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Te The LISP interpreter

ppLisP for _PDP 117s with memory manaacement . follows
University of ~isconsin LISP fcr the UNIVAC 117y series
conputers, Familiarity with the programming Language LISP 1s
assumned, The manuals describing Wwisconsin UNIVAC 7500 LISP give
a nore detailey Uegcr10t1on of the lznguages The differences and
peculicrities of the PDP 1 LISP dialect are described heree

PplLISP 1s a moderate—-scale, in-core implementation using
twd stacks, deep or global bingings, multiple data types, and
tyose deternination through address Location. The initial code
and deta for the LISP interpreter cccupy appnroximately 9K words
of coree The Virtual Operating System / Distributeyd Computer
Network (v03/0CK) developed at the university of Maryland, a vOS
endlator for use witn VEC”s Disk Qpesrating Systenm (0DS)Y, and a
stand alone system which emulates some YOS functrions are operat=
iny systems which supnort the LISP interpreter. with a small
oparating systemy the LISP interproter neecs nearly 16K words of
core just to sign oOn. Expandinc just the pctential _cata area,
42< words o ¢core  could pe supportecd. FProbeoly, 2K words of
core would be needed for much useful COMPUEINGa Compiled ana
assemdled code could use yet another 24K words. With the maxinum
confizuration of 5S¢ words, about .4k CONS7ed nodes could be used
for datez assuwing that almost all progrems are compilede The
suaoortab{e core is reaucec on PDP i1"¢ "which do not support
seperated instruction (I and data (D) spaces, such as the PDP
T L, The host computer must alsc support the Extendec
Instruction Set (EIS) consisting Df t he ™MulL, DIV, ASH, and ASHC
instructionss EIS comes standarq with FDP ‘i/u s and PDP 19/7Js.

3ell Lab”s UNIX operating system may also support pplISP,
Conditional assemcly dinstructions <select the host operating
systems Z2fore the LISP comprer c2n De used under UNIX on  POP
11 43s  or PDP T /Y sy the HNKIX ooerat1n4 system must ve altered,
The alterations consist of tao ages of straicht-forward addi-
tions tc the "¢ code of the UNIX operating systema The recoam=-
piled UNIX c¢sn support gn accitional, writeable I-space per
process following the write protected code 1n seperated=Il-and=-D-
space modes The ppLISP corn1ter can then write instructions into
thz I=scace area increasinv efficiency, A second, smaller
modification of ihe JMIX pPratTH” system provides one=line-at-
a=-time inpust from other Lps L»e<1c:'=s teletypess After the
modification, which adds a Ysys" call through 27 lLines of "c"
code aogditions, callers can read input from tile systems and
pioes uo to> ana including the first new=liney line-feed character
encounterels without the secend UnIX meodification, LIaP reguests
ASCII-character 1input one-character=-at=-a—-time so that rulti-file
input may 2e selective, but slowing the overall process. Lisep
software mnay access the pcwbrfut teatures of UNIX such as FORKs,
EXzCsy PIPZs and the other "sys" and "shell®” calls described 1in
the UNIX Programmer” s Handpooke
T0ie Available Functionse

Except as noted in subsequsnt sections, the following
functivns have been implemented consistently with the definitions
in thes A1sc0nsio UNIVAC i1 % LISP Reference ¥Manual by Eric Norman
ani the additions ©produced at the University of Marylande An
apoendix provides a synopsis cof these pre~defined functions.

ADDT 3LIST AMc AND APPEND ARRAY ARRAYL ARRAYP ASSOC
ATOM ATSYMB ATTEMPT

3KxCKS? BRoAK

CLEAR3BUFF CLOSE COMPLEMENT CDIMPRESS COND CONS CSET
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CSETG CURRCOL

DEFINEZ DEFMAC .DEFSPEC DELIM DIFFERENCE DO DOUBLE DUMP
ENTIE? EQ EQUAL ERASE ERROR EVAL EXEC EXPLODE EXPLODEZ
FIXP FLOAT FLCATP FLAG FORK FUNCTION

SENSYM GET GO GREATERP

IFFLAS IFTYPE INDeX INTO

LAMBDY LAMDA LEFTSHIFT LENGTH LESSP LISP LIST LCAD
LOGAND LOGOR LOGXOR

MANIFEST mMAP MAPC MAPCAR MAPLIST MEMBER MINUS MINUSP
NCONC NOT NTH NULL NUMBERP
OBLIST ONDEX ONTO OPEN OR

PIPE 2LENGTH PLENGTH2 PLIMIT P2LUS PRINT PRINY ‘PRINz
PROG 2R0OP PUT

AUDTE QUOTIENT
AD READCH READMAC FEMAINDER REMOS REMOBP REMPROP

Rt

REQUEST RETURN REVERSE RPLACA RPLACD

SeET S=TCOL SETY SH SINGLE SPACE STACK STRING SUBST sust
SYS ’

TERPRI TIME TIMES TOKEN TKAP
UNSREAK UNFLAG

dALT

LtRrROP

*BEGIN *CAR *x(d;
¥MACRY *ORG xR

HAIN *DEF *DEPOSIT *EMIT *EPT *EXAM

iede Additional Feazturess
. PbpP_1%1 LISP has some new features which are not provided
on Yisconsin UNIVAC 133 LISP.
Taedota Arrays. )
Array functions may manipulate a numerically=indexed
gonf3guous areg of \-Pxpress1on, Lozicaly or numerical data.
fadeisis Creating Arrays

Evatuating the LISP expre5513nA
(CSET® ARR (ARRAY 'SIZE TYPE))
crezates & one dimensional array of length SIZE and globally binds

it to the atom AKRa It TYPE is omitted, ARRAY produces an array
of pointerse. Tne value of the ARRAY function is a function whose

values may be obtained by evaluatiny:

CARR X)
whare ARR 2valuates to the created function and X to a positive,
fixed=point nUmBe re An element of this array may be set to the
value of V&L by tVdLLating.

CARR X VAL)

The created arreay functiony ARR, returns the value of VAL
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regardless of what ARR stores in the array.

3poth the logical size and physical size in bytes must be
itive, non-zero, fixed=-point_nunbers (octal or integer) which
i5=b1it number, ie2.s less than 37,768 and greater than zero can
Oresse Tf ARRAY attempts 1o cr=ate an array with an 1mproaer
Z param2ter, the LISP interpreter will produce an internal
or -3 as if evaluating

(ERROR =?) &

It the ATTZMPT special form hac been previously invoked to catch
error =%, orocessing continues at the restart pointe. Otherwise,
th2 1interpreter prints the message '

WARNING, X BAD INDEX

wh2re X is the offending SIZE param2ter. The interpreter then
restarts at tne latest level of LISP supervision by requestin3g a
nes expression to evaluate, The AREAY function rounds the
crzation size of the bit array types (logwcat and binary) up to
the next multiple of 2 to simplify array inde checkinge

The function created by ARRAY checks that the array index,
the first oerameter of the created array function, is a fixed=-
point numoer which lies between one and the logical creation
sizee  The created array function m2akes no <conversions of the
array 1incd2x tfrom floating-point numbers into a fixed=point
nunber. . Array indicies out of rang2 also produce error =9 and,
if uncaught by ATTEVPT, the same message as above

j WARNING, X B4aD INDEX

where X is the offending array index. However, ATTEMPT may be

us2d whils2 seaquentiatly referencing array elements to catch the
error -7 of an out-of~range referencee Thus, the programs need
not explicitly check for the Llast element of arrays during
sejuential referencess, For exampla, evaluating the followin

S-2xpression uef1n=s a funct1on CARRAY which creates an array o?
any desired size and type whose elements are their integer

indicies.

Figure ? - Define CARRAY to create arrayse
{C5=T3 CARRAY ? Establish a global tinding
(LAM3DA A ? “ake a tList of the function”s parameters
(SETY? A (ARRAY (STACK A))) ? Use list of SIZE and TYPE
(ATTEMPT [PROG <(X 3)> ? Start indexing at one
LOOP <A X X> 7 Install new value in array
. <SETQ@ X (ADDT X)> ? Advance index
<GO LOOP>]
)33 (=9 A3 ? Return array when done

As exceptions, the slments of logical type arrays «created by
C@R?AY will all_ be T (true). Floating=point arrays use the
fixed-point ingicies without conversion.
ieceiele Types of &rrayse

he second parameter of ARRAY (or its absence) specifies

thz type of array:
TYPE MENMBCZR INITIAL RANGE
ARGUMERT DESCKIPTION VALUE
il Pointer Unde fined Any S=expression
1 Logical NIL T (true) or NIL (false)
2 _P1nary o ¢ or *
z Signed byte 0 -128% to 127
4 Unsignec byte 7 0 te ¢55
5 i6=bit integer 3 =32258& to 32267
4 3¢=bits L-words g Not for computations
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7 g=word floating TET Single precision floating point
] b-aord floatiny .7D7 Double precision floating point

ALL elenents of type ©, pointer arrays, are initially undefined.
Values should ©be assigned to pointer array elements before they
arz referenced. If noty, an error occurs after referencing an
uniefined, pointer=array values The ppLISP interpreter uses an
errar =3 as 1f the S-—-expression, .

(ERROR =%) ,

had been evaluateds. If the ATTEMPT special form was previously.

invokeug to catch error =}, processing continues at the restart
pointe. Otherwisey the interpreter orints the messagey

WARNING, X IS UNBOUND

where x is the index of the unbound array element, followed by
the solicitation
Help:

which regussts an expression whose value may be used instead of
the undetfined array element.
Teds eie Array Utility Functions. L . L

Two utility functions for retrieving an array”s specifica~
tions are availatlea

If the parameter of ARRAYP, the _array  predicate, 1is an
array, thzn ARKAYP returns a numoer indicating the array typee
Zero 1s returned if the parameter soecifies a pointer arrays 1€
the parama2ter of ARRAYP is not an array, then ARRAYP returns NIL
(false) as 1its valuee For example, suppose the atom, ARK, has
beezn

3Jiven an array value by evaluating

(CSETQ& ARR (ARRAY ?7 1)) .
Then the expression
(ARRAYP ARR)

will return a value of 1 (one), which specifies a logical arr

r
an array w«which stores either NIL (the initial value) or T
non-null values.

Y
o}

he V1

3
f

ARRAYL, the array length function, returns the Llogical

lenoth of an a&array given as an parametere. _If the parameter of
ARRAYL is not an array, ARRAYL returns NIL. In the example just
given ove, the expression

(ARRAYL A4RR)

[\
O -

evzluates to Zéoe The togical length specified during the
cr2aation of logical and binary arrays is rounded up to the next
multiple of 2 to align logical and binary arrays (represented by
bits) on a byte coundarye. Hencey, when 17 is given for the len3zth
cf a Log1cal or binary array, ARRAY produces an array of logical
Lenoth 24e¢ Other types of arrays just use the Llenct specified
by the first parameter of ARRAY as the logical lengthe

Tecoie Full ASCII Character Setes

The full ASCII character set is available for use in atom
nanes and strings. However, to -avoid a proliferation of atom
nanes that difter only in charscter case, upper case letters are
automatically converted to lower case before being used in symool
Manese This. feature <can be overridden by UuUsing an escape
character (!) before each upper cass letter which is not to be

‘converted to lower cases

#4hile using the DOS or stand-alone versions of the LISP
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interoreter, lower case ASCII may not be desired or supporteda:
In this case, the asseably Lline

« ENABLE LC ; Use lower case

should e commented out of the module TRAPSWMAC of the DOS
versions of the interpreter source codee When the interpreter is
S0 assembled, READ and TOXEN will convert lower case characters
encountared to upper case unless th2 escape character, initially
exclamation point ('), preceeds then.

Tededse Emdty Atom and String.

An =2mpty string and an atom #hose print name is empty have
besn orovided. Uoth have & print length of zeroe. When READ and
TD(EN encounter a lone pair of dounle cuotation marks ("), they
reference the empty stringe. However, PEAD and TOKEN cannot
directly scan the empty SYiBOLic atome The expression

(ATSYMR "")
will svaluate to the empty atom, if it 1is needede
Teadebde VO3S and UOS operating systen callse
0

O
— D

n the VO3S and VO0S emulator under DOS versions of pplLISP

t V35S anu DNS operating system call functionse

he V05 and DOS TRAP Function.

he TRAP functijon provicdes an interface to the VOS opera

ems via the TRAP dinstruction with offset zero (o) T

lator may then use appropriate DOS system callse E
t

P o)
e ™

o

* <

Foun

[0/ 30 o (2

..-‘-(l-‘(‘ =0 -
NICITIMTWCrr—e

X 10 QO

raneter of TRAP, a fixed=-point number, is placed in

R Iy %Dy for use as the TRAP dnstruction offset by

systemo The other, optionsl parameters are used

es in registers from K7 to R4 to be passed to t

system, A NIL parameter or cmitted parameter nasses

gs and arrays pass a ocointer to the first word of the
pass the print nam2 Like other strinass. Numbers
of the numbers. CONS2d nodes pass the pointer to
e value of the TRA® function is a CONSed pair of

_giving the values returned in registers R} and

1ng system.

VOS and DO3S OPEN function.

The VOS and DOS OPEN function provides the subset of the
services orovided by the TRAP function with offset 372 (octall.
The 0PEN fJnct1on may be used with from one to three parameterse
For examnplz, eveluate

(OPEN FILE-STRIWNG MODE FILE-NUMBER)
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the first perameter, FILZ-STRINGy evaluates to a string or
Lic atomy the external name of the file to be assigned an
nal logical file number, - Under DOS each _permissable file
r has a wefault external me2aningy the internal number is
isted with the external file name on the system device
whase name is the internal numbter suffixed with th
"aLSP", The OPEN commnand replaces the externa
with 23 new one g3iven by the first parameter, FILE

e first time the file is accessed for either input o
e VuS emulator searches for a file with the given nanm
ser Indentification Code (UIC) iven as part of th
in the standard DOS syntaxe T? no UIC was specified
mulator first searches the current UIC directorye 1
I
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the VUS emulator then sz2arches the supervisor Ul
directory. Most LISP systenm software should
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contizuous and, if impossible, will attempt to .OPEN the file in
extension node (3) which defaults to output mode if the file did
not previously ex1sto On the other hand, the first read directed
to the file will cause the VUS emulator to attempt to «INIT and
«OPEN the file in input mode (4). 1{f OPEN gets a non=NIL,
non=zero, seconu pdrameter, MODE, the first I/0 attempt will use
the given node if possioles. This provides a way to oINIT and
sOPEN contisouos files in update nocde (!), so that the emulator
may use rancdom accessSe When OPEN gets a third parameter,
FILZ-NU4BER, _a fixed=-point number, OPEN uses that number as the
internal logical - file-number instead of searching for an
availaole, unusedu, loqical file-number. OPEN returns the logical
file—-nunber which { be used by CLEAFBUFF, TERPRI, and LOAD to

access the new externa file associztiore The external file-name.

string may also contain poth switches and a second file name
following the standard input-and-output-file-seoerator character,
less than (<), The five possicle mcecdes available through the
seacond parameter, FODE, can also be specified by switches:

/1T Iaput (4) fronm ex15t1na file,

/¢ Extension (3) of an existing file,

/G Output (Z) to a new file, .

/U Uodate (1) an existinzg contiguous file, and

/C Contiguous (113Q) file started emptye
The logicsl number a sociation 3vailable through a third
parametsr, FILE-NUM3ER, can be given by a numeric switchy, such as
nySn, An aLlocat1on size for creqt1ng contiguous files civen as
a SL-pyte-3lock count is specified oy ~the switch “/AL:#", for
example by evaluating, ,

(OPEN "NEWFILSLS®/AL :32/C™)
whare 32 i35 a switch parameter alloceting 32 contiguous blocks of
file spacee IFPEN may also rensme and append files through the
switches “/RE and "/AP", respectively. In order to append the
tinked file "FiILe2.,L5P" to the end of the lLinked file
"FILE!LLSPY, evatuate
(OPEN “SY:FILF7«LSPLSY:FILEZ.LSP/AP™)

DOS pads FILEYT «LSP with nulls befor2 appending the other Ulinked
filee In DJS BATCH mode, the opening facility with switches 1is
availaovle to command strings in the run stream with the standard
syntax, ise€e preceded by a number sicn (#H)oe For example, when
the BAYTCH command

'#NENFIL.LSP/4<OLDFILaLSP/RE
is encuuntzred, the file "OLDFIL.LS’" is renamed "NEWFILeLSP'"™ and

»aSSOC1atej with logical file-number 4.

TeZ2obeose The VOS and D0S CLOSE function.
The V0S and D0S CLOSE function calls the operating system
to close and releases any external file and cdevice associated with

the paramster, a fixed-point  nunber usually obtained from the
OPEN functione The lozical file-nunber given may be reassigned
by a subsequent OJPEN call to a different external association.
CLOSE nakes the puifer space and device control blocks in the DOS
monitor available provided more recently opened files are also
clasea, since the DOS monitor allocates buffer and control block
space from a stackse The CLOSE function returns NILoe

TedsSe UNIX-DplLISP Operating System Callse.

UNIX poLISP orovides complete access to operating system
callse Either specific system calls using the

sys 3 ; buff / indirzct system call
machine nstruction Llike **c¢'" and "as' programs or gageneral <calls
to the elly, "sh"™, may be mades UNIX ppLISP facilitates passing
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tem calls pass the I-space

meters so that signals
hine-code routinese When
s+ @ pointer to the first
the array data, which has
ly as a parameter, the
a
d
r

function LINKERS in two wWwaysSe S
address (*xCDR) ot non-array LINKER L
could Ddbe caught Dby user-written,
ppL ISP recz2ives an array functxon LI NKE
word of the array data is passed, I
internal type STRING, Were used direc
interpreter miaht create a copy of th
the 2ero byte regquirement. in to . .
data via a system call, e s “"fstat", the invocation
should use the array LINKERy not the array datae Provide arrays
tonz  c¢nough to receive all wata returned by system callse The
operating system overwriting the ar=a followina @&n array does
grave cvamaze to ppLISP storage allocatione

ay in order to satisfy
pass an array of

dhen the UNIX operating system detects a venal error

dyriniy & system call, the operatiny system returns from the calL
with tne carry (C) bit on in the processor status register ?S)
to signa an error conditions Adhen ppLISP detects this error
condition after & system cally, except CLOSE and EXECy pplLISP
generates an internal error U, system werrory as 1f the S=
expression A v
(ERROR )

had been evaluateds, This condition may be caught by a previously
invoked ATTEZMPT catching error o, which then continues with sonme
restart actions Otherwise, the intsrpreter prints the message,

WARNING, X SYSTEM EPRROR

where X is the integer error number returned in CPU register R

by the UNIX systen cally and restarts at the tatest level of LISP

SJDEPVTS?O1.

TeldeSeia The SYS functions

The SYS function allows access to most of the UNIX operat

iny system calls. UNIX ppLISP provides other functions in.  th

renaining cases for which SYS cannot eff1c1entlz handli th

eas

L.

Moy

syntaxe Programs should invoke the SYS function wit
onz parameter, tne SYS offset number. In

(5YS ARGW s« & & ARGH) 'e
Thz intnrprgter converts the first narameter, ARGy, the offset
?aner, to integer typey, and uses it to creazte a machine instruc-
ioan : .
ibuff: sys arg’ / start of indirect buffer
for use in an indirect system call

sys I z ibuff / dindirecte.

The2 dnterpreter converts any remaining parameters according to
thz ajove, general rules and places then after the system call in
the indirect call puffer. SYS also Dlaces the last two paramne-
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ters in CPJ registers R1 and R. respectively just before the
inzirect svstem call, If the system call returns with an error
condition, ie.2e the C (Carry or errar) bit is on, the interpreter
uses the LISP-system—error procedurs,. Otheruisey, SYS returns the
value s an 1nte5°r node which the JNIX operating system returned

in CPUY register rRie The system call section (Part - II) of the
UNIX Pro rammers nanual contains the particulars of _each UNIX
systemn {e Using instructicns of the UMNIX Programmer”s manual

for assemaly languagce tformat  calls, the program supplies, in
order, the SYS offs2t, any in-line darameters, and any values to
P3ssS in rejisterses The LISP dinterpreter converts most parameters
to the natural, UNIX-system=-call format toc minimize programming

effort. The _availabtie support software includes a filte,

"/liso/sy"™, whicn gives examples of system callse

te2ebece The OPEZN Function. :
The OPERN funct1on calls the UNIX operatinag system to

obtain an dinternaly Log1CaL filz~number used to access a pre-

existing files The OPt function may receive two parametersy

Celo )

(OPEN EXTEPNAL~NAME I/0-“MODE) .

a3 ry EXTERNAL=-NAME, specifies an external f
nane which 0P #will convert to internal type STRING, ended w
a8 zero-bytz, i ededs The second optional parameter, I1/0-MO
a fixeda-goint number, sets the germissatle I/O modes zero
for read only, one (i) for write only, or two (2) for poth rea
and write allowege If the second parameter, I1/0-MODE, 1
on1tt=u, C2EN wuses zero () to set read-only mode. I¥f UNIX open
a file for writing, UNIX places soutput at the beginning of th
file overwriting any ex1st1ng dgata without first truncating th
file: To wextend an existing filey, hefore sending any output
evaluste the S-exoression

(SYsS i 7 3 FILE=NUMBER)

to perform a seek (sys *G+.) to the =nd of the file (offset=" and
ptrnane=%) where FILZ-NURMIER is sound¢ to the value returned by
thz 0”?=zN calle In order to create sr truncate a UNIX _file, a
function CREAT could be defined by 2valuating the followinge

Figure 2 = Define CREAT functione

{CSET3 CREAT ? bDefine constant binding
(LAM3DA (NAME o 40DE) ? Optional mode parameter
{3YS & NAME ? Call system to create external nane
(COND [MODE_<CAR ™MODE> 7 Jse any given mode
(5663323 ? Else default to read/write for atl
CREAT could then return a logical, internal file-number of a2 new
or previously-~existing=truncated file, If UNIX detects an error
while proc2ssing an OPEM,y CREAT, or SEEK call, the 1interpreter
generates an 1internal-type=" system error which an ATTEMPT catl
may interczpt,
TedeSele The CLOSE Functione
~ The CLOSE function removes the external file connection to
th2 internszl, logical file-number given bz the CLOSE parameter
fixed=point number. It CLOSE removes suc! connectiony SSc
returns  NIL. Howzver, if the internal to external file connec~
tion does not exist or the parametzr is out of range, CLOSE
returns the integer error number returned by the UNIX operating
system. If CLUSt gets the parameter MIL, CLOSE disconnects the
standard input, ogical file-numo2r zero (U)e As CLOSE removes
the last jaternal connection to a file, the operating systenm nay
perform other actions such as rewinding magnetic tape, returning
end of fils to the receivina ena of & pipe, or reclaiming file
space whicn 1s no longer referenced by anvy directorys
telwtede The PIFE Functiona
The PIPE function, a function of no arguments, calls the
UNIX ooerating system to obta1n 3 ogir of PIPE file descriptors,
which FIFZ returns as a CONS nole, a dotted pair, of two
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integers, the read and write internal, logical, PIPE-file=~-
nunbers.’ The current invocation of ppLISP and any subseguent
offspring created by the FORK re4uest may share the PIPE-~ ?1[9-
nunters for inter-proce communications A process receives
output in the order s t by any other process on any one PIPE,
Processes se one side of the PIPE or pass

en
not intendiny to u
further copies of that PIPE descriotor to offspring should CLOSE
the unused side ¢f the PIPE descriptor -sco that receiving pro-
cesses may detect an end of fils when all other processes are
done sending data and so that sendiny processes may _be stopoed
when nu other process intends to reao the data sent via the PIPE.
If a 2iPE catl is unsuccessful, the LISF interpreter generates an
internal, tybve—= errore.

Tele5e0e The FOKkX Precidate.

