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Abs t r ac t  

CLISP is an  a t t emp t  t o  make LISP programs 
e a s i e r  t o  r e a d  and w r i t e  by ex tending  t h e  
syn tax  o f  LISP to  i n c l u d e  i n f i x  ope ra to r s ,  
IF-THEN s t a t emen t s ,  FOR-DO-WHILE s ta tements ,  
and s i m i l a r  ALGOL-like c o n s t r u c t s ,  wi thout  
changing t h e  s t r u c t u r e  o r  r e p r e s e n t a t i o n  of 
t h e  language. CLISP i s  implemented through 
LISP's e r r o r  handl ing  machinery, r a t h e r  than  
by modifying t h e  i n t e r p r e t e r :  when an  
exp re s s ion  i s  encountered whose eva lua t i on  
cause s  a n  e r r o r ,  t h e  express ion  i s  scanned 
f o r  p o s s i b l e  CLISP c o n s t r u c t s ,  which a r e  
then  conver ted  t o  t h e  equ iva l en t  LISP 
express ions ,  Thus, u s e r s  can f r e e l y  
i n t e rmix  LISP and CLISP wi thout  having to  
d i s t i n g u i s h  which is  which. Emphasis i n  t h e  
de s ign  and development of CLISP h a s  been on 
t h e  system a s p e c t s  of  such a  f a c i l i t y ,  w i th  
t h e  goa l  i n  mind of  producing a  u s e f u l  t o o l ,  
no t  j u s t  ano the r  language, To t h i s  end, 
CLISP i n c l u d e s  i n t e r a c t i v e  error c o r r e c t i o n  
and many 'Do-What-I-Mean' f e a t u r e s .  

The syn t ax  o f  t h e  programming language 
LISP2'3'9 is  ve ry  s imple,  i n  t h e  s ense  t h a t  
it can be de sc r i bed  conc i s e ly ,  bu t  n o t  i n  
t h e  s ense  t h a t  LISP programs a r e  easy  t o  
read  o r  w r i t e !  Th i s  s i m p l i c i t y  of  syn tax  i s  
achieved byr  and a t  t h e  expense o f ,  
e x t e n s i v e  u se  of  e x p l i c i t  s t r u c t u r i n g ,  
namely grouping through paren theses iza t ion .  
For t h e  b e n e f i t  of  r e a d e r s  un fami l i a r  w i th  
LISP syn tax ,  t h e  b a s i c  element of LISP 
programs is c a l l e d  a  f o r m .  A form is e i t h e r  
(1) a tomic,  o r  (2 )  a  l ist,  t h e  l a t t e r  be ing  
denoted by e n c l o s i n g  t h e  elements  of  t h e  
l i s t  i n  matching paren theses ,  I n  t h e  f i r s t  
c a se ,  t h e  form is  e i t h e r  a  v a r i a b l e  o r  a 
c o n s t a n t ,  and its v a l u e  i s  computed 
accord ing ly ,  I n  t h e  second case,  t h e  f i r s t  
element of t h e  l i s t  is t h e  name of  a  
f unc t i on ,  and t h e  remaining elements  a r e  
aga in  forms whose va lue s  w i l l  b e  t h e  
arguments t o  t h a t  func t ion ,  I n  Backus 
n o t a t i o n  : 

Figu re  1 
Syntax o f  a  LISP Form 

For example, a s s i g n  X t h e  v a l u e  o f  t h e  sum 
of A and t h e  produc t  of  B and c is w r i t t e n  
i n  LISP a s  (SETQ X (PLUS A (TIMES B C ) ) )  . 

The syn t ax  f o r  a  c o n d i t i o n a l  exp re s s ion  is  
correspondingly simple:* 

F igure  2 
Syntax o f  a Cond i t i ona l  Expression 

< c o n d i t i o n a l  express ion)  ::= 
(COND <clause>  ,,, <clause>)  

<c lause>  : := (<form> <form>) 

Note t h a t  t h e r e  a r e  no IF'S, THEN'S, 
BEGIN'S,  END'S, or semi-colons, LISP avoids  
the problem of  pa r s i ng  t h e  c o n d i t i o n a l  
express ion ,  i , e , ,  d e l i m i t i n g  t h e  i n d i v i d u a l  
c l au se s ,  and d e l i m i t i n g  t h e  p r e d i c a t e s  and 
consequents  w i t h i n  t h e  c l a u s e s ,  by r e q u i r i n g  
t h a t  each c l a u s e  be  a  s e p a r a t e  e lement  i n  
t h e  c o n d i t i o n a l  express ion ,  namely a  
s u b l i s t ,  o f  which t h e  p r e d i c a t e  is  always 
t h e  f i r s t  e lement ,  and t h e  consequent  t h e  
second element,  A s  a n  example, l e t  u s  
cons ider  . t h e  fo l lowing  c o n d i t i o n a l  
express ion  which embodies a  r e c u r s i v e  
d e f i n i t i o n  f o r  FACTORIAL:** 

