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PREFACE 

This  manual i s  an extens ive  r e w r i t e  of SAILON 28.2, and supercedes 
and r ep laces  SAILONs 1, 4 ,  28, 28.1 and 28.2. Sec t  ions have been 
r e w r i t t e n  f o r  both c l a r i t y  and accuracy. 

The major language changes s i n c e  SAILON 28.2 a r e  summarized a s  
follows : 

Sect ions  14 .3.3, 3 and 3.3 - READ now has s t r i n g s ,  super-  
parentheses,  comments and QUOTEing . 

Chg - EQUAL now compares i n t e g e r s  wi th  r e a l s .  

Ch 16 - *RSET and BAKGAG have been changed. 
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CHAPTER 1 

, '  1 '  

INTRODUCTION . i 

1 '  

This  manual i s  intended t o  exp l a in  t h e  i n t e r a c t i v e  LISP 1.6 system 
which has  been developed f o r  t h e  PDP-10 a t  t h e  S t an fo rd  U n i v e r s i t y  
A r t i f i c i a l  I n t e l l i g e n c e  P r o j e c t .  It i s  assumed t h a t  t h e  r eade r  i s  
f a m i l i a r  w i t h  e i t h e r  some o t h e r  LISP system o r  t h e  LISP 1.5 PRIMER by 
Clark  Weissman .* 

The LISP 1.6 system desc r ibed  has  a s  a  subse t  most o f  t h e  f e a t u r e s  
and func t i ons  of o t h e r  LISP 1.5 systems.  I n  a d d i t i o n ,  t h e r e  a r e  s e v e r a l  
new f e a t u r e s  such a s  a n  a r b i t r a r y  p r e c i s i o n  i n t e g e r  package, an  S-expre- 
s s i o n  e d i t o r ,  up t o  14 a c t i v e  input -ou tpu t  channe ls ,  t h e  a b i l i t y  t o  
c o n t r o l  t h e  s i z e  of memory spaces ,  a  s t anda rd  r e l o c a t i n g  loader  t o  load 
assembly language o r  compiled programs, e t c .  

Th i s  system uses  a n  i n t e r p r e t e r ;  however, t h e r e  i s  a l s o  a  compiler  
which, produces machine code. Compiled func t i ons  a r e  approximately t e n  
t imes  a s  f a s t  and a l s o  t a k e  l e s s  memory space .  

This  manual i s  organized i n  a  f u n c t i o n a l  manner. F i r s t  t h e  b a s i c  
d a t a  s t r u c t u r e s  a r e  de sc r ibed ;  t hen  t h e  func t i ons  f o r  ope ra t i ng  on 
them. The appendices p r e s e n t  more d e t a i l e d  in format ion  o n  the system,  
i t s  i n t e r n a l  s t r u c t u r e ,  t h e  compi le r ,  and s e v e r a l  a u x i l i a r y  packages.  



1.1 Guide t o  t h e  Novice: 

The u s e r  who i s  not  experienced wi th  any LISP system i s  advised t o  
fol low t h e  i n s t r u c t i o n s  below: 

1 )  Become f a m i l i a r  wi th  Weissman I s  LISP 1.6 Primer (2 ) o r  some 
equiva lent  in t roductory  LISP Manual. 

2 )  Learn t h e  document conventions (1.4).  

3 )  Become s u p e r f i c i a l l y  f a m i l i a r  wi th  LISP 1.6 i d e n t i f i e r s ,  
numbers and S -express ions (chapters  3,4 ,and 5 ) . 

4 )  Understand t h e  most u s e f u l  funct ions  : Those proceeded by 
exclamation marks " ! " i n  chapters  6 through 14 1 

5 )  Learn how t o  de f ine  funct ions  (6.1). 

6) Learn how t o  i n t e r a c t  w i th  LISP (chapter  2 ) .  

7 )  Try some examples. Weissman(') has  some good problems. 

8) Learn what o the r  u se fu l  funct ions  and f e a t u r e s  a r e  a v a i l a b l e  
(1.3) 

1.2 Guide t o  the  User Experienced wi th  Another LISP System 

The use r  who has used another  LISP system i s  advised t o  follow 
these  i n s t r u c t  ions : 

1) Learn t h e  document conventions (1.4).  

2 )  Learn top  l e v e l  of LISP 1.6 i s  EVAL, not EVALQUOTE. 

3) Use DE,DF and DEFPROP f o r  def in ing  funct ions .  ( s ec t ion  11.1). 

4 )  Many funct ions  d i f f e r  from those  i n  o t h e r  systems. Most of t hese  
a r e  noted i n  the  index. 

5 )  The syntax of atoms i s  d i f f e r e n t  from o t h e r  systems (chapters  3 
and 4 ) .  

6 )  Learn how t o  i n t e r a c t  wi th  LISP (chapter  2 ) .  

7 )  Try sane examples. 

8) Learn what o ther  u s e f u l  funct ions  and f e a t u r e s  a r e  a v a i l a b l e  
(1.3) 



1.3 Guide t o  Usefu l  Funct ions  and Fea tu re s  

The fo l lowing  i s  a  p a r t i a l  l i s t  of  u s e f u l  f e a t u r e s  and f u n c t i o n s  i n  
LISP 1.6 and what they  might be u s e f u l  f o r .  

1) ALVINE (Appendix A )  i s  u s e f u l  f o r  e d i t i n g  func t i ons  and 
manipula t ing  110 f i l e s .  

2 )  READ has  some ve ry  u s e f u l  c o n t r o l  c h a r a c t e r s  ( s e c t i o n  14.3). 

3 )  ~ n p u t / ~ u t p u t  ( chap t e r  14) i s  ve ry  f l e x i b l e .  

4 )  one can c o n t r o l  e r r o r  messages ( chap t e r  16). 

5) There i s  a  LISP compiler  (Appendix F )  which gene ra t e s  code t h a t  runs  
approximately t e n  times a s  f a s t  a s  i n t e r p r e t e d  f u n c t i o n s .  

6) There a r e  a u x i l i a r y  f i l e s  on t h e  d i s k  which a r e  o f t e n  u s e f u l :  

f i l ename 

SYS: SMILE 

SYS: TRACE 

use  - 
f i l e  manipula t ion  

document 

SAILON 41  

t r a c i n g  f u n c t i o n  c a l l s  SAILON 41 
and SETQs 

SYS : (LISPDP .LSP) I11 d i s p l a y  func t i ons  SAILON 4 1  

SYS : (BIGNUM.LSP) a r b i t r a r y  p r e c i s  i ~ n  Appendix I 
i n t e g e r s  

SYS : ( DEBUG. LAP) i n t e r a c t i v e  debugging SAILON 4 1 

(sP DOC) LISP c o r r e c t i o n s  t o  t h i s  
manual 

SYS: G R I N  I n t e r p r e t e d  GRINDEF Appendix A  

7) One can  load and l i n k  LISP t o  assembly language and F o r t r a n  
compiled programs ( ~ p p e n d i x  H) . 



SAILON- 28.3 

1.4 Document Convent ions  

1.4.1 Rep re sen t a t i on  Conventions 

I n  t h e  d e s c r i p t i o n  o f  d a t a  s t r u c t u r e s ,  t h e  fo l lowing  n o t a t i o n a l  
convent ions  w i l l  be used. 

p --------------  r e p r e s e n t s  a 3 6 - b i t  word 
A i n  FREE STORAGE wi th  2 

6 1 8 - b i t  p o i n t e r s .  

-------------- 
means 

v 

-------------- r e p r e s e n t s  a 3 6 - b i t  word 
i n  FULL WORD SPACE. 

1.4.2 Syntax Conventions 

A s l i g h t l y  modif ied form of BNF i s  used t o  d e f i n e  syn t ax  
equa t i ons .  Opt iona l  terms a r e  surrounded by c u r l y  b r acke t s  ( and 1. 

1.4.3 C a l l i n g  Sequence Conventions 

C a l l i n g  sequences t o  LISP func t i ons  a r e  p resen ted  i n  S-express ion  
form, w i th  t h e  CAR of  t h e  S-express ion  be ing  t h e  name of t h e  func t i on .  
An argument t o  a f u n c t i o n  i s  eva lua t ed  u n l e s s  t h a t  argument i s  surrounded 
by quotes  (") i n  t h e  c a l l i n g  sequence d e f i n i t i o n .  Quotes  mean t h a t  t h e  
f unc t ion  i m p l i c i t  l y  QUOTES t h a t  argument. 

Examples : (SETQ "ID" V )  I D  i s  no t  eva lua t ed ,  bu t  V i s  
eva 1ua.t ed . 

(QUOTE "v") V i s  no t  eva lua ted .  

1 04 .4 Other Conventions 

The b lank  c h a r a c t e r  (ASCII 4 0 )  i s  i n d i c a t e d  by "u" when a p p r o p r i a t e  
f o r  c l a r i t y .  

A s p e c i a l  n o t a t i o n  i n  t h e  l e f t  margin i s  used t o  i n d i c a t e  t h e  
degree  of u t i l i t y  o r  d i f f i c u l t y  of each s e c t i o n  of t h i s  manual: 

mark meaning 

b a s i c  

<no mark> g e n e r a l l y  u s e f u l  

3e u s e f u l  bu t  more s o p h i s t i c a t e d  

not  g e n e r a l l y  u s e f u l  
1-4 



CHAPTER 2 

INTERACTIVE USE OF THE SYSTEM 

This chapter  a t tempts  t o  exp la in  how t o  use  t h e  LISP system i n  t h e  
interactive t ime-sharing environment of t h e  PDP-61 10. 

2.1 The Top Level 

The top  l e v e l  of t h i s  system does no t  use EVALQUOTE a s  do many 
systems. However, EVALQUOTE may be def ined  a s  fol lows:  

(DE EVALQUOTE NIL 
(PROG NIL 
L (TERPRI) 

(PRINT (EVAL (CONS (READ) (MAPCAR 
(FUNCTION (LAMBDA (x) (LIST (QUOTE QUOTE) x ) ) )  
(READ) 1))  

(GO L ) ) )  

The top  l e v e l  of LISP 1.6 i s  equiva lent  t o :  

(PROG NIL 
L (TERPRI) 

( PRINT (EvAL ( READ) ) ) 
(GO L) 

All examples a t  t h e  top  l e v e l  assume t h i s  d e f i n i t i o n .  

2.2 Using t h e  System 

The following d ia log  shows how t o  log  i n t o  t h e  time-sharing system, 
start t h e  LISP system, and i n t e r a c t  w i th  t h e  top  l e v e l  of LISP. Lines 
beginning wi th  period " . " a r e  typed by the  u s e r  t o  t h e  t ime-sharing 
system, and t h e  l i n e s  beginning wi th  a s t e r i s k  a r e  typed t o  LISP. The 
e p b o l  "3" s p e c i f i e s  c a r r i a g e - r e t u r n  and l ine - f  eed,  "$" means altmode, 
and u means space typed by use r .  

I .R LISP 3 

Give your project-programmer number. 

Core s i z e  may be s p e c i f i e d  - Note 1. 

S t a r t i n g  i ALLOC?U Memory a l l o c a t i o n  can be s p e c i f i e d  - Note 2 .  

LISP AUXILIARY F ILES ?U Useful a u x i l i a r y  f i l e s  can be loaded - Note 3. 

Respond "Y" f o r  decimal i n i t i a l i z a t i o n  of 
BASE and IBASE. 



T and NIL always e v a l u a t e  t o  themselves .  

Value of  QUOTE 

* (CGNS 1 (QUOTE A ) ) ~  Numbers always e v a l u a t e  t o  themselves  and 
t hus  need not  be quoted.  

*(PLUS 1 2 )  

3 
3 

*(INC (INPUT SYS : TRACE)) This  READS t h e  system f i l e  TRACE 

NIL 

L<a long  sequence of  output> This  ou tpu t  c an  be suppressed w i t n  to .  



Note 1. For l imi t ed  use  of t h e  LISP system, type  R L I S P 2 .  
I f  more core  i s  needed, type  R LISP ni, , where n  i s  t h e  
des i r ed  number of 1024 word blocks.  

Note 2 ,  For l imi t ed  use ,  
type? 

a f t e r  ALLOC?. To a l l o c a t e  memory 
spaces type Y e  The a  l o c a t i o n  procedure is  explained i n  
Appendix C. 

Note 3 .  A response of Y t o  "AUXILIARY FILES" w i l l  r ead  i n  a u x i l i a r y  
f i l e s  of funct ions .  Type Y f o r  yes ,  blank f o r  no a f t e r  
each ques t ion  mark. 

AUXILIARY F ILES ?Y 

SMILE? Functions f o r  f i l e  handling - See SAILON 42. 

ALVINE? The LISP e d i t o r  - s e e  Appendix A. 

TRACE ? Functions f o r  debugging - See SAILON 41. 

LAP? - The LISP assembler - s e e  Appendix G o  

2.3 Spec ia l  Teletype Control  Characters  

The t ime-sharing system t r e a t s  many c o n t r o l  cha rac te r s  i n  s p e c i a l  
ways. For a complete d i scuss ion  of c o n t r o l  cha rac te r s  s ee  t h e  PDP-10 
TIME SHARING MONITOR MANUAL. B r i e f l y ,  t h e  fol lowing s p e c i a l  c o n t r o l  
cha rac te r  i s  used i n  LISP. 

Teletype 

rubout 

I11 Display 

CALL 

M e a n i n g  

Stop t h e  job and t a l k  t o  
time-sharing system. 

Suppress console p r in tou t  
u n t i l  an input  i s  requested.  

Delete the  e n t i r e  input  
l i n e  now being typed. 
(Only with (DDTIN NIL) ) . 
Stop the  LISP i n t e r p r e t e r  
and r e t u r n  c o n t r o l  t o  the  
top  l e v e l  of LISP. Only 
e f f e c t i v e  when LISP i s  
asking f o r  console inpu t .  
See INITFN (16) . 
Delete the  l a s t  cha rac te r  
typed. (For (DDTIN T) see  
14.2.1).  



CHAPTER 3 

IDENTIFIERS 

I d e n t i f i e r s  a r e  s t r i n g s  of c h a r a c t e r s  which taken  t o g e t h e r  r e p r e s e n t  
a  s i n g l e  atomic q u a n t i t y .  

Syntax: 

<comments>: := <ASCII 176> <any sequence of c h a r a c t e r s  n o t  i nc lud ing  
l ine- feed> <l ine- feed> 

< d e l i m i t e e :  :=(I.) ( [ 1 ]lrl@I / I  "1  < b l a n b  I <altrnode> (<car r iage- re turn>l  

<character>: : = <any extended ASCII c h a r a c t e r  o the r  than  n u l l  and ASCII 176> 

< l e t t e e :  :<any c h a r a c t e r  n o t  a  d i g i t  and n o t  a  d e l i m i t e r >  

< I d e n t i £  ier>: : = < l e t t e r >  

Semantics:  

I d e n t i f i e r s  a r e  normally  s t r i n g s  of c h a r a c t e r s  beginning with  a  
l e t t e r  and fol lowed by l e t t e r s  and d i g i t s .  It i s  sometimes convenient  t o  
c r e a t e  i d e n t i f i e r s  which c o n t a i n  d e l i m i t e r s  or  beg in  with  d i g i t s .  The use 
of t h e  d e l i m i t e r  " / ' I  ( s l a s h )  causes  t he  fo l lowing  c h a r a c t e r  t o  be taken  
l i t e r a l l y ,  and t h e  s l a s h  i t s e l f  i s  n o t  p a r t  of t he  i d e n t i f i e r .  ~ h u s ,  /AB 
i s  t h e  same a s  AB i s  t he  same a s  /A/B.  

Canments a r e  u s e f u l  f o r  a l lowing d e s c r i p t i v e  t e x t  i n  f i l e s  which 
w i l l  be. c a n p l e t e l y  ignored when read .  Comments a l s o  make i t  pos s ib l e  t o  
ex teqd  atotns ( i d e n t i f i e r s ,  s t r i n g s  and numbers) a c r o s s  l i n e  boundaries  wi th-  
ou t  any of the c h a r a c t e r s  i n  t h e  comment becoming p a r t  of t h e  atom. 

ASCII 176 cannot  be typed d i r e c t l y  i n t o  LISP. I n  SjTOPGAP, ?3 
des igna t e s  ASCII 176. On t h e  l i n e  p r i n t e r  and 111 d i s p l a y s ,  ASCII 176 
p r i n t s  a s  t i l d e  " " " .  ASCII 176 does n o t  p r i n t  on t e l e t y p e s .  (See 
CHRCT i n  14.1.4.) 

A 
Examples : a 

FOObaz 



Examp l e  s  (Continue d) 

TIME- OF-DAY 
A 1B2 
1 ( 

. ? 
/ 13245 
1 
LPT : 

Represen ta t ion :  

An i d e n t i f i e r  i s  i n t e r n a l l y  r ep re sen t ed  a s  a d o t t e d  p a i r  of the  
fol lowing form: 

i d e n t i f i e r 4  -1 I 8 > proper ty  l i s t  

which i s  c a l l e d  an atom header .  

Thus CDR of an  i d e n t i f i e r  g ive s  t h e  proper ty  l i s t  of t h e  i d e n t i f i e r ,  
bu t  CAR of an  i d e n t i f i e r  g ives  t h e  po in t e r  777777, which i f  used a s  a n  
address  w i l l  cause an  i l l e g a l  memory r e f e r e n c e ,  and an  e r r o r  message. An 
i d e n t i f i e r  i s  r e f e r r e d  t o  i n  symbolic computation by t he  address  of i t s  
atom header .  

3 . 1  Proper ty  L i s t s  

The p rope r ty  l i s t  of an i d e n t i f i e r  i s  a  l i s t  of p a i r s :  ( p rope r ty  
name, p roper ty  va lue  ) a s s o c i a t e d  wi th  t h a t  i d e n t i f i e r .  The normal kinds 
of p r o p e r t i e s  which a r e  found i n  p roper ty  l i s t s  a r e  p r i n t  names, v a l u e s ,  
and func t i on  d e f i n i t i o n s  corresponding t o  i d e n t i f i e r s .  

3 .1 .1  P r i n t  Names 

Every i d e n t i f i e r  has  a  p r i n t  name (PNAME) on i t s  proper ty  l i s t .  
The p r i n t  name of an  i d e n t i f i e r  i s  a l i s t  of f u l l  words, each con t a in ing  
f i v e  ASCII c h a r a c t e r s .  

Example: The i d e n t i f i e r  TIME-OF-DAY would be i n i t i a l l y  r ep re sen t ed  a s  
fol lows:  

1 m atom h e a d e r 4  -1 I PNAME I cS) 

p r i n t  name 

where A means nu1 1 or  ASCII @. 
3.1.2 S p e c i a l  c e l l s  

When a  va lue  i s  a s s igned  t o  an  i d e n t i f i e r ,  t h e  proper ty  name VALUE 
i s  put  on t he  i d e n t i f i e r ' s  p roper ty  l i s t  wi th  proper ty  va lue  be ing  a  /---l 

po in t e r  t o  a  s p e c i a l  c e l l .  The CDR of t h e  s p e c i a l  c e l l  (sometimes c a l l e d  



VALUE c e l l )  holds the  value of the  i d e n t i f i e r ,  and the  address  of a  
s p e c i a l  c e l l  remains cons tant  f o r  t h a t  i d e n t i f i e r  unless  REMPROPed (11.2),  
t o  enable compiled funct ions  t o  d i r e c t l y  r e fe rence  the  values of s p e c i a l  
v a r i a b l e s .  Global v a r i a b l e s  and a 11 v a r i a b l e s  bound i n  i n t e r p r e t e d  
funct ions  s t o r e  t h e i r  values i n  s p e c i a l  c e l l s .  

