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1.  INTRODUETION. x AR : vy :
u" . ~.

-

s 1.1 Overview b
This report Hescribes an Eiperimental system for drawing simple
pictures on a computer graphids termznal using natural. language input. The

ystem 1is capable of érawing lines, points and circles on command from the
~ user, as well as answering quescions about system capabilicies and dbjects .

on che screen. Erasures are alsc permitted. . Language input can be em-

/
oelltshed with touches to convey positional information.,
The systen wa% designed and impleménted by the authors during Summer 1976
was written in Lng 1.6, runs in about 40K words on a ECSysten—lO A
computer, and displafs‘gictures on an aghP Plasma Pa £l. ;
The sysTtem was i.plemented tc test out €deas on systen organization,
o estgbilsn the viabili:y of combining language and graphics, and to . )
erperi:ent with ap:ropria:e 4.1.7 techniques. '
1.2 Erample of dialogue e o .
*? PL ASE DRAR VERLiEnLZ INCH LIXE QLRL <T> . . ) -
L.OK « . . ’ )

*? PUT A POINT CALLED FRED HERE <T>, . TP LU - P
oK . z o oL . . ’ .
*? MAKE A CIRCLE WITH A TEN CM DIAMETER AT FRED. N ) -
OK ~ . . .
*? CONNECT FRED A D (100,156) .- T . .

4 OK i ff .
*? CALL THE CIRCLE BALL ) oo, b
1974 . - , ' ) ‘..

' %7 ERASE THE LINE FROM FRED = . L e

. b .

OK "- q‘ -"-.1 .
*? ERASE FRED , B , o :
Ok ° ’ ) I ’ ) » . p > \

*? CALL THE 2 INCH LINE BAT..

OK o 7 . d . . . T A )
*? DRAW A CIRCLE a0 e . ’
0K ) ) ke ‘E~ P Lt ' i
*? NAME THE CIRCLE FACE ’ . o

OK ' . . ¥
*? WHAT DID YOU-DRAW HERE <riv ' 1 . .
a LIRE called BAT ,- . ) ) ) ] ‘ R
*? WHAT CAN YOU DRAW? SR P Lo e e
LINES, POINTS, and CIRCLES " . o == .77
*7 1§ THERE A CIRCLE CALLED FACE? ) . e

yes - o R

*? CAR YOU DRAW SQUARES? ° R y ‘ ’ e

no B Afs DA BRI ) P 3 .-

-The system prombt 1is "*#7", and the system‘regponse is on ‘the following 'u -~
. line. The symhols "<T>" indicate a touch on.fﬁ; s;reen. This extract BERE .

1y - [ .
' ‘\ * £ "? - LI ’ -
- 77 . . % e
' \J ) -, % . g
v - -
’ A
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"shows some of the variety of sentential forms available in the system. ot

%hown are the results of the commands on the.screen.' _ . o .
: ) 3 v .’- s, ‘.

- . N A h e - A » . .

1.3 Motivation - . - —~

.
.y e ¥ . 4

The research being doge by our group promises»to ‘be” one more 5tep‘
towards the ggal of naturaiginteraction between maa\end computer. Our
work is based or. the belief-that use of more than one mode of commudica-
tion is required to achieve that goal We have chosen to investigate the
combination of nat),ﬁ’al language and graphici, ‘A system using this combi-
nation allows the use of linguistic, graphical or mixed forms for both °

_input .and output of information. Careful development of this idea would

'provide practical systems with a high degree of habitability, . *

Many artists and designers who are (and wish to remain) dalve about
programming will be able to interact productively with a natural laaguage
grapnics systen and such a System would allo% a much wider® ng’p of people
to use computers. Special subsets of. both language and pic in be
. developed for various uses.' We are advocating,a form of at al language
programming, th with an-additional égraphical} mode of communication.

We feel that the Feedback provided by the- graphics will assist the user
in detecting, and then interactively correcting, errors due tg vagueness
ambiguity. 1In addition, the uger ig able to sElect ,the appr0priate
nethod for input of intormation and, for example, could provide a rough
drawing of an object with a description of additionagl detajls. These
techniques would be viable ip a variety of applications areas, such as
Animgtion, Architecture, Engineering, and Education. . ) %
hatural Language Graphics {NLG) provides a framework for résearch in
sé%eral greas.of computer science. It supplies a domain.for the study of
linguistic phenomena and language understanding system design. Memvry and
inference will play a large role in an RLG systenm an:?ihnsequently )
knowledge represjntation and manipulation is important. Such systems
vould also lead to new ideaw about Computer Grpahics, helping to liberate
it- from its présent algorithmic approach. Han-machine interaction studies
&nd AL systens organization. will also need to be pursued. - .

" There has been no systematic study of the combination of language -
and graphics, although .there have ] a fev systems with this comhination
[Kirsch, Coles, Simmons?) ‘Badler and Winograd} and some recent work on
graphical information {Sondheimer, Rafner, Agin, Nevatia and Hinsky}
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. of the system.

1.4 Report OQutline

The next section,

-2 - O“ERALL szsrtxjptsﬁch

operation.

’ Z 1 General Description

¢

.

,As these are the longest and most impqxtant ’

organized- heterarchically, although a spec

components they are both described in sbme detail.

'f{

NLG is composed of nine independent modules. Coﬁhqpicatidh among

invoke another by sending an appropriate message.

{g: N
- . ' 3" . ¢
] . o
N ‘e % LN
e .
2, 1s concerned with the overall design and opera;ion s

Sections 3. and 5 describe the" language processing and know- .
ledge components reSpectively

The’ language
generation component 1is presended in ‘Section 4,-while graphical output is

described in Section 6. The final sectioh is a gummary and .conclusion.
.* b

modules is achieved by a message-passing scheme in which ‘any module may—
As illustrated in Figure
SYS—l, all messages are handed to the Executive module (EXEC) which.

ultinatelv ‘Telays the message to its destination. Thus ‘{he system ig

galling sequence has been

ERR

LA

PIGURE SYS-1 . _
System Organizat:ior

inducedfon the model which limits Yhe interaction of modules in *actual o

hY
v
L
A *
s
.
~
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.
*
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Each'g; te remaining eight modules has specific duties in the operation
of the system. The Initialfzation module (INIT) containg startup infor-
mation for NLG. If the system detects internal inconsistencies, the System
Error module (ERR) is called to interact with,the programmer in debugging
Hodules for graphical (touch) input: (GI) and typed text dnput (IN)
provide prepvocessed user input for language analysis *The Langidge

Analysis module (LA) - parseg the inpﬁt,using an ATN grammar, into a case-

based semantic strucfhre The Knowledge Base module (KB) ‘develops a
semantic network from the input and createsfinstructions on how to update
the dispiayfscreen The Graphics Output module (GR) uses these instruc-
“tions to run a graphics program. Responses to thg user are produced by
- the . Language Generation module (GEN) using a generative ATN grammar,
NLG is written in LISP 1.6, except_ for the. graphf®s primitive

routines which are coded in MACRO~10. As a debugging feature, the evaluation
of a LISP expression’is permittedwhpneverthe system prompts the user for
input by preceding the expression with a dollar sign character ($).

Each module or collection‘ of data used in building the system is

cod%ained on 3 separate file. (A complete breakdown of the size of eath

agsembly of qtility

module appears in Appendix A.) In @ddition, an -

-3
. functions and functipns useful in more than oqge module is iept on a

single file.

.
.The original motivation for doing this was to facilftate the -,
Although the .

»_ Processing time increasedﬁprohibitively

dvnamic swapping of modules to maximize the use .-

of memory .
meghanisms for this were implemented
mnfﬁer, the complete s€paration of modules in this fashion eliminated
many of thé problems typically encountﬁred in developing large systems

- .

0

2.2 System Construction and Startup '

Y -

The<systEm exists in LISP and HACRO—lO form.' For ‘eage of construction, -
a special control file 14 submitted to the monitor to build the system and ¢
<reate a core-image "SAVE" file. THe content of the control file .
follgws: ‘. . ) . -

. COMP JILSPF4 [PLASUB

. R LISP 38;/4 .. :
1200 12400
*(SETQ *TRACEOFF* T)
*(PUTSYM FLONUM FIXNUM) - '
*(LOAD, NIL) R .
*LARITH, ILSPF4 ,PLASUB § ‘
* (DSKIN (NLQ&PZ . LSP))
* (DECIMAL)
*(GC) |

¢ +SAV PLASMA.SAV - \

.ﬁEL PLASMA.HGH \

-

£

o !

R Y
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L 4 ’ / 5 -
’ where $ regresents an altmode character. . t ‘
LT First, the three MACRO—lO files are compiled the file LARITH

establighes thg interface between LISP and the- FORTRAN library arithmetic
routines (1.e., SIN, COS,‘etc ); the file ILSPF4 builds the interface
from LISP to the graphics primitives package, and the file PLASUB contains.

‘, the plasma panel subroutines. LISP then runs in 38K with .the full word_

s

.-Space set at 1200 words' (octal) and the free storagesspace set af "12400
words (octal) These values were established mostly thréugh experimen-
tation, but see. the LISP Teference manual [Quam and ﬁiffie] for fufther
details. Once in LISP, the XB trace mechanisgm, used for debugging,

dust be switched off by setting the flag *TRACEOFF¥. The two internal o
LISP routlnes FLONUM and FIXNUM, which deal-with converting fixed and .
:floating numbers, must be put on the QR? symbol table to be available for ' L

the interfaces. Next, the relocatable files compiled earlier are, loaded
into expanded core. LISP makes use of the system loader whichk itself

1s loaded on call and unloaded when finished. At this point, the total

* core allocatlon for NLG may reach 43K. The system 1s loaded next. .The

file NLGLP2. LSP contains the individual file names ajong with their -
location on disk. Lastly, the system is’ placed in decimal mode and‘garbage
collected. The complete system 18 now.saved in the core- image file -
"PLASMA" and the task is completed. The sketchy description given above
may be clarified'singificantly be referring to the LISP mangal's
sections op adjusting system parameters and loading binary f%les.

Once a core image. of NLG is available, a user types

.RU PLASMA - - '

to gain access to it. At the prompt; a valid message to INIT may be sent

- -

via BYEC; however, for convenience, one may type . ) ’
(INIT) - . ' 2
. 7 ’ r
to'es{:hlish contact with NLG. ‘ L% ,
]
2.3 The Executive Modul® " ; '

( .
The Executive module + (EXEC) receives and sends all messages in the -

system. A validity test is performed on messages according to the following

-s&ntaxT. o« . - "
! *
r - / ) -
"The ﬁOtation used in expressing syntax in this report is a modified

* BNF where the ‘symbol "or" sHows alternatives and subscripts following
non-terminals show the minimum number of ocqurtences. :

J_l: . - 7~ . . \




o <message>- !:=

N 4 ' - .
= (-<to> <from .cmark> <args> ) & . 3\\._/
v Sto> *, = <moqule pame> ° ’ -0 . ‘o .
~ . <from> - 1= <mpdule name> . )
£ <mark> - 2= #Q or {#R . - A
' . <args> I ( <argx, ) 4 AN p
»* . ~ T
.The: module names used in the <to> and <from> components must correspond
to the names given in Figure SYS- -1, The list of arguménts is not checked
_. by EXEC, bince each module geﬁerally protects iﬁselﬁ from bad data.
Messages with .a query mark (#Q) are sent as module calls wvhile those
. with- a response mark (#R) are returned as a“value to the caller. Also, '
: EXEC may be given the message by calling or ret%rning This allows the
conveyance of messages in fouk ways, cotfresponding to the manipulation of
' the call§ng level in-LISE and the calling level of NLG. The four, .
-possibilities ares . . % ‘ ' - .
(L) calling EXEC. with a #Q message; : - 7
q (i1) calling EXEC with a #R message; ' . .
(1i1) Teturning a #Q message to EXEC; and . .t
- - - (dv) retufning a #R message to EXEC. v

. The first tombination results in a conventional module call ‘while the last

- results in a cenventional return The second %fssibility is never used

. In NLG. TRe third one allOWS module invocation in a manner similar to
. co-routining. LA and KB occasionally communicate in this fashion;

EXEC's final duty is to automatically produce a vce of all System
,messages on the file MESS. LPT including statistics on time and space -'

2

u*ilization . ' .
* . . A 1 N

2.4 The Erfor Module - S ' .

The System Error module (ERR) exists solely as a debugging feature.

