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1. I n tr o d u c t io n  

T h e  d is tin c tiv e  fe a tu r e  o f la n g u a g e  g e n e r a tio n , a s  c o m p a r e d  w ith  m a c h in e  tr a n s la tio n , is  
th a t th e  a u th o r  e n c o d e s  th e  m e a n in g  in  a  fo r m a l la n g u a g e  r a th e r  th a n  a  n a tu r a l la n g u a g e . 
T h is  fo r m a l la n g u a g e  s h o u ld  b e  p r e c is e , s o  th a t n o  p r o b le m s  o f a m b ig u ity  a r is e . F o r  in s ta n c e , 
a  w o r d  lik e  “ b u tto n ” , w h ic h  c a n  h a v e  s e v e r a l m e a n in g s  ( a  m o u s e  b u tto n , a  b u tto n  in  a  
d ia lo g u e  b o x , n o t to  m e n tio n  b u tto n s  o n  c lo th in g )  w ill b e  a s s o c ia te d  w ith  s e v e r a l d is tin c t 
c o n c e p ts  in  th e  fo r m a l la n g u a g e , o n e  fo r  e a c h  o f its  s e n s e s . 

T h e  p u r p o s e  o f W P 2  is  to  p r o v id e  a  fo r m a l la n g u a g e  fo r  m o d e llin g  in s tr u c tio n s  fo r  u s in g  
C A D /C A M  a p p lic a tio n s , a lo n g  w ith  s o m e  p r o g r a m s  th a t a llo w  m o d e ls  to  b e  c o n s tr u c te d , 
e d ite d , a n d  c o n s u lte d . T h e  c o r e  o f th e  d o m a in  m o d e l is  th e  “ T - b o x ” , w h ic h  d e fin e s  th e  
c o n c e p ts  o f th e  fo r m a l la n g u a g e , a n d  th u s  d e te r m in e s  th e  r a n g e  o f m e a n in g s  th a t c a n  b e  
e x p r e s s e d . T h e  T - b o x  h a s  tw o  p a r ts , o n e  g e n e r a l a n d  o n e  s p e c ific . T h e  g e n e r a l p a r t is  c a lle d  
th e  “ U p p e r  M o d e l’’, a n d  in c lu d e s  a b s tr a c t n o tio n s  lik e  “ q u a lity ”  a n d  “ p r o c e s s ”  w h ic h  a r e  
lin k e d  to  s y n ta c tic  fe a tu r e s  o f n a tu r a l la n g u a g e s  ( r o u g h ly , a d je c tiv e  a n d  v e r b ) . S in c e  th e s e  
c o n c e p ts  a r e  a b s tr a c t a n d  u n iv e r s a l, th e y  w o u ld  b e  a p p lic a b le  to  a n y  la n g u a g e  a n d  a n y  
s u b je c t- m a tte r . T h e  s p e c ific  p a r t c o m p r is e s  a  s e t o f c o n c e p ts  fo r  m o d e llin g  C A D /C A M  
a p p lic a tio n s  ( e .g . “ m u ltilin e ’’, “ ju s tific a tio n ’’) ; b y  lin k in g  th e s e  d o m a in - s p e c ific  c o n c e p ts  to  
th e  u p p e r  m o d e l, w e  e n c o d e  c o n s tr a in ts  o n  h o w  th e y  m a y  b e  e x p r e s s e d  lin g u is tic a lly . 

M o s t o f th e  A g ile  T - b o x  h a s  b e e n  d r a w n  fr o m  tw o  e x is tin g  r e s o u r c e s : th e  P e n m a n  U p p e r  
M o d e l ( B a te m a n  e t a l, 1 9 9 0 ) , a n d  th e  D r a fte r  c o n c e p ts  fo r  m o d e llin g  in s tr u c tio n s  ( P a r is  e t 
a l, 1 9 9 5 ) . T o  th e s e  w e  h a v e  a d d e d  s o m e  c o n c e p ts  s p e c ific a lly  r e le v a n t to  th e  C A D /C A M  
d o m a in . O u r  in itia l a im  h a s  b e e n  to  c o v e r  th e  c o n te n t o f tw o  ta r g e t te x ts , w h ic h  a r e  
r e p r o d u c e d  in  th e  A p p e n d ix . 

F o r  r e a s o n s  o f s im p lic ity  a n d  e ffic ie n c y , w e  h a v e  im p le m e n te d  th e  d o m a in  m o d e l in  th e  
C o m m o n  L is p  O b je c t S y s te m  C L O S  ( K e e n e , 1 9 8 9 ) , in s te a d  o f L O O M  ( M a c G r e g o r  e t a l, 
1 9 8 7 ) , w h ic h  w a s  u s e d  in  D r a fte r . T h e  fo llo w in g  c o d e  is  n o w  a v a ila b le : 

• A n  A p p lic a tio n  P r o g r a m m e r ’ s  I n te r fa c e  ( A P I ) , w h ic h  p r o v id e s  a  s e t o f L I S P  
fu n c tio n s  fo r  d e fin in g  c o n c e p ts  in  th e  T - b o x , b u ild in g  a n  A - b o x , a n d  c o n s u ltin g  b o th  
th e  T - b o x  a n d  th e  A - b o x . 

• A  v e r s io n  o f th e  U p p e r  M o d e l, d e fin e d  th r o u g h  th e  A P I . T h is  is  th e  fir s t p a r t o f th e  
T - b o x . 

• D e fin itio n s  o f c o n c e p ts  in  th e  C A D /C A M  d o m a in . T h is  is  th e  s e c o n d  p a r t o f th e  T -
b o x ; it in c lu d e s  s o m e  m o r e  g e n e r a l c o n c e p ts  fo r  d e fin in g  in s tr u c tio n s , w h ic h  a r e  
a d a p te d  fr o m  th e  D r a fte r  d o m a in  m o d e l. 

