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Two kinds of grammar implementationgrammar/linguisti
 theory�implementation� spe
i�
ationsin a

ordan
e with agrammar formalismevaluationof the theoryAs is frequently pointed out but 
annot be overemphasized, an importantgoal of formalization in linguisti
s is to enable subsequent resear
hers tosee the defe
ts of an analysis as 
learly as its merits; only then 
anprogress be made e�
iently. [Dowty, 1979, 322℄Grammar Implementation with XMG 3
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What kind of grammar resour
e?
Stree template NP VPV⋄ NPtree insertionan
hor eats
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The implementation task for LTAGGeneral taskImplement a large-
overage LTAG, i.e. based on the XTAGgrammar!Subtasks:1 Generate unlexi
alized trees (= tree templates)!2 Generate a database of lexi
al an
hors (= the lexi
on)!3 Conne
t the tree templates with the lexi
on (= lexi
alinsertion)!Grammar Implementation with XMG 6



Two ways of grammar implementation with TAG
XTAG tools [XTAG Resear
h Group, 2001℄1 implementation tools (with metarules)2 editor/viewer for MorphDB and SynDB3 parserXMG + lexConverter + TuLiPA1 XMG: eXtensible MetaGrammar [Du
hier et al., 2004℄2 lexConverter (LEX2ALL)3 TuLiPA: Tübingen Linguisti
 Parsing Ar
hite
ture[Parmentier et al., 2008℄
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The situation39 templates 12 tree templatesfor transitive verbs for intransitive verbsSNP VPV⋄ NP SNP VPV⋄SNP SNP VP
ǫ V⋄ NP

SNP SNP VP
ǫ V⋄. . . . . .Basi
ally, XTAG de�nes a set of 221 unrelated tree templates.Grammar Implementation with XMG 9



Metarules for LTAG[Be
ker, 1994℄, [Be
ker, 2000℄, [Prolo, 2002℄Idea from GPSG [Gazdar, 1981℄metarules
ore grammar(tree templates) expanded grammar(tree templates)
︸ ︷︷ ︸metarules 
onne
t tree templates of atree family

Grammar Implementation with XMG 10



Metarules for LTAG: ExampleTnx0nx1:
αnx0Vnx1(extra
tion) (a
tive-passive alternation)

αW0nx0Vnx1 αnx1Vbynx0 (extra
tion)
αW1nx1Vbynx0Metarules do not only add stru
ture, they 
an also eliminatestru
ture!Grammar Implementation with XMG 11



Metagrammars for LTAG[Candito, 1996℄, [Xia, 2001℄, [Crabbé, 2005℄inheritan
e +spe
i�
ationtree fragments tree templatestree familiestree fragments: additional layer of abstra
tion below the levelof tree templatesA tree template is the result of 
ombining and spe
ifying treefragments and tree templates.The notion of tree families is independent from the
onstru
tion of tree templates!Grammar Implementation with XMG 12



Metagrammars for LTAG: Example
SNP SNP VP

ǫ V⋄ NP ⇐=

SNP SSNP VPVP VP
ǫ V⋄ NP =⇒

SNP VPV⋄
Grammar Implementation with XMG 13
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ǫ V⋄ NP ⇐=

SNP SSNP VPVP VP
ǫ V⋄ NP =⇒
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XMG - Ba
kgroundname of the metagrammar formalism and of a metagrammar
ompilerdeveloped at LORIA, Nan
y, Fran
ewritten in Oz/Mozartavailable at http://sour
esup.
ru.fr/xmg
⇒ Other metagrammar implementations exist, but XMG is themost elaborate one.Some existing implementations using XMG:Fren
h: Fren
hTAG [Crabbé, 2005℄English: XTAG with XMG [Alahverdzhieva, 2008℄German: GerTT [Kallmeyer et al., 2008℄Grammar Implementation with XMG 15



XMG - Des
ription languages
LD : Des
ription language for tree fragmentsLet ?x and ?y be nodes:Des
ription ::= 







?x -> ?y | ?x ->+ ?y | ?x ->* ?y |?x >> ?y | ?x >>+ ?y | ?x >>* ?y |?x = ?y |?x[f:E℄ | ?x(p:E) |Des
ription ∧ Des
ription 







LC : Des
ription language for the 
ombination of tree fragmentsClass ::= Name → ContentContent ::= 



Des
ription | Name |Content ∨ Content |Content ∧ Content 

Grammar Implementation with XMG 16



XMG - Des
ription languages - ExamplesSNP VP VPV⋄ =⇒

SNP VPV⋄ , . . .






