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PREFACE 
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and a d d l t l ~ n ~  t o  SAILON 2 8 , 4 1  I t  S U P e r ~ r d r S  and rgpI.~~s SAlLONS i r  
4 ,  2 8 8 2 m 4 ,  and  41, 

The changes r e f l @ o t  change8  i n  L I S P  and may b r  o u m r n a r i ~ r d  as 
f o l  l o w s t  

The rllocrtlon p r o o e d u r e ,  and L I S P  lnltlallzrtfon have b e e n  
ohangedl S.ctlonr 2 , 1  and 2 , 2 .  

There a r e  s o m e  new drbugglng f a 6 1  l l t l r s  i n  A P P I ~ ~ ~ X  N rnd  the  
f o ~ u m a n t r t l o n  f o r  some o l d  ones has been  o u t  I n t o  th r  manual, 

The cornpi l e r  has been  r e v l s r d ,  and Is dasor lbed  i n  r g r e a t l y  
expandsd Appand lx  F ,  
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CHAPTER 1 

CHAPTER 1 

INTRODUCTION 

T h l r  manual 19 i n t e n d e d  t o  r w o l a l n  t h e  l n t r r r c t l v r  L l S P  1 ,6  
system whloh has born d ~ v r l o ~ ~ d  f o r  the PDP-10 a t  t h e  s t a n f o r d  
u n ! v r t r i t y  ~ r t l f l o l a l  I n t o  l  l torno. P r o J e o t ,  I t  / r  a r r u m r d  t h ~ t  t h e  
t r a d e r  l r  f r m I l l a r  w i t h  e i t h e r  romr o t h e r  L I S P  r y s t o m  o r  t h e  L I S P  1.5 
PRIMER b y  C l a r k  WofssmanC2Jm 

Thr L I S P  1,6 rvrt8m d r s e r  ( b a d  ha8 rr a r u b s r t  m o a t  bf t h e  
9ratur.r and f u n o t l o n r  of o ther  L I S P  185 sYr f rn8 .  i n  addition, t h r r r  
a r e  8 @ V o r a l  naw f e r t u r a r  such a s  an r r b l t r r r v  ~ r r o l r / ~ n  I n t r ~ e r  
p a o k a ~ e ,  an S r n e r ~ r r t r l o n  r d l t o r ,  up t o  1 4  a c t l v r  1n~ut .outdut  
o h a n n r l r ,  t h r  a b l l l t y  t o  o o n t r o l  t h r  r l z e  o f  mrmory , s p a p r o  8 
r t a n d 8 r d  r r  l ooa t  l n g  1ord.r t o  l o&d arrrnb l y  l angurgr  or  c o m d  l e d  
o t o g r a m a ~  @ t o ,  

T h l r  ryrtem use8 an l n t r r ~ r a t a r l  howrvr r ,  t h a w  1 8  rlro a 
compl l a r  whlch Produoas machlnr coda. ~ b n ~ l  l e d  f u n o t l o n a  a r e  
a p p r o ~ ~ m r t a l ~  20 t l m r s  as f a s t  and trkm I r a 8  nrmorv r p r ~ r ,  

T h l r  manual i r  o r o a n l z r d  I n  a f u n c t i o n a l  manner, ~ l r a t  the 
baslo d a t a  r f r u c t u r e r  a r e  d r a c t ! b r d !  t h e n  the t u n o t l o n r  f o i  o ~ r r r t l n p  
on them, Tho a ~ p r n d i c e r   rer rant more d o t a l  l e d  t n f o r m r t l b n  on t h e  
ayrtern, l t r  l n t o r n a  l r t r u e t u r r ,  t h r  c o m d  l e r ,  and r rv r ra i  auxf l h r y  
b a @ k l g @ b  e 
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The u s @ r  who ( s  n o t  ewpsr l eno rd  w l t h  any L I S P  S Y B C I ~  18 

r d v l s r d  t o  f o l  l o w  t h e  ( n s t r u c t l o n s  b r l o w t  
3 

I) Become famlllrr w l t h  Welssmrn's LISP 1,6 PrlmerC23 or  rbme 
e a u l v o I @ n t  I n t r o d u c t o r y  L I S P  Manual .  

2 )  Learn  t h e  dooument o o n v e n t t o n s  ( 1 , 4 ) ,  

3 )  Baoomr s u ~ a r f l c ~ a l l ~  f a m l l l r r  w l t h  L I S P  1.6 i d r n t l f l r i r ,  3 
numbers and S - r x p r r s s l o n r  (Chapters  3 ,4 ,  and 9 ) ;  

4 )  Understand t h e  m o a t  u l e f u l  f u n c t l o n r l  Those ~ i e o e d r d  by  
e w c l r m a t ~ o n  marks "!" I n  c h r o t r r a  6 th rough  1 4 ,  

5 )  L a w n  how t o  drtlnr t u n o t ~ o n s  ( 6 , 1 ) ,  

4 )  Learn  how t o  l n t s r a o t  w t t h  LISP ( C h a ~ t o r  2 ) ,  

7 )  T r y  some r x a m p l r r ,  WelsrmrnC13 has somr good drobl@rns, 

8 )  Laarn  what o t he r  u s e f u l  f u n u t l a n s  and f e r t u t a 8  a t e  3 
a v a l l n b l s  t 1 , 3 ) ,  

$ , 2  Gulde t o  t h e  User E x p e r l e n o r d  w l t h  Another L I S P  S ~ s t r m  

Thr u s e r  who has used another  v L I S P  r y 8 t e m  1s r d v l r r d  t o  
f o l l o w  t h e s e  I n s t r u a t l o n a t  3 

2 )  Learn  t o p  l e v ~ l  o f  L I S P  1 , 6  i s  EVAL, n o t  E V A L Q U O T E ,  

3 )  U I ~  DE, DF and DEFPROP f o r  d r f l n l n g  f uno t l on8 ,  ( ~ r ~ t l o n  l1,l)J 

4 )  Many t u n c t l o n r  d l l f r r  f rom t h o s e  I n  o t h e r  syatgrna, ~ b r t  
o f  these a r e  no ted  In t h e  Index, 

9 )  The syntax  o f  atoms I S  d l f f e r r n t  f rom o the r  r y ~ t r r n s  
( c h a ~ t e r s  3 and 4 ) .  3 

6 )  Learn  how t o  l n t r r a c t  w i t h  L I S P  ( C h a o t r r  2 1 ,  

7 )  Try  some e x a r n ~ l e a .  

8 )  Learn  what o t he r  u s e f u l  tunotlonr and ? r r t u r r r  a r e  3 
available ( i , S ) ,  
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1 , 3  Guldr t o  U m f u l  Funatlons and F e a t u r e s  

C The tollowlng 1s n p a r t f r l  l i s t  o f  u s a t u l  t r a t u r e r  and tunotibnr 1,n 
L l S P  1 ,6  and what t h r y  m h h t  b e  useful form 

1) ALVINE ( ~ ~ p r n d ! x  A )  I @  u 8 r t u l  f o r  o d l t l n g  t u n c t l o n 8  and 
m a n l ~ u l a t l n ~  I/O flies, 

2 )  READ ha8 romr v e r y  useful oontrol ohrrrotorr  M r t t l o n  14 ,s ) ;  

3 )  I n ~ u t / O u t p u t  (Chapter  14) I8 v e r y  f l e i l b l r .  

4 )  One orn o o n t r o )  e r r o r  mrs8aga8 ( C h r ~ t o r  161, 

5 )  Thr ra  Ir  a L I S P  c o m ~ i l e r  ( A p ~ l n d l x  F )  whlah o r n r r r t e r  o o d r  
t h a t  rung  ~ D D ~ O N ~ ~ ~ ~ Q I Y  t w e n t y  t i m e r  r 8  f r a t  r u  l n t r r d r r t r d  
funot tons ,  I 

6) T h r r r  e r r  aux)llrry t ) l e r  on t h e  d i r k  whloh a r e  o f t e n  u r e t u l r  

CJ t l lenamr, U ~ Q  dooumant I 

SYS I TRACE t r r o l n o  t u n o f l ~ n a  ~ p p a n d l x  N 
and 8 @ t q 8  

r r p t d  t u r n - a r o u n d  ~ o d r n d l x  K 
b@tW@@n SOS and L I S P  I 

LISP,CORCS~DOCJ o o r r r o t l o n r  t o  t h l r  
nanua l 

7 )  One aan l o a d  and I l n k  L I S P  t o  amernbly  and F o r t p a n  
eompllrd proqfam8.  See Appondlr  H ,  

0 )  One oan have f 1 1 a s  a u t o m a t  1 o r  1 l y 1 oaded by u r r  Q (  

t h e  f I I @  INIT,LSP whlch i s  r u t o m r t ~ o r l l y  l o r d e d  
on e n t r y ,  



I n  t h e  d e g c r l p t l o n  o f  d a t r  a t r u c t u r r s ,  t h o  f o l  
n o t a t l o n r l  o o n v r n t l o n 8  w l l l  be  u r a d ,  

r a p r r s r n t s  a 3 6 m b l t  word  i n  
FREE STORAGE wl t h  2 1 8 l b l  t 
p o l n t o r r ,  

- m O l W ~ w w W w ~ ~ m W ~ r l  

I I I 
I 1 N I L  I * 

r r ~ r o r r n t r  t h e  l r r t  word i n  
r Ilst, 

w r ~ m a ~ m v ~ v w ~ ~ ~ r - ~  r r ~ r @ r r n t s  r 3 6 - b l t  word I n  
I I VULL WORD SPACE. 
I I  

A r 1 l g h t l y  m o d l f  led f o r m  of BNF i r  u a r d  t o  d r f l n r  r ~ n t a r  
o q u r t l o n r ,  O ~ t l o n a l  trrmti a r a  r u r r a u n d r d  bY o u r l ~  b r r o k r f s  ( and 1 ,  

1 4  C a l l l n o  S a a u r n o r  C o n v e n t i o n s  

C.1 l l n a  s r p u r n o r s  t o  L I S P  f u n o t l o n a  a r e  p r o g e n t r d  I n  
S . r r ~ r r s s l a n  form,  w i t h  t h r  C A R  o f  t h a  ~ - e r ~ r e @ s / o n  b d n g  t h e  name o f  
t h e  t u n o t l o n ,  An argument  t o  a f uno t l on  18 r v n l u a t e d  u n l a r ~  t h a t  
a r g u n e n t  I8  s u r r o u n d e d  by quotes ( n )  I n  the a r l  l l n g  r r q u e n o a  
d a i l n l t l o n o  Q u o t e s  morn t h a t  the function t m ~ l t o l t l ~  QUOTE8 tha t  
argument ,  

I D  l a  n o t  r v r l u r t r d ,  b u t  V 1s 3 
e v a l u a t e d o  

(QUOTE " V V  V 1s n o t  r v a l u a t r d ;  

1 , 4 , 4  Other C o n v r n t l o n r  
3 

The b l a n k  o h a r a o t 0 t '  (ASCII 4 0 )  I r  l n d l c a t r d  b y  "," whcln 
a p p r o ~ r l a t e  f o r  ~ l a r h ~ ,  

A s p e ~ I a 1  n o t a t l o r !  i n  the  l e f t  r n r r o l n  18 u 8 r d  t o  lnd1eatr the 
d r g r r e  o f  u t l l t t ~  or d l f f l e u l t ~  o f  each 8 r o t l o n  o f  thlr manuall 

3 







CHAPTER 2 

CHAPTER 2 

INTERACTIVE USE OF THE SYSTEM 

2 , l  U11ng t h a  Sys tem 

Tho f o l l o w l n o  d l a l o g  shows how t o  l o 9  i n t o  t h o  t h e - 8 h a r l n g  ry8 tam,  
a t a r t  t h e  L I S P  r ~ s t r m ,  a n d  I n t e r a c t  wlth t h e  t o p  lrvrl a t  I S P ,  ~ l n r ~  
brglnnlno with ~ o r l o d  a r r  t Y ~ a d  bY t h e  u s e r  t o  the  t 'f mrrn8hr r1no 
r y s t r m t  r n d  t h e  l l n r s  b o g l n n l n o  with a r t r r t s k  r r r  t y ~ o d  t o  L I S P ,  Thr 
rymbol  < o r )  r ~ a o l t l r r  ~ a r r l f a g e - r a t u r n ,  and mrrnr altmodr,  

, R  LISP 

FREE STORAGE 10008  a 20000 < o r >  T h l s  g I v @ s  20K o f  F r o @  S ~ O ~ ~ Q O  
I n a t e a d  o f  t h o  u r u r l  % @ K c  

FULL WORDS + 4000 8 < o r >  T h l s  g l v a s  t h o  d o f a u l t  v a l u e  
Cj o f  5 K ,  

BIN, P R O C ,  S P ,  8 2800 . 120005 T h l g  g l v r s  12K o f  ~ l n r r y  ~ i o g r a m  s i r a r c  
and ends t h o  r l l o o r t l o n ,  

F o r  a f u l l  d l r c u ~ d o n  o f  r l  l o c r t f o n  
a a e  A p ~ a n d l x  C, 

A t  t h l s  ~ o l n t ,  a f t e r  a l l o o a t l o n  and b r f o r r  anything rlar, t h e  
( 1 1 0  LISP,LSP i s  r a a d  f r o m  t h e  8ys tom,  T h f r  d e f i n e 8  var lou8  maoror, 

G r r c r n t  r d d l t l o n a  t o  t h e  s y l t r m ,  b o o t s t t a ~  drflnltlona tor t h e  
? u n c t l o n r  i n  t h r  v e r l o u s  a a l f  l o r d l n ~  u t l l l t v  Cllrr, Traoe,  SOSLNK, 
L A P  a t e ,  I n  rddltlon, I f  t h e r e  Is r f I l @  by t h e  name INIT',LSP I n  t h e  
u s e r ' s  d l r r c t o r l ,  i t  w l I I  b e  l o a d r d  t o o ,  Thlr rnrbl@r the  urrr to 
hava  l n y t h l n 9  he l a a d o d  a u t o m 8 t l @ a l  I Y ,  

T < a l t m a d @ >  
T T and N I L  a l w a ~ s  e v a l u a t e  t o  t h o m r r l v o r ,  
. (QUOTE t A  B C)) < c p r r l a g ~  r e t u r n )  
( A  c )  V a l u e  o f  QUOTE 

G ( C O N S  i (QUOTE A ) )  < c r t r l r ~ @  r e t u r n )  

Numbars always e v a l u a t a  t o  t h o m s o l v o a  
and t hus  need n o t  bo quo ted ,  

b ' 
<a  l o n g  sequanoa o f  o u t o u t )  T h l s  o u t p u t  urn  be  r u o ~ r r r ~ o d  with * O ,  
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*!DEFPROP CDRQ (LAMBDA ( L ?  (CDAR L )  ) FEXPR) < c a r  f fago r @ t u { n > '  

CORQ 

e ( C D R Q  C A R )  < o & r r t a g r  r o t u r n )  

(SUBR # a d d r r r s  PNAHE ( # f u l l w o r d ? )  

* ( O E  TWICE ( N U M I  (TIMES 2 N U M ) )  C o a r r l r ~ a  r e t u r n )  

T W I C E  

2 . 2  S ~ a c l a l  T ~ l r t ~ p r  c o n t r o l  C h r t r o t r r r  

Tho t l m r - s h r r l n g  r ~ r t e n  t r e a t 8  many e o n S r o l  o h a r r o t e r t  In r ~ ~ o l a l  
ways. F o r  r comolrtr d 1 r c u s r l o n  o f  0 0 n t t ~ l  o h r r r o t r r r  r @ e  t h e  P D P m l e  
T I M E  SHARlNG M O N I T O R  MANUAL. B r l r t l y ,  the f o l l o w i n g  r p u o T a l  o o n t i o l  
a h a r a c t r r s  avo usod i n  L I S P ,  

T r  I c r t ~ ~ a  I I I  D l u ~ l r v  Wean I na 

CALL S t o p  t h e  Job and t a l k  t o  
t l m r m 8 h a r I n o  rYrbrm,  

C o n t r o l  2 Supproas o o n r o  l a  p i l n t o u t  
I lnrtrrd u n t I  I r n  I n p u t  i r  i e a u e r t o d ,  

C o n t r o l  i D O  I o t e  t h e  r n t  I t o  l n d u t  
I l n r f r a d  I 1 na now be I n 9  W m d r  

( O n l y  v l t h  (DDTlN N I L ) ) .  

s t o p  t h e  LISP t n t o i ~ t o t a r  
r n d  r e t u r n  o o n f r o l  t o  hhe 
t o o  I e v e  I o f  LISP, on I'Y 
o f f r c t l v a  whrn L I S P  1 8  
a s k l n g  f o r  c o n r o l r  i n p u t ,  
Sae I N I T F N  (161 ,  



CHAPTER 3 

IDENTIFIERS i 
I 

I d e n t t f l e r s  a r e  s t r i n g s  o f  c h a r a c t e r s  ~ h l c h  t aken  t o g s t h e r  
r r p r r s e n t  a single a t o d e  a u a n t l t y ,  

<comments> ::s<ASCII 32) <any aeauence o f  c h a p a c t e r a  not 
l n c l u d l n e  line-feed> CIIna teed> 

< d e l l m l t e r >  : r =  0) I t i 3  1 3 l @ l / l W l  < b l a n k >  I < a l t m o d e >  I 
a a r r i a e r - r e t u r n  I < I l n e - f w d >  I < t r b >  I < fo rm-  
f e e d >  

< t h a , a ~ t @ ~ > ; : :  <any extended ASCII ~ h a , a e t @ ~  o t h a ,  than n u l l  
and A S C I I  1 7 6 )  

< d l g l t > l : =  0 ( 1 1 2 1 3 ( 4 1 5 1 6 ) 7 ( 8 ) 9  
< l e t t e r > : : =  <any c h a r a c t e r  n e t  a d l g l t  and n o t  a d r l ! r n l t e r >  
< t d s n t l f t e r > : : =  < l e t t e r >  

: t = < l d e n t l f l e r >  < d l g l t >  
1 ; s  / C c h a r a o t e r >  
: : a  <Identlfler>/<character> 

Identlflers a r e  n o r m a l l y  strings o f  c h a r a c t e r s  b r g l n n i n g  w l t h  
l e t t e r  and f o l l o w e d  by l e t t e r s  and d l g l t s ,  I t  i s  s o w r t l r n e s  

c o n v s n l e n t  t o  c r e a t e  identifiers whloh c o n t a l n  d e l l m l t r r s  or b r d n  
w i t h  d l g l t s ,  The use o f  t h e  dellmltrr ' ' I" ( s l l r h )  caUsQ8 t h e  
t o 1  lowlna e h a r a c t e y  b e  t a k e n  1 l t e r a l  I Y ,  and t h a  s l a s h  itself 18 nQt 
p a r t  o f  the  Identifier, Thus,  /AB i s  t h e  some PS AB i$ t h e  same as 
/ A / B ,  

Comments a r e  u s e f u l  f o r  a l l o w l n o  d e s t r l p t l v e  t e x t  i n  t i  l e a  
wh ich  w l l l  b e  c o m p l e t e l y  Ignored when r e a d ,  Comments also make i t  
p o s s l b l r  t o  e x t e n d  a t o m s  ( I d e n t l t l r r s ,  s t r l n g s  and number$) a o r o s s  
n i n e  boundaries w i t h o u t  any  o f  t h e  c h a r a c t e r s  i n  t h e  comment b r o o m i n g  
p a r t  o f  t h e  atom, 

A S C I I  32 canno t  be t y a e d  d i r e c t l ~  i n t o  L ISP,  I n  STOPGAP, 33 
d e s l e n a t r s  A S C I I  32, on t h e  l l n e  ~ r l n t e r  and 1 1 1  displays, ASCII 32 
p r t n t s  as  tl l d e  "'", A S C I I  32 d o e s  n o t  ~ r h t  on t e l r t y ~ r s ,  ( S e e  
C H R C T  I n  14,1,4,) 

E x a r r , ~  10s t A 
a 
FOObaz 
T I M E - O F - D A Y  
A102 
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An i d r n t l f l e r  13 l n t e r n a l l , ~  r s ~ r r a r n t e d  a8 a d o t t e d  p a i r  o f  
t h e  following f o r m t  

wk lch  i r  called an atom h e r d e r ,  

Thus CDR o f  r n  i d e n t l f l r r  9lvea t h e  p r o ~ e r t y  l l a t  o f  t h e  
I d s n t i f l r r ,  b u t  C A R  o f  an l d r n t l f l e r  g l v r s  t h e  ~ o l n t r r  777777,  which 
i f  u s e d  P S  ~n a d d r e s s  w I I I  oauae tan lllbQal memory r e f r r r n c r ,  and an 
error messagQ, An I d e n t l f l e r  I8 r e f e r r e d  t o  in symbol l c  e o r n ~ u t r t 1 o n  
b y  t h e  a d d r e a s  o f  I t s  atom h e a d e r ,  

The p r o p e r t y  l i s t  o f  an l d e n t l f l r r  l a  a Ilat o f  ~ r i i r t  
( p r o ~ e r t ~  name, p r o p e r t y  value) r s s o c l a t e d  w i t h  t h a t  i d e n t " f i l r r ,  The 
n o r n a l  k l n d e  o f  p r o p e r t b s  w h l e h  a r e  found  i n  ~ r o ~ e r t y  1 1 s t g  a r e  
~r lnt names, v a l u e s ,  and f u n o t l o n  d e f  h i  t i o n s  c o r r e s p o n d T n a  t b  
I d e n t i f ' l r r s ,  

E v e r y  l d e n t l t l r r  has a  ~ r l n t  name (PNAME) on i t s  p r o p e r t y  
n l s t ,  The ~ r l n t  name o f  an i d r n t l f l r r  i s  r list o f  f u l l  w o r d r ,  each 
o o n t a t n l n g  five A S C I I  o h a r a o t s r s ,  

Examplea The I d r n t l t l r r  T IME-OF-DAY w o u l d  be  l n l t l r l l y  i r p r e 8 r n t r d  
i s  f o l l o w s J  

1 1 w 1 w . 1 0 . L w 1 1 1  - - - * - - w w -  m o w v - 1 ) 1 - 1 )  , 

a t o m  * I - 1 1  1 . 1  I I ' I  I N I L l  
h e a d r r  I,,,,I-,,I l * - - l " - - l  l . , - - l * - - l  

what@ means n u l l  o r  A S C I I  0 ,  
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When a v a l u e  i s  r s s l g n e d  an i d r n t l f l e r ,  t h e  ~ r o d r i t y  name 
VA\UE I s  p u t  on t h e  I d e n t l f l e r t s  ~ r o ~ e r t y  l f r t  w i t h  p r o p s  t y  V a l u e  f be ng a p o i n t e r  vo a s ~ r t l a l  c e l l .  The CDR o f  t h e  s ~ s c  a1 c e l l  
( s o r e t l m e s  6.1 l e d  VALUE o e l  I )  h o l d s  t h e  v a l u e  o f  t h e  i d r n t j f i r r 4  a f ~ d  
t h e  e d d r r s s  o f  4 s ~ e o l a l  c e l l  rerna lns  o o n s t o n t  f o r  t h a t  j d e n t t C T ~ r  
u n l e s s  REMPROPed 1 1 2  t o  enable complied f u n c t i o n ,  t o  d l r r o t l y  
r e f e r e n c e  t h e  v d u e s  o f  s ~ e c l a l  v a r l a b l o s ,  Global v a r l a b l r s  and a l l  
v a r l r b l r s  bound I n  i n t e r p r e t e d  f u n c t l o n a  a t o r e  t h r l r  v a l u e s  i n  
s p e c l a l  e e l  Is, 

E x a m ~ l @ t  The atom N I L  has t h e  f 0 l  l o w i n g  f o r m 1  

atom h e a d e r  ~ r o ~ e r t y  l 1 3 t  

3,2 The O B L I S T  

I n  o r d e r  t h a t  o c c u r r e n c e s  o f  l d e n t l f i e r s  w i t h  t h e  same ~ r l n t  
names have t h e  same I n t e r n a l  a d d r e s s  ( a n d  hen06 value), a a ~ a c l a l  
n l s t  w h h h  I s  t h e  V A L U E  o f  a g l o b a l  v a r l a b l r  o a l l e d  O B L I S T  i s  used  t o  
r e r n e ~ b e r  a l l  l d r n t l f l r r r  whleh  READ and  some o t h e r  f u n c t i o n 8  have  
s e e n .  F o r  t h e  s a k e  o f  s e a r e h l n g  e f f l e l r n o y ,  t h l d  list has t w o  
n e v r l s r  t h e  first l e v e l  c o n t a i n s  s e q u e n t l a l l Y  s t o r e d  ~ b u o k r t s "  v h l o h  
a r e  "hashedft  i n t o  a s  a f u n c t l o n  o f  t he  ~ r l n t  name o f  thr ( d e n t l t l r r .  
Each b u o k r t  I s  a l l s t  o f  a l l  d l r t l n ~ t  i d r n t i f l e r a  whloh h a v e  h r s h r d  
into t h a t  b u o k r t ,  Thus, ( C A R  OBLIST) 1s t h e  f l r s t  b u o k r t ,  and ( C A A R  
OBLIST) I s  t h e  Clrst f d e n t l i f e r  o f  t h e  f l r s t  b u c k e t .  

S y n t a x  t 

r t r  l n g j  t = " < a n y  sequenae o t  c h a r a c t e r s  not containing ">" 
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A s t r l n g  I s  an a r b l t r a r y  sequence o f  o h a r r c t r r s  r u r r o u n d o d  by 
d o u b l e  q u o t e s  and n o t  c o n t a l n l n o  d o u b l e  ~ u o t e s ,  ~ t r l n g s  a r e  
r r p r ~ s r n t e d  l d e n t l c ~ l l y  t o  l d r n t l f b r s  e x c e p t  t h a t  g t r f n g g  r r s  n o t  
sutomatloall~ I N T E R N e d  on t h o  OBLIST. The d o u b l r  q u o t e s  q u r r o u n d j n g  
s t r l n Q 8  a c t u a l l ~  beeome p a r t  o f  t h e  P R I N T  NAME o f  t h e  a t r i n g  unlike 
s l a s h e s  I n  slarhfflsd tdenttflrr#, 



CHAPTER 4 

CHAPTER 4 

NUMBERS 

T h e r e  a r e  t w o  s y n t a c t i c  t y p e s  o f  numbers:  lntegrr and r e a l ,  

<number> 1 :s  ( i n t e g e r )  1 < r e a l >  

4 , 1  I n t e g e r s  

Synttaxr 

< I n t e g a r )  $ 1 ~  ( < 8 l a n > l  < d l a I t a >  ( * )  

The g l o b a l  variable I B A S E  s ~ e c f f t e s  t h e  I n o u t  r a d i x  t o t  
fnteeers w h l t h  a r e  n o t  f o ( l o w e d  bY t t , "  I n t e g e r s  f o l l o w e d  b y  a r e  
declral I n t e g e r s ,  I B A S E  i s  Inlttallv = 8, S l m t l a r l v ,  t h e  g l o b r l  
v a r l a b l e  BASE c o n t r o l s  o u t ~ u t  radix f o r  I n t e g e r s ,  I f  BASE 3 10 t h e n  
I n t e g e r s  will P r i n t  w i t h  a f o l l ~ w l n g  ",", Unless t h e  g l o b a l  v a ? l a b l e  
& N O P O I N T  = T ,  

E x a m a l a s  w l t h  I B A S E  = 8 

T h e r e  a r e  t h r e e  r e p r e s e n t a t l o n ~  f o r  i n t e e e r s  d e p e n d i n g  on t h e  
numer l c a l  m a g n i t u d e  o f  t h e  i n t e g e r :  I N U h  F I X N U M ,  and B I G N u M ,  ~ h d r  
r a n g e s  a r e  as follows: 

i' 

i 

INUF1 I n l  <K K Is u s u a l l y  2 '16  

F I XNUM 

I N U M a  a r e  s m a l l  I n t e g e r s  r e ~ r e S e n t e d  by  ~ o l n t e r s  o u t s l d r  o f  
t h e  normal L I S P  a d d r e s s i n g  sDaOe, I N U M s  a r e  a d d r e s s r s  i n  t h a  range 
2918-2K t o  2 9 1 8 - 2 ,  The  l N U M  r ~ ~ r e s e n t s t i o n  f o r  z e r o  l a  a 8 2t18-K-1.  c- 



I N U M  Reoresentatton 

FIXNUMs are r e p r o r a n t e d  by llrt s t r u c t u r e  o f  t h e  tollowlna f o r m :  2 

A t o m  header 

where v a l u e  Is t h e  2 ' s  c o m ~ l e m r n t  r e ~ r e s e n t r t l o n  o f  t h o  f i x e d  point 
numb@ r  , 

B I G N U M ~  are r e p r e s e n t e d  by l  1 s t  s t r u o t u r r  o f  the  f o l  l o w l n ~  f o r m s ;  
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S here N d I  a r e  ~ o s t t f v e  36 b l t  I n t e g e r s  o r d e r e d  f r o m  l e a s t  t b  m o s t  
s l g n i f l c ~ n t ,  The value o f  a B I C N U M  1s 

N o t e :  B I G N U M s  a r e  n o t  norm all^ a p a r t  o f  t h e  i n t e r p r e t e r ,  A p n s n d l x  H 
drscrlbes t h e  p r o ~ e d u r e s  f o r  l o p d l n g  t h e  B IGNUM P a c k a g e l  

Restrlctfonsr 

T h e  r a d l x  f o r  r e a l  numbers I S  always d e c i m a l ,  A r e a l  numbei  x 
must b e  I n  t h e  ( a p ~ r o x f m a t e )  r a n g e :  

A r e a l  number has  a p D r o x l m a t s l ~  e i g h t  s i g n l f l c a n t  d i g i t s  o )  taccuracy. 

a t o m  h e a d e r  

. c z ~ I - m - C c -  -wrrrrr-r-r-r-r -~"IcI-*.I)cI 

I -1 I I + IFLONUMI I * I v a l u e  I 
1 ---r 1 --- I 1 ------ 1 *----- I 1 -*----- I 

where  v a l u e  1s i n  P D P - C / I g  2 ' s  complernrnt  f l ~ a t l n g  ~ o l n t  
r e p r e s e n t a t l o n o  
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CHAPTER 5 

S - E X P R E S S I O N S  

S y n t a x !  

t h e  l d e n t l f f e r  N I L  i s  t he  l d r n t l l l r r  whlch  r e p r e s r n t s  t h e  
e r n ~ t ~  list, I , @ , ,  0, 
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CHAPTER 6 

LAMBDA C X P R E S S I O N S  

LAMBDA e x p r e s s i o n s  p r o v i d e  t h e  moans of  c o n a t r u o t / n g  
o o r n p ~ t a t l , n a l   procedure^ ( o f t e n  c a l l e d  f u n o t i o n s c  s u b r o ~ t I n @ s ,  o r  
p r o c e d u r o s )  ,hlch compute answers  ,hen v a l u e s  a r e  a s d g n e d  t o  t h e i r  
p a r a s e t e r s ,  A LAMBDA expression can b e  bound t o  an l d e n t l l l r r  so 
t h a t  any r e f e r e n e e  t o  t h a t  i d e n t l f t e r  i n  f u n c t i o n a l  c o n t e x t  r e f e r s  t o  
t h e  LAMBDA srpresslon, I n  LISP 1,6 t h e r e  a r e  s e v e r a l  t y ~ e r  o f  
t u n c t l o n  d e f l n l t i o n  whlch de te rm ine  how arguments a r e  bound t o  t h e  
LAMBDA e x p r e r s f o n ,  The following Is a LAMBDA r x ~ r e s s l o n t  

1 (LAMBDA " A R G U M E N T ~ L I  S T "  " B . O O Y f 0  

LAMBDA d e f i n e s  D f u n c t l o n  by s ~ e c l f y ~ n o  an ARGUMENT-LIST, 
wh i ch  Is a Ilst .o f  i d e n t l f l e r s  ( e x c e ~ t  t o r  LEXPRg,  see 6,3) and a 
BODY,  k h k h  I s  an S-expression, LAMBDA expressions may hnva no more 
t h a n  f l v s  arguments I f  t h e y  a r e  t o  be  aompl led .  

