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PREFACE I 

i 

This  manual d e s c r i b e s  how t o  w r i t e  u se r  e x t e n s i o n s  t o  t h e  
Mul t i c s  Emacs e d i t o r .  The r eade r  should be thoroughly  f a m i l i a r  
wi th  t h e  Emacs e d i t o r ,  p r o f i c i e n t  i n  i t s  u s e ,  and acqua in t ed  w i t h  
i t s  v i s i b l e  o r g a n i z a t i o n .  The Emacs Text Ed i to r  Users1  Guide,  
Order No. CH27, p rov ides  t h i s  necessary  i n fo rma t ion .  The 
methods f o r  w r i t i n g  t e r m i n a l  c-ontrol modules ( C T L s )  t o  suppor t  
a d d i t i o n a l  t e r m i n a l  t y p e s  a r e  a l s o  desc r ibed  h e r e .  

Programming knowledge i s  not  necessary  t o  w r i t e  e x t e n s i o n s  
s u c c e s s f u l l y ,  a l though  i t  i s  h e l p f u l .  Sec t ion  1 i s  a  s h o r t  
i n t r o d u c t i o n  t o  ex t ens ion  w r i t i n g .  Sec t ion  2 p rov ides  a  s h o r t  
course  i n  L i s p ,  t h e  programming language used f o r  w r i t i n g  
e x t e n s i o n s ,  and t h e  language i n  which t h e  Emacs e d i t o r  i t s e l f  i s  
w r i t t e n .  B a s i c a l l y ,  t h e  ex t ens ion  w r i t e r  only  needs t o  l e a r n  
enough about L isp  t o  be a b l e  t o  i m i t a t e  examples. 

1 

. S e c t i o n  3  shows, by  example, how t o  w r i t e  e x t e n s i o n s .  It 
i n c l u d e s  t h e  f u n c t i o n s  and forms most l i k e l y  t o  be needed by  t h e  
ex t ens ion  w r i t e r .  Sec t ion  4 d e s c r i b e s  LDEBUG.mode, t h e  Emacs 
mode f o r  debugging t h e  L i s p  code used i n  e x t e n s i o n s .  F i n a l l y ,  
S e c t i o n  5 demons t ra tes  how t o  w r i t e  a  CTL t o  suppor t  a  new 
t e r m i n a l  t y p e .  Again, t h e  CTL w r i t e r  uses  e x i s t i n g  CTLs  t o  l e a r n  
t o  w r i t e  h i s  own. 

T h i s  manual c o n t a i n s  s u f f i c i e n t  in format ion  t o  e f f e c t i v e l y  
w r i t e  and debug Mul t ics  Emacs e x t e n s i o n s .  However, i t  i s  not  
in tended  t o  be a  r e f e r ence  document f o r  e i t h e r  L i s p ,  i n  g e n e r a l ,  
o r  Mul t i c s  MacLisp. Reference documentation f o r  MacLisp i s  
a v a i l a b l e  from: I 

M I T  In format ion  Process ing  Center  
P u b l i c a t i o n s  O f f i c e  
60 Vassar S t r e e t  
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SECTION 1 

INTRODUCTION 

An e d i t o r  e x t e n s i o n  i s  a  u s e r - p r o v i d e d  c a p a b i l i t y ,  w h i c h  i s  
a d d e d  t o  t h e  e d i t o r  t o  e x t e n d  i t s  Dower .  I t  i s  d i f f e r e n t  f r o m  a  
m a c r o ,  w h i c h  i s  s i m p l y ~ l e c t i o ' n  o f  e d i t o r  r e q u e s t s  g a t h e r e d  
u p  a n d  ( p e r h a p s )  g i v e n  a  name .  E x t e n s i o n s  a r e  p r o g r a m s ;  t h e y  a r e  
w r i t t e n  i n  t h e  l a n g u a g e  o f  t h e  M u l t i c s  Emacs  e n v i r o n m e n t .  An - - 
e x t e n s i o n  i s  a  b o d y  o f  c o d e  t h a t  a u g m e n t s  t h e  e d i t o r ' s  
c a p a b i l i t y ,  b u t  d o e s  n o t  embed o r  r e q u i r e  k n o w l e d g e  o f  how d a t a  
i n  t h e  e d i t o r  i s  s t o r e d  o r  m a n i p u l a t e d .  I n  t h i s  s e n s e ,  a l l  o f  
t h e  w o r d ,  s e n t e n c e ,  p a r a g r a p h ,  a n d  L i s p - l i s t  r e q u e s t s ,  a n d  t h e  
v a r i o u s  l lmodes l l  ( e . g . ,  P L / I  mode )  a r e  e x t e n s i o n s .  

T h e  p e r s o n  who w i s h e s  t o  a d d  t o  h i s  Emacs e n v i r o n m e n t  a n y  
p o w e r f u l  o r  s o p h i s t i c a t e d  c a p a b i l i t y  m u s t  l e a r n  t o  wr i te  
e x t e n s i o n s .  T h e  k e y b o a r d  m a c r o  f a c i l i t y  X ,  " X ) )  i s  n o t  
i n t e n d e d  f o r  s u c h  u s a g e .  T h i s  m a n u a l  e x p l a i n s  how t o  wr i te  
e x t e n s i o n s .  

One o f  t h e  g u i d i n g  d e s i g n  p r i n c i p l e s  i n  t h e  Emacs  e d i t o r  w a s  
t h a t  t h e  c r e a t i o n  o f  e d i t o r  e x t e n s i o n s ,  e i t h e r  by  t h e  e d i t o r  
i m p l e m e n t o r s  o r  e n d  u s e r s ,  s h o u l d  b e  i n  a  p r o g r a m m i n g  l a n g u a g e  o f  
e s t a b l i s h e d  e l e g a n c e  a n d  p o w e r .  L i s p  was  t h e  l a n g u a g e  c h o s e n .  
T h i s  p r i m e r  g i v e s  y o u  a  s t a r t i n g  p o i n t  f o r  w r i t i n g  L i s p  c o d e  t o  
r u n  a s  e d i t o r  e x t e n s i o n s  i n  t h e  Emacs  e n v i r o n m e n t .  If y o u  h a v e  
s o m e  k n o w l e d g e  o f  L i s p  a l r e a d y ,  i t  w i l l  b e  o f  v a l u e .  H o w e v e r ,  i t  
i s  a s s u m e d  i n  t h i s  m a n u a l  t h a t  t h e  r e a d e r  h a s  n o  f a m i l i a r i t y  w i t h  
L i s p ,  b u t  d o e s ,  p e r h a p s ,  w i t h  P L / I  o r  BASIC. 

F o r  e x a m p l e s  o f  e x t e n s i o n  c o d i n g ,  t h e  e x t e n s i o n  wr i t e r ' s  
u l t i m a t e  r e f e r e n c e  m a t e r i a l  w i l l  b e  t h e  Emacs s o u r c e .  T h e  Emacs  
m a i l  s y s t e m  (RMAIL),  FORTRAN a n d  P L / I  m o d e s ,  a n d  t h e  c o d e  f o r  t h e  
w o r d ,  s e n t e n c e ,  a n d  p a r a g r a p h  r e q u e s t s  ( a l o n g  w i t h  m o s t  o f  t h e  
o t h e r  c o d e  i n  t h e  Emacs m o d u l e  e m a c o p s  . l i s p )  a r e  s t a n d a r d  
e x a m p l e s  o f  e x t e n s i o n  c o d e .  T e c h n i q u e s ,  s z y l e s ,  a n d  s u b t l e t i e s  
d i f f i c u l t  t o  c o n v e y  i n  p r i n t  may b e  g l e a n e d  b y  c a r e f u l  s t u d y  o f  

(-. t h i s  c o d e .  





SECTION 2 

AN 1,NTRODUCTION TO LISP  

L i s p  p r o g r a m s  a r e  b u i l t  o f  f u n c t i o n s ,  w h i c h  a r e  s i m i l a r  t o  
p r o c e d u r e s  o r  s u b r o u t i n e s  i n  o t h e r  l a n g u a g e s ,  a l t h o u g h  m o r e  a k i n  
t o  P L / I  a n d  ALGOL f u n c t i o n s .  You wr i te  a  L i s p  p r o g r a m  b y  
c r e a t i n g  a  f i l e  f u l l  o f  f u n c t i o n  d e f i n i t i o n s .  - A- f u n c t i o h  
d e f i n i t i o n  s p e c i f i e s  t h e  name o f  a  f u n c t i o n ,  a n d  w h a t  i t  d o e s .  
Here i s  a  s a m p l e  f u n c t i o n  d e f i n i t i o n :  

( d e f u n  a d d a n d m u l t  ( a  b  c )  ; T h i s  i s  a  comment 
( *  ( -  a  b )  

(+  a  b  c ) ) )  

T h i s  d e f i n e s  a f u n c t i o n  named a d d a n d m u l t  t h a t  t a k e s  t h r e e  
a r g u m e n t s ,  c a l l e d  a ,  b ,  a n d  c .  The  a d d a n d m u l t  f u n c t i o n  c o m p u t e s  
t h e  r e s u l t  o f  m u l t i p l y i n g  t h e  d i f f e r e n c e  o f  a  a n d  b  by  t h e  sum o f  
a ,  b ,  a n d  c ,  a n d  r e t u r n s  t h a t  number  a s  a  r e s u l t ,  o r  v a l u e .  T h e  
s e m i c o l o n  o n  t h e  f i r s t  l i n e  a b o v e  b e g i n s  a  comment ;  c o m m e n t s  
t h r o u g h o u t  t h e  e x a m p l e s  p r o v i d e  some a d d i t i o n a l  i n f o r m a t i o n  a b o u t  
t h e  c o d e .  

Here i s  a n o t h e r  f u n c t i o n  d e f i n i t i o n :  

( d e f u n  s q u a r e p r i n t  ( a r g )  
( p r i n t  "The  s q u a r e  o f w )  
( p r i n t  a r g )  
( p r i n t  l t i sU)  

( p r i n t  ( *  a r g  a r g ) )  
5 

T h i s  f u n c t i o n  p r i n t s  t h e  m e s s a g e  n T h e  s q u a r e  o f 1 ? ,  p r i n t s  t h e  
v a l u e  o f  i t s  a r g u m e n t ,  p r i n t s  t h e  word l l i s f l ,  a n d  p r i n t s  t h e  v a l u e  
o f  t h e  s q u a r e  o f  i t s  a r g u m e n t .  I n  a d d i t i o n ,  i t  r e t u r n s  t h e  v a l u e  
5 .  The  f u n c t i o n  l 1 s q u a r e p r i n t l 1  h a s  s i d e  e f f e c t s :  i t  c a u s e s  
o u t p u t  o n  t h e  t e r m i n a l .  I t  a l s o  r e t u r n s  a  v a l u e ,  t h e  number  5 .  
N o t e  t h a t  a l l  L i s p  f u n c t i o n s  produ.ce  a  v a l u e ;  o n l y  some p r o d u c e  

. s i d e  e f f e c t s .  The  f i r s t  f u n c t i o n  d e f i n e d  r e t u r n s  t h e  p r o d u c t  o f  

(- t h o s e  n u m b e r s  a s  a  v a l u e ;  t h e  s e c o n d  r e t u r n s  5 .  



If y o u  l o o k  a t  s q u a r e p r i n t ,  y o u  see  t h a t  i t  c o n s i s t s  o f  
s e v e r a l  s t a t e m e n t s ,  t h e  " p r i n t  s t a t e m e n t s "  t h a t  p r i n t  t h i n g s .  
T h e s e  s t a t e m e n t s  a r e  c a l l e d  f o r m s ,  a n d  t h e y  a r e ,  i n  f a c t ,  c a l l s  
t o  o t h e r  f u n c t i o n s ,  i n  t h i s  c a s e  t h e  b u i l t i n  p r i n t  f u n c t i o n .  I n  
t h e  f o r m :  

( p r i n t  " T h e  s q u a r e  o f n )  

t h e  s t r i n g  "The  s q u a r e  o f r f  i s  b e i n g  p a s s e d  a s  a n  a r g u m e n t  t o  t h e  
p r i n t  f u n c t i o n .  L i k e  a l l  f u n c t i o n s ,  p r i n t  r e t u r n s  a  v a l u e ,  w h i c h  
i s  n o t  u s e d  i n  t h i s  c a s e .  T h e  s i d e  e f f e c t  o f  p r i n t i n g  s o m e t h i n g  
d o e s  o c c u r .  I n  t h e  f o r m :  

y o u  a r e  i n v o k i n g  t h e  lf+" f u n c t i o n ,  w h i c h  i s  a l s o  b u i l t i n .  T h e  
v a l u e s  o f  t h e  p a r a m e t e r  v a r i a b l e s  a ,  b ,  a n d  c a r e  p a s s e d  t o  i t  a s  
a r g u m e n t s .  I t  r e t u r n s  a  v a l u e ,  w h i c h  i s  t h e  r e q u e s t e d  s u m ,  a n d  
p r o d u c e s  n o  s i d e  e f f e c t s .  

T h e r e  a r e  f i v e  f o r m s  i n  t h e  f u n c t i o n - d e f i n i t i o n  f o r  
s a u a r e ~ r i n t :  

( p r i n t  "The  s q u a r e  o f r f )  
( p r i n t  a r g )  
( p r i n t  f f i s f f )  
( p r i n t  ( *  a r g  a r g ) )  
5 

F o r m s  i m m e d i a t e l y  i n s i d e  a  f u n c t i o n  d e f i n i t i o n  a r e  e x e c u t e d  
s e q u e n t i a l l y ,  l i k e  s t a t e m e n t s  i n  o t h e r  p r o g r a m m i n g  l a n g u a g e s .  
T h e  v a l u e  p r o d u c e d  by  t h e  l a s t  f o r m  i s  t h e  o n e  t h e  f u n c t i o n  
i t s e l f  r e t u r n s .  What d o e s  i t  mean t o  " e x e c u t e t '  a  5 ?  E x e c u t e  i s  
n o t  e x a c t l y  t h e  r i g h t  term; w h a t  r e a l l y  h a p p e n s  i s  t h a t  t h e s e  
f o r m s  a r e  e v a l u a t e d .  T h i s  m e a n s  t h a t  a  v a l u e  i s  p r o d u c e d  f r o m  
t h e m .  E v a l u a t i n g  a  5 p r o d u c e s  t h e  number  5 ;  e v a l u a t i n g  t h e  f o r m :  

c a l l s  t h e  If+" f u n c t i o n  w i t h .  t h e  a p p r o p r i a t e  a r g u m e n t s ,  a n d  
p r o d u c e s  w h a t e v e r  v a l u e  t h e  "+If f u n c t i o n  r e t u r n s .  T h e  v a l u e  
p r o d u c e d  b y  t h e  f f p r i n t t l  f u n c t i o n  i s  s o m e t h i n g  t h a t  i s  n o t  
i n t e r e s t i n g ,  b u t  a  v a l u e  i s  p r o d u c e d .  

N u m b e r s ,  l i k e  5 ,  a n d  s t r i n g s ,  l i k e  "The  s q u a r e  o f t f ,  a r e  s a i d  
t o  e v a l u a t e  t o  t h e m s e l v e s .  T h i n g s  b e t w e e n  p a r e n t h e s e s ,  l i k e :  

( +  a  b  c )  
( p r i n t  " T h e  s q u a r e  o f f 1 )  

a r e  c a l l s  t o  f u n c t i o n s ,  w h i c h  a r e  e v a l u a t e d  by c a l l i n g  t h e  
f u n c t i o n  i n d i c a t e d ,  a n d  p r o d u c i n g  t h e  v a l u e  i t  r e t u r n s .  



F u n c t i o n  c a l l s  h a v e  t h e  s y n t a x :  

(-- (FUNCTIONNAME ARGFORMl ARGFORM2 ARGFORM3 ... ARGFORMn) 

where  FUNCTIONNAME i s  t h e  name o f  t h e  f u n c t i o n  t o  c a l l  and t h e  
ARGFORMs a r e  t h e m s e l v e s  f o r m s ,  w h i c h  a r e  e v a l u a t e d  t o  p r o d u c e  t h e  
a r g u m e n t s  t o  g i v e  t o  t h e  f u n c t i o n .  T h u s ,  t o  e v a l u a t e  ( i . e . ,  
t t e x e c u t e l l  a n d  f i n d  t h e  v a l u e  r e t u r n e d )  a  f o r m  l i k e :  

e v a l u a t e  t h e  i n n e r  f o r m  ( *  a  b )  t o  p r o d u c e  a  v a l u e  

e v a l u a t e  t h e  15 t o  p r o d u c e  15  ( r e m e m b e r ,  numbers  and  
s t r i n g s  e v a l u a t e  t o  t h e m s e l v e s )  

e v a l u a t e  t h e  v a r i a b l e  c  t o  p r o d u c e  i t s  v a l u e  

p a s s  t h e s e  t h r e e  y a l u e s  on t o  t h e  f u n c t i o n ,  and  
r e t u r n  wha t  i t  r e t u r n s .  

The n e w l i n e s  a r e  i g n o r e d .  

(1'' ,j T h u s ,  f o r m s  a r e  e i t h e r  numbers  l i k e  5 ,  s t r i n g s  l i k e  "ist t  , 
v a r i a b l e s  l i k e  b ,  o r  f u n c t i o n  c a l l s  l i k e  ( *  a  b ) .  

V a r i a b l e s  a r e  much l i k e  v a r i a b l e s  i n  o t h e r  l a n g u a g e s .  A 
v a r i a b l e  h a s  a  v a l u e ,  which  i s  c a l l e d  i t s  b i n d i n g .  A t  t h i s  
s t a g e ,  a s s u m e  t h a t  t h i s  v a l u e  mus t  be  a  s t r i n g  o r  a  number .  When 
a  f u n c t i o n  i s  i n v o k e d ,  t h e  p a r a m e t e r  v a r i a b l e s  ( l i k e  a ,  b ,  a n d  c  
a b o v e )  o f  t h e  f u n c t i o n  a c q u i r e  t h e  a r g u m e n t s  o f  t h e  f u n c t i o n  c a l l  
a s  b i n d i n g s .  E v a l u a t i n g  a  v a r i a b l e  p r o d u c e s  i t s  b i n d i n g  a s  a  
v a l u e .  F o r  i n s t a n c e ,  i f  s o m e p l a c e  i n  a  f u n c t i o n  you e v a l u a t e  t h e  
f o r m :  

( a d d a n d m u l t  2 ( +  3 2 )  6 )  

a ,  b ,  and c  w i l l  h a v e  t h e  b i n d i n g s  2 ,  5 ,  and 6  w h i l e  t h e  f o r m s  i n  
t h e  d e f i n i t i o n  o f  a d d a n d m u l t  a r e  b e i n g  e v a l u a t e d .  T h i s  i s  n o t  
u n l i k e  t h e  s u b r o u t i n e  p a r a m e t e r  mechanism i n  o t h e r  l a n g u a g e s .  I t  
i s  d i f f e r e n t  i n s o f a r  a s  i t  s p e c i f i e s  wha t  v a l u e  a  v a r i a b l e  h a s  
d u r i n g  " s u b r o u t i n e t 1  e x e c u t i o n .  I n  P L / I  o r  FORTRAN, a  p a r a m e t e r  
i s  a s s o c i a t e d  w i t h  a  v a r i a b l e  i n  t h e  c a l l i n g  p r o g r a m ,  n o t  a  
v a l u e ,  d u r i n g  s u b r o u t i n e  e x e c u t i o n .  

T h e r e  a r e  p a r a m e t e r  v a r i a b l e s ,  a s  u s e d  a b o v e ,  t e m p o r a r y  
( I v a r i a b l e s ,  d e s c r i b e d  b e l o w ,  and g l o b a l  v a r i a b l e s .  R e g a r d l e s s  o f  

t h e  k i n d  o f  v a r i a b l e ,  t h e y  a l l  - h a v e  b i n d i n g s  ( v a l u e s ) ,  and  
e v a l u a t i o n  o f  t h e  v a r i a b l e  p r o d u c e s  t h a t  v a l u e .  



To summarize: 
I 

1 

1 .  L i s p  programs a r e  b u i l t  o f  f u n c t i o n s .  - 1 1 
2 .  Func t ion  d e f i n i t i o n s  c o n s i s t  o f  t h e  word n d e f u n n ,  t h e  I 

f u n c t i o n ' s  name, a  pa ramete r  l i s t ,  and a  number o f  I 

f o r m s ,  which a r e  t o  be s e q u e n t i a l l y  e v a l u a t e d  a t  
f u n c t i o n  c a l l  t i m e ,  w i t h  a  p a i r  o f  p a r e n t h e s e s  around 
t h e  whole t h i n g .  i 

3 .  The v a l u e  o f  t h e  l a s t  form i n  a  f u n c t i o n  i s  t h e  v a l u e  I 

. I 
r e t u r n e d  by t h a t  f u n c t i o n .  I 

4 .  Forms can be s t r i n g s ,  numbers,  v a r i a b l e s ,  o r  c a l l s  t o  
f u n c t i o n s .  Forms a r e  e v a l u a t e d  t o  produce  v a l u e s ,  
which a r e  passed  between f u n c t i o n s  a s  a rguments  and 
r e s u l t s .  

5 .  S t r i n g s  and numbers e v a l u a t e  t o  t h e m s e l v e s .  

6 .  V a r i a b l e s  e v a l u a t e  t o  t h e  datum t o  which t h e y  a r e  
bound, which ,  f o r  a  p a r a m e t e r ,  i s  t h e  c o r r e s p o n d i n g  
argument t o  t h e  c o n t a i n i n g  f u n c t i o n .  

7 .  Func t ion  c a l l s  c o n t a i n  t h e  name o f  a  f u n c t i o n  t o  c a l l  I 

and forms t h a t  a r e  e v a l u a t e d  t o  produce  t h e  arguments  
t o  t h e  f u n c t i o n .  Func t ion  c a l l s  may p roduce  s i d e  
e f f e c t s .  Like  any form,  when a  f u n c t i o n  c a l l  i s  
e v a l u a t e d ,  i t  p roduces  a  v a l u e .  I 

i 

PREDICATES 

Programming l a n g u a g e s  need c o n d i t i o n a l  e x e c u t i o n .  In  o r d e r  
t o  c o n t r o l  c o n d i t i o n a l  e x e c u t i o n ,  you need t h i n g s  upon which t o  
b a s e  a  d e c i s i o n .  Two d a t a  o b j e c t s  i n  t h e  L i s p  world c o r r e s p o n d  
t o  t r u t h  and f a l s i t y ,  f o r  t h e  p u r p o s e s  of p a r t s  o f  t h e  L i s p  
sys tem t h a t  d e a l  w i t h  c o n d i t i o n s .  A s e t  of  f u n c t i o n s  c a l l e d  
p r e d i c a t e s  r e t u r n  t h e s e  o b j e c t s  a s  v a l u e s .  For i n s t a n c e ,  a  
f u n c t i o n  c a l l e d  invoked a s :  

r e t u r n s  t h e  i n d i c a t o r  o f  f a l s i t y ,  and when invoked a s :  

r e t u r n s  t h e  i n d i c a t o r  o f  t r u t h .  P r e d i c a t e s  work j u s t  l i k e  o t h e r  
b u i l t i n  and n o n b u i l t i n  f u n c t i o n s ,  l i k e  p r i n t ,  addandrnult ,  
s q u a r e p r i n t ,  and +. They t a k e  a rguments ,  and produce  a  r e s u l t .  
I n  t h e  c a s e  o f  p r e d i c a t e s . ,  however,  t h e  r e s u l t  i s  n o t  a  s t r i n g  o r  
a number, b u t  an i n d i c a t i o n  of  t r u t h  o r  f a l s i t y .  The r e s u l t  o f  a  
p r e d i c a t e  can be used b y  t h e  i f  s p e c i a l  form ( s e e  below) t o  ] 
c o n t r o l  t h e  e x e c u t i o n  o f  a  f u n c t i o n .  



The f o l l o w i n g  a r e  some o f  t h e  m o s t  u s e f u l  L i s p  p r e d i c a t e s .  
I n  a l l  o f  t h e s e  e x a m p l e s ,  A l ,  A2, S 1 ,  0 1 ,  e t c . ,  s t a n d  f o r  f o r m s ,  

(.- w h i c h  means  t h e y  c a n  be  1 2 ,  ( +  6 q ) ,  (myfun 33 ( -  a  b ) ) ,  e t c .  
" A 1  i s  a  n u m b e r , "  b e l o w ,  means t h a t  A1 i s  some f o r m  w h i c h  
e v a l u a t e s  t o  a  n u m b e r ,  s u c h  a s  3 ,  ( +  6 2 1 ,  o r  x 4 9 ,  i f  ~ 4 9 ' s  v a l u e  
i s  i n d e e d  a  number .  

P r e d i c a t e s  f o r  Numbers 

A 1  and  A2 a r e  numbers :  

p r e d i c a t e  Example R e t u r n s  TRUTH if  ..., o t h e r w i s e  f a l s i t y .  

- - ( =  A1 A2) A1 and A2 a r e  t h e  same number .  
> ( >  A1 A2) A1 i s  a  b i g g e r  number t h a n  A2. 
< ( <  A1 A2) A 1  i s  a s m a l l e r  number t h a n  A2. 

P r e d i c a t e s  - f o r  S t r i n g s  

S1 and  S 2  a r e  s t r i n g s :  

samepnamep 
(samepnamep S1 S 2 )  

S 1  and  S 2  a r e  s t r i n g s  o f  i d e n t i c a l  c o n t e n t ,  i . e . ,  t h e  
"same s t r i n g 1 ! .  T h i s  i s  t h e  s t a n d a r d  way t o  see i f  t w o  
s t r i n g s  a r e  t h e  s a m e ,  a s  i n  (sarnepnamep t e s t  " - h o l d f f )  

a l p h a l e s s p  
( a l p h a l e s s p  S1 S 2 )  

$1 c o l l a t e s  b e f o r e  S 2  a l p h a b e t i c a l l y ,  e . g . ,  
( a l p h a l e s s p  "Able f1  l l B a k e r f l )  r e t u r n s  t r u t h ,  b u t  
( a l p h a l e s s p  I1Zekew I f J o e " )  d o e s  n o t .  

P r e d i c a t e s  ' f o r  Any O b j e c t s  

0 1  i s  some o b j e c t ,  o f  p e r h a p s ;  unknown t y p e  ( o b j e c t s  a r e  
d i s c u s s e d  l a t e r ) :  

e q  ( e q  01 0 2 )  01 and  0 2  a r e  t h e  same symbol  
o r  t h e  same c o n s .  

f i x p  ( f i x p  0 1 )  01 i s  a  number ,  a s  o p p o s e d  t o  
some o t h e r  k i n d  o f  o b j e c t .  

s t r i n g p  ( s t r i n g p  0 1 )  0 1  i s  a  s t r i n g ,  a s  op.posed t o  
a n y t h i n , g  e l s e .  

s y m b o l p  ( s y m b o l p  0 1 )  01 i s  a s y m b o l ,  a s  o p p o s e d  t o  
a n y t h i n g  e l s e .  



n u l l  ( n u l l  0 1 )  0 1  i s  n o t  o n l y  a s y m b o l ,  b u t  
t h e  i m p o r t a n t  a n d  
c r i t i c a l  s y m b o l  named f f n i l u .  

L I S P  SPECIAL FORMS 

A n u m b e r  o f  s p e c i a l  f o r m s  i n  L i s p  d o  n o t  g o  b y  t h e  s i m p l e  
r u l e s  g i v e n  a b o v e .  You h a v e  a l r e a d y  s e e n  o n e .  T h e  
f u n c t i o n - d e f i n i n g  f o r m ,  w h i c h  b e g i n s  w i t h  t h e  w o r d  I 1 d e f u n f f ,  i s  
n o t  s i m p l y  a  f u n c t i o n  c a l l  w i t h  f o r m s  t o  p r o d u c e  t h e  f u n c t i o n f s  
a r g u m e n t s .  By a l l  r i g h t s ,  a  f o r m  l i k e :  

( d e f u n  s q u a r e  ( x )  
( *  x  X I )  

s h o u l d  e v a l u a t e ,  i n  o r d e r ,  t o  p r o d u c e  a r g u m e n t s  f o r  I 1 d e f u n f f :  

1 .  A v a r i a b l e  named u s q u a r e f l .  

2 .  T h e  f o r m ,  ( x ) ,  c a l l i n g  a  f u n c t i o n  named f f x t f  w i t h  n o  
a r g u m e n t s .  

3.  T h e  f o r m ,  ( *  x  x ) ,  m u l t i p l y i n g  t h e  v a l u e  o f  a  v a r i a b l e  
named " x W  b y  i t s e l f ,  

T h i s  f o r m  s h o u l d  t h e n  p a s s  t h e s e  t h r e e  v a l u e s  o n  t o  t h e  d e f u n  I 
f u n c t i o n .  T h i s ,  h o w e v e r ,  i s  n o t  w h a t  a c t u a l l y  h a p p e n s .  
E v a l u a t i n g  t h e  d e f u n  f o r m  c a u s e s  a  f u n c t i o n  named s q u a r e  t o  b e  

-1 1 

d e f i n e d ,  w h o s e  p a r a m e t e r  l i s t  a n d  "bodyI f  a r e  a s  g i v e n .  D e f u n  i s  I 

a  s p e c i a l  f o r m ,  a n d  when L i s p  sees  " d e f u n W  a s  t h e  f u n c t i o n  name  I 

i n  a  f o r m ,  i t  a c t s  i n  a s p e c i a l  way .  I n  t h i s  c a s e ,  L i s p  d e f i n e s  ~ 
a f u n c t i o n  b u i l t  o u t  o f  t h i s  f o r m  i t s e l f .  T h e  a b o v e  i s  n o t  a I - 
c a l l  t o  d e f u n  w i t h  a r g u m e n t s .  I t  may seem u n u s u a l ,  b u t  y o u  m u s t  
h a v e  a t  l e a s t  o n e  s u c h  s p e c i a l  f o r m  i n  o r d e r  t o  h a v e  a n  o p e r a t i v e  
L i s p  s y s t e m .  

T h e  i f  S p e c i a l  Fo rm 
I 

~ 
A s p e c i a l  f o r m  i n  t h e  M u l t i c s  Emacs  L i s p  e n v i r o n m e n t ,  c a l l e d  I 

i f ,  c o n t r o l s  c o n d i t i o n a l  e v a l u a t i o n .  An e x a m p l e  o f  i t s  u s e :  - 

( d e f u n  w h i c h - i s - g r e a t e r  ( f i r s t  s e c o n d )  
( i f  ( >  f i r s t  s e c o n d )  

( p r i n t  " T h e  f i r s t  o n e  i s  t h e  g r e a t e r . " )  
e l s e  
( i f  ( >  s e c o n d  f i r s t )  

( p r i n t  !?The s e c o n d  o n e  i s  g r e a t e r " )  
e l s e  
( p r i n t  " T h e y  a r e  e q u a l f f  1 )  



T h e  s y n t a x  o f  i f  i s  a s  f o l l o w s :  - 

( i f  <PREDICATE> 
<THEN-FORM-I> 
<THEN-FORM-2> ... 
<THEN-FORM-m> 

e l s e  
<ELSE-FORM-1> 
<ELSE-FORM-2> . . . 
<ELSE-FORM-n> ) 

Any n u m b e r ,  i n c l u d i n g  n o n e ,  o f  THEN-FORMS c a n  b e  s u p p l i e d .  
S i m i l a r l y ,  a n y  n u m b e r ,  i n c l u d i n g  n o n e ,  o f  t h e  ELSE-FORMS c a n  b e  
g i v e n .  I f  t h e r e  a r e  n o  ELSE-FORMS, t h e n  t h e  k e y w o r d  "e l se"  may 
b e  o m i t t e d ,  t o o .  

N o t e  t h a t  a l l  t h e  f o r m s  i n  t h e  i f  a r e  n o t  s e q u e n t i a l l y  
e v a l u a t e d ;  t h e  w o r d  e l s e  i s  n o t  e v e n  i n t e n d e d  t o b e  a  f o r m .  If  
a l l  o f  t h e  f o r m s  i n s i d e  t h e  i f  were e v a l u a t e d ,  i t  w o u l d  b e  
u s e l e s s ,  f o r  e v a l u a t i o n  w o u l d  n o t b e  c o n d i t i o n a l .  T h a t  i s  why i f  
i s  a  s p e c i a l  f o r m ;  t h e r e  a r e  s p e c i a l  r u l e s  a b o u t  how f o r m s  i n s i d e  
i t  a r e  t o  b e  e v a l u a t e d .  T h e  r u l e  f o r  a l l  n o n s p e c i a l  f o r m s  i s  t h e  
same: y o u  e v a l u a t e  a l l  t h e  s u b f o r m s  s e q u e n t i a l l y  t o  p r o d u c e  t h e  

(.. a r g u m e n t s  t o  t h e  f u n c t i o n .  E a c h  s p e c i a l  f o r m  h a s  i t s  own r u l e s .  
\ 

T h e  i f  s p e c i a l  f o r m  e v a l u a t e s  t h e  PREDICATE: i f  i t  r e s u l t s  
i n  t r u t h ,  t h e  THEN-FORMS a r e  s e q u e n t i a l l y  e v a l u a t e d ,  a n d  t h e  
v a l u e  o f  t h e  l a s t  o n e  i s  r e t u r n e d  a s  t h e  v a l u e  of t h e  i f .  
O t h e r w i s e ,  t h e  ELSE-FORMS a r e  e v a l u a t e d  s e q u e n t i a l l y ,  a n d  t h e  
v a l u e  of  t h e  l a s t  r e t u r n e d .  I f  t h e r e  a r e  n o n e ,  t h e  s y m b o l  n i l  
( s e e  b e l o w )  i s  r e t u r n e d ,  b u t  i s  u s e l e s s  i n  t h e s e  c a s e s .  

T h e r e  a r e  t w o  g l o b a l  v a r i a b l e s  i n  L i s p ,  c a l l e d  n t u  a n d  
I! n  i 1 ?t , w h o s e  b i n d i n g s  a r e  a l w a y s  t h e  t r u t h  a n d  f a l . s i t y  
i n d i c a t o r s ,  r e s p e c t i v e l y .  T h u s : .  

( i f  t 
( p r i n t  ? l T r u t h f f  

e l s e  
( p r i n t  " N o t  s o  t r u t h n ) )  

when e v a l u a t e d ,  a l w a y s  p r i n t s  ? ? T r u t h H .  



The s e t q  S p e c i a l  Form 

V a r i a b l e s  a c q u i r e  v a l u e s  by b e i n g  p a r a m e t e r s ,  and a c q u i r i n g  
v a l u e s  a t  f u n c t i o n  c a l l  time. I n  a d d i t i o n ,  v a r i a b l e  v a l u e s  c a n  

1 
b e  c h a n g e d  by t h e  s p e c i a l  f o r m  s e t q :  

( d e f u n  a d d e r - o f - o n e  ( x )  
( p r i n t  "The v a l u e  o f  x i s t1 )  
( p r i n t  x )  
("And t h e  v a l u e  o f  x p l u s  o n e  i s f 1 )  
( s e t q  x  ( +  x 1 ) )  
( p r i n t x ) )  " 

A s e t q  f o r m  h a s  t h e  word I 1 s e t q u ,  t h e  name o f  a  v a r i a b l e ,  and  a n  
i n s i d e  f o r m .  The i n s i d e  fo rm i s  e v a l u a t e d ,  and t h a t  v a l u e  
a s s i g n e d  t o  t h e  v a r i a b l e .  I t  i s  l i k e  an  a s s i g n m e n t  s t a t e m e n t  i n  
o t h e r  l a n g u a g e s .  