?S -> ?NP,?S -> ?VP1,?NP >> ?VP1,?S[
at:s℄,?NP[
at:np℄,?VP1[
at:vp℄












?VP2 -> ?V,?VP2[
at:vp℄,?V[
at:v℄,?V(mark:an
hor)






?S -> ?NP,?S -> ?VP1,?NP >> ?VP1,?S[
at:s℄,?NP[
at:np℄,?VP1[
at:vp℄,?VP2 -> ?V,?VP2[
at:vp℄,?V[
at:v℄,?V(mark:an
hor)




Grammar Implementation with XMG 17



XMG - Node variables and 
ompilingNode variables have a s
ope lo
al to the 
lass (= name spa
e).Tree des
riptions 
an denote more than one tree fragment!BUT: Ea
h of the tree fragments has to 
omply with all of thetree des
riptions!When the 
lass intransitive is 
ompiled:1 XMG a

umulates all tree des
riptions involved inintransitive, and2 XMG identi�es tree fragments and tree templates by mergingnode variables or drawing edges.E.g., in the previous example, the node variables ?VP1 and ?VP2
an be merged, or ?VP1 
an dominate ?VP2.Grammar Implementation with XMG 18



XMG - The sour
e 
ode - The stru
ture of treesThere are two ways to en
ode the stru
ture of trees: (1) throughtree des
riptions, or (2) through bra
kets and linear order.VP(=?VP0)VP*(=?VP1) PP(=?PP)P⋄(=?P) NP↓(=?NP)
lass betavxPnxde
lare ?VP0 ?VP1 ?PP ?P ?NP{<syn>{node ?VP0; node ?VP1;node ?PP; node ?NP;node ?P;?VP0 -> ?VP1; ?VP0 -> ?PP;?PP -> ?P; ?PP -> ?NP;?VP1 >> ?PP; ?P >> ?NP}}

lass betavxPnxde
lare ?VP0 ?VP1 ?PP ?P ?NP{<syn>{node ?VP0 {node ?VP1node ?PP {node ?Pnode ?NP}} }}Grammar Implementation with XMG 19



XMG - The sour
e 
ode - Properties and feature stru
turesFirstly, the value types of features and properties have to bede
lared.type MARK = {subst, foot, an
hor, 
oan
hor, flex }type CAT = {np,v,vp,s}Se
ondly, properties and features must be de
lared as well.property mark : MARKfeature 
at : CATFinally, properties and features of nodes 
an be spe
i�ed.
lass betavxPnx{ ...node ?NP (mark = subst) [
at = np]... } Grammar Implementation with XMG 20



XMG - The sour
e 
ode - Complex feature stru
turesHow to de
lare and use 
omplex features?type AGR = [ 3rdsing : bool,num : NUM,pers : PERS,gen : GEN ]feature agr:AGR...node ?NP [agr = [3rdsing = +] ]...Top-bottom-feature-stru
turesIn XMG, there are prede�ned 
omplex features top and bot for thespe
i�
ation of top-bottom-feature stru
tures. Otherwise, featurespe
i�
ations hold for both top and bottom.Note: Links between features 
an be established by variables!Grammar Implementation with XMG 21



XMG - The sour
e 
ode - Reusing 
lassesGeneral 
onvention: Names of reused 
lasses have [℄ as a post�x.First method:Class instantiations 
an be assigned to variables in the body. Onlyexported variables of the 
lass 
an be used by means of the dot operator.
lass betavxPnx{ ...?VPSpine = VPSpine[℄;?VPSpine.?VP0 = ?XP;... }Se
ond method:Classes 
an be imported, su
h that all variables of the imported 
lass,that have been exported, 
an be used dire
tly.
lass betavxPnximport VPSpine[℄{...?VP0 = ?XP;... } Grammar Implementation with XMG 22



