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How can we construct a program that will understand stories that
children would understand? By understand we mean the ability to answer
questions about that story. We are interested here with understanding
natural language in a very broad area. In particular how does one under-
stand stories about infants? We propose a system which answers such
guestions by relating the story to background real world knowledge. We
make use of the general model proposed by Eugene Charniak in his Ph.D.
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to help answer gquestions about the story. There iz a set of routines
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INFANTS IN CHILDREN STORIES -
TOWARD A MODEL OF NATURAL LANGUAGE COMPREHENSION*

Abstract

How can we construct a program that will understand stories that
children would understand? By understand we mean the ability to answer
questions about that story. We are interested here with understanding
natural language in a very broad area. In particular how does one under-
stand stories about infants? We propose a system which answers such
gquestions by relating the story to background real world knowledge. We
make use of the general model proposed by Eugene Charniak in his Ph.D.
thesis (Charniak 72). The model sets up expectations which can be used
to help answer guestions about the story. There is a set of routines
called BASE-routines that correspond to our “real world knowledge" and
routines that are "put-in" which are called DEMONs that correspond to
contextual information. Context can help to assign a particular meaning
to an ambiguous word, or pronoun.

The problem of formalizing our real world knowledge to fit into the
model is the prime problem here. [ discuss a first level attack on
formalizing the information about infants and then baby bottles. The
contrast between the two leads me to suggest that the same methods can
not be wsed successfully for both inanimate objects and animate objects.
Finally I ouwtline how a finite state model of infant behavior can be
used to better understand infants in children stories.

Thesis Supervisor: Marvin L. Minsky, Professor of Electrical Engineering

*This memo reproduces a thesis of the same title submitted to the
Department of Electrical Engineering, Massachusetts Institute of
Technology in August, 1972, in partial fulfillment of the requirements
for the Degree of Master of Science.
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Introduction:

e —

lie are intorested in cresting & rodel of inTant
behevier, Just econplex enourh te =2lleow us  to vnderstond
references to infants in clildren stories. There are  tuwo
rrincipel reascits why we Lelieve 1t is vselul to asserble

such & podel or "micro—vorlc" of Inmowledre.

1. Zhey are neeced to extend "lenmuare vnderstanding

progrers like VWincgrad’s.

2. They may serve as a starting poirt toward
proposing how hunen  lrewledge sabout sveh subjects

iz organized, perticularly in childrer.

Cur feeling i= that for this purpose infants (end indeed
rnost animale) czn le cconsicered as “"reny anirales in cne".
That is, we can use a Iinitc stete rodel in which at one tine
ne is & sleeper; in snother state =2 drinlker; znother on
eater, etc. In the section on the relation of this thesis to
other werk wve will discuss briefly sone of the criginé {for
such a model. In the following poagzes we shall discuss a
meneral eodel fer childreh story comprenension and a firsd
attenpt at formelizing infarts end the related topic of "baly

Bottle.™ Ve will then indicete tle direction in which ouvr



finite siate nocel vill ~o,

The purpose of thiz meoer is te cisevrss ry effortis o
forralize scre lnowledse ovcut © particuvlar sub’tet. T will
use the Irewewerk of Iurene Charniai’s redael of  childron
story coopprenension {Elnrnfﬂ; ey, I doing g0 I will gliso
note certaln extensions uhich in the very least will pale it
easier {o tuild 2 children story cemprehender, and which mey
in Fact be necessery Iif we went to conprehemne sonersl
discourse. Initially I cheose to attack tle rproblsrm cf
understending irdants in children stories. lzter I qtcidcd
to work on Baby Bottle for rezsons which will iecore olvious
to the reacer.  Eefore descriting my work I will ‘triefly

describe the Chernizsll pedel ss 1 understand it.



feletion o Other Lori:

The inpetus fer this vork sters mcinly {row tle work of
Eupene Charnizak. In hizs tlesie {(Ciarnial 2) Le deseribes o
podel directed towsrd uvnderstarding netursl lonsuc~e in the
children story context. Acide frer  this verl,, very little
work hes teen donc in ercating conputer systems aired ot
understanding stories. Host lenpuere wnderstarding systere,
SIE (Rarhael 64), Q23 (Creen €%), and SIRDLU (Vinorrad 71) do
not deal with very troad universes. VWinogred’s is lipited to
the world of toy blocks. Ilene of ther uncerstiznd very nuch
about things like human cotivation or human desires.

I will not attenpt to descrite in detail or eveluste
much of the work in Artificial Intelligence relating o
lanFuage understanding. For these vho would like to see such
a discussion I can recorcerd Winograd®s paper (Vinceraé 72)
which contzins a very good eveluation of research in A.I. on
natvral lanfuage processing, serantics, and thecren proving.

Since our attaeck on natursel Jlanguase understanding is
founded on the idea of worlking on chiléren’s stories Tirst,
we are concerned atout the lnowledre tilat children have thzet
allows them to vnderstand cipple stories. There is & vast
literature cn human infency (Hessen T0) but 2lmest nothineg cn
how children tkink about infants, or what facts they lmov.

Flaret discussez what ke telieves children lmow ghout tle



2

birth cof an iniant (Fizeet o). iut ro orne scenes to ret st
vhiat the meodels are that children use for understondin-
infent tehavior.

Several pecple have made or used & finite =tatec nocel 1o
explain aniral lehavior (keCullech, Hilrer, Elur). in their
work they postulate =n interrated, statle physiclesiccl
pattern for easch mode of behavior, where ezch node generally
subsumes many perticular kinds of behavier. Their evidence
for this model derives mainly from neurcanatomy, phylorenetic
argunents, experiments with the reticular forraticn (severe
damage, electrical stimulation, etec.) etholopical ard
physiclogicel argumenits. The core recent vork of Uilmer and
helerdy desls with how different gcts are detercined vithin
the rnodes. They define "acts" as "well-potivated,
species—typicsl, intrapcdzl beheviors that are based cn an
aniral’s instincts tut vhich are usually decided on rarils as
a function of reinforced pest individusl experience" (Kilrer
72}. Their hypothesis is thet cne of the mein functicms of a
sector of the hippocappus in permmals "is to help select act
decisions and activate then wvia sifmals over the
precommissural fornix inte the motor circuits of the mediczsl
forebrain bundle." The mnodel ie aiped at deterrinine how =
mode and in turn a particular act are instituted. Theyr do
not seer to be esrecielly concerned with whet the =ctusl

modes and acts sre, except in sc far as the totel nunbter must
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e reascnable fer their rodel.

Pigret gnd Infants in Children Ltories:

Piamet is & rich source of infrrmation on labiez ard the
developrent of dntellipence in the child. In his model
children go through four stages of developrent. The first
two of these are relevant here. They are: 1. sensori-motor
(ezes O to £), and 2. pre—operational (ages £ to 7). These
aze brackets are not findarentel to his theory tut simply
amproxirate cuts. In the first stare the child learns to
coordinete his sctions with what he perceives or with other
actions and to use certasin elementary escherate (sucking,
followinz otjects with his eyes, shakine). In the second
stare the child learns to rerresent the world throush svnbols
and sifns tut is not at the lewvel of concrete operations
(idea of conservation of nurber, matter, weisht, etc.).

Pizpet’s work krings out the fact that the behavier of
tebies chanre with time. The irvlicaticn of sore of his work
is that & knowvledpe of the histery ("life-histerv®) of a
child is necessery to understemc¢ the child =t any rarticuler
tire. If this is trve thken it is herd to see how =nyore

could understanc a child. The thing to rnote, I think, is



1"

that the conecent of o "life=history" iz impertort. Thic foet
torcther with the fzct thet the state (ceterrincd b wvery
recent events) of the ckhild is ever chansing irylies thet the
protlem of undcrstandins ciscourse cbeut infents or with
infents in it cen only le sclved in a syster which can hnqﬂle
these changes end uvnderstand "where the Eeby is =zt." lLe are
forced, in & story understandins program, to nmointein s

history (recent events and not "life-history") because one
can always esbk guestions of it like "How did the irfant ret
into the rresent =tate?™ or "Vhet herpened to  the child
befeore some particular act occourred?" So althowsh whst we
mean by “"state" is & finite surmery of the kistory we are
also forced to maintain the history sc thet we cem ensver
guestiors sbout it. It seers clear to me thet in the
ultimate understander states end histories will nley =n
important role. te could add a tez on every essertion thet
indicates the slate. In zome sense however, the set of
currently esctive (ASSERTed) IEOLs is. the state in the
Charniak mocel. Also much of the history type of information
can be rotten frop the &ssertion nurters which are cordered in
terns of intut to thé urderstander. The Crarnizi nodel does
not have state parkers, but they =zre a pessitle extension.
Tris mzy be very important if we carn show that we necd
alternative worlds exi=ting in persllel. e could then use

suck stete mparlers torether with & Tilterins reckapism  to
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distinmielr varions ed—cxictlin~ verldoc. The notdinn of ¢ tire
line, 1if properly coveloreo, nLy Trove suificiernt to bopdle

mneny nroblers, like tences, hunrer, saving, €ic.
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FLAE L ET:

This chapter ic infended 1o rrovide erou~l inforrnticon
gbout the lan~va~e ITAITEE (Hewitt (S, 72) =o that the codes
useda later will e uvncerstancoble. o krowledre of ILICT
(HocCarthy 62, Veissran €7, linorrad 72) will prove hel-dul.

