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Sparse Retrieval vs Dense Retrieval

e Sparse Retrieval model
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Vocabulary mismatch problem

2AA HHY 1T - Q

5]
A

Ml

52 VIEW O[OIX]  XAliN  QERAM SEY¥ LT L A K=
tip.to 114.co entr

IEE32 0|8 ¥ - YEAA Z3|0|Y0| THE SHH X

¢ D7 HE Eo2 S0t - N
(rusa~ean ) 2 a=sz-2 D2Ea~ 0l8Yy
\ J

_— *

U =21 A OH XI HiEH 20220204 WBUL RBAE WO/, AUCIE, Z20| O\TA 374K BRI Y e

AE 01— o d SLUITH Oj2 ofzf 30| XS ZHSE BAOIE MO 19500 # ABCIE 135 & 5 F
00 ¥ =2|0/Y : 17,000 # WEH A= AHOESH HD 2 S HSELICH UHD

YEEL AHE A ER HRIT 4 LT

o AE3|2 AHA BX|

X I Mo i Al BEX 4=
* 71’8 T O|X|Ci|A{2] DVD HH L A W= alA gigAl Jots 7| X = § @& Q
D 0 YO AW HAISHD AHAS 2o fYS YHEAULICL
St t La S84 oo K2 28 | EN | XNE | FBH 38
Go gle A4 Z DL OF 24 5007H (0.44%)
© nefflix.com
https://help.nefflix.com ;> node 3 O

WSl A SHX| 2HE - Netflix Help Center
0| 20| AHE siX|5t HHAMES S0 G20 S AULICH AFoA 22028 LE Y
=21~ 92 AFTICHD )M AFO| SYR| SR = LS




e
Dense Retrieval: Bi-Encoder vs Cross-Encoder

* Bi-encoder (=dual encoder)
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Fig. 2. Visual illustration of dual-encoder and cross-encoder architec-
tures.




Dense Retrieval: Bi-Encoder
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Dense Retrieval: Cross-Encoder
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1 I Overview
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| BARThez : Overview

: BARTpho :

I S j The BERT model was proposed in BERT: Pre-training of Deep Bidirectional Transformers for Language Understanding by Jacob

I BortG p : Devlin, Ming-Wei Chang, Kenton Lee and Kristina Toutanova. It’s a bidirectional transformer pretrained using a combination of

1 ertGeneration ) ) ) o =

i : masked language modeling objective and next sentence prediction on a large corpus comprising the Toronto Book Corpus and

| BertJapanese N _ = e -

I I wikipedia. I I

| Bertweet : : 1

| - 1 I

| BigBird j The abstract from the paper is the following: : 1

[ I

| BigBirdPegasus : : 1

I . I We introduce a new language representation model called BERT, which stands for Bidirectional Encoder Representations from 1

| BioGpt I guag ’ : 1

: Blenderbot I Transformers. Unlike recent language representation models, BERT is designed to pre-train deep bidirectional representations from I :

| unlabeled text by jointly conditioning on both left and right context in all layers. As a result, the pre-trained BERT model can be fine- ' 1
| P

I Blenderbot Small I : 1

| BLOOM | tuned with just one additional output layer to create state-of-the-art models for a wide range of tasks, such as question answering I :

I '

| SORT : and language inference, without substantial task-specific architecture modifications. : |

| |

I.————————————————I R,

https://huggingface.co/docs/transformers/model doc/bert#transformers.BertForSequenceClassification
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| A| — pretrained model
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s import load_da

bexrt-base-multilingual-uncased © ©like

) Fill-Mask & Transformers () PyTorch  1F TensorFlow % JAX & Safetensors wikipedi ) ‘ .
formers import AutoM
m apache-2.0
Model card Files and versions Community

. Downloading (...)lve/main/config.json: 100%
BERT multilingual base model (uncased)

Downloading model.safetensors: 100%

Pretrained model on the top 102 languages with the largest Wikipedia using a masked language B et (e e e s (T

modeling (MLM) objective. It was introduced in this paper and first released in this repository. This

model is uncased: it does not make a difference between english and English. Downloading (..)solve/main/vocab.txt: 100%

Downloading (...)/main/tokenizerjson: 100%

Disclaimer: The team releasing BERT did not write a model card for this model so this model card

has been written by the Hugging Face team.
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class BertForSequenceClassification(BertPreTrainedModel):

def __init__ (self, config):
super().__init__(config)

self.num_labels = config.num_labels

Classifier

self.config = config

)