Example: The atom NIL has the  fol lowing form: 

atom h e h r v A ; = i s t  
NIL 

4 
\ s ~ e c i a l  
\ 
\ 

c e l l  

3 . 2  The OBLIST 

name 

-1 

I n  order  t h a t  occurrences of i d e n t i f i e r s  with the  same p r i n t  names 
have t h e  same i n t e r n a l  address  (and hence va lue ) ,  a  s p e c i a l  l i s t  which i s  
the VALUE of a  g loba l  v a r i a b l e  c a l l e d  OBLIST i s  used t o  remember a l l  
i d e n t i f i e r s  which READ and some other  funct ions  have seen. For the  sake 
of searching e f f i c i e n c y ,  t h i s  l i s t  has  two l e v e l s ;  t he  f i r s t  l e v e l  conta ins  
s e q u e n t i a l l y  s t o r e d  "buckets" which a r e  'hashed " i n t o  a s  a  func t ion  of the  
p r i n t  name of the  i d e n t i f i e r .  Each bucket i s  a  l i s t  of a l l  d i s t i n c t  
i d e n t i f i e r s  which have hashed i n t o  t h a t  bucket.  Thus, (CAR OBLIST) i s  the  
f i r s t  bucket,  and (CAAR OBLIST) i s  t h e  f i r s t  i d e n t i f i e r  of the  f i r s t  bucket.  

3.3 S t r i n g s  

Syntax: 

s t r i n g :  : = " e n y  sequence of cha rac te r s  not  conta in ing  "Y1 

Semantics: 

A s t r i n g  i s  an a r b i t r a r y  sequence of cha rac te r s  surrounded by 
double quotes and not  conta in ing  double quotes.  S t r i n g s  a r e  represented  
i d e n t i c a l l y  t o  i d e n t i f i e r s  except  t h a t  s t r i n g s  a r e  not  au tomat ica l ly  
INTERNed on the  OBLIST. The double quotes surrounding s t r i n g s  ac tua  1 l y  
become p a r t  of t he  PRINT NAME of t h e  s t r i n g  unl ike  s l a shes  i n  s l a s h i f i e d  
i d e n t i f i e r s  . 

"I AM A STRING" 
"1,3-X 5" 





Examples : I N U M  r e p r e s e n t a t i o n  

Rep re sen t a t i on  of FIXNUMs: 

FIXNUMs a r e  r ep re sen t ed  by l i s t  s t r u c t u r e  of t h e  fo l lowing  form: 

atom header  

where va lue  i s  t h e  2 ' s  complement r e p r e s e n t a t i o n  of t h e  f i x e d  po in t  
number. 

Examples : 

Represen t a t i on  of BIGNUMs 

BIGNUMs a r e  r ep re sen t ed  by l i s t  s t r u c t u r e  of t he  fo l lowing  forms: 

P o s i t i v e  BIGNUMs +'r+pmF/+-+ 

Negative BIGNUMs - 1 T d - 3  ' F E W  

where Ni a r e  p o s i t i v e  36 b i t  i n t e g e r s  ordered from l e a s t  t o  most s i g n i f i c a n t .  
The va lue  of a  BIGNUM i s  

Note: BIGNUMS are n o t  n o w a l l y  a  p a r t  of t h e  i n t e r p r e t e r .  Appendix H - 
. desc r ibe s  t h e  procedu,res f o r  load ing  t he  BIGNUM package. 



4.2 Reals 

Syntax: 

<rea l> 

Examples : 
meaninq 
+3.14159 

Res t r i c t ions :  

The rad ix  fo r  r e a l  numbers i s  always decimal. A r e a l  number x must 
be i n  the (approximate) range: 

A r e a l  number has approximately e i g h t  s i g n i f i c a n t  d i g i t s  of accuracy. 

Representation: 

atom header 

F LONUM 

where value i s  i n  ~ ~ ~ - 6 / 1 a  2 ' s  complement f l o a t i n g  point representa t ion.  



CHAPTER 5 

S -EXPRESS IONS 

Syntax: 

GttorO : : = <iden t i f i e r>  I <string> I +umber> 

<S-expression> : : = <atom> 

: : = (<S-expression l i s l 5 f .  -expression>] ) 

: :=  ( ) = N I L  

CT -expression l i s t >  : : = <S -expression> 

Representation: 

S-expression representa t ion 

Exceptions : 

The i d e n t i f i e r  N I L  i s  the i d e n t i f i e r  which represents  the empty 
l i s t ,  i . e . ,  () . 



CHAPTER 6 

LAMBDA EXPRESS I CNS 
P 

IAMBDA express ions  provide the  means of cons t ruc t ing  computa t i ona  1 
.r procedures (of t e n  cal le 'd  funct ions ,  subrout ines ,  or procedures) which 

compute.~8ilswhrs when va lues  a r e  aesigned t o  t h e i t  parameters. A I A ~ w  
express ion  chd. be bound t o  an i d e n t i f i e r  s o  t h a t  any re ference  t o  t h a t  

:: i den t ' a f i e r  i n  5unctiona-1 context  r e f e r s  t o  the  IAMBW expr&ssion.  I n  
LISP 1.6 the re  a r e  s e v e r a l  types of func t ion  d e f i n i t i o n  which determine 
how arguments a r e  bound t o  the  LAMBDA express ion .  The fol lowing i s  a 
LAMBDA express  i o n  : 

LAMBDA def ines  a func t ion  by spec i fy ing  an  ARGUMENT-LIST, which is  
a l i s t  of i d e n t i f i e r s  (except f o r  IEXPRs, s ee  6.3) and a BODY, which i s  
an S-expression. IAMBDA expressions may have no more than  f i v e  arguments 
i f  they a r e  t o  be compiled. 

Examples : ' (LAMBDA NIL 1) 
This LAMBDA express ion  of no arguments alwa"g eva lua te s  

t o  one.. , . 

(IAMBM (X) (TIMES X X)) 
This IAMBDA express ion  computes the  square of i t s  

argument, i f  x i s  a number. Otherwise an e r r o r  w i l l  r e s u l t .  

C (IABEL "ID"  "LAMBDA-EXPR") 

IABEL c r e a t e s  a temporary name I D  f o r  i t s  IAMBDA express ion .  - 
This makes i t  poss ib l e  t o  cons t ruc t  r ecu r s ive  funct ions  with temporary 
names . 
Example : 

(DE REVERSE '(L) 
( ( IABE L REVERSE 1 

( W D A  (L M) 
(COND ((ATOM L) M) 

(T (REVERSE1 (CDR L) (CmS (CAR L) M ) ) ) ) ) )  
L NIL)) 

. ~, 

LAMBDA express ions  a r e  eva lua ted  by "binding" a c t u a l  arguments t o  
dummy va r i ab le s  of t he  LAMBDA expression,  ( see  Chapter 14) then  eva lua t ing  
the body i n s i d e  the  LAMBDA express ion  wi th  the  c u r r e n t  dummy v a r i a b l e  
bindings.  However, a c t u a l  arguments t o  LAMBDA expressions a r e  handled i n  
a v a r i e t y  df ways: Normally, t he re  i s  a one-to-one correspdnderlce between 
-dummy Gariables  and a c t u a l  arguments, and the  a c t u a l  arguments a r e  ' eva lua ted  
before ' they a r e  bound.. However, t he re  a r e  th ree  s p e c i a l  forms of func t ion  
d e f i n i t i o n  which d i f f e r  i n  t h e i r  handling of a c t u a l  arguments. 



! 6 . 1  EXPRs and SUBRs 

An EXPR i s  a n  i d e n t i f i e r  which has  a U M B D A  exp re s s ion  on i t s  p rope r ty  
l i s t  with  p rope r ty  name EXPR. EXPRs a r e  eva lua t ed  by b ind ing  t h e  va lues  
of t h e  a c t u a l  arguments t o  t h e i r  corresponding dummy v a r i a b l e s .  DE ( s ee  
11.1) i s  u s e f u l  f o r  de f in ing  EXPRs. The compiled form of a n  EXPR i s  a  SUBR. 

Examp les : 

(DE SQUARE (X) (TIMES X X) ) 
(DE +;MAX (X Y) (COND ((GREATERP X Y) X) (T Y))) 

6 .2  FEXPRs an,d FSUBRs 

A FEXPR i s  a n  i d e n t i f i e r  which has  a  LAMBDA exp re s s ion  of one dummy 
v a r i a b l e  on i t s  proper ty  l i s t  wi th  proper ty  name FEXPR. FEXPRs a r e  
eva lua t ed  by b ind ing  t h e  a c t u a l  argument l i s t  t o  t he  dummy v a r i a b l e  
wi thout  e v a l u a t i n g  any arguments. DF ( s ee  11.1) i s  u s e f u l  f o r  de f in ing  
FEXPRs. The compiled form of an  FEXPR i s  a n  FSUBR. 

Examples : 

(DF LISTQ (L) L) 
(LISTQ A (B) C) = (A (B) C) 
(LISTQ) = NIL 

(DF DEFINE (L) 
(MAPC (FUNCTION (LAMBDA (X) (PUTPROP (CAR X) 

(CADR X) 
(QUOTE EXPR) ) ) ) 

L) ) 
(DEFINE (LEQ (IAMBDA (X Y) (OR (LESSP X Y) 

(EQUAL X Y))))  
(GEQ (LAMBDA (X Y) (OR (GREATERP X Y) 

(EQUAL X Y) ) ) ) )  

6 * 3  LEXPRs and LSUBRs 

An U X P R  i s  a n  EXPR whose IAMBDA exp re s s ion  has  a n  atomic argument 
"list" of t h e  form: 

(LAMBDA " I D "  "FORM") 

LEXPRs may t ake  a n  a rb i t r a ry .number  of a c t u a l  arguments which a r e  eva lu-  
a t e d  and r e f e r r e d  t o  by t h e  s p e c i a l  f u n c t i o n  ARG. I D  i s  bound t o  t he  
number of arguments which a r e  passed. The compiled form of a n  LEXPR i s  
an  LSLJBR. 

(ARG N) 

ARG r e t u r n s  t h e  va lue  of t h e  Nth argument t o  a n  IEXPR. 



Example : 

(DE MAX N 
(mOG (Mj 

(SETQ M (ARG N) ) 
(SETQ N (SUB1 N)) 
(COND ((ZEROP N) (RETURN M)) 

( (GREATERP (ARG N) M) (SETQ M (ARG N) )) ) 
(GO L)))  

(MAX 1 1.2 4 3 -5p) = 4 

(SETARG N V) 

SETARG s e t s  t h e  value of t he  Nth argument t o  V and r e t u r n s  V. 

A MACRO is  an  i d e n t i f i e r  which has a LAMBDA express ion  of one dummy 
v a r i a b l e  on i t s  property l i s t  with property name MACRO. MACROs a r e  
eva lua ted  by binding the  l i s t  conta in ing  t h e  macro name and the  a c t u a l  
argument l i s t  t o  t h e  dummy va r i ab le .  The body i n  t h e  IAMBDA express ion  
i s  evaluated and should r e s u l t  i n  another  "expanded" form. I n  t h e  
i n t e r p r e t e r ,  t h e  expanded form i s  evaluated.  I n  t h e  compiler,  t h e  
expanded form i s  compiled. DM ( see  11.1) i s  u s e f u l  f o r  def in ing  MACROS. 

Examples : 

1) We could def ine  CONS of an a r b i t r a r y  number of arguments by: 

(DM CONSCONS (L) 
(COND ((NULL (CDDR L)) (CADR L)) 

(T (LIST (QUOTE CONS) 
(CADR L) 
(CONS (QUOTE CONSCCNS) (CDDR L ) ) ) ) ) )  

(CONSCONS A B C) would c a l l  CWSCONS with L = (CONSCONS A B C) . 
CONSCONS then forms the  l i s t  (CONS A (CONSCONS B C)). Evaluat ing t h i s  
w i l l  aga in  c a l l  CONSCONS with L = (CONSCONS C). CONSCONS w i l l  f i n a l l y  
r e t u r n  C. 

The e f f e c t  of (CONSCONS A B C) is  then (CONS A (CONS B C)) . 
2) We could def ine  a funct ion  EXPAND which i s  more gene ra l ly  u s e f u l  f o r  
MACRO expans ion  : 

(DE EXPAND (L FN) 
(COND ((NULL (CDR L)) (CAR L)) 

(T (LIST FN (CAR L) (EXPAND (CDR L) FN) )) ) )  

Then we could def ine  CONSCCNS: 

(DM CONSCONS (L) (EXPAND (CDR L) (QUOTE CONS))) 

6 -3 



It should  be noted t h a t  MACROS a r e  more g e n e r a l  than  FEXPRs and 
LEXPRs. I n  f a c t  t h e  p rev ious  d e f i n i t i o n s  can be r ep l aced  by t h e  fo l lowing  
MACROS : 

(DM (L) (LIST (QUOTE QUOTE) (CDR L))) 
(DM MAX (L) (EXPAND (CDR L) (QUOTE *MAX) ) ) 

(MAX A B C D )  would expand t o :  I 

(*MAX A (W B (*MAX C D) ) ) 

3)  (*EXPAND L FN) 
(*EXPAND1 L FN) 

*EXPAND and"AEXPAND1 a r e  MACRO expanding f u n c t i o n s  used by PLUS, TIMES, 
e t c .  They a r e  e q u i v a l e n t  t o :  

(DE *EXPAND (L FN) (*EXPAND1 (REVERSE (CDR L) ) FN)) 
(DE *EXPAND1 (L FN) 

(CmD ((NULL (CDR L) ) (CAR L) ) 
(T (LIST FN (*EXPAND1 (CDR L) FN) (CAR L) ) ) ) ) 

Example : 

With PLUS de f ined  a s  

(DM PLUS (L) (*EXPAND L(QU0TE *PLUS) 1) 
(PLUS A B C D) expands t o :  

(*PLUS (*PLUS (*PLUS A B) C) D) 



CHAPTER 7 

/-' 
EVALUATION OF S -EXPRESS IONS 

. , >. , f    his ~ h a p t e r  describhs the h e a r t  of the LISP i n t e r p r e t e r ,  the  
mechanism 'for 'evaluating ' S-expressions . 

! (*EVAL' E) 
(EVAL E) ' 
- 

, .  . .*WAX -, .and EVAL' (see 7 -2) evaluate the value of the S-expression E. 

Examples : , .  : . . 1 2  

(EVAL ( LIST (QUOTE ADD1) 3 ) )  = 4 
The top l e v e l  of LISP i s :  

(PROG NIL' 
L (PRINT (EVAL (READ) ) ) (TERPRI) (GO L) ) 

! (APPLY FN ARGS) 

APPLY evaluates and binds each S-expression . in ARGS t o  the  
corresponding arguments of the  function FN, and re tu rns  the value of FN. 
See 7.2. 

Example : , ,  I ,  I - A I :  

T ( U F  r e tu rns  the  S-expression E without evaluating i t .  , ,  
I I .  

FUNCTION is the  same a s  QUOTE i n  the  i n t e r p r e t e r .  In  the compiler, 
FUNCTION causes the  S-expression FN t o  be compiled, but QUOTE generates an 
S-expression constant.  See *FUNCTI.@ i n  7.2 for  the s p e c i a l  F ~ G  fea tu re .  . . I  

Thk fol91owing function de f in i t ions  lack some d e t a i l s  but  expla& the  
essence. of EVAL and APPLY. The A-LIST fea tu re  of ' these functions . i s  not  

, . shown; bbt w i l - 1  be explained i n  7.2. 
. ( .  ' I  

(DE EVAL (X) 
(y) I % _ # I  

(RETURN 
(CCIND ( (NUMBERP X) X) 

( (ATOM X) (CCND ( (SETQ Y (GET f( ( Q U ~ '  VALUE) ) 1, 
(CDR Y)) . . A 

(T ( E ~ R  ( Q ~ E  -(UNBO~JND . .. ~ I A B I E  I)))) 
" ((ATOM" (CAR x))  

(COND ((SETQ Y (GETL (CAR X) (QUOTE EXW, FEXP'R.MCRO)))) 
. . . .? . ,  



- - -  
(EVAL (CONS (CDR Y )  (CDR X )  ) ) )  

(T (ERR (QUOTE (UNDEFINED FUNCTION ) ) ) ) ) ) 
(T (APPLY (CAR X )  (MAPCAR (FUNCTION EVAL) (CDR x ) ) ) )  ) ) ) )  

(DE APPLY (FN ARGS) 
(COND ( (ATOM FN) 

(COND ( (GET FN (QUOTE EXPR)) 
(APPLY (GET FN (QUOTE EXPR)) ARGS))  

(T  (APPLY (EVAL FN) ARGS) ) ) ) 
( (EQ (CAR FN) (QUOTE M B I ~ A ) )  

(PROG ( z )  
(BIND (CADR FN) ARGS) 
(SETQ z (EVAL (CADDR FN) ) ) 
(UNBIND (CADR FN) )  
(RETURN z ) ) )  

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

The func t i ons  B I N D  and UNBIND implement v a r i a b l e  b ind ings  a s  
descr ibed  i n  t h e  next s e c t i o n .  

* 7.1  Var i ab l e  Bindings 

This  s e c t i o n  a t t emp t s  t o  exp l a in  t h e  d i f f e r e n t  types  of v a r i a b l e  
b ind ings  and t he  d i f f e r e n c e  between i n t e r p r e t e r  and compiler b ind ings .  

* 7.1.1 Bound and F ree  Occurrences 

An occur rence  of  a  v a r i a b l e  i s  a  "bound occurrence" i f  t h e  v a r i a b l e  
i s  a  v a r i a b l e  i n  any LAMBDA o r  PROG con ta in ing  t h e  occur rence  s o  long a s  
t h e  occurrence i s  not  contained i n  a  FUNCTIONAL argument which i s  conta ined  
i n  t h e  d e f i n i n g  IAMBDA o r  PROG. The d e f i n i n g  LAMDA o r  PROG is  t h e  i nne r -  
most LAMBDA o r  PKOG which con t a ln s  t h e  v a r i a b l e  i n  i t s  parameter l i s t .  

Examples : 

(LAMBDA (x) (TIMES x Y ) )  
X has  a  bound occurrence.  
Y has  a  f r e e  occur rence .  

(LAMBDA ( Y  Z )  (MAPCAR (FUNCTION (LAMBDA(X) (CONS x Y ) ) ) z )  
X and Z have on ly  bound occur rences .  
Y has  a  f r e e  occurrence bound by t h e  o u t e r  LAMBDA 

* 7.1.2  Scope of Bindings 

A v a r i a b l e  bound i n  a  LAMBDA o r  PROG i s  def ined  dur ing  t h e  dynamic 
execut ion  of t h e  LAMBDA or  PROG. Free  occurrences  of v a r i a b l e s  a r e  

def ined  i f  and on ly  i f  e i t h e r  t h e  v a r i a b l e  i s  g l o b a l l y  def ined  o r  t h e  



v a r i a b l e  i s  bound i n  any LAMBDA o r  PROG which dynamical ly  c o n t a i n s  t h e  
f r e e  occur rence .  A v a r i a b l e  i s  g l o b a l l y  de f ined  i f  and on ly  i f  i t  has  a 
v a l u e  a t  t h e  t o p  l e v e l  of  LISP. Va r i ab l e s  can be g l o b a l l y  de f ined  by SETQ 
a t  t h e  t o p  l e v e l .  

* 7.1 .j S p e c i a l  Va r i ab l e s  

I n  compiled f u n c t i o n s ,  any v a r i a b l e  which i s  bound i n  a LAMBU o r  
PROG and has  a f r e e  occur rence  elsewhere must be dec l a r ed  SPECIAL 
(APPENDIX E)  . 
Example : 

' The v a r i a b l e  A which h a s  a f r e e  occur rence  must be dec l a r ed  SPECIAL 
i f  t h e  o u t e r  LAMBDA exp re s s ion  i s  t o  be compiled. 

* 7.1.4 ' Binding Mechanisms 

A l l  v a r i a b l e s  i n  i n t e r p r e t e d  f u n c t i o n s ,  and SPECIAL v a r i a b l e s  i n  
compiled func t i ons  s t o r e  t h e i r  va lue s  i n  SPECIAL (o r  VALUE) c e l l s .  
These v a r i a b l e s  a r e  bound a t  t h e  e n t r y  t o  a LAMBDA o r  PROG by sav ing  
t h e i r  previous va lues  on t h e  SPECIAL pushdown l i s t  and s t o r i n g  t h e i r  new 
va lues  i n  t h e  SPECIAL c e l l s .  A l l  r e f e r e n c e s  t o  t h e s e  v a r i a b l e s  a r e  
d i r e c t l y  t o  t h e i r  SPECIAL c e l l s .  When t h e  LAMBDA o r  PROG is  e x i t e d ,  t h e  
o ld  va lues  a r e  r e s t o r e d  from t h e  SPECIAL pushdown l i s t .  

