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Imtroductian.

Certain  substitutions and

abbreviations=

o Cod if

Engltizh which ares not well undersztoond vet that we would like
to undersztand bestter szo  that we mat  implement  them  in
computer natural language swstens intended for  man-tackine

communication. These include proncuns znd

words  like those below in Figure 8.1 acting
isolation and with sach other.
e Fiim is”
zhe her hers
it its itself
them their theirsz
this that these
one anes oneself
athers atl =21
any cach ~which
do . does did

ancothetr

Figure 8.1. Fronouns And Other Furction

R= well, 013 have naun phiraszes
demonstratives, hsad deletion, and Equi-HP
Bloomfisld (21 defined  substitution as a

operation.

ot her

modified

function

both in

himse
herze
they
themzelues
those
ather

SO

1)
[R3

! what

=0

Mords,

tn !:_.'
Ieletiaon.

replacemsnt



A zubs=

titute iz 2 linguistic form or grammatical
feature whickh, undetr  certain conuent ional
circumstances, replaces any one of a class of
linguistic forms. Thus, in Englizh, ths
substitute I replaces  any 2ingul ar—runber
zubstantive sxpreszsion, provided  that this
bzt ant ive E'prs=5ioﬁ denotes the speaksr  of
the utterance in which the substitute is used.

In thi

Foz=ibly be

should note

general.

.22

= papsr we will be concernsd  with  pronouns.
causs this will be the only chance we gEA, LE
the wide variety of zubstitution mechanizms  in

wamples (B.20-08,11) are from Sag [271.

Do It Anaphora : .
Jerry won’t prove that theorsem; Alice will do it

[do it=prove that theoreml

(6.3

(T B

B3I

CB.22

Sentential It Anaphora
I belisgve that she means bu=1ne 2 and wvou'd better
believe it too.

[Lit=that =zhe means businezsl

Hull Complement Rnaphora
They azked me to leawe but I refused FHI.
[PHI=to leave]

Ohnes Pronominalization
Betsyw has a3 bBlue car, and Randy has a red one.
[one=car]

Yerb Phrasze Deletion

Joan wouldn’t eat a Buarter Pounder, but Honie
would FHI. :

[PHI=zat a Quarter Founderl

l:l

STuicing
Someane has drunk my sntire six-pack of Schlitz
Light, but I don”t know whd FPHI.

[FHI=haz drunk my entire six—pack of Schliitz-Light]

Stripping
Guendolyn snorts cocaine, but PHIL rot FHIZ in
her own apartment.

[PHIl=Guendolyn ¢does?, PHIZ=snort cocainel

1]



(8,52 Gapping
Erichman

[FHI

duped
=dupesdl

Haldeman and Hixon FHI

Mitchell.

(B, 182 Conjunction Reduction
Mitchell lied to the committes and FHI was
zentenced last wear.
[FHI=Mitchel11]
(B.112 So Anaphora
Mitchell =zaid he was innocent arnd MHixon zaid
SO oo,
[zo=he wasz innocent]
To this list we can add pronomicalizations. Examples

(R, 12¥=¢E,142 are from Lees and Klima [221.
(.12 Feflexive FPronominalization
Marew s father supportsd himself.
[himzeglf=Mary = fathsr]

o
Ly

Fronominaliztion
Mary's father supportsed her.
Lher=Mary]l '
(G, 145 Eeciprocal Fronominalization

Jokn and Marw kissed esach other.
[gach other=John and
And we add <g.150

might and T8, 1&g

CH.157 Head Deletion
: Joan'= cat purrs

[PHI=cat ]l

bt

(9.152 Equi-HPF Delestion

Jokhn iz afraid of FHI cutting himself.
[PHI=Jaohn =1
Clesrlw, thiz list startz to grow  wery  larges with
addition or refinement and it is probably safe to say  that

cond o -

many wolumes be writtern ot substitution proc

without gputting it to bed., Thiz paper i3 about pronouns and
chaining of pronouns, and 3o iz much narrower in scope.  EBut
thi=s iz rot mﬁch comfort if the goals are not clsarly  in



zight. Me are jusﬁ az lost im the middle of Lake Michigan

2z we are in the middle of the Pacific Ocean if us don’t
have a horizon to steer wus by,

PaPtVDF the problem  with inwestigationzs  of anrﬁhora
today is that.there iz no horizon to steer b, Ewen though

work an  anaphora continues iR an intelligent wal, Tittle

progreszs iz being made towards & really comprehenziwve

theory, Instead we have a lot of zcattered and indepedent
results.
i Orne goal of thisz paper, besides talking about pronodns,

iz to seek out an algorithmic framework on which o build a

theoty., Rccordingly, wvarious

L

ata structures such as r1c--:]es,

C-5-H trees, and chaining table: are created for this

3]

purpase: Hopefullw, the reader will recognize these data
structures as too simplistic and will be moved to  improve
PO them. This paper i3 by no means at all a soluticn Lo
profnouns, At best it may be-a =mall compaas.in the middle

of Lake Michigan. But this is our approach.



Chagter 1. Fundamentals.
Introduction,

hotaticon and basic ideas  that

u l
m
1t
(]
".'v
-
=2
]
n

Thiz chapter
will be L=ed thﬁmgghaut thiz papsr. Hopefully, most of  the
Motation described inm this chapter iz already familiar to
the reacer, but if not, then thisz chapter =zhould be
self-contained enough to be undersztandable by a reader with

less suxperience.

Sentences.

Sentenc

m

= are numnbered and  are kept separate from the

i

text of discussion for sase of refer

L]

S gTaE -8 For example,

¥

~
s
.
-
R
—
Iy

3

from Huddlestomn [13) and is am  examples of a  EBach

-n
m
o+
[11]
*
in
w
m

ntence.

¢1.13 The bow who was  fooling her ki

W
1
g
o
—+
iy
1]

girl  who

Lrgrammat ical sentences are  prefixed with an  asterisk
and sentences of guestionable crammaticality are prefixed

with a guestion mark e C1.32 iz from Chomsky [S1.

1,2 f.
01,2 sas slegp furicusiw.

Subzcripts are wzed to indicate identity between .

il

corstitutents, meaning roughly that they mean the sans thing

ferept. More properly, we maw think of

m

e

m

o denote the sam

constitusnts hawving the zame subscript 23 being  chained



Eelow, o1l.42 and (1.5 ar

Some studentsl think thew

e,

Flmonme CHT

studentz] think

than some students]l are.

—

Somet i format i

L =

beginning or =nd o 2. Thi

zometimes  used az  an alternati

identifuing constitusnts.

1,70 from REobertsz

Bloom

Mw  uncl has

[EA- 4 o

brother has, although it
1,72 Men are mortal. [R1TD men
(1.8 Men are waiting.
{1.52 [B=eing a picture  of

=
L

Smith.

gletion site indicated bw

i from Fockett (1273,

the frezh
[PHI=candw]

1

1,182 I Tike

FHI.

candy

Deletion from

arizing

Equi-HP Ielestion z=imil

paper,. Flthough thers ares many

zites with distinct  properties, we

Tk diztinctiaon in thi

[H]

paper.

The symbol = iz usesd bhetween
that they, are squivalent, uwhile th

betuwesh

Eelow, <1.110-<1.143 are from Ross [

=

I

[xlg]

e

1dden
was

are
[Some men are waitingl
John Smithl

a PHI.

ar

different

(2 La]

=

to indicate that thew are not

from Bresman [21.

are amarter than theyl

studentsl ar

m

Smart e

in bracket=s &t the
same notation iz also

.o

subscripts

iz from Eresnan [31],
51 and (1.3 iz from

a S but his
lame. fit=camesll

mortall

camesl,

That ‘s John

Examples (1.182

etter  than ths =stale
transformations like
to pronouns in this

Linmds of dslstion

n't  pay attention Lo

zentences to indicats
svmbol  OF i=  wsed

equivalent .



1.1ty I¥ John can, he will do it.

£1.12) If he can, John will do it.

21,13y John will do it if he can. <3

C1.142 He will do it if John can.

Houn Phraszes.

Ruantified rnoun phrasesz  are noun phrases modifisd by
gquantifisrs. amples  (1.15>-{1.122  ar quantified rfnoun
phrases.

(1.152 211 female astronauts

C1.182 at leaszt 18 sexual peruerts

(1.17) manw notorious criminals

{1.128) nearly a dozen Unicorns

Genitives are possessiwve  hnoun  phrases. Examples
£1.1302-01,22) are genitiwves.

(1.197 Uncle Iggy’=s

{1,282 iyt cobra’s

{1.217 the Hazi war criminal’s

€1.22) the alien creaturss’

A noun phr aze can be gensric, specific, or nonspecific,
indicated respectivelw by (1.233-01.23) from Kuno [161.

1,232 A cat is a malicious animal. [gernericl

1,243 I hawve a cat at home, but I hate it. [specificd

£1.25> I want to get a cat for muself. [honspecificl

A plural noun phrase can be collective or distributive.
Examples £1,26>=-(1.23>» are from Fauconnier [7]1.

¢1.263 The men gathered.  [collegtiveld

£1.273 The men taook off their hats. [diztributiuesl

€1.29) The men carried the couch., [ambiguous]

Sentence £1.29) iz ambiguous because it can mean sither

1.382 or ©1.31).
¢1.3282 Each man of the men carried the couch.
(1.312 The team of carrisd the couch.

men



Smith [38) has also noticed thiz diztinction, This
explains why (1,.322-01,33) below are ambiguous.
¢1.323 John  and  Mary  bought the new  book by John
Steinbeck.
(1.33» Bricks and stones make strong walls.
£1.34y George and Marmadukes have dogs.
$1.3537 Gerry likes ice cream and cake.

Fronouns,

g, mwself

UOUr S, it, h=r, h

its, hsrs

Flural pronouns are g

1.

N
fux]

t

wold,  woursesl

Cthemseluwes, theirs

their,

-

Fronouns with femals

Fronouns  are croszs-classified b person, plural,
gender,  animates, reflexive, attributiuve y and
predicative possessive features among others.

i First person pronouns are given in (1.38).

1,36 I, me, muself, my, mine

Second pesrzon pronouns are giwven in (1.372.

C1.372 you, vourseld, vourselwes, wvour, YoUurs

Third person pronouns are given in (1,3

¢1.383 she, he, it, they, her, him, them, hersslf,
himzslf, itzelf, themselwes, his, its, their, hersz, thesirs

Singular pronouns are given in (1,33,

s Wy, mines, wou, uvourself,  your,
im, hersslf, himsslf, itsslf, his,

iven in t1,.482.

Vs, LIDLAE LAOLAE S they, them,

gender are given in (1.41).



..1;3_.

1 a1

m

EL-A N

_—
-+

-
-

Fromouns with males gender are giuven in

C1.42) he

y him, himeel?, his

Animate pronouns are giwven in (1,430,

Cl.42y I, me, myself, mins, wou, voursslf,

cl.420.

»
your, wours, - s=he, he, thew, her, him, herzelf, hinzzlf,
themsel@ea, hi=s, phein, hers, theirs

Inanimate pronouns ares given im (1.44),

1,442 it, they, them, itszelf, themzelwves, its, theirs

Feflexiwve

m

C1.45) myself, wours

itzself, themsslvues

Attributive

Clo480 my, wour,

Fredicative

possessi
C1.472 min
Be

id the

1]
g
It

Pronoun

pronouns and-reciprocal p

in <l.42),

(1.48) one, ones

=1f,
Reciprocal pronouns

C1.490

cach o

another’s

Featuresz,

We usz three kinds

=

pranouns are

Jiven in

elf, wours

elues,

pronouns are given in K

s hiz, its, their

ve pranouns are giwven in (1.47,

herz, his, its, thsirs

= giwen abowe, we also hawve anes
PORoOUnE. Ones pronouns ars  given
ane”’ =

are given im (1.4%90.,

one  another, each other’s, one
of features  in thiz  paper.

The
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sembal  +  indicates presence of a feature. The swumbol -

indicates absence of & feature. FAnd the svmbaol ? indicates

that the presence or absence of a feature iz sither
urspecified or rnot applicable. In the comimg chapters, we
will speak of  agresment of features., A 7 featurs Agress

with amy other featurs.  The anly time two featurez do mot

agres 15 when we are comparing a + and a - feature. Uzing =
to indicate agresment and <F to indicate nornagresmnent, W
hawe Figure 1,58,

+ = + + = 7 + < - -

? o= 4+ A ? = -

- 4 o+ - = 7 - = -

Figure 1.58. Agrecsment  And  Honagreement Betuween

[n]

oty drawn schematical 1y it

Sentence parse trees are

=
-
)
b
g
m
[}
vy
3
]
]
I

thiz paper as sxtra detail iz WRReCes s ar,

shows more  or lezs  represeint the surfacs structurs o

f &
szentence.  Clauze dominating nodes are labeslled § and clause
conjoining nodez are labelled . In this paper, genitives
and adjectiuves are not treated as arizing  from

Stransfomations, but a3z accuring in the base cComponent .,

Eelow, sxampls (1.51) Ci= from Huddleston [131 and  example



12
=

1,92 iz from Grosua [3].

{1.531% The mam who lives next deooar zaid that he  would
moz ey lawrn,

the man S =aid that S

S T—

who liwves next door bre would mow my 1 awn

L)

ister, but no one will
krnows it

but 5 and 5
no one will © zhe krhiows it

ever seduce
Jack s PHI

Adverbial clawzez are « aduwerb.

4

S0omE

1]

ot

xamples are (1.332-01.5372 below.
t1.532  after Fido made a messz on the carpest
(1.54» befaore George kisses Bet
C(1.35» =ince John is an asshole
(1.5 until Cathy behaves herseslf
(1.372 although Lile flunked all

Clauses complémentized with that  are  that claus

f} i
1]

—

32 iz a that c

-

Example o1 ause.

¢1.52» that Snoopy iz a cat

Clauses modifisd by the for-to transformation  are
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infinitiwve clauszes,

1.5%2  for Euth to DD E S

modified by

are genitive clauses., Example [
t1.88% Marwe’s kisszsing EBob
Clauses modifisd buw

Tranzformation and which

iz an infinitive clause.
zzive~ing trans{ormation

HH-Front ing

i

b

=

it

a genitive olaw:

U)
m

rot the Guestion

modify noun phrases are  relative

clawses, Examplez (1.512-¢1,585) are relative clauses.

C1.81)  who ate fiwve hamburgers

C1.822  that has a leakw faucet

(1.632  which doszn’t run

t1.842 whom he gave it to

C1.85)  whoze life is=n’t worth a postage stamp

Clausez uwithout embedded subordinate clauszes are
csimpleaxes. In exanple (1,868 from Roszs[Z&1, the simplexs
are (1.873-01.892, In example (1.7, from Huddleston [131,
the simﬁ1ex5 are (1.7132-C1.733. In example (1.742, from

Huddlezton, the zimplexs are

1.7

-
é

|

p]

-
v

y.
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1.6

i}

Y Rea
C

1
O=zcatr,

(]

0}

/E‘Qi turb scar

FHI =z realizing that I

=
]

was unpopular

PHI precsdes he
PHI commands he
FHI precedss Uscar
Oscar commands PHI
Nscar commands he

3 5 didn‘t disturb 0Osc
% "PHI*s realizing that S
Y  he was unpopular

o0 3

o
T O T

izing that hs was wnpopular didn’t

dizturb

{1.78) My neighbor who is preghant zaid that she was

very happy.

Pix]

my teighbor & said that =

- £
who 1= preghant zhe was wery happy

neighbor precedss she

neighbor commands she

~

e

my neighbor zaid that b
who 1S pregrnant
zhe was wvery happy

-
.

— -
e e

-
LV SO o
ot

Ea
ot



C1.74> The pilot who shot at it hit the Mig that chazed
hiim.,
o "
. the pilot S hit the Mig S
“who shot at it that chased him
the pilot precedess him it precedes the Mig
the pilot commands h1m the Mig commands it
C1.F5Y  the pilot hit the Mig
t1.783  who shot at it
t1.772 that chased him
Preceds and Command.
The precede and command relations, first described by
Langacker [1%1, are defined below in (1.78> and, £1.79).
£1.782 Precede Relation
A node R precedez ancther node B OIF
- €a) neither A nor B dominates the other, and
(bY A occcurs before B (in an inordse traverzald
C1.7¥9) Command Relation
A rode A commands another node BOiE
{a) nezither A mor B dominates the other, and
(b)Y the S-node that most immediately dominates
A alzo dominates B
Arother relation that  will be uzeful iz the =eparate
relation detfined below in (1.385.,
C1.28% Separate Relation
A node A i3 zeparate from ancther node B9
Ca) neither A nor B dum1nut:5 the other, arnd
Ch) the lowest rnode in the trese dominating A
and B 15 & C-node.
We will see that preceds, command, and separate  are
uzeful in dete rm1ﬂ1hg wher pronominalization iz or  is3n7%



possible,

In esxampls (1.813, A precedss By H commands B, and B

commatids A. We don‘t have A precedes A, E precedez A, F
precedez B, A commands A, or B commands E

A precesdes b
commands F

A
E commarnds H

In ¢1.82%, A precedez B, A iz separate from F, and B is

zgparate from A.. In (1.33), A precedes B and R commands  B.
In ¢1.84>, A precedes B and B commands HA. In ¢1.&85», AR

precedsz B, A iz separate from B, and B iz separate from H.

-
(]
m
(143
(1]
=

A al3
A iz separate from B
A precedez B



_1?_.

camples C1,.862-¢1,89) are from Langacker,

2883 The moszquita which bit Algernocrn was killed by
Rim, Chim=Algsrnonl

-

=

_4f’”gfd,ﬂﬂ,,fﬂ\\\‘\\\\N“\~

the mozquito S was killed by b

which bit Algernon

Rlgernon precedss himn
him precedes Algernon



-1a-

oo
—
.
ol
=4
S’

The mosguito  which bBit him was killed
Algernon. [him=HAlgsrnonl

A,——""””fé—hoE\\\\““~——~—

the mosquito 5 was

rra—

illed by Algernon

Iy

~Nry

which bBit him

him precedss A
=

gQErnon
Algernan precedes

1
dez him

gernon killed the mosquito  which bit
im=Algsrnconl

>?

