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ABSTRACT 

This paper discusses an approach to the 
model l ing of the exp lanat ion process w i t h i n the 
framework of a graphics-based CAD system c u r r e n t l y 
under development, which can descr ibe i t s own use, 
i n c l u d i n g the common ways to make and recover from 
e r r o r s . With a coordinated t e x t u a l and p i c t o r i a l 
d i s p l a y , the system, CADHELP, s imulates an expert 
demonstrat ing the opera t ion of the graph ica l 
fea tures of the CAD t o o l . It consul ts a knowledge 
base of f ea tu re s c r i p t s , b u i l t up using s i t u a t i o n ­
al s c r i p t and commonsense a lgo r i t hm ic methods, to 
exp la in a f e a t u r e , generate prompts as the f ea tu re 
is being operated, and to g ive c e r t a i n types of 
" he l p " when a fea tu re is misused. CADHELP pro­
vides these serv ices by summarizing the fea tu re 
s c r i p t in d i f f e r e n t ways depending upon what i t 
has t o l d the user p rev ious l y . The summarization 
process is based upon a ser ies of " s k e t c h i f i c a -
t i o n " s t r a t e g i e s , which prescr ibe which par ts bf a 
knowledge s t r u c t u r e , a causal cha in , or a s ing le 
concept can be thrown away, since the l i s t e n e r 
should be able to i n f e r them. 

I . I n t r o d u c t i o n 

The a b i l i t y to exp la in th ings is an impor­
t a n t , but poor ly understood, component o f i n t e l l i ­
gent behavior . This paper discusses an approach to 
the model l ing of the exp lana t ion process w i t h i n 
the framework of a graphics-based CAD system, 
ca l l ed CADHELP, which can exp la in i t s own opera­
t i o n to i t s user, i n c l u d i n g the common ways to 
make and recover from e r r o r s . F u n c t i o n a l l y , the 
CAD system is a f a m i l i a r so r t of g raph ica l t oo l 
fo r the design domain o f d i g i t a l l o g i c c i r c u i t s . 
I t provides a standard se t o f g raph ica l f ea tu res , 
such as drawing, dragging and rubber-band l i n e 
techniques, and accepts user input dur ing, design 
from such standard devices as t e r m i n a l , l i g h t pen 
and data t a b l e t . 

CADHELP conta ins de ta i l ed knowledge 
Structures, which s imulate an expert use r ' s 
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knowledge of how the basic graphica l features 
work, or may f a i l to work. CADHELP exp la ins it-
s e l f by demonstrat ion, i . e . , by mimicking an ex­
per t operat ing the device whi le exp la in ing i t . 
The exp lanat ion mechanism conta ins a set of 
natural - language generat ion h e u r i s t i c s which al low 
i t to create explanatory t e x t or prompts from the 
under ly ing knowledge s t r u c t u r e in a con tex t -
sens i t i ve manner. CADHELP is primed to t e l l a 
user only what he, as a r e s u l t of an e x p l i c i t com­
mand or by d ia l og h i s t o r y , does not already know. 
Therefore, subsequent explanat ions r e f l e c t the 
knowledge the user gained from e a r l i e r ones by om-
i t t i n g d e t a i l e d restatement of concepts he should 
now understand. 

I I . An Example 

In t h i s s e c t i o n , we present a sample explana­
t i o n which CADHELP has produced. The user se lec ts 
the graph ica l fea tu re to be exp la ined, and the 
l e v e l of the exp lanat ion ( v i z . , summary, normal 
ope ra t i on , or e r ro r s ) w i th simple typed i n p u t . 
CADHELP cannot "understand" na tu ra l language i n ­
put , and thus cannot engage in m i x e d - i n i t i a t i v e 
dialogue [CARB70] w i th i t s user. Our des i re was 
not to produce an i n t e l l i g e n t computer-aided i n ­
s t r u c t i o n a l (CAI) system, but ra the r to focus on 
the ra ther poor ly understood generat ive component 
t ha t any such system w i l l r equ i re : 