The FORK predicate, a function of no arguments, creates a
second pracess which is a copy of the original processes Each
pracess maintains a distinct copy of the data area and any user
code in th2 writeauvle I-spaces The two processes cetermine thesir

identity oy examnining t he result of the FORK predicatee FORK
returns NIL (false) to the child process hut returns the Process

IDantification (PI%), a true value, of the child processy to the
parent process., If UNIX cannot creste a second processs, FORK
generates a LISP internal system errcr of type zero (U, which
may be cauint wy 2 previocusly 1nvokad ATTEMPTe Any files which
were ooen Gbtefore the FORK catl arz aveilable to both processes,
including zny PIFE files,y, which may be used for inter-process
conmunications The child process suopresses the prompt message
and the value return prefix used by the LISP supervisor and the
restart S13N=-0n M2SSdgee Thus the parent process may continue
sending prompt messaues to the user while the child process

sujoresses prompts in order to convercse cleanly with the parant
through redirected standard input/output files. For example, in
order to redirect the stanuard output to a previously created
PI?E on which the parent may receive datay the «c¢hild process
wodld clos2 the standard output filz, one (%), by evaluating

(CLOSE %) ;

e Wwrite descriptof of the pipe, dotted=-pair
PAIRy by evaluating ’
(

COR PIPE=-PAIR)) ? System DUP call
which allocates the Llowest a
descriptor; and close the chi
descriptor by evaluating

able number to the il
s unused cooies of the fil

(DO LCLOSL (CDR PIP:-PAIR)J [{CLOSE (CAR PIPE=-PAIR)}I1?

so that lozically unused pipes may return end of file statuse
Sintlarily, the: parent uoutu close the PIPE write descriptor.,
"Thereaftery, the - quent would read the standard output of the
child, dlthogt any "gval: * prompt or "Value: " prefix, using the
PIPE rszad=file Jcscr1otor. _1th r process may overlay itself,
~usually th2 child processy to perform a different activity as a
satellite 2of the other process usiny the EXEC functione Finally,
the Darent process may suspenc its own activiy until the comple~
tition of the chilo using the WwAIT function.
Fededate The UNLX opLISP EXE EC Functione '
. UMNIX allows 3 process to overlay itself with a replacement
activity, ~hose initial date and code any executable, UNIX file
may definz, The initial, zeroth parameter of the UNIX ppLISP
EXcC function, cives a complete axterndl tile name that UNIX
passes @&s the parameter of the "2xec" call to_replace the LISP
interoreter activitye XnC caLLs the funct1on STRING to convert
all ot the paramete into strinys terminated by a zero (null)
byte, tonstructs an @rray of pointers to the start of each
null-terminatzd string, énd passes the array . as the second
parameter in a3 constructed, inairect Yexec"™ call to the UNIX
op2rating systems UJNIX conventionslly expects the zeroth element
of a string=pointer array to specify the overlay filey, as the
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etefs' often specify

¥eC function providess The other param

otion stringsy usually starting with minus (~), and external
ile names manlEuLated by the replacement activitys The standard
/0 files used by the replacement activity wmay be redirected
efore ¢alling tne EXEC functions, If the EXEC function returns
o LISP dinstead of overlaying LISP, EYEC returns the inte
rror numder that the urIX operating system returned in CPU
eaister R!y rather than generating a LISP internal errore
¢eZ2e5:7s The WAILT Function, i

The WAIT function suspends activity 1in the current process

until &ny one of 1its previously created children terminates.
WAIT removes the remnants o0of a terminated child and returns a
dotted Dair, CouMscsu nodey of twc. integerse The CAR, Lefthand
side, is the Process Ilentific ation (PID) of the terminated
childs Th2 CDky rignthand side, is the status vatue returned by
UNIX in C2U register k%, composed o>f the chila”s exit=-value byte
anid the child”s termination status in the high and low order
bytes resoectively, If a terminated child has not been waited
for previously, tne call to WAIT will <continue 1immediately
without suspending 2activitys If the <calling process has no
renaining children, «wAIT generates an internal, type-zero (J),
LISP error concitions Since SH, the shell command interpreter,
waits for 2 soecific terminatecd child,y, SH silently removes the
reanants of any other terminated children, who will disappear
without infgorming interpreted code which <could have been eox-
pecting th2ir demise, -

teldeaSecse The sShell Command Interoreater Function, SHe

The SH function orovedes convinient access to the UNIX

comnmand lLanyuage interpreter, the shelle SH may get one
parameter, which SH converts to a string followed by a null
(z=ro) byte, that the shel L conmand interpreter uses with an
imolicit Y=-c" option as a single comnmand line. If SH agets no

perameter, SH calls the command 1nter;reter to receive commands
fram the currepnt standara input up to an enc of file. SH expects

to finu th2 shell command interpeter named "/bin/sh™e. While the
shetl conmana interoreter orocesses commands, SH suspends
activity iznoring the standard, celate-key (DEL) interrupt and
the JUIT, file-senerator (F3) interrunt (Control=SHIFT=L or
Controt- packslasn), waiting until the shell command interpreter
terninates. while waitino, SH removes any other ch1Lcren “ho
terminate without returning any status about the terminateag
children. dhen the shell=-command 1interpreter terminatesy SH
restores tne orevious LISP interrupt h & n4L1nq ang returns the
octal numoer returned by UNIX in CPU register R1 as the termina-
tion status word.
Te3e Diffzrences in Implementatione
A Due to machine architecture differences, some features are
l?ggementej differently in opLISP than 1in Wisconsin UNIVAC 1i7C

i L ]
TelZeie Arithmetic.

dntike the U~VIVAC 117 series machines which wuse 34-bit-

words, one’ s=complement arithmeticy, DEC PDP ?is use *é=bit=- =word,
tad s-complement, fixea=-point arithmetic and signed=-maanitudle,
3¢=-bit=-sinjle~precis ion and Ob4=bit-double~ Drec1svon floatina-
point aritaimetic, PpLISP provices one=-word, 16=bit octal=andg-
integer-reoresentation, fixed-point numbers and stor negative,
fixec-point integers in two s complemente Integers rom -32767
to 32767 may be created _by the READ and TOKEN routines. The
function ¥INUS proouces the integer two’s complement necation of
a3 fixed-s20int paranetera, PoLISP defines a new function
COMPLEMENT to provide an octal representation of the one”
conplement negation of its parameter, 1.e. COMPLEMENT reverses
each of tha Ditse .

) Signed=-mag ﬂltud ' floating-ocint-arithmetic hardware s
optional ~ith FDP iSe If the host POPP 1% provides floating-
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nt arithmetic, polLI3SP can support floatinga=-point data types
ending on the setting of flags for conditional assemoly
tPﬂLntS in the interpreter sourc2 coceo PpLISP may_ support
he c=dordy single-precision, or l-uoro, double-precision, or
th, float1n1 point, signed-maynitude data types and mixed=-mode
thnet1c pEtween  any float1n3 scint-type or fixed-point-type
iber The standard multi-parameter, arithmetic functions,

PLJS, DIFFERENCE, TIMES, GUDTIEHNT, and REVAINDER;

00O WLAQT
C O et @ Q
R e R e SR S Y

and the standard comparison functionsy
EQUAL, LESSP,; and GREATERP,

coavert an operand 4ith lesser precision than the other to the
type of the operand with greater precision before computing each
intermediate resulte The final resultt of arithmetic functions,
including the single=-argument functions,

ADDY, SUB%, and YMINUS,

has the tyoe of greatest precision of any of the parameters, if
ppLISP? suoports floating~point numberse If pplLISP supports no
floatina=-point numcers, the arithmetic functions use all paramne-
ters as fixed=goint 1n te«Pr and return an intecer resultoe. The
TIN=ES function converts any fixec=-point- muLt1oL1cat1on, inter=—-
mediate rzasult which overflous into a numeric type with the
highest available precision in orcer to avoig lossing
infornation. It poLI3P suopﬂrts any floating=point type, ppLISP
definss &iditional floating- o1nt conversion functions and
pradicates,
ENTIER, FIXP, FLOAT, and FLOATP,.

The functiosn FLOAT, which #isconsin UNIVAC §777 LISP does not

pra-define, converts any fixed-point narameter into a lowest-
availaole-drecision, floating=-pcint result and returns floating
parametars &S 1S If ppLISP supports both the single and douole
floating=-point type, ppLISP defines two additional conversion
functions

SINGLE and DOUBLE

which convert parameters _to the aorpropriate floating=-point
przcisions The pitwise logical functions,

COMPLEMENT, LEFTSHIFT, LOGAND, LOGOE, and LOGXOP,

tre2at any dsaramet2r a3s a fixed-point number and return octzal-
r°oresentat1on 5=t resultse The bitwise logical functions of
ppLISP treat, ike their Wisconsin UNIVAC 71107 LISP counterparts,
floating-po>int paramneters as f¢-pit guantities without conversion
using the high=-order, most=-significant word.

Tedeie CLZAR3UFF and TERPRI Parameters.
The LISP 1/0 functions CLEAR3IUFF and TERPRI

can take an
optional »oarameter, a fixed=pcint numker or NILe. The parameter
gives a ned temporary input or output device, respectivelyYe NIL
may ©De used to return to the standard porte If CLFARBUFF or
TERPRI get no>_ parameter, the aparoor1ate suffer is handled
without chan3ging the <current 1/0 Tile, unlike Wisconsinm UNIVAC
1T LISP. System messages are always cent to a standard porte
géig, aftzr a system messane input is expected from the standard
L]
te3+3e System Commandse.
PpLISP does not imp Loment the Wisconsin UNIVAC 980 LISP
system comnmands which ©peg with a2 colon in column one (1),
Th2se inctlude:




differently from Wisconsin UNIVAC %1{{ LISP. Since most of the
‘conpiler functions are machine deoendent, and would have Little
vtility for procrams other than ths compiler, the agifferences
kave Llittle effect on the transportability of code,_exceBt that
DUMP and LIAD have different purpos2s. Inst ad of using DUMP to
outnut conpiled code as is done with Wwisconsin UNIVAC YiTC LISP,
the Pretty Printer should e used as descritecd belows The LOAD
function could then restore the <code into ppLISP by reading
S-=2xpressions intermixed with binary code modules instead o

restoring an apsolute loader format file as 1s done with
Wisconsin JHIVAC ' 7%y LISPe If ppLISP does_not support compiled
coje, 3s is the case ~ith ppLISP ¢cn a PODP i/4Cy ppLISP does not
pra-detine the functions
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:3ACK :icXeC :LISP :00PS :PEEK :STOP and :TIME .
;
Telabe Utility Functions Not implenentede.
"~ othzr utility functions incluced in Wisconsin UNIVAC 1%00

LISP a3re as yet unimplemented,

CKTR CONCAT DATE DTIME GCTIME GROW MEMORY *PACK

Te35e¢3e Comnpiler Functions .

. PpLISP definss functions used with the LISP compiler to
manipulate generated code, namely

*REGINy *DEPOSIT, *cMIT,; *EPT, *xZXAM, *ORG, DUMP, and LOAD,

*3EGIN, *DEPOSIT, *SMIT, and *ORG;
defines thz functions
*CEXAM and DUMP
so that thzy return NIL when called; and defines the functions,

*EPT and LOAD,

with 2 reduyced capabilitye The setting of an assembly-time flag,
CPLCPL, 1in ‘the wmocule MTRAPS.MAC"™ determines if ppLISP will
susoport conpiled code.,

Tehoe LISP Systems Softwares

Systems programs, written in LISP, are available to h2lp
th2 - programmers They are -kept on file in a form that can be
brought 1nto core by evaeluating the LISF Swexpress1on,

(LOAD FILE)D,

wha2re the atomy, FILE, evaluates to the logical file-number of the
pProcrafe .

Tabota Fratty Printera

Tne Pretty rrontﬂr, PRETTYD, dis

. plays non-circular LISP
object in an orderly, indgdented format that can be read as input
to reStarp the osjectss The function, PRETTYP, takes from one

1) to three (1) parameterse.
(PRETTY? DUMP-LIST ASCII-FILE BINARY-FILE)

Thz first darameter, OUWP~LIST, evaluates

to a list of atoms with
constant bindings to be disnolayed or °u“L ists; the CAR of _which
is 8 oroaor*y or flay of the subssquent atoms in the sublist to
ce displayade. It the snconi parameter, A”CII-FILE, is given it
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spzcifies that output will be sent to a ltogical file=number
insteaa of to_ the _keyboard,. If PRETTYP gets the se¢ond
parameter, ASCII-FILEZ, an 1internzl, fixed-point, logical file~-
nutbery, PRETTYP sends the S~expression cutput to the specified
file instezd of the current filee« 2RcTTY? sends b1nary output of
conpiled code 1o the internal, fixed- pownt, Log1caL file~numoer
given &Sy the last parameter, BINARY=-FILE, provided that the
paramester is non=MNIL, If the last parameter dis NIL, or if
PRETTYP cets only one parameter, PRETTYP produces no binary
outnut . Often, the second oarsmetér may also be the last so that
ASCII-chsracter ocutput of S—expression representations and binary
out put of compiled code will be aopropriately intermixed in the
sane files The ASCII ana tinary locaical ‘1Lc—numbers should have
previosously been y4iven an external sssoclation by a call to OPEN
or a sinilar function such as PIPS under UNIX. PRETTYP returns a
list of th2 atoms in the first paramneter, DU4P-LIST, which had no
¢sastant 2inding and sunlists with two etements aiving a name and
atom whose property (ist did not contain either the property or a
flzaa with the natie mentioned in a sublist of the first parameter,
DUMP=LIST dhen P2retty Printiny compiled codey the expression

bound to the master LINKER, the function entry to the start of
the compiled code area, should be output first so that the
exoression may Llater be restoreds. Usuzlly the safest way to
output expressions #hich have peen compiled is to output them all
with & singcle cell to FRETTYP pasc1n4 as the first paremeter, a
list of a2toms bound to the coumpiled functions in the same order
as the functions were compileds After Fr etty Printing, the files
could bHe re-read to re-establish the dicated bindings by
evaluating the S—-esxdression,

(LOAD ASCIT=FILE BINARY-FILE) ,
wh2re ASCII-FILE and BIMNARY=-FILE are 1internal, fixed=pocint,

togical file-numbers, prcv1ously associated with an external
file-name of files containing the S-expression representations

and compiled —code images_ respectivelys If LOAD gets only one
parameter, it may input a file of intermixed ASCII snd binary
infornation. LOAD repetitively reads S=expressions until
reaching an end of filee Under UMIX pplLISP, the first parameter
(cut not the secona) of LOAD may specify an external file which
the interpreter will open, read, and closes

o

lebesfe Th2 LISP Expression Editor.
The LISP editeor special form, EDIT, and function, EDIT?,
allow .the preogrammer to easily_ alter in=-core expressicns and

gunction 2finitionse.e Once the editor is envoked, for examples,
Y

(EDIT FUNC)

sinple comnands, usually one lettery can:

MoOE - move the focus horizontally without descending;

+ 4 - move the focus horizontally in list and desceni;

- - ascend ¥ times in a Llist sTtructure;

F - print the current focus;

PP ~ PRETTY PRINT the focus (if PRETTYP loaded);

£ EX?P - evaluate the expression, EXP;

I EX? - insert the value of EXP before the focus;

D - delete the current focus ang asceng one lLevel;

K EXP - replace the current focus with the value of EXP;

S ATH - save current focus 3s fluid binding of ATM;

KESTIRE = staert over from the top; or

STORE - install the edited os2uject and returne
Note that ¢ represents any integer, its sign giving the direction
of travels cXF represents any LISP S-expressions. ATM represents
3 3YM3GLic atom, a variableo .
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Ta4e3s Thz D2buy Packagee

The debug package precvides four routines, utilizing _the
systen functions, BRcAK and UNBREAK, whose first parameter is a
list variasles or atoms with constantly bound functions, macros,
or special forms. :

. ®TRACE traces the call and exit of <constantly bound
ons, macrosy and special forms giving parameter and exit

$ZRZIAK is similar to $TRACE osut stopsy Querying the user
for expressions to evaluate until the expression, T, 1s receivede

STRACEV prints the new values of variables as CSET, CSETAH
d SZTu alter them., Tracing 1s ineffective for wvaraible

SET, ri
alt g by compilec codee

er

<
=]
<

) 3UN3UG removes tracing from the atoms in its parameter
List or if no parameter List is provided it removes all tracinge

I1f oossible use 2 compiled varsion of the debug package to
avoid internal conflicts between traced varaibles and functionse
If compiled code is not aveilaoley, 2valuate the S-expression,

(SMANIFEST DB=LIST) ,

after loading the debug package anc before initiating tracing to
renove sone of the conflicts involved in tracing functions using
functions which might pe traceduo.

Telota Micro=FLANHERS

-

A va2rsion of Micro=-PLANNER can be used on PDP 11/457s on a
Ll vata bases A 32K word USER data area is requir ed. After
adiny, typing

(PLNR)

starts Micro=?LAKNcRe Micro-PLANNE? will then prompt for PLANNER
expressions to evaluate by orinting

THVAL: .

y P inter is also loaded, the PLANNER data base nay
ile by typing

(THDUMP FILE)D

T
D ~h
Q.+
co
=30
=

W v
0.
Inad
Q
[\

where FILE is evaluates to a logicel file numbers Later the data
base may b2 restored while using Micro-PLANNER by typing

$EC(LOAD FILE)
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2e Internal Configuration.
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System callsa
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he ppLISP interpreter uses the "TRAPY™ instruc-

perform input/output, to recover from errors and
to
s

<
~C
\ ©owm

do other m1sceltaneous system functionse
the perametersa In order to be compatiole
the operatiny sycstem uses only one (PU
enag makes no attempt to change register sets in PDP
the starting register set . The operating system
contents of CPU registers not used for sending or
iving pDarameters unalterecs Any operating system which
ports the followina “TRAP" definitions and provides sufficient
diress sJace2 can house the PD? f5 LISP interpreters The
ancd—~alon2 operating system and th2 VOS emulator under DCS take
vantage of the uniformity ot the VOS interface. The Llabel for
h "TRAP" instruction offset belos preceeds its octal value in
thesis. The value anao action correspond to the "TRAP¥s of
VDS control machingae

TR2TRP? () = Simulate TRAP.

et IND
TV~
SOV OO XU
-

~aUN .

-

FSOVWo oL O

SRy Y edert
D = VD e
~+

oo w u_""‘U.C o -
-h

=
’D::m |D3I XD

[TV, s v u st GRS

-
DC N T

Dﬁﬂ\LU et O

N DO L n,
fuﬂn

-
e
®
L]

Offset TRPTR® () simulates any other TRAP._ The low order
f CPJ r2gister N5 passes the TRAP offset. The other (PU
Ers pass parameters in the normal manner according to the
ted trape.

[V R R e
(D
U
C oD

EEAD () = Start Input of Lines

.
»
jal
.

Offset READ (1) conditions the input routines so that the
next character will pe transferred from the beginning of the n2=xt
input Linz. Any unread chsractars from the orev10uq Line are

Lost, The end of line flag from th2 previous line is clearede.
Register 47, whicn contains flags used by VOS, is cleared by the
LIS? interoreter before the calle Register %7 is used to specif
a Logicsl device, process, or port from which the next line wil
pe obtainzd, if zero is used in %7, the default device assign-
ment is us2d for input.
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2eis>e RDASC (2) - Read ASCII Character,

0ffset KDASC (2) returns the next input character from the
current inout Line in CPU register %{., Register Z%° contains a
non-zaro flag., shen all charactzrs from the current line have
alreajdy be2n reac, zero is returned in register 27 e The next
lwne is not starteu until & “"TRAP RZAD"™ is performed.

In the current system, regist %2 contains a count of
characters already receivede The ;taﬂd -alone operating, system
decremnents the value returpned in CFU reocister RZ, X7y to
backspace. Returning zero in CPJ recister R2, %7, deletes the
inout Line. More general operat1ng systems need not attempt this
kiad of shortcute
2eiebe WRITE (%) = Send With No Carriace Controlse

The WRITE TKkAP provides compatiolity with VOGS, In the
snd=alon2 systemws, 1t performs no actione Under V0SS, the WRITE
&P signals the end of the currant Lline of output characters,
suring m2ssage completion to receiving processess CPJ register
s in which VOS passes flaas, is tleared to zero before the
RAP'"™ by the LISP interpreters,

2ela3a CRLF (6) - Send Line With Carriage Controlse

A CARRIAGE RETURN and LINE FEED &re added to the current
.of output, Then the "“TRAP" performs the actions of "TRAP

2eiebre PR4SC (7) -~ Send ASCII Character,

The character in recgister % is added to the current _{ine
for output. VUS us2s the 7 Low order bits of register %<7 and
conputes an even par1ty bite ;

2Zeiale SYSPRT (.2.5) = Change Systen Portse.

The logical osort number specified by register 71
to temoorar1ly change the standard I/D streamsa
byte of %} is nonzero, the Llogical sort scecified i
inpute Otherwise the logical port specified by the L
usz2d for oustputes

i is used
If the ugper
s used for
ower pbyte 1s

2¢4is8e¢ SETRAP (..24) = Prepare to Process Contingenciess.

Register 47 contains the address at which the LISP inter-
przter wants to start preocessing contingenciess Attention
1nteqrupts, stack overflows, illegsl instructions and 1/0 errors
would all degin processing at the soecitied pointe
2eiePe ERINFO (.22) =~ Get Status After Contingenciese

Aftar a conticency, "“TRAP ERINFO*" obtains 1information
apout the contingency necessary for a restarts Thus uninterruot-
aole cperaztions can be resumed before an attention interruot is
processeds The LISP dinterpreter must ensure that an uninterrupt-
able process 41id not cause the interrupte

CPU register %:. contains the virtual program
ion, register 77 contains the virtual processor
and register %2 contains the error type in the
Eent1on interrupts return a negative error

ile other types are positive.

Upon retu
caant=r (PC)Y Lloc
status  word (PS
Los oruer oayte. r
code in this dyte w

Z2ecs Function Casll Conventionse

The LISP interpreter code section consists of a colle
of mostly independent subroutinese. External routines, which
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all have a common calling and
sl  routines may be added or
! other sections of codee

interoreted data may call directly, a
exit convantions Thus individua
modified without _fear of affecti f
Internsl subroutines, such as the carbkage collector, which have
nt Wwithin the LISP interpreter

L suproutines follow the

d S is on top of the control

to by CPU register SP, R5;,

different conventions, are docume
code Listinge. However, almost
convention that the return addr
sgack, which 3rows downward, pointe
A5

2ol ete On Entry.

On =2ntry, external routlnes 2xpect CPU registers %4, L5,
anig SP  to he Ho1nters. As noted abovey SP¢ the hardware stack
pointar, pd>ints to the control stack which crowns down to lower
unsigned 3ddresses. On top of this inverted stack is a return
address which may e accessed oy thz instruction

RTS PC .
CPJ registar %4 points to the top of the value stack, which growus
upwarie R2gister %6 points to the next free word on this stacke
CPJ regyister %5 points to the first parameter on the value stacke
If the routine w2s called with no parameters %4 and %5 contain
tha same valuese. Otherwise, successive parameters occupy
successively higher words on the contrel stack starting at %Z57s
value and 2ndinga just nelow register %47s value, Data items in
LIS? <consist ot oointers, wnich nay te followed during garbacze
collections, Thne 2ps on the value stack are such pointers anag
hence the cgarb collector marks the i1tems referenced by the

1t

age T . '

value stack eep them from veing reclaimed. All parameters to
ve
ar

~
Q
=

functions nust ha such protection and thus are placed on the
value stacka Otn addresses, such as return addresses, pointers
into the stacksy, or raw values, as opposed to the pointers to
values, arz stored on the control stack durino evaluation. Tne
itzms on the control stzck are not referenced during garbag
collectionss

2elsis How to Call External Functionse

Two 1nternaL procedures facilitate subroutine entry  and
ragurne 3efor using. the routines, any temporary data item
pointars which may neeld protection from aqarbage collection are

pushed onto the value stacko, Next the current value in reaister
%4y the value stack top, 1s push2d onto the control stack,
pointeu to by register %o,

Ex
ENTRY, _e
node 20in
€c2NnsistTs

nzl subroutine calls use . the internal subroutine-
rnally naned XNTRY. To use ENTRY a special LINKER
is pushed ontc the value stacke The LINKER node
a subrecutine entry address and & pointer to a data
atz item will be markea by the garpvage <collector to
matiocn, such as a LAMEDA expression which is to Ee
e

t2
x t
T2
D
L

(u ‘.)..-4\‘1!’0 -

avoid rec
interprated. The subroutine entry 2ddress is not marked by t
garbagze collector. LINKeR node wusace permits one numeric
adoress to have twWwc simultaneous meaningsy which he PDP 11/
menory sejmentation hardware pernits., ENTRY mus us
for som2 internal subroutine calls «hich exoect a
be placed on the value stuacke After the L
parameters ars pushed onto the valuz stack befor ENT
ry procedure . named ENTRYD
alliny accentable subr
nto the value stack
he called subroutine is
Lling eNTRY?

QX<
T v”f'D

r
o
0
t
a

OV D

C

3otn entry subroutines are then called
susroutine instruction, JSR using CFPU register %

JSR 4A5,ENTRY

U
5)
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or
. JSR AS5,ENTRY,

Both entry subroutines call the specified function in the
conventional w~a 27n exit, the stack pointers %4, %5, and %6 are
restored to t eir values before the parameters and LINKER node
were pushed onto the stacks The other registers may be used by
th2 called orocecure without having to save their values. CPU
register R1il, 4., returns the pointer to the returned data item,
the value of the called functions _The calling routine must save
any registar values on the appropriate stack before beginning
function calls,
2scess Internal Sudroutiness

A jump=sutroutine instruction using CPU register R7, %47,
%#7y the oroa3ram counter (PCYy (JSR PC,SUBROUTIMNE) calls most
internal subrdutines. Parameters are tr3nsm1tted in a manner
peculiar to each subroutines In general, CPU register R", %47,
returns values.
2eleleis 2rinting Subroutines. .

