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t h i r d , the theory could prov ide the basis of i n t e r a c t i v e 
design systems in which engineers spec i f y high l e v e l 
goals to the system, which then does the des ign . Com­
p l e t e l y automatic "mechanisms i n v e n t i o n " is w i t h i n the 
realm of p o s s i b i l i t y and, we f e e l , would c lose l y resem­
ble the behavior of cur rent -day problem so l v i ng and p ro ­
gram synthesis t heo r i es . F i n a l l y , a f u t u r e a p p l i c a t i o n 
might be to use the represen ta t ion as a sor t of Dewey 
Decimal System of cause-ef fect pa t t e rn c l a s s i f i c a t i o n . 

J. Background and Related Work 

There are many ways to approach the d e s c r i p t i o n of a 
mechanism. Most in the. past ( e . g . [ J w l ] , [LBIU ] , [RJS1], 
[SL1J, and [WBL1J) have tended to be more a n a l y t i c a l in 
t h e i r approach. In a n a l y t i c a l s i m u l a t i o n s , the mecha­
nism is t y p i c a l l y descr ibed by parameter iz ing i t in a 
form su i t ab le f o r a numerical s imu la to r . The problem 
w i th t h i s approach is that, the rep resen ta t ion of a mech­
anism is very d i f f e r e n t from the human cause and e f f e c t 
knowledge of the mechanism. 

The l i n k s o f ou r t h e o r y a r e i n t e n d e d t o r e f l e c t what w e 
b e l i e v e t o b e n e c e s s a r y ( and c l o s e t o s u f f i c i e n t ) u n d e r ­
l y i n g human c o n c e p t s r e l a t i n g t o c a u s a l i t y i n p h y s i c a l 
mechan i sms . (These same l i n k s a r e a l s o the b a s i s o f t h e 
p l a n s y n t h e s i z e r s r e p r e s e n t a t i o n . ) We a r r i v e d a t s e v e r ­
a l o f t h e t e n b y o b v i o u s i n t u i t i v e r e a s o n i n g , and a t t h e 
r e m a i n i n g ones b y c o n s i d e r i n g many mechan isms and a t ­
t e m p t i n g t o c a p t u r e t he r e c u r r i n g c o n c e p t s . None o f t h e 
l i n k s b y i t s e l f i s p a r t i c u l a r l y n o v e l t o u s , o r i n d i v i d ­
u a l l y p r o v o c a t i v e ; y e t , t a k e n a s a s e t , w e b e l i e v e t h e s e 
l i n k s a r e b o t h t h e o r e t i c a l l y s i g n i f i c a n t , and c o n v e n i e n t 
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to use in p r a c t i c e . 

4. 2. Representat ion Example: Forced-Ai r Furnace 

We in t roduce the CSA mechanisms represen ta t ion f i r s t v i a 
an example that i l l u s t r a t e s both the i n d i v i d u a l l i n k s 
and the general s ize and complexi ty of mechanisms we arc-
c u r r e n t l y represent ing and s i m u l a t i n g . The example is 
the Home Gas Forced-Ai r Furnace, and r e f l e c t s our un­
derstanding o f th i s r e l a t i v e l y soph is t i ca ted dev ice . 

For convenience in the p resen ta t i on , we have segmented 
the example i n t o three boxes: (1) thermostat ie c o n t r o l , 
(2) heat gene ra t i on , and (3) heat d e l i v e r y . In terconnec­
t i ons A through G between boxes are ind ica ted in c i r ­
c l e s . We have provided an event-wise cross- indexed Eng­
l i s h d e s c r i p t i o n ot BOX 1 to accompany i t s schematic r e ­
p r e s e n t a t i o n , but have omi t ted the Engl ish desc r i p t i ons 
of BOXes 2 and 3 (see [RGl] fo r more d e t a i l s ) . 