F igure  3 
Recursive D e f i n i t i o n  of  F a c t o r i a l  

(COND 
((EQ N 0) 

1) 
(T (TIMES N (FACTORIAL (SUB1 N ) )  ) ) ) 

-- * Actua l ly ,  a  c l a u s e  can have more than  
two consequents ,  i n  which c a s e  each form 
is  eva lua t ed  and t h e  va lue  of  t h e  l a s t  
form r e tu rned  a s  t h e  v a l u e  of  t h e  
c o n d i t i o n a l ,  However, f o r  t h e  purposes  
of t h i s  d i s c u s s i o n ,  we can con f ine  
o u r s e l v e s  t o  t h e  c a s e  where a c l a u s e  ha s  
on ly  one consequent,  

** The express ion  i n  F igure  3 i s  shown a s  
it would be p r i n t e d  by a  s p e c i a l  
f o rma t t i ng  program c a l l e d  PRETTYPRINT, 
PRETTYPRINT a t t emp t s  t o  make t h e  
s t r u c t u r e  of LISP exp re s s ions  more 
manageable by j ud i c ious  u se  of  
i lden ta t ion  and break ing  t h e  o u t p u t  i n t o  
s e p a r a t e  l i n e s .  Its e x i s t e n c e  is a 
t a c i t  acknowledgment of t h e  f a c t  t h a t  
LISP programs r e q u i r e  more i n £  ormation 
th,an t h a t  con t a ined  s o l e l y  i n  t h e  
pa r en the s i za t i on  i n  o r d e r  t o  make them 
e a s i l y  r e adab l e  by people,  



The f i r s t  c l a u s e  i n  t h i s  c o n d i t i o n a l  is t h e  
l is t  o f  two elements  ((EQ N 0) 1) , which 
s ays  i f  (EQ N 0) i s  t r u e ,  i,e., i f  N is 
equa l  t o  0 ,  t h e n  r e t u r n  1 a s  t h e  va lue  o f  
t h e  c o n d i t i o n a l  express ion ,  o therwise  go on 
t o  t h e  second c lause .  The second c l a u s e  is 
(T (TIMES N (FACTORIAL (SUB 1 N) ) ) ) , which 
s ays  i f  T is t r u e  (a t au to logy- the  ELSE o f  
ALGOL c o n d i t i o n a l s ) ,  r e t u r n  t h e  product  o f  N 
and (FACTORIAL (SUB1 N ) ) .  The l a t t e r  is  
eva lua t ed  by f i r s t  e v a l u a t i n g  (SUB1 N ) ,  and 
t hen  c a l l i n g  FACl?ORIAL ( r ecu r s ive ly )  on t h i s  
value. 

A s  a r e s u l t  of t h e  s t r u c t u r i n g  of  
c o n d i t i o n a l  exp re s s ions ,  LISP does n o t  have 
t o  s e a r c h  f o r  words such a s  IF,  THEN, ELSE, 
ELSEIF, e t c , ,  when i n t e r p r e t i n g  o r  compiling 
c o n d i t i o n a l  exp re s s ions  i n  o r d e r  t o  d e l i m i t  
c l a u s e s  and t h e i r  c o n s t i t u e n t s :  t h i s  
grouping i s  s p e c i f i e d  by t h e  paren theses ,  
and i s  performed a t  i n p u t  t i m e  by t h e  READ 
program which c r e a t e s  t h e  l ist  s t r u c t u r e  
used t o  r e p r e s e n t  t h e  expression,  
S i m i l a r l y ,  LISP does n o t  have t o  worry about  
how t o  p a r s e  exp re s s ions  such a s  A+B*C, 
s i n c e  (A+B)*C must be w r i t t e n  unambiguously 
a s  (TIMES (PLUS A B) C) , and A+ (B*C) a s  
(PLUS A (TIMES B C) ) , I n  f a c t ,  t h e r e  a r e  no 
r e se rved  words i n  LISP such a s  IF,  THEN, 
AND, OR, FOR, DO, BEGIN, END, etc,, no r  
rese rved  c h a r a c t e r s  l i k e  +, -, *, /, =, +, 
etc.* Th i s  e l i m i n a t e s  e n t i r e l y  t h e  need f o r  
p a r s e r s  and precedence r u l e s  i n  t h e  LISP 
i n t e r p r e t e r  and compiler ,  and t he r eby  makes 
program manipulat ion of LISP programs 
s t r a i gh t fo rwa rd ,  I n  o t h e r  words, a program 
t h a t  " looks a t m  o t h e r  LISP programs does n o t  
need to  i n c o r p o r a t e  a l o t  of s y n t a c t i c  
information.  For example, a LISP 
i n t e r p r e t e r  can be w r i t t e n  i n  one o r  two 
pages of LISP code.3 It is f o r  t h i s  reason  
t h a t  LISP is  by f a r  t h e  most s u i t a b l e ,  and 
f r e q u e n t l y  used,  programming language f o r  
w r i t i n g  programs t h a t  d e a l  w i th  o t h e r  
programs a s  d a t a ,  e-g.,  programs t h a t  
analyze,  modify, o r  c o n s t r u c t  o t h e r  
programs, 

