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En asymmetri - og et dbent spgrgsmal

o Unifikationsbaserede grammatikker er populzre i anvendt/deskriptiv
lingvistik,

@ men upopuleere i teoretisk lingvistik/datalingvistik.

The two constraints on unification grammars (non-reentrant and
one-reentrant) are parallel to the first two classes of the [Wei92]
hierarchy of languages. A possible extension of this work could
be a definition of constraints on unification grammars that would
generate all the classes of the hierarchy. [FWO06]
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Weirhierarkiet

Ref.. [Wei92]. Def.: k-degree multiple kontekstfrigrammatikker (MCFG)
[SMFK91].

Den kontekstfri grammatik med produktionsreglerne
S - NP VP,NP - John, VP - snorker er sekvivalent med en 1-degree
MCFG med produktionsreglerne:

S(X1X2) - NP(X;)VP(X2)
NP(John)
VP (snorker)
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The MCFG with production rules

S(X1X2X3Xy) - A(X1,X3)B(Xa,Xy)
A(CLXl,CXg) — A(Xl,XQ)
B(bX1,dX,) - B(X1,X3)

Ala,c)
B(b,d)

generates the language {a"b"c"d™ | m,n = 1}.
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Definition (MCFG)

An MCFG is a 4-tuple G = N,T,P,S where N is a finite set of predicate
names, T a finite set of terminal symbols, S a predicate name such that
its arity p(S) = 1, and P is a finite set of production rules of the form:

AO(a17~~~7ap(A0)> = Al(ﬂlw"7/3p(A1))7"'An(717"'7,Yp(An))

where o; T {/31,...,ﬁp(Al),...,’yl,...,’}/p(An)} and each Biy vy i
occurs exactly once in vy, ..., a4
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Unifikationsbaserede grammatikker, kort fortalt

[cAT np

AGR1 agry cAT d |[CAT N
AGR 1| : AGR [I||AGR

AGR,, agr,

o Kongruens,
@ dependenser, and
@ komposition.
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Example

From [JV96]:

2 32 3 2 3 o 2
h i _CAT np_ CAT vp CAT v #oAT
CAT s —>2NUM Ig QNUM Ig QNUM Ig—> QNUM E
GEN [2] GEN GEN [2] SUBCAT [3) GEN
2 3 2 32 3 2 3 2
CAT np CAT art CAT n i (CAT a
QNUM I%—>§NUM [ EQNUM Ig QNUM Ig—> CAT adv , QNUM Ig
GEN [2] GEN [2) 2GEN 2] a5 GEN I3 GEN [2]
CAT ap CAT a
QNUM I\Zy—> QNUM lg
GEN [2] GEN [2]

(1) En skovtur bliver meget dyr.
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Unifikationsbaserede grammatikker, formelt

Definition (Signature)

An AVS signature is a 3-tuple X = (Attr, Atms, p) where Attr, Atms are finite, non-empty
disjoint sets of labels, and p : Attr — 2AtS,

Definition (Description language)

The syntax of the description language over a signature ¥ = (Attr, Atms, p) is defined by:
T = e€lalmnia ¢ = w:b|lm=7

where a € Attr,b € Atms. The semantics of the description language is defined over a Kripke
structure M = (W, {R, | a € Attr}, V) where V : Atms — 2% by the satisfaction definitions:

M,wEn:b i1 3w € W.Rr(w,w') Aw’ € V(b)
MwEnr=7n" i[d 3w € W.Rr(w,w') A Ry (w,w’)

where for every 7 € Attr*, the relation R, is induced over the structure:

R {(w,w) | w € W}
Rria = A(w,w')|Iv.Rr(w,v)A Ra(v,w')}
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®dy; is the set of description language formulas.

Example
Overseettelsen, kort fortalt:

[cAT np

AGR1 agr; cAT d [[cAT n
AGR [I|: AGR [IJ|| AGR

AGR,, agr,

= {CAT-:np, AGR = DOWN:AGR = DOWN:RIGHT:AGR} —
{cAT:dH{cAT:n}
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Definition (Unification-based grammar)

A unification-based grammar is a 4-tuple G = X, T, P,S , where X is a

signature, T a finite set of terminal symbols, S 2%s and every

production rule in P is of the form
A — w

with A 2%®2 w Tor

with 4; 2%=.
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pref : ® x Nt _, &. pref(®,i) = {DOWN : RIGHT* ! : m:b|7: b
®} {pOowN : RIGHT' ! : 7 = DOWN : RIGHT" ! : 7/ | 7 =7/ ®}.

