SSem: Speech acts

Top 3: Questions in discourse Bittner: Fall 08

(Dynamic) Hamblin semantics

1 FROM ENGLISH QUESTIONS TO Ty2 (Hamblin 1973)

* TWO-SORTED TYPE THEORY (Ty2): Basic terms
aeTyp Var,

Ky
St

(st)t
e

set
seet
est
eest

i,j
P9
0

X, YV, Z

P
R

* ASSERTION

(D
(1)
cat
pn
v

S

(1")
cat
pn
v

S

(2)
(2")
cat
pn
tv
v

pn

Alis_sick.

al, bill, ...

man, sick, ...

Name of objects

indices (worlds)

propositions (sets of worlds)

sets of propositions (p-sets)

entities

relations from worlds to entities
relations from worlds to pairs of entities
iv-denotations

tv-denotations

Hamblin 1973: Sec. 1: indicative ~> proposition

phrase Ty2-translation

Al al

is_sick  AxAi. sick(i, x)
(1) M. sick(i, al)

st

Hamblin 1973: Sec. 8: indicative ~> SG-set of propositions

phrase Ty2-translation type

Al Ax. x=al (=: pn’) et

is sick  AP. P = AxAi. sick(i,x) (=:1v) (est)t

(1) Ap. AxAP(pn'(x) A iV (P) A p = P(x)) (so)t
= Ap. p = Ad. sick(i, al)

Al likes Sue.

phrase  Ty2-translation type

Sue Ax. x = sue (=: pn’) et

likes AR. R = AyAxAi. like(i, x, ) (=:tv) (eest)t
likes S.  AP. AyaAR(pn’'(y) A tv'(R) A P = R(y)) (est)t
= AP. P = AxAi. like(i,x, sue)

Al Ax. x =al

et

(2) Ap. p = Al like(i, al, sue)
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* YN QUESTION: Hamblin 1973: Sec. 8: yn que ~ DU-set of propositions
(3) Is_ it the case that (=: YN) Al is_sick?

(3")
cat  phrase Ty2-translation type
pn Al Ax. x =al (=: pn’) et
iv  is sick AP. P= AxAi. sick(i,x) (=:1v) (est)t
S (1) Ap. AxAP(pn'(x) A iV (P) A p = P(x)) (so)t
= Ap. p = Ad. sick(i, al)
s/s YN AQAp. Ar(Q(r) A (p =r v p = Ai. —r(i))) ((sH)r)(st)t
S (3) Ap. p = Ai. sick(i, al) (st)t

v p = Al. —sick(i, al)

* WH QUESTIONS: Hamblin 1973: Sec. 8: wh que ~ PL-set of propositions
(4) Who is sick?

(4")

cat  phrase Ty2-translation type

pn  who Ax. person(i, x) (=: pn’) et

iv  is sick AP. P= AxAj. sick(j,x) (=:1v) (est)t
S 4) Ap. AxAP(pn'(x) A iV (P) A p = P(x)) (so)t

= Ap. Ax(person(i, x) A p = AJ. sick(j, x))
(5) Who does Al like?

(5)

cat  phrase Ty2-translation type

pn  who Ax. person(i, x) (=: pn’) et

tv  likes AR. R = AyAxAj. like(j, x, y) (=:tv) (eest)t

iv  likes wh AP. yaR(pn'(y) A tv'(R) A P = R(y)) (est)t
= AP. Ay(person(i, y) A P = AxAj. like(j,x, y))

pn Al Ax. x=al et

S (5) Ap. Ay(person(i, y) A p = Aj. like(j, al, y))

(6)  Who likes whom?

(6")

cat  phrase Ty2-translation type

pn  whom  Ax. person(i, x) (=: pn’) et

tv likes AR. R = AyAxAj. like(j, x, y) (=:tv') (eest)t
v likes wh  AP. Ay(person(i, y) A P = AxAj. like(j,x, y)) (est)t
pn  who Ax. person(i, x) et
S (6) Ap. AxAy(person(i, x) A person(i, y) (so)t

A p =M. like(j, x, y))
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2 FROM ENGLISH QUESTIONS TO UC2

* TWO-SORTED UPDATE WITH CENTERING (UC2): Basic terms

aETy  "Var, “Var, Con, Name of objects

S i, indices (T_L-lists)
st 1,J infotention states

e X y al, bill,... entities

O w v worlds

wt = Q p q propositions (sets of worlds)
Qt Q 0 sets of propositions
wet man, sick,... wet-relations

weet like, ... weet-relations

se de,, de, e-projections

SM dw,, do, w-projections

sQ dQ,, dQ2, Q-projections

e DEFAULT CENTERING
*po = {{(w, Po), ()): W € po}

* ASSERTION

() Al be IND sick (prosody)
UC2 [x| (x =al)°]; "[dw € dw{|}]; [sick{dw, de)]; [p]; [dQ = dw{|}]
ExI1:
Po = {Wg, Wi} =i o1 {wo, [all) € Ysick]

(w1, [all) & Ylsick]
*(o1)
((wos 01)> ())
(Wi, 01)s ()
Al be.IND sick . (prosody)
[x| (x=a))°];  ‘[do € do{}]; [sick{do, de)]; [p]; [dQ = do{|}]
Cq1 Ci1 cs (o := {wo})
(lall, o, 01), ()) (([[al]] wo, 01), () ({0, [all, wo, 01), (N
(lall, wi, 01), ()
2) Al like- -IND Sue

[x| (x = al)°]; | like(do, de, y)]; "[dw € do{[}];[(de = sue)°];

. (prosody)
[p]; [dQ =dw{[}]
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* YN QUESTION

(3) be.ND Al sick
"lwl w € do{[}]; [x| (x = al)°]; [sick{dw, de)];
? (prosody)
[¢]; [dQ = dw{[}]; [Q]; [dLr=dQ{]}]

Exl1:
Po = {Wo, Wi} =X o <W0, [[al]]> S {}[[SiCkﬂ
(wi, [all) & Vsickl
*(01)
(W0, 01)s ()
(w1, 01), M)
be.IND Al sick
IwlweEdw{]}]; [x| (x =al)°]; [sick(dw, de)];

{((Wo, 01), {Wo)) ((lal, wo, 01), {wo)) (lall, wo, pop, (wo))
((Wos 01), (wW1)) ((lall, wo, 01), (w1))
(w1, 01), {Wo)) ((lall, w1, 01), (wo)) (lall, w1, pop, (wo))
(w1, 01), (w1)) (lall, vy, 01), (w))

? (prosody)

[q]; [dS2 = dw{[}]; [Q]; [d€zs = d2{|}]

cy (0= {wo}) Cs

(([[al]], Wo, 01>, <o, Wo>> <<{o}, [all, wo, 01>, <o, Wo>>
<<[[Cll]], Wi, 01>, <O> Wo>> <<{o}, [[al]], Wi, 01>, <o, Wo>>

* WH QUESTIONS

(4) who be.IND sick
[x| person{w, x}]; "[w| w € dw {|}]; [sick{dw, de)];
? (prosody)
[q]; [d2 = dw{a.}]; [Q]; [dQ2t = d2{[}]

Ex2:

Po = {Wo, Wi, Wo, W3} {wo, [all) € Y[sick] {wo, [suel) € U[sick]

: 03 (wy, [all) € Vlsick] (w1, [suel) & Ylsick]
(v, lall) & Ylsickl (v, [suel) € Y]sick]
(w, [all) & Ulsickl (w3, [suel) & Y[sick]

{d €D, Vv E py: (v, d) € Y[person] }
= {lall, [suel }
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*(0-3)

<<W0a 0-3)> <>>
<<W1a 0—3>a <>>
«Wza 0—3>a <>>
<<W3a 0—3>a <>>

who be.IND sick
[x| person{w, x}1;  "Twl w € do{]}]; [sick{dw, de)];
Co C3

<<l[[al]]» wo, 0-3)s () (lall, wo, o-3), (wo))  ((lall, wo, o0-3), (wo))
: (lall, wo, o0-3), {wi))
(lall, wo, o-3), (w3))

<<[[al]]5 Wi, 0-3>9 <>> <<[[al]]9 Wi, 0-3>’ <W0>> <<[[al]]7 Wi, 0-3>’ <W0>>
: <<[[Cllﬂ, Wi, o—3>, <W1>>
((ﬂal]], Wi, o—3>, <W3>>

(lall, w2, o-3), () ((lall, ws, o3), (wo))  ({all, wz o-3), (wo))
: (lall, wa, o0-3), (wi))
(lall, w2, o-3), (w3))

(lall, ws, o3), () ((lall, ws, o3), (wo))  ({all, ws, o-3), (wo))
: <<[[Cllﬂ, W3, o—3>, <W1>>
((ﬂal]], W3, o—3>, <W3>>