' E x a m p  l  e a r  ( L A M B D A  N I L  1) 
thls LAMBDA e x p r e s s I a n  o f  n o  arguments a l w a ~ s  

e v a l u a t e s  t o  o n e ,  

( L A M B D A  ( X I  ( T I M E S  X X I )  
This LAMBDA e % D r ~ s s l o n  Gom~UteS t h @  squat. o f  

I t s  argument, I f  x i s  a number, O t h e r w 1 8 e  an e r r o r  
w i l l  r e s u l t ,  

(LABEL "LAMBDA-EXPR") 

LABEL o r r a t e s  a temporary  name I D  f o r  i t s  LAMBDA a x p r r s s i b n ,  
T h i s  makes I t  ~ o s s l b l e  t o  a o n s t r u c t  r e o u r s l v e  f u n c t i o n s  w l t h  
t e m p o r a r y  names, 

( D E  REVERSE ( L )  
( ( L A B E L  R E V E V S E I  

(LAMBDA (L M I  
( C O N 0  ( ( A T O M  L )  M )  

( 7  ( R E V E R S E 1  ( C 6 R  L )  (CONS ( C A R  L )  MI))))) 
L  N I L ) )  

LAMBDA expressions a r e  e v a l u a t e d  by n b l n d l n g f l  a o t u a l  
a r g u r e n t s  t o  dummy v a r f a b l e s  o f  t h e  LAMBDA expression, ( s e e  Chapter  
1 4 )  t h e n  e v a l u a t l n g  t h e  b o d y  lnslde t h e  LAMBDA e x p r e s s r o n  with the 
c u r r e n t  dummy v a r t a b l e  b l n d l n g s ,  However, a c t u a l  arguments t o  LAMBDA 
e x p r e s s l e n s  a r e  h a n d l e d  I n  a  varlet^ o f  ways, Normal (Y ,  t h e r e  I s  a 
o n e - t o - o n e  corresPondsnce b e t w e e n  dummy variables and a c t u a l  
a r g u f l e f l t s ,  and t h e  a c t u a l  arguments a r e  e v a l u a t e d  b e f o r e  t h e y  a r e  

e ; 



S A I L O N  2816 CHAPTER 6 6-2 

bo n d ,  H o w e v e r ,  t h e r e  a r e  t h r e e  s ~ e o l a l  f o r m s  Q C  f ' uno t lon  d a f l n h l o n  
wh 1 oh d l t f r r  I n  t h r f r  h s n d l l n g  o f  a o t u a l  argurnrnfs ,  

I 6 , i  EXPRs and S U B R ~  

An EXPR 1s  an l d s n t l f l r r  whlch has a LAMBDA sxPrrsrion on i t s  
~ r o p r r t y  ll8t w i t h  ~ r o ~ e r t ~  name E X P R ,  EXPRs are  evaluated by 
b l n d l n g  th5r  v r l u r s  o f  t h e  a c t u a l  i rc luments  t o  t h e i r  ~ o i ~ r l r p o n d f n g  
dumry  variables. DE ( s e e  11,l) I 8  u s e f u l  f o r  d r t l n l n g  EXPRI, The 
o o m p l l o d  form o f  an EXPR Is a SUBR, I 

( D E  SQUARE ( X )  ( T I M E S  X X I )  
( D E  * M A X  ( X  Y )  (COND ( (GREATERP X V )  X )  ( T  Y ) ) ?  

6 , 2  FEXPRs and FSUBRs 

A FCXPR 1s an Identifier which has a LAMBDA e x ~ r r r 8 i o n  o f  an0 
dummy variable on i t s  ~ r o p e r t y  l i s t  w i t h  p r o ~ e r t ~  name CEXPR. FEXPRs 
a r e  e v a l u a t e d  b y  b f n d l n g  t h e  a o t u a l  aroument llrt t o  the  dummy 
v a r l a b l r  w l t h o u t  evaluating any a r g u m e n t s ,  OF ( s e e  11,1) Tr ~ 8 6 f u l  
f o r  d e f  I n l n g  FEXPRs,  Thr  aompl l r d  f o r m  o f  an FEXPR i s  an F S U B R ,  

(DF L I S T Q  ( L )  L )  
(LISTQ A ( B )  C) = ( A  ( 0 )  C) 
(LISTQ) N I L  

(OF DEFINE ( L )  
( M A W  ( F U N C T I O N  (LAMBDA ( X I  (PUTPROP ( C A R  X )  

( C A Q R  X )  
(QUOTE E X P R ) ) ) )  

L )  
( D E F I N E  (LEO (LAMBDA ( X  y l  ( O R  (LESSP x y )  

(EQUAL X Y ) ) ) )  
( G E Q  (LAMBDA ( X  Y )  ( O R  [CREATERP X Y )  

(EQUAL X Y ) ) ) ) )  

# 6 , 3  L E X P R ~  and L S U B R s  

An LEXPR i s  an EXPR who80 L A M B D A  e ~ ~ r e r r l o n  ha, an atomic 
a r g u w e n t  " I l s t w  of t h e  f o r m :  

LEXPRs may t a k e  an a r b l t r a r ~  number o f  a c t u a l  a r o u m e n t r  whloh a r e  
e v a l u a t e d  and r e f e r r e d  t o  by t h e  s ~ e o l r l  funotlon A R G ,  I D  / r  bound 
v o  t he  number o f  a rguments  whlch a r e  p a s s e d ,  t h r  o o m ~ l l r d  fo rm o f  an 
LEXPR Is an LSUBR,  
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ARC r e t u r n s  t h e  v a l u e  o f  t h e  N t h  a r g u m e n t  t o  an L E X P R .  

( D E  M A X  N 
(PRO6 ( M )  

( S E T Q  M ( A R G  N ) )  
L ( S E T Q  N ( S U B 1  N ) )  

( C O N D  ( ( Z E R O P  N )  ( R E T U R N  M I )  
( ( G R E A T E R P  ( A R G  N )  M )  ( S E T Q  M ( A R G  N ) ) ) ?  

( G O  L ) ) )  
( M A X  1 1,2 4 3 -50) = 4 

S E T A R C  s e t s  t h e  value o f  t h e  N t h  argument  t o  V and r e t u r n s  V ,  

A M A C R O  Is an I d ~ n t l f i e r  w h l c h  has a LAMBDA e x ~ r e s s i o n  o f  one  
dumrY v a r l a b l e  on I t s  p r o p e r t y  llst N t h  ~ r ~ P e r t ~  name MACRO, M A C R O S  
a r e  e v a l u a t e d  b y  b l n d t n g  t h e  list containing t h @  maero  nrma and t h e  
a c t u a l  a r g u m e n t  l i s t  t o  t h e  dummy v a r l r b l e ,  The body i n  t h e  LAMBDA 
e x o r e s s t o n  18 e v a l u a t e d  and s h o u l d  r e s u l t  I n  a n o t h e r  weXDandedav fo rm,  
I n  t h e  i n t r r ~ r r t e r ,  t h e  e x p a n d a d  f o r m  i s  e v a l u a t r d ,  I n  t h e  e o m p l l e r ,  
t h e  r x ~ a n d e d  f o r m  i s  c ~ r n p l l e d ,  D M (  s e r  11,l) 1s u s e f u l  t o r  d e t f n l n g  
M A C R O S ,  

1) We c o u l d  define CONS o f  an arbitrary number o f  a r g u m e n t s  b y !  

( D M  CONSCONS ( L )  
( C O N D  ( ( N U L L  ( C D D R  L ) )  ( C A O R  L ) )  

( T  (LIST ( Q U O T E  C O N S )  
( C A D R  L )  
( C O N S  ( Q U O T E  CONSCONS) ( C D D R  I . ) ) ) ) ) )  

(CONSCONS A 8 C )  w o u l d  c a l l  CONSCONS with L a (CONSCONS A B 
C )  CONSCONS t h e n  f o r m s  t h e  l l s t  (CONS A ( C 0 N S C O N S  B C ) ) ,  ~ v a l u a t l n g  
t h i s  w l l l  again c a l l  CONSCONS w l t h  L = ( C O N S C O N S  C), CDNSCONS will 
t l n a l l ~  r e t u r n  C, 

The e f f e c t  o f  ( C O N S C Q N S  A E3 C )  1s t h e n  ( C O N S  A ( C O N S  B C)), 

2 )  r e  a o u l d  d e f l n e  a t u n c t l o n  EXPAND wh ich  1s more g e n e r a l l y  u s q f u l  
f o r  M A C R O  e x p a n s f o n :  

( D E  EXPAND ( L  F N )  
( C O N D  ( ( N U L L  ( C D R  L ) )  ( C A R  L ) )  

( T  ( L I S T  F N  ( C A R  L )  ( E X P A N D  ( C D R  L )  F N ) ) ) ) ) )  



Then we o o u ( d  d e f i n e  CONSCONSt 

( D M  CONSCONS ( L )  (EXPAND ( C D R  L )  (QUOTE C O N S ) ) )  

I t  s h o u l d  b e  n o t e d  t h a t  M A C R O s  are  more general t h a n  FEXPRs 
and L E X P R s ,  I n  f a c t  t h e  D ~ ~ V ~ Q U S  dsfinltions can b e  r e ~ l a o e d  by t h e  
~ o l l o w l n a  M A C R O s :  

( D M  L I S T Q  ( L )  ( L I S T  (QUOTE QUOTE) ( C D R  L ) ) ) )  
(DM MAX ( L )  ( E X P A N D  ( C O R  L )  (QUOTE # M A X ) ) )  

( M A X  A 0 C would exnand t o !  
( * M A X  A ( * M A X  B ( + M A X  C D ) ) )  

#EXPAND and &EXPAND1 a r e  M A C R O  r x p a n d l n g  C u n c t l o n 8  u s r d  by  PLUS, 
T I M E S ,  e t c ,  They  a r e  equivalent t o t  

( D E  *EXPAND ( L  FN)  (*EXPAND1 ( R E V E R S E  ( C D R  L ) )  F N ) )  
(DE *EXpANDi  ( L  FN) 

(COND ( ( N U L L  ( C D R  L ) )  ( C A R  L ) )  
t T  ( L I S T  FN (*EXPAND1 ( C D R  L )  FN) ( C A R  L ) ) ) ) )  

Wlth  PLUS defined a s  

(DM PLUS ( L )  ( * E X P A N D  L tQUOTE 4 P L U S ) ) )  
(PLUS A 0 C 0) ~ x p a n d s  t o :  

(+PLUS (*PLUS ( *PLUS A 0 )  C )  D )  
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E V A L U A T I O N  OF S-EXPRESSIONS 

T h l s  c h a p t e r  desorlbes t h e  h e a r t  o f  t h e  L I S P  i n t e r ~ r e t r r ,  t h e  
meohanfsm for s v a l u a t t n g  S-expressions, 

t ( * E V A L  E )  
( E V A L  E )  

* E V A L  and  €VAL ( s e e  7 , 2 )  e v a l u a t e  t h e  value o f  th; 
S - e x ~ r e s s l o n  E ,  

Examp l  a s :  

( E V A L  ( L I S T  (QUOTE A D D 1 1  3 ) )  8 4 
T h e  t o p  l e v e l  o f  LISP 1 s t  

( P R O G  N I L  
L ( P R I N T  ( E V A L  ( R E A D ) ) )  ( T E R P R I )  ( G O  I.)) 

APPLY e v a l u a t e s  and b i n d s  e a o h  S-expression I n  A R C S  t o  t h e  
o o r r e s ~ o n d l n g  a r g u m e n t s  o f  t h e  f u n c t l ~ n  FN, and r e t u r n s  t h e  v a l u e  o f  
F N ,  See  7 . 2 ,  

( A P P L Y  ( F U N C T I O N  APPEND) (QUOTE ( ( A  B )  (C D l ) ) )  m ( A  8 C D )  

! ( Q U O T E  " E W )  

QUOTE ? @ t u r n s  t h e  S - e x ~ r e s s l o n  E w i t h o u t  e v a l u a t l n p  i t ,  

(FUNCTION " F N V  

F U N C T I O N  i s  t h e  same as  QUOTE f n  t h e  I n t e r ~ r 6 t a r ,  I n  t h e  
e o m p l l e r ,  F U N C T I O N  c a u s e s  t h e  S - e x ~ r e s r l o n  FN to be e o m d i l e d ,  b u t  
Q U O T E  g e n e r a t e s  an S - e x p r e a s l o n  a o n s t a n t ,  See  *FUNCTION i n  7 , 2  t o r  

r 
t h e  s p e c f a l  F U N I R G  f e a t u r e ,  

8~ 

T h e  f o l n o w i n g  f u n c t i o n  d e f ) n l t l o n s  lack some details b u t  
e x p l a i n  t h e  e s s e n c e  o f  E V A L  and APPLY, The A-LIST f e a t u r e  of t h e s e  
functions I s  n o t  shown, b u t  will b e  e x ~ l a l n e d  i n  7 , 2 ,  

( D E  F V A L  ( X )  
'i ( P R O G  ( Y )  

( R E T U R N  
( C O N 0  ( ( N U M B E R P  X )  X I  c 

( (ATOM X )  (CON0  ( ( S E T Q  Y ( G E T  X ( Q U O T E  V A L U E ) ) )  
( C D R  Y ) )  

( T  ( E R R  (QUOTE (UNBOUND V A R I A B L E ) ) ) ) )  
< *  
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((ATOM (CAR X I )  
( C O N D  ( (SETQ Y (GETL ( C A R  X )  (QUOTE EXPR FEXPR M A C R O ) ) ) )  

( C O N D  U E Q  (CAR Y )  (QUOTE E X P R ) )  
(APPLY (CADR Y )  

(MAPCAR (FUNCTION E V I L )  ( C D R  X 
( ( E Q  (CAR Y )  (QUOTE FEXPR) 

(APPLY (CADR Y )  ( L I S T  ( C D R  X I ) ) )  
( T  (EVAL (APPLY ( C A D R  Y )  ( L I S T  X I ) ) ) ) )  

( ( S E T Q  Y (GET ( C A R  X )  (QUOTE V A L U E ) ) )  
(EVAL (CONS (CDR Y )  (CDR X ) ) ) )  

( 7  ( E R R  (QUOTE (UNDEFINED F U N C T I O N ) ) ) ) ) )  .3 
( T  (APPLY ( C A R  lo (MAPCAR ( F U N C T I O N  E V I L )  ( C D R  % ) ) ) I  

( D E  APPLY (FN ARGS) 
( C O N D  ((ATOM FN) 

(COND ( (GET FN (QUOTE E X P R ) )  
(APPLY ( G E T  FN (QUOTE EXPR))  A R C S ) )  

( T  (APPLY (EVAL FN) A R G S ) ) ) )  
( ( E Q  ( C A R  F N )  (QUOTE L A M B D A ) )  

( P R O G  (Z) 
(B IND (CADR FN)  ARGS) 
(SETQ i! (€VAL (CADDR F N ) ) )  
( U N B I N D  (CADR F N ) )  
(RETURN Z))) 

( T  (APPLY (EVAL FN) A R G S ) ? ) )  

The functions BIND and UNBIND i m p l e m e n t  v a r l a b l r  b y n d i n 9 8  ar  
described In t h e  n e x t  s e c t l o n ,  

T h l s  s e o t t o n  a t t e m p t s  t o  rxplaln t h e  d i f f e r e n t  t y ~ e r  o f  
v a r l r b l r  b l n d l n 9 s  and t he  d l f f r r r n o s  b a t w e e n  l n t r r ~ r r t e r  end o o m ~ l  l e t  
b l n d l n o r ,  

7 , 1 r i  B o u n d  and F r e e  Ocaurrenoes 

An o c c u r r e n c e  o f  a vrrlablr i s  r .bound ~ ~ c ~ r r r n o e "  i f  t h e  
v a r l r b l r  i s  tit variable I n  r n y  LAMBDA o r  PROG c o n t a l n f n u  t h e  
o c o u r r a n o r  so lonp as  t h r  o o o u r r e n o e  19 n o t  e o n t a l n r d  I n  a FUNCTIONAL 
~ r g u s e n t  w h l o h  I s  o o n t a l n r d  i n  t h e  d r f l n f n g  LAMBDA o r  PROG,  t h e  
d e f l n l n g  LAMBDA or PROC I 8  t h e  l n n r r m o 8 t  LAMBDA or PRO6 whlch 
o o n t a i n r  t h e  v a r l a b l r  i n  f t s  p a r r m s t r r  l i s t ,  

(LAMBDA (lo ( T I M E S  X Y ) )  
X has a b o u n d  o c Q u r r e n c e e  
y  hae  r f e e  o P O ~ r  e n G I ,  

(LAMBDA ( Y  2 )  ( M A ~ C A R  ~ F U N E T I O N  (LAMBDA(%)  (CONS x y ) ) ) ~ )  
X and 2 hav o n l y  b o u n d  oCcutrena re 
Y 1 ,  b o u n d  8 y  t h e  ,uter LAMBDA an! t r e e  i n  t h r  l n n r r ,  3 
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* 7 , 1 , 2  Scope  o f  B l n d l n g ~  

C v a t  l 6 b  l  e b o u n d  1 n a LAHBDA o r  PROC i r d 8 f  i n a d  d u r  l n g  t h e  
dynarlc e x r o u t l o n  o f  t h e  LAMBDA o r  P R O G ,  F r r e  o o c u r r e n c @ s  o f  

, - v r r l r b l e r  a r e  d e f f n e d  i f  and o n l y  I f  r l t h r r  t h e  v a r l r b l r  f a  g l o b a l l y  
d e t l n e d  o r  t h e  v a r l a b l e  I s  b o u n d  i n  a n y  L A M B O A  or PROG which 
d y n a m i c a l  l y  e o n t r t n s  t h e  ? r e @  o o o u r r r n o e ,  A v a r i a b l e  / r  g l o b a l  l y  
d ~ f l n e d  I f  and o n l y  i f  i t  has r va lue a t  t h r  t o p  i a v p l  o f  LISP, 
~ a r l a b I r 8  aan b e  g l o b a l  I Y  defined by  S E t Q  a t  t h e  t o o  I @ v @ ~ ,  

I n  o o m ~ l l o d  functions, any v a r l a b l e  which 1s bound in  a 
LAMBDA O r  PRO6 and ha$ a f r e e  O c o u r r ~ n o r  elsewhere must b e  d @ ~ l a i e d  
SPECIAL  (APPENDIX E ) ,  

(LAMBDA ( A  B )  
( M A p C A R  ( F U N C T I O N  ( L A M B D A  ( X )  ( C O N S  A X I ) )  8 ) )  

The v a r l i t b l e  A w h l o h  has a t r e e  o c o u r r r n o r  muat b e  d r o l a i e d  
SPECIAL I f  t h e  o u t e r  LAMBDA r x ~ r a s r t o n  1s t o  b e  o o m p f l e d ,  

* 7 , 1 , 4  B l n d t n o  Mechan isms  

A l l  v a r l r b l r s  I n  l n t r r ~ t e t e d  functions, and S P E C I A L  v a r l r b l r s  
I n  c o m ~ l l e d  f u n o t l o n s  s t o r e  t h e i r  v a l u e s  i n  S P E C I A L  ( o r  VALUE) o @ l l r .  

L. T h r s r  v a r  l a b  l e s  a r e  b o u n d  a t  t h e  e n t r y  t o  a LAMBDA o r  ? R O C 8  by  r r v l n a  
t h r l r  p r r v l o u s  v a l u e s  o n  t h e  SPECIAL pushdown  l l a t  and r t a r l n g  t h e i r  
new v a l u e s  i n  t h e  SPECIAL o e l l s ,  A l l  r e f e r e n e r e  t o  t h e r e  v a r ( a b l r r  
a r e  d l r e o t l y  t o  t h e i r  S P E C I A L  c e l l s ,  When t h e  LAMBDA,or  P R O G .  1s 
r x l t r d ,  t h e  o l d  v a l u e s  a r e  r e s t o r e d  f r o m  t h e  SPECIAL p u r h d o w n  1 I r t ,  

(_ I n  o o m ~ l l e d  f u n o t l o n s ~  a l l  variables n o t  d s a l a r e d  S P E C I A L  r r s  
s t o r e d  o n  t h e  REGULAR ~ u s h d o w n  l i s t ,  a n d  t h e  S P E C I A L  ce l l r  (If t h e y  
exist) a r e  n o t  t e f e r a n c e d ,  

# 7,2 The AmLIST and FUNARG F e a t u r e s  

.L The A - L I S T  which i s  u s a d  i n  some L I S P  systems t o  Tmd~rmant  
r r a u r s l v r  v a r l a b l r  b l n d l n g ! s  d o s e  n o t  @ X I S ?  h e r e ,  b u t  i t s  a f t r o t a  a r e  
8 l W u l a t e d  t h r o u g h  a special A - L I S T  f e a t u r e ,  The functions EvAL r n d  
APPLY a l  l ow  an  e x t r a  l a s t  a r g u m e n t  t o  bb  D I S S ~ ~  ~ h l o h  1s r l t h r r  it 
n l s t  o f  ~ a l r o d  I d e n t i f ! e t S  and v a l u e @  ( I l k e  an  A - L I S T )  or n b l n d T n a  
o o n t e x t  P O  1 n t e r ! ' ,  

L 
I n  t h e  c a s e  o f  a n  A - L I S T  s e c o n d  a r g u m e n t ,  EVAL a n d  APPLY w! l I 

b l n d  t h e  s ~ r o l a l  c e l l s  o f  t h e  variables i n  t h e  A - L I S T  t o  t h e i r  
s p e c  l f l e d  va l uas,  , r a v i n g  t h e 1  r p t e v l o u s  bindings o n  t h a  a ~ e a 1 a l  
aurhdown I l a t ,  When EVAL a n d  APPLY r r t u r n ,  t h e  vartablr b T n d l n g ~  a r e  
r e s t o r e d  t o  thelr p r e v l o u s  v a l u e s ,  
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A " b l n d l n g  c o n t e x t  p o l n t r r f f  ( B C P )  i s  o p o t n t a r  I n t o  t h e  
SPECIAL PUSHDOWN L I S T  deglgnat In!J a l @ v ~  1 in r e ~ u r a l v @  var  l a b  lr 
b i n d i n g ,  When EVAL and  APPLY r e a e l v r  a BCP a s  t h e l r  second aroumrnt,  
a l l  SPECIAL (VALUE)  CELLS a r e  r e s t o r e d  t o  t he  v a l u e s  t h y  had  o t  t h e  
v l m e  t h @  BCP wa8 g e n e r a t a d ,  Th 1 r t hen  o a u r e s  EVAL,  and APPLY t o  
p a f e t e n o r  t h r s e  var  j a b  l e s  I n  t h e  b l  n d l n o  c o n t e x t  w h l e h  oxi8ted , a t  t h e  
v l m a  o f  BCP g e n r r a t l o n ,  T h l s  f e a t u r e  ~ r f m r r l l ~  Itti u s e f u l  t o  Q r r v r n t  
v a r l e b l e  name c o n f l  l c t s  w h ~ n  uslne EVAL, APPLY, and f u n o t / o n r l  
r r g u r e n t a ,  A @  w l t h  t h e  A - L I S T ,  when EVAL and APPLY r x k ,  t h e  
p r e v i o u s  b l n d i n g s  a r r  r e a t o r ~ d ,  

T h e r e  a r e  t w o  ways t o  g e n e r a t e  a B C P t  

I t  a n  FEXPR 1s d e f i n e d  w f t h  two r r g u m r n t s ,  t h a n  t h e  s r c b n d  
argument w l  l  l b e  bound t o  t he  SPECIAL PUSHDOWN L I S T  level a t  t h e  t i m a  
t h e  FEXPR I s  c a l l e d ,  

The s rcond  way t o  g e n e t o t e  a BCP I s  w l t h  *FUNCTION; 

# F U N C T I O N  r e t u r n s  a I l a t  o f  t h e  following Form;  

(FUNARC FN + < B C P > )  

whrrr BCP I s  t h o  S P E C I A L  PUSHDOWN L I S T  l e v e l  a t  t h e  t lmr * F U N C T I O N  1s 
6.1 l e d ,  Whenever auah r f u n o t l o n a l  f o r m  18 used i n  f u n o t i o n a l  
q o n t a x t ,  a l l  S P E C I A L  b l n d l n 0 8  r r r  r e s t o r e d  t o  t he  v a l u e s  t h e y  had a t  
t h e  t i n e  *FUNCTION wag e v a l u a t r d ,  When t h e  functional argumrnt  ha8 
b e e n  AppLYed, t h e  p r s v t o u r  b l n d l n ~ s  a t @  r e s t o r e d  r e  w i t h  t h e  A~ . IsT ,  

T h e  use o f  FUNARGS Is d l s o u s r r d  f u r t h e r  by R o b e r t  S a u n d r r r C I I ,  

Example  using t h e  BCP f e a t u r o t  

(OF EXCHANGE ( L  SPECPOL) 
( P R O G ( 2 )  ( S E T Q  t ( E V A L  (CAR L )  S P E C P D L ) )  

(APPLY (FUNCTION S E T )  
( L I S T  ( C A R  L )  ( € V A L  ( C A D R  L )  SPECPDL)  

SPECPDL 
(APPLY ( F U N C T I O N  S E T )  

( L I S T  ( C A D R  L )  t 
S P E C P D L ) ) )  

I n  t h l s  r x r m p l r ,  t h e  u a r  o f  t he  e x t r a  argument  SPECPDL h a s  o n l y  one 
r f f e c t r  t o  w o l d  c o n f l l c t s  b e t w e e n  i n t e r n a l  and  e x t e r n a l  v r r l r b l ' e a  
w l t h  names L  and SPECPDL, 

(EXCHANGE L M )  wlll eaus* t h e  v a l u e 8  o f  L a n d  M t o , b r  
exahangod ,   he variable L I n  EXCHANGE i r  n o t  r r f a r a n o r d  b y  t h e  calls 
an S E T *  
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CHAPTER 8 

CONDITIONAL E X P R E S S I O N S  

A oondltlonal e x p r e s s t o n  has  t h e  following f o r m ;  

where  t h e  e r t 8 J 8 s  a r e  any S-ex~resslons, 

The r h l , l k s  a r e  consldrrrd t o  b e  ~ r e d l c r t e ~ t  I , o , ,  evaluate 
I vo a t r u t h  v a l u e ,   he e h l , l ' a  a r e  rvalurted starting w l t h  r h l , i  , 

9 4 2 8 1  , e t a , ,  u n t i l  t h e  f i r a t  r b k t 1  1s found whoa@ v a l u e  ( 8  n o t  N J L .  
Than t h e  o a r r r s ~ o n d l n g  r d k d  r W 3  e e , r & k , n h k  a r e  # V R ~ U I C @ ~  
perpactlvely and t h e  v a l u e  o f  e r k , n h k  1s r e t u r n e d  as t h e  valur o f  
COND, I t  l a  p l r m ~ s s l b l e  f o r  nhk 31, I n  w h l o h  c a s e  t h e  value o f  W k , i  
1 g  t h r  v a l u r  o r  COND,  1 f  a l l  e h ~ , ~ .  r v a l u a t r  t o  NIL, t h e n  NIL 1 8  the 

t- v a l u r  o f  COND,  

(DE NOT ( X I  ( C O N 0  ( X  N I L )  ( T ) ) ?  
( D E  AND ( X  y )  ( C O N D  t X  (CoND ( Y  T ) ) ) ) )  
t D E  OR ( X  y )  ( C O N 0  ( X  T )  Cy T ) ) )  
(DE  IMPLIES ( X  Y )  ( C Q N D  ( X  ( C O N 0  ( Y  T ) ) I  ( 7 ) ) )  
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CHAPTER 9 

P R E D I C A T E S  

P r e d t c a t e s  t e s t  S - e x u r e s s l o n s  f o r  ~ a r t l c u l a r  values,  for^^^, 
o r  r a n e e s  o f  v a l u e s ,  A l l  p r e d i c a t e s  d e s c r i b e d  i n  t h i s  c h a p t e r  r e t u r ,  
e i t h e r  N I L  o r  T c o r r e s p o n d i n g  t o  t h e  t r u t h  values false and t r ~ z ,  
u n l e s s  o t h e r w f s e  n o t e d ,  S o m e  p r e d i c a t e s  cause e r r o r  rnsssagss o r  
u n d e f i n e d  r e s u l t s  when a ~ ~ l i e d  t o  S - e x ~ r e s s r o n s  o f  t h r  Wrong t y a c ,  

lr 

suoh as  (MINUSP ( Q U O T E  F O Q ) ) ,  
'.- 

1 ( A T O M  X )  

The  v a l u e  o f  A T O M  i s  T I t  X i s  e i t h e r  an I d e n t i f i e r  o r  2 

number1  N I L  o t h e r w l s s ,  

C 
The v a l u e  o f  EQ I s  T 1 9  X and Y a r e  t h e  same p o i n t e r ,  I , P . *  

t h e  same Internal a d d r e s s ,  I d a n t i f l e r s  on t h e  O B L l S T  have  u n i a ~ p  
a d d r e s s e s  and t h e r e f o r e  EO w l  l l  b e  T I f  X and  Y a r e  t h e  s a q e  
l d e n t l f l e r ,  E Q  will a l s o  r e t u r n  T f a r  e a u l v a l e n t  I N U M s ,  g j n c r  t h e y  
a r e  r e p r e s e n t e d  a s  a d d r e s s e s ,  H o w e v e r ,  EQ w i  l l n o t  compare e a u l v a l  e n t  

c n u m b r r s  a t  any o t h e r  k l n d ,  F o r  n o n - a t o m i c  S - ~ X P ~ ~ S S ~ O ~ S ,  EQ f s  T i f  x 
and Y a r e  t h e  same p o i n t e r ,  

Exarm 10s t (EQ T 1) = T 
(EQ I' N I L )  = N I L  
( E Q  ( Q U O T E  A )  ( Q U O T E  0 ) )  3 N I L  
( E Q  1 1 , 0 )  = N I L  
( E Q  1 1) = T 
(EQ l,[ZI 1 . n )  = N I L  

( E Q U A L  X Y )  

L. The v a l u e  o f  E Q U A L  i s  T 11  x and Y a r e  identicei 
S - e x ~ r e s s l o n s ,  E Q U A L  can a l s o  test f o r  e a u a l f t v  o f  numbers o f  m i x e d  
v y p e s ,  E Q U A L  I s  e q u f v a l e n t  to: 

( L A M B D A ( X  Y )  ( C O N D  ( ( E O  X Y )  T )  
( ( A N D   NUMBER^ X   NUMBER^ Y 1 )  

( t C R O P  ( * D I F  X y ) ) )  
( ( O F ?  ( A T O M  X ) ( A T O M  Y ) )  N I L )  
( ( E Q U A L  ( C A R  X )  ( C A R  Y ) )  

(EQUAL ( C D H  X )  ( C D R  Y ) ) ) ) )  



Exrmp 108 (EQUAL T T )  T 
(EQUAL 1 1) a T 
(EQUAL 1 'I' 
(EQUAL (QUOTE ( A  B ) )  (QUOTE ( A  8 ) ) )  8 T 
(EQUAL (QUOTE ( 7 ) )  T )  + NIL 

(NULL L )  3 T I f  and o n l y  t Q  L I s  N I L ,  

(MEMBER L l  L 2 )  = T 11 and o n l y  I f  L I  I s  EQUAL t o  r t o p  l e v e l  r l e m r n t  b t  L 2 3  

MEMBER l a  equivalent t o t  

(LAMBDA(l.1 ( 2 )  ( C O N D  ( ( A T O M  L 2 )  N I L )  
((EQUAL L 1  ( C A R  L 2 ) ) T )  
(T(MEM0ER L 1  ( C D R  L 2 ) ) ) ) )  

Examp l a 8  I (MEMBER ( Q U O T E  (C D ) 1  (QUOTE ( ( A  B ) ( C  D I E ) ) )  r T  
(MEMBER (QUOTE C)(QUoTE (C)))) a N I L  

( M E M Q  L l  L 2 )  8 T l i t  L i  I s  EQ t o  r t o i  l e v e l  e l e m e n t  o f  L 2 *  

MEMQ I s  e e u l v a l @ n t  t o ;  

(LAMBDA(L1 LZ)(COND ( ( A T O M  L 2 )  N I L )  
( ( E Q  l.1 (CAR L 2 ) )  T )  
(T(MCMQ L 1  ( C O R  l . 2 ) ) ) ) )  

Examp I @ a t  ( M E M O  ( Q U O T E  (C D ) ) ( Q U Q T E  ( ( A  B U C  D l  E ) ) )  1 N I L  
( M E M Q  (QUOTE A )  (QUOTE ( Q  A 0 ) ) )  o T 

(NUMBERP X I  = 7 I f  X Is n number o f  any t y p e  
r N f I  o t h r r w l s e  

( i E R O P  lo = T I f  x i s  z e r o  o f  a n y  n u m r r l o a l  t y p e  
= e r r o r  If  x Is a non-nurnrr loa l  aurntlty 

NIL o t h r r w l s e  

(MINUSP X )  IB T I f  x t a  a negatlve number o f  any t y p e  
= e r r o r  I f  X Is a  on-numsriaal a u a n t l t ~  
P NJL otherwise 

( * G R E A T  X Y )  = T 1f X and Y a r e  numbers o f  any t y p e  and X > Y ,  
= e r r o r  I t  e l t h r r  X or  Y Is n o t  r number 
= N I L  o therwlse 
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t e r r o r  I t  any XJI i s  a non-numer ica l  
qua l i  t y  

= N I L  a t h e r w l s e  

O t h e r  n u m e r i c a l  p r e d l c a t e s  may b e  d e f i n e d  as Q o l l o w ~ ~  

t O E  FLOATP ( X )  t C Q N D  ( ( E Q  X ( P L U S  X @ ) ) N I L )  
( ( E Q  (CADI? XI  (QUOTE FLONuM)) T I  
(7 N I L ) ) )  

( D E  F I X P  ( X )  ( N O T ( F L 0 A T P  X I ) )  
( D E  ONEP ( X )  ( Z E R Q P  (D IFFERENCE X 1))) 
t D E  EVENP ( X I  ( Z E R Q P  (REMAINDER X 2 ) ) )  

! 9 . 3  B o o l e a n  Predicates 

The B o o l e a n  predlcates p e r f o r m  l o g i c a l  operations on t h e  
t r u t h  v a l u e s  N I L  and T ,  A non-NIL v a l u e  I s  considered equal  t o  T .  