N If the Jmessage valigity test conductad by Eiﬁc fails, then ERR is called.
It displays the bad message and interans with thexuser to create 'a ‘new °

one; of course, the dollar sign (§) feature which allows LISp evaluation

s supported alloqing a knowledgeable person to completely investigate

. the pr.ﬁlem ERR may be cqnsidered an extension to EXEC, but has beén - .
rarely used. ™ . . ot ] . ’
.. . v i . Rﬁ- . - W
2.5 The Initialization Module : ~ o ERE /
: " The system i8 activated wich 4 user message to the Initiaiization

module (INIT), Here) all global system paraﬁeters are initializbd output
channels are eetablished and an initial sckegp erase is performed The

screen's curgor. position is get to zero and the distance betweewn lines

] - L4

: ’\« ) 12 , y

=

-
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of text on‘tﬁe—screen is sztato 15 stréen unitg. These parameters are *

————_ e

utilized in‘tepositioning the cursor aftezidrawing An introdygtory - ..

system response is then made 'via GEN. = \a - -»sh: _
e . T—

. a " Next, .a message is sent to activate LA for input processing It
‘must be determined from the eventual reponse to this message whether .
to siop the system or to re-activate LA, .Por the former, an exit
response is made and NLG halgs,’ otherwise GEN is directed to respond

. "OK" and: LA s called again. , . Y

«
<

2. 6 Typical Control Plow K _‘ S } R

lthough'NiG is based on a heterarchical model hierarchical relati%n—'

ships exist among modules viewed in optratiop The followi

illustrates typical control flow in the system H

’

. ' R A"\“';&‘\:\ ) . '3' . . . -
R : o . (‘__USERJ Lo .
. N ey e . ’ ’ o
¢ =S *

o :‘/\ -, /\ﬁ o :”‘:'-‘

: GEN | GEN ’ GR - S .
s .

. » N P - Toawde

When’ﬁNIT is activated by the user, ‘it knows. to. expect Anput. . Thus, LA 3

is called « From there, IN is activated to process the raw input with

GI being called to hangle graphicaf input. During LA's processing, KB »— -

may be consulted for Btored or acquired knowledge. Gbon'completion, LA

~
=4 . L4
.

- o - P R .

- . . . A - . - .

*Of course, EXEC.controls the passing of messages, but the diagram would
become unnecessarily complicated if EXEC were included evetywhere. . The

'~ remainder of .thi® paper will contain, no mention of EXEC unless essential
to ths discu ipn. & - . ‘ . - ’

. . 2T .

- X

-

, . INIT .- e _.-‘

<«

¥
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v

can either pass control to KB Or return.to INIT
commands and thé’latter éor question-answering..

' The former happens for'

v

WheF KB gets control,
it concludes the processing by building memory structures and d%rec&iﬁg

"GR to draw. KB ther returns to’ INITL QEN may_ be agtiva;ed by either INIT, -
. LA,:or KB, . {‘:- - ) .f'é
3. THE LANGUAGE ANALYSIS MODULE, . © |
" 1 Function and Overall ‘Design S L - ‘ .
The Language ‘Analysis nbdule (LA) processes all igput to the system, |
including both typed text and touches to the screen. Figure LA-1 $h0V§§&qu. B |

* th

the logical structure of LA.
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.
..

An Augmented T%ansition Network (ATNY parségﬂ%Woods, 1973l serves as
primary component of the module, and alcail of -LA may optionally
schif§ an ATN state name or configuration, While parsing, the grammar
permits queries to the Quescion~Answering (Qa) mechanism vithin the
14,
*
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Knowledge Base (KB), via the functiowm QACALL to retrieve other stored
. knowledge as required . The parse results in a case- like structure called -
/ a prototvpe,which contains a representation of the original jinput’ (see T |

]
LI

Section 3. 4). If ‘the inpu§=posed a question, the answey may then be
-‘.f retrieved from QA via the {;:ition QASK, For commands, the" prototype - . fﬁg_
is passed as the argument im\a message to the Memory and Graphics (MG) .
mechanism within KB." If the input commanded the system to stop, then a

"return meQSage is conveyed to INIT which stops fhe systed. - oo

3.2 The Two Input Hodules - . /
Before parsing can begin, the input must be scanned and assembled into
list form. The Input module (IN) is designed ‘for this purpose. 1If IN
should detect a touch control character while scanning, then the Graphics .
{ Input module (G1) is activated to dnterpret a touch. Touches become
screen coordinate-pairs (a LISP dotted palr of numbers) in the input list.
Encountering a’ carriage-return causes IN to return the input list to LA’

1%

for~parsing.

‘3.5 Parsing. ‘ . - i ‘ 2 . i

“3.3.1 The Augmented Transition Network Model ) ) )

. The ATIN parser used tn this module is modeled after the one used

.in ¢ UNAR system [Woodsk 1973; ‘Yoods, et al., l972} A finite state
network' of states and arch is endowed with recursive capabilities allowing
a sub-network. travergai to be performed in the course of following one
arc. This recursive transition network is further augmented by the
capacity to manipulate ' regiSters and perform functicn ca s during
traversals. Such registers can contain flags, words from the input

© string, partial parse trees, case styuctures, or apy expression permitted
by the host language. This allows the various constituents to be built,
tested, altered *and steered into position within the representation . r:'
chosen. The behavior of the parser is determined- by the grammar and lexicon
~ provided. The syntaxJof grammar specification in an “ATN appears in

Appendix B. The lexicon consgists of a list of feature—value paips for

* ¢ ,

* each word sense. ’ ) L 7
. ! / . ‘.
3.3.2 Lexical Bntries ‘ T -/ . |

In NLG, new features were added %o -lexical entries . throughoutﬁ

»

v
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the project as ey become justifiable after discovering additional
distinctions c:;§:§que wﬁiag grocessing Four features are considered\
basic. to thefparsing ‘scheme dlﬁt'he Syntactic category of the word sense
(CTIGY); the Yoot Porm of the entry (ROOT); the number Category (SING ox
PLUR) for nounSW{NUM), and the transitivity of verbs (TRANS) A case
feature (CASE) was~alse'used to suggest wbich case o%*cases the entry
might f?%. For the positi case,, an indicator (TAG) \showed the type of *
positibﬂ*ﬁeing,described bI?ta%;ng the vaLues ENDPOINT \or LOCATOR, For
verbs like connect" which'literally means "draw ‘line",\the object to be. -
drawvn ({1, 24 3 straight-line) ia specified. under the fegture OBJ. Words
such as "circumference' or "diameter® vhich apply only td circles have
the feature ZOQJBCT.with’a value of (CIRCLE) fo indicate this dependence._

Similarly, ‘degrees applies . a8 a size measurement to angles and is ~

indicated by a re with.the proper yalue. Adjectival relation—
isambiguation to 1imit.§he number of possible

word senses to cons der. For example, a lime 'can be STRAIGHT or CURVED

ships are utiliz

and the :eature ADJ is used to §pecify this fact. Determiners can be
definite or indefinite indicated by a DEF feature with efther a T or
NIL value. Lastly, abbreviﬁtions ate distinguished by the feature

ABBREV The input vocabuiary appears in AppendiX‘C while a partial lexiceg

-

<
[y N

is’given in Appendix~D.

i él “
3.353 Tﬁeecrammar - ; . ?ﬂr i . . ro.
The grammar for parsing can be viewed as five distinct networks: .

Y <

&
‘sentence, toucﬁ noun phrase, prepositional phrase, and-question. The

¢ z . A

five “network dfagrams appear in Appendices E,"F, G, H, and 1.
The sentence level network controls the construction of impe?ative =
pfototypes.'JIhe initial state (S*) eontains.arcs which decide whéther a

eommand oL a question form is pnesent. . Questions typigally begin with ' > ?
auxiliaries or question words of various types and these are“detected by ' l
the function QSTART, called 4s the test portion of the arc wHich looks for
'quéstions. Hotice tha@sthe grammar permits prepositional phrases or

touches to the screeﬁ ag the beginning of a sentence. These are ’

remembered using the HOLD mechanism until<their proper place can be found

later in the string. The imperative form is parsed from the state S*IHP

If the system is beihg commanded to stop, the* Lhe arc to state 8*STOP

';{:lds the proper message to be conveyed tG 1§;I‘T and patstng stops. L

arc’ to VP*HEAH is crucial j? the development of the imperative

»——’-»——'

. - .
. T s .
1 . « ] ;,16 ’; - .
~* 'p <
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'prototypew ir finds the verb near the front of the séntence and estab- )
lishes the protoqﬁpe At/staqe VP*HEAD, the post-verbial constituentskare /
expected. , In most cases, a nosun phrase will followg but other possibilities
remain For verbs ike connect", a virtual object (ST-LINE) is implied

This will be folloyed by an indication of what two things are to.be connected."

Once at the State VP*, any of a number of constituents can be bhandled.

-
In patticular, a touch is trea;ed direckly in the grammar in a manner

‘f (1]
similar to goun ‘phrases and prepositional phrases. When the sentence has

been completely parsed, the resulting Prototype structure is returned as
the final falue.. /. T ] o

= The nZuch network alloys the parsing of a touch co the screen which
has b@gn Jreprogessed by GI, or equivalently, a specification in the[input‘
strin§\of a pair of screen coordinates Either of ,these may be optionally

-

preceded by "here", "there" "this" or that" After a touc ‘

been par ed, the LISP dotted pair of x-y coordinates is returned s the

result, | An arc bas been provided at the accepting state of the tou h
network /to recognize multiple touches to.the game poiné.on ths, screen.

This betame necessary after such a phenomenon was observed n operating

the syskem. oOf course, only one pair of coordinates is returned in such

' ' N >

XS ’ ) - U B .
+The noun phrase network describes the processing of entdities used
in the System as noun phrases.’ In addition to the standard noun- phrase
consi fting of the head noun with nominal modifiers, this network also
handlés -
; ] (15° names —'e.g., "the point P” or simply "P";
, (2) she prepdsition "of" - e.g., "an aogle of 32 degtees" or

"a Ifne of length two inches"; -

(3) a_touch useéd as a soaplementizer‘t-e.g, "the lipe <T>"; .