Tn compiled f u n c t i o n s ,  a l l  v a r i a b l e s  no t  dec l a r ed  SPECIAL a r e  
s t o r e d  on t h e  REGULAR pushdown l i s t ,  and t h e  SPECIAL c e l l s  ( i f  t hey  
e x i s t )  a r e  not  r e f e r enced .  

I # 7.2 The A-LIST and FUNARG Fea tu re s  

The A-LIST which i s  used i n  some LISP systems t o  implement r e c u r s i v e  
v a r i a b l e  S ind ings  does no t  e x i s t  h e r e ,  bu t  i t s  e f f e c t s  a r e  s imula ted  
through a s p e c i a l  A-LIST f e a t u r e .  The func t i ons  EVAL and APPLY a l low an 
e x t r a  l a s t  argument t o  be passed which i s  e i t h e r  a l i s t  of  p a i r e d  i d e n t i f i e r s  
and va lues  ( l i k e  an A-LIST) o r  a "binding con t ex t  po in te r" .  

In the c a s e  of  an  A-LIST second argument, EVAL and APPLY w i l l  bind t h e  
SPECIAL cells of t h e  v a r i a b l e s  i n  t h e  A-LIST t o  t h e i r  s p e c i f i e d  v a l u e s ,  
sav ing  t h e i r  p rev ious  b ind ings  on t h e  s p e c i a l  pushdown l i s t .  When EVAL and 
APPLY r e t u r n ,  t h e  v a r i a b l e  bindirlgs a r e  r e s t o r e d  t o  t h e i r  p rev ious  va lues .  

A "binding con t ex t  p o i n t e r "  (BCP) is  a p o i n t e r  i n t o  t h e  SPECIAL 
PUSHDOWN LIST d e s i g n a t i n g  a l e v e l  i n  r e c u r s i v e  v a r i a b l e  b ind ing .  When 
EVAL and APPLY r e c e i v e  a BCP a s  t h e i r  second argument, a l l  SPECIAL (VALUE) 
CELLS a r e  r e s t o r e d  t o  t h e  va lues  t hey  had a t  t h e  t ime  t h e  BCP was gene ra t ed .  
Th i s  t hen  causes  EVAL and APPLY t o  r e f e r e n c e  t h e s e  v a r i a b l e s  i n  t h e  b ind ing  
con t ex t  which e x i s t e d  a t  t h e  time of BCP gene ra t i on .  This  f e a t u r e  p r imar i ly  
is  u s e f u l  t o  p revent  v a r i a b l e  name c o n f l i c t s  when u s ing  EVAL, APPLY, and 
f u n c t i o n a l  arguments.  A s  w i t h  t h e  A-LIST, when EVAL and APPLY e x i t ,  t h e  
prev ious  b ind ings  a r e  r e s t o r e d .  



There a r e  two ways t o  gene ra t e  a  BCP: 

I f  a n  FEXPR i s  de f ined  wi th  two arguments,  then  t h e  second argument 
w i l l  be bound t o  t h e  SPECIAL mTSHDClWN LIST l e v e l  a t  t h e  t i m e  t h e  FEXPR 
i s  c a l l e d .  

The second way t o  gene ra t e  a  BCP i s  wi th  *FUNCTICN. 

(*FUNCTION "FN") 

*FUNCTION r e t u r n s  a l i s t  of t he  fol lowing form: 

. (FUNARG FN <BC&) 

where BCP i s  t h e  SPECIAL PUSHDM LIST l e v e l  a t  t h e  t ime *FUNCTION 
i s  c a l l e d .  Whenever such a  f u n c t i o n a l  form i s  used i n  f u n c t i o n a l  
c o n t e x t ,  a l l  SPECIAL b ind ings  a r e  r e s t o r e d  t o  t h e  va lues  they  had a t  t h e  
t ime >kFUNCTIa was eva lua t ed .  When t h e  f u n c t i o n a l  argument ha s  been 
APPLYed, t h e  previous b ind ings  a r e  r e s t o r e d  a s  w i th  t h e  A-LIST. 

The use  of FUNARGS i s  d i s cus sed  f u r t h e r  by Robert  Saunders (3)  

Example u s ing  t h e  BCP f e a t u r e :  

(DF EXCHANGE (L SPECPDL) 
(PROG(Z) (SETQ Z(EVAL (CAR L) SPECPDL)) 

(APPLY (FUNCTION SET) 
(LIST (CAR L) (EVAL (CADR L) SPECPDL) 
SPECPDL) 

(APPLY (FUNCTION SET) 
(LIST (CADR L) Z 
SPEC PDL) ) ) 

I n  t h i s  example, t h e  use  of t h e  e x t r a  argument SPECPDL has  on ly  one e f f e c t :  
t o  avo id  con£ l i c t s  between i n t e r n a l  and e x t e r n a l  v a r i a b l e s  w i th  names L and 
SPECPDL. 

(EXCHANGE L M) w i l l  cause t h e  va lues  of L and M t o  be exchanged. 
The v a r i a b l e  L i n  EXCHANGE i s  n o t  r e f e r enced  by t h e  c a l l s  on SET. 



CHAPTER 8 

CONDITIONAL EXPRESSI(NS 

A conditional expression has the following form: 

where the e i , ~  Is a re  any S-expresiiions. 

The ei,l 's a re  considered to  be predicates, i.e., evaluate go a 
t ru th  value. The e iSl fs  a re  evaluated s ta r t ing  with =2 1 a 
etc. ,  u n t i l  the f i r s t  e l  i s  found whose value i a  no:'ftll: T$e9 the 
corresponding ek 2 ek,3 ... ek,nk ar; evaluated respectively and $he 
value of ek,n 1s returned as  t e va ue of COND. It i s  permieribl. 
for nk=l, i n  Shich case the value of ek 1 i s  the value ~f C m .  I f  
a l l  e i ,  1 evaluate to  NIL, then N I L  i s  the value of COND. 

Examples : 

(DE NOT (X) (COND (X NIL) (T) ) ) 
(DE AND (X Y) (COND (X (COND (Y T))))) 
(DE OR (X Y) (COND (X T) (Y T) ) ) 
(DE IMPLIES (X Y) (COND (X (COND (Y T) ) ) 

(TI ) 



CHAPTER 9 

PREDICATES 

Pred ica t e s  t e s t  S-expressions f o r  p a r t i c u l a r  va lues ,  forms, or  
ranges of va lues .  A l l  p redica tes  described i n  t h i s  chapter  r e t u r n  e i t h e r  
NIL or  T corresponding t o  t h e  t r u t h  va lues  f a l s e  and t r u e ,  unless  
otherwise noted. Some predica tes  cause e r r o r  messages or  undefined 
r e s u l t s  when app l i ed  t o  S-expressions of t h e  wrong type, such a s  (MINUSP 
(QUOTE FOO)) . 

The va lue  of ATCM i s  T i f  X i s  e i t h e r  an i d e n t i f i e r  or  a number; 
NIL otherwise. 

Examples : (ATm T) = T 
(ATOM 1.23) = T 
(ATOM (QUOTE (XY 2 ) ) )  = N I L  
(ATCM (CMI (QUOTE (X) ) ) = T 

! (EQ X Y) 

The value of EQ i s  T i f  X and Y a r e  the  same po in te r ,  i . e . ,  t he  
same in t e rna  1 address .  I d e n t i f i e r s  on the  OBLIST have unique addresses 
and the re fo re  E? w i l l  be T i f  X and Y a r e  the  same i d e n t i f i e r .  EQ w i l l  
a l s o  r e t u r n  T f o r  equiva lent  I N U M s ,  s i n c e  they  a r e  represented  a s  
addresses .  However, EQ w i l l  no t  compare equiva lent  numbers of any o ther  
kind. For non-atomic S-expressions,  EQ i s  T i f  X and Y a r e  the  same 
poin ter .  

Examples : (Er! T T) = T 
(EQ T NIL) = NIL 
(EQ (QUrnE A) (QUOTE B)) 
(EQ 1 1.0) = NIL 
(EQ 1 1) = T 
(EQ 1.0 1.0) = NIL 

= NIL 

(EQUAL X Y) 

The value of EQUAL i s  T i f  X and Y a r e  i d e n t i c a l  S-expressions. 
EQUAL can a l s o  t e s t  f o r  e q u a l i t y  of numbers of mixed types ,  EQUAL i s  
equiva lent  t o :  

(LAMBRA(X Y) (CmD ((EQ X Y) T) 
( (AND (NUMBERP X) (NUMBERP Y) ) 

(ZEROP (*DIF X Y))) 
((OR (ATm X) (ATOM Y)) NIL) 
( (EQUAL (CAR X) (CAR Y) ) 

(EQUAL (Cm X) (CDR Y) 1) 1) 



E x a m p l e s  : (EQUAL T T) = T 
(EQUAL 1 1) = T 
(EQUAL 1 I.@) = T 
(EQUAL (QUOTE (A B)) (QUOTE (A B ) ) )  = T 
(EQUAL (QUOTE (T))  T) = N I L  

! 9 . 1  S - E x p r e s s i o n  P r e d i c a t e s  

(NULL L) = T i f f  L i s  NIL. 

(MEMBER L 1  L2) = T i f f  L1  i s  EQUAL t o  a t o p  level e l e m e n t  of L2. 

MEMBER i s  e q u i v a l e n t  t o :  

(IAMBDA ( ~ 1  L2) (C OND ( (ATOM L2) NIL) 
( (EQUAL L 1  (CAR L2) ) T) 
(T(MEMBER L 1  (CDR L 2 ) ) ) ) )  

E x a m p l e s  : (MEMBER (QUOTE (C D) (QUOTE ( (A B) (C DIE)  1) = T 
(MEMBER (QUOTE C)(QUOTE ( ( C ) ) ) )  = N I L  

(MEMQ L1  L2) = T i f f  L 1  i s  Q t o  a t o p  level e l e m e n t  of L2. 

MEMQ i s  e q u i v a l e n t  t o :  

(LAMBDA ( L l  L2) (COND ( (ATOM L2) NIL) 
( (EQ L 1  (CAR L2)) T) 
(T(MEMQ L 1  (CDR L 2 ) ) ) ) )  

E x a m p l e s  : (MEMQ (QUOTE (C D ) )  (QUOTE ((A B) (C D) E ) ) )  = N I L  
(MEMQ (QUOTE A )  (QUOTE (Q A B ) ) )  = T 

! 9 .2  N u m e r i c a l  P r e d i c a t e s  

(NUMBERP X) = T i f  X i s  a number  o f  a n y  t y p e "  
= N I L  o t h e r w i s e  

(ZEROP X) = T i f  X i s  z e r o  o f  a n y  n u m e r i c a l  t y p e  
= e r r o r  i f  X i s  a n o n - n u m e r i c a l  q u a n t i t y  
= N I L  o t h e r w i s e  

(MINUSP X) = T i f  X i s  a n e g a t i v e  number  o f  any t y p e  
= e r r o r  i f  X i s  a n o n - n u m e r i c a l  quantity 
= NIL o t h e r w i s e  



= T i f  X and Y a r e  numbers o f  any t y p e  and X > Y.  
= e r r o r  i f  e i t h e r  X o ~ r  Y is  no t  a number 
= NIL o the rwi se  

(GREATERP x1 x2 . . . 
'n) = T i f  (*GREAT X1 X ) and 

(*GREAT X 8) and . .. 
(*GREAT 8 3x ) 

n-1 n 

= e r r o r  i f  any X i s  a non-numerical q u a n t i t y  
= NIL o the rwi se  i 

Other  numerical  p r e d i c a t e s  may be de f ined  a s  fo l lows  : 

(DE FLOATP (x) (COND ((EQ X (PLUS X @))NIL) 
( (EQ ( CADR X) (QUOTE FLONUM) ) T )  
(T NIL) 

(DE FIXP (x) (NOT (FLOATP X) ) ) 
(DE ONEP (x) (ZEROP (DIFFERENCE X 1 ) ) )  
(DE EVENP (x) (ZEROP (REMAINDER X 2 ) ) )  

! 9.3 Boolean P red i ca t e s  

The Boolean p r e d i c a t e s  perform l o g i c a l  ope ra t i ons  on t h e  t r u t h  
va lues  NIL and T. A non-NIL vahe i s  cons idered  equa l  t o  T. 

(NOT X) = T i f  X i s  NIL 
= NIL o therwise  

= T i f  a l l  X.  a r e  non-NIL 
1 

= NIL o the rwi se  

Note: - (AND)=T. AND eva lua t e s  i t s  arguments from l e f t  t o  r i g h t  u n t i l  
e i t h e r  NIL i s  found i n  which c a s e  t h e  remaining arguments a r e  not 
eva lua t ed ,  o r  u n t i l  t h e  l a s t  argument i s  eva lua t ed .  

= T i f  any X i s  non-NIL 
i 

= NIL o therwise  

Note: (OR) = NIL. OR eva lua t e s  i t s  arguments from l e f t  t o  r i g h t  u n t i l  
e i t h e r  non-NIL i s  found i n  which c a s e  t h e  remaining arguments 
a r e  no t  eva lua t ed ,  o r  u n t i l  t h e  l a s t  argument i s  eva lua t ed .  



CHAPTER 10 

FUNCTIONS ON S-EXPRESSIONS 

This chapter describes functions for building, fragmenting, 
modifying, transforming, mapping, and searching S-expressions, as well 
as some non-standard functions on S-expressions. 

! 10.1 S-Expression Building Functions 

The value of CONS of two S-expressions is the dotted pair of those 
S-expressions. 

Example : (CONS (QUOTE A) (QUOTE B)) = (A . B) 
Nate: See Appendix D for information on functions associated with - 

CONSing, such as SPEAK, GCGAG, and GC. 

List evaluates'all of its arguments and returns a list of their 
values. 

Examples : (LIST) = NIL 
(LIST (QUOTE A) ) = A 

Example : (APPEND) = NIL 
(APPEND (QUOTE (A B) ) (QUOTE (C D)) (QUOTE (E F))) - (A B c D E F) 



! 10.2 S-Expression Fragmenting Functions 

(CAR L) 

The CAR of a  non-atomic S-expression i s  the  f i r s t  element of t h a t  
do t t ed  pa i r .  CAR of an  atom i s  undefined and w i l l  u s u a l l y  cause a n  
i l l e g a l  memory reference .  

(CDR L) 

The @& of a non-atomic S-expression is  the  second (and last)  
element of t h a t  do t t ed  paf r .  The CDR of a n  i d e n t i f i e r  i s  i t s  proper ty  
l i s t .  The CDR of an  INUM causes a n  i l l e g a l  memory reference .  The CDR 
of any o the r  number i s  the  l i s t  s t r u c t u r e  r e p r e s e n t a t i o n  of t h a t  number. 

Examples : (CAR (QUOTE (A B C)) )  = A 
(CAR (QUOTE A)) i s  i l l e g a l  
(CDR (QUOTE (A B C)))  = (B  C) 
(CDR (QUOTE A)) i s  t h e  proper ty  l i s t  of A 
(CDR (QUOTE (A))) = N I L  

CAAR, CADR,..., CDDDDR 

A l l  of t h e  composite CAR-CDR funct ions  with up t o  four  A ' s  and D ' S  
a r e  ava i l ab le .  

Examples : (CADR X) = (CAR (CDR X) ) 
(CAADDR X) = (CAR (CAR (CDR (CDR X) ) ) ) 

(LAST L) 

LAST retu.rns t h e  l a s t  p a r t  of a  l i s t  according t o  the  fol lowing - 
d e f i n i t i o n :  

(DE LAST (L) 
(COND ((ATOM (CDR L)) L) 

(T (UST (CDR L ) ) ) ) )  

Examples : (LAST (QUOTE (A B C)) )  * (C) = (C . NIL) 
(LAST (QUOTE (A B . C))) = ( B .  C) 

* 10,3 S-Expression Modifying Functions 

The following funct ions  f o r  manipulating S-expressions d i f f e r  from 
a l l  o the r s  i n  t h a t  they a c t u a l l y  modify e x i s t i n g  l i s t  s t r u c t u r e  r a t h e r  
than cons t ruc t ing  new l i s t  s t r u c t u r e .  These funct ions  should be used 
with cau t ion  s ince  i t  i s  easy  t o  c r e a t e  s t r u c t u r e s  which w i l l  confuse 
or des t roy  the  i n t e r p r e t e r .  



, Raplaces . , the CAR of X by Y. The value of is the 

Examp l e  : (RPUCA (QUOTE (A B C) ) (QUOTE (C D))) = ( (c D) B c) 

Representation: 

X - 4 ~ 1 . 1  ~ B I * & ~ c  1/1 
BEFORE 

Y - ~ C ( * I  

AFTER 

(RPIACD X Y) 

RPLACD replaces the CDR of X by Y. The value of RPMCD $8 fhp 
7 

modified S-expression X. 

(NCONC XI X2 Xn) 

NCONC i s  similar in  e f fec t  to  APPEND, but NCONC does not copy l%#e - 
structures. NCONC modifies l i s t  structures by replacing the laot elpmqt 
of X1 by a pointer t o  X , the l a s t  element of X2 by a pointer to 2( , rtc. 
The value of NCONC is  tge modified l i s t  which i s  the cono.tc&$n, of 
X l r  X2, 

Examples : (NCONC) = NIL 
(NCONC (QUOTE (A B) ) (QUOTE (C D) ) ) = (A B C b) 

AFTER 



10.4 S--Expression Transforming Functions 

The following functions transform S-expressions from one form t o  
another , 

(LENGTH L) 

LENGTH re tu rns  the  number of top-level  elenlents of the l ist  L. 
LENGTH i s  equivalent  to.: 

(DE LENGTH (L) 
(COND ( (ATOM L) a) 

(T (ADD1 (LEXGTH (CDR L) )  ) ) ) )  

(REVERSE L) 

REVERSE re tu rns  the  reverse of the  t ap  l e v e l  of l i s t  L. REVERSE 
i s  equivalent  to :  

(DE REVERSE (L) (RGVERSEl L NIL)) 
(DE REVERSE1 (L M) 

(COND ( (ATOM L) M) 
(T  VERSE^ (CDR L) (CONS (CAR L) M) ) ) ) )  

SUBST s u b s t i t u t e s  S-expression X f o r  a l l  EQUAL occurrences of 
S-expression Y i n  S-expression S. SUBST i s  equivalent  to :  

(DE SUBST (X Y S) 
(COND ((EQUAL Y S) X) 

((ATOM S) S) 
(T (CONS (SUBST X Y (CAR S)) 

(SUBST X Y (CDR S ) ) ) ) ) )  

Note: (SUBST 0 0 X) i s  useful  f o r  c rea t ing  a copy of the  l i s t  X, - 
Example : (SUBST 5 (QUOTE FIVE) (QUOTE (FIVE PLUS FIVE IS TEN))) 

= (5 PLUS 5 I S  TEN) 

10.5 S-Expression Mapping Functions 

The following functions perform mappings of l i s ts  according t o  the 
funct ional  arguments supplied . 



