
I. I n t e r n a l  Storage 

A .  P o i n t e r s  

There w i l l  be a maximum of 16 p o i n t e r  types  of 

o b j e c t s  i n  t h e  940 LISP System. These a r e  (numbered i n  o c t a l )  

S-expressions (nona tomic )  
I d e n t i f i e r s  ( l i t e r a l  atoms) 
Small I n t e g e r s  
Boxed Large Integers 
Boxed F l o a t i n g  Po in t  Numbers 
Compiled Function - Lambda Type 
Compiled Function - Lambda Type - Indef  Args 
Compiled Function - Mu Type - Args Pa i red  
Compiled Function - Mu Type - L i s t  of Args 
Compiled Function - Macro 
Array - P o i n t e r s  
Array - I n t e g e r s  
Array - FP #Is 
S t r i n g s  - Packed Character  Arrays 

Pushdown L i s t  Po in te r s  

Each p o i n t e r  w i l l  be contained i n  one.940 word of 24 

b i t s .  B i t s  0 and 1 w i l l  be nominally empty, and may i n  some 
C 

c a s e s  be used .by t h e  system (e.g. b i t  0 for garbage c o l l e c t i o n )  

o r  perhaps even t h e  u s e r  ( i n  S-expressions).  The f o u r  b i t s  



2-5 w i l l  conta in  th-e type number f o r  t h i s  po in te r .  The 18 

b i t s  6-23 w i l l  conta in  an e f f e c t i v e  address  ( i n  t h e  LISP 

drum f i l e )  where t h e  re ferenced  information i s  s to red .  The 

s t r u c t u r e  of each s t o r e  i s  descr ibed  below, 

B. Al loca t ion  of Storage 

Al loca t ion  of s to rage  f o r  each e n t i t y  i n  t h e  system 

w i l l  be made as i t  i s  requi red .  Pages of 256 words w i l l  be 

a l l o c a t e d  as necessary,  Since t h e  type information i s  

c a r r i e d  a long with each poin ter ,  these  blocks may be ass igned  

anywhere i n  t h e  2 5 6 ~  address ,  with no need t o  maintain any 

o rde r  t o  r e t a i n  t h e  c o n t i g u i t y  of types  of spaces.  A map of 

t h e  type assignment t o  pages w i l l  be kept f o r  system use.  

Some cornpromiae w i l l  be made, .but i s  no t  y e t  spec i f i ed ,  

between garbage c o l l e c t i o n  and a d d i t i o n  of new s to rage  when 

s t o r a g e  of any kind runs  out .  

There w i l l  be a number of v a r i e t i e s  of garbage c o l l e c -  

t i o n  i n  t h e  system. The first t o  be implemented w i l l  be a 

* 

s tandard  " s t o p  t h e  world, I want t o  c o l l e c t "  type.  Then w e  

w i l l  have a smart compacter us ing  secondary s torage .  F i n a l l y  



we hope t o  implement an incremental  garbage c o l l e c t o r .  

C . I d e n t i f i e r s  ( ~ i t e r a l  ~ t o m s )  

An i d e n t i f i e r  has a s s o c i a t e d  with i t  f o u r  canonica l  

ct 
c e l l s :  1 )  a val$e c e l l  2) a property l i s t  c e l l  3) a 

func t ion  d e f i n i t i o n  c e l l  4) a pname p o i n t e r  c e l l .  The 

p o s i t i o n  of each c e l l  can be computed from t h e  drum address  

given f o r  t h e  atom. These c e l l s  w i l l  n o t  - be consecil t ive.  

