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1. 2tojB2{2] 3 glo|H
1.1 &0 A% 9 ao]uaja]

- Python 3.10.12 ¥ Jupyter A&
- transformers @tolY2{2] AL (pip install transformers)
- pre-trained language model 2 MLP-KTLim/llama-3-Korean-Bllossom-8B A&
2 : sh=o] 10B o]t 2@ & SOTA A2 ¥hory, A|&st tf2 wwo] baselinert H] w32 o,
test Glo|E{Alo] thsl] 7P St e Y

- rouge_score, bert_socre, google-research/bleurt 2}o]E2{2] AL&
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4.1. M8 2Eo) et 1§

MLP-KTLim/llama-3-Korean-Bllossom-8B

: MLP-KTLim/llama-3-Korean-Bllossom-8B 232 [LaMA 32 7|¥to 2 3F sh=Zo]-do] bilingual

Rloj Rz, Mautelrlesdisty MLPLab, HOA4, AAMHistwoA 7idstAsH.

o] B gojet Lajo] UEHT NS EAstL YUch

- Knowledge Linking: F7[AQ1 AMA eh52 &0l gh=ofet o] XA AZAZ Aefstdsytt
- Vocabulary Expansion: $t=0] Vocabularyg &7%sto] st=o] 3dd-g 7Iststdsyth
- Instruction Tuning: $t=r0ie} st= Fofof] St AMSAL BHES W30 sh% TIolHE AMESHY

fine-tuning st¥&4Yct.

- Human Feedback: Direct Preference Optimization(DPO)& A-&35}0], &210] Q7o M5 w0 ¢
P17 AR AU

- Vision-Language Alignment: ©] 2910o] Z™of Vision Transformer& £35to] A|ZtA A HO} HAE
AEE e n3tst= AFPofA multimodal 532 7FshstiSUT.

4.2. 319 =2 A9 ol&

2 g Hjo]lAgteloz ZFojxl MLP-KTLim/llama-3-Korean-Bllossom-8B 232 Llama 3 7|¥I9]
LLMO.2 gH2o] Afeio] A TaskolA mj Fojit A5-S Byt

¥ of3) TaskQl U4 of3k 99 Tasko] ZS AL wob FAAel QokRe WHHUL Aoloz,
+ & Ao 2AStE 2@ X (Transformer Decoder)?t AR &H5(Next token Prediction)0 2 U=
o7l Bl ¢ B Mt EUc

E3F Baseline Aol tisll o o2 RS} A5 Hlal 2y 7P £2 deS 29 o 222 A

stz


https://huggingface.co/MLP-KTLim/llama-3-Korean-Bllossom-8B
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4.3. A3 o k&9 A9 W AAFCE

Linear

t

RMS Norm

PR
Feed Forward
L (SwiGLU)

RMS Norm
A

D
f Nx

Self-Attention (Grouped Multi-Query Attention)
with KV Cache

Query Key Value
+ Rotary Positional Encodings  + Rotary Positional Encodings T

RMS Norm

Embeddings

Input

MLP-KTLim/llama-3-Korean-Bllossom-8B @3 9] op7|dXq = (2 1)ut ZS5uUch
| YF3E AN Ao 58

1. Token id sequenceZS Jjutod

2. Embedding LayerS %3l 7+ Token ido] di&st= AHE HE 2 ¥HElo] &1

[3]. RMS NormS &3t A8} o]%

[4]. Dense LayerS 1 Query. Key. ValueE dojyct

[5]. o], Query?} Key°l tisoiA|7t Rotary Positional Encoding3 %83 Token sequence] thst &
2= 7 Tokeno] #4YH.

[6]. °]Al. &57%9] Attention AAFS 213t Grouped Multi-Query AttentionS £3ist ZAutet RMS
Norm ©o]%i9] #E|Q} Residual connection©] £3HgUC}.

