2HH:HE 2 H=3t
legal_terms = {
"& 10" 'PLAINTIFF,
"Il 1" 'DEFENDANT,
"&H&" 'COURT,
"ZHAF: 'JUDGE'
}

for korean_term, standard_term in legal_terms.items():
cleaned_text = cleaned_text.replace(korean_term, standard_term)

#3HH: 24 HRZ2 2L
sentences = cleaned_text.split('.")

cleaned_sentences = [sent.strip() for sent in sentences if len(sent.strip()) > 5]

return cleaned_sentences

B. OIOIE #2324
& E Al %S DeepSeek R10| st50t)| #& 722 HEELICH:

#HEE MNFE L3t 2 BHE
def structure_legal_document(document_text, document_type):
structured_data = {
"document_type": document_type, # A&, B8N, THIMH S
"case_info": {
"case_number": extract_case_number(document_text),
"court": extract_court_name(document_text),

ol
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DeepSeek R12 H3tE HIOIH SAS HdSolB2, HE MFE E=2-E

"date": extract_date(document_text)
12
"parties": {
"plaintiff": extract_plaintiff_info(document_text),
"defendant": extract_defendant_info(document_text)
12
"claims": extract_claims(document_text),
"facts": extract_facts(document_text),
"legal_basis": extract_legal_basis(document_text),
"prayer": extract_prayer(document_text)

}

return structured_data
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def create_qa_pairs(structured_document):

ga_pairs =[]

#AS AL 22-B8 4
document_generation_qa = {
"instruction": f'{structured_document['document_type'l}= & & {3
"input": f""
A2 B 2 {structured_document['case_info']}
S AR & 2 {structured_document['parties'}
& 51 W &: {structured_document['claims']}
Ab&! 2t 3| {structured_document['facts']}

"output": generate_full_document(structured_document)

}

ga_pairs.append(document_generation_qga)

# N2 HE D2 M

document_review_qa = {
"instruction™: "Ct S HE ANSE HEGSIL SMES NEMNFHL."
"input": generate_full_document(structured_document),
"output": generate_review_comments(structured_document)

}

ga_pairs.append(document_review_qa)

return qa_pairs
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#DeepSeekR1 &5 I EXZE HEZ

LEGAL_DOCUMENT_TEMPLATE = ""
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- & 1 {plaintiff_name} ({plaintiff_address})
- Il 11: {defendant_name} ({defendant_address})

AP UHE:
{claims}

INE=RC [
{facts}

HAE 2N

{legal_basis}

<|assistant|>
{generated_document}

#EH S0 QOIHHE
def apply_template(structured_data):
formatted_prompt = LEGAL_DOCUMENT_TEMPLATE.format(

document_type=structured_data['document_type'],
case_number=structured_data['case_info'|['case_number],
court=structured_data['case_info'|['court],
case_type=structured_data['case_info'|['case_type'],
plaintiff name=structured_data['parties']['plaintiff']['name'],
plaintiff_address=structured_data['parties']|['plaintiff']['address'],
defendant_name=structured_data['parties']['defendant’]['name’],
defendant_address=structured_data['parties']['defendant']['address'],
claims=structured_datal['claims'],
facts=structured_data['facts'],
legal_basis=structured_data['legal_basis'],
generated_document=structured_data['output_document’]

)

return formatted_prompt
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#0OIH & 23 &=+
def validate_training_data(ga_pair):
validation_results = {
"completeness": check_completeness(qa_pair),
"accuracy": check_legal_accuracy(ga_pair),
"format_compliance": check_format_compliance(ga_pair),
"length_appropriate": check_length_limits(ga_pair)
}

#E2= 3S &30 SHHOFE

is_valid = all(validation_results.values())

return is_valid, validation_results

#2ANHE HA
def check_completeness(qa_pair):
required_fields = ['instruction’, 'input’, 'output']
return all(field in gqa_pair and qa_pair[field] for field in required_fields)

