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Objective

▪ How position-wise embedding (unsupervised) could help the downstream 
WSD task.

▪ How information from descriptive linguistic knowledge graphs (WordNet) can 
be incorporated into neural network architectures to solve and improve the 
linguistic WSD task.
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Contributions & Highlights

▪ Propose a semi-supervised neural system named Position-wise 
Orthogonal Knowledge-Enhanced Disambiguator (PoKED), supporting 
attention-driven, long-range dependency modeling.

▪ Incorporate position-wise encoding into an orthogonal framework and 
applies a knowledge-based attentive neural model to solve the WSD 
problem. 

▪ Propose to use the semantic relations in the WordNet, by extracting 
semantic level inter-word connections from each document-sentence pair 
in the WSD dataset. 

▪ PoKED achieves better performance than state-of-the-art knowledge-
based WSD systems on standard benchmarks.
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Human Semantic Knowledge
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Human semantic 
knowledge is

essential to WSD.

Document is a hypernym
of information, or 
information is a 
hyponym of document. 

SemEval-15 dataset



PoNet (Unsupervised Language Model)
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▪ Humans decide the sense of a polyseme
by firstly understanding its occurring 
context [Harris, 1954].

▪ Two stages: PoNet to abstracts context as 
embeddings; KED to classify over pre-
trained context embeddings.



Position-wise Encoding
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: A sequence of N words from vocabulary V

Position-wise Encoding

[Watcharawittayakul et al., 
2018; Wei et al., 2019]



Position-wise Encoding
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▪ Generate augmented encoding codes by concatenating two codes using 
two different forgetting factors. 

▪ Represent both short-term and long-term dependencies. 

▪ Maintain the sensitivity to both nearby and faraway context.

Back in the day, we had an entire bank of computers devoted to this problem. 

Position-wise 
codes of left 
context

Position-wise 
codes of right
context

𝛼1 𝛼2 𝛼1 𝛼2



Orthogonal Framework
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▪ Introduce a linear orthogonal 
projection to reduce the 
dimensionality of the raw high-
dimension data and then uses a 
finite mixture distribution to 
model the extracted features. 

▪ Each hidden layer can be viewed 
as an orthogonal model being 
composed of the feature 
extraction stage and data 
modeling stage. 

[Zhang et al., 2016; Wei et al., 2020]



Held-out layer are retained as 
context embeddings, which 
provides an effective 
representation of the 
surrounding context of a given 
target word.

Context Embeddings
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KED (Supervised Knowledge-based Attentive Model)

10

Vanilla recurrent neural network unfold



Data Enrichment with WordNet
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Long Short-term Memory Cell

For each word 𝜔 in a document-

sentence pair, obtain a set 𝑧𝜔
which contains the positions of 
the document words that 𝜔 is 
semantically connected to.



Data Enrichment with WordNet
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Long Short-term Memory Cell

: directly-involved synsets : indirectly-involved synsets

keratin.n.01 feather.n.01 bird.n.01 parrot.n.01

substance holonym part holonym hyponym



KED (Supervised Knowledge-based Attentive Model)
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Vanilla recurrent neural network unfold
Lexicon Embedding Layer

Coarse-grained Memory Layer

Context Embedding Layer

Fine-grained Memory Layer

Sense Prediction Layer



Experiments and Results
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Ablation Study on Knowledge-Enhancement

Experiments and Results
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Performance Drop (%)              -4.5      -3.9    -4.4        -3.8        -5.4



Effectiveness of General Knowledge Extraction

Experiments and Results
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#average: average number of inter-word connections per word.
Bold font: best performance.



Experiments and Results
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Statistics about the datasets used for this work

Quantitative 
Analysis of the 

Hunger for Data

MFS baseline: the Most Frequent 
Sense heuristic computed on 
SemCor corpus on each dataset.
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