Definition (Derivability)

Say G= X%,T,P,S is a unification-based grammar. Then:

(i) If P contains a production:
A - w
then for any ¢1A'¢po = ; prwep if A A
(i) If P contains a production:
Ay - Ai...A,
then for any ¢1 Ay = + 01 AL ... Al o i

»l<isn:A A,
» Ay = Ay pref(A},1) ... pref(4),,n).

=", is the reflexive, transitive closure of = ..
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Genkendelse for unifikationsbaseret grammatik er NP-hardt.

@ Geelder selv for visse kontekstfri (=L,) fragmenter (GPSG).

o | almindelighed er genkendelsesproblemet uafgerligt, hvis ikke
derivationsstrukturers starrelse bindes af inputtets leengde [Joh88]. En
sadan restriktion kaldes o [=lihe parsability.

o Unifikationsbaserede grammatikker er Turing-komplette (=Ly) i
almindelighed, men kontekstsensitive ( L) hvis o [=lihe parsable.
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Hierarkier af unifikationsbaserede grammatikker

Vi kan faktisk udlede tre hierarkier:

@ finite copying unifikationsbaseret grammatik,
o right-linear unifikationsbaseret grammatik, og
o deterministic copying unifikationsbaseret grammatik.

De to farste er aekvivalente med Weirhierarkiet, det sidste lidt rigere.
Endeligt kan hierarkierne passes ind i et hierarki af
raekkeviddekonkatenationsgrammatikker (RCG), som er modulaere under
intersektion.
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Non-deterministic copying unifikationsbaserede

grammatikker,

[CAT ag

REST

kort fortalt

arrwy ||
AR, @] |
artR; @]

ATTR,, [ . ]}

CAT a;
REST
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Definition (Nondeterministic copying)
A unification is nondeterministic copying i [l
(i) all paths = Attr* in the description language are defined by the

grammar m = CAT | REST | DOWN:RIGHT* : 7 | REST : a, where
a Attr — {caT} and

(i) all branching productions are of the form
Ay - {cAT:b1}...{cAT:b,}

where Ay is a set of unification grammar description language
formulas of the form ATTR : b or of the form

REST:ATTR = DOWN:RIGHT*REST Where ATTR  Attr — {caT}. For
each 0 < i < n, the path DOWN:RIGHT® occurs at most once in Ay.
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The grammar below generates the non-context-free language
{a®" | n=0}%:
(i) {CAT: s,REST:COUNT = DOWN:REST = DOWN:REST:RIGHT}
- {caAT: s}
{cAT : s}
(i) {CAT: s,REST:COUNT = €} - a
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Consistency, kort fortalt

En mangde produktionsregler er konsistente hvis og kun hvis de ikke
inkluderer produktioner:

[REST.ATTR a]-» [REST.ATTR ]q [ L. } ..
eller
[REST.ATTR a]-» [REST.ATTR ,B]q

hvor oo = S3.
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Definition (Consistency)

A set of nondeterministic copying unification grammar productions is
consistent if it does not contain productions whose right-hand categories
together include descriptions

ATTR : val; and ATTR = DOWN:RIGHT*

or

ATTR : valy and ATTR : vals

where val, = vals.

Anders Sggaard (Univ. of Copenhagen) Unifikationsbaserede grammatikker October 11 2007 21/ 30



Definition (SPN multisets)

The SPN multiset of an nondeterministic copying unification grammar
with start symbol {cAT : s} is inductively defined:

o {{s}} is an SPN multiset.

o Suppose {{a; ...a,}} is an SPN multiset. Let
{r1 : {cAT:a1,...} > &1,...,7 : {CAT:ay, ...} > ¢,} De consistent
production rules. For each attribute ATTR, let uq.- be the multiset
that consists of all the cAT values a such that for some k
DOWN:RIGHT® : CAT : ¢ and REST:ATTR = DOWN:RIGHT® : REST
are members of the right-hand description of some r;. If ti,- iS not
empty, then g is also an SPN multiset.