(Isuel, wo, 0-3), ())  ((lsuel, wo, o-3), <W9>> ([suel, wo, o0-3), (wo))

t ((suel, wo, o-3), (w2))
((Isuel, wo, o-3), {w3))

<<[[SM€]], Wi, 0-3>9 <>> <<[[SM€]], Wi, 0-3>’ <W0>> <<[[SM€]],W1, 0-3>’ <W0>>
: <<[[SM€]],W1, o—3>, <W2>>
({[suel, wi, o-3), (ws))

(Isuel, wo, o-3), ()  (Isuel, wa, o-3), <W9>> ([suel, wa, o0-3), (wo))

: (Isuel, vz, o-3), (w2))
((Isuel, wa, o-3), (w3))
([suel, ws, o-5), ()) ((lsuel, ws, o-3), <W9>> ([suel, ws, o0-3), {(wo))

: <<[[SM€]], W3, o—3>, <W2>>
(([suel, ws, o-3), (w3))

w
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? (prosody)

[¢]; [dS2 = dw {ac}]; [Q]; [d€s = d2{|}]

Cq4 Cs

<<[[al]], Wo, o—3>, <01, Wo>> <<{01, 02}, lall, wo, o—3>, <01, Wo>>
(([[Cll]], Wo, o—3>, <01, W1>> <<{01, 02}, [[Cllﬂ, Wo, o—3>, <01, W1>>
(([[al]], Wi, o—3>, <01, Wo>> <<{01, 02}, [all, wa, o—3>, <01, Wo>>
<<[[Cll]], Wi, o—3>, <01, W1>> <<{01, 02}, lall, v, o—3>, <01, Wo>>
<<[[Cll]], W2, o—3>, <01, Wo>> <<{01, 02}, [all, wo, o—3>, <01, Wo>>
«[[dl]], Wo, o-3>, <01, W1>> «{01, 02}, [all, w,, o—3>, <01, Wo>>
<<[[al]], W3, o—3>, <01, Wo>> <<{01, 02}, lall, w3, o—3>, <01, Wo>>
(([[Cll]], wa, o—3>, <01, W1>> <<{01, 02}, [[Cllﬂ, W3, o—3>, <01, Wo>>
<<[[SM€]], Wo, o—3>, <02, Wo>> <<{01, 02}, [suel, wo, o—3>, <02, Wo>>
<<[[SM€]], Wo, o—3>, <02, W2>> <<{01, 02}, [suel, wo, o—3>, <o2, Wo>>
<<[[SU€]], Wi, o—3>, <02, Wo>> <<{01, 02}, [suel, wi, o—3>, <o2, Wo>>
<<[[SU€]], Wi, o-3>, <02, Wz>> «{01, 02}3 [suel, wn, o—3>, <02, Wo>>
<<[[Sue]], Wo, o—3>, <02, Wo>> <<{01, 02}, [suel, wo, o—3>, <02, Wo>>
<<[[SM€]], W, o—3>, <o2, W2>> <<{01, 02}, [[SMeﬂ, Wo, o—3>, <02, Wo>>
<<[[SM€]], W3, o—3>, <02, Wo>> <<{01, 02}, [suel, ws, o—3>, <02, Wo>>
<<[[SM€]], W3, o—3>, <02, W2>> <<{01, 02}, [suel, ws, o—3>, <o2, Wo>>

where o, = {wo, w1} = {vEpo|{(v,lall) € Vlsickl}
02 = {wo, Wy} = {vEpo|{v,suel) € “lsick]}

(5) who(m) do.IND Al like
[v| person{w, y}1; '[w| w € dw{|}]; [x| x = al]; [like(dw, de, de)]
? (prosody)
[q]; [d2 = dw{|s}]; [Q]; [dLt = dS2{[}]

(6) who like- -IND
[x| person{w, x}1; [w y| like(w, de, y)]; "[dw € dw {|}];
who(m) ? (prosody)

[personiw, dej]; [q]; [d€2 = do {lac, ae} 15 [Q]; [d€2 = dQ |} ]
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3 FROM ENGLISH QUESTIONS TO UC (cf. Bittner 2008)

* UPDATE WITH CENTERING (UC, 6-sorted): Basic terms

aETy  Var, Var, Con, Name of objects

S i, indices (T_L-lists)

st LJ infotention states

o a a john animate (entities)

B b b John inanimate (entities)

€ e e events

o s S states (of entities)

T t t times

W W,V W,V worlds

(O] € e event concepts

ot =: Q P, q P, q propositions (sets of worlds)
Qt Q 0 sets of propositions

wot person, ... wo-relations

wooLt sick, ... woo.-relations

wooot like, ... wooo-relations

eQL AGT e-dependent animates

€0 CON e-dependent states

o€ BEG, END o-dependent events

sa da,, da,, ... a-projections (a € DTyp)

* DEFAULT CENTERING

*(po, e0) = {{(t, w, po, €0), (&)l
wE Upy At = [O](w, e0) A e = {{v, ep)| v € Ypy}

w € "py . ey = eo(w): eq-agt speaks up
| [9](w, eo): eo-instant
* ASSERTION

() Al be- -IND.

UC [a] (a=aD°]; [s| (EXP s = CTR 5)°]; "[dw € dw {|}];
NPST
P[(9(dw, de) < dt)°]; [({dw, do, dt), (CTR do = da)°];
sick . (prosody)

[sick{(dw, do: EXP)]; [p]; [dQ = dw{|}]

w & "p; Cpp . ey = eo(w): eg-agt updates CG to p;C po
| [91(w, eg): eg-instant
s;: Al 1s sick
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2) Al like- -IND.

UC [a] (a=al)°]; [s a| like(dw, EXP, a), (EXP s = CTR 5)°]; "[(dw € dQ)°]
NPST
: P[(9(dw, de) = dt)°]; [({dw, do, dt), (CTR do = da)°];
Sue . (prosody)

[(do. = sue)®]; [pl; [dQ = dw{|}]

* YN QUESTION

(3) Dbe- -IND.

UC  [s] (ExP s = CTR 5)°]; "[w| w € do {|}];
NPST
[(9(dw, de) < dt)°]; [({dw, do, dt)]; [a] (CTR do = a)°];
Al sick

[(da = al)°]; [sick(dw, do: EXP)];
? (prosody)
[¢]; [dQ = dw{[}]; [Q]; [dQt = dQ{|}]

w € Tp . ey = eo(w): eg-agt introduces 'Q; = {p;}
(asks for which g € "Q;, w € q)
[0](w, eo): eg-instant

v Ep yes-answer to e -question 0,

s;: Al 1s sick

* WH QUESTION

(4) who be- -IND.
UC [a| person{w, a}]; [s| (EXP s = CTR 5)°]; "[w| w € dw{|}];
NPST
[(9(dw, de) = dt)°]; [C{dw, do, dT)]; [(CTR do = da)°];
sick ? (prosody)
[sick{dw, do: EXP)]; [q]; [dQ = do{la,}]; [Q1; [dQr = dQ{]}]
(6) who
UC [a] person{m, a}];
like- -IND.
[s w a| like{w, CTR, a) (EXP s = CTR 5)°]; "[(dw € dQ)°];
NPST
"[(9(dw, de) < dt)°]; [({dw, do, dt), (CTR do = da)°];
who(m) ? (prosody)

[person{w, doy]; [q]; [dQ2 = dw {|ay, a0} ]; [Q]; [dQ1 = dQ{[}]
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4 FROM KALAALLISUT QUESTIONS TO UC (Bittner 2008)

* ASSERTION
(1K) Ole naparsima-pu-q.
Ole sick-DEC.IV-3SG

Ole i1s sick.
Ole sick-

UC [a| (a=ole)°]; [s| sick{dw, s: EXP), (EXP s = CTR 5)°];
.DEC.IV-3SG

"l[doe =, de]; [C{dw, do, dt)]; [BEG doO =44, doe, (CTR do = da)°];
[p]; [dS2 = dw{[}]

"w € "p1 S po . eo = eo(w): eg-agt updates CG to p; & p
| [9](w, ey): eo-instant
s;: Ole 1s sick

(2K) Siut-nngu-pu-nga.
ear-ache-DEC.IV-1SG
I have an earache.

ear- -ache
UC [b| ear{dw, b)]; [s| feel.pain.in{dw, s: EXP: dB) (EXP s = CTR 5)°];
.DEC.IV-1SG

"l[dwe =, de]; [C{dw, do, dT)]; [BEG dO <44, dwe, (CTR do = AGT de)°]
; [p]; [dQ =do{|}]

* YN QUESTION

(3K) Ole naparsima-pi-a?
Ole sick-QUE-3SG

Is Ole sick?
Ole sick-

UC [a| (a=ole)°]; [s w| sick{w, s: EXP), (EXP s = CTR 5)°];
-QUE-3SG

"l[dwe =, de]; [C{dw, do, dt)]; [BEG dG <44, dwe, (CTR do = da)°];
[q]; [dQ = dw{|}]; [Q]; [dQt = dQ{|}]; [ask{w, dwe: AGT: dQ1)]

w € Py . eo = eo(w): eo-agt asks question "{p;}
| [9](w, ey): eg-instant

v € p; yes-answer to eg-question "{p;}

s;: Ole 1s sick
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* WH QUESTIONS

(4K)

uC

(5K)

uC

(6K)

uC

Kina  naparsimava?
kina naparsima-pi-a
who.SG sick-QUE-3SG
Who is sick?

who.SG sick-

[a| person{w, a}]; [s w| sick(w, s: EXP), (EXP s = CTR s)°];
-QUE-3SG

"l[dwe =, de]; [C{dw, do, dt)]; [BEG dG <44, dwe, (CTR do = da.)°];
[q]; [dQ = dw {|a.}]; [Q]; [dQ2 = dQ{]}]; [ask(w, dwe: AGT: dQ7)]

Ole sunnguva?

