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• Sentence embeddings are a bedrock of NLP, and 
simple representations based on averaging often 
outperform more complex methods on semantic 
textual similarity (STS) tasks.

• We propose a novel fuzzy bag-of-words 
representation for text that contains all the words 
in the vocabulary simultaneously, but with degrees 
of membership derived from similarities between 
word vectors.

• Max-pooled word vectors are a special case of 
fuzzy BoW and should be compared via fuzzy 
Jaccard index instead of cosine similarity.

• We propose DynaMax, an unsupervised similarity 
measure for sentences that dynamically extracts 
and max-pools good features.

OVERVIEW

CONCLUSIONS

• Max-pooled vectors compared with fuzzy Jaccard perform better 
than when compared with cosine similarity.

• Average vectors compared with fuzzy Jaccard completely fail, as 
averaging is not a valid fuzzy union operation so set similarity 
measures are not appropriate. 

• DynaMax outperforms all other methods on every STS task when 
word vectors are trained unsupervised.

• It performs comparably on supervised vectors that directly optimise 
cosine similarity, despite being completely unrelated to that 
objective. 

• Both max-pooled vectors and DynaMax are strong simple baselines 
for further research in sentence representations and similarity 
measures.

First we compare various baseline methods proposed in this paper 
under the framework of fuzzy BoW. Average vectors with Jaccard 
similarity are not included as they consistently perform 20-50 points 
worse than other methods.

EXPERIMENTS

Next we compare DynaMax, against various state-of-
the-art sentence embedders and average word 
vectors, for a variety of pretrained word vectors.
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DON’T SETTLE FOR AVERAGE, GO FOR THE MAX:
FUZZY SETS AND MAX-POOLED WORD VECTORS 

Finally, we compare representations using fuzzy set similarity 
measures such as the fuzzy Jaccard index.

There are many options besides using the entire vocabulary 
for the universe. It turns out that max-pooled word vectors are 
a special case of fuzzy BoW, since they correspond to a 
choice of universe matrix, namely the identity.

FUZZY BAG-OF-WORDS
This universe matrix changes dynamically 
depending on the sentence pair, so we call 
this algorithm DynaMax.

Fuzzy set theory is an extension of classical 
set theory where elements have degrees of 
membership in sets. It has its own definitions 
of cardinality, intersection, and union.

We use word embedding similarity to define a 
membership function for each word in our 
universe (e.g. vocabulary).

Then we combine words into sentences using 
a fuzzy union operation on their membership 
functions, i.e. by max-pooling instead of 
taking the average.

Fuzzy BoW corresponds to projecting word embeddings onto a subspace, 
followed by max-pooling of the extracted features.  Empirically we find that 
embeddings for only words in the sentences we’re comparing form a sufficient 
subspace to extract all the features needed for semantic similarity. 
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word embedding space

fuzzy BoW crisp BoW
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Approach STS12 STS13 STS14 STS15 STS16

ELMo (BoW) 55 53 63 68 60

Skip-Thought 41 29 40 46 52

InferSent 61 56 68 71 71

USE (DAN) 59 59 68 72 70

USE (Transformer) 61 64 71 74 74

STN (multitask) 60.6 54.7† 65.8 74.2 66.4

GloVe avg-cos 52.1 49.6 54.6 56.1 51.4

GloVe DynaMax 58.2 53.9 65.1 70.9 71.1

fastText avg-cos 58.3 57.9 64.9 67.6 64.3

fastText DynaMax 60.9 60.3 69.5 76.7 74.6

word2vec avg-cos 51.6 58.2 65.6 67.5 64.7

word2vec DynaMax 53.7 59.5 68.0 74.2 71.3

PSL avg-cos 52.7 51.8 59.6 61.0 54.1

PSL DynaMax 58.2 54.3 66.2 72.4 66.5

PP-XXL avg-cos 61.3 65.6 72.7 77.0 71.1

PP-XXL DynaMax 63.6 62.2 72.7 77.9 70.8

PNMT avg-cos 65.6 68.9 76.3 79.4 77.2

PNMT DynaMax 66.0 65.7 75.9 80.1 76.7


