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We present Sentence-BERT (SBERT), a modification of the pretrained BERT network, that use siamese 

and triplet network structures to derive semantically meaningful sentence embeddings that can be 

compared using cosine-similarity. This reduces the effort for finding the most similar pair from 65 hours 

with BERT / RoBERTa to about 5 seconds with SBERT, while maintaining the accuracy from BERT for 

semantic similarity search as well as for unsupervised tasks like clustering.



Intro & Related Work
SBERT = Sentence-BERT

BERT = Bidirectional Encoder Representations from Transformers (2018)

RoBERTa = Robust BERT (2019)

GloVe = Global Vectors (2014)

InferSent: Sentence Embedding GloVe + BiLSTM

STS = Semantic Textual Similarity

SNLI = Stanford Natural Language Inference

MNLI = Multi-Genre Natural Language Inference

NLP =  Natural Language Processing



BERT / RoBERTa
Bidirectional Encoder Representations 
from Transformers

Many-to-1

● Sentiment analysis
● Classification

Masked (Cloze) Language Modeling



BERT / RoBERTa



BERT / RoBERTa



SBERT Model
3 Structures & Objective Functions

╶ Classification
╶ Regression
╶ Triplet



SBERT Model
Classification Objection Function



SBERT Model
Regression Objective Function



SBERT Model
Triplet Objective Function

╶ a anchor
╶ p positive sentence
╶ n negative sentence
╶ max(ǁ sa - spǁ - ǁ sa - snǁ + ϵ, 0)



Evaluation: Semantic Textual Similarity
4 Methods

╶ Unsupervised STS
╶ Supervised STS
╶ Argument Facet Similarity (AFS)
╶ Wikipedia Sections





Evaluation: Semantic Textual Similarity
Unsupervised STS





STS
Score 
explanations
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by year



Evaluation
Supervised STS benchmark



Evaluation
Argument Facet Similarity (AFS)

3 controversial topics: 
gun control, gay marriage, death penalty
Different vs equivalent claims + reasoning



Evaluation
Wikipedia Section Distinction

The anchor and the positive example come from the same 
section, while the negative example comes from a different 
section of the same article. 

For example, from the Alice Arnold article: 

a: Arnold joined the BBC Radio Drama Company in 1988
p: Arnold gained media attention in May 2012.
n: Balding and Arnold are keen amateur golfers.



Evaluation: SentEval
Toolkit to evaluate quality of sentence embeddings













Ablation Study
Pooling strategies: MEAN, MAX, CLS

10 different random seeds, 
average performance

Classification Objective trained on 
SNLI + MNLI

Regression Objective trained on STSb



Computation Efficiency
Server: 
Intel i7-5820K CPU @ 3.30GHz, Nvidia 
Tesla V100 GPU, CUDA 9.2 and cuDNN



Example: Paraphrase Mining
!pip install sentence-transformers
from sentence-transformers import SentenceTransformer, util

# Single list of sentences - possible tens of thousands of sentences
df = pd.DataFrame(requests.get("https://stampy.ai/w/api.php").json())
sentences = df["fulltext"].values.tolist()

checkpoint = "paraphrases-multi-qa-mpn"  
#@param ['distilbert-base-nli-stsb-quora-ranking', 'multi-qa-mpnet-base-dot-v1', 'all-MiniLM-L6-v2']
model = SentenceTransformer(checkpoint)
paraphrases = util.paraphrase_mining(model, sentences)

for paraphrase in paraphrases[0:100]:
   score, i, j = paraphrase
   print(f"{df['fulltext'][i]}\n{df['fulltext'][j]}\nscore:{score:.2f}\n")

https://sbert.net/

https://stampy.ai/w/api.php
https://sbert.net/docs/pretrained_models.html


Example: 
Duplicate 
Questions



Example: Transformer Setup
!pip install datasets transformers[sentencepiece]
!pip install faiss-gpu
from transformers import AutoTokenizer, AutoModel

df = pd.DataFrame(requests.get("https://stampy.ai/w/api.php").json())
checkpoint = "paraphrases-multi-qa-mpn"  
#@param ['distilbert-base-nli-stsb-quora-ranking', 'multi-qa-mpnet-base-dot-v1', 'all-MiniLM-L6-v2']

# load pretrained tokenizer and model
tokenizer = AutoTokenizer.from_pretrained(checkpoint)
model = AutoModel.from_pretrained(checkpoint)
model.to(device)
dataset = Dataset.from_pandas(df)

# embed entire set of stampy questions then pkl to file
embeddings_dataset = dataset.map( lambda x: {"embeddings": 

get_embeddings(x["text"]).detach().cpu().numpy()[0]})
embeddings_dataset.add_faiss_index(column="embeddings")

https://stampy.ai/w/api.php


Example: Semantic Search
question_embedding = get_embeddings([question]).cpu().detach().numpy()

scores, samples = embeddings_dataset.get_nearest_examples("embeddings", question_embedding, k=6)

samples_df = pd.DataFrame.from_dict(samples)
samples_df["scores"] = scores
samples_df.sort_values("scores", ascending=True, inplace=True)

for _, row in samples_df.iterrows():
   print(f"({row.scores:.2f})\t{row.fulltext}")



Sentence-BERT (SBERT) fine-tunes BERT in a siamese / triplet 
network architecture. We evaluated the quality on various common

semantic textual search benchmarks, where it could achieve a 
significant improvement over state-of-the-art sentence embeddings 

methods. SBERT is computationally efficient.



Discussion
Personal experiences?

Potential applications?

Questions?

Key takeaways?


