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ABSTRACT

Three experiments are presented to examine hov humans use wvorld knoviedge In
compiex sltuatlons and to see If .=ople can acquire nev rnowledce In a formal wvay {i.e.,
symboiic and lingulistic rather than experlance-based knowledae) without a strona

semantlc understanding of the area of dlscourse.

These experiments IImit the Interactions between the new area of discourse and tne
subject’s existing body of world knovledne Ly translatina each of the content words of
the new area into a -onsense vord, and presentino the subjlect vwith a mrixture of the

original Enalishk descriptlion and the substltuted nonsense words.

The experiients util'zed areas of disccurse of c¢ifferent size and complexity, and
wvith different experimental envircnments <Jzslred to eliclt both the zonciuslons bheing

drawn and the evidence upon which they wvere bascd.

These experiments Indi~ate: that subjects are able co acnulre new knowledge
expressed Ir unfaml'sr ter rs; that function words play a ¢ _.al role in this process;
that some portlon seems to be rule-driven and mechanizanle; that world knowliedage |Is
extenslively wutlliized to valldate the local plausibility of Interpretations; and that
style Is an Important aspect of this process, enabling sudbjects to determine the

important sectlions of a passage ard howv description flovs fror one sentence to the next.

The rezearch Is sponsorea by A’PA under Contract No. DAHC!S 72 C 0308, ARPA (rder
No. 2223/1, Program Code No. 3D30 and 3P10. The work is part of a national effort to
brino a high lfevel of auteomation to the preeraming process. Thls work |s refevant to

application-specl fic softwvare deveiopment for the DOD-Miiltary.
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INTRODUCTION

Human use of world knovledge Is a concern oi artificial Intelligence both as an
estimate of the amount of world knowledge requlred to solve particular problems and as 2
suggestion of techniques for utillzing such vorld knowvledge. However, since this toric
Is so 1Ill-defined, psychological experiments which deal at interesting levels of
complexity have been very hard to define. Therefore, most knovledge of this area Is

based on our own intujtions.

While wve are not psychologists, ve would Ilke to present three experiments which
d~al with complex real-world-type situations and vhich should shed some llght on how
humans use vorld knovwiedge In complex slituations. All of these experiments are based on
a common technique, Content Suppression, that, In the hands of professionals, should
provide a tool for further investigatlon of the amount ¢f world knovledge used by human

sublects and che mechanisms by which they process such vorld knowledge.

He were < avwn inte a study of worid knovledae by our investliaations intc automatic
procrammlng systems[1]. It Is our view that one Important capabllity of such a system
is the ability to acquire knoviedge about a nev probliem area and then to brina this
knoledge to bear In followina iInstructions while attainina coals specifled by the user.
1t is our contentlon that only throuch such world knoviedce of the domain can the system
intelllgently process the user’s requests and move from essentially macro-based
lanquaoges to context-dependent ones. This movement represants, we feel, the next major

advance in programming systems.

WORLD KNOWLEDGE ACQUISITION

In our report{l], we demonstrated the pover of world knovledne acquisitlon throuah
a hypothesized worst case sltuation in whlch the user, while not being evasive, only
answered the system’s requests tor information. From an Initial statement by the wuser
of his aqoal, the system had to discover the relationships betveen the objects of'that
wor ld, construct a mudel of that world from sucth reiationships, and then wutilize this

model in achievina the user’s qoal.




We

that we

include below thl< hy~nthetlcal dlalogue along with the hypothetical reasoning

would 1ike such a system (o ~mploy.

Lines preceded by U: are input from the user; lines preceded by S: are responses

from the system; and everythlng'withln square brackets ([]) 1s an explanation of how the

svstem ls processing the i nput and the Inferences It Is makinge. Thus, analysis wlll

always follow the input or response being analyzZed.

Let’s bulld an Alrllne Reservatlion System.

[Create a nev model called “Alrline Reservation System”.]
0K. How?

e want to be able to tell how many seats are free on <¢ach
f1i ght.

[There exist a set of entitles called “flights”. One of the
attrlbutes of flight Is “seat” and there are an unkpown number
of seats per fllaht. One of the values of some attributes of
seat ls “free’. Goal of “Alrllne Reservotion System” Is te
keep track of free seats on each flloht. Because iree seats
must be kept track of, there exists some operatlon or
operatlons wvhlch changes elther the number of scats per
flight or the value of the unspeclfled attribute of seat to
something other than “free”.]

Besides belna free what else can seats be?

[Since sycstem must keep track of free seats, |t attempts

to find out whkat other “‘types” of seatec there are.)
Reserved.

[Seats can be elther “reserved’ or “free”.]

How many seats are on a flight?

[Now that “type” of seats are knovn, hov many seats are
there.]

It depends on the type of alrplane.

[There exists a set of entltles called alrplanes vhich

have a type and thls type determlnes the number of seats on
a fllght. Hence there Is an assoclation between an alrplane
and a fllght.]

How are alrplanes and fllghts related?

[Ask user to state lmplied relationshlp.]

