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Abstract
- _—-_——c_—fl .—

This paper desc r ibes  the implementation of LISP-SP ,  a decendan t  of
IISPFB, an INTERLISP comaptible LISP, system originating f rom
DATALOGILABORIET, Uppsala, Sweden 1978.

Two data t ypes  have been  added to LISPFS,  namely floating point
numbers and. arrays ,  and a swapping a lgo r i t hm as been  implemented
for data arrays .

Pesides those new data types, a d i f f e r en t  method  of s to r ing  lists
internally has been  adopted which is based on the idea that in
LISPF3 each list cell consists of two memory cells, one for CAR and
one for CDR, where in most cases, CDR contains only a pointer to
the successor list element, and list space can be saved  when
keeping list elements 'physically' adjacent as much as possible.

The CDR pointer is then available implicitly by i nc remen t ing  the
address to the internal structure carrying lists, except when the
sequence of elements is broken through application of LISP
functions. In those cases, special pointers are used  which do not
represent CDR values, but are only i n spec t ed  to determine the
location of the next element.

This methOd was selected to avoid program addressing Space problems
on mini—Computers, resulting from the expansion of LISPFö's
internal data structures from 16-bit to 32-b i t  width ,  as required
by LISPF3  users asking for 'more user address space’.

These enhancements of LISPFS lead to a complete r edes ign  of the
system, where special attention was put on produc ing  readable and
self—documenting software. The resulting system d i f f e r s  enough from
its predecessor to Justify a different name, therefore, the name
LISP-SP was selected, reflecting the fact that sublist structures
are marked internally by (S ) to red  (P)arentheses.

When handling lists in this way, examples show that the number of
memory cells allocated for a given package of LISP functions is
approximately the same as in LISPFS. If, however, LISPES'S data
structures had been widened to 32—bit elements, then twice the
amourt of program addre s s ing  space for lists would be neccessary to
store the same package — too much for most of the mini—Computers
currently available.

The system is available at a nominal cha rge  f r om

Pro f .  Dr. P. Raulefs
Universität Kaiserslautern
Fachbereich Informatik
Postfach 3049
D—6750 Kaiserslautern
West Germany
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1 Pre face

Al though  neve r  suppor t ed  officially by any  compu te r  manufac tu re r ,
LISP has  maintained i t s  role i n  t he  wor ld  o f  programming  l anguages
since i t s  beg inn ing  i n  t he  l a t e  1956’s. Bee ing  the  second  o ldes t
p rog ramming  l anguage  a f t e r  FORTRAN, LISP  no t  only surv ived  many
a t t emp ts  t o  replace i t  ( e . g ,  by  ALGOL), bu t  ga ined  impor t ance  i n
seve ra l  application a reas ,  e spec i a l l y  i n  artificial i n t e l l i gence ,
t h rough  an  increas ing  number  o f  implementations.

What. howeve r ,  i s  LISP? Does i t  ex i s t  a t  all? These  ques t i ons  a r e
raised i n  [DE79] ,  entitled

THE LANGUAGE LISP DOES NOT EXIST ?

The  problem discussed i n  t h i s  pape r  i s  t he  l a rge  s e t  o f  d i f f e r en t
implementations of  L ISP  sys t ems ,  each  o f  wh ich  con ta in s  a dialect
of  t he  l anguage  a l t hough  most of  t hem a re  based  on McCARTHY’s LISP
1.5. The  ma in  obgec t ion  t o  classifying LISP as  a p rog ramming
l anguage  following DE79] i s

— l a ck  o f  standardization

lack of  r e f e r ence  manuals

- minimal syntax

large degree  o f  f r eedom fo r  imp lemen to r s

No so lu t i on  t o  t he se  p rob lems  has  been found so  f a r ,  and  the re  i s
s t i l l  a va r i e ty  o f  LISP sys t ems  around. To  en l igh t en  t he  roo t s  o f
LISP—SP,  a sho r t  ove rwiew on t he  L ISP  h i s to ry  w i l l  be  given he re .

The "c rea to r "  of LISP was J.McCARTHY, who g ives  a more de t a i l ed
r ev i ew  o f  t he  L ISP  deve lopmen t  i n  [MC78] .  The  original a im o f  h i s
ac t iv i t i e s  was  t o  c r ea t e  a p rog ramming  language fo r  a lgebra ic  l i s t
p roces s ing  pu rposes  t o  suppor t  artificial intelligence work .

The  f i r s t  app roach  was  FLPL (Fo r t r an  L i s t  P roces s ing  Language)
which  — as  can  be  s een  f rom i t s  name  — was  based  on  ea r ly  FORTRAN
sys t ems  and  con ta ined  some of  t he  key  ideas ,  bu t  d id  no t  have
f ea tu re s  l i ke  cond i t i ona l  expressions or  recurs ion .

At tha t  t ime ,  no t  even the  L ISP„no ta t i on  i n  u se  t oday  was known.
In s t ead ,  a so -ca l l ed  M—nota t ion  was  u sed  in  penc i l—and—pape r
work ,  and  us ing  th i s  no t a t i on  - fo r  i npu t -ou tpu t  pu rposes  was  no t
even poss ib l e  due  t o  t e  s e l ec t i on  o f  symbo l s  used i n  t ha t  no t a t i on .

Seve ra l  new ideas ,  a s  fo r  i n s t ance  t he  des i r e  fo r  r ecu r s ion ,  lead
t o  t he  implementation of  t he  f i r s t  FLPL—independen t  compi l e r  sy s t em
in  1958 ,  LISP 1 .  Meanwhi l e ,  t he  pa ren thes i zed  p re f i z  no t a t i on  was
i n  u se  fo r  ex t e rna l  r ep re sen t a t i on  o f  l i s t s .  A l so ,  ga rbage
collection was in t roduced ,  and the  func t ion  ’ eva l ' ,  d i s cus sed  in
r ecu r s ion  t heo ry ,  t u rned  ou t  t o  p rov ide  a LISP i n t e rp re t e r .



Still a lot a f ea tu re s  known today were not available in LISP 1,
and in the early 1969'  s, LISP 1 .  5 was implemented which introduced
proper ty  l i s t s ,  list element insertion and —deletion, free
variables and more  efficient handling of number s  t han  available
be fo re .  This was also the first compiler written in the language to
be compiled.

Af te r  1962, LISP had found its place in 'computer sc i ence ’ ,  and as
a consequence, d i f f e r en t  ideas were pursued at different places,
leading to t oday ’ s  LISP  babylon - INTERLISP, MACLISP, the Swedish
LISPFI and others .

Of all these systems, INTERLISP is probably the largest. It offers
a set of features like syntax extensions, error correc t ion  and type
declarations, resulting in availability of that system on larger
computer systems only.

The LISPFl system mentioned above, was written in 19?9-1971 as an
implementation of LISP 1.5, and was then r ewr i t t en  con fo rming  to
INTERLISP as much as possible until 1978. This version was named
LISPFö ([MN78]), and this is the immediate predecessor of the
LISP—SP described in this paper.

In summer 1981, together with two other students, on a practical
cour se  on software, I worked on enhanc ing  LISPFS by making
available an additional data type, namely floating point numbers.
As a pre requ i s i t e  for this, we had to dive into the system
structuge to completely understand it, and thus becoming  "LISPFS
exper t s  , we were f aced  to the question by_ the LISPFS users, if it
would be possible to en la rge  the user space .

This problem was not only known to the students working with
LISPFS,  but evidently is a general one: .

By far the most pres s ing  prob lem for the user of a _
symbolic compu t ing  system is the problem of storage

E woäds spoken  at the 1989 LISP conference at Stanford University
SUBG .

The LISPFS system, running on a 32—bit ATM 86~6@ computer, 15
implemented in FORTRAN IV. List storage is implemented by using two
'parallel' arrays, r ep re sen t ing  the CAR and CDR of list elements.
These FORTRAN s t ruc tu re s  use 16—bit words, and en la rg ing  the user
Space would involve two different modifications:

— l a rge r  array dimensioning

- po in t e r  expansion to 32—bit

since larger arrays requ ire  the latter due to the address encod ing
neces sa ry  to distinguish the data types available.

What however would happen to overall system throughput, when
r e se rv ing  cons iderab ly  more  virtual memory?



This ques t i on  was  raised when reviewing t he  results of  t he
practical cour se ,  and  also t he  i dea  came up to  fu r the r  ex tend  t he
f ea tu re s  o f  LISPFS.  One  o f  t he  enhancements i n  ques t i on  was  mak ing
available a r r ays ,  and  add i t i ona l ly ,  a swappe r  mechanism.

As we had  eXperienced dur ing  the  practical cour se ,  t he  L ISPFS
sys t em s t ruc tu re  would become  ove r loaded  by  implementing t hese
f ea tu re s ,  and  I dec ided  to  comple t e ly  rewr i t e  t he  sys t em,  based
on ly  on  upward  l anguage  compa t ib i l i t y ,  so  tha t  any  LISPF3  program
can  run  on  the  new sys t em.

Besides. a d i f f e r en t  me thod  o f  internally r ep re sen t ing  l i s t s  (w i th
hopefully less s to rage  space r equ i r emen t s )  and  the  add i t i on  o f  t he
a r r ay  da t a  t ype  and  the  swappe r ,  a number  o f  mino r  enhancemen t s  and
e r ro r  co r r ec t i ons  t o  LISPFS have  been  imp lemen ted  i n  L ISP—SP.

One  o f  t he  goa l s  i n  r ewi t i ng  t he  sys t em was  t o  implement t he
so f tware  i n  a way  tha t  mak ing  fu r the r  enhancemen t s  wou ld  be
suppor t ed  by  we l l  s t ruc tu red  so f tware  - as  much  s t ruc tu red  and
c l ea r  a s  pos s ib l e  i n  FORTRAN, t he  l anguage  chosen  fo r  t he
imp lemen ta t i on  fo r  portability reasons .  Additionally. fo r  t h i s
r ea son ,  t h i s  pape r  i s  no t  a LISP-SP ’reference-manual’. bu t  i s  a
gu ide  t h rough  the  s t ruc tu re  o f  i t s  implementation.

On the  o the r  hand ,  a r e f e r ence  gu ide  con ta in ing  a l l  f unc t ion
de f in i t i ons  had  to  be  compi l ed  anyway  du r ing  t he  sys t em
implemen ta t i on ,  s i nce  t he  L ISPFS  documen ta t i on  g ives  i n fo rma t ion  on
t he  d i f f e r ences  t o  IQTERLISP on lya  and  the  u se r  i s  e i t he r  f aced  to
have  two  o r  t h r ee  l a rge  books  a t  hand  ‚when  work ing  a t  t he
t e rmina l ,  o r  ac t  a s  de sc r ibed  by  some  o the r  L ISPF3  user :

"F i r s t ,  I suppose t he  func t ion  I want t o  use ex i s t s .  I f  the
in terpre ter  r e tu rnsna  message  ’--- UNDEFINED FUNCTION’, I wr i t e
the  func t ion  myse l f .

The lack of documentation, t he  need to  " t ry  i t  ou t " ,  i s  what "seems
t o  be  one  o f  t he  characteristics of  LISP sys t ems  , a s  [DE79]  s ays .
To  assist t he  LISP-SP use r  a s  we l l  a s  peop le  who  wan t  t o  change
LISP—SP i n  t he  fu tu re ,  t he  compilation of  func t ion  de f in i t i ons  has
been  inc luded  a s  appendix t o  t h i s  pape r .  I t  i s  a b r i e f  de sc r ip t i on
o f  t he  func t ions ,  howeve r ,  and  the  u se r  may  have  t o  re fer  t o  t he
definitions g iven  in  t he  l i t e r a tu re .

In  Chap te r  2 ,  t he  sys t em s t ruc tu re  i s  p r e sen t ed  a s  a se t  o f
’modu le s '  o r  ’ subsys t ems ' ,  e ach  implementing a se t  of func t ions
ava i l ab l e  t o  t he  o the r  subsys t ems  th rough  ce r t a in  ' p r imi t i ve s ’  l i ke
’create—an—atom' o r  'make—an—array-swappable'  ' or
' ge tmthe—value—of—a—number ' .

Chap te r  3 t hen  desc r ibes  each  subsys t em ' s  func t ions  and  in t e r f aces
in  de t a i l ,  t o  enab le  t he  r eade r  t o  unde r s t and  sys t em Opera t i on  f rom
a func t iona l  po in t  o f  v i ew .



As I ISPFS ,  the system can be por t ed  to o the r  computers ,  since it is
wr i t t en  in FORTRAN. Also ,  the space r e se rved  for da ta  s to r age ,  and
several sys t em pa rame te r s  can be ad jus t ed ,  when installing the
system, to make i t  f i t  t o  a g iven  compu te r ' s  resources .  Steps
involved in ' s y s t em con f igu ra t i on '  are described in Chap te r  4.

Chapter 5 includes a description of some of the problems I f aced
. du r ing  sys tem implementation, some no te s  on the t e s t i ng  s t r a t egy
and some proposals for enhancements. Also ,  the d i f f e r ences  t o
INTERLISP are described briefly.

There are several append ices ,  g iv ing  more detailed information on
LISP- as well as implementation aspec ts :

' a p p - 1  " Lis t  of Global System Variables and t he i r  Meaning

- app.1 —— FORTRAN Elemen t s

- app .3  -- LISP—SP Refe rence  Guide

— app .4  -— INTERLISP vs. LISP-SP Func t ion  Index

— app.5 -- Refe rences



2 The  LISP Sof tware  Sys tem

Thi s  chap te r  i s  intended t o  g ive  a gene ra l  idea abou t  t he  s t ruc tu re
o f  this LISP implementation. I t  i s  no t  t he  my to  g ive  an
in t roduc t ion  i n to  L ISP  i t s e l f  however ;  t he re fo re  t he  emphasis i s  t o

‘p re sen t  t he  so f tware  s t ruc tu re  on  a global level.

The  sys t em i s  de sc r ibed  a s  a s e t  o f  modules or  subsys t ems ,  whe re
eve ry  subsys tem prov ides  a ce r t a in  s e t  o f  func t ions  t o  t he  o the r
subsys t ems .  Fo r  each subsys t em,  i t s  gene ra l  pu rpose  and  the  ma jo r
acces s  primitives a re  explained.

2 .1  Sys tem St ruc tu re  Ove rv i ew
_ _ _ — _ _ — * — _ _ _ _ _ — — — _ _ _ _ _ _ — —

The gene ra l  principle of  ope ra t i on  o f  LISP systems which can  be
presen t ed  i n  a ve ry  f ew  words ,  namely

LOOP (PRINT (EVAL (READ)))
(GO LOOP)

involves seve ra l  s teps  of  ope ra t i on .  In fo rma l ly ,  these s t eps  a r e :

a )  accep t  a cha rac t e r  s t r eam f rom an  inpu t  dev i ce ,  Sp l i t  i t
i n to  t okens  and  r ecogn ize  an  s -  exp re s s ion ,

b) s to r e  a l l  t okens  by conserv ing  t he  s—expres s ion ' s  s t ruc tu re ,

c )  analyze t he  s—expres s ion  by  recursively searching fo r
execu tab l e  sub -exp re s s ions  and  execute t hem,  un t i l  t he  who le

exp re s s ion  has  been  eva lua t ed ,  and

d)  p r in t  t he  r e su l t i ng  va lue ,

9) t hen ,  r epea t  t h i s  s equence .

From these  ta sks ,  some of  t he  gene ra l  f unc t ions  o f  a L ISP  sys t em
can  a l r eady  be  classified as  be long ing  to  a so f tware  subsystem,  as
fo r  instance i npu t— ou tpu t  o r  exp re s s ion  ana lys i s  . Othe r
func t ions ,  howeve r ,  c an  be t t e r  be  identified t h rough  a more
t e chn ica l  v i ew  on  the  sys t em func t ions ,  a s  fo r  instance t hose  pa r t s
o f  t he  so f tware  wh ich  ac tua l ly  pe r fo rm the  Ope ra t i ons  on  u se r
de f ined  da t a .  Subsystems r e su l t i ng  from t ha t  a r e  t he  s to r age
managemen t  and  the  sub r  subsystem.



Ehen .  t he re  a r e  “ subsys tems  r e su l t i ng  f rom the  fact t ha t  c e r t a in
" s p e c i a l "  f ea tu re s  a r e  desired which may be t oo  complex  o r  t co
„spec i a l  t o  be  i n t eg ra t ed  i n to  o the r  subsyS tems .  He re ,  t he

ro l l e r  and  the  swappe r  be long  to  t ha t  c l a s s  o f  functions.

_ _ _ — _ _ _ _ _ — _ _ _ _ _ _ _ — — _  __“-___—_—__—_—__—___

i npu t -ou tpu t

subsys tem
- _ - _ - — _ - _ — - _ _ _ _ _ _ _ — —  ___-__——___—_fl___—l___

expre s s ion

analyzer

__
- 

__
 

__
.  

__
 

_
_

 
—

_ 
__

 
__

 
_
_
_
-
_
 

“_
 

_
_
_
—

/\ l l I I I I I I I I I I I I I l l I I
s to rage

. c
- I

—
n

—
u

—
q

a-
‚_

_—
_

__
_

_
_

—
_

_
__

_—
' -

__
__

l _
_—

__
—

—
—

—
—

—
_

_
_

—
.—

l l I I V
__

_-
_—

—
_

_-
_

_
_
_
—
_

_
_

_
-_

__
_—

__
_—

subsystem

l
I
I
|
I
I
I
I
I
|
I
I

management {
?
I
I
l
l
|
1

l
|
I
|
I
I

—__“——__—_—__Ü _“__*_“—_____

Figu re  2.1—1
Sys t em S t ruc tu re  Ove rv i ew

In  the  fo l l owing  sec t i on ,  a b r i e f  de sc r ip t i on  o f  t he  different
subsys t ens  w i l l  be  g iven  in  t e rms  o f -  t he i r  purpose and  the
interfaces available t o  t he  o the r  su sbsys t ems .



P .?  Subsys t em Functions and  Interfaces
_ _ _ — _ _ _  “_— _ _ _ — _ _ _ _ _ - _ _ _ - - — - _

Each  subsys tem of fe r s  a cer ta in  se t  o f  func t ions  as  desc r ibed
above .  These func t ions  a r e  accessible t h rough"  FORTRAN—subrou t ines

_c r  —func t ions .  o r  t h rough  se t t i ng  g loba l  f l ags  a f f ec t i ng  t he  mode
of  operation of  t he  subsys t ems .  In  t h i s  chap te r ,  t he  t e rm  use r
r e f e r s  t o  t he  subsys tems  "us ing"  f ea tu re s  o f  o the r  subsystems.

Expres s ion  Ana lyze r
“__—__——„——_——_ ___ !—

The  exp re s s ion  analyzer p lays  t he  mos t  impor t an t  ro l e  i n  t ha t  i t
con t ro l s  t he  gene ra l  f l ow  o f  execut ion .  One  o f  i t s  t asks  i s  t o
c rgan ize  t he  r ecu r s ion  i n  s - expres s ion  analysis which i s  no t
available implicitly i n  t he  FORTRAN language .  This i s  an
imp lemen ta t i ona l  a spec t  howeve r ;  t he  LISP related ope ra t i ons  t o  be
pe r fo rmed  a r e

a )  "parsing" s—expressions

h) de t e rmin ing  the  func t ion  t ype

c !  evaluating t he  a rgumen t s

a )  maintaining t he  a s soc i a t i on  l i s t

The  exp re s s ion  analyzer consists of  t he  ma in  p rog ram,  two
initialization sub rou t ines ,  and  a b ig  sub rou t ine  actually
con ta in ing  the  exp re s s ion  pa r se r .  The re  a r e  no  ways t o  ca l l  t he
exp re s s ion  analyzer f rom o the r  subsys tems  except  by  indirectly
i n f luenc ine  t he  mode  o f  ope ra t i on .

S to rage  Managemen t  Subsys t em
___—flu—__—“— —.____—_—_———_————

Thi s  subsys tem manages t he  memory  space  ava i l ab l e  fo r  s tor ing  t he
LISP da ta .  LISP data a re  s to r ed  i n  a r r ays ,  and  i f  some  o f  t hem a re
exhausted t hen  t he  subsys tem t r i e s  t o  f r ee  space  no t  ac tua l ly  i n
use  by  pe r fo rming  a decen t  garbage  collection automatically.

To the  ou t s ide  wor ld ,  t he  subsys tem of fer s  a se t  o f  callable
functions fo r  allocation and  access  of  LISP da ta .  These  func t ions
i nc lude

a )  MATCH: c rea t e  o r  i den t i fy  an atom desc r ibed  th rough
approp r i a t e  pa rame te r s .

b) MKNUM: c rea t e  a floating po in t  o r  i n t ege r  number.

r )  MKARRY: c rea t e  an  a r r ay  w i th  a spec i f i ed  s i ze  and  in i t i a l
con ten t .



d)  CONS: c rea t e  a new list cell.

e )  GETPN: f e t ch  t he  p r in tname  of t he  specified literal atom
or  s t r i ng .

f )  GET: f e t ch  t he  value of  t he  specified prope r ty  o f  an
a tom.  '

g)  GETNUM: f e t ch  a number  value fo r  a g iven  f l oa t i ng  po in t
_ or  i n t ege r .

h )  GETEL: de te rmine  t he  t ype  o f  some  g iven  i t em.

i )  GETARG: resolve internal pointer—to—pointer  r e f e r ences  and
deliver a valid da ta  pointer and  i t s  t ype .

3) NEXT: de te rmine  s t a r t i ng  add re s s  o f  t he  nex t  t ap  level
element of  a g iven  l i s t .

I npu t—Outpu t  Subsys t em

The  inpu t  pa r t  o f  this subsystem t r ans l a t e s  s—expres s ions  f rom
ex te rna l  ASCI I  r ep re sen t a t i on  into equivalent internal s t ruc tures .
Expres s ions  a re  r ead  on  a cha rac t e r—by—charac t e r  ba s i s ,  whe re  t he
cha rac t e r s  a r e  fo rmed  in to  t okens  , and  more  complex  s t ruc tu re s ,
t he  l i s t s .  conforming t o  a ce r t a in  s e t  o f  ru l e s  spec i f i ed  by  a
cha rac t e r  t ype  t ab l e .

Wheneve r  a comple t e  t oken  has  been  r ecogn ized ,  i t  i s  handed ove r  t o
the  s to r age  managemen t  subsys tem fo r  crea t ing  t he  i n t e rna l
representation. Inpu t  can  a l so  be  influenced t h rough  seve ra l  g loba l
f l ags  l i ke  l e f t  and  r i gh t  marg in ,  and  ac tua l  r ead  pos i t i on .

The  ou tpu t  pa r t  translates internal r ep re sen t a t i ons  o f  da t a  into
r eadap le  fo rm.  As fo r  i npu t ,  p r in t  margins can  be  s e t  by  t he

use r  , and  additionally, f l ags  a r e  „ava i l ab l e  t o "  a f f eg t  t he
p r in t i ng"  fo rma t .  The  subsys tem suppor t s  f a s t  printing and '  p r e t t y
p r in t i ng  ; a l so ,  p r in t i ng  o f  some special cha rac t e r s  can  be  enabled
or  d i s ab l ed .

Access  t o  t he  i npu t—outpu t  Subsystem i s  t h rough  the  fo l l owing
FOPTRAN elements:

a )  IREAD: r ead  a s - exp re s s ion .

h )  RATOM: r ead  an  a tom.

c )  SHIFT: r ead  nex t  cha rac t e r  from i npu t  s t r eam.

d )  PBINi, IPRINT: pr in t  an  exp re s s ion  (and f l u sh  bu f f e r ) .

e l  PRINAT: move an  a tom ’s  pr in tname  to  t he  p r in tbu f f e r .

f )  TERPRI: flush t he  p r in t  bu f f e r .



subr Subsys tem

The LISP  sys tem of fe r s  a set of built—in functions which se rve  as
the basis to make available more  complex functions. Wheneve r  the
expression analyzer has found  a call to such  a func t ion ,  the subr
subsystem is called with appropriate pa rame te r s  to execu te  the
desired function. Sometimes, a subr execution can be finished only
after being supplied with more expression analyzer results; in
these cases, it passes the information over to the expression
analyzer for evaluation and waits for the results.

Subr-execution covers all types of LISP data; as a consequenoe, it
refers to functions of all other subsystems.  On the other hand,
access to it is only possible f rom the expression analyzer. The
user interface therefore consists of appropriate calls to the

FORTRAN subroutines con ta in ing  the subr code, supplied with an
identifying func t ion  number  and argument pointers held in certain
global variables, such  as the stack, for instance, and the function
execution r e su l t  is also r e tu rned  th rough  a global variable.

Swapper Subsys t em
— - - n _ — - - — — — — — - - . - _ — u - — -

One of the data types available in this LISP  system, the array,
tends to occupy considerable memory space when used heavily.
Somet imes ,  however, it is affordable to maintain arrays  on
seconda ry  storage, and keep arrays in main memory only for access.
In this case, only a buffer needs to be set aside permanently, into
which arrays are mapped ,  when neccessary.

This method of manag ing  array space is implemented in the swapper
subsystem.  The functions available to the other subsystems are:

a} MKSWPA: take away an array from access responsibility
of the storage management subsystem and put
it under control of the swapper.

b) UNSWPA: reverse of MKSWPA.

c) SWPIN: swap in an array from disk into the swap buffer.

d) SWPOUT: swap out an array currently in the swap buf fer .

There are no functions available to access a n  array element in the
storage management subsys tem.  The same is t r ue  for the swapper. The
reason for this is that array element access is only done within
the subr code for the corresponding LISP functions.
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Roller Subsystem
_ _ _ — _ _ — “ — _ — — - — — _

The func t ion  of this subsys tem is to copy  b inary  sys tem status
images  f rom and to disk. This feature is used as a quick
initialization method for sys tem start—up. Also, it can be accessed
by any LISP  user, who wants to step the actual terminal session,
and continue later s t a r t i ng  with the results achieved so far beeing
available without big e f fo r t .

Two access primitives are available:

a) RCLLOUT: copy  system status to disk.

h) ROLLIN: read hack system status.
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3 Functional Description of the LISP System

3.1 Input-Output Subsystem
_ _ _ - | _ _ _ —  " _ _ _ — - — — — — — — — v _ _

The purpose  of the I/O subsystem is to

read LISP expre s s ions  and da ta  from the input channel
convert the input to internal r ep re sen t a t i on
conve r t  internal da ta  into readable form
pr in t  those data on the selected output channel.

l
!

Input/Output is dr iven  by two important internal tables, one of
which defines the semantics of single characters, and the other
carries information on the I/O organisation.

Character S e m a n t i c s :

Each cha rac t e r  of the LISP cha rac t e r  set is assigned a type  wnich
is stored as a number in the table CHTAB. The t ab l e  is addre s sed
using the ASCII  character code of the character to be analyzed. The
s t anda rd  cha rac t e r  type is 16, indicating t ha t  the associated
charcacters do not have a special mean ing  and hence can be used
directly in the names of literal atoms and s t r i ngs .

Table 3.1—1 contains the list of legal characters and their types.

character type mean ing

! } 1 { space }
! ( l 2 { left parenthesis }
% ) } 3 } right parenthesis I
% < { 4 % left super bracke t  !
! > } 5 } rigth super bracke t  }
! : l 6 } quote character i
} { 7 { string delimiter I
! # l B I use r  b r eak  {
! . { 9 { dot }
% others { 16 } all other ASCII cha rac t e r s  !g + } 11 } plus sign 5
% - i 12 { minus sign }
: o..9 ! 13..22 : digit :
! { gr & } 25 { escape character (1) }
3 l 24 ! rescue character }
_ . - — _ _ _ — _ _ — _ _ fl - _ _ _ — — fl _ _ _ = #  _ _ - _ _ - _ - — — — _ _ —

Table 3 .1 -1
LISP cha rac t e r s  and their types

——_I_—__  __  _——_——_——_———_—_———_—*

(1) Note that the escape character must be selected depend ing  on
the terminal type available.
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The  semantics of  t ype  8 ,  23  and  24  a r e  a s  fo l l ows :

User  Break
fl—_“-—_*fl -

The user break  cha rac t e r  enables t he  u se r  t o  in terrupt  t he  i npu t .

Example: A#B i s  t r ea t ed  a s  t he  3 atoms A , # and B

escape  cha rac t e r

The  escape  cha rac t e r  changes  t he  t ype  o f  t he  following cha rac t e r  t o
12 ,  invalidating t he  meaning of  spec i a l  cha rac t e r s .

Example: (SETQQ X {" )  defines an atom with printname " .

rescue cha rac t e r

The r e scue  cha rac t e r  s e t s  t he  i n t e rp re t e r  into break  mode .

The  va l id  L ISP  cha rac t e r s  a r e  contained i n  t he  first r eco rd  o f  t he
f i l e  ATOMS which  i s  r ead  du r ing  sys t em initialization.

The  cha rac t e r  t ypes  can  be  changed  by  the  u se r  u s ing  t he  LISP
func t ion  CHTAB.

Example: exchange  the  mean ing  o f  t he  cha rac t e r s  " ( "  and  " (

(CHTAB"{( (CHTAB ' {<  (CHTAB ' { ( >

1—0 Organisation

The table IOTAB contains 10  g loba l  parameters used dur ing  I—O
ope ra t i on  a s  shown  in  t ab l e  5.1—2. For  bo th  i npu t  and  ou tpu t ,  t he
t ab l e  keeps  t he  ac tua l  channe l  t o  be  u sed ,  t he  ac tua l  bu f f e r
po in t e r ,  and  l e f t  and  r i gh t  margins independently.

Addi t i ona l ly ,  t he  ou tpu t  rou t ine s  can  be  d i r ec t ed  t o  p r in t  on ly  t o
a ce r t a in  exp re s s ion  nes t i ng  l eve l ;  a l so ,  t he  number  o f  t ap  level
elements t o  be  p r in t ed  can  be  r e s t r i c t ed .



The

_ _ -_—_ ___  _ - — _ _ — - _ _ _ — - — - _ _ _ _ _ _ _ — _ _ _ - _ — _ — _ _ _ _

} 1 { LUNIN } l eg i ca l  i npu t  channel }
! 2 { RDPOS % cu r r en t  r ead  position {
€ 3 ! LMARGR { l e f t  r ead  margin €
! 4 } MARGR I r i gh t  r ead  margin }
! 5 ! LUNUT } logical ou tpu t  channel €
} 6 ! PRTPOS | cu r r en t  p r in t  pos i t i on  {
! 7 l LMARG % l e f t  p r in t  marg in  }
! 8 % MARG % r igh t  p r in t  marg in  }
l 9 % LEVELL { # of  t 0p  l eve l  e l emen t s )
) 10  € LEVEL? } nes t i ng  level }

I—O organ i sa t i on  pa rame te r s

13

LISP func t ion  IOTAB can  be  used t o  change  the  con ten t s  o f  t he
t ab l e ,  o r  t o  f e t ch  t he  ac tua l  va lues .

Example: (IOTAB 1)  de l i ve r s  t he  actual input channel number

The

For

(IOTAB 1 22)  se t s  t he  i npu t  t o  channe l  22

t ab l e  can a l so  be accessed by some LISP—expr's which ac tua l ly
use  t he  sub r  IOTAB, e .g . ‚

(INUNIT 22)  i s  equivalent t o
(IOTAB 1 22)

t he  l a s t  two e l emen t s  of t he  t ab l e  IOTAB, two exp r ' s  a r e
ava i l ab l e  re ferr ing  t o  t he  sub r  IOTAB:

(PRINTLENGTH n)  <=> (IOTAB 9 n)
(PRINTLEVEL n)" <=> (IOTAB i o  n )

Examples:

{SETQ x ’(A (B c (n  (E F )  G) H) K) )

(PRINTLENGTH 2)  X
will Pr in t  a s :  (A (B C . . . ) . . . )

(PRINTLEVEL 2)  X
will pr in t  a s :  (A (B C - - -  H) K)

(PRINTLENGTH 3)  (PRINTLEVEL 3)  X
will pr in t  a s :  (A (B  C (D ——— G) . . . )  K)

I t  way be
de f ined  in
consuming.

use
t he

fu l  t o
sys tem.

use  t he  sub r  IOTAB instead of  t he  expr's
since IOTAB i s  f a s t e r  and  less Space
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3.1.1 Inpu t  Hand l ing

The input system always r eads  cha rac t e r s  f rom the selected input
channel, until a complete sxexpression has been  r ecogn ized .  The
input is split into t okens  u s ing  the sepa ra to r s  and break
cha rac t e r s  defined in the table CHTAB. The s—expressions are stored
in internal presentation.

Input is always performed in a "stream"-mode, i.e., the input is
t r ea t ed  as sequence of cha rac t e r s  with no respec t  to line limits,
blank lines and tabulations. Therefore, s—expressions can be
en te r ed  in any format desired.

The input system involves t h r ee  levels of ac t ion  which will be
described in the following sections.

5.1.1.1 List Handling

Input of s—eXpressions is controlled by the function IREAD.
S—expressions may be lists, atoms or s t r ings .  A list is expec t ed ;
wheneve r  the f i r s t  input t oken  is an un-escaped left paranthesis.

By upda t ing  a parenthesis count, IREAD analyzes the input character
sequence, splits it up into t okens  (pa ren theses  and atoms) ,  and
stores the atoms using the storage management functions.

Also, IREAD se t s  up an internal-format list (in the array LIST),
which contains the pointers r e tu rned  f rom the storage management
functions for each atom. LIST access  is done through the function
CONS (see: storage management).

3.1.1.2 Atbm— and String—Handling

For read ing  the next token from the input string, the function
BATON is used. If the actual character is a parenthesis or super
bracke t ,  it will be r e tu rned  to IREAD d irec t ly .  Space  cha rac t e r s
are treated as sepa ra to r s ;  t hey  are not significant unless heeing
escaped or occuring in s t r i ngs .

If the first character of a t oken  indicates an atom, all.it's
characters will be fetched and stored using the appropriate storage
management functions (MKATOM or MKNUM). The resulting po in ter  is
returned to IREAD.
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For  s t r i ngs ,  t he  func t ion  SHIFT wi l l  be  called until t he  match ing
doub le—quo te  i s  r ead .  No te  t ha t  s t r ings  may  contain any  charac ter
except  doub le -quo te s .  unless escaped .  S ince  s t r i ngs  may be  o f  any
l eng th ,  SHIFT t akes  ca re  o f  s t o r age  allocation by  us ing  MKATOH.

3 .1 .1 .3  Charac t e r  Hand l ing

The " s t r eam"-1npu t  i s  per formed by the  func t ion  SHIFT. I t  conve r t s
i npu t  r eco rds  i n to  a s equence  o f  cha rac t e r s  u s ing  t he  a r r ay  RDBUFF
wi th  r e spec t  t o  t he  l e f t  and  r i gh t  marg ins  de f ined  in  IOTAB.

Bes ides  de l i ve r ing  a cha rac t e r  t h rough  a g loba l  va r i ab l e  (CHR),
SHIFT de te rmines  t he  cha rac t e r ' s  t ype  u s ing  CHTAB. I t  i s  r e tu rned
in  t he  g loba l  va r i ab l e  CHT.

When i den t i fy ing  the  e scape  cha rac t e r ,  SHIFT does no t  r e tu rn  i t  t o
the  caller; i n s t ead  t he  nex t  cha rac t e r  i s  r ead  and  r e tu rned  wi th

CHT se t  t o  10 .

A g loba l  f l ag  i s  u sed  t o  d i r ec t  SHIFT t o  r ead  f rom PRBUFF instead
of  RDBUFF. PRBUFF ac tua l ly  i s  t he  p r in t  bu f f e r .  This f ea tu re  i s
used  fo r  i n t e rna l  ana lys i s  o f  p r in t  images .  I n  t h i s  mode ,  SHIFT
t rea t s  a l l  cha rac t e r s  a s  bee ing  o f  t ype  16 .
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3 .1 .2  Ou tpu t  Handl ing

Addi t i ona l ly  t o  t he  f ea tu re s  desc r ibed  above ,  t he  ou tpu t  fo rma t  can
be  spec i f i ed  by s e t t i ng  s eve ra l  g loba l  f l ags  con ta ined  in  t he  array
DREG. These a re :

1 l I I___—_ ‘— - -—— __  _

} Flag  Va lue  Meaning }
| _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ____________________ Ie !
! DREG(2) NIL f a s t  pr in t  (no  special fo rma t t i ng )  }
: T p re t t y  p r in t  !

!l I
! DREG(5) NIL don’t pr in t  escape and duob le -quo te  }
i T p r in t  e scape  and  duob le -quo te  E
1 |
! DREG(7) NIL con t inue  on  ac tua l  l i ne  i f  l i s t  f i t s  }
! T s t a r t  a new l i ne  w i th  eve ry  new l i s t  E
l
I I

_- . . n— _——_——_——_——_—_-_—_———___—___—„___———-_—_-___———_-——-__ -—

Tab le  3.1.2-1
Outpu t  Fo rma t  F l ags

I f  f a s t  pr in t ing  i s  spec i f i ed ,  DREG(7) w i l l  no t  be examined. Thi s
i s  t he  de fau l t  p r in t  f o rma t .  S ince  i t  i s  much  f e s t e r  t hen  p re t t y
pr in t ing ,  f a s t  p r in t i ng  i s  r ecommended  except fo r  pr in t ing  complex
l i s t  s t ruc tu re s .

The p r in t  f l ags  can  be  acces sed  th rough  the  LISP—subr SYSFLAG.

Output  i s  done  t h rough  the  p r in t  bu f f e r  PRBUFF.  An ou tpu t  l i ne  i s
ac tua l ly  p r in t ed ,  i f

— t he  l eng th  o f  a p r in t  i t em causes  PRBUFF over f low
- t he  sub rou t ine  TERPRI i s  ca l l ed  explicitly.

Four  ou tpu t  subrout ines  a re  available which wi l l  be  desc r ibed  in
t he  fo l l owing  sec t i ons .

3.1.2.1 Expres s ion  P r in t i ng  — PRINi

The  sub rou t ine  PRINi  i s  u sed  fo r  wr i t i ng  expres s ions  i n to  t he  p r in t
bu f f e r  i n  ex t e rna l  fo rma t .  I f  t he  i t em to  be  p r in t ed  i s  an  a tom.
PRINAT i s  c a l l ed .  Fo r  l i s t s ,  PRINi  examines t he  p r in t  f l ags
desc r ibed“  above  to  de t e rmine  p r in t  pos i t i ons  and  l i ne  f eeds .  A l so ,
t he  t ype  o f  pa ren thes i s  t o  be  u sed  (no rma l  o r  supe r  b r acke t )  i s
de te rmined .
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Wheneve r  t he  p r in t ‘  bu f f e r  i s  f i l l ed  t o  t he  r i gh t  marg in  and  more
has  t o  he  p r in t ed ,  TERPRI i s  c a l l ed -  t o  f l u sh  t he  bu f f e r .  When
leav ing  PRINI ,  t he  p r in t  bu f f e r  may  con ta in  more  da ta  t o  be  p r in t ed
l a t e r .

3 .1 .9 .2  Express ion  Pr in t ing  - IPRINT
___ -_____—„___——__-—_-—___—

The  sub rou t ine  IPRINT can  be  functionally compared  to  t he  L ISP-expr -
PRINT.  I t  c a l l s  PRINl  fo r  filling t he  p r in t  bu f f e r  and ,  a f t e r  t ha t ,
i t  f l u shes  t he  bu f f e r  u s ing  TERPRI .

On r e tu rn  f rom IPRINT,  t he  bu f f e r  i s  always empty .

3 .1 .2 .3  A tom Pr in t i ng  - PRINAT
___—_

The  sub rou t ine  PRINAT uses  s to rage  managemen t  func t ions  t o  decode
the  po in t e r  handed  ove r  by  t he  caller. The  p r in tname  i s  f e t ched ,
and  i t ' s  l eng th  i s  t e s t ed ,  whe the r  i t  f i t s  in to  t he  hu f f e r .  I f  no t ,
t he  buf fer  i s  flushed be fo re  t he  p r in tname  i s  t r ans fe r r ed  i n to  i t .

PHINAT examines t he  p r in t  f l ag  DREG(5) :  i f  i t  i s  s e t  t o  T ,  t he
spec i a l  cha rac t e r s  ( e scape  and  doub le  quo te )  have  t o  be  s to r ed ,
whe re  necces sa ry .

3 .1 .2 .4  Buf fe r  Flushing - TERPRI

TERPRI i s  t he  sub rou t ine  which actually writes t he  con ten t s  o f  t he
p r in t  bu f f e r  t o  t he  ac tua l  ou tpu t  channe l .  When ou tpu t  i s  done ,
TERPRI rese ts  t he  bu f f e r  t o  spaces and  the  p r in t  po in t e r  t o  t he
l e f t  marg in .
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3 .2  S to rage  Managemen t
.— __

Thi s  chap te r  i s  divided into two  sec t i ons .  re f l ec t ing  t he  general
functions prov ided  by the  s to r age  managemen t  subsys tem.

In  sec t ion  3.2.1, t he  i n t e rna l  da t a  s t ruc tu re s  u sed  to  implement
t he  da t a  t ypes  ava i l ab l e  i n  t h i s  LISP implementation a re  explained.
Also ,  t he  acces s  func t ions  ava i l ab l e  t o  t he  o the r  subsystems a re
desc r ibed .

Dur ing  a LISP run ,  s t o r age  fo r  da t a  o f  d i f f e r en t  t ypes  i s  a l l oca t ed
dynamically. Since  memory  space  i s  l im i t ed ,  e spec i a l l y  on  sma l l
i n s t a l l a t i ons ,  and ,  a l o t  o f  da t a  may  become  unacces s ib l e  du r ing
prog ram execu t ion ,  a l l  unused  memory should be made ava i l ab l e  t o
t he  u se r .  The  ga rbage  co l l ec t i on  me thods  implemented i n  t h i s  sy s t em
are  desc r ibed  in  s ec t i on  3.2.2.

3.2.1 Sto rage  Allocation

3.2.1.1 Li t e r a l  Atoms

Literal atoms a re  internally r ep re sen t ed  by r eco rds  conta in ing  t he
fo l lowing  i t ems :

- a s equence  o f  by t e s  i n  t he  a r r ay  PNAME fo r  t he  a tom ' s  p r in tname
— a po in t e r  t o  t he  f i r s t  by t e  o f  t he  p r in tname
- an  in t ege r  number spec i fy ing  t he  p r in tname  l eng th

a 32 b i t  word of memory fo r  keep ing  the  a tom ' s  va lue  binding
a 32 b i t  memory word fo r  keep ing  the  a tom ' s  p rope r ty  l i s t
an  e l emen t  i n  t he  hash  a r r ay ,  con ta in ing  a po in t e r  t o  t he
va lue  / prope r ty  ce l l .

