3 views of a context-free rule

Syntactic Features _ _
generation (production): S - NP VP

parsing (comprehension): S — NP VP

verification (checking): S=NP VP

Today you should keep the third, declarative

perspective in mind.

Morphology, heads, gaps,
P oy gap Each phrase has
an interface (S) saying where it can go

etc.
an implementation (NP VP) saying what's in it
To let the parts of the tree coordinate more
closely with one another, enrich the interfaces:
S[features ] = NP[features...] VP[features...]
Examples 3 common ways to use features
Verb - thrills morphology of a single word:
VP_ Verb NP Verb[head=thrill, tense=present, num=sing, person=3,..] - thrills
S
S _ NP VP /\ L .
projection of features up to a bigger phrase
NP VP VP[head=q, tense=B, num=y...] - V[head=q, tense=B, num=y...] NP
provided a is in the set TRANSITIVE-VERBS
Verb NP _
| : agreement between sister phrases:
! Slhead=q, tense=p] —» NP[num=y,..] VP[head=a, tense=p, num=y...]
A roller coaster thrills every teenager
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3 Common Ways to Use Features 3 Common Ways to Use Features

Verb[head=thrill, tense:present, person=3,...] -|thrills Verb[head=thrill, tense:present, person=3,...] -|thrills
VPlhead=a, tense=p,[num=y].] ~ V[head=a, tense=p,[num=y].] NP VPlhead=a, tense=p,[num=y}.] ~ V[head=a, tense=p,[num=y].] NP

S[head=q, tense=p] - NP 1 VP[head=q, tense:B,.] S[head=q, tense=p] - NP 1 VP[head=q, tense:B,.]
S

S
(generation (comprehension
perspective)

perspective)
nu mg nu mg
numT:smg ﬂUmT:SIFIg

A roller coaster thrills every teenager A roller coaster thrills every teenager
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/S\
PaN A
Det N Vv V|
The /\ has /\
N VP
plan /\ been A
to VP
/\ thr|II|ng Otto
\Y% NP
swallow Wanda
S- NP[n=a] VP[n=q] S VP[n=a] - Vin=a] VP
V[n=1] - has
plnum=1] VP [num=1]
Det N [num=1] [num =1lvp
The /\ /\
l}l[num =1] vp
plan /\ been /\

to V

/\ thrilling Otto

swallow Wanda

NP[n=c] - Det N[n=a]
N[n=0] -~ N[n=a] VP
N[nh=1] - plan

S- NP[n=1] VP[=1] S VP[m=1] - V[n=1] VP
V[n=1] - has
plnum=1] VP [num=1]
Det N [num=1] [num =1yp
The /\ /\
l}l[num =1] vp
plan /\ been /\
to V
NP[n=1] - Det Npn=1] /\ thrilling Otto
N[n=1] ~ N[n=1] VP
N[nh=1] - plan
swallow Wanda

P VP

Det \ \ VP

The W has

VP \Y% VP
h |
[e%‘l:ﬁ%a"] /\ been

to VP \% NP

NP[h=c] - Det Njh=c] /\ thrilling Otto

N[h=0] - N[h=a] VP v NP

N[h=plan] - plan
swallow Wanda

/tleaﬁs*thu'\
The has
[he%%%lan] [h}a\é%low] be};n [hylﬁw]

to [hea wallow] [he?]d \ﬁhnll] [head ’\y):ytto]
NP[h=c] - Det N[h=a]

N[h=0] -~ N[h=a] VP
Nih=plan] - plan  [head=sWallow] [heA¥2Wanda]
swallow Wanda

Why use heads? S

Morphology (e.g.,word endings)

[he Plan] N[h=plan,n=1] - plan
N[h=plan,n=2+] - plans

N[h=thrill,tense=prog] - thrilling
Det N Nh=thrilltense=past] - thrilled

The [he lan] N[h=go,tense=past] — went
VP V V
hea({g lan] [head=swallow Athri
. plah ] [/\ ' peen [W]
to [hea wallow] [he?]d \ﬁhrlll][head’\&to]
NP[h=c] - Det N[h=a]
N[h=0] - N[h=a] VP

Nih=plan] - plan  [head=sWallow] [heA¥2Wanda]
swallow Wanda




Why use heads? S
/t‘eﬁﬂz Subcategorization (i.e.,
5 transitive vs. intransitive)
When is VP - V NP ok?
[hegd=glan] VP[=c] - Vin-c] NP
restrict to o [J TRANSITIVE_VERBS

Det N When is N . N VP ok?
The [he lan] N[h=a] - N{h=a] VP

restrict to a [J {plan, plot, hope,...}

VP v
hea({g lan] [heag=swallow dAshri
. plan ] [/\ ' peen [W]
to [hea wallow] [he?]d \ﬁhnll][head'\&to]
NP[h=c] - Det N[h=a]
N[h=0] - N[h=a] VP

Nih=plan] - plan [head=sWallow] [heA¥2Wanda]
swallow Wanda

Why use heads? S Equivalently: keep the template
but make prob depend on a,B
/heaﬂ‘ Selectional restrictions z
P VP[h=0] - V[h=a] NP
[y«%«\ﬂ L. VP Vio- NP>
Don't fill template in all ways:
Det p