#YN Zetd A
def check_legal_accuracy(qga_pair):
legal_terms = ['& 10", 'I[ 0", "&H&" AL S
output_text = ga_pair['output']
#HET-HE S ZS R =0
terms_present = sum(1 for term in legal_terms if term in output_text)
return terms_present >=3 # %A 30 Ol & L&

#YA == HA
def check_format_compliance(qa_pair):
output_text = ga_pair['output']

#HE MF JI= £ =0l
required_sections = [AIAH S "SALAH,'E 2 FH A", ' 201
sections_present = sum(1 for section in required_sections if section in output_text)

return sections_present >=2 # x| A 2 A& 0| & &
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DeepSeek R1 2 =S ZEH 0l 22121 Fine-tuning =4I| £ & LICH:

#EZ R 2022 It 2|

from transformers import AutoTokenizer, AutoModelForCausalLM

from peft import LoraConfig, get_peft_model, prepare_model_for_kbit_training
import torch

# DeepSeek R1 22t EJUO0IM 2&
def load_deepseek_r1_model():
model_name = "deepseek-ai/deepseek-r1"

#EDQUOIN 25 (MIAEE =Xig Hatote &)
tokenizer = AutoTokenizer.from_pretrained(model_name)
if tokenizer.pad_token is None:

tokenizer.pad_token = tokenizer.eos_token

#L2H 2L

model = AutoModelForCausalLM.from_pretrained(
model_name,
torch_dtype=torch.float16, # il 22| 224
device_map="auto", #GPU XS &Y
trust_remote_code=True

)

return model, tokenizer

#24 =l &=
def prepare_model_for_training(model):
# 2= sts Jisot=es &8

model = prepare_model_for_kbit_training(model)

#LoRA €& (& X 2! Fine-tuning & &)
lora_config = LoraConfig(

r=64, #LoRA &3

lora_alpha=16, # LoRA £ 1fgt

target_modules=| #as5< dol XNE
"q_proj", "v_proj", "k_proj", "o_proj",
"gate_proj", "up_proj", "down_proj"

1,

lora_dropout=0.1, #ES02 HIE

bias="none", #HOIHHA &4

task_type="CAUSAL_LM" #E AT 7
)

#LoRAZEE
model = get_peft_model(model, lora_config)



return model
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def tokenize_legal_document(text, tokenizer, max_length=4096):
HEAEE EZ ()22 HEt
tokens = tokenizer(
text,
truncation=True, # 20| Mgt
padding='max_length', # Y =Dt
max_length=max_length, # = CH 2 0|
return_tensors="pt'  # PyTorch &l 4 & Bt&t

)

return tokens

#Ustd GOIH E3LI0IE
def tokenize_conversation(ga_pair, tokenizer):

# &8 CHatE otLIC SAEZ 2

conversation_text =
f'<|user|>\n{ga_pair[instruction'[\n{ga_pair['input']}\n<|assistant|>\n{qa_pair['output']}"

# E3LI0I &

tokens = tokenizer(
conversation_text,
truncation=True,
padding=False,
return_tensors="pt'

)

#eols 8% (85 28)

labels = tokens['input_ids'].clone()

return {
'input_ids'": tokens['input_ids'],
'attention_mask': tokens['attention_mask],
'labels': labels

. U0 dd & =€
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from torch.utils.data import Dataset, DataLoader
import json

#YUE AMF s HOIEHA SciA
class LegalDocumentDataset(Dataset):
def __init__(self, data_file, tokenizer, max_length=4096):
self.tokenizer = tokenizer
self.max_length = max_length

#JSON I 2 0lM TIOIH 2&
with open(data_file, 'r', encoding="'utf-8') as f:
self.data = json.load(f)

def __len__ (self):
return len(self.data)

def __ getitem__ (self, idx):
#OHE OO0IYH &= Btet
item = self.data[idx]

#Uste HHAE 24
conversation =
f'<|user|>\n{item['instruction']\n{item['input'|\n<|assistant|>\n{item['outputT}"