The  d o - f o r e v e r  and s t o p - d o i n g  S p e c i a l  Forms 

The c o n s t r u c t  f o r  l o o p i n g  i n  t h e  Emacs L i s p  e n v i r o n m e n t  i s  
a l s o  a  s p e c i a l  f o r m ,  c a l l e d  d o - f o r e v e r :  

( d o - f o r e v e r  
( p r i n t  llYay M u l t i c s w )  
( p r i n t  " s c i t l u M  y a y f 1 )  

When e v a l u a t e d ,  i t  p r i n t s  t h e s e  two  s a y i n g s  f o r e v e r .  The way you / 

s t o p  d o i n g  i n  a  d o - f o r e v e r  i s  t o  e v a l u a t e  t h e  s t o p - d o i n g  s p e c i a l  
f o r m :  

( d e f u n  p r i n t - n - t i m e s  ( n )  
( d o - f o r e v e r  

( i f  ( =  n  O ) ( s t o p - d o i n g ) )  
( p r i n t  " f o o l t )  
( s e t q  n  ( -  n 1 ) ) ) )  

T h i s  f u n c t i o n ,  g i v e n  a  number a s  a n  a r g u m e n t ,  p r i n t s  I1foo1l t h a t  
many t imes.  The " = I t  b u i l t i n  f u n c t i o n / p r e d i c a t e  c o m p a r e s  i t s  t w o  
a r g u m e n t s ,  w h i c h  m u s t  be  n u m b e r s ,  and r e t u r n s  t r u t h  o r  f a l s i t y  
d e p e n d i n g  on w h e t h e r  o r  n o t  t h e y  a r e  n u m e r i c a l l y  e q u a l .  The 
a r g u m e n t s  t o  = a r e  - n o t  n  and 0 ,  b u t  r a t h e r ,  t h e  numbers  t h a t  a r e  
t h e  b i n d i n g s  o f  n  a n d  0 .  The number which  i s  t h e  b i n d i n g  o f  n  i s  
d i f f e r e n t  e a c h  time a r o u n d  t h e  l o o p ;  t h a t  i s  t h e  p o i n t  o f  t h e  
p r o g r a m .  I t  i s  s e t q  t h a t  c h a n g e s  t h e  v a l u e  o f  n  e a c h  time 
a r o u n d ,  a s  d o - f o r e v e r  e x e c u t e s  t h e  l o o p .  A d o - f o r e v e r  f o r m  
g e n e r a l l y  r e t u r n s  s o m e t h i n g .  u s e l e s s  ( n i l ) ,  u n l e s s  you e x i t  by 
s a y i n g  ( r e t u r n  5 )  o r  ( r e t u r n  n i l ) ,  o r  ( r e t u r n  a ) .  I n  t h e  l a t t e r  
c a s e ,  t h e  v a l u e  o f  t h e  v a r i a b l e  a  i s  r e t u r n e d .  



The l e t  S p e c i a l  Form -- 
/ 

(..- You c a n  a c q u i r e  t e m p o r a r y  v a r i a b l e s  v i a  t h e  l e t  s p e c i a l  
f o r m :  - 

( d e f u n  s u m t i m e s d i f .  ( x  y )  
( l e t  ( ( s u m  ( +  x y ) )  

( d i f  ( -  x  y ) ) )  
( p r i n t  Ifsum times d i f f e r e n c e  i s  " 1  
( p r i n t  ( *  sum' d i f ) )  
( p r i n t  llSum s q u a r e d  is1') 
( p r i n t  ( *  sum s u m ) ) ) )  

T h i s  f u n c t i o n  h a s  two  t e m p o r a r y  v a r i a b l e s , ' s u r n  and  d i f ,  w h i c h  a r e  
i n i t i a l i z e d  t o  t h e  v a l u e s  o f  ( +  x y )  and  ( -  x  y ) .  The g e n e r a l  
s y n t a x  o f  l e t  i s :  

( l e t  ((VAR1 VAL11 
(VAR2 VAL2) 

( The t e m p o r a r y  v a r i a b l e s  VAR1. ..VARn e x i s t  o n l y  w i t h i n  t h e  
l e t .  They g e t  t h e  i n i t i a l  v a l u e s  o f  VAL1-VALn, which  a r e  f o r m s  
mt w i l l  b e  e v a l u a t e d .  A l l  t h e  V A L s  a r e  e v a l u a t e d  b e f o r e  a n y  o f  
t h e i r  v a l u e s  a r e  a s s i g n e d  t o  t h e  V A R s .  T h e n ,  w i t h  a l l  t h e s e  
t e m p o r a r y  v a r i a b l e s  s e t  up  and i n i t i a l i z e d ,  e a c h  FORMi i s  
e v a l u a t e d  s e q u e n t i a l l y ,  a n d  t h e  v a l u e  o f  t h e  l a s t  FORMi i s  
r e t u r n e d  by - l e t .  

The p r o g  and  go S p e c i a l  Forms - - 

A n o t h e r ,  l e s s  u s e f u l  way o f  a c q u i r i n g  t e m p o r a r y  v a r i a b l e s  i s  
v i a  t h e  s p e c i a l  f o r m  p r o g .  Forms . i n s i d e  a  p r o g  a r e  e v a l u a t e d  
s e q u e n t i a l l y ,  l i k e  f o r m s  i n  a  f u n c t i o n  d e f i n i t i o n .  However ,  t h e  
f i r s t  f o r m  i n  a p r o g  i s  n o t  r e a l l y  a  f o r m  a t  a l l ,  b u t  a  l i s t  o f  
t e m p o r a r y  v a r i a b l e s  u s e d  i n  t h e  p r o g ,  s u c h  a s  " ( a  b c ) " .  T h a t  i s  
why p r o g  i s  a  s p e c i a l  f o r m .  The v a l u e  r e t u r n e d  by p r o g  i s  
u s u a l l y  u s e l e s s ,  u n l e s s  ( r e t u r n  . . . I  i s  u s e d  t o  r e t u r n  s o m e t h i n g  
m e a n i n g f u l .  

I n s i d e  a  p r o g ,  you c a n  p u t  l a b e l s ,  t o  u s e  f o r  g o - t o ' s :  



( d e f u n  b a r 2  ( x  y )  
( p r o g  0 ; n o t e  t h e  e m p t y  v a r i a b l e  l i s t  

( i f  ( <  x y ) ( g o  l a b l ) )  
( p r i n t  I f X  i s  n o t  l e s s  t h a n  Y v )  
( r e t u r n  n i l )  ; r e t u r n  f f f a l s e f f  i n d i c a t i o n  

l a b l  
( p r i n t  l V s o  b e  i t  I f )  
( r e t u r n  t ) ) )  ; r e t u r n  " t r u e f f  i n d i c a t i o n  

I n  t h e  s p e c i a l  f o r m  - 9  g o  i t s  o p e r a n d  ( n o t  a r g u m e n t )  i s  a  l a b e l  t o  
w h i c h  t o  g o ,  i . e . ,  c o n t i n u e  s e q u e n t i a l  e v a l u a t i o n  o f  f o r m s  i n  t h e  
p r o g .  L a b e l s  a r e  r a r e l y  n e e d e d ,  d u e  t o  t h e  p o w e r f u l  - i f  a n d  
d o - f o r e v e r  c o n s t r u c t s .  

T h e  o r  And a n d  S p e c i a l ' F o r m s ,  And n o t  

T h e r e  a r e  s p e c i a l  f o r m s  f o r  o r - i n g  a n d  a n d - i n g  p r e d i c a t e  
r e s u l t s :  t h e y  a r e  s p e c i a l  b e c a u s e  t h e y  s t o p  e v a l u a t i n g  t h e i r  
o p e r a n d s  ( f r o m  w h i c h  a r g u m e n t s  a r e  p r o d u c e d )  when t h e y  "knowff  
t h e i r  a n s w e r  f o r  c e r t a i n :  

( i f  ( a n d  ( n o t  ( =  x  0 ) )  
( >  ( / /  10 x )  5 ) )  

( p r i n t  f f Q u o t i e n t  t o o  l a r g e . " ) )  

T h e  - n o t  f u n c t i o n  i n v e r t s  t r u t h  a n d  f a l s i t y .  T h e  d o u b l e  s l a s h  
i n d i c a t e s  d i v i s i o n ,  b e c a u s e  s l a s h  i s  t h e  e s c a p e  c h a r a c t e r  i n  
L i s p .  

T h e  a n d  d o e s  n o t  a t t e m p t .  t o  e v a l u a t e  t h e  s e c o n d  f o r m  w i t h i n  
i t  i f  t h e i r s t  p r o d u c e s  f a l s i t y .  T h i s  p r e v e n t s  a n  e r r o r  t h a t  
w o u l d  r e s u l t  i f  a n  a t t e m p t  were made t o  d i v i d e  b y  z e r o .  
S e q u e n t i a l  e x e c u t i o n  a n d  s t o p p i n g  a t  a n  i n t e r m e d i a t e  r e s u l t  a r e  
d e f i n e d  a n d  u s e f u l  f e a t u r e s  h e r e ,  a s  o p p o s e d  t o  t h e  l o g i c a l  
o p e r a t o r s  o f ,  s a y ,  PL/I. 

T h e  p r o g n  a n d  p r o g 2  S p e c i a l  F o r m s  

Two m o r e  s p e c i a l  f o r m s  a r e  p r o g n  a n d  p r o g 2 .  To f o r c e  
s e q u e n t i a l  e x e c u t i o n  o f  f o r m s  a n d  r e t u r n  t h e  v a l u e  o f  t h e  l a s t ,  
u s e  p r o g n .  F o r  i n s t a n c e :  

( i f  ( a n d  ( >  x  3 )  
( p r o g n  ( p r i n t  IfOh d e a r  t h i s  i s  g e t t i n g  s e r i o u s f f )  

0 y  5 ) )  
( p r i n t  " F a t a l  d i f f i c u l t y f f )  1 )  

I n  t h e  a b o v e ,  p r o g n  r e t u r n s  t h e  v a l u e  o f  i t s  l a g t  f o r m .  T h u s ,  
t h e  - a n d  t e s t s  w h e t h e r  x i s  g r e a t e r  t h a n  3 ,  a n d  y i s  g r e a t e r  t h a n  
5 ,  b e f o r e  t h e  " p r i n t w  o f  " F a t a l  d i f f i c u l t y M  i s  e v a l u a t e d .  T h e  
p r i n t i n g  o f  "Oh d e a r . . . "  o c c u r s  a s  p a r t  o f  t h e  e v a l u a t i o n  o f  t h e  



p r o g n ,  b u t  t h e  and s e e s  o n l y  t h e  s e c o n d  v a l u e  i n  t h e  p r o g n .  The 
p r o g n  i s  u s e d  t o  f o r c e  e v a l u a t i o n  o f  t h e  p r i n t  f o r m .  

' .- 

A p r o g 2  i s  ~ ~ s t  l i k e  p r o g n ,  e x c e p t  t h a t  i t  r e t u r n s  i t s  
s e c o n d  a r g u m e n t ,  e v a l u a t e d ,  r a t h e r  t h a n  i t s  l a s t .  I t  m u s t  h a v e  
a t  l e a s t  two  a r g u m e n t s .  I t  i s  u s e f u l  f o r  s a v i n g  some v a l u e  t h a t  
i s  s u b s e q u e n t l y  g o i n g  t o  b e  d e s t r o y e d .  The f o l l o w i n g  f o r m ,  when 
e v a l u a t e d ,  i n t e r c h a n g e s  t h e  v a l u e s  o f  x  and y :  

( s e t q  x ( p r o g 2  0 ; t h i s  z e r o  i s  e v a l u a t e d  t o  0 ,  
; and i t s  v a l u e  t h r o w n  away.  

Y ; t h e  v a l u e  o f  y i s  o b t a i n e d  h e r e ,  
; and reriiembered a s  i t  i s  h e r e .  

( s e t q  y X I ) )  ; x i s  e v a l u a t e d ,  and t h a t  v a l u e  
; a s s i g n e d  t o  y .  The v a l u e  o f  
; s e t q  f o r m  i s  t h a t  v a l u e .  

I n  t h e  a b o v e ,  h o w e v e r ,  t h e  v a l u e  o f  p r o g 2  i s  t h a t  v a l u e  o f  y a s  
i t  was b e f o r e  i t  was a s s i g n e d  i n t o  y ,  and  now t h e  o u t e r  s e t q  
a s s i g n s  t h a t  t o  x .  

SYMBOLS 

- A n o t h e r  t y p e  o f  d a t a  o b j e c t  i n  L i s p  i s  c a l l e d  t h e  s y m b o l .  
S y m b o l s  a r e  named d a t a  o b j e c t s  k e p t  i n  a  r e g i s t r y  o f  s y m b o l s ,  by 

( L i s p .  F o r  c u r r e n t  p u r p o s e s ,  t h e r e  i s  o n l y  o n e  symbol  o f  a n y  
name. Symbols  a r e  u s e d  i n  Emacs t o  r e p r e s e n t  b u f f e r  names ,  a n d  
v a r i o u s  q u a n t i t i e s  a s s o c i a t e d  w i t h  b u f f e r s .  L i s p  uses s y m b o l s  t o  
k e e p  t r a c k  o f  f u n c t i o n s ,  qnd i n t e r n a l l y  t o  k e e p  t r a c k  o f  g l o b a l  
v a r i a b l e s .  

To u s e  a  symbol  i n  a  p r o g r a m ,  g i v e  t h e  name o f  t h e  symbol  
p r e c e d e d  by t h e  ASCII q u o t e  c h a r a c t e r ,  . F o r  i n s t a n c e ,  t h e  
f o r m :  

( s e t q  x ' B r u n h i l d e )  

a s s i g n s  t h e  symbol  named B r u n h i l d e  t o  x .  Note  t h a t  t h i s  i s  
d i f f e r e n t  f r o m :  

( s e t q  x  " B r u n h i l d e " )  

w h i c h  a s s i g n s  t h e  string B r u n h i l d e  t o  x ,  and  f r o m :  

( s e t q  x  B r u n h i l d e )  

w h i c h  a s s i g n s  t h e  v a l u e  o f  t h e  v a r i a b l e  B r u n h i l d e  t o  x .  



L I S P  LISTS  ' 
T h e  f i n a l  L i s p  d a t a  t y p e  o f  i m p o r t a n c e  i n  w r i t i n g  e x t e n s i o n s  .>\ 

i s  t h e  c o n s  ( f o r  c o n s t r u c t ) ,  a n d  t h e  l a r g e r  d a t a  t y p e  b u i l t  o u t  
o f  i t ,  t h e  l i s t .  A c o n s  i s  a  b l o c k  t h a t  r e l a t e s  t o  two ( u s u a l l y  
o t h e r )  o b j e c t s  i n  t h e  e n v i r o n m e n t ,  known a s  i t s  - c a r  a n d  i t s  - c d r .  
T h e  f u n c t i o n  c o n s ,  g i v e n  t w o  o b j e c t s ,  p r o d u c e s  a  new c o n s ,  w h o s e  
c a r  a n d  c d r ,  r e s p e c t i v e l y ,  a r e  t h e  t w o  o b j e c t s  g i v e n .  F o r  
i n s t a n c e ,  i f  t h e  v a r i a b l e  x  h a s  a  v a l u e  o f .  t h e  s t r i n g  
l f B r u n h i l d e f f  , a s  a b o v e ,  t h e n  : 

( c o n s  7 x )  - I 

p r o d u c e s  a  c o n s  w h o s e  c a r  i s  t h e  number  7 a n d  w h o s e  c d r  i s  t h e  
s t r i n g  l l B r u n h i l d e t f ,  r e t u r n i n g  i t  a s  a  v a l u e .  T h e  f u n c t i o n s  c a r  - 1 
a n d  c d r  c a n  b e  u s e d  t o  o b t a i n  t h e  c a r  a n d  c d r  o f  a  c o n s .  If y o u  I 

s e t  t h e  v a r i a b l e  c t o  t h e  r e s u l t  o f  t h e  f o r m  ( c o n s  7 x )  a b o v e ,  
t h e n  : 1 

( c a r  c )  I 

p r o d u c e s  t h e  number  7 a s  a  v a l u e .  

U s u a l l y ,  you  make  l a r g e r  a n d  l a r g e r  s t r u c t u r e s  o u t  o f  
c o n s e s ,  by  s e t t i n g  u p  c o n s e s  w h o s e  c a r  a n d  c d r  a r e  m o r e  c o n s e s ,  
a n d  s o  f o r t h ,  u n t i l  y o u  h a v e  a  l a r g e  e n o u g h  s t r u c t u r e  t o  
r e p r e s e n t  a l l  t h e  v a l u e s  y o u  n e e d .  T h e  r e s u l t i n g  c o n s t r u c t i o n  .) 
s e r v e s  t h e  s a m e  p u r p o s e  a s  a  P L / I  s t r u c t u r e :  i t s  v a r i o u s  p a r t s  
h a v e  m e a n i n g  a s s i g n e d  b y  t h e  p r o g r a m m e r .  

T h e  m o s t  common c o n s t r u c t i o n  o f  c o n s e s  i s  t h e  l i s t .  A l i s t  
i s  d e f i n e d  a s  a  c h a i n  of c o n s e s ,  e a c h  o f  w h i c h  h a s  t h e  n e x t  o n e  
i n  t h e  c h a i n  a s  i t s  c d r ,  e x c e p t  t h e  l a s t  o n e ,  w h i c h  h a s  t h e  
s y m b o l  l f n i l f 1  a s  i t s  c d r .  A l i s t  b u i l t  i n  t h i s  way o f  n  c o n s e s  i s  
c a l l e d  a l i s t  o f  n  e l e m e n t s ,  t h e  e l e m e n t s  b e i n g  t h e  n  o b j e c t s  
t h a t  a r e  t h e  c a r s  o f  t h e  c o n s e s .  T h e  c o n s  a t  t h e  h e a d  o f  t h e  
l i s t  i s  i d e n t i f i e d  a s  b e i n g  I f t h e  l i s t f f :  i t s  c a r  i s  t h e  f i r s t  
e l e m e n t  i n  t h e  l i s t ,  i t s  c d r  i s  t h e  c o n s  w h o s e  c a r  i s  t h e  s e c o n d  
e l e m e n t  o f  t h e  l i s t ,  a n d  s o  f o r t h .  To  c o n s t r u c t  a  l i s t  o f  t h e  
n u m b e r s  2 ,  4 ,  5 ,  a n d  7 ,  i n  t h a t  o r d e r ,  a n d  s e t  t h e  v a r i a b l e  b t o  
i t ,  y o u  w o u l d , n e e d :  

( s e t q  b  ( c o n s  2 ( c o n s  4  ( c o n s  5  ( c o n s  7 n i l ) ) ) ) )  * 1 
I 

( N o t e  t h a t  t h e  v a r i a b l e  l f n i l t f  i s  p e c u l i a r  i n s o f a r  a s  i t s  v a l u e  i s  
a l w a y s  t h e  s y m b o l  t f n i l l f ,  t h u s  you  n e e d  n o t  s a y  ' n i l . )  

A f u n c t i o n  t h a t  * s i m p l i f i e s  t h e  w r i t i n g  o f  s u c h  f o r m s ,  f o r  
c o n s t r u c t i n g  l i s t s ,  b u i l d s  l i s t s  d i r e c t l y  a n d  a c c e p t s  a n y  number  
o f  a r g u m e n t s .  I t  p r o d u , c e s  t h e  s a m e  r e s u l t  a s  t h e  t y p e  o f  1 
c o n s t r u c t i o n  shown  a b o v e .  I t  i s  c a l l e d  " l i s t f f :  



( s e t q  b  ( l i s t  2  4 5 7 ) )  

( I  To g e t  t h e  t h i r d  e l e m e n t  o f  t h e  l i s t ,  o n c e  t h i s  f o r m  i s  
e v a l u a t e d ,  you c o u l d  e v a l u a t e  t h e  f o r m : .  

( c a r  ( c d r  ( c d r  b ) ) )  

( i . e . ,  t h e  c a r  o f  t h e  c o n s  t h a t  i s  t h e  c d r  o f  t h e  c o n s  t h a t  i s  
t h e  c d r  o f  t h e  c o n s  t h a t  i s  t h e  v a l u e  o f  b ) .  A g a i n ,  t h e r e  a r e  
L i s p  f u n c t i o n s  t o  s i m p l i f y  s u c h  c o n s t r u c t i o n s .  The a b o v e  f o r m  i s  
e q u i v a l e n t  t o :  

( c a d d r  b )  

I n  g e n e r a l ,  f o r  up t o  4 c a r s  a n d  c d r s  d e e p ,  t o t a l ,  f u n c t i o n s  l i k e  
c a d r ,  c d a r ,  c a d d r ,  c a d a r ,  and s o  f o r t h ,  a r e  p r o v i d e d  ( u p  t h r o u g h  
c a a a a r  and c d d d d r ) .  The f i r s t  f o u r  e l e m e n t s  o f  a  l i s t  a r e  g o t t e n  
by c a r ,  c a d r ,  c a d d r ,  and  c a d d d r  ( i t  i s  a  good e x e r c i s e  t o  work 
t h a t  t h r o u g h  and  v e r i f y  why t h i s  i s  t h e  c a s e ) .  

When l i s t s  a r e  p r i n t e d  o u t  by L i s p ,  t h e y  a r e  r e p r e s e n t e d  a s  
a  p a i r  o f  p a r e n t h e s e s  a r o u n d  t h e  p r i n t e d  r e p r e s e n t a t i o n s  o f  a l l  
o f  t h e  e l e m e n t s ,  i n  s e q u e n c e ,  s e p a r a t e d  by s p a c e s .  T h u s ,  i f  L i s p  
p r i n t e d  o u t  t h e  l i s t  t h a t  was b f s  v a l u e  a b o v e ,  i t  would a p p e a r :  

( 2  4 5 7 )  

A c o n s  whose c d r  i s  t h e  symbol  n i l  c a n  a l w a y s  b e  v iewed  a s  a  l i s t  
o f  o n e  i t em,  a n d  i s  s o  p r i n t e d  o u t  by L i s p ,  u n l e s s .  i t  i s  i n  t h e  
p r o c e s s  o f  p r i n t i n g  a  l a r g e r  l i s t  o f  which  t h e  c o n s  a t  i s s u e  i s  a  
c h a i n - l i n k .  A c o n s  whose c d r  i s  n e i t h e r  n i l  n o r  a n o t h e r  c o n s  i s  
p r i n t e d  w i t h  a  d o t  p r e c e d i n g  t h e  c d r .  Thus :  

( c o n s  ' a  ' b )  => ( a  . b )  
( c o n s  ' a  n i l )  = >  ( a )  ; a  l i s t  o f  o n e  e l e m e n t  
( c o n s  ' a  ( c o n s  Ib ' c ) )  => ( a  b  . c )  
( c o n s  ' a  ( c o n s  ' b  n i l ) )  = >  ( a  b) ; l i s t  o f  two  e l e m e n t s  
( c o n s  ' a  ( c o n s  ( c o n s  ' b  ' c ) ( c o n s  ' d  n i l ) ) )  

=> ( a  ( b  . c )  d )  ; l i s t  o f  t h r e e  e l e m e n t s  

Lists c a n  b e  p u t  i n t o  p r o g r a m s ,  by q u o t i n g  t h e m ,  a s  s y m b o l s  
a r e  q u o t e d :  

( s e t q  b l  ' ( t h i s  i s  ( a  l i s t ) ( o f  l i s t s ) ) )  



Two f u n c t i o n s  a r e  p r o v i d e d  t o  r e d e f i n e  t h e  c a r  o r  c d r  o f  a n  
e x i s t i n g  c o n s .  They c a n  b e  v e r y  d a n g e r o u s  i f  m i s u s e d ,  e s p e c i a l l y  ;1) 
i f  t h e y  a l t e r  a  l i s t  a s  i n  t h e  f o r m  a b o v e ,  w h i c h  i s  w r i t t e n  i n t o  

. a p r o g r a m  a s  a  c o n s t a n t .  The r p l a c a  f u n c t i o n  ( r e p l a c e  c a r )  and  
t h e  r p l a c d  f u n c t i o n  ( r e p l a c e  c d r )  e a c h  t a k e  two a r g u m e n t s .  The 
f i r s t  i s  t h e  c o n 3  t h a t  i s  t o  be  a l t e r e d ,  and t h e  s e c o n d  i s  t h e  
new c a r  o r  new c d r ,  r e s p e c t i v e l y .  The r e t u r n e d  v a l u e  i s  t h e  c o n s  
i t s e l f .  



SECTION 3 

WRITING EMACS EXTENSIONS 

The starting point for writing extensions is building 
functions out of those.provided in the Emacs Lisp environment, 
and hooking them up to keys. The Emacs set-key and 
set-permanent-key extended requests can connect keys to Lisp 
functions that you provide, as well as to the standard requests 
and keyboard macros. 

Many simple and useful extensions are just groups of Emacs 
requests strung together. For instance, to go to the beginning 
of a line, delete all whitespace there, go to the end of the 
line, do the same, and then return to the beginning of the line, 

( ... you could type: 

"A ESC \ "E ESC \ "A 

Alternatively, you could write a function, called shave-line 
here, to do the same: 

(defun shave-line 0 ;keystroke functions take no args. 
(go-to-beginning-of-line) 
(delete-white-sides) 
(go-to-end-of-line) 
(delete-white-sides) 
(go-to-beginning-of-line)) 

Write this function into a file. When in Emacs, type ESC X 
loadfile PATHNAME CR, to load it in as code. Then hook it up, 
perhaps by typing: 

ESC X set-key "XA shave-line CR 

Thereafter, hitting "XA causes the chosen sequence of actions to 
happen. 

To use conditionals and variables, you might, for example, 
(+. want a function that goes to the beginning of a line and deletes 

all words that start with nfoow from the beginning of the line. 



( % i n c l u d e  e - m a c r o s )  

( d e f u n  f o o d e l e t e r  ( 1  
( g o - ' t o - b e g i n n i n g - o f - l i n e )  
( d o - f o r e v e r  

( i f  ( l o o k i n g - a t  " f o o l 1 )  
( d e l e t e - w o r d )  
( d e l e t e - w h i t e - s i d e s )  

e l s e  ( s t o p - d o i n g ) ) ) )  

T h e  ( % i n c l u d e  e - m a c r o s )  m u s t  b e  a t  t h e  b e g i n n i n g  o f  a n y  f i l e  t h a t  
u s e s  t h e  Ernacs e n v i r o n m e n t  L i s p  m a c r o s .  T h e  e - m a c r o s . i n c l . l i s p  
f i l e  s h o u l d  b e  i n  y o u r  l l t r a n s l a t o r l l  s e a r c h  p a t h  i n  . o r d e r  t o  d o  
a n y  Emacs  e x t e n s i o n  d e v e l o p m e n t  w o r k .  

What  t h i s  f u n c t i o n  d o e s  i n  e s s e n c e  i s  t y p e  " A ,  a n d  a s  l o n g  
a s  t h e  f i r s t  t h r e e  c h a r a c t e r s  o n  t h e  l i n e  a r e  ! ' f ~ o ~ ~ ,  d o e s  a n  ESC 
D ,  f o l l o w e d  b y  ESC \ t o  r e m o v e  t h e  w h i t e s p a c e  a f t e r  t h e  w o r d .  
When t h e  f i r s t  t h r e e  c h a r a c t e r s  a r e  n o  l o n g e r  l l f o o l l ,  i t  r e t u r n s .  
T h e  " l o o k i n g - a t "  i s  a n  Emacs  p r e d i c a t e  ( t o  b e  d e s c r i b e d  i n  d e t a i l  
b e l o w )  t h a t  t e s t s  w h e t h e r  a  g i v e n  s t r i n g  i s  t o  t h e  r i g h t  o f  t h e  
c u r r e n t  l l c u r s o r l l .  F o r  t h i s  f u n c t i o n  a n d  a n y  o t h e r s  t h a t  y o u  
w r i t e ,  y o u  c o u l d  s e t  a  k e y  a s  d e s c r i b e d  a b o v e  ( " X A  f o r  
s h a v e - l i n e ) .  

T h e  c o d e  f o r  t h e  f o o d e l e t e r  m a k e s  n o  m e n t i o n  o f  p r i n t i n g ,  
o u t p u t ,  o r  d i s p l a y s  b e c a u s e  i t  d o e s  n o t  n e e d  t o .  T h e  s c r e e n  o r  
p r i n t i n g  t e r m i n a l  i s  m a n a g e d  a u t o m a t i c a l l y  b y  t h e  Emacs  
r e d i s p l a y .  T h e  d i s p l a y  n e e d  n e v e r  b e  t h o u g h t  a b o u t  i n  c o d i n g  
Emacs  e x t e n s i o n s .  

U S I N G  EMACS REQUESTS I N  EXTENSION C O D I N G  . - 
Many o f  t h e  Emacs  r e q u e s t s  c a n  a n d  s h o u l d  b e  u s e d  i n  c o d i n g  

e x t e n s i o n s ,  f o r  e x a m p l e ,  g o - t o - e n d - o f - l i n e ,  f o r w a r d - c h a r ,  
g o - t o - b e g i n n i n g - o f - b u f f e r ,  d e l e t e - w o r d  a n d  s k i p - o v e r - i n d e n t a t i o n .  
Some r e q u e s t s ,  h o w e v e r ,  s h o u l d  n o t  b e  u s e d  i n  e x t e n s i o n  c o d e .  
F o r  e x a m p l e ,  i f  y o u  w a n t  t o  s e a r c h  f o r  s o m e  s t r i n g ,  y o u  d o  n o t  
w a n t  t o  i n v o k e  s t r i n g - s e a r c h  ( ^ S ) ,  s i n c e  t h a t  p r o m p t s  t h e  u s e r  i n  
t h e  m i n i b u f f e r  f o r  a s e a r c h  s t r i n g .  T h e  f o l l o w i n g  t a b l e  l i s t s  
s o m e  i m p o r t a n t  k e y s t r o k e  r e q u e s t s  w h o s e  command n a m e s  y o u  s h o u l d  
n o t  u s e  a n d  g i v e s  a l t e r n a t i v e  f u n c t i o n s  t o  u s e .  

KEY DO NOT USE USE INSTEAD 

^ N  n e x t - l i n e - c o m m a n d  n e x t - l i n e  
T h e  n e x t - l i n e - c . o m m a n d  f u n c t i o n  i s  u n n e c e s s a r i l y  
e x p e n s i v e  i n  c o n s i d e r i n g  s c r e e n  p o s i t i o n ,  a n d  h a n d l e s  
n u m e r i c  a r g u m e n t s .  T h e  n e x t - l i n e  f u n c t i o n  a l w a y s  g o e s  
t o  t h e  b e g i n n i n g  o f  t h e  n e x t  l i n e .  



"P prev-line-command prev-line 
Same reasons as above. The prev-line function always 
goes to the previous line. 

^K kill-lines kill-to-end-of-line 
delete-char (at eol) 

The kill-lines function is complex, has many cases, and 
handles numeric arguments. 

AS string-search forward-search 
The forward-search function takes a string as a Lisp 
argument, does not prompt, moves the cursor if the 
search succeeds, and returns truth or falsity to 
indicate result. 

A R reverse-string-search reverse-search 
Same as ^S. 

^XAR read-file read-in-file 
The read-in-file function takes a Lisp argument for 
pathname, does not prompt. 

"X*W write-file 
Same as "XAR. 

write-out-file 

A W wipe-region wipe-point-mark 
Use local marks, see below. 

ESC / regexp-search-command regexp-search 
Same issues as "S. Takes a Lisp argument, no slashes. 
Returns falsity if not found or moves cursor to after, 
and returns mark to before, matched string. Be careful 
to release this mark (see below). 

^XB select-buffer go-to-or-create-buffer 
Takes an argument,does not prompt. 

^XAF find-file find-file-subr 
Takes an argument, does not prompt. 

.Requests that accept a positive numeric argument as meaning 
repeat that number of times, e.g., "B, "D, "F, ESC B, ESC D, ESC 
F ,  !I, ESC # ,  etc., are acceptable in extensions; they do not 
inspect their arguments. They are invoked multiple times by the 
Emacs listener if appropriate. Requests whose names include the 
word "commandn (other than " G ,  command-quit) are usually not 
intended to be used in code. 



T h e  v a l u e  o f  a n u m e r i c  a r g u m e n t ,  e . g . ,  5 i n  ESC 5 ^B, i s  
a v a i l a b l e  a s  t h e  b i n d i n g  o f  t h e  g l o b a l  v a r i a b l e  l l n u m a r g f l ;  i f  n o  
n u m e r i c  a r g u m e n t  i s  g i v e n ,  t h i s  v a r i a b l e  i s  s e t  t o  t h e  s y m b o l  
11 n  i 1 II ( n o t  t o  b e  c o n f u s e d  w i t h  t h e  g l o b a l  v a r i a b l e  n i l ,  w h o s e  
b i n d i n g  i s  t h e  s y m b o l  n i l ) ,  w h i c h  i s  t h e  r e p r e s e n t a t i o n  o f  
f a l s i t y .  T h e  d e f c o m  f a c i l i t y ,  d i s c u s s e d  l a t e r ,  c a n  b e  u s e d  t o  
a d v a n t a g e  a s  wel l .  

T h e  n o r m a l  p r i n t i n g  c h a r a c t e r s  a r e  b o u n d  t o  t h e  s e l f - i n s e r t  
f u n c t i o n ,  w h i c h  i n s e r t s  t h e  l a s t  p h y s i c a l  c h a r a c t e r  t y p e d  a t  t h e  
c u r r e n t  p o i n t  i n  t h e  b u f f e r .  T h i s  i s  c l e a r l y  u n u s a b l e  f r o m  c o d e ,  
i f  y o u r  d e s i r e  i s  t o  i n s e r t  t e x t  i n t o  t h e  b u f f e r .  F o r  t h i s  
p u r p o s e ,  t h e  Emacs  e n v i r o n m e n t  p r o v i d e s  t h e  i n s e r t - s t r i n g  
f u n c t i o n ,  w h o s e  a r g u m e n t  i s  a  s t r i n g  t o  b e  i n s e r t e d  i n t o  t h e  
b u f f e r  a t  t h e  c u r s o r .  A s  i n  t y p i n g  i n  t e x t  m a n u a l l y ,  t h e  c u r s o r  
i s  l e f t  a f t e r  t h e  i n s e r t e d  t e x t :  

( d e f u n  m a k e - a - p o i n t  0 
( g o - t o - b e g i n n i n g - o f - l i n e )  
( i n s e r t - s t r i n g  IICASE I N  POINT: " > >  

T h i s  m a k e - a - p o i n t  f u n c t i o n ,  when i n v o k e d ,  g o e s  t o  t h e  
b e g i n n i n g  o f  t h e  l i n e ,  a n d  i n s e r t s  t h e  s t r i n g  "CASE IN POINT: 
i n  t h e  b u f f e r .  T h e  c u r s o r  i s  l e f t  a f t e r  t h e  i n s e r t e d  s t r i n g .  

A s  u s e d  h e r e ,  p h r a s e s  l i k e ,  " t h e  c u r s o r  i s  moved a r o u n d w  o r  
" a  s t r i n g  i s  i , n s e r t e d u  i n  a  f u n c t i o n ,  d o  n o t  i m p l y  t h a t  t h e  u s e r  
w a t c h i n g  t h e  s c r e e n  c a n  see  a l l  t h e s e  t h i n g s  h a p p e n .  No a c t i o n  
o n  t h e  s c r e e n  o c c u r s  u n t i l  t h e  e n t i r e  f u n c t i o n  h a s  f i n i s h e d  
r u n n i n g ,  a t  w h i c h  time t h e  s c r e e n  i s  u p d a t e d  a l l  a t  o n c e ,  s h o w i n g  
t h e  c u m u l a t i v e  e f f e c t  o f  w h a t  h a s  h a p p e n e d ,  r e g a r d l e s s  o f  how i t  
h a p p e n e d .  

M A R K S  - A N D  THEIR MANAGEMENT 

L i k e  t h e  c u r s o r ,  a  m a r k  i s  a  c o n c e p t u a l  p o i n t e r  t o  t h e  
p o s i t i o n  b e t w e e n  t.wo c h a r a c t e r s  i n  t h e  c u r r e n t  b u f f e r .  M a r k s  
r e m a i n  b e t w e e n .  t h e s e  t w o  c h a r a c t e r s  r e g a r d l e s s  o f  o t h e r  
i n s e r t i o n s  o r  d e l e t i o n s  i n  t h e  same b u f f e r ,  e v e n  o n  t h e  same l i n e  
a s  t h e  m a r k .  M a r k s  a r e  v a l u a b l e  b e c a . u s e  r e g i o n s  o f . t e x t  i n  t h e  
b u f f e r  a r e  s p e c i f i e d  a s  t h e  e x t e n t  b e t w e e n  t h e  c u r r e n t  c o n c e p t u a l  
c u r s o r ,  ( t h e  p o i n t ) ,  a n d  a  g i v e n  m a r k .  M a r k s  a r e  a t y p e  o f  d a t a  
o b j e c t  i n  t h e  Emacs  L i s p  e n v i r o n m e n t ,  l i k e  s t r i n g s ,  n u m b e r s ,  a n d  
s y m b o l s .  T h e  v a l u e  o f  a n y  v a r i a b l e  c a n  b e  made  t o  b e  a  m a r k .  
T h e  v a l u e  o f  s e v e r a l  v a r i a b l e s  m i g h t  e v e n  b e  t h e  same m a r k .  T h e  
w o r d s  " t h e - m a r k n  u s e d  i n  Emacs  d e s c r i p t i o n s  d e s i g n a t e  o n e  m a r k  
t h a t  i s  t h e  v a l u e  o f  a  g l o b a l  v a r i a b l e  t h a t  many s u p p l i e d  
f u n c t i o n s  know a b o u t .  Emacs  f u n c t i o n s  u s e  many t e m p o r a r y  m a r k s .  