A fllght s the movement of an alrplane from a departure
polnt to a destlinatlion.

{A flight conslsts of an alrplane, a departure goint, and

a destlnation. The actionof a fllght Is to move 1ts
alrplane from ltis departure polnt to lts destlinatlon. A
fllght does nci nhave seats as an attribute. An alrplane

has seats as ar: attrlbute.]

How does the tyve of alrplane determl ne the rumber of seats?
[{Find out relatlonship betweer type of ajrplane and number
of seats.]

Let “s worry about that Jlater.

[Mark thls relatlonship for processing later.]

0K, how do free seats become reserved? .

[Find out what operztions exlst to chanane “type” of seat.]
A reservation for a seat on a fliaht changis a free seat to
reserved, and a cancellatlon changes a reserved seat (o free,
[A reservation ls an action vhich charges the “type”’ of a
seat from free to reserved. A cancellatlon s an action
which changes the “type” of a seat from reserved to free.




Assume that cancellation is alse for a seat on a flieht and
that therefore reservation and canzellation are inverse
operations. Assume that the chanced seat is part of the
alrpiane associated with the specified fliaht.]
S% Js the altered seat part of the airplane associated with the
flight?
[Test this -~ssumption.]
: Yes, it 1s on the flight.
[Seats are “on” not “part of” a.rplanes.]
§$?! Hov €9 recervations occur?
[Are reservations an externally- or intzrnally-controlled
dction and what are its prerequisites?
Ud Both reservations and canceliations are specified from a
terml nai.
[One o~ more terminals will be connected to the resulting
system, Reservation, and camellations are externally-controlled
actions inltiated by some [nput from a terminal.]
S: What Input inictiates a reservatlon?
[What is form of reservation cormand?]
U: “Reserve<fiight> <date>”; simjlarly for cancel.
[(Note: anale brackets aire used to indicate <sormething which
evolves t{¢ a specificaticn of an object of the type named
wvithin the angle brackets.) A reserve or cancel command
specifies the fllaht on which a seat is to be
reserved or canceled and a date.]
S¢ What Is the funct:nn of the specl fled date?
[What is the relatlonship between recervation, fliaght, and
date?]
U¢ Fliahts occur periodically as specified in the airline
schedule and date is used to specify a particular onre.
[There exlsts an airline schedule which specifies when fliahts
occur either with respect to some specified date or to some
pericaicity. To specify a particular fliaht, the fliaght
specificdtion must alsy be accorpanied by a date.]
0K, let”s test the system.
[Model is not complcte. We con”t simulate it yet.]
Wait a minute. First, hov Is The type of airplane on a flight
determined?
[We need to knowv type of alrplane for each flight, the airline
schedule, and Initial “type® of seats on a fliaht.]
Us It is specified in the Airline Schedule vhich is In flle
Alriine.Schedule.
[Airline Schedule specifies type of airpliane on a flight.
Airllne Schedule Is in file Alrline.Schedule.]
Are seats initially free or reserved?
U2 free.
[Seats on a flight are initially free.]
S (0K, let’s simuiate the system.

[ang
.

(24
.

In condensed form, the model consists of the follovwinag
Informatlon?

1. Goal is to keep track of free seats on each fliaht.

2. A fliaght Is the movement of an alrplane from a source
polnt to a destinatlon.

3. The type of the alrplcne deternines the number of seats
on the fllaht.

4. Seats are elther free or reserved, and initially they are all free.

5. Reservaticn and cancellation are "ctions, specified
from a terminal, wvhich chinae the status of -ne ceat from
free to reserved or reserved to free, respectlvely.

6. The fliaht and type of alrplianc used on the flichts are
specifled in an Alrilne Schedule.




Several! people who were shown thls dlalogque wvere unconvinced about Its feasiblilty.
They felt 1t only worked because the system alwvays asked the rlj;nt questions and because
1t made the right inferences from the replles given. Both these activitles, they felt,
depended upon a very large, and unstated, body of worid knowledqe. Thus, Implementation

of such a system vould be Infeaslible.

EXPERIMENT 13 SIMPLE CONTEAT SUPPRESSION

In an effort to dispel this criticism, wve were furzed to devise an experliment that
would support our contentlon cthat cnly very Iimlited use of world krowii.dge was necessary
to support such a2 dlalogue. Such an experiment requires the abllility to cut off, or
iimit, the interactions between the new ar<a belnjg explained to the system and the body
uf world knowledge that might ba brought to bear on understandina such a new
snvironment. We teit thls could be most effectivaly done, through Content Suppresslion,
by translatling each of the content vords of the new domain Into a nonsense word and
prasenting the Informatlon as a mixture of normal Enclish with the transsiated nonsense

vords appearing wherever one of the content words of the domain would have b-.en used.

We rar thls experliment with four subjects, each of whom was a programmer. We asked
them to solve the problem with the same ground rules as the previous hypothetlcal
dlalcaue: namely, they had to ask gquestlons to galn Informatlon from a user vho
understood the domaln. Part of one protocol from this experiment Is glven in Appendlx

I; the full protocol and others are uvallabie upon request from the author.

