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1. STRUCTURE OF THE TALK

(1) Formal methods
e Event calculus
e Feferman theories
e Integrity constraints

(2) Applications
¢ \endler’s data
e Denotationtypes
e Intermezzo: Hierarchical planning
e Lexical meaning

(3) DRT and logic programming
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2. FORMAL METHODS

2.1. Event calculus. EC formalises two types of change
e momentanous change
e continous change

e Ontology: eventtypes, fluents (time-dependent properties, such as activities), real
numbers, individuals.

e Primitive predicates 1:
Initially (f)
Happense, t)
Initiates(e, f, )
Terminatege, f, t)

¢ Primitive predicates 2: changing partial objects

e Releaseg, f,1)
e Trajectory(fi,t, fo,d)

¢ Primitive predicates 3: ng-relevant events betweeénandt,
o Clippedt,, f, )

¢ Primitive predicates 4: truth predicate
e HoldsAt(f,t)
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Axiom 1. Initially (f) — HoldsAt(f,0)

Axiom 2. HoldsA{f,r) Ar <t A
—3ds < rHoldsAt(f,s) N —Clippedr, f,t) — HoldsA(f,t)

Axiom 3. Happense, t) A InitiateS(e, f,t) A
t <t A-Clippedt, f,t) — HoldsA{f,t)

Axiom 4. Happense, t) A Initiates(e, f1,t) A
t<t At =t+d ATrajectory(fi,t, fo,d) A —Clippedt, fi,t') — HoldsA{ f,,t)

Axiom 5. Happensge, s) A t < s <tA
(Terminateée, f,s) vV Release®, f,s)) — Clippedt, f,t)
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Scenarios

Definition 1. A stateS(¢) at timet is a first order formula built from

(1) literals of the form(—)HoldsA{ f, t), for ¢ fixed and possibly different
(2) equalities between fluent terms, and between event terms.
(3) formulae in the language of the structuie, <; +, x,0,1)

Definition 2. A scenarids a conjunction of statements of the form
(1) Initially(f),
(2) S(t) — Initiatege, f, 1),
(3) S(t) — Terminateée, f,1),
(4) S(t) — Happense, t),
(5) S(t) — Releaseg;, f,1),
(6) S(f1, fo,t,d) — Tragectory(fi,t, fa,d).
whereS(t) (more generallyS(f1, f2,t, d)) is a state in the sense of definition 3

(1) Carlos is building a house.

(1) Initially (houséa))
(2) Initiateq(start, build, t)
(3) Initiategfinish, houséc), t)
(4) Terminate§inish build, t)
(5) HoldsAt(build, t) A HoldsAt{houséc), t) — Happensfinish, t)
(6) Releasestart, house(x)t)
(7) HoldsAthouséz), t) —
Trajectory(build, ¢, houséz + g(d)), d)
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2.2. Minimal models and non—monotonicity.

A consequence relatiga is nonmonotonidf
¥ = ¢ does notimplyy, 0 = .

In nonmonotonic reasoning, people constructinimal modebf the premisses (which
is often unique); in monotonic reasoning, they must consadlemodels of the pre-
misses.

(2) 95%
a. If she has an essay to write she will study late i the library.
b. She has an essay to write.
c. She will study late in the library.

3) MP 38%
a. If she has an essay to write she will study late in the library.
b. If the library stays open then she will study late in the library.

c. She has an essay to write.
d. She will study late in the library.

4) 90%
a. If she has an essay to write she will study late in the library.
If she has some textbooks to read, she will study late in the library.

b
c. She has an essay to write.
d. She will study late in the library.
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Constraint logic programming: interplay of two languages.

First LanguageC: Let £ be the language of the structu, 0, 1, +, -, <), 7 the com-
plete theory of R,0,1,+,-,<)in L

Constraintsfirst order formulas fronC

Let I be another language, consisting of programmed predicate symbols.

Constraint programming languagd.P(7") consists of constraints and formulas from
IC, whose terms come froif.
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Normal programs

Definition 3. A complex subgoal is characterised recursively as

(1) an atom inkC, or
(2) -37(B1A. .. B, Ac), wherec is a constraint and each; is a complex subgoal.

complex bodyis a conjunction of complex subgoals.

A normal programis a finite set of formulas of the formm — A of C LP(7) such that
1 is a complex body and is a predicate froniC.