( N O T  X )  8 f 1 f  X Is N I L  
= N I L  o t h e r w i s e  

(AND X b l  X A 2  , , , X l n )  = T I f  a l l  X J I  a r e  non-NIL 
= N I L  o t h e r w l a e  

N o t e :  ( A N D )  = T ,  AND e v a l u a t e s  Its a r g u m e n t s  f r o m  l e f t  t o  r i g h t  
u n t t l  e i t h e r  N I L  1s f o u n d  i n  w h i c h  c a s e  t h e  r e r n a l n h a  
arguments  a r e  n o t  evaluated, or until t h e  l a s t  a r g u m e n t  
I S  e v a l u a t e d ,  

( O R  X l i  X 4 2  ,., X J ~ )  = T I f  any X d I  I s  non-NIL 
= N I L ,  o t h e r w i s e  

N o t e :  ( O R )  = N I L ,  O R  evaluates Its a r g u m e n t s  f r o m  l e f t  t o  right 
until either non-NIL 1s found  I n  w h i c h  case  t h e  remaining 
a r g u m e n t s  a r e  n o t  e v a l u a t e d ,  or  u n t l  l  the l a s t  a r g u m e n t  1s 
e v a l u a t e d ,  





CHAPTER 10 

CHAPTER 10 

F U N C T I O N S  ON S - E X P R E S S I O N S  

T h l s  c h a p t e r  d e s o r l b e s  f u n t t l o n s  t o r  bulldin%, f r a g m e n t i n g ,  
o o d i f y l n g ,  transforming, m a p p i n g ,  and  searching S - e x ~ r e s s l o n s ,  as 
we1 1 as s o m e  n o n - s t a n d a r d  functions on S - e x p r e s s t o n s ,  

! 10,1 S-Expression B u t  [ d i n g  F u n c t l o n s  

(CONS X Y )  

The value o f  CONS o f  t w o  S-expressions Is t h e  dotted p a l r  o f  
t h o s e  S - e x p r e s s ! o n s ,  

Examp 10 ( C O N S  (QUOTE A )  ( Q U O T E  € 3 ) )  = ( A , B )  

N o t e :  See Appendix D f o r  l n f o r m a t l o n  o n  f u n ~ t l o n s  a s s o c j a t ~ d  w i t h  
CONSlng, s u c h  as  SPEAK, G C G A G ,  and GC, 

( L I S T  X J ~  ,,, X J ~ )  = ( C O N S  X 4 1  ( C O N S  X 4 2  , , , ( C O N S  Xcn N I L ) , , , ) )  

Llst e v a l u a t e s  a l l  o f  Its a r g u m e n t s  and r e t u r n s  a lfst o f  
t h e  I r  va l U e S  fi 

Exarrp 10s  t (LIST) = NIL 
( L I S T  ( Q U Q T E  A ) )  = A 
(LIST ( Q U O T E  A )  (QUOTE 0 ) )  a ( A  €3) 

tDE  + A P P E N D  ( X  Y )  
( C O N 0  ( ( N U L L  X I  Y )  

( T  ( C O N S  ( C A R  X I  ( *APPEND ( C D R  X )  Y ) ) ) ) )  

E x a m p l e 1  ( A P P E N D )  + N I L  
( A P P E N D  (QUOTE ( A  B ) )  ( Q U O T E  (C D l )  ( Q U O T E  ( E ) ? )  = ( A  R 2 

: 1 @ , 2  S - E x p r e s s i o n  Fragmenting F u n c t l o n s  

( C A R  L )  

The C A R  o f  a non-atomic S-expressfon I s  t h e  f i r s t  e l e m e n t  o f  
t h a t  d o t t e d  o a l r ,  C A R  o f  an atom 1s undefined and ~ l l l  u s u a l  l y  c a u s e  
an I ( l e g a l  memory r e f e r e n c e ,  
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The CDR o f  a non-atomlo S - e x ~ r r s e l o n  i s  the r e c o n d  ( a n d  l a r t )  
d r n r n t  o f  t h a t  d o t t e d  ~ a l r ,  The C D R  o f  an i d a n t l t l r r  l a  i t s  
pro pert^ I l a t ,  The COR o f  r n  INUM causes an 1 l legal mrmbrv 
r e f e r r n o r ,  The CDR o f  any o t h e r  number l a  t h e  l frt  g t r u o t u r r  
reprrsrntatlon o f  t h a t  number, 

E x r r r ; ~  I e g  t ( C A R  (QUOTE ( A  B C ) ) )  A 
( C A R  ( Q U O T E  A ) )  Is Illegal 
( C D R  (QUOTE ( A  B C))) 8 ( B  C )  
( C D R  (QUOTE A ) )  Is t h e  ~ r o p e r t y  1 1 8 t  o f  A 
( C D R  (QUOTE ( A ) ) )  3 NIL 

C A A R ,  C A D R , , a q ,  CDDDDR 

A l l  o f  t h e  o o m ~ o s l t e  CAR-CDR f u n o t l o n a  wlth ud to t o u r  AIS 

and D ' s  a r e  avaflablr, 

Examp 1.8 l ( C A D R  X )  3 ( C A R  ( C D R  X I )  
( C A A D D R  X I  ( C A R  ( C A R  ( C D R  ( C D R  X I ) ) )  

LAST r e t u r n s  t h e  l a s t  o a r t  o f  a l i s t  r ~ c b ~ d j n g t o  t h e  
following doflnltfonr 

( D E  LAST ( L )  
( C O N D  ( ( A T O M  ( C D R  C ) )  L )  

( 7  (LAST ( C D R  I.))))) 

E x s m ~  l a s t  (LAST (QUOTE ( A  0 C))) 3 (C) (C,NIL) 
(LAST (QUOTE ( A  B , C))) 8 ( 0 , C )  

1 0 . 3  S - E x ~ r e s s I o n  M o d t f y l n e  Funo t lons  

The  t o l l o w l n g  f u n o t l o n r  f o r  m a n l ~ u l a t l n g  S - r x ~ r r 8 s ~ o n s  d i f f e r  
f r o m  a l  l o t h e r s  i n  t h a t  t h e y  ao tua l  l Y  m o d l f ~  e x l s t l n g  l i r t  gttuoturr 
r a t h e r  than c a n s t r u o t  l n g  new l 1 s t  s t r u c t u r e .  These f u n o t l o n s  shou I d  
b e  u s e d  wr th  c p u t l O n  d n e e  i t  18 e.sY t o  c r e a t e  8 t t u c t u r ~ s  whlah w 1 1  l 
e o n f u s e  o r  d e s t r o y  t h e  l n t r r a r r t r r ,  

RIP l a c s 8  t h e  C A R  o f  X by Y ,  The v a l u e  o f  R P L A C A  thr m o d f i f r d  
S - e x o r e s a l o n  X ,  

3 
Examp l e t  ( R P L A C A  (QUOTE ( A  6 C)) (QUOTE ( C  D ) ) )  8 ( ( C  0) 0 C) 



x 4 f"A9T'" 'T + T V B v T ' " - -  T * T w C g T N T C T  
BEFORE 1 -_ -  1 -_ -  I  I "_-  1 _ - *  I I "-- 1 "-- I C 

. L . - - W - W - - -  r r - - - r r e - r r  

I C I  I  I I3 I N I L l  

( R P L A C D  X Y )  

RPLACD r e p l a c e s  tha C D R  o f  X b y  Y .  The v a l u e  o f  R P L A C D  I s  
t h e  r o d l f l e d  S - e x p r e s s t o n  X ,  

c 
( N C O N C  X b 1  X & 2  ,,, X l n )  

N C O N C  1s s i m l  [ a t  i n  e f f e o t  t o  APPEND, b u t  NCONC d o e s  n o t  C O D Y  

n l s t  s t r u c t u r e s .  NCONC m o d l f l e s  list s t r u c t u r e s  bY r e o l a c l n a  t h e  
n a s t  e l e m e n t  o f  X & 1  b y  a p o l n t a r  t o  X 4 2 ,  t h e  l a s t  e l e m e n t  o f  X b 2  b y  a 

< ~ o t n t e r  t o  X 4 3 ,  e t c ,  T h e  v a l u e  o f  V C O N C  i s  t h e  r n o d l f l e d  l i a t  X b I ,  

w h i c h  I s  t h e  c o n c a t e n a t t o n  o f  X d 1 ,  X 4 2 ,  ,,,, X 4 n ,  

Exarm 1 es t ( N C O N C )  = N I L  
( N C O N C  ( Q U O T E  ( A  0 ) )  ( Q U O T E  ( C  D ) ) )  a ( A  B C 0) 

-----I...-.* --------- 
X d l  I A I I * l a  I N I L l  

BEFORE 1 ,,, 1 ,,, I 1 _--  1 --.. I 

AFTER 
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1 0 , 4  S - E x p r e 8 s l o n  T r a n s t o r m l n g  F u n a t l o n s  

The t o l l o w l n g  f u n o t l o n s  t r a n s f o r m  S - e x p r r s s l ~ n s  f r o m  one fbrm t o  
a n o t h e r .  

(LENGTH L )  

LENGTH r e t u r n s  t h e  number o f  t o ~ w l e v r l  e l e m e n t r  o f  t h e  l l s t  
L, LENGTH I s  e a u l v a l a n t  t o t  

( D E  LENGTH ( L )  
( C O N D  ( ( A T O M  L )  0) 

( T  ( A D D 1  (LENGTH ( C Q R  L ) ) ) ) ) )  

( R E V E R S E  I.) 

REVERSE r e t u r n s  t h e  r e v e r s e  o f  t h e  t o p  l e ~ ~ l  o f  list L.  
REVERSE Is e a u f v a l e n t  t o r  

(DE  REVERSE (I.) (REVERSE1 L N I L ) )  
( D E  REVERSE 1 ( L  M I  

( C O N D  ( ( A T O M  L )  M '  
(7'  ( R E V E R S E 1  ( C D R  L )  (CONS ( C A R  L )  M I ) ) ) )  

SUBST s u b s t l t u t r s  S - e x ~ r r s s l o n  X fo r  a1 I EQUAL o o c u r r r n c e r  o f  
S - e x p r e s a l o n  Y I n  S - e x ~ r e s s l o n  S, SUBST I S  e a u l v a l e n t  t o t  

( D E  SUBST ( X  Y S )  
(CON0 ( ( E Q U A L  Y S I  X )  

( ( A T O M  S )  S )  
( T  (CONS (SUBST X Y ( C A R  S ) )  

( S U B S T  X Y ( C D R  S ) ) ) ) ) )  

N o t r r  (SUBST 0 0 X )  (s u s e f u l  f o r  o r r a t i n g  a ~ o p y  o f  t h e  l i r t  X ,  

Examp I @  t ( S U B S T  5 (QUOTE F I V E )  (QUOTE ( F I V E  PLUS F I V E  I S  T E N ) ) )  
8 ( 5  PLUS 5 IS T E N )  

The f o l n o w l n g  f u n o t l o n r  p e r f o r m  r n o p ~ ! n g s  o f  l k t 6  a c o o r d l n g  
v o  t h e  t u n o t l o n a l  a r g u m e n t s  a u o p l l e d .  

( M A P  FFJ L )  

MAP a ~ ~ I l @ s  t he  C u n ~ t l o n  FN o f  one  argument t o  l l r t  L and t o  
r u c c r s r l v e  C D R 8  o f  L untll L 18 reduced  t o  N I L ,  t h e  v a l u e  o f  HAP \ a  
N I L ,  MAP 19 r a u l v r l r n t  t o !  
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( D E  MAP ( F N  L )  
( P R O G  N I L  
L 1  ( C O N D  ( ( N U L L  L ) ( R E T U W N  N I L ) ) )  

( F N  L )  
( S E T Q  L ( C D R  L ) )  
( G O  L l ) ? )  

E x a m  I 0 I (MAP ( F U N C T I O N  P R I N T )  (QUOTE ( X  Y t ) ) )  r 

P R I N T :  ( X  Y 2 )  
P R I N T :  ( Y  2 )  
P R I N T :  ( Z )  
P R I N T :  N I L  

C MAPC 1s I d e n t l c a l  t o  MAP e x c e p t  t h a t  MAPC a p p l  f e s  function FN 
v o  t h e  C A R  o f  t h e  remalnlng list at each s t e t ? ,  MAPC i s  eauivalrnt t o :  

t D E  M A P C  ( F N  L )  
( P R o G  N I L  
L 1  (COND ( (NULL L H R E T U R N  N I L ) ) )  

( F N  ( C A R  L ) )  
( S E T Q  L ( C D R  L ) )  
( G O  L 1 ) ) )  

Exarrp I e r (MAPC ( F U N C T I O N  P R I N T )  (QUOTE ( X  Y 2 ) ) )  8 

P R I N T 1  
PRINT$ 
P R I N T :  
P R I N T #  

X 
Y 
if 
N I L  

- ( M A P L I S T  F N L )  c 
M A P L I S T  a p P l i e s  t h e  functlon F N  o f  one argument t o  !!st L and 

v o  successive C U R S  o f  L u n t i l  L Is r e d u c e d  t o  N I L ,  The  v a l u e  o f  
M A P L I S T  is t h e  l i s t  o f  v a l u e s  r e t u r n e d  b y  FN. M A P L I S T  1s e a u l v l l r n t  
v o :  

( O E  M A P L I S T  ( F N  L )  
( C O N D  ( ( N U L L  L )  NIL) 
( 7  ( C O N S  ( F N  L )  ( M A P L I S T  F N  ( C D R  L ) ) ) ) ) )  

E x a r p  1 0 s :  ( M A P L I S T  ( F U N C T I O N  C A R )  ( Q U O T E  ( A  B C D l ) )  r ( A  0 C D l  <- ( Y A P L I S T  ( F U N C T I O N  R E V E R S E )  ( Q U O T E  ( A  B C D ) ) )  a 

' ( ( D  C R A )  (0 C 0 )  ( D  C ?  (0)) 
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MAPCAR ( a  I d ~ n t l o a l  t o  MAPLIST e x c e p t  t h a t  MAPCAR r p p l  l e r  FN 
vo t h e  C A R  o f  t h e  r e m a ! n ! n ~  list a t  each g t e p ,  MAPCAR l 8  e o u l v a l , n t  
V O  t 

( D E  M A P C A R  (FN L )  3 
( C O N D  ( (NULL L )  N I L )  

( T  (CONS (FN  ( C A R  L ) )  (MAPCAR FN ( C D R  L ) ) ) ) ) )  

Examp 10s 2 ( M A P C A R  ( F U N C T I O N  N C O N S )  (QUOTE ( A  B C 0))) w ( ( A )  ( 8 )  {C) ( I  

(MAPCAR ( F U N C T I O N  ATOM) (QUOTE ( O ( )  Y ( 2 ) ) ) )  . ( N I L  T N I L )  

10,6 S - E x ~ r @ ~ ~ l o n  ~ e a r o h l n g  F u n o t l o n s  

( A S S O C  X L )  

ASSOC r e a r c h e s  t h e  l l s t  o f  d o t t e d  p a l r s  L t o r  a p a l r  whber 
C A R  Is EQ t o  X ,  I f  such a p a l r  i s  found i t  1s r a t u r n r d  as t h e  va lue  
of  ASSOC, b t h s r w l s e  N I L  18 r e t u r n e d ,  ASSOC 1s r q u l v r l e n t  t o t  

( D E  ASSOC ( X  L )  
( C O N D  ((NULL L l  N I L )  

( ( E Q  x ( C A A R  L ) )  ( C A R  L ) )  
( T  ( A S S O C  X (CDR L ) ) ) ) )  

E x a m  I@ a (ASSOC 1 (QUOTE ( ( 1 , O N E )  ( 2 , T W O ) ) ) )  8 ( % , O N E )  

SASSOC s o a r c h e s  t h e  l l s t  o f  d o t t e d  palrr L f o r  a p a l r  whore 
C A R  I s  EQ t o  X ,  I f  such a p a i r  18 found i t  I8  r e t u r n e d  aa t h o  v a l u e  
o f  ASSOC, o t h r r w l s e  t h e  value o f  FN, r f u n o t l o n  o f  no argurntnfa8  1s 
r e t u r n a d ,  

( D E  SASSOC ( X  L FN)  

(COND ( (NULL L )  ( F N ) )  
((€0 X ( C A A R  L ) )  ( C A R  L ) )  
( T  ( S A S S O C  X ( C D R  L )  F N ) ) ) )  

Examp l e 8 ( S A S S O C  0 (QUOTE ( ( 1 , O N E )  ( 2 , T W O ) ) )  
( F U N C T I O N  (LAMBDA N I L  (QUOTE L O S E ) ) ) )  8 LOSE 

1 0 , 7  Charac te r  ~ f s t  T r a n 8 f o r m l n g  F u n o t l o n s  

(EXPLODE L )  

EXPLODE t r a n s f o r m s  an S - r x ~ r r s s l o n  I n t o  a l l s t  ol r l n ~ l e  
c h a r a c t e r  i d e n t f f l e t s  l d e n t f c a l  t o  t h e  seouenc@ o f  c h a r r o t e r r  whlck 
w o u l d  be produced  b y  PRINC, 

Examp l e  8 ( E X P L O D E C  (QUOTE ( O X , / - , D Y ) ) )  
( / ( D  x / - I - - D Y l l )  
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( F L A T S I Z E  L )  ( L E N G T H  (EXPLODE L ) )  

(MAKNUM L )  

i M A K N U M  t r a n s f o r m s  a l i s t  o f  s l n g l e  a h a r a c t e r  i d e n t i f i e r s  
(aotually takes t h e  f t r s t  c h a r a c t e r  o f  each i d e n t i f i e r )  i n t o  an 
S - e x ~ r e s t l o n  identical t o  t h a t  wh ich  w o u l d  b o  ~ r o d u o e d  b y  R E A O T ~ ~  
t h o s e  c h a r a o t e r s ,  M A K N A M  h o w e v e r  d o e s  n o t  I N T E R N  any  o t  t h e  
i d e n t i f i e r s  I n  t h e  S - e x p r e s s i o n  It p r o d u c e s ,  

i Examp l e s  t ( M A K N U M  ( Q U O T E  ( A  P P L E l ) )  = APPLE 
( M A K N A M  ( Q U O T E  ( / / , / I ) ) )  = / )  

R E A D L I S T  i s  identical t o  M A K N A M  e x c e p t  t h a t  R E A D L I S T  I N T E R N S  
C- a l l  i d e n t l f t e r s  i n  t h e  S - e x p r e s s f o n  It p r o d u o e s ,  R E A D L I S T  1s t h e  

noglcal I n v e r s e  o f  E X P L O D E ,  I , @ , ,  

( R E A D L I S T  (EXPLODE L ) )  = L 
( E X P L O D E  ( R E A D L I S T  L ) )  L 
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CHAPTER 11 

T h e r e  a r e  t h r e e  b a s h  t y p e s  o f  f u n c t l o n s  on i d e n t ? f l e r s r  
t h o s e  w h l c h  m a n i p u l a t e  t h e r r  p r o p e r t y  lists, t h o s e  which  c r e a t r  new 
I d e n t i f i e r s ,  and t h o s e  which c o n t r o l  t h e h  m e m b e r s h l ~  i n  t h e  ORLIST.  

NOTE: A l l  f u n c t i o n s  d e s c r l b r d  in this chapter  wh lch  e x p e c t  an 
I d e n t ~ f ~ r r  8 s  o n e  ( o r  m o r e )  o f  Its a r O u m e n t s  will g i v e  either 
e r r o n e o u s  r e s u l t s ,  o r  an e r r o r  oondltfan I f  any  S - e x ~ r @ s s j o n  o t h e r  
t h a n  an identifier f s  s u ~ p l f e d ,  

11,l P r o p e r t y  List Functions 1 
( G E T  I P )  

G E T  i s  a f u n c t l o n  whlch s e a r c h e s  t h e  p r o p e r t y  l i s t  o f  t h e  
l d e n t l f l e r  I looking f o r  t h e  p r o p e r t y  name w h l o h  i s  E Q  t o  P .  I f  suoh 
a ~ r o p e r t y  name i s  found ,  t h e  v a l u e  associated with i t  1s r e t u r n r d  
t h e  v a l u e  o f  GET, o t h e r w l s o  N I L  i s  r e t u r n e d .  N o t e  t h a t  confusion 
e x i s t s  I f  t h e  p r o p e r t y  i s  f o u n d ,  but its va lue  I S  N IL. GET Is 
equivalent t o :  

( D E  G E T  ( I  P I  ( C O N 0  ( (NULL  ( C D R  1 ) )  N I L )  
( ( E Q  ( C A D R  I )  P )  ( C A D O R  1 ) )  
( T  ( G E T  ( C D D R  I )  P I ) ) )  

( G E T L  I L )  

GETL i s  a n o t h e r  f u n c t l o n  ~ h l c h  s e a r c h e s  p r o p e r t y  ~ l s t s ,  GETL 
s e a r c h e s  t h e  p r o p e r t y  list o f  t h e  l d e n t l f l e r  I l o o k l n g  f o r  t h e  f i r s t  
p r o p e r t y  which I s  a merr~ber ( M E M Q )  o f  t h e  l l s t  L ,  G E T L  r e t u r n s  t h e  
r e m a l n l n ~  ~ r o ~ e r t y  Ilst, l n c l u d l n g  t h e  P r o p e r t y  name I f  a n y  such 
p r o p e r t y  wag f o u n d ,  N I L  otherwise, GETL i s  e q u i v a l e n t  t o :  

( R E  GETL ( I  L )  ( C O N D  ( (NULL ( C D R  I ) )  N I L )  
( ( M E M O  ( C A D R  I )  L )  ( C D R  I)) 
( T  (GETL  ( C D O R  I )  L ) ) ) )  

( P U T P R O P  I V P )  

PUTPROP 1 s  a t u n c t l o n  w h l c h  e n t e r s  t h e  a r o ~ e r t y  name P w l t h  
p r o p e r t y  v a l u e  V I n t o  t h e  ~ r o ~ e r t v  l i s t  o f  l d e n t \ f l e r  I ,  I f  t h e  
~ r o p e r t y  name P f s  a l r e a d y  I n  t h e  p r o p e r t y  l l s t r  t h e  o l d  p r o p e r t y  
v a l u e  i s  r e p l a c e d  b y  t h e  new one; otherwise t h e  new ~ t o p s r t y  name p 
and i t $  v a l u e  V a r e   laced o n  t h e  b e e l n n l n g  o f  t h e  p r o p e r t y  I h t .  
PUTPROP r e t u r n s  V ,  
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REMPROP removes  t h e  p r o p e r t y  P f r o m  t h e  p r o p e r t y  llrt o f  
I d e n t l f l e r  I, REMPROP r r t u r n s  T I f  t h r r o  wes suah a p r o d e r t y 8  N I L  
a t h e t w l s r ,  

S E T  and S E T Q  a t e  used t o  change t h e  v a l u e s  o f  v a r ) r b l e s  whloh 
a r e  bound  b y  r l t h r r  LAMBDA o r  PROG, o r  vrrlrbler a r e  bound 
g l o b a I I y o  (See  7 , 1 ) ,  

e ( S E T  E V )  

SET changes t h e  v a l u e  o f  t h a  t d e n t l  t i e r  spec 1 f l e d  by  t h e  
e x p r r s s l o n  E t a  V and r e t u r n s  t o  V ,  B o t h  a r g u m r n t r  a r e  e v ~ l u a t e d ,  

Notrr I n  o o m p l l r d  t u n o t f o n r t  SET can be used  o n l y  o n  o l o b a l l ~  bound 
and I P ~ c I ~ I  v a r f a b l e s ,  

SETQ c h a n g e s  t h e  v a l u e  o f  I D  t o  V and r e t u r n s  V ,  SET0  
e v a l u a t e 8  V ,  b u t  does  n o t  evaluate I D ,  

(DEFPROP " 1 "  " V "  ? ' P W )  r ( P R O G 2  (PUTPROP (QUOTE I )  (QUOTE V )  (QUOTE 
P ) ) ( Q U O T E  1 ) )  

DEFPROP 13 t h e  same as  PUTPROP r x o r p t  t h a t  It doeg not  
e v a l u a t e  i t s  a r g u m @ n t s ,  and DEFPROP r e t u r n s  I, 

 exam^ I@: (DEFPROP POSP (LAMBDA ( X I  (GREATERP X 0)) E x P R )  

( D E  t t I Q w  " A R G S W  " B Q D Y I f )  

DE p l a o e a  t h e  f o r m  (LAMBDA A R C S  BODY)  on t h e  p r o p e i t y  l l r t  o f  
I D  u n d e r  p r o ~ e r t v  E x P R ,  I t  I D  ~ r e v f a u s l y  had any o f  t h e  o r o p e r t l e 8  
EXPR,  FEXPR8 SUBR,  FSUBR, LSUBR, o r  MACRO, t h a n  DE will r e t u r n  t h e  
n l s t  (10 REDEFINED) ,  O t h r r w l s e ,  DE r q t u r n s  ID, 

Sam8 ar DE e x c e p t  d r f t n r r  a functlon w'fth FEXPR p r o p ~ r t ~ ,  

( D M  "ID,' " A R G S W  " B O D Y I f )  

Same as D C  e x c e p t  d e f t n e s  a M A C R O ,  

( I N T E R N  I )  3 
I N T E R N  p u t s  the i d r n t l f l r r  I I n  t h a  p ~ ~ r ~ ~ t l a t r  b u p k e t  o t  

OBLIST, i f  t h e  l d r n t l f f r r  l r  p r e r d Y  a member O f  t h e  6BLIST4 t h a n  
I N T E R N  r e t u r n 8  a p o l n t r r  t o  the l d e n t l f l r r  a l r e a d y  t h e r e ,  O t h r r w l s r ,  
I N T E R N  r r t u r n s  1. 