Ole su-nngu-pi-a

Ole what-ache-QUE-3SG
Where is Ole hurting?

Ole
[a] (a = ole)°];
what- -ache

[b];  [s w| feel.pain.in{w, s: EXP: df3), (EXP s = CTR 5)°];

-QUE-3SG

"l[dwe =, de]; [C{dw, do, dt)]; [BEG dG =44, dwe, (CTR do = da.)°];
[q]; [dQ = do {|4:}]; [Q]; [dQ1 = dQ{[}]; [askw, doe: AGT: dQ1)]

Kina  sunnguva?

kina Su-nngu-pi-a
who.SG what-ache-QUE-3SG
Who is hurting where?

who.SG

[a] person{m, a}];

what- -ache

[b];  [s w| feel.pain.in{w, s: EXP: df3), (EXP s = CTR 5)°];

-QUE-3SG

"l[dwe =, de]; [C{dw, do, dt)]; [BEG dG <44, dwe, (CTR do = da.)°];
[¢]; [dQ = dw {la. 45} ]; [Q]; [dQt = dQ{[}]; [ask({w, dwe: AGT: dQ1)]

10
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(7) 1. Ole aniva? 1. Qanga aniva?
Ole ani-pi-a ganga ani-pi-a
Ole go.out-QUE-3SG “when  go0.0ut-QUE-3SG
Has Ole gone out? When did he go out?
(71) Ole go.out-
UC [a| (a=ole)°]; [e w| go.out{w, e: AGT)];
-QUE.3SG

Pldoe =, de]; [C{dw: de, dt}]; [de <ga, dwe, (CTR de =da)°];
[q]; [dQ =dw{|}]; [Q]; [dRt = dRQ{|}]; [ask{w, dwe: AGT: dQ¢)]

w E poy . eo =o(w): eq-agt asks "{p:}
(i.e. whether w is a p;-world)
[01(w, eo): eo-instant

I T 1 1 0 1 1 1 [ ) 1 [ [ o ) ) 1 () [ e 1 [ [ 1 [ ) (e 1 () e [ e 1 [ e o [ [ [ 1 [ e e () ) 1 () [ [ (o )

v € pi yes-answer to eo-question "{p;}
o e, [CON|(e;): Ole goes out, is out
(7ii) “when go.out-
UC  [t| t <yao HNw: de)]; [go.out{dw, de: AGT)];
-QUE.3SG

Pldoe =, de]; [C{dw: de, dt}]; [de <ga, dwe, (CTR de =da)°];
[p]; [dQ = dw{la.}]; [Q]; [dQt = dQ{]}]; [ask(w, dwe: AGT: dQ7)]

w E po . ey = eo(w): eg-agt asks {p:} & "0, = {ps1,...}
(i.e. whether w is a p;-world
& if so, for which p,, C pi, w € p,,)
w € g (i.e. whether w is a p;-world)
[0](w, eo): eg-instant

T e I ) o o 1 [ ) e [ o o (e o ) (e ) o 1 [ o e [ e o £ (e ) £ () e e (e e o (e [ ) £ [ e o () e ) (e () ) () (e )

v E Py yes-answer to eo-question ™ {p;}
 — e, [CON|(e;): Ole goes out, is out
v Epu, Cpr t,,-answer to eo-question 'Q, = {...pPop,...}

I Tt,, <[91(w, ey): topical e, -past
. e, [CON|(e;): Ole goes out, is out

11
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Questions: Partitions, answer sets, or both?

* INFERENCES FROM EMBEDDED QUESTIONS

(I

(1)

(111)

(IV)

(V)

1 QUESTIONS AS PARTITIONS (GS 1982, 1984)

Ed knows whether Al is sick.
Al is sick.
Ed knows that Al 1s sick.

Ed knows whether Al is sick.
Al 1s not sick.
Ed knows that Al is not sick.

Ed told Bill whether Al is sick.
Al 1s sick.
Ed told Bill that Al is sick.

Ed told Bill whether Al 1s sick.
Al is not sick.
Ed told Bill that Al is not sick.

Ed knows who 1s sick.
(Only) Al 1s sick.
Ed knows that (only) Al is sick.

(VII) Ed knows who likes whom.

Bill likes Al (and that’s the full answer).

(factive) 1v/s + YN-s

(non-factive) iv\s + YN-s

iv\s + WH-s

Ed knows that Bill likes Al (and that’s the full answer).

* BAsIC IDEA: To know p is to know any entailment of p (ditto for other
attitude and speech reports.) In any world, an (embedded) question denotes
the exhaustive answer, which entails all of the related that-complements.

* TWO-SORTED TYPE THEORY (Ty2): Basic terms

aeTyp Var, Con, Name of objects

s i,j, k indices (worlds)

st P, q propositions (sets of worlds)

(st)t 0 sets of propositions (p-sets)

e x,y,z al, bill,ed,... entities

set man, sick, ... relations from worlds to entities

seet like, ... relations from worlds to pairs of entities

12
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* (EMBEDDED) QUESTIONS AS PARTITIONS (minus inessential complexities)!

cat phrase Ty2-translation type
s  that Al is sick Ai[sick(i, al)] st

s whether Al is sick Alsick(j, al) = sick(i, al)] st

s  whois sick M Ax. sick(j, x) = Ax. sick(i, x)] st
Terminology

A partition of a set A 1s a family B of non-empty pairwise disjoint subsets
of 4 such that UB = 4.

Ex1:

D, = {lall,ed]} (o, [all) € Ysick] (wo, led]) € Vsick

Dy = {wo, wi, wo, ws}  (wy,[all) € V[sick  (wy,led]) & Ylsick
(wiy, [all)y & Vsickl ~ {wy, [ed]) € “[sickl
(w3, [all) & Plsickl (v, led]) & Y[sickl

o [ AL sick(i, al)]® = *{Wq, W1}

o [Ajlsick(j, al) = sick(i, al)]]&"*"!
= v € Dy|[sickl (v, |all) = [sickl(wo, ]al])}

= [ N[sick(j, al) = sick(i, al)]] & = %{wo, w1}
[ Aj[sick(j, al) = sick(i, al)]]é[""?]
= [ Aj[sick(j, al) = sick(i, al)]]sl"*! = %Ly, W3}

o [N[Ax. sick(j, x) = Ax. sick(i, al)]]&""!
= v € Dy| {d|{v, d) € Vlsickl} = {d| {w,, d) E Y[sick]}} = *{w,}

[ Aj[Ax. sick(j, x) = Ax. sick(i, al)]]sl""*!
= v € Dy| {d|{v, d) € Vlsickl} = {d| (w1, d) E Y[sick]}} = *{w.}

[ Aj[Ax. sick(j, x) = Ax. sick(i, al)]]l""?!
= v € Dy| {d|{v, d) € Vlsickl} = {d| {w,, d) E Y[sick]}} = *{w,}

[ Aj[Ax. sick(j, x) = Ax. sick(i, al)]]l""!
= v € Dy| {d|{v, d) € Vlsickl} = {d| (w3, d) € Y[sick]}} = *{w;}

I Following Montague 1973, GS ‘82 assume cat-to-type correspondence, so all phrases
of a given category translate into the highest type instantiated for that category, e.g.
‘know’ is first translated into know’ of type s(sst)(se)t (sst needed for ‘wonder’, se for ‘is
rising’) and then simplified to know’s of type s(st)et by a meaning postulate. Based on
cross-linguistic evidence, I give up cat-to-type correspondence and build meaning
postulates into the basic meaning assignment—e.g. my know corresponds to GS know .
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SSem: Speech acts

Top 3: Questions in discourse

Bittner; Fall 08

2 FROM PARTITIONS TO EXHAUSTIVITY INFERENCES

* YN-COMPLEMENTS

(I) Ed knows whether Al is sick.
Al is sick.
Ed knows that Al is sick.
Ty2 know(i, ed, Aj[sick(j, al) = sick(i, al)])

sick(i, al)
know(i, ed, Aj[sick(j, al)])

PROOF. If (1) & (2), then (7).