Value c e l l s  w i l l  be c o l l e c t e d  on sepa ra te  pages of va lue  

c e l l s ,  and s i m i l a r l y  f o r  t h e  o t h e r  3 c e l l s .  The p o i n t e r  t o  

an atom w i l l  be a p o i n t e r  t o  i t s  value c e l l .  A s  i n  our  

c u r r e n t  system, t h e  c a r  of atom w i l l  y i e l d  the  c o n t e n t s  of 

the  va lue  c e l l ,  and c d r  t h e  property l ist .  The f u n c t i o n s  

getd and putd w i l l  r ead  from and w r i t e  i n  t h e  func t ion  c e l l .  - - 
A func t ion  getname w i l l  get t he  s t r i n g  which i s  t h e  pname. 

I n  a s i n g l e  u s e r  system, t h e  p o s i t i o n  of the  p r l i s t ,  

pname and func t ion  c e l l s  may be a b l e  t o  be computed a r i th -  

m e t i c a l l y  from t h e  address  of t h e  va lue  c e l l .  I n  a mul t i -  
1. 

& 

u s e r  LISP, where p-names are shared, t h e r e  w i l l  probably be 

a double mapping f o r  atom addresses .  



D. S-expressions ( l i s t  c e l l s )  

Each l i s t  c e l l  i s  a consecut ive p a i r  of 24 b i t  words. 

The f i rs t  word of each p a i r  con ta ins  t h e  c a r  po in te r ,  t h e  

second t h e  c d r  po in te r .  Since each p o i n t e r  only t a k e s  up 

22 b i t s ,  t h e r e  a r e  two b i t s  ( b i t  1 i n  each word) t o  which 

t h e  u s e r  w i l l  have access ,  %h t o  mark, check and unmark. B i t  

0 of each c e l l  w i l l  be reserved f o r  system use.  The p o i n t e r s  

may be of any of t h e  16 types.  Thus one can have l ists of 

pushdown po in te r s ,  a r r a y s ,  func t ions ,  e t c  . 
E. Numbers 

Small i n t e g e r s  between -218 and 218-1 w i l l  be r e p r e -  

sen ted  d i r e c t l y  by po in te r s .  The 18 b i t  p o i n t e r  w i l l  be 

t h e  number - o f f s e t  by a cons tan t  y e t  t o  be determined. 

Boxed l a r g e  i n t e g e r s  1 x 12 218 w i l l  -be  s t o r e d  i n  s i n g l e  

words i n  a page of such numbers. Boxed f l o a t i n g  po in t  i n t e -  

g e r s  w i l l  be s t o r e d  i n  double words i n  s tandard  940 f l o a t i n g  

- p o i n t  format.  

F. Function Types 

There w i l l  be a compiler which w i l l  compile each of 
1 



t h e  f i v e  types  of funct ion  i n  t h e  system. The types of  these  

f u n c t i o n s  can be recognized from the  S-expressions, and 

N 

t h e r e f o r e  w i l l  n o t  Heed t o  be marked s p e c i a l l y  f o r  t h e  i n t e r -  

p r e t e r .  The types  must be marked f o r  compiled code. We w i l l  

desc r ibe  these  f i v e  types  i n  Sect ion 11. 

A l l  compiled funct ions ,  of a l l  types,  a r e  i n  approx- 

imate ly  t h e  fol lowing format shown i n  F igure  1. 

Figure 1: Format of a Compiled Function 

The type i s  one of t h e  f i v e  types  of f cn .  
C1 

I 

Length = l e n g t h  of t o t a l  block ('must be ( 212) 
I 

-. 
S t a r t  = s tar t  of code r e l a t i v e  t o  beginning of  block 

P o i n t e r  o r i g i n  =I s tar t  of p o i n t e r  l i t e r a l s  r e f e r r e d  t o  
' 1 ,  , 

j : I  from compiled code 1 



r e l l ,  . . . , r e l n  = l o c a t i o n s  r e l a t i v e  t o  the  s tar t  of the  

code which must be r e l o c a t e d  ( address  

ad jus t ed )  when loaded i n t o  co re  

G.  Arrays 

Arrays mu-st be of uniform type,  po in te r s ,  i n t e g e r s ,  

o r  f l o a t i n g  po in t   number^.;^ P o i n t e r s  may be of any type.  