A COMPUTATIONAL SEMANTICS FOR NOMINALIZATIONS 9

The completion of a program

Definition 4. Let’P be a normal program, consisting of clauses

B ' Aer— prE), ..., B" Ay — (I,
where thep’ are atoms. The completion B, denoted by comfy), is computed by the
following recipe:

(1) choose a predicatgthat occurs in the head of a clause/f
(2) choose a sequence of new variabiasf length the arity op
(3) replace in the-th clause ofP all occurrences of a term ify by a corresponding

variable inz and add the conjunct = ; to the body; we thus obtaiB’ A ¢; A

T =1t — p'(T)
(4) for eachi, letz; be the set of free variables B Ac;, N\T=1;notinT
(5) givenp, letny, ..., n; enumerate the clauses in whigloccurs as head
(6) define Deffp) to be the formula

VE(p(z)

32 (B Nep, NE=1,,) V... V32, (B Aepy, NT=1,,).

(7) compP) is then obtained as the formulg, Def (p), where the conjunction
ranges over predicatgsoccurring in the head of a clause .
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Definition 5. A partial interpretation/ is a function which maps ground atoms )
to {t,f,u}, and constraints tqt, f}

Definition 6. Given a normal prograr®, a real-closed field4, a partial interpretation
I and a ground atomd, the (immediategonsequence operatdy is defined as

(1) ®p(1)(A) = t if there exists a clausB A ¢ — p(3) in P and an assignment
into A such thatd = p(5)a and(ca) = I(Ba) = t.

(2) ®p(I)(A) = f if for each clause irP of the formB A ¢ — p(5) and each
assignment into A such thatd = p(5)a: I(ca) = for I(Ba) = f.

Soundness and completeness

Theorem 1. Let 7 be the theory of real-closed fieldB, a normal program,’c, G a
query.
(1) ?¢, G succeeds iff

T A comp(P) =3 V(e — G)
(2) 7c, G fails finitely iff
T A comp(P) =3 ~3(c A G).
Here,V(3J) denotes universal (existential) closure.



(5)
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(1) Initially (height0))

(2) Happengtap—on5)

(3) Initiategtap—onfilling,t)

(4) Terminatetoverflowfilling,t)

(5) = < 10 — Release@ap-on, heightx), t)

(6) HoldsAtheigh(10)¢)AHoldsAtfilling,t) —
Happengoverflowt).

(7) HoldsAtheigh(z),t) —
Trajectory(filling,¢,height(z + d),d)

(r =tap —on ANy =5) — Happens(x,y)

(HoldsAt(height(10),t) A HoldsAt(filling,t)
A x = over flow N y=t) — Happens(z,y)

VaVy[Happens(x,y) < (x = tap—on Ay = 5)V (HoldsAt(height(10),t)A
HoldsAt(filling,t) A x = over flow A y =1)]
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2.3. Feferman theories. S is conservative oves iff for all ¢ in L(Sy):
SkHop<s Sy o

Definition 7. Let L. be some extension &f, (e.g. by means of a truth predicate). Then
we may code formulas df as terms inL,. We write" ' for the Gddel number i,

of ¢ in L. This notation will be used interchangeably both for the termi.jrand for
the object denoted by that term in a modéJ.

Definition 8. A,  ©[Z1, .., 0, Y1, Yml = (T Y1, -+ oy YU )-

Axiom 6. (T, A) T, (x1, ..., Tp, OlUr, .., Uny Y1y -y Ym]) <
ATy Ty Y1y e oy Yrm)

To("¢") < ¢

Theorem 2. Let S be a consistent system in the sense that S has a model. Then there
exists an extension S’ with truth axioms which is conservative over S.
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Application

e ‘Event’ is derived notion, via nominalisation in the Feferman calculus
e Hence no event-variables in basic language, but time-variables

Definition 9. If ¢(¢,7) is a formula, the eventtype generateddbwill be 3¢.p[t, T|.
Definition 10. If ©(¢, Z) is a formula, the fluent generated byt, 7) is the termp|t, Z].

Two possibilities to construct terms from predicaten(z, y, t):
1. Event typesJohn’s burning of the house

t.burn(j, h, t]

2. Fluents John’s burning the house

burn[ja haﬂ

HoldsAt =Ty
HoldsAt(burn[j, h, 1], s) < burn(j, h, s)
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2.4. Integrity constraints.