Most of tne orinting subroutxnes expect jJust one parameter
on the value stacka This parameter _is__popped from the wvalue
stsck on raturn into Zue The value in %3 1s uneffectede
2ecda3els IJbtaining Lata Nodese ) )

The procedurs NJDE, externally named NNODE, provides data
NoJdeoss €Y regyister R%, %3, contains the type of data node
reauired, CPU resisters R 4y Z 4y and Riy A, or floating=point
accumulator AC..y if needed, contain the value to be used i1n node
constructione. Aagditional entry points provided lLoad CPU register
R3, X%, before entering the WODE routinee.  CPU reaister Ri, #%°
returns a pointer to t he node created. NODE saves on[y CPU
reyisters R4, %4, and R3, %S, Calling NODE may cause a garbage
collection,

Zede3ele Ibtaining Node Tynes.

. Small, externally-available subroutines return the type of
a ziven node in C(PU register %3, Routines GETYPz, GETYP2,
GETYP", and GETYP 4 externally naned G&TYPEZ, GTYPE2Z2, GTYPE?Y, and
GTYPE 4y arz usecd tc obtainm the types of nodes in R3, RZ, R, and
Ri'y respectively, Only register %3 ma pe altereds _Other
suoroutines whicn use node types assume tge node type is in
rezister %3.
Z2eceSehe Latching LISP Errors and Von-standard Returnse

Sevzral procecdures, such as LISP, PR0OG, and ATTEMPT place
restart pdints on the value and control stacks. These restart
points proviaoe stack reset positions after @ non-standard return,
thsz ERX0R 3and w0 procedures, and internal errors, The function
UNKHIND, externaltly namned UNwND, finds the apcropr1ate restarting
point on the stacks., dhen called C2U e§1ster R A contains
the return  index and CPU register Ry 27, an aporopr1ate value,
suth as & 30 label or RETURN value., Atfter findinc a match to the
return indzx, the oricinal procedur> restarts immediately after
the ogint where it established thz restart pointe The associa-
tion list 2xisting ~hen the restart point was created 1is also
re2staclisned,
2ele3e>e Internal List Maniputation,

. Intzrnal suoroutines for manipulating the current associa=-
tion list, and property list flags z2nd attrxbute—value pairs pass
parameters and return values through recisters %0 to %3,
2e3e¢ Register Usage.

Although wost recisters have
usage follows some z2eneral ratterns
without ©p2inz save by suoroutines
normally r2storzu after SUQFOULIHP
! % is used to calculate
2% is general purpose,

Az

i

no fixed  usages, register
« Registers %7 to %7 are usedgd
s while registers %4 to %6 are
Ca [LSo
and return values,
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™
s
(%]
<
w

K2 = % ed 2s a loop counter,

K3 = %3 contains the type of 3 data item. '
kh = %4& points just vevond th2 top of the value stacke
kS5 = %5 points to parameters within the value stacke
k& = SP = %5 defines the hardware control stack tope
k7 = PC = %7 is the 1instruction countera,

n
L]
E 2
.

Storage Allocation,

The user mode D-=space area of storage is divided into

ejual si1z2 contigudous areas callec pages. Date within each page
have a uniform tyope. A pane tablz records the current type
Wwithin each page, 3iven 3 pointer to z data itemy the page taole
is wused to cetermine the type from the addresse. The pages are
aliagn2c on paje boundary addresses ~hich are multiples of the
paze size. Thus the high order tits of any pointer can be used
s an_ index into the page table to determine the typea The
nunerical byte <cocde for each tyne is 1included in parentheses in
the descriotion which followsse ALl the types are even numbers to
facilitate multiple branch instructionsy €ege
C

; Branch according to types

Figure 3 = Initial Y¥0S and DJS LISP data area.

~

F o e e e e e e e memm—e—mm——— [ ————t
Fixed workspace
Fmmr e e e ———— mm—me 2000 -4
Hash tacle and atoms
tommm———— ———— e e — ———m e e e = 100300 +
Linker nodes
P . - ——————— ————mee—— 12000 +
Single character strings
_and
Cther strings anc arrays .
P e e ——— -—————————— ———————— —————— A000 +
Free pages
et e e r e e e m e 1544004
Value stack ‘ -
v
Pmmm e i —————————— ————— fATDON+
I Unallocated (stack overflow protection) __|
------------------ e e TP P VS Refa
- A
Control stack [

R —————————— v m——, e e 1454000+
1/0 buffers and pre-allocated integers
e et e e e == 1646700+

More free nages v
Pemm e — - ————— - ———n———-— {77777+
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2eliaie SYSTEM and Stacks (=6).

The value and control stacks, I/0 buffers, tablesy error
messSaje string, and opermanent addresses are located in SYSTEM
pzjess Th2 control ang value stacks exrand to the lowermost and
part of the top hardware secmernt o At least one block is laft
unzllocated sog that 1f =either stack overflows, a hardware
interrupt occurse

2abole Not Available (NA) (=43,

This type is reserved for osages used for non-standard
pUrnDoses s This wight incluce workspaces for other orocedures
that could be linked to the LISP interpreter codee Also pages
which are not included in the hardsare mapping are given type NA
during the start-up procedure. .

04030 FREE (‘2)'

Pzg2s which 3re available for conversion to other types
whzn need2d have FREE typee. when the carbage collector reclaims
an_entire 2ag2 it is given type FREZ. | Type FREE pages remain
uninitialized until neededs, A count is maintained of the numocer
of FRZg tyose nDaces. dhen an availaole free page is neededy the
storaje allocator searches the pace table to compute the starting
address of - a FrSE pase.

2040[\-' CONSED NModes ( )I

CONSED noces, the List connectives, are four opytes (two
words) long and are aligned on two word boundariese The Low and
high order words are pointers to the CAR and CDR of the node
respectivelys Fointers to CUNSED nodes point tec the high, oraer
(COR) words Taking acdvantase of thz hardware decrement efore
addressing, botn CAR ana CDR c¢an be reached directly w1thout
using the longer ingex addressing mode., During garbage
collecticons, if a CONScD node is marked, its CAR and CDR are also
markeda

Figure & = CONSED nodes
|
vV
e —m—— e —————— e —— e ——————— - e e e o o e
| CAR | CDR |
t e — e . —————————— e e e} o o e e i o e e 2 e s e

w : t . 2 2 ‘ : 4
24445, LINKER Nodes (2). '

Two=-worc (four-byte) LINKER nodes are wused to enter

- functions and transmit auxjtiary  informaticne The hich order

word (xCDR) of & LINKER node is the starting address of a
function wnose code is in the memory-management-hardware instruc-
tion (I) space. This address should not be used as a pointer
since the address svecifieac may have a d1fferent meaning in the
data ce The low order worc (*CAR) of a LINKER node for a
systen defi i

t

7]
0
[a8]

ed function points to a string giving the -original
nane of e function. The *CAR of a LINKER node of a LAM3DA
expression points to & list of the narazmeters given to LAMBDA to
crzate thz_  function. The *CAR of a node createc by LAMEDA and
FUNCTIUN points to a2 CONS2ZD node whose CAR s Ke captured
associadtionr tist and whose CDR is a list of the parameters of the
creatinz LAM3IDA S c¢3lle. The *CDR address of such a LINKER node
spzcifies an audress wshere the <captured assocciation list is
established 3s the current cne and the dummy arguments are given
values fron the value stacke Cn entry to this functiony the *CAR
of the LINCER noce 1s placed on the value stack Jjust beilow the
first oarameters The *CAR of the LINKER node of 'an array points
ts thes string conteininy the values of the arraye. The address
given Dby the *xlux of such a LINKER node specifies whether the
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striny contains gointers whose values must be marked during
zarba]e col lectione. The *CAR of tnhe LIKKER node for the function
LIST points to the head ot the association Lliste
The *(Dhy I-space address, of LINKER nodes determine if
the associatec rcgutine involves & function of a special form.
ALl functions have an unsigned I-space address greater than_ or
equal to the i1-space address of ths system interpreter function,
EVALS Other I-space addresses specify special form routinese.
3o0th type of LINKER noces are aligned on two-word (four-byte)
boandar1es. Function parameters are evaluated before being
passed to the procedures Special form and macro parameters are
not evaluated before bheing passede. :
Figure 3 - Function and Soecial Form LINKERSs,
|
V
4o —— —— i —— - b —— ——— ——— e e e e -
| Expression | I -space Address i
d e ————————————— -} ———————— - - ——————— ——————————t
i 1 é 2 4
(* CAR) (xCDR)
Zebebe  SYVMBOL Atom Nodes (L), N
SYM39L atoms, the named entities of LISP, are four words
(eiaht bytes) lona . The first, low order word is a hkash Llinkoe
The hash table buck2t heads are embodied in the single character
atoms, which are cr2ated py the data initialization at the lowest
unsigned addresses of the first SYYE0OL atom pageese The hash code
is conputed by acding the ASCII character bytes in the symool
name, tru'\catin3 tOo the low order seven bits and multiplying by
eight, 1.6s algeoraic shift left by threey, in order to {find a
bucket headi in tne hash taole. The last hash Link in a bucket 1is
marked by a zero aorde GENSYM atomsy which are nct on the hash
chains, have hash links which point to an integer index. The
second word points to the ASCII string which gives the name of
the atoume The third wsord, the *CAR of an atom, cives the
constant oinding of an atome Tf the atom is not constantly
boundy, the third Wwcra is zeroes If the third woraoa is zeroy o
fluid 92indinz of 3an atom may be placed on or retrieved from the
association list. Zach fluid binding on the association list s
an atoum and attribute pair. Th2 fourth, high crder word of a
SYMs0L aton is the property liste & property list consists of
flags, which are other SYMZ2L atoms, andc attribute-value pairs in
whlch the CAg of the pair is a SYM30L atom and the CDR of the
pair is th2 value or property, Pointers tc the atom address the
fourth word, the property lList, which serves as the *CDR of the
atome
Figure & = SYMBOL atom ncdee
[
v
frmm——————————— F o e e o e et e e e e e e e e e e e e e e e
L Hash Link L Print name | va lue IProperty Llist |
- - - -0 o - v " o o= . o on = - S g I
u i < 3 4 5 6 7 0
(x CAR) (*CDR)

2ebhele OCTAL (4D,

CCTAL nodes are 16-bit words alicned on word boundariess
gh 3 sign. may be specifisd on input, OCT#L nodes are
¢ as unsignea octal radix numoers followed by a Q% Bits
¢ Dbytes at the oeginning of 2ach page of octal nodes serve
rking flays for carbage cottpct1on.
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Figure 7 = OCTAL nondee.
i

v
G o e - s - = e e e
| Value B
J o o ot s e o e e o e e Tn o e
B 1 2

2¢448s Integer (INTGER) (713)a

Int2ger nodes are signec, T6-oit, two“s complement words
aliagn2d on worg boundariess Bits of the uytes 3t the beginning
of éach paje of integer nodes serve as marking flags for garbage

collectione

ure 8 = Intecger (INTGER) nodee.

§ oo e o e o - a e o

| Value ]

e o an e e e s - o - - - - s = s =

" 1 2
2ebh o9 STRING and Array (72).

Strings and arrays, which 5»oth have the same format,
occupy the same pate typee Pointers to arrqys or strincs acddress
a word which gtves the length in oytes followed by str1n? or
array cata. Strinygs and arrays must be less than 32K bytes o}
since the high order bit of the tength word is used by the
garbage collector to murk strinas anc arrayse. Strinss consist of
7 01t ASCII characters in each byt=2. Context specifies array
data, Jses 3 special LINKEK node”s *CAR points to the arriaye
Arrays of sointersy whose values must be marked durinc garbage
collections, must have exactly one LINKER nocde whose *CDR address
is ARRAYA, the ¢ointer array 1internal function, so that the
garbaze collector w1l mark the members of the array exactly once
ani will mzintain pointer integrity. The starts of strings and
arrays align on word pboundaries, =2ven when the preceding string
l2nath is odd. Strings and arrays may extend across paqje
boundariese.

Figure % = String or array nodes.

|

y
o o e e e o e e o e e s o o e e o
] Length (V) i - Characters, bytes or pointers |
i in bytes | ol
gy g gy e
=2 = i 2 .« v e N=1 N

2+5s Garbage (Collectione

Storage management and qrbg;e co Llect on differ ogreatly
from those in Wisconsin UNIVAC 17

Ze3aie Knuith”s Algorithme

Each new Gata item created is steorad in a node drawn from
the fres storayge lists. «when a fresz storage list is exhausted, a
FRZ® page 1s converted 1intec a3 nege of nodes of the reguested
tyoe. Fina tly, when no FREF pusges remain, the garbage collector
is catleu to cetermine which nodes are no longer used to hald
current values, The2se free noces, «nich cannot be reached by any
chain of pointers sccessible to the us=zry are placed back onto
the free storage chains . It an pnt1re pace consists of free
nodes, the nodes in the page are renwoved from the free storage
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chain and their page reverts to type FREE

Knuth”s alzorithm £ uncderlies. the marking method which
only marks nodes still in uses Nodz marking starts from the hash
taole, .th= value stack, some unrenovaklie atoms used as flags or
LINKERS within tne interpreter code, ano any current pointers
which will e 1ncluded in the datae 1tem apout to be generat=de.
Knuth”s alzorithm £ maintains a stack within the data by re-
versing tne direction of tne marked <chain of pointers. It
r2guires oaly a smell fixe¢g amount of adcitional storage for
chain thea: pointersy which are kept 1in registerse. Further,
Knuth”s alzorithm cpereies in a lin2ar time order with respect to
the -numder of marked ncdes. No othear marking method can signifi-
cantly inprove ugon Linear time ordere

After the marking operation is completed, each page is
sW2pt for unmarkza nodese For each page, the pace type is founc
to determine the nethod of marking used &and current position in

a

—ds —ds

the fre2e storage chain of ven typee. The free storace chain
for each type 1s kept in nsignecd ascending orders Newly
reclaimed nodes are placed in orcder on the appropriate chaine
The free cnain, current gosition pointers may be advanced when
marked noiles are encounterede Also>y, the marking is removed from
marked ncdes. After sweeping each pace, a count of the free
nodes within tne page is inspected to determine if the entire
pas is frze, The sweeping aluvorithm operates in a Linear time
ordar with respect to the amount of storage.

i
r
Kk
3
u

Comotications arise if the garbage collector is
interruotedo. #~hile peing marked, ncinters do not necessarily
give the expected value. Some marking is done by setting the lLow
order bits of wcrd oointerse If th2se pointers were used as worg
addresses, the ocd=-acdress hardware trap would occur. Moreovers
sone free storaze chains may be temporarily disconnected during
the sweeping OrCOCEGUTe, The unallocated string chain, however,
must remain intact to determine whather a give

ca

n partition (slot)
chain,

]
of a striny page is_either () on the unallocated string

(2) markei, or (3) allocatec ovut unmarked. The partition”s
enqgth is founu 1in different positions within the slot
accordinzly. Similar poroblems may occur during node allocatwon.
Onz solution is to dissble interrupts during the <critical
pariods. Unfortunately, disabling interrupts involves excessive
overhead for such frequent oper=t1ans as node allocationa.
Hardware 1nterrupts could net b2 disabled for the duration of
garbaze collection Juring any simultanecus real time operationse
Garbase collection uses on the order of & seconds Alternatively,
a flay is set and cleared when entering and leaving cr1t1caL
ar23ss Wh2n an interrupt 1is intercepted, this flag is examined
If the flag is set, the operation oroceeds from the interruot
point to the ooint where interrupts can occur, the point at which
the flag would be cleared. There, the normal processing s
discontinuzd a&anc¢ the dinterrupt orocessing is completede Note
that the uninterruptable operations must not generate hardware
interrupts themselvesy, for the systa2nm could not continue,

C2edace Frze Storages Lists.

. tach of the free storage ChdlnS for each node type 1is in
unsigned 3ascending ordere The end of each cha1n is indicated by
a zero where the next L1nk pointer is expected. like allocated
nodesy, the chain Llinks of each typs always point to the unsigned

Loa orcer word of the next slots

For atL node types except stri nysy, all nodes are Llinked
onto the free storage <chain after their page is given the new
tyoes. The chain then consists 01 a forward Linked Lliste

dithin pages of Lrings_anu arraysy a cthain of free slots
is kept, The uns1nned low order first word of -each slot gives
the Llink to> the next sliote If tho free slot consists of just two
bytes (one word) then the low der bit is sety i1e.ee the . pointer
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is o0dade Following this convention, if the last unallocated slot
is just twd wytes, it contains the numner ones Free stots longer
than one word nave zero in the low order bit of the first worde
The second worc cf such a slot gives the slot”s lengthe When a
slot is adied to the free storage chain it is immediately mereed
with any conticudus slots., The full Lenath of the combined slot
will then 2e available without possible wastes

2e543s Packing Storace.

Storage packine has not yet been implementede. Storage
should not be pecked after each garbage collection, but only udon
rejuest or garbaae collection failures There will probably be a
nezd to imolement this complex and time consuming procedures

Aftzr the LISP internreter has been running for a L

of the pages will ﬁrobat(y contain more or
al locat2d nodess At thz same time, many of the pa
L be mostly unallocated. Thusy althouc unused sp3
?
al
t

Qe

3

L)
o]
29
2
(ad
—

the gSarbaage coLLector may eventually fail ©because

locate a new page for a tyrpe which densely populates

padese d1th fewer free pafe aVa1lable for
e

he time <consuming garbage col tor will be called
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Zebelse Twd Stackss

Jsing two stacks,y the value stack for pointers =&
control  stack for a*dressps anl binary wvalues faci
prozrammings Hnowev2r, having two _stacks places restricti
any lerger wvirtual space versione Sevarate pocinters and data
areas mJdst be maintainede. Tf the stacks are allowed to overflcow
onto acditional p3agyes of virtual menory, each ack would need to
ately nandleds Moreover, if ections -were to bhe
atay as in more sudvanced v2rsions of SPy Dboth stacks
ve to be manipulated, wi e the overhead,

(o]
0”3
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Alternativas re to use a method wh2reby pointers may be distin-
guished from agdresses and raw cata on a single stack, or to
eliminate the value stack as a separate contigLoOus areas ith
the latter alternative, the value stack would be kept am1dst the
CONSED nodes, theredby slowing acccesses into the value stacke
2e5eZe Alternztives to Knuth”s Algorithm E.

Knuth’ algorithm E, used by the garbage <collectory, has
disadventages ac¢ noted abovees The process cannot be interrupted
durini jaroage collectiony, an intolsrable situation _for some real
tine apdlications, Using other alcorithms 1in virtual space,
multicroce>s1nu environments, simultaneous carbage collection can
take placz WJhile orocessing continues. Furthermore, restarting
after interruots would be simplified,
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e Machin2 Code Generationes

. User created machine coce can be dynamically adced to the
LISP interoreter within machines whose memory manacgement supports
seperated 1 (instruction) and D (gata) spaces, 1n oart1cular PDP
11/ 45s and PDP ":/77se The operating systemy such as VOS, must
also _prcvide for the dynagmic expansion of the USER-mode I-space
in units corrgsponaging to full lenyth hardware segments (M25570
octal bytes) . Jsing functions within LISP, pre—-assembled
rodtines of machine code cUn be addec to the reperteire of LISP
~functions in ordger to perform slowly interpreted or non-standard
actions such as system caLLs in a more efficient manners LISP
Lavi3DA exdressicns may ve compiled into machine code in order to
sp2ed their execution, avoid unnecessary overhead, and allow the
nodes originally occupied Ly the LAWSDA expression to be returned
to‘ﬁenera{ usey thus 1increasing the FREE storage spaces

The user”s machine code may reference S—expressions which
ars dynam1cally cllocated by the LISP interpreter. Possibly a
reference to an expression wouitd be the only referencese To avoid
garbage collection of references which are only known to the
usar”s machine code, table offsets which point to the refer-
ences 1S kept following the user”s machine code Qroups in
I-spaces These tables are consulted by the garbage collector
during its marking ohases AlL S=-exoressions thus referenced are
marked as in-use to avoid reclaimation. Storzge packing routines
would know which locations specity a*aresses toc alter witnin
USZR=-mude I=space when S—-exoressions are moved in D=spaceoa If

3 ﬁl

the uszr makes copies of the macnine code, the table of offsets
following the macnine <code specify which addresses must Dbe
reallocattad by & later invocation of the LISP 1nterpreter if the
machine code is ever dynamically relcadede LISP S-expressions
written after the cove specify how reloaded code must be altered
to 20int to the reallocated S=-expressions that the <code
references, 5

Reading locations within USER mode I-space by USER-mode
proarams canrot bSe done directly. Although the USER=-mode
instruction, “iPI (Move To Prev1ous ;nstruct1ons), can write into
UStER=-node I-soace,y, the hardware design circumvents the USER-mode
instructiony, “FPI (Move From Prev1o.:Q Instructions)y from reading
UStR=-mode I=-space Dby diverting the reference to the D=spaces.
This unfortunate design was intencoc to support execute only
Praorams, which no Wwidespread operating system currently
SuUDpOrtss, Instead, the design has forced a system <call to be
ajied to operating systems to enable readina locations within
USER=-mode I-spacee

347« ianioulating the USER Instruction (I) Spaces

Sevzral functions have een defined in PDP 41 LISP to
man1)utate the USER instruction (I) space which is not occupied
by the LIS> interpreter codes Although these I=-space functions
have names Whic match the names of Wisconsin UNIVAC {117 LISP
functions, their machine cepencent definitions are different,
ih2 code for the I-space funct1ons is conditionally assembled
with tne LISP interoreter when the flag "CPLCPL"™ in the assembler
source module "TrAPS"™ is set to Oﬂe. When the code is not
assemdled the interoreter may occupy less than 4K words (720370
octal wytes), one narﬂdare seaments With the I-space functions
included, the LIS .ntcroreter coaD resides in two hardware
SEITMEeNtTS . This Legves a maximum of 5 hardware segments, 24K

words (1433537 octal bytes), for allocation to user code areas,
dependiny upon the operating Systeme

L The LISP interpreter manages the USER I=-space as a forward
linked chain_of user code areass Two () words preceed each user
€od2 arese. The first word points just beyond the end of the
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pracescing an audress specified oy a3 LINKER nodea If t
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S user code area to the next area’s pointer worde The
g worg i1s normally. zeroe System programs such as the
NTZk  and the S~exrression editor examine the word

he

praceeading word 1is_  zero, the start of a code area has probaoly
pean found., Hencey, 1t is unwise to place any other zero (3) word

within user coae such as a HALT instructione. £ach user code ar
consists of two parts: the instructions and a tanle of offset

€3
Se

The teole of offsets, described below, has exactly one zero-wora

which is used to mark the unsigned=lowest address within t

he

taoles only the last user code area on the chain may be expanded

or lobadede.

System conventions should be followed for LINKER

node
which ooint to addresses within the user code arease The *C
address of one master LINKER node should specify the beoinning
each user code area, the word precezced by a2 zero flag words T
*CAR of ths master LINKER should noint to an S=-expression whi
is a formulas ahich 2valuates back to the master LINKCR. The =*(C
of other LINKER nodes which specity other addresses within t
samne user code are2s should point to the master LINK&R node of t
ar2a. This convention facilitetes dumping user code areas whi
may be Lloadeag 3t a Llater invocation of LISPe During garta
collection before storage packing, 3ny markina of secondary ent
points to 3 code arza Zould also Llead to markin ng the mast
LINKER, which in turn coulc Lleacd to marking the flag wo
pracesging the code area. Thus any reference to a code ar
would keep the entire area from being reclaimeds.

Figure i = Tyoical Structure of Pointers to User Code Area.
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Descriptions of each I-space management function followe

3e1a.a *BZG6IN New User Code Areas

*3E3IN creates a new area for user <code and returns
master LINKER to it, 1f _snothzr T-space hardware seqmeng
nez2ded it is requested and integarated ‘into the US I-spa
chaine Any

previous wuser ogata areg under co netructvnn

TTEOTOD
MM VDI ~-DVWV

m
A

a
is
ce
is
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finished by movina the previous table of offsets down to the
pravious. 2ngd of instructions. The oo1ntprs to the ends cf the
arzas cre sdjusteds The one argument to *3eGIN i1s wused as the
*CAR of the master LINKER which *Bg31IN returns.

3einle *EXAMine a dord in I=-spaces

*xEXAM returns the octal valuz of a specified word in USER
I-spacee. *EXAY may have from one to three arguments. The first
aryument, asually o« LINKER nodeys; aives an address in the I=space,
which may alone De usede The seconi arcument, if civen, provides

et

a numerical offts from the aduress given by the first argument.,
dhen the third argument is given, it s"ec1f1es an entry within
the table of offsetse The third arcgument, usually &a negative
nunber, is the offset of the tabls entry in tytes from the high
address end of the offset taple. The first argument should be . a
master LINCKER ana the second zero in this cases The entry in the
taole of offsets determines an address among the instructions
wnose octal value is returneds. If the specified address Llies
within the LISP interpreter codey NIL 1s returnede.