BOX 1_ (Cont ro l Subsystem) 

We assume that the system heats a 
s i ng le room, and that t h i s room 
conta ins a m e r c u r y - f i l l e d , g lass 
envelope s t y l e thermostat . A tem­
perature change o( the thermostat 
(1) is equ iva len t to a s ta te ot 
temperature f l u c t u a t i o n ( 2 ) . Such 
fluc t ua t ion cont inuous ly enables 
the tendency THERMAL LXPA.'JS I l)i4 
Ci) to produce a continuous 
change in the length of the t he r ­
mostat s t r i p ( 4 ) . Provided the 
glass envelope is at tached to 
thus is c o i l ( 0 ) , t l i is length change 
l s e(.) ui va 1 eat to a c hange in t he 
angle (ph i ) oi the glass envelope 
(6) angle of the glass enve­
lope can also be Inf luenced by an 
ex te rna l ad j us t i ng ac t ion ( 7 , 8 ) . 
At any moment, the net change (9) 
of t h i s angle is governed by 
t hese two c aUSal sources. 
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envelope begins t i l t i n g 
l e f t (11 ) , and one when 
ab ov e zero ( l b ) , i . e . b eg i n s 
t i l t i n g to the r i g h t (17) . When 
the envelope is t i l t i n g , l e f t 
(11) , and the l e f t edge of the 
mercury is not a l ready at the ex­
treme l e f t end of the envelope 
(12) , the mercury is in a cond i ­
t i o n of being unsupported to the 
l e t I . ( 1 3 ) . T h i s a l l o w s t h e t e u -
denc y CRAVIT Y (14) to man i i e.s t 
i t s e l f and to begin cont inuous ly 
changing the mercury's l o c a t i o n 
toward the l e f t ( l b ) . Returning 
to the other threshold po in t fo r 
phi (when phi is above ze ro ) , a 
symmetric system of unsupported-
ness pe r ta ins (16.17, I8, 19,14, 
21) , i n f l u e n c i n g the mercury to 
move toward the r i g h t . At any 
moment, the net change in the 
mercury 's l o c a t i o n (2 2) is gov­
erned by these two systems. 

There are f i v e po in ts of i n t e r e s t (2 ,4, 24, 2H, 29 , 32 ) along 
the mercury 's path of t r a v e l ( lower par t of BOX 1) . When 
the l e f t edge of the mercury reaches po in t A ( less than 
or equal to - 2 ) (23) . the mercury w i l l cease being un­
suppor ted, and GRAVITY s in f luence w i l l be severed ( i . e . 
the mercury w i l l stop moving l e f t ) . While the mercury 
is between po in ts B and C ( i . e . between -3 and 1) (24) 
there w i l l be phys ica l contact at the mercury and the 
e l e c t r i c a l contact pins PI and P2 (2S). This amounts to 
the thermostat having closed the fu rnace 's con t ro l c i r ­
c u i t (33) . This cond i t i on feeds i n t o BOX 2 v i a t i e 
po in t A, serv ing as one p recond i t i on f o r the main supply 
gas va lve opening. Conversely, contact between the mer­
cury and Pi and P2 ceases at po in ts less than -3 or 
greater than 1. 

The Contro l Subsystem p a r t i c i p a t e s in a large feedback 
loop v i a t i e po in t F from BOX 3. The desc r i p t i ons of 
liOXes 2 and 3 are s i m i l a r (see [RC l ] ) . BOX 1 Int roduces 
a l l the l i n k concepts in the rep resen ta t i on . 

4. 3. Mechanisms Cause-Effect L inks 

With t h i s example in mind, we now give a very b r i e f de­
s c r i p t i o n of the ten l i n k s . See [RG1] and [R2] f o r more 
d e t a i l e d d iscuss ions . 

Continuous and One-shot Enablement 
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T h e r e a r e some I m p o r t a n t i s s u e s r e l a t i n g to why we have 
chosen t h i s s t r a t e g y f o r s i m u l a t i o n r a t h e r t h a n a more 

s t r a i g h t f o r w a r d s t r a t e g y t h a t m a n i p u l a t e s t h e d e c l a r a ­
t i v e r e p r e s e n t a t i o n d i r e c t l y . W e w i l l d i s c u s s t h e p h i ­
l o s o p h y b e h i n d t h i s a p p r o a c h t o s i m u l a t i o n l a t e r . W e now 
d e s c r i b e t he CSA s y s t e m ' s s p o n t a n e o u s c o m p u t a t i o n compo­
nent w h i c h p r o v i d e s t h e s u b s t r a t e t o r t he s i m u l a t o r . 
r ) . 1. Spon taneous Computa t f on and C h a n n e l s 