(8) | have caught a flu.

(9) Initiateg(e, f, 1)

(10)  HoldsA(f,now).

t <now, Happenge, t)

Happens(e, t)\ Initiates(e, f, )A t < t' A-Clipped(t, f, t') < HoldsAt(f, t)

[Happens(e, th Initiates(e, f, )A t < ' A=Clipped(t, f, t')] vV (now =t')—

HoldsAt(f, t)
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e We view a sentence S as a goal (‘make S true’) to be achieved by updating the
discourse model.

(11) | have caught the flu.

Initiates(e, f, 1)

Axiom 7. Happense, t) A Initiates(e, f, 1) At <t A -Clippedt, f,t') —
HoldsA( f,t)

Happens(e,t),t < now.

?HoldsAt(f, now) succeeds .
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3. APPLICATIONS

3.1. Vendler’s data.

(12)

(13)

@ "o o

~PQoo0oTw

The beautiful singing of the aria surprised us.

John’s not revealing the secret is unlikely.

The singing of the song is fun.

John’s quickly cooking the dinner surprised us.

They were surprised by the sudden coming in of a stranger.

They were surprised by a stranger coming in suddenly.

(Google) The band’s playing of the song is improving and there is some very
interesting playing in thirds that we could never quite work out.

*The soprano’s singing the aria was slow.
The soprano’s singing of the aria was slow.
John’s revealing of the secret occurred at midnight.
*John’s revealing the secret occurred at midnight.
*John’s not revealing the secret occurred at midnight.
(Google) The video and the band’s playing of the school's alma matdr [
capped the evening.
(Google) Clearly the Passover slaying of Egypt’s firstborn occurred at midnight
on the 141 of Nisan.
(Google) The contract provides thtae transfer of the assets anhdertaking
of the business deemed to have occurred at midnight on 31 August.
The physician’s revealing of the secret took place yesterday.
*The physician’s revealing the secret took place yesterday.
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3.2. Coercion.
The physician’s revealing of the secret is impossible.

(14) a.

b. The physician’s revealing of the secret took place yesterday.
(15) a. The president’s revealing of a state secret was a surprise.

b.  That the president revealed a state secret was a surprise.

3.3. Intensionality.

(16) a. The beheading of the most famous spy took place yesterday.
b. The beheading of James Bond took place yesterday.

(17) a. The beheading of the most famous spy surprised us.
b. The beheading of James Bond surprised us.

3.4. Negation of containers.

(18) a. The singing of the song didn’t occur at noon.
(Google) The End of the World didn’t occur at midnight, December 31 1999.

b.
c. *John’s kicking the cat didn’t occur at noon.
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3.5. Perfect nominals.

(29) The singing of the song

The saving of us (Stevenson)

(Google) Deidre Haren begins the play with her beautiful singing of ‘A Poultry
Tale’

stunningly beautiful singing of Cenerentola.

(Google) the Passover slaying of Egypt’s firstborn

*the Passover slaying Egypt’s firstborn

On account of his deliberate buying up of stocks

*quickly cooking of the dinner.

*having cooked of the dinner.

*being able to cook of the dinner.

*not revealing of the secret.

(Google) It may be more difficult to imagine the aria’s place in the drama or
story of the whole opera when listeningdaaecording of just that aria

oo

s@ oo

(S —

=

3.6. Imperfect nominals.

(20) *The singing the song.
*beautiful singing the song.
(Google) He also plays Johnny Seoighe adtaging the song beautifully
quickly cooking the dinner.
On account of deliberately buying up stocks
(Google) Mordechai Vannunu has spent the best part of the last fifteen years in
solitary confinement in a cell in the desert fomving revealed the ‘secretof
Israel’s ‘Jericho’ missiles.
g. (Google) Lisa gets Martin tucked into bed. Matrtin tells her he is sorrmér
being able to cook the dinnére had planned for her.
h. (Google) ..not revealing the secrethen you use it in any transform is a rather
fundamental and well-known principle [in cryptography].

~PQooTw



A COMPUTATIONAL SEMANTICS FOR NOMINALIZATIONS 19

3.7. Possessives.

(21)

(22)

(23)
(24)

To 200TQ

John’s house

The house of John

John’s singing the song

*The singing the song of (by) John

He shocked us by (his) telling a dirty joke.
He entertained us by *(his) singing of arias. (50)

He insists on no one/*no one’s knowing about the experiment.

a.
b.

