Extending Grammars
with Features

CSC485

Lecture 18



Announcements

* A2 Extension!
* 3-day extension and is now due on Sunday, November 10, at 5 pm.

* Essay 4 has been posted.:
https://www.cs.toronto.edu/~niu/teaching/csc485/essay_4.pdf



https://www.cs.toronto.edu/~niu/teaching/csc485/essay_4.pdf

Agreement and Inflection

* Problem: Agreement phenomena.
Nadia {washes/*wash} the dog.
The boys {*washes/wash} the dog.
You {*washes/wash} the dog.

* Morphological inflection of verb must match subject noun in
person and number.



Subject-Verb Agreement

Present tense

Singular Plural
1 I wash we wash
2 you wash you wash

he/she/it washes they wash

1 I am we are
you are you are

3 he, she, it is they are



Subject-Verb Agreement

Past tense
Singular Plural
1 | washed we washed
2 you washed you washed

3 he, she, it washed they washed

1 | was we were
2 you were you were
3 he, she, it was they were



Determiner-Noun Agreement

singular plural

this cat these cats

that cat those cats
a cat many cats

every cat five cats



Number in Inuktitut

* Some languages have more
than two grammatical numbers.

* E.g. Inuktitut has three:
singular, dual, and plural.

matu
matuuk
matuit

nuvuja
nuvujaak
nuvujait

inuk
Inuuk
inuit

qajaq
qajaak
qajat

lgaluk
igaluuk
igaluit

door
doors (two)
doors (three or more)

cloud
clouds (two)
clouds (three or more)

person
people (two)
people (three or more)

kayak
kayaks (two)
kayaks (three or more)

fish
fish (two)
fish (three or more)

https://pressbooks.pub/essentialsoflinguistics/chapter/6-6-inflectional-morphology-in-some-indigenous-languages/
https://uqausiit.ca/sites/default/files/2018-09/Grammar%20Book_Aug2018_download.pdf
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Agreement Features

* English agreement rules are fairly simple.
* Subject : verb w.r.t. person and number.
* No agreement required between verb and object.

* Many languages have other agreements.

* E.g., German: Article and adjective ending depends on
noun gender and case:



Agreement features

Masculine

der

der neue Wagen

the new car
Masculine
ein
ein neuer Wagen

d hew Ccar

Nominative Case (Subject Case)

Feminine
die
die schone Stadt

the beautiful city

Feminine

eine

eine schone Stadt

a beautiful city

Neuter

das

das alte Auto

the old car

Neuter

ein

ein altes Auto

an old car

Plural

die

die neuen Blicher

the new books

Plural

keine

keine neuen Blicher

no new books

wiyge0eecoee

pub wiy 86z0coee/Apeam/Aieiqi|/wodinoge uewlas//:duy

‘Il pue | sSuipua aAIdalpy :298en8ue| ueW IS (W0 INOJE YSY



Agreement Features

* E.g., Chinese: Numeral classifiers, often based on shape,
aggregation, ...:

I_*U@_a%
|_7‘U@_7.l< /_,[

7 % FiR
V"@_aﬂﬁ%
R A& PE
1 1
ME M

LEIN
BEIE

4

liang tiao yu ‘two classif-long-ropeli
liang tiao he ‘two classif-long-ropeli
liang tiao tui ‘two classif-long-ropeli

ke fish’
ke rivers’

ke legs’

lang tiao kuzi ‘two classif-long-ropelike pants’

lang zhi gebo ‘two classif-general arms’

lang jian shangyi ‘two classif-clothes-above-waist tops’
lang tao xizhuang ‘two classif-set suits’

liang tiao renming ‘two classif-long-ropelike human lives’

liang tiao gou ‘two classif-long-rope

like dogs’

Zhang, Hong (2007). Numeral classifiers in Mandarin Chinese. Journal of East Asian Linguistics, 16(1), 43—
59. Thanks also to Tong Wang, Vanessa Wei Feng, and Helena Hong Gao.
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Chichewa

Agreement Features Language

* English agreement rules are fairly simple.

* Many languages have other agreements.