BERT

self.bert = BertModel(config)

classifier_dropout = (

Sentence A

config.classifier_dropout if config.classifier_dropout is not N

SentenceB )

self.dropout = nn.Dropout(classifier_dropout)

self.classifier = nn.Linear(config.hidden_size, config.num_labels)

def forward(
outputs = self.bert(
input_ids,

attention_mask=attention_mask,
token_type_ids=token_type_ids,
position_ids=position_ids,
head_mask=head_mask,
inputs_embeds=inputs_embeds,
output_attentions=output_attentions,
output_hidden_states=output_hidden_states,

return_dict=return_dict,

~

pooled_output = outputs[1]

pooled_output = self.dropout(pooled_output)
logits = self.classifier(pooled_output)

reshaped_logits = logits.view(-1, num_choices)
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° Bi_encoder Cosine-Similarity

— ~

transformer_model = Transformer(model_name_or_path) u v
pooling_model = Pooling(transformer_model.get_word_embedding_dimension(), 'mean') A A
pooling pooling

' 4 4
BERT BERT

*

self.auto_model = AutoModel.from_pretrained(model_name_or_path, config=config, cache_dir=cache_dir, Sentence A Sentence B
if self.pooling mode_mean_tokens or self.pooling_mode_mean_sqrt_len_tokens: ‘
input_mask_expanded = attention_mask.unsqueeze(-1).expand(token_embeddings.size()).float() =

sum_embeddings = torch.sum(token_embeddings * input_mask_expanded, 1)

output_vectors.append(sum_embeddings / sum_mask)
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L 1 — Sentence Transformers

SentenceTransformer('intfloat/multilingual-eb-large"')

2. A= YH SULE 0hE (JHE)
e Input: [CLS]=A][SEP]
e Output: embedding

¢ corpus_embeddings = bi_encoder.en nvert_to_tensor=True, show_progress_bar=True.
3 Xl Ol O] H-” C|
. E — D o

° Input: [CLS]jéIgl [SEP] , convert_to_tensor=T
e Output: embedding

4. =A gH|S S0 2ol H|Fo Cfs AR (=8 ) S8 = dZ
e Cosine similarity §7§‘>| hits = util.semantic_search{question_embedding, corpus_embeddings, top_k=top_k)
* Faiss AFE A| BF2A| B[ Tt5
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(b) Cross-encoder architecture

Input:
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1. Model load

cross_encoder = CrossEncoder ( 'bongsoo/albert-smal | -kor-cross-encoder-vi')

2. oo} ZA Hof Cisl FAI (=T ) B8
+ Input: [CLS]Z 2[SEP]-2 A [SEP]
* Qutput: Score
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f __init__ (self, model_name:str, num_labels:int = None, max_length:int = None, device:str =

automodel_args:Dict = {}, default_activation_function = None):

self.model = AutoModelForSequenceClassification.from_pretrained(model_name, config=self.config,

self.tokenizer = AutoTokenizer.from_pretraifed(model_name, **tokenizer_args)

self.max_length = max_length

device is None:

-

i

device = "cuda" if torch.cuda.is_available() else

logger.info("Use pytorch device: {}".format(device))
\ J LJ \ 'y

self._target_device = torch.device(device)
class BertForSequenceClassification(BertPreTrainedModel):
def __init_ (self, config):
super().__init__(config)

self.num_labels = config.num_labels

0.1
A self.config = config
Classifier self.bert = BertModel(config)
A classifier_dropout = (
BERT config.classifier_dropout if config.classifier_dropout is not N
1
/J

self.dropout = nn.Dropout(classifier_dropout)

Sentence A SentenceB

self.classifier = nn.Linear(config.hidden_size, config.num_labels)