They objected to Tom*('s) getting nothing and John*('s) everything.
We speak of good people*(’s) going to heaven, and wicked people*(’s) to the
Devil. (Defoe)

3.8. Negation of nominals.

(25)

(26)

(27)

(28)

p Too0Tw

o

The arrival of the train surprised us.

The non-arrival of the train surprised us.

The arrival of the train occurred at noon.
*The non-arrival of the train occurred at noon.
The unexpected non-arrival of the train

*The non-arrival of the train unexpectedly

Second, there was no directive to repgbg non-arrival of a combatant ship
[from a story about US$dianapolis torpedoed by a Japanese submarine]
The non—departure of a boat or plane.

Andrew’s not stopping for the traffic light.
“Vehicles not stopping for pedestrians in crosswalks is the number one com-
plaint we receive regarding traffic safety" said Lieutenant Mark Gover.

?Andrew’s not stopping for the traffic light took place at noon.
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3.9. Nominals and determiners.

(29) a. *hisleaving her that you predicted.
b. hisrevealing of the secret that you predicted.

3.10. Pluralized nominals.

(30) a. Heignored the sayings and doings of the ladies of his family.
b.  blessings of the children.
c. *blessings the children.

3.11. Ellipsis.
(31) a. *John’s fixing the sink was surprising, and Bill's was more so.

b.  John’s fixing of the sink was skillful, and Bill's was more so.
(32) a. John'sfixing of the sink was skillful, and Bill's was more so.

b.  *John’s fixing of the sink was surprising, and Bill's was more so.
(33) a. *John's fixing the sink was skillful.

b

John’s fixing the sink was surprising.

3.12. lterated nominalization.

(34) John's supporting his son’s not going to church
John’s improving his singing

John’s watching the dog’s playing

My discovering her not leaving

his discussion of John’s revealing the secret

(35) ... the speeding up of the building of the houses ...
... speeding up the building of new ontologies . ..

This was the first | knew diis objecting to my going to Nashville

cop OO0 TY
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3.13. Denotation types.

Perfect nominal | set of event types

Imperfect nominal fluent

Narrow container | set of event tokens; i.e. a subsetiippens

Wide container | set of fluents

Binary determinen Relations between eventtypes and eventtokens

(36) a. Your breaking the record was a surprise.
b.  *Your breaking the record took place at ten.

Happens(break|z, record, t], t)
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3.14. Determiners.

(37) (During the morning rehearsals,) every singing of ‘A Poultry Tale’ lasted five minutes.

dr ~?(A(x), B(z) 'Vx =7A(z), ~B(z) fails’

(38)  *Every singing ‘A Poultry Tale’

u<s<wv < Happens(e,s).

Definition 11. Letu, v be terms defining real numbers. The interyalv| is an event
token of the event typeif

(1) u<s<wv — Happens(e,s)
(2) for all termst with ¢t > v, the query’u < s < t, =Happens(e, s) succeeds;
and similarly for termg with ¢t < .

If (u,v] is an event token of the event typave also writeHappens(e, (u, v]).

Abbreviatedt.sing[z, p, t] to e(z).

?Happens(e(z), (u,v]), v < now, v —u # dmin fails.
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3.15. Coercion of nominals, and the role of tense.

(39)  The collapse of the Germans is unlikely.
(40)  Thatthe Germans will collapse is unlikely.
(41)  Thatthe Germans collapsed is unlikely.

Definition 12. Lete be an event type, then there exists a canonical flfiexgsociated
to e defined byf = Happensle,t]. We will refer to this fluent athaie). We also
define tensed variants of tha}(as follows

(1) thatp,(e) = (Happens(e,t) At < R)[R]

~

(2) thate,(€) = (Happens(e,t) ANt > R)[R]
Observe that
HoldsAt(thatpa(e), now) iff ?Happens(e,t),t < now succeeds

so that the complementizer translates an integrity constraint into a sentence, as it
should.