Dalitso Cheelo

* Some languages have multiple grammatical genders.
* E.g. Chichewa has genders for men, women, bridges, houses,
diminuitives, men inside houses, etc. Between 12-18 in total.
* Some languages overtly realize many of these distinctions.
* E.g. some Hungarian verbs have as many as 4096 inflected

fO r m S . Present Past Future
indefinite definite indefinite definite indefinite definite

Is  varok varom vartam  vartam fogok varni  fogom varni
2s  vérsz varod vartal vértad fogszvami  fogod varni
3s  var varja vart varta fog varni fogja véarni

Ip véarunk varjuk vartunk  vartuk fogunk varni  fogjuk varni
2p vértok  varjatok vartatok  vartatok fogtok varni  fogjatok varni
3p vamak varjak vartak  vartak fognak vami  fogjak varni

black: stem; blue: personal endings; red: past tense marker.
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kutyaba, kutyara, kutyahoz, kutyabél, kutyarol, kutyatol,
kutyaig, kutyaként, kutyaul, kutyakeppen, kutyastul,
kutyasan, kutyailag, kutyae, kutyaébb, kutyaét,
kutyaénak, kutyaeval, kutyaéert, kutyaéban, kutyaen,
kutyaénal, kutyaéba, kutyaéra, kutyaéhoz, kutyaébdl,
kutyaérol, kutyaetol, kutyaéig, kutyaeként, kutyaékeppen,

Vhy??? kutyaestul, kutyaésan, kutyaeésilag, kutyas, kutyasabb, ...
I
Our %
Father
in heaven.

https://www.reddit.com/r/europe/comments/68hefi/the_wonders_of_the_hungarian_language/ 1,



utyasnak, kutyassal, kutyasert, kutyasé, kutyasban, kutyason, kutyasnal, kutyasba, kutyasra,
utyashoz, kutyasbol, kutyasrol, kutyastél, kutyasig, kutyasként, kutyasul, kutyasképpen,

utyasilag, kutyasé, kutyasebb, kutyasénak, kutyaséval, kutyaséban, kutyaséen, kutyasénal,
utyaséba, kutyaséra, kutyaséhez, kutyasebol, kutyasérol, kutyasétol, kutyaséig, kutyaseként,
utyaseképpen, kutyaseilag, kutyatlan, kutyatlanabb, kutyatlannak, kutyatlannal, kutyatlanért,
utyatlanban, kutyatlanon, kutyatlannal, kutyatlanba, kutyatlanra, kutyatlanhoz, kutyatlanbal,
utyatlanrol, kutyatlantol, kutyatlanig, kutyatlanként, kutyatlanul, kutyatlanképpen, kutyatlanilag,
utyatlane, kutyatlanébb, kutyatlanénak, kutyatlanéval, kutyatlanéért, kutyatlanéban, kutyatlanén,
utyatlanenal, kutyatlanéba, kutyatlanéra, kutyatlanéhoz, kutyatlanébol, kutyatlanéerodl, kutyatlanétol,
utyatlaneig, kutyatlanéként, kutyatlanéképpen, kutyatlanésilag, kutyassag, kutyassagibb,
utyassagnak, kutyassaggal, kutyassagert, kutyassagban, kutyassagon, kutyassagnal, kutyassagba,
utyassagra, kutyassaghoz, kutyassagbol, kutyassagrol, kutyassagtol, kutyassagig, kutyassagkeént,
utyassagul, kutyassagkeppen, kutyassagilag, kutyassaga, kutyassagabb, kutyassaganak,
utyassagaval, kutyassagaért, kutyassagaban, kutyassagan, kutyassaganal, kutyassagaba,
utyassagara, kutyassagahoz, kutyassagabol, kutyassagarol, kutyassagatol, kutyassagaig,
utyassagaként, kutyassagaul, kutyassagaképpen, kutyassagailag, kutyassagea, kutyassagaébb,
utyassagaenak, kutyassagaeval, kutyassagaeéert, kutyassagaéeban, kutyassagaen, kutyassagaenal,
utyassagaéba, kutyassagaéra, kutyassagaéhoz, kutyassagaébol, kutyassagaérol, kutyassagaétol,
utyassagaeig, kutyassagaekent, kutyassagaéképpen, kutyassagaeilag, kutyassage, kutyassagebb,
utyassagéenak, kutyassagéval, kutyassagéért, kutyassagéban, kutyassagén, kutyassagénal,
utyassageba, kutyassagéra, kutyassagehoz, kutyassagebol, kutyassagerol, kutyassagéetol,
utyassageig, kutyassageként, kutyassageképpen, kutyassagéilag, kutyatlansag, kutyatlansagibb,
utyatlansagnak, kutyatlansaggal, kutyatlansagért, kutyatlansagban, kutyatlansagon,
utyatlansagnal, kutyatlansagba, kutyatlansagra, kutyatlansaghoz, kutyatlansagbol,
utyatlansagrol, kutyatlansagtol, kutyatlansagig, kutyatlansagként, kutyatlansagul,
utyatlansagképpen, kutyatlansagilag, kutyatlansaga, kutyatlansagabb, kutyatlansaganak,
utyatlansagaval, kutyatlansagaért, kutyatlansagaban, kutyatlansagan, kutyatlansaganal,
utyatlansagaba, kutyatlansagara, kutyatlansagahoz, kutyatlansagabdl, kutyatlansagarol,
https://www.reddit.com/r/europe/comments/68hefi/the_wonders_of_the_hungarian_language/ i3