The set-mark, release-mark and wipe-point-mark Functions - 
The set-mark function creates a new mark, which points to 

the current point in the current buffer. It stays around, and is 
updated by the editor, any time text is inserted or deleted in 
this buffer. This is expensive, so you must take care, to 
discard, or release marks when you are done using them. This is 
done by giving them to the release-mark function. An example of 
a function which deletes three words and everything between them 
follows: 

(defun delete-three-words ( )  
(let ((temp-mark (set-mark))) ;make a mark in 

;a temp var. 
(do-times 3 (forward-word)) ; 3  words forward 
(wipe-point-mark temp-mark) ;wipe out the stuff 

;between point and 
;where point was. 

(release-mark temp-mark))) 

The variable temp-mark is set to a mark representing the point at 
the time delete-three-words is entered. The Itdo-timesn is a 
special form that repeats the evaluation of one or more forms a 

. given number of times. Its syntax is: 

(do-times <HOWMANY> <FORMI> <FORM2> .. <FORMn>) 
(>. The wipe-point-mark is a function that, given a mark, takes all 

the text between point at the time it is invoked and that mark 
(i.e., point at the time that mark was created) and deletes it 
from the buffer. It is, however, pushed on to the kill ring, so 
that ^Y can be used to retrieve it. If you do not want it pushed 
onto the kill ring, use: 

(without-saving (wipe-point-mark temp-mark)) 

instead of: 

(wipe-point-mark temp-mark) 

and no saving occurs. After the computation, the mark is freed, 
(for better performance). 

The with-mark Special Form - - 
The sequence of setting a mark, using it, and releasing it 

is so common that a special construct in the Emacs Lisp 
environment is provided that takes care of all of this, including 
the creation of a temporary variable, so no - 
needed. It is called with-mark. The dele 5= e-three-words Or let is 
function, rewritten to use it, looks like this: 

(. 



(defun delete-three-words 0 1 
(with-mark m ;m is usually used for the name of a mark 

(do-times 3 (forward-word)) 
(wipe-point-mark m))) 

The syntax of the with-mark construct is: 1 

(with-mark <MARKNAME> 
<FORM1 > 
<FORM2> 

It means: "Where I am now, call that <MARKNAME>. Evaluate the 
forms <FORMI> to <FORMn>, sequentially, returning the value of - I 

the last one as a value. Before returning anything, however, 
free the mark I made." 

Marks allow you to return easily to where you were at the 
time you started something. The following function truncates a 
line longer than 50 print positions, and handles backspaces and 
tabs properly: 

(defun trunc-50 0 
(with-mark m ;remember where you started 

(go-to-end-of-line) 
(if ( >  (cur-hpos) 50.) ;dot is for decimal 

;default is octal 
1 

(go-to-~POS 50.) 
(kill-to-end-of-line)) ;what ^ K  does at not e.o.1. 

(go-to-mark m))) ;return to where you were 

A function that tells you the horizontal position (on a 
dprint, not on the screen) of the current point is cur-hpos (the ~ 
left margin is considered to be 0). It takes no arguments. The 
function go-to-hpos moves point to a position on the current line 
whose horizontal position is its argument, or the end of the I 

line, if the line is shorter than that. 

The "(go-to-mark m)ll above tells the editor to move the 1 
current point in this buffer to the point where it was at the 
time the mark, to which the variable m is bound, was created. 



The save-excursion Special Form 

Although moving the editor's point to previously saved marks 
(. A is extremely common, just using the mark mechanism to remember 

where you were before some excursion and get back there is so 
common that a special mechanism is provided just for this: it is 
called save-excursion, and it deals with all the issues of 
temporary variables and releasing the mark when done. The sample 
function trunc-50 recoded to use it looks like this: 

(defun trunc-50 ( )  
(save-excursion 

(go-to-end-of-line) 
(if ( >  (cur-hpos) 50.) 

(go-to-hpos 50.) 
(kill-to-end-of-line)))) 

The save-excursion special form does the following: remembers 
where you are, via a mark saved in an internal variable, 
evaluates all of the forms within the save-excursion, and returns 
as a value the value of the last one. Before returning anything 
however, it moves the editor point back to where it was when the 
save-excursion was first entered, and releases the mark used to 
remember this place. 

If point were at print position 75 .  at the time trunc-50 
was called, it winds up at position 50, even though the mark to 

(*. which it wants to return points to what was at position 75.  No 
error is indicated, or has occurred. Marks remain even if 
characters to the right or left of them are deleted. 

CLEANUP HANDLERS 

You may have wondered, in the previous section, what happens 
if an extension encounters an error while executing, and never 
gets to release a mark it has set. When errors occur (for 
example, moving past the end of the buffer), Emacs aborts 
execution of request functions, returns to its listener, and 
beeps (as when a ^G  is performed). 

The unwind-protect 'special Form 

Since the releasing of marks is important, a facility like a 
cleanup-handler is needed to make sure that marks get released 
when code is aborted. There is such a facility in Lisp that is 
useful for many other things, too: save-excursion returns the 
cursor to the point at which it found it if aborted through; 
save-excursion-buffer 'returns to the buffer where it found the 
editor if aborted through; all the mark-handling forms release 
their mark, and so forth. These Emacs-environment primitives use 
the cleanup-handler facility internally, so you need not worry 



about cleanup-handlers if you use them. However, occasionally 
(see the code for columnating the Emacs wall chart, for example) 
you must use cleanup-handlers explicitly. The Lisp form 
unwind-protect is the primitive cleanup-handler. Its syntax is: 

(unwind-protect 
<SUBJECTFORM> 
<CLEANUPFORMI> 
<CLEANUPFORM2> 

The <SUBJECTFORM> is evaluated, and then <CLEANUPFORMI> to 
<CLEANUPFORMn> (any number of cleanup forms are permissible), and 
the value of the <SUBJECTFORM> returned. So far, unwind-protect 
is much like prog2 or progn. The difference, however, is that 
<CLEANUPFORMI> to <CLEANUPFORMn> are executed even if the 
execution of <SUBJECTFORM> fails and aborts. Similarly, the 
cleanup forms are executed even if things like a return from a 
prog inside the <SUBJECTFORM> causes its execution to terminate 
prematurely. 

Thus, the cleanup forms are executed after every termination 
of the <SUBJECTFORM>, whether normal or abnormal. The following 
use of unwind-protect (which could be done in simpler ways, but 
is here for illustrative purposes) performs flcomplex-functionfl, 
and returns the cursor to the beginning of the buffer, even if 
~fcomplex-function~ explodes: - >  \ 

) 

(unwind-protect 
(complex-function) 
(go-to-beginning-of-buffer 1 )  

If you want more than one <SUBJECTFORM>, you should use progn to 
encompass them, and make your <SUBJECTFORM> this progn. 

Unlike Multics/PL/I cleanup handlers, unwind-protect cleanup 
forms are executed upon normal termination of the subject form, 
too. 

USEFUL PREDICATES . I , 

The following predicates in the Emacs environment are basic 
to all extension-writing; they are used to test various 
hypotheses about point, marks, and the buffer: 

(eolp) 
End of line predicate. True if point is at end of a 
text line right before the newline character. 

.. 



(bolp) 
Beginning of line predicate. True if point is at the 
start of a text line, either before the first character 
of the buffer, or after a newline. 

(firstlinep) 
First line predicate. True if point is on the first 
text line of the buffer. 

(lastlinep) 
Last line predicate. True if on last buffer line. 

(at-beginning-of-buffer) 
True if point is right before the first character in 
the buffer. 

(at-end-of-buffer) 
True if point is right before the newline on the last 
line of the buffer. You cannot go past it. 

(looking-at <STRING-VALUE>) 
True if (STRING-VALUE> appears in the buffer 
immediately to the right of point. Restriction: 
<STRING-VALUE> can not contain a newline character, 
except as its last character. 

(at-white-char) 
True if the character to the right of point is a space, 
newline, or tab. 

(point>markp <MARK>) 
True if the current point is further in the buffer than 
the position defined by <MARK>. This is expensive, and 
should not be used casually in loops. 

(mark-reached <MARK>) 
True if the current point is up to or beyond <MARK> in 
the buffer. Intended for use in controlling 
character-by-character loops; it expects that point 
starts to the left of <MARK> and moves toward it. The 
function (order-mark-last <MARK>) can be used to switch 
point and mark if needed at the start of such loops. 
Does not terminate unless executed with mark and point 
on same line. 

( m a r k - a t - c u r r e n t - p o i n t - p  <MARK>) 
True if the mark <MARK> represents the same position as 
the current point. 

(mark-on-current-line-p <MARK>) 
True if the mark <MARK> reppesents a position on the 
same line as the current point. 



(mark-same-line-p <MARK1> <MARK2>) 
True if two marks that are arguments represent 
positions on the same line. 

(line-is-blank) 
True if current line is all blanks or empty. 

(empty-buffer-p <BUFFER-SYMBOL>) 
True if the buffer identified by <BUFFER-SYMBOL> is 
empty, i.e., contains exactly one line with only a 
newline character in it. The form (empty-buffer-p 
current-buffer) may be used to test the emptiness of 
the current buffer. See below for a discussion of 
buffer symbols. 

This function that ltrims all the lines in the buffer i 

demonstrates the use of these predicates: ~ 
(defun ltrim-all-lines ( )  

(save-excursion ;be polite, restore point 
(go-to-beginning-of-buffer) 
(do-forever ;loop on lines thru buffer 
(do-forever ;loop thru chars on line 
(if (eolp)(stop-doing)) ;stop at eol. 

. (if (at-white-char)(delete-char) ;do the work 
else (stop-doing))) ;non-white char, next line 

(if (lastlinep)(stop-doing1);quit when did last line 
(next-line)))) ;leaves you at b.o.1. 

WHITESPACE MANAGEMENT I 

Neatly formatted editor output and displays, as well as 
program and document formatting, require good whitespace 
management. The following functions exist to deal with 
whitespace: 

skip-over-whitespace 
Takes no arguments. Moves point forward over all tabs, 
blanks, and newlines until a non-white character or the 
end of the buffer is reached. 

I 

skip-back-whitespace 
Takes no arguments. Moves point backward over all - I 

tabs, newlines, and blanks until the character to the I 

left of point is none of these, or the beginning of the ! 
buffer is reached. I 

skip-to-whitespace 
Moves forward until character to right of point is tab, 
blank, or newline. Since last character in buffer must 
be a newline, there is no special end condition. ,, I 1 1 



skip-back-to-whitespace 
Moves backward until the character to the right of 
point is a tab, blank, or newline, or the beginning of 
the buffer is reached. 

delete-white-sides 
Deletes leading or trailing blanks from anything, or 
deletes space between words. 

skip-over-whitespace-in-line 
Same as skip-over-whitespace, but stops before the 
newline character at the end of the line (i.e., stops 
at the end of the line) if it gets that far. 

skip-back-whitespace-in-line 
same as skip-back-whitespace, but does not proceed 
backward beyond the beginning of the line. 

You often need to generate whitespace to reach a given 
horizontal position (column), for tabbing and page layouts. The 
function whitespace-to-hpos performs this service; it generates 
tabs and spaces as appropriate, moving point until the horizontal 
position that is its argument is reached. The following function 
moves all lines in the buffer seven spaces over, regardless of 
their original indentation, with the right amount of tabs and 
spaces: 

r' 

L .  (defun move-over-7 ( )  
(save-excursion 
(go-to-beginning-of-buffer) ;all do-for-all-lines 
(do-forever ;start like this. 

(skip-over-indentation) ;This is ESC M 
(let ((hpos (cur-hpos))) 

;let hpos be the curr. pos. 
(delete-white-sides) 

;close up all original space 
(whitespace-to-hpos ( +  hpos 7 ) ) )  

;make just enough 
(if (lastlinep)(stop-doing)) 
(next-line)))) 

A related need is to space to a given position, leaving a 
single space if you are already there or beyond. This is useful 
for producing columna? output wheee overlength fields 'must be 
separated (as ^ X A B  does in its local display). The 
whitespace-to-hpos does not do this; it stops if it is far 
enough. However, format-to-col takes a single argument, a 
horizontal position to be spaced to. If the current point is 
already that far, it inserts a space. . 

(- 



EXTRACTING TEXT FROM THE BUFFER --- 

The function point-mark-to-string gets a Lisp string whose I 

value is the string of characters between point and the mark that 
is its argument. To demonstrate, a function that finds a 

I 
I 

vertical bar ( I )  on a line, 'deletes it, and swaps the two ~ 
line-halves around it is defined below. For instance, the line: 

An Indian with a zebra ) never trips in the snow 

comes out: 

never trips in the snowAn Indian with a zebra 

The function is: 

(defun swap-around-bar 0 
(go-to-beginning-of-line) 
(if (not (forward-search-in-line l1 I 11) ) ;check for one 

(display-error "Hey, there is no 1111 I"11 " 1 
(rubout-char) ;what # does 
(with-mark m ;m in middle of line 

(go-to-end-of-line) 
(let ((temp (point-mark-to-string m))) ;get 

;middle 
;to end . 

(without-saving (wipe-point-mark m)) 
(go-to-beginning-of-line) 
(insert-string temp)))) ;put in text 

The forward-search-in-line is just like forward-search, except 
that it indicates failure if it cannot find its search string in 
the current line. If the vertical bar is not found, 
display-error lets you know and does a command-quit, ("GI, which 
stops the execution of this function at once and returns to Emacs 
command level (see below). This is useful by itself to search 
for some string only in a given line. There is also a 
reverse-search-in-line, and a regexp-search-in-line, which are 
similar in their relation to "R and ESC / .  

TALKING TO THE USER --- 
You cannot use the Lisp 1/0 .system to print out messages 

and/or query the user. The Emacs redisplay manages the screen 
itself, entirely. Thus, you can not use l1printI1, or' "readt1, or 
other Lisp functions that you may be familiar with. 



A function called minibuffer-print prints all the messages 
that Emacs outputs in the minibuffer screen area. It takes any 
number of arguments, which must be strings. The function 
decimal-rep is provided to convert numbers into strings for 
inserting them in the buffer or handing them to d'isplay-error. 
The following function counts the number of As in the current 
line: 

(defun a-counter 0 
(let ((n 0)) ; initial count 

(save-excursion ;why not? 
(go-to-beginning-of-line) 
(do-forever 
(if (not (forward-search-in-line llArl) ) 

(minibuffer-print llFound It (decimal-rep n) "As. 11) 
(stop-doing)) 

(setq n ( +  1 n))))) ;count them. 

The forward-search-in-line moves to the right of what it 
finds (like *S), so that it does not find the same occurrence the 
next time. 

To prompt the user for input, via the minibuffer, use the 
function minibuf-response. It takes two arguments. The first is 
the prompting string. The second should be specified by the 
value of one of the global variables, ESC or NL, which are bound 
to special symbols known to minibuf-response. If the value of 
ESC is used, minibuffer input terminates on an ESC. If the value 
of NL is used, (NL, not CR), minibuffer input terminates on a 
carriage return. Thus: 

(minibuf-response llType new division name: lt NL) 

returns the user's response to this question when he terminates 
it with a carriage return. The value of minibuf-response is a 
Lisp string. The carriage return does not appear in it, nor does 
the prompt. 

To display an error message in the minibuffer, and then 
abort execution of -an extension, i.e., execute a command-quit 
G ,  use display-error. The display-error is like 
minibuffer-print, except that it does not return, but aborts to 
Emacs top level immediately after printing its error message in 
the minibuffer. ~ i k e  minibuffer-print, it takes any number of 
string arguments. 



M e s s a g e  P r i n t i n g  F u n c t i o n s  

M e s s a g e s  p r i n t e d  by m i n i b u f f e r - p r i n t  a r e  s u p p r e s s e d  d u r i n g  
k e y b o a r d  m a c r o  e x e c u t i o n ,  j u s t  a s  s e a r c h  s t r i n g s  a r e  n o t  I 

d i s p l a y e d ,  a n d  o t h e r  g r a t u i t o u s  m e s s a g e s  a r e  s u p p r e s s e d .  T h e  1 
f o l l o w i n g  s e t  o f  f u n c t i o n s  d e s c r i b e s  t h e  r e p e r t o i r e  o f  I 

m e s s a g e - p r i n t i n g :  

d i s p l a y - e r r o r  
P . r i n t s  a  m e s s a g e  i n  t h e  m i n i b u f f e r  a n d  a b o r t s  t o  e d i t o r  
t o p  l e v e l .  I t  i s  i n t e n d e d  f o r  u s e  i n  e r r o r  m e s s a g e  I 

p r i n t i n g .  

d i s p l a y - e r r o r - n o a b o r t  I 

P r i n t s  a  m e s s a g e  i n  t h e  m i n i b u f f e r  a n d  c o n t i n u e s  
I 
I 

e x e c u t i o n .  T h i s  f u n c t i o n  i s  i n t e n d e d  f o r  r e p o r t i n g  I I 

n o n f a t a l  e r r o r s  s u c h  a s  IfUser n o t  a c c e p t i n g  
m e s s a g e s . .  . i f .  I 

m i n i b u f f e r - p r i n t  
P r i n t s  a  m e s s a g e  i n  t h e  m i n i b u f f e r ,  b u t  n o t  d u r i n g  
m a c r o  e x e c u t i o n .  T h i s  f u n c t i o n  i s  i n t e n d e d  f o r  u s e  b y  
e x t e n s i o n s  t h a t  p r i n t  m e s s a g e s  i n  t h e  n o r m a l  p r o c e s s  o f  
t h e i r  e x e c u t i o n ,  s u c h  a s  t h e  l i n e  c o u n t  f r o m  ^X=. F o r  
t h i s  f u n c t i o n ,  a s  we l l  a s  t h e  o t h e r s  b e l o w ,  i n  
m u l t i l i n e  m i n i b u f f e r  s i t u a t i o n s ,  a n  a p p r o p r i a t e  l i n e  i s  
c h o s e n  b a s e d  u p o n  a v a i l a b i l i t y  o f  e m p t y  l i n e s  a n d  
s e v e r a l  o t h e r  c r i t e r i a .  ,I 1 

m i n i b u f f e r - p r i , n t - n o c l e a r  
P r i n t s  a  m e s s a g e  i n  t h e  m i n i b u f f e r  ( n o t  d u r i n g  m a c r o  
e x e c u t i o n ) ,  b u t  d o e s  n o t  e r a s e  t h e  p r e v i o u s  c o n t e n t s .  
O u t p u t  i s  a p p e n d e d  t o  t h e  l a s t  m i n i b u f f e r  l i n e  u s e d .  

d i s p l a y - c o m - e r r o r  
P r i n t s  a  m e s s a g e  i n  t h e  m i n i b u f f e r  a n d  a b o r t s  t o  e d i t o r  
t o p  l e v e l .  I t s  f i r s t  a r g u m e n t  i s  a  M u l t i c s  s t a n d a r d  
e r r o r  c o d e .  I t s  r e m a i n i n g  a r g u m e n t s  a r e  c h a r a c t e r  
s t r i n g s  o r  s y m b o l s .  S e e  l l M u l t i c s  E r r o r  T a b l e f f  b e l o w  i 
f o r  t h e  t e c h n i q u e  u s e d  t o  g e t  e r r o r  - t a b l e  - v a l u e s  i n t o  
y o u r  p r o g r a m .  

display-com-error-noabort 
P r i n t s  a  m e s s a g e  i n  t h e  m i n i b u f f e r  a n d  c o n t i n u e s  
e x e c u t i o n .  I t s  f i r s t  a r g u m e n t  i s  a M u l t i c s  s t a n d a r d  
e r r o r  c o d e .  

m i n i b u f f e r - c l e a r  
C l e a r s  o u t  t h e  . l a s t  m i n i b u f f e r  l i n e  t h a t  w a s  w r i t t e n ,  
e x c e p t  d u r i n g  m a c r o  e x e c u t i o n .  T h i s  f u n c t i o n  s h o u l d  b e  
u s e d  t o  c l e a r  o u t  m i n i b u f f e r s  w r i t t e n  i n  b y  
m i n i b u f f e r - p r i n t  a n d  m i n i b u f f e r - p r i n t - n o c l e a r  a t  t h e  
e n d  o f  s u b s y s t e m  i n v o c a t i o n .  

/) 

, 



disp lay-e r ror - remark  
I d e n t i c a l  t o  d i sp l ay -e r ro r -noabor t ,  excep t  t h a t  t h e  
p a r t i c u l a r  min ibu f f e r  l i n e  on which t h i s  remark i s  
p r i n t e d  becomes t h e  nex t  one o v e r w r i t t e n  f o r  any 
min ibu f f e r  remark o r  o u t p u t .  Th is  f u n c t i o n  should  be 
used f o r  t r a n s i e n t  remarks ( such  a s  " W r i t i n g f f ,  
"Modi f iedn ,  e t c . ) ,  t h a t  you w i s h  t o  remove from t h e  
s c r e e n  a s  soon a s  p o s s i b l e .  

VARIABLES 

Many groups  of Emacs r e q u e s t s  need g l o b a l  v a r i a b l e s  t o  
communicate among themselves  and t h e  f u n c t i o n s  t hey  c a l l .  A 
g l o b a l  v a r i a b l e  i s  a  L i s p  v a r i a b l e  t h a t  i s  not  t h e  parameter  of  
any p a r t i c u l a r  f u n c t i o n ;  i t s  va lue  can be accessed o r  s e t  by  any 
f u n c t i o n .  Some of t h e  g l o b a l  v a r i a b l e s  i n  Emacs a r e  h i g h l y  
u s e r - v i s i b l e ,  f o r  example, l f f i l l - c o l u m n f l ,  which c o n t a i n s  t h e  
column number of t h e  f i l l  column a s  s e t  b y  ^XF, and used b y  t h e  
f i l l i n g  r e q u e s t s  and f i l l  mode. S i m i l a r l y ,  t h e  c h a r a c t e r  s t r i n g  
t h a t  i s  t h e  comment p r e f i x  i s  t h e  binding of t h e  g l o b a l  v a r i a b l e  
lfcomment-prefixff .  Ex tens ions  o f t e n  need g l o b a l  v a r i a b l e s  t o  
communicate among t h e i r  p a r t s .  

Normally, g l o b a l  v a r i a b l e s  i n  L i sp  a r e  accessed j u s t  l i k e  
o t h e r  v a r i a b l e s ,  i . e . ,  t hose  t h a t  a r e  paramete rs  of f u n c t i o n s  o r  
p r o g  o r  l e t  v a r i a b l e s .  For i n s t a n c e ,  a  f u n c t i o n  t o  s e t  t h e  f i l l  

(..- I column t D 0  i f  i t  i s  over 40,  might c o n t a i n  t h e  code:  

( i f  ( >  f i l l - co lumn  4 0 . ) ( s e t q  f i l l - co lumn 3 0 . ) )  

When a  g l o b a l  v a r i a b l e  i s  used i n  your program, say  one 
named f fmy-globaln ,  t h e  " d e c l a r a t i o n f f  

( d e c l a r e  ( s p e c i a l  my-global) )  

m u s t  appear i n  t h e  program before  , i t s  f i r s t  u s e ,  t o  t e l l  t h e  
compiler  about t h i s  I f spec i a l "  varLable  ( t h e  Lisp  term f o r  a  
g l o b a l  v a r i a b l e ) .  The e-macros i nc lude  f i l e  d e c l a r e s  many of t h e  
provided g l o b a l  v a r i a b l e s ,  which you need no t  d e c l a r e .  

The g l o b a l  v a r i a b l e  s i t u a t i o n  i s  complicated by  t h e  f a c t  
t h a t  e d i t i n g  a c t i v i t y  i s  u s u a l l y  l o c a l  t o  each b u f f e r .  That i s ,  
i f  a  s e t  of  g l o b a l  v a r i a b l e s  c o n t a i n s  a  s e t  of  va lues  about what 
i s  being e d i t e d ,  i t  u s u a l l y  p e r t a i n s  t o  what i s  going on i n  on ly  
one e d i t o r  b u f f e r .  I f  you swi tch  t o  a  d i f f e r e n t  b u f f e r ,  and use  
t h e  same e d i t o r  f a c i l i t y ,  you do not want t o  use o r  change t h e  
va lues  of t h o s e  g l o b a l  v a r i a b l e s  t h a t  p e r t a i n e d  t o  a c t i v i t y  i n  
t h e  o t h e r  b u f f e r .  A t  f i r s t ,  t h i s  would seem t o  make g l o b a l  
v a r i a b l e s  unusab le ,  because a l l  f u n c t i o n s  would have t o  keep 

(-- t r a c k  of what b u f f e r  they a r e  t a l k i n g  about be fo re  u s ing  any 
g l o b a l  v a r i a b l e s ,  and t h e r e f o r e  main ta in  s e v e r a l  s e t s  of  them. 



F o r t u n a t e l y ,  i t  i s  a  l o t  e a s i e r  t h a n  t h a t .  The b u f f e r - s w i t c h e r  
i n  Emacs s a v e s  and  r e s t o r e s  v a l u e s  o f  g l o b a l  v a r i a b l e s  a s  b u f f e r s  I 
a r e  s w i t c h e d ,  i f  you t e l l  i t  wha t  v a r i a b l e s  you w a n t  s o  s a v e d  a n d  
r e s t o r e d ,  when t h e  b u f f e r  you a r e  o p e r a t i n g  i n  i s  e x i t e d  a n d  

; 
I 

r e e n t e r e d ,  r e s p e c t i v e l y .  S u c h  a  v a r i a b l e  i s  c a l l e d  a  - p e r - b u f f e r  
v a r i a b l e ,  a n d  t h e  a c t  o f  t e l l i n g  t h e  b u f f e r - s w i t c h e r  a b o u t  i t ,  
t h e r e b y  a s s o c i a t i n g  i t s  c u r r e n t  v a l u e  w i t h  t h i s  b u f f e r ,  i s  c a l l e d  
r e g i s t e r i n g  i t .  Once a  v a r i a b l e  h a s  been  r e g i s t e r e d  i n  a  g i v e n  I 

b u f f e r ,  t h e  f u n c t i o n s  t h a t  u s e  i t  c a n  a s s u m e  t h a t  i t s  v a l u e  w i l l  
b e  w h a t  i t  l a s t  was i n  t h a t  b u f f e r  whenever  t h e  e d i t o r  e n t e r s  
t h a t  b u f f e r .  A n o t h e r  term f o r  a  p e r - b u f f e r  v a r i a b l e  i s  a  l o c a l  
v a r i a b l e .  The f o l l o w i n g  two p r i m i t i v e s  e x i s t  f o r  r e g i s t e r i n g  I 

l o c a l  v a r i a b l e s ;  t h e r e  a r e  no p r i m i t i v e s  f o r  s e t t i n g  o r  I 

r e t r i e v i n g  t h e i r  v a l u e s ,  b e c a u s e  t h e  w h o l e  p o i n t  o f  t h i s  I 

mechan i sm i s  t o  a l l o w  them t o  b e  a c c e s s e d  a s  n o r m a l  L i s p  
v a r i a b l e s .  

r e g i s t e r - l o c a l - v a r i a b l e  
C a l l e d  w i t h  o n e  a r g u m e n t ,  t h e  symbol  whose name i s  t h e  
name o f  t h e  l o c a l  v a r i a b l e  you w i s h  t o  r e g i s t e r .  
R e g i s t e r s  i t  i n  t h e  c u r r e n t  b u f f e r ,  i f  n o t  a l r e a d y  
r e g i s t e r e d  t h e r e ,  a n d  t h e  v a r i a b l e  i n i t i a l l y  i n h e r i t s  
i t s  " g l o b a l  v a l u e u .  I f  r e g i s t e r e d ,  i t s  v a l u e  i s . l e f t  
a l o n e .  If i t  h a s  no g l o b a l  v a l u e ,  i t  a c q u i r e s  t h e  
s y m b o l  " n i l w  a s  i t s  v a l u e  i f  t h i s  i s  i t s  f i r s t  
r e g i s t r a t i o n  i n  t h i s  b u f f e r .  

e s t a b l i s h - l o c a l - v a r  - - I  
. /' 

J u s t  l i k e  r e g i s t e r - l o c a l - v a r i a b l e ,  b u t  t a k e s  a  s e c o n d  
a r g u m e n t ,  a  d e f a u l t  v a l u e  t o  b e  i n i t i a l l y  a s s i g n e d  t o  .,J i 
t h e  v a r i a b l e  t h e  f i r s t  time it i s  r e g i s t e r e d  i n  t h i s  
b u f f e r ,  i f  i t  h a s  no g l o b a l  v a l u e .  I ~ 

The g l o b a l  v a l u e  o f  a p e r - b u f f e r  v a r i a b l e  i s  t h e  v a l u e  i t  
h a s  i n  b u f f e r s  i n  w h i c h  i t  i s  n o t  r e g i s t e r e d .  I t  i s  t h i s  v a l u e  
t h a t  i s  s e t  i f  you se t  t h i s  v a r i a b l e  w h i l e  i n  a  b u f f e r  i n  w h i c h  
i t  i s  n o t  r e g i s t e r e d .  A l o c a l  v a r i a b l e  t l i n h e r i t s t l  i t s  g l o b a l  
v a l u e  when i t  i s  f i r s t  r e g i s t e r e d  i n  a  g i v e n  b u f f e r .  F o r  
v a r i a b l e s  t h a t  h a v e  no g l o b a l  v a l u e  ( i . e . ,  w e r e  n e v e r  a s s i g n e d  
o n e ) ,  e s t a b l i s h - l o c a l - v a r  c a n  b e  u s e d  t o  p r o v i d e  d e f a u l t  
i n i t i a l i z a t i o n .  

EXAMPLE OF LOCAL VARIABLES 

T h r e e  f u n c t i o n s  t h a t  m a i n t a i n  a  " p r o b l e m  c o u n t t 1  i n  a  g i v e n  
b u f f e r  a r e  s t a r t e d  up by t y p i n g  ESC X m o n i t o r - p r o b l e m s  C R .  Once 
s t a r t e d ,  u s e  ^XP t o  c o u n t  a  p r o b l e m ,  and ^ X R  t o  r e p o r t  t h e  number 
o f  p r o b l e m s  n o t e d :  



(defun monitor-problems 0 ;command-level function ' 
(set-key lAXP 'note-a-problem) ;set the keys needed, 

(. .. " (set-key lAXR 'report-problems) ;only in this buffer 
(establish-local-var 'problem-count 0)) ;register the 

;local var, initial value 0 here. 

(defun note-a-problem 0 ;executed on ^XP 
(setq problem-count ( +  1 problem-count))) ;Increment the 

;variable 

(defun report-problems 0 ;on ̂ XR 
(minibuffer-print "There have been " 

(decimal-rep problem-count) 
I1 problems in this buffer.'')) 

BY calling establish-local-var on the symbol 
l'problem-countll, the programmer here has ensured that the 
problem-counts in each buffer in which he counts problems will be 
maintained separately. 

REGISTERED VARIABLES 

The following per-buffer variables are automatically 
registered by the editor. Their values can be inspected or set 
in extension code. 

f .  1 

buffer-modified-flag 
Contains t or nil, indicating that this buffer has or 
has not been modified since last read in or written. 
Set automatically by the editor. Modification of a 
buffer executed within the special form: 

(without-modifying <forml><form2> ... <formn>) 1 
I 

does not set this. flag. 1 
read-only-flag 

Contains t or nil in'dicating whether or not this is 
read-only buffer. The editor does not set this flag; 
it is set only by extensions. An attempt to modify the 
text in this buffer produces an error and a quit to 
editor command level if this flag is on and 
buffer-modified-flag is off (nil). The buffer can be 
modified, however, by functions executed from within 
e'xtension code within a lP (without-modifying . . . ) l l .  

fpathname 
Contains the full Multics pathname associated with this 
buffer by the last file read or written into/out of it, 
or by find-file. It is nil if there is none. Changing 
it from extension code modifies or ''forgetsv the 
pathname as you set it. 



d e r - w a h r e r - m a r k  
C o n t a i n s  t h e  mark a s s o c i a t e d  w i t h  t h e  u s e r - v i s i b l e  mark 
t h a t  " X A X  and  o t h e r  r e l a t e d  r e q u e s t s  see .  Is n i l  i f  
t h e  u s e r  s e t  n o  mark i n  t h i s  b u f f e r .  Do n o t  se t  t h i s  
v a r i a b l e ;  c a l l  s e t - t h e - m a r k  t o  d o  s o .  

c u r r e n t - b u f f e r - m o d e  
C o n t a i n s  t h e  m a j o r  mode i n  e f f e c t  i n  t h i s  b u f f e r .  The 
v a l u e  i s  a  s y m b o l .  To s t a t e  t h a t  a  m a j o r  mode o f  y o u r  
c o n s t r u c t i o n  i s  i n  e f f e c t  i n  a  b u f f e r ,  s i m p l y  s e t  t h i s  
v a r i a b l e .  

comment-column 
C o n t a i n s  t h e  comment c o l u m n ,  m e a s u r e d  f r o m  0. 

c o m m e n t - p r e f i x  
C o n t a i n s  t h e  s t r i n g ,  which  c a n  b e  a  n u l l  s t r i n g ,  t h a t  
i s  t h e  comment p r e f i x .  

t a b - e q u i v a l e n t  
C o n t a i n s  t h e  number o f  s p a c e s  f o r  a  t a b ,  I n i t i a l i z e d  
t o  l o . ,  t h e  M u l t i c s  s t a n d a r d ,  t h i s  c a n  b e  se t  e i t h e r  i n  
c o d e  o r  by E S C  ESC t o  e d i t  c o d e  f r o m  o t h e r  o p e r a t i n g  
s y s t e m s .  The r e d i s p l a y  o b e y s  t h i s  v a r i a b l e  t o o ,  b u t  
n o t  i n  two-window mode. 

b u f f e r - m i n o r - m o d e s  
C o n t a i n s  t h e  L i s p  l i s t  o f  s y m b o l s  r e p r e s e n t i n g  t h e  
m i n o r  modes i n  e f f e c t  i n  t h i s  b u f f e r .  

L A R G E  SCALE OUTPUT 

O u t p u t  o f  m u l t i l i n e  i n f o r m a t i o n ,  o r  i n f o r m a t i o n  l o n g e r  t h a n  
a b o u t  60 c h a r a c t e r s ,  s h o u l d  n o t  b e  d o n e  v i a  m i n i b u f f e r  p r i n t i n g ,  
b u t  v i a  t h e  l o c a l - d i s  l a y ,  o r  p r i n t o u t  f a c i l i t y .  T h i s  i s  t h e  
f a c i l i t y  w i t h m h - d h % r  l i s t i n g s ,  g l o b a l  s e a r c h e s ,  a p r o p o s ,  
a n d  o t h e r  r e q u e s t s  d i s p l a y  t h e i r  o u t p u t .  On d i s p l a y  t e r m i n a l s ,  
i t  d i s p l a y s  l i n e s  a t  t h e  t o p  o f  t h e  s c r e e n ,  a s k i n g  f o r  l lMORE?'l  
a s  e a c h  s c r e e n  f i l l s  u p ,  p a u s i n g  f o r  t h e  n e x t  Emacs r e q u e s t  a t  
t h e  e n d  o f  t h e  d i s p l a y ,  and r e s t o r i n g  t h e  s c r e e n .  On p r i n t i n g  
t e r m i n a l s ,  t h e  d a t a  i s  s i m p l y  p r i n t e d  l i n e  by l i n e ,  w i t h  no 
l fMORE?"  p r o c e s s i n g  o r  p a u s i n g  a t  t h e  e n d .  The l o c a l  d i s p l a y  
f a c i l i t y  i s  a n  i n t e g r a l  p a r t  o f  t h e  Emacs r e d i s p l a y .  

T h r e e  f u n c t i o n s  u s e d  i n  g e n e r a t i n g  l o c a l  d i s p l a y s  a r e :  

i n i t - l o c a l - d i s p l a y s  
Is c a l l e d  w i t h  no a r g u m e n t s  t o  s t a r t  a  l o c a l  d i s p l a y .  
I t  s e t s  up  t h e  n e c e s s a r y  r e d i s p l a y  m e c h a n i s m ,  
i n i t i a l i z i n g  i t  t o  t h e  t o p  o f  t h e  s c r e e n .  



local-display-generator 
This function is called with a string, whose last 
character must be a newline, and displays it as the 
next line (or lines, if continuation lines are 
required) of local output. If you do not have a 
newline at the end of your string, calling 
local-display-generator-nnl instead provides one 
automatically. There must be no embedded newlines in 
strings for local output. A null string causes an 
empty line. 

end-local-displays 
Finishes a local display, restoring the screen. Causes 
the next redisplay to be suppressed, so the local 
display remains visible on the screen. 