CADHELP produces explanat ions by expressing 
"concepts" (encoded in a conceptual dependency 
format [SCHA77]) se lec ted from the knowledge 
s t r u c t u r e descr ib ing the selected f e a t u r e . The 
tex t generated is not canned, but va r ies in s i g n i ­
f i c a n t ways according to the context i t i s being 
produced i n . ( I n the cur ren t implementat ion, how­
ever, the d isp lay oomponent of the exp lana t ion is 
p res tored . ) Suppose the user asks to have ex­
p la ined the graph ica l fea tu re of "d ragg ing" ob­
j e c t s ( i n t h i s domain, l o g i c devices) i n t o p o s i ­
t i o n in the design area using the l i g h t pen. In a 
"summary" exp lana t i on , the normal opera t ion of the 
f ea tu re i s described in the h i g h e s t - l e v e l terms 
a v a i l a b l e : 

To move an ob jec t to a l o c a t i o n , use the 
drag f e a t u r e . 

Select the drag f e a t u r e . 
Select the ob jec t . 
Drag the ob ject i n t o the design area. 
Pos i t i on the o b j e c t . 
Ex i t from the drag f e a t u r e . 
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In the "normal" mode of exp lana t ion , the 
opera t ion is expanded in a greater l e v e l o f de­
t a i l : 

To move an ob jec t to a l o c a t i o n , use the 
drag f e a t u r e . 

( L i gh t pen and pa r t s f l a s h as they are named) 
The l i g h t pen hangs on the hook on the 
graphics dev ice. 
The hook is to the r i g h t of the screen. 
The l i g h t pen has a sensor. 
The l i g h t pen has a handle. 
The l i g h t pen has a connect ion to the system. 

Select the drag f ea tu re by po i n t i ng the 
l i g h t pen. 
Grasp the l i g h t pen. 
Move the l i g h t pen to the screen. 
Touch the l i g h t sensor to the drag symbol. 
The symbol f l ashes . 
Select the object by p o i n t i n g . 
Drag the object i n t o the design area. 
Move the l i g h t pen i n t o the design area. 
The object f o l l o w s . 
Remove the l i g h t pen when the object is at 
the l o c a t i o n . 
Ex i t from the drag fea tu re by p o i n t i n g . 

An exp lanat ion of " e r r o r s " descr ibes how com­
mon mistakes I nvo l v i ng the fea tu re can be made, 
and how to recover : 

When you move the object i n t o the design area, 
the system receives an input from the l i g h t 
pen when the l i g h t pen touches the ob jec t . 
The system p red i c t s where you are moving the 
l i g h t pen t o . 
The system redraws the object at the p lace. 
The system wai ts to rece ive an input from the 
l i g h t pen. 
I f you move the l i g h t pen too f a s t , the system 
does not get an i n p u t . 
The system cannot redraw the ob jec t . 
To continue dragging, po in t to the object,. 

I I I . Representing Expert Knowledge 

In designing a mechanism which simulates the 
explanat ions generated by an exper t , we have as­
sumed tha t what is to be communicated is a 
knowledge s t r u c t u r e (KS), a la rge body of i n t e r ­
connected dec la ra t i ons (p ropos i t i ons or asser­
t i ons ) desc r ib ing a knowledge domain. Explana­
t i o n , then, can be convenient ly modelled as a pro­
cess by which a more or l ess complete copy of a 
dec la ra t i ve KS is moved from the memory of the ex­
p la ine r to t h a t o f the l i s t e n e r . 

Several c la ims oan be made about the charac­
t e r i s t i c s of a KS s u i t a b l e f o r CADHELP-style ex­
p lana t ions . F i r s t , i t should be language f ree , 
since we wish to be able to generate a number of 
paraphrases of the same under ly ing event . We 
would a lso l i k e to be able to d r i ve both the tex t 
generator and the d isp lay device from the same 
rep resen ta t i on . 

The u n i t s of the desc r i p t i ons of g raph ica l 
fea tures are c a l l e d concep tua l i za t ions . The con­

c e p t u a l i z a t i o n s are connected together at the 
lowest l e v e l of the KS i n t o causal chains. The 
type of causal connect ion between the events is 
expressed in terms of the p r i m i t i v e causals o f the 
commonsense a lgo r i t hm ic rep resen ta t ion [RIEG77] 
f o r meohaniams. KS's f o r exp lana t ion , as bundles 
o f causal chains I nc l ud ing wel l -understood ac tors 
and o b j e c t s , conform w e l l to the no t i on o f a s i ­
t u a t i o n a l s c r i p t [SCHA77]. The KS desc r ib ing the 
opera t ion of a g raph ica l f ea tu re is c a l l e d a 
f e a t u r e s c r i p t , and the ob jec ts appearing in them 
which d i f f e r from use to use of the s c r i p t are 
c a l l e d s c r i p t v a r i a b l e s . Feature s c r i p t s are 
b u i l t according to the "s tandard" methods des-
c ibed , f o r example, in [CULL78], and so w i l l not 
be pursued f u r t h e r here. More d e t a i l s of CADHELP 
s c r i p t s t r u c t u r e can be found in [CULLBO]. 