[7]. Attention Layer °]$ RMS Norm©| thA] St ¥ 43He] v

[8]. Activation function©] SwiGLU?! Feed Forward NetworkES & u3iuch

[9]. Feed Forward Network® Zyle} RMS Norm ©]X9] HIE|{Q} Residual connection©] 3HE] A1

10
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L _oly)
SAL 25

10. (3H1-9¥1)71x|9] o] slLte] Transformer Decoder Blocko] o] (N=32)7]2] Blockg Eughy
c}.

11. Opx]2} Blocks &gt ZAato] RMS Normo| A-8& 0

12. Linear Layer2 %3l hidden dimension ©2XE vocabulary size dimension© 29°] HE| x}o]
sy

13. vocabulary size dimension Z7]|9] ¥lE{of Softmax’t F s O 2K vocabulary WY ZE Tokens
of S4gt &5 o] FojEl

14. 2580z Aol siEst= Tokeno| 7P & o] HEE 7EX|7F UHo]EE7] g Loss?l
Cross Entropy Loss’} A-8&&]o] Loss?t AAtE U

1. LlamaModel Z.E

# LlamaModel

# 1. Token id sequencesS Uzi€ro

# 2. Embedding LayerS =3l 7 Token ido]| sjEst= Ul g 2 Hglo] T 11
inputs_embeds = self.embed_tokens(input_ids)

# LlamaDecoderLayer

# [3]. RMS Normz &8 gtet o]&

# [4]. Dense LayerS 7{A Query, Key, ValueZS ojduc}.

# [5]. o]@}f, Query?} Keyol thsijA]Qt Rotary Positional EncodingS &85l Token sequenceo] thsh AW =
7} Tokeno]] &4yt

# [6]. oA, E&%Q Attention HAFS 23t Grouped Multi-Query Attentiong £5§st Zutet RMS Norm
o] & 9] ¥lE|Q} Residual connectiono] £s§=luct.

# [7]. Attention Layer 0]$ RMS Normo| T}A] st ¥ 4sim] 17

# [8]. Activation functiono] SwiGLU?Q! Feed Forward NetworksS Eiutghuct.

# [9]. Feed Forward Network? ZAu}e} RMS Norm ©]& 9] #lE|Q} Residual connectiono] 4~88% 11
residual = hidden_states

hidden_states = self.input_layernorm(hidden_states) # [3]

# Self Attention

hidden_states, self_attn_weights, present_key_value = self.self _attn( # [4], [5]
hidden_states=hidden _states,
attention_mask=attention_mask,
position _ids=position_ids,
past_key_value=past_key_value,
output_attentions=output_attentions,
use_cache=use_cache,
cache_position=cache_position,
position_embeddings=position_embeddings,
xxkwargs,)

hidden_states = residual + hidden_states # [6]

# Fully Connected
residual = hidden_states

hidden_states = self.post_attention_layernorm(hidden_states) # [7]

1


https://github.com/huggingface/transformers/blob/v4.44.2/src/transformers/models/llama/modeling_llama.py/#L887
https://github.com/huggingface/transformers/blob/v4.44.2/src/transformers/models/llama/modeling_llama.py/#L684

hidden_states = self.mlp(hidden_states) # [8]
hidden_states = residual + hidden_states # [9]

outputs = (hidden_states,)

if output_attentions:
outputs += (self_attn_weights,)

if use_cache:
outputs += (present_key_value,)

return outputs

# LlamaModel

# 10. (3H-9¥H 71X 9] A o] 5t}e] Transformer Decoder Blocko] & o] (N=32)712] Blockg E1pghct.

# 11. OpA]9} Blockg Fu4gt Zi}o] RMS Normo| A-8-&0
for decoder_layer in self.layers: # 10.
if output_hidden_states:
all_hidden_states += (hidden_states,)

if self.gradient_checkpointing and self.training:

layer_outputs = self._gradient_checkpointing_func(
decoder_layer.__call__,
hidden_states,
causal_mask,
position_ids,
past_key_values,
output_attentions,
use_cache,
cache_position,
position_embeddings,