Each subject vas able to solve the problem In about one half hour, although none
vas able to relate the solved problem to any real-vorld sltuatlon. ihe sc.nario
aenerally followed the hypothetlcal discourse, atove, wvhlch was generated prior to the
experiment. All of the subjects experlenced difflculty wlth the use of the word
“flight’ to represent a set of flights, which had to be disamblquated wlith a date to
speclfy a partlcular one. Some of the subjects also experienced difflcuity In reallzing
that: seats were Indlstlnguishabies the domain had no vay of getting to a particular
one; and if they wanted to do so, they had to construct an internal data structure

themselves.
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We feel that this limlited experlment demonstrates that people can acquire npew
knowiedge In a formal way (i.e., symbollc and llnqulstlc rather than experlence-based

knovle:ige) wvithout a strong semantlc¢ understanding of the domain.

However, thls experlment dealt only with a very well-thought-out problem and
contalned Just fourteen content words that had to be translated. We also wvant::: to
i nvestigate vhether the same techniques were applicable to real descriptlons of hov to
do something or the way something worked. We therefore tan two other experiments, both
of whlch dealf with descriptlons that were randomly selected from books, with the same

basic philosophy of substltuting nonsense words for the content words of the domailn.

EXPEr IMENT 23 COMPLEX CONTENT SUPPRESSICN

The second experiment involved a single sub ject (the author) and vas
nonlnteractive, conslstinc only of the translated description taken from a book. This
problen was much more complex than the first one, involvina eilohty-s/x translated
content words. It and the subject’s solution are presented below «= a sat of trigle
lines. In each cet, the top line represents the oriqinal wuntranslated text of the
problem, the middle line represents the text as alven to the subject, and the bottom
line represents the subject”’s sclution to the problem. These seis are followed oy the
subject“s writ:en protocol which he used to solve the problem.

(1) Problem 1:

(2) When the chain attached to the lever of the flushing cistern is

pottle sprockidg framper lorching lank
--- connected =00 S o0

(3) pulled, the hollov iron bell-shaped unit rlses and
flumed zif lug rampled lorks
pul led -~ - -—- --

(4) opens the passagc to the flush plpe. As soon as wvater flows down
rundles trank lorch mit krumper lud glimp
opens - -~+ pipe vater ilows down

(5) this pipe, a vacuum is formed in the cavity of the bell and causes

mit luff stiffled crindle dor f
pipe SEs formed -—- =00
(6) more wvater to flov from the cistern throuah the bell and down the

krumper lud lank dor f alimp
wvater flow rank -——— down




(7) pipe. The cavity Inslde the tell thus acts as a siphon.
mit qrindle grobble do: f yams 209
pipe -——- within --- acts -——

(8) when a vacuum is formed at C (by lnitlally zpplled suction),
Juff sti ffled brobed leeplon
-—- formed =0 S <o

(9) water )s dravn throuch the slphon tube. Once the flov has been
krump flltz 20q plutz Jud
water -—- -—- -— flow

(10) started, It w)l 1l continue. For the slphon to function, Jts outlet
foped nud 20q orklon frob
started contl nue ~-- functlon ---

(11) must always be below the level of the water In the tank. wnen the
gronk tove krumper mung
above or belov level vater cental ner

(12) chain of the wvater closet has been brlefly pulled and released, the
pottle krumper frotz f lumed reqgr) tched
-—— water - pulied released

(13) bell falls back Into posltlon over the inlet of the flush plpe,
dorf zorchs bart bletchlon blutz lorch mit
-== inOvVes --- positlon mouth -== plpe

(14) but the flow of water down the pipe contlnues - thanks to the s]lphon
lud krumper allmp mlt nuds Zog
f low water dowvwn pipe continues ———

(15) effect - until the cistern has been drained. As the water level
lerp lank Zonked krumper tove
-——- tank emptled vater level

(16) in the clstern goes dovwn, the float descends and opens the water
lank aqllmp bllb yads rundles krumper
tank down float falls opens vater

(17) cupply valve, so that the clstern fllls up agalr. When the float
drortly cavem Jank tuboats biib
--=- valve tank fllls float

(16) has rlsen to a certaln level, the Infloving vater ls cut off by the
rankle tove vlpsenlng krumper rosehart
risen level rlsing water shut

(19) valve. The capaclty of che flushing clstern ls usually 2 gallons.
cavem beglpt lorching lank panzers
valve capaclty - tank gallons

{20) Flg. 3 (not shown) | llustrates another type of cistern. When the rod Is

omLs arg lank leffer
shovsg type tank -
{21) brlefly pulled up and then released, the vater here, too, contlnues
f lumed reqgrltched krumper nuds
pulled released wvater contl nues

(22) to flow untll the clstern 1> dralned. The rod )s provided vith a
lud 1ank Zonked leffer roppled
flov tank emptled -—- -—-




(23)

(24)

(25)

(26)

(31

(32)

(33)