• S o m e  u tilitie s  fo r  p r in tin g  o u t T - b o x e s  a n d  A - b o x e s  in  a  r e a d a b le  fo r m  ( e ith e r  a s  
in d e n te d  tr e e s  o r  a s  fe a tu r e - s tr u c tu r e  m a tr ic e s ) . 
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2. D o m a in  M o d e l A P I  

I n  th e  D r a fte r  p r o je c t th e  d o m a in  m o d e l w a s  im p le m e n te d  in  L O O M . S in c e  it tu r n e d  o u t 
th a t D r a fte r  r e q u ir e d  o n ly  a  fr a c tio n  o f L O O M 's  fa c ilitie s , w e  d e c id e d  th a t fo r  Ag ile  it w o u ld  
b e  s im p le r  to  im p le m e n t th e  d o m a in  m o d e l in  C L O S  ( th e  C o m m o n  L is p  O b je c t S y s te m ) .  

2.1  S u m m a r y  o f m a in  fe a t u r e s  

• As  in  L O O M , w e  d is tin g u is h  “ T - b o x ”  fr o m  “ A-b o x ” . T h e  T - b o x  p r o v id e s  th e  
c o n c e p ts  w ith  w h ic h  k n o w le d g e  is  d e fin e d ; th e  A-b o x  is  a  s e t o f a s s e r tio n s , 
e m p lo y in g  th e s e  c o n c e p ts , w h ic h  r e p r e s e n ts  th e  m e a n in g  o f th e  g e n e r a te d  te x t.  

• As  in  L O O M , th e  T - b o x  is  a  s e t o f c o n c e p ts  o r g a n iz e d  in  a  h ie r a r c h y  b y  th e  
“ s u p e r c o n c e p t”  r e la tio n . W e  a llo w  a  c o n c e p t to  h a v e  s e v e r a l s u p e r c o n c e p ts , th u s  
s u p p o r tin g  m u ltip le  in h e r ita n c e .  

• O n  e a c h  c o n c e p t, s lo ts  m a y  b e  d e fin e d . An  in s ta n c e  o f a  c o n c e p t w ill in h e r it th e  s lo t 
s p e c ific a tio n s  o f its  s u p e r c o n c e p ts . S lo ts  m a y  b e  fille d  e ith e r  b y  in s ta n c e s  o f 
c o n c e p ts , o r  b y  s ta n d a r d  L I S P  d a ta  o b je c ts  s u c h  a s  in te g e r s  o r  s tr in g s .  

• O u r  s lo t s p e c ific a tio n s  d iffe r  fr o m  th o s e  in  L O O M  in  th r e e  w a y s :  

1 . W e  o m it q u a n tifie r s  ( e .g . “ :th e ”  o r  “ :a ll” ) .  

2 . W e  d is a llo w  m u lti- v a lu e d  s lo ts . T o  a c h ie v e  th e  s a m e  r e s u lt, th e  v a lu e  o f th e  
s lo t m a y  b e  a  s in g le  lis t o b je c t.  

3 . W e  c la s s ify  e a c h  s lo t e ith e r  a s  o b lig a to r y  o r  o p tio n a l. T h is  a llo w s  a  p r e c is e  
d e fin itio n  o f w h e th e r  a n  A-b o x  is  p o te n tia lly  c o m p le te : a  c o m p le te  m o d e l is  
o n e  in  w h ic h  a ll o b lig a to r y  s lo ts  a r e  fille d .  

• A s lo t s p e c ific a tio n  o n  a  c o n c e p t m a y  b e  o v e r - r id d e n  b y  a  s p e c ific a tio n  w ith  th e  s a m e  
s lo t n a m e  o n  a  s u b c o n c e p t. T h e  tw o  s p e c ific a tio n s  m a y  d iffe r  w ith  r e g a r d  to  b o th  
ty p e  a n d  o p tio n a lity .  

• As  in  L O O M , a  c o n c e p t c a n  c o n ta in  a  s ta te m e n t th a t s o m e  o f its  s u b c o n c e p ts  a r e  
d is jo in t ( i.e . m u tu a lly  e x c lu s iv e ) . H o w e v e r , w e  d o  n o t c h e c k  th a t if A is  a  s u b c o n c e p t 
o f B , B  is  a m o n g  th e  d ir e c t s u p e r c o n c e p ts  o f A.  

7 . U n lik e  L O O M , w e  d o  n o t r e q u ir e  th a t e a c h  in s ta n c e  h a s  a  n a m e . I f th e  d o m a in  
r e q u ir e s  th a t a n  in s ta n c e  is  n a m e d , th e n  a  “ n a m e ”  s lo t s h o u ld  b e  d e fin e d  o n  th e  
r e le v a n t c o n c e p t.  

2.2 L is t  o f A P I  fu n c t io n s  

2.2.1  D e fin in g  a  c o n c e p t  
 
  (DEFINE-CONCEPT name (superconcept1 superconcept2 ...) 
    ((slotname1 :TYPE concept1 :OPTIONAL T) 
     (slotname2 :TYPE concept2 :OPTIONAL NIL) 
     ...) 
    :DISJOINT-SUBCONCEPTS ((subconcept11 subconcept12 ...) 
                           (subconcept21 subconcept22 ...) 
                           ...)) 

C o m m e n ts :  
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• All c o n c e p ts  m e n tio n e d  in  th e  d e fin itio n  ( e .g . “ s u p e r c o n c e p t1 ” )  m u s t b e  d e fin e d  
e ls e w h e r e .  

• T h e  :T Y P E  fe a tu r e  in d ic a te s  th e  c la s s  o f p o s s ib le  s lo t fille r s , a n d  m u s t b e  s p e c ifie d . I t 
c a n  b e  a  c o n c e p t, o r  a  L I S P  d a ta  ty p e  ( e .g . in te g e r , s tr in g ) .  

• T h e  :O P T I O N AL  fe a tu r e  m a y  b e  o m itte d ; it d e fa u lts  to  N I L .  

• T h e  :D I S J O I N T - S U B C O N C E P T S  fe a tu r e  h o ld s  a  lis t o f lis ts  o f c o n c e p t n a m e s . T h e  
c o n c e p ts  w ith in  e a c h  s u b lis t a r e  m u tu a lly  e x c lu s iv e  s u b c o n c e p ts  o f th e  c o n c e p t u n d e r  
d e fin itio n . T h e  fe a tu r e  m a y  b e  o m itte d , in  w h ic h  c a s e  it d e fa u lts  to  N I L .  

