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SECTION 1. INTRODUCTION 

When i t  was f i r s t  formulated i n  1960, ( 1 )  t h e  p rog raming  language 

LISP was a t r u l y  machine independent language. However, even t h e  e a r l i e s t  

computer implementation encountered problems i n  input -ou tpu t  c o n t r o l  and 

t h e  handl ing  o f  f r e e  v a r i a b l e s  which were n o t  considered i n  t h e  o r i g i n a l  

paper.  Successive implementations of LISP on more s o p h i s t i c a t e d  machines 

have solved such problems by independent methods and introduced ex t ens ions  

of t h e  language p e c u l i a r  t o  those  machines. Consequently, a LISP u s e r  

now f a c e s  cons ide rab l e  d i f f i c u l t y  i n  moving a program from one machine 

t o  another  and i s  o f t e n  involved i n  weeks of debugging i n  t h e  process .  

A s  a p o s s i b l e  s o l u t i o n  t o  t h i s  problem, t h i s  paper i s  an  a t tempt  t o  pro- 

v i d e  a uniform subse t  of LISP 1.5 and i t s  v a r i a n t s  a s  i t  e x i s t s  today. 

The v e r s i o n  of LISP desc r ibed ,  which we c a l l  Standard LISP, i s  s u f f i -  

c i e n t l y  r e s t r i c t e d  i n  form s o  t h a t  programs w r i t t e n  i n  i t  can run  under 

any LISP system upwardly compatible w i t h  LISP 1.5 a s  descr ibed  i n  t h e  

LISP 1.5 P r o g r a m e r ' s  Manual ( 2 ) .  A s  func t i on  names vary  from system t o  

system and input -ou tpu t  c o n t r o l  i s  d i f f e r e n t ,  some mod i f i ca t i on  of  t h e  

code i s  of course  necessary  be fo re  func t i on  d e f i n i t i o n s  can be success -  

f u l l y  compiled i n  any g iven  system. However, t h i s  mod i f i ca t i on  i s  per -  

formed au toma t i ca l l y  by a p reprocessor ,  which i s  custom b u i l t  f o r  a 

p a r t i c u l a r  system. This  p reprocessor  i s  a LISP program which i s  loaded 

be fo re  any Standard LISP programs a r e  run ,  and could be b u i l t  au to-  

m a t i c a l l y  i n t o  a system i f  only Standard LISP programs a r e  run.  P a r t s  

of  t h i s  p reprocessor  a r e  s i m i l a r  f o r  a l l  systems, b u t  some of i t s  

p e c u l i a r  t o  a g iven  implementation. Standard LISP preprocessors  have 

been w r i t t e n  f o r  SHARE LISP f o r  the  I B M  7090 s e r i e s  machines, S tanford  

L I S P / ~ ~ O  f o r  IBM System 360 machines, S tanford  A 1  LISP 1.6 f o r  t h e  



C. P.DP-6 and PDP-10, BBN LISP for the SDS 940 and Texas LISP for the 

CDC 6600. For convenience in exposition we shall refer to the first 

four systems as SHARE LISP, LISP/J~O, PDP LISP and BBN LISP respectively. 

In Section 2 of this paper, the structure of Standard LISP programs 

is described. Standard LISP conforms as closely as possible to LISP 1.5 

as defined in the LISP 1.5 Programmer's Manual, and the necessary 

deviations and extensions are described in detail. In Section 3 ,  the 

structure of the Standard LISP Preprocessor is described, and the pre- 

processor far L I S P / ~ ~ O  is given in Appendix A as an example. The 

translation of general LISP programs into Standard LISP is also dis- 

cussed in Section 3. A listing of all functions defined in Standard 

LISP is given in Appendix B, and a function for reading Standard LISP 

programs is given finally in Appendix C. 

The naming of new functions in a language and their definition is 

of course a very subjective matter, but little justification will be 

offered for their choice. The author would however appreciate hearing 

from anyone with criticisms or suggestions for improvements in the 

formulation. 



SECTION 2. STRUCTURE OF STANDARD LISP PROGRAMS 

2.1  Pre liminary 

I n  order  t o  achieve the  g r e a t e s t  poss ib le  compat ib i l i ty  wi th  e x i s t -  

i ng  LISP systems, Standard LISP i s  based a s  c lose ly  a s  poss ib le  on the  

language described i n  the  LISP 1.5 Programner's Manual. However, t he re  

a r e  s i x  main a reas  where Standard LISP makes s i g n i f i c a n t  depar tures  from 

the  d e s c r i p t i o n  i n  the  Manual i n  order  t o  o f f e r  maximum f l e x i b i l i t y  i n  

programming. These a reas  a r e  a s  follows: 

(i) Handling of f r e e  v a r i a b l e s  and cons tants  

(ii) Functional  arguments 

(iii) Character reading and p r i n t i n g  

( i v )  Externa l  f i l e  management 

( v )  Function and MACRO d e f i n i t i o n s  

( v i )  Array handling 

Each of these  modif icat ions w i l l  be described in, d e t a i l  i n  sub- 

sequent p a r t s  of t h i s  Sect ion.  A number of a d d i t i o n a l  l i m i t a t i o n s  

forced on Standard LISP p rogramers  because of d e f i c i e n c i e s  i n  the  

design of var ious  systems a r e  a l s o  given i n  t h i s  Sect ion.  

Severa l  funct ions given i n  the  LISP 1.5 Programmer's Manual have 

been redefined i n  Standard LISP f o r  maximum compat ib i l i ty  wi th  o ther  

systems and seve ra l  a d d i t i o n a l  funct ions of proven u t i l i t y  have been 

included. These funct ions a r e  defined i n  d e t a i l  i n  Appendix B and a r e  

the re fo re  not  discussed i n  t h i s  Sect ion.  

2.2 F r e e  Variables  

One a rea  i n  which the  g r e a t e s t  d i f f e rences  between var ious  LISP 

C. implementations can be seen i s  i n  the  handling of f r e e  va r i ab le s .  Most 

systems allow the  use of a s p e c i a l  c e l l  (u sua l ly  under an APVAL or  VALUE 



property)  f o r  s t o r i n g  those f r e e  va r i ab les  which a r e  global t o  all func- 

t i o n s  or  a r e  constant  i n  the  system. I n  systems with compilers there  i s  

i n  add i t ion  a mechanism f o r  s t o r i n g  and r e t r i e v i n g  free v a r i a b l e s  i n  

compiled funct ions an a push-down s tack .  Bowever, communication between 

a free v a r i a b l e  in a compiled and an in t e rp re ted  Ttmction i s  not  possib1.e 

i n  general i n  such a system, a s  the mechanism fo r  handling each i s  d i f -  

f e r e n t .  Two systems (m)P LISP and BBN LISP) solve t h i s  problem by making 

a l l  i n t e r p r e t e r  va r i ab les  SPECIAL and using a push-down-stack r a t h e r  than 

an ALIST Tor s t o r i n g  t h e i r  bindings. Standard LISP, hawever, cannot 

assume tha t  such conxmnicatiom i s  poss ib le  and therefore  imposes c e r t a i n  

l i m i t a t i o n s  i n  ttac use of f r e e  va r i ab les  on the user. In order  t o  pro- 

vide a p a r t i a l  so lu t ion ,  hawever, three  c l a s ses  of free va r i ab les  a r e  

recognized, each of which i s  handled d i f f e r e n t l y  by the preprocessing 

stage of an assembly. The three  c l a s s e s  a r e :  

(i) Constant va r i ab les  or  cons tan t s  a r e  va r i ab les  which a r e  

g loba l  t o  a l l  funct ions and whose value remains fixed during the l i f e  of 

a given system. 

(ii) Global va r i ab les  a r e  va r i ab les  which a r e  g lobal  t o  a l l  func- 

t i o n s  i n  t h a t  they do not  appear i n  the  va r i ab le  l i s t  of any LAMBDA or 

PROG expression. 

(iii) Extended va r i ab les  a r e  va r i ab les  which a r e  bound i n  a LAMBDA 

o r  PaOG v a r i a b l e  l i s t  of some funct ion,  but  f r e e  i n  another.  