The sequence of calls: 

(init-local-displays) 
( l o c a l - d i s p l a y - g e n e r a t o r b n n l )  ... ) ;perhaps many 

;times 
(end-local-displays) 

correctly produces a local display. 

The best way to generate a well-formatted local display is 
to set up a temporary buffer (see IfManipulating Buffersvv below), 
build some text in it, and display its content, in part or in 
whole, as a local display. Three functions are provided to 
facilitate this: 

local-display-current-line 
Does a local-display-generator on the current editor 
line in this buffer. 

display-buffer-as-printout 
Does an init-local-displ.ays, and displays all lines of 
the current buffer as local output. It does not do an 
end-local-displays; you have to do that yourself, 
hopefullyafter you have gotten out of your temporary 
buffer and cleaned up whatever else you had to. 

view-region-as-lines 
Displays the entire point-to-user.-visible-mark as local 
display, making all the necessary calls, including 
end-local-displays. 



While in a function that has a local display in progress, 
you must never call the redisplay (see "Calling the Redisplayff 
below), or call minibuf-response or any other function that - 
causes redisplay, for that instantaneously restores the screen 

1 
contents to the windows on display, obliterating the local 
display in progress. 

The following function locally displays all lines in the I 
buffer that contain the string "defunU: 

I 
(defun look-for-defuns0 ;use ESC X look-for-defuns CR 

(save-excursion ;remember where you are. 
(go-to-beginning-of-buffer) 
(init-local-displays) ;set up for printout. 
(do-forever ;loop the buffer 

(if (forward-search-in-line "defunV) ;look for 
; "defunll 

(local-display-current-line)) ;cause printout 
;of it 

(if (lastlinep)(stop-doing)) ;check for EOB. 
(next-line))) ;Go to start of 

(end-local-displays)) 
;next line 
;wait for user, and 
;next request 

A special form, display-as-printout, is available. It .I ~ 
generates a new buffer, executes your contained forms, displays I 

the whole buffer as local display, destroys the buffer, and 
returns. Its syntax is: I 

(display-as-printout 
<FORM1 > 
<FORM2> 

MANIPULATING BUFFERS 

Often, the easiest way to do string processing in the editor 
environment, i.e., handle strings, catenating, searching, etc., 
is to use the primitives of the editor itself, since it is a 
string-processing language. To do this, temporary buffers are 
necessary. To create a buffer, you should use the primitive 
go-to-or-create-buffer (what ^XB uses), which goes to a buffer 
associated with the symbol you give it as an argument. 

.j ~ 



M o s t  s y m b o l s  a r e  k e p t  i n  a  r e g i s t r y :  t h i s  r e g i s t r y  i s  
c a l l e d  t h e  obarray, a n d  t h e r e  i s  o n l y  o n e  s y r n b o l  o f  a n y  g i v e n  

(<. name  i n  i t .  A s y m b o l  r e g i s t e r e d  i n  t h e  o b a r r a y  i s  s a i d  t o  b e  
i n t e r n e d .  O n l y  o n e  i n t e r n e d  s y m b o l  named f f j o e w  e x i s t s ,  b u t  y o u  
c a n  c r e a t e  many u n i n t e r n e d  s y m b o l s  named " j o e " .  If y o u  r e f e r  t o  
a s y m b o l  named " j o e M  i n  a  p r o g r a m ,  h o w e v e r ,  b y  s a y i n g  " ' j o e U ,  y o u  
a l w a y s  g e t  t h e  i n t e r n e d  o n e .  

A m a j o r  f e a t u r e  o f  s y m b o l s  i n  L i s p  i s  t h a t  t h e y  c a n  b e  g i v e n  
p r o p e r t i e s ,  a r b i t r a r y  u s e r - d e f i n e d  a t t r i b u t e s .  T h e s e  a t t r i b u t e s  
a r e  c a t a l o g u e d  l f i n n  t h e  s y m b o l  v i a  i n d i c a t o r s ,  s y m b o l s  t h a t  
i n d i c a t e  w h a t  p r o p e r t y  y o u  w a n t .  T h e  L i s p  f u n c t i o n s  " p u t p r o p f f  
a n d  n g e t v  s t o r e  a n d  r e t r i e v e  p r o p e r t i e s .  

( p u t p r o p  ' F r e d  ' b l u e  ' e y e s )  ; G i v e s  t h e  i n t e r n e d  s y m b o l  
; n a m e d  " F r e d f f  a n  l 1 e y e s U  
; p r o p e r t y  o f  " b l u e H .  

( g e t  ' F r e d  ' e y e s )  ; r e t r i e v e s  t h e  p r o p e r t y  u n d e r  t h e  
; i n d i c a t o r  " e y e s n ,  a n d  t h u s  r e t u r n s  
; t h e  i n t e r n e d  s y m b o l  " b l u e n .  

I n  E m a c s ,  s y m b o l s  r e p r e s e n t  b u f f e r s .  A l l  o f  t h e  i n f o r m a t i o n  
a s s o c i a t e d  w i t h  a  b u f f e r  i s  c a t a l o . g u e d  a s  p r o p e r t i e s  of  s o m e  
s y m b o l  w h o s e  name i s  t h e  name o f  t h e  b u f f e r .  T h u s ,  i t  i s  

( .- p o s s i b l e  t o  h a v e  two b u f f e r s  o f  t h e  s a m e  n a m e ,  w h i c h  w o u l d  i m p l y  
t h a t  o f  t h e  s y m b o l s  r e p r e s e n t i n g  t h e m ,  o n l y  o n e  i s  i n t e r n e d .  T h e  
"XB r e q u e s t  a l w a y s  u s e s  t h e  i n t e r n e d  s y m b o l  o f  t h e  name g i v e n ;  
t h a t  i s  why y o u  c a n  *XB b a c k  t o  a n  e x i s t i n g  b u f f e r  i n s t e a d  o f  
c r e a t i n g  a new o n e  e a c h  t ime. 

C r e a t i n g  - a T e m p o r a r y  B u f f e r  

To  c r e a t e  a  t e m p o r a r y  b u f f e r ,  y o u  m u s t  f i r s t  c r e a t e  a n  
u n i n t e r n e d  s y m b o l ,  t o  make  s u r e  t h a t  y o u  a r e  n o t  g o i n g  t o  s w i t c h  
t o  a b u f f e r  t h a t  i s  a l r e a d y  r e a l .  To  d o  t h i s ,  y o u  g i v e  a s t r i n g  
t o  b e  u s e d  i n  n a m i n g  t h e  s y m b o l  t o  t h e  L i s p  c l i c h e :  

(maknam ( e x p l o d e c  I f A  s t r i n g v ) )  

T h e  e x p l o d e c  b l o w s  t h e  s t r i n g  a p a r t  i n t o  a L i s p  l i s t  o f  
c h a r a c t e r s ;  t h e  maknam b u i l d s  a  s y m b o l  o u t  of i t .  T h e  v a l u e  o f  
t h i s  f o r m  i s  t h e  new s y m b o l .  You c a n  t h e n  g o  t o  a  ( g u a r a n t e e d )  
new b u f f e r  o f  t h a t  n a m e ,  i . e . ,  

( g o - t o - o r - c r e a t e - b u f f e r  (maknam ( e x p l o d e c  " A  s t r i n g n ) ) )  



a n d  t h e  g l o b a l  v a r i a b l e  l l c u r r e n t - b u f f e r v  w i l l  h a v e  t h a t  s v m b o l  a s  I 

i t s  v a l i e .  A t e m p o r a r y  b u f f e r  i s  o n e  t h a t  i s  d e s t r o y e d  
a u t o m a t i c a l l y  b y  t h e  e d i t o r  u p o n  s w i t c h i n g  o u t  o f  i t .  To make  a  1) 
b u f f e r  t e m p o r a r y ,  a l l  y o u  h a v e  t o  d o  i s  g i v e  t h e  s y m b o l  t h a t  I 

r e p r e s e n t s  i t  ( t h e  " b u f f e r  s y m b o l w )  a  " t e m p o r a r y - b u f f e r v  p r o p e r t y  
o f  t h e  s y m b o l  ' 'tl'. T h i s  c a n  b e  d o n e  b y  t h e  L i s p  f o r m :  

I 

( p u t p r o p  c u r r e n t - b u f f e r  t ' t e m p o r a r y - b u f f e r )  ~ 
( T h e  v a r i a b l e  ' I t n  i s  a l w a y s  b o u n d  t o  t h e  s y m b o l  ' I t 1 ' ) .  O n c e  t h i s  ~ 
h a s  b e e n  d o n e ,  y o u  m u s t  b e  c a r e f u l  n o t  t o  s w i t c h  o u t  o f  t h i s  
b u f f e r  u n t i l  y o u  a r e  d o n e  w i t h  i t .  If y o u r  c o d e  i n v o l v e s  
m a n i p u l a t i n g  many b u f f e r s ,  some o f  t h e m  t e m p o r a r y ,  y o u  m u s t  g i v e  
t h e  t e m p o r a r y  b u f f e r s  t h e i r  t e m p o r a r y - b u f f e r  p r o p e r t i e s  a t  t h e  
e n d  o f  y o u r  m a n i p u l a t i o n s .  . 1 

A b e t t e r  way t o  d o  t h i s  i s  v i a  t h e  s e t - b u f f e r - s e l f - d e s t r u c t  
f u n c t i o n .  C a l l i n g  t h i s  f u n c t i o n  u p o n  t h e  b u f f e r - s y m b o l ,  a s  
b e l o w :  

( s e t - b u f f e r - s e l f - d e s t r u c t  c u r r e n t - b u f f e r )  

s c h e d u l e s  t h e  b u f f e r  f o r  d e l e t i o n  a s  s o o n  a s  t h e  b u f f e r  i s  
e x i t e d .  U s i n g  t h i s ,  you  f i n d  o u t  s o o n e r  i f  y o u  m i s t y p e  t h i s  
f u n c t i o n  name t h a n  i f  you  m i s t y p e  t h e  t e m p o r a r y  b u f f e r  p r o p e r t y .  

When a  new b u f f e r  i s  c r e a t e d ,  i t  c o n t a i n s  o n e  l i n e ,  w h i c h  
c o n s i s t s  o f  a  l i n e f e e d  o n l y .  T h e r e  a r e  n o  t r u l y  e m p t y  b u f f e r s  i n  
Emacs .  T h e  p r e d i c a t e  e m p t y - b u f f e r - p  c a n  b e  a p p l i e d  t o  a  b u f f e r  
s y m b o l  t o  d e t e r m i n e  i f  t h a t  b u f f e r  i s  i n  t h i s  s t a t e .  When 
b u f f e r s  a r e  s w i t c h e d ,  a l l  i n f o r m a t i o n  r e l a t e d  t o  t h e  o l d  b u f f e r  
i s  s t o r e d  a s  p r o p e r t i e s  o f  t h e  b u f f e r  s y m b o l :  t h i s  i n c l u d e s  n o t  
o n l y  t h e  l o c a l  v a r i a b l e s  r e g i s t e r e d  i n  t h a t  b u f f e r ,  b u t  t h e  
l o c a t i o n  o f  p o i n t ,  t h e  u s e r - v i s i b l e  ( a n d  a l l  o t h e r )  m a r k s ,  e t c .  
T h u s ,  when . b u f f e r s  a r e  s w i t c h e d  b a c k  a n d  f o r t h ,  t h e  c u r s o r  
r e t a i n s  i t s  p o s i t i o n  i n  e a c h  b u f f e r  ( a s  c a n  b e  s e e n  w h i l e  
e d i t i n g ) ,  a l t h o u g h  t h e  r e d i s p l a y  m i g h t  c h o o s e  t o  d i s p l a y  a  s c r e e n  
d i f f e r e n t l y  a f t e r  v i s i t i n g  a n o t h e r  b u f f e r  a n d  c o m i n g  b a c k .  

Some a p p l i c a t i o n s  r e q u i r e  m a k i n g  a  n o n t e m p o r a r y  b u f f e r ,  
p u t t i n g  some  t e x t  i n  i t ,  a n d  g o i n g  b a c k  t h e r e  o n  o c - c a s i o n .  
T h e r e f o r e ,  y o u  m i g h t  w a n t  t o  g o  i n t o  a  n o n t e m p o r a r y  b u f f e r  o f  a n  
i n t e r n e d  b u f f e r  s y m b o l :  

( g o - t o - o r - c r e a t e - b u f f e r  ' n a m e - a n d - a d d r e s s - b u f f e r )  ~ 
o r  p e r h a p s  k e e p  a  g l o b a l  ( n o t  p e r - b u f f e r )  v a r i a b l e  t h a t  y o u  s e t  
o n c e  t o  a n  u n i n t e r n e d  s y m b o l :  

( s e t q  name-and -add re s s -keep - t r ack  - A  

(maknam ( e x p l o d e c  "Name a n d  A d d r e s s  B u f f e r M ) ) )  
I 

I 



a n d  s w i t c h  i n t o  i t  by s a y i n g :  

.- ( g o - t o - o r - c r e a t e - b u f f e r  n a m e - a n d - a d d r e s s - k e e p - t r a c k )  

T h e  f u n c t i o n  b u f f e r - k i l l  c a n  b e  c a l l e d  w i t h  a  b u f f e r  s y m b o l  
t o  d e s t r o y  a  b u f f e r .  T h e  f u n c t i o n  d e s t r o y - c o n t e n t s - o f - b u f f e r  ( o f  
n o  a r g u m e n t s )  c a n  b e  c a l l e d  t o  r e d u c e  t h e  c u r r e n t  b u f f e r  t o  a  
s i n g l e  I1emptyl1 l i n e .  

V a r i a b l e  f o r  B u f f e r  M a n i p u l a t i o n  

T h e  f o l l o w i n g  t w o  v a r i a b l e s  a r e  r e l e v a n t  t o  b u f f e r  
m a n i p u l a t i o n :  

c u r r e n t - b u f f e r  
T h e  v a l u e  o f  t h i s  v a r i a b l e  i s  t h e  b u f f e r  s y m b o l  o f  t h e  
c u r r e n t  b u f f e r .  Do n o t  c h a n g e  i t ,  o r  i n c o r r e c t  
o p e r a t i o n  r e s u l t s .  Use g o - t o - # o r - c r e a t e - b u f f e r .  

p r e v i o u s - b u f f e r  
T h e  v a l u e  o f  t h i s  v a r i a b l e  i s  t h e  b u f f e r  s y m b o l  o f  t h e  
l a s t  b u f f e r ,  w h i c h  i s  r e t u r n e d  t o  when "XB C R  i s  t y p e d .  
I t  i s  a c c e p t a b l e  t o  s e t q  t h i s  v a r i a b l e .  

( % "  

T h e  g o - t o - o r - c r e a t e - b u f f e r  f u n c t i o n  a c c e p t s  a b u f f e r - n a m e  o f  
l l v l  a s  m e a n i n g  g o  t o  t h a t  p r e v i o u s  b u f f e r .  

T h e  s a v e - e x c u r s i o n - b u f f e r  S p e c i a l  Form - -- 

T h e  s p e c i a l  f o r m  s a v e - e x c u r s i o n - b u f f e r  i s  i n v a l u a b l e  when 
w r i t i n g  f u n c t i o n s  t h a t  s w i t c h  b u f f e r s .  I t  p r o v i d e s  f o r  
r e m e m b e r i n g  w h i c h  b u f f e r  you  were i n ,  a n d  s w i t c h i n g  b a c k  t o  i t  
when you  a r e  d o n e .  I t  a l s o  s a v e s  a n d  r e s t o r e s  t h e  s t a t e  o f  
I 1 p r e v i o u s - b u f  f e r "  . T h e  s a v e - e x c u r s i o n - b u f f e r  i s  l i k e  
s a v e - e x c u r s i o n ;  i t  e x e c u t e s  i t s  c o n t a i n e d  f o r m s  w h i l e  p u s h i n g  t h e  
b u f f e r - s t a t e  o f  t h e  e d i t o r  o n  a n  i n t e r n a l  s t a c k ,  a n d  r e t u r n s  t h e  
v a l u e  o f  t h e  l a s t  f o r m  w i t h i n  i t .  

T h e  f o l l o w i n g  p r o g r a m ,  when i n v o k e d  a f t e r  t y p i n g  s o m e b o d y l s  
name ( s a y  y o u  h o o k  i t  u p  t o  a  k e y ) ,  f o l l o w s  i t  w i t h  h i s  t i t l e  i n  
p a r e n t h e s e s .  Assume t h e  f i l e  > u d d > F a m N a m > p e r s o n n e l  - d a t a  l o o k s  
l i k e  t h i s :  

W a s h i n g t o n ,  G .  = L u m b e r j a c k  
D u c k ,  D .  = P e s s i m i s t  
N i e t z s c h e ,  F .  = E x i s t e n t i a l i s t  
M o u s e ,  M. = O p t i m i s t  

(,.- E i s e n h o w e r ,  D .  D .  = G o l f e r  



(defun insert-perspn-title ( )  I 

(let ((name (save-excursion ;save guy's point 
(skip-back-whitespace) ;get to end of word 
(with-mark m ;m = end of word 

(backward--word) ;go to beg. of wd. - i 
- (catenate (point-mark-to-string m) 

" , " > > > > >  ~ 
;return the word with a 11,11 after it. I 

(insert-string ; insert 
(catenate ( "  

I 
;open paren and sp I 

(save-excursion-buffer ;save the old buff 
(go-to-or-create-buffer 'name-position-records) 

;go to stuff 
(if (empty-buffer-p current-buffer) ;read it 

;once 
(read-in-file ll>udd>FamNam>personnel data1!)) - 1  I 

(go-to-beginning-of-buffer) ; set up for search I (do-forever ;scan lines 
(if (looking-at name) ;Is point at I 

; "name, It? 

(forward-search lf = f l )  ;look for the =.  
(return (with-mark n' ;get to the end. 

(go-to-end-of-line) 
1 
I 

(point-mark-to-string n)))) 
(if (lastlinep) (return ll???!l)) ;couldn It I 

(next-line)) 
" 1  " > > > > >  

; find him 
;move on 

This function picks out the name you just typed by skipping 
back over whitespace, and picking up all between there and the 
start of the previous (current) word. It then inserts, between 
parentheses, the portion of that line of the data file that 
contains the sought name at its front after the equals sign. The 
buffer name-position-records is read into once, and contains the 
data file thereafter. 

The initial save-excursion remembers the user's point 
location while the word is collected. The save-excursion-buffer 
remembers what buffer and where in it all its modes, local 
variables, etc., are, while you operate in the data file buffer. 

The function catenate is a valuable one in the context of 
Emacs; it takes any number of strings (or symbols, whose 
print-name will be used), builds a string by catenating them 
first-to-last, and returns it. 

Another useful function in this context is apply-catenate, I 

which takes as an argument a list of any number of strings or 
symbols and builds a string by catenating the strings and names 
of the symbols, first to last. I 

?,/ ~ 



C A L L I N G  T H E  REDISPLAY 

The Emacs r e d i s p l a y  dec ides  what l i n e s  of t h e  c u r r e n t  b u f f e r  
(-. ' should be shown on t h e  s c r e e n ,  de te rmines  how t o  modify t h e  

curre .nt  s c r een  t o  show t h e  c o n t e n t s  of t hose  l i n e s ,  qnd  upda tes  
t h e  s c reen  i n  an op t imal  manner. I t  i s  c a l l e d  b y  t h e  e d i t o r  
whenever t h e r e  i s  no more inpu t  a v a i l a b l e .  I t  i s  very s imple  t o  
c a l l .  I t  t a k e s  no arguments,  i . e . ,  you j u s t  say :  

( r e d i s p l a y )  

The r e d i s p l a y  does not  know o r  c a r e  b y  what means t h e  b u f f e r  
was modif ied;  i f  you d e l e t e  s e v e r a l  words w i t h  ESC D ,  ^D, o r  ^W, 
i t  i s  a l l  t h e  same t o  t h e  r e d i s p l a y ,  and i t  a c t s  s i m i l a r l y  i n  
upda t ing  t h e  s c r e e n .  Normally, t h e  ex t ens ion  w r i t e r  need not  be 
concerned a t  a l l  about t h e  r e d i s p l a y .  A major f e a t u r e  of Emacs 
i s  t h a t  only  t h e  t o t a l  e f f e c t  of a complex manipula t ion  i s  
d i s p l a y e d ,  no t  every smal l  o p e r a t i o n  t h a t  t h e  manipulat ion used 
t o  ach ieve  i t s  e f f e c t .  

I n  some s i t u a t i o n s ,  however, i t  i s  advantageous t o  c a l l  t h e  
r e d i s p l a y  e x p l i c i t l y  from ex tens ion  code. One example i s  a  
f u n c t i o n  t h a t  t a k e s  a  tremendous amount of  computer t ime and 
might w i s h  t o  update t h e  s c reen  every s o  o f t e n  a s  i t  f i n i s h e s  
some major s e c t i o n .  You do not  t e l l  t h e  r e d i s p l a y  what t o  
d i s p l a y  o r  how t o  d i s p l a y  i t ;  i t  d i s p l a y s  some e x c e r p t  of  t h e  
c u r r e n t  b u f f e r  t h a t  c o n t a i n s  t h e  c u r r e n t  l i n e ,  and shows t h e  
c u r s o r  where t h e  c u r r e n t  po in t  i s .  I f  you c a l l  i t  du r ing  a  
b u f f e r  e x c u r s i o n ,  i . e . ,  whi le  i n  some s p e c i a l  b u f f e r  i n  a  
f u n c t i o n ,  i t  d i s p l a y s  t h a t  b u f f e r  around i t s  l l p o i n t l t .  A s  soon a s  
t h a t  f u n c t i o n  r e t u r n s  t o  e d i t o r  command l e v e l ,  t h e  s c reen  i s  
o v e r w r i t t e n  w i t h  t h e  o r i g i n a l  b u f f e r ' s  l i n e s .  Thus, c a l l i n g  
r e d i s p l a y  i s  - not  t o  be cons idered  a  s u b s t i t u t e  f o r  l o c a l  
d i s p l a y s .  

The most common need f o r  c a l l i n g  r e d i s p l a y  i s  i n  f u n c t i o n s  
t h a t  add t e x t  ( o r  change t e x t )  on a  l i n e ,  and move t o  another  
l i n e .  For example, t h e  e l e c t r i c  semicolon of e l e c t r i c  P L / I  mode 
adds a  semicolon t o  t h e  c u r r e n t  l i n e  and moves t o  t h e  n e x t .  On a  
p r i n t i n g  t e r m i n a l ,  t h e  user  would never s e e  t h e  semicolon u n l e s s  
s p e c i a l  a c t i o n  were t aken .  The t e x t  i n  t h e  b u f f e r  would indeed 
be r i g h t ,  b u t  b y  t h e  t ime t h e  next  r e d i s p l a y  occur red  ( t h e  
e l e c t r i c  semicolon r e q u e s t  r e t u r n e d ) ,  t h e  e d i t o r  would be o f f  
t h a t  l i n e ,  and t h u s  would d i s p l a y  t h e  next  l i n e ,  where t h e  
e l e c t r i c  semicolon r e q u e s t  l e f t  i t .  While t h i s  i s  c o r r e c t ,  t h e  
p r i n t i n g  t e r m i n a l  user  looking  a t  h i s  type- in  would, w i t h  some 
v a l i d i t y ,  complain t h a t  ' ' a l l  t h e  semicolons seem t o  be miss ingf1 .  
T h u s ,  t h e  e l e c t r i c  P L / I  semicolon r e q u e s t  c a l l s  t h e  r e d i s p l a y  
immediately a f t e r  i t  execu te s  I f (  i n s e r t - s t r i n g  If;  1 1 )  l l .  

( -  



The following is a function for a "card-numbering FORTRAN 
modew, which when invoked (perhaps hook it up to CR) puts a 
sequence number in column 72 (71 from 0 )  and goes to column 7 of 1 - the next line. It must call the redisplay so that, on a printing 
terminal, the card numbers get shown: 

(defun fortran-next-line ( )  
(whitespace-to-hpos 71.) ;go to col 72. 
(insert-string (decimal-rep cardno)) ;cardno is a local 

;buffer var 
(setq cardno ( +  1 cardno)) ;up the next 

;card number 
(redisplay) ;let printing 

;user see. 
(new-line) ;get to 

;next line 
(whitespace-to-hpos 6.)) ;6 re1 = card col 7. 

Another commonly called redisplay function is 
full-redisplay, of no arguments, which clears and rewrites the 
screen, as with ^L. 

EIS TABLES 

The Emacs environment provides a facility for utilizing the 
sophisticated 68/80 processor instructions for scanning for 1) 
characters in, or not ih, a particular set of characters. These 
operations correspond to the PL/I llsearchw and Itverify" builtins. , 
The word requests operate using these facilities. 

A set of characters is represented by a charscan table, a 
compound Lisp object occupying ab~out 200 words of storage. You 
can get a charscan table by giving a set of charact-ers, as a 
string, to the function charscan-table. It returns a charscan 
table representing that set of characters: 

(setq number-verify-table (charscan-table 110123456789+-n)) I I 

Functions Using the Charscan Table 

Given such a table, there are a set of functions that can be 
called to utilize it to search for characters in or out of that 
set, backward, forward, whole buffer, or only one line. All the 
following functions take one argument, a charscan table 
representing a set of characters (called S here). They return 
nil (falsity) if they hit the end of the buffer or line (as 
appropriate) without finding what they are looking for. If they 
succeed, they move point and return a truth indication. If they 
fail, they do not move point. -1 



search-for-first-charset-line 
Scans current line forward from point. Success is 
stopping to the left of a character in S. 

search-for-first-not-charset-line 
Same as above, but success is stopping to the left of a 
character not in S. - 

search-back-first-charset-line 
Scans current line backward from point. success is 
stopping to the right of a character in S. 

search-back-first-not-charset-line 
Same as search-back-firsit-charset-line, . but success is 
stopping to the right of a character not in S. 

search-charset-forward 
Scans the buffer from point to the end of the buffer. 
Success is stopping to t,he left of a character in S. 

search-charset-backward 
Scans the buffer backward from point to the beginning 
of the buffer. Success is stopping to the right of a 
character in S. 

search-not-charset-forward 
Scans the buffer forward from point to the end. 
Success is stopping to the left of a character not in 
S. 

search-mot-charset-backward 
Scans the buffer backward from point to the beginning 
of the buffer. Success is stopping to the right of a 
character not in S. 

The following function finds the first nonnumeric character 
on the line it is invoked on: 

(defun find-first-non-numeric 0 
(establish-local-var numscan-table nil) ;does 

;var exist 
.(if (not numscan-table) ;if nil, i.e., not init yet, 

(setq numscan-table (charscan-table ff01234567891f))) 
(go-to-beginning-of-line) 
(if (not (search-for-first-not-eharset-line 

numscan-table)) 
(minibuffer-print "Line is O.K. " ) I )  ;failure 

;is all are 
;in, charset 



OPTIONS 

T h e  Emacs  o p t i o n  m e c h a n i s m  p r o v i d e s  f o r  u s e r - s e t t a b l e  
v a r i a b l e s  i n  t h e  L i s p  e n v i r o n m e n t .  T h e  o n l y  d i f f e r e n c e  b e t w e e n  
a n  l t o p t i o n W  a n d  a n y  o t h e r  . g l o b a l  L i s p  v a r i ' a b l e  i n  t h e  e d i t o r  
( b a s i c  o r  e x t e n d e d )  i s  t h a t  t h e  o p t i o n s  a r e  l i s t e d  a t  t h e  
u s e r - v i s i b l e  l e v e l  b y  t y p i n g  ESC E: o p t  l i s t  C R ,  a n d  c a n  b e  s e t  o r  
i n t e r r o g a t e d  v i a  t h e  o p t  r e q u e s t .  T h e  o p t i o n  m e c h a n i s m  a l s o  
p r o v i d e s  f o r  c h e c k i n g  t h a t  n u m e r i c  v a r i a b l e s  s t a y  n u m e r i c ,  a n d  
t h a t  v a r i a b l e s  r e s t r i c t e d  t o  l''tll o r  l t n i l l l  a s  v a l u e s  s t a y  
r e s t r i c t e d  t o  t h o s e  v a l u e s .  

T h u s ,  o p t i o n s  c a n  c o n t r o l  p e r - b u f f e r  o r  t r u l y  g l o b a l  
v a r i a b l e s ;  t h e  o p t i o n  m e c h a n i s m  i m p o s e s  n o  r e s t r a i n t s  u p o n  t h e  
d y n a m i c  s c o p e  o f  t h e  v a r i a b l e s  managed  by  i t .  T h e  o p t i o n  
m e c h a n i s m  a l s o  p r o v i d e s  f o r  a  d e f a u l t  g l o b a l  v a l u e  o f  v a r i a b l e s  
i t  m a n a g e s .  

A g l o b a l  v a r i a b l e  i s  r e g i s t e r e d  w i t h  t h e  o p t i o n  m e c h a n i s m  b y  
i n v o k i n g  t h e  f u n c t i o n  r e g i s t e r - o p t i o n  u p o n  t h e  L i s p  s y m b o l  t h a t  
r e p r e s e n t s  ( h a s  t h e  name o f )  t h a t  v a r i a b l e ,  a n d  i t s  d e f a u l t  
g l o b a l  v a l u e .  If t h a t  v a l u e  i s  a  n u m b e r ,  t h e  o p t i o n  m e c h a n i s m  
r e s t r i c t s  t h e  v a r i a b l e ' s  v a l u e  t o  n u m b e r s ;  i f  i t  i s  o n e  o f  t o r  
n i l ,  t h e  o p t i o n  m e c h a n i s m  r e s t r i c t s  i t s  v a l u e s  t o  t o r  n i l  ( w h i c h  
you  i n d i c a t e  a s  l l on l l  o r  Itof f 1 1 )  . 

T h e  c h o i c e  o f  w h e t h e r  a  v a r i a b l e  s h o u l d  b e  made a n  o f f i c i a l  
o p t i o n  o r  n o t  d e p e n d s  upon  w h e t h e r  o r  n o t  y o u  w a n t  t h e  u s e r  t o  
see i t  when a n  ' ' o p t  l i s t11  i s  d o n e , . a n d  w h e t h e r  f i n e r  c o n t r o l  t h a n  
t h a t  p r o v i d e d  b y  t h e  o p t i o n  m e c h a n i s m  o v e r  t h e  v a l u e s  a s s i g n e d  t o  
i t  i s  n e c e s s a r y .  I t  i s  a c c e p t a b l e  t o  r e g i s t e r  a n  o p t i o n  t h e  
f i r s t  time some c o d e  i s  e x e c u t e d ;  o n l y  t h e n  d o e s  i t  a p p e a r  i n  t h e  
o p t i o n  l i s t .  I t  i s  u s u a l  t o  h a v e  f o r m s  i n v o k i n g  r e g i s t e r - o p t i o n  
a t  l l t o p - l e v e l M  i n  a  f i l e  f u l l  o f  c o d e ,  i . e . ,  o u t s i d e  o f  a n y  
f u n c t i o n .  S u c h  c o d e  i s  e x e c u t e d  when t h e  c o d e  i s  b r o u g h t  i n t o  
t h e  e d i t o r  e n v i r o n m e n t .  

T h e  f o l l o w i n g  c o d e  r e g i s t e r s  a n  o p t i o n  d e s c r i b i n g  d e f a u l t  
p a r a g r a p h  i n d e n t a t i o n ,  a n d  s h o w s ' a  f u n c t i o n  t h a t  c r e a t e s  a  new 
p a r a g r a p h  ( t h a t  s h o u l d  p r o b a b l y  b e  h o o k e d  u p  t o  a  k e y ) .  L i k e  a l l  
L i s p  g l o b a l  v a r i a b l e s ,  o p t i o n s  m u s t  b e  d e c l a r e d  t l s p e c i a l l t  f o r  t h e  
L i s p  c o m p i l e r  ( s e e  l l C o m p i l a t i o n t t  b e l o w ) :  

( d e c l a r e  ( s p e c i a l  p a r a g r a p h - i n d e n t a t i o n ) )  ; f o r  c o m p i l e r .  

( r e g i s t e r - o p t i o n  ' p a r a g r a p h - i n d e n t a t i o n  1 0 . )  ; d e f a u l t  i s  t e n  I 

( d e f u n  n e w - p a r a g r a p h  ( )  
I 

( n e w - l i n e )  ; t w o  n e w - l i n e s  -. 
( n e w - l i n e )  
( w h i t e s p a c e - t o - h p o s  p a r a g r a p h - i n d e n t a t i o n )  ) ; t a b  o u t  < )  ./ 1 I 



By i s s u i n g  t h e  r e q u e s t :  

.. ESC X o p t  p a r a g r a p h - i n d e n t a t i o n  5 C R  

You c a n  s e t  t h e  a m o u n t  o f  i n d e n t m a t i o n  i n s e r t e d  by  n e w - p a r a g r a p h  
t o  5 .  

NAME SCOPE ISSUES - 
A l l  o f  t h e  f u n c t i o n s  a n d  v a r i a b l e s  i n  t h e  L i s p  e n v i r o n m e n t  

a r e  a c c e s s i b l e  t o  a l l  f u n c t ' i o n s  r u n n i n g  i n  i t .  A t  t imes ,  t h i s  
c a n  b e  a  p r o b l e m .  When a d d i n g  y o u r  own e x t e n s i o n s  t o  t h e  e d i t o r  
e n v i r o n m e n t ,  n o t h i n g  p r e v e n t s  you  f r o m  c h o o s i n g  a  name f o r  o n e  o f  
y o u r  f u n c t i o n s  t h a t  h a p p e n s  t o  b e  t h e  name o f  some  i n t e r n a l  ( o r  
u s e r - v i s i b l e )  f u n c t i o n  i n  Emacs .  O c c a s i o n a l l y ,  t h e r e  may b e  
r e a s o n  t o  d o  t h i s  d e l i b e r a t e l y ,  e . g . ,  w r i t i n g  y o u r  own v e r s i o n  o f  
n e x t - l i n e  t o  d o  s o m e t h i n g  s p e c i a l . .  T h i s  i s  d a n g e r o u s ,  a n d  n o t  
r e c o m m e n d e d .  

I n  g e n e r a l ,  you  w a n t  t o  make  s u r e  t h a t  n o n e  o f  y o u r  
f u n c t i o n s  o r  v a r i a b l e s  c o n f l i c t  w i t h  t h o s e  o f  t h e  e d i t o r .  T h e  
b e s t  way t o  d o  t h i s  i s  t o  c h o o s e  some se t  o f  names  t h a t  c a n n o t  
p o s s i b l y  c o n f l i c t .  To a c h i e v e  t h i s ,  u s e  c a p i t a l  l e t t e r s  a n y w h e r e  
( s u c h  a s  i n i t i a l  c a p i t a l s )  o r  u s e  u n d e r s c o r e s  o r  d o u b l e  h y p h e n s  
i n  y o u r  n a m e s .  No Emacs o r  L i s p  s y s t e m  f u n c t i o n s  h a v e  l e a d i n g  

(. c a p i t a l s  o r  t r a i l i n g  u n d e r s c o r e s .  T h e r e  a r e  a  few L i s p  s y s t e m  
f u n c t i o n s  w i t h  embedded  u n d e r s c o r e s ,  b u t  o t h e r  t h a n  make - a t o m ,  i t  
d o e s  n o t  h u r t  i f  you  a c c i d e n t a l l y  r e d e f i n e  t h e m .  T h e  L i s p  
c o m p i l e r  a l s o  w a r n s  y o u  i f  y o u  a t t e m p t  t o  r e d e f i n e  a  s y s t e m  
f u n c t i o n .  No f u n c t i o n s  i n  Emacs, c o n t a i n  u n d e r s c o r e s  i n  t h e i r  
n a m e s .  

A n o t h e r  t e c h n i q u e  t h a t - h a s  b e e n  u s e d  i s  t h e  u s e  o f  d o u b l e  
h y p h e n s .  

A n o t h e r  way t o  a v o i d  name s c o p e  c o n f l i c t s  i s  t o  p r e f i x  a l l  
o f  y o u r  n a m e s  i n  a  g i v e n  p a c k a g e  w i t h  some  p r e f i x  i n d i c a t i v e  o f  
t h e  f a c i l i t y  t h a t  y o u  a r e  t r y i n g  t o .  i m p l e m e n t .  F o r  i n s t a n c e ,  i f  
you  a r e  i m p l e m e n t i n g  a  SNOBOL e d i t  mode ,  y o u  m i g h t  name y o u r  
f u n c t i o n s  l l s n o b o l - f i n d - m a t c h - s t r i r ~ g l l ,  ."snobol-get-branch-targetw, 
e t c .  T h e  s a m e  h o l d s  t r u e  f o r  g l o b a l  v a r i a b l e  n a m e s .  T h i s  i s  t h e  
s t a n d a r d ,  r e c o m m e n d e d ,  a n d  m o s t  mnemonic  w a y . .  