Algernon killed the mosquito S

which bBit him

Algernon precedes him
him commands Algsrnon

(1.292 Algernon killed the mosquito  which  bBit
Chim=A1gernconl

He killed the mosgquito £

which bit Algsrnon

he precedes Algernon
RI1gernon commands he

i

The prec

(L

de and command rule, eszsentially as stated

Langacker, i3 giwven in (1.%98) beslow.

b

Frim.

Fim.



c1.98) FPrecede and Command Rule
A promoun P omay be used to pronominalizse a noun
phraze MP unless
ta) P precedes MNP, and
thY P ocommands HP oy P ois separate from MNP

i

MHote that the precede  and command rule explains the

grammaticality and ungrammaticality of C(1.882-01,.890. The=se

further examples from FEoss [28]1 zhould drive the point home.

.91 After Johr  Adamszs  woke up, he= was  hungry.
Che=Jokhn Adams]

C1.%2% That Oszscar was unpopular didn’t  dizturbk  him.

Chim=0scar]

3 For vour brother to refuze 10 pay 1Laxe
get him into troubles. Chim=waour brother

C1.94Y Anna“:z complaining - about Peter infuriat
Chim=Feterl .

C1.%5 The possibility that Fred will be unpopudlar
doesn“t bother him. [him=Fredl

wold




(1,95 After he woke up, John  Adams was huangry,
Che=John Adamsl

(1.972 That he was unpopular dide’t  disturb Qscar.
Che=0scar]

C1.933 For him to refuse to pay  taxe:s wouwld get vour
brother into troubles. [him=wour brotherd

£1.%9) Anna’s complaining  about him infuriated Fster,

: Chim=Peter] ) )

$1.188> The possibility that he will be unpopul ar
doesn‘t bother Fred. [him=Fr=sd]

’>

HF

v>

P precedss HP

MP commands P

{1.181y  John FAdams  was  hungry aftsr he  woks  up.

Che=John Adamszl
{1.102) Dscar wasn’t disturbsd that he was unpopular.
' [Lhe=0scar]

€1.183> It would get wouwr brother into troubls for him
to refuses to pay taxes, Chim=wour brather]

V1,184 Peter was infuriated at  Anka’s  complaining
about him, [him=Feter]

$1.185) Fred izn’t bothered by the possibility that  he
will be unpopular, [he=Fredl

HP precsdes F
HP commands P



_;_';11._

1,185 #He  was  hungry  after  John Rdams  woke up.
Che=John Adams]

1187y *He wasn 't disturbed that Dscar was  unpopular.
[Lhe=0scar] _

1,182 #It would get him into trouble for vour brothet
to refuse to pay taxes. L[him=yvour brotherl]

71.199) #He was infuriated at Anna’s complaining  about
Feter, [he=Peter]

¢1.1183 #He isn“t botKHered by the possibility that Fred
will be unpopular. [he=Fredl

- S " .
LHP\\

P precedes MF
P commands HP

Examples (1.,111> and (1.112) from Langacker illustrate

the pr

m

cede and command rule for conjoined structures.

1,111 Penslops curssed Feter and zlandered b,

>¢f
)

Ferglope cursed Peter FHI =landsrsd him
Peter precedes him
Feter iz separate from him
him iz separate from Peter



.11

#Penelope

Lhim=Feter]

cursed

[~

biim

and  =landered Feter.

|

Penelope cursed him

him prec

cedes Peter
him iz zeparate fro
Peter iz zeparates from
Examples 01,1123 and ©1.1143

involwe Equi-HF Deletian.

$1.113% The interest

1M

m Peter

Cadapted from

in wisiting Las

him

Chiba L[

et

1

Yegaz that  Maew

displayved is typical of gamblers.

5

4_,——"”’———ﬂ———_fﬂfd.‘-\\\5-_~_—“-~‘_

the interest in S % iz tywpical of gamblers
N\_
PHI 'z wisting Laz VYegas that Mary displawed

cdes Mar,

FHI prec

N



Chapter 2.

[
[}

The Eezolution Module.

Introduction.

In the previous chapter
hotions  suc h as the
relations,. He will see
concEpts give rizs to

Lhe

problem of pronoun rescolution,

The algorithm we =
the sense that we will
chapters and after we ar

refinement, but it will be set in

a foundation on
reflexive
shall consi
take time
StrucLure

natural languages

"TrEt .

mﬁdule that

which

pronouns are

indicat

B SN,

- The Environment,

modul e

Processor, and Output Processor as indicated in Figure

enter o

which

the

f a natural

is

the Languages Driver,

touyched upon

precede, cammand, and sepatrate
in the coming chapters how these
a wery promising approach  tao the
hall describe wont beucnmplete in
elaborate  and refine it in later
e done it will nesd =laboration and
firm s=0il =0 that ws hawve

to build. Because persaonal and
casigst, these are the pronouns we
But before we go any farther, T2t us
e szomsthing of the snuvironment and
doss resolwing of promnouns in a

Fesolution module.
language svstem is the Language
divided into Ffive

Freprocezor,

submodules.,



Language
Diiver

- T

FPreproceszar \F‘ arce r~5 Semant 1o
Processor

Figure 2.1. Submodulss OFf The Language FProcsssor.

Erietly, from the point of wview of the Language
Proceasbr, the following happens. A uzer types input at &
terminal which ii'pickéd up by the Dperating System Df the
ratural language  system. The Operating Swstem maintain:s

information about the wuser including the language wversion he

is im as well as his state in  that version. = The user’s
stats is known as hiz prefix. . The Opsrating Swstem, after
picking up a user‘z input calls a Process Input routins  of

the Language Driver in the Language Frocezsor. Once in  the
Language Driver, the first module to be called upon iz the
Preprocessor.

The Preprocessor in  the Language Proceszsor

Blanks in the input string, straps right and left delimiter:

about it, recognizes and builds parsing graph  arcs  ower

(1]}

identifiers and numbers, and look=z the ident{Fierz up in the
lexicon. After calling the FPreproceszsor, the Languags
Driwver calls the Farzer. '

The Parser in the Language Processzor parses the  output

af the Preprocessor using an  algeorithm  =uch as the  Kaw

algorithm and can handle  any general rewrite rule grammpar.



af course, zince a sentence may be ambiguouszs, more than  one
sustem parss treg may be pazzed back by the Parzer. It no

good parsings are found, then ths Swntax Diagnostics routine

e

of the Syntax Diagnostics module of  the natural  languages

o+
>

called. Otherwisze, i+

i

system i ere ars good parsings,

then fhe Languags Driver ca11; the zemantic Processor on the
output of the Parzer,

Thes Semantic Processor is driven by the syntax of a
zystem parss  tres into making calls  an semantic  routiness

which can be postprocedures (called on their arguments after

‘their arguments evaluate themselvesd, preprocedures  (called

on their arguments before their S guUmEnt s evaluate
themselues), and suntax procedures (called at =syntax time

during parsing before sreprocedures and postprocedurss are
(2

called during semantic processingl. On  return to  the

Language Driwver, the Language Driver call

I

the Output
Frocezsor on the output of the Semantic Frocessor,

The DOutput Processor  doss

L

D (8 -3 r

o

lativelw mernial
processing such as removing duplicate Iiﬁea Froh the output
line list which will be zent back to the Operating  Syvsten.
The Dutput Processor iz able to handle ambiguous output  and
FEmoges diagnaitic messages if at  least ons of the outputs
iz good.

On completion of the call on the Dutput Frocessor, the
Language Driver returns to  the Opesrating Swstem and the

Operating Sustem displays the output lineg Tist on the user‘s



terminal, at the same time wupdating its information on the

From the discussion of the preceds, command, and

i
n

parate relations in ths previcus chapter, w2 know that

seRnce 1=

inforpation about - the swntax of the input  sent

[

m

critical to the resolving of pronouns in the input =emt
On the aother hand, for semantic processing to carry out the
processing it nseds to carry out, the placing of information

on the chaining of pronouns nust already  be d in  the

hrad
fur
L]
m

system parse tree of the input sentence.
The logical conclusion of these tuo ob=ervations

indicatez that pronoun resolution takes place after parsing,
but befors semantic procezsing. Thisz relationship of the
Resolution module with the other modules of the Language

=

Processar is indicated in Figure 2.2.

‘Language‘
Drjuer

I

Fronoun
Fezolut ik

m=Emantic
Frocsszor

Output
Froacessor

Figure 2.2. The Reszolution Module Hithin The Language

.

In practice, this formulation may not be quitse  Ccorerect

b

]

becauses th

m

can be other wersions than-English which will

have mothing to do with the Pronoun Resolution module and so



what we end up doing iz making the FRescolution module

accessable wia a semantic  preprocedure which is  associated
with the parsing of the right delimiter of a sentence. Sa
instead,  what ‘happens  -iz that the first semantic

preprocedure to b

m

called will be the procedurs  which

handlez pronoun resolution.

Shtpructure Inzide The Resolution Module.

The REezolution module iz partitionsed  into SEVEN
submodules besides a Globkal Declarations module. These are

éhe Hode Frocessor, Parser, Frimary Utilitieg; Secondary
Heilities, Table Processor, Table Interpreter, and
resalution Driver modules. The reader should not confuse
.the Par?er af fhe Language Processor with the Parser of the
Pronoun Resoclution module which hawve entirely different

functions. The relationship of these submodules of the

Reznlution module is indicated below in Figure 2,3,



i
s
Lax]

Eesoclution
D e

{

—

Farszst YTab1= Table
Frocessor Interpreter
Secondarix

.. dtilities

Primary
Htilities

Figures 2.3. Structure 0f The Resolution Module

Mot zhown is the Glaobal Declarations modules which does
hot have any procedures  itself, but merely defines  data
structures. The Global Declarations submodule iz accessible

by all other submodules of the Reszolution module.



g

Chapter 2. Global Declarations.
The global declarations module definess  the dat a

structures accessible to  other modulesz within the pronoun
resolution module. The global declarations moduls is  shown

b=low in.Figuré 2.1,



i
DY)
=

I

urnit globals; {Global Declaraticns Modulel
define
const phf=1; {Fromoun Featured
fpf=2; {Firzt PFerzon Feature:
zpf=3; {Second PFerson Featurel}
tpf=4; {Third Persan Feature?}
plf=5; {Plural Features?
anf =&, {Gender Fesaturel
ant'=7; {Animates Features’
- rpf=8; {Reflexive Featurs’
nfeaturss=2; {Humber of Featuressh

Lype ﬂﬁdtld (chode, snode, nnode, enode ) {Kinds of
Hodes?}
feature=(plus, minus, questiond; {Kinds of -
' Features
featuresz=packed arravil..nfeaturesl of
feature;
string_pointer=~string;
nade_pointer=~node;
node=record
number:integer;
uplink,downlink,leftlink,rightlink,
threadlink,nplink,chainlink,
collinkinode_pointer;
firifeatures,
case idinodeid of
chode,snoded (3}
nnodel{litistring_pointer;
endcollink,predlink,
succlinkinode_pointar?;
enodel (sublchatrr;
end{nods};

‘ Hode Fields According to Kind of Hods

(C,up,dowun, left,right, thread, number?

(§,up,dowun, left,right,thread, nunbsr

(H,Vit, ftr,up,dowun, Teft,right,thread,fip,chain,col,
EhdLD],pFud SuUCC, niumbery '
(E,zub,ftr,np,chain,cal’

implemsnt
begin
endi{globals};

Figures 3.1. The Gleobal Be;laﬁation5iﬂadu16.



Basically,  ouwr data structures  are  C-

Bl i e

g
T
i

=,
“chaining tables, and the nodes  thew inuvolue, It will help
to get some feel for these data structures before we go  oh

to othet chapters.

Thers are _FDuP kinds of nodes: C-nodes, S-nodes,
H-nodez, and E-nodes. C-rnodes, S—nodeé, and H-modes occur
in C-5-H treesz and correspond to conjoinsed  structures,
zegntences, and noun phrases., E~-nodesz occocur  in chaining
taﬁ]eg. The fields of the C-podes, 5-nodes, H-nodes, and

E-tiodes are asz indicated in Figurs 3.1,

C-S-H Trees.

AR C-S-HM treé has three kinds of nodes:» C~-nodss
S-tiodes, and H-nodes. Link }ie1d5 which are relsvant to
C-5-H trees are uwuplink, downlink, leftlink, rightlink,

thereadlink, predlink, and succlink. An example of a C-35-H

tree is given in Figure 3.2,

L)

-
X
Cr

(%
X

=1

’ {___—_—X&. {4 ~ 53 MY
N2 M3 - M3 HE X

2 o

a4

Figure 2.2. An Example Of A C-5-H Tree.



Chaiming Tables.

A chaining table contains H-nodes, E-nodes, and  one
S-node for keeping track of the chaining takle. Link fizlds
Felevant to chaining tables are nplink, chainlink, collink,

endcollink, predlink, and succlink. Chaining

C-5-H

trees are conhected through their H-nodssz. An
of a chaining table is giwven in Figure 3.3.

N1 —~— H2 M3 M4
I U T
E1R E2H E3A E4A
1 |
ELE EZEB

l
EiC

Figure 2.3. FHAn Example 0Of A Chaining Table.

A C-hnodes kas  the following fields: uplink,

leftlink, rightlink, threadlink, and number.

correspond to conjoined sentences and conjoined

clauses,

fin S-node has exactly the as a

is only distinguished from a C-node by its=

tables

tiodeid,

and

sxamngple

douwntink,

C-mnode:

subordinates

C-mode and

S-nodes
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i
1]
.

correspord to sentences and subordinate olaus

MN-Hcdes=.

At b-node bas the following fislds: Vit, ftir, uplink,
downlink, threadlink, ‘.anink, chainlink, collink,
endcq]lirk, predliink, succlink, and number. H;HDdEE
corregspord to  noun  phrasss  without  attachsd subordinate
clause mcdiFigki.

E-Hodes.

n E-mods kas the following fields: =sub, ftr, nplink,

Jur

chainltink, and collink. Ary E-mode mayw b2 thought of as

copy of its nplink with & slightly more defined ==t o

-y

features,

Lit Field.

Th; 1it field of an H-node is a string pointer to  the
string trat the H-node reprezsnts. The 1it field i=
convenient for

actuzlly upnecessary  in an M-node, but i

In
1]

dizplayirg intermediate resultz.  Procedurs liztnode of the
rode  processor  and  some  other  procedurss that dizplaw

d.

m
—

intermediats results uwze this i

Sub Fiesld,.

The =zub figld of an E-node 13 a character reprezenting

the subscript of the E-node.  Th

M

zub field of an E-node,

w
v
>
(11}
pu
21
iy
13
‘11

-

like the 1it figld of an H-node, i: DB fisld,

s

but iz cocnuerient for displaving intermediate result
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Ftr Field.

11y

The ftr field of an H-node  or E-rods i an array of

features representing the featurs set af  the H-node o
E-node ta which it corresponds. A feature can be a plus,

minus, orf question as described in the previous chapter. The

affsets pnf, fpf, spf, tpf, plf, anf, ant, and rpf are used

to access slements of the fir array. The accessed element s
are pronoun featurs, first  person featurs, second person
feature, third person feature, plural  feature, gender

Feature, animate feature, and reflexive feature. The number

5 of

+

of fe

m
iy
m

tures is nfeaturs. Figure 2.4 shows some exanpl
the zettings of features for zome typical noun phrases.

pnf, fpf,spf,tpf,plf,gnf,anf,rpf

thn + +

flouwers - - - + + ? - -

he + - - + - - + -

them + - - + + ? ? -

I+ + - - - ? + -

you + - + - - ? + -

her + - - + - + + -

myself + + - - - 7.+ +

herself + - - + - + + +

itzelf 4+ - - + -~ 7 - +
Figure 3.4, Feature Settings For Some Twpical Houn

Phraszess.

Uplink.

TH

g ouplink figld of a C—nnde; S-mods, or H-node  links

ta the father node of the OC-node, S-node, or H-node in the



C=%-H tres in which it occurs. An exampls of a C-5-H tree

with uplinks shown iz given in Figures 2.5,

_ o —

///; «\\\\E H4’f¢/”//’”E€tﬁ\\\\\\‘t4?
//p'\\hl Héjﬁk\\ﬁa

Figure 2.5. HAr Example Of A C-5-M Tree With Uplinks

Shown.

Downlink.
The downltink field of a C-node, S-node, or H-node links

to the first zon node of the C-node, S-node, or H-node in

}]

the C-5~M tres in which it occurs. An exanple  of a LC-5-H

tree with downlinks shown iz giwven in Figurs 2.86.

Cl

o
-
o
oy

Hi 5z Hd sS4 H7
M2 H3 HS HS

Figure 2.5. FHAn Example Of A £C-S-H Tree With Downlinks

Showrm.

Letftlink.



I
%
Ty

{

The Teftlink field of a Z-rnode, S-node, or H-pode links
to the left brothsr nods of the C-nods, S-node, or H-mode  in

the C-S5-bk tree in which it occurs. An examnple of a [-S-H

tres witk leftlinks shown is given in Figure 3

(0}
51 ¢~ 3
H1 5o M 54— MY

N2 N3 HE et 15

Figure 2.7, An Example Of A C-5-H Tree With Leftlinks

Shour..

Rigktlink.
The rightlink field of & C-node, S-node, or  H-node
links to thes right brother node of  the C-node, ZS-node, or

P

H-node ir the C-8-H tree in which it sccurs. An example of a

C-5-M tree with rightlinks zhown iz giwven in Figure 2.2,

C1

[y}

—
v
ol
3

Hi ———— 52 H4

v
W
£

—3 HT

Figure 2.2. An Example 0OF

H C-5-H Tres With Rightlinks



Showun,

Threadlink.