Jeisle *EVMIT & word to I-spacee

*EMIT writes a value in a sp2cified location of I-spaces
*EMIT mey have from one to five argumentse. If one argument is
given, usually a nunber, its value is added to the open user code

area, the last area on the I-space chain created by *3EGIN. 11
twd or mor2 arguments are given, thz last two arguments determine
an offset anc_ pocinter, The last argument, the address of some

S-2xpression, is modified by th2 value of the penuitimate
exoression, usually & pointer to 2 numeric nodee. This modified
value 1s tnen output to the specifizd Locatione. If exactly two

(2) argqumants are given, the soecified location is the next
availaole location of the open wuser code areas *EMIT also
exdands the tauvle of offsets by addinz the offset to the next
code Loucatione Thus the S—expression given by the last &srcumasnt
will henceforth be protected ?ron garbacge cotlectxon

reclaimation, The table of offsets of the Last user code area 1is
kedot at ths extreme, unsigned~high-adacdress end of the allocated
I-spaces The instructions ang tabLe of offsets in the last area

T

grow toward one another. when not enough space is available to
adi a new instruction worg or offs2t table entry as recuested by
ons or two arguments to *xEMIT, *EYMIT trys to expanc the last USER
I~space ar2a o2y adaino a new contiguous hardware segment to the

existing _Jser coce area, updat1n3 the chain pointers to include
thz adcition and moving the taole of offsets to the extreme high
eni of the new 3reas., If the attempt to gather more I-space
failsy, the 1ntcrpreter willL call thz operating system 1in error
mode after sending the message

NO SPACE .,

*EMTT uses any argumnents given before the last two, the offset
and pointer, like the arcuments of *EXAM to specify a location in
I-spacecese A1ith three or more araumewts, *EMIT expands neither the
code area nor the offset table, tut simply alters an existing
word in & user code ar23. With three or more arguments to *EMIT,
the first argument specifies an I-spoace locatione With four or
more argumnents, the second aroument aives an offset from the
first argunent. Lastly, with f1ve arguments, the third argument

ives an offset from the high address end of the offset tableo
h2 offset table entry in turn specifies a Locaf1on within user
code to reolace.

oiabe *02iGinate a Secondary Entry Pointae

LA

*QR3 creates & secondary LINKER node to a computed (oca-

tion within & wuser code &areas *O0RG uses its first arqument,

which should oe the master LINKER node of the code area, as the
*CAanR of the seconcary LINKER creatza, I1f no other arguments 3re
giveny the *CDk of the creeted LINKER poxnts to the next locatio
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which i racieve code from *PMTT. Otherwise, *OR6G uses the
value of 1ts second araument as the.*CDR of the created LINCER .
nodees The value of any other argum°nt would additively modify
the adoress specified oy the second arguments

JeieSe *LJAD User Code and S-expfessions.

LOAY inputs S=-expressions and code in DEC absolute Lloader
format fron soecified Llogical files. Since each operating system
has its own conventions for opening and assigning logical nanes

to files and devices, file and device cpening  and naming must
occur oefsre Ly&L operates on 2 specified file., If LOAD has
arzumesnts, thez first argument specxers an 1nput file from wWwhich
S-2xpressians are read in a READ-EVAL loop until the end of file
is reached or & top Llevel RETURN or ERROR function is evaluatzad.
The last argument specifies a file to oe used later for i1nputting
binary codec. if LOAD has no arguments, LCAD inputs binary code
in DEC absolute loader format from the logical name last speci-
fied by an dinvocation ot LOAD with arguments for binary dinputa.
LO&D performs *3cGIN before initiating the inpute If not enough
space 1s availadble for the input code, the LISP interpreter
prints the message
NO SPACE

and caltls the operating system in errcr_ modes If the input
format is incorrect or a checksum =2rror is found, LOAD calls the
interpreter routines for internal error handlinge The input code
inane should contain instructicns tollowed by an offset tables

LOAD creat2s the necessary code chain pointer and zero flag worde.
Wha2n LJAD finds the end ot th2 cocde imane as indicated by a
transfer address recoria, LOAD closes the newly created user code
arza and returns a master LINKER to the start ot the codes
Susseguently =2vaiuated S=-expressions shcould amend the xCAR of the
returned mastar LINKER node to pocint to a formula which evaluates
back to thz master LINKER,

3aiebe [UYMP User (ode and Peferencad S-expressionss

_ DUM2 uses sither two (?7) or three (3) arguments to ocutput
a wuser cd>de area in DcC absclute loader format and to further
invoke routines to handle each S=exaression which is referenced
by an address known to the tacle of offsetse. The first argument
muyst de a naster LINKER of a user code area; otherwise, DJiMP
imnediately returns NILe If the s2cond argument is not NIL, the
argument is used as the togical namz of 2 file to which an image
of the user code area 1is sent in DEC absolute loacer formate.
DUMP olaces the start (bottom) of code at location zero (M) in

tha cocde image, Noe DOS communications directory (COMD) 1is
producedes DUYP produces recorcds shorter than 170 (octal) with a
fes NULL (zero) pasdding charactars between records and longer
paiding before_a~3 after the image. S—expression retferences ire
chsnaeo to 177777  C(octal) in  the image to protect against
improoer r=loaa1n3. The last record signals a transfer address
of one (.7:+i1), which normally 1nu1cates the transfer address is
not to bz usec as a start address by & DEC absolute loadere
Nexty, if the third DUMP argument is giveny, DUMP checks to insure
that the araument is a functions YUMP calls the third arcument
function once for each entry in the offset table Three "argu-
2

L]

ments are passed whose values may be used by *EMIT recreating
tha S-expr95310ns when reloadeage. First, an octal node gives the
offs of the S-expression address from the start of the code
area. Second, an integer node whosa vatue must be subtracted
from the referencedu pointer to make it conform to the standars
of other pointers of 1ts types For example, a pointer to

high order byte of an OCTAL node would need one (+1) subtrac
from it to make the pointer worcg-addressable lLike normal 0C
node pointers, Thirdy pointer referenced in the standar
format used for its type t is, with any offs removade
F;nféky, DUM? returns t ter LINKER nodey, the 11 st argument
0 D Fe )

an-r

the
sy tha
he mas
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+ Assenbling Code.

Hanid encoded assembly routinzs may be prepared for pro=
by the available assemoler ana lLink editors A aroup of
xporessions should also be prepared to command the LISP
er to uynamically install the load module output of the
r ana to redirect locations within the code to point to
sl Llocated storaae areass dhen the LISP system itself
edy & symool table, prcbably <called LISPST or

reated so tha lLater lokbal references within user

ccations w1th in the SP system may be resolved by

e

DO erwv
-
) «4.(D

o =3
NI PO D
(89}
—-

M De—y XD TN
D =de

5
LI

s R e Wt pal o)
TO VX =3 D

e w
SO~ ¢

GV Qs

30D ds -y
L HRC De~r— O

~
X

c
L
re
lowing example, prepared for use with DEC”s
er and LINK (ink editor, La1ns how to perfo
« Suppose a LISP funct1on U“ ﬁ desired whi
nsignzd =@inimum of an arb1trary number of 1 e
no arguments are supolied, minus one (-1
neu two's complement integer, is returneds
s would oe relatively lencthy and slow if
exoression Ssince unsigned compariscns
ectly supoorted oy th2 LISP nterpreters
machine=-enc g UWIN would not nesc t eate binding nodes
could assun he validity of argcuments ke interpreted LAM3DA
eXDressions. A second function, ULE an unsigned-less=tnan
przdicate, can also pe defined beside t ame codes Assume that
th2 coua2 b2low has been placed in a DOS e Llabeled "UMINLPAL",
U

and ULESSP Examplee

MACPRO
tn1 or
returns
arjumen
largest
function,
as a LAM3D
currently d1

od
e

[ad Qw -~ =
« #3000 T3 WV

> Q
-t
Q
Qwun
3
Q

i
r
3
b4
S
il

Figure *'1 - Assembler Source for

$GLOGL  UMIN,ULESSP ;externalized definitions
«GLOSBL TRUy NIL sexternal references
; Find unsigned minimum among 1integer argumentse
Gagns MOV (PCY+,R7 ;Load immediate a gointer to =1
ADIRSS: LdIRD 77777 ;Placeholder for pointer to =1
BR LABEL ;sJump to end of Loop
LJOOP: Cu= (Ru) y3-(R&) ;Check ar3y from value stack top
BLIS LABEL ;=> This arg is not smaller
MOV (R&) 4R ;Current arg is smaller
LA3EL: (C#° Kb gR 3 sFirst arz reached?
BHI LOOP iNOy => more arys to compare
RTS PC JR< => minimum arg
; Unsigned=less=than oredicate
r .
ULESSP: MOV ATRU yRJ sAssume true = T
(o Fd=(R4)y3=(RL);Is 2nd arg > 1st arg? B
BHI KETURM ;=> Yes
) MOV #N 1L 4Ry sNoy, return NIL for false
RETURN: RT3 PC ;T or NIL 1s returned in RT
: Taole of offsets to dynamically allocatted addresses
: +¥IRD v ) ;Marker for beginning of table
«WIRD ADDRSS~-UMIN ;0ffset of po1nter from code start
«eEND UMIN ;JAny transfer address is ianored
The user code must be position_ independent. Program
counter (2C) relative references (node 67) to the date space andg

to locationas ~within the LISP dinterpreter code should not be madje.
In Ddrtlcutar, suoroutine calls_to the LISP interpreter must be
made in assolute ("g#") mode (37), rather than in the ubiguitous
relative mode found in  much assembly. programminge However,
references of the user code to itself, such as subroutine calls
should be relative. Storage packing routines may move the

Q ~ds () N
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utz Locations of groups of codeese The changes in location
only oe reflected in the address portion (xCDR) of the
ER  nodes which reference the user code areass Hence refer-
s trom one user code area to another must only be make
ugh LINKER nocdes.

A table of offsets to references must be provided at the

ot each user code area., The first word of the table, which

t be provided even if the rest of the table is empty, is zeros
thzr 2ntries which follow are the offsets from the start of
code ar=za to addresses within instructions of the I-space
ence o-exprassions which must be dynamically allocatecd
interorzters In the pr2sent e2xamdole, the word at the
DRSS " 1s mentioneu in the table by the offset,
N, This ¥MOV instruction operand 1is assembled as
if the code 1s used betore the prooer
tion is complete, a nardware byte error
rmore, the adcress 177777 (octal) in
Hence, the carbage collector will not
specified &s an in-use S=—expressiona
ain the address of an INTGER node
0”s comolement minus one (=% = 377777
es to VIL and TRU are not included
have »2ermenent locations which are
ymbol tadle “LISP.ST2". The refsr-
be resolved by the L1nk editor before

=t (0 VI

D DDY NTD O

45

S0 E =3 T

COXIDOQOIT A | IXK N DIIICO

[¥2)

I ~NDV—TTT O
O CTI -~k

¢ storage g
ill occur. t

O =N

e has type
3t to mark .th
ord will even

contents sz
}e Tne D= Spa
he table s1 e
nally def1nej n t

to - NIL anu TRJ
ng th= user codee

M~ D O X QD Tet QL 2
AOW YLD N
Al }

Nyt~ L 3

WO e
.m0

. In the example, the user <code could be assembled and
Linked in 50S BATCH mode by the following commandse
DOS

Comnands to LINK and Assemble UMIN Examplee

dgzs a 16 (24 octal) word ¢
as the first recorg of Lload moaules
intc core ang then overwritten.
with the dynamnic code Lloader (*h
code loaded must be at least
S0 that the Covd may be co
saitchy "/3: ", must be spec1f
thz v1rtaaL (bottom) of
LISP tLocader (
1f absoluts 1
Th2 format
module, The
record to

U

directory (C0W%D)

is normally loaded
avoid interference

e COMD, the wuser

ds long, under DOS,
t

i

0 iJ0
~+ r-v(;_.cl
i/)r-‘.
~3
wn

~L O

tene The "BOTTOMW®
nk editor so that
ser code is at zero (f)es The
ocad module to be in DEC s PDP
ormaty, which th2 D0S Link editor providese
s a transfer address record at the end of the
ader (*DEPOSIT) wuses the transter address
he end of user code.« Exactly one (%) address
rioed above must exist at the end of the
user code ar2as If several object modules
ts in the taole must be computed from the
pejyinning o} ire wuser code areay, not from the start of
each individual mogu I¢ paod1n words are needed toc make the
uszr c¢ode area at east 16 (27 3ctal) Wwords Long, the padding
must precede the offset tablee

..;—JQ..
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CYyOrm
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PO O D R
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D 3w

D Lo LT WD

TTCHOQL T~E DD

0
KN [0 X0V
La N VN (ol e I Ul )

LD
C =tn

conbined {1n

are includa24d, 2

ot

D

: In the exampley the printed ocutput of the Link .~ editor
should be consulted to finc the offset of the secondary entry

point, ULZS3P, from the start of code, UWKM. In this <case, the
offset found, 22« (octal im LISP notation), 1is_ used while
preparing a set of LISP °-expr9551ans to create bindings and
allocate the S~-expressions refersnced by the code through the
taole of offsats, Assune the following S-expressions are placed
in the DOS file "“SY:UMINJLSP",
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LISP compilers,

S—-expressions for

Revised pPDP 11 LISP Documentationa

S~expressions to Bind and Atlocate UMIN Fxamples
A <eVAL (RE/DI> <50 4>) '
= Create prmmary function binding and load codee.
MIN (XDEPOSIT MINDY) .

- Load modqlp coulﬂ 2¢ placed here

- Creoate secandary funct ion binding

LESSF (*xORG UMIN UMIN 7223))

- Install INT gtR node for -1 using st offset, =2
HIN R e

"UhIN and ULESSP loaged™)

commands would then: start LISP wunder 3S,

cal file numbers to files, read the code and cr ate
s anu close the files.

- LISP Commands to Lo2d UFMIN and ULESSP Examples

P ; Invoke the intergreter from system file area
@ 4 "UMINGSLDAM) ? Louad mocdule file
@ 5 "“UMINSLSP") ? S-expression file
4) ? S=-exp file closed as end reachsd
G 4) ? Close lLlocad module file
[ [ ] [ ]
user code would then 5e ready to use.
tatively short user code seguence coculd also be

he following sequence of S—=expressionse

Directly Generating UMIN Examples

BEGIN TUMIN)Y Y
) ?2 MOV (PC)+,R™
? Location(=%) <Note 2 aras>
? denerate the reszt of UMIN
7 BR LA2EL
?2 LOOP: CMP (RJ),3-(R4)
?7 BLOS LABEL
? MOV (R&4),R7
? LABEL: CMP R4 ,RS
7 BHI LOJOP
? RTS PC
? One arg calls to *EMIT
(*ORG UMINI)
? Generate code for ULESSP
L 2 MOV (PC)+,R%
& 7T ? Octal value of address of T
?7 CMP a~(R4),3=-(R4)
? BHI RETURN -
. 2 MOV (PC)+,R"
UG O TNIL) ? Octal value of address of NIL
? RETURN: RTS PC
? One arg cells to *EMIT
? Close code area

uences of code the direct generation method beccmes

g4 LISP S-expressions into Machine Code.

P compiler is used in the same manner as the $iN8
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. The originat
with virtual audress space and cooperating processese The
interfsces of the LISP?P dinterpreter have ©bseen designed to be
counatinle with the DCN/VOS (Distriduted Computer Network/Virtual
Operating System) being developec at UQY, Once VOS i1s running,
laroe ;cale LISP acventures intoc artifical intelligence may be )
possidie e
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endices.,

i
!

vailable Operating Systems.

PDP “*f LISP is available in several versionse The major
nces netueen them are the operating systems and machines

LISP. The <ceding of the interpreter 1is nearly
aL for all of the versionse

Stand=-Alone Systemse

ey aveilable, operating system
_oderating system has hbeen usa2de
is a class project _for a data
d and rewrittene The system
n
3

In the absence of a re
eloo  LISP, a rudimen
na -alone operating sys
trator which was modi
intd core Dy a oootstra’y Ny ErocessSe On
s nrcw_ much core is availaole (at least i
anv which communications device 1s present
tem then continues usina only what h
nay be loaded or printed out using either the conso
or one comwmunications device, or a comoination of 't
mall weobuuyzing packace is availlable to examine and alter
core locations with the console teletypes This permits
known duls and trial corrections to prootens Wwith the
code. Program patches should pe make using the
f the LISP languaage.

DMMo e 7<nm

[0} WV
[

~e(D
0w O
il

o}
stand=2lone system is availabtle in several formatse
IMSES = Canpberra Wagnetic Tape Systeme

is available on Manet1C tape cartridge wused by
anberra Maanetic Tape Qperating System). At preszant
2ot on & separate cartr1aae by the asuthora. Perhaps
n
)

e —
R A T 0Ot rt
D

LT owm

‘v UVl o w uem

r a more finatizeas version is produced, LISP will be
a pracessor on the systam tep2e
P /45 with Diske

LIS Tis aVa1tabLn on the disk cartridge of some machines

the fixed disk of others, The system is Loaded ancd run with
appropriate cisk Lloader.
Tele PDP s Tl4C with Diskos

k he PDP 41747,
ard compatiole
rate instruc=
s Moreover,
is ulti-

be provxced
s

“

LIS® 1is avaitable on the cartridge
ort has ueen made to keep PDF 17 L
e POP V1 :/4l However, the protecti
3 data spdcec is not provided on th
uress soace available for datz on the POP
mor2 restricted, even if virtual memory co
utur2 varsions of the operating system may
PDP Yi/4i . :

disk of
ISP dow
on f s
e PDP 1

o0

ny
e
Ll
4
U
n

Le aper Tape Software Systene.

A copy of the DEC program DUMPA3 (Dump in Absolute Format)
appa2nded to the code. This would enable paper tape
2 versions of the system to be produced for systems

oparative mass storage. Du= to copyright restr1ct10ns,
gran DUHMPA3 may not be transmitted to systems outs1de UdM,

Virtusl Operating System (v2S),

—
Disk Operazting System (D0OS)

5 VIS emutator exists for us2 between the LISP interpreter

intent was to write LISP for an environm;;:\\\\\

\,

\

i‘

/
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DEC”s disk Operating System (D0US)e The emulator dintercepts
TRAF dinstructions given ty the LISP interpreter for 1/0 and-
services, Tnz emulator converts the interpreter reguests
LMT instructions used by DISe. Buffers, link clocks, and
ame ovlocks are maintained in the emulator for wuse bty DOJSe
emulator sinmulates the needed features of v0S for the LISP
erpreter while providing access to the DOS file structuree

DO
3 -y

(21" M e dbe 1 BN

T Der 3D
(8]

SO
e R X el )

()
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5¢£s Usinyg the Operating SystemsS.

SeZeie EODtstrappinge.

Aft2ar turning on a computer the contents of «core may be
unknoan or unusavlees A small procedure, 3 bootstrap, is initial~-
ly used to start uo whatever ooc2erating system is to be usede
Hooefulty a haraware oootstrap will be available or the boot=-

[L alreacy Dbe in core., If not, the bootstrap can be

G u51ng the switches on the fro
s of the CILHSZS cootstrap is
system documantations The 4K C
4 Listina of a cartricge d

“ 45 on paje 4 of a spiral bou
ion"s, For '3K_core machines,

of the machinee A
ded at the end of the
bootstrap starts at
ootstrap labeled "IMS
manual labeled *Disk
he disk bootstrap starts
>77% .. The dgisk ould be powered us after
run~loau switch ved to the run positione
o to 3o on (1n Les< than a m1nute). (Power
reverse o re DeC parer tape software handbook
the paper t bootstrap anc proceduress The tape and
cotstrans are started by the following procedure:

=32

I

WD

t

clu
'SES
sk bo

T ik e )
[%2]

OQ~N=SV Yy
L)
0
O:!‘rv(l

NG NN D W
NI M T

et

A~ D
e QF

J= O D3 5 e
w33 w
VDO A+D wua
N
—
o
T

* €D (D

QU W IO O =D
+ T
=4
)]

]
C -
3_ .
—
)
Jol

[s Ll B e o

QOQAEAYV T TweOO—D W
WD iy
Ve e I 4
Q
O

A+ ™ake surez the console teletype is online and the disk
or tape reader is on L
3. Put the HALT ENABLE key in the HALT (down) positions
Ce Place the oootstrao start address in ke
De Pr2ss thz load address k2y on the consolee
L Ee Press the START key
! Fo Put the HALT-ENAELE key in the ENABLE (up) positione
G Press tne continue (CONT) kevye. i
He If nothing happens, start over after checking the
ag for errors; otherwise, the loading operation can bhegine

5¢2020 Stand=Alone Systemsoe
The stand-alone systems diffar only in the medium on which

thzy are hausoo ano the method used to load theme
elelsie Loading and Running the Loaders

After the bootstrapping procscure, the following »proce-
dures will load ana run _the loader.
Secdele.sie Cartriuge Disk Systemse

A, If the system types "RTADY TO DIALY or  "WAITING FOR
CARRIER"™ some telephone ‘ccnngctiOﬁ must be made with the appro-
priate device, eithzer DCi{7 or DLiYs Any terminal may be - called
or evan andther comoutar. ;

3., If the system types “SELECT SPEED o o o'" type "I[" for
Tt bzaud lines or 23" for 374 paud lines,

' Co The system must be informed of the Alocatwon of the
program 07  disk. This is currently secter 5307 or 5%07 on the
cartricae, unit . To sigcnzl this type ALT=-MODE A, The system
will respond by guerying U, F, and then De. After U type "0O" for
unit 4 After F and D type the starting sector location (3703),

De To start the Load1ng ooeration type ALT=MOUDE Lo
Ee If the system asks for a lLloader disk address wuse 46
(at present).

Fe When the system asks for a toader address, type

carriage vreturn or any address higher than the highest address
loaded, currently «bg1i, .

S« «Whzn the system halts at an address near 2257{, the
LISP interoreter has heen loaded. ’
Selscoiecs CIMNSeS = 24K Cores
i A fnsure the CIMSES 24K system tape is mounted on unit
iy the leftmost tape drive.,

3 If the system is ready t2 receive commands it will
type 3 left brackst ("["), If not, try the bootstrap procedurze

Ce "ount & tape <containing the LISP idinterpreter ==
usually on unit <.

De Position the tape at the start of 3 copy of the " LISP
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interpreters Usually oressincg the rewind button is sufficiente.

Es Tyoe "RJIN'" followed by an ALT=MODE to Lload the
magnetic taoe loadere ‘ : N

Fa When the system Qqueries YIUE™ type now (if
appropriats) givins the unit numdber which is positioned at the
beginning 3f the interpreter., . .

5¢ When the system halts near loca t1on 22537y the LISP
interoreter has uveen Llouded. Othervise loading 'error has
occurred and the bouotstrao procedurs shculd be restarted.

Secscoe iale Paper Tspe Software Systems., i

A. Lcac the paper tape absolute loader and modify it if
DCi%"7s and telephone lines are to 2e used instead of the console
TELETYFE,

3, Load o <copoy of the -stand-alone LISP system 1into
another machines :

After loaagina, the LISP interpreter halts. Note the
address for later use.

De Set "47.7%4 in the switch2s of the sending machine, set
thz halt s«#itchy orass load aadress, press start, set enadle
switch, and press continues A modified copy of DUMPALE (dump in
DEC absolute formzat) can be provided following the data areae
DUVPAS will natt to wait for an 3ddress to begin dumping codes
ghe_cooe for DUMPAL is overwritten once the LISP interpreter

e31nNsS e

I . E. Connect the two machinzs Lty teleghone. If wusing
pCit“s at 37 Dbauc ensure that all error bits 1n their device
status registers are off and that Llocations 7747 ana 774374
both heve 2ctal 7 set,

Fo Start the ansolute loader in the receiving machinea

35, Start DUWPA3 din the senuing machinea. Note the stack
and device rejister qusries nave be>n preset to use a DCi%e Only
a dumd stert and stop location are needed.