3 
T 
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I I N o t e r  I N T E R N  Is o n l y  n e o e s s a r y  when an I d e n t ~ f t e r  whlgh was o r s a t e d  
by  

G E N S Y M B  M A K N A M ,  o r  A S C I I  n e e d s  t o  b e  u n l o u e l y  s t o r e d ,  

C3 ( R E M O B  " X 1 1 "  " X 1 2  , , , " ) ( inq1 )  
REMOB removes 811 o f  t h e  l d e n t f f t e r s  X l l B  X 4 2 ,  ,,, , X h n  f r o m  

t h e  OBLIST and r e t u r n s  N I L ,  None o f  t h e  X d l ' s  a r e  e v a l u a t e d ,  

C 11,3 I d e n t l f l e r  C r e a t i n g  F u n c t i o n s  

The f o l l o w l n e  f u n o t l o n s  c r e a t e  new ldentlflers b u t  d o  not 
I N T E R N  them o n t o  t h e  OBLIST, 

( G E h S Y M )  
C 

GENSYM I n c r e m e n t s  t h e  g e n e r a t e d  symbol  c o u n t e r  and  r e t u r n s  a 
new ldentlfler 3 p e c : f l e d  b y  t h e  counter, The G E N S Y M  c o u n t e r  i s  
initialized t o  t h e  I d e n t l f l e r  G0000, Success(vb execution@ o f  
( G E h S Y M )  w l l l  r e t u r n ,  

C S Y M  l n l  t i a l  lzes g e n e r a t e d  ~ ~ r n b o  l c o u n t e r  t o  t h @  i d e n t  i f  l e t  
1 ,  and  r e t u r n s  1, C S Y M  d o e s  n o t  e v a l u a t e  i t s  a r g u m e n t 8  

C (ASCII N )  

ASCII c r e a t e s  a s l n s l e  c h a r a c t e r  identlf i e r  whose A S C I I  d n t  

~ x a r r , ~  l e  8 ( A S C I I  101) I s  an Identifier w i t h  print name " A " ,  
C 
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CHAPTER 12 

F U N C T I O N S  ON NUMBERS 

C T h e r e  a r e  t w o  t y p e s  o f  functions which  o p e r a t e  on number8  t o  
a r e a t e  new n u m b e r s !  arlthmetlc and log!cal, 

U n l e s s  otherwise n o t e d ,  t h e  t o 1  lowing a r  l t h m e t l o  f u n c t i b n s  
C a r e  d e f l n e d  f o r  b o t h  I n t e g e r ,  r e a l  and m l x e d  comblnatians o f  

a r g u v e n t s r  and e v a l u a t e  a l l  t h e l r  a rguments ,  The r e s u l t  f s  r e a l  i f  
,nY a r g u m ~ n t  1s r e a l ,  and I n t e g e r  i f  a l l  a r e  f n t e g e r ,  M o s t  
a r f t h m e t i c  f u n c t f o n s  may oause o v e r f l o w  which Produces an e r r o r  
message,  

( P L U S  X 1  X2 ,,, X n )  X 1  + X2 + ,,, + Xn 

( D I F F E R E N C E  X 1  X 2 , , , X n )  a X 1  - X2 - ,,, -Xn 

T 

L ( T I M E S  X 1  X2 , , @  X n )  a X i  * X2 * ,,, * Xn 

( Q U O T I E N T  X 1  X2 , , , X n )  = X I  / X2 e m ,  Xn 

C F o r  I n t e g e r  a r g u m e n t s ,  * Q U O  and Q U O T I E N T  g l v e  t h e  i n t e g e r  
P a r t  o f  t h e  t e a l  quotient o f  t h e  arguments, 

IL ( R E M A I N D E R  X Y )  ,,, X a ( X  / Y )  * Y 

N o t e r  Ramalnder  I s  n o t  d e f i n e d  f o r  r e a l  a r g u m e n t s ,  

( D I V I D E  X Y )  = ( C O N S  ( Q U O T I E N T  X Y )  ( R E M A I N D E R  X Y ) )  

C ( G C D  X Y )  G C D  r e t u r n s  t h e  g r e a t e s t  oommon d l v l ~ o r  o f  t h e  l n t r g e r s  x 
and Y ,  
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( F I X  X )  r e t u r n s  t h e  l a r g e s t  l n t r a s r  no t  g r e a t e r  t h a n  X I  

ex em^ 19s t ( F I X  1) 8 1 
(F IX  1 6 1 )  * 1 

n o t '  -1 ( F I X  -1,l) = -2  

O t h e r  arlthmetlc f u n o t l o n s  n o t  d r f l n e d  i n  t h e  L I S P  i n t r r ~ r ~ t ~ r  
can be  d r f l n a d  a8  f o l l o w s t  

( F L O A T  lo (*PLUS X 0,0) 
3 

( R E C I P  X )  8 ( Q U O T I E N T  1 X )  

(ROUND X I  = ( T I M E S  ( S I G N  X ) .  ( F I X  (PLUS ( A B S  X I  0 , S ) ) I  

E x a m  l e 8 t  (ROUND ( 5 )  1 
(ROUND , 4 9 1  = 0 
(ROUND - @ 4 9 )  t 0 
(ROUND - 3 5 a 1 )  -35 

( M I N  X  Y )  + ( C O N D  ( ( L E S S P  X Y )  X )  ( Y ) )  

( M A X  X Y )  s (COND ( ( L E S S P  X Y )  Y )  ( X I )  

Examp l @ s t  ( M I N U S  1) 
( M I N U S  - 1 , 2 )  
( P L U S  1 2 3m1 
( P L U S  6 3 - 2 )  
( D I F F E R E N C E  6 3 1) 
(TIMES - 2  2,0) 
( Q U O T I E N T  5 2 )  
( Q U O T I E N T  5 a 0  2 )  
(QUOTIENT -5 2 )  2 
(REMAINDER 5 2 )  
(REMAINDER -5  2 )  
(REMAINDER 5 , 0  2 )  
( A B S  * 3 2 a S )  
( F I X  3 2 * 5 )  
( F I X  - 3 2 @ 5 )  

a 1 
= -1 

undaf I n a d  
32m5 
32a 

a -33 ,  

The f o l l o w i n g  functions a r e  Intended t o  o ~ e r a t e  on I N U M  r n d  
F I X N U M  arguments,  b u t  t h r l r  r e s u l t 8  a r e  n o t  d r f l n r d  f o r  BIGNUM o r  
~ ~ o ~ U M . ( r e r l )  ~ r g u m r n t s ,  
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BOOLE c a u s e s  a 36 b l t  B o o l e a n  operation to b e  ~ e r f o r m r d  on 
I t s  a rguments ,  T h e  v a l u e  o f  N s ~ e c ~ f l e s  which o f  16 Boolean 
o p e r a t i o n s  to p @ r f o r r n ,  

F o r  n n 2 ,  e a c h  b i t h i  In ( BOOLE N A B )  1s deflnsdr 

F o r  n > 2 ,  BOOLE Is d e f t n e d :  

( B O O L E  N , , ,  (BOOLE N ( B O O L E  N X i  X2 )  X3) ,,, Xn) 

L S H  ~ e r f o r m s  a logical l e f t  s h l f t  o f  N   laces on X ,  I ?  n 1s 
negative, X w l  l l b e  s h i f t e d  r i g h t ,  I n  b o t h  cases, v a c a t e d  bits a r e  
f l l l e d  w l t h  z e r o $ ,  

C E x a m ~ l e s  w l t h  IBASE = 8 

(BOOLE 1 76 133) = 32  
( B o Q L E  1 76  1 3 3  7 0 )  = 3 0  
( B O O L E  1 2  1 3  0 )  777777777764  
(BOOLE 7 7 12) = 17 
( L S H  15  2 )  3 6 4  
( L S H  15  ~ 2 )  3 
( L S H  -1 - 2 )  0 177777777777  
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P R O G R A M S  

The l 'program f e a t u r e "  a l  low3 one t o  wr l t e  A L G O L - I T ~ ~  
sequencer  O f  S t a t e m e n t s  w i t h  P r o g r a m  v a r i a b l e 3  and l a b e l $ .  

( P R O C  " V A R L I S T "  "BODY") 

P R O G  i s  a f u n c t t a n  w h i c h  t a k e s  a s  arguments  V A R L I S t ,  a l i s t  
o f  p r o g r a m  variables w h l c h  a r e  l n l t l a l i z e d  t o  N I L  when t h e  P R O G  i s  
e n t e r e d  ( s e e  7 8 1 1 ,  and a B O D Y  which  1s a l i s t  o f  i a b e l s  ( w h i c h  a r e  
identifiers) and s t a t e m e n t s  which a r r  nonmatornlC S - e x ~ r e 8 s f o n s ,  P R O G  
e v a l u a t r g  I t s  s t a t e m e n t s  In sequence until e i t h e r  a RETURN o r  G O  l s  
e v a l u a t e d ,  o r  t h e  i ! s t  o f  s t a t e r n r n t s  i s  r x h a u s t e d ,  I n  whloh t h e  va l  ur 
o f  P R O G  I S  N I L ,  

RETURN causes t h e  PRQG contalnlns I t  t o  b e  e x t t s d  w l t h  t h e  
v a l u e  X ,  

( G O  " I D " )  

G O  oauses t h e  seouenoe o f  c o n t r o l  w l t h i n  a P R O G  t o  be  
t r a n s f e r r e d  t o  t h e  n e x t  s t a t e m e n t  following t h e  l a b e l  1 ,  I n  
I n t e r p r e t e d  P R O G s ,  ( 1  I D  Is n o n - a t o m l c ,  I t  i s  r e p r a t e d l y  r v r l u a t e d  
until an  a t o m l o  v a l u e  i s  found .  H o w e v @ r t  i n  G O ~ R ~  l e d  P R O G 9 ,  10 ( 3  
e v a l u a t e d  o n l y  o n c e ,  G O  oannot  t r a n s f e r  I n t o  o r  o u t  o f  a P R O G ,  

~ o t e :  B o t h  R E T U R N  and G O  s h o u l d  o n l y  o c c u r  e f t h e r  a t  t h e  t o p  l e v e l  
o f  e P R O G ,  or  i n  c o m ~ o s / t l o n s  o f  COND, AND, O R ,  and NOT w h h h  a r e  a t  
t h e  t o p  l e v e l  o f  a P R O G ,  

E x a t r p I ~ :  The f u n c t i o n  L E N G T H  may b e  d e f i n e d  as followst 

( D E  LENGTH ( L )  
( P R O G  ( N )  

( S E T Q  tJ 0) 
L 1  ( C O N D  ( ( A T O M  L). ( R E T U R N  N ) ) )  

( S E T Q  N ( A D D 1  N ) )  
( S E T Q  L ( C D R  L ) )  
( G O  l.1))) 

PROGZ e v a l u a t e s  a l l  expressions X l i  X 4 2  , , .  X l n ,  and r e t u r n s  
t h e  v a l u e  o f  ~ 4 2 ,  
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S e m a n t l o g :  
A d e v i c e - n a m e  Is e l t h e r  an l d e n t l f l e r  endlng w i t h  c o l o n  ( 8 )  

w h i c h  i s  t he  name o f  some I n p u t  or o u t p u t  devloe,  o r  r l h t  
a o n t a l n i n g  P ~ r o J e o t - p r o g r a m m e r  number which  l r n p l l o l t l ~  s p r c l f l 9 8  t h e  
d i s k ,  

A f l l snarne i s  either an l d e n t l f l e r  w h i c h  s p e c i f : r s  a f l l r n a m e  
w i t h  a b l a n k  ex tens fon ,  o r  a d o t t e d  p a i r  o f  f ' l l enamr  and e % t @ n ~ i o n .  
In b o t h  c a s e s  t h e  f ' l l e n a n e  a p p l l r s  t o  t h e  most r e o e n t l ~  ( t o  t he  l e f t )  
s p e c l f l e d  devfce-name, 

14.2 Channel Names 

Channel names can a ~ t l o n a l l y  b e  ass lgned t o  f i l e s  a e l e o t s d  by  
t h e  functions I N P U T  and OUTPUT, A channel name Is any i d e n t i f l e t  
whlch Is n o t  fo lnowed b y  4 co lon ,  If no channel name i s  s a e o l f l r d  t o  
I N P U T  or  OUTPUT t h e n  t h e  ~ h a n n e l  name 1 i s  assumed, The ohannel name 
N I L  s p e o i f l e $  t h e  t e l e t y ~ ~  i n  t h r  f u n t t l o n s  I N C  and O U T C ,  Up t o  14 
ahannels may be a o t f v e  a t  any t h e ,  

1 4 , 3  I n p u t  

1 4 , 3 , 1  S s l e o t t o n  and C o n t r o l  

( I N P U T  "CHANNELw , " F I L E N A M E - L I S T " )  

I N P U T  r e l e a s e s  any f i l e  previously l n l t i a l \ z r d  on t h e  
c h a n n e l ,  and initializes f o r  l n ~ u t  t h e  flrst f j l o  s p e c i f i e d  by t he  
f i  l ename- l l s t ,  I N P U T  r e t u r n s  t h e  channel I f  one was soeoiflad, T 
otherwise, I N P U T  d o e s  n o t  eva lua te  I t s  arguments, 

( I N C  CHANNEL A C T I O N )  
I N C  s e l e c t s  t h e  8 ~ e c l f l e d  channel f o r  i n ~ u t ,  The channel N I L  

s e l e c t s  t h e  t o l e t y ~ e ,  I t  ACTION N I L  then t h e  ~ r ~ v l o u s l y  srlroted 
I n p u t  file i s  n o t  re leased,  b u t  o n l y  d e s e l e ~ t e d n  I f  A C T I O N  T t h e n  
t h a t  f l  ! e  13 r e l e a s e d ,  maklno t h e  ~ r e v l o u s l ~  s e l @ ~ t @ d  channel 
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available, A t  t h e  t o p  I r v r l ,  A C T I O N  need n o t  be  spoolfled, 

The I n p u t  f u n c t t o n r  i n  14.3.3 tr081ve I n p u t  f r om t h e  8@l@~t1d 
i n p u t  ahannr I ,  When r f I l e  on t h e  s e l e c t e d  channr l 1s e x h r u r t r d ,  
t h e n  t h e  n r x t  f l l e  i n  t h e  f l l e n a m r - l ? $ t  f o r  t h e  channe l  1s 
f n i t l a l l z r d  and i n ~ u t ,  u n t l  l t h e  f !  l e n a m r - l i s t  i s  e x h r u t t e d ,  Then 
t h e  t e l e t y ~ e  18 r u t o m a t l e a l l ~  s e l e c t a d  f o r  I n p u t  and ( E R R  (QUOTE 
S E O F S ) )  I s  o a l  l ed ,  The use o f  E R R S E T  a round  a n y  f u n c t  1 ns  whloh 
r c e e ~ t  i npu t  t h e r e f o r e  r n ~ k e r  i t  ~ o s s l b l r  t o  d e t e c t  end o t  f ! l a ,  I f  
no ERRSET I s  U ~ e d r  c o n t r o l  r e t u r n 8  t o  the t o o  l e v e l  o f  LISP, f N C  
r v a i u a t e u  I t 8  arguments ,  and r e t u r n s  t h e  o r e v l o u s l y  r r l r o t e d  ~ h r n n r l  
name. 

I n  o r d r r  to READ f r o m  r n u l t l ~ l r  I n p u t  8ourOes8 s a p r r a t s  
e h a n n e l r  shou ld  b r  l n f t l a l l z e d  by INPUT8 and INC orn  t h e n  s e l r o t  t h e  
a p p r o ~ r l a t e  ohanne l  t o  READ f rom, 

3 
E x r m ~ l e a  The f o l n o w f n g  show r f a l r I l y  t ~ ~ i c . 1  s o r t  o f  m a n l p u l r t \ o n  o f  two 

f f  I e s  a t  once, 

(LAMBDA ( F I L E )  
( P R O G  K H A N 1  CHAN2 WPRi E X P R 2 )  

(SETQ C H A N I  (INPUT D S K t  F o o l ) )  t l n j t l a l l ~ ~  FOO w i t h  ohrnn61 name ~3 
(SETQ CHAN2 (EVAL ( L I S T  PINPUT (GENSYM)  W S K I  F I L E ) ) )  

r t h l s  f l  l a  I s  g i v e n  @ CENSYH channel  "arn@ to p p r v a , t  
with any r x I r t l n g  c h a n n e l s  

LOOP ( I N C  C H I N 1  N I L )  ; s r l r c t  f i r s t  chrnnrl 
(SETQ E X P R 1  ( R E A D ) )  ; r ead  an e x p r e t s f o n  f r o m  FOO 
( C O N 0  ( t E Q  E X P R l  (QUOTE * E O F * ) )  ( G O  E X I T % ) ) )  ; e n d ' o f  f t r 8 t  t 1 1 @ ? ~  
(SETQ E X P R I  ( C A R  E X P R I ) )  ;undo e f f e c t  o f  ERRSET 
( I N C  CHAN2 N I L )  l o p e n  seoond channe l  
( S E T Q  EXPR2  (ERRSET R E A D ) )  ; r oad  an r x p r s s s ! o n  
( C O N D  ( ( E Q  EXPR2 (QUOTE + € O F * ) )  ( G O  EXIT2)) l e n d  o f  t h l r  f / l @ ?  

( ( A T O M  C X P R 2 )  ( G O  E R R O R ) ) )  r r e r d  e r r o r ?  
( S E T Q  EXPR2 ( C A R  E X P R 2 ) )  ;undo e f f e e t  o f  e r r s r t  3 

) @ @ ) @ O # ) @ ~ O @ # # @ * @ ~ # * ~ ~ ~ * * V  

(GO LOOP) 
E R R O R  ) e r r o r  r o u t h e  
EXIT1 ; e % f t  when f l r r t  t i l e  ends f l r g t  
EXIT2 ; e x t t  when s rnoond f l  l r  ends f l r r t  

e t o ,  

( D S K I N  , "FILENAME-LIST") 3 
I n  loading a f l l r  I n t o  a L ISP oregram, i t  i s  n o t  n b r m a i ~ y  

n e ~ e s s a r y  t o  make use ot t h e  f u l l  s e n r r a l l t ~  available i n  1NC and 
I N P U T ,  The t u n e t ! o n  D S K I N  i s  s u o p l l r d  f o r  t h h  P U ~ D O ~ I ,  1 t  ha$ the 
ram8 r f f r o t  rr doing I N C  and INPUT on i t s  ar9ument8,  e x c e p t  thrC no 
o h a n n r l  name i s  a d r n l a r l b l r ,  r o d  no device nrme 18 r o q u j r r d ,  The 3 



c h a n n e l  name w i l l  always b e  T, and ' D S K '  w l l l  b e  s u p ~ l i r d  as  a devloe 
name, I f  none I s  g l v e n .  

Exarrp I e I 

( D S K f N  F00  D T A S :  B A R  ( 1 , J M C )  ( S I M U a M A N ) )  

w l l (  R E A D  t h e  f i l e s  FOQ f r om D S K : ,  BAR f r om R T A 3 r  and 
SIMU,MAN f rom t h e  d i s k  a r e a  CI,JMCI, 

When reading an h u t  f i l e r  i t  i s  eometlmes d e s i r a b l e  to know 
t h e  p a g e  and l f n e  being r e a d  f rom.  P G L I N E  r e t u r n s  t h r  d o t t e d  o a t r  
( w e e  number , l l n e  number) f o r  t h e  s e l e c t e d  I n p u t  file. The page  
number i s  a p p l f c a b l e  o n l y  t o  STOPGAP f f l e 3 .  I f  t h e  f i l e  hag no l r n e  
numbers, P G L I N E  w i l l  a l w a y s  r e t u r n  (1 , 01, 
1 4 . 3 . 2  T e l e t y p e  Iwut C o n t r o l  

When I n p u t  i s  f r om t h e  t e l e t y p e ,  READ 1s t e r m i n a t e d  b y  e i t h e r  
an e n t l r e  S - e x p r e s s t o n  o r  by  an t n c o m o l e t e  S - ~ x ~ r e s s l o n  t o l l o w a d  b y  
a l t r o d e ,  A l tmode has t h e  e f f e c t  o f  t y ~ f ~ g  a spa00 f o l  ( o w e d  bY t h e  
a p ~ r o ~ r l a t e  number o f  r t a h t  Parens  t o  comp le te  t h e  S - s x p r e s s l o n .  
~ h l s  f e a t u r e  Is ~ a r t l c u l a r l Y  u s e f u l  when an unknown number o f  r l g h t  
p a r e n s  a r e  ngeded o r  when I n  ( D D T I N  N I L )  mode, 

D D T I N  I s  a f u n c t l o n  wh loh  s e l e c t s  t e l e t y p e  I n p u t  mode, With 
( D D T I N  N I L ) ,  and t y p i n g  t o  READ,  R E A D C H ,  o r  T Y I ,  a r u b o u t  w j l l  d e l e t e  
t h e  l a s t  c h a r a c t e r  t yped ,  and e o n t r o l  U ( t U )  w l l  l d e l e t e  t h e  e n t l r e  
l a s t  ilne t y p e d ,  I n o u t  I s  n o t  seen by L I S P  u n t t l  e l t h e r  a l t rnoda  o r  
~ a r r l a ~ e  r e t u r n  1s  t y p e d ,  

Wlth ( D D T ~ N  T )  and t ~ ~ l n s  t o  R E A D ,  a r u b o u t  w i l l  d e l e t e  the  
e n t l r e  S - e x p r e s s t o n  being r e a d  and s t a r t  r e a d i n g  a g a i n ,  

No te :  ( D D T I N  T )  I s  n o t  recommended when t h e  t h e - s h a r i n g  s y s t e m  1s 
swapping, s f n c e  t h e  Program 1s r e a c t i v a t e d  ( a n d  hence awrpped  
I n t o  o o t e )  a f t e r  e v e r y  c h a r a c t e r  t y p e d ,  

14,3,3 I n p u t  T r a n s f e r  

! ( R E A D )  

READ c a u s e s  t h e  n e x t  S-expression to be r e a d  tram t h e  
s e l e c t e d  I n p u t  d e v i c e ,  and r e t u r n s  t h e  I n t e r n a l  r e ~ r e s s n t a t h m  o f  t he  
S - e x ~ r e s s l o n ,  R E A D  uses I N T E R N  t o  g u a r a n t e e  t h a t  r e f e r e n c e s  t o  t h e  
same l d e n t l f l e r  a r e  E Q ,  

R E A D  w l l l  a c a e ~ t  any S-expression w h l ~ h  con fo rms  t o  t h e  
f o l l o w i n g  s y n t a x :  
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( r e a d a b l e  S - s x p r >  : ;=  <atom> 
I ; =  @(readab le  S - e x p p )  
1:s ( < r e a d a b l e  S - e x p r l l s t )  

{ , t r e a d a b l s S - e x p r ) ) )  
1 :. Ctunba l a n c e d  S - e x p r r s r ~ o n  I lrt>J 
t t =  ( o N I L  

The d e l  l m l  t e r  drslgnrtes t h a t  t h e  f o l  l o w f n g  r o a d a b l e  
S - e x p r e s s t o n  l a  t o  be a u o t e d ,  

Exam0 l a s t  @ A  mean8 (QUOTE A l  
@ ( @ A  B )  means ( Q U O T E  ( ( Q U O T E  A )  € 3 ) )  
@ @ A  meant (QUOTE (QUOTE A ) ) )  

The de l l m l  t e r n  and " J '  o p e r a t e  a s  " r u ~ r r - ~ a r e n t h r i r r " ,  A 
r i g h t  b r a c k e t  " J v t  w T l l  c l o s e  a l l  o p e n  l e f t  ~ a r r n t h r r r s  " 1 s  ud t o  t h e  
m a t c h i n g  l e f t  b r r c k s t  w C n ,  I f  t h e r e  1s no maCehlng l e f t  b r r o k r t ,  i t  
wl l l c l o r e  t h e  r n t  l r e  S w r x ~ r e s s l  on as d o e s  a I t m o d r ,  No syntax  1 s 
g l v e n  f o r  u n b a l a n o e d - S - e x p r e s s l o n l ( l a t ,  b u t  It 1s I n t e n d e d  t o  maan an 
~ ~ e x p r e s r l o n - l ! s t  which I s  I r ~ k t n g  one o r  more r l g h t  p a r r n t h r s r s ,  

( R E A D C H )  

READCH C a u s e s  t h e  n e x t  c h a r a c t e r  t o  b e  t @ a d  f r o m  t h e  a ~ l m a t r d  
f n p u t  devloo and  r e t u r n 8  t h e  c o r t e s ~ o n d t n ~  a t n s l o  c h a r a c t e r  
! d s n t l f I e r ,  READCH a l s o  uses I N T E R N ,  

TY! c a u s e s  t h e  n e x t  c h a r a a t e r  t o  be  r e a d  f r o m  t h e  s @ l e o t e d  
i n p u t  devlce and r e t u r n s  t h e  A S C I I  c a d 0  f o r  t h a t  o h a t a t t a r ,  

A f u n c t l o n  TEREAD r h l e h  I g n o r e s  a l l  o h a r s t t r t r  u n t i l  a 
n l n e - f e e d  I s  s e e n  can be  detlnedr 

t D E  TEREAD N I L  
( P R O G  N I L  
L ( C O N D  ( ( E Q  ( T Y I )  12) (RETURN N I L ) ) )  

( G O  L ) ) )  
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1 4 , 4 , 1  S e l e c t I a n  a n d  C o n t r o l  

(OUTPUT  "CHANNEL" , "F ILENAME-L IST" )  

OUTPUT i n i t i a l  f2.s f o r  o u t p u t  on t h e  s p e c i f l e d  c h a n n e l  t h e  
s i n g  l e f 1 l o  s p e c l  f l e d  b y  t h e  f 1 l @name- l l s t ,  OUTPUT d o e s  n o t  e v a  l " a t e  
Its arguments,  and r e t u r n s  t h e  c h a n n e l  name i f  a a e t ~ f i r d ,  f 
o t h e r w i s e ,  

( Q U T C  CHANNEL ACTION) 
O U T C  selects t h e  s ~ e ~ i f i e d  c h a n n e l  f o r  o u t p u t ,  yhe channel 

N I L  s e l e c t s  t h e  t e l e t y p e *  The o u t p ~ t  f u n c t l o n t  i n  1 4 , 4 , 3  t r a n s f e r  
o u t p u t  t o  t h e  s e l e c t e d  o u t p u t  c h a n n e l ,  

I f  A C T I O N  = N I L ,  t h e n  t h e  p r e v l o u s l ~  s e l e c t e d  o u t o u t  f'I lr i s  
n o t  c l o s e d ,  b u t  o n l y  d e s e l e c t e d ,  If ACTION T t h e n  t h a t  f i l e  1s 
c l o s e d ,  I e m ,  an e n d  o f  f i lr  i s  w i t t e n .  QUTC e v a l u a t e s  i t s  
a r g u r r e n t s  a n d  r e t u r n s  t h e  p r e v l o u a l Y  s e l e c t e d  c h a n n e l  name, A t  t h e  
v o p  l e v e l ,  ACTION n e e d  n o t  b e  s p r c l f l e d ,  

E x a m ~ l c s t  ( A t  t h e  t o p  l e v e l )  

( O U T C  ( O U T P U T  L P T I )  T )  
( O U T C  N I L  TI 
(OUTPUT FOO D S K :  B A z )  
( O U T C  ( Q U O T E  F O O )  N I L )  

L I N E L E N G T H  1s u s e d  t o  e x a m i n e  o r  change  t h e  m a x l m u m  o u t a u t  
n l n e l e n g t h  on t h e  s e l e c t e d  o u t p u t  c h a n n e l ,  If N N I L  then t h e  
c u r r e n t  l l n r l e n g t h  f a  r e t u r n e d  u n c h a n g e d ,  o t h e r w l s s  t h e  1 l n e l e n g t h  1s 
changed t o  t h e  v ~ l u e  o f  N w h i c h  I s  r e t u r n e d  and  must b e  r n  ~ n t r g e r ,  

( C H R C T )  

C H R C T  r e t u r n s  t h e  number  o f  c h a r a c t e r  positions r r r n a l n l n g  on 
t h e  o u t p u t  l i n e  o f  t h e  s e l e c t e d  o u t p u t  c h a n n e l ,  

When c h a r a c t e r s  a r e  o u t p u t ,  i f  C H R C T  i s  made n s g a t l v r r  an 
A S C I I  1 7 6  f o l l o w e d  b y  a c a r r i a g e - r e t u r n  and a I f n e w f e e d  a r e  o u t ~ u t ,  
T h e s e  c h a r a c t e r s  a r e  c o m ~ J e t e l ~  I g n o r e d  on f n p u t ,  ( S e e  C h a p t e r  3 ) .  

1 4 , 4 , 2  O u t p u t  T r a n s f e r  

P R I N i  o a u s e s  t h e  S-expression S t o  b e  p r l n t e d  on t h e  ~ e l e c f e d  
o u t c u t  devlce w t t h  n o  ~ r s o e d l n e  o r  following s n a c r r ,  P U N 1  a l s o  
i n s e r t s  s l a s h e r  ( * * / r )  b e f o r e  any c h a r a c t e r s  i n  1 d e n t i f T e r s  whlch 
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w o u l d  b e  # y n t a o t l c a ( l y  I n a o r r g o t  o t h r r w t s e  ( 8 0 s  C h a p t e r  3 1 ,  Double 
q u o t a t  around  r t r  a r e  p r  1 nt@dr 

( P R I N C  S )  

P R I N C  I s  t h e  same a s  PRIN1 e x c e p t  t h a t  no s l a a h e s  a r e  
inserted and d o u b l e  a u o t r s  around s t r i n g s  a r e  n o t  p r l n t r d ,  

T E R P R I  p r l n t s  a c a r r  l a g o - r a t u r n  and I I n @ - f e e d  and r e t u r n 8  Chr 
v a l u e  o f  X ,  X may b e  o m l t t e d  i f  t b e  v a l u e  o f  T E R P R I  1s n o t  ured,  

I s  t h e  same a s  
( P R O C 2  (TFRPRIl(PR1NC X I )  

I ( P R I N T  S )  

TyO p r  I n t 8  t h e  o h 8 r a e t r r  whose ASCII v a l u e  1s N, r n d  t e t u i n 8  
N , 



A R R A Y S  

( A R R A Y  "ID" TYPE 0 4 1  842 @ , ,  B & n )  nS 5, 

A R R A Y  i s  a f u n c t l o n  which d e c l a r e s  an a r r a y  w i t h  namr I D ,  and 
p l a c e s  a n  a r r a y  referencing f u n c t i o n  on t h e  P r o p e r t y  list I D ,  TYPE 
d e t e r m i n e s  t h e  t y p e  o f  an a r r a y  as  f o l l o w s :  

TYPE I N I T I A L  VALUE A R R A Y  ELEMENT 

T N I L  L I S P  S - e x ~ r e s s [ o n s  s t o r e d  a s  
a o l n t e r s c  2 p e r  word ,  

N I L  0,0 R E A L  numbers s t o r e d  one p e r  w o r d  I n  
pop-6/10 f l o a t  l n p  p o l n t  r e p r a s r n t a t l o n .  1 

36 b l t  2 1 s  eomplernent  i n t e g e r s  s t o r e d  1 
1 p e r  word,  I 

n b l t  posltivr l n t r g e r s  ~ l c k r d  
I 
I 
1 

C 3 6 , I n l  p e r  word,  I 

011 842 ,,, B b n  a r e  a r r a y  s u b s o r l p t  bounds  which s h o u l d  e v a l u a t e  t o  
e i t h e r  ~ o s l t l v r  l n t e g r t s  s ' i ,  o r  to d o t t e d  p a i r s  o f  l n t e ~ e r s  . 
U b l )  where  L b I s U W t  whlch s ~ o o l f Y  l o w e r  a n d  U p p r r  8 u b s c r l p t  b o u n d s  as 
t o 1  10wsr 

04 1 LOWER BOUND UPPER BOUND LENGTH I 

The e l e m e n t s  o f  an a r r a y  a r e  r e f e r e n c e d  b y !  
( < a r r a y  name> 141 1 4 2  9 , .  ten) where L4.J < i4.i < U h J .  

- 

The A R R A Y  s u b ~ c r l ~ t s  PJ must  b e  f n t e g e r s ,  R e f e r e n c e 8  t o  mrmorv  
n o c a t i o n s  o u t s l d e  o f  t h e  a r e a  r e s e r v e d  f o r  t h e  a r r a y  a r e  ~ r o h t b l t e d  
and k i l l  cause  an I 1  l e g a l  memory ? e f Q t @ n c e  message, A t r a y  e l e m e n t s  
a r e  a t o r e d  I n  B I N A R Y  P R O G R A M  SPACE, 

1) To d e c l a r e  a 1 dtmonslonal a r r a y  C H A R S  o f  7 b l t  e h a r a c t a r s  and 
w i t h  subscripts 1 t o  501 

( A R R A Y  C H A R S  7 ( Q U O T E  (1 50))) 

The f i r s t  e l e m e n t  o f  CHARS 1s r e f e r e n c e d :  
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2 )  To d e c l a r e  a 2 - d f m r n d o n o l  a r r a y  A o f  REAL n u m b e r s  and w l t h  
a u b s o r l p t s  0 5 1 < N, 0 I J < M I  

(ARRAY A N I L  N M I  

3 )  T o  d e o l r r e  a 1 - d i m e n s l o n 8 l  o r t r y  FOO o f  S - e x p r e s s f o n s  and w i t h  
subscripts m K  S f 5 K t  

( A R R A Y  F00 T ( C O N S  ( M I N U S  K )  K ) )  

+(EXARRAY " I D "  TYPE 0 4 1  8 4 2  o e e  Bdn) N 5 5,  

E X A R R A Y  1s f d r n t l o r l  t o  A R R A Y  r x o o p t  t h a t  a r r a y  e l r m r n t s  a r e  
s t a r e d  i n  t he  b o d y  o f  a s u b r o u t l n r  l o r d e d  by t h o  LOADER (srr A D P O ~ $ \ X  
HI, and e x a r r a y  e l e m e n t s  a r e  n o t  i n i t i a l  ! z e d ,  The array  i e f r r e n ~ 1 n ~  
a u b r o u t  l n e  l a  s t o r e d  i n  B I N A R Y  P R O G R A M  SPACE a8  with A R R A Y ,  E X A R R A Y  
s e a r c h e s  s ~ m b o l  t a b l e s  as d o r g  CETSYM ( s e e  ~ ~ p e n d ( x  H ) ,  

N o t r l  B o t h  A R R A Y  and E X A R R A Y  eonsum@ B I N A R Y  P R O G R A M  S P I C E ,  If 
t h e r e  I s  I n s u t f l o l a n t  room t h e r e  ( s e a  A ~ ~ e n d l x  C) t h e  r r r b r  m r r s r g r  
" B I N A R Y  P R O G R A M  SPACE EXCEEDED" w l l l  r @ s u l t ,  

( S T O R E  V f I D "  I r l  1 4 2  ,,, l r n )  v a l u e )  

STORE changes  t h e  valur o f  t h e  spealflrd a r r a y  rlrmrnt to 
v a l u e ,  a n d  r o t u r n s  v a l u e ,  

N o t e !  STORE e v a l u a t e s  Its 8eoond a r g u m e n t  f f r s t ,  

E x a m p l e s r  Wlth  t h e  arrays d a o l a r e d  ~ r e v l o u a l y r  

( S T O R E  ( F O O  B )  (QUOTE ( A  0 ) ) )  
( S T O R E  (FOO ( B A Z  L ) )  $ 1  
( S T O R E  ( A  I J)  ( A  J 1 ) )  
( S T O R E  ( C H A R S  1) 17) 

1 5 , 1  Examlne  and D e p o g l t  

E X A M I N E  r r t u r n e  r s  an I n t e g e r  t h e  c o n t e n t 8  o f  m r m o p y  location 
c 

[DEPOSIT N V )  

D E P O S I T  stores t h e  I n t e g e r  V I n  V e m o r y  l o e a t l o n  N and ; @ t u r n s  
V ,  



( T I M E )  

CHAPTER 16 

CHAPTER 16 

OTHER F U N C T I O N S  

T I M E  r e t u r n s  t h e  number o f  m l l l l s e c o n d s  y o u r  Job  has c a m o u t e d  
s l n c e  Y o u  l o g g e d  Into t h e  sys tem,  

( E R R S E T  E " F n )  

E R R S E T  e v a l u a t e s  t h e  S - e x p r e s s i o n  E and I f  no  e r r o r  o o c u r s  
d u r l n g  I t s  e v a l u a t f o n ,  ERRSFT r e t u r n s  ( L I S T  E l .  I f  an e r r o r  o c c u r s ,  
t h e n  t h e  e r r o r  message w l l l  be s u p ~ r @ s s e d  i f  a n d  o n l y  i f  F # NIL,  and 
NIL i s  r e t u r n e d  a s  t h e  v a l u e  o f  E R R S E T ,  If t h e  f u n c t i o n  E R R  1s 
c a l l e d  d u r i n g  evaluation, t h e n  no message Is p r i n t e d  and  ERRSET 
r e t u r n s  t h e  v a l u e  r e t u r n e d  by  ERR, 

The f o l n o w i n g  e x a m p l e  shows t h e  u s e  o f  ERRSET t o  k e r p  t r v l n o  
vo  l ~ t t l n l l z e  t he  l i n e  p r l n t e r  u n t i l  i t  Is a v a I l a b l @ !  