IV . Explanat ion S t ra teg ies 

The key observa t ion concerning exp lanat ions 
o f f ea tu re s c r i p t s i s t h a t they conta in dozens o f 
conceptua l i za t ions and causal r e l a t i o n s which 
could be selected f o r expression. Thus, the pro­
cess of exp la in ing appears to be one of dec id ing 
what not to say ra ther than what to say. For ex­
ample, the fea tu re s c r i p t $LPPOINT, which 
descr ibes " p o i n t i n g to a g raph ica l ob jec t w i t h the 
l i g h t pen , " conta ins four teen concep tua l i za t ions , 
in terconnected by ten causal r e l a t i o n s . Each 
asse r t i on and r e l a t i o n i s p o t e n t i a l l y exp ress ib le , 
but an exp la iner seems to focus on only c e r t a i n 
elements of the KS dur ing the exp lana t ion . 

Note tha t the speaker has the dual problem to 
the inferenoe problem the understander has. The 
understander i s expected t o f i l l i n what the 
speaker l e f t ou t , by var ious types of inferences 
[ e . g . , CHAR72, RIEG75, CULL79, WILE79]. The 
speaker seeks as economical an expression of the 
thought to be communicated as poss ib le . He leaves 
"sketchy" the par ts of the ut terance the hearer 
should be able to i n f e r . We c a l l t h i s process 
conceptual s k e t c h i f i c a t i o n . In examining what 
sounds na tu ra l in CADHELP-style exp lanat ions, i t ' s 
c lea r t ha t speakers ske tch i f y what they say at 
every l e v e l . Se lec t ion and suppression occur in 
the use of the t o p - l e v e l po in te r to the KS, 
causal chains to express an ope ra t i on , u n i t events 
from a causal cha in , and, f i n a l l y , conceptual 
cases in a concep tua l i za t i on . 

Examples of sketch i f i c a t i o n are easy to f i n d 
in the example explanat ions o f Sect ion I I . Con­
s ide r the use of the term " p o i n t , " f o r example. 
In the "normal" mode of exp lana t ion , CADHELP i n i ­
t i a l l y assumes t h a t the user knows so l i t t l e about 
p o i n t i n g t h a t the instrument used, the l i g h t pan, 
must be located and descr ibed. Then the mainpath 
sequence of ac t ions comprising a po in t i ng episode 
is expanded. In the second use of " p o i n t , " the 
instrument is named, but the a c t i o n sequence is 
not g iven again . In the f i n a l use of " p o i n t , " the 
d e s c r i p t i o n is reduced to the minimum. The i n ­
strument and the ac to r , which can be i n f e r r e d , are 
not named. But the object pointed t o , which is 
va r i ab l e from use to use of $LPPOINT, must be 
named. 

The r o l e of s k e t c h i f y i n g can be seen w i t h i n 
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s ing le concepts, aa w e l l . Consider the syn tac t i c 
phenomenon oa l l ed the " impe ra t i ve " . Conceptual ly , 
t h i s Invo lves the suppression in the surface form 
of the conceptual ac to r . But from the po in t of 
view of exp lana t ion , i t ' s known to both p a r t i e s 
who the actor l a : the user, Beoause of t h i a , the 
exp lanat ion need not e x p l i c i t l y name the ac to r , 
since t h i s can be i n f e r r e d . S i m i l a r l y , o e r t a l n 
uses of the i n f i n i t i v e cons t ruc t i on are sketchy 
expressions of an i n f e r r a b l e f a c t about the under-
l y i n g concept. If I say "I decided to go home," my 
hearer is expected to i n f e r t h a t the unnamed per-
son who w i l l go is the same as the one who d e c i d ­
ed. I t appears t h a t many s y n t a c t i c cons t ruc t ions 
are the surface man i fes ta t ions of under ly ing 
redundancies of these s o r t s , 

CADHELP'a exp lana t ion s t r a t eg i es are organ­
ized i n t o a h ierarchy con ta in ing th ree l e v e l s of 
s k e t c h i f i c a t i o n . The KS-summarization l e v e l uses 
intent/summary conceptua l i za t ions associated w i t h 
f ea tu re s c r i p t s f o r desc r i p t i ons o f KS's which 
have already been exp la ined . The exp la iner keeps 
a smal l working memory of the featurea which have 
been the subject of an " e x p l a i n " command, or which 
were Imbedded in a f ea tu re which was exp la ined. 