Cor,~$t,.as?t: var i ab les  a r e  declared by the funct ion CONSTANT during the  --.- 
preprocessing stage. CONSTANT takes a l i s t  of p a i r s  of cons tants  and 

thei.r  values as i t s  arguments, and i s  defined i n  Standard LISP a s  

constant[u]  = ~ ~ ~ ~ ~ . S ~ [ U ; C O N S T A N T ]  

The preprocessor replaces  a l l  such cons tants  by the  l i s t  



(QUOT ~ < v a  lue>) 

on assembly. This mechanism provides a c o n v e n i ~ n r  :r~i:ii.~:: f o ;  t:o~mpensating 

f o r  system differences in t h e  handl ing  of ato3.ri.c rj?r.bi.1!3 f i s l n t a i n i n g  

arbitrary characters. For example, t h e  atom 'AN ATOM' would b;? written 

as $$$Ah' ATM$ i n  S U R E  LISP and LISP / J~O,  and as AN/ ATOM i n  PDP LISP, 

so such a s t r i n g  canmoa: be int roduced d i r e c t l y  i n t o  a standard LISP 

program. However, the p r o g r a m e r  can use a free v a r i a b l e  AKATOM for example 

::a represent t1ri.s s~ring, ae~d t h e  app rop r i a t e  vaHtze f o r  the atom dec la red  

rjrrr"ln3 t he  s c t ~ p  sr,agE. Any necessary character sral.i.ic, ob j ecc s ,  such as 

C;Mk& and LPAB, f u ~  e x a p % e ,  should also be declared u s i n g  CONSTANT. An 

e+:ampl,c o f  t he  call of CONS'TNT f o r  L I S P / J ~ O  would be :  

, $$$ ,$ j (LPAR $$$ (Q) (AMTOM $$$AN ATOM$) ) ) 

~ k . c l ; i . ;  2 vwriablea differ  f s m  extended v a r i a b l e s  Ln t h a t  w.nTy one f ixed c e l l  
" U u w  Y* - ...-lu ILCUld*C - " C I I * u u w I . -  

I;$ ~e%,- :~%sazy to store t h e  value p o i n t e r  f o r  t h e  va r iab le ,  and  t h e r e f o r e  no 

pusl? -Lfcwn-etack/ ALIST con£ lict a r i s e s .  Thus i t  i s  p o s s i b l e  t o  coei~nunicate 

bet-ween such v a r i a b l e s  i n  i n t e r p r e t e d  and compiled Eti~i,ctiors providt2.d that 

r e f e r ences  t o  such v a r i a b l e s  i n  i n t e r p r e t e d  code are chaelged to references 

r:.o &k;.;e p a r t i c u l a r  cell where t h e  v a l u e  p o i n t e r  i s  s t o r e d .  i n  most systems,  

any c;t~ch variables which appear  i n  compiled func t i ons  must be dec l a r ed  

SPECIAL before c m p i l a t  ion.  The SPECIAL d e c l a r a t i o n  i n i t i a l i z e s  such 

vaj-iables ts MIL and s e t s  up the necessary c e l l  f o r  s t o r i n g  t h e  va lue  p o i n t e r .  

Srandd~*d LISP i n t r s d u c e ~  t w o  func t i ons  GTS and PTS which a l low t h e  programmer 

t o  get 2:' "., 4ge t he  value of these. s p e c i a l  cells d i r e c t l y .  In SHARE LISP 

f o r  example these functions a r e  def ined  as fol2ows: 

g t s j u ]  = cdarL prop ] u ;  SPECIAL ;)[ ~ ~ L ; e r r o r [ c o n s [ u ;  (NOT SPECIAL) ] ] ] ] ] 

p t s [u ;v ]  = r p l a c d [ c a r [ p r o p [ u ; ~ ~ ~ ~ ~ ~ ; ) I [ ~ ~ ~ ; l i s t [ p u t [ u ; ~ ~ ~ ~ I A L ; l i s t [ ~ 1 ~ ] ] ] ] ] ]  ;v] 

i rk o t h e r  systems, equ iva l en t  d e f i n i t i o n s  are always p o s s i b l e .  I f  a g iven  



- 
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funct ion  d e f i n i t i o n  i s  t o  be in t e rp re ted  and not  compi.led, then the pre- 

processor changes every reference  t o  g lobal  variables i n  the d e f i n i t i o n  

t o  c a l l s  t o  GTS and PTS. No ac t ion  i s  necessary by the preprocessor i f  

the funct ion  i s  compiled. 

Extended va r i ab les  a r e  the  only c l a s s  of f r e e  va r i ab les  which 

impose l imi t a t ions  on the use r .  I n  a l l  systems known t o  the author such 

v a r i a b l e s  r equ i re  SPECIAL dec la ra t ion  before compilation of funct ions 

w i n g  them. However, i t  i s  not  i n  genera l  poss ib le  t o  mix in t e rp re ted  

and compiled funct ions using these  va r i ab les ,  and so  funct ions con- 

t a in ing  such v a r i a b l e s  should e i t h e r  be a l l  compiled o r  a l l  i n t e rp re ted .  

A l l  r e ferences  t o  g lobal  and extended va r i ab les  a r e  made d i r e c t l y  

t o  the va r i ab le  i n  Standard LISP unless  the user  wishes t o  make an 

e x p l i c i t  c a l l  using GTS. Simi lar ly  a l l  changes should be made using 

SETQ, or PTS f o r  e x p l i c i t  references.  The funct ions CSET, CSETQ and 

SET are consequently not  defined or ava i l ab le  i n  Standard LISP. 

2.3 The Free Variables ALIST and OBLIST 

Many systems allow the  use r  t o  reference  the  ALIST and OBLIST 

d i r e c t l y  . However, the s t r u c t u r e  and referencing  (and even exis tence)  

of these  l is ts  vary so  much from system t o  system t h a t  no d i r e c t  

re ference  can be made i n  Standard LISP. The i n t e r p r e t e r  funct ions EVAL 

and APPLY a r e  however s t i l l  ava i l ab le  a s  *EVAL and +APPLY. %VAL takes 

a s ing le  form a s  argument and re tu rns  i t s  evaluated value. *APPLY takes 

two arguments, a funct ion and a l i s t  of arguments fo r  t h a t  funct ion,  

respect ive ly  and re tu rns  the  value of applying the  funct ion t o  the  argu- 

ment l i s t .  Thus i n  SHARE LISP these two funct ions a r e  defined a s :  

*eval[u] = e v a l [ u ; a l i s t [  ] ] 



where a l i s t  [ I  i s  d e f i n e d  by 

LAP ( ( (ALIST SUBR p )  (CIA $ALIST) (TRA 1 4 )  ) NIL)  

2.4 F u n c t i o n a l  Arguments 

I n c o r p o r a t i n g  f u n c t i o n a l  arguments i n  LISP systems poses many 

d e s i g n  problems which a r e  s t i l l  no t  complete ly  r e s o l v e d .  However, most 

sys tems r e c o g n i z e  t h e  d i f f e r e n c e  between a  c a l l  t o  a  f u n c t i o n a l  argument 

which i s  e s s e n t i a l l y  a  quoted f u n c t i o n  d e f i n i t i o n ,  and one i n  which 

t h e  form of  t h e  f u n c t i o n a l  argument changes d u r i n g  t h e  e v a l u a t i o n ,  a s  

g i v e n  i n  ~ a u n d e r s '  famous example (3) f o r  i n s t a n c e .  S tandard  LISP u s e s  

t h e  PDP LISP t e c h n i q u e  f o r  d i s t i n g u i s h i n g  between t h e s e  two t y p e s  of 

c a l l s ,  v i z . ,  a  quoted d e f i n i t i o n  i s  r e f e r r e d  t o  by FUNCTION a n d  a  m o d i f i -  

a b l e  form by "FUNCTION. The u s e s  of QUOTE t o  d e f i n e  f u n c t i o n a l  arguments 

is  n o t  a l lowed.  The p reprocessor  can of  c o u r s e  modify t h e s e  forms t o  

whatever  p a r t i c u l a r  c a l l i n g  method i s  used i n  t h e  r e l e v a n t  system. F r e e  

v a r i a b l e s  i n  f u n c t i o n a l  arguments which a r e  no t  c o n s t a n t s  r e q u i r e  SPECIAL 

o r  COMMON d e c l a r a t i o n s  i n  most compi le r  sys tems.  These d e c l a r a t i o n s  a r e  

made i n  a  u s e r - d e f i n e d  i n i t i a l i z a t i o n  s t a g e  of  t h e  p r e p r o c e s s o r  a s  d e s c r i b e d  

i n  S e c t i o n  3. 

2.5 C h a r a c t e r  Reading and P r i n t i n g  

I n  i t s  p u r e s t  f o r m u l a t i o n ,  t h e  c o n s t i t u e n t  c h a r a c t e r s  of a  LISP atom 

have no i n h e r e n t  meaning. However many a p p l i c a t i o n s  of  LISP r e q u i r e  t h e  

i n s p e c t i o n  and manipu la t ion  o f  t h e s e  c h a r a c t e r s  and t h e  a b i l i t y  t o  c r e a t e  

new atoms from a l i s t  o f  c h a r a c t e r s .  It i s  a l s o  o f t e n  n e c e s s a r y  t o  read  

and w r i t e  i n d i v i d u a l  c h a r a c t e r s  and e x e r c i s e  s a n e  c o n t r o l  over  t h e  format 

o f  o u t p u t .  