The threadlink field of a C-node, S-nods, or H-rade

links to the first node traverzsd after the C-node, S—rode,
or H-pode in an inorder traversal of the C=-5-H tres in which
it accurs. AR exampls of a C-5-H tree with threadlinks shown

is giwen in Figure 3.9,

Figure 3.%. fin  Exampls of A C-%-H Tree With

Threadlinks Shown.

Humber Field.
C-fiode, S-node, or H-node hawve a pumber field which i3
the number that would be aszigned to that pode iF the  nodes

of the C-S-H tree in which it o

i

urs ars  humbesrsed in o an

]

sz ang )

m

inorder  trawversal. An of a C-S-H tree with

pumberfislds shown iz given in Figure .18,



. ~
- ~ -
/’ ~
‘_._..... _________ @
P ~
7’ ~ ’r’ IR
/ ~ - ~
~ -
L ~ -
----- ® @ e - @ =B
4N * N

Figure 2.18., FAn Example Of A C-5-H Tree Mith Humber

Fields Shown.

Hplink.
( For an E-node, the nplink iz the H-node to which it iz
attached., Conceptually, we think of the E-node as beitng =&
copy of the H—nade except far its subscript and HiPFEPEﬂt
set of Peaturez,.chainlink, and collink. The nplink iz just
a uap of auaidihg duplication of information. For an
H-naode, the nplink is alwaps itself.  HAn éxamplé of a

chaining table with nplinks zhown iz given in Figurs 32.11.

[4x]
-

M1 N M3 H
A N T
ElfR E2RA ESH Ed4r
EL1EB - EZE

EiC

Figure.B.ll. fin Example Of A Chaining Table With



Hplinks EShown.

Chainlink.

The chainlink of an E-rode  is atot ber E-node
reprezenting the iuhstituﬁe to which the first E-node s
attached. MWhen chaining iz obligatory, an H-node iz chained

o

to  an  MN-node, A example of & chaining table with

-y

chainlinks shown iz given in Figure 3.12

M1 M2 M3 M

E1H ///’Eff///,;EBH E4A

Figures 3.12. fin Example OFf A Chaining Table With

Chainlinks Shown,

Collink.

The collink fisgld of an E-nods or H-nods links together

<+
¥
m
M
—
m
=2
jti]
-
-+
13
fu]
-
L

column in a table, AR H-riode iz alwaws on
top of a column with E-nodes underneath. An  example of  a

chaining table with collinks shown is giwven in Figure 2,13,
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1
Hi Mz H3 M4
S T S
E1R EZH E3R  E4A
ELE E2E -
E1C
Figure 3.13. An Example OFf A Chaining Table With

Collinks Shoun.

Endecollink,

w

The endcallink field of an H-node links to the end  of
the column of E-~nodes lwing under thisz H-node. An example of

a chaining table with endocollinks  shoun iz giwven in  Figure

2.14.
‘51
M1 M2 H3 H4
| )
ElH EZH. EZH E<dn
ElE EZE
E1C
Figure Z.14. At Examples OF A Chaining Table- With

Endcollinks Shown.
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Fredlink.,
The predlink field of an H-node links to the preceding

2l of the C-Z-M tree in

H-modes found in an  inorder trauver:

Ly

which it occurs. An examples  of a C-S-H tres with predlinks

shoun i3 given in Figures 3.13.

c1
s1 Sz
M1 g2 M4 S4 M7
M2 e— N3 NS e—— HE

Figure 3.15. An Example 0OFf A C-S-H Tree MHith Predlinks

Shown.

Ar example of a chaining table with predlinks shown i3

given in Figure 3.18

51
M1l < N2 % H3¢——f‘H4
ElR E2H E3R E4R
EL1R EZR
EL1C
Figure 3.16. An Example 0OFf A Chaining Table With

Fredlinks Shown.



Succlink.

The suc;link field of an H-rnode lTinks to the Succediﬁg
M-rode found in an  inorder traversal of the G-8-H tres  in
which it accurs. An examp]é of a C-3-M tres with succlinks

shown is given in Figure 2.17.

1

g1 53
M1 52 Mg S4 N7

NN

N2 —~—— H3 . HS ——— M5

i

Figure 2.1V, An Example f A C-5-H Trees Hith Succlink

Shown.

An example of a chaining table with succlinks shoun i

given in Figure 3.18

Ml — N2 » M3 2H4

ELR EZHA E3A E4R

Figurs 3.18. An Example 0OFf A Chaining Table Hith



Succlinks Shown.
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Chapter ¢4, Thes Hode Processor.

The Mode Processor module contains functions Hewconode,
Hewsnode, Hewnnode, and Hewenodes and hasz the skeleton shown

below in Figure 4.1.

module node_processor
use globals;
define function newchodelnodes_pointer

functien newsnodelinodse _pointer
function rnewnnodelinode_pointer
function newenodsinode_pointer
implement
(¥%] MODE_FROC#D
end;

#n wE ww aw

Figures 4,1, Skeleton Of The Hode Procezsor.

Newcrnode, Mewznode, Hewnnodes, and Hewsnodes generat

m
-

respectively, a mew C-node, S-node, H-wnode, or E-node, with
their fields initialized and are rathsr straight  forwaed
functions., These are shown below in Figures 4.2-4.5.

Function Hewcnodes returnz a new C-nods,



function newcnodelnode _pointer;

' var answerinoede_pointer;

begin

NEWYanswerd;

with answsr~ do begin
idl=cnode;
uplinki=nil;
downlinki=nil;
1eftlinki=nil;

- rightlinki=nilj
threadlinki=nil;
number =83

end;
newcnodel =ansuear;
endy

Figurs 4.2, Function Hewchode.
Function Hewsnode returns 2 new

function newsnodelnode_pointer;
var answerinhode_pointer;
begin
answeri=nswcnode;
answer~, idi=snode;
newshodel =answery
srndy

Figure 4.3, Function Heuwsnode.

Function Heuwnnode returns a3 new

S~node.

H=-trrod

=



function newnnodelnode _pointer;
var answerinode_pointer;
itinteger,
begin :
NEWLanswer 2,
with answer~ do b=gin
idi=nnode;
‘l.it,a._::.’/; ,
for it=1 to nteaturss do ftrlili=qu
uplinki=nil;
downlinki=nil;
leftlinki=nil;
rightlinki=nil;
threadlinki=nil;
nplinki=nil;
chainlinki=nil,;
collinki=nil;
endcollinki=nil;
predlinki=nil;
succlinki=nily
number =83 _ .
end; '
newnnodel =answer;
znd;

Figure 4.4, Function Hewnnode.
Function Newenodes returns a new E-node.

function newencdeslno
yar answpr:nnda P
itintegsr;

de pu]n =3 o
] I"l'bv-l"

b=gin
new{ansuwerl;
with answer~ do bsgin
idi=enode;
subi=" 73

for ii=1 to nfeatures do Ftr[i]:=qués

nplinki=nil;
chainltinki=nil
collinki=nil;
end;
newezhnodel =answer;

"
s .

ends;

Figure 4.5. Function kaﬁnud:.

= s

i

tion;



Frocedurs Lisztnode.

Thers is one output  procedurs in the node processor
that has nhot been  discusied  above that we need  to. know

about, becauss we will b2 laoking at

[}

ome of its output for

a zhort while., This is procedurs Listnode which takes as an

farn.

ol

argument a node_pointer ard outputs itv in readahbl
Otherwise, procsdures Listnods dosz no processing of its Dwn;
and =0 we do  not nesd  to know the details of itz  inner
workings. For us it iz enough to be able to Uﬁderitand the
outpus. Procedure Listrnode has the form indicated in Figure
4.6.

procedurs listhnodelninode pointerl?;

Bégin -

f{output n in a readabls form}
end;

Figqure 4.6, Skelston 0f Procedures Listrode.

Some tyupical sutput of procedurs Listnode s zhouh
below in Figure 4.7 where 2 chaining table 1= listed.
(Links fram the chaining table to its associated C-5-H tres

ares-also listed by procedure Listrnode.?
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1165, ups: 9, dn: 8, 1ti 2, rt: 7, thi B, nul 8@
oriH, Titd June, Frps [———+—++-1, wupl 3, dn: A,
1t @, rt:ld, thild, np:s Z, cht ©, coild, o1,
prs 8, suild, nul 30
F1iS, upd 4, dnd 2, 1t @, rti 3, thi &, nul 23
4100, up: @, dn: 3, At 8, rti g, th: 2, nul 12
CTIAE, ups 4, dn: &, 1t: 3, rt: g, th: &, nul 57
~E3EH, Tit: she, Ftril+-—+-++-1, upl 5, dn: B,
1t: 8, rti 7, thi 7, npd &, ch: 8, co! 3, =ci ED
prilg, sul 7, nul £ ‘
TiCH, lit: them, Ftril+-—++?7T-1, up: 5, dn: 8,
1t &, rt: @, tht B, npi 7, ch: &, coi 8, =c3 Sy
pri &, sul @, nul v
g:CE, sub!H, fip:[+——++77-1, npi 7, chi B, co: ar
9:{E, sub:f, frp:[+-——+-++=1, npl &, chi B, <ol ar
181 ¢H, 1its flowers, firil-——++7--1, up: 2, dni B,
11 2, rt: B, thi I, np: 18, chi 8, coril, ecilz,
pri 2, sul 6, hu: 43 v .
11:4E, =ubif, fFrps[———++7=-=1, npil@, chi @, col 133
12:(E, zubiB, ftril+-—++7771, ppel@, chi &, coi @)
131¢E, =ublf, frpil=——=+—++-1, npi: 2, chi 6, corldl
14:¢E, sub:B, ftp:l+——+—++71, np: 2, chi 9, col 5

Figurs 4.7

(C=C-node, S=5-
sub=zub field,
Tt=leftlink,

np=nplink,

Tupical

node,

fiLr=

P

H=H-node

tr field,

rt=rightlink,

ch=chainlink,

pr=predlink, and su=succlink?

Output

From
, E=E-node,
up=uplink,

th=threadlink,

caoa=collink,

Frocedure

1

Liztnode.
jt=1it field,
dr=downlink,
nuEnumber,

c=endoollink,



Chagter 5. The Farzzr.

The Parser module defimss function Parze and has  the

form shoun below in Figurs S.1.

module parzer;

use globals,node_processorg
detfine function parselsysfocusinode_pointer;
SWstresiswsten_tresd
thode _pointer)

implement
(*%I FARZER*)
=nd;

ey

Figures 5.1, Skeleton OFf The Parser.

Functian FParses acceptz as input =2 swsten focus
rEpresentation and system parse tree that has beewn generated

by a computer natural language  zystem. The output of Parse

iz a C-5-H tree incorporating the infoarmation contained in

o+
M

the sustem parse tres  and zws focus, The focus

EMEtem

of attention.

I

-,
u
n]
=
in

represents the matural lamguage sustem’ s

This will be gone into in mores detail in

The representation of ths susten tree

iz swster depesndent, and zo the details of Farse are also
syustem dependsnt. Az the internals of Parse  are  heauily

dependent upon and rather inveluved for anw sustem, we won’t

I
3
e

go into the detailzs of par: TR ARy r

1]

-

sarticular svstem h

) m

Hopefully, the reader maw glean enough information from  the

W

multitude of examples preszented in this papesr to o

1. =t id

m

2



of what P

a

P

(1]

e

does. It any TAase, lack af an  actual
algaorithm for parse jem’t so  bad since thes ideas presented
stage, and it is

in this papsr are really zti11 in an early

srnowgh Lo concentrate an them.

Ewen though the input 10 the pars

defined, the

frarse Lres

I

it i

N

cutput iz.  The parser builds

given the carresponding G-

uplinks, dounlinks, leftlinks, rightlinksz,

rumbErs =
below,
(5.2

When procedures parse

»
b

= 2
Tede

et Lo

s iz not

from the =

S-H tres wit

threadlinks,

what iz expected. Consider sxample

well

h all
and

C5.20

June hatesz flowers, but zhe waters them arnyual.
C
‘/’/’/,//4"\~\~‘\\\\‘
3 but g
CJune hates flowers she waters them aniual

~gpresenting 0

=z called on the

s

23, we qet the following

autput in Figurs



FEEFEEFERBNERBEERERFLEE
FEATURES

FRELFEEF X T XL ELXTRE L TERESR

phf, fpfyspf, tpf, plfant, anf  rpf

June

flowsrs -
she +
them +

PRARSE:exiting

EEEFEREERRERXIXFEFXEEREEEY

TREE

FEFLXEFEFXXEEXEXTFTRREREES

1000, upl 8,

2108, upt 1,

2iCH, tit:
1t: B, rt:
pri #, =gl

-
'

G1CH, 14
1t: 32, rt:
pr: 8, sul
1,

1t @, rt
pre 8, =sul

710H,
112
pri

[ O

St

Figures 5.3,

Listing of

Liztnode of the

C-S~H parses tree
iz taken into ac

dri:

nodes
MHode

iz s=lightly more =

its effects. MWe will discuss the =ffs
" C-5-H parse tree:z in Chapter 13.
Mhen Figure 5.3 is drawn as a tree,

+

—_— - + — 3 —
- - + + 7 - -
- - + - + + -
- - + + ? ? -~
2, 1t 8, rti @, th: 2, nul 13
dn: 2, 1t: 8, rt: S, thi 2, nul 27
June, ftril—-——+-++-1, up: 2, dni @,
4, th: 4, np: 8, ch: 8, coi-8, ce2l 8,
B, nus 33
lowers, ftrpil-——++?--1, up! 2, dn: 8,
8, th: 5, np: 4, chi 8, col 8, cel @,
8, nul 47 A ‘
n: &, 1t: 2, rt: 8, th: &, nui 57
she, ftril+-—+-++-1, upl 3, dn: @,
7, th: 7, np: &, cht 8, col @, cel 8,
8, tui €2 ,
them, Fftril+-—-++27-1, up: 3, dni 4,
@, th: 8, np: 7, ch: 8, col B, cei B,
g, nu: 7
cal Output From Farse.
in Figure 5.2 iz done by  procedurs
Processor described in Chapter 4. The

onplicated when fooussing

count, but for the time being we will ighore

= of focussing ohn
wE get o oa structurs



Tike

Figure 5.4,

c1

/\» HE e M7

Figure S.4. . Output From Parse Drawn



Chapter &. FPrimary Utilitities.

the boolean

[43]

The primary udtilities module define

[11]

functions precede, command, and separate coresesponding o to o

the preceds, command, and separate relations discusszed in

shown below in Figure 5.1,

modules primary utu;
wses globals;
define function precededinl,n2inode_pointers
-~ tbooleany
furction commandinl,n2inods_pointer)
thooleang
function segparatednl,n2inode_pointer?
-tbhoolean;
implement
(#%1 PRIMARY#*)
end;

Xy}
food
m
—
m

Figure 5.1, ton OFf The Primary Utitlities.

The precede, command, and zeparate functions do just

m

I

pad
]
]
-
m
i

what 13 exf They ars trus if and onlwy if the preceds,

commarnd, and arat e relations hald betwzen their

arguments.  Along with function dominate  which ts used bw

separats, these functions are :shown bslow in Figuires
S, 2-6.5.

Function preceds is true if and only if nl precedss nd,



function precedeinl,n2inede_pointerdibooleang
begin S
it nl~,id=esnode then nil=rl~.nplink
if m2e.id=senode then n2i=nZ . nplink
si=nl".numbering~.numbearg

awmw

ehd;
Figure 5.2, Function FPrecede.

Function dominate is trus if  and only if nl  dominates

-
Fieda

function dominatedinl,n2inode pointer2iboolzang
label 18003
var sonlnode_pointer;
begin '
it ni~.id=enode then nii=nl~.nplink
if n2~.id=enode then n2i=pa2~.nplink
dominatel=true,;
soni=nl~,dounlink;
while sond>nil do begin
if son=n2 then gotao 1885
if dominatedson,n2) then goto 1885
son:=son~.rightlink;
grd;
doeminateli=false;
164, '
end;

Figures &.3. Function Dominats.

Function command is trus if and only if nl commands nd.

m

function commandinl, n2inode_pointersiboolean;
begin ' »
fminimum cwclic hode domimating nl alsc dominatss n2d
if nl~.id=enode then nil=nl~.nplink;
it n2~.id=enode then n2i=n2~.nplink;
command: sdominate{nl~.uplink,n2;

end;

Figures 6.4, Function Command,



Function separats

m
-
1
—
i
-
“
m
-
-+,

arnd onlw if nl is

[{1]
m
pad
iy
=
w
—+
W

from n.

function zzparatedinl,nZinode_pointerdiboolean;
var fatherinode_pointery

begin . :
‘ {minimum cyvclic node dominating nl that also dominates
nh2 is a C-node}l
if mlcoid=snode then nli=nl~.nplink;y
it n2~.id=enode then nZi=nZ~.nplink;
fatheri=nl~ uplink;
while not domirmatedfather,n2) do fatheri=father~.uplink
zeparatsl=fathsr~, id=cnode;
znd;

—

Figure €.3. Function Separate,



£
T

Chapter 7. Secondary Utilities.

The Secondary Utiltitisz moduls defines Funx?zuns S,
Agr, .and Rnr. These ztand for Syntactic Conditions,
Boreement, and the Reflexive Hornreflexiwve Rule. The

1]

teleton of the Secondary Utilities moduls is shown below in

Condary_uty;
= g]ubdld,prlmdhy_uty;

g function scinl,n2inocde_pointerdiboolean;
function agrinl,n2:inode pointerdibool
function rarinl,n2inode_pointer>ibaool
implement

(%$1 SECOMDARY#*)

E":L':
. .
Ay

etd;
Figure 7.1. Skeleton Of Sscondary Urilities.

Syntactic Conditions.