Arrays addressed by a 'two word block which g ives  their  type, 

l e n g t h  and s t a r t i n g  pos i t ion .  Three new f u n c t i o n s  ( ~ r r a y  

Length type)  w i l l  a l l o c a t e  space f o r  an a r r a y  and r e t u r n  a 

p o i n t e r  t o  it; (ELT a r r a y  p t r  n) w i l l  g ive the  va lue  of t h e  

n t h  element of t h e  a r r a y  pointed to ;  and (SETA a r r a y  p t r  n 

va lue)  w i l l  s t o r e  a value i n  t h e  n t h  element of t h e  a r r a y .  

Note that  a r r a y s  do n o t  have names, b u t  a r e  s t r u c t u r e s  which 

a r e  pointed t o  l i k e  lists. SETA eva lua tes  i t s  arguments. 

Any contiguous subblock of an a r r a y  may be an a r r a y  a l s o .  

CAR and CDR may be def ined  f o r  a r r a y  i n  t h e  obvious way. - 
H. S t r i n g s  

S t r i n g s  a r e  a r r a y s  of packed cha rac te r s .  Basic 
, 

s t r i n g  f u n c t i o n s  have n o t  y e t  been def ined  b u t  i t  might be 
q 



n i c e  i f  CAR, CDR, RPLACA and RPLACD were extended i n  t h e  

obvious  way. 

I. Pushdown L i s t  S t r u c t u r e  

I n  t h i s  system we expec t  t o  have f o u r  pushdown lists. 

They w i l l  c o n t a i n  1 )  P o i n t e r s  2) Cont ro l  In format ion  f o r  

f u n c t i o n  c a l l s ,  e t c .  3) Unboxed I n t e g e r s  and 4) w i l l  be 

used f o r  temporary s t o r a g e  o f  unboxed numbers f o r  t h e  ar i th-  

met ic  d: r o u t i n e s ,  and f o r  unboxed arguments of  f u n c t i o n s  which 

a r e  unboxed numbers, We w i l l  d i s c u s s  t h a t  i n  d e t a i l  l a t e r ,  I 

L e t  u s  now c o n s i d e r . o n l y  PDL 1 and 2. 

F igu re  2 shows t h e  pushdown l i s t  n e a r  t h e  beg inn ing  

o f  a new page of each pushdown l i s t  a f t e r  t h e  f u n c t i o n  F has 

+\hv'c C 2; 
been e n t e r e d  wi th  bw arguments X Y, t h r e e  c e l l s  of  

1 

temporary A s t o r a g e  have been used  f o r  computing arguments 

f o r  the f u n c t i o n  G; and t h e  func t ion  H has been en t e red ,  

which has one argument /. The express ion  which i s  the body 

o f  H i s  abou t  t o  be eva lua ted .  i.e., the f u n c t i o n  F l o o k s  Z 

l i k e  





Four system c e l l s  contain t h e  p o i n t e r s  t o  the  c u r r e n t  

pushdown l i s t  pos i t ions .  Compiled code knows t h e  p o s i t i o n  

of i t s  arguments. The i n t e r p r e t e r  searches  the  s t a c k  f o r  

t h e  appropr i a t e  v a r i a b l e  name and g e t s  the  va lue  from the  

ofhev  ce \ \  \ n tLc  @ a t r  +lqjc ~ ~ r n 3 D h  B L I P  w \ a h v d o f  w k t ~ ~  . If i t  h i t s  i t  knows t h a t  i t  i s  n 4 * b  0 4 +kt 
.,,,* 6 ,  4 U h r t t 9 ?  