; \ and o » . :
< o - - . M
’ (4) calls ¥ila QACALL to establish the identity of a name :
.. . (FINDOBJY or to change ‘numeric scale (CONVERT) . o

Sufficient flexibility‘is provided n the network to process st reasonable

combinations 6f the lexical items known to the ‘systen. The reader is T

referred to the NP* hetwork in Appendix G for a more detailed exposition,
The prepositional phrase network provides an additional flexibility
in processding. The preposition is found first, This can pe eitHer & T

,standard,preposition (e.g., to, from, at, through, etc.) or one that takes -~

i . .. B . 1.7‘ ’ T"C ‘
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a.compound form Ge.g.,'between) Rext, either a noun phraée on.a touch
. can be found Finally, if a compound forn~i;;expected as in "beiween
the point P and here-<T>", then this is parsed Note .that by. using the '
HOLD mechanism and a VIR arcy the interpretation given is literally
"between the poing P‘Jnd between Kere <P>", When compIete, the phrase
is retutned and a partial prototype, built rrom the phraSe, is 1lifted to
P tne calling level. ’ ) J KIS - . e
The final component of the grammar is the question network, This
has been developed to the point where several types of questions useful

in NLG can be processed correctry, but remains somewhat incomplete as

. a‘general question-answering grammar. hevertheless, the following questions
( pesult in answers as indicateg: . c . o s
' (1) What can you draw? ’ L '
4 LINES POINTS and CIRCLES - . ..
(2) Can you draw cfrcles? LT ‘
i e§/; o : o .
. (3 Can you draw a circlevwith a 3 inch circumference?
. yes' .o . v
« t . - :
- {4) How many screen units is an incik? *
) 64 v _
, (5) -1Is thera a point‘ﬂamed P? .
: yes -
(&) Is there a circle naged/;red here <T>7 i ¥
no (¥ i
; (7) 1s there a straignt cirgle? & - 7
I don't know
* The question network permits a variety or syntactic forms as shown in ) -

..(‘-
the diagram in Appendiy I but answers cannot be generated for some of

tne possible paths. This situation was allowed to develop intentionally,
sinee the system is not primarily concerned with this capability. Hore *
»
ork i thi i igipated. )
work in s area is antig pa e o \,/
The five networks combine to form a grammar for NLE which performs
well enough to parse most sentences in less than a half second - a major.

factor in allow!ng real time Tesponse, Appendi# J contains some sample -

. sentences with their timings. . . >
\ . . )

3.4 Representation of the Parge - the MG, Iﬁterface

The result of a completed parse is 8 gtructure called a prototype.

Appendix &Lcontains a description of one h shows‘the form permitted
by each of thé’élots in thé cage-like structure. The function of each of . R
’ tbese is discussed briefly below, -~ ‘ i N

8 i * ’
- - - « " L4
- . v




3.4.1 valfd Case'Forus . i - -

The ZTYPE case indicates what form of input‘vas detected during
parsing. Two _Lypes are distinguished by theesvstem, namely the imperative
(IKP). fogm and the question (Q) fora Only imperative forms result in
calls on M6 in the current implementation. Question forms -are handled _

* completely within LA. - -
' Three actions are possible for the ZACTION case. These are drawing,
. era'sing, and naning. The verb“'o»f the imperative sentence is reduced to
one of these basic forms. L )
Only ‘three objects dre recognited Yy the system. Thus, the ZOBJigI -
case can be filled by either ST-LINE, CIRCLE, or POINT.
The INAME ¢ase is inciuded to contain the nace of the dravn or

erased object. This name.is.lirited i form to 3 LISP atom and is

specified by :hij?s r in .the ipput string.

. The orientafion o?’g linefzén be specified in the ZORIENT case. .
’ J/h\ This co;;ains!a nuzeric value in degrees geasured.eounter—clockwise' T )
froo the horizontal. : e
Position on tne 5creen can Q‘~indicated in the ZPOSIT case. nny "3

number of points- (LSua?l no more thdn two) may be - specified. ' Each point’ Y
specif Sacion consiSts of a tag for either’ ”%DPOIWT LOCATOR or TOUCH, 7
and the coordina:es of the actual point, ENDPOINT 4s used to indicate
the end points of a line. The nidpoint of a line, tﬁe/center of a circle,
and the location of a point are all indicated b} the tag LOCATOR. & )
TOUCH tag is used whenever the functien of the point is not deternined from .
the input séntence:(e. g, "Erase this <T>"), The coordinates can be _
specified in actual screen units as a dotted pair of ,numbers, or they nay .
be given by *!Eerring to the node identifier for a particular point -
stored in the KB, The latter is indicated by the tag KODE dotted to the
node identifier. ’ . . )

- Finally, the ZSIZE case indicates the length of a straight line or ’
the radius of ; circle in screen units. In addition, by including one .
of the tags RnDIGS DIAMETER, or CIRCUHFEREECE the size of a circle can ]
' . .«
N Lt . " ¢ -

S.Q;Z Creating the Prototype . -

‘The prototype is estahlished directlygfrou the verb. The’ function

be given in terms of one of these.

DEFINEPROTO is ypsed to create a property list entry for :he,yerb - .
consisting of a 1lis of the case‘naaes to appear in the ‘Finished prototype
. i 4

£
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. form.

in this way.

. [} -

Ar present, ‘protofypes. for draw, erase, and name are determined

They consist of exactly the same' form, althougn this need

not necessariiy be tne case.

Other verbs, of course, appear in the

input string, but these a@e reduced to the canonical verb form so that
the reference ta the prototype iT always done correctly, The runction

’ PRO T0 is used_Ng the ATN grammar.' to retrieve the proper prototype form

>

As congtituents are discovered and parsed by~ tlie ATN grammar,

tney are slotted into ‘the. proper case positions.

The function PROTOTYPE

ehaﬁges the current prototype to reflect the value fo be added Hormally,.

additions are made as tnej are.kiscovered but the HOLD methanism

allows sore oi these decisions to be delayed until a later VIR arc\can 7/

. £3fd the proper positionﬂng of the constituent

© This is particularly

(;~

usefal

in handling touches wn*ch are found ‘out of place ind~Far moving

preposztionab phrases to the post-verb.al position. ' -

> - o 4
M 4
-

The QA Interface - . i
The Language‘nnalyzer utilizes knovledge accumulated in KB to help
wo functions, QACAEL and_

1.5

“Tin pa’szng 3nd to answer uSer questions. . The
QASK provide the interface’to Q4 for gramzar-produced aq? user—i?itiated'

-

euei?lons respectiveiy (see Figure LA-1)

OACELL builds a aessage from the arguﬁents passed to, it. The fi;st
argunent indicates the name of the operation required of Q‘ and this- is
limifed to eitner FINDOBJ, CONVERT, FINDDRAW, or I¥?0 Other argunents
to QACALL are incfuded as part of.the message to QA. ;aq?y FINDOBJ and £

COXVERT are used in gramzar-produced questions, while ujzr-initiated

questions may use FINDDRAW and INFO.
QASK is attivated by the LA Controller af
" an indication thatiit parsed a question form.
how to answer
the parse.

argument,

‘x- AN §
ter t parser returns with

Ahis fUnction must determine

user's question based on register settings created during
The cqllection 6f registers is passed as the function's one
If the user's answer has not already been determined dyring

the parseékth%ﬁ an appropriate message is sent to retrieve additional

» i/kormation from Qa.

~

»

The function FINDOBJ is used in dexermining the reference of a’name’

nentioned in the input string.

For.phrases like "the point P" it_answers

identifier in memory for the polat named P?"

function whénever A nabe is mentioned,
< ’ ¢ '

, .
, 20 -

» the questions "iIs che ohjecc\\\zed P a point?" and "What is the node

The ,parser calls on this

This 18 especially useful in °

«.

.

-

.
f ‘Qﬁ”;"*‘f“*" rosr g
M

LY




- 3
. . . + -
- . - [

détirgiprng how a vord is being used when no lexical entry can be found.
Conversions to system units” are accomplished through the CONVERT
feature pf QA. The only units recognized in MG are screen units for -
\ lengths and degrees for angles. Any other scale must be con@erted to
these and the grammar contains appropriate calls ‘to QA to accomplish thls.
' FINDDRAW is used to determine if a particular entity is drawable * i :
or erasab}e, and to ret fieve the lisgt of objects. drawable by the systen. ’ €
Its use 1s limited to . sweting specific questions like "Can you draw ..."
Hhat can you draw?" ) kf\
The INFO feature of QA encompasses 3ll. other types of questions.
¥ prototype structure, similar to that built as a final form of ) )
representation for completed sentences, is partially filled in with the ' "
information known at the time of the call and passed as-a parapeter., Ia )
add1tion a list ‘of the cdses that need to be filled by INFO 48 also .
passed. zne Trespgnsge arrives in the form of a prototype with the requested .
cakes being filled if possible. If more than one item can fill a case

»

slot, zfen all of these are returned. For example, in answering a question

ld&e 'What did’you draw here <T>?" the question is put to INFO in the form _ -
‘ kl . ”Give ze the Z0BJECT and ZRAHE of the items drawn at <T>.".. The response -
- lacer passed along to GEh 8o that the eventual answer comes out as, - =
. for example -y ’ . ' -
P \\’\ o . RN €IRCLE named BALL" R .
. . . "2 POINT named FRED" . . -~
" 3.6 Problems %in LA Do \?'

€ » -
—
-

‘ . ~A number of minor problems continue to be a point of concern in the </
language analyzer Of course,” it'isg difficult to assess the ultimate limjra- _ {::
tions of the approach taken here but hopefully no major obstacles will

\ ' be encountered in the immediate future to impede the extendability of the
: system. A few problems are discussed below. . I <

~N The ad;ectives "small" and "large should be handled heuristically., - / ~

-

AV

n doing [thig, the object nust be considered and appropriate size cal- T S

: cula§ion nust be made relative to its shape. .Ihe current approach is “ ‘ o
adequate as-a guess for sverage siéé circles on the screen, but’ a one

nch d er” small circle and a "four inch diameter® large circle may | }

/ not ’T/ays be appropriate. This groblem is not unique to these two words. . -

” Consjder, for exéaple, how to handle "near" or other lacatives such a8’

"ab?ve", "below"; "Eehind", or "next 5:1 : E ' - J . .

Q A . :
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- Prepositional phrases containing "to" and "from" 'are handled ’
{dentically. They each result in creating an ENDPOINT tag £U‘the 2POSIT
case of the prototype. Thus;Lthe directionality of therstatement is B
lost. Such a distinction was deliberately not made since a problem
can erise in the graphics routines\;}/e line is drawnm in one directton

- *
and an erasure is attempted in theNdther. Some simple solutions to the

"endpoint” problem exist and should bé forthcoming o -

In parsing, the grammar should perform more consistency tests
ulth obgects and their parameters. Currently, the grammar allows input -
sentences' to gpecify circlee drawn at ahgles, lines drawn with circum-
ferences and points 'to.be drawn. "from here to there".

The-prototype itself may not be easily,extended to handle fos
example, a move operation. (ne manner of‘specification in a move
could indicate an origin and a destination position. This might require
1§troducing sub-cases in;o the XPOSIT case. Other new operations may

require similar extensions:

hS

The verb largely deternmines what structure gets built during parsing.
There: may’ be no easy way out of this, but to extend the system to handle
sona simple elliptical forms like "A circle here <T> please one may want

* ¥

a more flexible scheme for determining the prototype.
- r

4.  THE LANGUAGE GENERATION MODULE - o -
4.1 Function and Overall Design - .

v
e v . -

.The generation of language respomses to the user in the system is
- performed hy thé Language Gemeration module (GEN) A small
collection¥of gemplates serves as the basis for generation (see Appéndix
L). A module can request that a zesponse be generated by specifying .
a template number (10, T1, T2, ...) and an ordered list of substitutions to
be made for the asterisks which ébpear in the template.

