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tures 2Why feature stru
tures?
Idea: Instead of atomi
 
ategorial symbols, feature stru
tures areused as non-terminal nodes.Two reasons with respe
t to TAG:generalizing agreement (via underspe
i�
ation)modelling adjun
tion 
onstraints

⇒ smaller grammars that are easier to maintain
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Why feature stru
tures? AgreementExample without feature stru
tures:NPpl/a

grammars NPpl/nomgrammars SNPpl/nom VPVplleak SNP¬3/sg/nom VPV¬3/sgleak

=⇒ The generalization that the �nite verb and its subje
t agree innumber and person is not 
aptured.
=⇒ Every morphologi
al alternative gives rise to a new elementarytree! TAG with Feature Stru
tures 4



Why feature stru
tures? Adjun
tion 
onstraintsExample without feature stru
tures:
βis :VPV VP∗is

SNP VPOA({βis ,βare ,βbeen ,... })Vleaking
=⇒ The generalization that some form of the auxiliary to be needsto be adjoined to leaking is not 
aptured.TAG with Feature Stru
tures 5

Why feature stru
tures? Combining the twoThings get even worse when 
ombining agreement withadjun
tion 
onstraints:If leaking requires a singular auxiliary to adjoin at the VPnode, then the subje
t must be NP3/sg/nom.SNP3/sg/nom VPOA({βis ,βwas ,... })VleakingIf leaking requires a plural auxiliary to adjoin at the VP node,then the subje
t must be NPpl/nom.SNPpl/nom VPOA({βare ,βwere ,... })VleakingTAG with Feature Stru
tures 6Feature stru
tures - Basi
s (1)
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{<attr1 ,val1 >,<attr2 ,val2 >,

..., <attrn,valn >}subsumption ⊑ : A ⊑ B , i�if t ∈ A, then t ∈ B .uni�
ation ⊔ : A ⊔ B = C , i�C is the smallest feature stru
ture su
h thatA ⊑ C and B ⊑ C .Note: We are using only untyped feature stru
tures!TAG with Feature Stru
tures 7

Feature stru
tures - Basi
s (2)Feature stru
tures as values:non-re
ursive: 2
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FTAG uses non-re
ursive feature stru
tures!TAG with Feature Stru
tures 8



Feature stru
tures - Basi
s (3)Re-entran
ies (or �links�):boxed numbers ( 1 , 2 , ...)within feature stru
tures:
"attr1 1attr2 1 # "attr1 1 val1attr2 1 # »attr1 1 hattr2 1 i

–FTAG uses a
y
li
 re-entran
ies!between feature stru
tures (in a tree):
hattr1 1 i hattr1 1 iTAG with Feature Stru
tures 9

Feature stru
tures - as tree nodes in a TSG
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h
at vpi
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at vagr 1h3rdsing -i35leakAgreement properties 
an be undespe
i�ed.When 
ombining two trees, the feature stru
tures of theparti
ipating nodes are uni�ed.TSG: substitution  uni�
ation of leaf nodes and root nodesTAG with Feature Stru
tures 10FTAG (1)Feature-stru
ture based TAG (FTAG): Vijay-Shanker & Joshi(1988).Modelling adjun
tion 
onstraints requires to split the featurestru
ture of nodes:top features: �what the node represents in the surroundingstru
ture�bottom features: �what the tree below the node represents�In the �nal derived tree, top and bottom unify.
TAG with Feature Stru
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FTAG (2): Adjun
tion 
onstraintsAdjun
tion 
onstraints are en
oded in the following way:SA: top and bot are uni�able.

h
at vpi

h
at vpiOA + SA: feature mismat
h between top and bot

"
at vpmode ind#

"
at vpmode ger#NA: top and bot are uni�able, but there is no auxiliary tree inthe grammar that 
an be uni�ed with top and bot.TAG with Feature Stru
tures 12



FTAG (3): Agreement and adjun
tion 
onstraintsExample for top-bottom feature stru
tures:
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FTAG (4): Uni�
ation with top-bottom feature stru
turesUni�
ation during derivation:Substitution: the top of the root of the rewriting tree uni�eswith the top of the substitution nodeAdjun
tion: the top of the root of the rewriting tree uni�eswith the top of the adjun
tion site, and the bottom of the footof the rewriting tree uni�es with the bottom of the adjun
tionsite.

ˆr-top˜

ˆr-bot˜

*ˆf-top˜

ˆf-bot˜ ˆx-top˜

ˆx-bot˜In the �nal derived tree, top and bottom unify for all nodes.TAG with Feature Stru
tures 14FTAG (3)Example:
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FTAG (4)Example: h
at si
h
at si
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FTAG (5)Example:
E
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FTAG (6): Adjun
tion 
onstraints (NA)Features must be 
hosen in a way that no uni�
ation withfeature stru
tures of auxiliary trees is possible (and thereforeno adjun
tion).Example: FTAG for the 
opy language.
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* bTAG with Feature Stru
tures 18FTAG (7)LTAG feature stru
tures are restri
ted; there is only a �nite set ofpossible feature stru
tures (given �nite sets of features andvalues, and non-re
ursivity).Therefore, the following 
an be shown:For ea
h FTAG there exists a weakly equivalent TAG withadjun
tion 
onstraints and vi
e versa. The two TAGs generate eventhe same sets of trees, only with di�erent node labels.
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Summary
Feature stru
tures as nodes allow to abstra
t away fromagreement properties by underspe
i�
ation. Linguisti
generalizations 
an be expressed more 
onveniently.Adjun
tion 
onstraints 
an be en
oded into feature stru
tures.The feature stru
tures of FTAG do not add expressive power,hen
e FTAG and TAG are weakly equivalent.
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