N
The Iyt
VP V V
h | h 1] i
besipln WOW] peen [Wl
to [WOW] [he?]d \ﬁhnll] [head '\gtto]
NP[h=c] - Det N[h=a]
N[h=0] -~ N[h=a] VP

Nih=plan] - plan  [head=sWallow] [heA¥2Wanda]
swallow Wanda

Part of the English Tense System

Present |Past |Future |Infinitive

Simple eats ate  |willeat |toeat
Perfect has had |will have |to have
eaten eaten |eaten eaten
progressive |is eating |{was | will be to be
eating |eating eating
Perfect+ has been |had |will have |to have
progressive eating been |been been
eating |eating eating
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S )
W
[he?%:7 lan] [tense:pr@y/gihpad:thrill]
The plan ... v [Whead:thrill]
has
V
t )

Let’s distinguish
[tense=prog, hea}%l “wnll][head l}Bl?to]

the different kinds
of VP by tense ...

W

[he: PIan] [tensegaStV ad=thrill]
The plan ... é)ast . I}BP
tense=pres, head=thrill] [head=Ott
[ pres t‘j Eﬁ; ] [hea Otté)]
thrilled

Past
Present tense

[tensé):aSt S :tﬁsls-l.]

[he%P lan] }nseﬁ%ﬁﬂlﬂ
The plan ... Dast myan i
[tensé)—pﬁes,heat@kfﬂklll] [headb%{)tl?tg]
thrtHed

ate

Past
Present tense




S )
W

[he: |:,Ian] [tense=pr\{ ad=thrill]

The plan ... .
tense=pres,hea =}{-| ill head=l>5|?to
IESEpIES. ReagmmaN head ool

Present tense
(again)

S )
[tense=pres; =thrill]
[he?%lj lan] }nseWthriK
The plan ... [ten5e=pres,headﬂ\1§1%/e] Whead:thrill]

tense= erf,head=}fxril head=%|?to
[ P thri Ie(J][ Otto]
Present perfect tense

S .
W
[he?%: lan] [tenseq)r}{/rﬁid:thrill]

The plan ...
e pan [tense:pres,headﬁ\é%/e] %ﬁ,{heaﬁthrill]

tense=perf,he =}hri| head=%|?to
f . %Iglrl e(J][ Otto]
Present perfect tense

S
[he?%: lan] [tense?;{h\mgml]
The plan ... [tense:pres,headﬂ\é%/e] [teﬁz\ﬂ:rf,headﬁﬁém]

[tense=perf,he2&%“@ [head=%ﬁ)to]
Otto

Present perfect tense eaten
The yellow material makes it  not ate — why?
a perfect tense — what effects?

s
[he?%: lan] [tense%thrill]

The plan ... gast \/ X
tense= Jhead=have] [tensg=perf head=thrill
[tenséSpres 7% ][)45\ ]

a

tense= erf,head=}fxril head=%|?to
Past [ P thri Ie(J][ Otto]
Present perfect tense

S )
W

[he: |:,Ian] [tense=pr\{ ad=thrill]

The plan ... .
tense=pres,heal =}{-| ill head=l>5|?to
IESEpIES. ReagmmaN head ol

Present tense
(again)




S .
[tense=pres; =thrill]
P
[he: lan] [tense=| Wth”{A

The pi
© P ense=pres, head_lkge ] W,headﬂhrill]

tense=prog,he: dqﬁxrill head=%ﬁ)to
_[ prog ﬁm |ng][ Otto]
Present progressive tense

s
[heaninlan] [tensewyﬁea\d:thrill]

The plan ... t
e pan [tensgggﬁes,head:ye ] [tense=prog,head=thrill]
—5—
[tense=prog, hecﬁ:%ril 1 [head:%l?to]
Past thrilling Otto

Present progressive tense

S .
P
[he: lan] [tense=| pr d=thrill]
h

The plan ...

[tense=pres,head ave] [tensgsperf,head=thrill]

It f,head=thrill] [head=Ott
[tense=per e%h}ﬁ A][eao c<))]

Present perfect tense
(again)

S .
[tense=pres; =thrill]
P
[he: lan] [tense pr ad—thrlll

The pl
e plan . " [tense= pres,head hha\ve] [Whead—thrlll]
[tense=perf, h(ﬁu}/ be] [tensg=prog,
heati=thr
Present perfect

progressive tense [tense=prog, hea}%i erll][head %I?to]

S .
[tense=pres; =thrill]
[he |:,Ian] [tensezpv?/ﬂ?&d:thrill]
The plan ...
€ pan [tense:pres,headWheaﬁthrill]

[tense=perf, h(ﬁu}/:be] [tense&prog,
CEN heati=thr!
Present perfect

progressive tense [tense=prog, hea}%i erll][head %I?to]

t S
[tensd=preshead=thrill]
t
[heaninlan] [tense%thrill]
The plan ... gast \ X
tense= head=have] [tensg=perf,head=thrill
[tensé=pres, 1[}5\ 1
Past [tense= perfh% =be] %
as =thr
Present perfect

progressive tense [tense=prog, hezﬁj r|II] [head= %I?to]




cond S
[tense= ;

ad=thrill]

?%Ian] ﬂwth”"]

The plan ..