[0, W SO U I NS I

. [know(i, ed, Aj[sick(j, al) = sick(i, al)])]® = 1

. [sick(i, aD]® =1

. [knowl(g(i), [ ed], [ Aj[sick(j, al) = sick(i, al)]]®) = 1
. [sickl(g(i), lall) =1

. [ Ajlsick(j, al) = sick(i, al)]l®

= v &€ Dy|[sickl(v,[all) =1}
= [ Aj[sick(j, a)]1®

. [knowl(g(i), ledl, [ Aj[sick(j, al)]1®) = 1
. [know(i, ed, Aj[sick(j, al)])]® = 1

(II) Ed knows whether Al is sick.

Ty2

Al is not sick.
Ed knows that Al 1s not sick.

know(i, ed, Aj[sick(j, al) = sick(i, al)])

—sick(i, al)
know(i, ed, Aj[—sick(j, al)])

PROOF. If (1) & (2), then (7).

[, T S 'S N NS I

o)

. [know(i, ed, Aj[sick(j, al) = sick(i, a)])]® = 1

. —sick(i, al)]® =1

. [knowl(g(i), [ ed], | Aj[sick(j, al) = sick(i, al)]]®) = 1
. [sick](g(?), [all) =0

. [ Ajlsick(j, al) = sick(i, al)]l®

= *{v € Dy|[sickl(v,[all) =0}
= [Aj[—sick(j, al)]I®

. [knowl(g(i), [ edl, | Aj[—sick(j, al)]]®) = 1
. [know(i, ed, Aj[—sick(j, al))]® =1

14
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Ty2
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(IIT) Ed told Bill whether Al is sick.
Al 1s sick.
Ed told Bill that Al 1s sick.

Ty2 tell(i, ed, bill, Aj[sick(j, al) = sick(i, al)])

sick(i, al)
tell(i, ed, bill, Aj[sick(j, al)])

PROOF (as for (I)) If (1) & (2), then (7).

1. [tell(i, ed, bill, Aj[sick(j, al) = sick(i, al)])]* = 1 premise 1
2. [sick(i, al)]® =1 premise 2
3. [telll(g(i), [ ed], [ billl, [ Aj[sick(j, al) = sick(i, aD)]]*) =1 (1), Ty2
4. [sickl(g(@), [all) =1 (2), Ty2
5. [Aj[sick(j, al) = sick(i, al)]]®
= v & Dy|lsickl(v,[all) =1} (4), Ty2
= [Aj[sick(j, aD]l® Ty2
6. [telll(g(i), led], 1billl, | Aj[sick(j, aD)]I¥) = 1 3), (5)
7. ltell(i, ed, bill, Aj[sick(j, al)])]* =1 Ty2

(IV) Ed told Bill whether Al is sick.
Al 1s not sick.
Ed told Bill that Al is not sick.

Ty2 tell(i, ed, bill, Aj[sick(j, al) = sick(i, al)])
—sick(i, al)
tell(i, ed, bill, Aj[—sick(j, al)])

PROOF (as for (II)) Exercise.

REMARK.
In the proofs of (I)-(IV) the (non-)factivity of the main verb is irrelevant.
If desired, factivity can be made explicit by means of meaning postulates

e.g.:

MPy;... know(i, x, p) <> (p(i) A believe(i, x, p))

15



SSem: Speech acts Top 3: Questions in discourse

Bittner; Fall 08

« WH-COMPLEMENTS
(V) Ed knows who is sick.

Only Al is sick.
Ed knows that only Al is sick.

Ty2 know(i, ed, Aj| Ax.sick(j, x) = Ax.sick(i, x)])

Vx(sick(i, x) <= x = al)
know(i, ed, Mj[Nx(sick(j, x) <= x = al)])

PrROOF. If (1) & (2), then (7):

[0, T S 'S N NS I

. [know(i, ed, Aj[ Ax.sick(j, x) = Ax.sick(i, x)])]* = 1
[ Vx(sick(i, x) <= x=al]®* =1
. [knowl(g(i), [ edl, [ Aj[ Ax.sick(j, x) = Ax.sick(i, x)]1¥) = 1

{d| {(g(i), d) € Vsick]} = {lall}

N A Ax.sick(j, x) = Ax.sick(i, x)]]®

= *w| {d|(w, d) € "[sickl} = {[all }}
= [A[Vx(sick(j, x) <= x = al)]]®

. [knowl(g(i), [ed], [ Aj[Vx(sick(j, x) <> x = al)]]¥) = 1
. [know(i, ed, Aj[Nx(sick(j, x) <= x = al)])]* = 1

(VII) Ed knows who likes whom.

Bill likes Al and that’s the full answer.

Ed knows that [Bill likes Al and that’s the full answer].

Ty2 know(i, ed, Aj[ Axy.like(j, x, y) = Axy.like(i, x, y)])

Yxv(like(i, x,v) <= x = bill A y = al)
know(i, ed, Aj[N xy(like(i, x, y) <= x = bill A y = al)])

PROOF. If (1) & (2), then (7):

. [know(i)(ed, Aj[Axy.like(j, x, v) = Axy.like(i, x, y)DI® = 1
. NVxy(like (i, x, y) <= x = bill A y=al)]® =1
. [knowl(g(i), [ edl,

[ Aj[Axy.like(j, x, y) = Axy.like(i, x, y)]I¥) = 1

. {d, Y {g(i), 4, d') € Ullikely = {{Ibilll, [all)}
. [ A[Axy.like(f, x, y) = Axy.like(i, x, y)]]®

= w| {{d, d) (w, d, A’y € "[likel} = {{[billl, [al])}}
= [A[Vxy(like(j, x, y) <> x = bill A y = al)]]®

. Tknowl(g(i), [ ed],

IA[Vxy(like(j, x, y) <> x = bill A y=al)]]®*) =1

. [know(i, ed, Aj[Nxy(like(j, x, y) <= x = bill A y = al)])I* =1
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3), (5)
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(Vo) Ed knows who is sick.
Al is sick.
Ed knows that Al is sick. (weak inf.)

Ty2 know(i, ed, Aj[ Ax.sick(j, x) = Ax.sick(i, x)])

sick(i, al)
know(i, ed, Aj[sick(j, al)])

MP22 know(i, x, p) A p © q — know(i, x, q)
PROOF of (V.): Assuming MP, if (1) & (2), then (8):

1. [know(i, ed, Aj[ Ax.sick(j, x) = Ax.sick(i, x)])]® = 1 prem. 1
2. [sick(i, al)]® =1 prem. 2
3. [knowl(g(i), ledl, [ Aj[ Ax.sick(j, x) = Ax.sick(i, x)]1¥) =1 (1), Ty2
4. [sickl(g(i),[al]) =1 (2), Ty2
5. [all € {d|{g(i), d) € V[sick]} {~-}
6. [[}L][)Lx sick(j, x) = Ax.sick(i, x)]]®

= w| {d| (w, d) € Ulsickl} = {d|{(g(i), d) € V[sick]}} Ty2

C *{w|lall € {d (w, d) € "[sick]}} (5), (-}

= | {w, Lall) € "lsickl}} -}

= [Ajlsick(j, aD]l® Ty2
7. lknowl(g(i), ledl, [ Aj[sick(j, aD]I®) = 1 (3), (5), MP.
8. [know(i, ed, Aj[sick(j, a)])I® = 1 Ty2

2p S q =YjpG) — q())

17



SSem: Speech acts Top 3: Questions in discourse Bittner: Fall 08

3 FROM ANSWER SETS TO PARTITIONS

* FROM RANKING SETS TO ORDERING RELATIONS (Lewis 1981)

Given a set Q of propositions:
1. world v 1s Q-better than world w,

v <oW iff {glgeEQAawEg}C{ggEQAVE]g}
ii<.the set of Q-best p-worlds,

MINy(p) = {wwEpA-dv(vEDPAV< W)}

Terminology: For any relation R on a non-empty set A4,

* R s a (weak) partial order (on A) iff R is transitive (xRy A yRz — xRz),
reflexive (xRx, for all x € 4) & antisymmetric (xRy A yRx —= x =)

* Ris astrict (partial) order (on A) iff
R is transitive & irreflexive (—xRx, for all x € 4)

* FROM ANSWER SETS TO EQUIVALENCE RELATIONS

Given a set Q of propositions:
i_. world v is Q-equivalent to world w,

V=g W iff {glgeEQoaweEqg}={ggEQAVE]g}
ii_. the Q-equvalence class of v,

EQUy(v) = A{w[v=qw}

Terminology:
* RC A x A is an equivalence relation on A iff

Dom R = 4 and R is transitive, reflexive & symmetric (xRy — yRx)
* [x]zr = {y € 4| xRy} is the (R-)equivalence class of x, for all x € A.
* A/R = {[x]g| x € 4} 1s called 4 modulo R.