The user Phenoaenolofgoai l e v e l exp la ins a KS 
in terms of the use r ' s ac t i ons and the system 
responses he can see d i r e c t l y . This type of ex­
p lana t i on is Implemented by a smal l se t of demon-
l i k e ru l es (on the order of a dozen) which examine 
the causal chains associated w i t h the f e a t u r e , 
par ing these down to concepts in which the user is 
e x p l i c i t l y named as ac to r , or which are menta l -
i n fo rma t ion t r a n s f e r events by the user in 
response to system ac t i ons . Thus, dur ing the ex­
p l ana t i on of "d ragg ing" , var ious ob jec ts are made 
to f l a s h a t var ious po in ts as the fea tu re i s 
operated. The system a lso redraws the se lec ted ob­
j e c t to g ive the i l l u s i o n o f the o b j e c t ' s moving. 
The system aa actor is suppressed by a s k e t c h i f 1-
c a t l o n r u l e , however, which eventua l l y forces the 
language generator to use ac to r leas cons t ruo t ions 
such as: " the symbol f l ashes " or " the ob ject f o l ­
l o w s , " Phenonenological l e v e l summarization i s 
used f o r desc r i p t i ons of "normal" ope ra t i on , in-
c l ud ing the genera t ion of prompts dur ing the a c t u ­
al execut ion of a g raph ica l f ea tu re . 

The t h i r d , most de ta i l ed l e v e l expands each 
malnpath and support concep tua l i za t ion in a causal 
cha in . This- i s c a l l e d the user/system 
conversat ional l e v e l because i t exp la ina the KS in 
terms of the g ive and take between the user and 
system, which is a k ind of converaat ion. Becauae 
the d e t a i l s of how the system reacts to the use r ' s 
manipulat ions are important in g i v i n g an under­
standing of how the user has gone wrong, conversa­
t i o n a l l e v e l summarization i s used in 
e r ro r / recove ry exp lanat ions . As in the 
phenomenological- level summarization, the tech­
nique o f causal -chain s k e t c h i f i c a t i o n i s ca r r i ed 
out by a set of r u l e s , opera t ing as demons, which 
se lec t concepts to throw away. (The r u l e s a re , in 
f a c t , a subset of the ones used in phenomenologi­
ca l summarizt ion.) 

V, Generating Engl ish 

A, Background 

By comparison w i t h na tu ra l language under­
standing and in fe rence , the research subarea of 
na tu ra l language generat ion has received r e l a t i v e ­
l y l i t t l e a t t e n t i o n . Although several language 
generators e x i s t ( e . g . , [SIMM72], [CHES76], 
[MCD080]) which are capable of impressive f l uency , 
these begin w i t h a syn tac t i c rep resen ta t i on of the 
s t r i n g to be c rea ted , i nc l ud ing the words to be 
used. Thus, they are unsui ted f o r use in a system 
such as CADHELP, which must generate from a con­
ceptual representa t ion of a f ea tu re to be ex­
p la ined . Goldman's BABEL [GOLD75] is one of a 
very l i m i t e d number of examples of a sentence gen­
era tor whioh s t a r t s w i t h a conceptual representa-
t i o n of the thought to be u t te red ( i n conceptual 
dependency format) and maps it i n t o a surface En­
g l i s h s t r i n g , Goldman's approach, however, is ba­
s i c a l l y su i ted f o r sentence at a time genera t ion . 
The present researoh was mot ivated by the des i re 
to b u i l d a generator capable of producing 
paragraph- length t ex t s descr ib ing a knowledge 
s t r u c t u r e , in which the f ac to r s t h a t make f o r 
f luency could be e x p l i c i t l y s tud ied . 