(34

(35)

freely movahle float which is prevented from tloatiry to the surface
grotly metz blib whatsi sed bllbina funk
-— -—— f loat prevented fivating surface

of tiwe water by two stops on the pull! rod. #hen the rod i< raised
FOUDD T Zaps flum leffer ileffer plated
vater pins pull — -—— -

and the inlet of the flush pipe Is cpened, the ciccine pressure wvhicn
hlutz lorch mit rundled fludina crogpper
mouth --- pipe opened - -——

1s develnp2d by the water column In the full tank ls reduced. The
nuffered krumper fraaq muna recanded
- vater left contal ner -—-

buoyancy of the float predonminates and keeps the pipe inle. open.
drode bllb qoths lotsos mlt blutz rundle
-—- f loat --- keeps plpe mouth cpen

Then the rod descends and the rubber valve disc ls thrust ac inst
leffer vyads frerker cavem stremple ellis
-— falls -—- valve --- held

Jts seat by the infloving vater.
anaay wip_en: pr krumner
Vimit ris.na water

'n snme systems the flush pipe is connected to the water <upply
reps lorch rit flnppered krumper drort
rodels ~--=.piD -—- water -—

fa]

throuach a lever-cperated or a pushnut*on nperated
blitzened al pe vuffled

valve. In the former the flusrina operation is
cavem stiffler lorciing vuffleion
valve former -~ -—-

In'ticted and terminatea oy hydraulic pressure equalizatlon which
gl bed roged mara cropper aropicn

is effected by the composite valve system, in the pushbutton
ferped zilla cavem rop aipe
-—— -—- valve model -—-

type, actuation of the pushbutte, initiates the flow, which is

arg bicbey aipe lud

type - -—- flow

subsequently likewl se -ut off by pressure equalizaticn and spring
osehart cropper qroplon donnerl ng
shut - -—— -~—-

action.

yamjon

action




The follovlng protozo) was used by the sulb ject of the above experiment to solve the
problen. The numbers folloJsing each component of that protccol) represent the jine of
the text (see above) #rom which the Information was found that helped generate that

component. The table of attributes and Relations was used to structure this protocol.

ATTRIBUTES AND RELATIONS

x Is an operatlion on y (10 x y)

x Is a relation betveer y and 2 (xy 2)

x Is a part of y (iPO x v)

x Is an attr!bute value of y (AVO x vy)

x ls nondlscrete (nondlscrete x)
x Is assoclated with y (IA x vy)

x Is an attribute of y (Atr x y)

x modifles y (Mod x vy)

(IC flum <pottle>)2 (sprock pottie framp)2

{of framp lank)2 (AVO lorch land)2

(AVO lorch wuffle)34 (AVO lorch mit)32

(AVO 2if unit) (AVO lug unit)3

(AVO rample unit)3 (IC .ork unit)3

(rundle unit trank mit)s (AVO glimp lank)16

{nondiscrete krumper)é (eq lud flov)é

(eq vam act)} (encloses dorf krumper)é

{(centalned in Yrumper “:nk)6é (eq tuboalts {(one of rises fillis))17
{(rundle bllb ¥rumper 2)16 (rundle ? blutz ?)26

(eqg rosehart zhut)18 (of tove krumper)l!

(I0 lud krumper)4d (AVO ailmp krumper)b

(set mit)S (10 stiffle luff)s

(of arindie dorf;S (10 fop 1ud)9

(I10 nuu lud)tO (IA glinp wlz)é

(eq grobble within)7 (yam grindie zo0g9)7

(10 flutz krumper)9 (of plutz zo0qg)9

(through plutz krumper)9 {(wvhen (fop Jud)’nud Jud))10

(10 ork 20g)lv (of frob zog)10

(type gronk posiiion)l) (contalner mung krumper)!i

(of “rotz krumper)i2 {of pottle frotz)1i2

(10 pottle gritch))2 (cef blutz mit)l3

(eq bletch pesition))3 (eq zorctk move)i3

(eq ork function)10 (eq tove (one of level temperature))18
(eq yronk (one of above belovw)l]l (ec omp showv)2!

(eq arq type)2) (eg nud continue)lO,l4

(eq blutz mouthj}13 (eq zork fill)15

{eq glimp down)lé (eq rosehart {one of closed shut))18
(eq rankle risen))8 (eq wipsen(one of rising entering))18
(eq bilb fisat))8 (eq cavem valwe)18

(eq yad(one of falls descends))16 (eq rundle opens)lé
(like leffer pottle) 22,12 (eq vhatsis(one of stop prevent))2&
(of yars leffer)i5 (eq funk(one of top surface))2h

(eq 2)lis held)9 (eq fraa left)27

(eq rop modei )32 (eq stiffle form)34

(type beqlipt measure)19 (unlt panzer beaipt)19

(eq lotso keep)29 (eq spruck (one of attach conaect))?
(type flum move)3 (oppesite flum qritch)iz