• E x c e p t fo r  th e  r o o t o f th e  u p p e r  m o d e l, a ll c o n c e p ts  s h o u ld  h a v e  a t le a s t o n e  
s u p e r c o n c e p t.  

E x a m p le s  o f c o n c e p t d e fin itio n s :  

 
(define-concept PROCEDURE (INSTRUCTION-SCHEME) 
    ((GOAL :type USER-ACTION) 
     (METHOD* :type METHOD* :optional T))) 
 
  (define-concept LABELLED-OBJECT (CADCAM-OBJECT) 
    ((LABEL :type STRING))) 
 
  (define-concept SCREEN-OBJECT (LABELLED-OBJECT DISPLAY-OBJECT) NIL) 
 
  (define-concept BUTTON (SCREEN-OBJECT SIMPLE-OBJECT) NIL) 

C o m m e n ts :  

• A “ p r o c e d u r e ”  h a s  a  g o a l a n d  a  m e th o d . An  in s ta n c e  o f th is  c o n c e p t c o u ld  b e  th e  
r o o t o f th e  A-b o x . T h e  “ m e th o d ”  s lo t is  o p tio n a l b e c a u s e  to  a v o id  a n  in fin ite  r e g r e s s  
w e  m u s t e v e n tu a lly  a r r iv e  a t s u b - p r o c e d u r e s  fo r  w h ic h  n o  m e th o d  is  d e fin e d .  

• T h e  c o n c e p t “ la b e lle d - o b je c t”  c o v e r s  th in g s  lik e  th e  S a v e  b u tto n , th e  F ile  m e n u , th e  
Au to C AD  p r o g r a m . 

• “ S c r e e n - o b je c t’’ is  a  la b e lle d  o b je c t th a t a p p e a r s  o n  th e  s c r e e n ; h e n c e  it d o e s  n o t 
c o v e r  ( fo r  e x a m p le )  “ th e  Au to C AD  p r o g r a m ’’. S in c e  “ b u tto n ”  is  a  s c r e e n  o b je c t, 
w h ic h  is  in  tu r n  a  la b e lle d  o b je c t, th e  s lo t “ la b e l”  is  in h e r ite d  a n d  n e e d  n o t b e  d e fin e d  
o n  “ b u tto n . 

• All th e  o th e r  c o n c e p ts  m e n tio n e d  in  th e s e  d e fin itio n s  ( e .g . “ u s e r - a c tio n ”  w o u ld  h a v e  
to  d e fin e d  e ls e w h e r e , e x c e p t fo r  “ s tr in g ”  w h ic h  is  a  L I S P  d a ta  ty p e .  

2.2.2 C r e a t in g  a n  in s t a n c e  
 
  (CREATE-INSTANCE concept-name) --> instance 

C r e a te s  a n d  r e tu r n s  a n  in s ta n c e  o f th e  c o n c e p t w ith  th e  s p e c ifie d  n a m e , w h ic h  s h o u ld  b e  a  
q u o te d  s y m b o l. T y p ic a l u s a g e :  
 
  (setq button-instance (create-instance 'button)) 

2.2.3  D e le t in g  a n  in s t a n c e  
 
  (DELETE-INSTANCE instance) --> T 
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R e m o v e s  th e  in s ta n c e  fr o m  th e  A-b o x . All s lo ts  p r e v io u s ly  fille d  b y  th e  in s ta n c e  b e c o m e  
u n b o u n d . E x a m p le  ( d e le tin g  th e  in s ta n c e  c r e a te d  a b o v e ) :  
 
  (delete-instance button-instance) 

2.2.4  C h e c k in g  w h e t h e r  s o m e t h in g  is  a n  in s t a n c e  
 
  (INSTANCE-P item) --> T/NIL 

T  if “ ite m ”  is  a n  in s ta n c e  o f a  c o n c e p t, o th e r w is e  N I L .  

Im p le m e n ta tio n  n o te :  T h e  r o o t o f th e  T - b o x  d e s c e n d s  fr o m  a  c la s s  c a lle d  “ a g ile - o b je c t”  
w h ic h  h a s  h o u s e k e e p in g  s lo ts  “ u id ”  ( u n iq u e  id e n tifie r )  a n d  “ c o n te x ts ” . W h e n  a n  in s ta n c e  is  
c r e a te d , a  n e w  s y m b o l is  g e n e r a te d  a s  its  “ u id ”  v a lu e ; th is  is  u s e d  w h e n  s a v in g  th e  A-b o x . 
T h e  “ c o n te x ts ”  v a lu e  is  in itia lly  n il, b u t e v e r y  tim e  th e  in s ta n c e  b e c o m e s  th e  fille r  o f a  s lo t, a  
s u b lis t o f th e  fo r m  ( in s ta n c e  s lo t- n a m e )  is  a d d e d  to  th is  lis t. W h e n  a n  in s ta n c e  is  d e le te d , th e  
lis t o f c o n te x ts  is  u s e d  in  o r d e r  to  r e s e t to  u n b o u n d  a ll s lo ts  w h ic h  th e  in s ta n c e  p r e v io u s ly  
fille d .  

2.2.5  A s s ig n in g  a  s lo t  v a lu e  
 
  (SET-INSTANCE-SLOT-VALUE instance slot-name value) --> T 

As s ig n s  a  v a lu e  to  th e  n a m e d  s lo t o f “ in s ta n c e ” . W e  d o  n o t c h e c k  w h e th e r  th e  v a lu e  is  o f 
th e  a p p r o p r ia te  ty p e . M is ta k e s  in  th e  fir s t tw o  a r g u m e n ts  ( in s ta n c e , s lo t- n a m e )  w ill r e s u lt in  
C L O S  e r r o r s . E x a m p le s :  
 
  (set-instance-slot-value save-plan-instance 'substeps 
    (list open-window-instance enter-filename-instance click-button-
instance)) 
 
  (set-instance-slot-value open-window-instance 'actee window-instance) 
 
  (set-instance-slot-value window-instance 'name "Save As") 

2.2.6  R e a d in g  a  s lo t  v a lu e  
 
  (GET-INSTANCE-SLOT-VALUE instance slot-name) --> value 

R e tu r n s  th e  v a lu e  o f th e  n a m e d  s lo t. A C L O S  e r r o r  r e s u lts  if th e  s lo t is  u n b o u n d . T y p ic a l 
u s a g e :  
 
  (setq actee-instance (get-instance-slot-value open-instance 'actee)) 

2.2.7  T e s t in g  w h e t h e r  a  s lo t  is  fille d  
 
  (SLOT-FILLED-P instance slot-name) 

T  if th e  s lo t h a s  a  v a lu e , N I L  if it is  u n b o u n d .  