However, it is  p r e c i s e l y  t h i s  same 
s i m p l i c i t y  of syn tax  t h a t  makes LISP 
programs d i f f i c u l t  t o  read  and w r i t e  
( e s p e c i a l l y  f o r  beg inners )  , ' Pushing down' 
i s  something programs do very  we l l ,  and 
people  do  poorly,  A s  an example, cons ide r  
t h e  fo l l owing  two "equiva len tn  sentences:  

"The r a t  t h a t  t h e  c a t  t h a t  t h e  dog 
t h a t  I owned chased caught  a t e  t h e  
cheese,  If 

v e r s u s  

"1 own t h e  dog t h a t  chased t h e  c a t  
t h a t  c augh t  t h e  r a t  t h a t  a t e  t h e  
cheese,  If 

Na tura l  language c o n t a i n s  many l i n g u i s t i c  
dev i ce s  such  - a s  t h a t  i l l u s t r a t e d  i n  t h e  
second s en t ence  above f o r  minimizing 

- * excep t  f o r  pa r en the se s  (and pe r i od ) ,  
which a r e  used  f o r  i n d i c a t i n g  s t r u c t u r e ,  
and space  and end-of-line, which a r e  
used f o r  d e l i m i t i n g  i d e n t i f i e r s ,  

embedding, because embedded s en t ences  a r e  
more d i f f i c u l t  t o  g r a s p  and unders tand  t han  
equ iva l en t  non-embedded ones  (even when t h e  
l a t t e r  sen tences  a r e  somewhat longer )  . 
Simi l a r l y ,  most h igh  l e v e l  programming 
languages o f f e r  s y n t a c t i c  dev i ce s  f o r  
reducing appa ren t  dep th  and complexi ty  o f  a 
program: t h e  r e s e rved  words and i n f i x  
o p e r a t o r s  used i n  ALGOL-like languages 
s imul taneous ly  d e l i m i t  operands and 
ope ra t i ons ,  and a l s o  convey meaning t o  t h e  
programmer. They a r e  f a r  more i n t u i t i v e  
t han  paren theses ,  I n  f a c t ,  s i n c e  LISP u s e s  
paren theses  (i .e,  , lists) f o r  a lmos t  a l l  
s y n t a c t i c  forms, t h e r e  i s  very  l i t t l e  
informat ion  conta ined  i n  t h e  pa r en the se s  f o r  
t h e  person r ead ing  a LISP program, and s o  
t h e  pa r en the se s  t end  most ly  t o  be  ignored: 
t h e  meaning of a p a r t i c u l a r  LISP exp re s s ion  
f o r  people  is found a lmos t  e n t i r e l y  i n  t h e  
words, n o t  i n  t h e  s t r u c t u r e ,  For example, 
t h e  express ion  in Figure  4 

F igure  4 
Ca re l e s s  D e f i n i t i o n  of  F a c t o r i a l  

(COND (EQ N 0) 1) 
(T TIMES N FACTORIAL ( (SUB1 N) ) ) 

is r ecogn i zab l e  a s  FACTORIAL even though 
t h e r e  a r e  f i v e  misplaced o r  d i s s i n g  
parentheses ,  Grouping words t o g e t h e r  i n  
paren theses  i s  done more f o r  LISP's b e n e f i t ,  
t h an  f o r  t h e  programmer* so 