To  establish a l i nk  be tween  the  i n t e rna l  and  ex t e rna l
r ep re sen t a t i on  o f  an  a tom,  i t ’ s  name  i s  u sed  t o  compu te  t he  add re s s
of  t he  hash table element containing t he  po in t e r  t o  t he  va lue  /

prope r ty  ce l l .  Th i s  po in t e r  also allows t o  acces s  t he  p r in tname

po in t e r  and  l eng th .

A l l  i npu t  tokens which  canno t  be  interpreted as  number s ,  s t r ings  or
spec i a l  cha rac t e r s ,  w i l l  be  s to r ed  a s  l i t e r a l  a toms .  Cha rac t e r s
p receeded  by  the  e scape  cha rac t e r  w i l l  be  t r ea t ed  a s  t ype  1%
cha rac t e r s  and  wi l l  be  s to r ed  d i r ec t l y  w i thou t  t he  e scape
cha rac t e r .  .

Pr in tnanes  o f  l i t e r a l  a toms  a r e  s to r ed  i n  t he  s ame  way a s
p r in tnames  o f  s t r ings ;  t hey  a r e  packed t o  fou r  cha rac t e r s  pe r  32
b i t  memory word in  PNAHE, and  a r e  aligned on a by t e  bounda ry ,  i f
poss s ib l e .  S ince  number s  a r e  s to r ed  i n  t he  s ame  pa r t  o f  PNAME,
sometimes t he  p r in tnames  have  t o  be  aligned on the  next  fu l l—word
bounda ry  fo l l owing  a number .
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The  da t a  s t ruc tu re s ,  u sed  t o  represent literal a toms ,  and  their

i n t e r r e l a t i onsh ip  a r e  shown  in  f i gu re  3 .2 .1 .1—1.  They  a r e
implemented u s ing  a hash a r r ay  HTAB, t he  array  PNAME and th r ee

pa ra l l e l  a r r ays  CAR, CBR (bo th  32  b i t  pe r  element), and  PNP ( two
ronseeu t ive  32  b i t  words  pe r  a tom) .

The CAR ce l l  of an  atom con ta in s  i t ' s  value po in t e r  which w i l l  be
initialized t o  po in t  t o  t he  a tom NOBIND. The  CDR cell (proper ty
ce l l l  initially contains a po in t e r  t o  t he  a tom NIL .  In  PNP,
pr in tnawe  po in t e r  and  l eng th  a r e  s to r ed .

Acces s  t o  an  a tom ' s  cons t i t uen t s  i s  done  e i t he r  d i r ec t l y  o r  t h rough
acces s  func t ions .  To f e t ch  o r  modify an  a tom ' s  va lue  b ind ing ,  t he
co r r e spond ing  CAR cell i s  u sed  d i r ec t l y ;  t he  s ame  i s  t r ue  fo r
f e t ch ing  the  po in t e r  t o  t he  p rope r ty  l i s t .

The re  a r e  more  complex  ope ra to r s ,  howeve r .  I f  access  t o  t he
p r in t r ame  i s  necces sa ry ,  t hen  t he  func t ion  GETPN can  be  used. I t
f e t ches  t he  p r in tname  po in t e r  and  l eng th ,  and  a l so  a f l ag  i s
r e tu rned  to  i nd i ca t e  t ha t  t he  i t em i s  an  o rd ina ry  l i t e r a l  a tom.

I f  no t  t he  en t i r e  p rope r ty  l i s t ,  bu t  on ly  t he  va lue  o f  some
ind ica to r  i s  r equ i r ed ,  t he  func t ion  GET,  supp l i ed  w i th  t he  a tom
po in t e r  and  ind i ca to r  name,  r e t r i eves  t he  i nd i ca to r ' s  va lue ,  i f
de f ined ,  o the rwi se  NIL .  Add ing  proper t i e s  (indicators and  values)
i s  done  by  the  FORTRAN code  fo r  t he  sub r  PUT.

LitEral atoms a re  c r ea t ed  by  a ca l l  t o  t he  func t ion  MKATOM e i the r
i n  r e sonse  t o  u se r  i npu t  o r  a s  pa r t  o f  ce r t a in  func t ions .
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and the  cdr  cellfo r  example ,

(FNCELL (LAMBDA(X Y) ——-)——-)

5.2.1.1—1Figu re  .
Literal Atom Data St ruc tu re s

T

f i gu re ,  the  a tom ALPHABETA has as  value a pointer to

S

a tom which may be UNBOUN,

array
L I

___—“___ -—___—*——_—“-> l—.fl_  h“_____________—_—_—__

the  above
other

po in t s  to  a property l i s t  con t a in ing  a function definition.

I n
some
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3.2.1.2 St r ings

S t r ings  a r e  internally r ep re sen t ed  a s  r eco rds  containing t he
fo l lowing  items:

a pr in tname  in  PNAME
a pointer t o  t he  first by te  o f  t he  p r in tname
a number  specifying t he  p r in tname  l eng th

- a value ce l l  i n  CAR
a pointer cell i n  CDR
for  subs t r i ngs ,  a l i s t  o f  a special format.

On inpu t ,  s t r ings  a re  identified by  enc los ing  double quotes .  Inside
s t r i ngs ,  a l l  charac ters  excep t  t he  doub le  quo te  a r e  t r ea t ed  a s  t ype
1% characters. To inhibit t he  spec i a l  meaning of  t he  duob le  quo te
wi th in  s t r i ngs ,  i t  mus t  be  p receeded  by  the  escape cha rac t e r .

S t r i ngs  a r e  s to r ed  i n  nea r ly  t he  s ame  way  a s  literal a toms ,  except
t ha t  t hey  do  no t  u se  a ha sh  t ab l e  en t ry ,  and  tha t  subs t r i ngs  u se  a
l i s t .  F igu re  3.2.1.2-1 shows  the  da t a  s t ruc tu re s  i nvo lved  in
s to r ing  s t r i ngs .

A l so ,  t he  va lue  ce l l  i s  no t  u sed  t o  s to r e  va lues  l i ke  i n  a toms ,  bu t
i n s t ead ,  a po in t e r  t o  t he  a tom STRING o r  SUBSTRING i s  s t o r ed
pe rmanen t ly  i n  t he  co r r e spond ing  CAR ce11.'The CD3 cell conta ins
NIL fo r  s t r i ngs ,  and a po in t e r  t o  t he  l i s t gmen t ioned  above  fo r
subs t r i ngs .  ' ’ = “_ ““

Th i s  l i s t  ha s  t he  fo l l owing  s t ruc tu re :

( main s t a r t  . l eng th  )

where  (ma in )  i s  a po in t e r  t o  t he  s t r i ng  wh ich  the  subs t r i ng  i s  pa r t
o f ,  and  <s t a r t>  and  ( l eng th )  a r e  coded  number s  spec i fy ing  t he
o f f se t  and  number  o f  by t e s  o f  t he  subs t r i ng .

Acces s  t o  t he  CAR cell i s  done  d i r ec t l y ,  a s  t o  t he  CDR ce l l .  To
ob ta i r  t he  p r i r t name ,  t he  func t ion  GETPN can  be  u sed  a s  fo r  l i t e r a l
a toms .

S t r i ngs  a r e  c r ea t ed  by  a ca l l  t o  t he  func t ion  MKATOM. Subs t r i ngs
a re  no rma l ly  c r ea t ed  w i th in  t he  sub r  code  o f  t he  co r r e spond ing  LISP
function.
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( sn ro  x "ABCDEFG")
(SETQ Y (SUBSTRING x 4 5 ) )

c A R c D R P N P
T"""""T"“"""T T"“""""““““""T
I l I I |
I I l I I
I I I I I

cnn(x) : _________ ! _________ i % ________________ :
————— > } ! - ! { ----——-—-:——————

- - - - - - - -  '> : STRING : NIL : : 7 :
€ . - - - - - - - - -  l ————————— € ! ———————————————— % i
l l l l l l i
' I l l l l I

! i I i } l %
l l l I | I I
! l _________  l _________  I I ________________  I I
! can t r )  : ! l - i unused : €
r ——-——> :SUBSTRING: ————— : - -—-  l unused  l :
* ' """""""" ! --------- i % : ———————————————— g g
I l l l | l l &
l l I I l l I l
I l I | l l I I
' I I I l I l l
I l II . . . | I . |
| I l
l o o o I I I I

: : l } 3 i i %
I _____________________  I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I
! I I
ä % i
I _________________________  lI I
I I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I I .
' l I

: : —————— : ---------------------------
! ! a r r ay  :NIL v I
3 E PNAME E XABCDEFGY g

E E i E
I | _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
I I
I l
I l

! :
{ : a r r ay  ——————————————————————————————————
} ! LIST : |
! : I :
: ——————————— ‚___>( 4 . 2)  !
l I l
i I I

!

Figu re  5.2.1.2—1
St r ing  Data St ruc tu re s

The  f i gu re  i s  somewhat simplified, as  i t  does  no t  show a l l  da t a
involved i n  t he  g iven  example ;  fo r  a complete ove rv i ew ,  t he  a toms
X,  Y and  UNBOUN also had  to  be  shown. They  do  no t  g ive  useful
i n fo rma t ion  on s t r i ng  and  subs t r i ng  da t a  s t ruc tu re s ,  and  the re fo re ,
t hey  have  been  ommi t t ed .

The  CAR and  CDR cells i n  t he  above  f i gu re  ac tua l ly  con ta in  po in t e r s
to  t he  a toms  STRING, SUBSTRING and  NIL  instead of  t he  names .  These
po in t e r s  a r e  add resses  t o  t he  pa ra l l e l  a r r ays  CAR,  CDR and  PNP.
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3.2.1.3 Numbers

Two numerical data types  a re  available i n  t h i s  LISP system:

~ i n t eee r s  (32  b i t )

~ f l oa t i ng  point numbers (32 b i t )

For  reasons" of  s to r age  e f f i c i ency ,  i n t ege r  number s  a r e  s to r ed
either as  small i n t ege r s  o r  a s  "large  i n t ege r s  . The  small
i n t ege r s  a r e  encoded  us ing  a function explained later. No PNAME
space i s  r e se rved ,  bu t  t he  encoded  number  i s  s t o r ed  i n  t he  desired
a tom value ce l l ,  l i s t  c e l l  o r  a r r ay  e l emen t  direc t ly .  I f  s t o r ed  a s
a l a rge  i n t ege r "  . a 52  b i t  word i n  PNAME i s  allocated into which
t he  number  i s  s t o r ed  i n  b ina ry  fo rma t ,  and  a po in t e r  i s  encoded
which  then  i s  pu t  i n to  t he  desired atom, l i s t  o r  a r r ay  cell.

Al l  number s  evaluate t o  t hemse lves ,  when  presented  t o  t he
exp re s s ion  ana lyze r ,  t he re fo re ,  t he i r  p r in tnames  neve r  need  to  be
quo ted .

Encod ing  number s  i s  done  i n  t he  fo l l owing  way:

Smal l  I n t ege r s
—_—__—“—fl . _—_——

I f  an  i n t ege r  number  i s  i n  t he  r ange  o f  [ —NSMIN..NSMIN ] ,  t hen  i t
i s  handled as  sma l l  i n t ege r .  Le t  x be  the  va lue  o f  t he  in teger ,
t hen  i t  i s  encoded  by

x + NPNP s i ze  o f  a r r ay  PNP
+ NLIST * 2 size of  array  LIST,  twice
+ NPNAME size of array  PNAME (without  swap bu f f e r )
+ NSMIN sma l l  in teger  l im i t

La rge  In t ege r s
___ -_  _____-__—

I f  t he  i n t ege r  i s  no t  i n  t he  r ange  [ —NSMIN..NSMIN ] ,  t hen  i t  i s
t r ea t ed  a s  l a rge  i n t ege r .  I n  t h i s  ca se ,  a PNAME cell i s  a l l oca t ed
on a word bounda ry ,  t he  binary  value i s  pu t  i n to  t ha t  c e l l ,  and  the
number  po in t e r  i s  calculated as  fo l l ows :

Le t  J be  t he  add re s s  o f  t he  cell allocated i n  PNAME t o  ca r ry  t he
i n t epe r ’ s  va lue ,  t hen  t he  po in t e r  i s :

J + NPNP s i ze  o f  a r r ay  PNP
+ NLIST size of  a r r ay  LIST

Note  t ha t  l a rge  i n t ege r s  a r e  allocated i n  t he  s ame  pa r t  o f  PNAME as
s t r i ngs  and  literal a toms ;  t he re fo re ,  two  d i f f e r en t  allocation
po in t e r s  JBP and  NUMBP a re  u sed ,  and  the  p r in tnames  o f  s t r ings  /
atoms and  b ina ry  number s  a r e  packed as  much  a s  pos s ib l e  t o  r educe
the  amoun t  unused  memory .
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F loa t inp  Po in t  Numbers

Floa t ing  po in t  number s  a r e  s to r ed  i n  t he  s ame  way  a s  l a rge
in t ege r s .  Po in t e r s  t o  t hese  number s  a r e  s e t  up  i n  a slightly
different way ,  howeve r .  Le t  J be  the  add re s s  o f  t he  PNAME cell
containing t he  r ea l  number  i n  b ina ry  fo rma t ,  t hen  t he  po in t e r  i s
calculated as :

3 + NPNP s i ze  o f  a r r ay  PNP
+ NLIST s i ze  o f  a r r ay  LIST
+ #Bßßßßßß  wh ich  se t s  t he  f i r s t  b i t  t o  one .

Al l  numbers  a r e  c r ea t ed  by  the  func t ion  MKNUM which  i s  supp l i ed
wi th  t he  b ina ry  value of  t he  number  and  a f l ag  indicating a r ea l  o r
i n t ege r  number t o  be  c r ea t ed .  Acces s  t o  a number  i s  done  u s ing  the
func t ion  GETNUM, wich  i s  supp l i ed  w i th  a number  pointer or  encoded
sma l l  i n t ege r ,  and  i t  r e tu rns  t he  b ina ry  va lue  and  a number  t ype
indicator.

LISP prov ides  t h r ee  types  of  numeric functions:

- i n t ege r  func t ions

— real func t ions

- functions wi th  value depend ing  on the  a rgumen t ' s  t ypes .

For  i n t ege r  func t ions ,  a l l  a rgumen t s  w i l l  be  conve r t ed  t o  in teger ,
i f  no t  a l r eady ,  and  the  r e su l t  r e tu rned  i s  o f  in teger  t ype .  Fo r
r ea l  func t ions ,  a l l  a rgumen t s  a r e  conve r t ed  t o  r ea l ,  i f  necces sa ry ,
a rd  t he  t ype  o f  t he  r e su l t  i s  r ea l .  Fo r  t he  t h i rd  func t ion  t ype ,
t he  r e su l t  i s  i n t ege r ,  i f  a l l  a rgumen t s  a r e  i n t ege r ,  otherwise t he
r e su l t  i s  r ea l .

The type of a given numeric fung t ion  can be der ived  from i t ' s  name:
i f  t he  f i r s t "  cha rac t e r  i s  an  I , t hen  i t  i s  an  in teger  function.
I f  i t  i s  F , t hen  i t  i s  r ea l ,  o the rwi se  i t  i s  a f unc t ion  o f  t he
th i rd  t ype .
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3 .2 .1 .4  Ar rays

Ar rays  a r e  con t iguous  r eg ions  o f  PNAME space . „They  cops i s t  o f  a
4—word heade r ,  a number  o f  cells r e se rved  fo r  unboxed  number s ,
and  a number  o f  cells containing any  LISP pointer.

The  arrays  a re  s to r ed  i n  t he  upper  pa r t  o f  PNAME; allocation of
a r r ays  i s  con t ro l l ed  by the  g loba l  variable NAfiRYP. The  heade r
contains t he  t o t a l  a r r ay  s i ze ,  t he  number  o f  unboxed  number
ce l l s ,  and  two  words  normally se t  t o  @. These  ce l l s  a r e  u sed  by  the
swappe r .

The  unboxed  number  s ec t i on  may  be  o f  l eng th  @, a s  may  be  t he
po in t e r  section. This i s  specified by  app rop r i a t e  a rgumen t s  t o  t he
sub r  ARRAY.

The  purpose of  t he  unboxed  number  r eg ion  i s  t o  s to r e  i n t ege r s  i n
h i r a ry  fo rma t ,  whe re  i t  i s  up  t o  t he  u se r  t o  i n t e rp re t  t he se  da t a
in  t he  desired way. Each  po in t e r  cell i n  an  a r r ay  can  have  a ( ca r )
and  a <3dr ) ,  t he re fo re ,  t he  t o t a l  a r r ay  s i ze  compu te s  t o

& s i ze  o f  heade r
+ p number  o f  unboxed  number  cells
+ 2 * J where  j i s  t he  number  o f  po in t e r  ce l l s .

Arrays  a r e  c r ea t ed  t h rough  the  func t ion  MKARRY which  a l l oca t e s  t he
neoces sa ry  PNAME space  and  in i t i a l i z e s  t he  heade r  w i th  t he  va lues
men t ioned  above .  A l so ,  t he  unboxed  number  r eg ion  i s  i n i t i a l i z ed  t o
ze ro .  and  the  po in t e r  r eg ion  (bo th  ( ca r )  and  <cd r>)  i s  initialized
t o  ) t he  va lue  spec i f i ed  i n  t he  sub r  ARRAY a rgumen t s  (wh ich  may be
NIL .

Af te r  s e t t i ng  up  the  a r r ay ,  i t ' s  po in t e r  i s  calculated i n  t he
fo l lowing  way :  Le t  j be  t he  add re s s  o f  t he  f i r s t  heade r  ce l l  o f  t he
a r r ay  i n  PNAME: t hen  t he  po in t e r  i s

j + #4ooeeoo

Arrays  a l so  have  p r in tnames ;  t he se  a r e  fo rmed  by conve r t i ng  t he i r
po in t e r  t o  ASCI I  hexadecimal presen t a t i on .  Arrays  canno t  be  r ead  i n
us ing  the  i n t e rp re t e r ' s  i npu t  func t ions ,  t hey  can  on ly  be c r ea t ed
by  the  func t ion  ARRAY.

Aores s  t o  a r r ay  e l emen t s  can  be  done  wi th  t he  co r r e spond ing  sub r ' s
ELT, ELTD,  SETA and  SETD.
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1302 .105  L i s t s

dn—u- i -n—p—

In t he  LISP l i t e r a tu re ,  t he  r ep reäen ta t i on  of lists i s  normally
explained us ing  the  box  notation , where each list element
consists of  t o  ce l l s ,  each of  wh ich  carries a valid LISP pointer.

These double cells a re  implemented us ing  two  parallel arrays ,  CAR
and  GDP, where  t he  CAR cell of  a l i s t  e l emen t  contains a pointer t o
i t s  va lue ,  and  the  CDR ce l l  points t o  t he  nex t  list e l emen t .

In  t h i s  implementation, howeve r ,  each list element i s  r ep re sen t ed
hy on ly  one memory ce l l  ( i n  t he  a r r ay  LIST) containing t he  va lue
po in t e r .  Lists a re  cons t ruc t ed  t h rough  the  sub rou t ine  CONS which
allocates a ce l l  of LIST space  and en t e r s  t he  va lue  t o  be CONS'ed.

The  succes sor  po in t e r  i s  ava i l ab l e  t h rough  incrementing t he  LIST
a r r ay  add re s s  by  one .  The re  a r e  s eve ra l  spec i a l  cons t ruc t s  howeve r ;
t he re fo re ,  t he  i n t e rna l  r ep re sen t a t i on  o f  l i s t s  and  the  bas i c  l i s t
operators a re  explained i n  de t a i l  i n  t he  fo l l owing  sec t i ons .

S ince  t he  box  no t a t i on  functionally remains valid also fo r  th i s
i np l emen ta t i on ,  a l l  cons t ruc t s  a r e  explained bo th  i n  box-notation
and  in  a g r a f i c  representation equivalent t o  t he  i n t e rna l
s t ruc tu re .  '

T.  l i s t  S t ruc tu re s
—__—_—_-___—_-_—_______

_ — — _  I - l l ' _  _ _ — _ _ — _ _ _ _ - - — _ - _ _ _ _ _

a )  In  box—nota t i on ,  e ach  l i s t  c e l l  con t a in s  two  po in t e r s ,  one  o f
which  po in t s  t o  t he  va lue  o f  t he  ce l l  (wh ich  may  be  an  a tom,
s t r i ng ,  sub l i s t  o r  a r r aY) .  t he  o the r  po in t s  t o  t he  nex t  l i s t
e l emen t  constituting t he  s t a r t  o f  t he  t a i l  o f  t he  l i s t .

—————__—__“—__— _ _ _ - _ _ _ — _ — — _ — - _ _  _ _ _ _ — _ - _ _ _ — _ _ _ —

b l  In  t h i s  L ISP  imp lemen ta t i on ,  t he re  i s  on ly  one  memory  ce l l  f o r -
each  l i s t  e l emen t ,  con t a in ing  the  ca r .  The  succes so r  i s  de f ined  in
one  o f  two  ways :  by  either t he  nex t  LIST cell or  Ey  the  con ten t s . o f
t he  nex t  ce l l  wh ich  i s  c a l l ed  con t inua t ion  marke r  .

In  t he  g ra f i c  r ep re seg tg t ion ,  t he se  markers a re  shown a s  ce l l s
con ta in ing  an  asterisk: * .
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Succes so r  determined by next LIST address :

Succes so r  de t e rmined  by continuation marker :

_ _ - * - - * _ — _ —  ___—__  __-__—-———-

} { } carl { car2 } * }

tote also that beg inn ing  and end of any list is r ep re sen t ed  by a
left or right parenthesis, respec t ive ly .  This is true also for
suhlists, as shown in the next figure.

Sublists
. I—fl_ . -_—_

a) In hox-notation, a sublist is determined by a ca r -po in t e r  of
some list element pointing to another list element:

___—“__fl____ -__  _ _ _ — _ _ _ _ _ _ _ _ _ _ _

} rari : cdrl I~*"-*>l car2 { cdr2 3 ***** >} cars { NIL }
__? __________________________________________

V

} carll : cdr l l  l - - - - -  )! car12 } NIL }__?____ __ g --

V V

b3 In this system, the sublists are identified in two ways. Since
the start and end of a list is always marked by appropriate
parentheses, eve ry  left parenthesis within a list indicates the
occuranne of a sublist — which is the same in the external
representation.

In the second case ,  a normal pointer to some LIST  element inoicates
the start of the sublist, if this cell contains a left parenthesis.



Embedded  s u b l i s t :

___—___—__—__—H__——_—u— ——“_M”- -—"u_— w—____—_———_—_——_—fl_—

- — _ — _ — _ _ — _ _ — _ _ _ - _ _ — “ — — _ _ _ _ _ - _ - _ _ _ _

{ ( } ca r1  { ca r2  { ca rö  | ) l

n {: _______________ _ ___-
—-->: ( { ca r11  { ca r12  ' ) }

m m+1  m+2  m+3

Note  t ha t  i n  t he  f i r s t  c a se ,  t he  sub l i s t  may  be  po in t ed  t o  by  a
continuation marke r ,  demons t r a t i ng  t ha t  embedded sub l i s t s  do  no t
need  to  be  physically embedded  in  t he  su r round ing  list e l emen t s .

Dot t ed  Pairs
" _ _ — _ _ _ —  _ _ _ —

a}  In  box-nota t ion ,  a do t t ed  pair consists of  a double ce l l ,  whe re
t he  r i gh t  ce l l  does  no t  po in t  t o  a l i s t .  L i s t s  can  be  t hough t  o f  a s
cons t ruc t ed  f r om do t t ed  pa i r s ,  and  hence ,  an  equivalent has  t o  be
ava i l ab l e  i n  t h i s  sy s t em.

b )  He re ,  a do t t ed  pair i s  imp lemen ted  a s  a l i s t  w i th  a do t
spec i f i ed  a s  cha rac t e r  code  d i r ec t l y ,  t he  do t t ed  pa i r  (A . B) will
be  s to red  a s :  '

_ _ _ — — — _ — _ — — _ _ _ — _ _ — _ — — _ _ — — — _ — _ — — — — — — _ — _ — _ — _ '

___ -___——- ‘_ -—___——_*—__—___—_ Ü_-_——_ ___—__

Note t ha t  t he  l i s t  (A . (B) )  i s  equivalent t o  (A . B) - since
parentheses a re  s to r ed ,  i t  i s  up  t o  t he  exp re s s ion  analyzer t o  sk ip
superfluous pa ren theses .
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II. List A c c e s l u n c t i o n s

List access  func t ions  are neccessary in this system, since for
instance a sea rch  in LIST may be neccessary to find the next top
level e l emen t  in a list — which is simply done  by f e t ch ing  the cdr
of a list element in box—nota t i on  sys tems .  The access functions
available here are:

Find next top level element

The function NEXT, supplied with a pointer to the current list
element, returns a po nter to the next list element. It reso lves
all embedded—suhlist-skipping and continuation—marker evaluation.

Determine value of actual list element
_ _  _ _ _ _ — _ - — — — „ _ — _ — _ _ — _ — _ _ _ _ — _ — _ _ _ — _ — _ - —

To obtain the value of a list element in box-nota t ion  sys tems ,  on ly
the car of the element has to be fetched. Here ,  a car—value may
point to a LIST cell containing another pointer (to a pointer ...).
The function GETEL just r e tu rns  the contents of the Specified cell
after de te rmin ing  its type. The pointer r e tu rned  may be a
continuation marker. '

The function GETARG resolves all pointer-to—pointer references
including continuation markers  and r e tu rns  the real list element
value and its type.

Accessing the first element of a list

Whenever the next tap level element of a list has been identified
as beeing a suhlist (after finding it through NEXT). and this
sublist has to be ana lyzed ,  access  to the first element is done by
incrementing the LIST address by one and using ;ETEL or GETARG,
dependinp on what has to be done.
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III. List-manipulating func t ions
___-_——______—____—“__—_—_—_—_-—__—

When r ead ing  lists from the input channe l ,  they can be stored
sequentially in LIST,  and no continuation marke r s  are neccessary.
There are several LISP func t ions ,  howeve r  which manipulate and
cons t ruc t  lists internally. For these functions, the resulting
structures are explained in this section.

The function CDR

al In box-notation sys tems ,  the result of the CDR function applied
to a list is Just the contents of the CDR cell of the first
element.

b) Here, the address of the next top level element of the list is
fetched us ing  NEXT, and then a list is cons t ruc t ed  CONSing a left
parenthesis and a continuation marke r  to this address. The result
of the function CDR t hen  is a pointer to the new list:

(SETQ x ’(A B (c D)))
(SETQ Y (CDR x))

_ — _ _ _ - _ _ _ . . — . n — _ — — — _ _ — _ _ — _ — — _ — _ — — _ _ — _ _ - _ — _ — _ _ _ _ — _ _ — —



The func t ion  CONS
_ — — — _ — n — _ _ — — — _ — — _ —

a) A double cell is a l loca t ed ,  and its CAR cell is filled with a
pcinter to the first a rgumen t ,  and the CDR cell receives the second
a rgumen t .

bl A new list has to be c rea t ed  defining a do t t ed  pair, if the
secord argument is not a list. If it is a list, then the result of
CONS is a list which has argument 1 as the first top level element,
and the top level elements of the second  a rgumen t  are also top
level elements of the new list. The result of CONS in this case is:

(SETQ x (cons ’A '(B c)))
_ _ _ — _ _ _ _ — — — n — — — — _ _ _ —

x ——~> € ( : A ! * }__-__--__-_____?-__

v

% ( : B : c : ) %

Note that the above examples ,  the list elements contain pointers to
the atoms A, B and C. For r easons  of simplicity, t hese  are
r ep re sen t ed  by the atom names.

Note also that in the CONS example ,  no dot has to be spec i f i ed ,
since a dot and a following parenthesis pair eliminate each other .



T h e  function APPEND

a) in box—notation systems, a copy is made of all top level
elements of the first a rgumen t .  The CBR-cell of the last top level
element is then filled with a pointer to the second argument.

(SETQQ x (A (B c ) ) )
(SEYQO Y (U (v) w))

x(SETO Z (APPEND Y))

- x ———> l A ! —--l——*—> % : NIL #
___..__............___..... ...... E _________

lv
____> % B I ———:-——-> = c : NIL !
E __________________________
I

__________________ :::;_________
2 ———> ! n ! ———:————> ! : ' I______________________ ‚___

T _________________________
l

v
Y ———> : U : ———#————> E | % ———i————> { w i NIL &_____________ „ {___ ___________„„

I
v

} v } NIL !

bl In this system, a new list is made from the top level elements
of sublist, a pointer to the original sublist will be put in the
corresponding position in the new list. Following the last top
level element, a dot and a pointer to the second argument and a
right parenthesis are s to red .  For the above example, the following
structure results:

x ---> : ( = A = < : B : c } ) : > =
|
I

_______________  } _______„______ ._______

z ———> : < : A : : . : = ) =
I___________________________ ‚_________T ________________________

I

V
—_—_—_—b--—__——__—___ .  " _ _ — " - — _ _ _ _ — _ _

_ _  — _ _ _ _ _ _ _ — — — _ _ _ _ _ — _ _ _ _ “ _ — _ — — — _ — _ _ _ _ _ _ _ _ _ - _ _
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The func t ion  NCONC

a} In box-no ta t i on ,  the CDR cell of the f i r s t  argument’s last top
level element receives a po in t e r  to the second argument.

(SETQQ x (A B c))
(SETQQ Y (U v))

x IEZZZZZ—EZE————> EIZEII:EEEE--—-> EZEZZEIEEEIE

v EIiäZZEZiEEEE————> 3311333511
(SETQ z (NCONC x Y))

„ ---> ?";“T'iII----> T""£"?"-TI?-——-> c
_ _ _  ___——_l—_____C———__—_—_____—_-__“__—__—____-

_—___———————— —_i—_———_——_—_

“__—m—n__w——-  ___—____ l——___

b) Here, the end of the first argument is sea rched .  Let J be the
address of the list element p r e c e E d i n g  the right parenthes i s ,  then
LIST(j) is CONS'ed into a new cell, and a continuation marker to
this rell is put into LIST(J). Then, a pointer to the second
argument, a dot and a continuation marker ,  pointing to the last
right parenthesis of the first argument, are CONS'ed. For the above
e x a m p l e ,  we have:

x ———> = < : A“ : B : c : ) :

Y ———> : < : u : v = > :

x.z ———> : ( : A : B : * : > =
______________________  l

l
I l; _____________________ =___
l I-———> = c : . : : * :

.... ______________ } _ _ _ _ _ _ _ _ _

l
!
V

— _ _ — _ _ - —  ___—„__  ___—___- - -
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The  func t ion  NCONCI

a )  In  box-nota t ion ,  a new cell i s  a l l oca t ed ,  and  a po in ter  t o  this
cell r ep l aces  t he  con ten t s  o f  t he  CDR cell of  t he  first a rgumen t ' s
l a s t  e l emen t .  The  CAR o f  t he  new cell r ece ives  a po in t e r  t o  t he
second  a rgumen t ,  and  the  CDR rece ives  NIL.

(SETQQ x (A B c ) )
(SEToo Y (U V))

See  the  NCONC example  fo r  box  representa t ion .

(SETO z (NCONCI x Y))
___-_____-—__  _ _ — - - _ _ _ - _ _ — _  _ — _ — _ - _ _ _ - _ _ _

x.z ———> : A : -—-:-—-—> : B : -——:——--> = c : =__________________________  ....................._...1....._
IT _________________________

I
V

= = NIL :
...-.... } ___—___ . . .—

. _________________
I
V

Y ———> : U : -—-:—--—> : v : NIL :

h)  Here ,  t he  s ame  15  done  a s  1n  NCONC, except  t ha t  no  do t  i s
CONS'ed.

For  t he  above  example ,  we have :

x.z -—-> : ( : A : B : * = ) :
| A

_____________________  =

: ——————————————————— =———-> : c . :  | # * :--—_________ ;_________
V

Y ---> : < : U : v = ) I
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The function RPLACA
“ ___—— „___—___—__—_

a) In box—nota t ion ,  the con ten t s  of the CAR pa r t  of the e l emen t
pointed to by the first a rgumen t  is r ep l aced  by the po in t e r  to the
second  a rgumen t .

Example 1:
(SETOQ x (A B c))
(SETOQ Y (U V))

See the NCONC example  for box r ep re sen t a t i on .

(RPLACA x Y)

X ———> : % ——-l——-—> ! B % ———I----> & c : NIL :
...—...]} ___________________________________

I

v

Y —-—> : U : ———:————> ; v } NIL ;

Example 2:
(SETOO x ((A B) c))
(SETQO Y (U V))

x -—-> : % —--l—-——> : c = NIL !
___!  ______________________

E
{ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

—-—> ! A : ——-i————> : B { NIL :

Y -——\ : U % --—I————> } v l NIL I

(RPLACA x Y)

x ——-> : „ ! —-*l-———> } c i NIL I___;  _________ __= _

= __________________________

: : A : -—-:--—-> : B : NIL :
I: __________________________

l

v

“Y —--> : U ! -—-i—-—-> ! v % NIL !
_ u — — — — — - — — _ - M _ _ —  _ _ _ — — - — — u _ — — — -



b) In  t h i s  imp lemen ta t i on ,  action depends  of t he  t ype  of t he  f i r s t
t op  l eve l  e l emen t  o f  t he  f i r s t  a rgumen t .  I f  i t  i s  a po in t e r  t o  a
number ,  s t r i ng / subs t r i ng ‚  array  or  a tom,  t h i s  po in t e r  i s  r ep l aced
by  the  s econd  a rgumen t .  This applies also fo r  sub l i s t  po in t e r s .

Exanp le  1 :
(SETQQ x (A B C) )
(snroo Y (U V))

See  the  NCONC example  fo r  i n t e rna l  r ep re sen t a t i on .

(RPLACA X Y)

For  embedded sub l i s t s .  a d i f f e r en t  me thod  i s  u sed .  The  f i r s t  l e f t
pa ren thes i s  o f  t he  l i s t  po in t ed  t o  by  t he  f i r s t  a rgumen t  i s
r ep l aced  by a con t inua t ion  marker  po in t ing  t o  a new CONS’ed l e f t
pa ren thes i s .  Then ,  t he  po in t e r  t o  t he  s econd  a rgumen t  and  a
continuation marker  t o  t he  s econd  top  l eve l  e l emen t  o f  t he  f i r s t “
a rgumen t  a r e  CONS’ed.

Example 2 :
(SETQQ x ((A B) c ) )
{SETOQ Y (U v ) )

___  _ _ _ — _ _ _ _ _ — _ _ _ _ - _ _ - — _ _ _ — _ _ _ _ - _ _ _ _ _ _ - — _ -  ___

_ _ _ — _ _ _ — — — — — _ _ _ _ — _ _ _ _ _ — — -

| | I | | ! V A * I I l l I



The function RPLACD

a) In box—notation, the
pointed to
second  a rgumen t .

Example 1:
(SETQQ x (A B c))
(SETQQ Y (U v))

con ten t s
by t he  f i r s t  a rgumen t  is rep laced  by the po in ter  to t he
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of the CDR cell of t he  e l emen t

See t he  NCONC example  for box representa t ion .

(RPLACD x V)

Erawple 2:
{SETQQ x ((A B) c))
(SETQQ Y (U V))

— — — — _ _ — — _ _ _ - _

See example  2 ,  func t ion  RPLACA for box representa t ion .

(RPLACD X Y)

_—_—_—-——_——'_

X ———> ) l : ) c : NIL )
...... } -..—...... } ...-... _____________

I l
I I
v _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_____________  _ _ _ -  }

l A ) -—-: - - - ->  ) B ) NIL I E__________________________  .
? _________________ _ ______

V

Y —-—> ) U l ---:—-—-> ) V ) NIL I



b) Here .  the last LIST cell be long ing  to the f i r s t  top level
element of the f i r s t  a rgumen t  has to be searched .  Its con ten t s  i s
CONS'ed and replaced by a continuation marker pointing to the new
CONS’ed cell. Then ,  the po in t e r  to the second  a rgumen t  and a
continuation marker po in t ing  to the l a s t  r i gh t  parenthesis of the
f i r s t  argument are CONS'ed.

Example 1:
(SETQQ x (A B c))
(SETOO Y ( U  V))

See the NCONC example for in terna l  representa t ion .

(RPLACD X Y)

x -—-> € ( i * ! B : c i ) I

v %
___________________ =

% A l l * {--

" "!
v

Y ———> { ( i U % V ! ) !
_____—__— _____ - -___ -

Example 2 :
(SETOQ x ((A B) c))
(snroo Y (0 v))

See example  2, func t ion  RPLACA for internal representa t ion .

(HPLACD X Y)

x -——> : ( = ( : a : 3 = * : c 3 ) :



3 .2 .2  Garbage  Collection
_———_———_—_—-_-_—n

Cons ide r  t he  s equence

(SETQ x 4990)
(SETQ x soon)

In  execution of  t he  first expression. s to rage  w i l l  be  allocated fo r
t he  number  4@@@, and  a po in t e r  t o  t ha t  cell wi l l  be  re turned  and
bound  to  t he  a tom X.  The  PNAME cell used  fo r  t he  number  w i l l  be
used  only as  l ong  a s  t he  a tom X remains bound  to  i t ;  t he  execut ion
of t he  s econd  exp re s s ion  w i l l  lead t o  t he  allocation of  ano the r
PNAME cell r ece iv ing  the  va lue  o f  5650 .

Then ,  t he  f i r s t  cell wi l l  no  l onge r  be  r eachab le ,  t he re fo re ,  t h i s
ce l l  shou ld  be  f r eed  fo r  later r e - a l l oca t ion .  Such  a s i t ua t i on  may
arise fo r  any  da t a  t ype ,  and  hence ,  f o r  each FORTRAN da t a

s t ruc tu re s  i nvo lved  in  L ISP  s to rage  managemen t ,  a decen t  ga rbage
collection method  has  t o  be  ava i l ab l e .

The  arrays  used fo r  r ep re sen t a t i ng  L ISP  da t a  can  be  g rouped  fo r
ga rbage  co l l ec t i ng  purposes  as  fo l l ows :

- CAR, CDR, PNP
- PNAME
— LIST

Whenever space i n  one  o f  t he se  g roups  i s  exhaus t ed ,  t he  ga rbage
cc l l ec to r  i s  c a l l ed  t o  f r ee  any  unused  space .  A l so ,  t he  u se r  can
explicitly ac t iva t e  ga rbage  collection. The  garbage  co l l ec t ion
methods a re  desc r ibed  in  t he  fo l l owing  sec t i ons .

5 .2 .2 .1  CAR,  CDR and  PNP Garbage  Collection

Al l  literal a toms  and  s t r ings  cu r r en t ly  i n  u se  a r e  marked  by
nega t ing  t he i r  CDR—ce l l .  Then ,  t he  ac t i ve  cells a re  compac ted  by
sh i f t i ng  t o  t he  t op  a s  much  a s  pos s ib l e .

Th i s  i s  accomplished by search ing  fo r  positive CDR cells and
t e s t i ng  whe the r  t he  co r r e spond ing  CAR ce l l  con t a in s  a po in t e r  t o
NOBIND, STRING o r  SUBSTRING. I f  an  unused  ce l l  i s  f ound ,  t he  nex t
used  ce l l  i s  s ea rched  f rom the  end ,  and  i t s  con ten t s  i s  f i l l ed  i n to
t he  unused  ce l l .  Le t  J be  the  add re s s  o f  some used  ce l l ,  t hen
HTAB(J) wi l l  r ece ive  t he  new o r  o ld  add re s s .

When a l l  a c t i ve  ce l l s  a r e  compac ted ,  a l l  da t a  s t ruc tu re s  a r e
sea rched  fo r  po in t e r s  t o  a toms ,  and  the  o ld  po in t e r s  w i l l  be
rep l aced  by  the  va lues  s to r ed  i n  HTAB. F ina l ly ,  t he  hash  t ab l e  has
to  be  refilled by  a call t o  t he  sub rou t ine  REHASH.
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3 .2 .2 .2  PNAME Garbage  Collection

The  array  PNAME contains four  kinds of  data :

- pr in tnames  o f  literal atoms
— pr in tnames  o f  s t r ings
- number s
— arrays

There  i s  no  need  fo r  mark ing  p r in tnames  of  s t r i ngs  and  literal
a toms ,  S ince  on ly  p r in tnames  a r e  accessible which have  a PNP en t ry .
Fo r  marking  number s  and  a r r ays ,  an  additional a r r ay  MARK i s  u sed  a s
a b i t -map ,  whe re  each  b i t  represent s  one  PNAME word .  Each  number
occupies one  PNAME word ,  and  the  co r r e spond ing  MARK b i t  i s  s e t  t o
one ,  i f  t he  number  cell i s  active. For  a r r ays ,  t he  b i t
co r r e spond ing  to  t he  f i r s t  heade r  cell i s  s e t  t o  one ,  and  a l so ,
t h i s  heade r  word wi l l  be  marked  by  se t t i ng  b i t  4 ,  i f  t he  a r r ay  i s
active.

For  literal a tom,  s t r i ng  and  number  garbage  co l l ec t ion ,  t he
fo l lowing  compres s ion  algorithm i s  used:  s tar t ing  wi th  t he
pr in tname  fo l l owing  tha t  o f  t he  a tom T ,  s t r i ng  and  a tom p r in tnames
wi l l  be  compac ted  by pack ing  a s  much  a s  possible t h rough“
overwr i t ing  unused  space.

Wenever an  ac t i ve  number  i s  f ound  be tween  p r in tnames ,  i t  w i l l  be
s to red  i n  t he  swap  bu f f e r  wh ich  has  been  emptied on  en t ry  t o
ga rbage  collection. Norma l ly ,  t he  swap  bu f f e r  w i l l  be  l a rge  enough
to  r ece ive  a l l  a c t i ve  number s ,  bu t ,  i f  no t ,  p r in tname  compaction
will be  in t e r rup t ed ,  and  the  number s  collected i n  SWPBUF wi l l  be
cop ied  t o  t he  nex t  f r ee  PNAME ce l l s .

For  each  b lock  o f  number s ,  an  en t ry  i s  made in  h igh  HTAB which
consists of  t he  o ld  address of  t he  f i r s t  number  o f  t he  b lock  and
the  l eng th  o f  t he  b lock .  Fo r  p r in tnames ,  t he  new add re s s  i s  wr i t t en
i n to  t he  co r r eSpond ing  PNP ce l l  immediately.

Af te r  empty ing  the  SWPBUF, p r in tname  compac t ion  and  number
co l l ec t i on  can  p roceed  in  t he  way  desc r ibed  above  un t i l  a l l
p r in tnames  and  number s  a r e  moved.