S tandard  LISP i n t r o d u c e s  t h e  fo l lowing  f u n c t i o n s  f o r  t h i s  purpose .  

A l l  can be r e a d i l y  d e f i n e d  i n  most sys tems.  



readch[ ] Reads and r e t u r n s  one cha rac te r  from the  input  b u f f e r .  

princ[ u]  Adds t h e  charac ter  s t r i n g  u t o  the  output b u f f e r ,  Returns u. 

explode[u] Returns a l i s t  of t he  cons t i t uen t  cha rac te r  atoms comprising 

the  l i t e r a l  atom u. u may be an i n t e g e r ,  bu t  no t  a f l o a t i n g  

poin t  number, a s  var ious  systems use d i f f e r e n t  p r i n t  repre-  

s en ta t ions  fo r  these ,  

compress[u] Creates  an  atom ( l i t e r a l  atom or number) from the  l i s t  of 

cha rac te r s  u ,  adds i t  t o  the  OBLIST if one e x i s t s ,  and 

r e t u r n s  the  atom. 

A p red ica t e  funct ion  which i s  t r u e  i f  u i s  one of t h e  

cha rac te r  atoms A through Z and f a l s e  otherwise.  

A pred ica t e  funct ion  which i s  t r u e  i f  u i s  one of t he  

cha rac te r  atoms 0 through 9. 

I f  u = N I L  then t h i s  funct ion  r e tu rns  the  cu r ren t  length  

of t he  output bu f fe r  l i n e ,  othe.mise i t  s e t s  t he  b u f f e r  

length  t o  u ,  

Returns the  number of cha rac te r s  present ly  i n  the  output 

bu f fe r  . 
spaces[n] Adds n spaces t o  the  output bu f fe r  and r e t u r n s  NIL. 

I n  order  t o  achieve compat ib i l i ty  wi th  a l l  systems i t  i s  necessary 

t o  make a s p e c i a l  d i s t i n c t i o n  between cha rac te r  atoms a s  such and o rd i -  

nary atoms. A charac ter  atom i s  one returned by READCH o r  i n  the  l i s t  

returned by EXPLODE. The funct ions LITER, and DIGIT should only be used 

wi th  cha rac te r  atoms a s  arguments and COMPRESS can only take  a l i s t  of 

cha rac te r  atoms. Character atoms do not  possess property l i s t s  i n  the  

usua l  sense and bear no r e l a t i o n  t o  the  ordinary atom of the  same name, 



(;; 
Thus t h e  cha rac t e r  atom A i s  n o t  equa l  i n  any sense t o  the atom A or  

t h e  c h a r a c t e r  atom 1 t o  t h e  LISP number 1. I f  p a r t i c u l a r  cha rac t e r  

atoms a r e  needed i n  a program, they should be included a s  cons t an t s  

(e .g . ,  ONE) i n  the  main program and app rop r i a t e ly  def ined i n  t h e  pre-  

p rocessor .  A l t e r n a t i v e l y ,  they can be c r ea t ed  u s ing  EXPLODE. 

2.6 F i l e  Management 

The a b i l i t y  of most modern ope ra t i ng  systems t o  handle vary ing  

inpu t  and output  dev ices  f o r  d a t a  was no t  foreseen  i n  t h e  o r i g i n a l  

d e f i n i t i o n  of LISP. Standard LISP t h e r e f o r e  i nc ludes  t he  fol lowing 

func t ions  t o  handle  such f i l e  management. It i s  assumed t h a t  i n  each 

system t h e r e  i s  a s tandard  i npu t  and output  device i n i t i a l l y  o f f e r ed  

t o  the u s e r .  

open [ u ;  INPUT] Declares  t h e  f i l e  u a s  an input  f i l e .  

O ~ ~ ~ [ U ; O U T P U T ]  Declares  t h e  f i l e  u a s  an  output  f i l e .  

r d s [ u ]  Declares  t h a t  a l l  i npu t  now comes from the f i l e  u .  I f  

u i s  NIL, then t h e  s tandard  i npu t  device i s  s e l ec t ed .  

I f  u i s  no t  NIL, then u must have prev ious ly  been 

dec la red  through an  OPEN statement  a s  a n  i npu t  f i l e .  

Declares  t h a t  a l l  output  now goes t o  the f i l e  u.  I f  u 

i s  NIL, then  t h e  s tandard  output  dev ice  i s  s e l e c t e d .  

I f  u i s  no t  NIL, then u must have been prev ious ly  

dec la red  through an  OPEN statement  a s  a n  output  f i l e .  

c l o s e  [ u] Closes t h e  f i l e  u. I f  u i s  an  ou tput  f i l e ,  then t h e  

necessary end -o f - f i l e  marks a r e  w r i t t e n .  

The form of t h e  argument u f o r  these  func t ions  w i l l  vary from 

system t o  system. I n  some, i t  w i l l  be an  atom spec i fy ing  the  name of a 

f i l e  i n  some unique manner. I n  o the r s  i t  w i l l  be a l i s t  g iv ing  d e t a i l s  



C of device,  filename, project/programoer numbers, e t c .  However, the  

d i f f e rences  should not  a f f e c t  the  design of programs o r  t h e i r  c a l l i n g  

sequences. 

2.7 User-defined Functions and Macros 

Most LISP systems provide the  user  wi th  a funct ion  DEFINE f o r  

introducing funct ion  d e f i n i t i o n s  i n t o  the  system. However, the  a c t i o n  

of DEFINE v a r i e s  markedly from system t o  system. I n  SNARE LISP-like 

systems, the  d e f i n i t i o n  i s  added t o  the  property l i s t  of the  funct ion  

name wi th  an ind ica to r  EXPR. Other systems use CAR of the  funct ion 

name a s  a poin ter  t o  the  d e f i n i t i o n  and i n  some cases  compile the  func- 

t i o n  d i r e c t l y  i n t o  the  system. A Standard LISP funct ion DEFINE i s  a l s o  

a v a i l a b l e  f o r  introducing user-defined funct ions i n t o  the  system, but  as 

i t s  a c t i o n  v a r i e s  from system t o  system i t s  d e f i n i t i o n  must be included 

(z i n  the  sys  tern preprocessor.  The Standard LISP DEFINE normally includes 

a c a l l  t o  the  system compiler, but  t h i s  may be var ied  a s  required.  I n  

add i t ion ,  DEFINE c a l l s  the  preprocessor t r a n s l a t o r  which modifies the  

funct ion  d e f i n i t i o n  before incorpora t ion  i n  the  system a s  we s h a l l  

expla in  i n  d e t a i l  i n  Sect ion 3. 

Specia l  forms introduced a s  FEXPRs and FSUBRs may a l s o  be defined 

i n  Standard LISP. A s  the  preprocessor a l s o  modifies the  d e f i n i t i o n s  of 

these forms, a s p e c i a l  funct ion  DEFEXPR, whose argument has the  same 

form a s  DEFINE, i s  provided f o r  introducing them. 

The advantages of FEXPRs and FSUBRs a r e  not un ive r sa l ly  recog- 

nized among LISP system des igners ,  and the  cu r ren t  tendency i s  t o  

incorpora te  a macro def in ing  f a c i l i t y  i n  order  t o  reduce execution 

time i n  compiled code. In  l i n e  wi th  t h i s  t rend,  Standard LISP a l s o  

(2 includes a funct ion  MACRO s imi la r  i n  form t o  t h a t  described by 



Weissman ( 4 ) .  A s  wi th  DEFINE and DEFEXPR, the argument l i s t  i s  modi- 

f i ed  by the  preprocessor and the code i s  compiled i f  required.  I n  

systems wi th  no macro handling f a c i l i t y  the preprocessor can be used 

t o  expand any macros found i n  a funct ion d e f i n i t i o n  a t  DEFINE time a s  

shown i n  Appendix A. On the other  hand, i f  t h e  system has no FEXPR or 

FSUBR f a c i l i t y ,  such forms can be handled with macros o r  again by the  

preprocessor.  Consequently, a l l  macros and s p e c i a l  forms must be i n  

the system before  def in ing  any funct ion which uses them. 

Because funct ion d e f i n i t i o n s  a r e  s tored  d i f f e r e n t l y  from system t o  

system, Standard LISP includes a funct ion GETD for  r e t r i e v i n g  a funct ion 

d e f i n i t i o n  when required.  With in t e rp re ted  code, GETD r e tu rns  a poin ter  

t o  the S-expression d e f i n i t i o n  of the  function. I f  the funct ion has 

been compiled, GETD s t i l l  r e tu rns  a non-NIL value so  t h a t  a t e s t  f o r  

an e x i s t i n g  funct ion d e f i n i t i o n  can be made, but  i t  i s  not  poss ib le  t o  

i n t e r p r e t  t h i s  value i n  Standard LISP. 