XMG - Case studyHow to des
ribe the tree families for intransitive (Tnx0V) and transitive(Tnx0Vnx1) tree templates?SNP VPV⋄ SNP SNP VP
ǫ V⋄SNP VPV⋄ NP SNP SNP VP

ǫ V⋄ NP
SNP SNP VPV⋄ NP

ǫGrammar Implementation with XMG 23



XMG - Case study - The fragmentsVPV⋄
[agr ?AGR]
lass VerbProje
tionexport ?VP ?V ?AGRde
lare ?VP ?V ?AGR{<syn>{node ?VP [
at = vp℄;node ?V (mark = an
hor)[
at = v, agr = ?AGR℄;?VP -> ?V}} Grammar Implementation with XMG 24



XMG - Case study - The fragmentsSNP↓
[agr ?AGR
ase nom ] VP
lass Subje
texport ?S ?NP ?VP ?AGRde
lare ?S ?NP ?VP ?AGR{ <syn>{node ?S [
at = s℄{node ?NP (mark = subst)[
at = np, 
ase = nom,agr = ?AGR℄node ?VP [
at = vp℄}}} Grammar Implementation with XMG 25



XMG - Case study - Building a tree templateSNP↓
[agr ?AGR
ase nom ] VP VPV⋄

[agr ?AGR]

=⇒

SNP↓
[agr ?AGR
ase nom ] VPV⋄

[agr ?AGR]
lass alphanx0Vimport VerbProje
tion[℄export ?S ?NP0de
lare ?Subj ?S ?NP0{ ?Subj = Subje
t[℄; ?NP0 = ?Subj.?NP;?VP = ?Subj.?VP; ?S = ?Subj.?S;?AGR = ?Subj.?AGR} Grammar Implementation with XMG 26



XMG - Case study - Adding fragments for extra
tionWhNP:SNP↓ S EmptyWord:
ǫ

alphanx0V:SNP↓
[agr ?AGR
ase nom ] VPV⋄

[agr ?AGR]

=
⇒???In order to reuse alphanx0V here one has to underspe
ify the markproperty of leaf nodes!Grammar Implementation with XMG 27



XMG - Case study - A redesigned subje
t fragmentSNP?NPMARK
[agr ?AGR
ase nom ] VP
lass Subje
texport ?S ?NP ?VP ?NPMARK ?AGRde
lare ?S ?NP ?VP ?NPMARK ?AGR{ <syn>{node ?S [
at = s℄{node ?NP (mark = ?NPMARK)[
at = np, 
ase = nom,agr = ?AGR℄node ?VP [
at = vp℄}}}Note: The modi�ed subje
t 
lass is used to de�ne the 
lass nx0V, whi
h
an be also reused in alphanx0V.Grammar Implementation with XMG 28



XMG - Case study - Adding fragments for extra
tionWhNP:SNP↓ S EmptyWord:
ǫ

nx0V:SNP?NPMARK
[agr ?AGR
ase nom ] VPV⋄

[agr ?AGR]

=
⇒alphaW0nx0V:SNP↓ SNP

[agr ?AGR
ase nom ] VP
ǫ

V⋄
[agr ?AGR]Grammar Implementation with XMG 29



XMG - Case study - De
laring a tree family

lass Tnx0Vde
lare ?Tnx0V{ ?Tnx0V = ( alphanx0V[℄ | alphaW0nx0V[℄ )}...value Tnx0V

Grammar Implementation with XMG 30



XMG - Case study - An XMG-hierar
hy for Tnx0V andTnx0Vnx1Subje
t VerbProje
tion Obje
tnx0Valphanx0V WhNP nx0Vnx1EmptyWord Wnx0Vnx1 alphanx0Vnx1alphaW0nx0V alphaW0nx0Vnx1 alphaW1nx0Vnx1Tnx0V Tnx0Vnx1Grammar Implementation with XMG 31
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