@ There are no other SPN multisets.
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Deterministic copying og right-linearity, kort fortalt

@ En non-deterministic copying unifikationsbaseret grammatik er
deterministic copying hvis og kun hvis alle A-produktionsregler er
inkonsistente.

@ En deterministic copying unifikationsbaseret grammatik er right-linear
hvis og kun hvis der for enhver konsistent delmangde af regler, og
ethvert treek ATTR 0g kategoriel veerdi o findes hgjst én
strukturdeling mellem ATTR 0g REST i en A-datter.

E.g. er flg. umuligt:

CAT ao CAT ap ||CAT a1
REST[ATTR ] REST REST
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Definition (Finite copying)
A nondeterministic copying unification grammar is finite copying i Cif
contains only a finite number of SPN multisets.

Definition (Deterministic copying)

A nondeterministic copying unification grammar is deterministic copying i (L]
any pair of production rules:

{caT:a,...} - ¢

{cAaT:a,...} - ¢

whose left-hand side nonterminals contain the same categorial information,
are inconsistent.

4
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Definition (Right-linearity)

A deterministic copying unification grammar is right-linear i CTor any
consistent subset of production rules P’ P, and for any atomic value a
and attribute ATTR,

o if Ay = {REST:ATTR = DOWN:RIGHT' ! : REST,...} - A;... 4; =
{cAT:a}... A,, P’ and

o Ay = {REST:ATTR = DOWN:RIGHT’ ! : REST,...} » A;... A; =
{caT:d'}... A, P,
o then a =d'.

A\

Definition (k-reentrancy)

A unification grammar is one-reentrant i Cehch production rule includes at
most & descriptions of the form = = «'.

A\

Lemma

Every k-reentrant right-linear unification grammar is also a k-reentrant

finite copying unification grammar, but the converse does not hold.
October 11 2007 25/ 30




The hierarchy of k-reentrant finite copying unification grammars coincides
with Weir’s hierarchy of controlled languages.

Theorem

The hierarchy of k-reentrant right-linear unification grammars coincides
with Weir’s hierarchy of controlled languages.

| \

Theorem

The hierarchy of k-reentrant deterministic copying unification grammars
coincides with the hierarchy of PMCFG(k).

N
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The MCFG with production rules

ro:  S(X1X2X3X4) —  A(X1,X3)B(X2,X4)
Ty A(aXqi,cX2)  —  A(Xq,X2)
T2 B(bX;,dX2) —  B(X1,X2)
r3 : A(a,c)
T4 : B(b, d)
translates into
CAT s
ATTR; CAT aq |[cAT by |[cAT as J[car by
.
REST | ATTRo REST REST REST REST
PROD 7T
CAT aj [car ag
CAT aq CAT ag
ATTR —a ATTR —c
REST [ 1 .] |:REST ] REST [ 1 1] REST
PROD 71 PROD 71
CAT by [car bo
B CAT by a CAT bg
ATTRg [L1]|[— , ATTR:
REST [ 2 ] REST REST [ 2 ] REST
PROD 72 PROD 72

CAT aj CAT ag CAT by CAT bg
— a, — C, — b, —d
REST.PROD 73 REST.PROD T3 REST.PROD 74 REST.PROD T4
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The universal recognition problem of restricted k-reentrant
nondeterministic copying unification grammars can be solved in polynomial
time.

Flere resultater og beviser i [Sgg08].

| samarbejde med Laura Kallmeyer’s gruppe udvikles til Tiibingen
Linguistic Parsing Architecture en stokastisk RCG-parser, som ogsa kan
bruges til e [ektivt at parse med mildt kontekstsensitive
unifikationsbaserede grammatikker.
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Lingvistisk relevans af right-linear unifikationsbaseret
grammatik?

@ Kongruens (?),
o dependenser (+), og
@ komposition (?).

CAT np| |CAT vp CAT vp oA CAT
T v
[CAT s}_, NUM [ |, |NUM [, NUM [ | - [ o ] NUM [
SUBCAT

GEN GEN GEN GEN

CAT s CAT np [C } ( d )* CAT ap

N , |CAT v|, (adv)™,
REST [AGR ] REST REST
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En lingvistisk relevant udvidelse af right-linear unifikationsbaseret
grammatik med genkendelseskompleksitet O(n¢) kan uden at e&ndre
ekspressivitet og med en kompleksitetstilvaekst pd O (n*+*) tilfgjes k
globale kongruenstrak.
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