)

else:

layer_outputs = decoder_layer(
hidden_states,
attention_mask=causal_mask,
position_ids=position _ids,
past_key_value=past_key_values,
output_attentions=output_attentions,
use_cache=use_cache,
cache_position=cache_position,

position_embeddings=position_embeddings,

hidden_states = self.norm(hidden_states) # 11

12


https://github.com/huggingface/transformers/blob/v4.44.2/src/transformers/models/llama/modeling_llama.py/#L887

SR ERT T e _ okpj
ELERTS AL 2§

2. LlamaForCausalLM ZE

# LlamaForCausalLM

# 12. Linear Layer2 %3l hidden dimension © 2Y¥E| vocabulary size dimension© 29| ®lE x}o| =t
AUk

# 13. vocabulary size dimension =7]9] ¥lE|o]| Softmax’} F|sfA O 2K vocabulary U4 ZE TokenE9
E4% =5 o] Rox1

# 14, 2|FA02 AGo] sidst= Tokeno] 7P 2 o] HEZ 7HEA]7F Aol EE]7] 3t Loss¢l Cross
Entropy Loss’} A-&-%0] Loss7} A4t U}

logits = self.Im_head(hidden_states) # 12

logits = logits.float()

loss = None

if labels is not None:
# Shift so that tokens < n predict n
shift_logits = logits|..., :-1, :].contiguous() # TS EZ o= st E shift
shift_labels = labels|..., 1:].contiguous() # T}-& E& o|&2 st EZ shift

# Flatten the tokens

loss_fct = CrossEntropyLoss()

shift_logits = shift_logits.view(-1, self.config.vocab_size)
shift_labels = shift_labels.view(-1)

# Enable model parallelism
shift_labels = shift_labels.to(shift_logits.device)
loss = loss_fct(shift_logits, shift_labels) # 13, 14

| QLora

AFE 7F=3t RFHQ] SHA|(Colab Pro Plus, A100 40G 10f) mfjwof 22 §87%9l fine-tuningo]| st

1918 o] si&uyct o]of QLoRA: Efficient Finetuning of Quantized LLMs & E3f A|9F=l QLoRA
71 AgaEU,

Full Finetuning LoRA QLoRA

(No Adapters)

Optimizer ~ J— .
(32 bit) D D E i
!
o O
t 1
t 1

Adapters
(16 bit)

Base T T T T Parametor Updatos =
Model ‘aramatar Lpe o5
Gradient Flow i

1é-bit Transformer 16-bit Transformer 4-bit Transformer Paging Flow =

—

Figure 1: Different finetuning methods and their memory requirements. QLORA improves over LoRA by
quantizing the transformer model to 4-bit precision and using paged optimizers to handle memory spikes.

QLoRA: Efficient Finetuning of Quantized LLMs

13


https://github.com/huggingface/transformers/blob/v4.44.2/src/transformers/models/llama/modeling_llama.py/#L1111

*opr B

2] 71HE A1stEl PLM(Pretrained Language Model)2 freeze stil HZ2]S Wo| @ JL8t= Layerd]
Adapter% H2A o2 29 fine-tuningst= 7MUY &, LoRAS FAtehE A&t viloletl = &

54T A= QLoRAZ A AME3517] Yst 2ho]B.2{a]lQl transformers, BitsAndBytes, peft 2}o]H 2]
a2 olgal 2asIEEU,

3. A3} config A

bnb_config = BitsAndBytesConfig(
load_in_4bit=True, # ©=< 4bit 9FAs}
bnb_4bit_use_double_quant=True, # 7} W] AokS Qs UALst A4 FAts)
bnb_4bit_quant_type="nf4", # 4-bit NormalFloat E}} o2 PLM <FA}st
bnb_4bit_compute_dtype=torch.bfloat16 # 2% HAl AJof|= bfloatl6 EtQJ O 2 AL