Az zhown in Chapter 1, certain constraints such as the
precede andAcammand rule apply in forward pronaminalizat{mn.
Function Sc iz  trus  uwhensver these .graaier suntactic

.f’

Xy
[
o
n

true when

=
L4
—
W

constraints ars met. In this papst,

af1sf1=d. Function 5Sc is

(1)

m

the precede and command rule i

shown below in Figure 7.2,



i

furmction

{Surtactic

begin

X

Sl 2 inod
Conditions

n
-l

B pointer s
H

boolearn;

zzi=Enot Cprecedsinl,n2d and
n¥ oy separ~te&n1
erid;
Figuere 7.2. Functiaon: Sc

CSumtactic

Condit

CrommatdCnl, n3
S FEX )

jons,

Brsides zatizfuimg Swuntactic Conditions, thers hasz to
be agrsenent betwssn a node and itz chaining node, First
perzon, second  person, third person, plural, gender, and
animate featurss  hawve to  agres in  order for one node to
chain to arothsr. Function FAgr iz shown below in Figure V.3,

fumction agrinl,n2incede_pointer)iboolezang

fH resment k

var ftirl,ftr2ifeatures;

begin

frrli=nls.ftrg

frr2i=nZ-. ftr;

agri=eqfeat (ferllfpfl, Ffir2lfpil? and
sgfeat it r1[~p+].+ relzpflr and
egqteatiftrilitpfl, ftr_[thJ) ard
gqfeat (frellplfl, fLrZlplfld and
eqfeat (ftril un+].f?r:[qn+] and
eqfeatiftrilanfl, fir2lantli;

end;

Figure V.3, Function Agr CAQresment .

Function FAgr wses function Egfes Egfeat test:z if two
features are egqual. FAs indicated in Chapter 1, features are
gqual unlezz a plus and minus arse compared. Function eqfeat
iz showun below in Figurs V.4,



¥

furction eqfeat
{Equal Features}
begin

CAase

%l of

plus: gqfeati=x2<rninus
minus: eqfeati=xirplusz;
quzstiont eqfeati=truz,;
end) )
end;

s

7. 4.

Feflexive Honreflexive Rule.

-

The distinction

honreflexive pronouns  is that reflex
chain to an H-node that is ocutzide of

which it occurs, while a

will hawe to

fu

can supposes th

H-mode outside of the zame zimplex in
in Figure 7.5 iz function Enr which
reflexive nonreflexive rule 13 zatisfie

catyrertbhoolean,

betwesn reflexive

the

nonreflexive pronoun
~ be modified later for genitiwes, but for
t a nonreflexive  pronoun must

which

iz

Funﬁtian Eqfeat (Equal Featuresl.

pronduUn:E and

ProRouns Cartat

zame zimplex  in
can. This ruleg
Fob b

chain to  an

it iz i Shoun
trus  when  the



furmet
TReflexi
var

begi

end,;

end;

Figure

Fulel,

o
o

Honreflexiuwe
frrlifeatures;

Lr-4

Rulesd

~onplink
~.hplink
nle,fir;
ftrilepfl of
plus: rari=nlcouplink
question: {doesn‘t occoccurl;

minus: rari=nlsouplinkd>n

-y wn

.

=

Function Enr

KN

-

—

Eeflexive

ion rarinl,nZineds_pointerdiboolean;

uplinkg

~auplinks

Honreflexive
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prf, fpfyspftpf,plf,gnf, ant, rpt

Johno - - - +. - - + -

PHI + 7 ? ? 7 ? 7 -

June - - - + - + + -

3 pressnt - - - + - 7 - -
he + - - + . - + -

she . + - - + - + + -

it + - - + - ? - -

Figure 2.2, Lit Fields And Featurss 0OF Thé M-Hodes.

n

The C=S-H tree itself has the form of Figurs 2.3 below,

Figure 8.3. C-3-H Parse Tree.

[y
—

-~ M1

m

After Farse iz called, Chaining is called. The first
thing to happsrn is the initialization of the chaining table
for the C-5-H tres. Eelow =ach H-node iz suspended, by the
callink of the H-mode, a new E-node with subscript A.  Each
few E-nods has  mplink back  ta the H-node it is Euapeﬁded
from. Az well, the featuresz of esach new E-node are copisd
from the H-nods it is suspended from. Attached to the firs
and laszt HM-nodes iz an S-node to make it sasy to keep  track
of the first and last H-nodes in the chaining table.' bThe

chaining table, as it looks - immediatesly after



1R

initialization, iz zhoun below in Figure 3.4,

John = FHI — Juns = a present — he ~— =zheg —" it
JohnA FHIA Jun=H a presenthi heH shef it A
Figurs 5.4, Chaining Table Immediate HE e

Initialization.

The rchaining algorithm  works by walking backwards
across N-nodes in the top row and walking down columns of

E-nodes. The chaining algorithm  works on two H-nodes at

a
time. If the first iz compatible with thg secand under
Syntactic Conditions, Agrsement, and the Reflexive

m

Hornreflexive Rule, then the E-nodes underncath the §first
M-nodes that agres with the second H-node are chainiihkéd to
copiegs of the second H-node.

The last H-node in the table iz it, the chaining iab1e

begins with it. It can’t chain to itsslf, so the second

H-node im the description abowe becames shs and the chaining

-

algorithm compares it to =

——

1. Syntactic Conditions  are

atizfied, but Agresmsent izn’t.

wn

SClit, shed=trus

AGRCiIL, s=hes=false

The chaining algorithm  rRow mowes from zhe to he  and
compares it to he. Again Syntactic Condition:z are zatiz=fied, .

—

but Agresement ish’t.



)

SCCit, hel=trus
AGRCit, hei=falze
The chaining algorithm mowes from he arnd

Thiz= time, Swntactic Conditions,

eflexive Hornreflesxive Rule are

SCCit, a presentl=trus
AGRCit, a presentli=true
ENRCit, a presenti=trus

chain from itH tao &

o
-
=
1
frgd
fa
—
—
o
o
%
m
]
-
P
—_
m
m
fw
T
31
m
bl
b
-
1]
~+
m
e

.d’

created, Thiz happens if itA and a

pressnt agree, and they do.
AGRCItAH, a presentli=strus
The chzining algorithm make=s a new E-nods copy of Aad-3-3-3 s L)

a presentB, and hangs it below a preszent. The chainlink of

a presentk 13 set to itA and the semantic features of itH,

but not the syntactic features, are copisd into the ssmantic

featurss of a presentk. After chaining a pressntE to itH,

the chaining table appears az zhowun in Figures B8.5.



June

izn”

Thi=

and

*
A

1.

W

M

Johe < -« PHI -+ -June

JunshA

Jaohrf FHIA

Figure 205,

Chainin

A.

The chaining

(0}

YRt actic Conditi

1
~

SCCit, Junel=trus
AGECit, Junesi=fals

m

The chaining
time, all three rule
he Feflexive Hanrefl
SC4¢it, FHI»=true
AGRCit, PHI =trus
RHRCit, FHII=trus
all three rules are
with PHI chain to <

ard it iz zeen that
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e
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=
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FrezentB
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CFHI.
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AGRCitH, FHII=trus
The chairing algoeithm makes a nsw E-mods copyw of FHI, FHIE,

and hangs it below FHIL, The chainlink of PHIE iz ==t to itA

and the semantic features of  1tA are copisd  inta the

zemantic features of FHIE.. RAfter chaining FHIE to itH, ths

chainming table appears as zhown in Figurs 3.6,

Johr -=-- FHI

Johr A FHIA

i
I
-+
L
m
3

Chaining Table

m
Lan]
.
T

Figur Chaining FHIE To

The chaining algorithm row mowes to John and  compares
3 3 s,

Jahr to it. Swuntactic Conditions hold, but Agrsement  doe

———— —

1]

Foto.

SCoit, Johnoa=trus
AGRYit, Johni=falss

Hawing sshausted  all possible combimations  with  it, b
chaining algorithn caonsiders she.

—er—

it, but

E

i
-
m
Bl
[a}
-
-+

The chaining algorithm tries copparing
Suntactic Conditions are not satisztied.

Zhlshe, iti=fal:

It
ha

i
]

The chaining algorithm mowss fram 1t to she, but



can’t chain to zhe, 2o the chaining algorithn mowss o he.
Thiz time Suntactic Conditicons are satiszfised, but HAgeroement
isn't.

5C{zhe, hed=trus

AGR{zhe, held=falze

The chaining algorithm now mowes from he to 3 pressnt,

whesre  again Syntactic Conditions are  satisfied,

Agresment. isn’t.

e

The chaining algorithm  mowes from
This time all three rules ares satistied.

SClzhe, Junel=true

RAGR(she, Junel)=trusz

RHR(zshe, Junelr=trus
As all three rules are satisfisd, E-nodes under zhe
agres with June chain to copies  of Juns. Shef iz
to Juns, and it i3 szen that they agree

AGRC=heR, Junesir=trus

that

compared

The chaining algorithm maksz 2 new E-nodes copw  of  Juhe,
JuneEB, and hangs it below Junes. The chainlink of Juns® 1=
zet to sheA and the semantic featurses of shef are copisd

into the semantic features of  JuneB. After chaining

to zh

l 1]
l‘[l

A, the chaining table appears as shown in Figure

Junek

o
et e



Jokr -+ PRI -+ Junes « . a present - - - he ~ceshz e ee it
¢ . X . . X

JaohrH FHIA Jurnef a presenthf he R zhef itH

Dawi
fw
hu]
o
—f
e
T
m
I
=+
—+
1]

Chaining Junelk To

)
o
n

I

The chaining algorithn mow mowes  from Juns to PHI and

compares she to PRIV A1 thres rule atisfisd.

——— T ——

ate

it
1]

ZZdzhe, PHI)=true
FGRCshes, PHI)=trus
EMRCshes, FHIX=true

©~

Do

*+

HI ares chainlinked to E-node:z under zhes that

m

2O
agres with PHI. Shef iz compared to FHI, and it iz seen that

— ——

they agres.

A tnew E-rode copw of PHI, FHIC, iz made and hung below  PHIL

—
-
m
[}

wairlink of FPHIC iz =zet o sheR  amd thes zemantic

featurss of sheA  are copisd into the semantic featuress  of

FHIC, Ffter chainirg PHIC to  =heR, the chaining table

ars zz shown in Figurse 2.8,

g
o
]
m
'g
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i

.- - ~

Johre ~oso PHI -+ June « « a pressent -+ he +-0 zhe . -

’
.

Johr A

Figure 2.2, Chaining Table RAfter Chaining FHIC To

The chaining algorithn now mowves from PHI to John o oand

compares she to John., It i3 zgen that Syntactic  Conditians
_ <= —t _

are satizfied, but Agreement izn’t.

Clzhe, Johni=strus
GR{she, Johni=falze

i

Thizs completes the creation  of chainlinks to E-modssz under

(1]

Iy
-
1]
.

she. The chaining algoerithm now considers

31]
v
in

W
m

zgen that Suntactic

He is compared to it, but it i

—

Conditions aren’t =zatisfiesd.

m

SCike, iti=fals

in

The chaining algorithm moves from it to

14
-
-t
L
-

but again,

l
‘.

Suntactic Conditions aren’t satisfied,

al

11}
i1}

The chaining algorithm mowves from =she to  he, but  he

can’t chain to he, =0 the chaining algorithm moves from he

A e

in
i
i

Ead
(s
'
-

nt, This time Syntactic Condition:s ars

[}
i

oo
—
15}
—+y
-
fu]
-



but Agresemsnt isn’t.

ke, 2 presenti=true
AGRChe, a presenti=falzs

The chaining algorithm  mowss from a2 pressnt to Juns,

and =similar results happen.

5Cche, Junsd=trus
AGRChe, Junsi=fal=ze

Hext, the chaining algorithm mawves from  Juns to HI,

—— a——

ard  thiz time all. three rules, Swntactic Conditions,

igreement, and ~ the Feflexive HMHonreflexiwve Fule are

5C(ke, FHIM)=trus
AGRChe, FHIM=ttrus
NRC(h=, PHIX=trus

Copiez of he are chainlinked to E-nodes under PHI that agres

with h=z, HeA iz compared to PHI, and it i3 seen that thew

AGECheR, PHI»=trus

A rnew E-rode copw of PHI, PFHID, i= made and hung below  FHIL

D

The chairliink of PHID iz =et to herd  anmd  the semantic

featurez of heA ar

M

copied into the semantic featurss  of
FHID. Ffter chaining FPHID to  hed, the chaining ftable

appears 22 showun in Figure 5.9,
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-

Johr A

o

w
e o Les o Lo ee L =

. Yol —
fas) I
=

El

I

i

.—_!:

m

in

m

=

I

m

il

e

m

I

—

T

Jurel

FiguLre 2.9, Chaining Tabls After Chaining FHID To HeA.

The chaining algorithn now mowes  from PHID to Johbn and
ol Jon

he is cmcparsd John. It iz seen  that all three rulss  are

satizfiec.

1]

CECdke, Jobhnl=trus
AGRChe, Johni=trus
RHR(he, Johni=trus

So, copiss of he are chainlinksed to E-nodes under John that
agres with bhe. Hef iz compared to John, anﬁ it iz =sen that
they agrese.

AGRCheH, Jmhﬁ)=tﬁue
A mew E-rode  copy of igﬂg; JohnE, i=s hade and hﬁng bl o

Johr, Tre chainlink of Johni iz =

hil

t to hef and the semantic
features of heRl  are copied into ths ssmantic features of
JohnB. After chaining JohnE to  hef, the chaining table

appegars 2z shown in Figuws 2018,

N



Jahr - Jdure cola prezent o- . he .
TakrA FHIR Juref a prezzntH bie A
. . , - g

FHIE

.

JohrE JuneE & prezent B

FHIC

FHID

Having completed
algarithy considers =

though, =0 the chaining  algorithm

Similarle, June iz pot & pronoun,

FHI.

——y

now considers

Chaining Table After Chaining

moe s

22 the chaining

JoaknE  To

the chaining
not & pronoun

[ o B A Juris,
ALLLCH

algorithm

The chaining algorithm  compares FHI to it, and it is
22en that Suntactic Conditions dont hald,

SCCFHI, it)y=fzlzs

The chaining algorithm mowves from it to zhes, she to he,
he to oz prezent, and tos Jure  with little more
— st ——— S ——
2UcoEss,

SCCFHI, =zheld=falzs

SCCFHI, her=false

SCCFHI, a presenti=false

SCCFHI, Juneisfalss

The chaining algorithm mowves trom Juns to FHI, but PFHI



can't chain to PHI, So how, the chaining algorithm mowves
from PHI to John, Thiz time, 211 theree rules are satisfied.
SCCPHI, Johni=true

AGRCPHI, Jokn?=true
EMRCPHI, Johni=true

Copiss of Johp are chainlinked to E-nodes  undesr PHI O that
agres with John. FHIA iz compared to Johh, and it iz =seen

that thew agree.
AGR(PHIA, Johnl=true
FHIE iz compared to John, and it is

that they don’t

0}
M
(1]
=

HGR(PHIB, Johnr=false

FHIE® and John don’t agree becauss when PHIE

as  chainlinked
to itA, ths semantic featurss of itA were copied into the
semantic features of FHIBE. Hence, the information that itA

was inanimate was copised  into PHIE prewventing a ridiculous

chain! John¥ iz chained to FHIE i3 chainsd to itH. PHIC,
which was chained to shef, iz compared to  John, and it is
seen that they don’t agree.

GRCPHIC, Johnd=false

I

On the other kand, PHID, which was chained to hel, does
agree with John.

AGRC(PHID, John)=trus
Thus, two #ew copiss of John, Johnt an& JokhnD arse made.

JohntC iz chainlinked to PHIA and JohnDd iz chainlinksd to

PHID. The 5emantic feature=z of PHIA are copisd into Johni,



and the szemantic featuwres of FHID ars copied into the
zemantic featurez of JohnD., FAfter chaining JohnZ to o FPHIA
and JohnI ta FHID, the chaining tabls  appears as showun in

Figure 8.11.

Johr « +- PHI « +» June <<+ a present s s hes o ghes o it

-~ ’ . . .

.
. . . -
. . . .

JohrA

FHIA. JurneH a presenth h=H =he=A itH

Johr B

JokrC

. .

Johr D —»FHIT

Figure 2.11. Chaining Tabkle After Chaining John To

PHIA and JohnD to PHID.

Hawving completed chaining to EHI, the chaining
algorithnr mowes it John.  Jobn iz not oA pronoun, S0 th
chainimg algorithn now stops  as it has  reached the end  of
the chairing table. Thizs make=z Figures 8.11, azaboue, ths

finizhed chaining table.
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Chaptsr

From Chapter & we know that the Table Proceszsor modul

=
defines function Chaining which takes as input a2 C-5-N " tres

and which returns as output the chaining table of the
inputted C-3-H'tres. In Chapter 2, we illustrated the kind’
of processing the Table Processor doss by working through in
detzil a tupical exanple. Im this chapter, we will go  into
the particulars of the Table Proceszsor  algorithms. In
.Ehapter 18, we’11 lﬁak at somevactual output .

The skeleton of the Table Frocessor module is  shown
below in Figure v?.l. The Table Processor module d2fines

function Chaining.

modul

2 table_proceszar,
use globals,secondary uty,node_proceszor;
define function Lhalh\ﬁqlfr exlhode_pointer)

.nod:_pu1nter;
implement

C¥$] TRELE _FROC*X
end;

Figurs 9.1, Skeleton 0Ff The Table Frocsssor.

Function Chaining is the algorithm  ws described bw
= uplp in Chapter 2. Chaining takes as input a C-5-H trse
and returns the chaining tablese  of the inputtsd C-Z-H  tree.

Furnction Chaining iz skhown bslow in Figurs 9.2,
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function chainingitresinode_pointer2inode_pointer;

var nlinode_pointer)

begin
inittabledtreel;
nlii=table~.rightlink;
while nl<>»nil do with ni~ do begin

if ferlpnfl=plus then chainingninll;
ni:=predlink;’,

end; ’ ~

. chaining:=table;

ernd;

Figure 9.2. Function Chaining.