?HoldsAt(unlikely(e), now) succeeds
?Happens(e, t),t > now succeeds
?HoldsAt(unlikely(that g, (€)), now) succeeds
?HoldsAt(unlikely(that p.(e)), now) succeeds

HoldsAt(surprise(g),s) — HoldsAt(g,s).
(42)  The beheading of the king surprised us.

?HoldsAt(surprise(that p,(€)),t),t < now succeeds
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3.16. Intensionality of nominals.

(43)
(44)
(45)
(46)

The beheading of the tallest spy occurred at noon.
The beheading of the king occurred at noon.

Mary predicted the beheading of the tallest spy.
Mary predicted the beheading of the king.

?HoldsAt(predict(thatp,(e(s))),t),t < now succeeds
?HoldsAt(predict(thatp,(e(k))),t),t < now succeeds
?Happens(e(s), t), noon(t),t < now succeeds

?Happens(e(k), t), noon(t),t < now succeeds
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3.17. Present perfect in imperfect nominals.

(47)  He admitshaving revealed the secret
(48)  He has revealed the secret.
(49)  He admits that he has revealed the secret.

Initiates(e, f, 1)

?HoldsAt( f, now) succeeds

thatpp(f) = HoldsAt|[f, R]

?HoldsAt(admit(that pp(f)), now) succeeds

HoldsAt(admit(g),s) — HoldsAt(g, s).

25
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3.18. Negation.

(50)  John saw Mary not smoke.

Q) —Happens(e,s) — Happens(~e,s),

(2) —Happens(e,t) < Happens(~e,t).

Definition 13. The fluent negation~ e of an event type: is defined by~ ¢ =
—Happensle,t] = —that(e) = that(=e).



(51)

A COMPUTATIONAL SEMANTICS FOR NOMINALIZATIONS 27

—HoldsAt(fs(c),t) N HoldsAt(timey, (a),t) — Happens(~e,t).

The non-arrival of US8dianapolisat Leyte caused consternation.

*The non—arrival of US$hdianapolisat Leyte unexpectedly ...

The unexpected non—arrival of US&#lianapolisat Leyte caused consternation.
The fact that US$hdianapolisdid not arrive at Leyte caused consternation.
USSIndianapolis’not arriving at Leyte caused consternation.
USSIndianapolis’not arriving at Leyte quickly/?unexpectedly caused conster-
nation.

*The non-arrival of US$dianapolisat Leyte occurred at noon, July 31, 1945.
Every non-arrival of a ship causes consternation.

i. (Google) Second, there was no directive to report the non—arrival of a combatant
ship.

~PoQoooTw

B
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3.19. Hierarchical planning.

Definition 14. Suppose a scenario for the flughts given. In the context of this sce-
nario, the event is interpreted using byhierarchical planning Happens(starty, s) A
s<r <t A HoldsAt(f,r) N Happens(finish,,t) — Happens(e,r)

(52) Carlos built a house.



A COMPUTATIONAL SEMANTICS FOR NOMINALIZATIONS 29

3.20. Lexical meaning.

3.20.1. Perfect nominals.

(53) During the morning rehearsals, every singing of ‘A Poultry Tale’ was inter-
rupted.

(54) *During the morning rehearsals, every singing ‘A Poultry Tale’ was interrupted.

(55) a. *John’s cooking the dinner meticulously was interrupted by a phone call.
b. John’s meticulous cooking of the dinner was interrupted by a phone call.

Definition 15. Suppose a scenario for the fluehts given. In the context of this sce-
nario, the event is interpreted using by hierarchical planning Happens(starty, s) A
s<r<t A HoldsAt(f,r) — Happens(e,)

?Happens(Jt.sing[z,p,t], (u,v]), Happens(finish,,,v), v < now fails.
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3.20.2. Imperfect nominals.
(56) Deborah’s singing a ‘Poultry tale’
singld, p, 1].

?HoldsAt(p(y),s), HoldsAt(p(y/),t), s < t, y <y fails.

HoldsAt(increasing(p), s) — HoldsAt(sing[d,p, ], s).
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4. DRTAND LOGIC PROGRAMMING

Single DRS.
(57) Max arrived.

(58)

Max(m)

t
t<n
e : arrive(m)

e
eCt

max(x,t) ~ maz(x, §]

arrive(x,t) ~ Is.arrivelx, s|

?HoldsAt(mazx[x, §],t), Happens(3s.arrive[x, s], t), succeeds

(59)  THoldsAt(f,t), HoldsAt(mazx[x,$],t), Happens(3s.arrivelx, s], t), t < now

succeeds

?HoldsAt(f,t), Happens(3s.arrive[x,s],t), t > now fails
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(60) A delegate arrived. She registered.