For a better (more corplete) = dercrirtior  of
MICEO=-FIAEKKER, the currently workins suvbset of FLAITER, wou
can see the NICRO~FLARNER reference renusl (fussran et al.
T2). FLAI'NER is & preecedural lanfua~e oriented toward the
accomplishment of rcals vhich mey in turn be brelen down into
subroals. In contrast to other lanfuares, when =2 roal is
activated in PLANFEE it can be satisfied by sny one of 2
munter of szssertions Iin the deta lase or by any nunter of
thecrere. Theorers can te sactivated er referenced ty
mattern anc need net te c=lled by name. co you do not have
to explicitly cell sore procedure, but vou can =irrly =2llow
the syster to accomylish the desired gosl in whet ever way it
Cal. If a failure cceurs as a result of sore decigion, a

up facility is rrovided so that ancther possibility cen
be tried. |

(e hsve girmplified scpe rotatioms. A1l KICFO-FIAIFER

Turcticns start with "TH" tut we will delete the "IH" in

our vresentation =c thst our HICRO-FLAILIE codes will te

more readaile. beczuze of this decision there msy ie
sore cuesticon as to whether =& rerticular Tunctior is =

LIEF function or a FLATER function; wve sosure thet the
functicn is & ILANLEE one unless ve srecifieeldly noted



otlervise. ) ) ] e :
Perhaps the ezplect voy to undersioand povwv FLALYVED wveoris

is to leok ot sonme examrles in lhe forn of £ conscle Scesion.
The "> {;reattr thon Eign} lncicatles & re:ponce Lo sone
line thet we tyred in. Prolbably tlhe pest tosic fureticn is

ASSLRT. If we say

(ASSIET (LAFRIEL JOEN HAFY))
> ((RAFRIED JOHE LAFY))
The system has put the item (MAFRIIL JOF LARY) inte the data
base. This iter is called &£n asseriicon.
The GCAL function can be used 1o see 1 a&n asserticn

exists cr cen be deducec.

(GOAI (IARRIED SCHN LART))

> ((LATRIED JOHE LKAEY))
In this case the systen has found the zssertion 1n the datia
base. Iater we will see how the system can dedvce facts. X1
we asked it whether scomeore else, S8y Eill was rarried to
HARY?

(GOAL (LAREILD EIIL LALRY))

The resronse LII Dpeans "Ialse", pcanins tlhat it could nct

finé thet tle assertion (MATRIFD DIIL i4IY) was true.
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The lenpuere los no Imevled-e of what the syntols
HARFIED, LIIL, LAY, etc. really rcan. iliis is ciear if ve

Say

(GOAI (IAFRIED RAEX JCHL))
> HIL
Ve lmow that if LAFY is rarried to JOMHI, then JCHEE is
married to LARY. 1his foct can be expressed in o - TTAILIE
thecren. The COUEE type theorem i= used for establishins

roals. CONEE stands for consequent thecrem. Ve could write

(CCEEE MARRTIGEY ()
(LAIRIED LARY JCIHIL)

(GOATL (MARRILED JCHE LARY))

> BNAFRIACE1 (defined and mssertec)

> (HAFRILCETD)

(GOAL (MERRIED M/AFY JOFE) &7)

> EI-L._&EI-EIT-_D IAEY JOH)
So now vwe have & theorer thet states thet if we want to prove
(HAFRIED HAFY JCHE), try (BAFEIFD JCHI LARY).  lote thet ve
have sacded a second arpumert to the GOL. TETI pesns filter
so that only those thecrems tlat =stisfy the criteris =re
tried. IFLE means alweys true, so we will try every thecren
that matches the patterr. ‘e counlé zlternztel; bave hzd any
LISE function cf ore ar-urent in the rlomee of ThLI.  Since

{TEF TEUE) is used =o citen, it is sttreviated L7.
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Wov lets sey we acroried

(ASSITT (BAFRIED GAILY IZLiD.))

> ((LAERILD CADEY ETIEL))
and we aid &

(GOAL (LARRIED FIIEL GALRY))

» IIL
This is beceuse our marriare theorem is only inveoked when wve
want to prove (MAFRIED LAFY JCHD), we car meie tle tleoren
generel by intreducing varisiles. £ variable is preceeced Ly
a "{7?" to distinquish it frem literels. In our expesition we
will abtreviate thie convention by reroving the "§" and using
the "7 only. when we write theorems that contain veriatles
they =must te bound, so we nust declare the variziles we ore
going te use. This is the purrose of the list fellowins the

thecren neme.

(CONEE MARRIACGES LT)
(MADRIED 7¥ %Y)
(GCAL  (HAERIEL %Y 7X))

> Er-;.a_r.-R:L.a.uEe defined and asseriec)
> (MARRIIGER)

(GOAT  (LARRIED ILLE. GAERY)
(TEF TRUL))

> ((LARRIED EILEL CAFRY)) .

The system first checlis the datz btese and Tinds thet there is

no asserticen (HARFIED ELIED GAREY). It next locks for



thecrers which ratcl: thke mettern (LATFIED ITILN CA0IY) . exd
Tinos ikat the ratiern cif JWAILTAGEZ wotches witi 73 teins set
to ELLEN and T3 sel to CANEY. The real (LARFIED 7Y 930 is
then executed a2s (CCAL (LARIIED GARLY EILFL)) widich succeecs
becouse it is in the data bose.

If there were meny thecorems that had the pottemn
(MAFRIED 7X 7Y) ther the systen would keep tryins trer until
one succeeced. ke cen slso tell the system to try a

particular theorem cr szeverzl perticular theorers.

(GOAL (LARRIED TILEL CAERY )
{USE HARETACEZ))
> (MARRTED EILEN GARFY)

Fow thet we have seen how to rut s&ssertion in the data

tase and how to deiine theorers, we show how to get rid of

them.

(EEASE (KAREIED GAFEY FI1Em))
> ({LARRIED CARRY EIIEL))

(GOAL (LARFIED GARRY ELLEN))
> HIL .
However if we did:

ERASE MAERIACET)
(HARRIAGE1 ERASED)

EEACE ITFIP“""} _
FAFRIACEE ERASED)

(14
GOAL (RARRIED FARY JOHL)ST)

(
>
(
>
{
» NIT



(GOAT  (PAERIED LAEY JOFL)

{USE HARFIAGTIZ))

> (HAERIED BARY JOHL )

This dis true ©because vwhen
theorem, what we really recan is
pattern from the list of netterns
However, the theorem still exists
So by define we meen storing the

assert ve mean storing bty pattiern.

we erare [(un-cosert) e
removal of that theorems
available tc be matched.
znd can te called by nare.

thecren by name, ard by

So  far only relevent items apreared in the data lbese =o

that the right asseriions were found at once. JIet vs add

ASSERT (WASP FILEE))
((WASP FIIEH))

ASSERT (MARRIED GATRY EILEN))

ASSFRT HARRTAGEZ)

(
>
{
> ((FARRIED CARRY LIIEN))
(
> (MARRIAGEZ ASSERTEL)

Cur datz base now contains the following:

(HARFIED JOHE HAEY)
MAEFIED GARFY EILEN)
VAST ELIEN)

Theorem FAFRIAGES

Surrose we wanted to find & harry person and had defined this

to te someore who wes merried (this is rurely hLypothetical).

We could write the follcowing theorer:
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{COIEE  LAFTYY? |
(PATTY 2

|::[:.h|::|||."._'_|' { LT . L] - -|I:|'i :?-_-:I E:'-':.I

> (HAFPYT defined anc ascerted)
> (HAFEYT)
now if we dia:

(COAT (EAFFY HARY)ST)
> (BAFPPY BARY)

However, if we wvanted & happy WVASF we nmirght urite
(PrOG  (X)
ECDAL EanPI_?xjiTJ
COAT.  (wASP %%) ) )
> (WASP FLIFED)
The PRCG acts 1ike an ARLD function so thaet  the orocedure
succeeds only if every term ic =atisfied.

How whet heprens? The svsten first searches its datz
base for screone whe is hapryv. let’s szy, for jnstance,.that
it finds JCHE tefore EILEL. The roal (HARREIED 7Y 7Y) will
succeed assirnine to Y JOEE, now the {HATFY %Y%) =succeede,
and the PRCG proceeds to the new goal of (VAEP JCUHH) which
fzils because there is no svch essertion in the dote tase or
applicable theorerm. COn failure the syster bocks uwp to the
last decisicn'pcdnt, which was the choice of JCEY for bindins
to %X din the married assertion. The srsten tlen tries
another item that will match. This dis 1lilke roin- doun
another branch in a tree. #t scre reoint EITE vwill be riclhed
un ty uwsing the HATLIAGTZ? thkecrem. In this cise Ty usine tle

thecrem FAFFIACLEZ to deduce thet (LAIRIED  EIIEY CGARFY) and
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thern the theorer HEITYY to dedree (HATZY FITED .

S0 TX  is bound to ITLEL enc  tlhe ~enl (FAITY ITIJ1)
succeeds.  kow the moal (WASD FILIN) is tried ond  succesds
since it ic in the data bosc. Qur TICC succeeds returnin-
the volue of the last CCAL, narely (WAST FITEN).

Lote  that 1i the &ata bese contains very many
asserticns, the time to search for one when we co a GOAT  moy
erov, and righl become too rrect. llore seriovsly, we micht
need to do sore .cnstly ccoputations in  order to  deduce
{mererate) ceriain ssserticns and since we mey rnot really
need any or all of then it rakes sense to weit end see if we
really need ther. There ir aleo the pessitility that ve are
working with infinite or nesrly infinite sets end vould not
want tc waste tipe and storesre by ernterins eny essertions
befcre ve need ther. e veuld therefore net vant to sssert
facts that are not very irportent cr =re not used Irenvently
or £re too rany or very costly to deduce. In cther words, ve
can rake a decision s to whether we wont to  deduce o
perticular assertion every time we need it, or dedvce it the

Tiret time wve need it and then put it in the date tase, or

have it in the dats tase when we besin. Such decisions nsy
depend cn the nroblem area end the taslk of the wrosrar. In

o+

ny worli I miglkt assert facts like (IS5 EITTY EWGEY), bu
would mnot. put in fects like (CUARTITI—OF-1CUEY  PEINYD,

(QUANTITY=-CI=HCLEY LINE), ete. Ve rave seen on exarple where
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ve avoided aﬂzeftin“ rapy  items by usint 2 consesucnt
theoren. The conseovent theorer ATV sbove, wrs ured 1o
aveld szsertines thotl every varried rerscn is harry,.