He In the s=nding machine, out 477 in the keys for the
dunp start lccatione

I. Press (ONT, the machine should halt againe

Jeo Put 373142 1n keys for last dumped addresss

Ke Press continue (CONT), the sending machine should
start the transfer,

Le If the sendincg machine bhalts while the receiving
machine co2s not, the LISP interpreter has been loaded, otherwise
try azsin from tne bedinning of the btootstrape

. Ye Start the LISP interpret2r at the address where the
sending machine nhalted,
Seceiezs Starting the LISP interorater.

after LISP is loaded, the kernel stack pointer is set and
the op2rating system hal ts. Patches can be made at this pointe
If DCT-7"s 3re to be used at ;' bpaud instead of the preset 1270
baudy, the device status renlstﬁr raeet values located at 474 and
4.5 sheculd be changead from H¢% to 71 sing the switches on the
machine. If a aifferent device, such as a DCi% instead of a
DL,y 1s td> Dbe usedy, the receiving_ and transmitting status
register -addresses at lLocations 4073 and 4¢2 must be chanc2de
After any such patches have been madey press continue (CONT? to
restart th2 system and initialize the Jdata areas The initializa-
tion code, which is used only onc2y is later overwritten by the
user con;ral stacka At the enu of jata 1n1t1at1zatxon, a HALT
instruction in user mode occurs which generates an interrupte

The illecal user mode HALT dianterrupnt is fielded by a small
dedougsing odrocedure which is part of the . stand-alone onerating
systen.  shen the debugger starts, it sends a message and prints
thz top "6 words of the kernel systiam stacke The first word of
each Line is tne starting adcress cdumped. When an error inter-
ruot occurs this stack contains:

Ae A return address.

3 CPY registers R to RS from register set O

Ce Another return addresses i

De The stack nointer for thz previcus modes

e The . prosram counter (PC) of the interrupte

Fe Thez processor status word (PSS} of the interrupte
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4 The velues on the kernel stack are used when a restart s
maise.

The debugger accepts commanas of the form:
oP1 QP2 CHMD

0P1 anud OP2 are.octal numbers of which only the last six digits
are significant. if an error 1is made while typini a number,
siuply retype alt six digits of the correct numbers, n  unknown
conmand witl singly repeat the previous commands The second
arzument may be omittedes The command Letters are: :

A - Rescart using the current values on the stacks No
arguments are needed, .
3 - Jumnmp to location of CP% resetting the kernel stack

pointercto 0P2.

- Change the contents of location OP1 to the contents of

CF¢e The old anc new values of location OPi are displayede .

D = Dump OP¢ locations starting &t address OPie Each Line
printsd coasists of an address followed by = dumped worcse

E - Restart the LISP interpra2ter at its error recovery
pointe. N2> arguments are needede The old PC and PS from the
stack are saved for use by the interpreter. Thus if the LISP
intaroreter is_ garvage collectiny or doing some other unintar-
runotadble oderation, it may restart to complete the operation
without irreparable camage to itself,

. At this point any patches may be made using the debugser
insteaad of tne switches on the machine. After any patches are
conpleted, thz LISP evaluation process is initiated oy typing the
conmand "A" to the debuggers., The LISP interpreter will then type
? sian- -On nessage and request an expression to evaluate by
yaing .

EVAL: «
/0 Paths.
1/0 paths may b2 altered by
ee entities may senc and re
ese entities and their Lo

59202&50 Chan
' The sta
at thes console
character 1/9
arz:

commands issued
ceive character by
gical device names

rocesse
eletypz. :
/0 device (DCT1 or DLYT modems) .

- LISP interoreter p
~ Computer console t
- Auxillary serial 1

—_ OW

he command:
BELL LOGICAL-NAME~FRUOYM LOGICAL=-NAME=-TO

issued at zny time, including the middle of a line, a
console teletype, causes further output from the entity spe
by LOGICAL-NAMEZ«FROM ¢t be sent to the entity specif
LOSICAL=NAME=TO. Note t if the oreset speed of the DC?%
baud, is to i ogram patch must be madee.
3.;./;4. T r Correction,

L line characters may be corrected
acter (3S), CONTROL/H, and themn typing

t t attemot to backspace beyond the
the end has been passed. The entire
tycing the character cancel (CAN),
efore any er control character which wx't end the
a2 line has been sent to the process ing
u

3

[ANE7 BEC LY S~ v] J0Wm
O 20
o -

D

~ v

[t] (&)

t <%

(D (9]

Q [4/]
QrJ o0 2
AN 00 I3 MW IO
> 3

rn (CR) or some other control character, cance{pand
no effect on the Line,
pping LISP Under Stand-Alone Systems,
e process may be 1nterruoted oy typing the three
sequence:

ISR
~ Ui

0 -4e

N O~~~ et C
® LW e O=e(D I D
VO DD DU -

OMm N I Y

® XD D e
.

O
poe o}
W
-
fa)
(g}
b e SN 4 1}

BELL CHAR EN?
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{3ELL 1s CONTROL/G and SNQ is CONTROL/Es)

If the second character, CHAR, is also ENQ then the process mnay
be stooped as is and the debuy procedure callede Control may be
return to the LISP interpreter proc2ss to continue by gyiving the
conmanc "“A" to the debuggere. . If CHAR is nct ENQ then the process
will complete any garbage collection and return to the latest
lavel of SJperv1s1on using CHAR as the error type codes In order
to senc & 3ELL to the process type two SELL s,

e3¢ VO3S,
The VOS may oe br
k

194}

aht into core from disk by first

oug

bootstrapping the ais lcaders Then the disk loader is used to
bring i1in tne VUS codes The computer may then be halted any
patches made, and then restartec at adcdress zero (1), hext, the
follosing oprocedure is used to Lload and start the LISP
interpreters

Ae The conmand language interpreter sends a period («) in
order to solicit the next commande. Type a carriage return to end
any current commanacs If after loading, the period does not
apoear, tyoe the command “TesT'" to recelve a test messzje.
Tyoiny CONTROL/E should interrupt any current processing &nd
produce the commana solicitation, the periode If neither of
th2se works, the system may need to be restarted or rebooteds.

3 e Tyce the command

OpentF GIUGD LISP oLpD &

in order ts open the existing file "LISP" which <contains the
interpreter initi allzation orocedur2e. The logical number, 37"
will oe associate witn this fileo ﬁote that only the uprer byte
of this aumber 1is significant.,

e fourth argument, " :"
L Since zero 1is the

Th
spzcifies the arive xh1ch holds the file.
it may be omittede

default value of the fourth argument
Co Type the command

LinK G301 & 02701

to map the segment 7 of the Jjust opened file, 03000, to the
default wvirtual sddress * with 1 and D space enabled with an
exzcute only segment and to [ink to the initialization procedure
just mapp2d at virtual location . This procedure assigns
tenporary Jdata workspacesy initializes the data areasy, and maps
the LISP interpreter coce segment into the LISP interpreter,

which should send &« sign=-on messages

Aftsr the vOS LISP interpreter 1n1t1al zation procedure
has been started, the interpreter should send a sign-on message
and proceed to reguest an expressiocn to evaluate by typing:

. EVB\L: .

Any patches sh ul: be made before loading, using the map segment
(& dxsolay storage  (DS) and &slter storage (AS) commands.
Except to make perminent patches and start the ISP initializa-
tion procz2dure, the file "LISP" should, not be_ used by the
Dro“ramne » Insdvertently, the_ data 1initialization _or "~ code
s"gﬂents_‘gqutd se altereds _Similarily, use of the logical file
nunber, L3500, shoula oe avoided since VO0OS does not prcvide
systen filz2 protections :

The process may be interrupted by typing the ENG
character, . The process completes any uninterruptable operation
and then Llinks to the command Lanquaqe interpreter which solicits
a command 2y typing a period (W)e The top of the user stack is
the error c¢oce which will be used by the processs The process
may beg restartecd by the commanug "SSP, which - stops the ccmmand

languzye dintergreter and returns to the LISP interpreter processe.

If the LISP interpreter must be restarted after operator




e

Revised PDP LISP Documentetione L

intervention, stack overflowy, or garbace w[lection_fai[ure, th
old stecks and association list will be lo along with any SETQ
2indings. . '

5ecebe Disk Operzting System (DOS).

The DOS-LISP 4interface has b2en developed and tested under
DOS/BATCH version oe

5e2ekheia setting IS LISP Started, .

The following procedures load and start the DOS version of
LISP, &assuning tnat DOS has just been bootstrapped. If DOS 1s
already runninag, onty the last porticon of the procedure may be
neaded. Note that DOS stem commands must be typed in upper
case and that only first two letters of the command are
significants,

Le After bDeina bootstrappady D9S should sign-on with a
version nuamber and gprompt for a cormand w1th g, Note that the
disk must not ve write protected if the ign—~on messace 15 to
apoeara If another program is active type CONTROL/C followed by
"KILL" in order to stop 1t

3¢ Specify the date and timne (24 hour clock) to the

system Dy TCommanus such &s:

DATE ‘i4=JyL=7é
TI#ME 13207z

Files produced will be marked with aiven time and dates
Ce Log=in to the system by typing a command Llike thise

LOGIN 13,1332

Th2 numbers must specify a user groudp numher and user number, the
User Iuentification Code (UIC), hetween Y and 376 in octal,
known to the system file structures  Hew UIC numbers may be
enterec into the file system using the system progrem PIP
(Peripheral Interchange Proaraml. I1f a different UIC is desired,
other than the one currently in use, type the command "FIMNISH" to
lo; off the LSysten betore logging in under a new number.

De Tyoe the command:

RUN LIS®

Th= adbove command brings in overlay segments wused in code and
data initializaetion, opens tne prvmar inout and output datasets,
ani sets values used by DGS,. en the initialization is
conplete, the LIsP. interpreter signs on and requests an exprzs-=
sion to evaluate by typing: '
_ ) : EVAL:
5e2eboecs Interruoting, Restarting, Killing DOS LISP,

. Onc=z LISP is runn1nq, the attent ion of the monitor ma
obtained oy 31muttaneous[y striking the CONTROL and “(C" {ey
The monitor responcs by echoing, tyoing a dot (o), and 1nt°r—
ruoting any current output. One of several one line commands may
than be given:

R As RESTART = Restart the interpreter at the interrupt
point establisnea by the program, This controls runaway
pragramse DO not use “QEGIN’ to restart DJS LISP, )

3e_ PRINT = Turn cons le outout either off or back on
azaine This command, hich is transparent to the program, can
eliminate 2xcessive output.

Ce ASSIGHN - Associate a logical name, for example:

ASSIGN SY:NEWFILLSPs4 o

This conmand specifies a loaicel port or dataset number betwoen
three (3) 3nd eicht () which is to have the external mame givene
In the apove examnole tne loocical port number & 1is assoc1ated with
the Jdatas2t SY:NZIWFIL.LSP on the system device, "SY:"; with file
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ne, “NEAFIL"; anag with file name 2xtention, '".LSP", to denote a
5P code source file. Further deta s and examples can be found
the DEC DOUS manualse
De KILL -

s command stops the current progrem in a
y fashione
n

i
s are cLos:c and an orderly return is made to
ss of what the LISP interpreter may have been
3

oniter rag 5
s iss uod the program cannot be restartede.

F
m ar
Ge Once "“KIL
Y

Aftar a system error message, €oJe

F345 1201356 or AQDY T4T676

g "“KILLY™ or ESTART" commands may also be aiven. Some system
rors, sJach as stack overflows, are intercepted by the DOS-LISP
terface, which orints some systen stack values and returns
rectly to the LISP interpreters

2

® ~33 T

ut ana Output Datasets,

SPF interpreter refers to input/output - ports
gical number. The DOS-LISP interface provices Li
ilenane dlocks for logical numbers between one (1) and efi
Logical numbers, one (?) and two (?), are used for defa
nd >utoute.e D0S locical names, '"CD and "“"CMOY, are useag
tink bHlocks respectively, so that LISP may be used in
In interactive moae t device, " *y <console

usza for default inou \ ini
ered ports, :
system devi
u&t
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5¢3¢ Coding and Assemoly.

, The PDP “1; LISP dinterpreter is written in a modified
version of PuP 7, Assembly Language (PAL). ilodified PAL can he
uszd with 3 cross assembler on the University of Maryland s
UNIVAC * 103 ana_ .?'J8e. Programs written in PAL can be transportead
to other 20P 1 installationse Moreover, optimization involving
the use of addresses, as in the LISF 1interpreter, would be
difficult in hignher Level lancuages.,

The University of Marylan3d”s modified PAL 15 quite similar
to the orginalt DcC PALe Although many of the features of the DEC
MACRO assenbly language were availadle in moaified PAL, they are
unused in order to maintain transportablity. Unfortunately, some
different features were useds. Users outside_the University of
Mar{tqnd may have to program around theme These differences
include:

«eTITLE in VMaryland PAL provides assemoply listing headings

ve In other versions, +TITLE a

ontl lso provides information to the
LINK Dorocessore .

same meaning as +PAGE 1in

¢EJECT in Yaryland PAL has e : .
. E continue the listing on the

other assz2mblerse. EJECT anc
next Dalde.

«ALIGN advances the rrent location counter to the na2xt

cu
tocation which is a multiple of the power of two given by the
arzumente s EVEN 1s equivalent to

«ALIGN ',
Th2 +ALIGN directive was useful in dJeveloping the growinc LISP
system. Its etfect can be emulated by resetting the location
counter, urov1cec prooer care 1is taken. For example, suppase
that o previous Llabel, "FLOOR:", Jere definea on a hardware
segment boundary, & multiptle of 42,700 (octal), such as at the
bejinning of the codee The statement

JALIGN T27=% ;

would align the assemb
(in

i e mb ocation counter () on the next segment
boundarye. HNoting o) )t

hat

D15 and 520000 = 2x%x015

than tne location counter altering statement

_ s = —FLﬂaP+uD“uxQ-‘/ POLTIxT20G00+FLOOR

could replace the «ALISN 1i% statem2nte

3 section of <code which is conditionally

ne .argument to the oIF statement.is false, the

is no assembled up to a match*nq statement
«cNDC ; End conditional assembly

which ends tha conditional assembly areas

a Jifferent syntex for the WIF stat=ment

an

th2 Maryland PAL cross assembler
racognize the stutement

. y-“at:h assembler accepts
. an exampley both
g DcC s MACRO escsembler

W IF NE,CPLCPL ; hssemble only if compiler used

which is frequently used within the LISP interpreter code. The
coze 1s assemdblec only 1f the Llabel “CPLCPLY™ is not equal (MNE) to
22roe bel”s macro aussembler alsoc recognized the statement if
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“NE'™ is reolaced oy Nz, tfor not z2ro, while Maryland PAL does
not . DEC”s PAL=;7S and PAL=3% iR assemblers would only recognize
o the eguivalent statsment
Q > + IFNZ CPLCPL ; Assemple only if compiler used
-
which is also reco#ﬁwzed By DEC”s MECRO assemblere. Bell tan s
UNIX ossenbler, sty recognizes yet another, dlfferent, but

ejiivalent statement
eif cplepol / Assemble onty if compiler used
tc begin the congitional zazssemoly area and the statement
eendif / End conditional assembly
fo end the conditional assembly area. In order . to reduce the

difficulty in transforming code for different assemblers only the
above formats for the .IF statement are usede

The assemgler source code module "TRAPS"™ <contains commnom
definitions wWwhich are used with all of the assemblieso, Several
param=sters defined by "TRAPS"™ may n2ed to be changed aepending
uoon the host configurations. The value, "02P2STV" (Qutput ‘ufter

reset valu2), should be set to the cclumn width (in octal) of the
narrowest device usec for pr1mary 3utout, usually the consaole
keyboard. The Values 1A {T72)y 12D (29), or 204 (122) may be
used for TELETYP LA3G, or LATE6 respectively. The flag,
"ePLCPL"Y, is  set to one (' = on) or zero (4 = off) depending on
whzther or not, respectively, the compiled code functions are to
be assembled as part of tne interpreters, The compiled code
functicns should not be included with an interpreter for use with
a PPP  iW/47% or similar PDP  “'7s  without memory=-management-
seperatecd I and U SDacess

- Procedures for assemblinc each version of LISP followe
t

and=4lone Systems.

The stand—-alone version of the LISP 1interpreter and a
small, in core, operatino system zre assembled together on the
University of rMMaryland UNIVAC 178 or *il6 by the following
control cards. The source elements are assummed to reside in a
file named "Co'e .

“SUS2END « Divert the listing to & temporary file
PDPx T 14ASKK,ICDS XyY e Invoke the assembler
¢ADD, P C4SVECS o Operating system workspace
@ADD, P C.TRAPS o Common values
aADD,P CL,PLIS?P o LISP interorzter code
wADD, P CaSYS e Operating system code
ADD, 2 CLURANUS + Operating system initialization code
@ADDyP C+STLISP o LISP data initialization code
» = oth. - Reserve sonwe control stack space

: e ALIGHN 2 7 Align on ¢ byte boundary
WADD, P C o WURKS o LISP fixed workspace and taples
cADD,P C ATOMS « SYMBOL, LIMKER, and STRING initial data
) o END DRIVER ;7 Start with system initialization
&RESJIME, P o Print the t1st1n5 efficiently

The load mouuley, "Y', is then sent toc the storagce medium
using the 115 transmittion program PUNCH:

IPDP*T { ¢PUNCH,y CXT Y
75.3.2. Virtual OUperating System (v2S),

The VOS version of PDP 'f LISP 4§s assemoled on the
Y Marvyland UNIVAC {308 with the following commands:
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@SUSPEND » Divert the listing to a print file .
aPDP* 17 ¢ASKH,1CDS X,yCeY » Put load module in permanent file
e TITLE oLISP dinterpreter for VOSae .
C = . g Physical address ot virtual origin of code
dADDyP CW2THKAPS o Common values
@ADDyP C.PLIS® , LISP interpr2ter code
s ALIGN  J=3 5 Start data on segment boundary
& = . Physical address ot virtual origin of data
wADDyP CoSTLISP « LISP data preprocessing code
o« = PAGSIZ/Z+E ; Allocz2te some control stack space
wADD,P C  WORKS o+ LISP fixed workspace and tables
wADDyP CLATOMS o SYMEOL, LINKFfR, and STRING initial data
eALIGH 7 .=3 ; Start LISP loader on segment boundary
GADDyP Col.5PLD o VOS LISP loader creates mappings
GRESJME, P o Print the Llisting efficiently

The VOS quP load module CeV can then be transmitted to

VoS file system., _Seagments from the VOS file “LISP", three

y two (2), anc one (i) should be mapped into hardware data

ments zero (), one ()y an two (2) respectivelye The

itted load module dis _then aded into these segmentss,

t4o () >f the file “LI containing unpreprocessed

data i1s then mapped into USET ardware segment zero (i)

€ (STLI3P) s started at | ion zero (7) to preprocess

ial data. After a backup ¢ of the segments is made,
is ready for use as descri shove.

et =W N At
QO TDIM O IT
D (P =2 R U 0D
(e} u Q iftVI—iL

oT o .’T""JO

OX

w
.
L
®

o« Disk Operating System (D0S2,

The followinz DJS system comnands, without t
construct th° D0S LISP dintergpreter, for the PDP %1
assum1n3 that the source is on the I-track mag netwc
"7 :"e  Thz c0mwanus below are written 1in oatch mog
hoaevor, the sequence is more safely performed in

md>Je LDy someone Gguite familiar with DCSe Over
column widz output may be produced. If the availa
not support 13X column print width, the statement

eNLIST TTHM

B
C'\.n.l.
Q. NOY D U
O MW 1e -

must be deleted from the file, TRAPSYAC, using the system
proarams ZDIT. The =2mount of output mey be greatly reduced by
including the no-list switches (/NL/NL:SY%) on MACRO outpute
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5she Distributione

The preterred medium of distribution is 9=-track, odd=-
parity, ©DJS _ iagtape recorded at 2ither 3 '=NRZ frames per inch
(FP1) or 15 u»phqse encoded FPI by D2EC”s DOS system program PIP
(Peripharal Interchange Progrzm)a. The files on the lMagtarce
include assembler source code, object mcdules, and load modules
for the LISP interpreter desianzd for the Virtual Operating
Systemn/Distripbputed Computer Netwerk (VOS/DCN) developned at tne
University of “uryland and a VOS enulator to use LISP with DEC”
DOSe LISP code tor & PRETITY PRINTZR, a LISP S—-expression ed1tpr,
a debuy packase, and PLANNER are also includede Normally, copies
of the DCS files ar> placed wunder UIC’s [7,7%], (13,131, and
[73,37] in order to minimize the possible effects of tape errorsa
The files recorded represent a currant version working under DJSe

The University of hary[and’s UMIVAC 19108 computer may
produce other aistrioution mediae 2ackup copies of the assembler
soJdrce coie for the LISP 1nterpreter, the V¥0S emulator for DOS,
and the stanag alone orerating system which also emulates VOIS,
resdy for assembly by the faryland PAL cross assempler toamether
with the LISP system programs may b= recorded on 9 or 7 track
maznetic tape in one of the UNIVAC 170® supported formatse
Block2c card imace magnetic tapes with odd parity may be encoded
in 7=track-6CD o 2~track=£dCDIC. fven=parity, /=track tapes
should not be proii ince the tape hardware truncates any
physical record zero fram=z, the value produced by a 3CD
encocsa anmoersandy CH and E?L)IC transltation also lose the
upper/ lower case ies of the programse The normatly lowser
case vaeriaole names Dy PLANNEK must be preceded by a doudle
ation  sicn ('}
tingJaish tanem f

translation
sical records o
ers which reporese «?
proximately :.Z,. . card imags
oy oeing follcwed by & fil
i° oy multipgle tile marks, th
m i~F
T
Lar
W

[g]

code to b2 readg by the LISP interoreter
pper case variahles when either ECD  or
O De useds Unless otherwise requestad,
ccked card image tapes each contain 72U

2L
[\ Vo I ST

f.=character=card 1imagess,
re recorded several times,
mark and the last <copy
31Cal end of tapees Tanes
. 57 =phase~encoded=FPI
FPT T=track tapes are also
curce code kept on the
the cross assembler, some
needed before use with
assemblers

—3 -5
| Kl V]
O

ally produced at d‘w—ND

o

maanatic tapes and 2zUuw or
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5650 Known Problemse
Som2 bugs still remaine.
Sed>eis Problems with the DOS Versione

dhen using the vOS emulator on DCS some problems may occur
involving the 1interfaces, . .
565010 s Attention Interruot and Free St.rage Listsoe

The system may not prooerly restart at the latest level of
supervision as described above if free storage Llists are being

manipulated. Tnis may occur during carbage collection or wnen.

alloczting strinys Oor array Spaces
S5edaisce Too #any Open Files.

Althougn comnunications packsts have been provided for ten

(1.) files, if LISP is LINKed close to the DOS pﬂratxng system

buffer ares only a few files may be open at oncee “hen the magzic

nunber of ooen f1iles is exceea2c, the DOS mon1tor will loopy

praobadbtly hunting for non—-existant cuffer spaces The system must

cannot he restar

1

e
than ©2 rebooted it ted from the console
T:L TYPE. This fon31t1on s especially Utikely in 3ATCH mode,
§]?ce the system must allocate extra buffers for the BATCH I/0
files.

Se3eis3: Jnsuccessful Storange Allcceation Loopinge

- After an unsuccessful attempt to allocate storage after a

garbaze collection the system will attempt to restart by re=
s2tting th2 stacks and the association List to their initial
values, If this recovery is unsucc=2ssfuly, it will nonetheless be
attemotad again, The only ways to halt this Loop are through
oparator diatervention, output file overflow, or exceeding a time
linits Each attempted recovery produces a register dump followed
by the messages,

NO SPACE,

if again unsuccessfule.
S5e5etaire Random Disk I/0.

Although coce has been included to support random address
/0 to contigquous Jdisk filesy it has not been debugged.
Unexpected results may occur when using rancdom I/0.
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abetical Function Synopsis:

- dincrement argument.

- Adus one to parameter. If the parameter has
>int type, ADD?1 returns the same typee Otherwise,; ADDI
integeres
- return system Association LIST.
dbtains the current system 3ssoci tlon - Liste The
sociation Llist starts 3t the *CA of the function
A3 iguity function,
« o Xn) = Returns a randon se lection from an arbitrari-

rameter Liste

evaluate arzuments while truee

e o s« :tXPn) - Special form secuentially evaluates 1its
until dJone or a param2ter evaluates to NIL (falsz2),
5 the value of the last evaluated parameters

D> = create a new list from arcument Lists.

Y) - Creates a new list by CONSing the members of the

t onto the second list. APPERD makes a copy of the
while using the second Llist as  1Se If the first
is ML, APPEND returns the second parameter.s If the

ameter is NIL, APPEND create a copy of the first
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ARRAY = create an ARKRAY.