Besides this straightforward method there is another way. chat regponses
can get generated in the system. Instead of‘indicating the template
aumber and substitution list as the two ar;umente in messages seat to GER,
g, message may contain the indicator GEHANSL or GERANS followed by a
prototype. Th{s indicates chat either one OT many a answers are required »
from the prototype given. A generative AIE grammar. processes these
requests by pars‘;g.che prototype and prodycing a list of template

-

numbers and substitution lists, one f&% ‘each reaponse. The grammar -

il . *
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at” this stage of development is rather gimple {(see_Appendix M) but ghows
B L 4
.promise for future work. . . . : .
+
The ‘techniques ‘used in the GEN module work adequately for WLG as it -
. ‘ -now exists.: I¥ is hoped that as improvements evolve in other modules of ¢
thé system, GEN will prove &é be expandable as well. . ” ’ ,
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5.  THE KNOWLEDGE BASE MODULE ‘ . .
- N £
5.1 Function and Overall Desigh '

* ‘
3

I
i
2 This module accepts a message passed to it from some other module

. . ) . .

and performs one of its two major tasks depending on a marker in the first

Part of the argument slot of the messdge. Control ig passed to the
Memory ‘and Graphics section (an MG marker) or to the Question Answering £

section (a QA marker). The components of the KB module are sh
Figure KB-1. The MENTAL functions [Sha

initial knobledge occupies 3,5K words,
is 7K words.

i.

Qwa irmr
Piro 1974] occupy 1,5K words, the

and the rest of the KB LISP. code ‘ |
The module has the following functions: ' |

’ L
to answer questions’ about the stored -

other modules ip the systedf.
- ii. to bhild

know}edge posed by 1
r'; ’ ' ) |

» erase, and cHange semantic mémory structures,

. 111 ¢o Produce a message to be sent to the Graphics module,
which will control the drawing of an object on the screen. -
5.2 The Semantic Memory .

5.2.1 Structure

. o .
The style of network structures used is

heavily influenced by those i
discussed in Braehman'11976].

* They are manipulated and bui}t using a @
slightly madified version of MENTAL [Shapiro 1974}, The network ig used
to encqde both the system's p

rior knowledge about obﬁ

ects and details of ’
tit objects introduced during the discourse.

Attached te the descrfptions

of objects in the network are actions (ACTs) which are encoded in LISP

and used for checkipg Structures, Producing part &f the Output message,

fed by the uger, jgppe58ix "

and providing information if it is ndt specif ]
ions, the Table below ) i”

..N gives a 1ist 'of the actions and their funct
gives a list of the labels used on the Semantic Network links, whil

Appendix\ﬁddescribes the initiai.sthte of the network. o
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.. e TABLE COF LABELS FOR SEMANTIC NETWORK LINKS. .

: LABEL " STANDS FOR . M _ COMMENT
) " & SUBSETOF . subset of T connects -two gets
ELMNTOF . '~ Element of '; ) . connect;zitem to a get"
NAME - . Has name . for itemt dr set, or
5‘ v - coacept L
TYPE o Has 1ype_ h . f%rsevery node (SET,
;o : , - y *  CONCEPT, ITEM, DESCRIP-
\ - ® S TION, - ASSERTION, SYSTEM)
ELMNTDESCR . " Element description comnects set to descrip- -
) ) .. tion of a typical element
. DATTR Descriptiop of attribute R from concept node to
' description
ROLE ", Plays role ' from description node
RESTR “ Is restricted to . connects aescription
“to set
ACTION to action . "~ from descriptiog nod&
N T, ‘ ’ to action name
' \ ATTR ¢ ~ Has attribute connects item to )
- . assertion .
\
INSTNCOF - Is an instancé of oo connects item to cohgcept
VAL ’ Has value / epnnects assertion to .
. item.or value PO
. NUMBER Number of occurrences o _connects de;cription
. ’ "to a number ,
STRUCTURAL "to a structural check connects concept to
. -an action . .
INSTANTIATES Instantiates . commects asgertion
) ) to descript
) OBJECT 3 . ;
ERASED ‘§o~erased.ob3ect . in simple screen model

H ’ ! . -

=

“ . ‘ A
The Qackbone of the network is a hierarchy of sets, including straight

l
lines“poiﬁzs, angles, distances, defined points (i.e., locations bn the
screen; not necessarily illuminated), and circles (Figure KB-Z) l
o Considerzthe portion of the network which stores™ prior information
abOut circles (Figure KB-3). , - o
Node 1 represents the set of all Circles.. Node 2 represents th€v~ l
-description of a typical element of that.set. HNode 3 represents, one gf the l
— parts of the-description. Theibart shown hete is that of "Locatof” -~ l
. ~ . .
I 26 . j
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yhich is associated with the ZPOSIT case in the input prototype, and
restricts things which play the role of. locator to members of the set pf

* defined points (Node 4).° The ACTs will be.axﬁlained ﬁater ”
Figure KB=4 shows, as a result of a request to draw on the gcreem,
how information about an object is. stared‘in the netwaork attached té the
description of that typg of object.' Subparts of the dbject‘are dlso

eonnected in this fashion Notice the ' assertions" in the network, which

.

F

™ include “the assertion (node 2) that the locator of- the item (node 1) is
a particular defined point {node "3)".
: S + . g ‘
3.2.2 Actions . h

L
-~
% ¢

There are three types of actions attached to the network: #*the
/1 Structural action, the Default action, and tbe Todraw action.
The Structural act is used to check pieces of network after they have P
been buflt to the specificaqion given in the input pro}otvpe For example
" . the net built for the' new circle in Figure KB-4 is’nissing si2e infor-
* mation (i.e., Diameter, Radius, or 6ircumference) ACT-19 (see Figure ‘ 4
KB-~3) will detect this omission and will report thdt“the role of Radius
/ has not been instantiated. In general the structural'act 'knows what
" the minimum requirements are for drawing the mobject, and will return a e‘ (
list of those missing. In the case of a circle, the requirements are
Locator and Radius. ~
The Default acts are activated if a non-null 1list ig returned by a
Structural act.. In this case the act used is the one associated with ‘
. the node which has a Role link to Radius (1. e » ACT-22; see Figure KB-3):
" The Defaulf act .will ook to see whether there is anything in the network
which will 3]low the missing value to be calculated (e.g., K&dius calculated

¢ from Diametery,- and if not, will provide a reasonable defaulb-#alue. -When
*"it has a value, it builds an additional piece of network'and completes
C the requirements of the Structural.act A Default action is run for every
omission. Ih the implemented system only circles have default actions.‘
" % The Locator defaults to a touch point slightly ‘tq the right of the center

< of the screén, and the Radius- defaults to 100 sdreen ‘units (approximately 1. 5
inches). ) v

l
|
|
N

iy

- %

s

. fFor simplicity, many important links are not shoyn in ﬁtfure KB-4 Note
that spis is the~ form of the network prior to defaults
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% . Once the item ﬁs;fully specified the Todraw actios can be used.
It takes the piece of-nef:work 4represeut‘.ing the item to be drawn and .
b

% produce’ from it a program form which will do the job. For examnle, the
’ circle. with its center at the point (100 200), and its defaulted
radius of 100 units, will peruce (P4CRCL 100 200 100). JJFor a straight
line the Todraw act is a ,].ittl'e more complicated as it hasg a choice
which depends on which combinatipn. of endpoint, midpoint,‘,angle, and length
has been spectfied A (See‘ Appendix P). : «

5. 2:3 Naming and Erast_ﬂg - & - T <
- THe user( has the ability to ask for an object to be drawn, and name
Both in the same sentence (e.g., draw a circle called Ball at (100,200)),

This resulfs in a Zvame link from“the itém as in"Figure KB-4. If a name .
Xnot specified then the system provides one by taking the digits from

the MENTAL node identifier (e.g., N2345) and appending them to the first._two

letters of the concept name (e.g., C12345). _E'Oery node generated by

MENTAL is automatically given a unique identift;r. ¢

en the user, re‘quests thac an object be ewased ffom the screen the

syst leaves it id the network but marks it as erased. This actsg as a
'simp’le screern ngode].z and prevents the system from attempting to erase an
object that is already e.;'ased.*(See Figure KB-5).

~ £y ot
. [ -¥ : t

]
5.3 Question Answering
= 5.3.1 Introduction i . B

‘e . 5 =

This section. of the Knowledge Base is activated when ‘another module

needs some information The syntax of the various QA calls is given in
Appendix Q. There are four\aved.‘iable functions: e
i. INIQQ - A general network searching function, and the -

i most poterful function 'of the four. N

g ", ii. FINDOBJ - Used for discovering whether a word whicm

T Tl suspected of being the name of an object actually -
L ) names some abject on the screen. ¢
1id, CONVERT - This 'is a function for converting lengths To - 1

. screen uhits or angles into degrees."

iv. FINDDRAW - ~Used Yor finding out whether an object can bevg v—*-—uq
- vt \ N

. . draw;x - .
' > \ . Ry o
‘ : t,
5.3.2 The INFO Function or s l
v A prototype‘ form and .a list of keywords are passed as the two / -

s’ i

. /
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parameters of INFO. The prototype form is used to search for items
“in the network. A list of items ﬁatching Yhe description (i. e., the
" prototype is. viewed as a description) is obtained and those 1:ems are

further searched for the information requested by the list of keywords. ¢ -

For e;:ample o\ w*’ :
: (INFO (Z0BJECT ZNAME . NODE ZPOSIT) R T
+~  ( (ZPOSIT .( (LDCATOR (100.200)) 9. ) . T,
) Y « o o T
could give: . ’ ., . .y
. , ( (Z0BJECT . (CIRGLE POINT) ) N ,
(XNAME- " (BALL  FRED) ) ) 1 <
(NODE . (N2345" N3442) ) - ‘
L (%POSIT .4 (100.200) ) ) X :
) : ’ LT -
i.e., a list of do::ed pairs of the form (keyword . list). The answer ’

to the question "Which objects are at (100,200)"therefore, is a circle
‘1§yned Ball and a.point cslled FRE?;/:
The INFO function is capable of handling positions specified by ’
,“LOCATOR, ENDPOINT, and TOUCH. The latter will successfully match both o
LOCATOR and ENDPOINTduring the search, but preference will he given to
LOCATOR. Coneequently, if the new inputs "Whatfdid you draw here <touch>?", 3 '
and the touch point corresponds to the endpoint of a iine and the center
of a circle then thé response will name just the circle. Eowever} if «he
touch corresponds to two LOCATORS (or two ENDPOINTS) then both will be .
returned. . .
The furction usges thef}TEﬁPIND procedure which searches for all -
objects which’ match a given prototype. This 45 done by considering each )
of the cases in the prototype separately (e.g., INAME, ZSIZE), ob:aining -
kists of matched items, anh then forming the intersectivn of :hose lists. - o
"he resulting ligt gives the ITEH nodes8 of all objects which possess all
of the required characteristics. .
\ ere are two error conditions %or the INFO functions. 1If there s’
no gg;Zc: that corresponds to the description :hen the message "object
as specified cannot be found" is dutput to the user. Im this case, and

in the case where the object is, found but there is no information corres- - - .o

ponding to the given'keyword, the "Iigt" returned wiéh the Keyword is ,
NIL, e.g., ((%POSIT - NIL)). : -
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' "5.3.3 The FINPOBJ Function '
.- Thete are two wavs to use this functé‘bn. The first is to,specify
both a suspected name and an obfect type io the call, e.g., (FINDOBJ BALL CIRCLE)
This tests the netvork to see 1if- zhere is an objecr. of the specued type
with-The speciffed name. If the&e is, then the node identifier of that
jtem 5 returned, e.g., ((NODE -. 32'345 CIRCLE ) . 1If ther‘e is no ,
: o}zj t of that type with that n.ar:e then ffi{ is returned, e, g , (KIL CIRCLE).
'\ If, by accident, .an invalid obje name has been given in the call, then ,
' NIL 1s retumed 4nstead, e.g., (N RILH The second _type of call allows
'k the object type not to be specified in the call) (i.e., KRIL is _uled}. Tais
L 4 works th the sace way as described aboye, except that dn refturn it
inserts the\’xbject type of tbe itex '-rith the ne.,_e given in the ce.l‘

]
i
i
i

-

e.g., (FINDOBJ BALL NIL) gives. ({ (NODE . N2345) CIRCLE )). ’
. . - . e
5.3,4 The CO}WERT Function . / /
* ' The response from this function is the vallze obtained after Converting )
v the given nuzber into screen units, or degrees, depending on the unit .
specizied, e.g., (CG‘-’V:.R"' 3 INCH) gives- (192). Kote that the screen is
8 inches square, aﬁd‘DLE by 512 screen units.
"’5.3.5 " The FINDDRAW =unczﬁon . . ) '
' There are two uses for this¥*f unction: The first a.*yws the ques:ism -
“can youdtaw an X’" to be asked by using the call (FIKDDPAW %). The '

\ 1
response will ‘be either T or KIL, for yes or no, respectively. The second

use is to agswer the question what can you draw?", e.g., (FIEDDRAW m) )
. glves (ST-LINES POINTS CIRCLr\S). ‘This a;unc:ion operates. by -searc‘ning the
’ network for ’/c/.o;cepts with a TODRAW rq_le.; It-is assumed that as they can *
. be drawn, then they e'an,also be named oxj’_et&sed. ;
N - T

-

5.4 Memory and Graph'igs ' . " . '

2
.