CLISP is  designed to make LISP programs 
e a s i e r  t~ r e a d  and w r i t e  by p e r m i t t i n g  t h e  
u s e r  t o  employ va r i ous  i n f i x  o p e r a t o r s ,  IF- 
THEN-ELSE s t a t emen t s ,  FOR-DO- WHILE-UNLESS- 
FROM-TO-etc. exp re s s ions ,  which a r e  
au toma t i ca l l y  conver ted  t o  e q u i v a l e n t  LISP 
exp re s s ions  when t h e y  a r e  f i r s t  i n t e r p r e t e d .  
For example, FACTORIAL cou ld  be w r i t t e n  i n  
CLISP a s  shown in F igu re  5 ,  

Figure  5 
CLISP D e f i n i t i o n  of  FACTORIAL 

( IF  N=O THEN 1 ELSE N*(FACTORIAL N-1)) 

Note t h a t  t h i s  exp re s s ion  would be  
r ep r e sen t ed  i n t e r n a l l y  ( a f t e r  it had been 
i n t e r p r e t e d  once) a s  shown i n  F igu re  3, so 
t h a t  programs t h a t  might have t o  ana lyze  o r  
o therwise  process  t h i s .  exp re s s ion  cou ld  t a k e  
advantage o f  t h e  s imple  syntax. 

CLISP a l s o  c o n t a i n s  f a c i l i t i e s  f o r  making 
sense  o u t  of exp re s s ions  such as t h e  
c a r e l e s s  c o n d i t i o n a l  shown i n  F igu re  4. 
Furthermore, CLISP w i l l  d e t e c t  t h o s e  c a s e s  
which would n o t  g e n e r a t e  LISP errors, bu t  
a r e  n e v e r t h e l e s s  obvious ly  n o t  what t h e  
programmer intended.  For example, t h e  
exp re s s ion  (QUOTE <express ion> <form>) w i l l  
no t  c ause  a LISP e r r o r ,  b u t  <form> would 
never be seen  by t h e  i n t e r p r e t e r .  T h i s  i s  
c l e a r l y  a paren theses  e r r o r ,  CLISP u se s  
both l o c a l  and g loba l  i n fo rma t ion  t o  d e t e c t ,  
and where p o s s i b l e ,  r e p a i r  such  e r r o r s ,  
However, t h i s  paper  w i l l  c oncen t r a t e  
p r i m a r i l y  on t h e  syn t ax  ex t ens ion  a s p e c t s  o f  
CLISP, and l e a v e  a d i s c u s s i o n  o f  t h e  
semantic  i s s u e s  f o r  a l a t e r  t i m e ,  



There have been s i m i l a r  e f f o r t s  i n  o t h e r  
LISP systems,  most no t ab ly  t h e  MLIsP 
language a t  Stanford.+ CLISP d i f f e r s  from 
t h e s e  i n  t h a t  it does  n o t  a t t empt  t o  r e p l a c e  
t h e  LISP language s o  much a s  t o  augment it, 
I n  f a c t ,  one o f  t h e  p r i n c i p a l  c r i t e r i a  i n  
t h e  des ign  of  CLISP was t h a t  u s e r s  be a b l e  
t o  f r e e l y  i n t e rmix  LISP and CLISP without  
having to .  i d e n t i f y  which i s  which. Users 
can w r i t e  programs, o r  t y p e  i n  exp re s s ions  
f o r  eva lua t i on ,  i n  LISP, CLISP, o r  a  mixture  
of both. I n  t h i s  way, u s e r s  do  n o t  have t o  
l e a r n  a  whole new language and syn tax  i n  
o r d e r  t o  be  a b l e  t o  u se  s e l e c t e d  f a c i l i t i e s  
of CLISP when and where t hey  f i n d  them 
use fu l ,  

CLISP is  implemented v i a  t h e  err0.r 
c o r r e c t i o n  machinery i n  INTERLISP*. Thus, any 
exp re s s ion  t h a t  i s  well-formed from LISP's 
s t andpo in t  w i l l  never be  seen  by CLISP 
(e-g, ,  i f  t h e  u s e r  de f i ned  a  f unc t i on  IF ,  he 

would e f f e c t i v e l y  t u r n  o f f  t h a t  p a r t  o f  
CLISP), Th i s  means t h a t  i n t e r p r e t e d  
programs t h a t  do  n o t  u se  CLISP c o n s t r u c t s  do  
n o t  pay f o r  i t s  a v a i l a b i l i t y  by s lower 
execut ion  t i m e ,  I n  f a c t ,  t h e  i n t e r p r e t e r  
does no t  *knowm about  CLISP a t  a l l ,  It 
o p e r a t e s  a s  be fo r e ,  and when an erroneous 
form i s  encountered,  t h e  i n t e r p r e t e r  c a l l s  
an e r r o r  r o u t i n e  which i n  t u r n  invokes t h e  
Do-What-I-Mean (DWIM) a n a l y z e r s *  7 @ 8 which 
c o n t a i n s  CLISP, I f  t h e  exp re s s ion  i n  
ques t i on  t u r n s  o u t  to  be  a  CLISP c o n s t r u c t ,  
t h e  equ iva l en t  LISP form i s  r e tu rned  t o  t h e  
i n t e r p r e t e r ,  I n  a d d i t i o n ,  t h e  o r i g i n a l  CLISP 
express ion ,  i s  modif ied s o  t h a t  it becomes 
t h e  c o r r e c t l y  t r a n s l a t e d  LISP form, I n  t h i s  
way, t h e  a n a l y s i s  and t r a n s l a t i o n  a r e  done 
on ly  once, 