2.2.8  G e t t in g  a ll in s t a n c e s  o f a  c o n c e p t  
 
  (GET-INSTANCES-FROM-CONCEPT concept-name) --> list-of-instances 

T h e  lis t in c lu d e s  in s ta n c e s  o f s u b c o n c e p ts  o f th e  n a m e d  c o n c e p t.  

2.2.9  G e t t in g  t h e  c o n c e p t  n a m e  o f a n  in s t a n c e  
 
  (GET-CONCEPT-FROM-INSTANCE instance) --> concept-name 
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T h e  c o n c e p t n a m e  is  th e  s y m b o l g iv e n  a s  a r g u m e n t to  C R E AT E - I N S T AN C E  w h e n  th e  
in s ta n c e  w a s  c r e a te d . E x a m p le :  
 
  (setq button-instance (create-instance 'button)) 
 
  (setq concept-name (get-concept-from-instance button-instance)) 

T h e  v a lu e  o f “ c o n c e p t- n a m e ”  w ill n o w  b e  th e  s y m b o l 'b u tto n .  

2.2.1 0  C h e c k in g  w h e t h e r  s o m e t h in g  is  a  c o n c e p t  
 
  (CONCEPT-P item) --> T/NIL 

T  if “ ite m ”  is  th e  n a m e  o f a  c o n c e p t in  th e  T - b o x , o th e r w is e  N I L . E x a m p le s :  
 
  (define-concept button (named-object nondecomposable-object) ()) 
 
  (concept-p 'button) ;;; evaluates to T 

2.2.1 1  R e c o v e r in g  t h e  s lo t  d e s c r ip t io n s  o f a  c o n c e p t  
 
  (GET-CONCEPT-SLOT-DESCRIPTIONS concept-name) --> list-of-slot-
descriptions 

R e tu r n s  d e s c r ip tio n s  o f a ll s lo ts  o n  th e  n a m e d  c o n c e p t, e x c e p t fo r  th e  h o u s e k e e p in g  s lo ts  
“ u id ”  a n d  “ c o n te x ts ” . T h e  lis t in c lu d e s  d e s c r ip tio n s  o f in h e r ite d  s lo ts . I f a  s lo t o n  a  
s u p e r c o n c e p t is  o v e r r id d e n  o n  a  m o r e  s p e c ific  c o n c e p t, o n ly  th e  s lo t o n  th e  m o s t s p e c ific  
c o n c e p t is  d e s c r ib e d .  

E a c h  s lo t d e s c r ip tio n  is  a  s u b lis t c o n ta in in g  th r e e  ite m s :  

• th e  s lo t n a m e  ( a  s y m b o l)   

• th e  v a lu e  r e s tr ic tio n  ( a  c o n c e p t n a m e , a ls o  a  s y m b o l)   

• th e  o p tio n a lity  s ta tu s  ( e ith e r  :o p tio n a l o r  :o b lig a to r y ) .  

E x a m p le :  
 
  (define-concept dispositive-material-action (directed-action) 
    ((actee :type object))) 
 
  (define-concept enter (dispositive-material-action) 
    ((location :type spatial :optional T))) 
 
  (get-concept-slot-descriptions 'enter) 
 
  ;;; Evaluates to ((location spatial :optional)(actee object 
:obligatory)) 

2.2.1 2 G e t t in g  t h e  s u b c o n c e p t s  o f a  c o n c e p t  
 
  (GET-CONCEPT-SUBCONCEPTS concept-name &key direct) --> list-of-
subconcepts 

I f “ :d ir e c t T ”  is  s p e c ifie d , r e tu r n s  a  lis t o f th e  n a m e s  o f im m e d ia te  s u b c o n c e p ts ; 
o th e r w is e , r e tu r n s  a  lis t o f th e  n a m e s  o f a ll s u b c o n c e p ts . E x a m p le :  
 
  (get-concept-subconcepts 'directed-action) 
 
  ;;; Might evaluate to (dispositive-material-action save enter) 
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  (get-concept-subconcepts 'directed-action :direct T) 
 
  ;;; Would evaluate to (save enter), assuming these descend from 
  ;;; dispositive-material-action 

2.2.1 3  G e t t in g  t h e  s u p e r c o n c e p t s  o f a  c o n c e p t  
 
  (GET-CONCEPT-SUPERCONCEPTS concept-name &key direct) --> list-of-
superconcepts 

I f “ :d ir e c t T ”  is  s p e c ifie d , r e tu r n s  a  lis t o f th e  n a m e s  o f im m e d ia te  s u p e r c o n c e p ts ; 
o th e r w is e , r e tu r n s  a  lis t o f th e  n a m e s  o f a ll s u p e r c o n c e p ts . E x a m p le :  
 
  (get-concept-superconcepts 'enter) 
 
  ;;; Might evaluate to (dispositive-material-action directed-action 
process thing) 
 
  (get-concept-superconcepts 'enter :direct T) 
 
  ;;; Would evaluate to (dispositive-material-action) 

2.2.1 4  G e t t in g  t h e  d is j o in t  s u b c o n c e p t s  o f a  c o n c e p t  
 
 (GET-CONCEPT-DISJOINT-SUBCONCEPTS concept-name) --> list-of-lists-of-
subconcepts 

R e tu r n s  th e  lis t g iv e n  a s  th e  v a lu e  o f th e  :d is jo in t- s u b c o n c e p ts  k e y  in  th e  d e fin itio n  o f th e  
n a m e d  c o n c e p t, o r  N I L  if th is  k e y  w a s  o m itte d . E x a m p le :  
 
  (define-concept object (thing) 
    () 
    :disjoint-subconcepts ((non-conscious-thing conscious-being) 
                           (nondecomposable-object decomposable-object))) 
 