I 

looking f o r  the  va lue  of a f r e e  v a r i a b l e .  The s t a c k  i s  

~firn000 8 ' ~  la 
cons t ruc ted  so t h a t  t h e r e  i s  a guaranteed t o  be 

t o p  0 f -  a n y  S ' w b c j . \ o q  a r e 4  . 
b*t & ; r e #  'Rb v a r i a b l e  bindings run 

a c r o s s  page boundaries.  The l a t t e r  i s  accomplished by 

moving t h e  bindings t o  the  top  of a new page when a func t ion  

i s  en te red  which has  c r o s s  boundary bindings.  The ze roes  
1 

C. f - t v p t p o r s  r y  r e s e l ) ~  

i n  t h e  name pos i t ion  of PDL-1 a r e  .guaranteed by i n i t i a l i z i n g  
6 - 

a s t a c k  block t o  ze roes  i n  those pos i t ions ,  and having t h e  

func t ion  r e t u r n  r e s e t  them t o  ze ro  upon e x i t  (which i t  can 

J p f-;o 3 . k .  Lhm O o h  4L I P 
do by scanning from t h e  c u r r e n t  s t a c k  

J. Free and Specia l  Var i ab les  

When a v a r i a b l e  i s  determined t o  be a f r e e  v a r i a b l e  



( a f t e r  a sea rch  down t h e  PDL i n  t h e  i n t e r p r e t e r ,  o r  a t  com- 

p i l e  t ime f o r  compiled f e n s ) ,  t h e  fo l lowing  a c t i o n  t a k e s  

p l ace .  F i r s t ,  t h e  c o n t e n t s  of  t h e  v a l u e  c e l l  a r e  ob ta ined ,  

If t h e  system b i t  ( b i t  0 )  i s  on, then t h i s  v a r i a b l e  has been 

bound SPECIAL and t h e  va lue  i s  t h a t  Jus tafound.  We d e s c r i b e  
I 

t h e  syn tax  f o r  b ind ing  $ v a r i a b l e s  as SPECIAL'S i n  S e c t i o n  11.' 

t h e  system b i t  o f f ,  then upward s e a r c h  the PDL 

i s  made t o  f i n d  t h e  va lue .  Th i s  i s  done each time such a 

v a r i a b l e  i s  r e fe renced  i n  t h e  i n t e r p r e t e r .  Fo r  compiled 

code a new p a i r  i s  set up wi th  t h e  name of t h e  f r e e  v a r i a b l e ,  

and with va lue  of  PDL p o i n t e r  t o  t h e  o r i g i n a l  b ind ing .  A l l  

r e f e r e n c e s  t o  t h e  va lue  of t h i s  v a r i a b l e  a r e  2.m made i n d i r e c t l y  

through t h i s  p o i n t e r  through the map. 

K. The Funarg Device 

Func t iona l  arguments w i l l  be passed  XIX~PP cons-ed with 

a PDL-1 p o i n t e r  which p re se rves  i t s  con tex t .  Searches  f o r  

C. 
f r e e  v a r i a b l e s  w i l l  begin from t h e  p o i n t  ' s p e c i f i e d  on PDL-1 

i n s t e a d  o f  t h e  c u r r e n t  l i s t .  Th i s  s k i p  o f  p a r t  of  the PDL 

w i l l  be  p reserved  on PDL-1 by a s p e c i a l  BLIP fo l lowed by the 



PDL p o i n t e r  which w i l l  cause t h e  search  procedure t o  go back 

t o  t h e  re ferenced  por t ion  of the  s tack .  It may be t h a t  t h e  

ENDOt?AGE mark may work as t h a t  BLIP. 

L. Unboxed Numbers as Args 

Unboxed numbers on s t a c k s  3 and 4 may be passed down 

as arguments t o  funct ions ,  and unboxed numbers may be r e -  

turned  as values .  The LISP syntax f o r  t h i s  i s  descr ibed  i n  

Sec t ion  11. The names of these  arguments a r e  put  on PDL-3. 

bound t o  PDL p o i n t e r s  t o  t h e  appropr i a t e  p l aces  on PDL-3 

and P D L ~ .  Thus these  v a r i a b l e s  may be used f r e e  ( b u t  n o t  

bound SPECIAL) . 