(61)

h context fluent
f(x) ‘delegateg)’
e(x) ‘arrive(z)’

¢'(x) ‘register()’

x
delegate(x)

t
t<n
e : arrive(x)

e
eCt

(62)  7HoldsAt(h,t), HoldsAt(f(x),t), Happens(e(x), t),

t < now succeeds
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Y t e
(63) t<n eCt
e : register(y)

(64)  7HoldsAt(h',t), HoldsAt(s(x),t), Happens(e'(x), t),
t < now succeeds

(65)  HoldsAt(h,t) A HoldsAt(f(x),t) A Happens(e(x),t) — HoldsAt(h',t)

(66) ?HoldsAt(h,t), HoldsAt(f(y),t), Happens(e(y),t), HoldsAt(s(x), t),
Happens(e'(x),t),t < now succeeds

f=s, x=y,

(67)  7HoldsAt(h,t), HoldsAt(f(x),t), Happens(e(x),t), Happens(e'(x),t),t <
now succeeds

T t e e

(68) delegate(x) t<n eCt ¢ Ct
e :arrive(x) € :register(x)
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(69) A delegate arrived. His wife arrived somewhat later. She registered (as ac-
companying person).

Definition 16. Let an argument with premisésand conclusionp be given. Suppose

" corresponds to the integrity constraing/, succeeds , andy corresponds to the
integrity constraint’G; succeeds . Thenyp follows fromI if a substitution satisfying
7Gy also satisfie§G,. Since DRSs can be made to correspond to integrity constraints,
the same chracaterization applies to DRSs.
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Computational incorporation of lexical meaning.

(70) a.

Max rief oft am Montag an.

Max often called on Monday.
b. Am Montag rief Max oft an.
On Monday, Max often called.

(71)

(72)

nm ty,
t, <1
Montag(t,,)
Max(m)
e
4 oft
aC < tJ; > e : anrufen(m)
= lm e C tq
ntm s
t<n
t g Soft
Max(m)
tatm c
1 C soft oft
Montag(t™) < 1a e : anrufen(m)

" C e

e Ctm
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setof (S, C, X)

S={X|CX)}

length(L,Y)

(73) Max rief oft an.
Max often called.

(74)  THoldsAt(f,s),s < now,length(S,y), setof (S, { Holds At(f, t),
Happens(a,t),t < now},t),y > N succeeds .



A COMPUTATIONAL SEMANTICS FOR NOMINALIZATIONS 37

(75)  HoldAt(fyo,s) A |now —s| < 7days — HoldsAt(fouo, s)

?length(S,y), setof (S, { HoldsAt(f,t), Happens(e,t)},t),y > N succeeds

Plength(S,y), setof (S, { Holds At(fyo, t), Happens(a,t)},t),y > N succeeds

THoldsAt(f',s),s < now, length(S,y), setof (S, { HoldsAt(f\o, t), Happens(a, t),
t < now},t),y > N succeeds

f/ = fMo = fCMo

(76)  THoldsAt(fomoe, s), s < now, length(S,y), setof (S, { Holds At(fcyo, t),
Happens(a,t),t < now},t),y > N succeeds .

(77)  7THoldsAt(f',R),R < now,length(S,y), setof (S, { Holds At(fys0, t),
Happens(a,t),t < now},t),y > n succeeds.

(78) Als er in Minchen war, rief Max oft am Montag an.
While he was in Munich, Max often called on Monday.
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A delegate arrived at the hotel.
She went to her room.
Conclusion:

Her room is in the hotel.

?HoldsAt(f,t), HoldsAt(delegate(x),t), HoldsAt(hotel(p),t), Happens(arrive(z, p),t),
t < now succeeds

?HoldsAt(h,t), HoldsAt(she(x),t), Happens(go(x,y),t), HoldsAt(room(y, z,v),t),

t < now succeeds

?HoldsAt(g,t), HoldsAt(room(y, z,u),t), HoldsAt(hotel(w),t),
t < now succeeds

?Happens(go(x,y),t), HoldsAt(hotel(x), t) fails



