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Introduction

HPSG grammars constrain attribute-value structures such as

ATTR; <>

ATTR)

wrRs [ }}
arres (@}

by principles of the form

For each nonlocal feature, the INHERITED value on the mother is the
union of the INHERITED values on the daughters minus the TO-BIND
value on the head daughter.
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@ For theory ¥, L(G) = {w | AM.M |=54 ¢ 7(w)} with
T(wr ... wy) = wy A (right)(wa A...).

System  Reference Model checking Satisfiability

L+ [Rea94] PSPACE-complete  undecidable
Logic(K) [Heg96] PTIME decidable
RSRL [Ric04] undecidable [Kep01] undecidable

@ modularity
@ transitive closure

@ quantification (excl. RSRL)

Logic(K) cannot express possibly recursive welltypedness constraints,

omitted.
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From ML to PPDL,

Definition (ML)
Formulas of ML over a signature (Labels, PROP) are defined as:

¢ = pl=dlo AY[{a)d
where a € Labels,p € PROP, with the satisfaction definitions:

MwEp iff weV(p)
MwE-¢ iff EMwEod
MwE¢Ay iff MuwE &M w = ¢
M,w E (a)¢ iff Fw' .R,(w,w)&M,w' = ¢

@ tree model property

@ invariance under generated substructures
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Definition (IPDL)
Formulas and programs of IPDL over a signature (Labels, PROP) are defined as:

¢

(0]

plLiondg|-¢| ()¢
elala;Bla* |aUB|anB|al|¢?

where a € Labels, & € Programs, p € PROP. The satisfaction definitions are as in
ML, except extended for programs. Each program « induces a relation R, over a
Kripke structure that is inductively defined by:

R, = {(s,s)|seW}
Rog = {(s,8')|3(s.t) € Ry and (t,s') € Rg}
Ro+ = U, Rt where Ryo = {(s,5) | s € W} and Ryus = Ry on
RaUB = R,U RB
R(yﬂﬁ = R,N RB
R, = {(w,v)]|(v,w) € Ry}
Ry = {(w,w)| M,w = ¢}
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The model

with all edges in R,, except (2,3) € R}, satisfies the formulas (a*)q and
(a;a N a;b)g, but not [a*]q. Note that
Rox = {(Oa 0)7 (la 1)7 (2a 2)7 (3a 3)7 (Oa 1)7 (Oa 2)7 (Oa 3): (]-a 3)}
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Definition (Syntax of PPDL)

Formulas (¢, ) and programs (a;) of PPDL over the signature (Labels, Atoms)
are defined as:

¢J/) = p|¢/\'¢)|_‘¢|<a>(¢1;;¢n)
a1, a0,a3,08 = €l|lalaiar|al|a® |aiUar |aiNas|at|é?]
a1 Mayp | un(ag, as, a3, as) | app(as, @, @z, aq) |
S(aa, az,as)

where a € Labels and p € Atoms.
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The model
a (0: p) b

3: - q

with all edges in R, U Ry, satisfies the formula (b)(p, ¢), but not (b)(q, p). Note
the relations Rapp(e,a.b,0) = 1(0,1,3,6)} and
Run(c,0,5,0) = {(0,1,3,6),(0,1,6,3), (0,3, 1,6), (0, 3,6,1), (0,6, 1, 3), (0,6,3,1)}.

Anders Sggaard (Univ. of Copenhagen) On the formalization of HPSG August 14 2007 9/20



Definition (Semantics of PPDL programs (1))

A polyadic Kripke structure M = (W, {R, | a € Labels}, V) induces a relation R, C W* for

each program « in the following way. For a vector 3§ = (81,...,5n), {3} = {s1,...,9n} is the
canonical underlying set, and for a set S = {s1,...,5n},
(z,8) = {(z,3) | 5 € permute(s1,...,5n)} is a set built from all permutations of that set. Let

Ry ={(s1,--,80) |Vi=1,...,nVj=i+1,...,n.5; # s;} be the relation consisting of all
tuples of worlds without multiple occurrences. For a € Labels, R, C Ri. €,%,—1,7 as usual.

Ra;B = {(satla"'rt”)‘a(slatla"'rt")eRB and (5751)€R0‘}

andVi=1,...,n:(si—1,5i) € Ra}
RQUB = R URB
Raﬁﬂ = Rq ORB
Rorg = {(s,¢')]3(s,t1,---,tn) € Ra and
3(s,u1,...,um) € Rg,3i,j.s' =t; = u;}
Run(al,az,a:.;,nu) = U{(T, {gl} u...u {gm} U {21} u...u {2"}) ‘

Vi, 5.3z, &" .(2',§;) € Ray,(2",%;) € Ray,
(z,...2"...) € Ray,(z,... 2" ...) € Ray}
Rapp(a1,02,03,a4) =) {(%, 91,y Um,21,---,2n) € Ry | Vi, 3.3z, z"
(2',9i) € Ra,, (2", %)) € Ra,,
(z,...2"...) € Ray,(z,...2" ...) € Rasy,
(2,91, sUm, 215 .-, 2n) € R-‘-}
Re(al,m,ag) = {(s:tla"'rtjflrthrl!'"7tn) | a(515() € Ra,
(s’ t1,. .-, tn) € Ray,3(s,tj) € Ras}
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Definition (Semantics of PPDL programs (2))
We also introduce a second composition operator ;; as an abbreviation
a;; = un(e a,a,f)