Since  t he  p r in tname  po in t e r s  have  been  upda t ed  du r ing  compac t ion ,
on ly  number  po in t e r s  have  t o  be  changed  in  a l l  da t a  s t ruc tu re s .  Fo r
a g iven  number po in t e r ,  t h i s  i s  done  by calculating t he  b lock
addre s s  and  offset of  t he  new number  ce l l  u s ing  t he  o ld  add re s s ,
t he  MARK b i t -map  and  the  en t r i e s  made  in  HTAB fo r  each  b lock  o f
number s .

Arrays  will be  compac ted  by  sh i f t i ng  t he i r  con ten t s  t o  t he  end  o f
PNAME as  much  a s  pos s ib l e .  Ac t ive  arrays  a re  recogn ized  by  the  MARK

b i t  co r r eSpond ing  to  t he  f i r s t  heade r  word  be ing  se t  - t he  s i ze  o f
a g iven  a r r ay  can  be  de t e rmined  f rom i t s  heade r .
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When upda t ing  the a r r ay  pointers, the new addre s s  for a given array
is calculated us ing  the array  f r ee  space pointer NARRYP, the

arraysize information, contained in each a r r ay  header, and the MARK

a r r ay .

If an a r r ay  Specified by some old address, x is determined a s  be ing
the j—th a r r ay  i n  s e q u e n c e ,  t h e n  t h e  n e w  array  addre s s  c a n  be

calculated f rom NARRYP and the length of the arrays  preceeding it,

since after compac t ion ,  all cells are active in the PNAME array

space from NARRYP to NPNAME.

Both number and a r r ay  pointer upda t ing  r equ i r e s  r epea t ed  sequential

search in the MARK array  which may cause considerable ga rbage
collection execu t ion  time, especially fo r  number—crunching

applications. Sugges t i ons  for enhancemen t s  are made in chap te r  5.

3 .2 .2 .3  LIST Garbage  Collection

For  lists, all active elements are marked hy setting bit 4 of the

corresponding LIST cells. LIST compress ion  is performed in a way
similar to printname compaction: starting at the top, free space is

searched and filled with contents of active cells which are

searched starting at the end of LIST.

For each unused block of l eng th ,  J>3, (3-1) active cells are
searched from the bottom, their contents is replaced by  a pointer

to an unused cell, where the old value is stored. The J-th cell

then is filled with a continuation marker which points to the block

of active cells just copied.

After that, the next free and active blocks are sea rched  and

hardled in the same way, until the a r r ay  is compac ted  completely.

Lis t  pointers then can be updated t h rough  replacing t hem by  the
contents of the LIST cell they are pointing to.
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The expression analyzer is the main part of the sys tem.  It contro l s
all actions and calls the other subsystems, wheneve r  needed .  This
rhapter explains the functional s t ruc tu re  of the expression
ana lyze r .  More details on its Operat ion  can be found  in appendix 2,
where flow of control and da ta  is shown using an example LISP
program.

Set system to initial state
___—_. .__—_—__——__—— _ _ _ - — — _ -

Before starting a program run, or after occurance of fatal errors,
several global variables and the stack have to be rese t  to bring
the system into a clean status.

Read rext item

After initialization or pr in t ing  the result of the last expression
eva lua t ed ,  the interpreter requests the next expression to be input
by calling the I-O handling subsys tem which r eads  a complete
expression, s to re s  it in internal format and returns a pointer
which enables the expression analyzer to access that structure.

Analyze item

Using storage management functions, the type of the item will be
identified, and the expression ana lyze r  acts depend ing  on that
type.

For numbers, s t r i ngs  or array  po in ters ,  no th ing  has to be done to
evaluate them, because theynevaluate Just to themselves. Control is
t r ans fe r r ed  to the function recurs ion:  popp ing  .

For literal a toms,  the actual binding has to be checked  which may
be either local on the actual association list (ALIST) ,  or global
t h rough  the atom's value cell, if it does not occur on the ALIST.
If there is no value specified for the atom on the ALIST,  and the
value cell contains a pointer to UNBOUN, then control is
t r ans fe r r ed  to the error handling section.

if a value is defined, then control is t r ans fe r r ed  to the function
recursion: popping  as above.

For lists, the global variables ARGI and ARGZ are set to point to
the first and second top level element, respectively. The first
element always has to be a function name — if it is not, control is
t r ans fe r r ed  to error handling.



A function can  be  a sub r  o r  an  exp r  (one  o f  t he i r  variants). I f  i t
i s  a subr ,  a new recu r s ion  level i s  initialized by  se t t i ng  up  the
s t ack  proper ly .  and  then con t ro l  i s  t r ans fe r r ed  t o  t he
suh r - t r ea tmen t .

I f  i t  i s  an  exp r ,  t he  a tom has  a proper ty  l i s t ,  and  the  func t ion
de f in i t i on  i s  f e t ched  f rom t he  proper ty  FNCELL.  Each  func t ion
definition i s  e i t he r  LAMBDA or  NLAMBDA; i n  t he  f i r s t  c a se ,  t he
a rgumen t s  have  t o "  be  eva lua t ed ,  t he re fo re ,  con t ro l  i s  t r ans fe r r ed
to  t he  func t ion  r ecu r s ion :  push ing  , o the rwi se ,  t o  t he  func t ion

IAMFDA/NLAMBDA t r ea tmen t  .

Pecur s ion :  push ing
__—__  _ -__ - -___ -——-

The  sys t em uses  two  s tacks ,  bo th  implemented i n  an  array  STACK:

- t he  func t ion  s t ack
— t he  a rgumen t  s t ack

Wheneve r  a func t ion  has  t o  be  execu ted  and  the  a rgumen t s  have  t o  be
evaluated be fo re  execut ion ,  a func t ion  code  i s  s t o r ed  i n  t he
func t ion  s t a rk .  I n  t he  a rgumen t  s t aok ,  a l l  a rgumen t  pointers
be lonp ing  to  t he  func t ion  code  a r e  s to r ed .

In  some  case s  i t  c anno t  be  p red i c t ed ,  how many  a rgumen t s  will be
s to red  fo r  a c e r t a in  func t ion  code .  In  t h i s  ca se ,  a po in t e r  t o  t he
a rgumen t  s t ack  cell containing t he  f i r s t  a rgumen t  w i l l  be  pushed
in to  t he  func t ion  s t ack .

Af t e r  pushing t he  func t ion  code ,  t he  exp re s s ion  analyzer has  t o
eva lua t e  t he  nex t  i t em:  i t  b r anches  t o  t he  func t ion  analyze i t em .

Recursion: popp ing
_ _ _ — _ _ _ — _ _ — _ — _ — _ — _

A func t ion  code  has  t o  be  papped  f rom the  t op  o f  t he  s t ack .
Depend ing  on  th i s  func t ion  code ,  con t ro l  i s  t r ans fe r r ed  t o :

- LAMBPA/NLAMBDA t r ea tmen t
— argumen t  t r ea tmen t
~ sub r—trea tmen t
— e r ro r  hand l ing
— r e su l t  p r in t i ng

LAMBPA—NIAMBDA t r ea tmen t
‚___—o——“__—__—-_-——-“_-—

Recursion will con t inue  un t i l  a l l  b ind ings  a r e  e s t ab l i shed .  The
va r i ab l e  names  ( ac tua l ly :  po in t e r s )  and  the  a s soc i a t ed  va lues  a r e
s to red  i n  ALIST .  Then ,  t he  func t ion  de f in i t i on  w i l l  be  f e t ched ,  and
a function code  wi l l  be  pushed ,  indicating t he  f ac t  t ha t  mu l t i p l e
expre s s ions  may  have  t o  be  evaluated due  to  t he  na tu re  o f  LAMBDA
and NLAMEDA bodies. Control i s  t r ans fe r r ed  t o  t he  func t ion

recu r s ion :  pushing .



44

Argumen t  t r ea tmen t

For  each  a rgumen t  i n  t he  exp re s s ion  ac tua l ly  eva lua t ed ,  con t ro l  i s
t r ans fe r r ed  t o  t he  func t ion  recurs ion:  push ing  which leads t o
eva lua t ion  o f  t ha t  a rgumen t ,  and  a po in t e r  t o  t he  r e su l t  w i l l  be
s to red  i n  t he  a rgumen t  s t ack .  Af t e r  a l l  a rgumen t s  have  been
eva lua t ed ,  con t ro l  i s  t r ans fe r r ed  t o  t he  sub r—trea tmen t .

sub r - t r ea tmen t
“ _ _ _ — _ — — _ _ _ _ — _

I f  * the  func t ion  i s  a f sub r ,  t he  sub r - subsys t em wi l l  be  called t o
pe r fo rm a l l  necces sa ry  actions. For  sub r  5 ,  t he  a rgumen t  t r ea tmen t
has  t o  be  ac t i va t ed  t o  analyze t he  exp re s s ion ’ s  t op  l eve l  e l emen t s .

Af t e r  a rgumen t  eva lua t ion ,  t he  r e su l t  po in t e r s  a r e  s to r ed  i n  t he
g loba l  variables ARGI..ARGS or  i n  t he  s t ack ,  and  the  sub r - subsys t em
is  called t o  execu te  t he  func t ion .

Er ro r  t r ea tmen t

There  a r e  two  kinds of  e r ro r s :

— hard e r ro r s ,  t he  sys tem has  t o  be  r e se t  t o  i n i t i a l  s t a t e
- so f t  errors ,  a message  i s  p r in t ed ,  t hen  r ead  nex t  i t em

Pr in t  r e su l t

The  inpu t  ha s  been  comple t e ly  analyzed - t he  result i s  handed  ove r
t o  t he  I-O hang l ing  subsystemuuhich performs t he  ou tpu t .  Con t ro l  i s
t r ans fe r r ed  t o  r ead  nex t  i t em .

No te  t ha t  t he  sub r  subsystem dec ides  i t s e l f ,  whe re  t o  r e tu rn  t o ,
s ince  execution of  sub r  code  may r eques t  eva lua t ion  o f  exp re s s ions
be fo re  comple t i ng ,  and ,  on  r e tu rn  f rom a sub r ,  e r ro r  hand l ing  o r
r e su l t  pr in t ing  may  be  necces sa ry ,  f o r  example .
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3.4 T h e  sub r  Subsys t em
_ _ _  _ m — l — _ — — — _ _ H _ — _ _

The subr subsys tem consists of da ta  s t ruc tu re s  and the FORTRAN code
implementing a set of LISP functions which can e i the r  be used
directly or as a basis for implementing more  complex functions.
These functions are some t imes  r e f e r r ed  to by the term built--in
functions in ana logy  to predefined functions in other language
processors.

In LISP systems, normally the term "subr' is used to indicate that
a certain function is defined internally, as opposed to expr for
functions defined as s-expressions. The term subr is sometimes
preceeded by f , indicating t ha t  the func t ion  is NLAMBDA which
means, it s a rgumen t s  are „not evaluated be fo re  execu t ign ,  and
sometimes the character * is attached to the term subr ,
irdicating that the function allows for a variable number of
a rgumen ts .  These additional attributes are also posssible for
expr —functions.

3.3.1 Internal Represen t a t i on  of subr's
„ _ _  _ _ _ - _ _ _ — _ _ _ _ fl - — _ — _ _ — _ — — _ — _ _ _ “ —

For each subr, not only the FORTRAN code  implementing the function
has to be supplied, but also this code must be identifiable by the
name of the function. Therefore. several lists of subr-names are
provided in the file ATOMS which is read during system
initialization.

Each of the ? lists contains the names of functions of a certain
type, which is defined by the number  of a rgumen t s  and other
a t t r i bu t e s .  When r ead ing  the ATOMS initialization file, for each
type, numbers are as s igned  to function names and saved in a global
variable dedicated to that type. The names of these variables and
their meaning are listed in table 3.5.1—1.

The function numbers are actually the numbers as s igned  internally
to the atoms, whose names were read from the ATOMS file during
initialization. When analyzing a LISP expression, the function name
is used to determine the function number which is then matched  to
one of the above types. The i n t e rp re t e r  can t hen  i den t i fy  the
iubroutine which contains the function code and transfer control to
t.

The subr code is contained in the 6 subroutines listed in table
3.3.1—2. Also, for each subr this table shows the LISP function
type of the functions contained in the corresponding subrout ine .



: variable } meaning }

% SUBRß E number of  func t ions  with @ a rgumen t s i
I I _ I
{ SUBRii  { h ighes t  number  o f  numeric functions l
E % with one  a rgumen t  ( add  to  SUBRß) }
I

! SUBRi } highest number o f  functions with i
i 5 one  a rgumen t  ( add  to  SUBRi i )  }

l
l l l
{ SUBR2 { highest number  o f  func t ions  with |
E i two a rgumen t s  (add  to  SUBRl) i
l I I

! SUBRS { highest number  o f  func t ions  with }
E E t h r ee  a rgumen t s  ( add  to  SUBRZ) i
I I I

: SUBR { highest number  o f  func t ions  with }
! { arb i t rary  many a rguments  i
l } (add to  SUBRB) i
l l I

I _ IE FSUB 5 highest number of NLAMBDA functions 5
l I I( add  to  SUBR)

Table 3 .3 .1 -1
Iden t i f i ca t i on  o f  func t ions  by  number s

{ sub rou t ine  } LISP func t ion  t ype  {

} ISUBRB I subr , ß a rgumen t s  }
l ISUBRI I sub r  , 1 a rgumen t  :
3 ISUBRZ } sub r  , 2 arguments  }
{ ISUBRS { sub r  , 3 a rgumen t s  l
} ISUBRN I sub r*  I
: IFSUBR { f sub r ,  f sub r*  %

Table 3 .3 .1 -2
FORTRAN sub rou t ines  con ta in ing  sub r  code
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3 .5 .2  Execution of  sub r ' s

Wheneve r  t he  expression analyzer has  found  an  executable list
con ta in ing  a sub r ' s  f unc t ion  name, t he  func t ion  number  i s  compu ted
as  described above ,  and  the  a rgumen t s  a r e  evaluated. Their values
t hen  a r e  pu t  i n to  t he  co r r e spond ing  g loba l  variables (ARGI . .  ARGS
for  subr  or  a rgumen t  s t ack  fo r  subr*) ,  and ,  u s ing  t he  func t ion
number ,  con t ro l  i s  t r ans fe r r ed  t o  t he  app rop r i a t e  subroutine.

Since t he  a rgumen t  va lues  a r e  po in t e r s  t o  t he  ac tua l  va lues ,  t he
l a t t e r  a r e  f e t ched  us ing  the  s to r age -managemen t  func t ion
co r r e spond ing  to  t he  a rgumen t  t ype .  Then ,  t he  func t ion  number  i s  '
used  to  b ranch  to  t he  r eques t ed  func t ion  code  v i a  a t ab l e  o f
FORTRAN s ta temen t  labels.

In  mos t  ca se s ,  t he  func t ion  code  cove r s  a l l  a c t i ons  necces sa ry  t o
pe r fo rm the  func t ion ,  some t imes  howeve r ,  i t  i s  necces sa ry  t o  u se
fea tu re s  imp lemen ted  i n  t he  exp re s s ion  ana lyzer .  In  t h i s  ca se ,  t he
s t ack  i s  s e t  up  proper ly  t o  a l l ow  fo r  a decen t  r e tu rn  t o  t he  sub r
code  a s  we l l  a s  t he  exp re s s ion  analyzer a f t e r  t he  func t ion
execution i s  comple t ed .

Fo r  a no rma l  r e tu rn ,  a po in t e r  t o  t he  va lue  r e su l t i ng  f rom the
func t ion  execu t ion  i s  r e tu rned  v i a  t he  g loba l  va r i ab l e  ARGl .  Fo r
error  cond i t i ons ,  r e tu rn  i s  v i a  t he  e r ro r  hand l ing  s ec t i on  de f ined_
in  each  sub rou t ine .

3 .3 .3  Execu t ion  o f  f sub r ' s

For  t he  f sub r ' s ,  f unc t ion  execution i s  s imi l a r  t o  t he  sub r
hand l ing .  Howeve r ,  t he  a rgumen t s  a r e  no t  eva lua t ed  be fo re  t he
func t ion  i s  a c t i va t ed .  The  f sub r  code  con ta ined  in  t he  sub rou t ine
IFSUBR handles a rgumen t s  i n  one  o f  two  d i f f e r en t  ways :  .

a )  t he  a rgumen t s  a r e  no t  eva lua t ed  by  the  exp re s s ion  ana lyze r ,
bu t  t hey  a r e  s canned  d i r ec t l y  w i th in  t he  func t ion  code .  Th i s  i s
t rue  fo r  t he  func t ions  QUOTE and  SELECTQ,  fo r  example .

b)  The  a rgumen t s  a r e  eva lua t ed  unde r  con t ro l  o f  t he  func t ion
code  by  us ing  the  exp re s s ion  ana lyzer .  Thi s  i s  t he  ca se  fo r
func t ions  l i ke  PROG, where t he  arguments  have  a spec i a l
mean ing ,  a s  fo r  i n s t ance  t he  l oca l  va r i ab l e  bind ings  which  have
t o  be  evaluated be fo re  execution of  t he  s equence  o f
s - exp re s s ions  defining t he  PROG body .
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3 .5  The  Ro l l e r  subsys tem.

The ro l l er  subsystem allows fo r  quick initialization of  t he  L ISP
sys tem.  Once  t he  u se r  env i ronmen t  i s  s e t  up  by  de f in ing  the  desired
se t  o f  LISP func t ions  and  da t a  s t ruc tu re s ,  a binary  image  o f  t he
sys t em da t a  can  be  s to r ed  on  an  external f i l e  fo r  l a t e r  u se  by
ca l l i ng  t he  sub r  ROLLOUT.

This image  can  then  be  r ead  back  in  du r ing  sys t em s t a r t—up ,  o r  by
ca l l i ng  t he  sub r  ROLLIN.

3.5.1 Crea t ing  a B ina ry  Image

The  sub r  ROLLOUT f i r s t  c a l l s  t he  ga rbage  co l l ec to r  ( see :  s to rage
managemen t )  t o  f r ee  any  unused space ,  t hus  minimizing t he  amoun t  o f
da t a  t o  be  wr i t t en  t o  d i sk .  Then ,  a l l  g loba l  variables de f in ing  the
ac tua l  sy s t em s t a tu s  a r e  wr i t t en  i n  binary  fo rma t  t o  a logical
channel specified by  the  u se r :

CONA - -  dynamic po in ters  t o  d i f f e r en t  FORTRAN arraysCOMB —- COMMON a rea  /B /  up t o  t he  system flags (DREG(7))
COMCH —— COMMON a rea  containing t he  cha rac t e r  variables
CHTAB -- cha rac t e r  type  t ab l e
HTAB - -  ha sh  t ab l e
CAR.
CBR,
PNP —— va lues  de f in ing  a toms  and  s t r ings
IHESS -— message  array
STACK - -  f unc t ion— and  a rgumen t  s t ack
LIST —— l i s t s
PNAME - -  a tom p r in tnames ,  number s  and  a r r ays

The ou tpu t  i s  a c tua l ly  pe r fo rmed  by  the  sub rou t ine  DMPOUT.

3.5.2 Read ing  a B ina ry  Image
__-  _ — _ _ - _ — _ _ _ — _ — _ — — — — _

A b ina ry  image  c r ea t ed  by  the  func t ion  ROLLOUT can  be  r ead  back  by
t he  func t ion  ROLLIN. I t  f i r s t  r eads  t he  dynamic  a r r ay  po in t e r s
(COMA) and checks  them on cons i s t ency  t o  t he  ac tua l  i n t e rp re t e r
s t ruc ture .

I f  t he  ac tua l  sy s t em l ay -ou t  a l l ows  to  r ead  i n  t he  da t a  from the
ro l l e r  f i l e  ( a l l  dynamic  po in t e r s  l e s s  t han  a r r ay  bounds ) ,  t he
image  i s  t r ans fe r r ed  t o  ma in  memory ,  o the rwi se  a message  i s  i s sued .

Inpu t  i s  pe r fo rmed  by the  sub rou t ine  DMPIN.



49
€)

!

C
D The  Swappe r=  Subsys tem

___—___  
___

The Swapper subsystem provides a l l  necces sary  features t o  extend
t he  memory  Space  available fo r  one  o f  t he  LISP da ta  t ypes ,  name ly
the  arrays .

‘These  a r e  allocated i n  PNAME, a s  desc r ibed  in  Chap te r  3 .2  ( s to r age
managemen t ) .  Since PNAME space may  be  t oo  res tr i c t ed  on  a ce r t a in
imp lemen ta t i on ,  arrays  can  be  maintained on  a disk f i l e  i n s t ead  o f
in  ma in  memory ,  t r anspa ren t  t o  t he  u se r .  Once  an  a r r ay  has  been
c rea t ed  using t he  app rop r i a t e  L ISP  func t ion ,  i t  c an  be  made
swappable t h rough  the  func t ion  MKSWAP. Also ,  swappable arrays  can

be  made  r e s iden t  i n  ma in  memory .

Acces s  t o  swappable arrays  (1 . e . ,  re tr i ev ing  t he  con ten t s  o f  a r r ay

e l emen t s ,  o r  chang ing )  i s  done  by  the  normal  array  access
functions. Addi t i ona l ly ,  t he  sub r  subsys tem contains pred i ca t e s  t o
t es t  a r r ay  a t t r i bu t e s .  .

3 .6 .1  In t e rna l  P re sen t a t i on
_ ——————————— d—n-no—oou—un—u-

Arrays  a r e  r ep re sen t ed  by  pointers t o  t he i r  heade r s .  Fo r  no rma l
a r r ays ,  t he  heade r  i s  followed physically i n  PNAME by the  a r r ay
body .  Fo r  swappable a r r ays ,  t he re  i s  a l so  a heade r  (o f  t he  same
fo rma t )  wh ich  Jus t  carries some additional information. The a r r ay
body .  howeve r ,  i s  no t  a l l oca t ed  i n  PNAME, bu t  on  t he  swap f i l e .

Wheneve r  body  of  a swappable a r r ay  has  t o  be  acces sed  ( and ,  i f  i t
i s  no t  a l r eady  swapped i n ) ,  i t  i s  f e t ched  from d i sk  and  t r ans fe r r ed
to  t he  swap buf fe r  (actually pa r t  o f  PNAME). The  swappe r  da t a
s t ruc tu re s  a r e  shown in  f i gu re  3 .6 .1 -1 .

The  swap  t ab l e  SWPTBL

The swap table i s  an  a r r ay  con ta in ing  an  i n s t a l l a t i on  dependen t
number  o f  fou r -word  en t r i e s .  Each  en t ry ,  when  in  u se ,  con t a in s
i n fo rma t ion  on a swappable a r r ay  ac tua l ly  swapped i n  (body  in  t he
swap buf fer ) .

Each en t ry  cons i s t s  of :

— a po in t e r  t o  t he  a r r ay  heade r  i n  PNAME
— a pointer t o  t he  f i r s t  swap  bu f f e r  block allocated fo r  t he  body
— t he  number  o f  b locks  a l l oca t ed

an  add i t i ona l  ce l l ,  cu r r en t ly  unused!

Ent r i e s  i n  SWPTBL a re  a l l oca t ed  dynamica l ly ,  wheneve r  an  a r r ay  has
to  be  swapped i n ,  and  a r e  f r eed ,  when  swapping ou t  t he
co r r e spond ing  a r r ay .
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3 .6 .1 -1Figu re
Swapper  Data St ruc tu re s



The array heade r  in PNAME
_ _ _ — _ _ . - — _ _ - “ _ _ - - - — — — — — _ — _

Each array header consists of four  words in PNAME. For normal
arrays, only the first two words are used  to s to re  the arraysize
and the size of the unboxed number  r eg ion .

For swappable arrays, the f i r s t  heade r  word contains two additional
flags. one of t hem indicating the array be ing  swappab le ,  the other
marking the array as swapped in or swapped ou t .

The third header cell contains a po in t e r  to t he  swap t ab l e  entry
allocated for t ha t  array, when it is swapped in. The four th  cell
contains a po in t e r  to t he  first record allocated on t he  swap file.
for t ha t  array.

The swap buf fe r

The swap buffer is organ ized  as a sequence of 258—byte  blocks in
PNAME. Wheneve r  an array is swapped in, the swap buffer contains a
complete cOpy of the array contents, including the original header.

The number of blocks allocated for an array depends  on it's size
(first word of heade r ) .  Only arrays smaller than the swap buffer
can be made swappable. On the o the r  hand ,  more t han  one array can
be in the swap buffer at the same t ime ,  t hus  r educ ing  swapper
ove rhead .

The swap buffer d i r ec to ry
”___—___  _‘_*__——__-—__——_

The swap d i r ec to ry  SWPDIR is used to keep  track of used/free blocks
in the swap buf fer .  _It is actually a bit—map: for an allocated
block. the corresponding bit is off (6), and free blocks are marked
by a l—bit.

The swap file

For each  swappable array, a number of 256-by te  records is allocated
cn the swapper's disk file. The space allocated for an array is
kep t  reserved for it, until it eventually is made r e s iden t  again,
cr the swap file is initialized.

The swapper disk file directory
_ _ _ - _ _ _ _ _ - _ _ _ _ _ — — — _ _ _ — _ - — — _ — l _ u —  _ _ _ —

The array DSKDIR is used as a bit-map to indicate used/free blocks
ir the same way as SWPDIR for the swap buffer. In t h i s
implementation, the binary image of DSKDIR is written to the first
record of the swap file, wheneve r  it has been  updated. Thi s  allows
for keeping the swap file contents be tween  different system runs.
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3 .6 .3  Swapper Operation

The  swapper subsystem contains fou r  major  func t ions  resembling t he
possible status  transitions of  arrays :

MKSWAP ————————————
———————————— l r e s iden t  I
I - - - - - - - - ->{  a r r ay  i: : ————————————
! l
} ! MKUNSUAP
V I

—————————————— swnpour ——————————————
% a r r ay  i ————————————— > { a r r ay  }
! swapped-1n I < -------------  } swapped-out}
—————————————— SWAPIN —-—-———————--—

Figu re  3 .6 .3 -1
Array  Sta tu s  Transitions

The  swappe r  functions a re  called e i the r  du r ing  execution of  t he
corresponding  LISP functions or  a s  a consequence  o f  ce r t a in
in t e rp re t e r  internal even t s ,  a s  fo r  instance ga rbage  collection.
There fo re ,  t he  mos t  swappe r  FORTRAN code  i s  s epa ra t ed  f rom t he
ISUBR' s  and  pu t  i n to  a s e t  o f  FORTRAN subroutines and  functions.
These  func t ions  a r e  desc r ibed  in  t he  following sec t i ons .

3 .6 .3 .1  Func t ion  MKSWAP

The  FORTRAN func t ion  MKSWAP se rves  t o

- allocate space  fo r  t he  a r r ay  on  the  swap file
— copy  t he  con ten t s  o f  t he  a r r ay  f rom PNAME into SWPBUF.

Allocation of  disk space  i s  pe r fo rmed  by ca l l i ng  t he  func t ion
FDSPAC which t r i e s  t o  f i nd  a p rope r  number  o f  consecutive blocks
( r eco rds )  i n  t he  d i sk  f i l e  hy  i n spec t ing  t he  a r r ay  DSKDIR.

I f  enough  space  i s  ava i l ab l e ,  t he  r eco rds  a r e  marked  a s  a l l oca t ed ,
and  the  d i sk  image  o f  DSKDIR i s  upda t ed .  I f  no t  enough  space  i s
ava i l ab l e ,  an  e r ro r  message  i s  r e tu rned  to  t he  u se r .



Next ,  t he  function FBSPAC i s  u sed  t o  p rov ide  space  i n  t he  swap
buffer. Eventually, o the r  swapped- in  a r r ays  have  t o  be  swapped ou t
be fo re  t he  array can  be  copied. Also ,  FBSPAC allocates a swap  t ao l e
en t ry  and  l i nks  i t  t o  t he  array heade r .  Sho r t age  o f  swap table
entries will also fo rce  some swapped—in  array  t o  be  swapped out .

MKSWPA t hen  s e t s  up  more  array heade r  and  swap  t ab l e  information.
and  then  the  array i s  copied f rom PNAME to  SWPBUF using t he
func t ion  MVARRY. The_a r r ay  heade r  remains va l id :  a l l  po in t e r s  t o  i t
w i l l  now po in t  t o  a swappable array. The  fo rmer  array  body  howeve r ,
wi l l  be  l o s t  du r ing  ga rbage  collection.

5.6.3.2 Func t ion  SWPOUT

The function SWPOUT i s  called i n  t he  fo l l owing  ca se s :

swap  bu f f e r  space needed  dur ing  MKSWAP or  swap—in
swap  t ab l e  en t ry  needed  fo r  MKSWAP or  swap—in
the  subr  ROLLOUT has  been  ca l l ed
t he  sub r  EXIT has  been  called
ga rbage  collection i s  calledfu
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The func t ion  SWPOUT fe t ches  a l l  necces sa ry  i n fo rma t ion  on the  array
to be swapped ou t  from i t ' s  heade r  and swap t ab l e  en t ry .  S t a r t i ng
a t  t he  SWPBUF addre s s  ( f e t ched  from SWPTBL), t he  app rop r i a t e  number
of b locks  ( a l so  f e t ched  from SWPTBL) i s  wr i t t en  t o  t he  swap f i l e
s t a r t i ng  a t  t he  f i r s t  r eco rd  a l l oca t ed  fo r  t he  array ( f e t ched  f rom
the heade r ) .

Next ,  t he  swap  bu f f e r  d i r ec to ry  SWPDIR i s  upda t ed ,  t he  swap  t ab l e
en t ry  i s  f r eed  and  the  array i s  marked a s  swapped ou t  i n  i t ' s
heade r .

5.6.3.3 Func t ion  SWPIN

Thi s  func t ion  i s  c a l l ed  du r ing  execution of  t he  L ISP  func t ions  ELT,
ELTD, SETA.  SETD and  MKUNSWAP. I t  f i r s t  checks ,  whether t he  array
i s  a l r eady  swapped  in .  I f  no t ,  space  i s  a l l oca t ed  i n  SWPBUF th rough
a ca l l  t o  FBSPAC which  may  cause  swap-ou t  o f  o the r  arrays, as
desc r ibed  above .

The swap  t ab l e  en t ry  and  the  array heade r  a r e  s e t  up ,  and  the  array
con ten t s  i s  r ead  i n to  t he  swap  bu f f e r  f rom d i sk .  SWPIN re tu rns  a
pc in t e r  t o  t he  f i r s t  word  o f  t he  array heade r  i n  SWPBUF which
a l lows  the  ca l l e r  t o  t r ea t  t he  array as  a norma l  r e s iden t  one  i n
the  fo l l owing  array ope ra t i ons .



3.6.3.4 Function UNSWPA

This func t ion  i s  used t o  make a swappable array  resident. I t  f i r s t
swaps t he  array  i n  u s ing  SWPIN, t hen  PNAME space  i s  allocated
through MKARRY (see:  s to rage  management) and the  a r r ay  content s  a re
moved  to  t he  space allocated by  a ca l l  t o  MVARRY. The  swap table
en t ry  and  the  space allocated on  d i sk  and  in  t he  swap buf fe r  a r e
f r eed  by  upda t ing  SWPDIR and  DSKDIR. The  LISP func t ion  MKUNSWAP
r e tu rns  a po in ter  t o  t he  new a r r ay ;  t he  o ld  a r r ay  heade r  i s  still
available, howeve r ,  i f  t he re  a r e  any  bind ings  t o  i t  occu r ing  1n
va r i ab l e s ,  l i s t s  o r  a r r ays .
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4 Por t i ng  and  Installing t he  Sys t em
___—__“ |___—____—_____ - - -______ -_ -

The  LISP sys tem i s  implemented i n  FORTRAN-IV as  i t s  p r edeces so r
LISPF3  to  prov ide  a high degree  o f  -po r t ab i l i t y .  The re fo re ,  t o
install t he  sys t em on  a g iven  compu te r ,  on ly  a f ew  modifications of

the  sou rce  code  have  t o  be  made ,  most ly  where  func t ions  p rov ided  by
the  ope ra t i ng  sys tem a re  r e f e r enced .

The LISP  sys t em i s  imp lemen ted  on  two  d i f f e r en t  compu te r s
current ly ,  namely t he  MODCOMP CLASSIC (ATM 73)  and  the  ATM 88—66.
Opera t ing  sys t em dependen t  f ea tu re s  a r e  t he re fo re  clearly
identified i n  t he  sou rce  code  a l r eady  by  p rov id ing  a f i l e  fo r  each
compu te r  containing t he  critical func t ions  and  subroutines.

To install t he  system on  ano the r  compu te r ,  a f i l e  o f  subroutines
and- func t ions  has  t o  be  p rov ided  which i n t e r f ace  be tween  the  LISP
and  the  ope ra t i ng  . sy s t em.  Also ,  fo r  o the r  FORTRAN-IV ve r s ions ,  i t
may be  necces sa ry  t o  mod i fy  t he  sys t em sou rce  e l s ewhere ,  a s  fo r
instance t o  change  s t a t emen t  o rde r ing ,  o r  cha rac t e r  translation and
s to rage .

Once the  sou rce  code i s  accep ted  by the  FORTRAN gompiler ofn the
compu te r  sy s t em in  ques t i on ,  t he  so f tware  has  t o  be  con f igu red  t o
de f ine  t he  s i ze s  o f  t he  i n t e rna l  da t a  s t ruc tu re s .  S ince  FORTRAN
al lows  on ly  s t a t i c  da t a  s t ruc tu re s .  a l l  a r r ays  have  t o  be
dimensioned prepe r ly ,  and  a number  o f  variables have  to  be  p re se t ,
wh ich  enab le  t he  sys t em to  know abou t  t he  so f tware  con f igu ra t i on .

A l l  p rog rams  involved i n  sy s t em initialization a re  co l l ec t ed  i n  one
f i l e ,  name ly  t he  f i l e  INIT .  In  mos t  ca se s  i t  w i l l  t he re fo re  on ly  be
necces sa ry  t o  mod i fy  t he  con ten t s  o f  t h i s  f i l e  t o  t a i l o r  t he
sys t em.  On ly ,  when chang ing  the  sys t em s t ruc tu re  ( e .g . ,  t o  enhance
the subr  s e t ) .  o the r  subrou t ines  might be a f f ec t ed .  This e spec i a l l y
applies when chang ing  the  sys t em da t a  base  , t he  COMMON s t ruc tu re
which on  the  ATM 78  sys t em i s  he ld  i n  a s epa ra t e  f i l e ,  bu t  i s
ava i l ab l e  i n  each  sub rou t ine  d i r ec t l y  fo r  t he  ATM 89-60 sys tem due
t o  t he  mi s s ing  i nc lude ' - f ac i l i t y .

In  t he  fo l l owing  sec t i ons ,  t he  s t eps  i nvo lved  in  sys t em
i n s t a l l a t i on  a r e  desc r ibed .
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4.1 Data St ruc tu re  Conf igurat ion
_ _ _  _____—___- -___‘_

The subrout ine  INIT1. con ta ined  in the INIT file, prese t s  all
variables r e l a t ed  to data s t ruc tu re  lay-out and variables relating
to machine dependen t  f ea tu re s .  Here ,  the data s t ruc ture  lay-out
will be descr ibed .  For a specification of machine dependen t
variables. r e f e r  to appendix  1 .  -

Note  t ha t  for changing any array declarations, they have tg be
changed, wherever  t hey  occur ,  - in file VAR, if include is
available, and in each sub rou t ine  or function, if not.

Array LIST

Since in this array, all lists created during system execution are
stored, it should be dimensioned as large as possible. A minimum
size of 10000  elements is r ecommended  for systems providing the
complete_ ezpr package to the user. Set the variable NLIST to the
value desired, and change the declaration of LIST appropr ia te ly .

In this version, no data structures are equivalenced to LIST, and
therefore nothing else has to be done.

Arrays  CAR,  CDR,  PNP,  HTAB

Since these a r r ays  are all used  to store literal atoms, the i r  sizes
depend  on each other. The array HTAB is used as hash table, and
must therefore provide more elements than the expec ted  number  of
atoms used in a system run. Let n be this number, then CAR and CDR
each have to be conf igured  to n elements. The size of HTAB then
should be n*1.5 or more.

Also the size of the array PNP depends on the size of CAR and CDR:
it must be configured to 2*n+1. Bes ides  dec lar ing  the arrays
appropriately, the variable NHTAB has to be set to the size of
HTAB, and the variable NPNP has to be set to 2*n.

Array STACK

This array is used to maintain the two stacks (function— and
argument stack). It should be declared to not less than 596
elements. The variable NSTACK has to be set to the size of the
array. There is no relation to other data structures.
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Array  PNAME
_—w-u~~_- - -

Thi s  array  i s  u sed  t o  s to r e  a tom and  s t r ing  pr in tnames ,  number s  and
a r r ays ,  and  the re fo re  should also be  con f igu red  a s  l a rge  a s

_poss ib l e .  A l so  i t  con t a in s  t he  swap  bu f f e r  wh ich  i s  equ iva l enced  to
i t s  upper  par t .  The  va r i ab l e  NPNAME specifies t he  upper  data
s to rage  l imi t ,  where  NSWPBW g ives  t he  s i ze  o f  t he  swap buf fe r  i n
PNAME e l emen t s .  PNAME must be  dec l a r ed  t o  t he  desired s i ze ,  and  the
variables NPNAME and  NSWPBW have  to  be  s e t  appropriately (see also
swapper data  s t ruc tu re s ) .

Note  also t ha t  rea l  values will be  s to red  i n  PNAME and  to  inhibit
da ta  conve r s ion  by  FORTRAN, a REAL array  RPNAME of  t he  s ame  s i ze  a s
PNAME i s  equ iva l enced  to  t he  l a t t e r .  The  RPNAME dec l a r a t i on  has  t o
be  changed .

Swappe r  Data  St ruc tu re s
„___—___“- - -  -_——-——____

The  swap buf fe r  SWPBUF ment ioned  above  i s  equ iva l enced  to  PNAME as
follows:

SWPBUF(1) = PNAME(NPNAME+1)
= PNAME(NSWPBB)

swpnur(nswpnw) = PNAME(NswPBE)

and  the re fo re ,
nswrnw = NSWPBE — NSHPBB + 1

The  va r i ab l e s  NSHPBU, NSWPBE and  NSWPBB have  to  be  s e t
oon fo rming ly .  -

The  swap buf fe r  and  the  d i sk  f i l e  a r e  accessed  on  a r eco rd  bas i s
fo r  da t a  t r ans fe r  and  s to rage  managemen t  pu rposes .  The  number  o f
r eco rds  o r  blocks  i n  t he  swap buf fe r  i s  t hen :

NSWBLK = NSWPBW / (NBPREC / BYTES)

where  NBPREC and  BYTES a re  mach ine  dependen t  values.

The  a r r ay  SWPDIR must be  dec l a r ed  t o  p rov ide  one  b i t  f o r  each block
i n  t he  swap buf fe r ,  and  i t s  s i ze  has  t o  be  specified i n  t he
va r i ab l e  NSWPDI a s :

NSWPDI * 52  = ,>  NSWBLK

For  each  swpped—in  a r r ay ,  a f ou r—elemen t  en t ry  i s  u sed  i n  t he  a r r ay
SWPTBL, so  t ha t  i t s  l eng th ,  spec i f i ed  i n  t he  va r i ab l e  NSWPTB, mus t
be

NSWPTP = 4 * NSWPTE

where  NSWPTE t hen  spec i f i e s  t he  number  o f  swap table en t r i e s
available.
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Fina l ly ,  the array DSKDIR has to provide one bit for each r eco rd  in
the swapper’s disk file. It is reasonable to dimension the DSKDIR
to a multiple of the r eco rd  s i ze ,  since it is maintained on the
first r eco rds  in the suap file for re-initialization. Let NDIRSC be
the number of disk records used for the disk direc tory ,  then DSKDIR
must be dec l a r ed  to ‘

NDSKDI = NDIRSC * (NBPREC / BYTES)

e l emen t s .

Buf fers

The- variable IOBUFF has to be set to the size of the arrays ABUFF,
RDBUFF and PRBUFF. These arrays  are statically initialized in the
block data segmen t .  ‘ .

Array IMESS

This array keeps  all system messages, and it has to be dec l a r ed  to_

MAXMESS * (NBMESS / BYTES)

where MAXMESS is the number of messages available, and NBMESS is
the maximum message length.

Array CHSET

This array is equivalenced with the variables keep ing  cha rac t e r s  of
special mean ing .  Bes ides  preper CHSET declaration, the variable
NCHTYP has to be set to the size of CHSET.

4.2 Operating System and non—standard FORTRAN Calls

For seve ra l  purposes, bit manipulation is used internally. This is
done by four  func t ions :

SETBT SETBF TESTB ISHFT

Conforming to bit order ing  and true/false value assignment,
appropriate FORTRAN func t ions  have to be provided.

For direct disk access (swapper), two routines RDREC and WRREC have
to be supplied. The system time has to be delivered through the
routine TIMDT4.

Finally, cha rac t e r  f e t ch ing  and s tu f f ing  is expec ted  to be done by
GETCH and PUTCH. Different versions are supplied with the system.
The ATM—Bß—Gß version can be used for systems supporting LOGICAL*1
data type.
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4.3 System Initialization Files
___—___-—_ __ "“ _ _ _ — _ _

The file ATOMS contains cha rac t e r  definitions, the subr names, some
variable names and the system messages.  It is r ead  dur ing  initial
system start—up, when no ROLLIN file is available. Of special

' 1n t e r e s t  are the cha rac t e r  definitions which might have to be
changed on a given sys tem.

In this case, also the file SYSPACK might  have  to be inspected, and
possibly charac ters  may have  to be changed there also.

The SYSPACK file contains all expr definitions available as
described in appendix 3 .  More function definitions may be added, or
func t ions  may be deleted or modified without af fec t ing  the system
structure.

The functions available are packaged  in the following way:

BASICI BASIC2  I01 FUNCi
DEBUGl DEBUG2 EDIT MAKEFILE
1&F-PACKAGE

Package  func t ions  may re fer  to functions defined in other packages ,
so ca re  must be taken, when de le t i ng  any function definition.

4.4 System Environment

Several files and devices have to be provided for proper  sys tem
operation. These are:

standard input device ( LUNIN )
standard output device ( LUNUT )
ATOMS file ( LUNSYS )
SYSPACK file
roller file ( LUNROL )
swapper direct access file ( LUNSWP )

Additionally, t he re  m a y  be

alternate input / output files
alternate roller files
MAKEFILE files

When starting a new run, the user is asked for the type of the
system desired which may be either clean (on1y„subr's defined),
or a prede f ined  binary  image provided by the standard roller
file. When using the first type of system, a direct call to ROLLIN
may be used with the approPriate l og i ca l  channel number  to read in
a user specific binary image.