The first thing function Chaining does i

(1}

to call
Inittzole which initializes the chaining table as described

in the previous " chapter. FProcedure Inittable

iz zhown in
Figure 9.3.
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procedurs inittabletiresinode_pointerd;
var first,last,ninode _pointer;
dlinteger;

begin
firsti=nil;
lasti=nil;
nistree;
while n<>mil do with ne do hegin
if id=nnode then begin
collinki=nsuwenods;
with collink~ do begin
for ii=1 to nfeaturss do
frrfili=n~.ftrlil;
nplinki:=n;
subi="H";
=hd;
endcollink!=c
predlinki=las
if last=nil thet
elase last~.succli
lasti=n;
end;
ni=threadlink;
end;
tablel=newsnode;
with table~ do begin
leftlinki=first;
rightlinki=last;
end;
end;

Figure %.3. Procedure Inittable.

Eelow sgach H-rode iz hung a new E-node with  features

copied from the H-nodes and nplink  back to the H-node. The
callinks and endcollinks of the HN-nodes are updat ed

accordinglw., Predlinks and  succlinks are z2t in Inittable
using the thread]ihks which wers estaB]isHed by the Farser.
Finally, at the snd of the procedure, table, a wariable
global inside the Table PPDEESE%P, has its leftlink  and

r-ightlihk zet to the first and last H-node.
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For zach H-node that 1= a pronoun, function Chaining
calls pracedure Chainingn., Chainingn callz Eefleohaining o

Honrsflcochaining depending  on whether  or not the  dinputted

H=rnode 1= reflexive  or not. Procedurs Chainingn is  shown

below in Figurs 9.4,
procedure chainingninlinode_pointer?;

begin ‘
case ni~.firlirpfl of

plus: reflchainingini;

questionl {can’t happsnl;

s ronteflchaininginiy;
end;

=g

Figure 9.4. Procedurs Chainingn.

Procedure Honreflchaining handles nonreflexive
PEOnouns. Procedure Honretlchaining is  zhown below ik

Figures 2,5,

procedures nonreflchaininginlinode_pointer);
{Honretflexive Chainingl
war nZinode_pointer,
begin '
{try nps other than nlk
n2i=tables~.rightliink; {lazt H-rnodel
while n24>nil do begin

n2<xnl then chainingntoninl,n2r;

.

Figure 2.5. Procedurs Honreflchaining.

Hormretlchainimg  call

Chainingntocn on the inputtsd

H-node with =ach H-nods in the chaining table sxcept itz=if.

1]
m



1
=J
[xd

f

Thiz take

. care of  creating all chains  to E-nodeszs Twing
undsr the inputted H-node.

Frocedurs Reflchaining is wepy =imilar 1

fw]

Honreflchaining and is shown below in Figure 9.6,

procedure reflchaininginlinods _pointer;
var n2inode_pointer;
begin
{try nps preceding nl in same simplex)
n2i=spredi{nll;
«while n2<2nil do begin
if n2<*nl then chainingntoninl,ni);
n2i=spredindl; |
ernd;
end;

Figure 2.8. Procedure Reflchaining.

Since the H-node inputtsd to Reflchaining is reflexive,
Reflchaining anly calls Chainingnton on the inputted H-node
with =sath preceding H-rniode within the same zimplex as  the

inputted H-rnode.

(1]

Function Spred, which i used by procedurs

Feflchaining, zinply returns the H-node that precesds the

inputted H-node in the same simplex. Function Spred iz

shown below in Figure 9.7.



function spr

&
label 1893
var answerinode _pointer;

begin -

answeri=nl;

while trus do with answers do begin
arsuweri=leftlink;
if answer=nil then goto 1883
if id=nnode then goto 188;
] end; :
188 zpred: =ansuer,
end;

Figure 9.7. Fﬁnction Spred.

W

[w8

Frocedurs  Chainingntan i calle B

Feflchaining and Honreflcochaining and s Shown

‘Figur& 3.7,

procedurs chaininantoninl,n2inode_pointer);

Tabel 10835

var oldendcollink,slinode_pointer;
begin

O f not s=clnl,n2) then goto 18835

if not agrini,nd then goto 1883
if not rordni,n2) then goto 1883
aldendecollinki=nl~.endocollinky
gli=nl;

while g1<roldendcollink do begin
eli=el~.collink,
if 21<xnil then chainingetoniel, n2d;
end;
1883,
end;

Figure 9.7. Procedurs Chainingnton.

I+ Syntactic Conditions, Agreement, and ths

dinlinode pointeriinode_pointerg

procedures

below

Honreflexive FRule hold, then procedure  Chainingston

called on =ach E-node lwing underneath the first H-node.

in

Procedurs Chainingstan, which iz called by procedurs



[xn}
[wn ]
|

o

Chainingnton, i3 shown below in Figure

procedure chainingstondsl,nzinode_poin
begin

if agriel,n2) then newchaintel,n2?
N .

Figure S.8. Procedure Chainingston.

ter g

-

If the inputted E-node agress with the inputted H-nods,

the 2 new chain i3 created from a copy
H-rode to the inputted E-tiode by calling pr

-

shown below in Figurs 9.9.

procedurs newchaindel,nZinode_pointer:
var ninode_pointer;
itinteger;
begin

{add n2~sl, with right =subscript and feature

n:=newenode;
with n~ do begin
Tnplinki=nz;
chainlinki=el;
subl=chriordinz-.endocollink~.s

{ng 7 nonsvyntactic features re
cortesponding &1 features?
for ii=1 to nfeaturss do begin
if (ftrlil=questiond) and
then ftrlili=el~.frrlil;
end;
end;
with n2~ do begin .
endcallink~.collinki=n;
endcallinkl=n;
i
endinewchaink;

Figurs 2.9. Procedurs Hewchain.

of  the dinputted

acedure Hewchait,

.
H

ubia+12

-

placed bw

Cidxrpfa

Procedurs Hewchain, which is called by Chainingston, i

.
¥

=



Frocedurs Hewchain ocreates a copy  of the inputted

NH-nade atd chainlinks it to  the inputted E-node. Semant o

featur are copisd from the inputted E-node to the copyw  of

(11
in

the inputted H-node.



The last two chapters  hawve been dewoted to  describing

o, It i3 time for some eeal examples. The

the table procs
first exazmple we present in this chapter was produced  wsing

procedure Tistrhode of the node processor along with

m
(]
[
=
1T

intermittent write statement: indicating when we are

ot
o
m

entering and exiting soms of o important rogtines and

o with the sxample fipst

"
[a}
=
W
]
-
b
o+
o
M
-'e
73
3
1]
m
b
—
—
in
M
-
=
e
w
-
il
g
-

—t

3,12 Jobhn wants to giwve June a pressnt, but he i=nt

1
ure =he’11 like it.

0]

John wants 3 e 1zn't zure S

far PHI to give she 11 Vike it
June a present
Frocezsimg (18,10 with zome  intermediats output  giwves
the Tisting sShoun belaw. Thisz iz zomswhat werbose, but
later exzmples will haws will bs cledner and shortsr, though

lTess detziled output,
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1: ¢S,
2: (N,
1t2

pr:

3: (s,
.4:¢<C,
5:¢s,
6: (H,
1t

prs
7:¢H,
1t:
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liv: John, ftril-==t+-=+-1, up: 3, dn: &,
8, rti13, thil13, np: 2, ch: B8, coi22, ec:22,
0, sulld, nul 3 '

up: 4, dn: 2, 1t: 6, rt: 5, th: 2, nu: 2>

up: B8, dn: 3, 1t: B8, rt: @, th: 3, nu: 12

up: 4, dn: 6, 1t 3, rt: 8, th: &6, nu: &>

lit: he, ftril+--+--+-1, up: 5, dn: 6,
8, rt: 7, th: ?, np: 6, ch: 8, co:ll, ec:il,

12, su: 7, nu: 9 :

Tite ~she, ftril+-—+-++-1, up: 5, dn: @,
6, rt: 8, th: 8, np: 7, ch: 0, co0:18, ec:10,
6, su: 8, nurie '

Tit: it, ftril+--+-2--1, up: 5, dn: @,
7y rt: 0, th: 8, np: 8, ch: 8, co: 9, ec: 9,
7, sul 8, nullil>

sub:A, ftril+--+-7--1, np! &, ch: 8, co: &

subtfA, ftril+--+-++-1, np: 7?2, ch: @, co: @)

subif, firil+--+--+-1, np: €, ch: @, co: B8}
lit: a present, ftril---+-7--1, up!l13, dn: @,

15, rt: 8, th: 5, np:12, ch: 8, co:28, ec:21,

15, su: &6, nu: 7>

up: 3, dnitd4, 1t: 2, rt: 8, thiid4, nu: 4O

1it: PHI, ftri(+??272?2?-1, upii13, dn: 8,
@, rt:iS, thilS, npild4, ch: 8, co:18, ec:19,
2, sulls, nu! S5

lit: June, ftril-—-+-++-1, up:13, dn: @,

14, rtil12, thil12, np:13, ch! B, collé, ec:l?,

14, suil2, nu: &>

subtfA, ftril---+-+4++-1, npitS, ch: B, co:1?)

subtB, ftril+--+-++21, np:1S, ch:l1®, co: @>

sub:f, ftril+?222222-1, npild4, ch: B, co:19)
subliB, ftril+--+-7-2], npild, ch: 9, co: &>
subif, ftril---+-7--1, npil2, ch: @, co:2l>
subi®, frril+--+-2-21, npi12, ch: 9, co: @
subif, ftril---+--+-1, np: 2, ch: 8, co: B>

22:¢CE,



CHRIMIMGHTOMIsxiting
CHARIMIMGHTON

SC(zhe,
AGR{=hs=,
EHRE Cshs,

FHI=true
FHI=trus
PHI s=true

AGECsheA,

FHI»=trus

NHEWCHAINIPHILC chained to =z=hsh

FEEXEFEEEREFREFEE SRR AR
TRBLE

1:1(S, up? @, dnt B, Tt: 2, rt: 8, th: 8, nud &2
210N, Tit: John, ftril-—-4+-——+-1, wup! 2, dn: 8,
Tt B8, rtil12, thil3, np: 2, ch: B, coi23, o123,
pri 8, suild, nui 32
Fr08, uwpd o4, dnt 2, Tt 8, rt: S, th! 2, nul 2>
4300, wpd 8, dni 2, 1t 8, rt: &, thi: 2, nul 1>
2105, upd 4, dni &, 1t: 3, rt: 8, th! &, nul =)
BiCH, Tit: he, ftril+-—-+-—-+-1, up: S, dn: 4,
1t 8, rt: 7V, tht 7, np! &, ch! A, colll, =cill,
pril2, =ul ¥, nul 93
TiCH, Tit: _ she, ftril+-—+-++-1, up: S, dn: @,
1t &, rti 3, tht 3, np: ?, ch: B8, coild, ec:l8,
pr: 5, sul 3, nu:ilg)
gIdH, Tit: it, ftril+-—+-7—--1, up! 5, dn: @,
Ity 7, rt: @, th: 8, npi: 8, ch! 8, co: 9, ec: 3,
pr: ¥, =ul 8, nuill>l
9:(E, =sub!A, ftril+-—+-2~-=1, np: &, ch: 8, co: a2
18:CE, swub!A, ftril+-—+-++-1, np! ¥, chi B, col @
t1:¢E, subiR, ftril+-—-+-=+-1, npd &5, ch: B, col 82
12:CH, 1it: a pressnt, ftril---+-?--1, upill, dn! 4,
T£:19, rtd 8, th: 5, npit2, cht &, co!2l, =c:22,
pralS, =zul &, nut T
BraS, wupd 3, dnitd, 1t 2, pti B, thild4, nul 4>
T4 M, 1it: FHI, ftri0+779777-1, upil3, dn: &,
Tt 8, rti115, thil3, npiid, ch: 8, colld, =c:i8,
pry 2, suild, nul Si
150CH, Tit: June, ftril-—-—-+-++-1, up!l3, dn: n,
Ttild, rtilz, thil2, npilS, ch: 89, colls, =ci17,
prreld, =ailz, nur &)
161 ¢E, =ubif, ftril-—-+-++-1, mp:l1l3, chi @, coll?:
17:CE, =ubiB, ftril+--+-++21, npil5, child, co! 82
18:10CE, subif, ftri{+727727-1, npild, ch: B, coil3d
191 CE, subiPB, ftril+-—-+-7-21, np:ld, chi 9, coizZB?
28 (E, subil, ftril+--+-++71, npild, chil@d, col @i
213(E, s=ublif, #ftril---+-7--1, npil12, ch! @, coi2)
2210E, sublBE, ftril+-—+-7-21, ‘npil2, ch: 3, cal &3
231 CE, =ubiA, ftril---+~--+-1, np: 2, ch: B, col @7



CHRTHINGHTOMIexiting
CHAIMIMGHTON
SC{zhe, Johnr=trus
AGR<zhe, Johnl=false
CHAIMINGHTOM: exiting
HOMREFLCHAINING: exiting
CHATNIMGHIzxiting
CHAIMIMGH
HONREFLCHAIMING
CHAIMINGHTON
) SCche, itl)=false
CHAIMINGHTOH: exiting
CHATHINGHTONM
SC(he, sh=l=false
CHAIMIMGHTOM exiting
CHRAIHIMGHTOM
S5Cc¢he, a prssentl=trus
RGRC(he, & presenti=tals
CHAIMIHGHTOMI zxiting
CHAIHINGHTON
SCc¢he, Junsi=trus
AGRChe, Junel=false
CHAIHINGHTOMIexiting
CHARIHINGNTON
' SClhe, PHI)=true
AGRC{he, FHI)=trus
RHR(he=, PHI)=true
AGR{heR, PHIJ)=trus
HEWCHAIMIFHID chained to hsA

L]
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FELEEFEXFRXTFERRSE R SRR S
THELE
EEFEEEFXLEFEXFERREREEEE S
1S, wpr 8, dn: 8, 1t: 2, r1: 2, thi 9, nul B3
2rtH, lit: John, ftril-——+-—+-1, wupd: 3, dni 8,
24, =ciid,

p—
-+
»a
o=

3, rti113, thil3, np: &, chi 8, co
y st ld, nul 30
¢S, up: 4, dn: 2, 1t 8, rt: 5, th: 2, nui &2
(C, . up: 8, dn: 3, 1t 8, rti 8, thi 32, nul 17
4, dn: &, 1t: 3, rti 8, th: &, nu: 23
(H, 1it: he, ftril+-—+-=+-1, upi 5, dni 4,
1t: 8; rti. 7, th: 7, np: &, cht 8, colill, =cill,
pril2, sul ?, nul )
F s [+—=+—++~-1, wup! 5, dni 4,
1]

Oy U o OO
s se mw an
~
N
o
o+

=J
s
~
=
-
—
-
o
..
in
ny
m
-
-+

~ 1,

T

: L S, thi 8, npt 7, chi B, coild, ecild,
pri &, =4l 8, nullgd
f

[
..
~~
=
=
-

—
-
o
e

it, firil+-—+-%--1, upl 3,
7, 13 B8, th: 8, np: £, ch: &, co: %, =ci 3
zud @, nuilll

e 8=
~

pr

9:¢(E, subtA, ftril+-—-+-7--3, npi: B, ch: @, col @7

18:¢E, sub:if, ftril+——+—++-1, npi 7, chd B, col &3

1:¢{E, sub:f, ftrif+-—+——+=-1, npi &, chi 8, coi B3
12:¢M, lit: a present, ftril-—--+-2--1, upil3, dn! B,
1215, rt: @, th: 5, npil2, ch: B, col22, ecii3,

pril5, sui 6, nul V)
13:¢8, up: 2, dnild, 12

2y rt: 8, thild, nul 42

142 CH, Tit: PHI, ftr:[+77227%-1, ap:l13, dn: 4,
1t B, rtilS, thilS, apitld, chi B, coil®, =ciZi,
pr: 2, sullsS, nu: S
15:50H, 1it: June, ftril-—-—-+-++-1, uplild, dni 8,
Tt:ld, rt:l2, thil2, np:l3, ch: 8, coile, =cil?,
prild, sulll, nud &7
182 (E, subif, ftril-—-—-+-++-1, npils, chi 8, coil?y
17:CE, sub:E, ftril+-—+-++7], npilS, chil@, co: oI
131 ¢E, sub:ifA, Fftril+??7777-1, npild, chi @, colld)
19:CE, sub!B, ftril+-—+-7-71, npild, chi col28d
ZAICE, =zub:il, Fftril+-—+—++7]1, npild4, child, coidl?
21:¢E, =zub:D, ftril+-—+-—-+2]1, npild4, chill, cot 892
22:¢E, subi:f, firil--—+-7--1, npilZ, ch: A, cold3?
231¢(E, =zub:E, ftril+-—+-7-21, npilZ, chi 9, co: 8>
241 ¢E, =zub:f, ftril---+--+-1, np! 2, chi 8, col @2



CHRIMNIHGHTOMI exiting
CHAIMIMGHTON
SCChe, Johnl=trus
AGR ke, John2=trus
EHR(he, Johni=trus

AGR{hsR, Johnr=true .
HEWCHARIHI JohnE chained to hef

FEEFEFEXXEE TR R R R ExEEE
TAEBLE

1:45, up: 8, dn? 8, 1t: 2, rti &, thi 8, nu:

20 CH, lit: John, ftril-—-—+--+-1, up: 3,
1t ], rtil13, thil2, np: 2, chi B, colld4,
pre B, suild, nul 32 .

Ti08, upl 4, dnt 2, 1t B, rt: 5, thl Z, nu:

4240, wp: @, dn: 3, 1t @, rt: 8, thl I, nul

TS, wp: 4, dn: &, 1t 3, rt: &, th! &, nul

sriH, Tit: bhe, ftril+-—+--+-1, upd: 5,
Tty 8, rt: 7, thi: ¥, np: &, cht &, colll,
prol2, =zl 7, nul 9

TiOH, Tit: she, tril+-——+—-++-1, upi 3,
1t: &, rt: &, th: 2, np: 7, ch: 8, coilyg,
pr: €, su: 8, nultdl

S:dH, Tit: it, ftril+--+-7--1, upi 3,
1t 7, rtd B, th! 8, np! &, ch: 8, cal 2,
pri T, sur 8, nuilld

%:¢E, zub:fA, ftril+-—-+-7--1, np! S, chi &, co

18:{E, =zub:f, ftril+-—-+-++-1, np! 7V, ch: 8, co

11:¢E, =zub!A, ftril+-——+—-—-+-1, npd &, ch: 8, co

12:CH, lit: a present, ft P'[———+—f——3 ups 13,
L2115, rt: th: 5, npild, ch: B, CalE2,
prald, =sul 6, nur 72

130408, wupt 3, dnild, 1t 2, et &, thild, nu

140 0H, lit: FPHI, #tri[+777727-1, upil3,

1t: 8, rti1S, thils, npild, chi
piel 2y s2uilS, nul 52
1900H, 1it: Jurne, ttril-——t—++-

Tt:14, rt2t2, thil2, np:
prild, =zull2, nul 83

=) T

CE, sub:B, ftril+——+-++7]

ot QD

WX

CE, =ubill, ftril+-—+-—+7]

153

CE, zub:f, ftril-——+-++-1,

]

CE, subiA, ftril+7722772-1,
(E, subiB, ftril+-—-+-7-71,
CE, sub:il, ftril+-—+-++71,

X

(E, subif, ftril-——+-7--1,
(E, subl®, ftril+-—+-7-71,

CE, =ub:

[ fd fo F3 D0 R e e e

[ O WX R OV

Ry ftril--—+-—+-1,

PE, =subi!E, ftril+-—+-—-+71,

» ch:

nptls,
npils,
npild,
rpeld,
npeid,
npsld,
nptls,
npil2,
nplo 2y
rip: 2.