(ARRAY SIZ:Z TYPE) - Creates a function which can access or alter

the elemnents of an array of lenuth SIZE. 1If the created function
recelyes oneg parameter, a tixed- -point number the created
function r2turns the array member indexed. % the <created

function rec2ives .3 second parametesr, whose type matches that of
the array, the created function returns the second parameter and
retains  its value in the array nember referenced by the first

parameter, a fixed=-ooint number. The parameters of ARRAY, SIZte
ani YPE, should be fixed-point numberse If ARRAY does not get
thz oot1on3l TYPE parameter, ARRAY oroduces an array of pointers
by default

TYPE MEVMEEKRS RANGE

Y Pointer Any S-expression

1 Lozical T Ctrue) or NIL (false)

e Binary tor

3 Signed pyte -312¢ to 727

4 Unsigned byte i to ¥¢55

5 tc 1t word =32¢455 to 2267

5 2-word Long intecer (Not for computations)

{ z-=wcrd single precision floating point

2 4-4ord double precision floating point
P suposorts all of the floati point array types and Lon

array types only 1if pplL
a g2int arithwmetice PpLI
or 1/0 purposes, ar1thmet
dirsctlys.

crovides lona integer arrays

ng
SP supports at least one type o
P
¢ nay not be performed using the

ARRAYL - ARRAY Length precicate.
(ARRAYL ARR) = Returns the looical length of

its parameter, ARR,

if it is an array. Otherwise the oredicate returns NIL (false).
The tength of Lou1caL and Dbinary arraysy the bit arrays, is
roundsd  Uud to thn least multiply of eight (&) greater than or
ejual to the length given as the first parameter of ARRAY when
crzating the array access function.

ARRAYP? = ARRAY type Predicate.
(ARRAYF AR) = Returns the type, an integer, of its parameter,
ARRy 4f it is an array. Otherwise the ARRAYP predicate returns
NIL (false).

A350C - search an ASSOCiation Llisto,
(ASSOC ITEY LST COUNT) - Returns th2 COUNTth occurance in the
second param2ter, LST, a list, of a CONSed pair whose CAR in
EIJJAL to the first oarameter, ITEM If the third parameter,
CI)JMTy the count, is omitted, one is uUsede

ATONM = ATOM predicates,

(ATOM X) =~ Returns T (true) if the parameter
tyoe. Otherwisey, ATOM returns NIL (false)

Xy has an - at
e
a2 CONSed nodees

the paramete

70
P

'
Wh

ATSYM3 = create ATomic SYMBol.

(ATSYYo X) = Finus or creates, if nzeded, an atomic symbol whose
print nam2 1s yiven Ly the parameter, Xs If the parameter is a
SY120L1ic atomy ATSYVE returns its Otherwisey ATSYMS converts the
parameter to internal type STRING and Searches for an atom with
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this print name in the hash lists, 03LIST, used by the READ and
TOCKEN routines. After not finuing 3n atom with the oprint nane,
ATSYN2 creates one and enters it into the hash tableso

ATTEMPT - catch errors after ATTEVMPTing evaluation,

(ATTEMPT EXP
NS Ei=, o o o £1=n]

f):\lm EFm=: o o & tm-nm]

Sno2cial _form evaluates the first oarameter, EXP, and returns its
vilue i no system errors have occurrede. However, 1f an error
dozs occur while evaluating EXP, the interpreter examines the
otner arguments for a list whose CAR is -a number whose value
matches th2 error typee I1f., the interpreter _finds _a_ match,
ATT=MPT evaluates the remaining expressions in the (DR of the
list. ATTEYPT returns the valuz of the last expression
evaluatad. :

34CKS2® = BACKSPace the READ routine buffer pointer.

J

(34CKSP) =~ Returns T (truel) and prepares the RFAD, TOKEN, oT
RZADCH function to read the previous character in the RFEAD cuffer
if the ouffer opointer was not set to read the first character.
Otherwise 3AC<SP ra2turns NIL (false) and leaves the bufter
padinter whzre it was.

m

3REAK = intercz2pt functions before apolicatione
(3REAK . ATH ”AFM) - Functional uses the second parameter, NEWFN,
F) function, slace of the function or special form which is
constantly (3loh Lly) bound to0o thse first parameter, ATM, a
SY150Lic_ atom. shen caltled, the new function, NEWFN, bound to
ATY receivzs at Lleast two parameters., The first parameter 1s the
atom 4TY wnose binding 3REAX altered,. The second parameter 1is
thz function LINKER bound originally to the atom ATMe ALl other
parameters follow uos they woulu hav2 been passed to the criginal
unoroken functione If 3REA acts on an atom bound to a spec1al
form, the third odarameter passed to the news intercepting
fuactiocn, VF«FK, is a List of the unevalusted parameters intended

for the original special form.




Kevised PDP 11 LISP Documentatione 51

C o« ¢« ¢ R = fina CARs and CDRss

(C o s o/ A o o o D o R ARG) - Returns the pointer derived by

Ll [ ]
racursively takiny CARs and CORs of the parameter, ARG, a CONSED
node, a cvotted pair. The Car of a dotted pair is the first part
as . printed, the lefthand sides The CDR of a dotted pair is the
second oart as printed, that which follcws a dot in & simole
dotted pair, the righthand side. For example, if ARG were the
dotted pair
(X o Y)
than
(CAR ARG)Y = (CAR f(X « YY) = X

ani )

(CDR ARG) = (CDR “(X & Y)) = Y o
Th2 dinput routines READ and TOKEN bind any atom whose name

consists of the characters, "C", followed by an arbitrary numoer
of "A"s and "D"s, ended by an “R"™ {5 a _composition  function  of
CARs &nd CORse The order of evaluat1on is from right to lefts
For exumplz, evaluating the S—expression :
{(CADADR ZXP)
is equivalzant to =2valuating
(CAR (CDR (CAR (CODR EXP)))) e

intzrpreter attempts to follow the pointer into an atonic

If the
oojecty anythinyg Ddut 3 dotted pair, while evaluating a CAR=-CDR~-
chain function call, the interpreter prints & warning messacee.
CLEAR3UFF = reset input BUFFer for new line.
(CLEARBUFF FILE) = Resets the input buffer to input a new line on
th2 n2xt csll to ReAD, TOKtN or READCH, It CLEARBUFF gets the
optional oarameter, FILE fixed-noint number, subsequent inout
will cone from the Lo oxcal f1Le numoer specifiedse The cperating
system -~ must have 3rev1ously provided an external meaning to the
internal, Logical file-numboer creat2ac by OPEN or other system
calls such as PLlPE under UNIX. & MNIL parameter returns input to
tha standard, default files. CLEARBJFF saves the parameter as the
constant (3lobal) vinding of the atom *CLEAR3UFF.

CLOSE = CLGSE lLegical fipe numbers

(CLOSE FILZ) = Closes the internal, fixed-point, logical file-
nuaber specifiea Dby 1ts parameter, FILE, If CLOSE get a NIL
parameter, the operating system <closes the standard, default
input., If success ful, CLOSC returns NILe Otherwise, CLOSE
returns th2 1nte39r error numder returned by the UNIX operating

systemn in -

COMPLEIMENT - Llogical one”s COMPLEVMENT negatione

(CO™PLEMENT X) - Computes the octal, locical one”s complement of
ths  paraneter, X o COMPLEMENT wuses the high-order, most-
sizgnificant word of a floating point parameter as a fixed=point
value. :
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CUMPRESS =~ COMPRESS Llist into a nodee

(COMPR&SS LST) = Uses the TOKEN routines (the scanner) to convert
a List of s1n1L9 character elements intc an appropriate atonic
node, The lList =2lements may pe =2ither sinaole character atonms,
singls character strings, or fixed 2oint numerical ASCIT wvaluess
Tha  TUKXEN routine examines the syntax of the <character to
determine the type of node to createe User defined readmacro
characters cause no special ectionss Thus reacmacrcs may use
QOWPRE?S without escaping the user.readmacro characters 1in the
input Llists

COND = COnNDitionally evealuate argumentses
(COND- LEXP] E'=1 o o & El=nt]

« e o
LEXPn £m=7 o o o Em=-nm]

Spzciat form excects parameters which are lists of at least one
expression, 4t least one parametery 2z [isty, must be givene COND
evaluates the CAn of each [ist until one returns a non=NIL (true)
value or until evaluatino the ('K of every narametere At the
first instance of a true value, COND secguentially evaluates the
renaining ex2ressions, it any, 1in the CDR of the current
param2tar, a Llist. COND returns th2 value of the last expression

evaluated.

CONS = create a CONSolidated pair.

(COMS X Y) =~ Creates 2 new CONSED naode cf two pointers, its CAR,
Xy and its COok, Y, the left and richt hand sides respectively,
called a dotted paire.

(X « Y)

CSET =~ create a new Constant {(3lobal) binding.,.

(CSET ATM ZXP) - Function creates or replaces a constant binding
on the first parzm=ter, a SYMgOLic~-atom variable, AT”!s using the

second parameter, EXP o Any old constant (alobal binding
disapdears, ANy fLu1# bindings on the system association list,
ALIST, become hicden, since the intarpreter checks the constant
binding c2llL (*xCAR ATM)  before searching the ALIST for fluid
pindingse .

CSETQ@ = Quotz the first argument to CSET,
(CSET3 NAMZ EXP) = Special form serves as an abbreviation for
(CSET “NAME EXP)

since (SETY only evsluates the second  parameter to change the
constant oinding of the first parsmetery MNAME, as givens Thus,
unlike CSET, in this examptle, the bindinc of NAME itself would be
chagﬁiu insteac of wWwhatever variabls which m1ght have been bound
to ! YE e

CURRCIL = determine CURKent COLlumn in output buffer.,

(CJRRCOL) = Returns an intecer which regresents the next column
in the outout composition buffer dthh will receive a charactere




”
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DEFINE - establish a List of constant bindinase
(DEFINE LST) = Apolies CSETR? to each sublist of the parameter,
LSTy a list, constuntly binding the first member of each sublist,
a SY%wdLic-atom wvarianle, to the value of the second member of
the suplist. LEFINE create a list of the wvariapbles which
received bindingse. : :

DEFMAC = DEFine a MACro special forme .
(DEFMAC NAVE FUMNC) = Special form constantly (globally) binds a
macro specizal form created from the evalusated second parameter,
FUNC,y, & function LINKER, to the unevaluated variable which is the
first paraneter, NAME. The created macro passes the uneval ated
parameters receivedy, if any, to the original function LINKER,
FUNCe The ‘interpreter then evaluates the resultss Thus the
crzatec MACRD can pre-process unevaluated parameters into a new
S-2xpression Which the interpreter finally evaluatese

DEFSPEZC - DEFine SPECial forme

(DEFSPEC NAME FUNC) = Special form constantly (globally) binds a
special form either aiven as the constant binding of & variable,
th2 s2cond parameter, FUNCy or else created from the evaluated
second parameter, FUNC, a function LINKER to the unevaluated
first paraneter, MNA%E, If the unevaluated second parameter was
atready pound 10 a special forn or YACKRO. DEFSPEC performs a
renaming so> that ths first oarameter variable will have the same
meaning as the second parameter. OJtherwisey the created special
form returned as the value of the s=z2cond arcument of DEFSPEC will
pass any parameters it receives to the function, FUNC, wunevalu=
atzd by th2 interproter.,

DELIM =~ specify input scanner DELIMiters.

(DELIM STR FLG) = Converts the first parameter, STR, into a
sinuale chardcter of dinternal type STRING. If the optional second
parameter, FLGy is giveny, the character specified by the first
parameter, STR, has its delimiter status changeds A NIL (false)
secong pcarameter removes delimiter status. Any other second
parameter (true) turns delimiter status on. Regardless of the

przsence 5f the second parameter, DEZLIM returns the previous
delimiter status of th= character, T (true) for on and NIL
(false) for off, EAD and TOKEIN use delimiter character
terminate th input scanner s creation of a name o A syuvs
atom name being created deoes not inclucde a non-escaped delimi
character J4nless no previous characters have been read. I
delimiter ¢

scannar will

encountared

delimiter sta

i

e

sracter 1s not also a readmacro character, t
return it as a single character SYM30Lic atom_ when
zn1t1atty. The string scanner and READCH dignore
US « : ’

DIFFERENCE = compute DIFFERENCE of argumentss

(DIFFERENCZ X Y) - Subtracts the second parameter, Yy from the
first paraneter, Xs The result uses the oreater nrecision of its
tWd D&rama2terse. DIFFEREMNCE returns 1ntejer fixed=point results
if neither parameter has floating type The single-charactar-
atom "-=" 435 & synonym for DIFFERENCE,.

DO - unconditional evaluation special formae

- Special form sequentiatly evaluates its

(D) EXP?T o o o EXPnd
arjumentse. DD returns the value of the last parameter evaluation
ani discards all other results of evaluationa
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-second gets that integer which must be added to a normal p
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UUBLE = convert to DOUBLE precision floatinge .
2

Converts the paraneter, ARG, 1into a double-

L 3) -
precision floating=point value (four “5-0it words)e  PpLISP
defines DOJ3ILE only _when supporting both double and single
przcision floatiny=ooint-number typess.

DUVMP =~ output compiled code ani pointers.

(DJMP LINK FILE FUNC) = Returns NIL if the first par
is not a master LINCKER whose I-spac2 address (*CDR
to the bejinning of a compiles couz areas Otherwi
nary 1inage ¥ the compiled code area to the int
-number soecifisa oy the second fixec—point=-num rameter,
e VO0S and the D0S emulator of VOS ppLISP use C absolute
er format. ULIX opLISP uses as.out loac module formate DJMP
orms &n implicit EGIN to compact the code area. 1t the
ond . parameter, FILE, 1is NIL, DJMP inhibits the binary outout
hases Mext, 1if DUYP rece1vea the optional third parameter,
FUNCy a function of three arguments, DUYP applies the thi
p3r9m°t°r, FUNCy to each pointer offset at the end of
conpiled code area. The first argument of FUNC qgets the oac
offset fron the start of code of the spec1f1ed pointere

te
K)
NUMP sends
ly togical
pa

C.T(I‘tn

o}
*3
iL

to prodguce the peinter given in the code. The third ge
normal pointsr derived from the given pointer. Lastly
returns ths master LIYKER given as the first parameter, LI

-~
- WO

ENTIER = round. up to next -wholz integere.

(ENTIER X) = Returns an integer nnd2 whose value is the c¢reatest
whole, sisned number Less than or equal to the parameter, X,
after perfarming any conversion needed for a floating parametera,
It the coaverteg value cannot be represented by a signeg, 16-0171t
integsr, ENTIER returns inteager z2rs. PplLISP defines ENTIER only
if supporting fluating point,

E@ =~ test pointer EGuality.
(E3 X Y) - Returns T (true) if the two parameters are the samne,
otherdise, NIL (false). EQ returns NIL when comparing two
different nodes even though they may have the same value.

EGQUAL - test arguments for conjruence.
(E3UAL X Y) = Returns NIL (false) only if its two parameters, X
anid Yy c3annot be made conuruent; ctherwise,y, EQUAL returns T
(true) . EIUAL converts two numer1cat parameters to the type of
grzatest common precision before testinag for eguality of value.
EAJAL tests tdO string paraneters character by charactere EQUAL
recursively decends two CONSED node parameters to see if both the
CARs and CD?s zre also EQUAL. The right recursive descent may
loon i1 pra2sentea two congruenty, circular Llistse EQUAL tests
other types for gpointer egualitye

ERASE = remove atom constant binding and proverty listo
(EXRASE LST) - Expects a parameter which is a Llist of SymMBoLic
atomse ERASE sets the constant (glodal) binding cell (*CAR) of
each atom to its undefined state and sets each atom”s property
list to NIL, the Initial statees Any hidden bindings to these
atoms on the systsm _associstion List, ALIST, will reappear since
the constant . binding cell is undefineds -Since user readmacro
dzfinitions are kept on the property lis of the associated=-
sinale~character atom, ERASE  will remove such READMACros as a
side-~effecta
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EKRCR =~ generate LISP internal ERRCR conditicne

the
R p
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drocedu
tion (I
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tyoe SY
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in the
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(ExXEC A
paramast
by & ze
creates
strini,
call,

sys cal

RROR NUM) = Simulates the LISP internal ERROR condition

RRO
ve soecial meanings to the pplLIS® interpreters These reserv
ror types witl QaUSe specialized actions if not cauacht Dby
sviously invoked ATTeMPT:

Q

]
fixed-point-number parameter, NUM. If NUM is omitt
roguces a tyone . error. Som2 non-oositive error numbd

ystem errorsy

ETURN value,

O Llabel,

Asychronous interrusts,

Previous error typoe was not caught,
Unpound var1dbt€ or pointer array element,
Bad array 1n09x,

Floatin? pownt exceotionsy,

tend of

the initial fil
re most uncaug
07} of the uNIX

| I
t
[epD~sX 70l

JESCDR VS I S - NN [ RN JRVE
[ I |

s
]

e loading »of the UNIX pplLISP startup
ht errors cause & premature error termina-
peL ISP interoreters

AL - dinterpret argument,

RGY = Calls the ppLISP interpreter to evaluate the
er, ARG If the parameter, ARG, is an atom with internal
30U EVAL first checks the constant bpinding cell (xCAR).
1nd1nf a non=-zero pointer to a node, a def1ned reference
constant vinding celly, c¢VAL returns this pointer as
If the S$YMNB3JLic atom has no constant binding, £
s the Syst°m association list, ALIST, for a binding CON
ase CAR 1s the atom and whos2 CDF 1is the wvalue of
3 non=zero pointers If EVAL still cannot find a value
my 2PLISP prints a warning m2ssace and queries the u
value to use, If the parameter, A Gy, of EVAL 1< a CON
' iste  EVAL checks
h is constantly bo
-space address of
address of EVAL, If
is less than that
rme Upon finding that
case a Llist, 1is constan
e special form using
mempers of the parame (CDR ARG), as parameter
form without further e ltuatione. However, it
the parameter, ARG, a listy, 1s not a special
recursively evatuates the first memoer (CaAR)D of
listy, ancd checks that the returned value
Kea If not, EVAL prints 3 warning message
er for a new function LINKE® to usee ©BY recursi
.any remaining members of its parameter, (CDR _ARG
s their vaelues as Darameters to a call of the previousl
function. EVAL returns altl other types of nodes,y name
aumbers, and STRINGS, used 3s the parametery, ARG
further eveluation, ise. as 1ss
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EC - £XcCute program in placs of intepreter.

RGZ o
ers,
ro s

ARGN) = calls STRIN to convert atl of
uging Llists of chaructch, into strings follo
he format ,usecd by the UNIX sys EXEC calle £)
r array of pointers to the start of data of e
t passes as the second parameter of the sys
parameter is also nasses as the file nazme to
call returns, EXEC returns the _integer err
P system - error is generated. Only UNIX pptl
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i
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EXPLODE =~ create list from print namee

e (EXPLODE  ARG) =- Uses the PRINT, outout routines to create a Llist
( “} of singla—-character, SYYB0L1cC atoms which represent the
\ characters which PrINT would use to print the parameter, ARG e

EXPLODEZ - create list from print name with escapeses

SXPLODEZ &RG) = Uszs the PRIMNec, output routines to create a lis
of s1n3le character atoms which represent the characters whic
PRINYZ would use to orint _the parameter, ARG, in a format w1t
escapes so that the READ or TOKEN routines could recreate th
printea object. . :

t
h
h
e

FIXP - FIXed=-goint Predicates

(FIXP X)
nunber (
definas F

~ Returns T (true) if the ocarameter, X, is a
octal or integer), otherwise, NIL (false
IXP only if supporting flozting pointe

t FLAG on atom property Llist.
(FLAG ATHM FL

FLS, & SY!
parameter, A

u

) = Puts the flao given by the s
Otic atomy, on the prooerty list (x*
sy encther SY#BOLic atome

FLOAT = convert to a FLOATiIing typee

(FLOAT X) = Returns 2 floating=point number by convertina t

parameter to floatinz=-point type, UuSin: single »precision

availavle, “tﬂerw1;: double precision, %f the parameter h

floating type, FLD2AT returns it as ise PoLISP only defines FLD
o if suoportan floating pointe

—A —«m

he
a
A

\\_// FLOAT?® - FLUATing~point Predicate,

(FLOATP X) = Ret
point typs
it supporti

s T (true) if the parameter, X, has floating~-
#isey NIL (false)o. PoplLISP only defines FLOATP
1!’10 poxm.

—~~0 m
~rt
[ u
ST IR |
HﬁD

a child processe

-
[ U
=
3

DI (6]

FORK =

"
cn

~~E
TV -~ U=

child process, a copy of the current process,
perating systeny, returns the integer process
of the cnild orocess to the parent process,
e) to the child proccesss Only UNIX ppLISP
icate

mZ0 I

xirs
- ,.,,:.(
we—o

P2

FUNCTION = c¢reate function which captures the ALIST.

TION FUNC) - Creates a new function from 1its Darameter,
which captures the current system Pssoc1at1on listy LIST,
atus of fluic vinding pairs. when thi new funct1on is

d,_ Lhe captured ALLbT, which contains tn binding environ=-

uri the creation of the funct1on, is temporarily re=-

1sxej ~for the duration of the function calle The created
function tnen calls the olc function parameter, FUNC, in this new
environment with tha parameters passed to the created functions

T X We O
F‘L‘_(D('?
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-.SEMSYW - GEfihierate a temporary atomic SYMbole

HSYM ATY) = Creates a new atomic synbol which is not on the
h Llists, the O08BLIST. If the caller provides the parameter,
y ils print nane is used as  ths print name of the newly
ate

-

~S et s ”v

~<
O =
P .
m
Q.
(o3
~X
[S]
(2]
Q
—
[e]
o

+~3
e

t . If the caller provigdes no parameter, GENSYY uses
SY®3CLic atom Ge The created atom will pe different than any
the atom is printed, its print name will be
) and a un1qu° inteders Since the atom is
on thz hash listsy, READ and 7TOCEN cannoct directly access the
y Even when its name, &s pr1nt i, is inputoe Instead an atom
be <created on the hash L1sts, OGLIST, for the input namneo
atons on the hash lists, when an atom created by GENSYM is
ser 2xplicitly referenceu, i1tS space may be reclaimeds

QD= WOQOOTIITTT—H O

—ti~-D

L(

GET - obt&in property from atbn proberty {ist.

property specified by the second

(GET ATY PRP)Y = ubta1ns the

parameter, PRFy, a SYWBOLic atom, from the property Llist of the
first garaneter, ATY%, another stom, 1f the first parameter, ATM,
is not typa2d SYMIOL or CONSSD, or 1f the oroperty list (xCDR) of
the first parametar does not contain the property given by the
second parameter, PRPFy GET returns NILo.

GO = 30 to PROG labelos

(532 LAGEL) = Special form <continues evaluation with the next

exaression following the aiven lasel, LABEL, in the most recent
PRJIG . If the most recent PR20G does not use_ the GO parameter,
LA3SFLy as & label, the interpretar recursively searches in the
naxt nost recent PKOG for LALEL until reaching a Llevel of LISP
supervisions, If s level of LISP suoervision intercepts the ladel
S°arch, the interpreter prints-an =2rror message and restarts the
LISP supervisors

SREATERP - GReATER than Predicates

(GREATERP X Y) - Returns T (true) if the first parameter, X, is
greater than tne second paramet2ry Y. Otherwise, GREATERP
returns NIL (falseds The comparison is signedy 1ises oDOSitive

values ar2 3greater than negative orese, In 1nterpr9ters sup=
porting floating soint, if the tyoe of the parameters difter 2and

~at least ons parameter has floating typey, GREATERP converts the

paramzter of Lcsser precision to the tyre of the parameter with
graater pracision before making a comparisons

IFFLAS = FLAG =2xistance predicate

List (*CDpR)

(IFFLAG ATY FLG) - Returns T (true) if the property

of the first parameter, ATM, 3 SY¥BOLic atom, contains the flag

given vy tne seconu parameter, FLG, ?na%?e{ S;MBOLic atom as a
L alsel,

menber, Otherwise, IFFLAG returns \
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IFTYPE = 4.5 LISP dinternal node TYPE predicate.

(IFTYPc NODE
parameter, oY}
) Wisconsin JHNI
-t parameter, T
tyoes used by
poLISP.

Y

D has an internal type which corresponds to the
AC ?iﬁu LISP dnternal type spec1f1ed by the second
FE

I

N

’ fixed=point number, The 3170 LISP dinternal
FrYFF differ from the 1nternal types wused by

'Y Internal ppLISP
ce nane type

. fa
TOO~ VA DN i D K -5

Nt

e e g
oo
-

Wi—Ww R0 —0) = W
FZOmamrroom

Mmoo O 4
e

x
o

12 :
""?,7 Tl*, and =¢
ot in data space

VWO UVUCHO
OO0 <HMLO

cxzm =z o

er of floating types]
NGLE used, else :/]

~

INDEX = recursively apoly function to CARs.

(INDEX LST E&END FUNC) = Functional aoplies the third oparameter,
FUNCy ¢ function ot two arguments, recursively to each element of
the first parameter, LS T, a list, and the value of subsequent
call f maining memoers of the first parameter, LSTa When
ird poarumeter, FUNC, to the last element of the
’ INDEX passes the second parameter, END, as the
r to the third function parameter, FUNCe Thus if

re
th
parameter, LST
second oaramete

(X; X? ¢ o OXF\)

i

LST
T than the call 1is equivalent to b
(\J/ (FJNC “X;: (FUNC “X2 o s o (FUNC “Xn END) o o o ))

INTO - List of values of function application to CARs.