4, nd 22]97]

# CausalLM (=Head”} vocab_size A}¥9] WIE 2 A}Y35}+= Linear Layer)
model = AutoModelForCausalLM.from_pretrained(

args.model_id, # Huggingface 23 o]=

quantization_config=bnb_config, # A A9|st 9FA}S} config

device_map="auto", # A85t= GPU AFZ ujAd

revision = 'eceleea3e0f1653eebacb016bdaelfbd37894078') # 714} d50] £9td WA commit id

5. gradient checkpointing @ LoRA A&

model.gradient_checkpointing_enable() # t|®2] AorS 2|t gradient checkpointing &7 sk
model = prepare_model_for_kbit_training(model) # 2 =S k-bit sh5of A WS

# LoRA Config 2%

lora_config = LoraConfig(
r=config["lora_arch"|['r"], # low rank A}o]=
lora_alpha=config|["lora_arch"|["lora_alpha"], # adpater®] ¥&=i-S xZA3517] ¢|sh alpha
target_modules= ["q_proj", "k_proj", "v_proj", "o_proj'l, # LoRA7} A= @Ol [ayer
lora_dropout=config|"lora_arch"]|["lora_dropout"], # LoRA0|A At2= dropout rate
bias="none", # bias= AF25}A] &S
task_type="CAUSAL_LM", # Task : CAUSAL_LM(C}S EZ thzx7])

# LoRA 2% A Z(adpapter A-&)
model = get_peft_model(model, lora_config)

14
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2
Q) i o

| Hyperparameter Al H 21 g5 28 A4 7|&
hyperparameter value
batch size 1
gradient_accumulation_steps | 64
warmup_steps 20
learning_rate 2e-5
epoch 25
weight_decay 0.1
Ir_scheduler_type cosine
max_seq_length 2048
r 16
lora_alpha 64
lora_dropout 0.1
Au el MA 7|20 2= validation dataset® eval_losso]] TH3t early stopping(patience=3)
stof AdAstRlsuyt

A3 7Hs3t 2% InferenceS Hotf7] ¢34 Greedy Decoding® 2 Z 15 ®obiiy,
repetition_penalty=1.13 A&3s} gt25= 245

| &4 3

Instruction Prompt + Input Dialouge

ORI & U,

kA

Target Reference

1111 ] N
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Q) Ziiun o3y Bu

QLoRA WAlo = QFAIS} § LoRA Adaptergs F7}gt 0|50

OFAl G143t Instruction Promptet Input Dialouge’t 3oz Eoj7t1,
Jof @2t Target Referenceo] sliigdst= &3t Q972 Tokens&
auto-regressivest| &Y== fine-tuning?U .

5 7t 2t

S 8719 =Hof tigth YHEE A Aady

- baseline : Tj&] baseline

- baseline (with SFT) : tj&] baseline + SFT fine-tuning

- TG : &YX 9l Q9K Total Summary) Y55+ Al £U(Generalization) + Instruction Fine-tuning

- TG + SG : TG + 3}x}H, 2 Q 9KSpeaker Summary) @Al &= (Generalization)

- TG + SG + RR : TG + SG + ¥t= o] (Ho]) x|7 A 2](Remove Repeated phrase and words)

- TG + SG + RR + Total : TG + SG + RR MY S 2 Train+Dev U|o]E] XX (Total) AF&35t0] st
- Ensemble_v1 : TG + SG + RR¢} TG + SG + RR + Total ¥ FoA &2 4 A

~ Ensemble_v2 : Ensemble_vIo|A SHA} 2 Q0F Buot Asles mte stasl wolo] Ante oA

Evaluation
Model ROUGE-1 BERTScore BLEURT
Score
baseline 54.276 44592 73.277 44.950
baseline (with
58.982 54.759 79.154 43.035
SFT)
TG 59.148181 53.729551 78.3912502 45.3237418
TG + SG 59.6248691 53.4625498 78.5050607 46.9069969
TG + SG + RR 59.8890253 53.8221605 78.5433122 47.3016033
TG + SG + RR +
59.8531238 54.1609176 78.535594 46.8628598
Total
Ensemble_v1 60.0270675 53.7108599 78.5558022 47.8145403
Ensemble_v2 60.0316536 53.7539715 78.5728804 47.7681089
5.1. 29 Xx| H7}
Ao mdl2 7]&E9] ROGUER} BERTScore?] ©A-S Hetstyl A& Zgrst BLEURT AaoA 53]

29 9 4ue ATASUL.