You c a n  a l s o  b e  r e a s o n a b l y  c e r t a i n  t h a t  names  c o n s t r u c t e d  
s o m e w h a t  w h i m s i c a l l y  ( e .  g .  , l l J o h n s - s p e c i a l - t s p l p - h a c k l l ,  
" f i n d - t h i r d - f o o n ,  e t c . )  w i l l  n o t  c o n f l i c t .  



MODES 

T h e  m a j o r  a n d  m i n o r  mode m e c h a n i s m  o f  Emacs i s  a  way f o r  t h e  j 
u s e r  t o  s w i t c h  i n  a n d  o u t  o f  l a r g e  s e t s  o f  key- binding.^ a n d  
c o l u m n  s e t t i n g s ,  a n d  t o  b e  i n f d r m e d  o f  t h i s  v i a  t h e  mode l i n e .  

M a j o r  Modes 1 
A m a j o r  mode i n v o l v e s  a  l a r g e  b o d y  o f  o p t i o n a l  c o d e  ( e . g . ,  

PL/I m o d e ) ,  sets  u p  f o r  e d i t i n g  c o d e  w r i t t e n  i n  a  p a r t i c u l a r  
l a n g u a g e ,  o r  s e t s  u p  b u f f e r  f o r  some h i g h l y  s p e c i a l i z e d  t a s k  
w h e r e  v e r y  common k e y s  ( e . g . ,  C R )  d o  n o n o b v i o u s  t h i n g s  ( e . g . ,  t h e  
M e s s a g e  mode b u f f e r s  o f  t h e  Emacs  m e s s a g e  f a c i l i t y ) .  M i n o r  m o d e s  
g e n e r a l l y  i n v o l v e  t h e  way t h a t  w h i t e s p a c e  o r  d e l i m i t e r s ' a r e  
i n t e r p r e t e d ,  e . g . ,  f i l l  mode a n d  s p e e d t y p e  mode .  

A m a j o r  mode i s  s e t  u p  by  a  u s e r - v i s i b l e  f u n c t i o n  c a l l e d  
llXXX-modell, w h e r e  X X X  i s  t h e  name o f  t h e  mode.  T h i s  lTmode 
f u n c t i o n t T  e s t a b l i s h e s  k e y - b i n d i n g s  ( u s i n g  s e t - k e y ) ,  a n d  s e t s  
c o l u m n s  ( e . g . ,  f i l l - c o l u m n ,  c o m m e n t - c o l u m n )  a n d  p r e f i x e s  a s  
n e c e s s a r y .  T h e  mode f u n c t i o n  e s t a b l i s h e s  t h e  mode by s e t t i n g  t h e  
p e r - b u f f e r - v a r i a b l e  l l c u r r e n t - b u f f e r - m o d e l T  t o  a  s y m b o l  w h o s e  name 
i n d i c a t e s  t h e  mode.  T h e  name o f  t h e  s y m b o l  a p p e a r s  i n  t h e  mode 
l i n e  when t h e  r e d i s p l a y  i s  i n v o k e d  w h i l e  i n  t h i s  b u f f e r .  T h e  
f o l l o w i n g  f u n c t i o n  s e t s  up  a  m a j o r  mode f o r  e d i t i n g  FORTRAN 
p r o g r a m s :  1 
( d e f u n  f o r t r a n - m o d e  0 ; t h e  mode f u n c t i o n .  

( s e t q  c u r r e n t - b u f f e r - m o d e  'FORTRAN) ; s y m b o l  
; f o r  mode 

( s e t q  f i l l - c o l u m n  7 0 . )  ; s e t  c o l u m n s  
( s e t q  f i l l - p r e f i x  " " > ; s i x  s p a c e s  o n  C R  
( s e t - k e y  'CR ' f o r t r a n - n e w - l i n e )  ; s e t  u p  C R  k e y  
( s e t q  comment -co lumn 0 )  
( s e t q  c o m m e n t - p r e f i x  I 1 C  " 1 )  ; t h a t  b e g i n s  cmts 1 

T h e  f u n c t i o n  f o r t r a n - n e w - l i n e  i s  a s s u m e d  t o  b e  o n e  t h a t  d o e s  I 

s o m e t h i n g  a p p r o p r i a t e ,  s u c h  a s  n u m b e r i n g  c a r d s .  T h e  u s e  o f  t h e  
f u n c t i o n  s e t - k e y  i m p l i e s  t h a t  t h i s  k e y  b i n d i n g  ( o f  t h e  c a r r i a g e  
r e t u r n  k e y )  i s  l o c a l  t o  t h i s  b u f f e r ,  a n d  w i l l  b e  r e v e r t e d  when 
t h i s  b u f f e r  i s  e x i t e d .  

1 I 
M i n o r  Modes 

M i n o r  modes  a r e  l e s s  s t r a i g h t f o r w a r d .  M i n o r  modes  s u c h  a s  
s p e e d t y p e  a n d  f i l l  mode h a v e  d i f f e r e n t  a c t i o n s  a s s o c i a t e d  w i t h  
t h e  k e y s  t h e y  a f f e c t  ( f o r  i n s t a n c e ,  a l l  t h e  p u n c t u a t i o n  k e y s ) ,  
a n d  t h e  m i n o r  modes  h a v e  t o  h a v e  d e t a i l e d  a n d  s p e c i a l i z e d  
i n t e r a c t i o n  b e t w e e n  t h e m s e l v e s .  T h e r e  i s  n o  way t o  g e n e r a l i z e  
t h e  i n t e r a c t i o n s  b e t w e e n  t h e  m i n o r  m o d e s ;  n o  c o m p l e t e l y  a d e q u a t e  1 
s o l u t i o n  t o  t h i s  p r o b l e m  h a s  b e e n  d e v e l o p e d .  



M i n o r  m o d e s  a r e  a s s e r t e d  a n d  t u r n e d  o f f  i n  a  g i v e n  b u f f e r  b y  
c a l l i n g  t h e  f u n c t i o n s  l l a s s e r t - m i n o r - m o d e l l  a n d  l l n e g a t e - m i n o r - m o d e l l  

(.- ' w h i l e  i n  t h a t  b u f f e r ,  w i t h  a n  i n t e r n e d  s y m b o l  t h a t  i d e n t i f i e s  t h e  
mode ( a n d  . a p p e a r s  i n  t h e  mode l i n e ) .  A p e r - b u f f e r  v a r i a b l e  
c a l l e d  b u f f e r - m i n o r - m o d e s  h a s  a s  a  v a l u e  a  L i s p  l i s t  o f  a l l  t h e  
s y m b o l s  i d e n t i f y i n g  t h e  minor .  modes  i n  e f f e c t  i n  t h i s  b u f f e r .  
T h e  L i s p  p r e d i c a t e  memq c a n  b e  u s e d  t o  t e s t  w h e t h e r  a  g i v e n  
i n t e r n e d  s y m b o l  i s  a  member o f  a  l i s t ,  a n d  t h u s ,  w h e t h e r  a  g i v e n  
m i n o r  mode i s  i n  e f f e c t  i n  t h e  c u r r e n t  b u f f e r :  

(memq ' f i l l  b u f f e r - m i n o r - m o d e s )  

r e t u r n s  a  t r u t h  i n d i c a t i o n  i f  f i l l  mode i s  i n  e f f e c t  i n  t h i s  
b u f f e r ;  o t h e r w i s e ,  i t  r e t u r n s  l l n i l l l  ( f a l s e ) .  F u n c t i o n s  
i m p l e m e n t i n g  t h e  a c t i o n s  o f  k e y s  i n  m i n o r  modes  s h o u l d  c h e c k  i n  
t h i s  way t o  see w h a t  o t h e r  m i n o r  modes  a r e  i n  e f f e c t ,  a n d  w h a t  
t h e y  o u g h t  d o  i n  t h a t  c a s e .  

T h e  g l o b a l  v a r i a b l e  f i l l - m o d e - d e l i m i t e r s  i s  bound  t o  a  L i s p  
l i s t  o f  k e y s  t h a t  a c t  a s  p u n c t u a t i o n  i n  many m i n o r  m o d e s .  By u s e  
o f  t h e  L i s p  f u n c t i o n  m a p c ,  a l l  p u n c : t u a t i o n  c a n  b e  s e t  t o  t r i g g e r  
a  g i v e n  a c t i o n .  T h e  mapc f u n c t i o n  t a k e s  t w o  a r g u m e n t s ,  a  
f u n c t i o n  a n d  a  L i s p  l i s t ;  t h e  f u n c t i o n  i s  c a l l e d  u p o n  e a c h  
e l e m e n t  o f  t h e  l i s t :  

( 
( d e f u n  no-punc-mode-word-on-a-line-mode-on 0 ;mode  f u n c t i o n  

' ..- (mapc  ' w o r d - o n - a - l i n e - s e t t e r  f i l l - m o d e - d e l i m i t e r ~ )  ; s e t  
; k e y s  

( a s s e r t - m i n o r - m o d e  ' w o r d - o n - a - l i n e ) )  ; g e t  i n  mode l i n e  

( d e f u n  w o r d - o n - a - l i n e - s e t t e r  ( k e y )  ; k e y  i s  t h e  k e y  
( s e t - k e y  k e y  lword -on-a - l ine - - r e sponder ) )  ; s e t  t h e s e  k e y s  

( d e f u n  w o r d - o n - a - l i n e - r e s p o n d e r  ( ) ; k i y  f u n c t i o n  
( d e l e t e - w h i t e - s i d e s )  ; g e t  r i d  o f  w h i t e s p a c e  
( s e l f - i n s e r t )  ; i n s e r t  t h e  t y p e d  c h a r a c t e r  
( n e w - l i n e ) )  ; s t a r t  a  new l i n e .  

T h i s  s e t  o f  f u n c t i o n s  e s t a b l i s h e s  a  m i n o r  mode i n  , w h i c h  e a c h  word  
g o e s  o n  a  s e p a r a t e  l i n e  a s  i t  i s  t y p e d .  

CHARACTER DISPATCHING 

S e v e r a l  s p e c i a l  f o r m s  a n d  f u n c t ~ i o n s  f a c i l i t a t e  t h e  m a k i n g  o f  
d e c i s i o n s  b a s e d  u p o n  t h e  i d e n t i t y  o f  t h e  c h a r a c t e r  t o  t h e  r i g h t  
( o r  l e f t )  o f  t h e  c u r r e n t  p o i n t .  All. o f  t h e s e  f u n c t i o n s  a n d  f o r m s  
a c c e p t  e i t h e r  o f  t w o  w a y s  o f  d e s c r i b i n g  c h a r a c t e r s :  e i t h e r  a  
s i n g l e - c h a r a c t e r  s t r i n g  ( e . g . ,  l l . l t ) ,  o r  a  s y m b o l  w h o s e  name i s  
t h a t  c h a r a c t e r  ( e . g . ,  ' a ,  a s  i t  wou ld  a p p e a r  i n  a  p r o g r a m ) .  T h e  
f i r s t  k i n d ,  i s  c a l l e d  t h e  ! ' s t r i n g  fo rm1 ' ,  a n d  t h e  s e c o n d  k i n d ,  

(-- ! ' c h a r a c t e r  o b  jects l1.  



The func t ion  c u r c h a r ,  of no arguments,  r e t u r n s  t h e  c h a r a c t e r  
t o  t h e  r i g h t  of  t h e  c u r r e n t  po in t  a s  a  c h a r a c t e r  o b j e c t  ( t h i s  i s  
done f o r  s t o r a g e  e f f i c i e n c y ;  c h a r a c t e r  o b j e c t s  a r e  unique,  whi le  
s t r i n g s  r e q u i r e  a l l o c a t i o n ) .  You can t e s t  f o r  two c h a r a c t e r  

1 
o b j e c t s  being t h e  same unique o b j e c t  ( o r  any two o b j e c t s ,  i n  
g e n e r a l )  v i a  t h e  L i s p  p r e d i c a t e  eq: 

( i f  (eq ( c u r c h a r )  l a )  
( d i s p l a y - e r r o r  llYou a r e  :Looking a t  an w v l a f f l l .  " )  ) 

You could do t h i s  w i t h  t h e  looking-at  p r e d i c a t e  desc r ibed  above, 
b u t  f o r  s i n g l e  c h a r a c t e r s ,  looking-a t  i s  a  l o t  l e s s  e f f i c i e n t ,  i n  
both  t ime and s t o r a g e .  

You cannot use eq t o  t e s t  i f  two s t r i n g s  have t h e  same 
c h a r a c t e r s  i n  them; L i s p  s t r i n g s  a r e  - not uniquely  de f ined  i n  t h e  
same way t h a t  symbols a r e  uniquely  de f ined  v i a  t h e  oba r r ay .  Use 
samepnamep i n s t e a d .  

I n  o rde r  t o  f a c i l i t a t e  t h e  use of s p e c i a l  c h a r a c t e r s  ( t a b s ,  
l i n e f e e d s ,  spaces ,  quo te s ,  e t c . )  i n  t h i s  way, s e v e r a l  g l o b a l  
v a r i a b l e s  have va lues  of t h e  c h a r a c t e r  o b j e c t s  f o r  t h e s e  
c h a r a c t e r s :  

ESC ASCII ESC, Asc i i  033. 
CRET ASCII c a r r i a g e  r e t u r n  ( A s c i i  015) .- 1 
NL ASCII newline ( l i n e f e e d ) ,  Asc i i  012. 
SPACE ASCII b l ank ,  Asc i i  040. i 
TAB ASCII t a b ,  Asc i i  01 1 .  
BACKSPACE ASCI.1 backspace,  Asc i i  01 0 .  
DOUBLEQUOTE I f ,  A sc i i  042. 
SLASH / ,  Asc i i  057,  hard t o  t y p e  i n  L isp  code.  

A ( eq  ( c u r c h a r )  NL) i s  e q u i v a l e n t  t o  ( e o l p ) .  1 

A s p e c i a l  form t o  t e s t  i f  t h e  c u r r e n t  ( t o  t h e  r i g h t  of 
p o i n t )  c h a r a c t e r  i s  a  given c h a r a c t e r  i s  c a l l e d  i f - a t :  

,, I 
( i f - a t  " & "  ( d i s p l a y - e r r o r  "You c a n ' t  have an ampersand he re  " ) )  

I ts  syntax  i s  t h e  same a s  -7  i f  i . e . ,  i t  has  one ,  none, o r  many 
" thenv  and/or  l f e l s e f l  c l a u s e s ,  s epa ra t ed  b y  t h e  keyword " e l s e n  i f  
t h e r e  a r e  any e l s e  c l a u s e s .  However, i n s t e a d  of a  p r e d i c a t e ,  
i f - a t  t a k e s  e i t h e r  a  s i n g l e - c h a r a c t e r  s t r i n g  o r  a  c h a r a c t e r  
o b j e c t  t o  be compared t o  t h e  c u r r e n t  c h a r a c t e r .  I f  t h e  c u r r e n t  
cha rac t - e r  i s  t h a t  c h a r a c t e r ,  t h e  then forms a r e  e v a l u a t e d ,  e t c .  
The i f - a t  conve r t s  t h e  c h a r a c t e r  s t r i n g  t o  a  c h a r a c t e r  o b j e c t  a t  
L i sp  compile t ime ,  i f  necessary .  The s p e c i f i c a t i o n  of t h e  
c h a r a c t e r  m u s t  be a  form t h a t  e v a l u a t e s  t o . t h e  c h a r a c t e r  of 
i n t e r e s t  ( e . g . ,  " a t1 ,  ' a ,  variable--bound-to-an-a):  



( i f - a t  TAB ( d e l e t e - c h a r )  
( w h i t e s p a c e - t o - h p o s  n e x t - f i e l d ) )  ; t a b  t o  n e x t  f i e l d .  

The  e x a c t  e f f e c t  ( a n d  a c t u a l  i m p l e m e n t a t i o n )  o f  i f - a t  i s  a s  
t h o u g h  i t  were s h o r t h a n d  f o r :  

( i f  ( e q  ( c u r c h a r )  .... ..... ..... ..... ) 

S i m i l a r l y ,  a  f u n c t i o n  c a l l e d  l e f t h a n d - c h a r  i s  l i k e  c u r c h a r  
e x c e p t  t h a t  i t  r e t u r n s  t h e  c h a r a c t e r  t o  t h e  l e f t  o f  t h e  c u r r e n t  
p o i n t ;  i f  t h e  c u r r e n t  p o i n t  i s  a t  t h e  b e g i n n i n g  o f  t h e  b u f f e r ,  i t  
r e t u r n s  a  c h a r a c t e r  o b j e c t  f o r  a  m e w l i n e  ( w h i c h  i s  a l m o s t  a l w a y s  
w h a t  you  w a n t ) .  S i m i l a r l y ,  a n  i f - b a c k - a t  s p e c i a l  f o r m  e x i s t s ,  
w h o s e  s y n t a x  a n d  s e m a n t i c s  a r e  i d e n t i c a l  t o  i f - a t ,  e x c e p t  t h a t  i t  
d e a l s  w i t h  t h e  c h a r a c t e r  t o  t h e  -- l e f t  o f  t h e  c u r r e n t  p o i n t .  

Two s p e c i a l  f o r m s  f o r  d i s p a t c h i n g  o n  t h e  c u r r e n t  ( l e f t h a n d  
o r  r i g h t h a n d )  c h a r a c t e r  a r e  c a l l e d  d i s p a t c h - o n - c u r r e n t - c h a r  a n d  
d i s p a t c h - o n - l e f t h a n d - c h a r  t h e y  d i s p a t c h  upon t h e  c h a r a c t e r  t o  t h e  
r i g h t  a n d  t h e  ' l e f t  o f  t h e  c u r r e n t  p o i n t ,  r e s p e c t i v e l y :  

( d e c l a r e  ( s p e c i a l  p a r e n t a b l e ) )  ; g l . o b a l  v a r i a b l e  
( s e t q  p a r e n t a b l e  n i l )  ; d o n e  when c o d e  i s  

; l o a d e d  i n t o  e d i t o r  

(.. ( d e f u n  c o u n t - p a r e n s - i n - b u f f e r  0 
( i f  ( n o t  p a r e n t a b l e )  ; i f  n o t  i n i t i a l i z e d  

( s e t q  p a r e n t a b l e  ( c h a r s c a n - t a b l e  n O f f ) ) )  ; i n i t  i t  
( l e t  ( ( l e f t c o u n t  O ) ( r i g h t c o u n t  0 ) )  ; i n i t  t h e  c o u n t s  

( s a v e - e x c u r s i o n  ; b e  n i c e  
( g o - t o - b e g i n n i n g - o f - b u f f e r )  
( d o - f o r e v e r  

( i f  ( n o t  ( s e a r c h - c h a r s e t - f o r w a r d  p a r e n t a b l e ) )  
; l o o k  f o r  ( o r  ) 

( s t o p - d o i n g ) )  ; e x i t  t h e  d o  
( d i s p a t c h - o n - c u r r e n t - c h a r  ; see  w h i c h  

( ( s e t q  l e f t c o u n t  ( +  1 l e f t c o u n t ) ) )  
( " ) "  ( s e t q  r i g h t c o u n t  (+  1 r i g h t c o u n t ) ) ) ) ) )  

( m i n i b u f f e r - p r i n t  ( d e c i m a l - r e p  l e f t c o u n t )  l1 o p e n s ,  If 

( d e c i m a l - r e p  r i g h t c o u n t )  
r close^.^))) 

T h e  g e n e r a l  s y n t a x  o f  d i s p a t c h - o n - c u r r e n t - c h a r  a n d  
d i s p a t c h - o n - l e f t h a n d - c h a r  i s  a s  f o l l o w s :  



( d i s p a t c h - o n - c u r r e n t - c h a r  
( C H  1 <CHI- fo rml>  

<CHI-form2> 
1 1 1  I 

( e l s e  

C H i  c a n  b e  a n y  f o r m  t h a t  e v a l u a t e s  t o  a  s i n g l e - c h a r a c t e r  
s t r i n g  o r  t o  a  c h a r a c t e r  o b j e c t .  When t h e  c u r r e n t  c h a r a c t e r  
( l e f t  o r  r i g h t  a s  a p p r o p r i a t e )  m a t c h e s  a  C H i ,  a l l  o f  t h e  
<CHi-form> i n  t h a t  c l a u s e  a r e  e v a l u a t e d  s e q u e n t i a l l y ,  and t h e  
v a l u e  o f  t h e  l a s t  r e t u r n e d  a s  t h e  v a l u e  o f  t h e  
d i s p a t c h - o n - c u r r e n t - c h a r  ( n i l  i s  r e t u r n e d  i f  t h e r e  a r e  no 
< C H i - f o r m > ) .  I f  no  C H i  m a t c h e s ,  t h e  e l s e  c l a u s e  i s  e v a l u a t e d  a s  
t h o u g h  i t  were a  m a t c h i n g  c l a u s e .  The e l s e  c l a u s e  i s  o p t i o n a l ;  
i f  o m i t t e d ,  and no C H i  m a t c h e s ,  n i l  i s  r e t u r n e d .  

P R O G R A M  DEVELOPMENT 

The e d i t o r  i t s e l f  p r o v i d e s  many p o w e r f u l  t o o l s  f o r  
d e v e l o p i n g  e x t e n s i o n  c o d e  and t e s t i n g  it w h i l e  e d i t i n g  i t .  The 
f o l l o w i n g  i s  a  t y p i c a l  s c e n a r i o  i n  t h e  d e v e l o p m e n t  o f  an  
e x t e n s i o n .  

You d e c i d e  t o  wri te  an  e x t e n s i o n .  You s i t  down and  t h i n k  
a b o u t  i t ,  and  d e c i d e  t o  c o d e  i t .  You e n t e r  Emacs.  You d o  a  ^XnF 
on  t h e  s h a v e r . l i s p  f i l e  t o  g o  i n t o  a  new b u f f e r  w i t h  a  p r o p e r  
f i l e  name and s e l e c t  L i s p  m a j o r  mode ( a s s u m i n g  t h a t  you h a v e  t h e  
o p t i o n  f o r  f i n d - f i l e - s e t - m o d e s  " o n f 1 ) .  Then t y p e  t h e  f o r m :  

I ( $ i n c l u d e  e - m a c r o s )  

a t  t h e  t o p  o f  y o u r  f i l e ;  t h i s  i s  n e c e s s a r y  t o  c o m p i l e  i t  ( s ee  
v f C o m p i l a t i o n n  b e l o w ) ,  o r  t o  u s e  t h e  l o a d i t  r e q u e s t ,  d e s c r i b e d  
b e l o w .  The f i l e  e - m a c r o s . i n c l . l i s p  s h o u l d  b e  i n  t h e  f l t r a n s l a k o r f v  
s e a r c h  r u l e s  f o r  y o u r  p r o c e s s .  F o r  e f f i c i e n c y ,  p u t  a  l i n k  t o  i t  
i n  t h e  d i r e c t o r y  i n  which  you d o  Emacs e x t e n s i o n  d e v e l o p m e n t .  
Now b e g i n  t o  t y p e  i n  a  f u ' n c t i o n :  



($include e-macros) 

(defun shave-line 0 
- (go-to-beginning-of-line) 

At this point, to type the next line, lining it up with the last 
Lisp form, use the indent-to-lisp request, which is on ESC CR in 
Lisp mode, and the next form automatically indents properly: 

(delete-white-space) ;wrong name given deliberately here 

When typing in Lisp in general, ESC CR (in Lisp mode) indents you 
on the next line the right amount. So, continue with: 

(go-to-end-of-line) 
(delete-white-space) 

Now you are looking at the buffer with the code for 
llshave-lineff. To try it, load the code in the buffer into the 
editor. ESC ^Z in Lisp mode does this. Immediately, you get the 
message: 

Unbalanced parentheses. 

This means that there were not enough close parentheses 
.. somewhere: Emacs could not find the boundaries of the Lisp form. 

(,.--. ':: Fix the program problem. You are on the last line, so just type 
the close parenthesis: 

(delete-white-space)) 

Now do the ESC ^Z again. The cursor returns to the function you 
are trying to edit. To see if it works, invoke it from Lisp: 

ESC ESC shave-line CR 

ESC ESC puts parentheses around what you type, evaluates it, and 
types out the Lisp value so ret,urned. However, you find the 
message : 

lisp: undefined function: de1,ete-white-space 

printed in the minibuffer, with the terminal bell rung, so you 
must have the wrong function name. Since you know it is on a 
key, type: 

ESC X apropos white CR 

and learn about delete-white-sides. Now go to the first line 
that has the bad function name, do an @ to clear the line, ESC ^I 
to line up to retype the form, and: 

l 
("..-, ,; 

(delete-white-sides) 



Fix the other bad line, too, and again type: 

ESC ESC shave-line CH 

Surprisingly, it still says: 

lisp: undefined function: delete-white-space 

as though you had not changed anything. Indeed, fixing it in the 
buffer is not good enough. You must reload it into the editor 
environment; use ESC ^ Z  again. Now try it again: 

ESC ESC shave-line CR 

and immediately your function on the screen changes appearance; 
all the whitespace on the ends of the last line of the function 
disappears. It works, but its appearance is messy. This is a 
problem with editing what you are testing: it must either be 
innocuous, i.e., do something harmless, or you must be prepared 
to reconstruct damage your function does, or switch to a test 
buffer before running it. 

Fix your function, and you are almost done. Although it 
exists in an editor buffer, and in the editor Lisp environment, 
you must remember to write it out: 

7 

writes it out to shaver.lisp as you set up for initially. Now 
you have an operative Lisp program that you !can use again. If, 
in a future invocation of the editor, you need to use it, you 
type: 

ESC X loadfile <path>shaver.lisp CR 

and get it into the environment. There are two problems with 
this, however: 

1. Whoever loadfiles must have e-macros.incl.l~sp in his 
translator search rules. 

2. The code is executed interpretively by the Lisp I 

interpreter in the Lisp subsystem; Emacs is compiled 
Lisp, and compiled Lisp runs up to 100 times faster 
than interpreted Lisp and has fewer problems. 

Thus, the file shaver.lisp should be compiled. Then, the 
compiled object segment can be loaded into the editor with: 

ESC X loadfile <path>shaver 

See below for a description of how to compile Lisp programs. 
I 

I 



C o d i n g  P r o b l e m s  

(.. Some o t h e r  p r o b l e m s  a r e  o f  i m m e d i a t e  i n t e r e s t  t o  t h e  
e x t e n s i o n  wr i t e r .  I t  i s  p o s s i b l e ,  a n d  f a i r l y  common, t o  wr i te  
l o o p s  t h a t  d o  n o t  t e r m i n a t e ,  o r  t h a t  g e n e r a t e  i n f i n i t e  g a r b a g e .  
I f  you i n v o k e  y o u r  r e q u e s t ,  a n d  t h e  c u r s o r  n e v e r  l e a v e s  t h e  
m i n i b u f f e r ,  a n d  ^ G  seems t o  h a v e  n o  e f f e c t ,  you a r e  i n  a  l o o p .  
H i t  QUIT ,  a n d  u s e  t h e  p r o g r a m  i n t e r r u p t  ( p i )  M u l t i c s  command t o  
r e e n t e r  Emacs .  If you a r e  s i n g u l a r l y  u n f o r t u n a t e ,  y o u  g e t :  

l i s p :  ( n o i n t e r r u p t  t )  mode ,  u n a b l e  t o  a c c e p t  i n t e r r u p t  

i n  w h i c h  c a s e  you a r e  s t u c k  i n  t h e  p r o c e s s  o f  g e n e r a t i n g  i n f i n i t e  
g a r b a g e .  I n  t h i s  c a s e ,  you  m u s t  r e l e a s e ,  a n d  y o u r  e d i t i n g  
s e s s i o n  i s  l o s t .  I f  you  a r e  m o r e  f o r t u n a t e ,  you  w i l l  g e t  y o u r  
s c r e e n  b a c k ,  w i t h  t h e  c u r s o r  a t  t h e  p l a c e  y o u r  f u n c t i o n  l e f t  i t .  
O f t e n ,  by  l o o k i n g  a t  e x a c t l y  w h e r e  i t  l e f t  i t ,  you  c a n  g e t  a  g o o d  
i d e a  o f  w h a t  k i n d  o f  t h i n g  was  g i v i n g  y o u r  p r o g r a m  a  h a r d  time. 

If you g e t  m e s s a g e s  f r o m  M u l t i c s  t h a t  t e n d  t o  i n d i c a t e  t h a t  
t h e r e  i s  n o  m o r e  room i n  y o u r  p r o c e s s  d i r e c t o r y ,  you a r e  p r o b a b l y  
g e n e r a t i n g  a n  i n f i n i t e  number  o f  l i n e s ,  i . e . ,  a n  i n f i n i t e  b u f f e r .  

A n o t h e r  t h i n g  t h a t  c a n  h a p p e n  i s  you m i g h t  e x p o s e  some b u g ,  
o r  w h a t  you  b e l i e v e  t o  b e  a  b u g ,  i n  Emacs ,  o r  w o r s e  y e t ,  M u l t i c s  

(:. L i s p .  Use t h e  t r o u b l e  r e p o r t  f o r w a r d i n g  m e c h a n i s m  t o  d e s c r i b e  
w h a t  you  e n c o u n t e r e d  a n d  why you t h i n k  i t  i s  a  b u g .  

You c a n  a l s o  d e s t r o y  t h e  e d i t o r  e n v i r o n m e n t  by  b a d  c o d i n g .  
T h i s  i s  p a r t i c u l a r l y  t r u e  i n  r u n n i n g  c o m p i l e d  c o d e  t h a t  was  n o t  
c h e c k e d  o u t  i n t e r p r e t i v e l y  ( i . e . ,  v i a  ESC - 2 ) .  S t o r i n g  i n t o  
11 n  i 1 11 i s  o n e  common way t o  d o  t h i s .  . I f  t h e  e n t i r e  e d i t o r  seems 
b r o k e n ,  a n d  t h e  r e d i s p l a y  d o e s  n o t  e v e n  show t h e  s c r e e n ,  t h i s  i s  
w h a t  you h a v e  d o n e .  Q u i t  a n d  r e l e a s e  a n d  s t a r t  a l l  o v e r  a g a i n .  

A f u n c t i o n  c a l l e d  d e b u g - e  i s  c a l l e d  a s :  

ESC X d e b u g - e  C R  

I t  s e t s  " (*rse t  t ) l r  mode a n d  o t h e r  L i s p  d e b u g g i n g  a i d s ,  a n d  
u n s n a p s  a l l  I t l i s p  l i n k s f 1 .  I t  a l s o  r e v e r t s  t o  n a t i v e  M a c l i s p  
Q U I T / p i  h a n d l i n g .  To u s e  t h i s ,  h o w e v e r ,  you  m u s t  b e  f a m i l i a r  
w i t h  t h e  d e b u g g i n g  f e a t u r e s  o f  M u l t i c s  M a c l i s p .  

To g e t  t h e  v a l u e  o f  a g l o b a l  v a r i a b l e  t o  b e  p r i n t e d  o u t ,  
s a y ,  f i l l - c o l u m n ,  t y p e :  

E S C  E S C  p r o g n  f i l l - c o l u m n  C R  



Be c a r e f u l ,  f o r  v a l u e s  t y p e d  o u t  a r e  i n  o c t a l .  ~ 
A L i s p  c o d e  d e b u g g i n g  f a c i l i t y  w i t h i n  Emacs ,  c a l l e d  LDEBUG, 

o r  L i s p  Debug mode,  a l l o w s  f o r  t h e  s e t t i n g  o f  b r e a k p o i n t s ,  ~ 
d i a l o g u e  w i t h  L i s p  w i t h i n  Emacs ,  t r a c i n g ,  and s o  f o r t h .  S e e  I 

S e c t i o n  4 .  I 

COMPILATION ~ 
A l l  p r o d u c t i o n  M u l t i c s  L i s p  p r o g r a m s  a r e  c o m p i l e d .  T h i s  

r e s u l t s  i n  a  t r e m e n d o u s  p e r f o r m a n c e  i m p r o v e m e n t ,  b o t h  f o r  t h e  
u s e r  a n d  t h e  s y s t e m . '  Compi led  L i s p  p r o g r a m s  a r e  e x e c u t e d  
d i r e c t l y  by t h e  M u l t i c s  p r o c e s s o r ;  i n t e r p r e t e d  p r o g r a m s  a r e  
i n t e r p r e t e d  by t h e  L i s p  i n t e r p r e t e r .  Emacs i s  c o m p i l e d  L i s p .  

The L i s p  c o m p i l e r  i s  a  M u l t i c s  p r o g r a m  t h a t  c a n  b e  i n v o k e d  
f r o m  command l e v e l .  I t  h a s  t h e  names l c p  and l i s p  - c o m p i l e r .  To 
c o m p i l e  a  p r o g r a m  named m y f u n s . l i s p ,  you s a y :  

l c p  m y f u n s  I 
t o  M u l t i c s ,  a n d  you g e t  a n  o b j e c t  p r o g r a m  named l l m y f ~ n s ~ ~ ,  w h i c h  
c a n  b e  l o a d f i l e d ,  i n  t h e  w o r k i n g  d i r e c t o r y .  

The c o m p i l e r  d i a g n o s e s  L i s p  s y n t a x  e r r o r s .  I t  w a r n s  you o f  
J ,  

i m p l i e d  s p e c i a l  v a r i a b l e s  ( i f  you d i d  n o t  d e c l a r e  a  v a r i a b l e  
s p e c i a l ,  a n d  i t  i s  n o t  a  l o c a l  v a r i a b l e  i n  t h e  f u n c t i o n  i n  w h i c h  
i t  was r e f e r e n c e d ,  you p r o b a b l y  made a  m i s t a k e .  A l l  g l o b a l  
v a r i a b l e s  s h o u l d  b e  d e c l a r e d  f o r  t h i s  r e a s o n ;  e - m a c r o s  d e c l a r e s  
t h e  p r o v i d e d  . o n e s . )  

A t  t h e  end  o f  c o m p i l a t i o n ,  t h e  c o m p i l e r  p r i n t s  o u t  t h e  names 
o f  f u n c t i o n s  r e f e r e n c e d  i n  t h e  c o d e  b u t  n o t  d e f i n e d  i n  t h e  f i l e .  

I 

T h i s  i s  n o r m a l ;  h o w e v e r ,  you s h o u l d  i n s p e c t  t h e  l i s t  i t  p r i n t s  I 

o u t  t o  s e e  i f  a n y  a r e  o n e s  t h a t  you t h o u g h t  you d e f i n e d ;  i f  s o ,  
you h a v e  a  p r o b l e m .  Check a l s o  f o r  o n e s  t h a t  a r e  o b v i o u s  t y p i n g  
e r r o r s .  

I 
W h i l e  e d i t i n g  a  l a r g e  e x t e n s i o n  p r o g r a m ,  you may w i s h  t o  

l o a d  o n l y  t h e  f u n c t i o n  t h a t  you a r e  l o o k i n g  a t  on t h e  s c r e e n  i n t o  
t h e  e d i t o r  e n v i r o n m e n t .  The f u n c t i o n  c o m p i l e - f u n c t i o n ,  on  ESC ^ C  

I 

i n  L i s p  mode,  c o m p i l e s  t h e  f u n c t i o n  you a r e  l o o k i n g  a t  ( w h o s e  
s t a r t  i s  f o u n d  by ESC ^ A  f r o m  w h e r e  you a r e  now) o u t  o f  a  
t e m p o r a r y  s e g m e n t  i n  t h e  p r o c e s s  d i r e c t o r y ,  l o a d s  t h e  o b j e c t  
s e g m e n t ,  and  d i s p l a y s  t h e  c o r n p i l e r  d i a g n o s t i c s  v i a  l o c a l  
p r i n t o u t .  I t  s h o u l d  b e  u s e d  w i t h  c a r e  by a n y  e x c e p t  e x p e r i e n c e d  
Emacs e x t e n s i o n  c o d e r s .  When u s i n g  i t ,  remember t o  wr i te  o u t  1 



your changes, and recompile your whole program, because a program 
incrementally debugged in this mode gives the impression that it 
is. working properly when it is only doing so in the current 
editor environment. 