ST FUNC) - Functional creates a Llist of the wvalues of
3 he second narameter, FUNC, & function of one arcument,
ery successive CARy of the first parameter, LST, a
R 3s a synonyme. ‘

(')5!'1’
>

YPE) - Returns T (trus) if the type of the first
?
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LAMSDA - create functione

(LAMBDA ARS-LIST EX?i . . . £XPri) - = Special form creates a
function nhich uses the first oarameter, ARG~-LIST, a list of
arsuments 1s ruunents of the «created functione The argument
l1st ARG=- LLST, need not be & true Llist since the rightmost CDR
of the list need not be KNIL, wh1ch ordinarily specifies the and
of listse The memyers of the argument Llist, ARG-LIST, which will
act as variables, mnmust be 1toms with internal type SYYR0L« When
called, th2 creatz¢ function binds its arguments, the members of
the argumant list, ARG=-LIST, to the values passes as parameters
in the ftunction caL{ by adding CONSZID node pairs to the beginning
of the system association Ltist, ALIST. The CAR of these bindinag
pailrs consist of the argument nane as given by a member of the
argument (ist, ARG-LIST, and tne CDX consists of the respective
value pessed as a paremeter tc the function calle: The new
bindinyg obscures any previous vindinc on the ALIST with the same
variaole name tor the duration of the function evaluatione If
the enc of ths argument Llist, ARG-LIST, the rightmost CDR, is

NIL, is2e¢ the List has the form,

‘\RG-LIST = (X} A2 "o o @ Xn),

than the number of narameters passed to the function must bte the
sane &S the number of arzuments ygiven in the argument Lliste If
th2 argument list is NIL, the degensrate case, then calls mnay
pass no Jarameters _to the created funct1on. If the end of the
argument L1st, isee rightmost CDR, is not NIL, then it must be a
SwiOL1c 3tom 1o dnicr the created funct*on binds a list of any
param2ters passed which remain after the created function has
pound the other variables. For exanple if
ARG=~LIST = (X Y o, Y,

durinz 3 function call, the createg function would bind X and Y
to the first two Darameters of the2 function call, create a2 Llist
of.any remzininag parametersy and then dbind that list to the last
'list™ wvariabley Z. Calls to the created function must provide
sufficient parameters for each variable exclusive of any "Llist"
variable. If the arsument list, 8RC=LIST, consists of a sinale
SYWz0Lic-atonm V3F1dOLP, the degenerate case of "List" wvariables,
for examnplz, 1f ARG-LIST is the SYM30Lic atom Zy then during each
call, the created function makes a list of any parameters passed
and binds that list to the solitary "list” wvariable, Zs After
the crect2d function has bound any parameters passed to its
variadles, the function evaluates the other parameters of LAM3DA
seguentially 1in_ the new hinding 2nvironments. After evatuat1ng
the last expression, the created function restores the system
associztion list, ALIST, to 1its state at function entrys thus
restoring the or131nat binding environment with any previously
odscured pindings,. The createc function returns the value of the
last exoression evaluated,

LAMDA = apply FUNCTION to LAMDDA expressions

(LAMDA ARG-LIST £XP? o o o« EXPn) =~- Special form serves as &
shortheno for _the function FUNCTION applied to  the LAM3DA
exodression Soec1f1ej by the parameters of LAMDA. when called,

the function <crested by LAMDA dinstalls the binding env1r0nm°nt
castured wnen LAWDA was evaluatedy 5inds any variables to the
parametzrs of tne createcd function call, evaluates the remaining
exoressions of LA“uA, reinstates the ori al binding environment

ai
in effect sefore th2 created function cally and returns the value

cf thes last expression svaluated.




~(LEMNGTH LST) - Returns an inteyger count of the number of members,
CaRs,y, of the parametery, LSTe LENGTH repetitively performs *[ARs
on the éaraument, LSTy until NIL 3s found, which represents the
end of lists in correct format, or until the —count overflows
which produces a system error condition.

o
T
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LEFTSHAIFT - SHIFT LEFT for positive countse

(LEFTSAIFT X CUUNT) - Returns the two s complement
arithnetically=-shifted octal rearespntat1on of the first
paramster, X, a fix2c-point number, usiny the second parameter,
COuMT, a S1INCG, fixed=-point numoer. If the second parameter,
COUNT, is Dositive, LFFTSHIFT performs s Lleft arithmetic_  shift
with zerc fill entering from the right into the least significant
bits. 1f the second parameter is negative, the first parameter,
Xy s right circularily shifted, as a T6-hit value. Otherwise,
given a z2ro county LEFTSHIFT creates an octal node of the first
parameter values LEFTSHIFT uses th2 most significant word of
flogatina~po>int parameters as is without converting te fixed-
po1nt-rumo=r typee '

LENGTH = count LENGTH of Liste,

LeSSP = LESS than Predicate.

(L2SS? X Y) « Returns T (true) if the first parameter, X, 1s less
than the second parameter, Y; otherwise, LESSP returns NIL
(false)s The comparison is signed, i.2c. negative values are less
than positive onese In pplLISP 1nterpreters supcorting floating
point, if =2ither onz of the pasrametzrs has floatinc—-noint type,
Lz3SP converts the parameters to the type with greater precision
before making a comparisone. .
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" LISP - LISP supervisore.

(LISP KFAD‘EUQC) - Iteratively prints the results of evaluating

thz expresion obtained by its params2ter, 2EAD-FUNC, a function of
no hargume1to. The LISP supervisor prefixes the returned value
wit

vValue:

except undar UNIX in c¢hild processes of the original L
invocation or if LISP is invoked +ith '"=" ss a parameter of
call from the sheltl. 1f the (LIS?) caltl does not supply
parameter, KZAD=FUNCy the interpreter supplies a default
exdression=-PEADing functiones At each call of the default READI
functiocn by the LI3P supervisor, th2 default function resets e
inout buffar, resets to use the standard input, resets to use the
standard oJutout, sencs a prompt for the user on the standard
odtput saying,

SP
he
a
S-
ing
th

ctval:

and calls READ to obtain the next S-expression from the standard
input as the wvalue of the default-READing=function call. In
those cases in_ which the LISP supervisor does not wuse the
"Value:" arefix, the default EADing function does not print the
"zval:* prompt eltnere. The LISP suaerv1swon handles any  errors
which are not cought by ATTEMPT=sp2cial-form calls by orintina a

varning messaze anc restarting the ReADina, EVALINng, and value=
printing seguence. The supervisor w3y bte exited by using the
RETURN function or by providing an end of file condition on  the
standard dinput wWwith UNIX EOT (ccntrol/N"). The LISP supervisor
call returas any value of the KETURN function or NIL if no wvalue
18 providsde At the end ¢f the start-up procedure, the ppLISP
interoreter invokes a level of th2 LISP supervisor with the
default expression=-odtaining function which converses with the
usa2r., The pplLiSF 1nteroretpr prints any non=MIL and non=fixed-
point-numeric velue KETURNed by the top level of LISP supervision

anid uses the value as the UNIX exit status with NIL converted to

LIST - create 2 LIST from argumnents.

(LIST ARGT o o o« AKGnNn) - Creates a Llist from any parameters. It
the c¢all proviges no parameters, LIST returns the empty Llist,
NILe. For z2xampley evaluating

(LIST "4 “x 7Y "D
produces the list
(W X Y 2)

which is & shorthand used by the interpreter for the CONSED,
dotted-pair expression,

(W o (X o (Y o (Z & NILIII) o
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LOAD = LDOAD definitions from files

(L2AD HSCII“FILF 3 INARY - FILC) - R°p°t1t1vely reads and evaluates
S-2xpressions from the the file specified by the first oarameter,
ASCII-FILEZ,y, a tixed—-point 'og1cal file number, until reaching end
of file dr evaluating a 2eTURN function catle LOAD closes the
file if under UNIX and returns the logical file number _useds
Under UNIX, the first parameter may alternatively specify an
external file_ name, which the interoreter will open. Under UNIX,
it the LIS dnterpreter invocatiocn provides ile namesy, the
interpreter LOADS them before invoking a level of LISP
sudervisions. _A parameter “+" nmust then be explicitly used _to
produce a sign=-on line and invoke the LISP supervisore.  The
parameter "=% coulc also bDe used to invoke the LISP supervisor
without ©promots under URIXo If the caLl provides the second
parameter, BINARY~-FILE, an 1ntcrnat, fzxe -point, logical name,
LI4D saves the paraneter as stant binding of the atom
*LDAD for use with tha next *DEP?SIT call, Dtherwisey LJOAD
constantL bincs =LOUAD with the lozical file number computed for
the first oarameter, ASCII-FILE. The oinary file number speci-
fies & file containing birnary machine code_in load module format
to be installed in I=-space later by *DEFPOSIT. :

LOGAND = kitwise LOGical AND.

(LOGAND AR37 o o « ARGn) = Returns 2 15-tit octal representation
of the bitwise Lorwcal AND of any parsmeterse LOGAND uses the

high-order, nOSTU= S?qﬁlf1tdnt word of tloating=point=numper
parameters as a fixed=-point valuee If the <call to LOGAND
provides n1o parameters, LOGAND returns octal negative one,
1707774, all bits on (trued.

LOGOR = bitwise LOGical OR.
(LOGOR ARG & o &

ARGn) = Returns a i6-=bit octal representation
of the bitwise Llogical OR of any parameterse LOGOR uses the
high-order, nost-significant word of fleating=point—numoer
parameters as a fixed-point values If the call to LOGGR provides
no parametersy LOS0OR returns octal 2€roy @y atl cits off
(falsz2),

LOGX0R - bitwise LOGical eXclusive OR.
(LOGXOK AR53T & o « ARGn) = Returns 2 T5-bit octal representation
of the Dbitwise Llogical exclusive OR of any pasrameterss LOGXOR
uses the high=-oraer, most=signiticant word of floating=-point=-
nunber parameters as a fixed-pocint values. If the call to LOGXOR
provides no parameters, LOGXQCR returns cctal zeroy TGy all bits

off (false). A o -

MANIFZST = signal compile time computatione.
(MANIF cST ARb) - 4When interpreted r2turns the parameter, ARG, as
values. ISP defines MANIFEST for use with potentially compile-
able fuwc*1ons to signal to the comdiler that the parameter is to
ime

be evaluated at compile t

3 instead of being evaLuated by the
compiled codee

“AP = apoly function to each finatl segment}

(vaP LST FJUNC) = Functionzl applies the second parameter, FUNC,
function of one argument to each final segment of the fir
param2ter, LST, & liste The final secments are the successiv
non=HIL CDds ot & Liste. Thus 1f the first oparameter, LST,
NIL, the degenerate casey it has no final segments to which
acoly to the seconu parameter, FUNC. WAP always returns NILe




’I
~for tne first congruent occurance of the first parameter, IT
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MAPC - aoply function to all memters of a Lliste

er FU"JC,

(MAPC LST FUNC)Y - Functional applies the second parame . '
the first

et
a  function of onz argument, to 2ach meatcer (CAR) of
parameter, LST, & list, MAPC always returns NIl
MAPCAR = synonym for INTO.

(4aPCAK LST FUNC) = Functional performs the sameé as INTOe

MAPLIST = synonym for ONTO.
(AAPLIST LST FUNC) - Functional performs the same as ONTO.

MEMBER = MEM3ER of Llist predicatee
(MEMBER ITEM LST) = Searches the second parameter, LST, a
first final s2gment of the second parametery, LST, _whose

coincides with the first argument, ITEN, Otherwise, MEM
raturns hIL (false)d. .

st

CM

using tIUAL to test tfor conaruencee If found, MEMBER returns E?
3E

737‘@" -

MINUS = arithmetic negation.
(MINUS X) = Returns the signed magnitude negation with the same
type as 3 floating-point parameter, X, otherwise,y the integar,
two “s-complement, srithmetic negation of the parametery, Xu

MINUS? = negative numier Predicate.
(MINUSP X) = Returns T (true) if the hich-order, sign bit of its
nunerical parameter, X, is on, ie2e the parameter is negative,’
otherwise, NIL (tfalsel.

NCONC = CONCatonate two listse
(NCONC X Y) = Kketurns the concatonation of the two parameters, X
and Y, lListsy forned og altering the end, rightmost (DR, of the
first paraneter, X, so t_a the end becomes the second parametery,
Yo If - either parameter is NILy NCONC returns the othere.

NGT - Logical NOT predicates
(NOT ARG) - Returns T (true) 'if the parameter, ARG, is NIL
(f Lse), otherwise, NIL, NULL 1s & synonyme

NTH = cecunt to the NTH final segment.

(MTH LST COUNT) = Returns the final segment, CDR, of the first
parameter, LST, s Llist, specified Dy the second parametery COUNT,
a fixed-point numders if the second parameter, COUNT, is
positive, NTH counts from the Lleft, the head, of the Listo If
ths count is negative, NTH counts from the right, the tail, of
ths Llist. Othern1se, if the count is zero, NTH returns the first
parameter 3s ise 1If the absolute value of the count exceeds the
lencth of the first parametery, LST, a List, NTH returns NIL,

NULL ~ NULL argcument predicates

- Returns T (true) if the oparameter, ARG, is NIL
therwise,y, hILe NOT i1s a synonyms

O
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NUMBEIP - NUVEER type Preauicatz.
(nJMBERPfX) - ®eturns T (true) if the parameter, X, has a numeric

internal type,y, cctal, integcery, or floating=-pointe. Otherwise,
NUM2ERF returns wIL (falsed.

OcLIST - apply function to memders of the 03ject LIST,.

(OELlaT FJrC) - Functional applies the parameter, FUNC, a

function 2f o©ne argument, to each SYAEOLic atom which is on the
hash Llists wus2d wy the READ anc TOKEN routinese OBLIST "returns
NIL as its value. If the call omits the parameter, OBLIST uses a
detault function which prints each SYM3DLic - atom on the current
output starting each bucket, the divisicns of the object Llist,
which the hash values referencey, on a new Lines .

ONDEX = recursively apoly function to CDRSe

(ONDEX LST END FbﬂC) - Functional aoplies the third parameter

FUNC, 3 function of two arguments, recursively to each f1na[

segyment,y, C>R, o¢f tha first parameter, LST, & liste “hen apolying

thz third coarameter, FUNC, to the Last fxnal segment, penultimate

CoXy of thz parameter, LST, INDEX uses the second pasrameter, END,

?ﬁ thefsecand parameter of the third function parameter, FUNC »
Js i

v LST = (X1 X2 « » « XnJ
thezn the call 1s equivalent to-

(FUNC L3T CFUNC C(CDR LST) o o« o CFUNC “(Xn) END) o e J)

ONTO = List of values of function application to List CDRs.,

€ONTO LST FUNC) = Functional creates a Llist of the wvalues of
apolyiny the second parameter, FUNC, a function of one argument,
to each final segment, successive non-=HIL CDR, of the first
parameter, LST, a Liste MAPLIST is & synonyms ’

OFEN = prepare to use external file.

(OPEN ARG 10DE NUW) - Returns- an integer which can be used
internalty by _CLcARBUFF, TERPRI, LGAD, and CLOSE to specify the
externsl name given by the first pazrameter, ARG, a string or
SY#¥3QLic atom., The optional second parameter, MODE, & number,
sp2cific to> the host opesrating syst2my is zero if not given or if
NIvLe. The 3pt1undl third parameter, NUM, used only with the DOS
oparating SysSTem, forces 005 toc return that integer as the
logical file numgers An unknown external namey, first oparameter,
causes . a System errore _

OrR - =z2valuate araguments until true.,
(0R EXP? 4 s o EXPN) = Special form sequentially evaluates its

parameters wuntil done orfr a param=zter evaluates non=NIL (trua).
OR returns the value of the last evaluated parameteres

PIPE = create UNIX PIPE.

(PIPE) = R=2turns a CONSED node, dotted pair, of two integers
whose CAR and (DR left and right, specify read and write
logical, internal tile-numpers used oy CLEARBUFF and TERPRI,
respectively, to communicate arbitrarily amongst the future
offspring of the current process and itself., Only UNIX ppLISP
defines FI>CE,
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PLENGTH = Print LENGTH count.

(PLENGTH ARG) - Returns an intecer Jh
characters which would be used by PRI
ARG, without escapes or Line feeds.

ich represents the number of
N7 to print the parameter,

PLENGTH - Print LENGTH with escapess

(PLE Na.4 ARG) - Returns an integer which represents the numoer
of <cheracters which would wpe ‘used by PRINZ to print the
parameter, 8F5G, without Line feeds sut with any escapes  which
would T2 n2eded by RcAD to re-read the output of PRINZ as 1nput.

PLIMIT = manipulate Print routine LIYMITs.

(PLIMIT AR3) = Returns a COMSed nod=, dottecd pair, of integers
which re resent the maximum print depth and length limits of
listse. 12n passea, the optional parameter, AKG, a dotted 9pair
of 1nteaers in the  same format as that returned, changes ‘the
respective print Llimitse. while composing output, the print
roudtines Jse ampanana (8) in plac> of sublists which exceed the
depth Llimit and use two hyphens (=-=) in place of the (DR of

suolists which exce=d the Llength Llinite

ﬁLUS - sum parameters.,

(PLUS ARGY o« o o ARGNn) = Sums the parameters from left to right,
converting either the next parameter cr the current suptotzal to
the type of the one with higher precision if either has
floating=-point Type o PLUS does not check for addition overflow
whzn aod1n3 two fwxed—aoint values., The value returnead has the
~tyoe of the highest precision oarameter used. If all of the
pnarameters have fixea-goint type, PLUS returns an integer totale
If the PLUS cail aives no parametsrs, PLUS returns integer zegro
(i)y the enpty totals The sinyle=character=-atom "+" 1s a synonym
for PLUS,
PRKINT = compose opject for PRINTiIing and sende
(PRINT  AR3)D - Conposes an external representation of the

parameter, ARGy in the output buffer; sends the entire contents
of the outout ouffer to the current cutput logical=file given by
*TZRPRI; and prepares the outpgut puffer to compose a new line of
output. Wnenever PRINT fills the output buffer, PRINT sencds the
puffer and continues composition at the beginning of a new linze

KINY - compose object for PRINtinge —

(PRIN? ARG COL) = Composes the extzrnal representation of the
first paraneter, ARGy in the output puffer starting at the column
given oy the ocptional second pzrameter, COLy a fixed-point
nunber s kipoed cclumns which have.  not prev1ousty received a
charaner contain blanks (ASCII spaces). PRIN? replaces an
omitteog second purameter, COL, with the current outout <columne
PRINT senids the contents of the output buffer to the current
output filz when the Llength of the external representation
rejulres opositiuvns Dbeyond the end of the output buffer and
continues comdosition at the beginning of an. empty buffer,
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PRIN2 - compos2 re-readable output.

(PRINZ2 AKG COL) - Composes an extzrnal representation of th
first paraneter, &4Kr3, in the output buffer.in a format which REA
could wuse to recpnstruct a congruent obhjects PRINZ places th
most recedtly Getined escape charactery which 1s initiall
exclanation ooint (1), pefore characters wWith readmacro o
delimiter status ussa in SYM30L atom print names and befor
SY4¥30Lic atoms names whose first character is a number (0-9)
PRINZ surraunds strinas with tne most rncentlg defined strin
detimiter character, which is_ initielly double-guotes (") an
doubles any 1nstunc= of a string_ delimiter <character within
strings. PRIN? starts composing in the column specified by the
ootional sz2cona parameter, COL, & fixed-point number, in teu of
comovosing into the next available columne Skipped columns which
have not previously received a character contain blanks (ASCII
spacel. SRINC sends the contents of the output buffer to the
current outout file when the length of the external representa-
tion reqguires positions bteyond ths end of the output buffer and
continues comoosition at the beginning of an empty buffers PRINZ

cannot ccmdoose re-readable external representations for_ function
LINKERS, the interpreter workspace,y and stackss The »print

roatines compose the "unprintable" DD]ECt within scuare brackets
(L3) with 2ither the name of system defined function LINKERs, the
LAY2DA parameter list of user defin2d function LINKERs, the bytes
as characters of short arrays (less than 1?28 bytes), or a
guastion mark (?) preceeding an octal number for long arrays and
parts of tne interpretﬂr workspgace and stacks.
P0G - PROGranm speciat forme
(PROG ARG-LIST
LAB eXP?
L 2 [ 3 L 3 )
eXPnb o -
pecial form places binding pairs on the system asscociation list,
LISTy for eacn memoer, CAKR, of the first parameter, ARCG=-LIST, a
ist of arguments consisting of SYMZALic atoms ana sublistse
R36 dpinds each member of the arcument listy, ARG-LIST, which is a
Yv3C0Lic atom to MIL. The CAR ot each sublist of the argument
ist is alss & M30Lic atom whick PKkOG binds to the value
btained by avaLUat1nn the second nember of the sublist, the
ADR ., If the arqument Listy ARG=L IST, is NIL (empty), PROG
laces no new olnu1n s on the association lListe After PROG_binds
ny argumants, wSG seguentially eveluates any remaining,
on-atomic parameters until eitn2r evaluating the GO special
orm, evaluating the RETURN functiony or reaching the end of the
arameter liste The unevaluated ataomic paraneters are labels for
hsa 50 sp2cial forme After evaluating the GO special form, PROG
2starts the se unnt1aLLy evaluaticn following the PRPGG laoel
s2d &s the unevoLuatea parameter of G0, If PROG voluates the
ETURN functiceny, PKkDG uses the wvalue of any QFTUR function
arametar as tne value of the PROG call and ceases seqguential
valuation of further PROG parameters. If PROG evaluates a
ZTURN  function c¢a2ll without parzmeters or if PROG exausts the
upoly of sarameters to evaluate, PR0G ceases and returns NIL as
values, In any case, as PROG r2turns,y 3t restores the system
association list, ALIST, the old b5inding environment existing
before the PROG calle.

Qe MK ™ OO
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PROP = obtain PROPerty Llist pairs

(PROP AThiDRP FUNC)Y = Functional returns any proape

rty binding
“pair on ‘the property List of the first parameter, AT#, a3 SYMBOL1ic
atom, Tha ﬁropnrty oinding paif consists of a CONSED nodey
dotted pair, whose left party, CARy 3s the second parameter, PRrRP,
a3 SYM3ULic etom, tne oproperty name, and whose right part, (DR, 1s
the current binding, va lue, of the oroperty. I1f the first
parameter, ATY% lhas no appropr1dt9 grooerLy oinding, PROP returns
a value by callinz its third parameter, FUNC, a funct1on of no
“aryuments.
PUT = PUT property binding on orcperty Liste
(PJT ATM PP ARG) - Replaces the property value of the rproperty
naney, PRP, a SY#M30Lic _atom, on the property list of the first
parameter, ATOW, another SY“EOLic atom, with the third parameter,
ARG » If no property previously existed on the property List, PUT
creates a property binding paira PUT returns the f1rst
paramsetery ATYMe.
QUOTE = use argzument as 1S.
(340TE ARG) - Special form returns its parameter, ARG, as  iSe
Since special orms receive parameters without prior evaluat1an,
WUITE returns its parametery, AxKG, without evalua§1on. The READ
function recognizes the single guotation mark (7) followed by an
S~sxpression as a shorthana for a list of the SY130Li¢c atom
MIJOTEY  and the S=-exoressions. For exampley if READ encounters
tha cheracters .

READ produces the list
(QUDTE (A B C)) .

JUDTIENT = divide argumentse

(RUOTIENT X Y)Y = Returns the guotien of

parameter, Ly by the second parasmet y Yo I1f either parameter
has floating-point—-numeric type, UITIENT converts the parameter
of lesser DFECISTOH to the type of the other before gividing.
Otherwise, QUUTIENT returns an integer whose value 1s ‘the
nunber~theoret1c guotient, The <cingle-character-atom "/" is a
synonym for GQUUTIENT. .

t dividin the first
er
E N
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ReAD = create S—expressions from input characters,

(RzZAD) = R2turns an S—expression crzated¢ from input <characters
starting at the current input ocuffer positions... Upon encountering
a List opening cn racter (¥MC, UL, “<*, or "{"), RESAD recursive=-
ly «calls idtself to ootain memDer% of & Llist expressione After
encouteringy a list close character (*)", "]" ">, or "1}*), READ
conpletes each sudlist under construc t1on until matching a
corrcspono1nc List opﬂn1no charactere. READ creates a CONSED node
of the expressions nbefore and after a period (o) READ ignores
excess list close characters and any cheracters after the comment
charactery, question mark (?), up to the next non=printing ASCII
character, such ¢s a new line character (M"72), which delimits any
toxen ceinl scannede Jhe EAU encounters user defined readmacro
characters, READ uses the wvalu of a call to the associated
readmacroo. dtherwisey ' D calla the scanner, TOKEN, to return
th2 naxt item scannsd 1n input buffers. For example, the
S=2xpressiosns REZAD creat rom the characters
£

“B> (C « D) KRILY
or
(CA o (QQUOTE » (3 & NILD)) o NIL)) o ((C o« D) o« (NIL o NILD))
o . :
(A "B o <C &« D> D)

arz congruznts. whenever, READ reaches the end of the 1input
buffer, RZAD calls the operatiny system to obtain more ASCII
characters from the current input filee
READCH ~ KEAD 2 single-CHazractar atom.