MAP - a p p l i e s  t h e  f u n c t i o n  FN o f  o n e  a rgumen t  t o  l i s t  L a n d  t o  
~ u c c e s s i v e  CDRs o f  L u n t i l  L i s  r e d u c e d  t o  NIL. The v a l u e  of $8 

NIL. MAP i s  e q u i v a l e n t  t o :  

(DE MAP (FN L) 
(PROG NIL 
L 1  (COND ( (NULL L) (RETURN NIL) ) ) 

(FN L) 
(SETQ L (CDR L))  
(GO L1) ) )  

Example : (MAP (FUNCTION PRINT) (QUOTE (X Y 2) ))  = 

PRINT : (x y z) 
PRINT : ( y  2) 
PRINT : ( z )  
RETURN : NIL 

MAPC i s  i d e n t i c a l  t o  MAP e x c e p t  t h a t  MAPC a p p l i e s  f u n c t i o n  FN t o  - 
t h e  CAR o f  t h e  r e m a i n i n g  l i s t  a t  e a c h  s t e p .  MAPC i s  e q u i v a l e n t  t o :  

(DE MAPC (FN L) 
(PROG NIL 
L l  (COND ((NULL L) (RGTURN NIL)) )  ' 

(FN (CAR L) )  
(SETQ L (CDR L) )  
(GO L 1 ) ) )  

PRINT : X 
PRINT : Y 
PRINT : Z 
RETURN : NIL 

(MAPLIST FN L) 

MAPLIST, a p p l i e s  t h e  f u n c t i o n  FN o f  o n e  a rgumen t  t o  l i s t  L and to  
s u c c e s s i v e  CDRs o f  L u n t i l  L i s  r e d u c e d  t o  NIL. The value o f  MAPLIST 
i s  t h e  l i s t  o f  v a l u e s  r e t u r n e d  by FN. MAPLIST i s  e q u i v a l e n t  to: 

(DE MAPLIST (FN L) 
(COND ( (NULL L) NIL) 
(T (CONS (FN L) (MAPLIST FN (CDR L ) ) ) )  ))  



Examples : (MAPLLST (FUNCTION CAR) (QUOTE ( A  B C D ) ) )  = ( A  B C D) 
( M A P L I S T  (FUNCTION REVERSE) (QUOTE ( A  B C D) )) = 

( ( D  c B A >  (D c B) (D C) (D)) 

(MAPCAR FN L )  

MAPCAR is identical to M A P L I S T  except that MAPCAR applies FN to 
the CAR of the remaining list at each step. MAPCAR is equivalent to: 

(DE MAPCAR (FN L )  
(COND ( ( N U L L  L )  N I L )  

(T  (CONS ( F N  (CAR L ) )  (MAPCAR FN (CDR L ) ) ) ) ) )  

Examples : (MAPCAR (FUNCTION NCONS) (QUOTE ( A  B C D ) )  ) = ( ( A )  (B) (C)  ( D ) )  
(MAPCAR (FUNCTION ATOM) (QUOTE ( ( X )  Y ( Z ) ) ) )  = ( N I L  T N I L )  

10.6. S-Expression Searching Functions 

(ASSOC X L )  

ASSOC searches the lfst of dotted pairs L for a pair whose CAR is 
EQ to X, I f  such a pair is found it is returned as the value of ASSOC,  
otherwise N I L  is returned, ASSOC is equivalent to: 

(DE ASSOC ( X  L )  
(COND ( (NULL L)  N I L )  

((EQ X (CAAR L)) (CAR L ) )  
(T  (ASSOC X (CDR L ) ) ) ) )  

(ASSOC 1 (QUOTE ((1 . ONE) ( 2  . T W O ) ) ) )  = (1 . ONE) 

(SASSOC X L FN) 

SASSOC searches the lfst of dotted pairs L for a pair whose CAR 
is EQ to X. If such a pair is found it is returned as the value of 
ASSOC,  otherwise the value of FN, a function of no arguments, is returned. 

(DE SASSOC (X L F N )  
(COND ( ( N U L L  L )  (FN)  ) 

( ( E Q  X E ) )  (CAR L ) )  
(T  (SASSOC X (CDR L) m ) ) )  ) 

Example :, (SASSOC @ (QUOTE ((1 . ONE) ( 2  . TWO))) 
(FUNCTION (LAMBDA N I L  (QUOTE L O S E ) ) ) )  = LOSE 



10.7 Charac te r  L i s t  Transforming Funct ions  

EXPLODE t ransforms  an  S-express ion  i n t o  a l i s t  of  s i n g l e  c h a r a c t e r  
i d e n t i f i e r s  i d e n t i c a l  t o  t h e  sequence of c h a r a c t e r s  which would be 
produced by PRIN1. 

Examples : (EXPLODE (QUOTE (DXJ -&Y) ) ) 
= ( I (  D x I,// I- I U D Y  1)) 
(EXPLODE (QUOTE APPLE) ) 
= ( A P P L E )  

EXPLODEC t ransforms  an S-expression i n t o  a l i s t  of  s i n g l e  
c h a r a c t e r  i d e n t i f i e r s  i d e n t i c a l  t o  t h e  sequence of  c h a r a c t e r s  which 
would be produced by PRINC. 

Example : 

MAKNAM t ransforms  a l i s t  of s i n g l e  c h a r a c t e r  i d e n t i f i e r s  ( a c t u a l l y  
t akes  t h e  f i r s t  c h a r a c t e r  of each i d e n t i f i e r )  i n t o  a S-express ion  
i d e n t i c a l  t o  t h a t  which would be produced by READing those  c h a r a c t e r s .  
MAKNAM however does not  INTERN any o f  t h e  i d e n t i f i e r s  i n  t h e  S-expression 
i t  produces.  

Examples : (MAKNAM (QUOTE (A P P L E )  ) ) = APPLE 
(-AM (QUOTE (/Iu 1 )  1 ) )  = 1 )  

READLIST i s  i d e n t i c a l  t o  MAKNAM except  t h a t  READLIST INTERNS a l l  
i d e n t i f i e r s  i n  t h e  S-expression i t  produces.  READLIST i s  t h e  l o g i c a l  
i n v e r s e  of EXPLODE, i . e . ,  



CHAPTER 11 

FUNCTIONS IDENTIFIERS 

There a r e  t h r e e  b a s i c  types of funct ions  on i d e n t i f i e r s ;  those 
which manipulate t h e i r  property l i s t s ,  those which c r e a t e  new i d e n t i f i e r s ,  
and those which c o n t r o l  t h e i r  membership i n  the  OBLIST. 

NOTE: A l l  func t ions  described i n  t h i s  chapter  which expect an i d e n t i f i e r  
a s  one (or  more) of i t s  arguments w i l l  g ive  e i t h e r  erroneous 
r e s u l t s ,  or  an  e r r o r  condi t ion  i f  any S-expression o ther  than an  
i d e n t i f i e r  i s  supplied.  

11.1 P r o ~ e r  t v  L i s t  Functions 

(GET I P) 

GET is a  func t ion  which searches t h e  property l i s t  of t h e  i d e n t i f i e r  - 
I looking f o r  t he  property name which i s  EQ t o  P. I f  such a  property 
name i s  found, the value a s soc ia t ed  with i t  is re turned  a s  the  value of 
GET, otherwise NIL i s  re turned .  Note t h a t  confusion e x i s t s  i f  t h e  
property i s  found, but  i t s  value i s  NIL. GET i s  equiva lent  to: 

(DE GET ( I  P) (COND((NULL (CDR I ) )  NIL) 
((EQ (CADR I )  P) (CADDR I ) )  
(T (GET (CDDR I )  P ) ) ) )  

(GETL I L) 

GETL i s  another  functzon which searches property l ists.  GETL - 
searches the  property l i s t  of the  i d e n t i f i e r  I looking f o r  the  f i r s t  
property which i s  a  member (MEMQ) of t h e  l i s t  L. GETL r e t u r n s  the  
remaining property l i s t ,  including the  property name i f  any such 
property was found, NIL otherwise. GETL i s  equiva lent  to :  

(DE GETL ( I  L) (COND ((NUU (CDR I)) NIL) 
((MEMQ (CADR I) L) (CDR I ) )  
(T (GETL (CDDR I )  L ) ) ) )  

(PUTPROP I v P) 

PUTPROP i s  a  func t ion  which e n t e r s  the  property name P  with property 
value V i n t o  the  property l i s t  of i d e n t i f i e r  J. I f  t he  property name P  
i s  a l r eady  i n  t h e  property l i s t ,  the  o ld  property value is  replaced  by 
the  new one; otherwise t h e  new property name P  and i t s  value V a r e  
placed on the  beginning of the  property l is t .  PUTPROP r e t u r n s  V. 

(REMPROP I P) 

REMPROP removes t h e  property P  from the  property l i s t  of i d e n t i f i e r  
I. REMPROP r e t u r n s  T  i f  t he re  was such a  property,  NIL o t h e r ~ i s e  . 



SET and SETQ a r e  used t o  change the  va lues  of v a r i a b l e s  which a r e  - 
bound by e i t h e r  lAMBDA or PROG, or v a r i a b l e s  which a r e  bound g loba l ly .  
(See 7.1). 

* (SET E V) 

SET changes the  va lue  of t h e  i d e n t i f i e r  s p e c i f i e d  by t h e  express ion  E 
t o  V a n E e t u r n s  t o  V. Both arguments a r e  evaluated.  

Note: I n  compiled funct ions ,  SET can be used only on g l o b a l l y  bound 
and s p e c i a l  v a r i a b l e s .  

! (SETQ "ID" V) 

SETQ changes t h e  value of I D  t o  V and r e t u r n s  V. SETQ eva lua te s  
V,  but  does not  eva lua te  I D .  

DEFPROP "1" !fV1! !!pH 
= (PROG2 (PUTPROP (QUOTE I) (QUOTE V )  (QUOTE P))  (QUOTE I ) )  

DEFPROP i s  the  same as  PUTPROP except t h a t  i t  does no t  eva lua te  
i t s  arguments , and DEFPROP r e t u r n s  I. 

Example: (DEFPROP POSP (IAMBM (X) (GREATERP X g)) EXPR) 

DE places t h e  form (LAMBDA ARGS BODY) on the  property l i s t  of I D  
u n d e r y r o p e r t y  EXPR. I f  I D  previously had any of t h e  p rope r t i e s  EXPR, 
FEXPR. SUBR, FSUBR, ISUBR, or MACRO, then DE w i l l  r e t u r n  the  l i s t  (ID 
REDEFINED) .- otherwise, DE r e t u r n s  I D .  

(DF " I D "  "ARGS" "BODY") 

Same as  DE except  defines a  funct ion  with FEXPR property.  

(DM "ID" "ARGS " "BODY") 

Same a s  DE except  def ines  a  MACRO. 

11.2 OBLIST Functions 

(INTERN I )  

INTERN puts t h e  i d e n t i f i e r  I i n  the  appropr ia te  bucket of OBLPST. 
I f  t h e  i d e n t i f i e r  i s  a l ready a member of the OBLIST, then INTERN r e t u r n s  
a  poin ter  t o  t h e  i d e n t i f i e r  a l r eady  the re .  Otherwise, INTERN r e t u r n s  I. 

Note: INTERN i s  only necessary when a n  i d e n t i f i e r  which was c rea t ed  by - 
GENSYM, MAKNAM, or ASCII needs t o  be uniquely s to red .  

(REMOB " ~ 1 "  f 1 ~ 2 1 1  . . . "xnW) 

REMOB removes a l l  of the  i d e n t i f i e r s  X i ,  X2, . .. , Xn from t h e  
OBLIST and r e t u r n s  NIL. None of the  X i ' s  a r e  evaluated.  

Example: (REMOB FOO BAZ) 

11-2 



I d e n t i f i e r  Creat ing Functions 

The fol lowing funct ions  c r e a t e  new i d e n t i f i e r s  but  do n o t  INTERN 
them onto t h e  OBLIST. 

GENSYM increments the  generated symbol counter  
and r e t u r n s  a new i d e n t i f i e r  s p e c i f i e d  by t h e  counter .  The GENS-h 
counter  i s  i n i t i a l i z e d  t o  the  i d e n t i f i e r  ~ b b b b .  Successive executions 
of (GENSYM) w i l l  r e tu rn .  

(CSYM "I")  

CSm i n i t i a l i z e s  generated symbol counter  t o  the  i d e n t i f i e r  I, - 
and r e t u r n s  I. CSYM does-not  eva lua te  i t s  argument. 

Example : ( C S ~  ARYQQ ) = ARYBQ 
(GENSYM = A R Y Q ~  
( GENSYM ) = A R Y ~ ~  

e t c .  

(ASCII N) 

ASCII c r e a t e s  a s i n g l e  cha rac te r  i d e n t i f i e r  whose ASCII p r i n t  - 
name equals  N. 

Examp 1 e : (ASCII 1@1) i s  an i d e n t i f i e r  w i th  p r i n t  name "A". 



CHAPTER 12 

FUNCTIONS CN NUMBERS 

There a r e  two types of functions which operate on numbers t o  c rea te  
new numbers: a r i thmet ic  and logical .  

! 12.1 Arithmetic Functions 

Unless otherwise noted, the  following ar i thmet ic  functions a r e  
defined f o r  both in teger ,  rea  1 and mixed combinations of arguments, 
and evaluate a l l  t h e i r  arguments. The r e s u l t  i s  r e a l  i f  any argument i s  
r e a l ,  and in teger  i f  arguments a r e  in teger .  Most a r i thmet ic  functions - 
may cause overflow which produces an e r r o r  message. 

(MINUS X) = -x 

(PLUS X 1  X2 . . . Xn) = X 1  +X2 + ... +Xn 

(DIFFERENCE X 1  X2 ... Xn) = X 1  - X2 - ... - Xn 

(TIMES X 1  X2 . . . Xn) = X 1  * X2 * ... * Xn 

(QUOTIENTXlX2 ... Xn) = X l / X 2  / ... / ~ n  

For in teger  arguments, *QUO and QUOTIENT give the in teger  pa r t  of 
the r e a l  quotient  of the argumnts .  

Examples : (*QUO 5 2) = 2 
(*QUO -5 2) = -2 

(REMAINDER X Y) .. . X - (X / Y) * Y 

Note: Remainder i s  not defined f o r  r e a l  arguments. - 

(GCD X Y) GCD re tu rns  the g r e a t e s t  common d iv i so r  of the  in tegers  X a d  Y. 

(ADD1 X) = X + 1  
(SUB1 X) = X - 1  
(ABS X) = I X (  



(FIX X) re turns  the l a rges t  in teger  not g rea te r  than X. 

Examples : (FIX 1) = 1 
(FIX 1.1) = 1 
(FIX -2.1) = -2 - not -1 

Other ar i thmet ic  functions not  defined i n  the LISP i n t e rp r e t e r  can be 
defined as  follows: 

Z L M T  X)' = (*PLUS X 0.0) 

(RECI'P X) = (QUOTIENT 1 X) 

a = (CCND ( (ZEROP X) 0) 
((MINUSP X) -1) 
(T 1))  

(ROUND X) = (TIMES (SIGN X) (FIX (PLUS (ABS X) 0.5))) 

Examples : (ROUND .5) = 1 
(ROUND .49) = 41 
(ROUND -049) = 0 
(ROUND -35.1) = -35 

(MAX X Y) = (COND((LESSP X Y) 

Examples : (MINUS 1) = -1 
(MINUS -1.2) = 1.2 
(PLUS 1 2 3.1) = 6.1 
(PLUS 6 3 -2) = 7 
(DIFFERENCE 6 3 1) = 2 
(TIMES -2 2 .@) = -4.41 
(QUOTIENT 5 2) = 2 
(QUOTIENT 5 .0 2 )  = 2 .5 
(QUOTIENT -5 2) = 2 
 REMAINDER^^) = 1 
(REMAINDER -5 2) = -1 
(REMAINDER 5.41 2) = undefined. 
(ABS -32.5) = 32.5 
(FIX 32.5) = 32. 
(FIX -32.5) = -33. 

12.2 Logical Functions. 

The following functions a r e  intended t o  operate on INUM and FIXNUM 
arguments, but t h e i r  r e s u l t s  a r e  not  defined fo r  BIGNUM or FLONUM ( rea l )  
arguments. 



(BOOLE N X 1  X2 ... Xn) 

BOOLE causes a 36 b i t  Boolean operat ion t o  be performed on i t s  - 
arguments. The value of N s p e c i f i e s  which of 16 Boolean operat ions 
t o  perform, 

For n=2, each b i t i  i n  (BOOLE N A B) i s  defined: 

N - r e s u l t  - N r e s u l t  

* 

For n >  2, BOOLE i s  defined: 

(BOOLE N ... (BOOLE N (BOOLE N X 1  X2) X3) ... Xn) 

(LSH X N) --.-- . -- 

LSH performs a l o g i c a l  l e f t  s h i f t  of N places on X. I f  n i s  - 
negative,  X w i l l  be s h i f t e d  r i g h t .  I n  both cases,  vacated b i t s  a r e  
f i l l e d  with zeros,  

Examples with IBASE = 8 

(BOOLE 1 76 133) = 32 
(BOOLE 1 7 6  133 70) t 30 
(BOOLE 12 13 0) = 777777777764 
(BOOLE 7 7 12) = 17 
(LSH 15 2) = 64 
(LSH 15 -2) = 3 
(LSH -1 -2) = 177777777777 



CHAPTER 13 

PROGRAMS 

The "program feature" allows one to write ALGOL-like sequences of 
statements with program variables and labels. 

FROG is a function which takes as arguments VARLIST, a list of - 
program variables which are initialized to NIL when the PROG is entered 
(see 7.1), and a BODY which is a list of labels (which are 
identifiers) and statements which are non-atomic S-expressions. PROG 
evaluates its statements in sequence until either a +RETURN or GO is 
evaluated, or the list of statements is exhausted, in which case the 
value of PROG is NIL. 

(RETURN X) 

RETURN causes the PROG containing it to be exited with the valve X. 

(GO "ID") 
-.- 

GO causes the sequence of control within a PROG to be transferred 
to thenext statement following the label ID. In interpreted PROGe, 
if ID is non-atomic, it is repeatedly evaluated until an atomic value 
is found. However, in compiled PROGs, ID is evaluated only once. GO ' 

cannot transfer into or out of a PROG. 

Note: Both RETURN and GO should only occur either at the top level of - 
a PROG, or in compositions of COND, AND, OR, and NOT which are 
at the top level of a PROG. 

Example: The function LENGTH may be defined as follows: 

(DE LENGTH (L) 
(PROG (N) 

(SETQ N a) 
L1 (COND ((ATOM L) (RETURN N)) ) 

(SETQ N (ADD1 N)) 
(SETQ L (CDR L)) 
(GO L1))) 

PROG2 evaluates all expressions X1 X2 ... Xn, and returns the 
value of X2. 
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14 .'1 F i l e  Names 

Syntax: <filename - l i s 0  

CHAPTER 14 

INPUT/ OUTPUT 

Semantics : 

A device-name i s  e i t h e r  an i d e n t i f i e r  ending with colon (: ) which 
i s  the  name of some input  or  output device, or a  l i s t  containing a 
project-programmer number which i m p l i c i t l y  s p e c i f i e s  the disk. 

A filename i s  e i t h e r  an i d e n t i f i e r  which spec i f i e s  a  filename with 
a blank extension, or a  dotted pai r  of filename and extension. In  both 
cases the  filename appl ies  t o  the most r ecen t ly  ( t o  the  l e f t )  spec i f i ed  
device -nameo 

14.2 Channel Names 

Channel names can opt ional ly  be assigned t o  f i l e s  se lec ted  by the 
functions INPUT and OUTPUT. A channel name i s  any i d e n t i f i e r  which is  
not followed by a colon. I f  no channel name i s  spec i f i ed  t o  INPUT or 
OUTPUT then the channel name T i s  assumed. The channel name N I L  spec i f i e s  
the teletype i n  the functions I N C  and OUTC. Up t o  14 channe 1s may be 
ac t ive  a t  any time. 

14.3,l  Selec t ion and Control 

(INPUT "CHANNEL" . "FILENAME-LIST") 

INPUT re leases  any f i l e  previously i n i t i a l i z e d  on the  channel, and 
i n i t i a l i z e s  f o r  input  the  f i r s t  f i l e  spec i f i ed  by the f i lename-l is t .  
INPUT re tu rns  the  channel i f  one was spec i f i ed ,  T otherwise. INPUT does 
not evaluate i t s  arguments. 



(INC CHANNEL ACTIUN) 

I N C  s e l e c t s  t he  s p e c i f i e d  channel f o r  input .  The channel  NIL - 
s e l e c t s  t he  t e l e type .  I f  ACTION = NIL then the  previous ly  selected 
input  f i l e  i s  not  r e l eased ,  bu t  only dese lec ted .  I f  ACTIW - '1' then 
t h a t  f i l e  i s  r e l eased ,  making t h e  previously s e l e c t e d  channel available. 
A t  t h e  top  l e v e l ,  ACTION need not  be spec i f i ed .  

The inpu t  funct ions  i n  Ih.j.3 rece ive  input  from t h e  selected input 
channel.  When a f i l e  on t h e  s e l e c t e d  channel is  exhausted, then t h e  next  
f i l e  i n  the  f i l ename- l i s t  f o r  t he  channel is i n i t i a l i z e d  and input, u n t i l  
t he  f i lename- l i s t  i s  exhausted. Then the  t e l e t y p e  is  autcrmgticallg 
s e l e c t e d  f o r  input  and (ERR (QUUTE SEW$)) i s  c a l l e d .  The use of ERRSET 
around any funct ions  which accept  i npu t  t he re fo re  makes it  poss ib l e  t o  
d e t e c t  end of f i l e .  I f  no ERRSET is  used, c o n t r o l  r e t u r n s  t o  t h e  t o p  
l e v e l  of LISP. I N C  eva lua tes  i t s  arguments, and r e t u r n s  t h e  previous ly  
s e l e c t e d  channel name. 