(eq fop start)i0 (type 200 va~lve)S5-7




Thic experim=1t was only partlally successful. Rather than sciving this probliem by
creating a formal model of the Interactions between the cnmponents of the domain, the
subject performed a type of cryptaralyslis and attempted to decode the probiem Into terms
that he wunderstood. He thus brought to bear very large amounts of worid knoviedge in
deco'inc particular passages of this text. As an exampie, consider the passage from
Iines S through 6 which vas tne key to decoding this problem: "and causes more krumper
to iud from the lank through the dorf...". The subject noticed in this passage that
krumger was not pluraljzed; hence, he drev the conciusion that krumper was a mass noun,
that is, something considered as a gqroup of thinas vwithout consideration for the
individual elements. Examples of such mass nouns are suaar or flour. The next part of
the passage says to lud from somepiace throuqgh comething. Thus, fud Is som= type of a
movement verb. From our knowliedae of Fnallsh syntax, Enailish vocabulary, and how mass
nouns move, ve knov that fud Is probably elther pour or flov. The sobject was thus
utilizina all the worid knowiedge at hand tc find out scme properties about the objects
beina discussed and then fitting those into the set of known possibilities for such

properties.

Analysls of the protocol by the subject himself has, however, becun to yield a set
of rules which wve hope will beglin to iefine the way such formal models are built up and

knovliedge is extracted from such passages.

EXPERIMENT 3% GROUP CONTENT SUPPRESSION

In an attempt to overcome the decodina process vwhich occurred in the second
exper iment, and to make more accessiblie the reasoning processes which were belnc used Ly
the subject, wve devised a third experiment. This analn vas a noninteractive experiment
in whickh the subject vas presented with a description of how to dc something or of the
vay something worked, taken from a book, after the content wvords had been translated.
We made two sianiflicant chanaes in this experiment. Flirst, the sentences were presented
to the subject one at a time. A protocol was taken on each sentence so that the subject
was forced to focus on that particular senternce and extract all the information he could

frem it. Second, instead of a single subject, we hau a aroup of subjects sittina around
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and converc<ina wlth one another to rake explicit both the conclucions they vere

and the evidence being extracted from the probiem. The subjects were

y toid not to attempt to decode the problem, but rather to build a modeil that

ed the interactions betwveen the objects being described.

rst few sentences appear In Appendix ll.

Sooner or liater everyone runs across the problem of fasienlng
pottiing

something to a vali inside the house. Though the first impulse may
sprock forch

be simpiy to drive a nail Intc the wvall, thlis seidom proves a
lank fium sprock

satisfactory soiution. Since interjor walls are usuaily holiovw, the
zif sprocks fug

naii mereily breaks through into empty spice - leavinag you vith
flum rampies fork rundle

littie more than some cracked plaster and a useless hole for your
tranked miter kr ump

trouble.
To provide a more satlsfactory solutlon to this probiem, there

are many speclal vall fasteners that can be used. Regardless of
sprock pottiers

the size or weight of the fixture being hung, chances are there
Juff stiffle grindie foped

Is a fastener avai lable which vl 1]l do the jcb. The load
pottier grobble

that can he supported Is Iimited only by the strength
yamed Zoged brob

of the wvall materiail Itself.
sprock leep

For light-duty Jobs, such as hanging smail pictures and
flitz plutz fopina nuds

decorative piates, there are han_<rs avaliable vhich can be
ork frobs fopers

cemented In place against the vall. Some of these come vith
aronked sprock

a separate liquid adhesive, vhlle others are adheslve-
mung frotz frotz

Ltelow and a

prowocol




(i7) backed. Since thls type oy device stick: to ths surface only
aritched bart kletchs blutys

(18) it is limited by the strena*h of the surface coatina which
2oned brob blutz lerpina

(19) is already In place on the wall.
snrock

W> learned three thinas from this experiment. First, the subjects placed very
neavy emrphasis on the use of function words and utilized them to ascribe a relationship
between unknown objects in the domain. Thus, awareness about the domain was laraely
built up from knowledge about the functlon vords. Such knowledce represents a fairly
well-defined and lirited body ouf informatlon, and should he amerable to incorporation in

a mechan] zed system.

Second, althouah the subjects were instructed not to decode the problem, as they
were attemptinaea to use the function words te relate the objects In the dormain they
constantly worked hack to known real-world situations that were a nossible explanation
cf the aiven situation. ihat is, the subjects soem aiways to search throuah their
experience for an instance cf a situation that could bte described {in terms of the
particular interpretation beina placed on the sentence. Throuch such a mechanism, they
declded their interpretation of the relationship between translated words was plausible.
These Instances did not remaln consistent from sentence to sentence and <o did not
appear to be Important In understanding the situatlon, bui were conc<tantly belng used to

test the local plausibility of the interpretation of the passage.

Third, subjects were able to pic) up the writer”s style and to use this tos
determlne where to look for informations relate sentences to each other; and develop a
general flow of the explanation. All of this occurred, apparently, before much

understandlng of the domaln had been acqulred by the subjects.

