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Data Space Descriptions

Abstract

This is one in a series of documenta describing SDC's LISP 1.5 system.

Descriptions are given for all data spaces in terms of address boundaries,

e

internal storage conventions, and relevant LISP functioms.

1. INTRODUCTION -

This document describes each of the data spaces in SDC's LISP 1.5 system
(including the virtuel space for small integeré). For each space the follow-
ing information is given where applicable: Space name; the internal space

name, known as the quantum number; names of boundaries and pointers used by

and for the space; addresses relative to the LISP system origin; the name of
the LISP generator function for data in the space; ways in which the space
adds data; descriptions of the treatment given the space by the LISP Garbage

Collector; and a diagram of a typical element in the space.

The following definitions are used:

An sbsolute address is a number representing an S/360address that re-

quires no base register modification.

VThis document has not been cleared for open publication.
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A LISP 24-bit pointer is e full-word address relative to the LISP system

origin. (ucually 19680 hex). These numbers range from ¢ to 3FFFC hex.

A LIB? 16-bhit pointer is a LISP 24-bit pointer shifted right 2 bits.'

4

Note that the renge snd specification requirements on a LISP 24-bit pointer
assgure that no informetion will be lost in conversion to and from the 16-bit

equilvalent,

A qusntum pumber 1s a name used iﬂLernglly by LISP to identify the

various gpaces. These numbers are malntained 1w the Quantitized Core Map
(Entry QCH) which keeps track of the current size and boundary locations of

all the spsces. See "Entry QCM" in TM- 4310/300/00 for further details.

The nemes of the various boundaries and pointers (PRSO, PR20, AIB, BPP,

PDO, etc.) are each an entry in Intry Space. (see TM-4310/300/00). An example

bast Indicates

how these ave used. "ARP" is the name of the "current ARray

i

Pointer', and Yotry ARP containg an address relative to the LISP system

origin which peints to the next available computer word in Array Space.

One of the initial'phasas of the LISP Garbage Collector is the mark
phase, which determines whether or not a given datum is, or is not necassary
to the current operating system. Items that might be reclaimed by the Garbage
Collector are marked if they are polated to {(directly or via a chain of
pointers) by certain fundsmental pointers; If the item iteelf points on to

further information it is then mmyked from.. Data reclemation is accomplished

by the rbage Collector by pruning, folding, or moving.

2. : ENTRY SPACE

Quantum number: 1.

Lower boundary: SORG Upper space boundary: CHO

Lower_ boundary address: @  Upper boundary addréaé: 1066
Deagfiptieh; Contains Entrys as éescribed in TM-4310/300/00;
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3.‘ CHARACTER IDENTIFIER SPACE

" Quantum Number: 1.

Lowar boundary: CHO Upper boundary: CHE.
Lower Boundary address: 108§ Upper boundary address: 1460

‘Description: This space contains 256 full word items each of which corresponds

to an EBCDIC character and contains the pointers to the property list and
system value list for the identifier named by the character. The Garbage
Collector marks from these items but does mot mark them and they are not re-

claimed. There is no generator function. .
16 bits 16 bits
5 value prop |
0 ‘ 15 16 31

value i1s a LISP 1é6-bit pointer to a chain of PRS items that represent the
values of the identifier in each declared section. Prop is ea 16-bit pointer

to the property ligt for the identifier.

4o PROGRAM REFERENCE SPACE (A)

.Quantum number: 3

Lower boundary: PRSO Upper boundary: PRSE

Intermediate fixea pointers at l-page intervals: PR20, PR30, etc.

Generator function: (MAKEPR . 1225

Description: Items in this space never move. They form the fixe& reference
to link all functionse, Speclal and Unspeclal variéblés, Quote cells, Macros
and Instructions. Unused items are chained ffom Entry PRSF. .The Garbage
Collector marks from these items, marks them, and reclaims them by prun;ng.
Each item 1s assoclated with a corresponding word in Program Raference Space
(B). PRS(B) is not pointed to and the separation between the two espaces
(difference between the addresses of the seme item ia each aspace) 1s the Qalue
of Entry DPRS. '

24-hi+ pointer ' ' ~
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For Quote cells, Special end Unspecial variables, the value in a PRS(A) item

is & LISP 24-bit pointer.

8 bits 24 bits

typo code
0o 78 31
For Functions, Macros,and Instructions, the value of a PRS(A) item is in two

fields: type is an 8-bit field with the value  for Functions, 1 for Macros

and 2 for Instructions. Code is a 24-bit abéolute address pointing to the

beginning of the code in Binary Program Space.

5. PROGRAM REFERENCE SPACE (B)

Lower RBoundary: PGO Upper boundary: PGE
Descripiiont: Items in this space are essgociated with corresponding items in
Propgrem Roeference Space (A). PRS({A) items contain the value of the item while

PRE{B) ditems COﬁtain?variousAdaacrigtive detz2 end the linking information.