In  order  t o  READ from mul t ip l e  input  sources,  s epa ra t e  channels  
should be i n i t i a l i z e d  by I N P U T ,  and I N C  can then s e l e c t  t h e  appropr i a t e  
channel t o  READ from. 

Examples: (At the  top  leve l )  

(INC (INPUT SYS: (SMILE . LSP))) 
w i l l  READ t h e  f i l e  SYS: SMIIE . ISP on channel T and r e s e l e c t  
t h e  t e l e t y p e  when the  f i l e  i s  ended. 

(INC (INPUT FOO DSK: BAZ ZAB) ) 

w i l l  READ t h e  f i l e s  DSK: BAZ and DSK: ZAB on channel FOO 
and r e s e l e c t  the  t e l e t y p e  a f t e r  both f i l e s  a r e  exhausted. 

When reading  an  input  f i l e ,  i t  i s  sometimes d e s i r a b l e  t o  know t h e  
page and l ine being r ead  from. PGLINE r e t u r n s  the  do t t ed  p a i r  (page 
number . l i n e  number) f o r  t he  s e l e c t e d  input  f i l e .  The page number i s  
app l i cab le  only t o  STOPGAP f i l e s .  I f  t he  f i l e  has no l i n e  numbers, 
PGLINE w i l l  always r e t u r n  ( 1  . 0). 
14.3.2 Teletype Input  Control  

When inpu t  i s  from t h e  t e  le type ,  READ i s  terminated by e i t h e r  a n  
e n t i r e  S-expression o r  by an incomplete S-expression followed by altmode. 
Altmode has t h e  e f f e c t  of typing a space followed by t h e  appropr i a t e  
number of r i g h t  parens t o  complete t h e  S-expression. This  f e a t u r e  i s  
p a r t i c u l a r l y  use fu l  when an unknown number of r i g h t  parens are needed o r  
when i n  (DDTIN NIL) mode. 



DDTIN i s  a  f u n c t i o n  which s e l e c t s  t e l e t y p e  i n p u t  mode. With 
(DDTIN NIL), and typ ing  t o  READ, READCH, o r  TYI, a  rubout  w i l l  d e l e t e  
t h e  l a s t  c h a r a c t e r  typed,  and c o n t r o l  U ( T U )  w i l l  d e l e t e  t h e  e n t i r e  
l a s t  l i n e  typed.  Input  i s  no t  s een  by LISP u n t i l  e i t h e r  altmode o r  
c a r r i a g e  r e t u r n  i s  typed.  

With (DDTIN T )  and typ ing  t o  READ, a  rubout  w i l l  d e l e t e  t h e  e n t i r e  
S-express ion  being r ead  and s t a r t  read ing  aga in .  

Note: (DDTIN T )  i s  not  recommended when t h e  t ime-shar ing system i s  - 
swapping, s i n c e  t h e  program i s  r e a c t i v a t e d  (and hence swapped 
i n t o  co re )  a f t e r  every c h a r a c t e r  typed .  

14.3.3 Input  T rans f e r  

Read causes  t h e  next S-expression t o  be read  from t h e  s e l e c t e d  
i npu t  dev i ce ,  and r e t u r n s  t h e  i n t e r n a l  r e p r e s e n t a t i o n  of t h e  S-express ion .  
READ uses  INTERN t o  guaran tee  t h a t  r e f e r e n c e s  t o  t h e  same i d e n t i f i e r  
a r e  EQ. 

READ w i l l  accep t  any S-expression which conforms t o  t h e  fo l lowing  
syn t ax :  

Syntax:  

<readable  S -expr> : := <atom> . .- . . - B e e a d a b l e  S -expr> 
: := (<readable  S -expr l i s t>  { . e e a d a b  le S-expr>] ) 
: := [<unbalanced S -expression l i s t > ]  
::= ( )  = NIL 

Semantics : 

The d e l i m i t e r  "@I1 d e s igna t e s  t h a t  t h e  fo l lowing  r eadab l e  S-expr 
i s  t o  be quoted.  

Examples : @A means (QUOTE A )  
@(@A B )  means (QUOTE ( (QUOTE A )  B) ) 

means (QUOTE (QUOTE A ) )  ) 

The d e l i m i t e r s  If[" and "]" o p e r a t e  a s  "super-parentheses" .  A 
r i g h t  b racke t  "1 I '  w i l l  c l o s e  a l l  open l e f t  paren theses  "(" up t o  t h e  
matching l e f t  b racke t  "[I1. I f  t h e r e  is  no matching l e f t  b r a c k e t ,  it 
w i l l  c l o s e  t h e  e n t i r e  S-expression a s  does altmode. No syn t ax  i s  g iven  
f o r  unba lanced-S-express ion- l i s t ,  bu t  it i s  intended t o  mean a n  S- 
e x p r e s s i o n - l i s t  which i s  l ack ing  one o r  more r i g h t  pa r en these s .  
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Example : (COND [ (ATOM X) (REVERSE (CDR Y] [ T (APPEND Y Z ]  ) 
(COND ( (ATOM X) (REVERSE (CDR Y )  ) ) (T (APPEND Y Z )  ) ) 

READCH causes  t h e  next c h a r a c t e r  t o  be read  from t h e  s e l e c t e d  i npu t  
dev ice  and r e t u r n s  t h e  corresponding s i n g l e  c h a r a c t e r  i d e n t i f i e r .  m D C H  
a l s o  uses  INTERN. 

TYI causes  t h e  next c h a r a c t e r  t o  be  read  from t h e  s e l e c t e d  i n p u t  - 
device  and r e t u r n s  t h e  ASCII code f o r  t h a t  c h a r a c t e r .  

A f u n c t i o n  TEREAD which i gno re s  a l l  c h a r a c t e r s  u n t i l  a  l i ne - f eed  i s  
seen can  be  de f ined :  

(DE TEREAD NIL 
(PROG NIL 
L (COND ((EQ (TYI) 12)  (RETURNNIL)))  

(GO L) 1) 

14;4 Output 

14.4.1 S e l e c t i o n  and Control  

OUTPUT i n i t i a l i z e s  f o r  ou tpu t  on the, ,@ecif ied channel  t h e  s i n g l e  
f i l e  s p e c i f i e d  by t h e  f i l e n a m e - l i s t .  OUTPUT does not  e v a l u a t e  i t s  
arguments,  and r e t u r n s  t h e  channel  name i f  s p e c i f i e d ,  T o the rwi se .  

(OUTC CHANNEL ACTION) 

OUTC s e l e c t s  t h e  s p e c i f i e d  channel  f o r  ou tpu t .  The channel  NIL - 
s e l e c t s  t h e  t e l e t y p e .  The ou tpu t  f unc t i ons  i n  14.4.3 t r a n s f e r  ou tpu t  t o  
t h e  s e l e c t e d  ou tpu t  channel .  

I f  ACTION = NIL, then  t h e  p r ev ious ly  s e l e c t e d  ou tpu t  f i l e  i s  not  
c l o s e d ,  bu t  on ly  de se l ec t ed .  I f  ACTION = T then  t h a t  f i l e  i s  c l o s e d ,  
i . e . ,  an end of  f i l e  i s  w r i t t e n .  OUTC e v a l u a t e s  i t s  arguments and 
r e t u r n s  t h e  p r ev ious ly  s e l e c t e d  channel  name. A t  t h e  t o p  l e v e l ,  ACTION 
need not  be s p e c i f i e d .  

Examples: (At t h e  t o p  l e v e l )  

(OUTC (OUTPUT LPT:) T )  
(OUTC NIL T )  
(OUTPUT FOO DSK: BAZ) 
(OUTC (QUOTE FOO) NIL) 



LINELENGTH i s  used t o  examine o r  change t h e  maximum ou tpu t  l i n e l e n g t h  
on t h e  s e l e c t e d  ou tpu t  channel .  I f  N = NIL then  t h e  c u r r e n t  l i n e l e n g t h  i s  
r e t u r n e d  unchanged, o therwise  t h e  l i n e l e n g t h  i s  changed t o  t h e  va lue  of 
N w h i c h d s  r e t u r n e d  and must be  an  i n t e g e r .  

CHRCT r e t u r n s  t h e  number of c h a r a c t e r  p o s i t i o n s  remaining on t h e  
ou tpu t  l i n e  of t h e  s e l e c t e d  ou tpu t  channe l .  

When c h a r a c t e r s  a r e  o u t p u t ,  i f  CHRCT i s  made n e g a t i v e ,  a n  ASCII 176 
followed by a  c a r r i a g e - r e t u r n  and a  l i n e - f e e d  a r e  ou tpu t .  These 
c h a r a c t e r s  a r e  c a n p l e t e l y  ignored on i n p u t .  ( see  Chapter 3).  

14.4.2 Te le type  Output Cont ro l  

Output t o  t h e  t e l e t y p e  i s  accumulated i n  a  b u f f e r  u n t i l  some 
c o n d i t i o n  causes  t h e  b u f f e r  t o  be p r i n t e d  (FORCE). The b u f f e r  i s  
always p r i n t e d  when a  t e l e t y p e  i npu t  i s  r eques t ed  o r  when t h e  b u f f e r  
i s  f u l l .  The fol lowing func t i ons  determine o t h e r  c o n d i t i o n s  f o r  
p r i n t i n g  t h e  b u f f e r .  

DDTOUT s e l e c t s  t h e  t e l e t y p e  ou tpu t  mode. (DDTOUT T)  c ause s  t h e  
t e l e t y p e  ou tpu t  b u f f e r  t o  be p r i n t e d  a f t e r  every  c h a r a c t e r .  (DDTOUT NIL) 
i s  t h e  normal mode. DDTOUT r e t u r n s  T o r  NIL accord ing  t o  t h e  p r e v i o u s l y  
s e l e c t e d  mode. 

FORCE i s  sometimes u s e f u l  f o r  ou tpu t  t o  t h e  t e l e t y p e  when i n  
(DDTOUT NIL) mode. FORCE causes  t h e  t e l e t y p e  ou tpu t  b u f f e r  t o  b e  p r i n t e d .  
This  a l lows  one t o  s e e  ou tpu t  dur ing  long computations which would o t h e r -  
w i se  be bu f f e r ed  u n t i l  t h e  computation was f i n i s h e d  o r  u n t i l  t h e  b u f f e r  
was f u l l .  

14.4.3 Output T rans f e r  

PRINl causes  t h e  S-expression S t o  be p r i n t e d  on t h e  s e l e c t e d  ou tpu t  
dev ice  w i th  no preceding o r  fo l lowing  spaces .  PRINl a l s o  i n s e r t s  s l a s h e s  
('7 ") b e f o r e  any c h a r a c t e r s  i n  i d e n t i f i e r s  which would be s y n t a c t i c a l l y  
i n c o r r e c t  o therwise  ( s ee  Chapter 3 ) .  Double quotes  around s t r i n g s  a r e  
p r i n t e d .  

PRINC i s  t h e  same a s  PRINl except  t h a t  no s l a s h e s  a r e  i n s e r t e d  and 
double  quotes  around s t r i n g s  a r e  not  p r i n t e d .  

14 -5 



(TERPRI X) 

TERPRI p r i n t s  a c a r r i a g e - r e t u r n  and l i ne - f eed  and r e t u r n s  t h e  
v a l u e  of X. X may be omi t ted  i f  t h e  v a l u e  of  TERPRI i s  no t  used .  

Example : (PRINC (TERPRI X )  ) 

i s  t h e  same a s  

TYO p r i n t s  t h e  c h a r a c t e r  whose ASCII v a l u e  i s  N ,  and r e t u r n s  N.  



CHAPTER 15 
ARRAYS 

(ARRAY "ID" TYPE B1 B2 . . . Bn) n 5 5. 
--- ---- -- --- - --- 

ARRAY i s  a funct ion  which d e c l a r e s  an a r r a y  wi th  name I D ,  and - 
places  an a r r a y  r e fe renc ing  funct ion  on t h e  proper ty  l i s t  of I D .  TYPE 
determines t h e  type of an a r r a y  a s  follows: 

TYPE - INITIAL VALUE 

NIL 

NIL 8.8 

ARRAY ELEMENT 

LISP S-expressions s to red  a s  p o i n t e r s  
2 p e r  word 

REAL numbers s t o r e d  one pe r  word i n  
P D P - ~ / ~ @  f l o a t i n g  po in t  r ep resen ta t ion .  

36 b i t  21s complement i n t e g e r s  
s to red  1 pe r  word. 

n b i t  p o s i t i v e  i n t e g e r s  packed 
[ 36. In] pe r  word. 

B1 B2 ... Bn a r e  a r r a y  subsc r ip t  bounds which should eva lua te  t o  eg the r  
p o s i t i v e  i n t e g e r s  Si, o r  t o  do t t ed  p a i r s  of  i n t e g e r s  (Li . Ui) where 
Li 5 Ui, which spec i fy  lower and upper s u b s c r i p t  bounds a s  fol lows:  

B -i -- LOWER BOUND UPPER BOUND -- LENGTH 

Si 8 si-1 Si 

(Li Ui) Li Ui ui-Li+l 

The elements of an a r r a y  a r e  referenced by: 

(<array name> il i2 . . . i n )  where L. 2 i ( U J j 

The ARRAY s u b s c r i p t s  i .  must be in t ege r s .  References t o  memory l o c a t i o n s  
3 ou t s ide  of t h e  a r e a  reserved f o r  t h e  a r r a y  a r e  p roh ib i t ed  and w i l l  cause 

an i l l e g a l  memory r e fe rence  message. Array elements a r e  s t o r e d  i n  
BINARY PROGRAM SPACE, 

Examples : 

/4 1)  To dec la re  a 1 dimensional a r r a y  CHARS of  7 b i t  c h a r a c t e r s  and wi th  
s u b s c r i p t s  1 t o  50: 

(ARRAY CHARS 7 (QUOTE ( 1  . 50))) 



The f i r s t  element of  CHARS i s  r e f e r enced :  

(CHARS 1) 

2 )  To d e c l a r e  a 2-dimensional a r r a y  A of  REAL numbers and .w i th  
s u b s c r i p t s  @ < i < N ,  jb 5 j < M :  

(ARRAY A NIL N M) 

3 )  To d e c l a r e  a 1-dimensional a r r a y  FOO of  S-express ions  and w i th  
s u b s c r i p t s  -K 5 i 5 K: 

* (EXARRAY "ID" TYPE B, B,. . . B _ )  n < 5 .  

EXARRAY i s  i d e n t i c a l  t o  ARRAY except  t h a t  a r r a y  elements  a r e  s t o r e d  
i n  t h e  body of a sub rou t ine  loaded by t h e  LOADER ( see  Appendix H ) ,  and 
exa r r ay  elements  a r e  no t  i n i t i a l i z e d .  The a r r a y  r e f e r e n c i n g  sub rou t ine  
i s  s t o r e d  i n  BINARY PROGRAM SPACE a s  w i t h  ARRAY. EXARRAY sea rches  symbol 
t a b l e s  as does GETSYM ( s e e  Appendix H) . 
Note: Both ARRAY and EXARRAY consume BINARY PROGRAM SPACE. I f  t h e r e  - 

i s  i n s u f f i c i e n t  room t h e r e  ( s ee  Appendix C )  t h e  e r r o r  message 
"BINARY PROGRAM SPACE EXCEEDED" w i l l  r e s u l t  . 

(STORE '('%I)" il i2 . . . i n ) v a l u e )  

STORE changes t h e  v a l u e  of  t h e  s p e c i f i e d  a r r a y  element t o  v a l u e ,  
and r e t u r n s  va lue .  

Note: STORE e v a l u a t e s  i t s  second argument f i r s t .  - 
Examples : With t h e  a r r a y s  dec l a r ed  previo.  s l y :  

1 . 1  Examine and Deposit  

EXAMINE r e t u r n s  as an  i n t e g e r  t h e  c o n t e n t s  o f  memory l o c a t i o n  N.  

DEPOSIT s t o r e s  t h e  i n t e g e r  V i n  memory l o c a t i o n  N and r e t u r n s  V. 
,- 



CHAPTER 16 

OTHER FUNCTIONS 

(TIME) 

TIME r e t u r n s  t h e  number of  m i l l i s e c o n d s  your job ha s  computed - 
s i n c e  you logged i n t o  t h e  system. 

ERRSET e v a l u a t e s  t h e  S-express ion  E and i f  no e r r o r  occurs  dur ing  
i t s  e v a l u a t i o n ,  ERRSET r e t u r n s  (LIST E ) .  I f  an e r r o r  occu r s ,  t h e n  t h e  
e r r o r  message w i l l  be suppressed i f  and on ly  i f  F f NIL, and NIL i s  r e tu rned  
a s  t h e  v a l u e  of ERRSET. I f  t h e  f u n c t i o n  ERR i s  c a l l e d  dur ing  e v a l u a t i o n ,  
then no message i s  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 fo l lowing  example shows t h e  u s e  of ERRSET t o  keep t r y i n g  t o  
i n i t i a l i z e  t h e  l i n e  p r i n t e r  u n t i l  i t  i s  a v a i l a b l e :  

@ E  LPTGRAB NIL 
(PROG NIL 
L (COND((ATOM(ERRSET (OUTPUT LPT:) T ) )  

(WAIT) (GO L) ) ) 

where WAIT i s  some f u n c t i o n  (such a s  t h e  t ime-shar ing  s l e e p  UUO) which 
causes  a de l ay .  

ERR r e t u r n s  t h e  v a l u e  of  E t o  t h e  most r e c e n t  ERRSET, o r  t o  t h e  t o p  - 
l e v e l  of LISP i f  t h e r e  i s  no ERRSET. 

f l a g  = NIL i n i t i a l l y  

*RSET 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 p r e t e r  t o  t h e  v a l u e  of  X,  
and r e t u r n s  t h e  previous v a l u e  of t h e  f l a g .  Normally, w i th  (*%SET NIL), 
when an  e r r o r  occu r s ,  s p e c i a l  v a r i a b l e s  a r e  r e s t o r e d  t o  t h e i r  t o p  l e v e l  
va lue s  from t h e  s p e c i a l  pushdown l i s t ,  and t h e  t o p  l e v e l  READ-EVAL-PRINT 
loop i s  en t e r ed .  

With (*RSET T ) ,  s p e c i a l s  a r e  not  r e s t o r e d ,  n e i t h e r  pushdown l i s t  
i s  changed, and t h e  READ-EVAL-PRINT loop i s  en t e r ed .  This  makes i t  
p o s s i b l e  t o  examine t h e  v a r i a b l e  b ind ings  immediately a f t e r  a n  e r r o r  
message has  been p r i n t e d .  To r e s t o r e  s p e c i a l  b ind ings  t o  t h e i r  t o p  
l e v e l  va lue s  and r e t u r n  t o  t h e  t o p  l e v e l ,  t ype  a  b e l l  (n),  o r  e v a l u a t e  
(ERR) 

BAKGAG 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 p r e t e r  t o  t h e  v a l u e  of  X and 
r e t u r n s  t h e  prev ious  s e t t i n g  of  t h e  f l a g .  Only i f  t h e  f l a g  # NIL when an 
e r r o r  occu r s ,  t hen  a back t r ace  is  p r i n t e d  a s  a series of f u n c t i o n  c a l l s ,  



determined from t h e  r e g u l a r  pushdown l i s t ,  s t a r t i n g  from t h e  most 
r e c e n t  f u n c t i o n  c a l l .  I f  X i s  an  i n t e g e r ,  t hen  X s p e c i f i e s  t h e  number 
of r e g u l a r  pushdown l i s t  words t o  i nc lude  t h e  back t r ace .  I f  X i s  T  t hen  
t h e  e n t i r e  r e g u l a r  pushdown l i s t  i s  back t raced  t o  t h e  most r e c e n t  ERRSET. 
The format f o r  p r i n t i n g  i s :  

p r i n t o u t  meaning 

f n l - f n 2  - Funct ion  1 c a l l e d  f u n c t i o n  2 .  

f n l  - EVALARGS 

f n l  - ENTER 

? - f n l  

The arguments t o  f n l  a r e  be ing  
eva lua t ed  be fo re  e n t e r i n g  f u n c t i o n  1. 