Finally, one very surprising thina bhappened. Two of the fljve subjects could
Jdentlfy the problem domain after only a slngle sentence had been presented. The
sentence "Sooner or later everyone runs across the problem of pottllng something - |
sprock inside the lorch.” contains almost no content, yet |t seemed to set the stage for

the sublects and agave them a good feeling of the tynse of problem to be discussed. It

1




demonstrated howv Incredibly quickly people are able to lock on to and utillze

stare-setting Information to estabiish context.

CONCLYUSION

In conclusion, then, these experinents se:m (o indicate that

1. subjects are able to acqulre knoviedge about a domain cdescribed In

unfami Ilar termss

-

2. the use of function words In such descriptlions Is very Important to the

understanding process;

3. some portlion of such knowliedae acqulsition seems to be wechanizable

through a set of rules;

4. subjects utilize wvorld knovliedae extensively to test local plausibility of

interpretations:

5. style Is an Important aspect of a description, for it enables subjezts tc

determine the Iimportant sectlons and hov a description flows from one sentence to

the next.
REFERENCES
1 Balzer, Rcbert M., Automatic Proarammine, USC/Information Sciences Institute,

RR-73-1, (draft).
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APPINDIX [: CXPERIMENT 1 EYAMPLE PROTOCOL

Belov is the first part of the protctal nf one cublect In our experiment to test
the feasiblility of domain-indenerden’: probiem acquisition and salution. The protecol Is
followved by the dictionary of domal n-dependent words and the corresponding nonsense

wor ds.

The gcal of thls experiment Is fcr you to design an implementation of a model
that [ am goinr7 to describe to you. [ am going to describe a goal and it is golng
to be a simple statement of wvhat it Is youv are supposed to accompilish. Ncw, after
that, It Is expecled that you are going to be the actlve element In the discourse,
so that you will ask me for any Information that you need to carry out the goal and
I will glve you that Information. 1 am not going to spontaneousiy glve you
I nformation. You have to ask for whkatever you need. 0K2? What we have done |is
purposeily express this mudel In rerms of some nonsense vords so that you cannot
relate it to anything you know about. We are recording this soc It would help If
you do your thinking out loud. 0K - the goal is to build a frobnlcation system and
wvhat we‘re supposed to do Is to keep track of the number of gronked frobs on each
tove,

Q. On each tove?

A. Tove - t o v e.

0. OK - that“s It. Hov do frobs qet gronked?

A. There’s an operation called frynation vhich changes the
status of a frob vhich Is not gronked tec gronked.

Q. Hov are frobs created?

A. Frobs are neither created or destroyed - they are part cf
a frotz,

Q. OK - are many frotz part of a tove?

A. No. Assoclated with each tove there is & type of frotz.

Q. So each tove represents a frotz and a frotz Is made up of
many frobs. Why are frobs frynated? Does a frynatlon of
a frob make it a aronked frob?

A. Right. That’s part of the operation of this system.

Q. Is the number of toves static?

A. Yes, It°c speclified in the bletch.

N. A bletch Is...

A. A bletch Is a table that is r of the Input to the system.
You can iook up In the bl- ch hov many toves there are.

Q. OK - so the bletch Is the initialization, baslically.

A. Yes.

Q. OK = I*ve bletched and nov have a given number of toves
wnlch are ail made up of frotz and those frotz contain
frobs.

A. Fach tove may have a different frotz.

Q. Right, certainly - and hov are the frotz specified?

A. That“s also part of the bletch.

Q. Are frotz all specified Initially durina the bletch to be
ungronked frobs?

A. Each frob on a frotz js initially aronked.

0. Is initially qronked...hov do you unnronk a frob?

A. There¢”s an operation called munanation and a munanation
of a frob chanaes the status from aronked to munqed.

C. Is a munaed frob the same as an unaronked frob?

A. Yes.

Q. Under what clircumstances wil. runanation occur in the
frob?

A. Pfoth munanation and frynation are speclfled from one of
a set of terminals.

i3
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Q.
A.

Q.
A.
G.
A.
G.

Q.
A.

Q.

A.
Q.

A.

A.
a.
A.

Qe
A.

Q.
A‘

A.

A.
Q.
A.
Q.
A.
Q.

A.
Q.
A.
Q.
A.
0.

0K - do you want a constantly runnina number of the nurber
of aronked frobs?

At 3ny point I wish tc be able te query and find out how
many qronked frobs tnere are on a tove.

On a particular tove?

Yes.

How does one specify a tove?

A tove is5 specified by both a tove name and a bart.

A bart iSeee

A bart is an atomic thing.

A bart i< a frob.

A bart is something that is used. A tove by itself specifies
a set of toves, actualiy - a tove name by Itseif cpecifies a
set of toves - to pick out a particuiar one you have to specify
also a bart so a comblnation of a tove and a bart gives you a
particular tove.

0K. Is th= tove In a bart in a bart a reasonablie access
path?

A tove and a bart and a bart?

Namely, how many laevels of tove are thera - by wvhat vou
Jjust sald there appear to be two ievels of toves. There”s
a tove - you access by saying a tove in a bart.

1’m a computer user - I don”“t understand computer terms.

]I don“t know what access means.

OK - tn get to a frob what maximum amou. s of information
are you willing "o give me to get to this frob?