None, tokenizer_args:Dict =

.(1.
L2

*automodel_args)

def forward(
outputs = self.bert(

input_ids,

attention_mask=attention_mask,

token_type_ids=token_type_ids,

position_ids=position_ids,

head_mask=head_mask,

inputs_embeds=inputs_embeds,

output_attentions=output_attentions,

output_hidden_states=output_hidden_states,

return_dict=return_dict,

~

pooled_output = outputs[1]

pooled_output = self.dropout(pooled_output)
logits = self.classifier(pooled_output)

reshaped_logits = logits.view(-1, num_choices)
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& 2 -Cross Encoder T

it_ (self, model_name:str, num_labels:int

None, max_length:int device:str = None, tokenizer_args:Dict = {},

automodel_args:Dict = {}, default_activation_function

def fit(self,

train_dataloader: Dataloader,
evaluator: SentenceEvaluator =
epochs: int = 1,

loss_fct = None,
activation_fct = nn.Identity(),
scheduler: str = 'WarmupLinear',

warmup_steps: int = 1@e00,

optimizer_class: Type[Optimizer]

torch.optim.Adambl,

optimizer_params: Dict[str, object] = {'1r’

weight_decay: float = ©.01,
evaluation_steps: int = @,
output_path: str = None,
save_best_model: bool = True,
max_grad_norm: float = 1,

use_amp: bool = False,

callback: Callable[[float, int, int], None]

show_progress_bar: bool = True

N .
)
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def fit(self,

if isinstance(scheduler, str):

scheduler = SentenceTransformer. get scheduler(optimizer, scheduler=scheduler, warmup_steps=warmup_steps,

if loss_fct is None:
loss_fct = nn.BCEWithlLogitslLoss() if self.config.num_labels == 1 else nn.CrossEntropyloss()

for epoch in trange(epochs, desc="Epoch™, disable=not show_progress bar):
training_steps = 0
self.model.zero_grad()
self.model.train()

for features, labels in tqdm(train_dataloader, desc="Iteration", smoothing=0.05, disable=not show_progress_bar):

model_predictions = self.model(**features, return_dict=True)
logits = activation_fct(model_predictions.logits)
if self.config.num_labels ==
logits = logits.view(-1)
loss fct(logits, labels)

loss_value.backward()

loss_value

torch.nn.utils.clip _grad_norm_(self.model.parameters(), max_grad_norm)

optimizer.step()

optimizer.zero_grad()

if evaluator is not None and evaluation_steps > © and training_steps % evaluation_steps ==

self. eval during training(evaluator, output_path, save_best model, epoch, training_steps, callback)

self.model.zero_grad() 23
self.model.train()
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def _load_auto_model(self, model_name_or_path):

"o

Creates a simple Transformer + Mean Pooling model and returns the modules

logger.warning("No sentence-transformers model found with name {}.

transformer_model = Transformer(model _name_or_path)
pooling model = Pooling(transformer_model.get_word_embedding_dimension(), 'mean’)

return [transformer_model, pooling_model]

St& loope ™ lossE =X FHEtA| 2 HEHH Ol S E2 2 7[0] 4=

}. Creating a new one with MEAN pooling.".format(model_name_or_path))

*

Cosine-Similarity

/\

u v
4 4
pooling pooling
4 A
BERT BERT
4
Sentence A SentenceB
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class MultipleNegativesRankinglLoss(nn.Module):

def __init__ (self, model: SentenceTransformer, scale: float = 20.8, similarity_fct = util.cos_sim):

:param model: SentenceTransformer model

:param scale: Output of similarity function is multiplied by scale value

:param similarity fct: similarity function between sentence embeddings. By default, cos_sim. Can also b
super(MultipleNegativesRankingloss, self).__init_ ()

self.model = model

self.scale = scale

self.similarity_fct = similarity_fct

self.cross_entropy_loss = nn.CrossEntropylLoss()

def forward(self, sentence_features: Iterable[Dict[str, Tensor]], labels: Tensor):
1f t

odel(sentence_feature)[ 'sentence_embedding'] for sen

]

embeddings_a = eps[
orch.cat(reps[1:])

embeddings_b

scores = self.similarity_fct(embeddings_a, embeddings_b) * self.scale
labels = torch.tensor(range(len(scores)), dtype=torch.long, device=scores.device) # Example a[i] shoul

return self.cross_entropy_loss(scores, labels)
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e Cross Encoder from scratch

e https://github.com/UKPLab/sentence-
transformers/blob/master/examples/training/ms marco/train cross-
encoder scratch.py

e https://github.com/UKPLab/sentence-
transformers/blob/master/sentence transformers/cross encoder/CrossEncoder.py

e https://www.sbert.net/docs/package reference/cross encoder.html?highlisht=mod
el%20fit

e Bi encoder from scratch

e https://github.com/UKPLab/sentence-
transformers/blob/master/examples/training/ms marco/train bi-encoder mnrl.py

* https://www.sbert.net/examples/training/ms marco/README.html?highlight=multi
plenegative#tbi-encoder
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