The initialization method may be changed, however, by adding or
deleting code in the main program INI.
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5 Conclusion

5.1 Portability Problems

The  system i s  implemented i n  ' pu re '  FORTRAN IV ,_avo id ing  the  u se  o f
the  extensions i n  t he  ATM—78 FORTRAN, and  a l l  critical opera t ing
sys tem functions have  been  collected i n  sy s t em dependen t  f i l e s ,  I
expe räegoed  some  surpr i se ,  when installing t he  software on  the
ATM—8 6 . '

Near ly  no  one  o f  t he  zo  o r  more  sou rce  f i l e s  was  compiled co r r ec t l y
on  the  f i r s t  a t t empt .  Mos t  o f  t he  p rob lems  came  f rom the  f ac t  t ha t
t he  ATM-8669 FORTRAN per forms  some t ype -check ing  fo r  subroutine and
func t ion  pa rame te r s ,  a s  l ong  a s  t hese  a re  co l l ec t ed  i n  one  f i l e  and
compi l ed  t oge the r  - a nice f ea tu re  fo r  t hose ,  who can  a f fo rd  t o  u se

t .

There  a r e  more  s e r ious  p rob lems ,  however :  as  fo r  instance t he
re j ec t i on  o f  s t a t emen t  func t ions  w i th in  func t ions ,  o r  p rob l ems
re l a t ed  t o  FORTRAN internal s to rage  l ay—out ,  documen ted  nowhere —
a t  l e a s t  no t  i n  acces s ib l e  documen ta t i on .

One o f  t he se  s to r age  p rob lems  on the  AEG—8969 i s  t he  limitation on
a r r ay  s i ze s ,  whe re  no  FORTRAN array  may  be  l a rge r  t han  64  k bytes .
Thi s  r e s t r i c t i on  i s  no t  app l i cab l e ,  when runn ing  LISP-SP on  o the r
machines.

Orig ina l ly ,  I imp lemen ted  t he  swappe r  i n  a way  tha t  t he  swap  bu f f e r
was  pa r t  o f  t he  LIST a r r ay  a s  we l l  a s  PNAME - t he reby  prov id ing  t he
bas i s  fo r  l a t e r  imp lemen ta t i on  o f  swappab le  func t ion  definitions.
Thi s  was ach ived  on the  ATM-78 by  overlaying LIST and  PNAME
pa r t i e l l y ,  bu t  a s  a s i de  e f f ec t  o f  t he  s i ze  r e s t r i c t i on  fo r  a r r ays ,
i t  was  no t  pos s ib l e  t o  imp lemen t  on  t he  ATM—8966, and  the re fo re  i s
no t  ava i l ab l e  on  t he  l a t t e r .

Th i s  i s  no  r ea l  s e r ious  p rob lem,  howeve r ,  s i nce  ve ry  l i ke ly ,  a
be t t e r  way  to  imp lemen t  swappab le  func t ions  i s  t o  p rov ide  a
sepa ra t e  swappe r  fo r  L IST ,  involving a different swap  bu f f e r
management  a lgo r i t hm re f l ec t i ng  t he  need  to  keep  a func t ion
de f in i t i on  i n  memory  un t i l  i t  i s  comple t e ly  execu ted .
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5 .2  Tes t i ng  t he  In t e rp re t e r

LISP i s  a ve ry  f r i end ly  sys t em,  seen f rom the  t es te r ’ s  po in t  o f
v iew,  s ince  sys t em ope ra t i on  can  be  verified beg inn ing  a t  a ve ry
ea r ly  deve lopmen t  s t age .  Once  t he  exp re s s ion  ana lyze r  allows fo r
ca l l i ng  sub r ' s ,  each  sub r  can be implemented and t e s t ed
immediately. Also ,  i f  t he  sub r  code  i s  known  to  pe r fo rm co r r ec t l y ,
i t  c an  be  u sed  to  t e s t  t he  exp re s s ion  analyzer which  can  be
stabilized wi th  reasonable e f fo r t  only by  additionally using sone
tracing nechan i sm.

Besides t h roughpu t  a spec t s ,  t he  availability of  a symbolic t r ace r
on the  ATM—78 was one  o f  t he  r ea sons  fo r  originally implementing
t he  sys t em on  th i s  mach ine .

Once  the  sys t em seemed  ma tu re  enou  h ,  more  complex  t e s t s  we re
derived from example  p rog rams  in  [EP79  and  [HH81] ,  t he  b igges t  one
be ine  t he  an ima l  identification problem. Some changes  t o  t he
program had  to  be  made ,  howeve r ,  t o  conve r t  MACLISP into INTERLISP.

More t e s t  packages  t hen  whe re  d rawn  f rom the  LISPFS expr  package ,
e .g . ,  t he  ed i to r ,  and  a number  o f  p rob lems  were  identified and
f i xed .

Since  no  fu l l y  symbo l i c  debu  ge r  was  ava i l ab l e ,  two  add i t i ona l
f ea tu re s  have  been  imp lemen ted  go  a id  i n  t e s t i ng .  One i s  t he  WSTACK
rou t ine  wh ich  can  be  ca l l ed  any t ime  to  p r in t  t he  con ten t s  o f  t he
a rgumen t  and  func t ion - s t ack ,  and  wh ich  can  be  activated a t  t he  mos t
impor t an t  p l aces  i n  t he  p rog ram by  Jus t  s e t t i ng  t he  sys f l ag  3
(DREG[3] )  t o  T .

Ano the r  u se fu l  a s s i s t an t  i s  t he  ' debugge r '  wh ich ,  when  activated
t h rough  a backslash i n  co lumn  1 i n  t he  i npu t ,  a ccep t s  command lines

specifying global variable names (sys tem s ta tus )  and  pr in t s  their
con ten t s  i n  any  fo rma t  de s i r ed .  Th i s  f ea tu re  i s  a lways  ava i l ab l e ,
and the  debugge r ' s  symbol t ab l e  i s  i n s t a l l ed  a s  a normal LISP
a r r ay ,  and  r an  a s  such  be  made  swappab le ,  o r  de l e t ed ,  o f  cou r se .

The re  i s  one  func t ion  i n  t he  sys t em wh ich  i s  more  d i f f i cu l t  t o
t e s t ,  name ly  t he  ga rbage  collector. Especially fo r  t e s t i ng  i t ,  t he
’debugge r '  was  o f  g r ea t  impor t ance .  Once  t he  ga rbage  collector was
stabilized enough  to  do  so ,  t he  acke rmann  func t ion  was  u sed  to
c rea t e  heavy  s to rage  managemen t  ac t i v i t y ,  and  then  a more  complex
p rog ram was  wr i t t en  t o  t e s t  e spec i a l l y  l i s t  managemen t .

Th i s  p rog ram a l lowed  fo r  relaxing a b i t  i n  t he  mos t  d i f f i cu l t
implementation phase: i t  r equ i r ed  t o  s i t  i n  f ron t  o f  a cha rac t e r
dr iven  color gra f i c s  t e rmina l ,  gene ra t i ng  circles of  growing  sizes
and  d i f f e r en t  co lo r s .  Wheneve r  t he  s equence  o f  colors was  ou t  o f
the  expected orde r ,  a p rob l em had  been  found  in  ga rbaged  l i s t
s t ruc tu re s .
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5 .3  Proposals fo r  Improvement
_ _ _ - _ _ _ _ _ _ - _ _ _ - _ _ - — _ — _ _ - _ _

Sof tware  neve r  i s  pe r f ec t  — this applies t o  LISP-SP as  t o  any  other
prog ram.  The  prob lem Jus t  i s  t ha t  t ime  i s  l im i t ed ,  and  new ideas
canno t  be  implemented i f  work i s  eve r  planned t o  be  ended .  I f
someone wants  t o  pick up  LISP—SP and  make i t  be t t e r  — he re  a r e  some
hints abou t  wha t  can  be  done .

F i r s t  o f  a l l ,  swappable l i s t s  wou ld  p robab ly  add  mos t  t o  L ISP-SP ' s
a t t r ac t i venes s ,  and ,  based  on  the  FORTRAN elements available fo r
a r r ay  swapp ing ,  i t  shou ld  no t  be  t oo  ha rd  t o  do .

Then ,  i t  may  be  r ea sonab le  t o  change  the  s to r age  managemen t  fo r
number s :  i n  t he  cu r r en t  ve r s ion ,  due  t o  t he  l im i t ed  ha rdware
env i ronnen t  wh ich  was  ava i l ab l e ,  number s  a r e  s to r ed  interleaving
wi th  a tom and  s t r i ng  p r in tnames .  Th i s  leads t o  a ga rbage  collection
a lgo r i t hn  involving sequential sea rches  fo r  number  pos i t i ons ,  and
i n  ' heavy  number crunching’  applications can imply  h igh  ove rhead .

I f  L ISP-SP  i s  eve r  go ing  to  be  u sed  fo r  t ha t  pu rpose ,  i t  m igh t  be
wor th  t o  s e t  up  a separate array  fo r  s t o r ing  t hose  number s ,  change
MKNUM, GETNUM and  the  o the r  r e l a t ed  func t ions  app rOpr i a t e ly ,  and
t hen  — t he  mos t  complicated pa r t  o f  t he  Job  — change  a l so  ga rbage
collection.

Also  LIST ga rbage  co l l ec t i on  migh t  be  changed :  po in t e r—to—poin t e r
r e f e r ences  migh t  be  r e so lved  to  compac t  l i s t s  by  t ry ing  to  s to r e
a l l  e l emen t s  o f  l i s t s  sequentially without use  o f  continuation
markers. Thi s  w i l l  r equ i r e  a h igh ly  sophisticated a lgo r i t hm,  i f  i t
i s  pos s ib l e  a t  a l l .  The re  i s  no doub t ,  howeve r ,  t ha t  l i s t  ga rbage
collection will t ake  more  t ime  in  t h i s  ca se ,  and  no  e s t ima te s  can
be  made on the  amoun t  o f  space  f r eed  additionally.

Another ,  and  aga in ,  f a r  more  i n t e r e s t i ng  enhancemen t  migh t  be  t o
change  the  ALIST and  p rope r ty  l i s t  managemen t  t o  avoid sequential
searches fo r  variables and  p rope r t i e s .

Also ,  t he  u se r  may wish  t o  add sub r ’ s  t o  t he  sys t em — t h i s  i s  on ly
as  compl i ca t ed  a s  t he  func t ions  themselves a re .  Embedd ing  new sub r
code  in to  t he  sys t em can  ea s i l y  been  done  by  us ing  the  FORTRAN
elements and  documen ta t i on  ava i l ab l e .

Fina l ly ,  implementation of some sor t  of ' compi l e r '  would be an
enhancemen t  o f  ma jo r  impor t ance  - certainly a p ro j ec t  requiring
quite some amount of  t ime .
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5.4 Differences to INTERLISP
_ — —  -———-__-__ - -_——_--_—_

LISP-SP implements only a subset of INTERLISP for use on today’s
’mini-conputers’. All functions of majo r  importance  are ava i l ab l e ,
and can be  used  to implement more  complex f ea tures .  This can be
seen by i n spec t ing  the expr  package ,  conta in ing  an ed i to r ,
debugge r ,  make f i l e  and o the r s .

Some of INTERLISP’s f ea tu re s  requ ire  additional FORTRAN cod ing ,
however :  hash - func t ions  and -arrays ,  and CLISP f ea tu re s ,  as the
r eco rd  data t ype ,  for example.

The INTERLISP func t ions  not imp lemen ted  in LISP—SP are marked  in
the comparative function l i s t ,  appendix 4 .
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The variables be long ing  to  t h i s  COMMON—block ca r ry  information
abou t  t he  swapper.

NSWBLK —— number  o f  t he  swap-blocks
NSWPBB —— number  o f  t he  swap—buf fe r—beg in
NSWPBE -— number  o f  t he  swap-bu f f e r—end
NSWPBW -— number  o f  t he  swap—buf fe r—words
NSWPDI - -  number  o f  t he  swap-d i r ec to ry—words
NSWPTB —— number  o f  t he  swap- t ab l e—words
NSWPTE —— number  o f  t he  swap- t ab l e—en t r i e s
NBPREC —— number  o f  by t e s  pe r  r eco rd
NDIRSC —— number  o f  d i r ec to ry - sec to r s
NDSKDI —- number  o f  d i sk—di rec to ry -words
DSKDIR- - -  d i sk -d i r ec to ry
SWPDIR —- Swap-d i r ec to ry
SWPTBL - -  swap- t ab l e

COMMON CHAPS
———_____—

The  variables
cha rac t e r  which

be long ing  to  t h i s  COMMON-block ca r ry  t he  s ing l e  24
the  in terpre ter  used .

SPACE - -  blank " „ „
LPAR —— le f t  parenthesis ‘ —— „(„
RPAR —— r igh t  parenthesis -- „ ) "
ILBCHR - -  left bracket  cha rac t e r  --  „ („
IRBCHR —— r igh t  b r acke t  cha rac t e r  -— . ? “

STRCFR -— s t r i ng  character ‘ . —— L „
IQCHR -— quote  cha rac t e r  -— “ ' "
UPR —- use r  b r eak  —— "#"
DOT —- do t  cha rac t e r  --  n . "
ITCHR —— le t t e r  cha rac t e r  -- "T"
IPLUS —- plus-sign '" “..
IMINUS —— minus-sign —— :+„  „
IFIG - -  array f e r  t he  dig i t s  --  "ß"
ATEND —— escape  cha rac t e r  —— {„
SOFTBR —— input—break cha rac t e r  —— "}
CHTAB cha rac t e r - t ab l e



COMMON

BYTES
LUNROL
LUNSWP
MAXINT
CHDIV

In  ROLLIN

A

and  ROLLOU

number  o f  BYTES pe r  word
logical channel number
logical channel number  fo r  t he  swappe r
limit of  same do—loops

‘ us ing  fo r  shift a by te

t he

(2**24)

page

fo r  t he  ro l l i n / ro l l ou t

wi th  t he  array_COMA. They  contain a l l  t he  dynamic  po in t e r s .

o f  PNAME ( a r r ay—par t )
PNAME ( l i t a tom—par t )
o f  PNAME (number -pa r t }

following 6 variables a re  equ iva l enced

i n t e rp re t e r - run  t he  number  o f  t he  d i f f e r en t  ga rbage - types
variables s to re

NATOMP —- dynamic po in t e r  o f  PNP
NLISTP - -  dynamic po in t e r  o f  LIST
NARRYP - -  dynamic pointer
JBP  - -  by t e -po in t e r  o f
NUMBP - -  dynamic  po in t e r
VNAMSP —— po in t e r  of PNAME (var iable—names)

NSMIN —— uppe r  limit fo r  small i n t ege r s
NPNP - -  s i ze  o f  PNP
NLIST —- size of  LIST
NPNAME —- s i ze  o f  PNAME
NSTACK -— s i ze  o f  STACK
NHTAB —— s ize  o f  HTAB
NATHSH —— us ing  fo r  compute t he  hashaddre s s
NBYTES —— s ize  o f  a phys i ca l  r eco rd
MAXREC - -  size of  a logical r eco rd
NCHTYP -— number  o f  d i f f e r en t  cha rac t e r - t ypes
NRMESS —— number o f  messages
MAXMES - -  max ina l  number o f  messages

For  each
a re  coun ted .  The  fo l lw ing  5
garbage—calls fo r  t ype :

GARBS —— 5
LAGARBS —— 1
PNGARB —— 2
AAGARB —- 3
_LIGARE —— 4

t he number o f



P568

COMMON B

The next  10 variables contain po in t e r s  actually worked on that
means all information for the ga rbage  co l l ec tor  which are needed
for not des troy ing  some still used  items.

ARGI
ARGZ
ARG3
ALIST
FORM
TEMPI
TEMPE
TEMPS
IlCONS
IECONS
NARGS

The following

f i r s t  element of the actual expression
second element of the actual expres s ion
t h i rd  element o f  the actual expression
local variable—list
start of the actual list
temporal variable for s to r ing
temporal variable for s tor ing
t empora l  variable for s to r ing
s t a r t  of a new created list
next item to be-put into the array LIST
number  of the above variables

variables contain lisp—litatoms which are needed by
the in terpre ter .

NIL
ERROR
PROG
LAMBDA
FUNARG
EXPR
FEXPR
T ......

GENNUM
UNUSED
QUOTE
A990
LISPX
EVAL
APPLY
ESTATE ~-
UNBOUN -—
STRING
FNCELL
RTRACE -—
PLIST
NLAMBD
SUBTSTR

NIL
SYSERROR
PROG
LAMBDA
FUNARG
SUBR
FSUBR
T
GENNUM
NOBIND
QUOTE
A
LISPX
EVAL
APPLY
RANDSTATE
NOBIND
STRING
FNCELL
*BACKTRACEFLG
*BACKTRACE
NLAMBDA
SUBSTR

The following variables conta ins  the number of built-in functions.

SUBRfl
SUPRll -

with @ argument
with @ and 1 argument (only for numerical functions)

3



SUPRI
SUBR2
SUBRS
SUBR
FSUBR

IP
JP
IPP
JPP
MIDDL
ABUPI
CHT
CHR
ASA
IUNUTS
LUNINS

The following

page

wi th  @ and  1 a rgumen t
with @ and  1 and  2 a rgumen t s
with @ and  1 and  2 and  3 a rgumen t s
wi th  9 and  1 and  2 and  3 and  n a rgumen t s
number  o f  a l l  bu i l t - i n  functions

dynamical po in t e r  o f  t he  func t ion -pa r t  of  STACK
dynamical po in t e r  o f  t he  a rgumen t—par t  o f  STACK
dynamical po in t e r  t o  t he  func t ion—code  o f  FROG-values
dynamical po in t e r  t o  t he  a rgumen t -pa r t  o f  PROS-values
allocation of  t he  array  STACK '
dynamical po in t e r  o f  ABUFF
cha rac t e r—type
cha rac t e r
ca r r i age  contro l  cha rac t e r
s tor ing  logical channel number  fo r  i npu t
s tor ing  logical channel number  fo r  ou tpu t

1% variables a re  equivalenced wi th  t he  array
con ta in ing  the  i / o -va lues  wh ich  a r e  changeab le  by t he  u se r .

LUNIN
HDPOS
LMARGR
MARGP
LUMUT
PRTPOS
LMARG
MARG
LFVELL
LEVELP

LUNSYS
NSYM
FRFLG
RRLEV
IFLAG
IBREAK
NAYLUN
IOBUFF
ERHTYP
BFLG
DREG

logical channel number  fo r  input
dynamical pointer i n  RDBUFF, r eade r  position
l e f t  marg in  fo r  i npu t
r ight  margin fo r  i npu t
logical channel number  fo r  ou tpu t
dynamical pointer i n  PRBUFF, pr in t e r  pos i t i on
l e f t  marg in  fo r  ou tpu t
r i gh t  marg in  fo r  ou tpu t
maximal number  o f  t op  l eve l  e l emen t s  t o  be  p r in t ed
maximal bracke t -dep th  fo r  pr in t ing

logical channel number  fo r
number  o f  symbols
bracke t  f l ag
b racke t  level
f l ag  fo r  pr in t ing
input brak
maximal number  o f  l ag i ca l  channe l  number
s i ze  o f  PRBUFF, RDBUFF and  ABUFF
ac tua l  e r ro r—code
back t r ace—f lag
buf f e r  fo r  sy s t em—flags
DREG(1) -- ga rbage  collector messages pr in t ing
DREG(2) —— pre t ty  p r in t i ng?
DREG(3) __  p r in t  s t ack—con ten t s?
DREG(4) —— unused
DREG(5) —— escape— and s t r i ng—charac t e r  pr in t ing?
DREG(6) - - ‘  unused
DREG(7) - -  s t a r t  a new l i ne  a t  e ach  occu rence  o f

a l e f t  parentheses

4



The following

ABUFF
PRFUFF
RDBUFF

'IMESS
CAR
CDR
PNP
HTAB
STACK
PNAMR
RPNAME
SWPBUF
LIST
VNAMS

variables are the "b ig  arrays":

s to r ing  1/o—data
pr in t e r -bu f f e r
r eade r—buf fe r
message -bu f f e r
array containing the car of
array containing the cdr of
a r r ay  con ta in ing  po in t e r  to
hashtable
s tack
array  containing printnames
equivalenced wi th  PNAME
swap-buffer
array  for s tor ing  lists
array containing the global

a litatom
a litatom
l i t a tom—pr in tnames

variables

page 5
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1 File INIT
- - -—_-~_—

Conten t s :

PROGRAM 1N1

SUEROUTINE INIT1

SUBROUTINE INIT2

BLOCK DATA

1.1 PROGRAM INI
_ — _ — — — — — _ _ _

The main  p rOgram i s  ve ry  sho r t .  It j u s t  calls the initialization
sub rou t ines ,  the i n t e rp re t e r  LISPSP and the ex i t  r ou t ine  LSPEX. The
LISP sys tem can be initialized i n  two d i f f e r en t  ways:

a) Af te r  calling INITl, the main program invokes INITZ which
creates a ’fresh’ system by r ead ing  in  the a toms—fi l e .  Only
the FORTRAN defined functions will be available i n  such  a
sys t em.  Th i s  k ind  o f  initialization has to be pe r fo rmed  at
least once  to c rea t e  a (minimum) environment for the second
initialization method .

b) Af te r  calling INIT1 ,  the i n t e rp re t e r  calls the function
ROLLIN,  wh ich  normally provides a more  complete environment
i nc lud ing  FORTRAN and LISP defined functions ( expr ,  f expr )
by r ead ing  in  a binary image of  previously defined
functions. If selecting t h i s  k ind  of  s t a r t .  a ' r o l l ou t '  f i l e
mus t  be  ava i l ab l e ,  f rom wh ich  the i n t e rp re t e r  can r ead  the
image  (v i a  logical channel LUNROL). Rollout-files are
c rea t ed  by

- system initialization t ype  a)
— (optionally) defining more func t ions  ( expr / f expr )
— execu t ing  the ro l l ou t  func t ion  (ROLLOUT 'LUNROL')

Befo re  gene ra t i ng  t he  Lisp sys tem from sou rce  code ,  the main
prog ram shou ld  be modi f i ed  appropriately to prov ide  the des i r ed
env i ronmen t .



1.2 SUBROUTINE INIT1
———_—————_———___

This sub rou t ine  pe r fo rms  all manda to ry  variable initializations.
Variables a f f ec t ed  include:

. a r r ay  limits
logical channel numbers
sys tem dependan t  variables
variables used  by the func t ion  ROLLIN
va r i ab l e s  not a f f ec t ed  by ROLLIN’D
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1.3 SUBROUTINE INIT2

This initialization-routine provides the sub r / f sub r - env i ronmen t
necces sa ry  to c rea t e  more ’ i n t e l l i gen t ’  LISP systems. This is
accomplished by:

initializing all dynamic pointers to internal s t ruc tu re s
r ead ing  in the set of pred i f i ned  symbols and atoms
initializing the swapper data s t ruc tu re s
r ead ing  in the sub r / f sub r—names  and as s ign ing  function
number s

9 )  assigning some l i sp -names ,  e . g .  LAMBDA, FNCELL and T

p
.

"
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n
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v
K
—
I
u
v

1.4 BLOCK DATA
" — fi  ___—__—

The BLOCK DATA segmen t  contains some compile-time array
initializations.



2 File LISPSP

con ten t s :

SUBROUTINE LISPSP

2.1 SUBROUTINE LISPSP

Parameters a r e :

IREE —- i n t e rp re t e r  en t ry  code

IEEE = 1 Start a new run and print some messages, e.g.,
the user space available for d i f f e r en t  da t a  t ypes .

IEEE > 1 In t e rp re t e r  r e s t a r t  - no messages pr in ted

This subroutine is the i n t e rp re t e r  which analyzes and execu te s  the
user input. The steps involved in in terpre t ing  LISP prog rams  are
explained in the following sections. First, a list is created
internally which would read as:

(LISPX)

The i n t e rp re t e r  t hen  executes the LISPX subr which functionally
r esemb les  the LISP program

(PROG NIL
LOOP (PRINT (EVAL (READ)))

(G0 LOOP)).

This LISP form desc r ibes  the whole principle of the in terpre ter .
The overall evaluation algorithm will now be illustrated by an
example. Initially, the interpreter se t s  the following variables:

FORM = (LISPX)
ARGI = LISPX
L = LISPX
ARGZ = NIL '
EVALSW = NIL

It then Jumps to the function—analyzing part.

Here it is determined, whether it's a built-in (subr/fsubr) or a
user defined (expr/fexpr) function. This is done by using the
function GET with the actual pa rame te r s  LISPX and FNCELL (FunctioN
CELL). If GET r e tu rns  NIL,  then there is no indicator FNCELL in the
property list of the atom LISPX and hence, LISPX is a FORTRAN
defined function.



Next, it is de te rmined ,  whether this func t ion  is a subr  or a f subr .
In this case it is a subr.

The evaluation—flag is NIL which means the a rgumen t s  have to be
evaluated f i r s t .  In this case t he re  are no a rgumen t s  (ARGZ is NIL)
— evaluation can proceed .

The next s tep  is to determine the FORTRAN sub rou t ine  (ISUBRx),
which contains the definition of LISPX. LISPX has no a rgumen t s  and
therefore, the sub rou t ine  ISUBRG will be called. Within ISUBRß the
code for LISPX is executed, and ISUBRß r e tu rns  with exit code  3 —
this means execu t ion  of the read—section (call the input—routine)
is r eques t ed .

Now the input—section reads the nex t  lisp-expression and r e tu rns
the starting address of the expression.

Let the input be:

(MINUS 3)
The important variable—values then are:

(MINUS 3)
(LISPX)

ARGI
FORM

When startirg the evaluation of the new expres s ion ,  the old
expression will be saved. This is done in the following way:

a) Push 'end-of—evaluation' indicator on function stack.

l b )  Push con ten t s  of FORM (last express ion)  onto argument
stack.

Then. the following variables are se t :

FORM = (MINUS a)
ARGl = (MINUS 3 )

Now ARGi is analyzed:

a} ARGI is a litatom. Fe tch  the b ind ing  of the atom. If
there is an ALIST (association list), search for this atom.
If it is present, fetch its bind ing ,  otherwise f e t ch  the
b ind ing  f rom the cell of the array CAR co r r e spond ing  to the
litatom. If the value of that cell is equal to UNBOUN, an
e r ro r  has occu red  - unbound  variable. The i n t e rp re t e r  will
jump to the error handling section.

After successfully r e t r i ev ing  a hinding, a value is popped
from the function s t ack  i nd i ca t i ng  the next  function to be
executed.

h) ARGl is neither a litatom nor a list. A value is popped
from the function stack i nd i ca t i ng  the next function to be
executed.



c) ARGl is a list. This is t r ue  in the above example - the
interpreter's action will be explained in more detail.

The following variables are set by 'parsing' the list:

ARGI
ARGE

MINUS
3

'Next, the function type (FORTRAN or LISP) is de te rmined :  the
function GET re turns  an address  that r ep re sen t s  a user defined
function. In this case it hands back  the definition for the
function MINUS:

(LAMBDA (x)
(DIFFERENCE o x))

The i n t e rp re t e r  now acts, as if the input has been

((LAMBDA (x)
(DIFFERENCE o K))

et

The nex t  step is the binding of the LAMBDA-variable X to the value
3, therefore “control is transferred to the lambda-section of the
in terpre ter .  ‘

There, the beginning of the list of lambda—variables is saved on
the argument stack and their b ind ings  are f e t ched .  While
nlambda—bindings are passed directly to the calling function,
l ambda—bind ings  have  to be evaluated be fo re  execu t ing  the function.
The example involves lambda—bindings, therefore all important
values are stacked, and the lambda-binding is t r ea t ed  as new input.

For numbers, it is easy to find out, what the interpreter does.
? i n a l l y ,  the function—code is popped which br ings  the in terpre ter
back to the LAMBDA—part. There, the result will be stored in a new
list, and it is tested, if there are more bind ings .

In the example, all b ind ings  are evaluated. Next ,  the type of
parameter-argument—association is determined:

a )  new ALIST = ((X . 1) (Y  . 2) .. . old ALIST)
(Spread)

b) new ALIST = ((x . 1) .. (Y . (2 3 4) . old ALIST)
(ha l f - sp read )

c )  new ALIST = (X . (1 2 3 )  . old ALIST)
(no—spread)

The example will produce  the simple case:

new ALIST = ((x . 5) . old ALIST)

Af te r  s e t t i ng  u p  the ALIST, the in terpre ter  must prepa re  for more
than one expression in the body of the lambda—expression. This is
done by push ing  an apprOpriate code on the function stack.



Now, FORN and  ARGI a re  se t :

FORM
ARGI

(DIFFERENCE @ X)
(DIFFERENCE ® X)

ll
l l

The  in t e rp re t e r  s t a r t s  eav lua t ion  o f  t he  lambda body .  F i r s t ,  t he
func t ion  DIFFERENCE will be  analyzed — t he  func t ion  GET re turns  NIL
- DIFFERENCE i s  a FORTRAN defined function. The  eva lua t ion - f l ag  i s
se t ,  so  t he  i n t e rp re t e r  Jumps t o  t he  section t e s t ing  fo r  a rgumen t s .

The  cu r r en t  po in t e r  o f  t he  a rgumen t - s t ack  will be  s to red  i n to  t he
func t ion - s t ack ,  because  a l l  following i t ems  in  t he  a rgumen t—par t
be long  to  t he  ac tua l  func t ion .  Nex t ,  an  end -o f—eva lua t ion  indicator
i s  pushe i  t o  t he  func t ion  s t ack .

New, a pointer t o  t he  l i s t  c e l l  con t a in ing  the  nex t  a rgumen t  (X)
and a po in t e r  t o  t he  s t a r t  o f  t h i s  func t ion  w i l l  be  pushed on the
a rgumen t  s t ack .

Since  ARGI i s  a ,  no  eva lua t ion  has  t o  be  done  — i t ' s  a sma l l
i n t ege r .  The  last func t ion  code  s to red  on  the  s t ack  i s  popped.

The  nex t  a rgumen t  i s  popped  from t he  s t ack  and  the  value Jus t
oompu ted  i s  pushed  into t he  stack. The  a rgumen t  i s  no t  t he  end  o f  a .
l i s t  bu t  a r ea l  number  (X) ,  so  i t  i s  a l so  pushed  on  the  s t ack .

ARGI - po in t ing  t o  t he  LIST-cell con ta in in  X — will now oe  3 .
Af te r  f e t ch ing  the  value fo r  X ou t  o f  t he  ALIS , t he  func t ion—code
jus t  s t o r ed  i s  popped .

The  nex t  a rgumen t  w i l l  be  f e t ched  f rom t he  s tack ,  and  the  va lue
jus t  compu ted  will be  saved .  In  t h i s  ca se  t he re  a r e  no  more
a rgumen t s  and  the  i n t e rp re t e r  f e t ches  t he  f i r s t  a rgumen t—addres s
f rom the  func t ion -pa r t  o f  t he  s t ack .

FORM s t i l l  con t a in s  t he  po in t e r  t o  t he  beg inn ing  o f  t he  func t ion .
Us ing  th i s  f ac t ,  t he  number  o f  t he  func t ion  t o  be  execu ted  i s
de t e rmined ,  de f in ing  also t he  sub rou t ine  wh ich  has  t o  be  ca l l ed ,
TSUBRE i n  t h i s  ca se .  Af t e r  execu t ing  t he  code  fo r  DIFFERENCE,
ISUBR2 r e tu rns  t he  va lue  —3 in  ARGi ( sma l l  in teger ) .  The
in t e rp re t e r  now p0ps  t he  nex t  func t ion  code  f rom the  stack.

Thi s  nunbe r  dr ives  t he  i n t e rp re t e r  t o  l ook ,  whe the r  t he re  i s  more
t han  one  s t a t emen t  i n  t he  LAMBDA—expression. Th i s  example  involves
on ly  one ,  and the re fo re  t he  ALIST has  t o  be  changed  in to  i t s  o ld
va lue .

The  nex t  func t ion—code  makes  t he  i n t e rp re t e r  j ump  to  t he
ou tpu t—rou t ines .  A t  t h i s  t ime  FORM pc in t s  t o  t he  o ld  LIST-ce l l ,
containing (LISPX).

New the  nex t  i npu t  i s  r eques t ed .  The  in t e rp re t e r  analyzes t he
i npu t .  I t  s ea rches  fo r  t he  f i r s t  pa i r  o f  pa ren theses  ( exp re s s ion )
which  can  be  i n t e rp re t ed .  The  nex t  func t ion  code  i s  popped
i rd i ca t i ng  t he  ac t i on  t o  be  t aken .



Also t he  embedding lisp-statement i s  fetched f rom t he  a rgumen t
s t ack .  The  result of  t he  s t a t emen t  j u s t  compu ted  now replaces t he
o r ig ina l  func t ion .

A number  o f  s ta temen ts  i n  LISPSP doesn ' t  be long  to  t he  i n t e rp re t e r
directly. In s t ead ,  t hey  a r e  — func t iona l ly  ~ pa r t  o f  t he  ISUBR’s.
Sometimes however ,  i t  i s  impossible t o  execu te  a lisp-function i n
some  ISUBR in t e rna l ly ,  bu t  execution involves multiple calls t o  t he

. suh rou t ine  w i th  interleaving i n t e rp re t e r  action. This i s  t r ue  fo r
the  WAP func t ions ,  a s  an  example.

The sec t i ons  o f  t he  i n t e rp re t e r  dedicated t o  execute those
func t ions  can  easily be  iden t i f i ed  i n  LISPSP. They  a re  r eached  on ly
by execu t ing  some ISUBR func t ion  and  a r e  t r ea t ed ,  a s  i f  t hey  were
pa r t  o f  some  ISUBR.

To obtain a general unde r s t and ing  o f  t he  i n t e rp re t e r ' s  ope ra t i on ,
i t  i s  no t  necces sa ry  t o  i nves t i ga t e  t he se  sec t ions .



& F i l e  ISUBRG
_ _ _ - — — — — _ _ _

con ten t s :

SUEROUTINE ISUBRß

3 .1  SUBROUTINE ISUBRG

Parame te r s  are :

L —- number  o f  func t ion

JUMP -— ex i t—code

JUMP = 1 ' s t a r t  a t  t he  beg inn ing ,  rese t  t he  system

JUMP = 2 execu t ion  o f  t he  func t ion  has  been  f i n i shed ,
con t inue  w i th  execution of  t he  next  or
embedd ing  function.

JUMP = 3 r ead  nex t  i t em

JUMP = 4 e r ro r  ha s  occu red ,  b r anch  to  e r ro r  s ec t i on .

ISUBRG contains t he  FORTRAN code  fo r  t he  L ISP  func t ions  w i th  no
pa rame te r s .  The  function number  i s  u sed  t o  s e l ec t  t he  app rop r i a t e
sec t i on  v i a  a compu ted  GOTO. Re tu rn  i s  normally d i r ec t l y  f rom the
se l ec t ed  s ec t i on ,  except ,  i f  an  error  occu red .

The  actions involved i n  func t ion  execution a re  bes t  unde r s tood  by
read ing  the  sou rce  code  d i r ec t l y .  ARGl r e tu rns  t he  r e su l t  o f  t he
function.



4 F i l e  ISUBRI
___——_—__——

con ten t s :

SUBROUTINE ISUBRI

4 .1  SUBROUTINE ISUBRl

Parame te rs  a re :

L - -  number  o f  func t ion

JUMP - -  ex i t—code

JUMP = 1 s t a r t  a t  t he  beg inn ing ,  r e se t  t he  sys t em

JUMP = 2 execution of  t he  func t ion  has  been  f i n i shed ,
con t inue  w i th  execution of  t he  nex t  o r
embedd ing  func t ion .

JUMP = 3 evaluation of  t he  a rgumen t  r eques t ed

JUMP = 4 eva lua t ion  o f  t he  a rgumen t - l i s t  r eques t ed

JUMP = 5 e r ro r  ha s  occu red ,  b r anch  to  e r ro r  s ec t i on

ISUBRi con ta in s  t he  FORTRAN' code  fo r  t he  LISP functions with one
pa rame te r  wh ich  i s  pa s sed  i n  ARGl. The  func t ion  number i s  u sed  t o
se l ec t  t he  app rop r i a t e  s ec t i on  v i a  a compu ted  GOTO. Retu rn  i s
normally directly f rom the  s e l ec t ed  s ec t i on .  except ,  i f  an  e r ro r
occu red .

The ac t i ons  i nvo lved  in  func t ion  execution a re  bes t  unde r s tood  by
r ead ing  the  sou rce  code  d i r ec t l y .  ARGl r e tu rns  t he  r e su l t  o f  t he
func t ion .
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5 File ISUBRZ
__*-___-——“

con ten t s :

SUBROUTINE ISUBRZ

U
"

. 1  SUBROUTINE ISUBRZ

Parane t e r s  a r e :

L —— number  o f  function

JUMP - -  exit-code

JUMP = 1 execution of  t he  function has  been  finished,
con t inue  with execution of  t he  next or
embedd ing  function.

JUMP = 2 make a do t t ed  pa i r  o f  ARGI and  ARGZ which
will be  in t e rp re t ed  a s  a function

JUMP = 3 evaluation of  t he  a rgumen t  r eques t ed

JUMP = 4 ALIST has  been  des t royed

JUMP = 5 e r ro r  ha s  occu red ,  b r anch  to  e r ro r  s ec t i on

ISUBR2 con ta in s  t he  FORTRAN code  fo r  t he  LISP func t ions  with two
pa rame te rs .  passed  i n  ARGl and  ARGZ. The  function number  i s  u sed  t o
select t he  app rop r i a t e  s ec t i on  v i a  a compu ted  SOTO. Retu rn  i s
normally d i r ec t l y  f rom t he  s e l ec t ed  s ec t i on ,  except ,  i f  an  e r ro r
occu red .

The  ac t i ons  i nvo lved  in  func t ion  execu t ion  a r e  bes t  unde r s tood  by
read inp  the  sou rce  code  d i r ec t l y .  ARGI r e tu rns  t he  r e su l t  o f  t he
func t ion .
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€ Fi l e  ISUBRS

ccn ten t s :

SUBROUTINE ISUBR3

6 .1  SUBROUTINE ISUBR3

Parameters are :

L - -  number  o f  func t ion

JUMP --  ex i t - code

JUMP = 1 s t a r t  a t  t he  beg inn ing ,  r e se t  t he  system

JUMP = 2 execution of  t he  func t ion  has  been  f i n i shed ,
con t inue  w i th  execu t ion  o f  t he  nex t  o r
embedd ing  function.

01JUMP = make  a do t t ed  pair of  ARGl and  ARGE

JUMP = 4 error  has  occu red ,  b r anch  to  e r ro r  s ec t i on

ISUBRB con ta in s  t he  FORTRAN code  fo r  t he  LISP functions with t h r ee
pa rame te rs .  passed  i n  ARGI,  ARGZ and  ARCS. The  function number  i s
used to  s e l ec t  t he  app rop r i a t e  s ec t i on  v i a  a compu ted  GOTO. Retu rn
i s  nc rma l ly  d i r ec t l y  f rom the  s e l ec t ed  s ec t i on ,  except ,  i f  an  e r ro r
occu red .

The ac t i ons  i nvo lved  in  func t ion  execution a re  bes t  unde r s tood  by
r ead ing  the  sou rce  code  d i r ec t l y .  ARGl r e tu rns  t he  r e su l t  o f  t he
func t ion .
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7 File ISUBRN

con ten t s :

SUFROUTINE ISUBRN

7.1  SUBROUTINE ISUBRN

Parame te r s  are :

L —— number  o f  func t ion

JUMP —- ex i t - code

JUMP = 1 execution of  t he  func t ion  has  been  finished,
continue wi th  execution of  t he  nex t  o r
embedd ing  func t ion .

JUMP = 2 e r ro r  ha s  occu red ,  b r anch  to  e r ro r  s ec t i on

EJP  --  s t ack  po in ter  t o  t he  f i r s t  a rgumen t

IARGS —- number  o f  a rgumen t s

ISUBRN con ta in s  t he  FORTRAN code  fo r  t he  L ISP  func t ions  w i th  a
va r i ab l e  number  o f  pa rane t e r s ,  passed  i n  t he  s tack .  The  function
number i s  u sed  t o  s e l ec t  t he  app rop r i a t e  s ec t i on  v i a  a computed
GOTO. Retu rn  i s  normally d i r ec t l y  f rom the  s e l ec t ed  s ec t i on ,
excep t ,  i f  an  e r ro r  occu red .

The  ac t i ons  i nvo lved  in  func t ion  execution a re  bes t  unde r s tood  by
r ead ing  the  sou rce  code  d i r ec t l y .  ARGI r e tu rns  t he  r e su l t  o f  t he
func t ion .
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8 Fi l e  IFSUBR

con ten t s :

SUBROUTINE IFSUBR

8.1  SUBROUTINE IFSUBR
___  ___  ——‘_—-—_——_

Parameters are :

I —— function number  o r  r e tu rn  code  fo r  r epea t ed
func t ion  call

JUMP -~  exit—code

JUMP = 1 s t a r t  a t  t he  beg inn ing ,  r e se t  t he  sys t em

JUMP = 2 exEcu t ion  o f  t he  func t ion  has  been  f i n i shed ,
con t inue  w i th  execution of  t he  nex t  o r
embedd ing  func t ion .

JUMP = 3 save  t he  func t ionecode  and evaluate t he
a rgumen t

JUMP = 4 evaluate t he  a rgumen t

JUMP = 5 jump to  the  condition—part i n  LISPSP

JUMP = 6 f e t ch  t he  next function

JUMP = 7 ALIST has  been  des t royed

JUMP = 8 e r ro r  ha s  occu red ,  b r anch  to  e r ro r  s ec t i on

IFSURR contains t he  FORTRAN code  fo r  t he  LISP func t ions  with
non—eva lua t ed  pa rame te r s ,  ARGE pa in t ing  t o  t he  beg inn ing  o f  t he
a rgumen t  l i s t .  The  func t ion  number  i s  u sed  t o  s e l ec t  t he
app rop r i a t e  s ec t i on  v i a  a compu ted  GOTO. Retu rn  i s  normally
d i r ec t l y  f rom the  s e l ec t ed  s ec t i on ,  excep t ,  i f  an  e r ro r  occu red .

The ac t i ons  i nvo lved  in  func t ion  execu t ion  a r e  bes t  unde r s tood  by
read ing  the  sou rce  code  d i r ec t l y .  ARGi re turns  t he  resu l t  of  t he
func t ion .
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9 Fl l e  INFN

con ten t s :

INTEGER FUNCTION NEXT

SUBROUTINE CONS

INTEGER FUNCTION EQUAL

INTEGER FUNCTION NCHARS

INTEGER FUNCTION LENGTH

INTEGER FUNCTION COMPPN

9 .1  INTEGER FUNCTION NEXT

Parame te rs  a r e :

IARG - -  po in t e r  t o  some  LISP ob jec t

NEXT r e tu rns  t he  add re s s  o f  t he  nex t  t op  l eve l  e l emen t  o f  t he  l i s t
po in t ed  t o  by  IARG.