Ou r I mp 1 erne,n t a t io n o t s po n t a n e o u s c omp u t a tio n is a 
g e n e r a l i z a t i o n o f t he p a t t e r n - d i r e c t e d i n v o c a t i o n n o ­
t i o n s embodied in MICRO-PLANNER [SWCl] and C0NNiVER 
[ M S I ] , By " g e n e r a l i z a t i o n " , we mean s p e c i f i c a l l y t h a t we 
have p r o v i d e d f o r the s p e c i f i c a t i o n and o r g a n i z a t i o n o f 
more comp lex i n v o c a t i o n p a t t e r n s , and f o r more comp lex 
h i e r a r c h i c a l o r g a n i z a t i o n s o f S C p o p u l a t i o n s . 
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The invocat ion ( t r i g g e r ) pa t te rn of an SC in the CSA 
system is constructed from nested n- tup les composed in 
v i r t u a l l y any degree of complexi ty us ing the l og i ca l r e ­
l a t i o n s AND, OR and AnY. Each component of the t r i g g e r 
can be one of the f o l l ow ing types: (1) a s s o c i a t i v e , (2) 
non-assoc ia t i ve , or (J) computable. Assoc ia t i ve t r i g g e r 
components come to be organized i n t o a reac t i ve data 
s t r u c t u r e we c a l l a " t r i g g e r t r e e " ; these are the compo­
nents which can react to passing s t i m u l i ( t o be def ined) 
and cause the e n t i r e pa t te rn to be tested ( p o l l e d ) . 
Non-associat ive t r i g g e r components represent aspects of 
the t r i g g e r ' s environment that must be t rue (when ex­
p l i c i t l y po l l ed ) in order fo r the SC to f i r e f u l l y . but 
which themselves are incapable of i n i t i a t i n g the f i r i n g . 
Coinputables are any EVALable LISP forms other than ( I ) 
or ( 2 ) , and must evaluate non-NlL f o r f u l l t r i g g e r i n g of 
the pa t t e rn to occur. 

An SC body is an a r b i t r a r y EVALable LISP express ion. 
Each SC is context s e n s i t i v e , in that it can be masked 
and unmasked independent ly w i t h i n i t s t r i g g e r t r e e . 
(The s imula tor r e l i e s on t h i s fea ture to prevent looping 
in c e r t a i n cases.) E n t i r e t r i g g e r t rees are al9o context 
s e n s i t i v e , as w i l l be descr ibed. 

Beyond t h i s o rgan i za t i on of complex t r i g g e r pa t te rns 
i n t o t r i g g e r t r e e s , the CSA SC component provides fo r 
the h i g h e r - l e v e l h i e r a r c h i c a l o rgan i za t i on o f t r i g g e r 
t rees around cons t ruc t i ons c a l l e d channels" . An SC 
channel (see [R3]) is intended to be the analog of a 
hardware channel , and a g e n e r a l i z a t i o n of the 
PLANNER/CONNIVER p a t t e r n - d i r e c t e d invoca t ion scheme. 

The SC's that the mechanisms s imu la to r creates as the 
procedura l rep resen ta t ion of a mechanism a l l e x i s t in 
two t rees at tached to two channels. The passing s igna ls 
on these channels w i l l be the symbolic desc r i p t i ons of 
changing events in the s i m u l a t i o n , en te r i ng and e x i t i n g 



state-change of the l o c a t i o n of the 
from the database. 

mercury is erased 

The second example is the SC's created to r the con­
t inuous coup l ing (C-COUPLE) l i n k which watches f o r the 
mercury to enter the reg ion between PI and P2. When the 
l o c a t i o n of the mercury is between -3 and 1 there is 
contact between the mercury, P I , and P2 ( i . e the contact 
event is asserted in the database) . When the l o c a t i o n 
of the mercury moves above or below the g iven range, the 
contact event is erased from the database. 