H]E ROUGE-13} BERTScored| A baseline (with SFT) o8] ok7te] A4~ steto] Q19IA|wr, BLEURT A
2o FA dE ZaE BoRSUT. ol F6ll, ZHo] AAE uje gebstal HEst 9ofES

BT 4 e TAT H AdBU
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Sezol AL 2§
%%t Inference Al Greedy Decoding 71®& AM&SC 24, beam searchel g FIPACQl tlwe] @
o= glo] Hold AMF 535 L9 & sy o] BE 2450 AgEo], A9 RHEe =2 &
&4 282 Aol H¥sta sy

Rlobe BEle Wty A 208 Algste o gl UxIsh ROGUES BERTScoredA Whe A4
2 we 7o Reference(dd) QoFRo] EaAwlolo} & 503 E2Z0] $85] WYHA AR S A
s

=1

| Decoding stolmutatuls =xist

o]&= Greedy Decoding?] $tAofA] v]2H Zlo=z Holn, % Decoding sto|mutetu]e] £|Xsts &
3 oS ZHSIHAE et EFS &2 QokRS AT 4 2 ZYYyrct.
| Loss ¥

(Liu_et al., 2022)0f [MF2H, Z4F Q9K Abstractive Summarization)ojA 22 MHS
Al MLE(Maximum Likelihood Estimation)Z &r&0| 43L& =0, O|= inference A| A
A £ o YL o|E HsH| dfl token-levelO| OfH sentence-levelOfAf R9F

St1l, O| & lossO| HrE5I &t&5HH, inference Al &35|= O &2 &EQ 40| A4 FI7R|BOMT
£2 deE @2 & AR & £+ AsHY
| dlolg 5%

EF HolH §40] 518 (WHFY 54 nfste], st 22 Yoz RAS 7S 4 AsY

o}
- e dolee] e 817 5] 9 HolEAe S7t stad FEAY
S|

- clolEMe] i3t B £AS Fol FRF 2olu Hold] B1g Pof, 2dlo] A o YFT 4
U SET 4 AdFUL.

ot FAldieloA MFAl ASket & 7HA] 7I¥2 o Aeyo

- 3% RAL oA AJ7]= YHE o] (To]) ko2& giF o2 A2 st 7Y
Z3(output) FA-S Y3t Hlolg] &84 LLM fine-tuning 7|

o] 7S U that QoHESt oot CHR RoflE K g Thstoy
824 M2 gont, 7|gel AMstY LLMTIAR ool 22 AFel: o S8olA B8P Ao ]
ey
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6. B AGHYA