atyatlansagatol, kutyatlansagaig, kutyatlansagakent, kutyatlansagaul, kutyatlansagaképpen,
atyatlansagailag, kutyatlansagaé, kutyatlansagaébb, kutyatlansagaénak, kutyatlansagaéval,
utyatlansagaéban, kutyatlansagaén, kutyatlansagaénal, kutyatlansagaéba, kutyatlansagaéra,
utyatlansagaéhoz, kutyatlansagaébdl, kutyatlansagaérol, kutyatlansagaétol, kutyatlansagaéig,
atyatlansagaékent, kutyatlansagaeképpen, kutyatlansagaéilag, kutyatlansagé, kutyatlansagébb,
utyatlansagénak, kutyatlansagéval, kutyatlansagéért, kutyatlansagéban, kutyatlansagén,
atyatlansagénal, kutyatlansagéba, kutyatlansagéra, kutyatlansagéehoz, kutyatlansagébol,
utyatlansagérdl, kutyatlansagétol, kutyatlansageéig, kutyatlansageként, kutyatlansagéilag,
kutyatlanodott, elkutyatlanodottabb, elkutyatlanodottnak, elkutyatlanodottal, elkutyatlanodottért,
kutyatlanodottban, elkutyatlanodotton, elkutyatlanodottnal, elkutyatlanodottba, elkutyatlanodottra,
kutyatlanodotthoz, elkutyatlanodottbol, elkutyatlanodottrol, elkutyatlanodotttol, elkutyatlanodottig,
kutyatlanodottként, elkutyatlanodottul, elkutyatlanodottképpen, elkutyatlanodottilag,
kutyatlanodotté, elkutyatlanodottébb, elkutyatlanodottenak, elkutyatlanodottéval,
kutyatlanodottéért, elkutyatlanodottéban, elkutyatlanodottén, elkutyatlanodotténal,
kutyatlanodottéba, elkutyatlanodottéra, elkutyatlanodottéhoz, elkutyatlanodottebol,
kutyatlanodottérdl, elkutyatlanodottétol, elkutyatlanodottéig, elkutyatlanodottéul,
kutyatlanodottéképpen, elkutyatlanodottéilag, elkutyatlanodottsag, elkutyatlanodottsagabb,
kutyatlanodottsagnak, elkutyatlanodottsaggal, elkutyatlanodottsagért, elkutyatlanodottsagban,
kutyatlanodottsagon, elkutyatlanodottsagnal, elkutyatlanodottsagba, elkutyatlanodottsagra,
kutyatlanodottsaghoz, elkutyatlanodottsagbdl, elkutyatlanodottsagrol, elkutyatlanodottsagtol,
kutyatlanodottsagig, elkutyatlanodottsagként, elkutyatlanodottsaqul, elkutyatlanodottsagképpen,
kutyatlanodottsagilag, elkutyatlanodottsaga, elkutyatlanodottsagabb, elkutyatlanodottsaganak,
kutyatlanodottsagaval, elkutyatlanodottsagaért, elkutyatlanodottsagaban, elkutyatlanodottsagan,
kutyatlanodottsaganal, elkutyatlanodottsagaba, elkutyatlanodottsagara, elkutyatlanodottsagahoz,