DOCUMENTING REQUESTS 

The automatic documentation system (apropos, ESC ? )  
provides customized Emacs request documentation. Documentation 
for supplied requests is kept in a special file in the Emacs 
environment directory. You can provide documentation for your 
own requests by placing a string, which is that documentation, as 
the vdocumentationlf property of the symbol that is the request 
being documented. For instance, if the symbol 
remove-every-other-word has the documentation property of: 

ltRemoves every other word from the sentence in which the 
cursor appears. If 

this information is displayed by ES'C ? when used on some key set 
to remove-every-other-word, or by: 

ESC X describe remove-every-other-word CR 

Documentation properties are assigned most conveniently via 
the Lisp special form "defpropt1, whose general syntax is: 

(defprop SYMBOL WHAT PROPERTY) 

This assigns the symbol (SYMBOL) a property (PROPERTY) of WHAT. 
The defprop is a special form because the actual symbols 
appearing in the form are used; they are not variables, as in " ( +  
a bc)". Thus, 

(defprop Joe Fred father) 

gives the symbol "Joev a "fatherv property of "Fredu. (The 
'Idefpropn is a special-form way of .doing the same thing as the 
lfputpropn function, but it is a special form because its 
ffargurnents" are not forms to be evaluated to produce symbols 
whose properties are to be dealt with, but the symbols 
themselves). To use defprop to establish Emacs request 
documentation, place forms like: 

(defprop remove-every-other-word 
"Removes every other word from the current sentence. Will 
not work on sentences ending in wfl?lfu. For indented 
sentences, use $$remove-other-word-from-indented-sentences$. 
$$$ is a powerful, dangerous, command." 

documentation) 



I 

Note several things about the documentation string: 

1. It does not need to end in a newline, and can contain 
newlines. 1 1  - 

2. Quotes ( " )  inside of it must be doubled. 

3. The string 11$$$11 will be replaced by the key being 
asked about (e.g., It ESC "Z" or "ESC X 
remove-every-other-word") at the time the document,ation 
is displayed. 

4. The keys used to invoke other requests can be 
referenced by stating two dollar signs, the name of the 
request, and one dollar sign. Thus, 
$$go-to-end-of-line$ appears as ^E in most 
environments; the point of this and the previous 
paragraph is to make documentation expansion 
independent of a user's key-bindings. 

The entire documentation string is lffilledlt (ESC Q) after 
all command-name substitutions are made; thus, the placement of 
newlines in the documentation stri.ng is ignored. Two consecutive 
newlines, however, are preserved, and thus, lines can be set off 
for examples, etc., by surrounding; them with blank lines. 

It is slightly more efficient, but clearly less readable, to 
-) /' 

place the defprop documenting a request before the defun defining 
the request itself. The defcom facility can also be used to 
document requests; see "Defining Requests With defcom" below. 

WINDOW MANAGEMENT 

Although buffers appear in windows on request, and are 
switched between automatically by the redisplay when you switch 
windows with ^XAO, ^X4, etc., there are times when you may want 
to take advantage of multiple win~dows explicitly. Good examples 
in supplied code are RMAIL reply mode and the comout-command 
("XAE). 

Most of the extensions of are ones in which the 
extension writer wants to place some information in a buffer, or 
else prepare some buffer to have information placed in it (e.g., 
RMAIL reply) and then display that information in a window. 
Usually, all that is required is to "go toM that buffer (e.g., 
with go-to-buffer or go-to-or-create-buffer). The redisplay 
llfindsll the editor in that buffer at the time of the next 
redisplay, and replaces the contents of the selected window on 
the screen. Such requests are called autophanic (self-showing). 
Examples are ^XB (select-buffer) and "XAF (find-file). 



H o w e v e r ,  s o m e  r e q u e s t s  s e t  u p  b u f f e r s  i n  s o m e  w indow o t h e r  
t h a n  t h e  c u r r e n t  w i n d o w ,  u s u a l l y  f o r  m u l t i - w i n d o w  o p e r a t i o n s  s u c h  
a s  m a i l  r e p l y ,  s o  a s  n o t  t o  d i s t u r b  t h e  c o n t e n t s  o f  t h e  c u r r e n t  

(.- w i n d o w .  T h e y  a r e  c a l l e d  h e t e r o p h a n i c  ( o t h e r - s h o w i n g ) .  T h e  
s t a n d a r d  e x a m p l e s  a r e  d i r e d - e x a m i n e ,  ma i l  r e p l y ,  a n d  
comout -command ( ^ X A E ) .  A l l  t h e  e x a m p l e s  g i v e n  a r e  s u b - r e q u e s t s  
o f  l a r g e r ,  a u t o p h a n i c  r e q u e s t s .  

H e t e r o p h a n i c  b u f f e r  b e h a v i o r  i s  p r o v i d e d  by  t h e  f u n c t i o n  
f i n d - b u f f e r - i n - w i n d o w .  I t  t a k e s  a s  a n  a r g u m e n t  a  b u f f e r - s y m b o l  
( L i s p  s y m b o l  r e p r e s e n t i n g  a  b u f f e r ) .  'That  b u f f e r  i s  c r e a t e d  i f  
i t  d o e s  n o t  now e x i s t ,  a n d  i s  g o n e  t o ,  a s  i f  g o - t o - b u f f e r  h a d  
b e e n  u s e d .  If Emacs  i s  i n  s i n g l e - w i n d o w  m o d e ,  t h e  e f f e c t  i s  t h e  
same a s  t h a t  o f  g o - t o - o r - c r e a t e - b u f f e r .  I n  two-window m o d e ,  t h a t  
b u f f e r  i s  p u t  o n  d i s p l a y  a s  f o l l o w s :  

a If i t  i s  a l r e a d y  o n  d i s p l a y  i n  some w i n d o w ,  i t  i s  l e f t  
t h e r e .  

a If i t  i s  - n o t ,  i t  i s  p u t  o n  d i s p l a y  i n  s o m e  o t h e r  
w i n d o w ,  o n e  i n  w h i c h  t h e  c u r s o r  i s  - n o t ,  a n d  t h e  c u r s o r  
m o v e s  t o  t h a t  w i n d o w ,  a s  i f  a  ^ X A O  h a d  b e e n  d o n e .  T h e  
l e a s t - r e c e n t l y  u s e d  w indow i s  c h o s e n .  

T h u s ,  o n  p r i n t i n g  t e r m i n a l s  a n d  i n  s i n g l e - w i n d o w  m o d e ,  t h e  
(.- e f f e c t  o f  f i n d - b u f f e r - i n - w i n d o w  i s  i n d i s t i n g u i s h a b l e  f r o m  t h a t  o f  

g o - t o - o r - c r e a t e - b u f f e r .  I n  m u l t i - w i n d o w  m o d e ,  i t  i s  e q u i v a l e n t  
t o  g o - t o - o r - c r e a t e - b u f f e r ,  d i s p l a y i n g  t h a t  b u f f e r  i n  a n o t h e r  
w i n d o w .  

You m u s t  n o t  u s e  f i n d - b u f f e r - i . n - w i n d o w  t o  p l a c e  a b u f f e r  o n  
t h e  s c r e e n  o n c e  y o u  h a v e  a l r e a d y  g o n e  t o  i t ;  i f  y o u  t h i n k  o f  
f i n d - b u f f e r - i n - w i n d o w  a s  a  k i n d  o f  g o - t o - o r - c r e a t e - b u f f e r ,  y o u  
w i l l  f i n d  n o  n e e d  f o r  d o i n g  s o .  

An e x t e n s i o n  m u s t  e s t a b l i s h  m u l t i . p l e  w i n d o w s  i f  i t  n e e d s  
t h e m ;  n o  c u r r e n t  Emacs  c o d e  r e q u i r e s  m u l t i p l e  w i n d o w s ,  a l t h o u g h  
t h e  f a c i l i t i e s  m e n t i o n e d  a b o v e  a r e m o r e  u s e f u l  when a l r e a d y  i n  
i t .  



Most extensions that place an auxiliary buffer on display I 

via find-buffer-in-window provide some request to return to the 1 
"mainn buffer (e.g., the RMAIL Incoming Message buffer, the 

, I buffer from which ^ X A E  was issued, etc.). If you enter a buffer I 

via find-buffer-in-window, you should probably return to the 
buffer from whence you came via find-buffer-in-window as well; 
the effect of this is to restore not only the original buffer, I 

but also the original window. Thus, save-excursion-buffer cannot 
be used effectively to return from buffers e n t e r e m  

I 
I 

find-buffer-in-window; an attempt to use save-excursion-buffer 
results in both windows1 showing the same buffer, since the I 
selected window (i.e., the cursor-bearing window) is changed aad 

l 

a new buffer selection means a new buffer in that window. I 

I 

The ^ X A Q  key sequence should be used to exit auxiliary 
buffers used by extensions to return to their main buffer, and 
usually switch windows as well, if the multiple-window strategy 
outlined above is used. 

Pop-up window mode, in essence, makes all requests 1 
heterophanic. Requests or subrequests that are naturally 
heterophanic need not worry about pop-up window mode, because 
find-buffer-in-window takes the appropriate action in either ~ 
pop-up or non-pop-up mode. tllowever, if proper heterophanic I 

behavior under pop-up windows is desired, naturally autophanic 
requests and subrequests must call a window-management primitive > 1 to obtain heterophanic behavior in pop-up window mode. This I 
primitive is called select-buffer-window. It takes two / I 

arguments, a buffer-symbol, and a lfkeyff that gives pop-up window 
management a preferred window size. 

In non-pop-up window mode, select-buffer-window is 
equivalent to go-to-or-create-buffer, and the key is ignored. In 
pop-up mode, it is equivalent to find-buffer-in-window, with the 
key suggesting the new window size. 

The following values for the key argument to 
select-buffer-window are accepted. They specify the window size 
in pop-up mode if the window does not exist already: 

any number 
That many lines. ' 

'cursize 
I 
I 

Make a choice based on the cur'rent number of lines in 
the buffer. 

I 
I 

nil 
Chooses some reasonable fraction of the screen. 



t c u r s i z e - n o t - e m p t y  
Same a s  n i l  if t h e  b u f f e r  i s  e m p t y ;  s a m e  a s  ' c u r s i z e  i f  
i t  i s  n o t .  F o r  e x a m p l e ,  ^ X A F  u s e s  t h i s ,  b e c a u s e  y o u  
c a n  t y p e  i n t o  a new b u f f l e r .  

' d e f a u l t - c u r s i z e  
If t h i s  b u f f e r  h a s  n e v e r  b e e n  d i s p l a y e d  b e f o r e ,  m a k e s  a 
c h o i c e  b a s e d  o n  t h e  number  o f  l i n e s .  O t h e r w i s e ,  u s e s  
t h e  same s i z e  w a s  c h o s e n  l a s t  t ime. 

T h e  f i n d - b u f f ' e r - i n - w i n d o w  c a n  n o t  b e  u s e d  t o  d i s p l a y  t h e  
" c u r r e n t  b u f f e r t 1  h e t e r o p h a n i c a l l y .  I f  y o u  a t t e m p t  t o  d o  t h i s :  

( f i n d - b u f f e r - i n - w i n d o w  c u r r e n t - b u f f e r )  

y o u  f i n d  i t  a p p e a r i n g  i n  b o t h  t h e  o l d  a n d  new w i n d o w s ,  f o r  t h e  
w indow m a n a g e r  f i n d s  t h a t  y o u  were i n  t h i s  b u f f e r  i n  t h e  c u r r e n t  
w indow ( a  t r u t h )  b e f o r e  y o u  w e n t  t o  a n o t h e r  o n e  ( y o u  h a d  t o  g o  t o  
a n o t h e r  o n e ,  a s  p e r  h e t e r o p h a n i c  b e h a v i o r ) ,  a n d  i n d i c a t e s  t h a t  
t h e  c u r r e n t  b u f f e r  i s  t o  b e  d i s p l a y e d  i n  t h e  o l d  w i n d o w  a s  w e l l ,  
f o r  t h a t  was t h e  l a s t  b u f f e r  y o u  were i n  i n  t h a t  w i n d o w .  T o  
a v o i d  t h i s ,  u s e  s e l e c t - b u f f e r - f i n d - w i n d o w  ( o f  two a r g u m e n t s ,  t h e  
b u f f e r  a n d  a  k e y  a s  f o r  s e l e c t - b u f f e r - w i n d o w )  i f  h e t e r o p h a n i c  
d i s p l a y  o f  t h e  c u r r e n t  b u f f e r  i s  n e e d e d :  

( s e l e c t - b u f f e r - f i n d - w i n d o w  c u r r e n t - b u f f e r  n i l )  

T h i s  i s  r a r e ,  s i n c e  y o u  s e l d o m  go t o  a b u f f e r  a n d  t h e n  w a n t  t o  
f i n d - b u f f e r - i n - w i n d o w  i-t; i n  E m a c s ,  o n l y  ^XAE d o e s  t h i s .  

S i n c e  a l l  t h i n g s  u s i n g  t h ~ e s e  f e a t u r e s  a r e  m o d e r a t e l y  
s o p h i s t i c a t e d ,  o n l y  a n  o u t l i n e  o f  a n  e x t e n s i o n  u s i n g  t h e m  i s  
g i v e n  h e r e .  I t  i s  a t y p i c a l  s u b l - s u b s y s t e m  ( e . g . ,  d i r e d )  t h a t  
s e t s  i t s e l f  u p  i n  a n  a u t o p h a n i c  b u f f e r  d i s p l a y ,  w i t h  s p e c i f i c  k e y  
b i n d i n g s ,  e t c . ,  a n d  h a s  a  h e t e r o p h a n i c  s u b d , i s p l a y  b y  w h i c h  i t  ' 

d i s p l a y s  a  t tmenu"  i n  a d d i t i o n  t o  t h e  m a i n  d i s p l a y :  



(defun unusual-mode 0 ;Setup function for this mode I ........... 
(go-to-or-create-buffer (rnaknam ./ ) ,, 

(expl.odec "Unusual bufferu)) ) 
(set-key 'ESC-"S 'unusual-mode-show-menu) 
(select-buffer-window current-buffer nil) 
(register-local-var 'unusual-mode-buffer-to-return-to) 

............ 
(declare (special unusual-mode-buffer-to-return-to));for compiler 
(defun unusual-mode-show menu 0 

(setq unusual -mode-b ,uf fe r - - to- re turn- to  current-buffer) 
;save buffer 

(find-buffer-in-window 'Unusual-Menu) ;Display menu 
(set-key 'r l u n u s u a l - m o d e ~ - s e l e c t - i t e m )  ;Set key bindings 
(set-key '"XAQ l u n u s u a l - m o d e - r n e n u - r e t u r n )  
(insert-string "Unusual menu delicacies") ;Fill it up 
;; Will not actually be displayed until request finishes. 
......... 
(go-to-beginning-of-buffer) 
(setq current-buffer-mode IUnusual/ Menu 

buffer-modified-flag nil read-only-flag t) 
\ 

(defun unusual-mode-menu-return 0 
(find-buffer-in-window unusual.-mode-buffer-to-return-to)) 
;;Return to calling buffer. -1 -1 , 

The following are several primi,tives available to deal with 
windows by window number. The topmost window on the screen is 
window number 1 ;  the next one down, if any, is number 2, etc., 
(the minibuffer and mode line do not count as windows). The 
selected window is the one in which the cursor currently appears. 

selected-window 
This variable contains the number of the currently 
selected window. Do -- not attempt to setq it to select a 
window; use select-window i-nstead. 

nuwindows 
This variable contains the number of windows on the I 

screen; do not attempt to setq-it to create or delete I 

windows; u s e  delete-window and the ^X2 and "X3 I 
I 

functions to do these things. 

select-window 
This function (of one argument, a win'dow number) 
selects that window (ass "X4 with an argument does). 



delete-window 
This function (of one argument, a window number) 
removes that window from the screen, distributing its 
space to the other windows. 

buffer-on-display-in-window 
This predicate function (of one argument, a 
buffer-symbol) returns truth if the specified buffer is 
on display in some window on the screen. If used as a 
function, i.e., the value returned is inspected, the 
returned value the window number in which the specified 
buffer is on display (if it is not on display, the 
symbol "nil", representing falsity, is returned). 

window-info 
This function (of one argument, a window number) 
returns information about that window. The information 
is in the form of a piece of Lisp list structure, which 
can be interpreted by the Lisp list destructuring 
functions; assuming that "infou has the result of 
window-info, the following forms return the information 
as follows: 

(caar info) = >  The top line-numSer on the screen of 
the window. The topmost is 0 .  

(cdar info.) = >  The number of lines in the window. 
(caddr info) = >  The buffer-symbol of the buffer on 

display in the window. 
(cadddr info) = >  A string duplicating the contents of 

the "cursor lineH of the window, 
including its newline character. The 
cursor line of a buffer is that line 
where the cursor is (if it is in the 
select'ed window) or would be if that 
window became selected (e.g., with 
^XO) . 

window-adjust-upper 
A function of two arguments, the first a window number, 
and the second a signed number of lines to move its 
upper divider-line down Tnegative is up). 

window-adjust-lower 
Same as window-adjust-upper, but deals with lower 
divider line. 

WRITING SEARCHES 

Several functions aid in providing search-type requests. 
These functions prompt for the search string, provide default 
search strings, and announce search failure in a standardized 

( .- way. All supplied Emacs searches use them. 



When w r i t i n g  a  s e a r c h - t y p e  r e q u e s t ,  you s h o u l d  p r o v i d e  two 
i n t e r f a c e s ,  a  llcomrnandll,  which  c a l l s  t h e  a b o v e  two p r i m i t i v e s ,  
a n d  a  I t s e a r c h  p r i m i t i v e 1 ' ,  a l s o  c a l l e d  by t h e  vcommandlf .  The 
s e a r c h  p r i m i t i v e  s h o u l d  r e t u r n  t ( t r u t h )  i f  t h e  s e a r c h  s u c c e e d s ,  
l e a v i n g  p o i n t  a t  t h e  p r0pe . r  p l a c e ,  a s  t h e  s e a r c h  d e f i n e s .  I f  t h e  
s e a r c h  f a i l s ,  t h e  p r i m i t i v e  m u s t  r e t u r n  n i l  ( f a l s i t y ) ,  and  l e a v e  
p o i n t  w h e r e  i t  was when t h e  p r i m i t i v e  was i n v o k e d .  

g e t - s e a r c h - s t r i n g  
T a k e s  o n e  a r g u m e n t ,  t h e  p r o m p t .  The p r o m p t  s h o u l d  
c o n t a i n  t h e  word l l s e a r c h l l .  The g e t - s e a r c h - s t r i n g  1-1 
p r o m p t s  t h e  user f o r  a s e a r c h  s t r i n g ,  which  t h e  user 

1 

m u s t  t e r m i n a t e  w i t h  a  C R ,  and r e t u r n s  i t  a s  a  s t r i n g .  
I f  t h e  u s e r  g i v e s  a  n u l l  s t r i n g ,  t h e  l a s t  s e a r c h  s t r i n g  I 

i s  u s e d  and  e c h o e d .  The l a s t  s e a r c h  s t r i n g  i s  s e t  t o  
t h e  r e t u r n e d  s t r i n g  f o r  t h e  n e x t  d e f a u l t i n g .  

s e a r c h - f a i l u r e - a n n u n c i a t o r  
C a u s e s  t h e  " S e a r c h  F a i l s . "  m e s s a g e  t o  a p p e a r  i n  t h e  
m i n i b u f f e r ,  and  a  command-quit  (^GI t o  b e  p e r f o r m e d .  
T h i s  a b o r t s  a n y  k e y b o a r d  macro  c o l l e c t i o n  o r  e x e c u t i o n  
i n  p r o g r e s s .  . I 

A s i m p l e  i m p l e m e n t a t i o n  o f  a  w r a p a r o u n d  s e a r c h ,  b e l o w ,  f i r s t  1 
l o o k s  f r o m  p o i n t  t o  t h e  end o f  t h e  b u f f e r  f o r  t h e  s e a r c h  s t r i n g .  
If  t h a t  f a i l s ,  i t  g o e s  t o  t h e  t o p  and s e a r c h e s  a g a i n .  I t  i s  n o t  , I  , 1 
o p t i m a l  b e c a u s e  i t  n e e d l e s s l y  s c a n s  f a r t h e r  t h a n  t h e  o r i g i n a l  1 
p o i n t  when s t a r t i n g  f r o m  t h e  t o p .  U s i n g  p o i n t > m a r k p  and 
s e a r c h i n g  a  l i n e  a t  a  t i m e  would b e  v e r y  e x p e n s i v e ,  d u e  t o  I 

p o i n t > m a r k p l s  e x p e n s e .  S e a r c h i n g  a  l i n e  a t  a  time u s i n g  
f o r w a r d - s e a r c h - i n - l i n e  and m a r k - o n - c u r r e n t - l i n e p  would  b e  
a c c e p t a b l e ,  b u t  more  complex  t h a n  t h i s  e x a m p l e  n e e d  b e .  F o r  a  
s e a r c h  t h a t  i s  p r o b a b l y  g o i n g  t o  b e  u s e d  o n l y  a s  a  u s e r  i n t e r f a c e  
e . ,  n o t  i n t e r n a l l y ) ,  t h i s  i m p l e m e n t a t i o n  i s  a d e q u a t e l y  
2 f f i c i e n t .  R e c a l l  t h a t  wi th -mark  r e l e a s e s  i t s  mark and r e t u r n s  
't l a s t  v a l u e .  

I 



Here is the internal primitive for wraparound search: 

(defun wraparound-search-primitive (string) 
(with-mark m ;Remember starting point 

(if (forward-search string);Look to end of buffer 
t ;Return truth 
else 
(go-to-beginning-of-buffer) 
(if (forward-search string) ;Look from top 

t 
else 
(go-to-mark m) ;Return to orig. place 
n i l > > > > >  ;Return falsity 

; ; with-mar-k and this function 
;; return the value of the outer "if'' 

The request for calling the primitive: 

(defun wraparound-search 0 
(if (not (wraparound-search-primitive 

(get-search-string "Wraparound Search: " 1 ) )  
(search-failure-annunciator))) 

The wraparound-search request should have some key bound to 
it if this type of search is to be made available from the 

. I keyboard. 

CALLING MULTICS COMMANDS 

In some extensions, especi.ally those like DIRED that 
manipulate the Multics environment, you must call Multics 
commands, or execute Multics command lines. 

Multics command lines are strings submitted to cu $cp for 
execution. This is the Multics agency to which the Ifen - requests 
of the Multics edm and qedx edi:tors, the I f . . "  requests of 
read mail, send - mail, and debug, and other subsystems submit 
command lines. The two primitives for executing Multics command 
lines are: 

e - cline 
TaEes.one argument, a string, which is passed to cu $cp 
for execution. No reattachment of output takes place. 
If the command line produces output, it messes up the 
screen. This should only be used when no output is 
anticipated, and should be used then in preference to 
comout-get-output, since it is much faster. 



c o m o u t - g e t - o u t p u t  
T a k e s  a n y  number o f  a r g u m e n t s ,  w h i c h  may b e  s t r i n g s  o r  
s y m b o l s ,  and  c a t e n a t e s  them w i t h  o n e  s p a c e  b e t w e e n  them 
t o  f o r m  a  M u l t i c s  command l i n e ,  f a c i l i t a t i n g  t h i n g s  

J 
l i k e :  

( c o m o u t - g e t - o u t p u t  ' d e l e t e  t h i s - s e g  I - b f )  

R e a t t a c h e s  u s e r  o u t p u t  and e r r o r  o u t p u t  d u r i n g  t h e  
e x e c u t i o n ,  r e r o u E i n g  them t o  a  p r o c e s s  d i r e c t o r y  f i l e .  
When t h e  command e x e c u t i o n  c o m p l e t e s ,  t h e  c o n t e n t s  of 
t h e  c u r r e n t  b u f f e r  a r e  o b l i t e r a t e d  ( ! )  - and t h e  
t e m p o r a r y  f i l e  r e a d  i n  t o  i t .  T h i s  i s  t h e  p r i m i t i v e  
t h a t  comout-command ( " X n E )  u s e s ;  e  - c l i n e  - i s  u s e d  by 
c o m o u t - g e t - o u t p u t  i n t e r n ~ a l l y .  

T h e s e  p r i m i t i v e s  se t  up a  c o n d i t i o n  h a n d l e r  t h a t  c a t c h e s  a l l  
a b n o r m a l  M u l t i c s  s i g n a l s  a n d  a t 5 o r t s  t o  a  s e c o n d  M u l t i c s  command 
l e v e l  w i t h  a  m e s s a g e  i f  o n e  o c c u r s .  However ,  r e q u e s t s  f o r  i n p u t  
by t h e s e  command l i n e s  c a n n o t  a t  t h i s  time b e  d e a l t  w i t h  we l l .  
I n  t h e  c a s e  o f  e c l i n e - ,  t h e  u s e r  g e t s  t h e  q u e r y  i n  raw t e l e t y p e  
modes ,  a n d  h a s  to a n s w e r  it i n  r a w ,  n o n e d i t e d  t e l e t y p e  modes .  I n  
t h e  c a s e  o f  c o m o u t - g e t - o u t p u t ,  t h e  q u e r y  n e v e r  a p p e a r s ,  h a v i n g  
b e e n  r o u t e d  t o  t h e  t e m p o r a r y  s e g m e n t ,  and  t h e  u s e r ' s  p r o c e s s  
h a n g s  s i n c e  t h e  u s e r ,  h a v i n g  n e v e r  s e e n  t h e  q u e r y ,  d o e s  n o t  know 
t o  r e s p o n d .  ;, -) 

', ..-./ 
I ! 

MULTICS ERROR TABLE 

To g e t  t h e  v a l u e  o f  s t a n d a r d  M u l t i c s  e r r o r  c o d e s ,  f r o m  
e r r o r  - t a b l e - ,  i n t o  a  p r o g r a m  t o  see i f  a  g i v e n  M u l t i c s  i n t e r f a c e  
h a s  i n  f a c t  r e t u r n e d  i t ,  t h e  f u n c t i o n  I t e r r o r  t a b l e  ( w i t h  
u n d e r s c o r e s ,  n o t  h y p h e n s )  i s  u s e d .  I t s  s i n g l e  a r g u m e n t  i s  a  
s y m b o l ,  whose name i s  t h e  name o f  t h e  e r r o r  t a b l e  e n t r y  whose  

I 

v a l u e  i s  s o u g h t ,  and t h e  r e t u r n e d  r e s u l t  is ' t E a t  v a l u e ,  o r  1 if  
it i s  n o t  a v a l i d  e n t r y .  I 

I 

The  e r r o r - t a b l e -  f u n c t i o n  o p t i m i z e s  f i n d i n g  t h e  same name .. I 
o v e r  and o v e r  a g a i n ,  s o  you need  n o t  go t h r o u g h  m a c h i n a t i o n s  t o  I 

1 
s a v e  a n  e r r o r  t a b l e  v a l u e  computed b y  t h e s e  means .  An e x a m p l e  i 
o f  t h e  u s e  o f . < r r o r  - t a b l e  - f o l l o w s :  .. I ! 

i 
( l e t  ( ( s t a t u s - r e s u l t  ( h c s  $ g e t  u s e r  e f f m o d e  d i r  e n t r y  

( i f  ( n o t  ( =  ( c a d r  s t a t u s - r e s u i t )  0 )  ; t h e  r e t u r n  c o d e  
( i f  ( =  ( c a d r  s t a t u s - r e s u l t )  

( e r r o r . - t a b l e  ' i n c o r r e c t  - a c c e s s ) )  
( d i s p l a y - e r r o r - n o a b c ) r x  "Warn ing :  n o t  c h e c k i n g  

a c c e s s 1 '  ) 
e l s e  
( d i s p l a y - c o r n - e r r o r  ( c a d r  s t a t u s - r e s u l t )  d i r  "> "  

e n t r y )  1)  1 
j 



D e f i n i n g  R e q u e s t s  -- W i t h  d e f c o m  

( I T h e  d e f c o m  ( f o r  d e f i n e - c o m m a n d )  -- f a c i l i t y  * s i m p l i f i e s  t h e  
d e f i n i t i o n  o f  L i s p  f u n c t i o n s  t o  b e  u s e d  a s  Emacs r e q u e s t s .  
Defcom c o o p e r a t e s  w i t h  t h e  Emacs command r e a d e r  t o  p r o v i d e  
p r o m p t i n g  a n d  d e f a u l t i n g  o f  u n s p e c i f i e d  a r g u m e n t s ,  r a n g ' e - c h e c k i n g  
o f  n u m e r i c  a r g u m e n t s ,  a u t o m a t i c  r e p e t i t i o n  f o r  n u m e r i c  a r g u m e n t s ,  
c r o s s - c o n n e c t i n g  s y m m e t r i c a l  f u n c : t i o n s  v i a  n e g a t i v e  a r g u m e n t s ,  
a n d  o t h e r  f e a t u r e s .  

Defcom i s  a  r e l a t i v e l y  new f a c i l i t y  i n  t h e  Emacs e x t e n s i o n  
e n v i r o n m e n t ;  n o t  a l l  o f  Emacs '  i n t e r n a l  c o d e  h a s  b e e n  c o n v e r t e d  
t o  u s e  i t .  P e r u s i n g  t h e  Emacs s o u r c e ,  you  w i l l  f i n d  e x a m p l e s  o f  
d e f c o m l s  u s e  i n t e r m i x e d  w i t h  o l d e r  e x a m p l e s  u s i n g  d e f u n  t o  d e f i n e  
r e q u e s t  f u n c t i o n s .  

Defcom s h o u l d  o n l y  b e  u s e d  f o r  d e f i n i n g  f u n c t i o n s  a c t u a l l y  
t o  b e  u s e d  a s  Emacs r e q u e s t s ;  i n t e r n a l  a n d  a u x i l i a r y  f u n c t i o n s  t o  
b e  u s e d  b y  t h e s e  f u n c t i o n s  s h o u l d  s t i l l  b e  d e f i n e d  w i t h  d e f u n .  
Emacs r e q u e s t s  d e f i n e d  w i t h  d e f u n  w i l l  w o r k ,  b u t  t h o s e  d e f i n e d  
w i t h  d e f c o m  p r o d u c e  b e t t e r  d i a g n o s t i c s  a n d  o f f e r  m o r e  f e a t u r e s .  
Defcom i s  a  t e c h n i q u e  w h e r e b y  t h e  n e c e s s a r y  d e f u n s  a r e  g e n e r a t e d  
a u t o m a t i c a l l y ,  s o  f u n c t i o n s  d e f i n e d  w i t h  d e f c o m  c a n  b e  c a l l e d  
f r o m  o t h e r  f u n c t i o n s ,  a s  well .  

To d e f i n e  a  f u n c t i o n  w i t h  d e f c o m ,  u s e  d e f c o m  i n s t e a d  o f  
d e f u n ,  a n d  s u p p l y  - n o  L i s p  a r g u m e n t  l i s t :  

( d e f c o m  o n e - w o r d - f r o m - b e g i n n i n g  
( g o - t o - b e g i n n i n g - o f - b u f f e r )  
( f o r w a r d - w o r d ) )  

T h i s  i s  t h e  s i m p l e s t  f o r m  o f  d e f c o m ;  o p t i o n a l  f e a t u r e s  a r e  
s u p p l i e d  b y  p l a c i n g ,  b e t w e e n  t h e  f u n c t i o n  name a n d  t h e  f u n c t i o n  
c o d e ,  v a r i o u s  k e y w o r d s ,  a l l  o f  w h i c h  b e g i n  w i t h  t h e  
c h a r a c t e r ,  a n d  some o f  w h i c h  t a k e  o p t i o n a l  a r g u m e n t s ,  e x p r e s s e d  
a s  l i s t s .  

T h e  m o s t  common o p t i o n a l  s p e c i f i c a t i o n  i s  & n u m e r i c - a r g u m e n t ,  
( o r  & n a ) ,  w h i c h  s p e c i f i e s  what' t o  d o  w i t h  a  s u p p l i e d  n u m e r i c  
a r g u m e n t .  The  keyword  & n u m e r i c - a r g u m e n t  m u s t  b e  f o l l o w e d  b y  a  
l i s t  o f  s p e c i f i c a t i o n s ,  w h i c h  m u s t  i n c l u d e  o n e  o f  t h e  f o l l o w i n g  
m a j o r  p r o c e s s i n g  t y p e s :  

& r e j e c t  
Any n u m e r i c  a r g u m e n t  i s  r e j e c t e d  a s  i n v a l i d .  No o t h e r  
s p e c i f i c a t i o n s  a r e  v a l i d  i n  t h i s  c a s e .  T h i s  i s  t h e  
d e f a u l t  i f  & n u m e r i c - a r g u m e n t  i s  n o t  g i v e n .  

& i g n o r e  
A n u m e r i c  a r g u m e n t  i s  i g n o r e d .  



& r e p e a t  
I f  t h e  a r g u m e n t  i s  p o s i t i v e ,  t h e  r e q u e s t  i s  r e p e a t e d  1 
t h a t  many times. I 

& p a s s  
The v a l u e  o f  t h e  L i s p  v a r i a b l e  "numarglt i s  s e t ,  a s  i n  
nondefcom r e q u e s t s  

I n  a d d i t i o n  t o  t h e  m a j o r  p r o c e s s i n g  t y p e ,  o p t i o n a l  b o u n d s  I 
c a n  b e  s p e c i f i e d  by t h e  k e y w o r d s  &upper -bound  ( & u b )  o r  
&lower -bound  ( & l b ) .  T h e s e ,  i n  t u r n ,  m u s t  b e  f o l l o w e d  by e i t h e r  I 
an  i n t e g e r  r e p r e s e n t i n g  t h e  b o u n d ,  o r  t h e  keyword & e v a l  f o l l o w e d  
by an e x p r e s s i o n  t o  e v a l u a t e  a t  t h e  time command e x e c u t i o n  i s  . I a t t e m p t e d ,  w h i c h  t h e n  p r o d u c e s  a  v a l u e  ( s u c h  an  e x p r e s s i o n  i s  
c a l l e d  a n  " & e v a l  e x p r e s s i o n t t . )  Mere a r e  some e x a m p l e s  o f  
& n u m e r i c - a r g u m e n t  s p e c i f i c a t i o n s :  I 

& n u m e r i c - a r g u m e n t  
( & r e p e a t  &lower -bound  1 

&upper -bound  & e v a l  ( +  max-foos  2 ) )  

& n u m e r i c - a r g u m e n t  
I ( & p a s s  &upper -bound  1 5 . )  

! -, 

A r e q u e s t  d e f i n e d  w i t h  de fcom may e l e c t  t o  r e c e i v e  L i s p  
a r g u m e n t s ,  v a l u e s  t h a t  a r e  t o  be  p r o m p t e d  f o r  o r  s u p p l i e d  a s  
e x t e n d e d  r e q u e s t  a r g u m e n t s .  They c a n  b e  p r o v i d e d  a u t o m a t i c a l l y ,  

I 
I 

and p r o m p t e d  f o r , -  by t h e  Emacs command r e a d e r ,  and s u p p l i e d  a s  
L i s p  a r g u m e n t s  t o  t h e  r e q u e s t  f u n c t i o n .  I n s t e a d  o f  a  n o r m a l  L i s p  ~ 
a r g u m e n t  l i s t ,  t h e  keyword & a r g u m e n t s  ( o r  & a r g s  o r  & a )  a r e  
f o l l o w e d  by a  l i s t  o f  a r g u m e n t  ~ ~ p e c i f i c a t i o n s ,  o n e  f o r  e a c h  L i s p  
a r g u m e n t  t o  b e  s u p p l i e d .  I * .  I 

I 
Each a r g u m e n t  s p e c i f i c a t i o n  c o n s i s t s  o f  t h e  L i s p  name o f  t h e  

a r g u m e n t ,  i . e . ,  t h e  name o f  t h e  v a r i a b l e  t o  b e  r e f e r r e d  t o  i n s i d e  1 
t h e  f u n c t i o n ,  and any  number o f  a r g u m e n t  q u a l i f i e r s ,  s e p a r a t e d  by 
s p a c e s .  Each a r g u m e n t  q u a l i f i e r  c a n  c o n s i s t  o f  s e v e r a l  t o k e n s ,  

I 

a s  n e c e s s a r y .  Argument q u a l i f i e r s  s p e c i f y  t h e  p r o m p t s ,  d e f a u l t s ,  
e t c . ,  f o r  a n  a r g u m e n t .  An a r g u m e n t  s p e c i f i c a t i o n  may a l s o  b e  1 
g i v e n  a s  t h e  name o f  t h e  v a r i a b l e  a l o n e ,  a s  o p p o s e d  t o  a  l i s t  o f  
i t  and  q u a l i f i e r s .  I n  t h i s  c a s e ,  i t  i s  e q u i v a l e n t  t o  h a v i n g  i t s  

I 
I 

own name a s  a  p rompt  f o r  i t s  v a l u e .  