I'e have scen Lhow  the COIEE theorcm  is diveled wlen ve
are trying to do & GOAL, and the asserticon isn”t in the data
bese. How lets see vhat cen kapren vhen we nale =n
assertion. Thet iz we can decide that we wvant to =dd cne cor
nore assertions {o the cata tbase ltecswvse a2 rarticulor
asserticn is nade. le use antecedent theoreres to do this.
It has a pzttern like the consequent theorem snd is invoked
vhen an asserticn is mpade that ratches this pettern. Tet us
write a thecrem which will z=sert that & person is unharpy if

he is hungry.

( AI'TE HEEEIILCFEEQEGEH
x
(Is 23 HULGRY)
EASEEET ':I'fH *X UEBAFPY))
2 (RESULL=OT-HUNGHEY cdefined =nd =s=seried)
> (RESUZI-CT-HULGHY)

liow if" we input

(ASSERT (IS BITLY HUEGRY)ST)
>((IS BIILY EUNGEY))

Ve wvill find (IS EIILY UUHAITY) is in our dota iose.

(GOAL (IS EIITY LIEATEY))
> ((IS BITLY ULEEFFY))}
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“te will sec later ihat our "DIL0Ue" ocre orotecedent theorers

€1 £ =
w DL BOLE

1-d

beccuse they are procecures vhich ore min o a rosu
new asserticon.

Firally in thie shert cescrintion we ncete the Jact  ty7e
of theorem, called LEADTIC. It iz involed oo o resvlt of the

erasing of an item vhose pattern matches thot of the theorer.

(ERASING URMAERITD (X Y1)
(MAERIED 7% 7Y

EAEE-EET EL'].‘HMPE ?:-:%
ASSERT (UNEATEY 7Y

> EUEE&FIIED defTined and asserted)

> (ULKAERIED)

(ERASE (MAREIED GAREY EILEN)5T))

> HL‘JIEIMPY EﬂFIE‘":‘B

> ((UEATRY FILEL

Vhat hes hevpered is that the act of ers=sinr the =2sserticn
(LAFRIED GAFRY EILEL) hes czused the theorer UITATEIED to  tbe
. Tun. Lhen we entered that thecrem TX vas lound to CAFFY and
7Y to FILEN, so that the tvo UNHAPTY zcsertions resuvltcd &=

shown zatove.



The Chierniall Sveten

In (Crarnial %Z), L. Claraialk outlines = I NOSCd
contuter pregsray that Les tle tielr of wderstondin~ chi
stories. Althoush ly "understend" wve mean lavins svictenticzd
ability to enswer questions, thi= model does not weit urtil o
question is aslked otut mrocecses asseriien by ssreriion. The
is, as each newv sentence is inpet to the syetem, it attempts
to generate, and answer Ior itself, the linds of puestions
most likely to Le aslied by a person checking to see if the
story vas understocd. L attempie to ansver cuch ouesticns
by relatinz the story to taclkrround knowledre of the el
world. In many cases an event et an eesrlicr port in tre
story can set up Yexpectations" that pake it mrectiesl to
understend later events without encrmous losical (and
not-very-logical) calcuvlations. These expectations are
icplemented by invokirng rrocedures (ecalled THELCEEE  in
FLALLER, and LEWQLs by Charnizk) which look for wkat
likely to occur on the bTasis of wvhat h=s ocourred in  tle

story to thet point. A typical story frarment nisht Dbe:

L-adclj.r wes poing to the lLoszital.
Daddy seid, "hother is roing to rive birth soeon

and we will have a new izby".



Typical questions one nifht asi are:

Fay is Laddy =~oines to the hosnital?
ho is going to nsve 2 labyr?

Is hother likely to be £t the nespital?

It is ivportant to realize that the story deoes not explicitly
answver these questicns. The story does not say Tor inctance
"Daddy was gpoing to the hespiizal becavse Lotker was  there
having & beby". Even to nswer very simple questions about
fairly simple stories our rodel nust lmow facts =bout the
world. In the examrle zkove for instance, it nust Lnow:
Eabies sre uvsually Lorn in & hespitel.

Cne visits close relatives vhen the; are in the hostitsl.

If = person is going to "sive birth" then her Tepily will
"have & new

Cne will fo to tge kospital either to visit or to e a ratiant.

and so forth.

The mnocel is claired to te & syster which contains such
general  dnferpaticon in  a ferm which con be arplied
automatically to perticular stories. One wvery important
Teature of this medel is that it hes the alility to nake
deducticns tased on acsucriions and if  these assurptions

prove incorrecty 1t moes lLack and uncoes the thinss that were

done because of it. That is, if ve are told, after readirg
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the previous stery {cbeve), tlhat "hotker was corin~ hore
tomerrow", we would ossure that the by wos  born ana
protably coring nore tco. Le wovld then mele Iinferonces
based on these coowrpticns. However, if we are teold laoter dn
the stcry that the taly died we twoulc have to  ~¢ bock and
unde the work that ve did svbject to those zssurpticns.
Charnizl puts forth the following gquestion 2s a way to
et at the focus of his thesis: "Eow does o sentence reapt®
Given the focus determined bty this question we now are in &
position to exemine Charnialk’s nmodel. In the pest it wes
customary to think about suck problens =zs teing reughly

divided into three agreas:

Syntax
Senantics

Inference

It must be noted that this is not & hkard &nd fast
distinetion, but a first level divison of the rroblem in the

very lesst; it is never clear vhere the boundary shoulé be.



Tocus of the Hocel

Cherniek peints out rightly, I think, that of the three,
inference 1is the gection vhich is "rest in  the darl.m ‘1t
seers clear +to me that ocur initizl problem, “eornstruet a
model which contains “real world Incwledse” " will fall under
the headins of inference.”  Furthermore, inference is
necessary to resolve problers in areas cther than "real world
knowledge", i.e. resclving certain reference yroblens. Iin
Tact much of the discussion 1in his thesis is atout problers
of reference. The conclugion is =till that we must be most

concerned atout the inference problem.

Internal Rerresentation or that’s Our Inout

The eaciest way to cive an idea of how stories and
Inovledre &are represented in the Charnizal model micht be to
say that it is "half-way between Enelish &end Predicate
Calculus.” This is not very useful cr accurzte, but we do net
vant to describe the internel representation (hereafter
called IR) vsed. Ve would, however, like to corment upcn it.
Ve essure that the input has zlready becn processed inte the
IR. fliheurh tnis assurntion pay ke necessary at this tive

to lirii the sccpe, it by ne rpesns is & "triviel" rrocessing
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orotle. . Trere has been no study of how our Ii comrares with
anything  that & huran risnt have or uee, or fer thot ratter
how humens trocess lanpuare at  all. One moy asl to whet
extent do hueans do it that weyt Tlrere is no renson to think
it c¢lose teo the actual precessing humons doi it is not en
atteppt at commitive sirulation. Hemanoid cr not, wve presure
that it is adequate. The really imrortent thingss sbout an IR
are that it is rich, ressoneble, oriented fer werkins within
the systern, and doesn”t cheet by doing =11 of the interestines
WoTk. It sallows us to exrress fuzzy relstionshirs and yet
limits the nunbter of ways & fact e¢eon be extressed to &
reasonatle nunter. IF is well svited for a FLAVTER hased

svsten end is rezsonzble.

IThe Hodel and FIAITILE

The Charniak  rodel is  divided into  rarts:
BAST=-routines, LENOES, ECOR=HIEET IEG-routines, and
FACT-FIIDERE. The EASF-routines are TLAHFER ANTECELDELT
THECEElE. They rerresent the world knovledrz needed to
understend a story inderencent of Enntrxt, tihat is, they zre.
. alveys there (assertec). ILEOES are =lso ALTECFIENT THFOETl.s
but ther rerresent lnowliedre rained fror context. They TEy

be "put-in" (zsserted) Ip the ELSE-routines or currently
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T TTOE

active LHOLs &8 © rerult of context. LACL-TILIEF: ore

(s

involed when we vani to prove an cooertiaon thet metches iis
mattern. Tasically thoy are weed to cstellislh incts  which
zre corparctively vnirmrortent. Lithovt hevins FACT=FIVDET =
the nunbter of zcsertions in the dete vare weuld be very rrent
because we vwould exprlicitly have to assert rany thinems (i.c.
millk is food, Jjuice is Tood, ete. end renny is money, rickel
is money, etc.) The ICOE-KEEIINC pari does vhat its nare
innlies. ihey must fifure out wupdates, scopetimes with the
helr of other secticns. Charniak shous thet the oerdering of

_-Iu

these parts is important. The flow of control is:

1) Aroly syntax end cerantics to ret sentence into
essertion forrpat

£) Place asserticns cn the TC-EE-DONF list

%) Arply DINCEs end IASE-RCUTILEs in that order to
each entry, if & new asserticn ie renerated rlace
it on the TO-EE-LOKE list

4) Go throurh TC=EL=-LOLE list and aprly stron=
cccurrence rule end FOOKKEERTIC

£) Arply seccnd rart of FASE.
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flikeurk the Charnialr rcedel uses rony ferturce of
FLALKNEE and muck of the Imovledre we itr, te forralize =mrpecrs

as KICKC-FIALER lile theorers, it oocs net achere stric tly

i
|..|-\.

te the lonsua~e as cescrlibed in Suscran, ©t. al. .
The fact of the meotier is that as written here, ond in the
Eharﬁiak thesis, most of the theorers would not work rroperly
until programmine clanres Egre roade in LICLC-TTANLEER. _ Such
modifiestions, thovch time consurming, will mnot ke very
difficult. thile ve co rnot want te be excessively and
unnecessarily redantic, we shouvld, however, note scme cof the
problem areas. One illustraticon is the way in which IENCIs
are deactiveted (eresed). The statement (IDSTEUCTS  FHOLD)
is suppesed to ceactivate the LENOL in  which it occurrs if
the sassertion nuppber whiclh is pointed &t by LOLL has been
updated (is no lonser true er hes been erased). This 1raises
protler g with wvariable btinding ard the {failure rechenisns

that PLAVEER uses. It rust also be pointed out here trhet 1

use several predicetes, as does Charnialk, that are not nert
of FLAILER tut vhick must ©te there for cur theorers to wvorl.
ASSERT end IUL-IF are two of them. ASSERT for instence, muct
1) creste the asserticon mumber, 2) Dot a I'Fi=4A ter cn the
asserticn, 7)) place the zsserticn on the o0 EF-LONE list, end