( D E  LPTGRAB N I L  
(PROG N I L  
L ( C O N D  ( ( A T O M ( E R R S E T  (OUTPUT L P T I )  T ) )  

( W A I T )  ( G O  L ) ) ) ) )  

where W A I T  i s  some t u n a t l o n  ( s u c h  as t he  t i m e - s h a r i n g  s l e e p  UUO) 
w h i c h  c a u s e s  a d r l a y ,  

( E R R  E )  

E R R  r e t u r n s  t h e  v a l u e  o f  E t o  t he  most r e c e n t  E R R S E T ,  o r  t o  
t h e  t o p  l e v e l  o f  LISP I f  t h e r e  I s  no E R R S E T ,  

( * R S E T  X I  f l a g  N I L  I n l t l a l l y  

* M E T  s e t s  a s p e c i a l  f l a g  I n  t h e  I n t e r ~ r e t e r  t o  t h e  v a l u e  o f  X ,  and 
r e t u r n s  t h e   revl lo us v a l u e  o f  t h e  f l a g ,  N o r r n a l l ~ ,  w l t h  (*RSET N I L ) ,  
whec an e r r o r  o c c u r s ,  s p r c l a l  v a r l s b l e s  a r e  r e s t o r e d  t o  t h r l r  t o p  
n e v e l  v a l u e s  f r o m  t h e  s ~ e c l a l  ~ u s h d o w n  l i s t ,  and Chs t o p  l e v e l  
R E A D - E V A L - P R I N T  l o o p  I s  e n t e r e d ,  

W t h  ( a R S E T  T ) ,  specials a r e  n o t  r e s t o r e d ~  n d t h a r  pushdown 
n i s t  I s  changed,  and t h e  READ-EVAL-PRINT l o o p  1s entered. T h i r  makes 
t t  ~ o s s i b l e  t o  examlne  t h e  variable b l n d f n g s  f m m a d l n t e l y  a t t a r  an 
e r r o r  message has b e e n  p r l n t e d ,  To r e s t o r e  special bindings t o  t h e i r  
v o p  l e v e l  v a l u e s  and  r e t u r n  t o  t h e  t o p  l e v e l ,  t y ~ e  a be1 1 ( u ) ,  o r  
e v a l u a t e  ( E R R ) ,  
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B A K G A G  a r t 8  a r p r o l a l  f l a g  i n  the  ~ n t r r ~ r r t r r  to t h e  vr lu,  o f  
x and r e t u r n 8  t he  ~ r e v l o u a  s r t t l n o  o f  t h e  f l a g ,  Only I f  t h e  f l a g  # 
N IL  when an e r r o r  occur88 t h e n  a b r o k t r a c e  Is p r l n t r d  a8 i e t ( r s  o f  
t u n e t l o n  c a l  Is ,  de te rm ln rd  from t h e  r e g u l a r  Pushdawn I t r t ,  s t a r t h o  
?tom t h e  most  r ecen t  f u n a t t o n  0811, If X i s  an i n t e g e r ,  then X 
r p e o i f l e 8  t h e  numbat o f  r e g u l a r  pushdown list words t o  ] n c l u d e  t h e  
back t r ace ,  If X I s  T, t han  t h r e n t l r e  r e g u l a r  ~ u s h d o w n  tist 1s 
b a c k t r a o r d  t o  t h r  m o s t  r r o r n t  ERRSET,  The fo rmat  f o r  ~ r l n t l n ~  i r l  

r>r l n t o u t  mean I ng 

f n1  E V A L A R G S  
~ v a  l ua ted  

The arguments t o  f n 1  r r @  b d n o  

b e f o r e  en te r  lno  f u n e t  I o n  1, 

t n i  - ENTER The f u n o t l o n  1 l a  entered,  

3 - f n l  Some I n t e r n a l  L I S P  f u n c t l o n  c a l l e d  
f u n o t i o n  I, 

N o t e l  The B A C K T R A C E  p r t n t o u t  i s  o t t r n  confused by o o m d l r d  f u n c t i o n  
c a l l s  o f  t h e  form ( R E T U R N  ( F O O  X ) )  which 18 comp? l rd  a 8  
(JCALL ( E  FDO))  whlch can be changed t o  (JRST r n t r a n o r  t o  

FOO) r 
whloh will n o t  show up i n  t he  B A C K T R A C E ,  

I N I T F N  s e l e c t s  t h e  f u n c t i o n  o f  no arfaurnente FN a r  r n  
I n l t l a l l r a t l o n  f u n c t l o n  w h l o h  1s rvaluatrd a f t e r  a LISP r r r o r  r e t u r n  
v o  t he  t o p  l e v e l  has oacur red o r  whenever a BELL i s  t ~ ~ e d ,  I N I T F N  
r e t u r n s  t he  p r e v l o u g l y  s e l e c t e d  l n l t l a l l z ~ t l o n  f u n c t l o n ,  

I n l t l a l l z a t ~ o n  f u n o t i o n r  a r e  u e e f u l  when i t  1s d r r j r a b l r  t o  
ohanae t h e  t o p  I W @ I  of  LISP, F o r  Ins tance8  

( I N I T F N  ( F U N C T I O N  EVALQUOTE)) 

aauses t h e  t o o  l e v e l  t a  become EVALQUOTE I na tead  o f  EVALq 
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APPENDIX A 

A L V I N E  

by John A l  l e n  

ALVIN€ i s  a LISP e d i t o r  wh ich  1s v e r y  c o n v e n i e n t  f o r  
I n t e r a c t i v e  debugging, A L V I N E  a l l o w s  one t o  e d i t  b o t h  f u n c t T o n  
d e f i n l t l o n s  a n d  S - @ x ~ r e s s l o n  v a l u e s ,  ALVINE Is o h a r a c t e r l z e d  by t h e  
s l m p n l c l t y  w l t h  wh ich  one can c o r r e c t  a ~ a t b n t h e ~ l 8  mismatch and make 
c o n t e x t  sea rches  and rep lacements ,  T h l s  s l m ~ ~ T c l t ~  arises f rom t h e  
d a t a  s t r u c t u r e  ALVINE Uses t o  r e p r e s e n t  an ~ - e x p r e s s l o n ,  A l  l 
S -exe ress lons  a r e  f l a t t e n e d  I n t o  a l l a t  o f  atoms l n c l u d t n g  t h e  a t o m s  
X L P ,  XRP and XD wh ich  r e p r e s e n t  " Iw and Beoausr  o f  this 
r e ~ r e s e n t a t l o n ,  ALVINE looks  more I  l k e  a string t y p e  t e x t  r d j t a r  with 
t h e  s m a l l e s t  u n i t  o f  resolution b o l n g  a s l n g l e  atom o r  ~ - e x ~ r ~ s s l o n  
d e l l s l t e r  ( X L P  XRP or  % D l ,  

A L V I N €  has a ~ o i n t e r  whloh oan move t h r o u g h  t h e  s t r i n g  b e l n g  
e d i t e d ,  The e d i t i n g  f u n o t l o n s  a f f e c t  o n l y  t h e  s t r i n g  t o  t h e  r h h t  o f  
t h e  p o l n t e t ,  

ALVIN€ a l s o  c o n t a i n s  functions f o r  r n r n i ~ u l a t i n ~  I n ~ u t ~ o u t d u t  
f ~ l e s ,  and GRINOEF which I s  u s e f u l  f o r  p r l n t l n s  t u n c t l o n  d e f l n h ~ o n s .  

A L V I N E  1s not o r d l n a r l l ~  a r s s l d e n t  p a r t  o f  t h e  L I S P  ~ y s t e r n ,  
b u t  i s  a u t ~ m n t l c a l l y  loaded whenever  t h e  f u n t t l o n  ED i s  c a l l e d ,  

( E D  

E D  l o a d s  A L V I N E  I f  I t  1s n o t  a l r e a d y  loaded, I f  X t NIL  t h e n  
t h e  e d l t o r  i s  e n t e r e d ,  I f  X = T, t h e  e d i t o r  i s  n o t  e n t e r e d .  ~ h t s  1s 
u s e f u l  t o  load  G R I N D E F  w r t h o u t  entering t h e  editor. 

a ram t h e  t o p  l e v e l  o f  L I S P ,  ( E D )  I S  t h e  Sam9 83 ( E D  NIL). 

(SPRINT X Y 1) 

S P R I N T  p r l n t s  S-expression X I n  a $ ~ e e l a l  f o r m a t  w h h h  
auto ratio all^ i n d e n t s  according t o  p a r e n t h e s i s  l e v e l ,  Whenever a n y  
s u b - S - r x ~ r e s s l o n  o f  X cannot  f l t  entirely on t h e  same ~ r l n t j n g  l i n e ,  
vhen i t s  sub-S-express ions  a r a  p r i n t e d  on s e p a r a t e  l l n r s  with 
rnetch lng i n d e n t a t t o n ,  The  parameter  Y specif b s  t h e  l n l t i a l  l e f t  
hand column I n d e n t a t t o n ,  S P R I N T  u s e 9  C H R C T  and LINELENGTH t o  
d e t e r m i n e  t h e  number o f  c h ~ r a c t e r s  r e m a i n i n g  on t he  p r i n t  ~ T n e ,  

G R I N D E F  I s  u s e d  t o  p r i n t  t h e  d e f l n l t l o n s  o f  functions and 
v a l u e s  i n  DEFPROP f o r m a t ,  G R I N D E F  uses S P R I N T  t o  p r i n t  f u n c t f o n  
d e f l n l t l o n s  i n  a h i s h l ~  r e a d a b l e  fo rma t ,  GRINDEF o r f n t s  a l l  



~ r o p e r t l r s  o f  t h e  l d r n t l f l e r s  F l ,  F2 ,  ,,, F n  whloh a r e  I n  t h e  l h t  
X X X L  whlch I s  l n l t l a l l z e d  t o  EXPR,  FEXPRt  VALUE, M A C R O  and S P E C I A L ,  

E x a m p l e t  ( C R I N D E F  P L U S )  

(DEFPROP PLUS 
( L A M B D A  ( L )  (*EXPAND L (QUOTE * P L U S ) ) )  

MACRO) 

D e s c r l ~ t t o n  o f  t he  Command S t r u o t u r a  

Each oommand t o  A L V I N E  c o n a l s t s  o f  a s l n g l e  e h a r a o t o r  
(possibly ~ r r c e d r d  b y  a n u m b e r )  ( 0 1  l o w e d  b y  a r t r  1n0 o f  a r g u m r n t s .  
T h e s e  commands m o d f f y  t he  t e x t  f i t t r l ng  p r e s e n t l y  o e o u ~ y l n g  A L V I N E ' s  
b u f f e r ,  When t e x t  \ a  l n t r o d u c ~ d  t o  A L V I N E  a ~ o ~ n t r r  / r  a t t ached  
~ r r c r d t n g  t h e  f i r s t  o b j r c t  i n  t h e  b u f f e r ,  A L V I N E t s  command8 r l l o w  
t h e  u s e r  t o  move t h f s  pointer t h r o u g h  t h e  b u f f s r ,  A L V I N E ' 8  t e x t  
o o d l f ~ l n g  eommands o n l y  a f f e o t  t h e  s t r i n g  t o  t h e  right o f  t h i s  
p o l n t e r ,  

In t h e  f o l  lowing eommrnd d a r e r  l p t l o n 8 ,  " ~ o l n t e r  s t  !nov w l  l l 
mean t h e  s t r i n g  t o  t h e  r l g h t  o f  t h e  ~ o l n t e r ,  and HSvq w 1 I  I mean an 
a l t m ~ d e ,  A l l  o f  t he  command8 w h l o h  a l l o w  a r e ~ e t l t i o n  a r g u m e n t  n 
assume 1 I f  n Is o m i t t e d 8  

COMMAND MEANING D E S C R I P T I O N  

Prlnt the  b u f f e r  s f r 1 n a 8  No 
a t t r m p t  1s made t o  m r k o  t h r  

3 

o u t p u t  P r e t t y 8  

Ba l anoed?  Examlnes t he  number o f  ~ a r r n s  
I n  t h e  b u f f e r  string, R a t u r n s  
t h e i c o u n t  o f  l e f t  and r i g h t  3 
parens I f  u n b a l r n o r d l  o t h r r w l s e  
r e ~ I 1 e a  "BALW8 

Count F o r  r e a d a b f  I ~ Y ,  t h e  cammands f f D n ,  
~ M W ,  t l > ? ? ,  n < n t  'rSf ' ,  and " W " ,  WI 1 
~ r l n t  an  l n l t l a l  srgment  o i  the  3 
p o l n t e r  b u f f e r ,  "nCM # a t $  t h e  
l e n g t h  o f  t h l s  P r l n t l n g  s e g m e n t  
t o  n  o b j s o t ~ ~ ,  

Ds l a t e a  t h e  f I r s t  n  f t ~ b J a o t s w  
t o  the  r h h t  o f  t he  p o l n t r i ,  3 

D l  l e t r s  t he  t l r s t  n S - r x ~ r r s s l o n s  
t o  the r i g h t  o f  t h r  d o l n t e r ,  



G e t  

I n s e r t  

M a t c h  

P u t  

APPENDIX  A A-3 

GRINDEFS t h e  l d e n t l f l e r s  r e f e r r e d  
t o  by  x on d e v l c o  Y using f i l e  
name z, If X i s  a list o f  t d e n t i f l e t  
t hen  e a c h  e l e m e n t  o f  x 1s CRINOEFed 
I f  x I s  an atom, t h e n  t h o  value o f  
x i s  u s e d  a s  a l i s t  o f  atoms t o  
GRINDEF,  

G w i l l  c o n v e r t  an S-expression 
w i t h  name x  i n t o  A L V I N E  f o r m ,  m o v e  
It I n t o  t he  ALVINE b u f f e r  and 
ln!tlallze t h e  p o i n t e r  t o  t h e  l e f t  
hand end o f  t h e  b u f f e r ,  GET l o o k s  
o n  t h e  ~ r o p e r t y  l i s t  o f  x f o r  t h e  , 
f l r s t  p r o p e r t y  In t h e  l i s t  X X X L  
w h l c h  Is l n i t i a l l z @ d  t o  (FEXPR 

I ~ 

and  , 1 1 1  h a n d l e  t h e m  D t o ~ e r l ~ a  
A L V I N E  f o rma t  was d e r c r l b e d  r a r l l e r  
as a s l n e l r  l e v e l  l j s t  o f  a t o m s  
including t h e  s ~ r c l a l  atom8 XLP,  

I 

XRP,  X D ,  

I n s e r t  aomes I n  t w o  f l a v o r s t  

1. I$xIl I n s e r t  " x f t  l m r n e d l a t e ~ v  
t o  t h e  r l g h t  o ?  the  p o i n t e r ,  ~ 

2, I x $ y % l  I n s e r t  " y v  a f t e r  t h e  
f i r s t  o c c u r r e n e e  ( I n  t h e  p o i n t e r  
string) o f  t h e  s t r l n a  " x n ,  " x V  
m a y  b e  a c o r n o ~ r t s  s t r l n g  o r  
desorlbrd b y  e l l l ~ s l 8  a3 t t w a , t z ' t  
If 9" Is X t h e n  "yfl  i s  i n t r o d u c  
to t h e  e d l t o r  as t h e  o u r r e n t  
s t r  I n Q ,  

Move  t h e  p o l n t e r  n S - e x ~ r e ~ s l o n s  
t o  t h e  r l g h t  o f  t h e  c u r r e n t  n o i n t e r  
~ o s l t l o n ,  If n  i s  negative, m o v e  n 
S - r x ~ r r s s l o n s  l e f t ,  If t h e r e  i s  no 
s u o h  S - r r p r e s s l o n  t h e  ~ o l n ~ e r  i s  n o t  
moved and the  b e l l  1s sounded,  

. 
C o n v e r t s  t h e  e d t t o r  s t r l n g  f r o m  
A L V I N €  t o r m a t  t o  an S - ~ ~ ~ p r s ~ l o n  a n d  
p u t s  i t  baek on t h e  p r o p e r t y  1 1 s t  
o f  x w l t h  t h e  a p o r o o r ! a t r  ~ r o o e r t u .  I 



< t o I ~ o w s  P) same as  P e x o e ~ t  no t u n c t i b n  name 
nbcd  b e  r p r c ~ f  l a d ,  Q p u t s  t he  
S - e x ~ r e s r l o n  I n  t h6  e d T t o r  b u f f e r  
back on t h e  ~ r o ~ r r t y  ( 1 s t  o f  t h e  
I d e n t l t l e r  t h e  l r s t  G s ~ s o l f l e d ,  3 

R ~ D I ~ o I  t h e  f f r ~ t  ocourrsnor  o t  
tr % tt by  " y n e  A8 ~ l t h  " I w ,  f ? x W  may 

b e  d @ a c r / b e d  e l l l p t ~ o r ~ l ~ ~  and If 
"yqr 1s X ,  t he  f I r s t  o c a u r r a n o e  o f  
o x  " 1s d e l e t e d ,  3 

S e a r c h  t o r  t h o  n t h  b c c u r r a n c r  o f  
t he  s t r i n g  " x W  ( I n  t h e  p o t n t r r  
string), If f o u n d ,  t h r  ~ o l n t e r  18 
moved t o  t h e  b r g l n n l n g  o f  t h e  r t r  l n g  
followlno t h a t  o c c u r r r n o r ,  If l e s r  
t h a n  n  o c c u r r e n o r s , a r r  l o c r t a d ,  the 
pointer I s  ~ o s i t l o n e d  a f t e r  t h e  
l a s t  suoh o c ~ u r r o n o e .  I f  none a r e  
f o u n d  t h r  pointer 1s n o t  mbvrd ,  
I " x W  I S  n o t  ~ l v r n ,  t o r , ,  wnSSn, 
t h a n  t he  I a g t  d v r n  r e & r o h ~ s t r \ n a  
I S  Ulldn 

READS and d e f i n e 8  t h o  $ u n o t \ o n s  
s p r c l f l r d  by t h @  ( 1 s t  x f r o m  
d e v i c e  y u w l n g  z a r  r t l l r  name. 
11 x i s  a n  atom, t h e n  t h e  val.ur 3 
o t  x i s  u s r d  a8 a I b t  f u n c t l o n  
names t o  READ,  U d r l n t s  t h e  name9 
o f  t h e  t u n e t f o n r  rr i t  d r t i n e a  them. 
The s p r e l f ( o d  file m u s t  be i n  
GRINDEF t o r m a t c  

3 
P r i n t  t h e  f l r s t  b r ' l a n c r d  P r r e n  
a r c t l o n  t o  the  r l g h t  of'  t h r  D O ~ C  
I n  p a e u d o  CRINDEF f o r m a t .  

P r l n t g  t h r  b r g l n n i n g  o f  t h r  D o l n t e r  
s t r  l n g .  3 

These commands a r e  d u a l 1  t h e y  move 
t h e  string p a l n f ~ r  "nn ~ b J a a t s  t o  
t h e  r l g h t  or l e f t  ; e 8 p @ c t ) v r l ~ .  
I f  v* f a  auoh t h a t  r i t h r r  t h e  l e f t  
or right snd o f  t h e  t t r l n ~  w o u l d  b e  
r x e r e d r d ,  t h r  ~ o l n t e r  1s s e t  t o  
t h a t  e x t r e m e  and  f l b e l l v  1s t v p r d .  

T o  r e s a t  t o  t h e  e x t r e m e  l e f t  o f  
t he  string "0CW may be  u s r d ,  3 



This command r e t u r n s  control t o  
L I S P ,  A L V I N E ' J  b u f f e r  I s  [ a f t  
Intact, and returning t o  ALVIN€# 
t h e  u s e r  will f i n d  t h e  pointer a t  
t h e  l e f t  h a n d  end o f  t h e  o ( ' d  s t r  l n g ,  

B e 1  1 may b e  u s e d  d u r f n ~  any  command 
t o  r e t u r n  a o n t r o l  t o  A L V I N E 4 s  
command-l l s t e n - l o o p ,  

0 AN EXAMPLE OF A L V I N E  

N o t e !  B e l l ,  space and a l t - m o d e  a r e  r e ~ r e s r n t e d  by  W ,  , a n d  $ r r s p e c t l v e l y .  

0 ( E D )  

I X %(DEFPF?OP T E S T  (LAMBDA $ 1  t h e  gtrlnq b o u n d e d  by  w91 1s ! n t r o d u o e d  t o  
A L V I N E  

( D E F P R O P  T E S T  (LAMBDA I ~ r l n t  t h e  e n t l r e  A L v I N E  b u f f e r  
0 

0 s  
2LPS 
0 R P S  
* 
I LAMBDA $ ( X )  ( C A R  Y I  E X P R )  $ 1  a p p e n d  t h e  s t r i n g  b o u n d e d  by  "$"  to t h e  

b u f f e r  

I) 

0 B S  
4LPS 
3 R P S  
0 

I C A R  Y S ) O  ; a d d  t h e  deficient r l g h t  p a r e n  

B S  
BAL ; 

0 !b 
VS 
(DEFPROP T E S T  (LAMBDA ( X I  ( C A R  Y ) ) E X P R )  
* 
P T E S T S ;  c o n v e r t  A L V I N E  s t r i n g  t o  L I S P  function 
* 

0 9 ; e x l t  A L V I N €  

I t h e  f o l  lowlng oomrnands 
w o u l d  a l s o  h a v e  t h e  same 

i 1, "l1<ft, " I  t l S ? '  
Z 2 ,  " S Y S * ,  I $ I f  
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T S i  now t a l k l n g  t o  L I S P  
T 
( T E S T  ( Q U O T E ( A  8 ) ) )  
V 
UNBOUND V A R I A B L E - E V A L  LOSE 3 
( E D )  r r e m e n t a r  ALVINE, 
0 

ws 
(DEFPROP T E S T ;  " G t t  need  n o t  be  e x e c u t e d  s l n c e  t h e  b u f f e r  1s always l e f t  i n t a  
4 

R X % Y S  1) 
* 
P TSw I f l u 8 h  l n a o r t r ~ t  " ~ u t "  oommand by  typing b e l l ,  ( n )  
I) 

P T E S T  S 1 rrdeflnr T E S T  
I) 

9 3 
( T E S T  (QUOTE(A B ) ) ) $  ; t r y  r g a l n  
A I wln 
( E D )  
* 
5 > =  
( Y  1 
I) 

gC O ; ohan91 ~ r t n t  coun t  
I) 

M $ 
( C A R  Y ) )  
a 
E $ 
0 

A s 
(REFPROP T E S T  ( L A M B D A  t Y ) ) E X P R )  
0 

W $  
) EXPR 

0 < $ 
r (DEFPROP T E S T (  
I) 

R TEST  c t r )  % % %  
* 
A $ 
( D E F P R 0 P ) E X P R )  1 same e t t a a t  b ~ t  

1, "SDEFPROP S " ,  " 6 D "  
0 
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E R R O R  MESSAGES 

The L I S P  l n t e r ~ r e t e r  checks f o r  some e r r o r  c o n d l t l o n s  and 
p r i n t s  messages a e o o r d l n ~ l ~ ,  Many e r r o n e o u s  c o n d l t l o n s  a r a  n o t  
t e s t e d  and r e s u l t  I n  e l t h e r  t h e  wrong e r r o r  message a t  some l a t e v  
t i m e ,  o r  no e r r o r  message a t  a l l ,  I n  t h e  l a t t e r  oase t h e  s y s t e m  has 
s c v e w e d  Y O U  ( o r  I t s e l f )  w i t h o u t  oomp la fn lns ,  

When e r r o r  messages  a r e  ~ r l n t e d ,  I t  i s  u s u a l l y  d l t f i c u l t  t o  
d e t e r m l n r  t h e  f u n c t i o n  w h l c h  caused t h e  e r r o r  and t h e  f u n c t i o n s  whTch 
c a l l e d  I t ,  I n  t h t s  situation, (BAKGAG T )  w l l l  t u r n  on t h e  B A C K T R A C E  
f l a g  wh ich  causes the  h e l r a r o h ~  o f  f u n c t i o n  o a l l a  t o  b e  p r i n t e d  as 
described I n  t h e  n e x t  s e o t l o n ,  

The following Is an a l ~ h a b e t l c a l  ltstlng o f  e r r o r  messages, 
Che l r  c r u s e ,  and I n  some c a s e @ #  t h e t r  remedy, Some e r r o r  mesaaaas 
p r t n t  t w o  1 Ines,  such as:  

FOO 
UNBOUND V A R I A B L E  a EVAL 

T h e s e  messages a r e  d e s ~ r l b e d  l a s t  i n  t h e  I l a t t n g ,  and a r e  o f  t h e  
t o r n 5  

X <message> 

B I N A R Y  P R O G R A M  S P A C E  E X C E E D E D  

A R R A Y ,  E X A R R A Y ,  or  LAP has e x c e e d e d  B I N A R Y  P R O G R A M  S P A C E ,  
A L L O C A T E  m o r e  BPS n e x t  t l r n e ,  

C A N ' T  E X P A N D  C O R E  

I N P U T ,  O U T P U T ,  LOAD, or  E D  f a t  l e d  t o  expand oo re ,  Your Job  
I s  t o o  l a r g e ,  

C A N ' T  F I N D  F I L E  I N P U T  

The I n p u t  f i l e  was n o t  found,  Y O U  p r o b a b l y  t o r g o t  t o  
t h e  f l l r  name e x t e n s f o n ,  or  a l e g a l  name list, 

D E V I C E  N O T  A V A I L A B L E  

I N P U T  o r  OUTPUT f ound  t h e  speclflod devloe unava l  l a b l e ,  Some 
o t h e r  Job i s  p r o b a b l y  using i t ,  

D I R E C T O R Y  FULL 

T h e  directory o f  t h e  o u t p u t  d e v i c e  1s f u l l ,  
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DOT C O N T E X T  E R R O R  

APPENDIX 0 

READ d o e s  n o t  I  I k e  d o t s  r d J a e r n t  t o  P a t e n s  o r  ~ t h r r  d o t s ,  

F I L E  I S  WRITE-PROTECTED 

OUTPUT f o u n d  t h a t  t h e  s ~ e o l t l e d  f i l e  i s  w r l t r - ~ r o t $ ~ t e d ,  

F I R S T  ARGUMENT N O N - A T O M I C  PUTPROP 

An a t t e m p t  was made t o  PUTPROP o n t o  a n ~ n * l d @ n t j f / r r ,  

G A R B A G E D  O B l , I S T  

Some member o f  . t h e  OBLIST has been g a r b a w d ,  You a r e  fn 
t r o u b l e ,  

ILLEGAL D E V I C E  

I N P U T  o r  OUTPUT was a t t e m p t e d  t o  e l t h r r  8 n o n - r x l r t r n t  d a v l o e  
o r  t o  a d e v i o e  o f  t h e  wrong t y p e ,  I I N P U T  f r o m  t h r  
I l n r ~ r l n t s r ,  

ILLEGAL OBJECT * R E A D  

R E A D  o b j e c t s  t o  r ~ n t r c t l c a l l ~  l n o o r r e e t  S - r x d r r s r l o n g ,  

I N P U T  ERROR 

Bad d a t a  was r e a d  f r o m  t h e  s e l e c t e d  devloe, 

M O R E  THAN ONE S - E X P R E S S I O N  - M A K N A M  

MAKNAM and R E A D L I S T  o b J e o t  t o  a l l s t  whloh c o n s t i t u t e 8  t h e  
o h a r & c t r r s  t o r  more  t h a n  one S - e r p r r a a f o n ,  

NO FREE S T G  LEFT 

A l l  f r e e  s t o r a g e  Is b o u n d  t o  the OBLIST and p r o t e c t e d   el I s  
( s u e h  as  1 l s t  A R R A Y  o r  l l s), and b o u n d  var l a b  l e s  o n  e l  t h e r  t h e  
REGULAR o r  S P E C I A L  pushdown Ilst. U n b l n d l n g  t o  t h a  t o p  level 
w l l l  U S U ~ ~ ~ Y  r r l e r r r  t h e  s tora fdr ,  If Y O U  a r e  I n  a b f n d  + o r  
m o r e  t r e e  s t o r a g e ,  t r y  t o  REILLOC aa d r g o r i b r d  i n  APPENDIX C e  

NO FULL WORDS LEFT 

A l l  f u l l  w o r d s  a r e  b e f n g  used  f o r  nrlnt nemes r n d  n u m b e r s e  
Tho p r o b l e m  and I t 8  s o l u t l o n  a r e  s t m l l a r  t o  FREE SIC, 

NO I/O CHANNELS LEFT 



INPUT o r  OUTPUT fatted t o  f l n d  a f r e e  I/O channe l ,  T h r r e  1s 
a m a w l m u m  o f  1 4  aotive I/O c h a n n e l s ,  

NO I N P U T  - I N C  

n a t t e m p t  was made t o  s e l e o t  a channe l  f o r  I n p u t  ~ 7 t h  I N C  
w h l c h  was n o t  I n l t l a l i z e d  w l t h  I N P U T ,  

NO L I S T  - M A K N A M  

M A K N A M  a n d  R E A D L I S T  o b j e o t  t o  an empty  I h t ,  
(3 

NO OUTPUT OUTC 

An a t t e m ~ t  was made t o  e e l e a t  r c h a n n e l  f o r  o u t p u t  w i t h  OUTC 
w h l o h  was n o t  h l t l a l f z e d  w l t h  OUTPUT, 

0 NO P R I N T  N A M E  - INTERN 

INTERN f o u n d  a member o f  t h e  OBLIST which has no p r j n t  name. 
You a r e  I n  t r o u b l e ,  

OUTPUT E R R O R  
0 

Data  was l m p r o p r r l ~  w r l t t r n  on t h e  s e l e c t e d  o u t p u t  d s v l o e ,  
P o s s l b l ~  a w r ~ t s - l o c k e d  DECTAPE,  

OVERFLOW 

Soma a r l t h r n s t i c  f u n c t l o n  caused  o v e r f l o w  - e l t h r r  ) ) x e d  o r  
floating, 

PDL OVERFLOW F R O M  G C  - C A N ' T  CONTINUE 

T h e r e  1s n o t  enough r e g u l a r  ~ ~ 9 h d o w n  l l s t  t o  f t n l r h  g a r b a g e  
o o l l ~ c t l o n ,  Y O U  l o s e .  T r y  t o  REALLOC as d e s c r l b s d  in 
APPENDIX  C, 

R E A D  UNHAPPY - M A K N A M  

M A K N A M  a n d  R E A D L I S T  o b J e e t  t o  a l l s t  w h l a h  Is n o t  an e n t i r e  
S - a x p r e s s t o n ,  

R E G  PUSHDOWN CAPACITY EXCEEDED SPEC PUSHDOUN CAPACITY EXCEEDED 

A pushdown  1 i 8 t  h a s  o v e r f l o w e d ,  T h i s  1s u s u a l  l y  oaused b y  
n o n - t e r m l n a t  I o n  o f  r e c u r s  I a n ,  S o m e t  i m ~ s  Y O U  n e e d  t o  A L L O C A T E  
o r  REALLOC more  pushdown  l l s t .  