(READCH) = Returns a single-character, SYMEOLic atom which
reoresents the next character in the input butftfer, regardless of
any delimiter or reacdmacro status of the character. 1f READCH
finds no further characters in the input buffer, PEADCH calls the

operating system for another line of ASCII characterse

READMAC = manipulate character RFADMACro statuse

(READMAC CHAR ARG) = Returns the existing readmacro status of the
character specified by the first paremeter, CHAR, which STRING,
called by KEADHAC, converts into 3 sinole character stringc. It
the character is not a readmacro charactery READMAC returns NIL
(false). It the character specifies a user defined readmacro,
READMAC returns the function LINKER that the user established to
be called by READ whenever READ esncounters the character while
looking for the start of & new token, Ctherwise, READMAC returns
a DSeuco- fJnctton LINKZR used ©wy a systen def1nejvreadmacro, €eTs
the guestion mark (?), corment character, or the si le guotation
mark (7), JUOT& S-expressicn character. if READ“ C gets the
second, odxtional parameter, wEADMAC establishes a new readmacro
status following thne same rules used to return the old readmacroe

REVMAINDER - REMAINDER after divisiona

AINDER X Y) = Returns the number-theoretic remainder of
ding tne first parameter; xy by the second parameter, Y, when

(RE“
divi
both paramsters are fixed=point numders .
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ReEMCE - RtMove OFject from hash lists,

(REMOZ ATHY) - Searches the aopropriate hash list for the
parameter; AT, & SYMRUL1c atome If RENMOR finds the atom and the
user created the atom as opposcu to the atom existing during
sizn=ony RZYM03 remcves the paramet>er from the hash l1st an
returns the paramatere. QEMQOR also accepts a us2r-code=-argza,
function master-LINKER as the parameter, ARG, 1f REMOB had not
praviously marked the wuser-code srea specified by the I-space
address of the master-LINKER as unused, REM03 marks the coce area
as unused so that any l.,o1nts referenced by the code area may be

‘reclaimed and returns the parameter, the function master—=LINKER

Otherwise, REZMCB returns NIL (false).

ReEM0OB® = Ritoveable ORject Predicatee

(REMO3P AR3) = Returns T (true) if the garbage <collector could
potentially reclaim the parameter, ARG, iaees the user defined the
ooject after invck ing LISP. Ctherwise, REMOBP returns NIL
(false)de
REMPRIOP = KiMove PROPerty from property Lliste

(RE¥PROP AT™M PKP) = Removes any prooerty binding pair indicated
by the secon1 parcmetery, PRP, a SY“YECL1c atomy, from the property
List (xCCR) of the first parameter, ATY, another SYMSOLic atome
REMPROF r2turns the first param2tery ATH,y, whose property Llist
REVMPROP altered.

REQUEST = output guery for S—expression input to evaluates
(REQUEST ARG) =~ fForces output of the parameter, ARG, to the
current ocutput file without a carriace return and then returns
thz evaluation of the next S—-expression read from the <current
inoute

ReTURN = RETURN to callere.

ion of the PROG

(RETURI ARS3) = Returns the most current invocat

soa2cial formy, the LOAD function, or the LISP supervisor to thesir

callers The caller uses any optional parzmeter, ARG, as the

value of a call of PROG or LISPs. If RETURN has no parametesr,

RETURN returns HIL. “hen RETURN leaves the tgp tevel of LISP
C

suservisiony the interpreter may exit ba
[ ]

to the operating
systen using any RETURN parameter as status .

REVERSE = create REVERSEdD liste.

(REVERSE LST) - Creates a new List whose Lements, CARs, are the
elements of the parameter, LST, & list, in reverse ordere If the
param=2tery, LSTy i1s NiL, the empty LlSt, REVERSE returns NILe

RPLACA = RKePLACe CAR.

R ? ITeM) = Replaces the Lls2fthand side, *CAR, of the
rst oarameter, ARG, usually a list, with the second parameter,
s RPLACA returns the altered first parameter, ARG In order
oreserva2 systen ~ integrity, the first parameter of PLACA
ould not be an integer or.string node.

e
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RPLACD - sePLACe CDR.,
R

-~ (RPLACD ARG ITEM) ~ keplaces the righthand side, *(CDR, of the
( first parameter, A?2G, usually a Llist, with the second parametear,
\ ) ITEM., RFLACD returns the altered first parameters ARGe In ordjer
S to presarvs systen integrity, the first parameter of RPLACD

should not be an integer or string node.

SET = chance fluid binding.,.
(SET - ATH - EXP) = Rnplaces any oreviously existing constant
(global) »2indiny gziven by & non=-zero pointer .in the constant
binding cell, *an, of the first parameter, ATt, a SYM30Lic atom,
with the s2cond parameter, EXP, 1f the first parameter, ATM, has
no constant bindinyg, ST searches the system association list,
ALIST, for a wbinding dotted-pair, whose lefthand sice, CAR, is
the first oarameter, ATV and whose righthand side, CDR, is the
pravious fluiaga binding value which SET will replace with the
second parameter, tXPs If SET can find no tinding oair for the
first parimeter, ATM, SET inserts a new pinding pair consisting
of a CUNSE) noge, cotted pair, whos=2 CAF is the first parameter,
AT 4, and wWwhose Cu is the second 2arameter, EXP, on the current
system assd>ciztion List just below 3 marker, the atom LISP, added
to the list by tne most current leval of LISP supervisiones Any
such o1nd1na disacppears as the current level of LISP supervision
exitse If StT cannot find any mark2r toc use as the last resort,
‘usually b?CaUSP & tevel of LIS® supervision is not in effesct
during LGADing at _start-up under UNIX, the LISP interpreter exits
in error moade (ICT)e .
SETCOL = S=ZT next COLumn to read input.

(SZTCOL X) = Sets the input routines, RFEAD, READCH, or TOKEN, to
obtain the next cheracters from the input-buffer column indicated

P by the parameter, X, a fixed-point numbers
' J
<\// SeT& - Quote the first argument of SET.

(SZTQ@ NAME EXP) = Special form serves as an abbreviation for
(SET “MAME EXP)

since SET& only evaluates the -s2cond parametery, EXPs SETQ
fluidly binds the first parameter, NAYEF, a SYMBOLic atom, as ig,
without evaluations. Thus, in the example, SETQ alters the fluid
binding of NAMZ rather than any SYM30OLic atom which could have
been bound to NAME. v :

SH = JNIX SHell .

(SH ARG) = Invokes the UNIX shell, the operating system command
interprater, with an implicit "=c'" options using any optional,
given paraneter, Ak5y ~hicn SH converts to & string followed by a
ze2ro oyte, as a shell command Lline. If SH cets no parameter, SH
invokes th2 UNIX shell without options or parameters, s0 that the
shzll will read commands from th2 current standard input filee
while 54 waits for the shell command interpreter to finishy, SH
ignoras thae standard (b £L) and guit (CNTR=SHIFT=L or CNTR=
Sackslash) qgyc_hror}ous interrupts. while waiting, SH absoros;
without notification, any other offspring <created by forking
which terminate concurrently. SH r=turns an octal wvalue which
reoresents ‘the status word which the operating system returns in
Rie Only JNIX ple P detfines SHe

\\\\\
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SINGLE - convert to SINGLE precision floatinge

(DdWBLE AR3) =~ (onverts the paramneter, ARG, into a3 single-
pr2cision floatiny=ooint wvalue (twd *5=bit words)e. PpLISP
definas DOJBLE only when defining both cdouble and single preci-
sion fLoot1n"-po1ﬂt -number typeses

SPACE - set vertica( cutput SPACE counte

(SPACE ARG) =~ sets the number of wvertical spaces, Lline feeds
(352, given by the parameters ARG, & fixed=-point number, that
will orecezd the next output from the output composition buffer.,
If the psarameter, ARG, 15 zero, S?ACE outputs a carr1age return
(ii%)Y anc no line feed, which will 2llow many output devices to
overprint the current [1ne with the nexts. If the parameter, ARG,
is large (greater than ¢4) or neaative, SPACE outputs an ASCII
form teec (. 14) instead of any linz feeds, which causes many
output cevices to oerform top of form actions. Alternatively)
the parameter, ARG, may be MIL which causes the next line of
output to ©te sent without carriage control characterse_ Thus:
‘SPACE with a NIL parameter may e used to send a prompt without
advancing to a nes lines 3PACE sz2nds any control characters to
the current output file immediately.

STACK = STACK Llist as arguments to function calle
(STACK LST) = Special form uses the membters, CARs, of the List
obtained by evaluating the parameter, LST, as parameters to the
most immediate function call which 1is being constructedes For
example, evaluating a function call .

5 (FN A 7B “C D)
is equivalsnt to evaluating the function call

(FN A 7“3 (STACK (LIST “C D}))

which uses a STACK invocation.

STRINS = convert to STRING internal typee.
(STRING AR3) = Converts the parameter, ARG, dinto 1internal type
STRINS,., | If the parametery ARG, already has type STRING, STRING
returns 1t. STRING uses the print name of SYMBOLic atoms,
exclusive of any GENSYY number, STRING produces the printed
representation of all other idinternal types .and c¢onverts the

characters into a string.

SU3ST = SUBSTitute one item for another in S-expression.

(SJ3ST NEW OLD EXP) = Returns the third parameter, EXP, an

S-axpress13n w1thout cyclesy, with all occurances which are
congruent UAL,y to the second pqraneter, OLD, alterec
r=cur51ve[y, to the first parameter, NE We

SU39 = decrement argument.
(sJzi  X) - Suptracts one trom the parametery, Xae If the

parameter, X has float ing type, Su3% returns the same type.
Otnerwise, SU3j returns an integer,
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SYS = call UNIX operating SYStem.

i
(SYS ¥ ARG o o o ARGN) = calls ths UKNIX operating system by
constucting an indirect 'sys" instruction call using the
parameter, X, which SYS converts 1ntu an integery as the otfset,
low order Dbyte, by logically or1nq the valuee SYS uses 3any
renaining J2arametars as parameters which follow the "sys™ call,
after aoprooriate conversions. SYS uses the value of fixed=-point
nunbers, a pnointer to floating=-point numbers, the text of arrays,
ani the I=-space address of other function LINKERS. If needed,
SYS converts strings, the print name of  SYAE0Lic atoms, 3and
lists, whose memoers SYS assumes to specify single characters,
into strin3ys which have a3 zero (null) byte, the -delimiter for
strinzys passed to the UNIX operatiny systeme SYS aLso places the
last twc values computed from the parameters into registers, R
ana R:ia SYS returns an integer whose value is the value returned
in R by the operating systeme Only UNIX ppLISP defines SYS.
TERPRI = TERminate and send PRINnt buffer.

(TERPRI FILE) =~ Sends any output in the printing composition
bufter t> t he logical, internal file=-number aqiven by the
parameter, FILc, & fixed- po1nt numpesr obtained from the operating
systen as the value of OPEN or similar function calls under UNIXe
If TERPRI 3ets no parametery, TcRPRI sencs the compostion buffer
contents to the current output file. A NIL TERPRI parameter,
FILE, caus2s the current output to oe sent to the standard outout
file. TERPRI saves the current parameter, FILE, as the constant
(glotal) »2inding of tne SYMEOL1C atom *TERPRI to redefine the
current output for calls to PRIKNT, ?RINT and PRINZ, The LISP
supervisor resets the current output file to the standard output
file beforz printing values,

TIVE - TImE in clock ticksa.

(TIME) = R2turns an octal number which represents the low order
word of the currsnt time measured in system clock ticks by the
ooaratxng system., The SYS or TRAP function may obtain the
high=order word of the time under UMIX or DOS, respectivelys

TIMES = multiply argumentse.

(TIMES ARG? & o o ARGn) = Multiplies the parameters from left to
righty, convertwng either the next parameter or the curreant
suoproduct to the type of the one with k19her preci if eitner

ion
has floating~ooint type If ppLISP supports double=precision
v

s

u
floating-point ana the product of two fixed-— po1nt alues, with
sigjns, cannot be resresented by a i6=kit, signedy fixed—-point
nunber, TIMES converts the subproduct to double precision to
avdoid Llossing information. If ppLISF sucports single=-precision
but not Jouble-precision, TIMES converts a fixed—-point product
wnich overflows into a sincle~precision valuee If ppLISP does
nat support fLOGtwna -point arithmetic, TIMES uses the low order
word ot all products, 2ven if multioslication overflowsa If the
TIMES 3Jets no _parameters, TIMES returns integer one (1), the
$?%E§ produycte The sinzle-character=-atom "*" is "a synonym for

=g, _
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TOUKEN = scan n2xt input TOKEN.

(TOKEN) = Scans anc creates an atom from the next position in the
inout buffer. TUCEN ignores the readmacro status of most
charactars anu.skios ASCII blenks 3and commas before starting the
scane TOKZN converts any alpha characters which are not 1in the
standard case into the —correspondinge characters in the other
case. If opLIST uses lower case characters for system def1ngd
atom names TuKeY will convert upp2r case characters in SY¥BOLic
nanes into [ower caese characters as they are scanneds TOKEN
terminates scanninyg after encountering & character with delimiter
status ani 2ositions the read routine input buffer pointer so
that the d2limiter chnaracter will e read first by the next «call
to RREAD, TOKtN, or READCH. When TOXEN encounters an escape
character, initially exclamation point (}), while scannina any
atom other than & string, TOKEN uses the following character as
isy reyardless of any de(1m1ter or readmacro status of the
characters The result of scanning an atom which possessed an
escapea character is a SYMeOLicC atom, even if the format of what
was read is otherwise that of a nunber. #hen TOKEN encounters &
striny delimiter cnaracter, initially double guotes «), 1n the
first unskipoed positiony TUKEN <creates a string wusing the
characters as they appear, reagsraless of readmacro or delimiter
status, using pairs of strinc delimiter characters as a single
striny delimiter character, until TOKEN finds an unpaired string
delimiter character which ends the string scans, When TCOKEN scans
thz2  list opening or <closiny characters as the first unskipoed
character >f the inout buffer scan or any other character with
delimiter_ status on which TOKEN does not perform excepticnal
actions, TJOKEN returns the corresponding single character atom
ani moves the input buffer point to rezd the following character
on the next call to READ, TOKEN, or READCH. If TOKEN has not
completec scanning but has reached the end of the input buffar,
TOKEN obtains & new Lline of input from the current input fileos
TRAP = call DOS or VOS operating system,
(TRAP ARGY ARG i o o« o ARGn) = Calls the Virtual Operating System
(vdS) or DEC”s bisk Operating System (D0OS) <throuch the VvOS
enulator p2rforminy an indirect system call wusing the TRAP
instruction offset given by the first parameter, ARG, a fixad-
point numb2re TKkAF converts any rena1n1nq parameters into values
which TRAP uses to load registers RT to R& before the 1indirect
calle. TRAP converts numbers to their wvalues, obtains the
starting address of array cata when aiven a3 function Linker to an
arrzy, uses the start of data of str1ng and the print name of
SYM20Lic atons, &and the CAR pointer of CONSED nodese TRAP
convert NIL-into a zero value. TRAP returns a CONSED nodey
dotted pair, of octal numbers whose values the operating system
gsigrned in registers, RU and RTe JInly DOS and VOS ppLISP define
v .

JN3REAK = Undo the BREAK function bindings

(UNBREAK ATY) - Rrecreates any constant function or special form
constant (3lonal) winding of the oaraneter, ATM,y, a SYM30OLic atom,
which existed pbefore s prior EREAK call with the parameter, ATHM,
as the first oaramneter of the bn~4K cal le If the parametery ATM,
has no binding created by & BPRecAK call, UNBREAK changes nothinge
UM3REAK returns the parameter, ATHM, with any changed bindingo,

UNFLAS = remove FLAG from propesrty Lliste

(UNFLAG ATY FLo) - Removes the secona parameter, FLG, a SYMBOLic
atom, from the property List of the first parameter, ATH, another
SYva0Lic aton. If the flaa was not on the property list, UNFLAG
makes NO ChanjeSe UJNFLAG returns the first parameter, ATM,
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NALT = WALIT for concurrent process terminatione

(¥4IT) = Pauses if the current process has active children,
usdally crzated vy the FORK function, and no child has terminated
whose remnants still exist. Upon findirn; an existant, terminated
child, WAIT remova2s the remnants of the ch1LJ process and returns
a CONSED node, cotted pair, of two integers returned by the UNIX
opsrating system in rezisters k: and RY, which aive the child”s
process identification number (PID) and termination status word,
as the CAR, Left and side, and CDR, righthand side, respectivelye
If the current.. process has no- ch1fc ren, WAIT -.generates an
internal type ze ro (L) errors Only UNIX pLIQP defwnes WAIT

T -

ZEROP = ZcRU Predicates
(ZER0P X) = Returns T (true) if high-order word of its numerical
parametery, X, is zero, otherwise NIL (false). If the high=order
word of floatina-point values is z2ro, floating-point_ hardware
trzats th2 value &as zeroe Fixad=point values consist of the
high=-order wora.
xpEGIN = BEGIN nes area Tor comnpiled codea
(*3EGIN AR3) = Returns a master LINKER whose 1I-space acddress
beyins a n2w ares which may recieve compiled code and whose *(CDR,
lefTthand 51de 15 the parameter, ARG Ty convention, the
parameter, ARG, should be an S-expression which evaluates back to
the master LINKZR that *BEGIN createses PpLISP defines *xBEGIN
only 11 suodporting ccmpiled LISP codes

*CAR = unrestricted CAR.

(xC&R ARG) = Finds the unrestricted CAR, lefthand side, of the
paramster, ARG . The unrestrictead CAR,y *CAR, of CONSED nodes is
th2 same as the (AR, of LINKERs is the associated pointer, of
SY%ROLic atoms is _any constant (cloval) binding or a pointer
whose valuz is zero if the SYMsOLic atom has no constant hindinge
Tha *=CaAR of strings 1s a word of the first two bytes, ot
floating=p>int numbers is the second word, and of fixed-point
nunbers is ths value, each used as a3 value instead of a pointer
to the values Such values should not be retained while any otner
node is allocatedy since garbage collection may pe mislede.

*CDR = unrestricted CDR.

(*CDR 4RG) - Finus the unrestricted CDR,y righthand side, of the
parameter, ARG, usiny the value incicated as a pointer. ap The
unrestrictad COLR, *CDR, of CONSED nodes is the same as the CDR,
and of SY430Lic¢ atoms 1s the property Lists The *CDR of numbers,
the high=->rg2r wora, and of 'strinags, the byte length, and of
LINKERS, the I-space address, each used as wvalues rather than
pointers to values, should not be retained while any other node
is zllocatzd, since garbage collection may be misledo

*CHAIN = obtain definition of CAR~-CDR chéin functione

(xCHAIN ATM) = Returns the defining string of any CAR-CDR chain
function Jhich 1is constantly bound to the parameter, ATM, a
SYw3Q0Lic atom, otherwise KIL (false)d., *CHAIN calls *CAR to

oatain any constant binding of the ncarameter, ATM.
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xPEF - obtain LAM3DA function definitione

Te VO OWV

(xDEF AT¥) = Returns the LAVSBDA parameters in a Llist, which were
uszd to . create the function constantly (glopally) bcocund to the
parameter, ATY, & SYHMEOLic atom, oOtherwise NIL (false). *DEF
usas *CAR to owtain any constant binoing of the parameter, ATM.
*xEPOSIT - create master LINKER for binary inpute

(*xDZPOSIT ARG) - Returns a -master LIKNKEPR whose I-space addres
specifties an area of user code r2ed from the file given by th
constant o1nd1no gt *LJAD, a previocusly-opened, Logical file
nunber. given as the last param2ter of the most recent LOA
function caLL. The file read is in DEC absolute or aesout formna
depending on wnhether VO0OS, possibly emulated by DOS, or UNIX 1
the respective host onerating systemns The lefthand sidey *CAR
of the created master LTNKER i3S the parameter, ARGy whic
conventionally is an S-expression which evaluates pack to the
master LINKER, FDLI>° defines *DEPCSIT only 1if supporting
conpiled LISP codee .

*xEMIT = install value into writeable I-space.

(xE%IT WMASTER POINTER POINTER-OFFSET ARG~OFFSET ARG} - Places
last garaneter, 4RG, a pointer to a node as modified by the
penultimat> parametery ARG-OFFSET, 3 fixed=point number 1into a
tocation determined oy adding the ootIOnat parameter, FOINTER=-
OFFSET, a fixed-point number to the b,mnter ;iven by the table of
pointers locaticon, the parameter PUINTEZER, ixed point numbar,
from the start of the user I=-space area 1nc1cated by the *{DR ot
the first, optional parameter, MASTIR, & master function LINKER.
The Darazm=ters may be om1tted in the order thirdy secondy first,
and fourth, which are POINTER-QOFFSET, POINTER, MASTERsy .and
AR5 =-QFFSET, respectively. If *EVMIT g¢ets only the last two
paramaters, *EpMIT places the lest parameter, ARG, a pointer
modified oy the oenulLTmate parameter, ARG~OFFSET, a fixed-point
nunbery into the next available location for generated code and
places an entry which references the modified parameter into the

taole of offsets a2t the end of the user code areas If *EMIT
onty the lzst parameter, ARG, a fix2d-peint number in this
*£vMIT olaces the value ot the number into the next av
I-space generatec code locations PoLISP only defines *E
susoort1ng compileu LISP code. '

zw
(W

*EPT = obtain location from Entry FPoint Tablee

(xEPT X) = Returns the function LINKER or pseudo=function LINKER
counteg Dby the parameter, Xy a fixed-point number, from the
bezinning of the 2ntry point tabtle, which starts in the first
paze of function LINKERss The entry point table begins with the
ps2udo-function Linkers used by system readmacrosa ppLISP
supports compiled code, the readmacro pseucdo=function LINKERs
przcede pseudo-furnictions giving I=-space adcresses used by
conpiled code ana constants within the system workspace. The

systen function LINKERs follow the oseudo-function LINKFERSs
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xEXAM = obtain value from user code areaes

(*xEXAYM MASTER. POLINTZR POINTER-OFFSET) = Returns the octal wvalue
at the user-code=-3area I-space address referenced by the second

parameter, POINTER, a fixed=point number which indicates pointer
adidress, nodi fied by the optionzl third parameter, POINTER=-
OFFSET, andother fixecd=point number, found by adding the offset
found fron the enag of the table of pointers at the end of the
us2r coude area indicated by the first oparameter, MASTER, a master
LINKER, to the I-sgpace address given by the master LINKERe 1f
*EXAM gets only the first param=ter, MASTER, *EXAM returns an
octal numbar of t value at the adiress referenced by the first
parama2tery MASTER If the calculated address is out of the user
code areay, *EXAM returns NIL (false).

*MACRD - obtain HMACRO definitione.

(*xMACRU ATM) = Returns the function LINKER which DEFMAC used to
create & macro special form ana constantly (glodbally) bind it to
the parameter, ATY, a oYM“OLiC atome *MACRQ calls *CAR to obtain
any constant b1nu1n= of the parameter, AT, I1f *MACRO  {finds no
appropriatsz binding, *MACRO returns NIL (falsel.

*ORG - return LINKER to next available code locatione

(%x0PG ARG AKGt o o« o ARGN) = retur function LINKER whose

ns &

l-space zddress is the next availadle location for compiled code
anid whose tefthand side, *CAR, 1is the first parameter, ARGTy an
S-expression which conventionally 1is the master LIMKER to the
current code areas If =*x0RG receives additional optional
paramstsrs, * QP S ums the parameters and uses the total as the
I-space adiress of the returned function LINKER. PpLIS defines
*0X6 only if supporting compiled LISP codes

*REVZRSE = REVERSE List without generating new nodese

(*xRTVERSE LSTY = Returns a list by 2ltering the righthand sides,
CDRsy of the oarameter, LST, a listy whose members, CAR, *REVERSE
returns in reversed order. If the parameter, LST, is NIL,
*REVERSE r2turns NlL, the empty List., *RZVERSE generates no new
nojdes whil2 reversing the parameter, LS7T.

*SPEC - obtain SPECial form definitions

(xSPEC AT®) - Returns the function LINKER

> which DEFSPEC used to
crzate a special form and constantly (olopally) bind it to the
parameter, ATY, & SYM30Lic atome *3PEC calls *xCAR to obtain any
constant dinding of the parametsr, AT, If *SPEC finds no
appropriate bindingy *SPEC returns MIL (false)e
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