4) issue an ASSIET.
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L Tirst Loal: at Infents

The initial tocic 1 gttemmied wos to write LIkGlle for
understendins infants Zn tie context of the Clarpiolk rodel.
The first thing I cid was to look a2t several stories thet
were either about infants or had theo in ther. rror this

experience, plus the lmewledrme gained ty telkine with three

]

children, sges 2, 6, and E, and with ry wife’c help, I
producec the following summery of the knowledre that I think

children have atout inf=nts:

Infants are happy to sleer post of the tire,
which they do either in a crit, bassinei, or
any ccofortatle =nd "safe" ylace (kcther’s
arcs). When they are not sleepings they aore
either playing, eatings, or relievings their
bocily functiors (cescribeé by children with
eurherisns . lile: ©pooc-poo, bunny, YEE-WEE,
etc. ). Infants neuzlly vear Clzapers tecavse
they don"t econtrol their tody novementis versy

well. Ded or Hother oust chense the diarer
after this  heprens. mxeremrent causen

irritation which leads to pain and will thus
cause cryinr. Baties sl=¢ heve £1l ef the
cormon” cheracterictice we =tiribtvte to mest
hurans (i.¢. € armps, 2 legs, 2 eyes, 10
fingers, 2hi. ), except they T
proeportionzlly smcller. ITheir eize being
bigrer then a Tiny Teers doll (or any snell
doll dfor that petier) and esneller tharn a
large stuifed anipal. Infarts are "new®
{althovgh not necess=rily imrroved) go ther
carn not de pany cf the thinrs that olier
hurans do. That is, they éor’t Lnow hov to
wall, talll, plsy with most rares, or drecs,
waeh, or feed therselves. Iniants cry wien
hurngry. Cryins Los been shewn to ke
inkitited toth Iy feeding rnd 1y ncmwmtritive



A

sucking . Jou eon redvese oredn-s b neldins o
baty er by suvueliyins o continuovs sucitery
stinuletion {einfins a Jlullshby). Youns
infents are burped alter feeair-, this iz to
brins up trapred air that they ray tele in
while ieedin-. Tc burp, lLold the Laby over
vour choulder and pat it on tle tock rentiy.
They are fed liguic feod {uswelly rill or o
fornule) in & bottle or d{ron 2 pother’s
breast. Lhen they ret a little clder tiey
nove up to selt foocs cellec "taby fooc.™
When l1ittle, they et Irequently =nd ot
refular intervals. Lilk or formuidz rust be
warmed to teke the chill off. Vhen tie tehby
starts cutting teetk, called teethin-, the
baty gmets cranky ond cries eamsily due to its
5 Leing tender and sore. Eaby is washed
eotker 1n a layette or small tub pessilly
with the help of older children or iather.
Infants are teoeo little to splash and play
with toys when they tathe as older children
of'ten do. Infants” slkin ere very tencer =0
they &re eciled and pouwdered. This iz dene
after a bath asnd 1is acconrlished by
sprinlfdling a lititle cn ard rubbing it in
"very" gently. They feel zpell and soft, and
they are therefcre "nice" fo hold, but they
wigzle a loct s¢ you @must te very careful or
they may fall. Dropping a2 baby is conesidered
"bed  form" and  cen be very seriocus, as are
otler ections that csuse hzn. Pirchirns=,
hitting, pushing, &nd kicking are come coi the
ways 1n which vou can hurt & babyv. If you
intentionally hurt & beby then that is reezen
for your beings reprimanded. There are other
ways cf causing & waby to cry, like making a
loud ncise, takine awey sceething it thinks
it owns, or frighiening the laby by helding
it the wrong uway. Very young infants grab
onto things like your finger or eyerlasees
anc snile at  you. 1lhey maXe sounds when
harpy, 1like goo=-roo. They =re zlso higldy
susceptible to disesses =0 you must st=y awvay
frem them vhen you are sicl. Eabies need a
lot of attention irom parents, cauvsing other
older children te feel "out of it" anc  thus
to beccne Jealcus. Triz Jealcus reaction is
also csusec by the fect ihet kaly is not
responsivle fer itz actions and thereiore is
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not turdished for the sape thincs that =zn
older child mirht le puniched for. Ealbies
don”t slwars lmow vhat is Ltad for ther so vou
rust wetch ther. This aprears to the older
child to be "unfair® {ircatrent. fnother
cavse for hoatility is  the fact that peorle
brings rresents to the new btaby and nat te the
aglaer childrer. Havins & baty iz a "Jovous
Event™ and is vsually celetrated. Lother has
to mo to the hospitel to heve the bakbwv.
Presnancy rrecedes siving birth.

The arcunt of informetion here is considerable larrer
and more corplex than the lknovwledgze about ol jects like pirry
hank or baby bottle. uaeh of the information i= of the form
of "babies can not _ ". This implies that children have
a rood idee of wvhet they therselves can do. ¥eny of the
stories sre based on "can not do" sort of fects and pany are
centered around the weys in vhich & baby acts differently
fror "us" (chiléren). Ve can rot use the inferration in the
form thkat it is above. It i= not clear at all how we would
use a rect like "Bsbies Tfeel spall anc soft." I have only
been atle to formelize a s=mall svbset of the facts zbove.

The task of formolizine

(]

all of it in the context of
Charnisl:”s mnodel ray in Iact be very difficult. T will
oresent what little I have cone here and then meve on to baby

bottle.
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aby DELOMIs:

Surpose. we are -—iven:
(1.1) Baby was hunsry. LHother rave him his bottle.

At this point one nicht ask what Mother was deoins to the babty
vhen she gave Lir kis tottle. This eusrests that vhen we
enter our LAEY base rcutine we went to checl: if the bely
needs food cr is hunery and assert the intenticon is to ret

food. Alternatively we could have had:

(1.£2) Mother rave the Loby his tottle. The haby wants rill.

aa

In (1.7) we den”t finé the need until after the sive baby
statement. Tkis dipplies that we want a DEHON leclhing Ter
"eive Tood".

The deron should lcok something like:

(AITE BAEY-CIVE-TOOD
(NCID LABY TH IER1 FCOL)
THOLD is specified to the asseriion nurter of
the baky hunrry asseriicn, TEADY is specificd
as the rerscn riven food,
TPER1 is the person ~ivinq,
; I is the tense, and FOCD is either food or bottle
(7. CIVE 995 8% TFER1 ¥EAEY 7FCOD)
;this is the rattern ve rpetch
{DESTELCT? 9101D)

ME MR R W



(eral (IZ IE 80 TEALY 1 ADY))
jrale *urr thet TIAERY is Indecd o Tabe
(o1
{LD&L (I5 ¥ S TICOL 1 ALY-110L))
TQUAT 73C0T “LOTILE)
s{00d musl be f¢t1cr Ltabyr fooc or & bottlo
(ACBERET (7 EAVE M 27 LAl LJ,]
salter writing this DFHCL e&nd CELCils
+:[u::-r 1%, 1 fovrnd that the
;have AE" aszertion gbove was needed
ASSEET (711 FFED 7701 &1 T1ERE1 TEALY))
ASSERT (7 EEASCE X1 '*GLJ,JJ
AZSERT (% DOUI-WITH T1.1 F10CD))
jossert is sirilar to the FLAFIER ASCIET
shere we =re sayins that IER] feecs LADY vith
sfood ¥COU (i.e. food or tottle) end that
;the reason fer feedins ies the hunsry assertien.

It showld bte noted, about the atove DENCH, that there is sore
question as to vhether we chould have the ¥YIFL assertion in
it, or vse some FACY ITHDIE to decduce this inforrotion s&s
neeced. It seems that in (1.1) the suthcr of the stery is
tellines us that "Eaby wes hunsry" csused "lother to ~ive hin
his bottle", whereas in the second case (1.2) he is =sayin-
that "Beby wante milk" is  en "explanation" for "bother save
the baby his bottle." This susrests that if we kaver™t =een a
"cause" for sore action, then ve should look shead a little
for an "explanation.”

Initially wve sunrested that BAEY btese look for & Terson
needins food ard then asseriinres stzterentc altout how beirs
riven a bottle cr frod fitted inte the gozml. In fact tiis is
what the DELCOE does. Fovever it weits for the Hejyen

etaiemert. e cap use the techricwe thet Chervizl cpllis



35

LOOk=LACE o hardle the two ecsses, nomely we cazn fif:t rale =
CCAL out of the DEICH: rottoern end co &8 GOAZ on it. I therc
is & mnateh in  the onta enasc, then this DELQR ds arnlicd  to
the acserticn.

Iet us write another DEICE, thic tire 1reloted to the

fact thet & baly necds to be watched.

{(1.%) "I"m =211 elone at hompe,™ Jack thousht.
"I have to watch Selly."

lie could ask several guesticns like:

1.&3 Can Jeck po out?
1.5) Vhy must dack watch S=11yY
1.&3} Eﬂere is Sally?
T.€b) Is Jeck really alone?

The first attempt leooked sovethings like this

(ATE L[ABY=-IEED=VATCHILG
(IICID IER LABY ©' 1)
sTHULL is speciiied to the assertion rumber ol
;the "orly one at home" =zssertion, 7FER is
;epecifiec to the person vhe is home, and TEALY
;to the baby
(75 HUST PE ST WATCH TIER TEABY)
;this is the rattern ve match
(LESTLUCT? THCLD)
(GCAL (7 IS FR ST TLAEY BALY))
spakke sure variatle YEABY 1s indeed an infant
(II=LED (91 LECD=T0=IT FE ST VATCHID ILTLTTE)
sif it hes not alreacy been acserted
;then assert that
jen infant oust te vatched
5&55712 E? FEACOR %1 7i1))
ASSERT (7 REASOK FECLI %))

N
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This DELON soys thei 1 S2lly is 2 bely in the abeve cose,
then she needs to Le wvatchked cnd thaet JA must votel ner.
The sysiem rust be srart enourh te irow that Jack ic net
really alone, lut mezars tiat e ond ihe baly torether are
alone. It also asseris thet he must wetch her becsuse he is
thelmnly one who czn wetch her a2t home (i.e. Taties can’t
watch themselves). Iowever there iz a vrobler with this
DEMCN, if we were given

1.7) Bem left re here vith the baby.