I n t e g r a t i n g  CLISP i n t o  t h e  LISP system 
( i n s t e a d  o f ,  f o r  example, implementing it a s  
a  s e p a r a t e  p reprocessor )  makes p o s s i b l e  Do- 
What-I-Mean f e a t u r e s  f o r  CLISP c o n s t r u c t s  a s  
w e l l  a s  f o r  pu re  LISP e x ~ r e s s i o n s , s ' 7  For 
example, i f  t h e  u s e r  ha s  de f i ned  a  f unc t i on  
named GET-PARENT, CLISP would know n o t  t o  
a t t emp t  t o  i n t e r p r e t  t h e  form (GET-PARENT) 
a s  a n  a r i t h m e t i c  i n f i x  opera t ion ,  
(Actual ly ,  CLISP would never  g e t  t o  s e e  t h i s  
form, s i n c e  it does n o t  c o n t a i n  any e r r o r s , )  
I f  t h e  u s e r  mis takenly  w r i t e s  (GET-PRAENT), 
CLISP would know he  meant (GET-PARENT) , and 
n o t  (DIFFERENCE GET PRAENT), by us ing  t h e  
in format ion  t h a t  FRAENT is n o t  t h e  name of a  
v a r i a b l e ,  and t h a t  GET-PARENT is t h e  name of  
a  u s e r  f u n c t i o n  whose s p e l l i n g  i s  "very 
c lose tv  t o  t h a t  of  GET-PRAENT, S imi l a r l y ,  by 
u s ing  in format ion  about  t h e  program' s 
environment n o t  r e a d i l y  a v a i l a b l e  t o  a  
p reprocessor ,  CLISP can  s u c c e s s f u l l y  r e so lve  
the f o l l owing  sorts o f  ambigui t i es :  

* INTERLISP ( formerly BBN-LISP6) is 
implemented under  t h e  BBN TENEX 
t imesha r ing  system2 and is j o i n t l y  
main ta ined  and developed by Xerox Pa lo  
A l to  Research Cente r  and Bol t ,  Beranek, 
and Newman, Inc,  , Cambridge, Mass, It 
is  c u r r e n t l y  be ing  used a t  va r i ous  sites 
on t h e  ARPA Network, i n c l u d i n g  PARC, 
BBN, I S I ,  SRI-AI, etc, 

1) (LIST X*FACT N) , where FACT i s  t h e  name 
of a  v a r i a b l e ,  means (LIST (X*FACT) N) , 

2) (LIST X*FACT N) , where FACT is  not  t h e  
name o f  a  v a r i a b l e  bu t  i n s t e a d  is  t h e  
name of  a  f unc t i on ,  means 
(LIST X*(FACT N ) ) ,  e N is  FACT'S 
argument, 

3) (LIST X*FACT(N) ) , FACT t h e  name of  a  
f unc t i on  (and n o t  t h e  name o f  a  
v a r i a b l e )  , means (LIST X* (FACT N) ) , 

4) c a s e s  ( I ) ,  (2) and (3) w i t h  FACT 
misspel led!  

The f i r s t  exp re s s ion  is c o r r e c t  bo th  from 
t h e  s t a n d p o i n t  of  CLISP syn t ax  and semant ics  
and t h e  change would b e  made w i thou t  t h e  
u s e r  be ing  n o t i f i e d .  I n  t h e  o t h e r  c a s e s ,  
t h e  u s e r  would be informed or consu l ted  
about  what was t a k i n g  p lace ,  For example, 
t o  t a k e  an extreme c a s e ,  suppose t h e  
express ion  (LIST X*FCCT N) were encountered,  
where t h e r e  was bo th  a  f u n c t i o n  named FACT 
and a  v a r i a b l e  named FCT, The u s e r  would - 
f i r s t  be asked i f  FCCT were a  m i s s p e l l i n g  of  
FCT, I f  he  s a i d  YES, t h e  exp re s s ion  would 
be i n t e r p r e t e d  a s  (LIST (X*FCT) N )  . * I f  he 
s a i d  NO, t h e  u s e r  would be asked i f  FCCT 
were a  m i s spe l l i ng  of FACT, i.e., .if he 
in tended  X*FCCT N t o  mean X*(FACT N ) ,  I f  he  
s a i d  YES t o  t h i s  ques t i on ,  t h e  i n d i c a t e d  
t r an s fo rma t ion  would b e  performed. I f  he 
s a i d  NO, t h e  system would t hen  ask  i f  X*FCCT 
was t o  be t r e a t e d  a s  CLISP, s i n c e  FCCT is  
no t  t h e  name of a  (bound) var iab le ,**  I f  he  