The f u n c t i o n  1 i s  e n t e r e d .  

Some i n t e r n a l  LISP f u n c t i o n  c a l l e d  
f u n c t i o n  1. 

Note: - 
The BACKTRACE p r i n t o u t  i s  o f t e n  confused by compiled f u n c t i o n  c a l l s  

of  t h e  form (RETURN (FOO x ) )  which i s  compiled a s  (JCALL (E FOO))  which 
can  be changed t o  (JRST en t r ance  t o  FOO), which w i l l  no t  show up i n  t h e  
BACKTRACE. 

INITFN s e l e c t s  t h e  f u n c t i o n  of  no arguments FN a s  an  i n i t i a l i z a t i o n  
f u n c t i o n  which i s  eva lua t ed  a f t e r  a  LISP e r r o r  r e t u r n  t o  t h e  t o p  l e v e l  has  
occurred o r  whenever a  BELL i s  typed.  INITFN r e t u r n s  t h e  p r ev ious ly  
s e l e c t e d  i n i t i a l i z a t i o n  func t i on .  

I n i t i a l i z a t i o n  func t i ons  a r e  u s e f u l  when i t  i s  d e s i r a b l e  t o  change t h e  
t o p  l e v e l  o f  LISP. For i n s t a n c e ,  

causes  t h e  t o p  l e v e l  t o  become EVALQUOTE i n s t e a d  of  EVAL. 



APPENDIX A 

ALVINE 

by John A l l e n  

ALVINE i s  a  LISP e d i t o r  which i s  ve ry  convenient  f o r  i n t e r a c t i v e  
debugging. ALVINE a l lows  one t o  e d i t  bo th  f u n c t i o n  d e f i n i t i o n s  and 
S-expression v a l u e s .  ALVINE i s  c h a r a c t e r i z e d  by t h e  s i m p l i c i t y  w i t h  which 
one can c o r r e c t  p a r e n t h e s i s  mismatch and make con t ex t  s ea r ches  and 
replacements .  Th i s  s i m p l i c i t y  a r i s e s  from 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  a  S-express ion .  A l l  S-expressions a r e  f l a t t e n e d  i n t o  
a  l i s t  of atoms inc lud ing  t h e  atoms $LP, $RP and $ D  which r e p r e s e n t  
11 I 1  I 1  11 ( , ) and ". I' . Because of  t h i s  r e p r e s e n t a t i o n ,  ALVINE looks more 
l i k e  a  s t r i n g  type  t e x t  e d i t o r  w i t h  t h e  s m a l l e s t  u n i t  of  r e s o l u t i o n  
being a  s i n g l e  atom o r  S-expression d e l i m i t e r  ($LP $RP o r  $D). 

ALVINE has  a  p o i n t e r  which can  move through t h e  s t r i n g  be ing  
e d i t e d .  The e d i t i n g  func t i ons  a f f e c t  on ly  t h e  s t r i n g  t o  t h e  r i g h t  of t h e  
p o i n t e r .  

ALVINE a l s o  con t a in s  func t i ons  f o r  manipula t ing  input -ou tpu t  f i l e s ,  
and GRINDEF which i s  u s e f u l  f o r  p r i n t i n g  f u n c t i o n  d e f i n i t i o n s .  

ALVINE i s  not  o r d i n a r i l y  a r e s i d e n t  p a r t  of t h e  LISP system, bu t  
i s  au toma t i ca l l y  loaded whenever t h e  f u n c t i o n  ED i s  c a l l e d .  

ED loads  ALVINE i f  i t  i s  not a l r e a d y  loaded.  I f  X = NIL then  
t h e  e d i t o r  i s  en t e r ed .  IF  X = T, t h e  e d i t o r  i s  not  e n t e r e d .  This  i s  
u s e f u l  t o  load GRINDEF wi thout  e n t e r i n g  t h e  e d i t o r .  

From t h e  t o p  l e v e l  of LISP, (ED) i s  t h e  same a s  (ED NIL) . 

SPRINT p r i n t s  S-expression X i n  a  s p e c i a l  format which au toma t i ca l l y  
i nden t s  accord ing  t o  pa ren thes i s  l e v e l .  Whenever any sub-S-expression of 
X cannot f i t  e n t i r e l y  on t h e  same p r i n t i n g  l i n e  then  i t s  sub-S-expressions 
a r e  p r i n t e d  on s e p a r a t e  l i n e s  w i th  matching i n d e n t a t i o n .  The parameter 
Y s p e c i f i e s  t h e  i n i t i a l  l e f t  hand column i n d e n t a t i o n .  SRRINT uses  CHRCT 
and LINELENGTH t o  determine t h e  number of  c h a r a c t e r s  remaining on t h e  
p r i n t  l i n e .  

GRINDEF i s  used t o  p r i n t  t h e  d e f i n i t i o n s  of f unc t i ons  and va lues  i n  
DEFPROP format .  GRINDEF use s  SPRINT t o  p r i n t  f u n c t i o n  d e f i n i t i o n s  i n  a  
h i g h l y  r eadab l e  format .  GRINDEF p r i n t s  a l l  p r o p e r t i e s  of t h e  i d e n t i f i e r s  
F1, F2, .. . Fn which a r e  i n  t h e  l i s t  $$$L which i s  i n i t i a l i z e d  t o  
EXPR, FEXPR, VALUE, MACRO and SPECIAL. 

A-L 



Example : (GRINDEF PLUS) 

Desc r ip t i on  of  t h e  Command S t r u c t u r e  

Each command t o  ALVINE c o n s i s t s  of a  s i n g l e  c h a r a c t e r  ( p o s s i b l y  
preceeded by a number) followed by a s t r i n g  of  arguments.  These commands 
modify t h e  t e x t  s t r i n g  p r e s e n t l y  occupying ALVINE ' s  b u f f e r  . When t e x t  
i s  in t roduced  toALVINE a p o i n t e r  i s  a t t a c h e d  preceeding t h e  f i r s t  o b j e c t  
i n  t h e  b u f f e r .  ALVINE' s commands a l low t h e  u s e r  t o  move t h i s  p o i n t e r  
through t h e  b u f f e r .  ALVINE'S t e x t  modifying commands on ly  a f f e c t  t h e  
s t r i n g  t o  t h e  r i g h t  o f  t h i s  p o i n t e r .  

I n  t h e  fo l lowing  c m a n d  d e s c r i p t i o n s ,  "po in te r  s t r i n g "  w i l l  mean 
t h e  s t r i n g  t o  t h e  r i g h t  of  t h e  p o i n t e r ,  and "$If means an  a l tmoa r .  A l l  
of t h e  commands which a l low a  r e p e t i t i o n  argument n assume 1 if 
n  i s  omi t ted .  

COMMAND MEANING DESCRIPTION 

A l l  P r i n t  t h e  b u f f e r  s t r i n g .  No a t tempt  
i s  made t o  make t h e  ou tpu t  p r e t t y .  ,, 

Balanced? Examines t h e  number of parens  i n  
t h e  b u f f e r  s t r i n g .  Returns  t h e  
count of  l e f t  and r i g h t  parens  i f  
unbalanced; o the rwi se  r e p l i e s  "BAL". 

Count 

Dele te  

Expunge 

F i l e  

For  r e a d a b i l i t y ,  t h e  commands "D", 
"MI I , 'I>", "<", "S", and 'k", w i l l  
p r i n t  an  i n i t i a l  segment of t h e  
p o i n t e r  b u f f e r  . " n ~ "  s e t s  t h e  
l eng th  of t h i s  p r i n t i n g  segment 
t o  n o b j e c t s .  

Dele tes  t h e  f i r s t  n "objec t s"  t o  
t h e  r i g h t  o f  t h e  p o i n t e r .  

Dele tes  t h e  f i r s t  n  S-expressions 
t o  t h e  r i g h t  of  t h e  p o i n t e r .  

GRINDEFS t h e  i d e n t i f i e r s  r e f e r r e d  
t o  by x  on dev i ce  y  u s ing  f i l e  
name z . I f  X i s  a  l i s t  of  i d e n t i f i e 1  
t hen  each element of x  i s  GRINDEFed. 
I f  x  i s  an  atom, t h e n  t h e  v a l u e  of 
x i s  used a s  a  l i s t  o f  atoms t o  
GRINDEF . /-- 



COMMAND MEANING 

Get 

I n s e r t  

Match 

Put 

DESCRIPTION 

G w i l l  conve r t  a n  S-express ion  w i t h  
narne x  i n t o  ALVINE form, move i t  
i n t o  t h e  ALVINE b u f f e r  and i n i t i a l i z e  
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 looks on t h e  p rope r ty  
l i s t  of  x  f o r  t h e  f i r s t  p rope r ty  
i n  t h e  l i s t  $$$L which i s  
i n i t i a l i z e d  t o  (PXXPR EXPR VALUE 
MACRO SPECIAL) . $$$L . may be 
SETQed g l o b a l l y  a s  a e s i r e d .  G 
a l s o  knows about TRkCEd f u n c t i o n s  
and w i l l  handle  them p rope r ly .  
ALVINE format was d e s c r i b e d  e a r l i e r  
a s  a  s i n g l e  l e v e l  l i s t  of atoms 
inc lud ing  t h e  s p e c i a l  atoms $LP, $RP, 

% D o  

I n s e r t  comes i n  two f l a v o r s  : 

1. I$x$: i n s e r t  "x" immediately t o  
t h e  r i g h t  of  t h e  p o i n t e r .  

2 .  I X $ ~ $ :  i n s e r t  a f t e r  t h e  
f i r s t  occur rence  ( i n  t h e  p o i n t e r  
s t r i n g )  o f  t h e  s t r i n g  "x". "x" 

may be  a  complete s t r i n g  o r  
de sc r ibed  by e l l i p s i s  a s  "w ... z". 
I f  "x" i s  $ t hen  "y" i s  
in t roduced  t o  t h e  e d i t o r  a s  t h e  
c u r r e n t  s t r i n g .  

Move t h e  p o i n t e r  n  S-expressions 
t o  t h e  r i g h t  o f  t h e  c u r r e n t  p o i n t e r  
p o s i t i o n .  I f  n  i s  n e g a t i v e ,  move 
n  S-expressions l e f t .  I f  t h e r e  i s  
no such S-expression t h e  p o i n t e r  
i s  no t  moved and t h e  b e l l  i s  sounded. 

Converts t h e  e d i t o r  s t r i n g  from 
ALVINE format t o  a n  S-expression 
and pu t s  i t  back on t h e  p rope r ty  
l i s t  of x wi th  t h e  a p p r o p r i a t e  
p rope r ty .  

<follows P> Same as P except  no f u n c t i o n  name 
need be s p e c i f i e d .  Q p u t s  t h e  
S-expression i n  t h e  e d i t o r  b u f f e r  
back on t h e  p rope r ty  l i s t  of t h e  
i d e n t i f i e r  t h e  l a s t  G s p e c i f i e d .  



COMMENT 

RX$Y$ 

MEANING 

Replace 

DESCRIPTION 

Replace t h e  f i r s t  occur rence  of  "xt' 
by " y " .  As wi th  "I", "x" may be  
de sc r ibed  e l l i p t i c a l l y ;  and i f  "y" 
i s  $, t h e  f i r s t  occurrence of "x" 
i s  d e l e t e d .  

Search f o r  t h e  nth occur rence  of t h e  
s t r i n g  "x" ( i n  t h e  p o i n t e r  s t r i n g )  . 
I f  found, t h e  p o i n t e r  i s  moved t o  
t h e  beginning of t h e  s t r i n g  fo l lowing  
t h a t  occurrence.  I f  l e s s  t h e  n  
occur rences  a r e  l o c a t e d ,  t h e  p o i n t e r  
i s  p o s i t i o n e d  a f t e r  t h e  l a s t  such 
occur rence .  I f  none a r e  found t h e  
p o i n t e r  i s  not  moved. I f  "x" i s  
no t  g iven ,  i . e . ,  "n~$" ,  then  t h e  
l a s t  g iven  s e a r c h - s t r i n g  i s  used.  

Search 

uxy : z U n f i l e  READS and d e f i n e s  t h e  f u n c t i o n s  
s p e c i f i e d  by t h e  l i s t  x from 
dev i ce  y  us ing  z a s  a  f i l e  
name. I f  x i s  an atom, t h e n  t h e  
va lue  of x i s  used a s  a  l i s t  
f u n c t i o n  names t o  READ. U p r i n t s  
t h e  names of t h e  f u n c t i o n s  a s  i t  
d e f i n e s  them. The s p e c i f i e d  f i l e  
must be i n  GRINDEF format .  

Vomit P r i n t  t h e  f i r s t  balanced paren  
s e c t i o n  t o  t h e  r i g h t  o f  t h e  p o i n t  
i n  pseudo GRINDEF format .  

W 

n> and n< 

Where? P r i n t s  t h e  beginning of t h e  p o i n t e r  
s t r i n g .  

These commands a r e  dua l ;  t h e y  move 
t h e  s t r i n g  p o i n t e r  "n" o b j e c t s  t o  
t h e  r i g h t  o r  l e f t  r e s p e c t i v e l y .  I f  
I f  I t  n  is  such t h a t  e i t h e r  t h e  l e f t  o r  
r i g h t  end of  t h e  s t r i n g  would be 
exceeded, t h e  p o i n t e r  i s  s e t  t o  
t h a t  extreme and "be l l "  i s  typed.  

To r e s e t  t o  t h e  extreme l e f t  o f  
t h e  s t r i n g  "$<" may be used.  

This  command r e t u r n s  c o n t r o l  t o  
LISP. ALVINE'S b u f f e r  i s  l e f t  
i n t a c t ,  and r e t u r n i n g  t o  ALVINE, 
t h e  u s e r  w i l l  f i n d  t h e  p o i n t e r  a t  
t h e  l e f t  hand end o f  t h e  o l d  s t r i n g .  



COMMAND 

Gx 

MEANING 

G e t  

I n s e r t  

Match 

Put 

DESCRIPTION 

G w i l l  conve r t  a n  S-express ion  w i t h  
name x  i n t o  ALVINE form, move i t  
i n t o  t h e  ALVINE b u f f e r  and i n i t i a l i z e  
t h e  p o i n t e r  t o  t h e  l e f t  hand end of  
t h e  b u f f e r .  GET looks on t h e  p rope r ty  
l i s t  of  x  f o r  t h e  f i r s t  p rope r ty  
i n  t h e  l i s t  $$$L which i s  
i n i t i a l i z e d  t o  ( ~ Z X P R  EXPR VALUE 
MACRO SPECIAL) . $$$L . may be 
SETQed g l o b a l l y  a s  a e s i r e d .  G 
a l s o  knows about  TRkCEd func t i ons  
and w i l l  handle  them p rope r ly .  
ALVINE format was d e s c r i b e d  e a r l i e r  
a s  a  s i n g l e  l e v e l  l i s t  of atoms 
inc lud ing  t h e  s p e c i a l  atoms $LP, $RP, 
% D O  

I n s e r t  comes i n  two f l a v o r s :  

1. I$x$: i n s e r t  "x" immediately t o  
t h e  r i g h t  o f  t h e  p o i n t e r .  

2 .  I X $ ~ $ :  i n s e r t  ''y" a f t e r  t h e  
f i r s t  occur rence  ( i n  t h e  p o i n t e r  
s t r i n g )  o f  t h e  s t r i n g  "x". "x" 

may be  a  complete s t r i n g  o r  
de sc r ibed  by e l l i p s i s  a s  "w . .. 2". 
I f  "x" i s  $ t hen  "y" i s  
in t roduced  t o  t h e  e d i t o r  a s  t h e  
c u r r e n t  s t r i n g .  

Move t h e  p o i n t e r  n  S-expressions 
t o  t h e  r i g h t  o f  t h e  c u r r e n t  p o i n t e r  
p o s i t i o n .  I f  n  i s  n e g a t i v e ,  move 
n  S-expressions l e f t .  I f  t h e r e  i s  
no such S-expression t h e  p o i n t e r  
i s  not  moved and t h e  b e l l  i s  sounded. 

Converts t h e  e d i t o r  s t r i n g  from 
ALVINE format t o  a n  S-expression 
and pu t s  i t  back on t h e  p rope r ty  
l i s t  of  5 wi th  t h e  a p p r o p r i a t e  
p rope r ty .  

<follows P> Same a s  P  except  no f u n c t i o n  name 
need be s p e c i f i e d .  Q pu t s  t h e  
S-expression i n  t h e  e d i t o r  b u f f e r  
back on t h e  p r o p e r t y  l i s t  of  t h e  
i d e n t i f i e r  t h e  l a s t  G s p e c i f i e d .  



COMMENT 

RX$Y$ 

uxy : z 

W 

n> and n< 

MEANING 

Replace 

Search  

Unf i l e  

Vomit 

Where? 

DESCRIPTION 

Replace t h e  f i r s t  occur rence  of  "x" 
by ')". As w i th  "I", "x" may be  
de sc r ibed  e l l i p t i c a l l y ;  and i f  "y'' 
i s  $, t h e  f i r s t  occurrence of  "x" 
i s  d e l e t e d .  

Search f o r  t h e  nth occur rence  of t h e  
s t r i n g  "x" ( i n  t h e  p o i n t e r  s t r i n g ) .  
I f  found, t h e  h o i n t e r  i s  moved t o  
t h e  beginning of t h e  s t r i n g  fo l lowing  
t h a t  occur rence .  I f  l e s s  t h e  n  
occur rences  a r e  l o c a t e d ,  t h e  p o i n t e r  
i s  p o s i t i o n e d  a f t e r  t h e  l a s t  such 
occur rence .  I f  none a r e  found t h e  
p o i n t e r  i s  not  moved. I f  "x" i s  
no t  g iven ,  i . e . ,  "nS$", then  t h e  
last g iven  s e a r c h - s t r i n g  i s  used.  

READS and d e f i n e s  t h e  func t i ons  
s p e c i f i e d  by t h e  l i s t  x from 
dev i ce  y  us ing  z as a  f i l e  
name. I f  x i s  an atom, t h e n  t h e  
va lue  of x i s  used a s  a  l i s t  
f u n c t i o n  names t o  READ. U p r i n t s  
t h e  names of t h e  f u n c t i o n s  a s  i t  
d e f i n e s  them. The s p e c i f i e d  f i l e  
must be i n  GRINDEF format .  

P r i n t  t h e  f i r s t  balanced paren  
s e c t i o n  t o  t h e  r i g h t  o f  t h e  p o i n t  
i n  pseudo GRINDEF format .  

P r i n t s  t h e  beginning of t h e  p o i n t e r  
s t r i n g .  

These commands a r e  dua l ;  t h e y  move 
t h e  s t r i n g  p o i n t e r  "n" o b j e c t s  t o  
t h e  r i g h t  o r  l e f t  r e s p e c t i v e l y .  I f  
I I  I t  n  is such t h a t  e i t h e r  t h e  l e f t  o r  
r i g h t  end of t h e  s t r i n g  would be 
exceeded, t h e  p o i n t e r  i s  s e t  t o  
t h a t  extreme and "be l l "  i s  typed.  

To r e s e t  t o  t h e  extreme l e f t  of  
t h e  s t r i n g  "fi<" may be used.  

This  command r e t u r n s  c o n t r o l  t o  
LISP. ALVINE'S b u f f e r  i s  l e f t  
i n t a c t ,  and r e t u r n i n g  t o  ALVINE, 
t h e  u s e r  w i l l  f i n d  t h e  p o i n t e r  a t  
t h e  l e f t  hand end o f  t h e  o l d  s t r i n g .  



COMMAND 

Bell 

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

Bell may be used during any command 
to return control to ALVINE'S 
command-listen-loop. 



AN EXAMPLE OF ALVINE 

Note: 1. A l l  typeout  i s  unde r l i ned .  