2 7 . 16. bits
D |Sectiecn Count Link
0 12 8 9 15 16 31
D is @ descuiptor field that identifies the type of PRS data. The

following values apply:

o Quote cell
1 Function, Macro or Imstruction
2 Special Variables

3 " Unspecial Varilables

Section is a section number from § to 127, inclusive.

Count is tha number of references to this PRS item from code in Binary

Program Space.

Link 18 a LISP 16-bit pointer that points to another item in PRS(A). All
vglugé of a given identifier that have been declared are strung together using
this link. For any identifier & single value may be declared in each section.

The first item on eny ddentifilier cheln is pointed to by the value field of the
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identifier (see sections 2., Character Identifier Space, and 9., Identifier
Space). The link of the last item on a chain is . This link field is also

used to string all unused PRS items from Entry PRSF.

6. FLOATING POINT SPACE

Quantum Number: 4

Lower Boundary ¥FLO Upper Boundary: FLE Pointers FLP and OFLP

Generator function: (MAKEFLOT . 122)

Degcription: Each item contains a 2-word double precision floating point
number. New items are added contiguously from the high core end towards low
core . (e.g. from FLE towards FLO). Itéems are marked, not marked from and are

reclaimed by the Garbage Collector by folding down.

64-BIT REAL NUMBER

7. - INTEGER SPACE

Quantum Number: 7

Lower Boundary: 1INO Upper Boundary: IBB Pointers: INP and OINP
Generator function: (IN2S . 122) ‘
Description: These iteme are 32-bit signed binary numbers which LISP prints
31 < < -4(96 and 4098 < n < 231.

New items are added contiguously from the low core end (INO) toward high ecore.

in decimal. Values are in the range -2

Items are marked, not marked from, and are reclaimed by folding up. This

space shares a floating boundary (IéB) with Bit Space.

32-BIT INTEGER

8. BIT SPACE

Quantum Number: 8

Lower Boundary: IBB Upper Boundary BTO Pointers: BTP and OBTP

-Generator Tunction: (MAKEBIT . 122)
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LISP will print in either Fewldeclmal or Octal. Values are in the range to

Dascription: These items are 32-bit logical (uﬂsigned) binary numbers which

93690049 to FFFFFFFF. New items are added contiguously from the high core end

(BTO) toward low core. Items are marked, not marked from, and are reclaimed by

32 BIT NUMBER

S. - ABRRAY SPACE
Guantum thmbaer: 5
Lewar wmdary: ARO Upper Boundzry: AIB Pointers: ARP and OARP.

Cenarator Functlon {GETARRAY . 122)

folddag dowa.. This apace shares a floating boundary (IBB) with Integer Space.

Deserivticn: ITtems in this space are variasble length collections (or tables)

of nusbers, EB 3CDIC characters, or ﬂymbolic data (LISP l6-bit pointers).

he

oy word im an ﬂxrﬁy 1is a header containing JLSCliDtlve 1nformation

=

and the rest of the arrny consists of 1 or more 1-, 2-,

b=—,

Arvays gre marksd gnd reclaimed by moving Lp Arrays of

type "symbol” and "teble' are marked from. New entrys are added contiguously

from the low core end of the space (ARO) towards high core. Entry Space shares

a floating boundary (AIR) with Identifier Space.
F;-"IJ'
Data
e
-3 13 . 16 bits
» § Typa ] Jeensith y © Self lfm
0 23 15 16 31
@ STRING ‘ EBCDIC byte
1 INTEGER » full word number
20 © BIT : full word number
3 D , EBCDIC byte '
4 TLOAT double word real number
3 not used AR
6 SYMROL LISP 16-bit peintar
7 TARLE - LISP 16-bit pointer

8191

2047

20647

8101
123

4995

4E95
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Length 1s sm unsigned 13-bit number indicating the length of the array in -

bytes, not including the header. If type is STRING, ID, SYMBOL, or TABLE, the

core space allotted to the array is rounded up to the next Ffull-word boundary.

Self is a LISP 16-bit pointer pointing to the header of the array. This field
is used only by the Garbage Collector. o

10. IDENTIFIER SPACE

Quentum Number: 6 . _
Lower Boundary: AIB Upper Boundary IDE Pointers IDP and OIDP .
Generator Function: (MAKEID . .122)

' Descripition: Each item in this space represents a single identifier which

either has a unique print name or has no name at all. (GENSYM). Each item .
1s two computer words long and is marked, marked from in the property list and
print name and the Garbage Collector reclaims by folding down. Identifier

space shares o floating boundary (AIB) with array space.
‘ 0 15 16 3{ .

Value . Prop

Prname Link
32 &7 48 63 .