T O O  FEW ARGUMENTS S U P P L I E D  - APPLY T O 0  M A N Y  ARGUMENTS S U P P L I E D  - 
APPLY 
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APPLY ohaoka a l l  trl l a  on  l n t e r ~ r r t e d  t u n o t l b n a  t o t  t h e  
P r o p e r  numbr b f  argum@nts .  

X MADE ILLEGAL M E M O R Y  REFERENCE 

The f u n e t l o n  X r e f e r r e d  t o  an Illegal a d d r e s s ,  U e u a l l y  
o r u s e d  b y  t a k l n g  t h e  CAR o r  C D R  of  an atom or number, 

X N O N - N U M E R I C  ARGUMENT 

A r l t h m r t l o  f u n o t l o n r  r e q u l r e  t h a t  t h r l t  argument8  b e  numbais.  

X PROGRAM TRAPPED F R O M  

An l l l r g a l  i n g t r u c t l o n  was r x e t u t e d  I n  f u n e t l o n  X ,  

X UNBOUND VARIABLf - EVAL 

E V I L  t r l r d  t o  evaluate an ldenllfler and found t h a t  i t  had no 
v r l u r ,  You ~ r o b a b l ~  f o r g o t  t o  QUOTE some .tom t o  j n i t l r l l z e  
I t ,  

X UNDEFINED COMPUTED G O  TAG I N  

A G O  i n  some o o r n ~ t l r d  funotlon had an u n d e f i n e d  l a b e l .  
1 

X UNDEFINED FUNCTION X UNDEFINED F U N C T I O N  a APPLY 

The t u n a t f o n  X f a  n o t  defined, 

X UNDEFINED P R O G  TAG a G O  

A G O  i n  some I n t a r p r r t r d  C u n e t l o n  had a n  u n d r f l n r d  l r b e l ,  



A P P E N D I X  C 

M E M O R Y  A L L O C A T I O N  

T h e  L I S P  1,6 s y s t e m  has many different a r e a s  a t  memory f o r  
s t o r i n g  d a t a  which can i n d e p e n d e n t l y  v a r y  i n  s i z e ,  Some L ISP 
a p p l i c a t l o n a  demand l a r g e r  a l l o o a t l o n s  f o r  t h e s e  a r e a s  t h a n  o t h e r s .  
To a l l o w  u s e r s  t o  a d J u s t  t h e  S ~ Z ~ S  o f  t h e s e  a r e a s  t o  t h r l r  own needs ,  
a m e r o r y  a l l o c a t f o n  o r o c e d u r ~  exlsts, 

C , 1  Suvmary o f  Storage A l l o o a t f o n  Areas  

B I N A R Y  PROGRAM SPACE 
FREE STORAGE 
F U L L  WORD SPACE 
B I T  TABLES 
REGULAR PUSHDOWN L I S T  

S P E C I A L  PUSHDOWN L I S T  

EXPANDED C O R E  

Area f o r  o o r n ~ i l r d  f u n c t l o n r  and a r r a y s .  
Area f o r  L I S P  nodes,  
Area f o r  p r l n t  names and numbers ,  
Area  f o r  t h e  g a r b a g e  c o l l e c t o r ,  
A r e a  f o r  a l l  f u n o t l o n  c a l l s  and non- 

s ~ r o l a l  varlablrs In o o m o i l e d  f u n a t t o n s ,  
Area f o r  l n t e r ~ r r t e d  varlablrr and s ~ e c l a l  

v a t f a b l e s ,  
A r e a  f o r  I/O b u f f e r g ,  ALVINE,  LOADER, and 

any l o a d e d  p r o o r a m a ,  

Memory map 
f o r  t h e  L I S P  
1 , 6  system 

TOP OF CORE 
T""' ---- " " " - ~ - w . L w ~ o - - ~ . L ~ ~ . L I . r o - ~ I I ) *  

I 
I EXPANDED CORE I 

I 
i 

I ,,,,,,,- i. -,,- - , - - -w .L - - - - - - - - - - - - - - - -  I 
I I 
I S P E C I A L  PUSHDOWN L I S T  I 

- ~ - r - r - - m - r r r r w - r - r . ~ ~ - o ~ m ~ - - . c . ~ ~ . ~ w - - ~ ~ ~  

REGULAR PUSHDOWN L I S T  
- I ) ~ - - - - - - ~ I o " I - - ~ - - - - ~ I ) - . . - - ~ - ~ C 0 - 1 . ) - 0  

B I T  TABLES 

I FULL WORD SPACE I 
I - - - - - - - - - - - - - - - - - - - o w - e - - o - . c - - - - - - - s  I 
I I 
I FREE STORAGE I 

I B I N A R Y  P R O G R A M  SPACE I 
I - ' C - - - - , - ~ ~ , o - o , , - - L . L - - "  o-- -  I---- -".L I 
I I 
I L I S P  INTERPRETER 1 
I ---,a-"--,,-,,,---L.c-.L--..,--.L-~*o-~.IL- I 

BOTTOM OF CORE 
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When t h e  LISP sys tem i r  l n l t l a l l v  s t a r t e d ,  i t  a s k s  t h r  usor 
v o  s p e e l t y  t h e  r l x e  o f  eaoh o f  I t s  various a ~ a u e ~  as f o l  lows,  

FREE STORAGE = 10000 o 
FULL WORDS a one f o u r t h  o f  f r e e  s t o r a g ~  8 

B I N ,  P R O G ,  S P ,  o 2000 g 

R E G ,  PDL i f l a 0  + one s l x t r e n t h  o f  t r r r  s t o r a g e  = 
SPEC, POL 1000 + one sl%ternth o f  f r e e  s t o r a p r  a 
O B L I S T  SIZE 177  o 

t h e  number g l v r n  i n  b e t w r e n  t h e  ooua l  signs i s  t h e  default 
s i z e  whloh LISP w l l l  uee I t  no number 1s s u o p l ! r d ,  A8 shown above, 
f o r  romr  spaoea i t  w l l l  v a r y  w l t h  t h e  rlzes o f  o t h e r r ,  

There a r e  t h r e e  baalo r r s ~ o n 8 a a  t o  any o f  the180 
a u e s t l o n s r  

1) A o a r r f a g s  r e t u r n  w l l l  causr  the  d e f a u l t  v r l u a  
t o  b @  used, 

2 )  A number f o l l o w e d  by  a c a r r f a ~ e  r e t u r n  w t l  l 
p r ~ d ~ e e  a ~ p a o @  01 t h a t  S ~ Z Q ,  

$) An a l t m o d e  I n  Plaoe o f  a o a r r t a e e  r e t u r n  
w l l  l r e s u l t  i n  the  r r m a l n d a r  o f  t h r  q u e s t t o n s  
baing a k l p p e d  and t h e  a l l o o r t t o n  ~ r o o a d u r r  
b s l n g  e n d e d ,  

I f  you  have an r x l r t l n g  L I S P  c o r e  image b u t  have r x h a u r t e d  
o n e  o f  t h o  s f o r a g e  a reas ,  i t  I 8  ~ o s 3 l b l e  t o  i n o r e a s e  t h e  slza of t h a t  
a r e a  u r l n g  t h e  r e a l  l o c a t l o n  ~ r o c q d u r r ,  F l r r t ,  expand o o r c  w l t h  t h e  
vlme s h a r l n g  r ~ s t a m  command CORE and  t h a n  r r - e n t e r  t h r  L I S P  c o r e  
Image w l t h  t h e  S T A R T  command, For  examole, I f  t h e  o r l g l n a l  e o r r  d z r  
was 20K, you  c o u l d  l n o r a r s e  I t  by  4K as  f o l l o w r t  

When you r e ~ l l o t a t r  r a o r e  Image, a l l  a d d l t l o n a l  a o r r  1s a l l o a a t r d  

l / 4  f o r  f u l l  word space 
1 / 6 4  f o r  each pushdown I l s t ,  
t he  reme lnde r  t o  f r e e  s t o r a g e  and b i t  t a b l e s ,  
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C 8 4  B lnnry  P r o g r a m  S p a c e  

T h e  reallocation p r o c e d u r e  d o e s  n o t  I n c r e a s e  t h a  a i z e  o f  
b i n a r y  p r o g r a m  s p a c e ,  However ,  It f s  p o s s i b l e  t o  I n o r e a s e  blnary 
program space  b y  r x p a n d f n g  G o r e  w l t h  t h e  CORE ( C )  command and setting 
BPORG and BPEND t o  t h e  b e g l n n t n g  and e n d  o f  t h e  expanded  a r e a  o f  
c o r e ,  F o r  e x a m ~ l s ,  i f  you  now have  32K o f  c o r e  and want 4K more BPS,  
t o  t h e  tollowfngt 

( E X C I S E )  t o  ellmfqate I0 b u f f e r s  
+c  
, C O R E  36 
, S T  A R T  
* ( S E W  BPoRG ( T I M E S  3 2 ,  1 0 2 4 , ) )  
* ( S E T Q  BPEND ( P L U S  B P O R G  4 0 9 5 , ) )  

N o t e !  I f  you u34 t h e  reallocation ~ r o o e d u r e  r f t r r  having 
r r p a n d e d  c o r e  f o r  any  o u r p o s e ,  i t  w l l l  r e a l l o o a t e  t h i s  
nddltlonal c o r e  f o r  Its own o u r p o s e s ,  t h u s  d e s t r o y i n g  t h e  
c o n t e n t s  o f  t h e  e x p a ~ d e d  o a r @ ,  

The f o l  lowtng a r e  t h e  s t a n d a r d  aau3es f o r  e x ~ a n s l o n  o f  0 0 r e :  

1) u s l n g  110 c h a n n e l s ,  
2 )  uslns t h e  LOADER - ( L O A D ) ,  
3 )  ~ x ~ a n d l n g  c o r e  f o r  more b i n a r y  p r o g r a m  sDao@, 
4 using ( E D ) ,  
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GARBAGE COLLECTION 

41 I L I S P  s y s t e m s  h a v e  a f u n c t i o n  known  as  t h e  g a r b a g e  
c o l l e c t o r ,  This f u n o t l 0 n  a n a l y z s s  t h e  entire s t a t e  l18t s t r u c t u r e  
w h i c h  i s  p o l n t e d  t o  by  e i t h e r  t h e  OBLIST, t he  r e g u l a r  Pushdown  list, 
t h e  spralrl ~ U s h d o w n  I l s t ,  list a r r a y s ,  a n d  a few o t h e r  s ~ e o l a l  
c e l l s ,  B Y  r e e u r s l v e l ~  m a r k l n g  a l l  w o r d s  on f r e e  and f u l l  word  
s p a c e s  w h i c h  a r e  p o t n t r d  t o  i n  t h i s  manner ,  i t  i s  ~ o s s l b ~ e t o  
d e t e r m l n e  which Words  a r e  n o t  ~ o l n t e d  t o  a n d  a r e  t h e r e f o r e  g a r b a g e .  
S u c h  w o r d s  a r e  c o l l e c t e d  t o g e t h e r  o n  t h e i r  respective f r e e  s t o r a g e  
n l s t s ,  

CC causes  a g a r b a g e  c o l l e c t l o n  t o  o c c u r  and r e t u r n s  N I L .  
N o r m a l l y ,  a g a r b a g e  c o l l e o t l o n  o c o u r 3  o n l y  when e l t h e r  f r e e  o r  f u l l  
w o r d  s P a o e  has b e e n  e x h a u s t e d ,  

( G C G A G  X I  f l a g  . NIL l n i t t a l l ~ .  

G C G A G  s e t s  a s p e o l a l  f l a g  I n  t h e  l n t e r ~ r e t s r  t o  t he  v a l u e  o f  
X ,  a n d  r e t u r n s  t h e  o r e v l o u s  s e t t i n g  o f  t h e  f l a g ,  When any g a r b a g e  
c o l l e c t l o n  o c c u r s ,  i f  t h e  f l a g  # NIL,  t h e n  t h e  f o l l o w i n g  1 s  p r i n t e d !  

FREE S T O R A G E  EXHAUSTED 
FULL WORD SPACE EXHAUSTED 
n o t h i n g  

f o l l o w c s d  b y  x FREE S T O R A G E ,  y  FULL WORDS AVAILABLE 

w h e r e  x end y a r e  n u m b e r s  In' o c t a l ,  

( S P E A K )  

SPEAK r e t u r n s  t h e  t o t a l  number  o f  CONSes wh ich  have b a r n  
e x e c u t e d  I n  t h l s  L I S P  c o r e  I m a g e ,  

GCTIME r e t u r n s  t h e  number  o f  m l l l f s e c o n d s  L I S P  b a a  s p e n t  
g a r b a g e  o o l l e c t l n g  f n  t h 1 $  c o r e  Image, 

I t  Is p o s s ] b l e  t o  d e t e r m l n e  t h e  l e n g t h s  o f  t h e  f r e e  a n d  f u l l  
w o r d  f r e e  s t o r a g e  l i s t s  b y :  

( LENGTH (NUMVAL 1 5 b 8 ) )  8 l e n g t h  o f  f r e e  s t o r a g e  l j s t  
(LENGTH (NUMVAL 1 6 & 8 ) 1  l e n g t h  o f  f u l  I w o r d  I f a t  
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CQMPILED F U N C T I O N  L I N K A G E  AND ACCUMULATOR USAGE 

T h l s  append lx  I s  i n t e n d e d  t o  explain t h e  s t r u c t u r e  o f  
a o m p l l e d  f u n c t l o n s ,  f u n c t l o n  c a l l s ,  and accumu la to r  usage ,  T h i s  
d i s c u s s i o n  Is r e l e v a n t  o n l y  i f  one intends t o  f n t o r f a o e  hand e o d e d  
t u n c t l o n s  or ~ o s s f b l y  functions genera ted  by ano the r  system ( s u c h  as  
F O R T R A N )  w l t h  t h e  L I S P  system, I n  such  a case, i t  1s h l g h l y  
recormended t h a t  one e x a m i n e  t h e  LAP c o d e  generated by  t h r  L I S P  
a o m p l l e r  f o r  some f a m t l i a r  f u n c t l o n s ,  

ACCUMULATOR USAGE T A B L E  

s weans  " sac redu  t o  t h e  I n t e r p r e t e r  

P p e a n s  " p r o t e c t e d w  d u r i n g  garbage  collection 

N I L  = 0 
A = 1 

T E M P O R A R Y  S T Q R A G E  

Header f o r  t h e  atom N I L ,  
R e s u l t s  f r om t u n o t l o n a ,  1st a r g  t o  

f u n c t  I ons  
2nd  a r e  
3 r d  a r q  
4 t h  a r u  
5 t h  a r g  
u s e d  f o r  LSUBR l t n k a g e  

r a r e l y  used i n  t h e  I n t e r p r e t e r  
r a r e l y  u s e d  I n  t h e  I n t e r d r e t e r  

r e g u l a r  pushdown l l s t  ~ o l n t e r  
t r e e  s t o r a g e   fat p o l n t s r  
f u l l  w o r d  l l s t  p o l n t a r  
specla1 D U S ~ ~ O W ~  list p o i n t e r ,  

Whenever a L I S P  f u n c t l o n  i s  c a l l e d  f rom a c o m ~ l l s d  functlan, 
It i s  assumed t h a t  a l l  a c c u m u l a t o r s  f rom 2 t h r o u g h  13 a r e  d e 8 t r o ~ e d  
by t h e  t u n o t l o n  u n l e s s  i t  Is otherwise known, T h e r e f o r e ,  l o c a l  
v a r l a b l e ~  and ~ a r a r n r t r r s  I n  a ~ 0 m ~ I l e d  f u n c t l ~ n  s h o u l d  b e  s a v e d  i n  
some p r o t e c t e d  c e l l s  such a s  t h e  r e g u l a r  pushdown I l e t ,  T h e  PUSH and 
POP I n s t r u c t l o n s  a r e  c a n v e n l e n t  f o r  t h i s  p u r ~ o s e ,  

SPECIAL V A R I A B L E  B I N D I N G S  

S p e c l a l  var  l a b l e e  I n  corn01 l e d  f u n c t l o n s  rrr  bound t o  s p a o l a l  
e e l  I s  b y ;  
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PUSHJ P ,  SPECBIND 
0 n d i ,  v a r s i  
0 nb2,  v a r d 2  

SPECBIND s a v e s  t h e   revf four valurs o f  varrl o n  t h e  s p e o l a l  pushdown 
n l s t  and b l n d s  t h e  e o n t e n t s  o f  ~ t o u m u l a t o r  n d l  t o  eaoh v a r d t .  t h e  
v a t d l  m u r t  b e  ~ o f n t e r s  t o  S P I O ~ ~ ~  08118  o f  I d @ n t l f l ~ r s ,  Any n41.0 
aau3as  t h e  v a t 4 1  t o  b e  bound  t o  N IL ,  

S ~ e c l a l  v a r l a b l r s  a r e  r e s t o r e d  t o  t h e i r  p r r v ~ o u r  vrlurr by1  

PUSHJ P,SPECSTR 

which s t o r e s  t h e  v a l u e s  ~ r r v l o u g l ~  saved o n  t h e  r p e c l a l  dushdown l l s t  
I n  t h e  a ~ ~ r o o r l a t e  ~ ~ e c f a l  c e l l s I  

NUMBERS 

To c o n v e r t  t h e  number i n  A f r o m  i t s  L I S P  r r p r r r e n t r t l o n  t o  
machlne r e ~ r e s e n t a t f o n  use: 

PUSHJ PbNUMVAL 

which r e t u r n s  t he  v a l u e  o f  t he  number i n  A ,  and i t s  t y d e  ( e l t h r r  
F I X N U M  o r  FLONUH) In 0 ,  

To o o n v e r t  t h e  number I n  A f r o m  i t s  machlnr r r ~ r r a a n t a t l o n  t o  
L I S P  r r p r e s r n t a t l o n  use r l t h e r l  

PWSHJ P , F I X l A  t o r  F I X N U M S  
o r PUSHJ P ,  MAKNUM w l t h  t v ~ e  i n  B ,  

B o t h  o f  t h e  above  f u n c t j o n s  r e t u r n  t h e  L I S P  nurnbrr I n  A ,  

FUNCTSON CALLING 

To a l l o r  ease i n  l l n k l n g ,  d @ b u g g l n g ,  a n d  m o d i f y \ n o  o f  
e o m p l l e d  f u n e t l o n s ,  a l l  c o m p l i e d  functions c a l l  o t he r  f u n c t i o n s  w l t h  
a p e c l a l  o ~ c o d r s  c a l l e d  U U O s ,  S e v @ r a l  ~ a t e g 0 r I e 8  o f  f u n e t l o n  o a l l s  
a r e  d l s t l n g u l s h e d :  

1) C a l l s  o f  t h e  f o r m  ( R E T U R N  (FOO X ) )  a r e  o r l l b d  t e t m l n r l  o a l l r  
and ~ s s e n t f a l l ~  "Jumpw t o  FOQ, 

2 )  C a l l s  o f  t h e  f o r m  ( F  X I  where  F I s  8 c o m p u t e d  (unction namr 
o r  f u n o t  l onp I argument  I s  oa l l e d  o f u n e t  1 onr l oa l I ,  

The f u n c t l o n  c a l l i n g  IJUOS a r e !  



non-functional 
f u n c t l o n a l  

CALL n,t JCALL n r f  
CALLF n t f  JCALLF nmt 

w h e r e  f i s  e l t h e r  t h e  a d d r e s s  o f  a t o m p l l e d  f u n c t l o n  o r  a ~ o i n t e r  t o  
v h e  idsntlfler f o r  t h e  f u n ~ t l o n ,  and n s ~ e o i f  l e s  t h e  ~YDI o f  f u n a t i o n  
b e i n g  c a l l e d  as f o l l o w s l  

s p e o l f f e s  a SUBR c a l l  w i t h  n a r g u m e n t s  
s p e C l f i e s  a LSUBR o a l l  
s p e o l f l e s  a FSUBR o a l l r  

The f u n c t i o n  c a l l l n g  UUOs a r e  d e t f n e d  f n  MACRO b y 1  

OPDEF CALL ~ 3 4 B 8 1  
OpOEF JCALL C35083 
OPDEF CALLF ~ 3 6 8 8 1  
QPDEF JCALLF ~ 3 7 8 8 1  

( N O U W O  X )  f l a g  a T l n f t l a l l ~  

NOUUO s e t s  a s ~ e c l a l  f l a g  I n  t h e  c o m p l l r d  function c a l l i n g  
mechanism t o  t h e  v a l u e  o f  X and  r e t u r n s  t h e  previous s e t t i n g  o f  t h e  
f l a g ,  C o r n p l l r d  f u n o t l o n s  i n l t i a l l ~  c a l l  o t h e r  f u n o t l o n a  w i t h  function 
Gal llne UUOs w h l c h  " t r a p "  I n t o  t he  U U O  m e a h a n l s m  o f  t h e  i n t e r p r a t e r .  
O r d l n a r  l l y ,  such f u n c t l o n  c a l  I s  I n v o l v e  s e a r c h l n s  t h e  p r o d e r t ~  l l s t  
o f  t h e  f u n c t l o n  b e t n g  c a l l e d  f o r  t he  f u n c t l o n a l  ~ r o P e t t y ,  and t h a n  
( d e p e n d i n g  on w h e t h e r  t h e  f u n c t l a n  1s complied o r  an $ - a x e r e s a l o n )  
t h e  function I s  c a l l e d ,  

If t h e  NOUUO f l a g  I s  s e t  t o  N I L ,  t h e n  t h e  o v e r h e a d  i n  calling 
a C O ~ P ~  l e d  f u n c t i o n  f r o m  a c o m ~ \ l e d  f u n c t i o n  can b e  eliminated by  
r e o l a c l n g  t h e  CALL b y  P U S H J  a n d  JCALL b y  JRST, CALLF and JCALLF a r e  
n e v e r  c h a n g e d ,  

H o w e v e r ,  t h e r e  a r e  s e v e r a l  d a n g e r s  and r e s t r t c t i o n $  when 
u s i n g  (NOUUO N I L ) ,  Once t h e  UUO 's  h a v e  b e e n  r e p l a c e d  b y  PUSHJ 'S  t h e n  
I t  Is n o t  possible t o  r e d e f l n e  o r  T R A C E  t h e  f u n c t l o n  b e f n g  @ a l l a d ,  
1 t  i s  t h e r e f o r e  r ecommended  t h a t  aomp l  l e d  functions be d e b u g g e d  w j t h  
(NOUUO T I *  

SUBR L I N K A G E  

S U B R s  a r e  c o m p t l e d  EXPRs which  a r e  t h e  m o s t  common t y p e  o f  
f u n c t i o v ,  C a n s e s u e n t l y ,  considerable e f f o r t  h a s  b e e n  made t o  make 
n l n k a g e  t o  SUBRs efficient, 

A r g u m e n t s  t o  S U B R s  a r e  s u p ~ l f e d  i n  a c c u m u l a t o r s  i t h r o u g h  n, 
t h e  flrst a r g u m e n t  f n  1, T h e r e  I s  a maxlmurn o f  5 a r o u m e n t s  t o  SUBRs, 

To c a l l  a SUBR f r o m  C O ~ P I  l e d  c o d e ,  u s e  o a l l  n,FUNC, w h e r e  n 
1s t h e  number  o f  a r g u m e n t s ,  a n d  c a l l  Is t h e  a p ~ r o p r l a t e  UUO,  
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The r e s u l t  f rom a SUBR l a  r e t u r n e d  I n  A ( a  11, 

FSUBRs r e c e f v r  one a r g u m e n t  i n  A and r r t u r n  t h e i r  r e s u l t  i n  
A ,  FSUBRs  wh leh  use t h e  A - L I S T  C o a t u r r  c o l l l  

PUSHJ PI * A M A K C  

which g e n e r a t e s  i n  B a number e n c o d l n o  t h e  s t a t e  o f  t h e  r p e o l a l  
mushdown p o l n t a r ,  T o  o a l l  a FSUBR, urr o a l l  1 7 8  FUNC, h e r e  o o l  l i s  
t h e  r ~ ~ r o o r l r t e  UUO, 

LSUBR LINKAGE I 

LSUBRs a r e  s!ml l a r  t o  SUBR8 e x e r p t  t h a t  t h a y  a l  l o w  an 
r r b l t r a r ~  number o f  arguments  t o  be  ~ a s a e d ,  To o a l l  a LSUBRI t h e  
f o l l o w l n o  s r a u e n t e  f a  used!  

PUSH P, C r e t l  l r e t u r n  a d d r e s s  
PUSH P 1  a w l  11st argument 

PUSH';: r r s n   nth and l a s t  argument  
M O V N I  T,n ;minu8 number o f  arguments 
o a l l  1 6 , f u n c  j t h e  r ~ ~ r o ~ r i a t r  UUO 

t e t I  I t h e  LSWBR r e t u r n s  h e r e  

When a LSUBR l a  e n t e r e d 1  It e x e c u t r s l  

whleh lnltlallzrs t h e  LSUBR,  A will t o n t a l n  n ,  The l t h  aigumrnt 
oan b e  r q f e r e n c e d  b y !  

M O V E  A ,  a l - i ( P )  

~ x t t  f r o m  an LSWBR with 

which r e t u r n s  t o  *LCALL t o  r e s t o r e  t h e  s t a o k ,  
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APPENDIX  F 

THE LISP COMPILER 

b y  W h l t f l e l d  D i f f T e  

The L I S P  c o m p i l e r  i s  a L I S P  p r o g r a m  wh lch  transforms L I S P  
f u n c t i o n s  d r f l n e d  by S - e x p r e s s i o n s  l n t o  LAP a s s e m b l y  c o d e ,  T h l a  can 
be  l o a d e d  l n t o  b l n a r y  p r o g r a m  s ~ a c e  by  L A P  ( L I S P  A s s e m b l y  P r o g r a m ) ,  a 
o o m b i n e d  assembler  and l o a d e r ,  w h i c h  p r o d u c e s  a b s o l u t e  machina code 
I n  c o r e ,  

C o m ~ l l e d  f u n c t t o n ~  a r e  a ~ p r o x l m a t e l y  t w e n t y  t i m e s  a s  f a s t  as 
i n t e r p r e t e d  functions, C o m p l l e d  f uno t ! ons  a l s o  t a k e  up l e e s  memory 
s p a c e  a n d  r e l l e v e  t h e  g a r b a g e  ~ o l l e c t o r  f r o m  m a r k l n g  function 
d e f l n l t i o n a ,  I n  a v e r y  l a r g e  s y s t e m  o f  f u n c t t o n s ,  t h ~ s  l a s t  p o i n t  t s  
p a r t l o u l a r l y  s l a n l f l c a n t ,  

The  L I S P  c 0 m ~ l l e r  exlsts as t h e  s y s t e m  p r o g r a m  COMPLR, r ~ d  1s 
c a l l e d  b y  t h e  I n c s n t a t l o n  ' R  C O M P L R , '  Once s t a r t e d ,  I t  l r  i p b k e n  t o  
i n  t h e  same d l a l e c t  as  any o t h e r  L I S P l  

USE OF THE C O M P I L E R  

(COMPL , "F ILENAME - LIST") 

The f u n o t l o n  COMPL t a k e s  as a r g u m e n t s  a n  a s s o r t m e n t  o f  f l l r  
names and d e v l c e  names I n  p r e o i s e l ~  t h e  same way a s  t h e  t u n o t i o n  
D S K I N ,  The d e f a u l t  d e v f c e  t o  b e  u s e d  f o r  i n p u t  I n  t h e  e v e n t  t h a t  
none i s  s u ~ p l l e d  i n  t h e  a r g u m e n t  s e q u e n c e  i s  g i v e n  by  t h e  v a l u e  o f  
v h e  v a r i a b l e  I N D E v ,  There 1s no ~ r o v l s l o n  f o r  sprclflcat)on o f  an 
o u t p u t  device I n  t h e  a r g u m e n t  s e q u e n c e ,  If t h e  o u t p u t  18 wanted  o n  
some d r v l c e  o t h e r  t h a n  t h e  u s e r ' s  dlsk a r e a ,  t h e  v a r i a b l e  OuTDEV must 
be s e t  t o  l n d l e a t e  thts d e s l r e ,  A l l  e r r o r  rnessaQes and gommrnts  a r e  
n o r m a l  l y  d l r e o t e d  t o  t h e  t e l e t y p e ,  They c a n  b e  s e n t  t o  some o t h e r  
d e v t c e  b y  t s e t t l n e  t h e  v a r i a b l e  L I S T I N G ,  F \  18s  ~ r o d u c r d  by the  
o o m p l l e r  h a v e  t h e  f f  lename extension L A P ,  

(COMPL FOO s Y S :  T R A C E )  

w I I I  c a m p t l e  t h e  f l l e  FOO f r o m  t he  u s e r s  d l s k  a r e a  
and  t h e  f i l e  T R A C E  f r o m  t h e  s y s t e m  a r e a  t o  p r o d u e e  

t h e  files FO0,LAP and  T R A C E , L A P  on t h e  u s e r s  d l s k  
area ,  

( S E T Q  I N O E V  (QUOTE D T A 2 l ) )  ( S E T Q  QUTDEV (QUOTE ( 2 , D A V ) ) )  
( S E T Q  L I S T I N G  ( Q U O T E  ( U S K I  C M P M S G ) ) )  
(COMPL H A T  S Y S t  SMILE) 



w l l l  compile t h e  f l l r  H A T  f r a m  D T A 2 1  and t h e  t I l r  
S M I L E  f r o m  S Y S I  t o  ~ r o d u ~ e  t h e  f !  l e s  HAT,LAP a n d  
SMILE,LAP on t h o  d l s k  a r e a  C2,0AVa, A l l  o o r n ~ l , l @ r  
messages  w f  I I  appear as  t h e  f i l e  CMPMSC on t h e  
U S @ P ' S  d1sk a r e a ,  

P R E P A R I N G  FILES TOP COMPILATION 

I n  p r r p a r l n o  a f l l r  f o r  e o m ~ l l r t l o n  t h r r r  4 r r  s e v e r a l  t h l n g s  
t h a t  t h e  u a r r  i s  we1 l a d v i s e d  t o  bear  I n  m l n d ,  

1) A l l  n o r m a l  f u n c t l o n  d r t l n l n o  t u n c t l o n s  a r e  a c e e p t r b l e  t o  t h r  
complier, Functions d e t l n r d  b y  DE,  DF, a n d  DEFPROP, a n d  m r e t o s  
d r f l n e d  by DEFPROP o r  DM, w i l l  be  c o r r r c t l Y  u n d e r s t o o d ,  