This i l l u s t r a t e s the conversion process on two of the 
s impler l i n k types. More complex processing may be r e ­
qu i red f o r other l i n k s . For example, the ra te conf luence 
(R-CONFL) l i n k requ i res symbolic ra te computations to be 
performed. D e t a i l s of the convers ion process appear in 
1RC1], 

° • 2. S imu lat. i on Kxample 

We have success fu l l y s imulated the e n t i r e fu rnace, i l ­
l u s t r a ted e a r l i e r i n i t s d e c l a r a t i v e form, al though the 
s imu la t i on must be done in three pieces (because of mem­
ory l i m i t a t i o n s ) . The furnace cuts on, heats the room 
up, then cuts o f t , p rov id i ng a t race of a l l events in 
the sequence. To convey a p i c t u r e of the s i m u l a t o r ' s 
ope ra t i on , we inc lude an excerpted and annotated se­
quence showing the s imu la t i on of the thermostat ic con­
t r o l p o r t i o n of the furnace. 

Input Syntax fo r BOX J_ 

The Mechanisms Lab requi res tha t each mechanism's CSA 
d e s c r i p t i o n be coded in to a machine readable form. This 
form is the ex te rna l d e c l a r a t i v e CSA rep resen ta t i on and 
is used as input to a mechanisms d e f i n i n g f unc t i on c a l l ­
ed SMLCUAN1SM. This f u n c t i o n generates the i n t e r n a l de­
c l a r a t i v e rep resen ta t ion of the median ism from the ex­
te rna l dec l a ra t i ve r ep resen ta t i on . Below is the c a l l on 
SMLCHAiNSM in the ex te rna l d e c l a r a t i v e form fo r the 
thermosta t ic con t ro l sec t ion of the fu rnace. 

To i l l u s t r a t e , in the example of the SC'_ 
the cont inuous causal (C-CAUSE) l i n k governing the move­
ment of the mercury in the furnace s the rmos ta t , when 
the tendency GRAVITY or the s ta te "mercury unsupported 
on the r i g h t is asserted and the o ther event is cu r ­
r e n t l y in the database ( i . e . , a lso p r e s e n t ) , then the 
state-change of the l o c a t i o n of the mercury is s to red 
( i . e . asser ted) in the database. I f e i t h e r the tenden­
cy GRAVITY or mercury unsupported on the r i g h t is 
deasserted ( i . e . erased) from the database, then the 
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the database v i a these channels. When i t runs, a f u l l y -
t r i gge red SC w i l l p lace a new event d e s c r i p t i o n on one 
of these channels, and poss ib ly mask or unmask i t s e l f 
and/or other SC's in the popu la t i on , as we w i l l 
desc r ibe . 

We f e e l the t r i g g e r t ree /channe l paradigm is a power fu l 
one. C u r r e n t l y . the mechanisms s imu la to r employs only 
these two r e l a t i v e l y simple channels in per forming I t s 
tasks , (analogous to the s to re and erase channels of 
PLANNER and C0NN1VER) but we expect it to u t i l i z e the 
f u l l p o t e n t i a l s o f t h i s system in f u t u r e phases o f the 
p r o j e c t , e s p e c i a l l y when we address the top ic of mecha­
nisms i n v e n t i o n . 

This concludes our b r i e f sketch of the CSA SC component 
inso fa r as it r e l a t e s to our purposes here. For a more 
complete- d i s c u s s i o n , i nc l ud ing severa l other t h e o r e t i c a l 
app l i ca t i ons of the SC system in the areas of i n fe rence , 
problem s o l v i n g and language comprehension, see [R3] , 

b. The Mechanisms Simulator 

The s imu la t i on subsystem Is a c o l l e c t i o n of LISP func ­
t ions tha t take the i n t e r n a l d e c l a r a t i v e rep resen ta t ion 
of a mechanism, convert it to a popu la t ion of spon­
taneous computat ions, then awaken a subset of the popu­
l a t i o n v i a a t r i g g e r i n g a s s e r t i o n . A subsat of the awak­
ened SC's w i l l request tha t t h e i r bodies be run. The 
eva lua t ion of the bodies w i l l cause other SC's to awak­
ened. This w i l l c o n s t i t u t e an execut ion of the mecha­
nism. In the execu t ion , events w i l l be au tomat i ca l l y as­
serted and duasserted in the database and s ta tes which 
are changing w i t h t ime w i l l be updated. The s ta tus of 
an event is determined by I t s causal r e l a t i o n s h i p s to 
other events as they become, asserted and deasser ted. 