Value is a LISP 16-bit pointer to a chaln of PRS items that represent the

valuees of the identifier in each déclared:éection. Prop is a LISP 16-bit
polnter to the property list of the identifier. Pname is a LISP-l6—bit pointer
to an item in Array Space antaLning the print (and read) name of the identifier.
This array will be of type ID if the' charactér string can be symmetrlcally
printed without the $$ artifact mechsnism; otherwise, the array is of type
STRING, Pname will be all zeros (pointer to NIL) if the 1d@m£ifiar iz a Gensym
(i.e. has no name). Link is a LISP 16-bit pointer to the next identifier in

the same Oblist bucket.  These buckets are each strung from a word in the 137~

word OBLS in Entry space, The last identifier in the bucket poimts to NIL.
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11.  HODE SPACE

Quantum Number: 9

Loway Boundery: LSO Uppsxr Doundary: LBB Polnters: LSP and OLSP.

Canarator Functioﬁ: (coms . )

escrdpiden:  Each item in Node Spece contains bwo LISP 16-bit pointers, the
- CAR and the CDR. A pointer to any space othar than Node Space 1s considered

to point to on ntom. Nodes are therefore non-atomic and are the basic

structura-bullding element in the LISP system asnd langusge. Thees items are

marked and marked from In both the CAR end CDR, snd ave reclaimed by folding

apace shares 4 floating boundary (LBE) with Binary Program Space.

CAR | ooz |
0 15 16 31

¥ VROGRAM EPACE

19

Lower Zoundsry: LBB  Upper Boundary BFE Pointeras: BPP and ORPP

Genarator Function: (GEYEPS . 122)

Deperiptiont These items ave varicble length up to 1623 full words of binary
code with 2 l-word header. These 1ltemz are marked, but not marked from, ex-
cept that couvnto are made in PRS(3) according to BPS references. The space
ia reclaimsd by moving down. New ltems are added contiguously from the high

core end (BFO) toward low core.

Headar B
, Coda
; 1 5 10 16 _ ,
' &
G| args Length PRS ]
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| G is a single bit used by the Garbage Collector to mark the Code.

Args 1s the number of arguments, and may be #, 1, 2, ... , 15, 16, 17, 18, or 20. .
Length is the length of the item in computer words, including the header.

Prs is a LISP 16-bit pointer to the PRS(A) item that points back to this BPS

item,

13. PUSH DOWN STACK SPACE

Lower Boundary: PDO Upper boundary: PDE. Only pointer is register PDP.
Description: ItemsAare l-word long. Space is marked from, not marked and

never recléimcd. These items are not pointed to by LISP pointers, The cur-
rent value of reglster PDP 1s 4@% hex less than the absolute core address of the
item pointed to. PDP is pushed (increased) and poped (decreased) by the

function link routines. There are three types of PRS words as described be- . .

low. .
Value j
Type A. : for lambda and block variables.
i Prsdata Bvalue
Type B. : for rebound Special and Unspecial variables in PRS
Prsfn Loc
Type C. : the Iunction return pointer

Value is & LISP 24-bit pointer to any kind of data. -
Prsdata and prefn are 16-bit byte addresses of PRS items relative to PRSO.

Prgdata points to Speclal and Unspecial variables while Prsin poipts to
functions or Macros. Bvalue i1s a LISP 1l6-bit pointer to any kind of data.
Loc is a byte address relative to the beginning of the code pointed to by
Prafn and less than 4§96. Loc plus the contents of prsfn gives the exact re—

turn address for a function return.
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14, ' FIXED SPACE or MARK SPACE

Lower Boundayy: TFX0 Upper boundsry: FXE
Description: This space contains 2 core pages or 65,536 (18340 hex) bits
uged by the Garbage Collector to mark all data (pointers) that are currently

in use by the system at the time the Garbage Collector is called. Each bit

in the space corresponds to & single LISP pointer.

15. INPUT/OUTPUT SPACE

Lower Poundary: I00 Upper Doundary: IOE.

Description: 1I/0 Space was originally intended to be used to contain buf-
fers for I/0 files on the ADEPT-5{) Time Shéring System. This is no longer
used snd the space 1s therefore available for LAP programmers for scratch,

buffers, and ctherwise useful space.

1/0 Space wos sxtengively used by the CONVERSE gystem for Internal generatiom,
paintensnce and 1/0 of CONVERSE arrays, dictiomary bucksts, signatures, and
lexicou tables; and for the automatlc ‘communication between two separate

LIS? progreme.

16. ‘ SMALL INTEGEES

Quantum Number: 11 ;
Descripiion: This is & virtual space '"pointed to' by LISP polaters greater

than 37FFC hex. These pointers represent integers according to the formula

n = (p - 3C669) / 4,

whera n is the integer value 'pointed to" and p 1s the pointer. The follow-

ing teble gives the limits of Small Integers, and some common values.
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n (decimal)

-4$96
-1

e

1

32
169
4895

The pointer 3C0@0 (#) is the value of Entry ZERN. The pointer 3FFFC (4@95) :

p. (hex)

38069
3BFFC
3ca60
3CH94
3689
3C19%
3FFFC

(last page)

System Development Corporation
TM~4310/400/00

ie the highest possible LISP pointer. The pointer 38880 is the smallest

possible Small Iﬂteger pointer, snd therefore, the pointer 37FFC is the

lazgest pointer into real (non-virtual) space. 37FFC is the value of Entry -

TOPA.