1
"5.4.1 Introduction . N . l
: On receipt ofithe Dessage, the KB m&ule‘,gxzziines the first iteg
of the argument list. If it is "G the Memory and Graphics sectionm -t ‘
", takes- control. The ITYPE value is examined mext and control passes to, the o

approgiiate section depending on its value. Kate that only ispzratives Y

(L'{P) are implermented Ty !{c. Rext the Z&C‘fIG“ value 48 used to switch

.to the NAME, PRASE, or DRAW sectiops of KB. ' \/ '
i = v ‘ -.

R .32 L .




5.4.2 Drawing o - : ~
. . - . ;_/-
, Af:er.{gp&fﬁé the set and ¢on nodes for g?e object tq;be T

drawn, an, iten node is inserted into the nerwork foéi%his new object, M

T o
¢ W7

-~ s

and links are formed’ bet'een it and the set angd céhcept nodes. 1If a

nace ig given (e. g.,"Drawa circle cgliaisall") this is added to the iten
node, otherwise a namb 1is genergted by the Jysten as previously described.
“Ihe orientation, position, add size information is acted in turn 7
fro~ fne prototype, and appropriate a?zz}(?£a and IﬁgtéﬁTIATES links are
set yp. FKote that the ,;csitional information rmay inctude a ,
(\GB: . <node identifier>) rorn, due to sentences guch as “‘connect P

with ( 00,209) where+P is the nace of a point, and ;ne node_ident{ifier is

’

that of the iter node ror the point. .

The Sr T.acP is used,to check. tae structure, as previously

uct
ugtural
cescribed, and if necessary, default values are inserted in the network.

Cnce the net for the itex is properly specified, the TODRAW actign is used

L . .
to produce a prograxy forz for inclusion in a mesgage vhich is then gent

»

to the GR nsdule This cessage contains a modified form of &he prototype

4

that was sent to the KB naduie (append . nfter the drawifg is
cozpleted, the screzen model is adjusted, and a oessage is sent to the .

Ty T

INIT module to fndicate successful corpletfon. < v - . T

. .4 .-
-4.3 ¥asing -- ; . ‘

If the screen is to, be erasedthen the screen oodel isaltered to

Vo

zark all iters ag erased, and a cessage is sent.to tbe GR module to erase/
-.the screen. On return froo GR, the K3 module icself sends a succesgPMil

cozﬁlezigg message. If an object is io be erased, and if that object has,

not beep directly specified, network is searched for all iteme-

that rcarch the protdt"pe‘ 1f thre than cqé/is feund the items are checked

and-all those which have alrea&? been erased by tHe user are deleted from

the list. Pro= the itexs remaining, vne is chosen to be erased. If the

object has been specified then the fornm (Eﬁﬁ . <nbde identif£2z>) wil

be used This rexoves tpe necessity ior qpy further.éearching, ihaaﬁ

object tan be erased directly. The TODRAW act is used to produce 2 progran .

- i b

P

“Fote that the positional infor=ation may include IUGCK for:s.{::ﬁese/ _
o ¥ill match both ENDPOIRT 3nd LOCATOR during the seazch. )




< It would be‘nice if the sechanism which, handle? these could alsg provide

.
Pl

°C

é?ip which describes the erasure This is included,in a message
which is, sent to GR\» The only difference between a gJraw and erase )
message for the same object is that the ZACTION is marked as DRAW or '
ERASE, respectively Consequently the program form can be produced ’
‘ exactly the sapme Todrav action for both operations. The GR module
"de ects’ the difference in *the Frototype and acts accordingly. After the
\\\eraging 18 completed, the screen model is adjusted ta narE‘that item as
! erased, and.a message is sent to the INIT module tQ indicate succegsful ¢
completion. ] ' S

-

3.4.4 Ranin; ' B
Note that "naming™ in this systen refers to the naning of objects

drawn on tHe screen, and does not rmean the naning of groups of nbjeccs

(e.g. ,-four straight lines being called a square). The first action is to -

remove the (ZRAME . <naae>) pair from the prototvpe. and then use the i

aew prototype to search for all items that match that description,

Here, as before, the positional information ay include TOUCH forms.

Tbose that already have user given names are discarded, and one item‘is

picked fron the resulting list. That item node is deleted fronm the net

and 2 new node is inserted having the same links, except for the nafe ‘Th&\\

* - link which points to the new nace., Finally a mesgsage is;sen¥ to the

INIT®  =odulé to indicate successful completion.

#*

. < ,
.5.5 Problems and Extensionsg . . - .
5.5.1 Moving - - : . . i

There are three types of operations of this type that we would

i .

consider adding to the systen.

— 1. Draw ih ‘the same place with no change after a prior eraéure‘

&
L]

e.g., "Draw LL." (a2 null move) -
_ ii. Draw ih a different place with no erasure of old object.
e.g.; "Copy the circle here <touch>." / Ty
-1ii. Draw in a different place with erasure of the old object.
( e.g., "Move L1 to here <t¢5§ch> ", - ! )

changes'in the values 8f other cases .on request (e g-, "Drawll here but

. at 45 degrees and" an inch smaller"). Hany of these details have been-
worked out but have not been iaplenented. One reagon for not iapleaenting
thi® g ,gur suspicion that'in the worst tases the prototype ﬂight need
“slight Pisions. -To-do the above operations at all requires special

o 34 o
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interprétation of the'ﬁrototype in ordef~® be able to specify the existing

object being referred to, as well 2s the new requiremente.

*

5.5.2 Remembering .
We considered implementing an action that would allow the user to

'rémember' the objects that he had drawn by having all or part of the
semantic net dumped to a file. A ‘recall’ function could be used to -
read back information from specified files'(i.e., those created £;~the
remember function) and re~-establish it ag the seméntic net. This-pair
of actions could be used .to maintain a'record of tKe state of 'an interajfion,
and to save complete or partially completed drawings .between gessions. ‘- v
JRemenmbered pictures could also be displayed, after appropriate preproce ing,_
on other devices such as a plotter or_a CRT. 1In addition, it may be -
useful to have a "forget' function which could be used to permanently
erase pet structures representing all, or part, SY some item or items.

This could be used if a mistake had been made, or if some object was
no longer required. It could bg argued that the erase action should v’j
remove the item from the network. Hoyever, this‘wnuld remove the possibility
of redsawing a named object after it had been erased.
5.5.3 Defaults . , -

A simple extension of the default mechanism*would be to mark all,
pleces of the net which were built as a- result of default acts. This .
would allow, the system to recognize the difference, and enable the gystem
to remind the\user, of exagtly what he had specified for an object. In -
addition, defaults could be provided for all of the primitives, whereas-‘
at present, only circles have default actiofis. The only additions
required would bg to slot”the defawft and structural acts into the code for
KR( and create links from tie appropriate nodes of the concepts to-the
act names. “The activation mechaﬁism will gork for all defaults in the same
way. N ) !
_* .Structural acts return a list of those roles which need to be instan-_
ciated before, the Todfhw aet can Function correctly., It may'%e-!hg case . -’
that the Default actions should be executed in a preferred order so as to -
make maximum use of the information,giign and to minimize the,¥umber of

defaults . ' ¢

For a better treatment of defaults, two extra téchniques would have
to be gsed. The present;implementation of default'’s is esfentially context-

free, and merely uges built-in values. . There will be situations when this )

' . - 9: i - . ~ . - » ool
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’ is ’not suf{icient, and where a heuristicode;t‘ault ‘nechanism would be- . [ -
appropriate. For example_, a default action could execute a space-finding
. routine to find a reasonable location for the object on the screen. In 4
other situations it would be sensible to- ask the user for the extra ‘ !
-information, if,.for example, the heuristie, fails to.find a suitable value.

¢ o

2 £
#

IS

‘ "5.5.4 Structural Information . ¢ . . s
There are strong grounds forrarguing that the Structural act

contains .too .much information, even for such simple items as point line,
and circle. This information, for example what fully défines a straizht
line, is 'not accessible as it/is encoded in the LISP code, Por even only
slightly morg complex objects, such as square, it appears that this infor-

- mation should be encoded in a network form. This would allow a new\Fge
of QA by LA. Durinrg parsing, to aid ing establishing the role of prepositions,
it weld be useful to have-LA asks QA what other cases to.input, given the

curreat input. . For example, having found an angle and endpoint, and some-~ '
thing else which is not easily pa\:sed QA would be able to suggest '

,' trying to look for a. length descri\‘m.__s.structural .network would play
the important role of specifying the relationships between the variOus

attribute descriptions.

5.5.5 Defined Points 4 Vet -
*At presewnt, whenever a defined point is specified no att’empt
is made to/determine whether there is already a structure. for that )
. point. A simplé extension of KB would be ko "include a routine to _check
for existing structures'. This would mean that lines vhicﬁ shared the
( '(’ same end’point would share the  same Defpoint structure.

: . ) .
v 525%%6 Point.Notation - ,
- .. It might be possible to use a unified notation for points, lines,
— f .
‘r’ and areas. For example. ’ . "
a.particular point . <100, 200> i
the line y = 200 : <vx, 200> | «
, "~ any point, vith y=200 @ <2 s 300>
¢ ~  any point <7, 7> R . -
' the screeh - <vx, wy> 5
a hprizontal line segment <50 ~ 70, 200> : . G
a rectangle. . <50 - ?O,fl{QO T 130>
any rectangle <x1 - 2, 51 > §2> T -
In a more sophisticated system it might be useful to have volumes as ’ .

1]
. . primitives and other basic objects as degraded volumes.
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3.3.1 Screen Hodel and ‘Action H¥story .