  (get-concept-disjoint-subconcepts 'object) 
 
  ;;; Evaluates to ((non-conscious-thing conscious-being) 
  ;;;               (nondecomposable-object decomposable-object)) 

2.2.1 5  G e t t in g  a ll in s t a n c e s  in  t h e  c u r r e n t  A - b o x  
 
  (GET-INSTANCES) --> list-of-instances 

2.2.1 6  C le a r in g  t h e  c u r r e n t  A - b o x  
 
  (CLEAR-INSTANCES)  --> T 

2.2.1 7  S a v in g  t h e  c u r r e n t  A - b o x  
 
  (SAVE-INSTANCES pathname) --> T 

T h e  in s ta n c e s  in  th e  c u r r e n t A-b o x  a r e  s a v e d  in  th e  n a m e d  file . E x a m p le :  
 
  (save-instances "/research/cl/agile/text1.lisp") 

2.2.1 8  L o a d in g  a  s a v e d  A - b o x  
 
  (LOAD-INSTANCES pathname) --> T 

An  A-b o x  is  lo a d e d  fr o m  th e  n a m e d  file . E x a m p le :  
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  (load-instances "/research/cl/agile/text1.lisp") 
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3. C A D C A M  D o m a in  M o d e l 

3.1  M o d e llin g  o b j e c t s  

O u r  s ta r tin g  p o in t w a s  th e  fo llo w in g  h ie r a r c h y  b a s e d  o n  D r a fte r . S u b - c o n c e p ts  a r e  
in d e n te d , a n d  a ttr ib u te s  a r e  s h o w n  in  b r a c k e ts .  
 
      CADCAM-OBJECT 
        DATA-OBJECT 
          DRAWING 
          FILE 
          DOCUMENT 
        COMPONENT-OBJECT (OWNER) 
          DATA-NAME (OWNER) 
        LABELLED-OBJECT (LABEL) 
          SCREEN-OBJECT (LABEL) 
            WINDOW (LABEL) 
            SCREEN-LIST (LABEL) 
            MENU (LABEL) 
            FIELD (LABEL) 
            DIALOGUE-BOX (LABEL) 
            OPTION (LABEL) 
            ICON (LABEL) 
            BUTTON (LABEL) 
          SOFTWARE-TOOL (LABEL) 
            PROGRAM (LABEL) 
            SOFTWARE-COMMAND (LABEL) 

T h is  h ie r a r c h y  h a s  th r e e  b a s ic  p a tte r n s :  

• T h e  da ta  o b je c t, w ith  n o  a ttr ib u te , y ie ld s  n o u n  p h r a s e s  lik e  “ th e  d o c u m e n t”  o r  “ th e  
d r a w in g ” .  

• T h e  c o m p o n e n t o b je c t, w ith  th e  O W N E R  a ttr ib u te , y ie ld s  n o u n  p h r a s e s  lik e  “ th e  
n a m e  o f th e  d o c u m e n t” : h e r e  th e  n a m e  b e lo n g s  to  th e  d o c u m e n t, s o  th e  d o c u m e n t is  
th e  o w n e r  o f th e  n a m e .  

• T h e  la b e lle d o b je c t, w ith  th e  L AB E L  a ttr ib u te , y ie ld s  n o u n  p h r a s e s  lik e  “ th e  S a v e  
b u tto n ”  o r  “ th e  P L I N E  c o m m a n d ” , w h e r e  th e  s tr in g s  “ S a v e ”  a n d  “ P L I N E ”  a r e  
la b e ls .  

S o m e  fu r th e r  c o n c e p ts  h a v e  b e e n  a d d e d  in  o r d e r  to  c o v e r  th e  m a te r ia l in  th e  ta r g e t te x ts ..  

3.1 .1  O b j e c t s  in  T e x t  1  

t h e  P L I N E  c o m m a n d   

An  in s ta n c e  o f S O F T W AR E - C O M M AN D  w ith  th e  la b e l “ P L I N E '.  

P o ly lin e   

T h e  c o n te x t is  “ c h o o s in g  P o ly lin e  fr o m  th e  P o ly lin e  flie r ” , s o  th is  is  a n  in s ta n c e  o f 
O P T I O N  w ith  th e  la b e l “ P o ly lin e ” .  

t h e  P o ly lin e  fly o u t  o n  t h e  D r a w  t o o lb a r  

W e  n e e d  to  in tr o d u c e  a  n e w  c o n c e p t F L Y O U T , a  s u b - c o n c e p t o f S C R E E N - O B J E C T  
( in h e r itin g  th e  L AB E L  a ttr ib u te ) . H o w e v e r , th is  c o n c e p t r e q u ir e s  a  s e c o n d  a ttr ib u te , its  
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lo c a tio n  ( w h ic h  in  th is  c a s e  is  th e  D r a w  to o lb a r ) . F o r  n o w  w e  w ill s im p ly  a d d  th is  
a ttr ib u te  to  F L Y O U T ; e v e n tu a lly  w e  w ill p r o b a b ly  w a n t L O C AT I O N  to  b e  a n  o p tio n a l 
a ttr ib u te  o n  a  w id e r  c la s s  o f s c r e e n  o b je c ts .  

th e  D r a w  to o lb a r   

I t s u ffic e s  to  a d d  th e  c o n c e p t T O O L B AR  a s  a  s u b - c o n c e p t o f S C R E E N - O B J E C T .  

th e  fir s t p o in t o f th e  p o ly lin e   

T h is  n e w  p a tte r n  r e q u ir e s  a  c o n c e p t P O I N T  w ith  a ttr ib u te s  O W N E R  a n d  N U M B E R . 
W e  w ill c la s s ify  P O I N T  a s  a  s u b - ty p e  o f C O M P O N E N T - O B J E C T  s o  th a t it in h e r its  th e  
O W N E R  a ttr ib u te .  