# E3LI0I &

tokens = self.tokenizer(
conversation,
truncation=True,
padding="max_length’,
max_length=self.max_length,
return_tensors="pt'

)

return {
'input_ids": tokens['input_ids'].flatten(),
'attention_mask': tokens['attention_mask'].flatten(),
'labels": tokens['input_ids'].flatten()

}

def create_legal_dataset(train_file, val_file, tokenizer):
#S&S2 OO0IEA

train_dataset = LegalDocumentDataset(train_file, tokenizer)



#25E HOoEHA

val_dataset = LegalDocumentDataset(val_file, tokenizer)

return train_dataset, val_dataset

3.200IH 20 €8
Xl 22 HIOIEIE 22822 Helotdl 2As 4™ YLICH

#OOIH 2 M4
def create_data_loaders(train_dataset, val_dataset, batch_size=4):
#s5E 00IH 20
train_loader = DatalLoader(
train_dataset,
batch_size=batch_size,

shuffle=True, #OOIH =M S22 40|
num_workers=4, #9Yd Mel =
pin_memory=True #GPU 22l = &H 3t

)

#ZSE UOOIH 20
val_loader = DatalLoader(

val_dataset,
batch_size=batch_size,
shuffle=False, #2233 AUl =N X

num_workers=4,
pin_memory=True

)

return train_loader, val_loader

4. Fine-tuning & &8 & &/ &4
4128 85
DU saS B MR 4FS BT

from transformers import TrainingArguments, Trainer

#2d o= £&8
def setup_training_arguments():
training_args = TrainingArguments(

output_dir="/legal_ai_model’, #2d M& X
num_train_epochs=3, #ols BH= 2l
per_device_train_batch_size=2, # U X 30|



per_device eval _batch_size=2, #EOFBHXI A0
gradient_accumulation_steps=8, # O HE =& AHE

warmup_steps=100, #HLY AHE
learning_rate=2e-4, #olsE

fp16=True, #eg 2L s
logging_steps=10, #2125 2t
save_steps=500, #2E H&E 2tA
eval_steps=500, # GOt 2+

save_total_limit=2, #MEE MIEE =
remove_unused_columns=False, # ALECHK = Z2E MAGHA 23
dataloader_pin_memory=False, #UH 22 D& HE2H3t
group_by_length=True, #2018 153t
report_to=None #HClZE BIZ2H3

)

return training_args
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#EHOIH M4 L A
def train_legal_ai_model(model, tokenizer, train_dataset, val_dataset):
#EH 82 2C&

training_args = setup_training_arguments()

#EdOoIH &4
trainer = Trainer(

model=model, #asg 28
args=training_args, #ed £8
train_dataset=train_dataset, #sts GOIH
eval_dataset=val_dataset, #2223 OOlH
tokenizer=tokenizer, # E3ULI0I N
data_collator=None, # 0Ol 2d0I1H

)

BB AR
print("HE Al D S5 S AIRELICH.")

trainer.train()

-

#EE L HE
trainer.save_model()
tokenizer.save pretrained('./legal_ai_model")

print("@ 2 30| 22 EASLICHT

return trainer



def main():
prinf(("===8E Al 22 L ZTZ HIA AlE ===")

#1EH: QIOIH MK e
print("1. Q101 & X2l &...")
preprocess_legal_documents()

#2422 2

print("2. DeepSeek R1 22 2 & F...")
model, tokenizer = load_deepseek_r1_model()
model = prepare_model_for_training(model)

#3EAH: OOIEHA M4

print("3. &t& OIOIEHA A =...")

train_dataset, val_dataset = create_legal_dataset(
'train_data.json’,
'val_data.json',
tokenizer

)

#A4CH: 22 S5
print("4. 2 & Fine-tuning Al Z...")
trainer = train_legal_ai_model(model, tokenizer, train_dataset, val_dataset)