2.8 Array Handlinq 

Many LISP systems recen t ly  developed allow fo r  the  d e f i n i t i o n  of 

a r r ays  i n  which the  elements may be numbers a s  w e l l  as  poin ters  t o  S- 

expressions.  I n  order t o  maintain our downwards compat ib i l i ty  with 

SHARE LISP, however, Standard LISP r e s t r i c t s  a r r ays  t o  the  LIST a r ray  

described i n  the LISP 1.5 ~rogrammer 's  Manual. Consequently the  word 

LIST i n  the  SHARE LISP ar ray  dec la ra t ion  i s  redundant, and i s  omitted 

i n  Standard LISP. Thus ARRAY i s  a funct ion of one argument which i s  a 

l i s t  of a r r ays  t o  be declared.  Each item i s  a l i s t  containing the  

name of the a r ray  and i t s  dimensions, an exqmple being 

a r ray  [((ALPHA (7 10) )  ((BETA ( 3  4 ? ) ) I  



A f t e r  ARRAYhas been executed,  t he  a r r a y s  dec la red  e x i s t  and t h e i r  

e lements  a r e  a l l  s e t  t o  NIL.  I nd i ce s  always range from 0 t o  n-1. 

On t h e  o t h e r  hand, Standard LISP provides  two d i s t i n c t  f unc t i ons  

f o r  s e t t i n g  a r r a y  elements  and g e t t i n g  t h e i r  va lue s .  SETEL i s  a func- 

t i o n  of two arguments,  t h e  f i r s t  a l i s t  c o n s i s t i n g  of t h e  a r r a y  name 

and t he  r e l e v a n t  coo rd ina t e s ,  and t h e  second t h e  va lue  of t h e  element.  

S i m i l a r l y ,  GETEL i s  a func t i on  of one argument which r e t u r n s  t h e  va lue  

of an element.  For example, t o  s e t  t h e  (3 ,4)  element of t h e  a r r a y  

ALPHA t o  A ,  we w r i t e  

s e t e l  [ (ALPHA 3 4) ; A] 

and t o  g e t  t h e  va lue  of  t he  (0,1,2) element of BETA we w r i t e  

g e t e l  [ (BETA 0 1 2 ) ]  

2.9 Standard LISP Program R e s t r i c t i o n s  

I n  o rde r  t o  ach ieve  compa t ib i l i t y  w i t h  a s  many systems a s  p o s s i b l e ,  

t h e  fol lowing a d d i t i o n a l  r e s t r i c t i o n s  and f e a t u r e s  mus t  be  borne i n  mind 

when w r i t i n g  programs i n  Standard LISP. 

( i)  The p r o g r a m e r  i s  t a l k i n g  t o  EVALQUOTE r a t h e r  than  EVAL. 

Moreover, t h e r e  a r e  no OVERLORD ca rds  i n  t he  SHARE LISP 

sense ,  s o  t h a t  a s p e c i a l  read ing  func t i on  may be requi red  

i n  some systems. A s u i t a b l e  func t i on  t o  do t h i s  i s  g iven  

i n  Appendix C. 

(ii) L i t e r a l  atoms a r e  l im i t ed  t o  24 c h a r a c t e r s .  Decimal 

23 i n t e g e r s  a r e  r e s t r i c t e d  t o  7 d i g i t s  (3 ), f l o a t i n g  

p o i n t  numbers t o  8 d i g i t s  p lu s  an  o p t i o n a l  s igned o r  

unsigned exponent l e s s  i n  magnitude than  37. Numbers 

r e l a t i n g  t o  o t h e r  bases  a r e  no t  allowed e x p l i c i t l y  and 

must be included a s  cons t an t s .  



(iii) 

(iv) 

(vii) 

(viii) 

(ix) 

Functions may not have more than five arguments and be 

compiled in PDP LISP. 

A GO statement may only occur at the top level of a PROG 

or as one of the value parts in a top level COND statement 

within a PROG (otherwise the function will not compile in 

the 7090 and LISP/~~O systems). 

The atom NIL represents falsity; F is not available for 

this purpose. Furthermore, all S-expressions other than 

NIL are considered to be true in predicate tests. 

A COND form must terminate with a pair (T <for&) unless 

the COND occurs within a PROG form. 

Free variables should not have the same name as a function 

in the program (otherwise some compilers will fail). 

No atom may have more than 24 characters. 

Because the Standard LISP function DEFINE includes a call 

to the preprocessor, all FEXPRS and MACROS must be in the 

system before defining any function which uses them. 

LABEL is not defined in Standard LISP. 



SECTION 3. THE STANDARD LISP PREPROCESSOR 

3.1 Pre l iminary  

The Standard LISP preprocessor  i s  a  LISP program which i s  respon- 

s i b l e  f o r  modifying any func t i ons  o r  MACROS def ined  i n  Standard LISP 

s o  t h a t  they conform w i t h  t h e  p a r t i c u l a r  p r o p e r t i e s  of t h e  system i n  

which they a r e  be ing  assembled. The preprocessor  i s  w r i t t e n  d i r e c t l y  

i n  the p a r t i c u l a r  LISP language under cons ide ra t i on  and we cannot t h e r e -  

f o r e  d e s c r i b e  i n  d e t a i l  i t s  form f o r  each system. However, t h e  gene ra l  

c h a r a c t e r i s t i c s  remain the  same and w e  s h a l l  de sc r ibe  them here .  

The preprocessor  d i v i d e s  n a t u r a l l y  i n t o  t h r e e  p a r t s  a s  fo l lows:  

(i) The t r a n s l a t o r ,  which modif ies  the  S-expression d e f i n i t i o n s  

o f  f unc t i ons  be fo re  they  a r e  compiled o r  i n t e r p r e t e d .  

(ii) D e f i n i t i o n  of f unc t i ons  i n  Standard LISP n o t  implemented i n  

t h e  p a r t i c u l a r  system. 

(iii) A u s e r  suppl ied  i n i t i a l i z a t i o n  s e c t i o n  where f r e e  v a r i a b l e s  

a r e  dec la red .  

3.2 The T r a n s l a t o r  

The Standard LISP t r a n s l a t o r  i s  a  r e c u r s i v e  func t i on  TRANS which 

modi f ies  t he  code of any func t i on  o r  macro introduced i n t o  t h e  system. 

TRANS takes  two arguments, t h e  f i r s t  being t h e  exp re s s ion  t o  be modi- 

f i e d  and t h e  second NIL i f  t h e  func t i on  i s  t o  be compiled and T i f  no t .  

The code f o r  t h e  L ISP / J~O t r a n s l a t o r  i s  given i n  Appendix A .  This  code 

i s  intended only a s  a guide f o r  w r i t i n g  preprocessors  f o r  o t h e r  systems, 

but i n  most c a se s  i t  w i l l  n o t  r e q u i r e  r e v i s i o n  except  a s  i nd i ca t ed  

be low. 

I n  order  t o  use  t h e  func t i on  TRANS, i t  i s  necessary  t o  d e f i n e  i n  

t he  preprocessor  t h e  func t i ons  DEFINE, DEFEXPR and MACRO. These func t i ons  



c a l l  an  a u x i l i a r y  func t i on  DEFZ which performs four  s e p a r a t e  a c t i o n s  on 

each d e f i n i t i o n  considered.  

( i )  It  checks each func t i on  name f o r  a flag LOSE. I f  t he  f l a g  

i s  found, i t  does  no t  in t roduce  t h e  func t i on  i n t o  ~ h c  system. I n  t h i s  

way any func t i ons  not1 needed i n  a  p a r t i c u l a r  implementation of a  l a r g e  

system may be excluded wi thout  modifying t he  main program. 

(ii) I f  the  func t i on  has  no such f l a g ,  DEFl now checks f o r  t h e  

e x i s t e n c e  of a  f u n c t i o n a l  p roper ty  i n d i c a t o r .  I f  i t  f i n d s  one, a  

message 

i s  p r i n t e d .  This  i s  ve ry  u s e f u l  i n  checking f o r  c o n f l i c t s  between LISP 

system func t i ons  and Standard LISP func t ions .  I f  a  c o n f l i c t  i s  found, 

t he  r e l e v a n t  f unc t i on  can be renamed us ing  t he  NEWNAM mechanism descr ibe& 

below. 

( i i i )  It now a p p l i e s  t he  func t i on  TRANS t o  the  func t i on  name and 

i t s  d e f i n i t i o n .  The e x p l i c i t  a c t i o n  of TRANS i s  descr ibed  below. 