th e  p o ly lin e  

W ith  n o  a ttr ib u te s , th is  c o u ld  b e  c la s s ifie d  u n d e r  D AT A-O B J E C T . H o w e v e r , w e  n e e d  to  
d is tin g u is h  d a ta  c o m p le x e s  w h ic h  c a n  b e  o p e n e d  a n d  s a v e d  ( d o c u m e n ts , d r a w in g s , e tc .)  
fr o m  d a ta  e le m e n ts  w h ic h  c a n  b e  s a v e d  o n ly  a s  p a r t o f a  d a ta  c o m p le x . N o te  th a t w e  
m u s t d is tin g u is h  p o ly lin e  in s ta n c e s  fr o m  th e  s tr in g  in s ta n c e  “ P o ly lin e ” . T h e  fo r m e r  
c a n n o t b e  th e  v a lu e  o f a  L AB E L  a ttr ib u te .  

th e  e n d p o in t o f th e  p o ly lin e   

E ls e w h e r e  w e  h a v e  “ th e  fir s t p o in t” , “ th e  s e c o n d  p o in t” , e tc . s o  th e  N U M B E R  a ttr ib u te  
m u s t c o v e r  v a r io u s  in d ic a to r s  o f s e q u e n tia l p o s itio n . W e  m ig h t a d d  S E Q U E N T IAL -
P O S I T I O N  a s  a  s u b c o n c e p t o f th e  U p p e r  M o d e l c o n c e p t S E N S E -AN D - M E AS U R E -
Q U AL I T Y ; in  its  tu r n , S E Q U E N T IAL - P O S I T I O N  w o u ld  h a v e  s u b c o n c e p ts  in c lu d in g  
F I R S T , S E C O N D , L AS T .  

R e tu r n  

I n  th e  c o n te x t “ P r e s s  R e tu r n ”  th is  o b v io u s ly  d e n o te s  a  k e y , s o  w e  n e e d  to  in tr o d u c e  
K E Y  a s  a  s u b c o n c e p t o f L AB E L L E D - O B J E C T .  

H e r e  a r e  tw o  A-B o x  fr a g m e n ts  u n d e r ly in g  th e  p h r a s e s  “ th e  P o ly lin e  fly o u t o n  th e  D r a w  
to o lb a r ”  a n d  “ th e  e n d p o in t o f th e  p o ly lin e ” . T h e y  a r e  s h o w n  a s  fe a tu r e - s tr u c tu r e  m a tr ic e s  
w ith  c o n c e p ts  in  lo w e r  c a s e  a n d  a ttr ib u te s  in  c a p ita l le tte r s .  
 
  flyout 
  LABEL: “Polyline' 
  LOCATION: toolbar 
            LABEL: “Draw' 
 
  point 
  NUMBER: last 
  OWNER: polyline 

3 .1 .2  O b j e c ts  in  te x t 2  

S in c e  th e r e  is  m u c h  o v e r la p  w ith  T e x t 1 , w e  o n ly  m e n tio n e d  n o u n  p h r a s e s  th a t in tr o d u c e  
n e w  p a tte r n s .  

s t  

I n  th e  c o n te x t “ E n te r  s t”  th is  d e n o te s  a  c o m m a n d  ty p e d  in  b y  th e  u s e r . S in c e  w e  a lr e a d y  
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h a v e  S O F T W AR E - C O M M AN D , w e  n e e d  a  n e w  c o n c e p t C O M M AN D - L I N E  c la s s ifie d  
u n d e r  S C R E E N - O B J E C T  ( in h e r itin g  th e  a ttr ib u te  L AB E L ) . S o  th e  AC T E E  o f E N T E R  
is  a n  in s ta n c e  o f C O M M AN D - L I N E  h a v in g  th e  s tr in g  “ s t”  a s  th e  v a lu e  o f its  L AB E L  
a ttr ib u te .  

th e  p r o m p t  

I n tr o d u c e s  P R O M P T , w h ic h  m u s t b e  c la s s ifie d  a s  a  s c r e e n  o b je c t w ith o u t a ttr ib u te s . 
P e r h a p s  P O L Y L I N E  a n d  M U L T I L I N E  c o u ld  b e  p la c e d  in  th e  s a m e  c a te g o r y .  

a  s ty le  

I n  th e  c o n te x t “ to  s e le c t a  s ty le ”  th is  d e n o te s  a  s ty le  s p e c ific a tio n ; la te r  w e  e n c o u n te r  
s p e c ific a tio n s  o f ju s tific a tio n  a n d  s c a le .  

th e  s ty le  lis t  

T h is  m e a n s  s o m e th in g  lik e  “ th e  lis t o f s ty le  s p e c ific a tio n s ” . T o  a v o id  p r o b le m s  o f 
m o d e llin g  n o tio n s  lik e  “ a ll th e  c u r r e n t s ty le  s p e c ific a tio n s ” , w e  c o u ld  s im p ly  in tr o d u c e  
S T Y L E - L I S T  a s  a  s c r e e n  o b je c t w ith o u t a ttr ib u te s .  

a  j u s tific a tio n   

Alo n g  w ith  “ a  s ty le ”  a n d  “ a  s c a le ”  th is  d e n o te s  a  s p e c ific a tio n . S o  w e  c o u ld  h a v e  
S P E C I F I C AT IO N  ( n o  a ttr ib u te s )  w ith  s u b c o n c e p ts  S T Y L E - S P E C I F I C AT I O N , 
J U S T I F I C AT I O N - S P E C I F I C AT IO N  e tc .  

th e  s c a le  o f th e  m u ltilin e   

T h is  d e n o te s  th e  a c tu a l s c a le , w h ic h  m u s t b e  d is tin g u is h e d  fr o m  th e  s c a le  s p e c ific a tio n . 
S C AL E  c a n  b e  c la s s ifie d  u n d e r  C O M P O N E N T - O B J E C T  s o  th a t it in h e r its  th e  O W N E R  
a ttr ib u te . M U L T I L I N E  is  a  s is te r  o f P O L Y L I N E .  

3 .1 .3  R e v is e d  c la s s ific a tio n  o f o b j e c ts  

H e r e  is  a  p la n  o f th e  r e v is e d  o b je c t h ie r a r c h y . As  b e fo r e , s u b c o n c e p ts  a r e  in d e n te d , a n d  
a ttr ib u te s  a r e  s h o w n  in  b r a c k e ts .  
 