#5CH: 22 Bt

print("5. 228 45 HII =...")
eval_results = trainer.evaluate()
print(f"& Jt Z 1Jt: {eval_results}")

printf(("===BE Al 22 & 22 ===")

#UZ ) A
n n

if _name__=="__main__"
main()
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#ANAE RAALE EOI
def check_system_requirements():
#GPU 022l &0l
if torch.cuda.is_available():
gpu_memory = torch.cuda.get_device_properties(0).total_memory / (1024**3)

print(f"GPU 0l 22l: {gpu_memory:.1f}GB")

if gpu_memory < 24:
print("&d 11: GPU HIZ2210t 25 == JASULCL X IIE 2HFHMK.")

—/

# LA S22 &0l

import shutil

free_space = shutil.disk_usage('.").free / (1024**3)
print(f"AtE Jt=s &t Ll A3 S2t: {free_space:. 1f}GB")

if free_space < 100:

print("& 11: A3 22t0] X U

A
T A

o
>

LICH")

#0O0IH It =T &0l
import os
required_files = ['train_data.json', 'val_data.json']
for file in required_files:
if not os.path.exists(file):
print(f"@ F: {file} WL 0| SA=LICE")
return False

return True

# AaldH N ZHOl

— |

if check _system_requirements():

main()
else:
print("Al A8 Q PALE S S 0I5t CHAl A= HKR.")

class LegalAlTrainingCallback(TrainerCallback):
def on_log(self, args, state, control, logs=None, **kwargs):
#ols 21 ¢



if logs:
print(f"Step {state.global_step}: Loss = {logs.get('train_loss', 'N/A")}")

def on_evaluate(self, args, state, control, logs=None, **kwargs):
#EJI 2 =4
if logs:
print(f"Evaluation at step {state.global_step}:")
print(f" - Eval Loss: {logs.get('eval_loss', 'N/A")}")
print(f" - Perplexity: {logs.get('eval_perplexity', 'N/A")}")

def on_save(self, args, state, control, **kwargs):
#2222 ME A €8

print(f"2 & 0| step {state.global_step}til M X & & A S LICEH.")

#EHZE
def train_with_monitoring(model, tokenizer, train_dataset, val_dataset):
training_args = setup_training_arguments()

trainer = Trainer(
model=model,
args=training_args,
train_dataset=train_dataset,
eval_dataset=val_dataset,
tokenizer=tokenizer,
callbacks=[LegalAlTrainingCallback()] # 2LIE{ & 2 =D}

)

trainer.train()
return trainer

#ss x| &gt £8
def optimize_training_settings():
#1. &8 Xl 301 =&
def adjust_batch_size for_gpu():
if torch.cuda.is_available():
gpu_memory = torch.cuda.get_device_properties(0).total_memory / (1024**3)
if gpu_memory >= 80:
return 8 # A100 80GB
elif gpu_memory >= 40:
return 4 # A100 40GB
else:
return 2 # RTX 4090 S
return 1



#2. JCHCIHE MIAEE &43t
model.gradient_checkpointing_enable()

#3. 23U £ A3 (PyTorch 2.0 0] &)
if hasattr(torch, 'compile’):
model = torch.compile(model)

return model

#0222l esXolsts £3
def setup_memory_efficient_training():
training_args = TrainingArguments(
output_dir="/legal_ai_model’,
num_train_epochs=3,

per_device_train_batch_size=1, # A2 UIX 30|
gradient_accumulation_steps=16, # JHCHE SHoZ B4
gradient_checkpointing=True, # JHCIHE MAZEQE
fp16=True, #egt 32
dataloader_pin_memory=False, #H 22l 08 LS
optim="adamw_torch_fused", # =& E SEIOOIN

learning_rate=2e-4,
warmup_steps=100,
logging_steps=10,
save_steps=500,
eval_steps=500,
save_total_limit=2,
remove_unused_columns=False,
group_by length=True,
report_to=None

)

return training_args
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