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Stage 1 Stage 2

Multi-Class CrossEntropy Loss wav_idl | wav_id2 | distance
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Acoustic Unit Discovery System

(e.g., K-means on MFCC)
(2] (2] (=] (2] (=] (2]
/HUBERT ] \
| Transformer |
[ T L
| E | IMsK] [msk] [Msk] | E || s |
o CNN Encoder |

]

R

* cross-entropy loss
* clustering process
* re-uses embeddings from the BERT encoder

https://browse.arxiv.org/pdf/2106.07447.pdf

https://browse.arxiv.org/pdf/2006.11477.pdf

Wave2Vec2

Contrastive loss
£

Context C . .

representations F I ]

Transformer
Masked
Latent speech 2

representations

Quantized
representations Q

e contrastive loss
* quantization process
* only uses convolutional network output
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https://browse.arxiv.org/pdf/2106.07447.pdf
https://browse.arxiv.org/pdf/2006.11477.pdf
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Multi-Class CrossEntropy Loss A SR

> % %5 Feature Encoder
Linear Projection (128 DIM) > learning rate: 1.e-04
» optimizer: AdamW
Pooling Layer (Max/Mean/Last hidden states) > adedulsn CoeAnieeis

e : » epoch: #1310/ 2 35
! [ ] Chinese-HuBert-Large E
: Chinese-Wav2Vec2-Large E > batch size: 32
EResZNet-Large » duration: 3.2
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class AudioModel(nn.Module):

def __init_ (
self,
args,
model name,
freeze_encoder, %/}'ﬁ%ﬁgﬂi
num_labels,
config_path=None, 2 2 M g
use_gradient_checkpointing=False, > ﬁ‘)\%ﬁ 1)]] gé:‘j}:%ﬁ
pooling_params={},

hidden_size=128, > ;é:\ éé—j’”ﬁ i)l] éfzﬁ#ﬁﬂ EnCOder/%
> & Jf gradient checkpointing 51K,
self.window_size = window_size E/{%’fi}—ﬂ :?

self.config = AutoConfig.from_pretrained(f'{args.cache_dir}")

self.backbone = AutoModel.from_pretrained(f'{args.cache_dir}', config=self.config) > iiemb]%&éﬁ/_i\]\i_,}%/%

super().__init_ ()

if freeze_encoder:
self.backbone.feature_extractor._freeze parameters()

if use_gradient_checkpointing:
self.backbone.gradient_checkpointing_enable()

self.newfc_hidden = nn.Linear(self.backbone.config.hidden_size, hidden_size)
self.fc = nn.Linear(hidden_size, num_labels)
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def forward(self, x):

features = self.backbone(x)
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if self.pooling params['pooling name'] == "MeanPooling":

features = torch.mean(features.last_hidden_state, 1) > ?ﬁ?}l] Ql'f#,‘%?f” j@ﬂl‘;ﬁ:"}ii}%/ﬁ, SN
elif self.pooling params|['pooling name'] == "NoPooling":

features = features.last_hidden_state[:, -1, :] > /'i)L)T: Ff] fJ(J 1’@@67‘]‘/%
elif self.pooling params['pooling name'] == "MaxPooling":

features, _ = torch.max(features.last _hidden_state, 1) > ’] 97‘ /@’TJC é’]emb]’kéﬁ
Else:

raise NotImplementedError > Ifi #ﬂ'l ﬁ*%ii- é:':%?i L? ‘:P ]E’J]}’emb

embedding = self.newfc_hidden(features)

pred = self.fc(torch.relu(embedding))

return pred, embedding
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max_depth: 5

learning_rate: 0.01

colsample_bytree: 0.5
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subsample: 0.75
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def

def

random_choice(lst):
idx = random.randrange(®, len(lst))
return lst[idx]

create_pair():

distance_df = pd.read_excel('/xydata/E3=-IEEEME. x1sx")
distance_df = distance_df.melt(id_vars=['Unnamed: @']).drop_duplicates()

distance_df.columns = ['labell', 'label2', 'distance’]
distance_df = distance_df.replace(‘'dtm=', "ZiEE")

train_df = pd.read_csv('../proc/train_meta.csv')
train_ids = train_df['id'].to_list()

te list = []

while len(tr_list) < 10060000:
randl = random_choice(train_ids)
rand2 = random_choice(train_ids)
if randl == rand2:

continue

pair = randl, rand2
tr_list.append(pair)

train_pair

train_pair = train_pair.merge(

train_df[['id', 'wav_path', 'label’']].add_suffix('1'), how="left", on=['id1l"']

)

train_pair = train_pair.merge(

train_df[['id', 'wav_path', 'label']].add_suffix('2'), how="left', on=['id2']

)
train_pair = train_pair.merge(

distance_df, how='left', on=['labell', 'label2’']
)

return train_pair

pd.DataFrame(tr_list, columns=['id1', "id2'])
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def create_features(emb_query_dict, pair_df, emb_size=None):
inputl = []
input2 = []

++

for id1, id2 in list(zip(pair_df.id1l, pair_df.id2)):

inputl.
input2.

dfe
dfl

append(emb_query_dict[id1])
append(emb_query_dict[id2])

pd.DataFrame(np.vstack(inputl), columns=[f'idl_emb{i}' for i in range(emb_size)])
pd.DataFrame(np.vstack(input2), columns=[f'id2_emb{i}' for i in range(emb_size)])

df = pd.concat([df@, dfl], axis=1)

inputl =
input2 =

pdist_11
pdist_12

pdist_11_:

torch.tensor(np.vstack(inputl)).to('cuda')
torch.tensor(np.vstack(input2)).to( 'cuda')

= torch.nn.PairwiseDistance(p=1)
= torch.nn.PairwiseDistance(p=2)

value = pdist_11(inputl, input2)

pdist_12 value = pdist_12(inputl, input2)

df['11_distance']
df['12_distance']

cos_sim

pdist_11_value.cpu().numpy()
pdist_12_value.cpu().numpy()

torch.nn.functional.cosine_similarity(inputl, input2)

df['cos_sim'] = cos_sim.cpu().numpy()

return df
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Smooth L1Loss

Concat + Linear

Embedding 1

Embedding 2
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10.187;

% FIEFEETIE : 12715940 TR G 3E
#—F RS EANL, 2, EXRFH#RITZE: 10.163

model_id | backbone pooling epoch =) 2 AR ARF
1 hubert mean pooling 10 xgboost 10.605
2 hubert max pooling 10 xgboost 10.82
3 hubert last hidden_states 10 xgboost 10.618
4 wave2vec?2 mean pooling 10 xgboost 10.78
5 wave2vec2 max pooling 10 xgboost 10.65
6 wave2vec?2 last hidden_states 10 xgboost 10.721
7 hubert mean pooling 10 NN 11.886
8 hubert mean pooling 5 xgboost 10.517
9 hubert last hidden_state 5 xgboost 10.53
10 wave2vec2 max pooling 5 xgboost 10.578
11 wave2vec?2 last hidden_states 5 xgboost 10.641
BAAEAEA G KIFH: 10.517; & EHREAIE: 37554
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Soft - label / %48 (1 M-& 3 F240.1)
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