1 don“t understand thc vord “information” elther.

A tove and a bart is a tove.

A tove name wjth a bart specifles a2 particular tove.

+eeand do you want to specify a frob vhich is part of that
tove?

The bietch specifiec the type of frotz assoclated with the
tove.

Frotz...

And the bletch aiso contains the number of frobs for each
type of frotz.

Can wve oo over vhat”s a frotz agaln? A frotz Is a
coilection of frobs?

Yes - a frotz j< associated with the tove ard each tove has
associated vith it a type of frotz, and that”s the same for
ali toves without speclfylng a bart. In other vords, .f
you Jjust give a tove name that specifies a set of toves
wvhich are Identlfled by their barts but alil of those toves
have the same frotz. To compietely specify a tove you need
both the tove name and a bart, but ali the things with the
same tove name | ndependent of the bart have the same frotz.

Ail the things with the same tose name have the same type
of frotz.

Yes.

Independent of what?

Bart.

A tove mame folliowved by a bart leads to a tove.

Right.

And that tove - let’s talk about that speclfic tove - tove
name followed by the bart - that tove Is made up of a frotz.

Rl ght.

And that frotz Is made up by severai different frobs.

A number of frobse.

Number - specified during the bletch?

Right.

Now Is a tove name folioved by & bart followed by something
speci flcation of a particular frob?

No - ali we knov about frobs is the number of them on




n.
A
0.
A.
Q.

A.
1L

each frotz.

0K - if [ wanted to frynate a frob the way [ nare
that frob is by a tove name followed by a bart.

Riunt,

eesfOiloved Ly whal?

foiloved by nothina. A frynation just says do it to one
of the frobs on that parti-.ular tove-hait combination.

And | assume nupanation 1s _he same phenomena in the
opposite direction.

Whv are you makina a distinction about dj “ferent types
of frotz? For what?

Each different tvype of frotz has a different num-=2r of
frobs.

So one type of frotz has always a specified numher of frebs.

Right. And that number ls given in the bletch.

is the bart aiso a tove name?

No - the bart is used tc d!sambiquate a tove name.

In what sense?

A tove name hy itself gives a set of thinas which have that
tove nare. Each of those has a different bart and so by
specifylra both the tove name and bart you qct a particuiar
one.

So the tove name is really a name of a type of the frotz.

No. Things wvith dl fferent fove names may have the same
frotz - they miy Fave different ones - but everythinag with
the same tove nsne has the same frotz.

kverythina with the same tove name has the sawe type of
frotz.

Right.

«eeS80 any tove name followed by a specific tove name
foliowed by any bart will iead me to a trotz with the same
nuinber of frobs uvn it.

fes.

DOMALIN-DEPENDENT DICTIONARY

Froonicatlon System Airline Reservation System
Frobs Seats

Gronked Free

Tove “light

Munged Reserved

frotz Airplane

Gritch Jepartire point
Zorch Destination point
Mungnation Reservation
Frynation Cancelliation
Mung Reserve

Fry Cancel

Bart Date

Bletch Alrline schedule
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APPENDIX II: EXPERIMENT 3 PROTOCOL

Sooner or later everyone runs across the problem of pottiing something
to a sprock inside the forch.

There is a great deal of context in that...

Weli, let’s cee. Suppose ve knov that lorches are different
from sprocks because...

-eebecause sprock Is Inside the iocch.

Well, it could stick oute..it could be an appendage to somethtng
that Is tightly 1ock:d or pottied and like sticks out. I°’m
getting vlstons of things. It sure js wiid.

Well, I don“t know 1 f this is a valld thlnn to say but since
everybody runs across the problem It can‘t be too hlighly
mechanical a probiem.

A lorch couid be some kind of a container or It also couid be
some kirnd of mechanism of vhich a sprock is a part.

s 09

Even If the thing vas a mechanlism isn“t that a kind of contalner?

! Hell, I was thinking of somethlng inslde iike an automoblile
englne. 1 don“t conslder an zutomobjie engine a contalner but
you could do somethlng to a somethlna inside the enclne.

The gnqlne is a contalner.
That “s not Its primary use...

: All riabt...

But It seems to me that the wori “Inslde” only means contalner.

2 0OK. The wvord “the” really strikes me as funny...
How’s that?

! As Inslde “the” lorch. The first sertence says this Is really
the context. Thls is a sentence out of the middle of a loglcal
paragraph -- !t wasn“t the first thing that wvas ever sald in the
book.

Although a smart robot meckanl sm mlght take this sentence to
mean “the lorch’ whlch means that every person or every famlly
or every organization of some type has a lorch.

Within the lav. Inside the lav.

Well, customarily, like you ml ght say...do you talk about doing
somethlng to the car and tne context there Is that customarily
every family has “the’ car or several “the’ cars.

Or every once In a vhile you get stuck with the job of vacuuming
around the house.

You have to straln to think that “the’ Is really part of the

I ntroductory santence.

Well, pottllng seems to be fltting. If you pottle scmething

to a something. There is a contact. It means making contact
wvlth a communlty.