* Through t h i s  d i s cus s ion ,  w e  speak of 
CLISP o r  D W I M  ask ing  t h e  user .  
Actua l ly ,  i f  t h e  express ion  i n  ques t i on  
was typed i n  by t h e  u s e r  f o r  immediate 
execu t ion ,  t h e  u s e r  is s imply informed 
of  t h e  t r an s fo rma t ion ,  on  t h e  grounds 
t h a t  t h e  u s e r  would p r e f e r  an occa s iona l  
m i s i n t e r p r e t a t i o n  r a t h e r  t han  be ing  
con t i nuous ly  bothered,  e s p e c i a l l y  s i n c e  
he can  always r e t y p e  what h e  i n t ended  i f  
a  mis take  occurs ,  and a s k  t h e  
programmer' s a s s i s t a n t  t o  UNDO t h e  
e f f e c t s  o f  t h e  mistaken o p e r a t i o n s  i f  
necessary , s  For t r an s fo rma t ions  on 
exp re s s ions  i n  h i s  programs, t h e  u s e r  
can  inform CLISP whether he wishes t o  
o p e r a t e  i n  CAUTIOUS or TRUSTING mode, 
I n  t h e  former c a s e  (most t y p i c a l )  t h e  
u s e r  w i l l  be asked t o  approve 
t r an s fo rma t ions ,  i n  t h e  l a t t e r ,  CLISP 
w i l l  o p e r a t e  a s  it does  on type- in ,  
i , e , ,  perform t h e  t r an s fo rma t ion  a f t e r  
informing t h e  user .  

** This  ques t i on  is  impor tan t  because many 
of ou r  LISP u s e r s  a l r e a d y  have programs 
t h a t  employ v a r i a b l e s  whose names 
c o n t a i n  CLISP o p e r a t o r s ,  Thus, i f  CLISP 
encounte rs  t h e  exp re s s ion  A/B i n  a  
c o n t e x t  where e i t h e r  A or B a r e  n o t  t h e  
names of v a r i a b l e s ,  it w i l l  a sk  t h e  u s e r  
i f  A/B is in tended  t o  be CLISP, i n  c a s e  
t h e  u s e r  r e a l l y  does have a  f r e e  
v a r i a b l e  named A/B, b u t  h a s  mis takenly  
used WB h e r e  i n  a  c o n t e x t  where it was 
n o t  bound. 



s a i d  YES, t h e  exp re s s ion  would be 
t ransformed,  i f  NO, it would be l e f t  a lone ,  
i.e., a s  (LIST X*FCCT N) . Note t h a t  we have 
n o t  even cons idered  t h e  c a s e  where X*FCCT is 
i t s e l f  a  m i s spe l l i ng  of  a  v a r i a b l e  name, a s  
wi th  GET-PRAENT. This  s o r t  of  
t r an s fo rma t ion  would be  cons idered  a f t e r  t h e  
u s e r  s a i d  NO t o  X*FCCT N -> X* (FACT N) , The 
complete graph of  t h e  p o s s i b l e  
i n t e r p r e t a t i o n s  f o r  (LIST X*PCCT N) where 
FCT and XFCT a r e  t h e  names of v a r i a b l e s ,  and 
FACT is t h e  name o f  a  f unc t i on ,  i s  shown i n  
F igure  6. 