NEXT de te rmines  t he  t ype  o f  t he  s t ruc tu re  po in t ed  t o  by  IARG by
ca l l i ng  GETEL. I f  GETEL r e tu rns  a value i n  t he  r ange  [1 ,2 ,3 ,4 ‚5 ,7 } ,
t hen  IARG i s  no t  a pointer t o  a l i s t ,  and  NEXT r e tu rns  w i th  value
NIL.

I f  GETEL r e tu rns  6 ,  t hen  IARG contains a pointer t o  a l i s t .
Pc in t e r - t o -po in t e r  r e f e r ences  a r e  r e so lved  by  GETARG, t hen  t he
f i r s t  e l emen t  o f  t he  r e f e r enced  l i s t  i s  examined.

I f  i t  i s  a l e f t  _pa ren thes i s ,  t hen  t he  co r r e spond ing  r i gh t
parenthesis i s  s ea rched ,  and  NEXT r e tu rns  t he  po in t e r  t o  t h i s  LIST
ce l l ,  i nc remen ted  by  1 .

I f  i t  does  no t  con ta in  a l e f t  pa ren thes i s ,  t hen  NEXT r e tu rns  t he
po in t e r  t o  t h i s  ce l l ,  incremented by  1 .

I f  t he  t ype ,  o f  IARG i s  de t e rmined  to  be  8 (by  GETEL), t hen  IARG
contains a con t inua t ion -marke r  - t he  l i s t  a c tua l l y  con t inues  on
some  o the r  LIST ce l l .  Th i s  r e f e r ence  i s  resolved r e su l t i ng  i n  a
po in t e r  o f  t ype  6 ,  so  p roces s ing  con t inues ,  a s  i f  IARG contained a
pointer of  t ype  6 .



9 .2  SUBROUTINE CONS

Parameters are :

I i  —— po in t e r  t o  Some  LISP s t ruc tu re

ICONS puts t he  con ten t s  o f  pa rame te r  I1  into t he  LIST cell pointed
t o  by  NLISTP a f t e r  incrementing. I f  t he  LIST space i s  exhaus ted ,
t hen  ga rbage  collection i s  initiated.

————___——_———__— ——_—„—

9 .5  INTEGER FUNCTION E Q U A L

Parameters  are:

I —— po in t e r  t o  some  LISP s t ruc tu re

J —— po in t e r  t o  some  LISP s t ruc tu re

EQUAL compares t he  two  expressions pointed t o  by  I and  J on
s t ruc tu ra l  equality. I t  happens by  analyzing each  used  LIST ce l l  o f
I and  J .  This involves several s teps :

1)  F i r s t  t he  LIST ce l l s  w i l l  be  f e t ched  which have t o  be
examine next. Then t he  number  o f  t op  l eve l  e l emen t s  o f  t he
expressions po in t ed  t o  by  I and  J a r e  calculated (call t o
func t ion  LENGTH). I f  t hey  a r e  no t  t he  same,  go to  s t ep  4 .

. 2 )  Analyze t he  expres s ion- types  and ,  i n  ca se  o f  equa l i ty ,
Jump to  t he  s ec t i on  co r r e spond ing  to  t ha t  t ype ,  de sc r ibed  in

‚ '  3 ) .  I f  t hey  a r e  d i f f e r en t ,  s ee  whe the r  one  o r  bo th  contains
'_ a do t  followed by a l e f t  parenthesis {uo te :  (A . (B ) )  = (A

B)} .  i n  t h i s  ca se  con t inue  a t  1 ) ,  o the rwi se  go to  4 ) .

3)  Type  dependan t  ac t i ons

3 .1 )  LITATOM
„They  a r e  compared  by  us ing  the  in teger  func t ion  COMPPN. I f

' t he  r e su l t  i s  z e ro  go to  1 ) ,  o the rwi se  go to  4 ) .

’f35‚2) NUMBER
Fe tch  t he  number s .  I f  t hey  a r e  equal go to  1 ) ,  o the rwi se  go to
4 ) .
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3 .3 )  LEFT PARENTHESIS
There  a r e  suh l i s t s  wh ich  also have  t o  be  analyzed. Save
t he i r  add resses  and  s t a r t  t he  compar i son  wi th  their first
t op  l eve l  e l emen t :  go to  1 ) .

5 .4 )  RIGHT PARENTFESES
Fe tch  t he  address  of  t he  sub l i s t  Ju s t  analyzed and  ge t  t he
nex t  t op  l eve l  e l emen t  o f  t he  embeddin_ l i s t  w i th  t he  he lp
of  t he  i n t ege r  func t ion  NEXT, t hen  go to  1 . ‘

3 .5 )  ARRAY-POINTER
I f  t hey  a r e  equa l ,  go to  1 ) ,  o the rwi se  go to  4 ) .

4 .  The  exp re s s ions  po in t ed  t o  by  I and  J aren’t equa l ,
t he re fo re  EQUAL re tu rns  w i th  va lue  NIL.

At  the  end  o f  each t ype  dependan t  section i t  i s  checked ,  i f  more
has  t o  be  compared .  I f  t he re  i s ,  t hen  con t inue  w i th  1 ) ,  o the rwi se
EQUAL re tu rns  w i th  va lue  T .

9 .4  INTEGER FUNCTION NCHARS
——‘-_—’_—- -a . -  ___  — _ _ _ _ _ _ — — —

Parame te r s  are :

INPUT —— po in t e r  t o  some  LISP  s t ruc tu re

IFLG - -  a f l ag

NCHARS r e tu rns  t he  number  o f  cha rac t e r s  i n  t he  PRINi -p r in tname  o f
t he  exp re s s ion  po in t ed  t o  by  INPUT.

At  f i r s t  t he  t ype  o f  t he  exp re s s ion  po in t ed  t o  by  input has  t o  be
analyzed by us ing  the  i n t ege r  func t ion  GETARG. NCHARS i s  initially
se t  t o  ze ro ,  and fo r  each  i t em in  t he  (possibly r ecu r s ive )
evaluation i t ' s  l eng th  i s  added to  NCHARS. Depending on the  t ype  of
t he  exp re s s ion ,  t he  fo l l owing  ac t i on  i s  t aken :

_ _ _ — _ _

The  i t em i s  a l i t e r a l  a tom,  s t r i ng  o r  subs t r i ng .  The  in t ege r
func t ion  GETPN r e tu rns  t he  number  o f  cha rac t e r s  o f  t h i s  i t em
i n  t he  va r i ab l e  IPL.  I f  i t  i s  a s t r i ng  o r  subs t r i ng ,  GETPN
r e tu rns  1 ,  and ,  i f  t he  f l ag  i sn ' t  equal t o  NIL ,  t he  l eng th
of t h i s  i t em i s  l a rge r  t han  2 .  Re tu rn  NCHARS + IPL [ +2 ] .



TYPE 2
—*__„-

I t em i s  a do t .  Re tu rn  NCHARS + 1 .

I t em  i s  a number .  Depend ing  on  the  type  of  t he  number
( i n t ege r  o r  r ea l ) ,  r e tu rn  NCHARS +

_ fo r  t he  i n t ege r  number ,  t he  number  o f  significant
cha rac t e r s

— fo r  a r ea l  number ,
[ f o r  s i gn  ]

number  o f  d ig i t s  o f  mantissa
fo r  radix po in t
fo r  d ig i t s  o f  f r ac t i on
fo r  exponent
fo r  a l a rge r  exponen t  ]
fo r  a nega t ive  exponent ]

H
qH

I t em  i s  r i gh t  parenthesis. I f  neces sary ,  f e t ch  t he  add re s s
of  t he  nex t  i t em to  be  ana lyzed .  Re tu rn  NCHARS + 1 .

I t em i s  a l i s t -po in t e r .  The  po in t e r  i s  s aved  in  t he  s t ack ,
and  the  l i s t - e l emen t s  a r e  analyzed one -by -one .  Fo r  each
t ype ,  t he  ac t i ons  desc r ibed  above  and  be low a re  t aken .  The
l eng ths  o f  t he  e l emen t s  a r e  added .  No te  t ha t  t he  e l emen t s
a re  s epa ra t ed  by  blanks i n  t he i r  p r in tnames ,  so  fo r  each
e l emen t ,  1 i s  added .

I t em i s  an  array-po in ter .  The  p r in tnames  o f  arrays  a re
always of  l eng th  9 ,  t he re fo re  r e tu rn  NCHARS + 9 .
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9 .5  INTEGER FUNCTION LENGTH

Parame te rs  a re :

I __  po in t e r  t o  a list

LENGTH r e tu rns  a s  value t he  number  o f  t op  l eve l  elements of  t he
list po in t ed  t o  by  I .  Note  t ha t  lists of  t he  fo rm

(A . (B C))

a re  t he  same a s

(A B C)

and fo r  bo th  t ypes  o f  l i s t s ,  LENGTH wi l l  r e tu rn  3 .

9 .6  INTEGER FUNCTION COMPPN

Parameters a r e :

I - -  po in t e r  t o  a pr in tname

J —— po in t e r  t o  a p r in tname

COMPPN compares  t he  p r in tnames  o f  I and  J ,  on  alphabetic order .  I t
r e tu rns  t he  following values:

@ ===> I = J
-1 ===> I < J

1 ===> I > J
-2  ===> I i s  illegal

2 ===> J i s  illegal

Using GETPN the  l eng th  and  the  by t e  add re s s  i n  PNAME wi l l  be
fetched. Then t he  l eng ths  a r e  t e s t ed .  I f  bo th  p r in tnames  a r e  o f
l eng th  @, t hen  COMPPN re turns  @. I f  one  p r in tname  i s  o f  l eng th  @
and the  o the r  i s  >ß ,  t hen  t he  l a t t e r  i s  l a rge r  t han  the  f i r s t ,  and
t he  app rop r i a t e  code  i s  r e tu rned .  '

I f  bo th  p r in tnames  a r e  o f  l eng th  )6 ,  t hen  t hey  a r e  compared
by tewi se  u s ing  t he  no rma l  s t r i ng  compar i son  a lgo r i t hm,  and  COMPPN
r e tu rns  t he  app rop r i a t e  r e su l t .
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19  .File GTFN

con ten t s :

INTEGER FUNCTION GETPN
'SUBROUTINE GETNUM
INTEGER FUNCTION GETEL»
INTEGER FUNCTION GETARG
INTEGER FUNCTION GET

16.1 INTEGER FUNCTION GETPN
____—_- -—_—-_——____  —-__

Parame te r s  are :

I . ' +-‚  po in t e r  t o  a l i t a tom/s t r i ng / subs t r i ng

MAIN ‘ -—  re turns  t he  address  of  t he  ma in - s t r i ng

JD  —— re tu rns - the  by t e - add re s s  o f  s t r ing  I

IPL ' —— returns the length of I ' ‘

GETPN “ re tu rns  t he  p r in tname  o f  a s t r i ng -  o r ‘  subs t r i ng  i n  t he
pa rame te r s  de sc r ibed  above .  ' '

Fi r s t ,  GETPN fe t ches  t he  by t e  add re s s  and  l eng th  o f  t he  p r in tname‚
f rom PNP. Then ,  CAR(I)  i s  t e s t ed .  I f  i t  does  no t  con ta in  t he  va lue

. SUBSTRING,  t hen  GETPN re turns .  ' '

Subs t r i ngs  a r e ,  s t o r ed .  i n  t he  fo l l owing  way: GDR(I) po in t s  a list
wi th  t he  fo l l owing  s t ruc tu re :

(MAIN an: . IPL)

where  JB l  i s  t he  add re s s  o f  t he  f i r s t  subs t r i ng— by te  Of t he  ma in
s t r i ng .  I f  CAR(I) does  con ta in  SUBSTRING, t hen  t he  l i s t  po in t ed  t o
hy  I 15  checked  fo r  t he  above  s t ruc tu re .  After  ver i fy ing  i t ,  t he
by te  add re s s  and  by t e  coun t  a r e  pas sed  back  in  JB  and  IPL.  „

V GETPN re tu rns :  .

r l  I does not point  t o  a l i t a tom/s t r i ng / suhs t r i ng  -
@ \ l po in t s  t o  a- l i t a tom
i '_ I po in t s  t o  a s t r i ng  o r  a sübS t r ing



191.2 SUPROUTINE GETNUM

Parame te r s  are :

--  pointer t o  a number ,  on  ex i t  contains t he
i n t ege r  ,

- -  re turns  a r ea l  number

—- ind i ca t e s  t he  type  of  t he  number  r e tu rned

GETNUM r e tu rns  t he  number  po in t ed  t o  by  I ' i n  I o r  R ,  depend ing  on
ty  e o f  t he  number .  The  pa rame te r  L indicates t he  t ype :  i t  i s

s e t  t o  t r ue '  f o r  a r ea l ,  and  ' f a l s e '  f o r  an  i n t ege r  number.
t he

Numbers a re  decoded  in  t he  following way:

In t ege r  Numbers

I f  t he  f i r s t  b i t  o f  I i s  o f f  ( ze ro ) ,  t hen  I po in t s  t o  an
in t ege r .  I n  t h i s  ca se ,  -

I - NLIST * NPNP

i s  checked  on  less t han  NPNAME. I f  i t  i s ,  t hen  i t  i s  t aken
as  an  add re s s  t o  PNAME, and  the  va lue  o f  t he  i n t ege r  i s
f e t ched  f rom t he  co r r e spond ing  PNAME ce l l .  I f  i t  i s  l a rge r
then  NPNAME, t hen  i t  i s  a sma l l  in teger ,  defined as  i n t ege r
i n  t he  r ange  o f  [ -2@ßß . .  2000  ] .  The number  i n  t h i s  ca se
i s  calculated as

I — NPNAME - NLIST - 2006

In  bo th  ca se s ,  t he  r e su l t  i s  r e tu rned  in  I ,  and  L i s  s e t  t o
f a l s e .

Rea l  Nunbe r s

I f  t he  f i r s t  b i t  i n  I 15  on  (one ) ,  t hen  t he  number  i s  a
r ea l .  The va lue  I - NLIST - NPNP i s  used  a s  an  i ndex  to
PNAME t o  f e t ch  t he  r ea l  number  wh ich  i s  r e tu rned  in  R .  L i s
se t  t o  ' t r ue '  t o  i nd i ca t e  t he  r e tu rn  o f  a r ea l  number.
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1@.3  INTEGER FUNCTION GETEL

Parameters are :

I -— po in t e r  t o  some  LISP s t ruc tu re

GETEL determines t he  t ype  o f  t he  s t ruc tu re  po in t ed  t o  by  I .  Each

t ype  i s  assigned a sub range  o f  t he  s e t  o f  i n t ege r s  i n  t he  interval

a . .  2°32—1 ] .  S ince  number s  w i th  t he  f i r s t  b i t  s e t  t o  one  a r e
norma l ly  t r ea t ed  a s  nega t ive  number s  by  FORTRAN sys t ems ,  t h i s  f ac t
i s  u sed  t o  r ecogn ize  r ea l  number s .  The fo l l owing  t ab l e s  show the
d i s t r i bu t ion  o f  data types  on  the  above  interval.

*****************#***##********************#***###****#******##***

» *
* *
* a - - - - -  b ————— c -----  d ————— e—— f— g—----h = > *
* f = { i i | | --> real numbers *
* ! ! € ! l l - ->  a r r ay  poin ter  *
* ! ! ! i l ~-> special markers: [ ( , ) ‚ .  ] *
* { ! i ! - ->  small i n t ege r s  *
* 3 l % - ->  continuation markers *
* ! } ——> in t ege r  number s  *
* ! -—> po in t e r s  t o  LIST *
* ——> s t r ings  / l i t a toms  *
* *
* *
* a ß *

* b NPNP *
* C NPNP + NLIST *

* d NPNP + NLIST + NPNAME *

* e N P N P  + N L I S T  + NPNAME + NLIST *
* f #zooooooo [ ' (  ’ , ' )  ' ‚ ’ .  ' ] *
* g #49600600  ' *

r h #80600000  *
„ #
*******#*****##**#*******#****###"?***30‘**#*#*****#*#*#*#***#*#*###“?

Tab le  16.3—1 LISP Data Types _
Dis t r i bu t ion  on  the  interval [ ß . .  2 32-1  ]
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$§cg  2da t a  t ype  i s  a s s igned  a number  by  GETEL as  shown i n  t ab l e

*********************#**#*******************##**
#

l i t a tom o r  s t r ing  *
do t  *
number  *
l e f t  pa ren thes i s  *
r i gh t  parenthesis . *
l i s t  po in t e r  ' *
a r r ay  po in t e r  *
con t inua t ion  marke r  :

*

(D
Q

O
H

JH
P

G
N

H

*
*
*
*
*
#
*
*
*
#
* *#**********#*****************#***************

Tab le  10 .3 -2  Data Type Identification

19 .4  INTEGER FUNCTION GETARG

Parameters a re :

I - -  po in t e r  t o  be  analyzed

TYP -- r e tu rns  GETEL(I)

GETARG i s  t he  func t ion  used  to  resolve pc in t e r - t o—poin t e r
r e f e r ences  .w i th in  l i s t s ,  wheneve r  t he  i n t e rp re t e r  needs  t o
de t e rmine  t he  t ype  o f  a subs t ruc tu re  i n  t he  LIST a r r ay .

I ?  a continuation marker has  been  found  in  fo l l owing  the  po in t e r
cha in ,  I wi l l  be  changed  to  po in t  t o  t he  LIST ce l l  po in t ed  t o  by
t he  con t inua t ion  marke r .

I f  GETARG f ina l l y  determines t ha t  I po in t s  t o  a sub l i s t  ( a
s t ruc tu re  s t a r t i ng  w i th  a l e f t  pa ren thes i s ) ,  t hen  t he  pa rame te r  TYP
i s  s e t  t o  6 ,  and  GETARG r e tu rns  t he  d i r ec t  po in ter  t o  t he  l e f t
parenthesis.

I f  I does  no t  f i na l l y  po in t  t o  a sub l i s t ,  t hen  TYP i s  s e t  t o  t he
type  o f  t he  s t ruc tu re  found ,  and  GETARG r e tu rns  t ha t  i t em.



19.5 INTEGER FUNCTION GET

Parameters are :

HEAD -— pointer to a l i t a tom

TAIL -- pointer to a l i t a tom

GET r e tu rns  the value of the proper ty  TAIL on the prope r ty  l i s t  of
HEAD. If the l i t a tom HEAD does  not have a proper ty - l i s t ,  GET

r e tu rns  NIL.

Each prOper ty—l i s t  has the following form:

( i nd i ca to r  value indicator value .. )

Note  t ha t  proper ty  list are normal l i s t s  and may contain

po in t e r—to—poin t e r  r e f e r ences  and con t inua t ion  marke r s .
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11  F i l e  DEBU

con ten t s :

SUBROUTINE DEBUG

INTEGER FUNCTION POS

INTEGER FUNCTION GETSYM

11 .1  SUBROUTINE DEBUG
* _ — _ — _ — - _ _ _ - _ _ _ _

DEBUG i s  a debugg ing  tool g iv ing  symbolic access t o  t he  sys t ems
g loba l  variables co l l ec t ed  i n  t he  various COMMON areas.

When the symbol " \ "  has  been found in  column 1 of an input r ecord ,
DEPUG i s  called. I t  t hen  r eads  command lines f rom legical channe l
LUNIN, and  ou tpu t  i s  wr i t t en  t o  channe l  LUNUT. The  comman line.
syn taz  i s  a s  fo l l ows :

g loba l—var i ab l e  [ fo rma t ]  [ f i r s t  a r r ay -ce l l ]
l a s t  a r r ay -ce l l

Each  o f  t he se  i npu t  da t a  w i l l  be  analyzed one  a f t e r  t he  o the r  by
us ing  GETSYM. The  in t ege r  function POS re tu rns  t he  number  o f  t he
va r i ab l e  i n  t he  lisp—array VNAME which i s  s t o r ed  i n  PNAME.

By the  a id  o f  t h i s  number  t he  debugge r  j umps  to  a s t a t emen t ,  wh ich
ca l l s  t he  sub rou t ine  OUTPUT wi th  t he  name  o f  this variable.

Exit from DEBUG i s  done by entering " \ "  i n  column 1 of an input
l i ne .

11 .2  INTEGER FUNCTION POS
____—„____—___-_ -“  __

Parame te r s  a r e :

SYMBOL -— g loba l  va r i ab l e  name}

TABADR - -  table addre s s

The  result of  t h i s  func t ion  i s  t he  pos i t i on  o f  t he  g loba l  va r i ab l e
in  t he  a r r ay  VNAME.
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11.5 INTEGER FUNCTION GETSYM
_—’-* ‘ -———-‘—-- - - - -—-*_

Parame te rs  are :

LINE - -  bu f f e r  w i th  t he  i npu t  da t a

C —- cu r r en t  pos i t i on  o f  LINE

SYMBOL —— variable fo r  s t o r ing  t he  symbol

NUMBER - -  variable fo r  s t o r ing  t he  number

L —— leng th  o f  t he  s t r i ng

GETSYM scans t he  input line fo r  t he  nex t  symbol. I f  i t  i s  a number ,
t hen  i t  i s  s t o r ed  i n to  NUMBER, and  GETSYM r e tu rns  2 .

I f  i t  i s  a s t r i ng ,  t hen  i t  i s  s t o r ed  i n to  t he  va r i ab l e  SYMBOL and
GETSYM re turns  1 .



1 2  F i l e  DOUT

content s :

SUBROUTINE OUTPUT

INTEGER FUNCTION GETTY?

12.1 SUBROUTINE OUTPUT
_—*__— ——__ _ “ -  _ _ _ —

Parame te rs  are :

F I E L D  —- array  which elements have  to be pr in t ed

FIRST -- f i r s t  to pr in t  element of FIELD

LAST -- last to pr in t  element of FIELD

TYPE -- fo rma t  for pr in t ing

OUTPUT pr in t s  the value of the variable specified in the DEBUG
command line in the specified format. Depend ing  on the format the
maximal number of pr in t i ng  elements 15:

R8 _“ 69
R4 -- 166
ZB -- 160
24 __ 323
I4 -- 162
12 -* 160
A4 -- 16G
A2 -- 520
A1 -- 16%

If the des i r ed  number  of values is greater than the maximal number,
the debugge r  will print only the format depend ing  number .

This rou t ine  does not check _variable types and bounds. It Just
treats the variable as an array and prints all elements from FIRST
to LAST.
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12.2 INTEGER FUNCTION GETTYP

Parame te r s  are :

SYMBOL -— inpu t  t oken  descr ib ing  t he  pr in t ing  fo rma t

This func t ion  g ives  each fo rma t  t ype -  a number .  This number  i s
r e tu rned  to  t he  calling prog ram.  I f  t he  fo rma t  i s  i l l ega l ,  zero
will be  re turned .
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13 Fi l e  STCK

con ten t s :

SUPROUTINE FPUSH

SUBROUTINE APUSH

SUPROUTINE APOP

13 .1  SUBROUTINE FPUSH

Parame te r s  are :

I -- item to be  pushed  on func t ion  stack

FPUSH is used  to push  one i t em on the func t ion  stacK. The func t ion
stack is the upper  par t  of the array  STACK. If the s t ack  15 fu l l ,
the code  21 is pushed  in s t ead_of  I. -

13 .2  SUBROUTINE APUSH
—--”~- - - - -—-_—_—

Parame te r s  are :

11 -- value which has to be  pushed into stack

I? —— value which can be  pushed in to  stack

13 -- value which can be  pushed  in to  stack

I -- number  of values which mus t  be pushed

This sub rou t ine  pushes values in to  the l ower  pa r t  of t he  a r r ay
STACK. This pa r t  contains t he  a rgumen t s  actual function. 1 * 3
values will be  pushed into t he  a r r ay  depend ing  on I .

If the s tack  is f i l l ed  up, the code  21 is pushed into the function
s tack .
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13 .5  SUBROUTINE APOP

Parame te r s  are :

11 —— f i r s t  value from stack

12 —— second value f rom s t ack

15 —— third value from stack

I -- number  of items to be popped

The subroutine is the oppos i t e  of the sub rou t ine  APUSH. It works
also on the lower pa r t  of the STACK and pops  the values which have
been stored us ing  APUSH. 1 - 3 values will be popped  depend ing  on
I.

If the upper part is empty, the code 22 will be s tored  in the
function part of STACK.
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14 33.3533???
con ten t s :

SUBROUTINE RDREC

SUBROUTINE WRREC

SUBROUTINE GETCH

SUBROUTINE PUTCH

14 .1  SUBROUTINE RDREC
_ _ _ — — _ _ — * _ _ — — _ _ _

Parame te r s  a r e :

LLUN —- logical canne l  number  fo r  t he  input

RECNO —— reco rd—number  o f  t he  r ead ing  r eco rd

BUFADR ‘—- buffer for writing

Thi s  rou t ine  r eads  a record ,  whose r eco rd—number  i s  g iven  by  RECNO,
into t he  bu f f e r  BUFADR v ia  l eg i ca l  channe l  LLUN. The  r ead  i s
handled by  the  ope ra t i ng  sys t em subroutine READé.

14 .2  SUBROUTINE WRREC

Parame te r s  a r e :

LLUN - -  logical channel number  fo r  t he  ou tpu t

RECNO —- record—number  o f  t he  r eco rd  t o  be  wr i t t en

BUFADR -- bu f f e r  fokr  read ing

Thi s  rou t ine  writes buf fe r  BUFADR to  t he  r eco rd ,  whose  number  i s
g iven  by  RECNO, v ia  logical channel LLUN. The wr i t i ng  i s  hand led  by
the  ope ra t i ng  sys t em sub rou t ine  WRITEé.
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14 .3  SUBROUTINE GETCH

Parame te r s  are :

LTEXT -— array  wi th  t he  desired cha rac t e r

ICH —— re tu rns  t he  r equ i r ed . cha rac t e r

I —- by te—number  o f  t he  desired cha rac t e r  i n  LTEXT

Thi s  rou t ine  f e t ches  t he  cha rac t e r  a t  t he  by t e -number  I f rom t he
bu f f e r  LTEXT into ICH. The  l a s t  3 bytes  a re  filled up  wi th  olanks.

14 .4  SUBROUTINE PUTCH

Parame te r s  are :

LTEXT —— ar ray  fo r  s tor ing  t he  cha rac t e r

ICH —— cha rac t e r  t o  be  s tored  ( l e f t bound)

I —— by te  pos i t i on

Th i s  rou t ine  s to r e s  t he  first cha rac t e r  f rom ICH in to  t he  a r r ay
ITEXT a t  t he  by t e -number  I .



15  File LBGGG

con ten t s :

SUBROUTINE TIMDT4

LOGICAL FUNCTION TESTB

SUBROUTINE SETBT

SUBROUTINE SETBF

INTEGER FUNCTION

SUBROUTINE RDREC

SUBROUTINE WRREC

SUBROUTINE GETCH

SUBROUTINE PUTCH

ISHFT

15.1 SUBROUTINE TIMDTQ

Parame te r s  are :

KCLOCK

KCC

32

th i s  array  re turns :
KLOCK(1)
KLOCK(2)
KLOCK(5)
KLOCK(4)
KLOCK(5)
KLOCK(6)
KLOCK(7)
KLOCK(8)

- -  hours
- -  minutes
- -  s econds
- -  seconds  / 260
- -  day
- -  mon th
- -  year
—- 290

dummy pa rame te r  fo r  t he  AEG 8060

This rou t ine  conver t s  t he
MARTOS TIME and  DATE ca l l s .

MAX/IV TIMDT4 built-in subroutine into
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15.2 LOGICAL FUNCTION TESTB

Parame te r s  are :

I —— word  which has  t o  be  t e s t ed

J —— bi t—number ,  1 . .  32

The  MAX/IV b i t  t e s t  r e tu rns  ' t r ue ' ,  i f  t he  J-th b i t  o f  t he  word I
i s  z e ro .  The  MARTOS s ta r ts  a t  t he  o the r  end  o f  t he  word ,  t he re fo re
t he  b i t  ' 32 -J  has  t o  be  t e s t ed ,  and  i t  r e tu rns  ' f a l s e ' ,  i f  t he  b i t
i s  z e ro .  These two  d i f f e r ences  have  t o  be  correc ted .

15 .3  SUBROUTINE SETBT
_ _ _ — _ _ _ — _ — - — _ —  ___

Parameters are :

I —— word  to  be  a f f ec t ed

J —— bi t  t o  be  a f f ec t ed

SETBT i s  a MAX/IV se t t i ng  a b i t  i n  a word t o  l ag i ca l  ' t r ue '  which
i s  implemented as  ß .  There fore ,  when running  t he  sys t em on  the
82—68 ,  t h i s  ca l l  ha s  t o  be  replaced by a ca l l  t o  t he  MARTOS
func t ion  BCLR. Also ,  t he  b i t  number  has  t o  be  reversed .

15.4 SUBROUTINE SETBF

Parame te r s  are :

I -— word  to  be  a f f ec t ed

J -— b i t  t o  be  a f f ec t ed

SETBF i s  t he  MAX/IV subroutine t o  s e t  a b i t  i n  a word t o  ' f a l s e '
which  i s  implemented as  1 .  When runn ing  the  sys t em on  the  az—so ,
th i s  ca l l  ha s  t o  be  conve r t ed  into a call t o  t he  MARTOS func t ion
BSET.  Also. t he  b i t  number  has  t o  be  reversed .



15.5 INTEGER FUNCTION ISHFT

Parame te r s  a r e :

I —- word  whose  b i t s  have  t o  be  shifted

J —— number of  bit—shifts:
J > a ===>  l e f t  shift
J < e ===> r i gh t  shift

The  MAX/IV call has  t o  be  r ep l aced  by  the  MARTOS call ISHL.

15.6 SUBROUTINE RDREC

Parame te r s  a r e :

ILUN —— logical channel number  fo r  input

IREC --  r eco rd -number  fo r  t he  r eco rd  t o  be  r ead

IBUF —- bu f f e r  t o  s to re  t he  input

This sub rou t ine  calls on ly  t he  MARTOS bu i l t - i n  routine RDRW fe r
r ead ing  a 256  by te  record .

15.7 SUBROUTINE WRREC

Parame te r s  a r e :

ILUN —— logical channel number  fo r  t he  ou tpu t

IRECC - r eco rd -number  o f  t he  r eco rd  t o  be  written

IBUF - -  bu f f e r  fo r  r ead ing

This sub rou t ine  calls on ly  t he  HARTOS bu i l t—in  rout ine  WRTRH fo r
wr i t i ng  a 256  by te  record .
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15.8 SUBROUTINE GETCH

Parame te r s  are :

LTEXT —- array  wi th  t he  des i r ed  cha rac t e r

ICH —- re turns  t he  r equ i r ed  cha rac t e r

I -- by t e -number  o f  t he  des i r ed  cha rac t e r  i n  LTEXT

Thi s  rou t ine  f e t ches  t he  charac ter  a t  t he  by t e—number  1 f rom the
buf f e r  LTEXT i n to  ICH. The  l a s t  3 by t e s  a r e  filled up  wi th  blanks.

15.9 SUBROUTINE PUTCH

Parame te r s  are :

LTEXT - -  array  fo r  s tor ing  t he  cha rac t e r

ICH - -  contains cha rac t e r  t o  be s tored  ( l e f t bound)

I - -  by t e  pos i t i on

Thi s  rou t ine  s to res  t he  f i r s t  cha rac t e r  f rom ICH in to  t he  a r r ay
LTEXT a t  t he  by t e—number  I .
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16  File SWPI
n-——————_-

con ten t s :

INTEGER FUNCTION SWPIN

INTEGER FUNCTION SWPOUT

INTEGER FUNCTION MKSWAP

INTEGER FUNCTION UNSWAP

SUBROUTINE MVARRY

16.1 INTEGER FUNCTION SWPIN

Parame te rs  are :

ARRAY —- po in t e r  t o  heade r  o f  array t o  be  swapped i n

I f  t he  array  15  no t  a swappable ,  t hen  SWPIN re turns  wi th  no  o the r
ac t i ons  and  value of  SWPIN i s  ARRAY. I f  t he  array i s  swappable ,
t hen  i t  i s  r ead  i n to  t he  swap buf fe r  ( i f  necces sa ry ) ,  and  the  value
of  SWPIN i s  t he  po in t e r  t o  t he  f i r s t  word  o f  t he  a r r ay—heade r  now
in  the  swap buffer.

Since  t he  swap buf fe r  i s  pa r t  o f  PNAME, t he  array  func t ions  can
access swappable arrays  i n  t he  s ame  way  a s  non-swappable arrays
a f t e r  mak ing  su re  by a ca l l  t o  SWPIN tha t  t he  array i s  r e s iden t  i n
memory. ‘

16.2 INTEGER FUNCTION SWPOUT

Parame te r s  are :

SUPARR —— po in t e r  t o  f i r s t  word of  heade r  o f  t he  array.

Thi s  routine will be  ca l l ed ,  whenever i t  i s  necces sa ry  t o  r emove  a
swappable array from t he  swap buf fe r .  The  value of  SWPOUT i s  t he
nunbe r  o f  256 -By te  b locks  f r eed  i n  t he  swap buf fer .

I f  SWPOUT i s  called with  SWPARR nega t ive ,  t hen  SWPARR con ta in s  t he
(nega t ive )  s t a r t i ng  pos i t i on  of a sequence  of f r ee  swap bu f f e r
blocks. In  t h i s  ca se ,  SWPOUT r e tu rns  t he  number  o f  f r ee  blocks
s t a r t i ng  w i th  b lock  —SWPARR.
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16 .3  SUBROUTINE MKSWPA

P a r a m e t e r s  are :

ARRAY - -  po in t e r  t o  f i r s t  word  o f  t he  array  heade r

‚Th i s  func t ion  conve r t s  a non-swappable array  into a swappable
a r r ay .  F i r s t ,  t he  size of  t he  a r r ay  i s  checked  aga ins t  t he  t o t a l
s i ze  o f  t he  swap buf fe r  t o  make  su re , t ha t  i t  f i t s  i n to  t he  l a t t e r  -
i f  no t ,  an  error  i s  gene ra t ed ,  and  the  array  remains unswappab le .

Nex t ,  t he  func t ion  allocates disk space on  the  swap file - i f  no t
enough  space  i s  ava i l ab l e ,  an  e r ro r  i s  gene ra t ed ,  and  the  array
remains unswappab le .

F ina l ly ,  t he  func t ion  allocates space i n  t he  swap buf fe r  (o the r
a r r ays  may  be  swapped ou t ) ,  moves t he  a r r ay  i n to  t he  swap buf fe r ,
markes  t he  a r r ay  heade r  and  r e tu rns  a s  va lue  t he  o r ig ina l  a r r ay
po in t e r .

16 .4  SUBROUTINE UNSWPA

Parame te r s  are :

ARRAY - -  po in t e r  t o  f i r s t  word  o f  a r r ay  heade r

Af t e r  swapp ing  in  t he  a r r ay ,  space  i s  allocated i n  PNAME to
cons t ruc t  a non-swappable array  ( t ha t  may  cause  ga rbage
ro l l ec t i on l ) .  The a r r ay  con ten t s  a r e  moved t o  t he  new a r r ay ,
i nc lud ing  the  heade r  i n fo rma t ion .  Then ,  t he  d i sk  and  swap buf fe r
a reas  a r e  c l ea red .  UNSWPA re tu rns  a s  va lue  t he  po in t e r  t o  t he  new
heade r .

16.5 SUBROUTINE MVARRY

P a r a m e t e r s  a re :

SWPTBP - -  pointer t o  a swap table en t ry

ARRAY ——. po in t e r  t o  an  a r r ay  heade r

ATOB - -  indicates direction ov  move

Depend ing  on the  va lue  o f  ATOB ( t rue  o r  f a l s e ) ,  t he  a r r ay  i s  moved
t o / f rom swap buf fe r  f rom/ to  a r r ay  space  i n  PNAME.
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17  F i l e  SWPZ

con ten t s :

SUBROUTINE INISWP

INTEGER FUNCTION FBSPAC

INEGEB FUNCTION FDSPAC

INTEGER FUNCTION FSWPTE

INTEGER FUNCTION ARRINX

SUPROUTINE SWPALL

INTEGER FUNCTION IRAND

17 .1  SUBROUTINE INISWP

Parame te rs  a re :

RDBACK e -  r ead  back  swap f i l e  d i r ec to ry  o r  initialize

INISWP i s  called dur ing  sys tem s ta r t  up .  Depend ing  on  the  value of
RDBACK. t he  swappe r ' s  d i sk  f i l e  d i r ec to ry  i s  initialized or  read
back  f rom d i sk .

17 .2  INTEGER FUNCTION FBSPAC

Parameters are :

IBLKS —- number  o f  blocks t o  be  allocated

This function allocates space i n  t he  swap buf fer .  I f  necces sary ,  i t
swaps ou t  o the r  arrays .  Only as  many arrays  wi l l  be  swapped ou t  a s
needed  to  p rov ide  enough  space .  The  pos i t i on  o f  t he  f i r s t  a r r ay  t o
be  swapped ou t  i s  de t e rmined  by  a r andom number .

The  func t ion  r e tu rns  a s  value t he  po in t e r  t o  t he  swap t ab l e  en t ry
{ a l l o c a t e d  by  a call t o  FSWPTE) which  wi l l  be  u sed  to  r e f e r ence  t he
swappable array ,  while i t  i s  swapped i n .
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17 .4  INTEGER FUNCTION FDSPAC

Parame te r s  a r e :

IPLKS -- number  of 256 Byte  blocks to be allocated

This func t ion  searches the swap file d i r ec to ry  for a r r ay  space .  In
contrast to swap buf fe r  space allocation, only a n  error  can be
reported, if no more  space is available. The function r e tu rns  as
value the number  of the first r eco rd  allocated on the disk.

The swap file must be of fixed s i ze ,  since the f i r s t  record(s) on
disk contain the image of the swap file direc tory  (which is
actually a bit—map of free/allocated disk records ) .

17 .5  INTEGER FUNCTION FSWPTE

Parameters are :

IDUMMY -— guess, what it does.

For all swappable arrays  cu r r en t ly  swapped in, the sys tem needs  an
entry in the swap table (cOnsisting of 4 words). If no en t ry  is
available, t hen  the function selects one of the allocated entries
by using a r andom number  to determine a swap—out  cand ida t e .  By
swapping out that candidate, the entry is f reed  and can then be
reused. the value of this function is the pointer to the swap table
e n t r y .

17 .7  SUBROUTINE ARRINX
- - - u _ - n - - - H _ ~ ~ ~ ~ —

Parame te r s  are :

IBLKNO —— index to swap buf fe r

This function determines the pointer to the swap table entry
desc r ib ing  the swappable array  which is currently in the swap
buf fe r  s t a r t i ng  with block number IBLKNO. If block IBLKNO is
currently not a l loca t ed ,  t hen  the function re turns  -IBLKNO.



4 %

17 .8  SUBROUTINE SWPALL

This sub rou t ine  searches the swap table for arrays  currently
swapped in and swaps them ou t .  The swap table entries are f r eed .
Finally, the swap file d i r ec to ry  is written to disk to allow for
proper  re-initialization. This sub rou t ine  will be called dur ing
sys tem Shu t—down and ga rbage  collection. .

17 .9  INTEGER FUNCTION IRAND

Parame te r s  are :

IX —— l e f t  interval marg in

IY —- r i gh t  interval marg in

IRAND is used to de te rmine  r andom number s  for snappe r  i n t e rna l  u s e ;



41

19  F i l e  INPT

con ten t s :

INTEGER FUNCTION IREAD

ITNTEGER FUNCTION RATOM

SUBROUTINE SHIFT

INTEGER FUNCTION MATOM

INTEGER FUNCTION MKNUM

INTEGER FUNCTION MKARRY

INTEGER FUNCTION COPARR

19.1 INTEGER FUNCTION IREAD
___  ___—Fu___———_“_—_—_—

Parame te r s  are :

IDUMMY - -  gues s ,  what i t  does

Befo re  s t a r t i ng  a new inpu t ,  a f unc t ion—code  i s  saved i n  t he
function s tack .

IREAD r eads  a LISP expression f rom the  actual i npu t  channel.

The  func t ion  calls t he  routine RATOM which re turns  two  d i f f e r en t
items:

a )  separators (pa ren theses  o r  blank)
b)  atoms '

I f  IREAI ge t s  _an a tom,  t hen  th i s  atom i s  s t o r ed ,  and  i t ' s  add re s s
i s  passed  back  to  t he  ca l l i ng  p rog ram.

I f  t he  f i r s t  non—blank  inpu t  cha rac t e r  i s  a l e f t  parenthesis or  a
l e f t  supe r  bracke t ,  t he  i npu t  i s  expected t o  be  a l i s t ,  and  the
l i s t  w i l l  be  s to r ed  i n  t he  a r r ay  L IST .

The  p roces s  o f  c r ea t i ng  a l i s t  i s  a s  fo l l ows :



42

a )  actual cha rac t e r  : LEFT PARENTHESIS

RATOM r e tu rns  1 and CHT the  cha rac t e r type ,  CHT = 2 .  Us ing
CONS a l e f t  pa ren thes I s  w i l l  be  pu t  i n to  t he  a r r ay  LIST. The
bracke t  level BRLEV i s  increased by  1 .

b)  actual cha rac t e r :  RIGHT PARENTHESIS
—_——______*__—————___—_—*—____ -_—_—___

BATON r e tu rns  1 and  CHT the  cha rac t e r type ,  CHT = 3 .  Us ing
CONS a r i gh t  parenthesis will be  pu t  i n to  t he  a r r ay  LIST.
The  b racke t  level BRLEV i s  dec reased  by  1 .

c l  actual cha rac t e r :  LEFT SUPER BRACKET

RATOM re tu rns  1 and  CHT the  cha rac t e r type ,  CHT = 4 .  The
b racke t  level and  a code  fo r  t he  supe r  b r acke t  will be
pushed on  the  s tack ,  and  b racke t  level BRLEV will be  se t  t o
ze ro .  Then  IREAD ac t s ,  a s  i f  t he  i t em has  been  a l e f t
parenthesis.

d)  actual cha rac t e r :  RIGHT SUPER BRACKET

RATOM returns 1 and  CHT the  cha rac t e r type ,  CHT = 5 .  A f l ag
(PRFLG) wi l l  be  s e t  i nd i ca t i ng  t ha t  a l l  Open parentheses
have  to  be  c lo sed .  This dr ives  IREAD t o  call CONS repeatedly
with pa rame te r  RPAR and  dec remen t  BRLEV by  one  un t i l  i t
f i na l l y  becomes  ze ro .  Then ,  t he  l a s t  i t em pushed  on  the
func t ion  s t ack  i s  popped .  Depend ing  on i t ' s  va lue ,  t he
fo l l owing  ac t i on  occu r s :

1 —— re tu rn  w i th  va lue  add re s s  o f  exp re s s ion  r ead

2 - -  t he  supe r  b r acke t  i s  a l r eady  executed

3 - -  take care of  t he  func t ion  QUOTE:
' n  i s  t he  same a s  (QUOTE A) .
A r i gh t  pa ren thes i s  ha s  t o  be  pu t  i n to  L IST .