1.&£) Devid capme bty and asked, "VWill you core out and piay?!
1.€) I said, "I have to watch the taby."
l'e need some way to indicate that the cuesticon was ansvered
in the neretive and thuvs we nov lmow that I ax not modns to
wlay outside and the rea=on why I am not roings is thet oI
rust wsteh the Laby". ' flso, we @may not have an exrlicit
guestion but an implied one, thst i=, we couvld reploce (1.28)

above by

-(1.70) Jim snd Lary came by and seid,

"We ere roing to the beach.™

1

To hancle cases like this I firet rtropcse the mredicote

Giy=CU=THFT which returns the geosertdior merter of tle

previous question cr irmlied avestion. \'e then ash whether
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the nesttive iE_ irvlica ¥p  tie I pust wsmich the  bmip®
AnZeErtichi. then I we succeed we can mozert tioat 1he saswer
to the cuestion is no ané ihot the reocon ie coeetlins lile
statement (1.%) or in the case of en irmlicd ovestion e C&En
assert that Jacl will net do whet iz iprliec anc thet we Inew
this because of (1.t). Iefore we look ot our nev DEROD 1

would Tropose snmother scddition that =zllows us to moteh on en
OFed pattern se we will psteh on any of (1.11) = {1.1%).
There is a strong case for rerrescntins "las to" cnd "nust”
by the same symbiol in our IL because they npey be sufficiently
close in meaning. Hy personzl feelirs iz that "nust™ is
stronger - than "has to", so I leave ther as seperote entities
in the IR. A& third alternaiive would be ito represent them by
the same syrbol but alsc zssociste 2 tep indicating desree of
need. In the case of "watch" end "etay with" it seems thot
we have gfood reasons why we would not want to represent them
by the same syrbol in our IR. Tor exemple (1.13%.1) and
(1.13.2) mean very different thinrs. "Siay with" has the
property thet its meaning depends on the relaticmship (zse or
- relative degree of responsibility) betveen the sutject and

ﬂhjEﬂt {EEE-‘ {1-12]‘ - {1!13l4} Ji

1.71) Lavid has fo watch Selly.

1.72) Lavicé has to stay with Sz=1ly.
1.75) Lavid pust stay vith Sally.
1.13.13 I had to weteh Grandmother.
1.73.2) I had to stay vith Grendemother.

u



Eﬂ-jl-ig Grendmether hac to stny with ze. o
I bad to stay vith oy iriend Jimry unatil icther ecorc.

1- |_,:-|-

Fow let’s leok £t ovr IDTLOH

(AGLTE IABY-IEELS=WALCEILCE
(LCLD IER LAEY I L1 L2 ©% IYFE COV ILT)
; THOLD is EpEEiijd to the assertion runbcr of
sthe "only one ot home® ecsertion, YITH 1=
,E]‘.I'EE‘illEﬂ to the person vho is heope, and TLALY
sto the hatw
(71 (SE ?IMP (CR LUET “HES=TC)) PR ET
(R vcmv (OF “WATCH "STAT-WITE)) %FEE TBALY)
;this is the rattern we natch
EDFE;HLET¢ FHOLD)
GCAL (7 IS PR 5T TBAFY EAEY))
srake sure variable YIADY is indeed an infant
(IZ-I'EED (%11 FEED-TC-LF PE ST WATCHED IITAITS)
3if it has not alreadr been
sesserted then assert that
sen infant must he watched
ACSERL E REAEQE TN ;
ASSERT (? FEASON 9HOLL }a
SLTQ THE {Pﬁzr-ch-rhrl TH
CCrD ((IMELY 702 °
[ﬂﬁﬁ(ﬂﬂlhu YTYPE “QL) (ASSEEZ (%) _
(7 ( . 1EWER THCYY))
;Li:Hc' r'| I_
‘Pl‘.'H “VIIL CLROT T2 ))
E&ﬁﬂuiﬂmﬁm'ﬁ“?j] ]
T (SUCCEEL}))

‘_
[
-

v
..-
e

Let wus now look at & sicple IDENCHE which is used
senerally, that is it will te ssserted ty meny lases. In the
btaby base we want te handle the fact thet Hothers heve babies.
at & hosnitel. fny other reascon for being at & hospitel, ve
presume, weuld out-in such a L[EROL. We rust make the nare

unioue cn esch "Put=in" so the asseriicn that trirrerec  the
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base will be part of the nare. The CELCE will Jnok copethine

lilke this

{AII'TE AT=-HOEF-NCLD

(1D IER TN H(SP)
;THOULD is svecified ic the have toby cssertiorn
3in this case, TPIR is bovnd to the person havines
;the taby, and THOSP is a hosrital.

7L AT 7TN ST TPER THOSF)

DESTRUCT? 7HCLD)

GCAL (% IS THOSP FOSFITAL))
scheck to see if LOSP is indeed & hospital

{AESERT (7 REASCH TLOLTD 7H))
;eéssert that the recson for being at the hospitzal
;is having & taby (in this case). ]

Ve have made certain ascumptions about the t=by lase which if
untrue will cause problems. Ve may have the follovine case:
E‘1.14% I'e were kavins & babr.

1.715%) Iad went to the kospital.

The protlen here i=s that a merber of 2 femily can "heve 2

baby" rpreanin® that the Hother in that farily is having the .
taby. The bsby bDase is roinr to have +to hendle this
rrokblen. In the akove case we want to say that Dad is =oine
to the hospital to visit lother (a less ressoneble reply
would be thet lother is havine & baty). I feel thet we must
be zble to give both answers if the questiorner rresses. This
trinss up ocne of the problems I faced; wvery cften I =m net
sure whet tke correct sanswer to a cuestion 1is, and in fact

feel tkat rore than one is arorovriate. Cf ceurse, &t this
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tine we would be very henmy to bkave 2 syster thet cenld  ~ive
any ansver that was correct.

I would row lilkke +to discuss= cevera] FACT=EF11IDET 5
(hereafter simply ¥1) tknt rirhi prove vseful. In tre first
caze the Beby lase rnust hove sopc way to tell vhether o
person has had a laby or rore simrly whether "they" have a
baby. It misght use a IT thot would tell whether sore werd cor
rrovp of words Is 2 baby indicator. The rroqrenm would lock

somethineg like this:

(CONSE EABY-IND-IF
BAFY)
TEAEY BABY-INLICATOR)
1this is the Tattern ve metch
(ccrp ({cCAL (7 IZ FR ST YLABY DAIY))
scheck to see if we hove gn essertion in the
soata base thst szys that
s TEARY dis = beby (i.e. "Jim is a taby")
EQUIL TTABY :EhEE}}
TQUAL TEABY "CHILD))
EQUST TEAEY “BOY
LQUEL 9PEABY “GIFL))
EQUAL TLAEY “HEV-FEIEER))
EQUAL TTARY "HEV=ADTITICN) g
FQUIL PTAEY "DIISSEL-EVENT))
;in 2ll of the above ceses we voulc
;win if were lcookins
;for scmething like “bcther had 7BRLAEYM.

This IF vould allow the ©babty bese to check vhether
someone had a beby Ly lcolidrns fer (T EAVE 9130 Ftvre Trarsen
7EAEY) as  its pattern, eard by then deirn~ =& (CCAL (TLAZY

 BARY-INTICALOE)). Of course in reality it is not =11  thet
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sirTle, the to=e rust nrot =1low "lre. Joncs  Iad A new
menter.” or "I bkave a nice Loy, he's 02 years olgd®, It muct

mslze Imow that if "Crendncther hos o pew Crorcehila", then

[

niother has had new Lol It wouvld therefore e
reasonalkle to hove & 7 that lmew atout farily reletionshirs
{2 mini-thecry cf relations). That is, & routine that wouwld
allow us to prove that "Devid las £ nev brother or sister”,
if 211 we know is thet "Iavid’s liotker just had 2 taby'.
Such & FF will rave to te writien, I believe.

Iets lock at another IF. fupncse we want to lnow
whether scme person hes Ted another nerson. Ve mirkt vrite:
(COLSE FERSCH=TFFD-1T

FEF1 FERZ TH FOOD)
7 TEED 7TN ST PFIR1 YPERZ)
;this is the rattern we netch
(GCAL: (% GIVE 9TH &T PIER1 FERE (iR 7ICCD i
(I6-CRJ (?TYIE FCOD) (SMLE)))))

;ve want to leok feor rerscnl
;piving persong scoe food

The 4:151::151.:::1:'. ae to whE.thEr_ to have svch & I demends on
whether one wants the FELD assertion (the information in the
data tase). Of course one nirht recuire FERSCH-FEED-IT to
reguire the wictir to e hurery, but neny stordes don”t
ususlly botrer to menticn 1:.1'.513-. Perhepes the "time-line" will
renerate hunrer after & vhile or hetter vet our IZEHOIs feor

"hunger” will tele care of checking food ceomsurpiicn and

[N
-

activity to see if & person is lunsry wien it is osle
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There 1s & major irocier  with this 10000, morel:, e
nigkt hkave "Elien vas roing to the circus goad vanted to fecd
the elerhants." / "iother pave Illen cone pesputo." 1t is
clezr that in this case Lother is neot {feecins Fllen peonuts
tut givinge then to her so che cen {ced the elenhonts. To
taiie core of coses like this we can podify our FIIT-=IT. be
vill work on the assumption that thines like "~pins te the
circus to feed the elephants" will put in DELOHs that will
assert that "Ellen was given thke feod (paﬁnutsj as 8 result

-

of wanting to feed the fooc to the aninpals. Cur rew I now

looks like this:

{COrSE TERSCI-TIED-IT-2

PIR1 IERZ TIT FOOD IU 1)

7 FEFD 71N 5T TPCER1 TEERS)
:this is the rattern ve mstch

(GCAL (¥ii1 GIVE ?I@ BT TFIF1 7ILE2 (SE 9F0OCD

(IS-CEJ (PTYLE FCOD) (S0RE))I))

swe are looking Ter personl siving
*Eerscn 2 some focod

(zicT {COAL (% TESULT 211 7))
jve do not want te find thkat the food
svas riven Tor ancther re=son.

