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Siamese BERT-Networks

Richer Sentence Embeddings using Sentence-BERT
— Part1

Using naive sentence embeddings from BERT or other transformer models leads to
underperformance. To get around this, we can fine-tune BERT in a siamese fashion. The result is
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B benchmarks [2].

In many cases, it outperformed human performance [3].

Fast-forward 1 year along, and several improved variants of BERT [4][5][6][7][8] have
popped up, with new ones being released by large tech companies seemingly every

month.

We will first briefly review BERT (a more in-depth review is here), and then explain how

to efficiently generate rich sentence embeddings using BERT.

Specifically, we will discuss a recent paper from UKP (Ubiquitous Knowledge Processing
Lab): Sentence-BERT: Sentence Embeddings using Siamese BERT-Networks [9]

In part II of this post, we will implement an MVP of this strategy in PyTorch.

1. Preliminaries: BERT is trained to give rich word
embeddings

BERT is very good at generating word embeddings (word vectors) that are rich in

semantics and depend heavily on context.

The sentences “I ate an apple” and “Apple acquired a startup” will have completely
different word embeddings for “apple” generated by BERT, due to the context of the

words.
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BERT reconstructs partially masked sentences using the context of the surrounding sentence (Masked
language modeling)

The original BERT also uses a next-sentence prediction objective, but it was shown in the
RoBERTa paper [8] that this training objective doesn’t help that much.

In this way, BERT is trained on gigabytes of data from various sources (e.g much of

Wikipedia) in an unsupervised fashion.

2. (Old) Sentence Embedding Methods are not Rich

For many NLP tasks, we need sentence embeddings. This includes, but is not limited to,
semantic similarity comparison, sentence clustering within documents and information

retrieval via semantic search.

At Genei, we make use of sentence embeddings to cluster sentences in documents, which
X

This is your last free story this month. Sign up and get an extra one for free.

‘ G Sign up with Google l

{ K1 sign up with Facebook

Already have an account? Sign in

1 ——
https://medium.com/genei-technology/richer-sentence-embeddings-using-sentence-bert-part-i-ce 1d9e0b1343 3/13


https://en.wikipedia.org/wiki/Semantic_similarity
http://www.lumenai.fr/blog/quick-review-on-text-clustering-and-text-similarity-approaches
https://towardsdatascience.com/semantic-search-73fa1177548f
https://genei.io/
https://medium.com/m/connect/google?state=%7Chttps%3A%2F%2Fmedium.com%2Fgenei-technology%2Fricher-sentence-embeddings-using-sentence-bert-part-i-ce1d9e0b1343%3Fsource%3D-----ce1d9e0b1343---------------------metered_view_3-%7Cregister&source=-----ce1d9e0b1343---------------------metered_view_3-
https://medium.com/m/connect/facebook?state=%7Chttps%3A%2F%2Fmedium.com%2Fgenei-technology%2Fricher-sentence-embeddings-using-sentence-bert-part-i-ce1d9e0b1343%3Fsource%3D-----ce1d9e0b1343---------------------metered_view_3-%7Cregister&source=-----ce1d9e0b1343---------------------metered_view_3-
https://medium.com/m/signin?operation=login&redirect=https%3A%2F%2Fmedium.com%2Fgenei-technology%2Fricher-sentence-embeddings-using-sentence-bert-part-i-ce1d9e0b1343&source=-----ce1d9e0b1343---------------------metered_view_3-

2/19/2020 Richer Sentence Embeddings using Sentence-BERT — Part |

We average the word embeddings in a sentence to get the sentence embedding

2b. Using the [CLS] vector as the sentence embedding
Alternatively, we can use the embedding for the [CLS] special token that appears at the

start of the sentence.