Note that ;; is the straight-forward polyadic extension of the binary composition
operator. The Kleene star is based on binary composition. Similarly, our polyadic
iteration operator ® is a closure operator based on polyadic composition

Ra@) = U Rak where R,0 = R, and R{IkJrl = Ra;;ak
keEN
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The structure

SUBCAT <a,b,c>

HEAD-DTR

SUBCAT <a,b,c,d,e>]

suncaT (dee)

NON-HEAD-DTR

satisfies the formula

(elem(app(e, subcat, non-head-dtr, subcat) N head-dtr;subcat)) T

where elem(a) = aMa.
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The structure

SUBCAT <a,b,d>

HEAD-DTR

SUBCAT <a,b,c,d>]

NON-HEAD-DTR |SUBCAT <C>

satisfies the formula

(elem(©(head-dtr, subcat, non-head-dtr;subcat) N subcat)) T
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Definition (Syntax of PPDL,;)

Formulas (¢, ) and programs (a, 8i,~:) of PPDL, over the signature
(Labels, Atoms) are defined as:

bt = plSAG| =] (a)dr,. .., dn)
ar,a = elalanalBilatd?|aaUaz|aiNay|aiMa; |
app(71,72,73:74) | ©(71, 0, 1)
BB = €lalBLUps
i = elalvia

where a € Labels and p € Atoms.

For the restriction on U, replace the relevant clause in the semantics of programs
with:

Rous = {(w,w')]| (w,w') € Ry or (w,w') € Rz}
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The model checking problem for PPDL, is solvable in time O(|$|> x |W|*)

The model checking problem for polyadic modal logic can be solved in
time O(|¢| x |M|). For any a € Programs in PPDL,, R, can be
computed in time O(|a| x [W|*). The size of this relation is at most |W/|2.
Consequently, the model checking problem for PPDL, can be reduced to
the model checking problem for polyadic modal logic with new model

(M| < |¢| x |[W]3. It follows that the model checking problem for PPDL,
can be solved in time O(|#|> x [W|*). O

v
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System Reference Model checking Satisfiability
PPDL [SLO7] EXPTIME/PSPACE-hard  highly undecidable
PPDL, [SLO7] PTIME (O(|¢? x |[W|*)) highly undecidable

Model checking is used for

@ querying and treebank development [Kep04]

@ upper bounds on satisfiability (PPDL: NEXPTIME, PPDL;:
NPTIME)

It is the belief of this author that the decidability of grammatical-
ity cannot be established without some reference to input size;
decidability of grammaticality must be tied to size-bounding in-
formation computed from the input string, in a spirit similar to
off-line parsing of LFG. [Heg96]

Cf.[BS93].
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Example

One variant of off-line parsability says that a nonbranching extension includes at
most as many nonbranching phrases as there are distinct nonbranching phrases in

the grammar. The relevant axiom is:?

[(dtrs;all-dtrs;T?)F]L

where k = |{v | nb-phr T v}| + 1.

71t is assumed that the hierarchy of nonbranching phrases is flat,
i.e. Vy.nb — phr C .3t € Types.y C t, for simplicity.
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Conclusions

@ PPDL has the expressive power to formalize the fragment of English
in [PS94].
o PPDL and PPDL,:
» are modular,
» have model checking procedures, resp. in EXPTIME and PTIME, and
parsing procedures, resp. in NEXPTIME and NPTIME, and
» they embed the logics in [Kel93, BMV94].
@ PPDL; has the expressive power to formalize most of the fragment in
[PS94]; excl. the Trace Principle, the Binding Theory and the
Semantics Principle (a).
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Example (The Nonlocal Feature Principle (1))

The Nonlocal Feature Principle says:

For each nonlocal feature, the INHERITED value on the mother is the
union of the INHERITED values on the daughters minus the TO-BIND
value on the head daughter.

In the fragment, there are three nonlocal features on INHERITED,
SLASH,QUE,REL. Say F=SLASH,QUE,REL.

headed-phr —  (elem(un(all-dtrs, synsem;nonlocal;inherited;f,
all-dtrs,synsem;nonlocal;inherited; f)ﬂ
un(dtrs ;head-dtr;synsem;nonlocal;to-bind, £,
synsem;nonlocal;inherited, £)))T

Note that this principle seems to be beyond PPDL,. In fact, it isn't.

Anders Sggaard (Univ. of Copenhagen) On the formalization of HPSG August 14 2007 19 / 20



Example

Here's an adequate PPDL; near-equivalent:

headed-phr —  (elem(S(e,,
dtrs;head-dtr;synsem;nonlocal;to-bind; f)ﬁ
synsem;nonlocal;inherited;f))T

with (elem(w N app(all-dtrs, synsem;nonlocal;inherited;f,¢,€)))T and

m € Labels. The difference is of course that the PPDL; requires the TO-BIND set
value contains at most one element; but this actually holds for all the examples in
[PS94]. In fact, the only ID schema that puts the TO-BIND attribute to use
reflects a similar restriction [PS94, 164]:

X = [LOCAL ] S

fin,INHERITED.SLASH { . },TO—BIND.SLASH {}]

This is in the informal notation of [PS94]. The first constituent on the right-hand
side is the filler; the second constituent is the head. The schema is captured by
the ©-operator; it subtracts an element from the SLASH set value that has been
bound off, and places it in TO-BIND.

-~
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