F igure  6 

P o s s i b l e  i n t e r p r e t a t i o n s  o f  (LIST X*PCCT N) 

The f i n a l  s t a t e s  f o r  t h e  v a r i o u s  t e rmina l  
nodes shown i n  F igure  6 are:  

1: (LIST (TIMES X FCT) N) 
2: (LIST (TIMES X (FACT N )  ) ) 
3: (LIST XFCT N)  
4: (LIST (TIMES X FCCT) N) 
5: (LIST X*FCCT N) 

CLISP can  a l s o  handle  paren theses  e r r o r s  
caused by t y p i n g  8 o r  9 f o r  * ( *  o r  * )  *, (On 
most t e r m i n a l s ,  8  and 9 a r e  t h e  lower c a se  
c h a r a c t e r s  f o r  ' (I and *)I, i.e., ( and 
(8 '  appear  on t h e  same key, a s  do , ) *  and 
9 For  example, i f  t h e  u s e r  w r i t e s  
N* 8FACTORIAL N- 1, t h e  paren theses  e r r o r  can 
be d e t e c t e d  and f i x e d  be fo r e  t h e  i n f i x  
o p e r a t o r  * i s  conver ted  t o  t h e  LISP func t i on  
TIMES. CLISP is  a b l e  t o  d i s t i n g u i s h  t h i s  
s i t u a t i o n  from c a s e s  l i k e  N*8*X meaning 
(TIMES N 8 X) , o r  N*8X, where 8X is  t h e  name 
of  a v a r i a b l e ,  aga in  by us ing  in format ion  
about  t h e  programming environment, I n  f a c t ,  
by i n t e g r a t i n g  CLISP wi th  D W I M ,  CLISP has  
been made s u f f i c i e n t l y  t o l e r a n t  o f  e r r o r s  
t h a t  a lmos t  eve ry th ing  can be  misspelled!* 
For example, CLISP can  s u c c e s s f u l l y  
t r a n s l a t e  the d e f i n i t i o n  of  FACTORIAL: 

(IFFN=O THENN 1 ESLE N* 8FACTTORIALNN- 1 ) 

-- * Where m i s s p e l l i n g  i nc ludes  running 
a d j a c e n t  words t oge the r ,  a s  shown i n  
example. 

t o  t h e  form shown i n  F igure  3, wh i l e  making 
5 s p e l l i n g  c o r r e c t i o n s  and f i x i n g  t h e  
p a r e n t h e s i s  e r r o r .  * 
This  s o r t  of r obus tne s s  p r e v a i l s  throughout  
CLISP. For example, t h e  i t e r a t i v e  s ta tement  
pe rmi t s  t h e  u s e r  t o  s a y  t h i n g s  l i k e :  

(FOR OLD X*M TO N 
DO (PRINT X) WHILE (PRIMEP X) ) ** 

However, t h e  u s e r  can a l s o  w r i t e  OLD (X+-M) , 
(OLD X+M) , (OLD (X+-M) ) , permute t h e  o r d e r  o f  
t h e  o p e r a t o r s ,  e - g -  DO (PRINT X) 
TO N FOR OLD X+M WHILE (PRIMEP X) , omit  
e i t h e r  o r  bo th  sets of paren theses ,  m i s spe l l  
any o r  a l l  o f  t h e  o p e r a t o r s  FOR, OLD, TO, 
DO, o r  WHILE, o r  l e a v e  o u t  t h e  word DO 
e n t i r e l y !  And, of  cou r se ,  he  can  a l s o  
mi s spe l l  PRINT, ,PRIMEP, M, o r  N!*** 

CLISP i s  w e l l  i n t e g r a t e d  i n t o  t h e  INTERLISP 
system. For example, t h e  above i t e r a t i v e  
s ta tement  t r a n s l a t e s  i n t o  an equ iva l en t  LISP 
form us ing  PROG, COND, GO, etc,**** When t h e  
i n t e r p r e t e r  subsequent ly  encounte rs  t h i s  
CLISP express ion ,  it a u t o m a t i c a l l y  o b t a i n s  
and e v a l u a t e s  the t r a n s l a t i o n ,  S i m i l a r l y ,  
t h e  compiler  t lknwsal t o  compile  t h e  
t r a n s l a t e d  form. However, i f  t h e  u s e r  
PRETTYPRINTS h i s  program, a t  t h e  
corresponding po in t  i n  h i s  f uhc t i on ,  
PRETTYPRINT "knows" t o  p r i n t  t h e  o r i g i n a l  
CLISP. S i m i l a r l y ,  when t h e  u s e r  e d i t s  h i s  
program, t h e  e d i t o r  makes t h e  t r a n s l a t i o n  
i n v i s i b l e  t o  t h e  user .  I f  t h e  u s e r  modi f ies  
t h e  CLISP, t h e  t r a n s l a t i o n  i s  au toma t i ca l l y  
d i s ca rded  and recomputed t h e  n e x t  t ime  t h e  
express ion  is  eva lua ted ,  

* CLISP a l s o  c o n t a i n s  a  f a c i l i t y  f o r  
conve r t i ng  from LISP back t o  CLISP, s o  
t h a t  a f t e r  running t h e  above d e f i n i t i o n  
o f  FACTORIAL, t h e  u s e r  cou ld  'CLISPIFY* 
t o  ob t a in :  
( IF  N=O THEN 1 ELSE N*(FACTORIAL N-1)). 