1. B|EX| EE|E cloned4Lt.

\ git clone https://github.com/DonghaeSuh/korean_dialouge_summarization.git

2. conda Et venvE 53 JMEA e BEUL

# conda® 7= MM (Python 3.10.12)

conda create -n korean_dialogue_summarization python=3.10.12 -y
#7HAEE gy st

source activate korean_dialogue_summarization

# venvZ et Ad-d (Python 3.10.120] O|O] A[AHRMO| MZ|E|O{ /0{OF &)
python3 -m venv korean_dialogue_summarization

# 7HAe gast

source korean_dialogue_summarization/bin/activate

# 7t E0 XM pip BAE0IE

pip install --upgrade pip

3. 9&4 atoluaials Mx Ut

# requirements.txto] o=l 2to|H2{2| MZ|
pip install -r requirements.txt

## W N ##

\ source setup.sh

A ZAE2] S clonedt o2, §] AIHES AUYstHA

- korean_dialogue_summarizationg2}= 0|59 7Hd&7H-& A5t &gslst o=

- ™a o&x WX o] MRlE| T

- checkpointsgt= Z]0]| 37}X] chekcpoint Z2C7F AZiYch
- checkpoint-85 : "AutA o] QOoF + "speaker 2 QOF uh wtz sh&sh mololyct
- checkpoint-115 : TG + SG + RR #{& w=dyc}
- checkpoint-150 : TG + SG + RR + Total #{A m&JUct

18



(" v
G = Mo B

4. Inference

# WE 2B 4
TG + SG + RR H{H1}, TG + SG + RR + Total HH0| aliFSt= checkpointE setup.sh& &oli =222t
2t

| source run_fast_inference.sh |

9 AIYES 5o Ao oo  571A] LTS results BoiolA st £ QFUC

- ensemble_1.json

TG_SG_RR_result_postprocessed.json
TG_SG_RR_result.json

- TG_SG_RR_Total_result_postprocessed.json
TG_SG_RR_Total_result.json

41 82
F235}3At 5t+= checkpoint®] 325 adapter_checkpoint_patho] A=sta,
ANEE 4=, AMgshe 29 id(s1 4 olA)E Agslisn Agdyt

python -m run.test \
--output {A&& A2 json} \
--model_id {AF&st= 29 id} \
--device cuda:0 \
--adapter_checkpoint_path {A|ZZ91E ZH=Z}

4.2 3z
B EAEd9 HHEES ALET A, output WO (## XMwr™ @of ## speaker 1 89F ## speaker 2 @°ohit
#2 Header 50| 227 gyt

python -m postprocess \
--path "results/TG_SG_RR_Total_result.json" \
--output_path "results/TG_SG_RR_Total_result_postprocessed.json"

ol 57l Hsl ¥ L=S &5l postprocess.py BE2 FAYT 4 AU

19
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4.3 ¢3E

e A2 w82 A=)S sl Heide A" F 7H jsonmt A2 results EH || OFRASH o]

python -m postprocess \
--path "results/TG_SG_RR_result_postprocessed.json" \
-—ensemble_path_1 "results/TG_SG_RR_Total_result_postprocessed.json" \

--output_path "results/ensemble_1.json"

?1 255 &0l ensemble_1 & ¥oj= & AdSHH

## W= ensemble_2 ##
7t 20 M40 BHQI ensemble 25 ZH3SH| YYSiM = & 37t1A| TAHE HA{OF YT}

# checkpoint-85 Z 22 test.py AISH

python -m run.test \
--output "results/TG_SG_RR_only_speaker_2_result.json" \
--model_id "MLP-KTLim/llama-3-Korean-Bllossom-8B" \
--tokenizer "MLP-KTLim/llama-3-Korean-Bllossom-8B" \
--device "cuda:0" \
--adapter_checkpoint_path "checkpoints/checkpoint-85" \
--is_test "yes" \
--only_speaker_2 "yes"

# TG_SG_RR_only_speaker_2_result.jsono]] tfsff &4|&]
python -m postprocess \
--path "results/TG_SG_RR_only_speaker_2_result.json" \
--output_path "results/TG_SG_RR_only_speaker_2_result_postprocessed.json"

# 5 X2 A3 OdS =
python -m postprocess \
--path "results/ensemble_1.json" \
--ensemble_path_2 "results/TG_SG_RR_only_speaker_2_result_postprocessed.json” \

--output_path "results/ensemble_2.json"

o1 3 Wol £T & Yt ATYEL oz} ZHYT)

\ source make_ensemble_2.sh

O|A| results &0 o] 9= & x2]= o} AU(~postprocessed.json)y} ensemble_1, ensemble_2&
=]

AlEstd eH®(EHEE) Aol Trggyt
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