When a  d e f c o m - d e f i n e d  r e q u e s t  i s  i n v o k e d  a s  an  e x t e n d e d  
r e q u e s t ,  ( i . e . ,  v i a  ESC XI, t h e  Emacs command r e a d e r  c h e c k s  t h e  
t y p e  and number o f  r e q u e s t  a r g u m e n t s  s u p p l i e d  and n e c e s s a r y ,  and  
p r o m p t s  f o r  t h o s e  n o t  s u p p l i e d ,  o r  d e f a u l t s  them a s  s p e c i f i e d .  .-. ? 



When a  d e f c o m - d e f i n e d  r e q u e s t  t h a t  h a s  a r g u m e n t s  i s  i n v o k e d  f r o m  
a  k e y ,  i t  i s  a s  i f  i t  were i n v o k e d  a s  a n  e x t e n d e d  r e q u e s t  w i t h  n o  

(.-.. r e q u e s t  a r g u m e n t s  g i v e n ,  a n d  a l l  a r e  e i t h e r  p r o m p t e d  f o r  o r  
d e f a u l t e d .  

T h e  v a l i d  a r g u m e n t  q u a l i f i e r s  a r e  

& s t r i n g  
& s y m b o l  
& i n t e g e r  

S p e c i f i e s  how t h e  a r g u m e n t ,  when r e a d  b y  ESC X o r  
p r o m p t e d  f o r ,  i s  t o  b e  c o n v e r t e d  b e f o r e  b e i n g  p a s s e d .  
O n l y  o n e  o f  these  i s  v a l i d  i n  a g i v e n  a r g u m e n t  
s p e c i f i c a t i o n ,  a n d  & s t r i n g  ( i . e . ,  n o  c o n v e r s i o n )  i s  t h e  
d e f a u l t .  

& d e f a u l t  
M u s t  b e  f o l l o w e d  by e i t h e r  a  s t r i n g ,  s y m b o l ,  o r  
i n t e g e r ,  a s  c o n s i s t e n t  w i t h  t h e  e x p e c t e d  d a t a  t y p e  f o r  
t h i s  a r g u m e n t ,  o r  a n  & e v a l  e x p r e s s i o n .  S p e c i f i e s  t h e  
d e f a u l t  v a l u e  t o  b e  u s e d  i f  t h i s  a r g u m e n t  i s  n o t  
s u p p l i e d ,  o r  a  n u l l  r e s p o n s e  i s  g i v e n  t o  a  p r o m p t  f o r  
t h i s  a r g u m e n t ,  i f  a n y .  

& p r o m p t  
S p e c i f i e s  t h e  p r o m p t  f o r  t h i s  a r g u m e n t ,  i f  n o t  s u p p l i e d  
v i a  ESC X. P r o m p t s  a r e  p u t  t o  t h e  u s e r  b e f o r e  d e f a u l t s  
a r e  e v a l u a t e d  o r  u s e d ;  a  n u l l  s t r i n g  c a u s e s  t h e  
& d e f a u l t  v a l u e  t o  b e  u s e d .  1 A n  & p r o m p t  i s  f o l l o w e d  b y  a  
p r o m p t  s t r i n g  ( i n  q u o t e s ) ,  o r  a n  & e v a l  e x p r e s s i o n ,  a n d  
o n e  o f  t h e  t w o  o p t i o n a l  k e y w o r d s  N L - o r  ESC, s p e c i f i y i n g  
t h e  p r o m p t  t e r m i n a t o r  (NL i s  t h e  d e f a u l t ) .  

& r e s t - a s - l i s t  
V a l i d  o n l y  f o r  t h e  l a s t  a r g u m e n t .  C a u s e s  t h i s  v a r i a b l e  
t o  b e  g i v e n ,  a s  a  v a l u e ,  a l i s t  of  a l l  o f  t h e  r e m a i n i n g  
s u p p l i e d  a r g u m e n t s .  If & r e s t - a s - l i s t  i s  u s e d ,  t h e  
c a l l e r  o f  t h i s  f u n c t i o n  f r o m  L i s p  ( i n c l u d i n g  s t a r t - u p s  
w r i t t e n  b y  n o t - L i s p - c o n s c i o u s  u s e r s )  m u s t  know t h a t  t h e  
n u m b e r  a n d  o r g a n i z a t i o n  o f  L i s p  a r g u m e n t s  i s  d i f f e r e n t  
f r o m  t h e  a p p a r e n t  a r g u m e n t  a r r a y  g i v e n  t o  ESC X .  

& r e s t - a s - s t r i n g  
V a l i d  o n l y  f o r  t h e  l a s t  a r g u m e n t ;  c a u s e s  a l l  r e m a i n i n g  
a r g u m e n t s  t o  b e  s u p p l i e d  a s  a  s i n g l e  s t r i n g  t o  t h e  
f u n c t i o n ,  a s  t h e y  a p p e a r e d  t o  ESC X ,  w i t h  s p a c e s  a n d  s o  
f o r t h  i n c l u d e d .  Same c a u t i o n s  a s  f o r  & r e s t - a s - l i s t  
a p p l y  



A function definition that accepts three arguments follows: 1 1 
i 

(defcom replace-n-times J 
,&arguments 
((oldstring &string -&default &eval 

(get-search-string llOld: If)) 

(newstring &string &prompt "New String: NL) 
(count &integer &prompt "How many times? NL 

&default 1 ) )  

(do-times count 
(if (not (forward-search oldstring)) 

(search-failure-annunciator)) 
(do-times (stringlength oldstring)(rubout-char)) 
(insert-string newstring))) 

It can be invoked as: 
i 

ESC X replace-n-times Washington Lincoln 2 CR 
l 

or: I 

ESC X replace-n-times CR ! 
in which case all arguments are prompted for, or: I 

i 

set-perm-key - 2 9  replace-n-times 

followed by striking ^ Z 9  at some time, prompts for all arguments, / 

too. This function is defined so that it can be called from Lisp 
as: 

(replace-n-times flthisfl lfthatfl 17) 1 
or whatever, i.e., it is a Lisp function of three arguments. I 

1 

When defcom-defined requests are reexecuted by ^ C ,  they are 
repeated with identical arguments. This is what makes 
search-repetition by ^C work. 

In addition to numeric arguments and request arguments, 
defcom can be used to specify prologues, documentation, and 
negative functions of request functions. Documentation is 
specified by the keyword &documentation (or &doc) followed by a 
documentation string subject to the same rules as given above 
under llDocumenting Requestsff. Prologues are functions or code to 
be executed before any arguments are prompted for, perhaps to 
check for valid circumstances for calling this request. Negative 
functions are functions or code to be executed if the request is 
given a negative numeric argument: the negative function is 
given the negative numeric argument made positive. Negative 
functions are specified by the keyword &negative-function (&nf), 

1 
followed by the name of the appropriate function, or forms, 



terminated by &end-code. Prologues are specified by the Leyword 
&prologue, and the name of a prologue function or an &eval 
expression. The following is an example of the use of some of 

( , " !  .-.. these features: 

(defcom forward-topic 
&doc flGoes forward one or more topics. See also 

$$backward-topic$." 
&numeric-argument (&repeat) 
&negative-function backward-topic 
(with-mark m 

(forward-search "Topic:: fl............ 





SECTION 4 

LDEBUG MODE 

Emacs LDEBUG mode ( L i s p  D e b u g )  p r o v i d e s  a n  i n t e r a c t i v e  L i s p  
e n v i r o n m e n t  d e s i g n e d  f o r  t h e  d e b u g g i n g  o f  Emacs  e x t e n s i o n  c o d e .  
F a c i l i t i e s  a r e  p r o v i d e d  f o r  t r a c i n g  t h e  L i s p  s t a c k ,  b r e a k p o i n t i n g  
c o d e ,  a n d  i n t e r a c t i n g  w i t h  t h e  n a t i v e  M a c L i s p  t r a c e  f a c i l i t y .  
LDEBUG mode i s  s p e c i f i c a l l y  o p t i m i z e d  f o r  m u l t i p l e - w i n d o w  
i n t e r a c t i o n .  

LDEBUG BUFFERS 

T h e  h e a r t  o f  t h e  LDEBUG mode f a c i l i t i e s  i s  t h e  LDEBUG 
b u f f e r .  T h e  b u f f e r  named LDEBUG, when c r e a t e d  b y  l d e b u g  mode  

1 
( e i t h e r  i n  r e s p o n s e  t o  a  b r e a k p o i n t i t s  b e i n g  e x e c u t e d ,  a  t r a p p e d  

.- L i s p  e r r o r ,  o r  t h e  e x p l i c i t  w l d e b u g l l  e x t e n d e d  r e q u e s t ) ,  e v a l u a t e s  
a n y  L i s p  f o r m  t y p e d  i n t o  i t  when c a r r i a g e  r e t u r n  i s  s t r u c k  a f t e r  
i t .  T h e  f o r m  m u s t  b e  o n  o n e  l i n e ;  a n  e r r o r  o c c u r s  i f  t h e  f o r m  
h a s  s y n t a c t i c  e r r o r s  ( e . g . ,  m i s c o u n t e d  p a r e n t h e s e s ) .  T h e  r e s u l t  
o f  t h e  e v a l u a t i o n  i s  p l a c e d  i n  t h e  LDEBUG b u f f e r  o n  t h e  n e x t  
l i n e ,  f o l l o w i n g  t h e  s i g n  " = > " ,  w h i c h  i n d i c a t e s  t h e  r e s u l t  o f  s u c h  
a n  e v a l u a t i o n .  T h e  L i s p  v a r i a b l e  " * l f  i s  s e t  t o  t h e  r e s u l t  o f  
e a c h  s u c c e s s i v e  e v a l u a t i o n ,  a s  a t  r a w  L i s p  t o p  l e v e l ;  t h i s  may b e  
u s e d  t o  r e f e r e n c e - t h e  l a s t  p r i n t e d  r e s u l t .  

Random L i s p  f o r m s  s u c h  a s  I f ( +  2 3 ) "  o r  " c u r r e n t - b u f f e r v  c a n  
b e  t y p e d  a t  LDEBUG b u f f e r s ,  a n d  t h e  r e s u l t i n g ' b u f f e r  c o n t e n t s  
w i l l  i n  e f f e c t  b e  a  d i a l o g u e  o f  a n  i n t e r a c t i o n  w i t h  L i s p .  S u c h  
b u f f e r s  a r e  o f t e n  d p r i n t a b l e  f o r  l a t e r  p e r u s a l .  T h e  v a l u e s  of  
v a r i a b l e s  c a n  be  s e t  b y  e v a l u a t i n g  t h e  n o r m a l  L i s p  s e t q ,  f o r m ,  
e . g . ,  ( s e t q  v a r  ( +  f o o  2 7 ) ) .  A s  l i n e s  a r e  p l a c e d  i n t o  t h e  LDEBUG 
b u f f e r  b y  t h e  LDEBUG f a c i l i t y ,  t h e  w indow ( i f  a n y )  c o n t a i n i n g  i t  
s c r o l l s ,  i f  n e c e s s a r y .  

L i s p  v a l u e s  I 1 p r i n t e d w  i n t o  t h e  LDEBUG b u f f e r  a r e  b y  d e f a u l t  
l i m i t e d  i n  l e n g t h  t o  t e n  a n d  d e p t h  t o  s i x .  T h e  v a l u e s  o f  t h e  
o p t i o n  v a r i a b l e s  " l d e b u g - p r i n l e n g t h t t  a n d  u l d e b u g - p r i n l e v e l ~ f  c a n  
b e  s e t  t o  a l t e r  t h e s e  d e f a u l t s .  T h e  d e f a u l t  i n p u t  a n d  o u t p u t  

(_ J r a d i c e s  a r e  b o t h  8 :  t h e s e  c a n  b e  a l t e r e d  a s  t h e  o p t i o n  v a r i a b l e s  - 
w l d e b u g - i b a s e u  a n d  l t l d e b u g - b a s e ' l .  



Most  Emacs r e q u e s t s  c a n  b e  u s e d  i n  LDEBUG b u f f e r s ;  t h e y  a r e  
i n  L i s p  Debug mode ,  w h i c h  i s  a n  e x t e n s i o n  o f  o r d i n a r y  L i s p  m o d e ,  I -1 w i t h  r e q u e s t s  d i f f e r i n g  a s  d e t a i l e d  b e l o w .  

EMACS A N D  L I S P  DEBUG MODE I -- 

T h e  l d e b u g  (ESC X l d e b u g  C R )  e x t e n d e d  r e q u e s t  c a n  b e  i n v o k e d  
a t  a n y  t ime,  i n  t h e  u s u a l  way Emacs e x t e n d e d  r e q u e s t s  a r e  
i n v o k e d .  I t  p l a c e s  Emacs i n  t h e  LDEBUG b u f f e r  a s  d e s c r i b e d  
a b o v e ,  a n d  a l s o  sets  u p  a  s y s t e m  o f  L i s p  e r r o r  h a n d l e r s  " u n d e r u  a  
new i n v o c a t i o n  o f  t h e  Emacs r e q u e s t  l o o p .  S h o u l d  a n y  L i s p  e r r o r  
o c c u r  w h i l e  t h e s e  h a n d l e r s  e x i s t ,  t h e  LDEBUG b u f f e r  i s  e n t e r e d ,  
p l a c e d  o n  d i s p l a y  i f  n o t  a l r e a d y  on d i s p l a y ,  t h e  t e r m i n a l ' s  b e l l  
i s  b e e p e d ,  a n d  t h e  L i s p  e r r o r  m e s s a g e  i s  e n t e r e d  i n  t h e  LDEBUG 
b u f f e r .  You a r e  t h e n  a t  a  l l s e c o n d  ( o r  g r e a t e r )  l e v e l 1 !  o f  LDEBUG, 
s i m i l a r  t o  b e i n g  a t  M u l t i c s  command l e v e l  when a n  e r r o r  o c c u r s .  
The  l e v e l  number  i s  p a r t  o f  t h e  m e s s a g e  e n t e r e d  i n  t h e  LDEBUG 
b u f f e r .  

R e c u r s i v e  ( l e v e l  g r e a t e r  t h a n  1 )  LDEBUG b u f f e r s  c a n  b e  
r e l e a s e d  ( a b o r t i n g  a l l  e x e c u t i n g  c o d e  b e t w e e n  t h e  LDEBUG l e v e l  
b e i n g  r e l e a s e d  a n d  t h e  p r e v i o u s  l e v e l )  v i a  t h e  E S C  G 
(ldebug-return-to-emacs-top-level) r e q u e s t ,  t h e  a n a l o g u e  o f  t h e  
M u l t i c s  r e l e a s e  command. I t  b e e p s  a n d  t y p e s  "$gli i n  t h e  LDEBUG 
b u f f e r .  T h e  v a l u e  o f  t h e  v a r i a b l e  l d e b u g - l e v e l  t e l l s  t h e  c u r r e n t  -\ 

l e v e l  o f  LDEBUG b u f f e r s .  -) % 

ESC P ( f o r  p r o c e e d )  i s  t h e  a n a l o g u e  o f  t h e  M u l t i c s  s t a r t  
command; m o r e  a b o u t  i t s  m e a n i n g  f o r  e a c h  d i f f e r e n t  t y p e  o f  e n t r y  
t o  a n  LDEBUG b u f f e r  i s  d e s c r i b e d  b e l o w .  I n  g e n e r a l ,  i t  r e s t o r e s  
t h e  b u f f e r  a n d  window f r o m  w h i c h  t h e  LDEBUG b u f f e r  e n t e r e d .  

ERROR TRAP ENTRIES - TO LDEBUG 

When a n  e r r o r  t r a p  e n t r y  t o  t h e  LDEBUG b u f f e r  h a s  o c c u r e d ,  
t h e  L i s p  s t a c k  c a n  b e  t r a c e d  v i a  t h e  ESC T  ( l d e b u g - t r a c e - s t a c k )  
r e q u e s t ,  a n d  t h e  v a l u e  o f  v a r i a b l e s  c a n  b e  i n s p e c t e d  s i m p l y  by  
t y p i n g  t h e i r  n a m e s  ( s i n c e  t h e y  a r e  L i s p  f o r m s )  t o  t h e  LDEBUG 
b u f f e r .  F o r  t h i s  t o  work  m o s t  e f f e c t i v e l y ,  a t  l e a s t  o n e  l e v e l  o f  
LDEBUG s h o u l d  b e  i n  t h e  s t a c k  b e f o r e  t h e  e r r o r  i s  e n c o u n t e r e d .  

A v a l u e  c a n  b e  r e t u r n e d  t o  t h e  L i s p  e r r o r  h a n d l e r  by  t y p i n g  
i t  o n  a  l i n e ,  a n d  i n s t e a d  o f  e n d i n g  t h e  l i n e  w i t h  c a r r i a g e  r e t u r n  
( w h i c h - w o u l d  e v a l u a t e  a n d  ' ' p r i n t n  t h e  r e s u l t ) ,  e n d i n g  it w i t h  ESC 
P .  L i s p  e r r o r  h a n d l e r s  o f t e n  w a n t  a  l i s t  o f  t h e  v a l u e  t o  r e p l a c e  
some e r r o n e o u s  v a l u e .  F o r  i n s t a n c e ,  i n  t h e  f o l l o w i n g  d i a l o g u e ,  
a n  LDEBUG t r a p  w a s  e n t e r e d  b e c a u s e  o f  t h e  u n b o u n d  v a r i a b l e  
l l s t u f f f l :  t h e  p r o g r a m m e r  r e t u r n e d  t h e  s y m b o l  t l v a l u e - i - w a n t e d v  a s  
t h e  i n t e n d e d  v a l u e  o f  t h e  unbound  v a r i a b l e :  



( m y f u n  h u f f  s t u f f )  

L i s p  b r e a k p o i n t  u n b n d - v r b l  a t  l e v e l  1 i n  b u f f e r  LDEBUG: 
l i s p :  u n d e f i n e d  a t o m i c  s y m b o l  s t u f f  

A l l  c o r r e c t a b l e  L i s p  e r r o r  b r e a k p o i n t s  a c c e p t  a  r e t r y  v a l u e  t o  b e  
u s e d  t o  r e t r y  t h e  f a i l i n g  o p e r a t i o n ;  t h e  u n d e f i n e d n c t i o n  
b r e a k p o i n t  ( t l u n d f - f n c t n v )  a l s o  a c c e p t s  a  l i s t  o f  a  new v a l u e ,  i n  
t h i s  c a s e  a  f u n c t i o n  t o  b e  u s e d  i n s t e a d .  

The  ll$pll i s  a l w a y s  p r i n t e d  by E S C  P ,  t o  r e m i n d  t h e  u s e r  o f  
t h e  $ p  w h i c h  i s  u s e d  i n  r a w  M u l t i c s  M a c L i s p  t o  r e s t a r t  b r e a k s .  
E S C  P  c a n  a l s o  b e  u s e d  a l o n e  o n  a  l i n e  ( i . e . ,  n o  v a l u e  t o  b e  
r e t u r n e d  p r e c e d i n g  i t )  t o  r e s t a r t  a  b r e a k  and  l e t  L i s p ' s  d e f a u l t  
a c t i o n  o c c u r .  

E S C  G c a n  b e  u s e d  a s  u s u a l  t o  r e l e a s e  a  l e v e l  o f  e r r o r s  t o  
. t h e  n e x t  l o w e r  LDEBUG l e v e l ;  ^ G  ( c o m m a n d - q u i t )  d o e s  n o t  r e l e a s e  

p a s t  LDEBUG l e v e l s .  

C O D E  BREAKPOINTS 

B r e a k p o i n t s  c a n  b e  s e t  i n  i n t e r p r e t e d  e x t e n s i o n  c o d e  b e i n g  
d e b u g g e d  by  t y p i n g  ESC & i n  a  L i s p  Mode b u f f e r  w i t h  t h e  c u r s o r  a t  
t h e  p o i n t  i n  some f u n c t i o n  b e i n g  d e b u g g e d  w h e r e  you  w o u l d  l i k e  
t h i s  b r e a k  s e t .  The  LDEBUG m e c h a n i s m  c r e a t e s  t h i s  b r e a k p o i n t  by  
p u t t i n g  a  c a l l  t o  a  t r a c i n g .  f u n c t i o n  ( " % X t l )  i n  t h e  c o d e  i n  t h e  
b u f f e r ,  a n d  e v a l u a t i n g  t h e  f u n c t i o n  d e f i n i t i o n  i t  i s  l o o k i n g  a t .  
T h i s  b r e a k  c o d e  is l e f t  i n  t h e  f u n c t i o n  t o  l e t  you  know t h a t  i t  
i s  t h e r e :  i t  i n c l u d e s  a  b r e a k  number  ( t h e y  a r e  a s s i g n e d  
s e q u e n t i a l l y )  t o  w h i c h  t h i s  b r e a k p o i n t  c a n  b e  r e f e r r e d  b y  
r e q u e s t s  y e t  t o  b e  d e s c r i b e d .  

You s h o u l d  b e  i n  a t  l e a s t  o n e  l e v e l  o f  LDEBUG b u f f e r s  b e f o r e  
s e t t i n g  a  b r e a k :  t h u s ,  you  s h o u l d  h a v e  s a i d  ltESC X l d e b u g  C R l 1  

some time b e f o r e  s e t t i n g  b r e a k s .  

H a v i n g  s e t  a  b r e a k ,  you  c a n  r u n  t h e  c o d e  b e i n g  d e b u g g e d .  
When t h e  b r e a k p o i n t  i s  e n t e r e d ,  t h e  LDEBUG b u f f e r  is  e n t e r e d  a t  a  
new h i g h e r  l e v e l .  A m e s s a g e  o f  t h e  f o r m :  

B r e a k  4 i n  f u n c t i o n  t e s t f u , n  

i s  p u t  i n  t h e  b u f f e r ,  a n d  t h e  LDEBUG b u f f e r  i s  p u t  o n  d i s p l a y .  
A s  i n  a l l  LDEBUG b u f f e r s ,  a r b i t r a r y  f o r m s  c a n  b e  e v a l u a t e d  

(-- I 

( i n c l u d i n g  i n s p e c t i n g  v a r i a b l e s ) ,  and ESC T  c a n  b e  u s e d  t o  t r a c e  
t h e  L i s p  s t a c k .  A g a i n ,  ESC G r e l e a s e s  a  l e v e l  o f  LDEBUG b u f f e r s .  



ESC P is used to restart code breakpoints as well. A given 
breakpoint can be set for some number of proceeds (i.e., 113" 
means proceed, and proceed this breakpoint the next two times it 
is encountered automatically) by giving that number as a numeric 
argument to ESC P (i.e., ESC 3 ESC P I .  A message indicating the 
number of proceeds is inserted in the LDEBUG buffer. ESC P 
should be used alone on a line e . ,  no retry value) when 
restarting code (or trace) breaks. 

When in a code break, ESC R (ldebug-reset-break) resets the 
current breakpoint, before restarting or releasing. The break 
code is removed from the function definition (visibly, if it is 
on display), and the function definition is reevaluated. ESC R 
with a numeric argument can be used to reset a break by number. 

In an LDEBUG buffer, ESC L (ldebug-list-breaks) lists all 
the,known code breakpoints: their numbers, the function in which 
each break appears, the buffer that function appears in, and the 
status of each break. 

The source for the current breakpoint can be shown by 
issuing the request ESC S ( l c l e b u g - s h o w - b k p t - s o u r c e ) .  It is 
placed in an available window (if in multiple window or 
pop-up-window mode), and the cursor is moved to the break code. 
Use ^XO to get back, or, in one-window mode, "XB CR. 

During function breakpointing, to determine where the editor 
was (i.e., what was the current buffer, and where was the current 
point) at the time the breakpoint was encountered use ESC ^ S  
( l d e b u g - d i s p l a y - w h e r e - e d i t o r - w a s ) .  It selects the appropriate 
buffer, moving the cursor to the point in it where the current 
point was when the breakpoint was taken. If the buffer is 
already on display in some window (or pop-up windows are being 
used), that window is selected, and "XO returns you to the LDEBUG 
buffer for further probing or restarting. In one-window mode, 
the correct buffer is switched to, and "XB gets you back. If the 
current point is moved by you explicitly (i.e., via normal Emacs 
requests) while. visiting the buffer where the breakpoint was 
taken, it has its new position when the breakpoint is restarted. 
This is analogous to setting a variable before restarting with 
usual Multics debugging. 

Using two or three windows to contain the LDEBUG buffer, the 
breakpoint source (function being debugged), and the buffer.the 
functions being debugged are worki,ng on, is highly effective. 



FUNCTION TRACING -- WITH LDEBUG 

(I.. : 

T h e  s t a n d a r d  M a c L i s p  t r a c e  p a c k a g e  c a n  b e  u s e d  w h i l e  i n  
E m a c s ;  e x t e n s i b i l i t y  f e a t u r e s  o f  t h e  f o r m e r  a l l o w  LDEBUG t o  t a k e  
c o n t r o l  o f  t h e  t r a c e  o u t p u t  a n d  b r e a k p o i n t i n g  p r o v i d e d  b y  i t .  

A l l  t h e  f a c i l i t i e s  o f  t h e  s t a n d a r d  t r a c e  p a c k a g e  c a n  b e  
u s e d ,  b y  i n v o k i n g  t r a c e  f r o m  ESC ESC m i n i b u f f e r s .  T h e  t r a c e  
p a c k a g e  a l l o w s  t r a c i n g  o f  e n t r i e s  a n d  e x i t s  t o  f u n c t i o n s ,  
a r g u m e n t s , ,  a n d  r e t u r n  v a l u e s ,  a n d  b r e a k p o i n t s  when f u n c t i o n s  a r e  
e n t e r e d .  Some s a m p l e  f o r m s  t o  t r a c e  t h e  f u n c t i o n  t e s t f u n  a r e  
g i v e n  h e r e :  t h e s e  a r e  i n  L i s p  s y n t a x ,  a n d  c a n  b e  t y p e d  a s  s u c h  
t o  LDEBUG mode .  When t y p e d  t o  a n  ESC ESC m i n i b u f f e r ,  t h e  o u t e r  
s e t  o f  p a r e n t h e s e s  s h o u l d  n o t  b e  s u p p l i e d .  

( t r a c e  t e s t f u n )  
T r a c e s  t h e  i n p u t  a r g u m e n t s  a n d  r e t u r n s  v a l u e  o f  t e s t f u n  
e a c h  time i t  i s  i n v o k e d .  

( t r a c e  ( t e s t f u n  b r e a k  ( <  x  3 ) ) )  
T r a c e s  i n p u t  a n d  r e t u r n s  v a l u e  o f  t e s t f u n ,  e n t e r s  a 
b r e a k p o i n t  when e n t e r e d  a n d  x  ( x  c a n  b e  a n  a r g u m e n t  t o  
t e s t f u n )  i s  l e s s  t h a n  3 .  

( t r a c e  ( t e s t f u n  b r e a k  t ) )  
Same, b u t  e n t e r s  a  b r e a k p o i n t  a t  e v e r y  e n t r y  t o  
t e s t f u n .  

( t r a c e  ( t e s t f u n  e n t r y  ( a  b )  e .xi t  ( c ) ) )  
T r a c e s  i n p u t  a r g u m e n t s  a n d  r e t u r n s  v a l u e .  A l s o  p r i n t s  
o u t  t h e  v a l u e s  o f  a  a n d  b when t e s t f u n  i s  e n t e r e d  a n d  
t h e  v a l u e  o f  c when i t  i s  e x i t e d .  

T h e  g e n e r a l  s y n t a x  o f  t r a c e  i n v o c a t i o n s  i s  ( b r a c k e t s  
i n d i c a t e  o p t i o n a l  c l a u s e s ,  a n d  a n g l e  b r a c k e t s  a r e  s y n t a c t i c  
v a r i a b l e s ) :  

( t r a c e  < f n n a m e - o r - c l a u s e - l >  . . .  < f n n a m e - o r - c l a u s e - n > )  

w h e r e  < f n n a m e - o r - c l a u s e >  i s  e i t h e r  a  f u n c t i o n  ' n a m e  t o  b e  t r a c e d  
f o r  i n p u t  a r g u m e n t s  o n l y  a n d  r e t u r n  v a l u e ,  o r :  

( < f n n a m e >  [ b r e a k  < b r e a k - c o n d i t i o n > ]  [ e n t r y  ( < e n t r y - v a l s > ) l  
[ e x i t  ( < e x i t - v a l s > ) l )  



When a  f u n c t i o n  i s  t r a c e d  w i t h i n  Emacs ( i t  i s  n o t  
r ecommended  t o  t r a c e  i n t e r n a l  L i s p  o r  Emacs p r i m i t i v e s ,  a n d  no  
p a r t  o f  t h e  r e d i s p l a y  s h o u l d  b e  t r a c e d  i n  t h i s  w a y ) ,  t r a c e  o u t p u t  j -./ 
f o r  e n t r y  a n d  e x i t  t r a c i n g s  a r e  p l a c e d  ( a n d  s c r o l l e d )  d i r e c t l y  
i n t o  t h e  LDEBUG b u f f e r  i f  i t  is  o n  d i s p l a y ;  i f  i t  i s  n o t  o n  
d i s p l a y ,  t h i s  o u t p u t  i s  p u t  i n  t h e  LDEBUG b u f f e r ,  a n d  l o c a l l y  
d i s p l a y e d  a s  i t  i s  p r o d u c e d .  T h e  l i n e  o f  d a s h e s  a n d  a s t e r i s k s  o f  
l o c a l  d i s p l a y s  i s  n o t  p r o d u c e d ,  a s  i t  c a n n o t  b e  known when t h e  
e n d  o f  t r a c e  o u t p u t  h a s  b e e n  r e a c h e d .  T h u s ,  t r a c e d  f u n c t i o n s  
i n v o k e d  f r o m  t h e  m i n i b u f f e r  may o f t e n  l e a v e  t h e  c u r s o r  i n  t h e  
m i n i b u f f e r  a w a i t i n g  c l e a r i n g  o f  t h e  l o c a l  d i s p l a y  v i a  l i n e f e e d  o r  
^ L .  

T r a c e  o u t p u t  g e n e r a l l y  l o o k s  l i k e :  

( 3  e n t e r  t e s t f u n  ( 3  5 ( a  . b ) )  / : / I  ( 4  5 ) )  

T h e  i n d e n t a t i o n  l e v e l  g i v e s  t h e  d e p t h  i n  c u r r e n t l y  a c t i v e  t r a c e d  
f u n c t i o n s .  T h e  "3"  i s  t h e  r e c u r s i o n  d e p t h  o f  t h e  g i v e n  f u n c t i o n  
( e . g . ,  t e s t f u n )  b e i n g  t r a c e d .  T h e  " e n t e r 1 '  i s  t h e  t y p e  o f  t r a c e  
( e n t e r  v s .  e x i t ) ,  ( 3  5 ( a  . b ) )  i s  t h e  l i s t  o f  a r g u m e n t s  ( i n  
t h i s  c a s e ,  t h r e e  a r g u m e n t s ) .  The  / 1 / 1  se t s  o f f  t h e  e n t r y  v a l u e s  
a n d  e x i t  v a l u e s  o p t i o n a l l y  s e l e c t a b l e  by  t h e  e n t r y  a n d  e x i t  
k e y w o r d s  i n  t h e  t r a c e - i n v o k i n g  f o r m .  E x i t  t r a c e s  l o o k  l i k e :  

( 3  e x i t  t e s t f u n  17) 

If t r a c e  i s  u s e d  t o  s e t  a n  e n t r y  b r e a k p o i n t ,  t h e  LDEBUG 
b u f f e r  i s  t r a p p e d  t o  a t  t h e  time t h e  t r a c e d  f u n c t i o n  i s  e n t e r e d ,  
i n  a  way v e r y  much l i k e  a  L i s p  e r r o r  b r e a k  t o  LDEBUG. A m e s s a g e  
s u c h  a s :  

E n t r y  b r e a k p o i n t  t o  f u n c t i o n  t e s t f u n  

is  p r i n t e d  i n t o  t h e  LDEBUG b u f f e r ,  a n d  t h e  t e r m i n a l  b e e p e d .  A s  
w i t h  LDEBUG c o d e  b r e a k s ,  ESC G r e l e a s e s ,  ESC P r e s t a r t s ,  ESC R 
r e s e t s ,  a n d  ESC ^ S  s h o w s  w h e r e  t h e  e d i t o r  was  a t  t h e  time t h e  

I 

b r e a k  was  t a k e n .  When i n  e n t r y  b r e a k p o i n t s  t o  i n t e r p r e t e d  ~ 
f u n c t i o n s ,  t h e  a r g u m e n t s  c a n  b e  i n s p e c t e d  by name.  ESC T  c a n  

I 

t r a c e  t h e  L i s p  s t a c k ,  b u t  u n l e s s  *rset t mode was  i n  e f f e c t  
( s e t t i n g  u p  a n  LDEBUG l e v e l  doles t h i s  a u t o m a t i c a l l y ) ,  t r a c e  
i n f o r m a t i o n  may n o t  b e  p r e s e n t .  

I 

I t  i s  n o t  n e c e s s a r y  t o  h a v e  i n v o k e d  l d e b u g  b e f o r e  i n v o k i n g  
t r a c e  i n  Emacs ;  LDEBUC i s  i n v o k e d  a u t o m a t i c a l l y  i f  a n  a t t e m p t  i s  
made  t o  u s e  t r a c e  i n  Emacs .  I f  some c r i t i c a l  m e c h a n i s m  i s  b e i n g  
d e b u g g e d  a n d  n o r m a l  t r a c e  h a n d l i n ~ g  ( i . e . ,  b r e a k p o i n t i n g / t r a c i n g  
t o  u s e r  i / o  f r o m  L i s p ,  n o t  t h e  Enlacs h a n d l i n g  j u s t  d e s c r i b e d )  i s  
n e c e s s a r y ,  t h e  v a r i a b l e s  t r a c e - p r i , n t e r  a n d  t r a c e - b r e a k - f u n  s h o u l d  
b e  made u n b o u n d  ( e . g . ,  ESC ESC makunbound ' t r a c e - p r i n t e r )  b e f o r e  
t h e  f i r s t  r e f e r e n c e  t o  t r a c e  i n  a  g i v e n  i n v o c a t i o n  o f  Emacs .  



SECTION 5 

WRITING EMACS TERMINAL CONTROL MODULES (CTLS) 

S u p p o r t  o f  v i d e o  ( a n d  p r i n t i n g )  t e r m i n a l s  i n  Emacs i s  
a c c o m p l i s h e d  v i a  t e r m i n a l - d e p e n d e n t  m o d u l e s  known a s  CTLs ( f r o m  
t h e  t y p i c a l  name,  e . g . ,  ~ s u p e r 5 8 c t l w  f o r  a  11supe r58"  t e r m i n a l ) .  
T h e r e  a r e  a b o u t  t w o  d o z e n  s u p p l i e d  CTLs. Emacs a t t e m p t s  t o  
l o c a t e  a n  a p p r o p r i a t e  CTL i n  t h i s  d i r e c t o r y  a t  t h e  time it  i s  
e n t e r e d ,  b a s e d  upon  t h e  t e r m i n a l  t y p e  m a i n t a i n e d  by  M u l t i c s ,  a n d  
o p t i o n a l  Emacs c o n t r o l  a r g u m e n t s .  

To s u p p o r t  a  t y p e  o f  t e r m i n a l  n o t  s u p p o r t e d  by  a  s u p p l i e d  
CTL, you  m u s t  w r i t e  a  new CTL. A CTL i s  w r i t t e n  a s  a  L i s p  s o u r c e  
p r o g r a m ,  name T T Y T Y P E c t l . l i s p ,  w h e r e  TTYTYPE i s  t h e  name o f  t h e  

( \ t e r m i n a l  t y p e  t o  b e  s u p p o r t e d .  I f  t h i s  t e r m i n a l  t y p e  i s  i n  y o u r  
s i t e ' s  T e r m i n a l  T y p e  F i l e  ( T T F ) ,  t h e  name c h o s e n  s h o u l d  a p p e a r  
t h e  same  a s  i t  a p p e a r s  i n  t h e  T T F ,  e x c e p t  t h a t  t h e  name o f  t h e  
CTL s h o u l d  b e  a l l  l o w e r c a s e  (Emacs  1 . o w e r c a s e s  t e r m i n a l  t y p e s  when 
l o o k i n g  f o r  CTLs) .  