-

In order to handle words such es inside‘and outside (e.g.,
"please drawa circle inside thetriangle"),it'is necessary for KB to‘have
good knowledge of what is on the'screen. For 'outside',.for example, it
is necessary to find space for the object to be drawh. The stored

knowlegge about items in the ‘semantic net in some way provides tﬁis

" information, _but space—finding could iavolve. inspecting every item, and

, much calculation Consequently we would prefer to have either special

hardware to tell KB which lines or poiunts are filuminated, Or gome 80Tt
of comprehensive model of the screen, possibly in a bit-map form. Such
a model could be used for space- finding, and discovering spatial relation-
ships and topological properties

-

To deal with questions of the Kind "Hhat did you do?" and "Why did

— e - -

you do?", an action History should be included in the system, 1ogically

in the KB module. This would consist of a time ordered set of actions |
with thef? askociated details. Use could be made of the- simple indexing
mechanism available through set . pembership links. These'would point to the
set of all objects’ of the same type, and they in turn would be 11nked via

a "time line". This sort of mechanism could also be used to help with

anaphoric reference. ‘ ’

v

5.5.8 Punctions

.
* -

For positional indications such as "near", "at’ ', or "center" we_’

t
H""will probably need to have words that trigger functions in the KB. mod’ie.

This has not been carefully worked out yet, but we feel that forms such
as (ZPOSIT . (NEAR (TOP #SGREEN)) ) or (LEFT (UPPER #SCREEN)) could be

used. In line with our general princip!l that as much information as ’

possible should be extracted from a2 sentence before KB gets to act on

it, we feel that QA would probably bg the correct place to implemgnt

-

such function handling. This would LA to pass areas or coordinates *

<
, to the HG sectiona\_;/ -

—_—

6.  THE GRAPHICS MODULE _ ;

6.1 Introduct#n ‘ : . ‘ -
This module accepts, (messages containing screen alteration commands

and executes them, Fitﬁf thé\message is inspected to see what the action
is, and a marker is set depending pn whether it is draw or erase. Then the

argument part of{ the message is executed one step at a time. In the

cutrent system only one step is present in each message (see Appendix P '

)
-
” 4

» B
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_drawing over it in erase mode. -

-

\ . " .

‘ - : 327

- .

-
P

’ - o
for GR message foriat). The marker sets the underlying graphics machine . -,

—

code routines into either draw or erase mode. An object is erased by

.-

The development of a LISP/Plasma panel’package (PLASUB) interfaqe
enabled us to program the module entirely in LISP. The interfdce also
allowed the use of trigonomgcric routines: from the FORTRAN Library, and
consequently we were able to do the angular calculations with éase. The

© reason for the F4 prefix on the drawing function.names is that at one time

these were to be written in FORTRAN.

6.2 The.Screen Functions -

The draw/erase functions consist of . spoint drawing, circle drawing,
screen.erase, and line drawing routines. fYhere are four line drawing o
routines, one for each sensible combination of the two endpoints, the
midpoint, an angle, or a i ngth. " The point drawing routine uses the
increment mode of drawing to draw a point consisting of four dots. The
line routine uses a basic vector' operation. The circle routine usges short
chord vectors to produce the circle, with the angle st size that defines
the chord varying depending on the size of the circle required.

The PLASUB package routines qggd in GR are:

ERASE - screen erase v v
SETMOD - sget mode of panel .

INCRE - incremental draw/erase - . h//
VECTOR - 1fnear draw/erasefmove -

Working with the plasma panel involved yg Hitﬁ/three different. .
coordinate systems. .

3 *

TOUCH PANEL + . SYSTEM - ' PLASMA PANEL
input system output
C - - ) “ R
- . si
s jﬂsn su [3 °] e
- £ _— *
A
Te—— 1o by su 13"
51) 511 .
- ’ z 4 o)
Feom this ) T Used To His
in* Gl. . mn KB. - in GR
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6.3 Problems and Extensions ) ‘ . !
) " Th® circle routine is less thanm perfect at the moment, but the ’

authors are aware. that.there are better circle drawing techniques that
. could be used if necessary. Because of the large number of vectors

used in drawing a circle, aéd betause of their frequency, the circle ‘\\\\\
drawing routine suffers occasionally*frsm transmission errors, as the ] ’

panel is connected remotely to the DECSystem 10. It may be that using ’ //(
increment mode for circles would improve’ this. g A
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7. CONCLUSION . ~ -
7 1 System Performance . ’
7 1.1 General . "

13

The system responds fairly quickly to user input, ‘with the onlqadelay
being due to the fact that the terminal I8 remote from the computer and not
on the fastest possible line. In consequence there is a substantial wait while . :
circles are being drawm, aggrevated by a slightly inefficient-eircle drawing ' oo j

Toutine and by being swapped-out occasionally., The sentences processing how-

ever, runs in approximately real time, with an average processing time of] well . {
under a second from inpus to prototype formation. A slight speed-up of the ~
system could be obtained by compiling the KB module of the system. This was

not compiled due to the fact that a large number of structural changes would

have had to be made before compilation could take place. The average pro- i
cessing time for each sentence from input to completion is about 2 seconds, and
depends on sentence type, sentence length and screen operation. The number

of sentences that can be put on the screen is about fifteen, and the number
of'KB—structure-building sentenceg (drawing commands) that can be processed -
without running out of space is about: tén. It should bé noted that as a ‘
spinoff from this project we now have a LISP-FORTRAN interfacd which may be .o

ugsed for other LISP projects involving graphics.. A version of LOGO has al-

ready been programmed using this interface.

-

7.1.2 Good Things

— A

The technique of modular construction using mesgage passing and a
control executive proved to be very successful _He vere able to d&velop well
defined interfaces, and pursue development of modules individually using
module testing’ routines Modules were initially built as "dummies and
gradually built up to worklcorrectly. We were able Eo use dummy modules to -
build a complete system including, but isolatingg a n&wly c¢hanged module.
The ability fo monitor the messages in the executive allowed ug to diagnose -

interfacing problems as well as errors within modules, . T

- -

We were pleased with the relative ease with which/it was possiblE to conatruct

‘the sydtem, given the use of the ATN andnaf%TAL packages, and with the knowledge

of a "handful® Qf AI techniques. We tage this to be an tfidication of the Ty
progress of AT technology. - . I )
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(i, , Despite the 1imited grammar, and the relatively simple defaults and A

. system ‘heuristics, interacting with the system was pleasant, and its "in-

N telligence" was very’ convincing Several people who ad had some*Computer
Graphics experience reacted favorably to* demOﬂstrations of the system, and * .
were inclined (as even.zg were sometimes) to g ibe the system.uith greater
intelligengg than it was. capable of displaying. , ¢ ,

“The ability to touch the screen with one's finger proved ta be a use-
’ful addition to the gtilted forms of language'normally investigated in

current research on Natural Language Understanding Systems. The processing ®
of deictic expressions, including/p;ace adverbs and demonstratives, followed -
ditectly once touches were1inc uded & ~ L

. The use/of the INFQO function in the QA section of KB allowed the uger to
specify objects by using a partial description. We feel that this is a poyer-
ful technique, and contributes a great deal to the ease.of interaction with

.'the system, . AT . - !

7.1.3 'Bad Things ' o i '
« * "

~ . "N
- . .
» - . -

. &
. Ap overridin?'problem with the system was, that, despite our best~efforts,
it tended to geow on 4its own. Some unplanned for problems inevitably_occurred

and were solved but due to constraints on time and effort were not necessarily
*

solved in the best way. As usual theré..are bits we would like to rewrite. t
F o
v ‘"It is not clear whether the simplistic werld of lines, points, and circles
truly provides a basis for assertions about more complicated worldss In- = « 7

“addition, we were a little supr hat even with just lines, points, and
circles, and drawing and asi 25 the system had to deal with quite compIicated’7<; .

H

51tuations: This _may be partly a reflection of'our own naiveté, and partly a
. ' strong indication that even the simplest of AI systems should not be under-’
estimated. » . v < )
It‘wnuldlpe difficult for us to claim thﬁ% our work.resu{ted in a
practisal system. From a hardwdre point of;hiew a major weaknesg is that ¢
. Lhe toucj panel does not allow very-fine resolution, and cgnsequeq;ly, preeise
. ¢placement. of objects must. be done using coordinates. “The system also lacks
many of ~the things that one would expect in . a Computer Graphics gystem, how- .
© ever, this ig to be expected ag it was never our intention to implement all

of thése facilities in the pilot ect, ’ ”
, i p,/peoj . .
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More extensi%g modes of graphical input would certainly enhance the

communication in a graphiss enviromment. Specifically,Aone often would ‘like

to 51mply sketch out anﬂobject rather than verbally ‘describe 1it. Develop-

ment of a representation which would model the esgential g%%racteristics of g
sketches would greatly aid such an effort. .o "

The physical management of the - "sCreen needs some improvement. Since the

user is permitted to draw anywhere on the gcreen, text and pictures often over- .
)
lap.

-
-

Providing a division in the’ screen between the drawing ‘area and the -

area for text seems to be the. best ‘solutjon. The text area could be at the

bottom of the screen showing only’ the last input and responseé. N
‘The limited syntax of the pilot system is too prohibitive A response
of "please rephrase" doesn't provide the user with many cluesia

wrong with his input [Weischedel 1977].

s to what was
Certainly, dn intelligent system -
would at least be able to say that-it had ‘no knowledge of gquares if asked to
draw one. Likewise, if the input contained all o§ the essential parts t} "
specify drawing an object het the grammar didn't p t the form, the system
ihfuld override the grammar . 7, N

Vot

We felt that as a tool for manipulating Knowledg MENTAL was at too low
a level,

In addition to this, the Brachman-1iké formalism adopted for KB

uses fairf? complex structures. Thisameant that”a simp¥e insert or change
involvegrseveral operations.

If we could start again, we would build’a higher
levgl of language over MENTAL and sse that for net manipulation Bobrow 1976].

"We are aware that MENTAL has evolved and that newer versions may be significantly
easier to work with [Shapiro’ 1976]: -

»

~

4:2 Outstanding Problemd- - i -

I'e

L4

Language generation, as it exists in tht pilot NLG system, is quite

Althoogh the foundation has been laid for developing this module, little
effort has been giver to this.

weak.

Nevgrtheless, gome very simple mechanisms haveé
.quite effective in allowing an adequate level of communication Lan-

guage is generated ugggr the gufdance of an ATN
Suggests a template and a list of substitutions.
form to prestored templates.

proved

generative network which

Thus, output 'is limited in

This requires that all systenm regsponseg be antici-
pated to some extent when the templates-aneidesigned

. 42
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remains inactive during generation, unlike in language analysis. ‘BEN should
be able to use the QA 1nterféce to” obtain additional information to ‘use during . .
generatlon, and it sﬁo;ld also have access to the lex1eon used -by LA.
There are a number of interésting but outstanding problems connected with
. the KB module. The first has already been alluded to slightL& that of 2\‘
developing a full'actica history aad model- of the screen. The ability to refer
to past actions and their ordering in time would allew a\whole new range of -,
_questions to be asked, It would also,help with reference problems, as in, - j{ﬂ>‘
for example, "Now connect th;ﬁ;fher ends", or "Draw another". The screen

model, if it can in fact be bdilt, would allow heuristic, placing ‘of objects

¢

" and use of heuristics such as those for "near" "beside" without undue
caleulaticn. i . ) ’ i .
*e believe that if knowledge is to be. collected together at all in a v
system then as nuch knowledge as ﬁ%ssible should be included so that rich dAnter—
connéotions may be egtablished. It ig reasonable therefore, to include lexical

information in KB along with descriptions. For example, the word ‘'CIRCLE"

and 1its associated ma(kers could be stored with the goncept of circle in some .
way, just as a print-name can be stored on a property-list. There i
reason why the alphabet shouldn't have its set of concepts, so that ﬁ%e words -
attached to concepts éguld be made up of oydered sets of items which were _
instances of letter concepts. Thus letters could be dravm on thé screen using >
the same general procedure as for objetts. Fahlman (1975] makes a similar B
point. . - -

A proEIEm that would have to be faced if the system'-were eypanded is that
ofera51n5parts of objectd. There are at least two subproblems. Consider the

figure produced by drawing two overlapping trianélee:

LN

- - LS . " s \;
He-will presume that triangle bas been defined for the system. if the uger .