B, coild,

. WpIl3,
, Ccoils,

o

chi H, cCo
child, co
ch: @, co
ch: %, ca
chili, co
chill, co
chi 8, cCo
ch: 9, ctno
ch: 8, ca
chill, co
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o
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FEEXFLEFFLERRE XSRS R RS
THELE
XEEFFEEFFLEFRLFSIFERERERS
1:¢8, up: A, dn: a8, ft: 2,
CELCH, tivd John, ftedl
it 8, rt2l1l3, thil3, npd
pri 8, sulld, nul I
318, up: 4, dn: 2, 1t: 4,
4:(C, upd 8, dn: 3, 1t: 8,
5:¢3, up: 4, dn: &, 1t: 3,
S1CH, lit: he, ftril
1+: &, rt: 7, th! 7, np!
pril2, =ul ¥, nul 93
TiiH, 1it: she, ftril
It &, rt: 2, th: 2, np:
pri: B, =4l 8, nuilgd
2iCH, lit: it, ftril

- ped

R A S A O

P s ) D

L N RS T o5 TRl o N 0 T Wi R 3]

1%
pr
CE,
{E,
(E,
(H,
1t:
prs
(s,
CH,
11
P
{H,
|
B
CE,
CE,
CE,
{E,
CE,
LE,
‘E,
CE,
CE,
CE,

fa]

g,

e
I H

the 8,
nasill

hp:

P v R

3

]
subif, firil+-—-+-2--1
sublfA, fFtril+-——+-++-1
subtA, ftril+-—+-—+-1]
lit: a present, firil
15, rt? 8, thi 5, np:
15, sul &, nul 72
ups 2, dnilg, 1t 2,

PHI, ftril
rtil1S, thilS, np:
rus 32
Jurne, ftril

Tit:
g,

-

=

lit:

14, reii2, thilZ, np:
14, =zuil2, nul &3

sublf,
sub: E,
sublif,
subl E,
subiC,
sub:l,
sublf,
sublE,
subifA,
subtlE,

frril+——+-7-71
frril+-—t-++7]
firil+——+-—+71]
frril-——4=7--1
feril+-—+="7=21]
ftril-——t-—+=1]
faril+-=t=-—+7]

o S, thi 8, nul
=—=t+-—+=1, upi 2,
2y, chr B8, calzd4,
rtt 5, thi 2, nul
Ll B/, thi 3, nul
rt: 8, th &, nul
+——t-—+t-1, upl G,
g, th: &, coill,
+—=+-++-1, upl 9,
T, ch! &8, coild,
F-—t-7—-=1, uyp: G5,
2, ch: B, col 3,
s hpt B, ch: 8, ¢
y mpl ¥, chi B, ¢
» Bipl o5, chi B,
———t=F-=1, upil3,
12, ch: 8, cot2?,

rtl 8, thi
+227777-1,

14, che

———t—tt+-1],
15, ch:i 8,
s hpila,
s hpild,
npsld,
s hipild,
. Ppild,
» hpild,

chii 8,
child,
chi &,
chi 9,
chil@d,
chilil,

. hpila, chi A,
, hiplE, chi 3,
, hip: 2, chi &,

y N =2,

chill,

8, co:lg,

upli,
ol lé,

mon

I

71

[a BN g

(5]
dei: A,
2ol 25,
23

dr: o,
scilfE,
dni @,
sy 9,
ol 82
ol @2
o 82
diit 9,
=i 23,
42
dn: 8,
sci2l,
dre &,
=zil?,
o172
oL B2
o130
o228
oi2ll
o B2
or230
of @l
orE3D
ol B



CHAIMIMGHTON exiting
MOMREFLCHAIHIMNGI exiting
CHAINIMGH: exiting
CHAIMIMNGH
NOMREFLCHRINIHNG
CHAIMIHGHTIH

SCCPHI, ito=fal=ze
CHAIMIMGHTOM exiting
CHAIMIMGHTOHN

SCCFHI, shei=false
CHRIMINGHTOMIexiting
CHAIMIMGHTOHM

SCCPHI, her=false
CHRININGHTOMIexiting
CHRIMINGHTOHN )

SC(PHI, a presentld=false
CHAIHIMGHTOM:=xiting
CHAIMINGHTON

SC{PHI, Junel)=talse
CHAINIHNGHTOMIexiting
CHAIHNIMGHTON

SC(PHI, Johnl=true

AGR(PHI, Johni=true

EHR{(PHI, Johns=trus

RGRCFHIA, Johni=true
HEWCHAIH: Johnt chained to

FHIA
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1305, up: 8, dn: 8, 1t E, rti 8, th: B, nu:

2iCH, Tit: Jahn, ftril--=+-—+-1, upi 3,
Tt: 8, rtil3, thil3, np: 2, chi B, colzd4,
pri 8, suild, null 3

(3, up: 4, dn: 2, 1t 8, rti 9, th: 2, nul
410, up: 8, dni 3, 1t B, rt: @, thi 3, nu:
TH1(S, up: 4, dn: &, 11: 3, rt: B, thi &, nul

&M, Tit: he, ftril+-——+-—-+-1, up: 35,
1t @; rt: ?, tht 7, np! &, chi 8, coill,
pril2, sul 7, nud 2D

TiOH, lit: she, ftril+-—+-++-1, upl I,
Jt: &, rt: 2, th: 8, np! ¥, chi &, colld,
pri: &, su: 2, nullg:

SriM, lit: it, ftril+-—+-7--1, upi 3,
1t 7, rt: @, th: 4, np: &, chi B, cal 9,
pri 7, =ul 8, nulll?

9:(E, sub:f, ftril+-—-+=-%--1, np: &, ch: 8, co
18:(E, zub:f, ftril+-—+~-++-1, np! 7, chl 8, co
11:¢E, =ubif, ftril+-—+~-—+-1, np: &, chi B8, co
12:14H, lit: a present, ftril-——+-7--1, upil3,

1t:15, rt: 8, th: 5, npill, ch! 8, colili,
pril1l39, sul &, nui 7

(5, up: 2, dnild4, 11l 2, rtl B, thild, nu:

1400H, 1it: PHI, ftril+777727-1, upil3,

1t @, rti1S, thi:lS, npild, chi 8, colls,
pri 2, suils, nu: 32

190 CH, Tit: Juneg, ftril-——+-++-1, upilZ,

1t:1d, rt:i2, thil2, npilS, ch! 8, colls,
pri1d, suilg, nul &2

subiHA,
subi B,
subiA,
subi E,
sub: i,
subil,

tE, subif,
(E, =ub!E,

=

ubt A,
subl E,

“=ubli,

MO e 0~ D0 !

B B PO I P RY BY e et s e

frril-——+-++-1,
frril+-—+-++71,
ftril+-=+-7-71,
frril+——+-++71,
firil+-——+-—=+71,
firifl-——+-7--1,
frril+-——+=7=71,
ftril--—+--+-1,
ftril+-—+-—-+71,

nptis,
mps 15,
mptldy,
np:ld,
npild,
npesld,

nps 1,

npela,
npes 2,
npes 2,
npt 2,

chi @&,
chilf,
chi 4,
chi 9,
chitig,
chill,
chi ®,
chi 3,
ch: 82,
chill,
chil8,
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AGRCPHIE,
AGR(FHIC,
AGR(PHID,

HEMZCHAIN: JohnD

1
Lt
L)
|

Jahn}~ al:
Johrd= l
Jnhn}—tru=

i I

143

FHEEERETXEXRREE XL IR EREREX

THELE

FERFEXEXEERRXRRELTEXEERTERE

1]

chainmed to FPHID

1005, up: 8, dn: B, 1t 2, rt: 3, th! B, nul B2
T2idM, lit: John, ftril---+--+-1, up: 2, dn: 9,
Tt B, rtil3, thil3, npi 2, chi B, col24, eciIV,
pr: B =swuild, nul 32
3:CE, upt 4, dnr 2, 1t 8, rt: 3, thi 2, nus 23
4:(C, wup: @, dn: 3, 1t: B8, rt' @, th: &, nu: 17
5:1(8, up: &4, dm: &, 1t 3, rt: B, th: 5, nu: 22
fFrdCH, 1it: he, Ftr:[+——+——+—], up: 3, dm: 8,
1+: g, rt: 7, th: ¥V, np! &, ch: B, coill, =cill,
prel2, sudl 7, nul 92
FotM, l1it: she, ftril+-—+—-++-1, up: 5, dni 9,
1t: &, rt: £, th: 8, np: 7, ch: 8, co:l@, =cil@,
pri: o8, su: 2, nuilan : '
S1dH, Tit: it, ftril+-—+-?--1, up: 5, dn: A,
1t: 7?7, rt: 8, th: 8, np: 2, ch: B8, co: 3, =ci! 9,
pri:. ¢, sul 8, nulltll '
. S:%E, sub:f, ftril+-—+-7--1, npi 8, ch: &, col 82
19:1¢E, subtA, ftril+-—+-++-1, np: 7, ch: 8, coi B2
11:5E, =ubif, ftril+-—+——+=1, np: &, chi: #, col &
12:(H, lit: a preszent, ftril--—+-2--1, upil3, dn: 8,
1£:15, rt: B8, th: 5, np:l2, ch: B, colzZz, =c::3,
prols, sul &, nul V2
13:¢S, up: 3, dnild, 11t 2, rt: B, thild, nul 42
1400H, Tit: PHI, ftril+2722777-1, upilld, dni 4,
Tt: 9, rt:1S, thilS, npild, ch: B, coild, =cil,
pr: 2, =sulls, nul 52
1530, Tit: June, ftril--—+—-++-1, up‘lﬂ, dn: &,
1t:14, rt:12, thilZ, npilS, ch: B8, coilse, =cii?,
prild, =ull2, nul €5 ‘
16:(E, =ub:fA, ftril-=~+—-++-1, np:lS, ch: &, coll?)
17:(E, =subi!B, ftril+-—=+-++%1, npilS, child, col 8
13:0E, sub:f, fFtrii+?2777?77-1, npild, chi B, coild
12:(E, subiB, ftril+--+-7-71, npiid, chi 3, colzd
281 (E, subiC, ftril+-—+-++71, npild, chil@d, colzi’
21:¢E, sub:l, ftril+-—-+--+71, npild, chill, co: &
22:%E, subiA, firil--—-+-7--1, npilZ, chi B, col3
23:¢E, =subiE, ftril+-—+-7-71, mpil2, chi 9, coi @2
24:(E, =ublR, Ftr:[———+—~+-], npt 2, chi B, cai23
25:(E, =sub!B, ftril+-—+-—-+71, npi: Z, chill, coll2&d
26"E, subil, +tr L+27722772], npt 2, chi 1_, ol 2V
27:¢E, =ubil, ftril+--+--+71, np: &, col @3

chi2t,
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HOHMREFLCHAIMING:exiting
CHAIHIMGHI exiting
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EFEREECFELEFFRF L ERRFER X
FIHAL THAEBLE
FREXEERRRXFFEE RS FFRBH R 6 H
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1t 8, rtil3, thil3, np: 2, chi: @8, coldd,
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4:¢C, wup: @, dni 3, Tt 8, rt: 8, th: 3, nu
5148, up®! 4, dn: &, 1t: 2, rt: @, th: &, ru:
GiiH, lit: he, ftril+-——+——+-1, up: &

DoE, nul

Ity 8, rt: 7, th: 7, np! &, ch: 8, coill
prii2, =u: 7, nur 9
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1t &, rt! &, th: 2, np! 7, ch: 8, calld
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11:¢E, zub:A, ftril+-—+-—-+-17,
123C(H, 1it: a present, firil-—--+-7--1,

npilz, ch: B8

(S, upi: 3, dnitd, 1t &, rt: 4, th

-
- ww
~
=
-
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2, =u

1t 8,
: 15, nui 5o

it, ftrilf+--+-7--1, up: S
2, ch: B
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s SCal1B,
, dn: &,
s SCt F,

co: @
col @83
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up: i3, dni 8,
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y ECLIZT,

14, hur 4D

Tit: PHI, #tril+772¥?7-1, upil3
215, thilS, npild, ch: @

y ©oU1E

1SicH, 1it: Jurpz, firil--——+—-++-1, upill

14, =u:12, nul 52

t{E, subif, firil--—-+-++-1,
{E, subiB, Fftril+——+-++7],
subifA, fteril+?72777-1,
ttE, =zub!E, ftril+--+-7-71,
CE, sub:iC, ftril+-—+-++21,
¢(E, sub:D, ftril+-—-+-—+71,
(E, sub!f, ftpril--—-+-2--13,
(E, sub!B, ftril+-—+-7-71,
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nps 2y
tps 2,

s, CoilE

ch: 8,

chilg,
cht &,
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che 2,

chi H,
chill,
child,

chidl,

y dni 8,

y ECI21,

» dni &,
y =217,

ot

[g]
o0 o2

L5 (A
Pt et N

A als)
O 00 0) 53 e 3o I

(g u}
o0 0 a

se ¥a wx we ve w5
J

e on »s
[ O]

Il
u]
B e S " v



I
—
M
a1

1

The previous sxanple shouwld give enoudh details awayw to

atizfyw  the

m

ader’s  curiouzity, but  the form of the

i

preuiouns exangl

1]
—

iz pratker burdenzome. From now on,  we’ll

kesp to & more  Cconcise, BREE

=

coTs

detatiled, output. To
imdicate a chainlink betueen twe E-modez, we use the  symbol

~, Below are =ome more examples.

FERTURES
pnf, Fpf,zpf,tpf,plf,anf,anf,rpf
ot - - - + - + + -

[ g1~a0
¥ + - - + - + + +

J
Fersze

o
-— T

IHITTRELE
THELE

|
W
IR
1 (-
o+ T
hu ¥ I

i
|
v
=om
in ™
Mot
—
-
I %

SCibersely, Janetld=trus
AGRChezrzelf, Janstl=true
EHEChe 18, Janet yEteue
AGR(kersel ¥R, Janet =true
HEMCHAIH: JanstErhersel A
THRELE

PR NPER |
oo

o~
-
o
e}
o
M
-
d
e
i
—
—+,
€I
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prf fpf,spf,tpf,pif,gnfyant, rpf
Jaknet - - - + - + -
her  + - - + - + -

+ +

THELE

]
! -Janest - -her-
! Janst A herf

]

SCCker, Jansti=trus
AGRCher, Janestl)=true
Janetir=fal=ze

RHECher,



|
-
x
=
i

cie,%y #Janet zaw himzelf.

Janet =zzw himself

prf, fpfyspfytpf,plf,gnf, ant,rpf
anet - - - + - + + -
1t + - - + - - + +
IMITTHELE

: TRELE

I
o
o
m 3
+ M
I o+

L~ ~himzeslf-

|
|
! Fimse) A
!

SCirim=elf, Janstl
RGRChimseld, J
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Exarples £18,50-018.113 are from Lees and Elima [22].

CIB.SY  The men threw a zsmokescresn around themselwes,

the men threw a z2noksscresen around themzselues

FERTURES

prf, Fpf,spf, ',plF,gnF,anF,rpF-

Lt
the men - - - + + - + -
a snokezcr -~ - - + - ? - -
therselwes + - - + + 7 - +

IMITTRELE
TAELE

-the men- ' -3 SN
the menA ‘ A Sma

i
5

Eil]

LU ]
Cop
e
mo%
M W

(]

ol
[1]

c=themseluss—

themssluwszf




Sodthems

AGR L hems

0

. T
the meni=trus
the menr=trus
MEra=trge
v the menl=trus
the menB themszzlwesH
TAELE

i .
! -the mer- —a =zmokescresn
! the menf a smokescresnAf

! the menBethenzelvezf
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Cid. &8 The men found a zmokescr

m
m

S
the men found a smokescresn around them

FERTURES
pnf, fpt,=pt,tpf,plf,ant, ant, rpf

v arournd them.

the men - + + - + -
a smokescr - - - + - ? - -
them + - - + + ? ¥ -
INITTRELE
TAEBLE
-the men-— —a smnokescresn—
the menA a smokescresnA

~them-
themR

SClthem, a smokescresnl?=trus
AGR{them, & smokescreent=false

SCCthem, the mendstrueg
AGRCthem, the mend=trus
RHRCthem, the meni=false



tia. Py The men found a

/ '

i
-
A
L
5}
t

the menh foud a smok

FERTURES

o the men -
a2 srwokesor - =
FHI + G
them + . -

INITTRELE

poaf, fpf,zpf,t

?