Token Embeddings |B[CLS]| Esent |Eune E[SEP]l |E[CLSJ| |E2nd |Esem |E[SEP]| |E[c1.sl| Esent | |Eagain E[SEP]|
+
Pmneddings  (Ba | [(Ba | [Ea | [E{ [ B | [ By | [ Es | Ew | [E0][Ea] [ B0 En|
+
Position Embeddings Eq E, E; E4 Es Eg E; Eg Eq Eqo Enn Ei2
4
T T, Ty
v ' v
[ Summarization Layers ]

The [CLS] token (shown in orange) is used as a sentence embedding in this paper [12] that uses BERT for
extractive summarization
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Model STS12 | STS13 | STS14 | STS15 | STS16 | STSb | SICK-R Avg.
Avg. GloVe embeddings 55.14 70.66 59.73 68.25 63.66 | 58.02 53.76 61.32
Avg. BERT embeddings 38.78 57.98 57.98 63.15 61.06 | 46.35 58.40 54.81
BERT CLS-vector 20.16 30.01 20.09 36.88 38.08 16.50 42.63 29.19
InferSent - Glove 52.86 66.75 62.15 72.77 66.87 68.03 65.65 65.01
Universal Sentence Encoder | 64.49 67.80 64.61 76.83 73.18 74.92 76.69 71.22
SBERT-NLI-base 70.97 76.53 73.19 79.09 7430 | 77.03 7291 74.89
SBERT-NLI-large 72.27 78.46 74.90 80.99 76.25 79.231| 73.75 76.55
SRoBERTa-NLI-base 71.54 72.49 70.80 78.74 73.69 | 77.77 74.46 74.21
SRoBERTa-NLI-large 74.53 77.00 73.18 81.85 76.82 | 79.10 74.29 76.68

Table 1: Spearman rank correlation p between the cosine similarity of sentence representations and the gold labels
for various Textual Similarity (STS) tasks. Performance is reported by convention as p x 100. STS12-STS16:
SemEval 2012-2016, STSb: STSbenchmark, SICK-R: SICK relatedness dataset.

Results from the Sentence-BERT paper [9]

3. SentenceBERT: Fine-tuning BERT to give good Sentence
Embeddings

The idea is to fine-tune BERT sentence embeddings on a dataset which rewards models

that generates sentence embeddings that have the following property:

When the cosine similarity of the pair of sentence
embeddings is computed, we want it to represent
accurately the semantic similarity of the two

sentences.

This is your last free story this month. Sign up and get an extra one for free.

G sign up with Google

K1 sign up with Facebook

Already have an account? Sign in

https://medium.com/genei-technology/richer-sentence-embeddings-using-sentence-bert-part-i-ce 1d9e0b1343 5/13


https://en.wikipedia.org/wiki/Cosine_similarity
https://en.wikipedia.org/wiki/Semantic_similarity
https://medium.com/m/connect/google?state=%7Chttps%3A%2F%2Fmedium.com%2Fgenei-technology%2Fricher-sentence-embeddings-using-sentence-bert-part-i-ce1d9e0b1343%3Fsource%3D-----ce1d9e0b1343---------------------metered_view_3-%7Cregister&source=-----ce1d9e0b1343---------------------metered_view_3-
https://medium.com/m/connect/facebook?state=%7Chttps%3A%2F%2Fmedium.com%2Fgenei-technology%2Fricher-sentence-embeddings-using-sentence-bert-part-i-ce1d9e0b1343%3Fsource%3D-----ce1d9e0b1343---------------------metered_view_3-%7Cregister&source=-----ce1d9e0b1343---------------------metered_view_3-
https://medium.com/m/signin?operation=login&redirect=https%3A%2F%2Fmedium.com%2Fgenei-technology%2Fricher-sentence-embeddings-using-sentence-bert-part-i-ce1d9e0b1343&source=-----ce1d9e0b1343---------------------metered_view_3-

2/19/2020 Richer Sentence Embeddings using Sentence-BERT — Part |
3a. (Pre)-Training Strategy: Siamese Neural Network

The general idea introduced in [9] is to pass 2 sentences through BERT, in a siamese

fashion. A good diagrammatic summary is below:

Softmax classifier

*

(u, v, |u-v|)

/\

u

A

\'

pooling

7y

7y

pooling

BERT

7y

Sentence A

Figure 1: SBERT architecture with classification ob-
jective function, e.g., for fine-tuning on SNLI dataset.
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trainable weight matrix WER?" * ¥ where N is the sentence embedding dimension, and

K is the number of labels.