11. Changes t o  t h e  LISP Syntax and Semantics 

A .  Funct ion Types 

The f u n c t i o n  types  i n  t h e  new system are a n  ex-  

pansion o f  t h e  t y p e s  i n  c u r r e n t  LISP. They a r e  s e p a r a t e d  

i n t o  t h e s e  t y p e s  t o  g ive  independence and f l e x i b i l i t y  i n  

b ind ing  arguments t o  v a r i a b l e s ,  hav ing  an i n d e f i n i t e  number 

of  arguments f o r  a func t ion ,  and having arguments e v a l u a t e d  

o r  n o t  

1 )  Lambda exp res s ions  - s t anda rd  type  

(LAMBDA (x Y z) . . .) 

Thi s  i s  t h e  u s u a l  lambda exp res s ion  which expec t s  i t s  argu- 

ments t o  be  eva lua t ed  and bound t o  each v a r i a b l e  name i n  the 

l i s t  of  v a r i a b l e s  fo l lowing  t h e  LAMBDA. 

2 )  Lambda exp res s ions  w i t h  an  i n d e f i n i t e  number of  

arguments, e.g. 



These arguments are eva lua t ed  and pu t  on t h e  pushdown l i s t  

w i t h  no names a t t a c h e d .  The atom fo l lowing  t h e  LAMBDA, - 
N 

i n  t h i s  case/ i s  bound t o  t h e  number of such arguments passed.  

The func t ion  (NTHARG m )  w i l l  r e t u r n  t h e  va lue  of  the n t h  

argument provided 15 m &N . 
3) Mu expres s ions  - Args pa i r ed  

T h i s  i s  one of two types  of express ion  which 

provide unevaluated arguments 

The arguments o f  t h e  above f u n c t i o n  w i l l  be 

bound (uneva lua ted)  t o  X Y and 2, and el e t c .  

w i l l  be eva lua ted  as  usua l .  

4)  MF Mu expres s ions  - a r g s  unpa i red  

( M U X  el e 2 . .  .) 

The l i s t  fo l lowing  f u n c t i o n  name w i l l  be bound 

. t o  t h e  atom X, with no eva lua t ion .  

5) Macro exp res s ions  

Trea ted  e x a c t l y  as 4) L e e .  ( M U  X . . .) excep t  



t h a t  t h e  r e s u l t s  of t h e  computation a r e  eva lua ted  

again.  When compiling macros a r e  expanded a t  
J 

compile time. 

B. Number of Arguments and Express 

A s  w i t h  PDP-1 LISP, func t ions  which LAMBDA express ions  

e t c .  may be given fewer arguments than expected, and t h e  system 

w i l l  f i l l  i n  NIL, $, o r  $, $ as appropr i a t e ,  A LAMBDA e t c .  

expression may be followed by any number of express ions  and 

all w i l l  be eva lua ted  - t h e  value of the  fen  N%B w i l l  be 

the l a s t  evaluated.  Condi t ional  express ions  have as elements 

lists one more expressions,  and the  f irst  n o t  

NIL when evaluated,  then a l l  a r e  eva lua ted  i n  sequence and 

t h e  va lue  i s  t h e  las t  evaluated.  The same i s  done f o r  

SELECT and 

C . SPECIAL v a r i a b l e s  

Following t h e  l i s t  of v a r i a b l e s  fol lowing a LAMBDA 

- o r  PROG, one may i n s e r t  a c a l l  t o  the  pseudofunction SPECBIND. 