€
Jequests that parts of lines which are ingide another triangle be erased, the

" result should- be: °
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This would involve some.geometric calculation, and would leave parts of de- .
fined parts ‘of obJects to be represented. This may be a _Tepresentational
proplem. Another problem occhrs 1f the user requests that tbe inside tri- . )

.

- angle be erased o - ) - .
“3 N e . . _
~ ‘ -
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4 The problén here is thad the system do&s not "know" that the overlap of the .
-/_two triangles is itselfea triangle.’ %ilar situation can occur if geveral .

objects are put together so tﬁét the spaces between them form some recognizable !

shape. -

-~

The problem of object selectifn by touching has been solved rather *
simply in the Present system by selecting the object if the touch coincides
- with its defined loca;jon point, or, alternatively, some other defined point. 1
‘ Houever, in-a realistic system cne would want to allow touches to otber places
in order to select the object. ' F T example, a ‘circle could be selected hy
Xouching .some point on its circumrerence, tastead of its center,. It should ‘
also be possible to select some <closed figure by touching some point which lies
inside the figure. A complete theory %? object selection is a hard and: ex-
tremely interestiné problen, and would be a necessary addition to any practical

system. - I ‘-' '

—

Of the problems presented i section: 5 but not discugsed here,
the,most challenging are these of‘he ristic defaults and thesnetwork speci-~

fication of structural conditionsiffhrachman [1977] has more to say about the

< latter problem. PATI )
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7.3 Thez?ucu"i’v"~ e . e
- ) “- . .:- e d i
. This section desczibesszgszipf the topics in which the members of our
P - group are\carrying out research. We are now using the NLG pilot system as d
background for new ideas apd wiB] be copcentrating en-the three areas of lan- '
T\\ guage analysis, knowledge representation, and protocol analysis.

. L "t . N - . - '

-~ LI
)

SR 4 - .




S

Mlﬂ:.,»
. .
.
M

with sydtem organization, language generation, graphics, and processing drawn

s * .
\ - o~ ,- - "

_ Language analysis in a practical s¥stem should be robust.

3
regardless of the completeness of the grammar Sinc 1ete grammar of
English in this practical sense does not .exist, research in natural language
understanding must therefore develop methods that account-for 2ll potential

input. « Under investigation is the deVelopment of a language analyzer which

. combines syntactic wifh gemantic processing forming a unifornm model which ’

approaches this capability. It is believed that several additional benefits \\g‘
will dccrue from this. approach This scheme should be capable of correctly
processing many elliptical and some ungrammatical sentences. In.addition,

semantic cohesion should override poor syntactical form. - This wnuld allow
frequent usess to invent shorthand forms comveniently with no alterationa‘to' h

the language processor. For example,-in an KLG sf’tem one could use {17) and
(18) instead of longer forms.. : _)

'(17) DRAW CIRCLE (200,300) .

(18) LINE <touch> <touch>

—

work. {n kndwledge engineering'will attempt to’improve and extend the
representation used in the pilot system in order to provide a knovledge base
which uges a no“ogeneous -Tepresentation of manj different kinds of information.
It should, for example, include the structure of an object, how to draw it,
the objec: s zunction, and relationships among drawn objects. The knowledge
.base should.serve as a lexicon, a database of facts, and a graphi database. o
In addition, a portion of the research—will be concerned with conv on between

the different types of ipformation, either by spontaneous computation or on
demand.

h ]

lf}lll

Protocol analysis should lead us to discover adequate vocabulary and
gramar and preferred modes of man-machine interaction, particularly ratios
of graphical to language use and ugage patterns. Some information abou* o
semantics can also be gathered by recording user reactions to systea responses,
In addition to the effort in the topics already discussed, we are concerned

input.

-~ . -
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. 7.4 Sumz}aEy ;" ) , ‘ i | . ' *
. - s . ;
.. ' This repbrt has described a successful experirental pregraz:\or Banipu-
lating sinple’ pictures oh a computer. graphics tenainal Ratuza.k.hnguage and
. touch input can be used to give commands to draw, erase and name, and to pose
* ‘questions about the objects on the” efreen atﬁ thé capabilities of the systex.
. We are confident that with a robust and powerful language analyzer,
+ nixtures of .anguage and pictures for both imput and output, stored kmmledge
about the. pictures being nanipulated and an iffze.rence capasility to assist

the user, we will have a productive researcn and applications tool. Ratural )

Language Graphics provides a fertile area for significant rebearch and larger,
=ore ‘general ¥LG systems should result from ,our '-aork

3 - _ ~ ‘
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1. <atn pet> = ::= (<arc set>;) ' .
- 2, <arc set> (Jstate><arc>0)
3
4

.
N

<state> any ATN state name
<arc> (CAT <category> <tesat> <action>o <term act>) or
(JUMP <states <test> <action> >p) or
(MEM <words> <test> <action>0 <term act>) or
(POP <form> <test>) or -
, . (PUSH <stat®x_<test> < <preact>, <action>j <term act>) or
. St (TST <label> <Pmgt> <action>o <term act>) or
(VIR <constit> <test> <action>y <term act>) or
" (WRD <words> <test> <action>; <term act>)
5. <action> . +i= <storage act> or <retrieve act> or <create act>
6. <storage act> ::= (SEFR <reg> <form>) or *
- (SETRQ <reg> <expréssion>) or
(LIFTR <reg> <form>) or . : ,
- *  (LIFTRQ <reg> <expression>) 4 o
(HOLD <constit> <form>) or . /
(PROTOTYPE <proto case> <form>) or/ ¢
“fo i
_ 7. <retrieve act>::= (G <reg>) or ’
(GETF <feature>) or : N
- (RFEAT <feature> <form>) or . -

se e+ s

»

A

(CTGY <category>) or Ca
- \\\J//fNULLR <reg>) or
- (NEXTWORD) - or
(PROTO <reg>) or
(QACALL <qafunct> <qa args>) or I
FEATURES or
* or -
<form> -
8. <create act> :: = (BUILDQ <fragment> <ceg>g) or
. «  (LIST <form>,) or .
) (AFPH‘%efom> <form>) or Py
(QUOTE xpression>) or ‘
(UNIONP <proto> <proto>) or
. <form>
9. <category> si= (<ctgy>g) or <ctgy>
10. <ctgy> :t= any lexical category
11. «<test> :i= <action> or T,
12, <term act> ::= (TO <state>)
13. <words> = (<word>gy) or <word>
14. <word> ::= any lexical word . ‘ '
15. <preact> t:= (SENDR <reg> <form>) or -
(SENDRQ <regs <expression>) or ’
‘ (! <form>)
16. <label> t:= a LISP atom .
17. <constit> ::= a LISP atom )
18. «<reg> ::= any ATN reg: regigter name ’
19. <form> iix 5 ctiqQm or any LISP expressioff to be EVALuated
20. <expression> ::= any LISP expression ) ,
21. <proto case> :i= a case name in the prototype '
22. /<feature> 1:= ahy lexical feature - :
23. [ <qafunct> ::= FINDOBJ or CORVERT .
24.1 <qa args> , t:= argument list for QA
25. <fragment> :i= a LISP skeletal expression using and + for substitutions
26. <proto> ::= an NLG prototype . . :

»

Appendix B: Syntax 6f ATN Grammar Specificar4;n8
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A
AR
AND
ANGLE
ARE
AT
BETWEEN
. CALL~
: » CALLED
‘ ’ CAN
, CEKTIMETER
CERTIMETERS.
CENTIMETRE *
CENTIMETRES
CIRCLE
CIRCLES
CIRCUMFERENCE *
~ (M
CONNECT
CORSTRUCT
couLp
DEGREE

fbiere

DID .
DO
DOES
DRAW
EIGHT
. EIGHTY
ENDPOINT
ENDPOINTS
- ERASE
- FIFTY
FIRST
FIVE
FORTY

-

-

FOUR
FROM

* HALT

HAS
HAVE
HERE
HORIZONTAL
HOW

HURDRED

INCH ’
INCHES

IS

e

- JOIN

KINDLY
LARGE

LEKGTH

LIKE

LINES

LOKG

MARE

MANY

ME

MILLIMETER -
MILL ;

MILL

MI S.
MM

NAME

NAMED

NAMES

" NINE

KRIRETY
Row
OBJECT
OBJECTS
OF -
OXE

-

t

OR
PLEASE
POINT
POINTS

“PUT
RADIAN
RADIANS
RADIUS

URIT
UNITS

< VERTICAL

° WHAT
WHERE

. WHICH
WITH

'l
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. BETWEEN {PREPC . - +(IPOSIT) |ENDPOINT] *
COCALL T 7 v T RAETE . i1 i i
«  CALLED <LOMPL . RAME | (XRAME) . : i 1
~ CAR L AUL . - L . ;
CIRCLE . N . - I (Z0BIECTY . 7 : i
=] K - - PLUR: ,(RSIZE) , N LINE T
CONKECT V- DRAW - T { NST-LINE '
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‘ [ ! . gorienn) ! : -
© . PLEASE '@ ADV . - : i ; a »
t POINT  © N - 1 1 | (I0BJECT) | 1
- RADITS * K - - i 1(ZS1ZE) | i (CIRCLE)
i\ SCREEW X! - { (XOBJECT) |
1 SMALL AbJ 6he (251z2%) i
THAT DEM -~ . (XPOSIT) e »
THROUGH 7 PREP | - (XPOSIT) |LOCATOR . —
VERTICAL| ADJ | 90 1 | (XORTERT)
WHAT QWORD - 7 (Z08JECT N AT
{ ZRAME) -
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— WITH PRer - (3512t ERDPOINT
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Appendix J: Sample Sentences and Their Parse Times 53

- AW
| SENTENCES B . TIME (mex) /
Draw a.'straigb,t line from her® <T> to there <T> ) 2J83 \
. Please make from here <T> a line to there <T> 366 - —- -
 Please make me a line from (234, 412) to here <T> i 366 N
Please erase the line Here <T> v 150
Drav a line between here <T> and here <T> . . . ., - : 300
Put a point here <T> - 116
Draw a point named FRED at <T> _ 217
Draw the point ETHEL here <T> ) : . - 200
Now comnect FRED and ETHFL . ‘ 167 -
Draw.a straight line from <T> through <T> . - 317 <
Join the point FRED with this point <T> . ) 266
Stop - : i 17
Pleade eon-nect this <T> with this <T> ,‘ ) t . 266
From here <T> draw a iine to there <T> . 333
from this point <T>.draw a lime to FRED 433 i\
<T> <T> Draw a straight line from here to here " 917
With this <T> connect this <T> ) 333
-+Draw a three incR line named L3 here <T> ) 217 -
Draw a hnrizontal 1ine with a 3 inch length here <T> ' 350
Draw a vertical lire 5 inches long called L5 to bere <T> 317
Draw a circle with a 2 inch radius here <T> \ 300
Please draw 2 hundred om line named DAVE at’ an fgle of .
fifty degrees here <T> 401
" Make me a circle called HEAD with a Z'rech diameter there'<T> 266
Erase the line named ARM W ’ . ’ \ 167 >
Erase the line from here <T> to here <T= ‘ 316 , s
Draw a circle of radius four units named E£YE here <T> 250
Erastthis circie <T> . \ | 133 7 .
Call thi® <T> %43 . o : # 150 ‘
!Name'the'three inch line i.3 . 216 ,
What can you draw? . 67
Can jou draw. circles"‘ 2 ‘ : 100
Can you draw a circle with a 3 inch cirm?erence? _\) 317
How many screen units i;/fn inch? o ‘ ’ . K 250
Is there a point named P?° - 133
What did you draw at P? ' ~ ‘ 183"
Can you 'draw? < . 59 e ) 100