https://www.reddit.com/r/europe/comments/68hefi/the_wonders_of_the_hungarian_language/ 14



kutyatlanodottsagabol, elkutyatlanodottsagardl, elkutyatlanodottsagatol, elkutyatlanodottsagaig,
kutyatlanodottsagaként, elkutyatlanodottsagaul, elkutyatlanodottsagaképpen, elkutyatlanodottsagailag
kutyatlanodottsagae, elkutyatlanodottsagaebb, elkutyatlanodottsagaénak, elkutyatlanodottsagaéval,
kutyatlanodottsagaéeért, elkutyatlanodottsagaéban, elkutyatlanodottsagaéen, elkutyatlanodottsagaénal,
kutyatlanodottsagaéba, elkutyatlanodotisagaéra, elkutyatlanodottsagaehoz, elkutyatlanodottsagaebol,
kutyatlanodottsagaérol, elkutyatlanodottsagaétol, elkutyatlanodottsagaéig, elkutyatlanodottsagaéként,
kutyatlanodottsagaéilag, megkutyasodott, megkutyasodottabb, megkutyasodoitnak, megkutyasodottal
iegkutyasodottért, megkutyasodottban, megkutyasodotton, megkutyasodottnal, megkutyasodottba,
iegkutyasodottra, megkutyasodotthoz, megkutyasodottbdl, megkutyasodottrol, megkutyasodotttol,
iegkutyasodottig, megkutyasodottként, megkutyasodottul, megkutyasodottképpen, megkutyasodottilac
iegkutyasodotté, megkutyasodottébb, megkutyasodotténak, megkutyasodottéval, megkutyasodottéért,
egkutyasodottsagabb, megkutyasodottsagnak, megkutyasodottsaggal, megkutyasodottsagert,
egkutyasodottsagban, megkutyasodotisagon, megkutyasodotisagnal, megkutyasodottsagba,
egkutyasodottsagra, megkutyasodottsaghoz, megkutyasodottsagbol, megkutyasodottsagrol,
egkutyasodottsagtél, megkutyasodottsagig, megkutyasodottsagként, megkutyasodottsaqul,
egkutyasodottsagképpen, megkutyasodotisagilag, megkutyasodottsaga, megkutyasodottsagabb,
egkutyasodottsaganak, megkutyasodottsagaval, megkutyasodottsagaért, megkutyasodotisagaban,
egkutyasodottsagan, megkutyasodotisaganal, megkutyasodottsagaba, megkutyasodottsagara,
egkutyasodottsagahoz, megkutyasodottsagabdl, megkutyasodottsagarol, megkutyasodottsagatol,
egkutyasodottsagaig, megkutyasodottsagakent, megkutyasodottsagaul, megkutyasodottsagakeppen,
egkutyasodottsagailag, megkutyasodottsagae, megkutyasodottsagaébb, megkutyasodottsagaénak,
egkutyasodottsagaéval, megkutyasodottsagaéért, megkutyasodottsagaéban, megkutyasodottsagaén,
egkutyasodottsagaénal, megkutyasodottsagaéba, megkutyasodottsagaéra,
egkutyasodottsiagaéhoz, megkutyasodotisagaebol, megkutyasodotisagaérol,
egkutyasodottsagaétol, megkutyasodottsagaéig, megkutyasodotisagaékeént, ...

https://www.reddit.com/r/europe/comments/68hefi/the_wonders_of_the_hungarian_language/
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How was that,
der hund,
ein hund?

\

Oh mein Gott!