( i v )  The func t i on  i s  now compiled i n t o  t h e  system, u s ing  i n  

most systems t h e  equ iva l en t  of t h e  func t i on  COMl of t h e  SHARE LISP 

compiler ,  o r  i n t e r p r e t e d  i f  t h e  func t i on  has  the  f l a g  NOCOMP on i t s  

proper ty  l i s t  o r  a  g l o b a l  v a r i a b l e  NOCMP i s  t r u e .  This  code may need 

mod i f i ca t i on  i n  some systems. I n  L I S P / ~ ~ O ,  COMl t akes  t h r e e  arguments, 

t h e  f i r s t  t he  func t i on  name, t he  second the  d e f i n i t i o n  of t h e  func t i on  

if i t  i s  an  EXPR ( o r  NIL) and t he  t h i r d  t h e  d e f i n i t i o n  i f  i t  i s  an  

FEXPR ( o r  N I L ) .  

The necessary  f l a g s  f o r  f unc t i ons  which a r e  no t  t o  be included i n  

a n  assembly o r  a r e  no t  t o  be compiled a r e  added by t he  func t i ons  LOSE 

and NOCOMP r e s p e c t i v e l y .  Each of t he se  func t ions  t akes  a  l i s t  of 



f u n c t i o n  names a s  argument. The i r  d e f i n i t i o n s  a r e  g iven  i n  Appendix A ,  

and t h e i r  use  i s  obvious. 

A s  a n  a l t e r n a t i v e  t o  f l agg ing  those func t i ons  which a r e  no t  t o  be 

compiled, i t  may sometimes prove u s e f u l  t o  i n t e r p r e t  a whobe b a t c h  of  

f unc t i ons .  I n  t h i s  c a se ,  the  g l o b a l  v a r i a b l e  NOCMP can be turned on and 

o f f  by t h e  func t i on  NOCOM a l s o  def ined  i n  Appendix A.  

A f t e r  a l l  f unc t i ons  have been considered i n  a  given DEFINE or MACRO 

s t a t emen t ,  a  l i s t  of  those  func t i ons  which have been compiled i n t o  t h e  

system i s  re turned  (excluding those  ' l o s t  ' ) . 
3.3 Modi f ica t ions  t o  Code Performed by TMNS 

Besides  r ep l ac ing  any cons t an t s  dec la red  by CONSTANT w i t h  t h e  co r -  

responding quoted va lues  a s  descr ibed  i n  Sec t i an  2.2,  and expanding any 

FEXPRs o r  macros i n  systems wi thout  f a c i l i t i e s  f o r  handl ing  them, TRANS 

performs two o t h e r  types  05 code mod i f i ca t i on  on any d e f i n i t i o n  g iven  

t o  i t .  These mod i f i ca t i ons  a r e  dec l a r ed  i n  advance by t h e  func t i ons  

NlEWNAM and NEWFORM. 

NEWNAM, l i k e  CONSTANT, takes  a  l i s t  of p a i r s  of atoms which i t  

g ives  t o  DEFLIST w i t h  t h e  i n d i c a t o r  NENNAM. I f  TRANS meets any atoms 

w i t h  t h i s  p roper ty  i n  a  f u n c t i o n a l  p o s i t i o n ,  i t  r ep l ace s  them by t h e  

corresponding va lue .  This  mechanism i s  u s e f u l  f o r  two purposes:  

( i )  To rename those  func t i ons  i n  a  Standard LISP program whose 

names c o n f l i c t  w i t h  LISP system func t i ons .  I n  some c a s e s ,  however, i t  

w i l l  be necessary  t o  d e f i n e  t he  renamed Standard LISP func t i on  i n  terms 

of t he  rrx:rct.ion w i t h  t h e  old name i n  t h e  LISP system. Th i s  can be done 

us ing  t h e  NEWFORM mechanism descr ibed  below, o r  by renaming t h e  func- 

t i o n s  with t h e  NEWNAM mechanism and then  d e f i n i n g  them wi thout  applying 

t h e  t r a n s l a t o r  t o  t h e i r  d e f i n i t i o n .  An example of t h i s  i s  t h e  func t i on  



EXPLODE i n  t he  L I S P / J ~ O  Preprocessor  i n  Appendix A .  

( i i )  To rename those  func t i ons  i n  a  Standard LISP program whose 

d e f i n i t i o n s  co inc ide  w i t h  system func t i ons  of a d l f  f e r e n t  name. 

Examples of t h i s  may be found i n  t h e  c a l l  of N E W A M  i n  t he  L I S P / J ~ O  

Preprocessor .  

NEWFORM takes  a l i s t  of  p a i r s  of atoms and lambda f u n c t i o n a l  

d e f i n i t i o n s  which i t  g ives  t o  DEFLIST w i t h  t he  i n d i c a t o r  NEWFORM. When 

TUNS meets a n  atom i n  a  f u n c t i o n a l  p o s i t i o n  w i th  such a  p roper ty  i t  

modi f ies  i t s  t r a n s l a t e d  arguments according t o  t h e  p r e s c r i p t i o n  g iven  

by t he  lambda express ion .  Thismechanism aga in  has  two u s e s :  

( i)  To r e d e f i n e  Standard LISPfunc t ions  i n  terms of  LISP system 

func t i ons  whose d e f i n i t i o n s  (and maybe even name) co inc ide ,  b u t  t h e  

arguments a r e  i n  a  d i f f e r e n t  o rde r .  For example, PDP LISP con t a in s  a  

func t i on  PUTPROP which i s  t he  same a s  t he  Standard LISP func t i on  PUT 

except  t h a t  t he  second and t h i r d  arguments a r e  i n  t he  oppos i te  o rder .  

So  i n  assembling Standard LISP programs i n  t h i s  sys tern, NEWFORM has an  

e n t r y  

(PUT (LAMBDA ( U  v W )  (PUTPROP u w v ) ) )  

We n o t e ,  however, t h a t  t h i s  t r a n s l a t i o n  w i l l  no t  be  c o r r e c t  i f  a  

form depends upon the  order  of i t s  arguments f o r  i t s  e f f e c t .  For 

example, t he  Standard LISP form 

(PUT u (SETQ v (QUOTE N O ) )  V )  

would n o t  t r a n s l a t e  c o r r e c t l y  i n t o  PDP LISP us ing  t h e  NEWFORM e n t r y  above. 

(ii) To 'open c:ompilel f unc t i ons  w i t h  a  s h o r t  d e f i n i t i o n  i n  t he  

p a r t i c u l a r  LISP implementation. Examples of t h i s  a r e  shown i n  t h e  L I S P / J ~ O  

preprocessor .  

I f  t h e  second argument of TRANS i s  t r u e ,  i n d i c a t i n g  t h a t  t he  func t i on  



i s  n o t  t o  be compiled, then t h e  t r a n s l a t o r  checks f o r  occurrences  of 

s p e c i a l  v a r i a b l e s  appear ing a lone  o r  a s  the  f i r s t  argument of  SETQ. I n  

t he  former c a s e s ,  i t  r e p l a c e s  t he  code by a c a l l  t o  PTS and i n  t he  

l a t t e r  a c a l l  t o  GTS. I n  some systems, however, i t  may be e a s i e r  t o  

d e c l a r e  such v a r i a b l e s  a s  COMMON and use  CSETQ t o  s e t  t h e i r  va lue s .  A 

check f o r  common v a r i a b l e s  i s  t h e r e f o r e  included i n  t he  d e f i n i t i o n  of 

TRANS f o r  i l l u s t r a t i v e  purposes.  

3.4 T r a n s l a t o r  Associated Functions 

I n  a d d i t i o n  t o  t h e  func t i ons  descr ibed  above, r e f e r e n c e s  a r e  made 

t o  t h e  func t i ons  SUBLIS, PAIR and DEFLIST def ined  i n  Standard LISP. I f  

t he se  func t i ons  a r e  no t  p r e sen t  i n  a given system, t h e i r  d e f i n i t i o n s  

must be included w i t h  t he  t r a n s l a t o r ,  a s  w i t h  SUBLIS i n  t he  L I S P / ~ ~ O  

T r a n s l a t o r  i n  Appendix A .  

3.5 Standard LISP Functions Not i n  System 

No LISP system y e t  w r i t t e n  con t a in s  a l l  Standard LISP func t i ons  

e x a c t l y  a s  we have def ined them, and it w i l l  t h e r e f o r e  be necessary  t o  

i nc lude  such d e f i n i t i o n s  i n  t h e  preprocessor ,  e i t h e r  a s  a func t i on  

d e f i n i t i o n  compiled d i r e c t l y  i n t o  t he  system wi thout  u s ing  TRANS, o r  by 

u s ing  t h e  NEWNAM and NEWFORM mechanisms descr ibed  e a r l i e r .  Examples of 

t h i s  a r e  shown i n  Appendix A. 