4 - -  t ake  ca re  of t he  cons t ruc t ion  " . ( "
There  i s  a r i gh t  pa ren thes i s  i n  t he  i npu t
buf fe r  wh ich  mus t  no t  be  CONS '  ED i n t o  L I S T .

e l  a tom

BATON r e tu rns  2 and  the  add re s s  o f  t he  a tom.  Us ing  CONS t he
add re s s  w i l l  be  pu t  i n to  t he  a r r ay  L IST .  I f  t he  a tom i s
quo ted ,  t hen  t he  LISP func t ion  QUOTE has  t o  be  closed wi th  a
r i gh t  parenthesis.



19 .2  INTEGER FUNCTION RATOM

X -— re tu rns  t he  add re s s  o f  t he  a tom

IOP  —— a f l ag  t o  i nd i ca t e ,  who ca l l ed

IOP = @ ca l l  f rom the  LISP func t ion  RATOM

IOP  = 1 i n t e rna l  ca l l

BATON calls t he  rou t ine  SHIFT t o  ge t  t he  nex t  cha rac t e r  f rom the
inpu t  bu f f e r .  Blanks a re  separators ,  they  a re  t r ea t ed  a s
non—sign i f i can t  cha rac t e r s ,  except ,  i f  t hey  occur  within s t r ings  or
a re  p receded  by  the  e scape  cha rac t e r .  The re fo re  t he  sub rou t ine
SHIFT will be  called until t he re  i s  a cha rac t e r ,  wh ich  i s  no t  equa l
t o  blank ,  CHT > 1 .

I f  t he  cha rac t e r  r e tu rned  by  SHIFT i s  a s epa ra t e r  o the r  t han  b l ank ,
BATON r e tu rns  i t  back  to  t he  ca l l i ng  p rog ram.  In  a l l  o the r  ca se s ,
i t  i s  a l i t a tom,  number  o r  s t r i ng .  The  fo l l owing  ac t i ons  occu r ,
when  finding t he  co r r e spond ing  cha rac t e r s :

a )  actual charac ter :

The  nex t  i t em in  t he  bu f f e r  i s  a s t r i ng .  The  who le  s t r i ng
wi l l  be  r ead .  I f  t he  s t r i ng  has  more  t han  89  cha rac t e r s ,  i t
i s  g r ea t e r  t han  one  i npu t  l i ne ,  SHIFT re turns  t he
cha rac t e r type  @. In  t h i s  ca se  SHIFT  wi l l  be  ca l l ed  w i th
ac tua l  pa rame te r  3 t o  d r ive  i t  t o  s t o r e  t he  82  cha rac t e r s  i n
ENANE be fo re  con t inu ing  r ead ing .  When finally t he  ma tch ing

—charac t e r  i s  f ound ,  SHIFT  wi l l  be  ca l l ed  t o  comple t e  t he
s t r i ng .  The  add re s s  o f  t he  s t r i ng  w i l l  be  r e tu rned  to  t he
caller.

b)  ac tua l  cha rac t e r :
—u-—--—-—‘_———*-- -~ -—-—o

The  nex t  i t em in  t he  bu f f e r  i s  a quo ted  i t em.  Ra tom has  t o
c rea t e  a l i s t  con t a in ing  the  func t ion  QUOTE.

Remember: :A = (QUOTE A)
(A B) = (QUOTE (A B) )

Using  CONS a l e f t  pa ren thes i s  and  the  coded  QUOTE wi l l  be
‚pu t  i n to  L IST .  The  b racke t  level BRLEV and  a func t ion  code
wi l l  be  pushed i n to  t he  s tack ,  and  the  b racke t  level wi l l  be
se t  t o  1 .  Then  nex t  i t em wi l l  be  r ead .



c )  actual cha rac t e r :  u se r  b r eak
_ -ü—D_ l___——_“_—_—____—__—__—_H___—_

MATOM i s  called fo r  mak ing  an  a tom o f  t he  u se r  b r eak
cha rac t e r .  and  the  add re s s  o f  t he  a tom i s  r e tu rned  to  t he
ca l l i ng  p rog ram.

d)  actual cha rac t e r :  .
_“__H“____——_“  _-—_—__——

A decision i s  made ,  whether this cha rac t e r  i s  a radix po in t ,
a l i t a tom o r  t he  do t  i n  a do t t ed  pa i r .  Th i s  can  be  done  by
analyzing t he  nex t  cha rac t e r  o f  t he  i npu t  bu f f e r .

d .1 )  radix point
The  nex t  cha rac t e r  ha s  t o  be  a d ig i t ;  t he  radix-flag RFLG i s
s e t  t o  T ,  and  a Jump  to  t he  a tom sec t ion  i n  RATOM i s
pe r fo rmed .

d .2 )  l i t a tom ‘
The  nex t  cha rac t e r  i s  neither a digit nor  a b lank ,  s e t  t he
nunbe r—f lag  NUMFLG to  NIL and  Jump to  t he  a tom pa r t  o f
RATOM.

d .3 )  do t  i n  a do t t ed  pair
The  next  character i s  a b l ank .  Take  ca re  o f  t he
cons t ruc t ion :

(A . (B c ) ) ==(ABC
(A .<B(CD>)=(

)
AB (c  D))

The  nex t  non—blank cha rac t e r  w i l l  be  r ead .  I f  i t  i s  a r i gh t
pa ren thes i s  o r  a r i gh t  supe r  b r acke t ,  t he  do t  doesn  t be long
to  a do t t ed  pa i r .  The  do t  i s  r e tu rned  a s  an  atom t o  t he
caller.

I f  this cha rac t e r  i sn ' t  a left parenthesis nor  a l e f t  supe r
bracke t ,  t he  r eade r  pos i t i on  RDPOS i s  dec reased  by  one ,  and
the  do t  i s  r e tu rned  a s  an  a tom to  t he  caller.

I f  i t  i s . a  l e f t  supe r  b r acke t ,  t he  b racke t  level BRLEV and  a
func t ion  code  i s  pushed  in to  t he  s t ack ;  BRLEV i s  s e t  t o
ze ro ,  and  RATOM ac t s ,  a s  i f  i t  was  a l e f t  pa ren thes i s :  BRLEV
and  a func t ion  code  i s  pushed  on  the  s t ack ,  BRLEV i s  s e t  t o
—1, and  the  nex t  i t em i s  r ead .

A decision has  t o  made ,  whe the r  t he  cha rac t e r  i s  pa r t  o f  an
a tom o r  a s i gn .  The  nex t  cha rac t e r  i s  f e t ched ,  and ,  i f  i t  i s
a dig i t ,  t he  number  f l ag  i s  s e t  t o  T .  Then  a j ump  to  t he
a tom pa r t  i s  pe r fo rmed .
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f )  actual cha rac t e r :  ß . . 9

A number i s  c r ea t ed  u s ing  the  dig i t ,  and  a Jump to  t he  atom
pa r t  w i th  number - f l ag  NUMFLG equal t o  r i s  pe r fo rmed .

g)  atom pa r t
___—_-—_—o——__

The  nex t  cha rac t e r  i s  f e t ched ,  and  the  o ld  cha rac t e r  i s
s aved  in  AEUFF.

g . i )  I f  t he  cha rac t e r—type  i s  less t han  9 ,  t he  whole
expression i s  read .
For  l i t a toms ,  MATOM i s  called fo r  c r ea t i ng  a literal a tom,
and  i t s  add ress  i s  r e tu rned  to  t he  calling prog ram.
For numbers ,  MKNUM i s  used t o  c r ea t e  t he  number,  and i t ' s
addre s s  i s  r e tu rned  to  t he  ca l l i ng  p rog ram.

F .? )  I ?  t he  a tom i s  a l i t a tom (NUMFLG = NIL) ,  t he  nex t
cha rac t e r  i s  f e t ched ,  and  the  o ld  i s  saved  i n  ABUFF, until
CHT < 9 .

g .3 )  I f  the  character—type i s  equal to  9 ,  the  cha rac t e r  " . "
has  been  r ead .  I f  i t  i s  t he  f i r s t  do t  i n  this expres s ion ,
and ,  i f  t he re  hasn ’ t  been  an  exponent ,  t he  radix-flag RFLG
i s  s e t  ' t r ue ' .  Otherwise ,  NUMFLG i s  s e t  t o  NIL ,  and  the
inpu t  i s  t aken  a s  a l i t a tom.

9 .4 )  I ?  t he  cha rac t e r  "E" has been r ead ,  and ,  i f  the
exponent-flag EFLG i s  . t r ue . ,  NUMFLG i s  s e t  t o  NIL ,  and  the
inpu t  i s  t aken  a s  a l i t a tom.  O the rwi se ,  t he  exponen t— and
the  r ad ix—f lag  a r e  s e t  t o  . t r ue . ,  and  the  digit i s  s aved
i n to  RISU.  RSU i s  s e t  z e ro ,  and  the  exponent i s  expected
nex t .

g .5 )  I f  t he  EFLG i s  . t r ue . ,  t he  number  o f  digits i s
i nc remen ted .  I f  t he re  a r e  more  t han  two  dig i t s ,  t he  number
wi l l  be  treated as  a l i t a tom,  because  i t  i s  ou t  o f  r ange
(now:  NUMFLG = NIL).

g .? )  I f  t he  nex t  cha rac t e r  i s  a dig i t ,  a l l  digits a re
shifted by  1 p lace  t o  t he  l e f t ,  (multiply wi th  1G) ,  and  the
new digit i s  added .  Then ,  t he  nex t  cha rac t e r  i s  r ead .

e . ? )  I f  none of  t he  above  ca se s  occu r s ,  t hen  t he  exp re s s ion
i s  a l i t a tom:  NUMFLG i s  s e t  t o  NIL ,  and_ the  nex t  cha rac t e r
i s  r ead .
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19 .3  SUBROUTINE SHIFT

Parame te r s  a r e :

I —— SHIFT con t ro l  value

SHIFT supplies t he  caller wi th  t he  nex t  cha rac t e r  and  i t ' s  t ype
f rom the  input channel.

I f  t he  contro l  pa rame te r  value i s  1 ,  t hen  t he  o ld  cha rac t e r  i s
s to r ed  i n  ABUFF, and  SHIFT con t inues ,  a s  i f  t he  va lue  was  2 .

I f  - the  con t ro l  va lue  i s  2 .  t hen  depend ing  on IFLG2 t he  nex t  ac t i ons
a re :

IFLG2 = T:  SHIFT has  t o  r ead  f rom the  p r in t e rbu f f e r  PRBUFF.  t h i s  i s
necces sa ry ,  e . g .  i n  ca se  t he  u se r  ha s  ca l l ed  t he  LISP func t ion
PACK. SHIFT se t s  CHR ( the  cha rac t e r  i t s e l f )  and  the  CHT ( the
cha rac t e r - t ype ) .  The  l a s t  cha rac t e r  r ead  i s  i n  PRBUFF(ARG2).

IFLG? = NIL :  The  normal i npu t  bu f f e r  i s  u sed ,  t he  nex t  cha rac t e r  i s .
f e t ched  from t he  r eade rbu f f e r  RDBUFF.

I f  I = 3 ,  t hen  some  spec i a l  a c t i on  has  t o  be  pe r fo rmed .  F i r s t ,  a l l
cha rac t e r s  i n  ABUFF a re  pu t  into PNAME, and ,  i n  ca se  t he  cha rac t e r s
a r e  pa r t  o f  a s t r i ng ,  t he  s t r i ng  l eng th  i s  upda t ed .

The no rma l  i npu t  bu f f e r  i s  u sed  (RDBUFF).

I f  RDPOS <=  MARGR, t he  nex t  cha rac t e r  i s  f e t ched  from RDBUFF and
ane lyzed .  I f  i t  i s  o f  t ype  1 . . 22 ,  CHT and  CHR a re  s e t .  I f  i t  i s  o f
type  23 ,  t he  nex t  cha rac t e r  i s  f e t ched ,  and  the  t ype  10  i s  assigned
t o  i t .  I f  i t  i s  o f  t ype  24 ,  an  i npu t  b r eak  i s  r eques t ed .  so  a l l
necces sa ry  variables a re  se t .

I f  RDPOS > MARGR, RDA i s  ca l l ed  wh ich  fills up  the  r eade rbu f f e r
RDBUFF wi th  a new inpu t  l i ne .  The  r eade rpos i t i on  i s  s e t  t o  t he
beg inn ing  and  the  cha ra t e r type  t o  ze ro ,  so  t ha t  t he  ca l l i ng  p rog ram
knows  abou t  t he  new inpu t .  Th i s  i s  impor t an t  fo r  c r ea t i ng  s t r i ngs ,
because  t he re  t he  cha rac t e r s  f rom the  p rev ious  i npu t  l i ne  have  t o
be  s to r ed  i n to  PNAME.
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18.4 INTEGER'FUNCTION MATOM

Parame te rs  are :

LP -— MATOM control value

MATOM i s  t he  function t o  c r ea t e  a toms.  I f  LP  i s  nega t ive ,  MATOM has
t o  create a s t r ing ,  o therwise  a l i t a tom.

I f  LP i s  pos i t i ve ,  t he  a tom i s  s ea rched  in  PNAME. Fi r s t ,  t he
hashaddre s s  o f  t he  l i t a tom i s  de t e rmined .  I f  t he  compu ted  add re s s
o f  t he  hashtable HTAB con ta in s  UNBOUND, t he  a tom i sn ' t  i n  PNAME.

I f  i t  i s ,  t he  a toms  a r e  compared. I f  t hey  a r e  equal, t he  add re s s  i s
r e tu rned ,  o the rwi se  t he  following a toms  a re  compared  until e i the r
the  a tom i s  found  o r  t he  hash t ab l e  en t ry  i s  equal t o  UNBOUND.

I f  t he  a tom i s  no t  ye t  known t o  t he  sys t em,  i t  i s  examined ,  i f
t he re  i s  enough  space fo r  t he  new en t ry .  I f  t h i s  t e s t  i s  nega t ive ,
t he  ga rbage  co l l ec to r  i s  called.

Af te r  finally space i s  provided fo r  t he  a tom,  t he  d i f f e r en t
a r r ay—ce l l s  be long ing  to  t h i s  i npu t  a r e  s e t .  Also. t he
p r in tname—poin t e r s  wh ich  con ta in  t he  by t e - add re s s  and  the  l eng th  o f
t he  t oken ,  a r e  s e t .  The  CAR—cell i s  s e t  t o  STRING or  UNBOUN (marke r
fo r  s t r i ng  o r  l i t a tom) ,  and  the  CBR—cell i s  s e t  t o  NIL. Then ,  t he
cha rac t e r s  a r e  t r ans fe r r ed  f rom ABUFF t o  PNAME.



48

18 .5  INTEGER FUNCTION MKNUM

Parame te r s  are :

N —— number  t o  be  s to r ed  (b ina ry )

M - -  t ype  o f  t he  number

M = 1 number  i s  i n t ege r

M = 2 number  i s  r ea l

M = 3 number  i s  in teger ,  use  spa re  PNAME space

\

MKNUM i s  t he  func t ion  t o  s tore  ’make' number s ,  i . e . ,  encod ing  them
and  s tor ing  them i n to  t he  app rOpr i a t e  space .

MKNUM allocates t he  nex t  f r ee  PNAME—elemen t ,  and ,  i f  neces sary ,
ca l l s  t he  ga rbage  collector.

I f  N contains a small i n t ege r ,  ( r ange  cu r r en t ly  [ —2@ß@.. 2260 ] ) ,
t he  nunbe r  i s  encoded  by  add ing  the  l eng th  o f  a r r ay  PNP,  a r r ay
LIST,  a r r ay  PNAME, a r r ay  LIST and  2300  to  t he  number  i t s e l f .

Otherwise ,  t he  number  i s  s aved  in  PNAME and  coded  by  add ing  NUMBP,
NPNP and  NLIST .  I f  i t  i s  a r ea l ,  b i t  1 i s  s e t  i n  t he  coded  number .

This encoded  number  will be  r e tu rned  to  t he  ca l l i ng  p rog ram.



49

1R.5 INTEGER FUNCTION MKARRY

Parameters a r e :

S +- size of the new array

P —— size of the unboxed number  part of S

V * * .  value for initialization

INIT —— initialization desired?

MKARRY is the function to c rea t e  an array  which may be r eques t ed
explicitly by the LISP use r  (MKARRAY) or internally by the system
(pa r t  of MKUNSWAP, no initialization).

First. using the arraysize parameter, it is checked ,  if there is
enoueh space for the array. If t he re  i s  not, then ga rbage
collection is invoked.

If initialization of the array is desired, MKARRY builds u p  the
header. The first element contains the arraysize, the second the
size of the unhoxed number part and the following two are set to
zero. MKARRY then initializes each arrayelement in the unboxed
number  part with @ and all other elements are set to V which may be
any valid LISP po in t e r .

MKARRY r e tu rns  the address of the first word of the array header,
encoded  by setting bit 2 of the address to 1.

19.6 INTEGER FUNCTION COPARR
_ _ _ — _ _ _ _ - * — _ _ _ — - — _ _ - _ * —

Parameters are:

IARG —— array pointer

COPARR is used to create an array as a copy of an existing one.
This function is used whithin the LISP function COPYARRAY.

Firs t ,  the header of array IARG is f e t ched  and space is allocated
in PNAME (which may cause ga rbage  collection).

T h e n ,  a n e w  h e a d e r  i s  created w i t h  t h e  s a m e  contents a s  t h e  header
of IARG, and all elements are copied.

COPARR returns the address of the new array, encoded by setting the
bit ? of the real address to 1 .

f



5%

19  F i l e  OUTP

contents:

SUBROUTINE PRINl

SUBROUTINE LSPEX

SUBROUTINE IPRINT

SUPROUTINE TERPRI

SUBROUTINE PRINAT

19.1 SUBROUTINE PRINl
_ _ _ - _ _ _ — _ _ _ _ _ _ _ _

Parame te r s  are :

S —— i t em to  be  p r in t ed

PRINI  prints t he  LISP s t ruc tu re  po in t ed  t o  by  5 .

I f  5 i s  no t  a l i s t ,  PRINl calls only PRINAT and ,  i n  case of  p re t t y
pr in t i ng  (DREG(2) < ,>  NIL) ,  also t he  rou t ine  TERPRI.

In  case  5 i s  a l i s t ,  PRINl looks a t  t he  LIST element physically
following t he  item Jus t  p r in t ed .  Th i s  mus t  have  one  o f  t he  8 t ypes ,
r e tu rned  by  GETEL.

Before t he  t ype—depend ing  actions a re  explained, i t  i s  u se fu l l  t o
know abou t  t he  t ype  i ndependen t  ac t i ons  wh ich  t he re fo re  w i l l  be
explained f i r s t :

a )  I f  t he  i t em to  be  p r in t ed  does  no t  f i t  i n to  t he  actual
pr in t  l i ne ,  t hen  TERPRI i s  called t o  p r in t  a l i ne , con ten t s
of  PRBUFF.

b)  I t  i s  t e s t ed ,  i f  t he  number  o f  t op  level e l emen t s  o f  a
l i s t  (LTOP) i s  g r ea t e r  t han  t he  des i r ed  number  (LEVELL).

When a t op  level e l emen t  15  pu t  i n to  t he  p r in t e rbu f f e r ,  LTOP
i s  i nc rea sed  by  1 .  I f  t he  nex t  t op  level e l emen t  i s  a l e f t
pa ren thes i s ,  LTOP and  a func t ion  code  w i l l  be  s aved ,  and
LTOP wi l l  be  s e t  t o  @.

I f  LTOP i s  g r ea t e r  t han  LEVELL, PRINl calls PRINAT fo r
s to r inp  t he  cha rac t e r s  . . .  i n to  PRBUFF and  sea rches  fo r
t he  end  o f  t he  l i s t ,  t he  co r r e spond ing  r i gh t  pa ren thes i s .



Then t he  r ight  parenthesis will be  s to red  into PRBUFF, and
PRIN1 s t a r t s  w i th  t he  ana lyz ing  of  t he  nex t  e l emen t  o f  t he
list.

c )  I f  LDEPTH ( t he  number of  open pa ren theses )  i s  g r ea t e r
than LEVELP ( t he  des i r ed  "parentheses  nest ing level dur ing
pr in t ) ,  t he  cha rac t e r s  - -— a re  pu t  i n to  t he  p r in t e rbu f f e r ,
and  ana lys i s  o f  t he  nex t  t op  l eve l  e l emen t  i s  s t a r t ed .

d)  Pret ty  pr in t ing .

6 .1 )  I f  DREG(2) i s  no t  s e t  t o  NIL, pre t t y  pr in t ing  i s
r eques t ed .  I f  a left pa ren thes i s  i s  t he  nex t  e l emen t  o f  t he
l i s t ,  t he  number  o f  Open  l e f t  pa ren theses  w i l l  be  f e t ched
and  saved into IREE. I f  IREE i s  g r ea t e r  t han  4 ,  supe r
bracke t s  will be  p r in t ed  i n s t ead  o f  normal parenthesis.

I f  DREG(7) i s  equa l  t o  T ,  t he  number  o f  cha rac t e r s  t o  be
pr in t ed  i s  f e t ched ._ I f  t h i s  whole l i s t  c an ' t  be wr i t t en  i n to
t he  p r in t e rbu f f e r ,  o r ,  i f  DREG(7) i sn ' t  equa l  t o  T ,  some
t e s t s  have  t o  be  done :

Has the  l e f t  marg in  (LMARG) been  changed?  I f  so ,  t hen  r e se t
t he  l e f t  marg in .

Has  some th ing  been  wr i t t en  i n to  t he  p r in t e rbu f f e r ?  I f  so ,
TERPRI i s  c a l l ed  fo r  pr in t ing .

Does  t he  who le  l i s t  f i t  i n to  t he  ac tua l  l i ne?  I f  no t ,  a
func t ion  code ,  meaning t he  l i s t ,  ha s  t o  oe  p re t t y  p r in t ed  i s
s to red .

I s  t he  l e f t  marg in  grea t e r  t han  half an  ou tpu t  l i ne?  I f  so ,
r e se t  t he  marg in  as  neces sa ry .

Now a l l  p r e t t y  p r in t i ng  information fo r  t h i s  l i s t  i s  defined
and  pushed into t he  a rgumen t  s t ack  (3  cells). JP  points t o
t he  l a s t  u sed  ce l l :  ,

STACK(JP) = @ ===> normal pa ren thes i s
= 1 ===> supe r  b r acke t

STACK(JP+1) = 0 ===> l i s t  f i t s  on  one  l i ne
= 1 ===> l i s t  doesn ' t  f i t  on l i ne

STACK(JP+2) = l e f t  marg in

Now, t he  l i s t  con t a in ing  th i s  l i s t  i s  t e s t ed ,  i f  i t  ha s  t o
be  sp l i t  up .  I f  neces sa ry ,  t he  l e f t  margin i s  r e se t .

d .? )  There  i s  one impor t an t  va r i ab l e  by t he  p re t t y
pr in t ing :  I I .  At a l l  times th i s  variable contains t he  number
o f  a toms  s to red  i n to  t he  p r in t e rbu f f e r .  I f  I I  i s  g r ea t e r
t han  1 and  the  ac tua l  l i s t  ha s  t o  be  split up ,  PRINi  ca l l s
TERPRI. I f  I I  i s  equa l  t o  1 and  a new i t em i s  pu t  i n to  t he
p r in t e rbu f f e r ,  t he  l e f t  marg in  will be  upda t ed .
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The  d i f f e r en t  types  wi l l  be  handled i n  t he  following way:

a )  TYPE 1
_ . _ — — — _ — — _

I f  t he  l i t a tom i s  QUOTE, t he  l a s t  cha rac t e r  i n
p r in t e rbu f f e r  PRBUFF i s  t es ted .  I f  i t  i s  a l e f t  pa ren thes i s ,
PRTPOS and  LDEPTH a re  dec reased  by  one. Then t he  number  o f
top  l eve l  elements i s  upda t ed  and  a function code  and  the
number  of  open  parentheses a re  saved  i n  t he  s tack .  Then ,
cha rach t e r  ' i s  pu t  i n to  PRBUFF.

I f  i t  i s  a normal a tom,  PRINAT i s  called fo r  pr in t ing  t he
a tom,  and  the  next  element of  t he  list i s  analyzed.

b)  TYPE 2

The symbol . "  i s  put i n to  t he  p r in t e rbu f f e r ,  and the  next
i t em o f  t he  l i s t  i s  f e t ched .

r . )  TYPE 3

Numbers a re  t r ea t ed  i n  t he  s ame  way a s  normal literal
a toms.

6)  TYPE 4

The  l i s t—elemen t  i s  a l e f t  pa ren these i ,  so  i t  i s  t e s t ed ,
whe the r  t he  l a s t  cha rac t e r  i n  PRBUFF i s  a DOT o f  a do t t ed
pa i r .  I n  t h i s  ca se ,  t he  p r in t e r  pos i t i on  and  the  number  o f
top  l eve l  e l emen t s  a r e  dec reased  by  1 ,  and  the  g loba l  l eve l
o f  pa ren theses  GLLEV and  a func t ion  code  a r e  s aved  in to  t he
stack. GLLEV i s  s e t  t o  1 .  Then  the  nex t  e l emen t  o f  t he  l i s t
1 s  analyzed.

I f  t he  l a s t  cha rac t e r  i n  PRBUFF i s  no t  a do t ,  t he  number  o f
top  l eve l  e l emen t s  and  a func t ion  code  a r e  s aved  in to  t he
s tack ,  and  LTOP i s  s e t  t o  ze ro .  Then  i t  i s  t e s t ed ,  whe the r
p re t t y  pr in t ing  i s  de s i r ed  Depend ing  on  IRET,  a
pa ren thes i s  o r  a l e f t  supe r  b r acke t  a r e  pu t  i n to  PRBUFF.

e ‘  TYPE 5

I t  i s  t e s t ed ,  whe the r  t h i s  r i gh t  parenthesis shouldn’t be
s to red  i n to  PRBUFF: (QUOTE A) - -> ’A and (A . (B C) )
- ->  (A B C) .  Af t e r  p r e t t y  pr in t ing  has  been t e s t ed ,  e i t he r
t he  parenthesis or  t he  b racke t  a r e  pu t  into PRBUFF.

I f  GLLEV i s  equal t o  ze ro ,  a f unc t ion  code  i s  popped ou t  o f
the  s t ack .  In  any  ca se ,  pr in t ing  i s  s t a r t ed  w i th  t he  f i r s t
e l emen t  o f  t he  l i s t .

U!



f )  TYPE 6

The  nex t  e l emen t  o f
nunbe r  o f  open
the
se t  t o  ze ro .  The  nex t
by  the  l i s t—poin t e r .
GLLEV wi l l  be  - equa l
th i s  l i s t—po in t e r  w i l l

g)  TYPE 7
——__—_*—-

The  nex t  e l emen t  i s
no rma l  literal a tom.

h)  TYPE 8

Using  GETARG t he nex t

55

t he  a r r ay  LIST i s  a l i s t -po in t e r .  The
pa ren theses  (GLLEV) , t he  ac tua l  add re s s  o f

a r r ay  LIST and  a func t ion  code  a r e  s aved .  Then GLLEV i s
LIST  ce l l  t o  be  examined i s  po in t ed  t o

When th i s  pa r t  15  pu t  i n to  PRBUFF,
t o  ze ro ,  and  then  the  l i s t  con t a in ing

be  analyzed.

an  a r r ay  po in t e r  wh ich  i s  t r ea t ed  a s  a

l i s t - e l emen t  will be  f e t ched .  Then
th i s  and  the  fo l l owing  LIST element i s  analyzed.

19.2 SUBROUTINE LSPEX

LSPEX i s  t he  no rma l  i n t e rp re t e r  exit rou t ine .  I t  c a l l s  TERPRI fo r
p r in t i ng  t he  con ten t s  o f  t he  p r in t e rbu f f  PRBUFF and  writes some
i n fo rma t ion  abou t  t he  ga rbage  collection and  then  s tops  t he
in t e rp re t e r .

19.3 SUBROUTINE IPRINT

Parame te r s  a r e :

I —- i t em to  be  pr in ted

[PRINT calls PRINi  fo r  s t o r ing  I into PRBUFF and  TERPRI fo r
pr in t i np  t he  p r in t e rbu f f e r .

SUBROUTINE TERPRI
___  _ _ _ — _ _ — — _ _ _ _ — —

19 .4

Thi s  sub rou t ine  writes t he
ac tua l  ou tpu t  channe l  LUNUT.

con ten t s  o f  t he  p r in t e rbu f f e r  PRBUFF v ia
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19 .5  SUEROUTINE PRINAT
_ _ _ - _ _ _ — — _ _ _ - - _ _ _

Parame te r s  a r e :

X - -  item t o  be  p r in t ed

GLLEV - -  number  o f  open  pa ren theses

PRINAT i s  t he  subroutine used. t o  p r in t  an  atom.  Fi r s t  i t  i s  t e s t ed ,
whe the r  t he  number of  t he  t op  level e l emen t s  o r  open  parentheses
has  been  ove r s t epped .  In  this case ,  e i t he r  t he  cha rac t e r  . or  —
i s  p r in t ed .  Then ,  fo r  t he  d i f f e r en t  t ypes  o f  a toms ,  t he  fo l l owing
occurs :

a )  Literal atom o r  s t r i ng
___—m—————_--____________

Using  GETPN, t he  by t e -  add re s s  and  the  l eng th  o f  t he  a tom i s
f e t ched .  Bes ides  t h i s  GETPN r e tu rns ,  whe the r  t he  i t em i s  a literal
a tom o r  a s t r i ng .  I f  t he  no rma l  p r in t i ng  i s  de s i r ed  wh ich  means
DREGffi )  i s  equa l  t o  NIL ,  a s t r i ng  w i l l  be  printed as  a literal
a tom.  I f  t he  a tom does  no t  f i t  i n to  t he  ac tua l  l i ne ,  TERPRI will be
called. I f  t he  a tom s t i l l  doesn ' t  f i t  i n  t he  l i ne  and  the  l e f t
margin LHARG has  been  changed  du r ing  t h i s  pr in t ing ,  LMARG wi l l  be
r e se t  t o  t he  s aved  l e f t  marg ins  un t i l  LMARG i s  equal t o  1 or  t he
i t em wi l l  f i t  i n  t he  l i ne .

All charac te rs  and,  i f  necessary ,  the  double quote ( " )  i s  put i n to
t he  p r in t e rbu f f e r  PRBUFF.  I f  t he  p r in t e rpos i t i on  PRTPOS i s  g r ea t e r
t han  t he  r i gh t  margin  MARSH, t he  p r in t e rbu f f e r  w i l l  be  p r in t ed ,  and
t he  nex t  cha rac t e r s  w i l l  be  pu t  i n to  PRBUFF.

b )  number

Us ing  GETNUM PRINAT wi l l  ge t  t he  decoded  number .  I f  i t  i s  t he
number 2 .0 ,  t he se  3 cha rac t e r s  a r e  pu t  i n to  t he  p r in t e rhu f f e r ,  and
PRINAT re turns .  I t  t he  number  i s  nega t ive ,_ the  va r i ab l e  SIGN i s
se t ,  and  the  number  i s  made  pos i t i ve .  I f  t he  number  i s  a r ea l ,  t he
in t ege r  pa r t  o f  t he  number  i s  r ounded  and  saved .

In  bo th  ca se s  t he  i n t ege r  w i l l  be  pu t  i n to  t he  p r in t e rbu f f e r  f i r s t .
The  d ig i t s  w i l l  s aved  in  r eve r sed  o rde r  into t he  bu f f e r  ABUFF. I t
i s  t e s t ed ,  whe the r  t he  number  w i l l  f i t  i n  t he  ac tua l  l i ne .  I f
neces sa ry .  t he  s ign  and  then  the  d ig i t s  f rom ABUFF a re  pu t  i n to
PRBUFF. Fo r  a r ea l ,  a r ad ix  po in t  i s  pu t  i n to  PRBUFF, and  the
f r ac t i on  i s  multiplied by 1@**5 and  rounded .  The f i r s t  5 d ig i t s  a r e
saved  in to  an  i n t ege r ,  and  the  s ame  mechan i sm i s  app l i ed  fo r
s to r ing  t he se  5 d ig i t s  i n to  ABUFF as  fo r  t he  in teger  pa r t  o f  t he
number .  I f  an  exponen t  ha s  t o  be  wr i t t en ,  i t  i s  pu t  i n to  t he
pr in t e rbu f f e r .

c )  an  a r r ay -po in t e r

I f  t he  p r in t e rbu f f e r  i s  f i l l ed ,  TERPRI i s  c a l l ed .  Then ,  t he
hexadecimal r ep re sen t a t i on  o f  t he  a r r ay  po in t e r  i s  pu t  i n to  t he
p r in t e rbu f f e r .
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zo File IOFN
_ _ _  “ ___——

contents:

SUBROUTINE RDA

SUBROUTINE WSTACK

SUBROUTINE MESS

23 .1  SUPROUTINE RDA

Parameters are :

LUN —— logical channel number  for input

CARD —— buf fe r  to be wri te  on

Ii -- f i r s t  element of CARD which has to be write on

I2 —— last element of CARD which has to be write on

IEOF —- exit-code

RDA r eads  a line into the array CARD via logical channeluLgN. If
the con ten t s  of the f i r s t  cell of CARD is the symbol \ , the
debugge r  is called.

2m.2t SUBROUTINE WSTACK

WSTACK pr in t s  the contents of the function and a rgumen t  s t ack .
Following a heade r ,  on the left the function stack con ten t s  is
rinted [ STACK(1..IP) ]. and on the right the argument s t ack
STACK(JP. .NSTACK)].  .

2%.3 SUBROUTINE MESS
_ _ _  „ _ _ _ — - — - — _ _ —

Parame te r s  are :

I -— MESS control value

I = @ read the messages into the message buffer IMESS
I > 2 pr in t  IMESS(I)

MESS is called either to initialize the IMESS array  dur ing  sys tem
startup, or to print a message.
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21 ' File ROLL

con ten t s :

INTEGER FUNCTION ROLLIN

SUBROUTINE ROLLOUT

SUBROUTINE DMPIN

SUPROUTINE DMPOU

21.1 INTEGER FUNCTION ROLLIN
- - _ _ _ _ — — _ _ _ _ _ _ _ _ — — _ _ — _ —

Parameters are :

K --  l og i ca l  channel number  fo r  input

ROLLIN r eads  a binary image of  a previously defined i n t e rp re t e r
s ta tus  back into memory .

Fi r s t ,  t he  array  COMA will be  r ead  which contains t he  dynamic
po in t e r s .  I f  t he i r  values do’nt f i t  i n  t he  co r r e spond ing
a r r ays i ze s ,  ROLLIN re turns  —1, indicating unusable da ta  on disk.

Using  DMPIN t he  fo l l owing  a r r ays  w i l l  be  f i l l ed :

t he  f i r s t  83  variables of  COMMON B - -  COMB
t he  24  charac ters  of  t he  i n t e rp re t e r  - -  COMCH
t he  cha rac t e r  t ab l e  —- CHTAB
t he  hash table - -  HTAB
i n fo ramt ions  abou t  one  a tom o r  s t r i ng  —— CAR

—- CDR
--  PNP

the  i n t e rp re t e r  messages  - -  IMESS
t he  s t ack  . - -  STACK
t he  l i sp—l i s t s  —- LIST
t he  p r in tnames ,  r ea l  number s  and  arrays  —- PNAME

Then .  ROILIN r ewinds  t he  f i l e  and  r e tu rns  t he  logical channel
number .
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21.2 SUPROUTINE'ROLLOU

Parame te rs  are :

K —— lagical channel number  for ou tpu t

ROLLOU saves  the current  i n t e rp re t e r  s ta tus  on a disk file.

First, all swappable a r r ays  will be swapped out, and then the
ga rbage  collector will be called, because it isn’t necessary to
save unused space. Using DMPOU the contents of following arrays
will be saved :

the first 83 variables of COMMON B —- COMB
the 24 cha rac t e r s  of the in terpre ter  -- COMCH
the character table -- CHTAB
the hash table —- HTAB
inforamtions abou t  one atom or string —— CAR

-- CDR
—- PNP

the i n t e rp re t e r  messages  -- IMESS
the stack -- STACK
the lisp—lists —- LIST
the printnames, real numbers and arrays  —— PNAME

21.3 SUBROUTINE DMPIN

P a r a m e t e r s  are :

LUN —- l og i ca l  channel number  for input

AREAZ —- array  which will be filled depending on IS

APEA4 —- array  which will be filled depend ing  on 13

Il —— first cell which will be filled

I? -- last cell which will be filled

13 -- indicates buf fe r  to be used

IS = 1 AREAZ has to be filled

13 = 2 AREA4 has to be filled

DMPIN reads from the lOgical channel 12—11 words or halfwords into
an array. The parameter 13 states, whether the array AREA? has to
be filled with halfwords (15 = 1) or the array  AREA4 has to be
filled with words (IS = 2).
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21.4 SUBROUTINE DMPOU
_ _ _ — — _ — _ _ — _ _ — _ _ —

Parameters are :

LUN —— logical channel number  for ou tpu t

AREAZ -- array  which con ten t s  will be saved depend ing  on 13

AREA4 —- array  which con ten t s  will be saved depend ing  on IS

Il —- f i r s t  cell which will be saved

I2 —— l a s t  cell which will be saved

13 -- indicates buf fe r  to be used

13 = 1 AREAZ has to be saved

IS = ? AREA4 has to be saved

DMPOU wr i t e s  on the logical channel 12—11 words  o r  halfwords f rom
an a r r ay .  The pa rame te r  13 s ta tes ,  whether the a r r ay  AREAZ has to .
be saved (IS = 1) or the a r r ay  AREA4 has to be saved (IS = 2).



22 F i l e  GBC
__—_—_——

con ten t s :

INTEGER FUNCTION GARB

22 . 1

SUBROUTINE REHASH

INTEGER FUNCTION GARE

Parame te r s  are :

IGARB -— ga rbage  collection type

IGARE = 1 compress  litatom and  s t r i ng  po in t e r  space

IGARB = 2 compress printname and  a r r ay  space

IGARB = 3 compress  a tom,  s t r i ng  and  a r r ay  space

IGARB = 4 compress l i s t  space

IGARB = 5 compress  a l l  arrays

GARE i s  t he  ga rbage  co l l ec to r  sub rou t ine .  I t  functionally contains
"l
&.

These

majo r  s ec t i ons :

a )  A l l  a c t i ve  ce l l s  w i l l  be  marked  wh ich  means  a l l
a r r ay -ce l l s ,  wh ich  can  be  reached.

b)  Depend ing  on the  ga rbage  type  t he  a r r ay  will be
compressed .

c )  The po in t e r s  w i l l  be  co r r ec t ed  and the  a r r ay -ce l l s
unmarked .

3 sections w111_be explained i n  more  de t a i l  be low.



a) Marking all active cells
“ - - — — U — t — n — — — — u fl - — _ n “ — _ — — — “ fl - — - — I -

fin active cell is an element of some FORTRAN array  which can be
reached by evaluation of some user input. There  are various
conditions for the different data types, which cause cells to be
active:

litatom —— bound variable
—— function—name
— —  v a l u e  bound to a n o t h e r  a tom
—— element of an active LISP a r r ay
- -  element of a n  a c t i v e  LISP  list

string —— bound to a variable
—— element of an active LISP a r r ay
—— element of an active LISP  list

number —— bound to a v a r i a b l e
—— element of an active LISP array
- -  element o f  a n  a c t i v e  L I S P  list

list —— function definition
—— bound to a variable
-— element of an active LISP array
—— element of an active LISP list
—— list currently worked on

array - -  bound  to a variable
—— element of a LISP array
—— element of a LISP list

For finding all active cells, the following arrays and variables
have to be i n spec t ed :  -

Variables

ARGl ARGZ ARGE ALIST FORM
TEVPl TEMPE TEMPS IlCONS I2CONS

These variables are equivalenced with the IQ—element FORTRAN array
ARGS.

Arrays

STACK(JP) . STACK(NSTACK) (argument stack)
(ARGS(1) . anos(1o))
CAR(Il . .  CAR(NATOMP/2+1)
CDR(13  . .  CDR(NATOMP/2+1)
LIST(1) .. LIST(NLISTP) (every active cell)
PNAMEfNARRYP) .. PNAME(NPNAME) (active elements)
PNAVE swap buf fe r  section for each swappable array
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GARE scans t he  4 arrays  and  marks t he  d i f f e r en t  da t a  i n  t he
following way:

l i t a tom o r  s t r i ng  --  s e t  CDR(11tatom) nega t ive

number  —— the  b i t—number  o f  MARK i s  less or  equal t o
the  s i ze  o f  PNAME. I f  a number  i s  a c t i ve ,
wi th  i t ' s  va lue  s to r ed  PNAME cell number
I ,  b i t  number  I o f  MARK wi l l  be  s e t  t o  l .

a r r ay  - -  B i t  number  4 of  t he  first word of  i t s
heade r  w i l l  be  s e t  t o  1 .

l i s t  --  Each  element of  t he  l i s t  w i l l  be  marked by
se t t i ng  b i t  4 t o  1 .

I f  a LISP l i s t  o r  —array i s  r eached ,  GARE has  t o  examine each
element and  mark  t he  d i f f e r en t  i t ems .  Passing t h rough  i s  pe r fo rmed
i n  t he  fo l l owing  way :

LISP lists

I t  i s  t e s t ed ,  whe the r  t h i s  l i s t  i s  a l r eady  marked .  I f  i t . i s ,
r e tu rn .  I f  no t ,  a f unc t ion  code  spec i fy ing  the  a r r ay  con ta in ing  the
po in t e r  t o  t h i s  l i s t - ce l l  i s  s aved  on  the  s t ack .  The  cell i s  then
marked and  will be  inspected.

Depend ing  on  the  da t a  t ype  o f  t he  i t em,  con t ro l  i s  t r ans fe r r ed  t o
the  co r r e spond ing  marking  sec t i on .  I f  i t  i s  ne i t he r  a l i t a tom,
s t r i ng ,  number  o r  a r r ay ,  GARE ac ts  i n  t he  fo l l owing  way .

I f  i t  i s  a do t ,  t he  nex t  l i s t - e l emen t  i s  f e t ched .