-ths men-
the ment

g

o

11}

=

r

T~

o

zmokesscreen to be

\

ar-ournd them.

for- FHI to

a1
prsy

-

i

=2

+
o+

TAELE

e aroudrnd them

~-a =mok
a amoke

T 1}

-

-FHI-
FHIR

~-them—
themH




SOt hem,
AGRECt e,
EHRECLhem,

SCithem, a smokesd

SCithem, the meni=true
AGR{tHem, the menl=stris
EHR(them, the meni=trus
' AGR{themf, the

HEWCHAINIthe

FHI =1vrue
FHI =t rue
FHI»=fal

CrESr A=t

RGRCthem, & =s=mokes

-the men-
the mernH
the menkBE~themB

(X
ot}
I

P
1

MmeErny=trus
menBothemb
THELE

m

-3 zmaokescr
=

=
CrEEn

I

a =z=moke

-PHI-
FHIA

-t hemn-
themA




]
—
D]
[

{

SCCFHI, thema=false

SCOFHI, & smoksscreenistrus
ASROFHI, 2 smokescrsenl=trus
EHREYFHI, a smoksscreenl=trus
AGRICFHIA, & smokescrssnl=irue
HEWCHAIM: & zmokescresenB~FHIA
THELE

“the men- -z smokescresen-—
the mend a zmokescresnh
the menEstheami a zmokesscresnEB~FHIA

-FHI- -1 bz -
FHIA - themf

SCOFHI, the menr=trus
AGFRCFHI, the men)=trus
RNRCPHI, the men2=trus
AGRCFHIA, the meni=trus
HEWCHAIN: the menC~FHIA
TAELE

-the men-— -a zmokes
the merH a smokes
the menBothemf a =mokes
. the menloPHIA

-
m
i
=
'i.J
T
-
o

-PHI- -t hemn-
FHIR i themA




1R, 80 The men found

I
e
&=
o

|

a smakesocresn

[y}

the men found

FERTURES

=

phf,fpf,spf,tpf,plf,gnf, ant, rpf

the men - -
smokezcr  ~ -
it o+ -

them + -

INITTHBLE

-the men-
the menA

a smokescreesn

+ +

A

o

urnd - them.

T~

it was around them

+ - 7 - -
+ - 7 = =
+ + ? ? -
TAELE
-a smokescreen-
a smokescreenH

"it"
itA

-them-
themR

e Tt S Y QU




SCCthem, itl

=t
AGROtham, it

e

-

L

R LE]

fu
1]

lTl

ttl 1]

SCOthem, a smok
AGRECthem, a smok

[ ]
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=
FEEhRIStrUs
creent=false

SClthem, the mend=true

AGRCthem, the menr=trus

RHRCtHen, the menl=trus
AGRCthemA, the meni=trus

HEWCHRAIM: the

menBothemf
TARELE

-ths men-
the menA
the menB~themf

—a smokescresn-
a =maokescreenf

-it- ~them-
itH themA
SCCit, themr=false
CCiIt, a smokescreenl)=true
AGRCIt, a smokescreend=trus
RHRCIt, a smokescreeni=true
AGRCiItA, a zmokescresnd=trus
HEWCHRIMIa smokezcreenE~itA
TRELE

-ths mern-
the menA
the menB~themf

""it-"‘
itH

-them—
themA

SCCit, the mens=true

AGRCit, thes mend

=falze
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1.9 I told John to protsct himself.

[y

I +a1d Joh =

for PHI to protect himself

FERTURES .
pnf, fpfyspf,tpf,plf,ant,ant,rpf

I+ + - - - 7 + -
John - - - + - -
FHI + @ P 2 e 7
Fimselt + - - + - -

o

-+

+

INITTAELE
- TRELE

-I- -Jaohrn-—
IR - JohnA

-PHI- —himzelf-

i
i

!

|

|
.
! FHIH himselfA
!
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SCobimsels, FHI =true
AGEChimself, PHI)=trus
FHR himself, FHIX)=tprus
AGRHimzel fA, FHIM=trus
HEWCHRIN:FHIE~him==11H
TRELE

-1- . ~Johr-

IR JohnA

-FHI- . ‘ “himzel{-
FHIA Fimz=elfA
FHIB~tim=z==1fA

SCCFHI, himszelfi=talss

SCCFHI, Johnis=strus
AGRCPHI, Johni=trus
EHRC(PHI, Johnd=true
ARGR{PHIA, Johni=trus
MHEWCHAIM: JohnE~FHIA
AGRIFHIB "him=elfA, Johni=true
HEWCHARIM: JohnZ~FHIE
. THELE

e -Jahn-
IR JoheA
JohnE~FHIA

John~PHIE

-FHI- —himself-
FHIA Fimse1fHA
FHIE“himzel1fA




-11z-

SCOFHI, Ir=strue

AGRCFHI, ITi=trus

RHRECFHI, Ii=trus
AGRLFHIA, Ii=trus
MEMCHAIMI ITE~FHIA
AGRCFPHIBE“himss1tH, I2

THELE

~I- : -John-

IR JohnA

IE~FHIA JohnEBE-~FPHIA
JoknZ~FHIE

-FHI- ~himzelf-—
FHIR Fimss 1A
FHIE~himzeslfHA

1

-

SCLI, himselfr=false

SC(I, PHI!=false

SCCI, Johnr=false
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Cig, 18y I told John to protect me.

I vold John S

" for PHI to protect me

FHIR meH

FEATURES
pnf, fpf,spf,tpf,plf,gnf,ant, rpf
1+ + - - - 7 + -
John - - - + - - + -
FHI + ? 7 7 ? ? ? -
me  + + - - - ? T+ -
IMITTRELE
TRELE
! |
S £ - =John- !
! IR JohnA !
! !
! _ !
! -PHI- -me- !
! !
! !
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SClme, PHIX=trus
AGRYme, FHI =trus
RHR{ms, FPHI)=talss

SClme, Johni=trus
AGRYme, Johni=falze

SClme, IX2=true

AGR(me, IX=trus

RHR{me, Ir=true
AGEmeR, IX=true
HEWCHAIM: IB~meH

FHIA me R

TRELE
]
! -I- -Johhn-
! IR JaohnA
i IB~meH
!
i .
! -FPHI- ] -me—
!
|
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SCOPHI,, mel=fal:

n

i

1

SCCPHI, Jokhnr=trus

AGR(FHI, Johns=trus

EHRE(FHI, Johnd=true
RGRCFHIA, Johni=trus
HEMCHARIMI JohnBE~FHIA

THRELE
i v :
! -1- -Johtn—
! IA JohnA
' IB~meA JohnE~FHIA
! . ,
!
! —F'HI_ - -
| PHIA e f
!

SCCFPHI, Ir=trus

AGRC(PHI, Ii=true

EFNRC(PHI, I)=true
RGR{FHIA, I)=true
MEWMCHAIM: IC~FHIFA

TAELE
!
! -I- -Johr-
! IA JohkitiH
! IEBE~meR JohnB~FHIA
t L IC~PHIA
i
4
! -PHI- ad 12
i FHIA meH
!

SCil, med=talze

SCCI, PHIX=falszse

[Ay]
L

(I, John»=false
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cleg ity I told Johnm to protect muwsslf.,

for FHI to protect mwself

FERTURES -
prf, fpf,spf,tpf,plf,anf,ant, rpt
I+ + - - - 7 + -

John - - - + - - + -
PHI + 7 ? G = ? ? -
mwzelf + + - - - ? + +

IMITTRELE
THELE

-I- -Jaohirn-

IA JahnR

'—PHI— : sl f-

i
]
]
1
I
!
I FHIA mesel R
!

Shimyselt, FHI)=trus
AGRCmw=e1f, PHI)=trus
EHR(myw=zelt, FHI =true
AGR(myse 1A, FHI)=trus
HEMCHAINIPHIE mw==1fH
THELE

-1- ~Jahr—

IR JahfR

-FHI- —rpself-
FHIR mwsel A
FHIEBE~mwzel1fA '
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SCCFHI, mwselfr=tals

m

SCOFHI, Johni=true
AGROCPHI, Johnd=trus
RNRCFHI, Johnr=trus
AGCRCFHIA, Johni=trus
HEMCHRIH: JohnB~FHIA
AGRCPHIE“muwsel1fA, Johnd=falze
THELE

-I- . —:ﬁhﬂ—

IR : JaoknH
JohnEB~PHIA

-FHI- M EE
FHIA Mis e

FHIB~mwzs11H

i

.

I ]

SCOFHI, Id=true

AERCPHI, I3=trus

FHRCPHI, Ix=true

RGRCPHIA, IX2=trus
HEWCHAIW: IB~FHIR
ARGRCPHIB~mussl1fA, li=true
HEWMCHAIM: IC~PHIE

THELE

! -I- ~Johr—

IA . John8
IE~FHIRA : JoakhnB~FHIA
IC~FHIE :

-FPHI- S IIVEN- A
FHIA muesel A
FHIEB~mw=e1tR

SCCI, myselfi=false
3061, PHIM=falze

SCel, Johna=false
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Chagter 11. Table Interprstation.

The Table Interpreter module defines function Interpest

and hasz the form shown in Figures 1101,

" mocule

" s

" gt stablelnode_pointer?
" IEMEtrees)
u

implement
" Cx¥l TABLE_IMTR=%:

erdy

Figure 11.1, Skeleton OFf The Table Interpreter.,

Bazically, after the chaining table s created, a
number of  chains are implicitly bdeFined by the bchaining
table anc it iz the jaE of the Table Interpreter to mesh
dns back into cﬂﬁies of the zwstem tree, returning

theze ch

m
1

all treez defined by legitimate interpretations.
A nocrprancomial E-nodes with the E-nodes that are  traced

by walkirg down chainlinks until a mil chainlink iz reachsd

constitute a chain., A ==t of chain: defined by th

im

chaining

table which cower all th prononial H-nodes and  do not

in

interzect constitute a legitimate interpretation.

Take the table given in Figure 11.2 as an example.



‘

i oridh.

Chapt er

13

-1 2@~

I

! =Jahr- -FHI-

L JohnA FHIA

b JobnEoheR FHIE~itH

b JohnC~PHIA FHIC*=zheH

P JohnD-PHITD FHID e

i

!

P =Jurne- —a present-
! JuneR a pressntH
I JurmeE~zheA a pressntE~itA
!

!

' ~he- —she-

U heA zhef

{

Io=-it-

! itA

!

Figure 11

The

11.3x=-011.16%

18

Cli,30
Cli.4%
cil.
(1t
ciil.
(11.5
€11,

The anlw

C1i.11n,

C11.11%

Exact 1y

chainz

CHere we

where a

bz

Tupical Chaining Table.

2
-

present in 11.2

Figure

giwven below, Hots that no chai

staving with the

FRAT}

sumbol indicates

JaokirA
JohnEshedA
JohnC~FHIA

JohnI~FHID~heR
Juref
JuneBezher

a presentH

a presentBritA

interpretation derivable  from

JabnI~PHIDheA JuneBrsher

lu

m

chaining information from

are

n begins

with

convention

a chainlinkl.

Figure

11.2

a present B

2

Exact T
a

of

iz

TR



2] tre

W

carn imagine that

Ti

T+

kinc o

some

iy
-
—
—

other thirngs,

mn

to the table

(%] Fj

zemanticz of ths noun p

Semantic . Pr

power iyl enough o

coordimation that

Thiz strateqy has

-+

coretferanci

[n]

“methaods

Cil.1

11

as

has

—+
0

-
rid

isting

Thi

11
(W
[w]
[}

ot meatt that

howe ard indesd it

1
<

Proc Module nesds

~.T e "f ) =34 lj i

bicuse,

howu 1o it in order

mEaning to it

A similar result
(11,130
C11.13% Euwerw

(11,143 Ewery

Coree

interpret

modu

chainli

houze burnsd down,

while

there

iz not equivalent
connosieur

Cortas | eur

!
ot
na

[y

bt

[

tem dependent,

=

i

tor

[}

fste RN = At

frave linked to

W c

begm, among

ording 1o their seman

£

I chainlinks inside the

M

I

hrazes of the swstem parss tres.  The
g of the swatem should then. be
be zabls  to handle the kind o f

rikzs impl,

a number of possibilities that =imple

ng oares  just ofnot able to handle,

22 for e

cample.

but he rebuilt it.

it corefers with Jack” house

wigted in the past  and

it

m
f11}

new  object.

it cannot chain from Jack s  house,

should, The imformation the Semantic

ta giwve meaning ta it is contained in

must be a chainlink from  Jack®

for the Semantic Processar to giwve

boldz for guantifisrs. HWe =s==2  that

to o cilotdn,

iz wine and ches

cannosisur”’ BN

m

“-.-‘E‘l’"';.’

=



and
Cuite  clesarluw, his  cannot be  replaced  buw STy
cotmosisvr  and  preseruve the meaning of  the SERLENCE.

Inztead, ©11.13) has more the mganing given bw (11.15%.

—
-
.
-
wn
et
n
L]
B
o]
—
—
E

.
-
H]

a-conmosieur iy laoves %= wins

A nember of other sxamples  ars pointed ouwt by Bresnan

(11,163 A1Y Italians think e handzome.< >
11,17 AYY Italians think 1ianzs are handsome.
711,122 Ewery Italian thinks - iz handsome.<?

f11. Ewerw Italian think y Italian iz handsome.
Are Italian wouwld die for his mother.<’

Ares Italian wouwld die for and Italian’s mother.
Ewerw  Italian think that he alone i=

handzome.< >

[ R X
? st

c1t.
til.

[ S A OO e S T
. 0
e

n

11,233 #Ewerw Italian thinks that esvery Italian alone

is handzome.

Qre girl claimed that

: Homer. < > '

11,25y #0ne girl claimed that one girl herself could
~ead Homer.

cil. g

re
I

I_u

zhe herszelf could read

It zppearz that these proper interpretation for o a pronoun
chained to  a guantifisd noun phrase within the scops  of
quantification is for  the pronoun to act  as  a  bound
variable,

Wher the Y e L1 R ] 3] i= outside the =Cope ot

quantification, it iz a diffsrent story. Consider 11,2873

0]
it

and (11.370 from Evans [&8].

f11.,282 John owns zome sheep and Harry wvaccinates them,

11,272 Marw danced with many bows and thew found her

interesting.



Thiz time ths proncunzs ars chaining to quantified  moun

phraszesz, but  do pot thoems Tie within the =cope  of

quantification, In=t

m

ad, thesy zpaear 1o refer to the range
of the guantification.

Simitar rezsultz hold for C11.28%-011.313 from Sidher

o
o
[ )

Jobn lost a pen westerday and EBill found  ane
todat,

Jokbin claimed to hawe found the =oluticn to the
problem, but Bill was sure he had found it.
John  wants to catch  oa fish oand =at it for
SUpPpREr.

t11.213 Ho ons would put the blame on himsslf.

c11.32

[}
0o

Py
.
-
.
O]
o
R

Fany
e
-
.

[oX]
bun )
“~r

CThe problems menticoned above ars all rather trickw, but
vigwing them from the wvantage point of chaining sheds more
light on  them than wiewing them  through some  kind of
corefererce. The moral of the story seswms to be that

anaphora is not corsfsrenc

m

Usirg the table interprestsr  fow, wWe present 20ome  more

examples,
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ci1.32y Sue told Sandwe about herzelf.

FERTLURES
paf fpfyepf, tpf,plf,aonfant rpf
Sue - - - + - + + -
Sand v - - - + - + + -
zelf + - - + - + + +

IMITTRELE

]
]
!
|
!
|
i
!

SCibersslf, Zanduwd=true
AGR(herze1f, Sandyi=true
EHR(herse1f, Sandul=trus
AGR{herzelFA, Sandwi=strus
HEWCHAIN: SanduwB herss1fA
THBLE

w
=

- ~Sandw-
Sandwh
SanduBsherse 1A

b
m
= 1

m
. ll.l
-— T

e
I

~ 1
m
i
(1]
3]




w

EClkerzelf, Susls=trus
AGREChst =
EHRCherzs11f,

zelf, Suszli=trug

AGRCherz=e 1R, Susir=trus
HEMZHAIM: SusE~her=s1fA
TRELE

= - —Sarndy -
LA ’ Sarndwh
E~herzelfA SandubBrherzel R

INTERFRETAT IONS

tanduBoherzel R




11,3232 #7911 kept talking about himsslf.

FERTURES
prf,fpf,spf,tpf,pitv,gnf,anf,rpf
Jiitry - - - + - + + -
Fimzelf + - - + - - + +

IMITTRHELE |
THELE

! .

- Jill- . ~himzglf-
I 2illA ] himzel1{HA
!

SCibimzelf, -Jillld=trus
AGR(himsel+, Jilll=fal=ze

INTERFEETHTIONS

! v HOHE
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c11.324%  Doe:z Jack s makirng a pig of himself bother Bi117

FEARTURES
prf, fof,zpf,tpf,plf,gnt,ant, rpf
Jack - - - + -
a pigq - - - +
Fimz=elf + - - + - - +
Bill - - - +

-+

THITTHELE

g
©roe
"t

L1
o
=
T =
ju
il
2
Jul
T

~himzslf- -Bill-

!
!
!
!
i
!
I FimseslfA EillA
!