\

... and megkutyasodotisagacilag.

https://www.reddit.com/r/europe/comments/68hefi/the_wonders_of_the_hungarian_language/ 15



Inflectional morphology

* Word may be inflected ...
* ... to indicate paradigmatic properties, e.g.
singular / plural, past/ present, ...
* ...toindicate some (other) semantic properties

* ... to agree with inflection of other words.
* Each (open-class) word-type has a base form / stem /lemma.

* Each occurrence of a word includes inflection by a (possibly null)
morphological change.

17



CFG
Grammar

Lexical categories:
NT’s that rewrite _{
as a single T.

NP VP

Det N

Det Adj N
NP PP

V

V. NP

P NP

the | a | an
old | red | happy | ..

dog | park | ice-cream | contumely | run

saw | ate | run | disdained | ..

in | to | on | under | with | .. }

18



NP VP
T /\

S=S, P={S -~ NP VP Det N V NP

NP - Det N

NP - Det Adj N ate Dlet N

NP> NP PP the ice—clream

VP -V

VP -V NP

PP - P NP

Det > the | a | an

Adj~> old | red | happy | ..

N - dog | park | ice-cream | contumely | run

V. > saw | ate | run | disdained | ..

P ->in | to | on | under | with | ..}

19



How do we enforce
agreement?

S
S /\
NP vP
/\ /\

Det/\N v/\ Det N V NP
NP | | | /\
| | | T The dogs eats pet N

The dog ate Det N |
|
| | every cookies

the cookie

20



Rule proliferation

* Problem: How to account for this in grammar.

* Possible solution: Replace all NPs, Vs, and VPs throughout the
grammar.

21



VP
VP

NP

NP VP
Vv
V. NP

you | me | dog | dogs | bear | bears ..

washes | wash | washed | is | was ..

22



- NP3s
- NP3p
-> NP2

- NP1s
- NP1lp

nh nh "h " 0n

VP3s
VP3p
VP2

VP1s
VP1p

NP3s - dog | bear ..
NP3p - dogs | bears ..

NP2 - you
NP1ls - me

1S
are
am

\VV3s
V3p
V1s

2

2

2

was

washes | washed ..

were | wash | washed ..

was

wash | washed ..

23



Rule proliferation

* Drawback 1: the result is big ... really big.

* Drawback 2: Losing the generalization:
* All these Ss, NPs, VPs have the same structure.
* Doesn’t depend on particular verb, noun, and number.

* CF rules collapse together structural and featural information.

* All information must be completely and directly specified.

* E.g., can’tjust say that values must be equal for some feature
without saying exactly what values.

24



Feature structures

* Solution: Separate feature information from syntactic, structural,
and lexical information.

* A feature structure is a list of pairs:
[feature-name feature-value]

* Feature-values may be atoms or feature structures.

* Can consider syntactic category or word to be bundle of features
1oo.

* Can represent syntactic structure.

25



Feature structures

* Drawback: many equivalent notations.

N

Num
Pers
Lex

Cat N

Num s
Pers 3

S
3
dog

Lex  dog

dog [— ]
Cat N
Num s
Pers 3

Cat N
Agr | Nums
Pers 3

Lex dog

]

N/dog —
Num
Pers
Feature paths:

features of
features; e.g.,

(Agr Pers 3)

=" ]

26



Feature structures

cat (N) Num s
IE

Lex dog

NP formed from Det and N.

Feature values in components become
feature names in new constituent.




Components of feature use

* 1. Lexical specification:
Description of properties of a word:
morphological, syntactic, semantic, ...

dog: [ Cat N ] sleeps: Cat V ]
Agr 3s Agr 3s
dogs: [ Cat N ] sleep: Cat V ]
Agr 3p Agr {1s,2s,1p,2p,3p}
Or: N dog V — sleeps
(N Agr)=3s (V Agr)=3s
N — dogs V — sleep

(N Agr) =3p (V Agr) = {1s,2s,1p,2p,3p} 28



Components of feature use

* 2. Agreement:
* Constraints on co-occurrence in a rule — within or across phrases.
* Typically are equational constraints.