I f  i t  i s  a l e f t  pa ren thes i s ,  GARE has  t o  examine ,  whe the r  t he  l e f t
parenthesis i s  r eached  by  a l i s t—po in t e r .  I f  t h i s  i s  t r ue ,  t he
add re s s  o f  t he  l i s t -po in t e r  i s  s aved ,  o the rwi se  a l e f t  pa ren thes i s
wi l l  be  s to r ed .  Then  the  nex t  e l emen t  w i l l  be  f e t ched .

I f  i t  i s  a r i gh t  pa ren thes i s ,  i t  i s  t e s t ed ,  whe the r  t he  who le  l i s t
i s  marked .  I f  neces sa ry ,  t he  nex t  e l emen t  15  popped  f rom the  s t ack .
I f  i t  i s  a pa ren thes i s ,  t he  s can  con t inues  w i th  t he  fo l l owing  LIST
ce l l ,  o the rwi se  w i th  t he  add re s s  f e t ched ,  i nc rea sed  by  1 .

I f  i t  i s  a l i s t -po in t e r ,  i t s  add re s s  i s  s aved  and  the  r e f e r enced
he l l  i s  t e s t ed .

l i s t—elemen t  a r e  r ep l aced  by  the  new add re s s .

I f  i t  i s  a c e l l  wh ich  a l r eady  i s  marked ,  t he  nex t  unmarked  cell i s
s ea rched .

In  a l l  c a se s  i t  mus t  be  t e s t ed ,  whe the r  t h i s  l i s t  i s  t he  physically
last -one  i n  L IST ,  wh ich  a l so  i s  no t  necces sa r i l y  comple t e .  Th i s
means  t ha t  t he  l i s t  ( cu r r en t ly  unde r  cons t ruc t ion )  does  no t  have
the  s ame  number  o f  l e f t  pa ren theses  a s  r i gh t  ones .
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LISP arrays

I t  i s  t e s t ed ,  whe the r  this a r r ay  i s  already marked .  I f  i t  i s  ,
r e tu rn .

Otherwise a function code  i s  saved on the  stack specifying t he
FORTRAN array  containing t he  pointer t o  this a r r ay .  The  a r r ay  i s
marked ,  and  the  h igh  and  low  PNAME addre s s  o f  t he  array  i s  f e t ched .

Now the  a r r ay  e l emen t s  i n  t he  pointer r eg ion  a r e  t e s t ed .  I f  such  a
ce l l  con t a in s  a l i t a tom,  s t r i ng ,  number  o r  a l i s t—po in t e r ,  control
i s  t r ans fe r r ed  t o  t he  co r r e spond ing  mark ing  section.

I f  an  e l emen t  holds a po in t e r  t o  ano the r  a r r ay ,  i t ’ s  add re s s  and .
the  h igh  add re s s  o f  t e  ac tua l  a r r ay  w i l l  be  s aved .

I f  t he  who le  a r r ay  has  been  marked ,  i t  i s  t e s t ed  by  in spec t ing  t he
s tack ,  whether t h i s  a r r ay  i s  po in t ed  t o  by an  e l emen t  o f  ano the r
a r r ay .  I f  i t  i s ,  t he  s can  con t inues  w i th  t he  e l emen t  fo l l owing  the
one ,  whose  add re s s  was  popped  f rom the  s tack .

b)  Compressing t he  FORTRAN arrays
__  ___—_——.—_—_-  —-.—_—__——— ——__—_—————

Depend ing  on  the  ga rbage  t ype  GARE has  t o  ac t  i n  5 d i f f e r en t  ways:

b .1 )  TYPE 1
_ _ _ - _ _ —  ___——

The  FORTRAN arrays  CAR,  CDR und  PNP have  t o  be  compres sed .  A l l  cell
con ten t s  be long ing  to  t he  l i t a toms  have  t o  be  moved t o  t he  t op  o f
t he  co r r e spond ing  FORTRAN arrays .  GARB passes t h rough  the  arrays
CAR and  CDR and  looks  fo r  addresses  where  t he  CAR-ce l l  con t en t s  i s
equa l  t o  UNBOUND, STRING or  SUBSTRING, and  the  CDR-ce l l  i s  pos i t i ve
wh ich  indicates passive l i t a toms .

Then  GARE looks fo r  t he  nex t  ac t i ve  l i t a tom as  a s t a r t i ng  po in t  fo r
the  move .  Fo r  each  ac t i ve  l i t a tom,  HTAB contains a t  t he  o ld  add re s s
the  new add re s s ,  equa l  whe the r  i t  had  been  moved  o r  no t .  S t a r t i ng
a t  t h i s  add re s s  t he  s ame  ac t i on  w i l l  be  t aken  until a l l  a c t i ve
l i t a tom—ce l l s  a r e  moved .

b .2 )  TYPE 2

h .2 .1 l  Compres s ing  t he  l i t a tom—par t  o f  PNAME.

Because t he  swap—buf fe r  w i l l  be  u sed ,  GARE swaps  a l l  swapab le
arrays .  Then ,  a l l  active number s  (w i th  co r r e spond ing  b i t -number s  i n
MARK equal t o  1 )  will be  s to red  into SWPBUF until t he  bu f f e r  i s
f i l l ed  up .
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S ta r t i ng  a t  t he  by t e  i n  PNAME containing t he  f i r s t  cha rac t e r  o f  t he
f i r s t  a tom fo l lowing  the  a tom T ,  a l l  cha rac t e r s  be long ing  to  ac t i ve
l i t a toms  wi l l  be  s to r ed  sequentially one  a f t e r  t he  o the r  un t i l  t he
f i r s t  by t e  o f  an  ac t i ve  number  no t  s t o r ed  i n  SWPBUF i s  r eached ,  o r
a l l  a c t i ve  l i t a tom-by te s  a r e  moved.  The  o ld  by t e -po in t e r s  i n  PNP
have  to  be  replaced by the  new ones .

Now, t he  number s  i n  SWPBUF a re  r e s to red  t o  PNAME s t a r t i ng  a t  t he
‚nex t  word  add re s s .  The  s i ze  o f  t he  a r r ay  HTAB i s  g r ea t e r  t han  t he

a r r ay  CAR. so  t he  l e f t ove r  cells a re  u sed  fo r  sav ing  t he  new
number— add resses  as  two—byte  en t r i e s :  t he  f i r s t  c e l l  con t a in s  t he
word  add re s s  and  the  s econd  the  number  o f  words  i n  t he  ac tua l
b lock .

I f  t he re  a r e  more  ac t i ve  number s ,  t hey  a r e  handled i n  t he  desc r ibed
way .  I f  t he re  a r e  more  ac t i ve  l i t a tom-by te s ,  t hey  a r e  moved  a s
desc r ibed  above .

b .2 .2 l  Compres s ing  t he  a r r ay -pa r t  o f  PNAME.

Al l  active l i sp -a r r ays  a r e  moved  to  t he  end  o f  PNAME. This i s  done
by  sea rch ing  ac t i ve  a r r ays  and  non -ac t ive  ce l l s  s t a r t i ng  a t  t he  end
of  PNAME and  shifting t he  a r r ay  con ten t s  t o  t he  end  a s  much  a s
poss ib l e .

b .5 )  TYPE 3
“_ -_—-_v_ l—___

Tre  a r r ays  CAR, CDR, PNP and  PNAME a re  compressed i n  t he  way
desc r ibed  above .  Th i s  i s  a combina t ion  o f  ga rbage  collection t ype  1
and  2 .

b .4  TYPE 4

Compres s ing  t he  a r r ay  L IST .

b .4 .1 )  S t a r t i ng  f rom the  t op ,  a b lock  o f  more  t han  3 contiguous
passive ce l l s  i s  s ea rched ,  and  the  l eng th  i s  s aved  in  J .

b .4 .2 )  S t a r t i ng  f rom the  bo t tom,  ( J—l )  ac t i ve  ce l l s  a r e  s ea rched .

h .4 .3 )  The  ac t i ve  ce l l s  a r e  moved in to  t he  b lock  o f  pa s s ive  ce l l s .
In to  t he  l a s t  pa s s ive  ce l l ,  a con t inua t ion  marker  i s  pu t ,  pa in t i ng
to  t he  b lock  l a s t  moved .  The  new add re s se s  o f  t he  ce l l s  a r e  s to r ed
in to  t he  co r r eSpond ing  o ld  ce l l s .

b .4 .4 )  Con t inue  w i th  b .4 .1  un t i l  a l l  a c t i ve  ce l l s  a r e  compac ted .

No te  t ha t  two  add re s se s  have  t o  be  hand led  i n  a spec i a l  way :

1 .  The  new add re s s  o f  t he  o ld  l a s t  c e l l .  I n to  t h i s
ce l l  a con t inua t ion  marke r  t o  t he  new nex t  f r ee  LIST-cell
has  t o  be  wr i t t en .

2 .  The  new add re s s  o f  t he  b lock  l a s t  moved ,  because  a
con t inua t ion  marke r  mus t  be  i n  t he  l a s t  u sed  ce l l  a f t e r  t he
ga rbage  co l l ec t e r  ha s  f i n i shed .
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b.5) TYPE 5

CAR, CDR, PNP, PNAME AND LIST have t o  be compres sed  in  t he  way
desc r ibed  above .  Thi s  i s  a conb ina t ion  o f  garbage  collection of
t ype  3 and  4 .

GARB pas se s  t he  4 arrays  as  i n  pa r t  a )  and  updates t he  po in ters  i n
the  following way:

L i t a toms  and  s t r ings

I f  t he  ga rbage  t ype  i s  equal t o  1 ,  3 o r  5 ,  t he  new l i t a tom
addre s s  i s  f e t ched  from t he  HTAB ce l l ,  whose  number  i s  equal
t o  t he  o ld  add re s s .

Numbers

I f  t he  ga rbage  type  i s  equal t o  2 ,3  o r  5 and  i t  i s  no t  a
small i n t ege r ,  t he  new add re s s  i s  compu ted  f rom t he  content s
of  t he  last pa r t  o f  HTAB.

F i r s t ,  t he  MARK b i t s  equal t o  1 a re  coun ted ,  until t he  b i t
co r r e spond ing  to  t he  number  i s  reached .  HTAB con ta in s
two-word  en t r i e s ,  g iv ing  in fo rma t ion  abou t  con t iguous  blocks
of  number s .  The  new add re s s  i s  f ound  by ca l cu l a t i ng  t he
b lock  number  and  the  Of f se t  w i th in  t he  b lock ,  whe re  t he
number  has  been  s to red .

Ar rays

I f  ga rbage  type  i s  equal t o  2 ,  3 or  5 ,  t he  new add re s s
wi l l  be  compu ted  f rom the  number  o f  b i t s  equal t o  1 and
the  l eng th  o f  t he  arrays ,  whose  add re s se s  a r e  h ighe r  t han
t he  one  o f  t he  ac tua l  a r r ay .  S t a r t i ng  a t  t he  b i t ,  whose
number  i s  equal t o  NARRYP, t he  number  o f  b i t s  equal t o  1 a re
coun ted  un t i l  t he  b i t  i s  r eached .  whose  number  i s  equa l  t o
t he  des i r ed  a r r ay  add re s s .

Us ing  NARRYP t he  l eng th  o f  t he  f i r s t  a r r ay  w i l l  be  f e t ched .
Adding  t he  l eng th  t o  NARRYP the  next  a r r ay  w i l l  be
r eached ,  and  i t s  l eng th  added  to  i t s  add re s s  fo r  ge t t i ng
the  nex t  a r r ay  un t i l  t he  new add re s s  o f  t he  ac tua l
one  i s  r eached .

Lis t s

I f  ga rbage  t ype  i s  equal t o  4 or  5 ,  t he  new add re s s  o f
the  L ISP  l i s t  ha s  t o  be  f e t ched  f rom the  o ld  add re s s ,
i f  i t  ha s  changed .
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I f  a LISP  list or  - a r r ay  i s  r eached ,  GARE has  t o  examine eve ry
e l emen t  and  to  upda t e  t he  po in ters  of  t he  i t ems .  Pas s ing
t h rough  i s  done  i n  t he  s ame  way a s  desc r ibed  in  part  a ) .

When r each ing  an  a tom,  array  or  a l i s t ,  a l l  active cells will
be  r e se t .  The  h i t s  will be  se t  t o  @, and  the  CBR-ce l l s  will be
se t  pos i t i ve .

Af t e r  t he  3 sections a re  executed ,  t he  hashaddre s se s  will be
re se t .  I f  de s i r ed ,  GARB pr in t s  some information and  increments
t he  t ype -dependan t  ga rbage  collection coun t  variable by  one .

22 .2  SUBROUTINE REHASH

REHASH r ese t s  t he  hash  table by  scanning t h rough  the  FORTRAN
s t ruc tu re s  descr ib ing  t he  a toms .

First t he  hash table HTAB i s  initialized by  se t t i ng  a l l  cells t o
UNUSED.

Then  the  a r r ay  CAR will pass t h rough  fo r  compu t ing  a new
hashaddre s s  o f  each  literal a tom.  The  l eng th  and  the  cha rac t e r s
will he  f e t ched ,  and  the  add re s s  will be  compu ted  a s  i n  t he
func t ion  MATOM. '
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0 0 0 . 0 0 0 . 0 0 0 . 0 0 . . . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . . .

o o 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 0 0 0 0 0 0 . 0 0 0 .
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33
34
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35
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37
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37
38
38
38
39
39
39
40
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41
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*[p1‚p2‚ - - .pn]  fsubr*

An s-expression beg inn ing  with * is i n t e rp re t ed  as a comment.
Since * is i n t e rp re t ed  in the same way a s  QUOTE (1 . e . .  r e tu rns
its f i r s t  a rgumen t ) ,  comments  should be placed ,  where they will
not harm compu ta t i on .  If SYSFLAG[4] is set to P, then all
comments will be d i sca rded  on input in order  to save
PNAME-space.

absfx ]  expr

re turns  x ,  if x>ß; otherwise -x.

addlfx] ' subr

r e tu rns  x + l

addlist[a,1] subr

if MEMBIa,1], re turns  1 else r e tu rns  CONS[a‚l]

addprop[atm,prop,new,flg] expr

adds  the value new to the list which is the value of preperty
p r o p  on proper ty  list of atm. If flg is T, new is CONSed to the
front of value of prop ,  otherwise to the end. If atm does not
have the property prep ,  or if the value of prop  isn't a list,
then prop will be added  with the value LIST[new] to the
property list of atm. Retu rns  new. ' .

adv i se [ fn ,when ,where ,what ]  ' . ‘ expr

advises fn, when=BEFORE or AFTER, where spec i f i e s ,  where  among
the advises this new advise is put, can be specified as LAST
(NIL) or FIRST or by ed i to r  commands, what specifies, what code
to put in.
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alist subr

r e tu rns  t he  cu r r en t  value bind ing  s tack .

a lphn rde r [ a ,b ]  sub r

re turns  T.  i f  a rgumen t s  a r e  i n  alphabetical order .  Numbers
come be fo re  literal a toms ,  and  a r e  o rde red  by magn i tude .
Literal atoms a re  o rde red  by  compar ing  the i r  pnames. I f  ne l t ne r
a c r  b a r e  a toms  or  s t r ings ,  t he  value of  ALPHORDER i s  T .

and[x l ‚12 , . . , xn ]  » f sub r*

I f  a l l  a rgumen t s  a r e  non-NIL,  t hen  AND re tu rns  i t s  1ast~
a rgumen t .  I f  some a rgumen t  evaluates t o  NIL,  then  evaluation
s tops  and  NIL  i s  r e tu rned .

an t i l og fx ]  sub r

va lue  i s  f l oa t i ng  po in t  number ,  whose  l oga r i t hm i s  x .  X can  oe
i n t ege r  o r  f l oa t i ng  po in t . _

append[x l , 12 ]  sub r

copies t he  t op  l eve l  o f  l i s t  x l  and  appends t o  t h i s  12 .
APPEND[x1] can  be  u sed  to  copy  t he  t op  l eve l  o f  x1 .  Fo r
non-lists you  ge t :  ,

APPEND[A,(B c D)] = (B c D)
APPEND[(A B c . D)‚(E F G)] = (A B c E F G)
APPEND[(A B c).D] = (A B c . D)
APPEND[(A B c . D)]  = (A B c . D)
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app ly [ fn , a rgs ]  sub r

applies t he  function fn  t o  t he  a rgumen t s  collected i n  a rgs .
The  a rgumen t s  a r e  no t  evaluated by  app ly ;  t he i r  evaluation
depends  on ly  on  fn .  APPLY re turns  as  ists value t he  va lue  o f  fn
applied t o  a rgs .  APPLY['CONS‚'(A B)] = (A . B)

„J!

app ly* [ fn , a rg1 , a rg2 , . . , a rgn ]  exp r

equivalent t o  APPLY[fn ,L IST[a rg l , . . , a rgn ] ] .  Returns  as  va lue
t he  va lue  o f  fn  applied t o  a rg i . . a rgn .

app lya [ fn , l , a s s ]  sub r

Var i ab l e  bindings a re  s to r ed  i n  an  a s soc i a t i on  l i s t ,  wh ich
simulates a push-down stack (see Interlisp). Thi s  l i s t  i s
passed  to  EVAL, APPLY and  EVLIS implicitly. I f  however
evaluation i s  t o  be  pe r fo rmed  in  a spec i a l  va r i ab l e
e rv i ronmen t ,  t hen“  an  a s soc i a t i on  l i s t  c an  be  pas sed  explicitly.
APPLYA[fn ,1 . a s s ]  i s  equivalent t o  APPLY[fn ,1 ] ,  bu t  u se s  a s s  a s
t he  push -down  stack.

a rccos [x ‚ r ad i ans f l ag ]  sub r

r e tu rns  a r c  cos ine  o f  x i n  deg rees  unless r ad i ans f l ag=T .  Range
i s  ß . .18ß ,  0 t o  p i .

a rc s in [x , r ad i ans f l ag ]  sub r

r e tu rns  a r c  sine of  x i n  dag rees  unless r ad i ans f l ag=T .  Range
i s  -9@..9@. —pi /2 . . p i / 2 .

a rc t an fx , r ad i ans f1ag ]  sub r

returns a re  t angen t  of  x i n  deg reés  un l e s s  r ad i ans f l ag=T .
Range  i s  ß . .18@,  @ t o  p i .
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a r r a y [ n . p . V J  subr

allocates an array of n elements. If p is NIL, t hen  all
elements will con ta in  po in ters ,  initialized to v. Note that
both car and cdr are available for s to r ing  information. If p>3‚
then the first p elements will be unboxed numbers, initialized
to @ .  The value of ARRAY is the so—called a r r ay -po in t e r  which
has es pname the hexgdgcimal presentation of the array’s
address, preceded  by a # . Note that the array pointer is not
an a t o m .

arraybeg[x] _ subr

r e tu rns  x ,  if ; is an array; otherwise NIL.

arrayp[x] subr

re turns  1 ,  if x is an array; otherwise NIL.

arraysize[1] _ subr

returns, the size of array x. Genera t e s  an error, if x is not
an array.

arraytyp[x] subr

r e tu rns  a value corresponding  to the second argument to ARRAY,
1 . e . ,  the number of unboxed number elements in x .

assocfkey,alst,fn] exPr

alst is a list of do t t ed  pairs. The value of ASSOC is the
first sublist of alst, whose car is EQ to k e y ,  if f n  is NIL. If
Pn is non—NIL, then the value of ASSOC is the first sublist y
with fn[x,y]=T.
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a tomfx ]  subr

r e tu rns  T ,  i f  ; i s  an  a tom;  otherwise  NIL .

break [ fn1 , fn2 , . . , f nn ]  f exp r* ‘
.!

applies BREAKG to  each a rgumen t .  Fo r  atomic a rgumen t s .
PREAKßf fn i ,T ]  i s  pe r fo rmed .  Fo r  l i s t s ,  APPLY['BREAK@,fni]]  i s
pe r fo rmed .

break@[fn ,when , coms]  expr

modifies t he  de f in i t i on  o f  fn  by  r ep l ac ing  i t s  body  to  a
BREAKl—ca l l ,  whe re :

hrkexp = PROGN[fn—body]
brkwhen  = when’
brkfn  = fn '
brkcoms  = coms

The  o r ig ina l  func t ion  de f in i t i on  will be  pu t  a s  value t o  t he
p rope r ty  VIRGINFN o f  fn .  I f  t he  va lue  o f  p rope r ty  BROKEN i s
NIL, t hen  ( fn  when coms)  w i l l  be  s to r ed  unde r  BROKEN; otherwise
t he  de f in i t i on  of  fn  w i l l  be rp l aca ' d  t o  BROKEN. fn  w i l l  be
added  to  t he  f ron t  o f  BROKENFNS. I f  f n  i s  no t  a f unc t ion ,
PREAKß r e tu rns  NIL,  otherwise fn .

break1[ fn1 , fn2 , . . , f nn ]  f exp r*

pe r fo rns  APPLYA[’BREAK11 [ fn1 , . . , f nn ,CDR[ALIST] ] ] .  No te  t ha t
BREAEII i s  an  expr  with 4 arguments .  See  BREAKl l .
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b reak i l [b rke rp ,b rkwhen ,b rk fn ,b rkcoms]  exp r

I f  b rkwhen  i s  non-NIL,  and  b rkcoms  does no t  contain
break -commands ,  t hen  a message of  t he  form (b rk fn  BROKEN) i s
pr in t ed  and  commands a re  r ead  f rom t he  terminal. I f  b rkcoms
contains break -commands ,  t hen  t he se  commands a re  execu ted
one -by -one .  Commands are :

! : r e tu rn  t o  p rev ious  b reak ,  i f  any ;  o the rwi se  r e se t .

GO : pr in t  b roken  form and  continue.

OK con t inue .

RETURN x . r e tu rn  t he  va lue  o f  1 .

EVAL : evaluate broken  form and  b reak  af terwards .
The  value of  t he  fo rm i s  s t o r ed  unde r  VALUE.

!EVAL : as  EVAL e t c . ,  but t he  func t ion

!GO : i s  f i r s t  unb roken

!OK : t hen  r eb roken .

UB : unbreaks  t he  func t ion

BR : breaks t he  func t ion

BT : back t r ace  o f  func t ion  ca l l s  (on ly  LAMBDA and NLAMBDA).
Thi s  i s  on ly  poss ib l e ,  i f  you  have  pe r fo rmed
SETQ[ *BACKTRACEFLG,T] be fo re  eva lua t ion .

ALIST : pr in t  cu r r en t  va lue—bind ing  stack.
(except fo r  va r i ab l e s  bound in  BREAKI and SYSERROR)

Any o the r  i npu t  i s  evaluated and  the  va lue  i s  p r in t ed .
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car[x] subr

CAR g ives  the f i r s t  element of a list x, or the left element
of a dotted pair x. CAR[NIL] is NIL. For all other non—lists,
CAR[x] is undefined. Note that successive CAR’s and CDR’s can
be specified in short-hand up to CDDDR.

cdr[7] subr

CDR g ives  the rest of a list (all but the first element). This
is also the right member of a dotted pair. CDR[NIL] is always
NIL. For other non-lists, CDR is undefined. ** NOTE **
Successive CAR’s and CDR’s can be specified in
short—hand u p  to CDDDR.

chtah[x,n] ‘ subr

r e tu rns  the character type of the first character of the atom
1 ,  if n is NIL. Otherwise ,  the type of the first character of x
is set to n (which changes the meaning of character). Default
character types are:

' 1 space : 6 : 11 + :
: 2 ( : 7 ’ : 12 - :
' 3 ) : 8 break(.) : 13-22  9—9 :
° 4 < : 9 . : 23 (l) :
' 5 > : 10 alfanum : 24 :

(1) note that the type 34 must be selected depend ing  on the
terminal type available (ATM-8060: F ‘ , A T M  7845 :  {).

c l o c k  subr

r e tu rns  time as a do t t ed  pair (hours . minutes).

close[f] „ expr

close file f. f is the symbolic name o f  the file.
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conca t [x l , 32 , . . ‚ xn ]  subr*

conca t ena t e s  copies of t he  s t r ings  x l . . xn .  I f  t he  arguments
aren’t s t r i ngs ,  t hey  a r e  conver ted .  CONCAT[] i s  , t he  empty
s t r ing .

condfc l , c2 , . . , cn ]  f sub r*

The  a rgumen t s  o f  COND, c i . . cn ,  a r e  called clauses. Each clause
r i  i s  a l i s t  ( p i , e i i , . . ‚ e im) ,  where p i  i s  t he  pred ica te ,  and
e i l . . e im  a re  t he  consequen t s .  COND evaluates p i ,  i=1 . . n  un t i l
i t  f i nds  some  p i  a s  non—NIL.  Nex t ,  t he  following expre s s ions
e i i , e12 . .  a r e  eva lua t ed ,  and  the  value of  COND i s  t he  va lue  o f
the  last expres s ion  eva lua t ed .  I f  some p i  evaluates t o  non-NIL
and  no  expression fo l l ows  in  t ha t  c l ause ,  t hen  t he  va lue  o f
COND i s  p i .  I f  no  p i  evaluates t o  non -NIL ,  t hen  the  va lue  o f
COND i s  NIL. .

cons [x ,y ]  sub r

cons t ruc t s  a do t t ed  pair of  x and  y .  I f  y i s  a l i s t ,  1 becomes
t he  f i r s t  element of  t ha t  l i s t .

copy[x]  exp r

makes  a new l i s t  wh ich  i s  a copy  of  1 and  EQUAL t o  x bu t  no t
EQ to  1 .  A l l  l eve l s  w i l l  be  cop ied  except  s t r ings  and  arrays .

cnpya r r ay [a ]  sub r

c rea tes  a new a r r ay  o f  s ame  s i ze  and  type  a s  a ,  i . e . ,  t he  s ame
d i s t r i bu t ion  o f  po in t e r s  and  unboxed  number s ,  and  wi th  t he  s ame
con ten t s  a s  a .  Va lue  i s  new a r r ay .  I f  a i s  no t  an  a r r ay ,  an
e r ro r  i s  gene ra t ed .

cos [ r , r ad i a r s f l ag ]  _ sub r

x mus t  be  i n  deg rees  unless r ad i ans f l ag=T .  Returns  cosine of  x
as  a f l oa t i ng  point number .
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ourfile[file] fexpr

defines file as cu r r en t  file. All subsequen t  function
definitions helong to this file and are added to fileFNS. If
CURFILEffile] is not eva lua t ed ,  the name of the cu r r en t  file is
CUR and the function names are saved on CURFNS. T o  define some
func t ions  and save them as MYFILE on l og i ca l  uni t  25 you wri te :

(OPEN ’MYFILE ’0 2 5 )
(CURFILE MYFILE)
(DE. . . )
(DE. . . )  etc.
( M A K E F I L E  ' M Y F I L E  T )

This pre t t y -p r in t s  a version of all definitions to logical
unit 25. '

de[fn,args,hody] fexpr*

assigns a function definition of type LAMBDA to the atom fn.
args is the list of parameters for sp read  or half—spread
functions (type expr) or an atom for nospread functions (type
erpr*).

defineq[x1,12,..,xn] fexpr*

defines func t ions  a s  specified by x l . . xn .  Each  xi is an
expression of the form

(fu-name (LAMBDA ... )) or
(fn-name (NLAMBDA ... ))

No message is given, if some fn—name has been used for a
function definition before.

—deflist[1‚prop] expr

puts values under the same proper ty  name prop on the property
lists of several atoms. 1 is a list of two—element lists, the
first element of which is a literal atom, and the second is the
value to put to property prop of that atom. The value of
deflist is NIL.
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df f fn , a rgs ,body]  f exp r

a s s igns  a func t ion  definition of  type  NLAMBDA t o  t he  a tom fn .
a rgs  i s  t he  l i s t  o f  pa rame te r s  fo r  sp read  o r  ha l f - s  r ead
functions ( type  f expr )  or  an  atom fo r  nosp read  functions t ype

d i f f e r ence [x ,y ]  sub r

r e tu rns  1 - y .

dso r t [1 ]  exp r

des t ruc t ive ly  so r t s  1 .

ed i t f [d ]  f exp r

ed i t s  a function. The  a rgumen t  d i s  a do t t ed  pa i r  ( fn  . edcon) ,
whe re  fn  i s  t he  name  o f  t he  func t ion  t o  be  ed i t ed ,  and  edcom

i s  a l i s t  o f  ed i t  commands. For  ed i t  commands see  EDITS[].

ed i t s [ s , edcom]  expr

ed i t s  any  s - exp re s s ion  s wi th  edi t—commands i n  l i s t  edoom.  Fo r
ed i t  commands see  next  two  pages .
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Edit conmands
_ _  _ _ _  ___-| " ___—__————_-__——__ _ “  _ _ _ — “ — - — _ _ _ _ _ fl — _ _ _  _ — ' — - _ — — - fl — - - - h fl - — — _ _ _

??

OK

UP

F expr

F 5

NK

print to level 2

pretty—print to level 2

print to level 1696

' pretty-print to level ißßß

l e a v e  e d i t o r .

new cexpr ( cu r r en t  expression) is expression
with old cexpr as car.

if expr is an atom, tap level of cexpr
is searched for expr and cexpr is set to the
expression with expr as car. If expr is not
found  on top l eve l ,  t hen  all levels are
sea rched  f rom the beginning. If expr is a list,
then the new cexpr is the first expression

: which matches  expr, r ega rd l e s s  of its level.

???

sets r u r r e n t  expression to next expression.

sets current expression to top level expression.

set 1 to the current expression. Useful in
combinations w i t h  U S .

if positive, sets oexp to the n'th element
of cexpr. If negative, search starts at
the end. If n=ß ???
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more  edit commands

(n el..em)

(—n el..em)

(N e1..em)

(R I y)

(PI n n)

(BI nl

(BO n)

(LI n3

(LO n)

(R0 n)

(: el..en)

(US x toms)

(MARK x)
( \  x)

n>=1 deletes the n'th expression of cexpr.

n>=1 replaces the n'th expression by el..em

n>=1 inserts el..em before n’th element.

adds e1..em to the end of cexpr

r ep l aces  all occu rances  of x in cexpr  by y.

bo th  in. Inserts a left parenthesis be fo re
the n'th element and a right parenthesis a f t e r
the m'th element.

same as (BI n)

bo th  out. Removes bo th  pa ren theses  from
n'th element.

left in. Inserts a left parenthesis be fo re
the n'th element and a co r r e spond ing  r i gh t
parenthesis at the end.

left out. Removes the left parenthesis f rom
the n'th element. A11 elements a f t e r  the
n'th element are deleted.

right out. Removes r i gh t  parenthesis f rom
the n'th element, moving it to the end of
the current expression. All elements following
the n’th element are moved inside the n’th
element.

replaces cexpr  by el..en.

: Use a copy of the saved value of x in commands.

save  the cu r r en t  chain in x.

reset the edit chain to 1 .

Note: the Interlisp print commands are not exactly like these.
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e j ec t  subr

do  a form- feed  t o  cu r r en t  ou tpu t  channel

e1 t [ e ,n ]  „ sub r

r e tu rns  t he  n’th element of array  a .  I f  a i s  no t  an a r r ay ,  an
e r ro r  i s  gene ra t ed .  I f  n co r r e sponds  t o  t he  unboxed  number
r eg ion  o f  a ,  t hen  t he  va lue  i s  r e tu rned  a s  boxed  i n t ege r .  I f  n
co r r e sponds  t o  t he  po in t e r  reg ion  of  a ,  t hen  t he  value of  ELT
i s  t he  ca r  ha l f  o f  t he  co r r e spond ing  e l emen t .

e l td [ a ,n ]  sub r

r e tu rns  same as  ELT fo r  unboxed  r eg ion  o f  a r r ay  a ,  bu t  r e tu rns
cd r  half of  t he  n ' t h  e l emen t ,  i f  n corresponds  t o  t he  po in t e r
r eg ion  o f  a .  - '

an  [x . y ]  subr

The  value of  EQ i s  T ,  i f  x and  y a r e  po in t e r s  t o  t he  s ame
s t ruc tu re  i n  memory ,  and  NIL  otherwise. For  equal numbers ,  EQ
g ives  T on ly ,  i f  x and  y a r e  i n  t he  r ange  -2ßfiß . .2ßßß .

eqpfx ,y1  sub r

r e tu rns  T .  i f  x and  y a r e  po in t e r s  t o  t he  s ame  s t ruc tu re  i n
memory ,  o r  i f  x and  y a r e  number s  w i th  t he  s ame  va lue .

equa1 [x ,y ]  sub r

evaluates t o  T ,  i f  EQ[x ,y ]  15  T ,  o r  EQP[x ,y ]  15  T ,  o r  1
STREOUAL[x,y],  o r  i f  x and  y a r e  l i s t s  and  EQUALLCAR[1],CAR[y]
and EOUAL[CDR[x],CDR[y]]. Otherwise t he  va lue  of EQUAL i s  NIL.

f
]
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e r ro rb  exp r*

i s  a programmed r e tu rn  f rom an  error  situation. I f  t he  error
occurred  unde r  ERRORSET, t hen  ERRORB r e tu rns  with value NIL,
otherwise a RESET i s  per formed .

e r ro rmess fn ]  sub r

pr in t s  error  message ,  whose  number  i s  n .  I f  n=E,  t hen  a l l
messages a re  listed.

e r ro rn  exp r*

r e tu rns  t he  number  fo r  t he  l a s t  e r ro r  occu r r ed .

e r ro r se t [ fo rm, f1g ]  exp r

per forms  EVAL[form]. Note t ha t  ERRORSET i s  a LAMBDA—function
and  the re fo re  i t s  a rgumen t  a r e  eva lua t ed ,  be fo re  i t  i s  en t e r ed .
Th i s  means t ha t  EVAL i s  called wi th  t he  va lue  o f  fo rm.  I f  no
error  occu r s  i n  t he  eva lua t ion  o f  fo rm,  t he  va lue  o f  ERRORSET
i s  t he  va lue  o f  EVAL[ fo rm] .  I f  an  e r ro r  occu r r ed ,  t hen  t he
va lue  o f  ERRORSET i s  NIL .

eva l [x ]  ‘ sub r

eva lua t e s  t he  ' exp re s s ion  x and  re turns  t h i s  va lue ‚ i . e ,  EVAL
prov ides  a way  o f  ca l l i ng  t he  in terpre ter .  Note  t ha t  EVAL i s
i t s e l f  a LAMBDA type  vers ion ,  so  i t s  a rgumen t  i s  f i r s t
evaluated. -

eva1a [x , a ]  subr

evaluates x us ing  a a s  an  a s soc i a t i on  L i s t .  Any va r i ab l e ,
which  appears f r ee  i n  x and  a l so  appea r s  a s  ca r  o f  an  e l emen t
o f  a ,  w i l l  be  g iven  the  value of  t he  cd r  o f  t ha t  e l emen t .
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evlis[x] subr

performs a MAPCAR[x,’EVAL],1.e., EVLIS evaluates the elements
of x one -by -one  and r e tu rns  a list which has a s  top level
elements the results of the corresponding evaluation.

exit s u b r

exits the LISP system and r e tu rns  to whichever env i ronmen t  it
w a s  en te r ed  f rom.

expt[m,n] subr

value is m ** n. If m is an i n t ege r  and n is a positive
inteper, then the value is a n  i n t ege r ,  otherwise the value is a
floating point number .  If m is nega t ive  and n is f r ac t i ona l ,  an
error is generated. If n is floating and either too large or
too small, an error is generated.

fdifferenoe[x,y] expr

difference x - y of two f l oa t i ng  point numbers.

Pgreaterp[x,y] expr

r e tu rns  T ,  if x > y ,  otherwise NIL.

fix[r] subr

r o n v e r t s  1 to an i n t ege r  by t r unca t ing  fractional bits.

float[x] subr

e o n v e r t s  x to a floating point number .
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f loa tp [x ]  sub r

r e tu rns  T ,  i f  x i s  a floating po in t  number ,  NIL otherwise. I t
does  no t  g ive  an  e r ro r ,  i f  x i s  no  number .

fwinusfx] expr

r e tu rns  —x

fp lu s [11 ,x2 , . . , xn ]  suo r*

r e tu rns  sum o f  f l oa t i ng  po in t  number s  x1 . . xn .

fquo t i en t fx ,y ]  expr

r e tu rns  x / y .

f t imes fx i , 12 , . . , xn ]  sub r*

re tu rns  p roduc t  x l  * x2  * . .  * xn .

func t ion l fn , env ]  f sub r*

i s  an  NLAMBDA function. I f  env=NIL,  t he  value of  FUNCTION i s
iden t i r a l  t o  QUOTE. I f  env  i s  no t  NIL,  i t  c an  be  a list of
variables which a re  presumably used  f r ee ly  by  fn .  I n  t h i s  case ,
t he  value of  FUNCTION i s  an  expression of  t he  fo rm (FUNARG fn
pos ) ,  whe re  pos  con ta in s  t he  va r i ab l e  bindings fo r  t hose
variables which a re  no t  i n  t he  a rgumen t  l i s t  o f  fn .

gegag [message ]  exp r

„ a f f ec t s  message pr in t ing  by  ga rbage  collector. I f  message=T ,
collecting i s  p r in t ed ,  followed by  the  t ype  o f  t he

co l l ec t i on .  When ga rbage  collection i s  comple t ed ,  f r ee  space
in fo rma t ion  i s  p r in t ed  i n  a f o rma t  depend ing  on  the  ga rbage
co l l ec t i on  t ype .  See  RECLAIM.
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gensym subr
Igene ra t e s  a new atom of  t he  fo rm Annnn ,  where  each of  t he  n 5

i s  a digit. Thus ,  t he  f i r s t  one  gene ra t ed  i s  Aßßß ,  t he  s econd
one  Aßß l ,  e t c .  The  va lue  o f  t he  a tom GENNUM determines t he  nex t
GENSYM, e .g .  i f  GENNUM i s  s e t  t o  1Gß23 ,  t hen  GENSYM[] yields
Agnes .  .

ge td fx ]  subr

ge t s  t he  func t ion  de f in i t i on  o f  1 .  Value e i the r  i t s  de f in i t i on
or  NIL ( i f  : i s  no t  a literal a tom,  o r  ha s  no  de f in i t i on ) .

pe t i n t [ s , f ]  _ sub r

ge t s  an  i n t ege r  value f rom a s t r i ng .  The  s t r i ng  o r  subs t r i ng
to  be  u sed  i s  s .  The  a rgumen t  f i s  u sed  t o  con t ro l  t he  fo rma t
o f  t he  s t r i ng .  I f  f i s  T ,  t hen  t he  i n t ege r  i s  t aken  f rom the
s t r i ng  a s  binary  va lue ,  otherwise as  s equence  o f  ASCII  digits.

ge ta tm .p rop ]  sub r

ge t s  t he  p rope r ty  va lue  fo r  prop  f rom t he  p rope r ty  l i s t  o f
a tm .  The  va lue  o f  GETP i s  NIL ,  i f  a tm  i s  no t  a i t e r a l  a tom,  o r
p rop  i s  no t  found .

pofx] f sub r*

t r ans fe r s  con t ro l  i n  a PROG. (G0 L)  w i l l  c ause  t he  prOgram to
ron t inue  a t  t he  l abe l  L .  A GO can  be  used  a t  any  l eve l  i n  a
PROG. I f  t he  l abe l  i s  no t  found ,  G0 wi l l  s ea rch  h ighe r  PROG's
wi th in  t he  same function. I f  t he  label i s  no t  found ,  GO in forms
abou t  t he  e r ro r .

go*[x ]_  f sub r*

sea rches  a l l  current  PROG's fo r  t he  label 1 .  I f  i t  i s  f ound ,  a
jump i s  pe r fo rmed .  I f  no t ,  NIL i s  r e tu rned  and  no  o the r  ac t i on
t akes  p l ace .  GO* can  be used to  Jump to  a l abe l  de f ined  in
some  o the r  cu r r en t ly  ac t i ve  func t ion .



LISP-SP REFERENCE GUIDE 18

g r e a t e r p f x m ]  subr

r e tu rns  T, if x > y; NIL otherwise.

idifference[x,y] expr

r e tu rns  r — y for two i n t ege r s  x and y.

igreaterp[x,y] expr

r e tu rns  T. if x > y for two i n t ege r s  x and y, otherwise NIL.

iminus[x] erpr

r e tu rns  — x for i n t ege r  1 .

inunit[n] expr

se t s  input channel to n. If n is NIL,  t hen  the cu r r en t  channel
number  is r e tu rned .

i o t ab [1 ,n ]  sub r

se t s  element 1 in IOTAB. This is a 19 element structure with
the following contents: '

element 1 : logical i npu t  channel
2 : current read position
3 : left mardin - i npu t
4 : right marg in  — input
5 : logical ou tpu t  channel
6 : current print position
7 : left margin - output *
8 : right marg in  - ou tpu t
9 : print length
10 ' print dep th

If n is NIL,  then the current value of the specified element
is r e tu rned .  If n is T, the element is set to it's default
value. Otherwise ,  the value of n is put into the table.
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i p lu s [x i , 12 ‚ . . , xn ]  subr*

r e tu rns  the  sum x1  + . .  + xn ,  x1 ; .xn  i n t ege r s .