FAcT: IfR is an equivalence relation on A, then A/R is a partition of 4.
PROOF (outline):
(a) For all x € 4, xRx (by reflexivity). Hence x € [x], and so [x]z # C.
(b) UMA/R)=U{{y € A|xRy}|x €E A} = A, given (a) & Dom R = 4.
(¢) xRy = [x]z = [V]r
* (©). Suppose z € [x]z. Then xRz (df. [x]z) and so zRx (symm.). Hence
zRy (by tr., given xRy), and so yRz (symm.). Therefore, z € [y]z.
* (D). Analogous reasoning.
(d) xRy —= [xx N [y]r= 9.
Suppose z € [x]z & z € [y]z. Then xRz & yRz. Hence zRy (symm.), xRy
(tr.), and [x]z = [y]r (by (¢)). But then [x]z N [y]z = [x]z # D (by (a)).

18



SSem: Speech acts Top 3: Questions in discourse Bittner: Fall 08

* PARTITIONS ON DEMAND

wllles

Xl
= {lall, [ed]} (wo, [all) € YIsickl ~ (wo, [ed]) € Y[sick
= {wo, Wy, Wo, w3} {wy, [all) € U[sickl  {w,[ed]) & “lsickl
(v, [all) & "lsick] (v, [ed]) € Y[sick]
(w3, [all) & Plsickl (v, led]) & Y[sickl

cat phrase Ty2-translation
s whether Al is sick Mlsick(j, al) = sick(i, al)]
(Q = B(ittner) set) = A[AO(Q = Ap[p = Ak.sick(k, al)] A j =g )]

(Q = H(amblin) set) = A[IAQ(Q = Ap[p = Ak.sick(k, al)
v p = Ak.msick(k, al)] A j=¢1)]

[ Aj[sick(j, al) = sick(i, al)]]¢"""]
= v € Dy|lsickl (v, all) = sickl(wo, |all)}

= [ Nj[sick(j, al) = sick(i, al)]] ¢! = Xwo, W1}
[ Aj[sick(j, al) = sick(i, al)]]¢""]
= [ Aj[sick(j, al) = sick(i, al)]]s"*! = *{wa, W3}

» B answer-set induced partition
HA][HQ(Q Aplp = Ak.sick(k, al)] A j =¢ z)]]]g’/WO
= *{v € D,| 30(Q = {[ Ak[sick(k, aD]]¥} A v =, wo)}  Ty2
= v € Dy| {q| q € {{ Msick(k, aD]]®} A v € Uq}
= {a| g € {[Ak[sick(k, aD]I*} A wo € Yq}} =q
v € Dy| {a| g € {[ Ak[sick(k, aD]I¢} Av € Vq}

= {[ Ak[sick(k, al)]1¥} } Wo
= [Ak[sick(k, al)]]® Ty2
= (X300 = Aplp = Mesick(k, al)] A j =g )]]E"™] = *{wo, w1}

[A[30(0 = Ap[p = Ak.sick(k, al)] A j =g i)]]$7?)
v € D,| A0(Q = {[ Ak[sick(k, aD]]é} A v =q wo)}  Ty2
v € Dy| {a| g € {{Ak[sick(k, aD]I¢} Av € Vq}

= {a| g € {[Ak[sick(k, aD]I*} A w, € Yq}} =q
v € Dy| {a| g € {{ Ak[sick(k, aD]I¢} Av € Vq}

=1{}} W5
= *v € D,| v & Y[ Ak[sick(k, al)]]¢} {--}
= [X[3O(Q = Aplp = Ak.sick(k, al)] A j =g i)]]4"") = *{wo, W1}
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H answer-set induced partition

IA[AO(QO = Ap[p = Ak.sick(k, al) v p = Ak.—sick(k, al)]

/\j =0 l-)]]]g[i/wO]
*y € Dy A0(Q = {I Ak[sick(k, aD]®, [ Ak[~sick(k, al)]I¢}

AV =5 Wo)} Ty2
v € Dy| {a| a € {[ AMk[sick(k, a)]I®, | Ak[—sick(k, al)]]®}
Av € Vg
= {q| g € {[Ak[sick(k, al)]1®, [ Ak[—sick(k, a)]]®}
Ao € {}q}} =Q
v € Dy| {a| g € {[ Ak[sick(k, aD]I®, [ Ak[~sick(k, al)]1®}
Av € Ug)
= {[ Ak[sick(k, aD)]]®} } Wo
v € Dy| v € Y[ Ak[sick(k, aD]I¢ A v & [ Ak[—sick(k, al)]]%}
[ Ak[sick(k, al)]l® Ty2
IA[AO(Q = Ap[p = Ak.sick(k, al) v p = Ak.—sick(k, al)]
NJj =0 i)]]]g[i/w” = "{wo, W1}

IA[AO(Q = Ap[p = Ak.sick(k, al) v p = Ak.—sick(k, al)]

cat
S

/\j = l-)]]]g[i/WZ]
*{v € Dy 30(Q = I Mk[sick(k, al)]I, | Ak[~sick(k, al)]I¢}

AV =g W)} Ty2
v € Dy| {a| a € {[ AMk[sick(k, a)]I®, | Ak[—sick(k, al)]]®}
Av € Ug)
= {q| g € {[ Ak[sick(k, a)]1®, [ Ak[—sick(k, al)]]]g}
Awy € {}q}}
v € Dy {a|g& {[[)»k[szck(k al)[l%, [ Ak[—sick(k, al)]]]g}
Av € Hq
= {[ Ak[—sick(k, a)]1®} } W,
v € Dy| v & Y| Ak[sick(k, a)]]® A v € [ Ak[—sick(k, al)]]$}
[ Ak[—sick(k, al)]]® Ty2
IA[AO(0 = Ap|p = Ak.sick(k, al) v p = Ak.—sick(k, al)]
A j =g )] = MWy, Ws}
phrase Ty2-translation

who is sick Ml Ax. sick(j, x) = Ax. sick(i, x)]
= N[A0(Q = Ap[Ix(p = Ak.sick(k, x))] A j =¢i)]
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* GS partition
[ A[Ax. sick(j, x) = Ax. sick(i, al)]]s7*!
= v € Dy {d| (v, d) € "[sick]}
= {d| (wo, d) € Vsick]} = {lall, [ed]}} = Mwo}

[A[Ax. sick(j, x) = Ax. sick(i, al)]]s"!
= v €Dyl {d|{v, d) € Y[sick]}
= {d| (w1, 4) € Ysick]} = {[al]}} = Ywy}

[ Aj[Ax. sick(j, x) = Ax. sick(i, al)]]l""?!
= v € Dy| {d|{v, d) € V[sick]}
= {d| (w, d) € Vlsick]} = {led]}} = Yw,}

[ A[Ax. sick(j, x) = Ax. sick(i, al)]]l""!
= Yy € Dyl {d| (v, d) € Y[sick]}
= {d| (w3, d) € 'Isickl} = {}} = Hws}

* Answer-set induced partition
[A[30(Q = Ap[Ax(p = Ak.sick(k, x))] A j =g i)]]1]
= v € D] 30(Q = {[ Ak[sick(k, x)]]]g["/d]| dED,} AV =gw)}
= v € Dy| {q| q € {[ Ak[sick(k, x)]I*™"Y| d E D} A v E q}
= {q| g € {[ Ak[sick(k, x)]]]g[X/d]| de D} AwyE g}
= {[ Ak[sick(k, x)]]]g[X/d]| d € {lall,ledl}}} = Xwo}

[A[30(0 = Ap[Ax(p = Ak.sick(k, x))] A j =g i)]IE7"H]
U € Dy AQ(Q = {[ Ak[sick(k, )1 d E D} A v =5 wi)}
v € Dyl {q| q € {[ Ak[sick(k, x)]I1*¥Y d € D} A v E q}
= {q| g € {[ Ak[sick(k, )]I*¥ d € D} A w1 € g}
= {[ Ak[sick(k, )1 d € {lall}}} = X{w1}

[A[AO(Q = Ap[Ax(p = Ak.sick(k, x))] A j = D)]IE7}
*{v € Dy| 30(Q = {[ Aksick(k, )1V d € D} A v =q w,)}
v € Dyl {q| g € {{Mk[sick(k, )| dE DY A v Eq)
= {q| g € {[ Ak[sick(k, x)]]]g[X/d]| deD.} Aw,Eqg}
= {[ Ak[sick(k, X)]1**| & € {led]}}} = Yw,}