The l i s t  of v a r i a b l e s  fol lowing the  SPECBIND which must appear 

e .go X and Y i n  (SPECBIND x Y )  



i n  t h e  c u r r e n t  l i s t  of LAMBDA o r  PROG v a r i a b l e s  a r e  con- 

s i d e r e d  t o  be bound SPECIAL. The c u r r e n t  b ind ing  of  t h e s e  

v a r i a b l e s  ( X  and Y i n  t h i s  case)  a r e  exchanged with t h e  

c o n t e n t s  of t h e  va lue  c e l l ,  and t h e  system b i t  i n  t h e  v a l u e  

c e l l  and i n  t h e  v a r i a b l e  names X and Y on PDL 1 a r e  tu rned  

on. I n  a f u n c t i o n  r e t u r n  c leanup the b i t  i n  t h e  name i n d i -  

c a t e s  that  a swap back must t a k e  p lace .  S ince  the o l d  v a l u e  

and s t a t u s  of system b i t  a r e  saved, t h e  swap r e s t o r e s  the 

o l d  s t a t u s  e x a c t l y .  SPECBIND must be used f o r  each ~ ~ x n n s  

occurrence ( i n  each f u n c t i o n )  i n  which a v a r i a b l e  ( s a y  X o r  Y) 

a r e  t o  be bound as SPECIAL. 

Do Numerical Arguments and Values 

I n  t h i s  system, the onus w i l l  be p u t  on the u s e r  

t o  p rov ide  in format ion  about  which arguments and/or v a l u e s  

a r e  unboxed numbers, and he must be s u r e  h e - i s  c o r r e c t  o r  

funny e r r o r s  a r e  l i a b l e  t o  occur.  The systemgl may c o r r e c t  

- c e r t a i n  obvious e r r o r s ,  b u t  no th ing  i s  guaranteed.  

Func t ions  may expec t  p o i n t e r  i n t e g e r  o r  f l o a t i n g  

p o i n t  arguments, b u t  on ly  i n  that order ,  i . e . , you lmay have 



P p o i n t e r  arguments and then m i n t e g e r s  and n ffarkkng f l o a t i n g  - - - 

p o i n t  numbers, b u t  on ly  i n  tha t  o r d e r  (p?-0 m-?O n Z 0 ) .  

I n  t h e  func t ion  d e f i n i t i o n  you t e l l  t h e  f u n c t i o n  t o  expec t  

t h e s e  numerical  arguments by fo l lowing  t h e  l i s t o f  LAMBDA 

v a r i a b l e s  by c a l l s  t o  t h e  f u n c t i o n s  FIXV and FPV, e.g. 

.(% Y rJ 0 v )  
if FOO i s  de f ined  by (LAMBDA (EzZL~ (FIXV N) (FW u V) . . 
then FOO w i l l  expec t  two p o i n t e r  a r g s  X and Y, one i n t e g e r  

arg N and two f l o a t i n g  p o i n t  args U and V. A f t e r  t h e  l i s t  

of PROG v a r i a b l e ,  c a l l s  t o  F I N P  and FPVP w i l l  c r e a t e  tempor- 

,SegQf 

a r y  v a r i a b l e s  of  t h e  a p p r o p r i a t e  type i n i t i a l i z e d  to,$ o p  

F \ ~ ~ + . . . $  \nS 
$ No convers ions  i n  a r i t h m e t i c  w i l l  be done on unboxed 

numbers u n l e s s  e x p l i c i t l y  reques ted .  

I n  a d d i t i o n  t o  t e l l i n g  a c a l l e d  f u n c t i o n  where t o  

expec t  i t s  arguments, you must i n  the c e l l  of  such a f u n c t i o n  

t e l l  t h e  c a l l i n g  f u n c t i o n  where t o  pu t  t h e  arguments. The 

pseudo-funct ions  ISFIX and ISFP t e l l  a c a l l i n g  f u n c t i o n  t o  

. 
p u t  arg on PDL-3 and P D L ~  r e s p e c t i v e l y .  Thus a c a l l  t o  FOO 

might look  l i k e  


	1.tif
	11.tif
	12.tif
	13.tif
	14.tif
	15.tif
	16.tif
	17.tif
	18.tif
	19.tif
	110.tif
	111.tif
	112.tif
	113.tif
	114.tif
	115.tif