«Vi quo t i en t [x ,y ]  expr

r e tu rns  1 / y t r unca t ed ,  x and y i n t ege r s .

i t imes [x1 ,12 , . . , xn ]  subr*

r e tu rns  the  produc t  x1  * . .  * xn ,  x l . . xn  in tegers .

l a s t [x ]  expr

r e tu rns  a pointer to  the  last node  in  a l i s t .  Va lue  i s  NIL ,  i f
x %; noé)a l i s t .  Example: LAST[(A B C)]  15  (C) ,  LAST[(A B . C)]
15  . .

l eng th fx ]  subr

r e tu rns  the  l eng th  of  _ the  l i s t  x defined as  the  number o f
CDR’s r equ i r ed  to  r each  a non—l i s t .

l e s sp [x ,y ]  sub r

returns T,  i f  x < y ,  NIL otherwise.
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115px subr

de f ined  as :  LOOP PRINT[EVAL[READ]] GO[LOOP]

115t [11 ,x2 , . . , xn ]  sub r*

r e tu rns  the  list of  the  values of  i t ' s  a rgumen t s .

listp[x] subr

r e tu rns  T.  i f  x i s  a l i s t ;  o the rwi se  NIL.

litatomfx] subr

r e tu rns  T,  i f  x i s  a l i t a tom;  otherwise NIL.

l oad f f ]  V expr

r eads  successive s-eXpressions f rom file f and evaluates each
as  i t  i s  r ead ,  unt i l  i t  reads STOP. Retu rns  f .

l og [x ]  _ subr

r e tu rns  na tu ra l  l oga r i t hm of x a s  a f l oa t i ng  point number.  x
can  be  i n t ege r  or  f l oa t ing  po in t .
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makefile[f,flg] expr

takes a number  of va r i ab l e s ,  functions and proper t i e s  and
writes t hem out to the previously opened  file f .  These
definitions can then be r ead  back  later by LOAD. MAKEFILE reads
_commands of the form

( P  O . .  ) J"

(PROP ... )
( E  0 0 -

where (P e l , . . , en )  specifies expressions to be pr in t ed  on the
f i l e ,  {PROP p atom . . . )  defines values on atoms unde r  proper ty
p, and (E e1 , . . , en )  specifies expres s ions  which will be
evaluated and the i r  values wri t t en  to the file. See [3175] for
more  in fo rwa t ion  on the MAKEFILE package .  If f1g=T‚ then pre t ty
printing is used.

map[mapx,mapfn1,mapfn2] _ subr

I f  mapfn2 is NIL. then MAP applies mapfn1 to successive tails
of the list ma x. That is, first it computes mapfn1[mapx], and
then mapfn1[CDR mapx]], until mapx is exhausted. If mapfn2 is
provided, mapfn2[mapx] is used instead of CDR[mapx] for the
next call for mapfni, e.g. if mapfn2 were CDDR, alternate
elements of the list would be sk ipped .  The value of MAP i s  NIL.

mapc[mapx,mapfn1,mapfn2] subr

Identical to MAP, except  t ha t  mapfn1[CAR[mapx]] is computed at
each iteration instead of mapfn1[mapx] ,  e.g. MAPC works on
elements, MAP on tails. The value of MAPC is NIL.

mapcar[mapx,mapfn1,mapfn2] ' subr

computes the same values MAPC would compute, and returns a
list consisting of those values.
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maplist[mapx,mapfn1,mapfn2] sub r

computes t he  same values MAP would compu te ,  and  re turns  a list
cons i s t i ng  o f  those  values.

memb[ r .y ]  suh r

de te rmines ,  i f  1 i s  a member of  t he  l i s t  y ,  1 .e . ,  i f  t he re  i s
an  e l emen t  o f  y EQ to  x .  I f  so ,  i t s  va lue  i s  t he  t a i l  o f  t he
l i s t  y s t a r t i ng  with t ha t  element. I f  no t ,  i t ' s  va lue  i s  NIL.

member [x ,y ]  suh r

i s  identical t o  MEMB except  t ha t  i t  u se s  EQUAL instead of  EQ
to  check  membership of  x i n  y .

minusfx] expr

re turns  — x

minusp[x]  exp r

r e tu rns  T ,  i f  x i s  nega t ive ;  NIL o the rwi se .  I t  works  fo r  bo th
in t ege r s  and  f l oa t i ng  po in t  number s .

mkatom[x]  exp r

c rea t e s  an  a tom,  whose  pname  i s  t he  s ame  a s  t ha t  o f  t he  s t r i ng
x .  o r  i f  x i sn ' t  a s t r i ng ,  t he  same  a s  t ha t  o f  MKSTRING[x].

mks t r ing [x ]  & expr

re turns  as  value a s t r i ng  co r r e spond ing  to  t he  p r in l -pname  o f
1 .
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mkswap[a ]  sub r

makes  a r r ay  a swappable ,  1 .9 . ,  t he  a r r ay  i s  pu t  on  d i sk .  On ly
the  a r r ay  heade r  remains i n  t he  a r r ay  space  i n  memory .  I f  a i s
no t  an  a r r ay ,  o r  t he  a r r ay  i s  b igge r  t han  the  swap buf fer ,  an
e r ro r  i s  gene ra t ed .  —

mkunswapla] sub r

makes a swappable array  memory  resident. An error  i s
gene ra ted ,  i f  a i s  no t  an  a r r ay .

naha r s fx ]  sub r

r e tu rns  number of  characters i n  pname  o f  1 .

nconc [x1 .12 ]  sub r

r e tu rns  t he  s ame  va lue  a s  APPEND[x1 ,x2 ] ,  bu t  actually modifies
t he  l i s t  s t ruc tu re  o f  x l  and  x2 .

r conc i [ l s t , x ]  sub r

pe r fo rms  NCONC[15 t ,L IST[x ] ]

neq[x .y ]  suo r

r e tu rns  T ,  1 f  x i s  no t  EQ ty  y ;  NIL o the rwi se .

n i l  sub r

returns N I L .
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nlistpfx] suor

r e tu rns  T ,  if x is not a list.

nth[x,n] EIPP

r e tu rns  tail of 1 beg inn ing  with the n'th element.

nullfx] subr

returns T, if x EO to NIL: NIL otherwise.

numberpfx]  sub r

r e tu rns  T, if x is a number; NIL otherwise.

oblist[x] _ subr

creates a new list of atoms, with the last atom created as the
first member of the list, and the atomic a rgumen t  . x  as the last
one. As NIL is the very first atom created, (OBLIST) gives a
list all atoms and as T is the last atom defined by a clean
system, (OBLIST T )  gives all atoms but SUBR's and FSUBR's.

openff,ic,n] expr

opens the file with symbolic name f, with io=l for input and
io=0 for ou tpu t ,  where n is used as the logical channel number .

or[xl,12,..,xn] f subr*
*.

r e tu rns  a s  value that of the a rgumen t s ,  whose value is not
NIL;  otherwise NIL, if all a rgumen t s  have' the value NIL.’
Evaluation s tops  at the first argument, whose value is not NIL.
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ou tun i t [n ]  , expr

se t s  logical channel fo r  ou tpu t  t o  n .

peck [x ]  suhr

I f  x i s  a list of  atoms, t he  value i s  a single a tom,  whose
pname i s  t he  concatenat ion  of  t he  pnames of  t he  atoms i n  x .  I f
t he  pname of t he '  value i s  t he  same as t ha töo f  a number, t he
value wi l l  be  t ha t  number .  ' vw .

plus[x1,12,..,xn] subr*

r e tu rns  t he  sum x1  + . .  + xn  o f  t he  numbers x1 . . xn .

pp[x1 .x2 . - . . xn ]  fexpr*

pre t t yp r in t s  x1 . . xn .

pr1n¢[1 , a ,b ]  l subr

prints x wi th  no  TERPRI be fo re  o r  a f t e r .  I f  a=NIL,  does  no t
print escape -  or  s t r i ng—charac t e r . l f  a=T, t hen  t he se  characters
a re  p r in t ed ,  t hen  r ead ing  back proper ly  i s  possible. I f  b=NIL‚
t hen  i t ’ s  an  o rd ina ry  p r in t .  I f  b=T, t hen  ?

pr in l rx ]  expr

prints 1 .  .

pr in? [x ]  ' expr

pr in t  x wi th  escape— and  s t r i ng -cha rac t e r  inserted. where
r equ i r ed  fo r  i t  t o  r ead  back i n  proper ly  by READ.
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pr in t [x ]  EXP?

prints : us ing  p r in2  followed by  ca r r i age - r e tu rn  / l i ne - f eed .

p r in tde f [x ]  exp r

p re t t y  p r in t  x with escape— and  s t r i ng—charac t e r .

p r in t1 [x1 ,x2 , . . , xn ]  exp r*

print x l , . . , xn  u s ing  p r in t l .

pr in t l eng th [x ]  expr

r e tu rns  t he  maximum number of t ap  e l emen t s  t o  be p r in t ed ,  i f  x
i s  NIL. If x i s  not NIL, then the printlength" i s  sgt  : .
Elements beyond  the  cu r r en t  p r in t l eng th  a r e  p r in t ed  a s  - - -  .

printlevelfx] expr

r e tu rns  t he  maximum number  o f  l eve l s  t o  be  p r in t ed ,  i f  1 i s
NIL. I f  1 i s  no t  NIL, t hen  t he  p r in t l eve i  i s „ se t  t o  : .  L i s t s
be low the  cu r r en t  p r in t l eve l  a r e  p r in t ed  a s  . . .  .

pr in tpos [x ]  _ expr

r e tu rns  t he  cu r r en t  p r in t—pos i t i on ,  i f  x i s  NIL: otherwise i t
s e t s  t he  cu r r en t  p r in t—pos i t i on  t o  x .
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pragfvar l s t , e l , 92 , . . . en ]  f sub r*

allows fo r  wri t ing  programs  cons i s t i ng  o f  expressions t o  be
executed. The  va r l s t  i s  a l i s t  o f  local variables.

I f  no  local variables a re  t o  be  used ,  t hen  NIL mus t  be
specified. Each atom i n  va r l s t  i s  t r ea t ed  a s  t he  name of  a
local variable and  i s  bound  to  NIL .  A l so ,  va r l s t  c an  con ta in
lists of  t he  fo rm (a tom form) .  In  t h i s  ca se ,  a tom i s  t he  name
of  t he  va r i ab l e  and  i s  bound  to  t he  va lue  o f  fo rm.  Evaluations
take place be fo re  any  b ind ings  a r e  pe r fo rmed .  An a t t empt  t o  u se
any th ing  o the r  t han  a literal atom as  a PROG va r i ab l e  w i l l
cause  an  e r ro r .

The  r e s t  o f  t he  PROG i s  a s equence  o f  non -a tomic  s t a t emen t s
and  a tov i c  symbo l s ,  u sed  a s  labels fo r  GO.  The  fo rms  a r e
eva lua t ed  s equen t i a l l y ,  t he  labels se rve  on ly  as  markers .  The
two  func t ions  GO and  RETURN a l t e r  this f l ow  o f  con t ro l  a s
desc r ibed  “be low.  The  va lue  o f  PROG i s  u sua l ly  spec i f i ed  by
RETURN. I f  no  RETURN i s  spec i f i ed ,  PROG re turns  NIL.

prog1[e1 , e2 , . . ‚ en ]  f sub r*

evaluates i t ' s  a rgumen t s  i n  o rde r ,  and  r e tu rns  t he  va lue  o f
i t ' s  f i r s t  a rgumen t .

p rogn[e1 , e2 , . . , en ]  f sub r*

evaluates it’s a rgumen t s  i n  o rde r ,  and  r e tu rns  t he  va lue  o f
i t ' s  l a s t  a rgumen t .
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Pu t [6 .P .v ]  subr

pu t s  v t o  property p on atom 6 .  Re tu rns  v .

pu td [ fn ,de f ]  expr

puts  t he  definition de f  into fn’s func t ion  ce l l .  Va lue  i s  de f .

put in t [ s . x , f ]  subr

pu t s  t he  i n t ege r  x i n to  s t r i ng  o r  subs t r i ng  5 .  I f  f i s  T ,  t hen
x 15 '  pu t  into 5 i n  binary format. I f  f i s  NIL,  t nen  t he  pname
of  3 i s  pu t  i r t o  s left—Justified. I f  f i s  anything e l se ,  t hen
t he  pname o f  x 15  pu t  i n to  s right-Justified.

pu tp rops [a tm ,p rop1 ,va11 , . . , p ropn ‚va1n]  exp r

fo r  i=1  to  n puts prop1 ,va l i  on  p rope r ty  l i s t  o f  a tm .

quo te [x ]  f subr*

preven t s  i t ' s  argument  f rom bee ing  evaluated. Retu rns  x
itself.

quo t i en t [x ‚y ]  sub r

r e tu rns  x / y of two numbers 3 and y .
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rand[lower,upper] subr

r e tu rns  a pseudo r andom number  be tween  l ower  and uppe r
inc lu s ive ,  i.e. RAND can be used  to gene ra t e  a sequence  of
random numbers. If bo th  limits are_integers, the value is an
integer, otherwise it is a f l oa t i ng  po in t  number.

The algorithm i s  completely deterministic, i.e., given the
same initial s ta te ,  RAND produces  the same sequence  of values.
The i n t e rna l  s ta te  of RAND is initialized us ing  the function
RANDSET described below.

randset[x] . subr

r e tu rns  the internal state of RAND a f t e r  RANDSET has finished
ope ra t i ng .  If x 15 NIL, value is the cu r r en t  s ta te .  If x is I,
the variable RANDSTATE is initialized using the clock.
Otherwise ,  x is interpreted as a previous internal state, i.e.
a value of RANDSET, and is used  to reset RANDSTATE.

ratomfx] subr

r eads  an atom. If x is not NIL,  it is i n t e rp re t ed  as the
logical channel to read from. -

read[x] subr

r eads  an s—expression. If x is not NIL,  then it is interpreted
as the logical channel to read from.

readcfx] subr'

reads the next character. If x is not NIL, it is interpreted
as the logical channel to read from.

readfilefx] exnr

reads successive s-eXpressions f rom logical channel 1 until an
error  cccurs, e.g. unbound  variable. Each expres s ion  is
evaluated as it is read. Retu rns  x .
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readpos [x ]  exp r

r e tu rns  t he  cu r r en t  r ead  position. I f  x i s  no t  NIL,  t hen  t he
cu r r en t  r ead  position i s  s e t  t o  x .

r eadv i se fx ]  f expr*

r e s to re s  a function t o  i t ' s  advised s ta te .  For  each func t ion
on  x ,  READVISE r e t r i eves  t he  advise information f rom the
proper ty  ADVISED fo r  t ha t  f unc t ion  and  pe r fo rms  the
co r r e spond ing  advise operations. The  value of  READVISE i s  a
l i s t  o f  t he  function names specified. I f  no  advise information
i s  available fo r  some func t ion ,  t hen  NIL  i s  r e tu rned  instead of
the  func t ion  name .

r eb reak [x ]  f expr*

r eb reaks  each func t ion  on  x by  r e t r i ev ing  b reak  in fo rma t ion
fo r  t he  p rope r ty  BROKEN fo r  t ha t  function and  pe r fo rming  the
co r r e spond ing  ope ra t i on .  Va lue  i s  a l i s t  o f  va lues  co r r e spond ing
to  t he  va lues  o f  BREAKE. I f  no  b reak  information i s  f ound  fo r  a
particular func t ion ,  t hen  NIL  i s  r e tu rned  fo r  t ha t  f unc t ion .

r ec l a im[x ]  ' sub r

Initiates ga rbage  collection of  type  1 ,  where x i s :

1 : a tom po in t e r  space compress ion

2 : pname  space  compress ion

3 : bo th  a tom and  pname  space  compres s ion

4 : l i s t  space  compres s ion

U
1

: compresses a l l  s t ruc tu re s

Value i s  number  o f  words  ava i l ab l e  fo r  t he  co r r e spond ing  type
a f t e r  t he  compres s ion  a s  a do t t ed  pa i r  (m . n ) ,  w i th  number  =
m*1ß@0 + n .  Type  5 re turns  a tom po in t e r  space .  Type  5 r e tu rns
l i s t  space .  No te  t ha t  pname  space  compres s ion  a f f ec t s  t he
pnames of  a toms  and  s t r ings ,  as  well as  number s  and  arrays .
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remaioder[x,y] . subr

r e tu rns  modulus of 1 and y. Value is i n t ege r ,  if bo th  a rgumen t s
are in tegers ,  otherwise real.

r emove [x . l , 11 ]  .* expr

removes all occu rences  of x f rom list l ,  g iv ing  a copy  of l
with all elements EQUAL to x r emoved .  This list will be bound
to 1 1 .

remprop[atm,prop] expr

r emoves  the proper ty  prop  (and it's value) f rom the prope r ty
list of atm. Value is prop,if it was found ,  otherwise NIL.

r ese t  sub r

r e tu rns  to top level immediately.

return[x] subr

. is the normal exit f rom a PROG. It's argument is evaluated and
is the value of the PROG, in which it appears.

reversefl] I suo r

r eve r se s  and copies the top level of a list. If 1 is not a
list, 1 is r e tu rned .

r ewind fx ]  sub r

rewinds logical channel 1 .
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ro l l i n [x ]  sub r

r es to res  a saved LISP sys t em s t a tu s  f rom logical channel x .  I t
i s  possible t o  per form ROLLIN even ,  i f  t he  s i ze  o f  t he  LISP
sys tem has  been  changed  since t he  last ROLLOUT. I f  no  p rope r
ROLLIN can  be  pe r fo rmed ,  t hen  ROLLIN r e tu rns  NIL,  otherwise x .

ro l l ou t [x ]  . sub r

saves  t he  cu r r en t  LISP s ta tus  on  logical channel 1 .  Re tu rns  x .

rp l aca [x ,y ]  sub r

replaces t he  address  po in t e r  o f  x ,  i . e .  c a r ,  w i th  y .  Va lue  i s
x .  An a t t empt  t o  replace NIL will cause an  error ,  except  fo r
RPLACA[NIL,NIL]. An a t t empt  t o  RPLACA any  o the r  non-list wi l l
cause  an  error .

rp lacd[x ,y ]  sub r

r ep l aces  t he  cd r  o f  x by  the  po in t e r  y .  The  internal l i s t
s t ruc tu re  i s  physically changed .  The  only way to  ge t  a circular
list i s  by  u s ing  RPLACD t o  place a po in t e r  t o  t he  beg inn ing  o f
a l i s t  i n  a spo t  a t  t he  end  o f  t he  l i s t .  “Va lue  i s  x .  An a t t empt
t o  RPLACD NIL wi l l  c ause  an  e r ro r ,  excep t  fo r  rp l acd [NIL ,NIL] .
An a t t enp t  t o  RPLACD any  o the r  non—l i s t  w i l l  c ause  an  e r ro r .

rp l s t r i ng [x ,n ,y ]  sub r

r ep l aces  cha rac t e r s  o f  s t r i ng  x beg inn ing  a t  cha rac t e r  n w i th
s t r i ng  y .  n may be  positive or  nega t ive .  I f  n i s  pos i t i ve ,  t hen
t he  f i r s t  cha race t e r  t o  be r ep l aced  i s  t he  n ' t h ,  coun ted  from
t he  beg inn ing ,  o the rwi se  f rom the  end .  The  cha rac t e r s  a r e  pu t
in to  x .  Va lue  i s  new 1 .  An e r ro r  i s  gene ra t ed ,  i f  t he re  i s  no t
enough  room in  x fo r  y .  No te  t ha t ,  i f  x i s  a subs t r i ng  o f  2 ,
t hen  2 i s  a l so  changed .
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rpt [rp tn , rp t f ]  subr

evaluates t he  expres s ion  rp t f  r p tn  t imes .  A t  any  po in t , '  r p tn
i s  t he  number  o f  evaluations ye t  t o  t ake  place. Retu rns  t he
value of  t he  last evaluation. I f  rptn<=@, t hen  rp t f  i s  no t
eva lua t ed ,  and  the  value of  RPT i s  NIL.

rp tq f rp tn , rp t f ]  fexpr

as  RPTfrptn , rp t f ] ,  bu t  does  no t  evaluate rp t f  be fo re
execution.

sa s soc fkey , a l s t ] '  expr

r e tu rns  ASSOC[key , a15 t ,EQUAL] .

savedef[fn] expr

saves t he  de f in i t i on  o f  fn  on  i t ’ s  p rope r ty  l i s t  unde r
prope r ty  EXPR.  Va lue  i s  EXPR.

se l ec tq [x , c1 , r2 , . . , cn ,de f ]  f suo r*

selects a form or  s equence  of  forms based on the  va lue  of i t ' s
f i r s t  a rgumen t  x .  Each  c i  i s  a l i s t  o f  t he  fo rm ( s i  e i i
e ? i . . ek i ) ,  where s i  i s  t he  s e l ec t ed  key .

I f  s i  i s  an  a tom,  t he  va lue  o f  x i s  t e s t ed ,  i f  i t  i s  EQ to  51
{ne t  evaluated). I f  so ,  t he  expres s ions  e11 . . ek1  a r e  evaluated
i n  s equence ,  and  the  va lue  o f  t he  SELECTQ i s  t he  value of  t he
l a s t  exp re s s ion  eva lua t ed ,  i . e . ,  ek i .

I f  s i  i s  a l i s t ,  t he  va lue  o f  x i s  compared  wi th  each  e l emen t
(no t  evaluated) of  s i ,  and ,  i f  x i s  EQ to  any  o f  t hem,  t hen  e l i
t o  ek i  a r e  eva lua t ed  i n  t u rn  a s  above .

I f  c i  i s  no t  s e l ec t ed  i n  one  o f  t he  two  ways  descr ibed ,  c i+1
i s  t e s t ed ,  e t c . ,  un t i l  a l l  t he  c l auses  c J  have  been  t es ted .  I f
none  i s  s e l ec t ed ,  t he  va lue  o f  t he  s e l ec tq  i s  t he  va lue  o f  de f
which must be  p re sen t .
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se t [x ,y ]  sub r

se t s  x t o  y .  Value i s  y .  I f  x i s  no t  a l i t a tom,  t hen  an  error
i s  gene ra t ed .

se t a [ a ,n ‚v ]  sub r

se ts  t he  n’th element of  array  a .  I f  n co r r e sponds  t o  t he
unboxed  number  reg ion  of  a ,  v must be  an  in teger .  I f  n
corresponds  t o  t he  po in t e r  reg ion ,  v r ep l aces  t he  ca r  half of
element n .  I f  a i s  no t  an  array ,  an  error  i s  gene ra t ed .

s e td [a ,n ,v ]  sub r

same  a s  SBTA fo r  unboxed  reg ion  of  array  a ,  bu t  s e t s  cd r  half
of  n ' t h  e l emen t ,  i f  n co r r e sponds  t o  t he  pointer r eg ion .  Va lue
i s  v .

se tq fx .y ]  f sub r*

same a s  SEf ,y ] ,  bu t  x i s  no t  eva lua t ed .

se tqq f xd ]  expr*

same as SETQ[x,y]‚ but y i s  not evaluated.

se t sbs i ze rx ]  sub r

r e tu rns  t he  swap  bu f f e r  size. Chang ing  the  swap buf fe r  size
dynamically i s  no t  imp lemen ted  i n  t h i s  vers ion .

s ign[x]  expr

r e tu rns  a or  1 or  -1 ,  depend ing  on  the  s ign  o f  x .
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s in [x , r ad i ans f1g ]  ' sub r

1 mus t  be  in  deg re s s  unless r ad i ans f lg=T .  Re tu rns  s ine  o f  x as
a f l oa t i ng  point number .

spaces [n ]  ezp r

prints n spaces.

sqrt[x] subr

r e tu rns  square roo t  o f  x as  a f l oa t i ng  po in t  number .  1 may be
i n t ege r  o r  floating point. Genera t e s  an  e r ro r ,  i f  n i s
nega t ive .

s t r a l l oo [n , c ]  sub r

allocates a new s t r ing  of  l eng th  n and  fills t ha t  s t r ing  with
t he  f i r s t  cha rac t e r  o f  t he  a tom / s t r i ng  / subs t r i ng  c .

s t r equa l [x ,y ]  _ eXpr

returns 1 .  i f  1 and  y a re  bo th  s t r i ngs  and  equa l ,  i . e . ,  pr in t
t he  s ame ,  o the rwi se  NIL. Note  t ha t  s t r ings  may be  EQUAL wi thou t
be ing  E0 .

s t r i ngp fx ]  expr

r e tu rns  x ,  i f  x i s  a s t r i ng ,  NIL  o thwerwi se .  No te  t ha t ,  i f  x
i s  a s t r i ng ,  t hen  NLISTP[x] i s  T bu t  ATOM[x] i s  NIL.

sub1[x ]  sub r

r e tu rns  x - 1 .

swpar r ayp [x ]  sub r

returns 1 ,  i f  x ' i s  a swappable array ,  NIL otherwise.
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subs t [new,o ld , exp r ]  sub r

Value i s  t he  r e su l t  o f  subs t i t u t i ng  t he  s - expres s ion  new fo r
a l l  occu r r ences  o f  t he  s—expres s ion  o ld  i n  t he  s—expres s ion
expr .  Subs t i t u t i on  occu r s ,  wheneve r  o ld  i s  EQUAL t o  ca r  o f  some
subexpres s ion  o f  exp r ,  o r  when  o ld  i s  bo th  atomic and  no t  NIL
and  EO to  cd r  o f  some  subexpre s s ion  o f  exp r .  The  value of  SUBST
i s  a copy  o f  exp r  w i th  t he  app rOpr i a t e  changes .  Fu r the rmore ,  i f
new 15  a l i s t ,  i t  i s  copied a t  each  substitution.

subs t r i ng [x ,n ,m]  sub r

Value  i s  t he  subs t r i ng  o f  s t r i ng  x cons i s t i ng  of  t he  n ' t h
th rough  m ' th  cha rac t e r  o f  x .  I f  m i s  NIL ,  t he  subs t r i ng  i s  t he
n ' t h  cha rac t e r  o f  x t h rough  the  end  o f  x .  Bo th  n and  m can  be
nega t ive ,  i n  wh ich  ca se  coun t ing  beg ins  a t  t he  end .  Re tu rns
NIL, i f  t he  subs t r i ng  i s  no t  we l l  de f ined .  SWPAHRAYP[a]
re turns  a ,  i f  x i s  a swappable array ,  o the rwi se  NIL.

syse r ro r  ' sub r

i s  de f ined  a s  a f unc t ion  wh ich  p r in t s  some  e r ro rmessage  and
r ese t s  t he  sys t em.  I t  w i l l  be  r ede f ined ,  howeve r ,  when  r ead ing
in  t he  exp r s ,  and  wi l l  t hen  cause  a b r eak ,  i f  an  e r ro r  occu r s .
I f  t he  eva lua t ion  wh ich  caused  the  e r ro r  was  i n i t i a t ed  by
ERRORSET, t hen  no  b reak  wi l l  occu r ,  and  the  va lue  o f  t he
func t ion  w i l l  be  NIL .

sys f l ag [ i , x ]  . sub r

se t s  SYSFLAG(1) t o  x and r e tu rns  t he  o ld  va lue .  I f  x i s_no t
spec i f i ed ,  on ly  t he  cu r r en t  va lue  i s  r e tu rned .  x can  be  T or
NIL .  Se t t i ng  t he  SYSFLAGS means:

1 : pr in t  630  messages

2 : ou tpu t  i s  p r e t t y  p r in t ed

3 : enable s t ack  pr in t ing  «

4 : commen t

U" pr in t  e scape— and  s t r i ng—charac t e r

I I

6 : no t  u sed

7 : begin a new l i ne ,  whenever a " (
15  found  du r ing  p re t t y  p r in t  un l e s s
i t  i s  t he  f i r s t  (sometimes s econd)
subexpres s ion
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tailpfx.y] expr

r e tu rns  1 ,  i f  x i s  a t a i l  o f  y ,  1 .e . ,  x 15  EQ to  some number
o f  cd r ' s  o f  y ,  o the rwi se  NIL .

t an [x , r ad i ans f1g ]  _ sub r

x i s  i n  deg rees  unless r ad i ans f1g=T .  Re tu rns  t angen t  o f  x as  a
floating point number.

t e rp r i  sub r

prints  a carriage r e tu rn ,  va lue  i s  NIL.

times[x1.x2,...xn] sub r*

re tu rns  t he  p roduc t  x i*x2* . . *xn  o f  t he  number s  x1 . . xn .

t r ace fx ]  fexpr*

causes  t he  func t ions ,  whoSe names  a r e  on  t he  l i s t  x t o  be
t r aced .  Re tun r s  a list of  t he  function names. I f  some element
i s  no t  a f unc t ion ,  t hen  NIL i s  r e tu rned  fo r  t ha t  e l emen t .

unadv i se [x ]  ' f exp r*

t akes  any  number  o f  functions an  r e s to re s  them t o  t he i r
or ig ina l  unadv i sed  s t a t e ,  i nc lud ing  r emov ing  the  p rope r t i e s
added by advise. UNADVISE[] unadvises a l l  functions on
ADVISEDFNS.

unbreakfx] f exp r*

t akes  any  number  o f  func t ions  mod i f i ed  by BREAK or  TRACE and
‚ r e s to re s  t hem to  t he i r  o r ig ina l  s t a t e .  Va lue  i s  t he  l i s t  o f

func t ion  names .
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unpack [ s , f1g ]  sub r

r e tu rns  a l i s t  consisting of  t he  cha rac t e r s  o f  s t r i ng  x as
a toms.  I f  f1g=T,  t hen  t he  p r inz—pname  i s  used ,  i . e . ,  i s  made
an  atom and  p r in t ed  a s  { ( {  = escape -cha rac t e r ) .

unsavede f [ fn ]  expr

res tores  t he  definition of fn  from i t ' s  p rope r ty  l i s t  under
prope r ty  EXPR. Value i s  f unc t ion  definition.

un t r ace [x ]  f exp r*

r es to res  t he .  f unc t ions  on  x t o  t he i r  o r ig ina l  s t a t e .  A l l
t r ace - in fo rma t ion  w i l l  be  r emoved .  Value i s  t he  l i s t  o f
func t ion  names .

v i rg in fn lx ]  exp r

r e s to re s  x t o  i t ' s  o r ig ina l  func t ion  de f in i t i on ,  r ega rd l e s s  o f
any  amoun t  o f  breaks ,  advising e t c .  Va lue  i s  f unc t ion
de f in i t i on .

xca l l [ fn .1 ]  sub r

i s  a na s ty  way  to  implement additional func t ions .  Argumen t  fn
i s  a number  u sed  to  b ranch  to  some  sub rou t ine ,  and  1 i s  a l i s t
of  a rgumen t s  t o  t ha t  subroutine. XCALL[1,T] will tell t he
sys t em to  p r in t  c a r r i age -con t ro l  i n fo rma t ion ,  XCALL[1 ,F ]  causes
t he  sys t em to  omi t  t he se  cha rac t e r s .  XCALL[1 ,NIL]  r e tu rns
cu r r en t  s t a tu s .  XCALL[2 ,CONS[e1 ,e2] ]  i s  equivalent ( ? )  t o
LESSP[mkn[e1 ] ‚mkn[e2 ] ] .  Be careful with t ha t  one .

ze rop [x ]  sub r

i s  de f ined  a s  EQ[x ,ß ] .
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*[p1 ,  Z . . . , pn ]  . . . . . . . . . . . . . . . . . . . . . . . „ . . . . . . . .  f sub r*
a b s x  . . . . . . . . . . . . . . . . . .OOOIOOOÜCOOOCOOOOU. . . .  expr

addl l ' x ]  O . . .OIIOOIIOOOOII .OOOOIOOOOCCOOOCCOOCOI sub r

addlist[a,1] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r
addpro  [a tm,pr0p ,new, f lg ]  . . . . . . . . . . . . . . . . . . . . .  expr

. adv i se  fn ,when ,whe re ‚wha t ]  . . . . . . . . . . . . . . . . . . . .  expr
alist . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  subr
a lphc rde r [ a ,b ]  3 .0 .0 .0 . . .—oooooooooooooooooo-oo  SUbr

and[ !1 ,xz , . . , xn ]  000 . . . . . .QIOOOOOOOOIOOIOOOI. . .  fSUbr*

antilogfx] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r
append[x1 ,x2 ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r
app1y*[ fn , a rg1 , a rg2 , . . , a rgn ]  . . . . . . . . . . . . . . . . . .  expr
app ly f fn , a rgs ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  subr
app lya f fn ,1 , aSS]  o .000000000 .000000000000000 . . .  Sübr

arccns[x,radiansflag] . . . . . . . . . . . . . . . . . . . . . . . . .  sub r
arcs1n[x , rad ians f1ag]  . . . . . . . . . . . . . . . . . . . . . . . . .  subr
arctanfx,radiansf1ag] . . . . . . . . . . . . . . . . . . . . . . . . .  subr
a r r ay [n ,p ,v ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r
arraybegfx ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  subr
a r r ayp [x ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r
arraysize[x] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r
arraytypIx ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . L . . . . . . .  subr
as soc [key , a l s t , f n ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr
a tom[x ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r
b reak®[ fn ,when‚coms]  . . . . . . . . . . . . . . . . . . . . . . . . . .  expr
break l l [brkexp ,brkwhen ,brkfn ,brkcoms]  . . . . . . . . .  expr
break1[ fn1 , fn2 , . . , fnn]  . . . . . . . . . . . . . . . . . . . . . . . .  f expr*
break [ fn1 ‚ fn2 , . . ‚ fnn ]  ............a............ f expr*
car  [ I ]  O . . . .  O . . . - . .  O. . . .  . .  O. . . . . .O ' . . . . . .OOOOCO sub r

Cdr [z ]  . .  O . .  . I l l  D . .  C. . . .  . .  . . . . . .OOIOOOOOOOOOIOO sub r

Ch tab  [X .n ]  . . . . . . . . . .C . . . . . .COOOOOOOOOOOOOO . . . .  sub r

„ l o o k  . . .  . . .  I OOOOOOOOOI. . .  I . .  ‚O . . . . . .  . . . . . .  . . . .  sub r

close[f] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr
concat fx1 ,x? . . . , xn ]  . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r*
cond[c1 , cz , . . , cn ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f sub r*
cons fx ,y ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r
cnpy[x ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr
copya r r ay [a ]  I . . . . . .O l . . . ‘ . . . . . .COOÜOOOOOOOOOOO sub r

cos [x , r ad1ans f l ag ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r
curfile[f11e] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f expr
de [ fn , a rgs ,body]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f expr*
def ineq[x1 ,12 , . . , xn ]  . . . . . . . . . . . . . . . . . . . . . . . . . .  f expr*
de f l i s t f1 ,p rop ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr
df [ f r , a rg s ,body]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f expr
d i f f erence [x ,y ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r
dsor t f l ]  . . . ‚ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr
editf[d] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f ezpr
ed i t s [ s , edcom]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr
PJECt  on .coooop-ooa0 .00 .0000 .000000000000000 . . .  SUbI ‘

P l t [ a , n ]  on .coco -o .00 .000000010000000000000I . . .  SUbI ‘

€1 td [a ,n ]  00 .0 .0000 . . . . . . . oooooo-oooooooooooooo  SUbr

eq  X ,y  coon-000 .000 .0000 .000 .000 .000 .00 . . . a . . .  Sübr

eqp [x .y ]  DO.II IOIOOOOOOOOOOOOIIIIOCCOOIOIIIOOCO sub r

equa l [x ‚y ]  . . . ‚ . . . . . . I . . . . . . . . . . . .OOOOOOQOOOOOI  sub r

m
w

w
w

m
m

m
m

m
m

q
aq

q
m

m
m

w
99

9ß
ß

ß
u

u
u

m
u

u
w

m
m

m
m

w
p

w
w

p
p



FUNCTION INDEX

e r ro rb  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr*  14
e r ro rmess fn ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  14
e r ro rn  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr*  14
e r ro r se t [ fo rm, f1g ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr  14
evalEr] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  14
eva1a [x , a ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  subr  14
ev115[ r ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  15
ex1 t  . . . . . . . ‚ . . . . . . . . . . IQOIOOOOOOOCOOÜQOOOO. . . .  subr  15

exptfm,n] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  subr  15
fd i f f erence fx ,y ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr 15
fgrea terpfx ,y ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr  15
fixfx] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  subr  15
flcat[x] . . . . . . . . . . . . . . . . . . . . . . . . ; . . . . . . . . . . . . .  sub r  15
floatp[x] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  16
fminus[x] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr  16
fp lus [x l ‚x2 , . . . xn ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  subr*  16
fquot i en t [x ,y ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr  16
€ t1mes [x l , x2 , . . , xn ]  . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r*  16
func t ion [ fn , env ]  ......................„........ f sub r*  16
gcgag [message ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr  16
pensym . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  17
ge td [x ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  17
ee t in t [ s , f ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  17
ge tp fa tm ,p rop ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  17
go*[x ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f sub r*  17
go]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f sub r*  17
grea t e rp [x .y ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  subr 18
1d i f f erence [x ,y ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr 18
1grea t e rp [x ‚y ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr 18
iminus[x] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr  18
1nun1 t [n ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr  18
i o t ab f i , n ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  subr  18
1p1us [11 ‚x2 , . . , xn ]  ‚ . . . . . . . . . . . . . . . . . . . . . . . . . . .  subr*  19
1quo t1en t [x ,y ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr  19
1 t1mes [x l , x2 , . . , xn ]  . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r*  19
last[x] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr 19
1eng th [x ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  19
IESSD[v]  . e . . . - oooooooooan . . . - ooooonooooQOooo  SUbr  19

115px . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  subr  2%
listfxl x2 , . . , xn ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r*  22
l i s tp fx i
l i t a t 0 m [ X ]  on . . . - oo -aoooooo . . . . ooooo-ooooouoooo  SUbr  20

load[f] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr  2%
102[X]  sono .0 .000 .000 .000000 .000000000000000 . . .  SHOP 29

makefile[f‚flg] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr  21
map[mapx ,mapfn1 ,mapfn2 ]  . . . . . . . . . . . . . . . . . . . . . . .  sub r  21
mapcfmapx ,mapfn1 ,mapfn2 ]  . . . . . . . . . . . . . . . . . . . . . .  sub r  21
mapca r [mapx ,mapfn1 ,mapfn2 ]  . . . . . . . . . . . . . . . . . . . .  sub r  21
maplist[mapx.mapfn1,mapfn2] . . . . . . . . . . . . . . . „ . . .  subr  22
membfx,y]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  22
member[x‚y] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  22-
m1nus[x]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr  22
minuspfx] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr  22
mka tomrx ]  . . . . 0 . 0 .0 .0 . . . . . . . . .OQOOOOOOOOOOQCOOO expr  22

. . . 0 . 0 .0 .0 . . . . . . . . .OOOOOOIOOOOOOI . . . . » .  sub r  26
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mks t r ing [x ]
mkswap[a]
mkunswap[a]
nchars[x]
nconc1[ l s t , x ]
nconc [x1 ,12 ]
neq[x ‚y ]

ni l
plistpfx]
nth[x ,n ]
null[x]
numberp[x]
oblist[x]
open[ f , i c , n ]

000 .00 . . . . . . 00000000000000000000000

000000000000
..

0 .000 .00000000000000000

0 .0 .0000000000000000000000000 . . . .

0000000000 .00000000000000000000000

0000000000000000000000 .

. . . . 000000000 .000 .000000000000000000000000

0 .00 .000000000‚000000000 . . .

or [x1 ,x? , . . , xn ]
outunitfn]
pack[x]
p1us [11 ,x2 , . . . a
ppfx1 ,x? , . . , xn ]
pr inß[z ‚a .b ]
pr in1 [x ]
pr1n2[x1
pr in t [x ]
printdef[x]
pr in t1 [x1 ,x2 , . . , xn ]

000000000000 . . .

000 .0000000000 .

printlengthfx]
printlevel[1]
pr in tpos ]
p r0g1[e1 , e2 , . . , en ]
prog[var l s t , e l , e? ‚ . . , en ]
prognfe1 , e? , . . , en ]
put [a.pnr]
putdf fn ,de f ]
nut in t f s , x , f1

0000

00 .0 .0000 . . .

0 .0 .0000 . . .

0000000000000 . . .

00000000000000000000000

00000000000000000000000

0 .00  00 .  0 .00

00 .00 .00 . . .

0 .00 . . .  0000

0 .0  . 000  00 .0

000  00 .0  . . . .

0000000  00  0 .

0000000000 .

. . . . . . 0000000000000 . . .

000000

putprops [a tm,pr0p1 ,va11 , . . ,propn‚va1n]
quo te [ x ]
quo t i en t [x ,y ]
r and [ lower ,uppe r ]
r andse t [x ]
r a tomfx ]
r ead [7 ]
readr [x ]

00000000 . . .

0000000000000000000000000000 .0000

0000 .

expr
sub r
sub r
sub r
sub r
sub r
sub r
sub r
sub r
expr
sub r
subr
sub r
expr
f subr*
expr
subr
subr*
f ezp r*
sub r
expr
expr
expr
expr
expr*
expr
expr
ezp r
f sub r*
f sub r*
f sub r*
sub r
exp r
sub r
expr
f sub r*
sub r
sub r
sub r
sub r
sub r
sub r

41

readf i l e lx ]
readpos[x]
readvise[x]
rebreak]
reclaim[x]

expr
expr
fexpr*
fexpr*
subr

. . . . . . . . . . . . 00 .0 .00000000000000000 .

. 00 .0  00 .  00  00 .  0000 .  000000 .  0000000000 .

00  0 0 .0 .  00 .  . .  . .  . . .  000000 .  0 .0  0000  0000

. 0 . 0 . 00 .  . .  . . .  . . .  . .  . .  0 . 00 .  0000  0000000

00 .0000 .0000000000000000000000000000

remainfier fx ,y ]
r emove [x ‚1 ,11 ]
r9mprop[a tm ,p rop ]
r ese t
returnfx]
r eve r se I l ]
r9w1ndfx ]

00 .00000000 .000 .0000000000000000

.00 .0 .000000000000000000000 .0

0 .000 . . .

. . . . 0 . 00 .0000000000000000

sub r
expr
e x p r
subr
sub r
subr

sub r
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rcllin[x] . . ‚ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  52
rcllcut[x] . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . .  sub r  62
rp l aca [z ,y ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  32
rp l acd [x ‚y ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  52
rp l s t r ing[x ,n‚y ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  subr 52
rpt[rptn.rptf] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  subr  63
rp tq [ rp tn , rp t f ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f expr  53
sassoc [key ,a l s t ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr  55
savedef[fn] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr  33
se l e r tq [x , c1 ‚02 , . . , cn ,de f ]  . . . . . . . . . . . . . . . . . . . .  f sub r*  53
se t [x , y ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  54
se t a [ a ,n ,v ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  84
se td [a ,n ,v ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  54
se tq [x ,y ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f subr*  54
se tqq [x ,y ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr*  La
setsbsizefx] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  54
s ipnfx ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr  54
s in [x , r ad i ans f1g ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  55
snacesIn] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  exPr 55
sq r t f x ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  Sb
stralloc[n.c] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  35
s t r equa1 [x ,y ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr  35
s t r i ngp [x ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr  55
sub1[x] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  55
subs t [new,o ld , exp r ]  . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  So
subs t r inprx ,n ,m1  _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  56
syserrcr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  36
sy s f lag [1 ,x ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  36
t a11p [x ,y ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr  3?
t an [ r , r ad1ans f1g ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  37
t e rp r i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  37
t imes fx1 ,x? , . . , xn ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r*  57
t rece [7 ]  . . ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f exp r*  37
unadvise[x] ‚ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f exp r*  37
unbreakfx]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fexpr"= 37
unpack f s , f1g ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  suhr 38
unsavede f [ fn ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  expr  38
un t r ace [x ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f expr*  „8
v i rg in fn rx ]  OIQIII I I I I -OOIIIOIII IOIIOIOIIOII . . .  e x p r  L58

Ica11[fn,l] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  38
zerop fx ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sub r  38
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cndir
commen t l
compare
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rompile
compilel
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rompse t
conca t
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conscoun t
cons t an t
con t ro l
copy
copya l l
copya l lby t e s
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copyde f
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copyread tab l e
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cos
coun t
coun tdown
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c rea t ehash f i l e
curfile
d a t e
da te fo rma t
dohcon
dd i f f e r ence
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d 9
d e c l a r e :
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derlof
dec l type
de fau l tmakenewcom
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