B. Generation in CADHELP 

CADHELP's generator , CGEN, has data and con­
t r o l s t ruc tu res which are very s i m i l a r to the CA 
language analyzer described i n [BIRN80], I t s p r i ­
mary data s t r u c t u r e is a shor t term memory, ca l l ed 
the C-LIST, which the generator accesses in an 
i t e r a t i v e process of l ook ing UP words to express 
the meaning of a concept c u r r e n t l y at the focus of 
a t t e n t i o n ( the " f r o n t " of the C-LIST); and of 
i n s e r t i n g l e f t - o v e r subconcepts, perhaps w i t h as­
sociated f u n c t i o n words, in appropr ia te places on 
the C-LIST. I n i t i a l l y , the C-LIST conta ins a con-
c e p t u a l i z a t i o n which has surv ived the pruning p ro ­
cess the KS-level s k e t c h i f i e r s apply to a fea tu re 
s c r i p t . 

Engl ish has var ious conventions which govern 
the order in whioh words should be s a i d . These 
conventions are stored in CGEN's d i c t i o n a r y as 
p o s i t i o n a l cons t ra in t s on where the cons t i t uen ts 
expressing sub-conceptua l iza t ions must appear w i th 
respect to a word which spans par t of the cur ren t 
concept. Consider the f o l l o w i n g s i m p l i f i e d d i c ­
t i ona ry d e f i n i t i o n f o r the word "move," as in 
"move the s t y l u s to the t a b l e t : " 

move: (PTRANS ACTOR (NIL) OBJECT (NIL) TO (NIL)) 

ACTOR — (PRECEDES PARENT) 

OBJECT — (FOLLOWS PARENT) 
(PRECEDES TO-SLOT-FILLER) 

TO -- (FOLLOWS PARENT) 
(FOLLOWS OBJECT-SLOT-FILLER) 
(FOLLOWS FUNCTION/WORD:TO) 

This d e f i n i t i o n s ta tes t h a t "move" spans a 
concept based on a phys ica l t r a n s f e r of l o c a t i o n 
(a PTRANS) which an ACTOR makes an OBJECT undergo. 
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The predicates PRECEDES and FOLLOWS are used to 
i n d i c a t e where on the C-LIST the associated con-
ceptual case f i l l e r s are to be i n s e r t e d . Here, the 
predicates speoi fy a d e f a u l t o rder ing of ACTOR, 
the word "move", OBJECT, then the f i l l e r of the TO 
s l o t , f o l l o w i n g the f u n c t i o n word " t o " . This ap­
proach to handl ing the d e t a i l s of Engl ish syntax 
i s admi t ted ly o v e r s i m p l i f i e d . I t has the great 
bene f i t s of s i m p l i c i t y and u n i f o r m i t y , however, 
and thus has al lowed a progressive approach to the 
a d d i t i o n of new language s t r u c t u r e knowledge. For 
example, handl ing the ac t i ve and passive forms of 
a verb turned out to r equ i re s t ra i gh t f o rwa rd add i ­
t i o n s to the generator once a no t ion of "conceptu­
al focus" was worked ou t . 

cycle be CGEN's basic generat ion 
described by four r u l e s : 

1) I f the f r o n t of the CLIST is empty, 
then there i s noth ing to generate; r e t u r n . 

2) I f there is a word on the f r o n t of the 
CLIST then "say" the word by saving it on 
a spec ia l l i s t to be returned when the 
generat ion cyc le is complete. 

3) I f there is a concept on the f r o n t of the 
CLIST then remove the concept and t r y to 
f i n d a word in the d i c t i o n a r y to express 
t h a t concept. The look-up process is 
s i m i l a r t o the d i s c r i m i n a t i o n - n e t 
approach used in BABEL. 

4) I f the cur rent concept is completely 
spanned by the word(s) found, replace it 
w i t h those words. Otherwise, i n s e r t the 
l e f t o v e r f i l l e r s i n t o the C-LIST using 
the p o s i t i o n a l cons t ra in t s s tored w i t h 
the word found. 

There is a f i f t h ru le which concerns the dec is ion 
not to say something. This dec is ion is embodied 
in the ac t ions o f the c o l l e c t i o n o f concept - leve l 
s k e t c h i f i e r s which cont inuously monitor the f r o n t 
of the C-LIST fo r concepts which can be expressed 
more economical ly than Rules 1-4 above would 
p resc r ibe . Thus, the basic model of generat ion 
contained in CADHELP is t h a t of an "exhaust ive" 
a lgor i thm (Rules 1-4) being res t ra ined by s k e t c h i -
f y i n g r u l e s . 