[4[30(Q = Ap[Ax(p = Ak.sick(k, x))] A j =¢ )]
v € D,| 30(Q = {[ Ak[sick(k, X)) A E D} A v = w3)}
v € Dyl {q| q € {[ Ak[sick(k, x)]I1*¥Y d € D} A v E q}
= {al q € {[Ak[sick(k, )]I*¥" A € D} A ws € g}
={}} = Xfwy}
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4 TOWARD INCREMENTAL TRANSLATION

* TWO-SORTED UPDATE WITH CENTERING (UC2): Basic terms

aETy  "Var, “Var, Con, Name of objects

S i, indices (T_L-lists)

st 1,J infotention states

e X y al, bill,... entities

Q) w v worlds

wt = Q p q propositions (sets of worlds)
Qt Q 0 sets of propositions

wet man, sick,... wet-relations

weet like, ... weet-relations

sa da,, da, a-projections, a € {e, w, Q}

* MATRIX IND WITH DEFAULT ORDER

Exl:
Po = {Wo Wif =i o1 (wo, [all) € U sick]
*po = {{(v, po), {)): vV E po} (wy, [all) & U sick]
*(01)

(w5 01)» ()
(w1, 01), ()

(I?) (sentence 2 in inference (1))

Al be.IND sick . (prosody)

[x] (x = al)°]; ldo € do{|}]; [sick(du) de)]; [pl; [dQ =dw{|}]
C c1 cs (o= {wo})
(lall, vo, 01), { )) (([[al]] wo, 01)> (1) (oo [@ll, wo, 01), ()
(lall, w1, 01), {))

(I1%) (sentence 2 in inference (II))

Al be.IND not[

x| x=al)’];  "[do € dw{}]; [p w/do & p, w E pl;

C1 C1 Cy (1 := {wq})

(lall, vo, 01), { )) (lall, wo, 01), (1, w1))

(lall, w1, 01), {)) (lall, w1, 01), (o> Wo))

sick ] . (prosody)

[sick{dw, de)]; [dQ = dw {|ac} ]; [p]; [dQ2 =dw{|}]

Cs Cy Cs

«[[Cll]], Wi, 01>, <o, Wo>> (([[al]], Wi, 01>, <o, Wo>> <<1, lall, wq, 01>, <o, Wo>>
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* EMBEDDED [that...IND]

Ex2:
Do = {Wo, Wi, W, W3} (wo, [all) € Ulsickl ~ (wo, [ed], o) € “lbell
= 0.3 (wi, [all) € Y[sickl  {w, [ed], o23) € Vlbell
(wy, [all) & Ysickl ~ {(wy, [ed], »5) € "lbel]
(w3, [all) & Ulsickl  (ws, [ed], 125) € " bell

*(0-3)

<<W0a 0-3)> <>>
<<W1a 0—3>a <>>
«Wza 0—3>a <>>
<<W3a 0—3>a <>>

(I*) (sentence 3 in inference (I))

Ed know- -IND|[
[x] (x = ed)°]; [p| (dow € p)°, bel{dw, de, p)]; ‘[do € do{[}];
Cq Co Co

(ledl, wo, 0-3), { )) (ledl, wo, 0-3)5 {o1))
<<[[€dﬂ, Wo, o—3>, <012>>
<<[[ ed|, w, o—3>, <013>>
<<[[ ed|, wo, o—3>, <o—3>>

(ledl, w1, 0-3), () (ledl, w1, o-3), {o-3))

(ledl, v, 0-3), () (ledl, vz, 0-3), (23))
<<[[ ed], w,, o—3>, <023>>
<<[[€dﬂ, W2, o—3>, <123>>
<<[[ €dﬂ, Wo, o—3>, <o—3>>

<<ﬂ€dﬂ, W3, o—3>, < >> <<[[ ed]], W3, o—3>, <123>>
<<[[ ed|, ws, o—3>, <0,3>>

THAT[ Al be.IND

W] (W€ dQ)°L; [x|(x=aD’];  "[dw € do{]}];
Cs Cy Cy

sick Jriar

[sick{dw, de)]; [x] (x = de2)°]; [w] (W = dw,)°];

Csg Cg

know . (prosody)

[d€2 = dw: {|ay, acf 15 [P]; [dL =dw{]}]

Cy Cg
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APPENDIX UC: Update with Centering

D1.1 Definition (Infotention states). Let D be a non-empty set of objects.

o 7" =D"x D" is the set of structured stacks with » topical objects and
m background objects, for all natural numbers n, m € N

« (""" = Pow(Z""™) is the set of states of infotention about n topical objects
and m background objects

* C=U, exn C"" is the set of states of infotention

A1l Abbreviations (Stacks, cardinality, extensions)

« Forz=(zy,z,) €EZ", Tz =z isthetopstack of z and Lz =z, is
the bottom stack of z

e ForzeZzZ""(ceC"™),|zls=n (= |c|y) and |z|, =m (=: |c]|))

o (xY) =K1y ety Xy V1 wver Ymp ED", for x € D"and y € D"

 yextends x, x <=y, iff Ax y = (x"* x)

D1.2 Deﬁnition (Infotention update) State ¢’ is an update of state c,
csclifflclsc'ltAalc], sl [ AVZ EC'AzEc(Tz=Tz' ALz=s17)

D2.1 Definition (UC types). The set of UC types, Typ, is the smallest set ¥
such that (i) {a, B, €, 0, T, w,s,¢} € Y, and (ii) (ab)E Yifa,b €Y.

The subset DTyp = {a, B, €, O, T, ®, (0e), (01), (w1)1)} © Typ is
the set of UC types of discourse objects.

D2.2 Definition (UC frames). A UC frame is a set of sets {D,}, < r,, Where
i. D, Dy D, D, D, D,and D, are non-empty pairwise disjoint sets

ii. D, = {a Q Ala# @} for some non-empty set A (of a-atoms)
D, = {tCZt#£0AVnn €EtVmEZm<m<n'—meEt)}
ii. D, = {1, 0}
iv. Dy = U, uen (D"x D), where D =U,cppy, D,
V. Dy = {f|9CDom f =D, AnRan f C D} ,ifb=t¢
= {f|DCDom f CD, ARan f CD,} ,if b #¢
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A2 Abbreviations (Basic terms of UC)

aETy  "Var, Var, Con, Name of objects

s i,] structured stacks

st L J infotention states

a a a john animate (entities)

B b b John inanimate (entities)

€ € e events

o S s states (of entities)

T t t times

O W,V w, v worlds

we e e event concepts

ot =: Q P, q P, q propositions (sets of worlds)

Qt Q 0 sets of propositions

wTot man, ... wTto-relations

woot happy, ... woo.-relations

weat speak, ... wea-relations

wooQt hope, ... wooaL2-relations

weaQf promise, ...  weaL2-relations

weaot direct.to, ... weo0L2-relations

wea(Q1)t ask, ... wea(Q¢)-relations

eQL AGT e-dependent animates

€0 CON e-dependent states

o€ BEG, END o-dependent events

sa da;, da,, ... a-projections (a € DTyp)
da;, da,, ...

A3 Abbreviations (Functions, projections, T-precedence and T-sum)
« For f €D, sand{(ai, ..., a,) C D, x ... x D,,,
f(ai, ..., an) = f(ay)...(ay)
U(f) = {{al,...an): f(ai,...a,) = 1} is the set characterized by f
“n) = f is the characteristic function of A, iff U(f) =2
« Forx €D""", (x), is the nth coordinate of x, and *(x) (read: the
a-subsequence of x) is the sequence of the D,-coordinates of x
 trprecedest’,t< t/,ifft,t'ED A VmE tVn € t'(m<n)
tU t'=inf{t"ED|tCt"At'Ct"}
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D2.3 Definition (UC models). A UC model is a pair ({D,}., []) where
{D,}, 1s a UC frame and [‘] assigns [4] € D, to each 4 € Con,. Moreover:
i. Domlda,] = {z €D,/ Am EN: *(Tz) € (D,)"" "}
A Yz € Doml[da,]:[da,l(z)=(°(T2)),
Dom|[da,] = {z € D,|Am EN: *(Lz) € (D)™™}
A Yz € Dom|da,l:[da,l(z) = ((Lz)),
ii. & C Dom [AGT] = D,\(Ran [BEG] U Ran [END])
@ CDom[F]CD,UD,aRan[F] C D, for FE {EXP, CTR}
& C Dom [cTR'] € D, U D, A Ran[cTR] C Dy
Ve € Dom [AGT]: [CTR](e) =[AGT](e) = [EXP](ICON](e))
Ve € Dom [EXP]\Dom [AGT]: [EXP](e) = [EXP](ICON](e))
Vs € Dom [ExP]: [EXP](s) = [EXPI(IBEG](s)) =[EXP](IEND](s))
Ve € Dom [CTR]\Dom [AGT]: [CTR](e) = [CTR]([CON](e)))
Vs € Dom [CTR]: [CTR](s) =[CTRI(IBEG](s)) =[CTRI(IEND](s))
iii. Vw €& D (D C Dom [H(w) E D, U D, A Ran [ (w) C D,
A Ve € Dom [O](w)dn € Z([O](w, e) = {n}
A [H(w, [BEG]([CON](e))) = {(n + 1)}
A (e € Dom [AGT] — [[9](w, [CON](e)| > 1))
A Vs € Dom [O](w)([O](w, [BEG](s)) = {inf-[9](w, s)}
A [O](w, [END](s)) = {sup<[I(w, s)} A (IH(w, s)>1
— [ (w, s) =[0](w, [BEG](s)) U [O](w, [CON](IBEG](s))))