2 )  Any f u n e t t o n  w h l c h  I s  unknown t o  t h e  o o m p l l e r  when i t  i r  f i r s t  
o b l  l g e d  t o  Q e n e r a t e  a o a l  l t h e r e t o ,  w l  l l b e  ~ s s u m @ d  t o  b r  an EXPR o r  
S U B R ,  I f  o t l l r  c o n t a f n s a t u n e t l o n o f  a n y  o the r  ~ Y D I  whloh 
c a l l e d  by  a f u n ~ t b n  d e f l n e d  earlier f n  the  f i l e ,  i t  m u r t  b e  d r o l a t r d  
v o  t h e  o o m ~ l l r r  w i t h  one o f  t h e  a t a t r m r n t s r  (DEFPROP t u n  T @FSUBR)  
or (DEFPROP f u n  T * L S U B R )  r o  t h a t  t he  compl  l o r  will know how t o  r o t  
UP I t s  a r g u m e n t n ,  

3 )  Any v a r l a b l e  which o c c u r s  f r e e  i n  any f u n e t l o n  murt b e  d r o l a i r d  
S P E C I A L  ~ r l o r  t o  t h e  d e f  l n l t l o n  o f  a n y  function whloh b l n d 8  i t ,  
lhis may h r  done w l t h  a a t a t e m a n t  o f  t h e  f o r m  ' ( D E F P R 0 P v . r  T 
SPECIAL) , '  

4 )  A S  maorag a r e  functions w h i c h  a r e  r o t u r l l y  e x e c u t e d  a t  a o r n ~ l l e  
t l m r ,  t h e l p  d r t b / t ? o n r  m u s t  o e c u r  sarllrr i n  t h e  ? 1 1 e  t h a n  r n v  
f u n c t l o n  w h l e h  P D D ~ P I S  t o  them,  I f  t h i s  1s n o t  done, t h r  maor0 will 
b e  mlstaken t o r  a n  u n d e t l n s d  EXPR, 

C O M P I L E R  MESSAGES 

CI t h e  c o m ~ / l e r  g o e s  a b o u t  i t s  b u s l n @ s s ,  I t  w t  l l  make v a r i o u s  
aommrnts  and e o m p l a l n t s  a b o u t  Your code ,  

1) As t h e  a o m ~ f l a t l o n  o f  each f u n c t i o n  Is o o m ~ l e t e d ,  i t s  name wlll b e  
v y p e d  o n  t h e  t e l e t y p e  w i t h o u t  o a r c i a g o  r e t u r n ,  Any Other m @ 8 ~ a ~ ~  
w l l l  b e  r t o o d  o f f  b y  c a r r l a ~ r  r e t u r n s  above  and b e l o w ,  3 

2 )  Whenever  t h e  o o m p t l e r  discovers a t r e e  v a r i a b l e  w h l o h  has n o t  b e e n  
d e o l w e d  s ~ s e l a l ,  i t  d e c l a r e s  i t ,  A t  t h e  end o f  a n y  f u n c t f o n  I n  
which It f o u n d  such v a r i a b l e s  It will ~ r h t  o u t  t h r  rn rssrga t  

( S P E C I A L  w a r 1  var2  e t c , ) ,  3 

3 )  I f  a p r o g  variable I s  unused i n  a f u n o t l o n  t h e  c o m ~ l l r r  w i l l  ~ r l n t  
Che message ( U N U S E D P R O C V A R  v a r n a m e ) ,  I t  w l  l l  a l s o  declare t h e  
variable s ~ e c l a l  o n  t h e  t h e o r y  t h a t  i f  i t  was n o t  u s e d  t h e r e ,  i t  nuat  
have  b e e n  u w d  sornqwhere e l s e ,  

3 



4 )  Many m i n o r  e r r o r s  I n  u s e r  c o d e  w l l l  u n f o r t u n a t e l y  go u n d e t e o t s d .  
Any s e r l Q u 8  e r r o r  w i l l  t h e  *USER E R R O R *  f o l l o w 8 d  b y  a 
d e s c r i p t i o n  o f  what Was w r o n g .  T h l s  w l l l  h a l t  t h e  c o m p l l r r ,  

5 )  The e r r o r  message  *COMPILER E R R O R *  indicates a b u ~  i n  t h e  c o m ~ i l e r .  
P l e a s e  r e p o r t  this t o  W h f t f l e l d  g l f f t e ,  

6 )  k h e n  t h e  0 0 m ~ l l e r  has  t l n l s h e d ,  I t  ~f 1 1  t y p e  o u t  t h e  name o f  t h e  
f l l e ,  t h e  number  o f  w o r d s  o f  c o d e  p r o d u c e d  a n d  t h a  t i m e  t a k e n ,  
F o l l o w l n ~  t h e s e  w i l l  b e  l i s t s  o f  any  f u n c t t o n s  c a l l e d  b u t  n o t  d e f i n e d  
i n  t h e  f l  l r  a n d  a n y  a u x i  l i a r y  f u n o t t o n s  t h e  t o m d  l e t  g e n e r p t e d ,  

U S I N G  COMPILED CODE 

As LAP i s  s e l f  l o a d i n g ,  t he  l o a d l n o  o f  c o m ~ l l e d  f i l e s  1s t h e  
same a s  f o r  I n t e r p r e t e d  functions, The a l l o c a t t o n s  must b e  ohangad,  
h o w e v e r ,  t o  r e f l e c t  t h e  p a s s a g a  o f  t h e  c o d e  f r o m  f r e e  s t o r a g e  t o  
b f n a r ~ ,  p r o g r a m  space ,  The c o r r e c t  s i z e  o f  t h e  l a t t e r  1s t h a  size o t  
t h e  p r o g r a m  as  s t a t e d  a t  t h e  end o f  c o m p l l a t l o n ,  p l u s  the  l e n g t h  o f  
l a p  k h l c h  Is a b o u t  500(8) w o r d s ,  

The f o l n o w i n g  e x a m p l e  I I I u ~ t r a t e s  v a r ( o u s  BBPIC~S o f  t h e  
complier's behavior, We shew a c o l l r c t l o n  o f  functions, t h e  LAP 
c o d e  g e n e r a t e d  f r o m  i t ,  and t h e  comments  made b y  t h e  complier I n  t h e  
P ~ O C ~ S S ,  

THE FUNCTIONS 

(DM F I R S T  ( L )  ( C O N S  @ C A R  ( C D R  L ) ) )  ; m a c r o  d e f i n e d  a t  b e g l n n l n g  

(DEFPROP I T  T SPECIAL)  ; s p e c l a (  d e c l a t a t l o n  

( D E F P R O P  MAPCONS ; t h e  I n t e r n a l  lambda 
( L A M B D A  ( I T  L I S T )  I b e c a r n r s  a s e p a r a t e  f u n c t i o n  

(MAPCAP (FUNCTION ; t h u s  t h e  v a r l a b l e  IT m u s t  
(LAMBDA ( X I  I b e  made ~ ~ e ~ i ~ l  

( C O N S  I T  X I ) )  
L I S T )  

EXFR 

(DEFPROP COUNTM 
( L A M B D A  ( S E X P R )  

( P R O G  ( C O U N T )  ; t h e  v a r i a b l e  COUNT has  n o t  b e O n  
( S E T Q  COUNT 0 )  ; d e c l a r e d  s p e c i a l  and w i l l  b e  t r e a t e d  
( C O U N T I  S E X P R )  ; a s  l o c a l  
(RETURN C O U N T ) ) )  

E X P R  1 

( D E  C O U f u T l  ( S S )  
( C O N D  ( ( A T O M  S S )  NIL)  

(1 ( INCR COUNT) i h e r e  It 1s d l a o o v e r e d  t o  b e  s ~ e c i ~ l  
( C O U N T 1  ( F I R S T  S S ) )  ! b u t  t o o  l a t e  



t D E  SCALE ( N O )  i t h l s  v o r l a b l e  l a  found  t o  
(TINES NO S C A L E F ) )  ; b e  s ~ r o l r l ,  i n  g o o d  t I m ~  

(OF SETQQ (I.) ( S E T  ( C A R  L ?  ( C A D R  L ) ) )  

( S E T Q  SCALEF 3 )  r t h l r  wlll b *  o u t p u t  unchanwd 

THE RESULTING LAP 

l n o t r  t h a t  t h e  macro drflnltton and t h e  s ~ e c l a l  drclrratlon have  
;been  g o b b l e d  UP b y  t h e  compl l e t .  

( L A P  MAPCONSG0220 SUBR) i t h b  Is t h r  f u n c t l o n  
( M O V E  2 ( S P E C I A L  I T ) )  ; g e n e r a t e d  by t h e  
(JCALL 2 ( E  X C O N S ) )  i I n t e r n a l  lambda 
N I L  ~ l n  MAPCONS 

(LAP MAPCONS SUBR)  
(JSP 6 SPECBIND) 
( 0  2 (SPECIAL I T ) )  
( M O V E 1  1 (QUOTE M A P c O N S C ~ ~ ~ ~ ) )  
(CALL 2 ( E  M A P C A R ) )  
( J R S T  0 S P E C S I R )  
N I L  

(LAP COUNTM S U B R )  
(PUSH P 1) l t h l s  c o d e  I s  I n  e r r o r  
( P U S H  P ( c  0 0 ( Q U O T E  0) 0)) ;due  t o  t h e  f a l l u r ~  
( C A L L  I ( E   COUNT^)) r t o  mrkr  COUNT a p ~ e i r  I 
( M O V E  1 0 p )  
( S U B  P t C  0 0 2 2 ) )  
(POPJ P )  
N I L  

( L A P  C O U N T I  S U B R )  
(PUSH p 1) 
(CALL 1 ( E  A T O M ) )  
(JUMPE 1 G 0 2 2 9 )  
( M O V E 1  1 (QUOTE N I L ) )  
( J R S T  0 G0228)  

C0229 [ M O V E  1 ( S P E C I A L  C O U N T ) )  I r e f e r r n c e  t o  t h e  r ~ r c l ~ l  
(CALL 1 ( E  INCR)) l v a r l a b l r  COUNT, whjoh h r s  
( H L R t )  1 0 P )  r n o t  been  bound ~ t 0 0 8 r l Y  
(CALL 1 ( E  C O U N T % ) )  
(HRRLe 1 0 P )  
(CALL 1 ( E  C O W N T I ) )  

C0228 (SUB P  ( C  0 0 1 1 ) )  
(POPJ P I  
N I L  



(LAP S C A L E  S U B R )  
( M O V E  2 ( S P E C I A L  S C A L W ) )  JSCALEF 1s a t r e e  variable 
(JCACL 2 ( E  +TIMES)) i o o r r e c t l Y  d a t e c t e d  

i i  N I L  

( L A P  SETQQ FSUBR)  
( H R R Z e  2 1) 
( H L R t Q  2 2 )  
( H L R Z @  i 1) 
(JCALL 2 ( E  S E T ) )  
N I L  

THE COMPILER'S O P I N I O N  

c MAPCQNSG0220 MAPCONS COUNTM 
(SPECIAL C O U N T ?  l ~ ~ e c t a l  found t o o  l a t e  
C O U h T 1  
(SPECIAL SCALEF) lsoeclal f o u n d  I n  t i m e  

I, S C A L E  S E T Q Q  

(CMP , CMP) COMPILED 41 WORDS 3 C O N S T A N T S  1 SECONDS 

U N D E F I N E D  F U N C T I O N S  
I N C R  

L GENERATED F U N C T I O N S  
MAPCQNSG8220 
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LAP I s  a p t i m t t l v e  a s s e m b l e r  d e s l g n e d  t o  l o a d  t h e  o u t p u t  o f  t h e  
~ o m p l l e r ,  N o r r n a l l ~ ,  I t  Is n o t  necessary t o  u s e  LAP tor any  o t h e r  a u r ~ o s e ,  
LAP  Is s e l f  l o a d i n g ,  

T h e  f o r m a t  o f  a ~ o r n p l l e d  f u n a t t o n  I n  LAP Is: 

( a e a u e n c e  o f  LAP Instructions> 

N I L  

where  name Is t h e  name o f  t h e  funotion, and t y p e  f s  either s U B R ,  LSUBR,  
o r  FSUBR,  

A L A P  Instruction I s  e l t h e r t  

1, A l a b e l  w h l ~ h  Is a non-NIL Identifier, 

2 ,  A ( 1 s t  o f  t h a  f o r m  

(OPCQDE A C  A D D R  I N D E X )  

a ,  The  Index field i s  o p t i o n a l ,  

b ,  T h e  o p c o d e  i s  r l t h e r  8 P D P - 6 / 1 0  ( n a t r u c t l o n  
w h i c h  1s defined t o  L A P  a n d  optionally s u f f \ x e d  
b y  p w h i c h  d e s i g n a t e s  l n d l r e c t  o d d r e s s l n p ,  o r  
a number w h l c h  s ~ e c l f l e s  a n u m e r l o a l  o p o o d s .  

c ,  T h e  A C  and I N D E X  f l e l d s  s h o u l d  c o n t a l n  a number 
f r o m  0 t o  1 7 ,  o r  P  w h l e h  designates r e ~ l s t o r  1 4 ,  

d ,  T h e  A D D R  fleld may b e  a number,  a l a b e l ,  o r  a 
Ilst o f  one of the t o l l o w l n g  f o r m s t  

(QUOTE ~ a e x p r e s s l o n )  t o  r e f e r e n c e  list s t r u c t u r e .  

(SPECIAL x )  t o  r e f e r e n c e  t h e  v a l u e  o f  
identlfler x ,  

( E  f )  t o  r e f e r r n o e  t h e  f u n c t i o n  f .  

( C  OPC(1OE A C  AODR I N D E X )  t o  r e f e r e n c a  a I l t e r a l  c o n s  

F o r  r x a r D I e ,  t h e  l u n c t l o n  ABS c o u l d  b e  deflnedr 
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(LAP ABS S U B R )  
(CALL 1 ( E  N U M V A L ) )  
( M O V M S  0 1) 
(JCALL 2 f E  M A K N U M ) )  
N I L  
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T H E  LOADER 

A m o d l f  f e d  v e r g i o n  o f  t h e  s t a n d a r d  POP-6 /10  
MACRO-FAIL-FORTRAN l o a d e r  Is a v a i l a b l e  f o r  u s e  i n  L I S P ,  One can call 
t h e  n o a d e r  I n t o  a L I S P  c o r e  Image  a t  any t i m e  b y  e x e o u t l n g ;  

(LOAD X I  

When a I s  t y p e d ,  y o u  a r e  I n  t he  (LOAD X I  l o a d e r ,  and t h e  l oade r  
cornrand s t r l n g s  a r e  e x p e c t e d ,  A S  s o o n  a s  an a l t m o d e  18 t y d e d ,  t h e  
n o a a e r  f l n l s h e s  and e x l t s  b a c k  t o  L I S P ,  

The l o a d e r  i s ~ l a c e d  i n e x o a n d e d  c o r e .  I f  X s N I L  t h e n  
n o a d e d  p r o g r a m s  a r e  p l a c e d  i n  e x p a n d e d  c o r e ,  o t h e r w i s e  ( j i  X $ N I L )  
vhe9 a r e  p l a o e d  I n  B I N A R Y  PROGRAM SPACE, 

The l o a d e r  r e m o v e s  Itself and c o n t r a c t s  oo re  when It f a  
f i n i s h e d ,  I n  t h e  following d l s c u s s l o n  a "RELOCW p r o g r a m  w ' i l l  r e f e r  t o  
any D r o g r a m  w h l c h  1s g u f t a b l r  f o r  l o a d h g  w i t h  t h e  l o r d r r ,  The 
o u t p u t  o f  F O R T R A N ,  M A C R O  o r  F A I L  I s  a RELOC P r o g r a m ,  

(EXCISE)  

EXCISE c o n t r a c t s  o o r e  t o  i t s  I rn fJ th a f t e r  ALLOCATION o r  t h e  
l a s t  START, T h l s  r e m o v e s  I/O b u f f e r s ,  and a l l  R E L O C  p r o g r a m s ,  

* G E T S Y M  sea rches  t h e  D D T  symbol t a b l e  f o r  t he  symbo l  S and i f  
f o u n d  r e t u r n s  I t s  v a l u e ,  o t h s r w l s e  i t  r e t u r n s  N I L ,  

( G E T S Y M  "P" ' ' S s l W  " ~ 4 2 "  , , , WSdn") 

GETSYM s e a r c h e s  t h e  O D 7  symbo l  t a b l e  f o r  e a c h  o f  t h e  symbols Ssl 
a n d ~ l a c e s  t h e  v a l u e  on t h e  ~ r o p e r t y  list o f  S h l  under  p r o o e r t y  P,  

Exarpler ( G E T S Y M  S u B R  D D T )  

T h l s  Gauges D D T  t o  b e  d e f l n e d  as  a SUBR l o o a t e d  a t  t h e  v a l u e  
o f  t h e  s y m b o l  D D T ,  

N o t e :  I n  o r d e r  t o  l o a d  t h e  symbo l  t a b l e ,  e i t h e r  / S  o r  / D  m u s t  be  
t y p e d  t o  t h e  l o a d e r ,  ~ Y m b o l a  which a r e  d e c l a r e d  INTERNAL a r e  
a l w a y s  I n  t h e  symbol  t a b l e  without t h e  / S  or / D ,  I n  t h e  c a s e  
o f  m u l t l ~ l ~  d s f l n e d  s ~ m b o l s t  1 ,em# a ~ Y m b O l  u s e d  I n  more  than  
one  R E L O C  p r o g r a m ,  a symbo l  d e c l a r e d  I N T E R N A L  t a k e s  
p r e o e d a n c e r  t h e  l a s t  symbo l  otherwise, 
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*PUTSYM e n t e r s  t h e  rymbol S 1 n t 0  t h e  DDT rvmbo l  t a b l o  w l t h  
v a l u e  V ,  

PUTSYM Is used  t o  p l a c e  e u m b o l s  I n  t h e  DOT symbol trbl'r. I t  
X h  i s  an a t o m  t h e n  t h e  symbol X I  I Is  laced I n  t h e  8vmbo 1 t a b l e  w l t h  
i t s  v a l u e  ~ o l n t l n g  t o  t h e  atom X b 1 ,  I f  X c l  18 a I l s t ,  f h r  3urnbol i n  
( C A R  X 4 I )  I s  p l a c e d  i n  t h e  symbol t a b l e  w l t h  i t s  v a l u e  (EVAL ( C I D R  
~ l t ) ) ,  PUTSYM 19 UII IUI f o r  making L I S P  atom#, l u n c t l o n s ,  and 
v a r l a b l r r  a v r l l o b l r  t o  RELOC programs,  Symbols  nuat b r  drfjnrd wi th  3 
PUTSYM b r f o r r  the  LOADER f a  used ,  

Examp l e a  t ( P U t S Y M  BPORC ( V R P O R G  ( G E T  (QUOTE B P O R G l ( Q U 0 T E  V A L U E ) ) ) )  

d r f f n r s  t h e  I d e n t t f b r  B P O R G  and I t s  v a l u e  o r l l  V B P O R G ,  A  RELOC 
p r o g r a m  oan r e f e r e n o e  t h e  valua o f  BPORG ~ Y I  3 

M O V E  X,  VBPORG 

( P U T S Y M  (MAPLST (QUOTE M A P L S T ) )  (NUMBERP (QUOTE N U N B E R P ) ) )  
(PUTSYM ( M E M O  ( G E T ( Q U 0 T E  M E M Q )  (QUOTE S U B R ) ) ) )  

A RELOC program wou ld  c a l  l t h e r e  f u n a t i o n s  a8 Col  low81 

CALL 2 , M A P L S T  
CALL 1, NVMBRP 
PUSHJ P,MEMQ Or CALL 2,MEMQ 

An r x a m p l e  o f  8 s l m ~ l r  L I S P  o o m ~ r t l b l r  M A C R O  p r o g r a m  to 
o o m p u t e  s q u a r e  r o o t s  urfng t h e  FORTRAN I l b r r r y ,  

T I T L E  TEST 
P r i 4  
A = l  
8102 

L S O R T I  CALL 1, NUMVAL 
MOVEM A ,AR1  
M O V E  A I C X W D  O , B L T 1 3 ;  SAVE THE A C ' S  
B L T  A , B L T l + l 7  
JSA 1 6 , S Q R T  
JUMP 2 , A R l  ;SOP TO FORTRAN 
M O V E  0 , A R l  
M O V E  A , E X W D  B L T 1  1 0 3  
B L T  A117 
M O V E  A , A R 1  
M O V E 1  B,FLONUM 
JCALL 2 t M A K N U M  

A R i  0 
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BLTlr R L O C K  20 

END 
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BIGNUMS - A S B I T R A H Y  P R E C I S I O N  I N T E G E R S  

L I S P  n u m b e r s  h a v e  a l w a y s  b e e n  s e c o n d  c l a s s  o t t i ~ e n s ,  i n  t h e  
s e n s e  t h a t  unlike 9 t r l n g s  t p r I n t  n a m e s )  numbers have had r m a x i m u m  
n e n c t h ,  I n  t h e  P D P - 6 / 1 0  LISP s y s t e m  t h e r e  13 an optional a r b i t r a r y  
p r e c l s l o v  I n t e g e r  p a c k a g e  which e x t e n d s  t h e  l e n g t h  o f  L I S P  inteorrs 
f r o r  3 6 - b l t s  t o  any l e n g t h ,  

T o  l o a d  t h e  BIGNUM s y s t e m ,  e x e c u t e  t h e  f o ( l o w i n g  a t  t h e  t o p  
n e v e l  o f  L I S P {  

* ( I N C ( I N P U T  S Y S I  (BIGNUM,LSP))) 
<SEQUENCE OF OUTPUT> 
*(LOAD T)*SYStBIGNUM$ 
(LOADER TYPES B A C K >  
* ( A P N f N t T )  

and t h e n  your  e o r e  image will p e r f o r m  a r b l t r s r y  p r e c i a l o n  ! n t e g e r  
i ; 
i' 

operations u s i n g  t h e  s t a n d a r d  L I S P  a r l t h m e t l c  f u n c t l o n s  w h i e h  w e r e  
t e d e f f n e d  by  A P N I N I T ,  

I t  I s  possible t o  l o a d  t h @  BIGNUM p a c k a g e  at any tlmr u n l e s s  
y o u  have  a l r e a d y  e x e c u t e d  o o m ~ i l e d  f u n c t l o n s  with (NOUUO NIL), In 
w h i c h  o a s e  Y o u  must r e c o n s t r u c t  Y o u r  c o r e  Image,  





A USER MODIF IABLE  L I S P  S C A N N E R  

b y  L y n n  Quam 

L I S P  uses  a t a b l e  d r l v e n  s c a n n e r ,  whose  t a b l a  may b e  m o d l f f r d  
b y  t h e  u s e r  f o r  t h e  p u r D o s e  o f  O m a l e m e n t l n g  s o a n n a r s  f o r  o t h e r  
n s n g u a g e s ,  F o r  ~ l m ~ ( l c t t y ,  t h e  t u n c t l o n s  t o r  c o n s t r u a t t n g  t h e  a e r n n e r  
t a b l e  inltlally g i v e  a n  ALGOL t y p e  s c a n n e r ,  t h a t  l a  t h s  ALGOL 
d e f l n l t i o n s  f o r  identifiers, s t r t n e s  a n d  numbers ( ~ x Q W ~  t o r  p o w e r s  
o f  t e n ) ,  The  ALGOL t a b l e  may b e  m o d l f l e d  by  u s i n g  a d d T t i o n a l  
f u n c t i o n s  t o  i n c l u d e  a d d l t l o n a l  e h a r a o t e r s  i n  identlflsrs, and t o  
s p e c i f y  d e l l m f t e r s  t o r  s t r l n g s ,  

1 F O R M A L  D E F I N I T I O N S  

S y n t a x !  

: t =  ( a  c o m m e n t - g t a r t  f o l l o w e d  b y  any sequence  o f  
c h a r a c t e r s  e n d l n s  I n  a oammen t -and )  

d i g i t  : : r e  t t g t t  I f y t  1 ,,, I "9VQ 

n e t t e r  : : z  * ) A ' !  I I IBI~ I ,,, 1 ~ t ~ t t  1 1 t f b t t  1 ,,, 1 ~ ~ ~ l t  1 
e x t r a - l e t t e r  

c h a r a c t e r  r . .=: ( a n y  A S C I I  o h a r a c t e r  o t h e r  t h a n  n u l l ,  r u b o u t ,  
and c o m m e n t - s t a r t )  

d e l  l r r l t e r  g . .  . =  ( a n y  c h a r a c t e r  n o t  a l e t t e r  and n o t  a d l g l t )  
t : =  l e t t e r  
: : =  t d e n t l f t e r  d l g l t  
: : a  i d e n t l f l e r  l e t t e r  
r r y  t o  s l a s h l f l e d  o h a r a c t e r  
: : =  / d s n t l f l e r  slashlfled c h a r a c t e r  

I n  t h e  a b o v e  s y n t a x ,  u n d e r l i n e d  s y m b o l s  can b e  r p r c l f ? e d  b y  
t h e  u s e r ,  F o r  i n s t a n c e ,  c o m m e n t - s t a r t  and comment-end could b o t h  b e  
s p e c l f l e d  t o  b e  d o u b l e  q u o t e  ( ' I ) ,  If i t  1s d e s i r a b l e  t o  I n c l u d e  
f o l l a r  and p e r c e n t  signs I n  l d s n t l f l e r s ,  t h e n  b o t h  o f  t h e s e  
c h a r a c t e r s  s h o u l d  b e  e x t r a - l e t t e r s ,  S l a s h l f i e r s  make i t  ~ o s s ) b l e  t o  
i n c l u d e  any d e l i m i t e r  i n  an I d e n t i f i e r ,  Fo r  e x a m p l e ,  1 1  q u r r t l o n  
mark Is t h e  s l a s h l f i e r  ( 3 )  and I t  I s  deslrabla t o  I n c l u d e  t h e  
c h a r a c t e r  ( + I  I n  t h e  i d e n t l f f e r  V as V * ,  t h e n  anm s h o u l d  s l a s h l f ~  t h e  
p l u s :  v 3 + ,  

s t r  I n s  * . * =  ( a  s t r l n g w s t a r t  f o l l o ~ d  b y  any s e q u e n c e  o f  
c h a r a c t e r s  e n d l n s  I n  a s t r l n o - e n d )  
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Ssmantlcrrr  

S t r  I n o w s t a r t  and s t r l n o - e n d  r r r  s ~ r e l f i a b l e ,  

J,1,3 Numbers 

Same ar speoltlrd I n  Chapter 4, except  t h a t  l e r d f n g  s h n r  ( +  

or - 1  I n  numbers a r e  t r e a t e d  as  drlfmlterr, 

J,2 D E S C R I P T I O N S  OF THE SCANNER M O D I F Y I N G  FUNCTIONS 

I n  t h e  f o l l o w f n ~  d a e c r l ~ t l o n r ,  a l l  o h a r r o t a r u  r r r  r o ~ c h l e d  
by t h d r  num@r loa l  A S C I I  va lue,  F o r  e x a m ~ l r ,  i n  o o t r l ,  b l ank  it 40 
end A I s  101, 

( S C A N I N I T  oonment -s ta r t  eornmant-@nd r t r l n g a s t a r t  rtrtng-and i l r a h l ? l a r )  
3 

SCANINIT m o d l t l r s  t h e  LISP scanner t o  b r  an 4 ~ ~ ~ ~ ~ m t ~ p s  
scanner w i t h  r ~ r c i a l  d r l l m l t e r r  t o r  oommrnts and r t r l n g a ,  SCANINIT 
must be  o a l l r d  b e f o r e  any o f  t he  o the r  scanner funotion8, 

( I G N O R E  x )  
LETTER e p e c l f l e s  t o  t h e  seanner t h a t  x 1s n o t  t o  b e  r e t u r n e d  

as a d e l l m l t r r  f rom rcan, b u t  Ina tead  will b e  l g n o r r d ,  H o w r v r r r ~  x 
will s t l l l  f u n c t l o n  as a separa to r  between idrntlfier and numberr.  
For example, o a r r l r g r - r e t u r n ,  l l n e - t r o d ,  t a b  and b lank  a r e  u r r ~ u l  
o h a r r c t r r r  t o  ignore as d r l l m l t r r s ,  

( L E T T E R  X I  
L e t t e r  r p e t t t l e s  t o  t h r  # tanner  t h a t  X I 8  an r x t r a ~ l r t t r r ,  

and t hus  a ( l o w a  X t o  b e  I n  an I d e n t l f l r r ,  

( SCAN 1 
SCAN reads  an atom or  d r  l lml t a r  and .8rhs t h a  va l ue b f  t h r  

g l o b a l  v a r l a b l e  SCANVAL t o  t h e  va lue  read, and r r t u r n s  a numbrr 
e o r r a s ~ o n d l n g  t o  t h e  s ~ n t r c t l o  tYPe r e a d  a8 f o l l o w e l  

~ y n t r c t l o  t y p e  Value  o f  S C A N  valuie of SCNVAL 

I d e n t I f l e r  
s t p l n t l  
numbr r 
d e l  lmlter 

0 the  u n l n t r r n r d  i d e n t l t l r r  
I t h e  s t r f n ~  
2 t h e  va lue  
3 t he  A S C ~  I va lue  ot t h e  

d e l l m f t e r ,  

( S C A N S E T )  
SCANSET mod l f l e s  t h e  L I S P  roanner I n  READ r e c o r d  i no t o  t h e  

user ~ ~ e c l f l o a t l o n s ,  Eva lua te  (SCANSET)  b e f o r e  o a l l h ~  SCAN,  



( S C A N R E S E T )  
S C A N R E S E T  u n m a d f f l 8 s  t h e  L I S P  s c a n n e r  t o  I t s  norma l  s t a W ,  

and wus t  b e  called b e f o r e  R E A D  w l J I  w o r k  p r o p e r l y  a g a i n  o n o e  S C A N S E T  
Is u s e d ,  U s e  I N I T F N  t o  c a l l  S C A N S E T  a f t e r  e r r o r s ,  

L 
J,3 USING T H E  M O D I F I A B L E  SCANNER 

T h e  scanner  m o d f f y t n g  f u n c t f o n a  a r e  n o t  a normal p a r t  o f  t h e  
L I S P  system and must  b e  e x ~ l l c l t l ~  l o a d e d  into a L I S P  G o r e  image. 
T h e  following s t e p s  I n d i c a t e  how t o  ~ r o v l d e  t h e  D r O D I r  i n t e r f a c e  

L b e t r r e n  L I S P  amd t h e  w a n n e r ,  l o a d  t h e  s c a n n e r ,  and  l n t t i a l l z r  t h e  
scanner  t a b l e s ,  

( S E T Q  S C N V A L  N I L )  
( P U T S Y M  ( S C N V A L  ( G E T  ( Q U O T E  S C N V A L ) ( Q U O T E  V A L U E ) ) ) )  

( L O A D )  S Y S : S C A N $  

( G E T S Y M  SUBR S C A N I N I T  L E T T E R  I G N O R E  S C A N  S C A N S E T  
S C A N R E S E T )  

( S C A N I N I T  21 73 4 2  4 2  4 5 )  
<this makes comments  s t a r t  w t t h  and with semicolon, 

s t r i n g s  s t a r t  and end w t t h  d o u b l e  q u o t e s  and 
p e r c e n t  ( X )  I s  t h e  s l a s h l f l e r )  

To use t h e  s c a n n e r ,  o n e  mu%t first o a l l  t h e  S C A N S E T ,  Once 
S C A ~ S E T  has b e e n  c a l l e d ,  t h e  normal LISP f u n o t l o n  R E A D  no l o n g e r  

\ 

L b e h a v e s  I n  a n o r m a l  f a ~ h i o n ,  s l n o e  R E A D  will now use t h e  m o d l f i e d  
s c a n n e r  t a b l e s ,  C a r e  must  b e  t a k e n  t o  c a l l  S C A N R E S E T  b e f o r e  o a l l l n g  
R E A D ,  
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S O S - L  I N K  