The i n i t i a t i o n of the s imu la tor is caused by the asser­
t i o n of some event : semant i ca l l y , e it tier an ac t i on per­
formed by an ex te rna l a c t o r , a tendency r e l a t i n g to a 
na tura l f o r c e , or a s t a t e , as de r i ved , e . g . , as an ou t ­
put from the s imu la t i on ot another mechanism. This 
l a t t e r i n i t i a t i n g event wi 1 L provide to r mechanisms i n ­
t e r a c t i o n where several mechanisms have a common event 
and t tie asse r t i on oi tha t event in one mechanism w i l l 
i n i t i a t e (or con t r i bu te to the i n i t i a t i o n o f ) execut ion 
of the other mechanism. 

Each l i n k in the i n t e r n a l dec la ra t i ve represen ta t ion of 
a mechanism has a set of SC's au tomat i ca l l y created for 
i t accord ing to a set of ru les f o r each t h e o r e t i c a l Link 
type. An SC is ac t i va ted when i t s p recond i t ions have 
been s a t i s f i e d . The running of an SC w i l l genera l l y 
cau.se a database m o d i f i c a t i o n or a masking or unmasking 
of another SC. 

b. 1. Dec la ra t i ve to Procedural Conversion 

We now g ive two examples to i l l u s t r a t e the process of 
decLara t i ve -procedura l convers ion. The SC's are d i s p l a y ­
ed w i th the f o l l o w i n g convent ions. Lach SC represent ing 
some p o t e n t i a l event is Imagined to be watel l ing a path 
to the database (channe l ) . The path type (STORE or 
ERASE) is located between the double bars on the l e i t 
s ide of the d i s p l a y . The l o g i c a l connect ives in the 
created SC's t r i g g e r pa t te rn are to the r i g h t ot the 
t r i g g e r i n g events and the arrows out of the . t r i g g e r i n g 
events flow i n t o these connectors. On the far r i g h t 
side of the f i g u r e is the body of the SC. These are the 
a c t i v i t i e s which w i l l be oerformed when the SC is run . 
A reference name for the SC is located on the arrow i n t o 
the body of the SC. 
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I n p a r t i c u l a r , t h i s makes p o s s i b l e t h e more d e t a i l e d 
s t u d y o r d e b u g g i n g o f t h e mechan ism when p l a c e d i n a n 
e n v i r o n m e n t w h e r e t h e r e a r e o t h e r m e c h a n i s m s , a s o c c u r s , 
s a y . when a new mechan ism i s i n v e n t e d o u t o f e x i s t i n g 
mechan isms and p h y s i c a l l a w s . For e x a m p l e , suppose t h a t 
two m e c h a n i s m s , d e s i g n e d s e p a r a t e l y , a r e t h r u s t i n t o t h e 
same e n v i r o n m e n t and made to c o e x i s t , as happens when 
t h e two become p a r t o f a l a r g e r mechan i sm . W i t h o u t 
c r a c k i n g each d e c s r i p t i o n a p a r t and c a s t i n g t h e r e ­
s u l t i n g s p o n t a n e o u s u n i t s i n t o a l a r g e p o p u l a t i o n i n 
w h i c h t h e two m e c h a n i s m ' s b o u n d a r i e s a r e l o s t , i t w o u l d 
n o t b e a p p a r e n t how the two m i g h t i n t e r a c t . But u s i n g 
such a s t r a t e g y , e v e n t - w i s e c r o s s t a l k i s more r e a d i l y 
d i s c o v e r e d . * * A c a s e i n p o i n t was t h e much p u b l i c i z e d 
g l i t c h i n P o l a r o i d ' s new SX-70 c a m e r a , w h e r e the s e n s i ­
t i v e e l e c t r o n i c s we re i n t e r f e r e d w i t h b y n o i s e s p i k e s 
p r o d u c e d b y t h e c o n c u r r e n t o p e r a t i o n o f t h e p i c t u r e 
e j e c t i n g m o t o r . The i n t e r a c t i o n was a s i m p l e , b u t o b ­
s c u r e o n e , and was s o l v e d b y c l e v e r t i m i n g o f e v e n t s t o 
remove t h e c o n c u r r e n c y . 