NP — Det N
(Det Num) = (N Num)

S— NP VP
(NP Agr) = (VP Agr)

29



Components of feature use

* 3. Projection:
* Sharing of features between the head of a phrase and the phrase itself.

VP—-V ...
(VP Agr)=(V Agr)

e Head features:

* Agris typical, but so is the head-word itself as a feature.
(Common enough that there’s usually a mechanism for
“declaring” head features and omitting them from rules.)

30



Constraints on feature values

* What does it mean for two features to be “equal”?

* A copy of the value or feature structure, or
a pointer to the same value or feature structure

(re-entrancy, shared feature paths).

‘Cat  N.]——Copy Cat N

Agr @ Doimter Agr @[Num S
Lex dog Pers 3
_ — Lex sky

31



Constraints on feature values

* But: It may be sufficient that two features are not equal, just

compatible — that they can be unified.

- E.g.,

Cat N
Pers 3
Num s

and

_(_?at N
Pers 3
Gndr F

32



TRALE: Parsing with Feature

* We have such an engine for parsing with feature: TRALE

* TRALE Tutorial: https://www.cs.toronto.edu/~niu/csc485/trale/
* More information in A3 tutorials.

33


https://www.cs.toronto.edu/~niu/csc485/trale/

Quiz

Why does rule proliferation pose a challenge in context-
free grammar parsing?

A. It makes grammar too restrictive
t loses structural generalizations

B.
C. Itrequires additional lexical categories
D. It simplifies sentence parsing



Subsumption of feature structures

e Feature structure X subsumes feature structure Yif Y is
consistent with, and at least as specific as X.

* Also say that Y extends X.
Y can add (non-contradictory) features to those in X.

* Definition: X subsumes Y (X E Y) iff there is a simulation of X
inside Y, i.e., a function s.t.:

e sim(X) =Y
e If Xisatomic,soisYand X=Y

e Otherwise, for all feature values X.f: Y.f is defined, and sim
simulates X.f inside Y.{.

35



Subsumption of feature structures

* Examples:

Cat

Pers 3

] _Cat
N — | Pers
| Gndr

Cat VP
Agr @

N
3
F

-

Subj [Agr @]

Third example from Jurafsky & Martin

Cat N Cat N
but Pers 3 -Z Pers 3

Num s Gndr F
Cat VP N
Agr @

Subj Agr @[ Pers 3

Num s

|

36



Unification

* The unification of Xand Y (X Ll Y) is the most general feature
structure Z that is subsumed by both X and Y.

e / isthe smallest feature structure that extends both X and Y.

* Unification is a constructive operation.
e If any feature values in X and Y are incompatible, it fails.

* Else it produces a feature structure that includes all the
features in X and all the featuresin Y.

37



Unification

Cat N
Pers 3
Num s

Cat N
Pers 3

Gndr F

Cat N
Pers 3
Num s

Gndr F

38



Sample grammar fragment

S > NP VP

Det > a Det > all
(NP Agr) = (VP Agr) (Agr 3s] Agr 3p]
NP > Det N
(NPAgr)=(NAgr) N 7 do8 N > dogs
(Det Agr) = (N Agr) [Agr 3s] [Agr 3p]
VP > V V > sleep V > sleeps

(VP Agr) = (V Agr) [Agr " 3s] [Agr 3s]

Det > the
[Agr {3s,3p}]

39



Mismatched features fail [Asr D] U[Agr D]

Agr
[0 e 01 ] /\ e
/\

Det [Agr 3s] N [Agr 3s] V [Agr "3s]

a dog sleep

| FAIL |

[Agt @ N3s] ]




Mismatched features fail (Aer D] UAer @]

ISUCCEED]

Det [Agr 3s]  N[Agr 3s] V][Agr 3s]

a dog sleeps



Advantages of this approach

* Distinguishes structure from “functional” info.

* Allows for economy of specification:

* Equationsin rules: : .
S5 NP VP Must unity with

(NP Agr) = (VP Agr)
e Sets of values in lexicon:
N - fish
(N Agr {3s, 3p})

* Allows for indirect specification and transfer of information,
e.g., head features.

