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When is a network compositional?
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Compositionality in natural language

5 - 2 = 3

polysemous words

Scope ambiguities

attachment ambiguities

idioms

homonyms
SO MANY OTHER THINGS!

cherry on the cake



Levels of compositionality

The principle of compositionality

The  meaning  of  a  whole  is  a  function  of  the  meanings  of  the  parts  and  of  the  way 
they  are  syntactically  combined

(Partee, 1995)

The meaning of a complex expression is determined by the meanings of its constituents 
and by its structure

(Szabo, 2000)



How do we evaluate compositionality “in the wild”?

Natural language



Hurdle 1: the task



The task

form meaning

form proxy to meaning



Hurdle 2: what does the model know?

Knows ( brown dog, black cat )

Interpretation ( brown cat )

→ Knows ( brown cat )

consistent with ( brown dog, black cat )



Hurdle 2: what does the model know?

Knows ( brown dog, black cat )

Translation ( brown cat )

→ Knows ( brown cat )

consistent with ( brown dog, black cat )

Systematicity 
(Szabo)

How we measure 
this in NMT models



The tests



Systematicity

Can models understand novel combinations of known components?

S → NP VP

S → S CONJ S



Systematicity

The father avoids the director , and the boys criticise the leader .

The lawyers think that the boys cry , and the boys criticise the leader .

S1 → S3

The father avoids the director , and the boys criticise the leader .

The mother avoids the director , and the boys criticise the leader .

S1 → S1’



Substitutivity

Okay , this is not as sensational as a radio-control aeroplane , but it's a lot quieter.

Okay , this is not as sensational as a radio-control airplane , but it's a lot quieter.



An example of our substitutivity test

The mother that travels by (aeroplane|airplane) wants to facilitate the development of 

innovative practices in education and training at tertiary level, and their transfer, including from 

one participating country to others.

De moeder die per vliegtuig reist wil de ontwikkeling van innovatieve praktijken op de gebied 

van onderwijs en opleiding op tertiair niveau, en de overdracht daarvan, ook van de ene 

deelnemende land naar de andere, vergemakkelijken.

De moeder die per vliegtuig reist wil de ontwikkeling van innovatieve praktijken op de gebied 

van onderwijs en opleiding op tertiair niveau, en hun overdracht, waaronder van de ene 

deelnemende land naar de andere, vergemakkelijken.



Overgeneralisation

You guys are out of your minds! Jullie zijn niet goed wijs.

Jullie zijn uit je hoofd.



Discussion

➔ Models are often not maximally compositional, but sometimes too compositional

➔ The question we should ask: what is their level of compositionality?
◆ What is the right level?

◆ We need measures for that!

➔ Does compositionality actually matter for performance?
◆ Do compositional models generalise better?

◆ Do they learn better in low-resource scenarios?
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Synthetic data



Semi-natural data



All our idioms



Overgeneralisation -- all data



Compositionality decomposed: tests



Compositionality decomposed: 
overgeneralisation



Compositionality decomposed: localism