      CADCAM-OBJECT 
        UNIQUE-OBJECT 
          DATA-OBJECT 
            DRAWING 
            FILE 
            DOCUMENT 
          UNIQUE-SCREEN-OBJECT 
            LINE 
              MULTILINE 
              POLYLINE 
            COMMAND-LINE-PROMPT 
            STYLE-LIST 
          SPECIFICATION 
            STYLE-SPECIFICATION 
            SCALE-SPECIFICATION 
            JUSTIFICATION-SPECIFICATION 
          PARAMETER-VALUE 
            NUMBER 
            JUSTIFICATION-VALUE 
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              TOP-JUSTIFICATION 
              ZERO-JUSTIFICATION 
              BOTTOM-JUSTIFICATION 
        COMPONENT-OBJECT (OWNER) 
          DATA-NAME (OWNER) 
          SCALE (OWNER) 
          JUSTIFICATION (OWNER) 
          END-POINT (OWNER) 
          POINT (OWNER NUMBER) 
        LABELLED-OBJECT (LABEL) 
          SCREEN-OBJECT (LABEL) 
            WINDOW (LABEL) 
            SCREEN-LIST (LABEL) 
            MENU (LABEL) 
            FIELD (LABEL) 
            DIALOGUE-BOX (LABEL) 
            OPTION (LABEL) 
            ICON (LABEL) 
            BUTTON (LABEL) 
            FLYOUT (LABEL LOCATION) 
            TOOLBAR (LABEL) 
            COMMAND-LINE (LABEL) 
          SOFTWARE-TOOL (LABEL) 
            PROGRAM (LABEL) 
            SOFTWARE-COMMAND (LABEL) 
          KEY (LABEL) 
        LIST-OBJECT (FIRST REST) 
          JUSTIFICATION-LIST (FIRST REST) 

3.2  M o d e llin g  a c t io n s  

F r o m  D r a fte r  w e  c a r r ie d  o v e r  th e  fo llo w in g  h ie r a r c h y  o f c o n c e p ts  fo r  a c tio n s .  
 
      USER-ACTION (ACTOR ACTEE) 
        START (ACTOR ACTEE) 
        SELECT-ACTION (ACTEE OPTIONS ACTOR) 
          CHOOSE (ACTEE OPTIONS ACTOR) 
        LOCATED-ACTION (ACTEE LOCATION ACTOR) 
          ENTER (ACTEE LOCATION ACTOR) 
          DOUBLE-CLICK (ACTEE LOCATION ACTOR) 
          CLICK (ACTEE LOCATION ACTOR) 
        DATA-ACTION (ACTOR ACTEE) 
          EDIT (ACTOR ACTEE) 
          PRINT* (ACTOR ACTEE) 
          SAVE (ACTOR ACTEE) 
          OPEN* (ACTOR ACTEE) 

Ag a in , s o m e  fu r th e r  c o n c e p ts  h a v e  b e e n  a d d e d  in  o r d e r  to  c o v e r  th e  m a te r ia l in  th e  ta r g e t 
te x ts ..  
 

3.2 .1  A c t io n s  in  t e x t  1  

S t a r t  t h e  P L I N E  c o m m a n d   

An  in s ta n c e  o f S T AR T .  

c h o o s in g  P o ly lin e  ...  

An  in s ta n c e  o f C H O O S E .  

S p e c ify  t h e  fir s t  p o in t  o f t h e  p o ly lin e  
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I n tr o d u c e s  S P E C I F Y , w h ic h  c a n  b e  c la s s ifie d  a s  a  s tr a ig h tfo r w a r d  U S E R -AC T I O N  
( in h e r itin g  AC T O R  a n d  AC T E E ) .  

Pr e s s  R e t u r n   

I n tr o d u c e s  P R E S S , w h ic h  a ls o  h a s  AC T O R  a n d  AC T E E  o n ly .  

e n d  t h e  p o ly lin e   

I n tr o d u c e s  E N D , w h ic h  w ill b e  a  s is te r  o f S T AR T .  

3 .2 .2  A c t io n s  in  T e x t  2  

E n t e r  s t  a t  t h e  p r o m p t   

An  in s ta n c e  o f E N T E R , w ith  AC T E E  a n d  L O C AT IO N  s p e c ifie d .  

E n t e r  ?   

An o th e r  in s ta n c e  o f E N T E R , th is  tim e  w ith  n o  L O C AT I O N . T h e  T - B o x  m a r k s  
L O C AT IO N  a s  a n  o p tio n a l a ttr ib u te .  

s e le c t  a  s t y le   

I n s ta n c e  o f C H O O S E  ( s o  th a t “ s e le c t”  a n d  “ c h o o s e ”  a r e  tr e a te d  a s  s y n o n y m y s ) . T h e  
O P T I O N S  a ttr ib u te  o n  C H O O S E  is  o p tio n a l.  

d is p la y  t h e  s t y le  lis t   

I n tr o d u c e s  D I S P L AY , w h ic h  h a s  AC T O R  a n d  AC T E E .  

j u s t ify  t h e  p o ly lin e   

I n tr o d u c e s  J U S T I F Y , w h ic h  h a s  AC T O R  a n d  AC T E E .  

c h a n g e  t h e  s c a le  o f t h e  m u lt ilin e   

I n tr o d u c e s  C H AN G E , w h ic h  h a s  AC T O R  a n d  AC T E E .  

H e r e  a r e  A-B o x  fr a g m e n ts  fo r  “ e n te r  s t a t th e  p r o m p t” , “ e n te r  a  s c a le ” , a n d  “ c h a n g e  th e  
s c a le  o f th e  m u ltilin e ” . N o te  th a t th e  s c a le  s p e c ific a tio n  is  d is tin g u is h e d  fr o m  th e  a c tu a l 
s c a le .  
 
  enter 
  ACTOR: user 
  ACTEE: command-line 
         LABEL: “st” 
  LOCATION: prompt 
 
  enter 
  ACTOR: user 
  ACTEE: scale-specification 
 
  change 
  ACTOR: user 
  ACTEE: scale 
         OWNER: multiline 
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3.2 .3 R e v is e d  c la s s ific a t io n  o f a c t io n s  
 