2. B e l l ,  space  and alt-mode a r e  r ep re sen t ed  by f lYu and $ 
r e s p e c t i v e l y .  

* - 
I $ $(DEFPROP TEST(LAMBDA $; t h e  s t r i n g  bounded by "$" i s  in t roduced  

t o  ALVINE 

* 
T$ 
(DEFPROP TEST(LAMBDA ; p r i n t  t h e  e n t i r e  ALVINE b u f f e r  
-x- - 
B$ 
2 L P S  - fi RPS 
* - 
I LAMBDA $ (x) (CAR Y) EXPR) $; append t h e  s t r i n g  bounded by "$" t o  

t h e  b u f f e r  

* - 
B$ 
4 L P S  
3 RPS 
* 
I CAR Y $)$ ; add t h e  d e f i c i e n t  r i g h t  paren  
* - 

; t h e  fo l lowing  commands would a l s o  
have t h e  same e f f e c t :  

; 1. "ll<", "I $)$" 
; 2 .  "sY$", I $)$  

B$ 
BAL - 3 * 
v $ 
(DEFPROP TEST (LAMBDA (x) (CAR Y )  ) EXPR) 
iC - 
P TEST$; conver t  ALVINE s t r i n g  t o  L I S P  f u n c t i o n  
iC 



t ; e x i t  ALVINE 
T $  ; now talking to  LISP 
T '  - 
(TEST ( Q U ~ ( A  B))) 
Y 
..I 

UNBOUND VARUBIF,-EVA& ; L w  
(E D) ; reenter ALVINE, * - 
w $ 
(DEFPROP m S T  ; "G" need not be executed since the buffer is always 
* l e f t  intact. 
R X  $ YS * - 
P T S ~  ; flush incorrect "put" coxnand by typing b e l l .  (n) 
* - 
PTEST $ ; redefine TEST * 