3.6 User-supplied Preprocessor  Sec t ion  

The f i n a l  s e c t i o n  of t h e  preprocessor  i n i t i a l i z e s  a u s e r ' s  f r e e  

v a r i a b l e s  and must be suppl ied  by the  u s e r  f o r  a given program. This  

s e c t i o n  - , h ~ \ l k l l  c on t a in  t he  t a b l e  of c o n s t a n t s  which t h e  programmer uses  

a s  a c a l l  t o  CONSTANT, and a l s o  any necessary  d e c l a r a t i o n  of  o the r  f r e e  

v a r i a b l e s  which t he  system r e q u i r e s .  These l a t t e r  d e c l a r a t i o n s  cannot 

form p a r t  of t he  Standard LISP program, a s  t h e  d e c l a r a t i o n  mechanism 



v a r i e s  from system t o  system. However, Standard LISP does al low use of 

a funct ion  SPECIAL t o  dec la re  any f r e e  v a r i a b l e s  i n  funct ion  d e f i n i t i o n s  

generated by a u s e r ' s  program so t h a t  these funct ions  may be compiled 

a t  the  time of d e f i n i t i o n  i f  requi red ,  

3.7 Program Trans l a to r  

Because Standard LISP provides only a subse t  of the  funct ions  

a v a i l a b l e  i n  any given LISP system, i t  i s  not  poss ib le  t o  automate com- 

p l e t e l y  the  t r a n s l a t i o n  of any given LISP program i n t o  Standard LISP. 

However, i t  i s  usua l ly  only the  system funct ions which d e a l  wi th  machine 

dependent p rope r t i e s  which cannot be t r ans l a t ed  s o  t h a t  most programs 

can be converted f a i r l y  r e a d i l y .  

A program t r a n s l a t o r  from PDP LISP t o  Standard LISP f o r  example 

has been designed on s imi l a r  l i n e s  t o  the Standard LISP preprocessor 

described i n  t h i s  Sect ion.  Apart from using reversed e n t r i e s  i n  the  

NEWNAM and NEWFORM t a b l e s ,  the  program t r a n s l a t o r  checks f o r  t h ree  par- 

t i c u l a r  f e a t u r e s  i n  the  PDP LISP program being converted. 

( i )  Any quoted expressions a r e  checked f o r  cha rac te r s  which 

a r e  n e i t h e r  l e t t e r s  or  d i g i t s .  I f  any a r e  found, the  quoted expression 

i s  replaced by a generated symbol. 

(ii) Any forms containing funct ions wi th  extended p rope r t i e s  a r e  

converted by e x p l i c i t  rou t ines  designed f o r  these  funct ions.  For 

example, a COND form can have more than one consequent i n  each term i n  

m)P LISP, s o  t h a t  each COND expression must be checked and changed when 

necessary. 

(iii) I f  a funct ion  i s  found which i s  not  t r a n s l a t a b l e ,  t he  form 

i n  which i t  occurs i s  replaced by a generated symbol. 

Whenever replacement by a generated symbol occurs,  the  programmer 



i s  informed of t h i s  on h i s  console .  I n  a d d i t i o n ,  the  generated symbol 

and i t s  equ iva l en t  a r e  placed on a t a b l e  which i s  p r in t ed  a t  t h e  end of  

t he  t r a n s l a t i o n .  This  t a b l e  i s  searched f o r  t he  p r i o r  ex i s t ence  of  a 

non- t r ans l a t ab l e  form before  a new symbol i s  generated.  In  case  ( i)  

above, t h e  generated symbol and i t s  equiva len t  become CONSTANT e n t r i e s  

i n  t he  Standard LISP preprocessor .  I n  case  (iii), the  symbols can be 

replaced (u s ing  an e d i t i n g  program) by whatever Standard LISP form t h e  

programmer dec ides  upon. 

Program t r a n s l a t o r s  w i l l  be cons t ruc ted  f o r  o ther  systems a s  the 

need a r i s e s .  



CONCLUSION 

The formulation of LISP presented in this paper offers the user a 

language which may be run on most machines with a minimum of fuss. It 

has been successfully used to run one very large LISP in five 

different LISP systems without difficulty. We hope that this attempt 

at standardization will also have some influence on the design of new 

LISP systems and make easier the deecription of LISP algorithms and 

programs in the literature. 
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APPENDIX A 

1 ) E F L I S T  ( ( ( C O M M L N T  ( L A M H D A  ( U  A )  N I L ) ) )  F E X P R )  

COMMENT ( STANDAHU L I S P  TRANSLATOR 1 

SPECIAL ( ( N O C M P ) )  

( L A M B D A  ( U )  ( C O M P I L E  ( U E F l h l E  I J )  1 )  ( (  

( D E F I N E  ( L A M t I D A  ( U )  
( U E F 1  U ( Q U O T E  E X P H ) )  1 )  

( D E F E X P H  ( L A M R U A  ( \ )  1 
( U E F 1  I) ( Q U O T E  F E X P R )  ) ) 

( W A C R O  ( L A M B D A  ( U )  
( D E F 1  U (QUOTE M A C R O ) ) ) )  

( P E F 1  ( L A M B D A  ( U  V )  
( P R O 6  I W  X Y Z )  
A ( COND ( ( N U L L  I l l  1 RkTLJRN Y 1 )  

( S E T Q  X ( C A A H  U )  1 
( C O N 0  ( ( F L A G P  X (O IJOTF L O S E ) )  (GO R ) )  

( I G E T D  X I  
( P R I N T  ( L I S T  (CJLJOTE * * * * * I  X (~3110TE RLL,tt- I N t i ) )  1 ) ) ) 

( S E T Q  Y (NCONC Y ( L I S T  X I ) )  
( S E T Q  W ( O R  NOCIL~P ( F L A G P  X ( Q U O T E  NOC3;*,P : 3 ) ) 

( S E T 3  X ( L I S T  ( T R A N S  X N I L )  ( T R A N S  ( C A O f i K  i J )  NOCCIYP)  1 )  
( C O N D  ( ( O R  W ( t W  V ( C l J O T t  I 4 A C H O j  1 )  ( I J t F L I S T  ( L l S T  Y )  V )  

( T  (C01'41 ( C A R  X I  
( A N 0  ( F O  V (QUOTE t X P R 1 )  [ C A R ! ?  X I )  
( A N 0  (PW V ( O U O T L  F E X P i 3 ) )  ( C A d R  X j ) ) J )  

S ( SETQ IJ  ( CDF? U 1 
( G O  A ) ) ) )  

( T H P  NS ( L A M ~ I D A  ( C J  V 1 
( C O b l ~ j  ( ( PlUL L LJ 1 hl I L 1 

( ( A T O M  I ]  1 ( C O N D  ( ( NtJMHERP U 1J 1 
( ( A N D  V ( G t T  U ( O I l O T t  S P k C I A L - j  ) I 

( L I S T  (O IJOTE GT:,) ( L I S T  ( 0 3 0 T E  ~ j l ! O T t 3  1)) 1 )  
T ( (LAMHUA ( X  1 

( CONU ( X ( L I S T  ( O I J O T k  U l ! O T t  J X ) 

( T  ( ( L A M e U A  ( Y )  
( C O N 0  ( Y  Y )  ( T  U j ) )  

( G t T  U ( d 1 ) O T E  N t \ , 4 N # )  ) ) 1 )  
( G E T  U (QUOTE CO lVSTANT 1 I J ) 

( ( A T O M  ( C A R  U ) 

( C O N D  ( ( E O  ( C A R  I l l  ( Q U O T E  O U O T t )  1 U )  
( ( A N D  V ( E Q  ( C A R  U )  (Q1lOTE- S t T ( 3 1 ) )  

( A P P E N D  ( C O N 0  ( ( G E T  (CADI<  U )  ( O U O T t  S P t C I A L )  
( L I S T  ( Q I J O T t  P T S )  

( L I S T  ((31JOTE Q U O T E )  (C.ADl? 1 )  J 



( ( F L A W  ( L A I ~ R  1 I K J U ~ T E  cor~1~or.1) 1 
( L I S T  ( (3LJ0Tk CSFT(31 ( C A O t ?  0 1  1 1 

( T  ( L T  S T  T T (C.AI>R U )  ) 
( T R A N S  (CiwnFi u 1 T ) 

( T  ( P R r ) G  ( Y )  

( ~ r ~ u w t  (r(mr> 
( ( SFT(3 X ( G t T  ( C A R  J ( (31J:lTF rJ t \d f -T>R~~ ' i  ) ) 1 

( ~ ~ ~ I L I s  ( P A I R  ( L A O R  X )  ( IGIAPTR ( C U R  U )  v ) )  

( C A D D l 4  X 1 ) 
T X T ( C A R  0) ((31Jr)TF Nt!krNAf\.l) 1 )  

(Cords X ( M A P T R  ( C L I R  ( J  1 \ I )  ) 1 
( ( S t T 9  X  ( G E T  ( C A R  I J )  ( ( J l ? O T E  M A C R O )  
mvm~ ( A P P L Y  x (cr)R 1 1 )  N I L ) ) )  