This discussicn of feéding leeds to the last DEION I
vrote rerteining directly to ‘ltabies. Cur first LEICL said
that if we Inow that 2 baby is hungry then lock for scheore
Tiving kim Jo0d and assert that the baby ot the focd becoyce
it was hungry. wow I would like +to exermine ilhe case vhere

"Paty is hungry" asseris  ithe {eed sizterent, prte—in
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(assert: ) the LIZY=CIVE-ICCL L7300, znd vuts the oty ifute o

nesetive stote. Le riqnt thenm rabe this the yoattern of

mroTesed DIGOns 1ike DALY-CLY, lADL— A0il-L(ISE, etc. . 1 Tecd
that creatins tkis far "ner—sicte" iz ucelul lecovse there
are mDony coses where tle reasen for the tety’s diccemlort is
unicportant and the baby s state is reclly the Iey. ow let

us look at the FAEY-LEIICEY-EERCL, whiich we nesve written:

{ Al'TE BAEY-FUIGEY
NCLD BADY TF FOOD 11 12 (YER “SCUE0LNTE))
2L, IS 9T ST YLAEY HUIGEY)
DESTRLCT? FHOLD)
ACSERT (917 IS ¥TL 7E/EY FEC-STATL))
: ;essert that the taby is in a nerciive stete
(ASERT (7 REASCH 911 917) ' :
;énd essert that the reascen i= baby is hun=ry
(Cchp ((DGUAL FTE “PAST) ‘
(ASSERT (952 TELD PAST ST 7LD SBALY) D))
((£SsErD (%h2 ITEED TUT 5T TPER PLALY)))
scomecne will feec the baty

.E.&E.SEE& (7 SUB-ACT THOID 71.2)) _

CCiD ((EQUAL 7T “FUT) (ACSEDT (¥ EESLLT 12 T10)))
E LESEET (7 T-EESUIT 70 9h2)) )

(FUT-IL (BAEY-CIVI=ICOL 71 7

-

I

i

=
L—
o



Inients intc caly doffles:

Az I renticnec esrlier, 1 was net very bhopry with oy
profress in desling with Infapts. It iz true tiet I have
written sone helf cozen THIONIDs vhich earture score of ire
Inovledye zbout infants in chiléren steories, Tut I am
pessimistic about the goal of understending all cor mest of

the lmovledpe listed st the bepimmins of this ciapter, in the

[

context of the mpodéel discussed =o fzr. Llthourh it is
possible to vwrite yprogrems which inccrporate more of this
information, I do not feel thset this would 1e a fruitivl
approach at this tine. So  being in the context of hunery
babies I decidec +to work cn beby tottles, feeling that in
this sieppler arec T might pain a better undersianding of the

DENCH writing process.



Loty bBottle:

Agein the Iirst ztep vos tc write coun o surmary of the
infermation thot I think clildren licw and protably usc when

they undersiand siories.

Description of Laby EBottles:

Baly beottles (hereafter called EE) come in =
stendard =ize and shape. Zhey are a liguid
container with a nipple on the end. Infarits
drink food from EBs. This focd mey ke mpillk,
water, juice, =oda, etc. In the czse cf nilk
(or formula) tke EE must te varmed tc tzke
the c¢hill off the millk. The temperature ot
the milk should 1le tested (uvsuzlly =z Jfew
dreps from the ED on the wrist). Eother or
Dac prepares the botile for baby in mest
caces. When the beby is hunzry it will often
lock dfor its EE or cry ocut until it qets iis
EB or =cme other Iood. To met food cut of
the bottle you need to place the niyple in
our mcuth and tilt the bottle up =o that the
jouid comes out. You may slso suck the
nirple to helr get the foed out. Squeezing
the bottle slsce helps, especiedly 1if 1t is
the sof't plastic type. Generally the lieavier
the ©bDottle the more food thet it contains.
Many bottles are see=through so  the
licuid-level is aprarent by inepection. You
can also shake tottles to tell how much
liguid they contain. If vou kesr a sloshing
sovnd that renerally Jndleatee thaet there is
food inside, if you don”t hear anythins then
it is prokb=bly erpiv. One zssumes that after
the food comes ovt it i= JPFESted by the
person holding it cr by the buﬂv if somecnse
iz holdinrs both & balky and the bottle. To
mut food in yov need beth the licwid and the
bottle. The niprle rart screvws o:if the ton
of the ZE 2o tlat i1t ¢en be filled by rourings
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in liguid. BEoare fleo copsicered toys  end
can e ovned by a2 babyv. This owvrershkin
exntends to the lipvid contents of the L. It
iz consldered Lad form for an clder child to
take and/or hice a Laly's Ik.

Eaby Bottle DEMCls:

Here we have much of the lnowledrse about EE thet I think
is necessary. In this ce2se we c&n nete that, althourh neot
very small, the descrirvtion is not =211 thot l=reoe. It is
rost  certainly less copplex then infant was. The impertant
thinz atout EB is that they are £ physicsl cbject with &
Einglé privery wutility, that is, they =re used to feed
babies.  Althourh theyr may be vsed as toys or tacifiers this
is of secondary iprortsnce. Cur first DEMON will try to
capture the Tacli that EL contain foed that infants iry to met

out-. Suppose we have the Jollewing story frarsment:

EE.1; Devid sucked on his bottle.
2.2) Tinally he bersn to ret mill.

How can we answer questions like:

2«2} Ukat is in the bottle befere Tavic sucked?

2.4 ) How did Devid met the milk?

2.5) Vhere was the millk before David beran to ret it7
2.6} I= the pillt still in the lottle?



4“'

The stery frorent abeve c¢oes not exnliclitly anmuer cny of
there crestions. For inctance It dees net soy, "Dowvid rociced

0ill: frop his bettle." Lhat ve reed then is o DILCD that cen
infer tris information. The DELG thail wovld Leln us ensucr

these ovestions looks scpethins like:

{Al'TE EF=-HAVE-TCOD
FCID IOTTLE FEE L1 TOCD IU)
7?1, HAVE Pk ST TFLE TECOD)
sthis is the rattern ve motch
éDLS"‘PLET‘? THOLD)
GCAL (7 IE EE ST 97000 LIC-BALY-ICOCD))
;palie sure thet FCCD is & licuvid balyr food
(GCAL (7 IE PR ST STER BAEY))
;take sure thet FIE is a lahby
(IT-HEFD (7H1 CET-IEOH FUT ST $PER 7DOTTLE ¥FCCD))
s IT=ITFD coes an f5SEET i the stotement
iiz not found in the date besc
IIT=NTED E? I PAST ST 2T0CT PIOTITIE )
IT=LFFD (T I PE ET LCT 7YC0D TDOUTLE) )
ASSERT (7 T=RESULT 7 ?H1))
11=HESULT iz £ rpredicete that pesrs.
:that the secend fssertion (pointed
set by the second arrvrpent) ic a .
*"‘r1v121“ result of the first sssertion
,{nl::-l:nted at 1y the first ar-urent).
{Af:rpﬂ (7 SUE—ACT ¥LOTD 7E1))

This DEMOH would have been prt in by a HAVE-ER-EBAEE
routine. This DENCE was aiped 3% vnderstandins the

followirg story frarments:

(2.7) Iavié rot zis bottle.
. e needec sore pillk.
Lovic sucled on the FE.
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Tt wons feedin~ timc. .
eimEy was riven ris iottle.
I'e started to arinlk.

(2.¢) Fller wars hurrry. |
lother rove Fller her hoitle.
che rot core nili.

The DIHOK rust asscrt the V"eei{=fror" intenticonr in the zbove
case tut in the previous case (2.1 = 2.0) it will nct heve to
do this but sirple "puit=in" the EI=FAVE=I'CCD DICT.  This
DEHCE will elsc put=in severzal other LEKOEs that =re reeded
if the suck asssertion results in the emrtyins ef the LE. COur

SUCK DEFON looks lilke tlis:

( ATE E[—-SUCK

}Bl‘- PEE I 11 LE (FCOD "SONT-BAEY-TCCD))

7% SUCK PE ST TFFF TEL)

;this is the tattern ve meich
EII-lZﬂ-II E?Eﬂ CET-TRQH FUT ST 7PER PEB TFCCD))
TT=LEFD (Y HAVE PF ST YPEE 7EE))

srake sure thet the teby has

sthe ta bottle
(AESERT (%71.2 SUD=ACT 71 71))

;euckine is a sur-action of rettins
EAESHHE PH1 F1LE)

PUT=TIL PF=CUT=CT 71, 9FLE TLE)
EE=CEE=ITVEL 75 TPFEF YEL)
EE=L0=SIF=-LIVEL T TPLE YEE)

;fut=in the necessary L[EICEs.