(TEST (QUm(A B) ) )  $ ; try again 
A ; win 

- 
5~ $ ; change print count * - 
M $ 
(CAR Y)) * - 
E $ * - 
A $ 

* - 
w $ m * - 
o c $  

r(DEFPR0P TEST( * - 
R TEST * e m )  $%$ * - 
A $ 
~~~FPRoP)ExPR) ; same e f f ec t  by : 

1. "sDEFPROP $", " 6 ~ "  



APPENDIX B. 

* ERROR MESSAGES 

The LISP i n t e r p r e t e r  checks f o r  some e r r o r  condit ions and p r i n t s  
messages accordingly. Many erroneous condit ions a r e  not  t e s t e d  and 
r e s u l t  i n  e i t h e r  the  wrong e r r o r  message a t  some l a t e r  time, or no e r r o r  
message a t  a l l .  I n  the l a t t e r  case the  system has screwed you (or i t s e l f )  
without complaiping. 

When e r r o r  messages a r e  pr in ted ,  i t  i s  usual ly  d i f f i c u l t  t o  determine 
the function which caused the e r r o r  and the functions which c a l l e d  it. In 
t h i s  s i t u a t i o n ,  (BAKGAG T) w i l l  t u r n  on the  BACKTRACE f l a g  which causes 
the h ierarchy of function c a l l s  t o  be pr in ted  a s  described i n  the next  
sec t ion.  

The following is an alphabetica 1 l i s t i n g  of e r r o r  messages, t h e i r  
cause, and i n  some cases,  t h e i r  remedy. Some e r r o r  messages p r i n t  two 
l i n e s ,  such as: 

F 00 
UNBOUND VARIABLE - EVAL 

These messages a r e  described l a s t  i n  the l i s t i n g ,  and a r e  of the  form: 

BINARY PROGRAM S PACE EXCEEDED 

ARRAY, EXARRAY, or LAP has exceeded BINARY PROGRAM SPACE. ALLOCATE 
more BPS next time. 

CANT EXPAND CORE 

INPUT, OUTPUT, LQAD, or ED f a i l e d  t o  expand core. Your job 
is too large.  

CANT FIND FILE - INPUT 

The input  f i l e  was not found. You probably forgot  t o  give the  f i l e  
name extension, or a  l e g a l  f i l e  name l i s t .  



DEVICE NOT AVAILABLE: 

INPUT or OUTPUT found the  s p e c i f i e d  device unavai lab le ,  9- other 
job i s  probably using it. 

DIRECTCRY FULL 

The d i r e c t o r y  of the  output  device is  ful ' l .  

DOT CONTEXT ERROR 

READ does not  l i k e  dots  ad jacent  t o  parens or o the r  dots ,  

FILE IS WRITE-PROTECTED 

OUTPUT found t h a t  t he  s p e c i f i e d  f i l e  is  wr i te -pro tec ted .  

FIRST ARGUMENT NON-ATOMIC - PUTPROP 

An a t tempt  was made t o  PUTPROP onto a  non- iden t i f i e r .  

GARBAGE D OB LIS T 

Some member of the  OBLIST has been garbaged. You a r e  i n  trovbla. 

ILLEGAL DEVICE 

INPUT or OUTPUT was at tempted t o  e i t h e r  a  non-existant  device or 
t o  a  device of the  wrong type. I.e., INPUT from t h e  linepr$n@er. 

ILLEGAL OBJECT - READ 

READ ob jec t s  t o  s y n t a c t i c a l l y  i n c o r r e c t  .S-expressions. 

INPUT ERRCHi 

Bad da ta  was read  from the  s e l e c t e d  device. 



MORE THAN ONE S-EXPRESSICN - MAKNAM 

MAKNAM and READLIST object  t o  a l i s t  which c o n s t i t u t e s  the  characters  
fo r  more than one S-expression. 

N O  FREE STG IEFT 

A l l  f r e e  s torage  i s  bound t o  the  OBLIST and protected c e l l s  
(such as  l i s t  ARRAY c e l l s ) ,  and bound var iables  on e i t h e r  the 
REGULAR or SPECIAL pushdown l is t ,  Unbinding t o  the  top  l e v e l  
w i l l  usual ly  re lease  the storage.  I f  you a r e  i n  a bind f o r  more 
f r e e  s torage ,  t r y  t o  REALLOC as  described i n  APPENDIX C. 

NO FULL WORDS IEFT 

A l l  f u l l  words a r e  being used fo r  p r i n t  names and numbers. 
The problem and i t s  so lu t ion  a r e  s imi la r  . to ,  FREE STG, 

NO 110 CHANNELS LEFT 

INPUT or OUTPUT f a i l e d  t o  f ind  a f r e e  110 channel. There is 
a maximum of 14 ac t ive  110 channe 1s. 

NO INPUT - I N C  

An attempt was made t o  s e l e c t  a channel f o r  input  with INC which 
was not i n i t i a l i z e d  with INPUT. 

NO LIST - MAKNAM 

MAKNAM and READLIST object  t o  an empty l i s t ,  

NO OUTPUT - OUTC 

An attempt was made t o  s e l e c t  a channel fo r  output with OUTC which 
was not i n i t i a l i z e d  with OUTPUT, 

NO PRINT NAME. - INTERN 

INTERN found a member of the OBLIST which has no p r in t  name. 
You a r e  i n  t rouble ,  



OUT PUT ERROR 

Data was improperly w r i t t e n  on the  s e l e c t e d  output  device. 
Poss ib ly  a  write-locked DECTAPE. 

OVERFLOW 

Some a r i thme t i c  func t ion  caused overflow - e i t h e r  f i x e d  o r  floating. 

PDL OVERFLOW FROM GC - CANT CONTINUE 

There i s  not  enough r egu la r  pushdown l i s t  t o  f i n i s h  garbage 
c u l l e ~ t i o n .  You lose .  Try t o  REALLOC a s  described i n  
APPENDIX C ,  

READ UNHAPPY - PZAKNAM 

MAKNAM and READLIST objec t  t o  a  l i s t  which is  not  an  e n t i r e  
S-expression. 

REG PUSHDOWN CAPACITY EXCEEDED 
SPEC PUSHDOWN CAPACITY EXCEEDED 

A pushdown l i s t  has overflowed. This is  usua l ly  caused by 
non-termination of recurs ion .  Sometimes you need t o  ALLOCATE 
or REAL1,OC more pushdown l i s t .  

TOO FEW ARGUMENTS S U P P L I E D  - APPLY 
TOO MANY ARGUMENTS S U P P L I E D  - APPLY 

APPLY checks a l l  c a l l s  on i n t e r p r e t e d  funct ions  f o r  t he  proper 
number of arguments. 

X MADE ILLEGAL MEMORY REFERENCE 

The func t ion  X r e f e r r e d  t o  an i l l e g a l  address .  Usually caused by 
tak ing  the  CAR or CDR of an atom or  number. 

X NON-NUMERIC ARGUMENT 

Ari thmetic  funct ions  r equ i re  t h a t  t h e i r  arguments be numbers. 

X PROGRAM TRAPPED FROM 

A n  i l l e g a l  i n s t r u c t i o n  was executed i n  func t ion  X. 



X UNBOUND VARIABLE - EVAL 

EVAL t r i e d  t o  e v a l u a t e  an  i d e n t i f i e r  and found t h a t  i t  had no 
v a l u e .  You probably f o r g o t  t o  QUOTE some atom o r  t o  i n i t i a l i z e  i t .  

X UNDEFINED COMPUTED GO TAG I N  

A GO i n  some compiled func t i on  had an  undefined l a b e l .  

X UNDEFINED FUNCTION 
X UNDEFINED FUNCTION - A P P L Y  

The f u n c t i o n  X i s  not  de f ined .  

X UNDEFINED PROG TAG - GO 

A GO i n  some i n t e r p r e t e d  f u n c t i o n  had a n  undefined l a b e l .  



APPENDIX C 

MEJ!fORY ALLOCATION 

The LISP 1.6 system has  many d i f f e r e n t  a r e a s  of memory f o r  s t o r i n g  
d a t a  which can independent ly  v a r y  i n  s i z e .  Some LISP a p p l i c a t i o n s  demand 
l a r g e r  a l l o c a t i o n s  f o r  t h e s e  a r e a s  t han  o t h e r s .  To a l l ow  u s e r s  t o  a d j u s t  
t h e  s i z e s  o f  t h e s e  a r e a s  t o  t h e i r  own needs ,  a memory a l l o c a t i o n  procedure  
e x i s t s .  

C .  1 Summary of S to r age  A l l o c a t i o n  Areas  

BINARY PROGRAM S PACE Area f o r  compiled f u n c t i o n s  and a r r a y s .  
FREE STORAGE Area f o r  LISP nodes.  
FULL WORD SPACE Area f o r  p r i n t  names and numbers. 
BIT TABLES Area f o r  t h e  garbage c o l l e c t o r .  
REGULAR PUSHDOWN LIST Area f o r  a l l  f u n c t i o n  c a l l s  and non - spec i a l  

v a r i a b l e s  i n  compiled f u n c t i o n s .  
SPECIAL PUSHDOWN LIST Area f o r  i n t e r p r e t e d  v a r i a b l e s  and s p e c i a l  

EXPANDED CORE 
v a r i a b l e s .  

Area f o r  110 b u f f e r s ,  ALVINE, LOADER, and any 
loaded programs. 

TOP OF CORE ----..- ........ ",-- - 
I 

EXPANDED CORE 
I 

--- -----.- - -  - --- - --- . -- -- 

SPECIAL PUSHDOWN LIST 

Memorymap f o r  
t h e  LISP 1.6 REGULAR PUSHDOWN LIST 

system. +---.--- .--- -.-. i 
i 

1 BIT TABLES I 
---- ---,. ...- 

FULL WORD SPACE 
I 

-------- ---.--.-* -.----- 

FREE STORAGE 

--- --- -- - --..-.- 
I 

i BINARY PROGRAM SPACE I 
I- -.-. ---.- -- .-" .- --. - .- 

LISP INTERPRETER 

I .  1 .  2,. 2 .... --I C - 1  
BOTTOM OF CORE 



C .2 ALLOC 

When t h e  LISP system i s  i n i t i a l l y  s t a r t e d ,  i t  t y p e s  t ' A ~ ~ ~ ~ ? " .  
I f  you t y p e  "N" o r  space  ( f o r  no) t h e n  t h e  sys tem u s e s  t h e  s t a n d a r d  
a l l o c a t i o n s .  I f  you t y p e  "Y" ( f o r  y e s )  t h e n  t h e  system a l l o w s  you t o  
s p e c i f y  f o r  each a r e a  e i t h e r  a n  o c t a l  number d e s i g n a t i n g  t h e  number o f  
words f o r  t h a t  a r e a ,  o r  a  s p a c e  d e s i g n a t i n g  t h e  s t a n d a r d  a l l o c a t i o n  f o r  
t h a t  a r e a .  While t y p i n g  a n  o c t a l  number, rubout  w i l l  d e l e t e  t h e  e n t i r e  
number typed .  

S tandard  a l l o c a t i o n  A l t e r n a t i v e  

ALLOC? Y 
FULL WORDS = 
B1N.PROG.SP = 
SPEC.PDL = 
REG. PDL = 
HASH = 

t y p e  Y o r  space  
o c t a l  number o r  s p a c e  
o c t a l  number o r  s p a c e  
o c t a l  number o r  s p a c e  
o c t a l  number o r  space  
o c t a l  number o r  s p a c e  

Any remaining s t o r a g e  i s  d i v i d e d  between t h e  spaces  a s  f o l l o w s :  

1/16 f o r  f u l l  word s p a c e ,  
1/64 f o r  each pushdown l i s t  , 
t h e  remainder  t o  f r e e  s t o r a g e  and b i t  t a b l e s .  

HASH de te rmines  t h e  number of b u c k e t s  on t h e  OBLIST. 

C .3 REALLOC 

I f  you have an. e x i s t i n g  LISP c o r e  image bu t  have exhaus ted  one  of  
t h e  s t o r a g e  a r e a s ,  i t  i s  p o s s i b l e  t o  i n c r e a s e  t h e  s i z e  of  t h a t  a r e a  
u s i n g  t h e  r e a l l o c a t i o n  p rocedure .  F i r s t ,  expand c o r e  w i t h  t h e  t ime  
s h a r i n g  system command CORE (c)  and t h e n  r e e n t e r  t h e  LISP c o r e  image w i t h  
t h e  REE command. For example, i f  t h e  o r i g i n a l  c o r e  s i z e  was 2@, you 
cou ld  i n c r e a s e  i t  by 4~ a s  fo l lows  : 

t C  
~ 2 4  - 
REE - * - 

When you r e e n t e r  a  c o r e  image, a l l  a d d i t i o n a l  c o r e  i s  a l l o c a t e d  a s  
f  01 lows : 

1/4 f o r  f u l l  word s p a c e  
1/64 f o r  each pushdown l i s t ,  
t h e  remainder  t o  f r e e  s t o r a g e  and b i t  t a b l e s .  



C.4  Binary Program Space 

The r e a l l o c a t i o n  procedure does no t  i n c r e a s e  t h e  s i z e  o f  b ina ry  
program space .  However, i t  is  p o s s i b l e  t o  i n c r e a s e  b ina ry  program 
space by expanding c o r e  w i t h  t h e  CORE (c) command and s e t t i n g  BPORG 
and BPEND t o  t h e  beginning and end of  t h e  expanded a r e a  of  co re .  
For example, i f  you now have 32K of  c o r e  and want 4 K  more BPS, do t h e  
fo l lowing:  

t C  . c36 - . S - 
*(SETQ BPORG (TIMES 32 .  1a24.) ) - 
+(SETQ BPEND (PLUS BPORG 4P95 . ) ) - 

Note: I f  you u s e  t h e  r e a l l o c a t i o n  procedure a f t e r  having expanded co re  - 
f o r  any purpose,  i t  w i l l  r e a l l o c a t e  t h i s  a d d i t i o n a l  c o r e  f o r  i t s  
own purposes ,  t hus  de s t roy ing  t h e  con t en t s  of  t h e  expanded c o r e .  

The fo l lowing  a r e  t h e  s t anda rd  causes  f o r  expansion of co re :  

1) us ing  110 channe ls .  
2  ) us ing  t h e  LOADER - (LOAD) . 
3 )  expanding c o r e  f o r  more b ina ry  program space.  
4 )  using (ED) . 



APPENDIX D 

GARBAGE COLLECTION 

A l l  LISP systems have a  func t ion  known a s  t h e  garbage c o l l e c t o r .  
This func t ion  analyzes t h e  e n t i r e  s t a t e  of l i s t  s t r u c t u r e  which i s  
pointed t o  by e i t h e r  t h e  OBLIST, t h e  r e g u l a r  pushdown l i s t ,  t h e  s p e c i a l  
pushdown l i s t ,  l i s t  a r r a y s ,  and a  few o t h e r  s p e c i a l  c e l l s .  By r e c u r s i v e l y  
marking a l l  words on f r e e  and f u l l  word spaces which a r e  pointed t o  i n  
t h i s  manner, i t  i s  poss ib l e  t o  determine which words a r e  not pointed t o  
and a r e  t h e r e f o r e  garbage. Such words a r e  c o l l e c t e d  together  on t h e i r  
r e spec t ive  f r e e  s to rage  l i s t s .  

GC causes a  garbage c o l l e c t i o n  t o  occur and r e t u r n s  NIL. Normally, - 
a garbage c o l l e c t i o n  occurs only when e i t h e r  f r e e  o r  f u l l  word space has 
been exhausted. 

(GCGAG X) f l a g  = NIL i n i t i a l l y .  

GCGAG 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 p r e t e r  t o  t h e  va lue  of X ,  and 
r e t u r n s  the  previous s e t t i n g  of t h e  f l a g .  When any garbage c o l l e c t i o n  
occurs ,  i f  t h e  f l a g  # NIL, then t h e  following i s  p r in t ed :  

e i t h e r  
o r  
o r  

FREE STORAGE EXHAUSTED 
FULL WORD SPACE EXHAUSTED 
nothing 

followed by x FREE STORAGE, y FULL WORDS AVAILABLE 

where x and y a r e  numbers i n  o c t a l .  

J s PEAK) 

SPEAK r e t u r n s  t h e  t o t a l  number of CONSes which have been executed 
i n  t h i s  LISP co re  image. 

(GCTIME) 

GCTIME r e t u r n s  t h e  number of mi l l i seconds  LISP has spent  garbage 
c o l l e c t i n g  i n  t h i s  core  image. 

It i s  poss ib l e  t o  determine t h e  lengths  of t h e  f r e e  and f u l l  word 
f r e e  s to rage  l i s t s  by: 

(LENGTH (NUMVAL 158))  = l ength  of f r e e  s to rage  l i s t  
(LENGTH (NuMVAL 168)) = l ength  of f u l l  word l i s t  



APPENDIX E 

C mPILE D FUNCTION LINKAGE AND ACCUMULATaR USAGE 

This appendix i s  intended t o  expla in  the  s t r u c t u r e  of compiled 
functions,  funct ion c a l l s ,  and accumulator usage. This d iscuss ion $8 

re levant  only i f  one intends t o  i n t e r f a c e  hand coded functions or 
possibly functions generated by another system (such a s  FORTRAN) with 
the LISP system. I n  such a case,  i t  is highly  recommended t h a t  one ' 
examine the  LAP code generated by the LISP compiler f o r  some fami l i a r  
functions.  

ACCUMULATOR USAGE TABU 

s means "sacred" t o  the i n t e r p r e t e r  

p means "protected" during garbage c o l l e c t i o n  

NIL = $ 
A = 1  
B = 2 
C = 3 
AR1  = 4 
AR2A = 5 
T = 6 
TT = 7 
~ l $  = 18 
S = 11. 
D = 12 
R = 13 
P = 14 
F = 15 
FF = 16 
SP = 17 

TEMPORARY ST ORAGE 

Header f o r  the  atom NIL. 
Results  from funct ions ,  1st a r g  t o  functions 
2nd a rg  
3rd a rg  
4 th  a rg  
5th a rg  
used f o r  LSUBR linkage 

r a r e l y  used i n  the  i n t e r p r e t e r  
r a r e l y  used i n  the  i n t e r p r e t e r  

regular  pushdown l ist  pointer  
f r ee  s torage  l is t  pointer  
f u l l  word l i s t  pointer  
spec i a  1 ~ushdown l i s t  pointer .  

Whenever a LISP function is c a l l e d  from a compiled function,  it 3,s 
assumed t h a t  a l l  accumulators from 2 through 13 a r e  destroyed by the  
function unless i t  is otherwise known. Therefore, loca l  va r i ab les  and 
parameters i n  a compiled function should 'be saved i n  some protected ce$1a 
such a s  the regular  pushdown list. The PUSH and POP ins t ruc t ions  a r e  
convenient fo r  t h i s  purpose. 



SPECIAL VARIABLE BINDINGS 

Spec ia l  v a r i a b l e s  i n  compiled funct ions  a r e  bound t o  s p e c i a l  c e l l s  
by: 

PUSHJ P,S E C B I N D  
0 n l r v a r  1 0 n2 ,var2 . . 
s t a r t  of func t ion  code. 

SPECBIND saves the  previous values of v a r i  on t h e  s p e c i a l  pushdown l i s t  
and binds the  contents  of accumulator ni t o  each v a r i .  The vari  must 
be po in te r s  t o  s p e c i a l  c e l l s  of i d e n t i f i e r s .  Any ni=@ causes the  v a r i  
t o  be bound t o  NIL. 

Spec ia l  v a r i a b l e s  a r e  r e s t o r e d  t o  t h e i r  previous va lues  by: 

PUSHJ P, S PECSTR 

which . s to res  the  va lues  previously saved on t h e  s p e c i a l  pushdown l i s t  i n  
the  appropr i a t e  s p e c i a l  c e l l s .  

To convert  the  number i n  A from i t s  LISP rep resen ta t ion  t o  machine 
r e p r e s e n t a t i o n  use: 

PUSHJ P,NWAL 

which r e t u r n s  t h e  value of the  number i n  A ,  and i t s  type ( e i t h e r  FIXNUM 
or FLCRJUM) i n  B. 

To convert  t he  number i n  A from i t s  machine representa t i -on  t o  LISP 
r e p r e s e n t a t i o n  use e i t h e r :  

PUSHJ P,FIXlA f o r  FIXNUMS 
or PUSHJ P,MAKNUM with type i n  B. 

Both of t he  above funct ions  r e t u r n  the  LISP number i n  A. 

FUNCTION CALLING UUOS 

To a l low ease  i n  l i nk ing ,  debugging, and modif i c a t l n g  of compiled 
funct ions ,  a l l  compiled funct ions  c a l l  o ther  funct ions  with s p e c i a l  
opcodes c a l l e d  UUOs. Severa l  ca t egor i e s  of funct ion  c a l l s  a r e  d i s -  
t inguished:  

1) Ca l l s  of t h e  form (RETURN (FOOX)) a r e  c a l l e d  te rminal  c a l l s  
and e s s e n t i a l l y  "jump1' t o  FOO. 



2 )  C a l l s  of t h e  form (F X) where F  i s  a computed f u n c t i o n  name 
o r  f u n c t i o n a l  argument i s  c a l l e d  a  f u n c t i o n a l  c a l l .  

The f u n c t i o n  ca l l i ng ,  UUOs a r e :  

non-terminal  t e r m i n a l  

I 

non-func t iona l  CALL n , f  JCALL n , f  
f u n c t i o n a l  CALLF n,  f  JCALLF n , f  

where f  i s  e i t h e r  t h e  add re s s  of a compiled f u n c t i o n  o r  a p o i n t e r  t o  t h e  
i d e n t i f i e r  f o r  t h e  f u n c t i o n ,  and n  s p e c i f i e s  t h e  t ype  of f u n c t i o n  being 
c a l l e d  a s  fo l l ows :  

s p e c i f i e s  a SUBR c a l l  w i t h  n  arguments 
s p e c i f i e s  an  LSUBR c a l l  
s p e c i f i e s  a n  FSUBR c a l l .  

The f u n c t i o n  c a l l i n g  UUOs a r e  de f ined  i n  MACRO by: 

OPDEF CALL [ 3 4 ~ 8 ]  
OPDEF JCALL [ 3 5 ~ 8 ]  
OPDEF CALLF [ 3 6 ~ 8 ]  
OPDEF JCALLF [ 37~83 

(NOUUO X) f l a g  = T i n i t i a l l y  

NOUUO s e t s  a  s p e c i a l  f l a g  i n  t h e  compiled f u n c t i o n  c a l l i n g  mechanism 
t o  t h e  v a l u e  of X and r e t u r n s  t h e  prev ious  s e t t i n g  of t h e  f l a g .  Compiled 
f u n c t i o n s  i n i t i a l l y  c a l l  o t h e r  f u n c t i o n s  w i th  f u n c t i o n  c a l l i n g  UUOs which 
" t rap"  i n t o  t h e  UUO mechanism of t h e  i n t e r p r e t e r .  O r d i n a r i l y ,  such 
f u n c t i o n  c a l l s  involve  s ea r ch ing  t h e  p rope r ty  l i s t  of t h e  f u n c t i o n  being 
c a l l e d  f o r  t h e  f u n c t i o n a l  p rope r ty ,  and t h e n  (depending on whether t h e  
f u n c t i o n  i s  compiled o r  a n  S-express ion)  t h e  func t i on  i s  c a l l e d .  

I f  t h e ~ o ~ ~ o  f l a g  i s  s e t  t o  NIL, t hen  t h e  overhead i n  c a l l i n g  a  compiled 
func t i on  from a compiled func t i on  can  be e l im ina t ed  by r e p l a c i n g  t h e  CALL 
by PUSHJ and JCALL by JRST. CALLF and JCALLF a r e  never  changed. 

However, t h e r e  a r e  s e v e r a l  dangers  and r e s t r i c t i o n s  when u s ing  
(NOUUO N I L ) .  Once t h e  UUO'S have been r ep l aced  by PUSHJ'S t hen  i t  i s  no t  
p o s s i b l e  t o  r e d e f i n e  o r  TRACE t h e  f u n c t i o n  being c a l l e d .  It is  t h e r e f o r e  
recommended t h a t  compiled func t i ons  be  debugged w i t h  (NOWO T ) . .  

SUBR LINKAGE 

SUBRs a r e  compiled EXPRs which a r e  t h e  most common t y p e  of f unc t i on .  
Consequently,  cons ide rab l e  e f f o r t  has  been made t o  make l i nkage  t o  SUBRs 
e f f i c i e n t .  

Arguments t o  SUBR8 a r e  supp l i ed  i n  accumulators  1 through n ,  t h e  
f i r s t  argument i n  1. There i s  a  maximum o f  5 arguments t o  SUBRs. 

To c a l l  a  SUBR from compiled code, u s e  c a l l  n,FUNC, where n  i s  t h e  
number of  arguments,  and c a l l  i s  t h e  a p p r o p r i a t e  UUO. 



The r e s u l t  from a SUBR i s  returned i n  A ( =  1). 

F S UBR LINKAGE 

FSUBRs receive one argument i n  A and re tu rn  t h e i r  r e s u l t  in A. 
FSUBRs which use the  A-LIST feature  c a l l :  

PUSHJ P,;kAMAKE 

which generates i n  B a number encoding the  s t a t e  of the  special pu8hdown 
pointer .  To c a l l  an FSUBR, use c a l l  17, FUNC, here c a l l  is the' '. 

appropriate UUO. 

LS UBR LINKAGE 

LSUBRs a r e  s i m i l a r  t o  SUBRs except t h a t  they allow an a r b i t r a r y  
number of arguments t o  be passed. T o  c a l l  an LSUBR, the following 
sequence i s  used: 

PUSH P, i ret]  ; r e t u r n  address 
PUSH P,argl  ; Is t argument 

. . . 
PUSH P,argn ;n th  and l a s t  argument 

M O V N I  T,n ;minus number of arguments 
c a l l  16,func ; the appropriate UUO 

r e t :  ; t h e  LSUBR re tu rns  here 

When an LSUBR is  entered,  i t  executes: 

JSP 3,+:LCALL 

which i n i t i a l i z e s  the LSUBR. A - w i l l  contain n. The t h  argument can 
be referenced by: 

MOVE A,-i- l(F) 

Exi t  from an LSUBR with 

POPJ P, 

which re tu rns  t o  7klXALL t o  r e s t o r e  the s tack.  



APPENDIX F 

THE LISP COMPILER 

The LISP compiler i s  a LISP program which t ransforms LISP funct ions  
def ined  by S-expressions i n t o  LAP code. This  code can be loaded i n t o  
b inary  program space by LAP which produces a c t u a l  machine code. 

Compiled funct ions  a r e  approximately t e n  times a s  f a s t  a s  i n t e r p r e -  
t ed  funct ions .  Compiled funct ions  a l s o  take l e s s  memory space and r e l i e v e  
t h e  garbage c o l l e c t o r  from marking funct ion  d e f i n i t i o n s .  I n  a very 
l a rge  system of func t ions ,  t h i s  l a s t  poin t  i s  p a r t i c u l a r l y  s i g n i f i c a n t .  

To use t h e  LISP compiler,  t h e  fol lowing procedure i s  recommended: 

1. Prepare your funct ions  i n  an 110 f i l e  ( d i s k ,  dectape,  e t c . )  
i n  DEFPROP format such a s  produced by GRINDEF. ( see  DSKOUT and 
GRINL i n  SMILE - SAILON-41) . 
a.  It i s  a l s o  permit ted f o r  t h i s  f i l e  t o  con ta in  g loba l  v a r i a b l e  

d e f i n i t i o n s ,  MACROs, and SPECIAL v a r i a b l e  d e f i n i t i o n s ,  

b. SPECIAL v a r i a b l e  d e f i n i t i o n s  must occur before  t h e  funct ions  
which bind these  va r i ab le s .  (DEFPROP FOO T SPECIAL) w i l l  
dec l a re  t h e  v a r i a b l e  FOO t o  be SPECIAL. Variables  which 
a r e  used i n  a func t iona l  context  must be dec lared  SPECIAL 
or  e l s e  t h e  compiler w i l l  mistake them f o r  undefined EXPRs, 
Use (SPECIAL FOOl F002.. . ~ 0 0 n )  f o r  s e v e r a l  SPECIAL dec l a -  
r a t i o n s .  

c.  FEXPR d e f i n i t i o n s  should occur before  funct ions  which c a l l  
them. I f  t h i s  cannot be arranged,  a FEXPR forward r e fe rence  
can be dec lared  t o  t h e  compiler by (DEFPROP FOO T ~FEXPR)  
where FOO i s  t h e  name of t h e  FEXPR, The compiler assumes 
t h a t  undefined funct ions  a r e  EXPRs un les s  otherwise dec lared .  

d. MACROs must occur before  t h e  funct ions  which use  them, 

e .  Global v a r i a b l e  d e f i n i t i o n s  a r e  requi red  t o  be  i n  DEFPROP 
format. 

2.  START t h e  LISP compiler by typing  t o  t h e  system: 

.R COMPLR - 



a .  Declare  any FEXPR forward r e f e r e n c e s ,  MACROS, o r  SPECIAL 
v a r i a b l e s  which a r e  no t  de f ined  i n  your 110 f i l e .  

b .  The g l o b a l  v a r i a b l e s  IFL and OFL des igna t e  t o  t h e  compiler  
t h e  names of  t he  i npu t  and ou tpu t  dev ices  f o r  compi la t ion .  
These a r e  both i n i t i a l i z e d  t o  DSK:. 

The g l o b a l  v a r i a b l e  LISTING des igna t e s  a  f i l e  and dev i ce  f o r  
ou tpu t  of compiler  messages such a s  (FOOBAZ UNDECLARED). For 
example, i f  i t  i s  d e s i r e d  t o  ou tpu t  t h i s  l i s t i n g  on f i l e  DSK: 
LISTING, e v a l u a t e  (SETQ LISTING (QUOTE (DSK: LISTING) ) ) . 
LISTING i s  i n i t i a l i z e d  t o  NIL which des igna t e s  t h e  t e l e t y p e .  

c .  Compile your func t i on  d e f i n i t i o n  f i l e s  w i t h :  

(COMPL f n l  fn2 fn3  ... fnn)  
where each f n i  de s igna t e s  a  f i l e  name on dev ice  IFL. 
Each f n i  i s  e i t h e r  an atom d e s i g n a t i n g  a  f i l e  name, o r  
a  d o t t e d  p a i r  de s igna t i ng  f i l e  name and ex t ens ion .  COMPL 
produces LAP outpu t  on dev i ce  OFL on f i l e s  w i t h  t h e  same 
f i l e  names bu t  w i t h  LAP ex t ens ions .  COMPL a l s o  t r a n s f e r s  
through u n a l t e r e d  any DEFPROPs w i t h  p r o p e r t i e s  o t h e r  t h a n  
EXPR, FEXPR, MACRO, and SPECIAL. 

d .  COMPL w i l l  type  o u t :  

(x  UNDEFINED) f o r  undefined func t i on  r e f e r e n c e s .  The 
compiler assumes t h a t  x  i s  an EXPR. I f  x i s  a c t u a l l y  
a n  FEXPR, you must recompile  and d e c l a r e  x  a s  an FEXPR 
by (DEFPROP x T XFEXPR) . 
(x UNDECLARED) f o r  undeclared g l o b a l  v a r i a b l e  r e f e r e n c e s .  
You need not  worry about t h i s  message u n l e s s  x  i s  SPECIAL 
and you f o r g o t  t o  d e c l a r e  i t .  

e .  When COMPL i s  done, i t  r e t u r n s :  

(n PROGRAM BREAK) 

where n  i s  t h e  leng th  of  t h e  LAP code produced. 

3. Load LAP i n t o  your c o r e  image, then  load  t h e  compiled func t i ons .  
For example : (INC @NPUT SYS : LAP DSK: (FOO . U P ) )  ) 
Be s u r e  t o  a l l o c a t e  s u f f i c i e n t  b i n a r y  program space  f o r  t h e  
func t i ons .  The proper  s i z e  i s  t h e  sum o f  t h e  program breaks  
p l u s  t h e  l eng th  of  LAP which i s  about 400 words. 8 



APPENDIX G 

THE LISP ASSEMBLER - LAP 

LAP is  a  pr imi t ive  assembler designed t o  load the  output of the 
compiler. Normally, i t  i s  not  necessary t o  use LAP f o r  any other  pur- 
pose. 

The format of a compiled function i n  LAP is :  

(LAP name type) 

<sequence of LAP ins t ruc t ions ,  

NIL 

where name i s  the name of the  function,  and type i s  e i t h e r  SUBR, LSUBR, 
or  FSUBR. 

A LAP i n s t r u c t i o n  i s  e i t h e r :  

1. A l a b e l  which i s  a  non-NIL i d e n t i f i e r .  

2. A list of the form 

(OPCODE AC ADDR INDEX ) 

a .  The index f i e l d  is opt ional ,  

b, The opcode i s  e i t h e r  a  P D P - ~ / ~ O  i n s t r u c t i o n  
which i s  defined t o  LAP and opt ional ly  suff ixed by @ 
which designates i n d i r e c t  addressing, o r  a  number which 
s p e c i f i e s  a numerical opcode. 

c. The AC and INDEX f i e l d s  should contain a  number from 
t o  17, or  P  which designates r e g i s t e r  14. 

d. The ADDR f i e l d  may be a number, a  l abe l ,  o r  a l ist  
of one of the following farms : 

(QUOTE S-expression) t o  reference l i s t  s t ruc tu re .  

(SPECIAL x) t o  reference tk value of i d e n t i f i e r  x. 

(E f) t o  reference the function f. 

( C  OPCODE AC ADDR INDEX) t o  reference a  l i t e r a l  constant .  

G - 1  



For e x a m p l e ,  the function ABS could be defined: 

(ZAP ABS SUBR) 
(CALL 1 (E NUMVAL)) 
(MOVMS 0 1) 
(JCALL 2 (E MAKNUM) ) 
N I L  



APPENDIX H 

THE LOADER 

A modified ve r s ion  of t h e  s tandard  PDP-6/10 MCRO-FAIL-FORTRAN 
loa&er is a v a i l a b l e  f o r  u se  i n  LISP. One can c a l l  t h e  Loader i n t o  a 
LISP core image at any time by executing : 

When a * is typed, you a r e  i n  t h e  loade r ,  and t h e  loader  camnand s t r i n g s  
a r e  expected. As soon a s  an altrnode i s  typed, t h e  loader  f i n i s h e s  and 
e x i t s  back t o  LISP. 

The loader  i s  placed i n  expanded core.  I f  X = NIL then  loaded 
programs are placed i n  expanded core ,  otherwise ( i f  X # NIL) they 
are pleu=ed i n  BINARY PROGRAM SPACE. 

The loader  removes i t s e l f  and c o n t r a c t s  co re  when i t  i s  f i n i s h e d *  
In t h e  fol lowing d i scuss ion  a "RELOC" program w i l l  r e f e r  t o  any program 
which is s u i t a b l e  f o r  loading w i t h  the loader .  The output  o f  FORTRAN o r  
MACRO i s  a REWC program, 

EXCISE utrexpands co re  t o  i t s  length  a f t e r  ALLOC o r  t h e  l a s t  RE@. 
This resoves I/O b u f f e r s ,  ALVINE, and a l l  RELOC programs. 

"EETSYM searches  t h e  DDT symbol t a b l e  f o r  t h e  symbol S and i f  found 
r e t u r n s  i ts  va lue ,  otherwise i t  r e t u r n s  NIL. 

GETSYM searches  the DM: symbol t a b l e  f o r  each of t h e  symbols S and 
p laces  t h e  value on the property l i s t  of S under proper ty  P. i 

i 

Example: (GETSYM SUBR DDT) 

This  causes  DDT t o  be defined as a SUBR loca ted  a t  t h e  va lue  of t h e  
8ymb01 Dm* 

Mote: I n  o rde r  t o  load t h e  symbol t a b l e ,  e i t h e r  /S  o r  / D  must be typed 
7 

t o  the loader .  Symbols which a r e  declared INTERNAL a r e  always i n  
t h e  symbol t a b l e  without  t h e  /S o r  ID. I n  t h e  case  of mul t ip ly  
def ined  symbols, i . e . ,  a symbol used i n  more than  one RELOC program, 
a symbol dec lared  INTERNAL takes  precedence, t h e  last symbol 
otherwise.  



*PUTSYM e n t e r s  t h e  symbol S i n t o  t h e  DDT symbol t a b l e  w i t h  
v a l u e  V .  

~ T S Y M  - i s  used to"p1ace  symbols i n  t h e  DIYr syiiboI. t a b l e .  I f  
X .  i s  a n  atom then t h e  symbol 

Xi 
isr placed i n  the-spnb-01 i a b l e  w i t h  i t s  

1 
v a l u e  p o i n t i n g  t o  t h e  atom 

Xi. 
I f  Xi i s  a l i s t ,  t h e  symbol i n  (CAR xi) 

i s  placed i n  t h e  symbol t a b l e  w i t h  i t s  v a l u e  (EVAL (CADR x i ) ) .  PUTSYM 

I ,  

i s  u s e f u l  f o r  making LISP atoms, f u n c t i o n s ,  and v a r i a b l e s  a v a i l a b l e  t o  
RELOC programs. ~ p ~ b b l s  must be de f ined  w i t h  PUTSYM b e f o r e  t h e  LOADER i s  
used.  

Examples: (PUTSYM BPORG (VBPORG (GET (QUOTE BPORG)(QUOTE VALUE)))) 

defgnes  t h e  i d e n t i f i e r  BPORG and i t s  v a l u e  c e l l  V B P ~ R G .  '4- REYC program 
can r e f e r e n c e  t h e  v a l u e  of  BPORG by: . f ,  

MOVE X,VBPORG ' 

(PUTSYM (MAPLST (QUOTE MAPLIST) ) (MJMBERP (QUOTE NUMBERP) ) ) 
(PUTSYM (MEMQ (GET (QUOTE MEMQ) (QUOTE SUBR) ) ) ) ' 

A RELOC program would c a l l  t h e s e  func t i ons  a s  fo l l ows :  - I  

CALL 2,MAPLST" 
'CALL I', NUMBRP 

# .  

PUSHJ P,MEMQ o r  CALL 2,MEMQ 
. * 

An. example of a s imple  LISP compat ible  MACRO program t o  compute 
square  r o o t s  u s ing  t h e  FORTRAN l i b r a r y .  . .  . 

TITLE TEST + - .  
i . ,  

P= 14 . .. 

EXTERN MAKNUM, NUMVAL , SQRT , FLONUM 

LSQRT: CALL 1, NUMVAL I 

MOVEM A ,AR1 
MOVE A,[XWD $ , B L T ~ ] ;  SAVE THE AC'S 

JSA Z~-,SQRT,. 
JUMP 2 ,AR1 ;SOP TO FORTRAN 
MOVE j?) ,AR1 , .  

MOVE A . , [ ~ D . B L T ~  ,$I . 
"BLT A ,  17 
MOVE A ,AR1 
MOVE I B , F LONUM 
JCALL 2 ,  MAKNUM 



SAILON -28.3 

AR1: 16 
BLT1: BLOCK 2$ 

END 
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