( T  (C-c)NS ( C A R  \ J )  ( ~ ~ A P T I I  ( C U R  U )  V ) ) ) ) ) ) ) ) )  
( T  (MAPTI - !  I J  V )  1 ) )  

( PAP T H  ( LAlsAt3L)A ( 1) V ) 

( C O N D  ( ( A T O M  LJ ) ( T i < A b l S  ( 1  \ I )  1 
( T  ( C O N S  ( T P A h I c  ( C A R  U )  V )  t M A p T Q  ( C l l l ?  t i )  \ / ) ) ) ) I )  

( I.,, 0 :; E, ( L A M f? L) A ( I J 1 
( F L A G  I1 (QI.IC)'TE LOSE 1 )  1 )  

i ' i  T I )  (LAlt:f  \)A ( \ J )  

( O F  ( G E T  U ( O U O T F  T X P R )  1 
(GF T I J  ( O O O T E  FFXPR 1 ) 

( G F T  U (QUOTF $!,IRK ) ) 

I GF' T 1.J ( Q I J O T F  FSIIBR ) 

((. i f  T !I ( O U Q T F  " I A C R D )  1 )  ) ) 

( 5 1  IuL 1 C ( LAi4Pr>A ( I !  V )  
(176>!1) ( ( h \ l . J L L  I.)) V )  

( T ( ( L A > I ! $ D A  ( X 
t COi\!l) ( X  ( C D R  X )  ) 

( ( A T O M  V )  V )  
( T  ( C O N S  ( S l J 5 L I S  I J  ( C A R  V ) )  ( S l J t 5 L I S  \ I  ( C U R  V ) ) ) ) ) )  

( S A S S O C  V I r  N T L ) ) ) ) ) )  



4 ~ ~ l ~ f y A : b l  ( ( 

( L I I G I T  U I G P )  
( k XPL Ol jF  #.EXPLQIIF 1 
( L I T t K  L t T P )  
( CIP L r~ *GF) t I,! 
( O T L L .  * n T L L  1 
( P R I  hiC P P I  1\41 1 
( PDS RI.'I>S 1 
( SPAC FS  X T , l b "  1 
(b/[?S * \ t l [ ? : - , )  

( *F IJ r \ lCT 1 0 "  FFJF c TT Of\! ) 

) 



( L A M B D A  ( U )  ( C O M P I L E  ( U E F L I S T  U ( O U O T E  E x P R ) ) ) )  ( (  

( * E X P L O D k  ( L A M R U A  ( U )  
( C O N U  ( (NUMRERP I J  ( E X P L O U N  I l l  ) 

( T  ( E X P L O D E  u ) ) ) ) )  

( E X P L O D N  ( L A M R D A  ( U )  
(CONU ( ( Z E R O P  U l  ( L I S T  ( O I J O T E  B B S U $ ) ) )  

( ( N O T  ( F I X P  1 ) ) )  ( E R R O R  ( L I S T  ( Q ~ J O T L  E X P L O D N )  U ) )  1 
( ( M I N U S P  1J) ( C O N S  ( Q U O T E  5 8 5 - 8 )  (LrXPLODN ( M I N I ) $  U ) ) ) )  
( T  ( E X F L @ r ' ) N l  1 ) )  ) )  1 )  

( F X P L O D N 1  ( L A M B D A  ( U )  
( P R O G  ( X  Y  L )  
A ( C O N D  ( ( Z E R O P  1)) ( R E T O R N  Z ) ) )  

( S E T 0  X ( R E M A I N D E R  11 10  1 ) 

( S E T 0  Y N A S L )  
B ( C O N D  ( ( F Q U A L  X ( C A A R  Y )  ( G O  C )  1 )  

( S E T 0  Y  ( C D P  Y ) )  
( G O  R )  

C ( 5 E T O  2 ( C O N S  ( C D A K  Y J  7 ) )  
( S E T O  U ( Q U O T I E N T  U 10) ) 
( G O  A ) ) ) )  

( * O P E N  ( L A M M D A  ( U  V )  
( P R C G 2  (OPEN 1) (QCIOTF ( ( L - R E C L  8 0 )  (HLKSIZE . 80))i \ / )  

I J ) ) )  

0 ( * R D S  ( L A M R D A  ( I J )  
(CON11 ( ( N U L L  U) ( H U F  ( O U O T F  LISPIN))) 

( T  ( R D S  u ) )  1 ) )  

(*WRS ( L A M B D A  ( U  
( C O N 0  ( ( N U L L  U )  ( W R S  ( Q I J O T E  L I S P O U T ) ) )  

( T  ( F R O G  N I L  ( O T L L  7 2 )  ( A S A  N I L )  (WRS ( 1 ) ) ) ) ) )  

1 )  

U N S P E C I A L  ( ( N A S L  1 1 

C O q M E N T  ( S T A N U A K D  L I S P  F O N C T I O N S  NOT U k F I Q E U  I N  L I S P  360) 

( r o p y  ( L A M B D A  ( U  
( C O N D  ( ( A T O M  1J) I I )  

( T  ( C O N S  ( C O P Y  ( C A R  0 ) )  ( C O P Y  ( C D R  ~ 1 ) ) ) ) ) )  

( COMPRESS ( LAMBDA ( I J  1 
( P R O 6 2  ( C O N 0  ( ( D I G I T  ( C A R  I l l )  ( M A P C A R  U ( F U N C T I O N  R N U M R ) ) )  

( T  ( M A P C A R  I) ( F U N C T I O N  R L I T ) ) ) )  
( M K A T O M )  1 )  

( G T 5  ( L A M P D A  ( U )  
( ( L A M R D A  ( X  

( C O N 0  ( ( N U L L  X )  ( E R R O R  ( L I S T  ( Q U O T E  G T S )  u ) ) )  

( T  ( C A R  X ) ) ) )  
( G E T  U t O U O T t  S P E C I A L ) ) ) ) )  



( P T S  (LAMBDA ( U  V )  

0 
( C A R  ( ( L A M B D A  ( X I  (CONI> ( ( N U L L  X )  ( P U T  U ( Q U O T E  S P E C I A L )  ( L I S T  V ) ) )  

( T  ( R P L A C A  X V ) ) )  
( G E T  U ( Q U O T t  S P L C I / A L ) ) ) ) ) )  

( Y A P  (LAMRDA ( U  P I )  
(PP(7G N I L  
A (COMD ( ( N U L L  0 )  ( R E T U R N  N I L ) ) )  

( P I  I J )  
( S E T Q  U (CUR 1) 1 
( G O  A ) ) ) )  

(MAPCON (LPMHDA ( U  P I  
(COND ( ( N U L L  U1  N I L )  

( T  ( N C O N C  ( P I  ( 1 )  (FRAPCON ( C D R  U )  P I ) ) ) ) ) )  

( R E V E R S E  (LAMRDA ( I j  

( P R O G  ( V )  
A ( CONU ( ( MULL 1J ( RETtIRN V  1 ) 1 

( SET(] V ( C O N S  ( C A P  \I 1 \/ 
( S E T Q  U (CDR (1 )  
( G O  A ) ) ) )  

( S U R S T  (LAMp,DA ( U  V  W 
( C O N D  ( ( E Q U A L  V 1 1.) 

( ( A T O M  \ J )  \El) 
( T  ( C O N S  (SIJt35T tJ V ( C A R  W ) )  (S IJHST U V ( C D R  w ) ) ) ) ) ) )  

( E V A L  I) A L I S T )  1 )  
1 

(DHOGN I L A V R D A  ( l J  A )  
( P R O G  M I L  
A ( C O R D  ( ( N U L L  ( C D R  U ) )  ( R E T U H q  ( E V A L  ( C A R  U )  N I L I I ) )  

( E V A L  ( C A R  U )  N I L )  
( S E T 0  U ( C D R  \J 1 
( G O  A ) ) ) )  

1 )  

C q ; 4 M F N T  ( T H E  F U N C T I O N S  POS AND * O T L L  ANU THE A R R A Y  F U N C T l O N S  A R E  
D F F I N E D  I N  L A P  AND NOT I N C L U D E D  I N  T H I S  L I S T I N G )  



APPENDIX B 

THE FOLLOWING FUNCTIONS DEFINED I N  THE LISP 1.5 PROGRAMMER'S 

MANUAL ARE AVAILABLE I N  STANDARD LISP 

ADD 1 
AND 
APPEND 
AT OM 
CAR...CDDDDR 
COND 
CONS 
COPY 
DEFLIST 
DIFFERENCE 
DIGIT 
EQ 
EQUAL 
ERROR 
EXPT 
FIXP 
FLAG 
FLOAT P 
GET 
GO 
GREATERP 
LEFTSHIFT 