      USER-ACTION (ACTOR ACTEE) 
        SIMPLE-ACTION (ACTOR ACTEE) 
          START-TOOL (ACTOR ACTEE) 
          QUIT-TOOL (ACTOR ACTEE) 
          START-LINE (ACTOR ACTEE) 
          END-LINE (ACTOR ACTEE) 
          SPECIFY-COMPONENT (ACTOR ACTEE) 
          PRESS (ACTOR ACTEE) 
          DISPLAY (ACTOR ACTEE) 
          OPEN-SCREEN-OBJECT (ACTOR ACTEE) 
          CLOSE-SCREEN-OBJECT (ACTOR ACTEE) 
          JUSTIFY (ACTOR ACTEE) 
          DRAW (ACTOR ACTEE) 
          CHANGE-COMPONENT (ACTOR ACTEE) 
        SELECT-ACTION (ACTEE OPTIONS ACTOR) 
          CHOOSE (ACTEE OPTIONS ACTOR) 
        LOCATED-ACTION (ACTEE LOCATION ACTOR) 
          ENTER (ACTEE LOCATION ACTOR) 
          DOUBLE-CLICK (ACTEE LOCATION ACTOR) 
          CLICK (ACTEE LOCATION ACTOR) 
        DATA-ACTION (ACTOR ACTEE) 
          EDIT (ACTOR ACTEE) 
          PRINT* (ACTOR ACTEE) 
          SAVE (ACTOR ACTEE) 
          OPEN* (ACTOR ACTEE) 

4 . C o n c lu s io n  

W e  h a v e  im p le m e n te d  th e  d o m a in  m o d e l in  C L O S , p r o v id in g  a n  AP I  fo r  d e fin in g  a n d  
in te r r o g a tin g  T - b o x e s  a n d  A-b o x e s . T h e  u p p e r  m o d e l h a s  b e e n  tr a n s c o d e d  to  th is  fo r m a lis m , 
a n d  s o m e  c o n c e p ts  fo r  r e p r e s e n tin g  in s tr u c tio n s  in  th e  C AD /C AM  d o m a in  h a v e  b e e n  a d d e d   
S o  fa r  th e  c o v e r a g e  is  ju s t s u ffic ie n t to  m o d e l th e  ta r g e t te x ts  r e p r o d u c e d  in  th e  Ap p e n d ix . 
D u r in g  th e  n e x t p h a s e  o f th e  p r o je c t, th e  d o m a in  m o d e l w ill b e  m a in ta in e d  r e g u la r ly  to  m e e t 
a n y  n e w  r e q u ir e m e n ts  th a t a r is e  fr o m  d e v e lo p m e n ts  in  te x t p la n n in g  o r  ta c tic a l r e a liz a tio n ; 
its  c o v e r a g e  w ill a ls o  b e  e x p a n d e d  c o n s id e r a b ly  in  o r d e r  to  m o d e l m o r e  c o m p le x  te x ts .  
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Ap p e n d ix  

T h e  in itia l c o v e r a g e  o f th e  C AD /C AM  d o m a in  m o d e l w a s  g u id e d  b y  th e  fo llo w in g  te x ts , 
a d a p te d  fr o m  th e  Au to C AD  u s e r  m a n u a l. 

T e x t  1   

T o  d r a w  a  p o ly lin e  

1 . S ta r t th e  P L I N E  c o m m a n d  b y  c h o o s in g  P o ly lin e  fr o m  th e  P o ly lin e  fly o u t o n  th e  D r a w  
to o lb a r . 

2 . S p e c ify  th e  fir s t p o in t o f th e  p o ly lin e  

3 . S p e c ify  th e  e n d p o in t o f th e  p o ly lin e . 

4 . P r e s s  R e tu r n  to  e n d  th e  p o ly lin e . 

T e x t  2 a  

T o  d r a w  a  m u ltilin e  

1 . S ta r t th e  M L I N E  c o m m a n d  b y  c h o o s in g  M u ltilin e  fr o m  th e  P o ly lin e  fly o u t o n  th e  
D r a w  to o lb a r  

2 . E n te r  s t  a t th e  p r o m p t to  s e le c t a  s ty le . 

3 . E n te r  ?  to  d is p la y  th e  s ty le  lis t. 

4 . E n te r  j  a n d  c h o o s e  a  ju s tific a tio n  to  ju s tify  th e  m u ltilin e . 

5 . E n te r  s  a n d  e n te r  a  s c a le  to  c h a n g e  th e  s c a le  o f th e  m u ltilin e . 

6 . N o w  s p e c ify  th e  m u ltilin e . 

7 . S p e c ify  th e  fir s t p o in t o f th e  m u ltilin e . 

8 . S p e c ify  th e  s e c o n d  p o in t o f th e  m u ltilin e . 

9 . S p e c ify  th e  th ir d  p o in t o f th e  m u ltilin e . 

1 0 . P r e s s  R e tu r n  to  e n d  th e  m u ltilin e . 

T e x t  2 b  

T o  d r a w  a  m u ltilin e  

1 . S ta r t th e  M L I N E  c o m m a n d  b y  c h o o s in g  M u ltilin e  fr o m  th e  P o ly lin e  fly o u t o n  th e  
D r a w  to o lb a r . 

2 . E n te r  s t  a t th e  p r o m p t, th e n  e n te r  ?  to  s e le c t a  s ty le . T h e  Au to C AD  T e x t W in d o w  
a p p e a r s . E n te r  th e  n a m e  o f th e  s ty le . 

3 . E n te r  j , th e n  e n te r  a  ju s tific a tio n  fr o m  to p , z e r o  a n d  b o tto m  to  c h a n g e  th e  ju s tific a tio n  
o f th e  m u ltilin e . 

4 . E n te r  s , th e n  e n te r  a  n u m b e r  to  c h a n g e  th e  s c a le  o f th e  m u ltilin e . 

5 . C lo s e  th e  Au to C AD  T e x t W in d o w . 

6 . S p e c ify  th e  fir s t p o in t o f th e  m u ltilin e . 
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7 . S p e c ify  th e  s e c o n d  p o in t o f th e  m u ltilin e . 

8 . S p e c ify  th e  th ir d  p o in t o f th e  m u ltilin e . 

9 . P r e s s  R e tu r n  to  e n d  th e  m u ltilin e . 
 

 