-

Low let us look at a wvery simple DLMQOU which wes rut-in
by the previous DELOL tui vhich wewld in fzct Te put-in ty
any DERNCKH that pight resuwlt in the LE wins out-of feocd. It

cust lock scmethins like:
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(AIIE D1L-0Un-0r
{chal.m IE FCOD 1 1)
in tke atove casc ]
,rur:Er ol the "suck
(71 CUL-0F TIi &7 71000 71F
:this is the rattern we motch
ISTRLCTY FL.CID)

AESERT (7 FESULT %1 T1.0L3))

TI-HELD (¥ EAT TR 5T SPER 770CD))

3

D weuld ke the scseriior
E" sospertion

C

e B

Cne of the facts that we lmev 2bout B is thet we cen
tell how much they contzin ty exanicaticon, tiat is we CEl see
the level if we leool. In this we can Iinler that there is
something in the EE and fron vhet tlhis has resulted. The wey
the model indiecates nesation (with a 0T inserted in the
asserticn) rakes it necessary for uvs tc have = seccnd DENCEH
for "no—see", slthoush the infcrmation content should really

e hendled ty core DENMOL. low lets look a2t cur two LECIs:

(ANTE ET-SEE-1EVE
hﬂﬁIF*L;]?m'm}
. SEE 9TI. 5T 710G *tiij
25 in "She could see it wvas 1illed"™
(DESTRUCT? THOLD)
;this DENCH pey heve teen put in bty a "suck" typ=
s LERCLE or Ty & "HEVE" EE routine
(CCRD
((BQUAL ?TG LEVFL))
;€2 1n "He sav it wvas filled to the & oz, levcli,"
((GCAL (% I& 271 ST 790 LICUID-1C0DY))
;es in "Tie cilk could te ssen.”
((GcaL (7 IE 79, €T 258 2)) ‘
(CE [COAL (% I; P ST TIC YIE) 98 LT
AL TRELCELD 1)
(1))
seE 1n "Ii wves szecn."
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COEL (% I 30 L1 % YRR LS UL
{ﬁu‘i_ﬂﬂ_}r. ET Ii. IE =0 P30 Tid 3i
. il =t i e .

- i i
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and

{ AITE I1-1C0-3CE-LEVEL
WCLD YER I W1 12 1C )
9. SET PE ST LOT YFER 1G)
DESTRLCT? THOID)
cGip ((BQUAL ¥IC TEB) (SEIQ |
?TC (HANF=0LJ “SQRELHING))))
s;the level in the IB could not be seen
((GCAL (? IS PR ST 906 1IQUID-ICCD))))
ie5 in "Devid didn"t see eny mwilk
EAESEE'I E‘?l‘.‘l I TE 8T 10T 9TC YIB))
AESERYT (712 BPTY PR ET TEE))
snow ve know that the EE is erpty
(AESERT (T=[ESLLT Tii2 7i7))
sve 2lso lmow how we lmow that it is empiy.



There cre sope focts which ripght rere gyrofitally tLe
included in cur Inovledre of any centainer, suecl as, when
someone pute sorething into the coantainer, then there is thst
something in tne ccontainer. In the I ecose we riqhit have

sonething 1ike:

(2.10) FKother got the IE. She put some milk in it.

or
(2.71) Hother gave Dod some millk. He put it in the bottle.

We need to assert that the pilk is in the tottle in the
exarples above. e &lso need to assert the relaticonship
between this act and the "get EE" zssertion. At =some lafter
tire we will Lave to consider whether we sloulc have g

PUT-IF<EAEE routine tlhat vill generelize this ices. But
retting boack to the present case of IF we pight write & LELCH

wiaich would locl: sonething like:

(AITE EI-TF'OCD-Ii
E;-:cz,n EE FER TE F L1
71 PUI-IH 9T% ST (4R TFOQL (IS—QBJ
_ _ (IIC-EABY-FO0L) (SOEE))) %2ZE)
(DESTRUCT? ZHOLD)

;THOLD will point to the "get EEY ssserticn
ASSFRY E'?1 II. UL ST 7FEL 9EE 73C0D))
ASSERY (7 SUB-ACT ?1:0ID %11))
ccln {ia::u.:. TTK “TUT) (ASSERT (7 RESULT 71 %10)))
(ASSER: (9 T-EEsuzT 21 7L1))) :
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Wher we have a siatcnent like "He put A in say the oot
cxbressed Ly this LEROL is truc o1 post chodces of A end 1.
This is evidence that ve shouwld heve Lhis fact in a2 bere
routine, like TFUI-TII=-LASEC. ihis routine wiil howve o le
conplex anauﬁh 10 lLandle coses vhere the Yeenerol foct" g
not true. Bxarples would te: "putting air in s flat tire",
"putting a highly volatile liquid in an open container",
"outting water into a sink", etc.

llow for the last Ef DIOEK that I wrote. 1 an trying to
capture the fact thet if & baby has the bottle thet someore
else Jjust got, we can infer that the person gave it to the
baby.  The baby having the bottle in tkis case als¢ irplies
that it will try to ret food from dt. There is &£lso a
question in my rind as Lo whether this LEHOI belonre to  baty
btase or here in EE. It may interzct with the DIABY IENOF on
mare 32, BAEY-GIVE-TCOD. ihe DEMCH sbould hendle, in eny

case, the focllovingz story frasments:

Father pot Lavid’s B.
"I went to mive hir his food", he said.

?%.}%i Mother rol the EB. She gave it to the laby.
2.4

-

iow for the DEHCN:

ANTE Fr=VALT=FCOD
(ICLD FER1 PERZ EE FCOL I ¥1 02 T¥)
; TRULLD points to the "ret HE" asserticnm
(71 EAVE ?T3° ST YPER? %EB)



DESTTLCTT 7naI D]I
GCAL (7 I8 PR ST YFO0L LIC=DATY-2TOD))
GCAL (7 If“ 51 YPERL EALY))
CCND (RO {Ff UAL '?‘*FLF.‘I TIER2) )
IE=RELD (712 oI ]-L"Sa o7
YPER1 TRIRZ ST00L))
(ASSIRT (? SUR=ACT 101D ¥12)) )
AZSERT (711 CIT=FLON FUT T ‘I’IEE TEL TI0CT))
AZSERT (7 SUE=ACT 711 7H))
AZSERT (7 SUB=ACT 7L0ID 21.1))
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Finite Etatc Nocel:

ie now try to construct a model in viich rodes of
behavior or sell corrancs are wed to ferralize our knovledre
listed in the nzrarranh we psed carlier to descrite irdonte.
Cur assurption is that there is scpe "abdevetive orean" thet
comrits the entire crranise to any of a rumber of
incempatitle modes. It will not surrrise us if further
research indicates thet  this arsunrtion iz net  trve
vhysiolcgicelly for a&l1 dinfant tehavior tecause we are
concerned here only with how =adecuate iz such a2 redel for
understendine infenis in children stories. ke hvnothesize
that a rodel of how children think infents work world nlace
the infent in any one of a finite nurber of medes. The modes
listed in Takle A zre a first sttempt at specifrin- ther.
However, to handle 11 of the inforration we reed, we will
have +to handle such lneowvledse os comes fror facts ebout whet
an infant can not do. ITor exanple, we mnirht have the

Tfollovwing story:

(6.1} Deddy cane hore frop the reospitsl with
lother anté the newv baly,

(6.2) Grandrother rede coffee and coke for svervone,
everycne thaet is, except the taby.

Ve couls ssls



(6.7) Wy didn”t she role coffee oo enle for the Tolo?

The esnswer, because it carn’t ent therm, ceres fror the fact
that new tabies can™t est coffee ond  eanle. Ve could
represert this Iy sarine thet  tabies de not have o

"solid-food eatin~ steote. I, the szre sense we lmow thet
states like "roinr to school™, "plovins stireet ramest, "fecd
oneszelf", etc. will te of infortence in cur svsten bocause
infants can net be in ther and older children 6o enter them
often. fim noted earlier cuck of the infornation neeced to
understand infants wvas of this fore. This corresponds  to
well defined mcdes thet an infant can not zchieve. Tzble B
containe a list of such rodes. Entries that hove & star nesxt
to  them sare these that sore proteblr drrelevart to

understendins infanis in chiléren stories.

feer, snxdety (unstebility)
sleep = rest
eat = drink
Unieooy = ory
haory — =smile
scarch — exnlcore
urinate = édefeczte
loconotion
5it - stapd - lie
disginterest (Loredor)
cuciing
Lunrer
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cleen — mrocm
Fet Zood = hent - work
cat rolid Tocod
firkt
nate® = fornicete*
~lve birth#*
rotlher vouns#
build lhope¥
anrer
tall:
rreed — envy
lavshter —eupheria
hiternste#*
surrernder
Dlay

These tables indicste the level of behesvior at vhich eour
nodel dis  gined. Clearly, neurcopvhyeicloricezl reactions,
clinical reecticms, etc., c©re not directly relevant to our
understending of Infants behevior in children stories.
Thecries abeut vhich nevrons have just fired and the paths of
signals are not useful for understsnding wiy scoeore dees cor
doee not ﬂGIEGEEthiﬂ; in a stery. le wvill now have tao
consider what rarticulzr behavior is pessille fer the infant
in each mode.

Kllimer and Hclardy use the terr "act" to rerresent that
behevier which tskes plzece within a rode. f Tev exzxrples
will serve to illustrate vhet e mesn iy "zct". I¥ & baty
com.itted te the searchinr mcde sces twe éifferent tove,
viiether he roes to the first or second is an =z¢t decisior.

If he comes %o any olject, the decision as to vhetler to



exnplore thet chbject cor continue hir scorel i o net
declslol. A -laun: inlant sedms to aove  the proyert
there are relztively lew wets zecocicted witlh coch rodo.
Thiz c&n e contrested with cay ¢ ~rown wolf wio, in the
hunting mode may L "stallking, lyins in &zbush, érivins e
herd of prey, running te the attack, reloinine nis nackh,

digring for mice, and so cn.® llow let us lock =t a pore

deteiled finite sizate nccel of infarts.



Tinite Ctate Indante

£y

We will lisl ihe stotes; Jollcowed by rules for enlerins

and leaving the siate. e will then list zome of the acte
which occur witihin each sizte.
Sleep-deep
If no =1 EEL {4 cr 5 }'.DUI'E] asyd  Whe -:.1!-:'3"“ =5
"=leep—deen". If "sleep-deep" and long tire reoes ty

(8 t¢ 1C hours) =» "sleep=roderate", ‘“sleep=lizht",
Yawake". "Sleep=deer” znd wvery leowd noize -2
eryvins=Ccisconfort®. "Eleep=deep” znc low level talk
—>» Vslecp-noderztael. "Sleep-roderate" zard rentls
rocking =» "eleer—deep”.  Acts: Ve don’t really Irnow
if there zre different vays for an infant to sleep
(deerly, or anyway ifor tlat natter). e =Eiskt
Lowever, CDHEidET. the locstion rhErE-the infent is
sleepineg 85 an sct decisior, with +the alfernstives

teing crib, tassinet, carriage, etc.