( 54
g 4
. <message> 1:= (KB LA #Q (MG <prototype>)) |
<prototype> i:=  ( (ZTYPE . <type> ) .
, . (ZACTION . o <act> ) - : }
] (XOBJECT . 4 <obj> ) |
. " (ZNAME ., <pame> ) .
—~ (ZORIENT . <ormt> ) B v
(ZPOSIT . <posit>)
: (2SIZE ., <size> ) ) : ’
<type> 1= IMP or Q . ' . . : - }
|
»
<act> ::= DRAW or ERASE or RAME . .
v ) v .
<obj> t:= ST-LINE or CIRCLE or POINT - * .
. - [}
<name> ::= g LISP atono !
. —_— . ’ |
<ornt> ::= a nusber in degrees ‘
<posits © ti= (<pt>:) 1
<pt> a ::= (ENDPOINT <coords>) or
(LOCATOR  <coords>) or
(TOtCH <coords>) &
) <coords> o i:i= (<m~val> . <y;§alz) or
. _ gtl (KODE . <node iden:ifier>)‘ : .
- /r/ — j < . -
<%x-val> ti1= x~*coordinate in screen units -
- <y-val-> :i= y-coordiante in screen units
<node identifier> t:= the identifier of a node in the semantic network .
) v
<size> ) ::= (RADIUS + . <numb) or
- (DIAMETER . <num>) or
(CIRCUMFERERCE . <num>) or
- <num> ’
<pum> ::= a' length in s®reen units \ .
- o

. Appendix K: 'Descriptien of the Prototype

2
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»
. TEMPLATE J
— NUMBER - TEMPLATE ’
v To ‘ () -
' LTI , (0K)
T2 o (Thanks *_for the session)
. T3 "7 7 (Rdtural Language Graphics systenm)-
T4 - (KLG - Pilot System - surmer, 1976)
—th\ > T5 (Please rephrase the sentence)
— _ T6 (Object as gpecified camnot be found)
T7 (*) |4
- T8 (yes)
19 (no)
. T10 (I don't know)
) Til *) .~
T12 . (* and *)
T3 -~ (* , * , and *) ) B
T20 - (at *)
T21 ™ *  (* has no name)
122 (a2 * naced %)
123 (a *)
. Appendix % Language Generayion Terplates i
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NAME ) PART OF . FURCTION =T, . _

ACT-1 ) POINRT ’ . How to draw a POINT
ACT-2 ST-LINE ) Structural check
ACT-3 . o= ‘-. - .
ACT-4 - v —— . "
ACT-5 . ST-LINE How to find midpoint ‘ . .
(ACT-6 ~ — ) - : A
ACT-7 . - . . -— L
ACT-8 ST-LINE How to draw a ST-LINE,
ACT-9 -- —-——— . .
ACT-10 - i . -— .
ACT-11 -— . -—
ACT-12 k - — C .
ACT-13 . POIRT Struttural. check .
ACT-14 DEFPOINT Structural ‘check ?!°.
ACT-15 ‘ -— -
ACT-16 . DISTANCE Structural check
ACT-17 NGLE . Structural check _
"ACT-18 - — "
ACT~19 o CIRCLE Structural check~ . L~
ACT-20 CIRCLE ’ How to draw a CIRCLE
ACT-21 CIRCLE How to find a locator .t
ACT-22 " CIRCLE - How to find a radius . ‘4

> E"i LY -

Apgendix Nz List of Actions Used in Semantic Wetwork - /
.
. 3 .
-
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- Appendix 0: KBNET - Initial State of KB Network

] -

—_—

((DEFINE .
SUBSETOF SUBSETOF-
-*  __ELMNTOF ELMNTOF- —-

NAME NAME-

TYPE TYPE- . . .

ELMNTDESCR ELMNTDESCR- -

DATTR DATTR-
) ROLE ROLE- .-
v RESTR RESTR- o . -
ACTION ACTIOR- .
ATTR ATTR- : . -
INSTRCOF INSTNCOF- . -
VAL VAL- - ‘ o
CASE CASE-

NUMBER NUMBER- . - 7 '
0BJECT OBJECT- » "—__\\Eb

STRCCTURAL STRUCTURAL- N

INSTANTIATES INSTANTIATES- . A
)) - -
((BUILD TYPE SYSTEM NAME SCREENMODEL)) T
((BUILD NAME OBJECTS TYPE SET)= XX)

* ((BUILD NAME LINES TYPE SET SUBSETOF *XX)= XY) ’ -

((BUILD NAME PRIMITIVES TYPE SET SUBSETOF #XX)= XZ) -
((BUILD XAME DEFPOINTS TYPE SET SUBSETOF *XX))
((BUILD NAME ANGLES TYPE SET SUBSETOF *XX))

. ((BUILD KAME DISTANCES TYPE SET SUBSETOF -*XX))
((BUILD NAME CURVES TYRE SET SUBSETOF *XY))
((BUILD NAME ST-LINES TYPE SET SUBSETOF *XY SUBSETOF *XZ)) 2.
((BUILD NAME POINTS TYPE SET SUBSETOF *XZ SUBSETOF (FIND NAME DEFPOIHTS)
1) : PP . S
((BUILD NAME UNIVERSE TYPE SET i

SUBSETOE- ° *XX ) -
SUBSETOF- (BUILD KAME SITUATIONS .
TYPE SET
SUBSETOF- (BUILD NAME CONNECTIONS TYPE SET)
—_ T4 . . .
) - > TR
((BUILD RAME DEFPOINT -7 * )
) TYPE CONCEPT ) i A
ELMNTDESCR- (FIND RAME DEFPOINTS) l

STRUCTURAL ACT-14 .
DATTR (BUILD ROLE XVALUE .
TYPE DESCRIPTION ‘
- RESTR (FIND NAME DISTAKCES) . .
) )
DATTR (BUILD ROLE YVALUE N —

TYPE DESCRIPTION
’ " RESTR (FIND HAME DISTRNCES) . S
) . .. :
))
((BUILD DISTAREE L
‘ CONCEPT, ’
ELHNTDESCR- (FIND HAME DISTANCES) .
‘ STRUCTURAL ACT-16 .
G()) .




$ .

I3

((BUILD NAME ANGLE . i
L4
TYPE GONCEPT
ELMNTDESCR- (FIND NAME ANGLES)
STRUCTURAL ACT-17
)) :
((BUILD NAME-POINT ~ -
TYPE CONCEPT . -
ELMNTDESCR~ (FIND NAME “POINTS)
STRUCTURAL ACT-13
DATTR (BUILD ROLE LOCATOR
- - TYPE DESCRIPTION®
CASE ZPOSIT
RESTR (PIND NAME DEFPOINTS)
) .
DATTR (BUILD ROLE TODRAW
P — TYPE DESCRIPTION —
ACTION ACT-1
CASE ZHOW

)
)) ’
((BUILD NAME ST-LINE ¢
- TYPE CONCEPT
ELMNTDESER- (FPIND NAME ST-LINES)
STRUCTURAL ACT-2
DATTR (BUILD ROLE ENDPOINT -
TYPE Dzscxrprﬂﬁx
RESTR (FIND NAME' DEFPOINTS)

) -
- DATTR (BUILD ROLE ENDPOINT
o . TYPE DESCRIPTION
i RESTR (FIND NAME DEFPOINTS)
) .
DATTR (BUILD ROLE LOCATOR
TYPE DESCRIPTION
CASE ZPOSIT
' RESTR (FIND NAME DEFPOINTS)
._) .
DATTR (BUILD ROLE MIDPOINT
TYPE DESCRIPTION
RESTR (FIND NAME DEFPOINTS)
_ ACTION ACT-5
) . — .
DATTR (BUILD ROLE ORIERTATION
TYPE DESCRIPTION
CASE ZORIENT
RESTR (FIND NAME ANGLES)

)
DATTR (BUILD ROLE LENGTH *
.TYPE DESCRIPTION )
CASE %SIZE ' ’
RESTR (FIND NAME DISTANCES)
) .
DATTR (BUILD ROLE TODRAW
TYPE DESCRIPTION
¢ CASE ZHOW
ACTION ACT-8 ~




&

., ((BUILD NAME CIRCLES
TYPE SET

« SUBSETOF (FIND NAME CURVES)

-
-
-

L4 I

Ho

))
- STOP
® ' -

i--’, L.

ELMNTDESCR. (BUILD NAME CIRCLE
TYPE CONCEPT
. STRUCTURAL ACT-19

DATTR (BUILD

)
DATTR (BUILD
,;I

v

)
DATTR (BUILD

)
DATTR (BUILD

»

)
DATTR (BUILD

(***‘TO FORCE WAY OUT OF MENTAL READ LOOP ***)

==
P
=

-

ROLE LOCATOR
TYPE DESCRIPTION
ACTION ACT-21
CASE ZPOSIT *
RESTR (FIND NAME DEFPOINTS)

ROLE RADIUS

TYPE DESCRIPTION

ACTION ACT-22

CASE ZSIZE

RESTR (FIND NAME DISTANCES)

ROLE CIRCUMFERENCE

_ TYPE DESCRIPTION .
RESTR (FIND RAME DISTANCES)
ROLE PIAMETER

TYPE DESCRIPTIOH
RESTR (FIND HAME DISTANCES)

ROLE TODRAW .
TYPE DESCRIPTION -

CASE ZHOW
ACTION ACT-20

60

™

Néte: The in*graé?fof the links are indicated by the addition of a dash.

Note:

’,

The above description is in the form read by the MENTAL interpreter.




- »
s b 4. B '
- - A

e
=
-

Appendix P: The GR Module Interface

The interface.at GR is defined as follows: ' N %\
a o

-

<message> ::= _ (GR KB;&d ( <prototype> ))

<prototype> ::= (- {ZTYPE . some type
. . (ZACTIOR . some action
< T (Z0BJECT . some object )
)
)

) .
)

(ZNAME, . some name
(ZHOW . <program-

<program- ;:= (<step>l) -

<step> 1= (PAPNT ley_l)
= (PALINEL x1 y1 x2 y2) ‘ B
= (F4LINEZ x1 yl angle length) ~ ’
= (FaLINE3 midx midy x2Z y2) ‘ '

(FSLINE4 midx midy angle length)

(F4CRCL cx cy radius) ]
" (P4ERSE)

»

RN




Appendix Q:

- s
The Syntax of Calls to the QA Section of the Module

~

<message> ::= (KB LA #Q ( QA <function> )Y )

-

-
<function> ::=  (INFO <keywords> <6rototype forms)
’ | 27;-.(I?IHDOBJ‘ <name> <ty{>e>)
.. EE(aONVERT a nu;;erf <unitgs)
' ﬂr'(1'«'nmzmAw ‘<object> y g
<keywords> <;= (<keys>l ) L
<keys> ::5 Z0BJECT or ZNAME gzﬁ}POSIf or NODE .
<prototype form ::= ;ny vaégg,comglete'or partial prototype
<name> 1:= " an_object nime extracted from aﬁ input sentence
<type> ti=  ST-LINE or POINT or CIRCLE or NIE<-
<units> *i= UNIT or INCH or CM or MM or DEGREE or RADIAN

P

<object> ::= .a primitive or sugpected object