V I . An Extended Example 

Here we i l l u s t r a t e the generat ion process 
w i t h computer ou tput , ed i ted f o r r e a d a b i l i t y , 
showing the generator CGEN expressing the same 
concept at several l e ve l s of sketch iness. The con­
cept is one t ha t is selected repeatedly by the ex­
p lana t ion mechanism ( i n a process not shown here) 
as i t app l ies user-phenomenological summarization 
to produoe prompts f o r the user as he se lec ts a 
graph ica l f ea tu re . 

F i r s t , we show what CGEN produces if most of 
the concept - leve l s k e t c h i f i e r s are turned o f f , and 
the system is run in a spec ia l "verbose" mode. 
Comments are i nd i ca ted by " " " : 

ULISP V1.4 Copyr ight ,1978,R.L.Ki rby 
Eva l : (genverbose 'selomdpO) 

"The cur ren t top of c - l i s t is the input concept 
which s ta tes t h a t the user is t r a n s f e r r i n g 
to the system the i n fo rma t ion t h a t he has the 
goal t h a t the system i n s t a n t i a t e one of the 
graph ica l features ($cad fea t ) , and the i n s t ­
rument of the t r ans fe r is the user apply ing 
a force to a command block w i t h the s t y l u s . 

CGEN: top of c - l i s t is cO: 
(mtrans actor (#person r o l e ( *user ) ) mode ( t ) 

from (*cp* par t *user) 
to (*cp* par t (#person r o l e ( * sys ) ) ) 
mobj (s -goa l actor *user mode ( t ) 

goal ($cadfeat actor *sys 
featname ( n i l ) mode ( t ) ) ) 

i n s t (propel actor *user 
obj (# ins t r o l e ( * s t y l u s ) ) 
to (*perpto* par t 

(# loc r o l e (&cmdblk) 
locname ( n i l ) ) ) 

mode ( t ) manner ( f o r c e f u l ) ) ) 

"CGEN f i nds " t e l l " in i t s d i c t i ona ry as spanning 
~par t of the input concept 
CGEN: us ing 
( t e l l ) 

~Fol lowing the i n s t r u c t i o n s found under the word, 
"CGEN rebu i l ds the c - l i s t : 
CGEN: cu r ren t c - l i s t 
(cO ac to r ) " the actor of the mtrans should be 

" sa id f i r s t ( the user) 
( t e l l ) " then the l e x i c a l item " t e l l " 
(cO to pa r t ) " then the concept in the ( t o pa r t ) 

"o f the mtrans ( the system) 
( t h a t ) " then " t h a t " 
(C18 mobj) " then the concept in the mobj s l o t 
(by the a c t i o n t h a t ) " then "by the ac t i on t h a t " 
(cO i n s t ) " then the ins t rumenta l concept 

CGEN: top of c - l i s t is c50: 
(#person r o l e ( *user ) ) " the actor of the mtrans 

CGEN: using 
(you) 

CGEN: cur ren t c - l i s t "now the c - l i s t has two 
(you) " l e x i c a l items on top which can be 
( t e l l ) "popped o f f 

CGEN: top of c - l i s t is c55: "mtrans to par t 
(#person r o l e ( *sys) ) "concept is next 

CGEN: us ing 
(cadhelp) 

CGEN: cur ren t c - l i s t 
(cadhelp) 
( t h a t ) 

" r e a l i z e d by "cadhelp" 

"conta ins two more 
"words to be said 

"Now the goal s t a t i v e in the mtrans mobj s l o t 
"reaches the top 
CGEN: top of c - l i s t is c29: 
(s-goal actor (#peraon r o l e ( *user) ) mode ( t ) 

goal ($cadfeat actor ( Iperson r o l e ( *sys) ) 
featname ( n i l ) mode ( t ) ) ) 
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CGEN: us ing 
(want) 

CGEN: cu r ren t c 
(c29 ac to r ) 
(want) 
( t h a t ) 
(c29 goal) 
(by the a c t i o n t h a t ) 
(cO i n s t ) 

"expressed w i t h "want" 