LENGTH 
LESSP 
LIST 
LITER 
LOGAND 
LOGOR 
LOGXOR 
MAP 
MAPCON 
MAPLIST 
MAX 
MhVBER 
M I N  
MINUS 
MINUSP 
NCONC 
NOT 
NULL 
NUMBERP 
ONEP 
OR 
PAIR 
PLUS 

PRIN 1 
PRINT 
PROG 
PROG2 
QUOTE 
QUOTIENT 
READ 
RECIP 
REMAINDER 
REMFLAG 
REMPROP 
RETURN 
REVERSE 
RPLACA 
RPLACD 
SAS SOC 
SUB 1 
SUBLIS 
SUBST 
TERPRI 
TIMES 
ZEROP 

The fol lowing func t ions  def ined i n  Standard LISP have the same 

names bu t  d i f f e r e n t  p rope r t i e s  from the  LISP 1.5 Programmer's Manual 

d e f i n i t i o n s .  These changes a r e  necessary i n  order  to provide f o r  maxi- 

mum compa t ib i l i t y  w i th  o t h e r  system d e f i n i t i o n s .  

a r r a y  [ u ]  i n i t i a l i z e s  arrays.  Same d e f i n i t i o n  a s  f o r  

SHARE LISP except  t h a t  'LIST ' i s  omit ted.  

d e f i n e  [ u ]  in t roduces  func t ion  d e f i n i t i o n s  i n t o  system. 

Returns a l i s t  of func t ion  names introduced.  

d i v i d e  [ u ; v ]  

e r r o r s e t  [ u ; v ]  

r e t u r n s  cons [ q u o t i e n t  [ u ; v ]  ; remainder 

[ u ; v ] ]  where u and v a r e  i n t e g e r s .  

i f  an  e r r o r  occurs  dur ing  the  eva lua t ion  of 

u ,  NIL i s  re turned .  The e r r o r  message i s  



s e t q  [ u ; ~ ]  

s p e c i a l  [ u ]  

compress [ u ]  

de f  expr  [ u] 

d e l e t e  [ u ; v ]  

explode [ u ]  

p r i n t e d  i f  and only i f  v i s  T. 

I f  no e r r o r  occurs ,  l i s t  [ u ]  i s  r e tu rned .  

I n  systems which lack  t h i s  f a c i l i t y ,  e r r o r -  

s e t  [ u ; v ]  may be rep laced  by l i s t  [ u ] ,  bu t  

no e r r o r  recovery i s  then p o s s i b l e  except  

a t  t h e  t o p  l e v e l .  

d e f i n e s  a quoted f u n c t i o n a l  argument 

c r e a t e s  a new atom (e .g . ,  ~ $ l 2 j ) ,  adds i t  t o  

t he  OBLIST i f  one e x i s t s  and r e t u r n s  atom. 

s e t s  t he  PROG o r  f r e e  v a r i a b l e  u t o  t h e  

v a l u e  of v. Returns va lue  of v .  

i n i t i a l i z e s  t he  l i s t  of u of f r e e  v a r i a b l e s  

f o r  compila t ion.  Returns  u .  

The fol lowing a d d i t i o n a l  f unc t i ons  a r e  de f ined  i n  Standard LISP: 

c l o s e  [ f i lename] c l o s e s  f i lename by w r i t i n g  a p p r o p r i a t e  end- 

o f - f i l e  marks, e t c .  Returns fi lename. 

c r e a t e s  an  atom ( l i t e r a l  atom or  number) from 

l i s t  of c h a r a c t e r s  u ,  adds i t  t o  t he  OBLIST 

i f  one e x i s t s ,  and r e t u r n s  t he  atom. 

in t roduces  s p e c i a l  form d e f i n i t i o n s  ( a s  FEXPRs 

o r  FSUBRS) i n t o  system. Returns  a l i s t  of 

f unc t i on  names introduced.  

d e l e t e s  t h e  f i r s t  top  l e v e l  occurrence of t h e  

S-expression u from t h e  l i s t  v .  

r e t u r n s  a l ist  of t h e  c o n s t i t u e n t  c h a r a c t e r s  

of atom u. Must a l s o  work f o r  i n t e g e r s .  e.g. 

explode [I231 = ( 1  2 3 ) .  



f i x  [ u ]  

f l a g p  [ u ; v l  

f l o a t  [ u ]  

macro [ u ]  

open [ f i lename;  s t a t ]  

p r i n c  [ u ]  

progn [ u l , .  . . ,unI 

r e t u r n s  i n t e g e r  p a r t  of number u. 

r e t u r n s  T i f  atom u has  f l a g  v  on i t s  

proper ty  l i s t ,  otherwise  NIL. 

Re t u rns  f l o a t i n g  po in t  equ iva l en t  of number 

U .  

r e t u r n s  p o i n t e r  t o  d e f i n i t i o n  of u ,  i f  u  

i s  a  f unc t i on  o r  macro, and NIL o therwise .  

r e t u r n s  (m . . . ,m ) element of a r r a y  named 
1' n 

U .  

r e t u r n s  ( I g e t s f )  t h e  va lue  of t h e  s p e c i a l  

atom u. 

i n t roduces  macro d e f i n i t i o n s  i n t o  system. 

Returns  a  l i s t  of macro names introduced.  

i f  n u l l  [ u ]  then NIL e l s e  cons [ f n [ c a r [ u ] ] ;  - 

mapcar [ cdr  [ u]  ; fn]  ]  . 
opens a  f i l e  named fi lename on some e x t e r -  

n a l  dev ice .  s t a t  = INPUT o r  OUTPUT. Returns 

f  i lename . 
adds c h a r a c t e r  s t r i n g  LI t o  ou tpu t  b u f f e r .  

Returns u.  

r e t u r n s  number of c h a r a c t e r s  p r e sen t l y  i n  

ou tpu t  b u f f e r .  I n i t i a l i z e d  t o  zero a t  every 

c a l l  of TERPRI. 

eva lua t e s  forms ul, . . . ,u  and r e t u r n s  va lue  
n 

of u  . 
n 

u i s  dec la red  s p e c i a l  i f  n o t  a l r eady .  PTS 

then give,? u  t he  s p e c i a l  va lue  v  and r e t u r n s  v. 



put  [ u ;  i nd ;  prop] 

r d s  [ f i l ename]  

spaces  [ n ]  

w r s  [ f i lename] 

*eval  [ u ]  

pu t s  prop on proper ty  l i s t  of u w i t h  i n d i -  

c a t o r  ind .  Re tu rns  prop, 

s e l e c t s  fi lename as inpu t  device .  A l l  i n -  

put now comes from filename. Returns 

fi lename . 
s e t s  ( m  ..., m ) element of a r r a y  named u 1' n 

t o  v .  Returns v .  

adds n spaces  t o  output  b u f f e r .  Returns  n.  

s e l e c t s  fi lename a s  ou tput  device.  A l l  

output  now goes t o  f i lename,  Returns 

fi lename . 
a p p l i e s  func t ion  u t o  l i s t  of arguments 

v ,  and r e t u r n s  r e s u l t .  

eva lua t e s  express ion  u (us ing  c u r r e n t  

ALIST i f  one e x i s t s )  and r e t u r n s  va lue .  

de f ines  a  func t iona l  argument whose form 

may change dur ing  eva lua t ion ,  



APPENDIX C 

T h e  fol lowing func t ion  may be used t o  asselnblt: a St:ar.mdard LISP 

program i n  systems w i t h  OVERLORD directives or EVAF. listem loops .  It 

i s  assumed t h a t  t he  atom STOP occurs a t  the  end of thie program. 

(SREAD (LAMBDA N I L  
(PROG ( X  Y )  
A (TERPRI) 

( COND 
((NULL (SETQ x (ERRORSET (READ) T I ) )  (GO E R R ) )  
( ( E Q  (SETQ x (CAR X )  ) (QUOTE STOP)) (GO B )  ) 
( ( O R  (NULL (SETQ Y (ERRORSET (READ) T ) ) )  

(EQ (SETQ Y (CAR Y ) )  (QUOTE STOP ) ) ) ( G O  ERR) ) ) 
( PRINC (QUOTE $$$FUNCTION. . . $ ) ) 
(PRINT X )  
(TERPRI ) 
(TERPRI ) 
(PRINC (QUOTE $$$ARGUMENTS.. . $ ) )  
(PRINT Y )  
(TERPRI ) 
(TXKPRI ) 
(SETQ Y (ERRORSET (*APPLY x Y )  T )  ) 
(COND ( (NULL Y )  (GO A )  ) )  
(TERPRI ) 
( PRINC (QUOTE $$$VALUE. . . $ ) ) 
(PRINT (CAR Y ) )  
( G O  A) 

ERR (TERPRI) 
(PRINC (QUOTE $$$READ ERROR$)) 

B (RETURN (QUOTE $$$*$) ) ) 