* * F o r c i n g two i n d e p e n d e n t mechanisms t o c o e x i s t i n one 
e n v i r o n m e n t i s t h e a n a l o g y o f f o r c i n g b r o t h e r s u b g o a l s 
t o c o e x i s t i n one e n v i r o n m e n t i n p l a n s y n t h e s i s ; i n b o t h 
d o m a i n s , t h e r e i s t h e p o s s i b i l i t y o f u n a n t i c i p a t e d 
i n t e r a c t i o n s . See [ R L I J . 

7 . 1 . _A R e l a t e d I s s u e : Mechan isms A b s t r a c t i o n 

T h e r e i s q u i t e o f t e n a need t o s u p p r e s s much o f t h e r e p ­
r e s e n t a t i o n o r s i m u l a t i o n d e t a i l p r e s e n t i n t h e s y s t e m s 
f u l l m o d e l o f a g i v e n mechan i sm. T h e r e w o u l d be a need 
f o r s u p p r e s s s i o n o f d e t a i l , f o r e x a m p l e , i f we. w i s h e d t o 
p r o v i d e a v e r y h i g h - l e v e l o v e r v i e w o f a mechan ism t o 
s e r v e , s a y , a s a b l a c k box i n a l a r g e r i n v e n t i o n e f f o r t , 
o r a s a n i n t r o d u c t i o n o f t h e mechan ism t o a t o t a l l y 
n a i v e CAI u s e r . S i n c e t h e s u p p r e s s i o n o f mechan ism d e ­
t a i l i s a n a l o g o u s t o t h e s u p p r e s s i o n o f d e t a i l i n t e x t , 
we use t h e t e r m " a b s t r a c t i o n 1 . 

One o f o u r c u r r e n t a r e a s o f i n t e r e s t i s i n a u t o m a t i n g 
t h e p r o c e s s o f mechanisms a b s t r a c t i o n . No te t h a t w e 
a l r e a d y have p r o v i s i o n s i n t he r e p r e s e n t a t i o n t o r e x ­
p r e s s i n g a b s t r a c t e d f o r m s : t h e s t a t e c o u p l i n g l i n k . T h i s 
l i n k a l l o w s u s the f r e e d o m o f d i r e c t s t a t e - s t a t e 
c a u s a l i t y . The a b s t r a c t i o n t e c h n i q u e can t h e r e f o r e b e 
one o f s y n t a c t i c a l l y r e p l a c i n g c e r t a i n p a t t e r n s i n t h e 
d e t a i l e d r e p r e s e n t a t i o n w i t h s t a t e c o u p l i n g l i n k s . 

I t a p p e a r s t h a t t h e r e w i l l b e o n l y a s m a l l number o f 
s y n t a c t i c a b s t r a c t i o n r u l e s . Two o f t h e most o b v i o u s a b ­
s t r a c t i n g r u l e s a r e d e p i c t e d b e l o w . Such r u l e s , a p p l i e d 
t r a n s i t i v e l y , c o u l d p e r f o r m b o t h m i n o r and m a j o r a b ­
s t r a c t i o n s . A m a j o r a b s t r a c t i o n w o u l d amount t o a s i m p l e 
c o u p l i n g be tween t he i n p u t and o u t p u t s t a t e s o f a mecha ­
n i s m , e . g . " A f a l l i n g t e m p e r a t u r e causes t h e t h e r m o s t a t 
t o c l o s e . " 