D3 Definition (UC syntax). For each UC type a € Typ,
i. Con, U "Var, U “Var, C Term,
1. BA € Term,, if A € Term, and B € Term,,
ii. (A=B)& Term, if A, B € Term,
. —0, (0 AY), (dVvy), (¢ —y)E Term,, if ¢, Y € Term,
v. 3u¢, Yu € Term,, if u € "Var, U “Var, and ¢ € Term,
vi. Au(B) € Term,,, if u € Var, U “Var, and B € Terms
vii. (u - B) € Termy, if u € "Var, U “Var,, a € DTyp and B € Term,.
viii. (A + B) &€ Term,,if A, B € Term, and a € {1, a} U {b,...b,z
bi,..., b, € Typ}
ix. (ACB),(A4YD B)€&€ Term,,ifA, B &€ Term, and a € {t,a} U
{by...b,t: by,..., b, € Typ}
X. (A<B)eTerm,ifA, B & Term,
Xi. EXPA,CTRA € Term, and CTR' A € Termg, it A € Term, U Term,
xii. WW, A) € Term_, it W& Term,and A € Term, U Term,
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D4 Definition (UC semantics). The value [4]® € D, of a term 4 € Term,

in amodel M =({D.}, c 1, []) under an M-assignment g is defined as
follows. (Meta-language A, v, —, 3, V, etc, have their usual meaning.)

i. [A4]® = [4] if A € Con,
[u]® = g(u) ifu € Var, U Var,
ii. [B,,4.]¢ = [BI%(A4]%)  if b # ¢ A [BI4([A4]®) € Dy,
= [BI*(A4]%) if b=t A [A]® € Dom [B]¢
=0 otherwise
iii. [4 = B]* =1 iff (141% =[BI®%) A [4]¢, [B]¢ € D,
iv. [—¢l® =1 iff [¢p]¢ =0
[(oay)® =1 iff ([¢1% =1 A [wl* = 1)
[(ovyl® =1 iff ([¢1% =1 v [yl* = 1)
[ —=y))* =1 iff (o1 = 1 = [y]* = 1)
v. [Fu,¢l® =1 iff3d € D,: [¢] ¥ =1
[Vu,p]¢ =1 iff Vd e D,: [¢]$* =1
vi. [Au,(BI4(d) = [B]$™ ifdeD, aA[BIf“eD, aAb+#t
= B ifdeD, a[BIf“eD, ab=t
0 otherwise

vii.  [u, - BJ® ((g(u) - T BI®), J_[[B]]g>
if u € Var, n[B]® € Dy
= (TlBI%, (g(u) - LIBI*))
if u € *Var, n[B]® € D,
viii. [A4 + B]® = [A]® U_[Bl® if[A4]4,[B]® € D,
[41¢ U [B]® if[A]% [BI® €D,
“(M1A41¢ U Y[BI®) if [A]%, [B]* € Dy on:

ix. [A4 CB]* = 1 if[A]® C[BI® AlAl* € D, U D,
= 1 if U[A]¢ C Y[BI® AA]® € Dyi.one
=0 otherwise

14 & BJ* = 1 if[A4]s N [B]¢ =
AlAl%, [Bl* € D, U D,
=1 if {}[[A]]g N {}IIB]]g = ¢
ANAL%, (Bl € Dy e
=0 otherwise

x. [A4<B]? =1 iff [A4]® <. [BI*

xi. [F A]® = [F11A41*%) if F € {EXP, CTR, CTR'}

xii. [O(W, D15 = [OIAM*)([A]*)
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D5.1 Definition (Initial contexts). An initial context is a stack (po, €,) €
Dy x D, where (i) po # @, (ii) Vor € Vpo((w, eo, [AGTI(e0)) € Vspeat])
and (i) Yw, v € Ypo(191(w, e0) = [91(v, ey))

D5.2 Definition (Initial states). (po, o) induces the initial infotention state

*<p09 e0> = X{«t,w, Pos, eO>9 <§>> S DS|
W€ Upy A £ =[91(w, e0) A & = {(v, 0): v € Upo}}

D6 Definition (truth & falsity). Said in an initial context (po, €¢),

K 1s true in w, iff

S(Tz2)W EDg A w E Vpy A AzVg(z € {}[[K]]g(*<po, eo) AwE Y(Tz)h))

K is false in w, iff

Y((T2)1 € Dg A ~(w € Ypo A TzVg(z € Y[KI*(*(po, e0) A w € ¥((T2)1)))

A4 Abbreviations (Set theory)

B(A4,,..., 4,) = BA,...A,

(A€ B) = Bada

(4D B) = (BCA4)

(A€ B) = (A=BvACDB)

(4 = B) =  (A=BvA<B)

(4<zA) = (Mu€EBANA'€Eu)C(Au. u€ B A AE u))
{41, ..., 4,} = AMu=A,v..vu=A4,

N(A) = AuVv(vEA—u€cv)

SG Aa = Juaw S A) A Fua(u C A) aE {t, a}
PLAa = JuaAua(uCAANu'CAAN—~(u=u)

AS Abbreviations (Modal, causal, and attitudinal relations)
MIN = A0ApAw. wEp A ~Av(vEp A v <o W)
"CON := AwAels. O(w, s) = H(w, e) + I(w, CON e) A EXP s = EXP CON e

BEL := AwAeAp. s(O(w, e) C H(w, 5) A EXP s = EXP CON e
A believe(w, s, EXP s, p))
DES = AwleAp. As(O(w, e) C H(w, 5) A EXP s = EXP CON e

A want(w, s, EXP s, p))
BB = AwdeAp. ~(NB(w, e) C p) A (NB(w, BEG CON ¢) C p)

A6 Abbreviations (Dynamic expansions, local conditions, local updates)

da, da = da;, da ifa€e DTyp
A° = Mi. A ifa€DDhp
= A if a €°DTyp = {sb: b € DTyp}
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A’ = AiAw. A% ifa € (DTyp U DTyp)\{we, swe}
= M. A if a = we
= A if a = swe
(B4, ... 4,))° = Al B(4,°%, ..., A,%)
(B(w: 44, ...4,))°" = AiAw. B(w, A\"iw, ..., A,"iw)
R(W: Ay, ..., A,) = Al R(W®i, A\“iW°i, ..., A, "iW°i)
RW, A: f1, ..., fn) = Al. R(W°i, AiW°i, f1(A“iW°Q),..., (A" W°i))
R{W, A: f1, ..., fa: B) = Ai. R(W°i, AiW°i, f1(A°iW°i),..., f.(A% W°i), B%)
R{w, A: f1, ...r fu) = A Vw(@u,(u = A°iw) —

R(w, A%w, f1(4%iw), ...f.(A"iw)))
R{w, A: f1, ..., fu: B) = Ai. Yw@Qu,(u = A°iw) —

R(w, A%iw, f1(4A"iw), ...f.(4"iw), B°))
ForRE {= €,C,C, D, J, <, <}

(ARB)® = Ai. AR B

AR, B) = AiVw(udu(u=A4"w A u’= B"iw) = A"iw R Biw)
(ARywB) = AiVw(we& W°i — A"iw R B"iw)

(ARywB) = Ai. Q(W°i, A°iW°i) R (Wi, B i)

R(W: A4, T) = Ai. TiW°i R Y(W°i, A°iW®i)

[C] = AMMN. I ACj

[uy...u,] = AMA uy...u,i(G = (uy - ...(u,- Q) A1)
[u;...u,| C] = MAN Juy...u,i(G = (u; - ...(u, i) A li A Ci)
A7 Abbreviations (global values, substates, global updates)

A{Z} = Au. Ai(Zi A A°i = u)

Z(Al:Bl,...,An:Bn) = Al ZI A Aloi = Bl A...A Anoi = Bn

(K; K') =AM K'KI

('K) = MAj. KIj A do{KI} = dw{]}

[R{w: A1, ... Ay} = AMA. [ AVNw(w € do{l} — R(w, 4\"jw, ...4,"jw))

[C{W: A, T}] = AMMN.Ij A (Qi(li A PL TOiW°0) — O(W°j, AJW°)) C T W)
A (Vi(li = sG TUiW°i) — T jW°j C 9(W°, CON A“jW°))

ForRE {= €&,C,C,D, J}

[AR B{|}] = MM. Ij A A% R B{I}

[ARB{|ci..ca}] = MAj. Ij A A% R B{l(c1. ¢y, ...cn:cnj)}
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APPENDIX E: From English verbs to UC

Sample basic meanings of English verbs. We write ‘a,’ for an anaphoric
presupposition in search of an antecedent of type a (or a-valued function).