Conditional
Present perfect

[tense= cond head—\‘\all][tense ﬁmﬁid-thnll]

A )%head:thrill]
have

[tensesztleamnes,head:have] [tens

progressive tense [tense:perf,h?ggél?]e] [W
heati=thr

tense=prog,he d:_“wrill head:%l?to
: prog ﬂm mg][ Otto]

[ty%s,head:lhrill]
tense=pres, hea}{ be] [tensg®prog,
IS d=thri

[tense=prog, head Mnll][headl\éDto]
hrilling ~ Otto

So what pattern do all
progressives follow?

Wt,head:eat]

[tense=past, heay be] [tens¢®prog, .
was ad=eal [Whead:thrlll]
[tense=prog, headveat][headl%Dto]

ing Otto
[tense=perf, h%i(}/ be] [tensg=prog,
heati=thr

tense= ,head=thrill][h d:%%
[tense=prog eﬁ'}rm}ﬂg][ ea Ott(g]

[ty%s,headzlhrill]
tense=pres, hea}{ be] [tense=prog,
IS d=thri

[tense=prog, head Mnll][headl\éDto]
hrilling ~ Otto

So what pattern do all
progressives follow?

Wt,head:eat]
[tense=past, heay be] [tens¢®prog,
was ad=ea

[tense=prog, headveat][headl%:m]

ng Ot
[tense= a hea(}/ be] [t?r;}f%(fl’

[tense=prog,head- B I][head:%ﬁ’to]
-ing Otto

[Whead: B i

Progressive: VP[tense=a, head=, ..] - V[tense=a, stem=be ..]
VP[tense:prog, head=p ...]

Perfect: VP[tense=a, head=p, ...] — V[tense=a, stem=have ...]
VPrtense=perf, head=p ...]
Future or VP[tense=a, head=p, ...] - V[tense=a, stem=will ...]
conditional: VP[tense=stem, head=p ...]
Infinitive:  VP[tense=inf, head=g, ..] - tO

VP[tense=stem, head= ...]

Etc. [Whead: B
[tense= a ,hea(}/:be] [tense=qrog,
As well as the “ordinary” rules: head=

VP[tense=a, head=8, ...]
- V[tense=a, head=(, ..] NP [tense:prog,head:VB I][head:%ﬁ’to]
-ing Otto

V[tense=past, head=have ...] - had

Gaps (“deep”

Pretend “kiss” is a

grammar!)

pure transitive verb.

Is “the president kissed” grammatical?
If so, what type of phrase is it?

the sandwichAthat
| wonder what
What else has

A00 AR5 oot NIP .1 Ficper

\4
the president kissed e

Sally said the president kissed e
Sally consumed the pickle with e
Sally consumed e with the pickle

Gaps

Object gaps . T

4
the president kissed e
Sally said the president kissed e
Sally consumed the pickle with e
Sally consumed e with the pickle

the sandwich that
| wonder what
What else has

Subject ga;z;:/f
the sandwich that
I wonder what
What else has

e kissed the president
Sally said e kissed the president
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Gaps

All gaps are really the same — a missing NP:
the sandwich that |  the president kissed e

| wonder what Sally said the president kissed e
Sally consumed the pickle with e

VM has Sally consumed e with the pickle

e kissed the president

Sally said e kissed the president

Phrases with missing NP:
X[missing=NP]
or just X/NP for short

600465 oo g NIP - Fisper

VP

v Cp [wh=yes] v~ R
wonder
wonder
NPIwh=yes] /NP

%/NP what /\
NP/NP VR
what else NP N e /\vp
he v
could go as /\

here? v VP/NP VooNp

was kissing  him

\Y
kissing

what etse could go here?

VP

what'eise NP VP/NP he \o/p
couldgo he
here? v y e
was kissing /e iy
\Y
kissing
what &fse could go here?
To indicate what fills }P\
a gap, people ' -
sometimes . NP CR/NFiwh=no]
. e sandwich
“coindex” the gap
and its filler. Ct%mtp NP3
al

Each phrase has a unique index

VE/NP;
such as “i”.
In some theories, coindexati_on is VP/NP;
used to help extract a meaning
from the tree. was
In other theories, it is just an aid A\
to help you follow the example. kissing e !

the money; | spend e; on the happinessj | hope to buy gj
which violin; is this sonata; easy to play e; on g;

VP

v Cp [wh=yes] MU
believe
wonder
Comp S

yes] S/NP that /\
NP VP
whatgfsé NP /Vw he /\vp
he v
could go as /\

here? v VP/NP VoooNp
was kissing the
Vv sandwich

kissing

what etse could go here?

Lots of features = =
(tense, number, person, =

ga els, commas,
wh

He has e

Sorry, that's just how language is ... —
You know too much to write it down easily!