SCCkimself, a pigr=strus
ACGRChims=elf, a pigi=fal=ss

SClkim=elf, Jacklr=trus
AGR{him=s1f, Jackir=true
RHRECHimzelf, Jackistrus
RGRchimzelfA, Jackli=trus
HEMOHAINM: JackEBE~him=s1+H
TARELE

k- ~-a pig-
a pigA

~himzel - -Eill-
FimzelfA EBillnA

INTERFRETATIOHNE

' JackE~himselfA Sl




t1l,.34%

FERTURES

Jahn
PHI
Juns
ErEesent
he

zhe

it

ju

INITTHELE

Jobhn
afraid

+

+ +

Wwants to giuve

she

pat, fpf,spf,t

-Jahn-

-128~-

e i A

+

+ o+ o+ 4+

THELE

~FHI-

Jum
like

- T

3

o+

3 +

+

’?
+
+
+

pf.plf,antyant,rpf

FHIHR

]

i

! JohnA
: .

|

i

~June-
JurnsH

v
——
g

|
M
I m

-
e
I <+




SCizshe, a pressntistrus

AGRCshe, a prese

SCishe, Junel=trus
AGR{shs, Junsi=true
RHRECzhe, Jurmeld=trus
AGR L =hef, Jungl=trus
HEWCHAIMW: JuneB~zheH
TARELE

I

' =Johnm— -FHI-
i JohnA FHIA
H

Jun=H a present
JunekB~=hef

-June- -4 present-

T W
1
m
I

"it"‘
itH

1
L
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v FHI =trus

12, FHIY=trus

RHRC=he, PHI)=trus
AGRtshed, FHIX=trus
HEWCHAIMIFHIES=zheA

THELE

- John-
Jiohin#H

-FHI-
FHIA

- Jure -
JureH a
JunsErshen

—a present-

prezent A

-tz -
Fe=H z

gy

(-

m
I m

-it-
itH




EC]

Johrmr=trus

b
Lhshe, Jokni=falze

Fe, Juneli=trus

ALGRChe, Juneli=false

SC¢

be, FHII=true

AGRChes, FHIM=truye
RHRChe, FHI =true
AGR{h=A, FHI=trus
HEWCHAIM: FHICR=R

~131-

THELE

- Jokhn-
JohnA

—FHI-

FHI

A

- Jure-
Jurieh

cJunekBczheRf

B~z
[ o
S




SCike,
AGR (e,
RHF e

AGR ke,

HELCHAIH:

-13E-

Johmr=true
Johbhm =t rus
Johni=trus

Johmni=trus
JobnE~heR

TRELE

- John-
JaokimH
JahnEhef

~FHI-

FHIA

PHIE":

-June-

[l 2
JuneR a present A
JunsErzher
—zhe-




SCCFHI, Junei=false

SC{FHI, Johnr=trus
AGRCPHI, Johni=true
FHRCPHI, Johni=trus

AGRCFHIA, Johni=trus
HEWCHAIM: JohnC~PHIA
AGRCFHIEB~zheA, Johni=falze
AGRCFHIChsR, Jokhrni=trus
HEWZHRIM: JohnI~FHIC

TAELE

- John- -FHI-
John#H FHIA
JohnE~heH FHIE~zh
JohnC~FHIA FHICh«e
JohnDFPHIC

cJunef a2 pres

-Jure~- —a presen
zent

JunekB~sheR

'it-_
itH

INTERPRETATIONS

e bmm dma pem cem cmme remw cme eee e e = cm temm S e e taa e e

JohnI~PHIC~heR Jure Bzl
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£i1.35%2 Ernie dosgzn’t like Eernies, bescause
such an

FERTURES
pat, fpf,spf,tpf,plfyant, ant, rpf
Erri T S T
Bernie - - - + +
he  + - - + - - + -
+ +

suck an as - - - - ?

(1]

IMITTHELE
TRELE

2 —Ezrnie-
A EernisR

!

! -Erni
! Ernies
1

i

! -he- -zuch an asshole
! -1z s=uch an assk

1

SCike, such an assholed=falss

ZCike, Bernisi=trus
AGRChe, Esrnislstrus
FEHR(he, Bernisistrus
AGR heA, Eernieli=true
HEWCHAIM: BernieE~heR
TAEBLE

-Ernie-~ -EBernie-
Erni=sA Eerniehf
EernieB~heh

-zuch an ' azzhole-

such an aszsholeA

v
—
Ll

- 1
m
T M




SCoke, Ermisli=trus
AGRChe, Ermiglr=trus
EMEChe, Ernisr=trus
AGRECherd, Erniglr=tru
MEWCHRIM:ErnieB~h:
T

.,.
el

-H
ELE

ol

-Ermiege- ~Eernig-
Ernieh . EerniesAf
ErrieE~hen Eermigb~h=A

~he- ~zuch an
FeR such  an




Chagter 12, Lenitiuves,

ders little modification to what has been said =& far

[N an ] g Ray Ry g S-AN

Recall that the attributive posssssive  pronouns ars those
pronouns listed in (13,13,
12,1 my, our, wvour, her, his, itz, their

alzs  that

14]

5]

m

Exarinitg sentences like C12,32-~012.32

reflexive promouns don’t chain ta gemitives within the sams
csimplex, On tke other hand, nonrseflexive pronouns can.

12,2 Marw’s father kEilled himself.

12,33 #Marwe’s father killed him.

12040 #Mary's father kEilled herself.

L1205 Marwv's father killed her.

The =zame conclusions alzo hold  for of~genitives.
Compare sentences (12.680-012.3) ta (12,22-C12.5).

128y The tather of Marwe kEilled himself.,

12,7y #¥The fathesr of Marwv kEilled him.

C12,80 #The father of Marwy kEilled herself.

£12.%%  The fathesr of Mary killed ker.

The sasiest waw to handle genitives, apparsntily, i= to

- .
ot
%
D
i
(]
1]
b0
-
Il

=i featurs, gen, for genitive armd to modify the
Feflexive Honreflexive REule to handle genitivesz. The hew

foarm of the Feflexiwve Honreflexive R ule i shaown belaow  in

i

]

WA
X

Figures 13,1
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o

C12.110 Marw’'s mother cooks anly for herself.

FERTURES :
prtyfpf,eptf,tpf,plf,agnf,anf,rpf,aen
Marw - - - + - + + - +
ot ber - - =" + - + + - -
Ferzself  + - - + - = + + + -

IMITTRELE
- THELE

-Marw- —mothetr—
Iraruh motherf

~h=srsslf-

!
!
!
!
i
i
Vo kerselfA
1

SCiberselt, mothsrd=trus

AGRCherself, mothsrd=strus

EHRCherzelf, mother?=trus
H‘JF\ ozt

selffA, mothsri=true
HimotherBohsrzs1fHA
THELE

HEMIHAT

~Mary— —mother—-
I arwuA ot her
motherEotierse 1A

SClkerself, Marwi=trus
AGR{her=self, Maruwl=trues
EMRECher=e1f, Marwvi=talse

IHTERFRETRTIONE

| rotherBErherss 1A




Clz.12%  Mare's mothsr cooks onlw for her.,

FEATURES
oty fpf,yspf,

Marw - - - + -
motber - - -

+
her + - = + + -
INITTABLE
THELE

+

tpfyplfygnt, ant,rpf,gen
+ -

+

+

-Marw- —mot e -
FMaruf ’ mot herf

!
!
|
i
|
i
|
]

SCiker, moatheri=true
AGRCher, motheri=trus
RMRCher, motherd=falss

SCCker, Marwi=trueg
AGRCher, Marwi=trus
EHE (her, Marwi=true
CAGRECherA, Marwi=true
. MEWCHRIN:MarwEhers
THELE

~Marw - —moi ke -
FaryvA matberA
FarwyBrherf

IMTERFREETRTIOMS

b FaryB~herA
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V12,132 Marw's mother coocks only for her mother,

FERTUEES
pht, fpfyspf,tpf,plfyant, ant, rpf,aen

Marw - - ~ + - + + - +
rotherl - - - + - + + - -
her + - - + - + + - +
fothsrs - - - + - + + - -

IMITTARELE"
TRELE

!

b -Hary- o ~motherl-—
boFarwA mother 1A
i

! -her— —-motherZ-
! Ferd ot her2A
!

SCirer, mother2i=talses

Socker, mothsrlild=true
ARGRCher, motherll=trus
FHECher, motherli=trus
RGR herfA, motherli=trus
HEWCHAIM:mother1BoherA
TRELE

o -Maru- —motherl-
b Faryd mat b A
mot b 1 Brher A

—motherg-

mothier2h

1]
T

1
-
T
-

I




~141-

SCiber, Marwi=trus
AGRECher, Marwi=trus
EHR(Cher, Marwvi=trus
RGRCherd, Marwi=trus
HEWCHAIN: MaruwB-herA
THELE

-Maru- : —matherl-
Faruf ’ motber 1A
FarwB herA mother 1B~k

£~

-her—- - -matherE-
~2rH ot ber2A

IMTERFRETATIOHS

rother 1Bk

m
3
I

FarwE~herA
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Chapter 13, Focussing.

Extrazentential’ anaphora and ellipziz iz possible
through the maintenance of a foocus  of conversatiofn. This

maintenance is known as focussing and has heen described  at

11}

Tength by Grosz [18] and Sidner [171. Ev  focus of a
conversation, we mwan the common view of the participantzs of
a  converation of what their conversation 1= about.,
Focuzzing iz useful becausze it allows the participants of a
conversation to avoid reduﬁdant repetition of old materizal.
Aszsuming focussing is desirable in a ‘computEP natural
Tanguage zwpstem, how do we implement it?

Grosz has examined task dialogusz in  which an RXpErL

helps an apprentice to assemble a mechanical air compressar.
She finds it convenient  to represent  the  focus of
conusrzation as & set  of overlapping  foocuws zpaces, where
each focus =pace iz a colection of Ghjecté. Drne focus space
iz active and the others are open. MWhen a focus space is ho
Tonger needed, it iz clozed. One of Grosz’:z assumptions s
that gqoals and zubgoalz are definable and recognizable in a
taszk dialogue =wstem with the CDﬂ;EQUEHCE that in  anw

conversation there iz an open focws space hiarchy with  the
active focus space at the bottom of the biarchwe,
Sidner has approached the broblem of focuzsing from a

different perspective by analuzing monologuss. For  Sidner,
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tocus i= kept track of through & discoursze foous, actor
focus, potential dizcoursze toci, potential  actor  foci,
discourse focus ztack, and actor  forus =tack. SidhsrTz

work, which cams aft

1]

roGroszYs, iz wery commendable far the

.

algorithms she present=, although most af these are

-

e,

‘airly

T
-+,

In our “approach, we Wwill treat th Focus of

conmerzation as a collection of nonpronomial H-nodes. Amaong

the M-nodes that we would ardinairly expect to alwavs be  in
focus are the I and vou of a conuersation. To get a handle

on the focussed M-nodesz, we domimate them b anm S-mode just
4
as if they all had oceurred in  one simplex. So, for

example, if I8 and voud are the nonpronomnial s M-nodss

i

currently in focus, then the current focus r prezentation is

given by a structure like Figure 13.1.

I8 ———uvous

Figure 12,1, Tepical Focus Reprezentation.

When it comeszs time tao arnalyze a sentence, the current

tocus representation is attackh

m
14
]
+

—

ged to the C-S-H parss tre

the zentence wia a C-node  whick dominates them both. Thiszs

makes the focussed M-nodes available to the H-tiodez aof & the
C-5-H parze tres for chaining.

Az arn example, zupposze I8 and Wwoull are in focus and the
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CurreEnt irnpuat sentence is (13,2 from Geinder €

1.

C1Z.2% It was difficult to sketch muself,

for FHI to sketch myseld

The C-5-H parsze tresz of (132,20 will hawse a form like

that indicated below in Figure 13,3,

N\

FHI — my
Figure 13.3. C-5-H Parse Tree of (13,23

Rz the parse tres mow stands in Fiugres 2, muwself maw

chain to PHI, but PHI doesz  not hawe an MH-node to chain to.
Thus, there ars no legitimats interpretations without
focussing., MWith focussing, the parssr attaches ths  current

focus tepr

m
in
m

mitation conataining I8 and woud  to the C-5-M

parss tree by a C-node obtaining the new C-5-H parsese tree

shown in Figure 12,4,
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PHI —— myself

m

Figure 132:4, LC-S-H Parszes Tree With Focuszszing.

Mow mwself can chain from PHI and PHI can chain from I8
giving us a2 legitimate interpretation of the C-3S-H tree.

This kind of strategy sxaplains 3 munber of other

ex

Il‘

males  from  Grinder, Grinder listzs {13.52-C12.11> a=
grammatical.,
C12.5 It wa

w1l3.6r It wa
(13.72 It wa

difficult for me to sketch myself.
difficult for wou to 1 yourself.
difficult for him to imzeslf.
13,80 It was difficult far her to = hers hlf.
C13.%92 It was difficult for us to toch ourselue

(13,183 It was dJifficult for wou to sketch vours
13,113 It was difficult for them to sketoh them:

l('l 11

13 ll’l
feoul YR Y 1

W

] rEE

=
=)

lu m

.
e lves,

After Equi-HF  Deletion, Grinder lists only (13,122,

S
—
[0
.
—
w
ot

-

W

C13.18%, and C13.172 as grammatical.

13,52 It was difficult to =ketch musslf,
113,62 It was difficult to sketch woursslf,
13,72 #It waz difficult to zketch himzelf.
13,20 #It was difficult to zketch hersslf.,
13,92 It was difficult to zketch ourszelues,
13,18y It was difficult to sketch vourselues,
13,110 #It wasz difficult to sketch themzelues.,

The probable reaocn this comes about iz that we are used
to thinking of I, wou simgular, us, and wvouw plural as always

being in focus while refersnts - for ke, =zhe, and thew are
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ordinairly not in focus,  MNeedless to saw, if refernsts for
he  she, or they are in  focuz, the situation  =shanges
complately, Thiz iz shown by (13,120-013.14),

gave up drawing.

t12.12a3 Hurse Eob EBresezy
1t tao sketch himself.

e b It was difficu

13,1222 Astronaut Linda Smith

Qave up drawing.
et

A b» It was difficult ta =k b herself.

t13.14a» The bank embezzlers gawve up drawing.

. b» It was difficult to sketch themszelwss.

To indicatre _ihat warioys  Henodesz are in foous, e
bracket them at the hesginning of =2 ssntence. Thus

C12.150~{13.172 are not interpretable while C13.135-013.200

12,19 #It was difficult to zketch himsel

113,168 #It was difficult to sketch hsrsel

f13 172 #It was difficult to sketch themse

»1%% [Bob Breszyl It was difficult to

himzelf.

[Astronaut Linda Smithl It was Jifficult

to sketch herszszlf.

13,282 [the bank embezzlers] It wmas difficult to
sketch themsslues,

"t

L13.1%8

i

The following sxamples  inwslve  resolution though

fozussing.



~147-

13,21 CId, wouwdl It was 4difficult to sketch mwself.

FERTURES .
paf, fpf,sptf,ytpt,plf,gnt,ant,rpf,gshn

Ia - + - - - A
wang - - + - - 7 + - -
PHI + 2 7 2 2 7 N
musslf  + + - - " - 7

+ 4 -

IMITTRELE
: __THELE

-Ia- - -~yoyl-
18R : VvoudR

-FHI- _ -mysel
i

!
!
!
!
|
!
! PHIA myse
! .

SCimyseslf, FHI)=trus
AGRCmy=elf, PHI)=trus=
RHR(mv=e1f, FHI)=true
AGR<myw=e1fA, PHIX=true
MEWCHAIMIFHIB “mwsel1fA
TRELE

-1e- ' —Lroul-
I8A wvouln

~FHI- ~m
FHIR my' s
FHIB~muwz=1fH
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SCOPHI, muselfi=false

U

SCCPHI, woudd=trus
AGRCPHI, wowuwdl=trus
EHRECFHI, wouBl)=trus

AGRCFPHIA, wouBl=truys
HEWCHAIM: voudE~FHIA
AGR{(PHIB myu=sl1{fA, woull=false

FHIE“mws=1+H

SCCPHI, I8)=true
AGRIFHI, I@l=true
RMR(PHI, Idl=trus

AGR(PHIR, I&8)=trus
HEWCHAIH: I8B~FHIA
AGR(PHIE~myselfA, ID)=true
HEWCHRIH: IBC~PHIE

THELE
! !
1 -Ig- ' = =R !
v I8A woulH !
! vouBE~PHIA !
! !
! _ !
! ~-PHI- ~muse ] f- !
I FHIA muysslfA !
! !
! !

FPHIE~mwselfHA

THELE
(I
vt -I8- —poid-
! IS8R } LouEA
! I@B~FHIA vouBE~FHIRA
! I8C~PHIE
|
f
I -PHI- ~myse]lf-—
!  FPHIR myselfA
!
!

IMNTERFRETATIONS

IBC~PHIEB~myselfA
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€12.223  Give me that!

FERTURES
prf, fpfyzpf tpf,plf,anfant, rpf,gen

Ia - + - - - 7 + - -

ol - - +e = - ?

+
I
I

T - - - + . -
PHI + % % % 7 %

me + + - - - i
that +

+ o
1
I

|
I
+
i

3
]
1
I

IMITTARELE
TAEBLE

- I8~ —oyd-
18R Lo A

= ton- -FHI-

-me- -t hat -

|

!

]

]

}

I touHd . FPHIA
|

]

!

! 1 eh thatA
) .




SCothat, mel=trues
AGRI{that, med=falzes

SCothat, PHIX=trus
AGRLthat, FHI =true
FHR{that, PHI)=tal=zes

SC{that, towli=trus
AGRCthat, pr=tirueE
RHRIthat, towvi=trus
AGECthatA, towistrus
MEWCHRIMItowE~thatA
THELE

ot

-1~ . =
1an Wi

H-
H

—tDy— -FHI
touh FHIA

—me— ’ -that -

]

|

|

]

|

]

]

! towvEsthatf
§

]

|

' oneR that
|

A




SCithat, woudistr
AGRCthat, woudo=f

SCithat, I@)
AGRCthat, L&)

SCine, PHIM=true
AGRImz, FHI)=trus
FMR{me, FHI)=fal=z
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