El. main & auxiliary verbs (sample)

* gotout, event v

[e| go.out{dw, e: AGT)]

* Jike, state v

[s a| like(dw, s: EXP: a), (EXP s = CTR 5)°]
* have ...-en, state auxiliary + v\v-suffix

[s| (EXP s = CTR $)°]; ...; [(dO = CON d¢)°]

E2. TNS marking: 'tns.presup; “modal-tmp.upd; *temporal.attention.update
* -PST (e.g. was), on event v
'l(dr, < 9(dw, de))°]); *[D{w,: de, dt,), (CTR de = as)°];
3[t] t C 9(dw, CON de)°, (t < O(w,, de)°]
* -NPST (e.g. is), on event v
'CIO(dw, de) = dt,)°]); *[D{w.: de, dt,), (CTR de = as)°];
[t] t C O(w,, CON de)°]
* FUT (e.g. will), on event v
'CL(9(dw, de) = dt,)°)); *([e]; [D{w:: de, dt,), (CTR de = a)°]);
3[t] t C O(w,, CON de)°]

E3. MODAL marking: (fused w. TNS) 'modal.presup; *modal.attn.update
* _IND (e.g. Is)
o € dw{[}]
* VIV (e.g. will), doxastic rdg.
AD. (°[dQ C do{[}]); [Q] (Q C BEL(w, £2))°]; D;
[MIN(d€Q2t, dQ2) € dw {9, dont } ]
° .REM (e.g. would)
AD. [Q] (O C BEL(w», £9))°]; D; [MIN(d€¢, d€2) € dw{],, dar }]

E4. MOOD marking prosody

[p]; [dQ = dw{|}]

o« 9

ql; [dQ = dw{]. }]; [Q]; [dQr = dQ{[}]

[
!
[de =44, END CON dg, (CTR de = EXP d¢)°]; [¢]; [dQ =dw{|}];
[t| (t C O(dw, CON de))°]
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APPENDIX K: From Kalaallisut verbs to UC

Sample basic meanings of Kalaallisut verbs. We write ‘a;’ for an anaphoric
presupposition in search of an antecedent of type a (or a-valued function).

K1. Verbal roots and derivational suffixes (sample)

* ani- (go.out-), event v-root

* [e] go.out{dw, e: AGT)]

 anniar- (in.pain-), state v-root

° [s] in.pain{dw, s: EXP), (EXP s = CTR 5)°]

* niriug- (hope-), state v-root

° [s p| hope{dw, s: EXP: p), (EXP s = CTR 5)°]

» -tit (-cause), event v\v-suffix on state v

¢ [e| (CON e = do)°, (AGT e = CTR e)°, (CTR e = CTR do)°]

» -sima (-prf), state v\v-suffix on event v

" [s| (s = CON dg)°, (CTR s = CTR d¢)°]

» -ssa (-exp/des), state v\v-suffix on event v

2o P[(2Q € 2Qr)°, (?Qt C BEL+DES(dw, ?¢))°]; [C{dw: de, dt}];
[s| $ Ey i, doy CON(w: ?¢), (CTR 5 = CTR d&)°, dg <y4, END s,
(MIN(?Q¢, ?'Q) € ""BEL(dw, END 5))°];
[MINQQ?, 7'Q) C do> {4, do201,7) ]

* -nngit (-not), state v\v suffix on event v (*°) state v (°)

29 [C{dw: de, 27T} ]; [s| (F(dw, 5) = 2T)°, (CTR 5 = CTR de)°];
[p]; [dQ = do{|as, >} ]; [({dw} & dQ)°]

*9 [C{dw: BEG do, 27t} ]; [s| (9(dw, s) = ?1)°, (CTR s = CTR d0)°];
[p]; [dQ = dw{|us, >} ]; [({dw} & dQ)°]

* -galuar (-rem), aspect-preserving v\v-suffix

-- [p| ({20} @ p)°, (p € BEL+DES(dw, 2¢))°]

K2. Illocutionary moods for matrix verbs (sample, general form:
'lloc.presup; “modal-tmp.upd; *modal.att.upd; “illoc.declaration)

e -pu(-DEC), on event v (,), or state v (,,)

'(P[dwe =, de]); 2([C{dw: de, dt}]; [de <gq, dwe, (CTR de = do)°]);

*([p]; [dQ = dw {|}])

'Pldwe =, de]); *([C{dw: do, dt)]; [BEG do <yq, dwe, (CTR do = da)°]);

*([p]; [dQ = do {]}])

* -la(-DECg), on state v

'Pldwe =, de, ({dw} T dQ)°]); *([C{dw: do, dt)]; [BEG do <44, dwe,

(CTR do = da)°]); *([p]; [dQ = dw {[}])
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* -pi (-QUE), on event v

'(Pldwe =, de]); 2([C{dw: de, dt}]; [de <4q, doe, (CTR de = da)°]);

3([p); [dQ = dw {}]; [Q]; [dQt = dQ{]}]); [ask{w, dwe: AGT: dQ1)]

* -li (-QUE,), on event v

'Pldwe =, de, ({do} T dQ)°]); *([C{dw: de, dt}]; [de <gq, dwe,

(CTR de = da)°]); *([p]; [dQ = do{|}]; [Q]; [dQr = dQ{[}]);

*lask{w, doe: AGT: dQ1)]

* -gi (-IMP), on event v

'CPldwe =, de]); *([C{dw: de, ¥w: CON de)}]; [CON dwe <gq, CON de,

(CTR de = EXP de)°]); *([p]; [dQ = dw{|}]); *[dir.do{w, dwe: AGT, EXP: dQ)]
* -gina (-IMPg), on event v

'(Pldwe =, de]); *([C{dw: de, ¥(w: CON de)}]; [de <qu, END CON dwe,

(CTR de = EXP de)°]); *([p]; [dQ = dw{|}]); *[dir.to{w, dwe: AGT, EXP: dQ\dQ)]
e -li~ -la (-OPT), on event v

'CPldwe =, de]); *([C{dw: de, ¥w: CON de)}]; [CON dwe <gq, CON de,

(CTR de = EXP de)°]); *([p]; [dQ = dw{|}]); *[wish.for{w, dwe: AGT: dQ)]

€

€

€

€

€

K3. Subject-centering moods for dependent verbs (sample, general form:
'a-recentering.presup; “modal-tmp.upd; *modvtmp.att.upd)

* -ga (-FCTy), on event v

'(*[a] a = da]); 2([C{dw: de, dt}]; [(2€ =ga, de)°, de <ga, dwE,

(CTR de =da)°]); *[t| (t CO(dw, CON d¢))°, (t < IHdw, dwe))°]

s -mm (-FCT,), on event v

'(Pla| a = da); *([C{dw: de, dt}]; [(?€ =4, d€)°, dE <4a, dOOE,

(CTR de =da))°]); *[t| (t C9(dw, CON de))°, (t < Hdw, dwe))°]

* -gu (-HYPy), on event v

'(*[a] a = da]); 2([C{dw: de, 7} ]; [(2e <gq, de)°, (CTR de =da)°]);

*([p]; [dQ = dw {la,, »}]; [1 ( C H(dw, CON de))°])

* -pp (-HYP,), on state v

o (lal a=da)); *([C{dw: do, 27T)]; [(?€ <g4, END do)°, (CTR do =da.)°]);

*([p]; [AQ = doo {4y, »}])
* -llu, (-ELA7), on event v, after main V

'(*[a] a = da]); 2([C{dw: de, ?t}]; [(?e = de)°, (CTR de =da)°]);

*([p); [dQ = do{[}])
* -tu, (-ELA.1V), on state v, after main V

o 1(P[a| a=da)); 2([C(doo: do, 7)]; [(?0 =4, dO)°, (CTR do =da)°));
*([p; [dQ = do{[}])

€

€

€

€
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