3b. Ablation study for pooling and concatenation strategies

The pooling operation is flexible, although the researchers found that a mean

aggregation worked best (compared to a max or CLS aggregation strategy).

Several concatenation strategies were tried as well; (u, v, ||u-v||) worked the best.

Ablation results from the paper are shown below:

NLI

STSb

Pooling Strategy

MEAN
MAX
CLS

30.78
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87.44
69.92
86.62
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At inference, we compute sentence embeddings and then compute the cosine similarity

of the respective pairs of sentences we want to compute the semantic textual similarity
of:

-1...1

*

cosine-sim(u, v)

/\

u Vv
A A
pooling pooling
4 4
BERT BERT
5
Sentence A Sentence B

Figure 2: SBERT architecture at inference, for exam-
ple, to compute similarity scores. This architecture is
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The output of the siamese network was trained to match that of a group of labeled

datasets: the STS benchmarks [13]. These datasets provide labels from O to 5 for the

semantic relatedness of a pair of sentences:

The two sentences are completely equivalent, as they
mean the same thing.

The bird is bathing in the sink.
Birdie is washing itself in the water basin.

The two sentences are mostly equivalent, but some
unimportant details differ.

Two boys on a couch are playing video games.
Two boys are playing a video game.

The two sentences are roughly equivalent, but some
important information differs/missing.

John said he is considered a witness but not a suspect.
“He 1s not a suspect anymore.” John said.

The two sentences are not equivalent, but share some
details.

They flew out of the nest in groups.
They flew into the nest together.

The two sentences are not equivalent, but are on the
same topic.
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The SNLI (Stanford Natural Language Inference) dataset contains 570k human-written

English sentence pairs manually labeled (by Amazon Mechanical Turk Workers) for

Richer Sentence Embeddings using Sentence-BERT — Part |

balanced classification with the labels: entailment, contradiction, neutral.

Here are a few example pairs taken from the development portion of the corpus. Each has the judgments of five mechanical turk workers and a consensus judgment.

Text Judgments Hypothesis

A man inspects the uniform of a figure in some East Asian country.

An older and younger man smiling.

A black race car starts up in front of a crowd of people.

A soccer game with multiple males playing.

A smiling costumed woman is holding an umbrella.

contradiction ) .
The man is sleeping
ccccc

neutral

Two men are smiling and laughing at the cats playin, oh\thefloor‘
NNENN g gning playing or

contradiction o
man is driving down a lonely road.

CCcccc
entailment . lavi .
ome men are playing a sport.
EEEEE R AL
neutral ) .
A happy woman in a fairy costume holds an umbrella.
NNECN

Training examples from SNLI dataset

3e. Final Results of the Paper

We'll quickly take a look at the final results the paper obtains:

Model

Spearman

Not trained for STS
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lrained on NLI data + 515 benchmark data

BERT-NLI-STSb-base 88.33 + 0.19
SBERT-NLI-STSb-base 85.35 £ 0.17
SRoOBERTa-NLI-STSb-base | 84.79 + 0.38
BERT-NLI-STSb-large 88.77 £+ 0.46
SBERT-NLI-STSb-large 86.10 = 0.13
SRoBERTa-NLI-STSb-large | 86.15 4= 0.35

Table 2: Evaluation on the STS benchmark test set.
BERT systems were trained with 10 random seeds and
4 epochs. SBERT was fine-tuned on the STSb dataset,
SBERT-NLI was pretrained on the NLI datasets, then
fine-tuned on the STSb dataset.

Final results...

Clearly, fine-tuning on both NLI + STS results in the best models. Interestingly enough,
using RoBERTa [8] doesn’t seem to help that much over BERT...

Finally, note the improvement we get over using the average BERT embeddings (line 2 of

the table). The result is a step improvement.

h | anlzineo Enrmararvd — Darvt 1
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