The  SOSLINK p r o g r a m  i s  an a i d  t o  d e b u g g i n g  I n t e r p r e t e d  L I S P  
f u n c t l o n a ,  whlch  a l l o w s  r a p i d  t u r n a r o u n d  In t h e  vtsst-odlt-tsstt l o o D  
o f  debugging, I t  1s famous f o r  the  t w o  f u n c t l o n a  FILEIN and EDFUN 
w h l c h  behave  as  t o l l ~ w s ,  

T h e  way I n  which t h i s  f u n c t l o n  t a k e s  Its r r $ u m e n t s  differs 
o n l y  f r o m  D S K I N  i n  t h a t  a l l  f i l e s  m u s t  come f r o m  t h e  u s e r ' s  own d l g k  
a r e a ,  

When a f l l e  1s l o a d e d  w i t h  FILEIN, I n f o r m a t I a n  i s  s r v r d  f o r  
each f u n o t l o n  d e f l n e d  f n  t h e  file t r l l l n g  what f l l e  It c a m e  f r o m  and 
on h h a t  page and l Ins It was d e t l n s d ,  I n l t l a l l ~ ,  thlr  i n f o r m a t i o n  
w \  l l  o n l y  be  s a v e d  f o r  a t o m s  w h l c h  a r e  d e f l n e d  t o  be  E X P R S ,  FEXPRS, 
o r  M A C R O S ,  If t h e  user w l t h s s  t o  h a v e  i t  s a v e d  f o r  rome o t h e r  
p r o p e r t y ,  t a r  a x a m o l e  VALUES, he o r n  athleve t h l s  r f f rot  b y  p u t t l n g  
t h e  p r o p e r t y  S W A P I T  en t h e  p r o ~ e r t Y  l ! ? t  o f  t h e  l n d l o ~ t o r  he w l ~ h e d  
v o  h a v e  30  h o n o r e d ,  i n  t h l s  o r s e  b y  p u t t i n g  t h e  p r o p e r t y  SWAPIT o n  
t h e  ~ r o p ~ r t y  ( 1 s t  o t  t h e  I n d l c a t o r  VALUE, 

( E D F U N  "FUN" " P R O P " )  
i 

T h l 8  f u n c t l o n  I s  u s e d  I n  t h e  e n v f r o n m e n t  c r e a t e d  by  F I L E I N ,  
I t  wi 1 1  o a l  l i n  t h e  sys tem editor, S O S ,  w i t h  i t $  attention focusrd o n  
t h e  f u n o t l o n  FUN, ~t t h e  same t l m e ,  i t  wl l l  s a v e  a o o p y  o f  t h e  
u s e r ' s  L I S P  and o r e p a r e  f o r  a a u l c k  r e t u r n  t o  t h l s  C O D Y ,  Once t h e  
e d j t o r  has  b r a n  s t a r t e d  t h e  funotlon d e t t n l t i o n  may b e  edited i n  t h e  
u s u a l  way, i t  s h o u l d  b e  no ted ,  h o w e v e r ,  t h a t  a l t h o u g h  e d j t s  may b e  
made t o  o t h e r  p a r t s  o f  t h e  f l l e ,  o n l y  t h e  d e f l n l t l o n  o f  FUN will be 
n o a d e d  o r  r e t u r n  t o  L I S P ,  

I f  FUN has  m o r e  t h a t  one p r o p e r t y  f o r  which f l l a  l n f o r m r t i o n  
1s b e l n a  saved, It m a y  be n e a e s s a r Y  t o  u s e  the  s e c o n d  a r g u m e n t  PROP 
o f  EDFUN I n  o r d e r  t o  s ~ e c l f ~  whtoh one Is d e g l r e d ,  

When edltlng has  been  finished, and a r e t u r n  t o  L I S P  t s 
wan ted ,  I t  i s  o n l y  n e c e s s a r y  t o  t y p e  t h e  command G t o  SO$, A s a v e d  
copy o f  tha u s e r t s  L I S P  wlll be s t a r t e d  and t h e  s f n g l e  f u n e t l o n  
d e f l n i t l o n  w h l c h  Is m o d t f l e d  w l l l  b e  t e l o a d e d ,  

As l o n e  as no  g l o b a l  m o d l f l ~ a t l o n s  a r e  mrde t o  t he  f l  l a ,  t h l ~  
p r o c e s s  may b e  r e p e a t e d  I n d r f l n t t e l y ,  Such actions as i e n u m b e r j n g  
t h e  t i  16 a r e  d ! s a o u r a g e d ,  h o w e v e r ,  
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A P P E N D I X  L 

SOME D I F F E R E N C E S  B E T N E E N  T H I S  AND OTHER LISPS 

1) The t a p  l e v e l  o f  t h l s  sys tem d o e 8  not u s e  EVALQUOTE ar  do  many 
s y s t e m s ,  However ,  EVALQUOTE may be  d e f l n e d  as tollowsl 

( R E  EVALQUOTE NIL 
( P R O G  N I L  
L ( T E R P R I )  

( P R I N T  (EVAL (CONS ( R E A D )  ( M A P C A R  
( f ' U N C T I O N  ( L A M B D A  ( X ?  (LIST ( Q U O T E  QUOTE)  % ) I )  
( R E A D ) ) ) ) )  

( G O  L ) ) )  

t h e  t o p  level o f  L I S P  1,6 I s  e q u f v a l e n t  t a t  

( P R O G  N I L  
i. ( T E R P R  1 ) 

( P R I N T  ( V A L  ( R E A D ) ) )  
( G O  L ) )  

2) The o r d e r  o f  t h e  a r g u m e n t s  In t h e  v a r l o u s  functions 
MAP,  MAPCAR e t c ,  1s f u n c t l o n  f l r s t ,  list second,  
r a t h e r  t h a t  t h e  r e v e r a 6  as In many s y s t e m s ,  

L 

3 )  T h e r e  a r e  certain d f f f e r e n c e a  e v e n  b e t w e e n  S t a n f o r d  
L I S P  and  o t h e r  D E C  s y s t e m  L l s ~ s ,  

a )  t h e  comment c h a r a o t e r  1s ~ s c f f  32 

b )  p r o J e c t  programmer numbers a r e  ~ a l r w o r d s  
I n  whtch  e a c h  h a l f  h o l d s  up t o  t h r e e  
r l g h t  a d J u s t r d  s l x b l t  o h a r o o t e r s ,  

a )  The new d a b u g g l n g  p a c k a g e  d e ~ e n d s  on s y s t e m  
f e a t u r e s  o n l y  available i n  t h e  S t a n f o r d  s y s t e m ,  
T h l s  debugging ~ a o k a g e  i s  d r s c r l b e d  i n  n p p e n d l w  K ,  
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APPEND! X M 

L I S P  D ~ s D ~ ~ Y  P r l m ! t l v e s  

b y  L y n n  Quam 

A s e t  o f  display ~ r i m i t t v e s  a r e  now a v s l l a b l r  f o r  L I S P  u s e r s .  
T h e s e  ~ r l m l t l v e s  use  the  f e a t u r e s  In t h e  0, pool .  d l t ? p I ~ y  s e r v l c e  
subsYstern, U e o r s  s h o u l d  b e  trmll t a r  with srctlon II,D,8 o f  s a i l o n  
5 5 ,  and SAILON 2 9 ,  

The l o l l o w l n o  display ~ r t m l t l v e s  a l l o w  t he  u s o r  t o  e n t e r  
d i s p l a y  oomnands j n t o  " t h e n  c u r r e n t  d t s ~ l a ~  b u f f e r ,  Thr e o n t e n t s  o f  
t h / r  b u f f e r  a r b  n o t  seen u n t l l  t h e  u s e r  e x r e u t r s  t h e  ttSHOWtv 
a r l r r . l t I v ~ ,  

( A I V E C T  X Y )  d raws  an  a b s o l u t .  I n v l s l b l e  v e c t o r  t o  ( X , Y ) ,  
( A V E C T  X Y )  draws  a n  a b s o l u t e  vlslble v 6 C t o t  t o  ( X n Y ) ,  
( A P T  X Y )  draws  an e n d ~ o l n t  v e o t o r  t o  ( X 8 Y ) ,  

( R I V E C T  X y )  d raws  a r e l r t l v e  l n v f s l b l e  v e c t o r  t o  ( % 8 Y ) ,  

( R V E C T  X Y )  draws  a r e l a t l v e  v l s l b l e  v e o t o r  t o  ( X , Y ) ,  
( R P T  X Y )  draws  a relative e n d p o i n t  v e c t o r  t o  ( X t Y ) ,  

( G V E C T  X Y OP SIZE B R T )  assemb les  display p r o c s s a o r  O D O O ~ O  COP> 
w l t h  X ,  Y, SIZE, B R T  f i e l d s  s p r o i t l r d ,  

( E , g , ,  ( G V E C T  0 0 46  1 0) draws  a z e r o  l e n g t h  
I n v l s t b l r  v e o t o r  and s e t s  t h e  c h a r a c t e r  r l z e  t o  1, 

( L O C A T E  1 r e t u r n s  t h e  p o s l t l o n  o f  t h @  l a s t  w o r d  p u t  
t n  t h e  ~ I s D ~ ~ Y  b ~ f f ~ r c  

( D J U M P  N )  s t o r e s  a d l s p l a y  p r o c e s s o r  jump t o  l o c r t l b n  n, 
( D J S R  N )  s t o r e s  a d l s p l a y  p r o o e r s o r  s u b t o u t l n r  o r l l  t o  

n o c a t b n  n, 

~ l l  o f  t h e  above  commands r e t u r n  t h e  r e f e r r e d  t o  d l r p l a y  b u f f e r  
& d d r @ g %  

(SHOtr  N )  t h e  c u r r e n t  d l s p l a ~  b u f f e r  i s  d l # ~ l a y r d  bn 
"piece o f  g l a s g t f  ( N ) ,  

( K I L L  N >  e r a s e s  @ , p l e o e  o f  glass" ( N ) ,  
( C L E A R )  e r a s e s  t h e  c u r r e n t  d l a o l a y  b u f f e r ,  

( O T Y  OS) s e l e c t s  t h e  d l s p l o y  b u f f e r  t o r  o h a r a ~ t e r  
o u t p u t  f r o m  L I S P ,  ( T Y b  P R I N T ,  E T C , )  
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( D T Y O U )  u n 8 g l g c t r  o h a r r c t e r  o u t p u t  t o  t h r  d t 8 p k y  b u ( f @ r l  

DTYOS and DTYOU make It ~ o s d b  I @  t o  drt l n e  a p r  l n t h  f u n o t l o n l  
( D E  DPRINC ( L )  ( P R O C  N I L  (DTYOS)  (PRINC L ?  (DTYOU)  (RETURN I.))) 

(CHINIT CHSfZ L I N E L E N G T H  LEFTMARGIN)  
l n l t l a l l z e s  I n t e r n a l  p @ r r m @ t @ r f i  t o r  DTYOS so t h a t  
t e x t  w i l l  b e  d l r p l a y @ d  wl h ,Izr <CHSIZE> and w i t h  1 llnr l e n g t h  and l e f t  marg n r p a a ~ t l a d ,  

C r r q u e n o e  o f  o u t p u t )  
(LOAD < N I L  o r  7 ) )  
* S Y S I L I S P D P S  
< 1 Order  o u t p u t )  
* ( D I S P I N I T )  
<now YOU 0.n U 8 8  t h e  d ! 8 P I t a ~ >  
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T R A C E  

by  L y n n  Quam and W h l t f l e l d  Dlffls 

1 FUNCTIONS FOR D E B U G G I N G  F U N C T I O N S  

T h r e e  different t y p e s  o f  d e b u g Q l n g  a l d s  a r e  a v a l l a b l r r  TRACE, 
TRACET and B R E A K ,  

A )  TRACE and I t s  a u x l l l a r ~  f u n c t l o n e  UNTRACE and RESET a l l o w  oh@ t o  
o o n l t o r  t h e  e n t r a n c e  t o  and exlt t r o m  "tracedw functions, ( W a r n l n g g  
wse (NOUUO T )  w l t h  o o m ~ l l s d  f u n o t l o n s )  when a 9 r a c e d W  f u n c t i o n  I S  
e n t e r e d ,  

(ENTERING ( r e t u r s l ~ n  d w t h >  < f u n o t l o n  name)) C v r l u e s  o f  
a r g u w b n t s )  l a  t ~ ~ e d ,  When r w l t r d ,  

( L E A V I N G  <recursion d e c t h >  < f u n e t l o n  name>) <result> I s  
V Y P ~ ~ ,  

(TRACE < I l s t  o f  names>) FEXPR a a u s r s  a l l  f u n c t i o n s  In l l 8 t  o f  nrmm 
t o  b r  ' t r a c e d t t ,  TRACE r e t u r n s  a I 1 s t  o f  names o t  t h o s e  
functions w h t ~ h  ware p r e v l o u s ( Y  n o t  t r a o e d ,  

( U N T R A C E  < I l a t  o f  names>)  FEXPR i s  t h e  l n v r r s e  t o  TRACE, , i t  
r e s t o r e s  e a c h  f u n ~ t l o n  t o  l t r   revl lo us u n t r r o r d  a t a t e ,  

(RESET) EXPR c a u s e s  a l l  recursion d e p t h  o o u n t e r a  t o  b e  r e s e t  t o  
z e r o ,  O n l y  n e c e s s a r y  when a t r a o e d  f u n a t t o n  i s  a b n o r m a l l ~  
e x 1  t a d ,  

B )  TRACET and Its auxl l l a r y  f u n c t l ' o n s  UNTRACET S L S T  and U S L S T  r l  l o w  
o n e  t o  m o n t t o r  a l l  S E T ' S  o r  S E T Q ' s  t o  atoms s e l e c t e d  t o r  b y  S L S T ,  
When s u c h  a SET o r  S E T Q  OGcUrSr 

L 
S E T  <atom name> < v a l u e > )  o r  
SETQ t a t o m  name> < v a l u e > )  

1s  p r l n t r d 8  (Warning - use  (NOUUO 7 )  w t t h  ~ o r n o l l b d  f u n c t ~ b n s )  

< (TRACET) EXPR t u r n s  on SETmSETQ monl t o r  f n q 8  

t U N T R A C E T )  EXPR t u r n s  o f f  S E T - S E T Q  monl  t o r   in^, 

( S L S T  < I l s t  o f  a t o m s ) )  FEXPR a ~ p r n d s  C I l a t  o f  a toms> t o  t h r  lirt o f  
monitored a t o m s ,  

/ 

L 
( U S L S T  < I l s t  o f  a t o m s )  r r m o v r s  eaoh atom f r o m  l l a t  o f  m o n i t o r e d  

a t o m e ,  



SASLON 28 ,6  APPENDIX N N 1 2  

C )  ( B R E A K  <oommrnt> < r x p r # t s s l o n > )  FEXPR 18 u r r f u l  fo r  o b r a i v l n g  
t h e  r tatr  o f  v a r l a b l r  b l n d l n a r  w l t h l n  lrmbda e r p r a 8 s l o n r  
and p r o g a l  Whrn BREAK 18 s n t ~ r r d ,   BREAK , <oommant?) 
1s prlntrd, BREAK t h e n  rntrrr a READmEVAL.PRINT l o o p  
u n t l l  an @torn whloh i s  t h e  v r l u r  o f  t h e  atom rBPROCCED* 
1 8  t y p e d  t o  R E A D ,  T h i r  a t o m  W J I I  l n l t l a ~ ~ v  b e  P>, b u t  may 
b r  changed by rettlng tho vrluo o f  *BPROCEED*, B R E A K  than  
exlt8 w f t h  < v a l ~ @ > ~  
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APPENDIX 0 

S M I L E  

b y  Lynn  Quam and W h i t f i e l d  D f r f l e  

I ,  ' F U N C T I O N S  FOR U S I N G  OUTPUT D E V I C E S  

( L P T )  EXPR Is u s e d  t o  s t a r t  an  o u t ~ u t  f i l e  o n  t h e  l i n e  ~ r l n t e ~ ' ,  
I t  d o e s  

( P R O G  N I L  ( O U T C  ( O U T P U T  L P T 1 )  T )  
(LINELENGTH L P T L E N G T H )  
( O U T T I M E ) )  

w h e r e  O U T T I M E  ~ r l n t s  Q h e a d l n g ,  tlmr and d a t e .  

( O F F )  EXPR 18 used t o  e n d  an o u t p u t  file, I t  d o e s  

cPRac  N I L  ( P R I N T  T )  
( O U T C  N I L  T I  
( L I N E L E N G T H  T T Y L E N G T H ) )  

( L P T O U T  <expr-Ilst)) FEXPR Is u s e d  t o  e r e r t e  an entire o u t ~ u t  
f l l e  on t h e  I l n e ~ r i n t s r ,  I t  d o e s  

( P R O C  N I L  ( L P T )  
( H A P C  ( F U N C T I O N  E V A L )  <expr-list)) 
( O F F ) )  

E x a m ~ l e s :  ( L P T Q U T  ( G R f N L  A L L F N S I )  
(LPTOUT ( P R I N T  O B L I S T )  ( P R I N T  F O O ) )  

(DSKOUT <file name) Cexpr-list)) FEXPR Is u s e d  t o  o r e a t r  an 
e n t i r e  o u t p u t  f i l e  on d i s k  f I  I @  D S K i  C t l l e - n o m e > , ~ S ~ ,  
I t  s e t s  l f n e l e n g t h  t o  L P T L E N G T H ,  and e v a l u a t r s  a l l  
expressions In C e ~ ~ r - l  l s t> ,  t han  d o e s  ( O F F ) ,  

E x a m ~ l e l  ( D S K O U T  NEWFNS ( G R I N L  NEWFNS) )  

'- 
11 ,  OTHER USEFUL F U N C T I O N S  

( G R I N L  < a t a m > )  FEXPR causas r l  l a t o m s  I n  t h e  list ( < a t o m >  
< v a l u e  o f  a t o m ) )  t o  b e  C R I N D E F e d ,  

L F o r  example, ( G R I N L  ALLFNS) will cause ALLFNS and e v e r y  f u n c t f o n  
which  h a s  b e e n  d r f l n a d  b y  D E ,  OF, or D M  t o  b r  C R I N D E F e d ,  

C R I N D E F  u s e s  t h e  a u x l l l a r ~  l u n c t l o n s  S P R I N T ,  HUNCJi, P A N L ,  
a n d  PPOS,  
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(GETDEF < d r v l o e  name> < f l l a  namr> < I  l r t  o f  t u n o t l o n  n r m e r > )  
FEXPR nerds re l r o t r d  t u n o t l o n  det  I n1  tlonl f rom 
8 ~ r o l f l r d  d b k  illw and p r i n t 8  t h r  name8 of  
t h o r e  found ,  GETDEF r a t u r n s  * @ a e  

( T I M E R  ~ e x ~ r r s s l o n  l l r t ) l  FEXPR r a t u r n 8  t h e  e x r c u t ~ o n  tfmr 
In m l  1 l \ r r c o n d r  o f  t h r  e x p r r 8 s l o n r  i n  t h r  
e x o t r s s l o n  l l r t ,  

E x r r n ~ l e t  ( T I M E R  OGC) ( G C W  r e t u r n 8  t h e  number 
o f  m \ l l l 8 @ 0 0 n d ~  n r o a r s r r y  t o  do 2 o r r b a g r  
c o l  ~ r c t i o n r ,  

(EDIT <atom> t o l d )  < n r r > )  FEXPR c r u s r 8  r l  l o e o u r r r n o r 8  o t  <bid> 
r - r x p r r r r ( o n  t o  be  r e ~ l a o r d  by <new> r a r w p r r 8 8 1 0 n  
I n  mmr p r o p a r t y  o f  <atom>, T h e  ~ r o ~ o r t ~  to 
o h r n o r  18 a e l e o t @ d  ar f o l l o w s t  

E r a m ~ l r r  ( E D I T  OFF TTYLENGTH 1 0 5 )  
Would o h r r o r  OFF t o t  
(DEFPROP OFF 
(LAMBDA N I L  (PRO6 N I L  ( P R I N T  T )  (OUTC NIL  T )  
( L I N E L E N G T H  1 0 5 ) ) )  EXPR)  

E D I T  r r t u r n a  T I f  a ohrnoe war made, 0 t h r r w l 8 0  N I L ,  
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~ C O N S T R U C T I O N  OF A L f S P  DISK-OECTAPE SYSTEM 
I 

r' 
i L- by  Lynn Quam 

L I S T  OF F I L E S ,  T Y P E S  AND D E S T I N A T I O N S  

F I LEs T Y P E  D E S T I N A T I O N  
f C 

L I S P o M A C  MACRO S T E P S  2 , 5  L I S P n D M P  
I 
I 

I N O A D E R , M A C  M A C R O  S T E P S  5 1 5  L I S P o L o D  
I 

SYMMAKnMAC M A C R O  S T E P S  4 8 5  L I S P O S Y M  
C 

A L V I N E t M A C  M A C R O  STEP  6 L I S P n E D  

L I S P o L S P  L I S P  STEP 5 L I S P n L S P  

C O M P L R  L  I SP STEPS 8 1 9  COMPLRnCMP 
,' 
L 

LAP L I S P  

S M I L E  L I S P  

G R  I hi L  I SP 
i 
\. 

T R A C E  L I S P  

DISK 

S T E P  5 

S T E P  5 

S T E P  5 

LAP 

SMILE 

G R I N  

S T E P  5 T R A C E  

DECTAPE 

The  f o l  l o w l n g  o o n v e n t i o n s  
w t l  l b e  made1 

O T A S  = d e c t a o e  w h e r e  s y s t e m  
w f l l  b e  c r e a t e d  

D T A I  d e o t a p e  where  s o u r o s  
f l  los a r e  

DTAT = d r 0 t a ~ e  f o r  t e m d o r a r y  
f l  l e a  

A l s o #  make t h e  f o ( l o w / n g  
a s s t g n m e n t ~  

, A S S I G N  D T A S I  DSKI 



2 )  T o  o r n s r r t e  t h r  L I S P  INTfRPRETER 

, R  LOADER 

APPENDIX P P m Z  

3 )  T o  e r n e r a t o  t h e  L I S P  LOADER 

. R  LOADER 

+LOADERS +DfAT;LOADERS 

?C 

, S T A R T  

( T h l r  o r r a t o r  t h e  mode 17 f l l r  DSKlLISP,LOO Or D T A S I L I S P . L O D >  

4 )  fa a e n e r a t e  t h o  L I S P  LOADER SYMBOL TABLE 

, R  LOADER 

* D S K I L I S P / J , D S K I S Y ~ ~ M A K $  * D T A T l  L I  SP/J ,  DTAT 1 SyMMAKS 

* c  

START 

< T h l r  o r r ~ t r a  thr f l l r  DSKlLISP,SYM> o r  <DTATILISP,SYM> 

5 )  COPY to DSK O P  arrs t h r  rollowlno tt~rst 

LISP.LSP, SMILE, G R I N ,  T R A C E ,  and LAP 

Now I f  u r l n 9  OECTAPE d o ;  ,ASSIGN OTASlSYSl 



6 )  T o  g e n @ r a t e  A L V I N E  

c R  L I S P  

FREE S T O R A G E  = 10000 r C a l t r n o d e >  

* ( L O A D )  * ( L O A D )  

+ A L V I N E  $ * D T A T I  A L V I N E  $ 

* ( G E T S Y M  SUBR A L V I N E )  

6 ( A L V I N E )  

( T h l s  c r e a t e a  t h e  f l l e  D S K :  L I S P , E D >  o r  ( D T A S !  L I S P , E D ?  

C O P Y  t h e  tile LISP,ED t o  S Y S  

7 )  T o  c o r n ~ l l e  t h e  L I S P  c o m ~ l l e r t  

7 a )  11 t h e r e  I S  an  o l d e r  revision o f  t h e  d o m p f l e t ,  d o  

7 b )  If t h e r e  Is n o t  a n  o l d e r  version o f  t h e  C O I T I P I I ~ ~ ,  do  

,R L I S P  32  

FREE S T O R A G E  = 1 f l 000  a C a l t m o d e >  

(this l o a d s  e v e r y t h i n g )  

and g o  t o  s t e p  8, 

8) A c t u a l  c o r n ~ l l a t i o n  o f  t h e  L I S P  C O M P I L E R  

( S E T Q  I N D E V  ( Q U O T E  DTAI!)) 

* ( S E T Q  OUTDEV ( Q U O T E  D T A T t ) )  

< random m e s s a g e s )  
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<Thla Qrnrrrtr8 t h e  f i l e  O S K I  COMFLR,LAP> a r  C D T A T ;  COMPLR' ,LAP>,  

9 )  T o  l o r d  t h e  o o r n p i l r d  L I S P  COMPILER, 

, R  L I S P  30 < c r >  

FREE STORAGE 8 100f l0 8 20000 

FULL WORDS = 4000 = 4000 

B I N ,  P R O G e  SP,  8 1000 a 14000 

R E G ,  ?DL 8 1000 + one a l w t r r n t h  o f  ?re€!  a t o r a g e  R 2000 

SPEC,  PDL a 1000 + one slxtranth o f  f r r e  a t o r a a s  n 1000 

O B L I S T  S I t E  8 1 7 7  a 475 

* ( I N C ( I N P U T  S Y S t  LAP D S K l  *(INC(INPUT S Y S t  LAP D T A T f  
(COMPLR,LAP) ) )  ( C O M P L R , L A P ) ) )  

* ( E X C I S E )  

(NOUUO N I L )  

, S A V E  D S K t  COMPLR ,SAVE DTAS;  COMPLR 

Copy t h a  f 1 l r COMPLR,DMP t o  S Y S t  
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SUBR t r ~ c t r , , , c , , r c , r  6 ~ 2  
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SUBR 8 ~ 8 @ 8 0 @ 8 ~ ~ 0 0 ~ ~ 1 1 * 3  

SUBR U S B S  EQ a , a 8 a e a a 8 8 10-6  
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SUBR inittallzed t o  T , , , , , , . 1 6 - 1  
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, e a , , , a , , v a e , e ,  I r 4 - 2  
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FEXPR , 8  * 9 8 8 a N - 2  
SUBR 1 . ~ ~ 1 , e 1 ~ 1 ~ ~ . ~ 8 , 1 0 m 2  
SUBR 1 m e , , , * , o * , e a u 1 f l a 2  

( 8 8  @ 8 8 @ ~ 8 @ ~ @ @ 0 8 0 @ @ ~ #  

C A A A A R  SuBR , ~ 8 @ 8 @ , @ ~ 8 ) @ ( O @ 1 0 m 2  

CDDDDR SUBR a , c i r c r t r c , m r c e , l @ l &  

c H R C ~  SUBR @ ~ l ~ 0 8 l ~ ( ) l O ~ ~ ~ ~ ~ ~  

C O N D  FSUBR a l l o w s  m o r e  t h a n  onr  c o n s e q u e n t  8 - 1  

8::; SUBR a , o , , e , m a e e e , m r I f l " l  

FSUBR , # a , a a , a , , a , a a , , 1 1 ~ 3  
D D T I N  SUBR , , a , , , 8 , . , 8 a a 0 , 1 4 ~ 3  
D O T O U T  SUBR 
OE FSUBR e m ,  , , a , ,  , , , , , , , a l l - 2  
DEFPROP F S U B R  t r t a a 1 1 - 2  

D E P O S  I T SUBR @ t t , a , o , @ a e , 0 , 1 5 - 2  
DF FSUER , m a , , 8 m a 9 t a a , a v e l I - 2  
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DM FSUBR @ , 8 t , @ @ @ ~ @ + # @ @ , . 1 1 - 2  
D S K I N  F E X P R  a r a , , , , , , I a , , ,14-28 
ED SugR @ ~ @ ~ 8 @ ~ 8 ~ ~ ~ ~ ~ @ 0  A w l  
EDFUN FEXPR , m , , , , , , , a t a , a , a  K - 1  
E Q SUBR t a a * 9 , o , o a e , , 8 ,  9-L 
EQUAL SUBR 9-1 
E R R  SUBR t , , , e a , a ( o l m e 8 r l b - l  

E R R S E T  F ~ ~ B g  , , , , . , ~ , , , , . r 8 . 1 6 - 1  
€ V A L  LsUBR s e c o n d  a r g u m e n t  a1 l o w e d  , , . 7-1 
EXAIVIINE SUBR , , 8 , . q e , * t a , a , @ a 1 5 - 2  

E X A R R A Y  F S U ~ R  , . , , , , , , , , , , 8 . 1 5 w 2  
E X C I S E ;  S U ~ R  @ ~ @ @ ~ ~ @ ~ * @ ~ ~ @ ~ @ O  Hwl 
E X P L O D E  SUBR @ . 1 , m , , 1 * a , * e , 1 * 1 0 1 7  
EXPLODEC SUBR , , 8 a , a e , * @ @ , , , , , l g a 7  
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S Y M  * * , e e e e e e e , e e e e e  E m 2  
* e * e e a e e e e e e e , , e  4'2 

SUBR * e t e e e * e e e * e * e a e l @ n 7  

, @ a e e e e e * e * @ e o @ ,  4-3 
SUBR 0 1 e . e e e e * e o o e e e 1 4 * 3  

* . * @ Q * * e * * e * * e e * e  E m 4  
. @ o , * . * @ * * e @ @ * @  7 m 4  

F U N C T I O N  FSUBR , e , e  7-1 
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6C SUBf? @ ( @ @ @ @ @ 6 @ ( 1 @ , ( 8 @  D v l  
GCD SUBR c r ~ e c r r c c r e c c c r i ~ ~ i  

G C G A C  SUBR * e t e e e e e e * * e e , * e  0-1 
' C C T I M E  SUBR * e * e e ~ e * * * * e e , * *  0-1 

GENSY M SUBR * , e a a a e * , * , e e t * e l % m 3  

GET SUBR e e t e * ~ e ~ e o o e o e 1 1 m l  

GETL SUBR * v e e a e e e * e , e e * * e e l i ~ l  

GE TSY M FEXPR e e * e e e e * e * * , e e * e  H a 1  
GO fSUBR * . , * e e e * . , * * 0 , * * 1 3 - 1  
GREATERP M A C R O  n ~ r g u r n r n t r ~ ,  . , @ . I , .  913 
G R I N B E F  FSUBR , e e e o t e r * e e  A m 1  

I B A S E  VALUE f n f t i a i l t r d t o 8  * t * I , 4 - 1  
I D E N T I F I E R  * e , * e e e n , , , e * e a e  3-1 
I NC SUBR * , , * , e e e . , , , e e , e 1 4 m 2  

I N I T F N  SWBR e e , e e e * e e e e e * , * e % 6 ~ 1  

I N P U T  FSUBR e e * * , , e e 1 4 * 1  

t NTECER e e ~ e e o ~ e t * e e e * ,  411 
f NTERN SUBR e e e e , e * * e t e e e * f i e I 1 ~ 2  

LABEL , * * e e * e e * e m e m t a q  6 4  
LAMBDA a ~ t e e e t e a e .  6-P 
L A S T  SUBR r r t u r n r  and o f  I t  , , . $012 
LENGTH SUBR e e e e e e e e e o * * e - e e t l f l . 4  
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MAP SUBR d)+?@r@nt argumrnt  o r d e r , . ,  , , 10-5 
MAPC SUBR t1 w 

t* 
e  r r 10a5 

M A P C A R  SUBR 91 1) 

1, t *I 
* , r 10-6 

YAPL I S T  SUBR tt e e e 1 0 4  
MEMBER SUBR UIIU EQUAL 8 e  e  o 

M E M Q  SUBR ~ ~ ~ ~ E Q u e t t * e e m r  9*2  
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REVERSE SUBR m m a o * o e o m @ e o a o @ @ 1 f l m 4  

R P L A C A  SUBR @ . a ~ ~ a @ o . @ ~ a r u ~ 1 0 ~ 3  

R P L A C D  SUBR @ q a o ~ . . o a a m a * @ a A J m 3  

S A S S O C  SUBR U S ~ S  EQ a a m  t a a I a 8 10-6 
S E T  SUBR @ ~ o m e o @ o , e @ @ ~ a o , I ~ ~ 2  
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