This  exp re s s ion  should be  s e l f  
exp lana tory ,  excep t  p o s s i b l y  f o r  t h e  
o p e r a t o r  OLD, which s a y s  X is  t o  be  t h e  
v a r i a b l e  o f  i t e r a t i o n ,  i .e . ,  t h e  one t o  
be s tepped  from M t o  N ,  bu t  X i s  n o t  t o  
be rebound. Thus when t h i s  l oop  
f i n i s h e s  execut ion ,  X w i l l  be equa l  t o  
N. 

I n  t h i s  example, t h e  o n l y  t h i n g  t h e  u s e r  
cou ld  no t  m i s spe l l  is  t h e  f i r s *  X, s i n c e  
it s p e c i f i e s  t h e  name o f  t h e  v a r i a b l e  of  
i t e r a t i o n .  The o t h e r  two i n s t a n c e s  o f  X 
cou ld  a l s o  be misspel led.  

**** (PROG NIL 
(SETQ X M) 

$$ LP (COND 
( (OR (IGREATERP X N) 

(NOT (PRIMEP X) ) ) 
(RETURN) ) ) 

(PRINT X) 
(GO $ SLP) ) . 



I n  s h o r t ,  CLISP is n o t  a language a t  a l l ,  
bu t  r a t h e r  a system. I t  p l ays  a r o l e  
analagous t o  t h a t  of t h e  programmer's 
a s s i s t a n t .  5 Whereas t h e  programmer' s 
a s s i s t a n t  i s  an  i n v i s i b l e  in te rmediary  agent  
between t h e  u s e r ' s  conso le  r e q u e s t s  and t h e  
LISP execu t i ve ,  CLISP sits between t h e  
u s e r ' s  programs and t h e  LISP i n t e r p r e t e r .  

Only a sma l l  e f f o r t  has  been devoted to  
de f in ing  a c o r e  syn t ax  f o r  CLISP. I n s t ead ,  
most of t h e  e f f o r t  has  been concent ra ted  on 
prov id ing  a f a c i l i t y  which' 'makes sense*  o u t  
of t h e  i n p u t  exp re s s ions  us ing  con t ex t  
in format ion  a s  w e l l  a s  b u i l t - i n  and acqui red  
in format ion  about  u s e r  and system programs, 
J u s t  a s  communication i s  based on t h e  
i n t e n t i o n  o f  t h e  speaker  t o  produce an 
e f f e c t  i n  t h e  r e c i p i e n t ,  CLISP ope ra t e s  
under t h e  assumption t h a t  what t h e  u s e r  s a i d  
was i n t ended  t o  r e p r e s e n t  a meaningful 
ope ra t i on ,  and t h e r e f o r e  t r i e s  very  hard t o  
make s e n s e  o u t  of it, The mot iva t ion  behind 
CLISP i s  n o t  t o  p rov ide  t h e  u s e r  wi th  many 
d i f f e r e n t  ways o f  s ay ing  t h e  same t h i n g ,  b u t  
t o  enab le  him t o  worry l e s s  about  t h e  
s y n t a c t i c  a s p e c t s  of  h i s  communication w i th  
t h e  system. I n  o t h e r  words, it g i v e s  t h e  
u se r  a new degree  of freedom by pe rmi t t i ng  
him t o  c o n c e n t r a t e  more on t h e  problem a t  
hand, r a t h e r  t han  on t r a n s l a t i o n  i n t o  a 
formal  and unambiguous language. 

CLISP ha s  j u s t  become o p e r a t i o n a l  and t h e  
expected r e a c t i o n s  and sugges t i ons  from 
u s e r s  w i l l  do  much towards po l i sh ing  and 
r e f i n i n g  it. However, t h e  fo l lowing  
anecdote  s u g g e s t s  a f a v o r a b l e  prognosis:  
a f t e r  be ing  c u r s o r i l y  i n t roduced  t o  some of  
t h e  f e a t u r e s  of CLISP, two u s e r s  wanted e o  
t r y  o u t  t h e  i t e r a t i v e  s ta tement  f a c i l i t y ,  
bu t  n e i t h e r  o f  them were s u r e  of  t h e  e x a c t  
syntax,  The f i r s t  u s e r  thought  t h a t  i f  t hey  
j u s t  typed  i n  something "reasonabletf,  t h e  
system would f i g u r e  o u t  what t hey  meant, 
And it did!  
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