Slesp-codersie

If "slecp—rodercte" and low  tell =2 "sleeo=lifhil.

focts: Szme ss for "eleep—-deep”.



Sleep—1i-ht

1 "gleer=noacraie” and Jeow tell =2 olecr=lisnt". I

"sleep—lisht" anc lovd rnedze => "ervins—¢isconiortv.

{

g

1f "sleer=lipht" and nodce => "muohe®. Jcots:  Sero oo

for "sleep=deen”.

"Eungry" and hes Lottle with miilk =>  "esting.
"Hungry® and liother’s treast -» "eating".  "Dunerv
end somecne spoonins btaty feod into baeties mouth =2
Yeating". "bottle empty" —> V"kappr® (stomsch full ).
"Eatings" and bottle enpty —-» "hunory", "cryins=hunory™
(The choice depernds on desree of hunper of the  infant
znd the amount of food in the bottle when he =zteried.
lLote: Ve could handle this by maldng seversl hunsry
siates, and speciivin~ the "state" o the bottle,
ramely "full", "half", etc.). Acts: Sucking “en
ripple of Tbotile, sucking on nmother’s Goreast,

equeezing plastic bottle.

Crying=irritaticn

lrinsting -> "cryinp-irritation". Iowel moverment -3
Yerying=irritaticn". Sonecne chenres digper and
Towders —» "Lapom. Flci—ur andé econtimcus auditory

stimdation -2 inhitits cryins end enters "iarm™ for
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linited amnount of fine. Actr: Ltoilinge, yellinr,

roverent of btody and lipls.

Crying=discomfort

lunciinz, teethins, kicled, shocliy rushoed, overtirec,

ricked wup the vroag WEY, loud noise -2
"eryins—=cCiscomfort®. Lolding, scothing,

nor-rutritive  feeding, avditory stirulstion <>

"hapry"-.  Acts: Sare as "erying-irritation”.

Cryins-Lungry
o feod &nd 4 or 5 heurs -> "erying~hungry". Lottle
with enough foed -2 "happy". Lor-matritive cuclkkiaz cr
tottle without enough feood =2 inhitits erying for a

rericd of tire. Acts: Cene as “erying-irritatica™.

Anxiﬁua—unstatle
Iny low level (smzll amount) erving stinwlus ->
"anxious—unstable". Unfamiliar surroundings, stranpe
faces, rother leaving algre =» “"anmicus-unstzble".
foothing noise, rother returning, pick-ur -> "hoooy".
lack of sleep -» "armious-unstable". Acts:  Irowvn and

lock unh=ppy, Frepare Lo Cry.
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Flay

&l

Tull stomzachk anc clean Ciancr and Jove gnd affection
=> "hanpi. ftny  of: urinstings, B}, pair, hunrer,
loud noise => type of cryving (irritetion, discorfort,
er hunrry ). "Fappy" end toye =» “"rlay".  Acts:

cmiles, contented sounds.

The sampe "bad" stimuli listed Tfer chanrins from
"hapry" to a type of "cry" apply here also. Take away
toy —=» "snxious-unsteble". Jcets: Fellow objects with
eyes, crewl, srasp cobjects, look or stere, shake or

taste objects.

We shell elso list sore of the acts that cccur with the

baty bottle, derending cn whether its state is full or emptr.

EBottle full:

Drink till erpty Ebﬁby contented).

Drinke i1l erpty (teby cryins for more).
Drink partially and baby sleens.

Drink till ernty and taty sleeps.

Eaby dreps tottle.

Baby throws bottle.

Baby spills rill on hipself and environrent.
Faby plave with botile.

Unscrews car and pours cur rill.



Fottle ernpiy:

Baby crys.

Baby throvs it sway.
Daby suclis on it anywoyv.
Drop on floor.

Flay with it.
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Foseible Intensions®

Cne of the deficiencics o the Ciarnialr rmodel ic  the
implication thet we have te tell it thinqs in lon~ea-ec lile
FLAIEER in crder to add to its lnowledse. Ope wisht propooe
that thke soluwtion is tec write ccde for  translatine
declarative stctements into PLARNERE assertions and thecrens.
In this way, it is kyrothesised, we can add to the rrorran’s
knovledge of an ares. Lovever, there are seversl reasons why
this is not sufficient. As the nrofrarm munderstands" & story
it is inevitable thet it will rwn into thrases £nd words thst
it deoes not Lnow. This is especiallr truoe of children
stories as they often try to tesch chilcdren new thinrs.  For
exarple alrost 211 of the steries that I hewve seen with
infents in them trv to teoch +the reader vhet one muest do  if
they have a wounmer brother or sister. This tcachines nnture
of children stories rakes me Tecl that learrin- shovld tlay &
part in our ‘'urderstancer". lhe Charpiall syster does not
learn end it i=s not clear how we would ~e atout rakins it
learn. Ihere zre reveral reasons vhy learrings is important,
nost of ther are obvious andé necd ne pentior.

Stordes are not rerlect. A stery thet was written Ly a
huren is 1ikely  tc  be irrerfect, afier =211, hurans are
Tallitlc. Gthen we resd reel life siories we often find sters

rissins, inconsistercies, Jumne in the time frare, €rTores dve
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to the suther’s lacl of Inaviedre, crd cut-rnd—cut Jien. e
nﬁs5em rust hove sore wey o understond tioee thin-r feor vhet
they are, while still refvciiy to "lieve" ceocourroncos of
ther. Irev bcberrott, 3irn his lasters thesis nrorvosad,
ororoses  &n  arorosch  to solvinr some of  ikese nrollerc.

ial: car not be feulted for not tryin~ to solve  the
"addinr information" pretlem, tut ve rust still 2cik vhether
his peodel is suited for ite solution. At the rroscnt  stoqe
of developrent of the Charnial: model we cre not forced to
vorry very ruch abcut this vrollem, tnt eventuzlly we rust
consider the advanteares and costs of adding nev informetion.

In its nresent forr it seems that it is not very well
sulted for rakings a learning syctern. lhis rears simply that
we £re Jorced to do all of +tle werk when we warnt to  add
Imowledre to the system. Ve should poirt ovt that the systenm
does "learn" wren it reads 8 rarticuler story, that is, if
the story says thet "S=lly is an  infant", it will act
accordingly. If we asked the srster whether 3ally was & baby
it would answer "yeg", Lowever cnce it kas finished with that
story ond kas rone on to ancther uﬁe, there is no ﬁarr: over
of infcrnatimn ebout anythinr. It asafEEE that there is rneo
reletionshir between characters or everts frol one stery to
the next. So even thnﬁfh it nizht "lesrr" in cne ctory, it
does nct ettenyt tc rererter rest the ipredizte storv. Ve -

wlins ure

-

s@&a here thet the rez=l rretier of learnine iz net
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of irmedictely usefunl inforrction, tut deeddine what is
inpertant or r~enercl cnourh  teo lwep and  vhet rchowld Le
flughed. Cne couldc corceive, 7ossilly, of a sroten thet wes
prograrred  to understond infants whick eculd  then O ST
itself to undersiand teoddlers afiér peirm piven en
explanatory story. To be zble to do this vould mesn that ve
have some way to distinruish letween factes  tihat ve went to
nairtain as part of our "imrroved" systen (i.e. Teodclers con
eat so0lid food il it is cut wr into spell pieces for them.)
and facts vwhich should Te flushed aflter vnderstapding  the
points  that they illustrete (i.e. Jane ate scre of the rice
and & few pieces of the steal: after hother cut them for her.)
Since we don”t lmow how to decide such metters (ve lmow =0
little  about learning), the best stretesy at  this time is
protably to ismcre this protlem now. Fert of the problen moy
evarorate vhen we lmow nore ebout DERDY constructior =nd

DENCE DEMON interaction but this rerains to bte =een.
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What Have Ve Lecrnec:

R

The primary guestlon we fust oo curselved now iz "Uhet

-

mave I lecrnec aboud

-

the mrocess ¢ writin~ DECIsYT.
Another gquesticn cone ray posc is "To  whet extent wvas it
easier to write a DINOK after writing a few?". T arn glfraid
that I was not atle to find zny sizgilicant prosrese witk
tter IEICL=s over earlier onec. Fowvever, this is becouse
the latter DELCIs thet I worled on here vere sgooul very
different scrts of things. If I were to sit down efter the
experience described here anéd ftry to vrite ILLONE for
toddlers or nilk bottles then the answer to the oquesticn
vosed esrlier would have been very cilferent. 1t =eerms to re
that there zre classes of DENONIs thet heve sipilar struciure.
20y 1t is essier te write LENOIs when they £it inte the sare
class, tut it slso seems thet vhen we zre forced %o work onm
very different sortc of lmovledre we find the tosk of writins
new DELCEs no ecsier then wien we storted.
is roints to classification as & stertirs peint which
iz the lowest level of the lercer probler of structuring
knovledge. Containers of khard oljecls, liguid centainers,
etC., 211 have somethings irn corcon which rakes the  writine

e -

of, say, Dill-lottle cr ccolde jer DLiCle =lishily ezsier

after writing IL¥Cls for TE (pirzy tark) or [E. Ferhaps this

= e

indicates that ve heve 'ritien cur IZL0is orn the vrons level
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of ~sncrolizotion. liere doc cope rezton o cxrect tiat ve
will need seversl tyves o DEICiE=. & troltouly need &0 new
type feor acts cf noture or Thveiesl facts. Iy, fact viaot e
Eay need le a classilicolion ccehere for 1HCLe. Vhen we
exzrine how other pecple wrile LLCIs fer rony difiercot
topies ve mey heve clues as to the level of rencradization ve
vant.

I telieve t.nat. we need better siructures for lmovledre
and that writing LEiils is & reasonally gooc¢ stratery Jor
retiing idess siout struc'turing Inovledzre. At this tire e
aren’t even good &t classification. Ve don”t Imow very much
about the DENCH writing Trocess at this tirme. lLore work will

have to be done writins DEICIs.
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