~ l i s t 
~whose actor goes f i r s t 
~then want i t s e l f 
~then " t h a t " 
~then the goal concept 

~then the mtrans i n s t 

CGEN: top of c - l i s t is e72 
(#person r o l e ( *user ) ) ~the user reappears 

CGEN: us ing 
(you) 

"Now the "execute a cad f e a t u r e " s c r i p t concept 
"reaches the top 
CGEN: top of c - l i s t is c42: 
($eadfeat focus (ac to r ) ac tor ( Iperson r o l e ( f s y s ) ) 

featname ( n i l ) mode ( t ) ) 

CGEN: us ing "CGEN has not been able to f i n d a 
(execute) "word which expresses the concept 

" d i r e c t l y so i t uses the generic 
"verb "execute" 

CGEN: top of c - l i s t is c48: "system appears 
(#person r o l e ( *sys) ) "again 

CGEN: us ing 
(cadhelp) 

"Now the nominal ized form of the " f e a t u r e s c r i p t " 
"concept bubbles up from where "execute" put i t . . . 
CGEN: top of c - l i s t is c102: 
($cadfeat nomform ( n i l ) focus (ac to r ) 

actor (#person r o l e ( *sys) ) 
featname ( n i l ) mode (non)) 

CGEN: us ing " d i c t i o n a r y has a word f o r t h i s form 
( f ea tu re ) 

CGEN: top o f c - l i s t i s c107: " i n d e f i n i t e r e f e r -
( i n d e f ) "ence 

CGEN: us ing 
(a) 

" F i n a l l y the propel concept comes up f o r 
"express ion 

CGEN: top of c - l i s t is c148: 
(propel actor ( Iperson r o l e ( •user ) ) 

ob j ( # i n s t r o l e ( • s t y l u s ) ) 
t o ( •pe rp to* pa r t (# loc r o l e 

(&cndblk) locname ( n i l ) ) ) 
mode ( t ) manner ( f o r c e f u l ) ) 

CGEN: us ing " t he aot i t s e l f i s "p ress" 
(press) 

" a f t e r several more cyc les , the r e s u l t . . . 
Value: 
(you t e l l cadhelp t h a t you want t h a t cadhelp 
execute a fea tu re by the a c t i o n t h a t you press 
the s t y l u s on a command b lock) 

Next, we hand the above oonoept to the standard 
generator th ree t i n e s in Succession. Each t i n e 
the r e a l i z a t i o n re turned i s sho r te r . 

Eva1: (gen 'SelemdpO) 
"The i n s t s k e t c h i f i e r looks at the ins t rumenta l 

concept and notes t h a t i t s actor is the same 
as the input concept 's . Therefore, a gerund 
form can be used to express the instrument 
economica l l y . . . 

i n s t : examining i n s t concept c12 

"The imp s k e t c h i f i e r notes t h a t user-phenom 
summarization is going on (as is normal 
in prompts), and t h a t the actor is the 
user; t he re fo re the imperat ive i s o k . . . 

imp: squashing actor *user in cO 

"The d i c t i o n a r y re tu rns " s e l e c t " as the mapping 
word. "Se lec t " takes care of more of the 
input concept than " t e l l " does, 
so t h i s is chosen 

CGEN: us ing 
( s e l e c t ) 

" I n the c - l i s t as r e b u i l t by " s e l e c t " , the actor 
has disappeared because of imp, " s e l e c t " on ly 
requ i res expression of the (mobj goal) 
subconcept, and i n s t has set up a spec ia l form 
fo r the expression of the ins t rumenta l conoept 

CGEN: cur ren t c - l i s t 
( se l ec t ) " the l e x i c a l form " s e l e c t " 
(cO mobj goal) " the $cadfeature concept 

"which " s e l e c t " has nominalized 
- " b y " 
"a nominalized form of the 
"p rope l concept 

(by) 
(cO i n s t ) 

CGEN: top of c - l i s t is c44: 
($cadfeat actor ( Iperson r o l e ( *sys) ) 

featname ( n i l ) mode (nom)) 
CGEN: us ing 
( f ea tu re ) "concept is expressed as "a f e a t u r e " 

"as before 
CGEN: us ing 
(a) 
"The ins t rumenta l concept reaches the top . 