Such a b s t r a c t i n g w o u l d b e a p p l i e d t o t h e d e c l a r a t i v e 
r e p r e s e n t a t i o n b e f o r e s i m u l a t i o n , s o t h a t t h e c o n v e r t e d 
c o m p u t a t i o n u n i t s w o u l d d i r e c t l y r e f l e c t t h e a b s t r a c ­
t i o n . A b s t r a c t i o n c o u l d b e a p p l i e d u n i f o r m l y o v e r a n e n ­
t i r e m e c h a n i s m , o r l o c a l l y t o e x c i s e p a r t s w h i c h a r e n o t 
o f i m m e d i a t e i n t e r e s t . N o n - u n i f o r m a b s t r a c t i n g , i n w h i c h 
a l l u n i n t e r e s t i n g s e c t i o n s have been d e f o c u s s e d , w o u l d 
d e l i v e r p r a c t i c a l a d v a n t a g e s b y a l l o w i n g t he s i m u l a t o r 
t o d e v o t e more t i m e t o the r e l e v a n t a s p e c t s o f t h e s i m u ­
l a t i o n . T h i s c o u l d b e i m p o r t a n t i f , f o r e x a m p l e , w e s u s ­
p e c t t h e a u d i o s t a g e s o f a r a d i o a r e a t f a u l t , b u t know 
t h e power s u p p l y i s f u n c t i o n a l . B e f o r e s i m u l a t i o n , t h e 
r a d i o ' s power s u p p l y d e s c r i p t i o n c o u l d b e d e f o c u s s e d b e ­
f o r e c o n v e r s i o n t o s i m u l a t i o n r e p r e s e n t a t i o n ( i . e . p o p u ­
l a t i o n o f S C ' s ) . 

TWO OLFOCUSSING RULES 
I n a d d i t i o n t o s i m p l e s y n t a c t i c d e f o c u s s i n g , w e w i l l 
a l s o b e e x p l o r i n g more s e m a n t i c f o r m s . S e m a n t i c mecha­
n i sms a b s t r a c t i o n w o u l d b e u s e f u l i f , f o r e x a m p l e , w e 
w i s h e d t o know a b o u t t h e gas f u r n a c e w i t h r e s p e c t t o a 
p a r t i c u l a r a s p e c t o f i t s o p e r a t i o n , such a s " h e a t 
p r o d u c t i o n 1 . W e m i g h t s c a n t h r o u g h t h e d e s c r i p t i o n , a s ­
s e s s i n g each e v e n t a c c o r d i n g t o i t s s e m a n t i c r e l e v a n c e 
t o t h e c o n c e p t o f h e a t p r o d u c t i o n . T h e n , u s i n g t h e 
H i g h l y r a n k e d e v e n t s a s m i l e s t o n e e v e n t s , t h e s y n t a c t i c 
a b s t r a c t i o n p r o c e d u r e c o u l d b e a p p l i e d t o y i e l d a n a b ­
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s t r a c t i o n w i t h respect to the des i red po in t o f v iew, 
i . e . one which re ta ined on ly the mi lestone s t a t e s . 

8. Conclusions 

We have presented a theory of mechanism d e s c r i p t i o n and 
s imu la t i on which is based on tenets and processes we hy­
pothesize to be a p p l i c a b l e to other aspects of human 
c o g n i t i o n . We f e e l the theory of cause-e f fec t represen­
t a t i o n is sound and express ive fo r a wide v a r i e t y of 
mechanisms, and tha t it bears s i g n i f i c a n c e as a theory 
of human cause-e f fec t knowledge r e p r e s e n t a t i o n . 

Our next s p e c i f i c goals are t h r e e f o l d : (1) to make the 
a c q u i s i t i o n of new mechanism pa t te rns i n t e r a c t i v e , hav­
ing the model prompt the user , and v e r i f y tha t the us­
er s use of the rep resen ta t i on co inc ides w i t h the mod­
e l ' s no t ions of semantic we l l - fo rmedness , (2) to study 
the processes of mechanisms a b s t r a c t i o n , and (3) to ap­
p l y the e x i s t i n g CSA p lan syn thes izer to the task of 
mechanisms i n v e n t i o n , i n v o l v i n g the s imu la to r in a de­
bugging loop. 
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