42



Features and the lexicon

* Lexicon may contain each inflected form.
* Feature values and base form listed.

* Lexicon may contain only base forms.
* Process of morphological analysis maps inflected form to base
form plus feature values.

* Time—space trade-off, varies by language.
* Lexicon may contain semantics for each form.

43



Morphological analysis

* Morphological analysis is simple in English.
* Reverse the rules for inflections, including spelling changes.

dogs — dog [Agr 3p] eats — eat [Agr 3s, Tns pres]
dog — dog [Agr 3s] ripped — rip [Tns past]
berries — berry [Agr 3p] tarried — tarry [Tns past]
buses — bus [Agr 3p] running — run [ITns pp]

* Irregular forms will always have to be explicitly listed in lexicon.

children — child [Agr 3p] sang — sing [Tns past]

44



Morphology in other languages

* Rules may be more complex in other (even European) languages.
* Languages with compounding (e.g., German) or agglutination
(e.g., Finnish) require more-sophisticated methods.

* E.8., Verdauungsspaziergang, a stroll that one takes after a
meal to assist in digestion.

45



English auxiliary system

This kale must have been being

modal perfect progressive passive

“l would never do such a thing unless
You were already having been going to do that.”

eaten

main verb

46



Semantics as a lexical feature

e Add a Sem feature:

Cat N
Num s
Pers 3
Lex  dog
Sem dog

i

Typewriter font
for semantic objects

» The meaning of_dog is dog.

* The meaning of chien and Hund are both dog.
* The meaning of dog is G52790.

* Not uncommon, but pretty unimpressive ...
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Verb subcategorization

* Problem: Constraints on verbs and their complements.

Nadia told / instructed / *said / *informed Ross to sit down.

Nadia *told / *instructed / said / *informed to sit down.
Nadia told / *instructed / *said /informed Ross of the
requirement to sit down.

Nadia gave / donated her painting to the museum.
Nadia gave / *donated the museum her painting.

Nadia put / ate the cake in the kitchen.
Nadia *put / ate the cake.
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Verb tense and aspect

* Tense and aspect markings on verb:
* Locate the event in time (relative to another time).
* Mark the event as complete/finished or in progress.

Nadia rides the horse. — In progress now.
Nadia rode the horse. — Completed before now.
Nadia had ridden the horse. — Completed before now.

Nadia was riding the horse. —In progress before now.
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Verb tense and aspect

* Tense: past or present
* Aspect: simple, progressive, or perfect

Nadia ...
Simple Progressive
Present rides IS riding
Past rode was riding

Perfect

has ridden

had ridden

... the horse
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Verb tense and aspect

* Tense: past or present

* Aspect: simple, progressive, or perfect
Auxiliary verb|

Nadia ...

Simple Progressi Perfect

Present rides  (is)riding (hasidden

Past rode (was)riding (hadyridden

... the horse
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Verb tense and aspect

* Tense: past or present
* Aspect: simple, progressive, or perfect

Nadia ... ’

Present rides IS riding has ridden

Past rode was{iding> hadridden
/

\€ ... the horse
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Verb tense and aspect

* Tense: past or present

Auxiliary verbs

* Aspect: simple, progressive, or perfect
Nadia ...

Simple Perfect progke

Present rides has been riding
Past rode had beenxiding

sive (continuous)

... the horse
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Modal verbs

* Modal verbs: Auxiliary verbs that express degrees of certainty,
obligation, possibility, prediction, etc.

Nadia
icould, should, must, ought to, might, will, ...}
{ride, be riding, have ridden, have been riding}
the horse.
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English auxiliary system

e Structure (so far):

[MODAL] [HAVE] [BE] MAIN-VERB

* General pattern:
VP > AUX VP
AUX > MODAL | HAVE | BE

* Use features to capture necessary agreements.
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Diathesis csiuimmme ™
The ball was kicked by the goalie.

Event: kicked
Role: Theme Role: Theme
(thing affected) (doer)
Thing: the ball ~ Thing: the golie

kick (agent=goalie, theme=ball)
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Diathetic alternation

From object position in VP

/ to subject position in S

the ball  was kicked  the goalie

From subiject

position in S to
PP in VP

.