CTLs a r e  u s u a l l y  w r i t t e n  by  e x a m p l e  f r o m  s u p p l i e d  CTLs. 
P e r s o n n e l  w i t h  n o  k n o w l e d g e  o f  L i s p  a t  a l l  h a v e  a c h i e v e d  t h i s  
s u c c e s s f u l l y .  Once  t h e  CTL i s  w r i t t e n ,  i t  m u s t  b e  c o m p i l e d  
b e f o r e  i t  c a n  b e  u s e d .  C o m p i l a t i o n  i s  p e r f o r m e d  v i a  t h e  L i s p  
c o m p i l e r ,  l c p .  A t y p i c a l  command l i n e  t o  c o m p i l e  a  CTL is :  

l c p  s u p e r 5 8 c t l  

T h i s  p r o d u c e s  a n  o b j e c t  s e g m e n t ,  s u p e r 5 8 c t 1 ,  w h i c h ,  when 
d e b u g g e d ,  c a n  b e  i n s t a l l e d  i n  t h e  v c t l s l l  d i r e c t o r y .  To u s e  a  CTL 
b e i n g  d e b u g g e d ,  i n v o k e  e m a c s  w i t h  t h e  - t t p  c o n t r o l  a r g u m e n t  a n d  
t h e  f u l l  p a t h n a m e  o f  t h e  c o m p i l e d  CTL: 

e m a c s  - t t p  >udd>Suppor t>Jones>e!macs  .- d e v e l o p m e n t > s u p e r 5 8 c t l  



Three control arguments for- setting the terminal type are 
recognized by Emacs when given as the first command line 
argument. These are: 

emacs -terminal type STR or emacs -ttp STR 
where  ST^ is your terminal type. The value of STR 
can be any recognized editor terminal type or the 
pathname of a control file to load. The terminal 
type given by STR is set permanently. Changing your 
Multics terminal type does not affect Emacsl memory 
of this STR. 

emacs -reset 
Emacs forgets any characteristics of the terminal set 
by the -ttp option. Instead, Emacs checks the 
Multics terminal type, as is the normal case. 

emacs -query 
Emacs queries the user for the terminal type without 
checking th-e Multics terminal type first. The answer 
you give may be any STR accepted by the -ttp option. 

Once a CTL has been debugged, it should be installed (using 
normal Multics online installation conventions) in the ctls 
directory. Added names and links can be used to support many TTF 
terminal types via one CTL. When Emacs is given a terminal type 
(either from Multics Communication System or the -ttp control 
argument) for which it cannot find a CTL in the ctls directory, 
it lists the known terminal types by listing the primary names of 
all segments and links in the ct1.s directory, stripped of the ctl 
suffix. The choice between added names and links (or added names 
to links) should be made based upon whether Emacs should list a 
given name in. this context. 

The most effective method of writing a new CTL is to take 
one' that was written for a similar terminal and modify it. 
Almost all of the extant CTLs were written in this way. The 
sources are Lisp source segments, generally one or two printed 
pages long. Good starting points are: 

vip7200ctl. lisp, typical of terminals that do not have 
the ability to insert or delete lines or characters. 



a vip7800ctl.lisp, typical of terminals that do have 
these abilities. The two facilities are independent, 
either one, both, or neither may be present, although 
use of terminals without; insert/delete lines at less 
than 300 baud may be found to be unacceptable. 

The interfaces (function ciefinitions) in a CTL are 
standardized. They have the same names in all CTLs. The Emacs 
screen manager ca:Lls these interfaces anonymously after the 
appropriate CTL has been loaded. The interface DCTL-init is 
called at Emacs start up time; it has the responsibility of 
setting various flags, and initializing the terminal. It should 
contain the statements: 

(setq idel-lines-availablep t) 
if the terminal can insert/delete lines 

(setq idel-lines-availablep nil) 
if it cannot 

(setq idel-chars-availablep t) 
if the terminal can insert/delete/ characters 

(setq idel-chars-availablep nil) 
if it cannot 

(setq screenheight N. ) 
where N is the number of lines on the screen (note 
the dot after the N). 

(seta screenlinelen M . )  
Where M is one less the number of characters in a 
line on thisterminal. Again, note the dot. 

(setq tty-type 'TYPENAME) 
Where TYPENAME is a word like "super58I1 that 
identifies the terminal type. 

At the time DCTL-init is invoked, the variable ospeed is set 
to the speed of the communications line in characters -- per second. 
This can be used to perform padding calculations. This value is 
usually computed from the line speed maintained by the Multics 
Communication System. The -line speed control argument can be 
used to specify terminal speed-for users logged in via the 
ARPANET. 



A l s o  b e f o r e  D C T L - i n i t  i s  i n v o k e d ,  t h e  v a r i a b l e  I 

g i v e n - t t y - t y p e  i s  s e t  t o  t h e  name by w h i c h  t h e  CTL w a s  l o a d e d  I 

w i t h  t h e  " c t l "  s u f f i x  s t r i p p e d .  T h i s  v a r i a b l e  c a n  b e  u s e d  i n  -) I 

D C T L - i n i t  ( a n d  e l s e w h e r e )  t o  e n a b l e  a n d  u s e  d i f f e r e n t  f e a t u r e s  o f  
a  t e r m i n a l  d e p e n d e n t  on  t h e  name u s e d  t o  r e f e r e n c e  t h a t  t e r m i n a l .  
To e n s u r e  t h a t  g i v e n - t t y - t y p e  i s  d i f f e r e n t  f o r  v a r i o u s  v e r s i o n s  
o f  a  t e r m i n a l ,  g i v e  t h e  a d d i t i o n a l  v a r i e t i e s  o f  t h e  t e r m i n a l  a s  
l i n k s  i n  t h e  c t l s  s e g m e n t .  F o r  e x a m p l e ,  t h e r e  a r e  l i n k s  f o r  I 
v t l O O w c t 1  a n d  v t 1 0 0 w s c t l  t o  v t 1 0 0 c t l .  T h e s e  l i n k s  a l l o w  t h e  
VTlOO CTL t o  d i s t i n g u i s h  b e t w e e n  v a r i o u s  s c r e e n  w i d t h s  a n d  
h e i g h t s  by  u s i n g  t h e  v a l u e  o f  g i v e n - t t y - t y p e .  T h e  I t eq t t  p r e d i c a t e  
e . ,  ( e q  g i v e n - t t y - t y p e  I d d 4 0 0 0 ) )  c a n  b e  u s e d  t o  c h e c k  t h e  
v a l u e  o f  t h i s  v a r i a b l e .  T h e  v a r i a b l e  t t y - t y p e  s h o u l d  b e  s e t  by  - 
t h e  CTL t o  a  g e n e r i c  t e r m i n a l  t y p e ,  e . g . ,  v t l O O  f o r  a l l  v a r i e t i e s  
o f  VT100,  a s  o p p o s e d  t o  t h e  t y p e  g i v e n  i n  g i v e n - t t y - t y p e .  

T h e  f o l l o w i n g  f u n c t i o n s  a r e  a v a i l a b l e  t o  t h e  CTL wr i te r :  I 

R t y o  t a k e s  o n e  a rgument ; ,  a  number  ( f i x n u m ) ,  a n d  o u t p u t s  
t h a t  number  a s  ASCII  d a t a .  F o r  e x a m p l e ,  ( R t y o  1 4 1 )  
o u t p u t s  a n  " a " ,  a n d  ( R t y o  33) o u t p u t s  a n  ESC. 

R p r i n c  t a k e s  o n e  a r g u m e n t ,  a  c h a r a c t e r  s t r i n g ,  a n d  
o u t p u t s  i t .  F o r  e x a m p l e ,  ( R p r i n c  t t l I 1 t )  o u t p u t s  a  r i g h t  
b r a c k e t  a n d  a n  I .  

B o t h  o f  t h e s e  f u n c t i o n s  b u f f e r  t h e i r  o u t p u t  u n t i l  t h e  Emacs 
s c r e e n  m a n a g e r  dumps  t h i s  b u f f e r .  T h i s  i s  a l w a y s  d o n e  a t  t h e  e n d  1 d 

o f  a n y  r e d i s p l a y  a t  a l l ,  a n d  a f t e r  DCTL- in i t  i s  c a l l e d .  
+ I 

T h e  CTL wri ter  m u s t  m a i n t , a i n  t h e  v a l u e s  o f  t h e  s p e c i a l  
( g l o b a l )  v a r i a b l e s  X a n d  Y r e l a t i v e  t o  a  z e r o  o r i g i n  s c r e e n  
p o s i t i o n  w h e r e  t h e  c u r s o r  was  l e f t .  I n  r e t u r n ,  you  g e t  t o  
i n s p e c t  t h e s e  v a r i a b l e s  t o  d o  p o s i t i o n i n g  o p t i m i z a t i o n .  

T h e  CTL wri ter  m u s t  p r o v i d e  t h e  f o l l o w i n g  i n t e r f a c e s  t o .  b e  
c a l l e d  by  t h e  Emacs s c r e e n  m a n a g e r :  

DCTL- in i t  ( n o  a r g u m e n t s ) .  Must  s e t  t h e  f l a g s  l i s t e d  
a b o v e ,  i n i t i a l i z e  t h e  t e r m i n a l  ( i f  n e c e s s a r y ) ,  c l e a r  
t h e  t e r m i n a l  s c r e e n ,  a n d  l e a v e  t h e  c u r s o r  a t  p o s i t i o n  
( 0 ,  0 )  ( h o m e ) .  



I DCTL-position-cursor (two arguments, a new X position 
and a new Y position). Move the terminal's cursor to 
the given position. Position 0 ,  0 is defined as the 
upper left hand corner of the screen. This function 
must check the variables X and Y, and output no 
characters if the cursor is known to be already at the 
desired position. Otherwise, it must use the values of 
X and Y to determine wh~at type of motion is necessary, 
output characters to move the cursor, and update X and 
Y to the input parameters (the delay of the buffered 
output i.s not an issue). 

Typically, DCTL-position-cursor determines which is the 
optimal movement based upon the relative positions of the cursor 
and the desired position. For terminals that have many forms of 
cursor movement, some combinatior~ of backspaces, linefeeds, and 
carriage returns [nay be adequate to effect some forms of cursor 
movement. Sometimes the sequences generated by the arrow buttons 
on the terminal may be used for relative positioning. Just about 
all terminals include some form of absolute positioning. The 
choice of optimal cursor positioning should be based upon which 
will output the fewest characters to effect the desired move. 
See hp2645ctl.lisp for an example of a very well optimized cursor 
positioner. 

(I .I 

One useful trick in the writing of DCTL-position-cursor is 
the use of recursion. See adds980ctl.lisp for an example. If 
you choose to use terminal tabs, then your DCTL-init must set 
them, and you must take care not tto clear them. No supplied CTLs 
(other than the extremely special-case printing terminal 
controller) use tabs. 

DCTL-display-char-string (one argument, a character 
string to be displayed). Must output this character 
string t;o the terminal at the current assumed cursor 
position. The string is guaranteed to contain no 
control or other nonprinting characters, and each 
character in it is guaranteed to take up .only one print 
position. Be careful to update cursor position after 
printing the string; the lisp function stringlength may 
be used to ascertain the length/printing length of the 
string. 



I) DCTL-kill-line (no arguments). Clear the line from the 
current assumed cursor position to the end of the line, 
and leave the cursor at that original assumed position. 
Most video terminals have a clear-to-end-of-line 

IJ 
feature; it should be used here if available. Some 
terminals do not, yet this function must be provided 
anyway. The machinations for simulating clear to end 
of line are somewhat involved; see adm3actl.lisp for an 
example of clearing to end of line by overwriting with 
blanks. Performance of this technique at 300 baud is 
generally completely unacceptable, rendering such 
terminals unfit for use with Emacs at that speed. 

DCTL-clear-rest-of-screen (no arguments). Clear the 
screen from the current assumed cursor position to the 
end. Leave the cursor where it was supplied. Some 
terminals have a "clear whole screen" function, but not 
clear to end of screen. Currently, you can use the 
clear whole screen function. If your terminal does not 
even have a clear-whole-screen function, it is probably 
not worth using with Emacs. If you choose to use 'tabs 
in cursor positioning, be wary of c1earin.g them via 
this function. 

Those are all the required functions. Some terminals 
require control sequences to change modes between normal Multics 
operation and operation within Emacs. (For example, a terminal 11 
might be switched between line-at-a-time transmission and 
character-at-a-time transmission.) Yet other terminals might use 
features during the operation of Emacs that should be 
disabled/reset when using Multics. (For example, the Digital 
Equipment Corporation VTlOO uses uscrolltf regions to simulate 
insert/delete lines. However, if a scroll region exists, it 
makes parts of the screen unusable when using Multics.) It is 
possible and quite common to switlch between Multics and Emacs by 
using the ATTN key and the program interrupt command. In such 
cases, the terminal is in the wrong mode at various times. If 
the terminal for which you are writing a CTL exhibits this 
behavior, you should add the following statements to DCTL-init: 

- 1  

(setq D C T L - p r o l o g u e - a v a i l a b l e p  t) 
to specify that certain functions must be performed 
each time Emacs is entered from Multics. 

I 
I 

(setq D C T L - e p i l o g u e - a v a i l a b l e p  t) 
to specify that certain functions must be performed 
each time Multics is entered from Emacs. 



In addition, you must then supply the following two functions: 

(*- .-. 1 m DCTL-prologue (no arguments). Perform any operations 
that arc required when Emacs is entered from Multics. 
This function is invoked immediately after DCTL-init is 
called and after Emacs is reentered after a QUIT via 
either the Multics program - interrupt or start commands. 

a DCTL-epilogue (no arguments). Perform any operations 
that are required when Multics is to be entered from 
Emacs. This function is invoked immediately before 
Emacs is exited when the ^XAC (quit-the-editor) request 
is invoked, and immediately before Emacs is suspended 
when the ^ Z A Z  (quit) request is invoked or the ATTN key 
is hit on the terminal. 

If you have stated that insert/delete lines is available, 
via setting the flag idel-lines-availablep to t, you must supply 
the following two functions. If you set this flag to nil, you 
need not write these functions: 

I) DCTL-insert-lines (one argument, a number of lines to 
be inserted). Open up t,he given number of lines on the 
screen. There are that, many blank lines (created by 
DCTL-delete-lines) at the bottom of the screen at the 
time this function is invoked. The cursor is at 
position 0 of some line at the time DCTL-insert-lines 
is invoked. It must push the contents of that line 
down the supplied number of lines, leaving the cursor 
in the same place, and the line the cursor is on and 
the n-1 succeeding lines blank. 

a DCTL-delete-lines (one argument, a number of lines to 
be deleted). Delete :from the screen the supplied 
number of lines, starting with the line the cursor is 
on and proceeding downward. The cursor is to be left 
in the same place it was given. That many blank lines 
are assumed to be pulled up on the bottom of the 
screen. 



If the flag idel-chars-availablep is set to t, indicating 
that insertion and deletion of characters is available, the 
following two functions must be supplied: 

a DCTL-insert-char-string (one argument, a character 
string to be inserted at the current assumed cursor 
position). Insert the character string supplied at the 
current cursor position. Push to the right all 
characters at, and to the right of, the current cursor 
position. There are on:Ly blanks on the screen in the 
region being pushed off. Leave the cursor (and so 
update) after the last character of the inserted 
string. 

DCTL-delete-chars (one argument, the number of 
characters to be deleted). Physically delete from 'the 
screen the supplied number of characters, starting with 
the character at the cursor and on to the right. Move 
all characters to the right of these characters that 
many positions to the left. That many blanks are 
assumed to be moved in from the right edge. Leave the 
cursor where it was supplied. 

Writing a CTL usually invo:Lves editing an existing one, 
trying it, modifying it, and iterating until it is solid. You 
use the -ttp control argument many times to switch back and forth 
between printing terminal mode and the new CTL when logged in 
from the terminal on which the CTL is being developed. For 
terminals with insert/delete features, it may be convenient to 
debug the CTL first without these features (claim they are not 
there in the DCTL-init), and add them later. Similarly, you are 
encouraged to write a better DCTL-position-cursors once you have 
one that works at all, for the convenience of editing the CTL 
with Emacs substantially reduces the effort of improving it. 

For some terminals, padding may be necessary for some 
operations at some or all line speeds. If terminal behavior 
appears random, or garbage is left on the screen after a ^L or 
"K, this may be the problem. Check: the manual for your terminal 
about padding requirements. It may be convenient to define a 
function called DCTL-pad, which takes a number of microseconds or 
milliseconds as an argument, and issues enough pad characters to 
perform this padding. (Rtyo 0) or (Rtyo 177) are common, but 
chec'k your terminal manual for what your terminal expects; (Rtyo 
0) generally works. The variable ospeed gives the line speed in 
characters per second, for use in such calculations. Ge,tting the 
padding right may involve quite a bit of tinkering on some 
terminals; one proven method in cases where padding is felt to be 
a problem is to specify a very large amount of padding (e.g., a 
second) and cut it down until it works. See dd40QOctl.lisp for 
an example of terminal padding. 



T h e  L i s p  s p e c i a l  f o r m s  c o n d  a n d  d o  a r e  u s e d  h e a v i l y  i n  CTLs. 
S i n c e  Emacs e n v i r o n m e n t  m a c W ( d o - - f o r e v e r ,  i f ,  e t c )  s h o u l d  n o t  
b e  u s e d  i n  CTLs,  t h e  n a t i v e  L i s p  f o r m s  a r e  n e c e s s a r y .  Here a r e  

- t h e  d e s c r i p t i o n s  o f  c o n d  a n d  d o :  

( c o n d  ( ( =  t h i s  t h a t )  ( t h i n g l l ( t h i n g 2 ) )  
( ( >  a  b ) ( s e c o n d ) ( t h i r d )  27) 
( ( <  c 1 5 ) ( o t h e r ) )  
( t  ( b e s t  5 ) ( c h a n c e ) ) )  

m e a n s  : 

"If t h i s  e q u a l s  t h a t ,  c a l l  t h i n g 1  o f  no  a r g u m e n t s ,  t h e n  c a l l  
t h i n g 2  o f  no  a r g u m e n t s ,  a n d  r e t u r n  a s  t h e  v a l u e  o f  t h e  c o n d  
t h e  ' v a l u e  r e t u r n e d  by  t h i n g 2 .  O t h e r w i s e ,  i f  a i s  g r e a t e r  
t h a n  b ,  c a l l  l 1 s e c o n d V  w i t h  no  a r g u m e n t s ,  t h e n  c a l l  " t h i r d w ,  
a n d  r e t u r n  2 7  a s  a  v a l u e .  Yet o t h e r w i s e ,  i f  c is l e s s  t h a n  
1 5  ( a l l  n u m b e r s  o c t a l ) ,  r e t u r n  t h e  v a l u e  o b t a i n e d  by  
a p p l y i n g  " o t h ' e r w  t o  n o  a r g u m e n t s .  If n o n e  o f  t h e  a b o v e  a r e  
t r u e ,  c a l l  " b e s t n  w i t h  a n  a r g u m e n t  o f  5 ,  a n d  t h e n  r e t u r n  t h e  
v a l u e  o b t a i n e d  by c a l l i n g  l l c h a n c e v  w i t h  n o  a r g u m e n t s . "  

The  c o n d  s p e c i a l  f o r m  i s  much l i k e  P L / I 1 s  

e n d  ; 
e l se  

e n d ;  
e l se  

e n d ;  
e l se  

e n d  ; 

.... ) t h e n  d o ;  

i f  ( .... ) t h e n  d o ;  ..... 
i f  ( .... ) t h e n  d o ;  ..... 
d o ;  ..... 



The format of Lisp tldou used in CTLs to iterate is: ~ 
(do VAHIABLE INITIAL-VALUE REPEAT-VALUE TEST forml form2 

form3.. > 

It is equivalent to PL/Its: 
I 

do VARIABLE = INITIAL-VALUE 
repeat REPEAT-VALUE 
while ( ^  TEST); 

forml ; form2; . . . 
end ; 

which, itself, is equivalent to: 

VARIABLE = INITIAL-VALUE; 
1: if TEST then go to e; 

form1 ; form2; . . . 
VARIABLE = REPEAT-VALUE; 
go to 1; 

e: 9 

The variable VAHIABLE is locally defined inside the do. It may 
be used in the forms inside the do, in the "end testtt TEST, and 
in the repeat value REPEAT-VALUE. 
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builtin function (cont) 
list 2-12 
print 2-1 
rplaca 2-14 
rplacd 2-14 

control argument (cont) 
-terminal - type 5-2 

CTL 5-1 

CTL functions 
see DCTL 

cur-hpos function 3-6 

car 2-11 curchar function 3-32 

catenate function 3-24 current-buffer variable 3-23 

cdr 2-11 

character object 3-32 

characters 
searching for 3-26 

current-buffer-mode variable 
3-18, 3-30 

cursor position 
cur-hpos 3-6 
.go-to-hpos 3-6 

charscan-table function 3-26 
D 

cleanup-handler 
unwind-protect 3-7 

DCTL-clear-rest-of-screen 
command executing function 5-6 

Multics 3-47 
1;  
) 

DCTL-delete-chars functions 
comment 2-1 5-8 

comment-column variable 3-18 DCTL-delete-lines function 
5-7 - .  

co.mment-prefix variable 3-18 
DCTL-display-char-string 

comout-get-output 3-47 function 5-5 

compilation 3-38 DCTL-epilogue function 5-7 1 
compiling an extension 3-38 DCTL-init function 5-3, 5-4, 

5-6 
cond special form 5-8 1 

DCTL-insert-char-string . I 

cons 2-11 function 5-8 I 

construct 
see cons 

control argument 
-line - speed 5-3 
-query 5-2 
-reset 5-2 

DCTL-insert-lines functions 
5-7 

DCTL-kill-line function 5-6 

DCTL-position-cursor function 
5-5 
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d i s p l a y - b u f f e r - a s - p r i n t o u t  
f u n c t i o n  3-19 
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3- 1 4  
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d i s p l a y - e r r o r  f u n c t i o n  3-13  

d i s p l a y - e r r o r - n o a b o r t  f u n c t i o n  
3- 1 4  
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d o - t i m e s  s p e c i a l  form 3-5 

d o c u m e n t a t i o n  3-52 

d o c u m e n t i n g  r e q u e s t s  3-39 

e l e m e n t  2-12  

e l s e  k e y w o r d  2-7 

e m p t y - b u f f e r - p  p r e d i c a t e  3 - 1 0 ,  
3 - 2.2- 

e n d - l o c a l - d i s p l a y s  f u n c t i o n  
3- 1 9  

e n t r y  v a l u e  4-3 

e o l p  p r e d i c a t e  3-8 

eq p r e d i c a t e  2 - 5 ,  3 - 3 2 ,  5 -4  

e r r o r  3-7 
h a n d l i n g  4-1 
t a b l e  3-48 
t r a p  e n t r y  4-2 

er ror  t a b l e  f u n c t i o n  3-48  - - 

ESC & ( l d e b u g )  4-3 

ESC G ( l d e b u g )  4 -2 ,  4-3 

ESC g l o b a l  v a r i a b l e  3-13  

ESC L ( l d e b u g )  4-4 

ESC P ( l d e b u g )  4 -2 ,  4-4 

ESC R ( l d e b u g )  4-4 

ESC S ( l d e b u g )  4-4 

ESC T  ( l d e b u g )  4-2  

ESC ^ S  ( l d e b u g )  4-4 



establish-local-var function 
3- 16 

evaluation 2-2 
conditional 2-6 
of functions calls 2-2 
of numbers 2-2 
of strings 2-2 

execution 
see evaluation 

extension 
definition of 1-1 

e cline 3-47 - - 

form (cont) 
special 

prog2 2-1 1 
progn 2-10 
save-excursion 3-7 
save-excursion-buffer 

3-23 
setq 2-8 
unwind-protect 3-7 . 
with-mark 3-5 

stop-doing 2-8 

format-to-col function 3-.I1 

fpathname variable 3-17 

full-redisplay function 3-26 

F function 2-1, 2-4 
apply-catenate 3-24 
assert-minor-mode 3-30 

fill-mode-delimeters variable buffer-kill 3-23 
3-3 1 buffer-on-display-in-window 

3-45 
find-buffer-in-window function catenate 3-24 

3-41 charscan-table 3-26 
cur-hpos 3-6 

firstlinep predicate 3-9 curchar 3-32 
DCTL-clear-rest-of-screen 

fixp predicate 2-5 5-6 
DCTL-delete-chars 5-8 

form 2-1, 2-3, 2-4 DCTL-delete-lines 5-7 
not 2-10 DCTL-display-char-string 
special 2-6 5-5 

and 2-10 DCTL-epilogue 5-7 
cond 5-8 DCTL-init 5-4 
defprop 3-39 DCTL-insert-char-string 5-8 
defun 2-6 DCTL-insert-lines 5-7 
dispatch-on-current-char DCTL-kill-line 5-6 

3-33 DCT1,-position-cursor 5-5 
dispatch-on-lefthand-char DCTL-prologue 5-7 

3-33 dec imal-rep 3- 12 
display-as-printout 3-20 definition 2-1 
do 5-10 delete-white-sides 3-11 
do-forever 2-8 delete-window 3-45 
do-times 3-5 destroy-contents-of-buffer 
go 2-9 3-23 
if 2-6 display-buffer-as-printout 
if-at 3-32 3- 19 
if-back-at 3-33 display-com-error 3-14 
let 2-9 display-corn-error-noabort 
prog 2-9 3- 14 



function (cont) 
display-error 3- 13 
display-error-noabort 3-14 
display-error-remark 3-14 
end-local-displays 3-19 
error table 3-48 
estabiish-local-war 3-16 
find-buffer-in-window 3-41 
for CTLs 5-3 
format-to-col 3-11 
full-redisplay 3-26 
get-search-string 3-46 
go-to-hpos 3-6 
go-to-mark 3-6 
init-local-displays 3-18 
insert-string 3-4 
lefthand-char 3-33 
local-display-current-line 

3-19 
local-display-generator 

3- 18 
mapc 3-31 
minibuf-response 3-13 
minibuffer-clear 3-14 
minibuffer-print 3-12 
minibuffer-print-nodear 

3- 14 
negate-minor-mode 3-30 
point-mark-to-string 3-11 
register-local-variable 

3- 16 
register-option 3-28 
release-mark 3-4 
Rprinc 5-4 
Rtyo 5-4 
search-back-first 

-charset-line 3-27 
search-back-first-not 

-charset-line 3-27 
search-charset-backward 

. 3-27 
search-charset-forward 3-27 
search-failure-annunciator 

3-46 
search-for-first 

-charset-line 3-26 
search-for-first-not 

-charset-line 3-27 
search-not-charset-backward 

3-27 
search-not-charset-forward 

3-27 

function (cont) 
select-window 3-44 

,set-buffer-self-destruct 
3-22 

set-mark 3-4 
skip-back-to-whitespace 

3- 10 
skip-back-whitespace 3-10 
skip-back-whitespace-in-line 

3-1 1 
skip-over-whitespace 3-10 
s k i p - o v e r - w h i t . e s p a c e - i n - l i n e  

3-1 1 
skip-to-whitespace 3-10 
stringlength 5-5 
view-region-as-lines 3-19 
whitespace-to-hpos 3-11 
window-adjust-lower 3-45 
window-adjust-upper 3-45 
window-info 3-45 
wipe-point-mark 3-5 
without-saving 3-5 

fu,nction call 2-4 
syntax 2-3 

get-searchistring function 
-3-46 

given-tty-type variable 5-4 

global variable 
nil 2-7 
see variable, global 
t 2-7 

go special form 2-9 

go-to-hpos function 3-6 

go-to-mark function 3-6 

go-to-or-create-buffer 3-20 



H ldebug-return-to-ernacs 
- t op - l eve l  

ESC G 4-2 
he t e rophan ic  r e q u e s t  3-41 

ldebug-show-bkpt-source 
ESC S 4-4 

I 
ldebug- t race-s tack  

ESC T 4-2 
i f  s p e c i a l  form 2-6 

syn tax  2-7 le f thand-char  f u n c t i o n  3-33 

i f - a t  s p e c i a l  form 3-32 l e t  s p e c i a l  form 2-9 
syntax 2-9 

i f -back-a t  s p e c i a l  fqrm 3-33 
l i ne - i s -b l ank  p r e d i c a t e  3-10 

i n d i c a t o r  3-21 
Lisp  debug mode 

i n i t - l o c a l - d i s p l a y s  func t ion  s e e  ldebug 
3-18 

l i s t  2-11 
i n s e r t - s t r i n g  f u n c t i o n  3-4 

l i s t  func t ion  2-12 
i n t e r n e d  symbol 3-20 

load ing  an ex t ens ion  3-35 

K l o c a l  d i s p l a y  3-18 

keyword 
e l s e  2-7 

l o c a l  v a r i a b l e  
s e e  v a r i a b l e ,  l o c a l  

l o c a l - d i s p l a y - c u r r e n t - l i n e  
Function 3-19 

loca l -d i sp l ay -gene ra to r  
func t ion  3-18 

l a b e l  2-9 

l a s t l i n e p  p r e d i c a t e  3-9 

ldebug mode 

ldebug-display-where 
-edi tor-was  

ESC ^S 4-4 

l debug- l i s t -b r eaks  
ESC L 4-4 

ldebug-reset -break 
ESC R 4-4 

looking-a t  p r e d i c a t e  3-2, 3-9 

loop ing  
s e e  do-forever  2-8 

major mode 
s e e  mode 

mapc func t ion  3-31 

mark 3-4 



mark ( c o n t )  
go-to-mark 3-6 
p r e d i c a t e s  3-9 
r e l ease -mark  3-4 
s a v e - e x c u r s i o n  3-7 
se t -mark  3-4 
t empora ry  3-5 
wipe-point-mark 3-5 
with-mark 3-5 

m a r k - a t - c u r r e n t - p o i n t - p  
p r e d i c a t e  3-9 

mark-on-cur ren t - l ine -p  
p r e d i c a t e  3-9 

mark-reached p r e d i c a t e  3-9 

mark-same-line-p p r e d i c a t e  
3-9 

memq p r e d i c a t e  3-30 

min ibuf - response  f u n c t i o n  
3-13 

m i n i b u f f e r  3-12 
f u n c t i o n s  3-14 

m i n i b u f f e r - c l e a r  f u n c t i o n  
3-14 

m i n i b u f f e r - p r i n t  f u n c t i o n  
3- 12 

m i n i b u f f e r - p r i n t - n o c l e a r  
f u n c t i o n  3-14 

minor mode 
s e e  mode 

mode 
l d e b u g  4-1 
major  3-30 
minor 3-30 

m u l t i p l e  windows 
s e e  windows 

names 
choos ing  3-29 

negate-minor-mode f u n c t i o n  
3-30 

n e g a t i v e  f u n c t i o n  3-52 

n e g a t i v e - f u n c t i o n  3-52 

n i l  g l o b a l  v a r i a b l e  2-7 

nil .  symbol 3-3 

NL g l o b a l  v a r i a b l e  3-13 

n o t  form 2-10 

n u l l  p r e d i c a t e  2-5 

numarg g l o b a l  v a r i a b l e  3-3 

numeric a rguments  3-3 
do- t imes  3-5 

numeric-argument 3-49 

nuwindows v a r i a b l e  3-44 

o b a r r a y  3-20 

o b j e c t  2-5 

o b j e c t  program 3-38 

operand 2-10 

opt@ion 3-27 

ospeed v a r i a b l e  5-3 



parentheses 2-2 

per-buffer variable 
see variable, local 

point-mark-to-string function 
3-11 

point>markp predicate 3-9 

pop-up window mode 3-42 

predicate 2-4 
< 2-5 
= 2-5 
> 2-5 
alphalessp 2-5 
at-beginning-of-buffer 3-9 
at-end-of-buffer 3-9 
at-white-char 3-9 
bolp 3-8 
buffer-on-display-in-window 

3-45 
empty-buffer-p 3-10, 3-22 
eolp 3-8 
eq 2-5, 3-32, 5-4 
firstlinep 3-9 
fixp 2-5 
lastlinep 3-9 
line-is-blank 3-10 
looking-at 3-2, 3-9 
mark-at-current-point-p 3-9 
mark-on-current-line-p 3-9 
mark-reached 3-9 
mark-same-line-p 3-9 
memq 3-30 
null 2-5 
point>markp 3-9 
sarnepnamep 2-5 
stringp 2-5 
symbolp 2-5 

prog special form 2-9 

prog2 special form 2-11 

progn special form 2-10 

prologue 3-52 

prompting 
minibuf-response 3-13, 

property 3-21 
documentation 3-39 

read-only-flag variable 3-17 

redisplay 3-25 

register-local-variable 
function 3-16 

register-option function 3-28 

registering a variable 
functions 3-15 

release-mark function 3-4 

returned value 2-1 

rplaca function 2-14 

rplacd function 2-14 

Rprinc function 5-4 

Rtyo function 5-4 

previous-buffer variable 3-23 
samepnamep predicate 2-5 

print function 2-1 

problem 
monitoring 3-16 

save-excursion special form 
3-7 



(' \I 

save-excurs ion-buf fe r  s p e c i a l  skip-back-to-whitespace 
+. form 3-23 f u n c t i o n  3-10 

s e a r c h - b a c k - f i r s t - c h a r s e t - l i n e  skip-back-whitespace f u n c t i o n  
f u n c t i o n  3-27 3- 10 

search-back-f  i r s t - n o t  skip-back-whi tespace- in- l ine  
. - c h a r s e t - l i n e  f u n c t i o n  3-27 func t ion  3-11 

search-charset-backward 
f u n c t i o n  3-27 

skip-over-whi tespace f u n c t i o n  
3-10 

sk ip-over -whi tespace- in - l ine  
func t ion  3-11 

search-charse t - fo rward  
f u n c t i o n  3-27 

s e a r c h - f a i l u r e - a n n u r ~ c i a t o r  
f u n c t i o n  3-46 

skip- to-whi tespace f u n c t i o n  
3-10 

sea rch- fo r - f i r s t - ch i i r se t - l ine  
f u n c t i o n  3-26 

s p e c i a l  form 
:see form 

sea rch - fo r - f i r s t -no t ;  
- c h a r s e t - l i n e  f u n c t i o n  3-27 

stop-doing form 2-8 

s t r i n g  form 3-32 
search-not-charset-backward 

s t r i n g l e n g t h  f u n c t i o n  5-5 f u n c t i o n  3-27 
0 ..-.. 

search-not-charset - forward s t r i n g p  p r e d i c a t e  2-5 
f u n c t i o n  3-27 

symbol 2-5 
d e f i n i t i o n  of 2-11 
i n t e r n e d  3-20 
p rope r ty  3-21 * 

r e g i s t r y  3-20 

s e a r c h i n g  3-46 
fo rward - sea rch - in - l i ne  3- 12 
regexp-search- in - l ine  3-12 
r e v e r s e - s e a r c h - i n - l i n e  3-12 

symbolp p r e d i c a t e  2-5 

se lect -buffer-window v a r i a b l e  
3-42 

select-window func t ion  3-44 t g l o b a l  v a r i a b l e  2-7 

selected-window 3-44 t ab -equ iva l en t  v a r i a b l e  3-18 

s e t - b u f f e r - s e l f - d e s t r u c t  
f u n c t i o n  3-22 

temp-mark v a r i a b l e  3-5 

temporary mark 3-5 
set-mark f u n c t i o n  3-4 

t e r m i n a l  suppor t  5-1 

Terminal Type F i l e  5-1 /--- 
s e t q  s p e c i a l  form 2-8 

(.-" '..,! 



the-mark global variable 3-4 variable (cont) 
trace-break-fun 4-6 

trace 4-5. trace-printer 4-6 
tty-type 5-4 

tracing function 4-3 
view-region-as-lines function 

tty-type variable 5-4 3- 19 

unwind-protect special form whitespace 
3-7 functions 3-10 

management 3-10 

whitespace-to-hpos function 
3-1 1 

variable 2-3 wincfow 
binding 2-3 number 3-44 
current-buffer 3-23 pop-up window mode 3-42 
given-tty-type 5-4 selected 3-44 
global 2-3, 3-15, 3-28 

character object 3-32 window-adjust-lower function ~ 
current-buffer 3-21 3-45 
ESC 3-13 1 '  -. 

fill-mode-delimeters 3-31 window-adjust-upper function 
nil 2-7 3-45 
NL 3-13 
numarg 3-3 window-info function 3-45 
t 2-7 
the-mark 3-4 windows 

I 
I 
1 

X, Y 5-4 multiple 3-40 I 

ldebug-level 4-2 I 

local 3-15 wipe-point-mark function 3-5 I 
automtically registered 

3-17 with-mark special form 3-5 
I 
I 

current-buffer-mode 3-30 
nuwindows 3-44 without-saving function 3-5 
opt ion 

ldebug-base 4- 1 
ldebug-ibase 4-1 X I 

ldebug-prinlength 4-1 
ldebug-prinlevel 4-1 

ospeed 5-3 X global variable 5-4 I 

parameter 2-3 
previous-buffer 3-23 
registering 3-15 Y 

i 
selected-window 3-44 
temp-mark 3-5 

Y global variable 5-4 temporary 2-3, 2-9 - I  ~ 
// I 
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