Note the syn ins t r marker which the i n s t 
s k e t c h i f i e r added to get the gerund form 

CGEN: top of c - l i s t is c72: 
(propel syn ins t r ($prog) actor ( n i l ) 

ob j ( # i ns t r o l e ( • s t y l u s ) ) 
to ( *perpto* par t (# loc r o l e (&cmdblk) 

locname ( n i l ) ) ) 
mode ( t ) manner ( f o r c e f u l ) ) 

CGEN: us ing " t he progressive r e a l i z a t i o n 
(press ing) 

" t he cyc le cont inues, w i th the r e s u l t . . . 
Value: 
( se lec t a f ea tu re by pressing the s t y l u s 
on a command block) 

"Now express the conoept again 
Eva l : (gen 'selcmdpO) 
"Th is t ime the standard i n s t s k e t c h i f i e r 

d i s q u a l i f i e s I t s e l f because it 's a l ready had 
a shot at t h i s oonoept. Thus e n t i t y - i n s t r u m e n t 
gets a chance to modify the concept. I t s t e s t 
is: is an instrumental ob jec t being used in a 
"normal" f u n c t i o n in an ins t rumenta l concept? 

e n t i n s t : examining i n s t oonoept in oO 
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"Imp does its usual d i r t y work: 
imp: squashing actor •user in cO 

~w i th the r e s u l t : 
Value: 
(se lec t a fea tu re w i t h the s t y l u s ) 

""Once more i n t o the b r e a c h . . . 
Eva1: (gen 'selecmdpO) 
"Both the standard i n s t and e n t i t y - i n s t 

s k e t c h l f i e r s d i s q u a l i f y themselves because 
they 've already had a shot at t h i s concept. 
Thus k i l l - i n s t r u m e n t gets in and erases the 
ins t rumenta l concept a l t o g e t h e r . . . 

k i l l i n s t : squashing i n s t concept in cO 

imp: squashing ac tor *user in cO 

"w i t h the r e s u l t : 
Value: 
( se lec t a fea tu re ) 

V I I . Implementat ion Note 

The natural - language and con t ro l modules of 
CADHELP are programmed in Franz LISP. The h i g h -
l e v e l graphics component was designed us ing the 
f a c i l i t i e s of the Un ive rs i t y of Toronto GPAC 
[REEV77]. These par ts of CADHELP c u r r e n t l y run 
under UNIX on a VAX-11/780 computer. The graphics 
d isp lay i t s e l f is generated by a DEC VT-11 vector 
d isp lay device c o n t r o l l e d by a PDP-11/0M computer. 
The graph ics , na tu ra l language and exp lana t ion 
modules are coordinated by a general-purpose i n ­
t e g r a t i o n package ca l l ed a h i e r a r c h i c a l task 
manager [CULL81]. 

To g ive a f e e l i n g f o r run- t ime, CGEN produces 
the verbose expression of the command-select con­
cept discussed in Sect ion VI in about 5 seconds 
when it is used a lone; and in about 15 seconds 
when it is part of the complete CADHELP system. 

V I I I . Conclusions 

This paper descr ibes research i n t o the 
mechanisms t h a t appear to be needed f o r generat ing 
exp lanat ions i n t e l l i g e n t l y . The micro-wor ld 
chosen, t h a t o f i n t e r a c t i v e graphics in support o f 
CAD, is a p a r t i c u l a r l y a t t r a c t i v e one because the 
needed knowledge s t ruc tu res can be designed by ex­
tending e x i s t i n g represen ta t iona l formal isms: 
s c r i p t s and mechanism-simulation causal r e l a t i o n s . 
Wi th in t h i s domain, methods of summarization have 
been developed which oan be coupled to the l e v e l 
of d e t a i l requested by the user, and the demands 
of l o c a l con tex t . Summarization is based upon the 
no t i on of " s k e t c h i f i c a t i o n , " a m u l t i l e v e l process 
of s e l e c t i n g conceptual items f o r expression, then 
suppressing components of an item based upon 
whether the user should be able to i n f e r them. A 
c o l l e c t i o n o f concept - leve l s k e t c h l f i e r s i n t e r a c t s 
w i t h a na tu ra l language generator , CGEN, of a nov­
e l des ign. These s k e t c h l f i e r s prescr ibe syn tac t i c 
cons t ruc t ions which are more economical than those 
whioh would normal ly be used by the generator . 
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