But pottiling Is also probabiy not a speclfic. A very task-
speclfic klnd of wvord {verb).

.s.because apparently there are @mnany thlnas that can be pottled
to sprocks.

That“s rlght...the problem ls when it“s Inslde the iorch.

§°d like to knov whether a sprock is a part of a lorch or a
sprock is a thina that”s inside a lorch.

«+sswvhether a forch Is a contalner in which you do this pottling
or wvhether you are actuaily pottllna the sprock.




2 ce-&very lorch is sprocked or has some sprockse.

I think it”s best at thls point to just rezognize that it”s something
w2 vant more [nformation about and see [f the Infcrmation comes In
the foliowing text.

.e-it says “a sprock”,..there are probabiy several sprocks...
essthere are probably inside and outside sprocks...

cesthat could be...it”s a Dossibillty,..

Weil, what’s the probiem. Is the problem pottliing or Is the
problem because jt”s lnside?

1+ think the inside }s amblguous.

ln what way?

In the fact that we brought out -- that the sprock coulid be
attached to the Inside of the lorch and that you have to pottle
something onto jt, or that the iorch Is a contalner in whicn
you do the pottiing...

Ai'e there 2ny other alternatjves?

Let me sce...

A sprock seems to be an object. It could be a human, but I doubt
lt‘

We ought to number these sentencesSe<..

Let”s cail this one 1.

Yeah, | think we shouid number the sentences so we can refer
back. Let me summarjze my knowledae to thls polnt?: lorches
are elther contalned or have as constituents some sprocks.
That“s much better than mine -- sprocks -- less than or equal to
lorch; lorch -- contalner/mechanlsm: pottle -- contact or
comunication. | have inslde and outside sprocks.

Also, orobably many thinas can be pottled.

1f we’ve already cuessed it we have to keep auiet.

1f you already cuessed it?

I°m ready for another sentence.

s
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.

Thouah the first impuise may be simply to lank a flum into the
sprock, this seldom proves a zatisfactory solutlon.

"

1 think wve have scmevhat of a deflinitlon of pottline. To

pottle -- to lank = flum -- seems to be one of the ways to
pottlt‘t'
No -- to lank a flum Intec Is a vay to pottle to.

That“s right. ] gquess if you lank the flum into the sprock that
would be the same as pottling. That would deflne pottling
sorething to the sprock.

It”s an instance. That”s right. But evidently there are more.
Is the flum something In the previous sentence.

I think SOeee

It may not be. | mean it may...

Mavbe thls is somett!ing you have to do before you can pottle
something on it ycu have to clear the sprock.

Right. So a flum ls just ar attachment that wlll enable
something to be pottled.

«sspottles onto It.

On the other hand a flum might be for you to pottle it.

Or 1t miacht be that. And the lank wouid be actually an

| Instance of pottllna.

On the other hand, if the flum were a thlng you were pottling
to the sprock then they would have probably said that you pottle
| a fium to a sprock, not pottle somethina.

: Maybe pottilng a flum Is Incorrect usaae of flum. Meybe you
would never say pottling from the end of the Penn Central.
Lankina sounds not too good -- lankina sounds like it just
talks of It. I would say lankina is llke tossinc. Lanking
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is not a thorough job. Or else a flum sounded very aood when
you do it.

Well, maybe lankinj a flum is a qood way of doincg some things
but It”s not us qo>d as pottiing to a sprock. It miaht even be
a good way of pottling to somethlng el se.

It could be that i lengthened a flum that isn“t veiry oood.
Or maybe lenqgtheniig is fine if it”s the filum...

There are lots of Inastarces where one method of attachment

is good for one thiag but isn’t good enough for another
things Does it invalve some kind of linking of something.
Either linking or...

eseinciudingese«

Well whatever it Is lanking a fium... or a flun doesn’t do |t.
I°’m not sure wheth:r it’s the flum or the lanking -- the flum
or the lank.

You can do something else to a flum,

Or just lanking it once you are inside the sprock cr into

the sprock...somevhere in that combination Is... | would bet
that It“s because it“s Inside tnat there’s a problem.

Are you dolng all this inside the lorch.

ssoMaybe you can lank a flume.e

Well, there’s still, I quess, one...almoct four amblaquous
posslbilities whether you cane..

I haven’t counted, but it sounds to me llke you“re talking
about many more than that.

.
.

06 to e 4o s

Well, the maln situation is that either to lank could be -- woll,
not counting all the possibliitles -- the simple posslbility
that lanking Is vhat causes the problem or that flum is the
problem -- or that you can’t lank z flum...

Or that the problem is that you are undecided...

eeel’m sure you can lank a flum because yav would try that but
if you can’t do It into the sprock or that the whole thing Is
done In the context of inside the lorch.

This seems to imply that you can actually lank the flum into the
sprock under these condittons.

Yes, that’s right...

eeebut if you do it won“t work -- it won“t pottle very well.

It might accompllish the problem but later It could fall apart...
«e.esomething will happen at night...

Well, 1’m ready for the next sentence...