But the semantic representation doesn’t change
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Voice

* Voice: System of assighing thematic roles to syntactic positions.
* English has active and passive voices.

» Passive expressed with be+past participle.
Other auxiliaries may also apply, including progressive be.

* Nadia was kissed.
Nadia had been kissed.
Nadia could be kissed.

e Structure:

Nadia was being kissed.

Nadia had been being |kissed.

Nadia could have

[MODAL] [HAVE] [BE1] [BE2] MAIN-VERB

been being

kissed.
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Some useful features

* VForm: The tense/aspect form of a verb: passive, pastprt, ...

* CompForm: The tense/aspect form of the complement of an
auxiliary.
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Augmenting rules for passive voice

 For all rules of the form:

VP >V NP X ADD VP -V X

(V Subcat) = _y ‘ (V Subcat) = _y
(V VForm) = passive

* Augment Aux+VP rules:

VP —- AUX VP
(AUX Root) =Be2
(AUX CompForm) = (VP2 VForm)
(VP2 VForm) = passive

Metarule to ease grammar coding (VP VForm) = passive
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The GAP feature for passive voice

S >

(
(
(
(
(

NP VP

NP Agr) = (VP Agr)

VP VForm) = passive

VP Gap Cat) = NP

VP Gap Agr) = (NP Agr)
VP Gap Sem) = (NP Sem)

VP > AUX VP

(
(
(
(
(
V >

(
(
(
(

VP, Agr) = (AUX Agr)

VP, VForm) = (VP, VForm)
VP, Gap) = (VP, Gap)

AUX Lex) = be2

VP, VForm) = passive

kicked

V VForm) = {pastprt, passive}
V Subcat) =_np

V Lex) = kick

VSem)=kick

VP > V NP
(VP VForm) = (V VForm)
(VP Gap) = (NP Gap)
(V Subcat)=_np

/ Empty string|
NP > €

(NP Gap Cat) = NP
(NP Gap Agr) = (NP Agr)
(NP Gap Sem) = (NP Sem)

NP > cans
(NP Agr)=3p
(NP Lex) =can
(NP Sem) = cans

AUX > were
(AUX Agr) = 3p
(AUX Lex) = be2
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(NP (Agr @ 3p
Sem ® cans) Note: The green @’s of the S
VP (Agr @ (Agr © were ®’s until the 4th con-
VForm ® VForm ® straint of the rule S — NP
Gap © Gap © VP. The 5th constraint fills
AUX (Agr® 3p AUX (Agr® 3p .
Lex be2) Lex be2) in the Sem of the Gap ©.
VP (VForm ® VP (VForm ®
Gap @ Gap @
V (VForm ® passive V (VForm @ passive
Subcat _np Subcat _np (VForm ®
Sem kick) Sem kick) Gap @
NP (Agr @ NP (Agr © V (VForm ® {passive,
Sem © Sem @ pastprt}
Gap ® (CatNP Gap ® (CatNP Subcat _np
Agr © Agr ® Sem  kick)
Sem @))) Sem @))) NP (Agr ®
Sem @
Gap ® (CatNP
S Agr @
Sem @)))
VP
NP{Agr 3p | AUX{Agr3p | Vv {(VForm {passive;: Npi{Agr @
Sem cans) Lex_be2) pastprt]  1Sem
| | gSubcat _np : | Gap (Cat NP
cans were kicked2S™m...... K1 SK) € Agr O
Sem @))




Other cases of gap percolation

* Other constructions involve NPs in syntactic configurations where
they would not get the right thematic roles using linear order
alone.

Nadia seems to like Ross.

Nadia seems to be liked.

Nadia is easy to like.

Who did Nadia like?

I fed the dog that Nadia likes to walk.

* Can use grammar rules with gap features to ensure correct
structure/interpretation of these as well.
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Summary

* Features help capture syntactic constructions in a general and
elegant grammar.

* Features can encode the compositional semantics of a sentence
as you parse it.

* Features can accomplish mapping functions between syntax and
semantics that simplify the interpretation process.
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